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Abstract 

x i . 

* : ; $ - " 

Carbon-proton' coupling constants have been measured *\ 

for s e r i e s of -ethyl and ;e6fch'anoic feicid d e r i v a t i v e s and * 

2,2-dip'heny Imethy-lcyp loprbpane" and l-(l-deute2?o-«# 
' • ' \ 4.- '«> * - ' - * 

butylcyalohexyl)metharie d e r i v a t i v e s . The coup l ing 

constants have been^correlated With electronegativi ty and 

Swain-Lupton Field factors in«an attempt to obtain useful, , -' 

• " • > . . . - "• • i'-
correlations betwe'en observed coupling constants and -,p -. 
substituent parameters. „ ** 

i « »-

G.ood c o r r e l a t i o n s ' a r e - o b t a i n e 

electronegativity v;hen compounds are compared within sets 

in which other .parameters such as Periodic/Table'Row arid 
/'' * * * * ;» ^ ^ " ' ' f 

dihedral angles are constant.- • . . 

• Ratios of „carbon-proton to proton-proton coupling 

constants have been obtained which have-better predictive -

ab i l i t y than the single rat io that is currently in use in^* " 

the chemical l i t e r a tu re , v • * 

. » 

9* I-

? : 

$ » 



• ' 1 

acli. ' 

List a £ At?brs.Y,iatlong 

AJC-NMR T) - carbon-13 natural abundance__nuclear 
s magnetic resonance . v ° 

"•<•' . . . 

PFT - pulsed Fourier transform 

-̂ H - proton 
2J - -" geminal (two bond) coupling t;onssianfc

:-
JJ * - vicinal (three^bond)^coupling constant ." 
A ' • ° 

J - four bond coupling constant 

J „ -° five bond coupling constant 

MH% „ ( - megahertz" . 

JQ H . - carbon-proton coupling constant ' ' 

JH H - - proton-prptbn coupling^constant ' 
E N KJ . - energy of interaction responsible for 
' ' splitting in 'NMR spectra _ ,. £ ' 
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1.1= CaSBOEJ-PROTOEI M B PKQTOH-PSQT OU C00PLI1G 

CQlSTMrfS 

The measurement of carbon=13 n a t u r a l abundance 

nuc lea r magnetic resonance (13C-NMR) spec t ra has become 

widely a v a i l a b l e with the development of pulsed Fourier 

transform (PFT) NMR spectrometers (1). This ins t rumenta l 

d e v e l o p m e n t h a s h e l p e d o v e r c o m e t h e i n h e r e : 

i n s e n s i t i v i t y of t he ^ 3 C ' n u c l e u s ( 62 t imes l e s s than 

t h a t of t he hydrogen n u c l e u s a t c o n s t a n t f i e l d ) and i t s 

low n a t u r a l abundance3* (1.13). Both proton decoupled and 

undecoupled ^3c(jMR s p e c t r a a r e now r o u t i n e l y a c q u i r e d 

(vide i n f r a ) . 

P r i o r t o t h e development of" PFT NMR s p e c t r o m e t e r s , 

c o s t l y and inconvenient 13C sample enrichment techniques 

were o f ten r e q u i r e d t o obse rve ^3C n u c l e a r magnet ic 

resonance phenomena (2-6) . "Some one-bond carb.on proton^ 

c o u p l i n g c o n s t a n t s • (J^ g) we«e measured from t h e C 

s a t e l l i t e peaks in t h e p ro ton (^H) MMR s p e c t r a but long 

range c a r b o n - p r o t o n c o u p l i n g c o n s t a n t s , i . e . , two-bond 

( 3Q g) and t h r ee -bond ( JQ g) c a r b o n - p r o t o n c o u p l i n g 

cons tan t s , 'were l e s s r e a d i l y a c c e s s i b l e by t h i s technique 

un less t h e coupling were l a rge (4, 7, 8). Other s p e c i a l 

techniques ^§-135 have been developed but have not found 

widespread a p p l i c a t i o n . 

/ 



. Pulsed Fourier transform techniques have made the 

measurement of carbon-proton coupling constants easier 
- o f , ' 

but g e n e r a l l y not as easy as the measurement ©f proton-

proton coupling-constants (JH H ) . . The proton ( ^ J i t a s a 

Sigh natural abundance ,(99.985%) and is approximately 62 

.times more s e n s i t i v e than the •LJC nucleus which has 

allowed the measurement of high resolution 1H spectra by 
* 3 

0 <J 

conventional continuous wave (Cwf techniques. 

A l a rge volume.-of proton»NMR data , including b@th 

chemical s~hifts and coup l ing c o n s t a n t s , has been, 

recorded. The a v a i l a b i l i t y of th i s data has allowed the 

development of numerous r e l a t i o n s h i p s I n which proton 

chemical s h i f t s and coupling cons tants are r e l a t e d to 
a 

m o l e c u l a r s t r u c t u r e , s u b s t i t u e n t s e f f e c t s and 

stereochemistry. I t has been assumed for a long time (5) 

tha t i J C chemical s h i f t s and carbon-proton coupling 

constants could be u t i l i z e d in an analogaus manner to 

predict s t ructura l parameters. 

E x p e r i m e n t a l l y , t h e a c q u i s i t i o n of a n a t u r a l 

abundance ^3C MM! spectra using a PFT' spectrometer can be 

time consuming. Furthermore, r e l a t i v e l y ' c o n c e n t r a t e d 

samples are require-d to increase the s e n s i t i v i t y when 

pro ton undecoupled s p e c t r a a r e , d e s i r e d . As . . the 

concentrat ion of the s o l u t e in a so lu t ion inc reases , so 

do s o l u t e - s o l v e n t and s o l u t e - s o l u t e interactions which 

adversely e'ffect spectral resolution. a 

At present, 100 megaHerts (MHz) 13C NMR speptrometers 



are a v a i l a b l e which reduce b^th the acquisition time and 

w '-sample concentration requirements fo'r the acquisition, of' 

protcfn undecoupled 13C NMR s p e c t r a . These higher" 

magnetic f ie ld instruments also reduce the complexity of 

the spin systems under observat ion al lowing eas ie r 

* • analysis—or the proton undecoupled spectra and extraction-

of the desired qoupling constants. 

In complex systems i t i s just- about impossible to 

. ex t r ac t a l l the carboji to proton coupling cons tan t s . A 

proton undecoupled barbon 13 NMR spectrum of 2-methylpi-

per id ine i s stfown in Figure 1.1. Complete a n a l y s i s of 

•„ spectra of such complexity can „be d i f f i c u l t and time, 

consuming. I t would then be -expedient "'if a simple 

relat ionship existed whipn allowed one to ca lcu la te with 

some, degre'e of ce r ta in ty , the expected carbon'-proton 

coupling0 constant from a measured proton-proton coupling 

'constant for a "structurally similar compound.' * 

Much work has been directed toward the determination -
y 

of a*simple-rat io t s e l a t ionsh ip ) between proton-proton -

and carbon-proton coupling cons t an t s . Cor re l a t ions 

established by several anthers (14-19) have been used to 

propose the use of a r a t i o in p red ic t ing carbon-proton 
* . 

coupling cons tan t s (J^ g) firogi measured proton-proton 
coupling constants (JH «). However, close examination? 

& a" • 

of these c o r r e l a t i o n s ind ica t e s t h a t a s i n g l e r a t i o 

applied to a l l coupling constants is quite inappropriate. 

The r a t i o of the va lue of J c H to JH g for s t r u c t u r a l l y 
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F i g u r e 1 .1 . P r o t o n u n d e c o u p l e d 1 3 C n a t u r a l 

abundance MR spectrum of 2=methylpiperidine. The 

complexity of the proton undecoupled carbon spectra 

makes measurement of a l l long range carbon-proton 

coupling constants d i f f i c u l t and time consuming. 
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, similar compdunds-» is found to vary from one series of 

compounds tp another , -suggesting that further study of 

x 'the effect Of structural and substituent effects on 

carbQn^proto^ coupling constants is required. These 

studies nfay allow a better understanding of the coupling 

mechariismst- for carbon-proton coupling pathways and allow 
j , ?-* ./;• • i-',-

comparison" o'f - C and -*-H cpupling data. 
* „ ' • • ' * - . , 

f , The theoret ica l basis of Couplings both proton-proton 
~ ' , . • ^ "*• - . , 

* and carbon^proton i s reviewed in the following 'section. 

I 
This" is, pe r t i nen t as the mathematical- treatment of the 

> i 

/•coupling phenomena suggests t h a t carbon-proton and 

~ pjct.on-.proton^ coupling cons tan ts have similar ghysj-cal 

basis.- * ^ 
'- * . •" ,x v 

1.2o -THfeORETICM. BASIS 01? NUCLEAR MUGMETJC RESONANCE 

/ COQPLJNG C0HSJA1TS • ' 

• F i e I'd In-dependent s p l i t t i n g s in n u c l e a r magnet ic 

s p s c t r a ' w e r e f i r s t obse rved by Gutowsky e t . a l « - (20,21) 

and Hahn and Maxwell (22^-23). The enecg-y (E^ N«") ©f 

i n t e r a c t i o n respons ib le for these s p l i t t i n g s i s given by 

equa t i on (1.01) 

fr BN f N , - 1 J M , N . I N I N . (1.015 

where 1 i s P l a n c k ' s c o n s t a n t , and J H Ni" i s t he i n d i r e c t 

nuc lear spin-spin coupling constant between nuc l e i H and 

IV with spins *% and IKi r e s p e c t i v e l y . 

Ramsey and P u r c ^ e l l (24) - p o i n t e d o u t t h a t - t h e 

& 
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- coupling, JH K J , might ,y-arise due to- tne magnetic 

interaction of the nuclei with the electron spin magnetic* 

moments which are in turn coupled together. In. a 
r 

subsequent paper-Ramsey (25) delineated three types ofv 

. interactions that could give rise t'o spin spin' coupling 
G 

constants. These were dipole-dipole interactions, 

orbital-d-ipole interact ions, and Fermi contact 

,,;„, interactions. 

The 'dipole-dipole interactions take place between the 

magnetic dipoles of the electrons and the nuclear spins. 

Within a self-consistent perturbation framework (26) the 

contributions from the dipole-dipole interactions to the 

'coupling (^J^JJS) is given by equation (1.02) 

' 4 V > V £ * 7nV<ra-
3>p<rb3>p[2P^V-PSn"-P^yn' . 

-J ©71-2 , „ ff„ 

+3FtoVn'-3<Vyn'] (1.02) 

where M0 is the permeability of a vacuum, /*£ is the Bohr 

magneton, 7 is the magnetogy^ric ratio, <r J>p is the 

expectation\value of. the inverse cube °of the separation 

between the sise-leus anelr i t s *& electrons, Pf^?^ is the 

diagonal element qf the .charge density^bdnd order matrix 
'' " <zB 

for the p 2 o j b i t a l s on- nucleus N' with an a spin, ®xWYW 

is the charge da^fisity-bosiil' order matrix element for the 

p,; and py orbitals,. on.^nucleus N! -with a and $ spins 

respectively, and Qŷ iYH' i s ^1@ imaginary part of the 
charge density-bond order matrix for the p„ orbitals on 

- nucleus HB with a and /3 s^ins. 
The orbitalxdipole term arises from the interaetl©n 

r 

file:///value
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between the magnetic d ipo les of the e l e c t r o n s and the 

nuclear °spin» "Using a s e l f cons i s t en t per turba t idn 

treatment (26) Ramsey calculated the .contribution of the . 

o rb i ' t a l -d ipo le i n t e r a c t i o n s to the coupling ( ° J N N t ) . 

This orbi ta l term is given in equation'(1.03) 

(1.03) 

where ^xN'yN' ^ s P^e charge density-bond order matrix 
* . *». ~ 

element for the p x;and p v o-rbitals on atom N8. 

Fermi contact interaction's ar ise between electron and 
ft -• 

rtudear spins. Ramsey (26) calculated' th 'e Fermi contact 

cont r ibut ion to t,he "coupling c o n s t a t (CJJJ -jjt) to be& 

given by equation (1.04) 

JC(nri)S JJT» W ? n VS^0)Srfto)P?n-sn - i 

(1*04) ^ 

where s2(0) i s the s e l ec t ron density*on nucleus N, and 
PSNSK' * s t h e diagonal element of .charg'e density-bond 

order matrix for s electron spin o rb i t a l s on' nucleus N' -, 
•» 

with an a spin. • • 

I n s p e c t i o n of the*, d i p o l e - d i p o l e * C JJJ $t)> a n d 

'orbi ta l-dipole , (°JN Ni)r" contributions to the coupling 

c o n s t a n t , given* in e q u a t i o n s ;(1.02) _and (1.03) 

r e s p e c t i v e l y , . r evea l s t ha t these terms can be non zero 

only, when both the coaplled nuclei have p electrons* That 
) 1 l" " 

i s , both equations in^Jude an expectation value for the 

inverse cube of the separation^ Between"a coupled nuclei 

and i t s p e l e c t r o n . For a hydrogen nucleus th i s , value 
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tends to zero. Therefore, coupling involving the proton, 

e i t h e r p r o t o n - p r o t o n or c a r b o n - p r o t o n , should be 

independent of the orb i ta l -d ipole and dipole-dipole terms 

and should be adequately described by *Vhe Fermi contact 

term ,(25-) where p e l ec t ron densi ty is*not invo lved in the 

equation. 

Researchers have used molecular o rb i t a l (27,28) and 

valence b„ond approaches to c a l c u l a t e the Fermi contact 

con t r ibu t ions to coupling cons tan t s . The ca lcu la t ion ' s 

have been plagued by the d i f f i c u l t y in cons t ruc t ing 

sui table excited s ta te wave functions. Such perturbation 

t rea tments in general can be no b e t t e r than the ground 

s t a t e wave f u n c t i o n s used and are '1 l i m i t e d ' b y t he 

construction of such wave functions. This has resulted 
i t O * 

t i l 

in some calculated coupling constants that do not' compare 

favourably with experiment results. 
c 

Subsequent research has been directed towards' the use 

of l a rge r bas i s s e t s of functions- to const ruct the 

molecular o rb i t a l s of-the ground s ta te wave functions in 

attempt" to produce b e t t e r approximations of the 

relevant exc i ted ' s ta te wave-functions (see reference 29). 
An e x c e l l e n t review of t h e o r e t i c a l c a l c u l a t i o n s of 

Coupling, constants has recen t ly been published (26). 

Although theory i s hard pressed to q u a n t i t a t i v e l y 

p r e d i c t the magnitude of a c o u p l i n g c o n s t a n t , „the 

. theore t ica l approach has been successful in p red ic t ing 

qua l i t a t ive trends for both geminal (2J) and v ic inal (3J) 
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coupling constants. Equations (1.02-1.04) indicate that 

terms contributing- to the coupling constant are sensi t ive 

to-, fac tors t h a t ^Jfter the s e l ec t ron densi ty a t the 

n u c l e i of i n t e r e s t , or change the energy l e v e l s of the 

excited s ta tes of the molecular orb i ta l wave functions. 

Suqh changes c^n then be expected to cabse measurable 

changes in observed coupling constants. 

Applied jNMR spectroscopy deals with these changes and s 

attempts to r e l a t e the v a r i a t i o n in magnitude of a 

coupling constant to changes in molecular s t r u c t u r e , 

s tereochemist ry , or ^ u b s t i t u e n t - e f f e c t s . The d ihedra l 

angle^ subtended by v i c ina l ly coupled nuclei- (see. Figure 

1.2), s u b s t i t u e n t o r i e n t a t i o n with r e s p e c t to t he 

coupling path, the e l e c t r o n e g a t i v i t y of a s u b s t i t u e n t , 

bond angles and bonds lengths, carbon hybridization, and 

medium e f fec t s have a l l been found to inf luence the 

magnitude of coup l ing c o n s t a n t s . . In the fo l lowing 

s e c t i o n s t h e s e pa rame te r s and t h e i r e f f e c t on the 

magnitude of both p r o t o n - p r o t o n and carb 'on-proton 

coupling constants are reviewed. Vic ina l (3J) and 

geminal (2J) proton-proton and carbon-proton coupling 

constants, are discussed separately." Emphasis is placed 

on illuminating the s imi la r i t i e s of the effect of various 

parameters on v i c i n a l proton-proton and carbon-proton 

coupling constants and geminal proton-proton and carbon-* 

proton coupling constants.«-..yFinally, the r e l a t i o n s h i p s 

between p" r o t o n - p r o t o n (ah\d ca rbon-p ro ton coup l ing 
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Figure 1.2. Newman p r o j e c t i o n of'„an e t h a n e - l i k e 

fragment showing the ,-dihedral ang-le <3> between the 

coupled protons H and %. • \ & 

' *« 
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constants in structurally similar compounds are reviewed. 

1.3o FACTORS APPICTISG THE MAGNITUDE- OF VICINAL PROTON-
°* 

PRdTOft C90PLIHG CbMSTAlTg 

1 . 3 . 1 . *he Bihedral Angle Between the^fouipled Huclei 

°» * " , 

'The f i r s t s u g g e s t i o n t h a t t h e ' m a g n i t u d e o f t h e 

« v i c i n a l p r o t o n - p r o t o n coup l ing c o n s t a n t was dependent 

upon the d ihedra l angje subtended by the coupled n u c l e i 

(Figure 1.2) was ma'de by Lemieux (3 0)., Using a valencfe 
« . \ ' ° ' 

bond„ approach Karplus (3JJ__derive_d, for the ethane", 
• " " " " * f>t 

^molecule, t he we l l known equations (1.05) and (1.06) 
3 jH,H' " 8 * 5 c o s 2 * " 0.28 0° <*< 90° (1.05) 

3 J H' ,H»
 = 9 ° 5 c o s ' 2 * - 0.28 • 90° < *< 180° (1.06) 

•a a 

where ° J S ga i s t he v i c i n a l coupling^ c o n s t a n t between 

p r o t o n s H and H" and '<S> i s t h e dih<fdral angle" shown in 

F igure 1.2. * 

In an a t t empt t o accommodate an eve r i n c r e a s i n g 

amount of experimental data r e l a t i n g the v i c i n a l proton-, 

proton coupling constant^ t'o the d ihedra l ang le , Karplus 

modified the equations for ethane or subs t i tu t ed ethanes. 

The new expression was' given by equation (1.07) 

"3JH, H . « A + B c o s * + C eos 2$ (1.07) 

where. A, _B and C were a r b i t r a r y c o n s t a n t s which v a r i e d 

from, one s e r i e s of compounds t o another. Xt soon became 



^ 

• evident that the form of equations '(1.05) and (1.06) were 

J correct but the constants J° and J-*-80 in the more general 

equations (1.08) and (1.09), 

3JK E, = J° cos2<§> - c 0° <a>< 90° (1.08)' 

:3jH,H» " j l 8° cos2<& - C 90° <<P< 180° (1.09) 
(J 0 v „ 

had to be varied from one s e r i e s , o f compounds to another 

to accommodate the ever increasing volume of experimental 

coupling data. The or ig inal Karplus curve for the ethane 

molecule i^ shown in Figure 1,3 and a s e r i e s of Karplus 

"type curves £pr J° = J 1 8 0 from 5.7 Hz to 14.7 Hz are 

shown in Figure 1.4. 

The Karplus curve was c r i t ic ized by numerous authors 

(32, 33, 34) on the grounds tha t fac to rs other than the 

d ihedra l ang le , which were known to af fec t v i c i n a l 
\ « "> 
coupling constants? were ignored. However, Karplus (31), 

3 W • * , -

aware of the l i m i t a t i o n s of his valence bond approach, 

cautioned against the blind application of his equation 

no t ing t h a t f a c t o r s such as s u b s t i t u e n t e l e c t r o 

n e g a t i v i t y , , carbon hybr id iza t ion , bond angles and bond 

l»ang'ths could . .affect the magnitude of the v i c i n a l 

coupling cons tant . These fac to rs had . t o be kept as 

c o n s t a n t as p o s s i b l e t o d e r i v e u s e f u l in format ion 

rega'rding molecular geometry using a Karplus curve. 

, Q ) e ^ O <£> O Sleetroaegati^ity of the sssbstlfctaeat 

In a study of a s e r i e s of e thy l hal i 'des , Glisk and 
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Figure 1.3. The Karplus c u r v e , f o r the eJthamte molecule . 
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Bothner-By (35) found that the observed vicinal coupling ' 

constant could be related to the electronegativity of the 

substituent. The linear relationship was given by 

equation (1.10), ** 

^ . 3jH,H s A - B E ' (1 .10) 

where A and B are constants (8,4 and 0.4 respectively, 
"\ • - „ ' 

for the" e thy l ha'lides) .and E i„s the Huggins 

electronegativity (36). In a subsequent study of the 

isopropyl halides, the constants A and B were"found to be 

8.0 and .0,.5 respec t ive ly ' . Thus, al though the 

relationship was not general in th-e sense' that A and B *# 

.were not universal-constants, the equation! did show that^T 4 
" 1 t f ' 

JH H w a s dependent on substituent electronegativity.and. • 

general ly decreased with increasing substi tuent \ 

e lec t ronegat iv i ty . This trend was verif ied by 

experimental and theoretical results (37, 38, 39). 

In a study of disubstituted ethanes Abraham and 

PachleV (40) found an additive substituent effectf the 

measured^coupling constants varied with the sum of the 

substituent electronegativit ies. This dependence is 

shown in equations (1.11) and (1.12) 
i t 

\ J = A - BJ]E (1.11) 
j _ j 0 ( 1 ^ C £ E ) (1.12) 

where A, ^ B, ar*d C were constants", I is the Huggins 

electronegativity and J° represents the coupling constant * 

is the absence of substituent effects. Although this . 

additive dependence was not found to be general, it did 



adequately describe the dependence of JH H"on E for the 

mono and d i s u b s t i t u t e d ethanes. For example, equation 

(1.12) can pre'dict the v i c i n a l proton-proton coupling 

cons tants for the monosubsti tuted, and 1,1 and 1,2-

d i s u b s t i t u t e d ethanes to within 0.3 Hz of the measured 

valuesc 

l-.3o3o She Or i ea t a t i oa of t i e Ssifostifeueat wifclls r e spes t 

to the Coopled Huclei 
vi-

In a study of isomeric s teroids, Williams and Bhacca 

(415 observed t h a t the gauche (<P=6J°) v i c i n a l p ro ton-
f ° , ' 

proton coupling cons t an t s , ( JH g), showii in Figure 1.5 

were not i d e n t i c a l . "Neither a Karplus t'ype d ihedra l 

angle dependence nor substituent effect relat ionships of ( 

the type discussed above could explain the obse'rved 

difference. They postulated -that the orientation of the 

subs t i t uen t with respect to the coupled n u c l e i was 

c r i t i c a l . This has been verified experimentally. 

' A general s u b s t i t u e n t ef fec t tha t accounts for t h i s 

"•phenomenon was proposed by Booth (42). The proposal was „ 

t ha t a subs t i t uen t exer t s i t s maximum effec t when i t i s ' 

t r ans , a n t i p e r i p l a n a r «N180°) or ec l ipsed (<S>=0°) with 
r 

part of the coupling path. This , is i l l u s t r a t e d in Figure 

1.5. TheVsubstituent (.OR) ,is equa to r i a l in isomer I and 

i s QSJISJBS. (<f>-60°) to proton HB. In isomer I I proton HA 

is axia l and t rans (<t>sl8G\°) to the substi tuent. In both 
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^v* 

.F igure LSev-^Two i somer ic s t e r o i d s showing,the r e l a t i v e 
H t - > , * 

• L % • *- " o r i e n t a t i o n s o f . t h e couple.3 n u c l e i and the s u b s t i t u e n t 

(OR). The (gffect-^of t h e s u b s t i t u e n t i s dependent upon 

i t s orientationwwith re'-spect to the coupled n u c l e i , lies', 

the v a l u e of J g a gg "and Jgjj g c a r e "d i f f e r en t , and 

e x e r t s *$i?s maximum e'ffeet when i t i s a n t i p e r i p l a n a r t o 
• - - I M' ** *' 

the coupling -pats'. 

* i « 

. H-

;4.S-@.SDi2 ^aHes 2.5-3.2 te 



compounds the coupled nuclei, Hc and'Ug in compound I, 

and Hc and H^ in compound II, subtend dihedral angles of 

"60°. Furthermore, the substituent is the same in both 
T 

isomers. Only the o r i en t a t ion of the substitu/ent with 

a s p e c t t ? t h . coupling p a t h has c h . » g . a . * A t e X 6 r t s ' 

i t s maximum ef fec t , ( JH H decreases) , when if i s t r ans 

to one of the coupled protons. 

P ' ach l e r (43)-7 u s i n g m o l e c u l a r o r b i t a l (MO) 

calculat ions hag„shown that phase shif ts occur in p lots 
"" \ \ f / 

o,f v ic inal proton-proton coupling constant's against the 

di-hedr-al angle subtended -by the coupled nuc ie i in 

subs t i t u t ed ethanes. The .pfyase siiift/ was found to 

increase as the e l e c t r o n e g a t i v i t y ^ o f chfe subs t i tuen t 
/ 

increased. The p l o t s of the va lues of/^J^ H for ethane 

and ethyl fluoride mdlecules against tyhe dihedral angle 

between the coupled photons are shown in Figure 1.6. 

Although Pachler's treatment is found to be qua l i t a t ive ly 
0 

correct fe-r -some molecules, it fails to predict the 

magnitude of the measured coupling constant. For instance. 'H,H for ' e thane and e t h y l f l u o r i d e a r e 

p r e d i c t e d to be 4,3 and 3."8 Hz r e s p e c t i v e l y whi le 

experimentally the Couplings are found to be 8.0 and 7.1 
' is 

HZ . ' • 
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Figure 1.6. A Karplus type p l o t of the va lue of 3 J H , H 

for the ethane and ethyl fluoride aalecules against tire 

dihedral angle between the coupled peotons. 
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1.3.4'. Bond a n g l e s . Bond L e n g t h s , and Carjbon 

Hybridisation - "" « 

c V 

The effect of changing bond angles and bond lengths 

on the magnitude of v i c i n a l coup l ing c o n s t a n t s i s 

exper imenta l ly d i f f i c u l t to study in sp° hybridized 

carbon frameworks.*. A theoret ical treatment predicts that 
3. *JH H i s i nve r se ly p ropor t iona l to the bond length and 

should decrease\as the angles, s" and s™, shbwn in Figure 

, . ' > * 

' 1.7, are increased. 
- .-/ - fr? \ 

Ch%iges":;in bond angles and bond lengths are usually 
r-j* \ 

t,fae r e s u l t of; a change, in subs t i t uen t or a change in 

carbon hybr id iza t ion-#- • S u b s t i t u e n t s a r e known to 

inf luence the magnitude of coupl ing constants',*- but the 

separa t ion of e l e c t r o n i c e f f ec t s from ,vthe ef fec t of 

changes in bond angles and bond l e n g t h s - i s extremely 

d i f f i cu l t . 

f' The change in ' t he h y b r i ' d i s a t i o n of the carbon 

.framework has been reJ.ated.to changes in the magnitude of 

Jhe vicinal, proton-proton-coupling constant. I t i s found 

that JJH H increases as the deg-£ei|„of s character of the 

' h y b r i d o r b i t a l i n c r e a s e s . n o n e t h e l e s s , t h e 

" interdependence of carbon hybridization, bond angles and 

bond 1'engths has p r e c l u d e d the development of 

relat ionships of the type found for the dihedral angles 
•3 

and substituent e lectronegat ivi ty effects . 
As Karp lus (30) has no t ed , the u t i l i z a t i o n of-

http://reJ.ated.to
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Figure 1.7. The bond angles, s' and S", between 

vicinal ly coupled khclei.5 * As1 th'e angles S" ap(,d 8 
i « 

increase the magnitude of 3 J decs»ejases, 
a 
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, measured coupling- cohs tants to gain ins ight in to the 

s t r u c t u r e of- an organic molecule requi res t h a t a l l 

• f ac to r s tha t inf luence the magnitude of the coupling 

constanb be considered- If a l l other parameters are kept 

aS near ly constant as p o s s i b l e ? then the ef fec t of the 

variat ion of one parameter can .be related to changes in 

magnitude- of jthe observed coupling constant. Empirical 

re lationships**aeve loped in t h i s way provide powerful 

to^ils. for s t ruc tura l analysis*. Some of these empirical 

relat ionships are discussed below. 

1.4.. EMPIRICAL CORRELATIONS UTILIZING VICINAL 
- • <~ •, 

PROTON-PROTON COUPLING CONSTANTS 

1.4.1. Parameter iza t ion of Subs t i tuen t Effects on 

Vicinal -^Proton-Proton Coupling Constants In Ethane-Like 

Fragments 

»In, an a t t empt t o r e l a t e t he e f f e c t s of 

substituent e l e c t r o n e g a t i v i t y on the measured coupling 

constants in disubptituted ethane l ike fragments, Abraham 

and Gat t i (44) p l o t t e d the observed coupling cons tants 

for these , f ragments a g a i n s t t he sum of Huggins 

electronegat ivi ty (E) of the subst i tuents . The coupling 
o 

constants were' taken froni both cyclic and acyclic 

fracygents*^»f the type shown in Eigure 1.8. In the 

notation, <3"|, the superscript refers to the orientation 
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Figure 1.8. Hewman projections of a disubstituted 

ethane-like fragment showing the various vicinal coupling 

constants, in the notation J*| , the superscript refers 

sto the orientation of the coupled nuclei, and the 

subscript to the orientation of the substituents with 

respect to each other. 
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of the coupled protons and the subsc r ip t re fe rs t o the 

o r i e n t a t i o n of the \ subs t i t uen t s with fespect to "each 

other . o " , • 

The result-s are given in equations (1.-13) to (1.16) 

, j | = 1.35 + 0.63 (Ex-fEy)< » ' ' (l,13v \ 

"" j j : = 18.07 - 0.88 (Es+E„) ' , \ l . l 4 ) 

j | = 8.94 - 0.94 (Ex+Ey) ($yl5) 

^1 + J l ' S 2S»92 - 2.03 (Ex+Byl (1.16) 

I t was observed tha t subs t i t uen t effects"were not * 

a d d i t i v e but t ha t they ti?ere dependent upon each o ther , 

i . e . , v » * ' «' 

J ^ # J ^ and J | f (jf + j9)°/2 ? \-

Furthermore,, equation (1.13) pred ic ted tha t gauche 

proton-proton coupling constants increase'•with increasing 
• \ -

substituent e lect ronegat ivi ty when the substituent i s not 

t r ans a n t i p e r i p l a n a r to pa r t of the coupling path. - In 

a l l other cases the coupling cons tan ts decrease tfith 

increasing substituent e lect ronegat ivi ty as predicted by 

equat ions (1.14) t o -U .16 ) . 

I.4.2. Equation for t i e Quan t i t a t i ve PreeSIetion af 

gauche. Vicinal Profeen-Peoton CoiSfSling Constants 

Forrest (45) has developed.an equation which allows 

quant i ta t ive prediction of gaiiche. coupling constants in 

^molecules with well 'defined conformations, and which takes 

into consideration substituent orientat ion. He assumed 

file:///substituents
file:///l.l4
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that a linear relationship between the coupling constant 

and substi tuent e lec t ronegat iv i ty existed and that -the 

difference in magnitude of the coupling constants °J§ g 

and *3jg g were mainly due to substituent orientation.* In 

the notation ^JgXg, t n e l e : £ t superscript refers to the 

orientation of the coupled nuclei, the right superscript 

to the substituents trans to the coupled nuclei, and the 

subscript to the ^coupled nuclei. See Figure 1,9, 

The ra t io of these two couplings can then be written • 

9JEIE/ 9jH,H = ( a / a" JAEn) ~ W e-TAEx) AEX (1.17) 

where a," '/3 and 7 age constants and AES is the difference 

in Huggins electronegativity of the substituent, X, and 

hydrogen. Since a substituent exerts i t s maximum effect, 

when i t . is ant iper iplanar %o a coupled nucle i , 7 was 

assumed to be' smaller than /5 and 7AE„ small compared to 

c The ratio becomes that shown in equation (1,18). 

9jH^H/9jB,H = (a/a) ~ (0/a)AEx (1.18)' 

A plot of 9JHXH^9JH H ^ e rsus 4E2C gave a straight line 

'defined by equation (1.19). 

9jH*H/9jH,B s 1-009 - 0.462 AE,, • - (1.19) 

Abraham and Gatti have shown that for ethane-l ike-

fragments the oajicJig. vicinal-proton-proton coupling 

constants can be given by equation (1.2DK 

9jH g m 4.1 + 0.63SAEi (1.20) 

Combining equations (1.19) and (1,20) gives equation 

(1.21). 

9jHXH = (4°l + O-S32^!^ (Io009 - 0.462 AEE) (1.21) 
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Figure 1.9. Newman pr -o jec t ions of an ethane\like«» 

fragment showing the o r i en t a t i on of the eoupied-nuqlei 
* \ *• 

and subs t i tuer i t s descr ibed 'by the nota t ion 9jHX Tne 
- H,H . 

l e f t superscript refers to the orientation- of the coupled-

nuclei? the right superscript to .the nuclei sJLtafig t o \ h e 

.coupled-nuclei, and the subscript to the coupled nuclei.-

j? 



Using th is equation F'o'rrest has calculated the gauche 

vicinal coupling^ constants for 25 cyclic compounds in the 

chair conformation (assuming, $-60°) and has found a RMS 

e r r o r o'f 0.3 Hs from t h e measured &&Jikhj£ co"upLi&g. 
« • '„' 
constants. - * 

* , , * « ' 
I t i s apparent tha t empirical correla t ion 's , of'-the 

" *** . type discussed above can give the experimentalist quick 

informat ion concerning m o l e c u l a r conformation and 

s tereochemistry. 'However^ care'iiiust fee "taken to ensure 

t h a t - t h e s e r e l a t i o n s h i p s are used, only on s t r u c t u r a l 

fra-gmqnts similar to thbse used .to derive them. 
O 1 » - , 

1 ' - >, • . . . \ 

n « ; 

lo4.-3o .-Eietto^ for fene Calculation of tne-Degree t© wMch 

S i s - I s a b e e e d E i a g s ' D e v i a t e . freM- the . S t a n d a r d 

Six-membered rings form one class-of compounds which 

can y i e ld useful MR coupling data, v i c i n a l coupling 

c o n s t a n t s , in p a r t i c u l a r " . In the s t andard c h a i r 

conformation of a six=membered. ring, the Vicinal a x i a l -

axial .protons subtend a dihedral angle of approximately 

180°, whereas the ' v i c i n a l e q u a t o r i a l - e q u a t o r i a l or 

e q u a t o r ! a 4 l ~ a x i a l p r o t o n s s u b t e n d an a n g l e of0 

approximately '60°. 

Buys (40), following the essen t ia l ly qua l i ta t ive work 

'of Lambert (47), has derived an equation which a"liows 

q u a n t i t a t i v e predic t ion of the degree ,to which 6=-



^membered r ings ( including Keterocycles) dev ia te from the 

standard chain conformation. He assumed tha t the ethane*-' 

l i k e f ragments shown in F igu re 1.10 p o s s e s s e d 8ps_eudo 

t r i g o n a l p r o j e c t i o n symmetr-y11. -Us ing t h e K a r p l u s 

equation . , 

J » A cos2<P ** (l.~22) 

and the r e l a t i o n s h i p s shown In Figure 1.10 „ 

/ • <Paa = 120."* * - ' 11,23) 

Q e e = JL20 -s * (1.24) 

" ' *ae ^%k - * " ( 1 '*2 S ) 

t he r a t i o \R of t h e t r a i l s and e l s coupl ing- c o n s t a n t s (J1-

and J c r e spec t ive ly ) could be wr i t t en ; 

R = J f c / J c - EA\.cos2(120^) + A cos2(12Q-%) J/2 A cos,2* 

\> <. . (1^26) 

to This equa t ion assumed an i d e n t i c a l " m u l t i p l i c a t i v e 

dependence of t h e .cj-S. and txajis. c o u p l i n g c o n s t a n t s * on 

subs t i t uen t e l e c t r o n e g a t i v i t y . ^ S o l v i n g equat ion" (1.26) 

for R and cos g i v e s e q u a t i o n (1.27) and ( 1 . 2 8 ) / 

R = (3 - 2 cos 2 **) / (4 e o s 2 ^ ) , "(1.27), 

c o s ^ s [ 3 / (2 + 4R)3 1 / 2 '.' (1.28) 

Thus, i f the els, and txaas. coupling cons tan t s , ean be 

de t e rmined , t h e degree to^ which t h e six=me>mbe,red r ing 

d e v i a t e s fjom t h e cha in conformation, c.an ba e s t i m a t e d . 
/ 

The use of t h i s r e l a t i o n s / h i p has met wi th some5 s u c c e s s . 
*> . I ' » 

A thorough, review of t h e u i m i t a t i o n s of t h i s t reatment* 

has been made (47)* a p p l i c a t i o n of t h i s method i s 

l imi ted t o a narrow range of compounds. I .e . , those where 

y 
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Figure 1.10. "Pseudo t r i g o n a l project ion symmetry" ia 

e thane- l ike fragments froa aiii aembeeed rings (after 

Buys). The angle between coupled nuc le i in the aaBSM. 

conformation hjas d e v i a t e d from the s tandard c h a i r 

conformation where ^he dihedral angle is 60( 

XT' 
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the.four proton-proton coupling constants can be measured 

Bor those where two pa i r s of coupling c o n s t a n t s . f o r 

r a p i d l y e q u i l i b r a t i n g s t r u c t u r e s can be ob t a ined . 

Forres t (48) has developed a "method to determine 

the. degree to which c y c l i c compounds devia te from the 
\ e i 

standard chair conformation.0 ^ This method requires only 

the measurement of one gaJjche coupling constant and the 

knowledge of the e l e c t r o n e g a t i v i t y ' o f the subs t i t uen t s 

at tached to the ethane=like fragment. Using equation 

(1.21), a'nd the Karplus equation, J ~ A cos^ip - 0.3% a 

value"Of the gauche coupling constant can be calculated 

and a value of the constant A determined. As the ac tua l 

va lue of j the gaiLcfae. coupling constant i s known, the 

Ka'rpl'us equation can be solved for eos.co, the d ihedra l 

angle between the a x i a l and equa to r i a l p ro tons . ' The 

t e s u l t s obtained using this" method agree well with those' 

obta inable with the R method, but t h i s approach has -a 

wider appl icab i l i ty . 
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'*..' l . S . l o Dlhedeal angle between the Coupled nuc le i 

> \ 

Lemieux et aL, (49) examined t h e dependence of v i c i n a l 
• \ 

ca'rbon=proton coup l ing c o n s t a n t s on t h e d i h e d r a l ang l e { 

« V 

<? 

subtended by t h e coupled n u c l e i for s e v e r a l u r a c i l 
f 

derivatives and found, as Karabatsos had predicted (5),, 

that a Karplus type "dependence existed. * A similar 
r 

dependence of the magnitude of the"carbon-proton coupling 

constant -on the d ihedra l angle subtended by the coupled 

nuc le i had been observed for s eve ra l oj-glycopyranoses by 

Pe r l in and Casu (50). 

Ca lcu la t ions , by Wasylishen and Schaefer (51) on the 

propane molecu le sugges t t h a t , as with p r o t o n - p r o t o n 

coup l ing c o n s t a n t s , a minimum for J J ^ g occurs when the 

d i h e d r a l a n g l e between t h e coupled n u c l e i I s SO0, and 

maxima occur when t h e d i h e d r a l a n g l e i s 0° or 180°. 

In a manner s imi l a r to the approach used for v i c i n a l 

proton-proton coupling c o n s t a n t s , ' v i c i n a l carbon-proton 

coupling constants have been used to e s t a b l i s h r e l a t i v e 

conformer p o p u l a t i o n s in 2 phenyl s u c c i n i c ac id (32). 

P e r l i n and fechwarcz (535 have u t i l i z e d t h i s Karplus type 

dependence t o h e l p e s t a b l i s h t h e c o n f o r m a t i o n s of 

carbohydrates. They measured 3 J S g through both1 carbon= 

carbon and carbon-oxygen coup l ing p a t h s in a number of 
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carbohydrate der ivat ives and found that smaller coupling 

cons tants '(0-3 B"z) were observed for d ihedra l angles _ 

between'600 and" 100^- than for d ihedra l angles between 

• 140° .and 180° (4,5 - 5.5 Hz). 

Numerous other examples exist in the,sl i terature where 

the magnitude of 3Q •$ has been' used as "a conformational 

or 'geometric probe (vide i n f r a ) . However, as was found* 

for J J H H, -factors other than the dihedral* angle have a-

profound effect on the magnitude of the observed vic inal 

carbon-proton coupling constant. The electronegat ivi ty . 

and placement of subst i tuents , bond angles, bond lengths, 

and hybr id iza t ion of the carbon atoms in the coupling 

path have a l l been found to exert a measurable Influence. 

1.5o2s Substituent Electronegativity and Placement 

• / 

„ In a s e r i e s of neopentyl d e r i v a t i v e s , wfiere the 

s u b s t i t u e n t was a t t a c h e d t o t h e coup led ca rbon , 

Karafoatsos (545 observed, that the vicinal. carbon-proton 

coup l ing Cons tan t decrease .d^wi th an i n c r e a s e in 

substituent e lect ronegat ivi ty for the substi tuents I , Br, 
r 

CI, OH. He found that the value .of the.vicinal carbon-

proton coupling constant decreased from 5.99 to 5.84 to 
r 

5.63 to 4.48 ^s for the iodo, bromo, ch lo ro , and' hydroxy 
1 compounds r e s p e c t i v e l y . The . r e l a t i o n s h i p between 

substituent e lectronegat ivi ty and the measured coupling 

constants was not l inear (correlation coefficient *= 0.85 
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for the compounds above), but i t 'did- show a monotonia 

dec rease in the coup l ing c o n s t a n t with i n c r e a s i n g 

substituent e lectronegat ivi ty . 
V • ' •». 

Vicinal carbon-proton coupling constants for a series 
-<\ « 

of n - p r o p y l derivab/iir-es, where t he s u b s t i t u e n t i s 

a t tached to the coupled carbon, have been measured by 

Stfoormaker and de Bie (55). For the d e r i v a t i v e s with 
^ * »c 

f i r s t Row_ substi tuents, the values of D3Q g increase with 

increasing substituent electronegativity? from 5.4 to 5.7 

sto 6.0 to 6.2 Hz for "the methyl, amino, hydroxy, and1 

f luofo propanes. The best f i t s t r a i g h t l i n e , given by 

l inear regression analysis is,shown in equation (1.29). 
3JC H » 0.83 E + 3.10 r 2 • 0.991 '(1.29) 

However, for the h a l i d e d e r i v a t i v e s , ^ J ^ JJ was found to 

decrease with increasing subs t i tuen t e l e c t r o n e g a t i v i t y ? 

from 7.3 t o 7,0 t o 6,7 to 6.2Hs for the iodo, bromo, 

chloro, and'fluoro propanes. v 

Forres t and Sukuraar (17) have measured J J ^ H in, a 

s e r i e s of t e r t i a r y - b u t y l compounds and have found t h a t 

the value of 3J^' 3 decreased as the electronegat ivi ty of 

the s u b s t i t u e n t s (D, CH3, I , Br, CI , F) i n c r e a s e d . 

Unl ike t h e compounds s t u d i e d by K a r a b a t s o s , . the 

subs t i t uen t was at tached to the carbon bearing the 

coupled carbon instead of being d i r e c t l y bonded to the 

coupled carbon. Again, no good l i n e a r c o r r e l a t i o n 

between the va lue of ^3Q H for these compounds and 

=subs t i tuent e l e c t r o n e g a t i v i t y was found. The v i c i n a l 
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coupling constant and substituent electronegativity'were 

found to be related by a quadratic equation (56) of the 

type shown in equation (1.30). 

3jC,Hs AQ - Ax E - A2 E2 , (1.30) 

In the £.=butyl compounds conformational effects are 

not significant as thvf methyl group has axial symmetry 

and is freely rotating* The measured coupling constant is 

, - the average of the one anii and two g.a.uche orientations 

possible for the coupled nuclei shown in Figure 1.11. 

Spoormaker and de Bie (5 5?* have measured ^Jc H -for a 

ser ies of isopropyl der iva t ives with f i r s t Row 

substituents. "The sub-stituents (CH3, .NH2y OH, F) were 

attached to the carbon "bearing the coupled carbon. .They 

found that an increase in substituent electronegativity 
a 

caused a decrease in the observed coupling. The best fit 

straight l ine, given by linear r-egression analysis, is 

shown in equation (1.31), 
3jC,H s 6 ' 4 0 ~ 0»46E r2=0.9S7 (1.31) 

A similar decrease of the magnitude of ^J^ H with 

/increasing substituent electronegativity for -the first 

Row ..substituents (C, K, 0, F) was found for a ser.ies o"r 

i-butyl derivatives. Again the substituent-was attached 

to the carbon bearing the coupled carbon. The best f i t 

straight line was given by'equation (1.32). 

3jC,H = ~ 0 * 6 4 E + 6 » 2 8 r 2 = °»979 (1.32) 

Furthermore, when the Group 711 cubstituents- (F, Clff 

Br, I) were considered, the v ic ina l carbon-proton 
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Figure 1.11. The one SJOti and two gauche o r i e n t a t i o n s 

poss ib le for the i - b u t y l d e r i v a t i v e s . The jneasured coup-
- ." ° < 

l i ng i s t he average of t h e >thre@ coupl ing c o n s t a n t s 

shown. 

y 

\ 
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*A " ' * , 

couplingB constant was found to decrease with increasing 

„ substituent e-l^tronegativity. The coupling varied from 

, 5.0 to 4.8 to 4.7 to 4.6 Hs for the iodo, bromo, chloro, 
v, 

and fluoro derivatives respectively. 

INDQ-molecul.ar orbital calculatIons (48) have 

^ predicted, pn the basis of an alternating substituent*<-

effect, tfyat when the substituent is attached to the 

coupled- ca\rbon that the magnitude of ^Jc E should 

increase with an increase in subs t i tuen t , 

electronegativity. Conversely, when the substituent is 

attached to the carbon atom adjacent to the coupled 

carbon an increase in electronegativity of the 

substituent is predicted to cause a decrease in the 

observed coupling constant. " • 

It is obvious from the discussion above that the 

variation of the magnitude of^J c H is dependent upon. 

both*theoelectronegativity of the substituent and its 

placement along the coupling path. When the substituent 

is directly attached to the coupFed carbon, its effect 

changes in going from the ' f i r s t Row to the halide 

substituents. In this instance the influence of 

substituents var,y even when their-placement along the 

coupling path is kept constant. m - tg 

1 

\ 
1* 
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1.5.3. Carbon Hybridization, Bond Angles,? and Bond 

Lengths 
3 " * 

o 

An increase I n the s -charac ter of the coupled carbon 

when the carbon hybr id iza t ion changes from sp 3 t o sp^ to 

sp i s found t o cause* a monotonic i n c r e a s e in 3 J Q H . • An 

example of t h e phenomenon i s shown in J i g u r e 1.12 where 

t h e sJLs and t x a a a v i c i n a l c o u p l i n g c o n s t a n t s a c r o s s 

a l k e n e type fragments i n c r e a s e from 6.7 t o 7.8 t o 8.1 Bz 

and 11.1 to 11.9 t o 14.7 1| |-"respectively for s p 3 , sp 2 and 

sp hybridizecl carbons (15). 

Changes in bond angles and bond lengths are d i f f i c u l t 

t o r e l a t e t o changes in v i c i n a l c a rbon -p ro ton c o u p l i n g 

c o n s t a n t s e x p e r i m e n t a l l y . As was noted wi th p r o t o n -

p ro ton c o u p l i n g c o n s t a n t s , changes in bond a n g l e s and 

bond • l e n g t h s a r e o f t e n t h e r e s u l t of c h a n g e s in 

s u b s t i t u e n t s and/o-r c a r b o n ' h y b r i d i z a t i o n and t h e 

' i s o l a t i o n of e f fec t s due t o these parameters i s d i f f i c u l t 

i f not impossible. 

1.6. FACTORS AFF^CTIHG GEMINAL PR0TOM-PROTOT COUPLING 

COHSTANTS 

1.6.1. Theoretical Predictions j 

Theore t ica l work on the fac tors a f fec t ing geminal 

proton-proton coupling cons tan t s , Ĉ Jgv H ) , has been 
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Figure 1.12. The effect of the degree of the s-character 

of t h e h y b r i d i z a t i o n of t h e ' coup led c a r b o n on t h e 

magnitude of the §±§, and txaas. v i c i n a l coupling constants 

across a double band. (15) 

Phv y*x - 3j£*.H s 11"1 Hg 

& ^C^C* sp*3 

CH3 ' H2 , J Q * H - 6.7 Hz 

Cx yE1
 3 J | * # H

 a n«? H z 

* / 3 S S C % > sp^ 3-
2 JC*,H " 7 ° 8 H z 

Rx XHX * . . 3J£* H - 14.7 H2 
CssC sp 

i C NH2
 3 j g* „ - 8.1 Hs 

$ 

* * ' 
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carried out most notably by Pople and Bothner-By (57) and 

by Barf ie ld and Grant (58). The t h e o r e t i c a l p red ic t ions 

made by'these authors regarding the factors affecting the 

magnitude of the measured values of the geminal proton-

proton coupling constants, ^JH H, have been supported by 

experimental work. These t h e o r e t i c a l p red ic t ions are 

discussed belowo 

The Molecular Orb i ta l (J?0) approach of Pople and 

Bothner-By, predicts that withdrawal of electron density 

(generally an ' induct ive effect) from orb i ta l s symmetric 

between the coupled protons in a methylene type fragment 

'(see Figure 1.13) should r e s u l t in a positive" increment' 

t o the geminal p r o t o n - p r o t o n coup l ing c o n s t a n t . 

Withdrawal of electron density (hyperqonjugative effects) 

from orbitals.antisymmetric between the"coupled protons 

(see Figure 1.13) i s predicted to r e s u l t in a negat ive 

increment to the geminal proton-proton coupling constant. 

Corresponding but opposite, effects are predicted for th'e 

donation of electrons 'to o rb i ta l s symmetric (between the 

coupled n u c l e i , ( i . e . / . Jg g should decrease) , and 

withdrawal of e lec t rons ' from o r b i t a l s antisymmetric 

between the coupled nuclei,- (,i.e, JH s should increase}; 

The Valence Bond (VB) approach used by, Barf ie ld and 

Grant predicts similar ,trends. For simple hydrocarbons," 

the geminal proton-proton coupling constant^ ( Jg ^) , is 

predic ted to become more p o s i t i v e as the s -character o f 

the carbon hybr id isa t ion increases . An increase in the 



41 

Figure 1.13. Diagrammatic representation of the orbitals 

symmetric and antisymmetric between the coupled protons 

m a methylene fragment. 
/ * 

3. ™ 

3 6 V 6 9 flj^f O $*ji a c_ a 

4 e « a 0 « « 
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e l e c t r o n e g a t i v i t y of a subs t i tuen t on, the, carbon atom 

adjacent toi the methylene (-CB^-) fragment is predic ted 

to cause a p o s i t i v e increment in the vklue of ^J^ 
„ a* 

while .a subs t i tuen t two carbon atoms removed f ro'm the 

methylene fragment should cause! a negative -increment to 
JH H° These subs t i tuen t ef-fects were predicted to be 

operative for geminal proton-proton coupling constants 

a c r o s s both s p 2 and sp 3 hyb r id i zed "-".carb'Sn atoms. 

Furthermore,- the geminal proton-proton coupling*,,constant 

was predicted to be s e n s i t i v e to v bond! .and t h e i r 

orientation with respect to the coupled nuclei . 

Anteunis (59) and Cookson"and Crabbe (SO) ha-ve 

studied the e f fec to f the orientation o fsubs t i tuen t 'lone 

p a i r s , when tthe substitu-ent i s at tached to the carbon 

atom adjacent to-the coupled carbon, on the magnitude of 
sJt and*fx»und tha t an o r i en ta t ion effect of 2-3 Hz on 

the observed geminal coupling constant was possible. 

D a v i s and Hudek ( S I , 6'2) have checked t h e 

predictions" of Pople and Bothner-By as -to the effect of 

the orientation of. heteroatoms on the magnitude of Jg.g. 
p. * 

The hetsroatoms were 'at tached t o , the carbon atom's 

adjacent to and' two *afedms removed from the coupled 

methylene fragments.' They found that the geminal coupling 

constant became more p o s i t i v e as the lone pa i r of the 

subs t i t uen t (ossygen or su l fur atoms or s u l f i n y l or 

' sulfonyl aroups) ec l ipsed one-of the. C-H bonds of the 

methylene fragment. -Osing compounds ̂ ber® the dihedral 

I f 
' ' 0 

• y 
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~ angle between the heteroatom l o n e p a i r s and the- C-H 

of t h e methylene fragment were 0, 60, 180, 300, and 360 

degkees , t hey found a dependence of the type sho'wn. in 

Pig5»e 1.14. ' . For a s u b s t i t u e n t (OH, OAc, NH9,\NHAc, CI , 

Br, Fh, N(Xj) two carbon atoms removed from t h e coupled 
* o . . \ 

methylene fragment , t h e i n f l u e n c e - o f a s u b s t i t u e n t on 

rthe magnitude of the{ geminal coupling constant was found 

to be dependent upon t h e d i h e d r a l .-angle between t h e 
't * ° = 

• . s u b s t i t u e n t and a?,C=H bond of t h e methylene fragment . 

* The dependence is" shown' in F igu re 1.15. These f i n d i n g s 

\ ag reed 'we l l wi \h the p red i c t i ons of Pople and .Bothner-By 

,*- discussed „ above. - '* •* 
' * • » * ; ' • ". * - c . . . 

1.6 .2 . Influence of Suhsti&taent I l ee t ronega t ' l v l ty 

• ' A • • '• •' • 
„ I n ' a s e r i e s of "raflmo-sujbstitufced methanes (63) the 

'magnitude of the geminal prot'oa*proton coupling c o n s t a n t , 

was found t o „ i n c r e a s e a l g e b r a i c a l l y with' i n c r e a s i n g 

subs t i t uen t e l ec t ronega t iv i ty . - However, the^corre la t ion, , 
•n * J? , • ' 

' ' ' 

between subst i tuent- e l e c t r o n e g a t i v i t y and the -magnitude 

-of t h e gemina, 1\ c o u p l i n g cons t an t .was not l i n e a r aad the 

h a l i d e s f e l l off t h e b e s t f i t - s t r a i g h t l i n e . .On t h e 
• '- . . ' " 9 ' ' >'» 

-basis of electronegativity alone, the value ofU vTg | for 

the methyl halides would be expected to decrease in-the 

t{ order P>Cl>Br>l. However, . the magnitude .of &3^ g was 

'found to decrease from -*9.3 £0 -9.5, to -10". 10 to -10.70 

Ip in going from the iedo to the-fluoro to the.bromo and 
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Figure 1.15. Var ia t ion of 43 with the •'dihedral angle 
between a b^£a._ subs t i t uen t and the C-H Bond of the 
coupled methylene fragment. 

" • ^ <X 
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chloro d e r i v a t i v e s . The effect of subs t i t uen t s on the 

magnitude of 2JH g appears to be reasonably complex and 

linear correlations, of «JH H andlE, even in the simplest 

molecules'- have not been found. 

' l .SJo Sffofst of t ae ©egsee ©f "s" CfeaeaetQE ©f the 

Coapled Caelb©B ©rfaitals ' > 
' - * - ' f 

A 
The s imples t example of the ef fec t of a change of the 

hybr idizat ion of the coupled carbon on the magnitude of 

"geminal proton=proton coupling constants Involves the"" 

measured values of «Ĵ  H for methane and ethene. The 

value ©f ^Jg g for the methane molecule,- (calculated from 

ru D using the magnetogyric r a t i o s of the hydrogenand 

deuterium nuclei ) i s ••="12.4- Hz<> The va lue of ^j H for 

ethene (calculated in a similar manner) is +2.5 Ha. Thus 

in going from^an sp 3 h y b r i d i s e d carbon to an sp 2 

hybr id i se^ carbon, the c-oupllng increases from -=12.4 to 

• +2j5o Thftfwks predic ted t h e o r e t i c a l l y by Ba'rfield and 

Kant , (50} P\ i . e . , ^ J s H Increases as the degree of s -
•eharaeter ©£• the carbon hybr id isa t ion ineeeaseso In 

\ 

t h i s example, where Jg q Values for the methane and 

,ethene molecules were "compared, the increment in the 

value at- ^Jg g for the ethene ^molecule was at tr ibuted to 

a e image in -the a - c h a r a c t e r of the carbon hybr id 

orbitals^ However, changes-"in carbon' hybridisation are 

\ae«?@mpani<3d by ehaagoB in the C=H bond lengths and bead 
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a n g l e s as w e l l as changes In t h e s - c h a r a c t e r of t he 

coupled carbon. The bond length decreases (from 1.096 to 

1.07- A) and the bond angle increases (from approximately 

108° t o 1*20°) in going from t h e methane t o t h e e thene 

molecule . The separat ion of --these con t r ibu t ions t o the 

c h a n g e i n t h e o b s e r v e d c o u p l i n g c o n s t a n t i s 

exper imenta l ly very d i f f i c u l t . 

Because of t h e i n t e r d e p e n d e n c e of bond a n g l e s , bond 

lengths and^carbon hybr id i sa t ion i t has been d i f f i c u l t to 

s e p a r a t e and "study t h e e f f e c t s of any one\ of t h e s e 

parameters independently. 

Jl.7. ' F-ACTOHS-EPFECTIM6 GEHIH&L QffiBOW-FIIOTOH COUPLING 

CONSTANTS 

The measurement of geminal Carbon-pro ton c o u p l i n g 

c o n s t a n t s ( 2 J^ g) i s now becoming widesp read . Un l ike 

geminal proton-proton coupling cons t an t s , two carbon 

atoms are involved in geminal carbon-proton coupling 

path* the carbon bearing the coupled n u c l e i and the 

coupled carbon i t s e l f . As we are e s sen t i a l ly interested 

in comparing %^ H an<^ J H 1! *-n analogous compounds, our 

discuss ion of subs t i t uen t e f f ec t s on the -magnitude of 

carbon-proton coupling cons tan ts dea l s p r i m a r i l y with 

subst i tut ion "at ' the carbon bearing the coupled carbon and 

proton although substituent effects at the coupled carbon 

wi l l -be deal t with br ie f ly . ' , * 
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1,7.1.° The Effect_of Substituent Electronegativity on 

Geminal Carbon-Proton Coupling Constants 

L „, ' ' • 
Spoormaker and deBie (64). have studied the effect of 

o v. 

substituents on the magnitude of geminal carbon-proton 

coupling constants ( 3Q g) in a series of ethyl, 

isopropyl ant? £.-butyl compounds. Substitution on the 
-A 

coupled carbon caused -a small change in the observed 

coupling,0 however, s u b s t i t u t i o n on the carbon bearing 

the coupled nuclei produced a more pronounced effect. In 

both instances, no good l i n e a r c o r r e l a t i o n of ^J c H with 

substituent electronegat ivi ty was observed. A quadratic 

dependence of &3Q H on E was proposed. The form of t h i s 

dependence is shown in .equation (1.33) 
2JC' H - A + B Ex i C E,c

2 (1.33) 

where A, B, and C are empir ical cons tants and Ex i s the 

substituent e lectronegat ivi ty . 

oWasylishen, Bukata, and Chum (65) have found that the"' 

geminal carbon-proton coupling constant„for a .series ,of 

isopropyl compounds, where the substituent is "attached to 

the coupled carbon, i s vjefryl i n s e n s i t i v e to changes in 

substituent eleetronegativl&y .' * « ' t 

& As l i t t l e work has been done on the e f f e c t of 
. ' - •* 

substituent electronegat ivi ty on geminal carbon-proton or 

proton-protoir*©6a3pling constants, discussion of the non-

l i n e a r i t y of. the p l o t s has been l imited. . The .lack ©f 

measured va lues of 2 J C H '(©r"2JH H for t ha t matter) has 
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further hindered the development of relat ionships between 

s u b s t i t u e n t e f fec t s and the magnitude of the observed 

geminal coupling constants.^ 

1.7.2. Dependence of Geminal Carbon-Proton Coupling-

Constants on .Bond Lengths (r\ 

d 
The geminal carbon-proton coupling cons tan ts have 

been found to vary with the carbon-carbon bond length in 

five-membered rings (66). A correlat ion rela t ing J^ H 

to carbonr-carbon bond length has been found (67) and -is 

shown in equation (1.34) 
23CfE = 24.15 r c c - 29.0$ r 2 - 0.91 * (1.345 

where r c c i s the carbon-carbon bond length . °2JC g has 

also been found to become -less negative as the length of 

the coupling path in aromatic compounds (§8) increases. 

Again i t -must be s t r e s sed t h a t the study of the 

effect 'of. the Variation' of bond length (or bond angles) 

on the magnitude of coupling cons tan ts i s a d i f f i c u l t 

problem. To find"compounds where a l l other molecular 

parameters are kept as constant as pos s ib l e and bond 

lengtlis are varied is indeed a challenging task. 

1.8. CORRELATIONS BETWEEN CARBON-PROfN AND PROTON» 

PROTON COUPLING CONSTANTS 

1 . 8 . 1 . Theoretical Considerations ~J^ 
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Consideration of the magnetogyric r a t i o s of the 

carbon and hydrogen nuclei,- l e a d s one to p red i c t 'on the 

bas i s o f , t h e Fermi contact term tha t .carbon-proton 

'coupling constants for an sp3 hybridized carbon should **Se 

approximately one quarter the magnitude of the analogous 

proton-proton coupling constants. Karabatsos (3), usiftg 

calculat ions that included mean excitation energies and 

. electron densi t ies , calculated a value approximately 20 

per cent higher than t h i s ' f i g u r e " f o r the Fermi contact 

contribution to the Carbon-proton coupling constant.. -The 

r e l a t i o n s h i p s for s p , sp2 and sp hybridized "carbon are 

shown in equations (1.35), (1.36), and (1.37). 

J c H = 0.30 JH" "H-<sp3 hybridized C) . (1.35). 

J c H * 0.40 Jg H (sp2 hybridized C) . (1.36) 

J c H a "0.61 JH H. "Csp'hybridized C) - (1.37) 

Exp-erimental^y? Karabatsos- found'for a s e r i e s of 

\ 

a l i p h a t i c carBo'xyl ic a c i d s t h a t t h e ca rbon-p ro ton 

coupling constants were .approximately 0.7 times the value 

of the protons-proton coupling cons tan ts for a s e r i e s o£ 

s t r u c t u r a l l y s imi l a r a l i p h a t i c hydrocarbons. As the 

predicted" r a t i o was 0.4, Karabatsos pos tu l a t ed t h a t 
o 

coupling mechanisms other than the Fermi contact term 

might be making s i g n i f i c a n t con t r ibu t ions toy carbon-

proton coupling constants. More recent theoretical^work 

(3, 12) suggests t ha t the .contr ibutions of non contact 

terms (terms other than the Fe.rmi contact term) are 

small. 

< « * -
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As m ore c 

a v a i l a b l e , a '•1 
a r b o n - p r o t o n c o u p l i n g cons tan ts 1 became 

umber of c o r r e l a t i o n s of. -carbon-proton and 

• p r o t o n - p r o t o n c o u p l i n g c o n s t a n t s were made. The 

experimental evidence suggests t h a t a l t hough- the r a t i o s 

- - of carbon-proton to proton-proton coupling cons tan ts a re 
1 ** * 

g e n e r a l l y h ighe r than p r e d i c t e d in e q u a t i o n s (1.35),= 

(1,36) , and (1.37) , t h e co ' r r e l a t i e -ns a r e such t h a t i t 

•would appear t h a t t h e c o u p l i n g mechanisms por 'carbo'n-

p-rotbn and p ro toh-p ' ro ton c d u p l i n g c o n s t a n t s a r e .very 

s i m i l a r . . '-A number f cf t h e s e c o r r e l a t i o n l s ' ' w i l 1 be* 
discussecTbeiow. * „ . ' " -

* c * ° 

1.8.2. Empirical Correlations Between Carbon-Parotbn and 

Proton-Proton Coupling Constants 'D 

* 

. * M a r s h a l l and S.eiwell have (1*4)' measured* J-r n for a 
* ' » . *° - h 

series'of crotonic acids,-methyl benzoate and''{.acrylic 

', "acid and ha'ye found thate "the measured-car ban-p"rx) ton 
„ . , i „ . » • • . a, K -» ' 

* 'coupl ing c o n s t a n t s (*3, ~J , *J , °J) c o r r e l a t e w e l l - w i t h 

p r o t b n - p ' r o t o r i c o u p l i n g c o n s t a n t s m e a s u r e d - f o r 

*' geomet r i ca l ly equivalent-compounds. The* compounds usfed 
" **' 

' t , 6 d e r i v e . € h e ^ - c o u p l i n g , c o n s t a n t s a r e showri |5ln|Figure 
> 1.16." A p l o t .of J c ^ g va lues . aga ins t " the J^,H va lues gave. 

a reasonably good s t r a i g h t « l i n e (equation 1.36).""-.,° * 

' * JC,H c ° * 6 2 JH,H ~ 0.'-4l r 2 - " ° ^ 9 7 5 ' (1.361 

•* In s p i t e of the .var ia t ion of the r a t i o 0 o f the va lues 

'4 

-of the. carbon-proton t o proton-proton coupling 'cons tants 
* * - . . ' / . - . - ° Si

ns! ' 
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F i g u r e 1.16. Carbon-pro ton c o u p l i n g c o n s t a n t s (%J, 3 J , 

4 J , and 5 J ) f o r a s e r i e s of c r o t o n i c a c i d s ' , a c r y l i c a c i d 

and me thy l benzoa te and p r o t o n - p t o t o n c o u p l i n g , c o n s t a n t s 

'from g e o m e t r i c a l l y e q u i v a l e n t compounds. 

'C,H Type SH,H 

HOOCx - ^CH3 

e '
C = < B 

3.12 
14.50 
- 1 . 2 8 

2.17 
16.98 
-1.7,7 

e„ 

e. 
^ 

/&$ 

H 

HOOCv H 3.39 
£=a<T 6.78 

H CH^ -0*85 

2.17 
10.0*9 
- 1 . 4 1 

/" 

"SV 
H ' XH 

4.10 
7 .60 

14.10 kf 
2SS0 

11.60 
1^.10 

,B„ 

r 
»cT 

s 

H 

* - & 

^ 

4 .08 
1.11-
0.48 

3 j 0 7 .7 , 
1.4 

„ . v 

\ 

J-.L-. Mafrsftall a n d . ' R - S e i w e l l * OMR," 8 ; 419 C1976) 

''• ..- .-''.""'' . #'• " v-
• f f . 

, . < " 
V 

' • - % 

. « . ' > • " • 

• V 

o • * 
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for ' s t r u c t u r a l l y s i m i l a r compounds, --(the r a t i o v a r i e s 

from 0.45 to 1.645, and th'e fact t ha t the p l o t does not 

have a sero i n t e r c e p t , the a'uthors s t i l l proposed tha t 

.useful p r ed i c t i ons of carbon-proton coupling constants 

from proton-proton coupling eoastants could be made using; 

a r a t i o of 0.62. For i nd iv idua l p a i r s of compounds the 

average ra t io i s 0.76. 

Vogeli and von Phl l ipsborn (15) have compared the 

s magnitude of 3 J C H for a s e r i e s of alken.es t o the 

magnitude of %g g for geometrically equivalent compounds 

where H rep laces CH3, (see Figure 1.17), and found t h a t 

**JC g was approximately equal to 0.6 the va lue of JJg- s 

for both sAM. and jfcxafiS. v i c i n a l coupling cons t an t s . The 

r a t i o of ^3Q g to 3 J H H , (0;6), compares we l l with the 

s lope found by Marshall and Se iwe l i ' ( lS ) for^equation 

(1.38) , i . e . , Q.52, but .again the p l o t did not pass 

through the origin. 

In - a study o£ geminal carbon-proton* and geminal 

proton-proton coupling cons tan ts in a number of 1,3-

' d i o x a n e s , 1,-4-dioxanes, 1,3-bensoxazi'riesr and-1 ,3 -

dioxolanesr (see Figure 1.18), Ayras-1* (18)= found, that t h e - , 

,-values of the measured carbon-proton coupling constants 

correlated well with the corresponding geminal proton-

proton t coupling constant's ^measured for s t r u c t u r a l l y 

similar compounds waere a "methyl group was replaced by a 

proton. The best f i t s traight l ine was given by equation / g 

http://alken.es
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Figure i. 

COUP! 

. .17. The v i c i n a l e a t b o n - p r e t o n and proton-profcer 

I c o n s t a n t s fo r g e o m e t r i c a l l y s imi lar»al lsenes . . . 

,H 

' JT 

X 2 ft 

Pli 

2 17 .04 1 0 . 0 3 , • 10 .7 

. 17 .90 -11.08 1 1 . 1 , 

CSoOH 

Br 

17 .6 -" 

17o3S 

A f a J / 

16o32 , 

14.94 

17.40 

17.20 

10 .5 v 
J 

U „ 5 0 

10.40 . 

•"10 .11 

/ eJ.<& 

• 10.00 
g 

IO.SO 

1 1 , 2 v ' 
1 

10 a7 
0 

1 0 . 3 

8.9 . 

. 10.0 

1 0 . 1 -

, 6,. 0 

,6 .3 

So4 » 

S.9 . 

4.S 

. " SeT" 

5.7 " 
^ •'', > • 

U. Yoge l i and W. von P h l l l p s b o r n , QMS, 7 , €17 (1975) 

% 
, « * -

fj IA?' 
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•21.4 

—4.3 '• 

CH, 

. >*= 6 . * J 

H • 

'< ,« 

•Q.O 

--• ' » • . ' • ^ - . - »a'B""- rt-«"H '• ' ' > ' . ' " - . 

£r \ . , Figure 1.18.* f&smirtal- aax&Qn-proton, and proton-p-r-ofcon" 

' / • >• 

•4 

xX 

cb*upJLinc|[ constants'fior the strtiqtu^al^i.y''similar ,>cyclie 

• compounds stu'died" by Ayras. *--*. ,» . - *,« t <>-

j -

• ;> 'J' 
° "Si • . . ^ - ' » 
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2-7 ""0.5S 2 J r - + 4..93 r2 = 0.99** ' >1.'39V)" 

for .the series 'of unsaturated aeylic compounds shown 

in Figure ' 1.19,? where 'the coupled methyl carbon* is 

attached to an sp*5 hybridised carbon? ^Jc H was again 

found to correlate well with ^JH H for -structural ly 

similar compounds where the methyl gooup was replaced, by 
I 

a proton. . The best f i t straight line wlas given by { 

equation* (1.40) t ' • . „\ 
23n a » 0.58. 2Jra' « + 2.S8 r2 « 0.999- ' (l-.40f 

, , i i 

° .Even t'hough -the cor re la t ion coeff ic ients were 
6. »• / 

" exce l l en t , <&yea£, cautioned agalnsif use, of these 
•»* * t H " I 

.correlations in systems other than tho.se for uhip'h they 

tf.ere-deve€o~tjed. Furthermore, -he eon-cl-uded1 that -these' 

r e su l t s were reasonable if the Fe.rai contact term 
- '*. * ' ' ," "' - ' 

»/ predominates In. both carbon-proton- and p not on-pro ton 

i coupling "'constantSo ' „ 

, , 'The effect of substituents on vicia'al .gl.a,and fcrgai 

carbon-proton coupling, constants, in a series ©£ prop'enes; 

' Has been studied (195. The measured coupling eonotants 

.were compared to the proton-proton coupling" con's taints' f©r 
a se r ies of geometrically equivalent ethenes. The 

*< ^ - i . « . • • i 

, ...compounds, and their .respective coupling constants'are 

'shown, .in'-Table 1.1. ^Jn w was. found "to va*ry l inearly 

'•with ~J,H H , -T-he'best f i t str4ig*h^ ling .£©£ the plo,t*of «• 

-Jg g , against JJg ,g <,i's&given°by" epilation'' "(1.41) ^ " „ 

J<si- The ratl©°'-fp£,a particular pair/df analogous carbon-

i 

. . . " ' " » 3 ,o 

http://tho.se
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f igure l .19 . ' Geminal proton-proton and carb'onrproton 

.coupling constants for s t ruc tu ra l ly 'similar unsaturated 

COMPOUND" 

(HE) 

formaldehyde. _ ;. 41 . • 

aeetaldehyde * . " • ' ' 

acrylic acid *' ... " " 1,7 '" - •: 

erotoaie acid" ' ' " * <• „», 
. ' • * . * ; 

pEopeaal . •• . • 'v ' „ 1.0 ". . 

££SflJi~2H3ufee:nal • " ' . " •:" \-v 

a e s v l p a i t o l s . , 0o9,;V: „ , 

c r o t o n o o l t r l l e , . • " 
v • - * „ < . " 

3,5°}gBjpa.of «fdraal{3<stiyetea. T" 11.0-• ' " 
• • . « , - "• • i" ' 

3;5-BHPH of -aedta l^feya4 a / < ' . 

a) SyS^BroH^-SfS-dia'itirepIienflliydrasene * ' 

J?» Mras? Aeto. Ctaeaiea Beandinavica^ BS1, 325 {19 

16o7 

t> 
a-

t*' 



Table*t l" . r» "The v i c i n a l c a r b o n - p r o t o n 

p r o t o n ? p r o t o n c o u p l i n g c o n s t a n t s for s e r i e s 

a o i o s u b s S i ^ E t e d ' j a r o - p e n e s a n c 

r e s p e c t i v e l y . . -

and v i c i n a J 

of analogous 

e t h e n e i 

- K 2 
/* 

r u 3 

% 

t C s C ! 

H 

CI 

H 

Pil 

CB^ 

CI 

/ 

4 
(hs) 

8 .1 

• \ 

6*4r 

5:9 

7 .30 

,14.60 

118,59 

11 .48 

U TS. 

1 / o & 2 

RATIO 

0.-77 

0.5S« 

• 0 .54 

O.o 69 

• 0.S4 

U o 3 ^ 

J C»1 " 0 e ' 4 6 JH,H + ! » 5 

10.20 \ 

^ = 0 . 9 5 6 

,P. A y r a s , OMB, 9 , 663 (1977). 

. J * 
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proton and proton-proton coupling constant 's was found to 

va ry wi th t h e s u b s t i t q e n t e l e c t r o n e g a t i v e and wi th t h e .. 

; • o r i e n t a t i o n of t h e s u b s t i t u e n t wi th r e s p e c t . t o . .the -

„ ' ' c o u p l i n g pa th , i.e-», for the. M l c o u p l i n g c o n s t a n t s t h e 

r a t i o v a r i e d ffora 0.77-for; t h e c h l o r o compound t o 0.52' 

for t a e - c a r b o s y l i e a c i d s t o G..59 for t h e a l d e h y d e s t o 

. 0.54 for t h e cyano arid phenyl compounds whi le the r a t i o s 

• for the eJLa- and txaas . ' ch lo ro compounds were 0.77 and 0.55 

r e s p e c t i v e l y . > 

-- ' '. _ DOuglas .(69) h a s s t u d i e d - 3C g in a s e r i e s of , 
» . i . • 

'' ' isopropenyl compounds, (see Table 1.2), and compared'th'e 
_.*, t _ - - ~* , ~._ . »_ j 

- ' v observed coupling- constants with °Jg g for geometrically 

* equivalent ethene derivatives. His-results indicate that 
o • - - ' . / % r - ' • 

- - . < , . ° \ 

t h e r a t i o of _tjie sum of t h e SLIS and ' txaaa. c a r b o n - p r o t o n • t 

o' „* ',,. • and p r o t o n - p r o t o n coupl ing. C o n s t a n t s i s . s e n s i t i v e t p : 

' ' , s u b s t i t u e n t e f f e c t s . TSe . r a t io , var ied from j>.55 for the 
" • > • ' ' . f ' " • > '° " * 

- -» * f luoro d e r i v a t i v e s t o p.65 for the methyl d e r i v a t i v e s * 
• ' > ° - • 

, " ' Forrest and Su!?umar„ (17),-. in the study- of substituent. 
> • ' p j . 

, . eff-eets @a 3<?c,H anf l" 3 jH,H '^ot t - o u t y l compounds and 
•"»—•' i ' l sop ropy l compounds d i s c u s s e d e a r l i e r , (see s e c t i o n 

/ ° . . • •'1..S.21, * found, an •» exce l l e n t ^ ' c o r r e l a t i o n between tfthe 

';' •'"'"';*;'.," . , - , ' ' • &'' v i c i n a l -cafbon^protori and v.icinaJL proton-proton coupling 
•' •': -J - '« \ ''' y •"- - \ »?""' ' ' " " . ' , - ' • < i',' ^ * 
• ' ",̂ , % '"... c o n s t a n t s . The p l o t of J J C H a g a i n s t ° j g g gave t h e 

' •' " " * ' ' [ • „ .' "".*'' " ' ' • ' r ** ' 

:" '"} , ' , , " . ' s t r a l g hjb l i n e g i v a a , i n . e q u a t i o n A l . V ' 2 ) . 

-•It •"• ". :V^ '" , 5JC ,H ™ X '2 ,3 jH,B •™a.3*S *r2-0,@91V ' - , ' ( 1 .42 ) ' , . 

'• •',';'' »'Thi& correlation appeared..to indicate that, 3 J C H and* 
***• •"' •* *' • ' . , € * ' ' " . ~ - A :' ^s'" K » . ' . * I 
• '• ' J - JB a "have -a s i i a i l a , c d e p e n d e n c e \ on sub,sfe-it'ueiy.t . 4r -

f;'-V- • / - r ) ^ * * ' " ' " ' ' n " ^̂ - ^ ' ' " » ' '• •• 
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Table 1.2.* Vic inal cacbon^proton and v i c i n a l protons-

proton CO ling constants for series of analogous 1̂ 0 i l l 

--iaenosubstifeuted peopenes and ethenes respectively. r 

* 

X 

F. 

OCH3 

CI 

Br 

CH 

CH-a 

H " 'I 

• 

*cis 

2.5 • 

4 ̂2 ' 

4.5 

• 6.4 

6 

j 

3T 
Jc,a 

trans 

7.0 

8.S 

9.0' -, 

10.1 

. 

hz 

sum 

. 's.5 

12.5 

12.3 

13.5. 

1-6.5-

17.3 

H 

J 

cis 

• 4.7 

7.0 

7.2 

7.'2 

.11.8 

• 10.0 ' 

< 

JH,1 

trans 

12.7 

14.1 

14*8-

15.1 

17,9 

16.8 

-* J 

ha 

sum 

17.4 

21.1 

22o0 

22.3 

29.7 

26.8 

•A 

RATIO 

p C^/HH 

. 0.55 

0.59 

0,38 

0.61 

0 36 

0.65 

A.W. Souglas, ,OMR, 9, 69 (1977) 
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. e l e c t r o n e g a t i v i t y . However, the authors caut ion tha t* 

t h i s behavior should not be pro jec ted^In to s i t u a t i o n s 

where the substituent can assume different orientat ions 

r e l a t i ve to the coupled nuclei . The i -bu ty l and isopropyl 

compounds give coupling constants that are an average for 

the one fcxans. and two oajig-hja ' o r i en ta t ions .poss ible with 

these freely rotating molecules. (See Figure 1.20). The 

orientation effect ""of the substi tuent on the individual 

coupling cons tan t s fo<r both the" Isopropyl "and £-buty l 

compounds ^re the same. I t - i s obvious from the preceding 

discuss ion that- some e x c e l l e n t c o r r e l a t i o n s between 

carbon-proton and proton-proton coupling constants exis t . 

However-, none of these c o r r e l a t i o n s pass through the 

.or igin and' s u b s t i t u e n t e f f e c t s a r e found t o cause 

v a r i a t i o n s in the r a t i o s of coupling cons tan ts for 

s t ruc tu ra l ly similar compounds. 

1.8.3. .The "Simile8 Ratio 

, * Because of the obvious d e s i r a b i l i t y of having a 
' ° ? - . 

single ratio between »C-E* and H-ET coup ling, constants, some 
*> 

» " authbrs^have proposed using the ' s ingle va lue t h a t t^hey \ 

. have 'determined' in s p i t e of the evidence t h a t t h e - r a t i o 

. i s -not cons tan t . Although a number"©„£ good c o r r e l a t i o n s 

,. • have been found, t hey a r e a p p l i c a b l e on ly to t h e 

<t -i., eoap^uUds almost i d e n t i c a l t»°those used to de r ive the 
"• » , 

<^ . re la t ionship , Factors such as substi tuent effects (fee « 

9 

4 

•^jc^ 
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9J HX g.HC 
CHpHg - j -

g.HX 

Me' 

g,HC 

Figure 1.20.-" Newman-projections showing the poss ib le 

o r i en ta t ion- s of' _the coupled n u c l e i for t - b u t y l 

derivatives and isopropyl derivat ives. 

^» / 

» . 
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instance, electronegativi ty and substituent orientation) 

.have been found to cause la rge v a r i a t i o n s in the r a t i o s 

ojf carbon-proton and proton-proton coupling cons tan t s . 

Furthermore, t̂ he slope of the. c o r r e l a t i o n s va r i e s from 

one s e r i e s of compounds to another* regard less of the 

degree of s-character of the coupled carbon atoms. , 

The number of good c o r r e l a t i o n s found does seem to 

indica te t ha t the coupling mechanism for carbdhrproton 

and proton-proton coupling cons tants are s im i l a r . 'If 

t h i s i s in fact the case, {-he accumulation of more data 

on carbon-proton coupling cons tants and the fac to rs 

effecting their magnitude should allow not only a.better , 

understanding of the coupling mechanism for carbon and 

hydrogen but also- aid in the e f fo r t s to find more general 

c o r r e l a t i o n s between carbon-proton and proton-proton 

coupling constants. . 

1.9 Carbon-Carbon^ Coupling Constants 

The measurement of long-range, carbon-carbon couping 

constants is j u s t becoming widespread* The 2D INADEQUATE' 

technique (70) has 'been used, for example, to measure 

the* long range carbon-carbon .coupling constants in the 1 

•J and 2-naphthalenes (71). Pri^or to pulse sequences such 

'- " as* that of tNADEQD&TB, earbon-13 label led compounds were 

required to measure carbon-carbon coupling constants over 

more than one bond (72,-73)* 



X 

64 

Carbon-carbon coupling constants have been used for 

s t r u c t u r a l e luc ida t ion (74, 75, 76). Berger (71) has 

found-^ Karplus-type relat ionship (equation 1.43) between 

tlfe v i c i n a l carbon-carbon • coupling constant and the 

d ihedra l angle subtended by the coupled nuc le i "for 

a l i cyc l i c compounds. * . 
3jC,C * 1'61 + ° - 1 7 6 c o s * + 2.24 cos 2 * ' (1.43)' 

E a r l i e r , Bar f ie ld £ t a i t (77), using an IKDO-MO 

approach, predicted a similar dependence (equation 1.44) 

between the magnitude of the v i c i n a l carbo-a-cartkPn 

coupling constant and the dihedral angle. • » 

' 3jC,C = 2 ' 7 3 + °» 5 7 9 c o s * + 2.17 cos 2 * (1.44) 

" I t has °been suggested t h a t the geminal carbon-

carbon coup l ing c o n s t a n t may be a b e t t e r probe of 

molecular s tereochemistry than v i c i n a l carbon-carbon' 

coupling Constant, as 2JC c is sensi t ive to substituent 

o r i en t a t i on (78). Bar f ie ld (79) has inves t iga ted non-

bonded interactions in cycl ic compounds using an INDO-

PPT approach^ and found that non-bonded interactions can 

dominate ***JC c . When such i n t e r a c t i o n s ,are dominant, 

the dihedral angles i s not related to J c c by a Karplus-

type relat ionship. v 

Several reviews of the fac to rs a f fec t ing the 

magnitude of one, two, and "three bond carbon-carbon 

e-\ 

coupling constants have been published (80, 81, 82). ̂ On 

the basis of the observed vicinal carbon-carbon.coupling 

constants for a series of 15 - '"CJ benzanthracenes, Cox 

t 

•/r 

\ 
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and Levy, (§3) have suggested that carbon-carbon coupling 

constants Unpaid*depend on substituent electronegativity, 
*» * . . . 

•the^dihedral angle between the eoupled nuclei, and the 

' hybridisation of the coupled carbons. 
i 

The structural dependence of two bond carbon-carbon 

coupling cdnstants has been assessed(84)'. The magn,*©|ude' 
„ - >. 

of. A3Q 'Q was-found to vary with the bond angle in a 

manner similar to- 2Jff H . 

'Recently, Kamiensga-Trela &£. aX.? (85) have studied _ 

the effect .of1- substituent electronegativity on the' 

magnitude Of the one-bond, easb"on~parbon_ coupling 

constant across the triple bond of a series of acetylene ' 

derivativess • For the ' series o,f "compounds- studied 
„ i i 

(substituent "= H, CMe-s, Cl,-B,r, I, Li, Sn, Si), ±3r r ii?as 
, ". , ^ ^ 
/ found t o - c o r r e l a t e wel l w i t h • t h e s u b s t i t u e n t 

electronegativity (r-2 ~ 0.994),. , ' 

Marshall (86) has recently completed a thorough 

review of carbon-proton' and carbon-carbon coupling 

constants, focussing on the ratio of-carbon-carbon tor„ 

carbon-oroton coupling constants for structurally similar 

environments. He observed that the ratio varies from one 

series of compounds to another. As more carbon-carbon 

coupling constants become available, correlations 

between earbon-carbon and carbon-proton coupling 

eonstafiti may .allqw the experimentalist to predict the 

value of one coupling from the observed value of the 

©ther coupling constant. , 
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1 . 1 0 . " MEBIUM'PFFECTO 

* » -

Although chemical sh i f t s show a larger dependence on 

the s o l v e n t t h a t coupl ing c o n s t a n t s , evidence c l e a r l y 

supports a solvent dependence for the coupling constant 

(87) . , In t h e absence of. a-ny- s p e c i f i c a s s o c i a t i o n 

e^ffec^s, . th is dependence i s r e l a t e d to the p o l a r i t y of 

the- s o l v e n t , ( 88 ) , The dependence of t h e o b s e r v e d 

c o u p l i n g c o n s t a n t on t h e s o l v e n t » h ' a s been s t u d i e d 

t h e o r e t i c a l l y by tjhe means of three models? the react ion 

f i e l d model (89)'^ the cubic c l o s e s t pack c l u s t e r mpdel 

(90) and the s o l u t i o n model (91). Such s t u d i e s have met 
* 

' with varying degr-e.es' of success. " ' 
-•The r e s u l t s obtained often' depend upon the complexity 
°J - , * ' N •" " 1 .. 

• o f t he ' s y s t e m b e i n g s t u d i e d . F o r , i n s t a n c e , 
» r 

conformationally l a b i l e system are known to be effected 

'. by the d i e l e ' c t r i c constant of^the "solvent If conformefs" 

with different ,'digole moments are ^possible. The so lven t ' 

favored con-former.will, vary as . the d i e l e c t r i c constant of 
the solvent 'changes. " As the measured coupling 'constant 

' / * 

is an average of several coupling-* constants, itnsill, 
reflect the change1, in dielectric constant (see Figure, 

n . • » 

1.21) . . ' - * , . ' , . 

Temperature e f f e c t s on the" coupl ing cons t an t are 
« " ' , - " ' " A , 1 * " 

p r i m a r i l y r e f l e c t e d through the s o l v e n t medium,, fcfhen-
* o • ' , , . - . 

• • con fo rmer s of v a r y i n g energ»y , e x i s t , changeg'- in 
t e m p e r a t u r e of t h e s o l v e n t may c a u s e a °,-dharige in 

n „ v a * 

f 

http://degr-e.es'
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Figure '1.21. The two conformations of â  eonformationally 

l a b i l e cycloheicane\ rS-hg. The Conformer populations are 

dependent1 upon thej^iaperature and the. preference -©£" the 

substi tuent groups for the equatorial p o s i t i o n 

% < • 
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conformef* popu la t ions and thfus t h e magnitude* of the 

observed(coupl ing . The temperature dependence of • the 
-- _"- * ' ' _ „ „ * ' i 

coupl ing c o n s t a n t , in a s-ysterm/with two" conformers, is_ 
given by equation (1.45) (J 

Jdbs s lJA * (JA ~ J B ) 3 / C 1 + e ( A E / R ^ ) / G 3 . -Q.45) " 

where Ja and J@ are the coupling constants of conformers 

A and B, T i s the t 'emperature (S°)* -&E i s the ro ta t iona l^ 

ene tgy b a r r i e r , R I s t h e gas c o n s t a n t , and G i s a 

s t a t i s t i c a l Weighting factor . * 

I n . a study of a ser ies 0 of compounds care must be • 

taken to°\ ensure t h a t ' the temperature and' 'solvent effects 
-a * . 

f 

are kept as nearly constant as poss ib le , especia l lv j f j 

comparing s u b s t i t u e n t e f - f ee t s . If, v a r i a t i o n s of 

temperature and so lvent conditions occur, Xt i s e s sen t i a l 

'. ' °' . " . 
t o Consider these when comparing the measured coupl ing 

I * . , 
*. « «. 

constants . *< ' -i ' l 

^ 
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•2olo 2HS E f̂filk, .PEMX¥fiSX¥Ea »' . * ' 
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.2oJ.plo EfeasoEenQat &t tJao Desired ©aslnal CaEfa>®iQH?e©t©ia 

Soojalijag d©rastaEits 

•*7 The compounds i n v e s t i g a t e d a n d / t h e e x p e r i m e n t a l 

cond i t ions for"~the a c q u i s i t i o n of the. proton undecoupled 

carbon speetra, ̂ i r e l i s t e d ' i n Table 2 . 1 . B'®thQ the proton 

decoup led carbon s p e c t r a and" t h e p ro ton . . undeccmpled 

carbon s p e c t r a were a c q u i r e d oh -a "Varian CFT-20 NMR "% 

Spectrdmet.er a t ambient instrument tempera ture . 

T'he s p i n s y s t ' e s f of i n t e r e s t f o r t h e e t h y l , 
* . * -j£ 

•? d e r i v a t i v e s , ('designated an i^B-j^e i s shown in Figure 2.1* 
1 <• • ** 

In th'e fo rmai i sm ^382^ , t h e l e t t e r s r e p r e s e n t g r o u p s of 

y magne t ica l ly ' e q u i v a l e n t nuclei".* the s u b s c r i p t s represent,*/{ 

-1 

th'e "number ^of m a g n e t i c a l l y e q u i v a l e n t n u c l e i in each '* 
l o t . ' , * 

* r . • . . . 
_ . g r o u p , .and the .proximity- of t he . 1-e t ters ' a l p h a b e t i c a l l y 

r e f l e c t s th^e d i f fe rence in 'chemical ' s h i f t ©f the va r ious 
' *» 

s e t s of m a g n e t i c a l l y e q u i v a l e n t n u c l e i . . Using Figure 2.1 

, - ^the me thy l p r o t o n s ,are d e s i g n a t e d A3, the> me thy l ene 

"̂  - ' p ro tons B9, and t h e coupled c a r b o n ' I . _ f k 

D.u'e t o t h e c o m p l e x i t y of t h e carbon (X) p o r t i o n of , 

t h e p r o t o n undecoupled carbon* s p e c t r a (see F i g u r e 2.2) 
» * e ' 

t h e i t e r a t i v e l e a s t squares-program LAOCSM& (92) was used' 
t o a i d i'n t h e e x t r a c t i o n of t h e d e s i r e d gemina l c a r b o n -

•p. * / • - > ' 

/ •> • 

proton coupl ing constants-^^J^g- ) . Complefeik s o l u t i o n of 
t h e h-^h^E. spin'system* r e q u i r e s , t h a t the proton (fa.^^. ' ~ 

V I S3?. 
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Table 2.1. ".Fasaaieters used in t he a c q u i s i t i o n of."the 
fel « f "" t» ** do * 

p r o t o n u n d e c o u p l e d c a r b o n - s p e c t r a of t h e e t h y l v 
. \&r . . . . 

•derivat ives, ^^^2^°: • ° ' 

2 - SE? AT' St7 FD | E DP Solvent 

• * , - % ' ' (A 

SiEt$ 420' 9.752 "19 0.0 ^ 9 0 1 - 8192 CDC13' -

•SaBt3 400 1 0 . 3 3 19 cClT* v.2131 8192 .<> ® d 3 

GeKy \ 500 . 80191 16 / 0.0 1482 8192 ®C1 3 

' &>!% 500 8.191 .16 0.0 8216 ' 8192 CDCI3 655 in 

* EgBt3 ' 1000 -4S095 21 6.0 5602 8192 yCDCl3 " '* 

•--- OBfc ^ 500 8.191- 21 S.O 1847 8192 <3Q 3 
d ' ' ' 

mt2 1502 ' 2.727 21 6.0 1498 81S2 CBCI3 • 

SSb M00 . 4.095 21* 6.0 *4026 8192 (SCl-a 

SsBt 800 S. 119 21 6.0 3425 8192 ' CflCl3 

TeEt ' 1000 4.095 21 6.0 8251 ,Bift2_ CDCI3 

1 . 1000 4.095 21 6.0 4561 8l92 CDCI3 

S? - ipee t ra l wiiadovj ° .* 
M - acquisi t ion tisie v 

B»7 = pulge width ,, • . 
M3> •= pulsa delay • ' '- -
W «=• -nrasbez of t r ans ien t s , \/" 
W •=- data points ' , 
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' F igure 2°.l. Spin de s igna t i ons **of ' the ^coupled n u c l e i of 
V - , " ' . * » . '" , 1 ' 

the ^BgSS spin system for the., monosubst i tu ted e t h y l 

der iva t ives , CB3CI322? l i s t e d In Table 2ol-.' . , ; 

/ . 

<3 

K. "• 

* 1 
Is 

lA % 

R <= 1,' 2,. 3 , 4 « 
\ " S i s as shownx in Table 2 .1 , 

\ 
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Fserure 2 J 2 . The proton « undecoupled . spectrum of -tne« 

methylksarbon of t e t rae thy l ' s i l ane , i ^ o / t h § 1 p a r t of 

the, &3BgX spin system. 4, »̂ _. "'"*>,_ a. 
o: C 

•© (hs) ^ ° 9 

-" s 
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ppectrva be solved rigorously to y ie ld the chemical sn i f t s 

of protons A and°B,^0 8& and 7Q5B respect ive ly , and the . 

7"yicina8l p ro ton-pro ton coupl ing cons tan t ( Jgg ) . Again 

kAGCEMA-was 'used to e x t r a c t the v a l u e s o€ the proton 

chemical sh i f t s and v ic ina l coupling constants which are 

shown in Ta£>le> 2.2i" • * , • 

To ensure t h a t the concen t ra t ion of the s o l u t e did 

not a f f ec t the proton^proton coupl ing c o n s t a n t s , the 
e s * 

1 * ' • p r o t o n s p e c t r a w^ere run as both 5 and 5.0 p e r c e n t 
- - • & 

--* * * ** 

s o l u t i o n s in deu te ra ted chloroform (CDCI3). Although 

•chemical s h i f t d i f f e rences were observed," the coupling 

constants ca lcula ted by LAOGH4A were constant within 0.10 

Hs for the 5 and 50 percent so lu t ions . 

- All . proton undecoupled carbon "spectra were rfm as 50-

^percent solut ions in CBQI3. The l ead , t e t r ae thy l was used-

as a 65 pe^ cent solution" in toluene. -

"The LAOOT4A analysis I s discussed below. 
' * . ' . ' * " *'•!.•*. 

• > <S".» V » -

2ola>2o .Betenainatlet i '©£ CSeiBipal. earben^PEefeoa Goatl ing- . 

Coastfasat's u s i n g t h e I t e r a t i v e , £iBast=>§qHaE@s Frog ram 

LftOOT4& 

The Input parameter's requi red i o e ,the s o l u t i o n of the 

X p a r t of the* A3B2X 'oipin ' system -to y i e l d t h e d e s i r e d 

g e m i n a l - c a r b o n proton- .poup^l ing c o n s t a n t ( 2 Jg •%) a r e 

l i s t e d in T a b l e 2.2 and T a b l e 2 . 3 . ^ h e ^ y a l u e s of t h e 

c h e m i c a l s h i f t s o f - p r o t o n s A" arid B, ( T0<§& and J0B-Q l<? 
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T a b l e 2 . 2 . The p r o t o n c h e m i c a l s h i f t s and v i c i n a l 

p r o t o n - p r o t o n c o u p l i n g " c o n s t a n t s C ^ o r t h e e t h y l 

d e r i v a t i v e s , CHjCFigZ? c a l c u l a t e d u s i j 

l e a s t ' s q u a r e s program, LA0OT4A (92) . 

he i t e r a t i v e ^ 

a 

. S i (Bt>3 7 4 „ 0 7 a 

Sn'(Bt) 3 ' 9 3 . 3 0 -

,Ge(Et) 3 80 .83 

Pb(Bfe)3 115 .50 

H g ( E t ) 3 1 0 3 . 3 1 

TeE-b- 128 .82 

S e E f 110 .56 

Ol t 95 .70 

.- SKEt) 3 81 .40 

7ok %,5, ©%b 

(Hz) 

40.33 

& 

, 1 1 5 . 5 0 

8 1 . 0 1 

2 0 9 . 3 1 . 

203.86-

277.50, 

lEt i 

146.50 2-S4ol0 

J E 

-33.*54 

-29„94 

=-24.27 

°„ 0 .00 

-22*30 

80.49 

9*3.30 

181.80 

119^50 

'102.90-

107.60 . 

- 7 .92 1 

.8.04 

7 .93 

8.18 

8,0-03 
6 ' 
7 . 6 1 

7o5Q~ 

-7.02 

7 .10 

7.32-

7 . 4 6 

\ a) a3.1 c h e m i c a l s h i f t s 'in H e r t s downf i ' e l d , f r e m TM.S 
a t 0.00 / l e r t s s , a c c u r a t e t o . f0o20 HgD" ' " 

b) ' a l l c o u p l i n g c o n s t a n t s a c c u r a t e t o d&08 Hs. 
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T a b l e 2o3.„ The c a r b o n - c h e m i c a l s h i f t s . a n d one .and two 

bond carbon-proton c o u p l i n g . c o n s t a n t d a t a f o r ,tlfe e t h y l 

d e r i v a t i v e ^ GB3CB2Z0 ,' ^ - :" . 

fa 
= Ct 

'C: 
a 

(ppEil ' "f£$ 

Si (Bt i . 3 7.°27 

. .Sn(Et>3 1 0 . 8 4 
a 

. P b ( E t ) 3 • 13o80 

Ge(Bt) 3 . . % 

H g ( E t ) 3 13..23 

SSt * 

OBt 

E ( E t ) 2 

Belt , 

Te.lt 

•I 

Br 

CI 

F " ' 

14 ..04 

15 .34 

10 .87 

15 .89 

1 7 . 2 3 

20„31 

19o55, 

J 9 . 1 5 

16 c 42 

16*82 

5o90 

3.10,, 

=•0.42 

9.70 

24.74 

45.55 

15.25 

~6o62 

-lo21 

27155 x 128.1 

40.36 127.9 

83.6'0 , 126.3 

16.98 ' 124«3 

5.90 125.0 

'125=8 
) 

" 125.4 

* 125o5 

124.8 

'- 127.2 

125.8 

X^sD o 3 

126.9 

127 = 0 

128o5 

(Eg) 

1 1 7 . 4 

128 .0 

134.5-

126 :0 ( 

130-.0 

137 .4 

138.0f> 

140 .3 

MO-o-2' 

150 .3 

ISG.7 

ISOlo 

150 .3 

125„0 ' 

uCa,H 

- 5 ' . 22 

- 4 . 6 2 

- 3 . 8 6 

-4 .70U, 

- 4 * 5 2 

~ 3 ° S 1 . 

- 2 . 6 4 

- 3 . 0 3 

«»^ *? o 

- 3 . 2 2 

=2 .74-

=•2.6.5 

=2 .85 

•=1.86 

. - 4 . 2 0 

W 

1/AT' 

O.ll1 

0.10 

U o J . J 

U o J . ^ 

0'o25 

0 .13 

0 .37 

0 .20 

0 .25 

0o2"5 

0 . 1 3 . 

0.13-' 

0^13^ 

tf„13 

"V 

a) c h e m i c a l s h i f t s r e f e r e n c e d t o m i d d l e r e s o n a n c e ©f 
CDCI3 a t 77.-0J ppia r e l a t i v e to . THS .a t 0 .00 ppa 

b) d i g i t a l r e s o l u t i o n Hs (1/AT) f o r t h e f o a l o a l ©« 
e o n s t a a t S y AT r a c q u i s i t i o n t i toe 
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and th'e gemifta-1 p r o t o n - p r o t o n "coupling c o n s t an t'"'(3Jag,5 * *•.' 

a r e r e q u i r e d as w e l l as e s t i m a t e s of ^he^chemical - shUt •*-
l < • t • "• . r* " " " • <* 

sdii"f f e r e n c e s between t h e -epUpledBcarboK- and t h e ' ^ a r i d B j * * * .'1 

•- "'*> ' -, " * •- *> ° .*' ' ^ ^ ' c -
pro tons ( T^S^x • xan''*3' ^o^BX R e s p e c t i v e l y ) and the, ene^,bond „o , 
-. ' .' - / £ • • * " »\ » « ' V .:. 
ca rbo 'n -pro ton cquplin^B^Sonstant (•LJj^ JJ).._ To a l l o w fc%e 

. selection-* of -a reasonable ' s t a r t i n g , va lue^of .3"B x for t h e - 1 ' 
* * . - y 

•" i t e r a t i ve^ .process, a namber of t h e o r e t i c a l spect ra" with. * $ 

v a r i o u s v a l u e s o f " J w x were c a l c u l a t e d . When t h e 1* 
0 

c a l c u l a t e d spectrum resembled" t h e j a c t u a l spectrum, . t h i s < 

v a l ' u e of J B x . -was _ u s e d " as,^ a s t a r r i n g , p o i n t iS&$t?he 

i t e r a t i v e - c a l c u l a t i o n . The i t e r a t i v e c a l c u l a t i o n s , "are - ' 

made a g a i n s t t h e . l i n e f r e q u e n c i e s '"of. t h e " p r o t o n ; . 

undecoupled carbon s p e c t r a . - x ° 

<s Three p a r a m e t e r s were" a tLlowed. to va-ry .dur ing %he * .* tv 

i t e r a t i v e pfoces's? t h e chemica l s h i f t o-f ''the couxpled . . f 
*_! < . 

methyl .carbon, the one bond carbon-proton . coupMng ' 

constant of „the m-ethyl caxbotf (Cv), and the desired' 
, • - * , •• - » / • 

.geminal carbon-proton coupling constant. The chemical 
- ' * ' ' ' ' " . • ' - c" / ^. ~ * «"- ; ' f • ' t e 

shift of the me-thyl carbon was set arbitrarily to"-20Of " » 
v -s * • » r «* 

1%. The-mathematics o£_ thge A3B2X .Spin system'require -?J" 
« ... " °" * ' 

that the coupling, constants, 3^ x and JB x„ be» smalj. 

compared to the chemical shifjt difference between the • 

coupled carbon and the protons A and B, 70d^ and 7QSBX ' 

to ensure that the criterion for the -X approximation' are • 
» " ' - ' > x ' 

satisfied. A chemical ahift of -2000 Ha for the coupled 

carbon sufficed as second .order, terms did not make 
z * . 

s i g n i f i c a n t c o n t r i b u t i o n s t o the c a l c u l a t e d spectra ." 
" > . "" ' ** , , ' * ^ 
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* in 

• In a l l cashes the f ina l ca lcu la ted spectra gave l i n e 

posi t ions within 0.2 Hs of those measured from the^ctctual 

-spectra. The LAOCH4 ca lcu la t ions were checked using the 

•program LAME (93). Ân a l t e r n a t i v e , approach.-iras a l so Used 

t o measure the" des i red geminal coupl ing cons t an t s from 
0 - , 

the acquired spectra. -This*is discussed below. , 

2 . 1 . 3 . The Composite Pa r t i c l e ^proacli'„,C94)*' 
Quantum mechanics p ' red ic ts t h a t in a ease "where a( 

sp in system i s composed of groups of m e c h a n i c a l l y 

e q u i v a l e n t n u c l e i that°"the Hamiltonia-n for t h e ' s p i n 

system can be fac tor iz 'ed . F a c t o r i z a t i o n i s the process 
a ' 

of -Reducing a complex- spin system to, y i e l d a s impler 

system. This can lead t:©'spin .systems th.at a re w e l l 

* documented and more read ilyi, analysed to y ie ld the desired 
• - ? • • : - . : • • ' ' coupling constants* p» ' v . * 

0 * ' * * s » ^ * * ** 0 

p ."' 

The factori ,sation*'of 'complex spin systems has'been 

. termed "tjie 'Composi te ' ' P a r t i c l e a p p r o a c h ' and ' is 

dependent upon' two f e a t u r e s common t o g roups of 

."magnetically.equivalent nuc le i . ^ - f7 

1. Coup l ing -be tween s p i n s w i t h i n a ( g r o u p of 

f n e t i c a l l y e q u i v a l e n t n u c l e i does not c o n t r i b u t e t o 

the or>s^ryed spectrum, i . e . , for groups of magne t i ca l l y ' 

. equivalent ^ u c l e i A, B and X. 
,A s JB,B = JX,X = ° 

2.. There i s no mixing; between wave functions having 
I * 

different values of If, fhe square*'of the spin angula'r 



^ 
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momentum of the group." This second feature implies0 tha t 

"each group of m a g n e t i c a l l y e q u i v a l e n t n u c l e i may be 
™ Q if 

* I > * 

thought of as a composite particle with a maximum total 

spin, Imaso "Each spin state will then have different 

values of I2'. -- If we have n nuclei then Imax - n/2 and I 

may assume the, values n/2, (n/2)-l,... 0 if n is even and 

n/2," (n/2)-l,... 1/.2 if n is odd.' It follows that there 

are (n/2)+l spin states for n even and (n+l)/2 spin 

states for n odd. The permitted eigen values of I are of 

the-form h2Im(Inl+1) where Im ls.«the total spin quantum 
> _ • , - -

number associated with 1̂  and' the se lec t ion ru le i s &Im -

. 0. " " . . ' _ _ ', 

As in e lec t ron ic spectroscopy t h e ' m u l t i p l i c i t y of a-

p a r t i c u l a r spin s t a t e i s given by (2Xm + 1). Values of Im 

- 0, 1 /2 , 1, 3 / 2 , and 2 c o r r e s p o n d t o s i n g l e t (S>, 

doublet^ (D), t r i p l e t (T),- q u a r t e t (Qt) and q u i n t e t (Q> 

° s t a t e s r e s p e c t i v e l y . The eigen va lue m may assume the 

v a l u e s , - I m a j t , i I m a j c - 1 , . . . - I m a x . 

F o r ' t h e A3B2X *spin system. 

^mâ c 

!m " 

2I W +1 

States 

• A ^ "*-

:. 3 / 2 

3 7 2 , 1/2 

4 ,°2 

Q t a , D A 

B 

1 

1 ,0 

3,-1 

T B S B 

The compos-ite p a r t i c l e of A i s composed, of the 

q u a r t e t (Qt) and doublet- (D) s t a t e ; B a t r i p l e t (T).and 

s ing le t (S) .s tate and X a doublet-"' (D) s t a t e . 
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' T h e &3B2X s p e c t r u m i s composed of t h e f o l l o w i n g * 

s u b s p e c t r a . _ - » „ « 

•A3B2X « .Qt A T B p x + QtASBD s + DATBDX + D&SBDX 

From t h i s i t ° i s e a s y t o show t h a t t h e B&SBDX and 

D^TgDx s t a t e s a r e t h e components of an AB^X" s p i n sy s t em. 

<?. 

c 

<L^-

-max 

m 

t 

S t a t e s 

•1 /2 

1/2 

J2X 

1 # 

' 1 , 0 v. 

3 , 1 

T, 

' 1 / 2 

3 /2 

Dv 

.a sr 

The &3B2X s p i n s y s t e m c a n t h e n b e w r i t t e n A-^jgL®-' 

' AB2X„ + QtATBDx I QtASBDx . . . o 

She X t r a n s i t i o n s "of t h e AB2X sys tem a r e w ^ l l known, 

and p r o p e r c h o i c e of" mg v a l u e s - y i e l d s a" p a i r of l i n e s 

s e p a r a t e d by E 2 I B J g ^ -J- 3^ %] -he r t z , . When t h e number of 

B n u c l e i i s e v e n , and h e r e i t ' i s , s t a t e s w i t h J R ~ 0 

c o n t r i b u t e a pa ' i r of . l i n e s . s e p a r a t e d by* J ^ ^° I s o l a t i o n 

of t h e s e l i n e s g i v e s J A x . K n o w l e d g e Of t h e m a g n i t u d e 

J M / . a ' n d i s o l a t i o n of , t h e l i n e s s e p a r a t e d b y 

[ -2 IgJ B x'+Jj^ 3̂ 1 y i e l d s _JB x . T h e g e m i n a l c o u p l i n g 

c o n s t a n t s m e a s u r e d -from t h e s p l i t t i n g s i n t h e a c q u i r e d 

s p e c t r a and t h o s e c a l c u l a t e d -from IJ&0CN4& a n a l y s i s of t h e 

"&B2X and t h e LAME a n a l y s i s of t h e A3B2X s p i n s y s t e m s 
» 

compare^ w e l l w i t h i n t h e l i m i t s of e x p e r i m e n t a l - QWCOS and 
/- - ' 

" 1 
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£in„i te * l i n e w i d t h . They a r e shown in T a b l e 2.4 

2olo THE l-fflifflOIC aCID BgItI¥ffiEXWS 

7 

2o2olo lleasuireiaent of t b e Gemiaal Corapllssg C o n s t a n t s 

• \ « 

. * The proton decoupled and proton undecoupled C-13 NMR 

^spectra of the mono substituted acetic acids wer-e run on. 

ajVarian CPT-20 NMR spectrometer at ambient instrument 

temperature. The compounds of interest, acquisition 

parameters, and solvents are listed in Table 2.5. " 

The spin system of interest is an A2X (see figure 

2.3). The criterion for the X-approximation is met, 

i.e., the chemical shift of the A prratons from the 

carbon(X) is large compared .to the carbon (X)-proton(A) 

geminal coupling3 constant C J& x ) , i.e», 3^ x << T0oax° 

A typical spectrum is shown in Figure 2.4. 

Reported couplings are the mean-^f two measurements 

per spectrum and at least two'spectra were run for each 

compound. The method,of measurement of splittings is 

shown In Figure 2.5. The geminal carbon-proton coupling^ 

constant (^3^ x) was taken as the average of the 

separation of adjacent resonances of the A^X triplet at 

the peak of each resonance. The geminal carbonfproton 

coupling constants are shown in Table 2.6. 

*-/ 
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Table 2.4. The geminal carbon-proton coupling constants 

for the e thyl d e r i v a t i v e s , CH3CH22o The analyses of the 

A3B2,"AB2X,and A3B2X spin- systems of the e thyl de r iva t ives 

were done usingf the program LAOCN4 (92).-,The ana lys is o'f 

the A3B2X spin system was checked using* the p'rogram HAME 

(93). . The geminal carbon-proton coupl ing cons t an t s 

l i s t e d - in t h e l a s t column were measured from t h e 

s p l i t t i n g s in the experimental spectra . 

% 

Si 

-Sn/ 

Pb 

-Ge 

Hg ' 

s 

3-j- 'a 

£3*2 ' 

7.92 

8.04 

8 = 18 * 

7.93 
"*4 

8 = 03 

7.32 

0 r~-7„Q2 ' 

H 

Se 

Te 

I 

7.10 

7.50 

7.SX 

7.44 

2 T 
JCH 

AB 

-5.21 

-4.S3 

°-3.94 

-4 = 77 

-4'.5 2 

-3.56 

-2.53 

-2.84 ' 

—3 0 23 

-3.14 

-2 .'7 2 

'ERROR b 

2 X : 

.0.186 

0.026 

0..068 

0.047 

0.344 

0".232 

0.047 

0.199 

0 = 193 

0.103 

0.193 

2 T ° 
JCH 

i &3
B 

t=' «J O &, £ 

-4.62 

-3. 86 

-4.76 

-4.52 

-3.51 

-2 = 64 

-3o03 

C=3"5 O &t & 

=3 = 22 

°2".°74 

' ERROR 
* 

2x 

6.045 

0.035 

0.076 

0.058 

0.105 

0.076 

0.112 

0.120 

0=098 

0.112 

0.106 

2Jce 

SPLITTING 

-5..2S 

-4 = 65 

-4.00 

-4 = 80 

-4.70 

-3.45 

-2 = 45 

=2 = 90 

-3.15 

-3.10. " 

=2 = 73 
1 

a) a l l coupling constants are in Herts 
•b) rms e r r o r i s the d i f f e r ence between the c a l c u l a t e d 

and measured l i n e posi t ions. 
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Table 2=5. Parameters for the- acquisition of the, proton 

undecoupled carbon spec t r a of t he e thanoic ac id 

derivatives, CH2ZffiOBo 

•2 

OH 
0 

Br 

OF • 

Ph " 

COOS 

CI 

I 

SH 

OCH3 

H 

F 

M s 

SW 

' 2 0 0 

500 

500 

r 500 

. 500 

500 

500 

500-

500 

250 

500 

500 

AT 

20.479 

8.191 

8.191 -

8.191 

8=191 

8=131 

8.191 

8.191 

81191 

10.000 

8=191 

• 8.151 

PW 

21 

. 19 

'19 

g. 

1 2 ' 

19 

19 

21 

21 

20 

19* 

" 15 

PD 

6.0 

2=0 

2.0 

2=0 

' 1=0 

1=0 

2=0 
n -1 

7=0 

5=0, 

2=0 

10=0 

5=0 

NT 

. 1615 

2404 

1358 

3680 

5046 
D E 

/ §02 

7001 

448 

131 

626 
1 

" 2 4 i 5 " 

40l9 

DP 

8192 

8192' 

8192 

8192 

8192 

8192 

' 8192 

8192 ' 

8-192 

8192° 

8192 

8192 

SO&VEHT 

DSSO^g 

CDCI3 

CD€13 

CDC13/20S 

CBCI3 ^ 

"CDC13 

CDCI3 

.•CDC13 

CDCI3 . 

CDCI3 

CDCI3 

CHCI3 

Sf - s p i r a l window 
AT - acquisition time 
SW - pulss width 
E-b - pulse delay 
NT - number of transients 
US - data points ' 

( 

6 

a 
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Figure 2=3. Spin-designat ions of the "coupled n u c l e i of 

the A2X spin system of the 'ethanoic a c i d d e r i v a t i v e s , 

CH2ZCOOH, l i s ted in Table 2=5. 

£> 

»* T 
/ 

z -

-.C — C«OOE 

z i s as l i s t e d in Table 2 = 5̂ , 
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& 

o 

Figure 2.4<? The proton undecoupled carbon apes 
t> ' 

the earbos-ylate carbon of alpha-chlorostha'feoi 

i . e . t the X p a r t . o f ' t h e A2^ spin systes 

:rum of 

acld i , . 

•' 
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Figure 2=5= Schematic of *the X part "of the* A-̂X spectra -of" 

an e thanoic 'acid d e r i v a t i v e ^showlngc, the-method usved t o 

.measure the geminal carbon.-rproto'n coupling constant. . 

The reported couplings .are- the average of the separation 

of the p'<Saks of the ad jacent ^ s p l i t t i n g s . <• That "is, the 

separat ion of resonances 1 and 2 and 'resonances 3 and 2= 

0 

% 

x/ 



_, „̂ «t)le''-2'o'6/. • "The geminal caebcm-gprotoo coupling constants 

for the mbnqs'ubstituted ethanoic acid derivatives. ^ 

( %* _ SDBSTITDEBST ,» '" 

r * ' * ** 

' OH 

. , _ OCH3 

« " i '• NHAc - - " 

• . - . F i 

- sq 

" " ." Cl 

Br • 

I 

" CN \ 

, Ph 

C02^t " p ' 

i) digital resolution (1/M?) 

2«?cooH,-r VJ/AT* 1 

-6.9J, **- 0o-l'3 

-4.41 ; 0=05 

-4.40'*', .' 0.13 

-. -5.73 " 0.-13 

-5.82 0.13 

-3»o45 • 0.13 
1 

-5.5.2.' 0.13. 

-5.23 ffcll -

-4.64 * ." 0.13 

-4.41 0.13 

-8.00 0.13 

- -7=75 0=13 

-7.36 0.06 
6 ** 

• ;n 

• • 

*̂ . 

- r 

* 

tO*. 

' 

In Hz, AT - acquisition time 

V 

*p6 

Y 



2=3o COMFOlMaTIOKSL EFFECTS 

2o3=lo EfcBayl Secwatwes 

For' the ethyl derivatives conformational effects can 

only be significant if the substituent (2) does not have 

axial symmetry. When the substituent has axial symmetry, 

the„inflUence of the orientation of the substituent on 

the measured coupTlng constant is the same for all-

possible orientatiois the substituent can assume with 

respect to the coupling -pathway. When the substituent 

does not have axial? symmetry," its orientation with 

respect to the coupling p„ath may vary, from one compound 
r' . ' i 

.to another "and influence the magnitude of the observed 

coupling constant. 

> O ^ O £a O Stbaa@Ie a©id Derivatives 

s As was noted for the e t h y l d e r i v a t i v e s , when the^ 

p subst i tuent (2>5,s has ax ia l symmetry conformational effects 

-are not important. However, if the subst i tuent .does noK 

have axia l symmetry then i t s or ientat ion with respect t'o 

the coupl ing path may vary from one compound to another 

and-, in f luence the magnitude of the measured coupl ing 

constant . 

• ( 



l„4o ' 'M&XHZL DEBTORS 

2o4ol= S o a r e e ©f t i e G e n i t a l P r o t o n - P r o t o n C o a p l : 

C o a s t a n t s 

As we a r e i n t e r e s t e d in comparing s u b s t i t u e n t e f f e c t s 

on g e m i n a l c a r b o n - p r o t o n ( 2 JC,H) and g e m i n a l p r o t o n -

p r o t o n ( Jg g) c o u p l i n g c o n s t a n t s in a n a l o g o u s compounds, 

a s e r i e s of me fthyl d e r i v a t i v e s was used t o o b t a i n v a l u e s 

f o r t h e g e m i n a l p r o t o n - p r o t o n c o u p l i n g c o n s t a n t s . A l l 

v a l u e s of t h e g e m i n a l p r o t o n - p r o t o n c o u p l i n g c o n s t a n t s 

f o r . t h e s e compounds t?ere t a k e n from .the l i t e r a t u r e (63) 

and a r e l i s t e d i n T a b l e 2.7 = 

I t ' S h o u l d be n o t e d t h a t t h e v a l u e s of t h e g e m i n a l 
• „** 

pro ton-pro ton coupl ing cons t an t s were c a l c u l a t e d , from 

^geminal deuter ium-proton coupl ing cons t an t s using the 

. r a t i o of the proton and deuterium magnetogyric r a t i o s , 

i . e . , . Jg g - *̂ Jg Q 22,, 6.514. The accuracy of geminal 

proton-proton coupling constants ca lcula ted ,from geminal 

proton-deuterium coupling constants has been, questioned. 

Eraser (gfcaX... (95) note t h a t a primary i so tope e f fec t 

and/or e f f i c i e n t quadrupole sr
,3-'-a2safe2.on maY lead to 

incorrect geafinal deuterium-proton coupling constants and 

thus incorrect geminal proton-proton coupling constants. 

Mislow (96) has shown that rapid quadr-apelar relaxat ion 

of the deuteaon i s t h e o r e t i c a l l y capable of decoupling 

the deuteron from the proton. More r.eeentlyc researchers 
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Table 2=7.' The geminal proton-proton coupling constants 

for the-series of monosubstituted methyl derivatives $use<Ŝ  

^o compare with the gemina'l. catbon-proton coupling 

constants of the ethyl and ethanoic acid derivatives. * 

,„« 

I 

O 

SDBST1TUEMT 

"f* 
- CH3 

HHAC 

OH,OCH3 

. P ' ' 

Si 

s 

• 

Ge 

Br • 

Sn .. „ 

I 

H 

CH 

•*Ph 

"C02Et 

2-T a 

(Hz) 

-12.56 

, -11.73 

-10.60 ' 

- 9°. 50 

-14.05 

-11.87 

-10.70 o 

=12.96 

-10=10 

=12.37 

'*- S.36 

-12«40^ 

-16.90 

-13.80 

-14.50 * 

J>° 

i 

> 

a)a l l geminal proton-proton coupling constants 
taken from reference 63« -•* ' **. v IV 

^taKa?^ 

A\ 



- H • ' ' a, 

• * * « 

*-* 
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(97) have, suggested- t h a t geminal t r i t i u m - p r o t o n coupl ing 

c o n s t a n t s ( ^ J H T*1 s h o u l d be used t o c a l c u l a t e . ^ H ' H * 

They, c i t e t h e s i m i l a r i t y , of t h e m a g n e t o g y r i c r a t i o s "of 

t r i t r i u m and hydrogen, (1/1.06664) /"* t h e sharpness of t h e 

s p e c t r a l l i n e s and the smal l primary i so tope e f f ec t (0.11 

Hs casing a n i s o c h r o n o u s me thy l p r o t o n s ) * a s i s ^ p o i t a n t . 

•j c o n s - i d e r a t i o n s . In a stu'dy of 2 J H ° ^ itN?a"s found (98) 

t h a t 2 J H H c a l c u l a t e d from 2 J H T d /d no t ' ag r i ee e x a c t l y 

witli-Ci2JH H c a l c u l a t e d fr<om 2 J H D . ( However,- agreement was 

w i t h i n 0.5 Hz for a l l compounds s t u d i e d . In ' t h i s work 
° 9 • * "*» 

" a l l ^J« H v a l u e s have been de r ived frdm %Jg D v.alues. 

„: 1 , ^ „ r _ 
•« „ t > ^ — — - ^ 

2.5 .1 . Measurement7 of t h e Desired V i c i n a l Carbon-Srotop 

Coupling Congtrints •'• 

Kyi p r o t o n d e c o u p l e d ca rbon and p r o t o n un*decoupled 

ca rbon NMR s p e c t r a were""acquired on a V a r i a n CFT-20 NMR 

. s p e c t r o m e t e r a t ambien t i n s t r u m e n t t e m p e r a t u r e . 'The 
<" compounds were run as 10 percen t s o l u t i o n s in CDC13. 

. - 'The p r o t o n d e c o u p l e d ca rbon s p e c t r a were a c q u i r e d 

u s i n g a sweep-width of 4,000 Hz, 8"K d a t a p o i n t s , and a 

p'ulse arngle of 90°. The chemi.cal s h i f t s of the r ing and 

' m e t h y l c a r b o n s of t h e 2 , 2 - d i p h a a ^ l m e t h y l c y c l o p r o p a n e 

d e r i v a t i v e s ' a a r e shown i n -Tab r e 2„.8>, The p r o t o n 
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Table 2.8. The carbon chemical s h i f t s o f ' t he r ing and 

methyl carbons of, the 2,2-diphenylmethylcyclopropane 

d e r i v a t i v e s . -The one bond c a r b o n - p r o t o n .coupl ing 

constants for the methyl group are a lso 1-isted. 

; Ph. P̂h 

p 

I 

Br -

CI 

"F 

OMe 

™2 •:• 

CH 

d02Me'' , 

c l 

-

' — — 

15'. 1* 

40„6 

48 .3 

80/9, 

65*8 

' 39 .7 

25 .8 

30*. 8 

c2 C3 

(ppm). 

, 3 5 . 0 * . , 

4 2 . 1 

42*1 

_42.2 

, 39 .7 

*' 42 .3 * 

42.0 

42 .3 

4 3 . ^ 

*22.*1 

30;"7 

28 .9 

28^0 

23 .7 

,25.1 

27»0 k 

19*3 . -

24*1 

CV 

• 15„-9 . 

33 .6 

2 9 . 2 

26 .8 

1 9 . 8 

18 .9 

24 .3 

1 6 . 2 

1 8 . 5 -

JC,H 

(hs) 

125 .O* 1 

1-28.0 

1-28.0 " 

129 .V 

128.0 , 

126.5 

1 2 6 . 1 . 

128..5 

i ) a l l chemi'ca,! s h i f t s a r e r e f e r e n c e d " t o t h e m i d d l e 
r e sonance of CDC13 a t 77.05 ppm r e l a t i v e t o TMS a t 
O.OOppm "2 ' 
i i ) a l l chemical s h i f t s a re accura te t o 0.05 ppm and a l l 
coupling, constants are accurate t o 1.0 Hz, . 

» «-
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£7* 

undecoupled spectra were run in the gated decoupling mode 

using a sweep width of approximately 800 Hz to' improve 

the digi taf l r e s o l u t i o n . The decoupler was off during 
ti

the acquisition of data but turned on during the pulse 

delay "to take advantage of the Nuclear- 'Overhauser ,,' 
t • * ' ' • & 

enhancement. - --

The proton undecoupled carbon spectrum is an ABM^S 

spin system.. The spin designations of the proton, and 
carb'bn "nuclei, of the 2,2-diphenylmethylcyclopropa-ne 

A o ' \ 

derivatives., are shown-in Figure 2.6 and a typical* proton 
' - . '* 

undecoupled carbon spectrum i s shown in Figure 2.7. 

Complete ana lys is of the carbon spectra -to y ie ld the* 

desired v i c ina l carbon-proton coupling constants , J j a „ 

and S3-Q x (®e§ Figure 2.8) r equ i r e s s o l u t i o n of the AB 

part" of the proton spin system to y i e l d the geminal 

proton-proton coupling constant (JA B) and the chemical 

sh i f t s ,pf protons A and B, 705h and 70SB" respec t ive ly . 

The proton'Spectrum, an AB'M3 spin system, was solved 

using",*-the X-approaiimation and checked using the program 
<•» 

LAME. The e f fec t of the M spin" wad ignored as th'e 
-i . *' ' ' -"* i * -

chemical .shift difference between the protons A and M, and 
^ . %• 

B and frl ( T05j^fj and" T ^ B M -1 were l a r g e Compared t o t he , 
coupl ing cons t an t s between protons A and IA (JA M) 
pro tons B and M (JB M ) . ** 

, -\ 
Since the sdlut ion, of the AB spin system i s we 

~-> 
known, valued"' of <?& B and T0§^ andT0§B c o u l d 

"ca lcu la ted* >Tfa@ s o l u t i o n of the ABX p a r t of the AB 

and 

1-1 

be. 

'Au 
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' i gu r e ,.§ = 6. Spin d e s i g n a t i o n s of theoqc\upled nue ' l e i of 

t h e & B M 3 X s p i n s y s t e m o f t h e 2 | 2 -

d i p h e n y l m e t h y l c y c l o p r o p a n e d e r i v a t i v e s l i s t e d in Table 

2 . 8 . ' • 

CX%3' 
^ 

Z is as shown in Table 2=8. If &.-=*, Fp then another 

spin is added to both the carbon and proton spin systems. 
••V 

The..Garbon spect rum becomes" an"ABM3SX sp in system and t h e 

proton spectrum an ABM3X spinswste ia . ° 

J 

~£h/ 
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F i g u r e 2« The v i c i n a l fiAs. and txaiLg, c a r b o n - p r o t o n 

c o u p l i n g c o n s t a n t s , 3-rC a n d 3-,t fc»r t h e 2 « 2 -

d i p h e n y l m e t h y l c y c l o p r o p a n e d e r i v a t i v e s . 

Ph. Ph 

Dihedral angle between 
,the coupled nuclei is 
0 degrees. 

^ 

Ph; Ph 

3vt 'J, C,H 

Dihedral angle between 
the coupled nuclei is 
approximately 144 degrees, 



K 

?in for the- carbon nucleus to yield the vicinal carbon-

proton coupling constants ( JA x and ^JB x) could then be 

made using the s p l i t t i n g s in the measured proton 

undecoupled carbon spectrum. 

The X p a r t of an. ABX s p e c t r u m i s shown 

diagramatically in Figure 2^9. From the ^spl i t t ings; the 

quan t i t i e s (J^ x + Jg x) and 2'(P^ - D_) can be measured. 

The quantities D. and D̂ , are defined in equations (2.01) 
" ^ * ' % 

and (2.02). " • ' ! ' . . . 

D+ = l/2(lJ0Bm + 1/2 ( J A X JR ,?)1
2 + 3h B

2 ) 1 / 2 (2.01) 
>,<« 

D_ - l/2(lj08mr l /2(JA f X - J B ; X
) l 2 + JA,B2 )

0
1 / 2 <2°02) 

Solving these equa t ions for CJA x~JB X*1 gCves 

equation (2.03).. ~~ 

JA,X = JB,X - 2(D+-DJ(1+ (JArB?/«705AB2* " »+-D.)2) 1 1 / 2 

' ( 2 . 0 3 ) 

As 2(D + - D „ ) , 3A @ and705aB * (th'e d i f f e r e n c e in 

chemical shift between protons A and B) are known, Jn'x" 

Jg x can be c a l c u l a t e d o Solv ing the simu«l taneoaJh**5'' 

equations in- 3^ % and Jg x yields values for" the desired 

vicinal carbon proton coupling constants, i.e., 

let t ing , JA,X .*•* JB,3[ ~ 2S» 

and • • JA,X" " JB,X a Y 

-then JA j . « ,(X+Y)/2 ^ 

where X and ¥" are known. 

•X 



Figure 2.S. Diagramatic r e p r e s e n t a t i o n of the X (carbon) 

p a r t G€ aft ABX sp in sys tem. The q u a n t i t i e s 2(D+ - D„), 

l i n e 2 minus l i n e 3 , and (JA ^ + Jg •%), Line 1 minus Idne 

4-are shown. 
1 o 
I 

0 I 



§§ 

2o502o S©lufeIosa ©f the Protons and t h e P r o t o n Dndesouisled 

Carclb©rffl S p e c t r a o f 1 - f lnoKQ-2v 2 - a i p h e r a y l a e t h y 1 

ê f c l o p rr ©para e 

S o l u t i o n of t h e p r o t o n and p r o t o n undecoup led ca rbon 

s p e c t r a f o r f l u o r o - l ~ m e t h y l - 2 , 2 - d i p h e n y l c y c l o p r o p a h e i s 

s o m e w h a t m o r e c o m p l i c a t e d . The f l u o r i n e n u c l e u s 

i n t r o d u c e s an e x t r a s p i n i n t o b o t h t h e p r o t o n and ca rbon 

s p e c t r a . The^AB p a r t of t h e p r o t o n s p e c t r a becomes an 

ABX s p i n s y s t e m . However s i n c e t h e X p a r t of t h e s p i n 

s y s t e m was n o t a v a i l a b l e t h e v a l u e s of J A ^^sn^~^g-^^ 

c o u l d n o t be c a l c u ^ a * ^ d - . i n t h e manner ana logous^ t o t h a t 

used fo r t h e ABX (gpin sys tem itfhen t h e X i s a, c a rbon atom. 

The m a t h e m a t i c s f o r t h e e x a c t s o l u t i o n of t h e ABX 

s p i n . s y s t e m (where X = F) i s a v a i l a b l e and a l l o w s t h e 

c a l c u l a t i o n of J H a F and J H b p from t h e s p l i t t i n g s in t h e 

p r o t o n s p e c t r u m . The AB p a r t of t h e ABX s p i n s y s t e m I s 

shown d i a g r a m a t i c a l l y in F i g u r e 2.10 . 

The g e m i n a l p r o t o n - p r o t o n c o u p l i n g c o n s t a n t s ( J ^ g) 

c a n be d e t e r m i n e d by m e a s u r i n g t h e s p l i t t i n g s b e t w e e n 

p a i r s of r e s o n a n c e s , A i . e . , from F i g u r e 2.10 i t c a n be 

s e e n t h a t J& B s 3-~3V 2 - 4 , 5 - 7 , 6 - 8 . 

The a b s o l u t e v a l u e of t h e sum of t h e f l u o r i n e ~ p r o t o n 

e o u p l i r i g c o n s t a n t s , ! J a % -*- J B ^ 1 , i s g i v e n b y , e q u a t i o n 

(2 .04 ) A . -

( 3 + 5 ) - (-4 + 6) - ltfApX * J B , X ! " (2 .04) 

w h e r e 3 , 5 , 4 and <3 a r e t h e p o s i t i o n s of t h e r e s o n a n e o s 



Figu-re 2.10. ,Representation 'of the AB part of an ABX 
«- » 

spectrum-a 'The numbers refer to the line positipns 
• - *• > - ' 

discussed in the, tenets i.e., J^ B is given by. the 

separation of- lines 1 and 3, 2.and 4, 5 and 7, and 6 and 

i •> " 

r ' i 

J 
1 3 5 6 7 
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i n H e r t z . * ° • -
i • * 

: ^ F u r t h e r m o r e , t h e v a l u e s of D+ and D = a r e d e f i n e d by 

e q u a t i p n s v « ( 2 = 0f>) and (2 = 0 6)" 

2B B 5 -1 « « (2 .05) 
2D. » 6-2 (2.osr 

I f J ^ -B, D + a n p D_ a r e known t h e n t h e v a l u e of s i n 

2CL and s i n 20^ can be c a l c u l a t e d u s i n g e q u a t i o n s (2.07) 

and (2.08)' r e s p e c t i v e l y - . \ 

s i n 2Q„ = 1/2 J A ( , B / D - " » (2 .07) 

s i n 2Q4 = 1/2 J A , B / D - ! - . ( 2 .08 ) 

From the"3 ca_-lcB;lated v a l u e s of s i n - 2 0 ^ and s i n j 2Q + , 

" v a l u e s o f 2Q_* and 2Gj. -xsan b e c a l c u l a t e d and u s e d i n 

e q u a t i o n s (2 .09) and Q . 1 0 ) ,^0 c a l c u l a t e va , l ,ues f o r c o s -

2Q„ and, c o s : 2Q+, " ••/ / 

1 / 2 ( 7 O 6 A B ) - . l / 4 ( J n " • -&« v)> » cos 2Q A,X VB, D. ,09) 

'l/$pfo&KB) -5* 1 / 4 < J A , X ~ J B , X , ) S C O S 29-!- * W (2.10^^ 

where* To GAB i s t h e c h e m i c a l s h i f t d i f f e r e n c e between th ' e , 

c o u p l e d p r o t o n s . ^ T h e v a l u e of ( J ^ X ^ ^ B X** c a n ^ e 
* ,. , ** » * ^ 
c a l c u l a t e d t h r o u g h S o l u t i o n of t h e s i m u l t a n e o u s e q u a t i o n s 

(2.OS) . a n d (2.10.) t o g i v e (2.11), . , 

1 / 2 ( J A x-Jj-g x ) * = COS 20^. * D+ - COS 2Q_ * D„ (2 .11 ) 

As we know t h e ' v a l u e o f - b o t h t h e d i f f e r e n c e 'A,X 

J g 2?) and t h e s u r a ' C J ^ ' ^ •*• J^Vx^,©^ t h e - f l u o r i n e - p r o t o n 

c o u p l i n g c o n s t a n t ' s , - s o l u t i o n of t h e s i m u l t a n e o u s 

e q u a t i o n s g i v e s v a l u e s f o r v i c i n a l f l u o r i n e - p r o t o n 

c o u p l i n g c o n s t a n t s , 3^ -g and J g <g. 

ft, --Correct a s s i g n m e n t of t h e resonancess> l i n e s 1 t h r o u g h 



£? 

3 in F igure ' 2\>1Q, r e ' s u l t s in c a l c u l a t e d v a l u e s of J a v 

and J B x of t h e same s i g n . I n c o r r e c t a s s ignmen t y i e l d s 

coupl ing cons t an t s of d i f f e r e n t s i g n s . Furthermore, once 

^A X ^ n ^ "̂ B X a r e known, e i t h e r e q u a t i o n (2.0 9) or (2.10) 

can be us-ed t o d e t e r m i n e t h e c h e m i c a l s h i f t d i f f e r e n c e 

between t h e c o u p l e d p r o t o n s A-and B, 7 0 6 & B ° "The v a l u e s 

of 706J^B and'J '^ B a r e then "used t o s o l v e t h e ABX carbon 

"spectra-. < ^ ' 

The v i c i n a l coupling cons t an t s ofr i n t e r e s t are shown 

in F i g u r e 2.9 and l i s t e d in T a b l e 2.9- a l o n g w i t h ' t h e 
- ' ' "'' ' 

analogous pro toa-pro ton cqupi ing c o n s t a n t s talsen frcrm^a. 
V i 

s e r i e s of m o n o s u b s t i t u t e d ' . c y c l o p r o p a n e s (99, 100, ^ 1 ) . 

Two o b s e r v a t i o n s can be made r e g a r d i n g "Figure 2.9". For 

th'e ejus, v i c i n a l c a r b o n - p r o t o n c o u p l i n g c o n s t a n t s t h e 

d i h e d r a l angle between t h e coupled n u c l e i i s 0 ° / whereas 

fo r j:x.an^ v i c i n a . 1 c a r b o n - p r o t o n c o u p l i n g c o n s t a n t s t h e 

d i h e d r a l a n g l e b e t w e e n t h e c o u p l e d n u c l e i i s 

-approximately 144° ; 'Fur thermore , the o r i en ta t ion , of the 

s u b s t i t u e n t v a r i e s w i th r e s p e c t t o t h e c o u p l e d p r o t o n s 

for the cjls and txans. c o u p l i n g 0 c o n s t a n t s . , The e f fec t of 

t h e s e changes on ; the magnitude of the observed coupl ing 

w i l l be d iscussed in a la/ ter s e c t i o n . 

2o<So THE CYC&OHMxaMfi mmmsiwB,B 

Cyclohesaiye d e r i v a t i v e s ,and other s ix membered c y c l i c 

Is c o n t a i n i n g h e t e r o a t o m s in w h i c h ' t h e r i n g i s 
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. T a b l e 2;9. The v i c i n a l carbon-profcon c o u p l i n g c o n s t a n t s 

( 3 J C ^} f o r t h e 2 , 2 - d i p h e n y l m e t h y l c y c l o p r o p a n e 

d e r i v a t i v e s a'nd t h e . a n a l o g o u s v i c i n a l p r o t o n - p r o t o n 
y > .. '.-,,. . - . 
c o u p l i n g c o n s t a n t s ( J g H*1 ^ O E fene c y c l o p r o p a n e 
d e r i v a t i v e s . s.(99, 100, 101$ 

r 

ci 

H i 2 ** 

co^st-
• . * 

3 jc,s 

X§i 

4VS4 

4.49 

• 3 . 2 0 

'."3.70" . 

4 . 4 1 

4.00 -

5.17 . 

3Tc 

8.97 

7 .55 , 

7 . I S 

7 . 0 2 

5.89 

; § . i 9 

6 .63 

8*0.4 

8.4-Ci 

(Hs) 

<& 

3.Tfc ' J C,H 
3 7 t > /-

3 .27 

2.57 

l . f 8 

1.72 -\.» 

0.80' 

* 
1.-40 
1.84 

2.60 

2.34." 

_. . s;s8 

.*•.., *=37 

r 3.82' 

'•:-3.59 

2.39 

2 .94 

3 .55 

' - -4'.59 

5.09 

"- " t a e ' - d l g i t a j . r e s o l u t i o n ( 1 / A T ) , w h e r e ^T i s t h e 
a e e j u l s i t l n t i m e / is 0.13 Ez fo r t h e c a r b o n - p r o t o n coup: 

tant®<? -v • *-" • 
a n g 

•» 
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'locked' in a pa-rticular conformation have been used ^ 

extensively by NMR spectroscopists- to study the effect of, 
f t 

the orientation of coupled nuclei or„the effect of the x. 

-orientation of substituents with respect to the coupled 

nuclei on the magnitude of vicinal proton-proton coupling 

constants(3J'H H)„ Careful selection of these compounds 

ensures that the /orientation of the coupled nuclei and/or 

the orientation of ""the substituent with respect to 'the 

-.coupled nuclei dre well known. The measured vicinal v 

coupling constants can then be related to these 

parameters. . " - " -, 

Empirical correlations? which relate vicinal ''proton-

proton coup-ling constants to %-ubstituent orientation and1-:-

electronegativity have been developed (44', 45, 47). More ? 

recently, a Karplus type relationship (dihedral ang.le-* 

coupling constant relationship) of the fqrra t '' '" 

2 j - - A COS^<^>4- B COS tfe + C 

\ ' " * 1 
in-which substituent /electronegativity and orientation 
are feajfen into consideration hy*ttt£ empirical parameters 

" > ':• • • . - - " - . ' 

A and B has been developed, (3.02?.». - - •*-, • * 

• 2.6.1. The l^Cl^deufeero^4-£-'batyl€^^lTOexyl)«efc3iaAo-l 

Derivatives ',-. " 

In order to study th'e -eif ect'—Q-f a; sufe$tituent 
--"j. •"•* J 

attached to the coupled carbon aa-d~*the effect of the 
i- f * . 

orientation of the coupled* carbon and 'hydrogen nuclei a 
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series of „°l-(l-deUtero"-4~i.-butyleyclohexyl.)methanol 
' \ & 

derivatives have been synthesized1. The, compounds^nd .the 

vicinal carbon proton coupling constants of interest are 

shown in Figure 2.11. I t can be seen-in*Figure 2.11 that 

four" distinct vicinal carbon-proton coupling constants 

can arise in the two, isomers, i.e., gJcCH" 9jCDH» gjCHH1' 
t j C H° ^ e nota^ion^ vised is of'.the form 9j^ C

H where the 4 

* **; 
.left superscript refers to the orientation of the coupled 

nuclei , g (g_ajasJl£ or 60°) and t (Jt£anfi, o r 180°), the 

right superscript refers to the*"nuclei _t_r.ans to-the 

coupled. carbon and ^proton, and the subscript to the <o 

coupled nublei." k*< •*' 
The chemical shift data for the proton decoupled 

.s * .3 
carbon spectra of the c_Ls. and ijaas. Isomers of t^e ^ 

cyclohessyl methanols is listed-in "Table 2.10. "All proton 
** 

\ y " •*** 

decoupled carbon spectra were acquired on a ̂ Varian-CFT-20. 

MMH ŝpectrometer using a sweep width of 4,.000 Hz, a .pulse 

angle of 90°, and 8K data-points. '-The compounds were run 
% * . . • • . . " 

as 10 percent solutions w/,w in deuterated -chloroform 
- , ' \ t --, -*, ,- . . . 

(CDCI3) at ambient temperature (35? C). ' 
3 'f • . - r -• " - ' • / • - ' • * 

J. ^ -

The proton undecoupled carbon spectra-"were acquired 
____ * 1 '*, ', * • '-' ' . ' & -

on a Bruker 100.6.2 M Hs carfoqn-13 MfHB spectrometer at the 
-* >' V-

Oniversity of Montreal, Montreal* ;£«Q« in the gated-

decoupling mode Cdiacoupl-er" *$>£*!; during acquisition)- using 

a sweep width of 4,000 flz, a puM.se, ansjle of 5 0 degr"ee°s -

-and" 32K data, points. The coupling constants fop SLLS, 

compounds arevshosra in. Table "f.ll as ©n,,]W the coupling 

http://puM.se
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CH2X 

P H y 

trans 
CIS 

CH*>A 9i HC 
1 JC/H 

i 

^-.11 Newman p r o j e c t i o n s of the v ic ina l" carbon-proton 

coupling constants for the c_ia. -and J-j-ms. * isomers of 1-Cl-

ejjtero-4-ji-butylcyclohexyl)methane derivatives. ' 

t 

\ 
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TABLE 2.10. 13C Chemical- Shift Data for^the l-(l-deutero-4 

butylcyclohexyDmethane Derivatives, v 

.'.„ 

-£-

1 

2 

OH 

CI 

Br 

I 

ĉ  
CJs 

t r ans 

sis. • 
±£ans." 

i 

6. 

£24 

Cl 

34.70 

39.95" 

34*70, 

39.76-

35.00 

39.70 

35.45 

39.60. 

c2 

27.41 

29.72 

28.30 

,' 31.00 

29.30 

32,00 

30.50 

33.80 

•VC3 
t.J- ' * ' 

.21.91 

26.65 
21.50. 

26.70 

2l'.50 

26.80 

21.20 

26.90 

C4 

48.30 

.48.20 
t 

48.28 

47.90 

48.30 

47.85 

48.45 

47.80 

, - C 5 

32.°40 

32.30 

32.50' 

32.35 

32.55 

32.40' 

32.45 

32.20 

c6 

27.32 

27.32 

27.40 

27.50 

27.50 

27-. 60 

27.50 

27.60 

c*r 
63^6 

68.58 

46.74 

50.81 

36.72 

40.50 

10.70 

15.80 

I) all chemical shifts In ppm referenced to middle 
resonance of CDCI3 at 77.05 ppm relative to TMS at 0.00 
ppm, resolution is 0.05 ppm ' l 

.-v 
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6 Tab le 2 .11 . The v i c i n a l c a r b o n - p r o t o n c o u p l i n g 
* - ' ' ' ^ 

constants, t3g g and $JH^« H , ' for the c_iS.-l-(l-deutero-

*- * ' r ';-
4-jfe,-butylcyelohexyl) methane deriv.-ativfes. The l i n e 

<• - - * 

s widths (L.W.) of"t,the CH2X carbons of the i xana- l -Cl -
deutero-4-i.-^butylcyclohexyl) methane deriv 'at ives a re ,a l so 

i ' . 

l i s t e d . ' , „ - •• 

Cy'-

Substituent 

OH 

V- ' 
Br 

I 

JC^H 

8.60 

•10.50 

10.62 

.^0.99 

/ (Hz) 
H 

•4.00. 

^ W . 

7.27 

7.60 
c 

T.80 

8..03 r 

/. 

•3 

*f * 
-reported coupling-constants a'f\e'accurate to 0.20 Hs 

\ 

.G?*' 

*' ->.. 

-̂  -3 A » 

> 

V", 

"5, .' 
tL 

'5 
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constants for the. sia isomers could be resolved. The 

line widths of the trans, isomers are also given in Table 

2.11. • The vicinal carbon-protdn coupling constants for 

the els isomers and line widths for the _t.j_ans. isomers 

"I were measured directly Nf̂ rom the proton undecoupled 

spectra. c 

SK. 

3^7.1. The l-=methyl-4-=phejnyl-3ff3
9
s.5i?5

B-tetraae!2ter©-

eyelohexane derivatives 

"The compounds and the vicinal carbon-proton coup̂ -ln'g , 

constants 6f .interest aff~sn~own in Figure 2.12.- There 

are four distinct coupling constants for these compounds, 

two for the els, (phenyl'and methyl-groups els.) isomer and ^ 

two for, the ixa^S. (p-henyl and methyl groups txans.) 

isomer, i.e., ^3Q H and ^J^g for the s±S, isomer and 
SjCSH an<3 9jCCH £ o r fche t r a n s isomer. The notation is 

the same as that used for the l-(l-deutero-4-£.=butyl-

cyclohesyDmethane, derivatives. 

With the exception of the hydroxy derivative, the 

cjjs. isomers (the chloro,"4 bromo and iodo derivatives) 

could not be synthesized in sufficient quantities to 

afford a proton decoupled carboa spectra. The trans,. 
o 

chloro^ and .bromo -derivatives were synthesized but* coup- -

ling constants for these compounds could^ not be measured. 

Table 2.12 gives the 'carbon chemical shifts for the 

*£Li& and txans. hydroxy derlv-atives a"nd the trans, chloro 



H i 

cos trans 

CH3 

51 

JC,H 

C,H 

F i g u r e 2.1--2. The v i c i n a l M i b o n - p r o t o n c o u p l i n g 

Constants .for . the . l -methy l -»3 ,3 a , 5 ,5 B - t e t radeu te ro -4-
7 ' 

,, phenyl eye lohexane derivatives. The Newman projections 

v show the vicinal carbon-proton coupling constants for the 

Sis and ixaas. isomers?of i£hes@ derivatives. ".> 
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Talkie 2.12". Carbon chemical s h i f t da ta for the r ing and 

me thy l c a r b o n s of t h e l = m e t h y l - 4 - p h e n y l - 3 , 3 " g 5 , 5 B -

t e t r a d e u t e r o c y c l o h e s y l . d e r i v a t i v e s . The v i c i n a l carbon-

p r o t o n c o u p l i n g c o n s t a n t s f o r , ' t h e l - m e f r h y l - 4 - p h e n y l -

3 , 3 8 , 5 , 5 ' - t e t r a d e u t e r o c y c l o h e x a n o l s and t h e a n a l o g o u s 

p r o t o n - p r o t o n * c o u p l i n g c o n s - t - a n t s ' f o r t h e -
• - * 

octadeuterocyclohessanols a r e ' a l s o l i s t e d . 

OH \ 

8 

1 

2 

1 

1 

K X 

qn 

oe 
c i 

Br 

C-l 

7 0 . 0 1 a 

68.24 

71.22 

70.36 

C-2 

39 .88 

38.47 

' 41 .21 

41.64 

C-3 

30.47 
r 

29 3 4 

30.36 

30.34 

>C-4 

42.95 

43.09 

42.89 

42.77 

C-5 

25.18 

§1.29 

34.06 

35.68 

a)' all chemical shifts referenced to middle resonance 
of CBGI3 at 77.05 ppm relative to TMS at ff.OO^ppm. 
Reported shifts are accurate to 0.05 ppm. 

Coupling Constant* 

gjHC 

gjcc-

gjCC 

q,H' 

5.60 

,3.25 

1.47 

2.20 

H,HC 

11.11 

4.05 

2.48 

. 3,29 

b) all cooping constants in hertz, accurate to 0..13 Hz 
c) reference (130) "• 
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""and bromo d e r i v a t i v e s . The '"protjon decoupled carbon 

spectra of these compounds-were acquired qn a Varian?CFT-

20 NMR ,spectrometer usjlng a sweep width of 4,000'Hz, a 

p u l s e . a n g l e 6f 90 , "and 8K data p o i n t s . The compounds 
° — " l ' 

were run "as 10% solut ions w/w in deuterated'chlorofotm at 
ambient instrument temperature. ' ' 

/ • 

The proton undecoupled spectrum of the cJLs. hydroxy ' 

de r iva t ive was acquired on a Varian"CFT-20 'NMR ,spectro

meter using a pu l se angle of SO degrees , a sweep width of 

500 Hz and 8K„ data p o i n t s . The proton undecqupled 

spectrum of the trans, hydroxy j.derivative was acquired on 

a Bruker 62.83 MHz carbon-13 NMR spectrometer using a S0o° 

degree pulse in the gated decoupling mode^by Dr. Charles 
jers of Bruker Spectrospin, Ltd. # 

> *> " 

The v ic ina l carbon-proton=°coupling' constants for the 
» *', " . . . 

sSs, and trams, hydrossy* d e r i v a t i v e s are shovra in Table 

, 2 .12. °ThNey were measured d i r e c t l y from*t°he l i n e 

p o s i t i o n s of the t r i p l e t of t r i p l e t s p a t t e r n of the 

proton undecoupled s p e c t r a . For the^s i s , isomer, the 

iraas. ca'rbon-proton coupling constant was assumed to be 

the larger coupling- constant. For the.trans, isomer, the 

carbon-proton coupling constant with the subst i tuent <OS) 
o 

t r a n s to the coupled carbon was assumed to be- the 

smaller coupling constant. 
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2 J 0 Siga ®f tno €aidb<afa=PE©t©n Coupling Constants 

* • -J 
In t h i s t h e s i s the. sign 'of the- one-bond carbon-

proton coupling constants was -assumed^ to be pos i t i ve on 
O 0 

the basis* of the coupling constants reported in the 

literature (vide lufrA). The solution of the ^ B j ^ spin 

system of the csthyl derivatives using LAOCN4A ( Jc g 

positive) gave geminal coupling constants with a negative 

csign. The sign of the geminal coupling constants for the 

ethanoic acid derivatives were assumed to be negative 
° -i-x * - ' '", 

also. Ail vicinal carbon- proton coupling eorfstants were 

assumed to be positive which is -in agreement -"with 

vicinal coupling constants/reported in the literature 

(vl.da irf.fra) . 

•tv , » 

http://irf.fr


• * • 

,<lf: 

t> 

t „ 

• BisesssioM' 

i t 



115 

3 e l a SUBS-JflTUlHT EFf'gCJT-S OH CaSBOH=PROTOH M B FSOTOH-

JfSOTQH GOOPLING COHSTM*fS- - k -j » --! - ' 

3 o 1 o 1 o Mat l o Qsf. 3fQ g ft© J g g , » 

? J . " •*-

Va.ridws empirical, re la t ionships between earbon-prqto: 
< s' * * * it-

coupling- cons tan t s "(J^ g) ^nd p ro ton-pro ton coup l in 

constants (JH H) j ^ s t r u c t u r a l l y - s imi la r compounds were 

reviewed in the Introduction. 

F i g u r e 3.-1 shows f i f t y c a r b o n - p r o t o n c o u p l i n g 

cons t an t s „( 3Q H) .and -3JC H) t h a t we have measured, 

p lo t ted against proton-proton coupling constants ( Jg g 

and 3 Jg g) for s t r u c t u r a l l y s i m i l a r compounds. The 

compoun>ds a'n-d. t h e i r r e s p e c t i v e coupl ing cons t an t s are 

"l isted in Table 3.1. The geminal carbon-proton coupling 

consta-nts.-!l(2jQ .g) were measured for the s e r i e s of e t h y l 

d e r i v a t i v e s and e thanoic acid d e r i v a t i v e s whi le the " 

analogous' geminal proton-proton coupling constants were 

ca lcu la ted from deuterium-proton coupling constants in a 

s e r i e s of roono-aeuteromethyl d e r i v a t i v e s (€3). The 

v ic ina l carbon-proton coupling"constants l i s t e d in Table 

3.1 are taken from a number of 2,2-diph^nylmethyleyelo-

propane der iva t ives and i,-butyl de r iva t i ve s , while, the 
*** » 

analogous geminal .proton-proton coupling constants are 

tak*4n from a„ series" of cyclopropane "der iva t ives (99, 

100, 1019' _aad isopeopyl der iva t ives , (17)i 

e Beift f i t s t r a i g h t l i n e for the p l o t (using a 
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T a b l e 3 . 1 . F i f t y Carbon-Pro ton ' ' and P r o t o n - P r o t o n Geminal_ a n d 

V i c i n a l C o u p l i n g C o n s t a n t s f o r S t r u c t u r a l l y S i m i l a r Compounds. 
, . » , 

Compounds #1 through #13 a r e t h e e t h y l d e r i v a t i v e s and §14 through 

$26 a r e t h e e t h a n o i c a c i d d e r i v a t i v e s w h i l e t h e p r o t o n - p r o t o n 

coupl ing c o n s t a n t s a r e taken from t h e analcgoqs ws thy l^de r iva t iveso 

Compounds #27 through #35 and #3S through #44 a r e t h e C I E and t r a n s . 

2 # 2 r d i p h e n y l m e t h y l c y c l o p r o p a n e d e r i v a t i v e s r e s p e c t i v e l y . The 

p r o t o n a n a l o g u e s a r e a s e r i e s of c y c l o p r o p a n e d e r i v a t i v e s . 

, Compounds'1 #45 through #50 a r e ,a s e r i e s of £Hbutyl d e r i v a t i v e s w h i l e 

t h e proton analogues a r e a s e r i e s of i sopropyl d e r i v a t i v e s . 

S i 
Sn 
Pb . 
Ge 
S * 

•0 
N 
I 
C 

10 CI 
11 Br 
12 F 
13 H 
14 0 
15 HH&e 
16 CH-a 
17 F 
18 CI 
19 Br 
20 1 
21 H 
22 S 
23 Nfe 
24 O f 
25 Ph 
26 goon 

JC,H 

5.22 
4.62 
3.86 
4.76 
3 .51 
2.64 
3.03 
2.74 
4.20 
2.85 
2.65 
1.86 
4.80 
4.41 
5.73 
6.S7 
3.45 
5*23 
4.64 
4.41 
6.77 
5.52 
5.82 
8.00* 
7.75 
7.36 

2T 

14.05 
12.37 

• 10.94 
* 12.96 

1 1 . 8 7 
10.60 
11.73 -

9.36 
12.56 
10.70 
10.10 

• i»50 
12.40 
10.6Q -
11.73 •• 
12.56^° 

9.50 
10.70 

. 10.10 
9.36 

12.40 
11,87 
11.73 

"16.90 
13.80 
14v30 

# X 

27 
28 
29* 
30 
31 
32 
33 
34 
35 
36 
37 
38 
33 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

D 
I 
BE 
CI 
F „ 
oce3 
OT2 
CM 
OCbKe 

•B *-
I " 
Br-
Cl 
F ~ 

OCH3 

.5 
COjKe 
Br 
1 
CH-3 
D 
CI * 
P 

JC,H 

5.91 
4.§4 
4.49 
4.29 
3.20 
3.70 
4.50 
S.17 
4.60 
3.27 
2.S7 
1.9§ 
1.72 
0.80 
1.40 
1.75 
2.34 
2*60 
4.22 
4 .45 
4.62 
5.27 
4.08 
3 .31 

3-r -
JH,H 
8.97. 
7.55 
7.16 
7 .02 
5.89 
6,19 
6V63 
8.43 
8.04 

"" 5.58 
4.37 
3.82 
3.59 
2.38 
2.94 
3.55 
5.12 
4.57 

# 6.54 
0.69 
6.80 
7.3& ' 
6.43 
60IO 
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linear'regression analysis) is g-iven by equation (3.01). 
* 7 * -

J^€,H = °-^4 JH,H + -1*09 r 0.511 (3.01) -;>• 

The poor correlation coefficient tor this plot (r2= 0.51) 

i l l u s t r a t e s the fact that ^no universal ly., consistent "•-
. , " * ' • ' • - . ' . - . • . 

correlation--' between Parboil -proffer and protaX%1?oto& 
<* -> » fe- • , i r 

coupling constants can be used^ It_should be noted that : 

*r" ' , ' t"*\ 

bot'h geminal carbon-proton and- geminal proton-proton -v* 

coupling constants ^are p l o t t e d ^ s abscVlut'e values in •*" 

order to avoid the impression of a bet ter correlation?-.;* 

which iVô uld be obtained from two widely separated 
*<** 1 \ clusters/ of data. < • . .'-? "** • 
. .t->" -u . , - ' < ' " " „ ' ' '* '* *~ 

.Tlfp/variation of the ra t io of the cafrbon-proton "to 
- -v 

-a > 

f I, 

the proton-proton coupling constants •̂~fc,H*/"JH,H't for the 

Series of compounds inve'stiga-ted indicates that a single >-? 

ra t io , such ajs that proposed by Marshall (14> is -not 
" -At "* , t - - v » ", "̂ - ' -*V -

' . generally applicable. The. spread of f̂ee data appears to 

be too scattered to allow a.general corre la t ion, but by 

selection of groups of data on the basis of a sui table . 
r 

parameter, such as"'the Row or Group of the'-jPer iodic Table 

to w-hich a s u b s t i t u e n t belongs, some e x c e l l e n t 

corre la t ions can be found. 'Th'e ser ies of compounds 

• Mentioned above, i . e . , the "ethyl d e r i v a t i v e s , the 

e t h a n o i c a c i d d e r i v a t i v e s , and t-he 2 , 2 -

diphenylmethylcyclopropane derivatives wil l be discussed . 

separately and conclusions made regar-d îrfg the factors ' 

((especially substituent "effects) affecting the-observed 

coupliag constants. 
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§* ; « ^ 

3 . 2 . ' PASAH&TEKS OSED IM THE*- QOA^TIFICATiafl OF 

^ SUBSTITOEHT EFFECTS 0/-5 . ° 
** C*-^. • - <•* " 

i-j c~ -• J ' l~ 

* **-" f "--..'. " v~ o 
: ' V ^ i n t & i s 7 # o r k i ? ' t h ^ " - p r i m a r y I n t e r e s t ' w a s in t h e 

__ deve lopment of e m p i r i c a l c o r r e l a t i o n s , between t h e 
4~ """"inductive" or f i e l d e f f e c t of_ a s u b s t i t u e n t and t h 

' i t u e n t and t h e 

^magn i tude of c a r b o n - p r o t o n or p r o t o n - p r o t o n . c o u p l i n g 

constant's." A s u b s t i t u e n t af ' fects the s - e l e c t r o n "density 
' * > "' i . •«.• > ' „ 

a t a carbon atom in a t l e a s t two wayg*. 0.03)? by a l fer in% 
*"' - o . **' "• - ' 

t he hybr id iza t ion of the carbon atom in va r ious bonds and 

by causing a po la r iza t ion , -of t h e ' c a r b o n - s u b s t i t u e n t bond. 

• The change in t h e ' - ^ h y b r i d i z a t i o n of tfie carbon afcom 

. r e s u l t s in a change^in t h e s - c h a r a c t e r of t h e o r b i t a l s ^ 
-

and t h u s - in t h e magni tude ef t h e obse rved c o u p l i n g 

c o n s t a n t th rough t h e bonds . The p o l a r i s a t i o n of the 

; c a r b b n - s u f o s t i t u e n t bona r e s u l t j s * in a change in> t h e 

e f f e c t i v e nuplear charge' a t . ' t h e ca rbon 'nuc l eus . This in 

t u r n a l t e r s t h e r a d i a l e l e c t r o n d e n s i t y and l e a d s t o a 

v a r i a t i o n in the s i ze of the e l e c t r o n c loud. The coupling 

cons tan t i s s e n s i t i v e to the s i a e of the e l e c t r o n c loud. 
a \ J , 

v.We Inave used two parameters t o quant i fy Subs t i tuen t 
i n d u c t i v e e f f e c t s . These 'a . r 'e . d i s c u s s e d in t h e nex t 

• *. v < - v * 
s e c t i o n s . ' ' " , . ' ' > • 

• * > 
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3 . 2 . 1 . Electronegat ivi ty 

Electronegat ivi ty i s genera l ly defined as the a 'bi l i ty 

of a^nucleus to draw va lence t e l e c t r o n s toward i tse l - f 

r e l a t i v e to another nucleus. I t i s an empirical number 

whose magnitS^e depends upon the manner in which i t i s 

ca lcu la ted . Various sca les have been developed, the most 

common b e i n g t h o s e of P a u l i n g (103) b a s e d on 

thermochemicaldata, Mull iken (104) based on i o n i z a t i o n 

po ten t i a l s and electron a f f i n i t i e s and Huggins (36) based 

on (thermochemiCct/l data. Scales based on quantum defects 

(106)a, .atomic energies and covalent rad i i (107), proton 

chemical s h i f t s (108) ,&covalent r a d i i (10§) f l o a t i n g 

spherical gaussian o r b i t a l s (110), d i e l e c t r i c constants 

(101)* e f f e c t i v e nuc lear charges (102), and ab i n i t i o 

ca lcu la t ions using a n o n e r a p i r i c a l ' e l e c t r o s t a t i c method 

(NEM), (113) are found in the l i t e r a t u r e . 

The use fu lness of the concept has been summarized 

well by Batsanov (114) who s t a t e s 

'Together with^Huckfel, these au thors b e l i e v e 
V ^ _that t h e main/ teea'son for t h e o u c c e s s f u l 

appl icat ion of e lec t ronega t iv i ty in chemistry 

i s that t h i s r e f l e c t s the periodic var ia t ion of 

^ proper t ies in fcfenclel l ev ' s system. 

In t h i s work we are interested in subst i tuent effects 

on one bond (^J) , two bond C2J), and t h r e e bond (3J) 

coupling-constants/ The us^ of e lec t ronega t iv i ty sca les 

f ' \ J 
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allows convenient comparison of these subst i tuent effects 

on the observed coupling constants. 

Two e l e c t r o n e g a t i v i t y s s c a l e s ^ a r e u t i l i z e d , the 

. "Huggins s c a l e (36) and the nonempirical e l e c t r o s t a t i c 

raethod NEM s c a l e (113K The Hug-gins e l e c t r o n e g a t i v i t y 

scale.' Mas been used p r e v i o u s l y to r e l a t e s u b s t i t u e n t 

e f f e c t s and changes in t h e magni tude of c o u p l i n g 

c o n s t a n t s (17 , 40j, 115) an'd .has y i e l d e d u s e f u l 

" " ^ c o r r e l a t i o n s . This s c a l e has v a l u e s -for a l l t h e 

subst i tuents attacked to compounds 'used in our studies of 

v i c i n a l carbon-proton coupl ing c o n s t a n t s , but does not 

have va lues for a l l of "the s u b s t i t u e n t s used in the 

geminal and d i r e c t coupl ing cases . Consequently, a 

second s c a l e , which has v a l u e s for t h e h e a v i e r 

subst i tuents in the th i rd and fourth,Rows of the Periodic 

Tab le , was a l s o requ i red . The NEM s c a l e was chosen for 

use--with the one and two bond coupling constants because 

• the scale has these values for" the heavier atoms and has 

values s imilar to the Huggins sca le for those atoms they 

have in common. 

3.2.2® Swain-Lupton Field and Resonance Factors 

Elect ronegat ivi ty is often equated with the a b i l i t y 

offc a nucleus to a t t r a c t e l e c t r o n s by i t s - induc t ive 

e f f e c t . Subs t i t uen t e f f e c t s a re not n e c e s s a r i l y a l l 

i nduc t ive e f f e c t s . In an at tempt to separa te the f i e l d 
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or i n d u c t i v e effects , of s u b s t i t u e n t s .and resonance 

e f f e c t s ^bf s u b s t i t u e n t s Swain and Lupton '(116) have 

-Jt c a l c u l a t e d a s e r i e s of s u b s t i t u e n t f i e l d (F) and 

resonance • (R) fac tors . 

These factors werescalculated in an empirical manner. 
v 

Swain and Lupton assumed t h a t a n y - s e t of s u b s t i t u e n t 

pa ramete r s , i . e . °"m, <£p, e t c . coul-d be -expressed ' as the 

sum of f i e l d and resonance components 'as in equat ion 

. (3.02) * * 
o 

G°- fF + rR (3.02) 

where G is the substituent effect, F and R are the field 
\ t * -• 

and resonance constants respectively, andvf and^r are 

weighting factors. 

They proposed that F and R were more accurately 

defined and mofjfe physically significant independent 

variables for predicting or•correlating substituent 

effects on physical properties than any other set they 

considered. * „» 

More recently /Swain (117) has proposed a re-vised 
*.- a • -

ser ies of f i e l d and resonance fac tors . These are 'based 
a -

" on a l a r g e r s e r i e s of da ta and the p r e c i s i o n of the 

c o n s t a n t s , F and R, have been c a l c u l a t e d . Charton (118) 

has c a l c u l a t e d a s e r i e s of c o n s t a n t s , <rj, which he 

suggests give a be t te r measure of the inductive effect ' of * 

a subst i tuent than do the Swain-Lupton f i e ld fac tors , P. 

Recen t ly , a s e r i e s of pabers have been pub l i shed Ql»9, 

120, 121) which c r i t i c i z e V t h e s e p a r a t i o n of f i e l d and 
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A 

resonance-effects given by the Swain-Lupton' approach. 

Reynold's and Topsom (119°) propose -that the Swain--' 

"Lupton F and R constants provide an incomplete separation 
if 

of t h e f i e l d and r e s o n a n c e e f f e c t s d'u'e t o v t h e 

i napp rop r i a t e ' c r i t e r i a used-to perform the ca l cu la t ions . 

In p a r t i c u l a Y , they c r i t i c i z e the use Of R = 0 for the -. 

N(CH3)3 g roup . F u r t h e r m o r e , t hey s u g g e s t t h a t t h e 

a p p l i c a t i o n of the resonance fac to r R i s r e s t r i c t e d to 

systems fo l lowing G .and o- , and f a i l s for systems 

following <r*", as*no s ingle resonance scale can predict 

the f u l l range of aromatic r e a c t i v i t y resu l t ing from the 

s i g n i f i c a n t 'Change in resonance e f f e c t s with e l e c t r o n 

demand. Swain (122) r ep l i e s that t he i r evidence against 

' the use of R **• 0 for the $(013)3 group' i s in f ac t .for 

the NH3'group. Swain a l s o shows t h a t the f i t for both 

cr+and <r~ subst i tuents i s good and . tha t his approach - can' -

accomodate s u b s t i t u e n t s not considered in h i s o r i g i n a l ' . 

(1160 t r e a t m e n t . Swain points" out t h a t m u l t i p l e 

parameter approach proposed by Reynolds and Topsom ha's-

severa l disadvantages Including the a rb i t r a ry choice of 

paramete'r, lack of predic t ive , capab i l i ty , and for i l l -

f i t t i n g d a t a . l e a d s one t o c o n c l u d e t h a t a n o t h e r 

parameter ^should be considered r a the r than a change 

mechanism. 

"Hoefnagel'jfii. aJL*. (120), on the ba s i s of new da ta , 

propose t h a t the Swain-Lupton F and R cons t an t s do not 

s a t i s f a c t o r i l y s e p a r a t e f i e l d and , resonance f a c t o r s . 
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Swain suggests that these new data represents an example 

o'f the deviation from the average behavior predicted *by F 

and R values and that Swain-Lupton field and resonance 

factors can be useful in accessing such^ deviations. 

Swain suggests that Hoefnagel .eJt. &XM, should have takein 
0 

their appfoach one step further, XtSjo- they did not go 

past the point where an optimum least-squares-fit between 

observed and calculated d-ata was found, and defined 

cr i t ical conditions to see. if their parameters had 
* "\. physical significance. 

Charton (121) has criticized the Swain-Lupton.̂  field 

and*resonance factors oh several gcoundsi ,firstly, that' 

o-j ogives a better -fit than F for a majority of systems 

: ' ¥ • \ 
studied? secondly that $(013)3.must be well behaved, \and 
Charton finds that ionic groups have a highly ^ariablW 

. r "5". B - ' \ localized "ef feet? and lastly that <?% and h-^ give Values 

for the transmission of "localized substituent effects 

from the ms£a. to the Eaxa, position in benzene, that agre* 
> ^ ° * i 

more closely with those -for model compounds am 

calculations than do F and R. Swain suggests that the 

significance of Charton's o*j. values are in question as 

'the critical subsidiary conditions used-to calculate them 

are not well defined. "Also, Swain states that Charton 

adresses the question of^whether F Or ffj is better for 

correlating" substituent effects only for series of 

compounds where # bond resonance has l i t t l e or no 

significance. Charton does not'consider charged species 
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( N(CH3)3, COO"*, 0"V SO3™) nor species with an hydroarylic • 

proton (OH, COOH, CH2OH). Finally, Swain suggests, that " 
t 

*p. v a l u e s a p p e a r t p h a v e b e e n a d j u s t e d t q £1 if 
'. ... 

experimental data. , * , •'/ ' " 
* 

Swain concedes that, correlations of experiment a 3; 
** .* ' . . . 

data with some-^substituent parameters'may be s l i g h t l y 
* * 

better than those with F, especially if more paramrters 

are used or if the parameter * is selected to ensure 

optimum" fit. However-, he feels.-that the advantage hi 
* . k J ' '-- - ' 

using SwajLn-Lupton fieldtand refinance factors is -that 
v •**"* » * 

• * r, ' » * \ 

they represent* the average behavior of Substituents from 
— . t 

which d e v i a t i o n s in s u b s t i t u e n t e f f e c t s are more 

apparent. As such, the Swain-Lupton- field factor F.will 

be used in th°ls, thes i s as 'a measure of the magnitude of-

the inductive .'effect .of a" substituent. 

* , 1 
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"3.3. . PLOTS -OP CARBOH-PROTOM AND PHQTtto-PROTOH COBPIgJBG 

p - AGAINST SOBSTITDEHT BLECTROHTC&TIf ITT MID Sfi&IH-LDPTOH 

FIELD FACTORS \ 

In t h e " f o l l o w i n g s e c t i o n s the observed ^carbon-

proton coupling c o n s t a n t s for each s e r i e s of compounds., 

studied^are p lo t t ed against subst i tuent e lec t ronega t iv i ty 

(E) and Swain Lupton f i e l d f a c t o r s (F) in an e f f o r t to -

derive usable, empirical co r re l a t ions . 5h@se p lo t s w i l l , 

a l low comparison of s u b s t i t u e n t e f f e c t s on one, two and 

three bond coupling constants and may give some insight « 

into the factors affecting these coupling constants . 

Star t ing x*ith the general p lo t of points for a l l the 

'der ivat ives in-a p a r t i c u l a r ser ies of compounds, emphasis 

i s p laced on f inding more s p e c i a l i s e d ' r e l a t i o n s h i p s 

wi thin each p l o t . S u b s t i t u e n t s from Rows and Groups 

w i t h i n t h e - P e r i o d i c T a b l e are' c o n s i d e r e d and the" 

r e s u l t i n g c o r r e l a t i o n s a re used as a bas i s ' for the -»' 

discussion of- the factors affecting the observed carbon-

proton coupling constants . -
» » * 

Fina l ly the carbon-prc/feon and protoe-proton coupling 
7 . ••* ' 

. constants from the-* analogous series o'f compounds are 

plotted against each other, the plot "discussed, ' and 
7 « 

o 

cor re la t ions developed. , • , _ " -
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2L.3.10 P l o t o f ' t he One Bond Coupling Cons tan t s ' fo r the. 

E t h y l ' l e r i ¥ - a t i ? e s flgaiast S n b s t i t u e n t 
: , . ' -

Electronegativity (-"-J) _ -f 

The acquisition of the proton undecoupled carbon 

spectra of the ethyl derivatives allowed the measurement 

' of the one bond carbon-proton coupling constants for 

these compounds. A plot of the value of XJ C H (for the 

carbon with the substituent attached) for the ethyl 

.derivatives listed in Table 3.2 against the MEM 

electronegativity (EN) of the substituent is shown in 

Figure 3.2. It is obvidus from the spread of the data 

points in F»igure 3.2° that ^3Q B does not correlate we'll 

with Sp. The correlation coefficient for the best" fit 

straight line given by equation (3.03) is 0.39. 

JC,H a § o 8 7 % + n i ° 0 € „ E2 s 0-389 (3.03) 

* -However, when compounds with substdtuents In a 

particular Row of the Periodic Table are^considered 

separately, the 'bltst fit straight lines for the plots of 

:he values pf ^3Q g for those compounds with first 

through foudch Mow substituents are given by equations 

(3.045, t© (3.07) respectively.1/ 
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' $ • - ^ 

•5" Tafeile 3.2 The one bond carbon-proton coupl ing c o n s t a n t s 

** Jc'-H**' N*-*K s u b s t i t u e n t e l e c t r o n e g a t i v i t i e s - ( 113), ^ and 

Swain-L .up ton fieJLd f a c t ' & r s ( 1 1 7 ) f o r t h e e t h y l 

- d e r i v a t i v e s , CH3.CH2Z0' '' • 
y '" ' ' M-•- . -, *. t ?« 

K 

• Substituent' 

Si(Et)3 

Sn'(Et)'-3 
4 -* 

Ge(^t)-3 

Sit 

'' Olt 

W(Et) 2 

SeEt 

1 

Br 

CI 

H ** 

* C33 

F , 

. TsEt 

PbCEt)-3 

i* 

A. 

• 

-" 

Q 

' 

-* 

4 (Hz) . 

117.41 

v128.0 -
- < . . . 

12#Io 

. '''137.4 

138.0 

13 L. 5 

' 140*3 

150.5 , 

150.7 

ISOeO ' 

•125.o' 

124.3 

150; 3 

140-. 2 

134.5 

1.81 

" l.,63 

y- ->1.74 

2 .%6'5 

1 . 3153 

, "3.23'-

-2,3?^ 

2.48 

,- 2.78 

3.14 

1*94 

* , 2.52 

4.00 

t 2.1S 

F 

i 

' '• -0.10 

;' -o.ss11; 
J* 

0.-52^ 
1 

0.63? , 

" .. ,o'.3.8 ..' 

' « 0l28 " 
*** '- ' * 
o;65. 

0.72 " 

0.72 , 
** t 

0.00 

-0.02 

0.74 

-0.42 l l 

Hg(Et>3 * 1 3 0 , 

1) repor ted coupling c/onstants a c c u r a t e t o 1.0 Hz». 
i i ) c a l c t i i a t e d b * / 6 . K. Hamet, 1. R. B e a t , w. F. 
Reynolds* Can.-'fTTChem., I i (1973). 
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P i g u r e 3 .2 . _Plot of t h e v a l u e s of 13Q H for the ethyl 

der ivat ives l i s ted in Table 3v2 against the ,NEM 

electronegativity of the substituent (EN>. 
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-, > ' "ljC,H a A6"-55 % + 81.33 i r2 = 0.922 (3.04) 

'• > ^ ljC,H ~* 24.43^EN'i+ 73'i03 »̂r2. = 0.999 (3.05) 

' * * ̂ c , H ^ 23.57 ,|K
J, + ,84.71>- r2 =* 0.997 (3.06) 

•"JCfH « 25 .8^ Ew + 85.31 r 2 • 0.$83 (3r.07) 

The c o r r e l a t i o n c o e f f i c i e n t s fo r t h e s e p l o t s a r e 

e x c e l l e n t ^{ri. comparison t o that" .obtained for the gene ra l * 
- * ' v * • ' - ' • 

\ p l o t (F igu re 3 ."2).* I t i s i n t e r e s t i n g t o -note t h a t the*-
' * , ' 

>- s lope of, the p l o t of ^3^^ ve r sus EN .,,(§*"• J Q H / 5 E N ) for the 

- f i r s t ' R-ow s u b s t i t u e n t s (C, H, 0^ F.) i s c o n s i d e r a b l y . 

d i f f e r e n t t han t h e s l o p e of t h e p l o t s , fo r t h e second , 

t h i r d , and f o u r t h Row s u b s t i t u e n t s g i.®-., 5 J c H / 5 E N i s 

16.55 for the f i r s t . Row s u b s t i t u e n t s whereas 6*LJC jg/6*EN 

• • « •> v a r i e s between 23'.57 and 25.83^ for the* sec_ond<r t h i r d and 

four th Row s u b s t i t u e n t s . • . 
I 

In a p l o t of ^-3Q Q versus* E for an e q u i v a l e n t s e r i e s 
* f. of methyl d e r i v a t i v e s , Douglas, (123) observed a s i m i l a r 

' - * " ' * , * • > -

v a r i a t i o n of t h e one bond c o u p l i n g c o n s t a n t s w i t h * 
s u b s t i t u e n t e l e c t r o n e g a t i v i t y . ^ T h e ' b e s i f i t s t r a i g h t 

/ / , " * " " 
l ine* for the four teen methyl d e r i v a t i v e s shown in Table 

3.3 i s g i v e n by equat ion- (3 .08) . •*"• 

- f j e > H = 6.61 EN + 120.23 r 2 * 0-.253 " (3.OS) '" 

The b e s t f i t s t r a i g h t l i n e s fo r t h e p l o t s of the* 
, r . • ' • * 

v a l u e s of **-Jc H a g a i n s t SN for t h e f i r s t ? # s e c o n d , - t h i r d 
fc ' >' -

and four th Row s u b s t i t u e n t s a re given by equat ions (3.09) 

t h r o u g h "(3.12). 

l j C,H = 1 7« 5 3 % + 78.22 r 2 = 0.949 v (3.09) 

' "--Jr « = 24.49 EN +' 73.03 E2 =" 0.999 ' (3.10) 
* * " . . . 

file:///plot
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Table ̂ ."S. The one bond carbon-proton coupling constants 

for a series of monosubstituted methyl derivatives and 

Pauling substituent electronegativities (104). 

SUBSTITUENT 

P 

OHe 

NMe2 0 

CMe3 

,C1 

SMe 

SiMe3 

. , Br 

SeMe 

-• GeMe3 

I 

TeMe 

SnMe3 

PbMe3 * ' 

B 

ELECTRONEGATIVITY 

4.0 

3.5 
> » 

3fo; 
: 2.5 

3.0 

2.5 

; i . 8 

~-—2.8* 

2.4 

1.8 - . ' 

2,5 

2.1^ 

1.8 

1.8 

' * '*• 2.1 • • 

!JcrH
 (SZ) 

149.1 * 

139.6 \ 

131 To 

124.5 

.150.-0 ' 

137.5 

118.2 

152.0 

140.2 

124.0 

/151.0 

140.5 

127.2 

134.0 " 

125.0 

(123) A.W. Douglas, J. Chem. Phys,., iii 3465 (1966) 
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l j C , H ** 2 5 « 3 1 % + 7 7 . 8 6 r 2 = 0 .996 (3 .11) • 

'•". ". ^ C H = 25 .48 EN + 85 .37 r 2 =-,0.>957 j.* (3 .12) 

AS was f o u n d f o r t h e e t j t i y l d e r i v a t i v e s , t h e 

c o r r e l a t i o n s of t h e p l o t s improve s i g n i f i c a n t l y o v e r t h e 

g e n e r a l p l o t when compounds w i t h s u b s t i t u e n t s i n a 

' p a s p t i c u l a R Row of t h e P e r i o d i c " T a b l e acre c o n s i d e r e d 

s e p a r a t e l y . 

. ' F i g u r e 3.3 shows a p l o t of t h e v a l u e s of - J c B f o r 

t h e e t h y l d e r i v a t i v e s a g ' a i n s t t h e S w a i n - L u p t o n f i e l d 

f a c t o r s (P) of t h e s u b s t i t u e n t s . The b e s t f i t s t r a i g h t 

l i n e ( f o r t h e d e r i v a t i v e s f o r w h i c h S t t fa in -Lupton F 

f a c t o r s a r e a v a i l a B l e ) i s g i v e n by e q u a t i o n (3 .13) . 

•••JCVH
 s 3 5 » 8 F + 122.0 r 2 • 0 .914 (3 .13) 

I n c l u s i o n of t h e p o i n t s f o r t h e germanium, t i n , and 

l e a d d e r i v a t i v e s u s i n g F f a c t o r s c a l c u l a t e d by Reyno lds 

e t a L t (124) from c h e m i c a l s h i f t d a t a -for t h e t r i m e t h y l 

d e r i v a t i v e s , ( G e ( C H 3 ) 3 , S n ( C H 3 ) 3 , and P b ( C H 3 ) 3 ) ' , g i v e s , 

t h e b e s t f i t - . s t r a i g h t l i n e shown i n e q u a t i o n (3 .14) f o r 

t h e p l o t of 1 J C H aga in s t j fF . 

l j C , H = 2 5 ° 7 P + 129.0 r 2 » 0 .799 _ ( 3 . 1 4 ) ^ 

The s l o p e , i n t e r c e p t and c o r r e l a t i o n c o e f f i c i e n t of 

e q u a t i o n (3.14) a r e s i g n i f i c a n t l y d i f f e r e n t from t h o s e 

f o r e q u a t i o n ( 3 . 1 3 ) ; t h e s l o p e d e c r e a s e s from 35 .8 t o 

2S.7 , t h e i n t e r c e p t i n c r e a s e s from 122.0 t o 129 .0 , and 

t h e c o r r e l a t i o n c o e f f i c i e n t d e c r e a s e s from 0.914 t o 0.799 

In g o i n g from e q u a t i o n (3 .13) t o ( 3 . 1 4 3 . I d e a l l y one 

w o u l d l i k e t o u s e F f a c t o r s c a l c u l a t e d f o r t h e a c t u a l 
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Figure 3.3. Plot of the values of 1 J C y H for the ethyl 

'derivatives l i s ted in Table 3.2 against the Swain-Ldpton 
field factor (F) of the substituent. 

C O - . 

. « • 

o 
f!> 
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s u b s t i t u e n t , i . e . , t he F f a c t o r for t h6J i r_ i e^hy 1 

d e r i v a t i v e s i n s t e a d of t h e F f a c t o r for t r lSj je thyl 

" ' d e r i v a t i v e s . That t h i s may in t roduce an incons i s tency 

i n t o t h e p l o t i s i l l u s t r a t e d by t h e s e r i e s of, 

subs t i tu \ents OH, ,OCH3, and OC2Hg where the F fac to r 

"var ies fnom 0.46 t o 0.54 to 0.61 for these t h r e e 

subs t i tuents . • Similar var ia t ions for the tin,- germanium, 

] and lead F f ac to r s for the XTCH3 s u b s t i t u e n t s and for the 

X-CH2CH3 s u b s t i t u e n t s would account for the poorer 

cor re la t ion for equation (3.14). 

* . Werstiuk C125) has p lo t ted the values of ^Q H for 

a ' s e r i e s of mono-substituted methanes against the Swain 

Lupton F f a c t o r s "of the s u b s t i t u e n t s . (See Figure 3.4). 

Two d i s t inc t co r re la t ions were found for I + and I~ groups 
} * as defined by Waciel, Mclver, Ost-lund and Pople (39, 126, 

127, 128, 129). The best f i t S t ra ight l i n e for the p lo t 

-of the I " subst i tuents '(C0CH3, CQ9H,MCN,° and N02) against 

P i s l o c a t e d 15-20 Her tz b e l o w . t h a t for t h e I + 

s u b s t i t u e n t (OH, HH2r CH3, F, CI , BrV I ) . The author 

cohcluded that t h i s sh i f t could be due to an attenuation 

of the i nduc t i ve e f f ec t or the e f f ec t of other f a c t o r s 

(such els hyperconjugative effects) which might contribute 
*" i 

0 to a decrease in-the value **-Jc H. _, » 

In summary, the one bond carbon-proton coupl ing 

cons tan t s ( Jc H** f o r fcne s u b s t i t u t e d ethanes t h a t we 
1 

have measured do not correlate well with substituent 

electronegativity (ENK However, if.|compounds with 
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F 

Figure 3.4. P lo t of the values of 1 $ C f H for the methyl 

der ivat ives against the Swain-Lupton-field "factor (F). 

/ 
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t 

s u b s t i t u e n t s in a p a r t i c u l a r Row of t h e P e r i o d i c T a b l e 

a re cons idered , good c o r r e l a t i o n s of the one-bond carbon-

,pro ton coupl ing cons tan t s with EN a r e found. 

The one-bond carbon-proton coupl ing cons t an t s (^3Q E ) 

f o r t h e s u b s t i t u t e d e t h a n e s t h a t we h a v e m e a s u r e d 

c o r r e l a t e w e l l with Swain Lupton F v a l u e s e s p e c i a l l y i f 

the v a l u e s for the germanium, t i n and lead compounds a re 

o m i t t e d . I t a p p e a r s t h a t t h e f i e l d f a c t o r p r o v i d e s a 

more genera l parameter f o r " t h e comparison of s u b s t i t u e n t 

e f f e c t s , o n one bond coupl ing c o n s t a n t s . The s u b s t i t u e n t 

e f f e c t on -*-Jc H i s b e s t d e s c r i b e d a s v a r y i n g from Group 

to Group of the Per iod ic Table and the f i e l d f a c t o r s (F) 

r e f l e c t t h i s v a r i a t i o n ? e.g. , n o t i c e the constancy of the 

f i e l d f a c t o r s (F) and a l s o the magnitude of % c H for t he 

e t h y l h a l i d e s in T a b l e 3.2 . The F f a c t o r v a r i e s from 

0.74 t o 0.72 t o 0.72 t o 0.65 w h i l e t h e one bond 

c a r b o n - p r o t o n c o u p l i n g c o n s t a n t v a r i e s , from 150.3 t o 

^150.0 t o 150.7 t o 150.5 f o r t h e f l u o r o , c h l o r o , bromov 

and iodo^ d e r i v a t i v e s r e s p e c t i v e l y . 

a s t h e s u b s t i t u e n t s used in ethy-^ ^ d e r i v a t i v e s a r e 

a l l I + s u b s t i t u e n t s , the c o r r e l a t i o n of ***JC g with Swain-

Lupton f i e l d f a c t o r s (F) p a r a l l e l s t h e behavior of t h e 1 + 

s u b s t i t u e n t s for the mono-subs t i tu ted m-gyivl d e r i v a t i v e s 

found by Werstiuk. * ' 
1 I t i s i n t e r e s t i n g t o n o t e t h a t t h e p l o t of t h e one 

bond c a r b o n - p r o t o n c o u p l i n g c o n s t a n t fo r t h e e t h y l 

d e r i v a t i v e s a g a i n s t C h a t t o n ' s ^ j v a l u e s of t h e 
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' s u b s t i t u e n t s (10 compounds) g ives a* b e t t e r - c o r r e l a t i o n 

than the analogous p lo t of -**JC E against the Swain-Lupton 

f i e l d fac to r of the s u b s t i t u e n t . The bes t f i t s t r a i g h t 

l i n e s given by a l i n e a r regres ion a n a l y s i s are shown 

below. 
l jC,H '"' 5 4 ° 4 °I + 124.0 0.966 ' 3.14a 
1 J C y H *s35 .8 F + 122.0 » r ^ » 0.904 3'.14b 

Swain (122) has conceded tha^pin scpe instances that 

<?j (or 'for that matter .other subst i tuent parameters) may 

give s l i g h t l y be t te r co r r e l a t i ons than Swain-Lupton f i e ld 
-

factors. However, he still maintains that the. Swain™' 

Lupton approach' affords the most generally applicable 

separation of field** an̂ d resonance effects^ In the light 

of the arguments given in the preceding section, it was 
•*•. * • ' " • % 

decided that the S-wain-Lupton field factor* for a 
* * : • , * ' c 

substituent will be used in this," thesis as a parameter 
" • . ^ 

» that approximates its inductive effect. This is not to-
;ible in say that better correlations ace not poss: 

instances with other parameters. 

some 
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3.3W2. The Effect of S u b s t i t u e n t s on Geminal'.Carbon-

Proton Coupling Constants C2J0*H) 
• y , ' \ ' \ 

In t h i s s e c t i o n - t h e e f f e c t of S u b s t i t u e n t s on 

.geminal carbon-proton coupl ing cons t an t s (2J^ H*1 a r e 

considered . The v a l u e s of ^,3C H for the e t h y l and 

ethano-Lc acid der iva t ives are p lo t t ed against subst i tuent 

e lec t ronega t iv i ty (EJJ) and Swain Lupton f i e l d factors (F) 

and the p l o t s d i scussed . The geminal carbon-proton 

coupling constants are then- compared >vto geminal proton-
• V " \ 

• proton coupl ing cons t an t s ' for the analogous methyl-

d e r i v a t i v e s in an a t t e m p t t o d e v e l o p e m p i r i c a l 

cor re la t ions between the carbon-proton jand prptofl-proton 

coupl ing c o n s t a n t s . The r e l e v a n t coupl ing c o n s t a n t s , 

e l ec t ronega t iv i t i e s and-t f i e ld factors for the compounds 
V of in t e res t are l i s t e d in Tables 3.4 and 3.5. 

•a 

** 

3.3.2.1 V a r i a t i o n of t he Value of ' 2 . J c # H f o r ' t h e Ethyl 

and Ethanoic Hcid Derivat ives with £•$ and F ! 

* - o 

Figure' 3;*5 shows a p l o t of the v a l u e l of **JC H for 

the "ethyl derivatives- against the NEM ' e lec t ronega t iv i ty 

' (EN) of th'e subst i tuent for, the fourteen compound's, l i s t e d 
k . * * ~ 

** in Table 3.4." The best fit straight line for-the plot, 
1 • • \ • • ' * < ' l ^ 

der ived from a l inea r , r eg ress ion a n a l y s i s / i s given by 

equation (3.15). » 

r ;
2 J C f i ^ 1.24 EH -^6.71 , f2 = 0.739 (3.15J' 

*y < . ; ..' 

• s 

\ 

$ 
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Table 3„4. -Tjie geminal carbon-proton and proton-proton 

coupling cons tan ts ^for the e thy l d e r i v a t i v e s and,, the 

analogous methyl der iva t ives . ' The HEM e lee t ronega t iv i -

t i e s . '(113), Swain-Lupton f i e l d f ac to r s • (lie» and ,the 

Ratio of the carbon-proton to the proton-proton coupling... 
o* * " ** o> * 

constants are -also l i s t ed . ' * = 

X •c,n 2 j B/B R&TJO E N 

) 
*•> 

cy 
N 

0 

p -

S i j 

s 
CI 

Sn 

Be' 

Br 

£e 

Te 

I 

H 

Pb 

Hg; 

'- (H 

- 4 . 2 0 

- 3 . 0 3 

- 2 . 6 4 

- 1 . 8 6 * 
*j 

; - 5 . 2 2 

- 3 . S I 

- 2 / 8 S 

- 4 . 6 2 

- 3 . 2 2 

- 2 . 6 5 , 

- 4 . 7 6 

- 3 . 2 2 

-2.*7 4 

- 4 . 8 0 

- 3 . 8 6 

" - 4 . ^ 2 

2 ) **• 

- 1 2 . 5 6 

- 1 1 . 7 3 

. - 1 0 . 6 0 

- 9 . 5 0 

- 1 4 . 0 5 

- l l 3 . 8 7 

- 1 0 . 7 0 

- 1 2 . 3 7 

• 

-10 . .10 

- 1 2 3 6 

- , 9 . 3 6 

•^12.40 
IS. 

0 

\ 

-

0^334 ' 

0 . 2 5 8 

0 . 2 4 9 

0.JL96 

0 .372_ 

0 . 2 9 6 

0 . 2 6 6 

0 . 3 7 3 ' 
= u 

0 . 2 6 2 

' 0 . 3 6 7 

. • * 

0 . 2 9 3 ^ 

6.387 

-"s 

' " 2 . 5 3 

3 a 23 

3 . 5 3 

4 . 0 0 

1 . 8 1 

2 . 6 5 

3 . 1 4 

' 1 . 6 3 -

2.3*9 

• 2 . 7 8 

1 .74 

2 . 1 9 

2 . 4 8 

1 .94 , 

-

0 *; 

- 0 . . 0 2 

0 . 3 8 

0 . 6 1 

0 . 7 4 

- 0 . 1 0 

0 . 6 8 

0.72-' 

- 0 . 3 5 «a 

, 0 .28 

_0.72 

- 0 . 2 7 8 s , 

.w 

0 . 6 5 

0 . 0 0 

- 0 . 4 2 0 a 

-

a ) c a l c u l a t e d by 6. -JC. Bame r̂* I . -*R. P e a t , and 
Reynolds, Can. J* Chem,,. SjJ 8-97 (1913). 
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Tablets.5.„ The geminal carbon-proton and proton-proton 

uVL: coupling constants\for the monosubstituted eth&noic acids 

d % 
\ 

*and \ h e a n a l o g o u s m o n o s u b s t i t u t e d m e t h a n e s * The HEM s 
subst i tueh-fe e l e c t r o n e g a t i v i t i e s (113),, Swain-Lupton f i e l d 

f a c t o r s "(117)", _ and t h e ^ a t i o of t h e c a r b o n - p r o t o n t o 
* *» 

8 

p r o t o n - p r o t o n c o u p l i n g c o n s t a n t s " a r e a l s o l i s t e d . 

,CH3^ 

"'. OH" 

2 , \ 
*C,H 

2jJr,H 
(H-2) 

°-6\97 

- 4 . 4 1 I 

- 5 . 7 3 

' - 3 . 4 5 

" - 5 , 5 2 -

. -12 .56 
,\ 

-10**60 

BATIO 

fts5-55 

' u \ 4 1 6 

0s488 

1 - 9 . 5 0 J . q . 3 6 3 

-V»87* 0.465 

- 5 . 2 3 - *V10.70 I 0.*489 

- 1 1 . 7 3 

P 

SH 

ci**' 
Br 

• • " - ' * ; . ' .- • i • 
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Figure 3.5, Plot of 2JC H for the' ethyl derivatives. 
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T h e r e i s a c o n s i d e r a b l e sprea ,d of d a t a p o i n t s 'as-

e v i d e n c e d by t h e poor c o r r e l a t i o n c o e f f i c i e n t f o r t h e 

p l o t ( r 2 = 0 .739) . ' * \ . * '* 

S i m i l a r l y , a -p lo t of t h e v a l u e s of JcOOH H f o r t * i e 

e t h a n o i c a -c id d e r i v a t i v e s a g a i n s t t h e NEM 

e l e c t r o n e g a t i v i t y '(EJJ) of t h e s u b s t i t u e n t s i s shown in 

Figure 3*̂ 6'. The b e s t f i t s t r a i g h t , l i n e for t h e compounds 

l i s t e d in Table 3.5 i s g iven by equat ion (3.16). 

'2jCOOH,H 3 1 ' 8 3 B "* 11.00 r 2 * 0.467 (3 .16)-

The c o r r e l a t i o n c o e f f i c i e n t for t h i s p l o t i s worse 
* * - ' • • * 

. * t h a n tha^t f o r t h e e t h y l , d e r i v ^ t j f - v e s and t h e p o o r 

'- c o r r e l a t i o n ' s for t h e s e p l o € s p r e c l u d e use fu l a p p l i c a t i o n 

of e i t h e r e q u a t i o n (3.15) or- (3.16) t o p r e d i c t c a r b o n -

- ° p r o t p a n c o u p l i n g ' ' ' c o n s t a n - t s ' . ^ r o m s u b s t i t u e n t 

",'3- r«V e l e c t r o n e g a t i v i t y * . * \-_ 

The magnitude of" t h e geminaj. coupl ing c o n s t a n t s for 

\ b o t h t h e e t h y l and e t h a n o i c a c i d d e r i v a t i v e s i n c r e a s e 

(become more p o s i t i v e ) w i t h i n c r e a s i n g s u b s t i t u e n t 

e l e c t r o n e g a t i v i t y . The s l o p e of equat ion 3.16 i s l a r g e r 

t h a n t h a t f o r e q u a t i o n 3 . 1 5 , s u g g e s t i n g t h a t t h e 

.„ e thanoic ac id d e r i v a t i v e s a re more s e n s i t i v e t o a change 

, v i n s u b s t i t u e n t ' e l e c t r o n e g a t i v i t y t-han t'-he e t h y l 
\ * * * 

..derivatives. However, the poor correlation coefficients 
'-" a 

. bring such a conclusion into doubt. 
-* t • F i g u r e 3.7.shows a p l o t of the* v a l u e s of *3r « for 

* •. --*-, . . . - \ bs 
the ethyl-derivatives from Table "31*4-**"against the Swain-

. • '..- 0 -* . *yr 

Lupt'orf f i e l d f a c t o r s (£) of t h e s u b s t i t u e n t s , .The b e s t , ' 

file:///both
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Figure 3.6. P l o t of t h e geminal <&arb©n*pE©~tQ*a c o u p l i n g 
- ** ,r* 4 1 

cooetants ( JcOGB B̂  ^@r ^ e ethanoic aeid d e r i v a t i v e s 

l i s t e d in T a b l e .3.5--- a g a i n s t - s u b s t i t u e n t MEM 
X - - - ' 

electronegativitfo 
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Figure 3.7^' P l a t of the* geminal "carbon-ptoton coupl 

cons tants C2J^B*3 agains t ' tHe Swain-Lupton "'field faci 
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fit straight line for the plot"is given by equation 

(3.17). m , 

^JC>H = '2 .72 P - 4Bv49̂  r 2 = 0.791 ' (3.17) 
.,-' *-- -

The p o i n t s for t he l e a d , germanium and t i n compounds 

have been^omi t t ed in e q u a t i o n (3 .17) . I f t h e p o i n t s fo r 

•> thes 'e d e r i v a t i v e s a r e i n c l u d e d the. b e s t f i t s t r a i g h t . 

, l i n e fo r p l o t of 3^ H a g a i n s t P i s g i v e n by e q u a t i o n 

«3.18) . " . ' , . I 

' 2 J r « « 1.94 P - 4.06 r 2 * 0.703 v (3.18) 

As was men,tioned e a r l i e r , t h e F v a l u e s -for t h e 

t r i a I k y l l e a d , t r i a I k y Iger-manium,"1 'and t r . i a l k y l t i n 

d e r i v a t i v e s were c a l c u l a t e d by Reynolds for the methyl , 

not t h e e t h y l d e r i v a t i v e s o£ these compounds and as such 

may n o t be t h e - c o r r e c t v^alues^for t h e compounds used t o 

measure the coupl ing constant ' . 

A p l o t of t h e v a l u e s of JcoOH H- f o r t i i e e thano ic - " 

ac id d e r i v a t i v e s l i s t e d in Table 3.5 aga ins t t h e Swain---

Lupton -Field f a c t o r s (F) of t h e s u b s t i t u e n t s is, shown.,in 
st , 

F i g u r e . 3 . 8 . I t i s o b v i o u s from t h e p l o t t h a t ' n o good 

c o r r e l a t i o n between t h e g e m i n a l ca rbon-pro ton coupling, 

c o n s t a n t -and F e x i s t s fo r t h i s " s e r i e s 1 of cosapounds'^ A 

l i n e a r . r e g r e s s i o n a n a l y s i s ,gav<n t h e b e s t f i t ' s t r a i g h t 

l i n e descr ibed by equat ion (3.T9). 
2*JCO0H7&-<3 1 ° 8 4 "p " 6 ° 8 3 r 2 * °'°145 '. - (3.19) 

The g e m i n a l c a r b o n - p r o t o n c o u p l i n g s - c o n s t a n t s . for 

t h e e t h y l ' and - e thano ic a c i d d e r i v a t i v e s , (*JC H and 

ĈOOH a r e s p e c t i v e l y ) , do not vary l i n e a r l y with e i t h e r 
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Figure 3.8. #lot of the geminal "carbon-proton coupling 
3*- • 

constants (•\JCrH> for . the ethanoic acid der iva t ive ' s 
a g a i n s t P. , © 
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s u b s t i t u e n t e l e c t r o n e g a t i v i t y (EN>- or Swain-Lupton f i e l d 

f a c t o r s (F). The c o r r e l a t i o n c o e f f i c i e n t for t h e p^Lotf'of 

• J C , H « ^ o r t - i e e f c h Yl d e r i v a t i v e s a g a i n s t EK i s ' b e t t e r 8 

t h a n t h a t for t h e c o r r e s p o n d i n g p l o t of 2 J C H a g a i n s t ' ? 

( r 2 -= 0.74 (E), r 2 - 0.70 (P) ) , bu t n e i t h e r p l o t y i e l d s a 

g o o d ^ c o r r e l a t i o n . - For t h e e thanoic ac id d e r i v a t i v e s t h e 

c o r r e l a t i o n c o e f f i c i e n t of t h e p l o t of 2Jc00H H a 9 a i n s t 

EN i s ' be t t e r* than t h a t for t he p l o t of JcoOH H a 9 a i R S t 

<* »"• , ' *^j> 

F ( r 2 » 0.47 (E), r 2 = 0.1-5 (P>) bu t a g a i n n e i t h e r p l o t 
* " ° 

g i v e s a u sab l e c o r r e l a t i o n . 

4 3 ' * * ' ' „ . ' . 

3 . 3 . 2 . 2 . V a r i a t i o n o f t h e V a l u e o f ^ g w i t h 

S u l b s t i t u e n t E l e c t r o n e g a t i v i t y and Swain-Lupton F i e l d 

Fac to r s for S u b s t i t u e n t s from a P a r t i c u l a r Row or Group 

* 4K ' ' 

^Grouping o ^ t S e s u b s t i t u e n t s in t h e f i r s t , s econd , 

t h i r d , and f o u r t h Rows r e s p e c t i v e l y l e a d s t o e x c e l l e n t 

c o r r e l a t i o n s "-between t h e v a l u e s of 2 J C g fo r t h e e t h y l 

d e r i v a t i v e s and s u b s t i t u e n t e l e c t r o n e g a t i v i t y (EN). The 
E H b e s t f i t s t r a i g h t l i n e s fo r t h e p l o t s of 2 J C H aga ins t* 

for compounds with- f i r s t through four th Row subs t l tue f t t s 

a r e g iven in equa t ions (3.20) through (3.23). 

- (Cj_N, 0 , P) 23CfE a 1.58 EN - 8.19- r 2 « 0,99?- ' (3.20) 

(Si , Sr CI) 2 J C , H = 1 - 8 1 % - 8 ' 4 4 r 2 ** ° ' 9 9 0 <3.21> 

(Ge, §e, . Br) ^JC(fH - 2.06 EJJ - 8.30 r*4 = 0.987 (3.22) 

(Sn, Te, I) 2Jc,H ~ 2 ' 2 5 % ~ 8 * 2 5 f2 = 0.991 (3.235' 

* T h e ^ s l o p e of t h e s e p l o t s , ( 2 J C n / E K ) , i n c r e a s e s 
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v/ -\ ' 
« *» o 0 

. monot 'onical l y in going from t h e ; f i r s t Rd|p(1.58) t o t h e 

• r . . s f o u r t h Row (2.25) s u b s t i t u e n t s whereas thfe y - i n t e r c e p t s 

» i-V*^'-' • " show v e r y l i t t l e v a r i a t i o n . _ For t h e e t h y l d e r i v a t i v e s * 

s u b s t i t u e n t s a re va r i ed from t h e , f i r s t t o four th Rows. 
< 1 •- „ **•'„ 

t h e dependence of the observed coupl ing cohs t an t s C2JC E)» 
^ . t. - \ « 

on s u b s t i t u e n t e l e c t r o n e g a t i v i t y (EN) i n c r e a s e s a s t h e 

t 

.Although a s,iuii,lar t r end i s ob.served for\ the p l o t - o f 
JCO,OH,H ' «ft,r^ fche» e t h a n o i c a c i d d e r i v a t i v e s a g a i n s t -

s u b s t i t u e n t e l e c t r o n e g a t i v i t y , t h e l a c k ^f, . d a t a for 

""compounds w i th s u b s M t u e n t s ' in t h e second , \ t h i r d , and 
four th Rows, of the/^Feriodic .Table a l lowed a corr -e ja t ion ' 

of JcOOH°H w i t n % f ° P the',fir*£tt Row s u b s t i t u e n t s on ly . 

• The , -bes t f i t s t r a i g h t l i -ne f,or t h e f o u r f i r s t Row* 
- - " - n > 1 ° I t ) 

s u b s t i t u e n t s , (C, N, 0,° P) ," is" gitVen by equatfojn, (3 .24 ) . , 

2jC00H,H =" " M 6 " % " 1 3 - 3 X/ 1 C ^ = 0-9''-/3 ' ' '• (3.24). 

The s l o p e of t h i s - p l o t , . ( d - J ^ Q O H |J/ceEjj) * a* i s , 
11 - * ° * ° ' & S v '"" ? • ^ ^ 

. cons ide rab ly l a r g e r than ' t h a t for the^e*£'h.y! d e r i v a t i v e s 
- . » •> , * " • * ° - * ' 

w i t h f i r s t row s u b s t i t u e n t s , (2.46 v e r s u s 1 . 5 8 ) r a s "is" . 

t h e a b s o l u t e v a l u e of the i n t e r c e p t (13.31 ve r sus $ .19) . . 
' " ' ~ « : - , ~ v 

Jt is • difficult-to attach any significance to the 
- ' - ' '" -> * *°y y k *%• * - -

" d i f f e r e n c e in fche s l o p e s &m i n t e r c e p t s of e q u a t i o n s 
* "• i • -

- (3.20) and (3.24)' a s - t h e a b s o l u t e v a l u e bt t h e gemina l 

4 coupl ing c o n s t a n t s - f o r ' t h e e thanoic ac id d e r i v a t i v e s are-

^ a r g e r . t han t h o s e fo r t h e e t h y l d e r i v a t i v e s and t h e s e 

.numbers" merely r e f l e c t t h i s t r e n d . „ o«- •«. V \ -
•4 ' ^ « f . ' " °" 

* ' $he e x c e l l e n t c o r r e l a t i o n s of t h e p l o t s of the" v a l u e 
' - « - > * »' 

of, % c g for t h e ethy.l or "ethanoic ac id s d e r i v a t i v e s wi th 
• - • * 

f. 

file:///third
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subst i tuents from a pa r t i cu la r Row of the Periodic Table 

aga ins t the s u b s t i t u e n t e l e c t r o n e g a t i v i t y suggest that 

one should invest igate the variat ion ©f 2 J C H for thege 

compounds as the s u b s t i t u e n t v a r i e s down a Group of the 

Periodic Table. When the *substituent wasivaried across a. 

Row,, for i n s t ance , from carbon to n i t rogen to oxygen to 

f l uo r ine , . t he measured coupling was found to become less 

negative as 'the subst i tuent e lec t ronegat iv i ty- indrsa'sed. 

However, when, the - subs t i tuent i s va r i ed down m, Group, 

the coupl ing cons tan t does not chan-ge monethnica l ly as 

the e lec t ronegat iv i ty of the substi tuent decreases. The 

Group IVA*substituents (carbon, s i l i con , germanium, and * 

t i n ) s e r v e -co i l l u s t r a t e t h i s p o i n t . For t h e s e 

de r iva t ives the ^value of 2 J c -§ var ies from -4.20 to -5.22 

to -4.76 t o -4.62 for the carbon, s i l i c o n , germanium and 
S 1 •"*"• 

t i n compounds, i.e-., the va lue of 2 Jg ,a for the carbon 
- v * ' 

compound f a l ^ s off the l i ne defined by the trend shown by"* 
y*r - ° > ' 

vt ». t t h e s i l i c o n , germanium," and t i n compounds. S imi lar 
^var ia t ions of-^J^ 

r \ 

•$!*• 

* H for "©jthyl-derivatives with Group.*VI 

& % ' . « ' and Group VII' substituents^are also observed. ft * 
> l ° % * • „ • / • • v» - - » 

»'! / I f t he . coup l ing "constants forj/the ethyl der iva t ives 
- . * " * * " * . ' . - ' ° * 

with substittfents in Ptffjs&p IVA, G&oup VIA and -Group VITA 
, « are plotte„d agains t , subst i tuent e lec t ronega t iv i ty and the 

> " : " • * ' • » ' " , . '• : ' s, -

coupling constants-"for-compounds with the, "first row 
'"u *'" , . ' .• -•• " • * < - / . « 

s u b s t i t u " e n t s r (C, 0 , and F) , igkored"," *the b e s t f i t 
-' <\° p » - , ' " . 

s t r a i g h t l i n e s 'for these p l o t s - a r e given by equat ions 
„ ' C3.25)" through'. >p.27U 
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c 

Group IVA 2Jc,H s -3.1S*En + 0.57 r 2 = 0.829 (3.25) 

Group Via" 2 J C Q a -0.65 En - 1.74 r 2 = 0.812 -„ (3.26) 

Group -VIIA 2 J C H « , - u . l 8 Sn- 2.24 r 2 = 0.351 (3.27) 

Using e q u a t i o n s (3 .25) , (3.26) and (3.27) i t i s 

possibles to ca l cu l a t e the expected value of 3^ s for the 

e t h y l coiapounds with carbon (Group IV&), oxygen (Group 

VIA) and f luorine (Group .VII A) subst i tuents respec t ive ly 

and compare the observed and c a l c u l a t e d va lue of 2 J C H 

for each s u b s t i t u e n t . The observed and c a l c u l a t e d 

geminal carbon-proton coupl ing cons t an t s (^g^g &n& 
2 J s a l e ) and t h e i r - r a t i o s are shown below. ' r* 

• • 

Group IV 

Group VI 

Geouja VII 

X 

c 
0 

p 

Jobs" 

- 4 . 2 0 

- 2 . 6 4 

- 1 . 8 6 

••Jcalc 

- 7 . 3 4 

* - 4 . 0 3 

- 2 . 9 6 

R a t i o 

* **0.57 

0 .66 

' 0 .63 

,Thi§ w\ould seem to i n d i c a t e t h a t , t he anomalous 

"'.behaviour of the f i r s t row s u b s t i t u e n t s i s not random. 

. The s imi l a r i ty of these ra t ios may indicate what we might 

tetrn a " l i g h t 'atom effect*" i s o p e r a t i v e where t h e 

observed geminal carbon-proton coupl ing cons tan t i s 

a f fec ted In an analogous manner by. a l l -the f i r s t r'ow 

subst i tuents . ' However, the poor cor re la t ions given by 

t h e r e l a t i o n s h i p ' s . 3.25 „ t h rough 3.27 b r i n g such a 

- conclusion into doubt. ' ) 
' . ' -* 2 -

The variation of „thre magnitude, of *3C g with the 
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substituent Row or Group is" IIlustrated in figures 3.9 

and" 3.10 respectively. The anomalous behaviour _of* tke 

first Sow substituents Is evi'dent in Figure 3s. 9. All 

coupling constants for compounds „with fi-rst Row 

substituents fall o"ff the straight line defined by the 

points for the compounds with substituents in a 

particular Group. For instance, the value of 2J C H for 

ethyl fluoride is larger, i«,e./is less negative, .than 

the value that would be predicted by the other halide 
" • '•? ' 

d e r i v a t i v e s . The monotonia inc rease of &3Q E for the 

e thyl de r iva t ives when the subst i tuent Is varied across a 

Row can be seen in Figure 3.10 where the v a l u e of 2 J ^ g 

for the'ethy-1 de r iva t ives i s p lo t ted against the Group to 

which the subst i tuent belongs. 
„ r " ' - "j 

The a n o m a l o u s b e h a v i o u r of t h e f - i r s t Ro'w 

sub ' s t i tuen t s i s not unique to the cons ide ra t ion of 
o 

substituent effects on geminal coupling constants. A 

plot of single bond e'nergies C"J**»X)f for all the 

substituents In" the first through, fourth Rows and in 

Groups IVA through VIIA is shown In Figure 3.11. Here 

the first Row elements; 'carbon, nitrogen, oxygen and-

fluorine have single bond energies, that 'with the 
X • ' i, ' y 4 " * 

exception of the carbon-carbon bo'nd, are much different '• 
A, J"' 

from the energy which would be *?re*dict,ed by'consideration 

/ . 

.% 

of the s i n g l e pond energies"62 "the other elements in, 

t h e i r p a r t i c u l a r Group o f - the 'Ber iod iq T&ble. Pauling-' -' • 

CI04J has a t tr ib t t ted . / the abnormal-' r e s u l t s £ot the 

V ^ | 
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Figure 3.9^ Blot of the geminal .carbon-proton eoupl: 
j . * , . - • . 

eons tan t s foe-, the. e thy l d e r i v a t i v e s - a g a i n s t the_Eow 
'. the Periodic Table In .which the substituea-e is found.* 
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Figure" i 3.10. P l o t o f ' t h e g a s i n a l coupling constant for 

t h e a t l i y l d e r i v a t i v e s a g a i n s t th'e Group „td which t h e 

subs t i tuen t . belongs. "• ' 
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1. ' 

"nitrogen* oxygen and fluocine single bond ener-sgies to the 
V a- * 

o ' "a 

repulsloja of the lone pairs of the bonded atoms and to 

electron®''involved in other bonds (in "the case, of the 

„ nitrogen and oxygen atoms).,, fie suggests,-.that the'he/avier 

atoms do not exhibit similar effects because Of t<he djand 

f character" of .the unsha-red electron pairls of these 

"nuclei which leads to' less over-lap, of the substituent 

bonding orbitals. . . / 

An ana lysis ̂ of th«S variation of 23g H uit'h' Sw°ain-

---Srupton field factors (P) of th,e substituentP, similar t,o 

'-.that carried oat/with substituent electronegativity, .has 
' / ** v » - ( 

been made. The/best f i t^s t r alight l ines for the plots -of 

23Q E for the e.thyl compounds with de r iva t ives in the 

V-

t • 

first', second, third and" fourth. Rows "of tire Periodic . 

\ Table against F* are shown, in equations"" (3". 28) through0,,' 

(3.317* . ' •"..'•' '*' ' ' . ,* * , * 

•<C,' H,"0, .Wh-23f „',•'• 2.87* F - 47-16 r-2 = >.970. (3."28) 

• - . V •• - ^yy '. • • • -• - , . '¥*., 
' .(Si, Sr.'Cl)1'- 2 J c # e * 2258'F - 4/9*8^x3.,*** 0*948 , (3.29) .. ' 

(Ge'f Se, Br) -2J r « =-"2:14 F - 4.06 r2 = 0.964* (3*30) '. ( ' t '« 

(Sn, "!')./ i 23c H ' - 1-88 F - 3.-96 * ., - ". ' (3.31) * v " 
' " » , ' • • . " - - " . . •" ' . 

Equation-t3.31)<i £&'included so-that-the trends "in the " ' - : 

/ . * • **V ^s~~--' " ' * ' „ * * * " ' ' 

' slopes /of .the" plots <52JC %/$?} and •fc.he"y-»intercept? canT 

'^ ,be compared, " Although* the correlation coefficients'-for 

( /^he p lo t s of 2j^g-"againat- Po £ or the/ ethyl "derivatives'* * -* ' •/•"'* 
with firWtV second, and*-third-Row substfituents'^ikp^ov'e 

" ' - , • r " \ ' ' " v * 4 " » \ " * " ' °, " - ' - • • • *• 

i. considerably©ver the correlation for a l l compounds '-sn&wh • ' ' 
' • ' . "" '" ' •--•.•-. * " » • '-• ° *" '' " a " 

in "Figure, 3.7,.°€h*6re 1$ nevertiiei'eps „a saa^-l spread of"*'1 • -
*)., - •'" - v '•• - • - ' s , ; "• : ? y-j. .„;,-... * •^.•'.^ ... , < ;. 

•1". ' ;•• \ '.-'•• ° \ , " y , • . . " . - . ' • • , * ;• *** • r. "i * « , 

a s, 
-ii 

•>*••• 

.? . . . . 
<* . . * • , ' ' . . . - » , • . ^ ' * , ° . 

* • • • . • . 
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.-data points. As with the analogous plots of *̂ JC H 

against- E^. where the slope, (8^3 c E / 6E K ) , increased in 
' . * • * ) -

going-from the f irs t to the second -to the third to the 
. " • • * ' ' * , ' \ ' * 

"fourth Sow substituents,*5 .the slopes, ($2j£g/6F), for the 
"•"..•- A" ' 

/.plots represented by equations (3.2$) through -(3.31) 
" ' vary in"a regular manner. However, the slope decreases 

* * * ' 

I \ in going- from the first-''to second to the third and to 

the fourth Sow substituents. In contrast to-.the trend 
found for the 'p lo t s of 2Ĵ * "«• against; EK where the -

- > . < * • " „ ' 

absojLute value--of _the intercept for -the f i r s t Row 

% . substituents was smaller -than tlic. absolute value of the 

tj - intercepts .f,or,. 'the Second-, thi-rd, and fourth row 
" , ' ' • ; ' • • , ' • " • ' 

substituents'which in turn*were similar in Magnitude,, 
- " * : * . • " ' ^ ' * ' 

-* the y-intercept for the \ second Row substituents is 
.. y • i ". 

smaller than that for the other three plats which are 
• - ' simila°r -inv-magnitude.-' 

. • • » * "t^- ", 

f uata.cn- c(3.3 2) gives the ±>©st- fit straight line for 
." ' ' - , * " . " ' ? : . . * 

' __ * . -the plot fef the values of JcOQH H . f o r t* l e ethanoic „acid 

• derivatives against the swain Lupton- Eield factor (P)' of 

,, *'.t«e "^ubsfrituentsj" for the fddr, compounds wifb firsl* How 
, , * t < « s 

-1 . x ~ ** •> i f t ; 

' r - substituents::-'^ - . -• .•" ' i ,. ° 
-'" ** ' - ' • ' % - *-*> * 

<'-«•- 2^C006,H B 2,il. P - 6.56 &r2 «? 0.479 - (3.32) 

.' ' „ T.he'ccorrelation ''co-effigient fqr the' plo% o£ the 

•der-lvat-ives with f irst Eow s,ubstituents~is much'better. 

j othan that for the general plot'given by equation, (3.19). 
. •'- -\ » . * • J 

" -~*\ - .• - , •» * • v •• - I . X , , 

• -H^*:'r • 
• * " t ' . 

-* "".- / • °, * ) 

*A 

?, •: < <Jr ^ \ ' - , . " , ft ' " . . * . • - " ' " V -. " "' 

http://uata.cn
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y V a r i a t i o n ©£_ t h e Geminal Protons-Proton 

^ant-with Substi tuent Elect ronegat iv i ty and 

Swain=Lo#toa Plef*4 Factors . _ ** 

it from the p rev ious d i scuss ion , 

ihe value of '2JH H for the 

methyl derivatives- and sub"stituent^*e«lectronegativity is' 

found in t he p l o t shown in Figure 3.12A The be^t f i t 

' s t ra ight l i ne has 'a cor re la t ion coefficient of 0.510 apd" 

(no other simple relationshyipT 'fori^staTfce .an exponential 

equat ion, appears to giv^e" a "better__£_it for the 'data* 

p o i n t s ; The spread of data p o i n t s ds s i m i l a r to tha.t 

found for t he p l o t s o.f ^ J ^ g for the" e t h y l andXethanoic1 

acid der iva t ives against EK shown in figures 3.5 and 3.6. 

However^- the cor re la t ions between the values of ^Jg ^ 

and EN for--compounds with subs t i t ' uen ts^ in a p a r t i c u l a r 

Row of the- P e r i o d i c t a b l e a r e good- 3?he b e s t f i t 

s t ra igh t l i nes for der iva t ives with subst i tuents in the 

• f i r s t through" four th Rows are .g ivdn in equat ions 33/.33) 

through (3.36). y ' .' ' t \ 
***• .- '' 

2 J H , H - 2.11 % _ - 18.11 
2jH,H = 2«?3 '%V,T 1 8 ' 6 1 

rH,H a 2.75 Ej, . ' - 17.75 
- 2 

r z • 0.-950 

r-? a 0.M9-

\* - r ' > 

a P 

(3.3 3 7 

'-(3".34f 

-X3.35)' 

• (3 .36) 

* t 

»" ' - . . . 

She a q u a t i o n s ' f o r 't"ke . . . f i r s t and s e c o n d row 
«*. ' '' ' 

Substituents are £%r fou* ;and three -points respect ively ' 
w h i l e - t h e - e q u a t i o n s - £orVtBa tlii£«3-a'asi f o u r t h sfbw 

"*-*• 
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Figure 3.12* P lo t of the geminal proton-proton coupling 

c p n s t a n t s C2JE H)„for the methyl d e r i v a t i v e s l i s t e d in 
"̂  

Table 3.4 a g a i n s t _ t h e NEM e l e c t r o n e g a t i v i t y of the 

subs t i t uen t s . • . . , - • < 

•CT. 
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"-subs t i tuents are for two p o i n t s only* Equations (3.35) 

and (3.36) are included so t h a t ' t h e trends in the s lopes , 

($ Jg -g/̂ Sjjj) a n d ' y - i n t e r c e p t s "of the equa t ions , as one 

goes from t h e 6 f i r s t to the four th row s u b s t i t u e n t s , can 

be examined.'* As was. found-for the carbonrproton coupling 

c o n s t a n t s , the s l o p e ' i n c r e a s e s monoton ica l ly from the 

f i r ' s t to the°four th row sub'st ' i tuent p l o t s (from 2.11 to 
a 3.96) whi le the i n t e r c e p t s remain r e l a t i v e l y cons tan t 

(varying between 18,11 and 19.19) in going from the f i r s t 

to the fo'urth row subs t i tuents . 
v, ' . • -

Equations (3.37) and £3.38) rare the best fit* s t r a igh t 

- l i n e s for t h e p l o t s of the values-^of 2 J H g for the methyl 

. ' d e r i va t i veg^wl th s u b s t i t u e n t s in Groups IV -and VII , 

excluding' the f i r s t Row subs t i tuen t s , against subst i tuent 

y^ 
e lec t ronegat iv i ty . « > - " ' ' ' 

i2jH,H •s -8 ..9 8 EN \T 2.38 _ r 2 - 0.914 (3.37) 

. -*,^\ 2 JH;H
 a "2«°°2 % - 4.40" r2= 0.987 ' (3.385 

i The correlation-coefficients Indicate that the plots 

are reasonably linear.. Group VI substituents were not 

|, included as values of the proton-proton coupling constant 
^ - = ~ * v ** t 

for the selenium and t e l l u r i u m d e r i v a t i v e s were not 
— « •> " 

- "java l i a b l e . Using equations (3.37) and (3.38), values" of 
9 * -' 
'"ifH ^ o r t , a e °®thane and methyl f luor ide molecules were 

j ' - ' • " "" 

* ' c a l c u l a t e d and( compared t p t h e measured c o u p l i n g 

cons t an t s for these compounds. hs -was found for the 

geminal carbon-proton coupl ing c o n s t a n t s for the"e thy l 

d e r i v a t i v e s , the a b s o l u t e - v a l u e of ' t he c a l c u l a t e d 
p - . i 

§ -
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/ 

"a 

b 

•coupling constant for the compounds'* with f i r s t Row 

subst i tuents was considerably higher' thefia'the measured 

v a l u e . The r a t i o of the measured to the ' c a l c u l a t e d 
„ ' o 

geminal proton-proton coupling constants was 0.62 for the 

carbon (Group IV) d e r i v a t i v e and 0.76 for the f l uo ro -

(Group VII) de r iva t ive . 
a 

A The geminal pro ton-proton coupl ing cons tan t s fo'r 

twelve methyl d e r i v a t i v e s , a re p l o t t e d aga ins t Swain- • 

Lupton fields f a c t o r s (P3 of the s u b s t i t u e n t s in Figure 

3.13. The c o r r e l a t i o n c o e f f i c i e n t for the -plot i s poor 

( r 2 = 0.69) and the bes t f i t s t r a i g h t l i n e , obtained by 

l inear regression ana ly s i s - i s shown °in equation (3.39). .._ 
2jH,H 3 2 s 8 2 p ~ 12.40 r 2 - 0.687 (3.39) 

'However, "cons idera t ion of methyl compounds with 

s u b s t i t u e n t s in a p a r t i c u l a r Row of the Per iod ic Table 

y i e l d s b e t t e r c o r r e l a t i o n s . Equation '(3.40) and (3.41) 

are the .bes't f i t s t r a i g h t - l i ne s for the p l o t s of the 
value's of 2 J C H for the methyl der iva t ives with f ir 's t and 

second Row subst i tuents respect ively against the Swain-

Lupton f i e ld factors (F) of the subs t i tuents . ' . - -
N °2jH,H * 3«82 -F - 12".73 r 2 = 0.912 (3.40) 

' 2jH,H" S 3 - 5 0 F " - 1 3 ' 7 3 r 2 = 0.908 (3.41) 

^ ' 2jH,H = 2.86 F - 12.If ° % (3.428 

-Equation t'3.425 i s for two po in t s only (Br, Ge) and i s 

^included so that the trends in the slopes ^2Jj3 Q/SF) and 

the y- intercepts of these equations-can be-compared. As 
„ was found" for the p l o t s of 2 J C g.,against F, the s lope of 

> v 'f - * 

- . -' . •*' 
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Figure 3.13. Geminal coupling constants i23E H) for the 

methyl d e r i v a t i v e s agains t the Swain-Lupton f i e l d fac tors . 

o 
<*o 

o-J-, 

a 

d 

~r- ° 

~~i • 

a 

a 
CO 

CO 

a 

'"C^3 

o 

© 

-O 

raL*. DU -0.2b 0. QC » n a l^D 
—r—~ 

0.7b 
SWQIN-l UPTON -MELD FRCTQR tFJ 



' '• * • "- '•'"* ' . -

• '. -° • . . • y ••• • i 6 2 

l" ' .*t 

. t he p l o t b.f J g ' e a g a i n s t F decreases in going °fr/om the 
• &i - * ' '* , t> ' . • 

f i r s t to* trie-second Row. s u b s t i t u e n t s then decreases for 

• the "heavier* (Br and Ge) subs t i tuen ts . Furthermore, the 

.' a b s o l u t e va lue of*the y ' - in t e rcep t v a r i e s in a manner. 

s i m i l a r to t h a t found for the 3"c,H versus^F plots '? °it 

decreas-es from-the f i r s t to the second r o w ' s u b s t i t u e n t s 
» ' • ' • 

then increases-for the heavier subs t i tuen ts . 
• ° The s i m i l a r i t y ofi the general p l o t s of the values of 

i 

2 J C B, ,f or the e thyl and "ethanoic acid de r iva t ives against 

EN and F *a.nd* ̂ he p l o t s of th'e v a l u e s of 2J"H E for the ' 

methyl d e r i v a t i v e s a g a i n s t EK and' F i n d i c a t e s t h a t the 

. effect -of"substi tuents on the observed coupling constants 

i s much the same for both'carbon-proton and proton-proton 

coupl ing c o n s t a n t s . With- these s i m i l a r i t i e s in mind, 

geminal- carbon-proton coupl ing con'stants for t he e t h y l 
6 „w- " -

- and ethanoic acid- derivatives a-re compared 'to the 
/ * • 

* • f * 

» analogous-geminal p ro ton-p ro ton coupl ing c o n s t a n t s for 
. . * V . 

( 
t h e 'methyl d e r i v a t i v e s in the ne*st s e c t i o n . 

•PROTON-PROTON COUPLING CONSTANTS " „ 

-5 r 

3.4.1. General P lo t s of •*\JC H for the Ethyl and Ethanoic 

, Acid Der ivat ives Against 2Jg H for the Mono-Substituted 

Methyl de r i va t i ve s . ' . ' - „ 

F igures 3.14 and - 3.15 show p l o t s of the geminal «„,.--' 
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. ' ' • ; • • ' . ' , . . " ' ^ " -

carbon-p-rofe'bn' coupl ing c o n s t a n t s for the e t h y l and 

e thanoic acid d e r i v a t i v e s re-spectiv 'ely a g a i n s t ' t he 

.analogous -geminal, proton-proton coupling constants taken . 

from a s e r i e s of monodeuterb methyl d e r i v a t i v e s . The 

-bes t f i t s t r a i g h t - l ine 's fo r F i g u r e s 3.14 and 3 .15 , f 

ca lcu la ted using l inear regression ana lys i s , are given in 
' 0 

o 

e^qua t f^ns (3.43), a n d , ' ( 3 . 4 4 ) . / ' • 

- 2 j C H °s 0»70o 2 J H B + 4*46 r 2 •*' 0 .859 _ ' (3 .43) 

2jCOOif H s ° ° € 2 2 j H H + l e 5 7 « r 2 ^ s 0«851 (3 .44) 
-* ** ' a 

The corre la t io tTcoeff i c i en t s for, both p l o t s indicate 

a c o n s i d e r a b l e spread of da ta p o i n t s . .* . ' •. 

Closer examination of F igures 3.14 and 3.15 revea l s 

that,, as wasfoun-d for the p l o t s of the geminal "carbon-

profi'on and proton-proton* coupl ing c o n s t a n t s aga'i-nst 
n ' • ' ' °** » * 

s u b s - t i t u e n t . e l . e c t r o n - e g a t i v i t y , s o m e e x c e l l e n t 
-• . » » * 

* <? • « -

co r re l a t ions within these general p l o t s can be found. 
C o n s i d e r a t i o n of t h e p o i n t s for t h e p a i r s of 

>6 . * - « . . • " . 

compounds with° first Row substituents (carbon, oxygen,' 
nitrogen/ and fluorine) in-'Figure^ 3.1*4 results in an' 

J ' • *? 

improved correlation between the values of ̂ Jc H fqr- the 
0 *' ' /* . ' 

ethyl derivatives and Ehe corresponding values of % H H'. _. 

for the methyl ''derivatives. ' The best fit straight .line.' 

for the four points Is given by equation'(3.45k' *• „ 
2jC,H ° °*73- 2jH,H- + 4.'9-1 t2' = °-936 ' -C3V45),0 

Although th,e correlation has improvedUfrom,,that found'for.,*-

. the general plot "shown-in Figure 3114'/•(r***" •*? 0.536.-versus „ 

r**? = 0.v859), the point for the compounds »wit4i ni„trogeri * 
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Figure *3.14* F^ot of ^3Q g-for.the e t h y l d e r i v a t i v e s 

against 2JH;H f©r fehe "analogous 'methyla d e r iva t i ve s . • • 
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\ , * i 

s u b s t i t u e n t s % p p e a r s t o f a l l ° above t h e o t h e r - p o i n t s on 

t h e p l o t . i9Th'e * a l u e of 2 J g g used fo r t h e n i t r o g e n 

s u b s t i t u t e d Compound w a s . t a k e n from* nie thylacetan»I$e 

( s u b s t i t u e n t NSCOCH3) and not4„methylamine ( s u b s t i t u e n t 

MH2)» This could have "introduced%n e r r o r In to the p l o t 

a s the" geiffinal p r o t o n - p r o t o n c o u p l i n g c o n s t a n t fo r ; t 

methylacetamlde ' -may d i f f e r f rom-that^-for me thy l amine . ., 

he Equa t ion(3 .46) g iv . e j ^ tba b e s t f i t s t r a i g h t " l i n e jfoc< t 

poinpounds with f i r s t Sow d e r i v a t i v e s excluding that"* for 
/ " * " ' " ' / - . ' 

t he n i t rogen s u b s t i t u t e d d e r i v a t i v e . 

* * ? JC,S s ° " 7 7 ?JH,H + 5 ^ r ? 2 s ° ^ 9 9 9 ( 3 . 4 « / 

The e x c e l l e n t c o r r e l a . t i o n p ^ p p e a r s t o i n d i c a t e c h a t t h e 

t 

use of- t h e germinal p r o t o n - p r o t o n c o u p l i n g c o n s t a n t 

t h e mce thy l a e e t amide m o l e c u l e >may in f a c t i-ntrod-uce an 

incons i s t ency i n t o the plo.t . ' ' . ' 

Equation (3,.47) g i v e s the bes t f,it s t r a i g h t line* for 

the p l o t of 2 J C H aga ins t 2 J H H for compounds with Group ** ° ?y\ 
' ' * • ' ' ' * ' ' - * » . . „ - . " ' ' 

* IV s u b s t i t u e n t s ( s i l i c o n , germanium, t i n , and l e a d ) -• 
**. , *"*» * , /r* 

ex<21uding«*carboh. A good " c o r r e l a t i o n i s found. ," j - '*'• 
2 Jc ,H = °«37 2JH ' ,a - 0.072 r 2 •* 0.984 (3.47)- ' -

A s i m 4 i a - r t r e a t m e n t of compounds w i th Group. VII 
*" • M 

s u b s t i t u e n t s e x c l u d i n g f l u o r i n e „does not1 g i v e a good „ 

c o r r e l a t i o n . T h e - b e s t f i t s t r a i g h t ' l i n e i s shown in -

• equat ion (3°.48). * . . ' 
2 jC,H a °»°74 2jH.,E "* 2 " 0 0 r 2 " 0.248°' • (3.48)-

The c l o s e n e s s of the magnitude of the .gemina l carbon- ° 

p r o t o n c o u p l i n g c o n s t a n t s ' fo r thjs e t h y l h a l i d e s 'and^ v r 



• • '• L ' •" •"• 
geminal proton^prpton coupling . constants ° for the methyl 

halides results in an equation, with is very sensitive to 

small c3ifferences in- the" ̂coupling constants. Comparison 

of the'values of Jc H and ***JH H for" the flUoro, chloro,' 

bromo, and iodo derivatives 'of ethane and methane r'eveals 

that the* magnitude of these couplings vary differently In 
£ ' . " 

<*3oihg" %om the .ethyl to methyl derivatives. She 'value 'of 
* = } • - • ** , ^ 

JC,H **-or- t n e ethyl Jhalides „increases In*%"the or 

* CKKBr<P .f rom *=2o85 to -2.74 t'b -2".5 5 to -1.86 Hz 
° ,- . , . . ' * 

whereas the value of ~JJJ, -g foe the methyl derivatives 

" .ifrtfr-esises in the order>CKBr<?<X. from -l0.70_ tq =-10.10 to 

.' * -9.50 to -§.36 Eg-. "She poor correlation reelects this 
/ # ' • - ' . . "• - • 

change in re la t ive order -of magnitude of the gemifla.1. 
• . - . " - _ . - • " - • 

carbon-?proton and prdton-proton coupling constants. *° 
.The "existence of a 'light atom effect' was suggested 

'. „ " -

to explain, the anomalous behaviour of the ethyl and 
„ > 

ethanoic"acid derivatives«with f i r s t .Row substituents 
, - . -- - * 

when the geminal coupling constant was'plo.tted against 
substituent electronegativity. Compounds with I f i r s t 

' ° , ' '- < '• V * '-

. " Row substituent fe.ll off the l ine defined by the other 
a 

* compounds fn a particular Group, in Figure 3.14, the 
,% 

» - . • •> 

, heavier .substituents, i.e., those in the third -and fourth 

Rows of ' the Periodic Table, f a l l a*way from the line 

defined by the substituents in the first and s*econd Rqws 
of th*e Periodic Tab-leo If-tbe values of JckH a n" a JH "H 

<> - : • . - * - / • . YV " ' 
N for compounds with substituents in the -f irst^ah^secopd. 

Rows- of Periodic Table are plotted" -against each other, , 



-.w» 

% *> . .* ; . . . . 

n* 

t he bes t f i ^ s t r a i g h t 1'ine i s g iven by equat ion '?3<,49)» • 

^ 2 jC,H = ° ° 7 3 2 jH,H + 5 o 1 ^ r 2 s 0.969 . ' ' (3^49) ' 

S i m i l a r r e s u l t s a r e found when the v a l u e s of J'CQOH °H -

for the e thanoic ac id d e r i v a t i v e s a re p l o t t e d a g a i n s t t h e " 

v a l u e s . o f , Jg g fox the* a n a l o g o u s m e t h y l d e r i v a t i v e s . 
v - - (** " ' •. - . - » -

" - Equation . (3.50) g i v e s t h e bes t f i t s t r a i g h t l i n e for t h e 

p a i r s of compounds with s u b s t i t u e n t s " ' i n the M r s t Row.» 

- >%y 2jGOOH,H* " l o 1 5 2 jH fe + 7.57*-. ^r 2 *= 0.988 (3.50) 
" ' The c o r r e l a t i d n • c o e f f i c i e n t i n d i c a t e s a l i n e a r 

ft 

r e l a t i o n s h i p between t h e g e m i n a l c a r b o n - p r o t o n and 

„ p r o t o n - p r o t ' b . n c o u p l i n g c o n s t a n t s e x i s t s f o r t h e s e 
o 

compounds. " ' ,•' " 

Equatioh (3.51) g i v e s ,the b e s t f i t ' s t r a i g h t l i n e for 

. the p l o t of the v a l u e s of 2 J^QOH E a 9 a i n s t Jg g for t h e 

halogen d e r i v a t i v e s of the monosubst i tu ted e thanoic ac id s 
j 

and the monosubstituted methanes respectively (no P). 

2jCOOH,H s °° S 0 2j!g,H ^ 1 ° 2 8 E 2 " °°90§'° (3^51) 

The c o r r e l a t i o n o f * t h i s p l o t h a s i m p r o v e d 

' c o n s i d e r a b l y o v e r t h a t £&r, t h e a n a l o g o u s p lo t^ - fo r t h e 

e t h y l h a l i d e s shown t in equat ion (3a4B)., The. magnitude" of 
) t h e - g e m i n a l c a r b o n - p r o t o n c o u p l i n g c o n s t a n t s "for t h e 

* \ - ^ • » 

1 ha1 id s d e r i v a t i v e s ' o f e thanoic ac id i nc rea se in t h e same 
/ _ * 

• o rder .as the geminal pro ton^proton coupl ing c o n s t a n t s for ; 

t h e me.thyl h a l i d e s , i . e .* Cl.<Br<Ic Th i s i s In C o n t r a s t 
. 4 . 

to the trend observed for*-,t"he ethyl derivatives. 
4 



N 

» * * . . . . . ; 1 ; . ' •** <> - ' * - „ ^ j y ^ ' ^~ 

- 3 3 * jEHE- SBFSBDEItpS OB" TIE Mask© OF THE '©IBtllfHf*, CBSllOM-° 

, BSQ-JPDH COOFilHg QGNSTAKT 10 *1HE OEHlHAL PROTOH-PROIOH 

^COUPMSe CONSTANT"(2JC V2*H,H** 9 H SBBffiTITBEHT SfelCl?^ 

„ '" C o n s i d e r a b l e e f f o r t has been m<ad® t o f i nd a " s imple 

r a t i o 8 between carbon-pro ton and p r o t o n - p r o t o n c o u p l i n g . 

c o n s t a n t s . - Although"*no ' s i n g l e r a t i o - ' - h a s ' b e e n found, 

J , Ev idence s u g g e s t s t h a t t h e r a t i o of c a t b o n - p r o t o n and 
' - •'/>• . » " - \ ' . " - ?A 

-p ro ton-pro ton coupl ing cons t an t s i s r e a s o n a b l y - c o n s t a n t 

w i th , i n ' s.er i e s of s t ' r u c t u r a . l I v s i m i l a r . compounds , 
P ' ' 

However", l i t t l e . w o r k has be<&n c a r r i e d put on t h e e f f e c t 
** * ° ' ~" 

of - the variation-*of s u b s t i t u e n t s -̂on the , observed r«lt-io* of * 

In t h e f o l l o w i n g s e c t i o n t h e r a t i o (£) fif t h e g e m i n a l 

carbon-proton coupl ing cons t an t s C2JC H) for the^ s e r i e s , " 

of e t h y l and ethan-pic a c i d d e r i v a t i v e s t,o t h e gemina,! 

p r o t o n - ? p r o t o n c d u p l ' i n g . c o n s t a n t s ' ' • J^H H*1 ^ o r ' ^ e 

s t r u c t u r a l l y s i m i l a r me thy l d e r i v a t i v e s are° plotfee"cl 

agaoinst" s u b s t i t u e n t e l e c t r o n e g a t i v i t y ((E^) 'and* Swain" 

L u p t o n - f i e l d f a c t o r s ( F T a n d ' t h e v 

wi th subs t i t uen t " e f f e c t s 0discussed.* 

. L u p t o n - f i e l d f a c t o r s ( F T a n d ' t h e v a r i a t i p n of t h e r a t i o *° 

3 .5 - .1 . * E t h y l ' D e r i v a t i v e s ^ ' Va . r i a ' t i pn" hM, . the R a t i o ' 

** J C H"̂  J-H B*1 w i t h S u f o ^ t i t u e n t E l e c t r o n e g a t i v i t y 

-CEj|) °aaas 'Swain Lupton -Field Fac to r s CPi • '• 

F i g u r e 3.16 shows a p l o t of t h e . R a t i o ®£ S3c HI f e o 

•3 
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, JJJ .g fdr the ethyls *and methyl de r iva t ives respect ively, , 

' against .suBsti tuent e lec t ronega t iv i ty (3%). The • best „fit 

s t r a i g h t 1-ine, from a l i n e a r r eg re s s ion a n a l y s i s , i s -

given by equation, 3.S2. * - .̂  * 

. .Rat io (23c H/2'-3"!! H) ~ , = ' '0°0 7 , 8 % + Q ° 5 1 £ 2 "̂  0„92S . 
• ' * ' . ' • - . - • . - . V ' 
- o , 1 (3 .52 ) , *• 

t „ . . , » «% 

The c o r r e l a t i o n £s good and frqm the p l o t i t can be 

seen t h a t t h e R a t i o d e c r e a s e s m o n o t o n i c a l l y wi th 

increasing subst i tuent 'e lect ronegat ivi ty ' (E^)? i .e. , the 

r a t i o i s t h e ^ l a r g e s t for the pa i r -of .cbtoounds°with the 

hydrogen ^ subs t i t uen t s *(0.3""87) and s m a l l e s t when the" ^' 

- •subst i tuent i s f l u o r i n e ($0,196). This variafeion in the 

Ratio ' indicates .that the geminal carbon-proton coupling-

constantswfpr"the-ethyl compounds are morje sens i t ive t o a- * 

change in * sub*st i t u e n t electr '"onegat- iv ity.'than'*" t h e 

corresponding'geminal p°roton=pr.opojti coupling .constant f^r , „ 
» r . . - =»*. 

the methyl compounds. * * 
" , v ' * '' - • . ° ' « - * ' « • 

. Although the c o r r e l a t i o n eo^fjf ie ief t t of the p l o t 
« /' i -. . - - * 

showii-in Figure 3ol6 i s go©d,„ the cor re la t ion -between^ the- ' . 

"Ratio, of • J^ -g to jig g and *sufost,ituent e lec t ronega t iv i ty 

• (Ejg) improves** if* pa i rs of compounds with suiostitueiats in 

a p a r t i c u l a r Row o f . t he Per iod ic Table are con i ide red . • • 
1 ' ** . 

' Best fit straight" lines for" compounds with substituents 
.. ' * * . " • . * - * 

in the . f i r s t , -second, a'nd t h i r d and four th , ftows of the % 
'" » ' ' *•".-•„ 

• Periodic Table are given by equations (3.53), '(3.54),' and-
(3*35)- respectively.* . ~ 

-4 
it 

4 
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/ - ' 
{/ Ratio <2Jc,E / '2jH,H) ' s -.0.0*$e8 ' % + 0.36 r 2 « 0o§87 yc,H7 UH,B'* - ~ u ° g ^ aig 

* '- ' -* . . (3*53^° -
,* ' » • " ° v » ' ' 

Ratio <2Jc,H/2jH,.H>'> ° °°«48 1 % +0..5 2 * $2 =» 0;99l!* .. • / . ' * * . ? • 

o 
(3 .54 ) 

Ratio (2Jc,H /2 j 'H,H ) " s -O.'OSTS E .̂*;* .§.34 r | -^*'0.S99 

•ulss) 
These excellent correlations suggest that the' e-Sxect1 

. " ' " , . • * \ (> 

of the electronegativity of a substituent in a particular 
*•*«* - * - -

' "Row is "similar for both barbon^proton.and proton-ppoton 
'•' *' * "- ' ' * V - R 

y t coupling constants (although the- carbon-proton coupling 

constants increases in an algebraic -sense more" rapidly) 

and t h a t the e f f e c t ' of varying* tsu'bst i t u e n t 
V 

electronegat'Ivity on the ra t io -is best described by . • 

considering pairs of compounds with'-?suBstituents In a 
O * . J, 

* . ' • > - •• 
par t icular Row o.f t-he Periodic Table as the slop-e 
(SRatio/dEjj) of the plots'-Varies from one Roi* to another. 

o i *• " - " 

We have calculated values of fJ c H for the e thyl . 

compound^ from the v-a lues • o>£ ^JH H for the methyl^ 

compounds and thJ substituent electronegativi ty by 
rearranging equation • (3.52) to give -equation,, (3.56). ». * 

'• • 2jC,H ~ 2jH,fi <-&.07 8'Ew +->oIsi) /-* (3.56) 

.The calculated values of, J c H and .those'measured 

experimentally are shown in Table 3cf? '-.'The^ root mean 
-. » *.. . « 

square (rms) error of the calculated values of *3Q g was 
\ ; ' * ' ^ • " ' - • ' 

0.18vHz/for a l l .compounds. 
s , * 

A plot of the ratio of the values o*f 2JC' e and %g H 

for the ethyl and methyl compounds respectively against 

i* 
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•' • *• . n ' , ' , ' . . 1 7 3 ' 
* <* , \ "• ' - * . . 

T a b l e 3oS.H Comparison -of-.the v a l u e s ©f 2<Je H ' -SOE t h e 

e t h y l d e r i v a t i v e s a g a i n s t t h o s e e p j e u l a t e d : f rom^equa t ion 

. V 3 . 5 6 ) , i . e . , 23*2,H> « 2JH/H'> (~d:©70 ^Bjj.+'O.Sl). . ' • 

X 

c 

0 

•p 

S.i 

S 

CI 

Sn » 

Br 
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H" 
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.- 2 . 5 3 
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, the pwain Lupton f i e l d fac tors - (P) of t he s u b s t i t u e n t s i s 

shown in Figure.. . 3.1*7. The b e s t ' f i t s t r a i g h t l ine" is*p*r 

gi>eo° by equat ion ^O.SJJ. *' . . , . "" ' " \ '.-
* " /G^° « ° **- *' 
v R a t i o ( 2 J C f H / 2 J f i y H ) ' = -.0.-121 F +a0'.34 r ? * 0.754 r (3>57) 

- I t i s o b v i o u s t h a t n©** g e n e r a l c o r r e l a t i o n f-or a l l 

p o i n t s e x i s t s , . . However, p l o t s * of t h e " r a t i o s of t h e • 
i ** •** ^ * * "* *-v rf ** 

coupling constants for pairs of compounds wiih 
" ° ' t " i t * 

" s u b s t i t u e n t s i n a p a r t i c u l a r . Row of- -the P e r i o d i c JJfable • 

a g a i n s t P.-leads t o much "improved c o r r e l a t i o n s . » Squat-Ions 

(3 .58) , (3 .5^ ) , and £3.60) ' .g ive ^the b e s t « k s t r a i g h t . 

* l ines for the p l o t s of t h e ra t io^ of coupl ing c o n s t a n t s / o f 
. y • 

pairs of compounds with substituents in the first,*-* 
' • -* * •* "- b ' "° "a ' ' 

second, and t h i r d and four th"rows r e s p e c t i v e l y a g a i n s t P. 

R a t i o ( 2 J c H / 2 J H gJ '* -0 .16 P -fc"0.34 r 2 •=" (T.Sa? (3.58") v. 

R a t i o « 2 J C r H / 2 J H y H " ) .- - 0 .11P + 0 . 3 6 ' r 2 « 0.931 '_ (3*159^ ' 

" R a t i o ( 2 J C y g / 2 J H H)%= -0 .09 P + 0*34 r 2 = 0^969 / (3.60) 

-Unlik.e. the p l o t s of. t h e R & t i o - a g a i n s t s u b s t i t u e n t 

• e l e c t r o n e g a t i v i t y ^EK) where t h e s l o p e (5R/<5EJJJ) i nc reases „, < 

frpm -0.09-2 t o *-0.081 and t h e n dec reases - to ' -0 .098 fo r 

the f i r s t , second, and t h i r d and four th Row s u b s t i t u e n t s ~ 

r e s p e c t i v e l y , t h e s l o p e s of t h e p i o t s ^ (8R/8W\ given by * 

e q u a t i o n s (3 .58) , «y(3.59), and (3.60) i n c r e a s e from - 0 . 1 6 

, t o - 0 , 1 1 t o ~0.09» Fur thermore! , f o r comp6unds w i t h 

s u b s t i t u e n t s in t h e s econd , t h i r d , and f o u r t h Rows, t h e ' 

R a t i o s ^ 2 Jc ,H* / 2 j C,H J ^ a i l above t h e l i n e d e f i n e d b y ; 

compounds wi£h f i r s t s Row s u b s t i t u e n t s . T h i s i s i n 

c o n t r a s t t o t h e p l o t of t h e R a t i o a g a i n s t s u b s t i t u e n t 

$ • 

& ,-> 

0 
y v 

&. 
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.Figure 3,17.- Plot of the Ratio of ^ J^g 'for the^ ethyl 

.derivatives to 2Jg g for the methyl derivatives against ?•' 
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e lec t ronega t iv i ty where a l l points^of the p lo t f a l l -below 

• the .best f i t s t r a i g h t l i n e desc r ibed by the f i r s t Row 

subs t i tuen t s . ' -

r ' ' • ' " 

3.5.2. Ethaiibic '"Aeid Der iva t ives - ¥a r i a t ion of -the Ratio 

* JCOOH B / ^ J H H' w£*n S u b s t i t u e n t E l e c t r o n e g a t i v i t y and 

Swain-Lupton Fie ld Factors * ' • . ' 

The Rat io ( JcOOH H*7 JH H*1 °£ ,-h e gsminal carbon-

p r o t o n "coupl ing ' c o n s t a n t s -for t h e e t h a n o i c a c i d 

d e r i v a t i v e s t o ' the g e m i n a l p r o t o n - p r o t o n Coupling 

cons tan t s ' for the analogous methyl d e r i v a t i v e s a re 

p l o t t e d a g a i n s t s u b s t i t u e n t e l e c t r o n e g a t i v i t y (EN) in 

Figure ,3.18.. "sguatiolf** (3.61) gives the best f i t s t r a igh t 

l ine for the points of the plot .^ #' " ' , 
(2jCOOH,H /2jH,H) = -0.a75 EN + 0.70 r 2 = 0.599 (3.61* 

The value of 'the subst i tuent e l ec t ronega t iv i ty for 

the pheny l , cyano, and carboxyl s u b s t i t u e n t s .(Ph, CN, 

COOH) was taken as" t h a t for the methyl group (C03), I.e.V 

„2.53. If the points foj* these three* subs t i tuents are not 

used the bes t f i t s t r a i g h t l i n e i s given by equat ion 

(3.62). 

, (2jC0OO E / 2 jH H1 = -0»082 EN +.0.71 r 2 = 0.637 .(3.62) 

The" " C o r r e l a t i o n c o e f f i c i e n t does no t i m p r o v e " . 

s ignif icant ly ' over that found for equation. (3.61). 
'c 

I f ' t h e Rat io of the coupl ing cons t an t s for^the p a i r s 

of"compounds with f i r s t Row subs t i tuents are considered, 

\ 
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F i g u r e 3.18J P l o t of t h e R a t i o of- J'coOH' H £ o r t n ^ 

ethanoic ac-id derivatives to **JH, H for the methyl 

derivatives against substituent̂ NEM electronegativity. .„ 
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the best fit straight -line is given by equation (3L63)„ 

- « (2jCOOH,H/2jH,H) = °°,= 13 .% * 0 ; 9 0\ ^ s 0 J 7 2 (3«@3) 

Lack of coupling data/ for ethanoic acik derivatives with 
^ • • , • C/ . , 
0 substituents from the second, third,'and fourth Rows of 

the Period Table precludes the calculation of best fit 

straight, lines*for these groups of .compounds. However, 

" the larger intercept for the plot of R' versus EN for the 

compounds with0first Row substituents suggests that 

points for the second, third, and fourth Row substituents 

would fall below this line in a manner similar to that 

found for the ethyl derivatives. * 

'the Ratios ( JcoOH'lj^^a H*1 o f t-ls geain'al carbon-

proton coupling constants of the ethanoic "aĉ id compounds 

to the geminal proton-proton coupling constants for the 

methyl' compounds are plotted,against' the Swain Lupton 

field factors (F) are Figure 3.19.' The best fit straight 

line for the plot "is given by equation (3.64). The 
n * 

c o r r e l a t i o n c o e f f i c i e n t - i n d i c a t e s t h a t ' t h e r e i s a 

c o n s i d e r a b l e s p r e a d of d a t a p o i n t s . 

( 2 jCOQB,H' / 2 jH,H ) » ' - 0 » l 3 + 0 .55 r 2 *•** 0 .431 (3 .64) 

I f t h e f i r s t Row s u b s t i t u e n t s a r e ^ c o n s i d e r e d , t h e 

c o r r e l a t i o n f o r t h e f o u r p o i n t s ?CH3,' NB&e, OH., F) 

improves somewhat. However t h e point" for. t h e ace t amido 

compounds f a l l s o f f t h e ' s t r a i g h t l i n e d e f i n e d by t h e 

o t h e r t h r e e s u b s t i t u e n t s . The b e s t f i t s t r a i g h t l i n e fo r 

t h e s e fou r p o i n t s i s g i v e n b y ' e q u a t i o n (3 .65) . 
V J / 2 J ) B - o . i 6 p. -% 0 .53 r 2 - 0 .477 - (3 .65) COOH,!' UH,H 

•J 



f o r t h e . F i g u r e 3 .19 . P l o t of t h e Rati® of 2 J C Q Q H H 

e t h a n o i c a e i d d e r i v a t i v e s "to- 2 J H H f o r th=o ffietbyl 

d e r i v a t i v e s a g a i n s t t h e Swain-Isupton f i e l d factor, 

( X CM 

en 
en 

CD 

m 

© 

- C I O 0 .10 0=30 0»50 0 
SWflTN-LllPTOM FIELD FACTOR 

0.90 



y 

Although the cor re la t ion coeff ic ient has improved, there 

i s s t i l l a considerabl 'e spread of data p o i n t s an< 

.usab le c o r r e l a t i o n between the Ra±JrO'~~Jand F for . the 

compounds with f i r s t JLow-'s'ubstituents i s founds 

<L, 

<f 

' • ) 

\ 
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3c6c 5T1B CTCIsOFEOPMISS 

.1D The E f f e c t o f ^ O u b s t i t s e a t ' s ©n ¥fcii H 

apllag Cosa'staats for Stra<gtura3,l]f DiaHar Cyelopr©panes 

In t h e p r e c e d i n g s e c t i o , n s , . - t h e e f f e c t of t h e ' 

e l ec t ronega t iv i ty and' the Swain-Lupton f ie ld „ factors of 
/ ' < 

subst i tuents on geminal carbon=proton and proton-proton 

coupling constants were discussed. * , 

A s imilar approach i s talsen in t h i s section for the 

cyclopropane-"derivatives. However, i t "must be noted that 

t he re are- severa.1 d i f f e r ences between this., sec£ion and 

the preceding s e c t i o n s of the d i s c u s s i o n . The^coupl ing.a 

c o n s t a n t s o f i n t e r e s t w i t h t h e 2 , 2 = ° 

diphenylmethylcyclopropane and cyclopropane de r iva t ives 

a r e v - i c i n a l c o u p l i n g c o n s t a n t s . I n s t e a d of NEM. 

e l e c t r o n e g a t i v i t i e s , Huggins e l ec t ronega t i v i t i e s (EH) 6of 

the s u b s t i t u e n t s a re used. Furthermore,, the c y c l i c 

i na tu re ovf these compounds g i v e s r i s e to two measurable 

c o u p l i n g c o n s t a n t s , 3 J C and •'J**-. These c o u p l i n g 

constants_ ar°e shown in Figure 2.9 in sec t ion 2„5.'l. 

Because of the well defined conformations of the coupled 

nuclei and the subst i tuent with respect to the coupling 

pa th , both the e l e c t r o n i c and o r i e n t a t i o n s ! e f f e c t s of 

the subst i tuent must be -considered. 

The compounds of i n t e r e s t * the r e l e v a n t v i c i n a l 
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coupling constants, substituent electronegativities and ' 
y ' . • f •" "•*• * '' 

•Swain -Lupton f ie ld factors are shown in Tab'le 3 .7 . 

3oSo2o Variat ion of the ¥leli»al CarIb©mHPr©t®n''Coupling 

C o a s t a i a t - s C 3 J ^ H - a i ^ - 3 J c H 3 f o r t h e ' 2 ^ 2 ° 

d l p h e n y l a e t h y l e v c 1 ®prop*aaes w i t h S u b s t i t u e n t 

gleetE@oegativlfcyc 

The "p lo ts of the values, of 3Q 'H and 3Q g for 

the 2,2-diphenylmethylcyclopropane d e r i v a t i v e s aga ins t 

subst i tuent e l ec t ronega t iv i ty - (EH) are shown in Figures 

3.20 and 3.21 respec t ive ly . The best f i t s t r a igh t l i n e s , 

ca lcu la ted by l inear regression' a n a l y s i s , , for the ,*plots 

shown in. Figures 3.20 and 3.21 are g iven by equa t ions 

(3.66) and (3.67). • " ^ 

•3jg H . ~1„49 EH + 8.90 r 2 • 0.935 (3.66) 

• 3 jC H° " =lo40 EH + 6.18 r 2 » 0.966 (3.67) 
v j» • 

The correlation coefficients are quite good and 

appear to Indicate a reasonably linear dependence bf the " 
0 -J) 

v a l u e s of ^J,^ H for the 2,2-diphenylmethylcyclopropane 

d e r i v a t i v e s on the Huggins e l e c t r o n e g a t i v i t y of the 

subs t i tuen t . - " - • ^ 

-.The - s u b s t i t u e n t s - i n c l u d e bo th I"1" and 1°** t y p e 

s u b s t i t u e n t s as dwki'ed by Macie l , Mclver, Ost lund and 

Pople (126, 127, 1*28, 129), i . e . , D, X, Br, CI , F, O'CĤ  

and KS2 are''!*-" s u b s t i t u e n t s whi le C02CH3, 'CM,-and NC 

a r e X~ s o b s t i t u e n t s . Fo-e the, ' I"" s u b s t i t i a e n t s the* 



Table* 3'.7'. Vicinal Carbon-Proton and Proton-Proton Coupling 

Constants for„the/2,2'=Oipheiaylffiethyleyc"ropropane Derivatives and 

the' Analogous Cyclrop^opaae^Dor^vatives. The Batio of the Carbon-

Proton and Prot6n=Pro^ony Coupling Constants,,,Substituent Electro

negativities (36), and Swain-Lupton Field Factors (117)are also shown.. 

X ' 

D* 

I 

Br 

CI 

P 

CCH3 

•m2 

CM 

oogMe 

BC 

C J C ,H 

5.91 . 

4.94 

' 4 . 49 

S .29 , 

3.20 

3.7Q. 

4 .41 

5.17 

4.(50 

4.20 

C-r 
JH,H 

8.97 

7 .55 

7.16 

7 . 0 2 . 

5.89 

6.19 

6.63 

8.40 

8 . 0 4 . 
0 ' 

*&C,H 

3.27^ 

2.57 

1.9$ 

.. 1„72 

o:so 

iJo < 

1.84 
• 

2.34 " 

2.60 

' 1 . 7 3 

% , H 

3.58* 

4.*37 

3.82. 

3.39 

2.39 

• 2^94 

3.55 

5.09 

4.59 

Ratio 
sis. , trans. 

0.659 

0.654 -

0.627 

0.611 

0.543 

0.598 

>0.665 

0.616k 

0.572 

u a 

0.586 

-̂  0.388 

0.518 ' 

0.479 

0.335 

0.476 

0.518 

0.460 

0.566 

V 

-2.20 * 

2.65 

2.95 

3.15 

3.90 
a 

3.50 

3.05 

2.60-

2.60 

3.05 

F 
a 

G 

0.00 

, 0.65 

- 0.72 

0.72 

0.74 

0S54 

°0.38 

0.190 

0.61 

** 
"•a 

I) Hugg ins Electronegativities 
II) all coupling constants in Hertz 

% 

r 

% 



* " ' > - . - o * ^ « * 9 

» ^".FigurQ 3o.20o P i e t ' ' ^ f t h e JSLLB ^ i e i n a l earbon-
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dlpfienylm<3thy'ieyclo*S),E@pane de r iva t i ve s l i s t e d In Table 
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F i g u r e 3 .21 . P l o t of t h e &XMX& v i c i n a l " e a r h o n - p r o t o n 

c o u p l i n g c o n s t a n t s I ^ J ^ g ) ' f o r t h e '2 J -

diphenylmethylcyc lopropane d e r i v a t i . J S ' l i s t e d In Tabl® 

3.7 a§a- In3 t t h e ' Rugging e l e c r t o n o g a t l v I t y of t * e 

s u b s t i t u e n t . * : 

2a 40 2„80 3.20 3.60 --'•* 4.00 
ELECTRONEGflT'IVITT CHUGGINS)* 



electronegativity was taken as that for the atom of the 
0 . . 

9 
' & * s g ' 

group at tached'direct ly to the; cyclopropane ring. If-the " 

I"5" substituents are considered separately^ the befS-t f i t 

s t r a i g h t l ines- for the p lo t s ' o f the values of »3Q gand 

3Q g- against Eg are given by equation (3.68) and (3.69). 
Jg w = - 1 . 5 6 Ew + 9 .20 r^ - 0 .987 (3 .68) 3.-rc: __ _ _i E;£ W_ _,_ Q on *2 = n 

•a 

3jC H ~ •=,1°^3 % + 6 o 3 2 r 2 ~ ° ° 9 8 5 (3s69> 

Although the c o r r e l a t i o n c o e f f i c i e n t s improve 

s l i g h t l y for equations t (3.68)* and (3.69) qompmred to 

those for equations (3.66) and (3.67)? (0.987 and*1- 0.985 

versus 0.935 and 0.966).,, the general trends for the plots 

are the same and very l i t t l e difference in the slopes or 

in te rcep t s are seen." The values of 3Q H and 3Q H 

decrease as the e l e c t r o n e g a t i v i t y of the -substi tuent 

increases and the y - in te rcep t for the p lo t of the CJLS. 

coupling constant -against EH is larger than that for the 

LJLaa coupling constant against Eg ^(approximately - 9 * 

^'versus 6). 

In the absence of substituent effects? the rdLB. 

coupling constant would be espected to be larger than -the 

txans. coupling constant on the basis of the dihedral 

angle (<f>) between the coupled nuclei. A Karplus type 

dependence predicts that the vicinal coupling constant 

should be larger' for the .els, coupling constant (dihedral 

angle of 0°) than £©=r the ,t.X.a.Jts. coupling constant 

(dihedral angle of about 144°). 



is? 

The slopes "(63JC g/SEg)- of the p l o t s - a r e similar5" for"""" 

Both els, and t£MM3. coupling- constants (—1.49. versus =1.40 

for equat ions (3.66) and (3.67) $ -1 .56 and ' = 1.43= for 

equa t ions (3.68) and (3.69))^ a l though the va lue of t h e 

s l o p e i s ^larger.-f o r ' the Lxjsms. coupl ing c o n s t a n t s than 

tha t for the els, coupling constant. Here la rger denotes 

l e s s n e g a t i v e . This ^behavior' isvsomewhat anomalous as 

the s u b s t i t u e n t i s expected t o exer t i t s 'maximum, e f f e c t 

when i t i s e c l i p s e d wittf the coupl ing path? i . e . / t he -

d i h e d r a l ang le i s 0°^ or when i t i s a n t i p e r ip . lanar to>the 

coupl ing path? i.e.? / t he . , d ihedra l angle" i s 180°. For • 

t he s i s . c o u p l i n g ' c o n s t a n t s the" s u b s t i t u e n t subtends a 

d i h e d r a l ang le of 144° with r e spec t t o the coupled" -

proton? whereas for the tx.aiLS coupl ing cons t an t s t h e 

subst i tuent subtends a dihedral angle of 0° with respect 

t o t h e poup led p r o t o n . ' T h e s e r e s u l t s appea r t o 
• - « 

contradict the general subst i tuent o r i en ta t iona l 'e f fects \ 

proposed by Booth (42), (see. s ec t i on "1.3/.3), .where the % 

s u b s t i t u e n t exer ted i t s maximum e'ffecli wliett ij",was ' 

a n t i p e r i p l a n a r to- or e c l i p s e d with one of^jrhe -cqUTSl-e-a 
'<:*-yy? 

protons. ' --
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3 . 6 . 3 . C o r r e l a t i o n s , of t h e V i c i n a l C a r b o n - P r o t o n 

Coup l ing C o n s t a n t s f o r 2,2-diphenylmefchylcyclopropane^ 

with BH for Selected"Groups.of . S u b s t i t u e n t s . X ^ . • 
' : - . < • ,• / ' *v' » o * ". 

** ° 

The CJJS. and t r a n s , v i c i n a l carbon-pro-bon c o u p l i n g 

c o n s t a n t s fo r t h e 2 * ? 2 ~ d " d p h e n y l m e t h y l c y c l b p r o p a n e 

d e r i v a t i v e s c o r r e l a t e q u i t ^ w e l l "with s u b s t i t u e n t 
* * ** 

e l e c t r o n e g a t i v i t y . However, t h e r e i s -a s l i g h t s c a t t e r of 

d a t a p o i n t s . — E q u a t i o n s (3.70),7 (3 i71) , .and (3.72) a r e 

t h e b e s t f i t s t r a i g h t l i n e s f or t h e / p l o t s of t h e - v a l u e s of 3J*g H f o r i the" sij*_ compo £ _ • - ' • 
u!f#&- w i t h f i r s t ' Row 

s u b s t i t u e n t s (CO£CH3, CTF, NH2, HC,'0013, P); the- t h r e e 

compounds with I + f i r s t Row s u b s t i t u e n t s , (NBg, 0013, F) 1 

and t h e four compounds w i th h a l i d e s u b s t i t u e n t s (F, C l , -

Br, I) acjainst s u b s t i t u e n t e lec t r .onegat i .v i ty "(Eg). 

- • - / \ 3ji,E' = - - l »30 EH + 8.27 r 2 = Q'.923- - (3.70) 

' "' 3jX,E " ~i»43 % + 8.74 r 2 = 0.-9-96 • (3.71) 

'*"" '* 3 j C B * - 1 * 3 8 % + 8.61 ' r 2 - 0,998 (3.72)' ! 

The . - c o r r e l a t i o n f o r "compounds w i t h f i r s t Row 

i^"'J s u b s . t i t u e n t ' s i m p r o v e s c o n s i d e r a b l y ; when t h e I 

• • " subs t i t uen t s (C02CH3, CN, HO • are ' omitted 'from th'e p l o t , 

.*.. ' i . e . , r 2 w 0.923 fo r l + and I~ E&fSt. Row s u b s t i t u e n t s and 

rz = 0 . 9 9 6 s - f o r t h e I"1" f i r s t Row s u b s t i t u e n t s . 

Furthermore, the c o r r e l a t i o n for equation (3"iil) improves " 
* , - ' - " * 1 • * 

' - "'- • 4. 
' ov£r t h a t ,for a l l I"1" s u b s t i t u e n t s (see equat ion (3.68)). , 

http://electr.onegati.vity
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Similarly the correlation for the plot of *the values of 
•a f » v 

"fiia vicinal <• carbon-proton coupling constants for the 

compounds with*halide substituents improves over, that for 

, a l l I + substitu-ents given by equation (3.68), i.e., r2 = . 
'0.99 8 versus r2 =*• 0.*967. . * 

- • -. * 4* "' * 1 " ' » ** 
•Similar resul t s ' are found for the -plots of the 

_ , - '" 

values 'of •*Jj£ H against substituent electronegativity 

for the compounds with f i r s t R-ow substi tuents, the - '-

compounds jwlth f i r s t Row I + ^ u b ^ t i t u e n t s ; ari'd the 
& * 

compounds with halogen substituents.^ The best" fit 
< * " r 

, flu*<*i 

straight- lines for these„plots are given *by equations-

(3.73), (3.74), and (3.7S3. . . : 

' ' ' *3jC,H "' = --1-25 % + 5.6.8 ..-^r2 = 0.969 ^ (3.73) ". 
3 j t t g s .-^22 EH + 5.59 • r2 « 0.985 (3.74) 
^JC,H = ™1-3 7 EH + s'11 r 2 s 0-986 4 (3.75)'-

The correlation coefficient for equation (3.74), (I+ J> 

substituents), improves slightly over that for equation 
*» 

'(3.73)., CI"5* and I~ /substi tuents) , but the correlation 
does not improve over that for allf-X+ substituents given" 

J 

° 4 **t 

by equation (3.69)* The elopes (<!P J^ H/SBH) a'nd y-

intereepts vary from -1.22 to -1.43. and from 5.59 to 6.32' 

in going Jjrom equation (3.74) to (3.695. 

Evan though slight improvements in the correlations 
** ""• i between 'tJ-je va lue of &c H a n d s u b s t i t u e n t 

electronegativity (Eg) are possible by choosing compounds 

with otafestituents in a part icular flow or Group of the 

Periodic Ta<bl@, the relationships shown In equations 

v 
) 
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(3.66) t h r o u g h (3.69) d e s c r i b e in a g e n e r a l s e n s e t h e 

o v e r a l l ^ d e p e n d e n c e o f 3 J c H f o r - t h e 2 f 2 ~ 

d i p-h e n y Im e t hy 1 c y c 1 op r o 'pan e s on s u b s t i t u e n t 

e l e c t r o n e g a t i v i t y . . * 

3.6.4. V a r i a t i o n of t h e V i c i n a l Pro ton-Pro ton Coupling 

C o n s t a n t s C 3 J § H and *^Jg H> f o r t j j e C y c l o p r o p a n e 

D e r i v a t i v e s wi th -Spbst l tuent E l e c t r o n e g a t i v i t y . 

* ' " • V 
- The p l o t s of t h e v a l u e s of 3 J l H and 3 J g H*for t h e 

riine e y e l o p r o p a n e s l i s t e d in T a b l e 3.7 a g a i n s t 

s u b s t i t u e n t e l e c t r o n e g a t i v i t y (EH) a r e shown in Figures 

3.22 and 3 . 2 3 . The b e s t f i t s t r a i g h t l i n e s fo r t h e s e 
> 

p l o t s ' a r e g i ' v e n by e q u a t i o n s ( 3 . 7 6 ) and, ( 3 . 7 7 ) 

. . respect ively . * N 

0.905 <jh7 6 ) 

0.94*0 - „ . (3..77) 

The c o r r e l a t i o n c o e f f i c i e n t s a r e r e a s o n a b l y good 

bu t t h e r e i s " s o m e s p r e a d of d a t a p o i n t s . I f ' t h e . L " 

s u b s t i t u e n t s , (Cp2CH3- and SH), a r e omit ted , t h e bes t f i t 

s t r a i g h t l i n . e s f o r t h e s e v e n p o i n t s a r e g i v e n by 
# ' *f 

equat ions (3.78) and 03 .79) . "' 
3 j l , H s " L ' 7 , s % + 12.45 r 2 = 0.913 (3?.78) 
3 j H,B 3 - 1 » 8 3 EH + 9.35 r 2 - 0.972 (3.79) 

The correlation coefficients for equations (3.78) 

and »(3.795 improve slightly over those for equations 

C3.76) and (3.775, (0.913 versus 0.905 and 0.972 versus 

3 T c JH,H 

J H,H 

•=- =1 .88 Eg + 1 2 . 8 8 

= - 1 . 9 1 EH + B.66 

r 2 

r 2 

fij 

http://lin.es
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0.949). ' c . 

hs was found for the carbon-proton vicinal5 coupling' 

c o n s t a n t s of t he 2Jj 2 -d iphenyImethy Icyc 1 oprop?ne 

d e r i v a t i v e s , ; • the v a l u e s • of 3 Jg H. and 3J.g H f*or the 

' cyclopr.opane d e r i v a t i v e s , dec r e a s e w i th " i n c r e a s i n g 

s u b s t i t u e n t e l e c t r o n e g a t i v i t y . The s lopes for the cJLs, ' 

and fcjarLS. v i c i n a l proton^proton coup l ing cons t an t s are 

q u i t e s i m i l a r ( = 1.88 ve r sus -1 .9 ' ! for equat ions (3.76> *-

and (3.77)) wheceas the y~intercept for the cJLa coupling 

•constant i s considerably larger than tha t for the trans. 

coupling constant (12.88 versus „ 9.66 for equations .(3.76) 
' > - ' 

and- (3.77)) = 

In c o n t r a s t t o ' t h e 2 ,2-diphenylmethylcyclopropane 

•* d e r i v a t i v e s ? where the a b s o l u t e -va lue of the s lope 

(5 J c g/^Eg) for the .CJLS. coupl ing cons t an t s was l a rge r 

than tha t for the "tXMzd coupling constants,, the absolute 
•at ' « ' 

value of the slope of the plot of the .c_ls. proton-proton 

coupling constants against EH is smaller than that for 

the fcmas, coupling cons\aats, i.e.* <§3J,§ s/dEg = =1.49 
" ,•***-

versus 8^3Q g/S%~ ~I°4Q, and S3Jg g/dl'g*3" =1.88 versus 

5 Jg g/S^H~ ~1»91« Reference was made to the effect of 

, the orientation of the substituent on the magnitude of 

the observed carbon=proton coupling constant of the 2f*,2-

diphenylmethylcyclopropane derivatives In section, 3.6v̂ 2. 
* i 

The change in the ralative effect of the substituent in 

going f-rom these compounds to the eycl©propanes, where 

the absolute value of the slope for the fcxiiita coupling 
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K 

c o n s t a n t s -is l a r g e r than t h a t for the ci-js. coupl ing 

constants , may be the r e su l t of two f a c t o r s . ' Theochange' 

may be due to a d i f f e r ence in the e f f ec t of subs t i t r fen t 

ori<Sitation or could r e su l t from a change in the dihedral 
& -

angle between the s u b s t i t u e n t - a n d the coupled n u c l e i . 

The s t e r i c requirements -of t he methyl group o°f the 

monosubst i tu ted 2 , 2 - d i p h e n y I m e t h y I c y c l o p r o p a n e s as 
D V 

opposed to -a proton for the analogous cyclopropanes 
derivatives, may cause a change in ,the -dihedral angle 

<> 
between the coupled nuclei and result in the variation of 

the- effect . 

ys'tJ?o-=J,o- SFaeia tiers of- tlie 

a t a i t e I'^J| H and 

• D e r i v a t i v e s w i t h 1 H 

infestI tseatsJ 

f o r 

ia l Frotoa-=l 

). fo r t h e 

S e l e e t e d 

Cyc lop ropane 

The bes t f i t s t r a i g h t l i n e s for" the p l o t of the 

v a l u e s of 3 J § g ' aga ins t Eg for the. f i v e compounds with 

f i r s t Row s u b s t i t u e n t s (COgC^,, Ĉ tj, HH2l7 OCH3, P), the 

t h r e e compounds with ,1^" f i r s t low s u b s t i t u e n t s (NH2/7 

OCH3, F) and the four compounds with halogen subs t i tuents 

-|ire g iven by equat ions (3.80) , . ( 3 .81 ) , and (3.82). 

3_TC 

e - 1 . 8 6 EH + 12 .86 
l 

~ f0c37 EH + 9.o28 
•\ 

* - 1 . 3 3 J3« + 1 1 . 1 2 

r2 • 0 .809 

r2 =• 0 .994 

'2 A ft QQ-J 

(3 .80) 

(3 .81 ) 

( 3 . BZJ 

The cor re la t ion improves considerably in going froia 



the p l o t for a l l f i r s t Row s u b s t i t u e n t s to the p l o t for 

t he threes f i r s t Row l + s u b s t i t u e n t s , i.e.^ r 2 i nc reases 

from 0.889 to 0.994. The c o r r e l a t i o n for the h a l i d e s 

der iva t ives i s exce l len t . For both equations (3.81) and 
i » 

(3182) the. .correlations between -fJg g and Eg improve over 

those for the general plot" (equation (3.76)5 and the plot 

of all l"k substituents (equation (3.78)) .-
v , 

T . ° 
3o7ole ¥arIatI©!Bi of the ¥ i e i a a l Carbon-Proton Coupling 
Comstaats ( j3> n1 with Swain-Lupton JField Factors 

The p l o t s ' of the v a l u e s of 3J"g $ and 3 J ^ H for the 

2v2-diphenylmethylcyclopropane der iva t ives 4against the^ 

Swain-Lupton? f i e l d / f a c t o r s (P) -of the s u b s t i t u e n t s are 

shown- in Figures 3.24 and 3„25. The be*st f i t s t r a i g h t 

l i n e s for these p l o t s are given by equat ions (3.83) and 

, (3.84). - "* 
3jC,H " ~l°3® F + s°33 ' r 2 • 0.209 (3.83) 

3jt ^ B -i„3r6 F + 2.85 r 2 ^ 0.238 : (3.84) 

I t i s obvious t h a t t h e r e i s no-general c o r r e l a t i o n 
*, » 

between e i t h e r the AXS. or the jLcajfL& v i c i n a l carbon-

proton coupl ing cons tan t s and the Swain-Lupton f i e l d 

factors of the subst i tuents for these de r iva t ives . 
• «i 

If we look a t groups of s u b s t i t u e n t s , such as the 

f i r s t low s u b s t i t u e n t s (C, £-1, 0, -F) or the h a l i d e s (F^ 

CI? Br, l"i, t he c o r r e l a t i o n s between the s i s and txao-s, 

v ic ipa i eaeDoa-proton coupling constants and f Improve in 
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F i g u r e ' 3 , 2 S c P l o t o f 3^%aE f o r . t h e . 2 , 2 -
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diphenylmethylcyclopropane derivatives against the Swain-

Lupton field* factors CF)' of the substituents* 
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.some c a s e s . - E q u a t i o n s (3 .85)? ( 3 . 8 6 ) 7 and (3 .87) a r e t h e ' 

be-st f i t s t r a i g h t " l i n e s f o r t h e p l o t s of t h e v a l u e s °of 

"C H' ^ O E *-^e compounds w i t h f i r s t Row I s u b s t i t u e n t s 

(KTj, 0 , F) „ t h e f i v e c o m p o u n d s wi t^h f i r s t Row 

s u b s t i t u e n t s , , a&d t h e h a l i d e s d e r i v a t i v e s r e s p e c t i v e l y 

a g a i n s t S w a i n - L u p t o n ^ f i e l d f a c t o r s . , ' - - '* 

3ag 

*- 3*?c\ 

,H 

H 

a - 3 . 3 2 F + 5 . 6 1 

0.°87 P + 3 .66 

r 2 •» 0 .999 

r 2 - 0 .050 

if2 = 0 .640 

(3 .85 ) 

- .(3.-86) 

(3 .87) 3 j g , H
 s - 1 5 . 0 3 P + 14 .87 

S i m i l a r r e s u l t s a r e found f o r t h e p l o t s of hhe 
° ^ t, * 

v a l u e s of 3 J ^ g a g a i n s t F f o r t h e same g r o u p i n g s of 
" ' I 4 

compounds a s t^era u s e d i n e q u a t i o n s ( 3 . 8 5 ) , ( 3 . 8 6 ) , and 

y ' °- - .Jy 
( 3 . 8 7 ) ' . , The b e s t f i t s / c r a i g h t l i n e s a r e g i v e n by 

e q u a t i o n s (3 .88)? (3.89). and ( 3 . 9 0 ) . 

3 jS>H* ^ *=*3o<39 F + 2^.94 r 2 = 0 .999 . (3 .88) 

3 j C , H " ° ° 2 S F + I o S 1 • r 2 s 0 .006 (3 .8$) 

3 j £ H » =16 .16 F + 1 3 . 2 0 r2-'*-* 0*750 ( 3 . 9 0 ) " 

O n l y t h e p l o t s f o r c o m p o u n d w i t h f i r s t Row I"1* 

s u b s t i t u e n t s (OT2? OCSj? F) show good c o r r e l a t i o n s 
-

between t h e v i c i n a l c a r b o n - p r o t o n coup line* c o n s t a n t and 

t h e Swain „Lupton f i e l d f a c t o r s . The " p o o r - ' . c o r r e l a t i o n fo r 

t h e h a l i d e s can be a t t r i b u t e d t o ^ t h e s i m i l a r i t y of t h e F 

v a l u e s | o r t h e s e s u b s t i t u e n t s and t h e f a c t t h a t t h e 

c o u p l i n g c o n s t a n t s - d e c r e a s e - i n t h e o r d e r I>Br>Cl>F. 
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• * 'i- u * 

f . *30@o'l0 Plots ©f *%,g g versus "%g g 
" o I 

V 

" Figure's 3.26 and 3°.27 show plots of the CJLS. vicinal 

carbon-proton coupling constants against the _c_is. vicinal 

% proton-proton coupling constants and the £xaOu§, vicinal 

carbon-proton coupling constants against the tx.anjs. 

v ic ina l proton-proton coupl-ings constants for the 2?2-

diphenylmethylcyclopropane derivatives and the analogous 

'•" y cyclopropane der ivat ives . The best" f i t straight l ines 

for these*j->lots? derived from linear regression analyses?. 

are given by equations (3.91) and (3.92) respectively. ' 

3j8?H "'0.73 3Jgj,H - 0.82 r2 » 0.889 (3.91) 

3jC?H = °»5§ 3jH?H = °°69 r 2 = 0.916 ' (3.92) 

The correlations coefficients are quite good? but if 

the I" substituents? i.e.? CĈCHg and CN? are omitted the 

correlat ions improve considerably? from 0a.889 to 0.953 

for the cis coupling constants" and-from- 0.910 to 0.985 

for the trans, coupling constants. The best f i t -straight 

lines for the seven I* substituents are given by equation 

(3.93) and (3.S4). t • 

3jC?H s 0 o S 3 3jH?H ~ lo4S r 2 s 0.953 (3.93) 

3jt H D 0 o 7 7 3 j | ^ = 0o9s . . r2 „ 0.985 (3.94) 

Equations (3.93)* and (3.94) have larger slopes 

(8^3Q g/53Jg g)? and raore negative, y=interceptsthan do 

equations (3.91) and (3.92)? the slope increases from 

0.73 to 0.83 >for the JSJJL coupling constants and from 0.69 

to •' 0.77 for the trans, coupling constants and the y= 
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F i g u r e 3 . 2 6 . P l o t of 33c
c H f o r t h e 2 ^ 2 -

diphenyimethylcyciopcopane d e r i v a t i v e s agains t 3 j | H £de 

the s t r u c t u r a l l y s i m i l a r cyclopcopanes. 
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F i g u r e 3. '27. P l o t of 3,t_ 
c 9 e 

201, 

f o r the*. 2, Z«*-
i i p h e n y l a e t h y l e y c l o p r o p a n e s a g a i n s t 3 J j | H foix the 

s t ruc tu ra l l y similar eyclopropan@s. 

4.20 
CH-H) 

. 4 .90 5 . BO 
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. i n t e r c e p t s d e c r e a s e from -0 .82 t o - 1 . 4 6 r£or t h e e_La 

coupl ing c o n s t a n t s and "from.-0.68 t o -0.95 for t h e trafls 

c o u p l i n g c o n s t a n t s . Hone of t h e p l o t s p a s s t h r o u g h t h e 

o r i g i n . Whether o r . n o t t h e I"* s u b s t i t u e n t s a r e inc luded , 

e q u a t i o n s (3.91) and (3.92) and (3.93) and (3.94) e x h i b i t 

s i m i l a r t r e n d s / - , i . e .* t h e s l o p e of t h e p l o t o'f t h e s±R 

c o u p l i n g c o n s t a n t s i s l a r g e r t han tha t - f^o r t h e t ^ a n s 
' , - * » , 

coupling constants, whereas the y-intercepts are more 
*• e \ -

negative for the s4s. than the .tjran.s. coupling constants* 

1.8.2. Correra*) 
&f 

C o r r e l a t i o n s w i t h i n t h e G e n e r a l P l o t ©f 3 J C H 

a g a i n s t 3 J H , g ., v 
•i 

E q u a t i o n s (3 .95) and ('3.96) g i v e t h e b e s t f*it •• 

s t r a i g h t l i n e s for t h e p l o t s of fthe v a l u e s of 3J^g g , 

a g a i n s t 4g H and t h e v a l u e s of Jc?H a g a i m i t Jg^g for 
•«• - - • * ' ' " ; ' • ; " ' . " ' - »• - - » - ; -

t h e 2 , 2 - d i p h e n y l m e t h y l c y c l o p r o p a n e and c y c l o p r o p a n e ' - " 
i "> *- v' / / v / - " / K ' ": - "• : 

d e r i v a t i v e s with halo-gen "• s u b s t i t u e n t s " ( F r C l , B'ffr-:;2)-

'• 3 j 8 , H - ' i ' O 3 3 J | ; H " 2.91 _ r 2 * 0.997 (3.951) 
3 jC,H " ° " 8 8 3,Jfr,HN",*"*L'34" ff2 " °»"9'90",-, (3 .961 / ' -

The c o r r e l a t i o n c o e f f i c i e n t s a r e e x c e l l e n t and i n d i c a t e •-

t h a t a l i n e a r r e l a t i o n s h i p 'b'etween c a r b o n - p r o t o n " and 

p r o t o n , - p r o t o n c o u p l i n g c o n s t a n t s fo r - t h e s e .compounds 
• ^ • ' « * -

*• ** o 

e x i s t s . . As was found^ f or. t h e more g e n e r a l p l o t s ? -fehe 
.;;: .-> -. '* M • w, '̂ ~ ,* - v D 

s ' lope of t h e p l o t f o r " t h e cjja c o u p l i n g c o n s t a n t s - i s 

l a r g e r than" . tha t ,^or the^&rjLQii^celiplIng c o n s t a n t s . ; ' • 
"" - 'A. s imi la ' r , t r e a t m e n t of t h e £JL£' and t^ana. coupfin'g* 
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constants for the compounds with f i rs t Row. substituents 

(C02CH3, CN, m', OCĤ , F) yields the best f i t s traight 

lines given by .equations .(3.97) and (3.98). j 
3jg?H m 0.63 3J§ H - 0.24 r2 ***• 0.850 (3*.97) 

3jC,H = °*61 3jH,H ™ ° ' 4 7 r 2 = 0-894 (3.98) 

The correlat ions improve considerably if 'the I™ 

substituents ''(C02CH3- and CN) are omi,tt#"d-. The best.fit-', 

straight lines for the three compounds' with I+ the f irst 

Row substituents- (NI^* OCH3J. F) are given by equations 

,(3.99) and (3.100)/ _ r > " / - • 

J C,H = 1«63 3jH,H '" 6 * 4 2 ' "' r 2 * 0-999 (3.99X 
J C,H =, 0 - 8 9 3 J E H " 1 ' 3 0 r 2 !S ° - 9 8 6 (3.100) 

3.9. DEPENDENCE .OP THE RATIO . C3JC* g / 3 J g g) ON 
' a * ' 

SUBSTITUENT EFFECTS . y 
* * «• . 

<? 

* t 
v - , t> 

•=**> .. 

3.9 .1 . .Var ia t ion of the Rati© (3JC H / 3 Jg g) with 

Substituent Electronegativity (Eg)' 

Inspection of .the-ratios of ' the values of 3JC g," _ 

" both'-iSis, and £xaja§.r for 'the 2,2-»diphenylmethylcyclopro-\ 

panes to the values o.f 3JH H for the analogous cyclopro

pane derivative-s*- shown in Table 3.7 indicates that no 

singJe' ra t io between carbon-proton and proton-proton , 

coupling' constants for these series, of compounds exists. 

* The -ratios/ of,, both the &X& and trans, coupling constants 

vary as the substituent is changed. Figures 3.28 and 
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3.29 show p l o t s of the Rat io (R) (3JC g/3Jg,g> for the _ 

sAs. and t r a n s coupl ing c-onstants a g a i n s t s u b s t i t u e n t " 

e l ec t ronega t iv i ty (Eg). The best f i t s t r a igh t l ines are 

given by equa t ions (3.101) and (3.102). 
R * 3 jC,B / 3 jH,B = -0»°50 % + °°76 • r 2 s- 0-3&2 (3.101) 
R ~ 3 j C f H

/ 3 j l , H = -O-l 3 % -f 0.88'" r 2 = 0.692, (3.102) 

The cor re la t ion coef f ic ien ts are poor for both p l o t s 

but i t i s i n t e r e s t i n g to* no te t h a t the Rat ios for both 

the c_i_a and ferans, coupl ing c o n s t a n t s show a s i m i l a r 

dependence on Eg , i . e . , t h e ' Rat io decreases as the 
**** . 

e lec t ronega t iv i ty of the subst i tuent increases. 

ipuch be t t e r co r r e l a t ions between the Ratios of 3J^ g 

and •'Jg g and s u b s t i t u e n t e l e c t r o n e g a t i v i t y .* (Eg) are 

found i f p a i r s of compound's with s u b s t i t u e n t s from the 

F i r s t Row or from Group VII of the P e r i o d i c Table are 

\ o n s i d e r e d s e p a r a t e l y . Equations (3*103) .and (3.104-) 
t . <• - » • « • . 

g ive t he bes t f i t l i n e s for the p l o t s of the Rat ios of 

the ' c ia and tr;ans coupl ing cons t an t s for the compounds 

with I + f i r s t Row subs t i tuen ts (NE r̂ OCH3, P) against Eg. 
R * 3 J C , H / 3 J I , H

 = - ° -15 Eg + 1.11 t% » 0.999 , (3.103) 

* ™ ^ J C,H / 3 j l ,H s -0-20 Eg + 1.18 r 2 » 0.891 (3.164). 

If the I " subs t i tuents are included_ the co r re l a t ions 

are -much poorer. For the Ratio of cjLs. coupling constants* 

' the c o r r e l a t i o n c o e f f i c i e n t decreases from 0.999 to 
1 * 

' 0.18S, while for the Ratio of the txaas coupling 

constants the correlation coefficient decreases from 

0.891 to 0.592. 

file:///onsidered
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Figure 3.28. Plot of the*Satio' (R) of the -fiXs v i c i n a l 

4 eo'upling^constants against the^-'Suggins electronegativity 
«r- -

of the substituent. . - - * 
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Figure 3.29. Plot of the Ratio (R)-'of the ixans vicinal 

coupling constants against the Huggins electronegativity 

of the substituent. 
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- The bes t f i t s t r a i g h t l i n e s for .the p l o t s of the 
Ratios of the g_is. carbon-proton to the cia, proton-prpfcon 
f • « 

coupl ing c o n s t a n t s and the Rat io of the txans. "carbon-

proton to "the t a a g proton-proton coupling constants of 
* *** * 

t h e h a l i d e d e r i v a t i v e s a g a i n s t s u b s t i t u e n t 
* , * - » 

e lec t ronega t iv i ty * (Eg) are ,given by equations (3.105) and 
(3.106V. - . * 

H '= 3 J C , H / 3 J H ; H T "0.091 EH + 0.90 r 2 = 0.999 (3.105) 

R - 3 J§ H / 3 J | H » -0.20 EH + 1.12 r 2 - 0.999 (3.106) 

The cor re la t ion coeff ic ients are exce l len t for both 

equations and indicate a l inear re la t ionship between the 

r a t i o of the*'"carbon-proton -and proton-photon coupling 

cori%tant-s fo r t h e h a l i d e d e r i v a t i v e s of t h e 2 , 2 -

diphenylmethylcyclopropanes and analogous cyclopropanes. 

3«J<*2«, . Va r i a t i on ©f the Rat io C4JC H / J J g H) With. the 

Swain-Lupton F i e l d Factor CF) 

The p l o t s of the . R a t i o s - (R) - P j ^ g / 3 j ' l H} a n d 

(3j|j H*/3ji,H*> a 9 § i n s t th® Swain-Lupton f i e ld factors (F) 

of the s u b s t i t u e n t s are shown in Figures 3.30 and 3.31. 

The best f i t s t ra igh t l ines for these p l o t s , ca lcula ted 

by a l inear regression ana lys i s , are given by equations 

(3.107) and (3.108) j 
9 

R s ( 3 j C f H / 3 j l , H ) = -0-08 F +0.66 r 2 ° 0.252 (3.107) 
R a '(3jC,H /3^H#H} = -0ol5 E* + 0.59 r 2 » 0.253 (3.108) 

" i t Is obvious from the poor cor re la t ion coefficients* 
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Figure 3.30* P lo t of the Ratio CR) of the s j j . v ie tna 

coupling- constants against the Swain-Lupton f ield faeto 

CP) .of the substituent. 
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r - *• °C ,H 
fe J \ < 3 J & , H / 3 J 5 , H > s ~°° S 3 

for equat ions (3.107) and (3.108) t h a t n e i t h e r the cig. 

.. nor trans. Ratios correlate,* well ( with F. / 

However i f only fisj-st Row X"*" s u b s t i t u e n t s are 

considered? the cor re la t ions for the p l o t s of the _cjts and 

• txaoia Rations against F improve considerably. -rtre best 

f i t s t r a i g h t l i n e s are given by equat ions (3.109) and 

(3.110). ?' ' 
s (3j£ V 3 J g . n ) s =0.34 F + 0.79 r 2 = 0.987 (3.109) 

+ 0.74 r 2 - 0.941 (3.110) 

I n c l u s i o n ' o f a l l f i r s t Row s u b s t i t u e n t s f i.e.? the X 

s u b s t i t u e n t s ^ CM and CO2CH3? g ives c o r r e l a t i o n c o e f f i -

c ients that are much -worse than those for the X""" subs t i -

tuents alone. For the cisr Ratios the cor re la t ion coeff i 

c i e n t , d e c r e a s e s from 0-.9S7 to 0.226 whi le for the txajus. 

Ratios the cor re la t ion coefficient decreases from 0.941 

to 0.218. ' ° 
J " ' ' 

, -The b e s t ' f i t s t r a i g h t l i n e s for the p l o t s of the .01 s.' 

and trans. Ratios for the hal ide der iva t ives against F are 

given by equation (3.111) and (3.112)o 

,) s -=0&i8 F + 1.30 r 2 = 0.631 (3.111) 
( J <LB / * 

- ( 3Tt J c t , if • <->•» .rs* -2'.27 F + 2, sd, & 0.671 (3.112) 

The cor re la t ion coeff icients for both pilots are poor and 
. o 

Ind ica t e t h a t no c o r r e l a t i o n between i.l*?:e\. r a t i o of the 

carbon-proton^and pro ton-proton coupl ing cons tan t s for 

t h e 2,2=dipheayliae0 thy Icyc lopropy-1 h a l i d e s and thu 

cyclopropyl' .halides and the SwcSIa^tupton f i e ld factor of 

the subst i tuents ex i s t s . - " 
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3 d i o UHS l-.ll-d-9-mtQEO-.4~t' 

B!iJI¥2if 1¥!S s 

-ibfatylevelohes-yDfllethan©! 

3ol0elo f i e ¥lel-mal Carboa-Frofeoin Coupling Constants 

&s was no ted in s e c t i o n 2.6.1.? t h e r e a r e four 

d i s t i n c t v i c ina l carbon-proton coupling constants fo'r any 

pa i r of els, and t r a n s -Isomess of a' l -*Q=deutero- t~ 

butylcyclohe;Kyl) methanol, d e r i v a t i v e . The _C1J3. isomer,, 

i.e.j, the isomer with the CH23S group a x i a l , gives r i s e to 

a trans, (ax ia l -ax ia l ) v i c ina l coupling constant? ^3Q g) 

and a gLauchs. (CHoX axia l =*H equatorial) v i c ina l coupling 

cons tan t ( 3 ^ g) , whereas the traits, isomer? i«e.y the 

isomer with the QB.^1 equatorial? gives r i s e to two gauchja 

(Cl^X e q u a t o r i a l - E e q u a t o r i a l and CE^^- e q u a t o r i a l - H 

axial) v i c i n a l coupling constants? 9jg*-g and *3jg0
H„ 

The two v i c i n a l couplirtg c o n s t a n t s for the els . 

Isomer, *-Ĵ  H and *3j|i g<? were measureable and are . l i s t ed 

in Table 3.8. However? 'the two gauche, coupling constants 

for t he .txaaa isomer? <̂3"cCH aa*-- ^ ( P H * could not be 
measured,, as the Individual l i n e pos i t ions of the coupled 

J CB̂ X carbon atom were not r e s o l v e d , ^oth 20 megahertz 

anfd 100 stegaherts spec t r a were'run-,.; but n e i t h e r y i e l d e d 

spec t r a which a l lowed r e s o l u t i o n -of the t r ip le t ' - "o f 

t r i p l e t s p a t t e r n r e s u l t i n g sf roja„"-.<the ,,two "coupl ing v 

cons t an t s . - " , . I n s t e a d l i n e w i d t h s -Of 9.H2X Photon 

undeeoUple'd ca-rhon as l i s t e d In Table 3'.8. 

http://l-.ll-d-9-mtQEO-.4~t'
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Table 3.8. The vicinal carbon-proton coupling constants? 

•**JC JJ and gJcGH" f o r t h e £i.a-l-(l-deutero-4-i.'*-

butylcyelphe-syDmethane derivatives. The line widths 
*4 

(L.W.) of the proton undecoupled CH 2
S carbons for the 

traas*=l- (l-deutero=4-.t,-butyleyelQhe"2yl)methane 

derivatives are also listed. 

Substituent E„i *3r *u 9jS*-B L.W. t jc?i i 

£j*£L 

8.60 

10.SO 

10 .62 

10 .93 

9*8?H 
(He) 

3 .10 

3.SO 

3 .90 

4 .00 

OH » 3.50 8.60 3.10 / 7.27 

CI , • 3.IS 10.SO 3. SO 7*SO 

Br 2.95 10.62 ^ " 3.90 7.80 

2.65 10.99 4.00 8.03 

i) Huggins electronegativity (36] 
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The i n a b i l i t y t o r e s o l v e the i n d i v i d u a l " r e s o n a n c e s 

of the f u l l y coupled CH2X carbon i s not a„ f dig i ta l r e s o l u 

t i o n p rob lem a s both t h e 20 megahe r t z and 100 megaher t z 

carbon spec t rometers had d i g i t a l r e s o l u t i o n s of 0.125 H*s 

(20 'megaher tz? 8K d a t a p o i n t s sweep wid th 500 "Hrs) or 

l e s s . The b r o a d e n i n g of t h e l i n e may be due t o t h e t w o -

'bond c a r b o n - d e u t e r i u m f e o u p l i n g c o n s t a n t ? and t h e . l o n g 

range earbon-prOtdn coupl ing cons tan t (***J) p o s s i b l e for 

t h e i x a a s i s o m e r . The e q u a t o r i a l c a r b o n and t h e 

e q u a t o r i a l p r o t o n s f o u r b o n d s removed a r e in a ,W 

c o n f i g u r a t i o n . M e a s u r a b l e c a r b o n - p r o t o n c o u p l i n g 

c o n s t a n t s between n u c l e i t h r o u g h .folir bonds have been 
1 

observed (vide. .infra.) . 

3 . 1 1 . 1 . ¥ a r i a t i o n ©f t h e V a l u e of feJc H ^and 9 * 3 ^ e
s f o r 

t h e eisc=l-'Cl"='aQ"iitQE®=»4«»t==butylcyelohe,$*fl)-iBethanol B e r i v a -

t i s res wi th S u b s t i t u e n t E l e c t r o n e g a t i v i t y CEH) 

F i g u r e s 3,32* and 3.33 shows ' ,p lo t s of t h e v a l u e s of 

t h e txanff. and aa|LM£h^ v i c i n a . 1 c a r b o n - p r o t o n c o u p l i n g 

c o n s t a n t s f o r t h e c I s - 1 - ( 1 =d e u t e r o - 4 - £ , -
•*> 

butylcyclohe%yl)methanol d e r i v a t i v e s r e s p e c t i v e l y a g a i n s t 

t h e Huggins e l e c t r o n e g a t i v i t y of t h e s u b s t i t u e n t (Eg). 

The b e s t f i t s t r a i g h t l i n e s f o r - ; t h e p l o t s shown in 

Figures 3.32 aftd 3.33 -are g iven by equat ions *(3.1i3)~and 

(3 .114) . - ^ 
P * ' 

tjC#i * -2.68 EH + 18,01 0 C
2 * 0.829 (3.113) 



' igure 3.32. . P l o t of ***Ĵ ' g for the £ia* isomers ' aga ins t 

3. m 
ELECTRONEGATIVITY ( 
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Figure 3 . 

against Ega 

P l o t of g J Q "g .for the "sjLa isomers 

.jV** 

«W* ** f 

3. 40 
ELECTRONEGATIVITY IHUGGINS)-

3. BO 
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"^ *-"~&r£H
H =r~1.09r-Eo +'7.00 TN "t2'*** 0.932 ' C3.114) 

The cor re la t ions are not e x c e l l e n t but €he v i c ina l ! -

coupling constants', both trans, and (<j-auc,h.e.» decrease with 

an ina rease^ in s - u b s t i t u e n t - e l e c t r o n e g a t i v i t y . - ^ ^ h e y -

intercept for the.y-Lrkqfi. coupling i s considerably larger 

than t h a t f or .jbh-e gauche, coup l ing , a s ^ n e jr i ight 'oredict 

from c o n s i d e r a t i o n of the d i h e d r a l angle between*the 
z> ?•*• * * a 

coupled nuclei.'"*.However, the absolute value of the^slope 

-of equation (3^13) t' i .e. , dtJCH^^EH •*••*- l a r 9 e i : : than" tha t 

for equation (3.114>!i 5 9 J C % / 5 E H . C 

In s ec t i on £.5.2.? the e f f ec t of % s u b s t i t u e n t 'on 
• * - • . • • - * * r~ 

th§ vicinal>,carbon-proton in a, se r i es of* neopentyl '-deri
va t ives (54) Vwas discussed. $:s*~with the, \ l r ( l -c leutero-4-
r-
i.-butylcyclohexyDmethanol de r iva t ives we are discussing 

* ; " • * ' - ": . -

herek. the subs t i tuent was attached to the coupled carbon. 

The best f i t s t r a igh t lirie for the p l o t of the values of 

•"•"Ĵ U against subst i tuent e l ec t ronega t iv i ty for the iodo, 

b romo/ ' ch lo ro and"hydroxy d e r i v a t i v e s shown rin Figure 

3.34 i s given by equat ion "i3«115),
f, < « „ , */ 

. 3 J C / H =°-l»77 EH + 10.90 "\r.*? ,*'6».846,*. . (3,115), 

The^co r r e l a t i on i s not e x c e l l e n t but, t he c o r r e l a t i o n 
¥ ' 

c o e f f i c i e n t i s s i m i l a r t o .those for the p l o t s for SJC H 

and %g?H against Eg. , ' ° ' V 
Considering equations (3.113), (3.1145, and (3.115), 

» 

it appears the effect of a substituent tha't is directly 

attached" to .the coupled carbon, on vicinal carbon-proton 

coupling constants, is to cause a decrease in the 
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'* F i g u r e 3 . 3 4 . . P l o t v o f 33<CfE f o r • t h e . n e o p e n t y l 
t' 

d e r i v a t i v e s a g a i n s t Eg. reference 54 ° . 

"2. SO 3. 20 3. 40 
ELECTRONEGATIVITY CHUGGI-NS) 

3. 60 
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magni tude of ? J ^ g \s t h e e l e c t r o n e g a t i v i t y of t h e 

s u b s t i t u e n t i n c r e a s e s . H o w e v e r , in a' s t u d y of 

s u b s t i t u e n t e f f e c t s - o n \ 3 J C H f o r a, s e r i e s of n - p r o p y l 

. d e r i v a t i v e s where t h e f i r s t Bow s u b s t i t u e n t s ,,(083, NE^, 

Off1, F.) were a t t a c h e d t o t h e c o u p l e d carbon, , ' Spoormaker 

a h d , d e Bie (55) have found t h a t -^3Q H i n c r e a s e s w i t h 

inc reas ing s u b s t i t u e n t e l e c t r o n e g a t i v i t y . The bes t f i t 

s t r a i g h t l i n e f o r t h e o f o u r d e r i v a t i v e s i s * g i v e n by 

e q u a t i o n (3 .116) . 
33CfE a 0.83 E + 3.10 r 2 *** 0.991 _ - (3.116) 

The s l o p e , (8^3Q H V5E) , i s p o s i t i v e . u n l i k e "that for t h e 

h a l o g e n (CT, B r , I ) and h y d r o x y s u b s t i t u e n t s from 
*> 

e q u a t i o n s (3 .113) , (3 .114) , and (3.115) where t h e s l o p e 

i s n e g a t i v e . " * 

3 . 1 1 . 2 . ' V a r i a t i o n o f t h e ,1'inewiatfc of t h e CH2X 

resonance of the Jy*^^-l--Cl--deuteroi*-4--t--butylcyclohexyl) 

methanol d e r i v a t i v e s with subst i tuent e l e c t r o n e g a t i v i t y . 

The two v i c i n a l carbon-proton coupl ing c o n s t a n t s for 

t h e t xaa . s - l * - ( l - "deu t e ro -4 - r j * t -bu ty l cyc lohe3cy l )me thano l 

d e r i v a t i v e s , g"J§Ce a n $ S jcDH f could not be r e s o l v e d . The 

proton undecoupled carbon Spectra were run on both 20 and 

100 Megaher tz •****'C NMR s p e c t r o m e t e r s and n e i t h e r gave a 

s p l i t t i n g p a t t e r n with s u f f i c i e n t r e s o l u t i o n of peaks t o 

af ford measurement of t h e v i c i n a l carbon-proton coupl ing 

constant's." 
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. • H o w e v e r , a s t h e . l i n e w i d t h s o f ' . t h e " p r o t o n 

»= undecoupled carbon" (CHgX)' resonances a r e r e l a t e d t o t h e 

two <*L3-ji£iL£ v i c i n a l c o u p l i n g c o n s t a n t s , t h e s e were -̂  \ 

m e a s u r e d ' a t one h a l f helghtXand a r e p l o t t e d a g a i n s t t h e 

e l e c t r o n e g a t i v i t y (EH)° of the s u b s t i t u e n t in Figure 3.35. 

. The-bes t . f i t s t r a i g h t i s g iven bV equat ion (3.117). 
4 

L.W. => 10.44 - 0.90 EE ff *=**0.997 -(3.117) 

The c o r r e l a t i o n i s - e x c e l l e n t and as, was / found foe the ' 

coupl ing cons t an t s for t h e c_i*a compounos, t h e l i n e "width 

decreases as the s u b s t i t u e n t e l e c t r o n e g a t i v i t y i n c r e a s e s . 

3 .12 . The l - m e t h y l - 4 - p h e n y l - 3 , 3 8
f . 5 y 5 a - t e \ t r a d e u t e r o -

cyelohexanols 

y^ 
The four c a r b o n - p r o t o n c o u p l i n g c o h s t a n t s f o r the" 

>£±S, and t x a ^ s . l - m e t h y l - 4 - p h e n y l - 3 , 3 ! 5 , 5 8 - t e t r a d e u t c e r o ~ 

c y e l o h e x a n o l s and t h e a n a l o g o u s p ro ton -p ro ton coupling^ 

c o n s t a n t s fo r t h e o c t a d e u t e r o c y c l o h e x a n o l s (130) a r e 
**• n 

shown below. 

coupled nuc l e i ' 

o 

fcj 

g'jHC 

g j e e 

9 j CO 

C,H 

5.60 hz 

3 . 2 5 

2.20* 

1.47 

H rH 

1 1 . l l . 

4 . 3 1 

3 .29 

2 . 4 8 

5 a t i o 

. 0 . 5 1 

0 . 8 $ 

, , 0 . 6 7 

0 .59 

The variation of the .Ratio'of the carbon-proton to 
\ * ** 

proton-proton coupling constants can be attributed to 
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Figure^ 3 . 3 5 . P l o t of t h e l i n e w i d t h s of t h e CH23C 

resonances of the ixaas. isomers agains t EH. 
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three factors? the orientation of the coupled nuclei? the 

'orientation of the subst i tuent (OH) \*ith respect to the 

coupling ^ pathi .and the atoms an t ipe r ip lanar to 'tlhte 

coupled nuclei. 

The Rat io i s ' s m a l l e s t for the £_£3,a§. coupl ing 

constants,^ *"J, x*?here the dihedral angle between the 

coupled nucle i i s ISO degrees. * The var ia t ion of- the 

Ratios for thex three gajigj-ue. coupling cons tants , 9 j H C , 

9 j c c and *3j c s
? is- un l ike ly to b.e due to the dihedral 

angle.between the coupled nuclei as the dihedral angle is 

approximately 60, degrees, for a l l three coupling's. \The 

smallest trat io for the three gajjgixe coupling constants i s , 
/ % • * 

0.59"*. The subst i tuent (OH) i s an t ipe r ip lana r to* the 

coupling path for these coupling .constants. For -the *3jcc 

and .*3jHlC coupling cons tants , the Ratio increases *frojm 
&', 

r \ 0.67 to 0.80. Forrest (45) has developed art' equation for 

predicting gauche. proton-pro,ton coupling constants wh\ch 

indicates that the-magnitude 'of the- coupling constant ist 

dependent upon to the e l ec t ronega t i v i t y of the atomi 

,trans. £o the coupled, nuclei." Such "a dependence and the " 

fact that the carbon-proton coupling constant is more 

sensit ive to substituent electronegativity effects than 

the analogous proton-photon coupling constant would 

explain the increase in the" Ratio from 0.59 to 0.67 to 

0.80 for t h e , S j c x , gjCC a n d gjHC ^ o u p i i n g constants . A 

correlation of„the rafeio with^electronegativity gives the ' 

following relationship. .*L. , ' * v 
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\ 
R a t i o - o : 7 7 o ' - 0.1S E , E 2 = Q „ S 8 (3.118) 

I t would appear t h a t t h e v i c i n a l c a r b o n - p r o t o n . 

coupling cons tan ts in six-membered r ings are* af fec ted foyClJ 

t h e same ' pa rame te r s as v i c i n a l p ro ton-pro to jn c o u p l i n g 

cons t an t s . However, the carbon-proton co,uplii\g cons tant 

i s m o r e s e n s i t i v e t o s u b s t i t u e n t e f f e c t s 

' ( e l e c t r o n e g a t i v i t y ) t h a t * t h e a n a l o g o u s p r o t o n - p r o t o n , 

c o u p l i n g "-constants 'and t h e ' v a r i a t i o n .of t h e R a t i o of 

these Coupling cons tan t s r e f l e c t s th i s , f a c t . . t, 

y 
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V ' 

4 . 1 . C o r r e l a t i o n s of C a r b o n - P r o t o n C o u p l i n g C o n s t a n t s 
«. * 

-with Substituent Electronegativity and Swain-Lupton Field 

Factors *• v 
<• , ., 

-- .. 

The on.ly series of compounds that gave a good 
i 

c o r r e l a t i o n w i t h Swain-Lupton ' f i e l d f a c t o r s was t h a t of 

t h e e t h y l d e r i v a t i v e s . The c o r r e l a t i o n w i t h *^JC a i s 

/ s h o w n i n e q u a t i o n ( 4 . 1 ) . 
0 " l j CH ,H = 125 .13 + 35 .54 F r 2 - 0 .920 * (4 .1 ) 

S w a i n - L u p t o n f i e l d f a c t o r s d i d n o t g i v e g o o d 

c o r r e l a t i o n s f o r o t h e r s e r i e s of compounds e v e n w i t h i n 

- r e s t r i c t e d g r o u p s bf s u b s t i t u e n t s w h i c h w e r e found t o 

g i v e good c o r r e l a t i o n s w i t h e l e c t r o n e g a t i v i t y v a l u e s . 

The b e s t c o r r e l a t i o n s were found x^ith e l e c t r o n e g a t i -
0 

1 

, v i t y v a l u e s w i t h i n Rows or Groups of t h e P e r i o d i c T a b l e . 

K summary of t h e c o r r e l a t i o n s w i t h i n Rows and G r o u p s i s 

shown b e l o w by t h e e q u a t i o n s (4.2) t© ( 4 . 2 3 ) . 

*•- JCH ffH
 f o r t -^ e e t h y l d e r i v a t i v e s % 

. 2 

a l l p o i n t s • J = 111 .06 (1 + 0 .089 E> 

f i r s t Row J, « 91.3*3 (1 + 0*181 E) 

second Row 3\ = 7 3 . 0 3 (1 # 0 .335 S) 

t h i r d Row *J = 84 .71 ' (1 + 0 .^78 ,E) 

fourth Eow 3 = 85.31 (1 + 0.303 E) 

r 2 » 0.389 

r 2 *=* 0.922 

r 2 « 0.9§9 

r 2 » 0.997"-

r 2 = 0.983 

(4.'21 

(4.3) 

(4.4) 

(4.5) 

(4.6) 

^ C H H for the ethyl derivatives? 

all points J a -6.71* (1 - 0.18S B) " r*2 » 0.739 (4.7) 
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first Row J = =8.1*3 (1 - 0.194 E) 0.999 (4.8) 

second ̂ Row J *** =8.44 (1 - 0.214 E) 

third'Row 3 «• =8.30 "(1 - 0.248 E) 

fourth Sow J -. ~8„25 (1 - tf.273 E) 

zz - 0.990-: (4.9) 

r2 » 0:.987 (4.1QF 

r2*"- 0.991. (4.. 11) 

" *? A* * 

JCOOfi -a £ o r *-*:ie ethanoic.acid derivatives? 

all points J. = -11.00 (1 - 0.166 S) r2 = 0.467 (4.12)* 

first Row J a =13.31 CI'- 0.850 E) r2 = 0.973 (4.13)" 

"CH H -£OS: fc^e diphenylraetHyl'cyclopropaness 

.all sis. .*' J = 8.90 (1 - 0.167 E) r2 » 0.935 J(4;14) 

*̂''fiia " ' J =» .9.20 (1 - 0.170 E) ' 

first Row I + J =*8.74 (1 - 0.169 fi) 

halides J » 8.61 (1 - 0.160 E> . 

tz ^ 0.987 (4.15) 

r2 a 0.996 (4.16) 

E2 a 0.998 (4.17) 

JrH H £°r the diphenvlmethylcyclopropaness 

a*' - - a l l p o i n t s J =» 6.18; (1 - 0.227 E) 

1 + tXMM .' J "a 6.32 (1 - 0.226 E) 

.. first"Row I + -J » 5.59 (1 - 0.218 E) 

h a l i d e s * J = 6.11 <l"- 0.224 E) 

(4.18) 

(4.19) 

2 = 0.985 (4.20J 

E*̂  a 0.966 

E2 a Q.985 

r 

r*^'= 0.986 (4.21) 

/ . JCH XH ^ 0 E fene &i^.*-l*"l radeutero»4=i.'?butylcyclohe2yl)-
2 ' ' 

methane d e r i v a t i v e s ? 

a,a • J » i8.0i a 0.142 E) 

7.Of II - 0.156 «E) 

r 2 « 0.829 (4.22) 

r'2 = 0.332 C4.23) 
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Severa l i n t e r e s t i n g t r ends emerge from these 

correlations. Increasing electronegativity decreases a l l 
** j 

coupling constants except for the one bond couplings. 

The g e n e r a l c o r r e l a t i o n of the one bond coupling 

constants with, e l ec t ronega t iv i ty is very-poor (r2 = 

0.389), although* correlations x^ithin Rows are very good. 

Another factor is c l e a r l y involved in influencing the 

valiAe'oJ: these one bond couplings. This can eas i ly be 

seen in the values for the ethyl halides, which in spite 

of the wide difference in substituent electronegativity 

have almost i d e n t i c a l coupl ing c o n s t a n t s . I t ' i s 

_interesting to note ' that the one. bon'd coupling constants 

provide the only series that .correlates well with Swaip-

Luptdn field factors. .- ' 

The general co r re l a t ions for subs t i tuents in each 

series is not goody' but i t gets progressively better as 

the coupling path length increases , (r2 for **-J-of Q.38, 

for 2 J of 0.467 and 0.739y and for 3 J of 0.935 and 

0.966). _ In a l l cases the co r re l a t ions improve very 

significantly when groups of substituents from the same 

Row of the Periodic Table are considered separa te ly . 

A c o m p a r i s o n of t-h e e f f e c t -of i n c r e a s i n g 

electronegativity on Jc g in,the ethyl derivatives shows 

t h a t the coupl ing cons tan t i s more s e n s i t i v e to 

e l ec t ronega t iv i ty -as. one goes *down the Periodic Table 

(c.f. equations 4.8- 4.11)*. 

The effect of the or ien ta t ion of fefee subst i tuent 
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' r e l a t i v e .to the-coupling pathway can be seen in values 
- ' ' < 

°^ JC H °^ t^ t e cyclopropyl d e r i v a t i v e s . The values of 
, ' > -

the trans, coupling constants , inhere the subst i tuent i s 
5. <: 

eclipsing the coupled proton, are more sensitive to ' 
» ° .»/ * 

substituent electronegativity than^are the values ,of the 

.els, coupling constants^ where the substituent subtends 

an angle of about 144° to the coupled pjoton (c.f. 

equations 4.14 to 4.17 and 4.18 to 4.21). • 

Comparison of equations 4.8 and 4.13 indicates that 

the effect of substituent electronegativity on sp*** and 

sp hybridised carbons, is the similar, with a slightly^, 

higher factor for -the sp*3 hybridized carbon. 
i • 

Although a number of useful correlations between -
t * • -

carbon-proton coupling constants and substituent electro

negativity have been found, these correlations are 

"sensitive to other factors such as the length of the 

coupling pathway, the Row of the Periodic Table to which 

the substituent belongs, the orientation/of the coupled ' 

nucleir substituent 'orientation with respect to the 

coupling path, and the hybridization"of the coupled 

carbon. **- * . 
r 

4«2 Correlations .of Carbon-Proton and Proton-Proton 

Coupling Constants 

•*' 

The_ correlations for the geminal and vicinal coupling 

constants are summarized below.-
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Ethyl derivativesi 

-first Row 2J C r H a 0.71
 2JHrH + 4.91 r2 a.0.936 (4.24) 

v - C m 

f i r s t Row, -N 2 J C H *-*°0.77 23E g + 5.46 r 2 «-* 0.999 

- (4.25) 

second Row 2 J C H a 0.72 2 J H H + 4.90 r 2 a 0.994 i*4.26) 

Ethanoic ac id^de r iva t i ve s? 

a - l l p o i n t s 2Jc00H,H = 0.62 2jH,H + 1.57 r 2~ 0.851 (4.27) 

f i r s t Ro,w 2JcOOH,E " 1 ' 1 4 2jHFH + 7 ° 5 7 r 2 = ° « 9 8 e (4.28) 

Diphenylmethylcyclopropane d e r i v a t i v e s s * 

a l l p o i n t s 3Jc,H s 0 o 7 3 3 j § ,H ~ ° ° 8 2 r 2 ' = 0 s 8 8 9 

(4.27)-

I + 3 j C , H s 0.83* 3 J | H - 1.46 r 2 a 0 .953 

(4.30) 

I + first Row 3Jg,H = 1.63
 33%f*E - 6.42 r2 = 0.999 

* * " (4.31) 

h a l i d e s . 3 J c , H *- 1'°>3 -3 jH fH " 2 » 9 1 f 2 " 0.997 

(4.32) 

a l l p a i n t s ^ J c , H s ° ' 6 9 3 j H H " Q'69 z2">~.0\-9l€ 

(4.33) 

i+ 3JC,H a 0s77^3jn,H ~ °*95 r 2 = °«985 

(4.34). 

I+ first Row 3Jc,H = °-89 3jl,H " 1-30 r 2 = °-986 • 

C4.35) 

h a l i d e s „: 3 J e , H = ° ' 8 8 3 j 5 , H " 1 ° 3 4 r 2 ' «= 0»990 

C4%36) 
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As was found for the p l o t s of 2 J aga in s t E, the 

u s e f u l l n e s s of t h e c o r r e l a t i o n s of ^3. and **-j a r e 
" •" <•„ ** , - n 

generally restricted to limited sets of data points. If 

values of 2JC g are to be predicted using values of
 2JH H 

for structurally similar compounds, the Row to which the 

subsrituen't belongs should be taken into account. The 

nature of the substituent and the orientation of the 

coupled nuclei must also be considered when predicting 
3JC H from

 3JH H for eyelopropanes. 

4.3 .Ratio of Carbon-Proton to Proton-Proton Coupling 

Constants 

For the purpose of predicting carbon-proton coupling 

constants- from proton-proton coupling constants in 

simila*r situations it would be most convenient If a 

single factor could be used to convert JH g to Jc g»*. The 

desirability of this,convenience has proven tempting and 

has lead to £?uch a factor being promoted for use in spite 

of the fact that such a factor is quite inapplicable. 

Quite clearly it is useful to have such a ratio, but 

as the ratio is dependent on several factors no single 

ratio Is valid. 

The results ©£ this investigation show that ration 

for particular cltuations can be useful if substituent 

effects are taken into consideration. 
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A summary of equations for determining such ratios^is 

given"below? ° 

2 T . 
JCH3,H • 

all points R - 0*51 (1 - 0.153 E) r2 a 0.925 (4.37) 

. first Sow R a 0.56 (1 - 0.164 E) r2*= 0.987 (4.38) 

second Row R = 0.52 (1 -_0.156 E)' r2 = 0.991 (4.39) 

third, fourth Rows R*a 0.53 (1 - 0.185 E) r2 = 0.999 

«4.40) 
2-"JCOOB,H s 

ill points 

first Row R = 0.90 (1 - 0.144 E) ^r2 = 0.972 ,(4.42) 

all points R = 0.71^-Cf - 0..115 E3. r2 » 0^637 (4.41) 

"Cfi H cig in cyclopt-ppanes 

all points R a 0.76 (1 ~t.0.066 B) r2 = 0.382 (4.43) 

first Row l"+ R =- 1.11 (1 - 0.135 B) r2 = 0.999 (4*44) 

halides R = p 0.88 (1 -'o.l03 E) r2 - 0.999 (4.4.5) 

•a .° 
JCH H t rans in cyelopropaness „ *• -

a l l points R a 0.88 (1 - 0.148 E) r 2 ~ 0.691 (4.46) 

f i r s t Row I + R *= 1.18 (1 - 0.178E) ** r 2 *=0.891 (4.47) 

hal ides R =• 1.11 (1 - 0.182 E) r 2 *= 0.998 (4.48) 

3jCH X H a ' a -***1 cyclohexaness* 

a l l points R - 1.45 (1 - 0.147 E) r***= 0.832 (4.49) 

JCH X H a ,e in cyclohexaness' 
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a l l points R = 1.94 (1 - 0.156- E) r**\= 0.932 (4.50) 

4.4. var ia t ion of the Ratio with Dihedral Angle and 

Substituent Orientation 

The effect ' of the dihedral angle and subst i tuent 

or ien ta t ion on the ra t io can- be seen from the r a t io s of 

oxygen substituted cyclohexanes and eyelopropanes, (Table 

4.1). ^ The ratios "vary with both ^ubst i tuent orientation 

with respect to the coupled nucle i and the r e l a t i v e 

orientation of the coupled nuclei . 

The values of the gauche rat ios are very sensitive to 

the e l ec t ronega t i v i t y of the subs t i tuents anjLi to the 

coupleo* nucleii.- The changing rat ios reflect the greater 

sensi t ivi ty of, the carbon-proton coupling.constant to the 

electronegativity of the ant,i subsftituent. 

The r a t i o for gJc°H i s c a l cu la t ed from the other 

three l i s t e d gauche r a t i o s . In changing from a proton 

opposite the coupled carbon to a carbon opposite the 

coupled carbon, the gauche r a t i o changes from 0.67 to 

.0.80. From the 9Jc?lt /9 jH?H ° r a t i o o f °-59> tn<5 r a t i o 

for a proton opposite the coupled carbon instead of a 

carbon would be 0.59 * (0.80/0.67) = 0.70, i . e . , 
9 J C ? H / 9 J C ? H ~ °'70» The va l id i t y ' o f t h i s ca lcu la t ion 

is supported by independent r a t i o s froi*^ another set of 
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Table 4.1. . The va r i a t i on of the Ratio of the v i c i n a l 

carbon-proton to the Vic ina l ' proton-proton coupling 

constant as* the dihedral -angle between the coupled nuclei 

(<£») and the or ienta t ion of the subst i tuent with respect 

to the* coupling pathway ( ©J are changed in cyc l ic 

•compounds with oxygen substituents. The. carbon-proton 

-coupling' constants are from the l-methyl-4~phenyl-
i * 

, 3 r3%5,5'- tetradeuterocyclohexanols and the 1-methoxy-

2,2-diphenylmethylcyclopropanes while the proton-proton 

c o u p l i n g c o n s t a n t s a r e ' from t h e a n a l o g o u s 

octadeuterocyclohexanols and cyclopropanols. 

Coupling 

tj . 

g^co * 

gjcc 

<9JHC 

gjHO 

3jc 

3 j t 

<j, 

180 ' 

60.' 

60 

60 

60 

0 

- 144 

0 

•*€0 

" 180" 

60 

' 60. 

180' 

-144 

0 

Ratio (C,H/H,H) 

0.51 

0.59 

0.67 

0.80 

0.70* 

0.60 

0.48 

Superscript's af ter J refer to the atoms ant i to the 

coupled nuclei. 
a a 

* Calculated from Ratios of Jcof J
cc, JHCt 

' Ratio, JBa a 0.59 * 0.80 / 0.67 
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coupl ing c o n s t a n t s . For the £,-butyl and i sopropyl 

a l c o h o l s , the r a t i o of 3 J C H t o 3 J H H i s found to be 

0.66 (54). Using-the r a t i o s above, the expected va lue 

of the r a t i o of the carbon-proton to proton-proton 

coupling cons t an t^ i s the average of the r a t i o s of the 

coupling constants for the three conformers, i .e. , 

*3jHCH/gj|CH . 0 > 8 0 

9iJC?H/9jl?H = ° ' 7 0 

and the expected Ratio a 0.51/3 + 0.80/-3 + 0.70/3 » 0.67, 

which i s in excellent agreement with the observed value. 
4 

.* 

t* 
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A l l s o l v e n t s used were reagent grade unles's noted 

below. Reference to petroleum e ther implies the *low" 

boiLing f r ac t ion (35 - 60°) un less noted i n 1 t h e t e x t . 

Dry d i e t h y l e ther was' obtained from Fisher S c i e n t i f i c 

(anhydrous) and used without Surther preparation.*. Dry-

dimethyl formamide was obtained from Fisher Scient i f ic ând 

used without further pur i f i ca t ion . " ""-=--' 

~t A l l chemicals were obtained commercially and used 

without further pur i f i ca t ion . ..', 
i 

J 

( 
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'>* - . 
•5.1* Preparation- of the 2 r2-dd.phenylraethyKleyelopropane 

der ivat ives * 

The synthetic pathways u t i l i z e d td obtain the methyl-
• ' ' * ' * **' . 

2,2-diphenyl cyclopropane® are shown in,Schemes 1P 2 and 
"3. Al l syntheses of the cyclopropane "ring ihtvo„lved the 

„ ••* 

addition o2 a dipbenyl carbene (Plr̂ Cs) .across the double 

bond of ah subst i tuted a c r y l i c or 2-methyfacrylic acid 

e s t e r . . The s y n t h e s i s t of the ^various- compounds a re 

.described below. The numerals re fe r to the compounds in 
* ex * 

scher.es- 1, 2 and 3. Compounds not synthesized'by the 
« • *• « *• - ' - ' . -

author--were provided by Fcofessor H. M. Walborsky, of * the 

F l o r i d a S t a t e U n i v e r s i t y and h i s g e n e r o s i t y ' i s g r e a t l y 

app rec i a t ed . 'Dr. Wa-lborsky provided the i s o n i t r i l e , 

cyano, a ldehyde , and acetamido d e r i v a t i v e s of 2 ,2 -

diphenyl methylcyelopropane' , i . e . , "X •*- HC, CN, CHO, and 

Kac62G2H5-** T*ae syf t theses of t h e s e ' compounds a r e 

described in the - l i t e r a t u r e (131, 132,-133,- 134, IfS) . 

5 . 1 . 1 . Preparation of Behzophenone Hydraaone 1 

' • • • ' \ ' • ' • • • • : . - . ' 

Benzophenpne (42.0 g,' 0.23 jnol),*- 10% ethanolic potas-
, \ • . . 

sium hydroxide (360 mL) and 95 percent hydrazine hydrate 

(80 mL) weVe added to a onerlite-r, round bottomed fla'sfc. 

The' magnetically stirred solution was refluxed over a 
•3 

., 0 steam bath for two and one half hours and cooled. „. The 
yellow white crystals which formed upon cooling were 

http://scher.es


•o • \ 

Seherae 1 

X 

C = 0 + NH^NI 
EtOH 

Ph 

Cssrl 

Ph 
/ 

\ 

jgO, SOI 

E t ^ O , Ma2S0d 

^ b : , * > • • 

' '& ^f Ph 

- * . . / • 

Ph ' 

+ " 
X 

/ ' \ 
C02R' 

*Hw?* LiAl*H4 , E t 2 0 

Ph * Ph" Ph i P 

,p-TsG"J. ; 
•*.. ..••'• :..*a» 

pyridine 

IPV ' Ph 

LIAIH^ 

THF 

6 . ' 
€H2OTs 

BuLi 
c 

•7 

a 
b 
C 

7 d 
7e 

X = CN 
A ™ v^X 

A = = Bj?,° 

X a I 
X *= D 

-1) I < >7d 

-2) CH^op~^»»--7e 

1 * . 
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SC11ME 2 

CHpFCOnCp H-g 

, + -
(Ph) 2C=rN== N 
-- ' l» 

H 
NaH*, EtOHr CgHg (CH20)3" 

.-a*"* ° *»>• 

\ 

CH2(C02C2H5)2 H 0 $ / c = \ 
. H 

•8 
C 0 2 ^ 2 H 5 

1 4 L I A 1 I W THP o -Ph^ ^ Ph 

2')p=-TsCl r p y r . 

3 ) L i A l H 4 , THF 

CH2BrCH prC02CH3 

SP * * 
1 1 

H OCH3 

Na/CHot)H" $ \ . / ' (Ph) 2 CN 2 
;»» ' C«*=C " , -1—-~* » 

RT* '5 d a y s / = \ 
B . "« C0 2CH 3 • 0 

•• ; . v " 12 

"-<, 

Ph 0 Ph ! ) L i A l H A , -THF Ph "«, 

2)p-TsCl^-pyr. 
-•—.—L », 

3 ) L i A l H 4 r THF 

% 



<0 

SCHEIffi 3 

Ph Ph Ph Ph 
mt3, FaH 

C1C0C02C2H5 , 

- Pb- Ph 

F a N 3 / H 2 0 • 
-»» 

? h Ph, 

P C I i E 2 0 

Ns=sC==0 

Ph " Ph 

19 

' Na 2 C0 3 ? 

sat'd sol'n 

Ph Ph 

CDC1-

HH-aCl 

I 

^ 

»f" IJ 
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y 

col lec ted 'and r e c r y s t a l l l s e d from a minimum amount of hot 

e thano l t o y i e l d Xt 35 g,(77%)p m.p. §4-97° , l i t . 95-

98° (136) . ' 

V- •' 
J 5 . 1 . 2 . 

Prejgaratiora ©f Bipfaenyldiazomethane Z 

Senzophefrone hydrasone JL (13.0 g, 0.067 mol) , 

y e l l o w mercuric oxide (35.0 g, 0 . 1 6 ' m o l ) , s a t u r a t e d 

e thanol ic potassium hydroxide (5 mL). and anhydrous sodium 

s u l f a t e (15.0 g) were added t o d i e t h y l e ther (200 mL) In 

a 500-mL pressure f lask . The f lask was Corked and wired 

s h u t , and t h e s o l u t i o n s t i r r e d for 3 h a t room 

t e m p e r a t u r e . The deep re-d s o l u t i o n was f i l t e r e d 

(e lementa l mercury was produced) and concen t ra ted to 
*y *' • v. " -

yie ld diphenyldiafeomethane 2, as a red o i l , 10.0 g (78%). 
The diphenyldiaaomethane was immediately taken up in 

pet-toleum either and ^refrigerated. 
" * > 

' 5 .1 .3 . P r e p a r a t i o n of methyl a -b romeae ry la t e 3& and 

""'-methyl l~bcomo->2/2-diphei|ylcyclopropanecarboacyla1:e A 

A"250*^mL-round bottomed flask was charged with methyl 
s • . 

acrylate* (40.0 q", 0.47 mol), methanol (20 mL) and a t race . 

of hydroquinone. Bromine (26 mL, 78.0 'g, 0.49 mol) was 

added w5ith s t i r r i n g a t a r a t e t h a t kept the s o l u t i o n 

temperature below 40 ° . when the e l emen ta l bromine had 
* * • *> 

been consumed .(as evidenced by the d isappearance ofj the 
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* 

r e d ; c o l o r ) , the s o l u t i o n was d i s t i l l e d under reduced 

p r e s s u r e ' " ( 2 0 mm Hg*) t o j - i e i d m e t h y l &,$—* 

dibromopropionate. 

The methyl a-,jS°dibromopropionate (6*5.0 gff 0.,27,.mol) 

- and g u i n o l i n e (35.0 g, 0127 mol) were -c l is ' t i l ied with 

s t i r r i n g in a filaisen appa ra tus . The r e s u l t i n g c l e a r 

d i s t i l l a t e was c o l l e c t e d in an a c i d - washed f l a s k . As 

the d i s t i l l a t i o n progressed the r e s idue in the Cla i sen 

appara tus turned a brownish orange c o l o r . The crude 

methyl a-brom©aeryla te 2SL was usedo without fu r the r 

pur i f i ca t ion . , '' 

The m e t h y l a - b r o m o a c r y l a t e 3 ^ was d i s s o l v e d in 

p e t r o l e u m e t h e r (80 mL) and h e a t e d t o r e f l u x . 

Diphenyldiasomethane (20 g, 0.10 mol) in petroleum ether 

..(•100 mL) • was added u n t i l t h e , red c o l o r of the diazo 

compourid .was r e t a i n e d . Concentra t ion of the s o l u t i o n 

yielded a yellow o i l tha t crystalli*sed with cooling and 

s c r a t c h i n g . The c r u d e m e t h y l l - b r o i o - 2 f 2 -

diphenylcyclopropane ca rboxyla te £s. was r e c r y s t a l l i z e d 
i 

frdm.methanol to y i e l d c o l o r l e s s p l a t e s ', 12.0 g (36%), 

m.p.. 84-85 °..(135) 
- - «•» 

5.1.4. P repa ra t i on of t h e methyl 1-dyanb and methyl 1 -

cMoro-2»2-diphenylcycl©pr©pai*ieearboxylat@s CJA and-JJbJ . 

The cyan© and c h l o r o d e r i v a t i v e s of methyl 2 ,2 -
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d i p h e n y l c y c l o p r o p a n e c a r b o x y l a t e , compounds JL&, and i i ' 

" r e s p e c t i v e l y , we're prepared in a manner s i m i l a r t o t h a t 

for t h e bromo d e r i v a t i v e from the cyano and c h l o r o methyl 

a c r y l a t e s , compounds l a and 3Jfe. 

The s t e p s in t h e r e d u c t i o n of t h e m e t h y l e s t e r s , 

compounds j£a,, JLJa, and &£., a r e e s s e n t i a l l y t h e same fo r 

* t h e cyano , c h l o r o , bromo, f l u o r o U3. and methoxy JUL 

compounds. This r educ t ion i s d i scussed in d e t a i l in the 

p r e p a r a t i o n of 1-me thoxy-2 ,2-d iphenylme thy 1 cyclopropane 

M . 
v 

• • ! 

5 .1 .5 . P r e p a r a t i o n of l - i o d o - 2 r 2 - d i p h e n y l m e t h y l c y c l o -

propane 2A 

The bromide As. (3.4 g , 0 .012 mol) was d i s s o l v e d in 

benzene-petroleum e thec ( l i l ) (100 mL) and the r e s u l t i n g -

s o l u t i o n cooled t o 5° . A s o l u t i o n of n - b u t y l l i t h i u m in 
t 

d r y d i e t h y l e t h e r (0.10m, 100 mL) was a d d e d ' t o ' t h e 

s o l u t i o n in such a manner a s t o keep t h e t e m p e r a t u r e of, 

t h e m i x t u r e b e l o w ' 6 ° ( c o m p l e t e * a d d i t i o n t o o k 

approximate ly 30 minu tes ) . Fol lowing t h e a d d i t i o n ^ the 

s o l u t i o n was s t i r r e d a t -5° f o r 20 m i n u t e s and "iodine 

a d d e d ' t o decompose t h e l i t h i u m compound. The s o l u t i o n 

was washed w i t h H20 (2 x 20 mL), d r i e d o v e r a n h y d r p u s ' 
« • '' 1 - . * 

•sodium s u l f a t e , - f i l t e r e d arid concen t ra ted t o y i e l d 2.0 g 
(50%) of 2d» • 
N.M.H. CCDC-I3) - § 7 . 0 0 - 7 . 5 0 , bm, -10H; '51 .89 , s , ^3H; 
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51.88 , 51 .63 , dd, 2H, 2J » 6.3 Hz . 

5.1.6. Preparation of l-deutero~2 !r2-diphenylmethyl%yclo-

propane Is. * 

A s o l u t i o n of n - b u t y l l i t h i u m in dry e the r (0.10m, 100 

mL) was added s'lowly t o a b s o l u t i o n of the bromide 2 s (3.4 

g , 0.012 mol) in 100 mL of b e n z e n e - p e t r o l e u m e t h e r ( I s l ) 
a. , a 

which had been c o o l e d t o 5° in such .a manner a s t o keep 

t h e t e m p e r a t u r e of t h e r e s u l t i n g s o l u t i o n below 6 ° . 

A f t e r s t i r r i n g f o r 20 m i n u t e s a t 5 ° , d e u t e r a t e d 

me thano l (CH3OD) was added t o decompose t h e ' l i t h i u m -

compound. The s o l u t i o n was t h e n washed wi th wa te r (2 x 

20 mL), d r i ed over anhydrous sodiup s u l f a t e , f i l t e r e d and 

concent ra ted t o y i e l d 1.8 g (72%) of 2a . 

H.H.R (CW*^) - 57.50 - 7 .00, bm, 10H| 51 .24 , 1 .11, dd, 

2H, 2 J » 4i5 Hz; § 0 . 9 1 , s , 3H. 

5 .1 .7 . Preparat ion of e t h y l l - f luoxo-2 r 2-d ipheny lcyc lo~ 

propaneearboxylate JL v ia e t h y l « - f luoroaery la te $. 
" **. 

r a 

Ethyl .oxalate (20.7 g, 0.14 mol) and one drop of 

ethanol were added to a 56 % dispersion of fPodium hydride 
**• t 

in oil (5.58 mL, 0.13 mol), dissolved in bensene (100 

mL), and ethyl f luo.roacetate (12.4 g, 0.13 mol) added 

dropwise. During the course of the addition, which took 

one hour, the temperature,-of the reaction mixture was 

kept between 40° .and 60°. -fhe ethanol was distilled off 
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and a f t e r t h e s o l u t i o n had been c o o l e d t o 4 0 ° , 

' t r i o x y m e t h y l e n e (3 .87 g , 0 .13 mol) was a d d e d . The ^ 

m i x t u r e was s t i r r e d " f o r 15 minu t e s and t h e r e s u l t i n g 

f , - " * • 

s o l u t i o n of e t h y l - f l u o r o a c r y l a t e 3. used w i t h o u t 

p u r i f i c a t i o n . * "3? 

D i p h e n y l d i a s o m e t h a n e (3.92 g) in 90 mL of p e t r o l e u m .< ° ' 

e t h e r was t h e n a d d e d t o t h e r e f l u x i n g ethy^b-CK-
- * * • " ' , 

f l u o r o a c r y l a t e • s o l u t i o n . ' After r e f lux ing ove rn igh t , °the <, 

s o l u t i o n "was c o o l e d , f i l t e r e d and' c o n c e n t r a t e d . The 

c r u d e p r o d u c t was t a k e n up in benzene (50 mL), washed 

s u c e s s i v e l y With concen t ra ted s u l f u r i c ac id (2 x 10 "mL), 

w a t e r (2 x 15 mL)°, <dr ied o v e r a n h y d r o u s magnes ium * -

s u * l f a t e , f i l t e r e d and c o n c e n t r a t e d t o y i e l d - 2.0 g (15%) 

of £ ( 1 3 1 ) . \ '• ** " > " i 

The e s t e r was'" reduced t o t h e methyl f luoro d e r i v a t i v e 

JLQ. in t h e 'same manner a s t h e methoxy. compound JUL. See 
s e c t i o n 5.1.1.1. . • a . 

N.M.R. (CDCI3)0- 5 7 , 5 0 - 7 .00 , bm, 10H; 5 1 . 7 5 , 51 .13 , 

2H (ABX), 2 J A # B = 6.0 Hz, 3 J H F *= 3 .60 , 22.90 Hzj 5l.<30, 
* 

d, 3H, 3J P f H = 17.5 Hz, m.p. 173 - 175°, lit. 174 -175° 

(131). I 

5.1.8. Preparation of Methyl Of,/3-Dibromopropionate JLL 

Bromine (26 mL) was added to a s o l u t i o n of methyl 

a c r y l a t e (40.0 g, 0.47 m o l ) , 20 mL of methanol and,a t r a c e 
* * *• ft 

of hydroquinone in a 250 mL round bottomed flask at a 
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y-1 •?:•*•• 

V • r a t e tha& kept t h e s o l u t i o n tempera ture b e l w i 40 C°. The 

s o l u t i o n w a s ' s t i r r e d o v e r n i g h t a t r o o m r t e m p e r a t u r e and 
' * ^ ' - \' „ 

. t hen d i s t i l l e d under reduced^pressure (approximately 20 
*\ \ 

mm Hg). The first fraction (10 mL) was discarded. " The 
s -

a C *** \ n 

s e c o n d f r a c t i o n , y i e l d e d - 86g (92%) <of m e t h y l <X.(3~ 

• dibromoprppionate JUL. •• • - t 

5.1.9-,,*- P r e p a r a t i o n of Methyl a-Mefchc-xyacrylate 12 

*̂v. 

' .5.0 g oft^sodium m e t a l wa^ d i s s o l v e d in m e t h a n o l X8Q-

- ' mL) and added* dropwise t o a s t i r r e d s o l u t i o n of methyl.ci , 

. jS-dibromopEopionate (20.°.0 g ,^0.0 '61 m o l ) . ' F o l l o w i n g t h e 

a d d i t i o n , t h e s o l u t i o n ' wa;& l e f t t o s t i r &t room 

t e m p e r a t u r e fo r 5 d a y s . The r e a c t i p n was quenched w i t h • .,> 
• ' . * • ' ' - * " To **" J- ' 
d ry ice ' (C02) -(20. g) and t h e , s o l u t i o n - f i l t e r e d . The • 

.' **. ' ""'-/' -' • *' y ,<- \ . 
' <* » f i l t r a t e was* washed with methanol" (-20 mlD'and the °or§an°£c ; 

' - layer-"-hydrolysed w*Ltti water (30 mL). .' Chloroform (4Ql'7mL) 

was added,, and t h e aqueous l a y e r s e p a r a t e d and vwa*s.hed n. 
' ' ' * 

--"'with chloroform (40 mL). The organic l a y e r s were combined ;. 
*.",washed .wi,tt*h H2Q ^ , x-»„l° mL)«/-'dried o v e r ^ n l j y d r o u s 

J» 'magnesium s u l f a t e * a n d c o n c e n t r a t e d ' t o yie-jLd,, 8.67 g (93,%)' 
' ' 1 \ !<• ° • ' 

of a -reddibh co lo red , o i l XZ (134).- "* 
- ^ . " ?" - ' ' ,i 

* -4 " - _. « ' • „ . •' - • 
t ° a < i X 

- 5 .1 .10 . * .P r epa ra t i on , , of m e t h y l l -methoxy a "2>2-dipher ty l 

f 

eye lopfopanecarboxy l a t e 13. V \ 

-Methyl Ctf-methoxyaerylate 22.'- C8.0 g , 0.08 mol) was 
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dissolved in cyelohexane (50 mL) and diphenyldia.somethane 

(20.0 g, 0.10 mol) in cyelohexane (70 mL) added over twenty 

minutes to the stirred solution. The solution"was heated 

to reflux and the refluxing continued overnight. After 

cooling, the solution was concentrated to yield 18.67 g 
i •*• 

of t h e crude c a r b o x y l a t e JL2.. 
• 

The crude product was dissolved In bensene (100 mL), 

washed with cold concentrated sulfuric acid (2x3 mL), 

H20 (31 x 10 mL), dried over anhydrous sodium sulfate, 

filtered, and concentrated to give a yellow liquid that 

crystallized on standing to yield 3.4 g (36*%) of JU,. 

rl 2,: 5.1.11. Reduction of t h e methyl 2,2-rdiphenyleyeJLopropane-

c a r b o x y l a t e d e r i v a t i v e s t o 2#2-diphenylmethyleyclopr©pane 

d e r i v a t i v e s • * 

y \ , . • °- T h e r e d u c t i o n bf- t h e - m e t h y l e s , t e r of t h e * 
' '* ' r ' ^ - V '• * * f " . . „ -, ' 

•* „- „ ' ~-cyclopropane c'arboxylic-efbid^ t o - t h e methyl cyplopjrtppahe 
-•• .* , "': < ' •• - * " **" - / : V, . ' * \ .. 

-' yi -"- * * i s descr ibed below for t h e methoxy d e r i v a t i v e . The same 
•, - procedure , .v?as ,used f"<**r t h e c h l o r o , bromo, cyano, , and 

» - ' . - * . . . . J 'J**M" '" • . - - ' * ' ' 

,, * v- ^ „,„.. f l u o r o d e r i v a t i v e s . - ^ V . ./'" - ' - . " „ 
\ «. *= . . 'JThe est'e.r JL2, 16.8 .g, --0.025 mol*) was d i s s o l v e d £ . i n d ry 

- • ' " ' ' . " ' ° - .- ',,' / *" ° :: ' y 
• . • . 0 p.» ^ d i e t h y l etheir (75 m£) 'and added^dr^pwise to* a s t i r r e d ' 

•"„ s o l u t i o n "of l i thium-aluminum hydride :*(1.90 g, O.OS'O mol) in*; 

'• > c'- , d ry d i e t h y l ^ e t h e r '(25 mL) co.04.ed t o 0 ° ; After. , the*. 

\ -', *'", s „ a d d i t i o n was c o m p l e t e ( a p p r o x i m a t e l y - 4 5 m i n u t e s ) , t h e 
» * - ° ' \ . % ' . ' • < • • - • ] - ' • • ' . 

http://co.04.ed
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a ^ ' • 

solu t ion was reflused for one hour, cooled and saturated 

ammonium chlor ide solut ion (35u.mL) added slowly .to quench 

• the excess' l i t h ium aluminum hydr ide . The mixture," was . 

f i l t e r e d , the aqueous l aye r d i scarded and the organic 

l a y e r d r i e d o v e r anh'-ydrous sod ius i s u l f a t e and 

concent ra ted t o y i e l d 4.96 g (72%) of the a l c o h o l 5 

where X •= QCI%* pup. 80 - 81°, l i t . 82 - 83° (131). 

5 . 1 . 1 2 . f o s y i a t i o E ©f J.-metlioxy~2«.2-diphesiyl™ 

cyelopropane methanol ,2, 
"• * ' 

* * * * * , i 

, . B * 

The crude a l c o h o l C4.06 g, 0.18 mo.l) was d i s s o l v e d in 

pyridine iSQ mL)r cooled in &.n lee^watet bathr and para^ 
. "*** 

tbluenesulfonyl chloride (5*.4 gr 0.03 mol) added. " The -'•• 

solution'was'stirred for one and one half, hours at 0,Q, 

refrigerated overnight," then poured into an Ice water 

mixture (75.0 g). The aqueous mixture was extracted with 

-diethyl ether (3 x 80 mL), the ether extracts combined 

and washed with IN hydrochloric a,«?id C3 x 60, mL) and*. . 

- saturated coppertsulfate solution to remove the pyridine. 

The" ether solution was dried over anhydrous s,odium 

. sulfate," filtered and concentrated'to give 3.4 g (40%) of 
. t *> > -a 

the tosy la ted alcohol. ' . -
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5.1 .13 . Reeteet iee of t h e t o s y l a t e .of l«-iaethoxye**2r2~ 

diphenylcyclopropane methanol ° , \ > 

The t o s y l a t e C3..1 g , O'.OOO mol) -was d i s s o l v e d "in dry 

d i e t h y l e the r and added, r a p i d l y -to a s t i r r e d so lu t ion ofl 

l i t h ium aluminum faydeide (0.6 g, 0.016 mol) in dry d i e thy l " ' 

e t h e r (60 mL). Af ter s t i r r i n g for t h r e e ' a n d one h a l f 

h o u r s , dry t e t r a h y d r o f u r a n (20 mL) was added and t h e 

s o l u t i o n s t i r r e d overn ight . The eneess l i th ium aluminum ^ 

hyd r ide was quenched by c a u t i o u s a d d i t i o n of s a t u r a t e d 

ammoniuii c h l o r i d e s o l u t i o n (20. mH, ,t-he s o l u t i o n f i l t e r e d 

and the''-aqueous l a y e r d i s c a r d e d . The o rgan i c l a y e r was 

dr ied over anhydrous- sodium su l fa t e* arid concentrated t o 

y i e l d 1.8 g of the crude product. ' 

To p u r i f y t h e d e s i r e d p r o c u c t JUL* a s i l . i e a g e l 
* $ • * • • > 

column was used. Pe t ro l eum e t h e t (30-60 ° f r a c t i o n ) -

• benzene (9s l ) were used as the . e l u a n t . The ^des i r ed 

product was a white c r y s t a l l i n e - s o l i d , me'lting po in t 70-

73- °„. ' 

N.M.E (CDCl3) . - 57.50 - 7.00, bin, 10H? 63 .13 , ' s , 3H;°' 

j i . 6 6 , 51.26, dd", 2H/ 2J-'=- 6.04 Bz.<- ' . . . . . . 

The. photon cheiriical /.,shift and 'coupl ing constant" data for".,, 

t h e . c y a n o , c h l o r o , a n d br -om Or^,?2 , '2 -

• d i p h e n y l m e t h y l c y c l o p r o p a n e - - d e r i v a t i v e s / compounds 7a*. 

lb, and 7c r e s p e c t i v e l y a re l i s t e d below. . 

CN - N.M.aV'CCBClg) - d7*S0- , 7.00*, bo> lQHj 5'l .93, 
•a** «*» - i , 

* f 

< T ^ 



2-49. 

L> ° *• . «f 

$1 .55 , dd, 2H, 2 J -= 4 a 8 Hz; dl t .22, s , 3H. # ,-
* . ' . 

, Ki.p. 145 - 147°. * ' , \ . <" 

CI - , S . H . B ' . ' Ccbc i s ) -^ §7 .30° 7 .00 , bm,.*"10Hj &1.85, 

. ' 5 1 . 6 5 , dd, 2H', 2 J o 6.3 Hz? 5 l . B 4 f s ; 3H , ' . 

n.Bo 56 - 60°. , " " 

Br - HoH.R.- (CDC 1*3) - 57.50-* 7 .00, bin, 10H» 3 1 . 9 5 , "" 

5 l l 6 9 , dd,, 2H, % «= 6.4 Hs? 51.72., s , 3H , 

m.p. 54 - 85©, • ._ • / 
\ B *• 

* ' / ' " ? w ' * 
5.-1-.14. P r e p a r a t i o n of m e t h y l 2,2~diphenyli&e*i:hy 1 -

, * > • 

cyclopropane c a r b o x y l a t e JL5. • " ,P. \ " " * " . ' * ' " 

W * ' ' ' ' ' V •"" """ '--. 
To a**'refluxing s o l u t i o n of methyl methacryla-te (1S-.0 

g , ff.lS'ftol) in p e t r o l e u m e t h e r • (30 - 6 0 ' c ° f f a c t i o n ) C4J5 

mL), diphenyldia^zomethai^e (29 .1 g , 0.1,5 moli \ in Jpet£Ol@um 
* ° \ 

. e t h e r (80 mL) .wa's added u n t i l t h e s o l u t i o n r e t a i n e d t h e 
if jt -

• ' " f ' * * ' * *- ' 

% red -cooler of t h e u n r e a c t e d d ipheny ld&azomethane . The. 
•* , * - " ~t 

solution was cooled and concentrated to yield a.vellow* i 
**•" " "" \ f 

' so l - id (15.6 g )< . f " . ' " , / A-. ' . . ' , "* w, 
. '- , / *> •• 'y ° 

The crud^- 'prod-uct was- r e c r y s t a l l i z e d " *£'r»6m a minimiam ."' 
° . ^ <• ° - ' • < t o ' ; T ° ~ ' . " ' * • ' " ' ' ' : ' ' 

. " a m o u n t of. hcot' metlhanQl t o y i e i ' d . l ' S . i ' g (34%) , of t h e " . 

d e s i r e d compound 1£^« , \ "=V * \ ;** ' • •" '*'**. *' -*•„-, ..*-*-»̂ ". . - r 
w-«, '• y>r - - ••* & ' ' - . * ' '" • • « . ' " > -•-' \ 

^ '^4M."g . .(C"&?fl5>^;5j7.50-- 7 .00, bio*,..'tOBK(52v28,-51.45, dd, : 
**•" '* * v ° '• - V ^ * - - • " " ',"- '* / " ***' * 

sV.02fiv .*J **- 4.8"H.z^ ^1^.20^ s i i i , " m.p . 56 4 - 5 9 ° / - - , • -° * 

r 0 

•• o 

*r 

P i j 

i 
» ° 

* 0 

^" 

•0 

. 

/ 

»; 

• •y T *> 
^ 

tf 

; ' ^ 

; . * ; 

T-

o » < 

.. -A-
* „ » "** 
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5.1.15* P repa ra t ion 'of 2y 2-diphenylwethy> i eye 1 ©propane-" 
" *4 

ea rboxy l i c ac id IS, 

c " 

«-v 

, i 
>• i 

The methyl sg t e r H (9.5 g, 0.036 a<3l) was re f luxed In 

a s o l u t i o n of 25 percent aque'ouo- potassium hydroxide (50 

mL) and me thano l (70,* mL) o v e r n i g h t . - Stie o o l u t i o n was 

ceo'led^ a c i d i f i e d w i t h 2EJ hydroe-hliorie a c i d , and the-

s o l i d c o l l e c t e d by f i l t r a t i o n and a i "f: ed t o y i e l d 7.8 
ii> 

g<-(88%) of t h e a c i d JL£. 

-Hi'M.R. (CDC13) - 5 7 . 5 0 - 7 .00, bm, 10H; ^2 .20 , §L.47 , ,dd , 
» £• 

; 2H", 23 = 4.° 7 Hz; § 1 . 1 3 , s , 3H» m.p. 1 7 5 " - 1 7 9 ^ "* ' . . -
> • 

' . 5 . 1 . 1 6 . P r e p a r a t i o n of l -amino~2j r 2-d£phenyl t te thylcyclo-

propane 20 
.- 1 

V 

*• - . -' 

* A s o l u t i o n of e t h y l c h l o r o f o r m a t e (.1.25 mL, '0.012' mo,i) A 

in acetone*- (3 mL) was added t o a m i x t u r e of . the a c i d (16) 

*(2.S3 g , 0.010 m o l ) , t r i e t h y l a m i n e (1.75 mL, '0 .012 mol) and 

• a c e t o n e (40 mL) . coo led t o - 1 0 C9 in a s a l t - i c e b a t h . 
»• - ' ' , ' * < 

• ° . - * 

After stirring the resulting solution for two^hours, a „ 

.mixture of sddium a'zide (1-25 *g,».-0<.0l2Jmol) and water 110 
- - " . " * ' -'' ' * j » . 

mL)*r wa's" added dropwise'and stilting continued for a * 
" ^ o " ; ; . „ • • ' • V s • <» a- - ., , . 

further- four, hours;„ "The" s o l u t i o n was} taken up in pentane 

-1100 mL),? a.nd the pentane l a y e r .washed s u c c e s s i v e l y 'with .' 

<l#"hy,dgochlor ,i 'c *acid C2 x 10 mL) - a n d - s a t u r a t e d sodium, . \ 
.? *„„ -J- ' : . „ - " - ' * * ' -

carbona ' te «£2.-x' l*5°'mL,), d r i e d * over- a-frhydro.us sodium 

"p. 

• 3 a 
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,\ 

s u l f a t e , f i l t e r e d and concen t r a t ed . The crude a s ide 12 

was l e f t in a vacuum desieator overnight. ^ ' ' 

The crude "aside 12 was ref lused- In benzene (100 mL)" 

for s i x hours- under a-ni t rogen-a tmbsphere , then- l e f t to 

cool . The solvent was removed under deduced-pressure and 
""" o 

_ the r e s idue JUL d i s s o l v e d in a (2s 1) water *hydrochlor'ic 

acid mixture (45 mL) and ref lused ovexnight. 

k f t e r c o o l i n g , a b rownish s o l i d formed in t h e 
'• V ' ° 

so lu t io 'n . 3?heNoolid was c o l l e c t e d by f i l t r a t i o n and 
- *Cj ' - , > 

washed with acetone to leave/a. white " c r y s t a l l i n e so l id . 

„ See rys t a l l i za t Ion .©£/ t h i s whiteXgo-lid gavxe I'A g (4©%) of 

the" h y d r o c h l o r i d e > ' sa l t 1£ <§x the^' d e s i r e d amino-
C n ' t 

derivative' , „ m.p. 130 - 133.(132)*- " - ,o „ 
'. .. • As* th'e f'ree 'amine i s - u n s t a b l e , -it^ 'Is genera ted An 
. ..' , • <• 

sXtJl in de 'uterated chloroform (CDC13) when NMR spec t r a . 
; ; " . " ; * ; . 

are acquired. The generation of 211 from Ut involves 

adding saturated aqueous sodium, carbonate solution to a 
' *t 

•• mixture of the s a l t in- CDCla. " With s t i r r i n g the f ree " 
' • ' ' <"• , ' 

amine-^0. i s l i b e r a t e d and dissolves- in the chloroform. 
- . • • , * •*> . 

W.M.R. (CDC13).- §7 .55- o 7.00, bm, 10H; S i .47 , Si.30-, dd, 
2J = 4.0 Hz; 5*1.28,- s , 3H » "; " ' & 

5.2 -*-H NMR and Mass Spectral data ,for the 2,2-diphenyl-

methyleylcop**opane derivatives / '.•>•»••. "'" ' 

' * ' • • < • , - " ' ' . - • ' • ' - ' ' • ' * " • * 

«- »*• • 

The^relevant^proton f1H) "data f«*>r the 2,27dirphenyi-

^ methyl cyclopropane .der iva t ives were obtained. a t Dalhopsie . 

9 

, t- . - • - - . , 

" - . . - „ c •« ' • „» ° '-' •'**>-i/-- , '-

-<! 

i» 
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Unive r s i t y on a Par ian T-60 or a Varian CFT-20 NMR 

spectrometer.** The mass, spec t r a were obta ined on a 

DuPont-CJgC laodel 21-104 spectrometer using an ionization 

Voltage ©f 70 e lec t ron v o l t s . The mass spectra data are 

l i s t e d ia Table 5.1. 

*** 

* ~ • * * . * 

» ,. 
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•"MSB 5.1 &S3 Sp^£xal Bate for tbs 2,2-Bipheayl mstlsyl e^IopBop-siso 

*M2&!£ fflgC F 

Hff 29S 251 ,259 * 22© ; 244,242 - 233 - 280 - 324' ' 226 
' • * ' . " ' ' . . -

29(100). '223(100) 2($(lO0)^ 207(1QQ> . 233(100) '207(100) 127(160) 235<1W> 

42(100) 146(93) 226(79) 129(79) 206(63) 206(81) . » { 8 3 ) 207(100) 

<? -

-2mm) f42C£0)--Bl<£6)-.™2§S(84)--. 163(63) 129(63) 123(25)-- 129(93) 

' 105(32) 36(56) 165(56) . 191(66)° 232(44) 105(55) 33.5(11)' 162(90) 

, " " " ' *". ' J ** -" ' , • " 

77(19) 208(49).. 211(36) *: 165(51) .218(32) 205(455 129(10) 221(76) 

<«• 

.207(17) - 105(47) 205(2ti 91(39). 191(^8) " 91(43) 48(9). 

205(17)° 44(40) ''133(26)" 242(34) , 51(23) 77(43) 4 5 ( 8 ) *115(@7) 

165(16) 43(33) 207(21) • 243(8) * 178(B) 165(33) 28(8) 51(52) 
. % * • • 

» * • ' - , 
• 43(16) -77(31) 189(B)' 128(28) ' 91(15) "" 29(36) 77(8) 77(48) 

191(15) 222(27)" .225(18) 205(25) 89(13) '51(28) 91(8) 
*» < I 

_„*-=-•> 

.* *o 
»' J . 

•*vS * • , t . 

: -"> 

«Q 

. ? " 

' J 

'„' ' 

<J. . . 

e*& 

39(45) 

f 

M " \ 



2'54 

V ••' •'"" , • 
J..5.3". PifepaEat'ioh of the J"*Cl-ieat?'r0-4-t= 

- ' butylcydohexyl) methane Derivatives , • ' 

The synthetic pathways for the preparation of the 1-

(l*-deotero=,*4-i.-butylcyc#ohe-'-;yIf)methar*iol derivatives are 

shown in Scheme *4« "The syntheses of the compounds0 shown 

in Scheme 4 are. described In detail below* x 

' ^ 5.3.1. Preparation of 4~£-butylmethylenee.ycl€»hexan@ 

» « » f • ' 

Fi f t een m i l l i l i t e r s of a s o l u t i o n of broiaobengene* 
•i > 

(26.S>'s4 0.17 ,mol) in dry ^diethylether (75 mL) were added 

to l i t h i u m shavings (2.7 g,-* 0.17 mol) conta ined in a" 

* flamed* nitrogen-flushed SCO mL-flask.. -Itien the reaction 

was no t iced t o ' s t a r t (as evidenced by the product ion-of 

« heat) tne remaining -latoitiobenzene solut ion was added at a 

r a t e fihat m a i n t a i n e d t h e r e f l u x of t h e s o l u t i o n . 
* ' • .' ' 

Complete"-? add i t i on took' approximate ly * one .hour. Toe 

grayish solution, waj^st irred for one half hour,- d ie thy l ' 

e ther (30 mL) was added and the s o l u t i o n "decanted" from 
J ' • • -' ' ' ' , 

' • • \ • ( . • > ' » , 

the excess l i thium, in to a c lean? flamedj- n i t r o g e n -
' ' . ' **' 

flushed? 500 mL.rflask-, Triphenylmethylphosphonium bromide-
C53.0 „g, '0.17 mol) was. addecL oyer f i f t e e n minutes • and _ "• "' 

*• * " " ' " ^ * „ * ' ' ° ' ' • " ' -'-•*** '-

resu l t ing solut ion "'stirred-; a t 'room (temperature far "four" , 

hou"rs« .The -preparation- of- 'ferlf^hetiylmethy.lpliosphoai-aTSi ° <*• 

. R feffcmide Is- -S^ssuibed fiollotfirag-'tfe© ocsspletion Q£ .the.-\ _ /• 
'*" - ; • i ' , - . * • * , » - .„ ' . ' • * « , * "- . " c .u 

V-

i ,?. 
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SCHEME 4 

2S5 

'=SCH. 

DHa BD4 

BP350(Et)2 
— *•* 
2)H ?0, B * ^ * 

HaOH 

CH 2OH 

D + 

21 

22a 

CH2OH 

CS2OH / 
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descript ion of t h i s Wittig reaction*. 

A s o l u t i o n of 4-£.-butyleyclofaexanone "(23.0°g, 0.15 

mo!) in dry diethyl,, ether (30 mL) was added to the mixture 

- " and the'mixture refluxed Overnight. Following hydrolysis 
* , * * i ° ° • 

of the excess phenyl l i t h i u m wi°th water (25 mE), the 

solut ion was f i l tered, , the f i l t r a t e washed with diethyl 

©ther and the ether layers combined, dried over anhydrous 

_ sodium *sulf^te 'and concentrated. 

The crtUde p r o d u c t (16.5 g) was d i s t i l l e d under , 

reduced, p r e s su re (20 mm Hg) t o y i e l d 8.0 g (35%) of .a 

l i g h t yellow o i l * , which wa,g e s s e n t i a l l y pure product J21. 

. . (137) <p 

H.M.R.'(CDCI3)- 54.52, a, 2H; §2.60- 1.00, bm, 9H; §0.87,-

s , 9H. "* 
> The y i e l d for this* Wi t t ig r e a c t i o n appears to be 

dependent upon the e f f i c i e n t mixing of the phosphorus 

y l i d and the ketone . Much b e t t e r y i e l d s , we re - r ea l i s ed 

when the reaction was car r ied out on a smaller sca le and ' 
*• 

efficient magnetic stirring was* possible. 

5.3.2. Preparation of Triphenylmethylphosphonium Bromide 
6» » 

Methylbromide (15.^) g', 0.10 mol) was added' t o a 

cooled (10°) so lu t ion of. trlphenylphosphine (34.0 g, 6.13 

* mdl).i*n dry toluene* (30 mL) conta ined in a f l a s k . The 

•f.lask was sea l ed with a rubber bung secured by wire-and , 

/ l e f t for twenty four hotirs a t robift temperance. " . 

» ( \ t he s o l u t i o n was cooled in an i c e - s a l t ba th .{-10 °) 
3 - • . ' ' ' 
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and ye l low white c r y s t a l s were no t i ced to form. The 

crystals-were co l lec ted by f i l t r a t i o n , dried at 115° for 

twenty four hours and stored over phosphorus pentoxide in 

a vacuum desiccator . The y ie ld was quantat ive. (1375 

- 5.3.3. Prepata t ionof l -C l -deu t e ro -4 - j t - bu ty l cyc lohexyB 

methanol 22 

SodiuHi-borodeuteiide (6.42 g, 0.010 mol) was added 

over.a period of two minutes to a solut ion of 4-£,-butyl-

methy l e n e c y c lohexane (5.0 -g , 0.033 # m o l ) - in dry 

tetrahydrofuran .(20 mL) contained in a flamed, ni t rogen-

f lushed 125-mL f l a s k . To t h i s s t i r r e d s o l u t i o n , a 

solution" of boronP t r i f luo'ride e thera te (1.9 g, 0.33 mol) 

In dry t e t r ahydrofu ran (5 mL) was added s lowly over a one 

hour pe r iod . The s o l u t i o n was then s t i r r e d for 6tie and 

one h a l f hours a t room tempera tu re , made a l k a l i by the 

a d d i t i o n of -3N sodium hyd rox ide (3,5 mL>, and 30% 

hydrogen peroxide (3.5- mL) was added s lowly over a one 

hour periods. , 

The mixture was washed with water (2 x 30 mL) and the 

aqueous washes extracted with d ie thyl ether (2 x 30 mL). 

The tetrahydrofuran layer arid ether washes were combined, 

dried over anhydrous magnesium su l f a t e and concentrated 

' t o ' y i e l d 4 .4 g (78%) of* 1 - (1 -d e u t e r o - 4 - £ . -

butylcyclohexyl)methahol 22.(138) 

NpM.JU CCDC13)« §3.60, 53.40, s , *2H? §2.00- 0.90, bm, 

* • ' • 
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9H; 50 .83 , s , 9H. 

(The p r o d u c t c o n t a i n e d bo th cJ^iTahd i x a j i s - l - ( 1 -

d ' eu te ro -4- i , -bu ty lcyc lohexy l )methano l . Cis and t r a n s 
ft 

refer to the orientation of the £.-butyl and CH2OH grqups 

with respect to each other on the cyelohexane ring. The 
y 

bulky t - b u t y l group favors the equator ia l posi t ion over 

the "ax ia l p o s i t i o n on the, r ing but the CH2OH can assume 

both the equator ia l and a x i a l pos i t ions giving the t rans 

and c j s compounds r e s p e c t i v e l y . No e f f o r t wa's made"'to 

separate these isomeric a lcohols pr ior to preparation of 

t h e ' h a l i d e d e r i v a t i v e s v i a the - t o s y l a t e s of t h e s e 
o 

alcohols . 

5.3.4. Preparation of the t o s y l a t e of the l-Q-detflfero-

4-i.-butylcyclohexyl)Bethanol 22. 

The cyclohexylmethanol '22SL (3.3 g, 0.019 -mol) was 

d i s s o l v e d in p y r i d i n e (25 raL), cooled t o 0° , and paxl.-

toluenesulfonyl ch lor ide (5.6 g, 0.029 mol) added over one, 

h a l f hour. Fol lowing the add i t i on the s o l u t i o n was 

s t i r r e d v i g o r o u s l y for t h r e e h*\urs, r e f r i g e r a t e d fbr 

seven ty two hours , then poured i n t o ice water (100 g ) . 

The aqueous so lu t ion was extracted with d ie thyl ether (3 

x 70 mL) and the e the r e x t r a c t s washed with d i l u t e 

h y d r o c h l o r i c ac id (4 x 30 mL) ,-< s a t u r a t e d copper- tsuMate 

so lu t ion (3 xc 5 mL), dried over anhydrous sodium s u l f a t e 

and concen t r a t ed . * The y i e l d was 3,7 g (59%) of 2%* 

N.-M.R. CCDC13)~ 67.80-57.20, AB d o u b l e t , 4H, Z3m @8.0 

? S> •• \- - ' 



A 
J ' • ••' &a 

, 2 5 9 

J " ( *• , • 
* ^ ** d i *• 

'•lis? - 54.24), a , 2H.? « 5 2 . 4 0 ; s , 3H; 5 2 . 0 0 r 1 .20 , bin, 9H, 

5 0 . 7 3 , 'SV 9.H. " ' . ' • " ^ . ' „ . 
' • -

• rj 

•*» 
5.3.5*,' P r e p a r a t i o n o f i<^{cbl** '»rometh .y l ) - l -deuterQ-4- . fc- r 

' b u t y l s y c l o h e x a n e 22b. ' ' • '* 

, -
The t o ' s y - l a t e H ^0.80 g f 2 .45 x 10™-* mo l ) was a d d e d ho" 

- • . ,- « 

°a s t i r r e d m i x t u r e of l i t h i u m c h l o r i d e (0.13 g, 3.06 x 1 0 " 3 

s ' . : * ^ . 
ai,ol) i n d r y d i m e t b y l f o r m a m i d e ' ( 2 0 mL} and t h e s o l u t i o n 

h e a t e d a t 90f f o r f i v e h o u r s . .The, s o l u t i o n was r emoved 
». „ *» 

f rom t h e - w a t e r b a t h a n d l e f t o v e r n i g h t a t room 

t e m p e r a t u r e . Water (30 mL) w a s . a d d e d , t h e o r g a n i c p h a s e 

e x t r a c t - e d ; w i t h d i e t h y l @the>r ( 3 . x 30 mL) and t h e e t h e r 

e . x t r a c t s ^ w a s h e d w i t h w a t e r (4„x 25 mL) t o tremove - any . 

t r a c e s .of d i m e t h y I f , o r m a m i d e . The e t h e r e x t r a c t s w e r e 

d r i ed" o v e r anhydrot i-s magnes ium s u l f a t e , f i l t e r e d and . 

c o n c e n t r a t e d ' t o y i e l d 0 . 3 5 'g (76%) of t h e c h l o r o ' 

d e r i v a t i v e 22 h- . , 

N.M.R. CCDC13)™. 5 3 . 5 7 , 53'.3 6 , 8 , 2ff> 5 2 . 0 0 - 1 .20, bm* 
9H? J O . 8 7 , s , 9 0 . ' 

5.3.6»*. P r e p a r a t i o n o f l - ( b r © m o m e t h y l 3 - l - d e u t e r o - 4 - i . -

b u t y l e y e l o h e x a n e "'22 Si 

•The t o s y l a t e 22 (.0.85 g , 2.60 az 10™3 mo l ) Was a d d e d t o 

a s t i r r e d m i x t u r e of l i t h i u m bromide ' (0.26 g, 2.9ft x lO™3 . 

mol) i n d ry d ime thy l fp rmamide (20 ffiL). A f t e r h e a t i n g t h e 

a 
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/ 

r 

s o l u t i o n for two hoiirs a t 90°, i t was removed from the 

hea t and lef*t a t tooth t e m p e r a t u r e overn ight" . The 

solut ion was hydrolysed with water (25 mL) -and ;extr.a,cte.d 

with d i e t h y l e the r (3 x.50*mL). The e t h e r e x t r a c t s were 

washed with water (4 -x 25 mL), d r i ed over anhydrous'^ 

magneisium s u l f a t e , f ilte-re*d,* and concen t ra ted to y i e l d 

. 0.5 « (82%) of the bromo d e r i v a t i v e 22 £* * 

"-N.M.R. (GDC1'3)= 53.48, 53.26, s , 2H?° 5 2.00- '1.20, bm, 

"9H, °50.37, s, 9E, ^ " •* ' ' 

5^3.7* Preparation of* l-(iodomethyl)"-l-deutero-4-i.-butyl 

cyelohexane 22 d " . ' • . • . N*' 

-3 '•*•' The.tosylate 23. (0.80 g,.2.45 x 10"*3 .mol) was added 

.to a stirred Solution* o.f lithium iod-fde (0.29 g"*, 2.-45 x 

10 - 3 mq.1) "--in^dry dime0thyl formamide C20 mL). '-After 

.heating the solut ion for twelve -hpurs a t 90®, i t was l e f t 

a t room t e m p e r a t u r e o v e r n i g h t . The s o l u t i o n was 

hydro lysed-wi th water (25 mL), e x t r a c t e d with d i e t h y l . ' 
• - „ » - ' ^ : 

e ther '(3 x 50 mL) and° the t h r e e e x t r a c t s washed, with , 

w a t e r , (5 x 25 mL), defied o v e r anhyefrous magnesium 
-y < / . ' ' • - * 

sudfatfe, filtered an-d concentrated -to yield 0.40 g (58%)' 

Of the iodo derivative '22 d: " . ' '• 

N.M.R. (CDC13)- 53.30/ #3.10,( e, 2H| 5 2.00- 1.20/ bm, 

9B; 5o;-S7, s,. 9B. .' " , - ' t ' . . ** y^ ' 

p 

•0 a \ « * 
Si' 

' \ 
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5„4» Preparation of the tl-methyl~3y3 ,V5,§ ,-tetraaeuter©-a- , 

* 0 <a . 
a ft 

0 4-phenylcyclohexane derivatives *, > ° "" 
if # <7 ' 

' . . . ' ' * - . * „ 

The preparation of__this ser ies of compounds, *t'he 1 „-

hydroasy, l ^ c h l o ' r p , 1-bromo, and l - v i o d o - l - m e t h y l - ° 

3,38,5,5'~tetr'adeutero-4»phenylcyclohexanes . r e s p e c t i v e ! ^ , 

i s shown d i a g r a m a t l c a l l y in- Scheme- 5. As i s shown in 

Scheme 5, the s u b s t i t u e n t can assume both s±g,°and JLta&s. 

o r i e n t a t i o n s r e l a t i v e 4 t o - the phenyl .group. T ^ phenyl 

group was incorporated i n t o the molecule to lock" the 

cyelohexane ring in a pa r t i cu l a r conforma,tion,& *ue., tha t 

with the" phenyl* "group'in th„e-. e q u a t o r i a l p o s i t i o n , a'n'd*" 

a l low formation of the sJLs, and -txans* isomers. The 1 - / 

" c h l o r o , 1-br'omo, and 1-iodo d e r i v a t i v e s ' i n the >£xa$£, 

• o r i e n t a t i o n , e .g . , t h e c h l o r o equator. i-al-p.heny l ' 

e q u a t o r i a l compound, c o u l d not be ftynth-es-ized^-'in * 

s u f f i c i e n t q u a n t i t y to a l low measurement o f ' t he proton" 

undecoupled carbon 'sjjeetra. 
b / " * ' . •* - " ^ ' ' • m ' / - * S 

t **** « ' P 

5.4.1.- Preparation of 1,4-cyclohexariedione 2£ - * ' 
<• .' 

< v o 

I * *--

to . ' 
1,'4-cyclohexanedioJL (15.0 g, 0.13 mol) was"dissoived in 

pi 

acetone* (300, mL) and Jones reagent (126-mL) added^to the 
*** « • 

cooled (15-20°),* «magnetical ly s t i r r ed solut ion over a" 
j » » » ? -* -** . - . j 

• - * 

t h ree hour pe r iod . When the add i t ion was complete the 

• *• solut ion was" concentrated and the 'green residue taken up 

in a" minimum amount of'warm water. The aqueous layer was • 

c. 

^ 

http://equator.i-al-p.heny
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y 
0 .. ZQ, 

* j . " 
- ^ 4 

e x t r a c t e d "wl th^a rm e'thyJL a c e t a t e "(5 s 66 mL) and" the-: h ^ . 
V 

e t h y l a c e t a t e " e j i t r ac t s concent ra ted t o leavtf .a brownish" 

s o l i d which was recrystal° l lged, ' f r - ipia 1 'sopropyl etb_er-

i s o p ' r ' ^ p j * ! . a l c o h o l ' t o y i e . l d ,7^5 g o f the* l«-4r 

cyclahesaned&one JJ.<> ,(139) .* 

N'.'te.R." (CDC13)--52.77, s , m 1 < * 

( 

-ttn 
J 

5e4%2. P r e p a r a t i o n df l ,4 ,9, l^- tetra@sadisEiE@C4j2.4«,23 

tetradefe^ne 2£L *•• 

f 

* E t h y l e n e g l y c o l (1,2 ph? -0.093 mol) and a c a t a l y t i c 
-- / 

a cat-* 

V 

^amount'of-a-toluenesulfo^/ic acid (0.*B5 g) were added to a 
' * " -' " . "f 

solution of 1,4 eyclohexandione (2.0.4 qf 0.093 mol) In 

benzene (2fi0 m'LK* Th'e magnetically stirred mixture was 

refluxed for four hours-using ajean Stark trap to remo-ve '*• 
1 *• - *• 

t h e HgO produced by the r e a c t i o n . ' After t he _ t h e o r e t i c a l 
amount of H9b had been . c o l l e q t e d , t h e s o l u t i o n * was ". 

« - ^ ' . -

a l lowed t o c o o l . The s o l u t i o n was washed- with, _sat'ura;te'd 

KaHC03^ (2 x 30 mL) and H2'0 (2 x 20 aL) ? p d r i e d ^ p v e r ' „ ' 

a n h y d r o u s sod ium c a r b o n a t e and c o n c e n t r a t e d . '"The • 

r e s u l t i n g White s o l i d was r e ' c r y s s ^ a l l i z e d fr.d.m- ho t . 

I sopropyl a l c o h o l y i e l d J S , 13.0- g (70%) I (140) * • 

NiH.R. (CDGI3)- ' 5 3 . 9 3 , s , 8Hj 5 1 . 7 7 , a, SH* ' ' % • 

y 

5 . 4 . 3 P r e p a r a t i o n of l ,4-dioxaspiroE4.Sldeea*a-8-one 2£ 

The d i k e t a l 23. t l3 . , '0 , gy 0 . 0 6 5 m o l ) , 1 . 4 - , 



*. , \ * -' '" \ . ,* 2f?4 

'• 't '' - -•' 
. *- -» ** 

eyodo^ej-:anedi:*o*n&'>(7.3'g, 0.06S mol) and &~toluenesurfo jpie 

acid" ° (^„.2S' g) were d i s s o l v e d in bensene (125 mL) and 

. , re'jgluxed for four 'bourse The s o l u t i o n was removed £r„oro 

t h e he'at' and p y r i d i n e (3 drops) added. The c o o l e d 

s o l u t i o n was washed " s u c c e s s i v e l y w i th s a t u r a t e d sodium 
\ ' y 

b i c a r b o n a t e s o l u t i o n ('2 ii 8 mLi and s a t u r a t e d sodium 
"'" ' " Vn. \ , '+ ' '• ' 

c h l o r i d e "so luJ4. on (2 ^SjraL) and f i n a l l y e x t r a c t e d w i th 

water (2' n 15, siL) t o «r-emove-gfe^>^,4'=cyclohe-i:anedid^^?that.' 

remained . ' The bensene ' l a y e r was d r i e d o v e r anhydrous 

'sodiiapj carbonate and concent ra ted . The 'whi te res idue was 

•- d i s t i l l e d under re-dpqLed p r e s s u r e (0.13 mm. Hg) t h r o u g h a 

VIgfeux column" and^the ft&et-ion. coming 'of f a t^78 ~ 80a* 

• co l lec ted , to", y i e l d l f i / 7 . 0 g-(7.P%>- (140) \^~ 

H.p.-R. (CDCl-s)r- .5 4 . 0 3 , s , 4H|. -5 2 . 5 0 , b t , 4H, 2 j *r*7.0 

H z y / 5 2 . 0 0 ; bt% 4H,>3J = ' 7 . 0 Hz. ' 
0 . * 

' ' y> • ' ' y 
'5.4.4. Preparation a£\7,-7*,J^9,-te"trade*atero-lff4-
jdi0-saspIr©E4a,51deea2i-t8~one 22 . 

• • • - - • • • ' ' - * 

The monoke ta l 2JL (5.0 g, 0sQ32 mol) was s t i r r e d in D20 
/• ' ' . " . 

(3 5 "mL) and sddium*meta l (1.5 g , O.OQ43 mol) was added. 

» 'After 24 hours the aqueous (D^p). layor was ex t rac ted with 

d i e t h y l ether'-(3 *x 30 mL) "and t h e e t h e r , extract$ ' d r i e d 
* ** " 

over anhydrous sodium s u l f a t e and concen t r a t ed t o y i e l d 

ZL. 3.5 g (69*) . ; "' W , '• ' ' ';-

-f.M.Rrf (CDCl3)-% 54 .10 , s , 4H; dl.90'ft s , *4H» ' ' ,t • . ° 
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5*4.5. Preparation .of 7^7g ,9,98- tetradeutero-8=-liydroky»3-
^ • . , -

ph@nyl"l,4-dioxasp±-ebE4-5rdecan@ 2M. • . 
- <* „ 

. , • ' " -'• " 

Magnesium metal. '(1.5 q.„ 6.0S2 mol) was" p laced in a^ . -
. ' • , * - * " * - ' ' 

neck .-round bottom' flask equ-|ppe*d with a dropping funnel 
) ' ' 

and a; condenser with a dryJUsg tube . The appara tus was 
flamed to remove any t r a c e s of mois ture and, a l lowed to 
. fi ' \ ' . * ' ' ' 

'cool-. - A par t (7 mL) of. a solut ion of b-romobensene (9.0 g) 
in d ' iethyl e ther (30- mL) was run from the d i p p i n g 

' , « / • 

funnel onto the magnesium. After the reaction" had 

s t e r t e d , the remaining bromobens'ene s o l u t i o n was 

d i l u t e d - with' d i e t h y l e ther (20. mL) and added to the 

r eac t i on ifiixt^re a t a ' r a t e which maintained a s teady 

refluie. The s o l u t i o n was re f luxed . fo r 30 minutes a f t e r 

the addition was complete. , . 
\ ' * 

To the cooled Grigna-rd -reag-ent a solution of 
*- 0 *** » 

7,7 , ,9 ? 9 ' - te t ra deutero- l r4-d ' ioxaspi ro 14-53 decan-B-one 

t9-0 g, 0.058 mol) in d i e t h y l ether"-* (25 mL) was,added in a; 

rapid succession of drops .with constant shaking. V 
• - - y / „. • •• • 1 The '.mixture was refluxed for 15 minutes and then 

r- .Jo '' 

pouxed into a mixture „of ice (75 g) and'water (75 mL,). 

Following the addition ammonium chloride (5 g), the 

organic arid aqueous layers Vete separated. The aqueous 

layer was washed with diethyl ether (2 x 30 mL) and the' 

ether extracts combined with the. organic layer. The 

organic layer was washed with 5% sodium bicarbonate (60 

mL) and 'saturated sodium chloride solution (50 mL) and ' 



p-
0. 

' ^ 

*-r - < ' \ • t . 2 0 6 

dried over anhydrous potassium* carbonate.- The -solution 

.* wa-s concentrated "to yield jgg, . S.Q.'g (5 8%), 

-' H.M.R. (CDC13)- 67.4- 7.0, bm,"' 5B"f"<i3.7?, s, 4H? 52.23, 

-51.37, m doublet, %n; 23 o -12.5 Ha. 

" • - * . ** 

5<»4e6s - P r e p a r a t i o n &i 7 ^ 7 ' , 9 , 9 » - t e t r a d e i a t e r o - 8 - p h e n y l -

/ 

l , 4 -d ioxasp i£o I4O5] decane 22. ^ 

ip-

1,7.8 5© , 9 ' - t e t radeute ro-8-hydro3 |y-8-phenyl - l ^4-dioxa-
A 

s p i r o [4.5] decane (1 .1 g^ 0.0045 mol) was d i s s o l v e d in $, 

g l a c i a l a c e t i c - a c i d (3,0 mL) in a; 500 mL-pr.es s u r e b o t t l e ' . ' • 
\ « . ' * „ ' * -

and .10% pa l l ad ium on cha rcoa l (0.15 g) a'dded. T h e ' s o l u -
• * , * 

lion was heated to 50° and mechanically shaken under a 

hydrogen atmosphere (30 psiJ.for four hours. The-salu- , 6 -

tion .was filtered to remove the„Pd/C catalyst,, poured 

into water (20 mD'and diethyl ether '(50 mL)'added. The - » 

ether layer was separated- washed with "saturated sodium ' % • 
\ • • . .*-° y, 

b i c a r b o n a t e (3 x 2(SP,mL) and c o n c e n t r a t e d t o y i e l d 2&, 

0.8 g ,(804).(141)' 

N.M.R. (CD£l3)r> 4 7 . 2 0 , ba , 5H;"- §3^93 , ' s* 4H; 5 l i 7 5 , fos," 

4H: ' * • "* * * 

S.4.79 P r e p a r a t i o n of 3 , 3 , - ^ 5 , 5 * - t e t r a d e a t e r o - 4 - p h e h y l 

cyelohexanone .3J& ' 

7 , 7 ' , 9 , 9 ' - t e t r a d e u t e r o - 8 - p h e n y i - l , 4 - d i o x a s p i r o 1 4 . 5 3 
0 % „ * £** 

decane 22. d«0 9# 0.0044 mol) was d i s s o l v e d in-95% e thano l 

http://mL-pr.es
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0 

(10 .mL,) -alnd 2H h y d r o c h l o r i c a c i d (15 mL-)'added. A f t e r 
* * **• «• * , 

r e f l u x i n g , overs ight . , t h e sQlu t ion was* coo led , water added 
• / ' - '- t, *' " , 

and t h e ' s « l u t i 6 n e x t r a c t e d w i t h d i e t h y l - e t h e r . (4 x 30. 

mL)*. 6 T h e , ethe-r e x t r a c t s were dr ied* o v e r , anhydrous 

p o t a s s i u m c a r b o n a t e and c o n c e n t r a t e d t o ' y i e l d 3JL 0.7 g 

(8«9%) . ^ • ' . * • . ' * ' 

H.M.fc. (CDClg)-* 57 9 20 , s , 51?" 5 2.83',. s , IH; $ 2 . 4 3 , ba-, 
• ' • " - s , ° 

4 m . . ci • . . 

' \ * 
5 . 4 . 8 . P r e p a r a t i o n of t h e Isjkraerie Alcohols JJL 

\ 
* 

Magnesium (0.63 g*, 0.02S mol) was added ,to a 3-necked" 
-•'- • =** - - , 

r-ound bot tom f l a s k (500 mL) wi'th a re&l-ux c o n d e n s e r and 

drop" funnel a t tached. . The appara tus was f lamed„to .remove 
' ' " •* 

any V r a c e s of H2O and a" d r y i n g t u b e a t t a c h e d .to t h e 

c o n d e n s e r . . A f t e r t h e g l a s s w a r e had c o o l e d , 10 mL o f ' a 
- < , 

s o l u t i o n of- me thy l i o d i d e . (3.7 g , 4). 02*5 mol) In d i e t h y l 
*"* * c> 

i \ • . * 
e t h e r (35 mL) was added . ""' Lh , , -» 

• 1 ' . ' . , . ' . - ' **\ * ' 
\ When t h e ' r e a c t i o n Had s t a r t e d t h e r ema in ing "e the r 

° • * - . ' . 

^° • s o l u t i o n ^ w a s . . d i l u t e d "with' d i e t h y l " e t h e r (20 mL) and ' - a d d e d . t o t h e r e a c t i o n m i x t u r e so a s "to m a i n t a r n - r e f l u x .. • ' ° 
" , ( c o m p l e t e a d d i t i o n ' t o o k o n l y f i v e m i n u t e s ) . 0 The 

' ^ * « » , . " * * *• 

, „ solution "was then refluxed for thirty minutes, *cool§d 
i t ' •* ~ — ^ * 

* ' " .' ' 

*> in an „ice bath, and the ketone M (4.0 "g-, 0.0-23 jn61.) -in%, 

, . • diethyl ether (30 mL) added in a rapid succession of ,̂ \ 
->3 - d f u y S W l l . i l O J , JU J . U J . C 1 I U B U J.J, X. X i i y e J> ** drops wi th e f f i c i e n t s t i r r i n g . 

A , y e l l o w s o ' l i d was n o t i c e d t o p r e c i p i t a t e o u t . The 

. • > • ' . y 
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>-•-, • - . • • " y' ' 4. - • 
• solution was refluxed for a further 20 nrijii., then poured. 
— • • , • 0 

• i n t o , an ice-water -ammonium c h l o r i d e s o l u t i o n . D i e t h y l 

• e t h e r - (100; mL) was added -̂ **«f t h e aqueous and o r g a n i c 

l a y e r s s epa ra t ed . • The aqueous v&a-f.ar' was e x t r a c t e d with-

d i e t h y l et-her (100 mL) and the . %ther l a y e r s ^combined, 
- 7 

* de led over anhydrous magnesium s u l f a t e and concent-rated 

t o y i e l d , a viscous**, ye l low, o i l . The pur© compound; 

c r y s t a l l i z e d out^upon c o o l i n g . Yie ld 87%-of 3JL. • * 

•N.M.R.* (CDC13)- 5 7 . 5 0 - . 7 . 0 0 , bm, 5Hj. §2 .47, IH? 52.0*0-

6l .5 ,5 , bn,..4Hr S i . 3 3 , 5,1.27, s , 3H. 

-4 1 

«̂  
A 

¥ 
-? 

> 0 

? 
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