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m e t h y l ) , 182 (2-fluoro), 178 (3-fluoroj, 175.5 (4-fluoro), 
182.5 (2 -bromo) , 177.5 (3 -bromo) , 180 (2 -methoxy l ) , 
175.5 (3 -me thoxy) , a n d 173 (4 -me thoxy) . (c) In 
s y s t e m I, when X = CeH6 , J U C H A = 156 a n d / U C H B = 
162 c .p .s . ; w h e n X = Cl, JUQHA = 160 a n d J U C H B = 

H A ' 
!13; 

I 

, H 
VX 

161 c.p.s.6 W h e n X = Br, J H C H A = 163.8 a n d J„cllB 

= 159.6 c.p.s.7 T h i s c h a n g e in t h e JucHx/J"cnn r a t io 
from s t y r e n e t o v iny l b r o m i d e is also cons i s t en t w i t h 
c o n t r i b u t i o n s from t h e spin-dipole a n d / o r e lec t ron-
o rb i t a l t e rms . 8 

On t h e bas is of these a r g u m e n t s , i t is e v i d e n t t h a t s-
c h a r a c t e r s ca lcu la ted from JUQH a re unre l iab le a n d mis
leading. Values ca l cu la t ed from t h e long-range cou
pl ing a re mean ing les s even w h e n expressed in one sig
nif icant figure; those ca l cu la t ed from t h e sho r t - r ange 
coup l ing a re p r o b a b l y equa l ly mean ing less wheneve r 
t w o or m o r e h e t e r o a t o m s a re b o n d e d to t h e 1 3C. 
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( G r a n t CCO-1189-11) . 

(6) E. B. Whipple , W. E. S tewar t , G. S. R e d d y , and J. H. Goldstein, 
J. Chem. Phys., 34, 2136 (1961). 

(7) R. M . Lynden-Bel l , MoI. Phys., 6, 537 (1963). 
(8) T h e val idi ty of our suggestion t h a t spin-dipole and electron-orbital 

t e rms con t r ibu te to pro ton- 1 8 C coupling cer ta inly requires further experi
menta l scrut iny, in view of theoret ical predict ions by J. A. Pople, ibid., 1, 
216 (1958) t h a t "coupl ing via cur ren ts induced on a th i rd a t o m will a lways 
be negligible." 
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Subst i tuent Effects. III.1 Correlation of 1 3C-F and 
2 9 S i - H Couplings by Pairwise Interactions 

Sir: 

A " d i r e c t " a d d i t i v i t y rule for 7 C H for s u b s t i t u t e d 
m e t h a n e s of t he t y p e C H X Y Z was first obse rved b y 
M a l i n o w s k i 2 ; name ly , / C H = Tx + fy + fz, where 
fx is a p a r a m e t e r assoc ia ted wi th s u b s t i t u e n t x. Sig
nif icant d e p a r t u r e s from th i s s imple a d d i t i v i t y rule 
h a v e been r e p o r t e d 3 - 5 for c o m p o u n d s which con t a in 
h ighly e l ec t ronega t ive s u b s t i t u e n t s . Recen t ly , D o u g 
las6 i n t r o d u c e d pai rwise i n t e r ac t ion t e r m s as correc
t ions for d e p a r t u r e s from " d i r e c t " a d d i t i v i t y . Essen
tially, his e q u a t i o n can be w r i t t e n as / C H = fx + fy + 
f i + fxy + fx* + f y j , where fxy is an in t e rac t ion 
p a r a m e t e r associa ted w i t h s u b s t i t u e n t s x a n d y, a n d is 
i n d e p e n d e n t of s u b s t i t u e n t z. 

R e c e n t l y i t has been r epo r t ed t h a t J C F 3 , 7 a n d 7siH8,9 

do n o t obey t h e " d i r e c t " a d d i t i v i t y rule . W e wish to 
r e p o r t here t h a t 7 C F a n d / S ; H can be cor re la ted b y pair-

(1) P a r t I I : E. R. Malinowski , L. Z Pollara, and J. P. La rmann , 
J Am. Chem. Soc, 84, 2649 (1962), 

(2) E, R. Malinowski , ibid., 83 , 4479 (1961). 
(3) G. P. van der Kelen and Z. Eeckhau t , J. MoI. Spectry., 10, 141 (1963). 
(4) N. Muller and P. I. Rose, J. Am. Chem. Soc.,84, 3973 (1962). 
(5) S. G. Frankiss , / . Phys. Chem., 67, 752 (1963). 
(6) A. W. Douglas, J. Chem. Phys., 40, 2413 (1964). 
(7) R. K. Harr is , J. Phys. Chem., 66, 768 (1962). 
(8) E. A. V. Ebswor th and J. J. Turne r , J. Chem. Phys , 36, 2628 (1962). 
(9) H. S. Gu towsky and C. S. Juan , ibid., 37, 2198 (1962). 

wise in te rac t ions . F o r s impl ic i ty , we will redefine t he 
in te rac t ion p a r a m e t e r b y r)xy = fxy + 0.5(fx + f y ) , 
so t h a t t h e e q u a t i o n a b o v e becomes J ( x y z ) = r;xy + 
Vxx + »/yz, where / ( x y z ) is a coupl ing c o n s t a n t for a 
c o m p o u n d con ta in ing s u b s t i t u e n t s x, y, a n d z. T h e 
p a r a m e t e r s shown in T a b l e s I a n d I I h a v e been eva lu-

TABLE I 

INTERACTION PARAMETERS, IJXX, FOR JCF AND Jsm, 

CALCULATED BY nxx = J(xxx)/3 

In te rac t ion " C - F " S i - H 
paramete r couplings, c.p.s. couplings,d c.p.s. 

H,H 52.6° 67.5 
F,F 86.0° 127.2 
Cl,Cl 112.2b 121.0 
Br.Br 124.0° 107.9 

" Calculated from an average of values found by N. Muller and 
D. J. Carr, / . Phys. Chem., 67, 112 (1963), and in ref. 5. b Calcu
lated from an average of values found by Muller and Carr" and 
in ref. 7. c Calculated from an average of values found by R. K. 
Harris, / . MoI. Spectry., 10, 309 (1963), and by P. C. Lauterbur 
in "Determinations of Organic Structures by Physical Methods," 
Vol. 2, edited by F. C. Nachod and W. D. Phillips, Academic 
Press, Inc., New York, N. Y., 1962, p. 505. d Data taken from 
ref. 8. 

TABLE II 

INTERACTION PARAMETERS, i)xy, FOR JCF AND Jam, 

CALCULATED BY uxy = [7(xxy) — Ti1x]/2 
In terac t ion " C - F " S i - H 
parame te r s couplings, c.p.s. couplings,6 c.p.s. 

C1,H 90.8° 83.5 
F,H 93.6° 77.4 
F,Br 119.0C 

F,C1 106.5C 

F,CN 89.0° 
H1CN 59.7d 

° Data taken from G. V. D. Tiers, J. Am. Chem. Soc, 84, 
3972 (1962), b Calculated from an average of values found by 
Muller and Carr, footnote a, Table I, and in ref. 5. c Data 
taken from Muller and Carr, footnote a, Table I. d Data taken 
from ref. 3. ' Data taken from ref. 8. 

a t e d in a s t r a igh t fo rward m a n n e r ; name ly , »jxx = 
J ( x x x ) / 3 a n d r)xy = [7(xxy) — yxx]/2, r espec t ive ly . 

A compar i son be tween obse rved a n d pred ic ted 
coupl ing c o n s t a n t s is shown in T a b l e I I I . Cons ider -

TABLE III 

COMPARISON BETWEEN CALCULATED AND OBSERVED 

COUPLING CONSTANTS 

Compound Scaled, c.p.s. /obsd, c.p.s. Difference 
calcd. — 

obsd., 
c.p.s. 

SiHsCl 
S iHiF 

IH.H + Zrjci.H 
IH,H + 2i)F. H 

- 234 .5 238 1° + 3 . 6 
-= 222 .3 229 .0" + 6 . 7 

Jc-
239.7 233,4" + 6 . 3 
3 6 2 . 0 357.8C + 4 2 
325 .2 324,7 d + 0 . 5 
242 .3 243 5e - 1 . 2 

CH2F2 T)H, H + 2IJH,F 

C F i B n 7>Br, Er + 2r,F,Br 
CFiCIl I)CLCl + 2T|F.C1 
C F 2 H C N T)H,F + 1H.CN + 1F.CN 

" Data taken from ref. 8. b An average of values found by 
Muller and Carr, footnote a, Table I, and in ref. 5. c An average 
of value found by Muller and Carr,* and by Harris, footnote c, 
Table I. d An average of values found by Muller and Carr,* and 
by Lauterbur, footnote c, Table I. « Data taken from ref. 3. 

ing t h a t t he eva lua t ion of t he in te rac t ion p a r a m e t e r s 
does n o t t a k e in to a c c o u n t t he i n h e r e n t error in t he 
m e a s u r e d coupl ing c o n s t a n t s , we conclude t h a t t he 
a g r e e m e n t be tween expe r imen t a n d predic t ion is ve ry 
good. Obvious ly a t r i a l -and-e r ror or a leas t - squares 
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technique would yield an improved correlation. In 
particular, we wish to point out that this type of cor
relation indeed accounts for the peculiar variation in 
1 3C-F coupling constants7 for the series CFH 3 (157.4 
c.p.s.), CF2H2 (234.8 c.p.s.), CF3H (274.3 c.p.s.), and 
CF4 (259.2 c.p.s.). 

This empirical correlation should be useful in the 
development of theories concerning nuclear magnetic 
dipole interactions and molecular wave functions. At 
the present time we are investigating these theoretical 
aspects. Also, we are investigating other systems in 
the light of this correlation. 
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Ring Inversion and Bond Shift in 
Cyclooctatetraene Derivatives 

Sir: 

In order to obtain further information on the ring 
inversion1 and bond shift processes2 in cyclooctatetraene 
and its derivatives, we have examined the proton 
n.m.r. spectra,3 with double irradiation at the 
deuteron frequency, of ethyl cyclooctatetraene-2,3,4,-
5,6,7-de-carboxylate (I) and of cyclooctatetraenyl-
2,3,4,5,6,7-d«-dimethylcarbinol (II). Compound I was 
prepared by photochemical addition4 of ethyl propio-
late to benzene-<fj. Compound II was obtained by 
the reaction6 of I with excess methylmagnesium iodide. 
These compounds were chosen because they were ex
pected to give particularly simple spectra.6 

At low temperatures ( — 35°) the ring proton of II 
(CS2 solution) gave rise to two sharp lines of equal 
intensities separated by 2.6 c.p.s. The high-field band 
(T 4.24) is assigned to the proton in Ha and l i b and 
the low-field band (r 4.20) to the proton in l i e and Hd 
because only the high-field band remained sharp in the 
absence of deuterium decoupling. The proton in Ha 
or l i b should2 show a negligible coupling to the ad
jacent deuteron whereas the proton in Hc or Hd 
should2 show an appreciable coupling. The methyl 
protons also gave two bands (T 1.16 and r 1.21, separa
tion = 3.3 c.p.s.), as expected7 from a structure such 

(1) The ring inversion process has only been studied quan t i t a t ive ly i n 
dibenzcyclooctateraenedicarboxyl ic acid t h a t is r a the r d i s t an t ly related to the 
s t ruc ture of cyc looc ta te t raene itself. The ac t iva t ion energy for inversion 
was found to be 27 kcal . /moie [K. Mislow and H. D. Per lmut te r , J. Am. 
Chem. Soc, 84, 3591 (1962)]. See also N. L. Allinger, W. Szkrybals , and M. 
A. DaRooge, J. Org. Chem., 28, 3007 (1963). 

(2) F. A. L. Anet, J. Am. Chem. Soc, 84, 671 (1962): G. M. Whi tes ides 
and J. D. Rober ts , D. E. Gwynn and J. D. Rober t s , unpubl ished observa
tions, quoted by J. D. Rober ts , Angew. Chem., 76, 20 (1963). 

(3) Spect ra were measured on a Modified Varian H R 6 0 at 60 M c . sec. 
The modification consisted of a field-frequency control of the type used by 
R. Freeman and D. H. WhifTen, Proc. Phys. Soc (London) , 79, 794 (1962). 
An N M R Specialties Model SD60 decoupler was used to provide t he second 
radiofrequency {ca. 9.1 Mc. sec.) for double i r radia t ion. 

(4) D. Bryce-Smith and ; . E. Lodge, J. Chem. Soc, 695 (1963); E 
Grovenstein and D. V. Rao, Tetrahedron Letters. N o . 4, 148 (1961). 

(o) A. C. Cope and R. M. Pike, J. Am. Chem. Soc. 76, 3320 (1953). 
;6) F. A. L. Anet and J. S. H a r t m a n . ibid., 86, 1204 (1963). 
(7) P. M. Nair and J. D. Rober ts , ibid., 79, 4565 (1957). 

as IIa, in which the two methyl groups are chemically 
nonequivalent. These two bands are not very sharp 
and it appears that the methyl groups are slightly 
coupled to one another. 

As the temperature was increased the methyl doublet 
broadened, then coalesced (at —2°), and finally be
came a single sharp line. The doublet arising from 
the ring proton showed a similar behavior except that 
the coalescence temperature was much higher (+41° ) . 
Since the separation of the ring proton doublet is 
actually slightly smaller than that of the methyl dou
blet, the specific rate8 at which the ring proton changes 
its environment (e.g., Ha to l ib ) must be very much 
smaller at the same temperature than the specific rate 
at which the methyl groups exchange their environ
ments. 

The processes which average the environments of 
the two methyl groups are Ha —»• l i b and Ha -*• Hd. 
On the other hand, the processes Ha -*• Hc and IIa -»• 
Hd contribute to the averaging of the environments 
of the ring proton. Although the rates of these two 
latter processes could be different, they must be the 
same if the transition state for the bond shift is planar, 
as will be assumed in the following discussion. From 
the n.m.r. results mentioned above, it can be seen 
that kx + k2/2 » /v2, so that h » k2, and therefore 
the rate constant obtained from the methyl protons is 
effectively kh the rate constant for ring inversion 
(without bond shift). 

The enthalpy and entropy of activation for bond 
shift (Table I) were obtained68 by measurements of 
the rate constant from 26 to 66°. Because of the 
broadened nature of the methyl bands below the coales
cence temperature, corresponding parameters of mean
ingful accuracy for ring inversion have not yet been 
obtained. 

TABLE I 

KINETIC PARAMETERS FOR BOND SHIFT AND RING 

INVERSION IN CYCLOOCTATETRAENE DERIVATIVES 

Temp . , k AF* AH* AS* 
Compound 0 C Process (sec.- i) (kcal . /mole) (e.u.) 

I 40 Bond 126 15 .3 12 .8 - 8 . 0 
shift 

I I 41 Bond 5.4 17.4 15 4 - 6 . 3 
shift 

I l - 2 Bond 0 .1° 17 1" 
shift 

I I - 2 Ring in- 7 . 8 14.7 
version 

" Extrapolated. 

Evidence for a planar (or nearly planar) transition 
state for bond shift comes from a comparison of the 
specific rates of bond shift in II (0.04 sec. - 1 , extrap
olated) and in cyclooctatetraene2 itself (26 sec. - 1) 
at the same temperature ( — 10°). The lower specific 
rate of bond shift in II can be ascribed to greater re
pulsive interactions of the C(CH3)OH group with the 
adjacent CH and CD groups in the transition state 
than in the ground state. If the transition state were 
highly puckered, the reverse order would be expected. 
This, of course, does not rule out a slight amount of 
puckering in B. The specific rate of bond shift (2.6 
sec. - 1 , extrapolated) in I (see below) at —10° is inter
mediate between the two values above as expected 

i8) H. S. Gutowsky and C. H. Holm, / . Chem Phys.. 26, 1228 (1956), 
J. A. Pople, W. G. Schneider, and H. J. Bernstein, " H i g h Resolution Nuclear 
Magnet ic Resonance , " McGraw-Hi l l Book Company Inc., New York , N. Y 
1959, p . 218. 


