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Abstract-Conformalional equilibrium ~solopc cffcc~r On J mol ‘) hasc been mca\ured for dcureriAon of one methyl 
or mcthylcnc group m lhc frans \Icreolsomer\ of 1.3~dimelh~lc~clohexirnr ( 46: IO). ?.h- ( -80: 28) and 
3.5dimethylc~clokranonc ( 40. IS). and 3.merh)l- (48 2 1) and 5h)dror)mclhyl-I-tnfluoromclhylcyclohcxane 
(4549 2 3 m tolucnc. ace~onc or methanol). The observed cflcc~s arc mdcpcndcnt of solvent for the hydroxymethyl 
group The isotope cffccfr for ~hc methyl group in rran.r-4 arc proporrmnal IO ~hc number of dculcnum atoms. 

Kclatively few steric isotope effects have been reported 
for systems in which the stcric strain energy associated 
with the cite of isotopic substitution can be measured or 
estimated and all have been for the replacement of 
hydrogen by deutcrium: published data has been briefly 
summariscd.’ Kinetic steric isotope effects have been 
measured only for tither conformational rate processes 
with very large cleric strains in the transition states 
(typically tV.LlOO KJ mol ‘) or reactions in which steric 
strain (or its relief) is only a mmor part of the total energy 
of activallon. Conformational equilibria are attractive for 
the study of steric isotope cffcc~s when the strain energy 
is small bul require bcry high sensitivity (IO J mol ’ or 

betrcr). We have shown’ that weighted abcragc NYR 
chemical shifts 6 may be used in cqn Cl)’ 

K = (SE - &)/(A - 6,) (1) 

(St and 6, arc the chemical shifts for a specified nucleus 
in the IWO chair conformers, Figs. I and 2. and must be 

derived more or less indirectly) with sufficient sensitivit) 
using proton decoupled “C spectra and that the 
systematic errors [hat affect the evaluation of K are 
largely avoided when a rurio of equilibrium constants 

L /: 

FIR I Conformarional equdlbrla m d,.dcrlvatlscs of rhc tram 
Isomer\ of l-3, IIW E conformer (eq CD.1 has an artal CH, (the 
rcsonancc obscrscd In the ‘I(’ ESfK \pcclrum) and ricr wrsa 

F A 

l;lg. 2. (‘onforma!Mnal cqudibna In rrans-4 (d, d,) and 1runr.5 
(d, and d,) the E conformer has an artal C‘I:, and ~hc A 

conformer has an ryuororia/ CF. 

K”/K” is dctcrmmcd for isotopically differentiated 
specie\ In our earlier examples of conformalional 

equilibrium isotope effcc~s (CEIEs)’ K” - I (apart from a 
“C &XI which is expected IO be much smaller than 

deuterium isotope effects and thcrcforc negligible at 
pre\ent sensitivities) and in this paper we report results 
for equilibria with K” - I using “C spectra and with 

K” f I using “F spectra which allow the following IO be 

dcmonslralcd for rhe first time: 

(a) The equality of (‘EIEs for dcuteriation of the same 
group (unhindered methyl on a cyclohexane ring) studied 

in two different compounds (I and 4) using nuclei (“C and 
“F) involving different possibilities for systematic and 
random errors; 

(b) The CEIE for deuterialion of a Me group (in 4) is 

proportionate IO the number of deuterium atoms: 

(c) ‘I’hc ab\encc of a solvent cffcc~ on a CEIE (in 
rrUtl.S-5). 

The compounds used in this work were prepared by 
known methods, or simple adaptations of them, as shown 
in Schemes I and 2 require few comments. The 
enrichment in /runs compounds resulting in steps b and c 

(Scheme I) are examples of the effect of A-strain’ (in the 
protonalcd form of the ketone in step b’ and in the 
intermediate hydrazone in step c). The use of kctals to 

separate rrtrn.~-3 from its c-is isomer greatly improves Ihe 

efficiency of the preparative gas liquid chromatograph) 
(I’GI.C). 

An cntcn*itc \cric\ of derivatives of Mu- 

oromethylcyclohexane have bcen prepared by Cklla.’ 
who charactcrised rhc cis isomers as well as cislrrans 
(-4: I) mixture\. The liquid\ 4-8 agree in properties verb 

closely with rhc compounds described by Della except for 
the refractive index for 5. the structure of which was 
confirmed by elcmcntal analysis for S-d, as well as by 
spectra (‘H and “F. in agreement with Della; mas\). 
Similarly the structure of the salt 10 was confirmed b! 
analysis and tG’k(R spectra although. as expected. its m.p. 
wa\ lower than that of the pure cis isomer. 

The mixtures of c-is and rmns isomers of the 
frifluoromethylcyclohexane derivatives Cl0 were nor 
separated bccausc (a) the anancomeric cis isomers served 
as Usefd inlernal rcfcrcnccs for ‘% SpeCtn. (b) in several 
instances mixtures of isotopically differentiated species 
gave clearly \cparat;;\l “F resonances so that very reliable 
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Scheme I. a: Me=CO,* Nail; Mel or CD,I: HCIIAcOH/H~O b: 98% Ha.SO,.c: N=H,* KOHI(XCH:CH~OH): d: 
PGI.C e: H= ~ PdlC'. f: H~" RhlAI:O, ' g: CD,Mgl ¢ CuCI." h: 2M HCI. ('Site of isotopic substitution) 
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Scheme 2. H=, PtO,IAc()H. b: [.iAIH., or I.iAID,,. c: TosCl "(' pyridin¢, d: MeMgl e; OH : H . f: NAN,+ H.,SO, 

measurements of isotope effects could b¢ made by 
intern',d comparison, which eliminates uncertainties that 
result from preparing separate solutions (as is necessary 
for the "C spectra u~d for I-3), and the possible slight 
variation in the cis/trans ratio do not matter, and (c) 
allowed the preparations to b¢ carried out on a 
considerably larger scale which facilitates purification. 

Me ~ G 

I 2 3 

CF, 4,: X-CFbCH 8: X-CMe~O¢I 
5: X-CH~ 9: x -  CO,J'¢o 
6:  x-CO:d,'.e I0: x- I '~s O" 
7 : x - CO~ 

X 

~'T/d. 

NMR spectra. Routine 'H and '°F spectra and "F variable 
temperature spectra (CF,.CCI~ as lock. with a frequency counter 
to calibrate spectra) were measured with a Perkin-F.Imer R32 
spectrometer ('H at gO MHz. '"F at 86.676 MHz). Spectra for 
isotope effects were measured with proton decoupling on B~ker 

WH90 ("(' at ,7.2.63 MHz. using a sweep width of 1000Hz and 
accumulating I=IDs into 8 K memory addresses to give a digital 
resolution of 0.0108 ppm; "F at 84.676 MHz. su,eep width 250 Hz. 
FID 8 K addresses, digital resolution 0.00072 ppm) and Varian 
CFT 20 ("C at 20MHz, sweep width 1000Hz. 8K addresses, 
dqptal resolution 0.012 ppm) FT spectromelers using deuterium 
internal locks. Temperatures were controlled to ÷ I K and were 
checked with methanol samples." 

,Mass spectra. Mass spectra were measured with A.EI. MS 9 
and Varian CH7 spectrometers and confirmed the abundance of 
the required isotopic species was always >95%. 

G1.C. Analytical GLC was carried out on Pye 104 or 
Hewlett-Packard 5700A chromatographs using flame ioni~tion 
detectors and packed columns (I0~ Carbov, ax 1540 at 70'6). 
Preparative GLC was carried out on a Py¢ 105 chromatograph 
using 5 or I0 m x I cm packed columns with 10% OV I at I00-130 ~. 

2,6.[)imethylcyclohexanone (do and d,). 2-Methylcyclohcx- 
anone (56 g) was conden~,ed with dim.ethyl carbonate (65 ml) using 
~lium hydride (60~ dispersion in oil. 4.4 g) in benzene (600 ml) at 
80 ~ (6hr) to give 2.methoxycarbonyl-6-methylc)clohexanon¢ 
(55 g), b.p. I00-I06°/I0 ram, n~,'- 1.4703. The latter (4.25g) was 
mcthylated with either methyl or methyl-d, iodide (3g g) and 
sodium hydride (free from oil, from 1 g of the ,,uspem, on)in ether 
(D roll at 20 ° (8d), the product (4g) w~s hydrol),.cd v,-ilh AcOH 
(~ml). water (3ml) and c HCI (15ml) (4d at b p). and the 
resulting 2.6-dimethyl. or 2.methyl-6-methyl-d,.cyclohexan.one 
(1.95g) was distdled, b.p. 174-176°17f'W)mm The mixtures 
(cis :trans 9:1) were isomerised as dcscrihed by D'Silva and 
Ringold" giving - I : 1 mixtures, separated by PGLC 
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1.3.Dimcrhykyclohuanr. 2.6Dsmethylcyclohcxanonc tdo or d,) 
mainly cir. 2.~ g) was reduced with N,H, thydratc, IOVX, 2 ml). 
KOH (?.$gl. and dicIhyknc glycol I20 ml) at 200” and the crude 
product (I. I& or d,; cis:rranr = I:91 was separated by PGLC. 

3.5.f~mcrhylcyrloh~xanon~. 3.~.Dimcthylcyclohex.2~e~nc was 
hydrogenated over (al PdlC’ and Ibl RhIAl,O,” to gvc (al cts- 
and Ib) ris. and truns- f-3:2) 3.5dimethylcyclohcxanone The 
latter mixture (20 g) was converted by methyl orthoformate (43 gl. 
MCOH (IO ml) and c HCI IO.25 ml) tnto the dimethyl Iretat% f I4 pt. 
bp. W/IS mm, which were scparatcd by PGLC and hydrolyscd 
by ?M HCI. tra~s.3.~ethyl.~~methyld,k~-ckheaanonc (3) was 
prepared from ~.~thykyclohcxen~~~~ne (2.8 gl using CD,HgI 
(from CDJ, 4.0 g, and Mg. 0.6 g) and CuCl to.1 g)* and purified as 
the scmicasbazune, which was hydrolyscd by 2M HCI. 

&rirorircs o/ rrittuorornnhylcyrlohe~un~. m-l’rifluoromcthyl~ 
bcnroic acid (4Og) was ester&d with MeOH Il41tl. c HaSO, 
@ml) and benzene (lOOmI) and the methyl ester t3?gl, b.p. 
p/25 mm (lit.’ 101-104°/?~ mml was hydrogenated over PIOl 
giving 6 (cis:rrons = 4. I). The ester b was hydrolyscd’ IO 7. 
I&’ -. I.4185 (lit.’ n: = 1.4170. cis). and reacted with MeMgl in 
ether IO give 8. b.p. 4WO.IS mm. n6 = I.4296 (Found: C, 57.23; H. 
W9; F. 27.48. C,oH,,OF, requires: C. Y7.13; H. 8 Is, F. ??.lI%l. 
Reducuon of 6 IS g) by LiAlH. or l.iAID. (1 g) in ether gave 5 td,, 
and d,). n;: - 1.4224 (d,,). n:: L 1.4?16 td,) (ht. ng : 1.4126, US). 
(Found: C. S2.64; H, 6 94. F, 31.58. Calc. for C,H,,OF,: I’, 52.74: 
H. 7.19; F. 31.28%). The alcohols 9d4 and 9d: were separately 
converted inIo tosylatcs. each of which (I.65 gf sac reduced with 
I.iAIH, and wiIh LiAID. (0.5 gin Ming ether. I dl to give SO-7O% 
yields of 4 Id-d,). b.p. l23-l?C/760mm flit.’ b.p. l?3-1%’ for 
9-d). The acid 7 was converted by the Schmidt reaction’ ‘*mto I@. 
m.p. 192-193’ (lit.’ m.p. 217~!llp. rirl (Found: C. 41 42: H. 6.34; 
N. 6.81: F. 27.79; Cl. 17.56. Calc. for C,H,,SF,CI: C. 41.29; H. 
6.43: N. 6.1: F. 27.98: Cl. 71.42%). 

The “C and “FNMR chemical shifts arc collected in 
Tables l-4 (the ‘Ii chemical shifts measured routinely for 
all the compounds studied have no special interest). 
Because the methods used to derive chemical shifts for 
use in Eqns (1) and (2) are markedly different for the two 
types of spectra they will be discussed separately. 

The “C chemical shifts in Table I show that deutcrium 
isotope effects fall off rapidly witm distance in the 
compounds I-3, as in many examples in the literature and 
are as small as 0.01 ppm when transmitted through three 
bonds.” It seems safe to assume that such direct isotope 
effects transmitted through five bonds for spatially well 
separated groups will be between 0 -0.005 ppm at most, 
so that the chemical shifts S of the CH, groups in I-3(d,) 
may be used together with values of 6e and 5, estimated 
for the isotopically normal compounds 1-3. When the 
difference of chemical shifts 6D - 8” = AS is small in 
relation to & - i, and direct isotope effects arc neglected 
equation I may be used to derive 

K’IK” = I - (2 + K” + I/K”)AM(& - 8,) (2) 

[with neglect to higher powers of Asl(& - S,)]. We use 
the anancomeric compounds cis- and frons-I1 to derive 
the difference (+O.U)ppm) in values of S(e) cis-I (one 
conformer only contributes significantly to the confor- 
mational equilibrium so that S(e) equals the observed 6 
and G(e)-rruns-1(=6* for tram-l-d,, negiecting the direct 
isotope effect), which is thereby estimated to be 
23.27 ppm. Since Ku = l for rrans-I, S(a) = 26 - S(e) = 
18.17 ppm ( =iiE for trams-I-d,) (Scheme 3). Similar@ the 
values of Sy and & for 2-d, were estimated from 2 and 
12.” In the absence of anancomeric derivatives of 3 we 
use I I to provide the necessary correction. The excellent 
additivity observed for “C chemical shifts in six- 
membered ring compounds generally suggests that the 
values of 6, and 6* derived in this way will be very good 
for rrans-1 and trans.2 (errors ~0.1 ppm) but are less 
certain for rronr-3. The values of KD, AAG’ and the 
relative steric isotope effects, the CEIE as a percentage of 
the strain energy, are given in Table 2. 

The large differences of chemical shifts for axial and 
equatorial CF, groups on a cyclohexane ring are 
insensitive to substituents in the 3- and Qpositions (see 

Tabk I. “C N%fR chemical shifts’ (Me,Si. O.SM as inkmal reference1 of derivatives of 1,3-ditncthylcyclohexant 
f1.H in CDCI,) at 3OOK. Dcutertatton 15 assumed to be at fhe higher numbered methyl groups 

Colpoln~ “-1 c-2 c-3 r-4 c-5 c-6 C-Y@ 

c:3-A - 

trll!W-; 

‘frnr.a-1-2 --a 3 
cls-&J - 
ttnns-11 c 
-- 

cl+& - 
!cfs-t-3 3 -_ 
trnno-2 

(trsns-24 3 

cIS-17K -- 
trsns-126 -- 

c19-1 -_ 
trans-3 -_ 
ttrens-bd3 -_ 

\?.@\ 
21.74 

0 

33.38 

29.0? 

i 

If 

_ f 

_ f 

_ f 

_ f 

_f 

cr.55 12.g\ 35.0* 26.49 35.OO 

41.25 27.24 3’.79 20.84 33.79 

-0.06 -3.24 -0.06 -0.01 3.03 

44.55 33.30 44.56 33.08 44.56 

41.24 37.05 45.45 27.03 41.24 

r5.ar 

0 

47.71; 

3.3.: 

49. ‘7 13.26 4?.74 33.26 49.37 

4c.33 23.73 39.5o 29.70 4b.83 

3 XI.07 -0.07 -0.26 0 

‘17.37 25.69 ??.37 45.44 

3 3 0 -0.22 

34.84 13.23 34.48 42.76 

3 3 3 -0.17 

14.64 

0 jb 

16.04 

“0.0?)h 

14.74 

17.56d 
15.1q* 

22.41 

20.89 

0.021b 

CDillitn1 reao1ution 3.03 p.p.5. 
b. Shifts relntive to si*nE+ls 

in do 3ptZTit3: prcclec shift* *Ot -ethyl aroapn rre &vtn In 

Tnhlo 2. CAxlal ‘CC st C-l 
d 
AXIS1 'Equrtorlnl *l(0t 

rs~ordcd. %xture of nt*raol3o~ers: re3onanc3a not 3!J3lunCa 

,,FRI-t fi-Oil 2- Rod 6-Bothyl ‘TOUPS. 



T;thlc ?. H)dropn isotope effects on conformafional equilibria in rruns 4 l-3) t I Y tn CIX‘I,I at 
3OOK bawd on “C KMR chemical shifrs ~rcl~n~c IO 0 CM Mc.SI) 

conounn Chaaic~l shlfto ip.p.a.1 K”/X” dAso AAGo 
AL* SE” s,b /.I sol-l % n 

trann-l-3 3 t(3.326 1P.17 73.37 1.:11e -6bZlOe -0.6~+0*?47 

trsns-?-3, -0.018 16.99 15.39 l.ZV -?,*2@ -I .1*0.4* 

trPr.n-L-d f l C.D?? lG.37 32.71 1.316 -4CtlSP -:.7+o.w 

co3pouCd * I*) 

ip.psEs) 

r$( tram! COnio;y;;:,Of trrns 

(P.3.“. 1 1 h 

a 74.G (74.a:” 72.3 7.hN -0.SI5 

z 7r.e (74.&r)* 72.3 ‘?.r44 -f-i.l4A 

Z-;-d7 
7.rrr -:l.lrz 

5 74.P (74.80)” 74.3 

3 75.1 (7L.*7)a 74.5 

.L -ic.r, 6.” p 7.911 ..b I 
3 74*5 73.5 

-jd ?4.6 (7r*h5)* 71.Q 

AIn k+C!! 5 b:;Ot observed. ‘In ‘*rOfi. “I.? “ra, 

Ref. 5.13 and Table 3) and IO changes of solvent. 
e.g.7 37 + 0.06 ppm for If in five solvents ranging from 
cyclohcnanc to methanol.’ In proton decoupled “F 
spectra of 4 and 5 line widths art --I Hz at 3OOK and 
several pairs uf isotopically differentiated derivaGves of 
the tram isomers of 4 and 5 give well separated lines in the 
mIttlures (Fig. 3). That these differences in chemical shift\ 
rewlt indircctit- from C’EIEs and nor IO any sipnificrtnt 

cc. 

0 
w 

13. H-t-l& 
14: R-Me 

Schcmc f. Ikrivafion of 6, and 6, @pm) for -C-H, groups in rhe E and .4 conformers of fwr~.l.d, ncglcctmp dirccf 
izotopc trTcct\ 
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Tahk4. Hydrogen wtope &WI\ on conforma~ionaicquil~hria in rranr-4and franr-! (O.iMi bawd on “F NMK 
chcmicrl shill\ 

Compound Solvent A & ’ 6 E - sAb 8” rtDfina &Ic”e &bG”Wef 

(T/K) P.P.8. p.p.m. tJ mo:“) (0 

trnna-4-d 3 Ye2COf291)) 0.020‘ -7.70 2.73 1.021 4813 -0 f 68% 

ltdJ7 

-d3 
-*2 

-% 

-do 

1.0063 15.6h 

t.GGd, 15.,h 
I 

I .G,; 16.5h 

m-5-d 2 Ye2CG(29E) 0.0282 -7.31 2.67 1 .G?O 4923 -0.66 

YePh (273) 0.0302 -7.44 2.70 1.011 47z3 -0.64 

* (3OU) o.0269 -7.26 2.35 1.019 49*3 -3.66 

YeOW (273) G.0296 -7.44 7.66 1 .O?O 493 -0.61 

,I ()Of.!) o.07aq -7,26 2.25 r.019 aw -3.65 

8 6” _ &H; 4iaitn1 resolution 3.00372 p.p.m./zwmry nESrcsa. 
b 

see text. 

extent from direcr isotope effects on chemical shifts was 

demonstrated at 163K for rrans-5 &and d:). for u+nch the 
values of 6r - 6, are equal (rO.OOl ppm) (Table 3), as well 
as from the invariance (IO < 2 O.OO:! ppmt of the chcmtcal 

shifts (relative tu I‘F,X‘CI,) of Gs-5 and both ~~)nfl~rrners 

of fruns-5 to dcuter~a~~nn. These very ~~11 effects 
through six hands are consistent with rhe observed 

attenuation of the shielding effects through IWO and three 
hands” and the general rnscnsirivity of the chemical shifts 

of CF, groups tn distanf subsfi~uents. 
F0r convenience rn mcasurcment wc used G.s-4 and 

c-is-5 a\ internal refcrenocs and assume that there is no 

~ern~ra~urc effect on the very small differences in 

chemical shifts of the equatorial CF, groups in the 
anancomcric cis isomers and in the A cdnformcrs (Fig, I) 

of the trans isomers. The values of JSk and 5, for 4.5 and 8 
were directly measured for supercooled s&~ions in 
acctnne at lh3K (it has rmt been pvssihle to oompletci~ 
frcczc nut equilibria in rhe other solvenfs) and 8, war 

corrected IO the ~em~ralures at which the isntow effects 
were measured using Della’s variable temperature data 

for c-is- and rruns-13”‘Thc resulting values of 6, - 6, for 
rrtln.s-4 agree well wrrh the differences ttf chemical shifts 

for c-ir. and rrans-13 in acetone” and have heen used for 
a11 the isotope effects based on ‘“F spectra. 

‘l’hc large uncertainties in the CEIfis for rrurts-1. -2 and 

-3 arise from errors in measurements of chemical shifts 

and from the neglect ctf direct isotope effects on chemical 
shifts (see estimales above). which m;ikc the errors in 

estimating & - 6, unimportant. while K” a I. In contrast 
the errors for mm-$ and -5 are mainly due to 
uncertainrics in K” and in & - 6, because direct is.ourpc 
effects and experimental errors are very small. The 

estimates of K’” required in equatj~~ L) were derived using 
cqn (1). The resulting value of A(& (Iran+5) - 
2.4 kJ mol !aprecs well with the rario f A E - 5 : I, car- 

responding 10 &I<$~, ___ .+ ’ ‘I 0.2 kl mol ‘) of peak areas at 
)W ~empcratures. Similarly salisfactclr!- ~i~~enlen~ 
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between results from equation I at 22&32OK and low 

temperature measurements of peak areas for cis-14 was 
found by Della.” An error of 10% in K” = 2.73 leads IO an 
error of 5% in MC*. The very small range of values of Q 

for cir-(ClO) (and other examples given by Della’) and 
the even smaller solvent effects for 13 (=I% of the 
difference of chemical shifts for axial and equatorial CF, 
groups) suggest that our vatucs of bF. - 6, are very 

unlikely to be in error by as much as 3%. which leads IO a 
similar error in K”. Since these errors are constant for 
various isotopic species of a given compound the isotope 

effects for successive deuteriations in Irons-5 (d, - d,) arc 
more comparable than the effects for different compounds 

or different solvents and show that the effect per 
deuterium is constant to within the experimental error 

($lO%) in the measurements of chemical shifts. 

There are no significant differences in the CElEs for MC 
groups in rrans-(lJ). which have comparable steric 
strain energies for methyl groups but very different 
environments electronically. but the large uncertainties 
may obscure effects due IO. e.g. an isotope effect on the 

porarity of a C-H bond. The CEIEs for rrans-4 and -5 arc 
much more precise and show a striking regularity. The 

values of MC’ are equal for CH,(&+d,) and 
CH:OH(&+d,) and are proportionate to the number of 

hydrogen atoms replaced in Me,. The first result is 
consistent with the common interpretation of con- 
formational equilibria in cyclohexane, that is that the 

strain associated with an axial group -CHXY is largely 
attributable IO repulsions between the hydrogen in -CHXY 
(with the X and Y groups or atoms pointing away from the 
centre of the ring when larger than H) and the 
syn-1,3diaxial ring H atoms. II is far from obvious how 

Allinger’s concept of the dominant importance of gauche 
repulsions between equatorial H atoms” can explain these 

isotope effects but a comparison of CEI Es for deuteriation 
of ring hydrogens and of side chain hydrogcns with higher 

accuracy than is at present possible might be decisive. 

The absence of a solvent effect on the CEIE in Irons-5 
is consistent with the small solvent effect on the 

equilibrium in frans-5 and does not exclude the possibility 

that deuteriation changes the polarity of the C-H bond so 
that a solvent effect on a CEIE for Me may occur in other 
systems. including 2 and 3. The equality of the CElEs for 

rrans-I and 4 (Tables 2 and 4) and the simple 

proportionality between the magnitudes of the CElEs and 
number of D atoms for Irons-4 are welcome confirmation 
that steric isotope effects result primarily from ‘simple’ 

changes in zero point energies for localised C-H 
vibrations, as has been explicit in many discussions of 

such isotope effects” and in corrections for incomplete 
deuteriation.” and are not sensitive IO structural changes 
that do not significantly change the steric strains. 

The relative steric isotope effects (Tables 2 and 4) are 
all close to -0.6% (the negative sign implies that 
dcuterium is “smaller” than protium. as expected for 

steric isotope effects). within experimental error and are 
similar IO values for h’M(e (-0.6 ? 0. I% in IS, 0.47 + 0.04% 

in 16)” but larger rather in magnitude than the effect 
(-0.36 r. 0.07%) observed for the severely overcrowded 

CMc groups in the transition state for the racemisation of 
4,SdimethyL9,lOdihydrophenanthrene.” This em- 
phasises that severely strained systems may not be a 

reliable guide IO the possible importance of steric factors 
in transition states with modest steric strains. We hope 

soon IO develop the more sensitive methods needed to 
measure CEILS in compounds with small steric strains. 
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