
CONFORMATIONAL ANALYSIS OF 
TERTIOBUTYL_4,D4,THIACYCLOHEXANE: 

BY PROTON NMR SPECTROSCOPY' 
M.BRIa3DIoTands.BolLE4u 

M. C. Tlu~e 
D@Mnent de Recbcrche Fondamentak, L&oaoire de Cbimk Organ&c Physique, &oh d’m 

NwUairca, de Grcnobk, BP 85, Centre de Tri-3&Ul&eoobk, Fnnfe 

and 

H. CHERADAIIE’ 
L&cn-&k de Chimie dcs Polynrtns, Ecok Fraacaisc de Pa~cterk, 44. IV. Felix Vialkt, 38OOO&enobk, Prpnce 

(Rafocd &I UK 12 May 1978) 

Abdrwt-Proton NMR studies of tatkbutyl-4, M. th&ycMcxane, which has a fued chair conformation, have 
llbwcd a direct dcte&wioa of the valioua coupling conahnta. A di.lcu&n of the vabK!s of tbe Iills tofsioa 
angks cdculatrd from the d&rent gauche constants ‘I shows thut the moat pmbabk vrhv is given by JH..,,,,. for 
which there is no hydrogen atom antipcripknar to the S atom. 

proton NMR spectroscopy is a useful method for 
obtaining structural information in the isotropic liquid 
phase. We wanted to check the accuracy of the torsion 
angks determined using a Xarptus ukthod in the thio- 
ethers compounds, studying the proton Nh@ spectrum of 
tertiotnn+4, D-4, thiacycbbexark (TECH). This mok- 
cuk is interesting because of its 8xed chair cob 
formation, since the t-Bu group is cc&ted to. an.:; 
torial position due to stetic effect. The demrmmauo 
the various coupling constants ‘J should provide a way 
to calculate an accurate value of the ring torsion angle. 

The~kofTfCH~tiadlyprovidedbyDr.A.~t 
and its synthesis has been described abcwbae.’ 

NMRspeawercrcco&donahightkldCMta2SOMHz 
spcctnxnetu. at room tempcntms oacaIbotlte.tmcllk*sobl- 
tkiu.TbcpurityofthcumplehubceadumbwlbyNMR 
w=tn=wY* 

The proton NMR spectrum of ITCH in carbon tetra- 
chloride exhibits different peaks (Fig. 1) which are 
assigned by comparison with the spectra of thiacyclo 
hcxane and corre!3ponding sulphoxidcs.’ This preli- 
minary approach does not give an tlm&&oU - 
ment of the /? hydrogen resonances since in sulpzze 
derivatives their frequencies are inverted depending on 
axial or equatorial conformation. The study of the 
different coupling constants witI provide later a 
justitkation of the assigntnents listed in Table 1. 

S 

A complete resolution of the ABhfX spins system is 
necessary in order to provide accurate frequency vahks 
for the two II protons. This system is easily divided into 
two simpler systems ABM and ABX by selective irradi- 
ation. The 8rst ABM system fH& beii irradiated) gives 
a straight forward determination Jluc+Jx,,, = 5.5 Hz 
The graphic msolutioa for this system gives Jlu= 
-135Hx, JM= 3.5 Hz, Js,,, = 3.5 Hz, vr, = 638.1 Hz, 
or. = 644.4 Hz The corresponding procedure on the ABX 
system @Jr b&g itradiated) gives two possible soiu- 
tkns: 

ff) J.u,=-13.5Hx. J~=Jsx=E.OHx, 

v,, = 639.0 Hx, va = 643.9 Hx, 

(I9 J.,t,=-135Hx, JrJc= 12.OHx. 

On the other hand, Jux can be measured on the multipkt 
umeapoudingtotheH,protonwhkhisconsbtutedby 
two symmebical ttipkts which are reduced to a singk 
tripkt when the frequency cotresponding to H& is 
im~U&. The choice between the two sets of values 
above was achieved through iterative simulations (Fig. 1) 
ob&al by keeping con&ant the resonance frqusn&s 
of H,. and & together with the ‘J coupling constants, 
since they are well established from the spectra. The new 
values are given in Table 2. 

This assignment is consistent with the fact that the 
coupling constant ‘J. must have the highest value 
amongst the ‘I coupling constants. Consequently this 
just&s the choice of the resonance frequency of H,,.. 

A tirst comparison with published results concerning 
cycbhexane can be made.’ As Tabk 2 shows, the overall 
effect of the eudocyclic S atom is to induce a low field 
shift relative to the cycbhexane chemical shifts. The a 
protonsaremoreshiftai,butonenoticesthattheaxiala 
proton is more &shielded than the equatorkl one. Con- 
sequently, their frequencies are practically the same, 
instead of being 0.48ppm apart, as in cycbhexane.’ 
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Tabkl.ProtonNMRcbcaiulahiftain 
TTCH @padrMS) 

Hatoun cbcmial difn 

tlw 0.83 

ii; 
1.33 

Ha. 
2.06 

-2.6 

Tabk2. PmtonNMRspectmlpanmuemfor~H 

coup!&coastaata 
&Pm) (HZ) 

HI. 1.35 (1.14P’ ‘J. -135 

HP 2.06 (l.az) ‘J.* 1.75 

k is 
(1.14) ‘L#. 3.7s 
(1.62) ‘J.J., 103 

‘JM 3.9 
‘J, - 13.0 

(8) vlhra fold for cycbtmwc (2). 

SimjkrobacMtk0.9h8vcbcellmndeilltbccase0f 
mcthylthkncs.JTbccq~/3pfot4mhmo~ 
dCdliddCdtkUltbedO~alldtb2~6bift 
difkma (8&)=~-6H6.=0.71ppm) is high 

than the mmc dikence in cyclo&xrsle (&u,= 
0.4Sppm).intbcthiwhecestudkdthcequatorial~H 
atombinmultipaiphnrrpositioatotheSatom.It 
experienoatlllM8~CbemicalShiftvsrktiolliIl 
comparison with tbc same H atom in cyckhexaae. 
Howcvcr this intupret8tion does not expkin the 
Maeace between the I$., and b, values going from 
TI’CH to tbiacyck&xaac (Tabk 3). 

Tboillhen~ofallalkylrubrtituentontbrc&mical 
shiftl of diffasnt protow in cyckbcxanc de+atives lllu 
been nqwxtal by Booth.’ The e&t of an epuatoriai t-h 
lulpbrtitpeat on the nci&ohg eqlmtoripl ProtoM 
cumcardc&k&%g010.2ppm,wbikallaxkloproton 
experienca a alading of anNmd 0.03ppm. TtnBforc 
t&irhenceoftb8tulbatituentontbenethbouriaO 
mcthyknc gmap muat iadwx 8 chemical shift diffmnce 
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w~h~~~~rn~~~~~ 
fbiacycbhexane M by 0.23~~m. One should 
0bse1ve&,,,~~0.38+0.23=0.61ppn~l%isvahmis 
in good agreement with the value of 0.71 ppm observed 
~.~f~~~~S~~~~~~~ 
diffcEocc!# in the thiacycbhexane molecule. IL&.,= 
-0.19ppm and S-, =+038ppm, arise from the 
~~~ye~by~~~e~ 
cyclic bonds.’ However we ass= that, following Booth 
as in the case of cycbhexaools, the i&uence of a t-Bu 
substitucnt on an axial or oqwrial proton of the 
~y~~~~~~~~~~ 
carbollb&ngthesubstituentisnq&ible,takingiato 
Bccount the fact that the C&t Of 8 hk SIIbStitoent in the 
same position is very small.’ It folbwu that we caanot 
use this argument to explain the identity of chemical 
shift for the ‘ITCH a protons, since a Merence of 
O.lBppm is observed for the thi8cyclohex8ae molecule. 
We~y~s~~~~d~~a~~t~~ 
bccausctbereisaoreasonwhytheeifectoftbetertio- 
butyl substitneot otqosition 4 in the thiacycbhexane riq 
~~~~~W~~~~~O~~ 
results in the cycbhexane homo1ogues.s 

The V*S of tmtpkg c0mtant~ 3, and ‘Jb f0and for 
‘ITCH (T8bk 2) are equal to -135Hz and -13Hz 
respective1y.ThcyaIe uitethesameasthosereported 
for thiacyclohexane ? J, = ‘J,, =-13.SHz‘) and for 
cycbhexane eJ* = - 12.6 Hz and ‘r, = - 13 Hz’). 

~t~~ns~~~~~~of~~~~ 
constants depends on three main coIltributioos* elec- 
tN.me@ivity of neighbouling atoms, bond kngths aad 
tonioml angks? According to this Work Wt CalI Wx that 
the tor~iond aq&s of the S&C@ and C&C, n~~ictks 
areprobablyaround600.Thisvalueagmeswithachair 
~~o~~n of the cycle, but it seems diilicult to obt8in 
a more accurate determi&on. 

Concern& the ‘J coupEog constants, one notices that 
the v8hie of tbc co@ing constant ‘J..,* (3.9 Hz) is much 
higher th8n the value of ‘JsU. (1.75Hz). A similar 
d&rcacchasbcennoticcdinthecaseofMiobatyt 
4cyclobexaml.’ This diiference had been pn?dicted by 
~~~~~of~~yc~~we~~~~* 
&ate the theoretical values of the ‘J coyGag const8nts 
II&Q the following cquath cstablirbxl by Forrest:” 

(A) Jf3 = (4,1+ 0.63 f A&) 

x(l-o.462AE,)(l-M62’AE~) 

when f: A& is the sum of the Cl~~~~~ 

differences between the substituting atoms (of the a and 
B C atoms) and H atom, and A& (or AEd is the 
cQKespoading ek.ctrunqptivity ditfuence of the subati- 
~t~~~~H8~ml(Or2).u~~ 
OrIhggiuScI~~ScaieSwesath8tC~S 
atoms huve the Same elw&*.” Tlell8S far 8S 
~~~~~~~i~t~n~~~~ 
60” in 8 chair conformation, is concern& oae must 
observe consequently: 

‘J.* = %* 

B~~~~~~*~~~~~~~n 
angleh8savaluenotequalto6tP,wecanuscthemcthod 
givenbyF~in&tocak$ritethetomionan&s 
fxum the expuimentally m and theoretically 
calculated coup$ntt constants.to T%ese v&es are giveu 

I 
@@a 

F~2.TorsioeanqksirTTCHmokcukukuktedfromUte 
cqtingcoastsnts JgivcainTabk2us&thcm&odofRcf. 

10 (see text). 

in Fw 2. The first observation concerns the fact that the 
projection of the H&I$H,. angk onto a plane per- 
pendicular to the C,Cb axis must give an 8q#e equal to 
l#p instead of the cakuhUd 116’. Such 8 ~~MXQMUCY 
mllSt Wt be 8X&d to 8 defOrmatioo Of the V&ace 
~~~~~~~C~rn~~~~si~n 
rehttive to the S atom, and that rotntion is allowed for the 
e&cyclic bonds, if it is [~cccss~~y, in order to take into 
accouat steric hindr8nce iaduced by the hcteroatom. We 
conchide fern this analysis th8t the equation (A) is 
inappropriate to calculate 8cculately the inuuence of the 
S 8tom on the ‘J coupling constants, at least w&n one of 
the concerned H atoms is in 8a antipcriplaaar position 
rektively to the hetero...\tm, The concl~ion which can 
bedrawninourcaseisthatequation(A)doesnothoMto 
calculate gauche coupling constants as far as Hbo is 
cOliC& 

However we can check that it is possible to calculate 
.the torsion an& from the ‘JI..,. coupling constant since 
~~Of~~n~~H~~~~~~~~e 
s atom, We calcrlfate 8 Vaut Of 59.p from the 8bOVC 
coupliw ConStad using Forrest method, which implies 
ooly 8 S&&t ~fO~o of the ring torsion aa& (which 
has the same value of 59.4”). This hypothesis is 
c~nfhnx?d us@ the R faCtOr:” 

Cwtly we observe only a slight dilkrmt be- 
tweenthevahw!oftheriagtors.ionanglegiveabytheR 
~r~~d~v~~~by~~t~- 
Ul&tbil ttSi& 8 COUpiia CoIlStad cXnKUl@ protons for 
whichthereisnoheteroatomiaanan~posi- 
th This ~~c~~n probably mums that the equation 
given by Foxrest cannot take into 8ccount the effect of a 
S atom onto the coupliog constants; it also means that 
the effect of ekctrom5gativity has prob8bly a multi- 

lcoupling con8tants, 8s recently 

we have shown that the dilfexence of proton chemical 
shifts between lTCH 8nd tbiacycbbcxaac couhd be only 
qlmliwvetycxp~rakingiatoaeco\mt~ 
alho-y effect ac4xrding to Lambert. we also have 
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seen that the fomlda which lull3 been established in 
order to cakukte gauche couplix@ constants is not sllit- 
abk when one of the H atoms ux~cuncd is in an 
antipcriplanar positIon rehtivcly to a S atom. When the 
most accurate geometry of the ‘ITCH conformation has 
to be &tcnninai, we have seen that the use of the R 
factor or the ‘J_.m coupliq C!ollstant drive us to the final 
result that the cyck torsion aq@ is close to 60”. A study 
of the inllueace of rare earth ch&tes onto chemical 
shift3hasbeeninitiatedinodcrtocomparetheaccuracy 
of such a determination of conformation to the accurate 
of the conformation deduced from the study of the 
couph constants. 

Ach~rrfs-Tbc autbon arc hkbtat to the “Groupe 
G~~&~~“forthe~tnrt~MHz,mdtoIh. 
Muquct. who kiDdly provided the ample of -ITCH on which the 
experilllcrlts were paforrm!d. 
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