
‘H AND “% NMR STtfDY OF THE STRUCWRE OF 
a-LITHIO THIACYLOHEXANE l-OXIDES 

A PLANAR METALLATED CARBON 

Carbanions (I to sulphur are important intermediates iu 
organic syntlMis. They have interesting stereochemical 
properties, shown for example by the highly stereoselec- 
tive ekctrophilic substitutions of 24ithie mditbiaaea’ or 
o-lithio sulfoxides.b4 

In previous work from our group on 4-t-buty1thiane 
oxides, we showed that methylation of tbe a-lithio 
carbanions with Me1 occurs always tnuu to the S+O 
bond with a high stereoselectivity @&eme I)* even in 
highly crowded compounds.4 

Theoretical cakulations optink& the geometry of 
cr-sullinyl carbanions were done by Wolfe d a& accord- 
ing to which the carbanion would be pyramidal. the most 
stable cont@ration would bva the electron pair gaache 
both to the S+O bond and the lone pair of sulphur? 
These results were at the origin of the “gauche effect” 
concept, developed and e by Wolfe et al.: and 
raised much experimental work to test their conchtsions. 

However, the above results4 and, more generahy, 
many experimental data for a&finyl anionsT-‘* cannot 
be ratio&i by the ‘$auche effect”. Therefore, for 
interpreting our results, we tried to get U 
COLEUS on the lithio derivatives themselves, by 

‘The shaht excus of IL&U is obssrved athigldkld. 
%eli&ioderlvatlveastaittogivesidcrescdoasafaw34hr 

at 300, pakalarly if they are @ in the ~scoce of a 
llwthyuii excess. 

NMR, iu the same conditions as those at the electro- 
philic mactions. 

In a prehminary communication, we showed by an 
‘H NMR study that the possiiity of a plamu metallated 
carbon bad to be considered for the u lithiusulfoxides (I 
and II).” We wish to present here a more thorough 
discussion of these results with ‘% NMR data which are 
in good agreement and give convincing evidence of the 
plmar istrue- of these lithiospecies in solution. 

The ~~~V~ of the two 44bl.uylthiacyclo- 
hexane l-oxides were generated in the NMR tube with 
MeLi (i,l es) in THF-dt at -78”, under argon. These 
species, (I and II). are quite stable, even at room 
temperature for several hours. A particularly striking 
festure is the tine structme of their ‘H spectra (Figs. 1 
and 21, a careful integration of which shows that, in each 
case, a monolithiated species is formed.* Consistently, 
under the conditions described in the Experimental, no 
trace of starting sulfoxide, or dianion is observed, either 
by ‘H or by “C NMR After the spectra were recorded, 
the lithio derivatives were always reacted with methyl 
iodide and it was secured that the only reaction occurriug 
was a quantitative ~~y~~’ 

‘H NMR 
In order to make the analysis of these complex 

systems easier, I-yd, and II+, were synthesixed, since 
the separation of the &x,9} and (a’83 moieties greatly 



The most important result is that the HaH@ couplings 
snofabout5HzorlessaswellinIasinII. 

Fii 1. 

simplifies the spectra. I-/$?‘& and II-&3U4 were also pre- 
pared to check independently some assignments based 
on selective ‘H doubk hadiation. The synthesii of tbe 
deuterated compounds is reported in the Expeximental. 

The assignments are discussed in appendices A and B. 
Tbe chemical shifts and the coupling constants are given 
inTablesland2. 

As all the values of the coupling constants between the 
hydrogens in each moiety, {dy} and {4’/3’y}, have been 
determihe4I’ (Tables 1 and 2). it is ~ssible to discuss the 
structure and tbe geometry of the hthio derivatives (I and 
II), provided that that these values correspond to a 
unique or a quasi-unique species in an almost completely 
shifted equiliirium. 

Wbcn not detehxd with precision, due to the complexity of 
thc~(~~n),theonlerofmrgaihdeoftbc~ir 
boweva knowo by comphoa *a the apt&a of tk (yd,) and 
~Y-$pe&‘, and doubk hduboo expaimenta (Appcodices 

‘Prcciiitation occurs at lower temperaWes in the dencrihl 
colt&ions. 

‘Aminimal8motlntofTHPisaccca~,IaIldIIbeiiti 
sohbk in pun hydmcarbonr or aromatic soIvcnts. 

In order to examine the possibility of a0 equilibrium 
between several species, the spectra were nm at variable 
temperatures, from - ti to + 50”. The spectra were also 
run in Merent solvents (THF or variable mixtures of 
THF-l/l to l/3 in v/v- with pyridine, benzene, toluene 
and cyclobexane). 

The main result is that no solvent or temperature effect 
on the magnitude of the coupling constants and only very 
weak chemical shift variations (less than 0.1 ppm) were 
ObSCWCd. 
only a continuous broadeniug of the multipkts and of 

the t-Bu signal occurred when the temperature was 
lowered, with respect to the sharp methane resonance as 
an internal reference. The broadening of the multiplets 

Table 1. ‘II Cbcmical ahifta and couplhg umataota of 24ithio +t-butyithiacycbbcx lrmw Iaide 

b/W, lnt. 

coupling constants 

a Bsx 6-l 
.-_-mm ___-__ I t --_e- 

1.97 2.50 1.66 

ShXsCq = -13.9 Hz 

CrW= 5.4 Hz 

aseg- 4.5 Hz 

. 

o'axa'eq - -12.5 Hz' 

6’axB’eq = -13;5 Hz 
a'ax6'ax - 13.0 Hz 

a'ax6'eq - 3.0-3.5 Hz 

a'eq6'ax - 3.5 Hz 

a'eq6'eq - 3.0 Hz 

I I 

Baw - 12-13 Hz 

6ew - 4.5 Hz 

B'ew - 3.5-4 Hz 

B'axy - 12.5 Hz 

b/CH4 int. : t6u 0.73 ; CHJLI (+ 1.5a) ; THF (1.44 ; 3.42) ; hexane (0.72 and 1.09) (traces does to the 
preparation of Cl$Li). 

x 2J a'axca'ap - -12.2 Hz (I-66'd4). 
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and of the t-Bu singlet also increases qualitatively with 
the polarity of the medium. Very interestingly, this 
broadening is always larger for the axial sulfoxide (II) 
than for the equatorial sulfoxide (I), in the same condi- 
tions of concentration, solvent and temperature (Fm. 1 
and 2) Consistently, whereas no variation at all of 6 
and J is noticed for I, a weak chemical shift effect (less 
than 0.1 ppm) is measured for Ha’ in II, but with no 
appreciable variation of the coupling constants at 
250 MHZ. 

The origin of these very weak chemical shifts varia- 
tions and broadening effects may be attributed to solva- 
tion equilibria and (or) dissociation of a polymeric lithio 
species aggregate, equilibria which might have different 
positions for I and II. 

As no variations of the coupling constants have been 
observed, we shall discusS the ‘H NMR results for I and 
II in terms of a unique or a quasinniquc, co&nration- 
nally homogeneous lithiosp&s,* ind9endently of the 
problem of the nature of their sol&on state and (or) 
aggregation that we may take up aftenvard~.‘~” 

The results may be discussed by postmating either a 
pyramidal or a planar metallated carbon. In each hypo- 
thesis. all the basic conformations have to be examined a 
prioti and we shall compare the set of observed vicinal 
H-H coupling constants with the values expected by a 
qwlitatioc application of the Karplus curve,16 for the 
whole cyclic framework. 

Hypothesis of a planar mcrallated co&n’ 
The magnitude of the a/J couplings excludes the chair 

with a planar Ca having an equatorial t-Bu, where Ha 
and H/J eq are nearly eclipsed since this should result in 
a large ‘J value very different from the coupling between 
Ha and H&x which have a dihedral angle of about 120”. 

The chairs having an axial t-Bu and all the boat con- 
formations, very unlikely on the basis of the interactions, 
are rigorously eliiated for the values of the as and 
a’@’ couplings. 

The two twist conformations of CaCfi’ axis and the 
two half-chairs having a pseudo-axial t-Bu are also ex- 
cluded since they are incompatible with the magnitudes 
of the 0’/3’, fly and /?‘7 couplings considered together. A 
half-chair conformation (C& Cu. S, Co’ coplanar), hav- 
ing a pseudo equatorial t-Bu, can be rejected on the basis 
of the a/? couplings because it implies a/3 dihedral angles 
of about 30” and 80” which should result in very difterent 
coupling constants. 

All the values are in good agreement with confor- 
mations I’ and II’, where Ha approximately bissects the 
angle between the /I protons and the other dihedral 
angles are consistent with the (I’@‘, j37 and fl’7 coup 
l&3. 

‘For example, in the ssmc conditions at MO. if the hslf-heiit 
width is 0.6Hz for the methane rcsonancc, that of the t-Bu is 
2 Hz for I and IS Hz for II. 

“V NMR of ‘3Co. Q’ mrickd I and II shows no variation at 
all of ‘Jlk, each of these litbio derivatives bchvinp l&e a 
Sin& species haviq always tbc same geometry of the mctallatcd 
carbon, from room tempedurc to - W in THF-bcnzenc (4/l in 
v/v), thus validating tbc clkcu8sion. 

‘Ce bcii aWnled to be planar, two chaiN, six boat% two 
twkts (COCB’ axis) and four half-chBira have to be examined a 
priori Otbcr basic coaformati0ns ha* 5 atoms coplanar arc 
not considered in tbia discussion. 

-_-- 



Hypothesis of a pymmidal meSallatcd cadon 
In this hypothesis, the ring conformation and the 

orientation of the C-Ii bond have both to be determined. 
By examination of D&ding models, tbe whole set of 

vicinal couplings determined for the two moieties {a&} 
and {a’@‘y)_ or, at least, their order of magnitude allow 
to exclude all tk conformations and con6guration.3 other 
thanthosereportedinFii3: 

Among the chair conformations, as all the IMIfi 
couplings are of about 5 Hz or less, as well in I as in II, 
only suuctures Ia and IIa are consistent with tbe data’ 
In order to discuss the remaining boat conformations, it 
is necessary to consider tbe fact that the results are quite 
similarfor~aadIII,eswellfortbecbemicalshiftslas 
for the magnitude of all the {o&r} and {a’@‘~} coupling 
constants, showing that the lithio species (II and III) 
have the same structure. 

Conformation IIL would imply a strong 1-2 interaction 
between eclipsed Me-u’ and S+O. Swuctme III,, would 
involve very large inkractions between Meu’/CfiHjkx 
and Me-a’lt-Bu.* Therefore conformations III* or III,, 
should be very highly destabilixed and we may exclude 
these structures for III, and by analogy IL and IIw for II 
because of the quite similar results between II and III 
(Table 2). 

We think also that structures Ig and Ip., which cannot 
be rigorously excluded on the basis of the coupling 
constants, are made highly improbable by the large steric 
interactions which would be involved and should be at 
least as severe, if not more, as those in IIa and IL 
respectively. 

Moreover, a large chemical shift variation should be 
expected for Hy in conformations Ie and I,,,. due to a 
syn-axial effect of the S+O bond,= in conlrast wilh the 
observed 8Hy which are almost the same as in the 
starting sulfoxides.~ 

Therefore the discussion sums up the choice between 
the half-chair struclures (I’ and II’) in the planar hypo- 
thesis and the chair confonnatiotts (Ia and IIa) which 

‘It is worth to note tllat a twist conformation of 48’ uir 
(It.IW with a pyram% ccr, wbicb ia very close to the half- 
chainI’~~‘havinpPp~cu,Qllbc~~lyeliminwd 
bWuseonclargcalulonemediumHf3Hyc4TUp~areobMr- 
vcd (Tables I and 2), whereas a nul or very weak HyHfi c& 
wuplingsllooklkexpectedforadibsdnlMgkbeiogomrlyW 
in contraat with aootk large HyH/3 tm~~ coostaot in an 
aMipaiplaoaf situation io It sod IIt. 

‘AlPrsecouplinpHcrHBofrbout15Hz~beobKtvedin 
an pntipem &u&oa*F” 

‘This iutmaction is well sbowo by cxamktion of Ramework, 
or better, CPK molecular models. 

ii 

b 

H 

&:R=H 

llIo:R=CHJ 

-3. P&bkMtcture~ofIandIIaczord&to’HNMKvi&al 
umpling constants. 

may represent the StrucWes of the lithio derivatives (I 
andII)ittthepyramkMhypothe&,eitherasasingk 
speck of in equilibria kIe, IIa=IIe highly shifted 
towards Ia and IIa respectively, if pyramidal inversion of 
the c&anion occurs. 

I 
SI;, c xc=j 7Gd \ - Li 

LI 

n, =. 
Some of the ‘H NMR data are however dithcult to 

ration&e with the hypothesis of a pyramk&l metallakd 
carbon: 
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they are very different in the starting sulfoxides, due to 
the “syn-axial effect”.& These striking changes in 8 may 
relict an important ring deformation. 

(2) No long-range ‘J coupling could be detected at 
25OMHz in I’ where all the hydrogens are well 
separated, whereas a ‘Jaa’ of about 2Hz is always 
observed between Ha q and Ha’ q in a chair con- 
formation.” 

(3) zJa’axa’ q is the same for I and II (12.2~ 0.2 Hz). 
This value is consistent with an equatorial S + 0 bond or 
any arrangement lie i, whereas it should be about 14.5- 
15 Hz for an axial S+O (as in IIa) or any conformation 
corresponding to iLaD 

J gem of a methylene a to the S<. has been shown to 

be very sensitive to the orientations of the C-H bonds 
relatively to the sul5nyl group and to be a reliable 
criterion in conformational analysis of cyclic 
sulfoxides.ao Therefore, stnrcturc IZa is a@ni!dy a- 
cl&d on the basis of the observed value of ‘JcHt.” 
which is much too low (12.0 Hz) for an axial type orien- 
tationoftheS+Obond. 

The identical values observed for I and II may reelect 

‘; *I- 
nearly same arrangements - C - S - and are consistent 

with the halfchairs I’ and II’.” Conformations I’ and II’ are 
also consistent with the nearly identical chemical shifts of 
the B hydrogens in I and II because they have symmetrical 
situations with respect to the sultlnyl group and are 
relatively far from substituents at sulfur. 

“C NMR 
In order to gain some more evidence about the hybri- 

‘The spectrum of II is too compkx. even st 2SOMHx, to be 
abk to detect loao range couplings. 

“It ix rcssoasble to xasume thst no modifMkna of the 

boading proper& occur in the CH& fragment by metak- 
0 

tion of the C. carbon on the otbcr q okty, since ligorously the 
same values of ‘Jc.w, arc measured for II ad the initial 
slllfoxidc. As a conacquencc, the value of 9JCHr. sbukl not be 
a&cted by other factors than confamationd varktions in the 
litllk specks (II). 

“10 I’ and II’, the rdative orkotatioos com2spond to iii ad iv 
rwpcctivcIy($-~.Acouplingof 11AIfzbasbccnmcasurd 
in p9 orientation corrcrpoding to iii by Fraser ad Sc.l~ubg.~ 
hnmated coupl&s of 12.0 to 135 Hz hnve also been observed 
in dipscd situationa in the bicyclo(2.2.1] syatcm.= 

‘Considered as a monomer, iadepcndeotly from the probkm 
of its possibk involvement iu a polymeric liw for 
wllkll we have no evidence. 

‘Jf variatioM of mean cxcitatioo enasy aIe M?gkcted. 
Tbcvariationsof”cc.&mimlcbemialllremsowcakoraczli- 

dization of the metallated carbon, tbe lithiospeciea (I and 
II) were studied by ‘% NMR. 

‘“C NMR has proved to be very successful for aryl- 
methyllithio derivative? and phosphorous ylides.~ The 
conclusions of these studies are in very good agreement 
with X-ray results,- thus validating the ‘Jc’a_w coup 
ling constant of the metallated carbon as a reliable cri- 
terion for the discussion of variations of hybridization. 

In contrast, the 13C chemical shifts are too compli- 
cated to discuss and there is no simple consistent inter- 
pretation of the shield@ experienced by the metallated 
carbon for the whole set of ‘“C data on organometallics. 

The “C NMR results for the lithiospecies (I and II), 
and the initial sulfoxides are reported in Table 3. 

Consistently with the absence of sign&ant variations 
in ‘H NMR with the temperature for I and II, no varia- 
tion of the ‘Jc._H coupling constant and single C, and C,+ 
resonances were observed for “C._,..+ enriched I and II, 
when lowering the temperature to co. - 60”. These results 
validate the hypothesis of a unique or a quasi-unique litbio 
species” in each case. 

The results are consistent with those we already 
reported, in a preliminary communication, for the lithio 
derivatives of t-butylmethylsulfoxide, benxyl methyl and 
benzyl t-butylsulfoxides.29 

‘JcaHm is increased by + 19Hz in I and II, which is 
more than for t-butylmethylsulfoxide (+ 1OH.z) and 
nearly the same as for a benzylic lithiated carbon in 
benzylmethyl (+2OHz) or benzyl t-butyl (+ 23 Hz) 
sulfoxides. 

Whatever the lithio derivative, tbe ‘J coupling is al- 
ways increased with respect to the initial Sulfoxide. As 
an increase of negative charge on the carbon results in a 
decrease of the ‘J coupling constant, for a given hybri- 
dization state, the sign&ant larger values of ‘J have to 
reflect a rehybridiz&n.’ 

The variations are about tbe same as that observed in 
trimethyhnethylene phosphora&’ for which the planar 
configuration of the methylene carbon has been 
established;““’ these variations are also greater than in 
diphenyhnethyllithium for which all the results are consis- 
tent with a nearly sp2 hybridization state of the benzylic 
carbon.- 

These results are a strong indication for a planar or a 
nearly planar C, and they are in good agreement with 
the’HNMRdataforIandII. 

In I and II, lJC.,H., is the same as in the initial sulfoxide, 
which shows that there is no perturbation and modiication 
of the C-H bonds on that moiety by generating the lithio 
species on the C.. 

“C chemical shifts 
The variations of chemical shifts are di5cult to dii- 

cuss like in other organometallics,m as we already 
pointed out for simple suifoxides and sulfones” and has 
been more thoroughly analyzed recently.” 

Examination of the “C chemical shifts shows that tbe 
variations with respect to the starting compouad~ are 
almost negiigiik for C,. in I. CL and C,, in II. In 
contrast, there is a large shielding effect of 12.3 ppm for 
C, in I, which is the order of magnitude usually obser- 
ved for the metallated carbon a to sulfur (-C&Li or 
CHIi-R, R = alkyl).‘- Therefore the weak shielding 
of C, in II (- 3.2 ppm) may be tbe result of opposite 
effect-etaIlation and S variation due to a confor- 
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witharubberseptumandParaMm,fUkdtmdervacuumand 
tlushed with Argon; 8as-tight syringes of 25Opl aud 2.oml for 
addinq tbs MeLi sok and the s-BuGIHBenxene soks respec- 
tively; benxene distilkd over c&ii hydride. Total a&a&thy 

determU with a standard sok HCI 0.1 N with phenol- 
grakineaskdkator. 

NMR ramp/u. For ‘II NMB, a Smm NMB tube is scaled 
with a Kontess rubber septum and parathm. Vacuum is 
&abh&ed with a pump through a ncedk which is removed 
afterarards.ThetubeisthenBlled~fl~with~n,using 
2 n&k-s. 1.1 eo MeL$THFQ (22x lO-‘mok) is ktroduced 
with a gas-tight &r& and &a SO pl of bet&e& (or TMS) 
for kchinq tIk spectrometer. The spectrum havinp been 
cbrchcd, the tube is cookd at -71p and the pressure of argon 
allowed to reach its equiliim through a needle. A sobt of 
2x 1o+moks of sulfoxidc in the desired vobrme of co-solvent 
is added drop by drop with a syringe. Beaqents are mixed 
car&By to prevent any bumping of the solution, methark 
evolvinq instantanrously at -w and bcinq Bushed away with a 
stream of Argon, using two needles. Tbc tube is t&n ahowed to 
warm up to room temp, degased with arqon and centrifuged 
with the scakd end downwards in a test tube, at 2000-2500 rpm. 

The ‘II spectra which ate shown were obtained in the follow- 
ioq renditions. u&as otbwwise stated: 2 X lo4 q oks sulfoxide; 
1.1 eq CH&i/THFd, (25&309 ~1); 200 ~1 benxene; + w. 

‘)c NMB spectra were obtained with 8mm or 1Omm tubes. 
llre standard conditions being: Zmmoks of stdfoxide (C - 
0.8 Ml; 1.1 eq CH&ifI’HP; THF/C& = 4/l; room temp. 

Speci$caUy iabdlai 4-t bwfylhiacyclohcxane cia and tram 
l-oxides 

Weusedascbeme~tothatofPurdumandBerhn,Y 
starting with dkthyl isopropylidene malonate” 

l&thyl t-btiyl dr-maIon& prepamd in 95% yield by 14 
addition of MeMgEr in the presence of cuprous iodide,% with a 
high deutmium incorPoration (better than 95%) by hydrolysis of 
the intermediate cuprate adduct with 40 (99.8596-CEA) (5Oml 
for O.OSmok), followed by the usual work up with ammonium 
Chloride. 

2-I-IJuly/-1.3 4 propone did obtaiucd in 85% yield by reduc- 
tion with LAD (l.Seq) (Merck, 98% at kast) in anhydrous 
ether, as descrii.” 

Zf-Butyl-I$propane dial aYlnethane sdfonate jucparrd in 

88% ykkl with 4eq methane sulfonyl chloride in anhyd pyri- 
dine, the addition bein8 done between -z(p and -15’. The 
mixture is t&n ahowed to warm up slowly amI kept at room 
temp for co. 1Ohr. The crude is carefully poured over ice and 
trkuakd; the dimesylate (F= 763 precipitates proqressively 
and is sepam&d by 6lbation, witbout any extraction. 

3-t-BUrrI- “C DtJltDM d&i&z Tbc dimesylate (1 mmok) 
was added to 7Seq (1Smmoks) K “CN (S&90% isotopic 
purity-CEA) in 2Sml anhyd DMSG (dried over CaH3. The 
mixture was sthved at lm and followed by TLC (hen- 
r.enc/MeGH 9/l). Wti an e&km stirring, the reaction was 
BnisIu!d after 1.5 hr. After cooling, the abnost solid residue was 
dissolved in water and extracted with ether. The combmed 
extracts were tborouqhiy wasbed with several portions of water, 
driedoverN~,to~ordtbedinioikolanol,inPnalmost 
uuan&ative ykM, which was used witbout further purihcation. 

3-I-Batyl-2.4 d, pauanufioic aci& Dhibilc (1 mmok) was 
added to J ml dimethox~ethane and 10 ml IM)/NaOD (- 10 N1. 
prepad from 40 (99.k-CEA) and Na. -The hete&eneo& 
mixtmewasboikd2hrwithaqoodma&cstirring(an 
homoneneous sok was observed after co. lhr). After 
acid&&ion to pH-2 with cont. HCI. extraction by CH& 
aUorded tbs dkcii (95% IF = 1467. IM)/NaOD was necessary. 
since an almost . coi&te H/b -excw occurs wiid 
KOH/H~/dimethoxyet. 

The diacid was quantitatively esteritkd with an etbmeal win 
ofdiaxonwthane.BeductionoithedksterwitbLAHinetb# 
al?orded the 3-t-bwtyl-1J pentanedkl in 81% yield. 

It-Bnryl-15 rnwroaediol dim&me rdfonatc The solution 
of 87Jmp of dial in MOmI anhyd pyridine was cookd and 
stirred at - 1rC. Methanesulfonylch (1.9 ml) was added 

dropwiseandtbemixtureaUowedtoremainafterwards lhrat 
- 15’. Cone HCI was then added (MOmI). keeping the temp 
lower than + 100, and the whole was extracted by ce. 400 ml 
ether. The combined extracts were tborouqhly washed with 
brine till DH-6 and dried over Na&GA to afford 1.4Sn of the 
dtaesykte as a viscous oil (85% y&j, used without-further 
puri5cation. 

4-t-ButyMiacycbhr WM prepared according to Johnson 
et aLw We noted that the suItMe was easily lost if soks in 
kutane, benxer~ or alcohols were cvaporakd. or in the 
presence of traces of water. 

4+B~hkcyck&xaae cis and trans I-oxides. The cis- 
oxide was prep&d stereospecMcaUy by oxidation of the sulfide 
with tBuocl in MeOH. accmdka to Johnson d oL:w tBuoCl 
was at best prepared according & Ref. 38 and distihcd before 
use.Averypumreagentwasaecessary to avoid mixtures of cis 
and rmns oxides, and u-hakgenatioll, we noted also that the 
nature of the base in the work up (anhyd N&4) was determinant 
for a ckan stereospeciBc oxidation. 

Tbc rmnc oxide was prepamd by inversion of the cisoxide 
with Meenvein’s salt accouh~ to Johnson et o&w 
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AmmlxA 

Andyd.s of the ‘H NMR ~pecttmm of 2-titkio 4-t-butyl- 
taco irwt l-o&e (1) 

The two independent systems {a# (3H) and {a’@? (4H) ark 
very easily identifkd in I-ydc by doubk irradiin, bccaur 
eocb well sc+w&d multipkt cornspondS to one single 
hydro5cn (Pii. 1). 

{OS) pQtt. This thnc prOtOnS SystCm is UIIdYZCd 811 Bn ABX 
at 23OMHz. Only one lar5c couplii (13.9Hz) is ob~avcd 
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which is necessarily the gem coupling between the two fl 
hydrogens. Different solutions are possible o priori and the 
definite assignment given in Table 1 is based on the fact that 
there is a large negative 2Ja.XBeq and the two other vicinal 
couplings ‘J, have to be positive.“.’ The calculated couplings 
HuHpax and HaHfieq are respectively 5.4Hz and 4.5 Hz, 
Hfiax and H,9eq being assigned by comparison of the spectra of 
I-yd, and I-yH. 

{a’p’} par?. Hn’eq (6 ~3.19) is identified by the characteristic 
shape of its multiplet and its chemical shift @Ha eq = 2.90 for 
the starting sulfoxide in benzene). The other protons of this part 
are assigned on the results of selective double irradiation of 
cr’eq, R’eq and @‘ax which are inambiguous (Fig. 4). 

An independent verification of the (I’ and ,9’ protons is given 
by the spectrum of (I-fiR’d3. A definite choice of Hfi’ax and 
Hfl’eq is given by I-yH (Fig. 5), in which a larger width of one 
proton is observed while the other one has a much weaker 
coupling.” 

APPENDIX B 

Analysis of ihe ‘H NMR spectrum of 2-lithio 4-t-butyl- 
thiacyclohexane cis l-oxide (II) 

The spectrum of II is much more complicated. Assignments 
are based on the comparison of the spectra of II, II-yd, and 
II-&9’d,, on selective double irradiations which together then 
lead to the only remaining possible assignment given in Fig. 2, 
of all those which had to be considered a priori The spectrum 
of II-@‘d, shows an AB part with a J gem = 12.0Hz ((I’ 
hydrogens: A, B) and a singlet which is the LI proton (E). 
Selective double irradiations of each multiplet in the spectrum 
of II-yd, allow to assign the {cr@) (3H) and {a’@‘} (4H) systems: 

Irradiation of A” eliminates a large coupling in D and perturbs 
(F,G), probably by suppression of a weak coupling. C is not 
affected at all’” (Fig. 6). 

Irradiation of (D, E) perturbs very much A and (F,G) by 
suppression of large couplings; B looses a coupling of about 
3-4 Hz (Fig. 7). 

Fig. 5. 

“Some weak negative vicinal couplings have been reported in 
dihalogeno 1,2 propanes or tetrahalogeno ethanes, but are 
dubious according to Jackmann and Sternhell.’ 

‘Ab initio Calculations for cyclohexyllithium vicinal coupling 
constants,19 

‘Due to the great complexity of the whole spin system, it is 
not possible to extract more than an order of magnitude for the 
couplings Hfl’Hy (Table 1). 

“A has the same chemical shift (8 = 2.66/CH4 int.) as H&x 
of the methine in III (6 = 2.64/CH, int.). 

“‘The decoupling of the geminated proton B cannot be obser- 
ved, being too proximate. 

‘B is at most very slightly perturbed, but may be due to the 
proximity with C; D and E cannot be observed. 

Irradiation of B eliminates a weak coupling in the (F, G) part; 
C, D and E are not affected at all (Fig. 6). 

Irradiation of the whole (F,G) multiplet suppresses the large 
coupling in C which gives then a broad singlet; the whole group 
(D, E) is very perturbed by elimination of a large coupling with 
the set (F, G). Weak couplings of about 3 Hz are also suppres- 
sed for A and B (Fig. 7). 

Irradiation of C suppresses a large coupling in the (F,G) 
group and does not affect A at all.” 

These irradiations allow the conclusion that the two 
hydrogens F and G belong to the two separated moieties {ap} 
and {a’b’} (Fig. 7). 

Comparison of the spectra of II and II-ydi-and also ir- 
radiation of Hy in II-show then an important modification of 
the C and (D,E) multiplets while A is not modified at all (Fig. 
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Fig. 8. 

8). The main result is the existence of a coupling of about Hfi’ax and as it is not coupled at all with A or B (a’ hydrogens), 
13-14Hz between Hy and C. Hence C has to be H,¶ax or C has to be Hj?. The same comparison or irradiation of Hy’ 

show weak or medium coupling constants between Hy and 
‘A precise and complete decoupling gives a superposable (F, G) and a very weak perturbation of B by Hy. Therefore it is 

spectrum of IYHy} and (II-yd,), thus validating the irradiation possible to make a definite and inambiguous assignment as in Fig. 2. 
conditions and the real chemical shift of Hy. 


