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Abrbrd-Con@mtionaUy ad coafornutionaUy ~DUWS tbimnc- ad fnuu- and cir-I-thhdcdin-I-N-p- 
chloropbcnyl hides were rawangd to tk corrcspo~ 24~-amio~+Y-ct1~~ and tbc con6gu-e 
&I of tbc products were us&e-d by ‘H-NMR spcdmwpy. If staially unhiadmcl, rcunqpmcnta pmuxdcd 
with I hi& degn~ (z-H%) of rkrumpccifity: sul#m& with eqm S-N-bead pve reamgal productr with 
axial. dmidcs with axial EN-bond gave reamqed productn with equatorid aryl substitucnt. The proposed 
concatcd mtcbrnism via a cyclic budon state is sum by these mults. 

The rearrangement of N-aryl-S,Sdialkylsuitlm&s (1) of rulfonium ylids.’ It has been shown that a doubly 
generally yields o-alkyl-thioalkylanilines (4) in good suprafacial overlap of orbitals of the two rearrangement 
yields.’ If a &zarbon of one of tbc S-alkyl substituents fragnwnts occurs in the transition state of [ZSJ-sig- 
in I bears hydrogen, elimination of the alkyl substituent matropic reammgcmcnts.’ 
asanalkeaemayoccurasasidereectionandtbeyields Earlier attempts to investigate the stcrcospcci6ty of 
of 4 arc diminis&l.‘A the dnt reactions using chiral s&nid& I 

1 

Earlier result.? indicated that following the for- 
mation of azasulfonium ylids 2 rcammgcmcnt to 4 takes 
place via cyclohcxadieae imines 3 in a concertal (2, 
3]-sigmatropic way. o-substituted anilincs were formed 
exclusively.’ When Mrrangcments were allowed to 
proceed in the presence of reactive anilines or phenols, 
no crossover was ohscrved~ startinp with 2&dimcthyl 
substituted suI6mi&s (1: R = 2,6diCH,) intumaMcs 3 
were isolated. Removal of an a-hydrogen was identi6aJ 
a.sthcra&zdcterminingstepbyaprimarykin&isotope 
effect &AD= 3).” The rate of vnt was 
shown to be considerably lar&X than the rate of rcpro- 
tonation by the low exchan@ with the protons of the 
solvent in the r earrapeement of a-pc&utemtal 
sui6midcs in etJwwL6 IntrodWion of electron with- 
drawing substitucnts at tbc aromatic nucleus changes the 
equilibria of proton&m at the nitrogen atom and 
reduces the rate of rwwangcmcnt-‘ 

Si6matropic wts uau8lly proceed with a 
high~ofsMwq&6ty,rcga&ssifahctwMom 
is pprt of the 5- or 6-memhcrcd transition state, provided 
no isomerisation takea place via d&rent mech8nkm.9. A 
high transference of asymmetry from sulfur tu a carbon 
atomhasheenohscrvcdinthccawetcd mment 

were unsuccessful.’ Optkally active sulEmi&s with 
known cont@ration at sulfur and of known optical 
purity were not availahk. When optically active 
sul6mides were prepared, the resulting cyclohexadkne 
imincs 3 WCIC indeed optically active, hut the contigura- 
tion at C-2 and the optical purity were once more un- 

kllOWIl. 

In an alternate approach we trial to obtain information 
using diastcrcom& cyclic su&nides. The con@uration 
of these compounds was readily established by NMR- 
techniques. The rwrangcmcnt reactions of the 
sulfimhks so prepared” and identifk4Yb will he dis- 
cussed in the sequel. 

&rtingsM@lUilias 
?&ne-I-N-pchl~rophcnyf imidcs (Scheme 2). 

SuHWksSand6ofthisserkshcarnohiiingsub 
stitucnta suitahk for referencing; the results of these 
vnts arc included for sake of compktcnas. 
Tbcsuhstitwatsonthethianeringarehii8(lar- 
ply)l, 10 and 12 (completely) towards confurmation a 
and 7, 9. 11, 13, 14 and 15 compktcly towards con- 
famatioa c. 

trans.I-lWiadeca&n-I-N-p-chlorvpha~ylimidu 

~Vd3J.Ne.ll4J I373 
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8 0 

all R’s = H unless Indicated 

I all R’s = H SU 
6 R’= A’=CHs SU 
7 R’ = CHs 7u 

: 

Ft. = CH, 
ii 

10 1ou 
11 11u 
12 R.=R.=CHs 12U 
12 RS=R*=CHs 12&l 
12 R.-R’=CH, NJ-2 
14 R’=R’-R‘-CH, 
16 R’=w-W-W. 1su 

scbmu2. 

. 

all R’s = H unkm indicated 
l&l all R’r = H 16lJo. 1rup 
1W all R’s= Ii 1ruf3 
17a R’ = CHd3@-CH,) 17&x, (!7UB)’ 
l&l R’ = CHs(4/3CHs) 1ouu. (1.U~)’ 
l&l R’= CH,(4aCH,) 1Wa. lsuug 
204 R. - CH&bCH,) zoua. (2oU/3)’ 
Ma R’ = CH#l&CH,) 2lUa. (2lUB) 
210 R. = CH,(O-CHs) 

‘PdUctW8SfdiOlEiDlXrmollatOdydWUWti8U4!d. 

scbanc 3. 



Siawc~d~t 1375 

tmu fusion of thime and cyclohcxaae rings prevents 
inversion. 

tNcmeocltlm: “8” manr “the ubtitwnt (16-28: the I-N- 
Uyl imidc @uup: MU-mu: tbc 2-wyl @oup) ia on the SmS 
rings& a8 tk aubdumt (a hydm#m) at C-IO”: “d” mam 
%22UbstituelltbOIltb2oppaiteMpidc".F~O~2CC 

!kbcmcs3and4. 

tweeo N and C-S, C-7). Confomiatiottally lmmgeneous 
cis-l-taiultcsliblp~ untld he obtakd’ from 
suitaMy mthyba4tbatituted ci.d~s.‘” The 
parent (UP), at -w, is vay largely in cunfd A.’ 

Tbeprq?8fatimmdthertxrmgcment~of 
1,3ditGm-l-N-p~y~ ides will be dimmed 
elsewhere.” ne resdta of the leman@mentsof7andlt 
hve barn mportai in a tndhhy communication.” 

The mwangmmt of thiane- ad l-thiadecalin-I-N- 
aryl imides taker place much kss wily than tbat of 
open-chined sulhi&a, especially of SMe SubstiMed 
Cmpamds;tbiaisinunltrasttomultsobtainaiwith 
1,3d&ime-I-N-aryl imidea.” As a umeqmcc. fairly 
drasticreactionconditionshadtobeusai:wngin 

all Rb = H unlem indhted 
all R’s = H ma 
all R’r - H =JB 
R’ - CHa(3aCH,) 
R’ = CH,(&AH~) 24w 

:; 
I? = CH,@&CH,) =W 
R’ = CH,(lO-CH.) #UB 

m R. - CHd6aCHS =W 
m # = CH.@aCH$ =a 

!kkme 4. 
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triethanolamine at MO-~. The yields of rcamu@ 
products an only modcrate. and in some instances quite 
low (see Table 1). because side reactions (elimination, oc 
cleavage of the SN-bond by substitution on sulfur) 
become important at these temperatures. 

The results are already indkatal in !khunu 24. In 
most cases only a sin& rearm@ product cdd be 
detected by gc or UC; -meats thus proceed with 
a stcrcospccifity of >!45%. Investigations of the 
con@ration of the rcanan@ products revealed that 
the stcric relation (cis or trkuu) of the 24 group to the 
substitucnt used as a reference is identical with the 
relation of the I-imidc group to this substitucnt in the 
staltiqt sul6mi&; in the thiadccalin series this means 
that lo-imidcs yield 2a-aryL1-thin&dins, and l&im- 
i&s yield 2/3-aryl-I-thiadccalins. 

Exceptions were mainly found in the rigid tmwl- 
thiadccalin-lu-imidc series, and in case of 3a-methyl- 
cis-l-thiadccalin-la-imidc (2&r). where the TcIvTap8c- 

ment is very constrained. In case of the tmns-l-thii 
cdin-lo-hides (i.e. equatorial S-N; see Scheme 3) only 
mudcrate yields were obtained, with the Za-aryl com- 
pound the major product and with <5% 2&aryl isomer 
if the reaction temperature was -loo” (with very 
prolonged reaction times), but up to 25% @-isomer at 2UY 
(percentages are relative to the total yield of Zaryl-l- 
thi&calin). The cyclic transition states for tbc for- 
mation of 2a-aryl-tmns-l-thiadccalins from la-imidcs 
are doubtlessly dilUcuIt to attain because of the ri@ty 
of the system, and arc more strained by the steric 
interactions with H4a and H-9 which cannot bend away 
foftbesamefauon.Tiwtbcbaffkrfortbcrtmange 
mcnt lo-imi&+2a-aryl product is raised in comparison 
to the murc bxible thiaae system. We believe that 
formation of the 2@-aryl products does not take place 
diitly from the la-imide in a non_[2$1_sigmatqii 
way, but rather that an inversion of the la- to the 
lb-imide occurs, the barrier to inversion being now 

5 
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comparabk to the barrier of went. This is fol- 
lowed by the more facik mmcnt of the l&imidc 
to the 2/?-aryl product. 

Evkknce for this hypothesis is found in the rcar- 
mmcnts of ~mnel-thi&calin-la-imides with axial 
methyl groups y to the imidc group (3/3-l&-. 17a; 8/3- 
Me-. Zla). There is no reason to expect that these Me 
groups will hinder a vnt of the la-imidc to a 
2&aryl product; on the other hand, they are likely to 
obstruct the pyramidal inversion to a I@-i& (or the 
corresponding ylid). and there is indeed very littk 2/l- 
aryl product formed from 17a and Zla, even at high 
reaction temperatures. 

An 8u-Me group (in 28~) does not incrcaac the amount 
of 2/?-product formed upon marmngcmcnt. This is 
readily explained by the increased rate of mmcnt 
brought about by the stcrical strain of tbc interaction 
between 8a-CHI and imidc nitrogen (quivaknt to a 
I$-syn-axial interaction), rather than an increase in in- 
version to give 2@ryl product via an intermediate I/?- 
imidc. 

The rearrangement of the 4aCH,-trens-l-thiadccalin- 
la-imidc (190) also rcquirc~ mention. Both the 2a- 
(19Ua) and the 28- (19U/?) aryl products arc formed, in 
a ratio of 3:2. Here the product of cis-mment is 
formed only in comperptively slight excess. again very 
likely for reasons of strain, since the ‘H NMR data (t&fe 
infre) indicate that 19Ua no longer occupies a double 
chair conformation, but has the thiane ring in a boat or 
twist form to minimize the consider&k interactions 
between ~-MC- and 2-aryl substituents. 

only the expected rcanangcd product (15U) wax 
isolated in the marmngcment of the similarly substituted 
rrrur-2,4.~trimethylthiam-lr-N-p-chlorophenyl imide 
(15). although the syn-axial interactions in 1SU (CHr 
2/CH,4 in 1SUc. aryl-2/CH~I in 15Ua) arc partly 
avoided by the escape of the compound into a twist 
form; the barrier for manangcmcnt must once more be 
lower in the more flexibk thiane derivative compared to 
the rigid trens-I-thkukcalin system, and inversion to the 
alternate suffimidc does not occur. 

No mments to gcminally C-2 substituted 
products takes place even if consistent with a [VI- 
sigmatropic mechanism: no 2-aryl-2.4,~trimcthyl-thiane, 
and no 9-aryl-lmns-I-tins could be detected in 
the product mixtures of 15 and the appropriate Pzu~.~l- 
thiadccalin-la-imidcs. respectively. Axial or equatorial 
substitution on C-3, on the other hand, apparently has no 
inlluence upon the case of rearrangement: both 13U-1 
and 13U-2 were found, in equal amounts, upon rear- 
rangement of 13. 

cis-l-Thiadccalin is a conformationally mobile ring 

system with both conformations A and B approximately 
equally populated (AC?= 059 W/mol’“). The products 
obtained in moderate yields upon mmcnt of the 
sul&nkks &rival from it (23~ U/3> arc conformation- 
ally biased by the aryl group at C-2. Whik the rear- 
rangement of &Lthiadccalin-I#&imide (23s) gives only 
one product, 23U& in rcspectabk 60% yield. both 23Ua 
and 23Ufi are obtained in a ratio of -I : I upon rear- 
rangement of 23~ (in trkthanolaminc. in extremely poor 
yield: see Tabk I). Apart from UK severe syn-axial 
inter&ions between aryl group and CHr8 (see Scheme 
4) which necessarily arises in a transition state to the 
Za-aryl product, the poor overall yields may be caused 
by the formation of unstabk suIfenamidc, a side rcac- 
tion for which ci.s-l-thiadccalin-la-imides arc favourably 
anan8cd (axial CHmp fi to the imide group; see 
below for 14 and Ua). In case of very mild reaction 
conditions ( rearranpmcnt in benzene with bbutyllitium 
at t So’3 this elimination can be avoided. and only 23Uu 
is formed in 75% yield. The conformation of UK c&l- 
thiadecalin skeleton (A or B) upon rcarmngemcnt 
changes to the more stable, arylquatorial one: 23aB+ 
23UuA; 23/3A+23U@B. rcspcctivcly. 

Sul8mides derived from Me substituted &I-thiade- 
calins arc biased towards conformations A or B either 
because the parent suffidcs are already conformationally 
bOOIOgCM%XlS’” (2&z, 27& 2&3) or because additional 
interactions arise in one conformxtion by the intro- 
duction of the I-imidc group’ (25/3, U/3). In the first 
instance tbc products of mment can also be 
expected to be conformationally homogeneous; this is 
tbc case for 27UflA and 28UfiA (axial Zaryl sub 
stitucnt). Compouml UUcr. the predicted product of tbc 
mmcnt of 24a, would be highly strained in both 
possible conformations and is not formed. The only 
product which could be isolated in low yield was 24Uj3, 
in conformation B with an equatorial 2-aryl group. Of all 
coprpounds investigated this is the only case where the 
product not consistent with a [2Sj-sigmatropic rear- 
rangement of the starting sulfimide is exclusively for- 
med; again, isomcrisation to an intermediate 3a-methyl- 
cis-l-thiialin-lj?-imide (24s) and rearrangement of 
this compound in a [2$]-sigmatmpic way seems likely 
(scheme 5). 

Sulfimide Up (derived from 3/3CH,-tic-1-thiadccalin, 
the isomer of the parent sullide of 24~) rearranges in the 
expected way to give SUB; product and starting sulEmidc 
arc in different confarmations since the axial t-aryl sub 
stituent in SlJfiA is more hindered (2syn-axial H’s) 
than the axial methyl group in UUSB (I syn-axial H. I 
syn-axial ekctron pair). 

NO rearranged products (14U or 22U. respectively) 

240 24~ 

schcmc s. 

24lJP 
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22a 30 

Scheme 6. 

were obtahcd upon reaction of 14 and 2&R in 
trktbanolaminc. Majar products were unstable corn- 
pounds, which, from tbcir “C and ‘H NMR qcctra, 
were i&llti&cl as sulfenamidcs (e.g. 3# from 22a; 
!kbemc6).InbothcascsasweIlasinc&-I_ 
la-imides a Me (or metbykne) graup is positioned axi- 
auy,~totbcialidegroup.ThisstructuralaRan#&Slltis 
favourabk for a0 intramokcular proton transfer, and 
elimhah$ to form a suIfcmlmidcPA Bccauzc of their low 
stabiMy,ideotitkationoftbcscproductswasonlypos- 
sibkincaseofsuhi&s14and&. 

su 
. . 

0 tbe results, yet of cyclic 
suuhlidcs procaXh with form&on of the c-2-aryl bond 
cis to the original positioa of tbc l-imidc substit~ot, i.e. 
suprafaciauy at the Sylid frat#nent. 10 case uf con- 
fonnahauy borqertanls cyclic sul6mides this lesulta 
in the furmatioo of produ& with cquataial2-pryl sub 
stitucots shuting with lluhides with axial l-imide 
graups,andofaxiaay2-luylsubatitutcdproductsstarthg 
WitbS~Witbequatoripll-illIi&groups.TbCSC 

n?sultsmeetexactlytheexpaZtahsbasalootbc 
aasumptionofaconcerWreactioamccbaaismwhicb 
thus is strongty supported. For tbe “axiaY suhider the 
NXldtappearstrivial,sincctbcymightbcexpcctcdto 
rcMpqec into the stcriaay kss hi&Zal2upWri8i 
po8itioo eve0 in a none rcactioo.Thisisnotso 
for the %qatorW suhlIi&s; the fact that they also 
~inachnfuma togivethcstcricaaymofc 
constrained 2-axiaUy substitutai prodWa is a convincing 
JKooffortbe~oftbcproccas. 

Thebigh&C0spWifityobWlVCdisobviouSlydueto 
tbc strict nquircmcnts for am!Xrvatioo of athal sym- 
mctryinaconc&cdpmccas.An&cmativeexphation 
mightbea~diRcrcnceinacidityofthchydrogensat 
C-2oftbestaItingsld5mhs.whikthisexpknotion 
cannutbcrukdoutannpkt&itizbiyimprobrbk: 
incaseof‘equrtortl”sut6hksH-2awouklbavetobe 
moreacidicbyafrctaof~~t20;Padinv~~ 
on cyclic sldfoxidcs have shown tbat tbc stcrcoc~ 
of ekctrophilic rcactioor at a-zldfblyl carbahm centers 
isnatnecu&lydepen&otoatheoticotatiunoftbe 
proton removed and is strongly ia@m& by solveot, 
type of rcactiun and by varia~s other factors.‘. 

TbchigbdeqreeofstcrWJpcci6tyalsocoIl5mtathat 
xz tmcriz+n by pyramidal inversion of 

tcmhatc azasuKonium structures 
sty *does “0’ ~c’p, with the excq+on of tbc 

_ -th&ch-lo-lmldca, at very drastic Ieactioo 
cooditioos, discusacd above. Tbc eothalpy of atdiwioo. 
AG+, for pyramhl inversion at the asymmetric center 
of N-aryhuMmidcs and N-arylazasuifuhun salts is aa 
yet unknown, but tbc data for N-tosyl- and N-acyi com- 
pounds (120-15OkJ/mol for summidcs, 100-125 kJ/mol 
for azaaulfonium salts)” m8y be used as an ap . . 

xmahon SIKX barrim am bwer in sutfonium 
$s,” the Alue for azasulfonium yti should also be 
smaller (<lOOW/mo& thus the barrkr far the rear- 

raqcmcot process baa to be even lower than this last 
vaiuc. which is consistent with an expcctai barrier for a 
Wncatal process. 

con- orsignmarts and conjomWiQnal e&i- 
b&a 

ThedlWmhthof~oftbc~ 
products was pncratiy achieved by ‘H NMR spcctros- 
copy,inafew~cerPidedorcon6rmdby”CNMR 
hsigmncot was facilitated by tbc fact that most com- 
pounds were coafm bomogcncW; even ling 
syatcms without biasing substituents were represented 
byonlyoaeumformathbecauscoftbchighcquatahl 
pn?faence of tbc 2-aryl proup. 
TbefouowiDgcXitaiawereusedZ 

(1) Cuuphg constants of H-2 The signal of the protoa 
at c-2 ix well squatal from the oth protons because 
ofitsbcnzylkclulrnW.Ifc-3bcarstwoprotoasall 
quatohl H-2 displays two smrll @I&C, 2-5 Hz) 
couplings,andanaxialH-2dizplaysalup(&i,I 
12 Hz) and a small @W&C) c-o&i 

(2) Cbcmkal shift ctf Hb’. The signal af the proton 
ortbotoc-2aftbcthiane,andtochhiQe,oathc 
aromatic * is upWd in homers witb equatorial aryl 
group (7.10-7.18 ppm) B to tbc aryl-axial isancrs 
(7.%7.4oppm). Tie two shift rQjons are sldlickotly 
sepaled and narrow coogb to allow structural 
az+ments eveo if only one of tbc possiik conf@ra- 
tionaliwan?rsiaavailabk. 

(3) “C NMR allowed unambiguous dts in 
qucstionxbk cases: large up&Id shifts of ring carbons y. 
to(axial)arylaubstitucot&asweIlaspalpabkrcductions 
ofo-and&&ctsinthcsci~. 

Tbc’Hand”CNMRdataarccoUcctcdinTabks2and 
3. charactcrieic fcatum of the various products are 
discussed below. 

2~2’-An1hod’-cNo1upha1y&thianu (see !Wunx 2) 
Tbc percot. compouad 5U, is pfcdoahantly in con- 

famathcatroomtempaoturr:thesignalofH-2a 
(3.78ppm)isiIltbcn8rrowcbcmicalshiftrangcobscrvcd 
for H-2x of confomWhAly homooeneous ClsAncthyl- 
(8U) and cW+butyC (1OU) derivatives, with a hrsc 
J~andaamaUJ~Iothe”Cqcctrumtbesignalof 
C4 is barely shifted unnpued to thianc“ (no y_ effect). 

H-b is shifted down&Id to 3.99 ppm by the stctic 
compressiondtbeaxialMegroupatC4in6U.Tbe 
same~~tirseeoatH-2a(4.05pgm;J.+J,=l3Hz)of 
7U, which consequently exists predominantly in the 
co&m&on with axial CMe and cquatoripI Zaryl 
group. Co&math fa this preference come8 from the 
cbcmical shift of H8 (7.17ppm) and from the ‘%- 
spectrum: the ring carboa atoms y to the Me substituent. 
C-2 and Cg arc shifted upGeld by - 7.05 and - 5.98 ppm, 
mpa%vely: the Me signal (17.64ppm) is very close to 
tbc signal of the anahg~Iy orkotatal +Me of 2CHh.- 
~-C!HJ~-thiam? (17.09ppm); the a- and Whets are 



aiso in agrcament. Althou& the form with axial 2-Me 
group prmhw&ws in ~-~~~y~ (75% at 
-95oc)“. tbc above rnsuh is not surprisiqt conshkring 
the much gcater energy di&cncc of axiaVawtorkl 
aryJ (12.6hJlmoQ than Mc c1.1 WmoO in paenyr or 
mcthykycJohcxancs~~- cspsckhy u&n the axial phcnyl 
ring may be forced partly into the erkrlmtkahy kss 
favourabk ‘MP fom IT* by the TamilKl group. 

Tbt lbd&ond gizecke Mt group ia f2U shifts H-2.a 
upfkhi to 3.44 ppm (Lu = 1 t Hz). A simibr etltct alhrrws 
as&amcnt of H-2a in one of the two rcamuqcmcnt 
products of 13 (Scheme 7). I3U-1, white in tbc other 
(13U-2) H-2a is shifted downtkld to 4.02ppm (J- = 
2.5 Hz) by the wi Me group. Both compounds exist in 
conformations t @&tale 7) btcaust skric efft.cts art 
any that way: a krgc AGo of the axial ary1 plus the 
AG” of ?& axial CHs in a is opposed by only tbc 
rcktiveiy small (5.9 WmoJ’z) AGO of tht axitl CHS in t in 
boa ismen. nt absemx of the lppWUG gauck 
2-ary&Me axon &sea bekw for 17Ua) in f3J.L1 a 
is not enough to prodocc a palpabk contrWion of this 
COdOIUlW. 

lizqwhl protim at c-2 appcar at kwcr B&i thaa 
axial ones: H-2c ia 9U rcsonatcs at 4.02ppm (J: 5, 
4.5 Hz). In IIU H-2c is again shifted upfkld (3.75 ppm) 
by the gimcke Me groap (see abovc for f2U and 13U-If. 

Both chair coaformatio~s of 1SU an sevcre~y at-sin&, 
with 1SU l the kss favourabk form. The ‘H NMR 
spectrum indiis that the compound escapes partiy 
into a twist farm: H-2, the bcnzyhc proton, appears at 

4.16 ppm as a doubkt of doubkts (J: 11.5, ,3 Hz), cw 
sistent with both ISU t and ISI.! twist; H-6, on the 
~~~1~s~~~ C-6, shows two couphags of 7 and 
4.5 Hz (apart from the 7 Hz couphag to the Me protons), 
internw&a& to the two gaac&e couphogs it cucoontms in 
~~~,~~~~~j~s~~~c~~~ 
f3I.J twist. The signal of the aromatic H&‘-proton occurs 
at 722ppm, also ~~ to the typical phcnyt 
equatorkl or - axial shifts 

Galy four GU, 9U, JJU-t and J5J.J) of the ckven 
2~~-~n~~‘~h~~nyi~~ iuvcstigatcd might 
have ban expected to show apprcciabk ~~~tioas of 
a second cortformation; in the others the diffcrenccs ia 
free errergy bctweell the preferred and other conformms 
are obviousJy too large for these aImma& forms to 
coatrii. Chdy in case of 1!5U a twist fm does really 
occor in corrsitsnabk amounts, whik 7U is >W% in 
conformation e and 9U MQ% in ~~~0~ a. The 
conformational free energy of a 4-h& group orl thiaae 
has beta d&rmia# as 7.5 ItJimol, i&nticaJ to methyl- 
cyclohcxane; tha corresponding vakc for the 4t-Bu 
group is supposedly close the one cakuktcd** for t- 
botykyclohexanc (22.6 hJfmolf+ The latter is higher than 
the enqy diierencc cakulatcd by a force heId method” 
for the c~~t-~st ~~~~~ (16.9 hJ/moJ), and 
whii some of the w&us obtained by this m~thod’~ have 
been shown to d&r from the txpcrimcntrd rcsolts,‘“” 
the order of magnitude may still bc correct, since a 
substantiai contribution of twist conformer bas been 
mportcd for ?~-3~d~~-~~~~i~.~ The di&rcncc 
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1382 P. K. thus cral 

incottf-freeenerlybetweettaxialdequa- 
torial 242’~amh5’~hloro)pbenyl in tbianc should COII- 
sequeouy be about I3 Wlmol. 

2~2’-Amino-s-clJo~~y~~s-I-r~~s 
(scheme 3) 

ThechemicalshiftsoftbeH-2signalsoftbeproducts 
of rearrapoement of hws-l-tbhkcah-I-N-uyl hides 
fall in the narrow raogc of 3.p4.oppm. re@kss to 
tbeiraxialw~uato&lposition,ifthesignaharenot 
shiftal by Me substituents at C-3 (17Ulr) or C-4 (19Ua. 
19Up). However, the position of H-2 can be determined 
unambiguously from its coupline @I-&: J, + J, = 8-9 Hz; 
H-b: J.+J,=l3Hz)andfnnnthesbiftofHb’(phenyl 
axial: 7.3-7.4 ppm; pbenyl equatorhI: 7.1-7.2 qm). Ad- 
ditiooalevidencecomsoncemorefromtbe*CNMR 
spectra:theinflueoceofanequatofkl2-aryI8roupontbe 
brid8cbead carbon C-9 is only smaU, aod downlkld 
shift@g (t 1.34ppm in 16UjJ compared to tmns-l-thi- 
~‘q:theeffectofanaxiel2srylisvery~,and 
uptkld shiftin (16Ua: -8.41 ppm). ‘he same effects, 
but smalkr, are observed on c4 (to.57 and -4.40 ppul, 
respectively). DiiTerences between a- and a- (oo C-3) 
and (I.- and a.-&cts (oo C-2), on the other hpnd, are 
surprisingiy small and ins&n&ant (Tabk 3). 

Whik the couplings of H-2e are consistent with an 
axial2-arylon8thianeringinachairumformathin 
16uo-18uo,2#Uo a+ 21l!o, in case of 19ua (2u-aryl- 
G-methyCrmnS-l_) the coupl&l deviate 
signihntly. Model conhJe&ons sbow tbat the lltrain 
-red by the ary!/Me syn-axial interaction is rel- 
ieved, and tbc couplings observed (J: 9.5, 3.7 Hz) a~ 
~~~iftl+ianeringoccupkaatkastp?lya 

methyl (AG’- 5.9id/mol ““““comT 
nd17U(l,withallwrl+ 
pnd an axial 2-aryl (AGO- 

13 Wlmol) might also be expected to show a PdpeMe 
cootriitionofacodormathwithtbethianefingina 
boat- or twist form. The fact that none is observed 
indkates that the resw Z-aryUIMe gache inter- 
action must be fairly substantial (36.3 WhoI) to corn- 
pensateforthe~infrreeaergyabotherylladMe 
groups were to becom equahal. 

2~r-Am~-S’-c~~~~ia-l-r~olinr (Scheme 
4) 

Diflerentiation between the coa@aths a and /I is 
pharily an assignment of cooformations A and B. Fa 
thisthechemicalslliftandthecouplingbehavioufof 
proton H-9 (on C-9) is an important indhtor. la con- 
fonaers B (e.tt. UU/J) this signal occurs at 2.7s 
2.8Oppm,withabatfwidthofmoretban2OHx,because 
of the large ahuntpling (- 12 Hz) to H-8a In con- 
fanners A (e.g. UUo), H-9 is sbiftai down6eld by 
compahon to -3.45 ppm; it is again coupkd to H-10, 
H-8a and H-8e. all of which are now gauche posihed; 
thesignalappearsasasingktwithahalfwidthd 
7-9Hx. The equatorial or axial position of the phyl 
fi~isoncemcreappareqtfromthecbemicalshiftof 
H-6’ (7.13-7.18 vs 7.31 ppm) and from the coupliao pat- 
tern of H-2 (H-k J. t JS = 12-14 Hz; H-2e: J, t J. = 8- 
9Hz).Bytbesecritmiatheproductade~ivaifromthe 
parent cis-I-thdecah m found to be totally in the 
confomlaths with equdottl aryl ring (23UlrA and 
ZJUBB), as expecti. 

It has already been mentioned that forma&m of 24% 
the [U]-sigma&+ product of Ua, is dillhIt to im- 
a& for reasons of *train, and indeed, tbae is no 

coaftiott of 24Ua that would explain the observal 
couplii of H-9 (2.75 ppm; d, 12 of d, 4 Hz) and of H-2 
(J: I I Hz). Th’fs both a prioti model considerations md 
thein~dtbe’HNMRspectrumkadtotbe 
same result. tbat UUg is formal exclusively (prcsum- 
ably via isomefisatioa, see above). 

The sulEmidc derived from the uumd 3-methyl-cis-l- 
thdecah, 2!3& yields the expected product uu/?. The 
vttt is e by inversioo of the thi- 
adecalin system. In the starting stdhidc the l-hide and 
the ~-MC group arc in the favourabk equatohl position 
(cottfotmation A). In the rwratt@ product the ~-MC 
group is axial, the 2-aryl substituent is equatorial (Hb’: 
7.18 ppm) and the ring system is in conformatiott B 
(H-9): 2.8Oppm: d, 12 d 1, 4 Hz). If the gohe inter- 
actiolls of 1Mehryl in the two umfolmations are 
considered approximately a@. the AG”s of axial ~-MC 
and of conformath B (059 W/mol’“) togeth are not 
stdlicknt to compensate for the preference of the 2-aryl 
group for the equahal position. A similar situation 
obtains upoa vat d 26~; 26Ufi has the 2-aryl 
groupiot&equahalpositionincodormationB;the 
Me8roupinthiscaseispbcedintotbeslighUymore 
favourabk position axial to the thiane r& (AGO= 
1.2 Whoi’“). Both 27U@ and 28lJ& hally, are in con- 
formatiottAwithtbe2-aryisubstituetttaxial:asitttbe 
case of 9u and 11u the ahanate forms are excluded 
because of severe syn-axial Melmetbyknc hractions. 

-AL 

llcwaspcrfoIlwdoll8lumiuumfoilplBtucovcr8dwitb¶i8- 
cd (SIF. Riakldc-Haen) with CHCl, as solvent. Glass 

CohJma clmmrtolnpby. hi ctlnlm8mpapb~ A.3 calid out 
W8VSfhhOgfSpbSUi881400C&lpC4tWitb~drmciW- 
izatim de&ctor, 00 a 2m b 0.M in. 0.6 atainksa steel 
lAOOUlpctedWitb2096RXSilOIlChroolaab w. 60-100 
meah. Column temp. 2.X?. carrier m N,. 

Theannpowb~uctistaiinTabkl.Totaldir- 
tiUsthawaecarriaJoutinaKug&ohrappuatusiobulbtu~ 
witbgnnmd&sjoiuts;b.ps~aresirbathbrthps.M.pr 
wemmsuraioarKodamkrobatrEy.AUcompouadrpve 
satihctay ekmmtal dysia. daamiacd by Dr. J. W. In- 
stitute of PhYsic8l chlisby, university of vicona. 

6MHzNhfRapcctnwremmuucdoarVvhaEM360 
rpcctromaa with ‘H intanal lock facitity. IOOMHz ‘H NMR 
spazbawcrerecorwoarVuiMXLlwpulncdFou+truu- 
form NMR r#cbometa. in the C.W. mode. in 5 mm o.d. tubes; 
“CNMR&ctrawercrcwrdcdiatbcprl8cdmodt~ 
25.16 MHz_ in 12 mm o.d. tubes. Solvent M) CDCI,. with Z-596 
MQsi dd8d 8s iatwwl rcf~ncc. 

SEvtiqlsummidc8wrxepccpwaiuprcvioUlylwlted.’ 
CommackltricthaohmintwUdistilkfJrtrCdllCUJpn~ 
befac ucc. 

*VA Sul6mide (11) wu diaaolved ill bl0ml 
tnchwhwiaa25mlrouadbottocnRuk.Themixturewu 
pmtwtai froa~ mohve rad hated for I (at 200’) to 16 (at 
l0Q)hr.inrrilkonoilb8tbwt&shioatnua&aw.Tbe 
mixture was bm& to luom temp. Md diMolwfJ in floml 
CH+&,thesahtioawasw~Mtwiccwith5OmlH~and~ 
ovcrNa#O,.Tbesohatwudhilkdodt,andthem~ 
mixtwwuscphedbyculumnchwMou@Y.Followinl~ 
frUioaofknuretantiannotfwthcrio~rarruyod 
product w obhal, folkwed by pchkromihac. la = 
lIwla?shomerrwaerepurtcdbYrxcauJchromrtoqrpbY 
0(t&~~tke~pmdwt!3(e~ 16Ucr8nd 
16;tJg’ * 19u/l,. 

-~mo_S’~bbsopbenYl)-thncs were isohted in case 
of the rcanul&mmts of I4 and 22u: bw retenthl fractions of 
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bcisohtcdinpukfam. 
3 - f2’ - Metbrknc - c~cbhv~ - N - b - ChbropbmVn - 

* - ruifen&i& (*from 2;;: fan* & SC& 

‘“c (CLXZI,; ppm from Me& do&ful m+cnta pIEn- 
tbeIi?A?d); c-r. 152h; C-l’. 146.48; c-3’$,128*; c-rp, 11591; 
c4’ (Dot San): =CIf*. 105.8& C-l’, 42.b; c-r. 38.38; C-l. 34.5,; 
c4. 03.&k c-3. (31.1,); c-2 (28.7,k C-Y, (2ss& CA’, (24.w 

‘fi iCDf$ &-frm- Mcsi): 7.3-6.9 (4 H: mm. M’BB?; 5.4 
(1 H: NH): 4.6 Id. 5 Hz: <H,): 3.2-0.8 (15 H1. 
.~ 3~Di&tbyl%&ckmp&r1y&&x&&ulfmunidc (31; 
from 14). 

‘c: C-l’, I&&; C-5, lU.&: C-3’J’. 129.h; C-2’,6’, 1154; 
CA’. (wt Icell): c4. 45.4: c-2. 35.8s C-l. 34&k; c-3, 29% 
CHiSj. (22.2,);t?H,(j), (19&h 

‘H: 7.2-6.9 (4H: UWI. M’BB?: 5.3wm (I H: NH): 4.61 (d. 
5 Hz; -CH,): i6 (b. 8 d d. 6; 2 I& H-ij; 2.k (5 Hj; 1.6; is. 
3 H: CH,(B): 0.8, (d. 7 Hz; 3 H: CHd3)). 

Acb~w&-We bank Pmf. K. Kntzl, UnivcraitU 
Wm,fabissnmu~~WeuerlromtdultotbePomb 
AU F&dmuq dcr WismucbdUkkn Fassb~ (Rojch Nr. 
299Q and to tbc Hocbschuljub~ dm sldt Wwa fa 
thmshl ruppurt. nnd to the JubiUumsfondn da harekbkhen 
N&mkmakforrgmattouwdstbecoatdr6OMHzNMK 
spcctromctm.We6mllythkhEH~mdW.SiIb~ 
fa rccw the specbm w a V&II XL100 pmhxd by 
memssupptkdbytbcFondrzurF&dauqdcrWirccb 
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