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Reactions of thianes and eis- and trans-l-thiadecalins with 4-ehloroaniline 
and N-chlorsuceinimide or tert-butylhypochlorite gave configurationally 
homogeneous cyclic N-4-ehlorophenyl sulfimides. With appropriately sub- 
st i tuted sulfides conformationally homogeneous thiane- and eis-1 thiadeeal ind-  
imides were obtained. Formation of sulfimides with axially oriented S - - N  bond 
is strongly disfavoured. Reactions with eonformationally rigid ring systems 
yielded only sulfimides with equatorial S - -N  bond; two isomeric sulfimides, 
both with equatorial S - - N  bond, were obtained with the mobile eis-l- 
th iadecal in .  Sulfimides with axial S - -N  bond were prepared from confor- 
mationatly rigid sulfoxides with equatorial S- -O bond. I t  is assumed that  
formation of sulfimides with rigid ring systems proceeds via 2V-chloroanilines, 
while reactions of eonformationally mobile systems with N-chlorosuccinimide 
may also occur via intermediate succinimidyl sulfonium ions. 

Konfigurativ und Iconformationell einheitliche cyclische N-Aryl-sulfimide. I. 
Synthese und Bildungsmechanisrnus 

Dutch Umsetzung yon Thianen und yon cis- und trans-1-Thiadekalinen mit 
4-Chloranilin und N-Chlorsuccinimid oder tert-Butylhypochtorit wurden kon- 
figurativ einheitliche cyclische N4-Chlorphenylsulfim!de dargestellt. Bei 
geeignetcr Substitution am Heteroring wurden konformativ einheitliche Thian- 
und cis-l-Thiadekalinddmide erhalten. Die Bildung yon Sulfimiden mit axial 
orientierter S--N-Bindung ist stark benachteiligt. Konformativ starre Ringsy- 
steme fiihren praktisch aussehliel31ieh zu den Sulfimiden mit gquatorialer S - -N-  
Bindung; aus dem konformativ bewegliehen cisd-Thiadekalin werden bei der 
Umsetzung mit tert-Butylhypoehlorit zwei isomere Sulfimide, beide mit 
~quatorialer S--N-Bindung,  erhalten. Sulfimide mit axialer S--N-Bindung 
wurden aus konformativ starren Sulfoxiden mit 5~quatorialer S--O-Bindung 
erhalten. Es wird angenommen, dal3 die Sulfimidbildung bei konformativ 
sta.rren Ringsystemen weitgehend fiber N-Chloraniline, bei Umsetzung yon 
bewegliehen Ringsystemen mit N-Chlorsuceinimid auch fiber Sueeinimidylsul- 
foniumionen verlguf~. 
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Introduction 

Sulfimides (1) (Scheme 1), the isoelectronic nitrogen analogues of 
sulfoxides, show a pronounced dependence of their physical and 
chemical properties on the nature of the substi tuent on nitrogen (R3), in 
addition to the smaller effects observed upon structural changes of the 
substituents on sulfur. The chemical properties oflV-arylsulfonyl imides 
( l a ;  R~ = SO2--Aryl ) have been extensively investigated and the 
nature of the S - -N  bond o f l  a and of 2?-acyl sulfimides (l b; R 3 = Acyl) 
has been discussed during the last ten years1, e. Sulfimides bearing 
hydrogen On nitrogen (l e; R 3 = H) have also recently become 
availabl@, 4. 

In 1968 we reported, for the first time, a synthesis of N-aryl  
sulfimidesa (1 d ; R3 = Aryl) and we have since been interested in that  
class of compounds 6 (which is readily available through improved 
syntheses 7, 8). Recently the S - -N  bond length of a sulfimide 1 d (R 3 = p- 
NO2---C6H4) and S---N bond moments of a number of N-aryl  sulfimides 
have been determined by X-ray analysis and by dipole moment  
measurements by El ie l  et al., and the ionic character of the S - -N  bond 
has been estimated 9. An interesting reaction of N-aryl  sulfimides 1 d 
with ~-hydrogens is their smooth rearrangement to o-alkyl-thioalkyl 
substituted anilines (Scheme 1, 2), a process which has been investigated 
by us Gb, e, f and which more recently has been used by G a s s m a n n  et al. lo 

for the preparation of heterocyc[es, especially indoles. Of interest, also, is 
the rearrangement of N-aryl imides of 1,3-dithiane to yield dithioacetals 
of o-aminobenzaldehydesll,12; this reaction in par t  prompted the 
present investigation. 

Scheme 1 

R~; la: R ~= SOzAr i Ra 
='=N lb: R3= COR 

R lC: Ra= H 

R 

R-% r N ~ RLS- 

H'N 2 v \R 4 
ld 

Attempts  to get information about  the stereospecifity of rearrange- 
ments of N-aryl imides with optically active compounds 1 d did not lead 
to satisfactory results6~; so, as an alternative, we tried to answer the 
questions using cyclic derivatives. For  these investigations we needed 
conformationally homogeneous diastereomeric cyclic sulfimides 1 d with 
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R 1 and  R z p a r t  of  a s i x - m e m b e r e d  r ing,  and  wi th  a well def ined  
conf igura t ion  of  the  su l f imide  funct ion .  As in  cye lohexanes  i t  is pos- 
sible to define the  s ter ic  pos i t ion  of sub s t i t ue n t s  on th ianes  o r  

t h i ane  d e r i v a t i v e s  b y  h in t - t echn iques ,  if  r ing invers ion  (which o therwise  
t a k e s  p lace  wi th  a r a t h e r  low e n t h a l p y  of  act ivat ion13 : 9 10 kca l /mol )  is 
p roh ib i t ed .  This  can be ach ieved  e i ther  b y  freezing invers ion  of  the  two  
chai r  forms (Scheme 2, e and  a) and  thus  a l lowing o b s e r v a t i o n  (nmr  
spec t roscopy)  of  b o t h  forms  in an  equ i l i b r a t e d  m i x t u r e ,  or b y  
i n t r o d u c t i o n  of  " b i a s i n g "  or " h o l d i n g "  g roups  in su i tab le  pos i t ions  of  
t he  ring. These  g roups  shi f t  t he  c o n f o r m a t i o n a l  equ i l i b r ium v e r y  much  
to the  side of  one of  the  two poss ible  forms and  m a k e  the  obse rved  
a v e r a g e d  s p e c t r u m  v i r t u a l l y  iden t i ca l  to  t he  s p e c t r u m  of  the  p re fe r red  
conformer .  F i n a l l y ,  r ing  invers ion  can be c o m p l e t e l y  exc luded  in 
s u i t a b l y  condensed  or b r i dged  r ing sys tems ,  e.g. t r a n s - l - t h i a d e c a l i n  (18). 

S c h e m e  2 

I~ qs I~ z H4Cl 

e a 

All R's = H, unless noted 

3 ull R's = H l0 R a = R s = CH 3 
4 R~ = R 6 = CHs l l  R 3 = R s = CH 3 
5 R s = C H  3 12 R I = R  2 = R  5=CI-I~ 3. 
6 R 6 = C H  3 13 R 1 = R  2 = R  6 = C H  3 
7 R 5 =tert-C4H 9 14 R 1 = R  5 = R  6 = C H  3 
8 R 6=tert-C4H9 15 R 2 = R  5 = R  6 = C H  3 
9 R 3 = R  7 = C H  3 16 R 3 = R  4 = R T = C H  3 

17 R 3 = R  4 = R  s = C t t  3 

The  syn thes i s  of  the  fol lowing cyclic sul f imides  will  be r e p o r t e d  in 
th is  p a p e r  ( eonf igura t iona l  a s s ignmen t s  a re  based  on.13C - and  1H n m r  
spec t ra ,  which  a re  d iscussed in a s e p a r a t e  paper l4 ) :  

T h i a n e  1 - N - a r y l  i m i d e s  (Scheme 2). The  t h i a n e  r ings  of  c o m p o u n d s  3 
and  4 bea r  no b ias ing  s u b s t i t u e n t s  ; the  N - a r y l  imide  func t ion  on sulfur  
leads  to  a preference  of  con fo rma t ion  e wi th  S - - N  equa t0r iaP~,  16. The  
res t  of t he  c o m p o u n d s  in Scheme 2 p r o v e d  to  be la rge ly  (6) or  c omp le t e ly  
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R ~ ~RI 6 ~-2  

1 8 - 2 4  

Scheme 3 

18e~- 2 4 ~  

R- ~R 6 I~ 3 

188 - 2 4 6  

All R's = H, unless noted 

18 a l l R ' s = H  22 R 4 = C H  3 (8c~-CH3) 
19 R 1 = CH 3 (3~-CH3) 23 R 5 = CH 3 (8~-CH3) 
20 R e = Ct t  3 (4~-CH~) 24 R 6 = CH 3 (9-CH3) 
21 R 3 = CH 3 (4~-CH3) 

Scheme d 

R3 R ~ R 3 R ~ 

-2 s 
! 1 R 'X ' '<"---- I h-R-t 

7 ~ R ~  7 B 2 5 ~ - 3 0 ~ .  ~ A ~ 4 
~""~'RSCsH4CI / - ~  '~C H CI 

II B 2 5 - 3 0  
R~ .C6H.Cl / ,~,:z 

R2 ~J~ I ~i ~ R 2 

I R. A 2 5 - 3 0  B 2 5 1 ~ - 3 0 6  JR4 A 

All R's  = H, unless noted 

25 all R's  = H 28 R 4 = CH~ (6c~-CH3) 
26 R 1 = CH 3 (3~.-CH3) 29 R 5 = CH~ (8~-CH3) 
27 R 2 = CH 3 (3~-CHa) 30 Ra = CH 3 (10-CH3) 

(5, 7, 8, 9, 10, 11, 12, 14, 16) c o n f o r m a t i o n a l l y  h o m o g e n e o u s ;  in m o s t  

cases  t h e  i n a b i l i t y  of  t h e  r ing  to  i n v e r t  was  a l r e a d y  i n h e r e n t  to  t h e  p a r e n t  

t h i ane .  C o m p o u n d s  13, 15, a n d  17 h a v e  n o t  been  i s o l a t e d  so far .  

trans-l-Thiadecalin-l-2V-aryl imides ( S c h e m e  3). R i n g  i n v e r s i o n  in 

t h e  trans-l- thiadecalin series  is p r o h i b i t e d  b y  t h e  fus ion  of  t h e  t h i a n e  
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and cyclohexane rings, and the sulfimide functionali ty is therefore fixed 
in either equatorial  (18c~@4~) or axial (18~ 24~) orientation. (For 
n0mencla;ture see footnote a, Table 1.) Only one sulfimide with axial 
S ~ N  bond (18 ~) has been isolated so far (see discussion). 

cis-l-Thiadecalin-l-N-aryl imides (Scheme 4). cis'-l-Thiadecalin (25) 
is a contbrmationally mobile ring system which at  room tempera ture  
inverts rapidly between conformations A and B 17 b. Sulfimide synthesis 
s tar t ing wi th  cis-l-thiadecalins therefore can lead to two isomeric 
sulfimides (25 ~ 30 ~, 25 ~ 30 }) which are again subject to ring inversion: 
~ A ~ B  a n d  ~ A ~  ~B, respectively. Conformations ~A .are largely 
prohibited by  two CH2/N 8yn-axial interactions (N with C-5 and C-7 ; see 
Scheme~t). Additionally, suitable biasing groups can shift the 
conformational  equilibria to the side of one conformer (see discussion). 

Apar t  f rom the compounds listed above we have invest igated l -N-  
aryl imides of 1,3-dithianes; these results will be reported elsewhere. 
Pa r t  of the experiments  described in the sequel have been published as a 
short  communicat ion is. 

Discussion 

In  the major i ty  of cases synthesis of the sulfimides was achieved by 
reaction of the corresponding sulfides and anilines in dichloromethane at 
- - 6 0  ~ with a slight excess of either N-chlorosuecinimide (NCS) or tert- 
butylhypochlori te  (tert-BuOC1) 19 in a procedure described by us 7. 4- 
Chloroaniline was used to prepare the sulfimides investigated in this 
paper,  because nearly all sulfimides derived from this amine were 
crystalline compounds at  room temperature ,  and the symmetr ical  
AA'BB' -pa t te rn  of the aromatic  hydrogens in the 1H-nmr spectra 
facilitated detection of isomeric sulfimides in the crude product  
mixtures.  No a t t empts  were made to isolate the intermediate  
azasulfonium salts, which were converted into the free sulfimides by 
t r ea tment  with base. The sulfimides prepared are listed in Table 1. 

In  contrast  to the oxidation of cyclic sulfides to sulfoxides, where both 
isomers in almost  pure form as well as mixtures of a lmost  any 
composition can be synthesized by  suitable choice of oxidants and 
reaction conditions 20, formation of sulfimides from p-chloroaniline* 
with axial orientation of the S - - N  bond is apparent ly  strongly inhibited, 

* I t  must be emphasized that the results described here are pertinent only for 
4-chloroani]ine. Different substituents on aniline may lead to product mixtures 
with different composition ; an experiment with 4 methylthiane, 4-nitroaniline 
and tert-BuOC1 gave 5 and 6 (with --NO 2 instead or --C1) in nearly equal 
amounts. Further investigations regarding the influence of substituents on 
aniline are under way. 



Table 1. Preparation of cyclic N-p-chlorophenyl-,suIfimide~' 

Compound a Yield b, ~o mpC, ~ Elemental analysis 
Calcd. Found 

3 79 (A) 146-150 
4 60 (B) 120-121 
5 73 (B) 149-153 
6 l l  (C) 77-79 
7 58 (n), 205 209 

82 (B) 
8 10(C) 122 124.5 C63,47, H7.81 
9 52 (A), 134 136 C 61,04, H 7.09 

78 (B) 
10 8 (C) 130 133 t I  7.09 
11 58(A) 92 95 H7.09 
I2 30 (A) 92 96 H 7.47 
14 55 (A) 95-99 H 7.47 

C58.01, H6.20 C58.17, H6.36 
C61.04, H7.09 C61.10, H7.07 
C59.61, H6.67 C59.68, H6.84 
C59.61, t i6.67 C59.19, H6.70 
C63.47, H7.81 C63.38, H7.93 

C 63.66,  H 7.56 

C 60.87, H7.09 

C61.04, C 61.08, H7.07 
C61.04, C 60.44, H 7.10 
C 62.32, C62.15, H 7.45 
C 62.32, C 61.99, H 7.28, 
S 11.88 S 12.12 

16 93 (A) oil - -  - -  
1Be 58(A), 129-131 C63.92, H7.15, C64.09, H7.16, 

74 (B) N4.97 N4.98 
18~ 10(C) 108-110 C63.92, H7.15 C64.08, H7.01 
19~ 77(A) 114-119 C64.95, H7.49 C65.15, H7.58 
20~ 67(A) 163-165 C64.95, t t  7.49 C64.96, H7.52 
21:r 43 (A), 117-120 C64.95, I{ 7.49 C64.76, H7.43 

51 (B) 
22 ~ 55 (A) 104 108 C 64.95, H 7.49 C 65.08, H 7.46 

61 (B) 
23~ 79(A) 165 169 C64.95, H7.49, C65.22, H7.39, 

N 4.73 N 4.75 
24~ 62(B) 96-99 C64.95, H7.49, C65.39, H 7.53, 

N4.73 N4.71 
25~ 19(B) d 114 115 C63.92, H7.15 C63.75, H7.13 
25~ 38(A) 161-167 C63.92, H7.15 C64.10, H7.23 
26 ~ 51 (A) 169-172 C 64.95, H 7.49 C 64.90, H 7.42 
27~ 60(A) 96 98 C64.95, H7.49 C65.15, H7.44 
28~ 81 (A) 160 162 C64.95, H7.49 C64.81, H7.67 
29~ 24(A) 152-155 C64.95, H 7.49, C65.04, H 7.53, 

N 4.73 N 4.66 
30~ 80(A) 154-156 C64.95, H7.49, C65.32, H 7.39, 

N 4.73 N 4.68 
a ,,~,,: substi tuent is 

substituent) on C-10 of 
hydrogen (substituent). 

on the same side of the ring as the hydrogen (or 
1-thiadeealins: "a": on the side opposite to this 

b Yields of once recrystallized materials ; (method used for preparation ; A : 
sulfide--NCS, B: sulfide--tert-BuOCt, C: sulfoxide--P~Q). 

e Highest mp observed; some sulfimides decompose at  the mp; products 
i'eerystallized from ether, e ther--n-hexane or eh lo ro fo rm~the r .  

Besides 42~o 25~. 
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and the products with equatorial S - -N  are formed preferentially, 
regardless of the method (reagents NCS or tert-BuOC1). Presence of 
traces of the "axial"  sulfimides could sometimes be suspected by thin 
layer chromatography of the crude product  mixtures, but  the 
compounds could not be isolated or identified by nmr. An exception in 
tha t  respect are the reactions with 1,3-dithianes is. An a t tempt  to force 
the formation of the axial S - -N  bond in the trans-l-thiadecalin series 
through introduction of an (equatorial) 8~-methyl group (in compound 
22), which places the (equatorial) 1 ~-N-aryl substi tuent in a relatively 
strained position* (see Scheme 5) was unsuccessful : only 1 ~-imide 22 
was formed in good yield (compare Table 1). 

Scheme 5 
/CsH4cI 

N 

2 2 8  22  2 2 ~  

. j  

R ? 

Scheme 6 

0 

+ Q~N ~ 

31 0 

tBu O- 
R R /O'Bu 

+ ' Bu 0 Cl ---~,'R~S~Cl --~ ~S(c 
R I 

32 3 3  

The details of the mechanism of sulfimide formation are still 
unknown. In the reaction of dimethyl  sulfide with NCS, Vilsmaier and 
Spriigelm obtained a crystalline compounds 31, a succinimidylsulfonium 
chloride (or, possibly, a sulfurane with tetraeovalent  sulfur). The same 
authors report  22 tha t  the suecinimidyl group in 31 can be replaced, 
presumably with inversion on sulfur, by nucleophiles (e.g. anilines) with 
formation of azasulfonium salts. 

* The effect is similar to ~ 1,3-syn-axial interaction and is subsequently 
termed so. 
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When sulfides react with tert-BuOC1, chlorosuffbnium ions 32 are 
supposedly23,24 formed in a fast reaction. These are rapidly further 
converted to sulfurane intermediates 33, which, according to Swern 24, 
are no longer able to react with anilines or amides to yield azasulfonium 
salts. I f  aniline is present in the reaction mixture from the beginning, as 
is the case in our synthetic procedure, sulfimides are obtained in 
excellent yields after deprotonYtion of the intermediates with base. 

Reactions with N-Chlorosuccinimide (Method A )  

Intermediates 34 (analogous to 31), although not isolated, are 
obviously formed in reactions of cyclic sulfides with NCS. An indication 
is the isolation of byproducts 35, which were found in varying amounts 
(up to 30 ~o). 

Scheme 7 

Cl CeH4N H 2 /C6H4C I 
N/C'sH4CI .... "b 0 NH 
n % a ~ + ~ [  o==[,. 

R R Cl 0/7 F T t  0 / / - - -  

t~ 34 35 
R 

~ ' s ~ N  %'C6H4CI 

The ring-opened products 35 must have identical configuration on 
sulfur as their precursors 34, since there is no reason to expect ring 
opening to be connected with inversion on sulfur. Compounds 35 from 
conformationally rigid ring systems were always found to have 
equatorial orientation of the S - -N  bond. This implies tha t  the 
succinimidyl group in conformationally rigid intermediates 34 is largely 
equatorial. Nucleophilic at tack of aniline on the positively charged 
sulfur in 34 (Scheme 7, path "a")  is apparent ly hindered, probably by 
steric interaction with the axial protons at C-3 and C-5, or at C-3, C-10 
and C-8 in the trans-l-thiadecalin series. Attack on a carbonyl carbon 
(Scheme 7, pa th  "b")  is less hindered, leading to ring opening and to 
products 35. This type of at tack ("b")  can, however, be prevented in 
more severely sterieally hindered eases, for instance by an axial methyl 
group at C-3 or C-8 in trans-l-thiadecalin (compounds 19, 23), and no 
products 35 are detected in these eases. 
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Intermediates 34 with axial S--N-orientat ion might be in- 
termediates in the formation of sulfimides with equatorial S - -N  bond. 
While these ' :S--N-axial  34" cannot be excluded, their existence 
appears highly unlikely for the following reasons. 1,3-syn-axial 
interactions with the axial hydrogens on 0-3 and C-5 are responsible for a 
high eonformational preference of the equatorial form in thiane-l-N- 
arylimidesl~,16; corresponding ~yn-axial interactions (and with hy- 
drogens at C-3, C-10 and C-8 in the trans-l-thiadecalin series) must be the 
reason why no "axial"  sulfimides are formed with conformationally 
rigid thianes. Similar syn-axial interactions should oppose the 
formation of "S--N-axia l  84"; their formation, in substantial extent,  
would seem impossible in the syntheses with 3~-CH3-trans-1-thiadecalin 
(19) and 8 ~-CHa-trans-l-thiadecalin (23), where a methyl group instead 
of a proton is syn-axial to an axial substi tuent on sulfur; nevertheless 
sulfimide synthesis in both eases leads smoothly and with excellent 
yields to the la-sulfimides (19 ~, 28 ~). 

Since there is no reason to suppose that  replacement of an equatorial 
succinimidyl group on sulfur takes place with retention of configuration, 
and since formation of " S - - N  axial 34" is also unlikely, one has to look 
for mechanisms other than substitution on intermediates 34 to explain 
the exclusive formation of "equatorial"  sulfimides in eonformationally 
biased ring systems. However, this does not exclude the effectiveness of 
such a mechanism in conformationally mobile systems. An example is 
the reaction ofeis-l-thiadecalin (25). At the temperature  0f synthesis 25 
exists in a ratio of 58:42 of the two conformers 25 A and 25 B 17 b (Scheme 
8). Two isomeric intermediates 34 can be formed, both of which should 
exist preferentially in the form with equatorial S - -N bond, 36 ~ A and 
36 a B (Scheme 8; only preferred conformations are shown). 

In fact, reaction of 25 with anilines and NCS gave only one sulfimide, 
25 ,~ (largely in conformation A15), and one ringopened product  with a- 
configuration on sulfur and conformation B, 37 ~. This suggests the 
conclusion that  replacement of the suceinimidyl group in 36~B by 
aniline, with inversion on sulfur, leads to sulfimide 25 ~A and that  
37~B is formed from the same intermediate in a side reactionl The 
axial a t tack on Sulfur in 36 a is probably facilitated by the ability of the 
compound to invert  in the transition state already. 

Two explanations come to mind, why formation of 25 ~ via 36 ~ does 
not occur. Either,  36 ~ is formed together with 36z. but  an at tack of 
aniline on sulfur is ruled out by sterieal hindrance of the methylene 
groups of the eyclohexane ring (C-5, C-7) ; or 36 ~ is not  formed at all. 
This latter assumption might not seem plausible; it becomes more 
likely, however, by the surprising finding that  reaction of 25 with N- 
bromobenzamide gave only one benzoyl imide, 38a 25, with ~- 
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configuration. No simple explanation for the predominance of ~- 
products in the reaction of 25 with N-hMoamides is at hand. One might 
suggest an energetic disadvantage of the 36 ~-isomer through steric 
interactions of an axially oriented chlorine with the hydrogens on C-5 
and C-7, either in an ion pair 36 ~ A, or in a Corresponding sulfurane. 

Scheme 8 

~5 A 
c,- , i .  

36 A 

~CCIC6H4NH 2 
"~25 B "b'(O 1 "a' 

" ""0 36or aP~H4NH2 A~' 

L A  ~ 

25c~B 37 B A 25 6 A 37~B 

Furthermore,  reactions of conformationally mobile cis-l-thiadecalins 
seem to be rather  sensitive towards small changes in sterie requirements : 
while ~5 gave the products described above (25 ~ and 38 ~, respectively) 
upon reaction with aniline/NCS or N-bromobenzamide, react ion of 10- 
CHs-cis-l-thiadecalin (Scheme 4, 30) in both cases gave products with ~- 

O 

3 8 ~  

configuration and conformation A (30 ~ and lO-CHa-cis-l-thiadecalin- 
l~-N-benzoyl imide, respectively), although sulfide 30 exists largely 
(67 ~ a t - - 7 0  ~ in conformation B 17b. 

The situation is different if the starting cis-l-thiadecalin is fixed in 
conformation B by suitable substitutionlTb: in case of 3~-CH~-ci8-1- 
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thiadecalin (Scheme 9, 26) only e-imide 26 ~ B is isolated, in good yield. 
I t  is significant that  the yield of sueeinimidyl ringopened product with 
s-configuration (3~-CHa-37 ~ B) is quite high. 

Scheme 9 

~ C H 3  
Y CH3 ~ "-'C(;H4CI 

26B1~ X CIC6H.NH2. 26~B 

~ i s'Q-~_ TM- "b" 
26, ~5:C.H.C, 

3c~.-CH3- 36o.B 3~- CH3- 37o~B 

These results are in agreement with the observations made with 
other conformationally rigid systems ; the formation of 26 ~ can hardly 
be explained with a substitution at sulfur. Axial at tack on an 
intermediate 3~-CHa-36~ B (Scheme 9, "a")  would lead to a sulfimide 
26~B w i t h  axial S- -N (compare Scheme 4); ring inversion to 
conformation A is prohibited by the syn-axial interaction between CH 3 
and C-5; hence, this at tack is energetically less favourable than the 
competing attack ( "b ' )  on the earbonyl carbon, and 3~CH3-36 ~ B gives 
ringopened product 3~-CHa-37 ~ B, while 26 ~ B must have been formed 
in some different process. 

Scheme 10 

~ s s ~ N ~  ) / v  -..c, 

/ ~  CH3 

CH 3 CH3 CH3 

6oL-CH3- 36~A 6<X-CH3- 37(~A 



620 P .K .  Claus et al. : 

Start ing with a cis-l-thiadecalin fixed in conformation A, for 
instance 28 (Scheme 10; ring inversion is prohibited by  the syn-axial 
interaction between CH 3 and C-417b), one obtains sulfimide 28~A in 
good yield. 

Once more a substi tut ion on an intermediate 6a-CIt 3- 36 ~ A is hard 
to imagine. As in case of 3~-CH3-trans-l-thiadeealin (19) and 8~-CH 3- 
trans-l-thiadecalin (23) (vide supra) no ring-opened succinimidyl 
product  6~-CHa-37 is isolated: both a t tacks  on sulfur and on earbonyl 
carbon are badly sterieally hindered. 

React ion of 8~-CH3-cis-l-thiadecalin (29), locked in conformation A 
(Scheme 11; syn-axial interactions between CH3 and C-2, C-4 in 
conformer 29 B17b) gives only poor yields of sulfimide 29 ~ : while a syn- 
axial methyl  groupwas not sufficient to prevent  format ion of 22 ~ in ease 
of the analogously subst i tuted 8~-CHa-trans-l-thiadeealin (see Scheme 
5), both orientations of the S - - N  bond in this instance are badly 
constrained. 

Scheme 11 

~ 29B 

~ N  ~ c-~ \c~ct 

2 9 ~ A  

Reactions With tert-Butyl Hypochlorite (Method B) 

Generally reactions with ter t -butyl  hypoehlorite lead to similar 
results as the ones with NCS described above:  if conformationally 
homogeneous start ing sulfides are used, nearly exclusive formation of 
sulfimides with equatorial  S - - N  bond takes place (notice footnote* on 
p. 613). 

A noticeable exception is the reaction with the conformqtionally 
mobile eis-l-thiadecalin 25. Here both sulfimides 25 ~ and 25 ~ (Schemes 
4, 8) are obtained in a ratio of ~ 1:2, in contrast  to the results with NCS. 
10-CH3-cis-l-thiadecalin (30) once more yields only sulfimide 30 ~. A 

reason for the preference for configuration ~ of the sulfimides derived 
from 30 (and, hence, for conformation A because of an additional CH3/N 
syn-axial interaction in B) m a y  be tha t  the thiane ring becomes more 
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puckered upon formation of the sulfimide, leading to a closer approach 
of H~-8 and Ha-2 in cis-l-thiadeealin-~-sulfimides, which finds relief in 
bending apart  C-2 and C-8. This in turn forces together the axial 
substituents on C-3 and C-10, two protons in case of25 ~ but  a proton and 
a methyl group in case of 30e. The methyl substi tuent at C-10 thus 
prevents minimization of strain caused by the approach of C-2 and C-8 
and makes 30 z. energetically unfavourable. 

Scheme 12 

2,5r162 : 

~.-fSZH/- ~ ~ 30,:xB : 

R = H  

R = CH 3 

Two mechanistic possibilities can be envisaged for the reaction with 
tert-BuOC1 : either a chlorosulfonium intermediate 32 is intercepted by 
aniline prior to its reaction to a sulfurane 33 (which according to Swern 
no longer reacts with anilin@4), or the reaction proceeds via 
intermediate N-chloroanilines. 

I f  the first assumption is correct, conformationally homogeneous 
sulfides must either react stereoselectively to intermediates 32 (with 
equatorial S--C1) ~,hich then react stereospecifically with retention of 
configuration on sulfur with anilines; or, an axial S~C1 bond must be 
formed stereoseleetively and opened with inversion. Both suggestions 
are unsatisfactory, especially if considered in connection with the 
analogous results with NCS. 

A largely irreversible reaction of sulfide with an intermediate N- 
chloroaniline to sulfimides with a large preference of the S---N equatorial 
configuration, on the other hand, seems entirely plausible. Independent  
of the (rapidly established) reversible equilibrium between sulfide, NCS 
and intermediate 34, which leads to ringopened products 35, the 
formation of N-ehloroaniline may also take place in reactions with NCS 
discussed earlier. The question why reaction of 25 with 5"-chloroaniline 
should mostly give a product  with ~-configuration (~5 ~) while the only 
product  formed with N-bromobenzamide has m-configuration (38z) 
remains unanswered. 

One other impor tant  point must be considered : independent of the 
mechanism of original S - -N  bond formation we cannot rule out 
pyramidal  inversion, or fast exchange together with inversion, taking 
place after reaction to the azasulfonium salts. Only few data  of A G* for 
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pyramidal  inversion of sulfur in sulfimides and azasulfonium salts have 
been reported : ~ 29 kcal/mol for N-tosyl sulfimides (1 a), ~ 34 kcal/mol for 
N-acyl  sulfimides (1 b), and ~ 26 and ~ 29 keal/mol, respectively, for N- 
tosyt and N-aeyl  azasulfonium salts 26 ; no da ta  for N-aryl  sulfimides are 
available as yet. I t  must  remain open for the moment  if the barrier of 
inversion in case of N-aryl  azasulfonium salts is lowered so much tha t  
inversion can play a significant role. However,  it seems hard to find a 
sat isfactory explanation why a mixture of 25 ~ and 25 ~ is not  formed 
with aniline/NCS (but is formed with ani l ine/ ter t -BuOCl)  from 25 if the 
barrier of inversion were tha t  low. As to the possibility of exchange with 
inversion, exchange experiments  between preformed azasulfonium salts 
and added aniline under s tandard reaction conditions did not show 
noticeable exchange, but  do not rule out such an exchange nor one 
between dimerically associated azasulfonium ions (Scheme 13). Finally, 
there exists the possibility of isomerizatlon to the energetically most  
favourable isomer through pseudorotat ion of intermediate sulfuranes. 

Scheme 13 

aC~H~ ~ R  
NH'" S '~ 

cm- [ i + CJ- 

R ~ S ' ~ " "  NHc.sH4c, 

y H . ~ . s ~ R  
ClCeH 4 + 

Cl-- 

CI 
~, .c,$t~ci 

f v 

R ~  NH 

By way of a summary  we believe tha t  a number  of mechanisms of 
formation of N-aryl  sulfimides are operative, with their relative 
importance varying, depending on the structure of the start ing sulfide. 
In  ease of reaction with NCS rapid formation of a succinimidyl 
sulfonium salt 34, followed by replacement of the snceinimidyl moiety 
with inversion on sulfur seems possible only in the ease of eonfor- 
mationally mobile sulfides. In  rigid systems a reaction with in- 
termediate  N=chloroaniline removes the sulfides from the rapidly 
established equilibrium between NCS, sulfide and intermediate  34. 
Reactions with tert-BuOC1 presumably proceed via N-chloroanilines. In  
addition, isomerization processes following S - - N  bond formation and 
leading to the thermodynamical ly  most  s t ab l e  product  must  be 
considered. 
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Sulfimide8 With Axial S - - N  Bond via Thiane Oxides 
(Method C) 

Inversion of configuration on sulfur in reactions of sulfoxides with 
arylsulfonyl amides to give ~N-arylsulfonyl imides I a is well known 2v. 
Johnson 28 obtained eis-4-tert-butylthiane-l-N-tosyl imide (39), with 
reversed configuration on sulfur, from trans-4-tert-butyt-thiane oxide 
and p-toluene sulfonamide in ra ther  poor yield ; the product  isomerized 
to the trans-isomer when stored at room tempera ture  for two days. 

1•502----• CH3 

(CH~)~C...~J s 

39 

Start ing with a cyclic sulfoxide with an equatorial  sulfoxide function 
(trans-4-methyl- and trans-4-tert-butyl-thiane oxide, cis-3-ci8-5- 
dimethy]-thiane-1-r-oxide and trans-l-thiadecalin- 1 s-oxide) and using a 
modified procedure originally described 63 for the synthesis of S,S- 
dimethyl  sulfimides 1 d we were able to isolate the corresponding 
sulfimides with inverted configuration at sulfur (i.e. axial S - - N  bond : 6, 
8, 10, and 18) in modera te  yields together with varying amounts  of the 
isomeric sulfimides with equatorial  S - - N  bonds. The yields of sulfimides 
with inverted or retained configuration on sulfur depend strongly on the 
conditions employed:  an increase of the amount  of P205, or the use of 
other eleetrophilic act ivat ing agents such as 803 s favoured format ion of 
the "equator ia l"  sulfimide, and prolonged reaction periods led to 
reduced yields of "axia l"  sulfimides, presumably  through equilibration 
either of the ac t iva ted  sulfoxide or of the azasulfonium salt. 

Reactions of sulfoxides with P205 are supposed to give rise, 
reversibly, to reactive sulfonium intermediates 6a,s which are a t tacked 
by nucleophiles such as amines. The equilibrium in this reaction is 
assumed to be far on the side of the s tar t ing materials.  In  ease of 
reactions of cyclic sulfoxides with equatorial  S - -O  bond, axial a t t ack  of 
aniline on the sulfur of the sulfonium intermediate is again hindered, and 
formation of "axia l"  sulfimides is thus kinetically disfavoured; at  the 
same t ime aniline is consumed by reaction with P205. 

In  contrast  to the reported facile isomerization of 392s, all N-aryl  
sulfimides with axial S - - N  bond proved entirely stable at ambient  
temperatures .  

41 Monatshefte fiir Chemic, Vol. 109/3 
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Experimental 
Thin layer chromatography was carried out on precoated plastic sheets (SIF, 

Riedel-de Haen, or Polygram Alox N/UV254, Macherey-Nagel), with CHCI 3 as 
solvent. Column chromatography was affected using glass columns of 40-60 em 
length, 2 .54  em o.d. (adsorbent "Aluminiumoxid 90", Merck, activity I I - I I I ) ,  
or of 10 cm length (adsorbent "Kieselgel 60", Merck, 70 230 mesh ASTM), with 
CHC13 as solvent. Melting points were determined on a Kofler micro-hotstage 
and are uncorrected. The yields reported are not optimized. 

Spectral data (1H- and 13C-nmr spectra) are reported in a separate paper 14. 

Starting materials. Sulfides were prepared according to the literature 
(thiane20,29, 4_methylthiane.Z0,29, 4_tert_butylthiane~O 4,4_dimethylthiane30 cis- 
and trans-3,5-dimethylthiane ~~ 3,3,5-trimethylthiane 30) or by procedures 
developed in this laboratory (2,2,4-trimethylthiane and 2,4,4-trimethylthiane: 
see below; trans- and cis-l-thiadecalins: 17a and the literature cited there). 

4-Chloroaniline was purified by distillation before use. N- 
Chlorosuceinimide 31 and tart-butyl hypochlorite 32 (stored in the dark a t - - 2 5  ~ 
were prepared by known procedures. Solvents were "Merck" grade; CH2C12 and 
CHC13 for the synthesis of sulfimides were dried over P205 and distilled. 

2,2,4-Trimethylthiane (40) (Scheme 14) 

3,5-DimethyIh~x-l-ene-5-thioI (41). To a suspension of 63.4g magnesium 
turnings in 1,000ml anhydrous ether a solution of 89g 3-chlorobutene-1 was 
added over a period of 8 h. The resulting mixture was heated to reflux for an 
additional 30 min., and a solution of 29g isobutylene sulfide 33 in 100ml 
anhydrous ether was added gradually. After the addition was complete the 
mixture was heated to reflux over night, cooled and hydrolyzed with an aqueous 
solution of NH4C1. The ether phase was separated, the aqueous layer was 
repeatedly extracted with ether, the ether phases were combined, washed with 
10 ~ solution of NaHC03 and dried over Na2SO 4. The solvent was distilled offto 
give 38.4g 41, which was used for the synthesis of 40 without further 
purification. 

2,2,4-Trimethylthiane (40). A solution of 36g 41 and 4g azobis- 
isobutyronitrile in 200 ml benzene was heated to reflux for 24 h. The solvent was 
distilled off on a small Vigreux column at atmospheric pressure, and the residue 
was distilled at 63 64 ~ Torr ; yield 14.6 g 40 (30 ~ from isobutylene sulfide). 

For 13C- and iH-nmr data see 3o 
CsH16S (144.3). Cale. C66.66~ H If.18. Found C66.73, Hll.30. 
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2,4,4-Trimethylthiane (42) (Scheme 14) 

3,3-Dimethyl-5-oxo-hexanoic acid (43). Dimedone ~ (14.7 g) and 166 g NaOH 
were dissolved in 150 ml water, and the mixture was heated to reflux for 24 h and 
then poured on 1500 ml ice-water. The mixture was made acidic with HC1 and 
then extracted with ether. The ether extracts were dried over Na2SO4, the 
solvent was distilled off and the residue was distilled in a Kugelrohr distillation 
unit (air bath 150~ 12Torr; bp a5 150oc, 12Torr), yield 10.8g 43 (65~). 

Scheme 14 

C.Ha CHcs CH 3 

H3 c H.~ CH3 
CH~ 41 40 

HaC CH 3 ~ ~ ~_~H-,, H3C:~H3 

43 44 

45 42 

2,5-Dihydroxy-3,3-dimethylhexane (44). A solution of 10.8g 43 in anhydrous 
ether was slowly added to a suspension of 4 g LiA1H4 in anhydrous ether, and 
the mixture was heated to reflux for 12 h. After hydrolyzing carefully with water 
and/acidification with H2S04 the phases were separated, the aqueous phase was 
repeatedly extracted with ether, the ether phases were combined and dried over 
Na2S04 and the solvent was distilled off. The residue was distilled on a 
Kugelrohr unit (air bath 140~ 12Torr): yield 9,3g (94~o) 44, pure by gas 
chromatography. 

2,5-Bismethylsulfonyloxy-3,3-dimethylhexane (45). To a solution of 9.3 g 44 in 
170 ml anhydrous pyridine 20 m] methanesulfonyl chloride were added at 0 ~ 
After addition was complete the solution was left in a refrigerator for 100 h and 
then poured on a mixture of ice, water and HC1. The product was extracted with 
CHaC12, the organic layer was dried over NaeSOa and the solvent was distilled 
off. The residual oil was used for the next step without further purification (yield 
of raw material 17.7 g). 

2,4,4-Trimethylthiane (42). A solution of 16.5g of the crude 45 in the 
minimum amount of DMF was added to a solution of 13.1g NaeS '9H20 
(1.5 mol-equivalents) in 200 ml 50 ~ aqueous ethanol. The mixture was heated 
and worked up following 30, to yield 5.6 g of a mixture of 42 and of a second, 

4t* 
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unidentified compound (presumably 2-ethyl-3,3-dimethylthiolane) in a ratio of 
78:22 (determined by GC; yield of 42 -~ 55 ~o). The mixture could be separated 
by preparative GC (column: 4m long, 0.375-in o.d., aluminum; phase: 2 0 ~  
Carbowax 20 M, 10 ~ KOH on Chromosorb A, 60/80 mesh ; 120 ~ to give pure 
42. 

For 13C- and 1H-nmr data see s0 
CsHI~S (144.3). Caled. C66.66, H 11.18. Found C66.86, H 11.37. 

Procedures ]'or the Synthesis of N-Aryl  Sulfimide.s 

Sulfide--NCS (Method A): According to v. 
Sulfide--tert-BuOC1 (Method B): According to v 

In both procedures the reaction mixture was kept in a freezer at - -  20 ~ over 
night when addition of NCS- or tert-BuOCl-solution was complete. The solvent 
was distilled at atmospheric pressure with the exception of the synthesis of 
sulfimides which were or were supposed to be sensitive to elevated temperatures 
(6, 8, 10, 12, 18 ~, 24 ~, 25 ~, and 29 ~) ; in these cases reduced pressure and bath 
temperatures < 40 ~ were used. 

Purification procedures depended on the composition of the mixture of 
products. If  the thin layer chromatogram of the crude mixture indicated a yield 
of sulfimide > 50 ~o (in most cases of method B) the residue after distillation of 
the CH2C12 was recrystaltized from ether, from ether/n-hexane, or in case of 
sulfimides of low solubility (7, 23~, 25}, 27}-30}) from CHCla/ether (with 
cooling to --20~ Yields of products could be improved by column 
chromatography (A12Oa, CHCla) of the mother liquors. 

In case of mixtures of sulfimides (lower retention time product listed first) (5 
and 6, 7 and 8, 9 and 10, 18~ and 18}, 25~ and 25~), fo r separation of sulfimides 
(3, 9, l l ,  12, 14, 18~, 20~, 2!~, 24~, 25}, 26~z) from succinimide ring-opened 
products if Method A was used, and to isolate sulfimides from strongly colored 
reaction mixtures (22 a, 24 ~, 29 ~) it was necessary to separate the products by 
column chromatography prior to crystallization. Ring-opened products 35 
generally had much lower/~f-values on TLC, and higher retention on column 
chromatography. Yields in Table 1 are for products once recrystallized. 
Isolation via, the picrates 6c,7 is a further possibility to isolate pure sulfimides but 
does not offer additional advantages for the compounds reported in this paper. 

Sulfoxide--P205 (Method C): The procedure repo1~ted in 6 a was used in a 
modified manner for the synthesis of 6, 8, 10, and 18 ~: 

cis-4-Methylthiane-l-N-p-chlorophenyl-imide (6). In 75 ml anhydrous CHCls 
containing 1 ~ (CuH~)aN 10.8 g P20~ were suspended and a solution of 5g of a 
mixture of ~ 75~o trans-4-methylthiane-l-oxide, ~ 15~ cis-4-methyl-thiane- 
1-oxide and ~ 10 ~ 4-methylthiane-1,1-dioxide (prepared from 4-methylthiane 
with 0320) in 35 ml CHC13 containing 1 ~o (C2Hs)3N was added over 10 minutes 
with stirring. After the addition of the sulfoxide mixture was complete, a 
solution of 4.8 g 4-chloroaniline in 50 ml CHCI~ + 4 ml (C2H~)~N was gradually 
added over 50 minutes. The mixture was stirred at ambient temperature for 
4 h, and was then poured with stirring into 100 ml 5 ~o aqueous NaOH solution 
containing some ice. The chloroform layer was separated, the aqueous phase 
was extraeted with CHC13, the chloroform extracts were combined and dried 
over Na~S04 and the solvent was distilled at reduced pressure. The residual 
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mixture was separated by column chromatography (A12Q, CHCls) ; yield 1.02 g 
(11.1 ~o) 6 and 0.75g (8.2%) 5. 

Other sulfimides with axial S - - N  bond were prepared in a manner analogous 
to 6: 

8:2.3  g P~O5, 1.0 g of a mixture of ~ 90 % trans-4-tert-butylthiane-l-oxide 
and ~ 10 % eis-4-tert-butylthiane-l-oxide (from 4=-tert-butytthiane and Qe0; 
crude product mixture part ial ly separated by column chromatography on 
Al~03; solvent CHCIa distilled from P2Q) and 1.7 g 4=-chloroanitine (reaction 
period: 3 hours) yielded 0.17 g (9.9 ~o, after recrystallization 6.5 ~)  8 besides small 
amounts of 7. 

10:5.3 g P205, 2.58 g of a mixture of ~ 75 % cis-3-cis-5-dimethylthiane-l-r- 
oxide and ~ 2 5 %  trans-34rans-5-dimethylthiane-l-r-oxide (from cis-3,5- 
dimethylthiane and 03 according to 2o) and 2.3g 4-ehloroaniline (reaction 
period: 5 hours) yielded 0.44g (9.6 ~ ,  after reerystallization 6.2 %) 10 and 0.96g 
(21%) 9. 

18 ~: 4.3 g P2Q, 2.5g of a mixture of ~ 90 % trans-l-thiadecalin-1 ~oxide 
and ~ 10% trans-l-thiadecalin-l~-oxide (from trans-l-thiadecalin and O3 
according to 20 ; 1 s-oxide part ial ly separated from 1 ~-oxide and 1,1-dioxide by 
column chromatography on AL03) and 3.2 g 4-chloroaniline (reaction period : 3.5 
hours) yielded 0.4=2g (10.3 %, after recrystallization 8.7 ~ )  18 ~ besides small 
amounts of 18 ~. 

Ring-Opened Products 35 

Sueeinimidyl ring-opened products (35), formed as side products in Method 
A, were found in ease of the following syntheses of sulfimides, and were isolated 
b y  column chromatography (parenthesized : yields of products 35) : 3 (27 ~o), 9 
(7 %), 11 (16 %), 12 (3 %), 14 (25 %), 7 (traces), 18~ (9 %), 20~ (13.5 %), 21 ~ (15 %), 

24 ~ (17 %), 25 ~ (15.5 %), 26 ~ (29.5 ~o). Products 35 were identified by 1H-nmr 
spectra of the crude materials ; only a limited number has been characterized in 
more detail (see below ; for a discussion of the nmr data  see 14) : 

Thiane-l-N-propionyl[ 3'- ( N-ehlorophenyl) -earboxamido ]imide 
(35, R = H) .  

Mp 153--154 ~ (CHC13/n-hexane). 
MS (in parentheses: ~o of base peak) : M+ 326 (3 %, C15HI9C1N202S), 209 (15), 

200 (100), 181 (3), 154 (5), 153 (5), 144 (21), 127 (18), t01 (46), 55 (4=0). 
trans:l- Thiadeealin- l ~- N-propionyl[ 3'- ( N-4-ehlorophenyl ) - 

earboxamido]-imide (ring opened product 35 from trans:l-thiadecalin, 18). 
Mp 158--161 ~ (CHC13/n-hexane). 
MS: M+380 (1), 254= (30), 209 (89), 181 (21), 154= (4=9), 153 (4=8), 127 (96), 55 

(lOO). 
Cl~H25C1N~QS (380.9). Calcd. C59.91, H6.62, N7.35. 

Found C59.73, H6.55, N7.37. 

cis- l- Thiadeca~in-l~=N-propionyl[ 3'- ( N-4-~hlorophenyl) - 
carboxamido]imide (37 :r B). 

Mp 169--172.5 ~ (CHCla/ether). 
MS: M+380 (<  1), 254 (5), 209 (64), 181 (9), 154 (21), 153 (26), 127 (70), 55 

(lOO). 
C19H25C1N202S (380.9). Calcd. C59.91, H6.62, N7.35. 

Found C 59.43, H 6.53, N 7,26. 
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3a- M ethyI-cis- l-thiadecalin-l~- N-propionyt[ 3'-( N-4-chlorophenyl )- 
carboxamido]imide (3~-CH3-37 ~ B). 

Mp 88--91 ~ (CHCl3/ether). 

R e f e r e n c e s  

1 A. Kucsman, F. Ruff, and I. Kapovits, Tetrahedron 22, 1575 (1966), and later 
papers by these authors. 

2 K. Tsujihara, N. Furu~awa, and S. Oae, Bull. Chem. Soc. Japan 43, 2153 
(1970). 

3 N..Furukawa: T. Omata, T. Yoshimura, T. Aida, and S. Oae, Tetrahedron 
Lett. 1972, 1619. 

4 y .  Tamura, H.  Matsushima, i .  Minami]cawa, and M. I]ceda, Tetrahedron 31, 
3035 (1975). 

5 p. Claus and W. Vycudilik, Tetrahedron Lett. 1968, 3607. 
6 a) P. Claus and W. Vyeudilik, Mh. Chem. 101,396,405 (1970). b) P. Claus, W. 

Rieder, and W. Vycudilik, Mh. Chem. 102, 1571 (1971). e) P. Claus and W. 
Rieder, Mh. Chem. 103, 1163 (1972). d) P. K. Claus, P. Hofbauer, and  W. 
Rieder, Tetrahedron Lett. 1972, 3319. e) G. Kresze, M. Berger, P. K. Claus, 
and W. Rieder, Org. Mag. Res. 8, 170 (1976). f)P. K. Claus, H. A. Schwarz, W. 
Rieder, and W. Vyeudil~k, Phosphorus and Sulfur l, l l  (1976); see also 
Dissertation H. A. Sehwarz, University of Vienna, 1972. 

7 p. K. Claus, W. Rieder, P. Hofbauer, and E. Vilsmaier, Tetrahedron 31,505 
(1975). 

s T .E .  Varkey, G. F. Whitfield, and D. Swern, J. Org. Chem. 39, 3365 (1974); A. 
K. Sharma, T. Ku, A. D. Dawson, and D. Swern, J. Org. Chem. 46, 2758 
(1975). 

9 E .L .  Eliel, J. Koskimies, A. T. McPhail, and D. Swern, J. Org. Chem. 41,2137 
(1976). 

lo p.  G. Gassmann, T. J. van Bergen, D. P. Gilbert, and B. W. Cue, jr.~ J. Amer. 
Chem. Soc. 96, 5495 (1974) ; P. G. Gassmann and T. J.  van Bergen, ibid, 5508: 
P. G. Gassmann, G. Gruetzmaeher, and T. J. van Bergen, ibid., 5512. 

11 p.  G. Gassmann and H. R. Drewes, J. Amer. Chem, Soc. 96, 3002 (1974). 
12 p. K. Claus, Abstracts of Papers of the VIth International Symposium on 

Organic Sulphur Chemistry, Bangor, July 1-5, 1974, D 26 ; Organic Sulphur 
Chemistry, Structure, Mechanism and Synthesis (C. J. 111. Stifling, ed.), p. 
449, London-Boston: Butterworths. 1975; P. Hofbauer, Dissertation, 
University of Vienna, 1975. 

i3 j .  B. Lambert and S. 1. Featherman, Chem. Rev. 75, 611 (1975): 
14 p. K. Claus, W. Rieder, and F. W. Vierhapper, Mh. Chem. 1O9, 631 (1978). 
1~ 1'. K. Claus, W. Rieder, F. W. Vierhapper, and R. L. Willer, Tetrahedron Lett. 

�9 1976, 119. 
16 a) P. K. Claus, F. W. Vierhapper, and R. L. Willer, J.C.S., Chem. Commun. 

1976, 1002. b) P. K. Claus, F. W. Vierhapper, and R. L. Wiiler, manuscript in 
preparation. 

iv a) P. K. Claus, F. W. Vierhapper, and R. L. Willer, J. Org, Chem. 42, 4016 
(1977). b) F. W. Vierhapper and R. L. Willer, J. Org. Chem. 42, 4024 (1977). 

is p. K. Claus, W. Rieder, and F. W. Vierhapper, Tetrahedron Lett. 1976, 1335. 
19 p.  G. Gassmann and C. T. Huang, J. Amer. Chem. Soc. 95, 4453 (1973). 
~o C. R. Johnson and D. McCants, jr., J. Amer. Chem. Soc. 87, 1109 (1965). 
21 E. Vilsmaier and W. Spriigel, Liebigs Ann. Chem. 747, 151 (1971). 
2e E. Vilsmaier and W. Spriigel, Tetrahedron Lett. 1972, 625. 



N-Aryl Sulfimides. I. 629 

~3 C. R. Johnson and J. J. Rigau, J. Amer. Chem. Soc. 91, 5398 (1969). 
24 D. Swern, I. Ikeda, and G. F. Whitfield, Tetrahedron Lett. 1972, 2635. 
~5 j .  Bailer, P. K. Claus, and F. W. Vierhapper, unpublished observations. 
26 B. C. Menon and D. Darwish, Tetrahedron Lett.  1973, 4119; D. Darwi8h ~nd 

S. K. Datta, Tetrahedron 30, 1155 (1974). 
27 D. J. Cram, J. Day, D. R. Rayner, D. M. von Schriltz, D. J. Duchamp, and D. 

C. Garwood, J. Amer. Chem. Soc. 92, 7369 (1970). 
as C. R. Johnson and J. J. Rigau, J. Org. Chem. 33~ 4340 (1968). 
29 E. V. Whitehead, R. A. Dean, and F. A. Fidler, J. Amer. Chem. Soc. 73, 3632 

(1952). 
30 R. L. Willer and E. L. Eliel, J. Amer~ Chem. Soc. 99, 1925 (1977). 
:~1 E. L. Hirst and A. K. Macbeth, J. Chem. Soc. (London) 121, 2174 (1922). 
32 H. M. Teeter and E. W. Bell, Org. Synth. Coll. Vol. IV, 125 (1963). 
33 H. R. Snyder, J. M. Stewart, and J. B. Z#glr~r, J. Amer. Chem. Soc~ 69, 2672 

(1947). 
34 R. L. Shriner and H. R. Todd, Org. Synth. Coll. Vol. I I ,  200 (1943). 
a5 D. Mukherji, Sci. Cult. 13, 296 (1948); C.A. 42, 4534b (1948). 


