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AbrbwC13~l-N-~-cI1I0ropbcny~s (1,~)) wen prepared and tb& co@mioa md cuhmmth 
was de&m&d by ‘H and “C NMR. The corn& were m to the m 242’~aminM- 
chbrophlyl)_1&dithhs (rn, 4tJ4u). The vent rrsctions took place with *9596 stawq&& The 
mechanism of Ike reaction was investigated with the aid of aahgs spccihlly d&mated St C-2 

1,3-Dithiane has been of interest to numerws research 
groups ever since Corey and Seebach reported2 the high 
synthetic utility of the &nion derived from this com- 
pound. In particular, stereochemical questions as to the 
conformational behavior, the i&ence of substituents on 
the ring geometry, the stereoselectivity of reactions at 
C-2, and ‘H aad “C NMR-spectra as probes to these 
questions have been extensively inve~tigated.~ 

In connection with our work on N-aryl sulfiides we 
became interested in sulfides derived from cyclic sys- 
tems.‘*‘Ob A report on a (2Jl-sigmatropic rearrangement 
of ally1 sulfonium ylids of 1Jdithiane to give j?, 7- 
unsaturated aldehydes (e.g. ~-cyclocitral)” led us to 
investiga&! the synthesis and reammgement reaction of 
lWthia~l-N-arylimide~.‘~ At the same time Gassman 
reported” the synthesis of o-aminobenzaldehydes using 
this reaction. 

In addition to the synthetic possibilities the mechanis- 
tic and stereochemical aspects of the mment 
reaction were of interest to us. The results of experi- 
ments carried out to obtain information on these ques- 

tlMcated to Prof. Dr. 0. E Polansky, Max-Planck-Institut 
flkr Kohkaforschung, Mlhlheiiltr. on the occasion of his 
6oul b&day. 

thns are descrii in the sequel; they are related to our 
recent work on the synthesis and rearraplpement reac- 
tions of c&gurationally and conformationally home- 
c& thiane- and CL+ and tmns-l-thiadecaiin-l-im- 

. * A result presented in this paper baa been 
reported in a short commtmication.” 

Lxscussion of nsults 
Synthesis of 13dMane-1-N-a~KmW. In order to 

investigate tbe stereochemistry of the vnt 
reaction we needed anancomeric, diastereomeric 
sldlimides. 13Dithiane-loxides have been reported in 
nmrous p~blicafions;~~ lJdithiane-l-in&s in con- 
trastarehardlyknown:nxcntlywerepMedthesyn- 
thesis of a few 1,3-d&&-1-N-arylimidea,” and a 
number of lWthiane-l-N-tosylimides have been pre 
pared, some of them substituted at C-5 of the dithiane 
rink’ 

The procednn to obtain N-aryl sul6mi&s” by the 
nxtionofthesul6deandanilinewith&tylhypochb- 
riteorNchlorosucci&nideat -XPto -XPcanbeused 
for the synthesis of lJd&iane-l-N-arylimides (witb the 
exceptioaofanililWbear&stroqglyelectroawith- 
drawing substituents). Yields of 554% SuHlmide are 
obtained (Table 1). The compounds prepared are sum- 
mar&d in Scheme 1. 

Table 1. Synthesis of 1,3dirhia~4-N+cblo~loropheaylimida 

Compound 2 Tleld, # k HP* .C ~amsntal ABalyal8 
Calo ‘d Towld 

Parent, 1 2 0 c s 0 
_2-HetFql- ) 8 35 ” 114 - 124 e-2-xethyl- * i 4, 30 fi, 42 (d) c 50.85 H 2 5.43 c 50.74 B 5.31 67 103 - 

105.5 

C 

58.62 H 6.71 C 2 58.52 H 
-- oie4cls-6-Dl.met~l- , $ 

6.67 
65 103 

- 
109 6 c 

g 
50.99 H 6.d 0 

92 
51.07 B 6.12 

100 - 105.5 

traml-5-Het~l- , 8 482 138 - 140.5 C 50.85 H 
&-5-tert.-Butyl- olfi-5-YeJthy1- ) 7 

2 5.43 u 50.82 I 5.48 
23 342 705 120 

- 

8 1 109 122.5 O C 50.85 H 5.43 C 50.81 E 5.49 * - 

a 55.70 H 6.68 0 56.00 B 
- c1s+-t0rt.-Rulg1- , 

6.73 
) 
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Reaction of anuncomeric thiancs and l-thirtdecalins 
resulted in the practkaUy exclusive formation of 
sul6mides with equatorial SN bond.‘OL In co~~trast, 
mixhuesofuMgurationalisomers4and5,and8aod9 
ale formed from &+dimethyl-13 and s-t- 
butyl-1,3dithiane. This may be due to the absence of one 
s&ric in&action with a sp-axial hydrogen in position 3 
ofthedithianeringintbe&ansitioastatelcadingtothe 
%N-axial suUimide. The propor& of “axial” sul6mide 
is highest in case of S-methyl-l&dithkne, which at room 
temperature exists to about 82% in the conformation 
with the equatorial Me group;~ the conformatkaally 
ills tmns-I-imide 7. formed io 2396 yield. 
prefers the cXmformatioll with equatolial imii and axial 
Me group (-7096 at -W’P. 

The yields. and isomeric compositions, which are 
obtained with t-butyl hypochkritc and N-chkrosuc- 
ciuim& are about equal. A comparison is problematic 
because of the high Eactivitks of s, 7 aDd 9, and the 
di5cllltksintheirs4garatioofrom4,6alMiR 

Separation of isomeric sul6mides could be achieved 

only by fractkmd crystallization from ether-n-hexane at 
* low temperature. Other methods, as fractional crystal- 
lization of the picrates and subsequent recovery of the 
sulWks,f’ or cohlmn chromatolpaphyonaha&tm 
oxide, gave ooly the stable !&N-equatorial isomers 4 or 
8,aDdtherearraPllernentproductsofSot9,SUor~. 
Thetendencytoreammgedecreases intbeseries9>5> 
7,with7lar@yinthecOnformaGonwithequataial 
S-N-l6 It was possibk to obtain S and 7 in crystalline 
form from the mother liquors, after scparatioo of most 4 
and 6. The very sol&k and instabk 9 could not be 
isolatal, but the extent of its formation could be esti- 
mated from the ‘H NMR spectra (two overlapping AE 
systems for H-2.A and the ‘)c NMR spectra of the 
crude sulfhnide mixture and of the mixhue of picrates, 
and also from the amounts of the m product 9U. 
which does not form from the co@urational isomer 8. 

Only the W-isomer 2 could be isolated from the 
reaction of 2_methyl-13dithiane, the compound being 
considerably less stabk thermally than other anan- 
comeric l,3dithia~l-imides with equatorial S-N. 
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Thermal decomposition very likely occurs via an in- 
tramokcular proton transfer from the 2-Me carbon to the 
in&k nitrogen, followed by ~~~~ Results in the 
thiane- and l-thiadecalin series’ indicate that this reac- 
tknmightbestinmorefaeikforthecWsonEr3,h 
proved impossible to marmnqe 2 without thermal 
decomtxrsitioa. 

Ruurunganent re&ions 
Base-catalysed rcarrassement of 1 ,3-l-N-aryl- 

hides to cyclic MccBptals of o-amhmbenxahkhydes 
(!kheme 1) takes place at much milder conditions than 
the t#IlTBqsement of tbbe ad lot-Nail 
imides,‘p&lbIybecaWieofthegreaterachlityofthepro- 
tons at c-2 Yilds of the crude Wlanged products, after 
beating in benxene-trkthylamine at so”, followed by 
cokmn c~ma~hy, are around 75% (Table 2). i,3- 
Dithiane-imides with axial S-N-functionality show a 
considerably higher tendency for wemeat than 
their SN~uatorial isomers. The S-Me derivative 7, 
hugely in conformation 7%” is stabk when beated in 
anhydrous ether, but rearmnges witbout addition of base 
when heated in moist ether, whik conformationahy 
-!3 equatorial lJ-dithiane_imuks BIY: 
reasonably stable at these conditions. The anancomeric 
~s~~sS~d9~~~~~y~t~ 
isolation is probkmatk (see above); rearrangement takes 
place even at temperatures below 0” in unpolar solvents. 

The results of the rearmngemcnt experiments are 
consistent with the ones obtahmd in the thiane serks,’ 
The reaction is highly stereospeci& (at least 95%), kad- 
ing to the compound with the 2++group cia to the 
position of the original S-ii substituent. The extent of 
stereospecifity could be derived from NMR and gas 
chromatographic analysis of the rearmngement mixture 
and of the mother liquors after separatioa of the main 
reaction product It can be considered as a lower limit, 
since the con6gumtional purity of the starting suhimides 
c&d not be guaranteed above 95% in every ins-. 

Efiel d uf% bave reported a higher kinetic acidity for 
H-2 in the &h&ion of anancomeric IJ-ditbianes, and 
that formation of the pyramidal carbanion with equa- 
torial lone pair (i.e. equatorial lithium) is ther- 
modynamicahy strongly preferred. Quantum mechanical 
~c~tions’* predict an equip preferem of elec- 
tron pairs in carbanions flanked by two S atoms. IIe 
hi& reactivity of &tithbel-imides with axial N-aryl 
group, in terms of a pyramidal carbanion centre, might 
have its cause in a p~fe~n~~y equatorial d~~~~- 
tion of C-2 and formation of the “equatorial” carbanion 
suitable for a concerted rearrangement. To find an ans- 
wer we investigated the rearmngement of suhimides 4 
(Scheme 2). 5 (Scheme 3),8 and 9, specifically deuterated 
at C-2. For instance, abstraction of an axial proton or an 
equatorial deuterium. respectively, from lmns - 2 - deu- 
~o-r~-4-trerrJ-6-dimethyl-lJ-~e-l-N-p- 
chlorophenyhmide (4-4) results in the formation of an 
in&mediate y&t or carbanion with equatorial deuterium 
or axial protoa. The former yields 4&f* with retained 
con&u&m at C-2, whereas an inversion of contigura- 
tion has to take place in the latter to allow formation of 
the rearranged product with axial aryl ring. Similar con- 
siderations apply to the other 2-~~~~es. Experi- 
mentaffy the contributions of the respective pathways 
outlii in Schemes 2 and 3 could be derived from the 
‘H NMR and mass spectra of the rearranged products. 

The results are summarked in Table 3. They indicate 
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C~uslly ad conforrmtioMuy N cyctic a-alyl solamides-IV 9% 

Tabk3. Reprrsslemeatsof2deut&Gnapa&s 

startled Producte 

Yaterial MS data b &),r" P,* %C 

4-s 274 (37). 273 (8) 1822 W 8222 ul-de 82 $ Retention 

M-a 274 (14.5)~ 273 (36) so*-4 UJ 2Qo4 *u-de 80 % Retention 

3-!A6 274 (35). 273 (4.5) 12 + 2 9J 8822 50-d_ 88 % Inversion 

r-a, 274 (la), 273 (36) 74 * 4 9 26 + 4 P]-& 74 $ Inver~~ion 

kze 302(48),301(10) 1822 W 8222 W+, 82 5 Retention 

9-s 302 (So), 301 (12) 2022 9lJ 8022 m-c& 80 $ Inverlion 

‘Farfordas!3ccscbcmc1.I!#otopicpurity l %%.‘mle=M+l,M.Iapereatbecres:in~in%ofbPsepealt 
intensity. Base peak: 171(& or I72 (d,). ‘Good agreement of product ratios as &terminal by evaluation of mass 
spectra and by intepation of proton spectra was usually observed. 

that for both the axial aad equatorial orkatatioa of the 
N-arylhnide group ia the starting sul6mide ,tbe axial 
hydro8eo or deutium at C-2 is replaced preferentially 
bythe2’-amiao@Ipoup,iaaratioofabout4:1over 
H-2.. -meat of tides 4 aad 8 (quatorial SN) 
takes place largely with retention of cua&uratioa at C-2 
Ialides5aad9(axialS-N)ralmM8ewithiaversio00f 
coaliguratioa at C-2; the equatorial proton or deuterium 
ia the su&nide is found ia the axial position in the 
- product. 

whik the orieatatioa of the 2-aryl .substitucat ia the 
reamul8ed product *ads 00 the stereoekctroaic 
requirements of the transition state, one may assume that 
the rektive acidities of the bydrogeas at C-2 (H-2. aad 
H-2.) are tbe d&dia8 factor for theii abstraction. If this 
assumption is valid (which is not necessarily so; see 
below), then the results indicate that H-2 is considerably 
more acidic for both steric orientations of the $&N bond. 
FortbeiaG&swithaxialSNboodthisisiaagreemeat 
with exclma8e experiments 00 sulfoxides” at quili- 
brim conditioas @eater acidityof the proton guwctu to 
the lone pair aad anti to the oxygen at the adjacent 
sulfur atom). For the tides 4 aad & however, the 
preferentially abstracted H-2. is positioned anti to the 
bae pair aad g4uclrc to the ia& group, a coa58matioa 
which gave slowest exchaa8e ia the corresponding sul- 
fox&&t 

No iafora~tioa is available on the geometry of iater- 
mediate a-sulfinimidyl carbaabas, or of the anionic cea- 
ten of iatmediate azasulfoaium ylids. Even for a- 
sulllayi carbaabas this questioa has aot yet been fully 
aaswered. Pyramidal maWry has been suggested for 
ioas not stab&cd additioaally by resoaance with suit- 
abk substitueots.m Oa the other haad, plaaar geometry 
has receatly been found by ‘H aad %Z NMR spec- 
troscopy for a-Mated tbiaae-l&des.” But these 
geometries of metallated derivatives ia aoapokr solution 
caa not be simply tnmsfened to carbaaioas formed at 
quiliiwn coaditbos ia polar a&ii A planar aaioaic 
center ia aa azasulfoaiwn ylid is stereoekctroaically 
suitable for a UUEUW rearraaeement with suprafacial 
overlap, regardless which of the hvo protons is split o#. 
Ia case of formation of a planar carbaaba syachroaous 

tItmudbccsaphMtlmtthis COmpWdiSOUlyjurti&d 
withintimiwnIdcpeodiqsolltbenotmeoftbcprotontraMfer 
tmmtbeaarbontotbcimidcllitnqa 

lBtVd%NaU' 

to tbe deprotoaatioo the results thus imply 8a actually 
higher kiaetic acidity of H-2. ia both “quatorial” aad 
“axial” hnides. However, if the geometry is pyraaddal, 
thea aa iaitial fmns-position of ekctroa pair aad imide 
nitrogen necessitates pyramidal inversion prior to rear- 
mot. IO analogy to results obtaiaed 00 suifox- 
ides,? a hi&r acidity @t be expected for H-2 ia 
the “equatorial” imides 4 and 8 (SOI& to the lone pair 
andimideaitlD@aOnUlfW),bUtsigm&Jpk~ 
meat with suprafacial overlap could only take place after 
iaversion of the resldtiag carbaabaic center to the kss 
stabk coa@atioa with @aI lone pair. If this inversion 
is eaergetiadly uafavorabk, then the reamm8emeat may 
still pmctxd via reprotoaatioa, abstraction of H-2, aad 
irreversibk mwllt, even if H-2,. is kss acidic 
thaa H-L For the -meat of su&nides 5 aad 9 
aa interpretation of the observatioas in terms of aa 
iatera?edii pyramidal carbaabaic center would imply 
preferred abstraction of the kiaetically more acidic H-2.. 
followed by inversion to tbe carbanion with equatorial 
lone pair which allows the forantioa of a cyclic traa- 
sitioo state. Our results do not allow aay conclusions as 
to the coat&atioa of the iatennediate carbaabaic 
center. 

Another point to be considered is the question if 
deprotoaatioa at C-2 is the rate deteraGa8 step, 
similarily to the earlier iavesti@ed” reammgemeats of 
S,!MhnethylsuMmides. for which considerable isotope 
effects were found. ‘I& isotope effects observed for the 
1,3ditbiaae-1-N-aryliies are quite small: on tbe 
assumption that the effects are identical for both oriea- 
tatioas at C-P (necessary for the lack of other ia- 
formation), oae obtaias an isotope effect of 1.120.2 for 
the rearrangement of 4, aad of 1.8kO.3 for 5. Am- 
biiitks due to exchaa8e of protons from the otib- 
position of the aromatic riag could be excluded by rear- 
rangement experiments with 4-&, which 8ave only 4U- 
d. aad ao 4U. Aa explanation for the aegligjily smell 
isotope effect ia case of 4 must be somewhat conjectural: 
iathiscasetheactualrearma8emeotstepaGghtberate 
detemG18, because of the straia the cyclic transition 
state must experience when the product with axial aryl 
group is formed; the saudl isotope effect could be due to 
the precedii fast quiliitioa. RauW@meat of $00 
the other hand, ia facilitated by the syn-axial iaten&oa 
oftbeai~atomaadH-5,iatbesuUhnide;togetber 
with the high acidity of H-2. this may be the reason for 
tbeeaseofthereactioa. 
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Tabk 4. “C cbmhl shifts ‘of &3dithwl-N-pchkropbcnbenylimides 

Camp. c-2 c-4 c-5 c-6 0-l’ C-2’,6’ C-3’,5’ C-4’ Othera 

1 48.97 28.1, 
r-a-d2 

1 c*a 

b 2a.03 

46.2 26.0 

2 61.5; 30.0: 

4 48.40 38.4, 

5 47.55 38.1, 
6 2 

'I 2 

48.38 35.17 

Te o*g 
46.45 34.g3 
49.13 34.4, m 

28.75 49.32 

28.75 49.27 

29.47 4802~ 

300.04 50.66 

45*g3 58.47 

3207~ 51.23 

36.96 56.48 

300.12 54.48 
32.94 55 B 

153.1, 
153.1, 

153.43 

155.80 
154.4- 

9' 

Ifs.4 

154.71 

153.99 

119.1, 128.7, 

119.13 128.77 

118.4, 129.06 

118.28 128.g7 

119d7 128.77 

120.88 128.53 
119.57 129.02 

119.6, 129.00 

11e.g5 128.98 

127.7, - 
121.7, - 

120.66 -- 

117.Jg CB3 16.24 
121.6 

2 4 

cH3(4) 20.2, CH3(6) 

a3(4) 21.2) OH3(6) 

121.4 cH3 22.29 

Ql.30 cE3 19.14 

120.52 OH3 l7*53 
-_ _ 

17.49 
18.15 

TaS*f 42.7; 34.07 21.39 47.4 
51.8; 

153.99 ??g.d2 %!8.g8 120.52 cH3 "*5g 
8 
8 2 

48.6, 29.7, 51*22 153*03 llg.og 128.8, 121.g7 cH3 27.03 CGH3)3 34.53 
29.5, 50-92 5'=42 153.04 118.9, 128.73 la.48 aI3 26.90 cm313 34.33 

92 

48rJo 

43.g2 28.70 34.g3 4407~ 153.73 11g.8g 128.5, 121.22 cH3 26.90 cm3)3 33.43 

con.&ldod analysis 
“C NMR spectm Analysis of “C shift data has tumed 

out to be the method of choice for the detamination of 
cyclic sulfoxides (see Ref. y and the lit cited) and 
sul&ides.‘“*’ Comparison of the shifts of correspond- 
ing C atoms of SX substituted compounds and of the 
parent sulfides, Mpeciany of the M!arbons (less 
deshiekial for the isomer with axial !J-X; PA < 8.) sod 
@&ns (more shielded for S-X axial: y. > y.) allowed 
uoambii stnlctural assignment even if only one 
isomer was availabk. A comparison between the sul- 
foxides and N-aryISdes io the thiane series showed a 
glWanyldightlyslnalkrdtshieldiqsinftuenceoftbe 
N-arylimide group on the u-carbons as compand to the 
oxygen. The shift differences between o&ns of 
con6gurational isomers (8. - 4) and the chemical shifts 
of the /?-carbon atoms were very similar to the car- 
respolldiag sulfoxides.‘“, 

The extensive tabulation of shift data of l&Manes” 
allows a similar investigation of 1Jdithianal-imides. 

The “C NMR spectra of a number of l$-dithiane-l- 
oxides have recently been reportedy 

“C Chemical shifts of the l&Wane-l-N-arylimidu 
arccollectedinTabk4,andtheshiftd&~acestothe 
parent dithianes in Table 5. Assignaunt of the signals to 
thevariouscarbonatomswasbasedpartlyontbesigaal 
multipkitks in the off-rcsooaocc decoupled spectra. 
More important was a comparkon with calculated shift 
valllcs, starting with the spectra of the &lithk%* 
and using as a 6rst approximation parameters derived in 
the thiane- and I-thiadecalin&mide series.” For com- 
pound 1. in which C4 and C-S, and C-2 and Cb have 
very similar chemical shifts, assignment was accom- 
plished by comparison with the spectrum of the 2,2- 
di&uterio aaalog (l-d& where the signal due to c-2 was 
w longer observed (split into a quintet and loss of NOI9 
aodc4aadcbwereshiftcdsEghtlyupW. 

Carbon atoms adjacent to an equatorially N-aryl sub- 
stituted sulfur atom are deshielded, C-2 by -17 ppm and 
Cd by l!WO ppm, if the sulflmide group is not otherwise 

Tabk II. Elkts ‘of imitk abdtuth ‘on tbc “C cbcmhl shifb of 1,3&h&a 

. 
c-0 o-2 a-4 c-5 c-6 Others 

1 +17.02 -1.75 +2.16 +lg.46 -- 

22 +1g.43 4.8, +4.53 +19=74 CH3 4.88 

4 +15.06 -0.75 +I.38 +19.26 CE3(4) -1.69 CH3(6) 9.41 

'a 
+14.2, -?.I0 -11.82 +12.02 

8- +16.8 -1.7 +4.8 +19.6 

~~3(4) -0;63 CH3(6) -3-75 

Te fi*a +17.1 -1.8 +8.2 +18.8 

'Ia 99s +11.2 -2.8 -10.8 +10.6 

6 +17.3g -1.31 '3.97 +20.80 CH3 +0.02 c&=3)3 +0*56 

9 +I2 
'67 

-2.32 -12.32 +13.73 GE3 &II c(cH3)3 -0.54 

‘~_~inRw.Aph&sisaiadiata~tbe~intbe~~Itbwa&16TempattPre 
+29’C,sohntClX&unkssidcated.nPtafor l~fromRcf.k.Ll-N-p~:hloropbenylimides.rSpectrumof 
2-IBctllyl-1e readed at loom tanpedluc; the cLxupolmd exists to 96% in tbc CHTcqu conformatioa 6c 
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