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Abstract—1,3-Dithiane-1-N-p-chlorophenylimides (1, 4-9) were prepared and their configuration and conformation

was determined by 'H and '’C NMR. The compounds were rearranged to the corresponding

2{2-amino-5-

chlorophenyl)-1,3-dithianes (1U, 4U-9U). The rearrangement reactions took place with »95% stereospecifity. The
mechanism of the reaction was investigated with the aid of analogs specifically deuterated at C-2.

1,3-Dithiane has been of interest to numerous research
groups ever since Corey and Seebach reported? the high
synthetic utility of the carbanion derived from this com-
pound. In particular, stereochemical questions as to the
conformational behavior, the influence of substituents on
the ring geometry, the stereoselectivity of reactions at
C-2, and 'H and >C NMR-spectra as probes to these
questions have been extensively investigated.>®

In connection with our work on N-aryl sulfimides we
became interested in sulfimides derived from cyclic sys-
tems.''® A report on a [2,3]-sigmatropic rearrangement
of allyl sulfonium ylids of 13-dithiane to give B, y-
unsaturated aldehydes (e.g. y-cyclocitral)'' led us to
investigate the synthesis and rearrangement reaction of
1,3-dithiane-1-N-arylimides."'? 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 rearrangement
reaction were of interest to us. The results of experi-
ments carried out to obtain information on these ques-

tDedicated to Prof. Dr. O. E. Polansky, Max-Planck-Institut
fir Kohlenforschung, Mihlheim/Ruhr, on the occasion of his
60th birthday.

tions are described in the sequel; they are related to our
recent work on the synthesis and rearrangement reac-
tions of configurationally and conformationally homo-
geneous thiane- and cis- and trans-1-thiadecalin-1-im-
ides."'® A result presented in this paper has been
reported in a short communication.'

Discussion of results

Synthesis of 1,3-dithiane-1-N-arylimides, In order to
investigate the stereochemistry of the rearrangement
reaction we needed anancomeric, diastereomeric
sulfimides. 1,3-Dithiane-1-oxides have been reported in
numerous publications;*** 1,3-dithiane-1-imides in con-
trast are hardly known: recently we reported the syn-
thesis of a few 13-dithiane-1-N-arylimides,'”* and a
number of 1,3-dithiane-1-N-tosylimides have been pre-
pareg. some of them substituted at C-S of the dithiane
nng.

The procedure to obtain N-aryl sulfimides® by the
reaction of the sulfide and aniline with t-butyl hypochlo-
rite or N-chlorosuccinimide at —20° to —70° can be used
for the synthesis of 1,3-dithiane-1-N-arylimides (with the
exception of anilines bearing strongly electron with-
drawing substituents). Yields of 55-90% sulfimide are
obtained (Table 1). The compounds prepared are sum-
marised in Scheme 1.

Table 1. Synthesis of 1,3-dithiane-1-N-p-chiorophenylimides

Compound £ Tield, % 2

Mp, °C Elemontal inalysis
Calc‘d ?

Parent, 91 & 2 £ £ 2
trans-2-Nethyl- , 2 352,302 418 - 128 (@) ©50.85 H 543 C 5078 B 5.3
trans-2-Methyl- , I 67 4,422 103 - 105.5 C 58.62 H 6.71 € 58.52 H 6.67
cis-4-cis-6~Dimethyl- , & 65 2 103 - 109 B ¢ 50.958 H 6.068 ¢ 51.07 E 6.12
trans-4-trans-6-Dimethyl- , $ g 8 100 - 105.5 B
trans-S-Methyl- , 6 48 2 138 - 140.5 C 50.85 H 5.43 (¢ 50.82 X 5.48
ois-S-Methyl- , ¥ 23 8 120 - 122,5 € 50.85 H 5.43 € 50.81 R 5.49
trang-S-tert.-Butyl- , 8 & 34 & 105 - 109 C 55.70 H 6.68 O 56.00 E 6.73

cis-5-tert.-Butyl- , 9 Dol

“13-Dithiane-1-r-N-p-chlorophenylimide, unless indicated. *Of repeatedly recrystaltized product. “See Ref. 15. “As picrate. * After
crystallized with 0.5 equivalents water, which could sot be separated

recrystalization (ether-n-hexane). / 1-7-N-phenylimide, *
without

Compound
ition of the sulfimide. *Because of very facile

no is was performed. ‘Mixture

of isomers 8 and 9 is formed in essentially quantitative yield; ratio 8:9 = 70:30 (by NMR), Yield of mixture of picrates 70%.
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1-9 -
all R's = H uniess indicated
parenthesized compounds not isolated

1 all R's=H 1w
1'dz R' = R’ =D
2 R’ =CH,
3 R'=CH,
4 R'=R"=CH, @
4d, R'=D; R®*=R" = CH, 44-d,
4d, R'=D; R*=R’"=CH,
4-d, R'=R*=D; R*=R"=CH,
[ ] R*=R*=CH, 1]
8-d. R'=D; R*=R"*=CH,
8-d. R'=D; R*=R*=CH, 8U-d,
[ ] R®=CH, )
7 R® =CH, nn
8 R’ = C(CHa)s L))
8-d, R' =D; R* = C(CHa)s 8U-d,
9 R* = C(CH,)s V)
(9-d.) R*=D; R® = C(CHs)s

R' =D; R*=C(CH,)s oU-d.

Scheme-1.

Reaction of anancomeric thianes and 1-thiadecalins
resulted in the practically exclusive formation of
sulfimides with equatorial S-N bond.”™ In contrast,
mixtures of configurational isomers 4 and 5, and 8 and 9
are formed from cis-4,6-dimethyl-1,3-dithiane and 5-t-
butyl-1,3-dithiane. This may be due to the absence of one
steric interaction with a syn-axial hydrogen in position 3
of the dithiane ring in the transition state leading to the
S-N-axial sulfimide. The proportion of “axial” sulfimide
is highest in case of S-methyl-lj-dith'nne. which at room
temperature exists to about 82% in the conformation
with the equatorial Me group;** the eonformauonally
inhomogeneous trans-1-imide 7, formed in 23% yield,
prefers the conformation with equatorial imide and axial
Me group (~70% at —80°'%).

The vyields, and isomeric compositions, which are
obtained with t-butyl hypochlorite and N-chlorosuc-
cinimide are about equal. A comparison is problematic
because of the high reactivities of 8, 7 and 9, and the
difficulties in their separation from 4, 6 and 8.

Separation of isomeric sulfimides could be achieved

only by fractional crystallization from ether-n-hexane at

* low temperature. Other methods, as fractional crystal-

lization of the picrates and subsequent recovery of the
sulfimides,'”” or column chromatography on aluminum
oxide, gave only the stable S-N-equatorial isomers 4 or
8, and the rearrangement products of 5 or 9, SU or SU.
The tendency to rearrange decreases in the series 9> 8>
1, thh?lamelymtbeconformmonmtheqmtoml
S-N.'" It was possible to obtain § and 7 in crystalline
form from the mother liquors, after separation of most 4
and 6. The very soluble and instable 9 could not be
isolated, but the extent of its formation could be esti-
mated from the 'H NMR spectra (two overlapping AB-
systems for H-2,,) and the °C NMR spectra of the
crude sulfimide mixture and of the mixture of picrates,
and also from the amounts of the rearranged product $U,
which does not form from the configurational isomer 8.

Only the trans-isomer 2 could be isolated from the
reaction of 2-methyl-1,3-dithiane, the compound being
considerably less stable thermally than other anan-
comeric 13-dithiane-1-imides with equatorial S-N.



Found
C 48.98 H 5.03%

C 52.98 H 6.00
8 23.55

Eleomental Analysis

Calc'd
C 48.87 H 4.92
C 52,63 H 5.89

106 - 107.5
8 23.42
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Table 2. Rearrangements of 1,3-dithiane-1-N-p-chlorophenylimides
Nothod® Yield, ¥ wp, °cd
h’l"’ [ W

1

wi=trans-&-Dinet

co-pound'
Parent ,
trans

Configurationally and conformationally homogeneous cyclic n-aryl sulfimides—IV 9

Thermal decomposition very likely occurs via an in-
tramolecular proton transfer from the 2-Me carbon to the
imide nitrogen, followed by elimination. Results in the
thiane- and 1-thiadecalin series’ indicate that this reac-
tion might be still more facile for the cis-isomer 3. It
proved impossible to rearrange 2 without thermal
decomposition,

Rearrangement reactions
Base-catalysed rearrangement of 1,3-dithiane-1-N-aryl-
imides to cyclic mercaptals of o-aminobenzaldehydes
(Scheme 1) takes place at much milder conditions than
rearmvgement of thiane- and 1-thiadecalin-1-N-ary}-
imides,’ probably because of the greater acidity of the pro-
tons at C-2. Yields of the crude rearranged products, after
heating in benzene-triethylamine at 80°, followed by
column chromatography, are around 75% (Table 2). 1,3-
Dithiane-imides with axial S-N-functionality show a
considerably higher tendency for rearrangement than
their S-N-equatorial isomers. The 5-Me derivative 7,
largely in conformation 7¢,'® is stable when heated in
anhydrous ether. but rearranges without addition of base
when heated in moist ether, while conformationally
homogeneous  equatorial  1,3-dithiane-imides  are
reasonably stable at these conditions. The anancomeric
axial sulfimides § and 9 rearrange so easily that their
isolation is problematic (see above); rearrangement takes
place even at temperatures below 0° in unpolar solvents.
The results of the rearrangement experiments are
consistent with the ones obtained in the thiane series.’
The reaction is highly stereospecific (at least 95%), lead-
ing to the compound with the 2-aryl-group cis to the
position of the original S-imide substituent. The extent of
stereospecifity could be derived from NMR and gas
chromatographic analysis of the rearrangement mixture
and of the mother liquors after separation of the main
reaction product. It can be considered as a lower limit,
since the configurational purity of the starting sulfimides
could not be guaranteed above 95% in every instance.
Elicl #t a** have reported a higher kinetic acidity for
H-2, in the lithiation of anancomeric 1,3-dithianes, and
that formation of the pyramidal carbanion with equa-
torial lone pair (i.c. equatorial lithium) is ther-
modynamically strongly preferred. Quantum mechanical
calculations' predict an equatorial preference of clec-
tron pairs in carbanions flanked by two S atoms. The
high reactivity of 1,3-dithiane-1-imides with axial N-aryl
group, in terms of a pyramidal carbanion centre, might
have its cause in a preferentially equatorial deprotona-
tion of C-2 and formation of the “equatorial” carbanion
suitable for a concerted rearrangement. To find an ans-
wer we investigated the rearrangement of sulfimides 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 trans - 2 - deu-
terio- trans -4 - trans - 6- dimethyl - 1,3-dithiane-1-N-p -
chlorophenylimide (4-d,) results in the formation of an
intermediate ylid or carbanion with equatorial deuterium
or axial proton. The former yields 4U~d, with retained
configuration at C-2, whereas an inversion of configura-
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-d-sulfimides. Experi-
mentally the contributions of the respective pathways
outlined in Schemes 2 and 3 could be derived from the
'H NMR and mass spectra of the rearranged products.
The results are summarised in Table 3. They indicate

C 55.63 H 6.80
C 55.99 H 6.65

C 51.09 H 5.3
C 50.78 H 5.33
8 21.%36

C 52.97 H 6.00

8 23.82

C 55.70 H 6.68
C 55.70 H 6.68

C 50.85 H 5.43
B8 21.2%

¢ 52,65 H 5.89
C 50.85 H 5.43

8 23.42

113.5 - 1145
88 ~ 89
104 - 106
176.5 - 178

1% - 115

€0
75
6
7
22 £

»n
70

cis-5-tert.~Butyl- , 8U

«2-r{2-Amino-S'-chlorophenyl)-1,3-dithiane. See Scheme 1. *Sce Experimental. “After isolation by column chromatography. “After crystal-

lisation from a-hexanc, ‘Not crystalline at room temperature. /Rearrangement during column chromatography of mixture of suifimides § and 9

trans~5~-tert.~Butyl- , W
after synthesis (sce Text).

gis-A-gis-6-Dimethyl- ,
cig~5~Nethyl- , &U

;‘;:n"‘s‘*.th’l" ’
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Configurationally and conformationally homogeneous cyclic n-aryl sulfimides—IV

Table 3. Rearrangements of 2-deuterio Compounds

Starting 2 Products
Material  MS data 2 g % & 4, % &

: b4 2 4
A-d, 274 (37), 273 (8) 18 : 2 82 : i :gje :o : :e::::i::
a3, 274 (14.5), 273 (36) B0 ta & 2 : d, e
Q—QQ 274 (35), 273 (4.5) 12 -2 % 88 -~ 2 ’U'Qa 88 % Inversion
-4, 274 (18), 273 (36) 76 2 54 &g 26 s SU-4, 74 % Inversion
-a, 302 (48), 301 (10) %2 sy 82!2 8U-g, 82% Retention
9-a, 302 (50), 301 (12) 20*2 9u 8 2 9u-d, 80 % Inversion

“For formulas see Scheme 1. Isotopic purity 95%. *m/e = M + 1, M. In parentheses: intensity in % of base peak
intensity. Base peak: 171 (dy) or 172 (d,). “Good agreement of product ratios as determined by evaluation of mass
spectra and by integration of proton spectra was usually observed.

that for both the axial and equatorial orientation of the
N-arylimide group in the starting sulfimide the axial
hydrogen or deuterium at C-2 is replaced preferentially
by the 2-aminoaryl group, in a ratio of about 4:1 over
H-2,. Rearrangement of imides 4 and 8 (equatorial S-N)
takes place largely with retention of configuration at C-2.
Imides § and 9 (axial S-N) rearrange with inversion of
configuration at C-2; the equatorial proton or deuterium
in the sulfimide is found in the axial position in the
rearranged product.

While the orientation of the 2-aryl substituent in the
rearranged product depends on the stereoelectronic
requirements of the transition state, one may assume that
the relative acidities of the hydrogens at C-2 (H-2, and
H-2,) are the deciding factor for their 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 S-N bond.
For the imides with axial S-N bond this is in agreement
with exchange experiments on sulfoxides'® at equili-
brium conditions (greater acidity-of the proton gauche to
the lone pair and anti to the oxygen at the adjacent
sulfur atom). For the imides 4 and 8, however, the
preferentially abstracted H-2, is positioned anti to the
lone pair and gauche to the imide group, a configuration
which gave slowest exchange in the corresponding sul-
foxides.t

No information is available on the geometry of inter-
mediate a-sulfinimidyl carbanions, or of the anionic cen-
ters of intermediate azasulfonivm ylids. Even for a-
sulfinyl carbanions this question has not yet been fully
answered. Pyramidal geometry has been suggested for
ions not stabilised additionally by resonance with suit-
able substituents.® On the other hand, Planar geometry
has recently been found by 'H and “C NMR spec-
troscopy for a-lithiated thiane-l-oxides. But these
geometries of metallated derivatives in nonpolar solution
can not be simply transferred to carbanions formed at
equilibrium conditions in polar media. A planar anionic
center in an azasulfonium ylid is stereoelectronically
suitable for a concerted rearrangement with suprafacial
overlap, regardiess which of the two protons is split off.
In case of formation of a planar carbanion synchronous

11t must be emphasised that this comparison is only justified
within limitations depending on the nature of the proton transfer
from the a-carbon to the imide nitrogen.

TET Vol 3%, No. 7—F

to the deprotonation the results thus imply an actually
higher kinetic acidity of H-2, in both “‘equatorial™ and
“axial” imides. However, if the geometry is pyramidal,
then an initial trans-position of electron pair and imide
nitrogen necessitates pyramidal inversion prior to rear-
rangement. In analogy to results obtained on sulfox-
ides,'®t a higher acidity might be expected for H-2, in
the “‘equatorial” imides 4 and 8 (gauche to the lone pair
and imide nitrogen on sulfur), but sigmatropic rearrange-
ment with suprafacial overlap could only take place after
inversion of the resulting carbanionic center to the less
stable configuration with axial lone pair, If this inversion
is energetically unfavorable, then the rearrangement may
still proceed via reprotonation, abstraction of H-2, and
irreversible rearrangement, even if H-2, is less acidic
than H-2,. For the rearrangement of sulfimides § and 9
an interpretation of the observations in terms of an
intermediate pyramidal carbanionic center would imply
preferred abstraction of the kinetically more acidic H-2,,
followed by inversion to the carbanion with equatorial
lone pair which allows the formation of a cyclic tran-
sition state. Our results do not allow any conclusions as
to the configuration of the intermediate carbanionic
center,

Another point to be considered is the question if
deprotonation at C-2 is the rate determining step,
similarily to the earlier investigated'’ rearrangements of
S,S-dimethylsulfimides, for which considerable isotope
effects were found. The isotope effects observed for the
1,3-dithiane-1-N-arylimides are quite small: on the
assumption that the effects are identical for both orien-
tations at C-2°° (necessary for the lack of other in-
formation), one obtains an isotope effect of 1.1+0.2 for
the rearrangement of 4, and of 1.8+0.3 for 5. Am-
biguities due to exchange of protons from the ortho-
position of the aromatic ring could be excluded by rear-
rangement experiments with 4-d,, which gave only 4U-
d, and no 4U. An explanation for the negligibly small
isotope effect in case of 4 must be somewhat conjectural:
in this case the actual rearrangement step might be rate
determining, because of the strain the cyclic transition
state must experience when the product with axial aryl
group is formed; the small isotope effect could be due to
the preceding fast equilibration. Rearrangement of §, on
the other hand, is facilitated by the syn-axial interaction
of the nitrogen atom and H-5, in the sulfimide; together
with the high acidity of H-2, this may be the reason for
the ease of the reaction.
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Table 4. 1*C chemical shifts “of 1,3-dithiane-1-N-p-chiorophenylimides

Comps C=2 C-# C=5 C-6  0=1'  C=2'46' C-3',5' C=4' Others
1 48.9, 28,1, 28.75 49.3;, 153.15  119.1, 12875 121.7, —

1-2 B 28.05 28.75 59.2, 153.1, 119.95 128.7, 121.7, -

198 48,25 28,05 9.4y 88,25  153.8;  118.8; 129.0g 120.6 —--

2 61.55 30.0, 30,0, 50.65 155.8; 118,25 128.9, 117.35 CHy 16.2,

) 88,8, 38.4g 45.9; S8, 4.4, 119.2, 128.7, 1216, CHy(#) 20,2, CHy(6) 174
s 47.55 38.1, 3275 51424 2 a20.85 128.5, 2 CHy(8) 21.2, CHy(6) 18.1
€2 4835 35.1, 36.9g 5645  158.4  119.5, 129.0; 121.4  CH, 22.29

7E  48.45 34.9; 30.1; 5a.a8 15447, 119.6g 129.0p 121.3, CHyz 191,

vo 2L a9,y 3u.ay 329, 558 153.99 118,55 128.95 120.5, OHy 17.5,

70 &2 82,7, 38.0, 2139 47.45 153,99 119.1; 128.95 120.5; CHy 22.5

8 48.6, 29.7, 512, 51.8; 153.05 119.09 128.8; 121.9, CH; 27.05 C(CHz)z 38.5
82 48,3 29.5; 50.9; S5%.8p 153.0, 118.9, 128.7; 121.45 OHy 26,9, C(CHg)y 34.35
98 83,9, 28,7, 54.95 44.75 153475 119.89 128.5, 121.2, CH, 26.9, g(cn,), 55.43

“In ppm from Me,Si. Solvent CDCl,, at + 29°C, unless indicated. *Not seen. “ Solvent 80% CH,Cl, + 20% acetone-de. 4 At —95°C. *Mixture
of configurational isomers. For composition see Table 1. /At —80°C. #Overlaid by signal of CH,Cl,.

Configurational analysis

3C NMR spectra. Analysis of ">C shift data has turned
out to be the method of choice for the determination of
cyclic sulfoxides (see Ref. 4f and the lit cited) and
sulfimides.'® Comparison of the shifts of correspond-
ing C atoms of S-X substituted compounds and of the
parent sulfides, especially of the a-carbons (less
deshielded for the isomer with axial S-X; B <8.) and
B-carbons (more shielded for S-X axial; 7, > 7,) allowed
upambiguous structural assignment even if only one
isomer was available. A comparison between the sul-
foxides and N-arylimides in the thiane series showed a
generally slightly smaller deshielding influence of the
N-arylimide group on the a-carbons as compared to the
oxygen. The shift differences between a-carbons of
configurational isomers (8, — 8.) and the chemical shifts
of the B-carbon atoms were very similar to the cor-
responding sulfoxides.'*®

The extensive tabulation of shift data of 1,3-dithianes’
allows a similar investigation of 1,3-dithiane-1-imides.

The ®C NMR spectra of a number of 1,3-dithiane-1-
oxides have recently been reported.¢

3C Chemical shifts of the 1,3-dithiane-1-N-arylimides
are collected in Table 4, and the shift differences to the
parent dithianes in Table 5. Assignment of the signals to
the various carbon atoms was based partly on the signal
multiplicities in the off-resonance decoupled spectra.
More important was a comparison with calculated shift
values, starting with the spectra of the 1,3-dithianes®
and using as a first approximation parameters derived in
the thiane- and 1-thiadecalin-1-imide series.'® For com-
pound 1, in which C-4 and C-§, and C-2 and C-6 have
very similar chemical shifts, assignment was accom-
plished by comparison with the spectrum of the 2,2-
dideuterio analog (1-d,), where the signal due to C-2 was
no longer observed (split into a quintet and loss of NOE)
and C-4 and C-6 were shifted slightly upfield.

Carbon atoms adjacent to an equatorially N-aryl sub-
stituted sulfur atom are deshielded, C-2 by ~17 ppm and
C-6 by 19-20 ppm, if the sulfimide group is not otherwise

Table 5. Effects “of imide substitution *on the "*C chemical shifts of 1,3-dithianes

" Compe c-2 -4 c-5 c-6 Others
1 $17.0, =175 +2.1g +19.4g p—
e s #19:8; 0.8y 4455 +19.7, CE ~4.84
I #15.0g  =0.75 +1.3g +19.25 CHy(8) =1.6g CHy(6) —4.8
3 8.2, N1 =118, 12,0, CHy() 0.6, CHy(6) -3.75
64 4168 17  +4.8  +19.6  CHy +0.1 £
7o 412 417,19 1.8 8.2 +18.8  CHy +1.3 2
7a $2 411,2  -2.8 -10.8 +10.6  CHy +0.4 b4
8 #"7039 -“-51 *3097 '020.80 CB; 4'0-02 C(CH;); 4‘0.56
) 42,6, 2.3, 12.3; +13.75 CHy 0.1, C(CHp); 0.5,

*Souimide — Ssuttier i ppm. A plus-sign indicates that the signal in the

at lower field. T

sulfimide appears ‘emperature
+29°C, sotvent CDCl;, unless indicated. Data for 1,3-dithianes from Ref. 3e.'l-N-p-chlompbenyhm1des Spectmmof
2-methyl-1,3-dithiane recorded at room temperature; the compound exists to 96% in the CHj-equ. confomanon.
“Suifiide in CH,Cl, + acetone-d;; sulfide data calculated from shift parameters® for conformations with
axial methyl group. *Sulfimide at —80°C. / Methy! shifts of sulfides taken from spectra of trans-or cis-2-tert.- butyI-S-

methyl-13-dithianes.>
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sterically constrained. These values are quite similar to
the results obtained with thiane-1-N-arylimides. The
influence on C-2 is smaller than on C-6, analogous to but
Jess pronounced than in 13-dithiane-1-oxides.¥ The
gauche 6-Me group in 4 causes an additional steric effect
(B.7.), which reduces the overall shift effect on C-2 to
+15ppm.

The shift effects observed at the only anancomeric 1,3~
dithiane-1-N-arylimide with axial S-N bond isolated in
pure form, §, are misleading because of the effect of the
gauche 6-Me group (B.7.; increase of the shift effect on
C-2 to overall +14.2 ppm). Compound 7, trans-5-methyl-
1,3-dithiane-1-N-p-chlorophenylimide, is conformation-
ally heterogeneous, but the two conformations 7e (equa-
torial S-N) and 7a (axial S-N) can be observed upon
freezing the ring inversion at —80°.'® The shifts of 9
could be obtained from its mixture with 8. The deshield-
ing influence on C-2 and C-6 in 7a and 9 is considerably
smaller than in the equatorial sulfimides (C-2: +11.5 to
+12.7 ppm; C-6: +10.9 to +13.7 ppm), again in agreement
with observations in the thianc-imide series.

The most significant shift differences between
configurational isomers are observed at C-§ (y-effects).
An equatorial S-N bond causes a downfield shift of +3
to +5ppm (le, 6, 8); additional steric constraint in 4
(B.7.) causes a reduction (+1.4ppm). The exceptional
situation in e is discussed below. Axial imide groups are
strongly shielding (5: ~11.8, 7a: 11, 9: -12.3 ppm). We
note that the effect caused by the axial S-N is analogous
to the results in the thiane series, whereas in equatorial
thiane imides the N-arylimide group acts slightly shield-
ing, in contrast to the equatorial dithiane-1-imides. As a
consequence the shift difference (5,—8,) between the
corresponding carbon atoms in configurationally isomeric
1,3-dithiane-imides is much larger (>13 ppm) than in the
thisne- and 1-thiadecalin-1-imides (5-8ppm).'™ The
behaviour of the dithiane-1-imides is very similar to the
corresponding oxides.¥

Recently an exceptionally large deshielding for C-3 in
3,3-dimethylthiane-1-N-p-tosylimide and for C-§ in 5,5-
dimethyl - 1,3 - dithiane - 1 - N - p - togylimide (both S-N-
equatorially substituted) has been reported.” The authors
explained this by an electronic 1,3-interaction: a hyper-
conjugative interaction of the C(2)-C(3)-bond with the
formally positively charged sulfur atom of the sulfimide
group leading to palpable contributions of canonical
forms with a tertiary carbonium ion at C-3 or C-§,
respectively. We see a similarily large deshielding for C-§
in 7e, but not in 6.t The effect can thus be observed also
on tertiary C atoms (Ref. 7b compared only quarternary
and secondary carbons), but only if the Me substituent is
in an axial position. We also observe a considerable
influence on the chemical shift of the axial Me group
upon introduction of the imide functionality (in 7e:
+1.3ppm), but not on the equatorial Me in either €
(equatorial S-N) or 7a (axial S-N). It scems interesting
that similar, if smaller, shift effects are observed upon
N-methylation of frans-decahydroquinolines™ for
analogously oriented C atoms, axially, but not equatori-
ally Me substituted. The sum of these observations in-
dicates that the theory presented by DeMember f al.”*
is not sufficient as an explanation.

The shift effects on C-4 (5-effects) are slightly shield-
ing, independent of the orientation of the sulfimide bond.

1Similar observations apply for sulfimides 11, 16 and 19a in
Ref. 10, and for thisnium salts with axial 8-Me groups.®
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Finally, the chemical shifts of the aromatic carbons are
nearly unaffected by the axial or equatorial orientation of
the S-N bond (except &)ssibly C-1'), once more similar
to the thiane-1-imides.'™ A noticeable exception in this
respect is compound 2, where the 2-Me group causes
palpable shift effects on C-1' and C4',

The configurational assignments of the rearranged
products 4U-9U were based mainly on 'H NMR
spectroscopic investigations (see below); C NMR
spectra were recorded for 1U, 4U, 5U, 6U and 7U (Table
7). Apart from additional shielding caused by the 2-
amino group, the chemical shifts are very similar to 2-
phenyl-1,3-dithianes reported by Eliel & al* Sub-
stitution by an axial pheny! ring leads to a much smaller
deshielding of C-2 (in 4U +9.53 ppm; compared to 5U
+16.13 ppm) and to a considerable shielding of C-4, 6
(aryl axial —3.6 ppm; aryl equatorial +1.3 to +2.2 ppm).
The configuration and preferred conformation of 6U and
TU can also be established by comparison of the shift
values of the 5-Me groups (6U: 16.2 ppm; 7U: 22.35 ppm)
with the Me signals of the 2-t-butyl-5-methyl-1, 3-dithi-
anes™ {cis: 16.37ppm; trans: 2.20ppm). Isomer TU
exists exclusively, isomer €U largely in the conformation
with equatorial 2-aryl ring, the conformational free energy
of the 2-aryl group being much larger than the AG® of the
5-Me group.

'H NMR spectra. A number of criteria have been
established to differentiate between configurational
isomers of thiane-t-oxides and thiane-1-N-arylsulfonyl-
imides, and these criteria have been shown* to apply also
to I,3-dithiane-1-oxides. Briefly, a-protons of isomers or
conformers with equatorial S-X-bond show (a) larger
geminal shift difference, (b) smaller geminal coupling and
(c) the center of the AB-quartet at lower field. The
validity of these criteria could be demonstrated for thi-
ane- and 1-thiadecalin-1-N-arylimides,'® although sub-
stituent effects, additional coupling and overlap of sig-
nals create problems, and unambiguous interpretation of
the 100 MHz-spectra is occasionally difficult. In the 1,3-
dithiane series the signals due to the protons at C-2 are
well separated, which facilitates the determination of the
configuration and conformation of the compounds. The
'"H NMR data of the dithiane-imides are collected in
Table 6.

The observation of a long range (J*) coupling with
H4,, 6, (<2.5 Hz) allows easy identification of the sig-
nals due to H-2, in the AB-quartet at 3.93-3.98 ppm in
equatorial sulfimides. The signals due to H-2,, uncoupled
except to H-2,, appear at 3.37-3.60 ppm. The chemical
shift difference (A8 = 8H-2, — 6H-2,) is 0.36 to 0.59 ppm;
Joom i8 ~12.5 Hz. The comparison with axially S-N sub-
stituted compounds is problematic, since 7 is confor-
mationally heterogeneous and 8 (as 4) shows an atypical
behaviour because of the methyl group gauche to the
imide nitrogen. 9 could not be isolated in pure form, but
the signals for H-2, and H-2, can be seen in the mixture
with 8, and assigned by comparison with the deuterated
isomer 9-d,. The axial sulfimide group causes a reversal
of the chemical shifts; H-2, appears at 3.84ppm and
H-2, at 3.59ppm. The chemical shift difference thus
becomes negative (A8 = - 0.25 ppm); the geminal coup-
ling constant is 13.6 ppm, larger than in the S-N equa-
torial compounds. The first two of the criteria mentioned
above thus seem to be valid; the position of the center of
the AB-system apparently is insignificant. The gauche
Me group in 4 causes a slight upfield shift for H-2,, and a
considerable downfield shift for H-2,; AS becomes
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therefore very small. The spectrum of 5-d, proves that
H-2, in § (as in 9) appears at lower field than H-2,; Ad is
again negative and the criterion of the geminal shift
difference holds for this pair of configurational isomers.

The 'H NMR data of the rearranged products are
collected in Table 7. The configurational assignments
were mainly based on the following two criteria:

(1) Axial hydrogens at C-2 of a 2-substituted 13-
dithiane normally appear at lower field than the equa-
torial hydrogens in the isomeric compounds.* In case of
the 2-aryl-1,3-dithianes the signals of H-2, in 4U and 8U
appeared at 4,94 ppm, and the signals of H-2, in 1U, 5U,
6U, TU and 9U at 5.07-5.18 ppm. The isomeric 2{2-
amino-5'<| hloropbenyl)-&methyl-l}-dnhmnes 6U and
TU show identical chemical shifts for H-2 (5.07 ppm), but
very different values for the Me groups (6U: 1.33ppm;
7U: 094ppm). Both compounds exist in the confor-
mation with equatorial 2-pheny! substituent (see above
for the *C-spectra). Since the influence of substituents
on both the dithiane- and the aryl ring®* may have a
noticeable influence on the chemical shift of H-2, the
shift-difference-of-H-2 criterion is only unambiguous if
both configurational isomers are available for com-
parison.

(2) The signal of H-' in the 2-aminoaryl substituent
appears at lower field in 2-aryl axially substituted
isomers (4U: 7.54; 8U: 7.75 ppm) than in the equatorially
substituted compounds (1U, 5U-7U, 9U: 7.21-7.32 ppm),
similar to rearrangement products derived from thiane-
and 1-thiadecalin-1-N-arylimides.'

EXPERIMENTAL

Tic was performed os aluminum foil plates covered with
silicagel (SIF, Riedel<de Haen) or plastic sheets covered with
aluminum oxide (Merck, 60F 254 neutral, type E). Glass columns
(40-60 cm length, 2.5 to 4cm o.d.) with aluminum oxide (90;
70-230 mesh ASTM, Merck) for mixtures of rearrangements
were used for column chromatography; the solvent CHCl; was
distilled from P,Os before use. Melting points were determined
on a Kofler micro-hot stage. Elemental analyses were carried out
by Dr. J. Zak, Institute of Physical Chemistry, University of
Vienna.

60 MHz Proton NMR spectra werc recorded on a Varian EM
360 spectrometer with 'H internal lock facility. 100 MHz Proton
NMR spectra were measured on a Varian XL-100 NMR spec-
trometer, in the C.W. mode in S mm o.d. tubes. C spectra were
recorded in the pulsed mode at 25,16 MHz, in 12 mm o.d. tubes.
Solvent was CDCl; (or, in a few instances, CH,Cl, with 20%
CDyCOCD:, added as lock substance), with 2-5% Me,Si added as
internal reference. Mass spectra were recorded on a Varian MAT
CH7 spectrometer (fonisation: 70 eV).

Starting materials. 13-Dithiane was obtained commercially
and was used without purification. 2-Methyl-1,3-dithiane, cis-4,6-
dimethyl-1,3-dithiane and S-t-butyl-1,3-dithiane were prepared as
described in the literature.>*<* 5.Methyl-1,3-dithiane was pre-
pared by known procecures:*<#2 diethyl methyl malonate was
reduced to 2-methyl-propane-1,3-diol, the ditosylate was reacted
with Na,S9H,0 and sulfur to give 4-methyl-12-dithiolane,
which was cleaved reductively with LAH to give 2-methyl
propane-1,3-dithiol. Cyclisation with dimethoxy-methane and
BF;.(C,Hs),0 gave S-methyl-1,3-dithiane,

4-Chloroaniline was distilled at reduced pressure prior to use.
N-Chlorosuccinimide®™ and t-butythypochlorite” were prepared
according to the literature. CHCl; and CH,Cl, were distilled from
P;0; prior to use,

r-2-Deuterio-cis-4-cis-6-dimethyl-1,3-dithiane ~ and 2,2-
dideuterio-cis-4,6~dimethyl-1,3-dithiane were prepared as
viously reported.* r-2-Deuteno-tmns-4-trau-6-dmethyl—l,3—
dithiane was synthesised by a slightly modified procedure.’*

J. Baler ¢ al.

2.2g 2.2-dideuterio-cis-4,6-dimethyl-1,3-dithiane were dissolved
in 10 m! anhyd. THF and 20 ml TMEDA and the soln was cooled
to ~30°. BuLi soln (9 ml; 15% in hexane) was slowly added and
the mixture was stirred at +5° for 2.5 hr, cooled once more to
~30* and hydrolysed by gradually adding Smi 6 N HCL The
mixture was brought to room temp., diluted with water and
extracted with petroleum ether. The organic layer was washed
with dil. HC! and with NACI aqu. and dried over Na,SO,. The
solvent was distilled off and the residue was distilled in a Kugel-
rohr distillation unit. The product was pure by gas chromato-
graphy. Degree of deuteration; 98% d, by mass spectrum.

r-2-Devterio-trans-S-t-butyl-1,3-dithiane was prepared analo-
gously to r-2-deuterio-cis-4-cis-6-dimethyl-1,3-dithiane;> only
91% deuteration could be attained by one sequence of lithiation
and quenching with D,0-DClL 2.2-Dideuterio-1,3-dithiane and
S-t-butyl-2,2-dideuterio-1,3-dithiane were prepared via lithiation
and exchange with DMSO-d;,analogously to 2,2-dideuterio-cis-
4,6-dimethyl-13-dithisne.> A selective back-exchange of the
equatorial deuterium at C-2 in the latter by the procedure repor-
ted above for the 4,6-dimethyl compound proved unsuccessful;
more vigorous reaction conditions led to an unselective repro-
tonation.

1,3-Dithiane-1-N-arylimides

General procedure. Equimolar amounts (generally 10 mMol)
1,3-dithiane and aniline were dissolved in anhyd, CH,Cl, (50 ml)
and cooled to —60°. To the stirred soln an equimolar amount of
t-butyl-hypochiorite or N-chlorosuccinimide (dissolved in anhyd.
CH,CL) was slowly added; moisture was excluded by tubes filled
with CaCl,. After addition was complete (30 min) the mixture
was stirred at —60° for 1 hr and then kept at —20° for {0-15hr.
After extraction with 5% NaOHaqu. (50 mJ) the organic layer was
dried over Na,SO,, the solvent was distilled off at reduced
pressure at low temp., the residue was dissolved in the little anhyd.
ether and crystallised at —20°, if necessary after addition of small
amounts of n-hexane. Yields of the various sulfimides prepared
are collected in Table 1.

Separation of isomeric 13-dithiane-1-imides. Separation of
isomers 4 and 5, and of 6 and 7 was achieved by recrystallisation
from anhyd. ether, the imides with equatorial S-N-bond (4, 6)
being less soluble, In case of the separation of 4 and 8, anhyd.,
peroxide-free solvent had to be used and the temps above 0°
were avoided as much as possible. Progress of separation was
followed by recording the '"H NMR spectrum of each fraction.
The equatorial isomers 4, 6 and 8 could be obtained in pure form
by column chromatography of the mixture of products on AL O;
with CHCly; the axial isomers were rearranged during this pro-
cedure.

Rearrangement of 1,3-dithiane-1-N-arylimides

Method A (rearrangement of 1, 4, 6 and 8). A soln of the
sulfimide in anhyd. benzene-tricthylamine (1:1; 25-50ml perg
sulfimide) was heated to 75-80° (bath temp.) for 10-15hr; the
condenser was protected with a tube filled with CaCl,. The
solvent was distilled off at reduced pressure, and the residual
mixture of products was separated by column chromatography
(si:ii:anel, CHCL,). The rearranged products were recrystallised if
solid.

Method B (rearrangement of 5 and 7). A soln of the sulfimide
in peroxide-free, moist ether (25 ml per g sulfimide) was heated to
reflux for 30 min. Isolation and purification of the products as
described for Method A. Yields of the rearranged products are
reported in Table 2.

Acknowledgements—The authors thaok Prof. K. Kratzd, Uni-
versitit Wien, for his kind support. They are also grateful to the
Fonds zur Fdrderung der Wissenschaftlichen Forschung (Projekt
Nr. 2998) and to the Hochschuljubiliumsstiftung der Stadt Wien
for financial support, and to the Jubiliumsfonds der Oster-

reichischen Natiopalbank for a grant towards the cost of a
60 MHz NMR spectrometer, They finally thank Drs. E. Haslinger
and W, Silhan for recording the spectra on a Varian XL-100
purchased by means supported by the Fonds zur Forderung der
Wissenschafttichen Forschung.



Configurationally and conformationally homogeneous cyclic n-aryl sulfimides—IV

REFERENCES
'Preeedincpnpermthum P. K. Claus, W. Rieder, F. W.
¥ Tetrahedron 35, 1373 (1999).
and D. Seebnch.Am Ckm??,ll).%,ms

Syuzhesu 1, 17(1969), -

“‘B.L.EielnndR.O Hutc| hms J. Am. Chem. Soc. 91, 7103
(1969), *E. L. Eliel and A, A. Hartmann, Ibid. 93, 2572 (1971);
<R. L. Eliel, A. A. Hartmann and A. G, Abatjogiou, Ibid, %,
1807 (1974); “E. L. Elicl, Tetrakedron 38, 1503 (1974); “E. L. Eliel,
V.S.Rao and F. G. Ridell, . Am. Chem. Soc. 98,3583 (1976); /A,
G. Abatjogiou, E. L. Eliel and L. F. Kuyper, Ibid. 99, 8262 (1977).

“8. A. Khan, J. B. Lambert, O. Hernandez and F. A. Carey,
Ibid. 97, 1468 (1975); *F. A. Carey, O. D. Dailey, Ir, O.
Hernandez and J. R, Tucker, J. Org. Chem. 41, 3975 (1976); °F.
A. Carcy, P. M. Smith, R. J. Maber and R. F. Bryan, Ibid. 42,
961 (1977); “R. F. Bryan, F. A. Carey, O. Hernandez and 1. F.
Taylor, Jr., Ibid. 43, 85 (1978); *R. F. Bryan, F. A. Carey, 0. D.
Dailey, Jr., R. J. Maher and R. W. Miller, Ibid. 43, 90 (1978); /F.
A‘”(éatey, 0. D. Dailey, Jr. and W. C. Hutton, Ibid. 43, 96
{1978).

3M. 1. Cook and A. P. Tonge, Tetrakedron Letters 349 (1973);
*M. J. Cook and A. P. Tonge, J. Chem. Soc. Perkin 11, 767
(1974); °K. Bergesen, B. M. Carden and M. J. Cook, Ibid.
Perkin I, 34S (1976).

K. Pihlaja, D. M. Jordan, A. Nikkila and H. Nikander, Adv.
Mol. Relaxation Proc. 8, 227 (1973); *K. Pitlaja, J. Chem. Soc.
Perkin 11, 890 (1974); °K. Pihlaja and B, Bjdrkquist, Org. Magn.
Res. 9, 533 (197N,

7R, B. Greenwald, D. H. Evans and J. R, DeMember, Tetra-
hedron Letters 3885 (1975); *1. R. DeMember, R. B. Greenwald
and D. H. Evans, J. Org. Chem. 42, 3518 (1977).
8A. T. McPhail, K. D, Onan and J. Koskimics, J. Chem. Soc.
Perkin I, 1004 (1976).

%I, Van Acker and M. Anteunis, Tetrahedron Lesters 225
{1974); *Bull. Soc. Chem. Belg. 86, 299 (1977).

5
g
§

91l

%P, Claus and W. Vycudilik, Tetrakedron Letters 3607 (1968);
*P. K. Claus, W. Rieder and F. W. Vierhapper, Mh. Chem. 109,
609, 631 (1978), and earlier refs cited.

YE. Hunt and B, Lythgoe, Chem. Comm. 757 (1972).

12p. K. Claus, Abstr. VI Intern. Symp. Ovg. Sulphur Chem.,
Bangor, D 26 (1974); P. Hofbauer, Doctoral Thesis, University
of Vienna (1975).

"ﬁg%ﬁmnmdﬁ.&m.l.mmn.h.",m

).

4p, K, Claus, W. Rieder and F, W, Vierhapper, Tefrakedron
Letters 1335 (1976).

¥p, K. Claus, W. Rieder, P. Hofbauer and E. Vilsmaier, Tetru-
hedron 31, 505 (1975).

ep, K. Claus, F. W. Vierhapper and R. L. Willer, J. Org. Chem.
44, 2863 (1979).

P, K. Claus and W, Rieder, Mh. Chem. 183, 1163 (1972).

Sees Ref. 3 of Ref. 3f.

¥ A, R Katritzky, M. D. Brown, M. J, Cook and B. J. Hutchin-
son, J. Am. Chem. Soc. 91, 3839 (1969); *K. Nishihata and M.
Nishio, Chem. Comm. 938 (1971); J. Chem. Soc. Petkin 11, 1730
(1972); °M. Nishio, Tetrahedron Letters 4839 (1972).

D, J. Cram, Fundamentals of Carbanion Chemistry, Chap. II.
Academic Press (1975); W. 1. le Noble, Highlights of Organic
Chemistry, Chap. 22. Marcel Dekker, New York (1974).

BR, Lett and G. Chassaing, Tetrahedron 34, 2705 (1978).

2R, L. Willer and E. L. Ehiel, Org. Magn. Res. 9, 285 (1977).

BE, L. Elie! and F., W. Vierhapper, J. Org. Chem. 41, 199 (1976).

¥p, K. Clas, unpublished results

B, L. Eliel, V. S. Rao, S.SmxlhandR.O Hutchins, J. Org.
CML“.SZ‘(IWS)

g, L. Kirst and A. K. Macbeth, J. Chem. Soc. 121, 2174 (1922).

H. M. Teeter and E. W. Bell, Org. Synth. Coll. Vol. IV, 125
(1963).

#We are grateful to Dr. A. G. Abatjogiou for helpful suggestions.



