
of acetic anhydride added. The reaction mixture was refluxed for 2 h and 30 min, cooled, 
and poured into water. The precipitated material was filtered off, and washed with alcohol. 

2-Acylamino-4,6-dibromo-7-hydroxy-3-ethoxycarbonyibenzo[b]thiophenes (XIX, XX). To a 
refluxing suspension of 0.028 mole of compounds IX or X and a catalytic amount of benzoyi per- 
oxide in 250 ml of chloroform was slowly added a solution of 1.7 ml (0.033 mole) of bromine 
in 25 ml of chloroform, and the reaction mixture refluxed for 3 h and then allowed to stand at 
20~ for 18 h. After washing with water, the chloroform was removed, alcohol added to the res- 
idue and the precipitated material filtered off. 

2-Acylamino-4,6-dinitro-7-hydroxy-3-ethoxycarbonylbenzo[b]thiophenes (XXI-XXI!I): To a 
suspens'ion of 0.0J mole Of compounds IX-XI in 90 mi of acetic acid was added 7 mi of nitric 
acid (d = 1.42 g/ml). The reaction mixture was refluxed for 5 min, cooled, and the precipi- 
tated material filtered off and washed with alcohol. 
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SULFINYL AND SULFONYL DERIVATIVES OF ARYL SUBSTITUTED 
l 

cis-I-THIADECALINS 

S. K. Klimenko, N. N. Sorokin, 
T. I. Tyrina, and T. V. Stolbova 

UDC 547.818:542.422.25 

Individual 2a-aryl- and 2a,4a-diaryl-cis-thiadecalin-iB-oxides and l,l-dioxides 
have been synthesized. The effect of sulfinyl and sulfonyl groups has been ob- 
served on the chemical shifts of carbon atoms in these conformationallu homo- 
geneous, stereochemically similar systems. 

In a continuation of studies of cis-l-thiadecalins l-Vll [i, 2] a number of new and pre- 
viously known 2a-aryl- and 2~,4a-diaryl-cis-l-thiadecalin l-oxides VIiI-XIV and l,l-dioxides 
XV-XXI were synthesized. Their ~3C NMR spectra were studied in order to reveal the effect of 
sulfinyl and sulfonyl groups on the unusual conformationally homogeneous derivatives of cis- 

l-thiadecalin. 

Only the ~SC ND~ spectra of the diastereomeric cis-l-thiadecaiin-l-oxides [3], and cis- 
l-thiadecalin-i-N-4-chlorophenylimide and its homologs [4] have been described previously. 
At the same time, derivatives of trans-l-thiadecalin and its homologs, viz., sulfoxides [5], 
sulfones [5], and sulfimides [4], have been studied relatively fully. 

The oxidant was 30% hydrogen peroxide. Individual thiadeca!ins I-VII [2] were oxidized 
in glacial acetic acid. Sulfoxides VIII-XIV were synthesized by oxidation with an equimoiar 
amount of oxidant at 20~; sulfones XV-XXI, with a fivefold excess of oxidant at 20-50~ 
Yields were 53-73 and 70-93%, respectively (Table i). 

In the oxidation of cyclic sulfides we can expect the formation of dias=ereomeric sulfox- 
ides with equatorially or axially disposed S--O groups. If the equatorial S--O in sulfoxides 
VIiI-XIV is located in the gauche position with respect to two C--H bonds and two C--C bonds, 
then the axial S--O in diastereomers VIIIa-XIVa should be in gauche position to the four C--C 
bonds, and moreover should he substantially destablized due to the 1,3-interactions in the 

heterocycle. 

N. G. Chernyshevskii Saratov State University, Saratov 410600 Translated from Khimiyl 
Geterotsiklicheskikh Soedinenii, No. 4, pp. 463-467, April, 1987. Original article received 
July 15, 1985; revision submitted January 15, 1986. 
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TABLE i. 2~-R:-4~-Ra-cis-l-Thiadecalin-i - oxides and l,l-Dioxides 

IX 
XlI 

XIII 
XVI 
XX 

[R spectrum, 
rap, *C cm'l Is -o)  

116--117 1015 
163--164 1020 
128--130 1055 
163--164 1305, 1130 
184--186 1300, 1135 

Found, % 

�9 C H S 

68,9] 8,2 11,3 
74,5 7,5 9,0 
71,6, I 72 8,2 
65,0 [ 7,4 10,4 
68,9 ] 6.9 7,9 

Empirical 
formula 

C,6H2~0~S 
C~eI-l~sO~S 
C2sHo.80~S 
CI~H.~O~S 
C~H~.~O4S 

Calculated,  % 

C H S 

| 

69,1 8,0 11,5 [ 53 
74,5 7,4 c~0 J 54 

65,3 7,5 10,9 70 
69,0 7,0 8,0 92 

R' 

A c O H  

VIII-XIV 

I, VIII, XV Rt=CsH~, R2=H: ti, IX, XVI R'=C~H4OCH3-4, R2=H; III, X, XVII 
RI=Ru=CsHs; IV, XI, XVIII RI=C6Hs, R2=C6H4OCH~-4; V, XII, XIX RI=C6H4OCH3-4, 
R~=C6Hs; VI, XIII, XX Rl = R2= C~H4OCH3-4; VII, XI,V, XXI R'=C6H~, 

R ~ = C~H3 (OCH3) 2"3,4 

Consequently the isomers with the equatorial S--O group are predominantly formed, which 
are separated as individual:compounds. Their diastereomers with axial suifinyl group are evi- 
dently present in insignificant amounts in the crude products, and are detected only by TLC of 
the filtrates. Thus in contrast to the thiane-l-oxides, for which the predominantly axially 
disposed S--O is characteristic [4], we obtained sulfoxides V!I!-XIV with equatoriai S--O. 

In the sulfinyl derivatives VIII-XIV the S--O valence vibrations appear at i055-i0i5 cm -:, 
while in the sulfonyl derivatives the S-O asymmetric and symmetric valence vibrations appear 
at 1305-1290 and i135-i120 cm -:. 

Structural'assignments for sulfoxide X were made previously on the basis of a concurrent 
study of the :H ~ spectra of the sulfoxide, the starting sulfide, and the 3,10-dideutero de- 
rivative of the latter [8]. The spectra of 2~-aryl- and 2a,4a-diaryl-cis-l-thiadecalins i, 
Ill-V, VII which exist in the A conformation were considered in [i]. The signals in the spec- 
tra of l-thiadecalins II, VI, sulfoxides VII!-XiV, and sulfones XV-XXI were assigned on the 
basis of off-resonance data and comparison of experimental and theoretical spectra. To calcu- 
late the theoretical spectra we used the :3C NKR spectra of cis-i-thiadecalin 1-oxides from 
[3] and the increments of equatorial and axial phenyl groups [2]. Table 2 shows the ~3C N~ 
spectra of sulfoxides VIII-XIV and suifones XV-XXI and for comparison sulfides I-VII. Table 3 
shows the effects of suifinyl and sulfonyl groups on the ~3C chemical shifts in'suifoxides 
VII!-XIV and suifones XV-XXI. 

Oxidation of sulfides to sulfoxides causes a strong deshielding of the carbons adjacent 
to sulfinyl, due to the charge change on sulfur and to the q-effect of sulfinyl oxygen [9, i0], 
so that the carbon at position 9 resonates in a stronger field than does C(z). Such a differ- 
ence is determined by the inductive effect of the aryl substituent at C(=) which displays elec- 
tron acceptor properties. Thus for the whole series of sulfoxides VIII-XIV there is a notice- 
able shielding of quaternary carbons and deshielding of ortho and para carbons of the aromatic 
ring (Table 2). 

For the cis-l-thiadecalin derivatives in conformation A, in the sequence S-methylsuif0niuc 
salt [ii], l-N-4-chlorophenylimide [4, 12], and 1-oxide [3], the largest deshielding of adja- 
cent carbons atoms is produced by the most strongly polar sulfinyi group. Further deshielding 
of ~-carbons might be expected in going from sulfoxides VIII-XIV to sulfones XV-XXI, primarily 
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because of the increased positive charge on sulfonyl sulfur. But instead of the expected de- 
shielding in XV-XXI, there is a shielding of B-atoms at C(=) averaging -1.4 ppm and at C(9) 
averaging --5.7 ppm as compared with the stereochemically similar sulfoxides VIIi-XIV; this is 
related to the introduction of the axial S-O bond into the molecule (Tables 2 and 3). 

The y-atoms at C(3), C(a), and C(xo) respond differently to the introduction of ~he equa- 
torial sulfinyl group in going from sulfides I-VII to the respective suifoxides VIII-XIV. 
C(8), which is in gauche position both to sulfinyl oxygen and to the free electron pair of 
sulfur, undergoes shielding from --5.27 to -6.92 ppm (Tables 2 and 3). C(~) and C(:o), which 
are in y-anti position with respect to sulfinyl oxygen and in y-gauche position with respect 
to the free electron pair of sulfur, behave differently; C(~) is shielded from --2.03 to --2.82 
~?m, while C(:o) is deshielded from.3.15 to 3.71 ppm. 

H H H H 

% o o..>.-f.<%,, ~,.., -..(p o y - j  z %  
I ) " ~; 

%~ @ "> ( ' : ;  % %~ ii % '  " '  " " %  
0 0 

C(~,)-S C(2)-S 
C(9 ) - S Ctz ) -S 

This picture is in good agreement with the data on cis-l-thiadecalin-18-oxide [3], and 
with those on N-(4-chlorophenyl)-cis-l-thiadecalin-iB-imide and its homologs with a methyl 
group in various locations (in the A conformation) [4]. 

In these sulfones the y-effect of sulfonyl on C(3) is practically the same as that of the 
SO group, viz., from --2.18 to --3.83 ppm, while at C(:o) the deshieiding effect is less than 
41 ppm (Tables 2 and 3). C(8) in sulfones is shielded on average 2.5 ppm more than in sulfox- 
ides. The quaternary atoms of the aromatic substituents at C(2) also undergo strong shielding, 
from --11.79 to --12.74 ppm. Thus in general when a suifonyl group replaces sulfinyl in aryl- 
substituted cis-l-thiadecalins I-VII in the A conformation, there is a strong field shift of 
the signals of both ~- and y-carbons [except for y-C(3)], due to the appearance of the second 
axial S--O bond. But as shown in [5] this effect cannot be entirely ascribed ~o the strong eiec 
trical field of sulfonyl oxygen. The reason is that the change of sulfur valence state in the 
sulfoxide-sulfone transition is also involved with changes of bond length and valence angles, 
and therefore with a change in stereoe!ectronic interactions in the molecule. 

EXPERIMENTAL 

IR spectra were obtained in mineral oil with a UR-20 spectrometer. ~3C NMR spectra were 
obtained'with a Varian FT-80A instrument (20 >~z) at 30 ~ Fne spectra were parametrized with 
respect to the signal of the secondary standard, for which the signal of CDCI3 solvent was 
used. 

Starting sulfides I-VII were obtained by hydrogenation of the respective cyclohexa[b]thio- 
pyranes or cyc!ohexa[b]thiopyrilium tetrafluoroborates as described in [2]. ~e known suifox- 
ides VIII, X, XI, XIV and sulfones XV, XVII-XIX, XXI were obtained by the procedures of [2, 6, 
7, 1 2 ] .  

TABLE 3. Effects* of Sulfinyl and Sulfonyl Groups on ~C Chemical Shifts in Sulfox- 
ides and Sulfones 2a-R ~ and 2a-R~-4a-Ra-cis-l-Thiadecalins I-VII 

C o m -  
p o u n d  

I 
II 

Ill  
IV 
V 

Vl 
Vll 

C~2) 

~so 

20,95 
20,79 
20,08 
20,20 
21,05 
20,79 
20,23 

18,76 
18,77 
18,54 
I8,67 
19,41 
19,25 
18,69 

C~9) 

~so 

20,70 
20,45 
19,60 
19,67 
19,59 
20,12 
19,72 

Cr3) 

BS02 ?SO 7S0~ 

14,92 -2,03 --2,t8 
14,73 --2,281 --2,27 
14,07 --2,78[ -2.66 
14.17 -2491 --2,49 
13,80 --21'~2[ --2,77 
14,37 --2,32 -2,29 
14,22 --2,58 -2,48 

C~B) 

"~SO TS02 

--5,281 -8,57 
-5,35] -8,62 
-5,991 --8,1] 
--6,92 [ -8,04 
-5,89[ -820 
- 5,271 --7,67 
--5,95 1 --8'48 

C110) 

?SO ?SO_, 

3,15 2,28 
3,63 2,77 
2,59 1.65 
2166 1.72 
2,71 1.55 
3.16 2,10 
3,71 1,87 

a' (quat) 

YSO I ?SO~ 

--5,22 --11,79 
--6,15 -12,74 
-5,42 --11,96 
-5,47 --11,99 
--5,93 -- 12,50 
-5,47 --12.26 
-5,52 - 12,01 

R: (qua 0 

SO SO~ 

--2,62 -2,51 
-2,42 --2,28 
-2,59 -2,51 
--2,24 --2,25 
-2,63 --2,49 

*Effects determined as A~i:= ~i(di)oxid e -- ~isulfid e. 
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2~-R:-4a-R2-cis-l-Thiadecalin-l-oxides (IX, XII, XIII). Sulfide II, V, or Vl, [2], 
4 mmoie, is dissolved in i0 ml of glacial acetic acid, and a 5-10% molar excess of 30% hydro- 
gen peroxide is added dropwise with stirring. The mixture is kept at 20~ for 24 h, then poured 
dropwise on 200 g of crushed ice. Sulfoxides IX, XII, XIII are filtered off, dried, and repre- 
cipitated from chloroform by hexane. 

2e-R~-4a-R2-cis-l-Thiadecaline-l-dioxides (XVI, XX). A mixture of 2 mmole of sulfide II, 
VI [2], 5 ml of glacial acetic acid, and 1.4 ml of 30% hydrogen peroxide is heated in a water 
bath 7 min at 60 ~ until the sulfide dissolves, then lef= for 24 h at 20 ~ . Then the mixture is 
poured on 100 g of ice, and sulfones XVI, XX are filtered off, dried, and recrystallized from 
i:i ethanol--acetone. 

The purity of the sulfones and sulfoxides was monitored by TLC (Silufol, elution by 3:2 
ethyl acetate-hexane). 
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SYNTHESIS OF AZETIDIN-3-ONES. 

STRUCTURE OF N-TOSYL-2-ETHYLAZETIDIN-3-ONE 

Z. G. Alley, L. O. Atovmyan, A. M. Sipyagin, 
V. G. Kartsev, and O. V. Dobrokhotova 

UDC 547.541.52'718:548.737 

A one-step synthesis of azetidin-3-ones by intramolecular cyclization of l-di- 
azo-3-arenesulfamoylaikan-2-ones was developed. The yield of cyclic product 
increases to 70% in the presence of an alkyl or benzyl substituent in the hydro- 
carbon chain of the diazoketone. The structure of N-tosyl-2-ethylazetidin-3- 
one was studied by x-ray diffraction analysis and it was shown that the four- 
memhered ring has 15 ~ inflection. 

Uncondensed azetidines with a keto group in position 3 are difficultly accessible deri- 
vatives of this heterocyclic system. Two basic synthesis routes to these compounds are known, 
that consist of formation of the azetidine ring followed by introduction of the carbonyl 
group; these are oxidation of 3-hydroxy-3-azetidinecarboxylic acid derivatives by ieid tetra- 
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