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Abstract - Thiane and thiolane derivatives with 2-methyl, 2-ethyl, 2-isopropyl and 2-tert-butyl
groups were prepared and converted to cis and trans sulphilimines and sulphoxides by various stere-
oselective methods. Cis-sulphilimines were formed by using t-BuOCl and TsNH in a two-stage process,
while cyclic sulphides were converted by chloramine-T predominantly to trans-sulphilimines. Sulph-
oxides enriched in cis and trans isomers were obtained by different methods of oxidation. Diastere-
oisomeric product distributions were measured by hplc and the configurations of diastereoisomers
were assignef by L3¢ R spectroscopy. Preferred conformations of sulphilimines were determined by
analysis of 3¢ MR and X-ray data. As shown by 13¢C NMR spectra, the conformations of sulphilimines
and sulphoxides are analogous.

Previously we reported on the stereochemistry of the conversion of chiral alkyl phenyl sulph-
ides to diastereoisomeric sulphilimines and sulphoxides.] This paper2 describes the first synthe-
sis and configurational assignments of cis and trans sulphilimines derived from 2-alkylthianes and
2-alkylthiolanes, together with the stereoselective oxidation of the same precursors into diaste-
reoisomeric sulphoxides. For both series of compounds we investigated (i) the diastereoselectivity
depending on the reactants and reaction conditions, (ii) the conformational preference of polar S-
substituents in cyclic sulphilimines and sulphoxides, (iii) the distortion of the thiane ring by
bulky vicinal substituents, and (iv) the factors governing the preferred conformations of 1,2-di-
substituted thiolanes. Details on the stereochemistry of the conversion of cyclic su’lph’ides,3a

3b,¢

X-ray analysis and hplc measurements3d will be published elsewhere.

SYNTHESIS

Sulphides - 2-Alkylthianes (la-1d) and 2-alkylthiolanes (4a-4d) (Scheme 1) were prepared by o-
alkylation of thiane (}]) and thiolane (4). Like 2-methyl and 2-ethyl compounds,” 2-isopropyl de-
rivatives were obtained by the reaction of 2-chlorothiane and -thiolane with Grignard reagent;
(t—BuO-Cu-t-Bu)Li5 was used for the preparation o 2-tert-butyl-substituted sulphides.

Sulphilimines -Two methods were elaborated for the stereoselective synthesis of cis- and trans-
sulphilimines from a-substituted cyclic sulphides.

(i) The reactions of 2-alkylthianes and 2-alkylthiolanes with t-BuOC1 and TsNH™ were used for
the preparation of the corresponding cis-sulphilimines, cis-2a-2d and cis-5a-5d (Method A; Scheme
1, Table 1; cf. Refs 1 and 6). The two steps involving S-chlorination and nucleophilic displace-
ment on sulphur were disconnected. First t-BuOCl was added at -78% to the sulphide dissolved in
methanol. A fast reaction occurred despite of the very low reaction temperature (cf. Ref. 7). Af-
ter 15 min equimolecular amounts of TsNH, and TEA dissolved in DMF-methanol were poured into the
mixture. The pure cis-sulphilimine diastereoisomers were obtained from the crude product by re-
crystallization. The bulkiness of the 2-alkyl groups did not have any significant influence on
the cis:trans product ratio. On the other hand, the stereochemistry was decisively influenced by
the order of adding the reactants to the reaction mixture. When TsNH2 and TEA were added to the
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solution of sulphide before t-BuOCl, trans-sulphilimines were formed predominantly (cf. Ref. 6b).
In this case, e.g., the cis:trans product distributions 22:78 and 25:75 were observed for the
sulphilimines gg and 22, respectively.

(ii1) 2-Alkylthianes (la-1d) treated with chloramine-T in methanol yielded trans-sulphilimines
(trans-2a-2d) as major products (Method B; Scheme 1, Table 1; cf. Ref. 8). Diastereoisomeric prod-
uct distributions were not controlled noticeably by the nature of 2-alkyl groups. Pure trans-com-
pounds were obtained from the crude products by recrystallization.

The reactions of 2-alkylthiolanes (4a-4d) with chloramine-T, leading to trans-sulphilimines
(trans-5a-5d) were also investigated and a decrease of stereoselectivity was observed with the
increase of the size of 2-alkyl group from methyl to tert-butyl. Thus, the conversion of 2-tert-
butylthiolane (4d—+5d) gave a 1:1 mixture of cis- and trans-sulphilimines. Owing to the high
solubility of trans-5d, the yield was far better for cis-5d. The cis-5b-§c compounds were also
less soluble than the trans-isomers and could be prepared from the reaction mixture.

Sulphoxides - Cyclic sulphides were converted to cis- and trans-sulphoxides by stereoselective
oxidation (Scheme 1, Table 2). When 2-alkylthianes (la-1d) and 2-alkylthiolanes (4a-4d) were
treated in methanol with t-Bu0Cl at -78° in the presence of Na2C03 (Method C-1), cis-sulphoxides
(cis-gg-gg and cis-gg-gg) were obtained as major products. Usino CH2C12 solvent (Method C-2), 1:1
mixtures of cis/trans-sulphoxides were formed from the corresponding 2-alkylthianes. A consider-
able amount of trans-3d was formed from 2-tert-butylthiane when the oxidizing agent was NaIO4 in
water (Method D). The oxidation of 2-alkylthiolanes with Cr0; in pyridine (Method E) gave products
enriched in the trans-isomer (trans-ga-6d). Samples were analysed by hplc and purified by distil-
lation and/or by the recrystallization of the HgC12 adduct. In the latter case, an appreciable
shift in cis:trans product distribution was observed. Since cis-trans mixtures enriched in one of
the isomers were suitable for NMR studies, pure diastereoisomers were not prepared. Similar re-
sults were reported earlier in the 1iteratur99 for the oxidation of 2-methylthiolane (4a) and 4-
substituted thianes.

S =0 MethodC-1 . Method AT -~NTs
R R
cis-3a-3d — -~ cis-2a-2d
MethodC-2 R Method B
S=0 + S*‘()*‘-E;EREET;-‘ ;gflg > S-wNTs
for 1d
R R R
cﬂs-gg-gg trans-gg-gg trans-gg-gg
Method C-1 th
-0 -— Molhod A, S~NTs

R L_ R
cis-6a-6d QS = cls-5a-5d
Method E Method B
S-nO e 4sa-4 > Q*-NTs + Qs-—NTs
R R

trans-6a-6d cis-§a-5¢ (minor)
trans-38-5d  cis-5d (50 %)

Scheme 1. Major products obtained in stereoselective conversions of 2-R-thianes and 2-R-thiolanes
into cis/trans-1-tosylimides and -l-oxides; R = Me (a), Et (b), i-Pr (c) and t-Bu (d). Method A:
t-BuOCl, MeOH, -780, then TsNH2-TEA in DMFA-MeOH, -789. Method B: TsNClNa, MeOH, 200, Method C-1:
t-BuOCl, MeOH, Na2CO3, -78°. Method C-2: t-BuOCl, CHyClj, -78°, then cold NaOH aq. Method D:
NalO4, Hy0, 0°. Method E: CrO3, pyridine, 0°.
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Table 1. Preparation of diastereoisomeric sulphilimines from 2-alkylthianes and 2-alkylthiolanes

Sulphilimine Cryst.solvent Sulphilimine . ®R
Sulphide crude product (v/w) pure product o in KBr (cm )

No. Method?| No. Yield X cis:tr MeOH Et20 No. Yield Z m.p. ( C) v(SNS) v(SOz)
la A &d 42 90:10 4.0 12.6 cis-“ 24 140-6 968,757 1272,1138
u B .2=a 70 10:90 2.8¢ 8.4cC trans—;g 23 73-~88 977,750 1279,1135
B A | 47 92:8 8.6 0 cis-gb 36 155-7 950,754 1272,1131
Lb_ B %L) 80 5:95 () trans—_he 73 oil 978,755 1280,1138
i A |2 42 946 [13.0f 3088 lcis-gg 29 148-50 | 960,750 1270,1131
ic B 28 80 6:94 0.6 145.0 trans-2c 13 106-8 969,759 1276,1134
id A pA 15 92:8 5.0 30.0 cis-24 7 148-50 | 956,753 1272,1131
id B 24 58 5:95 2.1 5.8 trans-Zd 40 131-3 963,745 1272,1129
4a A 22 19 87:13 3.3 4,0 cis—gg 6i 119-21 978,754 1260,1132
4a B 2 51 30:70 1.6 19.3 trans-pa 22 97-100 | 975,750 1268,1130
4b A 2 50 92:8 4.2, 13.8, cis-& 28 119-23 982,755 1266,1129
% B |sh 59 3862 | 1.89 14,2 [cis-3p 11, 121-4 | 982,755 1266,1129
4b B g 59 38:62 0.8 10.0 trans-pb 21 86-9 978,745 1276,1135

A 47 85:15 1.8 21,2 cis-2¢ 20 122-4 975,748 1274,1131
2’2 B % 66 3862 | 1.2% 12.0% |eis-3¢ 6, 122-4 | 975,748 1274,1131
& B |3 66 3862 [0.5 8.0 [trams-g" 10 78-80 | 950,747 1270,1125
44 A o4 40 81:19 5.0 21.0 cis-2d 16 151-4 968,760 1278,1140
44 B ad 65 50:50 3.7 7.4 cis-pd 32 151~4 968,760 1278,1140
4d B 2d 65 50:50 (d) trans-& 7 110-5 970,742 1271,1141

(a) See Scheme 1. Method A: t-BuOCl, MeOH, -780, then TsNH2-TEA, DMFA-MeOH, -78°. Method B: TsNClNa,
MeOH, 20°. (b) Determined by hple. (c) 2.5 (MeOH) and 10 (Etp0) for repeated cryst. (d) See Experi-
mental. (e) Cis:trans 5:95. (f) Methanol-dioxane (82:18) was used., (g) Ether—petroleum ether (50:50)
was used. (h) 0.7 (MeOH) and 130 (Et;0) for repeated cryst. (i) Crystallization was repeated. (j)
2.0 (MeOH) and 14.2 (Et0) for repeated cryst. (k) 1.2 (MeOH) and 15.5 (Etp0) for repeated cryst.
(1) 0.7 (MeOH) and 15.5 (Etp0) for repeated cryst. (m) Cis:trans 20:80.

Table 2. Stereoselectivity in oxidations of 2-alkylthianes and 2-alkylthiolanes

Sulphide Sulphoxide Sulphoxide IR -1
a crude product a purification o in film (cm )

No. Method No. Yield Z cis:tr Method™ Yield £ b.p. (°C/133 Pa) v (S0)
la c-1 i 88 90:10 F 63 85-90 1049
12 c-2 3a 85 73:27 F 50 85-90 1049,1033
b c-1 k1'} 88 94:6 F 40 94-8 1029
b c-2 3} 87 44356 F 37 94-8 1040,1031
ks c-1 3 90 94:6 F 45 107-9 1031
L c-2 3c 92 47:53 F 48 107-9 1042
1d c-1 3 50 92:8 G 30 () 1031,1014
id D 3 36 58:42 (d) (¢) 1031,1014
4  cl 6g 51 73:278 H 14 72-4f 1023
g E 6a 31 16:848 H 14 72-4 1023
4k c-1 6b 86 79:21 F 40 82-4f 1028
4b E &b 38 18:82 F 20 82-4 1017
4 c1 s 85 83:17" H 9 86-8 1022
ic E &c 55 15:85 F 30 86-8 1019
4 c1 8d 50 82:18 F 20 120! 1037,1022
i E & 50 5:95 F 30 1201 1037,1022

(a) See Scheme 1. Method C-1: t-BuOCL, MeOH, NayCO3, -78°, Method C-2: t-BuOCl, CHyClp, ~78°, then
cold 57 NaOH aq. Method D: NalO,/Hp0. Method E: CrO3, pyridine, 0°. Method F: distillation in vacuo
with no change in diastereoisomeric product distribution. Method G: recrystallized from petroleum

ether (twice). Method H: through HgCly complex. (b) Determined by hplc. (c) Low melting solid. (d)
Used without purification. (e) 65:35 in Ref. 9a; after purification 88:12. (f) B.p. for a cis-trans
mixture, see in Ref. 19. (g) Taken from Ref. 9a; after purification 0:100. (h) After purification

100:0. (i) Temperature of the bath.
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ASSIGNMENTS OF CONFIGURATIONS, PREFERRED CONFORMATIONS

a) Thiane derivatives. The cis or trans configuration of sulphilimine (Za-2d) and sulphoxide
(3a-3d) diastereoisomers were identified by ‘3c NMR spectroscopy (Table 3). In all cases, the chem-
ical shifts of C-2/C-6 and C-3/C~5 ring carbon atoms of the cis compounds are smaller than those of
the corresponding trans derivatives (cf, Refs. 10 and 11). These data also reveal that the substi-
tuent effects [A 6 = &{sulphide-1-X) - &(sulphide}] of axial and equatorial X groups in thiane-1-
tosylimide (2, X = NTs) and thiane-1-oxide (3, X = 0) are almost the same as those observed by us
for the corresponding 1-X-2-alkyl derivatives. Therefore we may conclude that all stereoisomers are
conformationally homogeneous with the 2-alkyl group lying in the equatorial position (cf. Refs. 1la
and 12); the 1-X substituent is axial in the cis and equatorial in the trans compounds. {The chem-
ical shifts calculated for compounds with an axial 2-methyl group12 differ vastly from the experi-
mental values found for 2a and 3a).

A1l assumptions about conformation have been supported by X-ray data obtained for thiane-1-
tosylimide and some of its 2-alkyl derivatives.ab Solid state conformations together with relevant
geometry data are shown in Scheme 2. In agreement with T3C NMR studies, X-ray analysis clearly
points to the following facts. (i) The polar NTs group prefers the axial orientation, while 2-al-
ky1 groups occupy exclusively the equatorial position. (ii) The chair conformation of thiane de-
rivatives do not change significantly with the variation of 2-alkyl substituents; ring puckering
and the orientation of ring substituents are not exceptional. To avoid steric crowd, only the thi-
ane rings with bulky 2-alkyl groups are somewhat distorted. (iii) In cis-1,2- and trans-1,2-di-
substituted thiane derivatives the "substituent torsion angles" 8(N—S1-C2-R) do not differ signif-
icantly resulting in similar chemical shifts of the C-21 side chain carbon atoms in both cis and
trans derivatives. The rather high & values in both cis and trans series may be ascribed to a con-
siderable repulsion between vicinal groups.

ETB EIS
5 . 15 s . Is 5 & 1s§ms
AN ANY /. A
4 2 4 4 2

% cis—gg cis-gs trans—ég trans-2d
R H Me i-Pr Me t-Bu
olav) 60 58 58 59 59
Apl/Ag2 108/114 106/112 108/117 110/116 105/113
n/t 50/-53 55/-51 52/-53 -159/167 ~155/164
pls -178/-179 -175/179 -178/179 -174/-177
9 -1 =74 77 79

Seheme 2. Preferred conformations and relevant solid state geometry datad® for 2-R-thiane-1-tosyl-
imides. g(av) is average ring torsion angle (deg.). &gl = ¢(6,1) — 9(1,2) and 292 = ¢{1,2) - ¢(2,3)
characterize ring puckering at $1 and C2 atoms. n(N-S1-C2~C3), {(N-S1-C6-C5), p(R-C2-(3-C4),
¢(R-C2-51-C6) and (N-S1-C2-R) are torsion angles related with ring substituents (deg.).

b) Thiolane derivatives. The thiolane ring is less puckered than thiane, and so the substituent
effects on the 13C chemical shifts of thiolane ring carbon atoms {other than C-2), exerted by
S-substituents in axial-like and equatorial-like positions, may be expected not to differ to such
a large extent as with the thiane derivatives. In further contrast with thianes, the preferred
conformations of thiolanes may differ significantly, depending on the nature, number and relative
positions of the ring substituents. It is characteristic of thiolanes, however, that cis-vicinal
substituents are in all conformations markedly nearer to each other than trans-vicinal groups (cf.
Ref. 13). Thus the cis and trans diastereoisomers of thiolane-1-tosylimides $3-5d and thiolane-1-
oxides 6a-6d could be unequivocally identified by 13C NMR spectroscopy, examining the B- and y -
effects produced on C-2 ring atom and C-21 side-chain atom, respectively {Table 3). Due to the
polar 1-NTs and 1-0 substituents, C-2 is less deshielded and C-21 is more shielded in the cis-com-
pounds than in the trans-analogues (cf. Ref. 14).
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Table 3. 13C Chemical shifts (&) of 2-R-thiane-1-X and 2-R-thiolane-1-X derivati.vesa
No.P[R X Isomer |C-2 c-3 -4 C-5 c-6  Cc-21  Cc-22
i; |H 1.p. 29.1  27.8  26.5 27.8  29.1
2 H NTs  ax. 41,2 16,3 23,2 16.3 41,2
H NTs  eq. 47.6 23,8 23,2 23,8 47.6
¥ |u 0 ax. 45,1 15.5  24.7 15,5  45.1
H 0 eq. 52,1  23.3 24,7 23.3  52.1
(¥ Lo 37.3 3.6 2.4 26,9  29.3 21,9
2a |Me NIs cis 48.7  25.1  23.6_ 15.3 42,9 16.7
“h | M NTs  trans [55.5  31.6 23,78 23,38 47,9 16.4
3" [Me O cis 50.7 24,5 24,7 15.1 46,1 16,7
Me O trans |58.3  30.6  24.5 22.7  50.7 16.0
B Bt lop. 44,5 344 26,3 27.6  29.2%8 29.18 11.5
2 |Et NTs cis 56.3 23,98 23.7% 15,6 42,7 24,18 10.3
Et NIs trams |61.2  27.9 23,2 23.8 48.0 22.3 9.6
3% |(Et 0 cis 58,0  22.7  25.0 15.5  45.9 24,2 11,0
Et O trans |[64.4  27.0  24.5 22.68 50.7 22.4%8 10.4
ik |i-Pr 1.p. 50.2  31.5 26,9 27.6  29.4 33.0 19.8 19.9
2 |i-Pr NTs cis 61.7 21.0  24.3 15.2  43.0 28.5  19.3 20.0
i-Pr NTs trans [66.2  24.2 23,6 23.1 48,7 25,1 15,7 19.6
3¢ |i-Pr o cis 63.2 19.9  25.6 15.1  46.3 29.6  19.9 20.5
= Jli-pr o trans [69.6 23,1  25.1 22,6 51.6 25.4 16.8 20,1
M | t-Bu l.p. 55,2 29,5 27,58 27.6% 29.8 34,1 27,6
2 |tBu NTs cis 65.1 19.1  25.3 15.5  &44.4 34,7  27.6
t-Bu NTs trams |69.6  21.0 24,3 23,2  48.1 35.0  28.3
3d |t-Bu 0 cis 67.1 17.6  26.4 15.3 47,2 34,2 28,2
= |t-Bu 0 trans |73.3 24,7  25.7 23.7 53.1 34.6  28.6
4t | 1.p. 31.7  31.2  31.2 3L.7
2 | NTs 51.2 2.3  26.3 51.2
é H 0 54.3  25.4  25.4 54,3
4al | Me  1.p. 43,3 39.6  30.4 32.9 22.8
23 Me NTs cis 57.2 33.2 25.3 51.9 12.0
X Me NTs trans 64.9 34.3 26,0 49,7 15.9
6a‘ | Me O cis 58.6  32.4  24.9 54.8 11,5
Me o] trans 64.3 33.1 24.7 52.4 15.1
sb |[Et  1l.p. 51.2  37.0 30.78% 32.1 30.4%8  13.4
56 |Et NTs cis 65.1 31.1  24.6 51.0 20.1  12.5
- Et NTs trans [72.5 32.5 26.3  49.8 24,3 12.3
6b |Et 0 cis 66.7 30.3  24.5 53.9 20.0  13.1
Et O trans [73.1  31.6  25.2 52.6 23.7  12.6
4 | i-Pr 1.p. 57.4 35,2 31,2 32,1 3.9 21.3 22.1
c | i-Pr NTs cis 71.5  29.7 24,7  50.8 26,3 20.9 22.3
i-Pr NTs trans {79.3  30.8  26.8 50.2 29.8  20.5 21.0
6c | i-Pr 0O cis 73.0  28.7  24.7 53,5 26.5 21,3 22.7
i-Pr 0 trans |80.8 30,2  25.8 53.0 29.3  20.7 2l.4
4 | t-Bu 1l.p. 61.6 31,98 31,8% 32.3 33.9  27.8
5 | t-Bu NTs cis 73.3  26.0 23,5 50.8 33.4  28.9
t-Bu NTs trans |84.6  28.2  27.1 50.5 33,2 27.8
6d | t-Bu 0 cis 75.2  25.0  23.9 53,7 33.1 29.3
t-Bu 0 trans |86.7  28.9  26.4 53,2 32,6  28.2

(a) In CDClj solutions. Shifts are in ppm relative to internal TMS. Side chain carbon

atoms linked to S(VI) and C-2 atoms are numbered as C-11 and C-21, the following as

C-12 and C-22, etc., respectively. Mean values of the chemical shifts (20.2 ppm) found
for the N-tosyl carbon atoms in sulphilimines with thiane and thiolane ring, respec-
tively: C-11, 141.9 and 141.7; C-12/16, 125.1 and 126.3; C-13/15, 129.2; C-14, 141.5;

C(Me), 21.3 ppm. (b) See Scheme 1. (c) See Ref. lla. (d) Data were taken from Refs.
1la and 1llc. (e) See Ref. 10a. (f) See Ref. 12. (g) Assignments may be reversed. (h)
See Ref. 10c. (i) See Ref. 10b. (j) See Ref. l4a. (k) See Ref. léc.
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NSO,C¢H,NO, NTs

NTs I ]
3 1” 4 S ‘s 1S 3 R 1 3
3 1
OGS L A LT DT
Y e Y 4 3 Y NTs
3 . 1 . 1 3
2 ( T2) c1s—;g ('E) cxs-gg ( T2) trans—gé (Eé) trans-5b (Ea) trans—5d ( T2)
R H Me t-Bu Me Et t-Bu
¢(av) 26 28 27 31 26 proposed
Agl/Ag2 49/75 80/62 69/77 14/40 15/32 geometry*
n/g 71/-86 67/-62 65/-77 -114/80 -110/85 -137/128T
o/s 150/-166 171/-173 158/-133 159/-140 174/'168#
9 -61 -69 120 115 gsd

$0heme 3. Preferred conformations and relevant solid state geometry data3¢ for 2-R-thiolane-1-tosyl-
imides and proposed geometry for trans-5d. T = half-chair; E = envelope. ¢(av) is average ring tor-
sion angle (deg.). 4pl = 0(5,1) - ¢(1,2) and Ag2 = ¢(1,2) - 9(2,3) characterize ring puckering at

S1 a?d C2 atoms. n(N-S1-C2-C3), f(N-S1-C5-C4), p(R-C2~C3-C4), g(R-C2-S1-C5) and 9(N-S1-C2-R) are
torsion angles related with ring substituents.

f-143/137 for 1T2. *171/-173 for 1T2. 982 for 1T2. *Ceometry data for 3T2 and 1T2 conformations
of trans-3d were calculated by using experimental values found for 5 and cis-5d.

The conformation of thiolane derivatives in the literature has been studied by 13

C NMR spectro-
scopy (see e.g. Ref. 14). We decided, however, that our conformational analysis can be more firmly
based on X-ray diffraction.3C Pelevant geometry data and solid state conformations given in ideal-
ized perspective representations for thiolane-1-tosylimide and some of its 2-alkyl derivatives are
shown in Scheme 3. (Since the crystals of cis-2-methylthiolane-1-tosylimide could not be used for
XD, a p-nitrophenylsulphonyl derivative was investigated.)

The structures of both cis and trans compounds are governed by the equatorial preference of the
2-alkyl group and by the repulsion between vicinal substituents. A1l these result in different
basic conformations for 1-monosubstituted (§), 1,2-cis-disubstituted (cis-5a and cis-5d) and 1,2-
trans-disubstituted thiolanes (trans-2a and trans-5b). The polar NTs group is axial in the cis-,
derivatives, pseudoaxial in thiolane-1-tosylimide, and endo-isoclinal in the investigated trans-
derivatives, revealing the axial preference of NTs group in compounds with a five-membered thi-
olane ring. 2-Alkyl groups occupy a pseudoequatorial or equatorial position in cis-sulphilimines
with maximum staggering around S]-C2 bond, while they are exo-isoclinal in the planar part of the
2-methyl and 2-ethyl substituted trans-sulphilimines with maximum 8(N-S1-C2-R) torsion angle.

For preferred conformations in solution it may be assumed that they correspond to the solid
state conformations, although the neighbouring conformers in the pseudorotational circuit may alsc
be present as minor equilibrium component (cf. the identical conformational preference of thiane-
-1-tosylimide in so]ution]1 and solid state3b). The conformational change ]E —-]Tz (cis-53—+cis-5d)
observed in the cis-series can be ascribed to the greater equatorial preference of tert-butyl
group and the increase of steric repulsion between vicinal substituents. With increasing the
bulkiness of 2-alkyl group, the axiality of the polar S-substituent becomes more pronounced, which
is also indicated in the ]3C NMR spectra by the gradual change in A&(C-4) values.

It seems very likely that a conformational change should also occur in the trans-series of
sulphilimines when the bulkiness of the 2-alkyl group is increased. Starting from the above ex-
nerience we suppose that trans-2-tert-butylthiolane-1-tosylimide (gg) would assume the 3T2 half-
chair conformation with equatorial tert-butyl and pseudoequatorial NTs group and with a relati-
vely large S(N-S]-CZ-R) torsion angle. 13C NMR data also support that the NTs group in the trans-
series is not tilted toward the axial position as A&(C-3) and A&(C-4) values associated with
Yg-effect do not change markedly with increasing bulkiness of 2-$;kyl groups.

Finally, it should be noted that the very similar pattern of "“C NMR shifts found for sulphil-
imines and sulphoxides in both thiane and thiolane series suggests an analogy in their preferred
conformations.
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EXPERIMENTAL

Preparation of Sulphides - Compounds Jg°* 1> (10%, b.p. 151%), W'® (307, b.p. 177-180%), 4g*1°

and 4b 7 (18%Z, b.p. 155-160°) were obtained by cyclization of a dibromoalkane or by a-alkylation
of a cyclic sulphide (cf. Ref. 4). The purification procedure was improved. As detected by NMR
spectroscopy, thiane derivatives were contaminated by compounds formed from 2-chlorothiane by elim-
ination (cf. Ref. 18). The unsaturated by-products were removed by boiling with 20%Z HCl aq then
with 30% NaOH aq. Separation from unchanged thiane or thiolane could be achieved through repeated
distillation in vacuo. Yields were rather low, owing to multistage purification processes.

2—Isopr0pqlthiane (lc) and -thiolane (4g). These compounds were prepared from thiane (;)15 and
thiolane (4) 5 by a-chlorination with NCS, followed by alkylation with Grignard reagent by Ref. 4,
and purified as given above (for lc: 35%, b.p. 76-70/1.75 kPa; for 4c: 25%, b.p. 180-59}.

2-tert-Butylthiane (1d and -thiolane (4d). To a suspension of CuzI2 (38 g, 200 mmol) in dry
THF (400 ml) were added, under stirring at 0°, 175 ml of a 1.14 M t-BuOLi-THF soln (200 mmol) pre-
pared from Li (1.5 g), a boiling mixture of THF (160 ml; freshly distilled from LiAlH4) and t-BuOH
(14.8 g). After 15 min the mixture was cooled to ~789, to the vigorously stirred soln were drop-
wise added, under an argon atmosphere, 134 ml of a 1.5 M t-BuLi-pentane soln (200 mmol) and, after
10 min, a benzene soln (120 ml) of 2-chlorothiane or -thiolane prepared from 100 mmol of the cor-
responding sulphide by Ref. 4. The cooled mixture was stirred for additional 2 hr, then mixed with
methanol (25 ml) and allowed to warm to room temp. The soln was washed with cc. NH40H aq, and the
aqueous layer was extracted two times with 300 ml of ether. The solns containing sulphide were
mixed, dried (MgSO4) and the solvents were removed under reduced pressure.

Crude 1d was boiled with 20% HCl aq, then with 30Z NaOH aq, and finally purified by crystalliz~
ation of the HgCly derivative (cf. Ref. 15). To a soln of HgCl2 (10.9 g, 40 mmol) in hot 967 EtOH
(30 ml) was added }d (6.2 g, 39 mmol). After refluxing for 10 min the mixture was cooled, the
crystals were filtered, washed with cold EtOH (8.5 g) and recrystallized from 8 ml of 967 EtOH
(6.5 g, m.p. 120-350). l]'.Awas regenerated by steam distillation from 157 HCl aq. The steam dis-
tillate was extracted with ether, dried (MgSO4). The solvent was removed and the residue was dis-
tilled in vacuo (10%, b.p. 136-8/12.6 kPa). Crude 4d was purified by repeated (eight times) dis-
tillation in vacuo (22%, b.p. 115-6°/11.7 kPa).

The purity of sulphides was checked by elemental analysis (the differences between calculated
and obtained C, H and S% values were less than 0.3%), and g.c., using a Hewlett-Packard 5700A
chromatograph equipped with an lm 0V-101 columm, Chromosorb W (1Z); t = 60°.

Preparation of Sulphilimines (Table 1) - Method A. To a soln of a sulphide (10 mmol) in MeOH
(2 ml) cooled to -78° were dropwise added, under vigorous stirring, t-BuOCl (10.5 mmol) and subse-
quently (after 20 min) TsNH; (10 mmol) and TEA (10 mmol) dissolved in the mixture of DMFA (2 ml)
and MeOH (0.5 ml). The soln was stirred at -78° for additional 2 hr then allowed to warm up to room
temp. 30 ml of cold 5% NaOH aq was added and after standing (0°) the crystalline sulphilimine was
filtered off and washed with ice-cold 5% NaOH aq then water. Non-crystalline products were extract-
ed with CH2Clp, dried (MgSO4) and the solvent was evaporated. The crude products were carefully
dried in vacuo over P05, then analysed by hplc.

Method B. To a cooled soln of a sulphide (10 mmol) in MeOH (10 ml) was added chloramine-T
(TsNC1Na.H70), 11 mmol) dissolved in MeOH (5 ml) and the mixture was stirred at room temp for 2 hr.
After evaporation of the solvent the residue was treated with 30 ml of ice-cold 57 NaOH aq, and the
crude product was isolated by Method A.

Purification. Crude products were recrystallized from methanol-ether mixtures as given in Table
1. To samples dissolved in warm (40°) methanol was added an 1/3 part of ether, the soln was filter-
ed then mixed with the remaining 2/3 part of ether. Crystalline products were filtered off and
washed with ether then dried. In some cases recrystallization was repeated.

By applying Method B, 2b was formed as a viscous oil (2.4 g). The crude product was boiled with
dry ether (150 ml). The ethereal soln was decanted from the precipitated crystals of cis-gb (yield
47%) then evaporated to yield trans-2b as an oily product with a diastereoisomeric purity of 95%.
T}Be crystallization of the crude products 3b, 3¢ and 3d obtained by Method B afforded directly the
minor cis isowers. Trans-pb and trans-3¢ were prepared from the filtrates by evaporation and re-
crystallization; for trams-3¢ only a diastereomeric purity of 80% has been attained. Trans-gd was
purified by the following procedure: 0.7 g of the crude product was extracted with petroleum ether
(three times 10 ml) then with ether (five times 10 ml). The ethereal solns were evaporated, the
residue was extracted with ether (two times 20 ml) and the ethereal solns were evaporated again.
The residue was recrystallized from 40:60 THF - petroleum ether (0.7 ml).

The purity of all sulphilimine diastereoisomers were checked by elemental analysis (the differ-
ences between calculated and obtained C, H, N and SZ values were less than 0.3%) and hplc.

Preparation of Sulphoxides (Table 2) - Method C-1. To a stirred soln of a sulphide (la-1d,43-44,
10 mmol) in MeOH (100 ml), cooled to -78C with acetone - dry ice bath, was dropwise added t-BuOCl
(1.08 g, 10 mmol) under stirring. After 15 min. anhydrous Na2C03 powder (2.12 g, 20 mmol) was added
to the mixture which was allowed to stir for an additional 1 hr at -789, then to come to room tem—
perature. The solvent was removed under reduced pressure, the residue was extracted with ether
(four times 20 ml), dried (MgSO4) and ether was evaporated. Method C-2. CH2C12 and 50 ml of 5%
NaOH aq were used instead of MeOH and Na2C03. The obtained crude products (3a-3g) (80-90%) were an-
alyzed by hplc (see Table 2), then submitted to further purification by distillation in vacuo.
Method D (cf. Ref. 9b). The sulphide id (3 mmol) was added to NaIO; (0.7 g, 3.15 mmol) in water
(6.3 ml) at 0°. The mixture was stirred at 0° for additional 12 hr then filtered. The ppt (NalO3)
was washed with CH2Cl2 (15 ml), the aqueous filtrate was extracted with CHzClz (two times 5 ml).
The combined washing was dried (MgSO4) and the solvent was removed. Method E. 10 mmol of a sulphide
(4a-4d) was converted by Cr0j as described in Ref. 9. The obtained products were dissolved in dry
ether, filtered and ether was removed. — Purification see in Table 2.
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Purification via HgCly complexes. The sulphoxides cis-f3, trans~§g and cis—§g were purified by
applying the method described for 4-tert-butylthiane-l-oxide isomers in Ref, 9b; 5 g of the above
sulphoxides were dissolved in EtOH (30, 30, 32 ml) saturated with HgCl, and the mixtures were
refluxed for 1 h, then filtered and evaporated. The residues were crystallized (from 10, 10 and
13 ml of EtOH, MeOH and EtOH, respectively), and recrystallizations were repeated (usually two
times) to constant melting points {90-105°, 100° and 144-6%). Sulphoxides were regenerated by Ref.
9b (using 1 g of KON dissolved in 80 ml of 50 EtOH) and purified further by distillation in vacuo.
The purity of sulphoxides was checked by hple and spectroscopic (NMR, IR) methods.

Hp2c3d - The chromatograph was & laboratory assembled instrument.l Column (250 x 4 mm) was
packed with Hypersil silica (5 um). The following five eluents {(v/v): ether-pentane-methanol
(70:24:6, 55:36:9, 53:43:4), ether-sec—octylaleohol (90:10) and ether—-96% ethanol (96:4) were used
for the chromatography of products obtained by the conversion of the sulphides (i) }g, ;g, 48 and
%Q; (ii) 13 and lb; (iii) 4d; (iv) 4g and (v) 4g, respectively. Samples were dissolved in methanol

2 mg/ml) and 10 ul of the solutions were injected. UV absorption of the column effluents were
monitored at 220 nm.

Spectra - IR spectra were obtained on Zeiss IR-75 instrument in film or KBr pellet. 1R NMR and
13¢ NMR were recorded on Varian A-60D and Varian XL~100 instruments in CDCl3 or 06D6 solutions at
room temperature, using TMS int. stand.
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