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Reactions of a §-Sultam Ring with Lewis Acids
via the C-S Bond Cleavage
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Abstract: Selective C-S bond cleavage of a B-sultam ring was achieved by the reactions with Lewis
acids, Aryl ketones or aldehyde were provided from 3-aryl-B-sultams whereas B-sultams bearing a
poorly migratory substituent at C-3 gave trans-1,2,3-oxathiazolidine 2-oxides and/or cis-aziridines.
These reactions were influenced by the cation-stabilizing capability of C-4 substituents and by the
conﬁguration of the substituents at C-3 and C-4. Some 4-alkenyl-3-aryl- B sultams underwent tandem
intramolecular cyclization to give bicyclo[3.2.1}- and [2.2.1]-y-sultams via the processes of C-S bond
cleavage, 1,2-aryl shift, cation-olefin cyclization and recombination of the sulfonyl anion. © 1998 Elsevier

Science Ltd. All rights reserved. o

INTRODUCTION
1,2-uuaz.cuumc i, 1-dioxides (p-iiiuaﬁ‘li), sulfo ‘ly} a“laiogues Dfﬁ lactams, can be regaruca as various
synthetic equivalents as well as building blocks for the construction of other heterocycles since they are made up
of a strained four-membered ring with three different kinds of ..e&ero smglc bonds, namely, C-N, C-S and N-§
bonds.!"4 There have been reported several papers directed toward synthesis of potent drugs.5-13 There are

t

several papers on the N-S bond cleavage by hydrolysis or by aminolysis,7.14-17 and on the C-N bond cleavage
by B-elimination.!8.19 We have recently reported that the first selective cleavage of the C-S bond was achieved
by treatment of B-sultams with Lewis acids such as EtAlCly, AICl3 and SnCly to give ketones, aldehydes, trans-
1,2,3-oxathiazolidine 2-oxides, and cis-aziridines depending on C-3 and C-4 substituents of the -sultam ring
and on the Lewis acid.20:21  We applied the C-S bond cleavage to tandem intramolecular cyclization of cationic
intermediates. In this paper we present the entire outlook of transformation of B-sultams with Lewis acids via
the C-S bond cleavage.

RESULTS AND DISCUSSION

We first examined reactions of cis-2-cyclohexyl-3,4-diphenyl-B-sultam (1a-cis, Rl = ¢<CgH}1, R2 = Ph,
R3 = H, R* = Ph)22,23 with some Lewis acids such as AICl3, EtAlICl,, Et7AICI, Et3Al, TiCls, Ti(OPr)4,
ZnCly, Znl,, ZnEt; and BF3-Etz0 (Scheme 1, Table 1). Use of 2 equiv of AlICI3 gave the best result, and
benzophenone (2a) was obtained in 89% yield (entry 1).  Reaction of 1a with 1.1 equiv of EtAICI» provided

2a in 56% yield with 12% of 1a (entry 2) and the yield of 2a increased to 81% by use of 2 equiv of EtAICl;
{entry 3). We selected EtAICl, rather than AlCl3 as a mild and efficient reagent for the C-S bond cleavage of
the ﬁ—sultam ring because a solution of EtAICl; in hexane is easier to handle than a solid AlICl3 by considering
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Scheme 1

Table 1. Reactions of cis-2-Cyclohexyl-3,4-diphenyl-f-sultam 1a-cis with Lewis Acids.

Entry Lewis acid (equiv)  %Yield of 2a® Entry Lewisacid (equiv)  %Yield of 2a®
1 AICl,; (2.0) 89 7 Ti(O'Pr)4 (2.0) No reaction
2 EtAICL, (1.1) 56° 8 ZnCl, (2.0) No reaction
3 EtAICl, (2.0) 81 9 Znl, (2.0) No reaction
4 Et,AICI (2.0) 28° 10 ZnEt, (2.0) No reaction
] Et;Al (2.0) No reaction 11 BF3*Et,0 (1.5) trace®
64 TiCl,(1.0) 25

3solated yield. 512% of 1a-cis was recovered. A considerable amount of la-cis was recovered. 9Temperature:
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tituents at C-3 and

Next, we carried out reactions of a number of B-sultams 1a-8 bearing a variety of subs
C-4 with 2 equiv of EtAlICl, (Scheme 1, Table 2). The reactions were mﬂuenced by the cation-stabilizing
capability of C-4 substituents and by steric relation between the substituents at C-3 and C4. In the cases of 3-
aryl-4-phenyl-B-sultams 1a-1, benzophenone derivatives 2a-l were obtained in good yields regardless of the
configuration of the C-3 and C-4 aryl groups and of the electronic nature of substituents at the C-3 phenyl
groups (entries 1-21, Figure 1, A). Treatment of 3-(1-naphthyl)-B-sultams 1l-cis furnished 1-naphthyl ketone
2l in a slightly lower yield than those of 1a-k probably owing to bulkiness of the 1-naphthyl group (entry 22).
On the other hand, a slight substituent effect was observed in the reactions of 4-aryl-3-phenyl-B-sultams 1a,m-
q (entries 1, 23-27). An electron-donating p-methyl group stabilized a benzylic cation and promoted the C-S
bond cleavage (eniry 23), while an electron-withdrawing haiogeno group retarded it and smaii amounts of the
starting materials 1n-q were recovered (entrles 24-27). 4- Non-subqtltuted fB-sultams 1r,s did not undergo the
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the 1,2- aryl rearrangement to proceed (Figure 1, C). In contrast, in the cases of cis-4-alkyl-B-sultams 1t-w-
cis steric repulsion between the aryl and alkyl groups prevented neighboring group participation (Figure 1, D),
and no aryl ketones were obtained (entries 30, 32, 34, 36). Aldehydes 3a-c were derived from 4,4-dimethyl-
B-sultams 1x-z because the C-4 cations generated from 1x-z were sufficiently more stable than those from
trans-4-methyl-B-sultams so to bring about C-S bond cleavage (entries 38-40, Figure 1, E). Treatment of 4,4-
dimethyl-B-sultam 1o possessing a p-bromophenyl group, a less migratory substituent, gave a complex
mixture. No reaction occurred in the cases of 3-non-substituted--sultam 1f and 3~butyl-B-sultams 1y-trans
and 18 (entries 42-44). The migratory aptitude of a C-3 substituent as well as the stability of a C-4 cation
would play an 1mp0nan[ role in these reactions. Reactions of 4- au(yx substituted p suitams 1t-z would proceea

y
o give a ring-enlarged product (see Scheme 5, entry 9 in Table 4).
reaction of le-cis with EtAlICl, afforded an a-hydroxyaldehyde 4 in 31% yield together with 4-
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methoxybenzophenone (2e) (entry 6). The hydroxyaldehyde 4 was converted into 2e by the treatment with
silica gel in EtOAc (Scheme 2). This finding indicates that 4 is an intermediate of the benzophenone formation.
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Table 2. Reactions of p-Suitams 1 with EtAICl,: Formation of Ketones and Aldehydes.
B-Sultam Products

By CompdNo.  R! R2 R? R* (%yield)®

1 la-cis ‘C¢H;;  Ph H Ph 2a (81)

2 la-trans  ‘CsHii  Ph Ph H 2a (78)

3 1b-cis Bn Ph H Ph 2b =2a (83)

4 1b-trans  Bn Ph Ph H 2b = 2a (85)

5 Le-cis "Bu Ph H Ph 2¢ =2a (75)

6 lc-trans  Bu Ph Ph H 2¢ = 2a (80)

7 1d-cis ‘Bu Ph H Ph 2d = 2a (81)

8 ld-trans 'Bu Ph Ph H 2d = 2a (76)

gb Te-cis “Csﬂu p-MeOCH, H  Ph 2e (62), 4 (31)

10 ie-trans Cefli1  p-MeOC¢H, Ph  H 2e (75),4 (16)

11 if-cis Ccoﬂl i p-}v{€p6ﬂ4 H Ph 2f (85)

12 If-trans  CeHiy  p-MeCcH, Ph H 2f (85)

13 1g-cis ‘CeHyy  0-MeC H, H Ph 2g (82)

14 1g-trans  “CeHiy  0-MeCgH, Ph H 2g (82)

15 1h-cis CeHi1  p-FC,H, H Ph 2h (83)

16 lh-trans  "CeHi1  p-FC¢H, Ph H 2h (79)

17 li-cis CeHi1  p-CIC¢H, H Ph 2i (79)

18 litrans  CeHii  p-CIC¢H, Ph  H 2i (80)

19 1§ ‘CeHyp  0-CICH, H Ph 2 (7D

20 1K-cis ‘CeHy1  p-BrCeH, H Ph 2k (81)

21 1k-trans  CeéHi1  p-BrC¢H, Ph H 2k (79)

22 1-cis ‘C¢Hyy  i-Naphthyl ~H  Ph 21 (70)

23 im-cis CeHir  Ph H  p-MeCeH, 2m = 2f (85)

24 in-cis ‘CeHiy  Ph H  p-CICgH, 2n = 2i (74), In~cis (7)
25 lo-cis ‘C¢H;;  Ph H 0-CIC¢H, 20 = 2j (72), Lo-cis (5)
26 1ptrans CsHir  Ph H 2,4-Cl,CgH, 2p (70), 1p-trans (7)
27 1q-cis ‘CéHyy Ph H  p-FC4H, 2q = 2h (75), 1q-cis (6)
28 Ir ‘C¢H;;  Ph H H No reaction

29 1s CsHi1  p-MeC¢H, H H No reaction

30 1t-cis CeHyy Ph H Me No reaction

31 1t-trans CeHpt Ph Me H 2t (13), 1t-trans (61)
32 Tu-cis CsHyy Ph H Et No reaction

33 lu-trans CeHy,y Ph Et H 2u (19), lu-trans (61)
34 1v-cis CeHy;  p-MeCgH,y H Me No reaction

35 1v-trans CC{.H]] p-MeC¢H, Me H 2v (35), 1v-trans (44)
36 1w-cis ‘CeHyy p-CICgH, H Me No reaction

37 iw-trans  “Cetlii  p-CICGH, Me H 2w (trace), 1w-irans (76)
38 1x CeHi;  Ph Me Me 3x (82)

39 1y ‘CeHyp  p-MeCH, Me Me 3y (78)

40 1z ‘CeHy;  p-MeOC(H; Me Me 3z (89)

41 1o ‘CeHyy  p-BrC(H, Me Me Complex mixture

42 1B Bn H H Et No reaction

43 lytrans  ‘CeHii  ‘Bu Me H No reactjon

44 18 C¢H;;  Bu Me Me No reaction

*solated yield. 52.2 equiv of EtAICl; was used. A mixture of cis- and rrans-isomers was used.
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Ph><C_,Q Silica gel Ph Ph>_ EtAICL, (2 equiv) Pt
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p-MeOC;H;” "OH  EtOAc p-MeOCH, Me CH,Cly, rt,, 12h Me
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Scheme 2

We then carried out a reaction of N-(2-phenylpropylidene)-"butylamine (5) with 2 equiv of EtAICl; in order to
confirm that an imine reacts with EtAlCl; and provides an aryl ketone. Acetophenone (2t) was obtained in 63%
yield from S (Scheme 2).

A plausible mechanism is proposed as shown in Scheme 3. The C-S bond of a B-sultam is cleaved by
coordination of EtAICl; to the sulfonyl group to generate a cationic intermediate II (we describe the stepwise
process via the cationic intermediate Il for convenience). The neighboring group participation of an aryl group
followed by the 1,2-aryl migration provides another carbocation IV. An imine V is produced by elimination of
sulfur dioxide from IV. In the case of R4 = H, V isomerizes to an enamine VI and coordination of EtAICly
enables a chloride ion to attack at the $-carbon of VI. The resuiting chloroimine VII is hydrolyzed to an o-
hydroxyaldehyde VIII, which decomposes to an axyl ketone 2 under acidic conditions.24 The detail mechanism

g gt mEmenn PR I_nd. I bt o
l\ not LlCdl at pﬂ’:&ﬁ[ll lll l.llt: Layxc Uf R" = l\ - lVlC, an mdcnyuc J IS Ul)ldl[lCU Dy LIIC [1yur01y515 01 V
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3~ SO2 D3 Soz - N SOZ —_—’R 7\ SO'/!
R, REIN % —  pige \Ar— SAE- shiftpd e ADSA—
K 1 K I 'l\ o |\ m I\ v I\
\\élll \‘rnl JPp— .y
4_ 3 —NR’ HO
a) R - |T—NHR —_— 2 l'r“ H_20> -2 ') 2 gEp—
| Rl R*=1"UHn 273
—NR! R~ 3 3 R® R
'SOz ‘I‘ “, 3 Cl_ R R- 2
— = R*A  A— Rvi 1 Vi
3 pd
R R-V | b) R*=R*=Me Ry CHO
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We applied this reaction to synthesis of trisubstituted aldehydes (Scheme 4, Table 3). 4,4-Disubstituted
B-sultams 6 and 7 were prepared by treatment of 1 with LDA followed an alkyl iodide. Alkylation of 4-
phenyl—B—sultdms (R2 = Ph) proceeded stcrcosclcctlvely to give 6-cis (cis: relation between two aryl groups, Ar
and R2) as major products (entries 1, 4-6).25 Trisubstituted aldehydes 8 and 9 were obtained in good yields
(entries 1-8) regardless of the configuration of the C-3 and C-4 aryl groups (entries 2, 3).

A\_ 1 A\‘ 1 A\_ . EtAlCy
NR' 1) LDA, THF, -78'C NR NR"  (Qequivy R? CHO R?! CHO

' e SV ~ =
J_SO‘) 7\ A‘h! }MIAP R2 2 or R3 I S Talhena rt P or X
2 J 4 BESRy A ZNRAALEA 3 L VIUVLEV,y Laley Rq Al' R_) Al‘
R -78°C —r.t. R’ 12-15h
1 6 7 8 9
Scheme 4

Table 3. Preparation of 4,4-Disubstituted B-Sultams 6 and 7 and Their Reactions with EtAICl,.

Entry Ar R! R? R} 6 or 7* (%yield)® 8 or 9% (%yield)®
1 Ph °C¢H,; Ph CH,;CH,CH,CH, 6aa-cis (66), 6aa-trans (14)°  8aa (71)°
2 6aa-cis 8aa (81)
3 6aa-frans 8aa (79)
4 Ph "Bu Ph CH, 6¢h-cis (55), 6¢cb-trans (27)°  8cb (93)°
5 p-CICH, °C¢H;, Ph CH, 6ib-cis (74), 6ib-trans (21)°  8ib (88)°
6 Ph "Bu  Ph CH,CH, 6cc (cis < trans = 5.7 : 1,95)°9  8cc (83)°
7 Ph ‘C¢H;; -~ -CH,CH,CH,CH,- (R R%) 7rd (73) 9rd (84)
8 Ph “C¢H;; - CH,CH,CH, 7Tre (65) 9re (88)

a{“nmpnnpd No.: The first alphabets correspond to those of R -sultam

g1 nnd ﬂ\p cecond alnl hth chaw alkvl indidac (DB\
e first alphabets correspond to s 1 and the second alphabets show alkyl iodides (R”).
bsolated yield. Scis, trans: Relation between C-3 and C 4 aryl groups, Ar and R? (Ph). 4An inseparable mixture of
diastercomers. The ratio was estimated by the 'H NMR spectrum. ®A mixture of sterecisomers, 6-cis and G-frans, was

used for a reaction with EtAICl,.

A variety of B-sultams 10 with a poorly migratory substituent at C-3 (0.2 mmol) were treated with
EtAiCiy or AiCi3 in dry CH2Cliy (Z mi) under a nitrogen atmosphere (Scheme 5, Tabie 4). The reaction of

10a-cis with 2 equiv of EtAlCl, for 12 h afforded trans-1,2,3-oxathiazolidine 2-oxide 11a (A : B =70 : 30,
canasnhla v rtnan o v b a2 T £ A c3lina oal) 0 K07 wv11alA fanmtbeer 1) Arro_Amieidiaa 1% wrnc Altatmad Ao 4 i
PaldU.lC U_)’ p Cpaladallvyo 11.4. Ul dliita ECI} U /i lelU \Clllly 1). CLY-ALHIULLIC Léad WA UDLALLIICU dad> a 111 J 1
nr. net 1in R2% vield alana wit 80, nf 11a whan tha reartian wace rarrtad ant in O HalMa ainder reflny for AN W
kllUuu\/L 11 V&L /U iwiu NIUIIE ¥V AIULLL /U UL A KGR VYYILIWil LIV IVAWVLIVIE VWYWUO VALLIVUE UUL 11k \/LLL\JAL LALIMIWGE AWwiiIA 1V UV 1S
(entry 2) The reaction of 10a-frans with 1.4 equiv of EtAlCl» at room temperature gave no 1,2,3-
\ J 7 ~ raar i Avia e e 4 i o =) Lot
R fCH,, {CeHy [ {CeHy,
\——riq EtAICl, or AICl, RGN /R N, R
Ty + _C
}so, CH,CL, 1 o/ [ o N=CCH,,
/ Z Z “ “‘\O ‘\‘\O ,
P Ph / pn Ph
11A 11B 12
(i:CéHl 1 iccéHl i 1CeH 1y
3-Pya ,.N\ EtAICl, (2 equiv) 3-Py\ 3“PY\,N\ 3-Pya_- N\
/S-O N"—"CC6H1 1 + /S-O + L /SIIIO
pp O CH,Cl,, r.t.,, 12 h Ph pp O pp 0
11aA 12a (50%) 11aA (15%) 11aB (10%)

Scheme 5
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Table 4. Ring Transformation of B-Sultams 10 Bearing a Poor Migratory Substituent with EtAICI, or AICl,.

B-Sultam
Entry  Compd No. R Conditions (equiv) Products (%yield)*
1 10a-cis 3-Pyridyl EtAICl, (2.0),.t,, 12h 11a (65, A : B=70: 30)
2 10a-cis 3-Pyridyl EtAICl, (4.5), reflux, 60 h  11a (5, A : B =80 : 20), 12a (62)
3 10arans  3-Pyridyl EtAICl, (1.4), rt,, 12h No Reaction
4 10b-cis 4-Pyridyl EtAIC, (4.5),0°C, 22 h 11b (49, A : B=90: 10),° 12b (11)
5 10b-cis 4-Pyridy! AICl; (4.0), reflux, 28 h 11b (8, A : B=91:9)° 12b (54)
6 10c-cis 2-Pyridyl EtAICI, (2.2), 11, 14 h 11c (40, A : B=90: 10),° 12¢ (18)
7 10c-cis 2-Pyridyl AICL; (4.0),r.t,27h 11¢ (9, A : B =94 :6),° 12¢ (48)
8 10d-cis p-NO,CeH,  EtAICI, (1.0),0°C, 12h 11d (18, A : B=95:5)°
9 10e~cis p-CNC¢H, AICly (1.5),r.t, 14 h 12e (23)
10 10f° ‘Butyl EtAICl, (1.1),r.t, 12h 11fA (93)

Msolated yield. bAn isomeric mixture (cis : trans = 1 : 1.8) was used. ©An inseparable mixture of stereoisomers. The ratio
was determined by 'H NMR.

oxathiazolidine 2-oxide, and 72% of the starting material was recovered (entry 3). The steric repuision beiween
n, A o

the C-3 and C-4 substituents of lv" cis would increase the aptitude of ring distortion and greatly influence the
C-S bond cleavage. Therefore, we examined reactions of 10b-e by the use of cis-isomers. In the cases of

10b.d-cis, trans-1,2,3- oxathzazoladme 2-oxides 11b-d were provided as inseparable mixtures of
stereoisomers, whose ratios were calculated from the intensities of 4-H and 5-H signals in the lH NMR
spectrum (entries 4-8). Since the reaction of 10d-cis was complicated, we could not characterize any other
products except for 11d. The reaction of 10e-cis with 1.5 equiv of AICl3 gave cis-12e in 23% yield, and no
other product could be characterized (entry 9). Treatment of 10f with 1.1 equiv of EtAICl, for 12 h gave trans-
1,2,3-oxathiazolidine 2-oxide 11fA as a single isomer in high yield (entry 10).

The stereochemistry of trans-1,2,3-oxathiazolidine 2-oxides 11aA and 11aB was determined by
comparing the chemical shifts and the coupling constants between 4-H and 5-H in the IH NMR spectrum with
those of 4,5-diphenyl-3-methyl-1,2,3-oxathiazolidine 2-oxides26 and finally by X-ray crystallographic analysis

of 11fA (Figure 2). The cis-configuration of aziridines 12 was determined from the coupling constants

U S, It arasala atlos L1 oo T __ £ 12 1T

beiween 2- and 3-hydrogens in the *H NMR specira, for example, that of 12a was /= 6.3 Hz.

Fig. 2. ORTEP drawing of the compound 11fA
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Treatment of 11aA with 2 equiv of EtAICl; gave 12a, 11aA and 11aB in 50, 15 and 10% yields,
respectively (Scheme 5). From the result, 1,2,3-oxathiazolidine 2-oxides and aziridine would be formed as
shown in Scheme 6. The C-S bond of a B-sultam ring is cleaved by the coordination of a Lewis acid to the
sulfonyl group to gcncrate a cationic intermediate IX. The C-S bond cleavage would be influenced by the steric

repuision of the C-3 and C-4 substituenis. Recyclization of IX between carbocation and oxygen provides
stereoselectively t-a“s-l,2,3-oxauumnumc 2-oxides 11 because of the steric repulsion between the C-4 and C-
S substituents. In the prolonged reaction, IX is regenerated from 11 by the C-O bond cleavage with a Lewis
acid and eliminates sulfur dioxide to form another intermediate X.  The -amino carbocation X cyclizes to
give a cis-aziridine 12, which is thermodvnamicallv mare stable than the correspondinge trans-isomer.27.28

&ive &3 JLV SRS v vwRi22 AT RRAARL YRR Y 2L SaUIG LA X 33 prraaliig o A5

C

I\—N/ CeHpy iz K\_NC Gt
) s e RN
10-cis AJtng3 Alng3 Ph =0
@-so2 -
N‘C:H R
St — Tr—can,
Ph/ + Auiigs A1L1g3 Ph’ 19
Scheme §

Next, we carried out reactions of B-sultams 1 with 2 equiv of SnClg in CH,Cl; under nitrogen at room
temperature for 12 h (Scheme 7, Table 5). Treatment of 1a with 2 equiv of EtAICl, under the same conditions
provided benzophenone 2a in good yield regardless of the configuration of the 3- and 4-substituents (see
Scheme 1, entries | and 2 in Table 2). In contrast, the reaction of 1a-cis with SnCly, a weaker Lewis acid
than EtAICl,, gave cis-aziridine 13a as a major product in 46% yield together with 19% of 2a (Table 5, entry
1). The yield of 13a increased to 53% and that of 2a decreased to 10% by the addition of 2 equiv of KI as a
nucleophile (entry 2). On the other hand, the reaction of 1a-frans afforded 2a in 61% yield accompanied with
a trace amount of 13a (entry 3). Similar results were obtained from reactions of 1k-cis and 1k-frans
although considerable amounts of the starting materials were recovered (entries 4 and 5). In the case of le-cis,

Vo wirne avalss rale: atvran v ceita ~F S e S S P S A

2e was exclusively given in 83% yield in spite of cis-configuration (eniry 6).

Ars

. S iv) 0
T — N—°C¢H,, +
):'so2 CHZClz,rt 12h ) o Ar/lLPh
1 2

PH
Scheme 7

Table 5. Reactions of Some B-Sultams 1 with SnCl,.

Entry? Compd Vf—bultam Ar Products (%yield)
1 la-cis Ph 13a (46), 2a (19)
2¢ la-cis Ph 13a (53), 2a (10)
3 la-trans Ph 13a (trace), 2a (61)
4 1k-cis p-BrC¢H, 13k (14), 2k (4), 1k-cis (76)
5 1k-trans p-BrCyH, 13Kk (trace), 2k (46), 1k-trans (32)
6 le-cis p-MeOCH, 2e (83)

8Reactions were carried out at room temperature for 12 h unless otherwise noted. Plsolated yield.
©2 equiv of KI was added as a nucleophile.
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A plausible mechanism is shown in Scheme 8. The C-S bond of 1a-cis is cleaved by the coordination of
SnCly4 to the sulfonyl group and subsequent attack of the chloride ion. cis-Aziridine 13a is formed by
extrusion of sulfur dioxide followed by recyclization via intermediates XI and XII. An imine intermediate
X1V is generated from XII by 1,2-phenyl shift to give benzophenone 2a. In the case of 1a-frans, the C-S
bond is cleaved with the aid of neighboring group participation of the 3-phenyl group to produce Za via an

lI]lelﬂculdlC Alll lﬂC L-D nunu ucﬁv‘agc: ()l IC'LL\ w‘oum [)C dLIllCVCU Dy lIlC ClﬁLll’()mCl'lL dbblbldnCC UI lﬂC
p-methoxyphenyl substituent overwhelming the steric interaction between cis-substituents.

1 n
m‘ NG Major route +
/ H SnCi, Ci H Ph PH P H Ph
L g 13
& ia-cis 132
Mn‘:sr% - X1 X - ¢
H \ ‘ _ R= CﬁH“
Ph.:"_]f SnCl [- t T NR 1,2-Aryl shift —=NR 0
4o, | PR g, P — N
H’Es’h <2 ' }l>h ‘ 2 -SO, Il’h Ph "Ph
‘SnCl ™ 2a
la-trans ¢ L X SnCly XIv i
Scheme 8

We carried out hydrolysis of 11aA into (/R* 2R*)-2-aminoethanol derivative 14 (Scheme 9).29
Treatment of 11aA with 1 N-HCI in THF at room temperature for 14 h provided (/R* 2R*)-14 in 84% yield
accompanied with a small amount of (1S*2R*)-14. (I1R* 2R*)-14 was slowly epimerized to (IS*2R*)-14
in strongly acidic conditions or in prolonged reaction time. The stereochemistry of the products was confirmed
by the comparison with the coupling constants in 'H NMR spectra of threo- and erythro-2-(dimethylamino)-1,2-
diphenylethanols.30

°C(H 1CeH 1CeHy
e 1p 3 |
3-P 3- NH -
NN 1 N-HCYTHF N Py NH
Lg° g L
Ph\‘t“ O/ I'.t., 14 h Ph._\“ OH ph' OH
o 84% L n* apt 14 kA .
11aA (IR ,2K )-14 (15 2R )-14
Scheme 9
We attempted to trap a cationic intermediate generated by the C-S bond cleavage with an intramolecular
PG | RPN | P Qepctlimn snntnninle A oAl s, 1T R alénmne 1E o0 d 180 xiavra meranarad in gmmd rialde ey
dlKCllyl gluup. Slailiily Hidielidld, 4-dlACHYI1-pP-dUlidills 1o 4ald 109 , WCIT piTpditd 11l gUUU yICiud vy
ctarancalantiva albulatinn nf A_.mnanncihetinitad R_ocuiltame with allenyl halidec (Srhame 1) Tahle £) 25 TIn the
ULV UDCILLLL VO aln]lauuu Ul STEHAVIRIIUUSLILMILVLL PJTIUILAIID Wikl GIRVIIY 1 HQIIUWD \Jwiiviiiv 1V, I QuUlv Uj. R11 LLiw
cases of some a!lfe.nyl halidﬁs (R3 = H) the compounds 15 were obtained as major products together with their

). No isomer could be isolated except for 15ae’' in the cases of alkenyl
hahdes (R3 = Me) probably due to the bulkiness of the reagents (entries 11, 17-20). Reaction of 15¢a with
EtAICl, in toluene gave aldehyde 17ca, 1,2,3-oxathiazolidine 2-oxide 18ca, aziridine 19c¢a in 25, 50 and 5%
yields, respectively (entry 2) whereas the use of CHCl; instead of toluene provided 17ca in good yield
accompanied with 3% of 18ca (entry 3). The difference in these results would be attributed to formation of an
insoluble complex in toluene. Treatment of other alkenyl-B-sultams 15ab,ac,ac',ad (R3 = H) in toluene
afforded aldehydes in good yields, and no tandem cyclization products 16 were obtained (entries 5, 7, 8, 10).
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1
&
=

o N ol N
NR™ 1) LDA (1.5 equiv), THF, -78°C )%I:l?“{ . Wﬂm EAAIC],
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16B: Y=R*, Z=Ar
Scheme 10

Table 6. Attempt Tandem Cyclization of 4-Alkenyl-B-sultams 15 and 15,

B-Sultam 1 Halide B-Sultam 15,152 EtAICl, Time

Entry Rl R R g X (oyicld)? % Products® (%yield)®
il (So LA RN 15

1 Ph "Bu  Ph H 1 Br 15ca:15¢ca' (10: 1, 90)°

2 15ca,15ca’ 20 12 17ca(25), 18ca (50), 19¢ca (5)

3 15ca,15ca’ 2.09 12 17ca(77),18¢ca (3)

4 Ph °C¢H,; Ph H 2 Br 15ab(71), 15ab' (15)

5 15ab 20 15 17ab(72)

6 Ph °C¢H;; Ph H 3 Br 15ac(54), 15ac’ (16)

7 15ac 20 15 17ac(89)

8 15ac’ 20 15 17ac(83)

9 Ph ‘C¢H;, Ph H 4 Br 15ad (82), 15ad’ (14)

10 18ad 2.0 15 17ad (84)

11 Ph  °CgH,; Ph Me 2 1 15ae(72),15ae' (14)

i2 i5ae i.0 i2 16ae (29), i5ae (41)

i3 i5ae 1.0 48 16ae (8), i5ae (13)

14 i5ae 1.0 12 1i6ae (29), 15ae (44)

15 15ae 2.2 12 16ae (53)

16 15a¢' 22 12 16ae(59)

17 p-Tol ‘C¢H;; Me Me 2 1 15ve(87) 22 12 16veA (42), 16veB (6)°

18 p-Tol “C¢H,; Ft Me 2 1 15ge(83) 22 12 16geA (39), 16eeB (5)°

19 pTol ‘CgH;; Ph Me 2 1 15fe(76) 22 12 16fe(56,A:B=1:1)

20 Ph “C¢H;; Ph Me 1 Tl 15af(69) 2.2 12 16af (11), 17af (66)

3Compound No.: The first alphabets correspond (o those of B-sultams 1 and the second alphabets show alkenyl halide (R3, n,
X). Plsolated yield. An inseparable mixture of diastercomers. The ratio was estimated by the 'H NMR spectrum. 4CH,Cl,

was used as a solvent. blercocncxmbu’y of the pruuuub was deiermined uy NOE measuremeni. A mixture of diastercomers.
The ratio was estimated by 'H NMR spectrum.

Treatment of 15ae which possesses two cis-oriented phenyl groups with 1.0 equiv of EtAICl; in toluene
gave a bicyclo[3.2.1]-y-sultam 16ae in 29% yield together with 41% of the starting material 15ae (entry 12).
The reaction was complicated in prolonged reaction time (48 h), and only small amounts of 16ae (8%) and
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15ae (13%) were isolated (entry 13). The use of CH,Cl; as a solvent instead of toluene gave a similar result

(29% of 16ae and 44% of 15ae, entry 14). The yield was improved up to 53% by use of 2.2 equiv of

EtAICI, in toluene at room tempcrature and no staning material was recovered (entry 15). The y-sultam 16ae

was aiso obtained in better yieid (55%) from 15 'cn posscsses two trans-oriented p nyl groups than

cis-2a because irans-orieniation of t wouid pr 3 nily i

el olas ace Mhar mendisate siraca svnahorantaciaa Ahanniica I.-. r oo i
1 OMHIL PAUATOS. UKL PRUULRLS WLILT uncnar blCllLUU utLaudsc ll

not be obtained in sufficient amounts for analysis.
Tandem cvclization of some 4-alkenvl- B-Qll Itams 15‘!9;58;-6;3!’( 3= Me) was also effected by uge
12

Ll I A LA L L R N |IXL2LS

2.2 equiv of EtAICl; in toluene under an argon atmoenher room temperature for

beanng an equatortal—phcnyl group and an axtal—alkyl group were obtamed asa maJor product (16veA: 42%;
16geA: 39%, respectively) accompanied with small amounts of stereoisomers 16veB and 16ceB (6% and 5%
yields, respectively) (entries 17, 18). The reaction of 15fe gave y-sultam 16fe as an inseparable mixture of
stereoisomers (1 : 1, estimated by TH NMR spectrum) in 56% yield (entry 19). Bicyclo[2.2.1]-y-sultam 16af
was obtained in only 11% yield together with 66% of aldehyde 17af from 15af (entry 20).

The structure of bicyclo[3.2.1]-y-sultam 16ae was confirmed by X-ray crystallographic analysis, and the

stereochemistry of 16veA and 16eeA was estimated by NOE experiments (Figure 3). The ORTEP drawing

rCVCdlb ll’lal lDde L()n&lbls ()I a [J I. lj DlLyLllL rlng syslcm dﬂ(l [ﬂdl [ﬂC CyClOﬂCanC SKCIC[OD IS nearly cnmr
conformation with the sulfonamide unit in axial-orientation.

O
si #CeHyy

Q j@ ig S e gy J18% NOE
rﬁ——%/ K B ;X’ cHaMe(p)
-

Tha mranmcad manhanicrm Af tha tandam Aavnlizatinm ic chatgn im Cahama 11 Nanerdination AFECAITLL at o

11T PIUPUDCU T IIAIDILL UL UIC talluclil b]bllbdllull 10 DIIUWILL 111 OULIUEIIC 1 1. LUULULLLIALIVIL UL LAndLl) at a
eulfonvl oronun of 18 cancee C-Q hnnr] cleavaoe to oenerate a catinonic intermediate V which formeg an
Uil i SAUUP Vi Ao WAUSWVI T vvLiu VAV“V“EV w WARW A ALY U VLAV LIAY MLV LIAWNAAY £A Y FYAilWwil RVEiKRILAO i

alternative cation XVI by 1,2-aryl shift. The cation X VI undergoes olefinic cyclization followed by tandem
recyclization of a cation XVII to provide a bicyclic y-sultam 16 in the cases of R3 = Me due to stabilization of
the cation XVII by the methyl group. In the case of 15af (n = 1) an olefinic cyclization step would be
prevented by steric strain of the five-membered ring system with two geminal-phenyl groups, and an imine 20
is predominantly formed by release of sulfur dioxide from XVI. In the cases of R3 = H, XVII is not stable
enough to generate, and 20 would be exclusively given. An aldehyde 17 is obtained by hydrolysis of 20
during work-up.
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Scheme 11

We attempted tandem Friedel-Crafts cyclization of a cationic intermediate XVIII generated by the C-S
bond cleavage followed by 1,2-phenyl shift (Scheme 12). The compounds 21 were obtained stereoselectively
by treatment of 1a with LDA followed by an alkyl bromide. Reactions of 21 with 2.2 equiv of EtAICl5 in
toluene gave aldehydes 22 or a complex mixture, and no Friedel-Crafts product 23 could be isolated.

Ph\ P EtAlCl2 e~ C£H| I <N A_—A 1
W—N“C6H“ 1) LDA \-—N C¢H,, (2:2equiv) thCHO v ‘\N/ SYITACT
,,)—502 2) Alkyl bromide R""i—SOz Toluene, /\R Ph s Y .
Ph Ph r.t., 15h vy Ph m
ta 21 - NN
xvin R
i
Entry R Product (%yield)? Product (%yield)® il
I PhCH,CH, 21aa (82) 22aa (98) NH"CgH,,
2  p-MeOCH,CH,CH, 21ab (50) 22ab (78) Ph
4 lvvvo;;4\.152\'nll WASRAT \ N \ 7 Ph/l l’ ll
3 mp-(MeO),CcH;CH,CH,  21ac (67) complex mixture g
asolated yield. - 23 R
Scheme 12
SUMMARY

Treatment of B-sultams with Lewis acids provided various types of products by selective C-S bond
cleavage of the B-sultam ring. The reactions were influenced by the cation-stabilizing capability of C-4
substituents and by the configuration of the substituents at C-3 and C-4. Aryl ketones or aidehydes were given
from 3-aryl-B-sultams, and some trisubstituted aldehydes were synthesized. [-Sultams bearing a poorly

migratory substituent at C-3 gave frans-1,2,3-oxathiazolidine 2-oxides and/or cis-aziridines stereoselectively. A
(1R* 2R*)-2-aminoethanol derivative was obtained by hydrolysis of a rrans-1,2,3-oxathiazolidine 2-oxide.
Tandem intramo!ecuiar cyclization proceeded in the reactions of some 4~al!<cz~.yl-3-aury.—,B—srk.lta...q to give
bicyclo[3.2.1]- and [2.2.1]-y-sultams via the processes of C-S bond cleavage, 1,2-aryl shift, cation-olefin

cyclization and recombination of the sulfonyl anion. An attempt at tandem Friedel- Crafts cyclization of a

cationic intermediate was unsuccessful and resulted in the formation of aldehydes.
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Melting points were obtained with a Yanagimoto micro melting point apparatus and are uncorrected. IR
spectra of solids (KBr) and liquids (NaCl) were recorded on a JASCO IRA-100 spectrophotometer. 'H NMR
spectra were recorded on a JEOL GX-270 (270 MHz) or a JEOL EX-400 (400 MHz) or JEOL EX-90 (90 MHz)
spectrometer with tetramethylsilane as an internal standard. !3C NMR spectra and NOE were obtained on a
JEOL EX-400 spectrometer with chloroform-3 (77.0 ppm) as an internal standard. Mass spectra were recorded
on a JEOL JMS-D 300 spectrometer with a direct-insertion probe at 70 eV. Elemental analyses of new
compounds were performed by a Yanaco CHN Corder MT-5.  All chromatographic isolations were

dCCOITlpllSIEG with either MCSClgel 60 (MCI'CK) or BW-127ZH (I“UJl bllYSla) for column cnromdtograpny or

incalanl P - SR SR A Lonn b\ oo T M

NCDCIEC] UU l' I‘ 254 u)uuuuiug BYpsuill U.VICILK J 100 1L,

Synthesis of B-Sultams by [2+2] Cycloaddition of Sulfonyl Chlorides and Imines

Method A, general procedure. To a stirred solution of an arylmethanesulfonyl chloride (5 mmol) in dry
THF (2.5 cm3) was added dropwise a solution of imine (10 mmol) in dry THF (10 cm3) under cooling with ice-
NaCl under nitrogen and the mixture was stirred at room temperature for 3 days. The precipitate was filtered
off through Celite and the filtrate was evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel and eluted with EtOAc-hexane (1:10 -1:5 v/v).

Method B, general procedure. An alkylsulfonyl chloride (5 mmol) and an imine (10 mmol) was stirred
without solvent at room temperature under nitrogen. After standing at room temperature for 3-7 days, the

PRy gt ot in Ui JupiY emm e ok

SO11aIT1EQ reac tion nllxlum was pun[lm Uy column med[()grdpﬂy on hlllLd gCl and eluted with EIUAC_ﬂde.nC
F1.1N 1.8 <, /s
VLIV -ED ViV,

B-Sultams 12,32b,7¢,31 ¢,32 ¢ 31§31 ¢31 y 31 x32 and 10£3! were prepared by the reported

procedures.

trans-2-'Butyl-3,4-diphenyl-1,2-thiazetizine 1,1-Dioxide (1d-trans) Prepared by Method
A, yield 34%, colorless prisms (from EtOAc-hexane), mp 152-157°C; TH NMR (CDCl3) 8: 1.39 (9 H, s, Me x
3),4.66 (1 H,d,J =59 Hz, 3-H), 5.16 (1 H, d, J = 5.9 Hz, 4-H), 7.39-7.47 (8§ H, m, ArH), 7.59 2 H, d, J
= 6.8 Hz, ArH); 13C NMR (CDCl») &: 27.9 (q), 56.3 (d), 57.1 (s), 83.0 (d), 126.7 (d), 128.9 (s), 129.0 (d),
129.1 (d), 129.4 (d), 138.8 (s), two aromatic carbons are overlapped; MS (EI) m/z (rel. int. %): 315 (1, M*),
236 (100); IR Viax (KBr) cml: 1300, 1160 (SO3); Anal. Calcd for C1gH21NO3S: C, 68.54; H, 6.71; N, 4.44.
Found: C, 68.37; H, 6.74; N, 4.38.

cis-2-iButyl-3,4-diphenyl-1,2-thiazetizine 1,1-Dioxide (Id-cis) Prepared by Method A,

ield 24%, colorless prisms (from EtOAc-hexane), mp 146-149°C; 1H NMR (CDCl3) &: 1.46 (9 H, s, Me x 3),
y p 3

501 (1H,4,/=93Hz, 3-H),583 (1 H,d, /=93 Hz, 4-H), 7.15-726 8 H, m, ArH), 7352 H,d, J =
6.8 Hz, ArH); 13C NMR (CDCl3) &: 28.3 (g), 53.7 (d), 57.2 (s), 79.7 (d), 128.1 (d), 128.2 (d), 128.3 (d),
128 4 (). 128 8 (d). 130.1 (d). 136.3 (). an aromatic carbon is overlanned: MS (ED) mi/7 (rel. int. %): 315 (2
i LW Jy LT .r M Jfy &2/ AT A Ver M)y W sl S S i had uff wthathast] Rl J oA \ AW AAAT. Je = 2l &~y
M+), 236 (100); IR Vimax (KBr) emrl: 1310, 1150 (SO2); Anal. Caled for C1gH21NO3S: C, 68.54; H, 6.71; N,

4.44. Found: C, 68.75; H, 6.76; N, 4.31.
trans-2-Cyclohexyl-3-(4-methylphenyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (1f-
trans) Prepared by Method A, yield 22%, colorless prisms (from EtOAc-hexane), mp 111-113°C; TH NMR
(CDCl3) 8: 1.15-1.33 (4 H, m), 1.54-1.77 (5 H, m), 2.13 (1 H, br d, J = 12.7 Hz), 2.34 (3 H, s, Me), 3.28-
334 (1 H, m, 1'-H), 439 (1 H,d, J= 6.8 Hz, 3-H), 505 (1 H,d, J = 6.8 Hz, 4-H), 7.16 2 H,d, J = 7.8
Hz, ArH), 7.35-7.42 (7 H, m, ArH); 13C NMR (CDCl3) &: 21.1 (g), 24.2 (), 24.4 (1), 25.4 (1), 30.5 (1), 32.0
(t), 57.0 (d), 58.1 (d), 82.9 (d), 126.4 (d), 128.7 (s), 128.9 (d), 129.2 (d), 129.5 (d), 129.7 (d), 135.0 (s),
138.7 (s); MS (EI) m/z (rel. int. %): 355 (21, M*), 83 (100); IR Vpax (KBr) cm-!: 1300, 1170 (SO,); Anal.

Caicd for Ca1H25N02S: C, 70.95; H, 7.09; N, 3.94, Found: C, 70.73; H, 7.03; N, 3.95.
o M Ak .} Y A o ab T L __ .1\ oA __L_.__.1 19 <L ot 1 1 Tey:_ . 2.3 1L 2.0
CIS'A'L)’(.I nexyi-o-(a-mceinyipiacnyi)-qa-pnciyi-i,c-tiladzciiziiic 1,i=L710X1Uc L1I=Ccdy)
Prepared by Method A, yield 34%, colorless prisms (from EtOAc-hexane), mp 146-148°C; 1H NMR (CDCl3)
8: 1.14-1.39 (4 H, m), 1.58-1.83 (5 H, m), 2.19 (1 H, br d, / = 8.3 Hz), 2.20 (3 H, s, Me), 3.32-3.37 (1 H,
m, 1'-H), 492 (1 H, d, J = 8.8 Hz, 3-H), 5.66 (1 H, d, J = 8.8 Hz, 4-H), 6.96 (2 H, d, / = 7.8 Hz, ArH)
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7.10-7.12 (5 H, m, ArH), 7.18-7.25 (2 H, m, ArH); 13C NMR (CDCl3) &: 21.0 (q), 24.5 (t), 24.9 (1), 25.4
(t), 31.0 (t), 31.9 (1), 55.1 (d), 57.1 (d), 79.6 (d), 127.5 (d), 127.9 (d), 128.5 (d), 128.8 (d), 130.1 (d), 131.9

(s), 137.8 (s), an aromatic carbon is ovcrlapped MS (EI) m/z (rel. int. %): 355 (16, M+), 208 (100); IR Vipax
(KBr) cm-1: 1320, 1160 (SOy); Anal. Calcd for C21Hp5NO,S: C, 70.95; H, 7.09; N, 3.94. Found: C, 70.98;

n, /.1U; IN, 3.96.
fomme_ YV _Cwolaohavel 2 _ (VY mathuvinhanvii_A_ nhanol_1 thioaratimina 1 1T _Ninvida {1
IF@RS=-a=LyCi0nexyi-o=ts~metayspneilyi;-a-pnenyi-i,s-inia etizine 1,1-UiORiGe (18-

tranc) Prenared hv t] A vield 28% colorless nrisms (from EtOAc-hexane) mn 118-121°C 14 NMR

trans) A.A\Jymvu oy MENOG A, YIelg L8%, CO0ress prisms (Irom EIOAC-nexane), mp 1:18-12:1 L, "1 NMX

(CDCl3) 8: 1.21-1.36 (4 H, m), 1.64-1.69 (4 H, m), 1.82 (1 H, brd, J = 11.7 Hz), 2.05 (3 H, s, Me), 2.22

(1H, br d, J = 11.7 Hz), 3.37 (1 H, br s, I'-H),4.76 (1 H,d, J = 6.8 Hz, 3-H), 5.02 (1 H, d, J = 6.8 Hz, 4-
H), 710 (1 H, d, J = 7.3 Hz, ArH), 7.24 (1 H, t, J = 7.3 Hz, ArH), 7.35 (1 H, t, J = 7.3 Hz, ArH), 7.45-
7.50 (5 H, m, ArH), 7.91 (1 H, d, J = 7.3 Hz, ArH); 13C NMR (CDCl3) &: 19.3 (q), 24.3 (1), 24.6 (1), 25.4
(1), 30.5 (1), 32.2 (v), 54.3 (d), 57.1 (d), 82.5 (d), 125.9 (d), 126.9 (d), 128.2 (d), 128.8 (s), 128.9 (d), 129.4
(d), 129.7 (d), 130.6 (d), 135.1 (s), 136.4 (s); MS (EI) m/z (rel. int. %): 355 (12, M+*), 83 (100); IR Vmax
(KBr) cmr!: 1300, 1170 (SO2); Anal. Calcd for Co1Hp5NO»S: C, 70.95; H, 7.09; N, 3.94. Found: C, 70.81;
H, 7.04; N, 3.95.

cis-2-Cyciohexyl-3-(Z-methylphenyi)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (1g-cis)
Prepared by Method A, yield 52%, colorless prisms (from EtOAc-hexane), mp: 152-155°C; 'H NMR (CDCl3)

. 1 177 1 AL A TT  ___\ 1 £N 1 O 7€ 1Y M N1 /Y IT . RA_N N AL 71 IT L. .1 T 17 LT 2123 2 20 1 1T
0:1.17-1.45 (4 H, m), 1.60-1.82 (§ H, m), 2.01 (3 H, s, Me), 2.26 (1 H, brd, J= 12.2 Hz), 3.32-3.38 (1 H,
m 1Y SN H A JT=R71T1Ho THN §72(1H 4 T—R2H: AW 6R5 (1T H 4 J =786 Ha ArH)
i, 1-11), J.UJ (L 13, O, v = 0.0 11L, O-x1), J. 713 1 11, U, v = 0.7 114, *4ij, V.00 (1L 11, O, vy = /.U 114, Nnirxi),
TN T00(TH m rfHY 771 (1 d I=7£H7 \rH): 3(‘T\TM (CDr ln\ﬁ- 10.1 (). 24 6 (x). 25.1 (1)
T o\ da™ 17 cdu\F \I KRy XBRy £3BAKJy /o X2 \ 2 RXy Wby ¥ v aA)y ~ \areiy ) L7k \MHJy LT NV el i (V)
25.4 (1), 31.1 (1), 31.9 (1), 52.5 (d), 57.6 (d), 78.9 (d), 125.4 (d), 127 6 (d), 127.7 (d), 127.9 (d), 128.8 (d),

130.0 (d), 130.4 (d), 133.0 (s), 134.9 (s), an aromatic carbon is overlapped; MS (EI) m/z (rel. int. %): 355
(17, M*), 208 (100); IR vmax (KBr) cm-1: 1325, 1170 (SO3); Anal. Calcd for Cp1HpsNO3S: C, 70.95; H,
7.09; N, 3.94. Found: C, 70.89; H, 7.10; N, 4.00.
trans-2-Cyclohexyl-3-(4-fluorophenyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (lh-trans)
Prepared by Method A, yield 26%, colorless prisms (from EtOAc-hexane), mp 140-142°C; 'H NMR (CDCl3)
$: 1.12-1.34 (4 H, m), 1.53-169 (4 H, m), 1.77 (1 H, br d, J = 13.0 Hz), 2.13 (1 H, br d, J = 13.0 Hz),
3.30-3.35 (1 H, m, 1'-H), 440 (1 H, d, J = 6.6 Hz, 3-H), 5.02 (1 H, d, J = 6.6 Hz, 4-H), 7.06 (2 H, dd,
JH)o) = JF(0)= 8.8 Hz, ArH), 7.39-7.43 (5 H, m, ArH), 7.46 (2 H, dd, Jrm) = 5.4 Hz, Jp(,) = 8.8 Hz, ArH);
13C NMR (CDCl3) 8: 24.2 (1), 24.4 (t), 25.3 (1), 30.5 (1), 32.0 (1), 57.1 (d), 57.7 (d), 83.0 (d), 116.0 (d, 2JcF
1
1

1
— I My 1792 174 37 . QLI 199 A (o NAY 179702 (A 1907 (AN 122 Q 7Y 167270 7 1T 0o — 240
= sonZ), 120.1 G, “JCF=7 L), 1&0.4 §), MQ), 127.2(G), 127.7 (Q), 133.7 {8), 102.5 (8, "JCF = &40
H2Y MC (ET /7 (ral int Y 280 (17 MY Q2100 TR v (KR om-l- 1210 1170 (SOL) Anal Cale nr
X2Z ), IV DL TRV JCL Mk, 70 . JI7 (17,4 VL ), OJ (1VUyU), 1IN vgx \Ia0D1 ) Vil 131V, L1/UV S22 ANl LaalU 101
C20H22FNﬂnS C,6683:H, 6.17; N, 3.90. Found: C, 66.74; H, 6.21; N, 4.04.

cis-2-Cyclohexyl-3-(4-fluorophenyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (lh-cis)
Prepared by Method A, yield 37%, colorless prisms (from EtOAc-hexane), mp 160-162°C; TH NMR (CDCl3)
6: 1.15-1.35(4 H, m), 1.57-1.80 (5 H, m), 2.20 (1 H, br d, J = 12.7 Hz), 3.32-3.39 (1 H, m, 1'-H), 4.92 (1
H, d, J = 8.8 Hz, 3-H), 5.69 (1 H, d, J = 8.8 Hz, 4-H), 6.85 (2 H, dd, Jx(0) = JF(0) = 8.8 Hz, ArH), 7.09-
7.26 (7 H, m, ArH); 13C NMR (CDCl3) &: 24.4 (1), 24.8 (1), 25.4 (1), 31.0 (1), 32.0 (1), 54.7 (d), 57.2 (d),
79.5 (d), 115.1 (d, 2JcF = 22 Hz), 128.1 (d), 128.3 (s), 128.7 (d), 129.2 (d, 3JcF = 9 Hz), 129.9 (d), 130.9
(s), 162.3 (s, 1JcF = 248 Hz); MS (EI) m/z (tel. int. %): 359 (16, M+), 212 (100); IR vpax (KBr) cm-1: 1310,
1160 (SO»); Anal. Caled for CooH22FNO»S: C, 66.83; H, 6.17; N, 3.90. Found: C, 66.66; H, 6.22; N, 3.95.

trans-3-(4-Chlorophenyi)-2-cyciohexyi-4-phenyi-1,2-thiazetizine 1,i-Dioxide (ii-irans)

Prepared by Method A, yield 28%, colorless prisms (from EtOAc-hexane), mp 132-133°C; TH NMR (CDCl3)
S 11113448 m) 15831634 m) 176 (1 H hd J=127H 213¢(1 H bd. J=127 Hz)
O 1.11-1.094 &4 N, m), 1.95-1.00 (4 11, 1I1), 1./0 (1 111, VI U, v = 14./ 1L}, £.10 (1 11, UL U, J = 14./ 114,
22AN_22 (1T e 1'HY A0 1T H A JT—(AAH2 2_.HY 5072 (1 d JT~—KRAHz AHY 73 (2 d 7=
J.IOU-I.JJ 1 1x, i1l 1 7IR), .7 (1 L1y, Uy J — U.U 114y JTI1), J.V4L (1 11, Uy v VU LRy TTELJy il \& ki, Uy v

8 Hz, ArH), 741 (S H, s, ArH 12 (2 H, d, J = 8 Hz, ArH); 13C NMR (CDCl3) §: 24.1 (1), 24.4 (1), 25.3

Y. 74 3) O
1315,
1 (d), 57.7 (d), 83.0 (d), 127.7 (d), 128.2 (s), 129.0 (d), 1291(d) 129.2 (d), 129.7
(d), 1346(5\ 1367(3) MS (E@) m/z (rel. int. %): 375 (7, M+), 228 (100); IR vyax (KBr) cm-1: 1300, 1170
(SO2); Anal. Caled for CooHpCINO3S: C, 63.90; H, 5.90; N, 3.73. Found: C, 63.65; H, 5.90; N, 3.81.
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cis-3-(4-Chlorophenyl)-2-cyclohexyl-4-phenyl-1,2-thiazetizine 1,1-Dioxide (li-cis)
Prepared by Method A, yield 40%, colorless prisms (from EtOAc-hexane), mp 128°C; |H NMR (CDCl3) §:
1.14-1.35 (4 H, m), 1.59-1.81 (5§ H, m), 2.20 (1 H, br d, J = 12.2 Hz), 3.32-3.37 (1 H, m, 1'-H), 4.90 (I H,

d, J = 8.8 Hz, 3-H), 5.69 (1 H, d, / = 8.8 Hz, 4-H), 7.10-7.19 (9 H, m, ArH); !3C NMR (CDCl3) &: 24.4 (1),
24.8 (1), 25.4 (1), 31.0 (1), 32.0 (1), 54.8 (d), 57.3 (d), 79.5 (), 128.1 (d), 128.3 (d), 128.9 (d), 129.9 (d),
133.7 (s), 133.9 (s), two aromatic carbons are overlapped; MS (EI) m/z (rel. int. %): 375 (28, M*), 55 (100);
IR Vmax (KBr) cmrl: 1320, 1160 (SO3); Anal. Caled for C2oH22CINO,S: C, 63.90; H, 5.90; N, 3.73. Found:
C, 63.93; H, 5.91; N, 3.76.

cis- and tram-3 (2-Chlorophenyl)-2-cyclohexyl-4-phenyl-1,2-thiazetizine 1,1-Dioxide
(1j) Prepared by Method A, yield 70%, white powder as a 1.4 : 1 mixture of cis and trans isomers (from
EtOAc-hexane), 'H NMR (CDCl3) 8: 1.09-1.39 (total 8 H, m), 1.54-1.83 (total 10 H, m), 2.17 (1 H, br d, J =
9.3 Hz, trans), 2.29 (1 H, br d, J = 12.7 Hz, cis), 3.32-3.39 (total 2 H, m, 1'-H), 5.04 and 5.08 (each 1 H, d,
J = 6.0 Hz, cis 3- and 4-H), 5.17 and 5.82 (each 1 H, d, J = 8.8 Hz, trans 3- and 4-H), 7.02-7.33 (total 10 H,
m, ArH), 7.38-7.48 (total 6 H, m, ArH), 7.73 (1 H, d, J = 7.8 Hz, cis ArH), 7.97 (1 H, m, trans ArH); 13C
NMR (CDCl3) &: 24.2 (1), 24.5 (1), 24.5 (1), 25.1 (1), 25.4 (1), 25.4 (1), 30.3 (1), 31.1 (1), 32.2 (1), 32.3 (v),
52.9 (d), 53.0 (d), 57.2 (d), 58.0 (d), 79.2 (d), 82.8 (d), 126.2 (d), 127.7 (d), 127.7 (d), 127.9 (d), 128.3

(d), 128.8 (d), 128.8 (d), 129.1 (d), 129.3 (d), 129.3 (d), 129.5 (d), 129.6 (d), 129.7 (d), 129.7 (d), 130.5
(d), 132.6 (s), 132.7 (s}, 133.1 (s), 136.0 (s), an aromatic carbon is overlapped; MS (EI) m/z (rel. int. %): 375
(12, M+), 228 (100); IR Vax (KBr) cm-!: 1320, 1170 (SO3); Anal. Caled for CooH22NO,SCl: C, 63.90; H,
5.90; N, 373, Found: C, 63.69; H, 589; N, 372,
trans-3-(4-Bromophenyl)-2-cyclohexyl-4-phenyl-1,2-thiazetizine 1,1-Dioxide (1k-trans)
Prepared by Method A, yield 22%, colorless prisms (from EtOAc hexane), mp 129-131°C; 'H NMR (CDCl3)

8: 1.14-1.34 (4 H, m) 157165(4H m), 177 (1H, brd, J=11.7 Hz), 214(1H brd, J = 11.2 Hz),
3.32-335(1 H, m, I'-H), 437 (1 H, d, /= 6.8 Hz, 3-H), 5.01 (1 H,d, J =6.8 Hz, 4-H), 7.35 (2 H, dd, J =
2.0 and 6.4 Hz, ArH), 7.41 (S H, s, ArH), 7.49 (2 H, dd, J = 2.0 and 6.4 Hz , ArH); 13C NMR (CDCl3) &:
24.1 (1), 24.4 (1), 25.3 (t), 30.5 (1), 32.1 (1), 57.2 (d), 57.8 (d), 82.9 (d), 122.8 (s), 128.0 (d), 128.2 (s),
129.0 (d), 129.2 (d), 129.7 (d), 132.2 (d), 137.2 (s); MS (EI) m/z (rel. int. %): 419 (10, M+), 83 (100); IR
Vmax (KBr) cml: 1300 1170 (SO2); Anal. Caled for CooH22BrNO»S: C, 57.15; H, 5.28; N, 3.33. Found: C,
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.76 (5 H, m), 2.20 (1 H, br d, J=107Hz),332334( H, m, 1'-H), 4.88 (
3-H), 5. H,d,J = 8.8 Hz, 4-H), 7.10-7.18 (7T H, m, ArH), 728 2 H,d, J=17.1
ArH); 13C NMR (CDCl3) &: 24.4 (1), 24.9 (1), 25.4 (1), 31.0 (v), 32.0 (t), 54.8 (d), 57.3 (d), 79.5 (d), 122.1
(s), 128.1 (s), 128.2 (d), 128.9 (d), 129.2 (d), 129.9 (d), 131.2 (d), 134.3 (s); MS (EI) m/z (rel. int. %). 419
(10, M+), 55 (100); IR vpax (KBr) ecml: 1320, 1160 (SO3); Anal. Caled for CogH2BrNO3S: C, 57.15; H,
5.28; N, 3.33. Found: C, 57.27; H, 5.31; N, 3.53.
cis-2-Cyclohexyl-3-(1-naphthyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (1l-cis) Prepared
by Method A, yield 58%, colorless prisms (from EtOAc-hexane), mp 195-198°C; 1H NMR (CDCl3) &: 1.19-
145(4H m), 1.65- 182(5H m) 233(1H br d, J—IOSHZ) 343(1H brs) 557(1H d,J= 8Hz 3-
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(), 31.2 (1), 32.0 (), 52.4 (d), 57.9 (d), 79.6 (d), 121.9 (d), 124.5 {d), 125. (d), ‘25 9 (d), 126.2 (d), 127 3
(d), 127.8 (s), 128.5 (d), 128.6 (d), 128.8 (d), 130.0 (d), 130.1 (s), 130.3 (s), 133.1 (s); MS (EI) m/z (rel.
int. %): 391 (16, M), 326 (100); IR vnax (KBr) cml: 1315, 1160 (SO3); Anal. Caled for Cp4H25N0,S: C,

1
5; N, 3.64.
nyl)-3-phenyl-1,2-thiazetizine 1,1-Dioxide (I1m-

trans-2 -4-(4
trans) Prepared v Me[hod A, yield 4% colorlesq prisms (from EtOAc-hexane), mp 125 126°C; 'H NMR
(CDCl3) 8: 1.16-1.33 (4 H, m), 1.54-1.77 (5§ H, m), 2.13-2.16 (1 H, m), 2.35 (3 H, s, Me), 3.29-3.35 (1 H,
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m, 1'-H), 440 (1 H, d, J = 6.8 Hz, 3-H), 5.03 (1 H, d, J = 6.8 Hz, 4-H), 7.14-7.51 (9 H, m, ArH); 13C

NMR (CDCl3) &: 21.2 (q), 24.2 (1), 24.4 (1), 25.4 (1), 30.5 (t), 32.0 (t), 57.0 (d), 58.3 (d), 82.8 (d), 125.4
(s), 128.7 (d), 128.9 (d), 129.1 (d), 129.6 (d), 138.2 (s), 139.7 (s), an aromatic carbon is overlapped; MS (EI)

= o (1 . N, BEL 7177 RALY AND 7INNMAY, TD o 4 748 » YN 1. 1ann
my/Z (TEL IRL 70)0 330 {1/, M7}, LU0 (1UU)] LK Vqgx (KRDI) cm i 130U, 1165 (buz), Anal. Calcd for
- LI  _NNA_C. £ TNOK. LT "TNHDA 204 Eanaend O 71071 LT 7T A0 N 2 08
LZIEIJ5INUZO. U, TVULT7D, 11, 1.U7, 1IN, D.74, rOUiil; «, /u./ L, 11, /1.U7, IN, 2.50
cis Y Cvelonhovel A_(A_mmat vln anvil_.2_nhanvl_.1 Y _thiarzatizina 1T 1 _ Ninvida {1ven_nia)
TMTN o FUEAVBVAYRTETI (T RARC e y 1 gy Iy SIS PUTCII Y IT L g™ I.nlaz,cl_lblllc Ly L=TRL/IUVARUT LLAE"C 8D )

EtOAc-hexane), mp 190-192°C; 'H NMR (CDCls) &:
Me), 2.19-2.23 (1 H, m), 3.32-3.40 (1 H, m, 1'-H),
493 (1 H, d, J = 8.8 Hz, 3-H), 5.66 (1 H, d, J = 8.8 Hz, 4-H), 6.89 (2 H, d, J = 8.3 Hz, ArH), 7.04 (2 H,
d, J = 8.3 Hz, ArH), 7.10-7.25 (5 H, m, ArH); 13C NMR (CDCl3) 8: 21.0 (q), 24.5 (1), 24.9 (1), 25.4 (1),
31.0 (1), 31.9 (1), 55.2 (d), 57.2 (d), 79.5 (d), 125.2 (s), 127.6 (d), 127.9 (d), 128.0 (d), 128.6 (d), 133.0
(d), 135.1 (s), 138.5 (s); MS (EI) m/z (rel. int. %): 355 (18, M+), 208 (100); IR v;uax (KBr) cm-1: 1320, 1160
(S02); Anal. Calcd for Co1HasNO3S: C, 70.95; H, 7.09; N, 3.94. Found: C, 70.71; H, 7.14; N, 3.91.
trans-4-(4-Chlorophenyl)-2-cyclohexyl-3-phenyl-1,2-thiazetizine 1,1-Dioxide (1n-
trans) Prepared by Method A, yield 38%, colorless prisms (from EtOAc-hexane), mp 170-172°C; 1H NMR
(CDCl3) &: 1.16-1.34 (4 H, m), 1.54-1.78 (5 H, m), 2.11-2.14 (1 H, m), 3.29-3.34 (1 H, m, 1'-H), 4.35 (1

Prepared by Method A, yield 5%, colorless prisms (from
1.14-1.39 (4 H, m), 1.60-1.83 (5 H, m), 2.17 (3 H S,

H, d, /= 6.8 Hz, 3-H), 5.02 (1 H, d, J = 6.8 Hz, 4-H), 7.25-7.47 (9 H, m, ArH); 13C NMR (CDCl3) &: 24.2
FeY A A S+ AL D s AN L S AN N feY E7T7T 1 AN £O & AN O N I 1L A I 17 1 7.y 110 Vg™ AN 120 1
(L), 499 (1), £I.3 (1), IV.0 (1), J&LV (1), D/.1 (T), J0.J (), 02.U (U, 120.4 (Q), 12/7.1 (§), 129.0 aj, 12>.1
(d), 129.2 (d), 130.5 (d), 135.8 (s), 137.7 (s); MS (EI) m/z (rel. int. %): 375 (33, M+), 228 (100); IR Viax
(KBr) cm-!: 1320, 1165 (SO3); Anal. Calcd for CpgH2CINO;S: C, 63.90; H, 5.90; N, 3.73. Found: C,

63.79; H, 5.85; N, 3.69.

cis-4-(4-Chlorophenyl)-2-cyclohexyl-3-phenyl-1,2-thiazetizine 1,1-Dioxide (1n-cis)
Prepared by Method A, yield 46%, colorless prisms (from EtOAc-hexane), mp 188-191°C; 1H NMR (CDCl3)
5: 1.14-1.39 (4 H, m), 1.61-1.79 (5 H, m), 2.19 (1 H, m), 3.32-3.38 (1 H, m, 1'-H), 496 (1 H,d, J = 8.8
Hz, 3-H), 5.67 (1 H, d, J = 8.8 Hz, 4-H), 7.06-7.26 (9 H, m, ArH); 13C NMR (CDCl3) &: 24.4 (1), 24.8 (1),
25.4 (1), 30.9 (1), 31.9 (1), 54.9 (d), 57.2 (d), 78.7 (d), 127.0 (s), 127.4 (d), 128.2 (d), 128.2 (d), 131.3 (d),
134.77 (s), 134.7 (s), an aromatic carbons is overlapped; MS (EI) m/z (rel. int. %): 375 (26, M+), 228 (100); IR
Vmax (KBr) cm-1: 1315, 1170 (SO2); Anal. Calcd for CogHpoCINO;S: C, 63.90; H, 5.90; N, 3.73. Found: C,

03.94; H, J.58, N, 3./0U,

e e e A 7% MLY L. _._ 1 .1 L _._._..1 % _L____.1T 1" L _________ 4 4 WL ._. .3 _ £ 4

1run.\-q-\A-\,nlurupncnyl)-A-Lyuuncxyl-J-pn 1Yi=l1l,4~L lldlﬂllll"e 1,1-pioxiac (10~
easre)l Dranarad hy Mathad A viald 280 ~nlarlace nricme (Fram BMNA A~ havama 101_t1Q&°. lLT NNAD
uuns j 1 IUPG.IDU Uy AVIGCUIIUE Sy, JL\/IU U /U, CUIULIUDD Pllbllla L1 ULLL AN ALTL Aﬂllc«}, lllP 1LZ1-317J ., L1 INIVIIN
(CDCl3) &: 1.15-1.32 (4 H, m), 1.54-1.78 (5 H, m), 2.12 (1 H, br d, J = 12 Hz), 3.28-3.33 (1 H, m, 1"-H),
451 (1 H,d, J= 6.8 Hz, 3-H), 5.69 (1 H, d, J = 6.8 Hz, 4-H), 7.24-7.41 (6 H, m, ArH), 7.54 2 H, d, J =
7.3 Hz, ArH), 7.78 (1 H, d, J = 7.3 Hz, ArH); 13C NMR (CDCl3) §: 24.2 (1), 24.4 (1), 25.4 (1), 30.5 (1), 32.0

(1), 56.9 (d), 57.2 (d), 79.0 (d), 126.6 (d), 127.2 (s), 127.3 (d), 129.0 (d), 129.1 (d), 129.4 (d), 130.0 (d),
130.4 (d), 135.0 (s), 137.8 (s); MS (EI) m/z (rel. int. %): 375 (14, M*), 178 (100); IR Vmax (KBr) cm!: 1315,
1165 (803); Anal. Calcd for CogHp2CINO,S: C, 63.90; H, 5.90; N, 3.73. Found: C, 63.79; H, 5.90; N, 3.75.

cis-4-(2-Chlorophenyl)-2-cyclohexyl-3-phenyl-1,2-thiazetizine 1,1-Dioxide (lo-cis)
Prepared by Method A, yield 27%, colorless prisms (from EtOAc-hexane), mp 178-180°C; 'H NMR (CDCl3)
6: 1.14-1.35 (4 H, m), 1.56-1.79 (5 H, m), 217220(1 H, m), 3.33-340 (1 H, m, 1'-H), 499 (1 H,d, / =

8.8 Hz, 3-H), 6.28 (1 H, d, J = 8.8 Hz, 4-H), 7.02-7 l4(meArH) /ZS(lHdJ 7.3 Hz, ArH),
7.86-7.89 (1 H, m, ArH); 13C NMR (CDClI3) 8: 24.4 (1), 24.7 (1), 25.4 (1), 30.9 (1), 31.9 (1), 54.8 (d), 57.0
(d), 75.2 (d), 126.3 (d), 127.2 (s), 127.5(d), 127.9 (d), 128.2 {(d), 128.9 (d), 129.6 (d), 130.7 (d), 133.7 (s),
134.8 (s); MS (EI) m/z (rel. int. %): 375 (7, M*), 178 (100); IR vipax (KBr) cm-1: 1325, 1170 (SO3); Anal.
Caled for C3H22CINOSS: C, 62.90; H, 5.90; N, 3.73. Found: C, 64.09; H, 5.99; N, 3.86.
trans-2-Cyclohexyl-4-(2,4-dichlorophenyl)-3-phenyl-1,2-thiazetizine 1,1-Dioxide (1p-
trans) Prepared by Method A, yield 10%, colorless needles (from EtOAc-hexane), mp 192-194°C; 1H NMR

(CDC13)5 1.15-1.32 (4 H, m), 1.54-1.77 (5 H, m), 2.10-2.13 (1 H, m), 3.30 (1 H, m, 1'-H), 444 (1 H, d,
J=6.8 Hz, 3-H), 5.62 (1 H, d, J = 6.8 Hz, 4-H), 7.33-7.42 (7 H, m, ArH), 7.74 (1 H, d, J = 7.8 Hz, ArH);



8956 T. lwama et al. / Tetrahedron 54 (1998) 8941-8974

13C NMR (CDCl3) 5: 24.1 (1), 24.3 (1), 25.3 (1), 30.5 (t), 31.9 (1), 57.2 (d), 78.3 (d), 125.9 (s), 126.5 (d),
127.7 (d), 129.1 (d), 129.8 (d), 130.3 (d), 135.7 (s), 136.0 (s), 137.4 (s), an alkyl carbon and an aromatic
carbon are overlapped; MS (EI) m/z (rel. int. %): 409 (42, M*), 262 (100); IR vpax (KBr) cm-1: 1305, 1165

(801); Anal. Calcd for C2oH21CI1aNO,S: C, 58.54; H, 5.16; N, 3.41. Found: C, 58.37; H, 5.14; N, 3.42
trans-2-Cyciohexyi-4-(4-fiuorophenyl)-3-phenyi-1,2-thiazetizine 1,1-Dioxide (iq-irans)
Prepared by Method A, yield 32%, colorless prisms (from EtOAc-hexane), mp 159-160°C; 'H NMR (CDCl3)
d: 1.16-1.33 (4 H, m), 1.55-1.78 (5 H, m), 2.11-2.15 (1 H, m), 3.29-3.34 (1 H, m, 1'-H), 435 (1 H,d, J =
7 Hz, 3-H) 503 (1 H,d,J=7Hz, 4-H), 7.09 (2 H, dd, Jy}5) = Jr(o)= 8.3 Hz, ArH), 7.32-747 (T H, m,
ArH); 13C NMR (CDCla) 8: 24.2 (1), 24.4 (1), 25.3 (1), 30.5 (1), 32.0 (1), 57.1 (d), 58.7 (d), 821) (d), 116.0
, 2Jrr = 22 Hz), 124.5 (s), 126.4 (d), 128.9 (d), 129.0 (d), 131.1 (d, 3Jcp= 7 Hz), 137.8 (s), 163.4 (s,

1Jcr = 250 Hz); MS (EI) m/z (rel. int. %): 359 (24, M*), 212 (100); IR Vimax (KBr) cm-1: 1300 1145 (SOz)
Anal. Calcd for CogH22FNO3S: C, 66.83; H, 6.17; N, 3.90. Found: C, 66.55; H, 6.19; N, 3.81.
cis-2-Cyclohexyl-4-(4-fluorophenyl)-3-phenyl-1,2-thiazetizine 1,1-Dioxide (1q-cis)
Prepared by Method A, yield 45%, colorless prisms (from EtOAc-hexane), mp 160-162°C; 1H NMR (CDCl3)
6: 1.15-1.39 (4 H, m), 1.62-1.80 (5 H, m), 2.19-2.23 (1 H, m), 3.34-3.39 (1 H, m, 1'-H), 495 (1 H,d, J =
88Hz 3-H), 569(1 H, d,J = 8.8 Hz, 4-H), 6.78 (2 H, dd, JH(O) JF(0) = 8.3 Hz, ArH), 7.15-7.20 (7 H,
R (CDCl3) 8: 24.4 (1), 24.8 (1), 25.4 (t), 30.9 (1), 31.9 (1), 55.1 (d), 57.2 (d), 78.7 (d),
,3Jcr=9Hz), 1348 (s), 162.6 (s, VcF =
): 359 (19, M#), 212 (100); IR vmax (KBr)

t.
66.83: 6.17- N. 300 Found' C. 66 00- H
AVAS LS PO

s Thy U7, 1Y, J3.70U. COULG. U, UU.57, 13,
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Hz), 124.4 (5), 127.4 (d), 128.2 (d), 131.9

i

O
250 Hz), an aromatic carbon is overlapped; MS (EI) m/z (rel. in
15. 1

trans-2-Cyclohexyl-4-methyl-3-(4-methylphenyl)-1,2-thiazetizine 1,1-Dioxide (1v-
trans) Prepared by Method B, yield 16%, yellow oil; ’H NMR (CDCl3) &: 1.03-1.38 (4 H, m) 61-1.85 (5
H, m), 1.62 (3 H, d, J = 6.8 Hz, 4-Me), 2.17-2.20 (1 H, m), 2.47 (3 H, s, ArMe), 3.26-3.31 (1 H, m, 1'-H),
3.82 (1 H, d, J= 6.8 Hz, 3-H), 4.09 (1 H, quintet, J = 6.8 Hz, 4-H), 7.30 and 7.47 (each 2 H, d, J = 7.8 Hz,
ArH); 13C NMR (CDCl3) 8: 11.4 (q), 21.1 (q), 24.1 (1), 24.3 (1), 25.3 (t), 30.3 (t), 31.9 (1), 56.9 (d), 58.3
(d), 73.8 (d), 126.3 (d), 129.6 (d), 133.5 (s), 138.6 (s); MS (EI) m/z (rel. int. %). 293 (13, M*), 132 (100);
IR Viax (NaCl) cm-!: 1300, 1140 (SO); Anal. Calcd for C;4H23NO2S: C, 65.49; H, 7.90; N, 4.77. Found:
C, 65.35; H, 7.93; N, 4.77.

cis-2-Cycliohexyi-4-methyl-3-(4-methyiphenyi)-1,2 tmazeuzme ,1-Dioxide (iv-cis)
Thienin oy sen A b AAtln 3D o2l d N1TOL anln il cnnlcinne £ TTeMN A 120°%. 11T ATRAD 7797w
ricpaicy vy lviciil D, YICIU 4170, COLIOLICDY PLISIID (110U LCIVAC- llb]\dllt.r}, lllp 1 =137 L, "N INIVIRK (LLALLY)
$: 1.03 (3 H, d, J= 7.3 Hz, 4-Me), 1.06-1.29 (4 H, m), 1.44-1.73 (5 H, m), 2.0 2 09 (1 H, m), 2.36 (3 H,
s, ArMe), 3.20-3.26 (1 H, m, 1'-H), 447 (1 H, dq, J = 8.3 and 7.3 Hz, 4-H), 456 (1 H, d, J = 8.3 Hz, 3-
H), 7.19 and 7.27 (each 2 H, d, J = 8 Hz, ArH); 13C NMR (CDCl3) 8: 10.6 (q), 21.0 (q), 24.2 (t), 24.6 (1),

25.3 (t), 30.7 (1), 31.8 (), 52.9 (d), 56.5 (d), 68.5 (d) 127.5 (d), 129.1 (d), 132.2 (s), 138.2 (s); MS (ED
m/z (rel. int. %): 293 (8, M*), 132 (100); IR vpax (KBr) cm-1: 1320, 1145 (SO3); Anal. Calcd for
C16H23NO;S: C, 65.49; H, 7.90; N, 4.77. Found: C, 65.29; H, 7.97; N, 4.80.
trans-3-(4-Chlorophenyl)-2-cyclohexyl-4-methyl-1,2-thiazetizine 1,1-Dioxide (1w-
trans) Prepared by Method B, yield 11%, colorless prisms (from EtOAc-hexane), mp 102-103°C; TH NMR
(CDCl3) 8: 0.96-1.31 (4 H, m), 1.45-1.61 (4 H, m), 1.53 (3 H, d, J = 6.8 Hz, 4-Me), 1.72-1.75 (1 H, m),
2.06-2.09 (1 H, m), 3.16-3.22 (1 H, m, 1'-H), 3.71 (1 H, d, J = 6.8 Hz, 3-H), 3.96 (1 H, quintet, J = 6.8
Hz, 4-H), 7.37 and 7.42 (each 2 H, d, J = 8 Hz, ArH); 13C NMR (CDCl3) &: 11.5 (q), 24.1 (1), 24.3 (1), 25.3
(1), 30.4 (1), 32.0 (v), 57.1 (d), 57.9 (d), 73.9 (d), 127.7 (d), 129.2 (d), 134.6 (s), 137.0 (s); MS (EI) m/z (rel.
int. %) 313 (12, M), 117 (100); IR Vmax (KBr) cm-l: 1300 1140 (SO3); Anal. Calcd for Cy5HpoCINO?S: C,

87 8Q- I £ A0 N 51

1 H, m), 3.21-3.26 (I
J = 8 Hz, ArH); 13C NMR
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(CDCl3) &: 10.8 (q), 24.2 (t), 24.6 (1), 25.4 (1), 30.8 (1), 32.0 (1), 52.6 (d), 56.7 (d), 68.6 (d), 128.8 (d),

129.0 (d), 134.0 (s), 134.5 (s); MS (EI) m/z (rel. int. %): 313 (18, M*), 117 (100); IR vpax (KBr) com i: 1325,
1145 (SO7); Anal. Calcd for C15H29CINO,S: C, 57.41; H, 6.42; N, 4.46. Found: C, 57.55; H, 6.48; N, 4.45.

cis-and frans-2-Cyclohexyl-4-ethyi-3-(4-methyiphenyl)-1,2-thiazetizine 1,1-Dioxide
{(1e) Prepared by Method B, yield 29%, yellow oil as a mixture of sterecisomers; 'H NMR (CDCl3) 8: 0.86 (3
H t,/J=73Hz, cisMe), 1.01 3H =713 Hz, trans Me), 1.03-2.06 ({Gtal 24 H, m) total 6 H, s,

T
, -Hx2),378(1H,d,J= 6.
4-H), 42’%-427(1Hmmv4ﬂ) S3(H, =8.3Hz, ¢
NMR (CDCl3) &: 11.6 (g), 11.8 (q), 199() 21 I (q), 21.1 (t) 4.1 (t) 242 (t) 243 (t) 246(t) 25.4 (1),
30.3 (1), 30.8 (1), 31.8 (1), 31.9 (1), 52.8 (d), 56.3 (d), 56.8 (d), 57.0 (d), 75.7 (d), 80.5 (d), 126.4 (d), 127.5
(d), 129.1 (d), 129.6 (d), 132.6 (s), 135.9 (s), 138.3 (s), 138.5 (s), two alkyl carbons are overlapped; MS (EI)
m/z (rel. int. %): 307 (13, M+), 146 (100); IR vpax (KBr) cm-1: 1315, 1175 (SO3); HRMS (EI) Calcd for
C17H,5N0O;S: 307.1606. Found: 307.1601.
trans-2-Cyclohexyl-3-(3-pyridyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10a-trans)
Prepared by Method A, yield 22%, colorless prisms (from EtOAc-hexane), mp 182-184°C; 1H NMR (CDCl3)

337 (1 H, m, 1«11),443 (1H a,]:onﬂz, 3-H), 5.0 (in, ,J'=6.8 hz,4n),736 1 H, aa,J=4.9
and 7.8 Hz ArH), 743 (5 H, s, AtH), 795 (1 H, d, / = 7.8 Hz, AtH), 8.61 {1 H, 4, /= 4.9 Hz, ArH), 8.61
(1 H, s, ArH); 13C NMR (CDCl3) &: 24.1 (1), 24.3 (1), 25.3 (1), 30.6 (1), 32.0 (1), 56.1 (d), 57.2 (d), 82.8 (d),
124.0 (d), 127.9 (s), 129.1 (d), 129.2 (d), 129.9 (d), 133.9 (d), 148.2 (d), 150.4 (d), an aromatic carbon is
overlapped; MS (EI) m/z (rel. int. %): 342 (20, M*), 195 (100); IR vpax (KBr) cm-!: 1320, 1170 (SO2); Anal
Calcd for C19H2oN20,8: C, 66.64; H, 6.48; N, 8.18. Found: C, 66.44; H, 6.46; N, 8.12

cis-2-Cyclohexyl-3-(3-pyridyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10a-cis)
Prepared by Method A, yield 29%, colorless prisms (from EtOAc-hexane), mp 161-163°C; !H NMR (CDCl3)
5: 1.14-1.36 (4 H, m), 1.58-1.82 (5 H, m), 2.22 (1 H, br d, J = 12.7 Hz), 3.34-3.40 (1 H, m, 1'-H), 4.96 (1
H, d,J=9.0Hz 3- H),575 (1 H,d, J= 9.0 Hz, 4-H), 7.10 (1 H, dd, J = 5 and 8 Hz, ArH), 7.13-7.27 (5
H, m, ArH), 7.61 (1 H, d, J = 8 Hz, ArH), 8.36 (1 H, dd, J = 2 and 5 Hz, ArH), 8.44 (1 H, d, J = 2 Hz,
ArH); 13C NMR (CDCly) 8' 24.3 (1), 24.7 (1), 25 3 (1), 31.0 (), 32.0 (t), 53.3 (d), 57.4 (d), 79.5 (d), 122.8

~a o IV T s = &

(d), 128.0 (s), 128.3 (d), 128.9 (d), 129.8 (d), 131.1 (s), 135.1 (d), 149.0 (d), 149.4 (d); MS (EI) m/z (rel.

int. %): 342 (17, M%), 55 (inw"), IR Vpax (KBr) cm-!: 1320, 1160 (SO3); Anal. Calcd for C19H23N205S: C,

66.64; H, 6.48; N, 8.18. Found: C, 66.81; H, 640; N, 8.27.
trans-2-Cyclohexyl-3-(4-pyridyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10b-trans)

Prepared by Method A, vield 23%, colorless prisms ( rom EtOAc-hexane), mp 149-152°C; 'H NMR (CDCl3)

5: 1.11-1.36 (4 H, m), 1.55-1.64 (4 H, m), 1.78 (1 H, br d, J = 13 Hz), 2.17 (1 H, br d, J = 12 Hz), 3.32-
337 (1 H,m, 1'H), 438 (1 H, d, J = 6.8 Hz, 3- H), 5.02 (1H,d,J=68Hz,4-H), 740 (2 H,dd, J=1
and 4 Hz, ArH), 7.43 (5 H, s, ArH), 8.62 (2 H, dd, J = | and 4 Hz, ArH); 13C NMR (CDCl3) &: 24.1 (1),
24.4 (1), 25.3 (1), 30.6 (1), 32.2 (), 57.2 (d), 57.4 (d), 82.5 (d), 121.1 (d), 127.8 (s), 129.1 (d), 129.2 (d),
130.0 (d), 147.3 (s), 150.6 (d); MS (EI) m/z (rel. int. %): 342 (18, M*), 195 (100); IR Vpax (KBr) cml:
1310, 1175 (S0O3); Anal. Calcd for Cj9H22N2028S: C, 66.64; H, 6.48; N, 8.18. Found: C, 66.77; H, 6.47; N,
8.26.

cis-2-Cyclohexyl-3-(4-pyridyi)-d-phenyi-1,2-thiazetizine 1,1-Dioxide (10b-cis)
Preparea by Method A, yield 30%, colorless prisms (from EtOAc-hexane), mp 184-186°C; 'H NMR (CDCl3)
8:1.16-1.37 (4 H, m), 1.59-1.74 (4 H, m), 1.81 (1 H, br d, J = 13 Hz), 2.24 (1 H, br d, J = 12 Hz), 3.35-
340 (1 H,m, 1'-H), 4.88 (1 H,d, J = 9.3 Hz, 3-H), 5.75 (1 H, d, J = 9.3 Hz, 4-H), 7.10-7.19 (7 H, m,
ArHY 840 (2 H d. J =6 Hz. ArH): 13C NMR (CDClI2) §: 25.0 (1), 25.4 (1), 26.0 (1), 31.6 (1). 32.7 (t). 54.9
dil), O.TU (& K1, U, J N Eidiy £MIEL), OANAVAIN \varCR ) U LUV L)y LJVT L)y &AVWY L)y AU Yy G vy IS
(d), 58.2 (d), 80.1 (d), 123.1 (d), 128.3 (s), 128.9 (d), 129.8 (d), 130.5 (d), 145.2 (s), 150.2 (d); MS (EI)
m/z (rel. int. %): 342 (13, M*), 195 (100); IR viax (KBr) cm-!: 1305, 1170 (SOj); Anal. Caled for

C19H22N20,S: C, 66.64; H, 6.48; N, 8.18. Found: C, 66.77; H, 6.51; N, 8.21.
trans-2-Cyclohexyl-3-(2-pyridyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10c-trans)
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Prepared by Method A, yield 28%, light yellow needles (from EtOAc-hexane), mp 162-164°C; 'H NMR
(CDCl3) 8: 1.05-1.35 (4 H, m), 1.53-1.78 (5 H, m), 2.15 (1 H, br d, J = 13 Hz), 3.34-3.40 (1 H, m, 1'-H),

464 (i H, d, J = 6.8 Hz, 3-H), 5.31 (1 H, d, J = 6.8 Hz, 4-H), 7.25-7.28 (i H, m, ArH), 7.37-7.43 (3 H,

m, ArH), 7.47-7.49 (2 H, m, ArH), 7.75-7.80 (2 H, m, ArH), 8.53 (1 H, d, J = 4.4 Hz, ArH); 13C NMR
(CDCl3) 8: 24.1 (1), 24.3 (1), 25.3 (1), 30.4 (), 32.1 (1), 57.3 (), 58.7 (d), 81.6 (d), 121.1 (d), 123.6 (@),
128.5 (), 129.0 (d), 129.1 (d), 129.5 (), 137.3 (d), 149.5 (), 157.9 (s); MS (ED) m/z (rel. int. %): 342 (1,
M+), 182 (100); IR Vmax (KBr) cmvl: 1305, 1175 (SO2); Anal. Caled for C1gHoN20S: C, 66.64; H, 6.48;
N, 8.18. Found: C, 66.83; H, 6.52; N, 8.22.

cis-2-Cyclohexyl-3-(2-pyridyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10c-cis)
Prepared by Method A, yield 35%, light yellow needles (from EtOAc-hexane), mp 186-188°C; 'H NMR
(CDCl3) &: 1.16-1.35 (4 H, m), 1.59-1.85 (5 H, m), 2.26 (1 H, br d, J = 13 Hz), 3.38-3.44 (1 H, m, 1'-H),
504 (1 H,d,J=9Hz, 3-H), 5.82 (1 H, d, J =9 Hz, 4-H), 7.00 (1 H, dd, J = 5 and 7 Hz, ArH), 7.09-7.11
(3 H, m, ArH), 7.20-7.23 (2 H, m, ArH), 7.57 (1 H, t, J = 7 Hz, ArH), 7.64 (1 H, d, J = 7 Hz, ArH), 8.28
(1 H, d, J = 5 Hz, ArH); 13C NMR (CDCl3) §: 24.4 (1), 24.8 (1), 25.4 (t), 30.9 (t), 32.1 (1), 56.2 (d), 57.5
(d), 79.4 (d), 122.6 (d), 128.0 (d), 128.3 (s), 128.6 (d), 129.9 (d), 135.9 (d), 149.1 (d), 155.6 (s), an
aromatic carbon is overlapped; MS (EI) m/z (rel. int. %): 342 (1, M*), 180 (100); IR vipax (KBr) cm- 1. 1315,
1170 (SO;) Anal. Calcd for C19H22N2025 C, 66.64; H, 6.48; N, 8.18. Found C, 66.48; H, 6.44, N 8.11.
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1 d, 1 2
H) 5 78 (1 H, d, J = 8.8 Hz, 4-H), 7.09-7.19 (5 H, m,
ArH) 743 (2H,d, J 85 Hz ArH) 802 (2 H d, J = 8.5 He, ArH) 13C NMR (CDCl3) §: 24.4 (1), 24.7
(1), 25.3 (1), 31.0 (1), 32.1 (1), 54.7 (d), 57.6 (d), 79.6 (d), 123.3 (d), 127.7 (s), 128.3 (d), 128.5 (d), 129.2
(d), 129.8 (d), 142.9 (s), 147.5 (s); MS (EI) m/z (rel. int. %): 386 (26, M*), 239 (100); IR Vpax (KBr) cm-l:
1520, 1350 (NO»), 1320, 1170 (SO2); Anal. Calcd for CogH22N204S: C, 62.16; H, 5.74; N, 7.25. Found: C,
62.09; H, 5.77; N, 7.31.

trans-2-Cyclohexyl-3-(4-nitorophenyl)-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10d-
trans) Prepared by Method A, yield 26%, coloriess prisms (from EtOAc-hexane), mp 160-162°C; 'H NMR
(CDCl3) &: 1.08-1.37 (4 H, m), 1.58- 162 (4 H, m), 1.78 (1 H, brd, J =13 Hz), 2.17 (1 H, brd, J = 13
Hz), %34376(1 H, -H),451 (1 H,d, J =6.8 Hz, 3H),503(1H d,/J=68Hz,4-H), 743 (5 H
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61.93, H, 5.69; N, 7.24.

trans-3-(4-Cyanophenyl)-2-cyclohexyl-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10e-
trans) Prepared by Method A, yield 27%, colorless prisms (from EtOAc-hexane), mp 87-90°C; 'H NMR
(CDCl3) 6: 1.08-1.19 (4 H, m), 1.58-1.64 (4 H, m), 1.77 (1 H, br d, / = 13 Hz), 2.15 (1 H, brd, J/ = 11 Hz),
335(1H,brt,J =10 Hz, 1'-H), 448 (1 H, d, / = 6.8 Hz, 3-H), 5.03 (1 H, d, / = 6.8 Hz, 4-H), 742 (5 H,
s, ArH), 7.61 (2 H, d, J = 8.3 Hz, ArH), 7.68 (2 H, d, J = 8.3 Hz, ArH); 13C NMR (CDCl3) 8: 24.0 (1), 24.2
), 25.2 (1), 30.4 (1), 32.0 (1), 57.3 (d), 57.6 (d), 82.7 (d), 112.7 (s), 118.1 (s), 127.0 (d), 127.7 (s), 129.0
(d), 129.1 (d), 129.8 (d), 132.8 (d), 143.4 (s); MS (EI) m/z (rel. int. %): 366 (32, M*), 219 (100); IR Vmax
(KBr) cm-1: 2235 (CN), 1300, 1170 (S03); HRMS (EI) Calcd for Co1H22N202S: 366.1402. Found:

366.1391.
cis-3-(4-Cyanephenyl)-2-cyclohexyl-4-phenyl-1,2-thiazetizine 1,1-Dioxide (10e-cis)
F .rcpar ed by Mcthnd A, yield 32%, colorless prisms (from EtOAc-hexane), mp 102-105°C; 'H NMR (CDCl3)
.14-1.35 (4 H, m), 1.58-1.80 (5 H, m), 2.22 (1 H, br d, J = 11 Hz), 3.34-3.36 (1 H, m, 1'-H), 4.98 (!

3
88H23H)580(1Hd1 88Hz4H)710718(5HmArH)737(2Hd] 8.3 Hz,
ArH),744(2H d, J = 8.3 Hz, ArH) 13C NMR (CDCl3) &: 24.1 (1), 24.5 (1), 25.1 (), 30.7 (1), 31.9 (1), 54.5
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(d), 57.3 (d), 79.2 (d), 111.5 (s), 118.1 (s), 127.7 (s), 128.0 (d), 128.1 (d), 128.8 (d), 129.7 (d), 131.6 (d),

140.8 (s); MS (EI) m/z (rel. int. %): 366 (49, M*), 219 (100); IR Vpax (KBr) cm-i: 2250 (CN), 1320, 1160
(SO7); HRMS (EI) Calcd for C21H2pN20,8: 366.1402. Found: 366.1431.

g &
-an-n

om butylene oxide by a similar procedure to that reported

by Snyde r and co-workers34) and nzylamme (60.0 g, 0.56 mol) were heated at 100°C for 20 h under
nitrogen. Unreacted butylene sulfide and benzylamine were removed by reduced-pressure distillation. The
residual oil was dissolved in ethyl acetate (280 cm3) containing water (10 cm?, 0.56 mol). Chlorine was
bubbled into the solution at 0°C with vigorous stirring until the initially formed precipitate disappeared. The
reaction mixture was dried (NapSQj4), and then treated with potassium carbonate (270 g, 2 mol). The inorganic
salts were filtered off and the filtrate was evaporated under reduced pressure. The residue was purified by
column chromatography on silica gel and eluted with EtOAc—hexane (1:20 - 1:10 v/v) to give 17.44 g (28%) of
B-sultam 13. Yellow oil; TH NMR (CDCl3) 8: 1.05 (3 H, t, J = 7.3 Hz, Me), 1.80-1.87 and 2.03-2.10 (each 1
H, m, CH,CH3), 2.64 (1 H, t, J = 6 Hz, 3-H), 3.25 (1 H, dd, J = 6 and 7 Hz, 3-H), 4.09 and 4.23 (each 1 H,
d, J = 14 Hz, CH,Ph), 4.17-4.25 (1 H, m, 4-H), 7. 28 734 (5H, m, ArH) ‘3C NMR (CDCI;) 5: 114 (q),
7(d

1), 42.6 (1), 50.1 (1), 72.3 (d), 127.9 (d) el. int. %): 225
i |54
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Dimethylation of 4-Nonsubstituted B-Sultams

General procedure. To a solution of LDA (3 mmol, prepared from 3 mmol of diisopropylamine (0.39
cm?3) and 3 mmol of "BuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of a B-sultam (1
mmol) in THF (2-4 cm3) at -78°C under nitrogen. After 30 min., Mel (0.19 cm3, 3 mmol) was added dropwise
to it and the whole was stirred at room temperature for 12 h. Saturated aqueous NH4Cl (4 cm3) was added to
the reaction mixture and the organic layer was separated. The water layer was extracted twice with EtOAc (10
cm3). The organic layer and the extracts were combined, washed with saturated aqueous NaCl (20 cm?), dried
(MgSOy4) and evaporated under reduced pressure. The residue was purified by column chromatography on
silica gel and eluted with EtOAc—hexane (1:10 v/v)

iy iy Spenm. Bt __ _aL _ 1 2 4
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s, ArMe), 3

4 1
1 H, m, 1’-H), 4.05 (1 H, s, 3-H), 7.19 and 7.24 (each 2 H,d, /=78 Hz ArH) 13¢ MR (CDCl3) 8
(@), 21.0 (q), 22.1 (q), 24.3 (t), 24.7 (1), 25.3 (1), 30.9 (1), 32.0 (1), 56.8 (d), 62.1 (d), 75.2 (s), 126.9 (d),
129.1 (d), 132.3 (s), 138.2 (s); MS (EI) m/z (rel. int. %): 307 (7, M+), 200 (100); IR vyax (KBr) cm-1: 1300,
1125 (SO3); Anal. Calcd for C17H25N03S: C, 66.41; H, 8.20; N, 4.56. Found: C, 66.55; H, 8.25; N, 4.59.
2-Cyclohexyl-3-(4-methexyphenyl)-4,4-dimethyl-1,2-thiazetidine 1,1-Dioxide (1z)
Yield 77%, colorless prisms (from EtOAc-hexane), mp 113-114°C; TH NMR (CDCl3) &: 1.09 (3 H, s, 4-Me),
1.13-1.39 (4 H, m), 1.47-1.74 (5 H, m), 1.62 (3 H, s, 4-Me), 2.10-2.13 (1 H, m), 3.15-3.17 (1 H, m, 1’-H),
3.82 (3 H, s, OMe), 4.02 (1 H, s, 3-H), 6.91 and 7.27 (each 2 H, d, J = 8 Hz, ArH); 13C NMR (CDClI3) 6:

~ oo~ e o~ ~y -

19.1 (q), 22.1 (q), 24.4 (1), 24.8 (1), 25.4 (1), 31.0 (1), 32.0 (1), 55.2 (q), 56.9 (d), 62.0 (d), 75.3 (s), 113.9

(d), 127.3 (s), 128.2 (d), 159.7 (s); MS (EI) m/z (rel. int. %): 323 (14, M*), 216 (100); IR Vpax (KBr) cm-1:
1305, 1125 (809); Anal. Caled for Cj7H5N03S: C, 63.13; H, 7.79; N, 4.33. Found: C, 63.03; H, 7.98; N,
A 277
“G.07.

81%, colorless prisms 11 C ‘H NM (CDCI3)5 1.08 (3H s, 4-Me), 105-
1.31 (4 H, m), 1.46-1.75 (5 H, m) 164(3H s, 4Me) 2.11-2.14 (1 H, m), 3.15-3.19 (1 H, m, 1’-H), 4.03

(1 H, s, 3-H), 7.26 and 7.52 (each 2 H, d, J = 8 Hz, ArH); 13C NMR (CDCI3) &: 19.1 (q), 22.2 (q), 24.3 (1),
24.6 (1), 25.3 (1), 30.9 (1), 32.1 (1), 57.0 (d), 61.7 (d), 75.2 (s), 122.4 (s), 128.6 (d), 131.7 (d), 134.6 (s); MS
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(ED) m/z (rel. int. %): 371 (12, M%), 110 (100); IR vpax (KBr) cm': 1305, 1125 (SO;3); Anal. Calcd for
CigH22BINO>S: C, 51.62; H, 5.96; N, 3.76, Found: C, 51.79; H, 5.92; N, 3.85
Synthesis of 3-‘B-_n!y!-2-cyc!9!:gxy!-4-mg!--yl-l;z-thiazetldme lil-D!oxide 1y

To a solution of LDA (2 mmol, pre om 2 mmol of diisopronvlamine 0.26 cm- ) and 2 mmol of
nBuLi in hexane) in dry THF (10 cm3) was dded dropwise a solution of 3- l'butyl 2-cyclohexyl-B-sultam3!
(245 mg, 1 mmol) in THF (2 cm?) at -78°C under nitrogen. After 30 min., Mel (0.07 cm3, 1.1 mmol) was
added dropwise to it and the whole was stirred at -78°C for 2 h. Saturated aqueous NH4Cl (4 cm?) was added
to the reaction mixture at -78°C and the organic layer was separated. The water layer was extracted twice with
EtOAc (10 cm3). The organic layer and the extracts were combined, washed with saturated aqueous NaCl (20
cm3), dried (MgSO4) and evaporated under reduced pressure. The residue was purified by column

chromatography on silica gel and eluted with EtOAc-hexane (1'20 viv) to give 238 mg (87%) of B-sultam 1y.
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Colorless needles (from EtOAc-hexane), mp 96-97°C; IH NMR (CDCl3) &: 1.00 (9 H, s, Bu), 1.07-1.25 (3
H, m), 1.48 (3 H, d, J = 6.8 Hz, 4-Me), 1.63-1.86 (5 H, m), 2.02—2.05 (i H, m), 2.20-2.23 (i H, m), 2.3%
(1H,d,J=6.8Hz, 3-H), 3.01 (1 H, , J = 3 and 12 Hz, 1'-H), 3.90 (1 H, tq, / = 6.8 and 6.3 Hz, 4-H); !3C
NMR (CDCl3) &: 13.9 (q), 25.5 (1), 25.8 (1), 26.4 (1), 26.5 (q), 28.9 (1), 31.6 (), 34.4 (s), 58.2 (d), 61.3 (d),
65.8 (d); MS (EI) m/z (rel. int. %): 259 (7, M), 202 (100); IR vyax (KBr) eml: 1290, 1120 (SOp); Anal.
Calcd for C13H2sNO3S: C, 60.19; H, 9.71; N, 5.40. Found: C, 60.08; H, 9.73; N, 5.37.

Synthesis of 3-‘Butyl-2-cyclohexyl-4,4-dimethyl-1,2-thiazetidine 1,1-Dioxide 19

To a solution of LDA (24 mmol, prepared from 24 mmol of diisopropylamine (3.12 cm?) and 24 mmol of
nBuLi in hexane) in dry THF (40 cm3) was added dropwise a solution of 3-/butyl-2-cyclohexyl-B-sultam3!
(981 mg, 4 mmol) in THF (6 cm3) at -78°C under nitrogen. After 30 min., Mel (2.3 cm3, 32 mmol) was added
dropwise to it and the whole was stirred at room temperature for 3 d. Saturated aqueous NH4Cl (10 cm3) was
added to the reaction mixture at -78°C and the organic layer was separated. The water layer was extracted twice
with EtOAc (40 cm3). The organic layer and the extracts were combined, washed with saturated aqueous NaCl
(80 cm3), dried (MgSOy4) and evaporated under reduced pressure. The residue was purified by column
chromatography on silica gel and eluted with EtOAc—hexane (1:20 v/v) to give 1.016 g (93%) of B-sultam 18.
Colorless needles (from EtOAc-hexane), mp 92-95°C; lH NMR (CDCl3) &: 1.07 (9 H, s, Bu), 1.17-1.25 (2

1.65-1.87 (6 H, m), 2.05-2.08

N
N
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(d), 74.6 (s); MS (EI) m/z (rel. int. 73 (2,
nal. Caled for C14H27NO3S: C, 61.50; H, 9.95; N,

—

M+), 152 (100
5.12. Found: C, 61.23, H, 9.97; N, 5.14.
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Reactions of B-Sultams 1 with EtAICl;: Formation of Ketones and Aldehydes
General procedure. To a stirred solution of a B-sultam 1 (1 mmol) in dry CHCl; (10 cm?) was added
dropwise 2 equiv of EtAICl; in hexane under nitrogen at room temperature. The mixture was stirred at room
temperature for 12 h and quenched wit i
c

PR,

2N M
SLU[CU lUl DU 11k, <
nA
U

ca tad a
3upafal€u aft

were combined, dried
preparative TLC (EtOAc-
Table 2.
2-Methyl-2-phenylpropanal (3x) Colorless oil; IH NMR (CDCl3) &: 1.47 (6 H, s, Me x 2), 7.26-
7.40 (5 H, m, ArH), 9.50 (1 H, s, CHO); 13C NMR (CDCl3) &: 22.4 (q), 50.4 (s), 126.7 (d), 127.2 (d),
128.8 (d), 141.0 (s), 202.3 (d); MS (FAB) m/z (rel. int. %): 149 (7, M*+1), 136 (100); IR Viax (NaCl) cm-!:
2805, 2705, 1730 (CHO); Anal. Caled for C1gH20: C, 81.05: H, 8.16. Found: C, 80.97: H, 8.19.
2-(4-Methoxyphenyl)-2-methylpropanal (3z) Colorless oil; lH NMR (CDCl3) 8: 1.44 (6 H, s,

fon

nd evaporated under reduced pressure. The remduc was purxfled by
:10-1:5 v/v)) to give an aryl ketone 2 or an aldehyde 3. Yields are listed in
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Me x 2), 3.08 (3 H, s, OMe), 6.91 and 7.19 (each 2 H, d, J = 8.8 Hz, ArH), 9.44 (1 H, s, CHO); 13C NMR

(CDCl3) &: 22.5 (q), 49.7 (s), 55.2 (q), 114.2 (d), 127.8 (d), 133.0 (s), 158.7 (s), 202.2 (d); MS (FAB) m/z
(rel. int. %): 179 (12, M*+1), 154 (100); IR vpmax (NaCl) cm!: 2815, 2705, 1725 (CHO); Anal. Calcd for

SOOI N L TA 12 1T T O Teainde £ 772 07, ¥ Q@ N0
g u, 4,123 1, /.3, round: «, /13.97, N1, o.UYy
T Hydwawy YV (A mathnvenhanoll) P nhanviasataldahuda (AN T ight vallaur il 1T WAMD
&~AYGQTrOXy-s-(4-MCNOAYPuCRYsj-4-pueiiyiaCeiaraenyac (9 Ligal YOulOwW Oir, “n (NI
(C 1.} §- 3 81 (3 s OMea) 433 (1 re OHY 602 (2 H. d J=8 Hz, ArH) 726 (2 d J=2 H»
Wi 00 2,81 (20,5 VML), 8221 52, 07§, 0V, 002w, 4,7/,=3101 I3}, /.20 (&« 1%, G, J S 12,
ArH), 7.35-7.40 (5 H, m, ArH), 9.93 (1 H, s, CHO); 13C NMR (CDCl3) 5 55.3 (q), 83.1 (s), 114.3 (d),

127.4 (d), 128.4 (d), 128.8 (d), 131.4 (s), 139.4 (s), 159.7 (s), 198.0 (d), an aromatic carbon is overlapped;
IR Vmax (NaCl) cm!: 3460 (OH), 1720 (C=0); MS (EI) m/z (rel. int. %): 213 (100, M*-CHO). The

compound was unstable for silica gel and could not be purified enough to exhibit satisfactory elemental analysis.
Neither EI-MS nor FAB-MS showed the molecular ion peak.

Reaction of o-Hydroxyaldehyde 4 with Silica Gel
A mixture of amenyue 4 (24 mg, 0.1 mmol) and silica gel in EtOAc (“ m>) was stirred at room

P e p— G —— ] | Ty | | P ey

- poTa [RUPNIG Pys——
Iﬂlllpcldlult: UVCIIHBU[ l HC suu.a Bti was uucn:u Ull dJlU UIC um al€ was €Vve p UIlU. I I uuu:u pxt:\.\un:

The residue was purified by preparative TLC (EtOAc-hexane (1:10 v/v)) to give 18 mg (86%) of 4-

methoxvhenzonhenone 2e.

ALEV LAV A Y VALV ARV

Reaction of N-(2-Phenylpropylidene)-?butylamine 5 with EtAICl;

To a stirred solution of imine 5 (189 mg, 1 mmol) in dry CH,Cl; (10 cm3) was added dropwise 2 equiv
of EtAICl; in hexane under nitrogen at room temperature. The mixture was stirred at room temperature for 12 h
and quenched with saturated aqueous NaHCO3 (5 cm?). The whole was vigorously stirred for 30 min, and the
1norganic precipitate was filtered off through Celite. The organic layer was separated and the aqueous layer
was extracted with CHCls (10 cm3 x 2). The orgamc layer and the extracts were combined, dried (MgSQy)

PRy Kpipiys RN, L . smmmman o d i JIENA o Lo
ine IC\[UUC was puul lCU. l)y prcpat dllVC l L.\., (CIWVAC- llCXd“C (l lU
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Synthesis of 4,4-Disubstituted f-Sultams 6

General procedure. To a solution of LDA (1.5 mmol, prepared from 1.5 mmol of diisopropylamine (0.2
cm3) and 1.5 mmol of "BuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of a B-sultam (1
mmol) in THF (2-4 cm3) at -78°C under nitrogen. After 30 min., an alkyl iodide (2 mmol) was added
dropwise to it and the whole was stirred at room temperature for several hours. Saturated aqueous NH4Cl (4
cm3) was added to the reaction mixture and the organic layer was separated. The water layer was extracted

R PV a WY

twice with EtOAc (lU CIIl" ) The or gamc xayer and the extracts were COlenCQ washed with saturated aqueous

WYl ™M Y man 3N A3 /RO N oA oo e endiimanAd meacciiea L s vnct s sxrae =izt A ey

NaCl (20 cm?), dried (MgS04) and t:vapumu:u under reduced pressure. 1he residue was purified by column

chromatosraphy on silica gel and eluted with EtQAc-hexane (1:20 - 1:10 v/v). Yields are listed in Table 3

Cl Ulllaluslaplly ULl siliva (v § Iu Dlutw W.llll IS AUTIIVACQUIL 1.4V 1.1J V/iV]). L ICIUD alu LIDIvU 111 rauvle J.,
cis-4-"Butyl-2-cyclohexyl-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (6aa-cis) Colorless

prisms (from EtOAc-hexane), mp 130-134°C; IH NMR (CDCl5) 5:0.84 (3H,t,J= 7.3 Hz, Me), 1.03-1.70

(12 H, m), 1.86 (1 H,brd, J= 13 Hz), 1.95 (1 H, brd, J= 12 Hz), 2.27-2.34 (1 H, m), 2.58-2.66 (1 H, m),
3.17-3.24 (1 H, m, 1'-H), 4.44 (1 H, s, 3-H), 7.04-7.24 (10 H, m, ArH); 13C NMR (CDCl3) &: 13.7 (q),
22.7 (1), 24.2 (1), 24.6 (1), 25.4 (1), 27.7 (t), 30.9 (1), 31.5 (1), 40.3 (1), 55.6 (d), 64.4 (d), 88.6 (s), 127.0 (d),
127.5 (d), 128.1 (d), 128.3 (d), 128.4 (d), 128.6 (d), 133.6 (s), 136.0 (s); MS (El) m/z (rel. int. %): 397 (44,
M+), 250 (100); IR Viax (KBr) cor!: 1290, 1145 (SO3); Anal. Caled for Co4H31NO3S: C, 72.51: H, 7.86: N,
3.52. Found: C, 72.34: H, 7.89: N, 3.43.
trans-4-"Butyl-2-cyclohexyl-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (6aa-trans)
White powder, mp 97-100°C; TH NMR (CDCl3) &: 0.12-0.22 (1 H, m), O. 5.5 (3H,t,J= 54 Hz Me) 0.66-
1.73 (12 H, m), 1.87-1.94 (I H, m), 2.11-2.25 (2 H, m), 3.15-3.
7.07-7.48 (8 H, m, ArH), 7.68 (2 H, d
4.8 (t), 25.3 (1), 26.
d), 128.5 (d), 128
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.60: H, 7.88: N, 3 47

cis-2-"Butyl-4-methyl-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (6cb-cis) Colorless

P SIS ¢ LR oY o N I TR N e O NEPY, LY ATRATY /77Tt v S . N O LT o 7 Yy TT_ RA_N 1 A1 1 EQ ™
prisms (from EiOAc-hexane), mp 93-95°C; *H NMR (CDCi3) 0: 093 (3 H, t, /= 7.3 Hz, Me), 1.41-1.58 (2
H Y 1 2 170 /N H m P10 MU o A KA D01 700 500 d 2 102K fanrh 1T LT v NI A 24 71 LY .
11, 131}, 1.YJ~1.7/0 \& 11, K1), &L.1T {J Ik, 3, VD), L.714.70 AllU J.17-0.40 \ca 1 xi, 1il, l‘nz}, “+..0% \.l 3, 3
3-H), 7.10-7.16 (8 H, m, ArH), 7.30-7.32 (2 H, m, ArH); 13C NMR (CDCl3) &: 13.7 (q), 20.4 (1), 24.3 (g)
} I« A\ I aANJ \U } I aut\J o e \‘a ll’ lll, [lll"’ N 1 W1VLAN \\lu\dl:’} o AT T \\1/ et T \t}, E i P \ I,

(e) an aromatlc carbon is ovcrlapped MS (EI) m/z (rel. int. %): 329 (64, M¥), 264 (100); IR max
1305, 1165 (SO,); Anal. Caled for C19H23NO,S: C, 69.27: H, 7.04: N, 4.25. Found: C, 6 99: H, 7.12: N,
4.19.

trans-2-"Butyl-4-methyl-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (6cb-trans) White
powder, mp 80-83°C; TH NMR (CDCl3) &: 0.89 (3 H, t, J= 7.3 Hz, Me), 1.39-1.53 (2 H, m), 1.57 (3 H, s,
4-Me), 1.60-1.75 (2 H, m), 2.78-2.85 and 3.26-3.33 (each 1 H, m, NHj), 4.74 (1 H, s, 3-H), 7.36-7.53 (10
H, m, ArH); 13C NMR (CDCl3) &: 13.6 (q), 20.3 (1), 21.6 (q), 30.5 (t), 46.1 (1), 62.6 (d), 82.7 (s), 126.7 (d),
127.6 (d), 128.4 (d), 128.8 (d), 133.6 (s), 136.6 (s), two aromatic carbons are overlapped; MS (EI) m/z (rel.
int. %): 329 (36, M+), 264 (100); IR Vpyax (KBr) cm-l: 1300, 1165 (SO3); Anal. Calcd for CjgH23N0,S: C,

69.27: H, 7.04: N, 4.25. Found: C, 69.00: H, 7.15: N, 4.12.
nee .2 A Nhlawanmbnesw walabhawel A savndélew:] A ol ]l 1T 7 ¢ vne¢lf 38 1 § M2
CLyY=JI=(=»"- 'vlllUlUP"CI!]I]“&'L’\-IU“C Yi=a-lHiculyi-a@-plucuyl-i,&~tlidZciiuliic 1,1~L1VUAIUC
(6ib-cis) Colorless prisms (from CHCl3-hexane), mp 94-95°C; 'H NMR (CDCl3) &: 1.14-1.59 (6 H, m),
1.70-1.73 (2 H, m), 1.82 (1 H, brd, J = 12 Hz), 2.01 (1 H, br d, J = 12 Hz), 2.14 (3 H, s, 4-Me), 3.18-3.26

A& 22, 2337, i& 224, &Y

(1 H, m, 1'-H), 4.44 (1 H, s, 3-H), 7.11-7.26 (9 H, m, ArH); 13C NMR (CDCl3) 8: 24.2 (t), 24.6 (1), 25.3
(t), 26.1 (q), 31.0 (1), 31.5 (1), 56.1 (d), 64.2 (d), 84.0 (s), 127.7 (d), 127.7 (d), 127.9 (d), 128.3 (d), 129.5
(d), 134.0 (s), 134.1 (s), an aromatic carbon is overlapped; MS (EI) m/z (rel. int. %): 389 (29, M%), 242 (100);
IR Viax (KBr) cml: 1300, 1155 (SO); Anal. Caled for Co1H4CINO;S: C, 64.68: H, 6.20: N, 3.59. Found:
C, 64.52: H, 6.31: N, 3.55.
trans-3-(4-Chlorophenyl)-2-cyclohexyl-4-methyl-4-phenyl-1,2-thiazetidine 1,1-Dioxide
(6ib-trans) Colorless prisms (from CHCIl3-hexane), mp 60-64°C; TH NMR (CDCl3) 6: 1.07-1.30 (4 H, m),
1.53-1.76 (5 H, m), 1.53 (3 H, s, 4-Me), 2.16 (1 H, br d, J = 12 Hz), 321-3.26 (1 H, m, IH), 4.85 (1 H,

LR A A A Y s S s B £ rr 12 AR a1y T N nan 7N AF“\ AAA
s, 3-H), 7.36-7.51 (9 H, m, ArH); 1>°C NMR (CDCl3) &: 21.8 (qg), 24.4 (1), 24.8 (1), 25.3 (1), 31.1 (v), 32.2
feN &7 A AN £N D Ay O1 © 7\ 17£ 77 /£ AN 170 & /AN 17Q Q 7 AN 170 O 71N 10 1 7.4y 1220 7. 124 & 70N
) J7.2 U, VUL (W), O0L.0 (D), 14U.7 U}, 140.0 \U), 1£L0.0 U), 1£40.0 \U), 127.1 (U), 10D0.7 \b s 103%9.0 (D),
126 A ()~ S (BN mm/fr (ral int OL\- (17 N+ 47 (1 Ve TR o (KR cm-1 1218 11685 (SO-Y Asal
LOULU (D), IVID (L] PRV (iul . /0. LA 7y IVD Jy &4 \1VUV), LN VMgax \DD1 ) LIkl . 1319, 119UJ \O\} ), Anke.

ir , R X

Calcd for Co1H4CINO»S: C, 64.68: H, 6.20: N, 3.59. Found: C, 64.28:
cis- and trans-2-"Butyl-4-ethyl-3.4-diphenyl-1,2-thiazetidin
oil as a mixture of stereoisomers; !H NMR (CDCl3) &: 0.32 and 0. 88 (cach 3 H 7 3 H7 trans Me X 2)
0.86 and 0.93 (each 3 H, t, J= 7.3 Hz, cis Me x 2), 1.32-1.65 (total 8 H, m, CHZCHQ x 2), 1.83-1.92 and
2.32-2.40 (each 1 H, m, trans 4-CH;CH3), 2.35-2.44 and 2.68-2.78 (each 1 H, m, cis 4-CH,CH3), 2.68-
2.78 and 3.18-3.24 (each 1 H, m, trans NCH>), 2.87-2.94 and 3.05-3.12 (each 1 H, m, cis NCH>), 4.35 (1
H, s, cis 3-H), 4.64 (1 H, s, trans 3-H), 7.04-7.77 (total 20 H, m, ArH); 13C NMR (CDCl3) &: 8.5 (q, trans),
10.1 (q, cis), 13.4 (q, cis), 20.1 (t, cis), 20.2 (1, trans), 28.1 (t, trans), 30.1 (t, cis), 30.4 (t, trans), 33.1 (t,
cis), 44.3 (t, cis), 45.7 (t, trans), 62.8 (d, trans), 66.3 (d, cis), 86.9 (s, cis), 90.1 (s, trans), 126.7 (d, trans),
127.1 (d, cis), 127.4 (d, cis), 127.9 (d, trans), 128.2 (d, czs), ut54 (d, cis), 128.5 (d, cis), 128.8 (d, trans),

-~ 1M~ "1 ~ rd 1 W} A n s
129.0 ((l tranS) 134.7 (S C'lS) i33. {S, rranS), 15 U (s tranS), an alel carbon and three
n ( A+

[e] s
3 4 (S, s
I RAC /TN Se (ol 3 o7, A
d.lUllldllL LdlUUIlb are UVClldppCU, VLD (1) /2 \IC1. int. % y V1" )y &4 1O \1W), 11’\ Vmax UVd\./.l) L %2 00

)
1305, 1160 (SO3); HRMS (EI) Calcd for CooHasNO;S: 343, 606 Found: 343.1611.

ﬂ-:o 71NN \P o) AP I

Synthesis of 4,4-Disubstituted B-Sultams 7
General procedure. To a solution of LDA (3 mmol, prepared from 3 mmol of diisopropylamine (0.39
cm3) and 3 mmol of "BuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of a f-sultam (1

mmol) in THF (2-4 cm3) at -78°C under nitrogen. After 30 min., an alkyl iodide (3 mmol (1.5 mmol for 1,4-
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diiodobutane)) was added to it and the whole was stirred at room temperature for several hours, Saturated
aqueous NH4Cl (4 cm3) was added to the reaction mixture and the organic layer was separated. The water
layer was extracted twice with EtOAc (10 cm3). The organic layer and the extracts were combined, washed

RY_ £V AN 1 /n f‘/\ A 3 - 4 3 h } h | 1 Y b |
wiih saturaied aqucous NaLl (LU cm-’ ), dried (Vigou ) and evaporated under reaucea pressure. 1he resique
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A
4,4-Butano-2-cyclohexyl-3-phenyl-1,2-thiazetidine 1,1-Dioxide (7rd) Colorless prisms
(from EtOAc-hexane), mp 107- 109°C; 1H NMR (CDCl2) &: 1.07-1.74 (14 H, m), 1.88-1.96 (1 H, m), 2.12 (1
H, brd, J = 13 Hz), 2.22-2.28 (1 H, m), 2.74-2.81 (1 H, m), 3.16-3.22 (1 H, m, 1'-H), 4.21 (1 H, s, 3-H),
7.26-7.38 (5 H, m, ArH); 13C NMR (CDCl3) 8: 24.3 (1), 24.4 (1), 24.7 (1), 25.1 (1), 25.5 (1), 30.5 (1), 31.0
(t), 32.2 (1), 33.4 (1), 57.1 (d), 60.7 (d), 86.2 (s), 127.2 (d), 128.6 (d), 128.7 (d), 136.5 (s); MS (EI) m/z (rel.
int. %): 319 (21, M%), 158 (100); IR vjyax (KBr) cml: 1295, 1140 (SO3); Anal. Caled for C;gHpsNO,S: C,
67.68: H, 7.89: N, 4.38. Found: C, 67.50: H, 7.89: N, 4.36.
2-Cyclohexyl-3-phenyl-4,4-dipropyl-1,2-thiazetidine 1,1-Dioxide (7re) Colorless prisms
(from EtOAc-hexane), mp 108-110 °C; IH NMR (CDCl3) &: 0.68-2.15 (21 H, m), 1.02 3 H, t, J= 7 Hz,
Me), 3.14-3.19 (1 H, m,l -H), 4.10 (1 H, s, 3-H), 7.33-7.41 (5 H, m, ArH); 13C NMR (CDCl3) &: 14.2 (q).

4 4 s N 1Y oA g N ~ 4 RN n‘n AN N = - o~ -

4.8 (1), 25.4 (1), 30.7 (v), 30.9 (v), 32.1 (1), 34.8 (1), 56.5 (d), 62.2 (d),

3 o 3\ 190 £ 73\ I")( Vg =i ¢ LY oL 71

i . . 128.5 {d), 136.0 (s); MS (EI) m/z (rel. int. %): 349 \o, M), 186 \lUU“/O), iR
Vmax (KBr) cm-1: 1300, 1125 (SO3); Anal. Calcd for CyoH31NO3S: C, 68.73: H, 8.94: N, 4.01. Found: C,
68.50: H, 8.88: N, 398,

Synthesis of Trisubstituted Aldehydes 8 and 9 by Reactions of B-Sultams with EtAICI;

General procedure. To a stirred solution of a $-sultam 6 or 7 (0.2 mmol) in dry toluene (2 cm3) was
added dropwise 2 equiv of EtAICl; in hexane under nitrogen at room temperature. The mixture was stirred at
room temperature for 12-15 h. 2 N Sulfuric acid (3 cm3) was added to the reaction mixture, and the whole was
vigorously stirred for 2 h. The organic layer was separated and the aqueous layer was extracted with EtOAc
(10 cm? x 2). The organic layer and the extracts were combined, dried (MgSOy4) and evaporated under reduced
pressure. The residue was purified by preparative TLC (EtOAc-hexane (1:10 v/v)) to give a trisubstituted
aldehvde 8 or 9. Yields are listed in Table 3

cuuwu_yuu e B x AW XL1OWAG RI1 L GauVw U

2,2-Diphenylhexanal (8aa) Colorless oil; 'H NMR (CDCl13) 8: 084 (3 H, t, J =73 Hz, Me), 1.03-
1.08 and 1.23-1.29 (each z H, m, CH;CHy), 2.27 2 H, t, J = 7.8 Hz, CH3), 7.17-7.37 (10 H, m, ArH),
9.79 (1 H, s, CHO); 13C (CDCh)S 13.9 (q), 233(0 26.9 (1), 338 (1), 63.7 (s), 127.2 (d), 128.6 (d),

129.1 (d), 140.3 (s), 198.8 (d) MS (FAB) m/z (rel. int. %): 253 (81, Mt+1), 223 (100); IR Vpax (NaCl) cm-1:
2825, 2730, 1730 (CHO); HRMS (FAB) Calcd for Cy1gH200 + H: 253.1592. Found: 253.1600.
2-(4-Chlorophenyl)-2-phenylpropanal (8ib) Colorless oil; !H NMR (CDCl3) 8: 1.76 (3 H, s,
Me), 7.10 2 H, d, J = 8 Hz, ArH), 7.15 (2 H, d, J = 7 Hz, ArH), 7.31-7.39 (5§ H, m, ArH), 9.86 (1 H, s,
CHO); 13C NMR (CDCl3) 8: 22.6 (q), 59.4 (s), 127.5 (d), 128.1 (d), 128.9 (d), 129.6 (d), 133.3 (s), 140.4
(s), 141.2 (s), 199.1 (d), an aromatic carbon is overlapped; MS (FAB) m/z (rel. int. %): 245 (3, M*+1), 154
(100); IR vmax (NaCI) cm-i: 2825, 2720, 1725 (CHO); Anal. Calcd for C;5H3CIO: C, 73.62; H, 5.35.
Found: C, 73.49; H, 5.

ne Phisdoanl /Q@an) A
A,A-UIpucu_yluu iar (o) L0
Qf

AN

.
§>Ul

7.19‘ Found. C, 85.50; H, 7.38.

1-Phenylcyclopenatanecarbaldehyde (9rd) Colorless oil; IH NMR (CDCl3) §: 1.62-1.79 (4 H,
m), 1.85-1.92 (2 H, m), 2.50-2.55 (2 H, m), 7.25-7.37 (5 H, m, ArH), 9.40 (1 H, s, CHO); 13C NMR
(CDCl3) 6: 24.2 (1), 32.3 (1), 63.7 (s), 127.1 (d), 127.6 (d), 128.7 (d), 140.3 (s), 200.7 (d); MS (EI) m/z (rel.
int. %): 174 (5, M%), 145 (100); IR viax (NaCl) cmrl: 2805, 2715, 1725 (CHO); Anal. Caled for C12H140: C,
82.72: H, 8.10. Found: C, 82.30; H, 8.16.
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2-Phenyl-2-propylpentanal (9re) Colorless oil; |H NMR (CDCl3) 8: 0.91 (6 H, t, J = 7.3 Hz, Me

2), 1.12 (4 H, sextet, J= 7.3 Hz, CHp x 2), 1.87-1.92 (4 H, m, CH> x 2), 7.21-7.39 (5 H, m, ArH), 9.48
, CHO), HC NMR (CDC13) 3: 14.7 (q), 17.1 (1), 34.5 (1), 57.6 (s), 127.1 (d), 127.5 (d), 128.7 (d),

no1 g

‘max (NaCl) cm-!: 2815,

-
eI
<

as I Y. ANE 1A .
m/z \1cl. lnl. /(7). LU (14, ViT+1), 104 (l.UU
I

Ring Transformation of -Sultams with Aluminum Lewis Acid

General procedure. To a stirred solution of a B-sultam 10 (0.1 mmol) in dry CH»Cly (1 cm3) was added
EtAICI; or AICI; at 0°C or room temperature under nitrogen. The mixture was stirred at appropriate temperature
for appropriate time. The reaction was quenched by addition of saturated aqueous NaHCO3 (5 cm3). The
inorganic precipitate was filtered off through Celite and washed well with EtOAc or CHCl3. The organic layer
was separated, dried (MgSOy4) and evaporated under reduced pressure. The residue was purified by
preparative TLC (hexane—EtOAc (2:1-1:1 viv)). Reaction conditions and yields are summarized in Table 4.

(28*,4R*,5K*)-3-Cyclohexyi-5-phenyi-4-(3-pyridyl)-i,2,3-oxathiazolidine 2-Oxide

Sp

€ MIT_1 177TA 1Q1°%97Y /3 N\, I'I'T ATRADY /7T e 1 1N 1. A 74
y (ITOMI1 LoD~ llC]\d.llC}, lllp 1/9-101 U (UCC. ), ST OINIVIRN (LAALEY) O FLIU-1.40 (4

(4 H, m), 2.01-2.04 (2 H, m), 2.94-3.01 (1 H, m, 1"-H), 447 (1 H, d, J = 9.3 Hz, 4-H),

576 (1 H,4,J=93Hz 5-H), 718720 (2 H, m, ArH), 7.34-737 (4 H, m, ArH), 7.95-7.98 (1 H, m,
ArH), 8.31 (1 H, d, J = 2 Hz, ArH), 8.59 (1 H, dd, J = 2 and 5 Hz, ArH); 13C NMR (CDCl3) &: 25.3 (1),
25.4 (1), 25.7 (1), 32.1 (1), 33.3 (1), 56.6 (d), 69.9 (d), 89.5 (d), 124.1 (d), 126.8 (d), 128.9 (d), 129.5 (d),

132.6 (s), 134.2 (s), 135.7 (d), 149.5 (d), 150.1 (d); MS (FAB) m/z (rel. int. %): 343 (14, Mt+1), 154 (100);
IR Vpmax (KBr) cmrl: 1165 (SO); Anal. Caled for Cj9H22N20,S: C, 66.64; H, 6.48; N, 8.18. Found: C,

66.48; H, 6.48; N, 8.14.
(2R*,4R*,5R*)-3-Cyclohexyl-5-phenyl-4-(3-pyridyl)-1,2,3-oxathiazolidine 2-Oxide
(11aB) Pale yellow solid (from EtQO hexane) mp 111-119°C (dec.); lH NMR (CDCl3) 8: 0.83-1.28 (4 H,
m), 140188(51‘! m),208211(1 m) 276283(1H m, l H) 4.81 (l H,d,J= 93HZ,4H) 521
Hz, AfH): 13C NMR \LUL13) 5
12

dal
), 94.9 (d), 124.0 (d), 127.3 (d), 128.8 (d),

\ 19H22N20,8 + H: 343.1480. Found: 3431476,

C lohexvl 2-nhenvl-3 (3-pyridyl)aziridine (12a) Light brown oil ; lH NMR (CDCl3) &:
1.26-1.87 (10 H, m), 1.69-1.74 (1 H, m, 1'-H), 2.86 and 2.97 (each 1 H, d, J = 6.3 Hz, 2- and 3-H), 6.99 (1
H, dd, /= 4.8 and 7.8 Hz, ArH), 7.05-7.17 (5 H, m, ArH), 7.36 (1 H, d, J = 7.8 Hz, ArH), 8.29 (1 H, br d,
J = 3.4 Hz, ArH), 8.46 (1 H, br s, ArH); 13C NMR (CDCl3) 8: 24.3 (), 26.2 (t), 32.2 (1), 32.3 (t), 45.3 (d),
48.1 (d), 68.5 (d), 122.5 (d), 126.7 (d), 127.8 (d), 127.9 (d), 133.1 (s), 135.2 (d), 136.4 (s), 147.7 (d),
149.7 (d), an alkyl carbon is overlapped; MS (EI) m/z (rel. int. %): 278 (22, M*), 195 (100); IR vipax (NaCl)
cm-1: 2940, 2855, 1450, 1365, 1025, 715, 700; HRMS (EI) Calcd for Ci9H22N»2: 278.1783. Found:
278.1785.

{(25*,4R*,5R*)- and (ZR*,4R*,5R*)-3-Cyciohexyli-5-phenyi-4-(d4-pyridyi)-i,2,3-
oxathiazolidine 2- Oxnde (11b) White solid as a mixture of stereoisomers (from Et;O-hexane); 'H NMR
(O S smaine jcaman: 1T11.122/4H mY 18712/ AH m) 10297077 H m) 2707208 (1 H m
\\,U\..,lgj LN laJUl AdDUILIIVE., 1.1 171.00 \'1‘ 1L, 111,, 1.J4L71.00 \"7 1L, lll}’ L. 7074, JJd \‘1 11, 111}, Lo I TTNITT \.l 11, 111,
I"H), 442 (1 H,d, J=93Hz, 4H), 572 (1 H,d,J=93Hz, 5-H), 7.18-743 (7T H, m, ArH), 859 (2 H,
d, J = 5 Hz, ArH); minor isomer: 4.37 (1 H, d, J =7 Hz, 4-H), 5.01 (1 H, d, J =7 Hz, 5-H), othcrpe iks are

overlapped; 13C NMR (CDCl3) &: major isomer: 25.3 (1), 25.4 (t), 25.7 (t), 32.2 (t), 33.3 (1), 56.9 (d), 71.4
(d), 89.5 (d), 122.8 (d), 127.0 (d), 128.9 (d), 129.5 (d), 134.3 (s), 146.6 (s), 150.3 (d); MS (EI) m/z (rel. int.
%): 342 (17, M), 195 (100); IR Viax (KBr) cmrl: 1160 (SO); Anal. Caled for C1gH2oN20,S: C, 66.64; H,
6.48; N, 8.18. Found: C, 66.59; H, 6.43; N, 8.05.

1-Cyclohexyl-2-phenyl-3-(4-pyridyl)aziridine (12b) Yellow oil ; IH NMR (CDCl3) &: 1.25-
1.39 3 H, m), 1.51-1.73 (5 H, m), 1.83-1.89 (3 H, m), 2.82 and 3.01 (each 1 H, d, J = 6.8 Hz, 2- and 3-H),
7.06-7.26 (7 H, m, ArH), 8.30 (2 H, d, J = 6 Hz, ArH); 13C NMR (CDCl3) &: 24.3 (1), 26.2 (1), 32.2 (1),
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32.3 (1), 46.9 (d), 48.7 (d), 68.4 (d), 123.0 (d), 126.8 (d), 127.8 (d), 127.9 (d), 136.1 (s), 146.8 (s), 148.8
(d), an alkyl carbon is overiapped; MS (EI) m/z (rel. int. %): 278 (10, M*), 61 (100); IR Vpax (NaCl) cmri:

2840, 2855, 16035, 700; HRMS (EI) Calcd for C1gHppN»: 278.1783. Found: 278.1779.
(25*,4R* SR‘)- and (2R* 4R * SR*) 3- Cyclohexyl -5-phenyl-4-(2-
all mivh :

.96 (1 d J 78 Hz ArH) 848 (1 H d, J 5 Hz ArH) minor isomer: 478 (1
Hz 4-H), 5.62 (1 H, d, J = 9 Hz, 5-H), other peaks are overlapped; 13C NMR (CDCl3) 8: major isomer: 25.
(1), 25.6 (1), 32.4 (), 33.1 (1), 56.9 (d), 73.1 (d), 89.7 (d), 122.4 (d), 123.0 (d), 126.7 (d), 128.7 (d), 129.1
(d), 135.5(s), 137.3 (d), 149.1 (s), 158.5 (d), an alkyl carbon is overlapped; MS (EI} m/z (rel. int. %): 342 (1,
M+), 182 (100); IR Vimax (KBr) cm!l: 1165 (SO); Anal. Calcd for Cj9H2oN205S: C, 66.64; H, 6.48; N, 8.18.
Found: C, 66.52; H, 6.52; N, 8.05.

1- Cyclohexyl 2-phenyl-3-(2-pyridyl)aziridine (12c) Pale yellow solid (from EtyO-hexane),
mp 54-57°C; iH NMR (CDCl3) 8: 1.26-1.89 (11 H, m), 3.05 and 3.09 (each 1 H, d, J = 6.8 Hz, 2- and 3-H),

7.

a.
w
H -
B \O o

6.94-7.38 (8 H, m, ArH), 8.37 (1 H, d, J = 5 Hz, ArH); !3C NMR (CDCl3) &: 24.3 (1), 24.3 (t), 26.3 (1),

32.2 (1), 32.4 (1), 48.4 (d), 49.1 (d), 68.3 (d), 121.4 (d), 121.9 (d), 126.5 (d), 127.6 (d), 128.1 (d), 135.4

(d), 136.7 (s), 148.5 (d), 157.5 (s); MS (ED) m/z (rel. int. %): 278 (27, M+), 195 (100); IR Vpax (KBr) cm!

2945, 2860, 1590, 1450, 1440, 1365, 1325, 700; Anal. Calcd for CigHo2N2: C, 81.97; H, 7.97; N, 10.06.
und: C, 81.58; H, 7.93; N, 9.78.

oxatluazolidinc 2-0xide (11d) Pale ycllow solid as a mixture of stereoisomers (from EtzO-hexane), 1H
NMR (CDCl3) 8: major isomer: 1.14-1.28 (4 H, m), 1.52-1.83 (4 H, m), 2.01 (2 H, br d, J = 12 Hz), 2.98-
305(1H, m, I'-H), 4.54 (1 H, d, J =9.3 Hz, 4-H), 574 (1 H, d, J = 9.3 Hz, 5-H), 7.18 (2 H, d, J = 8 Hz,
ArH), 7.26-7.42 (3 H, m, ArH), 7.52 (2 H, d, J = 8 Hz, ArH), 8.19 (2 H, d, J = 8 Hz, ArH); minor isomer:
488 (1 H,d,J =93 Hz, 4-H), 5.19 (1 H, d, J = 9.3 Hz, 5-H), other peaks are overlapped; 13C NMR
(CDCl3) &: major isomer: 25.3 (1), 25.3 (1), 25.7 (1), 32.2 (1), 33.3 (1), 57.0 (d), 71.9 (d), 89.6 (d), 124.1 (d),

|A/ ~

26.9 (d), 128.9 (d), 129.6 (d), 134.1 (s), 144.7 (s), 148.1 (s), an aromatic carbon is overiapped; MS (EI) m/z
( el. int. %): 386 (23, Mt), 239 (100); IR viuax (KBr) cm!: 1520, 1345 (NO»), 1160 (SO); HRMS (EI) Calcd
for CygH2N204S: 386.1300. Found: 386.1304.

2-{4.Cvanaonhenvl)l.1.cvclohexvl-
=={S-Lyanopnenyi)-21 J ionexy:
4(1H,

8: 1.26-1.63 (7 H, m), 1.69-1.74 I, m, I'-H), 1.83 , : 1
Hz, 2- and 3-H), 7.06-7.14 (5 H, m, ArH), 7.25 and 7.38 (cach 2 H d J 8 H , ArH); 1 C NMR (CDCh)
8:24.3 (1), 26.2 (1), 32.2 (1), 32.3 (1), 47.4 (d), 48.8 (d), 68.4 (d), 110.0 (s), 119.1 (s), 126.8 (d), 127.8 (d),
127.9 (d), 128.5 (d), 131.4 (d), 136.2 (s), 143.3 (s), an alkyl carbon is overlapped; MS (EI) m/z (rel. int. %):
302 (19, M*), 219 (100); IR vyax (NaCl) cm-!: 2235 (CN); HRMS (EI) Calcd for Ca3HooN»o: 302.1783.
Found: 302.1795.

(25*,4R* ,5R*)-4-'Butyl-3-cyclohexyl-5-phenyl-1,2,3-0xathiazolidine 2-Oxide (11fA)
Colorless needles (from EtOAc-hexane), mp 109-111°C; 'H NMR (CDCl3) &: 1.06 (9 H , 'Bu), 1.06-1.38 (4
H, m), 1.57-1.85 (5 H, m), 2.22-2.26 (1 m)l?ﬂll&i(lﬂmlﬁ),‘i’a(l ,d,J=59 Hz, 4-H),

(J-)

5.81 (1 H, d, J=5.9 Hz, 5-H), 7.31-7.39 ( 3C NMR (CDCl3) 0: 25.4 (1), 26.1 (t), 26.9 (1),
27.4 (q), 32.0 (1), 34.6 (s), 34.9 (1), 62.0 (d), 79.4 (d), 86.1(d), 126.8 (d), 128.5 (d), 128.6 (d), 139.4 (s);
MS (FAB) m/z (rel. i +1), 154 (100); IR v 1. 1160 (SO); Anal. Calcd for

General procedure. To a stirred solution of 11aA (41 mg, 0.12 rnmol) in dry CH»Cl; (2 cm?) was added
2 equiv of EtAlCl; in hexane at room temperature under nitrogen. The mixture was stirred at room temperature
for 12 h. The reaction was quenched by addition of saturated aqueous NaHCOj3 (5 cm3). The inorganic
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precipitate was filtered off through Celite and washed well with CHCl3. The organic layer was separated, dried
(MgS04) and evaporated under reduced pressure. The residue was purified by preparative TLC (hexane-
EtOAc (1:1 v/v)) to give 17 mg (50%) of 12a, 6 mg (15%) of 11aA and 4 mg (10%) of 11aB.

Hydrolysis of Oxathiazelidine 2-Oxide 11aA with Hydrochloric Acid
A solution of 112A (52 mg, 0.15 mmol) in 1 N HCI (1 cm3) and THF (6 cm3) was stirred at room
temperature for 12 h. 0.1 N NaOH (15 cm3) was added to the reaction mixture at 0°C, and the whole was

extracted with EtpO (10 cm3 x 3). The extract was washed with saturated aqueous NaCl, dried (MgSOy4) and
evaporated under reduced pressure. The residue was purified by preparative TLC (EtOAc) to give 38 mg
(84%) of (IR*,2R*)-14 from the first fraction and 3 mg (7%) of (I1S*,2R*)-14 from the second fraction.
(IR*,2R*)-2-(Cyclohexylamino)-1-phenyl-2-(3-pyridyl)ethanol ((I/R*,2R*)-14) Light
yellow gum; 'H NMR (CDCl3) &: 1.07-1.23 (5 H, m), 1.55-1.69 (4 H, m), 1.95-1.97 (1 H, m), 2.29-2.34 (1
H, m, 1'-H), 2.88 (2 H, br s, NH and OH), 3.77 (1 H, d, J = 8.8 Hz, 2-H), 446 (1 H, d, J = 8.8 Hz, 1-H),
7.04-7.24 (6 H, m, ArH), 7.35 (1 H, dd, / = 2 and 7.8 Hz, ArH), 8.17 (1 H, dd, J = 2 Hz, ArH), 8.41 (1 H,
dd, J = 1.5 and 4.9 Hz, ArH); 13C NMR (CDCI3) &: 24.5 (v), 24.9 (1), 25.9 (1), 32.7 (1), 34.7 (1), 53.7 (d),
64.9 (d), 77.5 (d), 123.2 (d), 126.8 (d), 127.7 (d), 128.0 (d), 135.2 (d), 136.2 (s), 140.6 (s), 148.5 (d),
149.3 (d); MS (FAB) m/z (rel. int. %): 297 (59, M++1), 154 (100); IR viax (NaCl) cm!: 3200 (NH and OH);
1

IR RAC {EAQ\ Calad fae (. HA N L H. 207 1087 FEannd 2Q7
A 7T AV ay e

L RINIVED \l , LGIVAL AU \;lylli@!lu T 1Lk, &7 1 . 97
(1S* 2R*)\.2 (l‘vrlnhnvvlnm:nn\ 1-nhenvl.2.(3-nvridvllethanaol (((IS* 2R*).14) Pale
(I3%, 28" )-L-(LYyclonexylamino 1-phenyl-Z-(3-pyridyl)etnanot (({13%,4XK%")-14) Frale
vellow solid (from EtyO-hexane), mp 96-99°C; 'H NMR (CDCls) &: 0.86-1.25 (5 H, m), 1.55 (1 H, m), 1.65

soli : - ;

(2H, m), 1.76 (1 H, br d, J =13 Hz), 1.91 (1 H, br d, J =12 Hz), ca. 1.5-2.0 (2 H, br s, NH and OH), 2.31-
236 (1 H,m, 1'-H), 4.12 (1 H,d, J=49 Hz, 2-H), 486 (1 H, d, J = 49Hle)701703(2Hm
ArH), 7.14-7.21 (4 H, m, ArH), 7.39 (1 H, d, J = 7.8 Hz, ArH), 823 (1 H, s, ArH), 845 (1 H,d, J = 4.9
Hz, ArH); 13C NMR (CDCl3) 8: 24.7 (1), 25.0 (1), 25.9 (v), 33.1 (1), 34.4 (1), 53.3 (d), 62.9 (d), 75.9 (d),
122.9 (d), 126.4 (d), 127.7 (d), 128.0 (d), 135.1 (s), 135.6 (d), 140.1 (s), 148.7 (d), 149.9 (d); MS (FAB)
m/z (rel. int. %): 297 (38, M++1), 154 (100); IR vpax (KBr) cm-1: 3300 (NH), 3100 (OH); HRMS (FAB)
Calcd for C19H24N20 + H: 297.1967. Found 297.1976.

Reactions of Some R Sultams 1 with SnCl,

i CENF R T aERw oy e AR RS YyEeaa 2

General procedure. To a stirred solution of a B-sultam 1 (0.1 mmol) in dry CH,Cl; (1 cm3) was added
dropwise SnCly (0.05 cm?3, 0.2 mmol) in hexane at room temperature under nitrogen. The reaction mixture
was stirred at room temperature for 12 h and saturated aqueous NaHCOj3 (5 cm3) was added to it. The
inorganic precipitate was filtered off through Celite and washed with CH;Cl;. The organic layer was
separated, dried (MgSOy4) and evaporated under reduced pressure. The residue was purified by preparative
TLC (hexane-EtOAc (10:1 v/v)). Yields are listed in Table 5.

1-Cyclohexyl-2,3-diphenylaziridine (13a) White solid (from hexane), mp 36-37°C; TH NMR
(CDCl3) 8: 1.27-1.87 (10 H, m), 1.65-1.70 (1 H, m, 1'-H), 2.88 (2 H, s, 2- and 3-H), 7.03-7.17 (10 H, m,

~ wTm Ews s ey ~ -~ -~ - OO 1~ - Pt - 1m0 N

ArH); 13C NMR (CDCI3) 8: 24.4 (1), 26.3 (l), 32.3 (t), 48.1 (d), 68.8 (d), 126.3 (d), 127.5 (d), 128.0 (d),

137.3 (s); MS (EI) m/z (rel. int. %): 277 (23, M*), 194 (100); IR vpax (KBr) cmrl: 2235 (CN); Anal. Caled for
CooHz3N: C, 86.59; H, 8.36; N, 5.05. Found: C, 86.44; H, 8.42; N, 5.08.
2-(4-Bromophenyl)-1-cyclohexyl-3-phenylaziridine (13k) Light yellow oil; 'TH NMR
(CDCl3) &: 1.26-1.85 (10 H, m), 1.65-1.69 (1 H, m, 1'-H), 2.80 and 2.89 (each 1 H, d, J = 6 Hz, 2- and 3-
H), 7.01-7.23 (9 H, m, ArH); 13C NMR (CDCls) &: 24.3 (1), 26.2 (1), 32.3 (1), 47.3 (d), 48.2 (d), 68.6 (d),

120.2 (s), 126.5 (d), 127.7 (d), 128.9 (d), 130.0 (d), 130.6 (d), 136.5 (s), 136.8 (s); MS (EI) m/z (rel. int.
%): 355 (22, M+), 272 (100); IR vypax (NaCl) cm-1: 2950, 2870, 1495, 1455, 1370, 1015, 815, 700; Anal.
Calcd for CogH22BrN: C, 67.42; H, 6.22; N, 3.93. Found: C, 67.26; H, 6.26; N, 3.85.

Synthesis of 4-Alkenyl-B-sultams 15 and 15’

General procedure. To a solution of LDA (1.5 mmol, prepared from 1.5 mmol of diisopropylamine (0.2
cm3) and 1.5 mmol of "BuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of a B-sultam (1
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mmol) in THF (2-4 cm?3) at -78°C under nitrogen.  After 30 min., an alkyl iodide (2 mmol) was added
dropwise to it and the whole was stirred at room temperature for several hours. Saturated aqueous NH4Cl (4

cm3) was added to the reaction mixture and the organic layer was separated. The water layer was extracted

twice with EtOAc (10 cm3). The organic layer and the extracts were combined, washed with saturated aqueous
NaCl (20 cm3), dried (MgSQj) and evaporated under red

A VAN \bu wELR WAL NN \1'15 s, “yu ul ULl Uy
(‘hrnmatnmnhv on silica gel and w

ragcgiira Tha racidss roae smareefand her aalls

d préssuré. 1€ résiaue was puritied oy column
1 10 v/v). Yields are listed in Table 6

.lv VIY ). A RER 1 GALFIV \F.

}=-1.2-thiazetidine 1. 1-Dioxide

I P XL AL ) LR A P L L A

R (CDCl3) 6: 0.87 3 H, t, J= 7.3 Hz, cis
Me), 089 3 H,t,J= 7.3 Hz, trans Me), 1.26-1.69 (total 8 H, m, CH;CH;), 2.62(1H,dd,J=7.8 and 14.6
Hz, trans), 2.71-2.77 (1 H, m, trans), 2.91-2.98 and 3.02-3.09 (each 1H, m, cis NCHy), 2.91-3.25 (2 H, m,
trans), 3.15 (1 H, dd, J =7.8 and 14, cis CH»—CH=), 3.32 (1 H, dd, J =6.4 and 14, cis CH»—CH=), 4.43 (1
H, s, cis 3-H), 4.42-4.47 (1 H, trans CH=CH3), 4.60 (1 H, d, J = 10 Hz, trans CH=CH>), 4.69 (1 H, s, trans
3-H), 4.89-4.93 (1 H, m, trans CH=CHj3), 5.13 (1 H, d, J = 10 Hz, cis CH=CH»), 5.19 (1 H,dd, J= 1.5 and
17 Hz, cis CH=CH3>), 5.59-5.69 (1 H, m, cis CH=CHj), 6.99-7.66 (total 20 H, m, ArH); 13C NMR (CDCl3)
&: cis isomer: 13.5 (q), 20.2 (1), 30.2 (v), 44.0 (t) 44.3 (1), 65.1 (d), 88.0 (s), 120.2 (1), 127.3 (d), 127.5 (d),

V at uce
ica gel ted with EtOAc-hexane (1:

eluted wi
cis- and trans- 2 'Buty! 3.4- dinhenvl-4.(2-pr

FAN TAOQ £ 73 1/\“"1 73 1am N IV o2 i &Y ~ -

128.3 {d), i28.6 (d), 128. (u), 128.8 (d), 131.7 (d), 132.9 (s), 134.2 (s); MS (EI) m/z (rel. int. %): 355
(100, M*); IR vppax (KBr) cm1: 1300, 1155 (SO2); Anal. Caled for C21Ha5NO3S: C, 70.95: H, 7.09: N,
g3

(I H, m) 2332 (lH m),27028 (1H m),315326(1 , 1'-H), 4.46 (1 H, s, 3-H), 496(1H
d, J = 11 Hz, CH=CH3), 4.97 (1 H, d, J = 17 Hz, CH=CH>), 568 583 (1 H, m, CH=CHjy), 7.05-7.26 (10
H, m, ArH); 13C NMR (CDCl3) 8: 24.2 (1), 24.5 (1), 25.4 (1), 29.7 (t), 30.9 (1), 31.4 (t), 39.7 (1), 55.6 (d),
64.3 (d), 88.1 (s), 115.6 (1), 127.1 (d), 127.5 (d), 128.2 (d), 128.3 (d), 128.5 (d), 128.6 (d), 133.3 (s),
135.8 (s), 136.7 (d); MS (EI) m/z (rel. int. %): 395 (29, M*), 272 (100); IR vpax (KBr) cm-1: 1300, 1145
(SO3); Anal. Calcd for Co4HagNO,S: C, 72.87: H, 7.39:N, 3.54. Found' C,72.84: H, 7.44: N, 3.54.
trans-4-(3-Butenyl)-2-cyciohexyl-3,4-diphenyl-1,2-thiazetidine 1,1-Diexide (15ab’)

1vy ntn amy

Light yellow oii; 'H N (CDCl3) 8: 0.86-1.73 (i1 H, m), 1.90-2.02 (1 H, m), 2.i2 (i H, br d, J = 12 Hz),
2.26-2.37 (1 H, m), 3.17-3.22 (1 H, m, 1'-H), 4.55 (1 H, dd, J = 1.5 and 17 Hz, CH=CH>), 4.70 (1 H, d, J
= 10 Hz, CH=CHy), 4.85 (1 H, s, 3-H), 5.35 (1 H, ddt, J = 10, 17 and 7 Hz, CH=CH3), 7.32-7.50 (8 H, m,
ArH), 7.67 (2 H, d, J = 6.4 Hz, ArH); 13C NMR (CDCl3) 8: 24.5 (1), 24.9 (1), 25.4 (1), 28.5 (1), 31.0 (1),
32.1 (1), 34.3 (1), 57.2 (d), 60.5 (d), 85.3 (s), 114.9 (1), 126.8 (d), 128.1 (d), 128.2 (d), 128.7 (d), 128.8 (d),
128.9 (d), 135.4 (s), 136.3 (s), 136.8 (d); MS (EI) m/z (rel. int. %): 395 (13, M*), 248 (100); IR vyax (NaCl)
cm-1: 1310, 1160 (SO,); Anal. Calcd for Cp4H29NO5,S: C, 72.87: H, 7.39:N, 3.54. Found: C, 73.06: H,

7.40:, N, 3.51.

cis-2-Cyclohexyl-4-(4-pentenyl)-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (15ac)
Colorless prisms (from EtOAc-hexane), mp 152-154 °C; IH NMR (CDCl3) 8: 1.11-1.69 (10 H, m), 1.82-2.08
(4 H, m), 2.26-2.40 (1 H, m), 2.59-2.66 (1 H, m), 3.17-3.24 (1 H, m, 1'-H), 4.44 (1 H, s, 3-H), 4.93 (1 H,

d, J = 10 Hz, CH=CH>), 496 (1 H, d, J = 17 Hz, CH=CH>), 5.58 (1 H, ddt, J = 10, 17 and 7 Hz,
CH=CHy>), 7.04-7.19 (10 H, m, ArH); 13C NMR (CDClg) 5: 24.2 (1), 24.6 (1), 24.7 (1), 25.4 (1), 30.9 (1),
31.5 (), 33.4 (t), 39.9 (1), 55.6 (d), 64.4 (d), 88.5 (s), 115.2 (1), 127.1 (d), 127.5 (d), 128.2 (d), 128.3 (d),
128.4 (d), 128.6 (d), 135.5 (s), 135.9 (s), 137.7 (d); MS (EI) m/z (rel. int. %): 409 (1, M*), 158 (100); IR
Vimax (KBr) cm-1: 1290, 1140 (SO3); Anal. Caled for Cop5H3NO3,S: C, 73.31: H, 7.63: N, 3.42. Found: C,
7321: H 7.71: N, 362

1!5
\-/

ans-2-Cy xyl-4-(4 3 y t idine 1,1-Dioxide (15ac’
Colorless 011 1H NMR (CDCh) 8: 0.24-0.29 (1 H, m), 0.76-0.82 (1 H, m), 1.08-1.72 (11 H, m), 1.87-1.94
(1H,m),2.11 (1 H,brd, J= 13Hz) 221 (1H,dt,J =127 and44Hz) 316321 (1 H, m, 1I'-H), 4.69-
4,76 (2 H, m, CH=CH3), 4.84 (1 H, s, 3-H), 5.32 (1 H, ddt, J = 10, 17 and 7 Hz, CH=CH3), 7.14-7.47 (8
H, m, ArH), 7.66 (2 H, d, J = 7 Hz, ArH); 13C NMR (CDCl3) 8: 23.4 (1), 24.4 (1), 24.8 (1), 25.3 (), 31.0 (v),
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32.1 (1), 33.4 (1), 34.3 (1), 57.1 (d), 60.4 (d), 85.7 (s), 114.8 (1), 126.8 (d), 128.0 (d), 128.2 (d), 128.3 (d),

128.6 (d), 128.8 (d), 135.5 (s), 136.5 (s), 137.6 (d); MS (EI) m/z (rel. int. %): 409 (1, M*), 158 (100); IR
Vmax (NaCl) cmr1: 1315, 1160 (SO3); Anal. Caled for Co5H31NO2S: C, 73.31: H, 7.63: N, 3.42. Found: C,

73.10: H, 7.66: N, 3.34.
e VY . Nunlahoavel A (8 havanuyl) .2 A _Ainhanuvl_ 1 YV _ thiaratidina 1T 1T _ Ninvida (18 ad)
CiS~a~L Y i0neXyi-a=(S-aeXenyyj-J,4-Gipnenyi-i,s-tniazediaine 1,1-2710XiIGE (158G
Colarlece nrieme (from FtOAc~_havana) mn R7-88 °C- ]n MR (CDCOIN S TO0R-168(127H m) 1 R4 (1 H
ULULIOSS PRIGHES (AAVI ARVVALTMVAGIIL ), 1y $7700 o, 11 INIVUN (L0913 ) O 1,V071.00 (& XAy fad), 1.0 (4 i3,
brd, J =12 Hz), 1.87-2.03 (3 H, m), 2.28-2.35 (1 H, m), 2.58-2.66 (1 H, m), 3.17-3.24 (1 H, m, 1'-H),

444 (1H,s,3-H),489 (1 H,d, J =10 Hz, CH=CH,), 493 (1 H, d, J = 17 Hz, CH=CH>), 5.71 (1 H, ddt,
J =10, 17 and 7 Hz, CH=CH3), 7.03-7.20 (10 H, m, ArH); 13C NMR (CDCl3) &: 24.3 (1), 24.8 (1), 25.0 (1),
25.4 (1), 28.7 (1), 30.9 (1), 31.5 (1), 33.2 (1), 40.3 (1), 55.6 (d), 64.4 (d), 88.5 (s), 114.6 (1), 127.1 (d), 127.5
(d), 128.2 (d), 128.3 (d), 128.5 (d), 128.7 (d), 133.6 (s), 135.9 (s), 138.4 (d); MS (EI) m/z (rel. int. %): 423
(1, M%), 276 (100); IR vpax (KBr) cm!: 1300, 1155 (SO2); Anal. Caled for CoH33NO,S: C, 73.72: H, 7.85:
N, 3.31. Found: C, 73.48: H, 7.80: N, 3.28.
trans-2-Cyclohexyl-4-(5-hexenyl)-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide (15ad')

Colorless oil; 1H NMR (CDCl3) 8: 0.16-0.26 (1 H, m), 0.67-0.77 (1 H, m), 0.82-0.92 (1 H, m), 1.00-1.28 (5
H, m), 1.47-1.73 (7 H, m), 1.85-1.93 (1 H, m), 2.11 (1 H, br d, J = 13 Hz), 2.17-2.25 (1 H, m), 3.14-3.19

(14, m, 1'-H), 4.73-4.48 (2 H, m, CH=CH>), 4.84 (1 H, s, 3-H), 5.43-5.53 (1 H, m, CH=CHy), 7.32-7.47
QIT ev» AN T LA M IT A Je 772 1> AsLT l'(‘ ANAMDR (NCLY R D2 A DA K DAQ feN D& A £+ DQ T
\U 1L, 111, nlll}, o0 \_L Ihy \ky J=— [.J 114, mxx}, o LNiVEIN k\,u\,lj} U, L. \t}, P g \(»), P 19 4 \l}, aJ.T \l}, LO. 7
(1), 31.0 (1), 32.1 (1), 33.0 (1), 34.7 (v), 57.1 (d), 60.5 (d), 85.7 (s), 114.2 (1), 126.8 (d), 128.0 (d), 128.2 (d),
128.6 (d), 128.7 (d), 128.8 ( ), 135. 6 (s), 136.6 (s), 138.4 (d); MS (EI) m/z (ml int %) 423 (2, M), 276

Found. C, 73.51. H, 7.89. N, 3.27.
cis-2-Cyclohexyl-4-(3-methyl-3-butenyl)-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide
(15ae) Colorless prisms (from EtOAc-hexane), mp 140-143°C; 'H NMR (CDCl3) 8: 1.11-1.78 (9 H, m),
1.69 (3 H,s,Me), 1.84 (1 H,brd, J =13 Hz), 1.96 (1 H, br d, J = 13 Hz), 2.06-2.14 (1 H, m), 2.39-2.46 (1
H, m), 2.76-2.84 (1 H, m), 3.18-3.25 (1 H, m, 1I'-H), 4.46 (1 H, s, 3-H), 4.66 and 4.71 (each 1 H, s,
olefinic H), 7.03-7.20 (10 H, m, ArH); 13C NMR (CDCl3) &: 22.5 (q), 24.2 (1), 24.6 (1), 25.4 (1), 30.9 (1),
31.4 (1), 33.5 (t), 38.8 (1), 55.7 (d), 64.4 (d), 88.2 (s), 110.4 (t), 127.1 (d), 127.6 (d), 128.1 (d), 128.3 (d),

Y RAQ 7YIAN m/ Fear TN AND 1 RALY 100 /‘ll\l‘\\ D

A 73N 1D £ 1 19 7 s\ 1 fN 1 AA A 7N, £
128.4 (d), 128.6 (d), 133.3 (s), 1 (s), 144.4 (s); MS (El U'Cl int. %): 409 (1, M¥), 188 (100); IR
£ ra '@ * )Y nm-l- 1708 1148 /CMNYy e Azan] Calad foae - _TI. NN~ M 72210 T £2- A 2 A Dawind. M
Vmax VDAL ) LI . R&TFTI, LAMJ \Q\-}zly AU, allu LUl \/‘Zjllfll‘ l oy 1IJ.010 11, T1.U0. 1%, J. L. 17 Uu lU. w,
73.46: H, 7.71: N, 3.30

. ) oS W

trans-2-Cyclohexyl-4-(3-methyl-3-butenyl)-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide
(15ae') Light yellow oil; 'H NMR (CDCl3) 8: 0.80-0.90 (1 H, m), 1.35 (3 H, s, Me), 1.09-1.72 (10 H, m),
2.03-2.13 (2 H, m), 2.30-2.38 (1 H, m), 3.16-3.19 (1 H, m, 1'-H), 4.19 and 4.45 (each 1 H, s, olefinic H),
4.87 (1 H, s, 3-H), 7.33-7.48 (8 H, m, ArH), 7.68 (2 H, d, J = 7.3 Hz, ArH); 13C NMR (CDCl3) &: 22.0 (q),
24.4 (1), 24.9 (1), 25.3 (1), 31.0 (1), 32.1 (1), 33.4 (1), 57.1 (d), 60.3 (d), 85.4 (s), 110.2 (1), 126.8 (d), 128.1
(d), 128.2 (d), 128.7 (d), 128.8 (d), 128.9 (d), 135.5 (s), 136.3 (s), 144.2 (s), an alkyl carbon is overlapped;
MS (EI) m/z (rel. int. %): 409 (1, M*), 188 (100); IR vipax (NaCl) cm-1: 1310, 1160 (SO2); Anal. Caled for
CosH3NO,S: C, 73.31: H, 7.63: N, 3.42. Found: C, 73.44: H, 7.68: N, 3.39.

(3R*,4R*)-2-Cyclohexyl-4-methyl-4-(3-methyl-3-butenyl)-3-(4-methylphenyl)-1,2-

1

thiazetidine 1,i-Dioxide (15ve) Light yellow oil; 'H NMR (CDCl3) &: 1.12 (3 H, s, 4-Me), 1.11-1.29
(4 H, m), 1.46-1.74 (5 H, m), 1.99 (3 H, s, Me), 1.99-2.13 (4 H, m), 2.28-2.34 (1 H, m), 2.36 (3 H, s,
ArMe), 3.17-320 (0 H, m, I-H), 409 (1 H, s 3-11}, 4.75 and 4.78 {each 1 H, s, olefinic H), 7.18 and 7.25
(each 2 H, d, J = 8 Hz, ArH); 13C NMR (CDCl3) &: 16.0 (q), 21.1 (q), 22.4 (q), 22.4 (1), 24.8 (1), 25.4 (v),
31.0 (1), 32.1 (1), 32.7 (1), 34.6 (1), 56.9 (d), 61.9 (d), 78.6 (s), 110.8 (1), 127.3 (d), 129.2 (d), 132. 6 (s),
138.3 (s), 144.2 (s); MS (EI) m/z (rel. int. %): 361 (1, M%), 224 (100); IR vyay (NaCl) cm-l: 1305, 1155

(SO2); Anal. Calcd for C21H31NO32S: C, 69.76: H, 8.64: N, 3.87. Found: C, 69.80: H, 8.89, N, 3.61.
(3R*,4R*)-2-Cyclohexyl-4-ethyl-4-(3-methyl-3-butenyl)-3-(4-methylphenyl)-1,2-
thiazetidine 1,1-Dioxide (15ce) Light yellow oil; 'H NMR (CDCl3) 8: 0.65 (3 H, t, J =7.3 Hz, Me),
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1.08-1.72 (11 H, m), 1.80 (3 H, s, Me), 192204(5H m),204(3H s, ArtMe), 3.14-3.19 (1 H, m, 1'-H),

4.12 (1 H, s, 3-H), 4.79 (2 H, br s, olefinic H), 7.18 and 7.30 (each 2 H, d, J = 7 Hz, ArH); 13C NMR

(CDCl3) &: 83(q),211(q),2]8(t) 22.4 (q), 244(t) 4.8 (1), 25.4 (1), 30.3 (1), 30.9 (1), 32.0 (1), 5

Ay A1 Ay Q17 (e} 1INQ /Y 1774 (3 190 (AY 1277 7e) 12Q 2 7o 144D £oY am alb=l -l o

), Ui u \Uy, OK.7 (3}, 11V.0 (1), 12/7.U \U), 1/.,7.1 \UY), 104.7 \5), 190.0 V), 199.4 \d), ali aiKy1 Carooi is

overlanned: S (EN m/r (ral int %) 375 (1 M+ 23R (100 TR v (NalCh om-1: 1208 1140 1QOA) Al
Vil e, AWF KSR FTW & \AWRe ARV /U Jo J i Ry VA Jy &JU LAV, AN VIOgX \LYANL) Vil LIy kAN \(WINS) ], RIS
alcd for C : : .86: N, 3.73. Found: C, 70.25: H, 9.03: N, 3.52.

lohexyl -4-(3-methyl-3-butenyl)-3-(4- ethylphenyl) 4-phenyl-1,2-thiazetidine
l,l-Dloxlde (15fe) Colorless needles (from EtOAc-hexane), mp 152-160°C; lH NMR (CDCl3) §: 1.10-
1.24 (3 H, m), 1.31-1.77 (6 H, m), 1.68 (3 H, s, Me), 1.85 (1 H,brd, J=13 Hz), 1.93 (1 H, br d, J = 13
Hz), 2.04-2.13 (1 H, m), 2.26 (3 H, s, ArMe), 2.41 (1 H, dt, / = 4.4 and 13 Hz), 2.73-2.81 (1 H, m), 3.14-
322 (1 H, m),4.44 (1 H, s, 3-H), 4.65 and 4.70 (each 1 H, br s, olefinic H), 6.95 (2 H, d, J = 7.8 Hz, ArH),
7.06-7.09 (7 H, m, ArH); 13C NMR (CDCl3) &: 21.1 (q), 22.5 (q), 24.2 (1), 24.5 (1), 25.4 (1), 30.9 (1), 31.4
(1), 33.4 (t), 39.0 (1), 55.5 (d), 64.2 (d), 88.0 (s), 110.4 (1), 127.1 (d), 127.5 (d), 128.3 (d), 128.6 (d), 128.9
(d), 132.6 (s) 133.4 (s), 138.3 (s), 144.4 (s); MS (ED) m/z (rel. int, %): 423 (2, M+), 202 (100); IR Vmax

vy ~e . A ww oo

u&Br) cm-1: 1295, 1145 (80O3); Anal. Calcd for CpgH33NO,S: C, 73.72: H, 7.85: N, 3.31. Found: C, 73.91:

At Nunloabhawvel £ (D smanthol D mmarmarmold) 2T 4 Jiobhoamey] 1 9 ¢éhhiaoaaadidie, 1 1 Ninwetd,
Cis-a-LYyCionexyi-4-(o-Mmetnyi-2-propenyij-o,4-aipnenyi-1,2z-tniazetiaine i,1-0Uioxiae
18afy  Caolarlage nrieme (from FtDAc havana)l mn 1232-138°C: IH NMR (CDCINJ- 1071720 (4 H m)
Aw’ SR N AR R ID t’l‘\’ulo ARNTRAA Red W NS4 AN AANWORLAW Jy AAR P F "IN § A ) Ad LNAVYAAN \\JU\/L.’} AV ri L ek I \_r ‘l, lll)

) ( p 3 L
46-1.57 (2 H, m), 1.53 (3 H, s, Me), 1.65-1.75 (3 H, m), 2.07 (1 H, br d, J = 13 Hz), 3.08 and 3.48 (each
1 H, d, J = 15.6 Hz, CHyp), 319326(1H m, 1'-H), 4.43 (1 H, s, 3-H), 4.67 and 4.75 (each 1 H, br s,
olefinic H), 7.00-7.17 (10 H, m, ArH); 13C NMR (CDCl3) 8: 23.1 (q), 24.4 (1), 24.7 (1), 25.4 (1), 31.0 (1),
31.6 (1), 45.4 (1), 56.5 (d), 64.3 (d), 87.5 (s), 115.8 (1), 127.2 (d), 127.3 (d), 128.0 (d), 128.3 (d), 128.4 (d),
128.7 (d), 132.7 (s), 135.4 (s), 139.7 (s); MS (EI) m/z (rel. int. %): 395 (62, M+), 129 (100); IR Vpax (KBr)
cm-1: 1305, 1150 (SO,); Anal. Caled for Co4HagNO3S: C, 72.87: H, 7.39: N, 3.54. Found: C, 72.62: H,
7.43: N, 3.52.

Dng\a"nna n¥ Allranmwl R _cnltame TE amd T&' with TeA ML
INTAL LIV Uk -l-nu\cny l"J SUitaiildy 1J aiiu 1vo WILLL L1/u0RINC 1)
General procedure. To a stirred solution of a B-sultam 15 or 15' (0.2 mmol) in dry toluene (2 cm3) was

added drnnwgsc 2 gm_uv of Et_AIC!n in hexane under mt_rm!en at room temperature. The mixture was stirred at
room temperature for 12-15 h, and saturated aqueous NaHCO3 (5 cm3) was added to it. The whole was
vigorously stirred for 30 min, and the inorganic precipitate was filtered off through Celite. The organic layer
was separated and the aqueous layer was extracted with CHpCl; (10 cm? x 2). The organic layer and the
extracts were combined, dried (MgS0y) and evaporated under reduced pressure. The residue was purified by
preparative TLC (EtOAc-hexane (1:10 -1:5 v/v)). Reaction conditions and yields are summarized in Table 6.
2,2-Diphenyl-4-pentenal (17ca) Colorless oil; IH NMR (CDCl3) &: 3.08 (2 H, d, J = 6.8 Hz, 3-
H), 494 (1 H, d, J =10 Hz, 5-H), 4.96 (I H, dd, J = 1.5 and 17 Hz, 5-H), 5.57 (1 H, ddt, J = 10, 17 and
6.8 Hz, 4-H), 7.16-7.40 (10 H, m, ArH), 9.82 (1 H, s, CHO); 13C NMR (CDCl3) &: 38.8 (t), 63.4 (s), 118.4

(t), 127.3 (d), 128.6 (d), 129.1 (d), 133.5 (d), 139.7 (s), 198.4 (d); MS (EI) m/z (rel. int. %): 236 (7, M),
190 r10Mm. 2l cim- 1. 272N 1998 (OLIMY: LIDMC (BT D alad Ffae 0. LT . .M. D24 1901 B A
129 {100); IR Vmax {NaCl) cin*: 2730, 1725 (CHO); HRMS (EI): Calcd for Cj7H160: 236.1201. Found
236.1196.

3.nButyl-4 5-diphenvl-5-(2-propenyl)-1,2 3-oxathiazolidine 2-Oxide (18ca) Light vellow

A A St St RN b et A A 3 7 =
oil; 'H NMR (CDCl3) 8: 0.84 (3 H, t, J= 7.3 Hz, Me), 1.19-1.38 (2 H, m, CH), 1.60-1.74 (2 H, m, CHy),
H

: 0. ; .38

2.52-2.60 and 2.82-2.88 (each 1 H, m, NCH>), 3.06 (2 H, d, /=7 Hz, CH,—-CH=), 4.82 (1 H, s, 4-H), 5.17
(1 H,d, J = 10 Hz, CH=CH>), 5. 22 (1 H,dd,J =2 and 17 Hz, CH= CHQ) 5.87 (1 H, ddt, J =10, 17 and 7
Hz, CH=CH»), 6.70 (2 H, d, J = 7.3 Hz, ArH), 7.04-7.25 (8 H, m, ArH); 13C NMR (CDCl3) &: 13.8 (q),
20.5 (1), 30.1 (1), 43.7 (1), 44.5 (), 70.7 {d), 98.4 (s), 119.4 (1), 127.0 (d), 127.2 (d), 127.3 (d), 128.0 (d),
128.3 (d), 132.5 (d), 133.9 (s), 138.0 (s), an aromatic carbon is overlapped; MS (EI) m/z (rel. int. %): 355
(0.3, M+), 209 (100); IR Vinax (NaCl) cm-1: 1165 (SO); Anal. Calcd for Cp1HpsNO;S: C, 70.95: H, 7.09: N,
3.94. Found: C, 71.00: H, 7.14: N, 3.86.

1-"Butyi-2,3-diphenyi-2-(2-propenyi)aziridine (i9ca) Light yellow oil; 'H NMR (CDCl3) &:
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095 (3 H,t,J=17.3 Hz, Me), 1.48 (2 H, sextet, J = 7.3 Hz, CH3), 1.69 (2 H, quintet, J = 7.3 Hz, CHy),
2.63-2.69 (2 H, m), 2.7i (i H, s, 3-H), 2.91-2.97 (i H, m, CH,—CH=), 3.08 (1 H, dt, J = 1Z and 7.3 Hz,
NCHj), 4.97-5.01 (2 H, m, CH=CHj), 5.75 (1 H, ddt, J = 10, 17 and 7 Hz, CH=CHj»), 6.95-7.14 (10 H, m,
AeITN. 137 NINMD /0°TW Y R 14 1 £ ANT /4N 2D Q £8N VT A (6N ENV L 6N &2 1 74N &2 0 fe 1177 0N 16\ 19£ N
Alrl), OIMVIRN QLA O 1AL ), £V (L), D20 (L, DT.4 (L), JLU L), JI2.1 (W), D3.7 (), 117U ), LLOV
(Y 12961 (A 1XYT7T2 464 12773 (A 127724 1202 (A 1385244y 1R A (Y 14D 1 () MK (EI\ smfr {val
\\.l’, R hwNTa A \\.l}, L dar § oo \\l,’ A § oand \u,, A e J aad \u}, A sl S u et \u}, A T o o \u/, 120.7T7 \D}, I S AV PO § \D}, AVIND \l_dl] LS \l\ll
int. %): 291 (27, M*), 290 (100); IR v, (Na;l) cmrl: 2970, 2945, 2860, 1605, 1495, 915, 700; HRMS (EI)

( ix

Calcd for C31HasN: 291.1987. Found: 291

2,2-Diphenyl-5-hexenal (17ab) COlOIleS oil; 'H NMR (CDCl3) 8: 1.79 (2 H, brq, J = 7 Hz, 4-
H), 2.35-2.40 (2 H, m, 3-H), 4.93 (1 H, d, J = 10 Hz, 6-H), 498 (1 H, d, J = 17 Hz, 6-H), 5.78 (1 H, ddt, J
= 10, 17 and 7 Hz, 5-H), 7.18-7.38 (10 H, m, ArH), 9.81 (1 H, s, CHO); 13C NMR (CDCl3) &: 29.0 (1), 33.2
(1), 63.5 (s), 114.6 (t), 127.3 (d), 128.7 (d), 129.0 (d), 138.2 (d), 139.9 (s), 198.3 (d); MS (FAB) m/z (rel.
int. %): 251 (27, M*+1), 154 (100); IR vpax (NaCl) cm-1: 2815, 2720, 1720 (CHO); Anal. Calcd for
CigH50: C, 86.36: H, 7.25. Found: C, 86.11: H, 7.31.

2,2-Diphenyl-6-heptenal (17ac) Colorless oil; ITH NMR (CDCl3) §: 1.11-1.28 (2 H, m, 4-H),
2.04 (ZH, q,J =7 Hz, 5-H), 2.04-2.07 (2 H, m, 3-H), 492 (i H, d, /= 10 Hz, 7-H), 495 (i H, d, = 17
Hz, 7-H), 5.72 (1 H, ddt, J = 10, 17 and 7 Hz, 6-H), 7.17-7.37 (10 H, m, ArH), 9.80 (1 H, s, CHO); 13C
NMR (CDClx) &: 24.0 (1), 33.4 (1), 34.1 (), 63.7 (s), 114.8 (1), 127.3 (d), 128.6 (d), 129.0 (d), 138.3 (d),
140 1 () IOQ A (A NAQ ( An\ m/> (vel int 95 265 (100 M+.|.I\- R \VJ (NaCIY em-1- 228 27985 17158
ALTT\J. %k \Dl, A T TN \\.l]’ ATVANY w; Frw &, \l\tl AkiL. IU}. e \J S \LVV, 4AVA l/, AdN max \ ‘“\41} Wikl hUbJ, e F Bl gy AT A
(CHO); HRMS (FAB) Calc for CygHpqO + H: 265.1592. Found: 265.1572.

2,2-Diphenyl-7-octenal (17ad) Colorless oil; IH NMR (CDCl3) &: 1.03-1.11 (2 H, m, 4-H), 1.39
(2H,t,J=7Hz,5-H), 198 (2H, q,J =73 Hz, 6-H), 2.26-2.30 (2 H, m, 3-H), 4.88 (1 H, d, /= 10 Hz, 8-
H), 493 (1 H, dd, J = 1.5 and 17 Hz, 8-H), 5.72 (1 H, ddt, J = 10, 17 and 7.3 Hz, 7-H), 7.17-7.38 (10 H,
m, ArH), 9.80 (1 H, s, CHO); 13C NMR (CDCl3) &: 24.0 (1), 29.4 (1), 33.5 (1), 33.8 (1), 63.7 (s), 114.3 (1),
127.2 (d), 128.6 (d), 129.1 (d), 138.7 (d), 140.2 (s), 198.7 (d); MS (FAB) m/z (rel. int. %): 279 (18, M*+1),
154 (100); IR Vpmax (NaCl) cm-!: 2820, 2720, 1730 (CHO); Anal. Calcd for CygH,20: C, 86.29: H, 7.97.
Found: C, 86.02: H, 8.11.

(IK*,5K%)-7-Cyciohexyi-5-methyi-Z,2-diphenyi-6,7-thiazabicycio{3.2Z.1joctiane 6,6-

Dioxide (16ae) Colorless prisms (from EtOAc-hexane), mp 224-226°C; IH NMR (CDCl3) &: 0.75 -1.02 (3

IT 2 1792 1 28 F1T LT o 197 /Y LY - NALY 1 A 71 LT A T— 12 -\ 1 &7_1 71 /AL )Y 122 1 Q8 /1 IO

n, ifj), 1.£45-1.50 (1 11, i), 1.47 \O I, 5, IMIC), 1.942 \1 11, 4, J 13 X1Z), 1.J4-1.7/1 \J 11, ilij, 1.05-1.0J {1 11,

m). 2.07-2.12 (1 m) 272323 (3 H m) 2763268 (1 H m) 333 (1 dt. J=54and 14 Hz) 441 (1

By LT 4Ll \(1 Ay MliJy &b dTaad™ 7 Ay 1i1)y &V U\ L ALy LIKkJy el Kk ALy WLy v T QRN ATV AALJy THOTA (2

Hhrri J=44Hz 1-H), 713 (1 H, t, J =73 H), 7.20-7.26 (3 H, m, ArH), 7.33-7.41 (6 H, m,
&:

= 13 ¢

ArH); 13C NMR (CDCl3) &: 18.5 (g), 25.3 (1), 260 (t) 26.4 (t), 27.6 (1), 30.5 (1), 30.6 (1), 38.1 (1), 49.4 (s),
58.4 (s), 59.6 (d), 63.3 (d), 126.3 (d), 126.4 (d), 127.2 (d), 127.4 (d), 128.1 (d), 128.9 (d), 144.3 (s), 1459
(s), an alky!l carbon is overlapped; MS (EI) m/z (rel. int. %): 409 (23, M*), 178 (100); IR Vimax (KBr) cm b
1280, 1115 (SOy); Anal. Caled for CpsH3NO;S: C, 73.31: H, 7.63: N, 3.42. Found: C, 73.54: H, 7.64: N,
3.41.

(IR*,2R*,5R*)-7-Cyclohexyl-2,5-dimethyl-2-(4-methylphenyl)-6,7-

thiazabicyclo[3.2.1]Joctane 6,6-Dioxide (16veA) Light yellow ail; IH NMR (CDCl3) &: 1.15- 141 (4

H, m), 1.12 and 1.25 (each 3 H, s, 2- and 5-Me), 1.50-2.05 (9 H, m), 2.22-2.39 (3 H, m), 2.34 3 H
ArMe), 3.31-3. 8(1Hm1H),412(1HdJ 6.8 Hz, 1-H), 7.16 and 7.20 (each 2 H, d, J = 8 Hz,
2 (

2

. int. ), 132
C71H31NO3S: C, 69.76: H, 8.64: N, 3.87. Found: C, 69. 80 H, 8 82: N 3.64.

(IR*,28*% 5R*)-7-Cyclohexyl-2,5-dimethyl-2-(4-methylphenyl)-6,7-

thiazabicyclo[3.2.1]octane 6,6-Dioxide (16veB) Colorless needles (from EtOAc-hexane), mp 198-
212°C (dec.); 1H NMR (CDCl3) &: 0.68-0.97 (3 H, m), 1.07-1.18 (1 H, m), 1.21-1.88 (8 H, m), 1.32 and
1.37 (each 3 H, s, 2- and 5-Me), 2.11-2.25 (4 H, m), 2.33 (3 H, s, ArMe), 2.99 (1 H, dt, J = 6.3 and 13 Hz),
3.56 (1 H,d,J=44Hz, 1-H), 7.13 and 7.27 (each 2 H, d, J = 8.3 Hz, ArH); 13C NMR (CDCl3) 8: 18.9 (q),
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20.8 (q), 24.7 (1), 25.3 (1), 26.0 (1), 26.3 (1), 28.2 (1), 30.0 (1), 30.4 (q), 30.7 (1), 36.5 (1), 40.1 (s), 58.4 (s),

58.7 (d), 65.0 (d), 126.0 (d), 128.8 (d), 135.9 (s), 144.5 (5); MS (EI) m/z (rel. int. %): 361 (21, M*), 178
(100) IR Vmax (KBr) cm" 1285, 1125 (SO3); Anal. Caled for CoH3NO;S: C, 69.76: H, 8.64: N, 3.87.

-
*
O
PG
)

Dioxide (16fe e < 3 ' )
136°C (dec.); lH NMR (CDC13)8 052( H, t J— 73 Hz Me) 1 18 1.36 (3 m), 1.23 (3 H, s,
1.50-2.04 (12 H, m), 2.14-2.39 (3 H, m), 2.34 (3 H, s, ArMe), 3.27-3.32 (1 H, m, 1'-H), 3.72 (1 H, d, J—
5.4 Hz, 1-H), 7.13 and 7.16 (each 2 H, d, J = 8.8 Hz, ArH); 13C NMR (CDCl3) 8: 7.9 (q), 19.0 (g), 20.8 (q),
25.5 (1), 26.2 (1), 26.4 (1), 26.5 (1), 30.5 (1), 31.0 (1), 31.5 (1), 35.2 (1), 37.3 (1), 46.0 (s), 59.1 (s), 60.2 (d),
63.2 (d), 126.5 (d), 129.4 (d), 135.7 (s), 139.8 (s); MS (EI) m/z (rel. int. %): 375 (17, M*), 178 (100); IR
Vmax (NaCl) cm-1: 1285, 1120 (SO3); Anal. Calcd for C72H33NO5S: C, 70.36: H, 8.86: N, 3.73. Found: C,
70.26: H, 8.98: N, 3.57.
(IR*,28*,5R*)-7-Cyclohexyl-2-ethyl-5-methyl-2-(4-methyiphenyl)-6,7-
thiazabicyclo[3.2.1]Joctane 6,6-Dioxide (16ceB) Coloriess needles (from EtOAc-hexane), mp 253
260°C (dec.); 1H NMR (CDCl3) &: 0.52 (3 H, t, J = 7.3 Hz, Me), 0.62-0.96 (3 H, m), 1.11-1.85 (11 H, m
2

-
v

135G H. s, 5-Me), 2.04-2.21 (3 H, m), 2.30 (L H, d, J =12.7 Hz, 8-H), 2.32 (3 H, s, ArMe), 2.72-2.81 (1
H, m), 3.67 (1 H, d, J = 54 Hz, 1-H), 7.11 and 7.16 (each 2 H, d, J = 8.3 Hz, ArH); 13C NMR (CDCl3) &
9.1 (q), 18.8 (q), 20.8 (q), 23.9 (1), 25.2 (1), 26.0 (1), 26.4 (1), 27.3 (1), 29.7 (1), 30.5 (1), 30.8 (1), 35.8 (t)
44.2 (s), 58.0 (s), 58.8 (d), 65.4 (d), 126.8 (d), 128.7 (d), 135.6 (s), 141.5 (s); MS (EI) m/z (rel. int. %): 375

(18, M*), 178 (100); IR Vmax (NaCl) cm-l: 1275, 1125 (SO3); Anal. Calcd for CopH33NO,S: C, 70.36: H,
8.86: N, 3.73. Found: C, 70.28: H, 8.98: N, 3.50.

(IR*,25*%,5R*)- and (IR*,2R*,5R*)-7-Cyclohexyl-5-methyl-2-(4-methylphenyl)-2-
phenyl-6,7-thiazabicyclo[3.2.1]Joctane 6,6-Dioxide (16fe) Light yellow prisms as a mixture of
stereoisomers (from EtOAc-hexane); 1H NMR (CDCl3) 8: 0.75 -1.01 (total 6 H, m), 1.22-1.73 (total 14 H, m),
1.26 (6 H, s, 5-Me x 2), 1.85 (total 2 H, m), 2.06-2.11 (totalZH m), 2.23-2.35 (total 6 H, m), 2.25 and 2.32

AAIAA ~ T TN o

(each 3 H, s, ArMe x d), 2.61-2.65 ([()ldl 2 H, m), 3.26-3 U.O[al ZH, m), 4.39 (IO[al 2 Hom,i- ), /.UZ-
739 (total 18 H, m, ArH); 13C NMR (CDCly) &: 18.5 (q), 20.7 (@), 20.8 (), 25.3 (i), 26.0 (1), 26.4 (1), 26.4
(©), 27.5 (1), 27.6 (t), 30.5 (1), 30.5 (1), 30.6 (1), 30.6 (1), 38.0 (1), 49.0 (s), 58.4 (s), 59.5 (d), 59.6 (d), 63.3
(A A2 2 (AN 1762 (D 126 (AY 1270 (A 1271 (A) 1272 (AN 127 () 128 1 (A 128 7 (4} 128 R
Wy, UJ.J (U, JaU.d \(UJy LaU.d (U)y Lai VvV \M)y i& A \M )y dbied \MJy Ldided \Mjy, 240X M)y 2407 &)y 1240.0
(@, 129.6 (), 1358 (5), 136.0 (5), 1412 (5), 142.9 (5), 1445 (5), 146.1 (c) czght alkyl carbons are

Calcd for C26H33N028. C, 73.72. H, 7.85. N, 3.31. Found. C 73.57: H 7. 93 N, 3 20.
(IR*,4R*)-3-Cyclohexyl-1-methyl-5,5-diphenyl-2,3-thiazabicyclo[2.2.1]heptane 2,2-
Dioxide (16af) Colorless prisms (from CHCl3-hexane), mp 236-242°C (dec.); 'H NMR (CDCl3) &: 0.85-
1.08 (4 H, m), 1.22-1.31 (2 H, m), 1.49-1.66 (3 H, m), 1.53 (3 H, s, 1-Me), 1.83 (1 H, br d, J = 12 Hz),
235(1H,dd,J=2and 11.2Hz),2.38 (1 H,d,J=15Hz),2.53 (1 H,d,J =112 Hz), 2.72-2.78 (1 H, m,
1-H), 3.66 (1 H, dd, J = 2 and 15 Hz), 4.29 (1 H, s, 4-H), 7.11-7.34 (10 H, m, ArH); 13C NMR (CDCl3) &:
12.7 (q), 25.3 (1), 25.6 (t), 25.7 (1), 30.3 (v), 31.2 (v), 45 z (t), 44.0 (1), 55.6 (d), 60.0 (s), 65.5 (d), 65 9 (s),
126.1 (d), 126.2 (d), 127.2 (d), 127.7 (d), 128.6 (d), 128.9 (d), 144.1 (s), 149. /z (rel. in

Y. A0E /A RAEY 221 71NN TR 4 74 7 » TN T

%): 395 (24, M),

-
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ntenal (17af) Colorless oil; IH NMR (CDCl3) 8: 1.32 (3 H, 5, Me)

entenal &xa) AIRLEUSS ad, T AX ANAVARR R N ) I3, &, IVIC ),

y |
4 i -H), 4.54 and 4.70 (each 1 H, s, 5-H), 7.21-7.36 (10 H, m, ArH), 9.86 (1 H, s, CHO); 13C
NMR (CDCl3) &: 244(0) 423(0 63.5 (s), 115.8 (1), 127.3 (d), 128.4 (d), 129.2 (d), 140.2 (s), 141.5 (s),
198.2 (d); Ms (FAB) m/z (rel. int. %): 251 (18, M*+1), 154 (100); IR vipax (NaCl) cm-1: 2820, 2730, 1725

(CHO); HRMS (FAB) Calcd for C1gH18O + H: 251.1436. Found: 251.1428.

'15

Synthesis of 4-Phenethyl-p-suitams 21
General procedure. To a solution of LDA (1.5 mmol, prepared from 1.5 mmol of diisopropylamine (0.2
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P tN 31 e

cm-) and 1.5 mmoi of #*Buli in hexane) in ary THF (10 cm3) was added dropwise a solution of a B-sultam (1
s} 1 TILIE 19 . S . A A s o Ao AN

fiiiiio1) iii 1 nr \1.—4 Cm-j) at -io © under nurugcn Afier 30 min., an au(yl bromide (4 mmoU was added

dropwise to it and the whole was stirred at room temperature for several hours. Saturated aqueous NH4Cl (4
('m3) was added to the reaction mixture and the oreanic laver was senarated. The water |

aus

(9381 YRS GUANSURE TU LUV AV LiRATWIY Gav WEv W /GILL Wy Vi W AS ovpalatvu, 1L wWdaills iayT
g,
S

e
twice with EtOAc (10 cm‘%) The nrqamc laver and the extracts were combined, washed with saturated agueous
NaCl (20 cm?), dned (MESOA) and cvaoorated under reduced pressure. The resndue was pu if_ d by column

cis-2-Cyclohexyl-3,4-diphenyl-4-phenethyl- 1,2 thlazetldme 1,1 Dloxlde (Zlaa)
Colorless prisms (from EtOAc-hexane), mp 150-151°C; 'H NMR (CDCl3) &: 1.11-1.24 (3 H, m), 1.30-1.57
(3H, m), 1.67-1.69 (2 H, m), 1.83 (1 H,brd, J=13Hz), 195 (1 H,brd, J= 12 Hz), 229 (1 H, dt, ] = 4.4
and 12.7 Hz), 2.57 (1 H, dt, J = 4.9 and 12.7 Hz), 2.78 (1 H, dt, J = 4.4 and 12.7 Hz), 2.94-3.02 (1 H, m),
3.18-3.25 (1 H, m, 1'-H), 4.43 (1 H, s, 3-H), 7.08-7.28 (15 H, m, ArH); 13C NMR (CDCl3) &: 24.2 (t), 24.6
(1), 25.4 (t), 30.9 (t), 31.4 (1), 32.0 (1), 42.7 (1), 55.7 (d), 64.5 (d), 88.2 (s), 126.2 (d), 127.3 (d), 127.7 (@),
128.2 (d), 128.3 (d), 128.4 (d), 128.5 (d), 128.6 (d), 133.3 (s), 135.7 (s), 140.9 (s), an aromatic carbon is

PR RAQ /TN o fo Fo 1 s O\, .d g ML \;.L\ O1 710N, e L1112 1148
chuappcu, MS (El) m/z (rel. ini. %): 445 (26, M), 51 (100); IR vpax (KBr) cm:: 1300, 1145 (SOy); Anal.
Calcd for CgH3NO,S: C, 75.47: H, 7.01: N, 3.14. Found: C, 75.37: H, 7.10: N, 3.27.
cis-2-Cyclohexyl-4-(4d-methoxyphenethyl)-3,4-diphenyl-1,2-thiazetidine 1,1-Dioxide
(ZIaI_ﬂ White solid (from EtOAc-hexane), mp 122-124 °C; IH NMR (CDCl3) &: 1.11-1.54 (6 H, m), 1.67-
9 (2H,m), 1.83 (1 H,brd, J=12Hz), 1.95 (1 H, brd, J = 12 Hz), 2.19-2.27 (1 H, m), 2.54 (1 H, dt, J

= 4.4 and 12.7 Hz), 2.72 (1 H, dt, J = 3.9 and 12.7 Hz), 2.90-2.98 (1 H, m), 3.18-3.24 (1 H, m, 1'-H), 3.77
(3 H, s, OMe), 443 (1 H, s, 3-H), 6.80 and 7.04 (each 2 H, dd, J= 2 and 7 Hz, ArH), 7.09-7.25 (10 H, m,
ArH); 13C NMR (CDCl3) 8: 24.2 (1), 24.6 (1), 25.4 (1), 30.9 (1), 31.1 (1), 31.4 (1), 43.0 (1), 55.3 (q), 55.7 (d),
64.5 (d), 88.2 (s), 113.9 (d), 127.2 (d), 127.7 (d), 128.1 (d), 128.3 (d), 128.4 (d), 128.6 (d), 129.3 (d),
132. 9 (s) 133 3 (s) 135 8 (s) 158 0 (s)' MS (EI) m/z (rel int %)' 475 (4, M), 121 (100); IR vpax (KBr)
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’584and385(cach3H s, OMexZ (1 H s, ’SH) 665( H s, ArH) 667and676(cach1H d J
= 9 Hz, ArH), 7.09-7.19 (10 H, m, ArH) 13C NMR (CDCl3) 8: 24.5 (1), 24.8 (1), 25.7 (1), 31.2 (t), 31.8 (1),
32.0 (1), 43.1 (1), 56.0 (q), 56.2 (d), 56.2 (q), 64.8 (d), 88.5 (s), 111.6 (d), 112.0 (d), 120.4 (d), 127.6 (d),
128.0 (d), 128.4 (d), 128.6 (d), 128.8 (d), 128.9 (d), 133.7 (s), 133.8 (s), 136.0 (s), 147.8 (s), 149.2 (s);
MS (EI) m/z (rel. int. %): 505 (59, M*), 151 (100); IR Vpax (KBr) cm-1: 1295, 1145 (SO»); Anal. Calcd for
C3gH35N04S: C, 71.26: H, 6.98: N, 2.77. Found: C, 71.22: H, 7.02: N, 2.69.

Daonntinne of A Dhomathol R _cnléame 21 woitlh DA
NEALLIVIID Ul ¥ I ICiiTliyi~p=suitdailin 41 Wikl il

lenoral nracedure Toa a ctirred ecalution of a Boenltam 21 (0 2 mmol) in drv toluene (2 r‘m?\ was added
ULLIdl PITACGUIL. 10U G SULIVAL SUIUNIULL Ul G PTOUIKGILL &X (V& JUGIUL) 10 ULy tULULVIIV (& il as auuvy

dropwise 2.2 equiv of EtAICl; in hexane under nitrogen at room temperature. The mixture was surred at room
temperature for 15 h, and saturated aqueous NaHCO3 (5 cm3) was added to it. The whole was vigorously
stirred for 30 min - 2 h, and the inorganic precipitate was filtered off through Celite. The organic layer was
separated and the aqueous layer was extracted with CH,Cl; (10 cm3 x 2). The organic layer and the extracts
were combined, dried (MgSO4) and evaporated under reduced pressure. The residue was purified by
preparative TLC (EtOAc-hexane (1:10-1:5 v/v). Yields are listed in Scheme 12.

2,2,4-Triphenylbutanal (22aa) Colorless oil; lH NMR (CDCl3) 8: 2.31-2.35 and 2.57-2.61 (each
2H,m CHgCHz) 7. 13 7. 40 (15 H m, ArH) 9 87 (1 H S, CHO)' ”C NMR (CDClq) 8: 31. 3 (t) 36 2 (t)

(FAB) m/7 (rel mt %) 301 (70 M++l), 154 (100) IR Vmax (NaCl) cm- 1. 2815, 2715, 1725 (CHO), Anal.

Calcd for CypHpgO: C, 87.96: H, 6.71. Found: C, 87.79: H, 6.86.
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4-(4-Methoxyphenyl)-2,2-diphenylbutanal (22ab) Colorless oil; 'H NMR (CDCl3) 8: 2.24-
2.28 and 2.53-2.57 {each 2 H, m, CHCHj3), 3.76 (3 H, s, OMe), 6.79 and 7.05 (each 2 H, d, / = 8.8 Hz,
ArH 3(4H,d,J=7Hz ArtH), 731 (2 H,t,J=7Hz, ArH), 737 (4 H, t, J =7 Hz, ArH), 986 (1 H, s,
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X-Ray Study of 1,2,3-Oxathiazolidine 2-Oxide 11fA
Colorless plates were mounted on a glass fiber and transferred to the diffractometer.

Crystai Data. nguﬂm 0,8, M = 321.48, monoclinic, a = 9.527(4), b = 12.626(3), ¢ = 15.640(2) A V=
1814.1(7) A3 (from seiting angles of 25 centred reflections with 20.22 < 26 < 32.39°, A = 0.7106% A, T = 23
°C), space group P2y/c (# 14), Z=4, D= 1.177 g cm3, colorless plates 0.10 x 0.20 x 0.30 mm, p(Mo-Ka) =
1.76 cm-1.

Data Collection and Processing. Rigaku AFC-5R four-circle diffractometer with 12kW rotating anode
generator, /20 scans with @ scan width (1.21 + 0.30 tan 0)°, graphite-monochromated Mo-Ka X-radiation;
4613 reflections measured to 20,,,, = 55°, giving 1704 which were retained in all calculations. No crystal
decay was observed and no corrections were applied for absorption.

Structure Solution and Refinement. Automatic direct method35 (all non-H atoms). Full-matrix least-
squares refinement36 with all non-H atoms anisotropic. The weighting scheme w = 4Fo2/c2(Fo?) gave
satisfactory agreement analyses. Final R = 0.050, R, = 0.053 for 199 refined parameters. The final AF

synthesis showed no peaks above + 0.23 e/A-3,

X-Ray Study of Bicyclo-y-sultam 16ae

Colorless prisms were mounted on a glass fiber and transferred to the diffractometer.
Crystal Data. CysH3;NO;S,, M = 409.59, orthorhombic, a = 21.307(6), b = 10.255(6), c = 9.988(7) A v
=2182(3) A3 (from setting angles of 25 centred reflections with 8.81 < 20 < 14.84°, A = 0.71069 A T=23
°C), space group Pca2| (#29), Z=4, D, = 1.247 g cm-3, colorless prisms 0.20 x 0.20 x 0.30 mm, p(Mo-Ka)
=1.61 cm L.
Data Collection and Processing. Rigaku AFC-5R four-circle diffractometer with 12kW rotating anode
generator, ©/20 scans with © scan width (1.37 + 0.30 tan 8)°, graphite-monochromated Mo-Ka X-radiation;
2867 reflections measured to 20,,,, = 55°, giving 1347 which were retained in all calculations. No crystal

decay was observed and no corrections were applied for absorption.

Structure Solution and Refinement. Automatic direct method33 (all non-H atoms). Full-matrix least-
squares refinement36 with all non-H atoms anisotropic. The weighting scheme w = 4F02/g2(Fo2) gave
satisfactory agreement analyses. Final R = 0.045, R,, = 0.047 for 261 refined parameters. The final AF

synthesis showed no peaks above + 0.19 e/A-3.
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