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Absiraci: Reaciions of 4-nonsubstituied B-sultams 1 wiih mcmyuumum gave only (E)-
vinylsulfonamides 2, whereas 2-aminoethyl sulfones 3 were abtained as minor products by use of
methylmagnesium bromide. Reactions of 4-monosubstituted B-sultams 6 with organolithiums gave
(E)-vinyisuilfonamides 7 siereoscicciively regardiess of the configuration of 3- and 4-subsiituents.
Treatment of 4,4-dimethyl-8-sultam 8a with methylmagnesium bromide and methyllithium provided 2-
aminoethyl sulfone 9 and bis-sulfone 10, respectively, and isopropyl phenyl sulfone 11 was obtained
by use of phenyilithium or phenyimagnesium bromide. © 1998 Eisevier Science Ltd. All rights reserved.

INTRODUCTION

1,2-Thiazetidine 1,1-dioxides (B-sultams) are the sulfonyl analogues of the B-lactam ring or the cyclized
compounds of taurine. The chemistry of B-sultams has been widely investigated from both chemical and
pharmacological points of view.1*4 B-Lactams are stabilized by the n-bond overlap between the lone pair
electrons of a nitrogen atom and the carbonyl group, and are much more stable than B-sultams.5 The B-sultam

ring consists of three different kinds of hetero single bonds, namely, C-N, C-S and N-§ bonds, and 8-sultams
could be utilized as various synthetic equivalents as w s bui ocks for the consiruction of other
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heterocycles.!2 We recently reported that selective cleavage of C-S or C-N bonds was achieved by reactions of
B-sultams with Lewis acids to give ketones, aldehydes, trans-1,2,3-oxathiazolidine 2-oxides, cis-aziridines and
(E)-vinylsulfonamides depending on C-3 and C-4 substituents of the B-sultam ring and on Lewis acids.6-8 We
intended to investigate the N-S bond cleavage of the B-sultam ring. The N-S bond is usually cleaved by
hydrolysis or aminolysis with hetero nucleophiles.1:2 Hydride reduction of B-sultams with sodium bis(2-
methoxyethoxy)aluminum hydride (Vitride®) has provided 2-aminoethanethiol derivatives.? Otto and co-
workers have reported that treatment of B-sultams with ”BuLi underwent dimerization and rearrangement to
e N-S hond cle
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nucleophilic attack of a B-sultam carbanion to the sulfonyl group of another B-sultam molecule followed by
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intramolecular cyclization. We examined reactions of B-sultams with orge

and found that organometallics worked as a base and/or a nucleophile to give (E) vinyisuifonamides and/or

an

sulfones, respectively, in contrast to the results reported by Otto and co-workers. 10,1

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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RESULTS AND DISCUSSION

First, we examined reactions of 4-nonsubstituted B-sultams 1 with methyllithium, phenyllithium and
methylmagnesium bromide (Scheme 1, Table 1). The reaction of 3-phenyl-B-sultam 1a with 1.2 eguiv. of

o
MelL.i in tetrahydrofuran (THF) at 0°C for 2 h provided (£)-vinylsulfonamide 2a in 70% vield by B-elimination
together with 21% of the starting material (entry 1), and no dimerized product could be isolated.10.11 B-

Elimination proceeded smoothly at 0°C - room temperature by addition of N,N,N' ,N'-
tetramethylethyienediamine (TMEDA) as a chelating reagent to give vinylsulfonamide 2a in 84% yield as the
sole product (entry 2). Treatment of B-sultam la with 3.0 equiv. of MeLi and TMEDA at -78°C for 6 h
resulted in recovery of the starting B-sultam (entry 3). The results suggest that a di-anion of a B-sultam is stable
relative to a B-sultam mono-anion at low temperature and that reaction pathways are dependent on the amount of
an organolithium and the reaction temperature. No reaction occurred by treatment of B-sultam la with 3.0
equiv. of MeLi at -78°C for 1.5 h followed by raising the temperature to 0°C for 0.5 h. On the other hand, a B-

sultam mono-anion, generated from 1a and 1.2 equiv. of MeLi, underwent dimerization and rearrangement at

-78°C for 6 h to give a dithiazine tetraoxide derivative in 34% yield.10.11 MeMgBr worked partly as a
cleophile, and 2-aminoethylsulfone 3a was provided in 8% yield as a minor product (eniry 4). PhLi also
acted both as a base and a nucleophile to give vinylsulfonamide 2a (42%), methyl phenyl sulfone 4 (10%) and a

trace amount of imine 5 (entry 5). Reactions of B-sultams 1b-d with 1.2 equiv. of MeMgBr at room
temperature gave similar results to the reaction of B-sultam la (entries 7,9 and 10). Although 2-

aminoethylsulfone 3b was obtained in 21% yield as a major product together with 12% of vinylsulfonamide 2b,

Ar / FCeHyy . A _H Ar\/NHCCGH“ -
o R + + MeSOPh + = \=pnec.q..
o H” “SO,NHCEH,, ~S50,Me 4 L e
1 2 3 -
Scheme 1
Table 1. Reactions of 4-Nonsubstituted $-Sultams 1 with Organometallics.
Entry . Loooom Conditions (eq.) Products (%yield)”
L ULIIPU INU, Al
1 la Ph MelLi (1.2), THF, 0°C, 2h 1a (21), 2a (70)
2 MeLi (1.2), TMEDA, THF, 0°C -r.t.,, 1 h 2a (84)
3 MeLi (3.0), TMEDA, THF, -78°C, 6 h Recovery
4 MeMgBr (1.2), THF, r.t,, 6 h 2a (67), 3a (8)
5 PhLi (1.7), THF, 50°C, 30 min 2a (42), 4 (10), 5 (trace)
6 1b p-MeOC¢H,  MeMgBr(1.2), THF, 0°C, 2 h 1b (58), 2b (12),3b (21)
7 MeMgBr (1.2), THF, r.t.,6 h 2b (75), 3b (18)
8 MeMgBr (1.2), ether, r.t.,,6 h 2b (78), 3b (i1)
9 ic p-MeCgH, MeMgBr (1.2), THF, r.t.,,6 h Ze (68), 3¢ (12)
10 1d 0-MeC¢H, MeMgBr (1.2), THF, r.t., 6 h 2d (72), 3d (25)

# Isolated yield.



a considerable amount of the starting material was recovered in the reaction with MeMgBr at 0°C for 2 h (entry
6). No significant difference was observed by use of ether instead of THF (entries 7 and 8).

The products 2-5 are formed as described in Scheme 2. (E)-Vinylsulfonamides 2 are obtained by
abstraction of a pseudoequatorial proton of C* when an organometallic acts as a base.!2:13  Nucleophilic attack
of an organometallic towards the sulfonyl group caused ring-opening with the N-S bond fission to provide an
amide intermediate I, which follows two pathways: one is formation of 2-aminoethylsulfones 3 by protonation

of the amide I during work-up in the cases of R = Me. The other route is the retro aldol type reaction of the
1 vl nhanvyl o1 o~ and jemina in tha Aanca AFD Db The B0y oo b Do o ao ot
amide I to give methyl phcnyl sulfone 4 and imine 5 in the case of R = Ph. The difference may be due o steric
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Next, we examined reactions of 4-monosubstituted f-sultams 6 (Scheme 3, Table 2). In all cases no
products, which would be formed by nucleophilic substitution of an organometallic to the sulfonyl group, were
isolated. The higher acidity of a C4-proton (benzylic proton) of 4-phenyl-B-sultams 6 than that of 4-
nonsubstituted B-sultams 1 would work advantageously for deprotonation and B-elimination. Reactions of

h

3,4-diphenyl derivative cis-6a with MeLi below room temperature resulted in isomerization to compound

frans-6a and formation of (E)-vinylsulfonamide 7a (cnmes 1 and 2), and reactions of B-sultam trans-6a
mdae sk e 1A_J-._,\_n aaie tha Ao ool 1 MY 2 o ™ 1 O\ Lg A T

UNAacr in€ same Conaitions gave in€ compouna /a in iower lelUb \Cnﬂ"lt:b / ana o) The reaction rate of p-

elimination was considerably accelerated by addition of TMEDA, and vinylsulfonamide 7a was obtained in high
yield at 0°C for 1 h (entry 3). Vinylsulfonamide 7a was also obtained in good yields by refluxing in THF for
1.5 h (entries 4 and 9). Although treatment with PhLi at 50°C for 30 min afforded 82% of vinylsulfonamide 7a
(entry 5), only isomerised product frans-6a was formed from the reaction with MeMgBr at 0°C for 13 h (entry
6). MeLi gave a better result than MeMgBr for f3-elimination (compare entries 2 and 6). 3-p-Methoxyphenyl
B-sultams 6b provided (E)-vinylsulfonamide 7b in good yields regardless of the conﬁguration of 3- and 4-

substituents (entries 10 and 11). Compound 7¢ was obtained in 44% vyield from the rea n of 3-(2-thie ieny vl)-

B-sultam cis-6¢ and MeLi at room temperature (entry 12) although the reaction of 4—cthy -B-sultam cis-6d
wrrith AAAT 5 At enmin tammaratrs mracvidad o0 cmmall gt AF fAmInATTn ATA and £100. ~F ionmaricad R_ociileam
1L IVICEL dl 1TU! 11 1O IlpCldlul PLUVLUCU a dlidall daltivpdiit i L.Ulll}.)UuHU. U alill U7 /70 UL 1DUHIICLIdUAU p-auu.cuu
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trans-6d (entry 13),
towards J-elimination would be owing to formation of more stabilized stilbene derivatives by conjugation with
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Table 2. Reactions of 4-Monosubstituted B-Sultams 6 with Organometallics.

= p-Sultam D o e rgr 1
Entry om pdNo. Ar R Conditions (eq.) Products (%yield)®
1 cis-6a Ph Ph Meli(1.2), THF,-78°C-rt, 8h trans-6a (50), 7a (44)
2 MeLi (1.2), THF, -10°C, 4 h trans-6a (63), 7a (28)
3 MeLi (1.2), TMEDA THF, 0°C-rt,1h 7a(86)
4 MelLi (1.5), THF, reflux, 1.5h Ta (84)
5 PhLi (1.7), THF, 50°C, 30 min 7a (82)
6 MeMgBr (1.5), THF, 0°C, 13 h trans-6a (89)
7 trans-6a  Ph Ph  MeLi (1.2), THF, -78°C-r.t,8h trans-6a (54), 7a (35)
8 MelLi (1.2), THF, -10°C, 4 h trans-6a (70), 7a (20)
9 MelLi (1.5), THF, reflux, 1.5 h 7a (78)
10 cis-6b p-MeOCgHy Ph  MeLi(1.5), THF, reflux, 1.5 h 7b (68)
11 trans-6b  p-MeOC¢H; Ph MelLi (1.5), THF, reflux, 1.5h | 7b (76)
12 cis-6¢ 2-Thienyl Ph  MeLi (1.5), THF, r.t,6h Tc (44)
13 cis-6d Ph Et MeLi(1.5), THF, r.t,, 6 h trans-6a (67),7d (11)

an aromatic ring. The geometry of (E)-vinylsulfonamides 7 was determined by NOE measurements and X-ray

crystallographic analysis (Fig. 1).
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(E)-Selective formation of vinylsulfonamides and the difference in reactivity between 3,4-diphenyi--
sultams cis- and trans-6a would be explained as illustrated in Scheme 4. Compound frans-6a exists in a
conformer II in solution, in which two phenyl groups are pseodoequatorially oriented,14-16 and a carbanion HI
is generated by deprotonation with a base. B-Elimination proceeds via another less stable carbanion IV, in
which the p-orbital of the anion and the C-N bond are in anti-periplanar relationship, to give an (E)-
vinylsulfonamide stereoselectively. On the other hand, cis-B-sultam would exist in both conformers V and VL
(E)- melsulfonammc 7a is formed by deprotonation of an axial-proton of the conformer V via a carbanion VI1I

£y
UHU:“)A!‘ hyu ~ conver

nion 1V. In addition, concerted l&-’llmlpﬁ‘ien of the conformer VI is
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slightly better result than the trans-isomer. p-Sultam trans-6a is obtained by isomerization of the carbanion

IV to the most stable carbanion III and protonation of III during work-up.
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elimination (Scheme 5, Table 3). The reaction of dimethyl-B-sultam 8a was very slow, probably due to steric
hindrance of the two methyl groups, and 2-aminoethylsulfone 9 was obtained in 79% yield accompanied with a
small amount of the starting sultam by use of 8.0 equiv. of MeMgBr at room temperature for 23 h (entry 1).
The reaction with 2.0 equiv. of MeLi at room temperature was complicated, and only small amounts of products
5.9 and 10 were isolated (entry 2). The reaction proceeded smoothly by addition of 2.0 equiv. of MeLi into
the refluxing solution of sultam 8a in THF to give bis-sulfone 10 in high yield (entry 3). Treatment with 8.0
equiv. of PhMgBr at room temperature provided isopropyl phenyl sulfone 11 in 95% yield together with 5% of

imine 5§ (entry 4). Sulfone 11 was also obtained by use of PhLi (entry 53). Use of a cuprate and a cerium

reagent’ ' in recovery of sultam 8a (entries 6 and 7). 2-Aminoethylsulfone 9 was provided in 45%
v R . I-IXTSUUICINS MUY S AL ' 0% O . TS 5 Ve aene. Q) 1819 bl matariale
yie d together with 41% of the starting sultam 8a by use of MeMgBr-LiClOy (entry 8).7%:%° Starting materials
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Tabie 3. Reactions of 4,4-Disubstituted B-Suitams 8 with Organometallics.
B-Sultam

. a a
Entry pdNo.Rl R Conditions (eq.) Products (%yield)
1 8a Me Me MeMgBr (8.0), THF, r.t., 23 h 8a (5),9(79)
2 MeLi (2.0), THF, r.t., 6 h § (trace), 9 (5), 10 (17)
3 MelLi (2.0), THF, reflux, 1 h 5(36), 10 (87)
4 PhMgBr (8.0), THF, r.t., 24 h 5(3), 11 (95)
5 PhLi (2.0), THF, 50°C, 2 h 5(8), 8a (31), 11 (62)
6 MeMgBr/Cul (2.0/1.0), THF, 0°C - r.t., 21 h Recovery
7 MeMgB1/CeCl, (1.5/1.5), THF, 0°C -r.t., 18 h ~ Recovery
8 MeMgBr (4.0), LiClO,4 (1.0), PhH-ether, r.t., 20 h  8a (41), 9 (45)
9 8b TMS TMS  MeMgBr (8.0), THF, r.t., 40 h 8b (91), 12b (4)
10 8¢ Me TBDMS MeMgBr (8.0), THF, r.t., 20 h 8¢ (92), 12¢ (7)
* Isolated yield.

8b,c were almost completely recovered accompanied with trace amounts of desilylated (E)-vinylsulfonamides
12b,c even by use of 8.0 equiv. of MeMgBr at room temperature because steric hindrance of the bulky silyl
groups prevented nucleophilic attack of MeMgBr to the sulfonyl group (entries 9 and 10).
The reaction of B-sultamcarboxylic acid ester 15 was examined (Scheme 6). The B-sultam 15 was
1

ynthesized in 34% overall yield by [2+2] cycloaddition of imine 13 and sulfonyl chloride 14 by
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the literature,20 followed by methylation of the inseparable mixture of products wit

Hydroxypropyisuifone 16 was obtained in 42% yieid together with 26% of imine 13 by treatment of
equiv. of MeLi under refluxing in THF for 15 min.

Ph

Me— » v ‘
" N\=nNrpu Dpyridine, THE, A Meli(4eq), THF, Me.OH
-78°C-r.t. Wik N"Bu reflux, 15 min

13 - ] = Me + 13 (26%)

+ 2) NaH, MCI, MCOZC S02 SO.Me
cisoy >coMe DMEOC IR A__MF 16 (42%)

14 15 (34%, 2 steps) SUAReTe

Scheme 6
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EXPERIMENTAL

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. 1H-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. 13C-NMR spectra and NOE were obtained on a
JEOL EX-400 spectrometer with chloroform-d as an internal standard. The J values are given in Hz. Mass

gnectra were recorded on a JEQIL, IMS-D 300 s spectrometer with a direct-insertion probe at 70 eV, Elemental
spectra were recoradeg on a JELL JMS 500, ctrome n a direct-msertion pro
als ~nF An 1o rf ~rrad ho a Vanana N MAaedae RAT L A1l Ahsren ot ~la
mlm’“) wi llbw DUIIIPU U \-lb y VL ILINAG U] a A QUIGAVA VL ALY AU LYR R TU. 21k winUiIIA ‘Uslayll‘b lwlauu‘lﬂ

were accomplished with either Kieselgel 60 (Merck) or BW-127ZH (Fuji Silysia) for column chromatography
or Kieselgel 60 PF;s4 containing gypsum (Merck) for TLC.

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

Method A, general procedure. To a stirred solution of methanesulfonyl chloride (0.77 cm3, 10 mmol) in
dry THF (5 cm3) was added dropwise a solution of imine (20 mmol) in dry THF (30 cm3) at room temperature
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 allowed to stand at

room temperature for 7-10 davs and nurified by column chromatoeranhv on silica eel and eluted with FtOAc—
°0om wmperature 10r U aays ang puriicG 0y coiumn caromalegrapny on suiCa ge: ang ciuteG wiih “iVAC
avana £1.10 1.8 /)

NCXGNC (1 1V - 1.0 ViV,

N

Method B, general procedure. To a stirred solution of phenylmethanesuifonyi chloride (0.953 mg, 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. Immediately,
the residue was purified by column chromatography on silica gel and eluted with EtOAc-hexane (1:10 -1:5 v/v).

Method C, general procedure. A sulfonyl chloride (5 mmol) and an imine (10 mmol) was stirred without
solvent at room temperature under nitrogen. After standing at room temperature for 3 days, the solidified

reaction mixture was purified by column chromatography on silica gel and eluted with EtOAc-hexane (1:10 -1:5
"I‘l\
v/v).

2-Cyciohexyi-3-phenyi-1,2-thiazetidine i,i-dioxide (ia) Prepared by Method A, yield 59%,
colorless prisms (CH,Cly-hexane), mp 128-129°C; lH NMR (CDCl3) &: 1.08-1.27 (4 H, m), 1.42-1.74 (5 H,
m), 2.04 (1 H, br d, J = 12.7 Hz), 3.20-3.28 (1 H, m, NCH), 3.86 (1 H, dd, J = 8.8 and 15.1 Hz, 4-H), 4.34
(1 H, dd, J = 7.81 and 15.1 Hz, 4-H), 4.35 (1 H, dd, J = 7.81 and 8.8 Hz, 3-H), 7.27-7.43 (3 H, m, ArH),
7.50-7.53 (2 H, m, ArH); 13C NMR (CDCl3) &: 24.0 (1), 24.2 (1), 25.3 (1), 30.2 (1), 31.6 (1), 49.1 (d), 56.8
(d), 65.9 (1), 126.5 (d), 128.8 (d), 129.0 (d), 139.0 (s); MS (EI) m/z (rel. int. %): 265 (7, M*), 104 (100); IR
Vmax (KBr)/em-1: 1310, 1140 (SO,); Anal. Calcd for C14H;gNO,S: C, 63.37; H, 7.22; N, 5.28. Found: C,
63.34; H, 7.15; N, 5.34.

LTy 2

- l"-.-l..l_.‘-,_. ’) PR ey Lanse =TIV 1 A st end? 120 o 1T 3 Al da 1) Dounwmamad ler AArel
L-Lycionexyi- ~IHCLNUAYPHCHYI )= 1,4-LIHIAZCL 1QiNe 1,1-4i0Xiaf (1u) ri aiCU Uy IviCL
ry L | et 7ot Vel 1 on No Ty ATR A 1 1N 1 M0 74 YT =\
A, yield 56%, coloriess prisms u,nzp »-hexane), mp 80-82°C; * 1.10-1.28 (4 H, m),

0-8
1.43-1.73 (5 H, m), 2.01 (1 H, brd, J = 12.7 Hz), 3.19-3.22 (1 H,

W
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dd, J = 8 and 14 Hz, 4-H), 4.31 (1 H, dd, J = 8 and 14 Hz, 4-H), 432 (1 H, t, / = 8 Hz, 3-H), 6.91 2 H, d,
J = 8.8 Hz, ArH), 7.42 2 H, d, J = 8.8 Hz, ArH); 13C NMR (CDCl3) 6: 23.8 (1), 23.9 (1), 25.1 (1), 29.9 (1),
31.3 (v), 48.4 (d), 55.0 (q), 56.4 (d), 65.7 (1), 114.1 (d), 127.5 (d), 130.7 (s), 159.7 (s); MS (EI) m/z (rel. int.
%): 295 (2, M*), 134 (100); IR v, (KBr)/em-1: 1315, 1145 (SO,); Anal. Caled for CysHp;NO3S: C, 60.99;
H, 7.17; N, 4.74. Found: C, 60.78; H, 7.16; N, 4.77.

2-Cyclohexyl-3-(4-methylphenyl)-1,2-thiazetidine 1,1-dioxide (1c) Prepared by Method A,

...... mp 107-110°C: lrv ATRAD /0T 1 NO 1
wm JO"D, LOlUl"leb nblllb \,n Cly-hexane) , MP 1U/-11U U, *I1 NIMRK L,U\.-l 0 1.U0~1. LJ 4 ﬂ, m) y 1. ‘GJ-
2%-12 3)

1.71 (5 H, m), 2.01 (1 H, brd, J = 12 Hz), 2.34 (3 H, s, Me), 3.10-3.21 (1 H, m, NCH), 3.81 (1 H,dd, J =
8 and 15 Hz, 4-H), 4.30 (1 H, dd, J = 8 and 15 Hz, 4-H), 431 (1 H,t,J =8 Hz, 3-H), 7.18 2 H,d, /=78
Hz, ArH), 7.38 2 H, d, J = 7.8 Hz, ArH); 13C NMR (CDCly) &: 21.0 (q), 23.9 (1), 24.1 (1), 25.3 (1), 30.1 (1),
31.5 (1), 48.8 (d), 56.6 (d), 65.8 (1), 126.3 (d), 129.6 (d), 135.9 (s), 138.5 (s); MS (EI) m/z (rel. int. %): 279
(3, M%), 118 (100); IR vy, (KBr)/em-1: 1320 and 1145 (SOy); Anal. Caled for Cy5H21NO,S: C, 64.48; H,

7.58; N, 5.01. Found: C, 64.52; H, 7.62; N, 5.03.

éé

S i
m), 1.49-1.59 4 H, m), 1.73 (1 H, brd, J =12 Hz),2.08 (1 H, brd, J = 12 Hz), 2 3 H, s, Me), 3.21-
324 (1 H,m, 1"-H), 3.72 (1 H, dd, J = 6.3 and 12.2 Hz, 4-H), 4.35 (1 H, dd, J = 7.8 and 12.2 Hz, 4-H),
455 (1 H,dd, J =63 and 7.8 Hz, 3-H), 7.13 (1 H, d, J = 7 Hz, ArH), 7.21 (1 H, t, J = 7 Hz, ArH), 7.27 (1
H,t,J =7 Hz, ArH), 7.75 (1 H, d, J = 7 Hz, ArH); 13C NMR (CDCl3) 8: 18.9 (g), 24.1 (1), 24.4 (1), 25.3 (v),
30.2 (1), 31.8 (1), 45.3 (d), 57.1 (d), 64.6 (1), 125.6 (d), 126.8 (d), 128.1 (d), 130.5 (d), 134.5 (s), 136.9 (s);
MS (EI) m/z (rel. int. %): 279 (1, M*), 118 (100); IR V..., (KBr) cm-1: 1315, 1150 (SO9); Anal. Calcd for

1aa

CicHa:NO,S: C,. 64.48: H 7.58: N.5.01. Found: C, 64.28: H. 7.70: N 499
CisiiaiNUzal , 04.48] 17, /.08, IN, 5.01. Found: C, 64.28; H, 7.70; N, 499,

trans-2-Cyciohexyi-3,4-diphenyi-1i,2-thiazetidine 1,i-dioxide (frans-6a) Prepared by
Method B, yield 31%, colorless prisms (from EtOAc-hexane), mp 139-144°C; i1H NMR (CDCl3) &: 1.18-1.39
(4 H, m), 1.60-1.83 (5 H, m), 2.20 (1 H, br d, J = 12.2 Hz), 3.36-3.41 (1 H, m, 1'-H), 448 (1 H, d, J = 6.8
Hz, 3-H), 5.13 (1 H, d, J = 6.8 Hz, 4-H), 7.15-7.54 (10 H, m, ArH); 13C NMR (CDCl3) 8: 24.2 (1), 24.4 (1),
25.3 (1), 30.5 (1), 32.0 (1), 57.0 (d), 58.2 (d), 82.9 (d), 126.4 (d), 128.6 (s), 128.8 (d), 128.9 (d), 129.0 (d),
129.2 (d), 129.5 (d), 138.1 (s); MS (EI) m/z (rel. int. %): 341 (22, M*), 83 (100); IR vy, (KBr) cm-1: 1310,
1170 (SO3); Anal. Calcd for CogH,3NO,S: C, 70.35; H, 6.79; N, 4.10. Found: C, 70.09; H, 6.74; N, 3.98.

T T T T

cis-2-Cyclohexyl-3,4-diphenyl-1,2-thiazetidine 1,1-dioxide (cis-6a) Prepared by Method
B, yield 45%, coloriess prisms (from EtOAc-hexane), mp 186-191°C; 1H NMR (CDCl3) §: 1.14-1.39 (4 H,
m), 1.59-1.83 (5 H, m), 2.22(1 H, br d, J = 12.2 Hz), 3.33-3.41 (1 H, m, 1'-H), 495 (1 H, d, J = 8.8 Hz, 3-
H), 5.70 (1 H, d, J = 8.8 Hz, 4-H), 7.06-7.25 (10 H, m, ArH); 13C NMR (CDCl3) 8: 24.4 (1), 24.8 (1), 25.4
), 31.0 (1), 31.9 (1), 55.1 (d), 57.2 (d), 79.6 (d), 127.5 (d), 127.8 (d), 127.9 (d), 128.0 (d), 128.4 (s), 128.6
(d), 130.0 (d), 135.0 (s); MS (EI) m/z (rel. int. %): 341 (15, M+), 194 (100); IR Vg, (KBr) cm-1: 1308, 1175

(80y); Anal. Calcd for CogHo3NO,S: C, 70.35; H, 6.79; N, 4.10. Found: C, 70.41; H, 6.84; N, 4.11.
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trans-2-Cyclohexyl-3-(4-methoxyphenyl)-4-phenyl-1,2-thiazetidine 1,1-dioxide (trans-
6b) Prepared by Method B, yield 23%, colorless prisms (from EtOAc-hexane), mp 110-112°C; 1H NMR
(CDCl3) &: 1.13-1.30 (4 H, m), 1.53-1.77 (5 H, m), 2.11 (1 H, br d, J = 12.7 Hz), 3.28-3.33 (1 H, m, 1'-H),
379 3H,s5,0Me), 438 (1 H,d,J =68 Hz, 3-H), 504 (1 H,d, J= 6.8 Hz, 4-H), 6.88 2 H, d, J =83
Hz, ArH), 7.38-7.44 (7 H, m, ArH); 13C NMR (CDCls) 8: 24.2 (1), 24.4 (1), 25.4 (1), 30.5 (1), 32.0 (v),
55.3(q), 56.9 (d), 58.0 (d), 82.9 (d), 114.3 (d), 127.7 (d), 128.7 (s), 128.9 (d), 129.2 (d), 129.5 (d), 129.9

(Y 1600 () MS (EI p1/z (rel int. %) 371 (13 MH)Y 216 (100): IR v (KR nm‘l 1300 1170 (SO-)-
N\ Jfy AU \OJy AVAWS \AsA) IFM & (AN AllV. SUYy I A \AdJy AVA Jy &dNJ AUV )y RAN 'max \ANAFL J \wilik A JINNIy RRIVI \U\I'z},
Al Calnd foc O, 1T NN Q.M £70N0. 1T £70. N 277 Tacinde Y £7777. 11 £02. \T 2 71L
ARG, LK 10T U1 11251vU30. L, U/.70; 11, 0./0, 1N, D7 /. FOUNG:I L, O/7.74, 11, 0.00, 1Y, 3./0

cis-2-Cyclohexyl-3-(4-methoxyphenyl)-4-phenyl-1,2-thiazetidine 1,1-dioxide (cis-6b)
Prepared by Method B, yield 35%, colorless prisms (from EtOAc-hexane), mp 131-134°C; 1H NMR (CDClx)
&: 1.14-1.35 (4 H, m), 1.57-1.83 (5 H, m), 2.19 (1 H, br d, J = 12.2 Hz), 3.31-3.37 (1 H, m, 1-H), 3.69 (3
H, s, OMe), 491 (1 H, d, J = 8.8 Hz, 3-H), 5.65 (1 H, d, J/ = 8.8 Hz, 4-H), 6.69 (2 H, d, J = 8.8 Hz, ArH),
7.10-7.20 (7 H, m, ArH); !13C NMR (CDCl3) &: 24.5 (1), 24.8 (1), 25.4 (1), 31.0 (1), 31.9 (1), 54.9 (q), 55.1
(d). 57.0 (d), 79.6 (d), 113.4 (d), 126.8 (s), 128.0 (d), 128.6 (d), 128.8 (d), 130.0 (d), 159.3 (s), aromatic
methine and quatcmary carbons are overlapped; MS (EI) m/z (rel. int. %): 371 (20, M*), 216 (100); IR v«

(KBrY cm -1 132 165 (Qﬂ,. Anal Calcd for C5:Hs<NO2S: C. 67.90: H 6,78 N. 2.77. Found: C, §7.80-
\EnAr2J Wi A.}A-v \SNIY gy 4a00tar, SLQIVU UL LD JERTSINIRT. vy U0y K3y Ul Uy 4Ny Dui 7. DUBIL oy Ur.UT,
TY¥ £ 872. AT 2 O1
n, 9.03; N, 3.01

?

trans-2-Cyclohexyl-3-(2-thienyl)-4-phenyl-1,2-thiazetidine 1,1-dioxide (trans-6c)
Prepared by Method B, yield 25%, colorless prisms (from EtOAc-hexane), mp 158-161°C; IH NMR (CDCls)
d: 1.15-1.42 (4 H, m), 1.54-1.78 (4 H, m), 1.85 (1 H, br d, J = 12 Hz), 2.12 (1 H, brd, J = 12 Hz), 3.30-
337 (1H, m, 1''H), 473 (1 H,d,J =6 Hz, 3-H), 521 (1 H,d, J =6 Hz, 4-H), 6.94 (1 H,dd, J =3 and §
Hz, ArH), 7.07 (1 H, dd, J = 1 and 3 Hz, ArH), 7.31 (1 H, dd, J = 1 and 5 Hz, ArH), 7.37-7.45 (5 H, m,
ArH); 13C NMR (CDCly) 8: 24.3 (1), 24.6 (1), 25.4 (1), 30.4 (1), 31.8 (1), 54.2 (d), 57.0 (d), 83.3 (d), 125.9
(d), 126.3 (d), 127.1 (d), 128.5 (s), 129.0 (d), 129.1 (d), 129.7 (d), 142.1 (s); MS (ED) m/z (rel. int. %): 347

(25, M¥), 200 (100); IR Vpa, (KBr) cmel: 1320, 1170 (SO,); Anal. Caled for CigHy NO,S,: C, 62.22; H,

nv ‘ nNnY T .. _. 2

£ Y. £ A0, 1YY £ 11,
6.09; N, 4.03. Found: C, 62.29; H, 6.11: N, 3.98.

cis-2-Cyclohexyl-3-(2-thienyl)-4-phenyl-1,2-thiazetidine 1,1-dioxide (cis-6¢) Prepared
by Method B, yield 39%, colorless prisms (from EtOAc-hexane), mp 149-152°C; 'H NMR (CDCl3) §: 1.16-
1.41 (3 H, m), 1.42-1.50 (1 H, m), 1.57-1.67 (2 H, m), 1.76-1.80 (2 H, m), 1.91 (1 H, br d, J = 12 Hz),
2.17 (1 H, brd,J = 12 Hz), 3.36-3.43 (1 H, m, 1'-H), 5.18 (1 H, d, / = 8 Hz, 3-H), 5.65 (1 H, d, J = § Hz,
4-H), 6.81 (1 H, dd, J =3 and 5 Hz, ArH), 6.95 (1 H, d, J = 3 Hz, ArH), 7.09 (1 H, d, J/ = 5 Hz, ArH),
7.16-7.24 (3 H, m, ArH), 7.26-7.31 (2 H, m, ArH); 13C NMR (CDCly) &: 24.5 (1), 24.9 (1), 25.4 (1), 31.0 (1),
31.8 (1), 51.8 (d), 57.1 (d), 79.8 (d), 125.9 (d), 126.8 (d), 126.9 (d), 128.0 (d), 128.2 (s), 128.9 (d), 129.9

AU L)y 20U M),y A \\Jy 17U Adwta s PRV e F AL pp e FA vy ppals Py PRl Py ALi.

(d), 138.7(s); MS (EI) m/z (rel. int. %): 347 (20, M*), 200 (100); IR vppay (KBr) cmel: 1320, 1160 (SOy);

wal. Calcd fo AT AN2 Tromd. 8 £9 A7, 1Y £2A. X A 1A
AM[ Laica 1or © 181’1211‘(\)202 \,, ()L AL, l‘l 0 \17 N, 4.UD. TFOUNd. U, UL.97, I'l, O.24, 1N, 4.19.

trans-2-Cyclohexyl-d4-ethyl-3-phenyl-1,2-thiazetidine 1,1-dioxide (frans-6d) Prepared by
Method C, yield 20%, colorless prisms (EtOAc-hexane), mp 74-75°C; 1H NMR (CDCl3) 8: 1.02 3H,t,J =

wh



7.3 Hz, Me), 1.02-1.27 (4 H, m), 1.45-1.74 (5 H, m), 1.86-1.95 (1 H, m), 2.05-2.17 (2 H, m), 3.16-3.22 (1
H, m, NCH), 3.81 (1 H, d, J = 6.3 Hz, 3-H), 3.86-3.92 (1 H, m, 4-H), 7.27-7.49 (5 H, m, ArH); 13C NMR
(CDCl3) &: 11.6 (q), 21.2 (1), 24.1 (1), 24.3 (1), 25.3 (1), 30.3 (1), 31.9 (1), 56.8 (d), 57.2 (d), 80.5 (d), 126.5
(), 128.6 (d), 128.9 (d), 139.0 (s); MS (EI) m/z (rel. int. %): 293 (10, M*), 117 (100); IR Vya, (KBr)/em-1:
1310, 1140 (SOy); Anal. Calcd for C16H»3NO»S: C, 65.49; H, 7.90; N, 4.77. Found: C, 65.37; H, 7.95; N,
4.85.

cis-2-Cyclohexyl-4-ethyl-3-phenyl-1,2-thiazetidine 1,1-dioxide (cis-6d) Prepared by
Method C, yield 12%, colorless prisms (EtOAc-hexane), mp 83-84°C; 1H NMR (CDC13) 3: 084 3H, t,J =
7.3 Hz, Me), 1.04-1.29 (5 H, m), 1.43-1.77 (6 H, m), 2.05-2.08 (1 H, m), 3.21-3.26 (1 H, m, NCH), 4.29

{1 H AAddAd I—(’l‘lAanQQHvAJ-T\ ASA (T H A4 T =8R% 7z 2.HY 727 7A0 (S H m AsI. 130
\1 12, U3, J oty T QLU O.0 114, T7U1), TodU (L 1Ky Uy v O.0 K34y JERJy § i T1.FU \JF KRy Hiky MAEEAj, -
ARAD /O Y R 11 Q74 1QQ (e DAVl DAL () DE A Fe)Y UV Q (e 21 Q fe) BE2IN (AN KL A AN TE T AN
INIVER (LAl O 11,0 (), 15,7 (1), £9.5 (U, £9%.0 (1), &3.59 (1), SU.0 1), 51.5 (), 35U \Qy, JUOS WGy, 10.7 \Uy,

27.6 (d), 128.5 (d), 135.7 (s), aromatic methine and quaternary carbons are overlapped; MS (EI) m/z (rel. int.

%). 293 (6, M¥), 117 (100); IR vy, (KBr)/cm-1: 1340, 1145 (SO,); Anal. Calcd for C;6Hp3NO,S: C, 65.49;
H, 7.90; N, 4.77. Found: C, 65.37; H, 7.86; N, 4.79.

Synthesis of 4,4-Dimethyl-B-sultam 8a
To a solution of LDA (3 mmol, prepared from 3 mmol of diisopropylamine (0.39 cm3) and 3 mmol of
nBuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of B-sultam 1a (265 mg, 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

k]
1eous NH4Cl (4 cm3) was added to the

the whole wag stirred at room temperature for 12 h. Saturated aqu cm added

[ PCIS R nd the organic T b Ta o o tracied twice with EiQAc (10

IEaciion mixiure and inc organi d.ycx was bcpaldtcu 1€ wailr 1ay<r was xiracica twice with EiCAc (10
kN ~ oA QP o1

cm”), The orgamc layer and the extracts were combined, washed with saturated aqueous NaCl (20 cm>), dried

(MgSQy) and evaporated under reduced pressure. The residue was purified by column chromatography on
silica gel and eluted with EtOAc-hexane (1:10 v/v) to give 272 mg (93%) of 2-cyclohexyl-4,4-dimethyl-3-
phenyl-1,2-thiazetidine 1,1-dioxide 8a, colorless prisms (from EtOAc-hexane), mp 108-110°C; 'H NMR
(CDCl3) 6: 1.08 (3 H, s, Me), 1.10-1.31 (4 H, m), 1.49-64 (4 H, m), 1.64 3 H, s, Me), 1.72-1.75 (1 H, m),
2.12-2.15 (1 H, m), 3.16-3.22 (1 H, m, 1I’-H), 4.07 (1 H, s, 3-H), 7.33-7.41 (5 H, m, ArH); 13C NMR
(CDCl3) 8: 19.2 (q), 22.2 (q), 24.4 (1), 24.8 (1), 25.4 (1), 31.0 (1), 32.1 (1), 57.0 (d), 62.3 (d), 75.3 (s), 127.1
(d), 128.5 (d), 135.5 (s), two aromatic methine carbons are overlapped; MS (EI) m/z (rel. int. %): 293 (10,

..... =7, b S5 Shcbeadt ]

M), 186 (100); IR Vypay (KBr) cm-1: 1310, 1130 (SO,); Anal. Calcd for CjgHp3NO,S: C, 65.49; H, 7.90; N,

~ 1. N j & 4 A
4.77. rounda: |, 0o.41, n, s 1INy &/ 4,
Synthesis of 4,4-Disilyl-B-sultam 8b
Tha a enlintinan AFTTMNA (2 mmrmal mramarad feam 2 mmal AfF Aiiennranuvlamina (0 20 nm3\ and 1 mmanl Af
10 a JUIUUVIL Ul LA (O THINUL, picpailCu 11U O HHNUL UL WIDUPIUPYLAILL \V.JJ7 vili™ ) atiu J 111 UL
________ THF (10 e 3\ A e . v 1 maranl) e TLID
"BulLi in lchdllC} in ury o (1v dm- 1 g, 1 minuij i 1 1r
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(2-4 cm3) at -78°C under nitrogen. After 30 min., a solution of TMSCI (326 mg, 3 mmol) in THF (i-2 cm3)
was added dropwise to it and the whole was stirred at room temperature for an appropriate time. Saturated
aqueous NH,4Cl (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 (MgSQy) and evaporated under reduced pressure. The residue

was purified by column chromatography on silica gel and eluted with EtOAc-hexane (1:50 -1:20 v/v).



2-Cyclohexyl-3-phenyl-4,4-bis(trimethylsilyl)-1,2-thiazetidine 1,1-dioxide (8b) Yield
92%, colorless prisms (EtOAc-hexane), mp 83-84°C; 'H NMR (CDCl) 6: -0.07 (9 H, s, SiMe3), 042 (9 H,
s, SiMe3), 1.09-1.27 (4 H, m), 1.51-1.74 (5 H, m), 2.11-2.15 (1 H, m), 3.19-3.24 (1 H, m, NCH), 4.60 (1
H, s, 3-H), 7.29-7.43 (5 H, m, ArH); 13C NMR (CDCl3) : 1.0 (q), 1.3 (q), 24.3 (1), 24.9 (1), 25.4 (1), 30.8
v, 32.0 (1), 55.4 (d), 57.7 (d), 67.9 (s), 127.5 (d), 128.3 (d), 137.2 (s), two aromatic methine carbons are
overlapped; MS (EI) m/z (rel. int. %): 409 (21, M*), 186 (100); IR Vpmay (KBr)/cm-1: 1300, 1150 (SO,); Anal.
Caled for CygH35sNO,SSiy: C, 58.63; H, 8.61; N, 3.42. Found: C, 58.88; H, 8.62; N, 3.38.
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To a soiution of LDA (2 mmol, prepared from 2 mmoi of diisopropyiamine (0.26 cm3) and 2 mmoi of
mBuLi in hexane) in dry THF (10 cm3) was added dropwise a solution of 2-cyclohexyl-4-(*butyldimethylsilyl)-
3-phenyl-B-sultam (380 mg, 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 26 h. Saturated aqueous
NH,4CI (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 (MgS0Qy) and evaporated under reduced pressure. The residue was purified by

column t‘hmmatnomnhv on silica gel and eluted with EtQAc-hexane (1:50 -1:20 v/v) to mwn 331 mg (84%) of

AR VARG B Ay o L Yo oo’ 2 aid Ny ol

4- (‘butylchmethylsnlyl) -2-cyclohexyl-4-methyl-3-phenyl-1,2-thiazetidine 1,1 d10x1dc (8c¢), colorless prisms

o OlJn.\ 1NN 7O LY
1, 3, OLVIC), 7 I,

\mn

{CH,5Cls-he 1AQ 1°(11 NMR (CDCIY8: 02334 QiNAa
\\4112\,12' v ), 1 p 10"~ 1.) l. N

win (LLi3) 00 U235 (O 13, 3, OSlive ) TR VY
s, ‘Bu), 1.21 (3 H, s, 4-Me), 1.04-1.28 (5 H, m), 1.37-1.74 (4 H, m), 1.96-2.04 (1 H, m), 3.16-3.22 (1 H

m, NCH), 4.49 (1 H, s, 3-H), 7.34-7.43 (5 H, m, ArH); 13C NMR (CDCl3) 6: -6.1 (),-5.7 (q), 15.3 (q),
18.0 (s), 24.1 (1), 24.5 (1), 25.4 (1), 27.9 (q), 30.8 (1), 31.7 (1), 55.7 (d), 55.9 (d), 69.3 (s), 128.2 (d), 128.4
(d), 128.5 (d), 135.7 (s); MS (EI) m/z (rel. int. %): 393 (1, M*), 272 (100); IR vyax (KBr)/cm-!: 1300, 1155

(80,); Anal. Caled for Cy;H3sNO,SSi: C, 64.07; H, 8.96; N, 3.56. Found: C, 63.79; H, 9.00; N, 3.51.

Synthesis of 4-Methoxycarbonyl-4-methyl-B-sultam 15

To a solution of an imine 13 (947 mg, 5 mmol) and pyridine (0.6 cm3, 7.5 mmol) in THF (20 cm3) was
adAdad nurica a anlntinn Af a enlfanul ~rhlarids 14 (120 g 7 § mmnl)l ar 7% sandar nitenaoan A Frar TN
aUUulu UWUPWIdL a sULuuUlL Ut a SuiiUliyl CHiuinue 2% (1.47 g, 7.J [y at -/70 o Jdillull fiiuugtii. ALl Su

min., the suspension was allowed to warm gradually to room temperature. Saturated aqueous NH4Cl (10 cm3)
and water (10 cm3) was added to the reaction mixture and the organic layer was separated. The water layer was
extracted twice with ether (30 cm3). The organic layer and the extracts were combined, washed with saturated
aqueous NaCl (30 cm3), dried (MgSQy) and evaporated under reduced pressure. The residue was purified by
column chromatography on silica gel and eluted with EtOAc—hexane (1:10 v/v) to give a B-sultam containing
uncharacterized products. The crude B-sultam and Mel (0.47 cm3, 7.5 mmol) were dissolved in DMF (15 cm3)
and treated with NaH (60% in mineral oil, 240 mg, 6 mmol) at 0°C for 2 h. Water (30 cm3) was added to the

reaction mixture and the whole was extracted twice with EtOAc (30 cm3). The extracts were washed with
saturated aqueous NaCl (30 cm3), dried (MgSOy) and evaporated under reduced pressure. The residue was

e v ralamn cheamatnaranhy Aan citlica gl and alntad it + r_havanas viv) tn oiva ma
1 h h 1 1 d el A ith F+(YA h (1-10) v/ |77
PUliiicd vy LudIT CHIviTiatUglapiy Uil Silitad gll alil Cluiltd Wi DIUALTHVAGNV LAV Viv) W0 give J/ 7 g
LIATT N L™ Lcac-l A o o) PO, By I, JEECOUEYS M Nie B V- IrS S | A v 1A shhinmads sAian 1 Asmersda rndwlaca
12
(I970) U1 L-DULYI-4-IHCUHIUAYCAT DONY I-4-HICLI Y 1- O~ WX~ 1T Y 1DCIIZY 1 )= UHIALCUULIC l 1-Gi0Xia€ 15, COIOTICSS

1,2-
prisms (from CH;Cl,-hexane), mp 72-79°C; 1H NMR (CDCly) &: 0.96 (3 H,t,J=73 Hz, CH2CH3), 1.30 (3
H, s, Me), 1.37 (3 H, d, J =7 Hz, CHCH3), 1.4 /

—
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CH,yCH,CHy), 3.03 (1 H, ddd, J =7, 9 and 13 Hz, NCHj), 3.14 (iH, d, J = 10 Hz, 3-H), 3.38 (1 H, ddd, J
=6, 9 and 13 Hz, NCHj), 3.67 (1 H, dq, J = 10 and 7 Hz, CHCH3), 3.75 (3H, 5, OMe), 708 2 H,d, J =7
Hz, AtH), 7.23 (1 H, t, J = 7 Hz, AtH), 7.29 2 H, 1, J = 7 Hz, ArH); 13C NMR (CDCl3) 3: 13.7 (q), 193.0
(q), 20.4 (1), 20.9 (q), 31.0 (1), 40.7 (d), 49.3 (1), 53.0 (q), 66.6 (d), 80.7 (s), 127.4 (d), 127.5 (d), 128.7
(d), 141.9 (s), 165.6 (s); MS (FAB) m/z (rel. int. %): 340 (62, M* + 1), 154 (100); IR Vs, (KBr) cm-1: 1735
(C=0), 1320, 1145 (S50,), 1245 (C-O); Anal. Calcd for C;7HysNO4S: C, 60.15; H, 7.42; N, 4.13. Found: C,
60.04; H, 7.45; N, 3.94,

RSNy ARy 7L Ny aras

Reactions of p-o iltams with Organometallics

General procedure. To a solution of a f$-suitam (0.5 mmol) in THF (2 cm3) was added dropwise an
organometallic compound at an appropriate temperature. After an appropriate time, the reaction was quenched
by addition of saturated aqueous NH4CI (1 cm3), and water (5 cm3) was added to the reaction mixture (in the
cases of refluxing reactions, the reactions were quenched after cooling to room temperature). The whole was
extracted twice with EtOAc (10 cm3) (if needed, the whole was filtered through celite in order to remove an

inorganic precipitate before extraction). The extracts were washed with saturated agueous NaCl (10 cm3) dried

(MgS0Qy) and evaporated under reduced pressure. The residue was purified by TL.C on silica gel and eluted
crith Dol YA~ havana 71.10 Tel wrlesr) Tha man~tinm ~oamcditioe md wrialdo Anwa atzmasmanniead T Tatlita. 1.2
JUIT N LW g X Wy § L) ~ \L.LU = 1.1 V¥VJV). 1110 1 LIV QULIUILIUILLDD ailul yKAua C JUHIILLALL1LLAL L] 1A 1+

o w e

(E)-N-Cyciohexyi-Z-phenyivinyisuifonamide (2a) Coloriess prisms (CH;Ci,-hexane), mp
110-113°C; 1H NMR (CDCl3) &: 1.13-1.36 (5 H, m), 1.54-1.57 (1 H, m), 1.68-1.71 (2 H, m), 1.95-1.97 (2
H, m), 3.21-3.23 (1 H, m, NCH), 4.67 (1 H, br s, NH), 6.80 (1 H, d, J = 15.6 Hz, 1-H), 7.34-7.42 3 H, m,
ArH), 7.47 (1 H, d, J = 15.6 Hz, 2-H), 7.44-7.50 (2 H, m, ArH); 13C NMR (CDCly) 8: 24.7 (1), 25.1 (1),
34.3 (1), 52.6 (d), 126.5 (d), 128.1 (d), 129.0 (d), 130.6 (d), 132.7 (s), 140.4 (d); MS (EI) m/z (rel. int. %):
265 (16, M*), 144 (100); IR v, (KBr)/cm-1: 3270 (NH), 1320, 1145 (SO); HRMS (EI) Calcd for

nnnnn

2-Cyclohexylamino-2-phenylethyl methyl sulfone (3a) Light yellow oil; 1H NMR (CDCl») &:

10R-127(S H m) 184166 (SH m), 201 (1 H brd J=11 7\776_’)2'1(1Hml'-\7ﬂﬁl"lnc
A0 2. (D AR, ), 226200 R0 5, My, 2.0 (1 1, 9T G 2 512, L.4&0-4.22 3, My 2325, 483 2 1L, 5,
CN-Ma) 21271 H Ad T —Aand 1S Hy CCHAY 22T H Ad T =0 and 1S H> CMHL AA41 (1 H Ad T =
\.’Ull'l\.«’, oo A \J ARy WMLy o ™ 77 GIIU 1 J ARL, U\./LIL}, S \ A ALy UM U T S QI BT BALy WNed X ’, TV A 1 Ay Uy
4 3 LTI I T AT T AL 2 XY . A _ITN. 13 A s ’ AL A LN AN D s\ A O
4 anda 3’ nz, Un), 7.4/-/.405 (9 i, I, A1), *YC INIVIK (LG [} £0.0 (1), 24.0 (1), J4.0

(1), 42.9 (q), 54.0 (d), 54.8 (d), 63.8 (1), 126.7 (d), 129.1 (d), 131.3 (d), 139.1 (s); MS (EI) m/z (rel. int. %):
281 (15, M*), 104 (100); IR vp ., (NaCl) cm-i: 3340 (NH), 1300, 1135 (SO,); HRMS (EI) Calcd for
Cy5Hy3NO,S: 281.1449. Found: 281.1162.

(E)-2-(4-Methoxyphenyl)vinylsulfonamide (2b) Colorless prisms (from EtOAc-hexane), mp
112-115°C; 'H NMR (CDCl3) &: 1.14-1.35 (5 H, m), 1.55 (1 H, brd, J = 12 Hz), 1.68-1.71 (2 H, m), 1.96
(2H, brd, J =9 Hz), 3.20-3.22 (1 H, m, 1-H), 3.84 (3 H, s, OMe), 4.52 (1 H, d, J = 4 Hz, NH), 6.63 (1
H,d.J=15Hz, 2-H), 692 2 H,d,J =8 Hz, ArH), 742 (1 H,d,J = 15Hz, 1-H), 743 2 H, d, J =9 Hz,
ArH); 13C NMR (CDCl3) 8: 24.7 (1), 25.1 (1), 34.3 (1), 52.5 (d), 55.4 (q), 114.4 (d), 123.9 (d), 125.3 (s),

F21833.

1202 () 1403 (d) 181 6 (s); MS (ED m/z (rel, int, %): 295 (16, MH), 134 (100); IR v« (KBr) cm-1: 3280

A o 7 2T \UI, ATENS LS \u,, AUA-U AWS \Aonjg o \AWwae axa VAR &gy &S YT d -y -
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2-Cyclohexylamino-2-(4-methoxyphenyl)ethyl methyl sulfone (3b) Colorless prisms (from
EtOAc-hexane), mp 67-69°C; IH NMR (CDCl3) &: 1.10-1.16 (5 H, m), 1.54-1.69 (4 H, m), 1.99-2.01 (1 H,
m), 2.09 (1 H, br s, NH), 2.29-2.33 (1 H, m, 1'-H), 2.86 (3 H, 5, SO;Me), 3.20 (1 H, dd, J = 4.4 and 14.7
Hz, SCHj), 3.40 (1 H, dd, J = 8.8 and 14.7 Hz, SCH3), 3.82 (3 H, s, OMe), 4.43 (1 H, dd, J = 4.4 and 8.8
Hz, CH), 6.91 (2 H, d,J = 8 Hz, ArH), 7.28 2 H, d, J = 8 Hz, ArH); 13C NMR (CDCl3) &: 24.5 (1), 24.9 (1),
25.9 (1), 32.2(1), 34.3 (1), 42.7 (q), 53.4(d), 54.2 (d), 55.3 (q), 62.1 (1), 114.4 (d), 128.0 (d), 133.0 (s),
159.4 (s); MS (EI) m/z (rel. int. %): 311 (6, M*), 134 (100); IR v,ax (KBr) cm-1: 3330 (NH), 1300, 1130

AN ( = RSN SRS F bl ednd
(SO2); Anal. Caled for CigHp5NO3S: C, 61.71; H, 8.09; N, 4.50. Found:
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(E)-N-Cyclohexyl-2-(4-methylphenyl)vinylsulfonamide (2¢) Colorless prisms (CH,Cl,-
hexane), mp 108-110°C; 'H NMR (CDCl3) &: 1.15-1.31 (5 H, m), 1.53-1.58 (1 H, m), 1.68-1.72 (2 H, m),
1.94-1.96 2 H, m), 2.38 (3 H, 5, Me), 3.21 (1 H, br s, NCH), 4.59 (1 H, d, J = 7.8 Hz, NH), 6.73 (1 H, d,
J=15Hz, 1-H), 7.20 2 H, d, J = 8 Hz, ArH), 7.38 2 H, d, / = 8 Hz, ArH), 7.44 (1 H, d, J = 15 Hz, 2-H);
13C NMR (CDCly) 8: 21.4 (q), 24.7 (1), 25.1 (1), 34.3 (1), 52.5 (d), 125.4 (d), 128.1 (d), 129.7 (d), 130.0 (s),
140.5 (d), 141.1 (s); MS (ED) m/z (rel. int. %): 279 (25, M*), 158 (100); IR vy, (KBr)/cm-1: 3290 (NH),

1315, 1145 (SO,); Anal. Calcd for C;5HpNO,S: C, 64.48; H, 7.58; N, 5.01. Found: C, 64.36; H, 7.59; N
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thylphe l—y bHethyl uelhyl sulfone (3¢c) Colorless oil; NM
(CDCl3) &: 1.04-1.15 (5 H, m), 1.53-1.64 (5 H, m), 2.00 (1 H, br d, J = 11 Hz), 2.26-2.32 (1 H, m, 1'-H),
2.35 3 H, s, Me), 2.89 3 H, 5, SO,Me), 3.14 (1 H, dd, J = 3.9 and 14.7 Hz, SCHy), 3.31 (1 H, dd, J/ = 9.3
and 14.7 Hz, SCHy), 4.41 (1 H, dd, 7 = 3.9 and 9.3 Hz, CH), 7.17 2 H, d, J = 8 Hz, ArH), 7.20 2 H, d, J
= 8 Hz, ArH); 13C NMR (CDCl3) &: 21.4 (q), 24.8 (1), 25.3 (1), 26.3 (1), 32.8 (1), 34.9 (1), 43.0 (q), 53.6 (d),
54.8 (d), 62.7 (1), 126.9 (d), 130.0 (d), 138.0 (s), 139.0 (s); MS (EI) m/z (rel. int. %): 295 (33, M+), 202
(100); IR vipax (NaCl) em-1: 3340 (NH), 1300, 1140 (SO,); HRMS (EI) Calcd for C16H,5NO,S: 295.1606.

Found: 295.1584.
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(E)-N-Cyclohexyl-2-(2-methylphenyl)vinylsulfonamide (2d) Colorless prisms (from EtOAc-
hexane), mp 97-100°C; IH NMR (CDCls) 8: 1.15-1.38 (5 H, m), 1.54-1.56 (1 H, m), 1.66-1.73 (2 H, m),
1.96-1.99 (2 H, m), 2.43 (3 H, s, Me), 3.22-3.27 (i H, m, i"-H), 4.22 (I H, d, J = 7.3 Hz, NH), 6.67 (i H,

dJ= 151Hz 1-H), 7.22-7.26 (2 H, m, ArH), 7.31(1 H, t, J = 7 Hz, ArH), 7.46 (1 H, d, J = 7 Hz, ArH),
7.74 (1 H, d, J = 15.1 Hz, 2-H); 13C NMR (CDCl3) &: 19.8 (q), 24.7 (1), 25.1 (1), 34.4 (1), 52.6 (d), 126.5
(d), 126.6 (d), 127.6 (d), 130.4 (d), 130.9 (d), 131.8 (s), 137.7 (s), 138.3 (d); MS (EI) m/z (rel. int. %): 279
(18, M*), 43 (100); IR Vpay (KBr) cm-1: 3250 (NH), 1310, 1165 (SOy); Anal. Caled for Cy5HyNO,S: C,
64.48; H, 7.58; N, 5.01. Found: C, 64.65; H, 7.64; N, 5.11.

2-Cyclohexylamino-2-(2-Methylphenyl)ethyl methyl sulfone (3d) Light yellow oil; 1H
NMR (CDCl:) 8: 1.07-1.22 (5 H. m). 1.26 (1 brs. NH). 1.53-1.63 (4 H. m). 1.98 (1 H. brd. J = 11 Hz2)
ANIVAIN \NWdr a3 ) Ve 1007 Th i \F Bdy did)y bV 4 B2y Uk 0y 4V21)y Lol JdTAUS T B2y 2iiyy 4,70 (4 43y VI Wy Y A& Aakyy
2.19-2.28 (1 H, m, 1-H), 2.40 3 H, 5, Me), 2.94 3 H, 5, SO,Me), 3.05 (1 H, dd, J = 3.4 and 14.6 Hz,
SCHj), 3.23 (1 H, dd, J = 9 and 14.6 Hz, SC"Z) 4.74 (1 H, dd, J = 3.4 and 9 Hz, CH), 7.17-7.26 (3 H, m,
ArH), 7.36 (1 H, d, J = 7.3 Hz, ArH); 13C NMR (CDCl3) 8: 19.6 (q), 24.9 (1), 25.3 (1), 26.3 (1), 33.1 (1),



35.0 (1), 43.1 (q), 50.3 (d), 53.8 (d), 61.9 (1), 125.6 (d), 127.0 (d), 127.9 (d), 131.3 (d), 135.7 (s), 140.1 (s);
MS (EI) m/z (rel. int. %): 295 (18, M*), 116 (100); IR v,y (NaCl) cm1: 3300 (NH), 1295, 1125 (SO,);
HRMS (EI) Calcd for CygH,sNO,S: 295.1606. Found: 295.1590.

(E)-N-Cyclohexyl-1,2-diphenylvinylsulfonamide (7a) Colorless prisms (from EtOAc-
hexane), mp 105-113°C; 'H NMR (CDCl3) 8: 1.10-1.31 (5 H, m), 1.51-1.58 (1 H, m), 1.64-1.65 (2 H, m),

1.86-1 (2H,m), 3.11-3.15 (1 H, m, 1''H), 4.09 (1 H, br s, NH), 7.04 (2 H, d, J = 8 Hz, ArH), 7.16 (2

il R i S ’ 7y & Ll 4 ? AL B2y Vi Ty 2788y FVT (W 83y Wy v W aadiy F3sasyy feaV &
H ¢ T = QU» A+ A22 /1T T ¢ T = QW2 AN T7A2 /8 ¢ ArFIY 7T IN0 /T H e nlafinisa 13 wmMpR

9 Ly Q RAdy Fuil), ke \L 13y L J O Lily OMEIR]y 17V \J L1y Oy IMILJ, 1.7V 1 L1y 3y ViILIIII 11 ), LRRA Fi /LN
(OTMM AR IA T £ DED (& A1 (Y §20 /(A 172 A 74 19QN A 17092 AN 17Q & (A 12012 A\ 120N
(LLILLY) UL L80T (L), L4 1), 0.1 V), D3.U \U), 120.54 (U), 147U \Q), 1£7.4\G), ta7.0 (A, 13U.5 (Q), 1IU.}
(d), 132.0 (s), 133.2 (s), 136.4 (d), 140.4 (s); MS (EI) m/z (rel. int. %): 341 (24, M*), 179 (100); IR Vyax
(KBr) cm-1: 3295 (NH), 1320, 1145 (SO,); Anal. Caled for CppHo3NO3S: C, 70.35; H, 6.79; N, 4.10

Found: C, 70.38; H, 6.95; N, 4.04.

(E)-N-Cyclohexyl-2-(4-methoxyphenyl)-1-phenylvinylsulfonamide (7b) Light yellow oil;
1H NMR (CDCl3) 8: 1.10-1.31 (5 H, m), 1.52-1.55 (1 H, m), 1.64-1.67 (2 H, m), 1.89 (2 H, br d, J = 12.4
Hz), 3.09-3.14 (1 H, m, 1-H), 3.74 3 H, s, OMe), 401 (1 H,d, J = 64Hz NH), 6.69 (2 H, d,J =9 Hz,

(E)-N-Cyclohexyl-1-phenyl-2-(2-thienyl)vinylsulfonamide (7c) Colorless needles (from
CH,Cly-hexane), mp 133-135°C; 'H NMR (CDCl3) &: 1.09-1.33 (5 H, m), 1.54-1.57 (1 H, m), 1.66-1.71 (2
H, m), 1.92-1.95 (2 H, m), 3.11-3.18 (1 H, m, 1'-H), 4.12 (1 H, d, J = 6.4 Hz, NH), 6.94 (1 H, dd, J 3 and
5 Hz, ArH), 7.14 (1 H, d, J = 3 Hz, ArH), 7.22 (1 H, d, J = 5 Hz, ArH), 7.41-7.44 (2 H, m, ArH), 7.45-
7.53 (3 H, m, ArH), 7.86 (1 H, s, olefinic H); 13C NMR (CDCl3) &: 24.7 (1), 25.2 (1), 34.1 (1), 52.9 (d),
126.7 (d), 129.2 (d), 129.8 (d), 130.1 (d), 130.3 (s), 131.2 (d), 133.3 (d). 136.7 (s), 137.0 (s), two aromatic

2. L@ 2% 4 2L (27 20V.2 ALY TR ROA VI, PR N 200 (S 2OV RSy 2 L ail

methine carbons are overlapped; MS (EI) m/z (rel. int. %): 347 (39, M*), 184 (100); IR vy , (KBr) cm-1: 3290

{NH). 1320. 1150 (SO»): Anal. Caled for C N C 6222: H 609: N 403 Found: C. 6221: H
UNLL), 104V, 110U (OVU7), Afidl. LaiCh 101 \‘18‘ l211‘u202 U, Us.za, 11, O.U7, 1N, 400, ©OUNG. \., Ve.c1, 11,
0.U2; N, 4.0,

(E)-N-Cyclohexyl-1-ethyl-2-phenylvinylsulfonamide (7d) Colorless prisms (EtOAc-hexane),
mp 114-116°C; 1H NMR (CDCl3) 8: 1.14-1.39 (3 H, m), 1.31 (3 H, t, J = 7 Hz, CH,CH3), 1.56-1.77 (S H,
m), 1.93-1.97 2 H, m), 2.65 (2 H, q, J =7 Hz, CH,CH3), 3.13-3.26 (1 H, m, NCH), 4.15(1 H,d, J =78
Hz, NH), 7.29-7.48 (5 H, m, ArH), 7.55 (1 H, s, 2-H); 13C NMR (CDCl3) &: 13.9 (q), 20.7 (1), 24.8 (1),
25.2 (1), 34.3 (1), 52.6 (d), 128.8 (d) , 129.0 (d), 129.2 (d), 134.0 (s), 136.2 (d), 142.3 (s); MS (EI) m/z (rel.

int. %): 293 (21, M*), 91 (100); R_ Vmax (__Br\ /em-1: 3270 (NH), 1310, 1155 (SOq) Anal. Calcd for
Ci6H23NO,S:C, 6_”9; H, 7.90; N, 4.77. Found: C, 6547; H, 7.96; N, 4.86
(E)-N-Cyciohexyl-2-phenyi-i-(irimethyisiiyi)vinyisuifonamide (i"b) Colorless prisms

(CH,Cly-hexane), mp 92-93°C; IH NMR ((,D(,l3)() 0.14 9 H, s, SiMes), 1.16-1.40 (5 H, m), 1.58-1.61 (1
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1.98-2.01 (2 H, m), 3.22-3.27 (1 H, m, NCH), 4.06 (1 H, d, J = 7.8 Hz, NH),
7.26 2 H ArH), 7.36-7.38 (3 H, m, ArH), 8.28 (1 H, s, 2-H); 13C NMR (CDC]3)b 0.8 (q), 24.8
(1), 25.2 (1), 34.3 (v), 52.7 (d), 128.0 (d), 128.2 (d), 128.7 (d), 136.1 (s), 145.9 (s), 151.7 (d); MS (ED) m/z
(rel. int. %): 337 (5, M*), 73 (100); IR vy, (KBr)/cm-1: 3290 (NH), 1145, 1305 (SO3); Anal. Calcd for
C17H27NO,S8i: C, 60.49; H, 8.06; N, 4.15. Found: C, 60.60; H, 8.19; N, 4.23.

H, m), 1.71-1.75 (2 H, m), |
] .

(E)-N-Cyclohexyl-1-methyl-2-phenylvinylsulfonamide (12c) Colorless prisms (CH,Cl,-

hexane), mp 124-125°C; TH NMR (CDCly) &: 1.15-1.37 (5§ H, m), 1.55-1.71 (3 H, m), 1.94-1.96 (2 H, m),
224 (3 H, 5, Me), 3.19-3.20 (1 H, m, NCH), 4.35 (1 H, d, J = 7.8 Hz, NH), 7.26-7.44 (§ H, m, ArH), 7.56
(1 H, s, 2-H); 13C NMR (CDCl3) 6: 13.3 (q), 24.7 (1), 25.2 (1), 34.2 (1), 52.6 (d), 128.6 (d), 128.9 (d), 129.4
{d), 134.2 (s), 136.0 (d), 136.5 (s); MS (EI) m/z (rel. int. %): 279 (27, M¥), 117 (106) R Viax {(KBr)/cm-1:
3270 (NH), 1310, 1155 (SOy); Anal. Caicd for C5H;NO,S: C, 64.48; H, 7.58; N, 5.01. Found: C, 64.50;

2-Cyclohexylamino-1,1-dimethyl-2-phenylethyl methyl sulfone (9) Colorless needles
(from CHCl3-hexane), mp 130-133°C; TH NMR (CDCl3) 6: 1.05 and 1.41 (each 3 H, s, Me x 2), 1.02-1.10 (5
H, m), 1.47-1.66 (5 H, m), 1.99-2.02 (1 H, m), 2.15-2.21 (1 H, m, 1’-H), 3.15 (3 H, s, SOsMe), 4.33 (1 H,
s, CH), 7.24-7.37 (5 H, m, ArH); 13C NMR (CDCl3) 6: 16.0 (q), 20.2 (q), 24.6 (1), 25.0 (1), 26.0 (1), 32.3

(Y 350 (1Y 30§ In\ 8472 (A
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Isopropyl isopropylsulfonylmethyl sulfone (10) Colorless prisms (from EtOAc-hexane), mp
128-130°C; 'H NMR (CDCl3) 8: 1.44 (12 H, d, J = 6.8 Hz, Me x 4), 3.85 (2 H, septet, / = 6.8 Hz, CH x 2),
4.46 (2 H, s, CHy); 13C NMR (CDCl3) 8: 15.1 (q), 54.1 (d), 63.1 (1); MS (EI) m/z (rel. int. %): 228 (1, M*),
80 (100); IR Vpay (KBr) cm1: 1320, 1120 (SO3); Anal. Caled for C7H16048,: C, 66.82; H, 7.06. Found: C,
36.86; H. 7.06.

P Hudenve P Aimathulnreanvl mathuyl culfana (16 T iohke vallan, Al 1o \I\JD (O _\ ]
b-IAJUI UAJ'A,L'UIIIICLII] PLUpPYE ulcul_yl DUIIUIIT (AU}  LiELL yLLIUW Ull , “I1 INIVIRN (LI ) .
1.35(3H, s, Me), 1.44 3 H, d,J =73 Hz, CHCH3), 1.46 (3 H, s, Me), 297 3 H, 5, SO;Me), 3.16 (1 H,

q,J = 7.3 Hz, CHCH3), 3.65 (1 H, br s, OH); 13C NMR (u)u3) 8: 12.3 (g), 25.5 (g), 30.0 (q), 42.2 (),
68.4 (d), 72.8 (s); MS (FAB) m/z (rel. int. %): 167 (14, M* + 1), 154 (100); IR vy« (NaCl) cm-1: 3500 (OH),
1290, 1120 (SO,); HRMS (FAB) Calcd for CgH,403S + H: 167.0738. Found: 167.0694.

X-Ray Study of (E)-N-Cyclohexyl-1-phenyl-2-(2-thienyl)vinylsulfonamide 7¢
Colorless needles were mounted on a glass fiber and transferred to the diffractometer.
Nszst M = 347.49, orthorhombic, a = 19.592(4), b = 18.732(3), ¢ = 9.78

vl 5 i £



Data Collection and Processing. Rigaku AFC-5R four-circle diffractometer with 12kW rotating anode
generator, /20 scans with ® scan width (1.26 + 0.30 tan 0)°, graphite-monochromated Mo-Ka X-radiation;
4632 reflections measured to 20,,,4 = 55°, giving 1992 which were retained in all calculations. No crystal
decay was observed and no corrections were applied for absorption.

Structure Solution and Refinement. Automatic direct method?! (all non-H atoms). Full-matrix least-
squares refinement22 with all non-H atoms anisotropic. The weighting scheme w = 4F02/62(Fo?) gave
=0.051, S =2.36 for 198 refined parameters. The final

AL 170 AR al a2a% aazadl

satisfactory agreement analyses. Final R = (0.047, R
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