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The present paper describes the finding that - and -alkylthio-substituted amines possessing
a positively charged carbon such as =CHPh, CO,R and CH,SR at the nitrogen undergo
cyclization in the presence of lithium diisopropylamide or sodium hydride leading to thiazol-
idines, thiomorpholines and dihydro-1,4-benzothiazines.

Keywords——thiazolidine; thiomorpholine; dihydro-1,4-benzothiazine; cyclization; (tri-
methylsilyl compound; sodium hydride; lithium diisopropylamide

As are well known, existing syntheses of thiazolidine and thiomorpholine rings are most-
ly carried out by sulfur-carbon of nitrogen—carbon bond closure. The present paper describes
syntheses based on formation of the C,~Cs bond of thiazolidines and C,—C, bond of
thiomorpholines, as depicted in the following scheme. Few such reactions have appeared in
the literature.
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‘ In this scl\leme, where C, is a positively charged carbon in a group such as -N=CH-,
~NCO,R or NCH,SR, the reaction proceeds in the presence of sodium hydride (NaH) or
lithium diisopropylamide (LDA). Mechanistically, the C,-carbanion first formed by depro-
tonation attacks the C,-carbon to form the thiazolidine or thiomorpholine ring. Our results
on the production of thiazolidine and thiomorpholine derivatives are illustrated in Table I,
and those on the production of dihydro-1,4-benzothiazine derivatives are given in Table II.
All the reactions were carried out in tetrahydrofuran (THF) with the use of 3 molar
equivalents of LDA or NaH. In particular, the formation of dihydro-1,4-benzothiazines,
which is sterically much more favorable than that of thiazolidines and thiomorpholines, was
almost quantitative.

Since the reaction is initiated by the formation of a carbanion at the alkyl carbon
adjacent to sulfur, easily deprotonizable S-benzyl is very effective for the reaction. However,
alkyl sulfone analogs, among which only carbamate derivatives! are synthetically available,
were sufficiently reactive, as can be seen in entry 6 in Table I and entry 5 in Table II. N-
(Alkylsulfonylethyl)carbamate was exceptional, as can be seen in entry 9 in Table I, and was
shown to undergo f-elimination with loss of carbamate. In spite of the inertness of S-alkyl

NII-Electronic Library Service



439

No. 2

‘uysjo pue 3eweqied Juipuodsslrod 3y} JAIF 0} Parnodo uoneurwI-g

(> "opuo[yooIpAy oy Jo pRRIX (@ AHL ‘A0S (v

€
In_v ¢
N0 mm_v
0 % Nm /\m: s xngoy HEN oL HYD0ONHO HO OS HOUd 6
0SS '«
i
N O
Ly a6 . FH S1 Vi vat a SHYD ODHNHO HOS HOUd 8
Y
! ,
N Ud
9% %6 m H S 0 — val e YdHD =N HO*HOS*HOUd L
S7 Ud
‘Ho.. O ‘HO
9 18 _N/cm _ . ¥ xngoy HeN 9 SHY'ODNHO'OS H®D 9
n:o/z 0 HO
a8 L H L xngaoy HeN S *HD’0ONHD0S HOUd S
.ov ‘0S8 ud .
m:o/z 0 HO
95 "B rm\\mi b 0c— vai b SHYD'OON HOS HOUd b
H_ . 4d yd
N
¥T o8 “ L/m w S 0s — vai € YdHO =NHDS*HOUd €
C
Yd*HOS*HO,
N
@CE q8 _/m y 8¢ R val (4 NECHDS*HOUD) 4
fo/z mmm_u
14 8 Fm ﬁ: 14 0L— val I Yd*HOS*HONHIS HOUd 1
©) (L)) Do)
° -0 10Npod, aseq ‘ON arensqn Anuyg
PIOIA N poid qng

SUONIPUOD 1080y

saurjoydiowony |, pue SIUIPI[OZBIY ], JO SISSYIUAS

‘[ TIEV ]

NII-Electronic Library Service



440 Vol. 32 (1984)

TaBLE II. Synthesis of Dihydro-1,4-benzothiazines

React. conditions®
Entry Substrate No. Base Product No.

Q) ()

1 @E%Hzf’h 10a LDA 70 1 @SI*’ h 12a, 2’ Quant.
N=CHPh NaH Reflux 6 \rI Ph
H

Yield
(%)

SCH,Ph S.__Ph
2 @ 10b  NaH  Reflux 10 @ j 126 Quant.
\(,H SPh 'I\T
¢u, CH,
SCH,Ph Ph
3 @ 10c LDA ~70 3 @[ I 12 Quant
'TI(,O ,C,H,
CH3
SO,CH,Ph SQ, Ph
4 @ 1la NaH  Reflux 4 @ 13a 9
'?1(,() ,C,H; ? (6]
CH; CH;,

SO,CH, . SO C.H
5 @ e 11b  NaH  Reflux 4 @’\ ls ' 13b 95
\L()z(,H NS
CH,

a) Solvent: THF.

derivatives of o-aminothiophenol under the usual conditions, it was noticeable that the
following S-trimethylsilylmethyl derivative reacted smoothly to give a thiomorpholine
derivative possessing a trimethylsilyl grouping (which is replaceable by hydrogen) at the 2-

position.
@SCHZSiE
N=CHC4H; N CeH;

14 H 15

Sl—

Tables III and IV contain infrared (IR) and nuclear magnetic resonance (NMR) spectral
and analytical data for the starting a- and f-aminosulfide and sulfone derivatives and for the
o-aminothiophenol derivatives, including ten new compounds, and Tables V and VI contain
data for the products of the present reaction, i.e., thiazolidine, thiomorpholine and dihydro-
1,4-benzothiazine derivatives, most of which are unknown in the literature.

The 'H-NMR spectrum of 8a contains an AB coupling at §4.00 and 4.33 (J=8.9 Hz)
arising from the two protons of C, and an ABX coupling at §2.47, 3.33 and 4.60 (J=11.8, 9.5
and 6.3 Hz) arising from the two protons of C, and a proton of C. In addition a long-range
coupling at 6 3.33 and 4.00 (J=1.8 Hz) between a proton of C, and a proton of C, appears in
this spectrum owing to the planar W shape of I\{ /N\ El of the thiazolidine ring.

C

Compound 8b was isolated as its hydrochloride, which was assigned on the basis of its
analytical data. Treatment with alkali gave 5-phenylthiazolidine (8b’), the spectral data for
which are given in Table V, with ready removal of the N-benzylthiomethyl grouping.

NII-Electronic Library Service



441

No. 2

(*H®D ‘s ‘HS) 8¥'L “(FOSHOUd ‘S ‘HY)

STY ‘CHOO ‘TL=r ‘b ‘HY) TI'v ‘(*HD®0S Cos) S911
(88¥ 689 £9°%5) ‘C'L=r Y HY) 79°€ ‘(“HON ‘€'L=r “ ‘HO) ¥0'€ 01€l 1o
16 L9 wvs S'ON“'H®"D ‘(°HDN ‘s ‘HE) 88°C ‘("HD ‘TL=r D ‘HE) 611  (0=D) 01L1 707102 3L
(°*H®D ‘s ‘HS)
oL “CH®D ‘s ‘HS) 81°L ‘(HN “Iq ‘HI) v0°S
(89 LE9 +0°89) ‘CHOO ‘s ‘HT) £0°S “(STHOUd ‘s ‘H?) 85°¢ ‘(N*HOHOS (0=D) 01LI (HOW)
S9v S€9 vL'LY S‘ON°'H D ‘0°9=r ¥ ‘H?) T¢'€ ‘(N*HOHDS ‘0'9=r ‘1 “H?) 9v'C (HN) zsgg SE—b¢ qL
(CH®D ‘W ‘HS) 69°L—0S L ‘S€°L—0T'L ‘("H®D ‘s “HS)
(ss 699 90°SL) LT'L “(N*HD®HOS ‘9v=r  “HT) 0L€ (S*HOUd (500
8b'S L9 STSL SN“'HD ‘s ‘HY) 89°¢ “(NHD HDS 9v=r 1 HYD 1L'C (N=D) +¥91 LST—SST el
(N*HD®0S ‘s ‘HO) €5+ “((HDO ‘I'L=r ‘D ‘HY)
1T ‘CHON ‘s ‘HE) 91°¢ ‘(CHO®0S ‘W ‘H) os) IS11
(Lv9 89°L StER) 90°€—68°C ‘(O-HD-D ‘W ‘H?) 11'7—69°1 ‘CHO*HDO 68T1 o0
LT9 89°L €0'ch STON“'H®D ‘TL=fVHE) 0€°T ‘CHD ‘€°L=r Y HO SI'T (0=D) TILI €112l 9
(°H®D s ‘HS) €L ‘(N*HD®0S ‘s ‘HO) ISV Cog) %11
(61°s GE'9 11°€S) COS*HOUd ‘s ‘HY) ¥T¥ ‘(‘HDO ‘TL=r ‘D ‘HO) 81} ¥8T1 (0q09v)
91§ €9 Tres S'ON“'H "D C"HON ‘s ‘H£) 80°€ ‘(CHO ‘TL=r Y ‘HE) 671 (0=D) 9ILI 8L—LL S
(°H®D ‘s “HS) £T°L “(SHON ‘s ‘H?) Ty
(16's vI'L 81°09) ‘CHDO ‘TL=r D ‘HY) 11+ “(STHOUd ‘s ‘HT) £L°¢ 90
s8¢ 9I°L T 09 SSON“'H*"D C°*HON ‘s ‘HE) $8°T ‘("HD ‘TL=r Y‘HE) £T1  (0=D) 90L1 eYI—Iv1 14
(HO=N ‘s ‘HI) 8¢'8 ‘CH’D x ¢ ‘W ‘HST) S6'L—S9'L (L9 dur (g 1)
‘89°L—01°L ‘S “HI) §$°S “(S°HOUd ‘s ‘HO) L9t (N=D) 0£91 (HOY) 18—08 €
(FH®D x ¢ s “HST) vT'L (9t duwr ;1P
(NFHDS X € ‘s “H9) £6'€ (STHOUA X € ‘S “H9) 0L°¢ (HOW) vh—¢t z
[(s0°0) s81
("H®D X T ‘s “HOT) €T°L ‘(N*HOS X T ‘s ‘“Hp) 08°€ —81 dq 1]
“(S*HOUd X T ‘s ‘Hb) 0L°¢ “("HON ‘s ‘HE) 9€°C (1°0) 281—081 I
N H D (quaA[0s
. %) 1SA100Y "ON
(puno.g) pored enuIo (ZH=r “DAD u) ¢ YWN-H, ,ﬂ o 5, dut .w punoduo

(%) sshreuy

(1x01) D, dq

spunodwo) Sunaielg 10j vIR(q [B1102dS pue [eOnNA[RUY

TIT a1dv ],

NII-Electronic Library Service



Vol. 32 (1984)

442

(N=HD ‘s ‘HI)
@y 88'9 S6°L9) 67'8 ‘("H®D ‘W ‘HY) $6'L—09°L ‘0S’'L—0S9 (HOW)
89'p LO'L L1°89 ISSNPH D ‘(ISTHOS ‘s ‘HY) 80°C ‘(*CCHO)S ‘s ‘H6) 610  (N=D) +791 L6—S6 14!
("H®D ‘W ‘H¥) ¢1'8—81'L ‘(CHOO ‘T'L=r ‘D ‘HY) og) 71
8Ly 689 09°5$) v1'y ‘("HON ‘s ‘Hf) 1€ ‘CHD0S ‘§'L=r vl
89'% LOL 919§ S'ON"H""D ‘HY) 81°¢ ‘(*HD™HD~ *HO X 7 ‘W ‘HOI) $6'1T—0L0 (0O=D) pTLI 1(6) qII
. ("H®D ‘W ‘Hp) L8 L—L1°L “CH®D S “HS) 01'L og) 1
€1y €L'S ¥Z'19) ‘("HO®0S ‘s ‘HY) ¥1°S ‘CHOO ‘T'L=r ‘b ‘HT) 81'p 81¢1 (O%d-osp)
0Ty vL'S ¥T19 SYON®'H'D ‘("HON ‘s ‘HE) 02 ‘CHD ‘TL=r VY HO ¥T1  (0=D) $691 0S—6¥ el
(°H®D “"H®D ‘W ‘He) ¢€L—T6'9 ‘(*HOO
w9y $T9 LY°L9) ‘TL=r b ‘H?) 20t ‘(FHDS ‘s ‘HO) L6E (0%d-0sD)
S9P SE9 vL'L9 S‘ON*'H D ‘(°HDON ‘s ‘HE) £€0°¢ ‘CHD ‘TL=r VY‘HO TI'T  (0=D) 00LI £6—16 201
(°H®D “"H®D ‘W ‘H6)
(%% 109 6S°1L) TL—58'9 ‘CH®D ‘s “HS) €1°L “(*HDON ‘S ‘HY) (093)
86°¢ 209 SLIL ISNPFH™D L8P ‘(CHOS ‘s ‘HT) $6'¢ “("HON ‘s “HE) 6L°C Sh—vb q01
08+ 9L'S 0Z'6L) (=HO ‘s ‘HI) £T'8 ‘CH°D XT "H*D (HOW)
(487 $9°¢ L16L SN“THD ‘WHPL) 1'8—L°L ‘S'L—69 ‘(CHOS S ‘HY) 01t (N=D) 8191 66—86 1]
N  H o wo (quaajos ON
B[OULIO ZH=r ‘§ ur - L 154103
(punog) pored [nuLio] (ZH=r “10dD u) ¢ YNN-H; oo T ~o > &mv punoduion)

(%) sishreuy

spunodwo)) Sunael§ 10j evle(y [eI130adg pue [eonheuy -AJ F19V]

NII-Electronic Library Service



443

No. 2

“3pLIO[YO0IPAY 3y} 0] EIEp [EONA[eUY (9

‘apuoyd0IpAY 2y} jo jutod Sunpm (@

(s) 08°691
(P) 09°9% (HN “1q ‘H1) 09°L ‘CH®D
(9z’L 9LS 1€79) O o1t ‘ur ‘HS) 0§°L—ST'L (H-%D s ‘HI) €9 ‘CH-*D HOI)
STL LS SIT9 SON"'H°"D (M 9¢sT ‘W HZ) 99°€—6b'€ (H-°D ‘W ‘HT) L8'T—€LT  (0=D) 0991 PSI—¢€ST a6
) vT69
P 081§ (PH*OxT
(8s's  TL9 90°SL) MoLsy ‘s “HOI) SO°L ‘(-"HD~"HD~ ‘W ‘HY) 9’ €—pb'T (HO)
89S 1LY STSL SN-'H®'D () €0z ‘(-HD~HD~ ‘s ‘HY) 86'¢ “(HN ‘19 ‘HI) 06'1 (HND) pe€e 68—88 €6
(s) L§°$91
() 1789
(P) 86'19 (BH-°D ‘vL'01=r ‘P ‘HD t€'¥
(b) £8°0¢ ‘YH-D PLOI=C P ‘HD ¥§v ‘(H-D ‘6'S ‘§°s=r os) SEI
66°'L 109 1S°0Ob) M Lo61 ‘PP ‘HI) Lb'€ “(CHON ‘s ‘HE) 90°€ ‘CHO'HD- 1z€1 (€0
06'L 929 990F S*ON'"'H®D () zent ‘w ‘HE) 8TT—<6°1 ‘(FHD ‘I'L=r 1 ‘HE) TI'] (0=D) 5991 34 Ead| I8
) 1L°9%1
M v6'L9 (*H®D ‘w ‘HS) Op'L—1¢°L ‘(HOUd s “HI) os) 6911
(829 00§ TSES) (P) ¥9°99 8y (CH-%D ‘L'o1=r ‘P ‘HI) §9% ‘("H-?D 08 261 (HOW)
w9 ey IEes  STON''H®O ®) Le1€ ‘Lol=r P ‘HI) vy ‘CHON ‘s ‘HE) 91¢  (0=D) €1L1 $'8S1—8S1 ag
(8) SO'1LI
P vvos (H®D ‘W ‘HS) €€ L—LI'L
bzL LS 1779 M 1Ly “(H-°D ‘s ‘HI) SL'¥ ‘(*|H-%D ‘§'L=r ‘P ‘HD) €TV €0
STL LS SI'T9 SON''H’"D (®) zv1e ‘(YH-®D ‘g’L=r ‘P ‘HI) 11V ‘("HON s ‘HE) ST (0=D) 7891 PPyl P8
® tryL (*H®D x € ‘W ‘HS1) 6L°8—81'L
(P) 66°0L (H-D ‘s ‘H1) 686 ‘(H-"D ‘I'L=r P ‘HI) 08}
(P) 05°€9 (H-"D ‘U'L=r ‘P ‘HD S¢€'v “(HN “IqQ ‘HI) SLT
P 9TLL (FH®D x € ‘W ‘HSI) 6L°8—8I'L
ey 8€9  1g6L) (P) 89'1L (H-%D ‘s “H1) LO'9 ‘(H-°D “0°6=1 ‘P “HD) 9LV (HOYD)
Wy €09 9v6L SN*'H'D P) 2L€9 (H-"D ‘0'6=r ‘P ‘HI) 9¢'¥ “(HN “1q "HI) SL'T (HND) o¥ee e11—2CI1 3
() 86719 (°*H®D ‘w ‘He) 0¢°L—T1'L ‘(H-*D ‘W ‘HI) 9+t
®oo0Ls ‘GH-"D ‘b9 ‘s'zl=r ‘PP ‘HD) £5¢ ‘H-"D
(P) ZgsS ‘19 ‘¢zl =r ‘PP ‘HI) 20°€ “(HN 39 “HI) TI'C (HND) ol€€ .48
(*H®D ‘W ‘HYS) v¥'L—TUL ‘(HOUd
() €0'69 ‘€'9 ‘c'6=r ‘PP ‘HD) 09°'¥ ‘CH-?D ‘8’1 ‘6'8=r
M v0t9 ‘PP “HT) 00'F ‘(YH-D ‘6'8=r ‘P ‘HI) ¢£v ‘(°H
Ts9 659 €568y P) 60'1S - g1 ‘€9 ‘g1 =r ‘PPP ‘HI) ££°¢ ‘"HD (HOW)
609  ¥S9  L9SS  (SNID"'H’'D ®) 9" 1¥ §'6 ‘S’ 11=r ‘PP ‘HI) LT “(FHON s “HE) 86T wl81—981 €g
N H D (yuaafos
1o@o uy o (- wo "15K100Y) "ON
(punoyg) pored vintod ¢ YAIN-O¢; @H=/"1DAD u) ¢ YANH, reousogyd UL D, dur 10 punodwo)

(%) sishfeuy

(10L) D, dq

soupjoydIoWONy ], PUe SSUIPIOZeN]], "A FIEV]

NII-Electronic Library Service



444 v Vol. 32 (1984)

TaBLE VI. Dihydro-1,4-benzothiazines

mp (°C) Analysis (%)
Cong’:““d (Recryst. IR v<®cm™' 'H-NMR § (in CDCl;, J=Hz)  Formula Calod (Found)
’ solvent)
C H N
12a 166—167 3428 (NH) 4.10 (1H, br, NH), 430 (IH,d,  C,H,,NS 79.17 5.65 4.6l
(cis) (EtOH) J=3, S-CH), 491 (1H, d, J= (79.00 5.69 4.86)
3, N-CH), 6.35—7.05 (14H, m,
2 x CgHj, CeH,)
12a’ 152—153 3393 (NH) 4.16 (1H, d, /=9, S-CH), C,oH,,NS 79.17 5.65 461
(trans) (EtOH) 425 (1H, br, NH), 4.55 (1H, d, (79.48 5.68 4.71)
J=9, N-CH), 6.80—7.14 (14H,
m, 2 x C¢H,, CsH,)
12b 68—69 291 (3H, s, NCH,), 3.55 @H,  C,sH;sNS 74.65 6.26 5.80
(EtOH) d, N-CH,), 4.36 (1H, t, S-CH), (7470 625 5.83)
6.53—7.34 (9H, m, C¢Hs, CeH,)
12¢ 153—154 1680 (C=0) 3.48 (3H, s, NCH,), 4.63 (1H,s, C,H;;NOS  70.56 5.13 5.49
(EtOH) S-CH), 6.90—7.45 (9H, m, C¢H, (70.17 5.19 5.49)
CoH.)
13a 168—169 1684 (C=0) 3.55 (3H, s, NCH,), 5.14 (1H, s, C,sH;NO,S 6270 4.56 487
(AcOEt) 1322 SO,-CH), 6.68—7.92 (9H, m, (62.73 4.66 4.91)
116259 c.h, c H,
13b 109—110 1680 (C=0) 0.92 (3H, t, »-CH,), 1.10—-2.19  C,,H;sNO;S 5690 597 5.53
(Iso-Pr;0) 1314 (o (4H, m, ~CH,CH,), 343 GH, s, (57.09 6.03 5.55)
1172 9% NcH,), 3.89 (1H, dd, J=7.2,
7.8, SO,CH), 7.05—7.92 (4H,
m, CsHy)
15 67—69 3378 (NH) —0.18 OH, s, Si(CH,),), 270 Cy,H,NSSi  68.17 7.07 4.68
(MeOH) (1H, d, J=8.8, S-CH), 4.45 (6791 7.03 4.66)

(1H, d, J=8.8, N-CH), 3.97
(1H, s, NH), 6.30—7.15 (4H, m,
C.H,), 7.30 (SH, s, C¢Hy)

Compound 8c was regarded as a mixture of two stereoisomers from its '"H-NMR and
13C.NMR spectral data. However, attempts to separate them failed. On the assumption that
the two bulky phenyls at C, and Cs exist in trans-configuration [coupling constants (9.0 Hz
and 7.1 Hz) between the C, and Cs protons of the two isomers do not differ greatly], these two
isomers may be assigned as cis and zrans with respect to the two phenyls at C, and C, or Cs.

The product? obtained from 10a was separated into two isomers, 12a and 12a’, by
fractional recrystallization from ethanol. The ratio of the two isomers was estimated to be
about 1:1 by calculation based on the "H-NMR signals of the mixture. Table VI contains
spectral data for these cis and trans isomers with respect to C, and C, configuration. The
isomer 12a’, possessing a much larger value (J =9 Hz) of coupling constant at 04.16 and 4.55
relative to that of 12a (J=3Hz) at §4.30 and 4.91, is regarded as the frans isomer based on
the Karplus theory, since the plane angle of the C-H bonds of the trans isomer at C, and C; is
estimated to be nearly 180°, whereas that of the cis isomer is nearly 60°.

Compound 15 was obtained as a single isomer. The large coupling contant (J=8.8 Hz) at
§2.70 and 4.45 in its 'H-NMR spectrum is regarded as that of a trans isomer, in the same way
as inferred for 12a’.

Experimental

All melting and boiling points are uncorrected. IR spectra were taken on a Hitachi EPI-G2 spectrometer. 'H-
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NMR and *C-NMR spectra were recorded on a JEOL JNM-FX90Q spectrometer; all chemical shifts are given in
ppm downfield from tetramethylsilane. The following abbreviations are used: s=singlet, d =doublet, t=triplet,
q=quartet, m =multiplet, br =broad.

Preparation of Substrates for Cyclization——Spectral and analytical data for all substrates used are listed in
Tables III and IV. Among them, 1, 2, and 3 were prepared according to previously reported methods.> The other
previously unknown compound were prepared as follows.

Preparation of 4, 5 and 6: Methylaminomethyl benzyl and propy! sulfide hydrochlorides (16a, b) were prepared
from the corresponding primary amine hydrochloride, alkanethiol and formaldehyde, according to the previously
reported method.” The previously unknown compound 16b: mp 104—105°C (CH,CN). N-Ethoxycarbonylation of
16a and 16b by allowing them to react with ethyl chloroformate and triethylamine gave 4 and (N-methyl
ethoxycarbamoyl)methyl propyl sulfide (17). Compound 17: oil, IR v2cm ~*: 1710 (C=0), 'H-NMR (in CDCl,) §:
0.96 (3H, t, J=7.0Hz, CH,CH,CHj,), 1.23 (3H, t, J=7.0 Hz, OCH,CH,), 1.15—1.85 2H, m, CH,CH,CH,), 2.49
(2H, t, J=7.5Hz, CH,CH,S), 2.86 (3H, s, NCH,;), 4.10 (2H, q, J="7.0 Hz, CH,0), 4.38 (2H, s, NCH,S). Oxidation of
4 and 17 with potassium permanganate in acetic acid gave 5 and 6.

Preparation of 7a—c: Aminoethyl benzyl sulfide (18) obtained by benzylation of aminoethanethiol was allowed
to react with benzaldehyde and benzyl chloroformate in the usual manner to give 7a and 7b, respectively, For the
preparation of 7c, 18 was successively N-methylated ( N-formylation followed by reduction with lithium aluminum
hydride), N-ethoxycarbonylated and oxidized with potassium permanganate, by the usual methods.

Preparation of 10a—c and 11a, b: o-Benzylthio-, o-butylthio- and o-trimethylsilylmethylthioanilines (19, 20,9
21) were prepared by alkylation of o-aminothiophenol. The new compound 21: oil, IR v22cm™!: 3460, 3360 (NH),
'H-NMR (in CDCl,) é: 0.16 (9H, s, Si(CH,);), 2.05 (3H, s, NCH}), 2.85 (2H, s, SiCH,N), 6.5—7.4 (4H, m, C4H,).
Usual condensation of 19 and 21 with benzaldehyde gave 10a and 14, respectively. N-Formylation of 19 and 20
followed by lithium aluminum hydride reduction gave the corresponding N-methyl derivatives (22, 23).” Compound
22: bp 147—148°C (5 Torr), IR vj&em™!: 3380 (NH), 'H-NMR (in CDCl,) §: 0.16 (9H, s, Si(CH,),), 2.05 (3H, s,
NCH,;), 2.85 (2H, s, SiCH,N), 4.5—5.0 (1H, br, NH), 6.2—7.45 (4H, m, CcH,). N-Phenylthiomethylation of 22 by
reaction with thiophenol and formaldehyde gave 10c and N-ethoxycarbonylation of 22 and 23 gave the correspond-
ing o-benzylthio- and o-butylthio- N-ethoxycarbonyl-N-methylanilines (10c, 24). Compound 24: oil, IR v2cm™1;
1710 (C=0), 'H-NMR (in CDCl,) é: 1.3—1.7 (10H, m, CH,CH,CH,, OCH,CHj,), 1.38 (2H, t, J=7.5Hz, SCH,),
3.97 (2H, q, J=7.0Hz, OCH,), 6.95—7.28 (4H, m, C¢H,). Oxidation of 10c and 24 with m-chloroperbenzoic acid
gave 11a and 11b, respectively.

Cyclization to Thiazolidines (8a—f) and Thiomorpholines (9a, b) (see Table I)——General Procedure: A solution
of a substrate (1—4, 7—8) (0.03 mol) in 50 ml of THF was added dropwise to a solution of LDA (prepared from
0.09 mol of diisopropylamine and a hexane solution of 0.09 molar eq of butyllithium in 250 ml of THF) with stirring
at —70°C. The solution was stirred under the conditions shown in Table I. The reaction was quenched by addition of
water (0.5 ml) and then carbon dioxide was passed through the solution. After concentration under reduced pressure,
benzene was added to the resulting residue. Insoluble materials were filtered off. The filtrate was washed with water
and dried over MgSO,. The products 8a and 8b were obtained as their hydrochlorides by passing dry hydrogen
chloride into the benzene solutions. The products 8c, d and 9a, b were obtained by distillation of the residue after
removal of benzene.

In the case of entries 5 and 6, the reaction was carried out under the conditions shown in Table I using 0.09
molar eq of NaH as a suspention.

Yields of the products are shown in Table I and their spectral and analytical data are listed in Table V.

The product 8b [hydrochloride: mp 125—126 °C (EtOH), Anal. Caled for C,,H,,CINS,: C, 60.42; H, 5.97; N,
4.14. Found: C, 60.26; H, 5.93; N, 4.45.] was easily converted by treatment with alkali to 8b’, the data for which are
listed in Table V.

Cyclization to Dihydro-1,4-benzothiazines (12a—c, 13a, b and 15) (see Table II)——General Procedure: A
solution of a substrate (10a—c, 11a, b and 14) (0.01 mol) in 20 ml of THF was added dropwise to a solution of
0.03 molar eq of LDA in 80 ml of THF at —70°C or to a suspension of 0.03 molar eq of NaH in 80ml of THF at
room temperature. The reaction was carried out under the conditions shown in Table II. After addition of saturated
aqueous ammonium chloride, the THF layer was separated and the aqueous layer was extracted with benzene. The
combined organic layer was dried over MgSO,. After removal of the solvent, the residual solid was recrystallized
from an appropriate solvent.

Yields of the products are listed in Table II and their spectral and analytical data are shown in Table IV.

Acknowledgement The authors are indebted to Dr. K. Narita and the staff of the analysis center of this
college for microanalysis.

References and Notes

1) N-Benzylidene and N-alkyl or phenylthiomethyl derivatives are not available, because of the difficulty of

NII-Electronic Library Service



446 Vol. 32 (1984)

oxidation of the corresponding sulfides to the sulfones.

2) This compound has been reported previously without description of the isomers. V. Carelli, P. Marchini, M.
Cardellini, F. M. Moracci, G. Liso and M. G. Lucarelli, Tetrahedron Lett., 1969, 4619.

3) a)K. Suzuki and M. Sekiya, Chem. Lett., 1979, 1241; b) G. Dougherty and W. H. Taylor, J. Am. Chem. Soc., 55,
4588 (1933); ¢) G. F. Grillot, H. Felton, B. R. Garrett, H. Greengerg, R. Green, R. Clementi and M.
Moskowitz, J. Am. Chem. Soc., 76, 3969 (1954).

4) Y. Terao, K. Matsunaga and M. Sekiya, Chem. Pharm. Bull., 25, 2964 (1977).

5) F. Kurzer and P. M. Sanderson, J. Chem. Soc., 1962, 230.

6) D. G. Foster and E. E. Reid, J. Am. Chem. Soc., 46, 1940 (1924).

7) K. Akiba, H. Shiraishi and N. Inamoto, Bull. Chem. Soc. Jpn., 52, 263 (1979).

NII-Electronic Library Service





