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Abstract: The reactions of N, N-(di-n-alkyl)-N"-arylthiocarbamoylamidines (1) with 2-bromo-1-phen-
ylethanone in the presence of K,CO; in THF at reflux gave 3-(di-n-alkylamino)-2-arylimino-5-phenyl-
2H-1,4-thiazines (7) in 32 to 62 % yields. Treatment of compounds 1 with bromoacctyl bromide in the
presence of pyridine in CH,Cl, at 0 °C afforded 5-(di-»-alkylamino)-6-arylimino-2/7-1 4-thiazin-3-
oncs (12) in 41 to 84 % yiclds, whereas the same reactions of 1 with 2-bromopropionyl bromide under
the same conditions gave 4-(di-n-alkylamino)-5-arylimino-2-(1-bromoethylidene)-2H-thiazolines (17)
as minor compounds in addition to thiazin-3-ones 16, analogous to compounds 12. The reactions of 1
with ethyl bromoacetate in CH;Cl, at room temperature, however, gave [(arylimino)(S-
ethoxycarbonylmethyl)]methyl-NV, N-(di-n-propyl)amidine hydrobromides (19) in 71 to 88 % yields.
Compounds 7, 12, 16, 17, and 19 are all new and the mechanisms of their formations are proposed.

© 1998 Elsevier Science Ltd. All rights reserved.

We have previously described the synthesis of N,N-(di-n-alkyl)-N"-arylthiocarbamoylamidines (1)' and
demonstrated their synthetic utilities by preparing 4-dialkyiamino-5-aryliminothiazoline-2-thiones (2), 4-
dialkylamino-5-arylimino-5H-2-0x0-1,2,3-dithiazoles  (3), 4-dialkylamino-5-arylimino-5H-2,2-dioxo-1,2,3-
dithiazoles (4), 4-dialkylamino-5-arylimino-2-phenyliminothiazolines (5), and 4-dialkylamino-3-arylimino-2,5-
benzothiazocine-1,6-diones (6).> All of these compounds 2-5, having a five-membered cyclic skeleton except

for compound 6, were prepared from compounds 1, which have four-atom unit as nucleophiles, reacting with
one-atom unit such as thiophosgene, thiony! chloride, sulfury! chloride, and N-phenylimidoyl dichlonde as
electrophiles
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In a connection with the study to expiore the potential synthetic utilities of compounds 1, it was our
aim to prepare 1,4-thiazine derivatives, which have attracted much attention due to the potential biological
activities such as antibacterial’ and cardiotonic* activities, by the cyclization of compounds 1 with two-carbon
atom unit.

Of the 1,4-thiazines, 2H-1,4-thiazines have been most extensively studied.” However, the methods of
synthesis are rather limited. Treatment of bis(aroylmethyl)sulfide with ammonia gas gave 3,5-diaryl-2H-1,4-
thiazines.® 2-(Dialkylhydrazono)thioacetophenones react with acetylenic dienophiles such as methyl propiol-ate
or dimethyl acetylenedicarboxylate to give 2-amino-2/H-1,4-thiazines after amino group transposition.’
Similarly, 2-hydrazonothioacetophenones are cyclized with methyl vinyl ketones in benzene with a few crystals

of hydroqumone added to afford 3—acetyl -3,4- dlhydro -2H-1,4-thiazines, which undergo thermal elimination

We have studied the reactions of compounds 1 with a-monohaloketones, a-monohaloacyl halides, and
o-monobromo ester in order to prepare new 2/-1,4-thiazine derivatives. The results are described herein.

RESULTS AND DISCUSSION

Reactions with a-Monohaloketones

The reactions of 1 with 2-bromo-1-phenylethanone in the presence of K,COs in THF at reflux gave 3-(di-
n-alkylamino)-2-arylimino-5-phenyl-24-1,4-thiazines 7 as major products. Reaction conditions, yields, and
physical properties of compounds 7 are summarized in Table 1 and their analytical and spectroscopic data in

Table 2. Treatment of compound 1¢ (X = Me, R = n-Pr) with nvnd ne (2 equiv) in CH
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reflux gave 7c in 52 %yield, which was lower than the yield obtained under the foregoing condition.
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XNF reflux X Ph
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analyses. A vinyl proton signal of componds 7 appears at & 6.08 - 6.22 ppm, which is close to that ( 6.45
ppm) of the analogous type of the compound, 3,5-diphenyi-2H-1,4-thiazine."® The stereochemistry of the
arylimino group at C-2 was determined on the basis of X-ray analysis of 7i (X = Cl, R = Et). ORTEP drawing
of 7i shows clearly that the 4-chlorophenyl group is directed toward S-1 (Fig. 1).

The formation of compounds 7 can be explained by a nucleophilic displacement of the bromine atom of
2-bromo-1-phenylethanone by the thione sulfur of compouds 1 to give an intermediate 9a, followed by an
intramolecular nucleophilic attack of the imino nitrogen of 9a to the carbonyl carbon atom to give a cyclized

intermediate 9b, which loses a water molecule concomitant with loss of a HBr molecule to give 7 (Scheme 1).
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Fig. 1. ORTEP drawing of 7i.
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Selected bond length

- A1
Selected bond angles (deg): C4-S-C
C2-C1-S 115.6(3),

.263(5), Ni-C15 1.412(5), N2-C2 1.301(5), C3-C4 1.342(3).
103.3(2), C1-N1-C15 120.2(4), C2-N2-C3 125.1(3), C4-C3-N2 123.5(4), C3-C4-S 124.1(3),

Table 1. Reaction conditions, yields, and physical properties of compounds 7
Compounds X R i PhCOCH,Br  Time Yieid * mp” Color
mmol mmol h % °C
7a NO, n-Pr 0.535 0.819 51 37 79-80 red
7b Cl n-Pr 0.588 0.588 40 43 89-90 yellow
Te Me n-Pr 0.624 0.944 41 62 80-81 yellow
7d MeO n-Pr 0.538 0.819 68 60 79-81 yellow
Te NO, n-Bu 0.517 0.779 18 51 55-56 red
7f Cl n-Bu 0.491 0.754 46 51 69-71 yellow
Tg Me n-Bu 0.517 0.794 20 62 64-66 yellow
7h MeC #-Bu 0.526 0.809 41 32 74-76 yellow
7i Ci Et 0.693 .04 29 49 129-130 yellow

® Isolated yields. ® Recrystallized from E{OH except for 7i (from n-hexane).
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H, 6.08/ 6.15
N, 10.56 / 10.48
S, 8.06/ 817
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S, 8.15/ 821
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C, 67.66/67.73

IR (neat)

cm’’

2944, 1570, 1509,
1478, 1453, 1413,
1366, 1331, 1248,
1210, 1162, 1102,

1074, 1006, 853,

718
717

2944, 1571, 1520,
1474, 1411, 1366,
1326, 1291, 1250,
1202, 1157, 1085,

1010, 714

1365, 1328, 1230,
1101, 1018,

998, 944, 853,
712, 693

2936, 1571, 1523,
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'H NMR (CDCl;)
o, ppm

0.60-1.12 (m, 6H, 2CHz), 1.55-
1.96 (m, 4H, 2CHy), 3.51-3.87
(m, 4H, 2NCH,), 6.22 (s, 1H,
SCH=), 695 (d, 2H, J =80 Hz,

ArH), 7.21-7.45 (m, 3H, ArH),
T LEOQ 7T OO0 fine ﬁu AIIN O N7 4
1,56-7.606 (i0, oK1, AlT1), 8.2/ (4,

2H, J=8.0 Hz, ArH)

0.60-1.09 (m, 6H, 2CH,), 1.48-
1.94 (m, 4H, 2CH;), 3.55-3.82
(m, 4H, 2NCH;), 6.15 (s, 1H,
SCH=), 6.78 (d, 2H, J = 8.0 Hz,
ArH), 7.22-7.48 (m, 3H, ArH),
7.33 (d, 2H, J = 8.0 Hz, ArH),
7.64-7.82 (m, 2H, ArH)
0.74-1.06 (m, 6H, 2CH3), 1.40-
1.92 (m, 4H, 2C

]
3
N

Q-
F

[ - N

. H, ArH), 7.18 (d,
2H, /=80 Hz, ArH), 7.53-7.85
(m, 2H, ArH)

0.78-1.08 (m, 6H, 2CHs), 1.55-
1.84 (m, 4H, 2CH,), 3.52-3.87
(m, 4H, 2NCH,), 3.80 (s, 3H,
CH;0), 6.10 (s, IH, SCH=),
6.89 (s, 4H, ArH), 7.17-7.46 (m,

3H, ArH), 7.56-7.85 (m, 2H
3H, ArH), 2H,
ArH)

N TT 1N NL L nn LYY NOTT 1 N
U.//=1.U0 (In, on, Zurns), 1.vo-
1.88 (m, 8H, 2CH,CH;), 3.55-
3.86 (m, 4H, 2NCH;), 6.20 (s,

1H, SCH=), 6.92 (d, 2H, J = 8.0
Hz, ArH), 7.18-7.44 (m, 3H,
ArH), 7.56-7.89 (m, 2H, ArH),
8.29 (d, 2H, J = 8.0 Hz, ArH)

0.79-1.09 (m, 6H, 2CHs), 1.09-
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I A RY ] A KQ 1A74 1A81 14172 10 fevv QLT AL MIT Y 2 AO
i1, VLl U, J0 1*7%%, 1471, l"'lJ, 1.04 \l 1, OI11, 4\4112\,112}, 2.940~
wr NoOs I o1y 1Y £ 13NN 1NO0 S DY y N AT T MARTLTT ) £ 1M £
N, 586/ 5381 1365, 1326, 1283, 3.87 (m, 4H, ZNCH,), 6.12 (s,
S, 7.53/ 7.64 1227, 1083, 1018, 1H, SCH=), 6.75 (d, 2H, J=8.0

946, 853, 829, Hz, ArH), 7.05-7.40 (m, 3H,
768, 722, 646  ArH), 7.32 (d, 2H, J = 8.0 Hz,

ArH), 7.55-7.85 (m, 2H, ArH)
g CasH3 N:S C,74.03/73.96 2944, 1571, 1523, 0.70-1.09 (m, 6H, 2CH;), 1.09-
H, 7.70/ 7.75 1494, 1450, 1413, 1.89 (m, 8H, 2CH,CH,), 2.35 (s,
N, 10.36/1033 1365, 1328, 1288, 3H, CH,), 3.50-3.85 (m, 4H,
S, 7.90/ 785  1277,1101, 1016, 2NCH), 6.11 (s, 1H, SCH=),

944, 858, 819, 6.78 (d, 2H, J = 8.0 Hz, ArH),

770, 714, 688 7.02-745(m. 3H ArH) 724 (d

770, 714, 688  7.02-7.45(m, 3H, ArH), 7.24 (4,
M T=801> ATV 7 8§97 Q%
Ldly, J O.V 4, MILky, 71.J90771.09
(m, 2H, ArH)

H, 7. .

N, 9.97/ 9.92 1366, 1285, 1242,  3.91 (m, 4H, 2NCH,), 3 84 (s

S, 7.60/ 771  1178,1160,1099, 3H, CH:0), 6.10 (s, 1H, SCH=),
1077, 1026, 998,  6.88 (s, 4H, ArH), 7.10-7.78 (m,
966, 944, 857, 3H, ArH), 7.61-7.85 (m, 2H,
830, 770, 720,  ArH)

688, 630
7i CagHzCIN;S C,6494/6470 2952, 2912, 1563, 128 (t, 6H, J = 8.0 Hz, 2CH»),
H, 545/ 552 1518, 1472, 1418,  3.75 (q, 4H, J = 8.0 Hz, 2NCHy),
N 111247 11 20 1248 1244 1204 A 1A/« 1L CALIY £ Q1 74 HIT
N, 11,00/ 11.57 1503, 1340, 1540, O.14 (5, 101, ouri=), U.61 (G, 41,
S, 8.67/ 8.75 1274, 1080, 1014, J = 8.0 Hz, ArH), 7.20-7.45 (m,
834, 717, 642 3H, ArH), 7.35 (d, ZH, J = 8.0

For the chemical reactivities of compounds 7, compoud 7b was treated with 20 % agueous hydrochloric
acid in THF for 24 h at room temperature. From the reaction mixture were isolated 2-(4-chlorophenylimino)-5-
phenyl-4H-l74-thjazin- -one (10) and [5-( benzovlmethvl)( 4-ch!oronhenvlimino)]methvl-N N<( di-n—propvl)am—
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(X =Cl, R = n-Pr) (Scheme 2).

Reduction of compound 7b with LiAlH, in THF at either room or reflux temperature did not proceed and
7b was recovered in 87 % yield. On the other hand, treatment of compound 7b with m-chloroperbenzoic acid
(m-CPBA) in CH,Cl, at room temperature gave a complex mixture from which 7b (27 %) was isolable.
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Reactions with a-monobromoacyl bromides
Ths raastinne of comnonnde 1 with hraomaacstyl hraomide in the nracence of nuridina (2 aaniv ) at ) °C
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were separated by column chromatography. The former was unidenifiable complex mixture and the latter was
identified as 5-(di-n-alkylamino)-6-arylimino-2/-1,4-thiazin-3-ones (12). Reaction conditions, yields, and
melting points of compounds 12 are summarized in Table 3 and their analytical and spetroscopic data in Table
Y|
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D
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12 13

The structures of compouds 12 were determined on the basis of the spectroscopic data and elemental
analyses. The stereochemistry of arylimino group of 12 was determined based on X-ray analysis of 12i, which

showed that the arylimino group was dir -.-d toward S-1 (Fig. 2).The pnss;b!c formation of regioisomer 13
t
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appear at further downfield because of the presence of two electron-withdrawing groups (a carbonyl group
amd ar dratoo nltesoan atee) diraotls b d Lo matholana onchen 1 1o . A i
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isolated from chromatography did no

show absorpiions of methylene protons beiow the range foregoing up to
around & 6.5 ppm. Furthermore, according to the principle of hard and soft acids and bases (HSAB principle)
concept,’? it is reasonable to expect the bond formations between the imino nitrogen (hard base) and the acyl
carbon atom (hard acid), and the thione sulfur (soft base) and the carbon atom (soft acid) of the bromomethyl

group.

Table 3. Reaction conditions, yields, and melting points of compounds 12

Compounds X R 1 BrCOCH,Br Time Yield * mp"
mmol mmol min % °C

i2a NO, n-Pr 0.511 0.57 95 62 129-130
12b Cl n-Pr 0.630 0.69 90 75 104-107
12¢ Me n-Pr 0.609 1.09 80 41 86-89
12d MeO n-Pr 0.518 0.57 105 47 109-110
12e NO; n-Bu 0.482 0.57 110 66 140-141
12f Cl n-Bu 0.490 0.57 105 84 109-110
12g Me n-Bu 0.540 0.57 85 59 99-100
12h MeO n-Bu 0.514 0.57 115 50 101-103
12i NO; Et 031 0.34 130 47 180-183 (dec.)

* Isolated yields. ° Recrystallized from a mixture of #-hexane and dichloromethane except for 12 (from n-hexane) and 12i (from

. 4 MREAL Wllll.!\l“llu
Comp- Molecular Analytical IR (KBr) 'H NMR (CDCly)
ounds Formula Calcd / Found cm’! 5, ppm
12a C16H20N4O;S C, 55.16/55.09 2936, 1651, 1574, 0.60-1.14 (m, 6H, 2CH;), 1.32-2.03

H, 579/ 584 1541, 1509, 1456, (m, 4H, 2CHy), 3.13-3.90 (m, 4H,

N, 16.08/16.14 1426, 1334, 1045  2NCHb.), 3.59 (s, 2H, CH,), 6.99 (d,

S, 920/ 9.29 2H, J = 8.0 Hz, ArH), 8.25 (d, 2H,
J=8.0 Hz, ArH)

12b  CiHnCIN:OS  C,56.88/56.94 2944, 1648, 1595,  0.60-1.14 (m, 6H, 2CH), 1.37-2.03
H, 597/ 600 1539, 1477, 1469, (m, 4H, 2CH,), 3.12-3.89 (m, 4H,
N, 12.44/12.41 1434, 1370, 1320, 2NCH,), 3.57 (s, 2H, CH,), 6.95 (d,
S, 949/ 9.54 1286, 1083, 1053, 2H,J=8.0 Hz, ArH), 7.35 (d, 2H,
920 J=8.0 Hz, ArH)
12¢ Ci17HxN;0S8 C,64.32/64.27 2944, 1662, 1589, 0.69-1.12 (m, 6H, 2CH:), 1.54-1.94
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12d

12¢

12f

12g

12h

12i

Ci7H2;N;0,8

C1sH24N40:S

C1sH24CIN;OS

CisH27N:0S

C1oHz/N:0,8

Ci1sHi6N4OsS
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C,6124/6129
H, 695/ 6.98
N, 12.60/12.64
S, 961/ 967

C, 57.43/57.46
H, 643/ 647
N, 14.88/14.91
S, 8.52/ 858

C, 59.08/59.13
H, 661/ 659
N, 11.48/11.50
S, 876/ 8.80

C, 66.05 / 66.11
H, 7.88/ 7.90

N, 12.16/12.19
S, 9.28/ 9.36

C,63.13/63.19
H, 7.53/ 7.50
N, 11.62/11.60
S, 887/ 895
C, 52.49/52.56
H, 5.03/ 5.06
N, 17.49/17.44
S, 10.01/10.10

2944, 1653, 1595,
1573, 1530, 1496,
, 1371, 1320,
1288, 1248, 1048,

2936, 1672, 1595,
1555, 1494, 1453,

1432, 1366, 1314,
1274, 1043

2944, 1651, 1576,
1526, 1494, 1456,
1371, 1318, 1283,
1250, 1050

3088, 2968, 2920,
1651, 1598, 1574,
1536, 1504, 1466,
1438, 1333, 1309,
1096, 1042, 981

0.60-1.15 (m, 6H, 2CH3), 1.36-2.01
(m, 4H, 2CH,), 3.17-3.92 (m, 4H,
2NCH,), 3.56 (s, 2H, CH,), 3.80 (s,
3H, CH:0). 6.92 (s, 4H, ArH)

0.60-1.10 (m, 6H, 2CHz), 1.10-2.03
(m, 8H, 2CH,), 3.20-3.90 (m, 4H,
7N(‘l‘!n\ 357 (e 2H (‘Hq\ 6 97 (d

PN LW 4 1L, 2325

0.60-1.08 (m, 6H, 2CHz), 1.08-2.20
(m, 8H, 2CHy), 3.19-3.90 (m, 4H,
2NCHy), 3.56 (s, 2H, CH), 6.83 (d,
2H, J = 8.0 Hz, ArH), 7.35 (d, 2H,
J=8.0 Hz, ArH)

0.60-1.10 (m, 6H, 2CHz), 1.10-2.00
(m, 8H, 2CH,), 2.34 (s, 3H, CHs),

3.14-3.93 (m, 4H, 2NCHz), 3.53 (s,
2H, CH,), 6.80 (d, 2H, /= 8.0 Hz,

LV

0.60-1.07 (m, 6H, 2CHz), 1.07-1.98
(m, 8H, 2CH,), 3.18-3.91 (m, 4H,
2NCH,), 3.55 (s, 2H, CHy), 3.78 (s,
3H, CH;0), 6.90 (s, 4H, ArH)

1.31 (t, 3H, J = 7.1 Hz, CHy), 1.37
(t, 3H, J = 7.1 Hz, CH:), 3.62 (s,
2H, CHy), 3.72 (g, 2H, J = 7.1 Hz,
NCH,), 3.77 (g, 2H, J = 7.1 Hz,

NCHy), 7.03 (d, 2H, J = 8.9 Hz,
ArH), 830 (d, 2H, J = 89 Hz
ArH)

For comparison, l¢ (X = Me, R = n-Pr) was treated with K,COs (2 equiv.) in THF at 0°C for 150 min.

However, 12¢ was obtained in 28 % yield together with the recovery of the starting material 1¢ (35 %). The
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Fig. 2. ORTEP drawing of 12i.
Selected bond lengths (A): S-C1 1.748(3), S-C4 1.809(4), C1-C2 1.503(5), C3-C4 1.495(5), N2-C2 1.303(4). N2-C3 1.366(5), N1-
C1 1.273(4). Selected bond angles (deg): C1-S-C4 100.6(2), C1-N1-C9 122.2(3), C2-N2-C3 121.8(3), N2-C3-C4 116.8(3), C3-
C4-S 111.5(2), N1-C1-C2 119.6(3).

In contrast with the reaction of 7b, the reduction of compound 12b with LiAlH, in THF at room
temperature gave 2-(4-chlorophenylimino)-5-oxo0-3-(di-n-propylamino)thiomorpholine (14) in 87 % yield.
Treatment of 12b with P,S,, in benzene gave the corresponding 5-thioxothiazine 15 in 46 % yield. However,
only 4-chloroaniline and a complex mixture were isolated by treatment of 12b with 20 % aqueous hydrochloric
acid in THF at room temperature. Treatmement of 12b with m-CPBA gave a complex mixture from which the

starting 12b was recovered in 51 % yield.

N(-Pr), N(r-Pr),
NH C—-———-——
)‘\/ lHCI WA WP RN NN
2 ci S

° lTHF r.t.
14 r/\T,NHQ 15
>
o i

The reactions of 1 { R = »-Pr ) with 2-bromonronionvl bromide in the nresence of pvridine (2 equiv.) in

The reactions of 1 ( R Pr ) with 2-bromopropiony! bromide 1n the presence Dy (£ eq )
UL ot D °0 gavya A_arvlimina_ 2 _mathul S _(Adi_n_nranviamina V. 2H_1 A_thiazin_2.nnac {18) ag mainr nrondncte
CARLL) al Vv O EOVD VUTal yUHLNUTLTIHNVUYIT T \UITHTPLUY YIGIIIMIV JTA0 1™ 1, TFTULBGLLUTI TULIWG QAT 40 11ajuUl pPruvuuvis
PR | PO U ¥ | . RS N b PR | J DRIV PRGN JUg W RN LN £ § . ) WSV, JU Danntimn
ana D—(dryllmm()) 2-(1-bromoett 1yliaene)-4-( di-a-propylaminojtniazonnes (i7) as minor progucts. neaction
conditions, yields, and melting points of compounds 16 and 17 are summarized in Table 5. Analytical and

spectroscopic data of compounds 16 and 17 are summarized in Table 6 and 7, respectively.
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P
(o] - "W"\
il pvridine A N /\( \

1a-d + Brw/‘\ T U Y& . )\J SN
16 17

The formation of compounds 16 can be explained by the same mechanism as proposed for compounds
12. We prefer the pathway in which a bromine atom of acyl bromide is displaced by the imino nitrogen of 1 to
give an intermediate 18a, which loses HBr to give an intermediate 18bh (HSAR principle, vide supra).

Nucleophilic displacement of a bromine atom of 18b by the thione sulfur (path a) concomitant with loss of HBr

can give compounds 16. However, when the thione sulfur attacks the carbonyl carbon atom in the presence of
amid Antaluear FIID fonsh LY sbon Co a0~ L 1
acid catalyst (HB1) (path b), the formation of bromohydrin i8¢ wouid be expected. Dehydration of 18¢ in the

presence of HBr can give rise to a cation i8d, which undergoes deprotonation reaction to give a mixture of
(Z)- and (£)-17 (Scheme 3).

18a 18b ’
1
ipath b
r N= /N(n-Pr)2 N, /N(n-Pr)z 1
/ /
-17 = S\\/) S N = L) '
(Z)+ H* y ¥ HZO
(E)17 l g |
L ‘ |
18d 18¢c
Scheme 3

Table 5. Reaction conditions, vields, and melting points of compounds 16 and 17

JLAR L AL u all

Compounds 1 CH;CHBrCOBr Time Yield * mp® Yield *
mmol mimol i % °C %Y
16a 0.564 0.65 90 60 99-101 17a 21(76:24) ¢
16b 0.541 0.65 90 63 79-81 17b 12(69:31)°

16¢ 0.743 0.93 90 45 77-79 17¢ 12(75:25)°



ethylidene group.
Comp- Molecular
ounds Formula
16a C l_?Hp_;)_N,O} S
16b C17H2CIN;OS
H C13H25‘N305
16d CisHasN3 0.8

90

109-110 1i7d 0

* Isolated yields. ® Recrystallized from a mixture of n-hexane and dichloromethane. © The numbers in the parenthesis
represent the ratio of the geometrical isomcrs, calculated on the basis of the integral values of methyl protons of the

Table 6. Analytical, '"H NMR, and IR data of compounds 16

Analytical
Calcd / Found

o
8
B
N
=N
N

@]
H o N
B8

2z}
I
o
O W
O L
~ T~ ™~

wn
N
(P8
S~

C, 65.22/65.18
H, 760/ 7.63
N, 12.68 /12.72
S, 9.67/ 9.74

0
wh

”
"

z &

~

C, 56.34/56.30

H, 612/ 6.15
N, 15.46/15.50
S, 8.85/ 892

3

IR (neat)

'H NMR (CDCl;)

5, ppm
0.60-1.10 (m, 6H, 2CH.), 1.45 (d,
3H, J = 8.0 Hz, CH;), 1.40-2.00
(m, 4H, 2CH,), 3.20-4.00 (m, 4H,
2NCH,), 3.90 (g, 1H, /= 8.0 Hz,
CH), 7.00 (d, 2H, J = 8.0 Hz,
ArH), 827 (d, 2H, J = 8.0 Hz,
ArH).

0.60-1.10 (m, 6H, 2CH;), 1.45 (d,
3H, J = 8.0 Hz, CHs), 1.40-1.95
(m, 4H, 2CH,), 3.20-3.90 (m, 4H,
2NCH,), 3.85 (q, 1H, J = 8.0 Hz,
CH), 6.85 (d, 2H, J = 8.0 Hz,

ArH), 730 (d, 2H, J = 8.0
ll‘.‘,[‘llll.

OEN. 120 fin &L 2CLTN 1 AC 74
U.0U-1.2U (in, O, 2L m3), 1.45 (Q
AYY ¥ o nNn Y ol 6 SN 1 AN 1 N&
arl, J = 8.V dz, L), 1.4U-1.Y)

(m, 4H, 2CHy), 2.35 (s, 3H, CHs),
3.20-3.90 (m, 4H, 2NCH,), 3.80
(g, 1H, J = 8.0 Hz, CH), 6.80 (d,
2H, J = 8.0 Hz, ArH), 7.15 (d,
2H, J = 8.0 Hz, ArH).

0.60-1.20 (m, 6H, 2CH3), 1.45 (d
3H, J = 8.0 Hz, CHs), 1.50-1.95

E)

L = = b : s A7ET5 T
2NCH,) 380 (s 3H CH;0O) 382
LiNUT3z), 2.8V 5, 2, LI, 2.848
{d 1T T =90 H> CH\ A08§ (¢
W, 111, v 0.V 117, Liiy, U.TJ (O,
4H, ArH)
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Table 7. Analytical, '"H NMR, and IR data of compounds 17
Comp- Molecular Analytical IR (neat) 'H NMR (CDCl3)
ounds Formula Calcd / Found cm’ 3, ppm

17a Ci-HuBrN,O,S  C, 48.01/48.07 2952, 1603, 1574,  0.60-1.10 (m, 6H, 2CHs), 1.40-
H, 498/ 495 1549, 1506, 1451, 1.92 (m, 4H, 2CH,), 2.31, 2.60
N, 13.17/13.20 1333, 1261, 1224,  (major) (2s, 3H, CHj), 3.40-
S, 7.54/ 7.60 1162, 1099, 1077,  3.95 (m, 4H, 2NCH,), 7.10 (d,

104 1L, «INLCI1D)

1042, 1022, 915, 2H, J = 8.0 Hz, ArH), 8.27 (d,
890, 830, 738, 2H, J=8.0 Hz, ArH).
699

i7b C17HBrCiNaS C,49.23/49.28 2952, 1598, 1574, 0.60-i.10 (m, 6H, 2CH3), 1.35-

H, 5.10/ 513 1549, 1474, 1451, 2.00 (m, 4H, 2CHy), 2.32, 2.56
N, 10.13/10.16 1424, 1370, 1222, (major) (2s, 3H, CH:), 3.40-
S, 7.73/ 7.79 1085, 1042, 1026, 3.90 (m, 4H, 2NCH), 6.95 (d,

1010, 827 2H, J = 8.0 Hz, ArH), 7.35 (d,
2H, J = 8.0 Hz, ArH)
17¢ CigH2BrN;S  C, 54.82/54.87 2952, 1605, 1586,  0.70-1.10 (m, 6H, 2CHj), 1.36-

H, 6.13/ 6.10 1547, 1494, 1450, 2.00 (m, 4H, 2CH,), 2.32, 2.56

N,1065/1063 1424, 1370, 1221,  (major) (2s, 6H, 2CHs), 3.50-
S, 813/820 1096, 1075, 1042,  3.90 (m, 4H, 2NCH,), 6.92 (d,
1024, 818 2H, J = 8.0 Hz, AfH), 7.20 (4,

In the meantime, the reaction of 1a - d with ethyl bromoacetate in CH,Cl, at room temperature gave
[(aryhmmo)(S—ethoxyca:bonylmethyl)]methyl-N N-(di-n- propyl)anudme hydrobrormdes 19 in good ylelds

+
NH.Br
o N ""Lﬁf)j\w(rpr)z
la-d + Br\/U\OEt CH20|2 1 . S o)
X {
“OEt
19

g )

Attempted purification of compouds 19 by the repeated column chromatography failed but it was
successful by employing HPLC using CH;CN as a solvent.

The structures of compounds 19 were determined on the basis of the spectroscopic data and elemental
anayses. It is evident for the amidines to be protonated on the imino nitrogen atom rather than on the amino
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nitrogen atom because imino nitrogens are generally more basic than amino nitrogens in amidines.”* '"H NMR
spetra of comnounds 19 exhibited 2 broad singlet at § 4 86 to 6 17 nnom correenanding ta the twao nrotons of
i ud i VN PYWIMD 47 WALLRUIIVG G UIUGU DIHIEIVE G UV T, 0V WU V.17 P, AU UDRULILLY WU IV LYWWU pPLURVLD UL
tho nratanatad iminac
LEEW l.ll VIVIIGLLU LU D.
Table 8. Reaction conditions and yields of compounds 19
Compounds 1 BrCH;CO;Et Time Yield ?
mmol mmol h %
192 0334 0.34 24 84
19b 0.447 0.46 1.5 82
i9%¢ 0411 0.42 i 88
19d 0.321 0.34 0.5 71
* Isolated yields.
Table 9. Analytical, '"H NMR, and IR data of compounds 19
Comp- Molecular Analytical IR (neat) 'H NMR (CDCl;)
ounds Formula Calcd / Found cm’! 3, ppm
19a CsH27BrN,O4S C,45.48/4555  3312,2968, 1734, 0.56-095 (m, 6H, 2CH;), 1.12-
H, 572/ 569 1582, 1510, 1480, 185 (m, 7H, 2CH, + CH,),
N, 11.79/11.84 1458, 1376, 1338, 2.76-3.41 (m, 4H, 2NCH,), 3.85
S, 6.74/ 681 1294, 1262, 1213, (s, 2H, COCHy), 4.22 (q, 2H, J
1171, 1110, 1050, = 8.0 Hz, OCH,), 4.86 (s, br,
1026, 859 2H, ='"NH,), 6.97 (d, 2H, /= 8.0
Hz, ArH), 8.16 (d, 2H, J = 8.0
Hz, ArH)

19b CisHyBrCIN;O,S  C, 46.51/46.47 3296, 2952, 1739,  0.59-1.12 (m, 6H, 2CH3), 1.12-
H, 585/ 588 1605, 1579, 1478, 2.00 (m, 7H, 2CH, + CHa),
N, 9.04/ 909 1370, 1288, 1202, 2.76-3.41 (m, 4H, 2NCH,), 3.85
S, 690/ 698 1179, 1150, 1117, (s, 2H, COCHy), 4.20 (q, 2H, J

1085, 1050, 1026, = 8.0 Hz, OCH,), 5.80 (s, br,
830 2H, ="NH,), 6.87 (d, 2H, J = 8.0
Hz, ArH), 7.25 (d, 2H, J = 8.0
Hz, ArH)
19¢ CisHyBrN;O,S €, 51.35/51.39 3296, 2952, 1731,  0.55-1.18 (m, 6H, 2CH;), 1.18-

H, 680/ 6.83 1648, 1606, 1578, 1.95 (m, 7H, 2CH, + CH3), 2.25
N, 945/ 9.42 1474, 1451, 1370, (s, 3H, CHa), 2.76-3.41 (m, 4H,
S, 721/ 726 1288,1149,1112, 2NCH,), 3.82 (s, 2H, COCH,),
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1024, 818 4.20 (q, 2H, / = 8.0 Hz, OCH,),
6.17 (s, br, 2H, ='NH,), 6.83 (d,
2H, J = 8.0 Hz, ArH), 7.05 (d,

2H, J = 8.0 Hz, ArH)
19d CioHsoBrN;OsS  C,49.56/49.51 3296, 2952, 1734,  0.58-1.09 (m, 6H, 2CHs), 1.09-
H, 657/ 659 1603, 1576, 1496, 199 (m, 7H, 2CH, + CHa),
N, 9.13/ 9.16 1454, 1368, 1285, 2.76-3.41 (m, 4H, 2NCH,), 3.76
S, 696/ 675 1240,1027, 830 (s, 3H, CH:0), 3.87 (s, 2H,
(“()(‘H«\ 420 (n 2H. J =80

EXPERIMENTAL

N,N-(di-n-alkyl)-N - Arylthiocarbamoylamidines were prepared by the literature method.” 2-Bromo-1-
phenylethanone, 3-chloro-2-propanone, bromoacetyl bromide, 2-bromopropionyl bromide, and ethyl

. .
bromoacetate were obtained from Aldrich Chemical Co. Inc.. Thin layer chromatography was carried out on

- h + 1 "¢ 1 1 &N TH8AN O P PRy wermm trnovinkiead ey o snisncal TTU laes
Merck Chromatogram sheet \1\16561 gel 60 uﬂ,. Chromatogram was visualized by a mineral

erck, 70-230 mesh) uniess otherwise specified. H
NMR spetra were obtained with a Brucker AC-80 at 80 MHz, using tetramethylsilane as an internal standard.
Infrared (IR) spetra were obtained using a Shimazu IR-470. Mass spectra (MS) were obtained by a VG 12-250
mass spectrometer at 70 eV. HPLC was performed with a C-18 column (xBondpak C18, 10 gm, 7.8 x 300
mm i.d.) and a differential refractometer, using CH;CN as eluent (flow rate = 0.8 ml / min). Melting points
were determined on a Fisher-Johns melting point apparatus and are uncorrected.

D} 2a . llr‘r avenienn) o neerlSens 2ua mhawel VIF 1 A shiamiman

.

To a soluton of N,N-(di-n-alkyl)-V -aryithiocarbamoyiamidines 1 (0.49-0.62 mmoi) in THF (70 mi) was
added K,COs (0.99-1.27 mmol). A solution of 2-bromo-1-phenylethanone (0.49-0.62 mmol) in THF (50 ml)
was dropwise added to the mixture at reflux. Heating was continued for an appropriate time and the reaction
mixture was quenched by adding water (50 ml). Evaporation of THF under reduced pressure, followed by
extraction with CHCl; (3 x 20 ml) gave a residue, which was chromatographed on a silica gel column (2 x 13
cm). Elution with a mixture of n-hexane and CH,Cl; (1 : 1) gave compounds 7, unreacted 2-bromo-1-
phenylethanone and a complex mixture. Consult Table 1 for reaction conditions, yields, and physical properties

and Table 2 for the analvtical and snectrosconic data of comnounds 7.

2 2QUIL £ 1 LA L A v s SLASRIN LQLE 2 LA

Hydrolysis of 2-(4-Chlorophenylimino)-5S-phenyl-3-(di-n-propylamino)-2H-1,4-thiazine (7b) with
Aqueous Hydrochloric Acid.

To a solution of 7b (152 mg, 0.382 mmol) in THF (30 ml) was added 20 % aqueous hydrochloric acid
(30 ml). The mixture was stirred for 24 h at room temperature. Neutralization of the mixture with aqueous
NaOH (5%), followed by evaporation of THF in vacuo gave an aqueous solution, which was extracted with
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CHCl; (3 x 30 ml). The extracts were dried over MgSQ,. Evaporation of the solvent gave a residue, which
wwac rhramatnaoranhad An a cilica cal Anhimn D o+ 17 ~Arm) Blhtinm wrnth LT Ol anvra D (A ~rhlaranbhaneolininal
Wao wiiuviliawvglapiivid Ull a slliva 5l GULULLIILL (4 A 1o Ll LIUUULL WL i BaVU 4-\#-\.‘1uu1upuc ly.ll lullU}‘

5-phenyl-4/1-1,4-thiazin-3-one (10) (64 mg, 53 %): white solid, mp 199-200 °C (n-hexane-CH,Cl;); IR (KBr)
3336, 3088, 2912, 1670, 1582, 1518, 1478, 1426, 1390, 1301, 1274, 1229, 1168, 1110, 1094, 1066, 1026,
1010, 910, 878, 856, 822, 750, 736, 675, 643, 498, 456, 430 cm™; '"H NMR (CDCl; + DMSO-ds) & 7.35 (d,
2H, J = 8.0 Hz, ArH), 7.20-7.62 (m, 3H, ArH), 7.90 (d, 2H, J = 8.0 Hz, ArH), 8.00-8.20 (m, 2H, ArH), 8.23
(s, IH, CH=), 10.47 (s, br, 1H, NH), MS (m/z) 314 (M, 100), 279 (24.5), 272 (15.3), 188 (18.5), 161 (40.9),
102 (84.2). Anal. Calcd for CisH11CIN,OS: C, 61.05; H, 3.52; N, 8.90; S, 10.18. Found: C, 61.09; H,3.54, N
8.87; S, 10.23.

Elution with CH,Cl, gave [S-(benzoyhnethyl)(4-chlorophenyhnnno)]methyl-N,N (di-n-propyl)amidine

{11\ /MQ me 10 0/ ). Anlacl ns L 21, T (o £\ ') N 1£0L 1EQL 18NN 1AAL 1700 1AN0 1NOLC 1NE
L1} (40 LI, 10 /0). COIVIITS> uqu U, LI\ (1T ) VAV L"f‘l’ 1070, 1000, 10VUL, 1440, 1307, 1470, 1U0D, 1UDI],
1011, 960, 923, 827, 787, 758, 730, 690 cm™; 'H NMR (CDCl3) 8 0.60-1.05 (m, 6H, 2CHs), 1.25-1.90 (m,

4H, 2CH,), 2.32-2.70 (m, 4H, 2NCH,), 4.44 (s 2H, CHy), 7.28 (d, 2H, J = 8.0 Hz, ArH) 7.20-7.54 (m, 3H,
ArH), 7.55(d, 2H, J = 8.0 Hz, ArH), 7.71-7.95 (m, 2H, ArH), 9.04 (s, br, 1H, NH). Anal. Calcd for
CxH»CIN;OS: C, 63.52; H, 6.30; N, 10.10; §, 7.71. Found: C, 63.47; H, 6.32; N, 10.12; S, 7.77.

Elution with CH,Cl; gave an unknown mixture (31 mg).

Daantinn nf Th with T ithineme Alicsaisnseee IHaurdaida (TIATIT )}
RCACUON 61 /¥ Wit LITNIUI Aninminum IAYUIIUC (LAAIY)
M 2 agmldia OML 71T AA . N L smm o o = TIEXLY 7N l\ _____ AadASA T AT 717 ~I L
10 4 S0ulon o1 /p (144 11 u. 362 IIlIIlUl) ll’l 1rr (OU mi) was aaded LiAig (1/ mg, 0.45 mmol). 1ne

mixture was stirred for 1.5 h at room temperature and then worked up as usual. Only 7b (125 mg, 98 %) was

isolable. The reaction did not proceed at reflux temperature.

Reaction of 7b with m-Chloroperbenzoic Acid (m-CPBA).

To a solution of 7b (153 mg, 0.384 mmol) in CH,Ci; (30 mi) was added m-CPBA (116 mg, 71.5 %). The
color of the solution turned immediately from yellow to dark red. The mixture was stirred for 9 h at room
temperature and then washed with aqueous NaHCO; solution. The solution was evaporated and the residue
was chromatographed on a silica gel column (2 x 15 cm). Elution with a mixture of n-hexane and

dichloromethane (1 : 1) gave unreacted 7b (41 mg, 27 %) and a complex mixture, which showed many spots
on TLC (silica gel, n-hexane - CH,Cl,).

General Procedure for the Sythesis of 5-(Di-n-alkylamino)-6-arylimino-2H-1,4-thiazin-3-ones (i2).

To a solution of a mixture of 1 (0.49-0.63 mmol) and pyridine (0.99-1.5 mmoli) in CH;Ci, (50 mi) at 0 °C
was added dropwise a solution of bromoacetyl bromide (0.57-1.1 mmol) in CH,Cl, (40 ml) for 65 min to 85
min. The mixture was additionally stirred for an appropriate time, followed by washing with water (5 x 150
ml). Drying over MgSQ,, followed by removal of the solvent in vacuo gave a residue, which was

chromatographed on a silica gel column (2 x 13 cm). Elution with a mixture of n-hexane and EtOAc (1 : 1)

gave a mixture of deep blue color. Elution next with the same solvent mixture (1 : 2) gave compounds 12.
Cancild Tahla T far ranstinn canditiane vialde and malting nninte af camnmmde 1Y a Tahle 4 for their
LAUHIDUIL L QUIC J 11U T0aVLIVEL VULIUIUIVLLD, IVIUD, aliu 11IVIMHE PUILLLY UL VULLIPUWINGG B Gl Gusw AV uiw
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Reaction of 6-(4-Chiorophenyiimino)-5-(di-n-propyiamino)-2#-1,4-thiazin-3-one (i2b) with
LiAiH,.

To a solution of 12b (169 mg, 0.500 mmol) in THF (30 ml) was added a suspension of LiAlH, (25 mg,
0.66 mmol) in THF (30 ml) through a dropping funnel for 5 min. The mixture was stirred for 2 h and worked
up as usual. Column chromatography (2 x 12 c¢m) of the mixture using a mixture of n-hexane and EtOAc(1 : 1)
as an eluent gave 2-(4-chlorophenylimino)-5-oxo-3-(di-n-propylamino)thiomorpholine (14) (148 mg, 87 %):
pale yellow liquid; IR (neat) 3218, 3096, 2952, 2856, 1682, 1616, 1589, 1478, 1466, 1387, 1294, 1181, 1134,

1083, 1038, 1011, 835 cm™; 'H NMR (CDCl;) 8 0.64-1.06 (m, 6H, 2CH3), 1.32-1.80 (m, 4H, 2CH,), 2 48-
290 (m. 4H 2NCH>) 311 and 441 (4 ? J=120Hz CH) 487(d TH J=60H> CHY £70(d "I =
. AARE, TR, LLi NN REgg, o-a 1 Qi TA My L3k, v Adt o\ R Dby N B RLJy TN My A2, V.V L AL, \/Ll,, .77 \u, el Ly wf
ROH> AN 792 /(d 27T T=Q2N11s AsITN 700 /d he 1L T — £ N LT NLI\ AMCQ fenn/a) 220 F/AAT 11 "y 24N
O.V 114, Aldriy, .40\, 414, J OV il4, AlLl), /.00 \4, Ui, 11, J V.U 1L, INI1), VIO \IIVZL) D203 (vl , 11.7), 244V

Reaction of 12b with Phosphorus Pentasulfide (P,S;).

To a solution of 12b (110 mg, 0.326 mmol) in benzene (30 ml) was added P4S;5 (147 mg, 0.331 mmol).
The mixture was vigorously stirred for 7 h, followed by washing with water (3 x 50 ml). The organic layer was
dried over MgSQ,. Removal of the solvent in vacuo gave a residue, which was chromatographed on a silica gel

chlaronhanvhiminn Y A di_n.nranvliaminal_ V2.1 A_thiazina_2_thinna (1&) {82 ma A& 0.\ rad Limids TR {roat)
MOVIVPHIVH Y EHIIRT = I T PLU P Y IGUAUN J7 L0407 1,7 UHBAGHICTITUHHULIV (10) (J2 g, U 70). 10U Hyjuiu, LN (lUtai)
QLY 1804 18470 1TACA 1ANT 124N 1208 10940 199%A4 1107 1147 1NA0EL 1N 17" 11N 07 90 10N
&£FJ&, 1900, 1094, 1909, 19447, 100U, 13240, 1490, 14449, 1104, 1144, 1UBD, LUD/, 1ULL, 1ULU, YLy BLY, 1OV

1 13t 4

em’”; 'H NMR (CDCls) 6 0.60-1.20 (m, 6H, 2CHs), 1.40-2.00 (m, 4H, 2CH,), 3.40-3.86 (m, 4H, 2NCH),),
3.94 (s, 2H, CH,), 6.89 (d, 2H, J = 8.0 Hz, ArH), 7.36 (d, 2H, J = 8.0 Hz, ArH); MS (m/z) 353 (M", 44.1),
323 (39.6), 291 (65.7), 262 (100), 220 (49.6). Anal. Calcd for C1sHnCIN:S,: C, 54.30; H, 5.70; N, 11.87; S,

18.12. Found: C, 54.27; H, 5.72; N, 11.91; S, 18.17.

1 o 0533 mmol) in THF (30 ml) wag added 20 % hvdrochlaoric acid (30 mD

ut 12b mg, U.035 mmol) m 1HI (3U ml) was aadea 20 "% hydrochioric acid (30 ml)

The mivture wae ctirrad fiar 24 fallnwad hy nontralizatinn wiath amiannce NaDYH 80/ Tha amiannic laver wac
AW ARUNALWIW YYWUD OLILIVWA AVLI &7 ll’ AV VY WA U AN LB CAILLCQLIVIL VYILIL QAVUIWLIWD L NAW/SL \JIU}A A Liv utlu\:\lua lu)’\:l Yyao

extracted with CHCl; (3 x 20 ml). The organic extracts were dried over MgSQ,. Removal of the solvent ir
vacuo gave a residue, which was chromatographed on a silica gel column (2 x 8 cm). Elution with a mixture of
n-hexane and EtOAc (1 : 1) gave 4-chloroaniline (58 mg, 85 %). Elution with ethanol gave a unknown
compound (9 mg) which was insoluble in most of the organic solvents.

General Procedure for the Synthesis of 6-Arylimino-2-methyl-5-(di-n-propylamino)-2H-1,4-
thiazin-3-ones (16) and 5-Arylimino-2-(1-bromoethylidene)4-(di-n-propylamino)thiazolines (17).

To a solution of a mixture of 1 (0.54-0.74 mmol) and pyridine (1.2-1.5 mmol) in CH,CL, (70 ml) at 0°C
was added dropwise a solution of 2-bromopropionyl bromide (0.65-0.93 mmol) in CH,Cl, (50 ml) for 1 h. The

mivture wac additionallyv etirr. ar an annranriate time and then wachad with water (5§ x 50 mIY The mixture
ARMNLWILY VYWD “\'Ull—lvll“lll WEIEE WA AV QiR “yylvyll“lv VALIAWY GRAING FiAWiL YYWWDLIWNS YT IWIL VYLV \-/ SN llll}A A 11w il Y
cvae wnelad i oo iciial Thao conrtinn seiwtiirs sraa chrmsmatnarankhod ~n o ailing onl rnbiman 77 18 A
Wdd WULIKCU up dad usudl. 11HC 1CAVLIVIT TTUALUIC W CINOHIatOEZIdPIIcU VI d Sllibd ZUl CUIULI (4 X 10 L)

Elution with a mixture of n-hexane and CH,Cl, (4 : 1) gave compounds 17 and a complex mixture. Elution with
a mixture of n-hexane and EtOAc (1 : 1) gave compounds 16. Consult Table 5 for reaction conditions, yields,
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and melting points of compounds 16 and 17. Consult Table 6 and 7 for analytical, a

compounds 16 and 17, respectively.

General Procedure for the Synthesis of [(Arylimino)(S-ethoxycarbonylmethyl)jmethyl-N,N-(di-n-
propyl)amidine Hydrobromides (19)
To a solution of 1 (0.32-0.45 mmoi) in CH,Cl, (100 mi) was added ethyl bromoacetate (0.34-0.36

mmol). The mixture was stirred for an appropriate time at room temperature. Evaporation of the solvent in
vacuo gave a crude product. TLC (silica gel) of each product showed one spot with a tail: 19a (R;=0.7 - 0.9,
CH,Cl;: acetone =2 : 1), 19b (R; = 0.4 - 0.6, CH,Cl, : acetone = 5 : 1), 19¢ (Ry = 0.2 - 0.4, EtOAc : acetone
=1:2),19d (Ry=0.2 - 0.4, EtOAc : acetone = 2 : 7). The crude products were purified by employing HPLC
using acetonitrile as an eluent, Consult Table 8 for reaction conditions and yields of compounds 19 and Table 9
for their analytical and spectroscopic data.

Single Crystal X-ray Analyses of 7i and 12i.
The data were collected on an Enraf-Nomius CAD 4 diffractometer using graphite-monochromated Mo-
K, radiation. The structures were soived by direct methods and subsequent Fourier maps. Refinements were

carried out by full-matrix least-squares techniques. Non-hydrogen atoms were anisotropically refined. Atomic
scattering factors were taken from International Tables for X-ray Crystallography, Vol IV, 1974, All
calculations and drawings were performed using a Micro VAX Il Computer with the SDP system.
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Crystal and Refinement Parameters for Compounds 7i and 12i
7i 12§

Molecular formula CooH20CIN3S C14HsN,O5S
Molecular weight 370.91 320.37
Crystal system monoclinic monoclinic
Space group P2(1)/n P2(1)/c¢
a, A 10.2568(12) 8.190(2)
b, A 13.775(2) 7.586(2)
c, A 13.679(2) 24.917(8)
a,deg 90.000(13) 90.00(2)
B, deg 98.659(12) 98.23(2)
7, deg 90.00(2) 90.00(2)
v, A? 1910.7(4) 1532.3(7)
V4 4 4
pcalc., g/cm’ 1.289 1.389
Crystal size, mm 0.20 X 0.45 X 0,55 025 X 025 X 045
Absorption coefficient, mm’* 0.317 0.229
0 range, deg 2.11-2498 1.65-23.45
Index ranges -12<h<12,0<k<16,0=<1<16 0=<h=<9,0=k<8 -27<1=27
N, of measured reflections 3504 2070
N, of reflections used {I>2 06 (I)} 3357 1927
Data to parameter ratio 33567228 19277199
Final R indices R; =0.0726, wR; = (:2245 R; =0.0761, wR, =0.1952
R indices (all data) Ry=0.1135 wR,=0.2417 R, = 0.0763, wR, = 0.1957
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Atomic coordinates, bond lengths, angles and thermal parameters have been deposited at the Cambridge

Crystallographic Data Centre.

Acknowledgements. This paper was financially supported in part by NON DIRECTED RESEARCH FUND,
Korea Research Foundation and Center for Biofunctional Molecules (CBM).

W BN =

,J;

0

10.
11

12.

13.

REFERENCES AND NOTES

Lee, H; Kim, K.; Whang, D; Kim, K. J. Org. Chem. 1994, 59, 6179-6183.

Choi, S.-H.; Kim, K. Tetrahedron 1996, 52, 8413-8438.

(a) Wolfe, S.; Zhang, C.; Johnston, B. D.; Kim, C.-K. Can. J. Chem. 1993, 72, 1066-1075. (b) Wolfe, S ;
tr. 19

-~ S35

;JJ
Fv -
@] 1
o
=1

Stephen, T Int. Appl. WO 90 07,111, 1990 ; Chem. Abstr. 1991, 114, 101534
Talahachi M Vachinba ¥« Vamazal: T DOT Int Annl WM 01 1% 202 1001 - Thom Ahetr 1002
1analuasiil, 1vli., 1 MUVARQ, v, 1 nazZani, 11, 1w 1 UL ApplL. YW 71 10,070, RF77L., TR, 7RUSH |y N

(a) Stoodley, R. J. in 1,4-Thiazines and Their Dihydro Derivatives, Advances in Heterocyclic Chemisiry
Vol. 24, Katritzky, A. R.; Boulton, A. J. Eds.; Academic Press: New York, 1979; pp 293-361. (b)
Sainsbury, M. in Oxazines, Thiazines and Their Benzo Derivatives, Comprehensive Heterocyclic
Chemistry, Vol. 3, Katritzky, A. R.; Rees, C. W. Eds.; Pergamon Press: New York, 1984, Chap. 2.27, pp
995-1038.

Johnson, C. R ; Sataty, 1. J. Med. Chem. 1967, 10, 501-503.

(a) Reliquet, A.; Besbes, R.; Reliquet, F.; Meslin, J. C. Phosphorus, Sulfur, Silicon Relat. Elem. 1992,

70, 211-217. (b) Reliquet, A ; Besbes, R ; Reliquet, F.; Meslin, J. C. Synthesis, 1991, 543-546.

Meslin, J. C.; Reliquet, A.; Besbes, R.; Reliquet, F. Fr. Demande FR 2,678,264, 1992; Chem. Abstr.
1002 110 N1

1779, 1 L0load,

123-129.

Foster, R.; Gilchrist, T. L. J. Chem. Soc., Perkin Trans. 1, 1991, 2249-2254.
4-Alkyl-2H-1,4-thiazin-3-ones exhibited a singlet at 5 3.28-3.35 ppm, assignable to methylene protons:
Hojo, M.; Masuda, R.; Kosaka, S.; Nagase, K. Synthesis, 1979, 272.

Lowry. T. H.; Richardson, K. S. in Mechanism and Theory in Organic Chemistry, 3rd ed. Harper &
Row: New York, 1987; Chap. 3, pp 318-322.

Hafelinger, G. in The Chemistry of Amidines and Imidates; Patai, S. Ed.; John Wiley and Sons, Inc.:

New York. 1975 Chap. 1 11-18

&NeW Y OIK, 1575, vnap. 1, pp i0.



