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ABSTRACT. The kinetics of the hydrolysis of 5,6-dihydro-14-thiazine derivatives was investigated
by ultraviolet spectrophotometry in H,O at 25C. A rate equation which can be applied over a wide
pH range was obtained. The substituent effects on the hydrolysis of 5,6-dihydro-1,4-thiazine derivatives
were studied and the rate of hydrolysis was shown to be accelerated by electron donating groups. Final
product of the hydrolysis was 2~(¥-acetylaminoethylthio)-acetoacetanilide enol from. Judging from the
results of the rate equation, general base effect, activation parameters and final products, the hydrolysis
of 56-dihydro-14-thiazine derivatives seemed to be initiated by the neutral HyO molecule which does
not dissociate at pH below 10.0, but proceeded by the hydroxide ion at pH above 11.0, and those two
reactions occurred competitively at pH 10.0~11.0 range. On the basis of these findings a plausible mecha-
nism for the hydrolysis of 56-dihydro-14-thiazine derivative was proposed.

M 8 AU w2 $oles) Wi DA A we

Ga-04 oAU U UL Joleo  SEE Ausks o€ 8], Michael 8] WE2 3
Mrh2A ARAH AP0l ze} o248 TPt AARA carbonyl, nitro % nitrile?] So]
gl MRS mEAS) Qo of ol2ATE HE A =Y ool Y NAY WP} ol

—366—



5,6-Dihydro-14-thiazine §=M 743 Ayl Fa M4 gsy 4T 367

ZREINE vehpd PP,

Michael 8] h$-& Yrubs #gh ohe} 75
B g HE FolE § glck Stewart’= Az
EA 3t A 4-hydroxy-3-methoxy-B-nitrostyrene
o} Pajuide A7 A IEFAolE FTo
w2 shef Wh4 =) 2% 231 w9 S wilch
Kim 578 F4e 4 g7 At dojdcin Az
3l Michael¥ o] A7} ub-gol AT U}
un] 2 7kl wghd e 9714 Yok A
g AR YL deEc e gidk

Lee 582 a-cyano-B-piperonylacrylic acid(CPA)
o] sl WS EATE §43led pH5.09A
pH 757k CPA%} CPAdel Eo] AWH s
7t5)o, pH 8.0 M CPAL ol 2] H7} ==z, pH
120 o]43el = CPAd 9] OHxte] 37l ajn
pH 4.0 ol3tel e CPAd Bo| H7Isle) 78
s drhiES g

4y 56-dihydro-14-thiazineAl 29 #YEe 2
A9 7@tz & R AR o]FY YA
24 ko] 9] conjugated double bondE 7121 e
He 2ol A Ao 2 A6 7)edE
T]lahd gAe] A £ e ¥ Fu)2E
#3rgFo)c}. alEtA 56-dihydro-14-thiazine %
A ghi-eka o] 323 Yol carbonyl 77} conju-
gation¥]o] 31282 Michael ¥hgo] dold 4= 9l
t}. 56-Dihydro-14-thiazineAd Foly 4S3}3
YAo] 3= FEA B9 v} 93, §3 oot
FoogAe AME 7ol v Ao d¥A
9&-[‘_}9‘—]3‘

mets] 2 dFd e 56-dihydro-14-thiazine
S5 gAaste) P& pH WA 73]
$H5E ZAsle] AADN2 9w ANE 3
AR £ Qe WSS eI, SR
o] x| pHel <38, 49844 A2 9 HFYAZE2
gq) 29 A= HeE} 56-dihydro-14-thiazine
49 7hpd-st ubgdlvhE-S sl aal g

4 ¥

Mety! acetoacetate2} sulfonyl chloride -]
methyl a-chloroacetoacetate® 4% F 37l

1994, Voi. 38, No. 5§

methanol®l] =¢] aminoethanthiol hydrochloride-3
A 7}8le] 5,6-dihydro-3-methyl-1,4-thiazine-2-ca-
rboxylic acid methyl esterg 3¥A1stech o]lRA%
Soold 242} $hFele] 4-acetyl-5,6-dihydro-3-
methyl-1,4-thiazine-2-carboxylic acid methyl es-
terg FAA3IL o] A& ohA] ks GEFY A
7hdas w3t ¥ AANsY gy 2L @
sk

°]73& WAl =) ¥ thionyl chloride2} ani-
linem} 7 ul-g-A]A WAAAQ) 4-acetyl-5,6-dih-
ydro-3-methyl-1,4-thiazine-2-carboxanilide & 7]
2] 3-acetyl-1,3-thiazolidine2] #5134 2% n}
i} b2 el
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4-Acetyl-5,6-dihydro-3-methyl-N-(p-chloro-
phenyl}-1,4-thiazine-2-carboxamide

mp. 146~ 148C

IR(KBr) : 3240(NH), 3200~3000(CH), 1670, 1640
(C=0), 1598~1498(C=C_), 825 cm™(C-Cl)

'H-NMR(60 MHz, CDCly):8 2.30(s, 3H, CHy),
2.43(s, 3H, CH;CO), 3.20(t, 2H, CH,S), 3.82(t, 2H,
CH:N), 7.20~7.7(m, 4H, ArH), 8.35(br, s, H, NH)

C, H N 284 (%); CH;s0.NSClell ej3 4
3 x| (o] &) C:54.21(54.10), H : 4.82(4.86), N : 9.05
9.01)

4-Acetyl-5,6-dihydro-3-methyl-1,4-thiazine-2-
carboxanilide

mp, 136~138C

IR(KBr) : 3240(NH), 3200~ 3000(CH), 1710, 1660
(C=0), 1625, 1599, 1540 cm™ (C=C)

'H-NMR(60 MHz, CDCly):& 1.10(s, 3H, CHy),
1.31(s. 3H, CH:CO), 2.18it, 2H, CH,S), 2.72(t, 2H,
CH;N), 6.10~6.50(m, SH, ArH), 7.15(br, s, H, NH)

C. H, N 948 2(%) i CigHisO:N,Seol tgk A3 A
(¢]1&2h C:60.80(60.84), H:58)583), N:10.10
(10.14)

4-Acetyl-5,6-dihydro-3-methyl-N-(p-methyl-
phenyl)-1,4-thiazine-2-carboxamide

mp. 156~158C
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IR(KBr) : 3240(NH), 3200~3000(CH), 1680, 1660
(C=0), 1600, 1540 cm {C=0C)

IH-NMR(60 MHz, CDCl;) : 2.10(s, 3H, CHy), 2.20
(s, 3H, ArCHy), 2.30(s, 3H, CH,CO), 3.20(t, 2H,
CH.S), 3.82(t, 2H, CH;N), 6.90~7.4Xm, 4H, ArH),
8.15(br, s, H, NH)

C, H, N 91284(%) ; CisHis0:N,Soll et 43
(¢]&2)) € :62.12(60.04), H: 6.28(6.24), N :9.72
(9.64)

4-Acetyl-5,6-dihydro-3-methyl-N-(p-methoxy-
phenyl)-1,4-thiazine-2-carboxamide

mp. 134~136C

IR(KBr) : 3250(NH), 3200~ 3000(CH), 1640(C=
0), 1600, 1540(C=C), 1240, 1200 cm~YC-0)

'H-NMR(60 MHz, CDCL) : 2.20(s, 3H, CHy), 2.40
(s, 3H, CH3CO), 3.20(t, 2H, CH,S), 3.60(t, 2H, CH.-
N), 3.80(s, 3H, ArOCH,), 6.80~7.50(m, 4H, ArH),
8.15(br, s, H, NH)

C, H, N 95234(%) : CisHsOsNSell &t A g 2]
(¢1€3]) C:58.72(58.80), H:590(592), N:9.14
(9.18)
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Fig. 1. The plot of log absorbance vs. time for the
hydrolysis of 4-acetyl-5,6-dihydro-3-methyl-N-(p-
chiorophenyl)-1.4-thiazine-2-carboxamide at various
pH 115 and 25C.
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Table 1. Rate constants for the hydrolysis of 4-acetyl-
5,6-dihydro-3- methyl-N-(p-chlorophenyl)-1,4-thia-
zine-2-carboxamide at various pH and 25C

kX 10%(sec™")
Buffer solution pH
Badsec™ ) kealsec™?)

HCI 1.0 1.796 1.600
15 1.803 1.600
20 1.689 1.600
25 1.505 1.600
30 1.625 1.600
HAc+ NaAc 4.0 1.761 1.600
50 1.603 1.600
6.0 1.754 1.600

K;HPQO,+ KH,PO, 7.0 1.532 1.600
H;BO;+ NaOH 80 1.489 1.600
9.0 1.469 1.600
10.0 1.535 1.800
NaOH 11.0 4216 3.400
115 7.160 7.200

12.0 20.13 19.30

125 65.82 57.50

130 170.0 1784
135 612.1 560.7
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Fig. 2. pH-Rate profile for the hydrolysis of 4-acetyl-
5,6-dihydro-3-methyl-N-(p-chlorophenyl)-1,4-thia-
zine-carboxamide at 25T ; points are experimental,
the solid line represents values calculated from the
equation (2).
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Fig. 3. Hammett plots for the hydrolysis of 5.6-dihy-
dro-1,4-thiazine derivatives at pH 2.0, 12.0 and 25T.
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% Sk,
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Table 1e04 B uiel zro] AYR|9) o]E2)7)
A AX L & 4 ol 2& w2 2 56-dihydro-
14-thiazine F-SAo th3jx I Jbpis] whg
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4-Acetyl-5,6-dihydro-3-methyl-1,4-thiazine-2-
carboxanilide

kos=1.663X1072+2.641 X 107 *[OH "]

4-Acetyl-5,6-dihydro-3-methyl-N-(p-methoxy-
phenyl)-1,4-thiazine-2-carboxamide

Rops= 1.710X 1072+ 3.586 X 10~ 5(OH "]

4-Acetyl-5,6-dihydro-3-methyl-N-(p-methyl-
pheny!)-1,4-thiazine-2-carboxamide

Fope=1.699X1073+2.914 X 10" 5(OH "]

&7 B2 JEd SR nHe X
7] ES Qobr] fl3te] pH 203 pH 12044
X 7] Atp(o)el]l A3} loghos 4t Hammett plot3t
Az Fig. 3% 2o}

o] A9 7|-&712%¥ Hammett) p3hg s
3 pH 20014 p= —0023, pH 12094 p=—0.05
24 p<0g € & & Uk wdehd o whgE HA
FE7l6d o8 20¢E ¢ 5 Aok
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Table 2. The rate constants and activation parameter
for the hydrolysis of 5.6-dihydro-1.4-thiazine deriva-
tives at various temperatures and pH 12.0

II I
C-N X
[ ICHq
-Cl -H -CH; -OCH;

ko[ (sec™)X10]] 25 257 296 335 367
35 455 490 557 619
45 754 842 950 1049
56 1285 1422 1558 1740

E,(kcal/mol) 10.96 10.61 1040 10.32

Parameter Temp.

©)

4.3

b2}

4.1

4.0

3.9}

* 10

3.8}
{ .7f
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3.5¢

3.4
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1/7in10%)

Fig. 4. Arthenius plots for the hydrolysis of 5,6-dihy-
dro-1,4-thiazine derivatives at pH 12.0.

A2l A5} spejoje]§ ol ] 913k pH 120
w25, 35, 45, 55C A i eSS RATE
2x319.01, o|F Table 29 Viehilgla, S 45
kos?} 2 2] 2E 2 Arrhenius plot™ B3 Fig. 4
s} Zgten| 2 7)E71E2RE A3 UNENE
T}, ol $AsUA G AR AR
Apgke)l 7R MUY 4-acetyl-5,6-dihydro-3-me-
thyl-N-(p-methoxyphenyl)-1,4-thiazine-2-carbo-
xamide7} 714 zoka, wHESTAPEe] 71 %
sl 4-acetyl-5,6-dihydro-3-methyl-N-(p-chloro-
phenyl)-1,4-thiazine-2-carboxamide”} 7}3 it}

RS MAES A0l 4-Acetyl-5,6-dihydro-
3-methyl-1,4-thiazine-2-carboxanilide 2 o)) %20l
£dA1712 EEA %& W7 FFrE ke

pH707 120°] S|=% zAsidr) w3 THES
4417 71d FuHER F oA ER o] s R 24,
Atste] YAAAY T E ek o] AAE
#4438l 2-(N-acetylaminoetylthio)-acetoacetani-
lide enoig)-2 #3tsict

mp. 124~125¢C

IR(KBr) : 3259(NH), 3080(0H), 1633(C=0), 1586
{C=C(), 1374(CO-CH>), 750 cm™CH,-S-CH.,)

'H-NMR(60 MHz, CDCly):8 1.94(s, 3H, CHy),
2.35(s, 3H, CH;CO), 2.65¢t, 2H, CH,S), 3.25~348
(m, 2H, CH:N), 6.03(br, s, H, NH), 7.13~7.70(m,
SH, ArH), 9.17(s, H, NH), 1542(s, H, OH)

C, H, N R £§2(%) : CiaHisO:NSell al g 4 32)
(o] €2)) €:57.20(57.12), H:6.13(6.16), N : 9.47
(9.51)

78 ¥R2HFRE. 5,6-Dihydro-1,4-thia-
zine F=H8] sl WEEEAPLE Fig 2464
2 7 2le ufe} Fo] FEF A0 ol v]dFle
553 pHel F-3%¢ &, & E9 Zvjzlgez
FYPse ¥z H9 S ¢ U v}
228 FBYFEL 2-(N-acetylaminoethylthio)-
acetoacetanilde enol3 & #relaleich

a2t pH 110 ool A 7heis) uhg 3
EEA0]R Fxel A vjHeE oF3 2
d7lge 2 Y Zog Y.
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Fig. 5. Effect of general base concentration on the
hydrolysis rate of 4-acetyl-5,6~dihydro-3-methyl-N-
(p-chlorophenyl)-1,4-thiazine-2-carboxamide at pH
478 and 25C,
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