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5 * CH, I5-|4CH3
la~c 2a-c

a: X =H, Ry = p-BrCgH,4 , R, = COCHj3
b: X=H, R1 = p-C|C6H4 ’ R2 = COCH3
c: X=Cl, Ry =CgHs, Ry = CO,C3H;5

B WREH 1 AR Rk s 2 AR
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ZHWY-103B ZY1H i 55 77 9% 3 2% (1 2 4y
Fri sl iE G IR AR, FHE); AVIIS00Q # Tk
LR (Bruker, f#[H); Vertex 70 FT-IR Y41 4h 53 5%
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(Bruker, f&[E); FA1004 HF 781 K (g5 71
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TR E 7y WP & 2%, AR
W4 h RIGARBHEE. CBEAE LR R, T
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221 MR 1 RUGREIRA 5 2 A ARAE

e 1A 2 B SCER[23) IR T ik A%, A5 H
'HNMR. "“C NMR. HRMS I IR HiiF.

WEY) 1a HEGREE, 723 753%, mp. 346~
348 K; 'H NMR (500 MHz, DMSO-d;) & 7.50~7.14 (m,
8H, C¢H., C¢Hy ), 5.36 (d, J = 5.5 Hz, 1H, SCH), 4.20
(d, J = 5.75 Hz, 1H, CHCO), 2.23 (s, 3H, NCCHj3), 1.98
(s, 3H, COCH3); "*C NMR (125 MHz, DMSO-ds) &

203.88, 168.74, 151.50, 142.50, 135.15, 131.94, 130.91,
128.83, 125.83, 124.44, 121.26, 120.96, 61.27, 58.39,
31.44, 25.15; IR (KBr) v: 1716, 1637 cm™; HRMS if
HAH C,;sH,;BrNOS 374.02087, SZill{E 374.02061.

A& 10 v EEEE, 7223 74.5%, mp. 332~
334 K; 'H NMR (500 MHz, DMSO-dy) & 7.54~7.14
(m, 8H, C¢H,, C¢Hy), 5.37 (d, J = 5.5 Hz, 1H, SCH),
4.20 (d, J = 5.5 Hz, 1H, CHCO), 2.23 (s, 3H, NCCH,),
1.97 (s, 3H, COCH;); *C NMR (125 MHz, DMSO-d,)
& 203.87, 168.75, 151.51, 142.10, 135.15, 132.43, 130.90,
129.01, 128.51, 125.83, 124.44, 121.29, 61.38, 58.34,
31.43,25.17; IR (KBr) v: 1710, 1635 cm™'; HRMS 5
4 C1gH;,CINOS 330.07139, =Zill{4 330.07182.

WEY 1c AAMEE, 7% 68.2%, m.p. 396~
398 K; 'H NMR (500 MHz, DMSO-dq) & 7.45~7.15 (m,
8H, C¢Hs, C¢Hs), 5.34 (d, J = 6.0 Hz, 1H, SCH),
4.74~4.66 (m, 1H, COOCH), 3.83 (d, J = 6.0 Hz, 1H,
CHCO), 2.34 (s, 3H, NCCH3), 1.00 (d, J = 3.0 Hz, 3H,
CHCHj;), 0.90 (d, J = 3.25 Hz, 3H, CHCH;); *C NMR
(125 MHz, DMSO-ds) & 167.30, 150.84, 147.07,
142.37, 135.52, 132.55, 128.11, 127.85, 126.52, 123.46,
122.55, 121.45, 104.36, 67.09, 50.50, 24.58, 22.30,
22.10; IR (KBr) v: 1732, 1649 cm™'; HRMS 51l
CyH,,CINO,S 374.09760, SZAE 374.09825.

EY) 2a A O, 722 62.5%, m.p. 392~
394 K; "H NMR (500 MHz, DMSO-d;) 6: 8.73 (s, 1H,
NH), 7.25~6.71 (m, 8H, C¢H,, CsHy), 5.84 (s, 1H, SCH),
2.49 (s, 3H, NCCHj3), 2.10 (s, 3H, COCH,); *C NMR
(125 MHz, (CD5),CO) §: 205.34, 195.89, 150.52,
145.44, 141.86, 133.92, 130.59, 130.02, 128.18, 124.63,
122.92, 121.81, 119.43, 113.51, 50.73, 24.44; IR (KBr) v:
3340, 1518, 1475 cm™'; HRMS it %14 C;sH;,BrNOS
374.02087, SLlfE 374.02118.

&Y 2b AE ALK, P23 68.4%, m.p. 377~
379 K; '"H NMR (500 MHz, DMSO-d;) &: 8.73 (s, 1H,
NH), 7.11~6.71 (m, 8H, C¢H,, CsHy), 5.86 (s, 1H, SCH),
2.48 (s, 3H, NCCHj,), 2.11 (s, 3H, COCH,); *C NMR
(125 MHz, (CD3),CO) §: 205.36, 195.87, 150.51,
145.45, 141.37, 133.92, 131.22, 129.64, 128.16, 127.59,
124.67, 122.90, 121.80, 113.55, 50.66, 24.42; IR (KBr) v:
3338, 1519 , 1475 cm™'; HRMS 518 C,sH,,CINOS
330.07139, sElI{E 330.07200.

G 2¢ J9iR s EAEE, 772 59.8%, m.p. 456~
458 K; 'H NMR (500 MHz, DMSO-d;) d: 8.73 (s, 1H,
NH), 7.18~6.72 (m, 8H, C¢Hs, CgH3), 5.81 (s, 1H, SCH),
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4.85~4.78 (m, 1H, COOCH), 2.50 (s, 3H, NCCH,), 1.16
(d, J = 3.0 Hz, 3H, CHCH,), 1.03 (d, J = 3.25 Hz, 3H,
CHCH,); "*C NMR (125 MHz, DMSO-dy) 6: 169.95,
167.78, 152.39, 142.57, 136.63, 135.35, 129.05, 128.31,
126.58, 125.86, 124.01, 120.41, 69.45, 59.35, 55.61,
24.51,21.52, 21.34; IR (KBr) v: 3346, 1626, 1473 cm™";
HRMS il # i C,0H, CINO,S 374.09760, =l it
374.09806.
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Hn\ DMSO-dg, MEESL ) '"H NMR 3, 45 Bkt ik
BV FIRFHEVE T AU SR 1R 2 AR &

(2) A~ [EIAS ] P AR A 2 2 1l s
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F1 SR 1R 2 FE ST VA SRR e AR e

C d Sol Imine 1 (%) Enamine 2 (%)
ompoun otvent 12h 24h 12h 24h
CH;0H 100 41.84 0 58.16
1a C,HsOH 100 100 0 0
(CH;);COH 100 100 0 0
CH;COH 20 14.08 80 85.92
CH;0H 100 89.29 0 10.71
1b C,H;OH 100 100 0 0
(CHj;);COH 100 100 0 0
CH;COH 27.78 15.63 72.22 84.37
CH;0H 100 100 0 0
le C,HsOH 100 100 0 0
(CH;);COH 100 100 0 0
CH;CO,H _b _b b b
CH;0H 0 0 100 100
2a C,HsOH 0 0 100 100
(CH;);COH 0 0 100 100
CH;COH 0 11.50 100 88.50
CH;0H 0 0 100 100
2b C,H;OH 0 0 100 100
(CHj;);COH 0 0 100 100
CH;COH 0 0 100 100
CH;0H 0 0 100 100
2 C,HsOH 0 0 100 100
(CH;);COH 0 0 100 100
CH;COH 0 0 100 100
a) HE N 303 K; b) KRR
(a) 1 (b)
100 0 n —u—1a 1004 = n n n ™
| \ —e—1b
—A—1c —n—
80 1 \ 80 —e— :ﬁ
< 60 - \ i S T
& 40 \' g
g \. é: 40 4
20
] \ 20 A
N N T
T Ty T Ty Ty T 0 T LA | T T T T T
1x10-8 1x10-7 1x10-6 1x10-5 1x104  1x10-3 1%x10-6 1x10-5 1x10-4 1x10-3 0.01

Volume ratio of F;,CCO,D to DMSO

Volume ratio of F;,CCO,D to DMSO

B3 WA ERE FsCCO,D EMARLIZE. (a) % 1a~1c; (b) Mk 2a~2¢

KRR P b o) 0 e e A, BB e e k. W]
WL, A8 G TR I J 1) e A 3 R o ot R B T AL
fEH.
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e 2 SIS 3 (I 4) 1 B 45 MBI T DAIE
S ARRBHEREIR, HERE 3 K9 R AALE
N-H-O By 7 &, HN, H 05 CJRFHR—4
NTCIN(CCDC 861291), AT 12 5 A4) 44 BE N AS 7€ .
ZRIES Dudek SR ZBERERS 2 i &)

1979



F RIS T IHRIFRRA A AN IR A 575V 0 R e S AR A

B4 iR 3 aii s B kg

M) ELAE SR I S B I R — B (2) Jii& sy T AF
EHZEIR . N JRF(p $1iE). C=C fl C=0 4 i) k3t
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[ Ak, 3-Ar s A R S AR I A% 1e 78 FF I R AR AR E,
BHE 30 h R R AEAAL. Wil 2a~2¢ 7 FEE R IR E2
SE. 1E LR (E 5(c, d)), 1a, 1b 7E 0.5 h B RIFF 46 )
Wl Ak, 215 h KBPH, SRR, RG-S 0 L A
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PR, Wil 2a~2¢ 15 OB BIRFRE, TESLIGHT T
I TE) Py R A 20 & 2a F12b AL A 1a FT 1b, 11 2¢ A K
AR, KW, E— BRI PRI, ReR
TEAFAE R I 18], S e D)7 J b )y B, i )
(BRI RE G, JLHE b I BB 22 o0 i IRk, Y7145 I
THIRE IR, B 5 T R ) ) i e A

3.3 i BN HAR AR AR S T FR R

DURUT BE(SSBR 1) AN L BR(BURIR TE) RIE 7, FA
TEAZREBARMIE T T U35 06 W0 1 A e 2 ELAR SR 5
(% 2). EFRMTIRE Ny 283,303 A1323 K. HE 2 A,
AT EEH, W% 1a A1 1b 7€ 303 K PLF.24 h ERsE;
M7E 323 K, 12 h i CL B B A et i, )24 nif, H
SiGRmR e LEE) 11 A4, W E
PEBEE IR T MBI, JAf% 2a F1 2b 7R3 303 K
IS E, 7E323 K, 24 h B 296 11 %A%, BT
BOSREE R, AR YRR BTG, REIR M
&, 3-RABEIEEU 4 5 1e A1 2¢ AU T B R AESE,
TR RNE I A R A, {5 BT, I
[t 2a~2¢ TEFT % S2 IR VO BN LR e, R =R
WAL, WRZH 1a A1 1b BB T E, Fd A
(R B SRR FESSI3E R, e NITE SRR 7 fif. 45 R,

K2 FMIUR LR 2 FEAFNEE N R UM A & &

NP AL IR BB ) SRR BEANEE

3.2 ERERIAe 1 )R R AR 2 AR Bl ) 2
) AL

NI 1 W G 2 R AL R, I
1E 2B EL A E 1 1a 1 1b, 2% T EA 1A [E) i
R R TA) -9 R 2R (B 6). FIE 6 AT AL, FEERAII
1.5 h N, 1a Fl 1b I W4 i th, 2 5 Al A
12, 93 h (1a)sk 4.5 h (1b)i 545 ik 1) 5h 45 ¥,
B A ARG AR ] (25 ), i R4 i AT Ak 1 ~F- iR
A, RS EASRAT R, JR0 5 LU WL 3 Fh
) 772 J5 FE N SEIG OIS AT B, Aok 25 5215 H
1 R I 3R S Bl 1 4 A

320 A

SYBIF 3 R MR LI E J1 2 Ty R S
BRI TR 3). 1723 TR, 250 et ¢ fE IS
— B, MRS EYULNE #0h Ineu i ¢ RIS
DL Ve % ¢ FF B — P02k, T 3R — ok — R
FERE I 50 e £ 8, 4830 7K IR IR BE 4% 48O
RILA TR, By = ax + b, JTRRESH a B b R
YL IR L 51 T2 46 7P

Imine 1 (Enamine 2) (%)

Compound Solvent Time (h)

283 K 303 K 323 K
12 100 (0) 100 (0) 86.21 (13.79)
1a (CH3);COH 24 100 (0) 100 (0) 44.25 (55.75)
CH.COH 2 28.57 (71.43) 20.00 (80.00) 14.08 (85.92)
e 4 28.57 (71.43) 14.08 (85.92) 11.24 (88.76)
12 100 (0) 100 (0) 87.72 (12.28)
1b (CH;);COH 24 100 (0) 100 (0) 52.36 (47.64)
CH.CO.H 2 50.00 (50.00) 27.78 (72.22) 14.29 (85.71)
2 4 40.00 (60.00) 15.63 (84.37) 11.76 (88.24)

12 100 (0) 100 (0) 100 (0)

L (CH;);COH 24 100 (0) 100 (0) 100 (0)

2 _a _a) _a
CH3C02H 4 _a _a) _a

12 100 (0) 100 (0) 100 (0)
2a (CH;);COH 24 100 (0) 100 (0) 88.50 (11.50)
CH.CO.H 2 100 (0) 100 (0) 88.50 (11.50)
2 4 100 (0) 88.50 (11.50) 88.50 (11.50)

12 100 (0) 100 (0) 100 (0)
-~ (CH;);COH 24 100 (0) 100 (0) 89.29 (10.71)
CRCON 2 100 (0) 100 (0) 88.50 (11.50)
e 4 100 (0) 100 (0) 86.21 (13.79)

12 100 (0) 100 (0) 100 (0)

2 (CH,);,COH 24 100 (0) 100 (0) 100 (0)

2 100 (0) 100 (0) 100 (0)

CH;COH 4 100 (0) 100 (0) 100 (0)

a) R
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(a) 0.20 - (b) 0.20 -
—— 283K
0.18 ——— %ggﬁ 0.18 -
0.16 i %;%& 0.16
] - 0.14
_ 014 3\ 33K~
< 0121 = 012
2 £
£ 010 £ 0101
& 0.08 & 0.08 1
0.06 - 0.06
0.04 0.04 -
0.02 0.02 | )
0.0 15 30 20 25 0.0 15 30 45 20 25
Time (h) Time (h)
B 6 A% 1a (a)F1 1b (b)EASFIEEE T (B[] -4 B il 2%
3 B HBURNME R TTREFIHE @
SN E T 3 2 7 R LA MK R
0 _de ka Cro—Cr =kt Ca-t
dt
1 _de e I = Inca-t
dt Ca
2 _de ke LI L
dt Cr Cao Ca
a) ca Rl cao 20T N I I RT R PS5 FIATI AR IR J5E 5 hea P9 S 685 4 ¢ DN e I (i)
F 4 W% 1a F 1b GG E TN G S5
. la 1b
yH pF
i 2 (K) a b r a b r
283 -0.09143 0.20286 0.95962 -0.02135 0.16201 0.82257
293 -0.05164 0.15291 0.91546 -0.07394 0.20867 0.95344
303 —0.04873 0.136 0.91919 -0.02255 0.10436 0.90629
313 -0.04776 0.12867 0.90973 —0.08429 0.18107 0.97079
323 -0.02813 0.10132 0.82404 ~0.02829 0.1079 0.79825
333 -0.01189 0.05015 0.77710 —0.04577 0.00725 0.74539
RS WHZ 1a Fl1b MG REEAL— T BTN E S5
. la 1b
yH BF
i £ (K) a b r a b r
283 -0.7500 -1.5050 0.9718 —0.2224 -1.7388 0.9110
293 -0.5618 —1.8485 0.9590 -0.6253 —1.4965 0.9773
303 -0.5180 —2.0473 0.9362 -0.4818 -1.8225 0.9393
313 -0.5534 —2.0985 0.9317 -0.7891 —1.6864 0.9654
323 -0.5510 -2.2081 0.9198 -0.4847 -2.2339 0.8662
333 —0.3455 —2.9835 0.9035 —-0.2053 —3.0931 0.8935
R 6 W) 1a M 1b IR R BIE S5
. 1la 1b
yH pF
i 2 (K) a b r a b r
283 7.7619 2.7679 0.9805 1.8794 5.4750 0.9496
293 9.0550 3.4615 0.9910 8.4725 0.8269 0.9852
303 9.1958 5.3485 0.9767 7.6912 3.5625 0.9808
313 12.2364 3.8273 0.9905 13.6727 0.5818 0.9885
323 11.9450 6.2500 0.9683 10.0786 8.2429 0.9186
333 11.2727 18.0152 0.9618 6.1758 21.4615 0.9426
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XFER 4~6 HI r BT I, 7E B8 IR L
TR S TR G A R A e, TR LR
TR 1 G 2 A = RS, T BB N R
Wik 7 AR,

3.2.2  PIISARHE

6 7] W, W% 1a A1 1b [ REEEAGE 3 8 4.5 h
Z G I8 B EN AP, FT A B S T S T
HRYE LA A RBAT R, 45308 F % 7.

k=52 )
Ci

_AF 1 )
2303R T
o, KPR B o M1 ey 20 5 A &9 1R 2 [
FE(mol/L), AH A N4 AE (kI/mol), T JN4EXT i
(K), R N /RSAKH %1(8.314 J/(mol K)).

H logk % UT /EE, ¥R EH LR REAH.

logK =—

AG = —RTInK (3)

AG = AH — TAS 4)

K, AG AR AR BT E B EEZE (kI/mol), AS AR
N4 7% (J/(mol K)).
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Abstract: The stability and tautomerism of imines (la-1c) and enamines (2a—2c¢) in various protic solvents (methyl
alcohol, ethyl alcohol, fert-butyl alcohol, acetic acid and CF;CO,D DMSO-d; solution) were investigated via '"H NMR
spectral data. It was found that enamines (2a—2¢) were stable in above solvents and imines (1a—1c¢) were stable at lower
temperature (< 30 °C) in weak acid solvents (ethyl alcohol, fert-butyl alcohol), but imines converted into enamines in
methyl alcohol, acetic acid and CF;CO,D DMSO-d; solution. It was also found that along with the increase of acidity in
solution, the extension of time and the temperature rising, more and more imines converse to enamines. The kinetic and
thermodynamic characteristics of the conversion of imines to enamines in acetic acid were studied by taking 1a and 1b
as examples. The results showed that transformation from imines (1a and 1b) to enamines (2a and 2b) is endothermic
and thermodynamically feasible in the temperature range of 283-333 K (AH > 0, AG < 0), and the values of entropy
change are positive (AS > 0). The transformation follows the second-order kinetic equation at above temperatures and
the proton in solution catalyzes the conversion of imines to enamines.

Keywords: 1, 5-benzothiazepine, imines, enamines, tautomerism, thermodynamics, kinetics
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