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Synthesis and Bioactivity of Cyclic Polysulfides

Chen, Jing Yao, Ligong
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(State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica, Chinese Academy of Sciences,
Shanghai 201203)

Abstract Fourteen cyclic polythiaethers, twelve of them are new compounds, were synthesized by condensation of dithiol
with dichlorided compounds and then acylation. Their structures were characterized by "H NMR, *C NMR, HREIMS tech-
niques. Some of the compounds were detected by X-ray. The PTP1B inhibitory activities of these compounds were tested.
Keywords cyclic polythioethers; synthesis; PTP1B inhibitory activities
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G P (ICso=14.9 pmol/L). H T iZAb &Hfr AR S
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M. 556 1,3- 2 %-2- NS 3-mi4%-1,5- 18 A e 4 7,
BRI ER A G4 3 L A5 AA 4, (B 3 AT
A A A 5 (Scheme 1), HIKLA(S)-1-1-3-5(-2-14
BE6) VAR 5O, SRR & G 1S BRI L & 7,
WEW 75 1,3-8 Zmilgds &, A o R =1y
JTCIME AW 8 N9, (LAY 8 LBk b A itk &4 10, 247
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#]12 (Scheme 2). MLARL, 33 T 3~5, 8~12 1L 14
ADIIRER AL A, T 5, 8~12 Jpgiib &4, 1531
AR 2 SRR A ST T Y0 PTPIB 7S
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Reagents and conditions: a) K,CO3, DMF, 90 °C; b) (RCO),0, pyridine, r.t.
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12a: R = CHj,
12b:R = CH,CHy,
12c: R = (CHg),CH

Reagents and conditions: a) Na,S, EtOH, reflux; b) HS(CH,);SH, K,CO3;, DMF, 90 C; c) HS(CH,),SH, K,CO;, DMF, 90 C; d) (RCO),0,

pyridine, r.t.
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e, S HIRE R SR BRI E i T IR A A R
e, U4kt T HoA BOF A ARG, B
5 PR BT 5 0247 DMF PR VR TR s i
e R EIEI T RS R A A I, X
7 I R TR B AN SRR Y IR B AT T
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1.2 &5 PTP1B $N%15E 1%

AR IR RN 1B (PTP1B) & Lk 4liAk fl
fiff 22 A2 W o7 R TR R T IS TR W R IR B (PTPase),
PTP1B 755 5 2 Uk« BE v AEFN TG 5 it 47 7 T AT
FEEYEM, BEIATT U PR R R B 1 — AN AE 24
WA R A FRA IR S ik & 3~5, 8~12 4T T
4h PTPIB $IilIE IR, &5 RN AGUEY 9 F
12¢ %F PTP1B HA— & g Tk, &9 9 Al 12¢ 75
20 umol/L W HIFIHETE N 26%, Atk &t s AT W]
WG S5 A RATCAITIWEST, BA BRI A LS,
LRI G PTPIB i TER RS H A0 2%, SRR
WAL S PTP1B NS 1k LA R A 380K R AE 1F
— T R .
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Figure 1 X-ray structures of compounds 8 and 11

A B A S S A%, R
TIEA T — BB EAT IR 50 (1) 5 #0 2 R i Bk AL &
Y, HEML AV SERE . BSOS ahIE, 59
WEWIEE R X AT ikt — S afiE. @k sh
PTP1B WHili&E L 404, KIL—Lh G EA—E M
PTPIB G . AHETN S A W25 IR RR
FWFFUBE T RAFSEA.

3 REEH

3.1 UE{ES5KH
¥ WG 3L P% 1 Bruker AMX 400, 500 =X Varian
EM-360, EM-390 BUAZRESLHIRAN, Ho2% 07 # UiARI R
EP%%%E@@?%%% WhR; Jii% Finnigan MAT-95 4 Jii
WEAY(EIMS . HREIMS). RFI4046 2 B SCHR[15]. PRagis:
E*ﬁmﬂﬂ S A T BB S A TR T S AR
FEREEERS H (100~200, 200~300 H, 10~40 umo/L), 1%
H R AT H
32 IWAHE
32,1 KIR % RABALEY 3 A= 4 894 AR AT E R
TETH, AR RPN 2.76 g BiRIRH,
70 mL N,N-_H I H B (DMF), FHEZE 100 C, 221
ANV T 10 mL DMF () 1.29 g 1,3- &5 A 1.04
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g 2, 2- S A AR, WA R 2 h, 05 e sk
PRIRHEFE 2 h, F»EF/M, o, P2 LA, SRR At
AL JZHT LAY 3 Fi 4.

1,5,8- =i A4-3- AR B (3): HEMR, 0.56 g, WHK
39%. 'H NMR (CDCls, 300 MHz) §: 2.9 2~3.00 (m, 4H),
3.02~3.09 (m, 4H), 3.24 (dd, J=3.3, 12.9 Hz, 2H), 3.35
(dd, J=7.2, 12.9 Hz, 2H), 4.05~4.12 (m, 1H); HAh %
[M] 2% 3R [16].

1,5,8,11,15,18-7N i 24-3,13-38 |- fi Jk I (4):
Ak, 0.41 g, WLER 15%, HIGCEER [FZ2% SCER[17].
322 1,5,8-ZFZe-3-FRREEBEAL T4 5 495K,

I 40 mg 1,5,8- =M Z=-3-H 24 WER)WAME T 3 mL &
AKIERE S, TR 1 mL BRIF, SR, RS L
WA, RRVEAEIZ S S.

1,5,8- = fi Z-3- 3K 4 L FR W6 (5a): A0k K, 37
mg, Y& 77%. 'H NMR (CDCl;, 300 MHz) o: 2.04 (s,
3H), 2.92~3.00 (m, 4H), 3.05~3.11 (m, 4H), 3.25~3.38
(m, 4H), 5.14~5.21 (m, 1H); “C NMR (CDCl;, 500
MHz) §: 21.06, 33.56, 33.93, 34.01, 72.85, 170.04; EIMS
mlz (%): 252 (M", 100), 131 (47), 105 (34). HREIMS
caled for CoH 40,85 252.0312, found 252.0318.

1,5,8- =l #4-3- P 25 WE N R IR (Sb): Bk oK, 36
mg, $# 71%. '"H NMR (CDCl;, 300 MHz) 6: 1.12 (t, J=
7.2 Hz, 3H), 2.31 (q, J=7.2 Hz, 2H), 2.90~2.99 (m, 4H),
3.05~3.11 (m, 4H), 3.24~3.39 (m, 4H), 5.15~5.23 (m,
1H); “C NMR (CDCl;, 500 MHz) §: 9.03, 27.60, 33.59,
33.91, 33.97, 72.65, 173.50; EIMS m/z (%): 266 (M",
100), 131 (75), 105 (36). HREIMS calcd for C;oH;50,S;
266.0469, found 266.0465.

1,5,8- =B A=-3-FR 25 WE ¢ T TR BE(Se): HEMR, 39
mg, H# 73%. '"H NMR (CDCl;, 300 MHz) J: 1.14 (d,
J=6.9 Hz, 6H), 2.47~2.69 (m, 1H), 2.88~3.03 (m, 4H),
3.07~3.11 (m, 4H), 3.24~3.37 (m, 4H), 5.13~5.22 (m,
1H); *C NMR (CDCl;, 100 MHz) : 18.87, 19.01, 33.50,
33.87, 33.93, 33.98, 72.43, 176.13; EIMS m/z (%): 280
(M™", 40), 132 (100), 104 (50). HREIMS calcd for
C10H,50,S; 280.0625, found 280.0620.

323 (2R2'R)-1,1-FiHk-33- =2~ =(2-ABEF)(7)494
P,

5 g (S)-1-1-3-5-2- N BV iR 1 20 mL Z/gH,
AN 3.5 g JUKBRAGEH, InFAMIAR 2 h G0k 25 25950, 0
K, ST, oK T4, ok yEWkds, R
FET A3 G (A4 2.65 g, 1% 81%. 'H NMR (CDCl,
300 MHz) 6: 2.75 (dd, J=17.2, 13.8 Hz, 2H), 2.80 (dd, J=
42, 13.8 Hz, 2H), 3.61~3.65 (m, 4H), 3.95~4.01 (m,

http://sioc-journal.cn/ 1071
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2H); EIMS m/z (%): 218 (M, 16), 200 (22), 151 (78), 109
(100). HREIMS calcd for C¢H;,C1,0,S, 217.9935, found
217.9930.
323 KIRZ RABACESY 8 = 9 4955,

T, AR RN 2.76 ¢ WIRH,
40 mL DMF, JHEZE 100 C, ZEHNEMAT 5 mL
DMF 1) 5 mmol 1] —HiEEF 5 mmol FI4LE4 7, ik Nt
(AR 2 h, W IN5C G ARELORIEEFE 2 h, B, b g, Jk
KL, B RMAEREFEENT 3654 8 F1 9.

(38,78)-1,5,9- = fi #%-3,7- 3 —hi 3 WE(8): I
¥A 032 g, 773 25%. '"H NMR (CDCl;, 300 MHz) o:
1.76~1.84 (m, 2H), 2.29 (dd, J=8.4, 14.1 Hz, 2H), 2.56
(dd, J=9.3, 14.1 Hz, 2H), 2.70~2.78 (m, 2H), 2.80~2.90
(m, 4H), 3.39 (dd, J=3.3, 14.4 Hz, 2H), 3.97~4.05 (m,
2H); “C NMR (CDCls, 100 MHz) ¢: 25.95, 28.47, 34.38,
36.09, 66.12; EIMS m/z (%): 254 (M", 25), 197 (100), 122
(20), 106 (23). HREIMS calcd for CoH;50,S; 254.0469,
found 254. 0473.

(3S,78,158,198)-1,5,9,13,17,21- /N it 4% -3,7,15,19- ¥
T PUREFEDUEE9): BRI 025 g FEE 10%. 'H
NMR (CD;OD, 300 MHz) 6: 1.85~1.94 (m, 4H), 2.63 (d,
J=6.0 Hz, 3H), 2.66~2.73 (m, 13H), 2.77 (d, J=5.7 Hz,
3H), 2.84 (dt, J=5.4, 12.9 Hz, 5H), 3.82~3.89 (m, 4H);
®C NMR (CD;OD, 100 MHz) ¢: 31.25, 32.70, 39.15,
39.74, 71.97; EIMS m/z (%): 508 (M, 45), 239 (42), 197
(70), 121 (63), 106 (83), 73 (100); HREIMS calcd for
C15H3604S6 508.0938, found 508. 0933.
324 (38,79)-1,5,9- = Fi4:-3,7- 3+ bt ik — BF BRAL
4 10 694K

IV 40 mg (3S,75)-1,5,9- = fm 4%-3,7- 1 pe ik
(8) AT 3 mL Jo/KmEBE S, FRI0A 1 mL BRI, =i
P, R ZE BT, TRRVERT Z S D) 10.

(3S,79)-1,5,9- =fifi 44-3,7-F+ —he e W . LR TG
(10a): HAEH A 41 mg, YE 75%. 'H NMR (CDCl,,
300 MHz) d: 1.77~1.86 (m, 2H), 2.09 (s, 6H), 2.40 (dd,
J=9.0, 14.4 Hz, 2H), 2.58 (dd, J=9.6, 14.4 Hz, 2H),
2.73~2.79 (m, 4H), 2.98~3.07 (m, 2H), 3.44 (dd, J=3.6,
14.4 Hz, 2H), 5.16~5.24 (m, 2H); *C NMR (CDCls, 100
MHz) d: 21.08, 25.53, 28.50, 31.21, 33.91, 68.17, 170.66;
EIMS m/z (%): 338 (M", 100), 278 (20), 146 (35), 106
(53). HREIMS calcd for C;3H»,04S; 338.0680, found
338.0684.

(3S,79)-1,5,9- =fifi 44-3,7- R+ pe e W N R G
(10b): 3 EKK 43 mg, IH 75%. 'H NMR (CDCl;,
300 MHz) 0: 1.15 (t, J=7.2 Hz, 6H), 1.77~1.88 (m, 2H),
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2.30~2.44 (m, 6H), 2.59 (dd, J=9.6, 13.8 Hz, 2H),
2.72~2.80 (m, 4H), 3.00~3.09 (m, 2H), 3.45 (dd, J=3.0,
14.7 Hz, 2H), 5.19~5.27 (m, 2H); *C NMR (CDCls, 100
MHz) §: 8.97, 25.47, 27.47, 28.52, 31.20, 34.00, 67.88,
174.23; EIMS m/z (%): 366 (M", 65), 292 (46), 146 (47),
106 (53), 57 (100). HREIMS caled for C;sH»04S;
366.0993, found 366.0995.
(35,78)-1,5,9- =i 24-3,7-Fh+ —he kTl R TR

E(10c): HHE MK K 52 mg W& 84%. 'H NMR
(CDCls, 300 MHz) 6: 1.17 (d, J=7.2 Hz, 6H), 1.19 (d, J=
7.2 Hz, 6H), 1.77~1.86 (m, 2H), 2.40 (dd, J=9.0, 14.1
Hz, 2H), 2.53~2.63 (m, 4H), 2.70~2.79 (m, 4H), 3.00~
3.09 (m, 2H), 3.45 (dd, J=3.0, 14.7 Hz, 2H), 5.19~5.26
(m, 2H); *C NMR (CDCls, 100 MHz) J: 18.88, 19.03,
25.53,28.54,31.23, 33.95, 33.98, 67.70, 176.96; EIMS m/z
(%): 394 (M", 100), 306 (46), 146 (80), 106 (58). HRE-
IMS calcd for Cy7H3004S5 394.1306, found 394.1306.
325 RA-1, 5-=FiZe-3, 7-3RF B2 (11)49 4%

T, AR RSN 2.76 g BIRH,
40 mL DMF, JTHEZE 100 ‘C, Z&H %M+ 5 mL
DMF 1) 5 mmol [ & —fit A 5 mmol [ALEH) 7, Wi hn
WFTAIA 2 h, WNoe R4k fidt 2 h, PRl 8.
WEZE LI, TRARAREAE ZHT LA 11.

NR-1,5- i 2%-3,7- 0 ZEE(L): HEGHER 50
mg, & 56%. '"H NMR (CDCls;, 300 MHz) d: 2.80~3.02
(m, 8H), 3.99~4.06 (m, 2H); *C NMR (CDCl;, 100
MHz) d: 40.10, 69.783; EIMS m/z (%): 180 (M", 100), 122
(65). HREIMS calcd for CgH;,0,S, 180.0279, found
180.0283.

32,6 R A-1,5-—FRZ-37-3F —BEBAL T 12 89
B AR

040 mg &A-1,5- i A%-3,7- 0 ZBED) R T
3 mL JE/KMEsES, BN 1 mL BREF, SRR,
R LA, B RMEFE ENT L &9 12.

R-1,5-i2%-3,7- 0 B 2R EE(12a): 131
A 45 mg, WK 77%. '"H NMR (CDCls, 300 MHz) o:
2.04 (s, 6H), 2.90~2.98 (m, 4H), 3.05~3.11 (m, 4H),
5.13~5.16 (m, 2H); *C NMR (CDCl;, 100 MHz) o:
21.13, 35.15, 73.81, 169.93; EIMS m/z (%): 264 (M",
100), 104 (61). HREIMS calcd for C;oH;04S, 264.0490,
found 264.0496.

R -1,5- i A%-3,7- 3¢ i AR ER(12b): 14
FOF K 48 mg, ME 75%. '"H NMR (CDCls, 300 MHz)
8: 1.12 (t, J=7.2 Hz, 6H), 2.31 (q, J=7.2 Hz, 4H), 2.91~
2.98 (m, 4H), 3.03~3.09 (m, 4H), 5.13~5.18 (m, 2H);

Chin. J. Org. Chem. 2013, 33, 1069~1073
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C NMR (CDCl;, 100 MHz) 6: 8.99, 27.57, 35.11, 73.56,
173.33; EIMS m/z (%): 292 (M, 100), 104 (50). HREIMS
calcd for C,H,704S, 292.0803, found 292.0806.

JR-1,5- i 43, 7- P R R T IR (12¢): 15
HEF AR 50 mg, % 71%. "H NMR (CDCls, 300 MHz)
5: 1.14 (d, J=7.2 Hz, 12H), 2.247~2.57 (m, 2H), 2.92~
2.99 (m, 4H), 3.03~3.09 (m, 4H), 5.12~5.17 (m, 2H);
3C NMR (CDCls, 100 MHz) d: 18.86, 33.92, 35.04, 73.41,
175.99; EIMS m/z (%): 320 (M, 100), 104 (60). HREIMS
caled for C14H,404S, 320.1116, found 320.1117.

3.2.7 ALe4h 8 69 dh X ATH AT

B TR O/ & RV D V=1 12)
WS R, SRR T AR AR, Ul
CoH 50,85, T 4>F &k 254.41. EHUK/N A 0.401
mm X 0.316 mm X 0.135 mm i 5 ££ 5, 7 Bruke
SMART CCD F7iH% _EHEAT Ak o3, & A
B 3% A0 AY () Mo Ka (A=0.071073 nm){F g A5 55
5K 201 =53.98°, Ll p-0 AT, 75 293(2) K T3k
WCEE 7123 ANFTH s, HA s AT O 2621 4, 2570
AN 20 0D YIRS . SRS R ) SHELXT-97 4
FEfi i, 8 SRS E0h: a=0.55197(4) nm, b=
0.87226(6) nm, ¢ =2.52782(17) nm, o= 90.00°, =
90.00°, y=90.00°, ¥=1.217(15) nm’, D,,=1.388 g/cm’,
Z=4, F(000)=544, HRHR, RN P2(1)2(1)2(1).
3.2.8 4bhdh 11 89385 X Frdt ot

EILAME N RER R Oy T D V=112)
B AR, ARG E AR A A, 2R
CeH 2058y, 52> T80 180.28. HEHUK/N A 0.298
mm X 0.123 mm X 0.117 mm 5§ g5, 75 Bruke SMART
CCD AT A FabAT S gh e o0 i, HZ It A s m s
B AL Mo Ka (1=0.071073 nm)/F A A5 4E5E. fek
20, =51.96°, Lk p-00 FAHET7 0, 15 293(2) K FILHsE
4543 N AL, AT AT B 1673 AN, 1543 ANMI>

THEM R ESE N a=1.1788(3) nm, b=0.8899(2)
nm, ¢=0.8263(2) nm, a=90.00°, #=91.352(5)°, y=
90.00°, V=10.8665(4) nm’, D,=1382 g/em’, Z=4,
F(000)=384, HR}HR, M P2(1)/c.

BOGH R FE SR 24 070 O R AR 2 B R
RSO ).
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