Chinese Journal of Organic Chemistry

% 4”) {t % DOI: 10.6023/cjoc201512038

2,3-—5.-5,6- — 8 &-1,4- AR {Ri#HAY 3,4- —SEIERRERAY
SHBHERNERK 1,2-—#0E & — 1wk
F FC E B Heh FEHF*

(PRI R AL T 2B 22 730070)
C MDY 2290 730030)

AR ZE

WE R, Z558F, BL23-28-5,6- F7E-1,4- K FRDDQ) AF AT, PsstIlT 3,4- —5mEne -2-5 B K A Ak
IS Mt OB, CARGR e RA R T R4 1,2- WEng 3t R, %55 SR AR 1,2- e gt ARER T iEAR b, B
RS EAG . S AR e R AL . 38 TH NMR, °C NMR, HRMS & X 526 80 5 AT 50 45 M 3EAT T 3R 4L,
FTERTT T AR AN R SR,

KB 3, 4- T AMENE-2-BRIE; 1,2- Mg B, DDQ; EALIEEE

Synthesis of 1,2-Di(pyrimidin-2-yl)disulfides from the Oxidative
Coupling and Aromatization of 3,4-Dihydropyrimidin-2-thiones by
Using 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone as Oxidant
Wang, Gang” Guo, Yan’ Li, Ying*’ Wang, Xicun™* Quan, Zhengjun™*

(“ College of Chemistry and Chemical Engineering, Northwest Normal University, Lanzhou 730070)
(¢ Lanzhou No. 46 Middle School, Lanzhou 730030)

Abstract The oxidative coupling and aromatization of 3,4-dihydropyrimidin-2-thiones to produce 1,2-di(pyrimidin-2-yl)-
disulfides by using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as oxidant at room temperature under an air atmosphere
are reported. Compared with the reported procedures, this method has obvious advantages at mild reaction conditions includ-
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ing lower reaction temperature and shorter reaction time with higher yields of products.
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Um0, AN, WA T 4 515 B ) — ik
HAAEDIEE IR AY08, 41 Crambine, Batzelladine
A1 Ptilomycalin H* # & 45 W% 0E BF 1%, o A4 4 B
Batzelladine A #l Batzelladine B & & /KR iE fe 8 47
HIV gp-120 5 CD4 44 &1/ Ny FERIR=Y), A
BT W (AIDS) 254,

BT, FRATR I e 3 R A AT R R 1L
RN, S TR TR SRR AL C—
S MBI SN A F [, ELES R Pd L. & Cul)
ERAEAETS, e TR St 5 SR AR sk G
A C—S BB B AE Y T C—C BB #)(Scheme
DL i s S B 4, TEHEAL R Cu(D)ERAEAE T
WE RS T AR ER B AT S—S BEWES ] C—S
I, N T i — B R A A, IR
Rl 3,4- A Mg -2-FEH(DHPM)E LI A B
R NE L R R A RO VR, R L AR s AT
Mr. 3E4 1k, A6 2% ph s e B R 4 i e v I AR Ik 1)
D5k R — R SclkgRaE. BI 2010 4E, Hayashi Z504RiE

Ar

TAETEME IR - AR AO)E R TR 3,4- S0 -2-fi B
A A5 1) e i TR Y S N, AH Y RN R BT
140 CiRE FEAT, KSR 2D 36 h, KEH2EME
i 4-73E-5- 25 F Ik 5k-6- F 3L -3, 4- S s - 2- B i A
SN, OSEAHC TS 67 h, T EREEEI PR R N
54% (Scheme 2).
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Scheme 1  Applications of 1,2-di(pyrimidin-2-yl)disulfides in the synthesis of pyrimidine derivatives
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¥ DDQ T DHPM (1a)f) 58016 55 Ha A4 S5 7 i 4 AH B 1)
1,2- g 5L TR KT, R B R AR A H bR e
) 2a (& 1, Entry 1). AT HiE R %M, EEiR
T, Bh 3 4-E e -2-6EE 1a SRS B g
TPk (18] S AR RS SN, il B 8 1 8L A Bl
F SIS T] 5 Sk 8 I S5 At T s 77 28 PR 5
RMGERWER 1 s, ABEE, AR R RPN
M NaOH B, 1% M LA 65%17= A 5] T 1,2- 8%
Mg 5L AR 2a (Bntry 2). Bl 5% %2 7 AT ROBFE R
VRIE, 25 LR ILAE T IE AU 77 DDQ (Entry 3). fHER
Hi4%(CAN) (Entry 4). I, (Entry 5). L/UT 3 & LA
(TBHP) (Entry 6)5 K,S,05 (Entry 7), DDQ K205 i
4. A, AT E E DDQ NAMMI KT, KRR
W T 5. AR, AN IR R SLR
R T & . LM% (Entries 9~10). )5, X%
(Psae gt RY] NaH 2R E AN, Lr-RiEaT
NaOH []. Itb4h, DDQ W &5 RV i RIW], o
H ) DDQ JFARESE 1 B~ K (Entry 8). 25 FATIA, &
ATV 245 I a3 SO L 2 D 3,4- = 08 g -2t ]
(0.5 mmol), DDQ (0.5 mmol), NaH (0.5 mmol), 1,4- 4
NIR(S mL) IR, FE IR T SOV 8 h (TLC il s i
SEAT). MRMNRY) 1a BRI INE 5 mmol B, 1% NAT)
AELL 79%IH) 77 %43 374 2a (Entry 11).
F 1 - EEIETRE A R 1,2- e S AR 0 Stk
Table 1 Optimization of reaction conditions for synthesis of

1,2-di(pyrimidin-2-yl)disulfide from 3,4-dihydropyrimidin-2-
thione

7 EtO e N M
conditions €
BOT Y UNH T 7 Vs N (P
By d = s
Me™ N° S Ph N= OFEt
Ph

1a 2a

Entry Reagent (equiv.) Base Solvent Time/h Yield’/%

1 DDQ (1) —  CHy(CL, 8 35
2 DDQ (1) NaOH CH,Cl, 8 65
3 DDQ (1) NaH Dioxane 8 82
4 CAN (1) NaH Dioxane 8 48
5 L (1) NaH Dioxane 8 21
6 I,/TBHP (1) NaH Dioxane 8 25
7 K,S,05 (1) NaH Dioxane 8 Trace
8 DDQ (1.5) NaH Dioxane 8 82
9 DDQ (1) NaH DCM 8 65
10 DDQ (1) NaH CH;CN 8 59
11¢ DDQ (1) NaH Dioxane 8 79

“ Reaction conditions: DHPM (0.5 mmol), DDQ (0.5 mmol), base (0.5 mmol),
solvent (5 mL); ® Isolated yield. ¢ Reaction conditions: DHPM (5 mmol), DDQ
(5 mmol), base (5 mmol), diaoxane (25 mL).

N T RIS T A VA, 7R R IR
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REAET, BAMEF 5 mmol [FEY &, X 8-F3,4-—
SENE2-BR AT N, RN SRR 2 Fios. WK 2
ATCAE Y, TiAE 4-00 5 45 F T 2R (lnox B R 2R 08 (1)
4-75 Fk — A NE 2B B (Entry 5), S SA R TIER
A-T5 FE (AR B SE 0 SR B A ) A e -2- T
(Entries 2~4)#RRETE— 5 ] B A1 SEIL AR A 05 #4015 1A
N Bk, N R A v AT IA ) 84%. (HAB AT LUK,
2 A MENE-2-BRER Y 4-01 55 5 B A AR BUR B (o
CDIF, P=R I E T, KE 59% (Entry 3); Fin, Mg
F) 5-A57 4 48 FR I 2 XA I (Entries 9, 10), BBk 7=
RBALT 5-ML QA HBEEIURI 2. a2, U4
WA -2- B R 1) 4-07 75 J& B A s - 2 A (0 NO,)
W, SN RAE, T5RELL 70%F0 76% 7= 245 A0 N = 4)
(Entries 7, 8). iZyiEit DDQ NEAF 5L T 3.4-
T -2 I ) AT R A R AR B 1,2- T g g
TR, 5OCER AR R . KA B, %k
BA N AR (IR T A7), RSB [RIAE(8 h), 1M
H =W 25 (59% ~ 84%) A . [FIY, 23206 ) B
R 9 nE L 5 Tl 1) 4-05 B-5-Je | H
P JE-6-J5e -3, 4- AN -2- B BSR4 S 4.

2 DDQ AL 3,4- EENEBRE & AL 1,2- - MEE AL
% a

Table 2 Synthesis of 1,2-di(pyrimidin-2-yl)disulfide from 3,4-
dihydropyrimidin-2-thiones oxidized by DDQ

X
RS:_
Z 0
HN Ri_PPQ
)\ | NaH, dioxane
S H R rt.,8h

Entry R' R? R® Product 2 Yield”/%
1 EtO Me H 2a 79
2 EtO Me 4-F 2b 80
3 EtO Me 2-Cl 2¢ 59
4 EtO Me 4-Cl 2d 81
5 EtO Me 4-Me 2e 83
6 EtO Me 4-Br 2f 84
7 EtO Me 3-NO, 2¢g 70
8 EtO Me 4-NO, 2h 76
9 MeO Me H 2i 61

10 MeO 2-Pr H 2j 72

© 2016 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: DHPM (0.5 mmol), DDQ (0.5 mmol), NaH (0.5 mmol),
dioxane (5 mL); ® isolated yield.

TESE T H DDQ %k 3,4- S g -2-f B 4 vt
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SRR, RMNIHATRAEFE DL, R FE S min RIT] 52K, 5
BT PR =M R A Y 2a, 4a A1 5. SHEN
IrE, 2a, 4a F1 5 B2 250108 15%, 58%FH 16%. iR
(2, Y NI R ZEK-E 1 h BRI, (b2 4a
7= 22 B 2 R B, T 2a RIS PSR SR . X T RE
ARG R H—, SR A aittaE s T
AR E YD, =, B da 5 A OB ) A8
g -2-Fhi M =l A 1y 3 i S—S BHAS e e VAR R NV B —
k. SR, Pl 4-4-R I B 3,4- A
WE-2-FR N R S 3 RANE, 53R 2b,
4b 1 5 (7= 518 11%, 61%A1 14% (Eq. 1).

DDQ (1 equiv.) EtO N
NaH (1 equiv.) /
DCM, r.t., 5 min
a k= 4a R =H, 58%
1b,R=F 4b,R=F, 61%
O w0
2a 15%
2b 11% 5, 16% ~ 14%

3,4- A MENE-2-TRE R S S A A NH B g
R T HER B RS NI MG =), ﬁtﬁﬁ%?‘t%
ERIIRN R ARG —. P 2a B, M 2a 1
'H NMR, C NMR, IR. HRMS K MS #4770 85 8. 1k
A 1a 1 IR Y6HE 1 3210 A1 3150 em ™' 407 NH 8145
PRSI, T 2a B A AR SCUETE 2. /E TH NMR (1)
W&, DHPM 1a 7€ 6 7.6, 8.1 M 5.5 &by HlxtR ¥
N3-H. NI-H PAK C4-fi CH FIW i, 7F 2a H 4= 307H
K, RHILRM AL T A N—H fl— C—H fIiiE
SN, 19355 AL EEE 25 4. HRMS FRRHERIE T 75 1)
I 1,2- g B Bk A AE X 21 (m/z 547.1470).
BE—B 1 MS (ESDHTSEERR M, 78 m/z 546 Kb HIEL T
2a 9 F B T8, RIRAE m/z 501, 453, 425, 381, 305,
274, 245 JE I T RE . BR T A0 BTN R g AL,
IIRTF 53 F B8 TG F FE IR A U6 2 m/z 274 JEIOE A
U, TTREE 2a KA S—S BRI ZLME AL I e e I 26
1S U

W, 2a B X G4 ERATT SR fIE T 45
(B 1), BdaORA7 T 9 [ S M i A 25 7 508 o0y, CCDC
5 1444133, HILATAL, 2a 53 FH S—S KN 2.0176
A, B C—S 8K 5N 1.777 A11.788 A, FHIRFEH] —
TRas ) S—S Btk C—S ¥ 5 TWiR, &R E T
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Scheme 3 Possible mechanism of the synthesis of 1,2-di(py-
rimidin-2-yl)disulfide from the oxidative coupling of 3,4-dihy-
dropyrimidin-2-thiones
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LR 1,2- W ek T RREE R A, IR, ien]
1] % B FE AR RS S . TR A
VETRIHE SN S5 AR AN, 77 s o S SLIN )R A A0 0,
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3 XIS
31 E5RH

J8 R E A AL 2R e A B A PR A W) X-4 B R
B IR AN, R B T R R IR R g St R R A
Mercury-400 plus #Z IR 2, CDC1; ¥ 7, Me,Si
NN FR; MS K LCQ Advantage %4 3% 4l 2 ; HRMS
A Bruker Daltonics APEXII 47e FT-ICR spectrometer by
ESL. JIT FH ¥ 700 48 FH A A5 T H BR ok Ak 3, R i3RI
Syprat, 8 AT K TR AL EE, 3,4~ S W g -2- T
S CHR[14)77 1) 4%

32 ZWHE

¥ 3,4- " EBENE-2-BilH(5 mmol), DDQ (5 mmol),
NaH (5 mmol)fl 4 /NFF(25 mL)E T 50 mL KB,
i PR 8 h, RBEEHJE, M 15 mL EAN &
WE R, P R CBEAE(15 mL X 3), A IFFAEEL
W, FHTCKIRBREE T, W% BR 251K ™ i, &4F
EWN LR CBS) - VCAmE)=1 © 10)44b153 2074
3.2 FHIRIEHE

HL[(4- R BE-5- 2 5 FH gt ik -6- Y Ak )-2- i g 6 ] — i
(2a): AEMRAK1.08 g, 79%). mp. 98~99 C; 'H NMR
(400 MHz, CDCl3) d: 7.49 (dd, J=6.4, 1.2 Hz, 4H),
7.37~7.19 (m, 6H), 4.11 (q, J=7.2 Hz, 4H), 2.49 (s, 6H),
0.99 (t, J=7.2 Hz, 6H); *C NMR (100 MHz, CDCl;) ¢:
169.28, 167.88, 166.29, 163.89, 137.01, 130.36, 128.47,
128.40, 122.56, 61.93, 22.62, 13.61; MS m/z: 546, 501,
453, 425, 381, 305, 274, 245; HRMS caled for CogHy Ny
0,S, [M+H]" 547.1468, found 547.1470.

KA [4-(4- R HL)-5- 258 P I s -6- FFY L ]-2- s g ik )
“HEF2b): A7 g 80%). m.p. 122~123 C;
'H NMR (400 MHz, CDCl;) é: 7.56 (dd, J=7.6, 1.2 Hz,
4H), 7.08 (dd, J=7.6, 1.2 Hz, 4H) 4.22 (q, J=7.2 Hz, 4H),
2.56 (d, J=2.0 Hz, 6H), 1.23 (t, J=4.8 Hz, 6H); °C NMR
(101 MHz, CDCly) d: 169.25, 167.77, 166.38, 162.53,
130.62, 130.11, 122.35, 115.76, 115.54, 62.07, 22.63,
13.71. HRMS caled for C,gH,sFoN,O,S, [M + H] ©
583.1280, found 583.1285.
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WA [4-(2- AR HL)-5- £ 58 FH B 2 -6- HH L ]-2- Mg 2k
THREE2c): FAMER0.91 g, 59%). 'TH NMR (400 MHz,
CDCLy) 6: 7.71~7.38 (m, 6H), 7.24~7.16 (m, 2H), 4.04
(q, J=17.2 Hz, 4H), 2.63 (s, 6H), 0.89 (t, J=7.2 Hz, 6H);
C NMR (101 MHz, CDCl;) d: 169.43, 167.45, 166.03,
164.19, 136.96, 132.09, 130.28, 130.06, 129.43, 126.55,
123.14, 61.55, 23.43, 13.37. HRMS calcd for CosHys-
CLN,404S, [M+H]" 615.0689, found 615.0692.

WA [4-(4- TR HL)-5- 58 FH B 2 -6- HH L ]-2- Mg 0k
Tk QRd): AfEAR0.25 g, 81%). mp. 96~98 C; 'H
NMR (400 MHz, CDCLy) 6: 7.43 (dd, J=5.6, 2.0 Hz, 4H),
7.28 (dd, J=5.6, 2.0 Hz, 4H), 4.14 (q, J=5.6 Hz, 4H),
2.49 (s, 6H), 1.06 (t, J=5.6 Hz, 6H); *C NMR (101 MHz,
CDCly) d: 169.36, 167.63, 166.50, 162.51, 136.81, 135.36,
129.78, 128.77, 122.41, 62.12, 22.63, 13.71. HRMS calcd
for CosH,sCLN,04S, [M+H]" 615.0689, found 615.0693.

A [4-(4-F B OR HE)-5- 2 58 W e Ak -6- FEY 6 )-2-ma g
B T Qe): A MR N.19 g 83%). mp. 99~
100 ‘C; 'H NMR (400 MHz, CDCl3) J: 7.38 (d, J=8.2
Hz, 4H), 7.10 (d, J=8.4 Hz, 4H), 4.14 (q, J=7.2 Hz, 4H),
2.47 (s, 6H), 2.29 (s, 6H), 1.05 (t, J=7.2 Hz, 6H); °C
NMR (101 MHz, CDCly) &: 169.13, 168.07, 166.00,
163.65, 140.73, 134.10, 129.17, 128.40, 122.29, 61.87,
22.56, 21.38, 13.69. HRMS calcd for CsoH;N40,S, [M+
H]" 575.1781, found 575.1783.

WA [4-(4-1RIKFE)-5- 2 5 FF Bt 3 -6- FH Rk ] -2- M e 356
TRk AR (1.47 g, 84%). mp. 121~122 C;
'H NMR (400 MHz, CDCly) 0: 7.61~7.50 (m, 4H),
7.46~7.25 (m, 4H), 4.22 (q, J=7.2 Hz, 4H), 2.56 (s, 6H),
1.14 (t, J=7.2 Hz, 6H); >C NMR (100 MHz, CDCl;) §:
169.40, 167.54, 166.49, 162.56, 135.85, 131.70, 129.97,
125.17, 122.39, 62.08, 22.59, 13.70. HRMS calcd for
CasHasBrN,04S, [M+H]" 702.9678, found 702.9675.

R [4-(3-FiF 2 4% 3k )-5- 2, 8 P T O -6- P O )-2- W e
By TR Q2g): A BT g 70%). mp. 122~
124 “C; "H NMR (400 MHz, CDCl;) d: 8.53 (s, 2H), 8.34
(d, J=12 Hz, 2H), 7.92 (d, J=1.2 Hz, 2H), 7.91~7.59
(m, 2H), 4.28 (q, J=6.8 Hz, 4H), 2.64 (s, 6H), 1.18 (t, J=
7.2 Hz, 6H); *C NMR (100 MHz, CDCl;) J: 169.45,
167.29, 167.02, 161.15, 148.13, 138.38, 134.22, 129.57,
124.94, 123.48, 122.67, 62.36, 29.61, 22.81, 13.68. HRMS
caled for CygH,sNgOsS, [M~|—H]+ 637.1170, found
637.1173.

R [4-(3-FiF 3 4% 3k )-5- 2, 8 P T O -6- P O )-2- M e
Hy TEUEE(2h): A SR (.21 g, 76%). mp. 132~

http://sioc-journal.cn/ 1379
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134 °C; '"H NMR (400 MHz, CDCl;) 6: 8.27 (dd, J=7.2,
2.0 Hz, 4H), 7.72 (dd, J=7.2, 2.0 Hz, 4H), 4.23 (q, J=7.2
Hz, 4H), 2.61 (s, 6H), 1.13 (t, J=7.2 Hz, 6H); °C NMR
(100 MHz, CDCly) 6: 169.68, 167.17, 166.98, 148.79,
142.89, 129.49, 123.65, 122.87, 62.42, 29.68, 22.83, 13.73.
HRMS calcd for CogH,sN¢OgS, [M+H]" 637.1170, found
637.1174.

RU[(4- -5 F 40 I - 6- FFY 366 )-2- M e 36 | — Tt ik
(2i): AW FE0.79 g 61%). 133~135 ‘C; 'H NMR
(400 MHz, CDCL3) d: 7.46 (d, J=6.6 Hz, 4H), 7.32 (d, J=
7.2 Hz, 6H), 3.63 (s, 6H), 2.48 (s, 6H); *C NMR (100
MHz, CDCLy) d: 169.61, 168.61, 166.54, 163.9, 137.10,
130.65, 128.73, 128.49, 122.39, 52.82, 22.83. HRMS calcd
for CosH,3N404S, [M+H]" 519.1155, found 519.1151.

RU[(4-2R -5 4 HA I - 6- 5 R 8 ) -2 - g 8 )
B 2j): BRIRYI(1.04 g, 72%). 'H NMR (400 MHz,
CDCLy) 0: 7.54 (dd, J=10, 1.6 Hz, 4H), 7.26~7.52 (m,
6H), 3.71 (s, 6H), 3.04~3.13 (m, 2H), 1.18~1.32 (m,
12H); C NMR (100 MHz, CDsCls) d: 174.10, 169.74,
168.73, 164.11, 137.46, 130.51, 128.79, 128.43, 121.58,
52.82, 33.57, 21.67. HRMS calcd for C3oH3N40,4S, [M+
H]" 575.1781, found 575.1784.

4-F L IR FE[(4- 2K 25 A H I 2 -6- Y R )-2- W g
F ik (4a): TEEARYI(1.14 g, 58%). 'H NMR (400
MHz, CDCl;) 0: 7.54 (d, J=6.0 Hz, 2H), 7.48~7.33 (m,
5H), 7.01 (d, J=8.0 Hz, 2H), 4.09 (q, J=7.2 Hz, 2H), 2.51
(s, 3H), 2.23 (s, 3H), 0.97 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCly) 6: 170.67, 167.85, 166.36, 164.19,
138.34, 137.23, 130.66, 130.37, 129.72, 128.50, 122.59,
61.93, 22.68, 21.17, 13.66. HRMS (ESI) caled for
C,1H5N,0,S, [M+H]" 397.1039, found 397.1041.

4-FH L IR I [(4-FR HE-5- 258 F R -6- FPY 3 )-2- 1
Mg 3 AR (4b): TEEHPIRYI(1.26 g, 731%). 'H NMR
(400 MHz, CDCL3) 8: 7.57 (d, J=8.8 Hz, 2H), 7.46 (d, J=
8.0 Hz, 2H), 7.09~6.95 (m, 4H), 4.14 (q, J=7.2 Hz, 2H),
2.52 (s, 3H), 2.25 (s, 3H), 1.05 (t, J=7.2 Hz, 3H); C
NMR (100 MHz, CDCly) 6: 170.72, 167.80, 166.44,
162.84, 138.35, 133.09, 132.10, 130.50, 129.73, 122.36,
115.78, 62.02, 22.66, 21.15, 13.74. HRMS (ESI) calcd for
CH1oFN,0,8, [M+H]" 415.0945, found 415.0948.

%45 Bh#1 %} (Supporting Information) & =¥ 'H

NMR Fl °C NMR &, 38kl n] LA 2 AT 93l
(http://sioc-journal.cn/) I N %K.
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