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BERTA ) o LAREUK M 0 — Ik oy SOk, BRI A S fRE AL 3R], — H BRI (DMSO) i, 150 C 28 SR T I
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Copper-catalyzed Sulfuration of Norbornene to Synthesize

Tricyclo[ 2.2.1.0%® Jheptane Derivatives

. *
LIU Yuan'?, LONG Xin’, ZOU Sheng’, BAI Yuansheng®*",
WANG Qingyin*’, WANG Gongying’
(1. Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu 610299, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Chengdu Organic Chemistry Co., Ltd., Chinese Academy of Sciences, Chengdu 610299, China)

Abstract: Natural products with tricyclo[2.2.1.0* Theptane structural units display a wide range of
biological activities. Therefore, it is of great significance to develop new methods for the synthesis of
tricyclo[ 2.2.1.0%® Jheptane derivatives. Herein, copper-catalyzed sulfuration of norbornene was studied
and synthesized a series of phenylthiotricyclo[2.2.1.0%¢heptane derivatives. The corresponding
products were finally obtained in the yield of 66%~96%, using norbornene and disulfides as raw
materials, Cul as catalyst, dimethyl sulfoxide(DMSO) as the solvent, reacted at 150 °C for 4 hours
under air. The structures were characterized by "H NMR, *C NMR and HR-MS, and were confirmed
by single crystal structures.This reaction has the advantages of using readily available substrates, cheap
catalyst and simple operation.

Keywords: copper-catalyzed; norbornene; tricyclo[2.2.1.0%¢ Jheptane; disulfide; DMSO
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B-catenin 8 4% MCF-7 #l MDA-MB-231 i
TR TR M2 AR FE 21 SOS Ji
27 R T R DA R S R g e RS
I A 7 S 8 %o 2L U A S O e =
H[2.2.1.0% ) BEbe b M i BB | IR T & 3 A4
B RO R B R FROC HAT R
Ye4 N1k RIE TFZ =3R[2.2.1.0° T Bk
T AR A O 31020 A R R
o FH P 2SRRI = 31 [2.2.1.0% O ] B b 45 44 B
TCo — R HREIK AT A, 01 a0k vk A 4
TR, S ERRE KR A AR 2 R
PR B K 12 5 — 2 U S 3 B P e vk
R T AR MUK T R TR T R
JEARk ] 2 R AT A 1 RO M, B AR =
FR[2.2.1.0% ) PEke T A W 3 B JF0RE .l ad f FH
R VK R 0 0 H Al R AT AR AR (Cn 55 3 R
I gl = g o R T A Y 2 i Ak
P10y B Daﬁt"ﬁk?%ﬁlﬂﬁﬁ%ﬁ%ﬁ@?%

R

[2.2.1.0° 0 PekefiT A= SR, 4 T4l R VK R Hs
RIERE R 2.2.1.0% 0] Bk A W R 18
M A2 3 R UK R 0 RV e B IRk A
SRR AR B C ) = FR[2.2.1.0% ) Bk A M Y
SV IR WARGE

HAAEALTE A —Fh BN AL, A R TE DR
232 NTFTE . ASSCLL Cul HEAL FI AL I UK A
95 TN 75 F L Bk (%) B Ak S, DA HP S5 3 R A
REMT RINFFRRILFCH) =3R[2.2.1.0°° ] Bike
¥y (1), Heg5 2 '"H NMR, °C NMR Al
HR-MS i, bAh , AR SCGEXHE A9 3 64T T AT
A= (1 2)  FEE TR 25

1 SEEERSY

BLE L K

Bruker-400/500 MHz Ui 5 4% % 2L PR 1YL
(CDCl; AR, TMS AR, i G A ) ;
Thermo Scientific Q Exactive Focus % i {¥ (F§

1.1

Cul S R
S (10%, P ity & 53550 @
LE; O/ DMSO(2.0 mL), =
air, 150 °C, 4 h 3a~3h
Comp a c d e f g h
R H 4-Me 4-OMe 4-Br 3-F 4-NO, 4-Cl 3,5-dichloro
Yield/% 96
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Figure 1 Sulfuration of norbornene and aryl disulfide
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Figure 2 Derivatization of compound 3f
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RO REH (P ED AR A ) 5 Bruker D8 Ven-
ture METALJET Ga-Target SC-XRD A7 % (fii
Brnn).

Je PG i S Al sl fh 4l

1.2 ALEthe b

(1) 3a~3h 95 1L (LA 3a Jf])

£ 25.0 mL 20 HRIR A Cul(3.80 mg,
0.02 mmol) , VK F-4% (1, 37.66 mg, 0.40 mmol), —
HREL TR (2a,43.06 mg, 0.20 mmol) A1 I 3
WA (2.0 mL), 7€ 150 °C 233 FHEFES N B84
(TLC KGN . RV 5E4 S BB, H R B
(2.0 mL ) # B S LV, AR J5 A 1R R B 3 K
(10.0 mL) , Z R Z. 16 (3x10.0 mL ) ZEHUA5 24 AL
2 EBHLUEHIZK (3%10.0 mL) AU KA HLE
FHTC K B R Bk 1 B B3 0 /K it R M I sl 7% Bk
VSR AS BIRE ™ o R R R AR S22 B (VB
Ak ) 0977 k2l A5 5 3a.

3a: LEMHRBAK, PR 96%; 'H NMR
(400 MHz, CDCl;) 6: 7.39~7.34(m, 2H),
7.28~7.23(m, 2H), 7.19~7.13(m, 1H), 3.19(s,
1H), 2.02(s, 1H), 1.91(d, J=10.4 Hz, 1H),
1.38(s, 2H), 1.26~1.23(m, 4H); '*C NMR
(101 MHz, CDCl3) 6: 137.2, 129.9, 128.8,
125.9, 53.0, 34.7, 33.0, 30.1, 15.4, 12.4, 10.7;
HR-MS(APClI-ion trap) m/z: caled for C;3H;sS"
{{M+H]"}203.0889, found 203.0889.

3b. LR AR, 7R 81%; 'H NMR
(400 MHz, CDCls) §: 7.31~7.26(m, 2H), 7.08
(d, J=8.0 Hz, 2H), 3.13(s, 1H), 2.31(s, 3H),
1.97(s, 1H), 1.92(d, J=10.4 Hz, 1H), 1.36(s,
2H), 1.25~1.21(m, 4H); *C NMR(101 MHz,
CDCly) d: 136.1, 133.2, 130.9, 129.6, 53.7,
34.7, 33.0, 30.0, 21.1, 15.4, 12.4, 10.7; HR-MS
(APCl-ion trap) m/z: caled for C4H;S" {{M+H]"}
217.1045, found 217.1050,

3¢ AR K, 7% 78%; '"H NMR
(400 MHz, CDCl;) 6: 7.39~7.33(m, 2H),
6.86~6.80(m, 2H), 3.79(s, 3H), 3.04(s, 1H),
1.96~1.91(m, 2H), 1.37~1.30(m, 2H), 1.27~1.23
(m, 4H); *C NMR(101 MHz, CDCl;) §: 159.0,
133.9, 127.1, 114.5, 55.4, 55.1, 34.7, 33.0,
29.9, 15.4, 12.5, 10.6; HR-MS(APCl-ion trap)

m/z: calcd for C4H;OS"{{M+H]"}233.0995,
found 233.0999,

3d . # ORI K, 723 74%; '"H NMR
(400 MHz, CDCly) 6: 7.40~7.33(m, 2H),
7.24~7.17(m, 2H), 3.15(s, 1H), 2.0(t,
J=1.6 Hz, 1H), 1.88(dd, J=10.4 Hz, J=1.6 Hz,
1H), 1.39(s, 2H), 1.27~1.23(m, 4H); *C NMR
(101 MHz, CDCly) d: 136.4, 131.8, 131.4,
119.7, 53.0, 34.6, 33.0, 30.1, 15.3, 12.4, 10.7;
HR-MS(APCI-ion trap) m/z; calcd for C;3H,4BrS"
{{M+H1"1280.9994, found 280.9998

3e. LOMARMAK, =% 83%; 'H NMR
(400 MHz, CDCly) d; 7.24~7.17(m, 1H), 7.13~
7.01(m, 2H), 6.83(td, J=8.4 Hz, J=2.4 Hz,
1H), 3.21(s, 1H), 2.04(s, 1H), 1.87(d,
J=10.8 Hz, 1H), 1.42(s, 2H), 1.28~1.24(m,
4H); *C NMR(101 MHz, CDCl;) §: 162.9(d,
Jer=248.5 Hz), 139.9(d, Jo~=7.1 Hz), 130.0(d,
Je=8.1 Hz), 124.7(d, Jc.p=3.0 Hz), 115.8(d,
Jer=23.2 Hz), 112.5(d, Jcr=22.2 Hz), 52.4,
34.6, 33.0, 30.2, 15.2, 12.4, 10.7; HR-MS
(APCl-ion trap) m/z; caled for CisH,FS™{[M+H]"}
221.0795, found 221.0795,

3f . WA, 72 F 74%, m.p.79~80 C;
'"H NMR (400 MHz, CDCl;) 6: 8.14~8.05(m,
2H), 7.39~7.31(m, 2H), 3.33(s, 1H), 2.14(s,
1H), 1.84(dd, J=10.8 Hz, J=1.6 Hz, 1H),
1.54~1.45(m, 2H), 1.35~1.27(m, 4H); *C NMR
(101 MHz, CDCly) 6. 148.5, 144.9, 126.6,
123.9, 51.0, 34.5, 33.1, 30.4, 15.0, 12.4, 10.8;
HR-MS(APCl-ion trap) m/z; caled for C;3H;sNO,S"
{(M+H]"}248.0740, found 248.0745,

3g. LAOHCRIBAR, 773 83%; 'H NMR
(400 MHz, CDCl;) 6: 7.31~7.26(m, 2H),
7.25~7.21(m, 2H), 3.15(s, 1H), 1.99(s, 1H),
1.88(d, J=10.8 Hz, 1H), 1.39(s, 2H), 1.27~1.23
(m, 4H); *C NMR(101 MHz, CDCl;) §: 135.7,
131.9, 131.3, 128.9, 53.2, 34.6, 33.0, 30.1,
15.3, 12.4, 10.7; HR-MS(APCI-ion trap) m/z:
calcd for Cy3H 4CIS™{[M+H]"}237.0499, found
237.0504.,

3h. & ORI, 7% 66%; 'H NMR
(400 MHz, CDCly) d: 7.18(d, J=2.0 Hz, 2H),
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7.12(t, J=2.0 Hz, 1H), 3.20(s, 1H), 2.05(s,
1H), 1.84(d, J=10.8 Hz, 1H), 1.47~1.40(m,
2H), 1.29~1.24(m, 4H); ">C NMR (101 MHz,
CDCly) d: 141.3, 135.0, 126.6, 125.6, 52.2,
34.6, 33.1, 30.2, 15.1, 12.4, 10.8; HR-MS
(APCl-ion trap) m/z; caled for C3H;sCLS {{M+H]™}
271.0110, found 271.0110,

(2) 4fHIA L

TEZ TR T WA V5 Fig 119 25.0 mL —
RS AR YA 3£(205.00 mg, 0.83 mmol) , &
JKEE 244 (68.00 mg, 0.83 mmol) , KR
(1.6 mL) , e Aad L AL (30%, 434K,
1.6 mL) . KHRGWIMIAE] 60 °C, N 6 he RN
SERJE AR 16 (5.0 mL)Fis BRI 7
WA R SNV (10%, i34, 10.0 mL)BRZ:
Z At ALY, B S KA S AL e i R, 2R
TR (3x10.0 mL) # B, IRE&A U2 RSk
BRI (3%10.0 mL) AEHL, 70 5 A HLAE 2 oK
TREREN T4 R BRI . KL= S hE A
JEAT (BENER) . TR TR - Ak =1:20, V1)
alifbi55) 4f,

af . AR, 23R 76%; "H NMR (400 MHz,
CDCly) d: 8.41(d, J=8.0 Hz, 2H), 8.12(d,
J=8.0 Hz, 2H), 3.02(s, 1H), 2.33~2.66(m,
2H), 1.55~1.53(m, 2H), 1.47~1.39(m, 3H),
1.38~1.30(m, 2H); '*C NMR(101 MHz, CDCl;)
5. 150.8, 145.8, 129.6, 70.3, 34.9, 33.2, 30.4,
12.9, 12.4, 11.6; HR-MS(APCI-ion trap) m/z:
caled for C3H 4NO,S"{{ M+H]"1280.0638, found
280.0640.,

2 GRSt

2.1 R EARACHHT

PIAEA Y1 1 FE A 2a B SR AR Y 2 1,
XF S SR A T T 04 A5 R AR 1 R 2 Al
JH CuBr 4L 5], DMSO WIEHI, 75 150 °C 44
T, RIS RESSIA AT , I H LA 43% 097 2153 H
Frfb A9 3a(Entry 1), HKIRIL N 45 5 AR SCHE
R T H AR B L A5, 2 B Cul A AEAR AL
REAF (Entry 2) . VIR 150 C 5 2
170 C i, 4654 3a (77 3 FF K42t (Entry 8) 4%
TEERER 130 °C IffL&Y) 3a W= R T RES T

®1 R

Table 1 Optimization of reaction conditions

Entry Catalyst Solvent Temperature/C  Yield/%"

1 CuBr DMSO 150 43
2 Cul DMSO 150 96
3 Cu(acac), DMSO 150 TRE
4 CuSCN DMSO 150 39
5 CeCls DMSO 150 TR.®
6 Sc(OTf); DMSO 150 0
7 Yb(OTf); DMSO 150 0
8 Cul DMSO 170 92
9 Cul DMSO 130 67
10 Cul DMF 130 TR.®
11 Cul PhCl 130 0
12 Cul xylene 130 0
13° Cul DMSO 150 52
14¢ Cul DMSO 150 84
15° Cul DMSO 150 75

[ 4544 :1a(0.20 mmol), 2a(0.10 mmol), Catalyst
(10%), Solvent(2.0 mL), Z5 X RN 4 h; ° S B 7=5;
“la:2a=1.0 : 1.0; “la: 2a=1.5 : 1.0; °N, £/ F RS
SJR T,

67% (Entry 9) . [RIEF=5 FE R X KN [ 52 , A%
SO AR AT T IRR 250 (Entries 10~12) &
PAEN , N-—H I Bt (DMF) b AR &A=
A=, T AE R (PhCL) A1 H 2K (Xylene ) 1 R WA
REMEAT , BIr LA S B0 45 R 2 B DMSO 1 s 1o %8R
U AN ARSCETGR 7AW 1 ML G4 2a 1
Y5 A 2 R O (R, A0 A4 1 b &9
2a YA Z M 1.0 1O R 1.5 = 1O RSP~y
W FEZ 52% H1 84% (Entries 13~14), 5 , A X
LT RO AR | A IS S AR LT 1 B
A (Entry 15), UL, SO0 55444 Entry 2.

2.2 JRMIBRSHT

FERfE T RN PR S5 e, %o R g IS —
IRHE TR B R AR LA T T A SR
FW], TR EE TR I O Y R X s
SR, DU & 7= A5 31— R R LU
ZIR[2.2.1.07 BEERTAEY) (3b~3h) . 4 R Ak
- P LBl R D) 78%~81% HY = RG24k
E%) 3b~3¢; RN HL TR OB IRREIAIPEA T,
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Figure 3 Single crystal structure of the compound 4f
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