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Regioselective Ring-Opening Reaction of Cyclopropene
Carboxylate Promoted by N-Bromosuccinimide

Xu, Lulu® Ye, Qianwen”

Cheng, Dongping™*”

Li, Xiaonian™* Xu, Xiaoliang™*

(“ College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)
(® College of Pharmaceutical, Zhejiang University of Technology, Hangzhou 310014)

Abstract The cyclopropene compound contains an intra carbon-carbon double bond structure, which leads to distinctive
active chemical reactivity due to the large ring tension. In this paper, the N-bromosuccinimide-promoted regioselective ring-
opening of cyclopropene dicarboxylates to give functionalized a.f-unsaturated carboxylic acid ester compounds was studied.

The reaction conditions are mild and the operation is simple.

Keywords cyclopropene dicarboxylate; N-bromosuccinimide; ring-opening reaction

I 2 s /NI AN A SO & 9, ATk T B
KUL i F RS M2 250, SRRk SR Bl
— RIVRFR AL . DA IE R SV N IR A %
PIF=NAEAEW . 2925 ] RAR =) 5 05 T R 356 BN
H, W28 7 EILE AR A0 )2 e, K
5 A I B ) IR T I 20 3 N Bl B U T 55 4
JEANRA (A HLEE TR . A% B &) e AR I s v
A2 BARKIFR N e 284k 515, 1967 4 Welch 5404
T8 TIN5 2R B R AR S B A R AR R R A T
JE; 1998 4E Nakamura PR IE T 3K 9 ) 4 i -5 e 2 41
R 4 TR 2B L e TR 28 R A D s s B2 15 2 Bk & B AL
A, FRAE W R RIS T 3R T I IR IR S 2Rk
EWE s (AR EN . BALEESE) . AL R AR
AHVEERA S B, 1P I R AR IR BT 30 e b A
BT T2 R R B R A A BRI ST, LAk,

BT RS T iaE RS R EEsR, TEmER T K
AEERTR TN, A2 BRI NG RAEY) . B
2B AN, o f- R FIRERER KA A AR A HLA i 2
—REFLA LA (A, UnTE R 0 4 A A T SE B IR
PSR BE AL, 19 21 B 147 B 52 0 I e 05 20, 5
B I R A 30 5 SR 0l 81 St B R T e 7 R i
Wi, SR R R A RN R B A I R AT 3R
TR R R I 2 IR T 3R I ML HEAT T MR Semi e, £
Al WIS R, PL Ir(dFCFsppy),(dtbbpy)PF, R4k,
IR I R BRI R A X IR B AL TT IR, AR O L
RE) o f-AHFRIREE R B Y, 1% BT & et tafh %
HOFE NS I WDt A S VAR SR T 27 W W (Eb
T H AT 48K 2 20nT WG Ak s R 7R ZEAN A% B B IR ]
FEMEAL TR BN, RIEFRATZR T R L5 B 7 vk
SR SLILIA P s R R TE I T PR IRBE. 2T 34 P S il e AL
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BEARRYE, BATX BLARGE AR B 5 1 BT N-IRAR
T B NBS)E I T A RIS SR
TP ONE, A eI B o f- AR IR EE R AL 54

1 &R511R

R UKL BRI I — B (1a) MRS, /£ 1.4
equiv. Selectfluor NEMAIVER T, BLZSE A HILE
TARAM VAT, 53] 7 R Y) 2a (Table 1,
Entry 1), JHEREALTEA, 5 BEUCEN 67%. HETR
NI 7 (Entries 1~7). 2410 — HI . AAER B 4R 3 771
i, 2 % (TLC) R & I35 G AT AT H AR =4 A i
2 DL S e sl DU SRR VR VA TR, ISCREHIL, X 20%
A UL 1,2-Z & ORI, JFoRHE A e 4, HA2
=R /S SN Ak /e S 2 S N
63%; L N,N-—HEEHELIZ(DMF) A 7 S5k Ak 58
4z, HRPEZ L MG SR B 5 34T T AN
ST IR O A S G, B i A O A A R Ak
(Entries 8~10), SRR 5B A Hirr=meE
R, H AR S AFAE R ARAR A )8, DA SRR AN v A ik
FUF, AR R =k R 2. SR E 22 H B A 1)
NBS 8¢ N-SAT I (NCS) 1 A = B 1 48 4L )
(Entries 11~13), £ NBS [Pt L IE1E IR,
R EIE A TE 4, R R 50%. 244N NBS [ 2]
2 equiv.iif, FUEMTLESE &k, B MEBMIIE,
RN AIEUINN 2 equiv. (I4EAL T, SONAK R 448 B
LIAR (T RPNAR R 2 ), HH i TLC S50 nT Wi
SR P 2H R 2 2, DU S B AR 3R R AT RE AR AR T
KEMBEAETT. 4L, NBS /EAMTIH DMF 1R,
2 TLC IBER, WRER T H—7=W), 2itbsr 5= 3|
BRI (70%). BA NCS 1ENEALF, FREAL R K
2 80%, RN = KGN TCiE R, H Tk L NBS
EEMAIIHAEFIBEAT T I i%(Entries 14~17), M5 R
¥4 DMF, [ 24545 L DMF 1E i, LA NBS
TE A

TERAERBLEAT TR, S RMNHAT T IRYIR I, 5%
SN AR ZR B B F(Table 2). 14 56048 A [ 28 S B
IR TR M R TR TG, oK IR AR % it F - 35 ] H 4 3
I, PR EIL 97% (2b), TA)A A P 3 55 4 H 1 [
I, WCRAT LA S 82% (2¢). 4AIAN A _E A T
FEH G & B IR A IS, IS, R
THE ISR ES R) & B R AP iR, 4 RRM,
SR 22 R PR B 2808 B 2 T Avr BEL 80 ot S N R 5 Wi
ANR@b~2j). B TIRARSL ERIHARTE 2 Ak, X FE 2
WHET TR, I IR CEREE, PR RS A
Pem2k), HAESR A BUT HEE RN Y13 2K R
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Table 1 Optimization of reaction conditions

MeOZCACOZMe oxidant )O]\/C\OZMe
= pj CO,Me
Ph solvent, air, r.t.
1a 2a

Entry Oxidant Solvent Yield®/%
1 Selectfluor MeCN 67
2 Selectfluor DMSO 0
3 Selectfluor MeOH 0
4 Selectfluor DCM 20
5 Selectfluor DCE 63
6 Selectfluor THF 22
7 Selectfluor DMF 70
8 (NHy),S,0g MeCN 15
9 Na,S,05 DMF 12
10 K,S,05 DMF 16
11 NBS MeCN 50
12 NBS DMF 70
13 NCS DMF 56
14 NBS DMAC 68
15 NBS THF 40
16 NBS DCM 28
17 NBS DCE 30

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.3 mmol, 1 equiv.), oxidant (0.42 mmol, 1.4
equiv.), solvent (4.5 mL), room temperature, under air. ® Isolated yields.

Tt 1~2m). FATHE R TR — AR R S,
05 B AERUT B IE T RS RS 2R B AR,
JERNEA SN, 44 Selectfluor 1E AEAF S 5 RN
I, WAREA R B AR Y(2n~2p). RATEZR T 7
FEHUCRIE N ZFA AR OGSO, Wy L. mibng 2, nbng
TR M) = Ju AR B =0 KRR R AL, A BERRThHb
K= o3 B, WENy SRR IR I A I B A A3 B FRAT T B
W=,

NTHRZ RNV, AT T — RAER L5
(B 1). ¥Rk Z A 1.5 equiv.ft] TEMPO i, R
e, HAFE] T H—=1, RN 68%, Ui AH
HIL S 5 RN B N JEYE A BT B, 153
FEMICR S BN T0%H1 68%, WA KRS 5 RN, F
NBS ZAbF#eE NIS. ICI DL RLBA SR, B3 T MUESEAL
AR 37%, FE SRR S, AR X L 2 B
g8 S I AR S SCRRYY, TR G S S HLER & NBS SR
N R BRI — oI X, AR 5 7K IO He -3
Y A= e v ik, ok 25— oy FIRAGEAS 2 B A e
W), A NBS H &AR R T

2 #ig

B2, R R S YIE NBS fAE 1T
TRAFMITIRRS, LRHRIERACH af-AAFRIR
BRI EW. NIRRT, SRFIRA, SO JFURHR
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2 EMINE
Table 2 Substrate scope
1 1
R'0,C__CO,R COZR1
g2 = | _NBS, DMF _ Z > CoR!
X air, rt
1
O COOMe O COOMe COOMe COOMe
©)J\)\COOMe ZcooMe \©)J\)\COOMe WCOOMe
OMe
2a, 70% 2b, 97% 2c, 82% 2d, 77%
(o] COOMe (6] COOMe COOMe COOMe
=
/Q)J\)\COOMe COOMe /@Mcoom @MCOOMe
MeO t-Bu C5H11
2e, 77% 2f, 79% 29, 86% 2h, 84%
O COOMe O COOMe O COOEt O COOPr-i
WCOOMe ZcooMe Z COOEt Z NCOOPr-i
(¢]] Br
2i, 79% 2j, 84% 2k, 73% 21, 90%
O COOBu-t o) /COOMe coOMe j\/iOOMe
@MCOOBU ! o MCOOMe n-C4Hg Z>CcooMe
0,
2m, 95% 2n, 0% 20,0% 2p. 0%
NBS, DMF O CO>Me JN S - =H! =\ > | A=
MeO,C.__CO,Me 1.5 equiv. TEMPO _ 2 oA RIS BTN XU AL TR A R A & o i iR
PhA T arrt ~ Ph CO,Me B, SEERERAT . b AR ERE I B [E 245 F AL R A R
9 Y R 7 y
68% 2 HE]; NBS( g b 2350 R, (8 Fo e T ),
A1t ST N, kA —
MeO,C.__COMe O  CO,Me DMF. DMSO ¥ty 5 o8t A A BR A v, BERREE

Oxidant
/E . Ph)]\/k
Ph DMF, r.t.
NBS, O,: 70%; NBS, N,: 68%; NIS, air: 72%

ICI, air: 67%; |5, air: 37%
B1 BRI

Figure 1 Mechanism exploration

CO,Me

W, Fraa e mEe, A RN AR
3 SKEERS
3.1 ESIH

Bruker VANCE III(500MHz)#% 63481, AAs A0
F LA BE(TMS), 7457 CDCly; Varian 1200 Jfi i 5 #4%;
FikA X-4 B4 554, 25 mL Schlenk tube. Synthware
MS-H-Pro " # /11 #£#%. Heidolph ML/HB/G3 Jie#: 2%k
1.

B R A . S B S 2R 9 S Selectfluor
VA FZA; OE. & H k. BEE. & okt 1Y
ZRIR . DMAC. — &350 B i sl 2210 B

Chin. J. Org. Chem. 2019, 39, 2645~2649
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FARM AR HL T FrA e e N R R I A 5 A
FAR(EE)ARA R, BRI R ER BRI 4E SCER 7
V] 25 (1420 dede1.10-12]
32 ZWFHE
fE 25 mL Schlenk M H AN NBS (74.8
mg, 0.42 mmol, 1.4 equiv.), DMF (4.5 mL)PA K& IR —
RIREE(0.3 mmol, 1 equiv.). KNAERE TEIRT, &5
AR RN, F R B (TLC)E B R L. R 58

AJa, FKA S F AR HUE 9451 DMF, & JF Al
M, PR BRI AN T, BE 28R 50, B V(4 it

fit) @ (LR LTR)=4~10 @ 1115274 2.

2-(2-FAR-2- K F W 2.3 N R W g (2a) " 52
mg, F=F 70%. FEOWAK. 'TH NMR (500 MHz, CDCl3) o
7.98~7.96 (m, 2H), 7.90 (s, 1H), 7.66~7.62 (m, 1H),
7.53~7.50 (t, J=7.8 Hz, 2H), 3.90 (s, 3H), 3.83 (s, 3H);
C NMR (126 MHz, CDCl;) d: 188.9, 165.0, 163.2, 136.0,
135.7, 134.3, 129.0, 128.8, 53.3, 52.9; MS (EI) m/z: 248.1
M)

http://sioc-journal.cn/ 2647
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2-[2-(2- AR R R ) 2- AR 2 2 178 — 1 — W I
(2b): 81 mg, F=% 97%. AR, mp. 66.9~69 C(L
BB 66~69 °C); 'H NMR (500 MHz, CDCl;) 6: 7.86
(s, 1H), 7.77~7.75 (m, 1H), 7.56~7.53 (m, 1H), 7.06~
7.00 (m, 2H), 3.93 (s, 3H), 3.88 (s, 3H), 3.84 (s, 3H); "°C
NMR (126 MHz, CDCLy) o: 189.7, 165.5, 163.8, 159.5,
140.0, 135.3, 132.7, 131.1, 126.6, 121.1, 111.8, 55.9, 53.0,
52.7; MS (EI) m/z: 278.0 (M").

2-[2-FEAR-2-(1A] FE 2K 3E) 0 2. 3614 R — s 2e)™:
64.5 mg, 77 82%. F A, 'TH NMR (500 MHz,
CDCl3) 6: 7.89 (s, 1H), 7.77~7.76 (d, J=9.0 Hz, 2H)),
7.45~7.38 (m, 2H), 3.90 (s, 3H), 3.83 (s, 3H), 2.43 (s,
3H); *C NMR (126 MHz, CDCl5) §: 189.0, 165.1, 163.3,
138.9, 136.0, 135.9, 135.8, 135.1, 129.2, 128.8, 126.1,
53.2,52.8,21.3; MS (EI) m/z: 262.0 (M™).

2-[2-FAR-2-Cht 2R 38 0 2, 17 — R — Y B (2d):
60.6 mg, =3 77%. dEAE A, mp. 80.8~82.5 Tk
£ 84~85 "C); 'H NMR (500 MHz, CDCl;) d: 7.88 (s,
1H), 7.88~7.86 (d, J=8.3 Hz, 2H), 7.31~7.29 (d, J=8.0
Hz, 2H), 3.89 (s, 3H), 3.83 (s, 3H), 2.43 (s, 3H); *C NMR
(126 MHz, CDCl;) 6: 188.3, 165.1, 163.3, 145.5, 135.74,
135.70, 133.6, 129.6, 128.9, 53.2, 52.8, 21.8; MS (EI) m/z:
262.0 (M.

2-2-(4-F AR 2-HAR T BTN R HF
(2e)": 64.5 mg, 7K T7%. FOWK. 'H NMR (500
MHz, CDCl;) d: 7.99~7.96 (m, 2H), 7.90 (s, 1H), 7.00~
6.97 (m, 2H), 3.90 (s, 3H), 3.90 (s, 3H), 3.85 (s, 3H); *C
NMR (126 MHz, CDCLy) o: 187.0, 165.3, 164.6, 163.4,
135.7,135.6, 131.3,129.2, 114.3, 55.6, 53.2, 52.8; MS (EI)
m/z: 278.0 (M ).

2-[2-(4- BT IR B )-2- S AR £ L T 1R — 1 fis
@O 72 mg, FEER 79%. FAWA. 'H NMR (500 MHz,
CDCl3) 8: 7.93 (s, 1H), 7.91 (s, 2H), 7.54~7.51 (m, 2H),
3.90 (s, 3H), 3.84 (s, 3H), 1.35 (s, 9H); *C NMR (126
MHz, CDCLy) 6: 188.3, 165.1, 163.3, 158.4, 135.8, 135.7,
133.5, 128.8, 125.9, 53.2, 52.8, 35.3, 31.0; MS (EI) m/z:
304.0 M.

2-[2- AR -2-(4- R FE ZR I W £ 1T R — iR
(2g)!": 82.6 mg, FEK 86%. FEWM. 'H NMR (500
MHz, CDCl;) d: 7.90 (s, 2H), 7.89 (s, 1H), 7.33~7.30 (d,
J=8.4 Hz, 2H), 3.90 (s, 3H), 3.84 (s, 3H), 2.70~2.67 (t,
J=7.8 Hz, 2H), 1.61~1.67 (m, 2H), 1.37~1.30 (m, 4H),
0.91~0.88 (t, J=7.0 Hz, 3H); C NMR (126 MHz,
CDCly) o: 188.3, 165.2, 163.3, 150.4, 135.79, 135.76,
133.8, 129.03, 128.98, 53.2, 52.8, 36.1, 31.4, 30.6, 22.4,

2648 http://sioc-journal.cn/
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13.9; MS (EI) m/z: 318.0 (M").

2-[2-(4- B K 3 )-2- S AR 2357 R — F i (2h) "
67 mg, f7E 84%. TEEA, mp. 98.0~99.4 C(Cik
[TINFEHAR); 'TH NMR (500 MHz, CDCl3) 0: 8.03~
8.00 (m, 2H), 7.86 (s, 1H), 7.22~7.17 (m, 2H), 3.90 (s,
3H), 3.84 (s, 3H); °C NMR (126 MHz, CDCl;) J: 187.3,
167.5, 165.4, 164. 9, 163.1, 136.2, 135.3, 132.49, 132.5,
131.6, 131.5, 116.4, 116.2, 53.3, 52.9; MS (EI) m/z: 266.0
M)

2-[2-(4-F FHL)-2- S AR £ FE A R — R (2i):
67.3 mg, & 79%. #EEFEAE, mp. 109~112 CCCHR
7 76~77 °C); '"H NMR (500 MHz, CDCL3) d: 7.92~
7.90 (d, J=8.7 Hz, 2H), 7.83 (s, 1H), 7.49~7.48 (d,J =
8.6 Hz, 2H), 3.89 (s, 3H), 3.83 (s, 3H); °C NMR (126
MHz, CDCly) d: 187.7, 167.6, 164.8, 163.1, 140.9, 136.3,
135.1, 134.3, 130.1, 129.3, 53.3, 52.9; MS (EI) m/z: 282.0
(M).

2-[2-(4- TR 2K B8 2- S AR 2 RN R — W R (25):
82.8 mg, F7H 84%. FHOMEK, mp. 105~107 COCHR
£1103~105 °C); 'H NMR (500 MHz, CDCl3) 6: 7.84
(s, 1H), 7.84~7.83 (m, 2H), 7.67~7.66 (d, J=8.6 Hz,
2H), 3.90 (s, 3H), 3.84 (s, 3H); “C NMR (126 MHz,
CDCly) o: 188.3, 165.2, 163.3, 158.4, 135.80, 135.76,
133.5, 128.8, 126.0, 53.2, 52.8, 35.3, 31.0; MS (EI) m/z:
326.0 M.

2-(2-5MR-2- R 2.3 R — Z B2k 60.3
mg, 73 73%. FHEOHE. 'TH NMR (500 MHz, CDCL) 4
7.98~7.97 (m, 2H), 7.85 (s, 1H), 7.65~7.62 (m, 1H),
7.53~7.50 (t, J=7.8 Hz, 2H), 4.38~7.33 (m, 2H), 4.31~
427 (m, 2H), 1.37~1.35 (t, J=7.1 Hz, 3H), 1.27~1.24 (t,
J=17.2 Hz, 3H); “C NMR (126 MHz, CDCl;) d: 189.2,
164.4, 162.9, 136.4, 136.1, 135.4, 134.2, 1289, 128.8,
62.4,61.9,14.0, 13.7; MS (El) m/z: 276.0 (M").

- IR 2-05-1,1- R B — RN 81.8
mg, & 90%. FEOWAK. 'TH NMR (500 MHz, CDCl5) o
7.99~7.97 (m, 2H), 7.80 (s, 1H), 7.64~7.61 (m, 1H),
7.52~7.49 (t, J=7.8 Hz, 2H), 5.23~5.16 (m, 2H), 1.34
(s, 3H), 1.33 (s, 3H), 1.27 (s, 3H), 1.25 (s, 3H); "C NMR
(126 MHz, CDCLy) 6: 189.2, 164.0, 162.5, 137.2, 136.2,
134.8, 134.1, 128.9, 128.8, 70.3, 69.6, 21.6, 21.4; MS (EI)
m/z: 304.1 (M ).

2-(2-5R-2-ZK . 2.3 R —RUT B 95 mg,
FEER 95%. WA, 'TH NMR (500 MHz, CDCly) o:
7.99~7.97 (m, 2H), 7.66 (s, 1H), 7.63~7.60 (m, 1H),
7.52~7.49 (t, J=17.8, 2H), 1.56 (s, 9H), 1.47 (s, 9H); "*C

Chin. J. Org. Chem. 2019, 39, 2645~2649
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NMR (126 MHz, CDCLy) o: 189.6, 163.6, 162.2, 138.8,
136.4, 133.9, 133.4, 128.9, 128.8, 83.2, 83.0, 27.9, 27.8;
MS (EI) m/z: 276.1 (M' —Bu).

45 BIi#1EL(Supporting Information)

Hizfe & 'H

NMR F1 °C NMR B [&]. X Stk a] L G 3 AT 93
(http://sioc-journal.cn/) .~ #X.
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