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Synthesis of pyrrolidinyl spirooxindoles through phosphine catalysis
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Abstract: The phoshpine catalyzed organic synthesis has become one of the most efficient and direct
methods for the synthesis of five and six member ring systems. The aldimine has been widely adopted
in the phosphine catalysis because of the highly reactive activity. However, the application of ketimine
is still rarely reported. This paper studied the triphenylphosphine (PPh,) catalyzed [ 3-+2] cyclization
between allenoate and ketimine. The best reaction conditions were achieved through a series of
optimization of reaction catalysts, solvents, temperatures as well as the catalyst loadings. The high
chemical yield was obtained with 0. 1 eq PPh; as catalyst and THF as solvent when the reaction was
performed at room temperature for 0. 5 h. The developed methodology can be applicable to the

synthesis and preparation of a series of 3,2’-pyrrolidinyl spirooxindoles.

KB 2019-01-18

BETA: WiVLA A ARG H (LY17B020003) 5 WiV A B ILAA I 50 H (QID1602024) 5 #i VLB £ 57 be 75
P30 H (F702103H06)

BEEE: S/ 1981 DL WP RN H b BN AL R Y T L. E-mail: chemhanxy@

zust. edu. cn,



214 W TR 4 22 B 2 %31 %

Keywords: phosphine catalysis; ketimine; pyrrolidinyl spirooxindoles

TR 2 A% A AUt 9 800 A 1) A4 8 77 A T P 8 1 o TR R T A5 2% A o vl R AGRR i A C—C
C—N.C—O,C—S 5t S AH R 1) FRAR R A A P00 J7 35 2 3 AF R R 8 #1880k
P T P 58 R R R G R O A B MR L AT AR E o B B H AT R T SN R R B AR TE R AR 5
THE3Z pOL B0 ey i BORARURE R T S AL B 0 . TS E TR R B R AR A TS oo AEEAEHT T
B TRl T e e A B A e R 22 T SO Y T RE L ] I Rt 2 A% P AT R L A g BRI ) R e () AT R R ) R
K 28 AT BRI 098 B S b 3 41 T RAF I BE S 7 & . 78 A OGS J7 58 Wt & e A6 T 90 1Y [ B, 5
B2 RV 22 TC A ML 19 7 P A1 AR 4 2 3, O JH 2 A 1 A e s o 03+ 205 L[4+ 205 A
(4117 SE 3R b S I 0 AF R AT B T R 3 1 2 88 L VF 2 O B 0 T R 8K 7= 0 A 0 3 P Gy F 1
Bt

ML - o - 052 s | g P 248 Ak 5 ) 2 — S AT 8 A ) 0 P RN 8 ) R 1) R SR AR R A 0 S A R A
A PE A ST AME T H I dor - M I R 21 A ) Bk e 4 A e A B R AR G AR ) R R AR A
R A P R E O AT A TR s A% O 5 ) R i -3 T b gt o AR i e [] 4 G T %
A BATT E A [A) B PR AT AR I R 2R s R AR W) . i TS I AR IR 1 AR 2 & A IR S BT Y
AP R BB IS, . K= Chitosenine X /N U £ 1% S BA J 87 09 30 il 48 FHE 5
A= W1k Spirotryprostatin A F1 B i i 410 ] G0 25 3 5 5 . BEL U 40 0 R 30 T L ol R A0 Y
PEDS T AR P88 Srychnofoline i w] DA BH WA [+ i3 240 it A 2401

1 X E 5y

1.1 # R Es
1.1.1 # #
BELL R HETR SEUAA R PR IR0 T TR A e 1 R0 45 24 L 1 R PR R L TR DO AR R L Z TE L
Bt BT CTR O A EESE Y Ry oy A 4l S0 B b T A BRA T
HE ZLATT A 19 Boce- 0 Jie FTIE A75 92 T AR 8 SCHR(15-16 51 7% .
.12 & %
HL 43 BT K- BSA224 S8 [E 3§ 2 1) i 42 A1) 5 % % 2L R AV500 (18 =] A 8 5 28 vl o 45 5 T X
JH60CE ML A A F]D
1.2 REHE
1.2.1 #4444 Boc T4 &
FRAE SCHRL15 ], LA N-Bn §g£L R 51 1-b g Jsokt, mT DLl f 1B 1 75 645 20 H R 1.

O NBoc
Z B[, 12~24 h Z
Boc-N=PPh,+R— | O ———— >Rz | (0]
1-a XN LA-TEAR XN
\ \
1-b Bn I Bn

1 BELLATAE 9 N-Boc M8 (1 il 4%
Fig. 1 Preparation of isatin N-Boc ketimine
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Fig.2 Preparation of 2,3-butadienoic acid benzyl ester
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Fig.3 Phosphine catalyzed [3-+2] cyclization
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Table 1 Condition optimization of phosphine catalysis

e A7 gl Mg/ C B [8] / min fh2E R/ %
1 PPh3 o =R 30 86
2 (p-OMePh), P R Eil 30 83
3 (p-FPh), P 2R = It 60 81
1 MePh, P 2% =R 20 80
5 Me, PhP GiS i 20 75
6 Bu; P o =R 10 73
7 PPh;, P =R 60 69
8 PPh, 7Y 4, WK Mg i 40 78
9 PPh, n: =R 30 75
10 PPh, H A i 60 61
11 PPh, T i 30 79
12 PPh, o 0 120 79
13 PPh; o 40 20 76
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Fig. 5 Substrate extension of phosphine catalyzed [ 3+ 2] cyclization
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3a: UF 86 %0, £ B4 s 45 5 141 ~142 °C,'H NMR(500 MHz, 5k P9 i) §7. 87(d, J =8. 3 Hz,
1H),7.41(t,J=8.1 Hz,1H),7.35(t,J=2.2 Hz,1H),7.34—7.32(m.,3H).,7.27(dd,J=7.5.1. 2 Hz,
1H).7.20(t,J=7.5 Hz,1H),7.17(dd,J=6.6,3.0 Hz,2H),85. 06(d,J=12.5 Hz,1H),4. 99(d, J =
12.6 Hz,1H).4.63(dd,J=18.5,2. 1 Hz,1H),4.53(dd,J=18.5,2.3 Hz,1H),1.62(s,9H),1. 12(s,
9H) ;"*C NMR(126 MHz,ij fbL P9 il ) 8171. 9,160. 4,151. 6,149. 2,141. 3,140. 9,129. 1,129. 4,128. 6,
128.4,128.3,128.1,127.9,124.3,122.9,114. 7,83. 3,80.5,72.5,66. 3,53. 8,27. 4,27. 0; HRMS(ESD)
m/z HiE{E Cy Hyy N, NaO, [M+Na |t =543, 212 5, 52ilj{H =543. 210 2,

3b: % 84 % AWM ;' H NMR (500 MHz, 5 AL ) 87. 74(d, J =8.3 Hz,1H),7.31—7. 28(m,
4H),7.21(dd,J=8.3,1.6 Hz,1H),7. 15—7. 14(m,2H),7. 08(s,1H) ,5. 05(d,J =12. 5 Hz,1H) .4. 97
(d,J=12.6 Hz,1H),4.60(dd,J=18.5,2. 1 Hz,1H),4.50(dd,J=18.5,2.2 Hz,1H),2. 31(s,3H),
1.59(s,9H) ,1. 11 (s, 9H) ;" C NMR (126 MHz, ji L W i) 8173. 5,161. 9,153. 2,150. 7,142, 6,140. 2,
137.0,135.7,135.5,131.3,130.1,129.9,129. 3,124, 8,116.1,84.6,82.0,74.1,67.8,55.3,28.9,28.5,
21.5; HRMS(ESD m/z i {H Cy Hy N, NaO, [M—+Na]" =557. 225 8, 5Zi{l =557. 227 6,

3c: iR 79% , Jo A A" H NMR (500 MHz, i 46 4 i) 87. 84 (d, J =1. 9 Hz, 1H), 7. 35 (4,
J=2.2 Hz,1H).7.33—7.29(m.4H).7. 22(dd.J=8.0.1.9 Hz.1H).7.16(dd.J =6.6.2.9 Hz.2H),
5.07(d,J=12.3 Hz,1H),4. 95(d, J =12. 2 Hz, 1H),4. 61(dd,J =18.5,2. 2 Hz, 1H), 4. 52 (dd,
J=18.5.2.3 Hz,1H),1.61(s,9H) . 1. 13(s,9H) ;*C NMR (126 MHz, /i fL AN E#)6173.1,161.8,153. 0,
150.5,143.80,143. 4,136.8,136.0,129. 97,129. 94,129. 7,129. 6,129. 5,129. 0,125. 8,116. 6,85. 5,
82.3,73.7.68.0,55.4,28.8,28. 6; HRMS(ESD m/z # i C. Hy; CIN,NaO,[M+Na]" =577. 171 2,
SEME =577.172 4,

3d: I 88 %%, 1 e [ 44 5 15 4 153~153.5 °C,' H NMR(500 MHz, ji L N i) 7. 33(t, ] =2. 2 Hz,
1H),7.29—7.27(m,3H),7.23—7. 21 (m,2H),7.16(dd, ] =6. 9,2. 7 Hz,2H),7. 11(d, ] =8. 6 Hz,
1H),5.13(d,J=12.5 Hz,1H) ,4. 98(d.J=12.4 Hz,1H),4. 60(dd,J=18.5,2. 2 Hz,1H),4. 53(dd,
J=18.5,2.3 Hz,1H),1.58(s,9H),1. 16(s,9H) ;'*C NMR (126 MHz, i {8171, 7,160. 3,151. 5,
147.4,142.1,141.6,135.6,128.3,128.0,127.8,125.7,125.7,118.9,117.6,117.4,83.7,80.9,72.9,
66.3,53.0,27.09,27. 04; HRMS(ESD m/z BLi{f Coo Hyi FN,NaO, [ M+ Na]" =561. 200 8, 5Ll {f =
561.202 5,

3e: M 87 %0, LA ;' H NMR (500 MHz, 5 fb N D 87. 78(d, J=8.9 Hz,1H),7. 31 —7.29(m,
4H),7.16(dd,]J=6.6,2.9 Hz,2H),6.95(dd.J=8.9,2.8 Hz,1H),6.88(d,J=2.7 Hz,1H).5. 05(d,
J=12.5 Hz,1H),4.98(d, J =12.5 Hz, 1H),4. 61(dd, J =18.5,2. 1 Hz,1H),4.50(dd, J =18.5,
2.3 Hz,1H),3.77(s,3H),1.59(s,9H),1. 13(s,9H) ;" C NMR (126 MHz, i LN i) §172. 0,160. 4,
157.2,151.70,149. 2,141. 3,135. 5,134. 3,129. 8,128. 4,128. 0,127. 8,115. 7,114. 3,109. 22,109. 0,
83.0,80.5,72.8,66.3,55.1,53.8,27.4,27. 1; HRMS(ESD m/z ¥ i {i Cy Hy N,NaOy [M+Na ] =
573.220 7,52 =573.222 7,

3L 820, LW ' H NMR (500 MHz, 5 AL N i) 87. 27— 7. 25(m,4H) ,7. 10(dd, J =6. 5,
3.1 Hz,2H),7.02 (s, 1H), 6. 87 (s, 1H), 5. 12(d, J =12. 4 Hz,1H),4. 93(d,J=12.5 Hz, 1H),
4.56(dd,J=18.5,2.2 Hz,1H) ,4.49(dd,J =18.6,2. 3 Hz,1H),2. 26 (s,3H),2. 19(s,3H),1. 59(s,
9H),1.13(s, 9H) ;" C NMR(126 MHz, ji /L A fid ) 6173. 0,160. 4,151. 7,149. 3,140. 8,137.1,135. 9,
133.9,132.7,132.6,129.8,128.2,127.9,127. 8,123.3,120. 9,83.3,80.5,73.1,66.1,53.8,27.2,27.0,
19.91,19. 92; HRMS(ESD m/z {8 Cyi Hyg N, NaO, [M+Na ' =571. 241 5,52 =571. 243 0,
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