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Intermolecular [2+2] Cycloaddition of in-situ Generated
Allenylic Esters

Zhao, Lifang Tong, Xiaojuan Zhu, Haitao™ Yang, Desuo Fan, Mingjin
(College of Chemistry and Chemical Engineering, Baoji University of Arts and Sciences, Baoji 721013)

Abstract The development of a convenient and effective [2+2] cycloaddition for the synthesis of highly substituted cyclo-
butanes with excellent selectivity is of great scientific significance. Using p-toluenesulfonic acid monohydrate (TsOH*H,0) as
catalyst and pyridinium chlorochromate (PCC) as oxidant, the intermolecular [2+2] cycloaddition of allenylic esters generated
in-situ from 2-(3-hydroxy-3,3-diphenylprop)benzaldehydes to constructure various cyclobutane compounds is reported. This
protocol has some distinct advantages of mild reaction conditions, atom economy and high regioselectivity. The structures of
relevant products were characterized by '"H NMR, "*C NMR, HRMS and X-ray crystal diffraction. In addition, a possible
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mechanism for this transformation was depicted.
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Scheme 1 [2-+2] cycloadditions and electrophilic spirocyclization of the in situ generated allenylic esters
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Scheme 2 Palladium-catalyzed Sonogashira coupling reaction
and chromium oxidant-promoted [2+2] cycloaddition
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CCDC 58 1422313. Ffifa, VPl 17240 AL, ¥
T R DA R A 7R AR A 7] 6D R RSt S 8 7 2R R 4 )
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Figure 1 X-ray structure of compound 2a
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Table 1 Optimization of reaction conditions for the [2+2] cy-
cloaddition of allenylic esters

Oxidant, acid
—_—

e}
H
. OH solvent, r.t.
X
Ph
Ph

1a

Entry Oxidant (equiv.) Acid (mol%)  Solvent’ Yield*/%

I PDC(2) TsOHH,0 (10) DCM 0
2 PCC() TsOH-H,0 (10) DCM 56
3 DDQ() TsOHH,0 (10) DCM 0
4 K,S,04(2) TsOH-H,0(10) DCM 0
5 PCC(2) CuSOSHO - oy 15

(10
6  PCC(2) AgOAc (10) DCM <5
7 PCC(2) HCI (10) DCM 0
8  PCC(2) — DCM 0
9 PCC(2) TsOH-H,0 (10) DCE  Trace

10 PCC(2) TsOH-H,0 (10) AcOH 36

119 PCC (2) TsOH-H,0 (10) DCM 20
12 PCC (1) TsOH-H,0 (10) DCM 39
13 PCC(2) TsOH-H,0 (5) DCM 40
14 PCC(2) TsOH-H,0 (15) DCM 45

© 2017 Chinese Chemical Society & SIOC, CAS

“ All reactions were run under the following conditions, unless otherwise
indicated: 0.2 mmol of 1a with catalyst, oxidant and 18 mg of silica gel in 2
mL solvent at room temperature. "DCM: CH,Cl,, DCE: CICH,CH,CL. ¢ Iso-
lated yield. “At0 C.
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Table 2 PCC-promoted and TsOH*H,O-catalyzed [2+2] cyclo-
addition reaction of o-arylpropynol benzaldehydes

0] PCC (2 equiv.)
| A H TsOH* H,0 (10 mol%)
// T (18 mg)
R My, bomrt

2a, Ar = Ph, 10 h, 56%

2b, Ar = 4-MeOCgHy, 12 h, 23%
2c, Ar = 4-MeCgHy, 11 h, 35%
2d, Ar = 4-CICgHy4, 11 h, 55%
2e, Ar = 4-FCgHy, 10 h, 57%

2f, R' = 4-F, 11 h, 56%
2g,R'=4-Cl,9h,51%
2h, R' = 5-F, 10 h, 42%
2i, R"=5-Cl, 10 h, 37%

2j, 11 h, 48%

“ All reactions were run under the following conditions: 0.2 mmol of 1 with 0.4
mmol of PCC, 0.02 mmol of TsOH*H,O and 18 mg of silica gel in 2 mL of
DCM (commercially available) at room temperature.

3 MAEUEq. 1), MRHECL SIS sE, HEW T 1% NI
ATREALEE. oL, A 1a MR AR TRV L N R £
—TFK. BEJG, A LR BB T B
FEIHE TR AL TR A HE—254E PCC IMSALTEH]
AR R B, e, W TEOREER TR B
KA 5y F A2+ 2130 10 B = B2 AR B DY e 3R 72 ) 2a
(Scheme 3).
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0.4 mmol)F Cul (2 mol%, 0.2 mmol), #kE:Hi#: 5 min 5,
) SR P H 2R N 0 HE BRI I S2(10.5 mmol)
SRR, Wmsee s, =R AR, EE A
K B2 B2 58 4 J5 NN 10 mL 44T NH,CL VA4 K RN,
T 2 ZEEAE (15 mLX3), &K, Kok, 1
A NaClVEWE, FITC/K NaSO, T, WL e, &2
Mrea e aifb[VOR ) @ V(2R ZB8)=10 © 1143 1.
322 4 2a~2j 494k

£ 15 mL BVEH, HIERY) 1 (0.2 mmol)iE T =&
FGEQ2 mL)H, FHAKKIMARERL (18 mg), TsOH+H,O (10
mol%, 0.02 mmol), PCC (2 equiv, 0.4 mmol), SRJ57E=
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1,1:2,2- 7 (3- ¢ AR FF R IR i )-3,4- — (R B 1 SCHE)
W T ki(2a): #EFEA, 35 mg, 5% 56%. mp. 323~
324 °C; 'H NMR (400 MHz, CDCl3) J: 7.86 (d, J=17.6
Hz, 2H), 7.62 (t, J=7.6 Hz, 2H), 7.55 (d, J=7.6 Hz, 2H),
7.43~7.39 (m, 2H), 7.10 (t, J=7.6 Hz, 2H), 7.01~6.96
(m, 10H), 6.84~6.78 (m, 8H); “C NMR (100 MHz,
CDCly) d: 168.6, 147.1, 141.7, 140.0, 138.8, 134.2, 132.7,
129.6, 129.1, 128.4, 128.4, 127.9, 127.5, 126.4, 125.1,
124.4, 92.4; IR (KBr) v: 3060, 1771, 1583, 1451, 1059,
970 cm'. HRMS (ESI) caled for Cy4HpsNaO4 (M+Na)*
643.1880, found 643.1862.

1,1:2,2- = (3- 57 2R H R ARg ) -3,4- [ (4'-F A28 2K
FEH XA T Hi@2b): EOREAE, 17 mg, F2% 23%.
m.p. 286~287 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.80
(d, J=7.8 Hz, 2H), 7.56~7.51 (m, 4H), 7.36 (d, J=17.6
Hz, 2H), 6.84 (d, J=9.2 Hz, 4H), 6.74 (d, J=7.2 Hz, 4H),
6.48 (d, J=8.8 Hz, 4H), 6.33 (d, J=9.2 Hz, 4H), 3.67 (s,
6H), 3.66 (s, 6H); °*C NMR (100 MHz, CDCl;) J: 168.8,
160.2, 159.5, 146.9, 140.0, 134.0, 133.0, 131.5, 131.1,
130.7, 129.4, 126.6, 124.8, 124.7, 113.3, 112.6, 93.1, 55.4,
55.2; IR (KBr) v: 3023, 1767, 1589, 1462, 1238,973 cm ™ ".
HRMS (ESI) calcd for C43H36NaOg (M—}—Na)+ 763.2302,
found 763.2298.

1,1:2,2- = (3-F AR PRI -3,4- —[ = (4'-H 3k o
R T Se(2¢): B OETE, 24 mg, % 35%. m.p.
304~305 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.04~8.02
(m, 3H), 7.93~7.90 (m, 3H), 7.83 (d, J=8.0 Hz, 1H),
7.59~7.52 (m, 4H), 7.38 (t, J=7.6 Hz, 1H), 6.81~6.76
(m, 4H), 6.67 (d, J=7.6 Hz, 3H), 6.57 (d, J=8.0 Hz, 3H),
2.18 (s, 6H), 2.14 (s, 6H); *C NMR (100 MHz, CDCl;) ¢:
168.8, 147.5, 141.0, 138.2, 138.1, 137.5, 136.2, 134.1,
131.7, 129.6, 129.4, 129.1, 128.5, 127.9, 126.4, 124.9,
124.5, 92.6, 21.2, 21.1; IR (KBr) v: 3021, 1776, 1623,
1503, 1067, 972. HRMS (ESI) calcd for C4sH3sNaO, (M+
Na)® 699.2506, found 699.2496.

1,1:2,2- = (3- 57 2K H R AR ) -3,4- [ (4'-F0) R EL
XA T Be(2d): & (4K, 42 mg, 7% 55%. m.p.
295~296 °C; '"H NMR (400 MHz, CDCl3) 6: 7.72 (d, J=
8.0 Hz, 2H), 7.59~7.54 (m, 4H), 7.40 (t, J=7.6 Hz, 2H),
6.94~6.84 (m, 12H), 6.72 (d, J=7.6 Hz, 4H); *C NMR
(100 MHz, CDCl;) J: 168.2, 145.0, 140.2, 137.9, 136.5,
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135.2, 135.0, 134.4, 130.8, 130.5, 130.0, 128.3, 128.1,
126.6, 125.3, 124.8, 92.7; IR (KBr) v: 3059, 1776, 1595,
1489, 1281, 969 cm™'. HRMS (ESI) caled for CuyHayCly-
NaO, (M+Na)" 779.0321, found 779.0329.

1,1:2,2- (3-S5 K - R R ) )-3,4- [ (45 R 2
NEPA T kE(2e): s AREA, 40 mg, F*% 57%. m.p.
290~291 °C; 'H NMR (400 MHz, CDCL3) 6: 7.74 (d, J=
8.0 Hz, 2H), 7.58~7.54 (m, 4H), 7.38 (t, J=7.6 Hz, 2H),
6.98~6.95 (m, 4H), 6.79~6.76 (m, 4H), 6.67~6.59 (m,
8H); *C NMR (100 MHz, CDCls) d: 168.3, 164.3, 164.1,
161.8, 161.6, 140.0, 135.8, 135.7, 134.5, 134.4, 134.3,
131.4, 131.3, 131.1, 131.0, 129.9, 126.7, 125.2, 124.8,
1152, 115.0, 114.9, 114.7, 92.8; IR (KBr) v: 2953, 1771,
1589, 1492, 1223, 749 cm '. HRMS (ESI) caled for
CysHo4FsNaO4 (M+Na)* 715.1503, found 715.1516.

1,1:2,2- 2 [3-(4-500) 57 2K H R IR i -3,4- (2K R X
AT Bi2f): FHEMK, 37 mg, F5F 56%. m.p. 292~
293 ‘C; 'H NMR (400 MHz, CDCls) 6: 7.54~7.50 (m,
2H), 7.47 (dd, J=7.8, 2.4 Hz, 2H), 7.14~7.06 (m, 4H),
7.03 (t, J=8.0 Hz, 4H), 6.99~6.93 (m, 6H), 6.86~6.79
(m, 8H); *C NMR (100 MHz, CDCl;) d: 167.6, 167.2,
165.1, 149.3, 149.2, 142.6, 139.7, 138.6, 129.7, 129.1,
128.7, 128.6, 128.0, 127.6, 127.5, 127.4, 112.0, 111.8,
91.9; IR (KBr) v: 3052, 1774, 1600, 1478, 1271, 990 cm "
HRMS (ESI) caled for CyHyF,NaO, (M + Na) -
679.1691, found 679.1695.

1,1:2,2- 7 [3-(4-50) 7 AR IR IR A -3,4- — (2K X
FIRT Be(2g): FEOMEIA, 35 mg, 74 51%. m.p. 305~
306 C; 'H NMR (400 MHz, CDCly) d: 7.75 (d, J=2.4
Hz, 2H), 7.43 (d, J=8.4 Hz, 2H), 7.34 (dd, J=8.0, 2.2 Hz,
2H), 7.12~7.08 (m, 2H), 7.05~6.97 (m, 7H), 6.94 (d, J=
7.2 Hz, 3H), 6.87~6.79 (m, 8H); *C NMR (100 MHz,
CDCLy) d: 167.3, 147.8, 142.7, 140.9, 139.6, 138.5, 132.1,
130.5, 129.8, 129.1, 128.7, 128.6, 128.0, 127.5, 126.2,
125.0, 124.9, 92.1; IR (KBr) v: 3056, 1770, 1597, 1448,
1238, 989 cm . HRMS (ESI) caled for Cy44H,6C1,NaOy
(M+Na)" 711.1100, found 711.1110.

1,1:2,2- - [3-(5-50) 7 R IR IR i ]-3,4- — (R F X
IR T Bi2h): FAREK, 27 mg, 75F 42%. m.p. 261~
262 ‘C; '"H NMR (400 MHz, CDCl;) §: 7.74 (dd, J=8.6,
4.4 Hz, 2H), 7.28~7.22 (m, 2H), 7.15 (dd, J=7.2, 2.4 Hz,
2H), 7.12~7.08 (m, 2H), 7.03~6.94 (m, 10H), 6.85~
6.80 (m, 8H); “C NMR (100 MHz, CDCl;) ¢: 167.2,
167.2, 164.6, 162.2, 142.7, 141.4, 139.8, 138.7, 129.7,
129.2, 128.6, 128.6, 128.0, 127.6, 122.2, 121.9, 111.4,

Chin. J. Org. Chem. 2017, 37, 646~651
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111.2, 92.8; IR (KBr) v: 3075, 1763, 1483, 1262, 1090,
910 cm '. HRMS (ESI) caled for CyuHyF,NaO, (M+
Na)* 679.1691, found 679.1688.

1,1:2,2- = [3-(5-50) 5 A R I i 1-3,4- (K X
FOI T RE20): FEEA, 25 mg, % 37%. m.p. 281~
282 “C; '"H NMR (400 MHz, CDCly) d: 7.71 (d, J=8.2
Hz, 2H), 7.52 (dd, J=8.2, 2.0 Hz, 2H), 7.47 (dd, J=2.0,
0.4 Hz, 2H), 7.12 (t, J=7.6 Hz, 2H), 7.04~6.93 (m, 10H),
6.83~6.79 (m, 8H); "C NMR (100 MHz, CDCL) o:
166.9, 144.2, 142.7, 139.7, 138.6, 136.1, 134.4, 132.3,
129.7, 129.2, 128.7, 128.7, 128.3, 128.1, 127.6, 125.9,
1249, 92.7; IR (KBr) v: 3055, 1773, 1590, 1441, 1243,
981 cm'. HRMS (ESI) caled for C4H,Cl,NaO, (M—+
Na)" 711.1100, found 711.1085.

1,1:2,2- (3-S5 A FF IR IR i )-3,4- —[(9-2) F LI 3A
THEQ)): HEOEER, 30 mg, 75FR 48%. m.p. 299~
300 C; 'H NMR (400 MHz, CDCl3) d: 8.00 (d, J=7.2
Hz, 2H), 7.69 (t, J=7.2 Hz, 4H), 7.64~7.56 (m, 6H), 7.40
(d, J=8.0 Hz, 2H), 7.32 (dd, J=13.2, 7.2 Hz, 4H), 7.04 (t,
J=7.6 Hz, 2H), 6.94 (t, J=7.6 Hz, 2H), 6.63 (d, J=8.0
Hz, 2H); “C NMR (100 MHz, CDCl3) §: 168.7, 147.4,
141.4, 141.3, 138.7, 136.7, 136.6, 135.3, 132.7, 130.8,
130.6, 130.2, 128.0, 127.8, 126.0, 125.9, 125.6, 125.2,
123.9, 120.4, 120.1, 91.6; IR (KBr) v: 3060, 1777, 1589,
1465, 1285, 979 cm™'. HRMS (ESI) calcd for Cy44H,,NaO,
(M+Na)" 639.1567, found 639.1575.

4 Bh#1 B} (Supporting Information) 7= 4 i) % 1 A 1%
F A Rl . 3X ek AT DL A B A T I 35 (http://sioc-
journal.cn/) I F#%.
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