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Synthesis of Polysubstituted Electron-Deficient Cyclobutane via
Michael Addition and Oxidative Cyclization
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Abstract An efficient synthetic method to polysubstituted electron-deficient cyclobutane from simple starting materials was
developed. The key reactions were a Michael addition and an iodine(IIl)-mediated oxidative cyclization. The structure of
product was confirmed by its single-crystal diffraction analysis. A tentative pathway for the oxidative cyclization was pro-
posed.
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Reagents and conditions: (a) 10% NaOH aqueous, 25 C, 91%; (b)
t-BuOK (1 equiv.), Et,0, 25 C, 87%; (c) K,CO3 (0.5 equiv.),
PhEt:NCI (1 equiv.), neat, grind, 76%; (d) discussion in Table 1.

Scheme 1
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Table 1 Screening of conditions for the oxidative cyclization of compound 7

Entry Reagents (equiv.) Solvent Temperature/C Yield/%
1 PhI(OAc), (2)/BuyNBr (2) MeOH 25 0
2 PhI(OAc), (2)/BuyNI (2) MeOH 25 0
3 PhI(OCOCF3), (2)/BuyNI (2) MeOH 25 0
4 PhIO (2)/BuNI (2) MeOH 25 37
5 PhIO (2)/BuyNBr (2) MeOH 25 0
6 PhIO (2)/BuyNI (2) CH,Cl, 25 <5
7 PhIO (2)/BuyNI (2) Toluene 25 <5
8 PhIO (2)/BuyNI (2) THF 25 26
9 PhIO (2)/BuyNI (2) CH;CN 25 48
10 PhIO (2)/BuyNI (2) t-BuOH 25 <5
11 PhIO (2)/BuyNI (2) CF;CH,0H 25 <5
12 PhIO (2)/Bu,NI (2) CH;CN 0 0
13 PhIO (2)/BuyNI (2) CH;CN 50 12
14 PhIO (3)/BuyNI (3) CH;CN 25 66
15 PhIO (4)/BuyNI (4) CH;CN 25 63
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Figure 1 Crystal structure of compound 8
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32,1 3-(4-F)-F -1 - AR (5) 694 A%,

75 25 mL 10% A I In A6 S0 RS
la (1.4 g, 10 mmol)F1 7K Z (1.2 g, 10 mmol), RNAEZE
WA T T, TLC Rl R V585, IR S s%
25 mL, FZ&FHE25 mL)AEE 3 k. S IFAEIOH, H
oK MgSO, T, W ykik4s, 4@l 2 kst v(E
O%) - MR TR =10 : 1154LEH 5 2.2 g, 91%).
T, mp. 114~116 COCERE" mp. 113~117
‘C); 'H NMR (400 MHz, CDCl;) 6: 8.02 (d, J=7.5 Hz,
2H), 7.76 (d, J=15.7 Hz, 1H), 7.58~7.55 (m, 3H), 7.51 ~
1534
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TERARH Z(1.99 g, 10 mmol) ] Z.1¥(30 mL )
IR R ZH6(1.92 g, 12 mmol) AT B4 (1.12
g, 10 mmol). RMVAEZ RS NEEAT, TLC Kl & Y 5¢
Ve IS, DA GALAE 30 mL, FH ZMKQ25 mL)AEHL 3 7K.
BIFRIGH, FCK MeSO, T4, it ugik4s, &mikE
AL VOE C8%) - MR CER) =5 © 1115 6" (2.42
g, 87%). LA, 'TH NMR (400 MHz, CDCl3) J: 7.98
(d, J=7.4 Hz, 2H), 7.58~7.54 (m, 1H), 7.47~7.43 (m,
2H), 4.26~4.18 (m, 4H), 4.08~4.03 (m, 1H), 3.63 (d,
J=17.1 Hz, 2H), 1.29 (t, J=7.1 Hz, 6H).

323 2-(2-RZ-2-F ) THE2[1-(4-F)-F A -3-A
Ze 3 AR AR B TBS(T) 49 AR

R In AL A 5 (242 mg, 1 mmol), L&Y 6
(278 mg, 1 mmol), PhEt;NCI (213 mg, 1 mmol)Flfk e
(50 mg, 0.5 mmol), =il FHFEE 10 min. ARG
¥ 30 mL, H W25 mL)AE 3 K. & IFEBGH, HE
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K MgSO, T, igikds, S&EaikZEAsiuV(ES
$5) - (SR CTR)=5 - 11{HEH 7 (396 mg, 76%).
64K, m.p. 176~178 °C; '"H NMR (400 MHz, CDCl;)
d: 7.64 (d, J=7.6 Hz, 2H), 7.50 (d, J=7.6 Hz, 2H), 7.35~
7.30 (m, 3H), 7.24 (d, J=7.8 Hz, 2H), 7.16~7.10 (m,
5H), 5.13 (d, J=12.3 Hz, 1H), 4.90 (s, 1 H), 4.83 (d, J=
12.3 Hz, 1H), 4.34~4.10 (m, 2H), 3.84~3.79 (m 1H),
3.55~3.48 (m, 2H), 2.85 (d, J=14.4 Hz, 1H), 1.25 (t, J=
7.0 Hz, 3H), 0.79 (t, J=8.6 Hz, 3H); IR (KBr) v: 2969,
1741, 1703, 1665, 1491, 1446 cm '. Anal. caled for
C30H29ClOg: C 69.16, H 5.61; found C 69.14, H 5.60.

324 1,1-=TEsAK-2,3- =R F B A -4-(4-2)- K-
IRT H(8) 85 A%,

AL S 7 (260 mg, 0.5 mmol)f¥] Z 5 (10 mL)
thoin N SE AL PR (330 mg, 1.5 mmol) APy T KL Ak 4%
(554 mg, 1.5 mmol). & MNAE WA T AT, TLC fill
RV SEER TR, IMAMEAGRACHRY 20 mL, H ZM8KQ25
mL)AH 3 k. AIFAIGE, K MgSO, T4, i
W4i, g E A [V(E S%E) @ MGR LTER) =
51119 8 (171 mg, 66%). JualifA&, m.p. 134~136 C;
'H NMR (400 MHz, CDCls) &: 7.76 (d, J=7.6 Hz, 2H),
7.67 (d, J=7.6 Hz, 2H), 7.45 (t, J=7.4 Hz, 1H), 7.36~
7.34 (m, 3H), 7.29~7.21 (m, 6H), 5.46 (d, J=9.6 Hz,
1H), 5.24 (d, J=10.8 Hz, 1H), 4.63 (t, J=10.2 Hz, 1H),
4.05~3.80 (m, 4H), 0.96 (t, J=7.1 Hz, 3H), 0.87 (t, J=
7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) §: 197.4, 196.7,
168.7, 168.4, 137.1, 135.8, 135.5, 133.2, 133.0, 129.1,
128.4, 1282, 128.2, 127.8, 62.1, 61.5, 59.3, 48.4, 44.8,
43.8, 13.5, 13.4; IR (KBr) v: 2976, 1736, 1699, 1660,
1491, 1445 crnfl; HRMS caled for Cs;oHp3ClO¢ ([M+
H]"): 519.1569, found 519.1574.
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