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Catalyst-Free Cyclopropanation of Alkenes with Diazocom-
pounds under Microwave Irradiation
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Abstract Cyclopropane derivatives were prepared by the reaction of diazocompounds and alkene without catalyst under
microwave irradiation, which demonstrated that it is an efficient method in organic chemistry. Compared with traditional metal
catalyzed cyclopropane, this method is convenient and less harmful to environment. A second-order process was involved in

the cyclopropanation as shown by the kinetic study.
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Table 1 Cyclopropanation of diazocompounds with alkenes under microwave irradiation

RICHN, + =\

R2

2
Microwave R
=N, i;

1

R" = Ph, CH30CO, CHyCH,0CO, (CH3)3COCO
R? = Ph, CN, COOCH,CHg, COO(CHj)s, COCH,CH3

Entry  Diazocompound’ Alkene Cyclopropane Yield/% trans : cis® Time/h
1 EDA Acrylonitrile Ethyl 2-cyanocyclopropanecarboxylate 86 46 . 54 3.0
2 EDA Styrene Ethyl 2-phenylcyclopropylcarboxylates 84 61:39 2.0
3 EDA Ethyl acrylate Diethyl 1,2-cyclopropanedicarboxylate 80 56 . 44 2.0
4 EDA tert-Butyl acrylate  fert-Butyl ethyl 1,2-cyclopropanedicarboxylate 84 56 . 44 3.0
5 tBDA Ethyl acrylate tert-Butyl ethyl 1,2-cyclopropanedicarboxylate 78 61 139 1.5
6 tBDA Acrylonitrile tert-Butyl 2-cyanocyclopropanecarboxylate 67 55145 3.5
7 tBDA Styrene tert-Butyl 2-phenylcyclopropane-1-carboxylate 96 34 166 3.0
8 tBDA Ethyl vinyl ketone  tert-Butyl 2-propionyl-cyclopropanecarboxylate 84 69 : 31 3.0
9 MDA Styrene Methyl 2-phenylcyclopropylcarboxylates 80 40 : 60 4.0
10 MDA Acrylonitrile Methyl 2-cyanocyclopropanecarboxylate 83 55145 2.0
11 PDM Acrylonitrile 2-Phenylcyclopropanecarbonitrile 71 60 : 40 2.0
12 PDM Styrene 1,2-Diphenylcyclopropane 69 65 . 35 2.0

“ Reactions were carried out in cyclohexane with 0.01 mol of alkenes and 1.2 equiv. of diazo reagent at 800 W. ® MDA: methyl diazoacetate; EDA: ethyl diazoace-
tate; tBDA: fert-Butyl diazoacetate; PDM: phenyl diazoacetate. ¢ Determined by "H NMR analysis of the crude product. ¢ Determined by 'H NMR and GC-MS.

K2 PRBE N LR R A I AEAS RIS R A PO A B @

Table 2 Cyclopropanation of ethyl diazoacetate (EDA) with acrylonitrile under microwaves irradiation in different solvents

Entry Cyclopropane Yield®/% trans : cis® Solvent
1 Ethyl 2-cyanocyclopropanecarboxylate 86.0 46 : 54 Cyclohexane
2 Ethyl 2-cyanocyclopropanecarboxylate 84.0 42 158 n-Pentane
3 Ethyl 2-cyanocyclopropanecarboxylate 53.7 48 52 THF
4 Ethyl 2-cyanocyclopropanecarboxylate 554 47 153 Acetonitrile
5 Ethyl 2-cyanocyclopropanecarboxylate 48.2 47 153 Ethanol
6 Ethyl 2-cyanocyclopropanecarboxylate 25.8 48 52 Isopropanol

“ Reactions were carried out with 0.01 mol of alkenes and 1.2 equiv. of diazo reagent at 800 W for 3 h. ® Determined by "H NMR analysis of the crude product.
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Figure 1 Kinetics study of cyclopropanation of EDA with sty-

In[(a-x)/(b-x)]/(a-b)

rene under microwave irradiation in 357.31 K
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3.3 REFYIRIERE

1- IR HE2- TR A 5 trans-isomer: 'H NMR
(300 MHz, CDCls) o: 4.20 (q, J/=7.2 Hz, 2H), 2.23~2.29
(m, 1H), 1.91~1.98 (m, 1H), 1.48~1.51 (m, 2H), 1.30 (t,
J=17.2 Hz, 3H). cis-isomer: "H NMR (300 MHz, CDCl5) 6:
4.25 (q, J=7.2 Hz, 2H), 2.08~2.17 (m, 1H), 1.83~1.91
(m, 1H), 1.62~1.70 (m, 1H), 1.38~1.44 (m, 1H), 1.32 (t,
J=17.2 Hz, 3H). GC-MS analysis: G-TA (Temp. program:
initial temp=50 ‘C, 10.00 °C/min, final temp=200 °C),
trans-isomer: t=8.579 min, m/z [M~+H]" caled for
C;H(NO,: 140.071; found 139.969; cis-isomer: t=10.244
min, m/z [M+H]" caled for C;H;(NO,: 140.071; found
139.938.

1- &5 P 3 2- R L R A 42 U trans-isomer: 'H
NMR (300 MHz, CDCly) ¢: 7.07~7.31 (m, 5H), 4.13~
425 (q, J=7.2 Hz, 2H), 2.48~2.61 (m, 1H), 1.87~1.93
(m, 1H), 1.56~1.62 (m, 2H), 1.28~1.30 (t, J=7.2 Hz,
3H). cis-isomer: 'H NMR (300 MHz, CDCly) d: 7.20~
7.28 (m, 5H), 3.83~3.90 (q, J/=7.2 Hz, 2H), 2.03~2.11
(m, 1H), 1.68~1.74 (m, 2H), 1.31~1.35 (t, J=7.2 Hz,
3H), 0.94~1.12 (m, 1H). GC-MS analysis: G-TA (Temp.
program: initial temp=350 °C, 10.00 “C/min, final temp=
200 C), trans-isomer: t=12.974 min, m/z [M+H]"
caled for Ci,H;50,: 191.107; found 191.027; cis-isomer:
t=13.674 min, m/z [M+H] " caled for C;;H;s0:
191.107; found 191.035.

1,2- — LA N5 trans-isomer: 'TH NMR
(300 MHz, CDCl3) o: 4.13~4.18 (q, J=7.2 Hz, 4H),
2.13~2.18 (m, 2H), 1.40~1.45 (m, 2H), 1.27 (t, J=7.2
Hz, 6H). cis-isomer: '"H NMR (300 MHz, CDCl;) o
425~434 (q, J=7.2 Hz, 4H), 2.03~2.08 (m, 2H),
1.31~1.35 (m, 2H), 1.30 (t, J=7.2 Hz, 6H). GC-MS
analysis: G-TA (Temp. program: initial temp=350 C,
10.00 C/min, final temp=200 °C), trans-isomer: t=
11.010 min, m/z [M+H]" caled for CoH;sO4 187.097;
found 187.215; cis-isomer: t=11.363 min, m/z [M+H]"
calcd for CoH;504: 187.097; found 187.172.

1T A -2- SR FE IR N ) trans-isomer:
'H NMR (300 MHz, CDCl;) 6: 4.08~4.16 (q, J=7.2 Hz,
4H), 1.95~2.00 (m, 2H), 1.45 (s, 9H), 1.27~1.31 (t, J=
7.2 Hz, 3H), 1.12~1.21 (m, 2H). cis-isomer: '"H NMR
(300 MHz, CDCl3) 0. 4.18~4.27 (q, J=7.2 Hz, 4H),
2.04~2.12 (m, 2H), 1.50 (s, 9H), 1.33~1.40 (t, J=7.2
Hz, 3H), 1.22~1.30 (m, 2H). GC-MS analysis: G-TA
(Temp. program: initial temp=350 ‘C, 10.00 ‘C/min, final
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temp=200 ‘C), trans-isomer: t=11.498 min, m/z [M+
H]" caled for C,H;0, 215.128; found 215.535; cis-
isomer: =12.731 min, m/z [M+H]" caled for C;;H;40s:
215.128; found 215.066.

- T & B 2- 5 TN LD, grans-isomer: 'H
NMR (300 MHz, CDCls) 6: 2.14~2.20 (m, 1H), 1.82~
1.90 (m, 1H), 1.38~1.50 (m, 2H), 1.46 (s, 9H). cis-isomer:
'"H NMR (300 MHz, CDCl;) d: 1.98~2.05 (m, 1H),
1.74~1.79 (m, 1H), 1.57~1.67 (m, 1H), 1.55 (s, 9H),
1.31~1.38 (m, 1H). GC-MS analysis: G-TA (Temp. pro-
gram: initial temp=>50 C, 10.00 ‘C/min, final temp=
200 C), trans-isomer: t=9.334 min, m/z [M+H]" calcd
for CoH3sNO,: 168.09; found 167.980; cis-isomer: =
10.840 min, m/z [M+H]" caled for CoH3NO,: 168.09;
found 167.977.

1B T SR 2- 2R SE IR e trans-isomer: 'H
NMR (300 MHz, CDCl3) ¢: 6.98~7.13 (m, 5H), 2.32~
2.35 (m, 1H), 1.75 (m, 1H), 1.55 (s, 9H), 1.43 (m, 1H),
1.11~1.30 (m, 1H). cis-isomer: 'H NMR (300 MHz,
CDCly) 0: 7.16~7.34 (m, 5H), 2.39~2.45 (m, 1H), 1.91
(m, 1H), 1.57 (s, 9H), 1.34 (m, 1H), 1.05 (m, 1H). GC-MS
analysis: G-TA (Temp. program: initial temp=350 C,
10.00 C/min, final temp=200 °C), trans-isomer: t=
13.854 min, m/z [M+H]" caled for C14H;40,: 219.139;
found 219.422; cis-isomer: t=15.023 min, m/z [M+H]"
calcd for C4H90,: 219.139; found 219.177.

-0 T AR FE-2- N BEIE IR 4 trans-isomer: 'H
NMR NMR (300 MHz, CDCl) d: 2.60~2.67 (q, J=7.2
Hz, 2H), 2.34~2.40 (m, 1H), 2.05~2.12 (m, 1H), 1.44 (s,
9H), 1.32~1.36 (m, 2H), 1.08 (t, J=7.2 Hz, 3H).
cis-isomer: '"H NMR (300 MHz, CDCl;) §: 2.81~2.89 (q,
J=7.2 Hz, 2H), 2.44~2.54 (m, 1H), 2.14~2.19 (m, 1H),
1.53 (s, 9H), 1.41~1.43 (m, 2H), 1.17 (t, J=7.2 Hz, 3H).
GC-MS analysis: G-TA (Temp. program: initial temp=>50
‘C, 10.00 ‘C/min, final temp=200 °C), trans-isomer: t=
11.183 min, m/z [M+H]" caled for C;;H;o05: 199.133;
found 199.633; cis-isomer: t=11.512 min, m/z [M+H]"
calcd for C;1H;903: 199.133; found 199.047.

1- P4 0 i 2- R L 3R 4 ¢ ') grams-isomer: 'H
NMR (300 MHz, CDCl;) d: 7.01~7.26 (m, 5H), 3.70 (s,
3H), 2.49~2.52 (m, 1H), 1.89~1.92 (m, 1H), 1.56~1.62
(m, 1H), 1.27~1.30 (m, 1H). cis-isomer: 'H NMR (300
MHz, CDCly) J: 7.28~7.41 (m, 5H), 3.76 (s, 3H),
2.52~2.57 (m, 1H), 2.04~2.12 (m, 1H), 1.67~1.73 (m,
1H), 1.31~1.36 (m, 1H). GC-MS analysis: G-TA (Temp.
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program: initial temp=350 °C, 10.00 “C/min, final temp=
200 C), trans-isomer: t=2.152 min, m/z [M+H]" calcd
for C;H;30,: 177.092; found 176.648; cis-isomer: t=
12.910, m/z [M—|—H]+ calcd for C;1H,0,: 177.092; found
176.840.

1- AL 2- L IR ¢ trans-isomer: 'H NMR
(300 MHz, CDCl5) o: 3.75 (s, 3H), 2.12~2.17 (m, 1H),
1.83~1.91 (m, 1H), 1.50~1.57 (m, 1H), 1.21~1.26 (m,
1H). cis-isomer: '"H NMR (300 MHz, CDCl;) J: 3.89 (s,
3H), 2.27~2.32 (m, 1H), 1.93~2.00 (m, 1H), 1.66~1.73
(m, 1H), 1.41~1.46 (m, 1H). GC-MS analysis: G-TA
(Temp. program: initial temp=350 ‘C, 10.00 ‘C/min, final
temp=200 C), trans-isomer: =7.202 min, m/z [M+H]"
calced for CcHgNO,: 126.056; found 126.0743; cis-isomer:
t=9.012, m/z [M+H]" caled for CsHgNO,: 126.056;
found 126.129.

1-UE-2- IR N e trans-isomer: '"H NMR (300
MHz, CDCls) ¢: trans-isomer: 7.01~7.36 (m, 5H), 2.48~
2.52 (m, 1H), 1.70~1.73 (m, 1H), 1.47~1.50 (m, 1H),
1.38~1.43 (m, 1H). cis-isomer: 'H NMR (300 MHz,
CDCly) ¢6: 7.17~7.52 (m, 5H), 2.40~2.43 (m, 1H),
1.48~1.54 (m, 1H), 1.44~1.47 (m, 1H), 1.30~1.37 (m,
1H). GC-MS analysis: G-TA (Temp. program: initial
temp=>50 °C, 10.00 ‘C/min, final temp=200 °C), trans-
isomer: t=12.058 min, m/z [M+H]" caled for C,oH;oN:
144.081; found 143.863; cis-isomer: t=12.507, m/z [M+
H]" caled for CoH oN: 144.081; found 143.883.

1,2- IR K rans-isomer: '"H NMR (300
MHz, CDCl3) o: 7.19~7.36 (m, 10H), 2.04~2.10 (m,
2H), 1.32~1.43 (m, 2H). cis-isomer: '"H NMR (300 MHz,
CDCly) ¢: 6.83~7.30 (m, 10H), 2.37~2.40 (m, 2H),
1.26~1.34 (m, 2H). GC-MS analysis: G-TA (Temp. pro-
gram: initial temp=>50 ‘C, 10.00 ‘C/min, final temp=
200 C), trans-isomer: t=15.114 min, m/z [M+H]" calcd
for C;sH;s: 195.117; found 195.234; cis-isomer: t=16.335,
m/z [M+H]" caled for CisH;s: 195.117; found 195.332.
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