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Cuprous Chloride Catalyzed Isomerization of 3-Chloro-1-butene to
Crotyl Chloride
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Abstract The isomerization of 3-chloro-1-butene to crotyl chloride was carried out in the homogeneous catalytic system
containing cuprous salt and dimethylformamide. Factors such as solvent, temperature, and content of catalyst that influence the
reaction were investigated. The type of solvent and content of catalyst had great effect on the isomerization. Equilibrium con-
stant of the title reaction reached 3.88, which was kept for 5 h at 60 C under the optimal condition. The process of isomeri-
zation was monitored with in-sifu FTIR-ATR and the possible reaction mechanism was suggested in this paper.
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Figure 1 Isomerization of 3-chloro-1-butene to crotyl chloride
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Table 1 Effect of various slovents on the title reaction

Entry  Slovent (mmcji/lf 1) (mmcoi/lf 1) Keees
1 DMF 100.9 403.8 4.000
2 F2K 126.9 378.1 2.980
3 Y 158.9 342.1 2.170
4 ¥ 1604 3606 2.240

© 2012 Chinese Chemical Society & SIOC, CAS

“Entries 1~3 245 CB A4 1 mL, Entry 4 CB JIAE N 10 mL, F£rh4
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Figure 2 Coordination of cuprous chloride and dimethylfor-
mamide with 3-chloro-1-butene or 1-chloro-2-butene
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Table 2 Effect of various temperatures on the title reaction

Entry Temperature/ CBY/ ) ccl/ &
C (mmoleL™") (mmol-L™") ceics
1 100 97.40 403.8 4.150
2 80 101.4 407.7 4.020
3 60 100.9 403.8 4.000
4 VKIKH(2) 163.2 338.3 2.070

“}24h CB 1 mL, CuCl10.25 g, DMF 9 mL , 60 C, 5 h. " FH7ik .
2.3 fELFIFER R
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X3 WLUEH, 50 EFEA A&, CuCl 1
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Table 3 Effect of various cuprous salts on the title reaction

b b

Entry  Catalyst (mn?j-I/f 1) (nm?(fl:-I/f 1) Keeres
1 CuCl 103.2 400.1 3.880
2 CuBr 208.4 307.5 1.350
3 Cul 116.3 386.6 3.320

“i24h CB 1 mL, —#4#k 1 mmol, DMF 9 mL, 60 C, 5 h, —Fil ke
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Table 4 Effect of catalyst addition on the title reaction

Entry Amount of CBY/ ccY/ I%

Catalyst/g  (mmoleL™") (mmolsL™") coies
1 2.000 382.9 117.3 0.3060
2 1.000 373.5 127.6 0.3410
3 0.5000 105.0 402.6 3.830
4 0.2500 100.9 403.8 4.000
5 0.1000 103.2 400.4 3.880
6 0.0500 304.0 203.0 0.6670
7 0 432.6 74.63 0.1720

“CB I mL, DMF 9 mL, 60 C, 5h. > 3 Pk FE.
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Table 5 UV determination of different solution
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Entry VIR A TR Amax/ITL ABS 1
1 CuCl+DMF 327 2.560
2 CuCl+CB 325 2.590
3 CuCl+DMF+CB 320 2.440
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Figure 3 Reaction mechanism of cuprous chloride catalyzed
isomerization of 3-chloro-1-butene
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Figure 4 The FTIR-ATR monitored variations of 3-chloro-
1-butene in dimethylformamide in absence of cuprous chloride
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Figure 5 The FTIR-ATR monitored variation of 3-chloro-1-
butene in the cuprous chloride and dimethylformamide

CB 1 mL, CuCl 0.25 g, DMF 9 mL, 60 C, 3 h, deducted DMF and CB
absorbance

B # %} (Supporting Information) 3-%(-1- ] /% (CB)
S R AR ol PR SCORH E JT% 23 B % . X ekl ] LA
He 3 AT R i (http://sioc-journal.cn/) [ N .

B LA RS T A B T R T R T R
A B 27 R 5K R S S (KK ) SR, AR AR R s K
.

References

[11 Xu, K.-X. Handbook of Organic Chemical Materials and Interme-
diates, Liaoning Petrochemical Engineering Technical Information
Master Station, Shenyang, 1989, p. 60 (in Chinese).

(HR5e i), A A T RAH A RARE Y, 74 Ak THAR
s, PhH, 1989, p. 60.)

[2] Kharasch, M. S.; Margolis, E. T.; Mayo, F. R. J. Org. Chem. 1936,
1,393.

[3] Mascavage, L. M.; Dalton, D. R. Tetrahedron Lett. 1991, 32, 3461.

[4] DeWolfe, R. H.; Young, W. G. Chem. Rev. 1956, 56, 753.

[5] Hemmingson, J. A. J. Chem. Soc. B 1971, 1347.

[6] Dittmer, D. C.; Marcantonio, A. F. J. Org. Chem. 1964, 29, 3473.

[7] Winstein, S.; Young, W. G. J. Am. Chem. Soc. 1936, 58, 104.

[8] Kharasch, M. S.; Kritchevsky, J.; Mayo, F. R. J. Org. Chem. 1937,
2, 489.

[9] Lane, J. F.; Fentress, J.; Sherwood Jr, L. T. J. Am. Chem. Soc. 1944,
66, 545.

[10] Yang, L.; Houser, R. P. Inorg. Chem. 2006, 45, 9416.

[11] Chadha, S.; Nelson, W. H.; Emrich, R.; Lindesmith, E. Appl. Spec-
trosc. 1993, 47, 475.

[12] Lu, M.; Wang, S.-W.; Li, J. J. Nanjing Univ. Sci. Technol. 2007,
31, 533 (in Chinese).
(KW, VEKHE, 281, w3 T K 34K, 2007, 31, 533)

[13] Braude, E. A. Quart. Rev. 1950, 4, 419.

[14] Young, W. G.; Winstein, S.; Goering, H. L. J. A4m. Chem. Soc.
1951, 73, 1958.

[15] Puentes, E.; Mamalis, I.; Noels, A. F. J. Catal. 1983, 82, 365.

[16] Mamalis, I.; Grandjean, J.; Noels, A. F. Catal. Today 1987, 1, 59.

[17] Cristol, S. J.; Lee, G. A. J. Am. Chem. Soc. 1969, 91, 7554.

http://sioc-journal.cn/ 797



BHULE MR E R

Filal
[18] Schei, S. H.; Klaeboe, P. Acta Chem. Scand. A 1983, 37, 315. [21] Klemperer, W.; Rice, S. A.; Berry, R. S. J. Am. Chem. Soc. 1957,
[19] Schei, S. H. J. Mol. Struct. 1984, 118, 319. 79, 1810.

[20] Crowder, G. A.; Smyrl, N. J. Mol. Struct. 1971, 10, 373.

(Li, L)

798 http://sioc-journal.cn/ © 2012 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2012, 32, 794~798



4 Bh A4 Kl (Supporting Information)

SRR 3-5-1-THESAH 1-8-2- T BHR

FREMHC  EERY O AERHC HpE  TERC
BERC KIEH o e
(“HETFRFMER S REE 300071)

CiTE R AR RAT HN 450000)

BYPEIZ2S T 3-50-1- T M (CB) A ALAT: i AR C il AT o A 5 R, O ik — 20 B SO R Bl 1) B s e
P, LB 1, 2 2B FRAERRE AR g g 1, BRIE 3~7 JE B o A i .

145
140
135
130
125
120
15
10
105
100

a5

a0

85

80

1840

3.298

E 75
70
® 65
&0
55
El
45
40
35 2
30 :
]
20
15 =)
10 g F E g
s - S S
o 1 2 3 4 5 ]
1] i)
EIS1  ARUEFERES (LB BT B
Figure S1 GC spectrum of normal sample
Retention time: 1.640 min ethanol, 2.315 min CB, 3.298 min CC, 4.348 min n-heptane
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Figure S2  GC spectrum of sample (110617)
Retention time: 1.740 min ethanol, 2.393 min CB, 3.407 min CC, 4.482 min n-heptane, 6.432 min DMF
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Figure S3 Mass spectrum total ions of CB isomerization sample (Solvent DMF, no detection)
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Figure S4 Fragment ion 1 of the sample with different retention time
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Pk# RT Area% Library/ID Ref# CAS# Qual

S 1.24 13.60 C:\DATABASE\WILEY275.L
1-Propene, l-chloro-2-methyl- $5 P 4325000503 -37-1+70
1-Butene, 3-chloro- (CAS) $$ 3-Chl 4315 000563-52-0 50
2-Buten-1-ol (CAS) $$ 2-Butenol $8% 1385 006117-91-5 50

2 1.25 23.88 C:\DATABASE\WILEY275.L
1-Butene, 3-chloro- (CAS) $$ 3-Chl 4315 000563-52-0 91
1-Propene, l-chloro-2-methyl- 55 P 4325 000513-37-1 83
1-Propene, 3-chloro-2-methyl- (CAS 4330 000563-47-3 76

3 1.51 4.53 C:\DATABASE\WILEY275.L

Bicyclobutane $$ Bicyclo[1l.1l.0]but 369 000157-33-5 42

2-Propyn-1-ol, propicnate $$ Propa 10463 001932-92-9 38

1-methyl-2-propenyl methanocate $$ 6537 111515-61-8 38
D:\HPCHEM\l\DATA\ZOll\DJX—ZO.DMon Jun 27510415216 2011 Page 1

B S6 {RRHIIA] 1.25 min HIRE S 2 T H B EK R N CB

Figure S6 Mass spectrum of CB (retention time in 1.25 min) is compared with standard mass spectrum map

1 1.54 49.34 C:\DATABASE\WILEY275.L
1-Propene, 3-chloro-2-methyl- (CAS 4328 000563-47-3 95
1-Butene, 3-chloro- (CAS) 55 3-Chl 4315 000563-52-0 91
2-Butene, 2-chloro- (CAS) %5 2-Chl 4323 004461-41-0 87

5 2.04 32.66 C:\DATABASE\WILEY275.L

CIS-1-METHOXY-2-BUTENE 3434 010034-14-7 78
1,3-Butadiene (CAS) $5 Divinyl $% 364 000106-99-0 64
2-Methyl-2-vinyloxirane 2847 001838-94-4 53

& 2.07 2.16 C:\DATABASE\WILEY275.L
ETHER, DI-3-BUTEN-2-YL $$ l-Butene 17386 006925-74-2 36
2-Propyn-1-ol (CAS) $% Propargyl a 409 000107-19-7 4
Cyclopentane, l-ethyl-3-methyl-, ¢ 11114 002613-66-3 3

7 2.28 0.76 C:\DATABASE\WILEY275.L
ETHER, DI-3-BUTEN-2-YL $$ 1l-Butene 17986 006925-74-2 B3
Orthoformic acid, tri-2-butenyl es 112246 014503-57-2 12
1-Butanethiocl, 3-methyl- (CAS) 53 8288 000541-31-1 9

8 4,04 2.07 C:\DATABASE\WILEY275.L
l-Butene, 3-(2-butenyloxy)- (CAS) 17985 001476-05-7 950
Bis(but-2-enyl) ether 17984 000000-00-0 S50
Orthoformic acid, tri-2-butenyl es 112246 014503-57-2 25

t
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Figure S7 Mass spectrum of CC (retention time in 1.54 min) is compared with standard mass spectrum map
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