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1-Methylimidazolium chlorochromate was prepared by 버e addition of 1-methylimidazole into a solution of chromic trioxide 

in 6M hydrochloric acid and obtained in high yield as bright yellow crystalline s이넌s. The reag은nt was found to be very effec

tive for the oxidation of alcohols and the oxidative cleavage of oximes to the corresponding carbonyl compounds.

Introduction

Since the appearance of Collins reagent in 1968,1 the 

development of new chromium (VI) oxidizing agents for the 

effective and selective oxidation of organic substrates, in par

ticular alcohols, under mild conditions has attracted a great 

deal of continued interest in organic synthesis. In recent 

years, several efficient chromium (VI) reagents such as 

pyridinium chlorochromate,2 pyridinium dichromate,3 and 

2,2,-bipyridinium chlorochromate4 have been introduced to 

improve the selectivity, the mildness and the effectiveness of 

the oxidant species, especially in the oxidation of complex 

and highly sensitive compounds. Although many chromium 

(VI) reagents are available for the oxidation of organic 

substrates,5 they have certain limitations such as instability 

of the reagents, the need of an excess amount of the reagent, 

and poor s이activity to substrates. Therefore, there still ex

ists a need for highly efficient and mild oxidizing agents. 

Recently, we have reported the oxidizing propertie읍 of two 

new chromium (VI) reagents, imidazolium dichromate6 and 

1,1,3,3-tetramethylguanidinium dichromate.7 As part of our 

continuous efforts to develope new efficient oxidizing agents, 

we attempted to prepare imidazolium chlorochromate by the 

addition of imidazole into a solution of 6M hydrochloric acid 

and chromium trioxide at room temperature but no cry

stalline solids formed. Fortunately, we were able to prepare 

crystalline 1-methylimidazolium chlorochrom자e (MIC) 

which is expected to possess similar oxidizing properties 

with pyridinium chlorochromate. This article describes the 

preparation of 1-methylimidazolium chlorochromate and its 

oxidizing properties for alcohols and oximes.

Results and Discussion

Preparation of 1-Methylimidazolium Chlorochro-

jThis paper is dedicated to Professor Nung Min Yoon on the occa

sion of his 60th birthday.

mate. 1 -Methylimidazolium chlorochromate (MIC) was 

prepared by the addition of 1-methylimidazole into a solution 

of chromium trioxide in 6M hydrochloric acid at room tem

perature and obtained in 86% yield as bright yellow cry

stalline solids. The structure of MIC was confirmed by 

elemental analysis and its infrared spectrum. MIC is air 

stable and can be kept at room temperature for a long period 

of time without little decomposition.

Furthermore, MIC is very soluble in most commonly used 

solvents such as methylene chloride, chloroform, ether, and 

N,Nf-dimethylformamide, whereas it is slightly soluble in 

benzene and insoluble in petroleum ether.

Oxidation of Alcohols. Reaction of dodecanol with 1,1 

equiv of the reagent in methylene chloride at room tempera

ture gave dodecanal in an essentially quantitative yield in 12 

h, indicating essentially complete utilization of the oxidant 

species. The reactions was complete within 6 h by the use of 

1.5 equiv of the reagent under the similar conditions. Thus, 

remaining reaction was generally carried out with 1.1 equiv 

of the reagent in methylene chloride at room temperature.

Table I summarizes some experimental results obtained 

in this study and illustrates the efficiency, applicability and 

scope of this method. Under the present condition, alkyl, 

benzylic and allylic alcohols were cleanly oxidized to the cor

responding carbonyl compounds in high yields within 24 h. It 

is noteworthy that the reaction can be performed on organic 

substrates containing acid-labile tetrahydropyranyl ether 

group, although it is expected that the reagent is slightly 

acidic. Furthermore, poor selectivities were observed in the 

selective oxidation of benzylic alcohols in the presence of 

saturated aliphatic alcohols. For instance, reaction of an 1:1 

mixture of benzyl alcohol and nonyl alcohol with 1.1 equiv of 

the reagent in methylene chloride at room temperature in 24
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Table 1. Oxidation of Alcohols with 1-MethyllmidazoHum 
C 이이rochmmat砂

alcohol time, h
isolated 

yield, %

-Qoh 24 94
<5-OH

6 89

决>OH

4b
87

t-C6H5CH = CH-CH2OH 12 82

c6h5ch2oh 9 92

CH3(CH2)10CH2OH 12 98

P-C1-C6H4CH2OH 2.56 97

RH^CHOH 24 87

C6H5CH(OH)CH2(CH2)5CH3 24 87

HO-CH2C 三 ccgo-THP 24 65

geraniol 10 90

“The reaction was carried out with 1.1 equiv of the reagent in 

methylene chloride at room temperature. *1.5 equiv of the reagent 

was used.

h gave an 80:9 mixture of benzaldehyde and nonyl aldehyde. 

Similar results were realized with geraniol and 1-octanol.

Oxidative Cleavage of Oximes and Hydrazones. 
Oximes and hydrazones are synthetically useful functional 

groups and have been utilized as protective groups of the car

bonyl compounds8 and important intermediates for alkyla

tion of the carbonyl compounds.9 Thus, the cleavage of ox

ime and hydrazones to regenerate the carbonyl compounds is 

of considerable interest in organic synthesis. The recovery of 

the carbonyl compounds has classically involved acid hydro

lysis which limits the scope of the reaction for acid-labile 

compounds.8 Thus, new mild methods for the cleavage of ox

imes and hydrazones have been developed. Among many 

methods for this purpose,10 oxidative cleavage of oximes and 

hydrazones with chromium (VI) reagents seems to be the 

method of choice,11 although certain limitations have been 

noted. For instance, deoximation using pyridinium 

chlorochromate reagent requires long reaction times (12-94 

h),12 while the use of pyridinium chlorochromate and 

hydrogen peroxide is not suitable for regeneration of 

aldehydes from aldoximes.13

We have briefly studied the oxidative cleavage of oximes 

and hydrazones with 1-methylimidazolium chlorochromate. 

Table II shows experimental results obtained in the oxidative 

cleavage of oximes and hydrazones. The cleavage of ben

zophenone oxime with 1.2 equiv of the reagent in methylene 

chloride at room temperature proceeded cleanly and rapidly, 

yielding benzophenone in 86% yield in lh, whereas it has 

been known that the reaction was not complete in 1 day us

ing pyridinium chlorochromate.12 Under the present condi

tions, p-methoxybenzaldehyde was cleanly regenerated from 

the corresponding oxime in 74% yield. Similarly, oximes of 

cyclohexanone derivatives were smoothly converted to the 

parent cyclohexanones in good yields.

The oxidative cleavage of N,N1 -dimethylhydrazones was 

carried out with 1.2 equiv of reagent in methylene chloride at 

room temperature. N^^dimethylhydrazones of nonyl 

aldehyde and 4-t-butylcyclohexanone were cleaved to 

generate nonyl aldehyde and 4-t-butylcyclohexanone in 72%

Table 2. Oxidative Cleavage of Oximes with 1-Methyl- 
Imidazolium Chloro아uomated

product time, h
isolated 

yield, %

1 69■O0 O.58 62o° 0.5* 66

0.5 64

0
1 86

C6H5CC6H5
0.弘 88

C6H5CHO 0.56 50

CgHsCOCHs 2.5 93

p-CH3O-C6H4CHO 0.5 74

11 The reaction was carried out with 1.2 equiv of the reagent in 

methylene chloride at room temperature. 61.5 equiv of the reagent 

was used.

and 92% yield, respectively. The cleavage of N,N'-dimethyl- 

hydrazone of 4-t-butylcyclohexanone was complete within 1 

h, whereas that of N,N'-dimethylhydrazone of nonyl 

aldehyde required 10 h at room temperature. However, 

p-toluenesulfonylhydrazones of 4-t-butylcyclohexanone and 

nonyl aldehyde were not oxidatively cleaved with 1-methyl- 

imidazolium chlorochromate and the starting materials were 

recovered unchanged after prolonged stirring for 24 h at 

room temperature. Similarly, 2,4-dinitrophenylhydrazones 

were completely inert to the reagent under the similar condi

tions.

Experimental

】HNMR spectra were recorded with Varian T-60A or FT- 

80A spectrometer and chemical shifts are expressed as g 

units relative to tetramethylsilane. IR spectra were recorded 

on a Perkin-Elmer 267 spectrophotometer. Elemental 

analysis was performed by KRICT. Analytical thin layer 

chromatography was performed on precoated silica gel plate 

(0.25 mm, 60F-254, E. Merck) and silica gel (activity III, 

04526, ICN) was used for column chromatography.

Alcohols employed in this study were commercially 

available and oximes were prepared from the corresponding 

carbonyl compounds by the standard procedure. All the car

bonyl compounds obtained in this study are known com

pounds and their spectral data and physical data were iden

tical with reported data.

Preparation of l>Methylimidazoiium Chlorochro
mate. To a solution of chromic trioxide (10 g, 0.1 mol) in 

6M hydrochloric acid (20 mZ) was slowly added 1-methyli- 

midazole (8.2 g, 0.1 mol) with stirring and precipitated 

yellow-orange solids were collected on a sintered glass fun

nel. The product was dried in vacuo at room temperature for 

1 day to give MIC (18.0 g, 86%). mp, 116-117°C; 】HNMR 

(CDC13) M.60 (s, 3H), 8.15 (s, 2H), 9.45 (s, 1H); IR (KBr) 

940, 900, 760cm-1. Anal. Calcd for C4H7O3N2ClCr: C, 21.98; 

H, 3.23; N, 12, 82. Found: C, 22.00; H, 3.40; N, 12.80.

General Procedure for Oxidation of Alcohols. To a 

solution of an alcohol (2.0 mmol) in methylene chloride (5 ml) 
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was added MIC (2.2 mmol) and the reaction mixture was stir

red at room temperature for the time given in Table I. The 

mixture was evaporated and ethyl ether (40 mZ) was add은d to 

the residue. The supernatant was decanted from the black 

gum and the insoluble residue was washed three times with 

ethyl ether. The ether extracts were concentrated under 

reduced pressure and the crude product was purified by 

distillation.

General Procedure for Oxidative Cleavage of Ox
imes. To a solution of an oxime (2.0 mmol) in methylene 

chloride (5 mZ) was added MIC (2.4 mmol). After being stir

red at room temperature for the time given in Table II, the 

reaction mixture was evaporated and ethyl ether (40 m/) was 

added to the residue. The supernatant was decanted from 

black gum and the insoluble residue was washed three time옹 

with ethyl ether. The combined ether extracts were evapo

rated to dryness and the crude product was purified by distil

lation or by passing through a short column of silica gel.
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Reactions of Ir(C104)(C0)(PPh3)2 with dicyano olefins, ns-NCCH = CHCH2CH2CN (cDClB),切以s-NCCH = CHCH2CH2CN 

(fDClB), ZraMS-NCCH2CH = CHCH2CN (/DC2B), and NCCH2CH2CH2CH2CN (DCB) produce binuclear dicationic iridium (I) 

complexes, [(CO)(PPh3)2Ir-NC-A-CN-Ir(PPh3)2(CO))(ClO4)2 (NC-A-CN = cDClB (la), /DC1B (lb), fDC2B (1c), DCB (Id)). 
Complexes la id react with hydrogen to give binuclear dicationic tetrahydrido iridium (III) compl은xes, [(CO)(PPh3)2(H)2Ir- 

NC-A-CN-Ir(H)2(PPh3)2 (CO)](C1O4)2 (NC-A-CN = cDClB (2a), fDClB (2b), fDC2B (2c), DCB (2d)). Complexes 조a and 흐b 
catalyze the hydrogenation of cDClB and fDClB, respectively to give DCB, while the complex 2c is catalytically active for 

the isomerization of /DC2B to give cDClB and /DC1B and the hydrogenation of ZDC2B to give DCB 잔t 100°C.

Introduction

We recently reported the synthesis and catalytic activities 

of monocyanoolefin complexes of rhodium(I)1 and iridium(I, 

III),2 [ML(CO)(PPh3)2] C1O4 (M = Rh, Ir; L = monocyano

olefins coordinated through the nitrogen atom). It would be 

interesting to compare these monocyanoolefin complexes 

with the corresponding dicyanoolefin complexes. We now 

wish to report the synthesis of new cationic binuclear 

iridium(I) and tetrahydridodiiridium(III) complexes of bridg

ing dicyanides, [(CO)(PPh3)2Ir-NC-A-CN-Ir(PPh3)2(CO)] 

(C1O4)2 (1) and [(CO)(PPh3)2(H)2lr-NC-A-CN-Ir(H)2(PPh3)2 

(CO)] (CK)4)2 (2) (NC-A-CN = 1,4-dicyanobutene and 1,4- 

dicyanobutane), and their catalytic activities for the hydroge

nation and isomerization of NC-A-CN. Attempts to prepare 

the mononuclear complexes,

2 Ir(C104)(C0)(PPh3)2 + NC-A-CN------------ 그
[(CO)(PPh3)2Ir-NC-A-CN-Ir (PPh3)2(CO)] (C1O4)2 (D

1

1 + 2H2------------------------------

[(CO)(PPh3)2(H)2Ir-NC-A-CN-Ir(H)2 (PPh3)2(CO)] (C1O4)2 (2)

2


