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C h lo ri n a t ion of Bu ta none 

E. CAMPAIGNE, T. BOSIN, and N. W. JACOBSEN, Indiana University, Bloomington, Ind. 

The chlorination of butanone was investigated. Mono- and dichloro isomers are 
separated by vapor-phase chromatography and identified by NMR spectroscopy. The 
infrared spectra of the chlorobutanones in the C-CI stretching frequency region (670 
to 800 cm.-') is presented as a convenient method of identifying specific isomers. 

A USEFUL intermediate in the preparation of a variety 
of heterocycles (5,  11) is 3-chloro-2-butanone. However, 
an attempt to prepare 4,5-dimethyl-2-aminothiazole from 
this ketone by standard procedures ( I ,  3 )  resulted in an 
intractable mixture of isomers, from which the desired het- 
erocycle was obtained in low yield. Apparently the starting 
ketone was impure. The chemical literature contains numer- 
ous references to the preparation of 3-chlorobutanone by 
the direct chlorination of butanone (2, 6, 8-10, 12, 13). 
In  these methods, purification and separation of the mono- 
and dichloro isomers is achieved by fractional and steam 
( 4 )  distillation, and identitication is often based on the 
preparation of known derivatives from individual fractions 
(2, 13).  

The authors havereinvestigated a number of the methods 
previously described for the preparation of pure 3-chloro- 
2-butanone and made several modifications. Vapor-phase 
chromatography showed that some methods gave mixtures 
of up to five products and that these, in our hands, could 
not be satisfactorily separated by fractional distillation (15). 
All the mono- and dichloro products were separated by 
condensing the fractions from the VPC column. Each frac- 
tion was checked for homogeneity by rechromatographing 
through a second column of different polarity. Subsequent 

identification of the products was made on the basis of 
analysis and NMR spectroscopy. 

The mono- and dichlorobutanones had distinguishable 
infrared adsorption spectra (liquid film) 5 the C-Cl 
stretching frequency region (670 to 800 cm; , see Figure 
1). Once all the products had been identified, this proved 
the most rapid and convenient method of classifying the 
VPC fractions. 

The NMR spectra of the chlorobutanones were simple, 
and generally all features were readily identified. In  the 
case of 3,3-dichlorobutanone (14)  some uncertainty exists 
over the assignment of the Ca-proton signal, but this did 
not prevent the identification of each isomer. An unexpected 
anomaly was found in the spectrum of 1,3-dichlorobutanone. 
The methylene protons on C1 appear as two distinct signals 
(7 = 5.64; 5.70), each integrating for one proton. The steric 
hindrance to free rotation about the C1-C2 bond observed 
in molecular models suggests that the two signals may 
arise from rotational conformations present in the 1,3- 
dichlorobutanone but not in the 1,4-isomer. Alternatively, 
the effect may be caused by the nearness of the asymmetric 
C3 atom. Compounds containing a methylene group 
adjacent to an asymmetric center exhibit nonequivalent 
protons, and in this case only a carbonyl function intervenes. 

Table I. Chloro Derivatives of Butanone 

Method" and Yield' N M R  Signals from Protons at :  Ultravioletd 

Product A B C D E  F c-1 c - 3  c - 4  A,,, w ( l 0 g  e )  

1-Chloro- 28 10 9 6 5 6.05 7.39q (7) 8.90t (7) 283 (1.60) 
3 - C hloro- 49 27 36 88 81 90 7.72 5.80q (6) 291 (1.55) 8.45d (6) 

1,3-D ichloro- 20 63 10 2 4 5.64 5.34q (7) 8.35d (7) 289 (1.51) 

1,4-Dichloro- 2 6.00 6.29t (6) 6.92t (61 275 (1.58) 
3,3-Dichloro- 51 7.47' i .85' 292 (1.64) 
Unidentified 1 3 11 1 

"See experimental section for description of methods A to F. bYields are not percentage of theory, but represent the proportion 
of product isolated. Proton magnetic resonance spectra were measured in carbon tetrachloride using a Varian A-60 spectrometer 
operating a t  60 mc./sec. Chemical shifts are recorded on the T scale relative to an internal tetramethylsilane reference. Unless otherwise 
indicated, values refer to singlet absorptions; for multiple signals the following abbreviations have been used; d = doublet: t = triplet; 
q = quartet; spin-spin coupling values (J) are in parenthesis; values are in cycles per sec. (500 C.P.S. scale). "Spectra measured 
in 9 5 9  ethanol using a Cary Model 14 recording spectrometer. 'Assignment uncertain. 

1,l -Dichloro- 3 4.24 7.13q (7) 8.87t (7) 290 (1.10) 

5.70 
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Figure 1 .  Infrared spectra (liquid film) 
of mono- and dichlorobutanones 

Perkin-Elmer Model 137 spectrophotometer 

EXPERIMENTAL 

Chlorinations were carried out by the methods and varia- 
tions listed below. I n  working up the reaction products, 
the water-insoluble part was washed with water and sodium 
carbonate solution until neutral to Congo red, dried 
(MgS04),  and distilled once at  atmospheric pressure without 
fractionation. The mono- and dichlorobutanones were sep- 
arated by vapor-phase chromatography using an F. and 
M. Model 500 programmed temperature gas chromatograph 
and a 6-foot Carbowax column, temperature-programmed 
when advantageous. The yield of each product was 
estimated by measuring the area under the VPC signal. 

Chlorinations in Aqueous Solution. The method of Kling 
(9) was used with the following variations: (A) The reaction 

temperature was not allowed to exceed 40"C., and (B) 
the maximum reaction temperature was 60" C. 

Chlorinations with Sulfuryl Chloride. These were based on 
earlier methods employed for the chlorination of 
2-pentanone ( 2 ,  3,  14). The following variations were 
introduced: (C) sulfuryl chloride (2 equiv.) added to butan- 
one (1 equiv.) a t  0" to 5" C.; @) sulfuryl chloride (1 equiv.) 
added to butanone (10 equiv.) a t  reflux temperature; (E) 
sulfuryl chloride (I equiv.) added to butanone (1 equiv.) 
in n-pentane solvent (5 volume dilution) a t  25OC.; (F)  
as for E, but a t  0°C. For our purposes, method D or 
F was convenient for the preparation of pure 
3-chlorobutanone in 75 to 80% yields, using a preparative 
gas chromatograph. The percentage distribution of products 
by the various methods, and spectral characteristics of the 
six different products obtained, are summarized in Table 
I. 
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Synthesis and Characterization of Several Schiff Bases 

D. V. LOPIEKES 
Monsanto Research Corp., Boston Laboratory, Everett, Mass. 02 149 

The reaction of a substituted aniline with an aldehyde has been used to prepare 
several new compounds. Yields, melting points, and elemental analyses are given. 

C O M P O U N D S  of the structure R-CH=N-R' have 
been prepared by reacting p-(acetoxymercuri) aniline, 2,4,5- 
trichloroaniline, 3-methylthioaniline, and p-iodoaniline with 
various aldehydes in benzene as described by a published 
procedure ( I ) .  Table I summarizes the yield, melting point, 
and elemental analysis of the compounds prepared. The 
infrared spectra were consistent in each instance with the 

desired structure. All starting materials were used as 
obtained from commercial sources. 

A benzene solution of aldehyde (0.2 mole) and substituted 
aniline (0.2 mole) were refluxed until as close to  the theoreti- 
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