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directly compared our oxidant with previous prepara- 
tions, except in the case of the nitrogen compounds men- 
tioned above, it remains for interested investigators to 
determine its suitability for various specific purposes. 

Experimental Section 

A.-A solution of 20 g of potassium permanganate in 250 ml 
of water contained in a 600-ml beaker was heated to the boiling 
point, removed from the source of heat, and treated portionwise 
over 5-7 min with 6.25 g of activated carbon.’ The frothing 
was allowed to subside between additions. After complete 
addition of the carbon the mixture was boiled for 2-4 min until 
the purple color was completely discharged, allowed to stand at 
room temperature for 10-15 min and filtered on a Buchner 
funnel. The precipitate was washed four times with 50-ml 
portions of water and spread out to dry in the air. The air- 
dried material amounted to 22.2 g. After drying in an oven at  
105-110° for 8-24 hr, the weight dropped to 18.7 g. After 
either air- or oven-drying, the oxidant was obtained as a fine 
powder which could be used directly without grinding. 

B.-A solution of 20 g of potassium permanganate in 250 ml 
of water was stirred a t  room temperature with 10 g of activated 
carbon for 16 hr. Filtration and drying as in A gave 26.5 g of 
the air-dried or 22.2 g of the oven-dried oxidant. 

Registry No.-Manganese dioxide, 1313-13-9 ; carbon 
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(7) Since i t  was on the shelf a t  the  time this work was initiated, we have 
generally used activated carbon supplied by  the J. T. Baker Co., Phillips- 
burg, N. J. Unfortunately this material, which proved t o  be the  most active 
of all the carbon samples tested, was subsequently removed from the market. 
Some commercia1 samples of activated carbon were oornpletely unreactive 
toward permanganate under the conditions studied. Of the various carbons 
tested t o  date, Nuchar C-lQON appeared t o  give the best results, nearly 
comparable t o  those obtained with the J. T. Baker material. I n  general the  
”fluffy” carbons are effective whereas the dense ones are not. Effective, 
although yielding an oxidant less active than tha t  obtained from J. T. Baker 
or Nuchar C-1QON (possibly an advantage in the oxidation of some nitrogen 
compounds), were the following: Darco 0-60 and Mallinckrodt USP. 
Ineffective were Fisher C-263 and Norit-neutral. 
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During the attempted synthesis of pyruvyl cyanide 
and benzoyl formyl cyanide from the reaction of the cor- 
responding acyl chlorides (I and 11) with cuprous cya- 

R-(!!d!-Cl-+ R-C-CN + CO 

0 0  0 
CuCN 11 

nide, a reaction purported to be successful with other 
acid halides,2a-c i t  was found that only acetyl cyanide or 
benzoyl cyanide could be obtained. Since both benzoyl 
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chloride and acetyl chloride will form acyl cyanides 
under these conditions,2 the fragmentation of the cor- 
responding keto acyl chlorides to form their acid chlo- 
rides was investigated. 

Carbon tetrachloride solutions (0.2 M) of I were 
shown to undergo a free-radical chain fragmentation to 
yield acetyl chloride. The fragmentation could be 
initiated thermally (140”), or, under conditions where 
the keto acid chloride was stable, I could be converted 
to its acid chloride by photolysis (40’)) by trace initia- 
tion with benzoyl peroxide (5%, 98”), or with AIBN 
(3%, 40”). 

On the basis of its initiation by light and by benzoyl 
peroxide or AIBN the fragmentation reaction can be 
postulated as a chain sequencea (Scheme I). 

SCHEME I 
I n ’  + CH3COCOCl --j CHICOCO. + InCl 

CHsCOCO. + CHsCO. + CO 
CHaCO- + CHaCOCOCl + CHaCOCl + CHsCOCO. 

I n  cyclohexane the reaction took a somewhat differ- 
ent course; not only was acetyl chloride produced but 
also a series of radical displacement reactions on I 
yielded as products cyclohexanecarboxylic acid chlo- 
ride, cyclohexyl methyl ketone, and cyclohexyl chlo- 
ride (see Table I). In  addition to the products listed 

TABLE I 
PRODUCTS FROM THE INITIATED REACTION OF PYRUVYL 

CHLORIDE (0.2 M)  I N  CYCLOHEXANE 
-Products, %--- 

Temp, CH8- C6H11- C6HI1- 
Initiator ‘C COCl COCHs COCl C6HiiCl 

Benzoylperoxide (5%) 98 50.3 10.0 39.5 3.0 
Light 40 54.3 10.2 35.5 5 .0  
AIBN (8%) 40 75 3 17 Trace 

in Table I, a significant quantity of gaseous mate- 
rial was produced during the reaction. These products 
could be fractionated by standard vacuum line proce- 
dures. Analysis of the gaseous products obtained from 
the photoinduced reaction of a solution of pyruvyl chlo- 
ride (1.00 mmol) in cyclohexane (see Table I) showed 
hydrogen chloride (0.10 mmol), methane (0.41 mmol), 
and carbon monoxide (1.00 mmol). A combination of 
the yields of both the gaseous and nongaseous products 
constituted, within experimental limits, a quantitative 
material balance for the initial pyruvyl chloride. 

On the basis of the products, the excellent material 
balance obtained, and the trace initiation observed, 
and by analogy to  the reactions in cyclohexane of this 
system with those of oxalyl chloride4 and biacetyh6 the 
following chain propagating steps are proposed to ration- 
alize the observed reactions (see Scheme 11). The in- 
clusion in the mechanism of the propagation steps con- 
tained in Scheme I with those of Scheme I1 constitutes 
a plausible explanation for the initiated reactions of 
pyruvyl chloride in cyclohexane. 

The competitive attack of the cyclohexyl radical on 
the carbonyl adjacent to  the electron-donating methyl 

(3) The possible inclusion of a chain transfer sequence with solvent has 
been suggested by the referee t o  account for the smooth oonversion of I t o  
acetyl ohloride. 

(4) M. 8. Kharasch and H.  C. Brown, J. Amer. Chem. Soc., 64,329 (1942). 
(6) W. G. Bentrude and K. R. Darnall, i b i d . ,  BO, 3588 (1968). 



NOTES J .  Org. Chem., Vol. 36, No. 11, 1970 3973 

SCHEME I1 
Step a 

B = C6HIl 
0 0  a 0 0  

It* + CHadbCl --t C H a M a  
I 

R 
-0 0 0 

c! I I1 
I 

CHaCCCl + R CHa + CO + C1. 

R 
Step b 

0 0 .  0 0 

Step c 

group or upon the one adjacent to the electron-with- 
drawing chlorine, is reflected, if one assumes that the ad- 
dition of the cyclohexyl radical to either carbonyl is irre- 
versible, in the ratio of carbonyl substituted cyclohex- 
anes found. The preference for the addition of the 
alkyl radical to the electron deficient carbonyl is evident 
from the 1 : 3.0 ratio of cyclohexyl methyl ketone-cyclo- 
hexyl carboxylic acid chloride, the products obtained 
from the @-scisson of the corresponding radicak6 

Solutions of benzoylformyl chloride (0.2 M )  in chloro- 
benzene at  120" were quantitatively converted to  ben- 
zoyl chloride and carbon monoxide. This reaction 
could not be inhibited with iodine (5%), 1,3,5-trinitro- 
benzene (5%) ,  or with molecular oxygen. Under con- 
ditions where the keto acid chloride (11) was found to be 
stable, 80°, in oxygen-free solutions of carbon tetrachlo- 
ride or chlorobenzene, neither photolysis nor small 
amounts of benzoyl peroxide (5%) or AIBN (5%) initi- 
ated the fragmentation. In  degassed solutions of cyclo- 
hexane, benzoylformyl chloride (0.2 M )  could be initi- 
ated with 20% benzoyl peroxide to give low yields of 
cyclohexyl chloride ( 1Oyc), cyclohexylcarbonyl chloride 
( 5 7 3 ,  and benzoyl chloride (10-157c) as the only iden- 
tifiable volatile products other than the unreacted keto 
acid chloride. Prolonged photolysis (5  days, 40') of 
the same solutions yielded almost identical results. 

Contrary to the results obtained with pyruvyl chlo- 
ride, attempts to initiate the radical chain fragmenta- 
tion of I1 either chemically or photochemically were 
unsuccessful, and the thermal fragmentation was not 
inhibited by several common inhibitors. These results 
suggest that the thermal fragmentation of I1 may not be 
a free-radical chain reaction but may be a molecular de- 
composition, although only negative evidence supports 
this proposal. 

It was instructive to note that the initiated reactions 
of I1 in cyclohexane, although definitely not long-chain 

(0) An investigation is now in progress on the electronic effects operative 
private communioation from Profes- in similar carbonyl addition reactions: 

sor W. G .  Bentrude. 

processes, did produce cyclohexylcarbonyl chloride re- 
sulting, presumably, from attack of a cyclohexyl radical 
on I1 at  the carbonyl adjacent to the electron-with- 
drawing chloride. This behavior is consistent with the 
observed preference for attack of the cyclohexyl radical 
a t  the more electron-deficient carbonyl group of I. The 
lack of product, cyclohexyl phenyl ketone, resulting 
from an attack of the radical on the carbonyl adjacent 
to  the phenyl group is likewise in keeping with the ab- 
sence of a similar type of radical addition @ scission re- 
ported for the attempted initiated reaction of benzil 
with cyclohexane.6 

Experimental Section 

Materials.-Cyclohexane (Philips research grade) was used 
without further purification. Carbon tetrachloride, reagent 
grade, was distilled before use. All reagents were checked for 
purity by glpc using a 10 ft X 0.25 in. stainless steel column 
packed with 10% SE-30 on Chromosorb W. All of the analyses 
in this study were carried out with this column. 

Pyruvyl Chloride (I).-To a cold, 0' mixture of anhydrous 
sodium carbonate (10.6 g, 0.1 mol), anhydrous dimethylform- 
amide (0.1 ml), and pyruvic acid (17.6 g, 0.2 mol) in 125 ml 
of dry ether was slowly added (2 hr), a solution of oxalyl chloride 
(25.4 g, 0.2 mol) in 25 ml of dry ether. This reaction mixture 
was then allowed to warm to room temperature and was stirred 
for 24 hr. The reaction mixture was filtered and the filtrate 
was fractionated using a teflon annular spinning-band column. 
The fraction boiling a t  75-80' (lit.? bp 75-80') was pyruvyl 
chloride (5.30 g, 25%). The material was shown to  be free of 
starting material and to be one compound by glpc analysis. 
The ir showed only two carbonyl absorptions a t  5.60 and 5.70 p.  

Benzoylformyl Chloride.-Benzoylformic acid (15.0 g, 0.1 
mol) and oxalyl chloride (51.0 g, 0.4 mol) were heated to reflux 
for 6 hr. The excess oxalyl chloride was removed by distillation 
a t  atmospheric pressure and the benzoylformyl chloride was 
distilled under reduced pressure, 90-92' (10 mm) bp 
91' (9.5 mm)], yield 12.8 g (75%). 

The product was shown to be free of starting materials by 
glpc analysis and showed only one peak on its glpc chromato- 
gram. The ir showed only two carbonyl absorptions at  5.65 
and 5.90 p. 

Reactions of Pyruvyl Chloride (I).-Solutions of I (0.2 M) 
and chlorobenzene (0.2 M)  in carbon tetrachloride or cyclo- 
hexane were sealed in degassed Pyrex ampoules or break-seals 
with the desired initiator or inhibitor and the reaction mixtures 
were subjected to the appropriate reaction conditions. 

The fragmentation reactions carried out in carbon tetra- 
chloride could be followed by the disappearance of the carbonyl 
absorptions of I a t  5.60 and 5.70 p ,  and the appearance of the 
spectrum of acetyl chloride (C=O, 5.50 p ) .  The reactions could 
also be monitored by glpc analysis. Both methods were con- 
sistent within experimental error. 

The decompositions carried out in solvent cyclohexane were 
monitored and quantitated by glpc analysis. The liquid prod- 
ucts were identified by a comparison of their glpc retention 
times and ir spectra with those of authentic samples. 

In order to analyze the gaseous products, the reactions were 
carried out in break-seals (0.02 M, 5 ml). After the comple- 
tion of the reactions, the break-seals were opened to a vacuum 
line and the gases were distilled through a -80' trap to collect 
the hydrogen chloride gas. The methane and carbon mon- 
oxide were collected and measured using a Toepler pump. The 
HCI was absorbed in standard aqueous base and determined by 
back titrating. Methane and carbon monoxide were found by 
glpc retention time (6 ft-column of molecular sieve 5A) to be the 
only two noncondensable gases. The ratio of methane and 
carbon monoxide was determined by quantitative mass spec- 
trometry (AEI, Model AIS-9 spectrometer). 

Reactions of Benzoylformyl Chloride (II).-The reactions of 
I1 (0.2 A4) in chlorobenzene or cyclohexane were carried out and 
monitored as were those of I. The ir method of aiialysis utilized 
the ability to  follow the disappearance of the carbonyl absorp- 
tion frequencies of I1 (C=O, 5.90, 5.65) and the appearance of 

(7) Pierre-Cam6 and P .  Jullien, C. E. Acad. Sci., Ser. C, 202, 1521 (1933). 
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the spectrum of benzoyl chloride (C=O, 5.60). The decomposi- 
tion products of I1 were analyzed and characterized as were those 
of I. 

Registry No.-I, 5704-66-5; 11,25726-04-9. 
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The literature contains few examples of the condensa- 
tion of aldehydes or ketones catalyzed by alumina.a 
During a study of the decarbonylation of 9-carbazolyl- 
acetaldehyde4 (I), we found that, when this aldehyde is 
passed through a chromatographic column prepared 
with neutral alumina (activity grade I), it undergoes 
facile conversion to 2,4-dicarbazol-9-yl-2-butenal (11) 
(20%) and to an alcohol I11 (7%), which was assigned 
the novel structure 111, along with considerable poly- 
meric solid. 

CbCHzCH=C-C No CbCHahH-bHCb 

0-CHOH 

Ab 'H 
I1 I11 

(Cb = 9-carbazolyl) 

Structure I1 was assigned on the basis of information 
obtained from its mass, infrared, and nmr spectra and 
by conversion to derivatives which were characterized 
by similar techniques (see Table I). Reduction of I1 
with sodium borohydride in 80% aqueous dioxane gave 
an alcohol IV (76%) which when treated with pyridine- 
acetic anhydride gave the monoacetate V (76%). 

CbCH&H=C-CHzOR 

Ab 
IV, R = H 
V, R = Ac 

The elucidation of the structure of I11 was difficult 
owing to its very low solubility in conventional solvents. 
Its structure is based in part on spectroscopic data and 
the properties of its derivatives given in Table I. Puri- 
fied I11 gave one spot by tlc, a correct analysis for Czs- 
HZJS202, and an ir spectrum which is consistent with the 
proposed structure. I n  addition, mass spectroscopy 
gave a molecular weight of 418 and a fragmentation 
pattern similar to  that of the dehydrated form 11. The 
reaction of I11 with base yielded, on neutralization, car- 
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bazole (27%), a small amount of 11, and considerable 
amorphous solid. The isolation of I1 from these hy- 
drolyses confirms the conclusions reached from the mass 
spectral data and establishes the presence of the carbon 
skeleton of I1 as part of structure 111. Evidently, the 
reaction of 111 with base causes the oxetane ring to open 
with the simultaneous formation of an aldehyde group 
which activates the carbazole bearing 2 position toward 
nucleophilic attack. 

This possibility was supported when the hydrolysis of 
I11 was carried out under reducing conditions with so- 
dium borohydride. Under these conditions the alde- 
hyde group was reduced as i t  formed yielding the diol 
VI (90%) which gave a negative periodic acid test as 
expected. The diacetate VI1 was prepared as usual 
with pyridine and acetic anhydride. 

OR 
I 

CbCHzCH-CH-CHzOR 
I 

b b  
VI, R = H 

VII, R = AC 

The amorphous solid obtained in the column reaction 
could not be separated into components by either chro- 
matography, sublimation, or attempted recrystalliza- 
tion. I ts  infrared spectrum was identical with that of 
the polymeric material obtained by the acid-catalyzed 
condensation of I. 

When I11 was acetylated, an acetate (VIII) formed 
(67%) which had a saponification equivalent consistent 
with the monoacetate of I11 and showed a single acetate 
carbonyl peak in the ir spectrum and one acetate peak in 
the nmr spectrum. The saponification yielded the 
same products as did the treatment of I11 with base. 

The mass spectrum of VI11 had a fragmentation pat- 
tern very similar to that of I11 except for the parent 
peak of I11 at  m/e 418 and a peak at  m/e 669 (8.1%). 
We have not yet identified the latter peak but it seems 
reasonable to assume that it is due to some decomposi- 
tion product which could have formed at  the near de- 
composition temperature (about 300") required to va- 
porize this 

In  an effort to  obtain further confirmation of the mo- 
lecular weight of 111, cryoscopic and ebullioscopic mo- 
lecular weight determinations were attempted. Unfor- 
tunately, these attempts were not successful due to the 
low solubility of I11 and its low stability. In  hot sol- 
vent (about 90") nmr showed extensive decomposition 
in a matter of minutes; a t  room temperature under dry 
nitrogen, degradation became apparent by elemen tal 
analysis after a few weeks. 

The mechanism of this reaction appears to be an acid- 
catalyzed aldol condensation which must occur in this 
system because of high attraction of the carbazole nu- 
cleus for the activated alumina surface6 and the in- 
creased stability of the enol form of the aldehyde due to 
its conjugation with the heteroaromatic ring system. 
In  strongly acidic solutions the condensation proceeds 
rapidly to  produce an insoluble material even at  temper- 

(5) We had also considered the dimer of structure I11 as a possibility for 
111, but this seems unlikely because of the absenoe of a complicated frag- 
mentation pattern above m / e  400. 

(6) E. Funakubo, T. Nagai, and J. Moritani, KOQVO Kaguku Zasshi, 66, 
782 (1962); Chem. Abstr.,  69, 14459 (1963). Also, E. Funakubo, T. Nagai, 
and G. Kon, K O Q ~ O  Kayaku Znsshz, 66, 33 (1963); Chem. Abstr., 69, 12145/ 
(1963). 


