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mol) vs. I C  (AG = 31 kcal/mo12), since a tertiary radical site 
is generated a t  the cy carbon in the activated complex C.8 

The P-peroxy lactones IC and Id were also employed to 
determine the secondary isotope effect during the 1,2-shift 
of the P-methyl migrant, i.e., in the destruction of the 1,5- 
diradical 2 into products. For this purpose, by means of 
quantitative GLC the migratory aptitudes of methyl ( K M J  vs. 
phenyl ( k p h )  as a function of methyl deuteration were mea- 
sured by determining the amount of /3-methyl vs. P-phenyl 
migration product. From 6-peroxy lactones I C  and Id the 
migratory ratios k ~ ~ ~ / k p h  and k c D 3 / k p h ,  respectively, were 
obtained from which k l j / k D  was calculated. A negligible sec- 
ondary isotope effect was found. This implies, as expected, 
that  the slow step of the decomposition of 6-peroxy lactones 
is the peroxide bond cleavage into diradical2. Subsequently, 
this diradical 2 decarboxylates with 6-alkyl migration via a 
fast step with a low activation barrier. In such cases the sec- 
ondary isotope effect is expected to be very smalLg The error 
in our product data is too large to pick up such small ef- 
fects. 

The product distribution derived from la was found to be 
insensitive to solvent polarity. Thus, pinacolone was formed 
essentially quantitatively (>99% yield) and only small 
amounts (<0.50/,) of acetone and tetramethyloxirane (stable 
to  the thermolysis conditions) could be detected in the various 
solvents. Consequently, also the destruction of the diradical 
2 into pinacolone exhibits negligible dipolar character. 

In conclusion, our present solvent and isotope effect data 
substantiate the previously proposed diradical mechanism 
(eq l).2,3 The intervention of the IJ-diradical is established; 
however, we have no information on its lifetime. Experiments 
to trap 2 have faded so far. which implies that the 1,5-diradical 
must be shorter lived 1,han lo-' s. A carbonyl-180 labeling 
experiment is ir: progress to estimate the lower lifetime limit 
of this 1J-diradical. 
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Superoxide in Organic Synthesis: A New Mild 
Method for the Oxidation of Amines to 
Carbonyls via N-Chloramines 

Summary: Conversion of amines to their chloramines followed 
by reaction with potassium superoxide is a mild method of 
oxidizing amines to carbonyl compounds. 

Sir: N-Chloramines have been used as effective intermediates 
for converting amines to their carbonyl derivatives in a 
number of synthetic schemes.lS2 We wish to report here a new, 
mild method employing potassium superoxide and the results 
of our study on seven representative amines, including several 
unsymmetrical secondary amines. 

We have converted a series of amines to their corresponding 
N-chloramines in ether solution utilizing the method of 
Bachmann2 and without prior isolation reacted the chlo- 
ramines with potassium superoxide (see Scheme I). In a typ- 
ical experiment N-methylbutylamine ( lg)  (20 mmol) in ether 
(50 mL) was converted to its chloramine. Additional ether (50 
mL) was then added and the solution washed with water (1 
X 50 mL), 1.5 M sulfuric acid (1 X 50 mL), and again with 
water (2  X 50 mL). I t  was then dried for at least 1 h over a 
mixture of magnesium sulfate, potassium carbonate, and 
molecular sieves.3 After filtration the ether solution was 
slurried a t  room temperature with potassium superoxide (2.2 
equiv) in the presence of 18-crown-6 polyether (80 mg). When 
the yellow superoxide color had completely faded (4-6 h). the 
mixture was filtered and the filtrate was poured into 2,4- 
dinitrophenylhydrazine reagent.4 The ether was evaporated 
on a rotary evaporator and the crude 2,4-dinitrophenylhy- 
drazone (2,4-DNP) of n-butyraldehyde was isolated (82% 
yield). Analysis of the product by TLC (silica, ether/petroleum 
ether, 20:80) showed only a minor trace of a material with an 
R f  similar to that of formaldehyde 2,4-DNP.h5 After recrys- 
tallization the melting point and mixed melting point con- 
firmed the product to be n-butyraldehyde 2.4-DNP. See Table 
I for other examples. 

The aldimines derived from diisobutylamine, di-n -pen- 
tylamine, and di-2-methylbutylamine have been isolated and 
their structures confirmed by IR (C=N stretch, 1670 cm-l) 
and NMR ( 6  7.6, 1 H, aldiminic). In the case of diisobutyla- 
mine pure N-chloramine was isolated and found to react in 
anhydrous ether to give imine6 in 88% yield by analytical VPC, 
showing the reaction of KOn with N-chloramines is a clean, 
high-yield reaction. 

An interesting result of our studies is our observation that 
elimination from unsymmetrical chloramines shows a pref- 
erence for the more highly alkylated double bond, especially 
in the case of secondary methylamines. Thus N-chloro-AV- 
methylbutylamine gives an overwhelming predominance of 
butylidenemethylamine on reaction with KO?. Although 
imines have been shown to form from K-choramines, very 
little work has been done with chloramines of secondary 
amines and we are unaware of any studies on product yields 
from unsymmetrical amines. We believe the high regioselec- 
tivity we have observed, the mild conditions required, and the 
easy workup may have valuable synthetic applications in the 
removal of NCH3 units from secondary methylamines. 

Although the yield of carbonyl product from n-hexylamine 
was only moderate, no attempt was made to maximize the 
yield. Reaction of N-chlorohexylamine with KOL was more 
vigorous than with the secondary N-chloramines. Lowering 
the temperature of the reaction might enhance the yield. 

S c h e m e  I 

t-BuOC1 I KO K +  R2CHNHR' __* R&HNR' 2 &C=NR --+ RiC=O 
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Table 1. KO2 Reaction with N-Chloramines 

Amine ( -_ 1) Product (3) % yield 

a Diisobutylamine (CH&CHCH= m a  

b Di-n-pentylamine CH3(CH2)3CH= 736 
NCH2CH(CH3)2 

N(CHd4CH3 
c Di-2-methylbutyl- EtCHCH3CH= 71b 

amine NCH2CHCH3Et 
d Dibenzylamine PhCH=NCH*Ph 7 7 b  
e N-Ethylcyc’o- CsHlo=NCH>CH3 40 

f C~HIIN=CHCH~ 23b 
g N-Methylbutyl- CH3(CH2)2CH= 76 

h CH3(CH2)3N=CH2 Traceb 

hexylamine 

amine NCH3 

i n-Hexylamine CH3(CH2)&H=NH 49b 

a VPC yield of aldimine; see ref 6. Isolated as 2,4-dinitro- 
phenylhydrazone; see ref 7. 

In an attempt to elucidate the mechanism we considered 
the possibility of a base-catalyzed reaction similar to Bach- 
mann’s.* However, KO2 is no more basic than potassium ac- 
etate* and potassium acetate gave no imine when reacted 
under conditions used with KO*. Using NasOz under these 
conditions, peroxide ion, a suspected product9 of the reaction 
of KO2 with N-chloramines, also gave no imine. When KOH 
was reacted with N-chloro-N-methylbutylamine, less than 
a 26% yield of imine was formed in the same time KO2 gave 
an 82% yield. The KOH reaction was also considerably dirtier, 
giving several as yet unidentified products. We are therefore 
examining the reaction in detail for other possible interme- 
diates. 
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Mercury  in Organic Chemistry. 15.’ A Novel 
Stereospecific Synthesis of 1,3-Dienes via 
“Head-to-Tail” Dimerization of Alkynes 

Summary: Terminal and internal alkynes can be dimerized 
in a “head-to-tail” fashion to provide excellent yields of un- 
symmetrical 1,3-dienes by preparing the corresponding 
vinylmercurial and treating it with palladium chloride and 
triethylamine in benzene a t  room temperature. 

Sir: 1,3-Dienes have proven very valuable as intermediates 
in organic synthesis. Recently a number of interesting new 
organometallic methods have been reported for the stereo- 
specific dimerization of terminal alkynes to 1,4-disubstituted 
1,3-dienes.2-9 For example, utilizing intermediate vinylbor- 
anes one can now prepare in a highly stereospecific manner 

~ i s , t r a n s , ~ - ~  or trans,transslg 1,4-disubstituted 1,3- 
dienes a t  will. We wish to report a novel new method 
employing vinylmercurials which produces unsymmetrical 
1,3-dienes via “head-to-tail” dimerization of terminal and 
internal alkynes (eq 1). 

R .H(R’) 

A while ago we reported a procedure for the symmetrical 
dimerization of vinylmercurials derived from both internal 
and terminal alkynes (eq 2).lo Although the original procedure 

H(R) 
/ 

\ 
Li PdCl C =c’ 

/ \ c=c /H ( 2 )  
HMP.A H 

R 
/ \  

R‘ )H 0 “C 

required stoichiometric amounts of lithium chloride and 
palladium chloride in hexamethylphosphoramide (HMPA) 
a t  0 “C in order to obtain high yields, we have more recently 
found that all of the disadvantages of that procedure can be 
overcome by using only catalytic amounts of [ClRh(C0)2]2 to 
effect the dimerization.ll Upon closer examination of the 
palladium reactions we have observed that “head-to-tail” 
dimerization can occur in these same reactions simply by 
varying the reaction conditions. In fact, by omitting lithium 
chloride and employing less polar solvents, we are able to 
obtain the unsymmetrical 1,3-dienes in excellent yield. Best 
results are obtained by using 0.5 equiv of PdC12 and employing 
benzene as the solvent. I t  was also observed that HC1 is gen- 
erated during the course of these reactions and the addition 
of triethylamine improves the yields dramatically (eq 3). 

R. ,H(R’) 
\ /  

\ /H 13) 
/H‘R)  PdCI. c=c 

R\ - /  
/C=c \ 
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The following procedure for the synthesis of trans-1,3- 
di-n-butyl-l,3-butadiene is representative. trans-1-Hex- 
enylmercuric chloride (10 mmol) and palladium chloride ( 5  
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