
2277 

Table I. Preparation of a-Diketones from a-Cyanoenamines 

CY-Cy- 
anoen- Yields 
amine R”Lia Solvent a-Diketones (%)b 

3a C,H,Li Ether (H,C),CHCOCOC,H, 90 

3d C,H,Li Ether C,H,COCOC,H, 90 
3d C,H,Li Hexane C,H,COCOC,H, 90 

3a CH,Li Ether (H,C),CHCOCOCH, 1 5 C  

3b C,H,Li Ether C,H,(C,Hs)CHCOCOC,H, 90 

a The addition of the organolithium compound was performed at 
0’. b Yields were determined by GLPC or NMR on the crude mater- 
ial. C Yields are lower due to  the competing formation of a carban- 
ion at the Y position. This latter reaction appears to  be dependent 
on the nature of the organolithium reagent (a1kyl)Li > C,H,Li) and 
the solvent (ether >hexane). 

Scheme I1 

6 

rect precursors of 3d,e, the amide chlorides 4d,e, were treat- 
ed successively with zinc cyanide in refluxing chloroform 
and triethylamine a t  room temperature, the a-cyanoenam- 
ines 3d (bp 90’ (50 Torr), U C ~ N  2220 cm-l) and 3e (UC-N 
2220 cm-I) were obtained in 7 3  and 75% (crude) yields, re- 
spectively. This one-pot sequence2 (path b) constitutes a 
general method of synthesis of a-cyanoenamines. I t  certain- 
ly  competes favorably with the few presently available 
methods which now exist for their p r e p a r a t i ~ n . ~  

The  a-cyanoenamines 3a-e gave elemental analysis and 
spectral (mass, ir, N M R )  data in agreement with their 
 structure^.^ They are  quite resistant to aqueous acids as 
shown by the hydrolysis of 3a which required 2 hr of reflux 
in 50% H2S04 to give quantitatively isobutyric acid 
(Scheme 11). O n  the other hand, the nitrile group of 3 can 
be easily reduced with LiAlH4 to the unsymmetrical di- 
amines, 5,  which are  potential sources of a-amino ketones 
or dihydropyrazines (Scheme 11). Thus 3a gave Sa (R = 
CH3) in 70% yields on treatment with LiAlH4 in refluxing 
ether followed by hydrolysis with aqueous K O H  whereas 3d 
gave 5b (R = H )  which was immediately converted to the 
dihydropyrazine (6 )  on treatment with aqueous HCl a t  
room temperature followed by neutralization with KOH.  

W e  have also examined the reaction of a-cyanoenamines 
with organolithium reagents (Scheme 11, Table I). These 
reactions occurred smoothly to yield products resulting ex- 
clusively from 1,2-additions. The adducts, 7, were charac- 
terized by their spectral data and hydrolyzed in 10% H2S04 
to the a-diketones 8. 

The overall sequence 2 - 3 - 7 provides a simple, gen- 
eral, and versatile process (overall yields 55-80%) for the 
stepwise construction of the carbon skeleton of a-diketones 
starting from carboxylic amides. It usefully complements 
a n  earlier synthetic route5 which started from aldehydes or 
enol ethers and should have a larger scope than the other 
classical methods for the synthesis of a-diketones.6 

The present results already demonstrate the synthetic po- 
tential of the readily available a-cyanoenamines. A very in- 
teresting extension of this work would result from the obser- 
vation that 3a reacts with nonnucleophilic strong bases to 

give a carbanionic center a t  the y-carbon thus allowing in 
principle for carbon chain lengthening a t  this position. This 
new development of a-cyanoenamine chemistry will be re- 
ported later. 
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Strand Breaks and Sugar Release by y-Irradiation 
of DNA in Aqueous Solution 

Sir: 
The lethal damage done to the living cell by ionizing ra- 

diation is thought to be partially due to D N A  strand 
breaks.’ The chemical steps of the radiation induced strand 
breaks a re  presently not well understood. 

From deoxygenated NzO-saturated aqueous solutions of 
D N A  (500 mg/l.), we have isolated after y-irradiation 
(dose, 3.5 X l O I 9  eV/g; dose rate 4.3 X 10l8 eV/(g hr)) the 
three sugars 2,5-dideoxypentos-4-ulose (l), 2,3-dideoxypen- 
tos-4-ulose (2), and 2-deoxypentos-4-ulose (3). These prod- 
ucts were obtained from herring sperm D N A  as well as 
from calf thymus D N A  (Serva). 

For identification the isolated sugars were reduced with 
NaBD4, trimethylsilylated, and analyzed by coupled 
GLC-MS. The interpretation of the mass spectra was done 
on the basis of typical fragmentation patterns of this class 
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Radical 7 in the same way as 5 will lose a phosphate ester 
anion giving carbocation 10. Thus the second phosphate 
ester bond is cleaved without the labile phosphate ester 9 
being an intermediate. 

In similar steps as  above, 10 via 11 and 12 eventually 
leads to product 2. In the mechanism laid out above, radical 
4 eliminates the 5'-phosphate ester. The 3'-phosphate ester 
bond is cleaved in a subsequent step. However, it is also pos- 
sible that 4 eliminates the 3'-phosphate ester and the other 
phosphate ester bond is broken in the later step. This 
change in the mechanism also leads to the products 1 and 2. 

Product 3 will be formed if radical 4 or one of its succes- 
sors is oxidized. This mechanism is presently under investi- 
gation. 
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MIND0/3 Study of Some Simple Carbocations'J 

Sir: 

It has been frequently stated that semiempirical MO 
methods cannot be used for ions with parameters appropri- 
a te  to neutral molecules and in particular that they inevita- 
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