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ride salt formation was omitted in this instance. The yields and 
physical constants of the products are given in Table I. 

Registry No.-Sodium dicyanamide, 1934-75-4. 

References and  Notes 
This investigation was supported in part by Research Grant C6516 from 
the National Cancer Institute, National Institutes of Health, U.S. Public 
Health Service. 
Paper XII: A. Rosowsky, P. C. Huang, N. Papathanasopoulos, and E. J. 
Modest, J. Med. Chem., manuscript in press. 
A. Rosowsky and E. J. Modest, J. Heterocycl. Chem., 3, 387 (1966). 
A. Rosowsky, K. K. N. Chen, M. E. Nadel, N. Papathanasopouios, and E. 
J. Modest, J. Heferocycl. Chem., 9, 275 (1972). 
J. K. Mehra, K. Sivasankaran, and S. V. Sunthankar, J. Sci. lnd. Res. 
(Ind,ia), 218, 185 (1962) [Chem. Abstr., 57, 15071 (1962)]; N. P. Buu- 
Hoi, M. DufOUr, and P. Jacquignon, J. Chern. SOC. C, 1337 (1969), and 
references cited therein. 
G. M. Badger, "Six-Membered Heterocyclic Nitrogen Compounds with 
Three Condensed Rings," C. F. H. Allen, Ed., Interscience, New York, 
N.Y., 1958, p 551; S. F. Mason in "Physical Methods in Heterocyclic 
Chemistry," Vol. II, A. R. Katritzky, Ed., Academic Press, New York, 

N. Campbell and A. F. Temple, J. Chem. SOC., 207 (1957). 
F. Geerts-Evrard and R. H. Martin, Tetrahedron Suppl., No. 7 ,  287 
(1966); D. C. Thang, E. K. Weisburger, P. Mabiiie, and N. P. Buu-Hoi. J. 
Chern. SOC. 13, 665 (1967), and references cited therein. 
N. P. Buu-Ho~; D. C. Thang, P. Jacquignon, and P. Mabille, J. Chern. SOC. 
C, 467 (19693, and references cited therein. 
Cf. P. H. Gor19 and A. M. Lubiensky, J. Chem. SOC., 6057 (1963). 
C. Parkanyi and R. Zahradnik. Collect. Czech. Chem. Commun., 29, 

N.Y., 1963, pp 35-41. 

973 (19641. 
(12) bltraviolet spectra were measured with Cary Model 1 1  and Model 15 

spectrophotometers. Infrared spectra were taken in KCI disks with a 
Perkin-Elmer Model 1378 double-beam. recording spectrophotometer. 
Analytical samples were dried in an Abderhalden apparatus over P205. 
generally at ;70-1000 (0.05 mm). Melting points were measured in Pyrex 
capillary tubes in a modified Wagner-Meyer apparatus [E. C. Wagner 
and J. F. Meyer, lnd. fng. Chem., Anal. Ed., 10, 584 (1938)l or in a Mel- 
Temp heating block (Laboratory Devices, Inc., Cambridge, Mass.), and 
are uncorrected. Microanalyses were performed by Galbraith Laborato- 
ries, Knoxville, Tenn., and Werby Laboratories, Boston, Mass. 

(13) G. Schroeter, Ber., 638, 1308 (1930). 
(14) T. Jacobs, S. Winstein, R. B. Henderson, J. Bond, J. W. Ralls, D. Sey- 

mour, and W. H. Florsheim, J. Org. Chern., 11, 229 (1946). 
(1 5) A. Bryson, J. Amer. Chem. SOC., 82, 4862 (1 960). 
(16) H. H. Hodgson and W. Davey, J. Chem. SOC., 348 (1939). 
(17) E. Mosettig and J. van de Kamp, J. Arner. Chem. SOC., 52, 3704 (1930); 

cf. R. B. Gircller, P. H. Gore, and C. K. Thadani, J. Chern. SOC. C, 2619 
(1967). 

(18) See ref 7. 
(19) W. S. Johns,on and F. J. Matthews, J. Amer. Chem. Soc., 66, 210 

(1944). 
(20) 0. Neunhoeffer and W. Weigel, Justus Liebigs Ann. Chem., 647, 108 

(1961). 
(21) This material was obtained through the courtesy of Dr. L. C. Lane, 

American Cyanamid Co., Stamford, Conn., and was purified as de- 
scribed in the literature [W. Madelung and E. Kern, Justus Liebigs Ann. 
Chem., 421, 1 (1922)]. The importance of using purified material is criti- 
cal, as we have found that sodium dicyanamide contaminated with sodi- 
um bromide tails to take part in this reaction. 

On t h e  Reaction of a-Diazo Ketones wi th  
m -Chloroperoxybenzoic Acid 

Ruggero Curci,* Fulvio DiFuria, Joseph Ciabattoni,' 
and Paul W. Concannon' 

Centro d i  S tudio  d i  Meccanismi d i  Reazioni Organiche del 
C.N.R., Is t i tuto d i  Chimica Organica, University of Padoua, 

35100 Padoua, I ta ly  

Received April 29, 1974 

In a previous paper2 we have shown that diazodiphenyl- 
methane Ph2C=N2 and substituted diazodiphenyl- 
methanes react with peroxy acids to afford the correspond- 
ing diary1 ketones in high yield. 

On the bask of kinetic evidence, a reaction mechanism 
was proposed which involves attack by the nucleophilic 
carbon atom of the diazo group on the peroxide 0-0 bond.2 

+ \C-N=N + RCO~H e 
/ 

N, + 'C=O + RCOPH (1) 

Therefore, a t  variance with what was found for carboxyl- 
ic acids,3 it appears that peroxy acids transfer "electroposi- 
tive" oxygen and not H+ to the diazo group. We now report 
that a-diketones are produced in the reaction of some cy- 
clic a-diazo'ketones la-e and of acyclic 3-diazo-2-butanone 
CH3CN2COCH3 (2) with m- chloroperoxybenzoic acid 
(MCPBA) in the mole ratio of 1:1, in CH2C12 at  25' (eq 2). 

/ 

la, n = 6;  Ib, n = 8; IC, n = 9; 
Id, n = 10; le, n = 12 

P C H O  

L C N 0  

(CHLJn.? I + MCBA + N, (2) 

Yields and kinetic data are shown in Table I. Under the 
conditions given, the yields of the corresponding a-dike- 

Table I 
Yields and  Rates of Reaction of Some 

a-Diazo Ketones with rn-Chloroperoxybenzoic 
Acid in Methylene Chloride at 25" 

% yield ofa 1 0 2 k 2 , b  

Compd CY -diketone M -1 sec-1 

la  99 k l c )  16.8 
l b  4 0  (isol.)' 20.5  
IC 3 5  (glc)' 30.0 
IC 30 (isol.)' 30.0 

l e  92 (isol.)  4.27 
2 96 (glc) 5.52  

a As determined (&5%) by glc analysis or by isolating (ref 2)  
and weighing the a-diketone, after reacting the diazo compound 
with MCPBA in equimolar amounts. *Evaluated (*3%) as 
kl/[MCPBA]o, from pseudo-first-order kinetic experiments. 

Ir analysis of reaction mixtures and comparison with authentic 
samples showed that the a-diketone produced was accompanied 
by 25-3070 of the parent anhydride, while 20-25% of the a-diazo 
ketone starting material had remained unreacted. 

tones were essentially quantitative from la, Id, le, and 2. 
The yields were considerably less with l b  and IC as starting 
materials, but substantial amounts of suberic and azelaic 
anhydride, respectively, appeared in the reaction mixtures. 
These anhydrides undoubtedly arise from the initially 
formed a-diketones in a subsequent competitive reaction 
with MCPBA. It is known, in fact, that a-diketones react 
with peroxy acids in organic solvents4 and with HOz- in 
aqueous media5 to yield the corresponding anhydrides, pre- 
sumably via a Baeyer-Villiger type mechanism.6 

Indeed, in independent experiments we have verified 
that 1,2-cyclononanedione, 1,2-~ycloctanedione, and also 
2,3-butanedione (biacetyl) all give the corresponding anhy- 
drides in nearly quantitative yields (glc, ir) when allowed to 
react with MCPBA in CHZC12. 

Id 95 (isol.)  1 2 . 0  
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The absence of rearrangement7zs or transannular reac- 
tion productsg in detectable amounts from the oxidation of 
cyclic a-diazo ketones suggest that mechanisms involving 
carbene or cation intermediates2 are unlikely. 

In the series of medium-ring a-diazo ketones examined 
the rates pass through a maximum for n = 9. However, the 
overall differences in rate are small and might easily be as- 
cribed to transition-state and/or ground-state conforma- 
tional effects. A recent dnmr study of 2 has revealed that 
this compound exists in CDC13 solutions as an equilibrium 
mixture of rapidly interconverting s-E (transoid) and s - 2  
(cisoid) conformers;l0 a t  25' the ratio [s-E]/[s-Z] is ca. 
3.3.1° This finding is in good agreement with the observed 
dipole moment of 2 (h = 2.45 D) and the calculated dipole 
moments of its s - 2  and s-E forms (3.9 and 1.7 D, respec- 
tively). l1 

We have measured the dipole moments of cyclic l a  and 
l e  and found p = 3.9 and 2.15 D, respectively. Thus, in the 
series of medium-ring a-diazo ketones la-e one apparently 
proceeds from a situation where the cisoid form is highly 
prevalent over the transoid to the opposite. Kinetic data, 
however, show that l e  react with MCPBA at nearly the 
same rate as 2, and only ea. four times slower than la. This 
is not surprising since cisoid and transoid forms of a-diazo 
ketones would be expected to display similar nucleophilic 
reactivity in the absence of severe steric hindrance and/or 
confqrmational - effects. In fact, coplanarity of the O=C- 
C-NcN moiety is required for maximum p z  delocaliza- 
tion; therefore, the fractional negative charge on carbon 
part of the CNN fragment should be nearly the same for 
undistorted E and Z forms.12 

It  is interesting to compare the trend of relative rates 
with ring size for the oxidation of cyclic a-diazo ketones by 
MCPBA with the pattern observed for reactions involving 
other medium-ring compounds (Figure 1). At variance with 

I I I I 1 I i 1 I I I I  
6 a I O  12 14 

Number o f  Ring C a r b o n s  

Figure 1. Comparison of relative rate pattern with ring size for the 
acetolysis of cycloalkyl tosylates (I), borohydride reduction of cy- 
cloalkanones (II), and CsCHA catalyzed tritio dewotonation of cy- 
cloalkanes (111) with the oxidation of 2-diazocycloalkanones by 
MCPBA (IV). 

reactions I and 11,13 which represent rather clear-cut exam- 
ples of, respectively, sp3 - sp2 and sp2 - sp3 rehybridiza- 
tion a t  the reaction center, the MCPBA oxidation of me- 
dium-ring a-diazo ketones is little influenced by ring size. 
The pattern resembles that observed for the CsCHA-cata- 
lyzed tritio deprotonation of cycloalkanes (reaction III).14 
Thus, for both reaction I11 and the MCPBA oxidation of 
a-diazo ketones (reaction IV), transition states should have 
conformations only little different from ground states.15 In 
any case, mechanisms involving formation of intermediate 

ion pairs and of unstable peroxy esters 

H- -00-COR2 r 
should be dismissed as this would involve sp2 - sp3 rehy- 
bridization at  the reaction center. 

Experimental Section 
General. Melting and boiling points were not corrected. Nmr 

spectra were recorded on a Bruker HFX-10 spectrometer (90 
MHz); chemical shifts were measured downfield from TMS inter- 
nal standard. Ir spectra were taken on a Perkin-Elmer Model IR- 
457 instrument and uv-visible spectra on a Cary 15 spectropho- 
tometer. Dipole moments were determined by the method of 
Hedestrand;16 dielectric constants of solutions were measured a t  
20' by using a heterodyne apparatus a t  a frequency of 1 MHz. 
Molar refractions were calculated from Vogel's increments.ll Ana- 
lytical glc was performed on a Varian-Aerograph Model 1520 in- 
strument equipped with tc detector by using a 6 f t  X '/s inch 0.d. 
column (5% FFAP on Chromosorb G AW-DMCS, 80-100 mesh). 

Materials. The a-diazo ketones and the a-diketones employed 
were prepared according to reported methods.8J-19 Their physical 
constants and ir spectra agreed with data reported in the litera- 
ture. 2-Diazocyclohexanone: bp 50-51' (0.3 mm); vis max 
(CH2C12) 400 nm ( c  20); nmr (CDC13) 6 2.74 (m, 2, O=CCH2), 2.30 
(m, 2, Nz=CCHz), and 1.78 ppm (m, 4, CH2); 1 (Cc4)  3.90 D, -Pz 
347.3 and RD 32.6 cm3 mol-l; ir (CC14) 2090 (C=N2) and 1640 
cm-' (C=O). 2-Diazocycloctanone: oil; vis max (CH2C12) 395 nm 
( c  16); nmr (CDC13) 6 2.53 (m, 4, =CCH2) and 1.62 ppm (m, 8, 
CH2); ir (CC14) 2085 (C=N2) and 1635 cm-l (C=O). 2-Diazocy- 
clononanone: oil; vis max (CH2C12) 395 nm ( e  16); nmr (CDC13) 6 
2.50 (m, 4, =CCH2) and 1.60 ppm (m, 10, CH,); ir (cc14) 2085 
(C=N2) and 1630 cm-l (C=O). 2-Diazocyclodecanone: mp 58- 
59' (lit.8 56.5-57'); vis max (CHzC12) 390 nm ( 6  25); nmr (CDCld 6 
2.76-2.42 (m, 4, =CCH2) and 1.49 ppm (broad, 12, CHd;  ir (CC14) 
2085 (C=N2) and 1645 cm-l (C=O). 2-Diazocyclododecanone: 
mp 43-44O (lit.I7 42-43'); vis max (CH2C12) 410 nm (c  28); nmr 
(CDC13) 6 2.69 (m, 2, O=CCH2), 2.22 (m, 2, Nz=CCHz), and 1.30 
ppm (broad, 16, CH,); 1 (CC14) 2.15 D, -Pp 158.3 and RD 60.6 cm3 
mol-l; ir (CC14) 2065 (C=N2) and 1640 cm-' (C=O). 3-Diazo-2- 
butanone: bp 35-40' (12 mm);20 vis max (CH2C12) 415 nm (c  8); 
nmr (CDC13) 6 2.20 (broad, s, 3, O=CCHd and 1.97 ppm (broad, s, 
3, N2=CCH3);1° ir (CC14) 2070 (C=N2) and 1645 cm-l (C=O). 
Commercial (Schuchardt) m -chloroperoxybenzoic acid was pu- 
rified following a given methodz1 to a purity of 99%+ (iodometric 
assay), mp 92-93°.21 

Kinetics. Kinetic runs were performed under pseudo-first-order 
conditions with [MCPBAIo being usually from 10- to 20-fold excess 
over the initial concentration of the diazo ketone. The change of 
absorbance was monitored in the great majority of cases at or near 
the wavelength of maximum absorption in the visible for each 
diazo compound.2 A Gilford Model 2400 recording spectrophotom- 
eter equipped with thermostatic cell holder (f0.5') was employed. 
Rate constant values which appear in Table I are averages from 
three or more independent runs. 
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Recently there has been an increased interest in meth- 
ods for effecting 1,4 addition to a,@-unsaturated systems.l 
In addition to lithium alkylcuprate and copper-catalyzed 
Grignard reagent addition to a,@-unsaturated compounds, 
more recent methods show great promise. Brown and Ka- 
balka2,3 have found that trialkylboranes undergo 1,4 addi- 
tion to a variety of a,@-unsaturated substrates via a free 
radical chain process. More recently Kabalka and Daley4 
found that trialkylaluminum compounds exhibit analogous 
behavior when photolyzed a t  -78" or in the presence of 
catalytic amounts of oxygen, and were able to demonstrate 
the intermediacy of free radical species. Because of our in- 
terest in the area of transition metal catalyzed reactions of 
main group oirganometallic reagents, we were particularly 
interested in the recent report by Mole, et concerning 
nickel catalyzed conjugate addition of trimethylaluminum 
to a$-unsaturated ketones. I t  would appear that this 

H H O  
I I II 

(CH&Al + RC=C-C-R' 

CH3 
method represents a convenient and potentially economic 
route to 1,4-addition products, particularly if the reaction 
is stereoselective. In an attempt to determine the stereo- 
selectivity of this reaction and in addition to determine the 

Table I 
Reaction of Trimethylaluminum with Isophorone in the 

Presence of Nickel Acetslacetonate 

Time, min (mmol) (mmol) ?daterial balance, % 

0 1.000 0.000 100 
1 0.300 0.680 98 
5 0.075 0.838 91 
30 0.000 0.845 85 
60 0.000 0.863 86 
120 0.000 0.850 84 

applicability of this method to l,.l-conjugate addition to 
prostaglandin precursors, we synthesized 4-methyl-2-cyclo- 
pentenone, 4-acetoxy-2-cyclopentenone, and 4-methyl-2- 
cyclohexenone. We wish now to report the results of not 
only (CH&Al addition, but also LiAl(CHS)* addition to a 
variety of a,@-unsaturated ketones in order to provide in- 
formation concerning the scope and stereochemistry of 
these reactions. 

Results and Discussion 
Table I presents data obtained by sequential quenching 

of aliquots from the reaction of trimethylaluminum with 
3,5,5-trimethyl-2-cyclohexenone (isophorone) in the pres- 
ence of 3.0 mol % nickel acetylacetonate [Ni(acac)z]. 

Several features of Table I are striking. While Mole, et  
al., suggest typical reaction times of 18 hr for the reaction 
of a,@-unsaturated ketones with trimethylaluminum in the 
presence of Ni(acac)Z, our data indicate that methylation is 
essentially complete in less than 30 min. The only other 
product formed is polymer and its formation seems to 
occur only while unreacted isophorone is present. This 
suggests that the polymer is formed by Michael addition to 
the aluminum enolate of the product to the a,p-unsatu- 
rated ketone according to eq 2. The isolation of 1 after 

nickel acetylacetonate catalyzed addition of trimethylalu- 
minum to 2-cyclohexenone provides additional support for 
this suggestion. 

1 
In Table I1 are listed the results obtained for the cata- 

lyzed reaction of trimethylaluminum with isophorone and 
2-cyclohexenone. In all cases the starting material was en- 
tirely consumed and no other volatile products were 
formed. It is apparent from the data that ether is the sol- 
vent of choice and that cupric acetylacetonate is an effec- 
tive catalyst. Although Mole5 suggests that cobalt acetylac- 
etonate was an effective catalyst, in our hands only starting 
material was recovered after attempted reaction of isophor- 
one with trimethylaluminum in the presence of 3 mol % co- 
balt acetylacetonate. This result, however, suggests partici- 


