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The mass spectra of the methyl 2-, 4-, and 5-pyrimidyl 
ketones 9,10, and 11 show that loss of ketene (122 - 80) is 
an important mode of fragmentation in the 2 and 4 isomers 
9 and 10 but not in the 5 isomer 11, where a cleavage (122 
+ 107) predominates. This suggests that  the loss of ketene 
involves a McLafferty-type rearrangement via a ring nitro- 
gen atom and that the rearrangement can occur by way of a 
five-membered transition state. Since neither loss of ketene 
nor type I cleavage is observed photochemically in ketones 
9 and there appears to be little analogy existing be- 
tween the mass spectral and photochemical behavior of the 
methyl pyrimidyl ketones 9-11. 

From the above discussion it is clear that  the best corre- 
lation of photochemical and mass spectral decomposition 
of alkyl pyrimidyl ketones exists in the &alkyl systems. 
While the 4-alkyl pyrimidyl ketones show good correlation 
when the alkyl substituent is ethyl and propyl, they show 
poorer correlation when it  is methyl or butyl. This is in 
contrast to the 2-alkyl pyrimidyl ketones, which show vir- 
tually no correlation a t  all. The good correlation observed 
in the 5-alkyl pyrimidyl ketones in comparison to the iso- 
meric 2- and 4-alkyl ketones can best be explained in terms 
of stereochemical and stereoelectronic factors. In the 5 -  
alkyl ketone systems the geometrical features of the ke- 
tones ensure little to no involvement of a ring nitrogen 
atom in both photochemical and electron impact induced 
reactions. This leads to behavior in these ketones which is 
similar to that reported3s5 for butyrophenone, valerophe- 
none, and the 3- and 4-butyryl and valeryl pyridines. In the 
case of the 2- and 4-alkyl pyrimidyl ketones the close prox- 
imity of a ring nitrogen atom to the reaction center necessi- 
tates its involvement. The degree of involvement, however, 
will depend to  a great extent on the relative electron densi- 
ties of the nitrogen atoms in the excited ketones. When the 
nature of the electron densities of these atoms in the elec- 
tronically excited state differ substantially from their rela- 
tive charge densities in the corresponding ionized state, the 
photochemical and mass spectral behavior of the ketones 
will show poor correlation. This appears to be the case for 
the 4-butyl pyrimidyl ketone 7, where exclusive type I1 
reaction occurs photochemically and competitive nitrogen 
and oxygen hydrogen atom abstraction occurs in the mass 
spectrometer. This is also apparently true of the 2-propyl 
and 2-butyl pyrimidyl ketones 1 and 6 and of the 2-butyryl 
and 2-valeryl  pyridine^,^,^ where exclusive type I1 cleavage 
occurs photochemically and a McLafferty-type rearrange- 
ment via a ring nitrogen atom predominates upon electron 
impact. 

Experimental Section 
The recorded mass spectra were obtained with an LKB 9000 

The alkyl pyrimidyl ketones were prepared as previously de- 
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mass spectrometer at a nominal ionizing voltage of 70 eV. 

scribed2 and were purified by gas chromatography. 

Registry No.-1, 53342-24-8; 2, 53342-25-9; 3, 53342-26-0; 4, 
54643-09-3; 5, 54643-10-6; 6, 54643-11-7; 7, 54643-12-8; 8, 54643- 
13-9; 9,53342-27-1; 10,39870-05-8; 11,10325-70-9. 

References and Notes 
(1) (a) M. M. Bursey, D. G. Whitten, M. T. McCall. W. E. Punch, M. K. Hoff- 

man, and S. A. Benezra, Org. Mass Specfrom., 4, 157 (1970); (b) F. R. 
Stermitz and C. C. Wei, J. Am. Chem. SOC., 91, 3104 (1969); (c) N. J. 
Turro, D. S. Weiss, W. F. Haddon, and F. W. McLafferty, J. Am. Chem. 
SOC., 89, 3370 (1967); (d) A. Padwa, R. Gruber, D. Pashayan, M. Bursey. 
and L. Dusold, Tetrahedron Left., 3659 (1968); (e) F. W. McLafferty and 

T. Wachs, J. Am. Chem. Soc., 89, 5044 (1967); (f) E. J. Baum. J. K. S. 
Wan, and J. N. Pitts, Jr., ibid., 88, 2652 (1966). 

(2) E. C. Alexander and R.  J. Jackson, J. Am. Chem. SOC., 96, 5663 (1974). 
(3) K. B. Tomer and C. Djerassi, J. Org. Chem., 38, 4152 (1973). 
(4) (a) E. C. Alexander and R. J. Jackson, unpublished results. (b) Irradiation 

(5) P. J. Wagner and G. Capen, Mol. Photochem., 1, 173 (1969). 
was carried out in benzene. 

A Method for Cleaving 2,4-Dinitrophenylhydrazones 
to Ketones 

John E. Mc Murry* and Michael Silvestri 

Thimann Laboratories, University of California, 
Santa Cruz, California 95064 

Received December 17,1974 

2,4-Dinitrophenylhydrazone (2,4-DNP) derivatives of 
ketones and aldehydes are important, both because of their 
use in purifying and characterizing the parent compounds, 
and because of their occasional use in synthesis.’ Regenera- 
tion of the parent carbonyl compound from a 2,4-DNP can 
present severe problems, however. The major difficulty is 
that  2,4-DNP’s are stable to acid hydrolysis. A variety of 
methods have been devised to overcome this problem. 

The most common method of cleaving a 2,4-DNP is to 
effect an exchange reaction with another carbonyl com- 
pound such as pyruvic acid2s3 or levulinic acid.4 Yields are 
often unacceptable in these reactions, however. A second 
method is to ozonize the C=N double bond a t  low temper- 
a t u r e ~ . ~ , ~  The reaction works moderately well, but is clearly 
incompatible with the presence of unsaturation within the 
molecule. A third general method is to activate the 2,4- 
DNP toward hydrolysis. This is usually done by reducing 
the nitro groups to amines with either stannous i ~ n , ~ , ~  lithi- 
um aluminum hydride,s or chromous The resulting 
2,4-diaminophenylhydrazone then hydrolyzes. Yields are 
generally acceptable if there are no other reactive function- 
al groups present, but acidic conditions are necessary. 

We have had several occasions in our own laboratory to 
regenerate the parent carbonyl compounds from their 2,4- 
DNP’s, and we have found aqueous titanous ion to be an 
excellent and convenient new reagent for effecting this 
transformation.1° Some of our results are given in Chart I. 

We believe that this method has several advantages over 
presently known ones. The reaction works for a variety of 
cases, both saturated and unsaturated, and has given high 
yields of carbonyl products in all examples tested. Further, 
titanous ion is inexpensive and commercially available as a 
stable 20% aqueous solution.ll I t  thus does not have to be 
prepared freshly before use as does chromous ion. Most im- 
portant, however, is the fact that  the reaction can be car- 
ried out under neutral conditions whereas other methods 
require acidic conditions. 

Mechanistically, there are two obvious possibilities for 
the course of the cleavage reaction. The simplest possibility 
is to assume that titanous ion acts by reducing the nitro 
groups to amino groups in a manner similar to that of stan- 
nous or chromous ion, and that the resulting 2,4-diamino- 
phenylhydrazone then undergoes hydrolysis. 

I t  is well known that titanous ion can rapidly reduce ni- 
troarenes to aminoarenes,12 and thus we cannot completely 
rule out this mechanism. We nevertheless feel that  i t  is un- 
likely because, as we have demonstrated, the cleavage reac- 
tion works equally well under buffered conditions, and we 
consider it surprising that a 2,4-diaminophenylhydrazone 
would hydrolyze so readily a t  neutral pH. 
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Chart I 
Reaction of 2,4-Dinitrophenylhydrazones with 

Titanous Ion 

Yield, % 

1 2 

3 4 

5 6 
2,4-DNP 0 

9 
OH 

9fI 

94 

80 

98 

95 

95 

11 

+ 

A second possibility, and one which we favor, is tha t  tita- 
nous ion acts by first reducing the nitro groups, and then 
by cleaving the hydrazone N-N bond to  generate an  imine. 
The  imine should then hydrolyze readily to a carbonyl 
compound. 

Titanous ion is well known for its ability to  cleave the 
N-0 bond of oximes13 and nitro compounds,14 and the  S-0 
bond of s~1foxides . l~ We consider the cleavage of the N-N 
hydrazone bond to  be exactly analogous. Good evidence for 

"2 

this hypothesis comes from the fact that when we exam- 
ined the basic reaction products from the titanous ion 
cleavage of 2,3-dimethylcyclohexenone 2,4-DNP, we isolat- 
ed 1,2,4-triaminobenzene rather than 2,4-diaminohydra- 
zine. Clearly, titanous ion is capable of cleaving a N-N 
bond, and we feel that this supports our hypothesis. 

In summary, we have developed a mild, new method for 
the regeneration of carbonyl compounds from their 2,4-din- 
itrophenylhydrazones. The process proceeds in high yield, 
and has considerable advantage over other known proce- 
dures. 

Experimental Section 
General Reaction Procedure for the Reductive Cleavage of 

2,4-Dinitrophenylhydrazones. Cholestanone (10). Cholesta- 
none 2,4-DNP (0.34 g, 0.60 mmol) was dissolved in 30 ml of dry di- 
methoxyethane, and a 20% aqueous solution (1.6 M )  of titanium 
trichloride (5.60 ml, 9.0 mmol) was added. The reaction mixture 
was refluxed for 30 min under a nitrogen atmosphere, then cooled, 
diluted with water, and extracted with ether. The combined ether 
extracts were washed with water and with saturated brine, then 
dried (MgSOd), filtered, and concentrated at the rotary evapora- 
tor. The solid residue was recrystallized from 2-propanol to give 
220 mg (95%) of pure cholestanone, mp 128-130°. The product was 
identified by melting point and by comparison of its infrared and 
NMR spectra with those of an authentic sample. 

In a similar manner, the following compounds were prepared. 
Testosterone (12) was prepared by reduction of its 2,4-DNP 

(0.26 g, 0.56 mmol) with a 20% aqueous Tic13 solution (5.3 ml, 8.4 
mmol): yield 0.15 g (95%); mp 154-155; identified by melting point 
and by comparison of infrared and NMR spectra with those of an 
authentic sample. 

a-Tetralone (8) was prepared by reduction of its 2,4-DNP (0.53 
g, 1.62 mmol) with 20% aqueous Tic13 (15 ml, 24.2 mmol): yield 
0.23 g (98%); purified by chromatography on silica gel; identified 
by comparison of infrared and NMR spectra with those of an au- 
thentic sample. 

Cycloheptanone (2) was prepared by reduction of its 2,4-DNP 
(0.61 g, 2.1 mmol) with 20% aqueous Tic13 (19.6 ml, 31.3 mmol): 
yield 210 mg (90%); purified by chromatography on silica gel; iden- 
tified by comparison of infrared and NMR spectra with those of an 
authentic sample. 
3,4-Dimethylcyclohexenone (6) was prepared from its 2,4- 

DNP (0.50 g, 1.65 mmol) by reduction with 20% aqueous Tic13 
(15.5 ml, 24.7 mmol): yield 164 mg (80%); purified by chromatogra- 
phy on silica gel and identified by comparison of infrared and 
NMR spectra with those of an authentic sample. 

4- tert-Butylcyclohexanone (4) was prepared from its 2,4- 
DNP (0.40 g, 1.2 mmol) by reduction with 20% aqueous Tic13 
(11.25 ml, 18 mmol): yield 175 mg (94%); purified by chromatogra- 
phy on silica gel and identified by comparison of infrared and 
NMR spectra with those of an authentic sample. 

The above reactions could also be carried out at a buffered pH 
by adding ammonium acetate to the reaction until the desired pH 
was obtained. 
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Recently we reported1 that  substituted cyclohexenone 
systems can be selectively alkylated at  the a’ position via 
the kinetically favored cross-conjugated dienolate base (eq 
1). In the case of cholest-4-en-3-one (I, R = H) the product 

1 R2” NLi 

-0 
1 2 

3 

of methylation (R’X = CH31) was regarded as the previous- 
ly unknown 2P-methyl epimer (3, R’ = CH3, R = H) be- 
cause i t  appeared to be homogeneous (TLC analysis on sili- 
cal gel and alumina), melted sharply a t  110-11lo, and was 
different from the known a epimer2 (mp 122-124’) into 
which i t  was transformed by the action of base. 

A subsequent study of the 100-MHz lH NMR spectrum 
of this substance suggested that i t  might be a mixture of 
epimers, and this has now been confirmed by high-pressure 
liquid chromatography on a 15-cm column packed with 
Zorbex (a small diameter porous silica provided by Du 
Pont). The roughly 60:40 a$ composition of this epimeric 
mixture has been further indicated by careful europium 
shift measurements conducted by Dr. D. N. Kirk and R. D. 
Burnett of Westfield College, University of London. In the 
latter work the C-2 methyl doublets, which normally over- 
lapped a t  ca. 6 1.05 ppm, were caused to shift to  a lower 
field than the (2-19 methyl signals for the a and 6 epimers. 
Although the methyl doublets still overlapped, they were 
easily discernible and well separated from the other methyl 
signals. 

At this point, two possible explanations for the inhomo- 
geneous nature of the methylation product were consid- 
ered. (1) The alkylation reaction itself may have been es- 
sentially nonstereoselective. (2) A stereoselective alkylation 
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step may have been followed by a partial epimerization of 
the kinetically favored P-methyl product. A combination of 
these factors may also be operating. Since the same mix- 
ture of product epimers was obtained from several experi- 
ments in which the time and temperature of the alkylation 
step varied, we were inclined to favor the first rationale. 
However, i t  seemed appropriate to settle the question by 
effecting the alkylation of a similar substrate, chosen so 
that  product epimerization could not take place. 

The possibility of effecting a second alkylation reaction 
at  C-2 was demonstrated by methylation of Ba-methylcho- 
lest-4-en-3-one (1, R = CH3) under the conditions noted in 
eq 1. Formation of 2,2-dimethylcholest-4-en-3-one (3, R = 
R’ = CH3)3 in 97% yield follows the previously stated gen- 
eral rule1i4 that cut-proton abstraction is kinetically favored 
in a$-unsaturated ketones. By effecting this sequential di- 
methylation with CH31 followed by CD31, and in a second 
case with CD31 followed by CHBI, we have been able to as- 
certain the stereoselectivity of the second alkylation step 
(eq 2). 

R CH, 

The very poor stereoselectivity observed for these alkyla- 
tion reactions is similar to that reported for the methyl- 
ation of 2-cyanocholest-4-en-3-0ne,~ and is presumably due 
in part to a flattening of the six-membered ring caused by 
the double bond. Since other factors may influence the 
stereochemistry of P-keto nitrile alkylation reactions,6 this 
similarity may not be very significant. While this manu- 
script was being prepared, Girard and Conia reported7 that 
cyclopropanation of the trimethylsiloxy derivative of the 
2-enolate base derived from testosterone proceeded with 
essentially no stereoselectivity. 

Experimental Section 
All reactions involving strong bases were conducted under dry 

nitrogen or argon, using solvents purified by distillation from suit- 
able drying agents. Melting points were obtained with a Hoover- 
Thomas apparatus or on a Reichert hot stage and are uncorrected. 
Infrared spectra were recorded on a Perkin-Elmer 237B grating 
spectrophotometer. Nuclear magnetic resonance (NMR) spectra 
were recorded on Varian A-60, T-60, and HA-100 spectrometers 
with deuteriochloroform as a solvent and tetramethylsilane as an 
internal standard. Mass spectra were obtained with a Hitachi Per- 
kin-Elmer RMU-6D spectrometer. Microanalyses were performed 
by Spang Microanalytical Laboratories, Ann Arbor, Mich. 

General Procedure for a’-Methylation. To a cold solution of 
1.30 mmol of isopropylcyclohexylamine in 0.5 ml of dry tetrahy- 
drofuran (THF) was added 1.25 mmol of n-butyllithium in hexane. 
After this mixture was stirred at 0” for 15 min, 1.0 mmol of the 
a,P-unsaturated ketone in 5 ml of THF was slowly added and the 
resulting solution was maintained at 0” for 90 min. Following rapid 
addition of 4.00 mmol of methyl iodide, the reaction mixture was 
allowed to warm to room temperature and held there for 3 hr be- 
fore being mixed with water and extracted with ether. The com- 
bined ether extracts were washed (twice each) with water and 
brine, dried, and distilled under reduced pressure. 

Results of Specific Methylations. A. Cholest-4-en-3-one. 
The yield of crude 2-methylcholest-4-en-3-one was 98%. Recrystal- 


