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vo. It should be noted from the data summarized in Table IT
that A, o is the largest for cyclopentanone and appreciable
for cyclohexanone. This would be expected if a strong sta-
bilizing dipole attractive force exists between functionali-
ties on the ketonic and anionic rings of the complex so that
rotation about the CH3-CH* bond is hindered. This con-
clusion is exactly the opposite of that offered earlier to ex-
plain the large values for Ao in the cyclic ketone com-
plexes where restricted rotation was attributed to a repul-
sive interaction.? At the time this explanation was ad-
vanced no thermodynamic data were available, however.
We propose that the conformation of the cyclopenta-
none-TNB complex 1 in which steric repulsions of the

rings are minimized may be additionally favored because of
the stabilizing overlap of a filled nonbonding orbital on car-
bonyl oxygen with the positively polarized end of the car-
bon-nitrogen bond of a partially formed ortho nitronate
function. Conformations leading to such an interaction are
readily attained in Drieding models of the complex. With
acyclic ketones the much greater rotational freedom may
not favor such an interaction, since other low-energy con-
formations may be available which minimize nonbonded
interactions.?

Interaction of nucleophiles with nitrogen of an aromatic
nitro group is not unusual. Substantial evidence has been
obtained for such an interaction with nitrogen nucleophiles
and adducts like 2 have been characterized from the reac-
tion of TNB with certain nitrogen bases.®” Since most of
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the charge on the trinitrocyclohexadienate ring of 1 resides
on the para NO; group, the ortho NOg groups probably
contain nitrogen with a considerable positive polarization.
Certainly there is sufficient polarization for a dipole inter-
action such as we propose here.

Experimental Section

Materials. Diethyl ketone (Eastman) and cyclohexanone (Mal-
linkrodt) were each distilled twice and the fractions boiling at 102
and 156°, respectively, were collected and stored in the dark over
molecular sieves until use. The preparation and purification of all
other materials has been reported previously.!

Calorimetry. The apparatus and techniques for this study were
identical with those employed earlier.! Two types of experiments
were conducted and are presented as “Dilution Series” (Table III)
and “Reaction Series” (Tables IV and V).% The terms “dilution”
and “reaction” indicate the absence or presence, respectively, of
samples of the aromatic in the DMSO-filled ampoules that were
reacted with mixtures of DMSO, triethylamine, and ketone.
Values obtained for the “Dilution Series” become the vaporization
correction, ¢/, that appears in Tables IV and V. In each experiment
the reaction mixture comprised 90 ml of DMSO, 5 ml of triethyl-

Notes

amine, and 5 ml of the appropriate ketone. The values of AH listed
in Tables IV and V may be obtained from the data by AH = (g —
q')/n, where n is the number of moles of aromatic that have react-

ed.
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A number of studies designed to correlate the electron-
impact fragmentation of organic molecules with their pho-
tochemical reactivity have been carried out over the past
several years.! These studies have dealt primarily with
molecules containing a carbonyl functionality and have fo-
cused on ketones. In general the studies have shown the be-
havior of ketones upon electron impact to be similar to that
exhibited by them upon photochemical excitation. Thus,
simple aromatic and aliphatic ketones having a propensity
to undergo type I and type II cleavage reactions when ex-
posed to ultraviolet light have been shown to undergo anal-
ogous « cleavage and McLafferty rearrangement reactions
in the mass spectrometer. We recently reported? on the
photochemistry of the propyl 2-, 4-, and 5-pyrimidyl ke-
tones 1, 2, and 3. Ketones 1, 2, and 3 were found to exhibit
enhanced photochemical reactivity toward intramolecular
hydrogen abstraction with respect to butyrophenone, and
to the related butyrylpyridines. Moreover, in the case of
the propyl 4-pyrimidyl ketone (2), intramolecular hydrogen
abstraction in polar solvents occurred by way of a ring ni-
trogen atom and led to cyclopropanol formation. In light of
these results we considered it informative to examine the
mass spectra of the propyl 2-, 4-, and 5-pyrimidyl ketones
1, 2, and 3, and a number of the homologous methyl, ethyl,
and butyl pyrimidyl ketones. It was of interest to us to de-
termine whether any analogy existed between the photo-
chemical reactions of the ketones and their unimolecular
framentations induced by electron impact.



Notes
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In the case of the propyl pyrimidyl ketones 1-3, the mass
spectral behavior of the 5 isomer (3) is found to be analo-
gous to that reported® for butyrophenone and the related
propyl 3- and 4-pyridyl ketones. Ketone 8 undergoes two
principal modes of fragmentation, « cleavage (150 — 107)
and McLafferty rearrangement (150 — 122). In comparison
to the 5-propyl ketone 3 the 2- and 4-propyl ketones 1 and
2 show mass spectral behavior similar to that reported® for
2-propyl pyridyl ketone, their major mode of framentation
being a McLafferty-type rearrangement via a ring nitrogen
atom (150 — 108). The respective photochemical behav-
iors? of the propyl 4- and 5-ketones 2 and 3 parallel their
principal modes of mass spectral fragmentation. In ketone
2 photochemical cyclopropanol formation requires intra-
molecular hydrogen abstraction by a ring nitrogen atom,
and in ketone 3 the type II cleavage reaction occurs by way
of the excited carbonyl. In marked contrast to the propyl
pyrimidyl ketones 2 and 8, propyl 2-pyrimidy! ketone (1)
shows much less similarity in its principal mode of photo-
chemical vs. mass spectral decomposition. The McLafferty-

Table I
Mass Spectra of Alkyl Pyrimidyl Ketones at 70 eV
Ketone
mle 1 2 3 4 5 6 7 8 9 10 11
164 27 25 6
150 35 16 11
136 62 27
135 32 17 79 44
122 12 16 39 100 24 100 53 25 58
108 14 21 23 70 53 45
107 29 19 100 37 27 32 16 50 13 100
94 15 13 14 42 22 46 20
85 18 17
81 36 14 42 23 40 13 14
80 100 100 100 100 97 100 100 45
79 58 28 29 93 51 12 25 25 18 49
71 23 25
57 66 99 40 38
53 50 26 13 72 51 24 38 29
52 18 39 17 29 99 73 42 31
43 86 78 13 46 100 47
0 0 0 type rearrangement of ketone 1 involves a ring nitrogen
N N. atom, while its type II cleavage reaction involves the excit-
O R @ R O R ed carbonyl.
N N type II - i
ype 0 0
1, R = propyl 2, R = propyl 3, R = propyl cleavage NW)J\ N C/
4, R = ethyl 5, R = ethyl v R
6, R = butyl 7, R = butyl 8, R = butyl ™~ @N CH,CHCH, <> &/\NK — 80
9, R=methyl 10, R=methyl 1, R = methyl ) o NH
Results — :'+
The mass spectra of the propyl 2-, 4-, and 5-pyrimidyl g:::::;ziéml 0 PII /0
ketones 1, 2, and 3, and the 2- and 4-ethyl, 2-, 4-, and 5- hy N N A€
‘butyl, and 2-, 4-, and 5-methyl pyrimidyl ketones 4-11 were \ r CHCHCH; _¢, (j — 80
measured at 70 eV. The principal ions (>10%) (Table I) N, N ~#
from the fragmentation of the alkyl pyrimidyl ketones 1-11 2 108 _J
were found to be very similar to those observed in the mass - -
spectra® of the related alkyl pyridyl ketones. For the most 0] i(I)H
part the principal fragments in the pyrimidyl series dif- C=CH,
fered from those of the corresponding pyridyl solely by the typell  _w_ NO CH,CH,CH;, .2, N@/
additional ring nitrogen substitution. cleavage I\N LN
. . 3
Discussion 122

In the homologous 2- and 4-ethyl pyrimidyl ketones 4
and 5, where the nature of the carbonyl side chain allows
for hydrogen abstraction by a ring nitrogen atom only, the
anomalous behavior of the 2 isomer is maintained. The 2-
ethyl pyrimidyl ketone (4) shows no detectable photochem-
ical reaction;*® yet it undergoes a McLafferty-type rear-
rangement to nitrogen (136 — 108). This is in contrast to
the 4-ethyl pyrimidyl ketone (8), which undergoes intramo-
lecular hydrogen abstraction both photochemically*® and
in the mass spectrometer via a ring nitrogen atom.

When the length of the carbonyl side chain is increased
to four carbons, McLafferty rearrangement to oxygen can
compete with the McLafferty-type rearrangement to nitro-
gen.® Such a competitive rearrangement process is ob-
served in the mass spectra of the butyl 2- and 4-pyrimidyl
ketones (6 and 7) (164 — 122, vs. 164 — 108). A similar
process however, is not observed photochemically for ke-
tones 6 and 7. Upon electronic excitation both butyl ke-
tones 6 and 7 undergo hydrogen abstraction by way of the
carbonyl oxygen exclusively.42:p
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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 « 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 10,%8 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 5-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 at 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 reported®5 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 II
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 pyridines,3® where exclusive type II 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
mass spectrometer at a nominal ionizing voltage of 70 eV,

The alkyl pyrimidyl ketones were prepared as previously de-
scribed? and were purified by gas chromatography.
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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 acid?? or levulinic acid.# Yields are
often unacceptable in these reactions, however. A second
method is to ozonize the C=N double bond at low temper-
atures.!® 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 ion,%7 lithi-
um aluminum hydride,® or chromous ion.? 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.l® 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.!! It 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.

Tt is well known that titanous ion can rapidly reduce ni-
troarenes to aminoarenes,!? and thus we cannot completely
rule out this mechanism. We nevertheless feel that it 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 at neutral pH.



