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The mechanistic question whether extrusion of nitrogen from
azo compounds proceeds concertedly or stepwise was recently!
convincingly answered in the thermolysis of the unsymmetrically
substituted acyclic azo compounds (eq 1). The fact that an
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isomerized azo compound is formed, besides the usual denitro-
genated products, implies rupture of the weaker C-N bond, leading
to the caged diazenyl radical and allyl radical pair followed by
recombination at the other allyl radical terminal prior to nitrogen
loss from the diazenyl radical. Moreover, also for symmetrical
bicyclic azo compounds, such thermal isomerizations have been
documented? to proceed via diazenyl diradicals (eq 2). Theoretical

e

work substantiates® this mechanistic course, suggesting an ap-
preciable activation energy (ca. 6—10 kcal/mol) for the loss of
nitrogen from the diazenyl radical.

Experimental evidence indicates also for the photochemical
process that on n,r*-excitation photoracemization takes place (eq
3).4 Again, the intermediary diazenyl radical is sufficiently
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long-lived (ca. 1078 to 1079 s)* to allow racemization of the chiral
alkyl radical, followed by cage recombination prior to nitrogen
elimination. This is not surprising, since theoretical work shows,$
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with the parent diazene as model, that on n,x*-excitation a 7-type
diazenyl radical is formed which should be reluctant toward
denitrogenation. In this context, it is significant to mention that
the bicyclic azo compounds in eq 2 did not isomerize during
photolysis.?

In our recent publications,” we have proposed that diazenyl
diradicals intervene quite generally in the photochemical deni-
trogenation of cyclic azo compounds. However, rigorous exper-
imental proof is still lacking. Consequently, we decided to probe
this mechanistic query by choosing an azo substrate capable of
photoisomerization. Fortunately, the previously studied® 4-
methylene-3,3,5,5-tetramethylpyrazoline (1a) proved useful for
our purposes, and presently we communicate our results.

Azo compound 1a was prepared in 75% yield from its pyra-
zolone by Wittig reaction with methylenetriphenylphosphorane.?
Direct photolysis (ca. 0.7 M solution in #-pentane under a nitrogen
atmosphere) at 350 nm and 20 °C afforded the methylene-
cyclopropanes 4a and 4b (eq 4) in the previously observed® relative
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proportions of 75:25 (capillary GC on a 50-m OV-101 column,
operated at column, injector, and detector temperatures of 80,
150, and 200 °C, respectively, and a carrier gas pressure of 1.0
kg/cm?). However, careful examination of the photolyzate by
means of capillary GC revealed a trace component (ca. 0.5%) of
lower volatility, presumably still containing nitrogen.

This fact was indeed confirmed by means of capillary GC/MS,
affording the expected m/e value of 138. Moreover, its frag-
mentation pattern was significantly different from the starting
pyrazoline 1a. That this product was not 1a could readily be
confirmed by means of capillary GC comparison with the authentic
material.

Suspecting that the isomerized azo compound 1b had been
formed in the photolysis of 1a (eq 4), we attempted to prepare
an authentic sample. Cycloaddition of diazomethane and tetra-
methylallene in ether at 0 °C in an autoclave for 4 weeks gave
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in trace amount (ca. 1%) the hydrazone § instead of the desired
azo compound 1b.° The minor product in the direct photolysis
of azo compound 1a was identical with hydrazone 5 by comparison
with the authentic material by employing capillary GC/MS and
GC/FTIR spectra and retention times on several capillary GC
columns.

These results are mechanistically rationalized in eq 4. The most
expedient way to explain the formation of hydrazone 5 is to accept
the sequence 1a = 2a = 2b = 1b — 5, involving first rupture
of one C-N bond to afford the diazenyl diradical 1a, which by
C-C bond rotation leads to the rotameric diazenyl diradical 2b,
and final C-N bond reclosure yields the isomerized azo compound
1b. The latter readily tautomerizes to the hydrazone 5. Of course,
the predominant competing reaction channel of the rotameric
diazenyl diradicals 2a,b is denitrogenation to afford the corre-
sponding trimethylenemethane diradicals 3a,b. Their subsequent
fate is cyclization into the methylenecyclopropanes 4a,b, re-
spectively. The mechanistic intricacies of the latter process have
recently been examined by means of deuterium labeling.!?

What at first glance appears to be surprising about pyrazoline
1a is the fact that its photolysis leads to isomerized azoalkane 1b
(eq 1), while its thermolysis does not,? although ample evidence
for the involvement of diazenyl diradicals in the thermolysis of
azo compounds has been documented.!! A contrary case concerns
the bicyclic azoalkanes of eq 2, in which the thermolysis led to
isomerization but photolysis did not.> Even if structurally the
“same” diradicals are involved in thermal and photochemical
reactions, such species need not be identical. For example, they
can differ in their vibrational excitation, i.e., “hot” vs. thermally
equilibrated species,'? in their spin states, i.e., singlet vs. triplet,!3
or in their electronic configuration,'* i.e., o- vs. w-type. Numerous
examples exist which exemplify that the chemical fate of such
molecular entities depends on such factors.!! As we have pos-
tulated previously” on the basis of theoretical work, photolysis
(n,m*-excitation) of azoalkanes should afford initially the =-type
and thermolysis the o-type diazenyl diradicals 7-2 and -2, re-
spectively. While the latter is expected to readily denitrogenate
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to give the trimethylenemethane 3 and ground-state molecular
nitrogen, the former would be obliged to generate 3 and n,z*-
excited molecular nitrogen. Thus, the photochemically produced
diazenyl diradical x-2 is expected to be longer lived, since nitrogen
loss requires a greater activation energy and consequently for-
mation of the isomerized azoalkane 1b is more probable.!®

It remains to be seen whether the intervention of diazenyl
diradicals in the direct photolysis (n,7*-excitation) of azo com-
pounds is a general phenomenon, as seems to be implied in the
theoretical study of the parent diazene.® It is our contention that
diazenyl diradicals are more abundantly involved as intermediates
than was previously implicated in the photolysis of cyclic azo
compounds.
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We report the sequence-specific cleavage of single-stranded
DNA to nucleotide resolution using chemically activated oligo-
deoxynucleotide methyl thioether hybridization probes (DNA-
MT). 5-[3-[[3-(Methylthio)propionyl]amino]-trans-1-
propenyl]deoxyuridine 5'-triphosphate (MT-dUTP) was enzy-
matically incorporated into an oligonucleotide duplex by using
the Klenow fragment of DNA polymerase. Activation with CNBr
at 25 °C, pH 5.5, followed by treatment with piperidine produced
cleavage on the complementary strand at a single guanine (G)
residue to the 5’-side of the modified base.

Oligonucleotide probes capable of producing cleavage at a
complementary strand have been reported, based on modification
of nucleic acid strands with bifunctional reagents.! Using (2-
chloroethyl)amine derivatives attached to the 5’-terminal phos-
phate of an oligonucleotide, Vlassov et al. observed alkylation and
cleavage of three adjacent G residues on a single-stranded DNA
target. A second synthetic approach has been developed involving
incorporation of a modified base into an oligonucleotide by
chemical methods which allows the convenience of automated
synthesis and affords control over the placement of the reactive
group in the oligonucleotide strand. One example of this is
DNA-EDTA-Fe(1I) probes which oxidatively cleave several nu-
cleotides on the complementary strand.*

The work described here involves enzymatic incorporation of
a modified deoxyuridine triphosphate into a specific site on an
oligonucleotide. To avoid the problem of premature inactivation
and/or autocleavage of the modified DNA probe and to control
the timing of the complementary strand cleavage, the cleaving
function is masked. On the basis of the known sequence-specific
cleavage of peptides with cyanogen bromide (CNBr) which results
from the selective conversion of methionine to a highly reactive
sulfonium species,® methyl thioether covalently attached to a DNA
hybridization probe could be considered a latent alkylating moiety
that can be selectively activated by CNBr under mild conditions.
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