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Abstract: The question of whether-carbonylcarbene intermediates are formed as ketene precursors in the
photo-Wolff reaction ofo-diazocarbonyl compounds was addressed by comparing pyridine scavenging of
transients generated by laser flash photolysis of benzoyldiazomethane and 1-naphthoyldiazomethane with
pyridine scavenging of transients formed by flash photolysis of the corresponding arylhydroxycyclopropenones.
The rate laws for the scavenging process in the two different photoreactions in aqueous solution were found
to be exactly the same, and since ketene intermediates are common to both reacticeatmanylcarbenes

are not, the transients were thus identified as ketenes. Formation of these ketene intermediates in the photo-
Wolff reaction took place within the duration of the laser pulse (ca. 20 ns)yarabonylcarbene intermediates,

if formed at all, must have lifetimes shorter than this.

has attracted much attention, both for its commercial application
in photolithograph¥ and for the rich chemistry of reactive

intermediates that it affords. In aqueous solution, for example,
photoelimination of nitrogen plus molecular rearrangement

produces a ketene, which is then hydrated to a carboxylic acid characteristic long-wavelength absorption is a hallmark of this
enol, whose ketonization gives the ultimate carboxylic acid reaction. The technique has been used extensively to study the
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product, eq . chemistry and photophysics of carbefes.
Application of the pyridine-ylide technique to detecting
2 - o FB_()H carbene intermediates in thg photo-WoIf_f r_eaction unfortunat_ely
-~ FB=»——o = = — m suffers from the shortcoming that pyridine also reacts with
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ketenes to give zwitterionic products, e§a4'-56whose UV-
vis spectral characteristics are similar to those of carbene ylides.
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The question of a furtheo-carbonylcarbene intermediate

between the diazo compound and the ketene, eq 2, has recentl;Add_ ional inf . herefore b lied to di ish
been probed by using the pyridine-ylide technigt@This itional information must therefore be supplied to distnguis

method is based upon the fact that carbenes are scavengegetween these two pyridine-scavenging reactions. This has been

idl o ; i t h one by considering lifetimésr other product formatiof? In
rapidly by pyridine, producing an ylide product, eq 3, whose this paper we show how it can also be accomplished, somewhat
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sponding ketene, eq&%Since this reaction does not involve a

carbene, any species produced by pyridine scavenging cannot .
be a carbene-ylide, and comparison of results obtained by using { 2.%-
a hydroxycyclopropenone precursor with those given by the -
diazo compound will reveal whether the latter process is giving .
a carbene ylide or a ketene zwitterion. 2.50-

h
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We performed this test using two different diazo compound
cyclopropenone paird,and2, with R = phenyl and 1-naphthyl.
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Because the scavenging reactions were fast, they were monitored, ¢:%-
by laser flash photolysis techniques. )
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Experimental Section

Materials. The diazoketones and arylhydroxycyclopropenones were Figure 1. Absorbance changes observed upon flash photolysis of
samples that had been prepared betorsl other materials were best ~ 1-naphthoyldiazomethane in agueous solution containing 0.01 M
available commercial grades. pyridine at 25°C.

Kinetics. Rates of zwitterion formation were measured by using an
eximer laser flash photolysis system operating at 248 nm that has
already been describ&iReaction mixtures were thermostated at 25.0
4+ 0.05°C. Zwitterion formation was monitored at= 450 nm, and
rate constants were calculated by least-squares fitting of exponential
functions.
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Results

Flash photolysis of both the-diazocarbonyl and the hy- ¢
droxycyclopropenone substrates in aqueous solution containing [
pyridine produced a moderately rapid absorbance increase at 1 105
= 450 nm followed by a slower absorbance decay. An example
of this behavior is shown in Figure 1. It was found that
increasing pyridine concentration affected the rates of the decay
and the rise in opposite ways: that of the rise increased whereas
that of the decay decreased. At the higher pyridine concentra- © 10(;)00 5 62 — ‘084 — lo<|)s — é)s Y
tions used, the difference in rates was sulfficiently large so that ) ' [Pyridine)/M ' '
gooq Ieast-squgres f"? of data for the. absorb'ance rise could bq:igure 2. Relationship between pyridine concentration and rates of
obt_al_ned by using a single-exponential function. At _the Iower absorbance rise @ = 450 nm observed upon flash photolysis of
pyridine concentrations, however, a double-exponential function ;_naphthoyidiazomethan®) and 1-naphthylhydroxycyclopropenone
had to be used. (4) in aqueous solution at 25C.

Rate measurements were made for each substrate at a number

of pyridine concentrations (611) over the range [pyridine} Table 1. Results of Linear Least-Squares Analysis of Rates of
Absorbance Rise &t = 450 nm Observed upon Flash Photolysis of

0.005-0.08 M, and.repllcate determlnatl'ons—(B) were mac!e . Aroyldiazomethanes and the Corresponding Arylhydroxycyclo-
at each cgoncentratlon. The results obtained are summarized ifyropenones in Aqueous Pyridine Solutions a5
Table S -

As Figure 2 illustrates, observed first-order rate constants substrate 1063,5;9? gfl |n1tgsr<;g|lo v
proved to be accurately proportional to pyridine concentration. -
Linear least-squares analysis gave results that are summarizedbﬁgﬁomdgi?(mftggnfo enone j'gjg'gg ;%85;‘: g'gi
in Table 1. It may be seen that the slopes for the two substrates g-naghtr{oyldi)z;z%meqhaele 277002 8.94f 0.35
in each pair are exactly the same and that the intercepts also 1-naphthyihydroxycyclopropenone ~ 2.270.03  8.56+ 0.46
agree well within their combined statistical uncertainties

(standard deviations). The rate laws for the two transient

of gr)g'\;'r?iscsb(gﬁ';gfn”c}gbg ﬁbr?f; (T:ﬁ‘é%%eg‘aﬂgsigg’ﬁagfsss Names  gypstances formed from each substrate pair are thus identically
(8) (a) Chiang, Y.; Kresge, A. J.; Hochstrasser, R.: Wird, Am. Chem. the same, and it seems fair to conclude that the transients are

Soc 1989 111, 2355-2357. Wagner, B. D.; Zgierski, M. Z.; Lusztyk, J. the same also. Since ketenes can be formed from both kinds of

Am. Chem. S04994 116 6433-6534. (b) Chiang. Y. Kresge, A. J.. Popik, gy hstrates but carbenes can only be formed from one, the

V. V. J. Am. Chem. Sod 995 117, 9165-9171. X . .
(9) Supporting information; see paragraph at the end of this paper transients must be derived from ketenes, i.e. they must be

regarding availability. ketene-pyridine zwitterions.
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The fact that the absorbance rise produced by formation of The species scavenged there were identified as ketenes and not
these ketenepyridine zwitterions is followed by a slower decay carbenes on the basis of their failure to react with 2-adaman-
of this absorbance indicates that these zwitterions are unstablganethione and oxygen, two well-known carbene scavengers. It
in aqueous solution. Inhibition of this decay by pyridine, as was consequently concluded thatarbonylcarbenes, if formed,
evidenced by its decreasing rate with increasing pyridine must have lifetimes less than a few nanoseconds and that the
concentration, suggests that the decay is a simple reversal ofphoto-Wolff reaction may be regarded as a concerted process
zwitterion formation, regenerating the ketene which then on the nanosecond lifetime scale. This conclusion is also
undergoes hydration. This process is under further investigation.consistent within the short, ca. 1 ns, lifetimes deduced for several

The expected carboxylic acids were the only products formed a-carbonylcarbenes substituted with aliphatic, alkoxy, and

in each of these reactions. alkoxycarbonyl groups in a variety of organic solvehta.
) ) transient species with a lifetime of 20 ps, believed to be the
Discussion o-carbonylcarbene, has also been detected in the photo-Wolff

The present study shows that the species scavenged by€action ofa-diazonaphthoquinone in methanol soluti8n.
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