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observed following 308-nm laser flash photolysislafin acetonitrile
and in acetonitrile containing 3.0 mM TFA. Decay of absorptioBaf
monitored at 2037 crt.
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Diazoalkanes and their conjugate acids, diazonium ions, are
important reactive intermediates which have been implicated

intermediates. Nitrous acid deaminations of aliphatic amines
are known to involve the same diazonium ion intermedi&tes.
It has been postulated thistalkyl-N-nitroso compounds may,
under certain conditions, lead to the formation of diazoalkanes
in biological system3$ and their studies serve as models from
e e il Iplcallons e Leen, The ormation of the two products pon 306 LEFlal
reacti\./e intermediates, there is little quantitative information on n aceton_ltrlle at 25C, is readlly_ confirmed W'th use .Of tme-
. L ' - resolved infrared (TRIR) detectidfl. Absorptions assigned to
their reactivities. The only known bimolecular rate constant

for protonation of an unstabilized diazoalkane by acidic species the diazo band of 2-diazopropane, centered at 2836crr,
P S - N€ Dy ac P and to the carbonyl band of methyl acetate, centered at 1744
such as hydronium ions, is that for protonation of diazomethane

: . . . . - R!  OR¢ Rl OR -

-N- h - N
in the carcinogenicity and mutagenicity bFalkyI N-nitroso N‘>< 300 or . 4 !‘,52’5;‘;;" eﬂ
compound$. Alkanediazoates have been studied extensively \ P Sensitzation | No P | T~ @/U\
and have been shown to decompose via diazonium ion ;;/\R’ Nk—f R® RSB

2

1 3

a, R, R, R R=Me
b,R' = OMe, R, R® = (CH,)s, R = Me
b,R' = OMe, R, R’ = (CH,),, R* = Me
b,R' = OMe, R%, R® = (CH,);, R' = Me

by hydronium ion at 25C, estimated aky+ ~ 4 x 10° M1

s L7 The laser flash photolysis (LFP, 308 nm, with either UV

or IR detection of transients) of alkoxy substitutad-1,3,4-
oxadiazoline precursordl) has allowed us to determine rate

constants for protonation of diazoalkanes in both aqueous and

nonaqueous solutions.

The mechanism for the photochemical decomposition of

alkoxy substitutedA3-1,3,4-oxadiazolinesl involves initial
o-scission of the excited state to form biradicaks, which
subsequently undergo efficiefitscission selectively, to give
primarily diazoalkanes3, and an ester or carbonate (it R
alkoxy)8°
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cm~1 (not shown), were formed instantaneously (within the
response time of the instrument) frotra, Figure 1. Both
absorptions were persistent under the experimental conditions.
Under identical conditions, 308 nm LFP (UWis detection)
of laresulted in an instantaneous bleaching of its absorption
at 322 nm and was accompanied by the instantaneous appear-
ance of a strong persistent band, centered at 250 nm, assigned
to 3all Both the UV and the IR absorptions assigned&o
decayed with first-order kinetics & 30us) when trifluoroacetic
acid (TFA, 3.0 mM) was present (Figure 1).

Rate constants for protonation & by carboxylic acids with
pKa's ranging from 10 to 23 in acetonitrifé,at 25°C, u = 0
M, are listed in Table 1. They were obtained as the slopes of
linear plots of observed rate constants (determined from LFP
TRIR measurements)s acid concentratio* The linear least-
squares analysis of ldgia vslog Ka of the acids (data adjusted
for statistics) by the Bransted procedure gave: 0.251°

The reaction betweeBa and hydronium ion was also studied
by monitoring decay of the UV absorption 8& in aqueous
perchloric acid solutions at 28, 4 = 1.0 M (NaClQ,), and
the rate constants found wekg+ = (2.464 0.07) x 10° M1
s1in H,0 andkp+ = (1.324 0.04) x 1 M~1 st in D,O
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The long lifetime of diazopropane and the magnitude of the rate constants
for its protonation should allow for these measurements to be made with
conventional spectroscopic techniques.

© 1997 American Chemical Society



1790 J. Am. Chem. Soc., Vol. 119, No. 7, 1997

Table 1. Observed Proton Transfer Rate Constakig)(for the
Reaction of3a with Carboxylic Acids in Acetonitrile at 25C?

acid FKA Kna, M-L.s1
trichloroacetic 10.57 8.% 10°
trifluoroacetic 12.65 6.8& 10° (TRIR)

6.9 x 10° (UV)

dichloroacetic 13.20 2.8 1¢°
oxalic 14.50 2.9 10°
malonic 15.3 4.3 10°
2,3-dibromopropionic 17.1 6.% 10°
cyanoacetic 18.04 54 1C°
acetic 22.30 8.5 103P

aMeasured by TRIR at 2037 crh P From quadratic fit ofkops VS
[acid].
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Figure 2. Plots of the change iky,s for the decay 08a, as a function
of H* concentration®), and as a function of Dconcentration4), in
aqueous perchloric acid solutions, at 26, ionic strength 1.0 M
(NaClQy).
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(Figure 2). The primary kinetic isotope effect for the reaction
of hydronium ion with3a is ky/kp* = 1.86. A Brgnsted
correlation for the protonation @a with carboxylic acids in
aqueous solutions showed a slop®(22) similar to that found

in acetonitrile solutions.

Rate constants for protonation of diazocyclohexa8e),(
diazocyclopentane3€), and diazocyclobutangd) by TFA in
acetonitrile at 25C were determined from the decays of their
UV absorptions upon 308 nm LFP db—d in acetonitrile. The
linear plots of kpsg s [HA] gave bimolecular rate constants
(kna) equal to (9.174¢ 0.12) x 105, (1.194 0.03) x 10, and
(4.284+ 0.10) x 10’ M~1 s for the reaction of TFA wittBb—

d, respectively.

It is unlikely that the magnitudes of rate constants of proton
transfer are governed by diazonium ion stabilities, given that
the observed Brgnsted coefficient is consistent with an early,
reactant-like, transition staté. It also seems that torsional
effects are not dominant since larger eclipsing interactions for
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the transition state by a change in hybridization, from tep
spi.

Our results are consistent with those of McGarrity and Sfyth
in that the bimolecular rate constants for proton transfer to the
diazo carbon by strong acids are large, although stiB ®rders
of magnitude below the limit for diffusion control. A Brgnsted
coefficient of~0.25 for the protonation da suggests an early
transition state and may indicate that the reaction is exothé&fmic.
Another implication is that thei’s of carboxylic acids and
of 2-propyl diazonium ions are significantly differeft?!

It has been suggested that the carbon atom of diazomethane
is a good hydrogen-bond accepté?. Stabilization of carbon
bases by hydrogen bonding is expected to be most favorable
when negative charge is localized at carbon. Examples of such
bases are cyanideand acetylidé* ions and C-2 of the ylide
thiamin?> However, Washabaugh and Jencks have shown that
hydrogen bonding is not important in proton transfer reactions
of C-2 thiazolium ion€® and rate constants for protonation at
carbon can reach the diffusion controlled limit even when a
lone pair on carbon is delocalized, at least formally, as in phenyl
ynolate iong’ Thus, the effects of hydrogen bonding in
formally neutral diazoalkanes, on rates of proton transfer, remain
unclear. Whatever the reasons, protonations of dialkyldiazo
compounds are intrinsically fast, as indicated by our estimate
of the intrinsic barrier to protonation of 2-diazopropahe.

Phenyldiazomethane isa. 70-fold less reactive tha®a
toward HO", anda-diazocarbonyl compounds are slower yet
by several orders of magnitudé. Such structural effects on
rate constants for protonation at the diazo carbon atom presum-
ably include effects from changes in the structure of the ground
states (conjugation, H-bonding as well as other solvation) and
in the structure of corresponding transition states.

Photochemical generation of diazoalkangsfom oxadia-
zolines () in a variety of media containing a proton source
represents an alternative and convenient method for determining
rate constants for diazoalkane protonation reactions. Fast
protonation of dialkyldiazo compounds leads to the efficient
and relatively indiscriminate formation of cation-counterion pairs
which can then collapse to form alkylation produtsFurther
investigations of the effects of structure on the properties of
diazo compounds, using oxadiazolind3 &s convenient pho-
tochemical precursors, are in progress.
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