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t is usually assumed that the mechanism
of the Schmidt reaction is the following !

H,S0,+RCOOH=RC+(OH),+HSO~
RC*(OH),+HN,=RC(OH),*N,H ](1)
RC(OH),*N,H-RC(OH),*NH 4 N,
RC(OH),N+H—RN+H,+CO, l

in which the rearrangement is occurring
during the last two steps. Instead of
RCt(OH), the reacting ion may be
RC*0O. If the reaction is carried out
homogeneously, for instance using con-
centrated sulfuric acid as & solvent, some
implications of this mechanism can be
tested quite easily. In concentrated sulfuric
acid we have the equilibrium

HN,+H,80,=—=H,N,* + HSO,~

and since ? pK, for H,N;* is around —6.2,
almost all hydrazoic acid is found as
H,N,* in concentrated sulfuric acid.
(% H,80,>90, —H,>8). Similarly, al-
though most carboxyl and carbonyl com-
pounds are extremely weak bases® (i.e.
pK, of the corresponding acid ~—7.5)
dissolved in sufficiently strong sulfuric acid,
they will be ionized to a considerable
extent.

Since it is usually assumed that the rate
determining step In the reaction is the
reaction between HN, and RCt(OH), one
would assume that in sufficiently acidic
solutions the reaction follows the ratelaw

- (%{icgqﬁ = kCrcoorCux, (2)

in which the measured second order rate
constant is inversely proportional to h,.
Here Cx denotes the total (stoichiometric)
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concentration of X and h, is related to
Hammett’s acidity function Hy by *

H, = —log h,

h, 1is, therefore, roughly speaking an
activity of H* and the reason for the above
given dependence of the rate on the acidity
18 that in concentrated sulfuric acid solu-
tion we have

[H2N3+] ~ CHN:
[RCH(OH),] ~ Crcoon
[HN,] ~ Ka()Cnx,

ko

(3)

where K, is the dissociation constant for
the acid H,N,*.

More generally, if the mechanism given
by eqn. (1) is correct, one would expect the
measured second order rate constant k to
equal

h

k= kl 5 9 =
(ho+KA(l))(ho+ KA(z))

(4)

in which K,® is the dissociation constant
for RCT(OH), and k, is the ¢“true’’ second
order rate constant for the rate determining
step in the mechanism given by eqn. (1).
A " consequence of this is that for
H,>VEK,MK,®, k is a decreasing func-
tion of —H, and for large positive values
of —H, the dependence will be as the one
given above.

We have measured the rate of the
Schmidt reaction between benzoic acid and
hydrazoic acid using the equipment
described earlier.® The acids were dissolved
in concentrated sulfuric acid (80—98 %
H,S0,) in a sufficiently dilute solution so
that H, did not change during the reaction.
A correction was made for the change in
H, due to the solution of RCOOH and HN,
in the sulfuric acid, assuming that the
change in H, which they cause is equal to
that caused by the same number of moles
of water.

We found that the second order rate
constant depends on h, in the following

way

k = a+ h, (5)
in whichat 25°C,«=8.39 X 10~ 1 mol™' min™!
and B=1.26x 10 1 mol™ min~t. Fig. 1

shows the results obtained at 25°C. Similar
results have been obtained at 35°C and at
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F4g. 1. The observed second order rate constant
at 25°C as function of h,.

40°C. Since both « and B are positive, k
is an increasing function of A, and we can
immediately rule out the notion that HN,,
the “most basic” acid involved, is reacting
in its non-protonated form. Hence the rate
determining step in the reaction, or the
equilibrium immediately preceding it, must
involve the species H,N,™. Since it is
necessary that the reacting carbon atom is
present as & carbonium ion we have two
possible reactions:

H,N,++RCHOH),—>
RNH,++CO,+N,+H*

and
(H,04) HN,*+RCTO—>
RNH,++4CO,+H*

but we shall prefer to write the later reac-
tions as

RCH(OH),+H,80,=—
RCH(OH)(OTH,)+HSO,~
RCHOH)(OTH,)+H,N; T ==
RCH(OH)(O+H,)(N;TH,) (7)
RCH(OH)(OTH,)(N,"H,)—>
N,+2Ht*-+RCT(OH),(NH)
RCH(OH),(NH)—>RN*tH,+CO,

(6)
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In all cases HY means a proton species
present in the solution as H,0" or as
H,80,*.

In the reaction given in eqn. (6) the
actual concentrations of H,N,™ and
RC*(OH), are both virtually independent
of h, and hence the measured second order
rate constant is independent of h,. This
reaction therefore accounts for the term o«
in eqn. (5). In the reaction given by eqn. (7)
the “concentration of RCH(OH)(OTH,) is
proportional to h, or strictly speaking to
h, but at high sulfuric acid concentration
these two acidity functions are propor-
tional.® Since H,N,;* is independent of h,
this reaction contributes the term ph, in
eqn. (5). If the very reactive molecule
RCt(OH)(O*tH,) should react with the
very rare species HN; we would just get
an extra contribution to the term «, since
|HN;] ~ k™

The measurements presented here do not
allow us to draw any conclusion as to the
magnitude of rate constants and equilib-
rium constants, but they do allow us to
suggest that in the homogeneous Schmidt
reaction H,N;+ plays a much greater role
than so far assumed. For the non-homo-
geneous Schmidt reaction, which probably
18 of greater importance from the point of
view of organic synthesis, no such state-
ment can be made, obviously, since general-
ly the reaction there takes place at an
interphase.
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