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A kinetic and mechanistic investigation of the acetolysis of tributyltin hydride in DM SO and DMSO—-diglyme
mixtures in the presence of halide ‘ion is first order in hydride and acetic acid, and first order and catalytic in

halide ion.

It is suggested that the mechanism involves the pre-rate-determining coordination of halide ion

on tin, a process which activates the hydride ion in question, making attack by acetic acid occur more readily.

This process of activation is termed assistance.

Evidence is accumulating in the cleavage of C-M and H-M

linkages that nucleophilic attack at the metal atom, as well as the electrophilic attack at carbon or hydrogen, is

important.

Although considerable effort has been expended on
the reaction of organometallic compounds, very little
is known about the mechanism of formation of carbon-
metal bonds or the mechanism of cleavage of these
bonds.

Dessy and Paulik have pointed out* that, just as
electrophilic assistance to substitution processes is
evident when lone pairs are available near the reaction
site, as in the silver-ion catalyzed solvolysis of alkyl
halides, nucleophilic assistance to electrophilic substi-
tution processes should be most evident in those com-
pounds where an element possessing an incomplete
octet, or one capable of expanding its octet, is near the
reaction site. This criterion is met perfectly by organo-
metallic compounds where the metal atom gives rise
not only to this “electron deficiency,” but through its
electropositive nature permits bond polarization to
occur, making the metal more susceptible to nucleo-
philic attack and generating an incipient carbanion
through such polarization—a position susceptible to
electrophilic attack.

It has also been pointed out* that in acidolysis reac-
tions electrophilic attack alone will be observed if (a)
the anion of the acid is incapable of coordinating with
the metal atom, such as might be the case with sulfate
or perchlorate; or (b) the solvent is capable of hydrogen
bonding with a potential nucleophile, such as might be
the case with halide ion in alcohol or alcohol-water sol-
vents. It is obvious that nucleophilic assistance will
be most evident in the reactions of organometallic
compounds in aprotic environments when a strong
nucleophile is present. Kinetic evidence for such par-
ticipation in the acetolysis of phenylcarbomethoxymer-
cury in DMSO in the presence of halide ion has been
found.® The reaction is first order in organomercurial,
halide ion, and acid. A pre-rate-determining equi-
librium involving halide ion and organomercurial sub-
strate is indicated. Three items—the assistor, a poor
anion solvating reaction medium, and the open p- or sp*-
hybrid orbitals on mercury—are involved.

In the case of mercury one is dealing with an element
possessing a filled d-subshell and having open p- or sp*-
hybrid orbitals available. It seemed of interest to in-
vestigate the elements which had no available sp*
hybrid orbitals, but available empty d-orbitals, and
those which contained no available d-orbitals, and open
p- or sp*-hybrid orbitals, for evidence of such nucleo-
philic assistance at the metal in the cleavage of C-M
bonds. Evidence in these three strikingly different
cases would indicate that the phenomenon of nucleo-
philic assistance is widespread throughout the periodic
table. Work on the latter case, involving unsymmetri-
cal organoboranes, is in progress, but sufficient evidence
is now available from kinetic studies of the assisted
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The effect of solvent and anion structure assistor action is discussed.

acetolysis of tributyltin hydride to indicate that nucleo-
philic participation is clearly observable in organo-
metallic compounds containing a metal having the
former characteristics where coordination requires the
“expansion of the octet.”” It is the purpose of this
paper to present these details.

There appears to be a correlation between this study
and the reports in the literature concerning the acidoly-
sis of carbon—metal bonds involving Si, Ge, Sn, or Pb
and the base-catalyzed reaction or acidolysis of silicon—
hydrogen bonds.

Eaborn® has studied the acidolysis of C-Si, C-Ge,
C-Sn, and C-Pb bonds using aryltrialkylmetal com-
pounds as substrates. In these systems, in aqueous
alcoholic perchloric acid or sulfuric acid in acetic acid-
water, the acidolysis follows a Hammett correlation,
log k/ky = p(oc + r(6+ — o)), the value of 7 steadily de-
creasing from 0.7 to 0.4 as one proceeds from Si to Sn.
From an observation of the large positive p-values, it is
suggested that in these cases the reaction involves pre-
dominantly electrophilic attack on carbon, while the
monotonic decrease in 7 is attributed to increasing
amounts of nucleophilic attack on the metal atom by
solvent.

In the system

EtOH, HOH
ArMRa
HC104

the relative rates of cleavage of the aryl group from
the metal are 1:36:3.5 X 10%:2 X 10%for Si, Ge, Sn, and
Pb, respectively. Eaborn has pictured the solvent par-

ticipation as
OH.,
' Ht
R;M—R + ROH > | RsM —> product

R

suggesting its importance for Sn and Pb particularly.

Dessy and Kim have studied the cleavage of C-Hg
bonds in hydrochloric acid-DMSO-dioxane systems
and found a similar Hammett correlation with r =
0.5.7

In this particular case, it is suggested that pre-rate-
determining coordination of halogen on mercury leading
to an assistance of the electrophilic proton attack on
carbon is involved. Evidence that supports this view
of nucleophilic participation at the metal is suggested?
in the data derived from a study of the mechanism of
formation of C-Hg bonds from acetylenes, RC=CH,
and HgX,, where a four-center mechanism seems to be
involved. This reaction is related, vie the principle of
microscopic reversibility, to the cleavage of the same
bond.

The base-catalyzed reaction of trialkylsilicon hy-
drides has been studied by Steward,® Kaplan and Wilz-
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bach,’ and Sommer.!! The area is a rather complex
one, but three mechanisms have been proposed involv-
ing the often used OH—-EtOH-HOH system.

OH |~
slow /
AN
H
I

fast
I + HS —> R;SiIOH + H, 4+ S~

R;SiH + OH~ + HS —> R3SiOH + H, + S~ (2a)

OH‘ -
fast /

R;SiH + OH ™ > RS (2b)

1|

slow

I + HS —> R SiOH + H, + S~

The second-order kinetics, first order in base and silicon
hydride, and the presence of small deuterium isotope
effects (£SIH/ESID = 1.2-1.5) have led Kaplan and Wilz-
bach to prefer a transition state

.

|
) R;Si--H---H--S

in which the bond between the hydrogen atoms is almost
complete in the transition state.

Steward and Pierce,® exploring the area by means of
the Taft equation, have suggested that structure—
reactivity correlations are best made by assuming two
limiting reaction mechanisms—(1) predominating when
strained rings or electron-withdrawing groups are in-
volved around silicon, while (2a) predominates when
electron donators are present. In the alkyl series the
effect of polar substituents on the base-catalyzed hy-
drolysis of organosilicones is appreciable (¢* = 4.27),
although in the acid-catalyzed reaction it is quite small
(% = 0.77).

The closest example to the reaction in question is the
decomposition of trialkylsilicon hydrides by hydrogen
chloride in aqueous ethanol. In order to avoid the
effect of trace amounts of water, Eaborn!?> employed
0959, ethanol. The reaction appears to be first order in
acid and first order in silicon hydride, and p-substitu-
tion in phenyldimethylsilicon hydride has remarkably
little effect on the rate, which is consistent with the
results of Steward and Pierce in the alkyl series, the
rate ratio p-Cl:H:p-CH; being 1.2:1:0.85. The addi-
tion of water decreased the rate of reaction, a fact attri-
buted to the drop in the acidity function. Interestingly
enough, added LiCl increased the rate of reaction far
more than might be expected from a salt effect.  Fi-
nally, the observation that the acid decomposition in
anhydrous dioxane is accelerated by the addition of
water (despite the drop in acidity function (sic)) and
the presence of a solvent isotope effect (kH:C/kD:0 = 2)
led to the suggestion that one of the following mechan-
isms was involved.
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OH,
) fast /
RsSiH + H,0 ? R;Si (3a)
AN

H
1I

slow
II + H,O0* —> |H:0--SiRs--H--H--OH,| ¥+ —>
(H,O0* —> SiR;) + H; + H,0

or

fast
R;SiH + H,;0+ (_____E (RsSiH---HOH,; *) (3b)
111

slow
III + Hy,O —> |H;0--SiR;--H--H--OH, | £+ ——>
(}‘IQO+ — Sle) -+ H, + H,0O

In latter reviews Eaborn!® tended to favor 3b as the
most likely mechanistic pathway, although the hydro-
gen bonding involved in the pre-rate-determining inter-
mediate is rather unusual.

It is of value to point out that it was felt by this
author!® that the work of Taketa, Kumada, and Tar-
amal!* involving the acidic ethanolysis of triethyl-
silane, which indicated that both chloride ion and oxo-
nium ion were involved in the rate-determining step,
was improbable.

Experimental

Apparatus.—The most convenient method for following the
rate of this reaction (RsMH + HA — H, + R;MA) was to
measure the change in pressure (due to hydrogen gas evolution)
with respect to time at a constant volume. The instrument used
in the kinetic studies was a modified Thomas-Van Slyke-Folch
manometric apparatus. The reaction vessel, to be connected to
the manometer, consisted of a 100-cc. flat-bottomed flask with a
side arm for attachment and a stopcock fitted with a rubber
septum for injection of the acetic acid by means of a 10-cc.
hypodermic syringe. Stirring of the reaction mixture was ac-
complished by a magnetic stirrer.

The temperature regulating system consisted of a large water
bath under constant agitation in which a bimetallic thermo-
regulator and heating unit were immersed. Water from the
bath was circulated through the gas chamber jacket and around
the reaction vessel by means of a centrifugal circulating pump.
Temperature control was maintained within 0.1° at 31.4°.

Description of Reagents.—After purification, all materials were
stored in calcium chloride desiccators until used. All solvents
were flushed with nitrogen gas as a precaution against oxidation
of the hydride solution.

Solvents.—Diglyme (diethylene glycol dimethyl ether, Mathe-
son Coleman and Bell) was dried over and distilled from LiAlH,
at atmospheric pressure. The pure material boiled at 160-161°.
Dimethyl sulfoxide (DMSO, Matheson Coleman and Bell) was
dried over calcium hydride and fractionally distilled at atmos-
pheric pressure and reduced pressure. The fraction taken dis-
tilled at 189-190° (atmospheric pressure) or at 45° at 1.0 mm.
Glacial acetic acid (du Pont, reagent grade) was refluxed with
potassium permanganate for 6 hr. in order to oxidize any alde-
hydes present. The acid was then dried over and distilled from
magnesium perchlorate at atmospheric pressure. This procedure
vielded glacial acetic acid having a boiling point of 117.0-118.0°.
Trifluoroacetic acid (Matheson Coleman and Bell) was distilled
at atmospheric pressure before use. Hydrochloric acid (du Pont,
reagent grade) was used as received. Ethyl ether (Mallinck-
rodt, reagent grade anhydrous) was dried over and distilled from
LiAlH,.

Assistors.—The alkali metal salts employed in these studies
were commercially available, reagent grade materials. The salts
included NaF, NaC,H;0,, NaBr, Nal, LiCl, LiBr, LiClO;, and
KSCN. Thev were dried at temperatures of 130-150° for
several hours before use. Triphenylphosphine (Metat and
Thermit Corp.) was recrystallized three times from absolute
ethanol. The material obtained after recrystallization was a
white solid melting at 78-80°. Triphenylphosphine oxide (Metal
and Thermit Corp.) was recrystallized once from methylcyclo-
hexane (Phillips Petroleum), giving a white crystalline material
melting at 153-154°. Tri-n-butyltin hydride was prepared from
bis-(tri-n-butyltin) oxide, by reduction with lithium aluminum

{13) C. Eaborn, Organocsilicon Compounds,”' Butterworths Scientific
Publications, [.ondon, 1960.

(14) A. Taketa, M. Kumada, and K. Tarama, Bull. Insi. Chem. Res., Kynto
Univ., 31, 260 (1953).
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hydride (deuteride) according to the method of Considine.!
The pure hydride boiled at 99-101 (5 mm.), with #n!®p of
1.4735.

Treatment of Data.—All runs were made under conditions that
were pseudo-first order in hydride, with acid concentrations 10 to
20-fold that of the hydride substrate. Plotsof log (P o — P)us. ¢
led to pseudo-k1’s. Division by the acetic acid concentration
gave second-order rate constants, k;, while division by the initial
assistor concentration, if present, led to the &; values presented.

A typical run, followed to 999, of the expected hydrogen
evolved, which obeyed a first-order plot to 809 reaction, appears
below.

Conditions.—Tri-n-butyltin hydride (0.067 M), acetic acid
(0.67 M), lithium chloride (0.067 M) in DMSO-diglyme (1:1) at

31.4°. From the free volume of the apparatus a pressure change

of 35.43 cm. was expected (a).
Pressure, Time, (P — Po) = x, (a — %),

cm. min.: sec. CITl. cm.

15.00 0:00 0.00 35.43
23.30 0:30 8.30 27.13
30.10 1:00 15.10 20.33
39.10 2:17 24 .10 11.33
44 .10 3:45 29.10 6.33
47.10 5:25 32.10 3.33
49.70 8:22 34.70 0.73
50.43 10:15 35.43 0.00

Results and Discussion

Although any derivative of a group IV element might
have been employed in a study to determine the im-
portance of nucleophilic attack on the metal atom in
cleavage of a M-X bond, the M-H bond has unique
characteristics. In comparison to M-R bonds, it has
a high degree of polarity which will more sharply elicit
nucleophilic assistance if it is present. In comparison
with M-Cl bonds it has the attribute of not involving
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of preparation, and polarizability suggested tin. Al-
though triphenyltin hydride would have been most pref-
erable, the problems posed in purification led to the
final selection of tributyltin hydride. The desirable
solvent properties of dimethyl sulfoxide, or diglyme,
particularly their ability to dissolve inorganic materials
and not to solvate anions, suggested their use in the
study of the acidolysis of tributyltin hydride. A pre-
liminary survey of possible acids led to the findings that
trifluoroacetic acid reacted very slowly with the tri-
butyltin hydride in diglyme. Hydrochloric acid reacted
much too rapidly, while the substituted phenols were
too sluggish in their attack. Acetic acid finally gave a
manageable system.

The results of the initial study of the (C.H,);SnH-
HOAc-DMSO system are given in Table I. Runs I-
A-1 and I-A-2 clearly show that the reaction, yielding
hydrogen and tributyltin acetate, run under pseudo-
first-order conditions, is first order in hydride and in
acid. Pseudo-first-order plots were well behaved over
the first 409 of the reaction, from which the slopes used
to calculate by were derived. After this point the reaction
appeared to deviate in a positive manner, running its
course more rapidly than might be expected from the
rate law. This was finally traced to an autocatalytic
term, involving the product (C:Hy):SnOAc, as run [-H
indicates. The addition of LiClO; to the reaction leads
to the observance of a small positive salt effect, run I-
G. This might be due to a direct effect of bulk solvent
dielectric, or to a specific effect of perchlorate ion, but
the autocatalytic findings would suggest that liberation
of small amounts of acetate ion which exert a specific
effect themselves is the most probable source.

TaBLE 1*
31.4°
(CHs)sSnH + HOAc + assistor —I;—M—g(;) (C4H,)3Sn0Ac + H,

Run ((CsHo)sSnH, M (HOAc), M Assistor (Assistor), M ks, 1./mole-sec. ks, 1.2/mole?-sec.
I-A-1 0.093 0.93 6.3 X 10 .
I-A-1 .090 .90 6.4 X108 ...
I-A-2 .064 .128 6.9 X 108 . ...
I-A-2 .082 .164 . A 6.5 x 10 .
I-B .051 .51 LiCl 0.051 4.7 X 1078 9.5 X 1072
I-B .051 .51 LiCl .051 4.6 X 1073 9.3 X 1072
I-C-1 046 .46 LiBr .046 9.4 X 107¢ 2.0 X 102
I-C-1 .046 .46 LiBr .046 9.9 X 10—* 2.1 X 1072
1-C-2 049 .58 LiBr .035 7.7 X 107¢ 2.2 X 1072
1-C-3 .062 1.24 LiBr 062 1.2 X 1078 2.0 X 1072
I-D .062 0.62 NaBr 062 1.4 X 1073 2.2 X 1072
I-E .059 .59 Nal .059 1.1 X 10~ o
I-F 078 .78 KSCN .078 2.4 X107+ ..
1-G .049 .49 LiClO, .098 9.2 X 10°% ..
I-H .045 .45 (C4H,)sSnOAC .045 1.1 x 10~ ..
I-J .058 .58 (Ce¢Hj)sP .058 1.1 x 10 .
I[-K 052 .52 (CeH;);P—~O 104 1.8 X 10 ...

((C4Hg)sSnD), M

I-B-d 0.071 0.71 LiCl 0.071 5.5 X 1073 7.8 X 1072

I-B-d 0.071 0.71 LiCl 0.071 5.6 X 1073 7.9 X 102

@ Tributyltin hydride in DMSO, at the concentrations employed before mixing with the reacting solutions, was found to be an emul-

sion from which reproducible aliquots could be taken as indicated by the observed rate constants.

upon addition of the final reactant, acetic acid in DMSO.

possible dm-pw bonding. The dihydrides and tri-
hydrides of group IV elements have complex chemistry,
as Kuivila® has so elegantly shown, so that a trialkyl or
aryl metal hydride seemed most appropriate. Again,
to elicit the greatest degree of nucleophilic participa-
tion, it seemed advantageous to employ one of the more
massive, and therefore more polarizable elements of
group IV, and the compromise between stability, ease

(15) W. Considine and J. J. Ventura, Chem. Ind. (London), 1683 (1962).
{16) A. K.Sawyerand H. G. Kuivila, J. Am. Chem. Soc., 823, 5958 (1960).

Complete solution was effected

Runs I-B, C, and D indicate that the addition of the
halogen ions Cl— and Br~ results in an increase in the
observed k. The pseudo-first-order plots obtained
under chloride ion catalysis are linear for over 809 of
the course of the reaction, since under these circum-
stances the contribution by autocatalysis is too small to
detect. In bromide ion runs only the initial 409, of the
reaction was used in calculations of rate constants to
avoid the autocatalysis term. The fact that even
though stoichiometric amounts of halogen ion are em-
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TaBLE 11

Jan. 5, 1964
(C:Hy):SnH + HOAc + assistor
Run ((C4He)3SnH), 3 (HOAc), M Assistor
II-A 0.114 1.14
IT-A .114 1.14
II-B 067 0.67 LiCl
II-B .067 .67 LiCl
II-C-1 .067 .67 LiBr
I1-C-2 .067 .67 LiBr
I1-C-2 .067 .67 LiBr
11-C-3 .067 1.34 LiBr
I1I-C-3 067 1.34 LiBr
II-D .067 0.67 NaBr
II-D .067 .67 NaBr
II-E .067 .67 Nal
II-E 067 .67 Nal
II-F .067 .67 KSCN
1I-F .067 .67 KSCN
1I-G .067 .67 LiClOq
II-G .067 .67 LiClO,
II-H .067 .67 (C4Hs);Sn0OAc
II-H 067 67 (C4H9)3SHOAC
II-J .067 .67 (CsH; )3 P
II-K .067 .67 (CeH;);P—0O
((CiHg)sSnD), M
II-A-d 0.137 1.37
II-A-d . 137 1.37 L
II-B-d 067 0.67 LiCl
II-B-d .067 0.67 LiCl

ployed pseudo-first-order plots are linear indicates that
the halogen ion is serving as a catalyst, apparently be-
ing regenerated after the rate-determining step or re-
leased during the rate-determining step. The assump-
tion that the reaction, under these conditions, is now
also first order in halogen ion leads to the calculated k;
values shown. Runs I-C-1, 2, and 3 indicate that this
assumption is valid.

There appears to be no cation effect, as a comparison
of runs I-C and D indicates.

Finally, the addition of Nal or (C¢H;)sP in stoichio-
metric amounts does not increase k» sufficiently to
place them beyond the domain of the autocatalytic
acetate term, and the effect of KSCN or (C¢Hj;);P—O
is weak indeed.

These facts, taken as a whole, suggest that nucleo-
philic assistance at tin is important in the acetolysis of
tributyltin hydride in DMSO, an occurence which might
be symbolized as

H
fast slow
R;SnH + X~ ¢ R;Sn TO;—) RaSI‘lOAC +H,+ X~
c
X

It is not known whether front or back side coordination
by halide ion is involved.

The fact that the apparently unassisted reaction is
first order in acetic acid suggests that: (a) no assistance
is involved, (b) DMSO is serving as an assistor, or (c)
the carbonyl oxygen of the acetic acid is assisting.
Case b or ¢ seems most probable.

Since the assisted (by halide ion) reaction involves
charge dispersal in the transition state while the ap-
parently unassisted case is associated with charge pro-
duction, it seemed advisable to lower the dielectric
constant of the system without altering its solvation
properties by the addition of diglyme to increase the
observed span of rate constants. This would have the
added advantage of reducing -the autocatalytic term if
acetate ion were indeed responsible for it.

31.4°
(C4H9)3SHOAC + Hg

DMSO-diglyme

(Assistor), M ks, 1./mole-sec. ki1, 1.2/ mole?-sec.

2.56 X 10 ...
2.42 X 10 ..
0.067 1.30 X 1072 1.95 X 107!
.067 1.37 X 1072 1.92 X 107!
.067 2.20 X 1073 3.41 X 1072
134 4.46 X 1078 3.37 X 1072
.134 4.54 X 1078 3.42 X 1072
.067 2.23 X 1073 3.37 X 1072
.067 2.20 X 108 3.32 X 1072
.067 2.24 X 107¢ 3.38 X 1072
.067 2.27 X 1078 3.40 X 1072
.067 1.18 X 107 1.77 X 1073
.067 1.11 X 107¢ 1.67 X 1073
.067 6.3 X 10™¢ 9.6 X 1078
.067 6.0 X 10™¢ 9.0 X 108
.067 5.0 X 107® 7.5 X 107¢
067 5.5 X 107® 8.2 X 107
067 3.6 X100 .
.067 3.7 X108 L
.067 4.2 X107
.067 5.6 X107 L.
2.70 X 1078
2.74 X 1078
0.067 1.06 X 10~? 1.59 X 101!
0.067 1.03 X 1072 1.56 X 1071

Table IT shows the result of this study. Runs II-C-1,
2, and 3 indicate that the same kinetic pattern—first
order in hydride and acetic acid and first order and cat-
alytic in halide ion—is observable. Pseudo-first-order
plots are linear for over 809, of the reaction course,
when chloride ion or a bromide ion is involved. As ex-
pected, the rate of the unassisted reaction is lowered
(comparison of runs I-A and II-A), and the rates of the
assisted reactions are increased (comparison of runs I
and II-B, C, D, E, and F). Even more satisfactory is
the datum concerning the autocatalytic term, which is
decidedly suppressed. The outcome of this accentuation
of the assisted reactions, the suppression of the auto-
catalytic term, and the diminishing of the rate of the
unassisted reaction is the clear indication that SCN—
and I~ are assistors in this system. (Ce¢H;);P and
(CsHjp)sP =0 do not show sufficient activity to warrant
consideration of their participation in the reaction.

One interesting aspect of this increase in rate span is
the fact that there is possible advantage in nucleophilic
displacements in the utilization of mixed DMSO-
diglyme solvents, rather than DMSO alone. The latter
is known to aid nucleophilic displacements, presumably
by its lack of ability to solvate the anions used. Its
high dielectric is somewhat of a disadvantage, however,
and it is suggested that lowering the bulk dielectric
with diglyme or other similar materials will aid the
synthetic chemist.

Some idea of the transition state details may be de-
rived from deuterium isotope effects on the reaction.
The replacement of H by D in the tributyltin hydride
leads to the evolution of H-D in the reaction with
HOAc-DMSO-diglyme or HOAC, Cl—DMSO-di-
glyme. The isotopic purity of this gas, better than
989, H-D, indicates that in neither case is exchange
with the solvent pool important. In the unassisted
case (runs II-A and IT-A-d) the ku/kp ratio is 0.92.
In the assisted case (C17) the ky.'kp ratio is 1.2.

Utilizing the stretching frequencies for Sn-H and
Sn-D (1825 and 1290 cm.—!) and H-H and H-D (4405
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and 3817 cm. ~1), 1 it is possible to calculate ky/kp ratios
for two extreme cases: (1) where the hydride ion from
the tributyltin hydride is unbonded in the transition
state, and (2) where the bond between the two partici-
pating hydrogens is complete in the transition state.!
For case 1 ku/kp = 4.1, while for case 2 ky/kp is 0.9.
The data would argue for a transition state then in
which the bond between the participating hydrogens
was almost completely formed, one in which the transi-
tion state resembled product. Dessy and Paulik have
indicated that the function of assistor is to weaken the
M-X bond, which in this case yields a more hydridic
hydrogen. The observation that the assisted reaction
has a higher ku/kp ratio is consistent with this argu-
ment, since the transition state would be expected to
occur earlier along the reaction coordinate, where the
bond between the proton and incipient hydride ion
was not as complete.

Finally, the point should be made that such nucleo-
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philic assistance is not found in reactions run in protic
solvent, where the halide ion is strongly hydrogen
bonded.?

Acknowledgment.—The authors wish to thank the
Sloan Foundation (R. E. D.), the Diamond Alkali Co.,
and Texaco Corp. for fellowship support, and to ac-
knowledge the support of the National Science Founda-
tion (NSFG-14182), the Petroleum Research Fund
(PRF-1080-A4), the Army Research Office (Durham)
(ARO 31-124), the U. S. Office of Scientific Research
(AFOSR-49-638-824), and the National Institutes of
Health (NSPH-RG-9022). We wish to thank Mr.
D. Vordenburg (U. S. Industrial Chemicals Co.) for
the mass spectrometry analyses.

(17) H. G. Kuivila and P. .. Levins [J. Am. Chem. Soc., 86, 23 (1964))
have investigated the acid- and base-catalyzed solvolysis of tributyltin hy-
dride in meihanol and found that no assistance was provided by halide ion,
This is completely consistent with the feeling that nucleophilic assistance in
organometal reactions will be observable only when solvents which do not co-
ordinate with, and therefore mitigate the effect of, anions are employed.
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The Reactions of Diazonium Salts with Nucleophiles.

X. A Tracer Demonstration of the

Reversible Step in Diazonium Ion Hydrolysis!

By EDwARD S. LEwis AND JoaN M. INSOLE
RECEIVED JUNE 24, 1963

The rearrangement ArN *I5=N — ArN*=NU is shown to accompany the hydrolysis of diazonium salts at a
rate slower than the solvolysis by a factor of 0.014 for Ar = CgH;, and a factor of 0.029 for Ar = p-CH;CsH,.

A degradation to determine the position of N1 label in ArN,* is described.

It is shown that the extent of

rearrangement is not simply correlated with the previously observed acceleration of the decomposition in the

presence of thiocyanate.

Introduction

The solvolysis of aromatic diazonium salts was be-
lieved to pass through an intermediate aryl cation,
which then reacts very rapidly with solvent or other
nucleophiles; the evidence for this mechanism has been
frequently presented.? Recently, the mechanism was
modified by the inclusion of an initial reversible step to
account for the small increase in rate on adding thio-
cyanate ion.® The structure of this reversibly-formed
intermediate was the subject of speculation; the high
reactivity suggests an intermediate of energy content
close to that of the transition state for the slow step, and
thus a structure resembling the phenyl cation.

In view of the fact that the carbon—nitrogen bond
must therefore be nearly, if not completely, broken in
this intermediate, there was a chance that when the
diazonium salt was re-formed, the new bond might be
formed to the other nitrogen atom. In other words, the
isotopic rearrangement (1) might occur through the

(ArN*=N)* —> (ArN=N*)* (1)

same intermediate responsible for the rate accelera-
tion by thiocyanate. A search for this reaction in
benzenediazonium and p-toluenediazonium salts is
presented here.

Results and Discussion

Aniline-N" was prepared from ammonium-N* chlo-
ride via benzamide and the Hoffman reaction. On
diazotization with normal nitrite, it yielded benzene-
diazonium-o-N% ion, isolated as the fluoroborate.
The degradation of the diazonium salt was based upon
the reaction with azide ion, as elucidated by the work

(1) A portion of this paper was published in preliminary form: J. M.
Insole and E. 8. lewis, J. Am. Chem. Soc., 85, 122 (1963); part I1X is ref. 3.

(2) For example, E. S. l.ewis, ¢hid., 80, 1371 (1958).
(3) E. S. Lewis and J. E. Cooper, ibid., 84, 3847 (1962)

A relation between nitrogen fixation and this reaction is shown to be improbable.

of Clusius* and Huisgen and Ugi.® It is shown in
Chart I. Reaction at —27° in aqueous ethanol solu-
tion between the diazonium salt and the azide gave
“primary’’ nitrogen (derived from the azide ion only)
of normal isotopic abundance. On warming, the
“secondary’’ nitrogen (derived from the decomposition
of phenylpentazole) was evolved and collected for
analysis. The phenyl azide from beth paths was re-
duced to aniline and nitrogen gas, which was also
collected for analysis.

CHART
DEGRADATION SCHEME
fraction

a B
(ArN=N)* 4+ N3~ —> ArNeNBN® + N, "'primary’’ nitrogen
m

fraction l 1—m

B 50%
N=N? —> ArNaNB8Nnr 4 Nv=Nr
a/
Ar—N |

“secondary’’ nitrogen

AN . 30%
Nr=Nn —> ArNeNoNn 4 N#=N=

Let us define the terms

m, the fraction of “primary’’ nitrogen

fs, the atom fraction of N1 in the “secondary” nitrogen

fa, the atom fraction of N in nitrogen from reduction of aryl
azide

fp, the atom fraction of N in the a-position of the diazonium salt

f¥ = natural abundance of N

$, the fraction of molecules of diazoniun salt which have under-
gone the turnaround reaction |

It is then easy to derive two equations, 2 and 3, as-
suming no isotope effect in the cleavage of the aryl-
pentazole.

(4) K. Clusius and H. Hiirzeler, Hely. Chim. Acia, 87, 798 (1954).
(8) R. Huisgen and I. Ugi, Chem. Ber., 90, 2914 (1957).



