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Walden Inversion by Radicals.
The Reaction of Phenyl Radicals with Disulfides!
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The relative rate constants are reported at 60° for the reaction of phenyl radicals, generated from phenylazo-

triphenvlimethane, with aliphatic disulfides.

Two reactions occur: hydrogen abstraction (eq. 1) and attack

at sulfur to yield a phenyl alkyl sulfide (eq. 2), and the rate constants are calculated for both processes. An
excellent correlation is obtained in the log—log graph of the rates for the radical displacement on sulfur »s. the

ionic SN2 displacement on either sulfur or carbon.

; 1 ] The significance of this is enhanced by the fact that the Sx2
reaction on sulfur is known to involve a Walden inversion mechanism.

It is concluded, therefore, that the

energetics of the radical displacement and the S~x2 reaction are similar, and that the radical reaction involves

a three-atoms-in-a-line, Walden inversion transition state.

This would appear to be the only simple, unam-

biguous _evidence in an organic system that radicals displace by a backside attack mechanism. Some discussion
is also given of the hydrogen-donating abilities of the disulfides and of the mechanism of phenylation by PAT.

Over 30 years have passed since London, Eyring,
Polanyi, and others presented theoretical arguments
which suggested that the bimolecular displacement
reaction by radicals (the SH2 reaction) involves a back-
side displacement mechanism, with three-atoms-in-a-
line in the transition state, similar to the Walden in-
version mechanism for the SN2 reaction.? However,
attempts to demonstrate this experimentally have met
extreme difficulties, and no unambiguous proof had
been obtained in an organic system.! We here present
the first such proof; the model reaction is the attack
by phenyl radicals from phenylazotriphenylmethane
on the sulfur of aliphatic disulfides.

Previous attempts to determine the geometry of the
transition state of the SH2 reaction had involved study
of the reaction of iodine atoms with alkyl iodides. The
elegant work of Noyes and his students® had indicated
a possibility that an SH2 reaction occurs in this system
by a Walden inversion mechanism. However. the
rate pattern is completely wrong* for a Walden inver-
sion (neopentyl reacts faster than methyl). Recently
Benson® has obtained evidence that in the crucial case
of sec-butyl iodide, where racemization of the optically
active compound has been observed, a mechanism is
involved in which iodine atoms attack the iodide rather
than the carbon atom. There seems to be little ques-
tion that most, if not all, alkyl iodides react with iodine
atoms at iodide to generate an alkyl free radical, and
the reaction, therefore, is not an SH2 displacement at
carbon.

We have previously discussed the reaction of radi-
cals at the S-S bond of disulfides as a model for the
SH2 reaction.*’® The S-S bond is uniquely reactive
toward radicals, and there seemed to be a good chance
that attack at sulfur could compete with hydrogen
abstraction reactions much better than in analogous
carbon systems. The geometry of the SH2 reaction
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can be studied in disulfides just as well as in carbon
compounds. As shown in Fig. 1, the geometry is
similar in the two, since the two lone pairs on sulfur
occupy the positions of the two hydrogen atoms in the
carbon analog. Furthermore, and more convincingly,
the analogy between the SN2 reactions at carbon and
at sulfur is exact, and nucleophiles attack on the S-S
bond from the backside in a Walden inversion mech-
anism.? In both these SN2 reactions, the neopentyl
system is very unreactive.’ This inertness of the neo-
pentyl system can be used as an operational criterion
for a backside attack mechanism just as inversion of
an optically active species can be. In the SE2 reaction,
where the mechanism involves frontside attack, the
neopentyl and methyl systems react at about the same
rate. 1112 This rate criterion of mechanism is illustrated
in the comparison of the first three of the reactions shown
in Chart I.

CHarT 1
Ratio of rates for
R = t-butyl to
Reaction type Reaction R = methyl
h
SN2 (carbon) <0 CH,AX 108
— Ve
SN2 (sulfur) YR-SCSR 10752
R
| _HgBr
SE2 (carbon) CH,., 1
HgBr,
R
Su2 (sulfur) CeHyr "“-é—SR 10721

The fourth reaction shown in Chart I is the SH2 reaction
of phenyl radicals with disulfides. If the rate pattern
for this reaction is compared with that the other three
reactions, the geometry of the SH2 reaction can be

(@) Data of A. Fava discussed in ref. 8.
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Figure 1.

deduced. As will be seen below, radicals are less selec-
tive than are ions, and the over-all spread of the rates
is greatly compressed. However, the energetics of the
SH2 reaction on sulfur parallels the energetics of the
SN2 reactions, and the radical reaction can be con-
cluded to involve a Walden inversion mechanism.

Data

Disulfides react with radicals in two ways: attack
on hydrogen and attack on sulfur.*
radical, these two reactions are

For the phenyl

k
CeHy + RSSR ~—> CiHy-H + RSSR.- (1)
{(—H)
3
CeH; + RSSR —> CeHs;—SR + RS. (2)

In the presence of CCly, reaction 3 also oceurs. Using
previously reported techniques,’!® values of k;/ks
and k./k; can be obtained, and Table I gives these data.

k3
CeHs- 4+ CClL —> CiH,Cl + -CCl, (3)

Figure 2 is a log-log graph of relative rates of re-
action 2 vs. rates for the SN2 reactions! on carbon and
sulfur. (The upper end of each bar is the point for
the Sx2 reaction on carbon, and the lower end is for the
SN2 reaction on sulfur.) Despite the compression in
the scale of the SH2 reaction, the log-log graph shows
an excellent correlation. Since the logarithm of a
rate constant is proportional to energy, we conclude
that similar energetic requirements affect the stereo-
chemistry of both the Su2 and the SN2 reactions.
Therefore, the SH2 reaction involves a backside, three-
atoms-in-a-line transition state.

Some comment is required on why the scale of the
relative rates of the SH2 reaction is compressed rela-
tive to that of the SN2 reaction. Steric interaction
mechanisms occur in greater variety than do polar in-
teractions; therefore, two transition states must be
very similar for steric effects to lead to a quantitative
relation between the two reactions. For example, 142
the steric effects of R groups on the rates of hydrolysis
of o-substituted benzamides are correlated excellently
by Taft’s £, values,!* which are derived from hydroly-
sis rates of o-substituted benzoates. However, the hy-
drolysis of thiolacetates is not correlated by E,. Tafti*
has explained this as follows: “Because of the specific
nature of steric factors, it seems likely that the quanti-
tative utility of steric substituent parameters will be
quite limited.” Exact correlations of steric factors are
less expected than of polar factors, and, when found,
are even more significant. Therefore, there seems little
doubt that, although the SH2 reaction has a compressed
reactivity scale, the transition state for the SN2 and
the SH2 reactions of these disulfides are extremely
similar.

The relative rates for abstraction of hydrogens from
these disulfides, £17k;, also provide interesting informa-
tion. The a-hydrogens of the disulfides are compar-
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Fig. 2—Log-log graph of relative rates for SN2 reactions on
carbon (upper end of bar) and sulfur (lower end of bar) vs. ks /1.

able in activity to benzylic hydrogens; S-hydrogens
are much less labile. If primary hydrogens are com-
pared, primary a-hydrogens are 6.8 times more reac-
tive than are primary 8-hydrogens. Solving the simul-
taneous equations for the reactivity of each type of hy-
drogen in these disulfides gives a reactivity series for
primary:second :tertiary a-hydrogens of 1:3.2:9.1.
Russell and Bridger!® find the reactivity for benzylic hy-
drogens tobe 1°:2°:3°::1:4.6:9.7, and for aliphatic hy-
drogens to be 1:8.4:40. Thus, hydrogens « to a sulfur
atom are comparable to benzylic hydrogens both in abso-
lute reactivity and in sensitivity to substitution effects.
It is interesting that despite these highly labile hydro-
gens, most disulfides are attacked on sulfur to a larger
extent than they are on hydrogen.

TaBLE 1
REACTION OF PHENYL RADICALS FROM PHENYLAZOTRIPHENYL-
METHANE (PAT) witH DISULFIDES IN THE PRESENCE OF CARBON
TETRACHLORIDE AT 60°

%, of attack
which occurs

R in RSSR ky/ks® ka/ ks? on sulfur?
Methyl 0.57 31.0 98.2
Ethyl 1.3 17 .4 93
Propyl 1.8 16 90
Isopropyl 1.9 3.3¢ 64
t-Butyl 0.25 0.23° 49

¢ ki /ks = (ko/ks)( T attack on hydrogen)/( % attack on sulfur).
bho/ks = (CeH;SR formed)(CCly)o/( CsH;Cl formed }( RSSR ).
¢ From ref. 7. 7 Measured over a 13-fold variation in (CCl,)/
(RSSR) from 0.3 to 4.5. * Over a 25-fold variation in (CCly)/
(RSSR) from 0.4 to 10.0.

This work was part of a larger project in which we
intended to generate phenyl radicals from phenyl-
azotriphenylmethane (PAT) and measure the relative
reactivity of hydrogens in a range of compounds.
However, Russell and Bridger!® have just published
very extensive data of this sort, and we have discon-
tinued our work. Before we learned of Russell and
Bridger’s work, we had measured the relative rate of
abstraction of a hydrogen from toluene and acetone rela-
tive to reaction 3. We obtain 0.31 and 0.16, in agree-
ment with 0.27 and 0.17 obtained by Russell and
Bridger. We have also confirmed an unexpected fea-
ture of their work: In runs in pure CCly, appreciable
amounts of benzene are formed. At very low concen-
trations of PAT, about 39, benzene is formed. This
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apparently is the result of a cage reaction. Garst
and Cole® have shown that 39, of the phenyl radicals
from PAT are not scavengeable and, therefore, dis-
appear in either a cage or a molecular process. At
higher concentrations of PAT, more benzene is formed,
but the sum of the yields of benzene and chlorobenzene
decreases. An attractive hypotheses which explains
these facts is that free phenyl radicals react with PAT
in two ways: one produces benzene and the other traps
phenyl radicals. The interesting thing is how efficient
PAT is as a radical scavenger: 0.2 3/ PAT traps about
309% of the phenyl radicals in pure CCl,. It is clear,
therefore, why Eliel, et «¢/.,'® found that the yield of

(15) J. F. Garst and R. S. Cole, Tefrahedron Letters, 679 (1963).
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biphenyl decreases as the PAT concentration is in-
creased in homolytic substitution in benzene. This
results from the fact that PAT is a radical scavenger,
rather than from the fact that biphenyl is produced in a
geminate process.”” The addition of phenyl radicals
to PAT might be expected to be fast since it produces
a stabilized radical with structure reminiscent of that
of diphenylpicrylhydrazyl.

Acknowledgment.-—Discussion with Prof.
Leffler is appreciated.

J. E.

(16) E. L. Eliel, M. Eberhardt, O. Simamura, and M. Meyerson, tbid., 749
(1962).

(17) Also see D. H. Hey, M. J. Perkins, and G. H. Williams, 7b1d., 445
(1963).

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF THE JoHNS HopKINS UNIVERSITY, BALTIMORE, MD.]
A Direct Method for Reductive Deamination of Aliphatic Amines!

By ALEx NickoxN? aND Apa S. HiLL
RECEIVED OCTOBER 19, 1963

Treatment of a primary amine sulfonamide with hydroxylamine-O-sulfonic acid in alkaline solution pro-
vides a direct method for reductive deamination (R-NH. ~— R-H) in the aliphatic series. Amino groups on
primary, secondary, and tertiary aliphatic carbons can be replaced and these include benzylic, as well as ring
and bridgehead carbons. The yields vary widely, but are usually high when corrected for unchanged sulfon-
amide. The conversion of 8-naphthylamine to naphthalene indicates the method is also applicable to aromatic
amines. Oxidative deamination to form a ketone (or an aldehyde) is a minor side reaction when the amino
carbon carries one (or two) hydrogens. Side reactions predominated in the case of 9-aminofluorene p-toluene-
sulfonamide. Under typical experimental conditions in alkaline aqueous ethanol, the benzenesulfonamide of
optically active 2-phenyl-2-butylamine gave 2-phenylbutane, with partial retention of configuration. A mecha-
nism for the reductive deamination is proposed that involves N-amination of the sulfonamide and loss of a
sulfinic acid to give a monosubstituted diimide (RN==NH), which loses nitrogen. TUnder the experimental con-
ditions hydroxylamine-O-sulfonic acid converted benzenesulfinic acid to benzenesulfonamide, which was iden-

tified as a product in one of the runs with benzylamine benzenesulfonamide.

The removal or replacement of a primary amino
group attached to carbon can be accomplished many
ways. Such processes are usually referred to as ‘‘de-
aminations’’ even though they can lead to a variety
of products and can be brought about directly or in-
directly by numerous reagents. For clarity in discus-
sion we shall restrict the term deamination to an amine
transformation that gives a product of the same oxi-
dation level® Ouxidative deamination and reductive
deamination can then refer to transformations of an
amine to products of higher and lower oxidation levels,
respectively. Deamination is exemplified by the ni-
trous acid treatment of a primary amine to produce

OH NH.,
NS NS AN .
C C —_— C==0 oxidative
7N VRN / deamination
H H
deamination H
NS ,
e 5 reductive
7\ deamination
H

(among other things) an alcohol. The mechanism of
this well known reaction continues to attract much
research attention.* Oxidative deamination is il-
lustrated by the conversion of an amine to a carbonyl
compound. This over-all change can sometimes be
brought about in the laboratory directly by the use of
oxidizing agents® and is of biological importance in

(1) Abstracted from the Ph.D). Dissertation of Ada Sinz Hill (nee Ada
Sinz), The Johns Hopkins University, 1960.
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connection with oxidations and transaminations of
amino acids.® Reductive deamination involves net
replacement of an amino group by hydrogen. Pro-
cedures that accomplish this change for aromatic
primary amines are well known,” but in the aliphatic
series no direct method has been available. In a
preliminary note we recently described such a method ®
and the present paper reports the details of that study.®
Qur approach originated from a report by Escales
that alkaline treatment of benzenesulfonphenylhy-
drazide (I) yielded benzenesulfinic acid, nitrogen,
and benzene.!® Later, McFayden and Stevens treated
a series of benzenesulfonaroylhydrazides II (Ph =
phenyl, Ar = aryl} with sodium carbonate and obtained
®oH

@—NH-—*NH——SOZ —_

I

O +O)

the corresponding aromatic aldehydes along with
nitrogen and benzenesulfinic acid.!® To account for
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reaction has proved useful for the synthesis of aromatic aldehydes, and an
important modification has been described by M. S, Newman and E. G,
Caflish, Jr. [J. Am, Chem. Soc., 80, 862 (1958)]. These last workers found
that solid surfaces such as powdered soft glass catalyze the reaction markedly
and can lead to successful conversions where others have reported failures
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