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noted that we are proposing cyclic transition states for 
formally noncyclic reactions. The extra stability of 
these transition states over the corresponding acyclic 
transition states (e.g., IV) is, of course, due to the 

IV 
aromatic character of this 6-electron cyclic array. 
Although a cyclic transition state clearly is entropically 
disfavored, we may estimate the magnitude of the 
entropy change on ring formation by a comparison of 
the model compounds butane and cyclobutane. For 
these compounds a t  30OoK, the entropy difference of 
these molecules is only 10.73 eu or 3.2 kcal/moLZ2 It is 
reasonable to suppose that the extra stability of an 
aromatic transition state more than compensates for 
this entropic 

Non-a-effect nucleophiles, on the other hand, cannot 
react through aromatic transition states similar to 
1-111 and must react through acyclic transition states 
such as IV. Any interaction of a single orbital from 
the nucleophile with both orbitals of the bond would 
produce a transition state such as TJ which is antiaro- 
matic as it has only 4 electrons. 

V 

The occurrence of an a: effect on the addition of 
nucleophiles to Malachite Green may be explained 
similarly. Treating Malachite Green as a substituted 
benzyl cation, an orbital arrangement such as VI may 

VI 
be drawn which has 10-8 elect’rons and is therefore 
aromatic. Michael addition of peroxides and aromat’ic 
nucleophilic substitutions may be treated by drawing 
structures analogous to I and VI, respectively, such 
as  VI1 and VIII. 

Other reactions for which a effects have been ob- 
served are subject to  related analysis. Although this 
treatment’ is apparently successful in explaining the 
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enhanced nucleophilicities of certain species, a definitive 
experimental proof remains to be produced. 
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The Reaction of Aryl Nitrones with Thionyl 
Chloride or Phosgene 

Xummary: Aryl nitrones react with thionyl chloride 
or phosgene to yield the corresponding o-chloroaniline 
hydrochlorides. 

Sir: In  the course of our investigations of aryl nitrones 
the immediate formation of a copious yellow precipitate 
was observed upon addition of a molar equivalent of 
thionyl chloride or phosgene to a,N-diphenylnitrone 
(Ia) dissolved in a minimum amount of benzene at  room 
temperature. The precipitate was purified by sub- 
limation [150° (760 Torr)] yielding a white crystalline 
substance, the mass spectrum of which exhibited a base 
peak a t  m/e 215. Elemental analysis indicated a com- 
position of C13HlIC12N. The ir spectrum, measured 
as both Nujol and Fluorolube mulls, exhibited strong 
absorptions at  3.55 and 3.85 p and medium absorptions 
a t  4.28 and 5.03 p ,  all of which have been shown to be 
characteristic of protonated nitrogen compounds.’ 

The reaction product was thus indicated to be the 
hydrochloride of benzylidene-o-chloroaniline (IIa) , a 
fact confirmed by comparison with an authentic sample 
prepared according to  a method described in the litera- 
ture.2 Similar analysis of the residue left after sub- 
limation of the reaction mixture indicated the presence 
of a small amount of benzylidene-p-chloroaniline hydro- 
chloride (IIa’). 

This represents a new and intercsting reaction route 
for nitrones. Previous investigations of the reaction 
of nitrones with acid chlorides (e .g .  , Poc13, PC13) have 
shown only rearrangement of the nitrone to the corre- 
sponding amide.3 

The closest analogy to  the presently reported system 
is that of aromatic amine oxides with acid chlorides; 
Rleisenheimer reported4 that quinoline N-oxide reacted 
with acid chlorides to  yield 2- and 4-chloroquinoline. 
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Later work has expanded upon t'his ob~ervat ion.~ 
Indeed, the present work indicates a significant simi- 
larity in the chemistry of these two classes of com- 
pounds (aromatic amine oxides and aromat'ic nitrones) 
which has previously been neglected.6 

To test the generality of this reaction, a number of 
other nitrones were synt,hesized7 and allowed to react 
with thionyl chloride or phosgene. These include a- 
styryl-N-phenylnitrone (Ib) , a-4-nitrophenyl-N-phe- 
nylnitrone (IC) , a-styryl-N-4-methylphenylnitrone (Id) , 
and a-phenyl-N-4-chlorophenylnitrone (Ie) , The re- 
sults are listed in Table I. 

The applicabilit'y of this reaction as a general, regio- 
selective method for the synthesis of o-chloro aromatic 
imines (and by hydrolysis, the corresponding amines) 
promises to be quite exceptional. Three steps are in- 
volved: (1) reduction of t'he appropriate nitro com- 
pound to the hydroxylamine using Zn/KH4C1 in 
aqueous ethanol; ( 2 )  condensation of the hydroxyl- 
amine with the aldehyde yielding the nitrone; (3) 
t,rea,trnent, of the nitrone with thionyl chloride or phos- 
gene. In  the examples cited each of t'hese steps pro- 
ceeds rapidly and in high yield. Typically the overall 
time for the three steps is 2-3 hr, the latter requiring 
only about 15 min. 

St,udies are currently in progress t o  obtain evidence 
for the mechanism of the above reactions of aryl 
nitrones and to investigate analogous reactions of 

(5) T. Ochiai, "Aromatic Amine Oxides," Elsevier, Amsterdam, The 
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as in aromatic amine oxides the carbon-nitrogen double bond is intimately 
involved in the aromatic sextet of electrons. However, reactions involving 
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TABLE I 
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Products*------ 
Isolated 

_--_ 
--- Reactants-------  yield, 
Compd R Ar Compd Ar' % 

I Ia  2-ClCsHa 81 
Ia CeHs CeH5 

IIa' 4-ClCeHn 6 
I Ib  2-ClCsH4 71 

Ib CeHaCHCH C6H5 
IIb' 4-ClCsHa 3 
I I C  2-ClCsHa 82 

110' 4-ClCeH4 C 

I C  4-NOzCsHa CeHa 

Id C6Ha 4-CHaC6Ha IId 2-Cl-4-CHaCsH8 91 
Ie CsH5 4-CICsHa IIe 2,4-ClzCeHs 92 

a No significant differences in yield were observed when phos- 
gene was used instead of thionyl chloride. The structure of 
each product was determined by comparison of its spectral and 
physical properties with those of an authentic sample prepared 
from the known imine. c Trace amounts of this material were 
noted in the crude product but were not isolated. Slight heating 
was also required for the initiation of this reaction. 

compounds containing the -X=N-0 grouping (e.y. , 
where X = N). 

QUEENS COLLEGE OF THE CITY A. DAVID BAKER 
UNIVERSITY OF NEW YORK FRANCINE WEINSTEIN 

FLUSHING, XEW YORK 11367 DIANE FELSEN 
ROBERT ENGEL* 

I\'ORMAX 1,. GOLDMAN 

DEPARTMENT OF CHEMISTRY DENNIS LIOTT.4 

RECEIVED JULY 20, 1973 


