
REACTIONS OF 0-SUBSTITUTED HYDROXYLA~IINES 

oily layer separated a t  the bottom of the reaction flask which was 
taken up in ether. Drying and evaporation gave an oil (0.7 g). 
The aqueous acidic layer was diluted with water (75 ml), pre- 
cipitating the product (1.5 g). The analytical sample was ob- 
tained from methanol, rnp 166-168”, nnir (CDCl,) 6 2.80 ( s ,  3), 
M+212 and 210. 

Found: C, 31.32: H.  3.35: N ,  13.38. 
Anal. Calcd for CgH7Nz0zC1: C, 31.30; H, 3.32; N,  13.23. 

Thin layer chromotographc analysis of the above oil on silica 
gel (benzene) showed it to be a mixture of two compounds. 
Column chromotography (silica gel, 20 g) was used for their sep- 
aration. Elution with hexane (300 ml) furnished diphenyl 
disulfide, nip ;i9-60° (0.28 g). Further elution with a 1: 1 mix- 
ture of benzene-hexane (700 ml) gave S-phenyl benzenethiorul- 
fonate (0.38 g) as a low-melting solid, mp 41-42’. 
2-Bromo-3-methylquinoxalhe 1 ,4-Dioxide (5b).-This com- 

pound was obtained using 4870 HBr solution following the same 
procedure described for the preparation of 5a. Crystallization 
from methanol-chloroform furnished the analytical sample, mp 
163-164’, nmr (CDCl,) 6 2.87 (H, 3), AI+ 236 arid 254. 

Anal. Calcd for CQH,N202Br: C, 42.3.5; H, 2.74; N ,  10.98. 
Found: C,42.12; H,2.8:3; N,  11.03. 

l-Acetoxy-3-methylquinoxaline-2-one 4-Oxide (6a). A.-The 
sulfone 4a (1.0 g, 4 mniol) WRS dissolved in acetic acid (25 
1111) and was allowed to stand at  room teniperature for 18 hr. 
l>ilution with wnter (250 ml) was followed by extraction with 
chloroform. The chloroform layer was backwashed with water, 
dried over magnesium rulfate, filtered, and evaporated to dryness 
to give a gum (0.37 6) .  The analytical sample was obtained by 
crystallization from ether-chloroform without the use of heat, 
mp 142-143’, nmr (CDC1,) 6 2.3 (s, 3), 2.57 (s, 3). 
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Anal. Calcd for Cl1HloOdNz: C, 56.41; H,  4.27; N, 11.96. 
Found: C, 36.38; H,  4.49; N,  11.77. 

B.-The sulfoxide 3a (2.3 g, 10 mmol) was dissolved in acetic 
acid (23 ml) by heating for 0.5 hr. Dilution with water (250 ml) 
was followed by extraction with chloroform. A similar work-up 
to that above gave a gum (1.9 g). This was chromatographed on 
Florisil eluting first with chloroform (400 ml) to give 6a (0.32 g), 
followed by a 1:1 mixture of methanol-chloroform (500 ml) to 
furnish the hydroxamic acid 7 (1.0 g), mp 224-225‘, identical 
with an authentic  ample.^ 

l-m-Chlorobenzoxy-3-methylquinoxalin-2-one 4-Oxide(6b).- 
The sulfide 2b (2.0 g, 7 mmol) was dissolved in chloroform (100 
ml). To this solution MCPBA (2.83 g, 14 mmol) in chloroform 
(30 ml) was added and the resulting mixture was refluxed for 1 
hr. One more equivalent of MCPBA (1.4 g) was added and the 
reaction mixture was refluxed for an additional 1 hr. The chloro- 
form solution was first washed with a saturated solution of so- 
dium bicarbonate (3 X 50 ml), and then with water, dried, 
filtered, and evaporated to dryness to yield a solid. The solid 
residue (0.6 g) was crystallized from methylene chloride-ether, 
mp 161-162’, nmr (CDCl,) 6 2.6 (s,3), M+332 and 330. 

Anal. Calcd for ClaH11N20&1: C, 38.09; H,  3.32; N, 8.47. 
Found: C, 57.98; H,  3.23; N ,  8.40. 
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Two methods were investigated for the generation of 0-nitrenes (3) and/or 0-nitrenium cations (4): lead 
tetraacetate oxidation of 0-alkylhydroxylamines (5) and thermal base-catalyLed decomposition of N-p-toluene- 
sulfonyl-0-alkylhydroxylamines (6). Lead tetraacetate oxidation of 0-diphenylmethylhydroxylamine (5a) was 
solvent dependent and afforded mixtures of products containing 0-diphenylmethylbenzophenone oxime, benxo- 
phenone, benzhydrol, and products corresponding to net 0 to K migration of Ph2CH-, N-dipheny1methoxy-N’- 
diphenylmethyldiazine “-oxide (Q), and benzophenone oxime. p-Xtrobenzyl alcohol was the only product 
formed on oxidation of 0-p-nitrobenzylhydroxylamine (5b) with lead tetraacetate. The stereochemical course 
of formation of X-alkoxyaziridines from lead tetraacetate oxidation of 0-n-butylhydroxylamine in the presence 
of cis- and Irans-2-butene was examined and found to be nonstereospecific. Irans-2-Butene afforded N-n-butoxy- 
trans-2,3-dimethylaeiridine (12) and A’--nibutoxy-cis-2,3-dimethylaziridine (13) in an 82: 18 ratio while the 12 : 13 
ratio from cis-2-butene was 38:62. The dominant thermal reaction from 6 and iodium hydride involved 0-N 
bond cleavage. Thus 6a and excess sodium hydride gave benahydrol as the major product which was shown to 
arise via cleavage of the carbanion of 6a to benzophenone and p-toluenesulfonamide anion followed by reduction 
of benzophenone to benehydrol. 0 to K migration was observed when either n-butyllithium or only small ex- 
cesses of sodium hydride were used to yield benzophenone oxime (quantitative from n-butyllithium). No 0 to N 
migration was obrerved using 6c or 6d and NaH with the products being p-bromobenzoic acid and p-methoxy- 
benzoic acid, respectively, probably arising via oxidation of the corresponding aldehydes. The suggestion is 
made that there is, as yet, no conclusive evidence for the intermediacy of 3 in any reactions of 0-substituted hy- 
droxylamines or its derivatives. Nechanisms not involving 0-nitrenes are suggested including the possibility of 
organolead intermediates being the species undergoing 0 to N migration and addition to olefins in the lead tetra- 
acetate oxidations, and fragmentation-recombination pathways for the base-catalyzed reactions of 6a. 

Species possessing an electron-deficient nitrogen 
have been proposed and, in some instances, detected 
as reactive intermediates in a great many organic 
reactions.2 Even-electron intermediates of this type 

(1) Portions of the work described here have been reported previously: 
(a) P. A .  Carey, 19th Southeastern Regional Meeting of the American Chem- 
ical Society, Atlanta, Ga., Nov 1967, paper 69; (b) F. A.  Carey and L. J .  
Hayes, J .  Amer. Chem. Soc., 92, 7613 (1970). 

(2) (a) P.  A. S. Smith in “Molecular Rearrangements,” Vol. 1 ,  P.  de Mayo, 
Ed. ,  Interscience, New York, N.  Y.,  1963; (b) J. H. Boyer in “Mechanisms 
of Molecular Migrations,” Vol. 2, B. 8. Thyagarajan, Eo., Interscience. 
New York, N. Y. ,  1969; (0) P.  G. Gassman, Accounts Chem. Res., 8, 26 
(1970); (d) P.  A. S. Smith, “Open-Chain Nitrogen Compounds,” W. A. 
Benjamin, NewYork, N. Y. ,  1965. 

may be either nitrenes (R3:) or nitrenium ions (R+- 
NR’), and each of these may exist either in a singlet 
or triplet electronic state with thc triplet usually 
being lower in en erg^.^"^ If substituents are chosen 
so as to be able to interact elcctronically with the 
unfilled 2p orbital on nitrogen, the energy levels of 
the singlet and triplet states will be perturbed so 
that the singlet could become the ground state, e.g., 
when R or R’ is nitrogen, oxygen, or fluorine. With 

(3) R.  S. Berry in “Nitrenes,” W. Lwowski, Ed., Intermience, New York. 
N. Y. ,  1970, Chapter 2. 



3108 J .  Org. Chem., Vol. 38, No. 18, 1973 CAREY AND HAYES 

respect to  this point ab initio SCF-CI calculations on 
NH2+ indicate the triplet to  be ca. 45 kcal/mol lower 
in energy than the singlet14 while it has been suggested 
that NF2+ has a singlet ground state.s For nitrenes 
CNDO-INDO calculations indicate singlet ground 
states for both HON and H2NN.6 

N-Nitrenes (1 , diazenes, azanitrenes) and N-nitre- 
nium ions (2, diazenium, azanitrenium) are sufficiently 

RaNN 
1 

RaNfiH 
2 

stabilized to be accessible by chemical means, have 
been the object of a number of investigations, and 
are known to be important in reactions of hydrazine 
and its derivatives.’ 

The analogous oxygen-stabilized species, 0-nitrenes 
(3, oxyazenes, oxynitrenes) and 0-nitrenium ions (4, 

RON 
3 

ROfiII 
4 

oxyazenium, oxynitrenium) , have proved to bc more 
elusive. This paper reports the results of numerous 
attempts o generate 3 and 4 by applying thc techniques 
which had been shown to be useful for generation of 1 
and 2. 

When these studies were begun there were no pub- 
lished reports of systematic attempts a t  generating 
3 and 4, although the possibility of an 0-nitrene inter- 
mediate intervening in the oxidation of O-alkylhy- 
droxylamines to yield hyponitritc esters had been 
noted. 2d 

During the course of this work several reports 
appeared which dcscribed attempts to  generatc 3 or 
postulated it as an intermediatc8 A priori, 3 and 4 
should be higher cnergy intermediate than 1 and 2 
and presumably more difficult to generate, since oxy- 
gen is less effective a t  stabilizing an adjacent electron- 
deficient center than is nitrogen. 

Results 
Of the techniques which can be considered conven- 

tional for generation of nitrenes and rclated clectron- 
deficient intermediates, two were chosen for detailed 
examination with respect to  the question of 0-nitrenes: 
(a) oxidation of 0-alkylhydroxylamines (5) (eq 1) 
and (b) base-promoted a-elimination of N-sulfonyl-0- 
alkylhydroxylamines (6 or 7) (eq 2). 

The required substrates for each process, O-alkyl- 
hydroxylamines (5a-e) and their corresponding sul- 
fonamide derivatives (6, 7) , were conveniently avail- 
able using standard synthetic routes. 
(4) S. T. Lee and K.  Morokuma, J .  Amer. Chem. Soc., 98, 6863 (1971). 
(5) A. B. Cornford, D .  C. Frost, F.  G. Herring, and C. A. McDowell, 

J .  Chem. Phys. ,  64, 1872 (1971). 
(6) (a) L. J. Hayes, F. P.  Billingsley, 11, and C. Trindle, J .  Ore. Chem., 87,  

3924 (1972); (b) J. Peslak, Jr., D.  S. Klett, and C. W. David, J .  Amer. 
Chem. Soc., 98, 5001 (1971). 
(7) D .  M.  Lemal in “Nitrenes,” W. Lwowski, Ed. ,  Interscience, New 

York, N .  Y., 1970, Chapter 10; D.  M.  Lemal, F. Menger, and E. Coats, 
J .  Amer. Chem. Soc., 86, 2395 (1964). 

(8) (a) J. H. Boyer and J. D. Woodyard, J .  Ore. Chem., 33, 3329 (1968); 
(b) A. Hassner, R.  Wiederkehr, and A. J. Kascheres, ibzd., 35, 1962 (1970); 
(0) S. L. Brois, J .  Amer. Chem. Soc., 91, 1079 (1970); (d) R. Partch, B. 
Stokes, D .  Bergman, and M.  Budnik, Chem. Commun., 1604 (1971); (e) 
R. 0. C. Norman, R.  Purchase, and C. B. Thomas, J .  Chem. Soc., Perkin 
Trans. 1 ,  1701 (1972); (f) B. V. Ioffe and E. V. Koroleva, Zh. Ore.  Khim., 
8 ,  1648 (1972); TetrahedronLett., 619 (1973). 

RONH, RONHSO, 
v 

6a, R.=Ph,CH 
b, R=PhCH2 
c, R = p-BrC,H,CH, 

5a, R = PhiCH 
b, R = p.OLNC,H,CHL 
c, R=CH, 
d. R = CHJCH2CH2CH2 
e, R=PhCH, d, R =  p-CH,OCijH,CHI 

f ,  R = p.CIC,H,CH, 

RONHSO,CH, 
7a, R =  Ph,CH 

[OI 
RONH, -+ ROG: (1) 

(2) 

5 
base 

RONHSO,R’ - RONSO,R~ -% RON + RSO,- 
6 

Oxidation of 0-Substituted Hydroxylamines.- 
A number of oxidizing agents mere briefly surveyed 
using 0-diphenylmethylhydroxylamine (sa) as the 
substrate. Nickel peroxide19 a sourcc of hydroxyl 
radicals reported to  oxidizc amines to nitrenes, reacted 
rapidly with 5a to cleave the 0-N bond, yielding benz- 
hydro1 in 83% yield. N-Bromosuccinimlde in carbon 
tetrachloride converted 5a to  bcnzophcnonc (29%) 
and 0-diphcnylmethylbenzophenone oximc (Phz- 
CHON=CPhs, 8, 51%), presumably formed by con- 
densation of 5a with benzophenone. Mercuric oxide, 
a commonly used oxidant of N,N-dialkylhydrazinesllo 
failed to react with 5a. 

Lead tetraacetate reacted readily with 5a, as well 
as other 0-alkylhydroxylamincs, to afford product 
mixtures the composition of which was solvent de- 
pendent. In  dichloromethane at  25”, 5a yielded a 
whitc, crystallinc solid formulated on the basis of nmrll 
and irI2 data as N-diphenylmethoxy-”-diphenyl- 
mcthyldiazinc ”-oxide [Ph2CHON=N(O-)CHPhz+, 
91 in 32% yield. This product was also isolated from 
lead tetraacctate oxidation of 5a in trichloroethylene as 
solvent. Complex reaction mixtures containing benzo- 
phenone, benzhydrol, and either benzhydryl acetate or 
benzhydryl methyl ether were obtained in acetic acid 
and methanol , respectively. When 5a was oxidized 
with lead tetraacetate in pyridine or dimethylform- 
amide there was formed, in addition to benzophenone 
and 8, small amounts of bcnzophenonc oxime. The 
lcad tetraacetate oxidation of O-p-nitrobenzylhydroxyl- 
amine was relativcly clean and gave p-nitrobenzyl 
alcohol as the only product in high yield. 

Since Brois8o had reported that oxidation of 0- 
methylhydroxylamine (5c) in the presence of tetra- 
methylethylene resulted in the formation of the N -  
methoxyaziridine 10, a number of oxidations were 
carried out in the presence of olefins as trapping re- 
agents. 

For reasons of convenience we chose to  use O-n- 
butylhydroxylamine (5d) and found that this com- 
pound afforded the N-n-butoxyaziridine (11) in 40% 
yield on oxidation with lead tetraacetate in tctramethyl- 
ethylene. 

(9) (a) K. Nakagawa, R.  Konaka and T. Nakata, J .  Ore. Chem., 17, 1597 
(1962); (b) K. Nakagawa and H.  Onoue, Tetrahedron Lett., 1433 (1965). 
(10) See, for example, C. G. Overberger and 9. Altscher, J .  Ore.  Chem., 81, 

1728 (1966); P. S. Forgione, G. S. Sprague, and H. J. Troffkin, J .  Amer. 
Chem. Soc., 88, 1079 (1966). 
(11) J. P. Freeman, J .  Ore. Chem., 118, 2508 (1963). 
(12) M. V. George, R. W. Kierstead, and G. F. Wrlght, Can. J .  Chem., 87, 

679 (1959). 
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PMOAd4 - 
Me Me Me Me OR 

10, R=CH3 
11, R = CH3CH2CH2CHI 

The nmr spectrum of 11 exhibited two singlets a t  
6 1.15 and 1.19 of equal intensity for the aziridine 
ring methyl groups which are nonequivalent by virtue 
of the slow rate of pyramidal inversion at  nitrogen.3a 

Since an important piece of evidence in deducing 
the nature of the intermediate formed by lead tetra- 
acetate oxidation of 0-substituted hydroxylamines is 
whether the intermediate reacts with olefin to  afford 
aziridines in a concerted or nonconcerted fashion, 
it was considered important to  try to  trap the inter- 
mediate with cis- and trans-2-butene. Generally 
speaking, stereospecific addition to  cis- and Iyans- 
2-butene is taken as supporting concerted addition, 
although a nonconccrted addition can be stereospecific. 
Nonstereospecific addition, however, requires that the 
process not be concerted. 

When the necessary reactions were performed two 
observations were made. First, both cis-2-butene 
and trans-2-butene wrrc much less cffective a t  trap- 
ping the rcactivc intermediate than tetramethyl- 
ethylene, giving yields of lcss than 20% of N-n-butoxy- 
aziridincs. Secondly, thc reactions were not stereo- 
specific. Thus, addition of a solution of 2b in dichlo- 
romethane to a well-stirred slurry of lead tetraacetatc 
in trans-2-butene at  - 78" afforded N-n-butoxy- 
trans-2,3-dimethylaziridine (12) and N-n-butoxy-cis- 
2,3-dimethylaziridine (13) in a ratio of S2:lS. Using 
cis-2-butene as the trap under identical conditions 
gave 12 and 13 in a ratio of 38:62. Control experi- 
ments demonstratcd that neither the cis- and trans- 
2-butene nor the products isomerized under the reac- 
tion conditions. 

Assignment of structure to the adducts was made 
by considering their nmr spectra. The isomer with 
the shorter retention time on glpc (1.7 min) was iden- 
tified as 12 by the presence of two nonequivalent methyl 
doublets a t  6 1.13 (J  = 5 Hz) and 1.33 (J  = 5 He). 
The isomer with the longer retention time (2.2 min) 
exhibited a single methyl peak a t  6 1.11 (doublet, J 
= 6 Hz) consistent with 13. The other cis isomer 14 

H HG 

H3c&N, 

H H  
14 

did not appear to be present. Both 12 and 13 gave 
similar mass spectra with m/e 70 as the most intense 
peak in each, corresponding to loss of BuO. from the 
molecular ion to  leave (C4H&)+. The next most 
intense peak in each was m/e 41, while m/e 143 (parent) 
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was observed to  be of quite low intensity (1.1 and 

Base-Promoted Decomposition of N-Sulfonyl-0- 
alkylhydroxylamines. -Conversion of 6a or 7a to 
the corresponding sodium or lithium salt with sodium 
hydride or n-butyllithium, respectively, followed by 
pyrolysis in triglyme at  160-200" resulted in the loss 
of sulfinate and net 0 to  ?\T migration of the diphenyl- 
methyl substituent to afford benzophenone oxime. 
These results are summarized in Table I and eq 3. 

6a or 7a -+- PhnCHONSOzX + Ph2C=NOH + XSOz- (3)  

2.8%) * 

TABLE I 
THERMAL DECOMPOSITION OF ANIONS DERIVED FROM 6a AND 7a 

Yield of 
Ph,C=NOH, 

Substrate Base Leaving group % 
6a NaH (2 equiv) Ts- 58 
7a NaH (2 equiv) CH&JOz- 48 
6a BuI i  (1.1 equiv) Ts- 100 

When large excesses of NaH were employed the reac- 
tion tool: a different course and produced benzhydrol 
exclusively. 

Although the reaction was chosen as one lilccly to  
produce an 0-nitrcne and the formation of benzo- 
phenone oxime is consistent with the anticipated be- 
havior of such an intermediate, there do exist a number 
of alternativc mechanisms which could afford benzo- 
phenone oxime without an 0-nitrene being involved. 
Efforts were made to  test the more reasonablc pos- 
sibilities by experiment. 

One such possibility for the case of 6a is shown in 
eq 4-6. This schcme assumes that the rxpccted 

PhLCHONTs F= PhLCONHTs (4) 
15 16 

--3 '"KT + Ts- (5) 
Ph2C - 0 

PH NH 
H 17 

anion 15 is in equilibrium with the carbanion 16, 
which undergoes an intramolecular displacement of 
p-toluenesulfinate to  afford the oxazirane 17, which 
in turn rearranges to  benzophenone oxime. 

This sequence of events is analogous to  one tenta- 
tively suggested by Paquette to  explain the 0 to N 
migration observed in the base-catalyzed decomposi- 
tion of N-chloro-0-substituted hydroxylamines. l3 

This possibility could not be tested directly using 
6a but rather required the N-methyl compound 18. 
If the carbanion --f oxazirane transformation is im- 
portant, then 18 should undergo this as readily as 6a 
and lead to  products derived from N-methyldiphenyl- 
oxazirane.l4 Treatment of 18 with 2 equiv of sodium 
hydride in triglyme at  200" for 19 hr and separation of 

(13) L. A .  Paquette, Tetrahedron Lett., 485 (1962). 
(14) For a review of oxazirane Chemistry see W. D. Emmons in "Hetero- 

oyolio Compounds with Three- and Four-Membered Rings," Par t  One, A. 
Weissberger, Ed., Intersaience, New York, N. Y., 1964, Chapter IV. 
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the products by preparative tlc led to the isolation of 
benzophenone (13%)) benzhydrol (72%), and N -  
methyl-p-toluenesulfonamide (46%). These products 
are most reasonably explained as arising from cleavage 
of the carbanion derived from 18 t o  benzophenone and 
N-methyl-p-toluenesulfonamide followed by reduc- 
tion of the benzophenone to benzhydrol by sodium 
hydride.I5 

Evidence t o  support the notion that the benzhydrol 
is formed by reduction of the benzophenone resulting 
from cleavage of the carbanion was obtained by re- 
peating the experiment using 18 substituted with 
deuterium at the carbon atom which bears the two 
phenyl groups. The benzhydrol formed in this reac- 
tion was isolated in 65% yield and determined to have 
lost completely its deuterium label in accordance with 
the prediction based on eq 7.  

PhiCHON + PhzCO?J 

18 19 

--f 
base /CH3 

\ 
Ts 

\ 
Ts 

PhzCO + CH$Ts (7) 

It thus appears that carbanions in these systems, 
when generated, undergo efficient fragmentation t o  
carbonyl compounds rather than intramolecular 0 
t o  N rearrangement. This also served to explain the 
results of reactions in which the p-tolucnesulfonamide 
derivatives 6b-d of 0-benzyl-, 0-p-bromobenzyl-, 
and 0-p-mothoxybenzylhydroxylaminc were treated 
with sodium hydride in triglyme a t  elevated tcmpera- 
ture. The products were those formed by cleavage 
of the oxygen-nitrogen bond, affording initially 
substituted benzaldehydes and p-toluencsulfonamidc. 
The isolated products from 6b, 6c, and 6d, exclusive 
of p-toluenesulfonamide, were benzoic acid (3073, 
p-bromobenzoic acid (41%), and p-methoxybenzoic 
acid (39%) , respectively. I n  one experiment benzo- 
nitrile was isolated from 6b in 35% yield along with 
a small amount (8%) of N-p-tolucncsulfonylbenzyl- 
amine. Both the conversion of benzaldehyde t o  ben- 
zoic acid and the formation of PhCH2NHTs wero 
established as occurring under the reaction conditions 
by a control experiment in which the anion of p- 
toluenesulfonamide was generated using sodium hy- 
dride and heated in triglyme with benzaldehyde to 
yield benzoic acid (4893, benzyl alcohol (15%), and 
N-p-toluenesulfonylbenzylamine (1 1%). 

The dominant reaction path of 6b, 6c, and 6d there- 
fore appears t o  be base-catalyzed cleavage t o  aldehyde 
and p-toluenesulfonamide anion. The formation of 
N-p-toluenesulfonylbenzylamine probably results from 
condensation of these two fragments followed by de- 
hydration and reduction of the tosylimine with sodium 
hydride as formulated in Scheme I. 

It is reasonable that PhCH=NTs is also the prc- 
cursor t o  benzonitrile via base-catalyzed p-elimina- 
tion, although benzonitrile was not observed in the 
control experiment. It is not known exactly how 
oxidation of the aldehyde to the carboxylic acid occurs, 
and speculation on that point will not be offered, 
since it is not essential to  the central question, i e . ,  
whether 0-nitrenes are formed in these reactions. 

(15) F. W. Swamer and C. R. Hauser, J .  Amer. Chem. Soc., 68, 2647 
(1946). 

PhCHzOfiTs e PhCHONHTs + PhCHO + TsfiH 

PhCHO + Ts” + PhCH(NHTs)O- 

PhCH(?r”Ts)O- PhCH(&Ts)OH + PhCH=NTs 
reduction 

PhCHZNTs ___f PhCHzNHTs 

Discussion 
I t  is apparent that many of the expcrimental methods 

which are suitable for the generation of N-nitrenes 
(1) from hydrazine derivatives are not directly appli- 
cable to the generation of 0-nitrenes (3) from hydroxyl- 
amine derivatives. The most common observation 
in reactions of 0-alliylhydroxylamines and their deriva- 
tives is cleavage of the 0-N bond. This has been 
observed previously, for example, in the attempted 
deoxygenation of benzyl nitrite and tert-butyl nitrite 
by trivalent phosphorus compounds as a route to 3 . S a  

Oxidation of 5e with chromic acid1@ or bromine 
aff ordcd mixtures of benzaldehyde and benzyl alcohol 
with the bromine oxidation having been shown17 
to proceed by initial formation of a hyponitrite estcr,’* 
which undergoes fragmentation to nitrogen and alkoxy 
radicals which in turn disproportionate to an aldehyde 
and an alcohol.19 Thc formation of the hyponitrite 
ester need not involve the intermediacy of 3, since a 
reasonable alternative path exists. The overall pro- 
cess can be represented by Scheme I1 for the case of 5e. 

SCHEME I1 

5e  + Bi-2 + OH- + PhCHzONHBr + HzO + Br- 
PhCHzONHBr + 5e + OH- + 

PhCHzONHNHOCHzPh + Brz + 20H- + 
PhCHzONHNHOCHnPh + Br- + HzO 

PhCHzON=XOCHzPh + 2Hz0 + 2Br- 
PhCHzON=NOCHzPh + Nz + 2PhCFTzO’ 

2PhCHzO. + PhCHO + PhCHzOH 

Clcavagc of the 0-K bond was the dominant reac- 
tion course in most of the reactions carried out in 
this study as well, I t  was not considered significant 
for our purposes to determine whether hyponitrite 
esters were involved in these processes, because, as 
in the example cited above, hyponitrite ester forma- 
tion does not require an 0-nitrene to  be present as 
its precursor.20 The more important concerns were 
those reactions which aff orded products having the 
0-N bond intact. In  the case of lead tetraacetate 
oxidation of 5 these were the formation of nitroso 
compounds (as dimers) from 5e and 5f,8d3* the forma- 
tion of 9 from 5a, and the formation of N-alkoxyaziri- 
dines when the oxidation of 5cSo and 5d was performed 
in the presence of olefins. 

While 0 to K migration of an aralkyl group to afford 
a nitroso compound is consistent with the anticipated 

(16) R. Kothe, Justus Lzebzgs Ann. Chem., 266, 310 (1891). 
(17) L. Seed, British Patent 795,824, Chem. Abstr., 63, 219 (1959). 
(18) For a review on hyponltrlte esters see M. N. Hughes, Quart. Rev., 

Chem. Soc., 22, 1 (1968). 
(19) 9. K. Ho and J. B. DeSousa, J .  Chem. Soc., 1788 (1961); H. Kiefer 

and T. G. Traylor, Tetrahedron Lett., 6163 (1966); C. Walling and J. A. 
McGuiness, J .  Amer. Chem. Soc., 91, 2053 (1969). 

tion of dibensyl hyponitrite in the lead tetraacetate oxidation of Sen 
(20) See ref 8e for a plausible mechanistic scheme to  rationalize forma- 
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behavior of an 0-nitrene, the observation of products 
resulting from 0 to  N migration does not demand the 
intermediacy of 3. The most probable initial reaction 
of 5 with lead tetraacetate is formation of the organo- 
lead intermediate 20. 

5 + Pb(OAc)r + ROru”Pb(OAc)8 + HOAc (8a) 

By analogyz1 with other reactions of organolead 
intermediates, 20 could be expected to serve as a source 
of the 0-nitrenium ion 4, with 3 resulting from depro- 
tonation of 4. 

20 -+ ROAH + Pb(OAc)z + OAc- 

20 

(8b) 

The 0-nitrenium cation 4 seemingly has the capacity 
t o  do all of the things anticipated for 3: 0 to N migra- 
tion of R and addition to alkenes are very likely reac- 
tions of 4. Additionally, these reactions could occur 
in a manner concerted with cleavage of the nitrogen- 
lead bond of 20. The available data do not allow a 
choice to be made regarding the point at  which reac- 
tions occur during the process 20 + 4 -+ 3, and the con- 
clusion that 3 and/or 4 are intermediates in the lead 
tetraacetate oxidation of 0-substituted hydroxylamines 
is not warranted. This conclusion receives support 
from the lack of stereospecificity observed in N- 
alkoxyaziridine formation from cis- and trans-2-butene 
and 5d. Formation of N-allioxyaziridine is not nearly 
so efficient as from tetramethylethylene and the total 
amount formed is not large, being estimated at  10- 
20%. Nevertheless, both 12 and 13 are formed (in 
diff erent amounts) from each olefin, providing evi- 
dence that a t  least a portion of the adduct arises by 
a nonstereospecific process. Triplet 0-nitrene is not 
a reasonable intermediate, because calculationsea in- 
dicate the singlet 0-nitrene to be more stable than thc 
triplet and the reaction conditions are those which 
because of spin conservation would not be expected 
to yield the triplet state directly. Nonstereospecific 
addition requires at  least a two-step mechanism and 
either 20 or 4 could add in a two-step process as shown 
in Scheme 111. 

4 

SCHEME I11 
CH, H RONH 
)=( - H,C.*pyH - 12 

H CHJ H CHS 

Jt 4 or 20 + 
CH, CH, RONH x --+ H 3 c - - . 4 c H 3  -+ 13 

H H  H H  

Complete equilibration of the initial carbonium ion 
intermediates would not occur if the rate of closure 
were competitive with the rate of rotation around 
the carbon-carbon bond. The reaction mixtures 
were complex, and if pinacol-type rearrangement 
products were formed they were not detected. 
(21) For references and mechanistic discussion of lead tetraacetate oxida- 

tions see (a) W. H. Starnes, Jr., J .  Amer. Chem. Soc., 90, 1807 (1968); (b) 
J. K. Koohi, Ree. Chem. Progr. ,  2’7, 207 (1966); (0) R. Criegee in “Oxida- 
tion in Organic Chemistry,” Part  A, K. B. Wiberg, Ed., Aoademio Press, 
NemYork, N. Y., 1966, Chapter V. 

The results of the base-catalyzed thermal decomposi- 
tion reactions of N-p-toluenesulfonyl-O-alkylhydroxyl- 
amines are similarly inconclusive with regard to the 
intermediacy of 3. In  most cases the reactions ap- 
peared to be those of carbanions formed in equilibrium 
with the desired amide ions leading to cleavage to an 
aldehyde or ketone plus p-toluenesulfonamide anion. 
I n  this respect the reactions of 6 and 7 parallel closely 
the well-known Wittig rearrangement of 0-benzyl 
esters for which a fragmentation-recombination mech- 
anism has been shown to be operative.z2 (Com- 
pare Schemes I and IV.) 

SCHEME IV 

ROCHzPh % R O m P h  

ROCHPh - R -  + PhCHO 

R- + PhCHO --f RCHPh 
I 
0- 

The condensation of p-toluenesulfonamide anion 
with aldehydes and ketones is not very efficient and 
alternative rcactions, such as reduction by sodium 
hydridc or oxidation (mechanism not known), compete 
effectively. 

The fragmentation-recombination pathway could 
conceivably lead to  benzophenone oxime from 6a via 
oxazirane 17 formed by condensation of benzophenone 
and p-toluenesulfonamide ion (eq 9). 

0- 
I Ph n 

Ph.,C=O + TsNH- - Ph,&NHTs + xiH (9) 19 Ph 
17 

This possibility was tested by attempting to con- 
dense p-toluencsulfonamide with benzophenone in 
the presencc of sodium hydride under thc conditions 
of reaction. No benzophenone oxime was obtained. 
The isolated products were benzhydrol (32%) and 
recovered benzophenone (36%). Although the results 
of this control experiment were not supportive of eq 
9,. we are reluctant t o  discard this possibility totally, 
since it is not always possible t o  ensure that the con- 
ditions of a control experiment are identical with those 
which exist during a reaction. This mechanism fits 
best into the total picture which emerges for base- 
catalyzed thermal decomposition of 6 and 7. 

The conclusions to be reached from this study are 
that the methods used to generate N-nitrenes from 
hydrazine derivatives when applied to the generation 
of 0-nitrenes from hydroxylamine derivatives afford 
results which do not uniquely require the involvement 
of 0-nitrenes. 

Experimental Sectionz3 
Reactions of 0-Diphenylmethylhydroxylamine with Oxidizing 

Agents. A. Nickel Peroxide.-To a solution of 383 mg (1.92 
mmol) of 5a in 5 ml of dry benzene was added 1.6 g of nickel 
peroxide.98 A rapid reaction occurred with 5a being entirely 
consumed within 5 min (tlc examination). The solution was 

(22) D. L. Dalrymple, T. L. Kruger, and W. N. White in “The Chemistry 
of the Ether Linkage,” S. Patai, Ed., Interscience, New York, N. Y., 1967, 
Chapter 14. 
(23) See paragraph a t  end of paper regarding supplementary material. 
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filtered and evaporated to yield 291 mg (83%) of benzhydrol, 
identified by comparison of its ir spectrum with that of authentic 
material. After recrystallization from hexane the melting point 
was 64-6.5.5" (reported mp 68-69°).24 

B. N-Bromosuccinimide.-A solution containing 386 mg 
(1.93 mmol) of Sa and 352 mg (1.93 mmol) of LV-bromosuccin- 
imide in 5 ml of carbon tetrachloride was refluxed under nitrogen 
for 20 hr. The solution was filtered and evaporated and the 
residue was chromatographed on 30 g of Woelm silica gel. Elu- 
tion with chloroform (100 ml) afforded 178.5 mg (51%) of O-di- 
phenylmethyl benzophenone oxime (8) as a clear syrup which soon 
crystallized (identified by comparison of i t s  ir spectrum with that 
of authentic material). The product on recrystallization from 
ethanol had mp 98-98.5" (reported mp 101.5-102~).25 

The second fraction, eluted with 100 ml of 10: 1 chloroform- 
ether, was a syrup (102 me, 29%) identified as benzophenone by 
its ir spectrum. 

C. Lead Tetraacetate in Methylene Chloride.-To 746 mg 
(3.75 mmol) of Sa in 20 ml of methylene chloride was added 1.68 
g (3.73 mmol) of lead tetraacetate while stirring at  0". A 
vigorous reaction occurred. After 10 min the reaction mixture 
was worked up and evaporated to leave a syrup which was taken 
up in ethanol, cooled, and filtered to affoid 223 mg of 9 as a tan 
solid, mp 114-127' (crude yield 327,). Recrystallization from 
ethanol gave the analytical sample: mp 146.7-147.7'; ir 
(CHC13) 3100-8000, 1500, 1460, 1004, 994, 940, 910, 700 cm-1; 
nnir (CDCl,) S 7.4 (s, 20, aromatic), 6.45 (s, 1 ,  HCO), 6.3.; (s, 1, 
HCN). 

Anal. Calcd for CzeHzPT~Oz: C, 79.17; H, 5.62; h', 7.10; 
mol wt, 394..i. Found: C, 79.03; H, 5.82; N, 7.30; mol wt, 
373 (Itast). 

The same product was formed in 19% yield when the oxidation 
was carried out in trichloroethylene. In this case the inajoi 
product was benzhydrol(36%). 

Lead Tetraacetate in Pyridine.-Lead tetraacetate (1.73 
g, 3.9 inmol) was added to 487 mg (2.4 nimol) of 5d in 3 in1 of 
pyridine. An exothermic renction occurred. The 50111tiOn was 
refluxed for 17 hi ( S ' 2  atmojphere) and woiked up. The extract5 
were evaporated and the pyridine wa5 removed by coevaporation 
with .io ml of toluene on (he rotary evaporator. The residue was 
chromatographed on 40 g of Woeliii silica gel and eluted first with 
chloroform, collecting 50-nil fractions. The first three fractions 
csontained 61 mg (14%) of 8, nip 96-99', identified by its ir spec- 
trum (lit. nip 101 .qi-102").26 Fractions 4-8 contained 216 nig 
(48%) of benzophenone identified by its ir spectrum and Rr on 
tlc. Fractions 9 and 10 contained XI mg (17%) of benzophenone 
oxime identified by ir and ZZt on tlc. 

The same coiiipound~ were obtained when the oxidation was 
carried out in diniethylforiiianiide a t  2.5' for 2 hr. The yield of 
8 wa5 42%, benzophenone was la%, and the oxime was cu. 30% 
(chromatographic fraction contaminated with benzhydrol). 

Reaction of 0-p-Nitrobenzylhydroxylamine with Lead Tetra- 
acetate.-To a solution of 400 nig (2 .4 niniol) of 5b in .? in1 of 
methanol was added 1.2 g (2.7 nimol) of lead tetraacetate. The 
renction mixtiire was worked up after 20 hr and evaporated to 
leave 231 mg (69(h) of crude p-nitrobenxyl alcohol, mp 6.i-76', 
the ir spectrmn of which was identical with that of authentic 
material. Iiecryjtallization from water afforded material of mp 
90-92" (lit. mp 93°).24 

A similar experiment in methylene chloride at 2.;' for 10 min 
afforded p-nitrobenzyl alcohol in 68% yield. 

Reaction of 0-n-Butylhydroxylamine (5d) with Lead Tetra- 
acetate in the Presence of Olefins.-A mixture of lead tetra- 
acetate (6.2 g, 13.9 minol) and excess olefin was cooled in an iso- 
propyl alcohol-Dry Ice bath while a solution of 1.0 g (11.2 mmol) 
of 5d in 20 in1 of dichloromethane was added slowly over the 
course of 1 hr. The reaction mixture was allowed to warm to 
rooin temperatwe and then stirred for an additional 1 hr, during 
which time n precipitate formed. The reaction mixture was fil- 
tered and the precipitate was washed thoroughly with a small 
nmonnt of dichloroinethnne. The dichloroniethane solution was 
washed with 5% sodium carbonate and water and dried (kIgso4), 
and the solvent was distilled at  atmospheric pressure to leave the 
rrude product. 

Tetramethylethy1ene.-The crude product obtained when 
517 ml (68.5 mniol) of tetrainethylethylene was used as the trap- 

D. 

A.  

(24) R. C. Weast, Ed. ,  "Handbook of Chemistry and Physics," 47th ed, 

(25) A .  C.  Cope and A. C. Haven, Jr., J .  Amer. Chem. Soc.. 7'2, 4896 
Chemical Ruhher Puhliahing Co., Cleveland, Ohio, 1966. 

(1950). 

Ping reagent was chromatographed on 50 g of silica gel. Elution 
with n-hexane (200 ml) followed by a 90% n-hexane-ethei solu- 
tion (200 ml) yielded 715 mg (37Y0) of l-n-butoxy-2,2,3,3-tetra- 
methylaziridine (11): ir (CHC13) 2975, 1460, 1380, 1170, 1120, 
1070, and 1043 cm-'; nmr (CDCl,) s 3.63 ( t ,  2 H, J = 6 H ~ ) ,  
1.19 (s), 1.1: (s), and 0.7-1.8 (m), the area between 0.7 and 1.8 
integrated for 19 H. 

The analytical sample was prepared by preparative glpc. 
Anal. Calcd for C1oHz1NO: C, 70.12; H, 12.36; N, 8.18. 

Found: C, 70.03; H, 12.29; N, 8.14. 
The ieaction was repeated with 2 ml of acetic acid added to the 

initial lead tetraacetate-olefin mixture. A 40% yield of the 
aziridine was obtained. 
B. trans-2-Butene.-Analysis of the crude product by glpc at  

a column temperature of 80" and a flow rate of 8.5 ml/min re- 
vealed only two products with retention times greater than 1 min. 
The major one (retention time 1.7 mi,) was isolated by prepara- 
tive glpc and determined to be l-n-butoxy-trans-2,3-dimethyl- 
aziridine (12): ir (CHCl,) 297.5, 1740, 1450, 1380, 1250, 1073, 
103#i, and 970 cm-l; nmr (CDCL) 6 3.7 ( t ,  2 H, J = 6.5 Ha) 
and 0.7-2.0 (m, 15 H); mass spectrum m/e 70 (base peak), M+ 
143,56,41. 

Anal. Calcd for CgH17NO: C, 67.09; H, 11.96; N, 9.78. 
Found: C,67.08; H, 11.82; ?j,9.98. 

The minor component had the same retention time (2.2 min) 
as l-n-butoxy-cis-2,3-dimethylaziridine ( 13). Sufficient ma- 
terial was trapped from the glpc to measure the ir spectrum of 
this product. 

Control experi- 
ments (glpc analysis) established that trans-2-butene did not 
isomerize to cis-2-butene under the reaction conditions. 

cis-2-Butene.-Analysis of the crude product by glpc in- 
dicated that the same products were formed as in the previous 
experiment but that in this case the ratio of the trans-aziridine to 
the cis-aziridine was 1: 1.6. The major isomer was isolated by 
preparative glpc and determined to be l-n-butoxy-cis-2,3-di- 
methylaziridine (13): ir (CHC13) 2975, 1740, 1460, 1380, 1210, 
1070, and 970 cm-'; nmr (cUc13) 6 3.7 ( t ,  2 H, J = 6 Hz) and 
0.7-2.3 (m, 1.5 H) ;  mass spectrum m/e 70 (base peak), 57, .56, 
.j.j,42, 41. 

Anal. Calcd for CsH17XO: C, 67.09; H, 11.96; N, 9.78. 
Found: 

The minor component was isolated by preparative glpc and 
determined to be 12 by comparison of its ir spectrum with that of 
material from the previous experiment. 

Pyrolysis of Lithio Derivative of hT-p-Toluenesulfonyl-O-di- 
phenylmethylhydroxylamine (6a).-n-Butyllithium in hexane 
(2.6 ml, 6.1 mmol) was added to a solution of 2.00 g (5.67 inmol) 
of 6a in 2.5 in1 of triglyme and the solution was heated a t  165" for 
18 hr. The reaction mixture was poured into 200 ml of water and 
extracted with four 50-ml portions of ether and the ether ex- 
tracts were washed with three 20-ml portions of water and dried 
(MgS04). Evaporation of the ether left the crude product, which 
was chromatographed on 30 g of silica gel. The column was 
eluted with 100 ml of hexane, 200 ml of 1 : l  hexane-ether, and 
100 nil of ether. All of the product was eluted in the hexane- 
ether mixture fraction and was identified as benzophenone oxime 
(1.13 g, loo%), mp 134-139' (reported mp 143-144°).24 The 
ir spectrum of the product was identical with that of authentic 
material. Recrystallization from ethanol-water raised the melt- 
ing point to 136-138". 

The aqueous layers from the extractions were combined and 
acidified with 12 N hydrochloric acid and extracted with three 
-50-ml portions of ether. The ether extracts were washed with 
2 0 - d  portions of water, dried over magnesium sulfate, 2nd evap- 
orated to leave 1.07 g of crude product which was washed well 
with %-hexane to afford 300 mg (577,) of p-toluenesulfinic acid, 
mp 83-87" (reported mp 8p5-900),24 which was identical with 
authentic material in its ir spectrum. 

TWO Equivalents of 
NaH.--A solution containing 2.00 g (,5.67 mmol) of 6a and 0.546 
g (11.3 mmol) of sodium hydride as a 50% dispersion in mineral 
oil in 2.5 m1 of triglyme was heated at  200' for 14 hr. The reac- 
tion mixture was poured into 400 ml of water and extracted with 
four ,jo-ml portions of ether and the combined ether extracts 
were washed with four 25-ml portions of water. After drying 
(h/lgso,) and evaporation of the solvent, the crude product was 
chromatographed on 30 g of silica gel and eluted successively 
with 1.50 ml of n-hexane, 100 ml of 1:1 hexane-ether, and 200 
ml of ether. The first fraction contained 0.13 g of mineral Oil* 

I t  was identical with that of 13, 
The ratio of trans (12) to cis (13) was 4:1.  

C. 

C, 67.19; H, 12.08; N, 9.68. 

Pyrolysis of Sodio Derivative of 6a. 
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The second fraction contained 6.50 mg (38%) of benzophenone 
oxime identified by its ir spectrum, which was identical with that 
of authentic material. Recrystallization from et hanol-water 
gave material of mp 141-142'. 

Four Equivalents of NaH.-To a solution of 3.53 ing (1.0 
mmol) of 6a in 10 ml of diglyme was added 172 nig (4 mmol) of a 
<56W sodium hydride dispersion in mineral oil and the reaction 
mixture was refluxed for 1 hr, during which time a large amount 
of solid formed. The reaction mixture was poured into 75 ml 
of water and extracted with three 20-ml portions of ether and the 
combined ether extracts were washed with three 10-ml portions of 
water. After drying (MgS04) and evaporation of the ether the 
product was heated at 100' (1 mni) to remove residual diglyme 
and the residue was taken up in hexane. Cooling of the hexane 
solution resulted in the deposit of !)X.:3 m g  (56%) of benzhydrol, 
mp 62-6,5' (reported nip 68-69°),24 identified by its ir hpectrum, 
which was identical with that of authentic material. 

Similar results were obtained when 6a was heated a t  200' for 
22 hr with 10 equiv of sodium hydride in triglyme. 

Ten Equivalents of NaD .--Sodiiini deuteride was added as a 
50% suspension in mineral oil (1 .O g, 20 mmol) to a solution of 
748 mg (2.1 mmol) of 6a in 25 ml of triglyme and the solution was 
refluxed for 1.5 hr. Work-up afforded 24,; m g  (645i) of benz- 
hydrol, mp 63-64'. The ir and nnir were identical with tho\e 
of an authentic sample and showed no evidenre for deuterium in- 
corporation. 

Pyrolysis of Sodio Derivative of N-p-Toluenesulfonyl-O-di- 
phenylmethylhydroxylamine (7a).-A solution of 7a ( 3 0  ma, 
1.92 mmol) in 2*5 ml of triglyme wai heated with 184 nig (3.84 
mmol) of a 507, dispersion of sodium hydiide in mineral oil at 
200' for 14 hr. The reaction mixture was worked up as de- 
scribed above for 6a and the crude product was washed with 
pentane to afford 180 mg (48y0) of benzophenone oxime, nip 

Reaction of iV-Methyl-,V-p-toluenesulfonyl-0-diphenylmethy1- 
hydroxylamine (18) with NaH.-To 1.0 g (2.7 mmol) of 18 in 50 
ml of triglynie was added ,5.4 mniol of sodium hydride and the 
solution was heated at  210" for 19 hr. The reaction mixture was 
quenched with 400 ml of water and worked up as in previous ex- 
periments. The crude product waLs purified by preparative tlc 
using a n-hexane-ether (2: 1) solution to yield 66 mg (1370) of 
benzophenone, 281 nig (57%) of benzhydrol, mp 61-G2', nnd 
122 mg (24%) of A'-methyl-p-toluenesulfonamide, mp 6,5-72' 
(lit.24 mp 78-79'). The ir and nmr were shown to be identical 
with those of authentic sample5 of benzophenone, benzhydrol, 
and N-methyl-p-toluenesulfonamide, respectively. 

The base-soluble fraction was purified by preparative tlr using 
a n-hexane-ether ( 2 : l )  solution to yield 73 mg (14.7%) of 
benzhydrol, nip 58-63', 10 mg (3yo) of benaoic acid, and 111 mg 
(22%) of N-methyl-p-toluenesulfonamide. The ir and nmr were 
shown to be identical with those of authentic samples of benz- 
hydrol, benzoic acid, and N-methyl-p-toluenesulfonamide, re- 
spectively. 

Reaction of iV-Methyl-A'-p-toluenesulfonyl-O-diphenylmethyl- 
hydroxylamine-a-dl with NaH.-Repetition of the preceding 
experiment using 441 mg (1.2 mniol) of the title compound 
afforded a crude product which was purified by preparative tlc 
( 2 : l  hexane-ether) to yield 168 mg (63%) of unlabeled benz- 
hydrol, mp 83-63'. The ir, nnir and mass spectra were identical 
with those of an authentic sample. 

A control experiment in which PhzCDOH was heated a t  133' 
for 18 hr in triglyme resulted in a 71% recovery of benzhydrol 
which retained 90% of the original deuterium (nmr analysis). 

Attempted Reaction of Benzophenone with p-Toluenesul- 
fonamide.-p-Toluenesulfonamide (970 mg, 5.67 mmol) was 
dissolved in dry triglynie (25 ml). A 50% oil dispersion of 
sodium hydride (545 mg, 10.4 mmol) was added slowly and the 
reaction was stirred for 13 min. Benzophenone (1.0 g, 5.67 
mmol) was added and the reaction was heated a t  183" for 19 
hr. Work-up was carried out as described in previous experi- 
ments. A portion of this 
product (405 mg) was separated by preparative tlc using 2:1 
hexane-ether as the developing solvent to yield 123 mg of benzo- 
phenone and 114 mg of benxhydrol, mp 64-65", These amounts 
correspond to yields of 36 and 32%, respectively. The identity 
of the products was established by comparison of their ir spectra 
with those of authentic material. 

Reactions of N-p-Toluenesulfonyl-O-benzylhydroxylamine with 
Sodium Hydride. A,-To 2.0 g (7.2 mmol) of 6b in 200 ml of 
purified tetrahydrofuran was added 1 equiv of sodium hydride. 

136-140'. 

The crude product weighed 1.13 g. 
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The reaction mixture was stirred for 30 min and the solvent was 
evaporated under reduced pressure. The salt was then heated 
a t  192' in 100 ml of triglynie for 18 hr under nitrogen. The reac- 
tion mixture was poured into 400 ml of water and extracted with 
five .iO-ml portions of ether. The ether extracts were then washed 
with three .iO-ml portions of water and dried over magnesium 
sulfate. The residue after evaporation of the ether was chro- 
matographed on 50 g of silica gel and eluted successively with 
100 in1 of hexane, 200 ml of 3: 1 hexane-ether, and 200 ml of 1 : 1 
hexane-ether. The middle fractions on evaporation afforded 
263 mg (337,) of benzonitrile, which was identified by comparison 
of its ir spectrum and glpc retention time with those of authentic 
material. Further elution with ether removed 162 mg (8%) of 
A'-p-toluenesulfonylbenzylamine, mp 108-112' (reported26 mp 
116'), which was identical with an authentic sample prepared 
from benzylamine and p-toluenesulfonyl chloride (mp 110-1 12'). 

B.-In another exper:ment 1.27 g (4.6 mmol) of 6b was treated 
with 2 eqniv of sodium hydride in 7.5 ml of triglyme at  100' for 
18 hr. After work-up as described above, no product was found 
in the ether extracts, so the aqueous phase was acidificd with 2 N 
HC1 and extracted with ether (4 x 50 ml). These ether extracts 
were washed with two 20-ml portions of water, dried (MgSO,), 
and evaporated and the residue was chromatographed on 30 g 
of silica gel. Elution with 100 ml of 1 : 1 ether-hexane afforded 
170 mg (30%) of impure benzoic acid (mp 92-105") the ir of 
which was identical with that of an authentic sample. Further 
elution with ether yielded 710 mp (91%) of p-toluenesulfonamide. 

Reaction of iV-p-Toluenesulfonyl-O-p-bromobenzylhydroxyl- 
amine with Sodium Hydride.-Two equivalents of sodium 
hydride was added to a solution of 2.0 g (.5.6 nimol) of 6c in 50 
nil of triglyme and heated a t  200' for 21 hi ,  The reaction mix- 
ture was worked up as described for the reactions of 6b. No 
identifiable products could be obtained from the neutral fraction. 

The base-soluble fraction was chromatographed on silica gel 
and eluted with chloroform (3 X 50 ml), a n-hexane-ether (1: 1) 
solution (4 X 30 nil), and finally ether (100 ml). Fractions 
1, 3, 4, and 6 yielded 71 mg of unidentifiable products. Frac- 
tions 2 and 5 yielded 480 nig (41%) of p-bromobenzoic acid, mp 
23.5-240' (lit. mp 234.4°).24 Fractions 7 and 8 yielded 3.50 mg 
(36%) of p-toluenesulfonamide, mp 134-136' (lit. mp 137.5°).a4 
The products were shown to be identical with authentic samples 
of p-bioinobenzoic acid and p-toluenesulfonaniide, respectively, 
by ir and mixture melting point. 

Reaction of M-p-Toluenesulfonyl-O-p-methoxybenzylhydroxyl- 
amine with Sodium Hydride.-The title compound 6d (1.0 g, 
3.26 nimol) was dissolved in 100 ml of tetrahydrofuran and 
treated with 3 equiv of sodium hydride, and the reaction mixture 
was stirred foi 30 min. The solvenl was evaporated under re- 
duced pressure. The salt was heated in 30 ml of triglyme a t  
1.50-160' for 18 hr under a nitrogen atmosphere. The reaction 
was worked up according to  the procedure described previously. 
No product was obtained from the base-insoluble fraction. 

The base-soluble fraction was eluted with chloroform (100 ml) 
and a n-hexane-ether (1 : 1) solution (100 ml) to yield 94 mg of 
unidentifiable products. Elution with more n-hexane-ether 
(1:1) solution (100 ml) yielded 19.5 mg (39%) of p-methoxy- 
benzoic acid, nip 176-181' (lit. mp 185°).24 Elution with ether 
(100 ml) yielded 160 mg (27%) of p-toluenesulfonamide, mp 
121-123' (lit. nip 137..i0).24 The ir and nmr were shown to be 
identical with those of authentic samples of p-methoxybenzoic 
acid and p-toluenesulfonamide, respectively. 

Reaction of Benzaldehyde with p-Toluenesulfonamide in the 
Presence of NaH.-p-Toluenesulfonamide (1 .0 g, 5.85 mmol) 
was dissolved in dry triglynie (25 ml) and treated with 2 equiv of 
a 50% oil dispersion of sodium hydride, and the reaction mixture 
was stirred for 15 min. Benzaldehyde (620 mg, 5.85 mmol) was 
added and the reaction was heated a t  205' for 18 hr under a 
nitrogen atmosphere. Work-up was accomplished as described 
in the preceding experiments and the crude mixtuie of products 
was separated by preparative tlc using chloroform to yield 172 
mg (11%) of N-p-toluenesulfonylbenzylamine, mp 107-log', 
and 93 mg (15%) of benzyl alcohol shown by ir and nmr to be 
identical with authentic samples. 

The base-soluble fraction was purified by preparative tlc using 
a n-hexane-ether (2: 1) solution to yield 340 mg (48%) of benzoic 

(26) "Handbook of Tables for Organic Compound Identifioation," 3rd ed, 
Z. Rappaport, Ed., Chemical Rubber Publishing Co., Cleveland, Ohio, 
1967. 
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acid and 550 mg (55%) of p-toluenesulfonamide. 
shown to beidentical with that of authentic samples. 

The ir were 
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It has been shown that the carbanion intermediate in the hydrogen-deuterium exchange of N-neopentylidene- 
benzylamine, IV, can be intefcepted by nitrobenzene and in the presence of oxygen converted to benzoic acid, 
pivalic acid, benzamide, and pivalamide. A detailed kinetic analysis of exchange, isomerization, and trapping 
processes has been carried out. Evidence that this reaction occurs for other azaallylic anions is also presented. 

For many years, the methylcne-azomethine rear- 
rangement was thought to  occur via a one-stcp mech- 
anism involving a single transition state.' More re- 
cently it has been shown that thc reaction actually in- 
volves a carbanion intermediatc.2 Although the evi- 
dence presentcd for this mechanistic revision has met 
with some skept i~ism,~ the number of examples of 
imine systems for which one of thc t'aut'omers under- 
goes base-catalyzcd hydrogen-deuterium cxchange 
faster than isomerization has grown to the point where 
there can be little doubt as t o  thc generality of thc 
carbanion mechani~m.~ 

Our recent success in the application of clectron- 
transfer trappin.g to the elucidation of the mechanistic 
details of carbanion reactions5 prompted us to  apply 
the technique to the base-catalyzed methylene-azo- 
methine rearrangement. We did this not so much to  
demonstrate the intermediacy of carbanions, a point 
which we feel has been adequately documented, but 
rather to  extend the technique to a new kind of carb- 
anion intermediate, to  examine the kinetic problems of 
dealing with isomerizing systems by this method, and 
hopefully to  find ways in which the technique can be 
applied to  cases for which electron-transfer trapping 
can be coupled with the subtleties of stereochemistry in 
such reactions. We hope in this way to learn more 

(1) C. K. Ingold, "Structure and Mechanism in Organic Chemistry," 
1 s t  ed, Cornell University Press, Ithaca, N. Y., 1953, p 572. 
(2) (a) D. J. Cram and R. D. Guthrie, J .  Amer. Chem. Soc., 87, 397 

(1965); (b) D. J. Cram and R. D. Guthrie, ib id . ,  88, 5760 (1966). 
(3) C. K. Ingold, "Structure and Mechanism in Organic Chemistry," 

2nd ed, Cornell University Press, Ithaca, N. Y., 1969, p 837. 
(4) (a) R. D. Guthrie, W. Meister, and D. J. Cram, J .  Rmer. Chem. Soc., 

89, 5288 (1967); (b) R. D. Guthrie, D. A. Jaeger, W. Meister. and D. J. 
Cram, ib id . ,  98, 5137 (1971); ( 0 )  D. A. Jaeger and D. J. Cram, i b i d . ,  98, 
5153 (1971). 
(5) (a) R. D. Guthrie, J. Amer.  Che'hrm. Soc., 91, 6201 (lQ69); (b) R. D. 

Guthrie, ibid. ,  92, 7219 (1970); (0) R. D. Guthrie, A. T. Young, and G. W. 
Pendygraft, ibid. ,  98, 4947 (1971); (d) R. D. Guthrie, Intro.ZJ".i. Chem. 
Rep. ,  in press. 

about both thc methylcne-azomcthinc rearrangement 
and the proccss of clcctron transfer. Wc rcport herc 
our prcliminary cfforts. 

Results 
Thc major rcmaining problcm to application of thc 

clcctron transfcr trapping tcchniquc to the cntirc spec- 
trum of carbanion rcactions is thc requirement that 
the acceptor bc stable to  the reaction conditions. In 
reactions whcrc carbanions arc gcncratcd by proton 
removal this means that thc acccptor must not rcact 
with the base. Kitroaromatics work well but havc 
limitations. As rcgards alkoxidc bases, primary and 
sccondary alkoxidcs will rcducc aromatic nitro com- 
pounds to azoxy compounds in thc vicinity of 70°.6 
Potassium tert-butoxidc, a strongcr basc, will not rcact 
appreciably at  50". 

In  the gencral formulation shown thc R groups must 
then be selccted such that the ionization can be carried 

out either below 70" in methoxide-methanol or ethox- 
ide-ethanol or between 20" and 50" in potassium tert- 
butoxide-tert-butyl alcohol. Whcn R1 = Rs = aryl 
and RP = R4 = H, isorncrization can bc cffcctcd a t  
SO" in ethanol-cthoxide' 

When N-benzylidencbcnzylaminc (I) was allowed to  
react with nitrobenzene and 0.6 N potassium tert-but- 
oxide in tert-butyl alcohol a t  30") the imine was de- 
stroyed within 20 min and a precipitatc of potassium 

(6) Y. Ogata and J. Mibae, J .  Ore. Chem., 2T ,  2048 (1962). 
(7) C. W. Shoppee, J .  Chem. Soc., 1225 (1931); (b) E. De Salas and C. H. 

Wilson, ibid. ,  319 (1938). 


