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Cholestan-33-01-22-one (XXXVII) (A. Ercoli), R.D.
(Fig. 4) in methanol (¢ 0.090): [a]0 —20°, [a)ame —14°
[a]m —305°, [a]m +400°; acid study (40 min.), [alwo

[a]m +2 [a]sw —'180° [01302 5 +87°Z at 310 mu, 35
m1n

Chalestan3 38-01-23-one (xxxvm) (A. Ercoli), R.D.

methanol (C 0. 121) [a]mo + 10 a]539 +10 [a]sw —'317°
la)oes +870°, [a]se.s +830°; acid study (20 min.), [a]m 5
—294°: at 310 my, 3 min. = —301°, 10 min. = —227

15 min, = —231°

3-Methy1-3-pheny1hexan-4-one (XXXIX) (D. J. Cram),®
R.D. in methanol (C 0.14)2 [a]mo +56°, [a]asg +61°,
lasis +1588°, lalsons +1176°; acid study (98 min.),
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lalwo +46°, lalwe +357°, [a].ms +1349°, [alao +1278°%
at 315 mu, 94 min. = 41349
3,4,6-Trimethyl-5- oxoheptanmc acid (XL) (R. H. East-

1nan) % R.D. in methanol (¢ O. 110) ladoe +36°, ol
+43°, [a]sls +-914°, [a]m 4-393°; acid study (20 rgnn ),
lalio +30°, [alss +40 [a]sls +930°, [a]si0 +836°: at

315 mu, 17 min. = 4930

Acknowledgment.——\?Ve are greatly indebted to
the various authors listed in the Experimental
section for gifts of samples.

DEeTRrROIT, MICH,

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF MASSACHUSETTS)

O-Acylhydroxylamines. I.

Synthesis of O-Benzoylhydroxylamine!

By Louis A. CARPINO, CHESTER A. G1za AND BARBARA A, CARPINO
RECEIVED Avcust 27, 1958

O-Benzoylhydroxylamine has been synthesized by taking advantage of the ease of cleavage of the carbo-t-})utoxy group.
The hydrochloride was obtained analytically pure whereas the free base was found to be an unstable oil which suffered O-

to-N rearrangement of the benzoyl group.

Previously? it has been shown that oxidation of
1,1-dibenzylhydrazines by means of mercuric
oxide yields bibenzyls. The reaction has been
postulated?® to proceed through intermediates such
as I. Because of the relationship between inter-
mediates such as I and aliphatic diazo compounds,
syntheses of the latter have been modified to
provide new routes to bibenzyls. Alkaline deg-

(CHCH,):N=N  (CeH,CH;:NOH  H,NOSO;H
I II 111

radation of 1,1-dibenzyl-2-benzenesulfonhydrazide
gave, as expected, a high yield of bibenzyl.t A
second synthetic route to diazo compounds has
now been examined. Forster’ found that certain
ketone oximes such as benzil monoxime, on treat-
ment with chloramine, yielded the corresponding
diazo compounds. When aqueous solutions of
chloramine were mixed with a suspension of
N,N-dibenzylhydroxylamine (II) in aqueous alkali
no evidence for bibenzyl formation was obtained.
Furthermore numerous attempts to apply the
Forster reaction to the synthesis of simple diazo
compounds such as diazofluorene were unsuccessful.
Since these difficulties may have been due to the
nature of chloramine, an unstable gaseous substance
most easily handled in dilute aqueous solution,
attention was directed toward the synthesis of
O-acyl and O-sulfonyl derivatives of hydroxyl-
amine as substitutes for chloramine. Hydroxyl-
amine-O-sulfonic acid®® (III) has already been
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shown to undergo many reactions analogous to
those of chloramine although its insolubility in
organic solvents hinders its widespread utilization.
Simple N-unsubstituted O-acylhydroxylamines are
unknown except for the O-anthranoyl™® and O-
carbamoyl?~1% derivatives. In this paper a syn-
thesis of O-benzoylhydroxylamine (VIII) is re-
ported. The method employed took advantage of
the extreme ease of cleavage of the carbo-i-butoxy
group.'*~1¢  Analogous preliminary attempts to
use the carbobenzoxy group were unsuccessful."?
t-Butyl N-hydroxycarbamate (V) was obtained
(80%,) by treatment of a mixture of {-butyl azido-
formate and aqueous hydroxylamine hydrochloride
with sodium hydroxide. When the reaction was
carried out by dropwise addition of the azide to the
other reactants or at temperatures above that of
the room the O,N-diacylated derivative ¢-butyl
N-t-butyloxycarbonyloxycarbamate was formed.
For preparative purposes a better yield of this com-
pound was obtained by treatment of the hydrox-
amic acid V with the azide IV in a separate re-
action. The hydroxamic acid V reacted normally

NH,OH CsH;COCl
N;COOCMe; =-———>» NHOHCOCCMe; —>
v v
HCl1 CO;~
CeH;COONHCOOCMe; ——> CsH;COONH;Cl ———
VI VII
C¢H;COONH,
VIII
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with benzoyl chloride in the presence of trieth-
ylamine yielding the O-benzoyl derivative VI.
Cleavage of VI by mieans of hydrogen chloride in
nitromethane yielded the hydrochloride VII. This
proved to be somewhat unstable on continued
standing, undergoing slow decomposition to O,N-
dibenzhydroxamic acid. An aqueous solution of
the hydrochloride VII wupon treatment with
sodium bicarbonate gave free O-benzoyvlhydroxyl-
amine (VIII) as a water-white oil which on standing
at room temperature for 4-5 hours was converted
to solid materials, primarily the rearrangement
product benzohydroxamic acid (IX). The O-
benzoyl derivative was more stable in methylene
dichloride solution; one sample underwent no

VIIT — CH:CONHOH  p-MeCeH,S0,0NHCOOCMe;
IX XII

O

i :\'ICQC

CsH,COCl
Me:C=NOCOCH; «<——— Me,C=NO0H

X XI

change in 10 hours as shown by infrared examina-
tion. The free base VIII was too unstable to allow
purification for elemental analysis. Its structure
was confirmed by reaction with acetone which gave
O-benzoylacetoxime (X), a known compound which
was obtained for comparison purposes from acetone
oxime and benzoyl chloride.

The O-p-toluenesulfonyl derivative (XII) of V
was also examined although it was not possible
to cleave this compound by means of hydrogen
chloride in nitromethane since the reaction was ac-
companied by evolution of chlorine and therefore
reduction of the O-N linkage. From the cleavage
reaction the expected reduction product, ammonium
p-toluenesulfonate, was the only substance iso-
lated.®

The O-acetyl derivative of V was also prepared
but has not been subjected to cleavage. Several
preliminary attempts to prepare the O-trifluoro-
acetyl derivative were unsuccessful.

The infrared carbonyl absorptions of compounds
prepared during the course of this work which con-
tain the O-acylhydroxylamine linkage are recorded
in Table I. The absorption range (5.65 to 5.85 u)
confirms the ester-like structure of these deriva-
tives.1®

Experimental?*—22

t-Butyl Azidoformate.—In view of the difficulties en-
countered by various workers in duplicating the high (809%,)
vield previously reported* for this key intermediate, the
following detailed procedure is given. A solution of 100 g.
of t-butyl carbazate, 88 g. of glacial acetic acid and 125 ml.
of water was cooled in an ice-bath and with vigorous stirring
57.4 g. of solid sodium nitrite or a solution of the sodium
nitrite in 80 ml. of water was added over a period of 50-60

min. keeping the temperature at about 9-13°. The mixture
was allowed to stir in the ice-bath for 30 min. and 125 ml. of

(18) The application to this cleavage of non-reducing acids such as
hydrogen fluoride is being investigated.
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(22) Infrared spectra were recorded linearly in wave length on a
Perkin—Elmer model 21 spectrophotometer, sodium chloride optics.
We are indebted to the National Science Foundation and the Research
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TaBLE |
CHARACTERISTIC CARBONYI, ABSORPTIONS OF O-ACYL-

HYDROXYLAMINES AND RELATED COMPOUNDS

Compound Phase® Position, p
VIII r 5.80
VIl N 5.67
CGH(,CO:NHCOC(,H:, N ..) . 65
VI C 5.66,5.86
Me;COCO:NHCOOCMey C 5.66
X c 5.70
0-H,NCeH.CO.NH, N 5.85
0-Hy NCeH CO;N=CMe,’ N 5.85
£-MeCsHiSO,0NHCOOCMe; N 5.85
\Y% N 5.79
CsH;CH,OCONHOH"® N 5.80
1ve C 5.67,5.74
NH,CO:NH,* 5.71
CzHaCsz.\.ZC:\IegG :) 66

2 Nujol mull (N), thin film (F) or carbon tetrachloride
solution (C). ! Prepared by the method of J. E. Leffler
and A. A. Bothner-By (ref. 8). ¢ Prepared by the method
of Jones and Oesper, ref. 17. 9 Shows a strong twin ab-
sorption at 4.56, 4.67 u due to the azide group. ¢ Reported
by Zinner (ref. 9).

water was added. The golden-yellow azide layer was
separated and the aqueous layer extracted with four 40-ml.
portions of ether. The combined organic layers were
washed three times with 50-ml. portions of water and three
times with 40-ml. portions of 1 M sodium bicarbonate solu-
tlon. The light yellow solution was dried over magnesium
sulfate and the solvent removed from a water-bath at 40—
45° and a water aspirator pressure of 140 mm. Raising
the water bath temperature to 90-95° and distilling through
a Claisen flask gave 88.8-94 g. (82-87%) of light yellow
liquid, b.p. 73-76° (70 mm.), n2‘p 1.4236.

¢-Butyl N-Hydroxycarbamate.—A solution of 13 g. of hy-
droxylamine hydrochloride in 40 ml. of water was cooled
in an ice-bath and 20 g. of f-butyl azidoformate added.
While stirring vigorously, a cold solution of 22.4 g. of so-
dium hydroxide in 80 ml. of water was dropped in during
40-50 min. at 5-10°. The mixture was allowed to stir in
the ice-bath for one hour and 100 ml. of water was added to
dissolve a precipitated solid. The solution was extracted
twice with 50-ml. portions of ether and the extracts dis-
carded. The aqueous solution was cooled in an ice-bath
and acidified to congo red with about 75 ml. of 6 N hydro-
chloric acld. The resulting mixture was extracted with
five 40-ml. portions of ether, the solution dried (magnesium
sulfate) and the solvent removed from a water-bath yv1'§h
the aid of a water aspirator. The thick oil solidified within
several hours after placing in a vacuum desiccator giving
15.2 g. (81.79%,) of white crystals, m.p. 55-57.5°. Recrys-
tallization from 140 ml. of 60-90° ligroin gave 14.4 g. (77.5%
of snow-white needles, m.p. 56-58°. The analytical sample
had m.p. 58-59°.

Anal. Caled. for C;H,,O3N: C, 45.10; H, 8.33. Found:
C, 45.08; H, 8.23.

t-Butyl N-t-Butyloxycarbonyloxycarbamate.—A mixture
of 2.66 g. of t-butyl N-hydroxycarbamate, 2.83 g. of ¢-
butyl azidoformate and 25 ml. of water was stirred well at
room temperature while a solution of 1.6 g. of sodium hy-
droxide in 15 ml. of water was added during 5-7 minutes.
The clear solution was allowed to stir for 30 minutes during
which time a small amount of the free diacylated material
began to separate. The mixture was cooled in an ice-bath
and acidified with dil. hydrochloric acid (1:1). An oil
separated which soon crystallized to a white solid. The
vield was 4.1 g. (889%,), m.p. 65.5-68.5°. Recrystallization
from 60-90° ligroin gave 3.55 g. (769%) of white needles,
m.p. 67-69°.

Anal. Caled. for C,HpO:;N:
Found: C, 51.84; H, 8.09.

t-Butyl N-Benzoyloxycarbamate.—A solution of 26.6 g.
of t-butyl N-hydroxycarbamate and 27.8 ml. of triethyl-
aminte in 100 ml, of methylene dichloride was cooled in an

C, 51.49; H, 8.21.



Feb. 20, 1959

ice-bath and stirred vigorously. There was dropped in
over a period of one hour a solution of 23.2 ml. of benzoyl
chloride in 50 ml. of methylene dichloride. The mixture
was allowed to stir in the ice-bath for an additional three
hours, 150200 ml. of water was added and the two layers
shaken well in a separatory funnel. The organic layer was
drawn off into a flat dish and the aqueous layer extracted
with one 25-ml. portion of methylene dichloride. Spon-
taneous evaporation of the combined organic layers left
46.5 g. (98%) of white solid, m.p. 81-84°. Recrystalliza-
tion from 52 ml. of 60-90° ligroin gave 44.5 g. (94%) of
snow-white crystals, m.p. 82-84°.

Anal. Caled. for C12H1504NI C,
Found: C, 60.75; H, 6.49.

O-Benzoylhydroxylamine Hydrochloride.—A solution of
15 g. of ¢-butyl N-benzoyloxycarbamate in 80 ml. of nitro-
methane was treated with a stream of dry hydrogea chloride
for 57 min. The mixture became slightly warm and a
white solid separated. The mixture was allowed to stand
in an ice-bath for 15 min., filtered and washed twice with
fresh nitromethane. The air-dried snow-white crystals
amounted to 9.0 g. (82%), m.p. 70-100° dec. When
freshly prepared the substance is completely soluble in cold
water. On standing for several hours slow decomposition
occurs since the solid no longer dissolves completely in water.
The decomposition product proved to be O,N-dibenzhy-
droxamic acid, m.p. 164~166° (lit.2? m.p. 161-162°) iden-
tified by comparison of its infrared spectrum with that of an
authentic sample.?® The crude hydrochloride was pure
enough for conversion to the free base. An analytical
sample was prepared by dissolving 3 g. in 10 ml. of methanol
at room temperature, adding 40-50 ml. of nitromethane and
cooling in an ice-bath which gave small white needles, m.p.
70-100° dec.

Anal. Caled. for C;HgNO.Cl:
Found: N, 8.32; Cl, 20.4.

When the hydrochloride was first prepared (L.A.C.) it
was obtained in the form of white needles which melted
sharply at 120-122° with gas evolution, resolidified and then
remelted at 190-196°. The compound was subsequently
prepared several times by C.A.G. who observed the same
melting point behavior but all subsequent preparations by
L.A.C. led to the form described above, m.p. 70-100° dec.

NOTE.—The referee has pointed out that a description
of the isolation of O-benzoylhydroxylamine has already
been presented in a preliminary communication by W. P.
Jencks [Biochim. et Biophys. Acta, 27, 417 (1958)]. A full
report of this work subsequently appeared [W. P. Jencks,
THis JoUurNaL, 80, 4581, 4585 (1958)].

O-Benzoylhydroxylamine.—A solution of 5 g. of O-
benzoylhydroxylamine hydrochloride in the minimum
amount of water (room temperature) was treated with 1 M
sodium bicarbonate solution until effervescence stopped and
the mixture was slightly basic. The precipitated oil was
extracted with three 10-ml. portions of methylene dichlo-
ride. The solvent was removed from the dried (magnesium
sulfate) solution by means of a water aspirator while im-
mersing the liquid in a water-bath at room temperature
(20-22°). The clear water-white oil which remained
amounted to 3 g. (76%); major peaks (u) in the infrared
spectrum of a thin film of the liquid examined just after re-
moval of methylene dichloride solvent: 3.07m, 5.80s,
6.25m, 6.40m-s (b), 6.89m-s, 7.61m-s, 7.85s (b), 8.35m (b),
8.47m (b), 9.21m-s, 9.38s, 9.75m-s, 14.20s (b) (m = me-
dium, b = broad, s = strong). In methylene dichloride
solution the carbonyl absorption occurred at 5.76 u.

60.74; H, 6.37.

N, 8.07; Cl, 20.4.
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Treatment of a portion of the oil with acetone yielded O
benzoylacetoxime, m.p. 43-44°, shown by infrared spectra
to be identical with an authentic sample, m.p. 43-44°
(lit.2* m.p. 43-44°), prepared from acetoxime, benzoyl
chloride and triethylamine.

It was noted that a sample of O-benzoylhydroxylamine
which had stood for 4-5 hours at room temperature began
to deposit crystals. The major product of this decomposi-
tion was determined by allowing 1.5 g. of the freshly pre-
pared oil to stand overnight until the white solid which
formed was no longer tacky (about 18 hours). The solid
(amount 1.45 g., m.p. 90-110°) was recrystallized from
nitromethane which gave 1.15 g. of white flakes, m.p. 112-
125°. This solid was dissolved in ethanol and water added
until no further precipitation of flocky white crystals oc-
curred. The mixture was filtered to remove an unidentified
solid (amount 0.1 g., m.p. 126-136° dec.) and the filtrate
evaporated by a stream of air which caused the deposition
of 0.6 g. (409%,) of benzohydroxamic acid, m.p. 128.5-130.5°
(lit.s m.p. 126°). The infrared spectrum of this material
was identical with that of an authentic sample.

t-Butyl N-p-Toluenesulfonoxycarbamate.—A solution of
2.5 g. of t-butyl N-hydroxycarbamate and 2.62 ml. of tri-
ethylamine in 10 ml. of dimethylformamide was cooled in
an ice-bath and a solution of 3.58 g. of p-toluenesulfonyl
chloride in 5 ml. of dimethylformamide was added during
8-10 minutes. After standing for 15 min. in the ice-bath
the solution was treated with 50 ml. of water. Cooling and
scratching caused solidification. The light yellow powder
was washed with ethanol and amounted to 3.4 g. (63%),
m.p. 101-102° dec. (followed by resolidification and m.p.
160-165°). The crude solid was recrystallized by solution
in about 5 ml. of hot benzene, filtration and addition of two
volumes of 60-90° ligroin to the cool filtrate. Cooling in
the refrigerator gave 2 g. (379,) of tiny cream-white crystals,
m.p. 97° dec. (“‘pops’’ with evolution of smoke at the mouth
of the capillary).

Aﬂ(ll. Caled. for CmHnSOaNI
Found: C, 49.95; H, 5.87.

Attempted Hydrogen Chloride Cleavage of #-Butyl N-p-
Toluenesulfonoxycarbamate.—A solution of 1.0 g. of the
carbamate in 12 ml. of nitromethane which was saturated
with hydrogen chloride gas was allowed to stand for 10-15
min. The vapors at the mouth of the tube gave a positive
test with moistened starch-iodide paper indicating the pres-
ence of chlorine. Filtration gave 0.45 g. of tiny white
crystals, m.p. 345-347°. The analytical sample was re-
crystallized from nitromethane. Warming the solid with
aqueous sodium hydroxide caused the evolution of ammonia.
Apparently the desired O-sulfonacyl derivative is reduced
by hydrogen chloride to the ammonium salt of p-toluene-
sulfonic acid.

Anal. Caled. for C;HyNSO;: C, 44.43; H, 5.86. Found:
C, 44.19; H, 5.73.

t-Butyl N-Acetoxycarbamate.—A solution of 13.3 g. of ¢-
butyl N-hydroxycarbamate and 10.1 g. of triethylamine in
40 ml. of ether was cooled in an ice-bath (6-10°) and
treated slowly with a solution of 7.86 g. of acetyl chloride
in 10 ml, of ether. After 0.5 hour of stirring the mixture
was filtered and the filtrate washed with 50 ml. of saturated
sodium bicarbonate solution and 50 ml. of water. Removal
of solvent and distillation gave a colorless viscous liquid,
b.p. 90° (2.8 mm.), #¥%p 1.4280, yield 66-809%. No at-
tempt has yet been made to cleave this derivative.

Amnal. Caled. for C;H,3ON: C, 47.99; H, 7.48. Found:
C, 48.18; H, 7.63.
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