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The oximes of phosphorinanones la and l b  were re- 
quired as intermediates in the synthesis of the corre- 
sponding 4-aminophosphorinanes. However, the usual 
procedure3 of treating ketone l b  with hydroxylamine 
hydrochloride in aqueous sodium hydroxide or ethanol- 
pyridine (under nitrogen) failed to give the expected 
water-insoluble product. Since I b  had readily formed 
a thiosemicarbazone, no difficulty in oxime formation 
had been anticipated. The water-soluble, hygroscopic 
residue from evaporation of the ethanol-pyridine reac- 
tion medium was therefore further examined and found 
to be crystallizable from acetonitrile. The product 
proved to be the oxime of l-ethyl-4-phosphorinanone-l- 
oxide (IIb), obtained in 65% yield. Its structure was 
evident from its elemental analysis as well as its spectral 
properties. Of particular significance was the nmr 
spectrum; this consisted of a broad singlet a t  -54 ppm 
(85% HSP04 standard). This chemical shift is in the 
range characteristic of tertiary phosphine oxides;‘ the 
phosphines have positive values. Similar results were 
obtained with ketone Ia;  only the oxime (IIa) of its 
1-oxide could be isolated (25% yield). 

0 NOH 

R IIa, R = CHJ 
b, R = C,H; Ia, R = CH3 

b, R = C2H; 

Since considerable care had been exercised to prevent 
air oxidation of the phosphines, it appeared that hy- 
droxylamine had been acting as the oxidizing agent, al- 
though to our knowledge it has not been previously 
used for this purpose. This possibility was explored by 
examining the behavior of two nonketonic tertipry phos- 
phines toward hydroxylamine. Tri-n-butylphosphine 
was converted to its oxide in 66% yield after 2-hr reflux 
in ethanol, using conditions similar to those employed 
for oxime formation. Triphenylphosphine was less 
reactive, but after 16 hr of reflux in pyridine, a 75% 
yield of its oxide resulted. Presumably, the hydroxyl- 
amine is reduced to ammonia, although no effort was 
made to detect this product. 

Many reagents are known to oxidize tertiary phos- 
p h i n e ~ , ~  and the use of hydroxylamine for this purpose 
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would appear to offer no special advantage. However, 
the occurrence of this reaction is worthy of note for two 
reasons. As in our experience, it can be a complication 
where trivalent phosphorous is present in a molecule 
undergoing reaction with hydroxylamine. Also, the 
transfer of oxygen from a system of general structure 
N-0-R to trivalent phosphorus is not common; one 
other example (conversion of a cyclic hydroxamide to a 
lactam) has very recently been reported.e 

Experimental Section7 

1-Ethyl-4-phosphorinanone Thiosemicarbazone.-To a mixture 
of 3.0 g (0.033 mol) of thiosemicarbaaide and 3.0 g (0.021 mol) of 
1-ethyl-4-phosphorinanones (Ib) was added a solution of 6.0 g 
of sodium acetate in 30 ml of distilled water. The mixture was 
heated at 64-68’ for 1.75 hr. After several hours, the crystalline 
material was filtered, washed three times with distilled water, 
and dried in a vacuum desiccator over solid potassium hydroxide 
and phosphorus pentoxide. The yield was 4.97 g (69.1%) of 
crude 1-ethyl-4-phosphorinanone thiosemicarbazone, mp 145- 
153’ dec. After three recrystallizations, a sample had mp 153.5- 
154.5’ dec. 

Anal. Calcd for CsHtsNaPS: C, 44.22; H,  7.42; P ,  14.50; 
S, 14.76. Found: C, 44.32; H,  7.56; P, 14.26; S, 15.02. 

1-Ethyl-4-phosphorinanone 1-Oxide Oxime (IIb).-A mixture 
of 10.0 g (0.070 mol) of 1-ethyl-4-phosphorinanone (Ib), 10.0 g 
(0.14 mol) of hydroxylamine hydrochloride, 27 ml of pyridine, 
and 33 ml of absolute ethanol was refluxed under nitrogen for 1.75 
hr. Most of the solvent was then removed on a rotary evapora- 
tor. The residue was extracted (under nitrogen) with 130 ml of 
boiling acetonitrile. The extract was concentrated to ca. 30 ml. 
Allowing the concentrate to stand a t  7’ for 1 day, and -10’ for 
1 day, yielded a crop of 6.06 g of oxime IIb, mp 180-182’. A 
second crop (1.86 g, mp 182-187’) was obtained from the mother 
liquor. The oxime had ir 
bands (Nujol) a t  3.15 (strong) and 3.25 p (strong) for OH, 6.05 
p (weak) for C=N, 8.35 (medium) and 8.6 p (strong, probably 
for free and hydrogen-bonded P+O). The lH nmr spectrum 
(CDCls) had a singlet, (1 H)  at  6 9.0 ppm, which exchanged with 
DzO, and an envelope (13 H) a t  6 0.96-3.3. The 31P nmr (2 M 
DzO) signal was located a t  -54 ppm. Two recrystallizations 
of a portion of I Ib  from acetonitrile gave an analytical sample, 
mp 190-193’. 

Anal. Calcd for C,H1,NO2P: C, 48.00; H, 8.06; N, 7.99; 
P, 17.68. Found: C, 48.03; H, 8.03; N, 8.05; P, 17.70. 

1-Methyl-4-phosphorinanone 1-Oxide Oxime (IIa) .-A mixture 
of 5.00 g (0.038 mol) of 1-methyl-4-phosphorinan~ne~ (Ia), 6.00 
g (0.084 mol) of hydroxylamine hydrochloride, 14 ml of pyridine, 
and 14 ml of absolute ethanol was refluxed under nitrogen for 
1.7 hr. Most of the solvent mixture was evaporated on a rotary 
evaporator. The residue was extracted with four 35-ml portions 
of boiling acetonitrile and two 25-ml portions of boiling 2-pro- 
panol. The filtered extracts were combined and the solvents 
were removed. The oily white residue was dried in vacuo over 
phosphorus pentoxide. This was dissolved in 95% ethanol; on 
addition of ethyl acetate a small amount of an oily solid pre- 
cipitated and was discarded. The solvents of the filtrate were 
evaporated and the residue was dried in a vacuum oven a t  70’ to  
give 2.87 g of a brown solid. Recrystallization from acetonitrile 
yielded 1.54 g (25%) of 1-methyl-4phosphorinanone 1-oxide 
oxime (IIa), mp 145-160’. Its ir spectrum (nujol) had peaks a t  
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6.05 p (weak, C=N) and 8.35 and 8.85 p. Five recrystallizations 
from acetonitrile gave an analytical sample, mp 175-183”, 
whose ‘H nmr spectrum (D20) contained peaks at  6 2.3-3.6 
(m, 8 H ,  CH2) and 2.15 (d, 3 H, J P ~  = 13 Hz, P-CHa). 

Anal. Calcd for CsH12NOlP: C, 44.72; H, 7.60; N, 8.69; 
P ,  19.22. Found: C, 44.56; H, 7.43; N, 8.52; P, 18.96. 

Reaction of Tri-n-butylphosphine with Hydroxylamine.-A 
mixture of 10 ml of absolute ethanol, 1.0 g (0.014 mol) of hy- 
droxylamine hydrochloride, and 1.3 ml (1.1 g, 0.0055 mol) of 
tri-n-butylphosphine was refluxed for 2 hr. The mixture was 
filtered under nitrogen and the filtrate WEM poured into saturated 
ammonium chloride solution. The mixture was extracted with 
two 25-ml portions of tetrahydrofuran. The combined extracts 
were washed with saturated sodium chloride solution and dried 
over sodium sulfate under nitrogen. The solvent was evaporated 
and the residue was dried in vacuo over phosphorus pentoxide to 
give 0.78 g (66%) of tri-n-butylphosphine oxide. The sample 
contained an ir peak (Nujol) a t  8.65 p for P d O ;  its SIP nmr peak 
(5 AI in tetrahydrofuran) was a t  -42.7 ppm (lit.4 -43.2, 
-45.8 ppm). 

This reaction was repeated using a 1 : 1 (v/v) pyridine-absolute 
ethanol solution. Work-up afforded a 50% yield, bp 126-130’ 
(0.8 mm) [lit.lo bp 300’ (760 mm)]. 

Reaction of Triphenylphosphine with Hydroxylamine .-A 
mixture of 10.0 g (0.038 mol) of triphenylphosphine, 2.72 g 
(0.038 mol) of hydroxylamine hydrochloride, and 60 ml of pyri- 
dine was refluxed under nitrogen for 16 hr. The mixture was 
cooled and poured into 125 ml of saturated ammonium chloride 
solution. The two-phase mixture that formed was extracted with 
two 60-ml portions of benzene. The aqueous layer was filtered 
and extracted with a third 60-ml portion of benzene. The com- 
bined extracts were dried over sodium sulfate, and the solvent 
was removed to give 8.0 g (75y0) of crude triphenylphosphine 
oxide, mp 151-159’, 31P nmr signal (5.5 M in CDC13) at  -27.6 
ppm (lit.4 -23.0 to -27.0 pprn). After recrystallization from 
benzene-cyclohexane, it melted a t  158-161’ (lit.” mp 156’). 

Registry No.-Hydroxylamine, 7803-49-8 ; I b  thio- 
semicarbazone, 20817-03-2; IIa, 20797-90-4; IIb, 
20797-91-5; tri-n-butylphosphine, 998-40-3; triphenyl- 
phosphine, 603-35-0. 
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Doering and his  coworker^,^^^ who were the first to 
recognize the existence of the cycloheptatrienyl (tropy- 
lium) cation in organic chemistry, there has been a sus- 
tained interest in this class of nonbenzenoid ‘Laromatic’’ 
hydrocarbons. An added incentive has been the recog- 
nition that the thermal reaction of ethyl diazoacetate 
with aromatic hydrocarbons proceeds by a carbene 
mechani~m.~ Although the chemistry of cyclohepta- 
triene has been adequately discussed in the literature, 4,8 
the synthesis of substituted cycloheptatrienecarboxylic 
acids seems to have been confined to those members 
which are derived from methyl and methoxyl benzenes. 
Thus, in a series of papers following the initial discovery 
of the reaction, Buchner prepared alkylcycloheptatriene- 
carboxylic acids from the reaction of ethyl diazoacetate 
with toluene, 1,3-dimethylben~ene,~~ and mesitylene. l 1  
In  their extensive work, Johnson and coworkers de- 
scribed the preparation of alkoxycycloheptatrienecar- 
boxylic acids resulting from the reaction of ethyl diazo- 
acetate with anisole, l 2  1,3-dimetho~ybenzene,~~~~~ 1,4- 
dimethoxybenzene115 and 1,2,4-trirnethoxyben~ene.~~ 
Although the positions of the substituents in these prod- 
ucts were established by chemical means, in fewlcases 
were the positions of the double bonds located. The 
lability’6 of the triene system under acidic conditions 
and also heat would preclude any definitive assignments 
based on chemical transformations. 

We have recently had the occasion to prepare several 
of these known acids in connection with another prob- 
lem, l7 and i t  became desirable to reinvestigate the struc- 
tural assignments by nmr spectroscopic techniques. 
The monocyclic seven-membered-ring structure of the 
simplest member, p-cycloheptatrienecarboxylic acid 
1,18,19 had been unambiguously established in 1956 
by the same technique. 
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The thermal decomposition of ethyl diazoacetate in 
the presence of aromatic hydrocarbons, originally re- 
ported in 1886 by Buchner and C u r t i ~ s , ~ , ~  constitutes 
one of the more direct preparative routes to cyclo- 
heptatriene derivatives. Since the pioneering work of 
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The acids were prepared by published procedures 
with some minor modifications in some cases. Their 
melting points and nmr parameters are listed in Table 
I. Nearly all of the compounds gave first-order spectra 
with some long-range coupling being observed in certain 
cases. Their interpretation was based on the observa- 
tions made on p-cycloheptatrienecarboxylic acid as well 
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