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The C-P bond of simple phosphines is known to with-
stand the conditions of the common organic reactions.
However, we have found that the bond is rendered sensi-
tive to cleavage by an acidic medium when a §-carbonyl
group is present. This reaction was encountered in an at-
tempt to effect the conversion of methyl 1-methyl-2-phos-
pholanecarboxylate? (1) to the acid (2) by HCl-catalyzed
transesterification with formic acid® (91%). The crystalline
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solid that was obtained in 71% yield had properties quite
unlike those expected for 2, Through a combination of
spectral techniques, it was established to have the ring-

opened structure 3.
:P COOH

cH” | H
0
3

The product, which by analysis differed from the expect-
ed structure 2 by the elements of H,0, had infrared spec-
tral bands for a strongly hydrogen-bonded carboxylic acid
group, showing that the expected transesterification had
occurred, However, there were also P-H (2375 cm~!) and
P=0 (1100 ¢m™1) stretching bands, and this suggested the
presence of phosphorus in the secondary phosphine oxide
function. The P-H bond was also apparent in the 'H nmr
spectrum; a peak appeared at 9.98 ppm in H;0 that was re-
moved on running the sample in Ds0. This proton had
been coupled with the P-CHj group, for this latter signal,
which in HoO was a doublet of doublets (Jpcy = 14, JupcH
= 2 Hz), lost the smaller coupling after D exchange. The
peak at 9.98 ppm is half of the P-H signal; the other half is
obscured by the Hy0 signal. However, in CDCls both
halves were visible, with 6 7.62 and Jpy = 476 Hz. The
shift and coupling constant are in line with those known for
other secondary phosphine oxides (e.g., for Me,PHO % §
7.5, Jpu = 490; for Et,PHO,% 6 7.2, Jpy = 468; for 3,4-di-
methyl-3-phospholene oxide (4), which was available from
previous work,5 6 7.97, Jpy = 490 Hz). ‘

The proton-decoupled 3P nmr signal (§ —31.8 in CHClj;,
—38.2 in Hy0) was also in the region expected for secon-
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dary phosphine oxides (e.g.,, for Et;PHO,* § —41.0 and
—47.7; for the phospholene oxide 4, 6 —39.8 and ~44.4). Re-
placement of the proton with deuterium introduces a valu-
able structure diagnostic effect; the phosphorus singlet is
split to a 1:1:1 triplet with a characteristic coupling (for 3, J
= 73 Hz; other secondary phosphine oxides gave similar
values 4). ‘

The 3C nmr spectrum also proved the secondary phos-
phine oxide structure. Carbons attached to phosphoryl
groups have large (60-100 Hz) coupling constants,® and are
readily recognized. For 3, there would be two such signals
of roughly equal intensity and these were observed at § 13.0
with Jpc = 64 Hz (C-1) and 8 29.0 with Jpc = 65 Hz (C-2).
The complete assignment is shown below.

O
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C-5 is easily recognized since it should be quite similar in
position to the @-carbon of pentanoic acid (6 34.5).7 The as-
signment of C-3 and C-4 rests first on a coupling effect with
31P; it is known that in aliphatic tertiary phosphine sulfides
and oxides, 3Jpc exceeds 2Jpc,® and since this should pre-
vail also in secondary oxides, C-4 is the signal with Jpc =
10 Hz. Chemical shift relations support this assignment.
Thus, C-4 should have a shift much like that of the §-car-
bon of pentanoic acid, since phosphorus groups are known
to exert only a slight effect on a carbon in this position.8
The C-4 shift of 26.1 ppm corresponds well to that of the g
carbon of pentanoic acid (6 25.2).7 C-3 is upfield of C-4 be-
cause it undergoes y-shielding effects® with both CHj3 and
O on phosphorus.

The generality of the cleavage process was tested with
another @-carbonyl phosphine, compound 5, which was
available from previous work.? The HCl-formic acid treat-
ment should produce structure 6, and the product obtained
had spectral properties (see Experimental Section) that
confirmed this expectation. The product was a noncrystal-
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lizing oil, and complete characterization was not possible.
There is no doubt, however, that the ring cleavage oc-
curred, and that secondary phosphine oxide 6 was formed.
The mechanism of the cleavage of these 3-carbonylphos-
phines presumably involves attack of water on the proton-
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ated phosphine. A possible sequence of events to account
for the product is shown above. The transesterification
may occur before or after the ring cleavage.

Experimental Section

General. Reactions of phosphines were conducted under nitro-
gen. Mp values are corrected. Proton nmr spectra were taken with
JEOL MH-100 or Varian T-60 spectrometers. Proton-decoupled
31P nmr spectra were taken on a Bruker HFX-10 system at 36.43
MHz; shifts are relative to external 85% H3PO4. The proton-de-
coupled 3C nmr spectrum was obtained by the Fourier transform
technique on the Bruker spectrometer at 22.62 MHz utilizing CgFg
as external heteronuclear lock in a 3-mm coaxial capillary. Analy-
ses were performed by MHW Laboratories, Garden City, Mich.

Synthesis of Methyl(4-carboxybutyl)phosphine Oxide (3)
from Methyl 1-Methylphospholane-2-carboxylate (1). To 30
ml of deoxygenated 91% formic acid was added 0.40 g (0.0025 mol)
of a 60:40 cis:trans mixture of 1.2 Dry hydrogen chloride generated
from sodium chloride and concentrated sulfuric acid was bubbled
for 10 min through the resulting solution, which was then refluxed
for 24 hr under nitrogen. The reflux condenser was equipped with
a take-off valve, and a total of 10 ml of distillate containing the
methyl formate produced was drawn off during the reaction peri-
od. After the reflux period was complete, the formic acid was dis-
tilled off at water-aspirator pressure. Water was added and the
distillation repeated to remove remaining traces of formic acid. A
light brown oil remained which solidified upon drying overnight at
high vacuum. This solid was recrystallized from chloroform-petro-
leum ether and yielded 0.29 g (71%) of white crystalline 3, mp 87—
88°. ‘

The 'H nmr spectrum (external TMS) gave the following sig-
nals: in HoO, 6 2.15 (d of d, P-CHg, 2Jpy = 14 Hz, 3Juyn = 2 Hz),
1.9-2.7 and 2.8-3.2 (multiplets, CHs), 6 9.98 (half of doublet of sex-
tets with other half under HyO absorption, P-H, 3Jgy = 2 Hz); in
D20, 6 2.15 (d, P-CHg, 2Jpu = 14 Hz), 9.98 was absent, rest un-
changed; in CDCl; 6 1.9-2.7 and 2.7-3.3 (two broad peaks, indis-
tinct P-CHj3 and CHy), 6 7.62 (d of broad peaks, P-H, 'Jpy = 476
Hz), 10.31 (broad s, COOH). The 3!P nmr had signals at § —38.2 in
H20, —37.8 in D30 (t, 1Jpp = 73 Hz), and —31.8 in CHCl3. The 12C
nmr (H20, p-dioxane as internal reference, §TMS = 7.8 ppm) is
described in the discussion. The infrared spectrum (KBr disk)
contained absorptions at 2550, 2900, and 1925 for hydrogen bond-
ed OH stretch, vpy 2375, ve=—0 1700, vp—o 1110 cm™L,

Anal. Caled for CgH1303P: C, 43.91; H, 7.99; P, 18.87. Found: C,
43.60; H, 7.93; P, 18.56.

Cleavage of 1-Methyl-3-phospholanone (5). By the same pro-
cedure as above, 0.9 g (0.0073 mol) of 5% was treated with formic
acid—-HCI. A light green oil was obtained after removal of all the
formic acid. Addition of chloroform dissolved most of the oil leav-
ing a small amount of green residue. The chloroform was removed
by rotary evaporation, which yielded 0.52 g (51%) of 6 as a thick,
almost colorless oil. All attempts to crystallize the oil proved un-
successful.

The 'H nmr spectrum (H20, external TMS) gave the following
signals: in H20, 8 2.03 (d of d, P-CHj, 2Jpy = 14 Hz, 3%Jpuu = 4
Hz), 2.4-3.0 (m, CHy), 2.61 (s, CH3CO), 10.02 (broad signal with
indistinct additional splitting, half of P-H doublet); in D20, & 2.02
(d, P-CHj, 2Jpy = 14 Hz), 10.02 was absent, rest unchanged; in
CDClg, 6 2.16 (broad d, P-CHs, 2Jpy = 13-14 Hz), 2.4-3.0 (m,
CHoy), 2.75 (s, CH3CO), 7.72 (broad d, P-H, 1Jpy = 474 Hz). The
31P nmr signal was at 6 —38.2 in H30, —37.0 in D3O (t, 'JJpp = 76
Hz) and —27.5 in CDCl;. The ir spectrum (neat) had vc—o 1720
and vp—o 1155 cm™1. :

Spectra of 3,4-Dimethyl-3-phospholene 1-Oxide (4). This
compound was prepared as previously reported.® The 'H nmr
spectrum (external TMS) had the following signals: in H»0, é 2.22
(s, C-CHa), 2.78-3.50 (m, CHy), 10.35 (broad, half of P-H doublet,
removed with Dg0); in CDCl3 the PH signal occurred at § 7.97
(JpH = 490 Hz). The 3P nmr signal was at 6 —44.4 in Hz0, —44.1
in D3O (¢, 'Jpp = 76 Hz), and —39.8 in CDCls.

Registry No.—cis-1, 52500-00-2; trans-1, 52500-01-3; 3,
52571-12-7; 4, 52500-02-4; 5, 49849-35-6; 6, 52571-13-8.
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We wish to report a new and facile conversion of aldox-
imes to the corresponding nitriles by an acid-catalyzed
reaction of aldoximes and ortho esters (eq-1).

RCH=NOH + RC(OEt), ‘>
RCN + RCOOEt + 2EtOH ()

Heating a mixture of equivalent amounts of an aldoxime
and an ortho ester in the presence of a catalytic amount of
an acid resulted in formation of the corresponding nitrile,
ester, and alcohol. Simple distillation of the ester and the
alcohol thus produced (eq 1), followed by vacuum distilla-
tion of the residue, afforded the nitrile usually in high
yield. The general nature of the reaction is indicated by the
results summarized in Table I. The primary product in this
transformation is the oxime dialkyl ortho ester! which can
be easily isolated in high yield by distilling off 1 equiv of
the alcohol from an equimolar mixture of the oxime and
the ortho ester in the absence of acid catalysts (eq 2).

RCH=NOH + R/C(OEt); ==
RCH=NOCR'(OEt), + EtOH (2

For example, distillation of 1 equiv of ethanol from a
reaction mixture of equimolar amounts of n-butyraldehyde
oxime (a mixture of Z and E isomers in the approximate
ratio of 3:2) and triethyl orthoacetate, followed by vacuum
distillation, gave a 95% yield of n-butyraldehyde oxime di-
ethyl orthoacetate. Similarly, Z-benzaldehyde oxime and
triethyl orthoformate gave an 86% yield of benzaldehyde
oxime diethyl orthoformate. Analysis of these reactions via
nmr spectroscopy indicated that no oxime isomerization
had occurred under the reaction conditions.? The forma-
tion of oxime dialkyl ortho esters is evidently also a general
reaction as indicated in Table II. ‘

The oxime dialkyl ortho esters undergo an acid-catalyzed
Beckmann fragmentation reaction providing the corre-
sponding nitrile, ester, and alcohol® (eq 3). This reaction

EtO R’

-~/
H\C¢N\O/C\O . ]
] — RCN + R/COOEt + EtOH (3)
R Et



