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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
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Table 1
Conversion of Aldehyde Oximes with Ortho Esters to Nitriles
Yield, ¢
Oxime Registry no, mmol Reagent mmol Solvent - Nitrile Registry no, %
CH,(CH,),CH=NOH 5780-44-6 (Z) 100 HC(OEt)3b'f 120 CH,(CH,),CN 109-74-0 93
5775-75-7 (E)

CH,(CH,),CH=NOH 100 CH,C(OEt),»¢ 120 CH;(CH,),CN 94
CHS(CHZ)ZCHzNOH 100 CHSC(OE‘E)SC 100 SO, CH; (CHZ)Z CN 96
CH3(CH2)5CH—_:NOH 629-31-2 100 HC(OEt);’ 120 CHS(CHQ)SCN 629-08-3 95
EtOQC(CHZ)SCHzNOH 42586-31-2 50 HC(OEt)gd 60 Et,0 EtOZC(CHz)BCN 10444-38-9 92
EtOQC(CHZMCH:NOH 42586-31-3 50 HC(OEt)Sd 60 CHCl, Et0,C(CH,),CN 4450-39-9 96
CH;CH==NOH 932-90-1 100 HC(OEt)Bc 100 SO, C.H;CN 100-47-0 90
C;H;CH=NOH 100 CH3C(OEt)3° 100 SO, C H;CN 60
p-CH,OC;H,CH=NOH 3235-04-9 50 HC(OEt),"° 50 SO, p-CH;0CH,CN 874-90-8 90
p-CH;0CH,CH=—=NOH 50 CH3C(OEt)3‘"'e 50 SO, p-CH,0C.H,CN 90
C,H;CH,CH,CH=NOH 1197-50-8 50 HC(OEt)gb 60 C;H;CH,CH,CN 645-59-0 93

a Yields are of the isolated products. ® Reaction carried out in the presence of 2 mol % methanesulfonic e_\cid by heating the reaction mix-
ture in the absence of solvents. ¢ Reaction carried out using the corresponding oxime diethyl ortho ester in the absence of added cata}yst.
@ Reaction carried out in the presence of 2 mol % of hydrochloric acid under reflux in the indicated solvent. ¢ After 78 hr at 70°. 7 Registry

no. 122-51-0. & Registry no. 78-39-7.

Table II
Preparation of Oxime Diethyl Ortho Esterse
b . Yield,’
Oxime Reagent Product Registry no. Bp, °C (mm) %
CH,(CH,),CH==NOH HC(OEt), CH3(CH2)2CH:NOCH(OEt)2 52540-27-9 67-69 (1-2) 95
CH,(CH,),CH==NOH CH,C(OEt), CH,(CH,),CH==NOCCH;(OEt), 52540-28-0 47-49 (0.6) 90
CH,(CH,),CH=NOH PhC(OEL),’ CHg(CHz)ZCHzNOCPh(OEt)Q 52540-29-1 115-119 (1.1) 82
CGH',L;CI-I:NOH‘]Z HC(OEt), CH;CH=-NOCH(OEt), 52540-30-4 114-115 (0.8) 86
CH;CH=NOH CH,;C(OEt); C,H;CH=NOCCH;(OEt), 52540~-31-5 100 (0.6) 88
$-CICH,CH=NOH" HC(OEt), p-ClCH,CH=—=NOCH (OEt), 52540-32-6 135 (1.0) 89
p-CIC;H,CH=NOH CH,C(OEt), p-C1CH,CH=NOCCH;(OEt), 52540-33-17 135 (0.8) 86
p-CH,0C;H,CH=—=NOHK HC(OEt)s p-CH,0CH,CH=NOCH(OELt), 52540-34-8 144 (0.8) 84
p-CH,;0CH,CH=NOH CH,C(OEt), p—CHSOCGH4CH—_—.:NOCCH3(OE‘£)2 52540-35-9 170 (0.8) 66

a The ratio oxime:ortho ester was in all examples 1:1 (usually a 100-mmol scale). ® Analytical and all spectral data are in agreement with
the structures. ¢ Yields are of the isolated products. ¢ Registry no. 622-32-2 (Z). € 3848-36-0. 7 1663-61-2.

can be carried out neat by removing the alcohol and the
ester from the reaction mixture as they are formed, or in
solution. For example, the fragmentation of n-butyral-
dehyde oxime diethyl orthoacetate as a 1 M solution in tol-
uene, ether, tetrahydrofuran, nitromethane, or dimethyl
sulfoxide, in the presence of 2 mol % of methanesulfonic
acid at room temperature was complete in less than 30
min.® The reaction in ethyl acetate or in acetone was much
slower, requiring more than 3 hr for completion at 77° and
56°, respectively. On the other hand, the same transforma-
tion in sulfur dioxide solution in the absence of acid cata-
lyst required only several minutes at room temperature.
The nmr analysis indicated that the derivative of the Z
oxime reacted somewhat slower than the E isomer.

The fragmentation reaction of benzaldehyde oxime di-
ethyl ortho ester was considerably slower even in sulfur
dioxide solution. For example, the corresponding orthofor-
mate and orthoacetate required 48 hr at room temperature
to give 90 and 60% yields of benzonitrile, respectively.”8

We also found that ortho esters are very effective re-
agents for Beckmann fragmentation of a-oximino ketones
and a-oximino ketone acetals (eq 4 and 5). Heating a mix-
ture of commercial benzil monooxime with 10% excess of
triethyl orthoformate in liquid sulfur dioxide at 75° gave
an almost quantitative yield of ethyl benzoate and benzoni-
trile. Similarly, a solutien of 2-oximinocyclohexanone di-
methyl ketal and trimethyl orthoformate in sulfur dioxide

iNes 5
\ + HO(OEt), 2> PhCOOEt + PhCN (4)
PR Oy y ‘
OH
OMe

OMe
i 00OMe
(I + HCOMe) —5— C.CN ®)
NOH .

containing catalytic amounts of methanesulfonic acid, after
short reflux at ~10°, afforded a quantitative yield of 5-cy-
anopentanoic acid methyl ester. These reactions presum-
ably involve intermediate formation of the corresponding
oxime ortho esters which undergo the indicated Beckmann
fragmentation in situ.

Experimental Section

The oximes and ortho esters used in this work were commercial
samples purified when necessary by either distillation or crystalli-
zation. Boiling and melting points of the products are uncorrected.
Glpc analyses were carried out generally on a Hewlett-Packard
5700A instrument using 3- or 6-ft columns of 10% SE-30 on Chro-
rmosorb W. Proton nmr spectra were recorded on either Varian A-
60 MHz or HA-100 MHz instruments.

Typical Procedure for the Conversion of Oximes to Ni-
triles. A mixture of n-heptaldehyde oxime (15.0 ml, 100 mmol)
and triethyl orthoformate (20.0 ml, 120 mmol), containing a drop
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of methanesulfonic acid, was placed in a flask attached to a short
distilling column and heated to distil the ethyl formate and etha-
nol formed in the reaction. When the distillation of the ester and
aleohol ceased, the residue was distilled in vacuo to give a 95%
vield of n- heptanoic acid nitrile, bp 70-72° (10 mm).

Typical Procedure for Conversion of Oxime Diethyl Ortho
Esters. A. In Chloroform.? A solution of n- butyraldehyde oxime
diethy! orthoacetate (20.3 g, 100 mmol) in chloroform (100 ml) was
placed in a flask attached to a short distilling column and 0.2 g of
methanesulfonic acid added. The solution was stirred at room tem-
perature and the extent of the reaction was followed by neutraliz-
ing small aliquots which were then analyzed by glpe. After 30 min
the reaction was complete and distillation afforded 5.48 g (94%
yield) of n- butyronitrile. )

B. In Sulfur Dioxide. A 100-ml heavy glass ampoule containing
benzaldehyde oxime diethyl orthoformate (19.5 g, 100 mmol) was
charged with approximately 50 ml of liquid sulfur dioxide at —70°,
sealed, and kept at room temperature!® for 48 hr. The ampoule
was cooled in Dry Ice, opened, and the content transferred into a
distilling flask containing 100 m! of cold chloroform. The flask was
attached to a short column and excess of solvents removed in
vacuo. The residue was distilled to give 9.3 g (90%) of benzonitrile,
bp 68-70° (10 mm).

Typical Procedure for Preparation of Oxime Diethyl Ortho
Esters. A solution of n-butyraldehyde oxime (a mixture of Z and
E isomers in approximate ratio of 8:2) (8.7 g, 100 mmol) and
triethyl orthoacetate (16.2 g, 100 mmol) was placed in a distilling
flask attached to a short distilling column and heated at 120-150°
until 4.6 g of ethanol distilled. Vacuum distillation of the residue
gave a 95% yield of n-butyraldehyde oxime diethyl orthoacetate:
bp 47-49° (0.6 mm); nmr (CDCl3) 6 7.38 (t) and 6.68 (t) [1 H
(total)], 3.54 (q, 4 H), 2.21 (m, 2 H), 1.5 (m + s, 5 H), 1.21 (t, 9 H).

Anal. Caled for C1oHo1NOg: C, 59.08; H, 10.41; N, 6.92. Found:
C, 59.30; H, 10.50; N, 6.81.

Beckmann Fragmentation of Benzil Monooxime. A 50-ml
heavy glass ampoule containing benzil monooxime (2.25 g, 10
mmol) and triethyl orthoformate (1.52 g, 11 mmol) was charged
with approximately 25 ml of liquid sulfur dioxide at —70°, sealed,
and heated at 72° for 70 hr. The ampoule was placed in Dry Ice,
opened, and the contents were diluted with chloroform. Glpc anal-
ysis indicated a 95 and 98% yield of benzonitrile and ethyl benzo-
ate, respectively.

Beckmann Fragmentation of 2-Oximinocyclohexanone Di-
methyl Ketal. A 50-ml three-neck flask equipped with a magnetic
stirrer, a Dry Ice condenser, and a nitrogen bubbler was charged
with approximately 20 ml of sulfur dioxide at —70°, and 2-oximi-
nocyclohexanone dimethyl ketal (1.73 g, 10 mmol), trimethy! or-
thoformate (1.2 g, 11 mmol), and a drop of methanesulfonic acid
were then added. The solution was maintained under reflux
(~—10°) for 30 min, and then 10 ml of chloroform and an internal
standard were added. Glpc analysis indicated a 97% yield of 5-cy-
anopentanoic acid methyl ester.

Registry No.—Benzil monooxime, 14090-77-8; 2-oximinocyclo-
hexanone dimethyl ketal, 52540-36-0.
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In an elegant synthesis of PGE3 (1) reported by Corey
and coworkers! the (S)-15-hydroxy-18,17-octadienyl side
chain at C-12 was introduced stereospecifically by the con-
densation of the optically active aldehyde (2) with the ylide
derived from the phosphonium salt (3c). The salt (3¢) was
prepared from (S)-(—)-malic acid by the multistep process
(8)-(—)-malic acid — 3a — 3b — 3c. It is apparent that
the (§)-15-hydroxy-13-octenyl side chain at C-12 of prosta-
glandins and prostaglandin analogs could be introduced by
the condensation of the ylide derived from the phosphoni-
um salt (5¢) with the appropriate aldehyde. The salt (5¢)
could be prepared from (+)-2-hydroxyheptanoic acid [(+)-
4] by the sequence (+)-4 — 5a — 5b — 5e¢. In the present
paper, we present an efficient and economical synthesis
and resolution of (+)-2-hydroxyheptanoic acid [(Z)-4].

/O

: “WCHO

/

OH THPO
1 2
X\C /CHQ\C=C _CH, X\C _GH,
Hoo SEE”  OH O H
3a, X = CH,0H 4, X =COH
b, X = CH,I 5a, X = CH,0H
+ =
e, X = CH;P(CH,), b, X = CH,I

+
¢, X = CH,P(CH,),

The preparation of ()-4 was accomplished in excellent
yield from the cyanchydrin of hexanal. Numerous salts of
(£)-2-hydroxyheptanoic acid with optically active amines
were prepared, but only two, quinine and dehydroabeityla-
mine, were sufficiently crystalline to warrant further inves-
tigation. Recrystallization of both salts and liberation of
the acid gave optically active material with opposite rota-
tions. A large scale resolution employing quinine was per-
formed and, in the very early recrystallizations of the qui-
nine salt, two types of crystals were apparent. The progress
of the resolution was followed by obtaining the rotation of
the liberated and recrystallized acid. When a value. of
[«]25D +5.55° was obtained, further recrystallization of the
quinine salt did not increase the rotation of the acid.

The initial filtrate from the resolution of the plus (+)
isomer was acidified, and the enriched minus (—) isomer
was converted to its dehydroabeitylamine salt. The prog-
ress of the resolution of this isomer was followed as before
with the final acid rotation being [«]26D —5.52°.

In a study which established the absolute configuration
of the C-15 hydroxyl group of prostaglandins, Nugteren
and coworkers? degraded certain prostaglandins by ozonol-
ysis and obtained 2-hydroxyheptanoic acid which pos-
sessed an optical rotation of [¢]?*D +6.9, ¢ 5.8, CHCls.
Since the magnitude of our final rotations is different from



