DIMERIZATION OF ACRYLONITRILE

Isolation of 1-Bromo-1,2-dichlorotrifluoropropene (8), CF:-
CCl=CCIBr.—Compound la (13.9 g, 0.0644 mol) was added to
aluminum bromide (8.60 g, 0.322 mol) in & 50-m] flask surrounded
by an ice-water bath. The mixture was then stirred and heated
at 50 = 5° under an atmosphere of nitrogen for 16 hr. The
mixture was hyrolyzed, and the organic material washed with
water and dried. The crude product, which contained ca. 79, of
the first-eluted unknown compound, was subjected to simple
distillation to remove high-boiling compounds.

The distillate was separated by preparative glpe (159, SE-30
0.5 in. X 10 ft) at 70° with a flow rate of 300 ml min—1. The
sample of the first-eluted unknown compound gave a single peak
on column A: ir 1585 cm~ (C==C), 1269, 1200, and 1156 cm ™!
(CFy), 999, 883, 798, 791, 688, 667 cm~! (C-C, C-X).

Anal. Caled for C:BrClLFs: C, 14.77; H, 0.00. Found:
C, 15.40; H, 0.68,.

A small sample of the second-eluted unknown compound was
collected, and gave & single peak on column A: ir 1565 (C=C),
1258, 1193, and 1153 (CF;), 986, 827, 776 cm™ (C-C, C-X)).

Preparation of 17.—Compound 7 (199.5 g, 1.0 mol) and 200 ml
of diethylene glycol dimethyl ether (diglyme) were placed in a
2-1. three-necked flask fitted with a thermometer, a pressure-
equalized dropping funnel, and a water-cooled condenser, which
was in turn connected to a mercury—acetone bubbler. The solu-
tion was cooled to 0° in a l-propanol-Dry Ice bath, and a solu-
tion of sodium borohydride (19.3 g, 0.50 mol 989, purity) and
water (27.0 g, 1.5 mol) in 600 ml of diglyme was added over a
period of 1 hr. Temperature during the addition was maintained
at 10-15°.

The mixture was allowed to stir at room temperature for 36 hr
after the addition was complete; it was then poured into 2 I,
water with vigorous stirring. The organic layer was separated,
washed with water, and dried. Fractionation through a 45-cm
spinning-band annular still (Column A) gave (a) 14.4 g, bp 55.0-
56.0°, cis- and trans-17 containing a trace of 2-chloro-3,3,3-tri-
flucropropene; (b) 4.8 g, bp 56.0~60.5°, cis and trans 17; and (e)
5.6 g, bp 60.5-61.5°, ¢rans isomer of 17, 99.54-9%, by glpe.

This procedure was repeated as above, except that the water
was contained in the olefin solution. Analysis of the crude mix-
ture by glpc on column B at 25° showed 2-chloro-3,3,3-trifluoro-
propene 4.3%, low-boiling 17 7.29, high-boiling 17 27.4%,, and
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starting olefin 60.89,. Fractionation through column A gave
samples of each geometric isomer of 99.99%, purity of efs-1,2-
dichloro-3,3,3-trifluoropropene: bp 55.5° (750 mm), n*p 1.3672;
nmr 8 7.13, Jar = 1.2 Hz [lit.*” bp 51-52° (702 mm), n®p 1.3638;
nmr 8 7.08, Jay = 1.1 Hz]; ir 1629 em™! (C=C), 1307, 1205~
1160 cm™! (CFs); high-boiling 17, bp 60.0° (742 mm), n2Dp
1.3768; nmr 5 6.65, Jegr < 0.2 Hz {lit.#” bp 58° (702 mm), »¥p
1.3795; nmr 8 6.65, Jar = 0.2 Hz]. Recovery of starting olefin
was 90.8 g.

Bromination of 17.—Bromine (10.1 g, 0.063 mol) and 1,2-
dichloro-3,3,3-trifluoropropene (10.4 g, 0.063 mol 91% high-
boiling isomer, 99, low-boiling isomer) were placed in a flask,
which was equipped with a water-cooled condenser and a magnetic
stirring bar. The mixture was irradiated by an ultraviolet lamp
from a distance of 15 cm for 72 hr. Analysis by glpe on column A
indicated the absence of starting olefin, although the color of
bromine persisted in the reaction mixture. The crude 1,2-
dibromo-1,2-dichloro-3,3,3-trifluoropropane (45) was washed
with water and used without further purification.

Dehydrobromination of 45.—Dibromide 45 was treated with a
solution of sodium hydroxide (2.90 g, 0.070 mol 97%, purity) in
15 ml of water with vigorous stirring for 3 hr. The organic
halide was separated, washed with water, and dried (MgSO,).
Fractionation through a 12 X 150 mm Vigreux gave 4.8g8: bp
108.0° (740 mm), n2p 1.4402; ir 1582 em ™1 (C=C), 1267, 1196,
1156 em ! (CFy), 998, 876, 796, 789, 689, 665 cm ™ (C-C, C-X);
99.94- 9%, pure by glpc. A small fraction, 0.25 g, bp 108.0°, con-
taining 1.5%, low-boiling impurity was also obtained; the residue
weighed 4.0 g.

Anal. Caled for CsBrCLFs: C, 14.77; H, 0.00; Br, 32.77;
Cl, 29.07; F, 23.37. Found: C, 15.16; H, 0.00; Br, 32.90;
Cl, 27.63; F, 23.70.

Registry No.—1a, 431-50-5; 8, 25055-21-4; c¢is-17,
25062-10-6; trans-17,25062-11-7.
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In the triarylphosphine-catalyzed dimerization of acrylonitrile to 2-methyleneglutaronitrile (I) and 1,4-di-
cyano-1-butene (II), the importance of a proper balance between nucleophilicity of the phosphine catalyst and
protolytic strength of the solvent is delineated, Best results (859 yield of a mixture of 689, I and 329, I1 at
369, conversion of acrylonitrile) are obtained with a tri(p-tolyl)phosphine catalyst in triethylsilanol solution at

160°.

Reaction of methyl vinyl ketone with a triphenylphosphine catalyst in triethylsilanol solvent gives only

one catalytic dimer, 3-methylene-2,6-heptanedione, in 789, yield. Treatment of equimolar amounts of acry-
lonitrile and ethyl acrylate with a tributylphosphine catalyst at 100° affords only one cross-condensation product,
2-carbethoxy-4-cyano-1-butene, despite the fact that two cross-condensates are possible.

Recently, Baizer, and Anderson! have described a
novel triphenylphosphine-catalyzed dimerization of
acrylonitrile to a mixture of 609, 2-methyleneglutaro-
nitrile (I) and 409, 1,4-dicyano-1-butene (II). The
reaction was carried out at 45° in the presence of a
small amount of #-butyl aleohol and only a 99 conver-
sion of acrylonitrile to dimers was obgerved after 198
hr. We discovered? this reaction independently and
now desecribe our results which show the triarylphos-
phine-catalyzed dimerization to be of significantly
greater value® for the synthesis of II than implied by
Baizer and Anderson.

(1) M. M. Baizer and J. D. Anderson, J. Org. Chem. 80, 1357 (1965).
(2) J. D. McClure, U. 8. Patent 3,225,083 (1965).

Both the conversion of acrylonitrile and the yields of
I and IT vary significantly with the reaction tempera-~
ture, the nature of the triarylphosphine, and the sol-
vent. The results in Table I show that in -butyl alco-
hol solvent at 175°4 with triphenylphosphine as a cata-
lyst, only a 459, yield® of dimers (I + II) at 159, con-
version of aerylonitrile is obtained. The principal by-
products are an insoluble crystalline hexamer® (15—
20%,) and soluble polymer (25-309%). When tri(p-

(8) The synthetic value of the tributylphosphine-catalyzed dimerization
which produces I, exclusively, was emphasized by Baizer and Anderson.?

(4) At temperatures greater than 175°, the thermal dimerization to 1,2-
dieyanocyclobutane becomes significant,

(5) Yields are based on converted acrylonitrile,

(6) N. Takashina and C. C. Price, J. Amer. Chem. Soc., 84, 489 (1962).
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TRIARYLPHOSPHINE CATALYZED DIMERIZATION
OF ACRYLONITRILE
(40 g of monomer)
%
% yield
convn of
of dimer % II

Catalyst Temp, Time, acrylo- I 4 in
(1g) Solvent °C hr nitrile  II) dimer
(CeHs)P MeCOH 175 8 15 45 39
(40 g) ’
(CHaCeI‘L)&P MeaCOH 160 8 30 65 30
(80 g)
(CeHs)sP Et;Si0H 175 8 16 75 40
(40 g)
(CH;CsH4)sP  EtsSiOH 160 11 36 85 32
(80 g)
(CHsCeH, )P Et;Si0H 160 4 15 90 38
(80 g)

tolyl)phosphine [(CH3C¢H,);P] is used as catalyst in
place of triphenylphosphine at 160°, the acrylonitrile
conversion is doubled to 809 and the yield of dimers is
increased to 65%. However, the percentage of II in
the dimer decreases from 39 to 30. When triethyl-
silanol’ (Et;SiOH) is used as solvent in place of &-butyl
alcohol with triphenylphosphine as catalyst at 175°,
the yield of dimers is increased from 45 to 759%,. TFi-
nally, with triethylsilanol as the solvent and tri(p-tolyl)-
phosphine as the catalyst at 160°, an 859, yield of di-
mers is realized at 369, conversion of acrylonitrile.

The dimer composition is 329, II and 689, I. Thus, by
(CH;sCsHe)sP
CH,=CHCN e
Et:SiOH
NCCCH:CH:CN + NCCH=CHCH,CH.CN
I
H,

1

proper choice of triarylphosphine catalyst and solvent,
a fourfold increase in acrylonitrile conversion over that
reported by Baizer and Anderson?! is attainable with
only a slight decrease (from 40 to 329,) in the
percentage of IT in the dimer.

Baizer and Anderson! also reported that acrylonitrile
is dimerized exclusively to 2-methyleneglutaronitrile
(I) when treated with a tributylphosphine catalyst at
45°. Rauhut and Currier® had disclosed earlier that
ethyl acrylate is converted to the dimer, diethyl 2-
methyleneglutarate (III), when treated with the same
catalyst. We have found that reaction of equimolar
amounts of acrylonitrile and ethyl acrylate with a tri-
butylphosphine catalyst at 100° in ¢-butyl aleohol sol-
vent affords only one cross-condensation product (IV)
in 489, yield (219, conversion of either reactant) de-
spite the fact that two cross-condensates (IV and V)
are possible. I (259 vield) and IIT (229, yield) are
formed as by-products. That IV is a single (>97%

CH. iCHz
CzH50(#CCHzCHzCN CzHaoj(!JCHgCHgéCN
0 0
v v

(") L. H. Sommer, E. W. Pietrusza, and F. C, Whitmore, J. Amer. Chem,
Soc., 68, 2282 (1946).

(8) M. Rauhut and H. Currier (to American Cyanamid), U. 8, Patent
3,037,999 (1963).
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pure) compound and not a mixture of products is evi-
dent from spectral studies and capillary (250 ft) gas—
liquid chromatographic analysis.

High resolution infrared and mass speetroscopy? show
unequivocally that the cross-condensate is 2-carbeth-
oxy-4-cyano-l-butene (IV). In the ir spectrum the
nitrile absorption at 2250 cm~! is clearly in the range of
a saturated alkyl nitrile (2260-2240 em~—1)* and out-
side the range of an «,8-unsaturated nitrile (2235-2215
em~1)¥.  The ester carbonyl absorption at 1721 em=!
is within the range of an «,8-unsaturated ester (1730~
1717 em—11 and outside the range of a saturated ester
(1750-1735 ecm~—1)*. The mass spectrum of the cross-
condensate shows a molecular formula of CsH;;NO,. A
principal fragment at m/q = 113, C¢HO,, is consistent
with strueture IV but not with V. The expected
cleavage of IV at the bond 8 to the nitrile group would
produce a fragment of m/¢ = 113. No fragment of
m/q = 101, C;Hy0,, which would be expected to result
from cleavage of the bond g to the nitrile group of V was
observed. To our knowledge, IV is a new compound.

We have also examined the catalytic reactions of
methyl] vinyl ketone with both trialkyl and triarylphos-
phines. Treatment of methyl vinyl ketone with a
catalytic amount of tributylphosphine in dilute tri-
ethylsilanol or ¢butyl alcohol solution affords only a
solid polymer (mol wt 1300) even when carried out at
5-10°. However, when triphenylphosphine is used as
the catalyst at 118° in triethylsilanol solvent, a single
new!! dimer is isolated in 789 yield at 609, conversion
of ketone. With -butyl aleohol as a solvent the yield
of dimer is reduced to 60%,. The dimer has been iden-
tified as 3-methylene-2,6-heptanedione (VI) by spectral

means. Compound VI shows the following spectral
0
(CsHa)sP 1 He
CH;CCH=CH; ——> CH,CCCH,CH.CCH; —>
I Et:S10H | Pd-C
H,
VI
(0]
&
CH,;CCHCH,CH,CCH,
CH;
VII
characteristics: ir, 5.83 u (saturated ketone), 5.96 u

(a,8-unsaturated ketone), 6.15 u (carbon-carbon double
bond), 10.55 u (carbon-carbon double bond conjugated
with ketone); uv, Amaz 218 mu (e 9500); nmr, singlet
at 62.12 ppm [3 H,CH,C(=0)CH,],singlet at 2.32 [3 H,
CH;C(=0)-C=CHy,], singlet at 2.55 (4 H, CH;CH,),
two singlets at 5.85 and 6.10 (1 H each, CH;=C). The
presence of a CH; doublet at 1.10 ppm in the nmr spec-
trum of the hydrogenation product (VII) of VI elimi-
nates the alternative structure, 3-octene-2,7-dione, from
congideration. To our knowledge, VI has not been
reported previously in the literature. In addition to
VI, thermal dimer, 6-acetyl-5,6-dihydro-2-methylpy-
ran!! (79, yield), and an unknown product (3-4%
yield) are isolated from the product mixture. The

(9) The nmr of IV which is not definitive is recorded in the Experimental
Section,

(10) L. J. Bellamy, “‘Infrared Spectra of Complex Molecules,” 2nd ed,
Wiley, New York, N. Y., 1958, p 179, 263,

(11) Methyl vinyl ketone has been reported to undergo thermel dimeriza~
tion at 150° to give 6-acetyl-5,6-dihydro-2-methylpyran: K. Alder, H.
Offermanng, and E, Ruden, Chem. Ber., 748, 905 (1941).
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Scupmr I
1 - 2 -
ArP + CH/=CHON == ArPCH,CHCN = ArPCHCHCN
VIII
Ti 4 AN
Ti 3 AN
0aN  AnPCH,CHON Ar,PCHCH:ON 9 AN
polymer <—— - - —> polymer
CH,CHCN H,CHON
e N
Ar:,PCH,OCON Ar;PCHCHON
H,CH,CN H,CH,CN
{1 it
AI‘aP -+ 1 AI‘gP + 11

infrared spectrum of the unknown compound shows
that it is not 3-octene-2,7-dione.

Discussion

The mechanism of the triarylphosphine-catalyzed
dimerization of acrylonitrile has been discussed by
Baizer and Anderson! and is shown below in slightly
modified form. Support for the presence of the phos-
phorus ylide intermediate (VIII) has been obtained by
both Oda!® and ourselves'® through the isolation of
Wittig-type reaction products when the dimerization is
conducted in the presence of an aromatic'®'* or ali-
phatic!?® aldehyde (Scheme I).

The improvement in conversion to dimer that is ob-
served when tritolylphosphine is used in place of tri-
phenylphosphine as catalyst is attributed to the slightly
greater nucleophilicity of the methyl substituted phos-
phine (steps 1 and 2). It is important that the nucleo-
philicity of the triarylphosphine not be too great be-
cause then only a low (<10%,) percentage of II in
the dimer is observed. Thus, tri(p-anisyl)phosphine
which is significantly more nucleophilic than triphenyl-
phosphine gives dimer containing only 99, II.

The improvement in dimer yield that is observed
when triethylsilanol is used as a replacement solvent
for t-buty! aleohol is particularly noteworthy. The
increased dimer yield is at the expense of decreased in-
soluble (hexamer) and soluble polymer formation.
Triethylsilanol has been estimated!4* to have a pK, of
about 16 which is about 1000 times as great as that of
t-butyl aleohol. Accordingly, the solvent effect is at-
tributed to the fact that triethylsilanol is a stronger
protolytic source!® than t-butyl alcohol and can better
terminate polymer chain formation by promoting the
proton transfer steps 5 and 6. In the absence of a pro-
tolytic source the propagation of the polymer chain
(steps 9 and 10) would continue at a much faster rate.

(12) R. Oda, T. Kawabata, and 8. Tanimota, Tefrahedron Letl., 1653
(1964).

(13) J. D. McClure, 1bid., 2401 (1967).

(14) R. West and R. H. Baney, Abstracts, 133rd National Meeting of
American Chemical Society, San Francisco, Calif., April 1958.

(15) C. Eaborn, “‘Organosilicon Compounds,” Academic Press, New York,
N. Y., 1960, p 244.

(16) Water or alcohols such as methanol which are stronger protolytic
sources than ¢-butyl aleohol cannot he used as solvents because Michael
addition of the alcohol to acrylonitrile occurs. The sterically hindered tri-
ethylsilanol does not react with acrylonitrile to give a Michael adduct at
temperatures up to 175°,

However, it is important that the solvent not be too
protolytic since the basic catalyst can complex with the
solvent and be rendered inactive. Thus, the rate of
dimerization is reduced tenfold by the presence of
2,6-di-t-butylphenol (pK, &£ 10) in the reaction mix-
ture, It is apparent that a proper balance between
nucleophilicity of the phosphine catalyst and protolytie
strength of the solvent is quite critical for high yields
of II at good conversions of acrylonitrile. The com-
bination of tritolylphosphine catalyst and triethylsilanol
solvent is especially propitious.

The isolation of a single eross-condensate, IV, from
the tributylphosphine-catalyzed reaction of acrylo-
nitrile with ethyl acrylate is of special interest since it
might be expected that two products, IV and V, would
be formed. The former (IV) would arise from the re-
action of the phosphonium zwitterion, IX, with acrylo-
nitrile (step 11) while the latter (V) would arise from
the reaction of X with ethyl acrylate (step 12). Since
both I and III are isolated as by-products in approxi-
mately equal amounts, intermediates IX and X must
be formed in the reaction. The failure to observe V as
a product may then be rationalized by assuming that
step 12 is much less favorable than step 11. Step 14
which involves proton transfer may also be less favor-
able than step 13. The results thus indicate that the
relative ease of formation of X ¢s. IX is much less im-
portant than the succeeding steps in the ultimate deter-
mination of the nature of the products formed (Scheme
II).

In contrast to acrylonitrile, methyl vinyl ketone re-
acts with a tributylphosphine catalyst to give exclu-
sively polymer. The 3-methylene-2,6-heptanedione
(VI) which may be initially formed in this system reacts
too readily with the tributylphosphine for a selective
dimerization to oceur. However, if the tributylphos-
phine is replaced with the much less nucleophilic tri-
phenylphosphine, then a discriminating catalyst is
present which reacts primarily with the methyl vinyl
ketone and not with VI. Nevertheless, the reaction of
the initially formed phosphonium zwitterion, (Ce¢H;)s-
P+CH,-CHCOCH; (XI), with another molecule of
methyl vinyl ketone is still very rapid in that XI is not
significantly transformed to a phosphonium ylide,
(CeH;):P*~CHCH,COCH;, before reacting as in the
case with (CeH;);P+CH,~CHCN. This type of rea-
soning accounts for the failure to observe any significant
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ScueMme I1

- 11
BuPCH,CHCO:C:H; + CHy—CHCN === Bu;PCH,CHC0,CaH;

IX

H,CHCN

||

Bu;POH.CCO,C.H; === IV + Bu,P

H.CH,ON

— 12
BusﬁlL’CHchCN + CH~CHCO,C.H; =—== BuaﬁngCHCN

X

H.CHCO,C,H

ol

Bu;PCH,CCON —> V + Bu;P

amount of 3-octene-2,7-dione in the product mix-
ture.

Experimental Section

Tri(p-tolyl )phosphine-Catalyzed Dimerization of Acrylonitrile.
—A solution of 40 g (7565 mmol) of acrylonitrile, 1.0 g (3.3mmol)
of tri(p~tolyl)phosphine, and 0.1 g of hydroquinone in 80 g of
triethylsilanol” in a 350 ml glass-lined reactor sealed under
nitrogen was stirred at 160° for 11 hr. The mixture was diluted
with 100 ml of benzene and filtered to remove 0.45 g of crude
hexamer (3% yield). Benzene and unreacted acrylonitrile were
removed by distillation through a Vigreux column at reduced
pressure. Analysis of the distillate by gas-liquid chromatography
at 80° on a 20-ft column packed with 159,DC-710 on Fluoropak
showed the presence of 25.6 g (369, conversion) of acrylonitrile.

The residual liquid separated into two phases on cooling to
0°, Analysis of the lower phase (17.6 g) by gas-liquid chroma-
tography at 150-200° on a 10-ft column packed with 159,
Carbowax 20M on Fluoropak showed the presence of 8.3 g of
2-methyleneglutaronitrile! (5879, vield), 2.1 g of trans- and 1.9 g
of cis-1,4-dicyano-1-butene! (279, yield) as well as some tri-
ethylsilanol. The upper phase was almost pure triethylsilanol.
Distillation of the lower phase through a small Vigreux column
separated the dimer, 11.8 g, bp 80-100° (0.5 mm), from triethyl-
silanol, bp 42-45° (5 mm), and 3.0 g of nonvolatile residue.
Separation of the cis- and trans-1,4-dicyano-1-butene, bp 122~
132° (3 mm), from the 2-methyleneglutaronitrile, bp 109-110°
(3 mm), was effected by fractional distillation through a 2-ft
spinning-band column. Recrystallization of the residue from
ethanol recovered 0.7 g (70%) of the tritolylphosphine.

Tributylphosphine-Catalyzed Reaction of Acrylonitrile with
Ethyl Acrylate.—A solution of 20 g (378 mmol) of acrylonitrile,
38 g (380 mmol) of ethyl acrylate, 0.9 g (6 mmol) of tributyl-
phosphine, and 0.05 g of hydroquinone in 100 g of ¢-butyl aleohol
in a 350 ml glass-lined reactor sealed under nitrogen was main-
tained at 102 % 2° for 7 hr. The product mixture was neutral-
ized with 0.35 g of acetic acid. Removal of solvent and unreacted
acrylonitrile and ethyl acrylate was effected by distillation under
reduced pressure. Analysis of the distillate by gas-liquid chro-
matography at 70° on the DC-710 column showed the presence
of 16 g of acrylonitrile (209) conversion) and 30 g of ethyl
acrylate (219, conversion).

Distillation of the residual liquid through a small Vigreux
column afforded 9.0 g, bp 70-85° (0.5 mm). Analysis of the
distillate by gas-liquid chromatography at 180-200° on a 10 ft
by 3/s in. column packed with 159, neopentyl glycol sebacate
on Chromosorb W showed that the product contained 5.9 g of

CH,CH.CO:C,H;

2-carbethoxy-4-cyano-1-butane (48% yield), 1.8 g of diethyl
2-methyleneglutarate® (229 yield), 1.0 g of 2-methyleneglutaroni-
trile (256%, yield), and 0.3 g of an unknown compound. Separa-
tion of I'V from the other components was effected by gle trapping
on the above described column., Analysis of IV on a 250 ft
capillary column packed with Carbowax 20M on Fluoropak
showed that it was 97% pure: nmr (CDCL) & 1.30 (t, 3, CHy-
CHZ), 417 (q, 2, CHBCHz), 2.55 (S, 4, CHgCHch), 5.70
(5,1, C=CH,), and 6.23 (8, 1, C=CH,).

Anal. Caled for CsH;uNO;: C, 62.7; H, 7.20; N, 9.14.
Found: C,62.2; H,7.45; N, 8.95.

Triphenylphosphine-Catalyzed Dimerization of Methyl Vinyl
Ketone,—A solution of 20 g (285 mmol) of methyl vinyl ketone,
0.2 g of hydroquinone, and 1.85 g (7.1 mmol) of triphenylphos-
phine in 100 g of i-butyl alecohol in a 350 ml glass-lined reactor
sealed under nitrogen was maintained at 118° for 8 hr. Solvent
and unreacted methyl vinyl ketone were removed by distillation
under reduced pressure. Analysis of the distillate by gas-liquid
chromatography at 80° on a 10-ft column packed with 15%
DC-170 on Fluoropak showed the presence of 8.0 g (609 con-
version) of methyl vinyl ketone.

Distillation of the residual liquid through a small Vigreux
column afforded 8.6 g, bp 55-75° (1-2 mm), along with 4.5 g
of residue. Analysis of the distillate by gas-liquid chromatog-
raphy on the DC-710 column at 180-200° showed the presence
of 7.2 g of 3-methylene-2,6-heptanedione (609, yield), 0.8 g of
9-acetyl-5,6-dihydro-2-methylpyran (7% yield), and 04 g of
an unknown compound. The 3-methylene-2,6-heptanedione,
bp 91-92° (5 mm), was isolated in pure form by fractional dis-
tillation through a 2-ft spinning-band eolumn, mp 5-7°.

Anal. Caled for CsHyi:0:: C, 68.5; H, 8.60; mol wt, 140.
Found: C,68.7; H, 8.70; mol wt, 140 (mass spectroscopy).

Recrystallization of the distillation residue from ethanol re-
covered 1.4 g (75% ) of the triphenylphosphine.

Hydrogenation of 3-Methylene-2,6-heptanedione (VI).—A
mixture of 1.4 g of VI, 0.5 g of 10%, palladium on barium sulfate
and 20 ml of tetrahydrofuran shaken at 25° under 100 psi hydro-
gen pressure absorbed 0.95 mol equiv of hydrogen in 2 hr. After
filtration, distillation afforded 1.2 g (85% yield) of VII:*" bp
56-58° (1 mm); nmr § 1.10 (d, 3, CH,CH), 1.70 (m, 2, CHCH ;-
CH,), 2.14 (s, 6, two CH;CO), 2.4 (m, 3, CH:CO and CHCO).

Registry No.—Acrylonitrile, 107-13-1; tri(p-tolyl)-

phosphine, 1486-14-2; tributylphosphine, 998-40-3;
triphenylphosphine, 603-35-0; IV, 7176-67-2; VI,
22289-05-0.

(17) K. Alder and R. Muders, Chem. Ber. 91, 1083 (1958).



