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bicarbonate, water again, and dried over sodium
sulfate. Analysis of an aliquot with 2,4-dinitro-
phenylhydrazine indicated a yield of 679, Distil-
lation yielded 16.8 g. of cyclopropanecarboxalde-
hyde, b.p. 97-100° at 740 mm., #¥p 1.4302, a
yield of 609.

The reduction of acid chlorides by lithium tri-
-butoxyaluminohydride provides a convenient
route to aldehydes that is especially valuable for
aromatic derivatives.* The present procedure,
as well as the reduction of dimethylamides by
lithium di-® or triethoxyaluminohydride,® appears
to be particularly valuable for the conversion of
aliphatic acid derivatives into the corresponding
aldehydes,
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METAL ION-FREE RADICAL REACTIONS: COUPLING
OF FREE RADICALS

Sir:

The use of metal ions and complex metal ions in
influencing the course of organic reactions has been
of considerable chemical importance; the mech-
anisms of the role of metal ions in these reactions,
however, has been little understood. Initially,
we have been exploring the realm of the interaction
of metal ions with organic free radical interme-
diates.!

We wish to report the application of metal ions
1n inducing the mutual interaction of free radicals.
In particular we have studied the increase in the
frequency of coupling of methyl radicals in the
presence of certain metal ions in aqueous solution.
Methyl radicals were produced at 25° from the
reaction of fert-butyl hydroperoxide with a reducing
metal ion by reactions (1) and (2)

+-BuOOH + M™*" — £.BuO- + M(OH)*+* (1)
t+-BuO+ —> CH;COCH; + CH;- (2)

If titanous chloride is the initial reducing agent
the relative yields of ethane and methane in the
presence of various added metal ions are given in
Table L.

This table shows that ions of Co, Mn and par-
ticularly Ni are effective in inducing the dimeriza-
tion of methyl radicals to ethane and in decreasing
concomitantly the yield of methane.

In a similar manuer if ferrous sulfate is used as
reducing agent a relatively high ethane to methane
ratio is obtained as shown in Table II. This indi-

(1) J. Kumamoto, H. E, De La Mare and F. F. Rust, J. Am. Chem.
Soc., 8%, 1935 (1960); J. Kochi, ib¢d., 78, 4815 (1956).
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TasLE I
Added ions Ma C:Hg/CHy  Yield of CHs, 9, b

Norne .. 0.33 52
H,S0, 0.12 .28 49
MgSO4 .08 .29 45
LiCl .16 .22 52
MnSO, .08 .95 47
CoCl, .08 .95 45
NiCl, .08 4.9 53
NiSOy .08 4.5 49
PtClL .04 ¢

CuCl, .08 ¢

@ To approximate constant ionic strength, As methane

and ethane. ¢ Product is methyl chloride.

cates that iron is as effective as the salts of man-
ganese, cobalt, and nickel in diverting the methyl
radicals to ethane formation. The addition of
fluoride ion to complex the iron causes a decrease
in the yield of ethane relative to methane,

TaBLE 11
Ammonium fluoride, M CoHs/CHy
None 4.9
0.055 1.7
.166 0.85
332 .27
.650 .17

These results indicate that certain ions, particu-
larly those of the transition series, namely, Mn,
Fe, Co, Ni, are effective in promoting the dimeri-
zation of methyl radicals. We also have observed a
similar behavior of ethyl radicals derived from feri-
amyl hydroperoxide, in which both dimerization
and disproportionation are increased in the presence
of these metal ions. This effect is illustrated in

Table IT1.
TaBLE 111
Added ion n-C4Hio/C2Hs CeHs/CoHs
None 0.27 0.071
CoSO04 1.05 .13
NiSO, 1.17 .20

There are several possible interpretations for
the phenomena observed here. We prefer to
postulate the process as proceeding through a
metal 1on-free radical complex of relatively longer
life than a simple alkyl radical. The greater
stability of the alkyl moiety in such a complex would
allow the ethane formation by a second order
dimerization process to be more probable than with
a simple methyl radical. Similarly its reactivity
with respect to hydrogen abstraction to produce
methane would be diminished.

R+ M* 2 (RM)+
Re+ (R'M)** —> R—R 4 M*»

2 (R‘-M)** —» R—R + 2 M*»
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The postulation of a metal ion-free radical com-
plex is not without precedent. Formally, organo-
metallics derived via carbanionic processes do
possess free radical character.? More directly,

R~ 4 Mr+t «—> R-M*

we have observed that chromous sulfate reacts with
phenyl-fert-butyl hydroperoxide to form an isolable
benzyl chromous ion, CiHsCHyCr+2 identical
to the species isolated by Anet? from the reaction
of benzyl chloride and chromous perchlorate.

C
Cer,—CHg—tC—OOH + Cr¥t —>
é CH;,
Cr**+ 4 OH~ + CeHsCHz—CI_O‘ —_
CH;

CeHaCHg' + (CH3)2C=O
CsHsCHg' + Cr+t —> CsHsCHzCr++

This complex ion dimerizes to bibenzyl and reacts
with oxygen to form benzaldehyde.

In a subsequent report we shall explore further
the oxidation-reduction reactions of these complex
ions and intermediates derived from the interaction
of free radicals and metal ions.

(2) E. Rochow, P, Hurd and R, Lewis, ‘Chemistry of Organo-
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SYNTHESIS OF A PHOSPHORANE HETEROCYCLE
Sir:

The few known phosphoranes with five P-C
single bonds! have mostly involved benzene rings
attached to phosphorus and their formation only
froin high-energy materials such as phenyl-lithium
as well as their easy decomposition has led to a view
that such a bonding circumstance is intrinsically
unstable. It seemed likely to us that the instability
of compounds such as pentaphenylphosphorane
was caused largely by steric compression of the
phenyl rings. We have now prepared the first
monocyclic phosphorane heterocycle, an oxaphos-
phorin,? by a method which involves no high-energy
starting materials and its general stability bears
out this qualitative view.

When the phosphonium enolate I3 was boiled
for ten minutes with an equivalent of dimethyl
acetylene-dicarboxylate in methanol and left over-
night, a 359, yield of dimethyl 4,4,4,6-tetraphenyl-

(1) G. Wittig and M, Rieber, Ann., 562, 187 (1949); G. Wittig and
G. Geissler, ¢bid., 680, 44 (1953); see P. C. Crofts, Quart. Revs., 12, 341
1958).
¢ (2))“’1‘}15 Ring Index,” no., 183, A. M. Patterson, Reinhold Publ.

Corp., New York, N, VY., 1940.
(3) F. Ramirez and 8, Dershowitz, J, Org. Chem., 22, 41 (1957).
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1,4-oxaphosphorin-2,3-dicarboxylate (II), as yellow
blocks, m.p. 175-179° (Anal. Caled. for CgpHePOs
C, 73.63; H, 5.22. Found: C, 73.78, 73.42; H,
4.97, 5.21). The infrared spectrum was con-
sistent with this formulation in showing no hy-
droxyl bands, one carbonyl at 5.82 u, and double

CsH,s\[O“ CeHsn O COOCH,
X
P(CsH.)s kP COOCH;
- 'CeHa)s
I 11

CH,0CO COOCH,

111

bond at 6.30 4. Thelultraviolet spectrum exhibited
maxima at 222 mpu (loge 4.57), 267 mp (3.88),
274 mp (3.84), 307 mu (3.76), and 367 mp (3.77).
Vacuum pyrolysis of II at its melting point caused
clean sublimation, in virtually quantitative yields,
of triphenylphosphine oxide, m.p. 153-155°, and
a compound, CiHOs (Amal. Caled.: C, 68.84;
H, 4.95. Found: C, 68.70; H, 4.97), as colorless
needles, m.p. 83.5-85°. The latter was identified
as III by its infrared spectrum (4.50, 5.80, 6.22 u),
and its conversion, by three equivalents of hydro-
gen (over platinum in ethanol) and saponification,
to B-phenylethylsuccinic acid, m.p. 134-136° (lit.,*
136°), anhydride, m.p. 55-57° (lit.,* 56°). The
proton magnetic resonance spectrum supports the
formulation of III, showing only three peaks with
r-values (relative intensities in parentheses):
phenyl, 2,70 (5), olefinic hydrogen, 3.72 (1), and
methoxyl, 6.27 (6). Inquiries into the mechanistic
course of this unusual pyrolytic reaction will be
the subject cf a future communication, although
it may be conjectured safely at present that in
general terms the triphenylphosphine moiety is
extruded with the transannular oxygen, leaving all
the remaining groups to reform into I11; considera-
tion of the boat form of the oxaphosphorin® shows
the formation of such a P-O bond to be sterically
reasonable.

It is to be expected® that an adjacent phosphorus
nucleus, with its spin of 1/2 will couple with a pro-
ton and show a splitting of the proton magnetic
resonance signal, and initial observations in this
laboratory’ bear out this prediction. In particular,
while triphenyl phosphite shows a clean single peak
at 2.807, triphenylphosphine shows a split doublet
at 2.837 (intensity = 2, J = 2 cps.) and a single
peak at 2.93 7 (intemsity == 3), indicating splitting
of only the ortho-hydrogen signals by adjacent
phosphorus. Appropriately, then, the oxaphos-
phorin II showed four peaks with these r-values:
a complex assemblage similar to that of triphenyl-
phosphine at 2.52 (20) due to the four phenyls,
a clean doublet at 4.70 (1) (J = 4 cps.) due to the

(4) J. Thiele and J, Meisenheimer, Ann., 306, 247 (1899).

(5) The somewhat similar heterocycle, dithiadiene, is known to exist
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(1954),
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(7) H. D. Kaesz and James B, Hendrizkson, in preparation,



