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Modifications in the phosphorus reactant of Wittig's olefin-
forming reaction resulted in the synthesis of mono- and dlhalo-
methylenephosphoranes, (phosphinemethylenes), which were obtain-
ed and used as unstable reaction intermediates. The methods of
synthesis comprised the reaction of triphenylphosphine with
nslocarbenes (1) and with tetrahalomethanes (2). The analogous
difluoromethylenephosphorane was reported in a brief announce-
ment /3) but subsequent attempts to prepare it have falled (4).%%
The trzpoing of difluorocarbene by phosphorus trifluoride was
2lso unsuccessful (6)}.

Extending our investigation on the reactions of the powerful

neclesphiles, hexaalkylphosphorus triamides, (ReN)aP, (I), from

% Work done at the Central Research Department, Monsanto Com-
psany, St. Louis, Mlssourti

#% The intermediacy of difluoromethylenetriphenylphosphorane was
rostulated recently 1n the synthesis of 1,l1-difluoroethylenes
from aldehydes with the ald of chlorodiflucroacetate snd tri-
phenylphosphine (5). These results are 1ln yet unexplained
contrast with the fallure to obtain difluoroolefins from
venzzldehyde and benzophenone via the chlorodifluoromethane
sr dtoromodifluoromethane routes (&)
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aldehydes (7) to ketones and esters, we wish to report on thelr
reaction with two trifluoroacetyl compounds. One of these,
2,2,2-trifludroacetophenone, ylelded diflusromethylenephosphor-
ane derivatives 1in form of 1solable and stable rezsction products.

“he

[o%

2ition of Ia (R = methyl), in equimolsr proportion or

il

in excegs, t2 a solution of 2,2,2-triflucroacetopnenone in benz-

ow
i

ene

]

ezulted in an exothermic reaction, which was kept under
control (between 20 and 30°) by cooling. Fractionation of the

reaction mixture yielded a colorless liguid, (II), b.p. 30-32°

2s
D

P, 18.0; N, 20.4%; P, 14.9%; mol. wt. 232+10%) indicated &

at 2.5 m.m., n 1.4220, the analysis of which (C, 37.0; H, 8.8:

C-HigFzNaP composition {calculated: C, 39.4%; H, 8.,5; F, 17.5;:

N, 19.8; P, 14.5%; mol. wt. 213.2). H n.m.r. {FIG. 1) indicated
the presence of only one kind of
hydrogen, ceatered at 2.64 p.o.m.

: |
w f downfleld from t2tramethylsilane;
|

the gpectrum contained 2 doublet

-~ b3
lets {j = 2.86 c.p.s.). P°% n.m.r.

I

& | showed 2 triplet, § +65.5 p.o.m.

|
|
‘
l (& 10.8C =.p.s.) split into trip-
|
\ (from 85% HaPO4), J = 635 c.p.s.,
—————= H, the brancheé of which were brozd,
RIG. 1 due to unresolved fine splittings
4' n.m.r. spectrum of 1. (half-width & 70 ¢c.p.8.). The F°°
n.m.r. Spectrum was a doublet, 5

-7%.2 v.g.m. [CFsCQOH), J = 705 ¢.p.s. {half-width e 17 c.p.s.

rd carbon determinations often yleld low values for
~inds with C-P bonds [3).
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Mass spectometry indicated the following main peaks: 179, 154
(abundant), 139, 135, 110 (abundant), 44 (abundant). Vapor
phase chromatography confirmed the high purity of the sample
indicated H' n.m.r.

The analytical and spectroscopic data thus indicate the di-

Tluoromethylenetris(dimethylamino)phosphorane structare for II:

CHs_
N| P=CFz
CHs” /s

the assignment of the coupling constants being: JPH = 10.8

c.p-8.: Jo, = 2.86 c.p.s., Jgp = 695~ J . = 705 ¢.p.s. The

PH PF
large positive shift indicates a highly shielded and thus a

pentacovalent phosphorus.# The equivalence of the hydrogens
regquires a symmetrical arrangement of ,the dimethylamino substl-
tuents around the P=C axis. The abundance of peak 154 in the
mass spectrum indicates the ready detachment of trimethylamine
from II.

The infrared spectrum [A of the strongest bands: 2934,

max.
2865, 2358, and 2813 (C-BE stretching), 1459 (C-H deformation),

1232 and 1213 (asym. and sym. =CF. stretching), 1069 (tentati-
vely: P=C stretching), 1001 (C-N stretching), 743 (P-N stretch-

ing,, 902 cm’z] and the ultraviolet spectrum of II [shoulder at

% Prsbaily the closest examples of phosphorus nuclel highly
shielded by four nelghbors and unsaturation can be found in
the linear or c¢yclic “phosphonitrilic halides"” (3), e.g.
(NPBrz)s, & +49.5; (NPBrz)s, 8§ +71.8 p.p.m. Disruption of
the unsaturation in II would result in an "ylid" or phospho-
nium structure with a greatly deshielded phosphorus nucleus.
In support of this reasoning, the chemical shift of a close-
1y related phosphonium compound, {RCHa)zNng—Ccle}+Cl’, )
-44% p.p.m. (10), is found to be about 110 p.p.m. downfleld

from IT.
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227 mp (€ 524), blending into a maximum of a lower wavelength]
are consistent with the suggested structure. The absence of
strong absorption in the 810-885 cm™! region indicates the ab-
sence of P-F bonds.

W“hen I and 2,2,2-triflucroacetophenone were used 1in equimoisr
croportion, the yield of II {(distilled) was 60%. The remainder
27 the materlal balance was present as a viscous distillation
residue, the H!, F1® and P3* n.m.r. of which indicated the pre-
sence of all three elements by broad maxima.

Hexaethylphosphorus triamide and 2,2,2-trifluoroacetophenone
reacted similarly and yielded difluoromethylenetris(diethylaminoi-
phosphorane, [(CpHs)2N]aP=CF», III, in 56% yleld; (b.p. 54-55°

D

n.m.r.: SCHB—I.OS pP.p-M., J

at 0.06 m.m., n25 1.4390, 8P31 +58.0 p.p.m., Jpp = 677 c.p.8.:

oy = 7.0 c.p.s.,vscH

= 15.10, Jgp = 1.94 ¢.p.S.; infrared spectrum

-2.91 p.o.T.,
2

Jay = 7.0, Jyp

stmilar to that of II).

°reliminary experiments indicate that pure II and III do not
rezct on heating with benzaldehyvde and o-chlorobenzaldehyde be-
cween 20 and 80° for a one hour period.* This behavior and the

stability of II and III%* are consistent with the "ylene" struc-

#  An impure sample of II, however, did react with benzaldehyde
zt room temperature as indicated by H! n.m.r. A description of
this reaction will be given in the full paper.

##* Vzpor phase chromatography of an aged sample of II resulted in
the isolation of a species (6%), for which, based on the much
longer retention time and on the close similarity of its infras-
red spectrum with that of II, a dimeric structure, IV, 1is ten-
tatively postulated:

N

CH3\ i :C
P\
CHs /s ,
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ture indicated for them by P®! n.m.r. The chemical shifts of
several examlined Wittig reagents are downfleld from HzPO, &nd,
being very close to those of the corresponding phosphonium
salts, they indicate essentially a dipolar, "ylid" structure
for these compounds (1l1) in accordance with reguirements of the
postulated mechanism (12).

The two new structures, II and III, Seem to be the first
examples of pentacovalent phosphorus compounds with an actual
phosphorus-carbon double bond (d-p pl overlap). In contrast with
the effect of halogens in the reactive dichloro and dibromomethy-
lene Wittig reagents (1,2) the difluoromethylene group in II
apparently provides for a marked return of electron density to
the phosphorus as sensed by phosphorus n.m.r.%* This effective
d-p ¥ overlap is probably related to the recently suggested p-7l
interaction between aromatic rings and fluorinated substituent
zroups (13).

The reactlion of I with ethyl trifluoroacetate, (V), was also
investigated. The mildly exothermic reaction apparently took a
different course and ylelded, depeading on the ratlo of react-

ants, products represented by the following equations:

I + V = [(CHa)2N]2P(0C2Hs) (VI) + CPsCON(CHs)z (VII) (1)

VI + V 3= [(CHa)2N]P(OCzHs)2 (VIII) + VII (2)
VIIT + V<=="P(0CaHs)a (IX) + VII (3)
The course of the reaction was best followed with P3! n.m.r.

VI, VIII and IX were identifled with the ald of synthetic samp-

Repulsion between the electrons of the fluorine and those of
the inciplent carbanions (resonance extremes of II and III)
nizht well account for the effects observed.
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les, which had the following P! resonances: VI, -135.2: VIII,
-143 . 4: 1X, -137.1; I, -122.0 p.p.m. The coproduct, VII, was
isolated 1in essentially quantitative yleld and identifled by
matching its properties with those of an authentic specimen (14).
Further data as well as possible mechanistic pathways (one
comprising the intermediacy of difluorocarbene in the sequence
leading to II and IXI) will be presented in the full paper.
REFERENCES
G. Wittig and M. Schloaser, Angew. Chem., 72, 324 (1660);
G. J. Marco and A. J. Speziale, U.S. Patent 3,095,454;
Am. Chem. Soc., 82, 1260 (1960); (c¢) D. Seyferth, S. Grim
nd T. O. Read, J. Am. Chem. Soc., 82, 1510 (1960).
(a) R. Rabinowitz and R. Marcus, J. Am. Chem. Soc., 84, 1312
(1962): (b) F. Ramirez, N. B. Desai and N. McKelvie, =7, an.
Chem. Soc., B4, 1475 (1962).
3) V. Franzen, Angew. Chem., J2, 566 (1960).

(%) 9. g.)Speziale and K. W. Ratts, J. Am. Chem. Soc., 84, 854
(1952).

{3) S. t. Fugua, W. G. Duncan and R. M. Silverstein, Tetrahed-
ron Letters, 1461 (1964).

(6) V. Mahler, Inorg. Chem., 2, 230 (1963).

(7) V. Mark, J. Am. Chem. Soc., 85, 1884 (1963).

(8) I. LysyJ and J. E. Zarembo, Microchem, J., 2, 245 (1958);
R. Belcher, J. E. Fildes, and A. J. Nutter, Anal. Chim. Acta,
13, 431 (1955); A. Steyermark, Quantitative Organic Micro-
analysis, 2nd ed., 1961, Academlc Press, New York, p. 223.

(9) M. Becke-Goehring and G. Kochi, Chem. Ber., 92, 1188 (1959);
. John and T. Moeller, J. Inorg Nucl. Chem., 22, 199 (1961);

. ﬁ. Van Wazer, C, F. Callis, J. N. Shoolery and R. C. Jones

X
(10) J
J. Am. Chem. Soc., 78, 5715 (1956).
v

(11) V. Mark, unpublished data.

(12} G. Wittig snd U. Sch¥llkopf, Chem. Ber., 87, 1318 (1954).

(13) W. A. Sheppard, Abstracts of Papers presented at the 148th
Meeting of the American Chemical Society, Chlcago, Illinois,
Pall, 1964, p. 618.

(14) E. R. Bissell and M. Finger, J. Org. Chem., 24, 1256 (1959).





