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The Organometalhc Alkylidene Reaction
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"RECEIVED APRIL 25, 1959

“The ana.log of the resction. between tnphenylphosphme methylene and carbouy1 compouuds to form the carrespondmg
ethylemc compounds has beenn studied with: quaternary compounds of arsenic, antimony and bismuth. The reaction with
the arsenic alkylidene, in contrast to the phosphorous alkylidene, yields with benzophenone predominantly the corresponding
aldehyde along with sinaller amounts of the correspondmg ethylenic compound. With the stibonium alkylideng only the
corresponditg dldehyde i is produced, A new reaction has been utilized to produce triaryl-alkyl- quaternary salts .of some of
the group 5 elements usmg trlmethyloxomum boron’ tetraﬂuorlde .

The rea.ction between tnarylphosphme aIkyh—
dénes and carbonyl compotinds has proved to be,
because of its specificity and . good yields, mdely
applicable for the conversion of carbonyl compounds
inrto their ethylenic entities.®?. . Satisfactory results
have also been obtained with compounds containing
hydroxyl and acetoxy groups in’addition to the
carbonyl functzon,“ and in the’ conversion  of
different . types of saturated and. e,8-unsatutated
steroidal ketones to the corresponding methylene
compounds:.  The reaction in many instances offers
the most accessible route from such carbonyls to
the corresponding methylenic compounds. . Levine®
and Wittig" have desciibed a modification of-the
alkylidene redction; 'whereby aldehydes ma,y be
synthesized by way of their enol ethers. . .

.We have attempted to substitute for phosphorus
the other members of the group: HA  elements,
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namely a:semc, antlmony a.nd blsmuth Benzo—
phenone was selected as the second reactant..

Triphenylmethylarsoninm halides have been
previously. synthesized by Michaelis® and Stein-
kopf® using the direct .reaction between triphenyl-
arsine and methyl halides.. No method was avail-
able for the synthesis of triphenylmethylstlbomum
or bismuthonium salts since methyl halides do not
add - directly . to - triphenylstibine and triphenyl-
bismuth. However, trimethyloxonium boron tetra-
fluoride, [(CH}:O+][BF,~], an active methylating
agent described by . Meerwein,® . reacts  readily
with triphenylstibine to yield the quaternary
boron tetrafluoride; quch i§-easily converted to
the corresponding iodide.! Triphenylbismiuth réacts
with the reagent but does not prodice the analo-
gous “onium’’ salt urider the conditions used The
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reaction of the triphenylmethylarsonium halides
and the triphenylmethylstibonium iodide takes
place readily in dry ether as does the subsequent
reaction of the alkylidene with benzophenone.
Int the case of the arsenic salt four products are
formed, mphenylarsme, diphenylacetaldehyde, tri-
phenyla.rsme oxide and diphenylethylene. The
former two are always formed in equimolar amounts
as are the latter two, thus indicating that the two
pairs are formed together, probably by two dii-
ferent routes. It would appear that after the initial
_ formation of the alkylidene II that the reaction with

that by rearrangement produces the tnphenylarsme
oxide and the diphenylethylene in equimolar
amomnts. Apparently the intermediate can also
rearrange by aun alternate route, possﬂ}ly by
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formatwn of an unstable epoxtde ring Whlch re-
opens to form the diphenylacetaldehyde: - Table
I summarized the results obtained and shows that
the halide ion used-in. the initial salt has but litile
effect on the reaction and further thit in the case

of the stibonjum salt only triphenylarsine and di- -

phenylacetaldehyde are produced, although traces
off tnphenylarsme oxtde and 1pheny1ethylene were
detected e : e st e e
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S e Expenmental Do
Tnphenyhnethyla:somum Iodide.—A;- molar excess: of
metbyl iodide. was added . to.an aleoholic solution of tri-
phenylarsirie and reﬂuxed }'or géveral hours accordmg to the
miethod of Wlichaélis®; - m-p. 174-175°,

[¢33] Melting points are uucorrected “UA1l-sblvents ‘were distﬁled
and dried over sodxum metal A.ll reactmns were carﬂed out under
nitrogen. : :
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“washed with water; dried and the ether evaporated. The
.- -resulting residue or viscous oil was chromatographed on a
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Anal. Caled. for CJgHmAsI C,50.91; H,4.03. Found:
C, 50.99; H, 4.10. Mohr titration (sﬂver mtrate}, 1:1
molar ratio with salf.

Triphenytmethylarsonium Bromide. —A sealed Schlenk
tube containing a solution of triphenylarsine in excess methyl
bromide was allowed to stand for two weeks according to the
procedure of Stemkopf” white erystalline product, m.p.
194-195°.

Anal. Caled. for C;3H;sAsBr: C 56.87; H, 4.74.
Found: C, 56.80; H, 4.73; Mohr titration (sﬂver mtra.te),
1:1 molar ratio with salt.

Triphenylmethylstibonium Iodide.—Trimethyloxonium
boron tetraflucride, prepared according to the method of
Meerwein,® was treated with triphenylstibine in liquid sul-

benzophenone could produce an mtermed1ate (III) fur d10x1de solution; stirred and-allowed to stand for several

hotrs.: The sulfur dioxide- was evaporated slowly, the re-
sulting white mass dissolved in alcohol and the trlphenyl—
methylstibonium boron tetrafluoride precipitated with ether.

Recrystallization from boiling water produced the pure salt,

m.p. 133-134°, A heated, saturated agueocus solution of
this salt in the presence of a molar excess of sodium iodide
upon cooling produced triphenylmethylstibonium iodide,

m.p. 124-124.5°.

Anal. Caled. for CioH, ShI: C, 46.45; H,3.64. Found:
C, 46.18; H, 3.60.

Typical Reaction Conditions.—A Schlenk tube of suitable
size was evacuated, dried and fifled with dry nitrogen. A’
weighed amount of the dry trlphenylmethylarsomum or sti-
bonium salt was added and then suspended in dry diethyl!
ether. An equimolar amount of phenyllithium was added:
the: Schlenk tube was sealed and. allowed'to react for 12
hours with shiaking. After an equimolar amount of benzo-

-phenone (dissolved. in ether) had been added, the Schlenk

tube was resealed, placed in a 60° oil-bath and refluxed for
The contents, were hydrolyzed with 6 N HCL,

neutral alumina (Merck) column. The solvent seguence
most useful was pefroleym ether (30—40 ), petroieum ether

o (60-80°), dlethyl ether and methanol.-

Alkylidene | Reaction’ usmg Tnphenylmethylarsomum
Todide 1*~-The'réaction, using 10 mmoles of triphenylmeth-

Tylarshminm’ iodide, phenyihthmm and ‘befirzophenone, - re-
" spectively, and the subsequent isolation of ‘the redetion prod-
“cts ‘were carried out ‘as deséribed above,”

"Ttiphénylarsine
was the first reaction product eluted from the column (2.09
g3 :recrystallized’ from: methanol,: m.p.. 60-61°%. . Mixed
meling point. with ‘authentic sample gave 1o depress:on.
Companson iwith infrared spectium of authéntic sample and
precipitation -of the* HgClyePhjAs: msoluble comp!ex were
used as confirmatory evidence,

Anal: - Caled. for: ClgHIE.AS. 'C;70. 61 H 490.‘ -zFound'
C;. 70.60; H, 4.95. .

: The second fractlon from the column was dlphenylethylene
(1.8 g.). . High vacnum distillation: vielded a'pale’ yellow,
almost colorless’ liqifid. ‘Compdrison” with infrared” spec-
triing of an authentic sample was used ‘as couﬂ.rmatory ew-
dende,:

- Awals Calcd for CuHm. C 93 33 H 6 60 Found‘ :
C 93.29;. - H,6.62.... .

- The:third frachon from the column was d:phenylacetalde—
hyde 11.34 8- .. A portion of this was distilled under vacuum
and g portion used to form the 2,4~ dinitrophenylhydrazone,
i'p. 154=155°. " '‘Mixed mieltitg pomt ‘and infrared spectrum
of an authentic sample were tiséd as confirmatory: ev1dence

AmalioCaled. for CMHHO C 85 72 H 6 12 Found
C, 85.68; H, 5.98.:

The fourth fractmn, tr;phenylarsme ox:de, .was 1solated
as an insoluble residue from. 'the iniflal reaciion mixture
(0.844 g.). . Recrystallization . from alcohol produced the
pure salt, m.p. 191-191.5°.. Mixed. melting point and in-
frared spectrum of an s.uthentm ‘samiple were used as con—
firmatory evidence.

Anal. Caled. for ClngsAsO C 67 09
Found: C;66.90; H, 4.79.
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(12) Triphenylmethyldrsoninm -‘bromide and ‘‘triphenylmethyisti-
bonium iodide reactions were carried out id & similar manner, :



