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The pyridines had identical ultraviolet spectra in acetonitrile 
exhibiting :thsorption maxima a t  271 mp (log E 4.2) and 315 m p  

l':ihle I records the pertinent data for each pyridine prepared 
by this Iiroredure. 

B. General Procedure from the Potassium Salt of 1,1,3,3- 
Tetracyanopr0pene.-To a solution of the sodium alkoxide pre- 
Iiared l)y trexting sodium metal (0.002 g.-atom) in about 20 mi. 
of the dry :tlrohol, the pot:tssium salt of IT9 (0.0055 mole) was 
:iclded. The  solution was refluxed for the desired period and the 
solvent ~ V ~ L S  then rernoved with a Rinco evaporator. Water was 
:tdded, and the solid whirh separated was removed by  filtration. 
'I%(, infrarrd spertra of these solids were identical td those of the 
Iiyridines previously prep:tred. The pertinent data for each run 
i.s presented in T:thle 11. 

In the cxse of the t-butoxypyridine the same procedure was 
followed excaept tha t  potassium metal was substituted for scdium. 
The infr:ired spectr:i of  this product was similar to those of the 
pyridine s y s t e m  previously prepared; the ultraviolet spectra 
in aretonitrile were identical. The compound commenced to  
rhmge color a t  about 215' and melted a t  about 320". 

C. Isolation of the Salt of IV.  ( a )  From Malononitrile- 
Chloroform--Sodium 1sopropoxide.-After the reacticn compo- 
nents werc c.ombined as in procedure A ,  the mixture was stirred 
fo r  2 hr.  a t  room ternper:iture and then refluxed for 15 min. 
The i)rrc.iliit:tted solid was filtered from the hot solution. The 
filtrate w:is evaporated to drj-ness with a Rinco evaporator and 
yielded :I solid whose infr:ired spectrum indicated the presence 
( J f  the salt of IT7 along with the sodium salt of malononitrile. 
Thc n1tr:tviolet specstrum exhibited a molar extinction coefficient 
of 11,000, which corresponds to  305; of the salt of IT' (molar 
e ~ t i n r t i o n  cmoefficient of th r  potnssium salt of IV in methanol is 
:<.j,OOO). 

The rrude sample was dissolved in 150 mi. of methanol, and 
150 nil. of ether wxs added to  this solution. The solid which 
sepnr:rted was filtered off and the filtrate was concentrated to 
2.5 nil .  and IJlweri in the freezer. On standing a solid separated. 
Thc infrared spectrum o f  this sample was identical to the 
si)cc,trriin of the pure potassium salt of I V ,  except for a weak 
t):tnd a t  6.2 p .  An additional amount Of solid which had the 
write infr:tred spertrurn :is the initial product was collected from 
the filtrxte on sttinding. The combined weights of these solids 
represent :t 27L,; yield. 

[ b )  From Malononitrile-Chloroform-Potassium t-Butoxide.- 
The c,riniliiinents were comhined :tccwrding to procedure A using 
1iot:tssiiim ((1.063 g.-:itoni) and the corresponding amount of the 
11ther re:ir+ants. The mixture was stirred a t  room temperature 
overnight :tnd then refluxed for 1 hr. The precipitated solid was 
renioved by filtration, and a solid separated from the filtrate on 
stnntiing. This solid was t:iken up  in acetone and some insoluble 
materid was removed t)y filtration. The  filtrate was concen- 
tr;tted, :inti :in oil sep:ir:tted. On addition of ether a solid formed. 

ated this to consist of 667; of the 

Reaction of the Sodium Salt of Malononitrile with Sodium 
Trichloroacetate .--The sodiurn salt of malononitrile was prepared 
I)y tre:iting :t 50( ' ;  dispersion of sodium hydride in mineral nil  
( 0 . O I  niole) with ridononitrile (0.01 ruole) in &out 75 ml. of the 
dry solvent. An equiniohr amount of sodium trichloroacetate 
was :tdded :ind the mixture w:ts refluxed until the evolution of 
r.:irbon dic~xide (*eased. Then the precipitated solid was filtered 
and : I  nalyeed tiy u1tr:tviolet and infrared spectroscopy. 

I n  the cxse of 1,2-dirnethox!eth:tne :is solvent the infrared 
spwtrriin of this solid WIS identicxl to the sodium salt of rn:tlonci- 
nitrile, : m i  the ultr>iviolet slJectrum of the s;tmple exhibited no 
:it)s(ir1~tion at  344 nip, indicating the absence of the sodium s:dt 
of I\. .  

I n  the ( xsc  of tetrahydrofurm :IS solvent the ultraviolet ab- 
siir1)tion cwrrespcinded to :thout 1 % of the sd t  of IT' ( e  of 420 

An :tdditinn:d run was performed using 20 ml. of tetrahydro- 
fur:in in the aforementioned proredure and the reflux period was 
sliortenetl t(, 90 min. The solid which separated from the solu- 
tion in :I !JO' yield was identified its the sodium salt of  malononi- 
tril(1 1)). infrxred :tn:tlysis. 

(IfJg S 1.1). 

D. 

: t t  :<44 I l l f i ) .  

(9 )  h l ,  Rtrcll, W. 13. Hraunhruck, W. F. Fuhler,  a n d  0. Huber,  Ann. ,  687, 
177 (1!3,>4). 
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The electrophilic nature of benzyne is well docu- 
m e n t e ~ l . ~  Of particular interest to this discussion is 
the reaction of benzyne with tertiary amines, which 
gave products which appear to have been obtained oia 
the nitrogen ylids formed by primary coordination of 
the nitrogen lone pair with benzyne, followed by proton 
transfer to the ring from an alkyl group on the nitrogen 
atorn.4 LIore recently Franzen, (it al.,5 have shown 
that benzyne and dimethyl sulfide react to give a sulfur 

ylid, C6H5(CH3)S-CH2, which appears to be stabilized 
by the presence of an organolithium compound. The 
interactions of benzyne with tripheriylph~sphine~ and 
with phosphite esters6 have been described, but the 
obvious possibility of preparing a phosphinealkylidene 
by the reaction of beiizyne with ail alkyl-substitutcd 
phosphine has not yet been demonstrated. 

It is the purpose of this note to show that phosphine- 
alkylidenes in principle are accessible through a benzyne 
route. In  practice, however, this route to triphenyl- 
phosphinemethylene itself is impractical because of 
complicating side reactions. Generation of benzyiie by 
the o-bromofluorobenzene-niagnwiuni reaction i n  tetra- 
hydrofuran4 in the presence of an equimolar amoiint of 
methyldiphenylphosphine a t  GOo gave a red solution. 
Addition of cyclohexanone, followed by heating of the 
solution a t  reflux for 1.3 hr., resulted in  a light tan 
precipitate, but the red color was not discharged. 
Distillation of volatiles a t  reduced pressure and gas 
chromatographic analysis of the distillate showed that 
methylenecyclohexane had been formed in  14C;'c yield. 
Presumably the following sequence accounts for this 
product (see p. 2464, col. 1). 

The low yield of methylenecyclohexane may be the 
result of several complicating factors. In particular, 
the following were considered as possibly important : 
(1) deactivation of I by reaction with magnesium halide 
(see ref. 4) ; or ( 2 )  competition of triphenylphospliine- 
methylene, itself a potent nucleophile, for the benzyiie 
as it was being generated after the initial stages of the 

$ e  

(1) Par t  VI1  of the series "Studies in  Phosphinemethylene CIIeiiiiBtry": 
Par t  VI ,  I). Seyferth,  J.  I<. Heeren, a n d  W. 13. Hughes, .I. Am. Chrm. Sor. ,  
84, 1761 (1962). 

(2) (a) Alfred P. Sloan Research Fellow: (b)  National Science Forin,la- 
tion Predoctiral  Suinmer I.'ellow, 1962: Du Pont Postgraduate Teacllinp 
Assistant. 1962-1963. 

( 3 )  R. Hilispen, "Or~itnonietall ic Chemistry," H. Zeiss, Ed.,  R r i n l i c i l r l  
Publishinp Coru.,  New York,  N. T.. 1960, pp. 36-87. 

(-1) G .  W'ittiy a n d  E. h n z ,  Chem. Bcr. ,  92, lW9 (1Y.59). 
( 5 )  V. Franzen, H. I .  Joschek. and  C. N e r t z ,  Ann., 664, 82 (1962). 
(6) C. E. Grifin a n d  N. T. Castelluci, .I. O r p .  Chem., 26,  629 (1961). 



2464 NOTES VOL. 28 

I 1 
reaction. In  order to  obtain more information concern- 
ing this question, benzyne was generated in the presence 
of an equimolar amount of methyldiphenylphosphine 
using the o-bromofluorobenzene-lithium amalgam pro- 
~ e d u r e . ~  Again, the yield of methylenecyclohexane 
obtained on treating the reaction mixture with cyclo- 
hexanone was low (217,). Since the deactivation of I 
by lithium bromide does not seem too likely, we tend 
toward the conclusion that it is a reaction between 
benzyne and triphenylphosphinemethylene which serves 
to complicate matters. Further evidence favoring this 
view was obtained in an experiment in which methyl- 
diphenylphosphine was allowed to compete more ef- 
fectively for the benzyne (generated by the lithium 
amalgam procedure) by having the phosphine present 
in large excess (methyldiphenylphosphine to o-bromo- 
fluorobenzene ratio = 11). In  this case methylene- 
cyclohexane was obtained in Zt70 yield. 

The reaction of phosphinealkylidenes with benzyne 
is receiving further attention in these laboratories. 

Experimental 

Preparation of Methyldipheny1phosphine.-To a stirred solu- 
tion of 75 g. (0.33 mole) of diphenylchlorophosphine in 100 ml. of 
ether a t  0" (under nitrogen) was added 245 ml. (0.33 mole) of 
1.35 S methyllithium in ether over a period of 2 hr. The ice 
bath was removed and the mixture stirred for an additional 30 
min. The organic layer was decanted and fractionally distilled 
to give 52 g. (78c7,) of methyldiphenylphosphine, b.p. 108-110° 
(0.15 nim.) ;  lit.8 b .p .  120-122" (0.15 m m . ) .  The product 
was characterized by conversion to dimethyldiphenylphosphon- 
ium iodide, m.p. 253-255" ( l i t .8m.p.  242-243"); a mixture melt- 
fng point with an authentic sample was undepressed. 

The Reaction of Benzyne (via the Magnesium Route) with 
Methyldipheny1phosphine.-Into a 200 ml., three-necked flask 
equipped with a mechanical stirrer, an  addition funnel, and a 
reflux condenser, all maintained under an atmosphere of dry 
nitrogen, were placed 1.46 g.  (O.O6-g.-atom) of magnesium turn- 
ings and 50 ml. of tetrahydrofuran, freshly distilled from lithium 
aluminum hydride. The magnesium was activated with 3 
drops of 1,2-dibromoethane, and then 12.0 g. (0.06 mole) of 
methyldiphenylphosphine was added with a syringe. The mix- 
ture was heated to 60", and a solution of 8.95 g. (0.05 mole) of 
o-bromofluorobenzene in 30 ml. of anhydrous tetrahydrofuran 
was added, dropwise with stirring, over a period of 1 hr. 
The resulting burgundy red solution was stirred a t  reflux for 30 
min.; it  gave a negative Gilman Color Test I. The reaction 
mixture was cooled to room temperature, and 9.1 g. (0.1 mole) 
of cyclohexanone was added during 15 min. The mixture re- 
fluxed slightly and a tan precipitate formed, but  the red color 
was not discharged. The reaction mixture was stirred while a 
gentle reflux was maintained for 3 hr., then was filtered under 
nitrogen. The tan residue was washed with tetrahydrofuran. 
-411 volatile material was removed from the combined filtrate 
and washings by trap-to-trap distillation a t  85" (0.3 mm.) .  
Analysis of the distillate by gas chromatography, using xylene 
as an  internal standard, showed tha t  6.93 mmoles (13.8Yc) of 
methylenecyclohexane and 1.13 mmoles of cyclohexanone were 

(7 )  G. Wittig and  L. Pohmer, C h e m .  Ber . ,  89, 1331 (1956). 
( 8 )  S. T. D .  Gough and S. Trippet t .  $1. Chem. Soc. ,  4263 (1961). 

present. Methylenecyclohexane was identified by its retention 
time and infrared spectrum. Three similar reactions with re- 
action times of 1.5, 2.5, and 15 hr. gave methylenecyclohexane 
in yields of 13.8, 10.8, and 14.2y0, respectively. 

The Reaction of Benzyne (vza the Lithium Amalgam Route) 
with Methy1diphenyiphosphine.-Lithium amalgam, from 0.31 
g. (0.045 g.-atom) of lithium and 125 g.  of mercury, was prepared 
in a Schlenk tube under an argon atmosphere using the method 
of Wittig and Pohmer.' To  this was added a solution of 2.68 g. 
(0.015 mole) of o-bromofluorobenzene and 3.40 g. (0.017 mole) 
of methyldiphenylphosphne in 15 ml. of freshly distilled ether. 
The tube was sealed a t  atmospheric pressure (argon atmosphere) 
and shaken a t  room temperature for 24 hr. During this time 
the solution became dark red, and a very small amount of 
light-colored solid precipitated. The solution was decanted 
into a 100-ml. flask equipped with a reflux condenser and a 
side-arm inlet tube, maintained under an argon atmosphere. 
After the amalgam had been washed with 10 ml. of anhydrous 
ether and the washings combined with the solution, 2.94 g.  
(0.03 mole) of cyclohexanone in 5 ml. of ether was added and the 
mixture stirred a t  reflux under argon overnight. The resu!ting 
dark red solution was decanted from a cream-colored solid and 
separated into low [25-50"(0.3 mm.)]  and high [50-85' (0.05 
mm.)]  boiling fractions by trap-to-trap distillation. Gas chroma- 
tographic analysis of the first fraction, using toluene as an  inter- 
nal standard, showed that  3.16 mmoles of methylenecyclohexane 
(21 % based on the completely consumed o-bromofluorobenzene) 
had been formed. Analysis of the second fraction, 1.95 g., 
showed i t  to contain methyldiphenylphosphine, a minor amount 
of cyclohexanone, and another high boiling component which 
showed absorption in the infrared spectrum at 1725 em.-'; 
this suggests that  i t  is a product of the base-catalyzed conden- 
sation of cyclohexanone itself. 

Another experiment was carried out in the same manner in 
which the same quantities of lithium amalgam and o-bromofluoro- 
benzene were allowed to react in the presence of 33.0 g. (0.166 
mole) of methyldiphenylphosphine in 25 ml. of ether. Addition 
of 0.03 mole of cyclohexanone resulted in 7.85 mmoles (by gas 
chromatography) (52.47,) of methylenecyclohexane. 
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The synthesis of the remarkably stable o-quinoid 
compound lJ2,3-triphenylisoindole (I) has been 
achieved only by the reaction of phenyllithium with 2,3- 
diphenylisoindolone (11) We have now prepared 
this isoindole by a novel one-step process starting from 
the readily available lJ3-diphenylisobenzofuran (111) . z  

When furan 111 was mixed with an approximately 
equimolar amount of thionylaniline (IV) in benzene, 
a red color appeared immediately, indicative of a 
charge-transfer complex. After refluxing the mixture 
for thirty-six hours, none of the expected adduct (V) 
was obtainedJ3 and most' of the furan was recovered 
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cited therein. 
(3) For a recent review of the Diels-rilder addition of dienes to thionyl- 

amines, see: G. Kresze, A .  hlaschke. R. Albrecht,, K .  Rederke, H. P. 
Patzschke. H. Smalla. a n d  A.  Trede,  Angeu;. Chem.,  74, 135 (1962). 


