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Experimental Section 

Phenylallene was prepared through the reaction of 2,2-di- 
bromo-1-phenylcyclopropane10 with methyllithium in ether a t  
-5O';ll i t  had bp 64-65' (10 mm), n% 1.5819 [lit.l1 bp 64-6.5' 
(11 mm), n% 1.58091, and the expected spectral properties. 
2,3-Dimethyl-l-phenylnaphthalene from Phenylallene .-A 

solution containing 5 g of phenylallene and 0.5 g of hydroquinone 
in 50 ml of 1 : 1 benzene-vinyl acetate in a glass liner was sealed 
in a steel reactor and heated to 17j" for 1 hr. Concentration of 
the reaction mixture and short-path distillation give a yellow 
liquid, bp 100-130" (0.15 mm). A portion of this distillate 
soluble in carbon tetrachloride gave, upon concentration, 100 mg 
of colorless rosettes, mp 67-75', Sublimation gave material 
of close to  analytical purity: mp 78-80'; A::: 230 nm (log E 
4), 276 (4.1), 285 (4.15), and 294 (4.0); nmr 2.10 (3 H, s),  
2.43 (3 H, s), 6.9-7.8 ppm (10 H, m). Recrystallization from 
ethanol and vacuum sublimation gave crystals of mp 84-85' 
(lit.6 mp 85-86' for 2,3-dimethyl-l-phenylnaphthalene). A 
solution of the hydrocarbon in 9.5% ethanol saturated with picric 
acidgave the picrate derivative, mp 110-111' (lit.6 mp 112'). 

Registry No.-2,3 - Dimethyl- 1 - phenylnaphthalene, 
27521-96-6 ; phenylallene, 2327-99-3. 

(10) P. 9. Skell and  A. Y. Garner, J .  Amer. Chem. SOC., '78, 5430 (1956). 
(11) L. Skattebgl, Acta Chem. Scand., 1'7, 1683 (1963). 
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As one potential route to  cyclopentane derivatives 
through ( 2  + 3) cycloadditions, the reaction between 
diarylmethylenecyclopropanes (1) and tetracyano- 
ethylene (TCNE, 2) has been examined. 
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a ,  Ar = CGHs; b, Ar = p-CHJOC,H, 

Both concerted and nonconcerted mechanistic possi- 
bilities leading to cyclopentane systems seem available. 
As a homoallene, the methylenecyclopropane unit would 
be potentially able to add TCNE across its C1-Cs bond 
to give 3 in wh.at could be formally described as a ther- 
mally allowed [r82 + xs2 + us2]  cycl~react ion.~ By 
analogy with the behavior of appropriately substituted 
aziridines,"* and with one percept'ion of the cycloaddi- 

(1) Supported initially by Public Health Service Research Grant G M  
16570 and sul~sequently hy Kational Science Foundation Grant G P  9259 
and the Research Corporation, 

(2) Address correspondence to  the University of Oregon. 
(3) Kational Defense Education Act Fellow, 1967-1970. 
(4) R .  13. Woodward and R .  IIoffmann, Angew. Chem., In t .  Ed. Engl., 8 ,  

(-5)  11. W. IIeine and R .  E. Peavy, Tetrahedron Lett., 3123 (1965). 
(6) 11. W. IIeine, R .  Peavy, and A. J. Durbetaki, J .  Org.  Chem., 81, 3924 

(1966) .  
(7) R .  Iluisgen, W. Sclieer, and 11. Rllider, Angew. Chem., Int. Ed. Engl. ,  

I), 602 (1009). 
(8 )  R. Iluisgen, Tic'. Sclieer, €1. lIBder, and E. Drunn, ibid.. 8, 604 (1969). 

781 (1969). 

tion behavior of cyclopropanones,9~'o prior isomeriaa- 
tion to dipolar intermediate 4, followed by an allowed 
[rS4 + n,2] cycloaddition, might produce 5 .  

Initial formation of one new bond linking methylene- 
cyclopropane 1 at  C1 to  TCNE, generating a dipolar 
species 6, might also yield 3 through a cyclopropyl- 
carbinyl to  allylcarbinyl (6 --t 7) rearrangement before 
the second bond-making step. A two-step process 
with a somewhat similar dipolar intermediate 8 has 
been proposed as one means to account for production 
of l,l-diphenyl-2,2,3 , 3- t e tracyanoc yclopent ane from 
1,l-diphenylcyclopropane and TCNE." 

Ar. ,Ar 

@N CN :&H NC CN 

c" H H  N 6  bN, 
3 4 5 

CN CN 

6 7 8 

Cycloadducts from diphenylmethylenecyclopropane 
( la)  and bis(p-methoxypheny1)methylenecyclopropane 
(lb) were obtained when these homoallenes were heated 
to  120" with TCNE in toluene. The adducts, mp 215 
and 191") respectively, had nmr spectra which imme- 
diately ruled out structure 5 as well as spiroheptane 
(2 + 2) adducts; the methylene protons appeared as 
two sets of 2 H triplets, centered at 6 3.22 and 2.63 
(adduct a) and at 6 3.19 and 2.59 (adduct b), with J = 
8 He, implicating CH2CHz as one moiety in these prod- 
ucts. The methoxyl methyl signals in adduct b came 
at  6 4.00 and 3.93 ppm; both adducts had aromatic 
protons evident a t  6 7-8 ppm. 

Structure 3 seemed consistent with the nmr data, but 
for two troubling points. I n  the adduct a, one aro- 
matic proton appeared a t  an unusually low field (8.35 
ppm) as a doublet of doublets (J  = 8, -2  Hz), and the 
signals for the methylene protons were appropriate to 
an A2Mz system, rather than to the AA'AIAI' pattern 
expected for 3. 

Elemental analyses and mass spectral determinations 
of molecular weight firmly excluded structure 3, since 
both adducts corresponded to 1 :I adducts, , .less HCN! 
Their ultraviolet spectra revealed them to be l-aryl- 
naphthalene derivatives: for adduct a, 253 
(log e 4.67), 305 (3.56), 318 (3.61), 341 (3.45), and 356 
(3.56); for adduct b, X ~ ~ ; c 1 2  265 (4.77)) 298 (3.64), 
313 (3.63), 372sh (3.67), and385 (3.72).12 Thesubstan- 
tial bathochromic shift for both the 'Ba and 'La bands 
(253 +- 265 nm, 356 --t 385 nm) on going from adduct a 
to the methoxy-substituted system b suggested a con- 

(9) N .  J. Turro,  Accounts Chem. Res., 2, 25 (1969). 
( lo) N. J. Turro, 5. 5 .  Edelson, J, R.  Williams, T. R. Darling, and W. €3. 

Hrtmmond, J .  Amer. Chem. Soc. ,  91, 2283 (1969). 
(11) T. Slartini and J. A. Kampmeier, Angew. Chem., Inl. Ed. Engl., 9, 236 

(1970). 
(12) Compare ultraviolet spectral data reported for 1-phenylnaphthalene 

and 1-cyclonaphthalene "UV Atlas of Organic Compounds," Vol. 11, 
Plenum Press, Nen York, N. Y., 1966, plates E 1/2 and E 1/36. 
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jugative interaction between nk0- and NC- groups 
separated by four carbon atoms. 

These data and mechanistic considerations led to 
formulation of the adducts as l-phenyl-2-(2-cyano- 
ethyl)-3,4-dicyanonaphthalenes, derived from an ini- 
tial Diels-Alder addition betxeen 1 and TCNE giving 
the relatively unstable triene system 9, which through 
loss of HCK and a cyclopropylcarbinyl to  allylcarbinyl 
rearrangement may give the isolated products 10. 

Ar 

9 10 

The AJL nmr pattern for methylene protons is in ac- 
cord with the conformationally mobile cyanoethyl 
group, and the low field aromatic proton in 10a may be 
ascribed to H-C;, strongly deshielded by the peri-posi- 
tioned XC--C4 function, and in lob, counter shielded 
by the adjacent CH30 group.13 

The experimental data seem compatible with both 
formulation 10 and with structure 11 for the adducts; 
only a substantial discrepancy in mechanistic plausibil- 
ity favors the former alternative. 

11 

This cycloaddition behavior parallels one mode of 
reaction available to arylallenes : Diels-Alder dimer- 
ization followed by rearrangement, as in the conversion 
of phenylallene to 2,3-dimethyl-l-phenylnaphthalene14 
or of l13-diphenylallene to 2,3-dibenzyl-l-phenylnaph- 
thalene.I5 

Further efforts to achieve additions across the C1-C2 
or the C2-C3 bond of methylenecyclopropanes 1 will be 
made with other olefins and with other systems lacking 
vinyl or phenyl substitution a t  the exocyclic methylene 
carbon. 

Experimental Section 

SIelting points were obtained on a Kofler Micro Hot Stage 
apparatus arid are uncorrected. Infrared spectra were ruii in 
chloroform solution on a Beckmari Model 111-5 spectrophotome- 
ter, and ultraviolet spectra were recorded or1 a Cary 15 spectro- 
photometer. Proton magnetic resonance spectra (in CDClS) 
were determined on Varian Models A-60, 8-60.4, A-56/60A, 
HA-100 spectrometers. Mass spectra were run on a CEC 21- 
llOB spectrometer by Mrs. Mary Mitchell. Elemental analyses 
were determined by Chemalytics Inc., Tempe, Arix. Tetra- 
hydrofuran ('L'HF) was distilled from lithium aluminum hydride 
and stored over sodium wire. 
a-Triphenylphosphoniumbutyrolactone Bromide.16-A solution 

of 9.86 g (0.03 mol) of triphenylphosphine and 4.96 g (0.03 mol) 
of a-bromo-y-butyrolactone in 15 ml of T H F  was heated a t  
reflux for 4 hr. The mixture was cooled, filtered, and washed 

with THF.  The crude material was dissolved in 50 ml of hot 
methanol, 150 ml of ethyl acetate was added, and the cloudy 
solution was cooled. Filtration and drying gave 6.90 g (53.8%) 
of product, mp 188' (1it.lemp 196-197'). 

Further purification was accomplished by grinding the crystal- 
line material to a fine powder with a mortar and pestle and 
washing the solid several times with ether. Thorough drying in a 
vacuum oven a t  60' (20 mm) gave salt sufficiently pure for syn- 
thetic utilization: ir 3500, 3250, 2900, 1710, 1600, 1485, 1110, 
1025, aiid 956 cm-l; nmr 7 2.10 (m, 15), 5.30 (m, 3), and 6.70 
(m, 2). 

Cyclopropyltriphenylphosphonium bromide17JS was prepared 
from a-triphenylphosphoniumbutyrolactone bromide in 98y0 
yield, crushed to a fine powder with a mortar and pestle, washed 
thoroughly with ether, arid dried it1 a vacuum oven a t  60" (20 
mm) to give material of melting point 190' (lit.l* mp 189-190'): 
ir 3300, 2870, 1590, 1480, 1340, 1220, 1115, 1000, and 900 
cm-I; nmr 7 2.17 (m, l5) ,  6.60 (m, l ) ,  8.21 (m, a ) ,  and 9.37 
(m, 2). 

Anal. Calcd for CllHloBrP: C, 65.79; H, 5.22; Br, 20.88. 
Found: 

Diphenylmethylenecyclopropane.l*--Uiider a dry nitrogen 
atmosphere and with stirring, a mixture of 3.54 g (7.8 mmol) of 
cyclopropyltriphe~iylphosphonium bromide ill 45 ml of T H F  
was treated with 4.5 ml of 1.6 M n-butyllithium in hexane (Foote 
Chemicals). The ieactioii mixture was stirred and heated 
gently for 2 hr, and then 1.42 g (7.8 mmol) of benzophenone in 
T H F  was slowly added. The mixture was gently heated at  re- 
flux for 21 hr. Tetrahydrofuran was distilled from the mixture, 
the residue was extracted with chloroform, and the extracts were 
washed with water and dried (iKa*SO,). Evaporation of the 
chloroform and chromatography of the remaining material with 
hexane ori 21 g of silica gel afforded 657 mg (41%) of product. 

A pure sample was obtained by recrystallization from petroleum 
ether (bp 30-60') to give material of mp 61-64' (lit.'@ mp 65'): 
ir 3080, 2950, 1960, 1890, 1820, 1595, 1490, 1075, and 895 cm-l; 
rimr 7 2.81 (m, 10) and 8.65 (s, 4). 

Bis(p-methoxypheny1)methylenecyclopropane.-To a stirred 
slurry of 4.31 g (11.2 mmol) of cyclopropyltriphenylphosphonium 
bromide in 35 ml of T H F  was added 7.5 ml (12.9 mmol) of n- 
butyllithium. The solutioii was warmed gently and stirred 
for about 1 hr, arid 2.7 g (11.2 mmol) of 4,4'-dimethoxyberizo- 
pherione in 10 ml of T H F  was slowly added. The reaction 
mixture was heated to reflux for 18 hr and then cooled; solvent 
was removed by distillatioil, and the residue was dissolved in 
chloroform. The chloroform solution was washed with water, 
dried (iKa&3O,), filtered, and concentrated. The remaining oil 
was chromatographed with hexane 011 30 g of silica gel. The 
desired product, 830 mg (28%), eluted with the first 100 ml of 
hexane. llecrystallixntioti from hexane gave pure material: 
mp 106-107'; ir 2950, 2840, 1605, 1560, 1490, 1105, 1030, 895, 
and828 cm-'; nmr T 2.76 (m, 8), 6.12 (9, G ) ,  aiid 8.61 (s, 4).  

Anal. Calcd for CIaHl8O2: C,  81.17; H, 6.81. Foulid: 
C, 80.91; H ,  6.74. 
Diphenylmethylenecyclopropane-TCNE Addition.-A solu- 

tion of 114 mg (0.55 mmol) of la arid 78 mg (0.61 mmol) of 
TCNE in 10 ml of toluerie was heated gently to reflux uiider 
nitrogen for 17 hr.  The toluene was removed by distillatioii, 
and the dark residue was chromatographed 011 6 g of silica gel 
with chloroform. The first 20-ml fraction contained 62 mg of 
material shown by nmr to be R mixture of 750/, adduct atid 257" 
la. From the second fraction eluted, 39 my (total yield 85 mg, 
46cj,) of adduct was obtained. 

A pure sample of adduct, mp 215', was obtained by recrystal- 
lization from methanol: mass spectrum (10 el') m / e  307 (M+); 
ir 2250, 1560, 1450, 1420, and 1380 em-'; for iimr and ultra- 
violet data,  see text above. 

Anal. Calcd for C21H15NS: C, 82.07; H,  4.26. Found: 
C, 81.74; H, 4.23. 

Bis(2-methoxyphenyl)methylenecyclopropane-TCNE Addi- 
tion.-A solution of 122 mg (0.46 mmol) of lb  and GO mg (0.47 
mmol) of TCNE was heated to reflux in 10 ml of tolueiie uiider 
nitrogen for 13 hr. Concentration arid chromatography led to 

C, 64.13; H,  5.35; Br, 20.66. 

(13) C/. J. W. Emsley, J. Feeney, and L. H.  Sutcliffe, "High Resolution 
Nuclear Magnetic Resonance Spectroscopy," Pergamon Press, Elmsford, 
N .  Y., 1966, pp 405, 752. 

(14) J. E. Baldwin and L. E. Walker, J .  Org. Chem.,  36, 1440 (1971). 
(15) H. A .  Staab and H.  A .  Kurmeier, Chem. Ber., 101, 2697 (1968). 
(16) J. Fliszar, R .  F. Hudson, and G .  Salvadori, H e k .  Chim. Acta, 46, 1580 

(1963). 

(17) (a) H.  J .  Destmann and It .  l iunstmann, Tetrahedron Lett., 2895 
(1968); (b) H. J. Bestmann, H.  Hartung, and I .  Pils, A n g e w .  Chcm.,Int. Ed. 
En&, 4 ,  957 (1965); (c) A .  hlaercker, ibid., 6, 557 (1967); (d) U .  T .  Longone 
and R .  R .  Doyle, Chem. Commun., 300 (1967). 

(18) E. E .  Schveizer, C. J. Ijerninger, and J. G .  Thompson, J .  OW. Chem., 
33, 336 (1968). 

(19) K .  Sisdo and K.  Utimoto, Tetrahedron Lett., 3267 (1960). 
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53 mg (29%) of yellow adduct: mp 190-19lo from methanol; 
mass spectrum (9 eV) m/e 367 (&I+); ir 2245, 1625, 1465, 1430, 
1225, 1033, and 837 crn-'; the nmr and ultraviolet data are 
given above. 

Anal. Calcd for CzaHITNaOi: C, 75.19; H, 4.66. Found: 
C, 75.02; H, 4.53. 

Registry No.-la, 7632-57-7; lb, 28228-81-1; 2, 
670-54-2; a-triphenylphosphoniumbutyrolactone bro- 
mide, 28228-78-6; cyclopropyltriphenylphosphonium 
bromide, 141 :14-05-7. 
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In a previous paper' we described the reaction be- 
tween norbornadiene (SBD)  and 1,3-butadiene (BD) 
catalyzed by organometallic iron compounds. The 
reaction products are 1 : 1 adducts, two of them (I and 
11) with the nortricyclenic and one (111) with the nor- 
bornenic structure. 

I1 I11 

I n  an attempt to  set up selective syntheses of the 
above compounds and to discover new NBD-BD nd- 
ducts, \ve investigated the behavior of catalysts con- 
taining transition metals diff went from iron. We em- 

i 

T a 
I 

t 

$ 2  ployed two- as well as three-component systems, the 
third component always being a phosphorus-containing 
ligand. The most significant new results are summar- 
ized in Table I. 

A new isomer was obtained employing the catalyst 
system T\TiCI?--EtyA1CI-21'I-'h3. On the basis of chem- 
ical arid physicochemical data, formula IV was attrib- 
uted to  it. The same product, but  with lower con- 

- 

N V 

version, was obtained using a phosphine-free catalyst, 
prepared from a soluble nickel compound such as the 
diacet ylaceton a t  e ,  

Adduct IV is always accompanied by smaller 
amounts of adduct I. Since I and IV only differ in the 
position of the double bond of the side chain, we tried to 
isomerize I to IV by contact n-ith the above nickel cat- 
alysts (under the same conditions in which IV is syn- 
thesized) but u-ere unsuccessful. Also, other catalysts 
lmo~vn for their activity in the isomerization of vinyl 
derivatives of cycloolefins to ethylidene compounds, 

(1) A Greco, A Carbonaro, and G. Dall'Asta, J. O T B ~  Chem., 96, 271 
(1970) 


