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< 40°, picrate m.p. 123” (phenyl 2-pyridyl ketone picrate6 m.p. 
128-129’). To the mixture was added an additional quantity of 
magnesium and magnesium iodide (prepared from 5 g. of magne- 
sium and 14 g. of iodine) and on shaking, the yellow precipitate 
changed to a green precipitate. The mixture was refluxed on a 
water bath for 4 hr. and then allowed to stand a t  room tempera- 
ture for 1 week after which time no visible change had taken 
place. The mixture was added to water and the benzene-ether 
layer separated. The water layer was washed several times with 
ether and the benzene-ether solution combined with the ether 
washings and dried over magnesium sulfate. Distillation of the 
solution yielded an orange oily solid which on washing with eth- 
anol yielded 7.0 g. (38%), m.p. 139-140”, of white solid. The 
filtrate on evaporation yielded 4.3 g. of phenyl 2-pyridyl ketone. 
The white solid was recrystallized twice from ethyl acetate to 
constant m.p. 141-142’ (lit.3*6 m.p. 129-130’). 

A n a l .  Calcd. for C24H20X~0z: C,  78.24; H ,  5.47. Found: 
C,  78.40; H, 5.39. 
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An article from this laboratory3 reported the isolation 
of a dehydro dimer of 2-phenyl-lJ3-indandione (I) as a 
minor product in the phenylation of I with diphenyl- 
iodonium chloride4 or acetate3 in t-butyl alcohol in the 
presence of sodium t-butoxide, the major product 
(85-93%) being 2,2-diphenyl-l,3-indandione. Al- 
though this dehydro dimer was obtained previously by 
other workersJ5 its mode of formation allowed formula- 
tions other than the proposed symmetrical C-C 
structure. New evidence6 has confirmed the structure 
of this dehydro dimer as 2,2’-diphenyl-2,2’-biindan- 
1,1’,3,3’-tetrone (11). Also reportede were the synthe- 
sis of I1 by oxidation of 2-phenyl-lJ3-indandione (I) in 
base, the homolytic and reductive cleavage of 11, and 
its thermal rea~angernent .~ 

The present work reports a new, heterolytic cleavage 
of I1 by sodium methoxide or sodium hydroxide and 
proposes a mechanism for the formation of the observed 
products. 
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Results.-Dehydro dimer I1 was cleaved to 2,3- 
diphenyl-1,4-naphthoquinones, (111, 76%), sodium 
phthalate, and 2-phenyl-1,3-indandione (I) when boiled 
with 1 N sodium hydroxide in dioxane. A hot meth- 
anolic solution of 11 containing sodium methoxide gave 
111, I, and methyl phthalate. The identity of the 
quinone I11 was proven by its melting point and 
infrared spectrum and by its conversion to 2,3-di- 
phenylnaphthalene-l,4diol diacetatel0 and to 2,3- 
epoxy-2,3-dihydro-2,3-diphenyl-l,4-naphthoquinone. l1  

0 

R-R dioxane. NaoH + + RH 
CeHs I 

I1 0 
R = 2-phenyl-1,3-indandion-2-yl I11 

While the sequence by which the dehydro dimer I1 is 
cleaved to give the 2,3-diphenyl-1,4-naphthoquinone 
and I is not fully established, it probably includes the 
formation of the dianion of the hydroquinone of I11 as 
an intermediate; indeed, 2,3-diphenylnaphthalene-lJ4- 
diol8 was isolated from the reaction in small quantities. 

Proposed Mechanism for Ring Expansion.-A possi- 
ble formulation of the cleavage of I1 by hydroxide 
ion is shown in Scheme I; the cleavage with methoxide 
ion can be interpreted analogously. 

SCHEME I 
PROPOSED MECHANISM FOR THE ALKALINE CLEAVAGE OF 

2,2’-DIPHENYL-2,2‘-BIINDAN-1,1’,3,3’-TETRONE 

Wc::: + 2R- (I) 
0 I11 
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SCHEME I1 

( K O E L S C H ~ ~ )  
AROMAT~ZATION OF A BENZO [3.1.0]BICYCLOHEXENONE 

0-  0 

A related formation of a hydroxynaphthalene from a 
[3.1.0]bicyclohexanone under similar conditions was 
recently reported by Koelsch12 and is formulated as 
Scheme 11. 

Another related ring expansion is that of 2,2'-biindan- 
1,1'3,3'-tetrone in the presence of zinc dust in acetic 
acid, or of sodium hydrosulfite (sodium dithionite) in 
aqueous alkali to form a dihydroxynaphthacenequi- 
none. 13-14  

Zn/HOAc heat 

H NaOH/NaS204 
. ,  ~~ 

0 0 HO 0 

Reductive Cleavage of 11.-The reductive cleavage of 
I1 to the anion of I has been effected by sodium in 
dioxane or liquid ammonia and by benzophenone 
ketyL6 It was also reported that in these reductions 
the quinone IIJ was also formed in small amounts, 
possibly due to the presence of some hydroxide, alkox- 
ide, or amide ions. In the present study the proposed 
reductive cleavage of I1 by the intermediate dianion of 
2,3-diphenylnaphthalene-1,4-diol is supported by a 
separate experiment. 

The quinone I11 was catalytically reduced to its 
hydroquinone, which in turn was converted to the 
dianion by sodium hydride in a dioxane solution. On 
addition of I1 to this solution and acidification, I 
(29%) was obtained along with unchanged I1 (61%). 
The dianion of the hydroquinone was easily reoxidized 
to 111. 

Experimental l6 

Z,Z'-Diphenyl-Z,Z'-biindan-l, 1 ',3,3'-tetrone (I1 j .-The de- 
hydro dimer I1 used in this study was prepared by oxidation of 
the anion of 2-phenyl-l,3- indandione ( I )  by iodine, according to 
the previously reported procedure.6 

Cleavage of I1 by Aqueous Base.--A solution of 15.0 g. (34.0 
mmoles) of I1 in 150 ml. of dioxane and 150 ml. of 1 .V sodium 
hydroxide was refluxed overnight under nitrogen and then con- 
centrated to about 50 nil. by distillation. A solution of the 

(12) C. F. Koelsch, J .  Org. Chem.,  26, 1003 (1961). 
(13) (a) C. Dufraisse, Buli. BOC. chim. Prance, (51 8 ,  1880 (1936); 

(14) A .  Schonberg and R.  Moubasher, J .  Chem. Soc. ,  212 (1949). 
(15) Analyses were performed by Schwarakopf Microanalytical Labora- 

tories, Woodside. N. Y. Infrared spectra were taken on a Perkin-Elmer 
double beam recording spectrophotometer, Model 21, and a Perkin-Elmer 
Infracord spectrophotometer, Model 137. Ultraviolet spectra were taken 
on a Cary Model 11 recording spectrophotometer. Melting points were 
taken in capillary tubes and were corrected. 

(b) G. 
Wanag. B e r . ,  70, 274 (1937). 

residue in 900 ml. of water was cooled in ice, and the yellow 
precipitate was collected. Extraction of the red filtrate with 
methylene chloride gave, on evaporation of the solvent, more 
yellow solid. The combined yield was 8.0 g. (25.7 mmoles, 76%) 
of impure 2,3-diphenyl-l,4-naphthoquinone (111), m.p. 130-135a. 
The infrared spectrum of this impure quinone showed a hydroxyl 
band in the 3500-cm.-l region in addition to the expectedlB 
carbonyl band a t  1665 cm.-l. 

When this impure quinone was dissolved in boiling ethanol, 
the small amount of colorless 2,3-diphenylnaphthalene-1,4- 

which did not diasolve was collected, m.p. 200-224" (red 
melt); lit.8 m.p. 236-243", after softening a t  220". 

It was not possible to remove this hydroquinone completely 
by recrystallization from ethanol. However, when oxygen was 
bubbled through a boiling solution of the mixture in ethanol for 
about 30 min., the color changed from a red-orange to a bright 
yellow and pure 2,3-diphenyl-1,4-naphthoquinone, m.p. 140- 
141 ', was isolated. Another recrystallization followed by 
sublimation a t  140' (0.1 mm.) raised the melting point slightly, 
to 141-141.5'; lit.9 m.p.  140-142'. 

Anal. Calcd. for C22H1402: C, 85.14; H, 4.55; mol. wt., 
310.3. Found: C, 85.00; H,  4.60; mol. wt., 318. 

The ultraviolet spectrum had one band, A:::" 250 mp (emBr: 

27,000), and showed a broad shoulder with its maximum a t  310 
mP. 

The red aqueous phase from the cleavage was cooled, acidified, 
and filtered. The light tan solid was washed with water and 
dried to yield 2.0 g. (9 mmoles, 135%) of 2-phenyl-1 ,3-indandione,17 
m.p. 145-147'; l i t .3 m.p. 149". 

The filtrate was further cooled to give as a white precipitate 
2.88 g .  (17.4 mmoles, 51%) of phthalic acid," m.p. 204-205" 
dec.; lit.'* n1.p. 206-208" dec. 

Cleavage of I1 with Sodium Methoxide.-To a solution of 4.6 
g. (0.2 g.-atom) of sodium in 500 ml. of methanol, there was 
added with stirring 17.68 g. (40 mmoles) of 11. The clear red 
solution was refluxed under nitrogen for 20 hr. and then concen- 
trated to 50 ml. by distillation of the solvent. The residue was 
diluted with methylene chloride and extracted once with 0.1 N 
sodium hydroxide and twice with water. The red aqueous phase 
after acidification with hydrochloric acid, extraction with 
methylene chloride, and evaporation of the solvent, yielded a 
light orange crystalline residue. This on trituration with 
hexane-ether gave 5.56 g. (25 mmoles, 31%) of 2-phenyl-1,J- 
indandione (I) ," m.p. 141-143". 

The neutral yellow methylene chloride layer was concentrated 
to a thick oil, which was then dissolved in benzene and chroma- 
tographed on a 325-g. silica gel column. The column was eluted 
successively with hexane, benzene, methylene chloride, ether, 
and methanol. The benzene fraction on evaporation of the 
solvent and trituration of the residue with ether yielded 2.15 g. 
(4.85 mmoles, 12%) of 11," m.p. 210-213". From the methyl- 
ene chloride fraction 5.16 g. (16.6 mmoles, 41.5%) of 2,3-di- 
phenyl-l,4-naphthoquinone (111),17 m.p. 139-140°, was isolated. 
One recrystallization from ethanol raised the melting point to 
141-142". The ether fraction on evaporation of the solvent gave 
3.5 g. (18 mmoles, 45%) of methyl phthalate." 

When the reaction was run with one equivalent of sodium 
methoxide, 137, of I ,  11% of 11, 22% of 111, and 38% of methyl 
phthalate were obtained. 
2,3-DiphenylnaphthaIene-l,.l-diol and Its Diacetate.-When 

200 mg. of 2,3-diphenyl-l,4-naphthoquinone was reduced under 
Clemmensen conditions (amalgamated zinc, concentrated hydro- 
chloric acid, toluene), white shiny flakes formed in the toluene 
layer in 2 or 3 min. The white flakes were collected and re- 
crystallized from benzene to yield 100 mg. of 2,3-diphenylnaph- 
thalene-1,4-diol, rn.13. 205-225" (red melt); lit.8 m.p. 236-243", 
after softening a t  220". 

The infrared spectrum of this compound was identical with 
that of the hydroquinone obtained in the previous reaction, 
showing a strong hydroxyl band a t  3500 cm.-l and no carbonyl 
band a t  1665 cm.-'. S o  satisfactory analysis was obtained 
because of susceptibility to air oxidation For this reason the 
acetoxy derivative was prepared. 

(16) L. J. Bellamy, "The Infrared Spectra of Complex hlolecules." 2nd 
Ed. ,  J. Wiley and Sons, Inc., New York, N. Y.,  1958. 

(17) The infrared spertruni waE auperiniposable on that of an authentic 
sample. 

(18) "Handbook of Chemistry and Physics," 44th Ed. ,  Chemical Rubber 
Publishing Co.,  Cleveland, Ohio, 1963. 
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To a solution of 1 g. of 2,3-diphenyl-l,4-naphthoquinone in 30 
ml. of glacial acetic acid, 1 g .  of powdered zinc and 5 mI. of 
concentrated hydrochloric acid were added. The mixture was 
boiled until the solution became colorless (5-10 min.) and a white 
solid separated. The mixture was then cooled, diluted with 200 
ml. water, and extracted with methylene chloride. To the dried 
extract there were added immediately 1 ml. of pyridine and 1 ml. 
of acetyl chloride with cooling. The pale yellow solution was 
evaporated to dryness, and the residue was triturated with 
ethanol. The white crystals of 2,3-diphenylnaphthalene-l,4- 
diol diacetate were collected and recrystallized from ethanol to 
yield 350 mg. of product, m.p. 199-200", unchanged by further 
crystallization; lit.10 m.p. 200-202"; ultraviolet spectrum: 

Anal. Calcd. for CZ,HZ,,O~: C, 78.77; H, 5.09. Found: 
C,  78.69; H, 5.06. 

2 ,3-Epoxy-2,3-dihydro-2,3-diphenyl-l,4-naphthoquinone .-To 
a hot solution of 1 g. (3.2 mmoles) of 2,3-diphenyl-1,4-naphtho- 
quinone in 25 ml. of ethanol there were added 3 ml. of 307, hydro- 
gen peroxide and 5 rnl. of 107, aqueous sodium carbonate. The 
solution turned deep red and then colorless. After heating for 5 
min., a solid separated. The mixture was cooled, diluted with 
100 ml. of water and filtered. Two recrystallizations of the 
precipitate from ethanol yielded 720 mg. (2.2 mrnoles, 697,) 
of 2,3-epoxy-2,3-dihydro-2,3-diphenyl-l,4-naphthoquinone, m 
159-160'; lit.11 m.p. 155-166'; ultraviolet spectrum: X,$H 

235 mp (emax 37,200). 
Anal. Calcd. for C22H1403: C, 80.97; H, 4.32. Found: 

C, 81.08; H, 4.35. 
Reductive Cleavage of II with the Dianion of 2,J-Diphenyl- 

naphthalene-l,4-diol.-A solution of 1 .O g. (3.2 mmoles) of 2,3- 
diphenyl-l,4-naphthoquinone (111) in 50 ml. of dioxane was 
hydrogenated for 30 min. a t  50 Ib./in.2 using 0.5 g. of platinum 
oxide as catalyst. After removal of the catalyst the solution was 
added to a suspension of 300 mg. (6.4 mmoles) of sodium hydride 
(51.6% in mineral oil) in 50 ml. of dioxane with stirring under 
nitrogen. After the evolution of gas ceased, a light brown-yellow 
solution was obtained. To this solution there was added with 
stirring a solution of 1.414 g.  (3.2 mmoles) of 11 in 50 ml. of 
dioxane. The red solution was stirred a t  room temperature 
overnight and concentrated to a thick sirup. This was diluted 
with methylene chloride and extracted once with 0.1 N sodium 
hydroxide and once with water. The yellow organic phase was 
concentrated to a gum, which on trituration with methanol gave 
1.88 g. of a yellow solid containing 0.87 g. (1.95 mmoles, 61%) of 
unchanged I1 and 1.0 g. (100%) of 2,3-diphenyl-l,4-naphtho- 
quinone. The concentrations of these two substances in the 
mixture were determined by ultraviolet spectroscopy from the 
optical density a t  231 mp of a solution in ethanol. 

The red aqueous phase after acidification and extraction with 
methylene chloride gave 0.41 g. (1.84 mmoles, 29%) of 2-phenyl- 
1,3-indandi0ne.~' 

219 (e 45,600) and 232 mp (45,000). 
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We have found that phenyl isocyanate and di- 
phenyldiazomethane react under the influence of ultra- 
violet light to afford 2,2-diphenylindoxyl. This 
reaction appears to be the first example of the addition 
of a carbene to an isocyanate and the first photo- 
initiated reaction of an isocyanate. In addition, each 
reactant is converted individually into a characteristic 

(1) J. C. Sheehan and J. W. Frankenfeld. J .  A m .  Chem. Soc.. 88,  4792 
(1961). 

irradiation product ; that is, diphenyldiazomethane 
produces benzophone azine2 and phenyl isocyanate 
gives the cyclic dimer 1,3-diphenyl~retedione.~ 

The formation of 2,2-diphenylindoxyl can be ex- 
plained by assuming that the photo-generated carbene 
from diphenyldiazomethane adds to the phenyl iso- 
cyanate to produce an a-lactam I which t>hen collapses 
to the indoxyl 11. 

I1 

Recently' this same a-lactam I was proposed as an 
intermediate in the reaction of a-chloro-a, a'-diphenyl- 
acetanilide with sodium hydride; in that case also 2,2- 
diphenylindoxyl (11) was the principal product. 

In  two earlier communications from this laboratory4J 
the nonphotochemical reaction of diazomethane with 
phenyl isocyanate was reported to give a P-lactam 
(that of N-phenyl-@-alanine). At that time it was sug- 
gesteds as one possible mechanism that first one mole- 

CsHs 
N-CEO 

\ 
~~ 

CeHSNCO + 2 CHzNi + I I 
CHz-CHz 

cule of diazomethane reacted with one molecule of 
phenyl isocyanate to give an intermediate a-lactam, 
which on subsequent reaction with a second molecule 
of diazomethane formed the p-lactam. 

Staudinger stated6 that diphenyldiazomethane does 
not react with phenyl isocyanate. Our present experi- 
ments confirm the absence of a detectable change on 
simple mixing of the reagents; heating decomposes 
diphenyldiazomethane to benzophenone azine. Ir- 
radiation, however, initiates a rapid reaction. 

Experimental 

Irradiation of Phenyl Isocyanate and Diphenyldiazomethane .- 
A solution of diphenyldiazomethane (1.2 g., 6.2 mmoles) in 
phenyl isocyanate (3.5 g., 29.6 mmoles) was irradiated' in a 
quartz tube with occasional cooling. After 6 hr. 115 ml. of 
nitrogen (25") had been evolved and the deep violet color of di- 
phenyldiazomethane had disappeared. The excess phenyl iso- 
cyanate was evaporated a t  room temperature and the residue was 
chromatographed over silicic acid (Mallinckrodt, 100 mesh). 
Elution with n-pentane-benzene yielded benzophenone azine 
(356 mg., m.p. 162-163"). Benzene eluted 1,3-diphenylurete- 
dione (53 mg., m.p. 174-175'); both were characterized by com- 
parison with samples prepared by known methods.2fa Elution 
with benzene-ether (97:3) afforded 312 mg., m.p. 212-213" 
(after recrystallization from ether-petroleum ether), of 2,2- 
diphenylindoxyl. Identification was made by mixture melting 
point and comparison of infrared and ultraviolet spectra with an 
authentic sample.' The molecular weight (mass spectrometric) 
wm 285 (calcd. for C20H16NO: 285). Continued elution with 
benzene-ether gave a viscous red oil in which the probable pres- 

(2) T. Curtius and F. Rauterberg, J .  prakl. Chem., 121 44, 200 (1891). 
(3) L. C.  Raiford and  H. B. Freyermuth. J. Org.  Chem., 8 ,  230 (1943). 
(4) J. C. Sheehan and P. T. Izzo, J. A m .  Chem. Soc.. 70, 1985 (1948). 
( 5 )  J. C. Sheehan and P. T. Iazo.  ibid. .  71, 4059 (1949). 
(6) H. Staudinger. E. Anthes. and F. Pfenninger, Ber., 49, 1928 (1916). 
(7) The irradiation was carried out  from a distance of 12-15 cm. with a 

140-w. Hanovia Utility Model high-pressure quartz mercury-vapor arc  
lamp, which transmits the complete ultraviolet spectrum. 


