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we could only isolate o-hydroxydiphenylacetic acid 
lactone IV whereas in the case of p-nitrothiophenol 
this lactone and p,p'-dinitrodiphenyldisulfide were 
obtained. 

EXPERIMENTAL 

The benzene used was dried over sodium. The COZ stream 
was produced by the action of hydrochloric acid on marble 
and then dried with concd. HzSO,. 

Action of thwphenol on hexaphenylethane. A solution of 
hexaphenylethane was prepared by refluxing for 45 min. 
a solution of 3 g. (0.0108 mole) of triphenylchloromethane in 
20 ml. of benzene, after addition of 8 g. of copper bronze. 
After filtration an orange solution of hexaphenylethane 
(triphenylmethyl) was obtained. Its color was discharged 
very rapidly after the addition of 0.6 g. (0.0054 mole) thio- 
phenol in 5 ml. of benzene. After refluxing for 3 hr., benzene 
was driven off under reduced pressure leaving residue A. 
All these manipulations were carried out in a stream of dry 
COZ. 

Residue A was extracted with 50 ml. of petrolaum ether 
(60-80') which yielded a residue after evaporation. The 
residue was fractionally crystallized from alcohol. The first 
fraction yielded 0.9 g. triphenylphenylmercaptomethane 
(0.0025 mole) and on concentration 0.5 g. (0.002 mole) of 
triphenylmethane. These two substances were identified by 
melting point and mixed melting point 104" and 92' respec- 
tively, with authentic samples. The phenylmercapto deriv- 
atives was also identified by its color reaction with concd. 
HzS04; the substance dissolved in acetic acid gave no color 
reaction with sodium nitrite crystals which proved that no 
thiol group was present. The substance was also prepared 
from phenylmercury mercaptide and triphenylchloro- 
methane. 
Triphenylphenylmercuptomethane. To 0.25 g. (0.0006 mole) 

of bis( phenylmercapto)mercury' in 25 ml. hot benzene was 
added 0.75 g, of (0.0027 mole) triphenylchloromethane. 
After heating for 90 min. in a bath (60") followed by re- 
fluxing for 1 hr., the benzene was removed by distillation and 
the residue was extracted with hot benzine (60-80'). After 
evaporation of the benzine the residue waa twice crystal- 
lized from alcohol. Triphenylphenylmercaptomethane waa 
obtained in colorless crystals m.p. 104', no depression with 
an authentic sample.* 

Anal. Calcd. for C~EHZOS: C, 85.2; H, 5.7; S, 9.1. Found: 
C, 85.4; H, 5.6; S, 8.8. 

Action of 9,9'-diphenyl-9,9'-bifEuorenyl (I) on ( a )  Thio- 
phenol. Four-tenths of a gram (0.00083 mole) of I6 and 0.2 g. 
(0.0018 mole) of thiophenol in 40 ml. of dry benzene were 
refluxed for three hours in a stream of carbon dioxide. The 
solvent was removed by distillation in a stream of carbon 
dioxide and the residue treated with 15 ml. of boiling alco- 
hol (96%). The solution was quickly cooled in ice and then 
allowed to stand for 30 minutes a t  room temperature. The 
deposit (0.15 g. 0.00062 mole; m.p. 136-140') yielded after 
crystallization from alcohol 9-phenylfluorene, melting point 
and mixed melting point with an authentic sample 148'. The 
crystals gave no color reaction with concd. sulfuric acid. 

Anal. Calcd. for CleH~r: C, 94.2; H, 5.8. Found: C, 94.0; 
H, 5.8. 

The alcoholic filtrate was concentrated to 5 ml. whereupon 
crystals (0.1 g.; m.p. 110-114°) were obtained which after 
crystallization from benzine (60-80") yielded 9-phenyl-9- 
phenylmercaptofluorene of m.p. 118', no depression with a 
sample prepared according to the method described below. 

(b) Thioacetic acid. Similarly from 0.6 g. (0.00125 mole) of 
I and 0.2 g. (0.0026 mole) of thioacetic acid in 50 ml. benzene 
l__l 

(3) A. Schonberg et al., Ber., 66,240 (1933). 
( 4 )  H. Lechei, Ber.,48,1429(1915). 
(5) W. Schlenk, Ber., 43,1753 (1910). 

after 3 hr. of refluxing, 0.25 g. of 9-phenylfluorene were ob- 
tained, identified (after crystallization from ethyl alcohol) 
by melting point and mixed melting point (142'). 
9-Phenyl-9-phenylrnermptofEumene. The substance was 

obtained from 0.25 g. (0.00006 mole) of bis(phenylmercapt0)- 
mercury and 0.7 g. (0.0025 mole) of Q-chloro-Q-phenyEluc+ 
rene in 25 ml. benzene as described in the case of phenyl- 
mercaptotriphenylmethane. Pale yellow crystals, m.p. 
118', were formed, which dissolved in concd. sulfuric acid 
with an orange color. 

Anal. Calcd. for CzsHlsS: C, 85.7; H, 5.1; S, 9.1. Found: 
C, 85.3; H, 5.1; S, 8.6. 

Action of a,8'-dilcel~-S,S'-diph~y1-g,g1-diwu~rinyl (11) 
on: ( a )  Thiophenol. To 0.8 g. (0.0019 mole) of (11) in 20 ml. 
dry chlorobenzene was added 0.2 g. (0.0019 mole) of thio- 
phenol. After refluxing for 30 min. in stream of carbon diox- 
ide the blue color of the hot solution was almost completely 
discharged. The solvent was removed in a vacuum and the 
residue pressed on a porous plate. A solid was obtained which 
after recrystallization from petroleum ether (60-80') yielded 
colorless crystals 0.15 g. (0.00071 mole) which proved to be 
the lactone of o-hydroxydiphenylacetic acid (IV); m.p. and 
mixed m.p. 110-112'. 

( b )  p-Nitrothiophenol. To 0.7 g. (0.0016 mole) of I1 in 20 
ml. dry chlorobenzene was added 0.35 g. (0.0023 mole) of 
p-nitrothiophenole and the mixture was heated m above for 
60 min. The yellowish green solution was evaporated to dry- 
ness in a vacuum and the residue was extracted with 20 ml. of 
ether. The insoluble material (0.2 g.) (0.00066 mole) ?a 
crystallized from benzene and proved by melting point 
(181') and mixed melting point to be p,pdinitrophenyl- 
disulfide. Evaporation of the ether yielded an oil from which 
0.15 g. (0.00071 mole) of the lactone of o-hydroxydiphenyl- 
acetic acid was obtained; m.p. and mixed m.p. 110-112' 
after crystallization from petroleum ether (60-80'). 
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The photochemical addition of aldehydes to 
p-quinones leading to  the formation of ketones is 
known in a number of cases'. Thus, p-benzoquinone 
and benzaldehyde give l14-dihydroxybenzophe- 
none. A photoreaction leading to the formation of an 
ester seems, however, to  have been observed only in 
the case of chloranil and benzaldehyde (ultraviolet 
light) ;2 the monobenzoate of tetrachloroquinol 
being formed. We should like to  report a second 
example of this type, namely, the reaction in sun- 
light between benzaldehyde and khellinquinone 

(1) H. Klinger and W. Kolvenbach, Ber., 31, 1214, 
(1898); H. Klinger and W. Standke, Ber., 24, 1340, (1891). 

(2) R. F. Moore and W. A. Waters, J .  Chem. Soc., 238 
(1953). 
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(2-methylfuro-4',5' - 6,7 - chromone - 5,8 - quinone) 
(I).3 For the structure of the reaction product, 
which is phenolic in character (ferric chloride reac- 
tion), the choice lies between I I a  and IIb. That 
formula I I a  is correct could be seen from the fact 
that methylation with ethereal diazomethane (in 
the absence of methyl alcohol) could be effected 
with the formation of IIe. Chromones with hydroxyl 
groups in position 5 are very resistant toward ethe- 
real diazomethane  solution^,^ this is believed to be 
due to chelation.6 The photo-product is soluble in 
aqueous alkali, while the mono-hydroxy chromones 
with the hydroxyl group in position 5 are n ~ t . ~ ~ ~  

0 
I 

€2' 
I1 

IIa, R = OCOPh, R' = OH 
b. R = OH, R' = OCOPh 
e,' R = R' = OH 
d, R = OH, R' = OCHa 
e, R = OCOPh, R' = OCHs 

IIe could also be obtained by the treatment of 
5-hydroxy- 8 - methoxy -2-methylfour -4',5, '6,6-chro- 
mone (IId)4 with benzoyl chloride in pyridine. A 
facile hydrolysis of I I a  to IIc7 using dilute hydro- 
chloric acid was observed. The photoaddition of 
benzaldehyde to anthraquinone was tried without 
,wccess. 

EXPERIMENTAL 

General remarks. The photoexperiments were carried out 
in Schlenk tubes8 of Pyrex glass. The tubes were sealed 
while a stream of carbon dioxide was passing through. The 
benzene used was thiophene-free and dried over sodium. 
The ferric chloride tests were carried out by dissolving the 
substance in ethyl alcoho! and adding ferric chloride in 
water. 

Photochemical reaction between benzaldehyde and khellin- 
quinone. Khellinquinone (I)  (1.1 g., 1 mole) and freshly 
distilled benzaldehyde (1.5 g., 3 mole), in 30 ml. benzene, 
were exposed to sunlight for 60 days (Jan.-Feb.). Bt the end 
6f the experiment, a yellow deposit (I is orange) was formed, 
filtered off, washed with benzene, and crystallized from 
ethyl. alcohol. I Ia  forms almost colorless crystals m.p. 220" 
with decomposition, (yield, 0.7 g.). 1Ia is soluble in aqueous 
10% sodium hydroxide, dissolves in concd. sulfuric acid with 
a yellow orange color, and gives a blue-green ferric chloride 
color reaction. 

67.6; H, 3.5. 
Anal.  Caicd. for C l ~ H l ~ O ~ :  C, 67.8; H, 3.6. Found: C, 

( 3 )  A. Schonbera and N. Badran, J. Am. Chem. Soc., 73, 
2960 (1951). 

(4) A. Schonbern and G. Aziz. .T Am. C'hem. Soc., 75. 
I . .  

3265(1953). 

(1946). 
( 5 )  A. Schonberg and A. Mutstafa, J. Chem. Soc., 746 

(6) R. Schmid, Nelv. Chim. Acta, 32, 814 (1949). 
(7) A. Schollberg and A. Sica, 2. Am. Chem. Soc., 72, 

( 8 )  W. Bcnlenk and A. Thai? 3er , ,  46, 2840 (1913). 
3396 (1950). 

Action of diazomethane on ZZa. To 1 g. of IIa was added an 
ethereal solution of diazomethane (from 6 g. of nitroso- 
methylurea). The reaction vessel was kept in the ice chest 
for 24 hr. The solid phase was filtered off and crystallized 
from ethyl alcohol as colorless crystals of IIe, m.p. 210'. 
Admixture with the product obtained as described below 
gave no depression, but on admixing with IIa, there was a 
depression in the m.p. to  190". IIe is insoluble in 10% 
aqueous sodium hydroxide solution, soluble in concd. sul- 
furic acid with a yellow-orange color, and gives no color 
reaction with ferric chloride. 

Anal. Calcd. for C20H1406: C, 68.6; H, 4.0. Found: C, 
68.5; H, 3.9. 

Benzoylation of IZd. To 0.6 g. of I Id  in 10 rnl. of pyridine 
(dried over potassium hydroxide and then distilledj was 
added about 1 g. of benzoyl chloride and the mixture was 
heated with shaking on a boiling water bath for 15 min. 
The mixture was left to cool and then acidified with 10% 
ice cold acetic acid. The deposit was filtered off, washed 
with water, and crystallized from ethyl alcohol as colorless 
crystals of IIe, m.p. 210". It is insoluble in 10% aqueous 
sodium hydroxide and gives no color reaction with ferric 
chloride. 

Anal. Calcd. for CzoHl4Oa: C, 68.6; H, 4.0. Found: C, 
68.8; H, 4.1. 

Hydrolysis of ZZa. To 0.5 g. of IIa in 20 ml. of dioxane was 
added 15 ml. of hydrochloric acid (7.5 ml. of concd. hydro- 
chloric acid of sp. gr. 1.18, mixed with 7.5 ml. water) and 
the solution was refluxed for 1 hr. The solution was alloyed 
to cool and the product obtained was filtered off and crys- 
tallized from acetic acid as yellow crystals of IIc, a .p . ,  
276"; admixture with an authentic sample7 gave no de- 
pression. 

Photochemical reaction between benzaldehgde and anthra- 
quinone. A similar experiment was carried out as in the 
case of benzaldehyde and kliellinquinone. -4nthraquinone 
was recovered unchanged as proved by melting point, and 
mixed melting point. 
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A recent paper of this series2 dealt with the prep- 
aration and configurations3 of 2P-hydroxymethy1- 
tropan-3 or-ol and 2 a-hydroxymethyltropar,-3 a-01. 

(1) Part X, I. Vincze, J. T&h, and G. Fodor, J-. Chom. 
Soc., in press. 

(2) b. KOVBCS, I. Weinz, P. Zolier, and G. Fodor, B e l v .  
Chim. Acta, 39, 99 (1956;. 

(3) For stereochemical notations see Parts 1 and h 7  of 
this series: J .  Chem. Soc., 721 (1953) ant? 3504 (1955), 
respectively. 


