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The photochemica l  reac t ions  of 9 ,10-anthraquinone (I) with rad ica l  r eagen t s ,  which have in t e re s t  as a 
poss ib l e  way of inser t ing  a subst i tuent  into the anthraquinone molecule ,  have been studied inadequately.  Only 
one pape r  is known [1], in which the photoaddit ion of t e r t -bu tano l  to (I) was studied, which p roceeds  at the 
carbonyl  group to give 9 -hyd roxy -9 - (2 -hyd roxy -2 -me thy lp ropy l ) -10 -an th rone .  

When the photochemica l  t r i f luoromethyla t ion  of {I) by reac t ion  with CF3CO2Ag [2] in CHC13 in an ine r t  
a t m o s p h e r e  was a t tempted,  we obtained the f l uo r ine - f r ee  adduct, and speci f ica l ly  9 - h y d r o x y - 9 - t r i c h l o r o m e t h y l -  
anthrone (ID. Compound (H) is obtained in lower yield by running the reac t ion  in the absence  of CF3CO2Ag. 
Compound (I1) is not fo rmed  in the p r e s e n c e  of e i ther  2 ,6 -d i - t e r t -bu ty lpheno l  (DTBP) or  a tmospher i c  oxygen 
(Table 17. Evidently,  (H) is f o rm ed  by a s cheme  that  is analogous to the addition of l e f t -bu tano l  to (I) [1], and 
is the r e su l t  of recombin ing  the ~C13 rad ica l  and anthrasemiquinone ,  which p r e c e d e s  the c leavage of H atom 
f rom CHC13 by the quinone in the exci ted s ta te .  The cata ly t ic  effect  of CF3CO2Ag cons is t s  in inc reas ing  the 
concentra t ion  of the CCI 3 r ad ica l s  via the analogous reac t ion  of the CF 3 radica l ,  genera ted  during the photolysis  
of CF3CO2Ag, with ch lo ro fo rm.  

It  might  be a s s m ned  that  the abi l i ty  to add to the carbonyl  group of weak H donors is a c h a r a c t e r i s t i c  
p r o p e r t y  of exci ted (I). In o rde r  to ver i fy  this we studied the photochemica l  reac t ion  of (D with toluene, s ince 
informat ion  is given in [3] on the fo rmat ion  of hydrocarbon  rad ica l s  during the phote lys is  of (I) in solutions of 
a r o m a t i c ,  a l iphat ic ,  and cycl ic  hydroca rbons .  The r e su l t  of the photochemica l  reac t ion  of (I) with toluene in 
the p r e s e n c e  of t e r t - bn ty l  pe rox ide  (TBP) is also addition to the carbonyl  group to give 9 - h y d r o x y - 9 - b e n z y l -  
10-anthrone (II1). 

Anthrones (II) and (HI) when hea ted  a r e  conver ted  to (I), and the i r  s t r u c t u r e  was conf i rmed  by the ana-  
lyt ical  and spec t r a l  data. 

EXPERIMENTAL 

The IR s p e c t r a  w e r e  obtained on a UR-20 spec t ropho tome te r ,  the UV s p e c t r a  were  obtained on a Unicam 
SP-700c in s t rumen t  in alcohol solution, the PMR spec t r a  were  obtained on a Var ian  A-56/56A ins t rumen t  (60 
MHz) in CDC13 solution, and the m a s s  s p e c t r a  were  obtained on an MS-902 ins t rument .  The ch roma tog raphy  
was run on eoktmns  packed with A1203, and elution was with d r y  CHC13. 

TABLE 1. Photoaddit ion of Chloroform and Toluene to 
Anthraquinone (in argon) 

Adduct and Anthr aqttinone 
Addend Time, h Additive its yield, % conversion, % 

CHCh 
The same 

CH3CsH5 

22 
24 
91 
50 * 
60 
8 

CFaCO2Ag 

DTBP 
TBP 

(II), 36 
(n), 6 
(ii), 23 

(IID, 43 

t00 
35 
72 
t 0  
40 

i00 

*In the p r e s e n c e  of a tmosphe r i c  oxygen. 
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9 - H y d r o x y - 9 - t r i c h l o r o m e t h y l - 1 0 - a n t h r o n e  (II). A m i x t u r e o f 0 . 5  g of (D and0.2 g of CFaCO2Agin 150 ml  
of CHC13 was i r r a d i a t e d  a t  25-30~ with the light f rom a DRSh-500 lamp in g lass  cy l inders  that  t r ansmi t t ed  
light with ~ _> 300 nm.  The dis tance f r o m  the light sou rce  to the sample  was 25-30 cm.  The mix tu r e s  were  
s t i r r e d  by the continuous p a s s a g e  of argon.  At the end of photo!ys is  (22 h) the mix tu r e  was concent ra ted  
in vacuo to a volume of 5-10 ml.  The p rec ip i t a t e  was f i l te red ,  washed with methm]ol ,  and ch roma tog raphed  
to give 0.3 g (36%) of (II), mp 232-237 ~ (from a C6H ~- CHC13 mixture) ;  k m a x  238,262 i* ,  281 nm,  log~ 4.20, 
4.00, 4.01. I n f r a r ed  s p e c t r u m  (KBr, v, cm-I )  �9 1680 (C=O),  3390 (OH). P1V~ s p e c t r u m  (5, ppm): 3..60 s 
(1H, OH), 7.30-8.26 m (8H, a rom a t i c  pro tons) .  Mass s p e c t r u m ,  m / z $  (intensity,  %): 209 (100), 208 (10), 
180 (6), 153 (8), 152 (14), 105 (5), 77 (6), 57 (6), 43 (5). Found: C 55.04; H 2.75; C1 32.70; 09.68%. CI~HgCI302. 
Calculated:  C 54.96; H 2.75; CI 32.51; O 9.77%. 

The photolys is  in the absence  of CF3CO2Ag and in the p r e s e n c e  of DTBP was run in a s im i l a r  manner .  
The expe r imen ta l  r e s u l t s  a r e  given in Table  1. 

9 - H y d r o x y - 9 - b e n z y l - 1 0 - a n t h r o n e  (III). S imi la r  to (II), f r om 0.5 g of (I) and 1.4 g of T B P  in 250 ml  of 
toluene we obtained 0.3 g (43%) of {III), mp 142-145 ~ (from MeOH); ~ m a x  234,266,  274 nm,  log ~ 3.98, 4.13, 
4.14. I n f r a r ed  s p e c t r u m  (CCI~, v, cm- i ) ;  1680 ( C - O ) ,  2880, 2920, 2950 (CH2) , 3600 (OH). PM_R s p e c t r u m  
(5, ppm):  2.86 s (1H, OH), 3.06 s (2H, CH2), 5.86-8.00 m (13H, a roma t i c  pro tons) .  Found: C 83.94; H 5.15%; 
mol.  wt. 300 (mass  s p e c t r o m e t r y ) .  C21HlcO2. Calculated:  C 84.00; H 5.33% tool. wt. 300. 

CONCLUSIONS 

The photochemical reaction of 9,10-anthraquinone with chloroform and toluene respectively gives 
9-hydroxy-9-trichloromethyl- i0- anthr one and 9-hydr oxy- 9-benzy i- 10- anthrone. 
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*Inflection. 
tThe peaks, whose intensity is at least 5%, are given. 
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