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S U M M A R Y  

I t  i s  shown that the photo-oxidation of aromatic molecu2es 

containing an acti.ve methylene group can be used t o  introduce 

i so topic  oxygen. Photo-oxidation of xmthene re su l t s  i n  the 

formation of xmthone with the oxygen label appearing i n  the 

product a t  t.'ie cmbonyl group. 
be realized.  

method may be extended i s  a lso  given. 

In  t h i s  way, 100% enrichment can 
A b r i e f  discussion of other systems t o  wliich t h i s  

INTRODUCTION 

It is frequently informative for the molecular spectroscopist to use 

isotopes in assigning molecular vibrations which are observed in the electronic, 

Raman and infrared spectra of complex ions,  radicals and molecules [1,2]. In 

particular, substitution of the heavier 170 and l80 for l60 in carbonyl com- 

pounds should produce a decrease in the carbonyl frequency of these spectra. 

Also,  because of its nuclear spin, ' ' 0  can be introduced for experiments in 

both nmr [31 and endor [ 4 ] .  

In earlier work on the phosphorescence spectroscopy of xanthone (I) we were 

faced with the problem of assigning the vibrational progression in its emission 
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spectrum in p o l a r  a p r o t i c  s o l v e n t s  t o  e i t h e r  t h e  ca rbony l  s t r e t c h  f r equency  or 

t o  a r i n g  mode. 

1700 cm-l i n  t h e  Raman o r  i n f r a r e d  s p e c t r a .  

t h e  phosphorescence spectrum cou ld  no t  be unambiguously a s s igned  t o  e i t h e r  of t h e s e  

v i b r a t i o n a l  modes. Examination of t h e  i n f r a r e d  spectrum of xanthone shows t h a t  

t h i s  r e g i o n  of t h e  spectrum is p a r t i c u l a r l y  congested having s e v e r a l  bands over- 

lapped [ 5 ] .  

by t h e  photo-oxidat ion of xanthene (111) acco rd ing  t o  t h e  scheme, 

Both o f  t h e s e  would be expected t o  appear  between 1600 cm-' and 

There fo re  t h e  1620 cm-I v i b r a t i o n  i n  

I n  o r d e r  t o  r e s o l v e  t h i s  dilemma we have syn thes i zed  xanthone-1801 (11) 

l80 a + '"o, ultraviolet , 
light 

III II 

EXPERIMENTAL 

A 50 m l  q u a r t z  bu lb ,  A ( c f .  F i g u r e  1) c o n t a i n i n g  0.1 g of I11 (Ald r i ch ,  

r e c r y s t a l l i z e d  f r a n  e t h a n o l  t o  remove t h e  xanthone impur i ty )  i n  25 ml of 3-methyl- 

pen tane  ( P h i l l i p s ,  d i s t i l l e d  and chranatographed on alumina)  was degassed by 

pass ing  n i t r o g e n  th rough  t h e  s o l u t i o n  f o r  15 m i n .  fol lowed by degass ing  by t h e  

freeze-pump-thaw method. 

t h e  s o l u t i o n  of I11 a t  77' K by means of a l i q u i d  n i t r o g e n  bath.  

of '*02 (Miles-Yeda, 99.9 X )  was in t roduced  from 

a r ranganen t .  

a g i t a t i o n  of a magne t i c  s t i r r i n g  bar  f o r  15 min. 

and A was removed t o  a p h o t o l y s i s  chamber.  

m e  hcur w i t h  a focused ,  h e a t - f i l t e r e d  1500 w xenon lamp ( O r i e l )  a t  a d i s t a n c e  of 

50 cm. 

The system w a s  c a n p l e t e l y  evacuated while  ma in ta in ing  

Then, c a .  50 m l  

B by means of a va lve -b reak - sea l  

a t  c a .  380 t o r r  by t h e  v i g o r o u s  

The v a l v e s  t o  A and B were c l o s e d  

T h e  s o l u t i o n  was s a t u r a t e d  w i t h  

Here t h e  s o l u t i o n  w a s  i r r a d i a t e d  f o r  

The r e s u l t i n g  m l x t u r e  of I1 and un reac ted  I11 was t aken  t o  d r y n e s s  by 
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rotary evaporation and redissolved in 2 ml of 1:l benzene and pentane 

which was applied t o  a 1 x 30 cm silicic acid column. The effluent was 

monitored by measuring the absorbance of I1 and I11 at 338 nm and 

292 nm respectively. 

pure 11. 

subdued light using Pyrex containers which filter out the ultraviolet light 

which might cause photo-oxidation by air. 

The excess I11 eluted first and was followed by 

Total isolated I1 was 10 mg. All operations were performed in 

RESULTS AND DISCUSSION 

The mass spectrum of xanthone-l'o recorded on an LKEi 9000 GC/MS 1 
exhibits a parent ion peak corresponding to its molecular weight of 198. 

Relative intensities of the 198 and 196 mass peaks indicate that the 

isotopic purity of the xanthone-l'o is  95% before column chromatography 1 



416 Henry J .  P o w n a ~ ~  

and 80% t h e r e a f t e r .  I f  t h e  h i g h e r  i s o t o p i c  p u r i t y  is r e q u i r e d ,  p u r i f i c a t i o n  

shou ld  be c a r r i e d  o u t  under a n i t r o g e n  atmosphere.  Its i n f r a r e d  spectrum in 

methylene c h l o r i d e  (Beckman Accu-Lab-4) c o n t a i n s  a band a t  1637-1 which 

does  n o t  appea r  i n  t h e  spectrum of t h e  un labe led  compound. 

t h i s  f r equency  t o  t h e  t o t a l l y  symmetric ca rbony l  s t r e t c h i n g  v i b r a t i o n .  The 

co r re spond ing  v i b r a t i o n  i n  un labe led  xanthone appea r s  a t  1665 cm-l 151. 

lower f r equency  f o r  t h i s  v i b r a t i o n  i n  xanthone-"O 

i n c r e a s e  in i t s  reduced mass [6 ] .  The u l t r a v i o l e t  spectrum of I and I1 a r e  

i d e n t i c a l .  

We have a s s igned  

A 

i s  p r e d i c t e d  from t h e  1 

A su rvey  of t h e  photochemical  l i t e r a t u r e  r e v e a l s  t h a t  photo-oxidat ion can 

a l s o  be used t o  conve r t  t h i o k e t o n e s  [7] and o l e f i n s  [ 8 ]  t o  ke tones ,  o l e f i n s  

t o  quinones [ 8 , 9 ] ,  h a l o a l k a n e s  t o  c a r b o x y l i c  a c i d s  [ l o ]  and aldehydes [11,12] .  

T h i s  l i s t  shou ld  n o t  b e  cons ide red  as e x h a u s t i v e ,  bu t  r a t h e r  as an i n d i c a t i o n  

of t h e  g e n e r a l  a p p l i c a b i l i t y  oE t h i s  method t o  a v a r i e t y  of s y n t h e s e s  which 

r e q u i r e  a h i g h  enrichment  of  i s o t o p i c  oxygen. 
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