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e l im ina t ion  has been proposed to account fo r  the cleavage 
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The Nor r ish  type II photoprocess invo lv ing  an in t ramolecu la r  hydrogen 

abs t rac t ion  by a carbony l  group leading to cyc l i za t ion  and /o r  f ragmentat ion has been 

ex tens i ve l y  s tud ied .  1 In the cases of a l k y l  and a ry l  a l k y l  ketones th is  procedure 

p rov ides  an e f f i c i en t  route to cyc lobutano ls .  The ~ - a l k o x y  subs t i tu ted  carbony l  

compounds fu rn ish  oxetanols as wel l  as products  from cleavage of the a l koxy  

funct ion.  2 Photo lys is  of ~ - a l k o x y  ~ , B-unsaturated cyclenones has been repor ted  to 

p r o v i d e  a l k y l i d e n e  oxetanols and oxo oxetanes and occas ional ly  f ragmentat ion to lead 

to the parent  a ,B-unsaturated carbony l  compound. 3 The extension of th is  to the photo 

behav iour  of a - a l k o x y  a ,B-enones that  possess an endocyc l ic  oxygen atom has not been 

wel l  e x p l o r e d .  The only r epo r t  q invo lv ing  pho to l ys i s  of a 3-methoxychromone has been 

stated to y i e l d  a d ime r i c  oxe tano l .  In th is  paper  we present the f i r s t  instance of a 

fac i le  ex t rus ion  of the methoxy group in the pho to l ys i s  of 3-methoxychromones in 

methanol and the p robab le  mode of th is  ex t rus ion .  

In connection w i t h  our ongoing programme of synthesis  of marine 

sesqui terpenes,  we have repo r ted  5 the p h o t o l y t i c  e thy lene add i t i on  to 

3--methoxychromones to furn ish oxetanols through a tandem cyc loadd i t i on  and y - h y d r o g e n  

abs t rac t ion  sequence (e .g .  i a ~  2) .  In v iew of the continued in terest  in the Nor r ish  

type  II behav iour  of var ious carbony l  subst ra tes ,  we have i n i t i a ted  f u r t he r  s tudies to 

e x p l o r e  the photochemical  react ions d i sp l ayed  by 3-methoxychromones in a v a r i e t y  of 

so lvents .  I r r a d i a t i o n  of la  in methanol fo r  2h using a Hanovia q50W mercury lamp 

through a py rex  f i l t e r  w h i l e  a continuous f low of e thy lene was maintained through the 

solut ion fu rn ished the oxetanol 25 as the major  p roduct  a longwi th  the chromone 3a 6 

(15-20%). Ar is ing  out of our p rev ious  work  5, t h i s  react ion was done w i t h  a v iew to 

obta in ing the p r i m a r y  photoadduct .  However only the oxetanol 2 resu l ted  even under 

shor t  t ime pho to l ys i s .  The chromone 3a was obta ined as the sole product  when la  was 

i r r a d i a t e d  fo r  2h in methanol in the absence of e thy lene.  The i den t i t y  of 3a was 
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es tab l i shed  f rom spec t ra l  data  and a d d i t i o n a l l y  f rom compar ison w i t h  an au thent ic  

sample .  6 The fo rmat ion  of 3a may be env isaged to proceed as f o l l o w s .  An i n i t i a l  

p h o t o l y t i c  a d d i t i o n  of methanol  to the doub le  bond of l a  produces the 

d ime thoxych romanone  'X ~ wh ich  undergoes a y - h y d r o g e n  abs t rac t i on  to lead to a 

d i r a d i c a l .  Co l lapse of t h i s  d i r a d i c a l  w i t h  re lease of f o r m a l d e h y d e  and concomitant  

e l im ina t i on  of me thoxy  group leads to l a .  A l t e r n a t i v e l y  the d i r a d i c a l  may combine to 

an i n te rmed ia te  oxetano l  wh ich  c leaves  to f i n a l l y  a f fo rd  l a  (Scheme- I ) .  The conjugate 

a d d i t i o n  of methanol to cyc lenones under p h o t o l y t i c  cond i t ions  is p recedented  7 and 

lends suppor t  to the  p remise  of  i n i t i a l  a d d i t i o n  of  methanol to l a .  The thermal  

a d d i t i o n  of methanol to l a ,  wh ich  a lso appeared  poss i b l e ,  was exc luded  by  cont ro l  

e x p e r i m e n t s .  Thus, p ro longed s t i r r i n g  of l a  in methanol at ambient  tempera tu re  or 

r e f l u x i n g  fo r  5h or  a d d i t i o n  of  a c a t a l y t i c  amount of sodium me thox ide  7 resu l ted  on ly  

in r e c o v e r y  of l a .  A t tempted ac id ca ta l ysed  a d d i t i o n  of  methanol to l a  was also 

u n f r u i t f u l .  The i n te rmed iacy  of  an oxo -oxe tane  3 in the  fo rmat ion  of 3a could a lso be 

ru led out s ince p h o t o l y s i s  of l a  in benzene or  a c e t o n i t r i l e  y i e l d e d  on ly  the d i m e r i c  

oxetano l  q, in good y i e l d .  The s t ruc tu re  of the d ime r  was deduced from the 1H 

NMR spectrum wh ich  showed two s ing le ts  at 6 1.29 and 2.33 fo r  the qua te rna ry  and 

aromat ic  me thy l  groups r e s p e c t i v e l y  and an AB quar te t  between ~q .55  and 5.11 for  the 

oxetano l  methy lene  protons bes ides the a romat ic  p ro tons .  Th is  r evea led  the  symmet r i c  

s t ruc tu re  of the d i m e r .  Fu r the rmore ,  the mass spectrum showed a mo lecu la r  we igh t  of 

408. The fo rmat ion  of d imer  q in non -nuc leoph i l i c  so lven ts  is in con fo rm i t y  w i t h  an 

e a r l i e r  o b s e r v a t i o n ,  q The head to head a d d i t i o n  assignment to ~ is based on analogy 

w i t h  p r e v i o u s  r e p o r t s ,  q '8 However  no a t tempt  has been made to es tab l i sh  the 

s t e reochem is t r y  around the cyc lobu tane  r i ng .  At tempts to secure d i r e c t  ev idence  fo r  

the i n t e rmed iacy  of 'X '  were s t ym ied  due to d i f f i c u l t y  in i ts  i so la t i on  or  p repa ra t i on  

by  o t h e r  means. Whi ls t  search ing fo r  a l t e r n a t i v e s ,  i t  was found tha t  i n te rac t i on  of 

3-hydroxychromone l b  w i t h  iodobenzene d iace ta te  9 in methanol fu rn i shed  the 

2,3-dimethoxychromanone 5. Ana l y t i ca l  and spec t ra l  data a t tes ted  to the  assigned 

s t r uc tu re ,  a l though the s te reochemis t r y  of the hemiaceta l  has not been ass igned.  

Pho to l ys i s  of 5 in benzene or  methanol a f f o rded  the 3 - h y d r o x y c h r o m o n e  l b  in v e r y  

good y i e l d  wh ich  suppor ted  the  p roposed mode of me thoxy  ex t rus i on  f o l l ow ing  an 

i n i t i a l  a d d i t i o n  of methano l .  The chromones 1c and l d  a lso on p h o t o l y s i s  in methanol 

underwent  f ac i l e  ex t rus i on  of the  a l k o x y  funct ion to lead to the chromone 3b as the 

sole p roduc t  in near q u a n t i t a t i v e  y i e l d .  The p h o t o l y s i s  of la  was a lso i nves t i ga ted  in 

i s o p r o p y l  a lcoho l  and t - b u t y l  a l c o h o l .  In both  cases i t  f u rn i shed  on ly  the  d i m e r i c  

oxetano l  q suggesting t ha t  s te r i c  fac tors  exc lude  the conjugate a d d i t i o n  of these 

a lcoho ls  and tha t  the opera t ion  of an a l te rna te  pa thway  in the  p h o t o l y s i s  of  l a .  

Experimental Section 

Mel t ing po in ts  are uncor rec ted .  Solvents were reagent grade ma te r i a l s  and 

were f u r t h e r  p u r i f i e d  by  convent iona l  methods .  Petro leum e the r  re fe rs  to the  f rac t i on  
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o 60HF254 of b . p .  60-80 C. Prepara t i ve  TLC was per formed w i t h  s i l i ca  gel p la tes of /ram 

th ickness.  

I 
IR Spectra are for  CHCI 3 so lu t ions.  H NMR spectra of CCl 4 or CDCl 3 

solut ions were recorded at 60 MHz and peak pos i t ions  are ind icated in ppm downf ie ld  

from internal  TMS in 6 uni ts .  

The a lkoxychromones la ,  I c - d  were p repared  by a l k y l a t i on  w i t h  Mel (Et l  

for  Id )  in acetone in the presence of K2CO 3 of the corresponding 3-hydroxychromones 

which in turn were p repared  according to l i t e r a t u r e .  I0 Full  p repa ra t i ve  and o ther  
11 

de ta i l s  have been included in a submit ted paper .  

Photolyses of 2,7-dimethyl-3-methoxychromone la .  Formation of oxetanol 2 

and chromone 3a 

A solut ion of 2 ,7 -d ime thy l -3 -methoxychromone  la  (200 mg) in methanol (110 

ml) was i r r a d i a t e d  w i t h  a Hanovia 450W mercury lamp through a py rex  f i l t e r  fo r  2h 

wh i l e  a continuous f low of ethy lene was maintained through the so lu t ion.  At the end of 

th is  pe r iod  the solvent  was removed and the res idue p u r i f i e d  by p r e p a r a t i v e  TLC 

using petro leum e t h e r / e t h y l  acetate (19 :1) .  This furn ished the oxetanol 2 (135 rag, 
O 

60%) and 2 ,7 -d imethy lchromone 3a (35 mg, 20%). The chromone 3a showed m.p .  98-99 C 
O 

( l i t  98-99 C). IR 1640 cm - I  IH NMR (CC14)6 2.23 (s,  3H), 2.36 (s,  3H), 5.86 (s,  

IH ) ,  6.93-7.06 (m, 2H), 7.84 (d ,  J = 8 Hz, IH ) .  Add i t iona l  conf i rmat ion was obtained 

from comparison w i t h  an authent ic sample p repared  as per  l i t e ra tu re .  6 

When the above pho to l ys i s  was ca r r i ed  out w i thou t  passage of e thy lene,  the 

chromone 3a was obtained exc l us i ve l y  in 80% y i e l d .  

The dimeric oxetanol 4 

A solut ion of the chromone la (200 mg) in ace ton i t r i l e  (100 ml)  was 

i r r a d i a t e d  as before fo r  2 .5h.  The solvent  was removed and the res idue p u r i f i e d  by 

c r y s t a l l i s a t i o n  from e ther -pe t ro leum ether  to a f fo rd  the d imer  q as co lour less c rys ta l s  
o -I I 

(160 mg, 80%). m .p .  212-213 C. IR 1620 cm H NMR (CDCI3) 6 1.29 (s,  6H), 2.33 

(s,  6H), 4.55 (d ,  A of AB,J  =6Hz,  2H), 5.11 (d ,  B of AB ,J=6Hz ,  2H), 5.33 (s,  2H, 

exchangeable w i t h  D20) , 6.63-6.83 (m, 4H), 7.16 (d,  J = 8 Hz, 2H). Anal. Calcd.  fo r  

C24H2406 : C, 70.57; H, 5.92. Found : C, 70.30; H, 5.75. Mass. 408(M+). 

The same d imer i c  oxetanol q was obtained in 70-80% y ie l ds  when the 

chromone la  was photo lysed in i sopropy l  alcohol or t - b u t y l  a lcoho l .  
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Photolysis of chromones lc and ld  

Photolysis of chromones 1c and ld  in methanol under conditions described 

for la afforded the 2-methylchromone 3b in 75-809 y ie ld .  The ident i ty of 3b was 
6 established from spectral and m.p. comparison with an authentic sample. 

2,3-Dimethoxy-2-methy I-3-hydroxychromanone 5 

To a st i r red solution of 2-methyl-2-hydroxychromone lb  (5q0 mg) in 

methanol (35 ml),  iodobenzenediacetate (1 gin) was added and st i r red overnight. Next 

day it was di luted with water and extracted with ether. The ethereal layer was 

washed with water, dr ied (Na2SO~,) and solvent d is t i l l ed  off .  The colourless sol id 

obtained was crysta l l ised from chloroform-petroleum ether (620 rag, 859); m.p. 92- 
o -1 1 

9u, C. IR 1690, 1610 cm H NMR (CCIq) 6 1.63 (s, 3H), 3.09 (s, 3H), 3.19 (s, 3H), 

q.qq (br s, 1H, exchangeable with D20), 6.83-8 (m, qH). Anal. Calcd. for C12HlqO5 : 

C, 60.5; H, 5.9. Found : C, 60.07; H, 6.19. 

Photolysis of the chromanone 5 

The chromanone 5 was subjected to photolysis in benzene or methanol for 2h 

under previously described conditions. Removal of solvent followed by crystal l isat ion 

of the solid residue furnished 2-methyl-3-hydroxychromone lb  in 80-859 y ie lds.  This 

was ident i f ied from comparative spectral and m.p. determination with an authentic 

sample. 
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