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A b s t r a c t  - A general synthetic method of 5.6-unsubstituted 

1,3-dioxin-4-ones and their photoadditlon to alkenes are de- 

scribed. The photoadducts thus obtained were found to give, 

merely by refluxing in water, alkanes having carboxaldehyde 

and acetic acid appendages at the vlcinal position. 

Two of the present authors (M. S. and H. 0.) recently reportedZ the synthesis of 

2,2-dimethyl-1.3-dioxin-4-one (la) by heating of formyl Meldrum's acid (2-)3 in 

toluene in the presence of acetone. The importance of 1,3-dloxin-4-one unsubsti- 

tuted at the 5- and 6-positions ( e . g . ,  a) in synthetic organic chemistry was origi- 
nally pointed out by ~ a l d w i n , ~  who regarded it as photochemical equivalent of 

formyl acetic acid (3)5 having a specific end configuration ( i . e . ,  3 ' )  by an 

actual covalent bond. Without at hand, Baldwin et a l .  utilized 2,2-dlmethyl-3- 

(2H)-furanone (G)  as a viable alternative to la. As shown in the chart, the adduct 

(13) obtained by photoaddition of this furanone to alkenes (~sobutene is used as an 

example) afforded oxalactane (4)  by Baeyer-Villlger oxidation with m-chloroper- 

benzoic acid. The lactone (4) should be the same6 wlth the product which would 

&r-se by direct photoaddition of to the same alkene. Typical reactions of 4 

actually realized by Baldwin's group can be classified into three types: i) simul- 

taneous introduction of carboxaldehyde and acetlc acid appendages at the vlcinal 

position of an alkene (4-6) ,7 li) formation of 6-lactones (8) ,7 and iii) cyclo- 

hexenone annelati~n.~'~ Since an optimization of the yield and an establishment of 

conditions for a large scale preparation of la were not done in our earlier work 2 

and compound 1 is potentially important as described above, we have continued our 

WOI-k in order to attain the optimum yield of 2 and to synthesize the related 



5,6-unsubstltuted dioxinones (1) as well as to examine the photochemical behaviour 

of la. In this report, we describe these results. 

We have already noted that 2,2,6-trimethyl-1,3-dioxin-4-one (14) upon heating af- 

fords acetylketene (15) by thermally allowed electrocyclic cleavage and the latter 

can be utilized in the synthesis of a variety of heterocyclic ring systern~.~ By 

analogy to the conversion of 14 to 15 and the pyrolytlc fragmentation of Meldrum's 

acid (16) to ketene, acetone, and carbon dioxide,'' the previous conversion of 

formyl Meldrum's acid (2) to 2,2-dimethyl-l,3-dioxin-4-one (la) is considered to 

proceed through slrnilar electrocyclic ring cleavage giving formylketene (17) with 

concomitant losses of acetone and carbon dioxide. The formylketene thus formed 

would cyclize with acetone in a 4+2 manner to give la. After examining the reaction 

conditions for the conversion of 2 to la, w e  have succeeded in optimizing the condi- 

tlons and obtained la in 67% yield (the yield of was 31% in our previous 

2 procedure ) .  The main alteration from the previous procedure is the use of a large 

excess of toluene and a portionwise addition of into refluxing toluene containing 

acetone. The detail of this modified procedure is given in the experimental. 

Due to the importance of 5,6-unsubstituted 1,3-dioxin-4-one derivatives, three 

analogs (3, s, and g) were also synthesized according to the above mod;fied 

procedure all in satisfactory yields. 
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Since 2,2,6-trimethyl-1,3-dioxin-4-one 

Table I. Yields and Melting Points 

[Boiling Points1 of 5.6-Unsubstitut- 

ed 1.3-Dioxin-4-ones (1) 
R1 R2 Mp [Bp (mmHg) I Yield 

( ' C )  ( % I  

a Me Me 159 (411 67 

b -(CH2I5- 40-42 6 7 

C -(CH214- I47 IOO2)1 49 

d H ;-heptyl 175 (0.001) 1 75 

[g) was reported to add efficiently to 

alkenes by irradiation,'' 5,6-unsubstituted 1,32dioxin-4-ones (la-=) are also 

expected to add to alkenes under comparable conditions. Actually, irradiation of 

la in hexane in the presence of an excess  of tetramethylethylene afforded two 2+2 - 
adducts (* and m ) 1 2  in a ratio of c a .  4:l in 55% yield. The minor adduct 

( m ) I 3  is very labile to moisture and converted to hycroxy acid (*) even by an 

attempted recrystallization from hexane-ether. The major adduct (9) is stable 

enough to be recrystallized from the same solvent, but gives another hydroxy ac;d 

( s )  by short refluxing (30 min) In water. As expected, both hydroxy acids (& 

and m) gave the same aldehyde acid (g) in almost quantitative yield by 

prolonged refluxlng in water (50 h). Only one kind of adduct (1)14 was obtained 

upon photoaddition of to cyclapentene, which was converted as above (reflux in 

water) to aldehyde acid (m) showing the aldehyde proton at 6 9.65 as a dou- 

blet ( J  1.5 Hz). Methylation of * by diazomethane in ether gave the ester 

(=). The facts that the same ester was obtained directly from 21 as the sole pro- 

duct by refluxing in HC1-methanol as well as the formation of the mono-deuterlated 

acid (*) whose aldehyde proton appears at 6 9.68 as a singlet from 1 by 

refluxing in D20 show clearly that * is the t r a n s  isomer and formed from the 

cis isomer (23: the initial ring cleavage product of 2) vla the epimerization at 

the carbon atom bearing the carboxaldehyde group. In analogy with an almost 

exelus~ve formation of the head-to-tail (H-T) adduct by the photoaddition of 9 to 

is~butene,~ the H-T adduct (4) was obtained predominantly from and isobutene. 



The H-T s t r u c t u r e  of q was r e a d i l y  v e r i f i e d  by i t s  h y d r o l y s i s  t o  aldehyde a c i d  (6: 

o i l ) , "  whose NMR spectrum showed t h e  aldehyde pro ton  a t  a 9.41 a s  a s i n g l e t ,  t h u s  

excluding t h e  a l t e r n a t i v e  s t r u c t u r e  (5). 

I t  should  be noted  t h a t  t h e  i n t r o d u c t i o n  of v i c l n a l  carboxaldehyde and a c e t i c  a c i d  

appendages t o  a  double bond by means of photochemical cyc loadd i t i on  of 1 t o  

o l e f i n s  is  s u p e r i o r  t o  t hose  r e p o r t e d  a l r e a d y ,  e s p e c i a l l y  i n  its s h o r t  s t e p s ,  h igh  

r e g i o s e l e c t i v i t y ,  and mi ldness  of t h e  h y d r o l y s i s  s t a g e .  The p rev ious  use of u r a c i l  

d e r i v a t i v e s  is hampered by t h e  d i f f i c u l t y  of t h e  h y d r o l y s i s  s t a g e  16'17 of t h e  

photoadduct and t h e  use of formyl a c e t l c  e s t e r  is  p r o h i b i t e d  by t h e  l a c k  of t h e  

a b i l i t y  t o  add a l k e n e ~ . ' ~ " ~  
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Since both =-type dioxinone and 2-c~clopentene-cis-l,4-diol~~ can now be readily 

prepared, synthesis of 27 (n: an appropriate integer) should be easy. Synthesis of 

Corey's lactone vza is underway. 

EXPERIMENTAL 

Melting points were determined on a Yanagimoto mlcro melting paint apparatus and 

are uncorrected. IR spectra were recorded on a JASCO model A-102 spectrometerand 

'H-NMR spectra on a JEOL model JNM-PMX 60 spectrometer at 60 MHz using tetra- 

methylsllane as an internal standard. Mass spectra (MS) were recorded on a 

Hitachi model M-52G and high-resolution PIS on a JEOL JMS-O1SG-2 spectrometer. The 

irradiation source used for photoaddition reactions was Rayonet photochemical 

reactor lamps (Cat. No. RPR-3000A). Column chromatography was performed on silica 

gel (Wakogel C-200). 

2,2-Dimethyl-l,3-dioxin-4-one (la) iGeneral Procedure for the Synthesis of 5,6-Un- 

-: To a refluxing toluene solution (300 ml) con- 

taining acetone (2.9 g, 50 mmol), was added partionwise a finely powdered formyl 

Meldrum's acld ( 2 ,  8.6 g, 50 mol).3 When the addition is complete (2 h), the so- 

lution was refluxed far an additional hour. The solvent is removed on a,rotary 

evaporator (the bath temperature should be maintained below 30'~) and the 

residual oil is distilled at reduced pressure. Yield, 4.3 g (67%). Bp 59%14 

tarr. (lit.' bp 65% (oven temperature for bulb to bulb distillation)/l torr]. 

Found: M + ,  128.0483. C6H803 requires 128.0473. v max, (CHC13) 1730, 1620 cm-l. 

6 (CC14) 1.70 (6H, s ,  me2), 5.28 (1H, d, J 6 Hz, C5-H), 7.07 (lH, d, J 6 Hz, 

C -H). 6 

Three analogs ;g, G, and 3) were also synthesized according essentially to the 

above modified procedure all in satisfactory yields (see Table I). In these 

cases, however, 5 molar equivalent (to g )  of a ketone or aldehyde was used. 

Synthesis of g-3 and other 5,6-unsubstltuted 1,3-dioxin-4-ones will be reported 

In detail elsewhere.22 

General Procedure for the Photoaddition of la to Alkenes: Irradiation was perform- 

ed using Xayonet photochemical reactor with RPR-3000; lamps (quartz vessel) as 

light source. Typically the alkene and la were present in 10:l molar ratio. The 

concentration of was 0.1 M with irradiation times of 12 h. Prior to irradia- 

tion, argon was passed through the reaction mixture for about 10 min. 



The Formation o f  t h e  Photoadduc ts  of l a  w i t h  T e t r a m e t h y l e t h y l e n e  and T h e i r  Hydrol- 

ysis: A s o l u t i o n  o f  hexane ( 2 0  m l )  c o n t a i n i n g  (0.256 g ,  2  mmol) and 

t e t r a m e t h y l e t h y l e n e  (1.68 g ,  20 mmol) was i r r a d l a t e d  f o r  12 h.  A f t e r  c o n c e n t r a -  

t i o n  2" v a c u o ,  o i l y  r e s i d u e  was s t o r e d  i n  a  r e f r i g i r a t o r  o v e r n i g h t .  A f t e r  

a d d i t i o n  of a s m a l l  amount o f  p e n t a n e ,  a  deposited c r y s t a l l i n e  ( E )  w a s  

c o l l e c t e d ,  mp 136-138%. Y i e l d ,  0 .045  g  ( 1 1 % ) .  An a n a l y t i c a l  sample (mp 141-142%) 

was r e c r y s t a l l i z e d  from d i e t h y l  e ther .Found:  C, 67.57: H, 9.46.  C12H2003 r e q u i r e s  

C, 67 .89 ;  H, 9.50%; vma,, (CHCl31 1730 ,  1710 em-'. 6 (CDCl3] 0 . 9 7 ,  1 . 0 5  ( e a c h  

6K. s ,  2xYe) 1 . 5 8 ,  1 . 6 5  ( e a c h  3H. s ,  C3-Ye), 2 .80 ( l H ,  d ,  J 9  Hz, C6-H), 4 . 2 3  

( lH,  d ,  J 9  Hz, C -H). The pen tane  s o l u b l e  p o r t i o n  was s e p a r a t e d  by column 1 

chromatography (hexane-e ther  6 : l  v / v )  t o  g i v e  t h e  o t h e r  adduc t  (&, 0.185 g ,  

44%), which was r e c r y s t a l l i z e d  from p e n t a n e ,  mp 77-79?. Found: C, 67 .60 ;  H, 

9.62. C12H2003 r e q u i r e s  C, 67.89:  H, 9.50%; v ( C H C 1 3 )  1720 cm-l. 6 (CDC13) 

0.98 (3H, s ,  Me) ,  1 .12 (6H, s ,  ZxMe), 1 . 1 5  (3H, s ,  Y e ) ,  1 . 5 3 ,  1 . 5 7  ( e a c h  3H, s ,  

C 3  2 .85 ( l H ,  d ,  J 5  Hz, C6-H), 4 .07 ( l H ,  d ,  J 5  Hz, C1-HI. 

The major  adduc t  (&, 0.106 g ,  0 . 5  mmol) was r e f l u x e d  i n  w a t e r  2  ml) f o r  30 

m i " .  A f t e r  e v a p o r a t i o n  o f  w a t e r  i n  v a c u o ,  t h e  r e s i d u a l  s o l i d  was r e c r y s t a l l i z e d  

f ron  hexane t o  g i v e  a  hydroxy a c i d  (a, 0.070 g, 81%) a s  c o l o r l e s s  n e e d i e s ,  mp 

102-104%. Found: C, 62.35;  H, 9.31.  CgH1203 r e q u i r e s  C, 62.76;  H ,  9.36%; 

( C H C 1 3 )  3460,  2800-2450, 1720 s h  cm-l. 6 (CDC13) 1 . 0 2 ,  1 .12  (each 6H, s ,  2xYe),  

3.05 ( l H ,  d ,  J 7  Hz, CHC02H), 4.08 ( lH,  d ,  J 7  Hz, CHOH), 7.52 ( l H ,  b s ,  C02!). 

The o t h e r  hydroxy a c i d  (s, mp 170-172°C) was o b t a i n e d  i n  a  q u a n t i t a t i v e  y i e l d  

from t h e  minor adduct  ( E )  merely by pro longed  s t a n d i n g  of  i t s  e t h e r  s o l u t i o n  i n  

an open v e s s e l .  u max. (CHC13) 3500-3100, 2800-2400, 1710 cm-l. 6 (CDC13-CD30D 9 : l  

V / V )  0 .98 (6H, 5 ,  2xMe), 1 . 0 3  (3H, S ,  M e ) ,  1.11 (3H, s ,  H e ) ,  2.73 ( l H ,  d ,  J 9  Hz, 

C!C02H), 4 .09 ( l H ,  d ,  J 9  Hz, C H O H ) .  Both hydroxy a c i d s  gave t h e  same a ldehyde  

ac id  (g) by pro longed  r e f l u x i n g  i n  w a t e r .  Thus,  f o r  example, t h e  major  a d d u c t  

(&, 0.106 g ,  0 . 5  mmol) was r e f l u x e d  i n  w a t e r  ( 2  m l )  f o r  50 h. A f t e r  e v a p o r a t i o n  

af w a t e r  in v a c u o ,  t h e  s o l i t  r e s i d u e  was r e c r y s t a l l i z e d  from e ther -hexane  t o  g i v e  

the a ldehyde  a c i d  ( 2 0 ,  mp 8 4 - 8 6 ? ) .  Y i e l d ,  0.060 g  (70%) .  Found: C, 62 .44 ;  H, 

9.44. CgH1603 r e q u i r e s  C, 62 .76 ;  H, 9.36%; v 
m u .  ( C H C 1 3 )  3500-3100, 2850-2400, 

1715 cm-l. 6 (CDC13) 1 . 0 6 ,  1 .12 ( e a c h  6H, s ,  ExHe), 2 .39 (ZH, s ,  CH2C02H), 

6.25-6.8 ( l H ,  b s ,  COO!), 8 . 0  ( l H ,  s ,  CEO). 
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The Formation of  t h e  Photoadduc t  o f  l a  w i t h  Cyclopentene and I t s  H y d r o l y s i s :  Under 

t h e  same i r r a d i a t i o n  c o n d i t i o n s  a s  above,  t h e  crude p r o d u c t  was o b t a i n e d  which by 

distillation t o  g l v e  a  s i n g l e  adduc t  (1). Yield,  0 .211  g  (5$%). Bp 110-1309: 

(oven t e m p e r a t u r e  f o r  b u l b  t o  b u l b  d i s t i l l a t i o n ) / 0 . 3  t o r r .  The s p e c t r a l  d a t a  were 

c o n s i s t e n t  w i t h  t h o s e  of  Baldwin e t  Found: C, 66 .93 ;  H, 7.97. C11H1603 

r e q u i r e s  C, 67.32;  H, 8.22%. 

The a d d u c t  (1, 0.196 g ,  1 mmol) was r e f l u x e d  i n  w a t e r  ( 4  m l )  f o r  12 h .  A f t e r  eva- 

p o r a t i o n  of  w a t e r  in vacua, t h e  o i l y  r e s i d u e  was s e p a r a t e d  by column chromata- 

graphy (hexane-e ther  2 1  v / v )  t o  g i v e  t h e  aldehyde a c i d  ( e ) . 2 3  Y i e l d ,  0.102 g  

( 6 5 % ) .  Found: C ,  58 .98 ;  H, 7 .66 .  C8H1203.1/3H20 r e q u i r e s  C, 59 .24 ;  H, 7.87%; urnax. 

(CHC13) 3500,  2750-2500, 1710 cm-l. 6 (CDC13) 1.15-2.2 [6H, m ,  (CH2)3] ,  2 .5  (3H, 

b s ,  Cg2C02H and CECHO), 8 .62  ( l H ,  b s ,  C02H), 9.65 ( l H ,  d ,  1 1 . 5  Hz, C E O ) .  

The Formation of t h e  Photoadduc t  of  l a  w i t h  I sobutene  and I ts  Hydro lys i s :  To a 

s o l u t i o n  o f  2 (0 .256  g ,  2mmoll i n  hexane (20 m l ) ,  i s o b u t e n e  g a s  was bubbled  

th rough  f o r  30 mln a t  room tempera ture .  A f t e r  t h e  b u b b l i n g  was t e r m i n a t e d ,  t h e  

solution was i r r a d i a t e d  a s  above f o r  12 h.  The r e s i d u e  o b t a i n e d  a f t e r  e v a p o r a t i o n  

of  t h e  s o l v e n t  in vacuo was s e p a r a t e d  by column chromatography (hexane-e ther  3 : l  

v,'v) t o  g i v e  t h e  adduc t  (4) .  Y i e l d ,  0 .170 g  ( 4 6 % ) .  Found: + 184.1107.  CIOHIBOS 

requiPeS 184.1098.  (CHC13) 1725  cm-l. 6 ( C D C l j )  1 . 0 6 ,  1 .16  ( e a c h  3H, s ,  

M e ) ,  1 . 5 3 ,  1 . 6 3  ( e a c h  3H. s ,  Me), 1.95-2.4 (2H, x ,  CR2!, 2.7-3.4 ( l H ,  m, C6-H). 

24 4 . 2 3  ( l H ,  d ,  J 6.5 Hz, C 1 - H L  . 
T h i s  adduc t  was hydro lyzed  i n  r e f l u x i n g  w a t e r  (24 h )  t o  g i v e  t h e  a ldehyde  a c i d  ( 5 )  

i n  70% y i e l d .  O i l .  6 (CDC13) 1 .08  (6H, s ,  ZxMe), 1 .6-2.6 i4H, m, (CH2l2 j ,  8 . 3  

( l H ,  b s ,  COOH), 9 .41  ( l H ,  s ,  C g ) .  24 
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