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The reaction between carbon suboxide and benzaldehyde was reported to give 

benzalmalonlc-benzylidenester, 
1 
whereas the reaction of carbon suboxide with 8- 

di-ketones produced pyrono-pyrone derivatives, and pyrone (1:l edduct) WRS not 

lsolated.2 

We found that pyrone (1:l adduct) was prepared on the reaction of carbon 

suboxide with acetylacetone, and clarified some new facts on the structure and 

formation of pyrone or pyrono-pyrones from the reaction of carbon suboxide with 

acetylacetone, benzoylacetone and acetone. 

In an ether solution, excess amount of acetylmcetone reacted with corhon 

suboxide at O-5' In the presence of catalytic amount of sulfuric acid to give 

a one to one adduct (I), m.p. 156-7’, In a 85% yield, tn which T*e ssslgned 

a pyrone structure by the fact that treatment of (I) with slrmonla Fqve 

5-acetyl-4-hydroxy-6-methyl-2-pyrldone. 3 

The infrared 

bonded OH-band at 

spectrum of (I) In a chloroform solution showed hydrogen- 

3000cm-1 and strong absorption at 1739cm -I due to the 

carbonyl stretch of a-pyrone. 
ll 
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The hydroxyl proton shifts of the n.m.r. spectrum of (I) in q 

deutero-chlorofors solution were relqtively Independent of the concen- 

tration and temperature ( Table I,11 ), and molecular weight measure- 

ment by vapor pressure osmotic method using chloroform sho,.,ed thst (I) 

was monorrkeric in the solution. 

I'al3Lr; 1 TABLE II 

Influence of Concentration of Influence of Terpereture of 

OH shifts a) OH shifts b, 

Concentr3tIon T value of OH Tempersture T value of CH 

2.7 $ -2.10 2o" -2.10 

1.2 pa -2.10 so0 -2.02 

3.3 $ -2.08 

5.3 % -1.97 b) In 1.9 $ CDCl? solution. 

a) In CDC13 solution al. 50°. 

The Infrared sy;ectrun in the solid phase (KBr disc) showed sbsorptions qt 

26OCcm_l(strotq: hydrogen-ho.,rled v OH) and at 166Ocm-1 (vC=C of Y-oyrone) being 

different fron that in the liquid phase. 

These evidence suggests the structure (Ia, Y-pyrone) for the adduct In the 

solid state, end in the liquid phase this sddllct may be present predomlnsntly 

in the for-r.. of its t?I.:tomer (lb, z-pyrone).* 

‘To the solution of 2.2g (0.034mole) of carbon suboxide in 130ml of ether 

were sdded st -78O, benzoylacetone (7.9g;O.O~lomole) and cont. sulfuric acid 

( 0. C5iT;l) e The reaction mIxt?Jre was maintained at O-s0 for one dray, end then the 

solid w?s filtered and recrystallized to give a compound(I1)m.p. 252-l*" (0.55g. 

yellow needles). 

"z,lvIdge et al.'have discussed on the structure of (I) and concluded (19) based 

on the n.m.r. of (I) (In CDCl?) and i.r. (nuJo1) , however, their treatment mey 

be cnlikly. because our observation shows th?t the structure of (I) In liquid 

;hqse is different from that of (I) in solid state. 
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From the mother liquor, a compound (III ) m.p. 226-8" (0.74g, white needles, 

benzene) was isolated. 

The compound (II) C16H1006 hns),zi? In mu) 2J15, 278, 357 (log E, 4.20, ".20 

a 4.16) ; v fzi (in cm”) 1750(s)-u-0-(a-pyrone) ; 1690(s)- E- 0-(a-pyrone) : 1640 

(s)J - ; enolic-Oh group (by FeCl? test). 

'The con@und (111) 5$-i~00~),aex EtOH(i n mu) 255, 315 (log E, 4.09, 7.77) : 

v zz(in cm-l) 1750(s)- -0-(a-pyrone) ; 1702(s)-k-O-(a-pyrone) E ; 1670(s)- - 1 : 

T;;;;;_ 2.5(m) ph- ; 4.5(s)-C=CH- ; 7.7(s)-CB3- ; enollc-OH group (by FeCl, 

test). 

The compound (II) can be assigned the structure as (11s). and (III) is 

suggested to be (111~1) , based on U.V. spectrum. 

0 

(VI (Ii:?) 

Excess amount of acetone reacted with c?rhon suboxide in ar ether solution 

in the presence of the cstalytic amount of sulfuric acid to give n cne to two 

adduct, m.p. 225' , in a 8% yield, fhnsl. Found:C. 55.81;~. 7.0". Cs‘cd. for 

C9H605:C, 55.68;H, 3.14: M(Rast hethod), 180. Cslcd. for C,H605 : 19&). 

The adduct was identified as (VI) by its i.r. vmqx (KRr disc) 1762~~~1 

(C=O), 1695cm -1 (LO) , n.m.r. spectrul'l (CDC13) 7 7.6O(sinrlet) CHY;b.50(singlet) 

C=CH- ; 3.78(singlet) C=CH- . and u.v.hmax(EtOk) 271, 330 nu(log E. 4.15, 3.93) 

which was in good agreement with that of ln authentic ssmple.5 

cgo2 + CH+K3 
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The facts that acetylacetone gave pyrone and the other ketones gave pyrono- 

pyrones In the same reaction conditions suggested the pyrone(Ib) may be 

stabilized by intramoleculsr hydrogen bond and less reactive for csrbon suboxide 

than (IV) , (V) and (VII). In the ceses of (IV) and (V) , the intramolecular 

hydrogen bonding may be unfavorable to form by the sterlc hindrance between 

phenyl and scetyl groups. 

Additional studies of the reaction of carbon suboxide with R-diketones will 

be reported elsewhere. 
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