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In a previous paper [I] we showed that in presence of BF 3 ether complex acetoacetic ester reacts 
readily with acetals of various saturated and acetylenic aldehydes with formation of alkoxy derivatives of 
type (I): 

R ' - - C K O R  
I 

R'CH (OR)~ ~ CHsCOCH2COOCfl-Is -~ CHsCO--C H--COOC21t5 

(I) 

In the p r e s e n t  work we studied the behavior  of some other  p-d icarbonyl  compounds in this react ion.  
It was  fouad that,  as  obse rved  p rev ious ly  [2 ], malonic  and cyanoacet ic  e s t e r s  do not r eac t  with ace ta ls  even 
when 1 mole  of BF 3 e ther  complex is  added p e r  mole  of the es te r .  With aceta ldehyde diethyl aceta l  
2 ,4-pentanedione gives a 60-70% yield  of the cor responding  adduct (II), which ve ry  read i ly  loses  alcohol 
with format ion  of 3-e thyl idene-2 ,4-pentanedione (III): 

CHs--C[~I 0C2~I~ CHs- -CH 

CHsCOCH2COCH8 4- CHsCH (OC2H~)~ -~ CH~CO--CHCOCH~ -* CH~COCCOCHs 

(H) (m) 

Gas- l iquid  chromatography  (GLC) showed that the l a t t e r  product  is identical  to the produc t  of the 
Knoevena~:ei r eac t ion  between 2,4-pentanedione and acetaldehyde.  Aceta ls  of acetylenic  aldehydes r eac t  
l ess  readi ly  with 2,4-pentanedione.  Thus,  propiola ldehyde diethyl aceta l  g ives  only a 37% yield  of 3 - (1 -e th -  
oxy-2-propynyl ) -2 ,4-pentanedione  (IVa) contaminated with boron t r i f luor ide  2,4-pentanedione complex  [3]. 
This complex (c rys ta l s  of m.p. 37-40 ~ is readi ly  fo rmed under the conditions of the reac t ion  and probably  
r e m o v e s  ca ta lys t  and 2,4-pentanedione f rom the sphere  of react ion.  In the case  of acetaldehyde diethyl 
aceta l  the fo rmat ion  of such a complex  is not observed.  Hence, the poor  yields  in this reac t ion  when 
acetylenic  ace ta l s  a re  used conf i rms  that they a re  less  act ive than sa tu ra ted  ace ta ls .  

CH3COCH2COCH~ -~ RC ~- C--CH (OC2Hs)2-~ RC ~ C--CH--OC2H~ 

CHsCO~C HC0 CH~-, 

(IV) 

a--R=H; b--R=C6H~ 

In tLe case of phenylpropiolaldehyde diethyl acetal we were able to isolate only the BF 3 2,4-pentane- 
dione complex, and the product (IVb) was formed in only very small amount. 

WitL 1,3-cyclohexanedione acetals react readily, but they give the diadducts (V) and (VI), identical 
to the adducts obtained by the reaction of 1,3-cyclohexanedione with the corresponding aldehydes: 

0 0 R 0 0 R 0 0 

OH -----~ O%Hs 
(V) (Vl) (VII) 

R= CH a, CH-~C, PhC-~--C 

The reac t ion  is accompanied  by the fo rmat ion  of a cons iderable  amount (40-50%) of the enol e ther  
of 1 ,3-cyclohexanedione (VII). We also obse rved  the fo rmat ion  of an enol e ther  [ (VIII)] in the t r ea tmen t  
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of an alcoholic solution of acetoacetic es te r  and butyraldehyde diethyl acetal  with boron tr if luoride ether  
complex: 

CHsCOCH~C00C2H6 + CsH:CH (OC~Hs)~-k C2H50 H + BF~ 
-* CHs--C=CHCOOC2H6 q- CsH~CHO 

I 
0C~Hs 
(viii) 

The enol e thers  (VIII) and (VII) are  formed in appreciable amounts only in presence  of an acetal. 
The systemat ic  study which we have made of the conditions of react ions  of 1,3-cyclohexanedione with 
var ious  acetals  has shown that when no acetal is present  in the mixture the formation of the enol ether 
of 1,3-cyclohexanedione does not occur .  If, however , two acetals part icipate in the react ion (dimethyl and 
diethyl), then two enol e thers  are  formed (methyl and ethyl). When 1,3-cyclohexanedione is heated in 
alcohol in presence  of a catalyst  (BFa) , the enol ether  is formed only in very  small  amount. Hence, the 
acetal  is an active c a r r i e r  of alcohol residues.  An analogous observation has been made in the study of 
the ester if icat ion of acids with alcohols. It has been found [4] that the addition of an acetal  to a mixture of 
an acid and an alcohol great ly  increases  the rate of es te r  formation. 

These facts appear to provide indirect  confirmation of the view that these react ions do not go via 
the intermediate breakdown of the acetal  with formation of a carbonium ion: 

RIR2C (0R)2 ~ RIR~C~0B + RO | 

The formation of only diadducts in the react ions of 1,3-eyelohexanedione with aeetals  suggests that 
this react ion does not go through the pre l iminary  stage of the formation of product  of type (IX) with sub- 
sequent addition of a second 1,3-cyclohexanedione molecule. Since 1,3-cyclohexanedione probably exists 
in the form of dimer molecules,  it is more  probable that in this case the elimination of alcohol f rom the 
intermediate product  and a second molecule of 1,3-cyclohexanedione occurs  immediately:  

O 

~ O  R1 R2 

(~x) 

0 

oH "oH _j 

It should be noted that the acidity of 1,3-eyclohexanedione is sufficiently high 0K a = 0.55.10 -s) for 
its react ions  with acetals  to go even in absence of catalyst .  

In a previous paper [1] we suggested three possible schemes for the react ion of acetoacet ic  es te r  
with acetals  under the action of boron tr if luoride leading to 2-(1-ethoxyalkyl)acetoacetic es te r s  (I) [or to 
(II) in the case of 2,4-pentanedione]. If we take account of the charac te r  of the polarization of the two 
tautomeric  fo rms  of acetoacetic es ter ,  we can imagine at least  three more  react ion schemes:  

GaH~OOC H C2~sOOC \ . i ( ' . ,  

+ ~oH (i) 
/c%~L>./cH--OR / C \  /CH---OR 

(x) 

/CH3 
H---r--O--C. 

(x) + 
~6 ~ ~HoR 

ROH (2) 

/CHa 
HO-v---C i~" ,%, 

"' Z "~CHCOOC~H5 
RO--CH--()R 

/CHa T /.OH 
) RO~C~CHCOOC2H5 + R CH\o R 

(vllt) 
(3) 

1 0 6 4  



Scilemes (1) and (2) are  analogous to the schemes  examined ear l ie r  [1] which take account of the 
charac te r  of the ionization of the keto and enol forms of aeetoacetic es ter .  Scheme (3) supposes the 
direct  replacement  of hydroxyl by alkoxyl, and it requi res  activation of the C--O bond in the enol of aceto-  
acetic eater  to an extent which is sca rce ly  possible.  Simple t ransaceta l izat ion (possibly through the stage 
of symm~trizat ion) also leads to the product  (VIII). All these considerat ions natural ly apply to an equal 
extent also to 2,4-pentanedione and 1,3-cyclohexanedione. 

H3 .CH2COOC2H 5 CHs CH2COOC~H~ cr _ .  "%/ 
/ \ c. -- =c.cooqH  0 OR ~- 

- - R  IHOR N~R~HOR OR (Vlll) 

(4) 

Under the usual react ion conditions we have never  succeeded in observing the formation of products  
of type (~:). However, 2,4-pentanedione with ethyl vinyl ether in p resence  of acidic agents gives a mixture 
of products  in which an acetal  of type (XI) appears  to be present .  

+J"-eq.o"* / /% '  + CH3CHO + 
0 H20 - 

C~HsOH 

(xl) 

When thia mixture is treated with 2 N ethereal HCI in the cold, the peak corresponding to (XI) on the 
chromato~ram disappears, and the peak of 2,4-pentanedione appears (Fig. i). Under these conditions the 

elimination of alcohol does not occur. We must mention that the report in [5] on the formation of the 
acetal (X) was not confirmed. In checking this work we showed that the fraction which in the opinion of 

the authors corresponded to the symmet r i zed  acetal  (XII) was actually acetoacet ic  es ter  in admixture with 
2-ethylide.neacetoacetic es te r  and 2-(1-ethoxyethyl)acetoacet ic  es te r  (I), as we showed previously [6 ]. 

C~H~O %H~C OC2H (x~l) 

It g u s t  therefore  be admitted that, although schemes (1) and (2) can apply, the products  of type (X) 
will not be stable under the conditions of the reaction.  Scheme (4) probably best explains the fact of the 
formation of the enol e thers  (VII) and (VIII). It is known that 1,3-cyclohexanedione comparat ively  readily 
gives ketals  which, under acid conditions, lose alcohol with formation of (VII). We showed that the same 
applies for the ketal of acetoac etic es te r  [1]. However, under equilibrium conditions in presence  of alcohol 
the content of the e thers  (VII) and (VIII) is small.  If, however, the supplier of alcohol res idues  in an acetal,  
react ion goes to the extent of 50%. 

Hence, the formation of products  of type (I) can be regarded  as the C-alkylat ion of fi-dicarbonyl 
compound~, and the formation of compounds of type (VII) and (VIII) -- as O-alkylation with subsequent 
elimination of an alcohol. The relat ive extents of these two react ions  probably depend on the ionization 
constant of the fi-dicarbonyl compound. However, our lack of knowledge about the kinetics of the react ion 
and how it is affected by additions of alcohol does not permi t  us to resolve prec i se ly  the question of the 
mechanism of this interesting reaction. It is quite c lear ,  however, that the formation of an acetal  or  a 
hemiacetal  is a neces sa ry  stage for the formation of the enol ether (VII) or  (VIII). Study of the react ions  
of acetals  with fl-dicarbonyl compounds shows that they are  fairly general  in pat tern for all compounds 
contaIning active hydrogen andnot so acidic as to bring about side p rocesses .  

E X P E R I M E N T A L  

C o n d e n s a t i o n  o f  A c e t a l d e h y d e  D i e t h y l  A c e t a l  w i t h  2 , 4 - P e n t a n e d i o n e .  A m i x -  
ture of 11 g of 2,4-pentanedione, 21 g of acetaldehyde diethyl acetal,  and 7 ml of BF~ ether complex was 
kept at between --5 and 0 ~ for 90 rain. After  neutral izat ion of the cata lyst  with sodium acetate,  the mixture 
was extracted with ether,  and the extract  was dried over  MgSO 4. On fractionation we obtained 3.2 g of un- 
changed 2,4-pentanedione and 12.4 g (64%) of 3-(1-ethoxyethyl)-2,4-pentanedione {II), b.p. 60-64 ~ (3 mm); 
nD2~ 1.432L Found %: C 63.23, 63.24; H 9.23, 9.29. C9H1603. Calculated %: C 62.76; H 9.36. 
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Fig. 1. Gas- l iquid chromatogram. 
A) Original  mixture;  ]3) mix ture 
treated wi th ethereal HC1 in the cold. 
1) 2,4-Pentanedione; 2) the aeetal (:~I). 

C o n d e n s a t i o n  o f  P r o p i o l a l d e h y d e  D i e t h y l  
A c e t a l  w i t h  2 , 4 - P e n t a n e d i o n e .  6 . 4 g o f p r o p i o l a l d e -  
hyde diethyl acetal  was added to a mixture of 7.5 g of 2,4- 
pentanedione and 6.2 ml of BF 3 ether complex at 0 ~ After 
10 rain the mixture was washed with sodium acetate solution 
and extracted with ether. The extract  was dried, and dis-  
tillation gave 4.2 g of (IVa) containing some BF 3 2,4-pentane- 
dione complex as a rapidly darkening substance, b.p. 70-78 ~ 
(0.1 mm); nD 20 1.4520. This product  gave a positive tes t  for 
halogen. Found %: C 64.39, 64.17; H 7.79, 7.74. Ci0HI403. 
Calculated %: C 65.91; H 7.74. We also obtained 1 g of a 
substance of b.p. 80-81 ~ (0.1 mm), which solidified immedi -  
ately; m.p. 37-40 ~ It was the BF 3 2,4-pentanedione complex; 
found %: C 45.56; H 5.78. 

R e a c t i o n  o f  2 , 4 - P e n t a n e d i o n e  w i t h  E t h y l  
V i n y  1 E t he r .  A drop of concentrated H2SO 4 was  added to 
a mixture of 10 g of 2,4-pentanedione and 7.2 g of ethyl vinyl 
ether.  The mixture became warm and turned black. After 
4 h the mixture was neutral ized with solid NaHCO 3. The 
react ion mixture then became lighter in color.  The precipitate 
was fi l tered off and washed with ether.  After distillation we 
obtained 8.4 g of unchanged 2,4-pentanedione, 0.6 g of a mix-  
ture of b.p. 58-85 ~ (3 mm), 1.5 g of a higher-boiling product 
[about 140 ~ (3 mm) with decomposition], and 2.8 g of residue. 
The 58-85 ~ fraction was investigated by means of GLC 
(see Fig. 1). 

After  t rea tment  of this fraction with dilute ethereal  HC1 at room tempera ture  the main peak d is -  
appeared almost  completely, and the 2,4-pentanedione peak increased markedly.  Since under these con-  
ditions alcohol is not eliminated and 3-(1-ethoxyethyl)-2,4-pentanedione (II) does not break down, the 
ready hydrolysis  of this substance indicates the present  of an acetal  link of type (XI) in its molecule. 

C o n d e n s a t i o n  o f  A c e t a l d e h y d e  D i e t h y l  A c e t a l  w i t h  1 , 3 - C y c l o h e x a n e d i o n e .  
4.4 g of acetaldehyde diethyl acetal was added gradually to a mixture of 3.8 g of 1,3-cyclohexanedione and 
4.75 ml of BF 3 ether complex at room temperature .  After 3.5 h the react ion mixture was diluted with 
80 ml of ether and t reated with 20 ml of saturated sodium acetate solution. The solution was dried and 
evaporated, and the residue was distilled. We obtained 2.19 g (46%, based on the cyclohexanedione taken) 
of 3 -e thoxy-2-cyc lohexen- l -one  (the ethyl enol ether of 1,3-cyclohexanedione), b.p. 81-83 ~ (2 mm); nD 24 
1.5045. ~max 250 mp (in C2H5OH), e 15,300; identical in Rf  and according to GLC to a known sample. In 
the th in- layer  chromatography of the enol ether (VII) obtained we detected the presence  of an impurity 
which was not present  in a known sample of 3-e thoxy-2-cyc lohexen- l -one .  In column chromatography on 
alumina we isolated 0.23 g of an oily substance with nD24 1.4920; ~max 255 rap, whose s t ructure  has not 
been elucidated. 

The residue (1.95 g) remaining after  the distillation of 3 -e thoxy-2-cyc lohexen- l -one  was dissolved 
in benzene, and the solution was washed with 5% NaOH solution. After evaporation we obtained 1.5 g (43%) 
of 3 ,4 ,6,7- te t rahydro-9-methylxanthene-l ,8(2H,5H)-dione (VI), R = CH3) as a c lear  thick oil (nD2i-5 1.5495), 
which in th in- layer  chromatography (Rf 0.5, alumina of activity II, 1 : 2 acetone-hexane) and GLC was 
identical to a known sample of (VI, R -- CH3) prepared  from acetaldehyde and 1,3-cyclohexanedione. After 
chromatography on alumina and crysta l l izat ion from benzene and acetone (VI, R = CH3) was obtained in 
the crysta l l ine  state. It had m.p. 103-105 ~ undepressed by admixture of a known sample. The above-  
descr ibed resul t s  were  not a l tered substantially by using an excess of the acetal or  a tempera ture  of 
50-55 ~ (1 h) in the condensation of acetaldehyde diethyl acetal with 1,3-cyclohexanedione. 

C o n d e n s a t i o n  o f  P r o p i o l a l d e h y d e  D i e t h y l  A c e t a l  w i t h  1 , 3 - C y c l o h e x a n e -  
d i o n e  in  P r e s e n c e  o f  B o r o n  T r i f l u o r i d e  E t h e r  C o m p l e x .  3 . 2 g o f p r o p i o l a l d e h y d e d i -  
ethyl acetal  was added to a solution of 2.8 g of 1,3-cyclohexanedione in 3.1 ml of BF 3 ether complex at 
room tempera ture .  The mixture was heated for 25 rain at 50 ~ cooled, and diluted with ether,  and the solu-  
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tion was treated with sodium acetate solution, 5% NaOH solution, and water and was dried over MgSO 4. 
After evaporation and vacuum distillation we obtained 0.9 g of the above-described 3-ethoxy-2-cyclohexen- 
1-one (V.711); the residue, amounting to 1.6 g, solidified on cooling. Recrystallization from absolute ethanol 

gave (Vl, R = CH------C), m.p. 160-162 ~ which gave one spot with Rf 0.4 (i : 2 aeetone-hexane ). Found %: 
C 74.65, 74.41; H 5.62, 5.77. Ci5Hi403. Calculated %: C 74.36; H5.83. 

C__~ondensation of Phenylpropiolaldehyde Diethyl Acetal with 1,3-Cyclo- 
h e x an e ~i o n e. By the above-described procedure from 5.6 g of 1,3-cyclohexanedione, 6.25 ml of BF 3 
ether cor]plex, and 10.2 g of phenylpropiolaldehyde diethyl acetal we obtained 6.6 g of (VI, R = PhC-------C), 
m.p. 160~-161 ~ (ethanol), Rf 0.55 (alumina of activity If, 1 : 2 acetone-hexane). Found %: C 78.91, 78~83; 
H 5.78, 5.76. C21HisO 3. Calculated %: C 79.22; H 5.70. 

It was shown by thin-layer chromatography on alumina that after the reaction the mixture contained 
unchanged acetal (Rf 0.63). 

Condensation of Phenylpropiolaldehyde Diethyl Acetal with 1,3-Cyclo- 
hexanedione in Absence of Catalyst. 5.1g ofphenylpropiolafdehyde diethyl acetalwasadded 
to a solution of 2.8 g of 1,3-cyclohexanedione in 7 ml of absolute alcohol. The mixture was heated for 
1.5 h at the boiling point of alcohol. Solvent was evaporated, and the residue (7.5 g) was washed with water 
to remow} 1,3-cyclohexanedione. Ether was then added, and the solution was washed with sodium carbonate 
solution. From the alkaline solution after acidification we obtained 0.65 g of (V, R = PhC ------ C), m.p. 179- 
182 ~ (ethanol), undepressed by admixture of a sample prepared from phenylpropiolaldehyde and 1,3-cyclo- 
hexanediene. From the neutral part we obtained 4.3 g of a mixture with nD2~ 1.5220, which contained the 
original ac etal, phenylpropiolaldehyde, 3-ethoxy-2-cyclohexen-l-one (VII), and (VI, R = PhC ------ C). 

Condensation of Propiolaldehyde with 1,3-Cyclohexanedione. A mixtureof 
1.1 g of pcopiolaldehyde and 4.5 g of 1,3-cyclohexanedione in I0 ml of absolute ethanol was heated for 
45 rain at 50 ~ On the next day 4.3 g of crystalline reaction product was filtered off. After several erys- 
tallizatio~s from absolute ethanol we isolated (VI, R = CH-- ~ C), m.p. 159-161 ~ which melted without de- 
pression in admixture with the above-described sample. From this experiment we also isolated (V, R = 
CHIC), m.p. 144-146 ~ Found %.. C 69.11, 69.16; H 6.34, 6.30. Ci5Hi604. Calculated %: C 69.21; H 6.20. 

Condensation of Phenylpropiolaldehyde with 1,3-C..yclohexanedione in Pres- 
ence o--~ Pipe ridine. A mixture of 2.6 g of 1,3-cyclohexanedione, 6 ml of absolute methanol, 1.5 g 
of phenylpropiolaldehyde, and 1 drop of piperidine was boiled for 2 h and then distilled. We obtained 1.3 g 
of 3-methgxy-2-cyclohexen-l-one; b.p. 62-65 ~ (0.4 ram); nD2~ 1.5225; m.p. 30-31 ~ (hexane), Rf 0.7 (alumina 
of activity If, 1 : 2 acetone-hexane); identical with a known sample. We also obtained 1 g of residue, which 
was dissolved in chloroform; the solution was treated with 5% KOH, washed with water, and dried. After 

evaporation we obtained (VI, R = PhC ~ C), m.p. 162-164 ~ (ethanol), identical with the sample described 
above. From the alkaline sample after acidification we obtained (V, R ---- PhC ~ C) with m.p. 178-180 o 
(ethanol). Found %: C 74.50, 74.51; H 6.30, 6.05. C21H2004. Calculated %: C 74.98; H 5.99~ 

Condensation of Acetaldehyde with 1,3-Cyclohexanedione. A mixture of 2.24 g 
of 1,3-cyclohexanedione, 0.88 g of acetaldehyde 15 ml of methanol, and 1 dr0pof piperidine was boiled for 
1 h. After the usual treatment we obtained the crystalline diol (V, R = CH3) , m.p. 153-155 ~ (ethanol). 
Fom~d %: C 67.06, 67.07; H 6.88, 7.07. Ci4HisO 4. Calculated %: C 67.18; H 7.25. 

When an alcoholic solution of the diol (V, R = CH3) was heated with 1 N HCI we obtained (VI, R = CH3) , 
which after chromatography on alumina and recrystallizatinn from benzene had m.p. 103-105 ~ Found %: 
C 72.16, 72.19; H 6.96, 6.78. Ci4Hi~O 3. Calculated %: C 72.39; H 6.94. 

CONCLUSIONS 

I. ~?he condensation of the acetals of some saturated and acetylenic aldehydes with 2,4-pentanedione 
and 1,3-cy clohexanedione was studied. 

2. Views are expressed concerning the possible mechanism of the formation of enol ethers of 
p-carbony[ compounds in the condensation of compounds containing a mobile hydrogen atom with aeetals~ 
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