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The c h e m i s t r y  of synthetic  medic ina l  media  is the broades t  and mos t  r esource fu l  field of fine organic  
synthes is ,  in which v i r tua l ly  all  known c l a s se s  of organic  compounds and types of organic  reac t ions  a r e  
used  to some  degree .  However,  with all  the d ivers i ty  of the used routes ,  s e v e r a l  of the mos t  impor tant  of 
them can be separa ted ,  based on the use  of ce r ta in  types of compounds having high and d ive rse  reac t iv i ty ,  
pe rmi t t ing  the i r  use  as un ive r sa l  f r agments  for  the construct ion of m o r e  complex s y s t e m s .  F i r s t  of all, to 
such types  can be ass igned f l -d icarbonyl  compounds (f l -ketoaldehydes,  f i -ke toes t e r s ,  f i -diketones,  malonic  
e s t e r  der iva t ives ,  etc.),  used widely for  obtaining aliphatic,  a l icycl ic ,  and he te rocyc l ic  s t r u c t u r e s  in the 
c h e m i s t r y  of medic inal  m a t e r i a l s  and in the pharmaceu t i ca l  c h e m i s t r y  industry (for example ,  in the manu-  
fac ture  of d imecarb ine ,  pyrazolone  ana lges ics ,  aminoachr ichin ,  su l fadimesine ,  te t r idine,  etc.). The chem-  
i s t r y  of f l -dicarbonyl  compounds has been developed ve ry  well, which cannot be said about the f i r s t  and 
s imples t  r ep resen ta t ive  of this c lass  of compounds,  malondialdehyde O = CHCH2CH = O~HOCH -- CHCH =O 
(I), differing signif icantly f rom the other  m e m b e r s  of the s e r i e s  in manne r  of p repara t ion ,  p rope r t i e s ,  and 
reac t iv i ty .  As a resul t  of the high act ivi ty  of both aldehyde groups and the methylene chain, if) autocondenses  
v e r y  eas i ly  and cannot be isola ted in individual form,  which g rea t ly  hinders  its use  as a reagent ,  pe rmi t t ing  
the introduction of a t r ime th ine  f ragment  - C H = C H - C H =  [ o r - C H = C R - C H =  in the case  of homologs of 
(I)] into complex molecu les .  There fo re ,  at p resen t  to solve this f requent ly  occur r ing  problem the re la t ive ly  
difficulty acces s ib l e  functional der iva t ives  of its enolic or  dialdehyde fo rms ,  such as aceta ls  of f l -e thoxy-  
ac ro le in  C2HsOCH =CHCH(OC2Hs) 2 (obtained f rom acro le in  by a s e r i e s  of s teps [1, 2, 3]) f i -a lkoxyacrole ins  
ROCH = CHCH = O (formed by decomposi t ion of f~ -carba lkoxyacro le ins  in the p r e sence  of acidic ca ta lys t s  [4]), 
o r  full ace ta l s  (RO)2CHCH(OR) 2 (synthesized by condensation of o r thoformic  e s t e r  with vinyl e s t e r s  [5, 6, 7]), 
a r e  used instead of (I). 

We invest igated cer ta in  react ions  of p ropargy l  aldehyde (II),* which could be reduced to var ious  types  
of functional de r iva t ives  of (I). In con t ras t  to the well-studied react ions  of acetylene ketones with alcohols 
and amines  [10], the behavior  of p ropa rgy l  aldehyde in this re lat ion was studied li t t le [12] before  our  r e -  
s e a r c h  [11]. Both with alcohols and with amines  (H) r eac t s  m o r e  complexly  than do acetylene ketones,  while 
the compl ica t ions  a r e  a s soc ia t ed  with inc reased  reac t iv i ty  of the aldehyde groups .  React ion of (II) with a l -  
cohols p roceeds  only in the p r e s e n c e  of bas ic  ca ta lys t s  (preferably  t e r t i a r y  amines)  and can lead to var ious  
types  of functional de r iva t ives  of (I) (Scheme 1) as a function of conditions. (See Scheme 1 on following 
page.) Upon ca r ry ing  out reac t ions  in benzene under  conditions of insufficient alcohol,  compounds (III), 
f rom e lementa l  analys is  and m o l e c u l a r  weight cor responding  to the addition product of an alcohol molecule  
and two molecu les  of (II), a r e  obtained as the ma in  product .  The PMR spec t r a  of compounds (III) indicate 
that  they have the s t ruc tu re  of 1 - a l k o x y - l - ( f l - f o r m y l v i n y l o x y ) - 2 - p r o p y n e  ["adduct" (III)] [11]; its p r e p a r a -  
tion can be explained by consider ing the ease  of format ion  f rom (II) of polyaceta ls  (IV), detected by PMB 
spec t r a l  data [13], which can, as do o ther  hydroxy compounds,  add to (II) at the t r ip le  bond. 

* P ropa rgy l  aldehyde can be obtained by oxidation of p ropargy l  alcohol [8], a waste  product  in the manufac -  
tu re  of polyvinylpyrrol idone [9]. 

Sc i en t i f i c -Resea rch  Inst i tute of Pharmacology ,  Academy of Medical Sciences of the USSR, Moscow. 
T r a n s l a t e d  f rom K h i m i k o - F a r m a t s e v t i c h e s k i i  Zhurnal ,  Vol. 7, No. 9, pp. 6 - I1 ,  September ,  1973. Or ig inal  
a r t i c l e  submit ted  June 8, 1973. 

�9 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. IOOI1. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, wit~tout written permission of the publisher. ~t 
copy of this article is available from the publisher for $15.00. 

545 



.fO OH= CHGH: 0 
- ~'H F /OH] 

~, a, ~0 IHC--COH I (~0) 2 CHOH7OH= O 

~OH/R'~ N / I 
/ , R.OH, R ;~ r /  IROH 

ROH I I m~on I H+ 
HO--OCH=O ~, I , I 

ttG----OOH 
\ o i l  ~r 

: (It O)20HOHzOH (Oil) z I~0OH=CHCH= O I~OH, H * 
Y 

Scheme i 

Upon changing the o rde r  of component mixing and increasing the i r  rat io to 6 : 1, the main react ion 
product  becomes the corresponding f l -a lkoxyacrole in  (V), which can be isolated by fract ional  disti l lation 
of the react ion mixture  and subsequent crys ta l l iza t ion at low tempera tu re .  A fur ther  increase  in re la t ive  
amount of alcohol to 50 moles  per  1 mole of (II) leads to the predominate  formation of fl , f l -dialkoxypro-  
pionic aldehydes (VI). Addition of the isolated alcohol to (II) occurs  with significantly more  difficulty than 
what is noted for  p r ima ry  alcohols,  while t e r t i a r y  butanol, in general ,  does not add. 

In the p resence  of excess  alcohol and t r aces  of acid compounds (V) and (VI) are  easi ly t r ans fo rmed  
into full acetals  of malondialdehyde (VII), which can be obtained even more  s imply d i rec t ly  f rom (II), avoid- 
ing isolation of the in termedia te  compounds (V) o r  (VI). 

Trea tment  of (V) with amines under  mild conditions leads to formation of f l -aminoacrole ins  [14]; 
unsubsti tuted f l -aminoacrole in  (VIII) and f l - (methylamine)acrole in  (IX) [15] were  obtained for  the f i rs t  t ime 
in this way. Reaction between (II) and ammonia (Scheme 2) in aqueous medium leads to the formation of an 
unstable compound, f rom analyt ical  and spec t ra l  data having the s t ruc tu re  of f l -N-(propargyl idene)amino 
acro le in  (X) [i.e., the aldehyde group of (II) par t ic ipates  in the reaction].  

.NI-IIOH= CHCH=O " ~ ' J ~ q  HO HC- COH=NOH=CHCH=O 

(OH3) zNOH= 
HO= OCH:=NOHsI ~ /X" 2 ~  CH~-NH z 

(OH~zHCH = CHCH=~[CH~ I OH)NHCH=OHCH = NCH 1 

2~ Scheme 2 2T 

Upon car ry ing  out the p rocess  in alcoholic medium, (VIII) was obtained in high yield, probably through 
a stage of in termediate  format ion of (V). The analogous effect  of methylamine on (II) in alcohol leads to 
formation of (IX), while in aqueous medium the azomethine der ivat ive of propargyl  aIdehyde (XI) is mainly 
obtained, t r ans fo rmed  upon fur ther  react ion with methylamine into the azomethine der ivat ive of f l - (methyl -  
amino)aerolein (XII). The Iat ter  was also obtained by react ion of (IX) with methyiamine.  

In these  react ions attention is drawn by the ease of addition of amines to the earbonyl  group of fl- 
aminoacrole ins .  The possibil i ty of exchange of amine res idues  in these compounds should also be noted. 
Thus, upon heating (VIII) with dimethylamine in alcohol solut ion/3-(dimethylamino)aerole in  (XIII) was ob- 
tained; upon react ion of the la t te r  with methylamine a mixture  of azomethine der ivat ives  of # - (d imethy l -  
amino)- and #- (methylamino)acro le ins  (XIV and XII) [16] was obtained~ 

Compounds (V), (VI), and (VIII), obtained simply and in high yields by the methods presen ted  above, 
a re  stable forms of malondialdehyde. They can successful ly  replace  the la t te r  in a se r ies  of react ions 
[17-191 and broaden significantly the possibi l i t ies  of synthesis .  

Cer ta in  data were also obtained during these investigations, which make it possible to hypothesize 
about the direct ions of autoeondensation of malondialdehyde. It is known that f ree  #-ketoaldehydes  a re  
t r i m e r i z e d  rapidly into the corresponding 1 ,2 ,5- t r iaeylbenzenes .  However,  autocondensation of the f i rs t  
r epresen ta t ive  of this homologous se r i es ,  malondialdehyde, which is ve ry  rapidly t r ans fo rmed  into a brown 
ta r ,  evidently also proceeds  in other  direct ions,  since 1 ,3 ,5- t r i formylbenzene  could not be isolated f rom 
the t a r .  Upon studying a se r i e s  of t ransformat ions  (scheme a), in which malondialdehyde is formed,  we 
isolated stable crys ta l l ine  compounds, having the s t ruc tu re  of substituted pyrans (XV). 
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f) R = CH~OH=O 

Scheme 3 

Compounds of this type (XVa,b) a re  formed, for example, during hydrolysis  of s t e reo i somer ic  B-ehloro-  
acroleins  (XVIa,b) [20] with soda solution. We also isolated a compound having an analogous s t ruc ture  
(XVc) during the preparat ion of t r ie thyl(f l - formylvinyl)ammonium chloride (XVII) by addition of t r ie thyl -  
amine hydrochlor ide to (II) [in this case (I) is also part ial ly formed].  It can be proposed that compound 
(XV) is obtained by crotonic condensation of (I) and the other aldehyde RCHO[(XVI) or  (XVII)] present  in 
the react ion mixture,  with subsequent Michael addition of an additional molecule of (I). The preparat ion 
of (XId,e) [21] under the analogous conditions is also descr ibed in the l i terature.  It can be proposed that 
the presence  in the mixture of another aldehyde part ial ly stops the process  at the stage of formation of 
compounds (XVa-e), which do not enter  into fur ther  t ransformat ions ,  while during autoeondensation, r eac -  
tive compound (XVf) is obtained, which does not interrupt  the autocondensation process  of (I). 

F X P E B I M E N T A L  

1-E thoxy- l - (p - fo rmylv iny loxy) -2 -p ropyne  ["adduot" (III), t~ =C2H5]. To a solution of 10.8 g of (II) in 
120 mlo f  benzene was added, with s t i r r ing  over  30 rain and maintaining the t empera tu re  of the mixture at 
25-30 ~ a mixture of 0.6 g of N-methylpiperidine and 28 g of absolute ethanol in 60 ml of benzene. The r e -  
action mixture was s t i r red  for an additional 30 rain, the solvent was distilled, the residue was dissolved in 
125 ml of ether  and t reated with carbon, the f i l t rate was evaporated, and the residue was distilled. We ob- 
tained 7 g (35.5%) of f l -ethoxyacrolein (V, R =C2H5), bp 51-52.5 ~ (5ram), n~ 1.4710, and 8 g (51.3%) of the 
"adduct" (HI, R=C2Hs), bp 85-90 ~ (2 ram), nap 55-57 ~ (from ether). Found, %: C 62.44, 62.66; H 6.52, 6.58; 
tool. wt. 146.2 (cryoscopy in benzene). C8H1003. Calculated, %: C 62.32; H 6.54; tool. wt. 154.16. 

f i -Ethoxyacrolein  (V, R =C2Hs). To a solution of 0.3 g of N-methylpiperidtne and 28 g of absolute 
ethanol in 30 ml of benzene was added with s t i r r ing over  1.5 h a solution of 5.4 g of (II) in 60 ml of benzene, 
maintaining the t empera tu re  at 25-30% Fur ther  t rea tment  was as in the preceding experiment.  Distillation 
yielded a fract ion boiling at 44-44.5 ~ (2 ram). For  purification it was dissolved in 5 ml of absolute ether,  
the mixture  was frozen at - 50 ~ and the residue was fil tered and distilled af ter  melting. We obtained 7 g 
(70%) of (V) (R =C2H5), bp 51-52 ~ (5 ram), mp 0-2 ~ n~ 1.4730 [li terature data [4]; bp 48-49 ~ (2.5 ram), n~ 
1.4740] and 2 g of a fraction with bp 85-90 ~ (2 ram), mp 56-58 ~ (from ether), which was the "adduct" (HI) 
a l ready descr ibed above (R =C2tt5). 

fl ,f l-Dimethoxypropionic Aldehyde (IV, R =CH3). To a solution of 1.2 g of N-methylpiperidine in 400 
ml of methanol was added in 15 rain, with good s t i r r ing  and maintaining the tempera ture  at 60% a solution 
of 21.6 g of (II) in 400 ml of methanol; the mixture was s t i r red  an additional 45 rain, the methanol was dis-  
tilled, the residue was dissolved in ether and t reated with carbon, the ether  was distilled, and the residue 
was distilled. We obtained 38.4 g (81%) of a fraction with bp 40-41 ~ (7 ram), n~ 1.4098. Li tera ture  data 
[22]; bp 69-70 ~ (37 turn). F rom PM~ spec t ra l  data the mater ia l  contains about 3% impuri ty  of 13-methoxy- 
acrolein (V, R =CH3). 

1 ,1 ,3 ,3-Tetramethoxypropane (VII, R=CII3). The reaction was ca r r i ed  out as in the preceding exam- 
ple; at its end the mixture was cooled, and a solution of hydrogen chloride in methanol was added to pH 
4.0. The next day the mixture was neutral ized by addition of sodium methoxide, the methanol was distilled, 
and the residue was distil led. Yield of fraction with bp 49-50.5 ~ (5 ram) was 46.8 g (71.3%), l i te ra ture  data 
[7]: bp 66 ~ (12 ram). 

1 ,1,3,3-Tetraethoxypropane (VII, E = C2I-I 5) was obtained analogously; t reatment  of compounds (V) and 
(VI) with alcohol in the presence  of acid also leads to the formation of the corresponding te t raa lkoxypro-  
panes. 
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f i -Aminoacro le in  (VIII). 1. To a solution of 0.6 g of N-methy lp iper id ine  in a mix tu re  of 35 ml  of 
absolute  ethanol and 60 ml  of benzene,  maintaining the t e m p e r a t u r e  at 25-30 c, was added ove r  an hour  with 
s t i r r i ng  a solution of 10.8 g of (II) in 120 m l  of benzene.  The mix tu re  was s t i r r ed  an additional hour, a f te r  
which excess  ammonia  was passed  through it ove r  30 min; the solution was t r ea t ed  with carbon,  and the 
solvent was disti l led.  We obtained 11.9 g (83%) of c ry s t a l s ,  mp 99-102 ~ a f t e r  r ec rys t a l l i za t ion  f rom a 
smal l  volume of methanol  mp 104-105 ~ L i t e r a tu r e  data [23]: mp 103-105 ~ 

2. To a solution of 5 g of (V) (R =CH 3) in 20 ml  of alcohol was gradual ly  added 5.5 m l  of concent ra ted  
aqueous ammonia  Solution, during which s t rong heat  evolution of the m i x t u r e w a s  observed .  After  anhour  the 
solution was t r ea t ed  with carbon and evapora ted  in vacuum, and the res idue  was t r ea ted  as descr ibed  above. 
Yield 3.4 g (79%), mp 10'3-104 ~ 

Azomethine Derivat ive  (XI). To 30 ml  of an aqueous solution, containing 0.1 mole  of methylamine ,  
was added, with s t i r r ing  over  20 rain and maintaining the t e m p e r a t u r e  at 0-8 ~ a solution of 5.4 g of (II) in 
15 ml  of water .  Af ter  30 rain the solution was ex t rac ted  with e ther  (3 • 40 ml),  the ex t rac t  was dr ied with 
magnes ium sulfate and then evapora ted  in vacuum, and the r e s idue  was dist i l led,  cooling it to - 5 ~ and g r a -  
dually increas ing  the discharging.  In a r e c e i v e r  cooled t o -  60 ~ was col lected the f rac t ion  with bp 14-15 ~ 
(5 mm) .  Yield 1.8 g (26.8%), co lo r l e s s  liquid, n~  1.4640, c rys t a l l i ze s  a t -  50 ~ and po lymer i ze s  upon s tand-  
ing. The m a t e r i a l  is soluble in Water, alcohol,  e ther ,  benzene,  ch loroform,  and has low solubil i ty in hexane 
and cyclohexane.  Found, %: C 71.47, 72.09; H 7.74, 7.86; lq 20.01, 20.40. C4H5N. Calculated,  %: C 71.67; 
H 7.50; N 20.88. 

f l -N- (Propargy l iden)aminoac ro le in  (X). The compound was obtained analogously f rom 134 ml  of an 
aqueous solution containing 0.2 mole  of ammonia  and 10.8 g of (II). Af ter  dist i l lat ion in a r e c e i v e r  cooled 
to - 6 0  ~ was col lected 4 . 4 g  (41%) of a co lo r l e s s  liquid, bp 26-28 ~ (3 ram), mp 20-22 ~ n~  1.5030. Found, %: 
C 67.45, 67.58; H 4.79, 4.74; N 13.75, 13.42. C6HsNO. Calculated,  %: C 67.58; H 4.70; N 13.78. The com-  
pound is highly soluble in alcohol,  e ther ,  acetone,  and benzene,  and of low solubil i ty in wa te r  and hexane; 
upon s tor ing it rapidly darkens  and t a r s .  

f i - (Methylamino)acrole in  (IX). To a mix tu re  of 62 ml  of a 10% alcohol solution of methylamine  and 
65 ml  of absolute alcohol was added, ove r  15 min at 8-10 ~ and with s t rong  mixing,  a solution of 10.8 g of 
(II) in 40 ml  of alcohol.  After  30 rain the alcohol was dist i l led in vacuum and the res idue  was dist i l led.  
We obtained 6.8 g (40%) of (IX), bp 940 (2 ram), n~  1.5920. L i t e r a tu r e  data [23]: bp 85-87 ~ (1.5 ram). 

Azomethine Derivat ive of f l - (Methylamino)acrole in  (XII). To a solution of 0.9 g of (XI) in 7 ml  of 
absolute  alcohol was added 10 ml  of an alcohol  solution containing 0.0!3 mole  of methylamine;  the mix tu re  
was mainta ined for  1 h at 35 ~ The next day the solvent was dist i l led,  and the res idue  was dist i l led in va-  
cuum. We obtained 0.53 g (40%) of (XII), b p 4 3 - 4 4  ~ (8 ram), mp 32-33 ~ L i t e r a t u r e  data [24]: bp67 ~ (13ram). 

Compound (XII) is fo rmed  in 42% yield upon react ion  of (IX) with methy lamine  or  in 56% yield upon 
react ion  of (II) in alcohol with 2 moles  of d imethylamine [in the las t  case  11% (IX) was isolated in addition]. 

React ion of f l - (Dimethylamino)acro le in  (XIII) with Methylamine.  To a solution of 4 g of (XIII) in 30 
ml  of absolute alcohol was added 25 ml  of an alcohol solution containing 0.14 mole  of methylamine .  The 
next day the solvent was dist i l led,  and the res idue  was dist i l led.  We obtained 1.6 g (42%) of (XII), bp 43-44 ~ 
(8 mm) ,  mp 32-33", and 0.6 g (13.6%) of the azomethine der iva t ive  of f l - (d imethylamino)acro le in  (XIV), bp 
66-68 ~ (5 ram), n}~ 1.5638. Found, %: C 60.85, 60.95; H 10.32, 10.18; N 28.27, 28.37. CsHi0N2. Calculated,  
%: C 61.18; H 10.27; N 28.54. 

4 - ( t r a n s - f l - C h l o r o v i n y l ) - 3 , 5 - d i f o r m y l - 4 H - p y r a n  (XVa). To an emuls ion of 0.7 g of (XVIa) [20] in 5 
ml  of wa te r  was gradual ly  added an aqueous solution of 0.8 g of sodium carbonate .  After  s t i r r ing  for  30 
min  the prec ip i ta ted  c ry s t a l s  were  f i l tered,  washed with water ,  and dried ove r  phosphorus pentoxide. Yield 
0.05 g, mp 85-86 ~ (from dichloroethane).  Found, %: C 54.44, 54.50; H 3.55, 3.65; Cl17.83, 17.85. C9H7C103, 
Calculated,  %: C 54.42; H 3.52; C1 17.83. 

The cis i s o m e r  (XVb) was obtained analogously,  mp 128.5-129.5 ~ Found, %: C 54.46, 54.39; H 3.56, 
3.63; C1 17.88, 18.00. C8H7C103. Calculated,  %: C 54.42; H 3.52; C1 17.83. 

The s t ruc tu re  of (XVa,b) was conf i rmed by IR and PMR spec t r a l  data.  
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