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In p rev ious  pape r s  [1, 2] we r epor t ed  the poss ib i l i ty  of effeet ing condensat ion in the t e rna ry  sys tem:  
t r ia lkyl  phosphite  - aldehyde - compound containing a labile  hydrogen a tom.  In the p re sen t  communicat ion 
we p r e s e n t  some data on the reac t ion  of ace toacet ic  e s t e r  and acetylacetone  with t r ia lkyl  phosphites  and 
aldehydes.  

Acetoacet ic  e s t e r  r e a c t s  with t r ia lkyl  phosphites ,  formaldehyde or  2-furaldehyde by the usual  scheme 
of the phosphonomethylat ion reac t ion  [1, 2], with the fo rmat ion  of the e s t e r s  of 2 -ace to -2 -ca rba lkoxye thy l -  
phosphonic acids (Table 1). 

-R"OH 
CHaCOCH~C00R -t- R'CH0 + P (OR")a * CH3COCHC00R 

CIH R' 
[ 

P (o) (OR% 
(i) - (iii) 

The reac t ions  a r e  run at a t e m p e r a t u r e  of 140-200 ~ for  s eve ra l  hours .  During reae t ion  the alcohol 
is  dis t i l led off, and then is identified by GLC. Te t ra l in  or  excess  t r ie thyl  phosphite a re  used  as the so lv-  
ents .  In the IR s p e c t r a  of the products  (I)-(III) are  p re sen t  absorpt ion bands (cm -1) in the regions:  1255- 
1265 (P =O),  1635-1645 (C = C), 970-1035 (P - O - C), and a spl i t  doublet at 1712-1720 and 1735-1745 
(C -- O), which is c h a r a c t e r i s t i c  for  the s imul taneous  p r e sence  of keto and e s t e r  carbonyl  groups ill the 
molecule .  

We were  unable to i so la te  the expected e s t e r s  of 1 -a lky l (a ry l ) -2 -ace to -2 -ca rbe thoxye thy l -phosphon ic  
acids when acetoaeet ic  e s t e r  was r eac ted  with t r ie thyl  phosphite,  benzaldehydes,  propionaldehyde or bu ty r -  
aldehyde under  the conditions of the phosphonomethylat ion reae t ion .  The fo rmat ion  of 2 -oxo-2 -e thoxy-3 -  
a l k y l ( a r y l ) - 4 - c a r b e t h o x y - 5 - m e t h y l - l - o x a - 2 - p h o s p h o l - 4 - e n e s  (IV)-(VIII) and the e s t e r s  of 1 - a l k y l - 2 - a e e t o -  
ethylphosphonic acids (IX)-(X) is  obse rved  he re .  Evidently, the e s t e r s  of 1 - a l k y l ( a r y l ) - 2 - a c e t o - 2 - c a r -  
bethoxyethylphosphonic aeid a re  the rmal ly  unstable .  It is poss ib le  to p ropose  the following scheme for 
the given reac t ion  (on page 108). 

Thus,  it was shown by t3. A. Arbuzov a n d c o - w o r k e r s  [3-5] that the e s t e r s  of 1 -methy l - (pheny l ) -2 -  
aee to-2-carbe thoxyethylphosphonic  acid cannot be dis t i l led without undergoing change, and even ill a high 
vacuum they c leave the alcohol with the fo rmat ion  of 2 -oxo-2 -a lkoxy-3 -methy l (pheny l ) -4 -ca rbe thoxy-5 -  
m e t h y l - l - o x a - 2 - p h o s p h o l - 4 - e n e s .  The authors  postulate  that r ing c losure  occurs  via the enol fo rm of the 
e s t e r  of 1 -methy l (phenyl ) -2-ace to-2-carbe thoxye thy lphosphonic  acid. The fo rmat ion  of e s t e r s  of 1 -a lky l -  
2-acetoethylphosphonic  aeid (IX)-(X) can be explained by the cleavage of the earbethoxyl  group f rom the 
init ial ly f o rmed  e s t e r  of 1 -a lky l -2 -ace to -2 -ca rbe thoxye thy lphosphon ie  acid. The poss ib i l i ty  of such c leav-  
age for  ace toacet ic  e s t e r  and its de r iva t ives  is well-known [6, 71. The reac t ion  of acetoacet ic  e s t e r  with 
t r ie thyl  phosphite and e i ther  propionaldehyde or  butyraldehyde is run in sealed tubes.  An equimolar  
mix tu re  of the three components  is heated at 175-200 ~ for  8-10 h. The exper imenta l  p rocedure  with benz-  
aldehyde is the s ame  as in the case  of formaldehyde .  Ei ther  n-nonane or  excess  t r ie thyl  phosphite is 
used as the solvent .  The GLC data c o r r o b o r a t e  the p r e s e n c e  of diethyl e ther  and ethanol in the volati le 
r eac t ion  products .  13esides the analys is  data (see Table  1), the s t ruc tu re  of products  (IV)-(X) was proved  
by p31 NMR and IR spec t roscopy .  
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-EtOH -*CHsCOCH--C00Et -* 
CHsCOCH2COOEt ~- RCHO ~- P (0Et)3 ~ [ 

CHR 
I 
P (0) (OEt)~ 

CHsCOCHCOOEt __~ CHaC=C--COOEt 
T L [ 

-. CHI~ OH CHR 
1 l 

P (0) (OEt)~ P(O) (OEt)2 

L +EtOH R --gtOH 

CHsCOCHzCHP (0) (OEt)~ q- EtOEt -~ CO.2 CH~C=C--COOEt 
I I 

(IX)--(X) 0 CHR 
\/ 

P 

oAo , 
( i v )  - ( v I H )  

tl - alkyr or aryl 

In the 11~ spec t r a  of p roduc t s  (IV)-(VIII) a re  p r e sen t  absorp t ion  bands (era -1) in the regions:  1275-19.85 
(P = O), 1170-1175 (=C - O), a b road  band at 1020-1080, which can be ass igned to the v ibra t ions  of e i ther  
the (P) - O - C= or  the (C) - O - P group, 1630-1645 (C = C), and 1705-1715 (C -- O). A shift  of the ab so rp -  
tion band of the e s t e r  carbonyl  group toward longer wavelengths is explained by the p r e s e n c e  of a double 
bond in the o~-position to the carbonyl  [8]. The absorpt ion intensi ty of the C = C group i n c r e a s e s  sharp ly  
when compared  with the absorpt ion  of the C = C group in the acycl ic  e s t e r s  of 2 -ace to -2 -ca rbe thoxye thy l -  
phosphonic acid (I-III) .  The IR s pec t r a  of p roducts  (IX) and (X) contain absorpt ion  bands (cm -1) in the r e -  
gions: 1245 (P = O) and 1715-1718 (C = O), r ep re sen t ing  a ketonic carbonyl  group. The chemical  shifts  
of the p31 nuclei for  p roducts  (W-X) (see Table  1), m e a s u r e d  re la t ive  to 85% H3PO4, cor respond  to the 
l i t e r a tu r e  data for phosphonates  of s i m i l a r  s t ruc tu re  [9-11]. 

A study of the condensat ion reac t ion  in the t e r n a r y  sys tem:  t r ie thyl  phosphite  - formaldehyde - ace ty l -  
acetone,  d isc losed  that, together  with the no rma l  products  of the phosphonomethylat ion react ion,  namely  
the e s t e r  of 2 ,2-diacetoethylphosphonic acids,  the e s t e r s  of 2-acetoethylphosphonie acids a re  formed.  The 
reac t ion  scheme  can be depicted by the equation: 

�9 CH~COCH~COCH3 -6 CH20 ~- P(0R)~ -+ CH~COCH~CH~P(O)(OR)~ 

~- (CH3C0)2CHCH2P(0)(0R)~ -~ CH3C00R -~ R0H 

where  R is alkyl.  Analysis  of the volat i le  p roducts  l ibe ra ted  in the reac t ion  by GLC conf i rmed the p r e s e n c e  
of the alcohol and the cor responding  acet ic  acid e s t e r  in them. 

The s t ruc tu re  of the p roduc t s  was conf i rmed by IR spec t roscopy .  In the IR spec t r a  of the e s t e r s  of 
the 2,2-diacetoethylphosphonic acids a re  p r e sen t  absorpt ion bands (cm-i5 in the regions:  1250 (P = O5, and 
a broad  band at 1590-1620, which is cha r ac t e r i s t i c  for  diketones that a re  capable  of enolization and the f o r -  
mat ion of chelate  bonds [8]. The absorp t ion  band in  the 1710 cm - i  reg ion  belongs to a ketonic carbonyl  
group. In the IR s p e c t r a  of the e s t e r s  of the 2-acetoethylphosphonic acids a re  p r e s e n t  bands in the regions:  
1245 (P = O5 and 1715 (C = O5, r ep resen t ing  a ketonic carbonyl  group. 

The poss ib i l i ty  of fo rming  e s t e r s  of 2-acetoethylphosphonic  acids f r o m  the e s t e r s  of 2 ,2-diacetoethyl -  
phosphonic acids was shown on the example  of the reac t ion  of diethyl phosphi tes  with benzyl idene-  and e thyl -  
ideneacetylacetone [12]. It is poss ib le  to a s s u m e  that the f i r s t  step of the phosphonomethylat ion reac t ion  
is the condensat ion of e i ther  ace toace t ic  e s t e r  o r  acetylacetone with the aldehyde to give the idene de r i v a -  
t ive.  Diethylphosphorous acid, obtained by the i somer i za t ion  of t r ie thyl  phosphite by the wa te r  that is 
l ibe ra ted  here ,  can r eac t  when heated with the idene de r iva t ives  of ace toacet ic  e s t e r  and acetylacetone to 
give the e s t e r s  of e i ther  2 -ace to-2-carbe thoxye thy lphosphonie  or  2,2-diacetoethylphosphonic acids [4, 12, 
13], which a re  capable  of undergoing fu r the r  t r ans fo rma t ions  ( in t r amolecu la r  t r anses te r i f i ca t ion ,  c leavage 
of acety l  o r  carbethoxyl  groups) .  

-H20 
CHsCOCH~X q- RCHO ' CHsCOC (X) =- CHR 

P (OB')a -{- H~O ~ HP (O) (OR% @ R'OH 
CH3COCX 

Ir 
CHR -~- HP (O) (OR')z --, CHsCOCHX 

I 
CHR--P (O) (OR% 

X = -- COCHs, COOEt 

108 



However, the condensation run by us in the system: diethylphosphorous acid - formaldehyde - aceto- 
acetic ester, failed to corroborate the possibility of the initial formation of idene derivatives during con- 
densation in the ternary system. It proved that in this case the diethylphosphorous acid reacted with aceto- 
acetic ester at the carbonyl group, with the subsequent cleavage of water and the formation of the diethyl 
ester of 1-methyl-2-carbethoxyethylidenephosphonic acid, in which connection formaldehyde does not tmke 
part in the given reaction. An analogous product was obtained during condensation in the binary system: 

CHgCOCH~COOEt -~- HP (0) (OEt)~ ---, CHiC = C--COOEr 
L 

P (0) (0Et)z -~- H20 

The identi ty of the products  was p roved  by the analys is  data  and IR spec t roscopy .  

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

P r e p a r a t i o n  of Diethyl Es t e r  of 2 -Ace to -2 -ea rbe thoxye thy lphosphon ic  Acid. A mix tu re  of 13 g of 
ace toacet ic  es te r ,  3 g of p a r a f o r m  and 24.9 g of t r ie thyl  phosphi te  was heated  at 140-190 ~ for  6.5 h, in 
which connection ethanol was dist i l led off. After  r e m o v a l  of the excess  t r ie thyl  phosphite the res idue  was 
subjected to two f rac t ional  dis t i l la t ions to give 22.4 g of the diethyl e s t e r  of 2 - ace to -2 -ca rbe thoxye thy l -  
phosphonic acid. 

The dibutyl e s t e r  of 2 -ace to-2-carbobutoxye thy lphosphonie  acid and the diethyl e s t e r  of 1 - fu r fu ry l -  
2 -ace to-2-carbe thoxye thy lphosphonic  acid were  obtained in a s i m i l a r  manne r .  

_Reaction of Acetoacet ie  E s t e r w i t h  Tr ie thy l  Phosphi te  and Propionaldehyd e_ A mix tu re  of 13 g of 
aee toaee t ie  e s t e r ,  16.6 g of t r ie thyl  phosphite and 5.8 g of propionaldehyde was heated  in a sea led  tube at 
175-200 ~ for  10 h. The tube was opened, and the volat i le  p roduc t s  (ethanol, diethyl e ther ,  unreac ted  p r o -  
pionaldehyde) were  dis t i l led off. Two f rac t ions  were  isolated when the reac t ion  m a s s  was subjected to 
f rac t ional  disti l lation: I) bp 90-100 ~ (0.2 ram), n~ 1.4430, 21.5 g; II) bp 120-130 ~ (0.2 ram), n~  1.4530, 7.5 
g. Redis t i l la t ion gave 15.8 g of the diethyl e s t e r  of l - e thy l -2 -ace toe thy lphosphon ie  acid. F r o m  f rac t ion  
II was isola ted 5.0 g of 2 - o x o - 2 - e t h o x y - 3 - e t h y l - 4 - c a r b e t h o x y - 5 - m e t h y l - l - o x a - 2 - p h o s p h o l - 4 - e n e .  

React ion of Aeetoacet ic  Es t e r  with Tr ie thy l  Phosphi te  and Butyra ldehyde.  A mix tu re  of 13 g of ace to-  
acet ic  es te r ,  16.6 g of t r ie thyl  phosphi te  and 7.2 g of butyra ldehyde was heated at 175-200 ~ for  10 h. The 
tube was opened. Remova l  of the volat i le  products ,  followed by f rac t ional  dis t i l la t ion of the reac t ion  m a s s ,  
gave two f rac t ions :  D bp 95-110 ~ (0.2 ram), n~ 1.4455, 18 g II) bp 110-125~ (0.2 ram), n~ 1.4560, 8 g. The 
f rac t ional  d is t i l la t ion of f rac t ion  I gave 14.5 g of the diethyl e s t e r  of 1 -p ropy l -2 -aee toe thy lphosphouie  acid.  
F r o m  f rac t ion  II was obtained 5.6 g of 2 - o x o - 2 - e t h o x y - 3 - p r o p y l - 4 - e a r b e t h o x y - 5 - m e t h y l - l - o x a - 2 - p h o s p h o l -  
4-ene .  

React ion of Acetoaeet ic  E s t e r  with Tr ie thy l  Phosphi te  and Benzaldehyde.  A mix tu re  of 8.3 g of t r i -  
ethyl phosphite,  5.3 g of benzaldehyde and 6.5 g of ace toace t ic  e s t e r  in 10 ml of n-nonane was heated at 185- 

20 
190 ~ for  4.5 h. Ethanol (n D 1.36657 was dis t i l led off. After  r e m o v a l  of the unreac ted  s t a r t ing  products  the 
reac t ion  m a s s  was subjected to s eve ra l  f rac t ional  d is t i l la t ions  to give 10 g of 2 - o x o - 2 - e t h o x y - 3 - p h e n y l - 4 -  
ea rbe thoxy-  5 -me  thyl-1 - o x a - 2 - p h o s p h o l - 4 - e n e .  

2 - O x o - 2 - e t h o x y - 3 - ( p - e h l o r o p h e n y l ) - 4 - c a r b e t h o x y - 5 - m e t h y l - l - o x a - 2 - p h o s p h o l - 4 - e n e  and 2 -oxo-2-  
e t h o x y - 3 - ( p - m e t h o x y p h e n y l ) - 4 - c a r b e t h o x y - 5 - m e t h y l - t - o x a - 2 - p h o s p h o l - 4 - e n e  were  obtained in a s i m i l a r  
manner .  

React ion of Acetylaeetone with T r i e thy lPhosph i t e  and Formaldehyde .  A mix tu re  of 16.6 g of t r ie thyl  
phosphite ,  3 g of p a r a f o r m  and 10 g of ace ty lace tone  was heated at 140-160 ~ for  5 h; he re  5 ml  of vola t i le  
p roducts  was dis t i l led  off; n~ 1.3640. F rac t iona l  d is t i l la t ion of the reac t ion  m a s s  gave two f rac t ions :  It bp 
98-102 ~ (0.02 ram), n 2~ 1.4470, 8.9 g. II) bp 105-112 ~ (0.02 ram), n~  1.4625, 12 g. 

F r o m  f rac t ion  I was obtained 6.1 g (29.5%7 of the diethyl e s t e r  of 2-acetoethylphosphonic  acid with bp 
73-75 ~ (0.015 mm),  n~  1.4370; d~ ~ 1.0920. Found: C 45.42; H 8.11; P 14.48%; ~ 49.90. CsHiTOtP. Ca l -  
culated: C 45.9; H 8.15; P 14.90; MR 50.02. F r o m  [14]: bp 105-107 ~ (0.3 ram); n~  1.4353; [15]: bp 75-78 ~ 
(0.02 ram); n~ 1.4388; d~ ~ 1.0901. 

F r o m  f rac t ion  II was isola ted 7.5 g (30%) of the diethyl e s t e r  of 2 ,2-diacetoethylphosphonie  acid with 
bp 125-127 ~ (0.03 mm),  n~  1.4685, d 2~ 1.1644. Found: C 47.65; H 7.31; P 12.79%; MR 59.74. C10HigOsP- 
Calculated:  C 48.00; H 7.60; P 12.40%; MR 59.27. 

109 



Reaction of Acetylacetone with Formaldehyde and Tributyl  Phosphite.  A mixture  of 10 g of ace ty l -  
acetone, 25 g of tr ibutyl  phosphite and 3 g of pa ra fo rm was heated at 140-200 ~ for  7 h; the volati le products  
(butyl alcohol and butyl acetate) disti l led he re .  Fract ional  dist i l lat ion of the react ion mass  gave two f rac -  
tions: I) bp 110-135 ~ (0.01 ram), n~ 1.4430, 8.1 g. II) bp 135-140 ~ (0.01 ram), n~ 1.4650, 11.3 g. F r o m  
f rac t ion  I was isolated 6 g (22.8%) of the dibutyl e s t e r  of 2-acetoethylphosphonic acid with bp 112-115 ~ (0.02 
mm), n2i~ 1.4410, d 2~ 1.0157. Found: C 54.42; H 9.49; P 11.57%; MR 68.64. Ci2H2504P. Calculated: C 54.54; 
H 9.47; P 11.74%; MR 68.49. F r o m  [15]: bp 110-112 ~ (0.05 mm); n~ 1.4420; d~ ~ 1.0168. F r o m  fract ion II 
was obtained 8 g (26.6%) of the dibutyl e s t e r  of 2,2-diacetoethylphospbonic acid with bp 120-122 ~ (0.001 mm); 
20 d2 o nD 1.4690; 1.0951. Found: C 54.49; H 8.51; P 10.57%; MR 77.82. CI4H27OsP. Calculated: C 54.92; 

H 8.82; P 10.13%; M_R 77.74. 

Reaction of Diethyl Phosphite with Acetoacetic Ester and Paraform. A mixture of 13.8 g of diethyl 
phosp~te, 13 g of aeetoacetic ester and 3 g of paraform was heated at 135-185 ~ for 5 h. After several 
fractional distillations of the reaction mass we obtained 7.5 g (30%) of the diethyl ester of 1-methyl-2- 
carbethoxyethylidenephosphonic acid with bp 80-82 ~ (0.02 mm); n~ 1.4509; d} ~ 1.0949. Found: C 48.25; H 
7.80; P 12.06%; MR 61.46. C10H19OsP. Calculated: C 48.20; H 7.22; P 12.45%; MR 60.43. F r o m  [16]: bp 

20 20 140 ~ (8 mm); n D 1.4482; d 4 1.0987. 

React ion of Diethyl Phosphite with Acetoacet ic  Es te r .  A mixture  of 13.8 g diethyl phosphite and 13 g 
of acetoaeet ic  e s t e r  was heated at 140-180 ~ for  7 h. Fract ional  dist i l lat ion of the reac t ion  mass  gave 724 
(28%) of the ethyl e s t e r  of 1-methyl-2-carbethoxyethyl idenephosphonic  acid with bp 91-92 ~ (0.05 mm); n D 
1.4490; d 2~ 1.0939. Found: C 48.19; H 7.56; P 12.44%; MR 61.31. C10H19OsP. Calculated: C 48.20; H 7.22; 
P 12.45%; MR 60.43. 

C O N C L U S I O N S  

1. The condensation of aeetoacet ic  e s t e r  with t r ia lkyl  phosphites,  formaldehyde or  2-furaldehyde 
goes with the format ion  of e s t e r s  of 2-aceto-2-carbalkoxyethylphosphonic  acids.  

2. The reac t ion  of ace toacet ie  e s t e r  with benzaldehydes,  butyraldehyde or  propionaldehyde and t r i -  
ethyl phosphite gave 2 -oxo -2 -e thoxy-3 -a lky l ( a ry l ) -4 -ca rbe thoxy-5 -me thy l - l -oxa ,2 -phospho l -4 -enes  and 
the e s t e r s  of 1-alkyl-2-acetoethylphosphonic  acid. 

3. The format ion of e s t e r s  of 2,2-diacetoethylphosphonic acid and 2-acetoethylphosphonic acid is 
observed  during condensation in the t e rna ry  system:  t r ie thyl  phosphite - formaldehyde - a c e t y l a c e t o n e .  
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