
R E A C T I O N S  OF M A N N I C H  B A S E S  W I T H  T R I E T H Y L  P H O S P H I T E  

COMMUNICATION 1. REACTIONS IN PRESENCE OF ACETIC ACID 

]~.. E. t v a n o v ,  V. F .  Z h e l t u k h i n ,  UDC542.91+661.718.1 
a n d  T. G. V a v i l o v a  

The react ions of triethyl phosphite with methiodides or hydrochlorides of Mannieh bases have been 
descr ibed in [1-3]. However, the question of the mechanism of the replacement  of the amino group and 
the sequence of the stages formulated in [2] has remained open. 

Ou:? object in the presen t  work was the development of s impler  and more  convenient methods of con- 
ducting this react ion and the determinat ion of the possibil i t ies of this method in synthesis.  We have 
changed the react ion conditions: instead of the hydrochloride or  methiodide of the Mannich base, we took 
an equimolecular  mixture of the Mannich base and acetic acid. We supposed that acetic acid would give a 
salt  with the Mannich base and that this would reac t  with tr iethyl  phosphite with formation of diethylamine 
and an intermediate  quasiphosphonium compound, the breakdown of which would give ethyl acetate and the 
react ion :?roduct. 
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Diethylanline and ethyl acetate formed in the course  of the react ion were readily removed f rom the r e a c -  
tion mixture;  they were identified by means of gas chromatography.  In a special exper iment  it was shown 
that in the case of the react ion of tr iethyl  phosphite with N,N,N' ,N'- te t raethylmethanediamine in presence  
of acetic acid the l iberation of diethylamine (determined by t i trat ion of a sample of the mixture distilled 
off with 0.5 N H2SO4) and ethyl acetate (determined by titration of the excess of alkali remaining after  a 
sample of the condensate had been boiled with alkali) occurred simultaneously in about 1 : 1 proport ions 
within the limits of experimental  e r ro r .  

We have studied the react ions of t r iethyl  phosphite with a number of ketonic and nonketonic Mannich 
bases. It was observed that, depending on the s t ruc ture  of the Mannich base used, the tempera ture  at 
which react ion s ta r t s  varies.  Reaction s ta r t s  at the lowest tempera ture  with N,N,N' ,N ' - te t rae thylmethane-  
diamine (91 ~ and 4-(diethylamino)-2-butanone (92~ and it goes exothermically.  For  other Marmich bases 
no exothermic effect is observed. Reaction s ta r t s  at the highest tempera ture  (135 ~ in the ease of 3-(di-  
ethylamino)propionitri le.  

We also studied react ions of tr iethyl phosphite with amino compounds which are  not Mannich bases:  
N,N-diethylglycine ethyl es te r  and diethyl [(diethylamino)methyl]phosphonate ethiodide. In the latter case  
replacem!~nt of the amino group did not occur:  we isolated diethyl ethylphosphonate and diethyl [(diethyI- 
amino)methyl]phosphonate. For  react ion to occur  a higher tempera ture  (140 ~ was required. For  all the 
ketonic Mannich bases  react ion went with p rese rva t ion  of the carbonyl group, which was confirmed c lear ly  
by the IR spec t ra  of the products  isolated. Another pecul iar  feature of the react ion is that it may be con- 
ducted not only in an acetic acid medium, but also in phenol or  even water.  However, the use of these 
proton donors leads to undesirable by-products  which lower the yield of the desired product  and makes its 
isolation Jn the pure  state difficult. 

EXPERIMENTAL 

Reaction of Triethyl Phosphite with 4-(Diethylamino)-2-butanone in Pres- 

ence of  A c e t i c  A e i d .  A mixture of 28.6 g of 4-(diethylamino)-2-butanone, 33.2 g of tr iethyl phosphite 
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and 12 g of acetic acid was prepared  in a two-necked round-bottomed flask fitted with thermometer  and 
small  column with a condenser  set for distillation. When the temperature  in the oil bath reached 96 ~ the 
t empera tu re  in the react ion mixture rose  to 110 ~ and volatile reaction products began to come off and 
were collected in a graduated receiver .  In the course of 1.5 h the temperature  of the reaction mixture 
was ra ised to 142 ~ and 32.8 ml (26.1 g) of volatile products came over. In the fractionation of the r eac -  
tion mixture we isolated 18.9 g (45.5%) of diethyl (3-oxobutyl)phosphonate; b.p. 140-141 ~ (8 mm); n~ 1.4365; 
d 2~ 1.0860. Found: P 14.70, 14.85; C 46.08, 46.18; H 8.15, 8.20%. CsH1704P. Calculated: P 14.87; 
C 46.15; H 8.22%. 

R e a c t i o n  o f  T r i e t h y l  P h o s p h i t e  w i t h  4 - ( D i e t h y l a m i n o ) - 2 - b u t a n o n e  in  P r e s -  
e n c e  o f  W a t e r .  A mixture of 16.6 g of triethyl phosphite, 14.3 g of 4-(diethylamino)-2-butanone, and 
1.8 g of water  was heated. At 96 ~ volatile react ion products  s tar ted to come off. In the course of 1 h the 
mixture was heated to 130 ~ and 8.4 g of condensate separated;  t i tration of this with 0.5 N H2SO 4 gave a 
content of 4.55 (62%) of diethylamine. In the fractionation of the react ion mixture we obtained 13.3 g (64%) 
of diethyl (3-oxobutyl)phosphonate; b.p. 147 ~ (15 mm); n~ 1.4379. 

R e a c t i o n  o f  4 - ( D i e t h y l a m i n o ) - 3 - m e t h y l - 2 - b u t a n o n e  w i t h  T r i e t h y l  P h o s p h i t e  
in  P r e s e n c e  o f  A c e t i c  A c i d ,  A mixture of 15.7 g of 4-(diethylamino)-3-methyl-2-butanone,  
16.6 g of tr iethyl  phosphite, and 6.0 g of acetic acid star ted to reac t  at 114 ~ In the course of the next 65 
rain the mixture was heated to 141 ~ and 14.1 ml (11.3 g) of condensate was collected. In the fracti0nation 
of the react ion mixture we obtained 12.5 g (57%) of diethyl (2-methyl-3-oxobutyl)phosphonate; b.p. 100 ~ 
(0.03 mm); n~ 1.4402; d~ ~ 1.0679. Found: P 13.6, 13.64; C 48.88, 48.76; H 8.51, 8.57%; MR 54.89. CgH1904P. 
Calculated: P 13.95; C 48.65; H 8.55%; MR 54.64. 

R e a c t i o n  o f  1 - ( D i e t h y l a m i n o ) - 4 , 4 - d i m e t h y l - 3 - p e n t a n o n e  w i t h  T r i e t h y l  
P h o s p h i t e  in  P r e s e n c e  o f  A c e t i c  A c i d .  A m i x t u r e o f 1 8 . 5 g o f l - ( d i e t h y l a m i n o ) - 4 , 4 - d i m e t h y l -  
3-pentanone prepared  by the method described in [4] [b.p, 61 ~ (0.03 ram); n~ 1.4370; d24 ~ 0.8561; MR found 
56.69; calculated 56.95], 16.6 g of tr iethyl phosphite, and 6 g of acetic acid star ted to react  at 125 ~ In the 
course  of the next 30 rain the mixture was heated to 145~ 13.4 ml (10.6 g) of volatile products came off. 
In the fractionation of the react ion mixture we isolated 19.7 g (79%) of diethyl (4,4-dimethyl-3-oxopentyl)-  
phosphonate; b.p. 122 ~ (0.1 mm); n~ 1.4417; d 2~ !. 0336. Found: P 11.55; 11.72; C 54.50, 54.33; H 9.19, 
9.32%; MR 64.04. CIIH2304P. Calculated: P 12.38; C 54.01; H 9.26%; MR 63.87. 

R e a c t i o n  o f  1 - ( D i e t h y l a m i n o ) - 4 , 4 - d i m e t h y l - 3 - p e n t a n o n e  w i t h  T r i e t h y l  
P h o s ~ ' h i t e  in  P r e s e n c e  o f  A c e t i c  A c i d .  A mixture of18.5  g of l - (d ie thylamino)-4 , -dimethyl-  
3-pentanone prepared  by the method described in [4] (b.p. 122 ~ (0.1 mm); n~ 1.4417; d 2~ 1.0336. Found: 
P 11.55, 11.72; C 54.50, 54.33; H 9.19, 9.32%; MR 64.04. CI1H2304P. Calculated: P 12.38; C 54.01; H9.26%; 
MR 63.87. b.p. 61 ~ (0.03 mm); n~ 1.4370; d 2~ 0.8561; MR found 56.69; calculated 56.95), 16.6 g of triethyl 
phosphite, and 6 g of acetic acid s tar ted ro reac t  at 125 ~ In the course  of the next 30 min the mixture 
was heated to 145~ 13.4 ml (10.6 g) of volatile products camd off. In the fractionation of the react ion mix-  
ture we isolated 19.7 g (79%) of diethyl (4,4-dimethyl-3-oxopentyl)phosphonate; 

P r e p a r a t i o n  of  3 - [ ( D i e t h y l a m i n o ) m e t h y l ] - 2 , 6 - d i m e t h y l - 4 - h e p t a n o n e .  A mix- 
ture of 142 g of 2,6-dimethyl-4-heptanone,  109.5 g of diethylamine hydrochloride,  36 g of paraform,  40 ml 
of ethanol, and 7 ml of concentrated HC1 was p repared  in a three-necked flask fitted with s t i r r e r ,  reflux 
condenser,  and thermometer .  With vigorous s t i r r ing  the react ion mixture was heated for 4 h in such a 
way that its temperature  attained 112-115 ~ The react ion mixture was cooled, 100 ml of water  was added, 
and the layer  of unchanged original ketone which formed was separated (67 g). The aqueous layer  was 
treated with 40% aqueous KOH and extracted with benzene. The benzene solution was washed with water  
to remove diethylamine, and after  it had been dried over anhydrous MgSO 4 it was fractionated, We ob- 
tained 70 g (59%, based on the ketone which reacted) of 3-[(diethylamino)methyl]-2,6-dimethyl-4-heptanone;  
b.p. 95 ~ (0.08 ram); n~ 1.4400; d 2~ 0.8500; found MR 70.50; calculated MR 70.80. 

R e a c t i o n  o f  3 - [ ( D i e t h y l a m i n o ) m e t h y l ] - 2 , 6 - d i m e t h y l - 4 - h e p t a n o n e  w i t h  
T r i e t h y l  P h o s p h i t e  in P r e s e n c e  o f  A c e t i c  A c i d .  A mixture of 22.7 g of 3-[(diethylamino)- 
methyl]-2,6-dimethyl-4-heptanone,  16.6 g of triethyl phosphite, and 6 g of acetic acid star ted to reac t  at 
123 ~ and in the course  of 1 h the tempera ture  was ra ised to 168 ~ 13.6 ml (10.7 g) of volatile products 
was driven off. In the fractionation of the reaction mixture we obtained 16.2 g (55%) of diethyl (2-iso- 
propyl-5-methyl-3-oxohexyl)phosphonate;  b.p. 117 ~ (0.03 mm); n2i~ 1.4452; d 2~ 1.0012. Found: P 10.71, 
10.50; C 57.49, 57.31; H 9.43, 9.67%; MR 77.75. CI4H2sO4P. Calculated: P 10.59; C 57.48; H 9.99%; 
MR 77.73. 
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R e a c t i o n  o f  2 - [ ( D i e t h y l a m i n o ) m e t h y l ] e y c l o p e n t a n o n e  w i t h  T r i e t h y l  P h o s -  
phite in Presence of Acetic Acid. On addition of 6 g of aeetic acid to a raixture of 8. 5 g of 
2-[(diethylamino)raethyl]cyclopentanone and 8.3 g of triethyl phosphite an exotherraic reaction set in and 
the temperature of the reaction mixture rose to 102 ~ In the course of 20 rain the mixture was heated to 
140 ~ and 5.4 ml of volatile products was distilled off, In the fractionation of the reaction mixture we ob- 
tained 8.6 g (73%) of diethyl [(2-oxocyelopentyl)methyl]phosphonate; b.p. 120-128 ~ (0.05 mm); n~ 1,4607; 
d 2~ 1.1140. Found: P 12.78, 12.91; C 52.29, 52.18; H 8.17, 8.42; MR 57.69. CIoHIsO4P. Calculated: 
P 13.22; C 51.28; H 8.17%. MR 57.05. 

R e a c t i o n  o f  2 - [ ( D i m e t h y l a m i n o ) m e t h y l ] c y c l o h e x a n o n e  w i t h  T r i e t h y l  P h o s -  
p h i t e  i~. P r e s e n c e  o f  A c e t i c  A c i d .  A mixture of 23.2 gof2- [ (d imethyla ra ino)methyl ]cyc lo-  
hexanone, 24. 9 g of tr iethyl  phosphite,  and 9 g of acetic acid started to react  at 110 ~ In the course  of the 
next 60 min the mixture was heated to 152 ~ and 9 ml of volatile products came off. By the simple f r ac -  
tionation of the react ion mixture  we were  unable to isolate an analytically pure react ion product.  We iso-  
lated a fract ion with b.p. 125 ~ (0.04 ram); n}~ 1.4709; d 2~ 1.0975. Found: P 10.14, 9.92; C 56.62, 56.35; 
H 8.63, 8.91%; MR 63,22. CiIH2iO4P. Calculated: P 12.47; C 53.1; H 8.46%. The IR spec t rum of this 
fraction contains an intense carbonyl  absorption band (1724 cra-I), and absorption due to an ethylenic bond 
is absent which excludes the p resence  of diethyl [ (2-e thoxy-l -cyclohexen- l -yl )methyl]phosphonate .  It is 
probable that the product  was diethyl [(2-oxocyclohexyl)methyl]phosphonate contaminated by products  of 
the decomposition of the original Mannich base. 

Re~ction of 2-[(Dimethylamino)methyl]-6-methylcyclohexanone with Tri- 
ethyl Phosphite in Presence of Acetic Acid. 6gofaeetieacidwas addeddropwisetoa 
mixture of 16.9 g of 2-[(dimethylamino)methyl]-6-methylcyclohexanone (prepared by the method described 
in [4]; n~ 1.4670; d~ ~ 0.9381; found MR 50.01; calculated MR 50.13) and 16.6 g of triethyl phosphite heated 
to 130 ~ 8.2 ml of volatile products distilled off. The reaction mixture was heated further at this tem- 
perature for 0.5 h and then fractionated. Again we were unable to isolate an analytically pure product by 
simple di~tillation. We isolated a fraction with b.p. 142 o (0.06 tara); n~ 1.4674; d 2~ 1.0773. Found: P 10,28, 
10.48; C 57.06, 56.79; H 9.23, 8.96%; MR 67.57. CI2H2304P. Calculated: P 11.81; C 54.95; H 8.83%; MR 
66,29. The yield of the crude products was 14.4 g (52%). 

Reaction of N,N,N',N'-Tetraethylmethanediaraine with Triethyl Phosphite 
in Presence of Acetic Acid. A mixture of 15.6g of N,N,N~,N'-tetraethylmethanediamine, 16.6g 
of triethyl phosphite, and 6 g of acetic acid began to react exothermically when its temperature attained 
92 ~ In the course of the next 50 min the mixture was heated to 134 ~ 13.6 ml (10.8 g} of volatile products 
came off. In the fractionation of the reaction mixture we isolated 21.1 g (95%) of diethyl [(diethylamino)- 
methyl]phosphonate; b.p. 118 ~ (12 ram); n~ 1.4341; d 2~ 0.9966. Found: P 13.93, 14.20; N 6.25, 6.38%; MR 
58.28. Cg]I22NO3P. Calculated: P 13.91; N 6.28%; MR 58.28. 

Re___~action of 3-(Diethylamino)propionitrile with Triethyl Phosphite in Pres- 
ence of Acetic Acid. 12 g of acetic acid was added dropwise to a mixture of 25.2 g of 3-(diethyl- 
amino)pro]?ionitrile [5] and 33.2 g of triethyl phosphite heated to 180~ 10.6 ml of volatile products distilled 
off. The reaction mixture was heated for 3 h at 190-200 ~ and then fractionated. We isolated 14.9 g (39%7 
of diethyl (2-cyanoethyl)phosphonate; b.p, 159 ~ (9 mm); n~ 1.4380; d 2~ 1.1067. Found: C 44.35, 44.15; 
H 7.50, 7.49; P 16.53, 16.30%; MR 44.91. CzHI~O3NP. Calculated: C 43.88; H 7.33; P 16.23%; MR 45.21. 

A m:kture  of 12.6 g of 3-(diethylamino)propionitri le,  16.6 g of tr iethyl  phosphite, and 6 g of acetic 
acid s tar ted to reac t  at 135 ~ In the course  of 40 rain the mixture was heated to 151~ 9.2 g of volatile 
products  was driven off. In the fract ionation of the react ion mixture we obtained 9.5 g (50%7 of diethyl 
(2-cyanoethyl)phosphonate. 

R e a c t i o n  o f  E t h y l  3 - ( D i e t h y l a m i n o ) p r o p i o n a t e  w i t h  T r i e t h y l  P h o s p h i t e  in  
P r e s e n c e  o f  A c e t i c  A c i d .  6 g of acetic acid was added dropwise to a mixture  of l6.5 g of ethyl 
3-(diethyla:mino)propionate and 16.6 g of tr iethyl phosphite heated to 170~ 15 ml of volatile products  dis-  
tilled off. The react ion mixture was heated for 3 h at 200 ~ and fractionated. We isolated 13.5 g (57.6%7 
of 3-phosphonopropionie acid t r iethyl  ester ;  b.p. 147 ~ (8 mm); n~ 1.4310; d 2~ 1.0969. Found: C 45.00, 
45.17; H 8.02, 8.22; P 12.12, 12.19%; MR 56.16. CgHI9OhP. Calculated: C45.37;H7.98;P13 ,02%;MR56.20 .  

Re___action o f  N , N - D i e t h y l g l y c i n e  E t h y l  E s t e r  w i t h  T r i e t h y l  P h o s p h i t e  in  
P r e s e n c e  o f  A c e t i c  A c i d .  6 g of acetic acid was added dropwise to a mixture o f15 .9  g of 
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N,N-diethylglycine ethyl e s t e r  and 16.6 g of t r ie thyl  phosphite heated to 170~ 7.1 ml of volati le products  
disti l led off. The react ion mixture  was heated fur ther  at this t empera ture  for  3 h. In the fractionation 
of the reac t ion  mixture  we isolated 6 g (27%) of phosphonoacetic acid t r ie thyl  es te r ;  b.p. 130-132 ~ (0.03 
mm); n~ 1.4330; d 2~ 1.1330. Found: P 14:20%; MR 51.35. CsHI~OsP. Calculated: P 13.8%; MR 52.67. 

R e a c t i o n  o f  T r i e t h y l  P h o s p h i t e  w i t h  D i e t h y l  [ ( D i e t h y l a m i n o ) m e t h y l ] p h o s -  
p h o n a t e  E t h i o d i d e .  A mixture  of 27.5 g of diethyl [(diethylaminomethyl]phosphonate ethiodide {pre- 
pared  by mixing ethyl iodide and diethyl [(diethylamino)methyl]phosphonate, leaving the mixture  for  3 days, 
fi l tering, and washing the product  with dry  ether;  m.p. 75-80~ for CllH2~INO3P, found P 7.9%; calculated 
8.17%} and 18 g of t r ie thyl  phosphite was heated with s t i r r ing  for 6 h at 140 ~ A viscous resin,  soluble in 
water  and alcohol,  was formed;  it was extracted with benzene four t imes,  and the combined ext rac t  was 
fract ional ly  distil led. We obtained 10 g (81.2%) of diethyl ethylphosphonate; b.p. 88 ~ (10 mm); n~ 1.4160. 
[6] gives: b.p. 86-88 ~ (9 ram); n~ 1.4163. 

C O N C L U S I O N S  

1. A study was made of the react ions  of t r iethyl  phosphite with Mannich bases  f rom acetone, 
butanone, 3-pentanone, 2,6-dime thyl- 4-heptanone, 3,3-d imethyl-  2-butanone, cyclohexanone, 2-methylcy clo- 
hexanone, and cyclopentanone, with N,N,N' ,N'- te traethylmethanediamine,  with 3- (diethylamino)propionitri le 
with ethyl 3-(diethylamino)propionate,  with N,N-diethylglycine ethyl es te r ,  and with diethyl [(diethyl- 
amino)methyl]phosphonate ethiodide. 

2. For  these r eac t i ons  to take place it  is necessa ry  for an equimolecular  amount of acet ic  acid or 
water  to be p resen t  as a sa l t - forming agent. 
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