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Chloral condenses with various carboxamides~ The adducts formed are crystalline substances which 
usually show physiological activity. Some of them have been approved as medicinal preparations. For 
example, the chloral adduct of nicotinamide has a soporific and sedative action [I]. Various compounds of 
this type show insecticidal, fungicidal, and herbicidal properties [2-4]. The reactions of chloral with arene- 
sulfonamides go similarly and lead to the formation of the corresponding adducts [5]. Since most organo- 
phosphorus compounds are physiologically active, we considered that products of the reactions of amides 
of phosphorus acids with chloral might be of interest. The formal resemblance of such products with the 
extremely effective insecticide chlorophos and its analogs -- products of the condensation of dialkyl hydro- 
gen phosphites with chloral -- enables us to draw certain analogies. 

Aqueous solutions of dialkyl (2,2,2-trichloro-l-hydroxyethyl)phosphoramidates (RO)2P(O)NHCH(OH). 
CCl 3 [6] are lethal to domestic flies. 

The introduction of a second chloral molecule into these compounds is difficult because the second 
N-hydrogen atom is reluctant to enter into condensation. It is stated in a patent [7] that some amides of 
phosphorus acids (RZ)2P(Z) NHR' condense with chloral inpresence of organic bases at elevatedtemperatures. 

We here describe the condensation of alkylphosphoramidic esters with chloral in accordance with 
the scheme 

(RO)~. P (0) NHR" }- CClsCHO -* (R0)2 P(O)N(R') CH (OH) CCls 

We p r e p a r e d  p r ev ious ly  undesc r ibed  dialkyl  a lky lphosphoramida te s  by the usual  method for  phos -  
phoramid ic  e s t e r s  [8] and c h a r a c t e r i z e d  them (Table 1). The condensat ion  of ch lo ra l  with d ia lkyl  a lky l -  
p h o s p h o r a m i d a t e s  occurs  only in p r e s e n c e  of ca ta ly t i c  amounts of concen t ra ted  sulfur ic  acid.  The r e a c t i o n  
is  slow and t akes  s e v e r a l  days~ Depending on the s t r u c t u r e  of the organophosphorus  compound, the p r o d -  
ucts  a re  c r y s t a l l i n e  so l ids  o r  th ick l iquids  which decompose  on d i s t i l l a t ion .  The c r y s t a l l i n e  adducts  were  
r e c r y s t a l l i z e d  f rom a sui table  solvent  and then had sha rp  mel t ing points;  l iquid adducts were  pur i f ied  f rom 
unchanged r e a c t a n t s  by washing with wa te r  and we re  then d r i ed  (Tables  2 and 3). 

The IR s p e c t r a  of the in i t ia l  amides  contain in tense  absorp t ion  bands in the 1000-1130 cm-1 region,  
of which one with Vma x 1000 cm -1 is  a s s o c i a t e d  with the v ib ra t ions  of the P--(O--C) group, while two o the rs  
a r e  a s s o c i a t e d  with the s t r e tch ing  v ib ra t ions  of the C--N bond [9]. The intense band at 1230 cm-1 belongs 
to the P-----O group, and in dilute solution it is displaced to 1265 cm -~. The N--H bond is manifested in the 
spectra at about 3240 cm -I as a broad absorption band which is replaced by a narrow peak at 3430 cm -I 
only in extremely dilute solutions. Such behavior in the stretching vibrations of the I>-~O and N--H bonds 
is indicative of strong intermolecular interaction. The presence of a strong hydrogen bond may be one of 
the causes of the slowness of the condensation of dialkyl alkylphosphoramidates with chloral. As in the 
spectra of the initial amides, in the spectra of the products of the condensation of phosphorus-containing 
amides with chloral there is a broad absorption band at about 3205 cm -I. Dissolution of the product in 
CCI4, even at very high dilution, leads to only a slight shift in the band to 3270 em -I. On this basis we 
assign the absorption band at about 3205 cm-i to the vibrations of a hydrogen-bonded hydroxyl. The fre- 
quency of the stretching vibrations of the I:~---O group is 1230-1240 cm -I also does not change when the solu- 
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T A B L E  1 

Compound 

(CHaO) 2P (0) NHC2Hs 

.(.CHaOhP (O) NHCsH7 

(CHaO) 2P (0) NHC4H9 

~(C~HsO) 2P (O) NHC2Hs"[" 

�9 ;(CcHsO) ~,P (O) NHC~H7 :[; 

(EzHsO) ~.P (0) NHC.4H~ ' * 

(CaI{70) 2P (O) NHC..,Hs 

(rC~H;,O) ~P(O) NHC.JI7 

,(C3H70) ~P (O) NIIC4H9 

(C.~H~,O) ,,P (O) NHC~.H~ 

(C.,HgO) :~P (O) NHC::,H7 

(C4H90_) ~P (0) NHC,~}I9 

(i-C,,Hg0) 2P (O) NHC2H5 

Yield, 

85.3 

80.7 

84.5 

79.5 

90,0 

84.8 

69.0  

85.3 

91.0 

84.2 

84.0 

~8.3 

91.8 

% bp, ~ 
(p, mm) 

122--124 
(10) 

132-134 
(11.) 

143-154 
(9) 

79--81 
,(0.03) 

140 
(10) 

101--103 
(0.035) 
85--89 
L(0,03) 
96--98 
(0.03) 

105--107 
(0.03) 

98--100 
(0.03) 

112--113 
(0.03) 

128--130 
(0,03) 
96--98 
(0,025) 

•2D0 a 2~ U/~ 

1.427~ 1 .1438 34.38* 
34.86 

1 429( 1.1101 38,78 
�9 3 9 , 0 8  

1.432( 1 .0782 43,65 
44. l0 

1.4254 1.0583 - -  

1,427~ 1 .0338 48.51 
48,72 

1,430C 1 ,0194 52,9,~ 
53.39 

1.429~ 1 .0160 S3.07 
53.37 

1.4310 1 .0035 57,51 
57.95 

1,4330 0.9910 62.15 
62. 57 

1.4335 0 ,9911 62.21 
62. 57 

1.4360 0.9838 66.71 
66.19 

1.4380 0.9740 71.41 
71.80 

I. 4295 0. 9796 62,43 
62.57 

P, % 

19.53" 
20.26 
18,19 
18 56 
16.50 
17. 12 

15~94 
15,90 
14,61 
14,83 
14,9~, 
14.'83 
13:59 
.13 ,'90 
12.68 
13. 07 
12:95 
13. 07 
l1.96 
12.35 
1L28 
11.69 
13.11 
13.07 

* T h e  u p p e r  v a l u e s  w e r e  found ,  and the  l o w e r  w e r e  c a l c u l a t e d .  

T[12] g i v e s :  bp 9 6 - 9 7  ~ (1 m m ) ;  nD  2~ 1.4258;  da 2~ 1 .0590 .  

$ [13] g i v e s :  bp 112 ~ (8 m m ) .  
** [14] g i v e s :  bp  107 ~ (0 .035 m m ) ;  nD  25 1 .4260 .  

T A B L E 2  

Compound Yield, % 

(CH~O) zP(O) N (C2Hs) CH (OH) CCla 

(CHsO) ~P (0) N (C~Hr) CH (OH) CCla 

(CHaO) :,P (0) N (C4H9) CH(OH)CC13 

(C2H50) 2P(O) N (C~Hs) CH (OH) C CA3 

(C2H50) 2P('O) N (;C~HT) CA{ (OH) CC13 

(C2H60) 2P (0) N (•4H9)Ca ( OH ) CCI3 

74,8 

63,8 

50,8 

48,0 

62,0 

4.4,4 

* The  u p p e r  v a l u e s  w e r e  found ,  and  

Analysis, % 
mp, ~ Solvent I 

P [ CI N 

I 

128--129 Benzene 10.01" 35.48* 4.71' 
10,32 35,44 ] 466 

[32--134 ~) 9. 67 33, 9t [ 4. 46 
>> 9.85 33.86 ] 4.45 

125--126 9.34 32,55 ] 4.40 
9.44 32.42 [ 4.26 

76--78 ~) 9.35 31.95 [ 3,88 
I 9~44 32.,t2 ] 4.26 

9.05 31.06 { 3.87 123--124 Water I 9.05 31,09 4.08 
88--90 Benzene t 8.27:30.15 3.90 

. 8.69 29.87 I 3,93 

the  l o w e r  w e r e  c a l c u l a t e d .  

t i o n  i s  d i l u t e d .  T h e  i n t e n s e  a b s o r p t i o n  b a n d s  in  t he  r e g i o n  7 5 0 - 8 5 0  c m  -1  m a y  be  a s s i g n e d  to  t h e  a s y m -  

m e t r i c  v i b r a t i o n s  of  t h e  CC13 g r o u p ,  and  t h e  b a n d s  in  t he  r e g i o n  1100-1110  c m  -1  to  t h e  v i b r a t i o n s  of t h e  

a l c o h o l i c  C - - O  bond  ( F i g .  1). T h u s ,  t h e  f o r m a t i o n  of  an  a d d u c t  b e t w e e n  c h l o r a l  and  t h e  a m i d e  u n d o u b t e d l y  

o c c u r s .  

T h e  a l c o h o l i c  c h a r a c t e r  o f  t h e  h y d r o x y l  i s  d i s p l a y e d  in r e a c t i o n s  w i t h  c a r b o x y l i c  a n h y d r i d e s ,  w h i c h  

l e a d s  to  a c y l  d e r i v a t i v e s :  

(RO)2 P (O) N (R') CH (OH) CCls -~ (CH3CO)~. 0 ~ (ROb P (0) N (R') CH (CC13) OCOCH3 

The presence of an acyl group in these derivatives is confirmed by the presence in their IR spectra 

of intense bands due to the stretching vibrations of the C--O link at 1770 cm -I and to the stretching vibra- 
tions of C--O adjacent to carbonyl in the region 1190-1220 cm -I. A certain increase in the frequency of the 
carbonyl absorption is to be explained by the presence of chlorine atoms in the fi-position relative to the 

phosphorus atom [i0]. 
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TABLE 3o 

Compound ! Yield, % n~ 2O 
d 4 

I 

(C3HrO) 2P (0) N (C2H~) CH (OH) CCI~ 

(C3HTO)2P(O) N (C3H7) C[I(OH) CC15 

(CsHTO) 2P'(OIN (C4H9) CH (0It) CCIa 

(C4H90) aP (0) N (C2tts) CH (OH) CC13 

(C4H90) 2P(O) N (CsHT) C1~[ (OH) CCla 

(C4H~O) 2P(O) N (C4H9) CH (OH) CCi~ 

(i-C4H90) =P(O) N (C=tis} CH (OH) CCIa 

73.t 

66.2 

75.2 

72.3 

71,4 

75.8 

76.0' 

1.4620 

1.4620 

1.4625 

1.4647 

1,4584 

1.4600 

1.4578 

1.2523 

1.2162 

1.20i6 

1,2172 

1,17t3 

1.1534 

1,2075 

MR P, % 

70 9~* 8.88* 
78.80 8,70 
83.7~t 8.46 
83.32 8.37 
87. 83 8. 3t 
87.93 8 .C6 
87.26 8.43 
87,93 8.06 
92.91 8.30 
92 55 7,78 
9T .96 7,80 
97,17 7.52 
86,87 8.43 
87.93 8.06 

T h e  u p p e r  v a l u e s  w e r e  found ,  and  the  l o w e r  w e r e  c a l c u l a t e d .  

TABLE 4 

Compound 
bP '~  n~) 0 a 20 
(p, mm) 

M R  - -  

Analysis, % 

(C2tt50) 2P (O) N (C:Hs) CHO 

(C2H50) 2P (0) N (CaHT) CHO 

(C:HsO) 2P (0) N (C4H9) CHO 

(C3HTO)2P ((3)N (C2H5) CHO 

(caHTO)2P (0) N ('C3H7) CIIO 

(C~HzOlaP (0) N(C4Hg) CHO 

(C4H~O)~P(O) N (C~H~) CHO 

(C4H~O) 2P (0) N (~C3H7) CHO 

(C4H90) 2P (0) N (C~Hg) CttO 

(i-C4H90) 21 ~ (O) N (C2!ts) CHO 

80.5 

86.8 

51,9 

36,3 

76.3 

74,7 

-48.2 

~0.0 

37,1 

~4.2 

* T h e  u p p e r  v a l u e s  w e r e  

59.5--61 1.4319 1. 1017 48. 96* 40,19" ',92" 14.53 
(0,025) 48.73 40.19 '.6t 14.83 

64.5--65.5 1.43301.077653,78 42,34 L53 ]13.72 
,(0.025) 53,35 43,05 L07 *13.90 
72--73 1 4338 1.045958.98 145.90 t,92 13. 34 
(0.025) ]57,97 ]45.57 1.44 13 08 
76--77 1.4320 1.0455 58. 80 - -  - -  13,37 
(0.025) [57.97 [ 13,08 
84--85 1 43351 030563 49 -- -- 12.22 
(0.025) ~ ] [62"58 I 12.35 
89--91 1.436011 017363".12 - -  - -  ll.68 
(0.025) [ [6:.20 ] 11.70 

87.5--88 1,4371 1,021163.00 - -  - -  l f , 72  
(0,025) ] [67.20 ] 11.70 
92--93 1.437011,001872 96 - -  - -  11,12 
(0.0~5) ] 171.82 I 11.11 

102--103 1.4350 ).9924 77.03 [ --- -- 10.48 
(0.025) ] ]7;.44 [ lO. 58 

78--79.5 1.4355 1.0226167.65 50.57 9.21 11.85 
(0.025) 67.20 49.81 9.06 11.70 

found, and the lower  were  calculated~ 

6.78" 
6. 70 
5.98 
6.29 
6.20 
5.91 
5.66 
5.91 
5.75 
5, 58 

5.43 
5.28 
5. 02 
5.02 
4.30 
4.78 
5.31 
5.28 

D i a l k y l  a l k y l ( 2 , 2 , 2 - t r i c h l o r o - l - h y d r o x y e t h y l ) p h o s p h o r a m i d a t e s  a r e  i n s o l u b l e  in  w a t e r  and e x t r e m e l y  

s t a b l e  in  i t ;  t h e y  a r e  a l s o  s t a b l e  in  a c i d  m e d i a ,  bu t  in  a l k a l i n e  s o l u t i o n s  t h e y  a r e  b r o k e n  down f a i r l y  r a p i d l y .  

T h e  c h l o r a l  d e r i v a t i v e s  CCI~CH(OH)NR 2 d e c o m p o s e  u n d e r  t h e  a c t i o n  of a l k a l i  o r  t h e r m a l  t r e a t m e n t  w i t h  
f o r m a t i o n  of  c h l o r o f o r m  and a f o r m a m i d e :  

0 
J 

~CII (OH) NR2 ~ CHCla q- B.2N--C 
\ 

H 

For dialkyl alkyl(2,2,2-trichloro-l-hydroxyethyl)phosphoramidates it could also be  expected that 

breakdown in an alkaline medium would go in accordance with this scheme, though the possibility of the 
/O\ 

elimination of hydrogen chloride with formation of the epoxide (RO)2P(O)N(R')CH--CC12 or of breakdown 

into the starting substances is not ruled out. However, when we treated our phosphorus derivatives of 

chloral with an organic base (triethylamine) at the boiling point of the latter we isolated only formylphos- 
phoramidates (phosphinylformamides) (Table 4) in accordance with the scheme 

o 
J 

(BO)2 P (0) N (R') CH (OH) CC13 4- B ~ (RO)2 P (0) N (R') C ~- CHCIa 
\ 

H 
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Fig. 1. IR spectra :  1) diethyl butylphosphoramidate 
( . . . . .  CC14 solution, d = 20 mm); 2) diethyl propyl(2,2,2- 
t r ich loro- l -hydroxyethyl )phosphoramida te ,  minera l  oil 
mull ( . . . . .  CC14 solution, d = 40 ram) ; 3) diethyl (1-acet-  
oxy-2,2 ,2- t r ichloroethyl)propylphosphoramidate;  4) di- 
ethyl for mylpropylpho sphor amidate.  

The nature of these products  is conf i rmed by the resul ts  of elemental  analysis and of spectral  in- 
vest igat ions.  The IR spec t ra  contain bands due to the stretching vibrations of I>~O and C-----O bonds at 
1290-1300 and 1707 cm -1 respect ively .  Since hydrogen chloride was not l iberated in the react ion and the 
IR spec t ra  contain no absorption bands charac te r i s t i c  for  an epoxide ring, the epoxide s t ruc ture  is excluded. 
Breakdown of the condensation product  into the start ing compounds is also ruled out because there  is no 
N--H band in the IR spect ra .  Hence, as a resul t  of the t rea tment  of dialkyl a lky l (2 ,2 ,2 - t r i eh loro- l -hydroxy-  
ethyl)phosphoramidates with tr iethylamine mixed amides of phosphoric acids and formic  acid are formed.  

It is interest ing that, unlike t e r t i a ry  amides,  for which the amide I band is usually observed in the 
region 1630-1670 cm - i ,  in the spec t ra  of these amides the carbonyl frequency is 1710 em -1, intermediate 
between UC~ O for a t e r t i a ry  amide and uC~ O for an aldehyde. This may be attributed to the competition 
of the d-orbi ta ls  of the phosphorus atom for the unshared e lectron pair  of the nitrogen, as a resu l t  of which 

\ /O- 
the contribution of the ionic form of the amide C diminishes and the frequency of the carbonyl absorp-  

ff 
--N + 

I 
tion inc reases  [11]. 

EXPERIMENTAL 

IR spectra were determined with a UR-10 speetrophotometer. Solid samples were prepared as 

mineral oil mulls. 

Dimethyl Ethylphosphoramidate~ A mixture of 9 g of ethylamine, 20.2goftriethylamine, 
and 150 ml of ether was prepared in a four-necked flask fitted with stirrer, reflux condenser, thermometer, 

and dropping funnel. The mixture was cooled, and with vigorous stirring 28.9 g of dimethyl phosphoro- 

chloridate was added from a dropping funnel. To complete the reaction the mixture was heated in a water 

bath for 30 rain. The precipitate formed was filtered off and washed with solvent. Ether was vacuum- 
evaporated, and the residue was fractionated twice. All the other phosphoramidates were prepared analog- 

ously. The results are given in Table i~ 

Dimethyl Ethyl(2,2,2-triehloro-l-hydroxyethyl)phosphoramidate~ A mixture 
of 16 g of dimethyl ethylphosphoramidate, 15.6 g of chloral, and 0.3 ml of cone. H2SO 4 was prepared in a 
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f l a t -bo t tomed  f lask.  A li t t le heat  was  l ibera ted .  The liquid thickened slowly, and a f te r  a few hours  it 
c rys t a l l i zed .  The product  was r e c r y s t a l l i z e d  f r o m  benzene.  Phys icochemica l  data a re  given in Table 2. 
The other  dialkyl a lky l (2 ,2 ,2 - t r i ch lo ro - l -hydroxye thy l )phosphoramida te s  l i s ted  in this table were  p r e -  
pa r ed  analogously.  

D i p r o p y l  E t h y l ( 2 , 2 , 2 , - t r i e h l o r o - l - h y d r o x y e t h y l ) p h o s p h o r a m i d a t e .  A m i x t u r e  
of 7 g of dipropyl  e thylphosphoramidate ,  5 g of chloral ,  and ten drops  of c o n c .  H2SO 4 was p r e p a r e d  in a 
f l a t -bo t tomed  f lask .  A li t t le heat  was l ibera ted .  The liquid thickened slowly, and af ter  a few days the p rod-  
uct  was  washed th ree  t imes  with wa te r  and dissolved in e ther .  The e therea l  solution was dr ied over  anhy- 
drous  Na2SO4, and e ther  was r em oved  in a vacut~m~ The res idue  was a c l e a r  thick liquid. Phys icoehemica l  
data for  the product  a re  given in Table 3. The other  dialkyl a lky l (2 ,2 ,2 - t r i ch lo ro - l -hydroxye thy l )phos -  
phoramida te s  l i s ted  in Table 3 were  p r e p a r e d  s imi l a r l y .  

D i e t h y l  ( 1 - A c e t o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l ) p r o p y l p h o s p h o r a m i d a t e .  A fou r -  
necked f lask  f i t ted with s t i r r e r ,  ref lux condenser ,  t h e r m o m e t e r ,  and dropping funnel was charged  with 7 g 
of diethyl p ropy l (2 ,2 ,2 - t r i ch lo ro - l -hydroxye thy l )phosphoramida t e .  Acetic  anhydride (4.2 g, 100% excess)  
containing two drops  of conc. H2S Q as ca ta lys t  was  added dropwise with s t i r r ing .  The t e m p e r a t u r e  of the 
mix tu re  rose  f r o m  that  of the r o o m  to 40 ~ , and the c rys ta l l ine  m a s s  turned  comple te ly  liquid. The mixture  
was  then hea ted  for  15-20 rain in a wa te r  bath to complete  the reac t ion .  After  exces s  of acet ic  anhydride 
and the acet ic  acid f o r m e d  had been r e m o v e d  in a vacuum, the product  was vacuum-d i s t i l l ed  th ree  t imes .  
We obtained 5 g (64%) of product ,  bp 120-121.5 ~ (0.015); nD 2~ 1.4625; d42~ 1.2740. Found%: C 34.18, 34.13; 
H 6.16, 6.45; P 8.17, 8.28; C1 26.89, 26.95; N 3.58, 3.78. MR 83.04. CllH21Cl~POsN. Calculated%: C 34.33; 
H 5.46; P 8.05; C1 27.69; N 3.64. MR 83.44. 

D i e t h y l  E t h y l f o r m y l p h o s p h o r a m i d a t e  [ N - ( D i e t h o x y p h o s p h i n y l ) - N - e t h y l f o r m -  
a m  i d e ] .  A mixture  of 11.4 g of diethyl e thy l (2 ,2 ,2 - t r i ch lo ro - l -hydroxye thy l )phosphoramida te  and 25 m----l-- 
of t r i e thy lamine  was p r e p a r e d  in a f lask with a re f lux  condenser .  The mix tu re  was boiled for  1-2 h, in the 
cou r se  of which the liquid became  dark  red .  The readi ly  volat i le  pa r t  was r emoved  in a vacuum, a smal l  
amount  of sed iment  (0.2 g) was f i l t e red  off, and the liquid was vacuum-d i s t i l l ed  twice.  Phys icochemica l  
data  on the product  a re  given in Table 4. All the other mixed amides  were  p r e p a r e d  analogously.  

We thank Ro R. Shagidullin for  valuable advice and help in the in te rpre ta t ion  and d iscuss ion  c~ the 
IR s p e c t r a .  

C O N C L U S I O N S  

1. Some dialkyl phosphoramida tes  were  p r e p a r e d  and cha rac t e r i zed .  

2. Chloral  adducts of dialkyl a lky lphosphoramida tes  were  p r e p a r e d  and cha rac t e r i zed .  

3. Under the action of t r i e thy lamine  dialkyl a lky l (2 ,2 ,2 - t r i ch lo ro - l -hydroxye thy l )phosphoramida te s  
b r e a k  down with fo rmat ion  of dialkyl a lky l fo rmylphosphoramida tes .  
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