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2-Chloroacetamides were found to  undergo the Arbuaov reaction with triethyl phosphite to  give diethyl carbamoylmethyl- 
phosphonates. The infrared and nuclear magnetic resonance spectra of these compounds were compared with those of known 
phosphonates and vinyl phosphates derived from haloketones and esters. 

The reaction of triethyl phosphites with 2- 
halocarbonyl compounds has been shown to give 
vinyl phosphates (I) and/or phosphonates (11). 

Mono-, di-, and trihaloaldehydes, di- and tri- 
haloketones, and trihaloesters gave the phosphate 
derivatives. l-’ Monohaloesters* afforded the phos- 
phonate compounds whereas monohaloketones gave 
phosphonates or phosphates depending on the 
halogen atom. Thus, c h l o r o a ~ e t o n e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  gave 
predominately the vinyl phosphate, bromoace- 
tone7bssb*9-11 gave a mixture of phosphate and 
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phosphonate, and i o d ~ a c e t o n e ~ ~ ’ ~  gave predomi- 
nately the phosphonate. 2-Haloacetoacetic esters 
and amides and 3-haloacetylacetone yielded phos- 
p h a t e ~ . ~ ~ * ’ ~ , ’ ~  

I t  was of interest, therefore, to determine 
whether the reaction of 2-haloamides with trial- 
kyl phosphites would give phosphonates (IV) 
(normal Arbuzov13 product) or phosphates (V) 
(Perkow rearrangement6). 

In  these laboratories, phosphonates (IV) rather 
than phosphates (V) were isolated from the re- 
action of trialkyl phosphites with 2-chloroacet- 
amides. 

- R‘Cl 

I11 
+ (R’0)aP 

0 
/NRz 0 

T 
\O-P(OR’)z 

IV V 

a R = R’ = CzHs 
b R = CHzCH =, CHz; R’ CzHs 
c R = n-CaH7; R = CzHs 
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2-Chloro-N,N-diethylacetamide was allowed to 
react with triethyl phosphite (111, R’= ethyl) at 
140°, and at which temperature ethyl chloride was 
vigorously evolved. Diethyl diethylcarbamoyl- 
methylphosphonate (IVa, R = R’ = ethyl) was 
isolated in a 78% yield. The infrared spectrum of 
IVa showed the following characteristics: C-0-P, 
9 . 9 ~ ;  P--O-C2H5, 8 .65~ ;  P-0, 8 . 0 5 ~  and (C2H5),- 

0 
I/ 

N-C-, 6 .13~.  The intensity of the maximum at  
6 . 1 3 ~  was typical for the amide carbonyl (absorb- 
ancy, 1.44) and, hence, excluded the possibility 
of that band’s representing the carbon-carbon 
double bond absorptionzb (absorbancy for Ia, R = 
H, R’ = CH,, R” = CzH6, and Ib, R = C1, R‘ 
= OCzHs, R ”  = C2Hs, 0.33 and 0.43, respectively). 
The absence of the carbon-carbon double bond was 
also shown by bromine and iodine number deter- 
minations and by the failure of IVa to be hydro- 
genated at  low pressures. However, diethyl di- 
allylcarbamoylmethylphosphonate (IVb R = allyl; 
R’ = ethyl) was easily hydrogenated to diethyl 
di-n-propylcarbamoylmethylphosphonate (IVc, R 
= n-propyl, R’ = ethyl). Two molar equivalents 
of hydrogen mere absorbed rapidly by IVb and, 
therefore, only two unsaturated linkages were pres- 
ent. 

The infrared spectra of IVa and IVc differed 
significantly from that of IVb only a t  10 .11~  and 
10.87~ which were due to the absorption of the 
-CH=CH2 groupings of the allyl radicals. 

The reaction of several 2-chlorocarbonyl com- 
pounds with triethyl phosphite was also investi- 
gated. Chloroacetone afforded a 75% yield of 
Ia(R=H, R’=CH3, R”  = C2H5) while bromoace- 
tone gave a 21% yield of Ia and a 56% yield of 
IIa (R= CHs, R’= C2H5). 

Ethyl 2-chloroacetate under similar reaction 
conditions yielded only the phosphonate (IIb, 
R = OCzH5, R’= C2H5) while ethyl 2,2,2-t8richloro- 
acetate gave only the vinyl phosphate (Ib, R =  
C1, R’= OC2H5, R”= C2H5). These results comple- 
ment those of several investigators.2+10 

Absorption bands were observed for phosphonate 
and carbonyl groups in the infrared spectra of IVa, 
b, c, IIa and b. Only the carbon-carbon double 
bond frequency was observed a t  6 . 0 2 ~  and 6 . 0 ~  
for Ia and Ib, respectively. Added evidence for the 
conclusion that phosphonates were obtained from 
the reaction of phosphite esters with 2-haloacet- 
amides was obtained from a study of the nuclear 
magnetic resonance spectra of the compounds listed 
in Table I. 

The chemical shifts observed for IVa and IVc 
were in a negative direction (-21.3 and -22 
p.p.m., respectively) relative to orthophosphoric 
acid and a positive direction relative to dibutyl 
butylphosphonate (VI, -30.8 p.p.m.). Based on 

TABLE I 

ATES AND PHOSPHATES 
NUCLEAR hfAGNETIC RESONANCE SPECTRa O F  PHOSPHON- 

Chemical Shifts,a 
ComDounds P.P.M. 

0 
t 
0 
t 
0 0  
T / I  

t 
0 
T 

0 CH3 
t I 
0 OGHj 
t I 

-30.8 VI (C4HgO)zP-CaHg 

-19.5 IIb ( C~H~O)ZP-CH~COZC~H~ 

-19.9 IIa (CzH50)2P-CH~C-CHa 
0 

- 2 1 . 3  TVa ( C2HsO)~P-CH2CON( C2Hs)2 

--22.0 IVC ( C~H~O)~P-CHZCON(C~H?)Z 

$7.2 

$ 7 . 5  
(CzH60)aP -.f 0 $0.9 

Ia  ( CzH50)2P-O-C=CH2 

Ib  (CzH,O)zP-O-C=CClz 

a The radio frequency was 16.2 mc. Chemical shifts rela- 
tive to 85% orthophosphoric acid. 

data recently published,14 the carbamoylmethyl- 
phosphonates (due to the electronwithdrawing effect 

0 
I 1  

of R 2 N 4  group) were expected to undergo a chemi- 
cal shift in a more positive direction relative to 
that of VI and were expected to lie near that of the 
known phosphonates (IIa, -19.9 p.p.m. and IIb 
- 19.5 p.p.m.). If the reaction products under dis- 
cussion were phosphate esters of type V, the chemi- 
cal shift should have occurred at  a positive position 
relative t o  phosphoric acid. The chemical shifts for 
the known vinyl phosphates (la and Ib) were 
found to be $7.2 and $7.5 p.p.m., respectively. 
Since the chemical shifts of IVa and IVc mere 
found to  lie closer to those of Ila,  IIb, and VI than 
to those of Ia and Ib, it was concluded that IVa 
and IVc were phosphonate derivatives. 

On the basis of the data presented here, 2- 
chloroacetamides undergo the normal Arbuzov 
reaction. 

In Table 11 are listed the various types of phos- 
phonates which were prepared in this investigation. 

EXPERIMENTAL” 

Diethyl diethylcarbamoylmethylphosphonote (IVa). Tri- 
ethyl phosphite (67 g., 0.41 mole) was placed in a flask 
heated to  100’ and 60 g. (0.4 mole) of 2-chloro-N,N-diethyl- 
acetamide was added dropwise. After about 5 ml. had been 

(14) J. R. Van Wazer, C. F. Callis, J. X. Shoolery, and 
R. C. Jones, J .  Am. Chem. SOC., 78,5715(1956). 

(15) The boiling points and melting points reported in 
this work are uncorrected. All spectra were taken in 2% 
w./w. chloroform solution in a 0.2-mm. NaCl cell using a 
Perkin-Elmer Model 21 instrument. 
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TABLE I1 
DIETHYL CARBAMOYLMETHYLPHOSPHONATES 

n n  

Bromine 
B.P. Sumbera 

Yield, 'C./Mm. Hg Analysis, 76 
R R '  70 (M.P., "C.) ny Formula Calcd. Found Calcd. Found 

Ethyl Ethyl 

Allyl Allyl 

Propylb Propyl 
H H 

H n-Amyl 

H Cyclohexyl 

Pentamethylene 

3-Oxapentamethylene 

CH, CJ16 

CsH; C B H ~  

77.5 

78.0 

88.5 
70 

80 

85 

64 

72 

84 

85 

13511.2 

I47/1. 3 

143jO. 8 
( 8O-82)'gd 

15811.2 

( 88-89)e 

156/2.0 

167-170/1.4 

16010.6 

( 67-68)dvf 

1 ,4560 CioHzzSO4P 

1.4718 C ~ Z H ~ Z X O ~ P  

1.4550 CnHz4NOaP 

N 5.58 
P 12.00 
N 5.09 
P 11.25 
N 5.02 
C 36.93 
H 7.23 
N 7.16 
P 15.87 
C 49.80 
H 9.12 
N 5.28 
P 11.67 
C 51.97 
H 8.72 
N 5.05 
C 50.18 
H 8.42 
IK 5.32 
C 45.28 
H1 7.60 
S 5.27 
C 54.73 
H 7 .07  
N 4.91 
C 62.24 
H 6.38 
N 4.03 

5.55 
12.33 
5.02 

11.23 
4.85 

36.14 
7.47 
7 07 

16.03 
49.29 
8.84 
5.33 

11.54 
52.10 
8 61 
4 97 

50.52 
8 .63  
5.52 

45.31 
7.63 
5.26 

53.56 
6.90 
4.87 

62.04 
6.45 
3 93 

a Theoretical bromine and iodine numbers for the phosphonates are zero except for IVb which are: Bromine KO. 116 and 
iodine No. 182. The calculated values given here are those for the vinyl phosphates. The observed values for Bromine and 
Iodine numbers for the phosphonates are due the active methylene carbon. Prepared by PtOz reduction of IVb. iill other ' 
compounds were prepared according to  the method described for IVa or IVb. P. Nylen, Ber., 57, 1023( 1924) reported m.p. 
78-80". Recrystallized from petroleum ether ( 60-70")-ethyl acetate mixture. e Recrystallized from petroleum ether 
(60-70"). A. I. Itazumov and N. P. Kashurina (Chem. Abstr., 35,2474(1941)) reported m.p. 67-68". 

added (15 min.), a rapid evolution of ethyl chloride began 
a t  135". Addition was continued a t  135-140°, and com- 
pleted in 55 min. The solution was then heated a t  140- 
152' for 75 min. The product was distilled. A low boiling 
fraction [40-110" (0.6 mm.); wt. 16.1 g.] was collected and 
discarded. The main fraction distilled at  135" (1.2 mm.). A 
77.5% yield of IVa (b.p. 106"/0.17 mm., ny 14560) was ob- 
tained when this experiment was repeated. The infrared 
ahsorption spectrum was consistent in all respects (see 
Discussion) for a compound with the structure of IVa. 

Bltempted reduc!ion of IVa. Ten grams of IVa were sub- 
jected to reduction a t  60 p s i .  with 0.5 g. of platinum dioxide 
in 100 ml. of absolute ethanol a t  room temperature. Yo 
hydrogen was consumed in 2 hr. The catalyst was filtered 
and 0.3 g. of fresh platinum dioxide was added to the fil- 
trate. No reaction occurred under the same conditions in 2 
hr. The catalyst was filtered, solvent was removed, and 9.1 
g. of unchanged phosphonate (IVa) was recovered after 
distillation at  134" (1.0 mm.), n'," 1.4556. Infrared absorp- 
tion spectrum for IVa before and after attempted reduction 
mas identical in all resperts. 

Diethyl diallylcurbamoylmeth?llphosp~~onate (IV b). To 33 
g. (020 mole) of triethyl phosphite a t  la', 34.6 g. (0.20 
mole) of N,K-diallyl-2-chloroacetamide was added over I 
hr. Ethyl chloride was evolved during the addition and heat- 
ing WRS contiriucc! :It 140-160" for :mother hour. The produrt 

was then distilled; b.p. 147" (1.3 mm.). Infrared absorption 
spectrum was almost identical with that of IVa except for 
absorption a t  1 0 . 1 1 ~  and 10 .87~ which were due to the 
-CH=CH2 groupings of the allyl radicals. The amide group 
absorbed a t  6 . 1 1 ~  (absorbancy, 1.00). 

Diethyl dipropylcarbamoylmethylphosphonate (IVc). Ten 
grams (0.036 mole) of IVb were reduced a t  60 p.s.i. with 
0.5 g. of platinum dioxide in 100 ml. of absolute ethanol : L t  
room temperature. Two mole equivalents of hydrogen cor- 
responding to the saturation of the allyl groups were ab- 
sorbed in 2 min. The catalyst was filtered, the solvent evap- 
orated and the product was distilled; b.p. 143' (0.8 mm.). 

Diethyl I-methylvinyl phosphatezb (Ia) was prepared by the 
procedure of Allen and Johnsonzb fIom triethyl phosphite 
and chloroacetone in 74.5'3, yield; b.p. 65-66" (1.5 mm.), 
ny 1.4178. The infrared spectrum showed the vinyl group 
absorption a t  6 .02~;  no carbonyl function was evident. The 
intensity of the vinyl group absorption (absorbancy 0.33) 
was significantly different from that of the intensity of the 
disubstituted amide group in IVa (absorbancy 1.44) 

Diethyl acetonylphosphonate (IIa) was prepared according 
to the procedure of Kreutzkamp and Kayserlo from triethvl 
phosphite and bromoacetone. There was isolated 21:4% 
of In (n'," 1.4165) and 56% of I Ia ,  b.p. 81' (0.45 mm.), n*G 
1.4340. The infrared spectrum of I Ia  showed ahsorption 
:it 5 . 8 5 ~  for the cwl)onyl group, nonr in the 6 . 1 ~  region 
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and was quite similar to  the phosphonate product obtained 
in the chloroacetamide reactions. 

Diethyl ethozycarbonylmethylphosphon,atesa*o (IIb) was 
prepared from ethyl chloroacetate according t o  the same 
procedure for Ia. The phosphonate was obtained in 76% 
yield; b.p. 103' (1.2 mm.), rigs 1.4299, The infrared spectrum 
was almost identical with the phosphonate (IVa) except for 
the different absorptions of the ester (5 .78~)  and amide 
(6 .13~)  groups. 

Diethyl l-ethoxyd,l-dichlorovinyl p h o s p h ~ t e ~ ~ * ~  (Ib) was 
prepared in 57% yield from ethyl trichloroacetate according 
to the procedure of Allen and Johnsonzb; b.p. 106" (0.7 
mm.); ny 1.4495. About 35% of unreacted ester was re- 
covered. The double bond absorbed a t  6 . 0 ~  with an ab- 
sorbancy of 0.43. 

Diethyl carbamoylmethylphosphonate. This is a general 
preparation of carbamoylmethylphosphonates when solid 
amides are used as starting materials. A slurry of 19.1 g. 

(0.205 mole) of 2-chloroacetamide, 34 g. (0.205 mole) of 
triethyl phosphite, and 55 ml. of o-xylene was heated 
(132-143') until the evolution of ethyl chloride was rapid. 
The rate of evolution of ethyl chloride was slower after 
about 1.25 hr., but the reaction mixture was kept a t  143' 
for 2 hr. longer. The solvent was distilled in oacuo and 
the residue was recrystallized from petroleum ether and ethyl 
acetate mixture. 
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Esters of 2-(pyridyl)ethylphosphonic acids are obtained in good yield by adding dialkyl phosphites to CY- and 7-vinyl- 
pyridines. The esters are readily hydrolyzed to the corresponding phosphonic acids. 

Among phosphonic acids and their esters few 
compounds are known in which the phosphono 
or dialkylphosphono group is attached directly to 
the heterocyclic ring or its side chain.2 I n  the field 
of pyridine the only compounds of this type are: 
2-dimethylamino-5-pyridylphosphonic acid de- 
scribed by Plaiek and Sasyk,s 3-pyridylphos- 
phonic acid described recently by Bennett, Burger, 
and V ~ l k , ~  pyridylhydroxymethylphosphoiiic acids 
reported by Burger, Clements, Dawson, and Hen- 

and 2-pyridylmethylphosphoiiic acids and 
their esters obtained in this laboratory.6 

In undertaking the synthesis of still unknown 
esters of 2-(pyridy1)ethylphosphonic acids (I and 
11) it might have been expected that the prepa- 
ra,tion of this kind of compound by the Arbuzov or 
Michaelis-Nylen methods would entail difficulties 
due to the properties of the starting P-haloalkyl- 
pyridines. The latter, endowed with a tautomeri- 
cally electron-withdrawing group, would likely be 
susceptible to dehydrohalogenation by attack of 

(1) Preliminary communication: Bull. acad. polon. sci., 

(2) L. D. Freedman and G. 0. Doak, Chem. Revs., 57, 

(3) E. Plaiek and Z. Sasyk, Roczniki Chem., 14, 1198 

(4) R. D. Bennett, A. Burger, and W. A. Volk, J .  Org. 

(5) A. Burger, J. B. Clements, N. D. Dawson, and R. B. 

(6) E. Maruszewska-Wieczorkowska, J.  hlichalski, and 

~- 

Classe 111, 6, 19 (1958). 

479 (1957). 

(1934); Ohem. Zentr., 1935, I, 2177. 

Chem., 23, 940 (1958). 

Henderson, J. Org. Chem., 20, 1383 (1955). 

A. Skowrodska., Roczniki Chem., 30, 1107 (1056). 

basic reagents, such as sodium dialkyl phosphites 
or trialkyl phosphites. This type of difficulty was 
noted by Arbuzov and Lugowkin in the course 
of the attempted synthesis of diethyl 2-(2'-pyridy1)- 
ethylphosphonate by the &4ichaelis-Nylen pro- 
cedure.? 

In  considering other methods possibly useful in 
synthesizing compounds I and I1 we focused our 
attention on pyridine derivatives possessing vinyl 
groups in position a or y. Such vinylpyridines 
behave like typical a,p-unsaturated compounds and 
add nucleophilic reagents.s In  view of these facts 
we expected to synthesize esters I and I1 by adding 
dialkyl phosphites, as nucleophilic reagents, to 
a and y-vinylpyridines. We found indeed that 
dialkyl phosphites add to 2 and 4vinylpyridines as 
well as to 2-methyl-6-vinylpyridine and 2,4- 

CHz-CHZ--P(OR)z 
OR II 

0 / -0 N 

I 
R' R' OR 

/ 

I1 0 
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69, 2461 (1947). 


