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Addition reac t ions  of sodium hypophosphite and of hypophosphorous acid with olefins have been studied 
in f a i r  detai l  [1-4]. They go in p r e s e n c e  of perox ides  with fo rmat ion  of dialkylphosphinic acids  and their  
sa l t s .  The addition of these  r eagen t s  to unsa tura ted  compounds containing functional I groups  has r ece ived  
l i t t le  invest igat ion.  The p r e p a r a t i o n  of e s t e r s  of phosphonosuccinie acid  by  prolonged reac t ion  between hy- 
pophosphorous  acid and male ic  e s t e r s  in absence  of ca ta lys t  has  been desc r ibed  [5]. The re  is a lso  a b r i e f  
r e f e r e n c e  ir~ a patent  to the fo rmat ion  of a cycl ic  e s t e r  by the reac t ion  of sodium hypophosphite with 2- 
m e t h y l - 2 - p r o p e n - l - o l  [6]. However ,  these r eac t ions  a r e  of undoubted p rac t i ca l  in te res t ,  for  they lead to 
the p repa ra t ion  of var ious  de r iva t ives  containing a 13- C bond and var ious  functional groups.  

We he re  r e p o r t  a study of the addition of sodium hypophosphite to allyl  alcohol,  allyl  ace ta te ,  and allyl  
chlor ide  and of c rys ta l l ine  hypophosphorous acid to al lyl  alcohol.  The reac t ion  of sodium hypophosphite 
with allyl  alcohol was conducted in methanol in p r e sence  of t -butyl  peroxide  with heating in sea led  tubes at 
135-140 ~ fo~: 8-10 h. The crude  product  was hydrolyzed with hydrochlor ic  acid, volat i le  products  were  r e -  
moved in a ,racuum, and as a r e s u l t  we i so la ted  a mix ture  of (3-hydroxypropyl)phosphonic and bis  (3-hydro-  
xypropyl)phosphinic  acids .  The reac t ion  of c rys ta l l ine  hypophosphorous acid with allyl  alcohol was con-  
ducted a lso  3y heating the mix ture  of r eac tan t s  in p r e sence  of t -butyl  peroxide  in sea led  tubes at  120-135 ~ 
for  12-14 h. As a r e s u l t  of this r eac t ion  an analogous mix tu re  of acids  was fo rmed .  The addition r eac t ions  
of sodium hgpophosphite with allyl  ace ta te  and with allyl chloride were  c a r r i e d  out analogously.  

Both in the additions of sodium hypophosphite to allyl  alcohol and al lyl  ace ta te  and a lso  in the addition 
of pure  hypcphosphorous  acid to al lyl  alcohol we were  unable to i so la te  the individual products  e i ther  by 
o rd inary  f rac t ionat ion in a high vacuum, or by f i lm dist i l lat ion,  or  as their  c rys ta l l ine  sa l t s  with anil ine,  
b a r i u m ,  or  lead. We were  able to identify the products  of addition to allyl  alcohol only by their  i sola t ion as 
phosphonic d ichlor ides  and phosphinic ch lor ides ,  obtained by t rea t ing  the mix ture  of crude acids  with 13C15. 
The method which we used  is at p r e sen t  used widely for  the p repa ra t ion  of acid chlor ides  of a g rea t  va r i e ty  
of phosphonic and phosphinic acids .  Thus,  a method has  been descr ibed  for  the p repa ra t ion  of b i s ( ch lo ro -  
methyl)phosphinic chlor ide  [7] by the t r ea tmen t  of the product  of the addition of sodium hypophosphite to 
fo rmaldehyde  with phosphorus  pentachlor ide ,  and the synthes is  of (3-a lkoxy-3-chloropropenyl)phosphonic  
acid has  a lso  been  desc r ibed  [8]. 

We studied the reac t ion  of 13C15 with the crude  products  obtained by the reac t ion  of hypophosphorous 
acid or  sodium hypophosphite with al lyl  alcohol,  and we i so la ted  (3-chloropropyl)phosphonic dichlor ide and 
b is  (3-chloropropyl)phosphinic  chlor ide .  The chlor inat ion of the crude product  was conducted with 13Cl5 in 
a medium of phosphoryl  chlor ide  at  5-7 ~ with subsequent  s t i r r ing  of the reac t ion  mix ture ,  f i r s t  at r o o m  
t e m p e r a t u r e  and then at 60 ~ until no more  hydrogen chlor ide came  off (1 h) (Table 1). We did not succeed  
in isolat ing products  of the addition of sodium hypophosphite to allyl  chlor ide and to al lyl  ace ta te  in the f o r m  
of the corret~ponding acid ch lor ides .  

The (3-chloropropyl)phosphonic d ichlor ides  and b is (3-chloropropyl)phosphinic  chlor ides  which we ob- 
tained a r e  reac t ive  compounds.  They can be used  for  the p repa ra t ion  of var ious  de r iva t ives  and phosphorus -  
containing m o n o m e r s  and p o l y m e r s .  In a study of some  of thei r  chemica l  p r o p e r t i e s  we c a r r i e d  out the i r  
r eac t ions  wieh methanol ,  ethanol,  ethanethiol ,  phenol,  and al lyl  alcohol.  By the hydro lys i s  of the acid chlo-  
r ides  with w~ter  we p r e p a r e d  f r ee  (3-chloropropyl)phosphonic and b is  (3-chloropropyl)phosphinic  ac ids .  In 
the t r ea tmen t  of the acids  with aniline we isola ted  only anil inium hydrogen (3-chloropropyl)phosphonate .  
The constants  of the subs tances  obtained a r e  given in Table 2. 
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For  confirmat ion of the s t ruc tu re  of the compounds obtained 
and their  ful ler  cha rac te r i za t ion  we de te rmined  their  IR spec t ra ,  
some of which a re  shown in Fig. 1. The HI spec t r a  of the acid 
chlor ides  (a) and (b) contain the absorpt ion  bands (cm-1): 500-600 
(P-C1) ,  1200-1300 (P = O), 660 (C-C1).  The IR spec t rum of the 
e s t e r  (d) contains the bands (cm-1): 1220 (P = O), 1040 ( P - O - C ) ,  
650 (c-el). 

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

React ion of Sodium Hypophosphite with Allyl Alcohol. A mix-  
ture  of 30 g of sodium hypophosphite,  54 g of allyl  alcohol,  60 ml of 
methanol ,  and 1.5 ml of t -butyl  peroxide  was heated in sealed tubes 
at 135-140 ~ for  8-10 h. The sa l t s  obtained were  hydrolyzed with 
HC1, NaC1 was f i l te red  off, and volat i le  components  were  dr iven off. 
We obtained 58 g of a mix tu re  of unpurif ied acids .  

P repa ra t ion  of (3-Chloropropyl)phosphonic Dichloride and 
Bis (3-chloropropyl)phosphinic Chloride.  The 58 g of the mixture  
of unpurif ied acids was added with s t i r r ing  and cooling to 3-7 ~ to a 
suspension of 270 g of PC15 in 170 ml of POC13. When the whole of 
the mix tu re  of acids had been  added to the reac t ion  mixture ,  the 
l a t t e r  was s t i r r ed ,  f i r s t  at  r o o m  t e m p e r a t u r e ,  and then with cautious 
r a i s ing  of the t empe ra tu r e  in the bath to 60~ heating was continued 
at this t empe ra tu r e  until no more  HC1 came  off (1 h). Phosphoryl  
chlor ide was dist i l led off, unchanged PC15 was decomposed with dry 
SO2, and the product  was vacuum-f rae t iona ted .  As a r e su l t  of the 
f ract ionat ion we obtained (3-chloropropyl)phosphonic dichloride and 
b is  (3-chloropropyl)phosphinie chlor ide .  Phys icochemica l  data a re  
given in Table 1 [(I) and (III)]. 

Addition of Hypophosphorous Acid to Allyl Alcohol. A mix-  
ture of 29 g of c rys ta l l ine  hypophosphorous acid, 51 g of allyl  a lco-  
hol, and 2 ml of t -butyl  peroxide  was heated in sea led  tubes at 120- 
130 ~ for  12-14 h. We obtained 69 g of a mix tu re  of unpurif ied acids.  
(3-Chloropropyl)phosphonic dichloride and b i s (3 -ch loropropyl )phos-  
phinic chloride were  p r e p a r e d  f r o m  the mix ture  as  before  [see 
Table 1, (II) and (IV)]. 

P repa ra t ion  of Diallyl (3-Chloropropyl)phosphonate.  A solu- 
tion of 11.3 g of (3-chloropropyl)phosphonic dichloride in 20 m l  of 
e ther  was added dropwise to a solution of 8 g of allyl  alcohol and 
9.15 g of pyridine in 100 ml of dry e ther  at  5-7 ~ The mixture  was 
then s t i r r e d  for  2 h at r o o m  t e m p e r a t u r e  and for  1 h at 35 ~ On the 
next day pyridine hydrochlor ide  was f i l t e red  off and washed with 
e ther .  As a r e su l t  of f rac t ionat ion we obtained 7.05 g (51.1%) of 
diallyl  (3-chloropropyl)phosphonate.  Phys icochemica l  data a r e  
given in Table 2 [(VII)]. The other  dialkyl (3-chloropropyl)phos-  
phonates and alkyl b is  (3-chloropropyl)phosphinates  were  p r e p a r e d  
analogously with smal l  changes in the t e m p e r a t u r e  schedules .  The 
constants  of the e s t e r s  obtained a r e  given in Table  2. 

P repa ra t ion  of (3-Chloropropyl)phosphonie Acid. With cooling 
and s t i r r ing  15 g of wa te r  was added caut iously dropwise  to 7 g of 
(3-chloropropyl)phosphonic dichloride.  Water  was dr iven off, and 
the res idue  c rys ta l l i zed .  After  two c rys ta l l i za t ions  f r o m  benzene 
we obtained 4.4 g (86%) of (3-chloropropyl)phosphonic acid, mp 105- 
106 ~ Analytical  data a re  given in Table 2 [(X)]. 

804 



T
A
B
L
E
 

2 

N
o.

 
C

om
po

un
d 

V
 

(C
H

aO
).-

PC
H

2C
I-I

2C
H

2C
1 

Jl O
 

V
I 

(C
~H

aO
)~

P C
H

sC
H

~C
tt2

C
I 

JI o 
V

II
 

( C
H

j=
G

H
--

C
t-I

a0
)~

 PG
H

~C
H

2 C
H

~C
I 

fl o 
V

II
I 

(G
2H

sS
)~

PC
H

zC
H

~C
H

zC
I 

JJ O
 

IX
 

(C
~H

~O
)~

*P
 

CH
~C

H
2C

H
~ C

 1 
II 0 

X 
(H
O)
2P
CH
~C
H2
CH
~C
I 

Ir
 

O 
X

I 
C

,H
~N

H
2 .H

O
 > P

CH
~C

H
~C

H
~C

t *
 

H
O

 
g 

X
II

 
C

H
aO

P(
C

H
~C

tIs
C

H
~C

I)
s 

X
II

I 
C~

I-I
~0

 P 
( C

H
~C

H
~C

H
 ~C

I)~
 

0 
X

IV
 

CH
~=

CH
--

CH
~0

P(
CH

~C
H~

CH
~ 

C]
 ) ~
 

J[
 

0 
X
V
 

C~
Ha
SP
(C
H~
CH
2C
H2
CI
)z
 

X
V

I 
C~
H~
OP
(C
H~
CH
sC
H~
CI
)s
 

O 
X

V
II

 
H

O
P(

C
H

~C
H

zC
H

~C
1)

~ 

o 

�9
 F

ou
nd

: 
N

 5
.3

9%
; 

ca
lc

ul
at

ed
N

 5
.5

6%
. 

bp
, 

*C
 

~f
a 

7a
m

H
g)

 
n~

 
d a

~~
 

fo
un

d 
ca

lc
u-

 
~"

 
ra

p,
 

*C
 

la
te

d 
C

 
H

 

74
--

75
 

(0
,0

5)
 

84
--

85
 

(0
,0

4)
 

10
2-

-1
03

 
(0

,0
2)

 
12

1-
-1

22
 

(0
,0
3)
 

17
2-

-1
73

 
(0

,0
4)

 
10

5-
-1

06
 

15
1-

-1
52

 

15
1-

-1
52

 
(0
,0
5)
 

15
2-

-1
53

 
(0

,0
5)

 
16

2-
-1

63
 

(0
,0

5)
 

17
2-

-1
73

 
(0

,0
7)

 
17

8-
-1

79
 

(0
,0

3)
 

64
--

66
 

34
,5

 
31

,9
t 

70
,7

 
39

,1
4 

51
,1

 
44

,7
~ 

71
,8

 
34

,0
6 

76
,8

 
58

,0
4 

36
 

23
,0

7 

80
 

74
,7

 
35

,9
4 

79
,1

 
38

,7
~ 

52
,7

 
42

,0
( 

$5
 

35
,9

( 

M
,4

 
48

,9
~ 

52
,3

 
32

,6
~ 

F
ou

nd
,%

 
M

ol
ec

ul
ar

 

�9
 fo

rm
ul

a 

Cs
Hx

~C
IO

sP
 

CT
Hz

oC
IO

sP
 

Cg
Hz

eC
IO

sP
 

CT
HI

eC
|O

PS
~ 

CI
~H

xe
CI

Os
P 

Ca
Ha

CI
Os

P 

C
gH

16
C

IN
O

sP
 

C
7 I

tl
sC

hO
~P

 

C
aH

17
C

I2
0*

P 

C
gH

x~
C

hO
~P

 

C
sH

I~
C

h0
PS

 

31
2H

17
C

h0
~P

 

C
eH

18
C

12
02

P 

E
al

cu
la

te
d,

%
 

oi
.I

 
P 

16
,5

6 

14
,4

5 

12
,9

9 

12
,5

7 

9,
98

 

19
,5

5 

12
,3

2 

[3
,3

0 

[2
,5

5 

[1
,9

6 

11
fl

8 

10
,5

0 

14
,1

7 

:,n
 



~ 
0 

, , L ' t  , "* y / 
I I i I l I I I 

I I I I I I I I ,L i I I I I 

2O 8 
i i I" i I I J I ~ ,  ' i , ~ i I ,J [ i I I t 

�9 .I I | ~ I I l I I I 1 

3"f0# 3~0 JO00 ~800 1600 1400 IZO0. 1000 800 700 600 \ 500 
~crn -t 

Fig. 1. I~t spectra: a) (3-chloropropyl)phosphonic 
dichloride; b) bis (3-ehloropropyl)phosphinic chloride; 
c) diphenyl (3-chloropropyl)phosphonate; d) methyl 
bis (3-chloropropyl)phosphinate. 

Bis(3-chloropropyl)phosphinic acid was prepared analogously [see Table 2, (XVII)]. 

Preparation of Anilinium Hydrogen (3-Chloropropyl)phosphonate. To a solution of 1 g of the acid in 
methanol 1.46 g of aniline was added with stirring. After a few minutes crystallization set in. Reerystal- 
lization f rom CC14 gave 1.2 g (80%) of the salt, mp 151-152 ~ Analytical data are given in Table 2 [(XI)]. 

We thank L.I. Kulakova for determining the TR spectra. 

C O N C L U S I O N S  

1. The reactions of hypophosphorous acid and its sodium salt with allyl alcohol were studied. 

2. A method was developed for the preparation of (3-chloropropyl)phosphonic dichloride and bis (3- 
chloropropyl)phosphinic chloride, and the reactions of these acid chlorides with alcohols and water were 
studied. 
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