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2aO' -Dia lkv l  and alkylene dithiophosphato)-1,3,2-dioxaborinanes, OGOBSP(S)(OR), and 
OGOBSP(S)OG'O, G = -(CH&-, -(CH,),CHMe-, -CH,CMe,CH2-; R = Et, Pr", Pr'; G' 
= -CHMeCHMe-, -CMe,CMe,-, -CMe,CH,CHMe-, -CHzCMezCH2- have been prepared 
as monomeric, volatile and readily hydrolyzable liquids. These have been characterized by molecular 
weight, IR and multinuclear ('H, IlB, 13C and 31P) NMR spectral data which are consistent with three 
coordinate boron and monodentate dithiophosphate groups. These derivatives react with organotin 
oxides with ready transfer of dithiophosphato moieties from boron to tin. 

- 

Key words: Boron-sulphur compounds, 2(dialkyl and alkylene dithiophosphato)-l,3,2-dioxaborinanes. 

INTRODUCTION 

There is considerable interest in boron-sulphur bonded compounds due to their 
high reactivity and possible use as synthetic intermediates for other classes of boron 
derivatives as well as organosulfur compounds. 1,2 The addition reactions of thio- 
borates to unsaturated compounds (e.g., a l k e n e ~ , ~  a l k y n e ~ , ~   ketone^,^ aldehydes6 
and nitriles,' etc.) have been used to a considerable extent for the latter purpose. 
The work on thioborates has been confined mainly to B-S-C bonded complexes 
with few known examples of those containing B-!S-M (M = hetero element) 
bonds.8 The present paper describes the synthesis and characterization of 0,O- 
dialkyl and alkylene dithiophosphates of boron, a new class of boron-sulphur de- 
rivatives containing a B-S-P linkage. 

0,O-Dialkyl (and alkylene) dithiophosphoric acids constitute an important series 
of 1,l-dithio acids, the anions of which usually form 4-membered chelate rings with 
a large number of metals (both non-transition as well as transition) and metal- 
10ids.~J~ The unidentate attachment of these dithio ligands is rare and has been 
reported only with triorganosilicon1'J2 and -tin moieties. 13*14 A survey of literature 
surprisingly reveals that no boron derivative of these acids has been described as 
yet. 

RESULTS AND DISCUSSION 

In spite of being strongly acidic (with pKa values of 2.65-2.67),15 0,O-dialkyl and 
alkylene dithiophosphoric acids do not appear to react with boron-oxygen bonded 
compounds like boric acid, trialkyl borates and 2-alkoxy-l,3,2-dioxaborolanes and 
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150 O.P. SINGH, R. K. MEHROTRA and G. SRIVASTAVA 

-borinanes. This is due to the well established higher affinity of boron for oxygen 
than for sulphur.1.2 The ammonium salts of these acids, however, react readily with 
2-chloro-l,3,2-dioxaborinanes in refluxing benzene to yield the corresponding 2- 
(dialkyl and alkylene dithiophosphato)-l,3,2-dioxaborinanes: 

All these derivatives are volatile, viscous liquids, miscible with common organic 
solvents and susceptible to atmospheric moisture. 

IR SPECTRA 

The IR spectra of these compounds have been recorded in the range of 4000-200 
cm-' as neat liquids (Table 11). 

The band positions for u (P)-0-C and u (B)-0-C in the range of 1155- 
1030 cm-l in these derivatives are in accordance with those reported for parent 

and ch10roborinanes.l~ No significant shift has been observed in the band 
at 790-663 cm-l assigned to u P=S which is indicative of a free thiophosphoryl 
group. The bands in the regions 678-655 cm-l and 692-590 cm-l may be ascribed 
to u P-S vibrations in dialkyl and alkylene dithiophosphato derivatives, respec- 
tively. The medium intensity band in the region 932-856 cm-' is probably due to 
u B-S.17 
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PHOSPHORUS "€310 ACIDS 153 

'€3 NMR SPECTRA 

The 'H NMR spectra of these compounds (Table 111) do not give much information 
regarding the coordination state of boron (or the denticity of dithiophosphato 
moieties) mainly due to (a) the large distance between the protons and the B-S 
linkage, and (b) excessive overlapping of the signals of the dithiophosphate and 
borinane moieties (particularly in compounds 8- 12). Thus, the spectra in general 
show close resemblance with those of the starting moieties and the chemical shifts, 
and peak areas are consistent with the structure. 

In the derivatives 1-7, the borinane moiety gives a triplet at - 3.95 and a quartet 
at 2.11-1.57 ppm for the two types of methylene protons present whereas in 
derivatives 13-19, the borinane moiety shows two singlets at - 0.95 and - 3.56 
pprn for the methyl and methylene protons respectively. The protons attached to 
a-carbon atoms (OCH,) of the dithiophosphato moieties show coupling with the 
phosphorus atom with 3J('H-31P) values of - 12 Hz and these signals usually 
overlap with those of the corresponding OCH, protons of the borinane moieties 
except in derivatives 3, 7, 15 and 19. The spectra of tetramethylethylene dithio- 
phosphates (5 and 17) are expectedly the simplest ones (with only three signals in 
each) and show only one signal for all four methyls as in the parent acid.15 

13C NMR SPECTRA 

The 13C NMR spectra of two representative compounds 3 and 4 (one acyclic and 
the other cyclic dithiophosphate) recorded in CCl, show the following chemical 
shifts (in 6 pprn): 

2 C1, 62.02: C , 24.43, 

6CH2CH2CH20hP? S) OCI4'leCEBl ed cl, 62.24; C2, 20.69; 
3 2 13 3 1  1 2  3 4  c , 78.98; J( E I?)=4.88 Hz 

c4, 17.44 

The above chemical shifts are very close to those obtained for the parent com- 
pounds (2-chloro-l,3,2-dioxaborinane and dithiophosphoric acids) and indicate no 
substantial change in structural features. 

31P NMR SPECTRA 

The 31P NMR shifts obtained in CC1, (Table 111) are in the range of 82.76-86.52 
ppm for dialkyl dithiophosphates, 91.1-94.6 ppm for cyclic dithiophosphates con- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 1

11
 

'H
, 

"B
 a

nd
 ,'
P 

ch
em

ic
al

 s
hi

ft
s f

or
 0

,O
-d

ia
lk

yl
(a

lk
y1

en
e)

 d
ith

io
ph

os
ph

at
es

 of
 b

or
on

 in
 (

8 
pp

m
) 

-
 

co
rn

pa
 

"B
 

NM
R 

31
P 

hM
R 

'H 
WI

R 
No
. 

(i
n 

ee
l,

) 
(i
n 

C
cl

,)
 

(i
n 

C
D

C
~

~
)

 

1
 

19
.3

6 
85

.8
2 

1.
41

rt
(6

H
,C

%
) 

J
 
- 8.0 

H
z 

2.
07

-1
.6

7.
m

 
(2

H
. 

C
H

2)
 

4.
46

-3
.4

0.
m

 
(8

H
. 

oC
H

2)
 

2 
19

 -8
7 

86
.4

3 
0.

99
.t

(6
H

, 
C

H
3)

 
J
 

= 
8

-0
 H

ZJ
 

2 
-0

5-
 1

 2
 1
, m

(6
H

. 
CH

2 
) 

4
.2

5
3

 .
23

.m
(8

H
0 

O
C

H
2)

 

3 6 7 

19
.3

6 

21
.5

7 

21
.2

1 

18
.1

7 

1
8
 -3

4 

82
.7

6 

9
4
 -

14
 

9 
1.

20
 

73
 -

3
1

 

76
 -

7
2

 

1.
37

.d
(1

2#
, 

C
%

) 
J
 
= 

6
.0

 
HZ
; 

2.
11

- 
1.

72
.m

( 
2H

. 
C

H
2)

 
3.

95
.t

(4
H

, 
O

C
H

2)
 
J
 
=

 5
.6

 
HZ

: 
5 

.1
0-

4.
58

,~
1(

2H
, 

O
CH

) 

1.
67

-l
.l

l,
m

(8
H

. 
C%

 
&

 C
H

2)
 

4.
17

-3
.7

0,
m

(6
H

, 
O

CH
2 

&
 O

C
H

) 

1.
40

,8
(1

2H
, 

C
%

) 

2.
11

-1
.5

7m
~2

H
. 

C
H

2)
 

3.
95

. 
t(

4H
,0

C
H

2)
 

0.
88

,8
(6

H
, 

CH
3 

); 
2.

02
-1

.5
7.

m
(2

H
, 

C
H

2)
 

3.
49

.t
(4

H
O

 
BO

CH
2)

 
J
 
.
i 
5.8
 

HZ
 

3.
83

,d
(4

H
0 

FO
C

H
2)

 
J
 
.
i 

7.
0 

HZ
 

c
 

W
l 

P
 P ?
 

4
 

!a 

C
on

td
..

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 I
11
 (c

on
ti

nu
ed

) 

8
 

19
 .5

3 
86

.5
2 

9 
19

 -
70

 
82

.8
5 

-
1

 

10
 

19
.1

0 
94

.5
7 

- 
1
1
 

19
 -3

6 
7

3
.3

1
 

- 
1

2
 

19
.3

6 
- 

- 
1

3
 

19
.2

8 
8
6
.0

8
 

0.
97

, 
s (

6H
, 

C
(C

H
3 

12
);

 
1 

-2
8

, 
t 

(6
H

e 
C

H
Z-

C
fS

 
) 

3
.5

6
,~

(4
H

, 
BO

CH
2)

: 
3.

94
-3

.4
6,

dq
(4

H
, 

FO
C

H
2)

 

14
 

1
9
.8

5
 

86
.4

3 
- 

15
 

19
 -2

4 
82

.8
5 

0.
92

.s
(6

H
, 

C
(C

H
3l

2)
; 

1.
34

,d
(6

H
, 

C
H

(C
E

i3
)2

)J
 

=
 6

.1
H

Z 
3.

56
,S

(4
H

V
 

BO
CH

2)
 
;
 5

.0
2-

4.
89

.q
(2

H
, 

O
C

H
) 

16
 

18
 -7

 1
 

9
4

 -6
2

 
- 

1
7

 
1

9
 -0

6 
91

.1
6 

0.
99

,9
(6

H
, 

C(
C€

$)
2 

1.
44

, 
s(
 1

2H
, 

PO
C

(C
H

3 
)2

) 
3.

61
,s

(4
H

, 
W

H
2)

 

18
 

19
 

B R 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



156 O.P. SINGH, R. K. MEHROTRA and G .  SRIVASTAVA 

taining 5-membered dioxaphospholane ring and 73.3-76.7 ppm for cyclic dithio- 
phosphates containing 6-membered dioxaphosphorinane ring. Thus, the shift in- 
creases in the order: 6-membered ring < open chain < 5-membered ring, and are 
indicative of the effect of the bond angles around phosphorus.'* The positions of 
31P signals show no appreciable change as compared to the corresponding free 
acids, thus suggesting the monodentate nature of the dithiophosphato moieties in 
these cornplexe~.'~ 

IlB NMR SPECTRA 

The most useful information regarding the structure of these dithiophosphato de- 
rivatives of boron is obtained from their "B NMR spectra. The observed chemical 
shifts of all these compounds are in the narrow range of 19 ? 1 ppm (Table 111) 
which is consistent with the presence of three coordinate boron.2" The following 
interesting observations may, however, be noted: 

(1) These chemical shifts are slightly upfield in comparison to the corresponding 
2-chloro-1,3,2-dioxaborinanes which is understandable in view of the higher elec- 
tronegativity of chlorine. However, the observed values are in the same range as 
those for 2-alkoxy-l,3,2-dioxaborinanes or oxybis( 1,3,2-dioxaborinanes) .20 This in- 
dicates that the extent of shielding of tricoordinate boron due to the back-bonding 
from three oxygens is almost same as that from two oxygens and one sulphur which 
is rather surprising. However, it may be pointed out that the reported chemical 
shifts of ( O - C ~ H ~ O ~ B ) ~ ~  and (o-C6H40,)BOEt are 22.1 and 23.0 ppm21,22 indicating 
a similar pattern as our observations. 
(2) The I'B signals in some 2-(dialkyl dithiophosphato)- 1,3,2-dioxaborinanes are 
sharp and narrow (particularly in open chain dithiophosphato derivatives) whereas 
in others, these are broad. The reason for this is not clear. 
(3) In none of these derivatives, was 11B-S-31P coupling observed in the "B or 
31P NMR spectra. 

On the basis of the above spectroscopic data it may be concluded that 2-(dialkyl 
and alkylene dithiophosphato)-1,3,2-dioxaborinanes possess tricoordinate boron 
and are additional examples of complexes containing the rare unidentate dithio- 
phosphato moieties. Thus, structurally these compounds are similar to the 2-al- 
kanethiolato-1,3,2-dioxaborolanes described earlier.23 

The dithiophosphate group attached to boron may be readily transferred to tin 
as demonstrated by the reaction of 2-(dipropyl dithiophosphato)-1,3,2-dioxabori- 
nane with dibutyltin oxide in a 2:l molar ratio to yield the corresponding dibutyltin 
bis(dithioph0sphate): 

m2sn F 2 p ( o ~ A 2 ]  + ( ~ C H ~ C H ~ C H ~ O A ) ~ ~  
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The products were not separated. However, the mixture showed a ‘19Sn chemical 
shift of 94 ppm. These values are the same as observed shift of - 184.7 ppm 

for an authentic sample of dibutyltin bis(di-n-propyl dithiophosphate) .24 

EXPERIMENTAL 

Moisture was carefully excluded throughout experimental manipulations. DialkylZS and alkylenels di- 
thiophosphoric acids and their ammonium salts were prepared by the methods reported earlier. 2- 
Chloro-1,3,2-dioxaborinanes have been prepared by the reactions of phosphorus pentachloride with 
different pyroborates.26 

The IR spectra were recorded on a Perkin-Elmer 577 spectrophotometer as neat liquids. Multinuclear 
NMR spectra of these complexes were recorded on JEOL FX 90Q spectrometer in CDCl,(IH) and in 
CCI,(llB, I3C and 31P) using TMS as an internal reference in case of I f f  and *,C, Et20.BF3 in case of 
“B and H3P04 (85%) in case of 31P. 

Synthesis of 2-dialkyl (and alkylene) dithiophosphato-l,3,2-dioxaborinanes. These were prepared by 
the reactions of ammonium dialkyl (and alkylene) dithiophosphates with 2-chloro-l,3,2-dioxaborinanes 
in a 1:l molar ratio in refluxing benzene. 

Since the same method was used for the synthesis of all these derivatives, the preparation of one 
representative compound is described in detail and the results of the remaining experiments have been 
summarized in Table I. 

To a solution of OCH,CH,CH,OBCI (1.47 g, 12.2 mmole) in benzene was added (C,H,O),P(S)SNH, 
(2.48g, 12.2 mmole) and the mixture was refluxed for - 3 hr. The precipitated NH,CI (0.63 g, calcd. 
0.65 g) was filtered off under a blanket of dry nitrogen. The solvent was removed from the filtrate 
under reduced pressure and the resulting crude product was distilled to give 2-(diethy1dithiophosphato)- 
1,3,2-dioxaborinane as a colourless liquid, b.p. 50”/0.5 mm (1.58 g, 48%). 

Reaction of 2-(di-n-propyldithiophosphato~-l,3,2-dioxaborinane with Bu2Sn0  in 2:1 molar ra- 
tio. Dibutyltin oxide (0.61 g, 2.45 mmole) was added to a solution of 6CH,CH,CH,Oh 
S(S)P(OC,H;), (1.47 g, 4.93 mmole) in 40 ml benzene. The contents were refluxed till complete 
dissolution of Bu,SnO (- 4 hr). The product formed was studied by ,lP and ‘I9Sn NMR spectroscopy 
in benzene solution without removing the solvent. 
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