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INTRODUCTION

Organophosphorus compounds have added attractions because of their wide-
spread use as pesticides, insecticides and nerve gases'”. The proton magnetic reson-
ance spectra of organophosphorus compounds exhibit a characteristic feature of
splitting the signals of the protons proximate to phosphorus atom. This is because
phosphorus present’ in nature in 100 % abundance as *'P with the spin quantum
number Y%. Infrared spectroscopy also gives characteristic peaks’ for the identification
of organophosphorus compounds. Recently, we have synthesized a series of novel
O-ethyl-O-aryl-2-chloroethyl phosphonates which showed good fungitoxicity’ and
nematotoxicity®. Herein, the detailed '"H NMR and IR spectra of these compounds
are reported.

EXPERIMENTAL

The phosphonates (1-15) were synthesized by condensing 2-chloroethyl
phosphonyl chloride first with ethanol followed by substituted phenols in the presence
of triethyl amine’. The "H NMR spectra were recorded on a Varian EM-360L,60
MHz instrument using CCl, as solvent with TMS as internal standard (chemical
shifts in 6 ppm and J values in Hz). The IR spectra were obtained by a Perkin-
Elmer 457 spectrophotometer (liquid samples as liquid film or in CCl, and solid
samples in KBr discs).

RESULTS AND DISCUSSION

The 'H NMR spectra of 2-chloroethyl phosphonyl chloride (precursor of the
prepared phosphonates 1-15) showed two doublets of triplets at 3.2 and 3.95 &
accounting for O=P-CH, and CI-CH,, respectively. Both these doublets have coupling
constants 16 Hz and 8 Hz for H-P coupling and H-H coupling, respectively. When
the two chlorine atoms of 2-chloroethyl phosphonyl chloride were replaced by
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O-ethyl and O-phenyl groups, as in case of phosphonate 1, the coupling constant
*Jup increases by 2 units and *Jup by 4 units. *Jip is further increased by 6-10 units
in case of more -I groups introduced in the phenolic moieties as in other phosphonates
2-15. Table-1 shows the comparison between the coupling constants of the
phosphonates and their precursor.

TABLE-1
o)
o)
H b ‘ OFt
B« cl Cl -CH, -CH, -
C1-CH, —CHZ—P< o /

: wa
o-CH, B-CH, o-CH, B-CH,
*Jp=16 Hz Jup =16 Hz *J.p=18Hz *Jup=20Hz
*Jun =8 Hz Joun =8 Hz Jun=8Hz Jun=8Hz

The 'H NMR chemical shifts and coupling constants of various protons are
presented in Table-2. The coupling constants *Jup and *Juu are found to be 18-19
Hz and 8 Hz, respectively for all the phosphonates, but *Ji.» for compound 11 (R=2-
Cl1,4-NO,) and 13 (R=2,4,5-Cl5) is found to be 22 Hz and that for 14 (R=2,4,6-Cl;)
is 24 Hz (Table-2). This is further increased in case of 15 (R=Cls) where the coupling
constant is 26 Hz. In earlier report’, in case of O,0-bis-aryl isopropyl phosphonates,
*Jur was in the range of 19.5-21.5, whereas in present case it increases up to 24 Hz
which is a new observation. These enhanced coupling constants with electron with-
drawing substituents in the phosphonates can be explained by the theory proposed
by Hendrickson et al’.

The FT IR spectra of the synthesized phosphonates are given in Table-3, which
shows the presence of all the peaks corresponding to P-O-alkyl, PO-alkyl, P-O-aryl,
PO-aryl, P=0 and P-CH, stretching frequencies apart from other expected peaks.

The P-O alkyl stretching showed absorbance at 818-887 cm™. In most of the
cases, there are strong peaks, but a few of them have medium intensities. The com-
pound 7 (R=2-Cl) and 11 (R=2-C1,4-NO,) showed weak peaks at 825 cm™'. All the
compounds showed strong peaks for PO-alkyl stretching at 1024-1051 cm™. In
case of compounds 9 (R=3,4-Me,), 10 (R=3-Me, 4-Cl) and 11 (R=2-Cl1,4-NO,),
strangely there are two peaks at 1038 and 1051 cm™'. Because of the intensities of
both the peaks were found to be strong, it was undetermined to assign which peak
is for PO-alkyl stretching. Same case was also observed in case of 14 (R = 2,4,6-
Cl;) where it came at 1025 and 1064 cm™ both having strong intensities.

The P-O-aryl stretching was observed at 985-923 as mostly strong peaks. In
earlier report®, P-O, O-bis-aryl stretching was observed at 950-910 cm™. Hence it
was concluded that P-O-aryl bond was stronger in case of present series as compared
to the previous one.
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TABLE-2
'H NMR SPECTRAL DATA OF
0
O-CHaCHs
Cl-CH, -CH, - -
0
"L
(1-15)
4 Values
CLCHCH, 4 CI-CHCH,
Com. -OCH,CH,  P=0O- CH. P=0-
No. R GHtJ8 QHAOO ot QHAOU  -O-Ar  Others
Hz) values are in =8 qu) values are in
Parentheses) ~ parentheses)
240 4.05 738
1 H 128 8Hz 8Hz) %% (20Hz 8Hz)  (SH.s) -
2.40 4.02 722 2.32(Hg,
2 4Me 129 gHz 8Hz) 37 (20Hz 8Hz)  (4Hs)  Ar-Me)
2.40 4.05 734 1.329Hs,
3 4-CMe, 128 1oy, 8H,) 378 (20Hz, 8Hz) (4H,ddJ=9Hz) Ph-CMe,)
238 4.00 702 3.80(Hs,
4 4O0Me 128 qems sHz) > (20Hy 8Hz) (4H,dd,J=9Hz) Ph-O-Me)
2.56 412 7.8
50 2NO, 136 omy sHz) P8 (20HZ 8HZ)  (4Hm) -
252 4.10 7.6
6 4NO, I3 o, sHr %0 (0HZ8HZ)  (4Hm) -
2.50 4.02 7.45
7 2d 132 smz sH) 3% (Q0Hz SHZ)  (4Hm) -
2.40 402 7.32
8§ 4d 128 sHz sHz) 70 (20Hy 8Hz) (4H.AdJ=OHz) -
2.30 402 708 2.28(6Hs,
9 34Me, 128 eh,8Hn) P78 (0Hz 8Hz)  (GHm)  Ar-Me)
2.36 402 72 238GHs,
10 3-Me4-Cl 1.30 (18Hz, 8Hz) 378 (20Hz, 8Hz) (3H,m) Ar-Me)
262 420 8.15
11 2-CL4NO, 142 o spyy 382 (oHz 8HZ)  (3Hm) -
252 4.10 7.45
12 24CL 13 om, gHy 3% 0z 8HZ)  (3Hm) -
252 410 7.68(1Hs) &
13 245CL 136 qom, gHy 370 (oM 8HZ)  7.74(1Hs) -
2.66 418 7.50
14 246CL 136 qom, gHy 388 (umnsHn)  QHSs) -
272 418
15 G L2 GomnsHny > (o6Hy 8H2) - -

The PO-aryl stretching was observed at 1235-1202 cm™" as strong peaks which
is comparable with 1240-1200 cm™ in case of previous series®. The most common
P=0 stretching was observed at 1268-1249 cm™ all as strong peaks.

Another important vibration namely P-CH; stretching occurred at 1400 cm™ in
all the cases except 9 (R=3, 4-Me,) where it was observed at 1406 cm™. All these
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peaks were having either medium or weak intensities. Apart from all these vibrations
due to phosphorus nucleus, the aromatic C=C, aliphatic C-H and C-CI stretching
frequencies were observed at usual positions as shown in Table-2, but both the
symmetric and asymmetric N-O stretching vibrations for NO, group substituted
compounds were observed as medium or weak peaks.

TABLE-3
IR SPECTRAL DATA OF
ﬁ O-CHCHy
C1-CH, -CH, P<
2
(1-15)
. o i E ; - P - gtretching vibrations i‘crm") .
&3 = oyl alky'l Ouyl Ayl P=O PCH: (gr:g;c C-H CCl  Others
| H LR 8(21151.)8 1(23:;.9 9%86).5 12(1;)1.8 12(65.9 1::23.4 11;198;;(2) 20272 7?55)-4 -
s aMe  LE 8%55).8 10{45.6 9::83).1 12(15.0 12(5;)1.7 1::2?).4 1165(())96..37((5\,)) . 7(6;11;5 _
3 4CMo), LF 84(13).9 10&4)1.9 94(&:).9 1285;.1 12(2?3 1?&(;.4 llégif((;)) 2063.7 7(8111151 -
4 10Me LF 8?3).4 10(2;.6 9?3).8 12((:?9 12(?)&.8 14:;)“(;.4 1165(()):'1((;)) 2979.9 7(2119151 _
5 2NO, LF 8(3;&1.)4 10(?)3.4 9?3).8 12(2?.9 12::?.0 1?&(;.4 izgg;g; 20870 7(8111151 igggéirvrvl;
6 4NO, CCl 8%55).8 1(23\,8).4 9(5»%8 12((5.9 12(45.0 143(;.4 12(1)3:3?3; 2066.7 7?55).4 ggg%ﬁrﬁ
7 a0l LE 8(2»3;8 10(3:);.4 9%86).5 12(35.8 12(5;)1.6 1::83.4 llgtgi.g((vsv)) 50031 7(61181;6 _
s acl LE 84(151).0 1(2351.4 923).1 12(15.1 12(5;)1.6 14((;?.4 11;198;;(2) 2979.9 72351)-7 -
b e U0 D 0 T 0 0 s T
o swecr oo 'l IR T 0T KO A s T
s, TSI T D N S0 e T 04
2 240, LF 81(?).1 10534 93:).9 1255.2 12(2?.6 14:;)“(;.4 llggszécr;)) 2979.9 7?358 -
132450, L SN 10RO IS e e 2799 o -
e zwea s S0 T Y L0 men )
5 O, Ker 8;11171.)5 10(3:);.4 9(71121.)6 12(\3N5).6 1%23.7 1::83.4 igzg% 2079 1 7(11151;9
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