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SPECTROSCOPIC STUDY
ON THE ELECTRON DELOCALIZATION
WITHIN THE PHOSPHAZO RING

I. M. ABD-ELLAH", Y. AL-SHAIBI, A.A. BA-ISSA and
M.S. EL-HAMMADI

Chemistry Department, Faculty of Science, Sana’a University, Sana'a, Yemen.
P.O.box 11220 Sana’a, Yemen

(Received 2 December, 1996, In final form 14 March, 1997)

Interaction of hexachlorocyclodiphosph(V)azanes (1) with some aminocompounds such as
aniline,o-aminophenol,p-toluidine,p-anisidine,p-chloroaniline,2-aminothiazol in acetonitrile
furnished geminal aminocylcodiphosph(V)azanes of type (11, ,). Reaction of these products
with sulfur (solid) led to the formation of the disulfo-derivatives of type(llla_ ). The slructure
of the isolated substances was proposed on the basis of microanalytical data infrared, 'H
n.m.r., and mass spectra. Ultraviolet studies on the electron delocalization within the
four-membered ring of the dimeric structure were also discussed.

Keywords. cyclodephosphazane; disulfo derivatives; Nmr; UV; mass spectra

Although the synthesis of geminal and non-geminal aminocyclodiphosp-
hazanes has been repoited(]_Z) little is known about the affecting of the
electron delocalization within the four membered ring by inductive and
mesomeric effects.

EXPERIMENTAL

Microanalytical analyses were carried out by the microanalytical labora-
tory, Cairo University. Infrared spectra were recorded on a PYE-Unicam
SP3-300 spectrophotometer (KBr technique). Ultraviolet spectra were
recorded on shimadzu Uv.vis recording spectrophotometer. 'H n.m.r. spec-
tra were measured on a Varian EM-360L., 200 Mhz spectrophotometer,

* Author whom all correspondence should be sent.
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and mass spectra were measured out using a Finnigan MAT 1125 mass
spectrometer by the direct inlet system.

STARTING MATERIALS

The preparation and purification of hexachlorocyclodiphosphazanes (I,_.)
has been reported 24 All the amino compounds used were B.D.H reagent
grade products.

SYNTHESIS OF AMINOCYCLODIPHOSPH(V)AZANE
DERIVATIVES (11, x) GENERAL PROCEDURE

The solid amino compound (0.01 mole) was added in small portions to a
well stirred solution of the hexachlorocyclodiphosph(V)azane (I,_.) (0.005
mole) in 100 ml acetonitrile during 2 hour. After the addition was com-
plete, the reaction mixture was heated under reflux for two hours with con-
tinuous stirring. After the completion of the reaction (HCl gas ceased to
evolve) the reaction mixture was filtered while hot and the solid obtained
was washed several times with acetonitrile, diethylether and dried in vacuo
to give the corresponding aminocyclodiphosph(V)azane derivatives
(II,.x), the data obtained are listed in table (I).

PREPARATION OF DISULFUO-DIAMINOCYCLODIPHOSPH(V)
AZANE DERIVATIVES OF TYPE (I, )

The solid amino compound (0.01) mole was added in small portions to a
will stirred cold solution of the hexachlorocyclodiphosph(V)azane (I,_.)
(0.005 mole) in 100 ml acetonitrile during half hour. After the addition
was completed the reaction mixture was heated under reflux for two hours
with continous stirring. After the completion of the reaction (HCl gas
ceased to evolve), then (0.32 g) of sulfur (solid) was added and the reac-
tion mixture was heated under reflux for one hour with continous stirring.
The reaction mixture was filtered while hot at the pump. Then washed
several times with acetonitrile then dry diethylether, disulfuoaminocy-
clodiphosph(V)azane (IIIa_g) was obtained as solid crystals, (see table II).
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Results and discussion

In the present work, different hexachlorocyclodiphosphazanes of type
(I,.c) have been prepared essentially by the method described in the litera-

ture?
R

X
VRN
CliP P Cl;
N 7
I“

R

(la—r)
I,; R=CgHs
I,; R= C¢Hs
Ib; R= C6H4 - CH3- P
IC; R= C6H4 - OCH3 -p
I3 R=C¢Hy-Cl-p
I;R=CgHy—OH-o0

The direct reaction between halophosphazanes (I) and amino aromatic
compounds in acetonitrile led to the formation of geminal amino cyclodi-
phosphazane derivatives of type (II,,_,).

I
Ci Cl
N
- AN P/ \ / -
R— HN — p—— NH—R
/T~
o] I
R
(Masx)
No. Of Compd. R R
II, C¢Hs CeHs

"b C6H5 C6H4 - CH3 -p
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No. Of Compd. R R
11, CeHs C¢Hs — OCFy —p
Iy CgHs C¢Hy—Cl-p
11, CeHs C3HNS —a
1I¢ CeHs CgHy — COOH -p
11, CegHy—CHs-p CeHjs
11, C¢Hy - CH; - p CeHs—CH;-p
II; C¢Hy;—CH;~p CeH;—Cl-p
I Ce¢H,—CH;-p CHNS -
I, Cg¢Hy —OCH; - p CeHs
I Ce¢H; — OCH; —p C¢Hy—CH3-p
I, C¢Hy — OCH;3 - p CegH; - OCH; - p
11, CgHy — OCH; - p C¢H;—OH -0
1, CeHy—Cl-p CeH;
i, CeH; -Cl-p CgHy—CH;3-p
I CeHy—-Cl-p CgHy —OCH5; - p
II C¢Hy—Cl-p CeHy—Cl-p
1L CeHy—Cl-p C¢Hy—-OH-o0
11 CgHy—OH -0 C¢Hy;~CH;-p
II, CeHy; —~OH-o C¢Hy—Cl-p
IT, CeHy;—OH -0 C¢Hy~OH -0
11, CeH; —OH -0 CgHy — COOH -0
I, CsHy—OH -0 C3HNS -

The structure of these compounds has been substantiated on the basis of

the following points :

i

il.

1ii.

iv.

Elemental analysis are in good agreement with the proposed structures
(see table I)

The infrared spectra of these compounds showed the characteristic
absorption bands, which are summarized in table (IIT)

'H n.mur. spectra of the isolated compounds (I-I) showed the aromatic
proton signal at delta 8 =7.4 ppm and a signal characteristic for —
CHjprotons and -OCH; protons at & =2.1 ppm and 3.8 ppm respec-
tively, the characteristic proton signals are listed in table (IV).

Mass spectrometric measurements shed light on the structure of these
products, thus the spectra showed the mole peaks for many compounds
which are given in table (V), also most of the expected fragments were
observed in the spectra.
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Further confirmation of the structural assignment of these products was
gleaned from the preparation of sulfur derivative. Thus the interaction of
hexachlorocyclodiphosphazane (I) and aminocompounds in the presence
of sulfur solid in acetonitrile led to the formation of a well defined material
which gave analytical data suggesting structure (Il ).

S\P/ /S
‘R—Nl/ \ \

—~

NH_—R-
(llag
No.of Compound R R
11, CgHjs CeHs
11T, CegHy—Cl-p CeHs
HI,. CgHs4—Cl-p CcHy—Cl-p
Iy CeHy —OCH;3 -p CgHy—CH3;-p
11, CgH,—OCH; p CgHs
I¢ CgHy -~ OCH;3 - p C¢Hy-Cl—p
11, Ce¢Hy—Cl-p C3HoNS — o

The Assignment of the products (III, ;) was based on elemental analysis
which are in good agreement with the proposed structures (Ill, ;) (See
table II).

TABLE I}l Infrared of Compounds (11,_,)

Strertching Frequencies in cm™’

No. of vN-H v P-N-H v OH v P-N v disub. Ar. ring v P-Cl
Comp.d
11, 3360(w) 2560(w) - 1175(w) 465(s)
1T, 3050(br) 2600(br) - 1140(w) 850 (s) 500(w)

Il 3000(br) 2560(br) - 1160(w) 845(v.s) 500(s)
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Strertching Frequencies in cm™!

C’Y} o ;fi vyNH  vPNH vOH  vPN  vdisub. Ar ring v P-Cl
14 3300(br)  2660(v.w) - 1180(w) 850(s) 500(w)
I, 3400(br) 2750(br) - 1180(w) 845(m) 490(br)
1I; 3340(w) 2600(br) - 1190(w) 860(s) 450(br)
IIg 3020(br) 2600(w) - 1170(v.w) 860(s) 470(w)
11, 3000(br) 2600(w) - 1190(m) 850(s) 470(m)
15 3000(br) 2590(w) - 1175(w) 860(s) 470(w)
IIJ- 3000(br) 2550(br) - 1150(w) 860(m) 475(w)
I, 3000(br) 2600(v.w) - 1170(w) 810(m) 450(br)
11 3360(br) 2600(br) - 1170(w) 815(s) 460(br)
I, 3000(br) 2600(w) - 1160(m) 810(s) 460(br)
11, 3000(br) 2570(br)  1370(m)  1160(w) 820(s) 460(w)
I, 3000(br) 2600(m) - 1170(w) 870(s) 470(br)
Hp 3350(br) 2740(br) - 1150(m) 830(s) 510(w)
Hq 3000(br) 2600(br) - 1160(s) 860(v.s) 480(br)
II, 3350(v.w) 2750(m) - 1170(s) 820(v.s) 480(s)
IIg 3350(br) 2600(br)  1360(m) 1200(s) 830(s) 480(s)
1I; 3200(br) 2600(m) 1360(s)y  1175(v.w) 845(my) 480(m)
11, 3050(br) 2610(br)  1360(s) 1180(w) 820(s) 480(w)
I1, 3280(s) 2610(w)  1365(v.s) 1165(v.s) 840(m) 470(s)
Iy 3200(br) 2760(br) 1350(s) 1160(m) 845(m) 460(br)
I, 3100(br) 2600(br) 1340(m) 1160(m) 830(br) 450(m)

(v.w) means very weak. (m) means moderate. (v.s) means very strong. (w) means weak. (s)
means strong. (br) means broud

TABLE IV 'Hn.m.r. data for compounds (I-II)

Chemical Shifts 8 in ppm
No. of CH; OCHj Aromatic NH OH
compd.
I, N - 6.90 - -
I, 22 - 7.15 - -
I, - 3.7 7.10 ; :
Iy - - 1736 - -
It - - 7.30 - -
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Chemical Shifts 8 in ppm
No. of CH; OCH; Aromatic NH OH
compd.
i, - - 7.30 52 -
1L, 2.2 - 7.35 6.8 -
11, - 37 7.10 6.8 -
Iy - - 7.17 6.8 -
II, - - 7.10 8.0 -
II; 23 - 7.10 6.6 -
11, - - 7.36 48 -
11 - - 7.00 5.4 9.5

TABLE V Mass Spectra For Compounds (I-II)

Mole peak
No.of compound
Calc. Found Abundance %

fa 457 457 0.05

I, 570 569 0.10

I, 598 597.5 0.03

11, 630 630 0.01

4 639 637.9 0.23

Ii, 584 588.5 0.04

II; 667 667 0.03

I, 630 630.5 0.01

I, 634 633.9 3.09

11, 616 616 0.02

TABLE VI Infrared data for compound (IIIa_g)
Stretching Frequencies in Cm!

of C"(’fm o vN-H v P-N-H vP-N  vdisub. Ar.ring vP=S
1, 3350(v.w) 2500¢br) 1180(w) 670(s)
I, 3000(br) 2680(v.w) 1170(w) 860 (m) 630(m)
I, 3300(br) 2690(w) 1170(w) 850(w) 660(m)
14 3100(br) 2740(br) 1190(s) 820(v.s) 660(s)
111, 3300 2710(br) 1160(w) 840(w) 640(m)
1, 3000(br) 2800(br) 1170(m) 820(s) 620(w)
111, 3300(br) 2740(br) 1150(w) 810(w) 660(m)

(v.w) means very weak. (m) means moderate. (v.s) means very strong. (w) means weak. (s)
means strong. (br) means broad.
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The infrared spectra for these products (IIIa_g) showed the characteristic
vNH stretching vibrations at A = 3400-3100 cm™!, VP-N-H stretching
mode at 2700-2500 cm'l, and vP =S stretching mode at A = 620-670
cm™! the data are listed in table (VI). The mass spectra for compounds of
type (1L, ;) showed the expected fragments.

Ultraviolet spectra

The fact that the expected band between 270-290 nm®, characteristic for
electron delocalization within the four-membered ring of the dimeric
structure, was observed in the spectra for compounds of type(I-III)sug-
gests the presence of the phosphazo four-membered ring. The ultraviolet
spectrum for compound (I,), show an absorption peak at A max =283.9 nm
(extinction coefficient=379.8), this band was shifted to lower wave lenght
and high intensity of peak upon placement of groups having (+ I and + M
effects ) such as-CHj(I,), -OCH; (I,) in the para and/or-OH(I,) in the
ortho position of the chromophoric system. (phenyl group) attached to
nitrogen atom of the phosphazo ring while upon placement of -Cl atom
(I4), the band was shifted to a longer wale lenght with an increase in the
intensity of the band (Fig. 1) and Table( VII).
R

=

7

crap/ o~
\N -

P Cl;

R
(La-e)
I,; R=-H
I; R-CH;3-p
I.; R=OCHj-p
Iy R=-Cl-p

I; R=-OH-o
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by
8
o
. Noof  Paik ext. -R
Compd  Wavelength cofficient
) —y 339 3798 -kt
. P 1 1K) 4914 Rl B
ol . !
5 ?/i\? Sl 122 10057 _oep,
G—P\../pm v Ta 2856 524.9
b 2 JJ 876.1 e
oooooal, 2309 -OH
~
| a |
P o
S i
i N
\
N
:-‘ Ay
Q Y‘A |
5 \
(=) .\
\

g i Al P ISR P -~ *
8190 250 0 = -

Alnm )

FIGURE 1 Ultraviolet Spectra for Compounds(I, .} in ethanol

TABLE VII Ultraviolet spectral data for compounds (I- III)

No. of compound A max in nm ext.coeff
Ia 2839 379.8
Iy 281.7 491.4
1. 282.2 1005.7
Id 285.6 524.9
I. 280.9 876.1
11, 275.5 502.7
1T, 277.8 653.0
11, 280.2 8959
4 281.8 1528.5
I, 300.0 1868.8
i1, 283.1 9333
111, 286.3 1348.9
I, 289.5 1848.9
Iy 2879 1614.2
111, 290.0 1835.3
(19 283.6 1656.8
III 300.7 1936.8
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&
£ — 77— 17— L T
5]
No.of Peak ext. -
Compd  Wavclength cofficient
- e — . 2197 502.7 -CH,
w | o o . 653.0
RPN SO B o
S| rewnp P—NH—R Ll w1385 TRt
g | \N e : 1, 3000 18688 ¢4, NS-«
4
Il
-
8 - g - m e yPTREIT Caiers T v
3190 250 300 30 40

Anm)

FIGURE 2 Ultraviolet Spectra for Compounds(Il,_.) in ethanol

R
No.of Peak ext. g r
Compd. Wavelength cofficint
SRR C--l 2879 16142 -OCH; CHrCHrp
“T - N ceeeaean, 2960 18353 LOCH, Cilts
J \

e 283.6 1656.8 -OCH; CdlCl-p

{a0 250 3d0 3ko 400

A{am)

FIGURE 3 U.v spectra for Compounds (Illy . ¢)

On placement of chlorine atom on phosphorus by electron with drawing
groups (-I effects), (+M effects)(Il3) or chromophoric groups containing
conjugated system such as thiazol ring (II;) show an absorption peak at
A =281.8nm (extinction coefficient 1528.5) and at A = 300.0 nm (extinc-
tion coefficient 1839.8 ) respectively, while the replacement of the chlo-
rine atom on phosphorus by groups with donating electrons (+I or +M)
such as tolyl or anisidyl groups (II;, and II.) stabilize the resonance within
the four-membered ring (Fig. 2)
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SCHEME 1 fragmentation pathway for compound (ile)

Replacement of of the dichloro atoms on phosphorous in compounds of
type (II) by a sulfur atom led to an increase in the intensity of the absorp-
tion peak, and the band was shifted to longer wave length may be due to
the differences in electronegativity between phosphorous and sulfur,
Mlge ) Fig (3) the data are listed in table (VII). We concluded by the elec-
tron delocalization within the phosphazoring are much affected by groups
having electron attracting or electron donating character attached to phos-
phorus atom, because such groups are in plane with phosphorus and nitro-
gen atoms of phosphazo-ring. Fig.(4).
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