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SUBSTITUENT AND SOLVENT EFFECTS ON THE ELECTRONIC
ABSORPI'ION SPECTRA OF PHOSPHAPYRIMIDINE DERIVATIVES

E.A.Romanenko, Yu.P.Egorov, and P.P.Eornuta
Institute of Organic Chemistry
Academy of Sciences of the Ukraine
Kiev, UeSeSeRe

INTRODUCTION

U.v. spectra study of phosphacyclic compounds with tet—
racoordinated ring phosphorus atom has been an object of a
rather limited number of works. There are only few works on
u.v. absorption spectras of cyclic phosphonitriles which re~
veal a specific character of their Jj(~electroniec structuz'e13
besides, there are some data on a significant low - frequen~-
cy shifting of the electronic spectrum of 1.1 =~ diphenylphos-
pPhabenzene against that of benzene2. This communicatlion pre-
sents an snalysis of the experimental findings on electronic
sbsorption spectrs of g wide variety of substituted phospha~
pyrimidines, PhP, (1,2,6 - phosphadiazines) for elucidating
the nature of the observed absorption bands snd for studying
electronic distribution as well as separate characteristics
of the FPhP molecules in the ground and excited states.

EXPERIMENTAT:

Optical densities of solutions for a variety of solvents
were measured in the 220-500 nm region using one - beam spec-
trophotometer SF - 4 Ae. Concentrations ( ~10 “m/1) were cho-
sen 80 that the optical density values fall within the opti-
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mum range of 0.1 - 0.8 where accidental instrument errors are
usually minimal, The accuracy of finding absorption band

peaks was -~ 100 cn™

. The synthesis of the compounds studied
is described in 3. The substances were purified by repeated
recrystallization.

RESULTS AND DISCUSSION

Spectra of Substituted FhP

The experimental data in Table 1 show that spectra of the
PhP derivatives in the region 220-500 nm are composed of 1-2
bands. The longer wavelength band at 350 nm is observed in
all the 14 compounds, the shorter wavelength band in the re-
gion 240-260 nm is found only in cyano- and phenylsubstitu-
ted compounds (I-VII), All spectra of (I-XIV) show a typical
increase of intensity on the higher frequency side of the
spectral region studied, which, together with the data for
(VIII) below 220 nm indicate (see Table 1) a rather intensive
absorption around 200 nm,

Substituent Effects and Assignment of Absorption Bands

Electronic transitions in benzene at 260, 205 and 185 mm
in the course of substitution are known to shift towards the
longer wavelength region. These shifts yield to a satisfacto-
ry description by quantum mechaniecs theory of Petruska4 who
showed, that the change of Jr ~electronic benzene structure
results from the perturbation cauzed by the conjugative and
inductive effects of the substituents. The use of Petruska's
theory, however, is limitted by certain molecules with known
Jr -electronic structure. On the other hand, the use of the

perturbation theory within the framework of Huckel method
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TABLE 2 CE__N\\
ELECTRONIC ABSORPTION SPECTRA DATA FOR Rq<;::jN;,P012
R,
The 350 nm band The 250 nm band
Com— Substituents 40_4 < '10_4
V,,kK|Z1. £ v 2
pound R, Ry L 1/mole.cm| ! 20%K 13 /mole.c
1 CN H 29.80 | 0.51 |0.067| 42.1 | 1.03
II  |CN COL,CeHgl 29.15 | 0.78 | 0.094| 40.8 | 1.3
IIT |CN COL,CH; | 29.05 | 0.77 04102 40.4 | 4.54
v |CN CCl, 28.65 | 0.69 |0.108| 40.2 | 1.05
v CN Cells 28.65 | 0.99 [0.138| 40.1 | 1.19
VI |CH;  CgHs 28,30 | 1.31 | 0.144| 38.2 | 1.00
VII |CeHg CgHs 27.70 | 0.62 | 0.140| 40.6 | 1.2%
vIIT?|c1 c1 28,00 | 0.74 |0.,087| 47.8 | 1.10
IX |=m c1 20,15 | Q.72 | 0.108
X CH;  C1 28.90 | 0.79 |0.102
XI  |CHy €l 29.00 | 0.70 |0.086
XII |CHy; Oy 29,05 | 1.00 |0.142
xT11P CHy  Clig 20.40 | 0.85 |0.100
X1v° CHy  CpHg 28.90 | 0.66 |0.108

) Solutions in n - hexanej; values of frequencies and coeffici-
ents of extinction are given for absorption band maxima.

2 Mhe spectrum is recorded in the 200 - 500 nm region using

the "Unicam SP-~700".

b The ZPCl2 group is substituted by the‘>P(OBu)2 group.

¢ . | gt |
The 2P012 group is substituted by the }P(NCHZCHz)2 group.
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often makes it possible to carry out less efficient studies
of the substituent influence on the position of the electro-
nic absorption spectraso

By studying the influence of the inductive effect of a
substituent upon the I =electronic level position in ground
and exclted states by changing the Coulomb integral of the
substituted carbon atom and the influence of the conjugative
effect by foming a certain double bond chsracter between
substituted atom and substituent the following expressions
were derived for the variation of the transition energy in
the course of the substitution (the two effects being consi~

dered rather insignificant): 2 2
c
brcka

By By

for fﬂ:-ﬂ," transition: AE“ = (c‘sr = cir)&r + Pm@#b

c2 2
ar
- ____h_.) , (1)
k£a Ea - Ek C% Cﬁ
= 2. . T 8
for n-sm* tx-ansition:AEn = cbr 8;(1‘ + F’rs " *b_-i::];k_'
(2)

where the first end the second items in both expressions ta-
ke account of the inductive effect in the first order and
of the conjugative effect in the second order of the per -
turbation theory, respectively: cij-atomic orbital coeffi -~
cient of atom j in the i~th molecular orbitals Prs-resonan—
ce integral of the bond between r—atom of non-substituted
molecule and s—atom of the substituent: the summing up is
performed according to the substituent orbitalss a snd b be-
long to the ground and excited states of nom=substituted
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molecule , respectivelys. It should be borne in mind that the
perturbation of n-level during the substitution was neglected
in expression (2).

The analysis of the above expressions when assigning
electronic sbsorption bends may be simplified if one consi-
ders those substituents where one of the effects is predomi-~
nant; the unequivocal conclusion about transition type accor—
ding to the absorption band shift can be made considering the
extremal case of purely inductlve substituent. In fact, by
assuming the conjugative component of the shift to be zero
in (1) and (2), simplified expressions were deriveds

AE, = ( cﬁr - cir)&,, (3a) and AE, = cﬁr . &br s (3b)

whereof it follows that introduction of, e.g., electrodonor
inductive substituent results in a high~frequency shift of the
absorption band corresponding to n ~Jr* transition while di~
rection of the JU~gtr* transition band shift will be determined
by the sign of difference of the expression in parenthesis of
equation (3a).

Expressions (3a) and (3b) were used for (XI) (Table 1),
the conjugative effect of the ethyl group was taken as equal
to zero. There is a low-frequency band shift for (XI) at
350 nm relative to (IX), which (in accordance with the above
and expressions (3a) and (3b) ) allows to assign the 350 nm
band both to Jr=~s* transition of phosphadiazine ring in
(IX) and (XI), and of course, to JL—-;* transition of other
phosphapyrimidine derivatives having a related structure.

Such a considerable low=frequency region shift of the first
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transition band in the substituted PhP with respect to the
positions of similar bands in other six-membered aromatic
compounds (esge benzene, diazines, etc.) is probably due to
the introduction of 3d-orbitals of the tetracoordinated
phosphorus atom in the 7T ~electronic system of heterocyc]‘.es’?
Such an analysis of the 250 om band cannot be carried out,
becsuse of absence of appropriate compoundss. The 250 nm

band, however, is also assigned to Jr~Jt* transition of
phosphadiazine ring due to the high intemsity (&>10000 )

and a more high ~ frequency position than in case of n -x*
transitions is six-membered N=heterocyclic compounds con =
taining iso-electronic azs~atoms of nitrogens.

Assignment of the substituted PhP gbsorption bands to
M~JC* transitions mekes it possible to use expression (3a)
to obtaln a qualitative information on electronic density
distribution within the ring of (XI). Given the positive ve=
lue 8"*1: of CH. group, one derives from (32) C%r< Cir.
That is, in the excited staste a transfer of JL~electronic
density takes place from r—atom to ortho-positions of the
ring in respect to Czﬂs group, which should bring about a
reduction in the double bond character of C-Cl bonds cauzed
by the neighbouring electronegative nitrogen atoms of the
ring’.

The character of Jr-binding in the N - P - N section of
phosphadiazine ring is of importance in connection with the
unsolved discussion about the "island-like" or aromatic (se~
cond type) model of cyclic phoaphonitrilesgno. Table 1

shows some compounds with different substituents of the
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phosphorus atom, the substituents of the organic portion of

the molecule being the same. No significant changes of posi~-
tion and intensity of the 350 nm band are observed for (XII -
~ XIV). According to the hypothesis of 3d-~orbital phosphorus

atom compression as asffected by li.gand:a"’I

s the absence of
the spectral chsenges under the introduction of more electro-
negative groups near the phosphorus atom (compound XII) is
indicate of the insignificant 34 « phosphorus atom orbitals
contribution to the corresponding electronic heterocycle
states. However, substitution of chlorine atoms by the two
butoxigroups in(XIII) brings about a larger (as compared to
(XIV)) shift of the 350 mm band, which is contrary to the
usual intermediaste position of the electronegative butoxi-
group in the C1> OBu> Iﬁ;o‘ﬂa sequence. It is possible that
the observed shift is a result of the field polarization of
the f~electronic heterocycle shell effected by the extended
butoxigroup chain which cen turn to the phosphadiszine ring
region.

Solvent Effects

The theory of intermolecular interasctions (IMI) in solu-
12~16

tions as elaborated by several workers makes it possible
to predict spectral shifts of the electronic absorption and
fluorescence bands due to the effect of solvents for compounds
with different structures and properties. The parameters of
this theory include the main characterldstics of dissolved
matter molecules (dipole moment, polarizability, oscillator
strength), which allows it to be used for studying the elect~

ronic structure of molecules. The most important information
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Figure. Position of gbsorption band pesks of substi‘gélégd
phosphapyrimidines as a function of universal interaction,
P(E,n): a, b = IV, ¢ = VIII; 4 - XITI; e ~ I; (see Table 1).
X~axis 29.0~29+3 kK relates to thg d-plot.

= 28 = 2 2n” - 2 .,

F(&,n) e +P'—T—an+1 3
Solvents?®: 1 - n-hexane, 2 - cyclohexsne, 3 = CCl,, 4 = chlo~
roform, 5 - methylene chloride, 6 - dichlorethane, 7-acetonitrile.
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obtained with IMI =~ spectroscopy pertains, in the first pla-~
ce, to dipole moments end polarizability of molecules in

17.. This section gives results of the effect of

excited state
solvents on the position of the electronic absorption spectra
of phosphapyrimidine derivatives to be used for verification
of the IMI -~ theory applicsbility for new class of phosphor-
orgenic compounds and study of some characteristics of the
PhP molecules in the excited states.

For the electronic frequency shift transitlon a¥ in solu-

tion with reference to vgpour, a simplified expression18 was

used which can easily be derived from12~14=

2
e - e = 28 - 2 —-—2—---—2n =2
vsolution vvgpour C4 2€ + 1 * (02+ .03) 2n“s
(4)

where: £ - oscillator strength for electronic transition stu-~
dieds and n axre dielectric constant and refractive index of
the solventss; Cq» 02, G3 ~ constants depending on characte~
ristics of the molecule studied. Considering that intermole~
cular interactions bring about a displacement of electronic
molecule levels without signficant changes of vibration level
pogitions in each electronic state, the AVE - shifts in eq,
{4) were decided to be substituted by displacements of the
Av? - absorption band peaks. This had t¢ be done, first
of all, because of the difficulties involved in determining
the frequency of the electronic trsunsition, especially in
this case of complex molecules which do not possess a well-

19

difined vibrational structure “+ The results of the experi-

ment have also shown that the oscillator strength of molecu~-
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les of the PhP derivatives preserve their values upon disso-
lution in solvents of different nature, and therefore the eq.
02 + fC3 = C can be accepted. So, in keeping with the above-
mentioned, expression (4) can be rewritten for convenience of

the experimental data treatment:

2
28—2+P.31 "'2 , (5)

s e o _—2——--

a _ A .
\)solution = \’vapour * c’l 28 + 1 2n° + 1
where: P = C/C,.

The results are presented in the figure. In accordance
with expression (5), the linear dependence of shift of the
absorption bands at 250 nm (comp.IV) and at 350 nm (comp.I,

IV,VIITI,XII) on the universal interaction function F(& ,n) is

a
- 80l

against F( € ,n) relationships for 250 nm and 350 nm bands.

satisfactory. Typical here are different trends of the

When the 250 nm band shifts in a usual manner towards the low-
er frequencies as the solvent polarity is growing, the 350 nm
band reveals a reverse trend which indicates a different re-
distribution of electronic density in the first and the se-
cond excited states of phospapyrimidine molecules. On the ba-
sis of the above results for compound studied the values of

v:épour’ Ci» C and P constants were calculated which are
given in Table 2 together with the parameters of the least
squares method (LSM).

According to 12-16

, the 01 constant is proportional to
the ,fﬁg —‘rLe difference of dipole moments of an isolated mo~-
lecule studied in ground and excited states., Therefore, the
second column data of Table 2 for the first excited state are

1
indicative of J&é ‘hrvg (C4>0), while those for the second
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TABLE 2
CONSTANTS OF EQUATION ( 5 ) FOR PhP DERIVATIVES

Com- The IMI-theoxry parameters The ISM parame-
pound® ters
Cqoen™| Cyem” V3. kK| P B flave,xx
I 1145 1832 28.65 1.6 0.973 0.28
vt 974 1461 | 27.71 | 1.5 | 0.975 | O.24
-822 1235 | 40.95 | 1.5 | 0.988 | 0.1
VIII 379 644 27.64 1.7 0.978 0.09
XIX 506 860 28.54 1.7 0.996 0.12

* Numbering is in accordance with the Table 13
+ The 350 nm band constant velues are in the upper, snd
those of the 250 nm in the lower (third) line.

excited state indicate i >pi. (,< 0). Besides, as tbe C,
value determines the contribution of dipole~dipole interac~
tion which is proportional to the product of molecule dipo~-

le moments of substance and solvent, it is seen that dipole
moments of molecules studied can be arranged, for ground sta-
te, as follows? }Lé >}LB ’LVEII « Absence of the da-
ta on emlssion spectra makes 1t impossible to determine an in-
dividual contribution of dipole~induced dipole and dispersion
interactions. However, as the contribution of dispersion in-
teraction is always negative16, on the basis of the C and Cq
values and using expression (5) one can draw a conclusion

about predominant contribution of dipole~dipole and dipole
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induced dipole mechanisms in case of interaction of sub~-
stituted phosphapyrimidine molecules with polar solvents,
and it is only the reduction of their polarity that allows
dipole induced dipole and dispersion mechanisms to domina-
te.
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