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Abstract: Photophysical studleslshow that organophosphines (1-4) form charge transfer stabilized
exciplen with excited singlet, " DCN#* One eclectron oxidation of phosphines to corresponding
radical cation via phosphine.. . DCN* electron donor acceptor pair dissociation is reported 1’hos-
phine radicai cations are lound to react readily with moisture to give phosphine oxides.

Introduction

Photosensitized electron-transfer reactions have recently attracted considerable attention in
organic photochemistry. Simultaneously, photoinduced SET initiated generation of radical ions
and thewr synthetic applications is an emerging concept in organic synthesxsl. Often these
are realized by the exciplex dissociation of donor-acceptor pairs in polar solvents. Aromatic
nitrites as good electron acceptor in photoinduced electron-transfer reactions have been studied
extenswely2 and various types of electron donors have been employed. For example, T-donors
such as aromatic compoundsB, ethylene denvanvesl‘, allyl and benzyl metalloidal compoundss,
n-donors such as amines and ¢-donors such as strained hydrocarbons7. As a part of our conti-
nutng interest 1n SET initiated reactions, we have developed(“8 several new reactions of conside-
rable synthetic importance by exciplex dissociation of amine... DCN (i,4-dicyanonaphthalene)
pair To broaden the scope of this reaction with diffcrent n-donors, we envisaged to imvestigate
systematically the reaction ot organophosphines (1-4) {possibic n-donors)9 with singlet excited
II)CN* The present study culminated primarily due to well hnown similarities and differences
of organophosphines with amines. We report herein in detail the tundamental aspects of electron-

transter photosensitization ot organophosphines (1-4) with singlet excited lDCNﬂ.

R asults ard Diccussion

Fluorescence quenching It was found that quenching of DCN fluorescence ( A excit.320nm,

emission 395 nm) by 1-4 obeys Stern-Volmer relation (eq 1)

Io /1 = 1 + Keq T%IQ] (1)

o/l represents the ratio of the fluorescence intensities mea s ur ed in the absence and
presence ot quencher Q’(‘f' is the fluorescence lite-time of DCN for Q=0 From the slope

K ’l"f of the straight hine (Fig.1), taking ’I".f - 10,1 ns9, the quenching rate constant Kq were
calculated (correlation coefticient r » 0.99) and are listed in Table I. the quenching rate con-
stants are close to diffusion controlled Lhimit (Kdlff =23 x lOlOM-lS-l). This quenching cannot

be attributed to ground or excited state complexation between DCN and organophosphines
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1-4 since the absorption and emission of DCN were unchanged in the presence of the maximum
concentration of 1-4. Singlet energy transfer mechanism of fluorescence quenching could
also be ruled out on the pretext as singlet excited energy Es of DCN (79.5 K(:al/mole)lo 15
much fower than triphenyiphosphine singlet energy (104 Kcal/mole)“. Therefore, 1t 15 reasonable
to assume that fluorescence quenching of DCN by organophosphines 1-4 1s via single electron

transter.

Single electron-transfer (SET) mechanism
for the fluorescence quenching of DCN

by I-4 1s also supported by estimating
free ensrgy change associated with
this process by Weller equatlonlz (Eq...2).

-AG6gr=Ei,2 D* —- Ei,a A~ -Eo,o0

(2)
& Gpp refers to free cnergy change
associated with electron-transfer pheno-

menon, tl/ZoxD 1s the half wave oxidation

i A d A L A A A A
€ T 0 3 [ w ) “w " w
[o:"-»nn-; ]

potentials of donor compounds, El/ZredA

s the reduction potential of acceptor Fig 1 Stern-voimer tiucrescence quenching plot of DCN

and Eo,o is the excitation energy. Table by orgonophosphines

| lists the AG estimated for |- which

shows the endoergic (negative) for all

compounds. These are also found to be well correlated with those predicted for electron-transfer
reactions  Indeed, the SLI mechanism in this case 1s further supported by a correlation plot,

log Kgq vs oxidation potentials of I-4 which showed linear relationship (Fig 2).

TABLE: Physical constants Evaluated for Photoinduced SET from Organophosphine (1-4)

Entry Organo- Elf‘,(m\)El AGETb qu‘.c K ETd ¢d|ssape
phosphines (xlomMjs'l) (xlOl&M'lb'l)

| Ph,P 098 -23.27 1.38 1.42 0.119 0,001

2 (1.Pro, )P 145 -16.60 0.45 0.297 0.219 +0 003

3 {E10,)P 1.57 -13.84 0.22 025 0.211 +0.005

4 (MeO,)P 164 -12.22 0.199 0.257 0.277 +0 011

a) Referred to saturated calomel electrode {SCE) using 0.1 M NaClOQ as supporting electrolyte
i CH,CN, b) A Ggp 15 expressed in Kcal/mole DCN El/Z(red) - 128 evand E = 345 ev

Y
values were taken as such from re{lo; ¢) From fluorescence quenching Stern-Volmer plot;
d) From reciprocal plot of ¢ vs [Q)'; e light intensity at 310nm was evaluated by Uranyl
oxalate actionometry.

Photoreacuon ot 1-4 in the presence of DCN: The findings observed above suggested that
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1t might be possible to carry out SET initiated photochemical reaction between organophosphines
I-4 and DCN. To this end, a mixture of tripheny! phosphine {l) and DCN (5) was irradiated by
pyrex filtered hght (>280 nm) by using 4#50-W Hanovia medium pressure lamp in dry acetonitrile
in complete nert atmosphere, achieved by continuous bubbling of argon. It should be noted here
that all light was absorbed by 5 only. Even after 10 h of irradiation no evidence of photoreaction
(neither product formation nor starting material loss) was noticed by HPLC analysis. However,
similar irradiation in acetonitrile containing 2% water, gave triphenyl phosphine oxides efficiently.
No intermolecular reaction product between organophosphine I and DCN was noticed. DCN was
recovered unchanged (= 98%) after photolysis. The triphenylphosphine oxide was characterised
by various spectral data and 1dentical HPLC retention time compared with authentic samples.
Other phosphines (2-4) underwent similar photoreactions. No dealkylation from 2-& was noticed,

corresponding oxides were the only products i1dentified.

hp /DCN* HaO
> {RaP}1”™

RaP > RaP=0

CHsCN:HaO

The quantum efficiency (¢r) of the photoreaction was appreciably large (Table 1). This indicates
that phosphine radical cation formed by one electron transfer reacts efficiently with water to
give corresponding oxides. From Table 1, 1t 15 apparent that quantum efficiency (¢r) increases
from l=d4. A probable rationale could be advanced by considering the difference in the dissociation
efficiecny of SSIP to FRIP (Scheme 1) with back electron

transfer processes Observation of decrease in the fluorescence

quenching rate constant (KqET’ Table 1) of organophosphines wrr e

|14 seems to support the above explanation. Triphenylphosphine 00 [

radical cation, generated electrochemically at platinum electrode

1s also known to react with water to give triphenylphosphine " r

oxnde”. ss | TP
Mechanism of Photoreaction: Apparently the present results :'_

provide evidence 1that photochermical reactuion proceeds by ~ r e
SET from 14 to 'DCN" I order to correlate the mechanism 92 |- \ad
of fluorescence quenching of DCN and photoreaction, 1t 1s

concceived that an exciplex with partial charge transfer 10 -

character 1s formed between IDCN* and organophosphines. ) ol! u'o " % 28

E1/2 onid

Fig 2 Correlation plot of log Kq

vs E 1/2 oxid of or -
which further gets transformed into free radicalion patrs. phosphine gano

In the medium of high dielectric constants, the exciplex 1s

expected to dissociate into solvent separated ion pair (SSIP)

The phosphine radical cation 1S stabilized



1748 G PANDEY et al

in solvent cage and reacts with water to give corresponding oxides as shown in SCHEME L
In solvents of low polarity the chances of SSIP being transformed to the contact ion pair are
usually strongly favoured and back electron transfer competes with the dissociation of SSIP
to tree ion pajrsw In the absence of any fast chemical deactivation pathways available for
pnosphine radical cation tormed mn dry CHBCN, possibly 1t undergoes back electron transfer
mocessrs,  Intermolecular reaction hetween phosphine radical cation and DCN could he ruled

out due to energy considerations

1 % Ky 6+ 6- K2 + -
R3P +DCN —= | R4P OCN ——= RyP DCN
K- Charge siabilized £-2 SsiP
exciplex
1 Ry = Ph
2 Ry = OPr-i .
3 Ry = OEt R3P + DCN
4 Ry = OMe FRIP
. H,O . -H* -nt
R3P —2-e- Ry P — OHy —‘,75)935-0"' “H o R3P=0
Scheme 1

A quantitative description of the above aspects are obtained by correlating the fluorescence
quenching and reaction gquantum yield measurements. If Q 1s quencher (organophosphines) and
Ket 1s the rate constant for electron transfer to singlet excited DCN, the life-time of which
ts T . ana the radical 1on pair thus formed reacts to the observed products with the rate constant
Kr or unproduc tively decays to the starting materials, Kd” the quantum efticiency of the reaction

could be represented as

K» Ko [Q)

(3)
Ker+Ka Ket [Q1+17 T
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Or 1n the inverse form

1 Kr"'Kd 1

B — S G Jp—— (4)

- K Ko TIQ)

Thus a double reciprocal plot of quantum yield vs donor concentration, (br'l Vs Q‘l indeed
resulted o straight line (Fig.3). The ratio of intercept/slope corresponds almost to the same
quantity Ket’r' obtained from the Stern-Volmer fluorescence quenching analys's (Table 1).

Further evidence of charge transfer stabilized exciplex formation in this reaction is found from
the work of Marcondes et al,l5 where they have also suggested the formation of similar complex
formation 1n the fluorescence quenching of anthracenes bearing electron withdrawing groups

by triphenyl phosphine.

In conclusion, 1t 1s demonstrated that organophosphines efficiently form charge transfer
stabilized exciplex which dissociates into free phosphine radical cation in polar solvents similarly
*
as noted in the case of amine .....lDCN pairs e,

E xperimental

Extra pure solvents were used
for fluorescence measurements  Organo-
phosphines 1-4 were purchased from
Aldrich Chuan Co and were purified
before use. DCN was synthesized and

purified by following the reported proce- 0
dure Acetonitrile was purified by
being dried over phosphorus pentaoxide

followed by distillation Fluorescence 6}

-3
spectra were recorded using a Spex &
“r ' | phosphv
Fluorolog-2 spectrofluorimeter with fiphenyl phosphine
& Trusepropoxy phosphine
A
o

excitation wavelength 320 nm, excitation Triethony phosphune

1 tho rone
and emussion shit 1.5 nm.  Analytical rimetnoryphos

L Y 1 1 1 1

GC was carried out on a Hewlett-Packard % 5 o %20 30 35
HP-5890 machine with hydrogen flame (orsancenospmnes ] :
ionization detector using 6' x /8" column Fig 3 Double reciprocal plot of q>;‘ vs [Q)°

packed with 10% Apiezon-L coated

on chromosorb-W, 100-120 mesh. The

HPLC analysts was performed on Hewlett-

Packard HP 1090 Liquid chromatograph using reverse phase At-bondpack, Clx’ 2% cma2im

eluting with acetonitrile-water (82) solvent  system and momtoring at 250 nm utihzing

variable wavelength detector The redox potentials were recorded using cyclic voltametry

with PAR175 universal programmer and PAR RE 0074 XY recording employing calomel reference
electrode and glassy carbon rod as working electrode with 0 1 M NaClO, as supporting decrolyte
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IR
and values were compared with the reported ones . Irradiations were performed either
using %#50-W Hanovia medium presssssure lamp in quartz water ]acketed immersion well 1n

combination with pyrex filter or in Rayonet reactor using RPR-3000 /-\ lamps.

Fluorescence Quenching Experiments: Quenching of the DCN fluorescence was carried out

by using compounds E-& as quenchers in complete inert atmosphere. Relative fluorescence
intensities of DCN at 395 nm were measured in CH,CN solutions containing DCN (1x10” %)
and the quenchers at various concentrations (l.leoaM to 1.5x10 3M for I, 2.17x10°M
to 1.3x102M for 2, L.8x10°2M to 4.8x1072M for 3, 0.75x1072M to 2.5x10°2M for 4 upto 50%
ot :ne nrensitv was quenched) The Stern-Yolmer relation IO/I = 1+Kq'l" [Q] was obtained
wnere lo 1eters to the iluorescence intensity without quencher and | refers to fluorescence
intensity at different concentrations. The quenching rate constant K _ were calculated from

the quenching constant Kq and the fluorescence llfe-tlme'Y"f of DCN 10.1 ns (Table 1).

Quantum_yield measurements: The samples for quantum yield determination were degassed

by bubbling dry argon for 30 minutes and sealed in pyrex ampules. Usually, 5 mL of sample
solution was pipetted into the ampules and were irradiated in Rayonet reactor consisting
of only two RPR 3000 A lamps 1n merry-go-round apparatus. Irradiations were carried out
only for short intervals of time to bring about 8-10% conversion. Uranyl oxalate actinometry
was used to monitor the intensity of the exciting hghtl9. Quantitative joss of phosphine
1 was carried out by HPLC (C18 reverse phase column CHBCN : HZO,' 82 as eluent,
flow rate | mL/mun), whereas for compounds 2-# GC (column 10% Apiezon-L, 6'x1/8") was
utiized. The quantum vyield of the reaction was measured at a donor concentration (1-4)

of 1.5x10 3M 3.4x10 2M 4.12xlO'2M, 6 451072 respectively, and DCN concentration of

h

1x10°'M

Irradiation Procedure of 1-4 in the presence of DCN* General irradiation procedure is illustrated

bv taking | as representative example.

A dilute solution (500 ml) containing a mixture of | (0.524 g, 2 mmol) and DCN (0.08 g,
0 45 mmol) 1n acetonitrile water (82) was irradiated in da pyrex vessel by 450-W Hanovia medium
pressure lamp using quartz water jacketed 'mmersion well .n combination with pyrex filter.
A continuous stream of dry argon was bubbled throughout the irradiation. The progress of
the reaction was monitored by drawing and analysing by HPLC. On completion of the reaction
the solvent was removed by rotary evaporator under reduced pressure. The reaction mixture
upon chromatographic separation on silica gel gave a solid {92%) compound, mp. 156-158°C
which was characterised as triphenyl phosphine oxide by IR, lH NMR and mass spectral data
which was turther confirmed by comparing the identical retention time on HPLC with authentic

samples

Similar photoreaction was performed for compounds 2-4 but the irradiation was carried

out 1n Rayonet reactor equipped with RPR 3000 A lamps.
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