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Abstract: PhotophysIcal studles,show that organophosphmes (I-4) form charge transfer stabdlzed 
exc1plc.x with excrtcd ~lllglct 
racilrrll catlon old phosphlnc.. J 

DCN” One electron oxtdatlon of pho\phtncs to (01 rc\pondms 
DCN+ electron donor acceptor p.irr dlssoclatlon IS reported I’hos- 

phone radical catlons are lound to react readily wrth moisture to gjvr phosphmL oxides. 

htroductron 

PhotosensItIzed electron-transfer reactlons have recently attracted consIderable attention m 

orgamc photochemlstry. Simultaneously, photomduced SET mitlated generation of radical Ions 

and their bynthetlc apphcatlons IS an emergmg concept m organic synthesis’. Often these 

are reahzed by the exclplex dlssoclatlon of donor-acceptor pairs m polar solvents. Aromatlc 

rutriles as good electron acceptor m photomduced electron-transfer reactions have been studied 

extensively* and varloub types of electron donors have been employed. For example, T&donors 

such as aromatlc compounds3, ethylene derlvatlves4, ally1 and bmzyl metalloidal compounds’, 

n-donors such as amme s6 and s-donors such as stramed hydrocarbons7. As a part of our contl- 

numg mterest m SET mltlated reactions, we have developed 698 several new reactlons of consId+ 

rable synthetjc Importance by exclplex dlssoclatlon of amme... DCN (1,4-dlcyanonaphthalme) 

pair To broaden the v opt of this reactIon with drfIrrcnt ~~-donor\, WL’ clnv~sag~~I to ~n\cstlg~~tc 

systematIcally the redctlon of organophosphmes (I-4) (possrblr n-donors)’ with smglet exe ltcd 

‘DCN* The present study culmmated prlmarlly due to well hnown slmllarltles and differences 

of organophosphmcs with dmmes. We report herem m detail the tundammtal aspect5 of electron- 

transfer photosensitlzatlon of organophosphmes (I-4) with smglet excited ‘DCN*. 

Fluorescence quenchrng It was found that quenchmg of DCN fluorescence ( A excrt.320nm, 

emlsslon 395 nm) by l-4 obeys Stern-Volmer relation (eq I) 

IO /I - 1 + K. cr IQ1 (1) 

lo/l represents the ratlo of the fluorescence 1r,tensltleS m e a s u r ed In the absence and 

presence of quencher Qq 1s the fluorescence hte-time of DCN tor Q=o From the slope 

K’iL 
q f 

of the btralght lrne (F1g.11, takmg y+ - 10.1 ns9, the quenchmg rate constant K were 

calculated (correlation coef!lclent r ) 0.99) and are listed m Table 1. the qumchmg rat: con- 

stants are close to dlffuslon controlled hmlt (Kdlff = 2.3 x 10’“M-‘S-‘). This quenching cannot 

be attributed to ground or excited state complexation between DCN and organophosphmes 
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I-4 smce the absorption and emission of DCN were unchanged m the presence of the maxlmum 

concentratkon of 1-4. Smglet energy transfer mechamsm of fluorescence quenchmg could 

also be ruled out on the pretext as srnglrt excited energy Es of DCN (79.5 Kcal/mole) 
10 

IS 
II 

much iower than trlphenvlphosphme srnglet energy (104 Kcal/mole) . Therefore, It IS reasonable 

to assume th& fluoresc.crIce quenching of DCN by organophobphmes I-4 IS via smgle electron 

trasfcr. 

Single electron-transfer (SET) mechamsm 

for the fluorescence quenching of DCN 

by 14 IS also supported by estlmatmg 

free en orgy change iiss0c1atcd with 

this process by Weller equat*on12 (Eq...2). 

-&~PEx / a D’ - EL/a A- 

A %T 
refer5 to free energy 

associated with electron-transfer 

-Eo, 0 

(21 

change 

ph eno- 

menon, k ,RoxD IS the half wave oxidation 

potentials of donor compounds, EIRredA 

ts the reduction potentral of acceptor 

and E IS the excltatton energy. Table 

I Irsts”;:e AC estimated for l-4 which 

shows the endoerglc (negative) for all 

compounds. These are also found to be well correlated with those predicted for electron-transfer 

redctlollb Indeed, the SL I mechanrsm In this case IS further tupportrd by a corrcldtlon plot, 

log Kq vs oxldatlon potentials of I-4 which showed lmear relatlonshlp (Fig 2). 

TABLE: Physical constants Evaluated for Photomduced SET from Organophosphme (I-4) 

Entry Organo- 
phosphmes 

E IR(okja PGETb K ETd 

~xlO’~M%‘) 

4dlssape 

I Ph3P 0.98 -23.27 1.38 1.42 0. I19 t0.001 

2 1.45 -16.60 0.45 0.297 0.2 I9 *o 003 

3 1.57 -13.84 0.22 025 0.2 11 to.005 

4 IMc+)P 1.64 -12.22 0.199 0.257 0.277 i0 01 I 

a) Referred to saturated calomel electrode (SCE) using 0.1 M NaC104 as supportmg electrolyte 

m CH3CN, b) h GET IS expressed In Kcal/mole DCN EiRtredj - 1.28 ev and E. o = 3 45 ev 

values were taken as such from ref IO. 

d) From reciprocal plot of 9 vs [Ql-‘; 
c) From fluorescence quenchmg Stern-Voimer plot; 

oxalate actlonometry. 
e) light mtensjty at 31&m was evaluated by Uranyl 

PhotOrtdCtlon of l-4 111 the Presence of DCN- 
-* The fmdmg\ observed above Iruggestcd that 
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It mrght be possible to carry out SET mltlated photochemlcal reaction between organophosphmes 

1-4 and DCN. To this end, a mixture of trlphenyl phosphme (1) and DCN (5) was Irradiated by 

Pyrex filtered hght 0280 nm) by usmg 450-W Hanovla medium pressure lamp m dry acetomtrlle 

rn complete Inert atmosphere, achieved by continuous bubbhng of argon. It should be noted here 

that all hght was absorbed by 5 only. Even after 10 h of lrradlatlon no evidence of photoreactron 

(neither product formatlon nor starting material loss) was noticed by HPLC analysis. However, 

slmllar lrradratlon In acetorutrlle contarnrng 2% water, gave trlphenyl phosphme oxldes effrclently. 

No mterlnoierular reactlon product between organophosphme I and DCN was notlced. DCN was 

recovered unchanged ( r* 98%) after photolysls. The trlphenylphosphme oxide was characterlsed 

by varlouq spectral data and rdentlcal HPLC retention time compared with authentic samples. 

Othe phnsphrnes (2-4) underwent qlmllar photoreactlons. No dealkylatlon from 2-O was notlced, 

corresponding oxldes were the only products Identlfled. 

hs /DCN’ Ho0 
RSP > [RIPI” > s&P-O 

CHsCN: Ha0 

TI~P quantum efflrlenc y ($r! of the photoreactlon was Jppreclably large (Table I). This Indicates 

that phosphlne radical catlon formed by one electron transfer reacts efflclently with water to 

give corresponding oxldes. From Table I, It IS apparent that quantum efflclency ($1 Increases 

from 134. 4 probable rationale could be advanced by consldermg the difference m the dlssoclatlon 

efflclecny of SSIP to FR IP (Scheme I) with back electron 

transfer processes Observation of decrease m the fluorescence 

quenching rate constant (KqET, Table I) of organophosphmes 

134 seems to support the above explanation. Trlphenylphosphme 

radical catlon, generated electrochemlcally at platmum electrode 

IS also known to react with water to give trlphenylphosphme 

oxlde13. 

Mechamsm of Photoreactlon: ----- Apparently the present results 

provide evldenre rhat photochemlcal reactlon proceeds by 

SET from 1-4 to ‘DCN* In order to correlate the mechamsm 

of fluorescence quenchmg of DCN and photoreactlon, It IS 

conccelved that an exclplex with partial charge transfer 

character IS formed between 
I 

DCN* and organophosphmes. 

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

expected to dlssoclate Into solvent separated Ion pair (SSIP) 

which further gets transformed Into free radIcalIon pairs. 

The phosphme radical catlon IS stablhzed 

Ftg 2 Correlation plot of log Kq 

VI E l/2 oxid ot orgono- 
phosphlnr 
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III solvent cage and reacts with water to give correspondmg oxldes as shown m SCHEME I. 

In solvents of low polarity the chances of SSIP bemg transformed to the contact Ion pair are 

usuallt strongly favoured and back electron transfer competes with the dlssoclatlon of SSIP 

tll free ion pairs” In the absence of any fast chemical deactlvatlon pathways avallable for 

phosphlne radical cation tormed m dry CH3CN, possibly It undergoes back electron 

PI OCez\~~. In t errnoleclllar reactmn 

OUI due to energy conslderatlons 

between phosphmc c&c& cation ami DCN- could 

Hl 
R3P +‘DC; -=&E 

K-1 

1 R3 = Ph 

2 R3 = OPr-1 

3 R3 z OEt 

4 I?3 z OMc 

‘I 

64 

R3P D&i ._ 

Charge slakllzcd 
1 

K2 - R3p+ 
x-2 SS 

exclplcx 

K3 

+ 

DCi 

P 

t 
K-3 

R3P + DCii 

FRIP 

transfer 

be r&d 

+. Hz0 . + -H+ 
R3P - R~P-OH~-C 

- 6 6) 
Rjb-OH -H*_ R3P=O 

Scheme 1 

H quantltatlve descrlptlon of the above aspects are obtamed by correlatmg the fluorescence 

quenching and reactlorl quantum yield measurements. If Q IS quencher (organophosphlnes) and 

I< 
et 

IS the rate constant for electron transfer to smglet exerted DCN, the life-tkme of which 

IS I-. ano the radical 1011 pair thus formed reacts to the observed products with the rate constant 

Kr cv unp~oduc tlvelv decays to the startmg materAs, K (r the quantum efilclency of the reactlon 

c ould br represented as 

K -t 191 

K r+K,, K ok ra1+1/ T 
(3) 
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Or Jn the Inverse form 

1 K,+Kti 1 

6v - 

_______ 1+ _______ (4) 
K, Ke.t‘r[Ql 

Thus 4 double reciprocal plot of quantum yield vs donor ronrmtratlon, 9, 
-1 -I 

vs Q mdetd 

resulted ti straight line (FJg.3). The ratlo of Intercept/slope corresponds almost to the same 

quantity Kety obtamed from the Stern-Volmer fluorescence quenchmg analyss (Table I). 

FurtIler evidence of charge transfer stabilized exclplex formatlon m this reaction 1s found from 

the work of lvlarcondes et al, 
15 

where they have also suggested the formatJon of slmllar complex 

formatlon m the fluorescence quenchmg of anthracenes bearmg electron wlthdrawmg groups 

by trtphenyl phosphme. 

In conclusion, Jt IS demonstrated that organophosphmes effrclently form charge transfer 

stablhzed exclplex whJch chssoclates Into free phosphme radical catlon Jn polar solvents slmllarly 

as noted Jn the case of amine . . . ..‘DCN* pairs 
I-h 

. 

Extra pure solvents were used 

for fluorescence measurements Organo- 

phorphillrs 1-4 were purchased frorn 

Aldrich Chcnl Co and were purlfled 

before use. DCN was synthesized and 

purlfled by followmg the reported proce- IO 

I7 
t 

dure Acetomtrlle was purlfred by 

bemg dried over phosphorus pentaoxlde 

followed by dJstJllatJon Fluorescence 

spectra were recorded usmg a Spex 

Fluorolog-2 spectrofluorlmeter with 

exrltation wavelength 320 nm, excitation 

and emlssJon sht 1.5 nm. AnalytIcal 

CC was carried out on a Hewlett-Packard 

HP-5XYO machine with hydrogen flame 

Fig 3 Double reciprocal plot of 9;’ VI IQ1 
-1 

ionization detector using 6’ x l/8” column 

packed with 10% Aplezon-L coated 

on chromosorb-W, 100-120 mesh. The 

HPLC analysis was performed on Hewlett- 

Packard HI-’ 1oL)O hquld chrornatograph ublng reverse phase h-bolrdpac h, C18, 2 5 cm x 2.5 m 

elutmg with acetonrtrllcwater (82) solvent systenl and nlolrltorlng at 250 nm utlllzlng 

variable wavelength detector The redox potentials were recorded llslng cyclic voltametry 

with PAR 175 unrversal programmer and PAL? RE 0074 XY recording employing calomel reference 

electrode and glassy carbon rod as workmg electrode with 0 I IM NaCIO,, ds bupportlng dcctrolytr 
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IP 
and values were compared with the reported ones . lrradlatlons were performed ather 

usmg 450-W Hanovla medium presssssure lamp m quartz water Jacketed lmmerslon well In 

combmatlon with Pyrex filter or m Rayonet reactor using RPR-3000 R lamps. 

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

by using compounds 1-4 as quenchers In complete Inert atmosphere. R elatlve fluorescence 

lntensrtles of DCN at 395 nm were measured In CH CN 

and the quenchers at various concentrations (1.5~10 
-1 

solutions contammg DCN (IxIO-~) 

$4 to 1.5x10-‘M for 1, 2.17~10-~M 

to 1.3~1O-~U for 2, I.~xIO-~M to 4.8x10e2M for 3, 0.75~10-~M to 2.5x10m2M for 4 upto 50% 

01 lnr 1qrerj5ltv was quenched) The Stern-Volmer relation lo/l = l+Kqr [Ql was obtamed 

wnerr I o 4 eters to the iluorescence Intensity without quencher and I refers to fluorescence 

mtenslty at dlfferent concentrations. The quenchmg rate constant K were calculated from 

the quenching constant Kq and the fluorescence hfe-tlmeTf of DCN 10.7 ns (Table 1). 

Quantum yield measurements: The samples for quantum yield determmatlon were degassed 

by bubbling dry argon for 30 mmuteS and sealed m Pyrex ampules. Usually, 5 mL of sample 

solution was plpetted Into the ampules and were lrradlated In Rayonet reactor conslstmg 

of only two RPR 3000 A lamps In merry-go-round apparatus. lrradlatlons were carried out 

only for short Intervals of time to bring about 8-10% conversion. Uranyl oxalate actmometry 
19 

was used to momtor the mtenslty of the excltmg light . Quantltatlve loss of phosphme 

I was rarrled out by HPLC (Cl8 reverse phase column CH3CN : H20; 8P as eluent, 

flow rate 1 mL/mm), whereas for compounds 2-4 CC (column 10% Aplezon-L, 6’x1/8”) was 

utlllzed. The quantum yield of the reactlon was measured at a donor concentration (I-4) 

of I.‘,xIO-~M, 3.4~10-~M, 4.12~10-~M, 6 45~10-~ respectrvely, and DCN concentration of 

1x10-“M 

lrradlatlon Procedure of l-4 In the presence of DCN. General lrradlatlon procedure IS Illustrated -- 

bv taking 1 do representative example. 

A dilute solution (500 ml) contammg a mixture of I (0.524 g, 2 mmol) and DCN (0.08 g, 

0 45 mrnol) In acetomtrrle wdter (82) was lrradlated 111 d Pyrex vessel by 450-W Hanovla medium 

;eresr?lre lamp using quartz water j+ckn.ted ‘mme;s:r‘rl well .n combmatlon with Pyrex filter. 

A contmuous stream of dry argon was bubbled throughout the Irradlatlon. The progress of 

the reactlon was morutored by drawmg and analysmg by HPLC. On completion of the reaction 

the solvent was removed by rotary evaporator under reduced pressure. The reaction mixture 

upon chromatographic separation on slhca gel gave a sohd (92%) compound, mp. 156-158°C 

whrch wac characterised as trlphenyl phosphme oxide by IR, ‘H NMR and mass spectral data 

which was turther confirmed by comparmg the identical retention time on HPLC with authentic 

samples 

Slmllar photoreactlon was performed for compounds 2-4 but the lrradlatlon was carried 

out In Rayonet reactor equipped with RPR 3000 1 lamps. 
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