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Syetemetic fnveetigetione of urban ehieldinge in orynophoephorue 

colpounde are conepicuouely abeent frcm the litereture of IWR l pectroecopy. 

Deepita recent edvancer in organophoephorue chuietry, the electronic etruc- 

turee of there cc~pounde ere not well underetood end little quentitetive 

dete on the electron attracting or doneting ebility of phoephorur rubrtitu- 

ante l re evaileble. 
1 

The dwnetretione of qiricel correlatione between 

urban ehielding end electronic dirtributionr in mleculee 2.3 prompted ue to 

obtein end enelyze the C 
13 

?MR l pectro of l elected orpnophoephorue colpounde. 

We wieh to report the C 
13 chemicel l hifte of u cerbone in C6H5an *true- 

turee end the derivation of eubetituent conetente (8 , u +) 
P P 

for the -En 

group‘ from thir dete. 

Spieeecke end Schneider hew l hmm thet the generel trend of w 

urban l hieldingr (6,) in ronoeubetituted benzcner ie conrietent with thet 

expected from chengee in n-electron denrity et the N carbon eta; e neer 

lineer correlation with mtt l ubatituent conetente (Up) wee obteined.3 

Although theBe authore explicitly etete thet the ecotter of individuel deem 

ie eufficiently greet thet the ueefulneee of the correletion’ie lirited, e 

etetirticel enely~fe of their dBte reveBled thet the root-man-•quere of the 

up-deviatione ebout the curve reeultiq fra l leeet l queree fit wee only 

1975 



1976 

0.16. The large6t devietion for e single Up value wa6 0.26, the renge of 

valws rtudied being -0.83 to.+0.778. Such devietion6. though by no maan6 

trivial. ere not 60 large a6 to preclude the approxim6tion of op cormtaut 

by tbi6 lathed. For 6ub6tituent6 (e.g. -PZJ for which only a very few re- 

activity conamnta are available in the literature. npprmrimete values can 

be derived from bp . There v6lue6 6hould posse66 rufficient validity to 

6eNe e6 U6efUl gIJide1ineB Until determination6 Of 6ubBtitoent COoB~ot6 by 

conventional mathod are rmrde. 

The determination of Up value6 by chemical method6 ha6 been re- 

ported for only four -PZn group6: -PO3H- (+0.17).4 -PO3= (-0.16),4 -P021i 

(+o,.14)5 and -P(O) (OC~H~)~ (+0.60) .’ UnfOrtUMtBly, the limited solubility 

in ba6ic 6olutfoo of the acids nece66ary for the determination of u for 

13 
P 

the fir6t three groups prevented C NnB 6tUdie6. However, the spectrum of 

C6H5P’O’ c~H5)2 ~.a6 obtained; b p indicated . Up value of +0.55 (Table I) 

which ir in good agreement with the reported6 value (+0.60). bp were -6- 

ured for nine additional compound6 and, with the exception of direthyl phenyl 

phosphate, proved to be le66 than the 6hielding in benzene indicating m-elec- 

tron densities at the Dora carbon to be 5 1 and 0 to be 2 0. 
P 

The60 rerultr 

indicate these BubBtittWItB to ba moderate to weak electron attractor6 in 

1 
accord with expectation. up COnBtant6 calculated from bp for all compound6 

investigated are given in Table I. 

Although Up constent have been datermined chemically for only 

+ 
on6 Of the.ten 6ubBtitUent group6 inve6tipted. 0 

P 
vplues have been mee6ured 

recently for two Of these grOUp6l e competitive free radical brominetfon pro- 

lb 
cedure We6 employed. An attempt to corralrte the date of Spie6ecke end 

Schneider with 
+ 

U 
P 

Value6 we6 Undertaken and re6ulted in a lealt 6quare6 fit 

6t hast e6 good a6 that for the 0 
P 

CoXiBtaUt6, although the relrtion6hip 

proved to be non-linear. u 
+ 

P 
values obtained frao #,for the ten organopho6- 
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TAMa I. 

& Cerbon Shfeldinge end ~hemicel &activity Peremtere for C6g5Pgn* 

Pi? 

-P(qjE& 

-PC12 

-pm (q$>2 

-mm&jHg)2 

-P(cl)c6H5 

'P(ml2 

-P(S)C12 

-P(OC285'* 

-P(OC2R5'(c6H5' 

-OP(O)(oc83)* 

Para Cerbon 
shielding_ 

-5.sb 

-4.9 

-4.0 

-3.0 

-2.5 

-2.3 

-1.8 

-1.0 

-0.9 

+2.0 

0.68 0.70 

0.61 0.62 

0.55 0.54 

0.53 0.52 

0.44 0.40 

0.43 0.38 

0.39 0.33 

0.33 0.24 

0.32 0.23 

0.04 -0.21 

The rpectre of triphenylphorphiw end the oxide were determined on 
solutions in cS2 and acetone, reepectively; l ll other rpectre were 
determined on neet remplea. 

b 
In p.p.m. from benzene. 

phorurr groupr ere elao given in Teble I. The epectropatricelly obteined 

veluea for -P(0)(OC2115)2 (+0.54) end -P(0)(C6E5)2 (+0.52) agree reeronebly 

well with tbe chemiully determined velues (+0.62 end +0.49). 
lb 

In the eb- 

+ 
eence of independent confiwtion. $ end up veluee for 'the -pZ, groupa of 

Teble I ust be ured uutiourly end comidsred to be only approximate. kw- 

ever, it muet be pointed out tbt the inherent chemicel l eneitivity of eer- 

tain of tbeee groupe ry prevent the deteraiaetioe of l ubetituent cometante 

by chaicel reectivity rtudiem. III theee ceeer, l pectraetric methods uy 

represent the only feeribls epproechee to there deteainetioea. 
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Cl’ IQiR rtudier of relectivelp deutereted enelog~ ere in progrear 

in order to provide unembiguour ear-ate of the 

l ignelr * 

Acknalednant. The l uthore wish to l ckna#led~e the cooperetion of or. B. A. 

Riedel, Pittsburgh Coel Reeaerch Center, U. 8. Bureeu of I4ine#. my of the 

q,wounda studied were provided by Dre. V. A. Notero end W. M. Deaiewrki. 

This study wa# supported in put by the Directorat@ of Chemicel Sciencea, Air 

Force Office of Scientific Rerurch under Grent No. AP-APOSR-470-64. 
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