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OF the two methods for the transmission of the mutual mflucncc of 3toms-by cham 

induction and by conjugation --only the latter IS determined by stcric f3cton. n-Bonds 

must bc coplanar. The influence of an unsatumtcd substituent coupled to the reaction 

ccntrc by a system of conjugrltcd bonds sharply diminishes when it is rcmovcd from 

the plant of the system, for exam@. through steric hindrance. which is shown in the 

physical properties of the substances and m the velocity and equilibrium constants of 

their chemical reactions. This phenomenon has 3cquired the name of the secondary 

steric cffcct. 

On dp analysis, the secondary stcric cffcct lcads to 3 deviation from the linear 

relationship log 5 - 4. 
k, 

which is connected with 3 ch3ngc in the value of n on 

disturbmg the conjugation of the suhstitucnt with the transmitting chain and the 

reaction ccntrc.’ 

It was found carlicr that, on Op 3nalysts of the influence of a sub,tituent on the 
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\ 
strength of acids of phosphorus of the generrll type ‘P or P , the 

B’ ‘OH B’ OH 

linc3r rchttionshtp pk - pk, &A in various mcdta was well maintained for 

oxyacids and thtoacids of phosphorus with the most divcrsc substituents A 3nd B,*-* 

cxccpt for the c3sc in which both substitucnts A and B are phenyl orptolyl gr0ups.l 

It was shown. in f3ct. that n for a phenyl group has 3 constant value of -0.481 with 

any second suh\titucnt on the phosphorus 3tom: hydroxyl. alkyl or substituted 

alkyl. alkoxyl. 3roxyl. etc. but changes to 0.592 in the case whcrc the second sub- 

stttucnt on the phosphorus is 31~0 a phcnyl group. 

For thcptolyl group, the value of 0, -0602 with any of the substitucnts cnumcr- 

atcd above. ch3ngcs to -0.723 when two tolyl groups 3rc prcscnt In the molcculc. 

To cxphtin this phcnomcnon It was postulated that thts ch3ngc in the value of b 

for phcnyl and p-tolyl Hhcn two such groups arc prcscnt in the molcculc IS conncctcd 
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with a stcric disturbance of the conjugation of the rr-clcctrons of the system of aromatic 

rings with the P. 0 bond. 
The idea of the stcric disturbance of conjugation in the case under consideration 

needs IO bc specified somewhat more prcciscly. 

The usual phenomena of this type are associalcd uith the stcric hindrance of 

coplanarity. This is the cast in the disturbance of conjugation in purely carbon 

1.16 I sf hybrldtzallon and con~ugal~on: benzwc ritd. the rloms of the benzene run( and 
Ihc CO, group IIC tn Ihe umc plrnc. 

n-bond systems, in which, as is well known, conjugation ensures the planarity of the 

arrangement of substituents about the sp2 hybrrdired carbon atom (Fig. I). In the 

case of the diarylphosphonic acids. the central multiple-bonded phosphorus atom 
retains its tetrahedral configuration (sp’ hybridization; one unhybridizcd d-electron 

takes part in the n-bond). Hence. of the IWO phenyl rings bound IO the phosphorus 

atom. only one can bc coplanar with the plane of symmetry of the electron cloud of 

r,cr ? spD hydrldwaclon and ConJUgatlon; dlphcnylphosphlnlc acod. Ihe Mom8 of benrrne 
nng (I) and Ihc P- 0 #roup IIC in the umc plane. 1hc atoms of hcnlrnc ran8 (II) and the 
P= 0 gtoup IIC in a Jdcrcnf plane ~ntcnzc~~ng the first along 1hc l u) of the F 0 bond. 

the P. 0 n-bond. The second ring lies in another plane intcrsccting the plane of the 

conjugated system along the axis of the P. .-0 bond (Fig. 2). According to a second 

alternative, both phenyl rings are noncoplanar with the plane of symmetry of the 
P-0 n-bond. the plants of the rings intcrsccting it al equal or unequal angles. 

In monophenylphosphinic acid and its hydrogen esters (Fig. 3). the plant of 

symmetry of the P=O n-bond can always be oricntatcd in coplanarity with the plane 

0 

l-16 1. Phcnylphosphlmc rcld and IIS hydrogen CIIC~S: the atoms of Ihc hen?cnc nn~ and 1hc 
P-0 group IIC on Ihc umc plane, the OH and OR group, arc II Ihc apt&r, ol a IcIrahcdron. 

of the bcnzcnc ring. When the conjugation is disturbed, the value of b for the phenyl 
ring must diminish. approaching the value of A for alkyl groups. In diphenylphos- 
phinic acid. one of the phcnyl rings (or both) is present under conditions less favour- 
able for conjugation than in the monophenyl derivative; this must lcad lo a diminu- 
tion in the value of b to some value characterizing the mccrn dcgrcc of disturbance of 
the conjugation. Experiment shows that thus change amounts to approximately 20 

per cent of the basic magnitude of A. 



Coqugatlon in yystcmr wvlth a tevahcdral atomJIarylphusphmlc JC& 241 

The fact that this change is not conncctcd with the steric hmdrance of copl3narity 

15 shown by the abscncc of the ctfcct with 3 branched alkyl radical (isopropyl or 

cyclopcntyl) in plscc of the second aromatic group; in these cases no dckiation from 

the linear rcl3tionship pk - pk, - $3 is obscrbed when the usual value of b for a 

phcnyl group is employed (-0,481). It follow\ from this th3t the disturbance of the 

conjug3tion is a phcnomcnon specific to the simultaneous prexncc of two aromatic 
(or possibly, in the gencrcll c3sc. unsrrturatcd) substitucnts on the phosphorus. 

It is of intcrot to note that when two dlffcrcnt aromatic substitucnts arc introduced 

(for example. phcnyl and p-tolyl). good 3grccmcnt with Hammett’s cquatlon is 
obtclincd with the use of the values of n dcduccd from the symmetrical ads (that IS. 

0.592 for the phenyl group and 0723 for the tolyl group). 

‘I bus. when a second aromatic grouping is 3ttached to the phosphorus atom. a 
regular change in the raluc of the constant n. conncctcd with a disturbance of the 

conjugation. IS obscrvcd. 

The phcnomcnon considered must hc cntrcmcly general for n-conjugated aromatrc 

or unsaturated systems including an atom with 3 tctr3hcdr31 (or other non-planar) 
Jlstributlon of bonds. 


