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AbrCrlrc..Thc polar cHccts of 3lhyl wbstnucnts m clcctrophlllc Jnd nuclcoph~lr chcmtwl .md 

clectromc transltlon% I\ dwuwx! The que\tmn ol the ImpwtJncc of hyptrconlugcltwn m the clwron 

donor propertIcs of dkyl substwcnts IS mlscd In ~ICW of the cogent Jrgumcnts of Dcw3r. II 1s 

doubtful whether quantum rnazh3mcJl c3lculatmns cmbodymg hypcrconlugatlon convtltutc proof of 

thlr etTcct Th3t Ihc 3rt of qu3ntum rwxhatvcs may not yet he suffiacntly Jcvclopcd to bc uud us 

proof for or Jg3lnrt WondJry rcsonilncc ctkclr aho I\ cv~dcn~cd by the cdculJtcons of Slmpwn. u ho 

found IhJt rn mtcrndl Jl\pcncon force model tm uhlch conlug.lImn -31 ncglcctcd) rcprtwluccd the 

propcnm of butJdicnC JU\I JI utlrfJclor+ J) the mu&l\ cmtrnlymg conlug3twn The rrperrmenru/ 

fdcta do not uncqu~rcr-rlly support the hywconlug3tlun hypothc\lr 3nd mdc& Jrc. JI lc3st In ptrt. 

wntndlctory to II In pJrIzul3r. the dcmcwwntlon that the tl3kcr \Jth3n tIic4 may bc due to the 

mflucncc of 3lkyl whtnucntr on the dlIicrcntlJl wlvJtwn of ground and tr3nsnlon %t~tcs c3sts doubt 

on the ~ntcrprct3twn th3t thus cxpcrtmcnlJl cflcct I\ ~luc to J JommJnt role of C-H hywconlug3tlon 

In nuclwphdlc chcmal rcxtlon\. rdtc or cqulhhrlum constJnts for pro (or mrro) 3Ikyl dcrlr- 

311vm Jrc SomeuhJl rmrllcr than thou of the conc\pondlng hydrogen compounds A number of 

3uthon haw mtcrprctcd thus m terms of 3 pcrm3ncnt clcwon donor rok of ~lhyl wbrtltucnts 

(c g hy hypcrconlugatlon) rcl3I1rc to the hvdrogcn substnucnt. Houcwr. thus ~IJIIC ~ICY pumt of 

suhstnucnt cIlazr f3ils to Jccount for the fmdmg thrtp-3lkyl substnucnts functmn 3s apparent clcctron 

l acplor\ (rcl3tlvc to the p.hydrogcn wbstuucntl In 3pprcclJbly lnucrmg the energy of the nuclco- 

phlllc prmclpJI clcetromc: trJnwon of phenol. Jmwlc. 3mlmc 3nd N.NJuncthylJn~lmc These 

mults arc qu~l~t~t~vcly r3tlon3lwcd m term\ of “\uhtltucnt-pularl/~bllltv” and clcctroncgrtlvlty. 

The p-ncopcntvl subwtucnt lown the energy of both clcctrophlhc 3nd nuclcophlhc cloctromc 

tranwlonr IO rn 3pprwJbly grc3tcr cxtcnl than cnhcr the p-methyl or p-r-butyl wbsIwcnI This 

cxIrJ strb~lwngcli~l of Ihc ncopcnryl subI~Iucn1 on both clcstron dcfrlcnt 3nd electron rich ccntcn 

tn3y lx Jut IO dn mtcrn3l dlspcnlon force mtcr3ctlon. since the gwmctry of the ncopcntyl compounds 

IS pJrtlculJrly fJ\wJblC for such 3n IntcrJctwn 

tN rcccnt years the electronic eficct of alkyl substitucnts in chemical and electronic 

transitions has undcrgonc a thorough reappraisal. The role of alkyl substituents as 
clcctron donors has rcccivcd by far the most study and attention, and the first part of 

this paper discusses the current status of the role of alkyl substitucnts as apparent 
clcctron donors toward clcctron-dcmanding unsaturated systems. In the second part of 

this paper data is prcscntcd which shows that under suitable conditrons alkyl sub- 

strtuents may also function as a;parcnt clcctron acceptors relative to the hydrogen 
substitucnt. A qualitative empirical trcatmcnt of polar effects of alkyl substitucnts in 

terms of substirucnt clcctro-ncgatrvity and “substitucnt-polaritbility” is prcscntcd. 

ALKYI. CiROUPS AS APPARENT FLECTRON DONORS 

The many viewpoints and postulates regarding the clcctron donor properties of 
alkyl substituents seem to bc roughly divisible into two catcgorics. a “hypcrconjugativc 

’ John Slmon GuSScnhclm l~cltow al the lrborrtorlum fur Physltrhschc Chcmle und Elckirochcrmc dcr 
Tcchmschcn Ilahschulc. SIuttSarI. (icnnrny. 19C&l%I. 
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category” and an “inductive cffcct category”. Howcvcr, variations of viewpoint 
within each of thcsc categories arc many, and all shades of meaoing between the two 

catcgorics can bc read into the many words written about alkyl substituent cffccts. 

The founders of the hypcrconjugation vicwpint are Baker and Nathan, who first 

postulated hypcrconjugation (C-H) in 1935 to account for the Baker-Nathan Effect 

m chemical reaction\ tn which the alkyl substituent is proumahly strongly called upon 
to rclcasc clcctrons.*-’ Among quantum mcchanicians. the prime proponent of 

hypcrconjugation is Mulliken. who has carried out numerous LCAO-MO calculations 

based on an acctylcnic or ethylcnic model for the alkyl group (e.g. H, C -X Y or 
R;.. C-- X-Y. in whrch one of the bonds to the H, or R, group is considcrcd as a 

pseudo n bond, labclcd [G]. and the other two bonds arc considcrcd as pseudo-n, 

labeled [n,] and [n,].‘-* A similar model is used by Coulsonl”. Other models include 
those in which a methyl group is trcatcd as a single hctcroatom.tral* Krcevoy and 

Eyring. in order to explain what they considered to bc the particular effectiveness of 

a-hydrogcns on the alkyl group, used an “x-hydrogen bonding” model in which is 

employed a non-rcro rcsonancc integral of the a-hydrogen Is orbital with the n-orbital 

of the unsaturated systcm.rs 
The inductive viewpoint in its cxtremc was cxprcssed by Burawoy, who advocated 

the idea that n-electron rcsonancc is noncxistcnt .14 In keeping with this idea Burawoy 
and Spinner assumed a purely inductive mechanism for clcctron rclcasc by alkyl 

groups.” 
Dcwar considers the cvidcncc for dclocaliration of bonds in polyencs (c.g. buta- 

dtcne). olcfms (c g. propylene) and acetylenes (c.g. mcthylacetylcnc) to bc inconclusive, 

and has concluded that “resonance is important only in molcculcs for which more than 

one classical (uncxcitcd) structure can be written”. All observable cffccts in the ground 
states of conjugated and hypcrconjugatcd molcculcs, such as “stabilization cncrgy”,” 
shortenings of single bond distances (cg. the carbon carbon single bond of butadiene 

and methylacetylcns) and polarities (c.g. of propylcnc) arc ascribed to changes in 

carbon carbon n bond hybridkation. r7 Howcvcr. these conclusions wcrc constdered 

not nccctrarily applicable to excited clcctronic states or to transition states of the 
reactions of such molcculcs. Mullikcn. in arguing agaiN the Dcwar proposals and 

’ The term Baker Nathan FtTcct o used here tn 11s crpcnmcntal sense; that 1s. It refers to a tcndcncy for 
obscmd cncrges or heats of clcctron.dcmandmg trawtlonr to t&kc the order CII, . Et _ IPr t8u. 
or for rate or cqulllhrlum constants to take the order <‘II, . izt _- IPr . tRu 

’ 1 he tern, “hypcrcontu6atlon” for the dcloullzatlon of o.bonds to saturated carbon flnt l ppcarcd in a 
publrcrtlon hy Wulhtcn and was su66cstcd by W. Ct. Brown *.’ 

’ J W Baker It~ptrtonjugotron. Oaford Unlwntty Press. London (195)). 
* Confcrcna on Hypcrconju6atlon. Terrohrdron S, IO%274 (lOS9). 
’ R S Mullltcn. 1. Chtm. Ph,vs 7. 319 (1939). 
’ R S. Mulllkcn. C. A. Rlcckc and W. G Brown. J Amtr. Chtn Sot 6.3, II (1941). 
@ R S. Mulltkcn. Tt~rohtdron 5. 213 (1959). 
* R S. Mulltkcn. Tttrohtdron 6.66 (1959) 

1’ C A. Coulron. V&rut. pp 307-317 Oxford Univcrwty Prcrs. London (1952). 
I8 F A. Matun. J Amtr 6hw. Sot. 71. 5241 (IPSO) 
‘8 A Sttwtu~cscr. Jr. rod P. M Nalr. Ttfrohtdron S. 149 (19SW 
1’ M M Krccroy and H. Fyrm6. J Amrr Chtm. Sot. 79. 5121 (1957): M M. Krccboy. Ttfrohtdron S. 233 

(IPW 
1’ A. Burrwoy. Tnwu. Fo~o&,v Sot. u). 517 (1944): b’rcfor Htnrr .4ftmorlol ~‘ohmt k¶ocr. bt6C (1946). 
18 A. Burarov and E Smnncr. J. Chrm. Sot. 3752 (1934) 
Ia kwrr has su66crttd the t&n “stabaluatlon cncr6y” to he used tn place of “rcsonancc cncr6y” for the 

oburvcd extra thcrmodynam~c ctabahty of con)u6stcd molcculcr compared wth unconJu6atcd rna- 
106UCS.” 

I’ M J S Dcu-•r and H. N ~hmClM6. Ttrrrohtdwn 3, lb6 (1939). Ibrd. II. 96 (1060). 
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for an important role of n&ctron dclocalization in “ordinary” conjugated or hypcr- 

conjugated molecules seems to rely mainly on the fairly consistent agreement of a 

number of quantum mechanical calculattons. *.* However, he concedes that “Dcwar’s 

challenge has in any cvcnt made clear the importance of a careful rc-cxamination of the 
theoretical basts of conjugation, hypcrconjugation and related phenomena”.’ 

Simpson also has raised the question of the relative importance of conjugative 
intcractton in butadicnc and higher polyenes. Scglecting resonance intcractioa 

altogcthcr. hc carried out quantum mechanical calculations based on a dispersion 

force model for butadicnc which satisfactorily rcproduccd the stabilization energy and 
positions of singlet singlet absorption bands and accounted for bond length altcma- 

tions.lo lntcmal dispersion force interactions also arc given considcrablc weight in 

the calculations of Berry’@. 

The cxpcrimental chemist finds himself somewhat at a loss to cvaluatc to what 

extent the ncccssatily approximate quantum mechanical calculations based on various 
models can alone bc used as arguments for or against specific cffccts such as hypcr- 

conjugation. Howcvcr, the viewpoints cxprcsscd by Dcwar and the calculations of 

Simpson have at Icast given cause for rctlection asto whether the quantum-mechanical 
“cvtdencc” for hypcrconjugation is sufficiently convincing. The need of a theory of 

hypcrconjugation to explam certain e.rperimenrol ohsermrions seems to bc no longer 

as urgent as once thought to hc since thcsc ohscrvations are now also subject to 
drffcrent interpretations. 

Chref among the cxpcrimental observations cttcd m support of the theory of 

hypcrconjugation has been the Baker-Kathan Effect.* This effect. which is usually 

found in chemical transitions that call strongly upon the substitucnt for clcctron 

rclcase. has untrl recently been universally intcrpretcd as showing net electron rcleasc 
in the or&r MC > Et .- iPr :. tBu and hence as meaning that C- H hypcrconjuga- 

tron is the maln mechanism of clcctron rclcasc in thcsc inslanccs.” Howcvcr. thts 

intcrprctation has been seriously qucstioncd.P 26 

By and large there has hccn a tcndcncy to take enpcrimcntal results such as orders 
of rate constants or equilibrium constants at fact value; that is. to view transitions in 

solutton as if they were taking place in the gas phase. The posstblc effect of alkyl 
suhstrtucnts on the solvent stabilization of the states In a transition usually has been 

omntcd altopcthcr from consideration. and in other in\tanccs dismissed with varying 

dcgrccc of arbnmriness as being of secondary importancc.“J’~~ However, the rcscarch 
groups of ShineF and Schubert p 25 have found the Baker ,h’athan Effect to bc 
solvent dcpcndcnt. in a manner not cxplainahlc by the original theory of Baker and 

1’ W ‘f. Simpson. J Amer. Chrm. Sot. 73. 5363 (1951). 
** R. S. Berry. J. <‘hem. PhJr. Zb, 1bbO (1’457). l&d 30, 916 (1939). 
‘* lkrhncr has l~rtcd some brty rc~~f~ons In rhlch the Baker-Nathan L&cl 8s found rod has concluded 

prlmrraly from the mere pcrwsrcncc of thls cfkcl that “hypClCOnJugaltOn ofC-_)I bonds prow&s the most 
conwstcnt and uc~rfactory cxplrna~lon”.” 

‘I t. Bcrlmcr. T~r,rohr&on 5. 202 (1939). 
u W. M. Schubert and W. A. Swcney. J. Org. Chrm. 21. II9 (19%); J. Amrr. Cbm. Sot. lb. 4623 (19%). 
” W. M Schukrl. 1. Robmr and 1. L. Haun. J. Amtr. Chrm. Sot. 79. 910 (1957); ’ W. M. Schubert and 

J Robmc. Ibid.. )o. S39 (1958). ’ W. M. Schubert. 1. Robms and 1. M. Crown. J. 0~. Chrm. 2A.943 
(lV59) 

u W. M(. Schubert. 1. M. Craven. R. Mmton and R. B. Murphy, Trrrohrdvr S. I94 (1959). 
u W M. Schubert an4 R. MInton. J. Amer. Chum. Sot. 82. bl8$ (1960). 
” R. W. Taft. Jr and lrwm C. lawn,. Trrrrohrdron 5. 210 (19S9) 
‘- V. 1. Shmcr. Jr., J Amrr. <‘Arm. Sex 76. 1601 (19%). * Trwohrdrorr. 5.243 (1939). ’ V. 1. Shancr. Jr. and 

C. 1. Vtrbaw. J Amer. <‘hem. Sot. 79. )b9 (1957). 
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Nathan, and have suggested specific roles of the solvent. Thcsc groups were led 
indepcndcntly to a considcratton of the solvent role through a recognition of the fact 

that the Baker-Nathan Effect. though often obscrvcd in electron-demanding chemical 

reactions. is rarely encountered tn mcasuremcnts on other clcctron-dcmanding transi- 
tions, e.g.. in the tonizatton potentials and “pnncipal” clcctronic cxcttatton cncrgics of 

alkyl-unsaturated compounds. zz Sap The Baker-Nathan Effect also is not found in 

ground state measurcmcnts such as dipole momcnts.‘t bond Icngtha3* and heats of 

hydrogcnation.3J This inconststcncy bctwccn the Baker-Nathan Theory and expcri- 

mental fact also was recognized by Burawoy and Spinner.” They ncglcctcd the 

possible role of the solvent. howcvcr. and attributed the Baker Nathan Effect to 
“stcnc htndrance to bond shortening” in purely inductive clcctron rclcasc by alkyl 
substttucnts. The abscncc of the Baker Nathan Effect in highly clcctron dcmandmg 

electron transitions was cxplamed in terms of the Fnnck-Condon Principle; that is. 
in the short ttmc of the clcctronic cxcrtation process thcrc is practically no movement 

of atomtc nuclei. hcncc practically no bond shortening.” Houcvcr, the hypothots of 

Burawoy and Spinner does not sattsfactortly account for the solvent dcpcndcnce of the 

Baker-Nathan Effect in both chemical and clcctronic transition\. 
Schubert and Swccncy maintamcd that alkyl substttucnts stabilize clcctron- 

demanding unsaturdtcd systems in the mductive order, regard&s of uhcthcr the 

substitucnt is faced with a large or small clcctron deficiency. They postulated that the 

Baker-Sathan Effect IS due to stcrtc hindrance to solvatton near bulky alkyl groups; 

that IS. that the solvent stabiltration of alkyl unsaturated compounds i\ significantly 

dccrcased with increasing ability of the alkyl substttuent to shtcld clcctron dcftcicnt 
sites in its vicinity.P This hypothesis lcada to many of the same quahtativc prcdicttons 

for chemical reactions in solutton as the hypothesis of Baker and Nathan, e.g. that 

the Baker .Nathan Effect should bc ohscrvcd when the clcctron dcftcicncy (and hcncc 
the rcquircmcnt for salvation) crcatcd in that part of the reacting molcculc contatrung 

the substitucnt is larpc.” On the other hand, obscrvattons made on electronic transt- 

tionsP.U such as the Inductive order of the principal clcctronic transitton cnergics of 
p-alkyl nitrobcn/.cncs and acctophcnoncs in the gas phase and, the parttal inversion of 

this order in polar baste solvents. p, arc contirtcnt \sith the hypothcsts of Schubert and 

Swccncy and inconsi\tcnt with the hypothccts of Baker and Nathan. The fact that the 
solvent molcculcs arc not fully oricntcd to the clcctronic cxc~tcd states (Franck-Condon 

Principle) accounts for the mildness of the Baker Nathan tffcct in this parttcular 

mvtancc and for it\ rare appcarnncc In clcctronJemandmg clcctromc tr;lncttton\ in 

” A hypcrcoqugatwc o&r of CICIIJIIO~ cncrgwr I” the g.\ phau bar hccn found only for rhc low ~ntcnr~~y 

“B.hanJ”of alLyI bcnrcnc~ at ‘a 2600 ,\ lhuc no, for the ~nwnw polar “prmc~pd.ur “I .hrml” I~J~UIIOO 
at ca 2100 A) ‘* What the whwtucnt I( CIIICO upon 10 do on Ihas “rImal non.polrr Ir~nw~on”‘~ o not 

cn~~rcly clear I hc ~ntcrprei.at~on that the cncrp) or&r I\ Jut lo prcdom~nanl (‘-14 hrpcrconlugatwn 

m the cac~tcd siatc** hrr been quar~oncd and other c~planai~ont hrbc hcen rdvanccd Ds 

I* F A Matun. W. W. Wohcrtson rnJ R. I. Choakc. <‘hrm RII 41. 271 (1’417~ 

Be. K. Elowdcn and 1 A. Brrudc. J Chum Sot lO6U (lO5?). ’ V J tlrmmunJ. W C Prltc. 1. P Tecgan 

and A D Walsh. I>IIC tordu~ So< 9. 5J (IVW,. 

“C P Smyth. /krlrcrrtr Ikholwr and .Ttrortwr (‘haps IX and X. M~Crru.ll~ll. Nrw York (19)s) 
” Sullen hat ~oncludcd that “hypcr~OnJugalu?n II nut clearly and rmhlguowly proved hy bond length 

rnomal1c8 IO CIIII m the ground \IJIC of molcculct. although on the uthcr had II\ ca~an~c I\ not ctrlamly 

dlsprowd” I. t Suclon. Trfruhrdron 5. I IR (IVY+) 

a Turner ha\ concluded thal thcrmorhcmlcrl pcwllt do no1 pro\dc rlpnlhcrnt lnlurmrtton on rhc nature of 

the ~~atulwd~on of unucurrtcd ryam\ by l Ib.)I groupr(uc. howcrcr. rcf 20). R Ii Turner. lrtruhrdroa 

s. 141 tlVw). 

u A typtcrl cxamplc 1% the solvolywr of p,rlt)l knrhydryl chlordc%. for uhlch the Iactcr hypothcals. 

hOWWr. PCCUUW rnOrt ~rldXIOrlly for IhC OrdCr Of OhUWCd •\llV~llOrI CntrOplCr.“~” 
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solution in general.p .24 Qualitatively considcrcd. Ihcsc results also are consistent with 

Shiner’s suggestion that Ihc solvent, through incipient hydrogen bonding with the 

z-hydrogcns of Ihc alkyl substiluenl. may function IO enhance C-H over C-.C 

hypcrconjugalion.” Quantitatively considcrcd. Ihc solution data for the palkyl 
rutro-benzcncs and acctophcnoncs Were better accomodatcd by Ihc hypothesis of 

steric hindrance IO solvalion near bulky alkyl groufxp” 
Most rcccntly II has been found that the kincttc paramctcrs (k, AH: 3nd AS:) for 

Ihc solvolysis of 3-R- and 3.5-diR-bcnzhydryl chlorides (R H. CH,, and t-Bu) 
vary with solvent compo4tion and substuucnt m a manner con\tstcnt with the hypo- 

thcsts of !%hubcrI and Swccncy. and incon5i5IcnI with Ihc Hakcr Nathan hypothesis, 

cithcr 35 origincllly cnunciatcd or 3s modified by Shmcr.ti Support for Ihc stcnc 
hindrclncc IO salvation argument was 3150 found by Clcmcnt and co-worhers in Ihc 

solv3Iion cncrgies of bcnryl.p-mcIhylhn/yl andpt-hutylbcnryl chlorides in methanol. 

dctcrmincd from v3por prcs~rcs of Ihc pure chlorides and the Henry’s lrrw constants 

in 5olution.U l:arlicr. Shiner had found that Ihc Baker Nathan Effect In the 5olvoly51s 
ofp-alkylbcnzhydryl chlorides 15 solvent dcpendcnf and concluded that the variations 

In rclativc rates with solvent composition could bc cnplaincd in Icrms of solvent 

as5isIancc IO hyperconjug3Iion or stcric hmdrancc IO solvarion. or both.“’ 

In VIW of Ihc 3bovc considcraIion5 it is Ihc contention of Ihc 3uIhors that Ihc 

appcarancc of Ihc Baker-N3Ihan Efftxt in transitions In solution dots not con5IiIutc 

cvidcncc for 3 C-H hyperconjugatirc order of clcctron rclcasc hy slkyl substitucnts. 
If this contention is correct. Ihcn C H hypcrconjugation would have IO yield in 

importance IO stabilization mechanisms in the mductivc order, such 3s Ihc inductive 

cficct iI5clf. or intcrnrll dispcr5ion forcc5.i” or C C hypcrconjugation. It is 3 moot 

question vvhethcr hypcrconjugation in gcneml (both C- C and C- H) is important. 
although Ihc postul3te that II IS 3 major factor \ccms now IO offer no special 3dvanI3ge. 

In connection with Ihc question of the tolal clcclron donor cffcct of alkyl sub 

stttucnts. II IS intcrcstmg lo note Ih3t thcrc has hccn a rcccnl Icndcncy among Ihorc 

favoring Ihc hyperconjug3Iion viewpoint IO dc-cmphasirc Ihc rcl311vc imporI3ncc of 

C H hypcrconjupation 3nd IO 355ign IO C- C hypciconjugation 3n important. 
though gcncrally lcsscr role. Thus Mullikcn. who suggcsfs the term “Jiffcrcntial 

hyperconjugation ‘* for USC in discus5ionc of the Baker N3Ihan Effect. WCS “no ohv~ous 

rc35on” why C -C hypersonjugation “should hc radically difTcrcnt in its cffcctivcncss” 
than C. H hyprconjugation. ” In fact, Mullikcn c3rly made no distinction bctwccn 
C-H 3nd C -C hyperconjugaIion.a.7 Perhaps Ihc first IO explicitly apply C- C 
hypcrconjugcrtion, in 3 qualiIafi5c way. arc Bcrlincr and Bondhus. who held that the 
rate of molcculdr bromtnatton of t-butyl bcnzcnc rclalivc IO bcnrcnc (k,,,,:‘k,, - I I5 

for “total” brommatmn at 25”) I\ (r-10 great to bc attributable IO Ihc inductive cffcct 

alone and hcncc must be dctcrmtncd considcrahly by C- C hypcrconjugation.” 
Howcvcr. 35 dc I3 Marc has pointed out. this is still 3 m3tIcr of opinion.x7 Rcccntly, 
varying dcgrccs of cffcctivcncss have hccn assigned to C C hypcrconjugatton. up to a 

ratio of C C IO C-H hyperconjugation of about 0.8.mJ@ II IS to by cmphasizcd that 

U R. A Clcmcnl. J N Naghuadch and H. R Rla. J Amrr. Chrm Sot. 82.2449 (1960). R. A Clcmcni rnd 
J N Kaghmdch. lbld 01. 11% (1939) 

” E krllncr l nJ F J Bondhur. J. Amrr Chrm. Sor 70. 854 (1918). 
” P R I) de Ia Marc. Trwohrdror 3. IO7 (lUs9) 
‘- P. D R~nlclt. J. Chum a?i/u 30. 29 (19s)); Y. N LtLhtm and P D. Bartkrc. J Amer. Chum. Sor 70. 

d(4 (Ipld); ’ II. C Brown. J D Brady. M. Grayron and W. H. Bonncr. J Amrr Chrm. Ser. 79, 1897 
(Ius’, 
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these “quantitative” estimations are based on rate constants in solution and neglect 
the possible efTcct of differential solvation on kCH,/ktBu ratios. 

ALKYL GROUPS AS APPAREF;T ELECTRON ACCEPTORS 

I. Introduction 

The amount of theorizing and cxperimeatal study that has been devoted to the 

influence of alkyl substitucnts on nuclcophihc. i.e. electron rich, centers is much less 

than that given to the influence of alkyl substitucnts on clectrophilic, i.e. electron 

TABLF I. ~ucwnrwt I(’ RFAC~C)NS OF PALKYI. COWPOUNDS 

Rd. Rucrlon 

- .- - - - 
Jla tthylbcnmata 1 01l- 

41d LIhylbct-wxIcs t OH 

42’ I-mn~hylbcnm.ara . 
ocIl,- 

4lb 

43 

43 

43 

Neutral hydrolyw of 

knrwc anhydrtda 

1 tlhanolps of tmmyl 
chlorlda 

Bcnlylpyr~dm~um Ions . 
ot1 

2-C’I-~-~Iktl.3.~dtnItro- 

bcnrcmx f plpcrldmc 

Solvcnl 

- --. 

85.. LIOII’ 

56 “; Acc~onc’ 

CIl,OH 

75’. Dlounc’ 

LIOH 

LIOll 

P~pcrtdlnc 

4 I CA 2-~romo-!~~lt);ln~Iro~n~ Plpcrldmc 

xncs I plpcrldmc 

Tcmp 

- - 
’ 25 

25’ 

40. 

58 

0’ 

20 

50 

25’ 

RC~JII\C raIe ’ 
constants pValUcs* 

H Me I-Bu 
-. - 

I 044 0.56 

I 041 0.31 

I 048 0 JY 

I 035 03Y , 

I 0 57 067 

I 050 069 

I OIM 031 

I 015 017 

- _ 
25 

23 

26 

I6 

I 5 

49 

l Values of Ihc reacIlon constant. p, are taken clthcr from Ihc orlgmrl rcfcrcnct or from ref. 40. 
’ Cwcn as pcrccntagc by uclght of aqueous roluhon. 
’ Aclwrtlon cncrIw obtalncd from rate conslants at Iwo tcmpcraturc are 17 6. II 0 and 1% I for pH. 

pCH, and p.t.8~1 compounds rcrpcc~~vcl~ It was cautIoned that these values may be somcuhrt In error.” 
’ Actwatlon tncrgwc obtalncd from rate constanlc at 1-0 tcmfwraturcs rre 12 I : 0 8. 13 2 : 0 6 and 

I2 Y :, 0 4 for pH. p.CH, and p.t.Bu compound% ropclwcly. 

dcficicnt. ccntcrs. Ncvcrthclcss, rate or cqulhbrium constants have been dctcrmlncd 
for p-alkyl compounds in a number of nuclsophilic chemical reaction, in which 
ncgati\c charge IS fed toward the sub$titucnt. Most of the rcactlons in uhlch puru 

hydrogen, methyl and I-butyl compounds have been comparcd arc llstcd In Table I. 
Thcsc reactions have a positlvc value of the Hammctt reaction constant, p. The rate 
constants arc somewhat smaller for the p-alkyl dcrlvativcc than for the corresponding 
p-hydrogen compounds, In agrccmcnt with the ncgativc sign of the substitucnt 
constant\. u. as,igncd to alkyl suhstItucnts.“.40 
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In the discussions of the dcactlvatmg effect of alkyl substitucnts rclatlvc to the 

hydrogen substitucnt in nucleophilic reactions. a static viewpoint has been taken. That 

is, the alkyl group is treated as a pcrmancnt electron donor relative to hydrogen, 

i.e. it is considcrcd as reststing negative charge, and the usual discussions of hypcr- 

conjugative vs. inductlvc electron relcasc are applied.4’4 In most of thcsc nucleo- 

philic reactions, the rate or equilibnum constant IS shghtly smaller for the pmethyl 

than for thcpt-butyl dcnvatibc. This has been attributed to hypcrconjugatlon, that is 

to an electron rclcax order governed by C- H hypcrconjugativc electron rclcax.4*4 

There is a certain inconslstcncy bctwccn this argument and that applied to clcctrophilic 

reaction,. For clcctrophilic reactions. tt is maintained that C-H hypcrconjugative 

electron rcleasc should prcdominatc over mductlvc clcctron r&ax only when the 

clcctron &moncl placed upon the sub,titucnt is high. Why C-H hypcrconJugative 

clcctron rc/ra.rr should prsdommatc in nuclcophilic rcactlons. m which the clcctron 

demand placed upon the subatitucnt is ncgativc. IS not altogether clear. Actually. 

there IC no assurance that the very small dtflcrenccs bctwcen the rate or cqullibrium 

constants of the methyl and t-hut+ compounds reflect difTcrcncc\ in the dlrcct potential 

cncrgy effects of the methyl and t-hutyl substituents. or indeed. that thcce rate or 

equilibrium constant diffcrcnccs are due to dlfTercncc\ in heats of actlvatlon or 

entropies of rcactton. Heats and cntroplcs of actl\atlon were dctermincd for but two 

of the reactions of Table I. but In thcsc Instances the values obtalncd arc not rcllahle 

enough to permit a definite conclusion to bc made. Furthermore. it IS not known to 

what crtent differential solvation of ground and cxcitcd states may lnfluencc thcrela- 

tibc rate\ of the compounds of Table I. That dlffercnttal solvatlon may bc a factor is 

evidenced by the inversion of the rate or&r for p-methyl and p-t-butyl compounds in 

the basic hydrolysis of ethyl bcnzoates in “56”‘;’ acctonc as compared to “850:” 

alcohol.” In the ahsencc ofaccuratc heat and entropy data for the rcactlonc of Table I 

it may bc premature to attnbutc the small rate or equillbrlum constant dlffcrences 

between the p-methyl and p-t-butyl compounds to differences in the direct polar cfTccts 

of the substltuents. Presumably. the larger rate or cqullibrrum constant dlffcrences 

bctwccn thep-alkyl and p-hydrogen compounds do qualitatively follow the dltfcrenccs 

in the P’l;lr cffccts ofp-alk>l andp-hydrogen sub\titucnts in thcsc In\tdnccs. although 

this is not altogcthcr certain. 

The consideration of alkyl substituents as pcrmancnt clcctron donors relative to 

hydrogen is 3 manifestation of a prevalent static vicwpint of substitucnt cffccts in 

general; i.c. the clcctrical lnfluencc of substitucnts are trcatcd in terms of mcsomcric 

and inductive cffccts in fixed directions. Contributing toward the crystalliwt~on of a 

static viewpoint ofsubstitucnt clcctronic cffccts has been the assignment to substltuents 

of n-values of constant sign. if not of constant magnitude. Thus. 3 negative Q IS taken 

as implying pcrmancnt net clcctron relcasc relatl\c to hydrogen and a positive a is 

taken 3s implying pcrmancnt clcctron acccptancc to hydrogen. Both Burawoy and 

*I* IY Bcrlmcr. M. C. Bcckctt. E A. Blommcrs rnd R. Ncvmu~. 1. Amrr Chrm Ser. 74. 4940 (1932); 
’ F: krhncc rod L H. Aluchul. Ibid. 74. 41 IO (1932): ’ E. Bcrlmcr rnd I.. C Monrct. Ibtd. 74. 1574 
(19S2). 

** M. S h’cmrn and E K ~stcrbrook. J Amw Chrm. Sot n. 176) (I95S) 
u C. W. L. &van. 1: D. Hu@ws and C. K. Ingold. Narwr. Lord 171. 101 (l951~ 
u This has ban commented upon by Prla rnd Lmcoln. who rltnhutd the smrllcr rate consunt for the 

p,t.Du compound m “S(5*;” WZIOIK IO stcrlc hmdrrna by the Irrgc p.alkyl #roup IO solvrllon of the dwcct 
rcrctlon SIIC (1.c the ester group) In the trwwf1on sutc; C. C Rla rnd I) C Ltncoln. 1. Amr Chrm. 
Ser. 73. 5836 (1951) 
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Schubert have questtoned such a static vtcwpoinl of substituent cffccts. They have 

prcscntcd evidence that ccrtam substitucnts may functton as either apparent electron 

donors or as apparent clcctron acceptors rclativc to hydrogen, at lcast in certain 

clcctronic transitions, and ucre Icd mdcpcndcntly to a consrdcration of substnuent 

effects in terms of the “polanrabtlity” of the substitucnt. Hurawoy and Thompson 

proposed that the apparent clcctron rclcasc by phalogcn substitucnts in clcctron 

demanding clcctrontc transitions and the apparent clcctron acccptancc by p-halogen 

substituents in electron donatmg electronic transtttons is dctcrmincd by the polariza- 

btlity of the n-electrons to the substttucnt. ‘s Schubert and co-workers suggested that 

the cxtcnt of electron “rclcasc” or “acceptance” by a substttuent m a given state can 

bc considcrcd IO bc a function of both the magnitude of the clcctroncgativny dtffcrcncc 

bctwccn the substnucnt and the sate to which tt I\ hondcd and what wdl hcrc be lab&d 

a\ “substttucnt-plartzahtlity”.W They apphcd thi, viewpoint to a considcratron of 

the cfiect of pure alkyl, halogen and other suhstitucnts on electron dcmandmg transt- 

ttons and to ths cffcct of p-halogen substitucnts on clcctron donating transittons.“s’r’ 

The substttucnt I\ vtcvvcd upon as bcm_e capable of bcmg polartrcd with roughly equal 

cast in clthcr a psltivc scnw (electron “rclcasc” by the suhstttucnt) or a negattve 

wnsc (clcctron “acccptancc” by the substttucnt) dcpcnding on whcthcr the sttc to 

which the substltucnt is attached I\ more or less clcctronsgatl\c than the sub,titucnt. 

The ~apc term “sub\titucnt-plarltabllit” skirts the quc\tton of the exact manner m 

uhlch the substitucnt is polarixd but ii consldcrcd to include cithcr or both Jircct 

polariratton of the bonding clcctrons to the substttucnt (n and al\o n-bonds. if any) and 

po\\iblc Internal dispcrston force polarir.atton.‘“*” 

According to the trcatmcnt of substrtucnt cffccts in term\ of “\ubstitucnt-polariza- 

btltty” and clcctroncpttvtty. alkyl sub\tttucnts would bc cxpcctcd to Iowcr the cncrgy 

of trantrttons in whtch a suhictcntly strong migation of ncgativc charsc toward the 

sub\tuucnt occur\. The author\ thcrcforc undertook to mcasurc the cficct of p-alkyl 

substttucnt\ on the cncrgy and mtcnsity of the prtncipal clcctronic tr;ln\itions of 

phenol. ani\olc. antltnc. and N.N-dimcthylamlme. s’ ‘fhcsc tran\ttions. rn which the 

tntcractton utth the electric vector of the light IS In the Ions 3x1\ of the molcculc.S2 can 

U A Hurrwoy and A W Thumpon. J C’hrm SW 4114 (19%) 
‘* lhls 1% cqu1ralcn1 10 po,1ulatmg thal the cncrey. 1. rclcrud in the hypothctaul rcacllon. A’R (~&al 

co\~lcnl) -. h.R (alual molcrulc). I* cmplrtcally J function nol only of the cIcclroncgal~~~ly dIlkcncr 
hcluccn 4 and H hut also of 1hc c4s.c vlth rhl&h mtcracrm~ clrctronr bctvtcn A and Ii arc pol~rlud. 1hl\ 
dcpcnd~ng on the nature of ho1h A and kl Paullng. 10 wcmg up an cmplrlcrl scale of clcc1roncpr11r111cr. 
rtrumcd 1ha1 A I\ 4 fun~~~an of only 1hc clcclronc@wny J~ffcrcnct. spcc~hcally 1hr1 1 cons1 tr, - 
a*t’. ” 

” I. iaulmp. Thr .Yolurr of rhr ChrmuIrl Bad Chap II C’orncll c “l\crrIly Prcw. ku York. (IOU,. 
a- W M !khuhcrl. I. M Crrbcn. II Stcadly and J Rohms. J 0~ <‘hem. 22. 1285 (1957). ’ H’ M !ichu. 

hcrf. J W (‘rlrcnaml H Stcartl>.l Amrr Chrm L- 81,?69!(1939t. ’ W 51 Schutwt. tl Stcdl) ad 
I \I ( raw”. /hrJ 82. 113) (ION)). ‘H 51 Schubert and J \I. (‘rarcn. lhd B2. 1157 (IObot 

” The term “,ub\cl~ucn1.polrrlrJhlllly” I% nor IO bc confuwd ulth polrrlrahlllty l % dctcrm~ncd (ram molar 
rcfr*<llOn~ lhc “bond” or group rcfra~cwn of a wb~1~1ucnc I\ a mcrsurc of 1hc CIIC wllh uhlch the 
clatron\ arc polrr~rrd hy an c~wnal clcclro~magncllr twld.‘0 and thus 8% not ncscwr~ly a rnc~surc of the 
rhllav of 1hc whstltucnr 10 undergo Inlcmrl polar~ul~on an an clcilron~~ trrn~~c~on Howc\cr.. par4M 
a\rn bccuccn the IWO I~F% of polar~rat~on mr) rwrl. a% rv~dctxcd. c g . h) rhc corrclal~on bcluccn Ihc 
cnrrp~r 4 the prlnclpal clc~~ron~r. 1rrn\111on< and the molar rrfra~~~ont of p halo ~n~wIc\. n~~rohcnrrnc~ 
dnd ax.tophcnonc< Iy 

‘* K I rtan< 8” Ph)wcrl Hcthodc of Organ~s (‘hcmlrrry (I d&ted by A. H’cwburgcr) Part II p 1 lb! Inlcr. 
.<l<“‘t-. Ncu York. (1919) 

” Prclu-nln4r~ rc\ulI\ YC,C rcporlcd I” rcfcrcnr~ 24 
” W r. Slmpwn. J. Amrr. <‘hrm. SW 75. 5‘47 (193)). W T Simpson and C U I ooncy. /hurl 76. 629) 

(1914). 
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be crudely reprexntcd by equation (I) (xc c.g. refs. 52, 53)” That the electron migra- 

tion in these transitions is indeed away from the functional group and toward the 

substitucnt is amply verified by the cffccts of solvents on the principal clcctronic 

transition cncrgics of such compounds.“.” 

I I. Rtwdrs 

Gas phase spectral mcasuremcnts on carefully purified compounds were mads tn 

20 cm Aminco quarb cells 31 clevatcd tcmpcrature with a Beckman DU instrument 

as previously described. ‘?3.(r( Mcasurcmcnt\ tn hcptanc wcrc mads in I cm stoppcrcd 

quartz cells at 25 ! I”. Absorption maxima were located a\ previously dcscnhcd. 

Vulucs of the transition moment Icngth.sSq, in hcptanc were calculated according IO 

equation (2) from spectra mcasurcd in a Gary Model 14 rnstrumcnt. 

4’- 149 . IO lo j t d In I. (2) 

Rcprcxntattvs of the prtncipal band spectra of the mcmbcrs of each of the scrtcs 

arc those of the p-methyl compound5 in hcptanc. shown tn Fig. I. Each compound 

also cxhthtts a low tntcnsity band (t IOOO) which has considcrablc fine structure and 

appears around 280 mp. Thtc cvidcntly IS the so-called B band, corrcspondtng IO the 
260 rn!c band of bcnLcnc. The prtnctpnl band of the antltnes and dimethylaniltncs I\ 

quttc symmetrtcal. thoughovcrlappcd sltghtly by a lower wave Icntgh hand. and t’n,rx I\ 

probably a fairly accurate mcasurc of the transttton cncrpy. The prtnctpal hand of the 

phenols IS considcrsbly Jt>tortcd throu_ph overlap by tin tntcrtsc lower wave Icnpth 

band. Thts is al50 true for the antsoles. hut IO ;L Icsccr extent. Thus. although the 
values of v,,_ arc prcci\c IO f 2(1-30 cm I. the ltmits of accuracy of r,_, for the 

phenols and thr anisolcs arc probably much higher than this. Table 2 lists the r,,,_ 
values found in the gas ph;l\c. Table 3 lists values obtained in hcptanc of v,,,.,. 

( “IJI. and (7. For comparative purposes. values forp_alkylnttrobcnLcncs arc tncludcd. 

I I I. I)l.wLr.tion 

pAlA., VT. pI~~~dropvr. Cort\idcr first the ohrsrvation that palkyl suhstitucnts 

lower the prtncipal electronic transition cncrgy of phenol, anisolc. antltnc and C!I- 

methylantlinc (Tables 2 and 3). The lower cxcitatton energy for thcp-alkyl compounds 
means that the quantity, E,,: E,,:. is greater than the quanttty E,, - El,. uhcrc 

” N 5 Bavlau and L Iiulmc. Auf. Chrm. J 6 .?57 (1031). N S Rayltsrand F C; %l~Rae.J Phv~ Chrm 
9. IOW’(I954). K Bovdcn and I: A Rraudc. J (‘Arm. SW. 1061 (1052). 

u Obvlourly the WC ol %In(lle valence bond dcpc11ons for ground and c~c~wd SI~ICI Is merely for conwn~. 
rncc. and lhc deptcuons I and II arc arburrrrlly chosen as pahap the wnglc hca rrprrw~ror~r •II-UCIU~CI 
II 11 undcolood that polar ~1~~l~rc~ such as II ma)’ also contrlburc IO the ground SUIC. bu1 ccrlamly no1 
IO the cxtcnl as IO the cxcI1cd slate. 

uG S Ltvmcon. W. T Stmpon and W. Curtis. 1. Amer Chem Sor 79. 4314 (195:). G. Ilcrtbcrg. 
Molrrulor .$WCI~CI onJ .H~lrtular Sfrurfur pp MI-)0 Van Nowrand. New York (1030). 
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FIO. 1. Plot of the pcmclprl band rp6clra m hcptrn of the p-methyl 
dcrwrt~vcc of phenol. amsole. andme and N.Nd~mcrhylrn~lmc. 

z II : MC I-Bu NCOP 
_ .-- - - - -. - -- - 

OH , 4847V 4b2uw 463aY 45480 

OC’H, 46510 45500 45470 ; 44M80 

NH, 43590 42790 42970 42280 

NMc, 41360 (41070)’ tm1’ 

30,’ 41820 ’ 39970 39760 ; 39490 

’ Spectral peat ha2hly unsymmctrlcal due to strong 
ovcrlrp by a lower wave kn2th bnd. 

4 Of doubtful rccuraq due to slow change of rpctnvn 
wtth CI~K and temperature 

l Prcv~ously reported.-.’ 
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H ’ MC I-Bu ’ NcoP 
- -- - - .- 

453.w 44750 44810 ’ 44270 

, . . IO ’ 76 YI IO.1 II 3 

4’ 050 I 0 56 0 62 064 
- -. -_ .-L ,_.- - _ 

Anlltna 
--- --- 

)‘I)aa 42740 42230 42320 41770 

t* IO’ 90 95 IO 7 II 6 

9 066 
---- - J 

069 1 0 77 
- SLY- -_ 

N.N-Dtrncthylantlttwx 
---.--- - - -. 

“-aa 3Y830 39490 ’ 3Y600 - 

s-10’ 1 140 15.7 I6 3 - 

9 0 87 091 0.94 ‘- 
- -- - --- - - - - 

PhcnoW 
__- - --_ .- - .- 

*Ial 47430 45420 O!xul 44YaI 

, . IO’ 57 59 68 UO 

*a* 39700 37870 37670 37410 

‘. IO’ 87 100 II 0 II 7 

‘I ’ 080 ; 0 86 090 OY5 
I 

l Valuer of Y... am l vcrqp of thtu dctcrmmat~ons. dupkable 
IO i IOcm’. 

b Values of vm., also were determined for some of the com- 

pounds on the Car-y Model I4 spcctrophotomctcr. The dIffermU, 

tnv,., values obtrmcd thtr way wc~t whm cxpcrlmcntJ error 

of those obtamcd on the Beckman Dti. 

’ VIluer or ,U, x IO ’ arc anrages of two dclcrmmrt~on~, 

duphcablc to I. 2 :;. 

. Valuer of 4, equalon (2). arc averages of t-o dctc~tnrttons. 
dupl~uhle to : I ‘;. except where noted. 

’ I>uphublc to 1 2’:. ChOlU of area under prmclprl band 
rrbttrrty due IO ovcrlrp by lower WIVC length band. 

1 Etccpt for the p.ncopcntyl Jer~~atwc. the spectral band of the 

phcnolr was quote unsymmctral due to strong overlap of the 
prlnclpal band hy a lower wave length band. Thor prcwnted 9 from 
kmg rccuratrly dctcnnmed 

’ Prcv~ourly tcportcd ‘- ’ 
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E,,: and Et,: arc the cncrgies of the excited states of ths phydrogcn and palkyl 
compounds. rcspcc~~vcly ; and E,, 3nd Et, arc the cncrgte\ of the corresponding 
ground states. This tmplics that the excited state 1s srahrIi:c*d through p-alkyl sub 
stitution. l.c. II,,: L,,: posttikc and E,, - E,, 10s po\itivc. 7ero. or ncgativc; for 
tf one assumes that the exc~tcd stats is dcstabilizcd by p-alkyl substttution. I.C. 

F.,,: - E,: ncgattvc. then one is forcsd to the unhkcly conclusion that the much less 

polar ground state is dcstabthzcd even more by p-alkyl suhstttution. i.c. E,, - E,, 

more negattvc than tt,: Et,‘. Smce the clcctron migration in the prmctpal elcctrontc 

transItion\ of phenol. anisolc. anihne and dimeth~lamlinc is a,$~!’ from the functional 
group and fo~ord the substttucnt. i.e. the excited st3tc IS clcctron nch in the rcgton of 

thcp-substttuent. the rcsultc Imply further that thcp_alkyl substttucnts 3rc functtoning 

as apparent clcctron ac~p~ors rel3tivc to the p-hydrogen auhstttucnt in the cxctted 

state of thcsc transttions.* 

The “activating” effect ofp-alkyl substitucnts m the princip3l clcctronic transttion 

of phenol. amsolc, antlinc and dimcthglantlmc is inconvstcnt wtth the current static 
viewputt of the clcctromc cffccts of alkyl substttuents, in which alkyl groups are 

con\tdcrcd as permanent clcctron donors rclatibe to hydrogsn and 3rc pictured as 

rcststing ncg3ttve charge. c.g. by hyprconjugation (see c.p. rcfs. 41 43). A posctblc 

role of alkyl suhstttuents a\ clcctron uccqrrors relattvc to hydrogen also seems nowhere 
to have rcccivcd spcc~ftc theoretical treatment. 3lthough Mulltkcn in 3 rcccnt paper 

h3s w-rtttcn : “It seems to the untcr that ths customary use of a symholtsm such as 
H’CH: CH -CH, and corrc\ponding cmpha\ts on clcctron relsasc. wtthout any 

mention of 3n oppos~tcly polariLcd Ionic structure and, cspccially of the long bond 

structure H, C CH CH,. may bc seriously misleading”.” 

The flcxtblc behavior of thep-alkyl substttuents tn functtoning as apparent clcctron 
acceptors in the nuclcophihc princtpal clcctronic transition of phenols. etc. and as 

apparent clcctron donors tn clcctrophtlic electronic transittons such as the pnnctpal 

clcctronic transition of nttrohcnrcnc or acctophcnonc is qualitattbcly conststcnt wtth 

the trcatmcnt of substttucnt cffccts in tcrmr of “sub\tttucnt polanrabtlity” and 
suhstitucnt clcctroncg3ttvtty. This trc3tmcnt c3n bc graphically illustrated as in Fig. 2. 

The ordinate lab&d D. the “demand for clcctrons”. rsprcscnts the clcctroncgativtty of 
A in the molcculc A:X. where X IS the suhstttuent. St3biltration cncrgy (pos~t~vc) 

resulting from “clcctron rclc3sc” by the suhstttucnt is gtvcn to the right on the .r-3xis. 

Stahtli7ation cncrgy (also positive) resulting from “clcctron acceptance” by the sub 

stitucnt is gibcn to the left on the A-axis. The plot for two substituents of diffcnng 

clcctroncgatibtty and dtffcnng “substitucnt-polari7ability”. say H and CH,. has hccn 
arbitrarrly made linear. l’hs ortptn of this plot ts placed at the point of intcracctton of 

the D-axi\ with the ltnc for the hydrogen substttucnt. At thts v3lue of D the hydrogen 
would nctthcr relcasc nor accept electrons. I.C. the clcctroncgativity of A and H in 
A:H equ3l. For pos~t~\~c values of I). i.c A in A:H more clcctroncgatt\-e than 11. 
H would “rclcase” to A. l-or ncgattvc balucs of I). i.e. A lsss clcctroncgative than H. 
H would “accept” from A. The \lopc of the arbitrary lint IS inversely rclatcd to the 

“substitucnt-pol3rizabtlity”. 
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The line for methyl has been given a smaller slope than that for hydrogen since 

methyl presumably has the greater “substituent-polarizabtlily”. In placing the 

intersection of the methyl lint below the origin, the methyl substituent has been 

auumcd to bc less electronegative than the hydrogen substitucnt. This is io accord 
with the elcctroncgativity order assigned by Walsh “, Mofh[lM and Bent”. It should bc 

DI 
-R (occepf ) 

4 

-- _____ 

FIG. 2. Arbltrq ckctron dcmand4cctron rclusc p101 for the H l nd CH, subswucnts. The 
/J 1x1s rcprewcnt~ I~C electron demand plxcd on [he rubstltucnt. X. by the vrvmg group A In 
Ihc~dcrl cowknf molcculc A X. On the I-~SIS R rcprwcntr ~OSIIIVC sublltutton energy 
rerultmg from electron rclc~sc by the ruktltucnr and -R represents sUbll_tlon energy (4to 

por~cwc) rcrultlng from ckaron atiicptrna by the subrllturnt 

pomted out. howevcr,that in thcclcctronegalivity tables of Pauling’r and of Mullikena, 

tetrahedral carbon is assigned a greater clcctronegafivity than hydrogen, and that this 
order has found more widespread use in the litcraturc. 

Coosider now the prmcipal electronic transitions of the phenols, CIC. in terms of 
Fig. 2. In the ground state. the demand. D. placed on thcpsubsritucnt is neither very 
high nor very low. If. e.g. the demand is at D, a the ground sratc would be stabilized 
through electron rclcasc in the order CH, > H. In the excited state the value of D is 

” A. D. Walsh. Pror. Rqr Ser. A 207. 11 (1931) 
U W. Mot%II. Pror. Roy So<. A lO7. 74 (I93I). t&i A 202, 314, %8 (19x)). 
** II A. BenI. 1. Chum Phy~ 32. 1182 (1960) 
o R S. Muhkcn. 1. CArm. Php 2. 762 (1934); Ibid 3. 573. S86 (lPJ3). 
*’ ‘I?IIS IS m rccordrncc with l n ckc~rongr~~v~~y order; 0,’ 3, H > C_Y’, for ncutrrl atoms.“.*@ 
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probably quite low; i.e. the psubstituent is attached to a highly electron rich, elcctro- 

positive centcr.a If D is sufficiently low, e.g. at D,, the cxcttcd state of the pmethyl 

compound would be stabtlized sufficiently over that of the phydrogcn compound to 

insure a qualitative order of excitation energies CH, < H, cvcn I/ the hydrogen sub 

stituent were more clcctroncgativc than the methyl substitucot. Similarly, for the 

principal electronic transition of nitrobcrucne or acetophenonc. the very high D in the 

excited state (i.c. the psubstitucnt attached to a highly clcctron deficicot. elcctro- 

ncgativc centerP would also insure an excitation energy order CH, -: H. even if the 

hydrogen substttuent were less clcctronegative than the methyl substitucnt. 

With this treatment one could also rattonaltie why a p-alkyl substitucnt is “dc- 

activatmg” in ordinary nuclcophilic chemical transitions although “activating” in the 

nuclcophtlic electronic trantitrons. protided the hydrogen substitucnt is indeced more 

elcctroncgativc than the alkyl substitucnt. In other words, a higher D value (i.c. 

smaller clcctron deficiency at the pposition in the transition state of the nuclcophilic 

chemical transition as compared to the nuclcophilic clcctromc transitions)” could 

result in the order. H --: CH,. for the activation cncrgics. For example, if D in the 

transition state is only at U, the transition state would be stabtlized in the clcctronega- 

tivity order. If D in the transition state is below the intersection of the hydrogen and 

methyl lines, the transition state would be stabilrzed in the substitucnt polaritabihty 

order. Howcvcr, unless D IS sufhcrcntly low, the transitron state would be stah~hzcd 

Iws by the p-methyl relative to the p-hydrogen substituent than the ground state 

(ground state D say at D,) and the activatmn cnergics would stall bc in the elcctro- 

ncgativtty order. U A greater elcctroncgativny for the hydrogen than the alkyl substitu- 

cnt would also bc consistent with the fact that alkyl suhstnuents are activating even 

in mildly clcctrophilic transitions. 

Efecr of changing po1k.vI subsriruenr. The energy order for the nuclcophilic 

electronic transitions is ncoP -: CH,, t-Bu / H. with the pmethyl and pt-butyl 

groups having comparable cffccts. In hcptanc (Table 3).thc Y,,, valucsofthcpmethly 
and p-t-butyl compounds lit wtthin expcrimcntal error of each other in the phenol and 

amsolc series and in the order CH, .: t-Bu In the aniline and N.Ndimcthylanilmc 

scrics. In the gas phase (Table 2) the pmcthyl-pt-butyl vmaX order is clearly cstah- 

bshcd only in the anihne series. it also being CH, -: t-Bu. 

I 
** ~ppllc~~on of the Hammelt cqurtlon.‘*.‘O log kx - log Ira .*yr (AFr: .- JFx:) = axp. to the 

prm~~prl clcctromc tranwtlon of nwobcnzcnc subrteutcd m the p-poWon wth substttucnts. X. hrwng l 
ncgatwe rubrlltucnl constrnt. ox. gt*cs l p v~luc for the rcwtlon of. 13 0 k 1.2. Prcllmmwy cstlm.Ics 
of the p r&xs for the nuclcophtllc prmclp~l ckctromc twwt~on~ ofp~brt~tutcd Phenols. anlsolcr and 
rnllwwr are 14.3. 0 g. and 3 0 rcrpcctsvcly. o Applymg the cr!tcrton that the mrgmtudc of the p *rlucs IS a 
rncawrc of the nuclcophdtc dcrnwvl placed on the subitltucnt. II II clew thrt the pwbstltucnt 1% called 
upon much mom strongly to “rcccpt” clatrons m the prcnctpal clcctromc Iranwt1ons of phenol. etc.. thrn 
tn the chcmlcA rcrctlons ofTbblc I. A large tncrcw m polwlty m the crcltcd sUfc 18 also rdccted In lhe 
lrrgc degree to which the cxcltatlon energy II lo*crcd In hcptrnc rclatwe to the 13% phuc (of the order of 
3 kc~l/molc), dcspltc the unfavorable pUttal orwntrllon of the solvent to the Fran&.-Condon crclted 
%IaIc 4” The Irrgc ncgltlrc p rAues for the prrrw~l clcctromc trwwtton of mtrobcrurno rnd wzto- 
phcnontr Aso have I much grcrter mrgmtudc thrn the p vrlucr found for clcctrophd~c chcmwal trawl- 
toon) and arc ~nd~ut~rc of a stronger electron demand on the wlwltucnt. 

a Jrmo M Craven. Ph D. lhcr~r. Unlrcrrlty of WashIngton (193’4). 
u Those who hare mrlntrlncd that rltyl grou~a function l s furm~ncnt electron donors rrlatcvc lo hydrogn 

In nurlrophlllc rcwtlon gencrdly have neglected to corwdcr the ground sUtc*.‘I +’ I.C. they have fwkd to 
take cognlunoc of the PowblllIy thrt the (prrsumrblyl grertcr wwatton energy for the paltyl corn. 
pun& COUIJ be the qu4ltrtwc result of the grcatcr ground state ,tabtllIy of the l ltyl compound. 
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The cncrgy order in clcctrophilic principal electronic transitions is neoP < t-Bu < 

CH, i H (xc Tables 2 and 3 for the previously determined Y_ values for the nitro- 

bcrutncs). Thus, except for an inversion of the methyl-t-butyl order in some iostanccs. 

the effect ofpalkyl substitucnts on the cnergicsof thenucleophilicelectronictraositions 

are quahtatlvcly the same as their efTcct on the cncrgics of the clectrophilic electronic 

transitions. The qualitatibcly comparable effects of the palkyl substitucots in the IWO 

types of transitions is consistent with the naive consideration of substituent effects in 

terms of “substitucnt-polarlzability” and clcctroncgativity. and indeed. the instaoccs 

of the ioversion of the methyl-t-butyl order could bc rationalized in terms of a slightly 

greater elcctronegativity for the pmcthyl substituent coupled with a shghtly greater 

“substitucnt-polarizability” for the pt-butyl suhstitucnt.” The values in heptane of 

the transition moment length 4. a quantity determined from the arca of the absorption 

band (equation 2) and considered lo measure the extent of osrlllurion of the solute 

diplc during the intcnction with the clcctric vector of the light being absorbedS 

take exactly the same order for the nuclcophllic clcctronic transitions as for the clcctro- 

philic excitation of nitrobcnzcne (Table 3). The order ofq is ncoP > t-Bu :- CH, > 

H. and is considered to corrcapond to the order of “substituent-polarizability”. 

It is a matter of conjecture as to just what specific mechanisms are opcratlve in the 

stabilization by p-alkyl substitucnts of the attached clcctron rich site in the cxcitcd 

state of phenol. c1c. One question that can be asked is whcthcr suhstituent polariza- 

tion occurs through space (internal dispersion force)‘” or the bonding electrons. or 

whcthcr both mode\ of polarization are important. PolarlLlitlon of the bonding 

electrons 10 the substitucnt m&r Include hypcrconjugatlrc electron acceptance” (both 

C-H and C -C) m addition to including inductomeric electron acceptance (l.c. 

polarization of the a-bonding electrons bctwecn the substitucnt and the ring). 

The fact that thcp-ncopcntyl substitucnt lowers the cxcltation energy. and incrcascs 

the transition moment Icngth, of both nuclcophilic and clectrophilic clcctronic 

trancirions to a greater extent than cithcr the pmeihyl or pt-butyl substituent IS 

difficult to explain solely in terms of either an inductomcric or hypcrconjugativc effect, 

or both. An internal dispersion force interaction may hc of importance in the total 

cffcct of the ncopentyl tuhstituent. In molecular models a terminal portion of rhc 

pneopcntyl group is held In close juxtaposition to one side of the aromatic ring in the 

neighborhood of the p-posirlon. in a particularly favorable posltion for polarization 

through space. Thar IS. the terminal portion of the ncopcntyl group”may bc acting in 

much the same way as would an adhering hydrocarbon solvent molccule”.~ thus 

helping to stabilirc either an electron rich or clcctron deficient aromatic ring in the 

excited slate. 

The ncopcntyl group also appears to bc exerting an exceptional stabilizing effect 

on the ground state of cthylenc. Whcrcas the heats of hydrogenation of propylene. 

I-butcne. isopropylcthylcne and t-butylcthylcnc are identical within cxpcrimcntal 

error (the values arc --30-I. -303. - 303. and - 30.3 kcal!mole. rcspcctivcly. 

comparsd with - 32.8 for cthylenc). the heat of hydrogenation of neopcntylethylcnc IS 

significantly greater (- 29.5 kcal/molc).~ 

U //CIi, 8% Icw ckcwonc~mvc than H. then OK t.Bu group (%armg thrtcs-me&y1 group) probably should 
be Icrs ckcfronc~rwc thrn the CH, qoup (hrwn( three a-hydro(rns). 

” Hypcmn~ug~twc electron l xcptmoe could be I&de4 “m~onod” hyprrconjuamon; we. e.g. F. H. 
Sxbold. Jr.. 1. 01x. Clam. It. 136 (19S6). for the use of I)us term. 
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EJecr o/~honRin~/uncrionulgroup. In Tables 2 and 3 it is seen that for the parent 

compounds of each series, or for the dcrivativcs substituted with any particular p-alkyl 

substitucnt, the excitation ensrgics dccreasc and the transitiort moment lengths increase 

in the order OH, OCH,. NH,. N(CHJ,. The functional group effect is rather large. 

For cxamplc. the differcncc m excitation energy between phenol and N.N-dimcthyl- 

aniline in the gas phase is 71 IO cm-t, or 20.3 kcalimolc. Accompanying a dccreasc in 

excitation cncrgy with functional group change is a dccrcasc in the cxcttation cncrgy 

spread bctwccn the phydrogcn and the palkyl derivatives. For example. Y,, - Ye.,, 

in hcptanc has the value 2010 cm t (5.8 kcal:molc) for the phenols and dccrcascs 1; 

only 340 cm-t (I.0 kcal;molc) for the S,N-dtmcthylanllincs. A similar parallelism 

between dccrcasing excitation cncrgy of the parent compound and a dccreascd xnsi- 

tivity of the excitation energy to the p-substitucnt has been noted prcvtously forp-halo 

phenols, anisoles and amlines, and is rcflectcd in the order of the Hammett “reaction” 

constants, p.‘* 
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