
In~tpublications’3w811ave~$buildup 
a qualitahe picture of subdtuad mtmctxm in a 
variety of sjMall8. Tbcsl! have ilddai poly-mbdutd 
beozend* L( as well a8 dinxtIy bon&d wlI1= 
mkcyfacmgovming8llbshmt~ 
pantobctheM-illtbceb~Z 
-acccp&propertiesofthe~~ts: 
powerful c4cctroll domrs iotemct favorably with powcr- 
N electnm &cceptom. 

. 
acceptor,C%alroopwithtairlywerLD 
or-aaxpt&abilitymdBtt-apowerfddectrondomr, 
wewauldbopcthmgllthisstudytoaugmmtaurlm&r- 
standingofsubstitneatintarctions. 

energies (&m&d CMG//431G)~for XNH,’ and XB&- 
distuliuTable1.‘Cormpom@o@iihdgeometries 
arediaphyedinF$s.1and2Bolul~are~ia 
Angstmmalldboadal?gluin~.~ 
dataforXCH3areavaibblcfromRef. 10. 

Wewemmmbletoobtainasatisfactorywav~n 
for IiB&-. For this sydcm a positive &m* wan 
fond for the higbat occupid orbitaI in the 431G 
calcotation.Inaddition,thcoptimizeds~um- 
taiwd an abomdy long Li...B bond. We &ave 

Jh+ofiataadion@3ofgroupsxdYmay 
bcobhcdastbeeaexgychaugcaillthefommlreactioas 
(1): 

x-Y+H-H+H-x+&Y (1) 

A positive I&, value idkatcs that the X-Y ad H-H 

Tabk 1. (hknlad toral en&a (Hmtras) for 4-310 optimhd nmcturw Uf8- fimmonhh 

@NH,+) ddimtai borate ions (XBH,-) 
a 
x XM,+ m,- 

H -66.4d -26.92464 

Ll -63.41716 (-U.75s19~b 

an -71.11785 -41.52847 

8b -81.68881 -52.13165 

% -95.44076 -65.91187 

MI -111.36665 -81.89184 

OH -131.11771 -101.72048 

F -155.05048 -125.73515 

l mta taken tram Nf.11. 

b SW! text. 
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bonds are tqptlm stronger than the H-X and H-Y 
bonds. Since Hz is involval in the ddhiq reactions for 
autheiIlmctbn~,nlotiocvahresof%,simply 
cmpan?tlKlinteractionofXalldYtitheaunlof 
thesqmatcintaectionsofXwithHdYwithH.L 
values for XNHs+, XC& and XBH,- appear in Tabk 2. . . 

!Sbbhtm~forasubs~tX,boudedto 
either N&+ or BB-, arc delIned as the en&a of 
reaction (2) (for NHs+) or (3) (for BH,-). 

xN&++cH4+xcH,+NH4+ 0 

XBH,- + W+XCB + B&-. (3) 

XNH,’ and XBHS- arc listed in Table 3. 

Tbel&vahmli~tcdinTable2indhtcthatinter- 
action en&s iwolviug t6c groups NIh+ and B&- 
spanamuchwi&rrangetbantlmcinvohiugthcCH~ 

TaMe 2 Intcmim mrgid (I& 4-3tG//C31G, kcal mot-9 fa XNH,‘, XC& md XEHl 

X xWlis+ 

H 0.0 0.0 0.0 

Li 67.6 -19.0 C 

B2H 19.6 -8.1 -15.0 

wz 4.7 -8.6 -9.6 

Qc3 -19.5 -23.1 -16.1 

w -51.5 -30.1 -7.9 

OH -77.2 -31.4 8.9 

F -99.7 -26.1 31.5 

a lnterectlon energies defined as the l ner9y of the reaction: 

xv t Ii? * HX l HV 

b 4-31G//4-316 results for XCHS taken fnm ref.10. 

c kc text. 



Atlmldhlrpproacbto~tedecta 

Teb& 3. !#bbhth cncqi& (C31G//4-31G, kal ad-‘) for XNH,*’ nod XBIi,-’ 

X 

H 

Li 

BeH 

an2 

CH3 

w 

cn 

F 

XM,' XBH,- 

0.0 0.0 

86.6 C 

27.6 -6.9 

13.3 -1.0 

-3.6 l 7.0 

-21.4 t22.2 

-45.8 MO.3 

-73.6 t57.6 

e Strbillzrtlon energla defined e.s the energy of the reaction: 

XMi,+ + CH, * xui,+m,+ 

b Strbilizrtion energies defined es the energy of the rerctlon: 
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’ See text. 

group. Thus for NH,’ the range extends from t67.6 to 
-99.7, for BH,- from +315 to -15.0 while for CH, tbc 
corresponding range is from -8.1 to -31.4 kadmol-‘. 
This d&r&e ntkcts the powcrftd ekctron transfer 
properties of NHa+ and B&- compared to a Thus 
NH,‘, a powerful electron acceptor, tends to interact 
par&My favorably with electron donors (e.g. Li) 
whik intera&g pat&My lmfavorably with ekctroo 
acceptors (e.g. F). For BK- the nversc pattern is 
observed. CHS, being an intrin!3ii weak electron 
douorora@tordoesnotintemctstronglywitheitlkr 
donorsoracceptorsandhetket&small&trange. 

An&emativemcan!3ofexa&ingthcinteractkoof 
substitucnts with MIS’ and B&- is to USC CH, as a 
reference (eqos 2 and 3). Stabi&& cnergks obtained 
in this way (Tabk 3) it&ate that the ekcuopositive 
groups (Ti, BeH atnl BHs) in&act favorably with NH,’ 
(as conchukd from the L values), t& energks increas- 
ing in the order BH2<BeH<Li. This retkcts the u- 
ekctroodonatingabilityof thescgroups,whichincMscs 
in the same order. The ekctroncgative groups (NHa OH 
and F) interact uufavorabty with NH,‘, with the stab& 
izatioo encrgks &r&i (becoming kss negative) in 
the order P<OH<NH,. Again this order rctkcts the 
decreasing ekctronegative character of the substitucnts 
atom the s&s. For B&- the nversc pattern is 
obtain& BH1- interacts unfavorably with the ekc- 
tropositive groups and favorably with the ekctronegative 
groups. 

Inspection of Tabk 3 indicates that the m of 
stabit&& energks obsuvcd for NH,’ for the sub 
stituents studkd (168 kcal mol-‘) considerably exceeds 
the corresponding range for BH,- (65 kcal mol-‘). This 
e&t may be attriibuted to the relative kngths of N-X 
aadB_X~~~XNHI+~~~XBH,-.TbedataiaF~. 
land2revealthattheN-Xbondsareinvariablyshorter 
than the corresponding B-X kngths. It is these shorter 
N-X kngths which arc appareotty responsible for ac- 

ceotuating the substitucot etfccts (both favorably and 
unfavorably). 

It is of in&test to estabbsb whether the charge transfer 
fromXtoYint&systemX-Ytakespkcethroughthe 
u- or r-system. In prhkipk, a group of tfk type AH, 
mayacteitherasaudotntroras-acceptorsitkeit 
possesses two ~ occupkd p(AH,) orbitak 
(whkhmayactasadonors)asweUastwodcgemWc 
vacant Ir’(AHS) orbitals (which may act as ~-accqtors). 
Mulhhcn charges for XNHI+, XCH,, and XBHa- for 
X=Li,BeHandF(forwhicbaseparetioaiato~-- 
rcompoocnts is possiie) are listed in Tabk 4. Positive 
vahks it&ate ekctroo tnutsfer from the AH3 group to 
the substituent x. 

Tbedataindkatethatu-churgetransferisahnost 
always con&&ly greater than r&uge transfer. This 
suggests also that intera&n energks are largely deter- 
minedbythcacomponmtofthetotalchargctransfer. 
only for fIBeBB_, which cons&& a partktUy 
&ctive u-transfer system (HBc is a goud w-acceutor, 
whik BH,- is a good Ir-donor) hut a poor u-transfer 
system (both are genera8y &onors, though berc HBe 
actsasanacceptor)aretheu--ffachergerransfenof 
similar magnitude. 

The relative adonating abihtks of NH;, CHj and 
BH,- (Le. positive hyperconjugation) are relkcted in the 
r&argeacceptanccbyBeH(Tabk4).Thevahksiu 
crease in the order NH,‘<CHI<B&-. This is con- 
sistent with tbe antkipa&d effect of a reduced mkkar 
charge oo the energy kvels of tbe group ohitals. Rcduc- 
ingthepositivechargcontIkcentralatomisexpectedto 
raisetheetkrgyofbothcccupkdorbitals(makingthcse 
betterdonors)amitmoccupkdorbitals(makingthesc 
worse acceptors). Tbc energy levels are schcmatkahy 
i8ustratal in Ffg. 3. 

Anintri@ugpointisthatthendonatingabihtyofF 
in FY appears to increase in the order Y=NH,*< 
CH, c BH,-. This is conbary to the prcdktioo based oo 



Li -0.859 40.010 -0.502 uJ.041 a a 

9aJi -0.787 a.014 -0.441 +O.OSO Kl.099 Kl.091 

F 40.183 -0.036 a.523 -0.059 tO.720 -0.099 

I*- - 

. 
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r*-- - 

tbe&ctofvarhbknuckarchargeandimpIitdbyFig. 
3.However,itappmustlmttkre~intbeexpected 
I* abitith of NH,+, p, a~+ BH,- stans 
fromt+lrahc+&augcintk~~ofPwithiu 
tp$l l$HhP&~ FIH;. when F ia bonded . 

tNhtddlylOWCXCdill 
cmc&tL to the powerful ehctropwithdnwise act 
oftlleN&+groupa.collv~y,~P~~to 
BH,-, all orbit& on P are sub&mWly _d ia 
energyduetot!lepowerfulelectropdonatmolmtlueof 
theBH,-gnwp.‘lSlowering(raiai@oforbitalencx- 
giesbyane4earow~~(~Qro~hs 
beentemleda&~(sMddkg)~a +tll8 

di8cpcdbyluiunhtiontosubstrtllent 
llobawdbeazenes.‘Ibas,despitetbe 

facttbattbe~~ofNH,+arebwerthantboaeof 
BH,-,thedeaMdhg&ctoftbeNH,+sroapandthe 
hWiqdkctoftbeBH,-OroupontheFbncpairs 
kadtoamaIkrwbnatbnbyFiuPNH,+thenFBH,-. 
Thas,tbcGdding&ctintheneriu~FNH,+,FCH,aod 
FBH,-lappcastodomiaatetbeintrinsiclgcoepting 
abweaoftheAH,groopa 

lIliastudy.co&nMtbe~eupectatioatimt 
XNH,+ syutana are srabihd by 04ectrobdonrtipg 
seta X (;Ii, Be+ BH,l aad destabihd by 
trw admtmaa X (-NH,, OH, FI. 

Tk reverse rc.dts are observed for XBH,-. Interaction 
awgka for XCH, lie between those of XNH,+ and 
XBH,-andspananarrowerlangeofvahles.lkr- 
donating abilith of the NH,+, CH, amI BH,- pwps 
iwcaae io the order NH,+<CH,<BH,- as expectal 
ontbebeaiaofel~~.Ootbeotber 
hsad,andcontaytoelactronegativity~nts,the 
waccep& abilith as reflected in nsults for X=F 
incrae in the same order NH,+<CH,<BH,-. This 
reMlt may be attrii to tbc &shielding effect of 
NH,+ and the shielding e&t of BH,- on the donor 
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