
l%eprotona&ofben23mide,and,ingcaeraltbepro- 
tor&mlofamideS,basbemtbcsubjcctofPconsider- 
abkmmtbcrofshulics,inwbicbtbeprotonationsitcwa.s 
OIE of the most conetive points. Tbc earlier work 
conch&d that tbe mechanism of hydrogen exclunge in 
i&kSpNKCCdSbyprdoaation~tbCNatom,’%X4Xd- 
iag to qerimental evidences,~ Since the hydroxide 
catalysed reactkm is fada tlmn the bydroniumcatalysed 
OIIC. 

K&itxkyruL4Studyiugtbeprotoni3tioaufbeb 
xamide in sulpburk acid media found tha! the points 
ohaid to evduate the comspoading PK. yield a 
straigbtline,witbaslopclessthanunity,wbeo6ttalto 
tbl? HcndcrSon-HasSelbacb CquatiolL !%ailar result.? 
were reported by Yates et aL’& for p&on&ion in perch 
lark acid. However, tbeSc IesultS were intcqrcted a.3 
evidcoce of protonation at the 0 atum.’ Rc4t.s from 
NMRspectnrscoqystudies~Scullcdtoratifytbatamidcs 

z”“““” attbeOatom,undcrtle3ccob 

Paul. and !3cbubnan’ iBdkate that tbe PK. values 
reported by Katritzky d aL4 and Yates d I&& (-210 
and -2.0, reqcctivcly), are not con&tent with tbc PK. 
valuer (- - 7.0) of other car&y1 derivatives of bcn- 
Zeae,andtlEycOnCbKiCtb&protoaationofbUlx2U& 
io moderately concentrated H#04 occurs at the -NH2 
group. More recently,’ from a UV and NMR study of 
protonation of bcnzam& in concentrated sulpburic acid 
and pure tluoruSulpburic acid, Iiler concluded that hen- 
xamide present.9 a tautomerism. with a changeover from 
N-prdoaatedbenzamidein~UC0USaCidtoo-pro- 
touatcd in coaceatratcd or anbydrous acid. Un- 
fortunately, the probkm Seems not to be completely 
settled; Perrin propo~ed’O a Maent mechanism to 
explain tbc hydrogen excbangc in primary amides, which 
implies protonation at the 0 atom. &cc the daferent rate 
of exchange of the two N-H bydrogcns can be 
explained, only if O-protonation is favored. 

Tbeaimoftbispaperi.stoprcscntsome”ab~ 
cak&ionSontbcprotonationofbenxamide,asacon- 
triion to clarify this probkm. We have found”-” 
good linear correlatioas between &as-phase proton 
atIinitks and calculated C,., 0,. and N,. orbital energies 
for those bcnxenc derivatives that protonate on tbe 
aromatic ring, or which are oxygea or nitrogen hues, 
respectively. These correlations allow an economical 

evaluation of tbc intrinsic basicity of any position of 
these kind of c0mpound.s an4 therefore, tbc prcdktion 
of tbe most basic site of the m&cuk under in- 
vcstigatilnl. In order to UmSider the effect of tbe Solvent, 
lKItilXbMkdillSlKbcomlotioas,wCwillCxtend~ 
trca&nttocon!3i&reh?ctroStatice&ctS,tbatarc 
probably involved in the ~ulvation mccbanism, by 
evabmting the correSpooding molcudar electrostatrc 
pOtdillS. 

Gas-phase bosicity 
we have adoptal for our study of bcnzamidc its 

experimental geometry” to avoid very expensive 
mztry F 

m 6,. and N,. orbital cnergic~ were 
calculated u&g a SI’O-3G minimal basis set.” From 
tln?Sc data and using CqnS (2) and (3) of Ref. I131 the 
iatrinSicprotonaflMieSofbotbpoSitionswercobtaiMd. 
TbercSultSindiith&intbc#aS+ase,bcnzam&iS 
ckarly an oxygcn&~c, bcb tbc intrio.& P.A of the 0 
atom (224.2 Wmol), 22.5 Wmol bigbcr than that of 
the N atom (201.7 kcal/mol). ‘lEc~e results agree with 
those obtained with the corrcSpondiug molecular ekc- 
tro~tatic potentials. In Fw 1 we show the molecular 
elcctrostatk potential map, calculatal using tbe SanX 
basis set indkat4 above and tbc equations of Ref. 17. at 
tbc oxygen and nitrogen rcgion~. 

In the bst cue (F@. l(a)) this map ~8s calculated on 
the plane defined by the carboxylic group and the N 
atom. In the second caSc (Fii l(b)) it wn.5 evaluated on a 
plane wbicb bisects the HNH an& and is perpendicular 
to the -NH2 group. 

!&dy of possiMc soMion &xts 
It is well known that the key i&x of basicity in 

aqueous solution is the free energy of protonation of the 
baSeiuwat4%. 

AG”prot,s=Mprot,s-TASprot,s (1) 

(aaT: g of the conjugated acid, since AG” prot, s = 

Accord& to tbi~. we would bcbave a~ a 
nitNlgcn base in Solution, if salvation effect.9 would in- 
troduce a noticeabk cban8c on either (or both) the 



mthalpy W”prot,s) and tbe entropy (-Tmprot,s) 
terms. 

Auer~‘~havesbmvnthttbcreisveXygoodcor- 
relation between the enthatpii of protonation of alkyl- 
aminesingas-pbaseandinequeoussoluth.Itwouldbc 
reaso&ktoassumethatsuchacorrehtionalsohohis 
for amides. Illerefore, our detemhtion of ga!S-ptmse 
P.A.hisaformofmeasuringt&entbalpytermofeqn 
(I). on the other bami, eatropy changes are usuany 
poduced by symmetry aIterations on protonath. We 
win now discuss some possiie structl& clnmge!J which 
could take place in solution, and tbuzfore modify 
AHpro~s,hSOprot,sorbo&simultaneously. 

Both experimental determhahns’s and theoretical 
c&.uMh,n show that tbc coNH2 glwp of ben- 
zamideisnotcoplamutotllearomaticril&buttwisted 
sothattbedhdralan&(~)betweenthesehvoplane!3 
is about 24deg. In principle, we expected a situation 
similar to hat found in anisole,~ i.e. that the con- 
formath of the -cONH2 group relative to the aromatic 
rin# affects, not only the absolute value of the proton 
a&ity of this compou& but also the site of pro- 
tonation. To iuve&ate this point we have carried out 
calcuhtionsonthismoleculegoingfrom~=O”@lauar 
conformation) to 4 = 9lP (orthogonal conformation). We 
have fouod benzzhk to behave in quite d&rent way 
from a&ok: tbc i&in& basiity of either center 
(oxygen and nitro8en atoms) does not cluuge with 4 In 
consequcncc, the correspomling AH’prot,s should 
remainalsouoclmnged.OntbeotbcrhalKlvariationsof 
the corresponding molecular elC!&ostatic potentials are 
sosmallthatitishardtobelievetbattherotationofthe 
-CONH, group could iatroduce sign&ant changes in the 
entropicterm. 

Intbegas-phasethe-NH2groupofbenzam&is 
plaukany planar. AootbeX possible structural cban#e 
produced by the iutervention of tbc solvent, could be a 
ccrtainpryimidixationoftheamioogroup.Asthismole- 
cukiatoobietosardytheinftueaaofthiseffectonthe 
intrinskbaskityoftheNandOatoms,wehavestudkd 
this point usis a simpler molecule: formamide. 

Our results, u& the experimental geometry?’ show 
that th P.k of the 0 atom (evaluated from its 0,. 
orbitalenergy’~is6.6kcaumolhigherthanthatoftbeN 
atom. !hihrly, the absolute minimum of the molecular 

electrostatic potential at the 0 atom (-61.6 kc&o@ lies 
Z25al/~o~t~ the N pv (-35.8 kcalhnol). 

ia the gas’phase.‘~ ’ 
benxamh t Is an oxy8ell base 

We have next carried out a full geometry optimihon 
of this molecule (at the SlD3G kvd) for d&rent 
values of B (Fig. 2 for dehition), from B=O (planar 
conformation) to 8=5Y (which conmpoads ap 
proximatelytoa tehlhal conformation). We have 
found that tbe difference between the P.A. vaiues of 0 
andNdccEaSsgraduanywithincruMiie;ate=55 
this dihencc is 4.7 kcalhol, i.e. 27% smaller than in the 
equitii confomlation. 

AsimilarresultisfoupdwhcPthemolecularelec- 
trosMcpotentialisevaluated.Intbiscasetheeffectis 
stroager. Par e=55”, the abhte minimum at the 0 
atom is -55.7 kcalhnol, i.e. 5.9 kcalhnol shallower than iu 
theequilibriumconformath;buttbeoneattheNatom 
is deeper (-68.6kcaUmoI) than in the equilibrium cob 
formation, and lower than that at the 0 atom. 

Thefore, pylh&ath of tbe amino Broup 
decMsestlRhkityofthecarboxylic@oupandin- 
creasestlultoftheamhogroup.Inconsequence,iftbis 
.strocturalchangetakesplaccinsolution,tbedilference 
between the enthalpy terms for both centers is smaller 
thanintbegas+.9e.Tbevariationsinthistermare 
essentially of electrostatic nature, in agreement witb the 
suggestions of Aue et aL” 

However, this is not the only effect that occurs when . . . . 
pynm&ahnofthe-NH2grouptakesplace.lBesame 
authors” indicate that the base interacts less strongly 
withthesolvent,wbenthreisahighdegreeofchge 
delocalisation. In our case it is evident that pyhddiza- 
tion of the -NH2 group makes more localhed tbe 
nitrogen lone pair and therefore, a stronger interaction 
with the solvent sbould be expected. As no sign&ant 
changes take place on the oxygen, this effect could favor 
nitrogen protonation. Also tbe contriiin of the 
entropy term is in the same direction, because of tbe 

-_R 



unsymmetrical cbargc de- in- by 
pyrimidiEation. 

Tocorroboratetln~conc~intheparticularcaac 

mumattbcOatomissldhnver,andt&eoneattkN2.5 
time8deepcr,tbantbosccomspoadinetothecqoili- 
%gJrmi%g 1). 

bWamidcisalloxygcnbaseio 
tbeEWpJJa=beine lwdablctheditlaeacebctwan 
tbeP.AofOadNatoms.Ro&moft&~ONH~ 
@ouprcspcettotlEafomaticringdoc8notaffecttk 
ba!&ityofthemokulk. 

I.ftlEprescnc8oftbcsolvaltcallscnpyrimidizationof 
theamh,gnq,thcintrScbas%tyoftbeOatom 
decreaseswhikthatoftbeNatomhrcaacsandthc 
mtcre&nofthiscul~withtbesolventisstrongcr. 
This wodd explain the tautoh with a changcovcr 
fromO-protonatalbenzddetoN-protonatcd,~ 
poscdbyGkr.’ 
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