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A&rut--By wng I llrnwzd VI of hybndlurlon stales the method of t1craWc part~rl qu~ll?Mon of 
orh~~rl clcc~roncg~~~~~~y has hcrn c~tcndcd to mokcuks contammg three and four~mcmbcrrd nng The 

vrlucc of charges thus ulculrlcd have kn sucaulully cm~elatcd wlh “C ‘H couplq constant%, ai well 
1% wllh acldlty cnnrtanls. rnd can be uud for the CJkulattOn of dlplc momcnls 

Physical and chrmtcal propertIcs of systems wth 
three- and four-membered rings are profoundly 
d@Teercnt from thou of acychc anaiogucs ” The rca- 
sons ltc III the unusuai typcr of boodmg 3n these 
molcculcs Two d&rent models for the hondmg in 
cyclnpropanc have been developed“ and It has been 
stated that these models can bc transformed mto each 
other b However. thts IS true only if ant3~nd~ng 
orhttalr arc taken mto account. too ‘b 

WC have developed the ltcratttc partral equal- 
lratlon of orbital tlectroncgattv3ty (PEOE) method 
for calculatsng atom3c partlai charges.” In this 
method atomic orbltals arc charactrnzcd by 
cocficlcnts gjrmg the charge dcpcndcna of their 
clcctroncgatlvltics. and allowance IS made for mtcr- 
actions of atomic orbltals hy workmg through the 
nttuork of hondc The with to extend the method to 
small-mcmkrcd rings ncccrsltated a cons3dcrat3on of 
their spcc~al hundmg On the basis of the PEOE 
algorithm already Implemented the valence bond 
model’ of twndtng ucrn~ more appropnatc for our 
purpose In this model the (bent) honds of three- and 
four-mcmkrcd nng systems arc con\3dcrcd as ansmg 
from vrhltals with varying amounts of s and p 
character The amount of hyhndttittton depends on 
the type and number of nnp mvolvcd and on 
uhtthcr cxo- or endocycltc bonds are constdcrrd 

For the drttrmtnatton of hybndl~atton stat= we 
were IO the fortunate porltton of havmg developed an 
algorithm for the perceptton of the smallest set of 
smallest nngr fSSSR) * Therefore. lnro~atlon con- 
armng the mdlv3dual nngs which build up a nng 
s>strm. and uhethcr a bond partlcrpatcs tn. or pomts 
out of. 3 nng. uas dlrcctly avallahle Wth this 
mformatton a hrt of hybnd3Latmn stat6 taken from 
the ilttraturc (Tahlc I) and contamed wlthm the 
program can tx accessed 

An effort was made to hmlt the number of d&rent 
hjhrlduatlon states stored In the program wth the 
rc\uIt that no dcpcndcna: of hyhndlratlon states on 
suhstltutlon patterns uas consldercd although this 
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would probably QVC more rcahstrc plcturcs ‘““” 
Value for the orbttal elcctroncgat3rtt3rr of C. N. and 
0 and the co&icltnts of their charge dcpcndena for 
the dlffcrent hybndtzatton states have betn calculated 
hy tntcrpolatron from the values of the clcctro- 
negat3vmes of sp’. sp’. sp and p stat= ‘* Wrth these 
addjttonal parameters calculations of atomic charges 
by the tterattve parttal qualt#&on of orbttal 
cl~troncgat~v~tt~’ were pcrformrd As mput this 
program only requires hsts of atom\ and bonds rn a 
mokculc 

In order to demonstrate the significance of values 
ohtamed for atomrc charges. corrclatlons with phys- 
Ical or chcmrcal data have to he dcnvcd A physical 
constant rcfiatmg rather obv~nusly the pccullar bond- 
Ing sltuatlons In systems with three- and four- 
memkrcd nngs 15 the “C-‘H couplrngconstant Qultc 
early on. an empIrIcal corrtlatlon bctwccn ‘J, and 
the amount of se character in that bond was ~scov- A” 
ercd ” Thts mlatlonshlp has been extended hy xberal 
groups (c g ) ” Bcmg mtercstcd tn cstabhshmg the 
relevance of the computed chur;pr values. we fitted the 
expcr~mcntal data of Table ? to the product of the 
charges on carbon. q‘. and hydrogen. q,, The results 
thus ohtatncd arc g~vcn by cqn I {n = 2 1. r = 0 994. 
s = 3 t) and listed tn column ? of Table 2 

‘I ,\ *= 11474-181 IO’ q, q” (1) 

At first. m the light of correlations of ‘J,, * unth 
the amount of s-character.““ II might not %zcrn too 
surprlsmg that a good corrtlntlon was ohtamed. as 
some of the parameters were deduced from ‘I,, ,,, 
data However. several pomts need to be stressed 

Flnt. qn (1) extends over the cnltrr range of 
avrllablc data, demonstratrng that the charges on 
hydrogen and carbon are well balanced for both 
saturated and unsaturated compounds. as well as for 
the vanous small nng systems of quite dlffcrcnt 
structure. Furthermore. the nature of our prdure.’ 
that IS. merely workmg through the constitution of a 
mokculc as pven by the network of bonds, seems 
also to be abk to rcprodua small trends In the 
couplmg constants For example. the change In ‘I,, ” 
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Table I Hybndlntron parameters usal In IJK cakulrtronr For unsatuntal and polycychc compounds 
only those prramaa drffmnt from thorn of the parent mooocycltc wucture a~ gwn. c 0 for bond 
orblwl 2.3 In spwopmtanc sp’ hybndurbon II asumed Note aJsa that bond orbrlrl hybnduatlon IS 
dlrsctlonrl whereas for &MA orbrtrl I-2 In spwopcnune sp’ hybnduatron IS ukrn. for bond orbltrl 2- 1 

I value of sp IS rytn uud 
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Extmuon ol the method of rtenttvc prtml apaltu~on 

Table 2 l,hpcnrrmtal l d ulculrtcd (cqn 1) values of “C-‘H ooupltn~ constants. crpmmmul and 
ulcul~tcd (qn 21 l adlty cxmtmtl V&KS m pmnthaes l pmhcta¶ data 
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in the seti= tncycld3 1 I O”] hcptane. bl- 
cyc!o( 1. I Olhutane. spiropentane. cyclopropane ( 146. 
1%. 160. 162 mpcctivcly) IS reflected by the 
czalculalcd value (I46 0. 150.9. 156.1. 164.7 fe- 
spcct~vcly). although for ach of Ihc carbon atoms 
consIdered a hybndlzatron of sp’ for bonds mthm the 
three-membered nngs and sp’ for the two bonds 
cxocychc IO the three-membered nngr was taken. 

Table 2 also grves cxpenmtntal pK, values and 
data calculated by qn (2) 

pK, = 54.3 - 231 4qH (2) 

Unforrunalcly. some mlcrcstmg pK, valuer have not 
yet bren delcrmmcd experimentally. and so WC WCE 
unable IO t-1 this umple rtlationshlp IO IIS full 
extent. Nevcr~hcl~. WC could not mst the tempta- 
tion IO use qn 2 for the prcdlctlon of some unknown 
pK, values (Table 2, column 5. values m parentheses) 

The dipole moment IS a physlul property rather 
obwously related to the charge dlstnbutlon tn a 
molcculc However. rn molccul~ wth free clcclron 
pairs Ihc anlcr of electron drstnbution around an 
atom mlghl not comctdc unlh the nuclear center 
Therefore, In calculatmg dlpole moments by cqn (3). 

known8 that for moltculcs vlllh free e&Iron parn 
dlpolc moments which arc IOO small might be caku- 
lared Using atomic charges oblamcd by Ittrallve 
partial cquallzallon of orhltal tlcctroncgatlnty lhls 
was confirmtd for a senes of slmplc unstramcd 
molecules ‘? The calculated dqxic moments were In 
good agreement wnth cxpoctatlon demonstratmg that 
not only trends In, hut also the magniludti of the 
alomlc charm arc skgnlficant In this contcxl II IS of 
particular Importana that m the paramctnzatlon of 
our method dtpolt moments were nof uwd for cab- 
bratlon. m contrast to other emp~n~al or xml- 
emplncal approaches to eslimatrng dipole mo- 
mclll5 I0 *’ Applyrng qn (3) to the small nng 
compundr reported here gave the mults colltc~cd In 
Table 3. Keeping In mind the approxlmarlon Inherent 
m using bond dtstances In qn (3) Ihc calculawd 
values arc In quilt good agretmcnt unfh cxpectalion 
Only the value-s for the fluorosubs~~~utcd compounds, 
for oxlranes, and for cyclopropanone arc rhghtly 
higher than expected This has already been obscwd 
In a slmllar fashion wnth fluororubs~~~u~cd mtthanm 
and drmcthyl ether. t * 

With this hmrlatron the valuer of Table 3 show that 
the alomlc charges of small nng compounds arc of 
the corfezt magnlludc This gives further slgnlficancc 
IO the trrerwon of the method of partial qualrmtlon 
of orbital clalroncgatlvlty to small nng compounds. 

the dlstana r, IO thest clactronlc centers should be 
used Unfortunately. there IS no umplc way of esll- 
matmg them WC thcrcfotc usd the expcrimcnral 
bond dlrtancu, as approxlmaltons for c, In qn (3). 

Tabk 3 fhpolc momcnnls (In D) ulculrtcd wth ajn 3 by uung bad dIrtan= Expcnmcntrl valuer (MI 
prrcnthcscs) from Rcf 18 
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