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Aktrect 

MNDO end AMI akuletiom. ittcludiok coofluntioo iotenctioos. were performed oo cyclohepmtriene (2). 

1.6~methen@lO)xooukne (3). red the mutomeric eluwveboa (4). (5). end (6). The (al of this study is to 

exrmioc these systems end asees iodicatoa of the impora~ce of through - (homoorometic) iotemctioru. It 

is aublhhul tht the two-center etxerly pertitionio~ terms em apbk of detoctiog fwonbk (acptive two- 

center term) through ague interactions. lo usa of cyclic coojuptloo (homocoojuptioo). it h rlso shown thrt 

the inclusion of CI is necasery. 

Iotmdmctioo 
We hrve receotly proposed thet the bitanoeleted semibull&ne (I) ulopts I symmetricel geometry (lx) due 

to frvonble through space ioterrctioos. Furthermore it is poetuleted tint thae iotemctiom comtitute I 

homouomxtk smbilintioo mad thet (la) is bat rep&d es e bishomobenxetm.l Thea cooclusiotu were 

rexched by comidentbn of the results of MNDO emI AMI celculetions. in puticulxr the feet thet eaerky 

lowerink interactions must be occurriok which force the mobcuk to becow rymmetrial. Thae interrtions 

were correleted with the alculeted hood orders utd two-ceoter etteqy partitioninS terms. 
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Obviously. it ao be ugwd io Ii31 of the limited buis sea end the very oetum of thae semiempirkxl 

celculetiom that extreme autioo must be exercbod lo rsrhinS any cooclusioo mSerdioS lommromrtic’ 

(through space stxbilixioh) iotenctiom. However, we w co&lent thmt our results do indeed indicete the 

importxoce of eoerSy lowerio) through spce ioteractioa lo (la). Our conclusions me supported by the fnct 

thet ratricted buis sets are well known to over emphaixa the importana of three membered rigr2 (which 

cleerly disfavors (Ir) in comperisoo with (I)) end thet thae rmiempirkal ulculetiom tend to underatimate 

the importance of exteodod coojuptioo. ‘*’ In spite of thca frton (la) ls akulatod to lm et Nat IO 

kul/mole more stabk then (I). In an effort to celibate our akulmion, lad to further subrmotiete thae 

propoah. the MNDO and AMI study of known rytsm, qbk of aimihr through s&ma iotaaction, was 

undermkeo. We rho wished to amblish the relhbility of hood order end eneqy pertitiooiok as indiaton of 

homoxromxtic iotenctiom. The molecula chaeo weld cycbhepmtriew (2). 1.6-metheo@10)enoubnr (3). and 

elusovalene (4). es in mh cae the impormoce (or lxck them of) of through spece iotemctionr ha been 

previously eddressed. 

Numerow celcuhtions rod experimeotel iovestigetiont hve been uodemkeo oo cycbheptatriene (2)56*7 

end 1.6~metlmn@lO)eonubw (3$‘*‘. The conceosa of them Uudia b thet l.6-homoerottmtic inmmiom in 

(2) are of little or oo importence. wherea is (3) the hlemctbm w rtrotq cod such experimeotnl maula u 

the photoekcton. NMR. cod UV spectra ceo only be ntlsfecmrily exphiocd by comidentloo of thou 

interaction.2*’ 

Elasoveleoe (4) ha been lea well studied.’ Howsver. expcrirmotel evidence (principally NMR 

spectrorcopy) suuao that throu$h spaa ioteructionr me relatively unimportent.8 
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IO =h use. wJenca hutonwrism to twnumdkw type strwzurea am poaibb. althoo~h atcuhtiom l d 

experiment hxw ateblished thet the groundsteta w iodad (2). (3). xnd (4).2*7*8 

Motbod 

The ~thotb C~OMO for this stwly M tJm mmiempirial MN& ti AMI lo pocedura a implcmeoted 

in the MOPAC ebctmak Itrwtum prolnm’ ‘. As ha beeo noti pmviou~Iy.‘~‘~“~ rimpk SCF akubtiom 

elooe mey not be raffiiieot to describe the typa 04 coojupted rynSm, invatipted here. To eddmn thb 

problem we have also performed coafiiuntioa iotemctioo (Cl) akuhtio~~ on acb of the rystemc UB&~ mtly. 

Twot~ofCIalcoLtionrerr~e212CIeadeIx4CI.borbbatdoocbrsd3KllSCForbi~. The 

au&en (0x0) refer to the number of xtive orbitab in the Cl. Within the MOPAC prgrun. e full Cl 

alculatioo is dooe by forming 111 possible microatatar by pwmutiw the ekctroo emoq the orbipl ~ubspace.‘~ 

Tbc 2x2 Cl alcuhtioo coomiat 4 microrates (leading to 3 ringkt3 end l triplet) end the 4x4 Cl ha 36 

microstafa (giving 20 sioBbts. I5 tripbts. end I quiotet). AU reported raulu in this work we for fully 

optimitbd aeometria. 

,A Mjor gd of tbh -r h to corwhte two-caotlr intemctioo ewrgy valua from the MOPAC prqnm 

with stabilixioa uw.l dambilixio~ through spw~ iotemctiom. Tbae eacraka are obmioed from en enemy 

partitionin into one-ceoter (atomic) lad two-aoter (bond) cootributbru &ad oo e prow&we of Dower end 

Lo.14 

The raulo for cyclobpmtrieoe (3) w tummerixed in Tebb I. T’hb mobcub ir an exampb of l system 

which h cLimed to exhibit l wak to oonexisteot ‘bomouometic’ iotemction across the nonbonded (1.6) atoms. 

Roth SCF and 2x2 Cl akulrtions weld performed using MNDO rod AMI for (2). the Cl hwiog little effect. 

The akuhted SCF ti Cl hoeta of formation were 33.89 end 32.24 kal/mole. rapoctively. from MNDO rod 

38.30 end 36.93 kd/molc. rapectively, from AMI. The 1.6 atom distuta from ell procedura was predicted 

to be abut 2.5 A. To determioe the neture d the iotemctions, the bond orders end two-ceoter eoergy terms 

are 0.02 xnd a.31 eV. Tbae iodk8te I weak destabilixiog interaction. entirely conshteot with experimental 

raults.6*7 

For ccwapuisoo. akuletioa, rem ebo performed oo ooraradiene (7). The MNDO hero of formetioo em 

41.14 rnd 3.S.96 k&/mob by SCF and 2x2 Cl. rapectively. As expected, thb mobcule is predicted to be less 

stable then cyclohepmtrieoe (2) (6.7 kcll/mob et the 2x2 Cl bvel). The I.6 dimaca b I.56 A with a bond 

order of 0.94 end e two-ceoter iotemctioo eoeqy of -I I.9 eV. iodiative of the sioak bond between I rnd 6. 

The AMI values for the bat of formetioo xre 51.03 lad 48.56 kal/mob by SCF lad 2x2 Cl. rapcctively. 

The raula for l.6-methrao(lO)mnnukne (3) em summaritrd in Trble 2. For this system l 4x4 Cl 

alculetion wa necusuy bec~wa of a near degeoerrcy between the IWJ bighat occupied orbiteb end rho 

betweco the two lowest uwccupied orbit& The computed SCF end Cl beats of fwmetioo wem 79.97 end 

71.20 kcel/mok. respectively. from MNDO end 11.06 and 70.27 kaJ/mole. respectively. from AMI. 

The l-6 nonbonded intemction is ryio of mxio ioterat. The distance h predicted to be rbout 2.3 A from 

the SCF end Cl cakuhtiom baal on both the MNDO and AMI procedum. Even thouah the Cl doa oot 

seem to meke e very big diffemace io the interatomic dbtxncu. it ha L lerga effect on the other qwntitia of 

ioterat hau of formetioo. bond or&n. and two-center iotemctioo eacrgia. The MNLXJ SCF rault ha e 

very smell bood order xnd e positive (databilixio~) intemctioll energy. lo cootrat. when the Cl b included. 

the bond order increaa eppmchbly UKI the iotenctioo enemy becomes -live (smbilizing). The AMI 

ruulu ere quelimtively the time except thet the intenctioo eoergia w xlwayr ~tebilixio& 
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TABLE 1. CYCLOHEPTATRIENE RESULTS 
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Atom Pain 2-3 l-2 3-4 l-7 l-6 

tifance (A) 

MNDO 1.46 I.35 1.36 I.50 2.5s 
MNDO-Cl I.46 I.35 1.36 1.51 2.55 
AMI I .JJ I.34 1.35 I .46 2.46 
AMI-Cl I .44 I .34 I .35 I .46 2.46 
Exp (ref 15) I.45 I.36 1.36 I.50 2.51 

Bond Orden 

MNDO I.04 I .67 I .63 0.96 0.02 
MNDO-Cl 1.04 I .67 I .62 0.96 0.02 
AMI I.06 I .66 I.81 0.99 0.03 
AMI-Cl I .06 I .86 I .60 0.99 0.03 

Two-Ceatcw Energy (eV) 

MNDO - 16.62 -23.62 -23.29 -15.44 40.31 
MNDO-Cl - 16.90 -23.59 -23.16 -15.41 to.30 
AMI - 16.20 -22.92 -22.56 - 14.73 to.20 
AMI -Cl - 16.26 -22.66 -22.47 -14.71 l 0.20 

TABLE 2. 1.6.METHANqlOjANNULENE RESULTS 

Atom Rin 3-4 4-s J-6 6-7 7-6 6-9 l-6 - 

Lxsaocc (A) 

MNDO I.37 146 I.37 I .47 1.36 1.47 2.32 
MNDO-Cl I.41 I .42 I.41 I .44 I .39 1.u 2.31 
AMI I.% 1.44 I.36 I .44 1.35 I .44 2.30 
AMI-Cl 1.40 I .39 1.40 I.40 1.39 1.43 2.30 
Exp (Ref 16) I .42 I .36 I.41 I .40 I.36 I .42 2.24 

Bond Orden 

MNDO 
MNDO-Cl 
AMI 
AMI-Cl 

I .77 
I.50 
1.71 
1.33 

I .06 
I .29 
I.13 
I .47 

I .77 I .02 I .63 I .os 0.05 
IS1 1.13 I.68 1.1s 0.13 
1.70 1 .OJ I .79 I .06 0.06 
1.32 I .29 I so I.31 0.14 

Two-center Energy (evj 

MNDO -22.76 -17.11 -22.73 -16.76 -23.27 - 16.68 4.16 
MNDO-Cl -20.67 -19 I6 -20.63 -17.76 -22.04 - 17.96 -0.29 
AMI -21.74 -1694 -2 I .72 -16.16 -22.43 - 16.47 -0.12 
AMI-Cl -18.81 -19.90 - 1t.72 -18.52 -20.06 -16.61 -0.54 



1458 R. V. WILLIAM QI al. 

For the oorarnliem-like m (6). the runh ue more iatcmIin6. By MNDO the SCF and Cl beets 

of formatioa am 77.32 end 70.69 kal/m&. mspec~ivrly. For AMI. cbey em 66.1 I and 62.25 kal/rnok. 

rsspectiv~ly. II w81 noted earlier by Dewer end McKee’ &et MNDO feib to give the proper rehtivc caer6ies 

(even with Cl) cod padka rhet the wraredbtb 6eomatry is Ihe moe1 sable. However. our AMI alcule(rons 

6ive the cormcI Onbdtt6 WiIb che 1,6_aathew(l0)ran~bae II?UCtUre (3) u the #rOuad sate. 

For ehnoveleae. ~hrw different v&ace tauIomen were found ((4). (5). end (6)) end their mulaare 

shown in Teblm 3-5. The bwest energy form b ~he only one IO have been isolmd and studied 

experimentally. 7*6 Tbe h-1 of formetioa h 74.57 uxl 66.21 kal/rnok by MNDO end AMI. mpectively. By 

both mc1bods the w~tbonded l Ioau OT iattruf (1.7 end 3.5) ue over 2.5 A epert. heve very smell bond orden. 

earl hwe positive i~Iersccioa eoer&n (daPbilizin6). This implia chrt there is IK) %omwomrIic interection 

between ~bme etooll. once mom io eaord with experimental evideoa.6 

The IINCIUN (5) of oexl hi6her ewr6y hu en MNDO heal of formdon of 99.66 kal/mob end en AMI 

nlw of 117.1 I kal/mob. This ccrrerponds to e 6eome1ry with e sin6b bond nsron the 3.5 terminus. For 

these two l tow, Ike disaace is I.56 A. the bond or&r is 0.91. end Ibe two-center energy h -I I.7 eV. The 

other atom mir of interest (the I.7 peir) ue 2.36 A rput, rich e bond order of 0.02 and l two-center ener6y 

of tQ.29 eV. 

The billtest easr6y sIructum (6) bm e alcuhtd heel of formerion of 103.43 end 119.46 kal/mok from 

MNDO end AMI, respatively. This sInbIure hns e sin6k bond gross the I ,7 rtom pnir. Now Ihe I.7 

disuna is 1.62 A. with l hand or&r of 0.66 end I Iwo-anter intenction energy of -10.6 eV. comared with 

rhe 3.5 distrna of 2.43 A. bond order of 0.01 cod two-cenltr ener6y of 4.32 eV. 

In the ase of ebssonbw end ia tautomen. 2x2 Cl alcuhIiotn feibd to 6ive resuks Ihxt differed 

si6nifiaotly from the 6CF result. 

TABLE 3. ELASOVALENE TAUTDMER (4). 

Atom Fair l-2 2-3 I-II IO-II 9-10 l-7 3-s 

Dbrrnce (A) 

MNDO 
AMI 
Exp’ 
Expb 

I .I6 
I.46 
I.46 
1.u 

I.36 
I .3J 
1.34 
I .32 

1.36 I.46 I.36 2.54 2.60 
1.34 I.14 1.35 2.46 2.54 
I .39 1.43 I .39 2.40 2.54 
I .33 I .4J I .43 2.u 2.54 

Bond Order 

MNDD 
AMI 

I .02 
I .03 

I .66 
I .67 

1.60 l .OJ 
I .76 I .07 

Two-aoter (eV) 

I.61 0.02 0.01 
I .79 0.03 0.01 

MNDO -16.31 -23.14 -23.26 - 16.69 -23.15 a.26 a.33 
AMI -15.69 -22.61 -22.54 - 16.40 -22.46 +a II a.29 

e) X-ny sIrucIure of CrfC0)3 compkx (Ref. 17). 
b) X-ny strucIure of beomnnelr~ed compound (Ref. 16). 
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TABLE 4. ELASSOVALENE TAUTVMER 

@ Q1 (” 

1st 
Atom Rir l-2 2-3 I-II IO-I I 9-10 l-7 3-5 

MNDO 
AMI 

1.37 
I.36 

I .49 
I .48 

1.46 I.36 1.46 2.3) 1.58 
1.u 1.35 1.u 2.35 I .55 

Bond Ckder 

MNDO 
AM1 

1 .a4 
I.61 

1.01 
I .02 

I .02 I .a4 I.04 0.02 0.9 I 
1.04 I .a2 1.06 0.02 0.90 

Two-center Eoeqy (cV) 

MNDO -23.12 - 15.aa - 16.75 -23.35 - 16.86 a.29 -11.72 
AMI -23.38 -15.34 - 16.22 -22.65 -16.31 4.10 -11.31 

TABLE 5. ELASWVALENE TAtJT0MER (6) 

e 8/ 6) ‘\ 1 9 ‘,L ,:1 18 

161 

Atom Rir l-2 2-3 I-11 IO-II 9-10 l-7 3-5 

Dismaa (A) 

MNDO 1.50 1.36 
AMI 1.49 1.35 

I .48 I.36 1.46 I .62 2.43 
I.46 I .35 I.U I .58 2.39 

Bond Order 

MNDO 
AMI 

0.99 
I .OO 

1.91 
1.90 

I.01 I .a3 1.06 0.87 0.01 
I .03 I.81 I.08 0.85 0.02 

Two-canter Eneqy (eV) 

MNDO -15.64 -23.60 - 16.36 -23.24 -16.95 - IO.15 a.32 
AMI -15.06 -23.00 -15.86 -22.56 -16.37 - 10.57 4.23 

Cooclellou 

Them em tbme nmin conclusion to be drawn from tbe above msula I) the two-cenmr inmmctbn eaer&s 

am good indiaton of norbonded (homoeronutic) intcmcfions. 2) u pointed out by Dewu rod McKee’. Cl is 

necemry in meay insunacet end. mom impornndy. rho m to be I m diecriminetor for tbe pmseoce of 

cyclic conjugation (homoconjuption). and 3) the AMI antbod wam# to be better puumteriti fa the types 

of system, studied hem. than MNDO. A Coti poiot IO be noted h that the bosd orders wan to be of no use 

a~ e dkrimirmtcu of lwomble iotemctions. 

1) B. In the cu8 Oc the bridled [IO)eanuJew (3). where the existence d I arma 

holnouwmtic bwmction h wall Keepcad. cbe two-anti temr) from both the MNDO end AMI (Cl) results 

are negative -- indiatin energy lowering interactions. For cycbheptntriene (2) and ehmovrkme (4). rbere 



7460 R. V. WULLUU CI al. 

homouomatic iotemcti M my w P be d much ba impaoaoe. the two-cdntcr ternu w 

BOIitiW -- illdiatiW of destabilincko. Fir&y in the use 0f the binowhted mmibullwkae (I), whem 

eaerlY bwrin# (bomaromrh) inamcti0rn M smund to f0rca l tylnmetlial ground mate. the two-cdotel 

terms m oe#4tive 0tnx wrn imlkatiw cd mbilimtion. lo the m thus fu ~hdied for which the 

imp0rtatnm of bomouomr tic intewioat hu bea0 ~~Laed by orbs mans. Ihe two-center caergy putitiooin: 

terms minforc+ tbwa 00oClwi0~. We theref0m sumast chrt these ho-c8oter terms be b&la4 10 the -ry 0f 

dilcrimiMt0on for boammmnlic in-m. 

2) mlntwrtion From the )dwm bod attendon OhNOd in Ibc MNDD cdcuhtkms 

O(I awed ~nobm Dsw and McKee’ con&&d t&t lyND0 did mt fully #aunt fa the coojupttin 

pmseot. They IP~md tblt Cl umy mdmu this imbrhacc Md lh0rcd that tb8 b0nd altemlti00 wts m&x4 

d raul0 m0m d&md with rrperimsnt wm obcrlas6 usin VMNDO. AboCher MNDO nwiiy. 00 

remiballwkae12. rborrd tbst raula io u mt with srpdmeot m 0nly 0btain.d if Cl w iocldai. 

We risb tO exond this mquimmsot 0f tba iocltui0o 0f Cl for accurate mpmuomti00 0f cyclially coaju~ted 

ly¶(smC t0 1 dhyw*tk bvel. In lU Of Our akukciont the iodd of Cl oaly bd l ri~ifkant effect (on 

eneqy. Iw)-c8oter t8nns. and b0Dd 0&n) wheo cydic b0m0coojqd00 agzgesd t0 be impormnt. Heoce WC 

BUW lhrt his mry be used a a further discriutiantor in the srmblkhmsnt Oc bomcuronm tic iotcmctions. 

3) s. An iotemati~ aidelight Oc tba akuktbm we hw performed ic the compviroa of 

the MNDO a06 AMI meth0rk. From a compuk0o 0f the dcubtd boo4 distxnas with tha experimenti 

wlw, io Trb l-3. b0th twthd do quits well -- with tba AMI maula king slightly better. Howewr. 

vbeo bokiry at bata of formation data, only tbe AMI method pm&cm the cormct energy ordering for tbe 

I,6-melhrw(lO)m0okw lad itn aaMdbm bombs. TIwe akuhtioo am alno in excelbat vt with 

tbe ab idi0 6-3lG/MF2 maula of Had&a and Ryh8chui2. which indicated a boo6 equalized ground atate 

with tbe aorardiene ntructum about 16 kal/mob higher io oeeqy. Tbe AMI energy diffemacc is akobmd 

to be 12 kcal/tmb. Put of the diffemacea in mm10 may be expkined by the owmstimrtion Oc mpubioo in 

the MNDD. 
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