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f 232.2 201.0 6.92 4.96 0.1401 0.1159 0.2447 0.17s4 -166.51 194.90 

3 176.4 1.06 0.0266 0.0571 0.67 

cmo/s 

:: 217.9 209.0 4.12 4.21 0.0694 0.0976 0.0946 0.1460 -111.50 155.12 

Falculated iron dipole voloctty integrals. 
bCmlculated from directly evaluated dipole length integrala in the 
came of the IUI IlD’m and dipole length integrala am l pprox1matod in Ref. 
22 from dipole rolocity integrals in the carno of the CXOO/S HD'm. 
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Fii 1. CD (tap) md UV @ottom) rpctn of lmbqmam 3 
pdctc4ffomEHM(Ya. 

withtheCD~obsavod’for~which(be&t& 
lnimuimyeof3)diIpl8y~8llL?@i~CottoIldfCCt1 
231nm(Aa=- 3.8). The pcdictea Ae(Fig. 1) ia 8bout UI 
orderofffB&ldetoo~battheEHMO’rdowcll8t 
pdktingthe6ntcottool&cttobe8t232mn. 

RotllRH8DdCNDO/spralicttbeal!coodcottoa 
a!ctof3tobelleg8tive(T8bk1).Rccalue0fthe 
diuca?nceincoa4partioar8ttheuymmetriccentain2 
8nd3*oneluollld8atkipatetb8t2aboulddinpl8yr 
positiveaoadCotae&t.Iafrct.tbcCDspeaum 
of2w8sin~urbowiplrwakpoaitive~ 
dcr 8t 212am. Aho, tbc spcctd curve’ h headie# 
tow8rd 8 positive exbemum somdlaebdow2ootml. 
lbeexperiment8lspcdrumexteedaldowntooIlly 
20DtmlUd~y,bUtviSU8linrpectioaofthCCUlVC 
k8d6o#tObdkVCth8tthCpO6itiWCXtrnnumi6N!A. 
ontbcotbab8l&?bcartunoftb9ilam6&c6boul- 
&W86nprdes86Wt8b6dUtdyCW8iUb6UU96af 
aoi6cilltk6pccmf&~ofthc~8ad 
f8irlyn$liddlwmpodtjoad2upoaIrurrliru.Althayh 
tbesh8pe8dpasithaftbesboakkr~tb8ta 
umld~from8trrarit#of~rohtory 
stmtgt4cmecould8hoilM&le8calBhhoof8 
WC8krrqdkwiOtamcdhtetnndtioaW2113lUU8Dd8 

bod#namhrt6tmam~tnnrttioa8mand 
19snmwhicbmigbt8lsoanDbinetoYtbenme 
expeha8lawe.Rerolltioadthis~oftllo 
*oftkintamsdLte-~notbcfari#e 
lultiltkshqeoftbcaRvebabw200mElhkst3w&8od 

eveatbenthequutioam8ybeumettkd~seoftbe 
noouaitpma d lit& Gausim JD curvca.y As 
expl8inalhta.wcprdertourocutethe~ve 
CXtElllWljU6tbCl0W20OlllUWithOWC8kUl8tCd9CCOOd 
Cottoad?eCt.Tbepedidad*8DdW8vCkUgtbcT8bk 
18dFii1)8retbadarellat~.Thenrrhpe 
oftheiIwmal&~is~Lta. 

hMitiMl(T8bkl)irflht8id~of 
waetberdipolevdocityadipokklt#tllintegab8rc 
usedintllcirpedictioa.ExpaimeaESy,2buA,8t 
222llm 8od r=lloo iu llwthd.‘The aimllktaj uv 
lqNdllmiO~i1rkm8pl!8k8trbautZjOIUUWitb 
c=5ooo,somodest~th8chkved. 

comidcr#xtthemonocyclk~-l8ct8mre8ultsfnml 
tkEH(abk2)8lldCNDO/Sfl8bk3)MO’aThe 
correspodiq8jledr8fmmtbcRHMo’s8regiveafa 
the tntmutd (‘NH,+) 8d unprotonoted (NH3 models 
of 4 in pip. 2 8nd 3, npectively. Far the hypatlhd, 
lnmphlt8f moaocyclk phct8ms tJlcre UC no expui- 
ment8lCDaUVd8t8forcLqwho. WCdoaOretht 
theCNDO/SmdEHredtsfor4witbR=NH,+8nd 
a,=13Y8reverysimil8rtotbo8cfor3(nbk1).fu8o, 
wenotet&tthe6Mt8ndsaxdpdctaltr8cdhs 
lwc oppod sip. Althgb qumataive diuc?cnces 
bctweentJwtwoMOmetbodauelaticipPtedaprobkm 
exisbinreg8rdtothelzonsistalcyofthc~ofthe 
rot8toryshngthstlwou@therpneeofu(secT8bks2and 
3). We have rec&kaJ the c8khth3, so tbc pddem 
m8y stem from one or both types of w8vefunctioo simply 
notbeiaed=*. 

hhocyclic&18chmn8fekDavntoprefa811Np2 
nitmp(8tthou&tbeawrgynquiredtobeadtbeN- 
$iubaudoutofcopLnrrity1S”orlo~iaquite 
ad’ 8s expa%al.=.h Expaimentrlly, the CD spectr8 of 
lDOW@iC~-bCt8IlUWithr,-~C8Udi6pby8~8t 
2%234nm @dcl<ll) dcpdiug 011 the 8olveot ad 
the podh 8ad nuare of &sthnts’_ 
Fh4Inaltly.raktituentrontbe~f8cec8naetbearst 
Cdtoaeascttobene#8tive,when!uIllb8hwoatbc 
a~auBeittobepo8itive”~tbe”cogluru” 
formd4brrthe3-RdMtnentoothej9face.oae 
wooldexpcct*tbeprawaiarstCdtal~tobe 
ne88hTheCNDOiS~opttle~twofo~ 
4wi&~=1IPinTI#e3mqudwndy 
IV@. The aeulod Cottoa e&t (aerr 205sm) in 
WlO@iC@khlll8i6dI6l!MftOb8I'C86i@l 
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mr2,isoo 

I(B2,l6So 
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NE2,13f" 

laY3+#100o 

Ira3+,16S" 

mI3?150o 

lsl3fl3so 
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i: 

f 
3 

3 

: 
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f 
3 

f 
3 

f 
3 

243.1 

1:E . 

253.9 

%'X . 

219.2 
211.0 
179.1 

222.5 

If:*: . 

229.9 
209.5 
180.9 

0.75 

'.02% . 

1.99 

'Et . 

2.66 
9.42 
0.86 

71.86 
-79.46 
16.93 

0.0519 94.78 
0.1971 -76.59 
0.0205 0.81 

2.63 0.0487 100.44 
8.39 0.1593 -57.80 
0.93 0.0219 -15.36 

12.82 
0.99 
0.13 

8%~; 
0:0033 

-9.43 
3.49 

-18.80 

10.26 
3.05 
0.41 

7.62 0.1556 173.33 
4.56 0.1024 -175.41 
0.96 0.0251 -13.26 

5.6s 0.1106 
4.99 0.1069 
1.80 0.0461 

0.0152 10.31 
0.2720 -44.02 
0.0216 32.23 

0.2169 

8Ef . 

144.71 
-150.42 
-14.44 

BtCuctUro Transition ~fml 4, fn 8 b fn CR1 

nu2,180~ i: 249.1 0.83 0.0156 0.0075 170.7 5.46 0.1505 0.3294 -it% l 

RE2,lCSo f 222.9 2.40 0.0506 0.0570 110.04 
184.2 5.00 0.1276 0.2407 -79.46 

llm2,lSO~ i: 210.0 3.74 0.0636 0.1257 -106.50 
191.0 3.68 0.0904 0.1459 112.26 

1112rl39o 2" 230.7 2.44 0.0500 fl%d -99.92 
171.9 3.68 0.1080 . 87.00 

Ila3+,18Oo 
i 

276.1 0.48 0.0082 0.0013 -11.22 
179.2 5.46 0.1430 0.3222 1.48 

lIE3+,l630 
f 

260.4 1.00 0.0176 
II*dzX9JP . 

58.72 
162.2 5.19 0.1330 -35.94 

Ill3+,tsoo 
t 

246.6 2.30 0.0438 0.0103 108.30 
192.2 4.54 0.1110 0.2940 -69.22 

Q3+,133o 
a %*i . 

3.28 0.0704 0.0842 126.86 
3.s4 0.0694 0.1381 -91.32 

Falculatecl from dipole velocity intqral*. 
kalculated from dipole length tnte9ralo a0 approximated in Ref. 22. 
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iaaotkwwafofsurehlwIwhrucbrtrrnritioawouId 
coatn’lutetOthC~~OptiUlUtiVayOfS(~ 
2).I~@lU78l,Rydkg~~dWWdinprplbW 
spcctm,mditiauauallybdievodtktthwcCDbu& 
willMlth8veappE&b&inmsity~in 
phrec.= 

GtrplbUCStUdiCS’0&ShWth8tR~8t8tCSCOIk 
GbUtCtOoptilApdivity.C&ll8&dlofRyd- 
befgtmMitksiIl8mide3lt8vcindudsdorcitbtor 

dictiom,ufaruweknow.(mrckukoa& 
the CNDO/SCI alcul&a of El&a, d aL.‘s” give 
olllytwo,notthrec,CDbmdafarthe8iaidcchmm 

Amoslh miausothl!rpos&iWs”th8tcaabe 
ca~fort&~caaoOcu~af5i8tlmtit . . 
arbufroolinkmohhwoclabon. nlcsboakin 
thcCDofSoalyahowcdupiucycldaancmdacetani- 
trik.” It was not obmvaI in protic advcnta. However, 
BMha,raL,“diacuanttdthe~ofintcnnokcd~~ 
aaso&ionfortheirmolacukbeuuntbeyobacrvi!d 
cmca&&niadependeacxofthdrCDrpedrclradthc 
pmenceoftbeb8ndinscetonitrileaIwdlucycb~. 

ThuehavebamadotioapbueCDstudiuwbich 
&aamtnMthatmiatsrmedktekndcauklbcuro- 
ci8talwitbdimaintioaofmidlvJ.Fariwt8ncc,1,7. 
7-t1im&L2uabicyc&@.2l&cptm-3-oac in hexme 
dcvclupso#wCDbandinmnaWcbctwccathea~ 
r+alulr+r+bmdsuthesohlGoobaxlammon? 
amceotntal.= !JimiMy. SW zpymaasa 
whmccmcmmWuekDowntodimaizeillhcx8aca 
cycbbcx8nc,8ndoaewbMdnear2oonmoccura- 
pmlmblythermidepoPpr8fcH-boodcd~. 
Tbe+aoftheaewCDbmdi~thcsmeutlmtofthc 
lIr8tCottmffect(Dar225nm)8DdoppoGtctbatafthc 
thirdCottondfc!ct(nrar193nm).nMofthmethfceCD 
bua8rcofoppoeai#llcomprrsdto5.Tbedimer- 
cal~sohitkmofthc3-mcthylpyrns~8bo 
ahowIrfourthCatmcfktbelowl#)mllwitbth4?suIK! 
*UtbCfiMn 

peMace?f~bPllQ~POpbslcrbrorptioarpectrr 
wMalMocldwithhy~dimas.y , . 

.onccouldim8giuwl!8k-MucI8&m 
invd~ackimgoftbcpobramidcarbonyllrwpr 
with8ntipmWdipder.Tbedipokmomeptofraaid#ir 
fairlyl8rgcmdmltghly8bBgthec+~-8xih-”!kb 
shckingofthcmidc~woddbethcnmintypeof 
awocuooth8t2anlldu~aiaceitisrdhlLyl 
_mdiatotallylly&oarbaa except for the uaidc 
group.Itwouldbeintaertipltodc&minewhetberthis 
mokuxlk dimuizu ill aoa$&r aolvcnta. sdf-urocLtioa 
of2in~bprdmblyMltexeqqsivc.LiLmire.it 
WO&lbCUO~if~Rydbal-~~ 
upMtheintmaliaahoddMinthiasdvcot. 

Atthisjloi&tbcll8moftheilamaue~ 
ofSand2ftlnaiw unclmr. mrthuexpaimcotawaukl 
bc&8imb&.mwauklabM&cslaaoMufopticJ 

willbcamcultrataloothetwo~pfthc~- 
lactamswhkhmprc&abkbysemiempncrlcd- 
cxIla&m. 

MiA!!caiaro&it&. lllia!Jc&nloatbeMO’ruf3and 
4rhouldbepfefmdwitht&raninda~dth?ughthe . 
d#ialkmwillbcin~ofabitrb,~tor 
CiWipthintamrOfS~CXCitCdrtltais 

impkit.Inotberworda,wbcnwc&!Xaaer~u 

fromIOXDCOhit8lOtOXWtblZC!fbitd,Uyff*,the 
. . 

tmmtmisfromthcsi&tgroundstatc(with 
co?&m&a..n~tothc~excitairt8tc~ 
by the cm&mtkm...n#. (CI. if done, woukl mix 
SdkXOlUOUOtSOfotba~illtOtbe~Ve- 

llmEHMO’smdorbitalcnergkaarcgivcninTabks 
s-9forleb8pmm38lldtbcIlnpmmauld~ 
toMtedfamlaoftIKlllmmcy&/3-bct8m84IoclndL?d 
incacht8b&mtbeabitdcol!+a8llddlthe~ 
(rO.25) LCA@MO cadkknts, which rdkct tk 
#mK!ialabapcoftllcorbit8h.Alminchldcd8mmnc- 
lmmkswhi&areumveoicnt~,butwhichillno~y 
XhOIlkibCreprdedUrccpnte~llftbOabi- 

tah.l%ecz4x&asaakctroodeasitydiuNlu~ 

ahouldbecoMdtalforrbettadescriptioaafthcorbi- 
tda. 

Fclr8ll#t.nmmJolllyolKlbw~emptyarbihlia 
ob&udfromEHakulaGomwhichbum~ 
8ppn+tcfortlnaanaintheuvrcgioa.Thhabihl 
in the lomwt anpty MO (LRMO). Par 3 the h+st 
occupidMO(HOMO)mdnexttotbc~occtlpisd 
YO(NHOMO)ue-oatbe#J.‘Prfunrmide,8nd 
tbcnextbwcrorbitd8arcuarbitab(Table5).Tbcaamc 
sitWionappliertotbcprotoartedfofmaof1;MO’sfor 
twoofthc t&uctum(u=1W8nd 1359arcgivcnu 
exampkainT&ks8md9.Fort&aqmmtcdform 
of4.thrlIoaep8irofbaaloatheamimo@wpisat8a 
e#rlySlKhtb8titlnixa~ywiththCoCCUpkd 
tiarbitA.HemeinT&ks6md7thcrcucthme 
h!gh+l@ocapiaiMO’rwithalddcc!lmWlx.For& 
ofamv~thcbighcr~MO~ultingfrom~ 
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n+ crev Lar90 UXkm Coitticionte Nnwnic 

Iat0 -6.81 -0.47f";2gy~+0.93(~2py~-0.50(~2~~ ride 1' 

mllo -12.15 +0.25fll42 )-0.29fI42~1+O.!JSfII4 
-0.26(06 % 'pr' )-0.30(062p$-O.27fC6 R) amide 1 n 

-12.9B +0.44(U4 
'3 

)-0.36(062~,)+0.47(06~) 
+o.36tC6 R) ride n 

-13.64 -0.32(Cs2 
3 f 

)+0.35(C ~)-0.31K!22pY) 
+0.26(C) p,)-0.29 El3le)+O.31(Hl71e) 0 

eThe Certemian coordinete l yotn bee I4 et the origin, C7 on the +x 
exit, end 06 in tha * quadrant of the xx plane. 

kU0 im the acronym for loueet empty WD; BOK) for bigbest occupied ND; 
II for naxtj and II next to the next. 

la C.OV Large MAO-IRJ Coetflciente Hnemonic 

LB0 -6.93 -0.50l062py~+0.91(c22py1-0.51f1112py) mid0 W* 

IIWW -12.29 -0.43to6 9 )+0.27(C22 '3 )-0.2SfC32&) 
+0.36fl@7 RI-0.55(17 -1 1112.0 n 

-12.59 +0.42(062py)-0.76(1112pYl amide 1 

-13.34 +0.S6f06~~-0.35(C32px~-0.S4(l172~~ W2.0 n' 

+he Carteaim coordinate mysten wed here end in Teblee VII-IX bee 06 et 
tb origin, C2 an the +x l xie, end I1 in the ++ quadrant of the xx plane. 

T~7.EHarbi@leocrgksandMO'r ~N~H~~&NH~~C~INIC,=I~~ 

m x,eV Lerpe EAO-mJ Coefficients _iC 

LHao -7.14 -0.51(~2py)+0.91(C2~)-0.44(~1~) aide W* 

Ezuo -12.02 

ImoW -12.62 -0.35(062py)+0.60(~1tpy)-0.40(~7~) amide m-derived 

mmaao -13.34 +0.57(062p&-O.36(c3~)-0.50(~7tpy) m2,O n' 

m &eV Lmrge WA040 Coefficients Memonlc 

Lwo -6.94 -0.50(~2py)+0.91(c2zpyl-0.51(~12py) amide n* 

gl*o -12.59 -0.42(062p++O.79(~12py) eDid - 

wmmc -12.61 ~idC n 

m -13.66 
CJ-c4 a 

T&9. BH~~~~~~~~YO'S~NCH~~~HI*~~V~~C~IN,C,=~~~ 

m x,ev Large WM Coefficiontm lburoniC 

w -7.14 +0.51(~1Pg)-O.9l(C22py)+O.44(~1~) mid0 1. 

Bcao -12.31 -0.37(062 ,+0.27(062p+-0.42(11*) 
% -O.SC(W1 py) mid0 W-derived 

uumo -13.05 +O.S6(062~)-0.4S(Ul2q)-0.37(C32~) mid0 n-derived 

llnEon0 -13.90 l 0~43(~4~)-0.37(~3~)-0.26(c32~) CJ-c4 = 
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tXkO#idproprtiaOfl_arbrpnm 1nYl 

Y(l!q = c2#(. . .w3 - cts(. l .rr*), 

rflymixaIMO’snrcaeededtoducribctbcexcitcdstates 
of l_ xnd 0th Ilicydic &htams. 

tbel~dtklllOMCyCiiC~-&Ct8UUTbe 

EHWbitalcneXgk8fortbcscotlnYspeciuucaholmin 
Fi4.ThemxiapohttoIDakcistbattbcorigilloftbc 
~~~~~~~~~~ 
isnowbet&Xumknaod. rllpWtkukf,thenoaplrorrity 
oftbc&lmctamnibqpraiathebicydic~mixcs 
tbenuKiPofbit&.rbcooneorbatbafthuemixcd 
ohit&cannlixwitllthcohitalroftbi?otbafuc- 
Go&ties, such as &fur or ao NH, gwup. 

~~~s~of~~-~o~~- 
~~p~m~h~~fof~s~~~~4‘ 
Ilte Wkrivcd orbitld ill hcarhpcllxm 3 (i.e., the orbital 
~~“rmideNn”inTabk5)iesimiLurtotbeHOMOof 
the two pclmm rtNcturcs (Fii 4). Ill the pcntMl8ulf0xidc8, 
thh orbital chactcr occurs in the NHOMO. CnK: 
NHOMOofthepenamsisthcsulfurbncpair,mdthe 
HOMO of tbc suMoxides is an o&ital identabd’ xs 
“So II”.) The HOMO of the paxma and the ~OMO of 
the S(or j3) stdfoxide is labeled “SN +’ hcauac the lone 
pairorbitxlbbesonSandNextcndbebwthcmoka&u 
pkneandoverlapinroughlyaf~2’IntheR(ora) 
sulfoxhkr, such ovcrlnp b eas&ially eliminatrd, and the 
‘hide N a” I&cl comes closer to dacrii the shape of 
tbc ohital. For the cephxm, some of the or&it& hrve 
de- clmWtcr so it is not possible to simply 
co&xtc them with those of the otbcr structacs. The 
NHOMOof3(Fig.4)axrektcswitbtheNNHOMOofthe 
pcnxrlls xlxl penam. sulfoxider. 

~WtlbmkH.V~fa~ 
drmemdprc&thmdT.D.Boumm,M.M.Mmh~A.H. 
IfwJt for disadm. 

‘D. B. Bayd, c. -Y. Y*za J. Am. ckm. 
‘s#. 96.~6100 (19%). 
k S. Rdmdm, C. -Y. Yth, T. C. TmxeU ml D. 8. Boyd, 
Tdmhdma 33.711 (isn). 

(im. 
‘R C. Bb@mm, hf. 1. S Dma sod D. H. Lo. 1. Am. C%UII. 
sot. 9% 126s (m). 

‘D. B. Boyd, I#rlW,6513 (imz). 
‘D.B.Boyd,I.C’hmEduc.U.43(19?6). 
%.B.BoY~+IR~~.~~R~uuC&UII..~B~~~.NO. 
6,161(19TI). - 

_ _ _ 

*D.~.~~W.~.~ipcamb,1.~krw:B##443(11WW). 
“J. Del Ban md H. H. JaU6. J. C7um Ph. 48.18U7 (1%8k W. 
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