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Pbotoelearon (PE) W=tt=VY,paRicubrrfY*tb: 
HeI (21.22 ev) hizatioo source, is now wcllutablishcd 
as a tc&nique for SWctural s&dies of orgatlic mokcuks 
illtkgasphasc.T&llseofelevatedtempcraWsamplc 
inlet systems allows the study of high molccllhc weight 
CompoImds in the vapor state. sl&&tal aromalic 
systems have been widely studi& and rbc PE spcclra of 
subs&utcd beazelKS”’ and aapttmW illdka& the 
nature of the data normally iaves~ for aromatic 
systems. 

For large mokuks PE spWosWpk sltldiu 
gcncraily ciXlccPtratc on tl@se ioaizaijotl bands associ- 
ated with spcciik ck4zbhc features of the sttuctue. 
~~l~~~~no~~w~~~s~ 
found in the bw ionization potential (IP) &on. Analy- 
sisofIPsbif&inbandsofr&uedltlolcctlkskadsto 
quaatitative data dcs&&g the iadnclivc aad fc!WmaM 
effects operahg in such systems.J 10 particulu cases, 
the degree of cajugdoo, both lKMnoco~e and 
bypcrconjugative, can be cstimated~ 

Recent shdics of rckvancc to organic cbcmh~ in- 
chides invcs~ns of c4mfommtioInil cquilikria and 
intramokcuhu bydrogcn-boodin&~‘* The present worii 
on some suhtitutcd phcuaknones combines nmny of the 
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* m&radons as well as aikyl inductive effects aad the 
possibility of intramoiecular H-bonding. 
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k. 1. HeI pbotoelearon SPectNm of I-pbcMlcnone(l). 

n IS 1) 
IONISATION POfENTlALhV 

Rc 2 w Pb0-D qR?cm of (8) 9-hy&exy-l- 
P~~aoaso, 00 hctbaxy-l~b (3), (c) !kthoxy-l- 

Pm-= (I), aad (4 9-e+mxY-lgbsarhaoae 0. 

Cufcn&tio~. Based on tbc validity of the Koopm~ns ap- 
plWhtiOll, mJmaoussc~mpiriaIuldob6l&~ afometi 
b*ve bcco used to daive rasignmcnta for PE spectra. 

‘I’bc aIkoxyqbdenooerr arc of such a size tht only rmi- 
cmpiliai aicuktion8 can be puformcd with cwvcnkncc. Ac- 
cord&ly we bWc UKd tbc SPINDO puamctrizatk~” of the 
MrNDomethd$“iaco!po~tbcH,Cand0~tersused 
in ealika stuika on tbc bi&l?r llchb.M The alallAtjon3 
wercdifeacdtoobt8incorfektionbctwccncigennhucmdIPs 
in tbc low IP rage. confonnationd VuktioM were inv~tcd 
inorlkrtoev&mtetbeillflWnccofEatnmokcuLrIi-boadiag. 

TbemokdW#&W&ryuKdfor1wubuedoncrystllkh 
prphic data for pyrea wt phcoanthrcne, which pve C-c 
boodk@s of 1.3547~ aid a sanfnrd Go b&iengttl of 
1.15A.Tbeuppumostcigcn~0f lmlistedilT&k 1 
to#bcf with tbc bdcdtai MO compodtions. 

For the almrhtioar on 2-S the pbdenone ouckus was 
ctMintaincd at fixed gcQmetry. Stand& bon&engtbs were used 
for (1H CO.%&. c@il&o (1.36A), O-cwkyQ (ImA) and 
C-C (L54A) 8nd the 8lkyl groups retainal tctdedd bondiut- 
gkr. The da confolnutioMl varuoaa awsidcd m rota- 
tkoofthedkyl2nxtp&outtheC(ril&0bondudvariuioaof 
the C(~(~ bomkngk, ill pWtir&r for the pactMy 
cbsed stNcauw¶ involvin2 close approdl of tbc co and aikyl 
Cmpps. 

Intuolsofuknhted*v8bmstheniseoevi&occfor 
ifI_ A-baadipct effects in 2. For 3. IloweveG tbc Cal- 
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pit 3. Cormktko of ‘% NMR &mid shifta aad SPINDO 
cJmmMfortkriqcubonmttmtsof1,23rod1. 
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Table 1. Compison of experimental vertical ioniah potentish ad cdcdatai c&wah~~~ for lpknalemnc 
(in eV) 

IPa mb E c!cqooition 
UJ WI 80 

6.20 a= -6.20 91 0 3 

6.61 a" -8.96 100 0 0 

9.14 a' -9.63 52 12 36 

9.52 a= -9.56 100 0 0 

10.49 a= -10.70 95 0 5 

11.26 a" -lx.39 100 0 0 

Table 2. Comparison of expcrimeatd vdcd ionization potdaIs ad calchtal eigenvdues for the 94koxy-l- 
pbemlcno~ (in CV). 

1. 
d mb E 

1 

d mb e 

6.12 a. -6.02 6.14 a' -7.97 

0.75 a. -6.61 6.64 a* -0.74 

9.18 a' -9.36 6.72 a' -9.79 

9.53 .a. -9.51 9.36 a= -9.66 

10.34 a" -10.45 10.30 a" -10.21 

11.00 a. -11.03 10.64 a* -11.19 

i 

IPa nab t 

1 

xPa mob E 

6.06 a. -6.06 6.03 a. -6.02 

6.61 a. -8.81 9.51 a= -0.73 

8.77 a' -6.63 6.66 a' -9.13 

9.42 a= -9.71 9.40 (1. -9.62 

10.11 a" -10.33 10.11 a* -10.32 

10.62 a= -11.23 10.51 a' -11.14 

a. Accuracy ia Q to.04 l v. 

diagram, illuatratal in Fu 4, on ~JJC naphtbnkne system, 
together with estimatal IPS for cyclohex-1-M. This 
latter mokcule represent.9 the fragment providing the rb 
and a, entities in the combination with naphthkae. 
TbcseIPsforsand~~lmvebeeneatimatalfromthc 
trends observed in related mokcuks.” Ckuly the 
perturb&h caused by the additional a, entity is 
conG&rabk.butitisnoteworthythatt&hracthk 
mainlywithtbelmpMhherMOofsimikr~. 

Tbc as+ment of the third band as involviog km- 
ization of the non-bondiag na orbital of the carbonyl 
groupisasmiadbytheobaervahnttmtsincetiorbibl 
isofasymmetly(lyiuginthephneoftbcmokulk)it 
doesnotintemctwithtbcrMOsoneitberrideofit 

energetically. Consequently tbc three close IPs 12, I, and 

baadspre~mistantwiththismultintbatthe~ion- 
izathisexpe4%dtosbowabroaderbandthant&a 
ionizations. lllc SPDJDO ei#WahW dhagree with this 
o~ofI,rrndLbuttheclosenessofthecak~ 
cigenvahles iodkata that the method overeatimatea the 
IPoftbenoebctrom. 

OfphcukriuterestintbePEapcctrafor2and2ue 
the possibk intnmokcnkr Hw effecta which may 
be dircaned from tk experhmul IPs. Brown” h 
sllglerti that a CO ao orbital involved in H-bond 
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Fu. 4. Composite moIcculc usigmnmt of the photockcuort 
rpccuulu of t-pbn8tcaoIlsfl). 

fortnationappcarsathigherIPthanitscountcrpartina 
geometric isomer in which II-hondbg is prcdudcd In 
the case of 2-hy~xy~cb~xo~ and 2-methoxycycb 
hexaaonethe~tlPsare9.7oev~9.~ev~v~y, 
the diffcrcoce of 0.64 ev being ascrkd to intramo@lar 
H-bonding in the former. However ths second IPs in 
cachcase,ass$ncdtothcnosofO~and~%,= 
nearly identical, which is inconsistent with a gmerpl 
comparisonoffhstIPsinr&tcdaboholsaodethcrs. 

For & there arc only rmall di#erenccs in the low IP 
region of the PE qcctrum when compared with 1. 
cbady the OH suhstitutjotl has only a slight effect in 
mr4rgMly lowering the 6rst two IPs. This could invoke 
a habncc between inductive and resonance intcractbns. 
Howe~~~~~~yb~~~ 
could he attrihutcd to a small H-hondir~ effect Alter- 
natively since rig on co is of u symmetry this shift may 
he due to a small inductive effect which is not Manced 
by the t~sonancc interactions occurrin3 in the v systctn. 

The SPINIX) cigcnvduqs show tather huger 
ditIerctu!es hctwccn the two mobcubs hut the shifts ia 
calculated IPs are fairly uniform despite the fact that the 
geometry used for 2 is most favourahb for Hhonding. A 
compositemobcub UXTchubtt hctwccn the bw IPS of 1 

andZkshowninF~S.Haeth:s,IPforOHisbased 
on tk methanol value of 10.8eV. In the planar 
gM.Wtry.this5is0farsymnldryaDdinteractswiththc 
aMOsof 1,ar&aaWdingtothesPINDOcabubtbns, 
with cotlsidcrahle mixin& in the MOs corresponding to 
~~~s~~.He~~~s~~for~ 
1&12eV region is convenbntly summa&cd as u < 
IIda) < u. 

For3,tbcPEspcctmminthebwiP&onshows 
co* variation to tlmt of 2 There is co0s*rab1e 
overbpofthcsccondandthirdhands,andwhcrcasthe 
tirst, secondl fourth and ftfth IPs show only slight rahc- 
tioasfrom~oft,thethirdiPitbwendby0.96eV. 
The cornpos&nbobculc corrdatbtt diagram for 3 is 
hascd0nthedimethybtherarstIPforuoin0Me,andas 
UustrataiioRg.Sbdbatcstheunusualbwcrinpinthc 
CO~~*~~~~~~~~~~~~Of 
OMC,wb%WthCSPINDOcalcubtion~~~ 
conuihutcstohoththcfMthandsixthhands. 

IheapparWlyanotnabuspositbaofthcthirdIPin 
~s~~~~~~~~s~~~~f~rn 
interactbr~ of the CO and Me0 groups and dependent on 
the chc0eM of 8ppmacb of Ma to =o. Tbc SPIN00 
arlcnhtioasn?praducer,tbirbw~oftbctltirdIPfora 
t&mated -O--H& gametry in which the COC 
hond angle is 126’ and the O--C sqtaratbn is 1.69A. 
unda tllcae conditions the wham MO Iyin ia the mokcu- 
Iarpkneinle~withtboCO~Oftbe~esymmetry. 

In contrast to Brown’s description of the difbrcnces in 
00 IPs for the 2-hydroxy- aai zmethoxy-cydo- 
hcxanoncs,‘” this expbnatbo regarda the oh& suhstk 
tucntasgiv&rbctothcanonUbuseffect.sinccthexr 
IPs corresponding to I,, h tad I, are ody lowered 
shghtly from their vahtcs in 1, then the OMe substitution 
has only a small overall halance of inductive and 
ruonance effects 00 the ring orhitds. The considerably 
~~~On~Co~of~s~~~~ 
cotmidered to he due to a strong throut3hhond inductive 
effectiothcahscnccofahabncbgresonanceeffect. 

‘However we favor a thro@+~ mccbadsm arising 
from cr* intcractbo with a0 

Thcspcctraof4andsshowsmauIPloweringsinthc 
8-11eVregionwhenWnpducdwith3.ThefirstthrecIPs 
are simkly as&Ed to r<r<t4&) and the next 
thre4r IPs to a<n&r)<lr. The SPINES cabdations 
agree with this assignmcot except for the sixth IP in 
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which uor cluuactcr becomes impormt. Again, close 
approocbof~:Hrto~t~~ino~rtodescnbe 
the ulild band as &l(u) character. 

From their PE s-z Ih of the 94koxy-l- 
phenaknoncs have been as&& a8 a<a<n&)< 
s<lb(~)<a.ThcIfa&h!3obrervedintbcthirdIPon 
OH or Ok sututitution of lpbenalemnc are inter- 
preted a8 hdiatiog a poihle ma&ml intramokcular 
H-bonding effect in the OH compound, but a comider- 
able effect due to stcric interaction in the OCH, 
compound. 
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