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Sarnamary. Thc I lo1 photoclectron spccl.rn. of thc N-oxitlcs ol thc iizanaphtlialcncs 1 5 arid 
of the azaanthracencs 6, 7 werc ascertainctl. l'hc iriIerrcd ionisation eiicrgies, and thc rissignmcnts 
of the spectra, arc prcscnted and arc discusscd in rcspcxt to the elcctronic structuiw 01 thc 
N-oxides and the spcctra of thc azadcrivativcs. T h e  data. supports the dcscription o f  thc olcctronic 
structurcs o f  the basic hetcrocyclic N-oxidcs trascd on PX'P SCF calcuhtions and Llic clcctronic 
absorption spectroscopy. 

In our precxling studies by photoclcctroii spectrc)scopy nf tlic N-oxides of 
pyridines [I] and diazahcnzenes 121, tlic ionisation encrgy data and the spcctral dctail 
were discussed in respect to thcir valericc ckctroriic structures. In this contribution 
we complete these invcstigations of thc basic hcterc~cyclic N-oxides with thc prescnta- 
tian of the ionisation energy data and tlic photoclcctron spectra of tlic N-oxides 01 
azanaphthalencs 1-5, and azaanthraccncs 6, 7. 
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Concurrently to tlie intcrpretation of the PE. spectra, thc data are considered in 
relation to their absorption spectra [3], cathodic and anodic half-wave potentials 141, 
ESR. spectra of the anions [5] and the cation of 4 [6], and the theoretical predictions 
[3] of the electronic structures of these N-oxidcs. 

Thc spectra were obtained, at clevatcd ternpcraturcs, with a n / i Z  photoelectron spectrornctcr 
of the Turner typc 171. The spectra, shown in Fig. 1 and 2, w'urc cxcited by the Helm (21. 22 eV) 
photon radiation. The tictails and calibration procedures wcre hithcrto described [I]. The samples 
of the K-oxides were those whosc preparations have also bceri docuinentcd [S]. The high tem- 
peraturc: necessary to obtain a siifficient vapour pressure for tlic I%. spectrum of phenazinc di-N- 
oxide, rcsulted in its clccomposition to 7. Thc: ionisation cnergics (1Es) of the N-oxitlcs 1-7, arc 
prewntcd in Tnb. 1 whcre tht: assignmcnts of t he  corresponding bands (1) arc surnmarised. Includcd 
arc the 1%. spectra (Fig. Z), IEs and the interpretation (Toh. I) of acridine and phenazine. 

Discussion. - 'Ihc pronounced cliangcs in thc .l'E. spcctral pattern of the N-oxides 
compared to the complementary a m  derivatives, are conspicuous in Fig. 2. The 
spectra of 2 and 5 (Fig. 1) again reveal the separation of the bands below IE FW 13 eV 
typical for the N-oxides of thc azabenzenes. 'Ilie assignment of the bands follows 
from the trends ohscrved in tlie prcvious studies of the N-oxides [I]  [2], the PIC. 
spectra of naphthahe  and anthrarme [:X 1, and comparison with calmlations. The 
salient arguments are outlined in tlie following paragraphs. 

The first bands in the spectra arc correlated with a MO, where the no: crintribu- 
tion prevails. This follows from tlic composite representation of thc N-oxide where 
the IEs of the separate moieties, azaaromatics and thc oxygen p-basis are known [l I. 
Indeed the .first IF: of all the N-oxides 1-7, is smaller than of its parent azaderivative, 
albeit the inductive effect of the NO group Itas bccn shown to he comparablc to thc 
CN group [11. However, the xO: contribution is cxpectcd to be lcss pronounced as 
thc size of n system grows as a result of the dccrease .in the IEs ol the ring x elcctrons 
and thc increasing nuinbm of x MOs of low IEs. This has been noted from the ab- 
sorption spectra of thc N-oxides [33 where it was remarked that tlie band charac- 
teristics of the basic licterocyclic compounds arc retaincd when more than two rings 
are present. The analyses of the ESK. spectra oE the cations of the di-N-oxides of 
pyrazine, quinoxaliric and yhcnazine 161 indicate a decreasr. in the spin density on the 
oxygen of the NO group for the sequcnce givcn. The coefficients of the 0 y-basis in 
the highest occupied MO arc given as 0,83,0.70, nrld 0.M) for PNO, 1 and 6 respectively 
by the PPP SCF calculations [3]. The Ikmck-Condon profiles of the first bands in 
the PE. spectra of  the N-oxides (Fig. 1, 2) are narrow a s  is thc case in the smaller 
N-oxides. This feature supports the assignments and thc implication of the similarity 
of the gcometrics of the ground states of thc moleculc and thc cation is as expccted 
for ionisation of an elcctron from a MO where the dcnsity is to a large cxtent around 
the oxygen. This observatiori supports thc a.ssumption, Inadr: in  the interpretation 
of the ESR, data of the cations [€I], of little geoniclry change, but a large dccrease 
in the z electron density at the oxygen 01 the NO grnuy on formation of tlie ca.tion. 

The bands @) generated as a consequcnce of the iotijsing process when the electrons 
arc expelled from tho  MO localised as the 00: lone-pair arc identified from thc IE of 
9.22 eV of this proccss in PNO and their relative positions in the PE. spectra of 1, 2 
and 6 (Fig. 1, 2). As in the N-oxides of djazabenzcncs, introduction of a further N 
into the ring cnsues in the lEs of the 00: band to  be shiftcd to around 10 eV in 
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Fig. 1. Helfihotoelectron spectra of the N-oxides of azanuphlhalenas 1-5. Abscissa: Tonisation Eiicrgy 
[uV]. Ordinate: Counts/sec 

pyrazine-mono-N-oxide, where tlic cN: barid is also located. The PE. spectra of 3 
and 7 show that this tendency is also apparent lierc. In thc di-N-oxides, two bands 
of the u0: combinations are anticipated in this region (d. spectra of 4, 51, as wcll as 
the other nO : band. 
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Fig. 2. He1 photoolactron spcclra of ucridine. fihcnaxinc und their mono-N-oxides 6 aHd 7. Abscissa: 
Ionisation Encrgy rev]. Orclinstc: (:ounts/.scc 

The second JB proccss in naphthalene, and anthtaccne, as wcll as thc third in the 
latter, art! associated with MOs which contain nodal plancs which pass through the 
1,4 and 5,8 and 9,lO positions in thc two irioleculcs respectively. The IEs of these 
MOs arc 8.88 eV (n2blu) and 8.52 eV (n2bsg), 9.16 eV (d+) in naphthalene and an- 
thracene 18:l. Thc changes in the IE of the corresponding bands c m  be corrclated 
with the nele(A) hand shifts in the benzene derivatives when the N or NO group is 
inserted at the positions wherc the nodal planc passes. Additivity of the IE shifts 
can be applied in the disubstituted molecules 3,4, 5 and 7 as in the diazabenzenes and 
their N-oxides 121. In PNO tlic shift in the IE; of the nel,(A) band is 0.93 eV 1.11 and 
thus a shift of 0.62 eV pcr NO group is predicted in the naphtlialcne systcm from 
tlic ratio of tlic Hiickel electron densities in the ortho positions. This leads to the 
expected IEs of these hands as 9.5 CV in 1 and 10.1 eV in 4, in good agreement with 
the IEs of bands (9 in 1, and @ in 4, 5 (Fig. 1). 'For 6 thc IEs so estimated arc: 9.0 eV 
and 9.3 eV, which would correspond to bands and @ (or 0) (Fig. 2). The remaining 
bands in the low IR region, < 12 cV, are associatcd with the n electrons of the rings. 

'In thc PE. spectra of 3 and 7, then hands may l x  identified from the perturbation 
of tlic corrcsponding IEs in 1 a n d  6 whcn the nitrogcn is introducd. The inductive 
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stabilisation parameters are again taken as = .3.29 eV and Sct," - 1.03 eV, 
for the position of introduction and ortho to it, from prcvious works [9]. This yields 
the following results, when thc coefficients for the reqcctive zMOs are taken from 
the PPP SCF calculations for 1 and 6. 

IE of n MU in 1 cxpt. 8.00 9.50 9.75 11.35 
talc. 8.51. 9.59 10.03 1.2.55 

cxpt. 8.62 -!IS5 w 10.0 12.5 IE of n MO in 3 

Band 01 ,::3; GI 0 

IE o in  MO in 4 expt. 7.45 9.04 9.3 9.63 10.6 13.5 
calc. 8.01 9.05 9.66 9.63 11.29 12.22 
cxpt. 8.0 9.3-9.8 13.73 12.2 TE of n, MO in 7 

Hand 

The remaining bands in the 9-1 0 cV IE region are the u 0  : and ON : bands (vide i.nfra) 
and the corresponding 1 Es are givcn in Tab. 1, 

In the PE. spcctrum of 5, the t h e e  well separated bands correspond to tlic two 
(20: and the no: (b, in C2h) ionisation yroccsscs. The wry sharp pcak @ is rcminiscerit 
of the no: (az) band in the PH. spectrum of yyridazine di-N-oxide [2] and is lierc also 
assigned to the nO: (bR) MO. It is rcasonablc that this 1R (8.92 EV) is lower than 01 
the corresponding process in 4, from the symmetry and sequeticc of the lowcr lying 
nMOs ol naphthalene. This order is also predicted by tlic PPP m d  the MINl)O/:! 
calculations as summarised for the di-N-oxides : 

cn 0- C5) 0) 0 
I 

0 0 0 0 

PPP eigenvalue (eV) . I  1.18 10.62 -11.01 -10.18 
MlNDO/Z eigenvalue (eV) -11.27 -10.33 - 10.54 -" 9.69 
Assigncd IE no: (eV) 10.22 9.76 R510.0 8.92 

The bands @I and (4) in thc PE. spectrum of  5 are assigned to the 00 : MOs. I11 con- 
trast, in the spectrum of 4 the bands ovt?rlap and the asSigntncnt of an IE: nf & 10 CV 
to the no: is suggested by cnmparison witli tlic calculated trcnds. In the PB. spectrurri 
of pyrar,inc! di-N-oxide ovcrlap of the no: and d): lands is also discernible in this 
energy rcgion. The MINDO/Z calculations indicate a splitting of 0.2 eV and 0.45 eV 
for the two oO:MOs for 4 and 5 respectivcly. In 3 and 7 thc energy differences of 
0.58 eV and 0.5 cV respectively, are given lor the crC) : and oN : MOs. The rathcr weak 
band @ apparent in the spectrum of 4 is also observed in its Z-methyl derivative, 
wlierc it is displaced by ~ 0 . 2  cV to lower IE 1101. The prcscnce of another n hand, 
near to that correlatcd with the nblU is prcdicted by t% calcuhtions. The intensity 
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af this band is rather small relative to the preccding z bands of lower IE and this 
trend was also observed for the lower 76 bands in the PE. spectra of the N-oxides of 
diazabenzenes [Z] . 

With thc assignmcnts available, extrapolation of the IEs of the bands derived 
from the n2bl,, bard of naphthalene, to  thc parent azanaphthalcnes can bc made. 
The shift to higher encrgy of this bmd is 0.G eV per NO group in 1 and 4 or 5. From 
the IE of this band in 3 an IE of w 9.0 eV is then suggcsted in quinoline, in agreement 
with the assignments of scveral groups [!I]. Similarly thc changes in IE of this band 
on passing from 4 or 5 to 3 lead to thc  value in 1,4 or 1,5 diazanaphthalene around 
9.1 eV, again in the IE region where the band has bccn previously assigned [9] [11.1. 
In the azanaphthalenes, thcre is howcvcr, always an overlap of several bands in this 
region. The conglomeration of tho relevant bands (9-10 eV) in the YE=. spectrum 01 7, 
allows only the energy range for the corresponding I& in acridine and phenazine to 
be estirristed as 9-9.6 eV, in accord with the assignments presented in Tab. 1.. 

Tablc 1. Ionisatiofi energies (aV) ofthe N-oxides 1-7 

Coinpound 

Acridine 

Phenazlne 

I1 =) 12 

8.00  ( n o )  9.01 (00:) 

7 .98  (no:) 9.09 (a) 
8.62 ( 1 0 )  9# 50 (rO:) 

7. 98 (no:) (9.40, 9. 65,  

8 .18  (rO:)  8. 92 (TO:) 

7.45 (no:) 8.17 (00:) 

8 . 0 0  (no:) 9.9 ( u 0 : )  

8. 13 ( r )  8. 95 (#) 

8.44 ( I )  (9.13, 9.15 ; 

I3 
9.50 (n) 

9.21 (t) 

(g.60, 10.0, 

10.0 ; 00:. 

9. 39 (d:) 

9.04 (x) 

(9.4, 9.5, 

9.2 (DN:) 

t, +w:)b)  

'4 I5 '6 '7 

9.75 ( r )  11.55 (*) 12.1 12.7 

10. 18 ( r )  10. 88 ( a )  12.0  

10.20 ; n,  n, aN:)b) 12.0 

11.63 (1)') 12. 7 

Do:, I)b) 10.20 (80:) 10.80 (I) 12.5 

9. 7, 10. 2 ; a-, n, T ,   ON:)^) 11.19  (#) 

9.71 ( u 0 : )  10.11 ( 8 )  

Q, 3 (4 9.63 (n) 10. 60 (x) 11.50 

9.56 ( n )  10.79  ( # I  11. 1 7  ( T )  11.8 

9.65 ( r )  10.76 (uN:) 11.20 ( f )  11.9 

The nurnbcring of the l)itnds ( i )  in Fig. 1 and 2 correspond to thc index of  thc ionisation 

The values qiioleil are thu vcrticrtl IEs taken from tho band maxima. When thc bands are 
broad the valucs are taken as f 0.05 eV, unless cxtcnsive overlap occurs in which case the 
values choscn are estimatcd from the profile of thc composite band. When the hand is sharp 
& 0.02 CV may be assurncd. 

11) This ordcr of the assignmcnts is not implied. 
c) Probably consists of two owrlapphg bands. 

cnergies 11. 
a) 

In Fig. 3 is shown a least-square linear regression of the PPP predicted IEs 
(on Kuopmums' level [12]) of the zc MOs as. the IEs discernible from the PE. spectra 
and whose allotments are compiled in Tab. 1. The data includes the parent mono and 
di-N-oxides of tlic azabenzene: 

.eppp (eV) = (0.95 0.03) IE (cV) + (1.66 f 0.25) 

correlation coefficicnt = 0.984 (45 degrees 01 freedom). It is seen that the PYP SCF 
calculations give good agreement with tlic proposed order of the ionic electronic states, 
when this is represented by the MO wquence. Tlius the PE. spectral assignments 
support the descriptions of tlic clcctronic stnicturc of the N-oxides based on the PPY 
calculations and absorption spectroscopy 131. 
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Fig. 3. Linear correlalion between the P P P  SCF eigcnvulues o J z  M O s  and the PE.  spectroscopic IEs 
uf the n bands oj'the N-oxides 1-7 and of fiyridine and diuczubc:rrzencs. .Abscissa: Expcrimcntal Ionisa- 

tion Energy [cV]. Ordinate: PIT S I X  Eigct~valucs LcVJ 

The nature of the cxcited singlet 131 and triplet states [13] of the basic hetero- 
cyclic N-oxides have been discussed. Tlie ILa band in  thc absorption spectra has been 
shown to have the character of a charge transfer band from the oxygcn to the n ring- 
system and to be comprised of one configuration by and large 131. The latter involves 
electron transfer from the HOMO to the 1,UMO. Thc naturc of the LUMO in question 
has becn characterised by the ESR. studies 1'51 of tlic anions and the polarograpliic 
reduction potcntials 1.4:] and that of the HOMO is ah) supported by tlic prescnt PkL 
spectroscopic studies. The changes in the IEs determined (Tab. 1 ) parallcl the. shifts 
in thc energy of the 1L, transition 1.31 and of the T1 energy transition which is also 
smoothly red-shifted and as thc ring size incrcasc thc S-T gap decreases [13]. The 
changes in the oxidation and reduction potentials lrnvc bsen rclatcd to the changcs 
of the IT,, transition, assuming a proportionality of the potentials to the energies of 
the HOMO and LUMOs [4]. The least-squares lincai fit ol tlic E:: potcntials ZJS the 
first IEs for thc parent N-oxides obtained in this work, yields a correlation coef- 
ficient of 0.956 for 8 degrees of freedom. 111 conclusion it should again be cmpliasisccl 
that the PE. data supports the conclusions drawn iwviously regarding the n nature 
of the ground ionic state in the basic heterocyclic N-oxides and of the large contribu- 
tions of thc oxygen morbital basis to the M U  associatcd with this transition. 

This work is part 83 of project No. 2.159.74 of the Schwuaizerischdr Naiionavonds ZUY J;iirderung 
(lev wissenschajtlichen Fo'ovschuwg. Part 82 rcf. [Z]. Wc thank CXha-Cieagy .S.A ., F. Hoffmunn-La Hoch,: 
& C ~ E .  S.A. ,  and Savzdoz S.A. for thcir financial siipport. J.- F. M .  thanks tAssocialian h . s  Amis 
rlcs Wniversitbs de Lorrains for financial support. 



1648 ~IELVETICA CHIMTCA ACTA - Vol. 58 .  Fasc. 6 (191.5) Nr. 183-3 84 

RE FERENCR S 

rlj J .  P. Maier & ./.-F. .MuELr, J. cham. SOC. I'aradny 11, 70, 1991 (1974). 
r2] J .  P. Maier, ,J.-P. MuZZw & T. Kuhotn, l..Lclv. 58, 1634 (1975). 
[3' M .  Yamakawa, 7'. Kubotu & H. Alcaznwa, '.Theorel. cliirn. hcta 75, 244 (1969) and referenccs 

r41 H .  Mijazaki, T .  Kubola & M .  Yamakawm, Hiill. chcm. Sac. Jaydn 45, 780 (1972). 
[51 3'. Kahota, K. Nishikida, 11. M i p z u R i .  K. IfeiNatani & Y. Oishi, J. Rmcr. chcm. SOC. 90, 5080 

[6] K .  Nashikidu, T .  Kzcbota, H .  Miyazaki & S. Sukatu, J. magn. Kcsonance 7. 260 (1972). 
171 L). W. Turner, Proc. Roy. Sac. A307, 15 (1968). 
[81 P. A .  Ckurk, F. Arogli & .ld. fieilbrunwr. Helv. 55, 1415 (1972). 
[T] F. Rrogii, E .  .FXeilbronner c1: T .  Kobayashi, J,lclv. $55, 274 (1972) arid rcfcrcnccs therein. 
101 R. UeKock, private cnrrirniinication. 
[ll] D. M. W. van dam Ham & .U. van dcr M M Y ,  Chorri. Physics Letters 72, 447 (1972). 
[12] T .  Koo+mans, Physics I ,  104 (1934). 
[13] T .  TCicbota, M .  Yamakawa tt Y. Mizuno, R1111. chcm. SOC. Japan 45. 3282 (1972). 

thcrcin . 

(1968). 

184. Total Synthesis of Indole and Dihydroindole Alkaloids. VI l) 2). 

The Total Synthesis of Some Monomeric Vinca Alkaloids: 
dl-Vincadine , dl-Vincaminoreine , dl-Vincaminorine , 

dl-Vincadifformine, dl-Minovine and dl-Vincaminoridine 
by James P. Kutney, Ka Kong Chan, Amedeo Failli, John M. Fromson, 

Constantine Cletsos, Albert Leutwiler, Vern R. Nelson and Joao Pedro de Souza 
Contribution from Uepartment 01 Chemistry 

Univcrsity of Rritish Columbia, 2075 Wesbrook Place, Vitncouvcr, Ca.n~da V6'1' 1 WS 

(1.5. 'V. 75) 

Summary. A synthetic approach to a, varicly 01 monomeric Virccu alkaloids is dcscribccl. The 
scqucncc involves, among its crucial phascs, the gcncration 01 appropriate nine-incmt)ercd ring 
intermetliates which are theu ehborated v i a  a transannular cyclixation approach to thc tlcsircd 
natural products. 

In a previous publication in this series 121 we described in dctail n general syn- 
thetic entry into the Aspidospevma alkaloid family. Among the various reactions 
employcd in thc scqucncc, pcrhaps the most crucial steps concern a reductivc ring 
cleavage of an ayproyria.te pentacyclic ammonium system (I) to thc tctracyclic nine- 
membered structurc of qucbrachamine (11, K = K'= H) and the subsequent cycliza- 
tion of the latter to the pentacyclic aspidospcrmidinc skclcton (111, K = K'= H). The 
already dctnonstratcd cxtcnsion [3] [4] 01 thc cyclization approach to the ester 
bearing alkaloids, prevalent in a varicty of Vifica plantss) (for cxample II l ,  K = 

COOCHs; R =  H; 2,3-double bond)4) provided an obvious requirement for the total 

1) 
e) Part V, see [Z]. 
3) 
4) 

F4)r a. preliIninary report on a portion of this work, see rl 1. 

For a general siirvcy scc [5].  
For tlic sake of  clarity and facilc cwnparisans with previous puhlications, thc morc rcccn.t 
proposals for nurnb1:rirlg and norncncla.turc.: of inclol(: xlkaloids (1. Le Mclz & W. T .  Taylor, 
Experientia. 21, 508 (1965); .J. Trojanck and K. REahn, T-loydia 29, 149 (1.966)) havc not been 
adopted in this or succcctlirlg papws. 


