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During recent years, a new branch of the &cm&y of 
char8c transfer complexes (CTC) has devekpcd. Its ob 
jcctive is intramokcukr CT compkxes (or mokcukr 
autocomplexes), which contaia intemcthg donor and 
acceptor moieties aqmra&d by polymcthykpe bridocJ 
that break coojugation cbains (ace, e.g. Rcfs. 1.2). 

Numerous roks played by indok derivatives in biul+ 
gicai systems aud the demand for studying tbcir 
metabohm and mechanisms of biokgical action have 
prompted us to undertake a study of fine structural 
features of indok intramokcukr CTC. Ia a&Woo to the 
standard techniques for studyiq CTC, tbc UV and pro- 
ton NMR spectroscopy, molecukr autocompkxes which 
contain the donor and accepta coan~ in a defhite 
stoicbiometric ratio, invite tbc use of me38 spectremetry. 

With compounds 1, the i&m&on between the donor 
(iudoie) and acceptur (pyridine) counterparts only gives 
risctoobswabkeffcztsintheNMRspcctraoftbc 
protonated forms @rotoMtion atreagthens electron 
withdrawiug afztilm of the pylidinc nucleus). Thus, tbe 
NMR spectrum of lb (CS oootains an uoresolvcd 
multipht at about 7.2-7.6ppm cwesp~* to the 
benxenc and pyridinc ring protoos (the bcnxene ring 
protonsofmodfdcompound4bgivesiglmlsiothesaoK 
region) and a s&al at 8.6ppm (the pyridiae ring a- 
proton). A sohltioo of lb in -tic acid furuishcs 
a radically different spectrum Vii I). Tbe multipkt is 
rtpkccd with n’ well-resolved spectrum ComprisiDg dis- 
~~~rn~~~~p~~~~ns. 
Thebenzeaeprotollsgiverisetoadoubietatd6~Wlln 

I 
la: R=H 
lb: R=Me 
lc: R-Oh40 
Id: R=Bt 

2 4 
PI: R’-R==H,R’-Et 4a: R-H 

Ib: R-Me 
4c: R-OMe 
Id: R=Br 

#.a: R’=R*=~=H,#-Ma 
sb: R’-t?=H,R’+~-(CH,). 
3~: R’=Me.#=H,R’+~=(CH& 

Ptvof for the cristcmcc of CompoMdt 13 In the form 
of C7C WehavcstdicdthcUVmiNMRspcchaof 
componnds1,2,md3inonktomkcce~minthnttba# 
species omur ill the coofomatiolls favouring spatial 
interacths of tbc CTC type, with the it@mtiq 
moieties lying above each otlK!r. 
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%I. 1. Tbc NMR spectra of ampaund lb. (a) ia C$: (b) in 

CFjCOOH: (c) in CF~ODD. 

shifts which amount to A8 0.2 and 0.8ppm for”l-H and 
8-H. respectively. The doubkt at 7.5 ppm corresponds to 
the pyridine ring B-proton (J,, 8 Hz), and the quartet at 6 
of 7.9 ppm to the y-proton (Jlc 8 Hz, J,2 Hz). ‘lEe o-H 
signal appears at unusually high 5eld (7.8ppm. quartet), 
while the corresponding signal from the model 
compound, 2-methyl-Sethylpyridine, occurs at 9.3 ppm 
(tri5uoroacetic acid). The quartet nature of the signal 
shows the cl-proton to be coupkd not only with the y 

one (J, ZHz), but also with the k-H pyridiie ring 
proton, the latter due to high basisity of pyridine and low 
rates of proton exchange under the conditions of spectral 
measurements. The additional splitting disappears in 
deuterated tri5uoroacetic acid. 

The di5erence.s between the NMR spectra of model 
structures and of compounds 1 provide evidence of the 
formation of intramolccukr compkxcs. The temperature 
dependence of the NMR spectrum of lb in tri5uoroacetic 
acid supports this conclusion. Tbc temperature rise from 
20 to 50” weakens the compkx and shifts the o-H signal 
downfield by 0.2ppm. After cooling, the spectrum 
regahs its initial appearance. 

Si effects are observed in the spectra of 
compounds2. 

Unfortunately, low sohhility of compounds 3 iu most 
organic solvents blocks the application of the NMR 

technique. Even high resolution spectra (Brucker-360) of 
solutions of 3 in deuterated dimethylsulfoxide do not 
show signal shifts from the model compounds (namely, 
the co~pondiag noaacykted N+mhalkyl)indoks 
aod N-methyl-3Sdini&oknzamide). It may well be that 
dissolution of the complexes in that stroog solvent kads 
to effective solvath of both parts of the mokcuk aod 
destroys the compkx, the more so that DMSO is noted” 
for its ability to cause dissociation of CTC. 

The UV spectra of compounds 3 have proved more 
instructive. Tbougb the crystalline products are strongly 
coloured, the colouration ran&g from yellow to red the 
CTbandscannotbcdetectedintbespectraoftJh 
chloroform solutions because of masking effects by the 
indok and aromatic ti chromophores. To overcome 
this di5hhy. we have resolved the spectra into Gauss’ 
components. The CT bands have thus been asrigoed and 
theeffectsofthcpyrrokring~ontbe~ 
tionsoftbeirmaxima have been determined (Table 1). 

As seen from Tabk 1, the CT bands undergo bath- 
ochromk shifts with inueaseinlmbsthntdoaor 
a&o in the series: W>3b>3ao>Jc>l. This implies 
facilitation of spatial charge transfer in tbat direction, i.e. 
stren#hing of CTC-type ioteractions. 

Thus, both NMR and UV spectral data how that 
compounds 1.2, and 3 exist ia the form of intramokcukr 
CTC. 

Mass-specrra/ srudy. Ekctron impact stabiiitks of the 
mokcukr ions from P/2-(2 - methylpyridyl - SkthyU- 
123.4 - tetrabydro - y - c-aholks (lad) (WM. Table 2) 
increase with ekctroa donor streqttb of the substituent 
R. As seen from Table 2, a pronounced stability increase 
occurs oo going from la (WM 12.3) to 1M. With lc and 
14 the relative increase is about 35%. whereas the 
introduction of the Me group into the benzene rin8 gives 
a 55% stability &I. A bwer Wrr velue for compound lc 

Fe 2. Codatioo of ions F, and F2 formatioo rater (from dte 
amkcuhr iona h-d) with 6*-wnstu1ts. 0. Format& of ionr F, 

(WC, = I&J-I,,: 0. Formrtion of ions Fz (IgKa - UP&). 

Tabkl. RuametenoftbeCTbnndsinelectronrpcctraofcompoads3 

LE 2.10 a.40 2.13 2.41 3.36 



htnmokcukr c&e transfer compkxcs 

T&k2 bwpectnofthccompouodrl 
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umRo=Ml 8/e unww%Q, s of the =-a+ -3 ‘ll’rt 

la 8Wd) 83t11.6) 85t9.3) 95t5.3) 4100.6) 
lllt5.8) 119(6.0) 120416.6) 126t9.31 129 
(14.63 143W.9) 1$+(9.6) 155t5.3) 1% 
WJO.0) 157~11.1~ 183(5rB) 19X6.8) 1% 
(10.3) 2460.3) 262C25.0) 263(6.3) 2go 
(5.0) 3w47.0) 305M4.0) 306(14.0) 12.3 

a! W(72.6) 15W8.7) 170(1~.0) 17W3.4) 
~303.4) 261t5.1) 276U6.31 217t8.1) 318 
(35.0) 319(378) 32wP.O) 19.1 

In e7t9.0) 83U2.0) 8@(5.0) b(7.0) 9X10.0) 
111(6.0) llg(5.1) wO(7.0) 143(11.0) lel 
(9=0) 172(WIo) lawoo.0) la?(?.O) 229 
(9.0) 238t6rO) 292C3hO) 33400.0) 335 
(96-O) 33m4.0) 16.7 

Ia 119(14.7> 1200gQI 72v7.7) 15404.0) 155 
@7.0> 156(W) 22l@8*3> 222<5a 223a6.1) 
234000.0> 235t7.7) 236t95.6) 23?(6.7) 261 
(5.7) 263(5*7) m(9.0) 279(8&I W26.6) 
341(5.7) 3w25.9) 343&4) 382ag.O) 383 
02.2) 38408.6) 385W.3) 3W7.7) 16.7 

twMirthestrbilitydtbaraobcohrioaamderekcttonimprct(Wy'~8I,~Iykintcrurityof(Mj+llndaf 
is fuu ioIl current). 

compamdwilh1bisdueto hKSaseiut&numberof 
en*pptbwaya 

The observed wu variaths do not coafolm to the 
known patterns of stabiIi&s of aromatic systems; they, 
however, fit the suggestin of the CTC nature of the 
compounds studied. In fact, we have shown earlier” that . . 
t4ubmhmna in the bcnzcllc ring of tetrahydro-ycubol- 
ines4hsdc0loweriapmtberthaoaaincnasc OftheW” 
~s~of~~~~~n~n 
pathways. An unusual iacmasc of wu with donor 
strength of substitucats ia the betuenc ring observed in 
cornpods 1 is characteristic for molecular autacom- 
piexes. Enhancement of electma donathg ability kads to 
the greater extents of charge trader and hence to 
stabihtion of mokcukr ions. 

we have shady mentioned that protonation of the 
pyridinc nockus ill I &eases its electron withdrawing 
action ad (actor* to tbc NMR data) favours tbc 
formation of CTC. Forming of CTC involves ekdron 
density aeon” that k&i to 1-n of a 
parthl positive cbargc in tbc indok nuckus. As We 
believed that tbc mokdar ioo of unprotorbated specks, 
after eltctron impact has similar charge distGbutions, it 

means that tbc molecular ions may be compared with the 
protonatcd forms of the parent molecuks. 

~~~~~sF,fo~by~~~~c~ 
meotation of compound t are several times kss intense 
than ($tb unsnbstitutcd at the N atom) tctrabydro-y- 
carbohs4wbokpositivechargcismaidylucalhdon 
tbcamin8llitm@moftllcpiperidinering~wehavecal- 
cuktcd the macth c4mstaats p and corcelatioll 
coe5cknts r for the formation of F, and F$ from mok- 
cukrions!ad.WitbF,,tbcreisnocorrclatjoawitbtbe 
6+umstants @ 0.470, r -0.1194, Fii. 2, Table 3). With 

2 @X3 -0.778 16.7 7.1 4-9 OAtpI 0.2934 -O*ms -0.5327 
a mj -0.3-w 19.1 11.0 4.1 oenss OO2W -O&w6 0.6662 
Is = 0.000 12.3 4.1 1.7 0.3333 on362 4M72 4&93 
3d a aO.130 16.7 6.1 241 ‘Od653 O.lOP -0m3 -0.9007 
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tbeRioa,thercactionconstaotpis-o.4l%andtbc 
curlew00 coc5cknt t ia 0.984. T&c cdahtion results 
pointtolodiathoft&mo~iooc~m8ialy 
on tbc pylrok ring OihgelL such a !ihudoo may 
develop as a le3dt of CkcbDo baosfer from the pynnk 
totlEpyIi&lkliI&thChitidCbOQCCdU.PyidiDC 
thusactaMeh?ctroofzccptor(allO~aMlogyto 
whatoccmuintbeprotouatcdformofcompounds1). 

Tbcmassspcctraofcompouada1tbusco&mth 
conchuionsmrdeoothebasisofthcNhfRdata 

Pyridykthyktal indoks 2aq (Tabk 4) how a similar 
bdwiour IlDfler ekctroo impdact cow. Agai& the 
wu vaiue3 (mokcqar ion stabilitks) increaM with ekc- 
troo donor !3trcngtb of the ildok may. Rdzatioo of 
additioud fragmcntatioo pathways for compounds 2a 

F2 

alld 2) (fl-agamtotionr of the Et id R alb!eEots) 
cxpkilll tbc ob!wvcd lower& of WY in thcae specks. 

Fragan?otation6 of tbc mokcldar ions of compounds 
2a-# procesd aa with pyridykthykted dcrivdvc!3 in 
geDud; tbcrc are no spea fcatllres to be got@+. 
Tbeprabminalltekctronimprctiaduced- 
involve3 rupture of the C-C a+ hid of the pyrid; 
kthylchaingivhgriaetotbebascpeak. 

Compound2bbavingthc3-Prtubstimenththeindok 
~Oivesio~mlr~andlS7formedbytbelosrofthe 
Etradicdfromtbemokdarandtbcbnseioas,respec- 
tively. llll! prewtce of the 5-oMe substauent explaina 
Lwtah~o~cdiatk~ofa.The 

fragm&wpathwa~areshownillthe 
schcmc (see pqc 2935). 

.b 9(11#2) 77(1 .O) 86(1*1) gl(l.3) ~050*3) 106 
(1.0) 11X2.1) 12Nl.l) ?3oOB) 143W.O) 
l%(loO.O) 159(10.0) Wl.2) 2w19.0) 6.6 

a nc2n, nc1.21 9l(l.O) 103(~DO) 106(1*3) 113 

(1.7) 126(1.0) 130(2.7) 143(3.01 lsyl~m4I 1% 

(6.5) 157t17.5) 15et5.5) M6t100.0) 787(13.3) 

263t45.6) 264t8.7) ?p?W.O) 8.6 

aa 42(1.1) n(l.2) 105(142 106<1& ?w3a) 
lze(l.3) 13OC1.3) W(6.6) 144mO.0) 745 

(9&I 25al9.9) 11.6 

a R(1.3) 77(1.0) 1050.7) 106(2.1) lve*l) 

la(1.0) ljo(l.1) 142(1.2) 143(1.1) 176(2.6) 

205(2.8) 2l8(3.4) 2l9(2.1) 2#)(100.0) = 

(14.7, 326(25.0) 133 

k 42(1.0) 43(la22) 57t1.31 pl(l.0) 1050.1) '106 
(2.0) liB(l.0) 130(1.3) 142(1.1) 143(1.0) 1% 

(2e2) 157(&6) l%(l.l) 170(1a v2(1am 

173W.O) 276W.6) 14.6 

P fl(l.2) 105(1 .I) 106(2al) 126(1.0) vO(1.0) 

lSyl.3) 145(15.0) 173t2.7) 126(100.0) 169 

(10.0) 294t25.6) '14.9 

ia *2(1.3) 43f2.l) W(1.Q Ss(l.0) 770.5) '105 
(1.0) 128(2.1) 17Ot6.4) l%(lOO.O) 1999(12.0) 

3w26.1) 15.0 
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lw8.n 173.6) 

IllCUdCXtOdewMstnte 
obrerved for s&s 1 ad.2 (ilm?w 
d&UlUiqU6WithStEp6?hOftllCppretiCTC)WCbpVC 
also8tndicdcompouads3.Thelattcrspeciec8bollIdbave 
cuhia dvanta@s over. tlmal? alrcdy di8cumd. with 

Tabk5. hn-q~cmoftbuunmpounds3 

cqporpa tic- aY,roi-iao) ‘M 

a 43.W .9) 7Kll.O) 77C6.9) 7604.7) 66t6.3) 
103C6.Q 13OC20.9) 13Nll.3) W(6.6) 144 
(72.S) 14Sm.O) lS(l0.S) wlt9.n49x7a6e) 
311t6.3) 362000.0) 19.3 

a 7X3.1) 143(94 136t9.0) 1nw.l) W(S.9) 
1660.9) 17009.0) W(S.9) ~3tS-4) *6@t%.f) 
lw96) pH(Ss4) -mo.0) 69.5 

ip 7X3.9 143t9.6) l%C9.7> W(Sm’1) -603) 
17002+U lW(S.9) 16iNS.l) 16Nb6) 163W.6) 
1930.0) 6WS.6) 4WS.3) rHbWO.0) 4.q 

tp 7Kl9) 77a.11 760.3) llK~.O) wcN~.s) 743 
(6.4) 144C9.9) 143C6.9) V6(100.0) lS9(~~) 
4W90.0~ 223 

a SS(6.3) 7304.3) 77Cl4.1, mSt37a 17H6-6) 
12205.2) 143C6.7) lW*2.9) WC6.01 WC7.2) 
Ijb(4.0) WC6.3) W(l7.6) 166C6.7) 7WC98.3) 
172Cll.O) 174(39) 164ClS.9) 126C22.6) 193 
(200.9) VJ6C4.3) 203C7.1) 2M12.2) a703.4) 
9)6t3.7) nzo(*a) 23OC9.3) 266C7.2) 4OSt6.4) 
423tos1 466(100.0) 469eS.3) 16.7 

z 4300.6) 7302.6) 7702.3) ~oxJo.3) *22(17.1) 
129(2.6) 143(12.0) 149(6.0) 166c6.6) 170C8.6) 
16M4.6) 16600.9) W9t2.6) 19307.S) lM9.6) 
zOr(6.S) POQ(6.9) 6M9.7) 6WS.S) aYll.7) 
m<1ooa 66903A) 2jj(S.7) 6q9a 6@6 
02.6) -7Crir.S) uZ(4.61 aLo 393t6.6) 
4S3CS.S) 464eOa1 46Xl7.S) 13.2 
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should hove lower W” vsklcs, because tbe number of 
fragmcotation pathways it&3cw8 cqPM=blY on ooips 
from1to3.Infrct,subaitu~ooftBe~benzamide 
groupins for tbe pyainc ooe, elolt&w of the aikyr 
chainbyoneCIirunit,and~sumc,caaesbriwJhgof 
there chains would provide additional possibititka for 
fragmcntatioa. 

Tkreianuthingspcci6caboutfmgluentotioa 
mccbaniwluofcomplcxcs3tbatcanbc~rcdaa 
evidcMx for or a&ut ,tk. fognation of inuamolecuhr 
Cl’C.AUspcctra&domhatcdbyionsF,formcdinthe 
“&ckavagc” of tbc alipwc C-C boad. Diniuo&nzoyl 
ions (m/e 195) and other fragalcnt ioos have very low 
intenaitia?a, wbcrea.9 tbc summcrry h&uity of molecular 
ionsandionsF~raogcfrom4Oto6096. 

To sum up. the resulta obtakd for three series of 
mukalhr autocomplexes of the iDdole family &low that 
stabihty of mokcuhr ions toward ckctroo impact in- 
creases with ekctroo donor power of tbc ekctroo excess 
moiety (that is, with strc* of Cl-C). 

-AL 

Prepamhs. Tbc compomh of series 1 aod 2 were 
ayntbcskl by htmdioo of tctmhydro-y-cuboha or mpec- 
live iDdo&s wilb 2-mt!thy~-5-viny.3 

Tbecompouods3wereobmiucdbyryhtionofN+mimai- 
kylhdoks wilb 3&ihhbmmyl &bride. lnc pmpmion of 
N_(miuo&ylhdok.s vu dmuibed earlk” Tk mctiom in- 
volvea 8 F&-like VP1 of I-uyl-2-viljytpymzdidk 
formed io the cQlMkarrtio#l of 14ytpyrBzoQk’-‘0 with 
kolm. 

n 
au+Q-QJ 

0 

Ipcctnof2pnd3waeobCriatdon~JedJ~ISG-2~ 
lmmeta8tioaintioaeaaly7seVlad~of IOD-l#r.Tbe 
protooNMKspcchwcrereundaiwithVui~T4OmdKL 
loo iMtNQclttl. mle uv mectm were obthd 0118 cm-15 

Jlxpdon of lhe “+v*cd specm into Gus’ componeuls 
ms performed In& 1 mmmmpnm “I!kcmpia EKVM Tz 
16”bytbcnntdehtivemctbod.Tbep8fm8tmofthecr 
bmdwmdetumkdfromtheIineusecthoftbedlnu/dr- 
f(v) auve by the pmbdk regmsho mthd. 
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