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--AR attemptmi maliftmi Polonovski reaction on the imiole-linked 

pinuclidrne g resulted in f-tion of the amide W b~ tmnsfer of on 

olygen atom fra the pimclidine N to the i d o l e  C-2 position. 

In an attempt to devize a new route to compounds containing the sarpagine/ajmaline 

we were attracted by the possibility of carrying out an intramolecular iminiua ion cyclization 

invo1Cing an indole-linked quinuclidine as outlined in Scheme 1. Various methods which have 

been used to generate such iminium ions are shown in scheme 2.*-13 Such reactiono, including 

the modified Polonovskl reaction."14 have been widely used to bring about cyclization of 

indole  derivative^.'^-^^ This would however be the first reported attempt to bring about such 

a peaction involving a quinuclidine system. 
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The @-unsaturated indale-quinuclidinone was prepared by reacting the lithium enolate of 

quinuclidinone with N-methyl-indole-3-carhaxaldehyde z. Work-up followed by f1a.h 

chromatography afforded the major isomer 2~ (83%) along with the minor isomer a (7.5%). 
Furthermore the majar product could he quantitatively converted into its isomer a by 
treatment with titanium tetrachloride. The 'H and 13c n.m.r. spectra are 1i.ted in Tables 1 

and 2. Of particular importance was the assignment of H-2 and H-10 which both appeared as 

singlets in the 'H n.m.r. spectrum hut could he distinguished on the basis of the Nuclear 

Overhau~e~ Enhancement of H-2 observed on irradiation of the indole N-methyl si~nal. The 

marked difference in the chemical shift of H-2 in @and was used to assign the relative 
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Scheme 3 



configuration of the two isomers. Thus it is apparent that the close proxi.ity of the 

carbonyl group to H-2 in isomer a has a marked deshielding effect, while the N lone pair nay 
have a shielding effect on H-2 in &. In the minor isomer a 8-2 is observed at 69.0 p.p.n. 
whereas in the najor isomer it comes at 68.2 P.P.~. 

nydrogenatian of & afforded the saturated ketone 3 (vcm0 1730 ca-ll while NsBHq or LiAiH4 

reduction gave the aiiyiic alcohol &. Hydrogenation of or NaBH reduction of 3 afforded 4 

the saturated alcohol ,Q which was available therefore in 86-1001 yield fro. a (Scheme 31. 
preliminary attempts to cyclize % and using mercuric acetate were unsuccessful. In both 

cases the only product obtained after oodium horohydride work-up was the saturated alcohol t. 

~ifficulty in achieving the required cyclization was not unexpected since it requires the 

generation of a bridgehead inlnium ion (see Scheme 1). Purthermore. it has been previously 

shown that decomposition of the amino-mercuric acetate conplex to form an iminium ion only 

occurs readily when the N lone pair in the starting mine and the a-hydrogen eliminated can 

adopt a trann-coplanar arrangement (Scheme 41." The rieidity of the quinu~lidine system 

clearly precludes such an arrangement. 

Similar problems might also he anticipated in using the modified Polonovski reaction. Thus 

the intermediate iminium ion would cdntain a bridgehead C-N double bond, while formation of 

this ion would be expected ta be more favourable when the proton o to nitrogen is trans- 

coplanar to the trlfluoroacetate group. Nevertheless the indoie-quinuclidinol acetate wan 

converted into its N-oxide by refluxing rith .eta-chloroperonybenzoic acid in dichloramthane. 

~ f t e r  purification of the crude product by filtration through a column of alumina the 

N-oxide 2 was obtained in 901 yield (Scheme 5 ) .  Bath the and 13c n m r .  spectre of 2 

('rabies 1 and 2) were similar to those of the starting mine ,Q, the most noticeable differences 
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being found for those protons and carbons close to the quinuclidine nitrogen. The mass 

spectrum of contained a molecular ion at ./z 328 and in addition gave major fragnent ions at 

./4 312 (M-Ol and 269 IM-OAcl. 

Scheme 5 '0 

  he woxide % w a s  stirred vith trifiuaroacetic anhydride in dichlaromethane for 3 h, after 

which the solvent and excess anhydride vere evaporated off. The crude reaction mixture was 

then treated vith aqueous KCN in order to trap any uncyclized iminium ions. After work-up in 

the usual way followed by flash chromatography one major product, identified as the amide 19. 

was ioolated in 40% yield. The mass spectrum of M contained a naiecuiar ion at ./z 328. as 

did the N-oxide 2 .  However, the fragmentation pattern shared many differences, major fragment 

ions being found at ./z 285 (M-Ac). 269 IM-OAc). 182 and 146. The latter two ions vere 

~ e g a ~ d e d  as particularly diagnostic since they correspond to cleavage of the molecule into two 

/ """ 
rn I .& 

Me 

m/z 146 - - m/z - 182 

Scheme 6 

Both the 'H and 13c n.n.r. spectra of M were complicated. with the 13c n . n . r ,  spectrum 

containing several sets of peaks. This was not unexpected since there are now three chiral 



centres at C-3, C-7 and C-8 . Of particular interest were the oignals at 8 177.81. 178.16 

and 178.51 which are Characteristic of the C - Z  carbonyl groupZ2 Other characteristic signals 

vere found at B 42.44, 42.65, 42.76 (C-3). 59.78. 60.13 (C-7' 1 ,  71.78. 72.07 IC-8' I and 170.49, 

170.61 (acetate C=O). A possible mechanism far the formation of &! is shown in Scheme 7. 
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Scheme 7 
EXPERIMENTAL 

IR SPeCtFB were recorded on a Pye Unican SP150 spectrometer. 'H and 13c NMR spectra were 

recorded on Varian HA100 and XLlOO instruments using TMS as internal standard. 360 MHz NMR 

spectra were provided by the Edinburgh University WH-360 NHR service. Mass spectra were 

recorded on an A.E.I. M S ~  double rocussing instrument at 250'~ and 70 ev. THE was distilled 

over calcium hydride and stored under N2. CH C1 was passed down an alumina column and 2 2 

distilled. Column chromatography was carried out vith Merck 7734 silica and flash 

chromatography vith Merck 9385 silica. 

N-Methylindole-3-cerboxsldehydd (z ) .  
To a stirred suspension of NaH (4.8g. 150 m 0 1 )  in THP (100 dl at O'C. under N2. was added a 

solution of indole-3-carbanaldehyde 120g. 138 nnoll in THE 

(250 dl. followed by M e l  (28.4 nl. 300 nmol), and the mixture stirred overnight at room 

temperature. Excess hydride was then destroyed by addition of MeOH/H20 and the mixture 

extracted vith C H C ~ ~  (3 x 150 d l .  The combined organic layer* were dried over Na2Sn4 and 

evaporated to give an orange-caloured solid (19.68gl which was recrystallized from 

benzene/petraleun ether (bp 40-60'~) to give a 1172g. 80% yield! as cream-coloured crystals. 

mp 60-83'~. IR 1650 Cm-', MS o/l lrel.int.) 159 [M*. 79.2%!. 158 (100%). 103 (12.4%). 77 

(15.9%). Pound (calc. for CloH9NO1 C, 75.60% (75.451. H. 5.76% 15.10). N. 6.101 (8.80). 



HETEROCYCLES, Vol 24, No. i 

Condensation of N-xethylindole-3-carhoxalddhyde ($1 and 3-Quinuclidinone 
Hydrochloride. 

To a stirred solution of diisopropylamine (19.23g. 190 m a i l  in THF (200 m11 at O'C 

under N2 was added a solution of 2.09M n-butyllithium (90 ml. 168 m m 1 )  and the 

mixture stirred at this temperature for 30 .in. TO this solution, at O'C, was 

added 3-quinuclidinoneHC1 (15.0g. 92.8 m 0 1 )  in one lot, and stirring continued 

until completely dissolved (20 mi") The temperature was then lowered to -78'~ 

and a solution of /; (14.6g. 92 mall in THF (250 m1) added. Stirring was 

continued for 30 nin at this temperature and then a t  O'C for 90 .in. The reaction 

mixture was poured into saturated N ~ H C O  at o0c and this solution extracted with 
3 

CHC13 (3 x 150 m1l. The combined organic layers ware dried over Na2sO4 and 

evaporated to give a yellow solid. Purification by flash chromatography 

(CHC1 12% MeOHl followed by recrystallization from benzene/petroleum ether 
3 

(hp 4 0 - 6 0 ~ ~ 1  afforded ( 2 0 . 3 ~ .  60.3% yield), mp 1 7 2 - 1 7 3 ~ ~ .  1R 1610 and 1695 cm-l. 

MS ~ / z  (rel.int. I 266 in+. 100x1. 238 ( 1 3 3 x 1 ,  237 (21.0~). 210 (24.9%). 209 

(253%). 197 (11.4%). 163 (17.4%). 169 (44.0%). 157 (36.9%) Accurate Mass = 

266.1419 far C17H16N20. Found (calc, for Cl7Hl8N20I C. 76.40% (76.661, H. 7.00% 

(6.81). N, 10.39% (10.52). 

Increasing the flash chromatography eluent polarity (CHCI3/10% MeOH) led to the 

recovery of (150g. 7.4% yield). IR 1595 and 1695 cm-', MS 515 (re1 int.1 266 

(Mt. 100%). 236 (13.51). 237 (20.3%). 210 (27.4%). 209 (26.6%). 197 (117%). 

Catalytic Hydroeenation of a. 
A solution of ;tp (2.50~. 9.40 m a l l  in EtOH (40 mi) was hydrogenated over 101 Pd/C 

for 12 h. The catalyst was removed by repeated filtration and the solvent 

evapo~ated to give a brown, fibrous tar which was recrystallized from EtOH to 

afford 2 (2.50g. 98% yieldl as cream-coloured crystals, np 136'~. IR 1730 

MS ./z (re1 int. I 266 (Mi, 4.7%). 240 (258%). 157 (5.4%). 144 (10O%l. Accurate 

naon = 268.1574 for Cl7HZ0N20. Found (calc. for C17H20N201 C. 75.80% (16.09). H, 

7 6 0 %  (7.51). N. 10.09% (10.441. 

N B  /Me08 Reduction of a. 
4 

To a stirred solution of 3 (2.13~. 8.0 nnail in MeOH (100 dl at O'C was added 

NaBH4 (3.03~. 60 moll over 15 min and stirring continued for 2 h at roam 

temperature. Water (50 m1) was added and the mixture extracted with CHCI3 



(3 1 50 d l .  The combined organic layers were dried over Na SO and evaporated to 
2 4 

give & as a cream-coloured solid, (2.05g. 96% yield). mp 137'~ (from benzene/ 

pet~oleua ethe~). I R  3350 MS s/z (rel. int.) 266 (H+. loo%), 252 (121%). 184 

(15.0%). 170 (207%). 169 (268%). 168 (17.5%1. 144 (59.7%). 131 (24.5%). Pound 

(calc. far C17H20N20) C. 76.80% (76.09). H, 7.70% 17.51). N. 9.60% (10.44). 

m 4 / M e O H  Reduction of a. 
TO a ~tirred solution of (0.53g. 2.0 mmol) in MeOH (25 m11 at O'C was added 

NaBH4 ( 0 . 7 4 ~ .  20 mmol) over 10 nin and stirring continued at room temperature far 

3 h. Work-up as far afforded a, as a cream-caloured solid (050g. 93% yield), 

np 204-206'~ (from EtOH/H20). IR 3150 en-'. MS nlz (rel. int. 1 268 (MI. 100%1. 252 

(10.6%). 184 (47.6%). 170 (608%). 169 (62.3%). 168 (53.011, 157 (303%). 144 

(37.9%). 131 (21.1%). Found (Calc. for C17H20N201 C, 74.42% (76.091. H. 7.40% 

(7.51). N, 9.98% (10.44). 

Isonerization of usine TiC14. 

To a stirred salutlon of (1.0g. 3.76 nnal) in dry CH2C12 (10 ml) under N2 at 

roam temperature was added a solution of T ~ C I ~  (0.49 m1, 4.5 mmall in C H ~ C I ~  

(10 m1) and stirring continued overnight. To the mixture was added ice-water 

(20 m11. the organic layer removed, washed with saturated NaCl (3 r 10 nl), 

saturated NaHCO3 (3 x 10 nl), dried over Ns 50 and evaporated to give a yellow- 2 4 

brown fibrous tar. Purification by flash chromatography afforded a (1.0g. 100% 
yield), which was identified by comparison vith the sample obtained by direct 

condensation (see above) .  

LiAlH4Reductian of a. 
TO a solution of a (O.7Og. 2.63 m o l )  in THF (20 m i )  at O'C under N was added a 

2 

l.lM solution of LiAlH4 in THF (2.4 al, 2.63 aaol). The mixture uas stirred at 

this temperature for 1 b and a further 1 h at room temperature. A 1:l mixture of 

H20/THF was added until Hz evolution ceased and the solution extracted with CH2C12 

(3 x 10 m1). The combined organlc layers were washed with saturated NaHC03 ( 3  x 

10 dl. H20 (2 i 10 nl), dried over Mg504 and evaporated to give & as s cream- 

colaured solid (0.7Og, 100% Yield). which was identical to the sample prepared 

using NaBH lMeOH (see above). 
4 
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NasH Reduction of in Refluxing Ethanol. 
4 

To a solution of (050g. 1.87 nnall in dry EtOH (10 m1) was added NaBH4 (0.38g. 

10 m m 1 )  at 100. temperature and the mixture stirred at this temperature far 30 

m i .  This was then gently refluxed for 1 h, after which H20 (10 m1) was added. 

followed by saturated NaHCO3 (10 d l .  The mixture was extracted vith cH2c12 (3 x 

10 ml), the combined organic layers dried aver Na2S04 and evaporated to afford a 
as a cream-coloured solid (048g. 95% yield), which was identified by comparison 

with the sample prepared in MeOH at room temperature (see above). 

NaBH4/MeOH Reduction of 2 .  

To a stirred solution of (0.55g. 2.96 nmoll in MeOH (20 m1l at o0c was added 

NaBH (0.38~. 10 mmal) and stirring continued at room temperature for 3 h. Water 
4 

(20 m1) was then added and the mixture extracted vith CH2C12. The combined 

organic layers were washed vith saturated NaHC03, dried over MgS04 and evaporated 

to give a pale yellow solid (055g. 100%) shich gave a single spat by TLC and 

proved to be the alcohol 2. IR 3240 HS ./I (rel. int. I 210 (M+, 43.0%). 213 

118.911, 158 (12.5%) (17.6%). 144 (100%). 131 (21.8%). 126 (25.4%). 

catalytic Hydroqenation of a. 
A solution of (4.03g. 15.0 naol) in EtOH (40 nl) was hydrogenated aver 10% Pd/C 

overnight. The catalyst was removed by repeated filtration and the solvent 

evaporated to leave 9 (405g, 100% yield) as a pale cream solid, identical to the 

sample prepared above. 

Atteaoted Mercuric Acetate Cyclizatlon of k. 

To a solution of Hg(OAc12 (3.03g. 9.5 moll and EDTA Na2.2H20 (3.70g. 

10.0 mmll in H20 (20 nil was added a solution of (0.5~. 1.87 moll in CH Cl 
2 2 

(lo 1 The CH2C12 wan evaporated off by passing N2 through the mixture while 

stirring at 40'~. The pH was adjusted to 7.0 by addition of aqueous IN NaOH and 

the mixture refluxed for 35 nin before cooling and hssifying vith IN NaOH. EtOH 

(20 m1) was added followed by NaBH4 (0.8g. 21 nnoll and the mixture stirred for 

30 nin at room temperature before filtering. The filtrate was concentrated and 

then extracted with CH2C12 ( 3  x 15 nll. The combined organic layers were dried 

aver MgS04 and evaporated to give 9 (0.45g. 93% yield). 



Attenwed Mercuric Acetate Cyclization of R. 

To a stirred solution of 8 (0.29g. 1.07 moll in glacial AcOH (10 m1) was added 

Hg(0Ac) (096g. 3 mnol) and stirring continued for 24 h at roon temperature under 
2 

N2. A small amount of solid material was filtered off 10.17g), the filtrate 

refluxed for 6 h, cooled, and the AcOH evaporated off under reduced pressure. 

EtOH (20 nl) was added, fallowed by treatment rith NaBH (1.0g. 26 mnoll at O'C, 
4 

and stirring continued at roon temperature far 1 h. The mixture was filtered, the 

filtrate treated with H 0 (20 nl) and extracted vith CHC13 13 x 15 .I). The 
2 

combined organic layers vere dried over MgSO and evaporated to give a pale brown 
4 

solid (0.26 g) which contained mainly unreacted starting material. 

Acetylation of a. 
A solution of a (0.5g. 1.86 moll in pyridine (2 nll and acetic anhydride 
(1 "1) was *timed overnight at room temperature under N 2  The mixture was poured 

into ice-water I80 nl) and left to stand far 30 min before extracting rith CH2C12 

(3 x 30 .I). The combined organic layers were rashed with 1N HCI (2 x 30 .I). 

NaHCO (2 x 30 dl. H 0 (2 x 30 nl). dried over  MgS04 and evaporated to give a pale 3 2 

Orange solid. Purification by flash chromatography (CHC13/2X MeOHl afforded 

(04Og. 66% yield). IR 1660 cn-', MS a/. (re]. int. I 310 IM+. 40%). 267 (12%). 251 

1100x1. 250 141XI. 169 (20%). 144 125%). 43 135%). Accurate n m s  - 310.1681 for 
C19H22N202' 

Acetylation of R. 

A solution of @ 1 2 . 4 ~ .  8.9 m m l )  in pyridine (10 nl) and acetic anhydride 

(5 111 1.38 stirred overnight at roon temperature under N2. The mixture was poured 

into ice-water I150 m1) and stirred for a further 30 nin. This was then extracted 

vith CH2C12 (3 x 50 MI), the combined organic layers washed vith IN HCI 

(2 x 50 nl I ,  NaHC03 (2 x 50 .I). H20 I2 x 50 nl). dried over MgSO4 and evaporated 

to give a brown oil. Purification by flash chromatography (CHC13 3 cHC13/20x 

MeOH) yielded 2 as an oil (1.20g. 43%). IR 1740 cn-l, MS s/z (pel, int.1 312 (Mt. 

45.41). 268 1100%), 158 145.2%). 144 163.1%). 

Indole-quinuclidine N-Oxide (2). 

To a solution of 11.30g. 4.17 moll in CH2C12 (20 m1) was added mCPBA (1.56g. 9 

mm1I in CH2C12 (40 all over 15 nin. while ~ently refluxing. After s further 30 

.in stirring at roon temperature, solid Na2C03 (10 g)  was added and stirring was 

continued for a further 15 .in. The mixture was filtered through a bed of Na2CO3 
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and evaporated to give a red/brown solid (1.51 gl. The solid was diooalved in 

CH C1 and passed do*" a short alumina column (CH C1 110% MeOH/50 g 
2 2 2 2 

A1203). The filtrate was evaporated to afford q (124g. 90% yield) as an orange- 

coloured solid. MS pl: (rei. int.) 328 (Mi, 57%). 312 (43.3%). 289 (100%). 

223 (15.8%). 222 (14.3%). 158 (39.1%). 144 (58.7%). 

Treatment of N-Oxide (21 vith Trifluoroacetic Anhydride. 

To a solution of 2 (0.62g. 1.89 mm01) In CH C1 (5 nl) at O'C was added TPAA (1 nl) 
2 2 

and the mixture stirred at room temperature for 3 h. Solvent and excess TPAA vere 

removed by rotary evaporation without heating and CH C1 (10 nl) added, followed, 
2 2 

at o0c, by KCN (1.30g. 20 m 0 1 )  and H 0 (5 nll. The pH was inmediately adjusted 
2 

to 4.0 by trifluoraacetic acid addition and the mixture stirred at room temperature 

fop 30 nin. Saturated Na2C03 was added (20 m11 and the mixture extracted vith 

CHC13 (3 x 20 d l .  The combined organic layers vere dried over MgS04 and 

evaporated to give a brown solid (0.50 g). Purification by flash chronatogrsphy 

afforded as an ail (0.25g. 40% yield), IR 1620, 1730 cm-', MS ~ 1 %  (rel. int.) 

328 (Mi, 82.4%). 285 (95.2%). 269 (5.9%). 182 (11.6%). 112 (16.7%). 146 (100%). 110 

(20.6%). 43 (25.5%). Accurate mass = 146.0596 for C H NO. 
9 8 
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