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mtract - A practical synthetic entry to Renkert's enamine 1 employing the 

modified Polonovski reaction is described. Complete "C NUR sprctral data of 1 

ia presented. Conformational analysis of the intermediate 1-hydroxy- and l-ethyl- 

1-hydroxy-indoloquinolizidines 206, 2pB, u and m based on simple but reliable 

"C NMR spectral correlations is presented. 

INTRODUCTION 

Wenkert's enamine 1 is a key intermediate for the preparation of several 

clinically useful antihypertenaive eburnane alkaloids.'-' Several methods For 

the preparation of this compound have been descriaea in the literature.“' Our 

research activity being focused on the preparation of therapeutically important 

indole alkaloid derivatives"' we wanted to test the feasibility or applying 

the modified Polonovski reaction"-" in the preparation of this intermediate. 

Application of the modified Polonovski reaction in the synthesis of the *na- 

mine 1 has once been described in the literature.‘ The synthesis starts from 

tryptophyl bromide 2 and J-ethyl pyridine and (lives 1 in four steps. However,. the 
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synthasie suffers from two drawbacks, causing low overall yield. Pirat, the tatra- 

hydrapyridins & is obtained in 4 lowish 66 X yield by NABHI reduction of the 

pyri di ni urn salt 2. The product is obtained aa a 9:l mixture with its double bond 

isomer 2, contaminated by a small amount (about 4 Z) of the fully reduced pi peri - 

dine derivative 6. ” Obviously, the desired hydride addition at the 2-position 

of the pyridinium salt p is accompanied with aome addition at the 6- and a-posit- 

i on6 gi vi ng rire to s and 6, respectively. Secondly, trifluoroacetic anhydride 

( TPAA+ treatment of the N-oxide, obtained by HaOa-oxidation of A, gave the 

tetracyelic indoloquinoli~idine z in 36 X yield. 

s 

He thought that the regiochomiatry in the hydride reduotion could better be 

controlled by proper choice of the subatituent at the 3-position of the pyridino 

rt ng. A dennyloxy subatituent seemed most attracting. We reasoned that the elect.- 

ron donating nature of the substituent would disfavor hydride addition at the 4- 

position, and would also provide 4 convenient handle for the introduction of the 

ethyl side chain at 4 later atage in the synthesia. The enol ether would function 

4s 4 masked ketone which after debanzylation should allow introduction of the eth- 

Yl appendage via Grignard reaction. Dehydration would finally furnish tha target 

compound J_. 

The yield in the modified Polonovaki reaction can be greatly improved by 

protecting the indole nitrogen with a suitable electron withdrawing group. *S*1* 

The t-butoxycarbonyl (SOC) group seema to suit ideally for this purpose as it is 

sufficiently base stable to survive basic aqueous work-ups, and it ia acid labile 

enouqh to be cleaved with HCl/keOH or trifluoroacetic acid (TFAI in CHz Clt . 

Eased on the latter featur?, we hoped that the daprotection and cyclisation oparat- 
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ions can be performed in one step. 

During the course of our studies, we needed reference data to establish thd 

identity of the desired product. After a literature search, we discovered that 

although the enamine 1 has been widely used in alkaloid syntheses Cm auura). 

several of its physical data, particularly the highly informative “C NWR ones, 

were still missing. In connection with the present work, we decided to determine 

the missing data both for the enamine 1 and its deaethyl analogue 8. 

RESULTS AWD DISCUSSION 

Our approach to 1 is presented in Scheme 1. The early stages of the synthe- 

51s proceeded uneventfully. Reaction of tryptophyl bromide 1 with 3-benayloxy PY- 

rldine S’s gave the salt 1p“ in 99% ‘yield. As expected, sodi urn borohydride 

reduction of m in ethanol afforded the enol ether 11” in excellent yield with 

less than 5 S of the regioisomeric olefin as evidenced by TLC and NIR. The indole 

N was then protected with the BOC group using the method of Crehn and Ragnars- 

son’ ’ ( BOCZ 0, DIIAP, CHzClz, rt) to give the carbamate 12 in 90 I yield 

after flash chromatography.” In the next step, the csrbamate 12 was subjected 

to the modified Polonovski reaction conditions, followed by cyanide trapping, to 

furnish the a-aminonitrile u quantitatively. 

We then attempted to achieve BOC cleavage and cycliaation in one step by 

using AgBF, in THF tq generate the iminium ion, followed by stirring in HCl/He- 

OH to effect the cyclisation to the indoloquinolizidine 14. The only product iso- 

lated by column chromatography on alumina was the dimethyl ketal u. Its structu- 

re was evident from its MS, ‘H and “C NMR spectra. In the mass spectrum, the 

product showed a molecular ion at m/z 286. In the NWR spectra, anticipated sig- 

nals due to the benzyl enol ether and BOC moieties were absent. Further, the ‘H 

NWR spectrum revealed the presence of a dimethyl ketal (3H singlets at 63.03 and 

3. 31 ppm) . Correspondingly, from the “NMR spectrum, the signals at 6 48. 1 and 

49. 2 ppm (quartets on SFORD) were detectable, as were also those due to the qua- 

ternary C-l (8 100. 5 ppm) and. the tertiary C-12b (662. 9 ppm). These data COnfirm- 

ed the structure as fi. For practical purposes, however, the yield was unaccept- 

ably low. 

E X=(OMel, 

19 x= 0 
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we next tried to circumvent this problem by generating the fminium ian di- 

rectly from the en01 ether u u Polonovski reaction, and then treating it, with- 

out cyanide trapping, with anhydrous diethyl ether saturated with HCl. The major 

reaction in this ca6e was addition of hydrogen chloride on the enol ether double 

bond giving the diasteraomerie products LQ in 43 % yield after flash chromatogr- 

aphy on ailics. The mass spectra of these iaomera exhibited cha’racteriatic t4+2 

isotope peaks along with base peaks at m/s 331 (H-35) and othar spectral data 

corresponding to the structure m.” A minor compound (6 X yield), isolated in 

earlier fractions showed some interesting spectral features. An IR sbsorptfon at 

1700 cm-’ and a signal at 6 212.9 ppm (singlet in SFORDI in the “C NWR 

spectrum suggested that a keto group is present. That the benayl group was still 

present but had @grated to C,Z~ was proven by the appearance a singlet at b 

71.6 ppm. These facts together with other spectral data confirmed the structure 

as (7~” The product is surprisingly stable for an p-aminoketone, obviously be- 

cause enolisation towards the nitrogen is prevented by the absence of H-l 2b. 

These interesting but unfruitful results forced ua to abandon this “one-pot 

deprotection-cyclisation” approach and assume a more conventional one. Thus, the 

BOC protecting group was first cleaved with TFA in CHzClz at rt to give the 

*-aminonitrile a in 95 I yield. This waa then cyclised without purification in 

SO % aqueous AcOH to the tetracyclic enol ether 11. in 65 I yield after preparati- 

ve HPLC. The overall yield from tryptophyl bromida was 55 !b. 

All attempts to convert the enol ether s to the ketone ip failed, however, 

probably due to the highly unstable nature of the a-amino ketone Lp. We reasonad 

that this problem could b4 avoided by reducing the enol ether 12 to alcohol oxi- 

dation level (m and ml. These diasteraomeric alcohols could then be re-oxidi- 

sad to the ketone 1p. and treated immediately with ethyl magnesium bromide to give 

the tertiary alcohols fi from which the desired enamine 1 could be obtained u 

dehydration. 

First ue’had to prepare the starting alcohols. This was achieved by cataly- 

tic transfer hydrogenolysis” over Pd/C in methanol using ammonium formats as 

the hydrogen source. A 1: 2 mixture of the known’* alcohols 2J& and TpB was ob- 

tained in 88 % combined yield. Using the Ireland one-pot modification of the 

Swern oxidation/Grignard addition, “**’ the mixture of alcohols 2p was convert- 

ed to a 4: 1 mixture of the alcohols &l.a and m in 56% combined yield (65% based 

on recovered &l&1 employing an excess of ethyl magnesium bromide. These alcohols 

have previously been described by Danieli &. &&.. “**’ They obtained m in 92 X 

yield by NaBHe reduction of the corresponding iminium salt. The other diastareo- 

mer, m, which is the major one in our synthesis, was obtained in 10 I yield by 

dissolving metal reduction of the same starting material.a”z’ Our synthesis of 

the alcohols a can thua be regarded as CompIemsntary to that of the Italian 

group. 

The stags was now set for the final dehydration of the a1oohofs.a to the 

target compound. Owing to the lability of the free enamine 1, we felt that dehyd- 

ration ahould be performed under strongly acidic conditions, whence the enami ne 

would be protonated to the more stable iminium ion as soon as it is, formed. Pre- 

liminary attempts with cone. HISOb were not very promising, however, yielding 
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only unconverted starting material along with varying amounts of unidentified po- 

lar products. The mass apsctra of the crude reaction mixtvres ahowed that only 

traces of i could havs bean present. In the model series, refluxing 1p in neat 

TPA” for 17 hours gave &_ in almoat quantitative yield. Finally, similar TPA 

treatment OF the alcohols &_ gave thetenamine j_ quantitatively. No doubIe bond 

i aomers could be detectad by TLC or spectroscopic means. k major feature in the 

mass spectrum of this latter compound is the abundance of the m/s 237 pork ( W-l 5, 

100%) which, along with the molecular ion at m/s 252, is the only prominent peak. 

The model compound & wa8 useful ih assigning the ‘*C NIR spectrum of +.*‘**‘) 

Tha ethyl group shows a deahfelding a-effect and a shielding S-effect, as expect- 

ed, C-l appearing at 6 113.5 ppm and C-t2b at b 130.2 (or 13t. 51 ppm compared to 

the values of the desthyl analogue & at 6 94. 9 and 136.7 ppm, respectively. 

CONPORYATIONAL ANALYSIS OF COWPOUNRS 1pp,2$&,;us AND u 

The $ -mono- and ?, I-disubstituted 1, 2, 3, 4. 6, 7, 12, ?2b-octahydooindoXol2, 3-aI - 

quinoliline systems can exist in air conformations ( two configurations) with 

equilibration by nitrogen inversion and --decalin type ring interconversion 

( Scheme 2). Ring C is assumed to be in the half chair conformation, and only the 

chair forms of ring D ara considered. The stareochamical aasigments for 1pn, 
.&Q&Z’ and a’ have been proposed earlier, and that or m was detarmiaed by 

‘*C HUR spectral analysis as shown below. 

IL 

CN P / I 
1 

SCHEME 2 

The chemical shift OF C-7 reflects the contribution of different conformat- 

ions to the equili bri urn, mainly due to the interaction of C-7 with C-4. =**” 

Taking the C-7 shift values 6 21. 6 (g) ppm and 6 16. 8 (p) ppm as a basis, the 

present conformational equilibrium can be estimated (the contribution of conror- 

mar p is considered negligible). Correlation of shift values 6 20. 6 and $9. 5 PPm, 

found Cor the signals of C-7 in compounds m and &l.& with the above values in- 

dicates that the contributions of conformer 9 is approximately 24 1 and 46 x, 

respect f vely. The value Ei 21.6 ppm found for C-7 For both compounds m and m 

indicates that they exist almost totally in Conformation R. 
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‘The predominance of conformation & in compounds ;Lpp and 2Lp is also support- 

ed by ‘H NIR spectroscopy. The presence of the H-12b signal upfield Prom 8 3. 4 

ppm (observed, 8 3. 07 and 3. 24 ppm, respectively) is characterietic of conformat- 

ion e (u-quinolizidine juncture). ” Owing to the diamagnetic displacement 

effect of the electron pair of the basic nitrogen, which effects the H-12b in 

conformation c, the H-12b signals of a and a appear at lower field’ ( 8 3. 50 

and 3. 72 ppm, respectively), in agreement with the proposed structures. Moreover. 

the relatively strong intensities of the Bohlmann bands in the IR sReotra of com- 

pounds 1pa, 2ep and u and their weakness in the case of u are in agreement 

with the conclusions presented. 

21b 

These results are in agreement with earlier results from our laboratory. ‘* 

Compound m predominately assumes conformation & to avoid steric interactions 

between an equatorial ethyl group and the indolic’psrt and for the same rea8on 

the conformational equilibrium of compound u is shifted towarda conformation c. 

The hydroxyl group is sterically less demanding, and thuq exiata moatly axially 

in compound m and almost exclusively equatorially in m. In the latter case, 

hydrogen bonding with indole N pr‘obably plays a major role in the conformational 

equilibrium. 

CONCLUSIONS 

Wenkert’ s enamine 1 and its deeethyl analogue & have been obtained in 24 I 

and 48 X overall yields, respectively. For the first time, the title compound has 

been fully characterised by spectroscopic mea?’ including ita ‘=C NUR data. 

Conformational analysis of indoloquinolixidines apa, m, u and u based on 

simple “C NXR spectral data reveals the importance of sterio interactions bet- 
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wean the l-aubatituenta and the indol. nitrogen in determining the position of 

the oonfornational equilibrium. 
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