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Abstract - Six different lactams of the desethyleburnwnine- 
homoeburnamonine series were synthesized. Complete C NMR 
data are presented for these compounds, as well as for their 
precursors. Special attention is paid to their C(20)-C(21) 
stereochemistry. 

The therapeutical value of several vincamine-eburnamonine derivatives is well 

known.'-4 Considering their physiological properties, the stereochemical 

relationship of the C(20)-C(21) protons (biogenetic numbering) 
5 

iS vitally 

important. In connection with a project in progress in our laboratory on compounds 

of vincamine-eburnamonine type, 6-7 we needed model compounds that could set the 

stereochemistry of these compounds on a solid basis. 13 C NMR spectroscopy was 

ideally suited for such stereochemical determinations, not least because it would 

permit a decision about the unambiguous determination of the identity or non- 

identity of compounds synthesized in different laboratories. In this paper we 

describe the synthesis of six compounds of the desethyleburnamonine-homo- 

eburnamonine series, paying special attention to their C(20)-C(21) stereo- 

chemistry' and l3 C NMR spectroscopy. 

RESULTS AND DISCUSSION 

The desethyl-20-epi-eburnamonine 2 and the corresponding homoderivative G, both 

possessing the C(ZO)H-C(21)H trans-stereochemistry, were synthesized as follows 

(Scheme 1). Catalytic hydrogenation of salts 1. and 2. furnished the N-tryptophyl- 

piperidines 3 and 4, respectively. When the indole nitrogens of 2 and 4 were 

protected with the t-butyloxycarbonyl (BOCI group. compounds 5 and 2 were 

obtained. The corresponding N-oxides were subjected to the modified Polonovski 

reaction conditions 
9 , followed by cyanide trapping to furnish the a-aminonitriles 

la.7b and Sa,Sb, respectively. In both cases the isomers were separated by column 

chromatography. 
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1 R= CH2C02Me 
2 R= KH212C02Me 

+ 
CN 

g R=CH2C02Me 
8a R= (CH212COtMe - 
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1 R=CHtC02Me 1. R=CH2C02Me 
4 R= KH212C02Me a R= KH212C02Me 

7b R=CH2C02Me 
s R= KH212C02Me 

Scheme 1 

R 
H 

R=CHzCOtMe 
i R= KH212C02Me 

The desethyl-20-epi-eburnamonine 2 formed spontaneously from the nitrile 2 under 

the reaction conditions used (AgBF4, then MeOH/HCl). The feasible preceding 

indoloquinolizidine ester could not be isolated from the products. Not detected 

either was compound 15 [C(ZO)H-C(21)H c&l, - the C(20) isomer of compound 2. The 

isomer 15 was described in the literature some years ago 10.11 

13 - 
, but without any 

C NMR spectral data. To obtain the missing analytical data we synthesized this 

compound starting from 1411*12 11.13 
- using methods described in the literature. 

( Scheme 2 ) . 

H 

14 - 

Scheme 2 

H 

In the homoseries the five-ring lactam 11 did not form spontaneously - 
corresponding nitrile 8a (vide supra), -- and the indoloquinolizidine 10 - 
from 8a) was first isolated instead (Scheme 1). Under basic conditions - 

from the 

(prepared 

(t-BuOK), 

the ester 10 easily gave the lactam 11 in nearly quantitative yield. The Bohlmann - - 
bands in the IR spectrum were characteristic of a trans-fused quinolizidine 

system. The large coupling constant (J = 9.5 Hz) between C(20)H and C(21)H 

indicated a trans diaxial relationship for these protons. 
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Similarly, in the 'outside series*, nitriles lb and Sb yielded the indoloquino- - - 

lizidines 12 and 13, respectively, l4 - under the reaction conditions used (Scheme 

11. 

We have recently described the synthesis of the ester 16. 
17 

- Catalytic hydro- 

genation of the double bond of the ester side chain led to compound 17 [C(l)H- - 
C(12b)H cis], the C(l) isomer of - compound 10. - In spite of many trials, our 

attempts to cyclize ester 17 to the lactam 18 with potassium t-butoxide (t-BuOK) 

or sodium bis(trimethylsilyl)amide failed. Instead, 

chloride (POC13) led to the desired product g (Scheme 3). 

16 II 18 - 

Scheme 3 

To take advantage of enamine indoloquinolizidines in the synthesis of 

eburnamonine-type alkaloids we also synthesized the C(2O)OH derivatives of des- 

ethyleburnamonine (both isomers, 20 and 23). Swern oxidation of the earlier - - 

described mixture of compounds 19 and 21 (compounds 20a and 2Ob in ref. 18) and - - - - 

subsequent treatment with lithium methylacetate yielded compounds 20 and 22, - 

which were easily separated. The C(l)OH-C(l2b)H cis-indoloquinolizidine 22 was - - 

cyclized to the corresponding cis-lactam 23 under basic reaction conditions - - 
(Scheme 4). 

Qq) + a&- 

OH 

19 21 

2 23 - 

Scheme 4 
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All the cyclisation steps leading to the desired lactams either occurred 

spontaneously or were easily carried out under basic reaction conditions, with 

a single exception: the ester 17 did not cyclize to the cis-lactam 18. Possibly - - - 

this was due to the interaction of the ester function with Nb. However, the use 

of acidic conditions (POC13) (vide supra),in place of basic conditions, results 

in salt formation at N b' No interaction of Nb with the ester is now possible 

and the lactam 18 is readily formed. - 

The chemical shifts of C(6) [and C(3)] allowed a rapid and reliable determination 

of the configurations of all six lactams (2, 11, 15, Is, 

18-21). In general, the 
13 C NMR values obtained (Fig. 1) are 

in future stereochemical determination of new compounds 

homoeburnamonine series. 

z. 23) (see refs. - 
expected to be useful 

in the eburnamonine- 

- 

11O.b 22.5 110.0 21.1 110.0 19.9 

Lu2Ln3 

G 
114.0 51.b 

a 

116.6 21.1 116.9 22.7 

32 l\ 

co2Wi 
1740 51.5 

Fig. 1 
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117.2 20.5 137.3 17.1 

56.2 

21.1 

b5.3 

25.6 

35.1 26.0 27.3 

Fig, 1 (continued) 

EXPERIMENTAL 

IR spectra (u in cm-') were recorded onla Perk' 
using liquid s%rn between NaCl crystals. H and 

Ik_Elmer 700 spactrophotometer, 

in CDf3 
C NMR spectfa were recorded 

on a Yeol JNM-FX 60 spectrometer working at 59.80 MHz f H NMR) and 15.04 
3 NMR) Chemical shift data are given in ppm downfield from TMS. 

"?! ',R data-see Fig. 1. 
For the 

Mass spectrometry (EIMS and HRMS) were performed on 
a Jeol DX 303/DA 5000 instrument. 

Preparation of compounds 3 and 1 
Alkylation of methyl 3-pyridylacetate and 3-@3-methoxycarbonylvinyl)pyridine22 
with tryptophyl bromide afforded the corresponding pyridinium 
respectively, and subsequent catalytic hydrogenation 

salts L and 2, 

2 and a, respectively. 
(Pt02) yielded compounds 

Compound 3: Reduction of & (3.61 g. 9.6 mmol) in the presence of PtO2 (0.7 g) 
in methanol (100 ml) yielded 2 (2.75 g, 95%). 
$RI 1730 (C=O). 
H NMR: 3.65 (3H, 8, -C02CH3), 6.91 (lH, 8, ind. a-H), 7.16-7.65 (4H, m, arom. H), 

8.67 ilH, bf 8, NH). 
MS! 300 (M ), 269, 171 (loo%), 170. 144, 130; exact mass: 300.1840 (talc. for 
~~~~~~~~0~~ 300.1839). 

Reduction of 2 (4.98 g. 12.8 mmol) in the presence of Pt02 (0.88 g) 
in methan& (100 ml) yielded 2 (3.61 g, 90%). 
fR: 1725 (C=O). 
H NMR: 3.66 (3H, a, -C02CH3), 6.97 (1H. s, ind. o-H), 7.00-7.69 (4H, m, arom. 

H), 8.23 (l&I, br s, NH). 
MS: 314 (M 1, 283, 256, 184 (100%). 144, 1301 exact mass: 314.2015 (talc. for 
CIgH26N202' 314.1994). 

Preparation of compounds 1 and 6 
To compound 2 (or compound 2) Tn toluene were added 50% aq NaOH and tetrabutyl- 
ammonium hydrogen sulphate. The two-phase system was stirred under argon for 
5 min. after which di-t-butyl dicarbonate [(BOC) 01 (2 equiv.) in toluene was 
added during 10 min and stirring was continued fdr another 10 min. The organic 
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layer was separated and the aqueous layer was washed several times with CH Cl . 
The combined organic layers were washed with H20, 
to dryness to give 1 (5). 

dried over Na2S04 and evaposatzd 

Compound 5: Reaction between 2 [(2.75 g, 9.2 mmol) in toluene (35 ml), 50% NaOH 
(15 ml) and tetrabutylammonium hydrogen eulphate (0.93 g)] and di-t-butyl di- 
carbonate c(4.16 g, 2 equiv,) in toluene (10 ml)] yielded 5 (3.59 g, 98%). 
fR: 1730 (C=O). 
H NMR: 1.61 (9H, s, -C(CH ) ), 3.65 (3H. s, -CO CH ), 7.42 (1H. 

MS: 400 (M ), 369, 171 (303%). 
s, ind. a-H). 

170, 144, 130;2el;bct mass: 400.2369 (talc. for 
: 400.2363). 
: Reaction between 4 [(1.58 g, 

(15 ml) and tetrabutylammoniuin hydrogen 
5.0 mmol) in toluene (15 ml), 50% NaOH 
sulphate (0.53 g)] and di-t-butyl di- 

carbonate L(2.35 g, 2 equiv.) in toluene (10 ml)] yielded a (2.04 g, 98%). 
$R: 1730 (C=O). 
H NMR: 1.67 (9H. s, -C(CH ) ), 3.69 (3H, s, -CO CH ), 7.43 (1H. s, ind. c-H). 

MS: 414 (M ), 413, 357, 32, 313, 184 (100%),2 134, 130; exact mass: 414.2528 
(talc. for C24H34N204: 414.2519). 

Preparation of compounds 7a,7b and 8a.8b 
Compound 5 (or compound 5) was reacted with H 0 
2d) to afford after the usual work-up 

(30%) in CHCIJ;MeOH (lrl) (60°C, 

The N-oxide in dry CH2C12 
the go$responding N-o ide in 90% yield. 

was stirred at 0 C (Ar-atm) and trifluoroacetic an- 
hydride (TFAA) (2.5 equiv.) was added during 15 min. 
1 h at O°C and 15 min at rt. 

Stirring was continued for 
KCN (1.5 equiv.) in H 0 was added and the pH of 

the aqueous layer was adjusted to pH 5 by the addi ion of NaOAc. .2, The mixture 
was stirred at rt for 0.5 h, basified to pH 10 with 10% aq Na CO 
with CH Cl2 
Na SO d 

several times. The organic layer was washed wit 
nd evaporated to dryness. The isomers 

ic l$;nddreix::a:::: 

ch$om%tography (alumina, 
were separated using co!.umn 

CH Cl -hexane, 4r6). 
Compounds 7a and 7b: React on between 5 (3.8 g, 9.5 mmol) and H 0 I 2 (2.5 ml) in 
CHCl /MeOHll:l, 

9 
m ml) yielded the corresponding N-oxide (3.51 'g, 90%). The 

N-ox de (3.54 g, 8.51 mmol) in abs. CH2C12 (20 ml) was reacted with TFAA (2.98 ml, 
2.5 equiv.) and then with KCN (0.83 g, 
mixture of 7a and 7b (lrl) (3.09 g, 86%). 

1.5 equiv.) in H20 (10 ml) to yield a 

Compound 7ar - 
fR: 2260 FN), 1725 (C=O). 
H NMR: 1.65 (9H, 8, -C(CH3)3), 
7.45 (1H. $, ind. a-H). 

3.64 (3H, s, -C02CH3), 3.82 (1H. br s, -CHCN), 

MS: 425 (M ), 398, 195 (loo%), 169, 168; exact mass: 425.2303 (talc. for 
C H N 0 I 425.2316). 
&p&a 9b: 
fR: 2260 RN), 1725 (C=O). 
H NMRr l.p7 (9H. s, -C(CH ) ), 3.68 (3H, 8, 

398, 195 (lOa%j, 169, 168; exact m 8s: 
-CO CH3), 

a 
7.43 (1H. s, ind. a-H). 

MSa 425 (M ), 425.2308 (talc. for 
C H N 0 t 425.2316). 
C&%p&&48a and 8b: (0.32 ml) 
in CHCl /Me- 

Reaction between 5 (0.43 g, 1.0 mmol) and H 0 

0.9 mmoj) . 
(1~1, 20 ml) yielded the N-oxide (0.40 g, 90%). The N-Jx?de (0.40 g, 

then with ‘iCCNdby6 1”~2~12 
(10 ml) was reacted with TFAA (0.4 ml, 2.5 equiv.), and 

8b (111) (0.42 g;91%): 
1.5 equiv.) in H20 (3 ml) to yield a mixture of & and 

Impound 8a: 
fR: 2250 EN), 1720 (C=O). 
H NMRI 1.65 (9H. s, -C(CH3)3), 3.65 (3H. s, -C02CH3), 3.90 (lH, br s, -CHCN), 
7.44 (lH, ipd. a-H). 
MS: 439 (M ), 413, 412, 209 (loo%), 183, 182: exact mass: 439.2467 (talc. for 

iR: 2250 EN), 1725 (C=O). 
H NMR: 1.65 (9H. s, -C(CH ) 1, 3.66 (3H, 

MS: 439 (M ), 413, 412, 303 (100%). 
s, -C02CH3), 7.42 (1H. s, ind. a-H). 

183, 182; exact mass: 439.2464 (talc. for 
C25H33N304: 439.2471. 

Preparation of compound 2 
Compound 7a (1.14 g, 2.68 mmol) was dissolved in dry THF (40 ml). AgBF4 (0.57 g, 
2.92 mmolFin dry THF (8 ml) was added during 20 min and stirring was continued 
for 90 min (Ar-atm, dark), The mixture was evaporated to dryness. MeOH (80 ml) 
presaturated with dry HCl gas was added and the reaction mixture was stirred 
for 36 h. It was then poured into a suspension on NaHCO, in CH,Cl,. The inorqanic 
salts were filtered off and the dried filtrate was evapo*ated 
was obtained after purification through a column of alumina 
70%. 
~RI 2830 and 2780 (Bohlmann bands), 1705 (C=C). 
H NMR: 3.56 (lH, d, J = 9.5 Hz, H-21). 7.14-7.50 (3H. m, 

m, H-12). 
MS: 266 (M+), 265 (loo%), 238, 237, 222, 209, 180, 168, 167: 
(talc. for C 17H18N20: 266.1419). 

ukdee vacuum. Pure 9 - 
(CH2C12). Y. 0.50 g, 

arom. H), 8.33 (lH, 

exact mass: 266.1421 
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Preparation of compound 10 
Starting from compound c. compound 10 was obtained using the procedure described - 
above for compound 2. Y. 60%. 
IR: 3200 (NH), 2820 (VW) and 2750 (VW) (Bohlmann bands), 1720 (GO). 

MS: 312 (M ), 311 (1003,. 
H NMR: 3.63 (3H. 8, -CO CH3), 7.08-7.54 (4H, m, arom. H), 8.27 (lH, br 8, NH). 

297, 281, 253, 239, 225, 197, 184, 170, 169; exact 
mass: 312.1832 (talc. for C1gH24N202: 312.1838. 

Preparation of compound 11 
To compound 10 (0.132 c 
t-BuOK (55 mg7 was added. 

0.42 mmol) in dry benzene (12 ml), freshly sublimed 
The mixture was refluxed (Ar-atm) overnight and then 

evaporated to dryness. The residue was redissolved in CH Cl . The organic phase 
was washed several times with water, 
Y. 0.114 g, 86%. 

dried over Na2S04 anh e3aporated to dryness. 

Mp.: 240-241 C (lit.23t 243OC). 
$R: 2810 and 2750 (Bohlmann bands), 1695 (C=O). 
H NMR: 3.26 (1H. d, J = 9.5 Hz, H-21). 7.13-7.40 (3H, m, arom. H), 8.47 (1H. 

m, H-12). 
MS: 280 (Mf, 100%). 279, 252, 224; 
280.1576). 

exact mass: 280.1564 (talc. for C18H20N20: 

Preparation of coqounds 12 and 13 
The nitriles 7b and 8b w81e tra=formed to compounds 12 (Y. 45%) and 13 (Y. 65%) 
respectively,xsing ze procedure described above for compound 2. 

- 

Compound 12: 
~RI 3300 mH), 2820 and 2760 (Bohlmann bands), 1720 (C-O). 
H NMRr 3.62 (3H. 8, -CO CH ), 7.18-7.52 (4H. m, arom. H), 8.18 (1H. br 8, NH). 

MS: 298 (M ), 297 (lOO&, 3283, 267, 239, 225, 197, 184, 170, 169; exact mass: 
298.1675 (talc. for C18H22N202: 298.1681). 
Compound 131 
IR: 3250 @H), 2820 (VW) and 2750 (VW) (Bohlmann bands), 1720 (C=O). 
H NMR: 3.62 (3H, 8, -CO CH ), 7.08-7.54 (4H. m, arom. H), 8.52 (lH, br s, NH). 

MS: 312 (M ), 311 (1003). 3297, 281, 253, 239, 197, 184, 170, 169; exact mass: 
312.1830 (talc. for ClgH24N202: 312.1838. 

Preparation of compound 14 
The ester 14 was preparedby the methociff Husson et al. 

11 
-- and purified by flash 

chromatography (l-2.5% MeOH in CH Cl ). 
JR: 2825 and 2780 (Bohlmann bands f 3720 (::O:'%* , 
H NMRr 1.10 (3H. t, J = 7 Hz, -CH CH3), 3.39 (lH, br 8, H-12b). 3.98 (2H. q, 
J - 7 Hz, 
MS: 312 

-e2CH ), 8.10 (lH, br 8, N@. 
(M ), 311 (100%). 283, 267, 239, 224, 197, 184, 170: exact mass: 312.1840 

(talc. for C1gH24N202: 312.1838). 

Preparation of ampound 15 
The ester 14 (120 mg, OT39 nunol) was stirred with NaOEt (0.1 M, 8 ml) at 55OC 
for 3.5 h. -Aqueous work-up gave the crude product containing about 10% starting 
material. Flash chromatography (CH2C12-CeOH, 9812) yielded the pure lactam 15 - 
(63 mg, 62%). 
fRa 1700 (C-O). 
H NMR: 4.12 (1H. m, H-21). 8.27 (lH, m, H-12). 

MS: 266 (M , 100%). 
266.1419). 

265, 237, 222, 209; exact mass: 266.1429 (talc. for C17H18N20: 

Preparation of compound 17 
The unsaturated ester 16 (65 mg, 0.21 nunol) was hydrogenated (MeOH, Pd/C, 3 h) 
to afford the ester 17.T. 59 mg, 91%. 
jR: 2820 and 2770 (Bzlmann bands), 1735 (C-O). 

MS: 312 (M ), 311 (loo+), 
H NMR: 3.61 (3H, 8, -CO CH3), 7.10-7.40 (4H, m, arom. H), 9.19 (1H. br 8, NH). 

239, 197, 170, 169; exact mass: 312.1835 (talc. for 
C1gH24N202: 312.1838). 

Preparation of compound 18 
The ester 17 (61 mg, 0.B nunol) waq$ydrolysed and the acid that formed treated 
with POCl according to Szabb et al 
SRI 1690 ?C=O). 

-A. Y. 40 mg, 70%. 

H NMRr 4.59 (lH, br 8, H-21). 7.20-7.40 (3H, m, arom. H), 8.48 (1H. m. H-12). 
MS: 280 (M , 100%). 279, 252, 251, 224, 223; exact mass: 280.1579 (talc. for 
C18H20N20: 280.1576). 

Preparation of compounds 2 and 22 
Dimethyl sulfoxide (72 a, 1.01 mmol) was added dropwise to a cooled (-80°C) 
stirred solution of oxalyl chloride (80 ~1, 
argon. The solution was allowed to xann to -40 

8.93 mmol) in dry THF (4 ml) under 
C where it was stirred for 4 min, 

after which it was retooled to -80 C. A mixture of alcohols 19 and 21 (0.204 g, 
0.84 mmol) in THF (2 ml) was added over a period of 6 min.-he yeiiow mixture 
was allowed to warm to -4OOC and stirring was continued for 20 min. Triethylamine 
(0.59 ml, 4.2 mmol) was added dropwise and the reaction mixture was then stirred 
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'H NMR: 3.$5 
MS: 282 (M , 
Compound 22~ 
fR: 2830 and 
H NMRt 3.22 

at rt for 3 min. The ketone sol#tion was retooled to -4O'C and added via cannula 
in 15 min to a precooled (-80 C) stirred solution of lithium methylacetate 
.[preparcd from diisopropylamine (0.59 ml, 4.2 mmol), 1.4 M BuLi (3 ml, 4.2 mmo&) 
and methylacetate (0.33 ml, 4.2 mmol)]. The reaction mixture was stirred at -80 C 
for 45 min. MeOH (3.5 ml) was then added and the mixture was allowed to warm 
to rt. It was then poured into sat aq NH4C1, the layers were separated and the 
aqueous layer was extracted with EtOAc and CH Cl . The 

$iva 
combined extracts were 

filtered and concentrated to the crude product, which was 
lash chromatography [EtOAc-hexane (1:l) containing 0.25% triethyl- 

amine] to give pure 22 (87 mg, 33%). Subsequent fractions, which were obtained 
by adding MeOH to thFeluent, 
20 (24 mg, 

were rechromatographed (CH C12-MeOH, 93r7)to give 
10%) and the starting alcohols 19 and 21 (48.5 dg, 24%). An analyt 

sample of 20 
Comoound 2c 

obtained by rechromatograpxy (CHC?3-hexane-diethylamine, 25:3 was 

2780 
(1H. 
100% 

(Bohlmann bands), 1710 (C=O). 
br s, H-21). 8.32 (lH, m, H-12). 
), 281; exact mass: 282.1365 (talc. for C17H18N202: 282.1368 1 

(Bohlmann bands), 1720 (C=O). 
8, H-12b), 3.61 (3H. s, -C0,CH3), 9.02 (1H. br 8, NH). 

ical 
0x5). 

2780 
(1H, 

MS: 314 (M ), 313, 283, 255, 171 (100%): exact mZlssr 314.1636 (talc. for 
C18H22N203: 314.1630). 

Preparation of compound 23 
Hydroxyester 22 (28 mg, 3.09 mmol) was dissolved in MeOH (2.2 ml). 56 1f1 NaOMe 
(4.6 M. 9.27 Gl) was added and the solution was stirred for 20 h at 53 C under 
argon. The solvent was then evaporated and the residue worked up in the usual 
manner to give the lactam 23 (23 mg, 90%). - 
$R: 1710 (GO). 
H NMR: 4.11 (1H. br s. H-21). 8.20 (1H. m. H-12). 

MSr 282 (M+, ‘lob%), 281: exact mass: 282.i374 (talc. for C17H18N2D2: 282.1368). 
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