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

The therapeutical value of several vincamine-eburnamonine derivatives is well
known.l-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

6-7

of vincamine-eburnamonine type, 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-

chemistry8 and 13C NMR spectroscopy.

RESULTS AND DISCUSSION

The desethyl-20-epi-eburnamonine 9 and the corresponding homoderivative 11, both
possessing the C(20)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, vrespectively. When the indole nitrogens of 3 and 4 were
protected with the t-butyloxycarbonyl (BOC) group, compounds 5 and 6 were
obtained. The corresponding N-oxides were subjected to the modified Polonovski
reaction conditionsg, followed by cyanide trapping to furnish the a-aminonitriles

7a,7b and 8a,8b, respectively. In both cases the isomers were separated by column

chromatography.
2367
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Scheme 1

The desethyl-20-epi-eburnamonine 9 formed spontaneously from the nitrile 7a under
the reaction conditions used (AgBF4, then MeOH/HC1). The feasible preceding
indoloquinolizidine ester could not be isolated from the products. Not detected
either was compound 15 [C(20)H-C(21)H cis], the C(20) isomer of compound 9. The

isomer 15 was described in the literature some years agolo'll, but without any
13C NMR spectral data. To obtain the missing analytical data we synthesized this
compound starting from 1311'12 using methods described in the llterature11 13
(Scheme 2).
it H
N N
Et0,C
H
14 15
Scheme 2

In the homoseries the five-ring lactam 11 did not form spontaneously from the
corresponding nitrile 8a (vide supra), and the indoloquinolizidine 10 (prepared
from 8a) was first isolated instead (Scheme 1). Under basic conditions (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 7b and 8b yielded the indoloquino-
lizidines 12 and 13, respectively, 14 under the reaction conditions used (Scheme
1).

We have recently described the synthesis of the ester 1_6.17 Catalytic hydro-
genation of the double bond of the ester side chain led to compound 17 [C(1)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, the use of phosphorus oxy-
chloride (P0C13) led to the desired product 18 (Scheme 3).

I| H —_— Il H —
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Scheme 3

To take advantage of enamine 1indoloquinolizidines in the synthesis of

eburnamonine-type alkaloids we also synthesized the C(20)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 20b in ref. 18) and
subsequent treatment with lithium methylacetate yielded compounds 20 and 22,
which were easily separated. The C(1)OH-C(12b)H cis-indoloquinolizidine 22 was
cyclized to the corresponding cis-lactam 23 under basic reaction conditions
(Scheme 4). B T
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All the <cyclization steps leading to the desired 1lactams 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 Nb‘ 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 (9, 11, 15, 18, 20, 23) (see refs.

18-21). In general, the 13C NMR values obtained (Fig. 1) are expected to be useful
in future stereochemical determination of new compounds in the eburnamonine-

homoeburnamonine series.

188

1215

0
C0,CH3 ¥od) (0,CH3  Fih (0,CH,

17.7 516

{w
-
d
N
o
w
A
w

([4]
3
N
o
"
o
-

~3
o

18.4 2.5 110.0 211
1

HS C02CH3 C02CH3

173.8 5.5 1728 SY4

179 20.1

18.9»

C0xCHy H3C0,C C0,CH

173.4 51.4 $1.5 17462
8 b 12 1 3 174 0 51.4

Fig. 1



Eburnamonine-homocburnamonine series 2371

HyCH,C 0,C
4.0 60.3 1745
1 14 15

351 288 273

H3C0,C
51,6 17,5
b7} 2

Fig. 1 {continued)

EXPERIMENTAL

IR spectra (v in cm_l) were recorded on,a PerkifiElmer 700 spectrophotometer,
using liquid om between NaCl crystals. "H and C NMR specgfa were recorded
in CDE% on a Jecl JIJNM-FX 60 spectrometer working at 59.80 MHz ("H NMR) and 15.04
?gz { é NMR). Chemical shift data are given in ppm downfield from TMS. For the

C NMR data see Fig. 1. Mass spectrometry (EIMS and HRMS) were performed on
a Jeol DX 303/DA 5000 instrument.

Preparation of compounds 3 and 4
Alkylation of methyl 3-pyridylacetate and 3-(B—methc»xycarbonylvinyl)pyridinez2
with tryptophyl bromide afforded the corresponding pyridinium salts 1 and 2,
respectively, and subsequent catalytic hydrogenation (Ptoz) yielded compounds
3 and 4, respectively.
Compound 3: Reduction of 1 (3.61 g, 9.6 mmol) in the presence of Ptoz (0.7 g)
in methanol (100 ml) yielded 3 (2.75 g, 95%).

IR: 1730 (C=0).

H NMR: 3.65 (3H, s, 'COZCH3)' 6.91 (1H, s, ind. ao-H), 7.16-7.65 (4H, m, arom. H),
8.67 (1H, b; s, NH).
MS: 300 (M), 269, 171 {100%), 170, 144, 130; exact mass: 300.1840 (calc. for
C, o H,,N,O0,: 300.1839).
cd8p38n8 2: Reduction of 2 (4.98 g, 12.8 mmol) in the presence of Pto, (0.88 g)
in methanol (100 ml) yielded 4 (3.61 g, 90%).

IR: 1725 (C=0).

H NMR: 3.66 (3H, s, _COZCHB)' 6.97 (1H, s, ind. o-H), 7.00-7.69 (4H, m, arom.
H), 8.23 (1H, br s, NH).
MS: 314 (M), 283, 256, 184 (100%), 144, 130; exact mass: 314,2015 (calc. for
619H26N2023 314.1994).

Preparation of compounds 5 and 6
To compound 3 (or compound 4) in 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),0] (2 equiv.) in toluene was
added during 10 min and stirring was continued fgr 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 HZO' dried over Na2804 and evapo%at%d
to dryness to give 5 (6).
Compound 5: Reaction between 3 [(2.75 g, 9.2 mmol) in toluene (35 ml), 50% NaOH
(15 ml) and tetrabutylammonium hydrogen sulphate (0.93 g)] and di-t-butyl di-
carbonate [(4.16 g, 2 equiv,) in toluene (10 ml)] yielded 5 (3.59 g, 98%).

{R: 1730 (C=0).

H NMR: 1.65 (9H, s, -C(CH,).), 3.65 (3H, s, —COZCH ), 7.42 (1H, s, ind. a-H).
MS: 400 (M), 369, 171 (ioa%), 170, 144, 130;" eXxact mass: 400.2369 (calc. for
C,3H3, N0, 400.2363).

C%%p%una g: Reaction between 4 [(1.58 g, 5.0 mmol) in toluene (15 ml), 50% NaOH
(15 ml) and tetrabutylammonium hydrogen sulphate (0.53 g)] and di-t-butyl di-
carbonate [(2.35 g, 2 equiv.) in toluene (10 ml)] yielded 6 (2.04 g, 98%).

{R: 1730 (C=0).

H NMR: 1.67 (9H, s, -C(CH,),), 3.69 (3H, s, -CO,CH }, 7.43 (1H, s, ind. a&H).
MS: 414 (M), 413, 357, 325, 313, 184 (100%)2 134, 130; exact mass: 414.2528
(calc. for C24H34N204: 414.2519).

Preparation of compounds 7a,7b and 8a,8b °
Compound 5 (or compound 6) was reacted with H,0, (30%) in CHC1.-MeOH (1:1) (60°C,
2d) to afford after the usual work-up the d¢orfresponding N-ogide in 90% yield.
The N-oxide in dry CH,Cl, was stirred at 0 C (Ar-atm) and trifluoroacetic an-
hydride (TFAA) (2.5 equiv,) was added during 15 min. Stirring was continued for
1 h at 0°C and 15 min at rt. 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. The mixture
was stirred at rt for 0.5 h, basified to pH 10 with 10% agq Na,CO, and extracted
with CH C12 several times. The organic layer was washed witﬁ ﬂ30, dried over
Nazso gnd evaporated to dryness. The isomers were separated “using column
chromgtography (alumina, CH Clz-hexane, 4:6).

Compounds 7a and 7b: React%on between 5 (3.8 g, 9.5 mmol) and H,0, (2.5 ml) in
CHC1,/MeOH (1:1, 40 ml) yielded the corresponding N-oxide (3.5% , 90%). The
N-oxide (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, “1.5 equiv.) in HZO (10 ml) to yield a
mixture of 7a and 7b (1l:1) (3.09 g, 86%).

Compound 7a:

IR: 2260 (CN), 1725 (C=0).

H NMR: 1.65 (9H, s, -C(CH3)3), 3.64 (3H, s, —COZCH3), 3.82 (1H, br s, -CHCN),
7.45 (1H, $. ind. a-H).
MS: 425 (M), 398, 195 (100%), 169, 168; exact mass: 425.2303 (calc. for
Cc,,H,;N,0,: 425.2316).
cBhp3tnd b

IR: 2260 (CN), 1725 (C=0).

H NMR: 1.67 (9H, s, -C(CH,).), 3.68 (3H, s, -CO CH3), 7.43 (1H, s, ind. a-H).

MS: 425 (M ), 398, 195 (103% , 169, 168; exact misst 425.2308 (calc. for

C,,H, N 0,3 425.2316).

Cgapgﬁnas 8a and 8b: Reaction between 6 (0.43 g, 1.0 mmol) and H,O (0.32 ml)
in CHC1./MeOH (1:1, 20 ml) yielded the N-oxide (0.40 g, 90%). The N-&xfde (0.40 g,
0.9 mmol) in abs. CH2C12 (10 ml) was reacted with TFAA (0.4 ml, 2.5 equiv.), and
then with KCN (0.11%g,” 1.5 equiv.) in HZO (3 ml) to yield a mixture of 8a and
8b (1:1) (0.42 g, 91%).

Compound 8a:

IR: 2250 (CN), 1720 (C=0).

H NMR: 1.65 (9H, s, -C(CH3)3), 3.65 (3H, s, -COZCH3), 3.90 (1H, br s, -CHCN),
7.44 (1H, ipd. o-H).
MS: 439 (M), 413, 412, 209 (100%), 183, 182; exact mass: 439.2467 (calc. for
C,.H, N,O,: 439.2471).
céRpdind 8b:

{R: 2250 (CN), 1725 (C=0).

H NMR: 1.65 (9H, s, -C(CH,),), 3.66 (3H, s, -CO,CH,), 7.42 (1H, s, ind. a-H).
MS: 439 (M), 413, 412, 50 (100%), 183, 182;" exact mass: 439.2464 (calc. for
C25H33N304: 439.2471.

Preparation of compound 9

Compound 7a (1.14 g, 2.68 mmol) was dissolved in dry THF (40 ml). AgBF, (0.57 g,
2.92 mmol} in 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 inorganic
salts were filtered off and the dried filtrate was evapo}ated u%de% vacuum, Pure 9
was obtained after purification through a column of alumina (CH2C12). Y. 0.50 g,
70%.

fR: 2830 and 2780 (Bohlmann bands), 1705 (C=C).

H NMR: 3.56 (1lH, 4, J = 9.5 Hz, H-21), 7.14-7.50 (3H, m, arom. H), 8.33 (lH,
m, H-12)}.
MS: 266 (M*), 265 (100%), 238, 237, 222, 209, 180, 168, 167; exact mass: 266.1421

(calc. for C17H18N20: 266.1419).
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Preparation of compound 10

Starting from compound 8a, compound 10 was obtained using the procedure described
above for compound 9. Y. 60%.

}R: 3200 (NH), 2820 (vw) and 2750 (vw) (Bohlmann bands), 1720 (C=0).

H NMR: 3.6] (3H, s, -CO CH3), 7.08-7.54 (4H, m, arom. H), 8.27 (1H, br s, NH).
MS: 312 (M), 311 (1003), 297, 281, 253, 239, 225, 197, 184, 170, 169; exact
mass: 312.1832 (calc. for C19H24N2023 312.1838.

Preparation of compound 11

To compound 10 (0.132 g, 0.42 mmol) in dry benzene (12 ml), freshly sublimed
t-BuOK (55 mg) was added. The mixture was refluxed {(Ar-atm) overnight and then
evaporated to dryness. The residue was redissolved in CH,Cl,. The organic phase
wasow§shed several times with water, dried over Na2504 ang eJ%porated to dryness.
Y. 0.114 g, 96%.

Mp.: 240-241°C (1it. 23, 243%).

IR: 2810 and 2750 (Bohlmann bands), 1695 (C=0).

H NMR: 3.26 (1lH, 4, J = 9.5 Hz, H-21), 7.13-7.40 (3H, m, arom. H), 8.47 (1H,
m, H-12}).

MS: 280 (M*, 100%), 279, 252, 224; exact mass: 280.1564 (calc. for C, H,.N,O:
280.1576). 1872072

Preparation of compounds 12 and 13

The nitriles 7b and 8b were transformed to compounds 12 (Y. 45%) and 13 (Y. 65%)
respectively, using the procedure described above for compound 9.

Compound 12: -

}R: 3300 (NH), 2820 and 2760 (Bohlmann bands), 1720 (C=0).

H NMR: 3.65 (3H, s, -CO CH3), 7.18-7.52 (4H, m, arom, H), 8.18 (1lH, br s, NH).
MS: 298 (M ), 297 (100@5, 283, 267, 239, 225, 197, 184, 170, 169; exact mass:
298.1675 (calc. for C18H22N202: 298.1681).

Compound 133
{R: 3250 (NH), 2820 (vw) and 2750 (vw) (Bohlmann bands), 1720 (C=0).

H NMR: 3.63 (3H, s, -CO CH3), 7.08-7.54 (4H, m, arom, H), 8.52 (1lH, br s, NH).
MS: 312 (M), 311 (1003), 297, 281, 253, 239, 197, 184, 170, 169; exact mass:
312.1830 (calc. for C19H24N202: 312.1838.

Preparation of compound 14 11
The ester 14 was prepared by the metho<’220f Husson et al.
chromatography (1-2.5% MeOH in CH,Cl,) Y. 73%.
JR: 2825 and 2780 (Bohlmann bandsy, £720 (C=0).

H NMR: 1.10 (3H, t, J = 7 Hz, -CH 953), 3.39 (1H, br s, H-12b), 3.98 (2H, q,
J = 7 Hz, ;CH,CH.), 8.10 (1H, br s, Mi).

MS: 312 (M), 311 (100%), 283, 267, 239, 224, 197, 184, 170; exact mass: 312.1840

(calc. for 019H24N202: 312.1838).

Preparation of compound 15 °
The ester 14 (120 mg, 0.39 mmol) was stirred with NaOEt (0.1 M, 8 ml) at 55°C
for 3.5 h. Aqueous work-up gave the crude product containing about 10% starting
material. Flash chromatography (CH2C12-Me0H, 98:2) yielded the pure lactam 15
(63 mg, 62%).

IR: 1700 (C=0).

H NMR: 4.12 (1H, m, H-21), 8.27 (1H, m, H-12).

MS: 266 (M , 100%), 265, 237, 222, 209; exact mass: 266.1429 (calc. for C,,H, N, O:
266.1419). 1771872

and purified by flash

Preparation of compound 17

The unsaturated ester 16 (65 mg, 0.21 mmol) was hydrogenated (MeOH, Pd/C, 3 h)
to afford the ester 17. Y. 59 mg, 91%.

IR: 2820 and 2770 (Bohlmann bands), 1735 (C=0).

H NMR: 3.62 (3H, s, -CO CH3), 7.10-7.40 (4H, m, arom. H), 9.19 (1lH, br s, NH).
MS: 312 (M), 311 (100@), 239, 197, 170, 169; exact mass: 312.1835 (calc. for
C19H24N202x 312.1838).

Preparation of compound 18

The ester 17 (61 mg, 0.20 mmol) wa54hydrolysed and the acid that formed treated
with POCl, according to Szab6 et al.” . Y. 40 mg, 70%.

JR: 1690 1C=0).

H NMR: 4.56 (1H, br s, 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 (calc. for
ClBHZONZO' 280.1576).

Preparation of compounds 20 and 22 °
Dimethyl sulfoxide (72 11, 1.01 mmol) was added dropwise to a cooled (-807C)
stirred solution of oxalyl chloride (80 ul, 8.93 mmol) in dry THF (4 ml) under
argon. The solution was allowed to warm to -40°C where it was stirred for 4 min,
after which it was recooled 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. The yellow mixture
was allowed to warm to -40°C 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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at rt for 3 min. The ketone solgtion was recooled to -40°C and added via cannula
in 15 min to a precooled (-80 C) stirred solution of lithium methylacetate
[prepared 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 ag NH,Cl, the layers were separated and the
aqueous layer was extracted with EtOAc and CH,Cl,. The combined extracts were
dried (Na,SO,), filtered and concentrated to éivg the crude product, which was
purified gy %lash chromatography [ EtOAc-hexane (1:1) containing 0.25% triethyl-
amine] to give pure 22 (87 mg, 33%). Subsequent fractions, which were obtained
by adding MeOH to the eluent, were rechromatographed (CH,Cl,-MeOH, 93:7) to give
20 (24 mg, 10%) and the starting alcohols 19 and 21 (48.5 fig, 24%). An analytical
sample of 20 was obtained by rechromatography (CHC13-hexane—diethylamine, 25:30:5).
Compound 20:

IR: 2830 and 2780 (Bohlmann bands), 1710 (C=0).

H NMR: 3.§5 (1H, br s, H-21), 8.32 (1H, m, H-12).
MS: 282 (M, 100%), 281; exact mass: 282.1365 (calc. for C17H18N202: 282.1368).
Compound 22:

IR: 2830 and 2780 (Bohlmann bands), 1720 (C=0).

H NMR: 3.;2 (1H, s, H-12b), 3.61 (3H, s, -CO,CH,), 9.02 (1lH, br s, NH).
MS: 314 (M), 313, 283, 255, 171 (100%); exact mass: 314.1636 (calc. for
C18H22N203: 314.1630).
Preparation of compound 23
Hydroxyester 22 (28 mg, 0.09 mmol) was dissolved in MeOH (2.2 ml). 56 81 NaOMe
(4.6 M, 9.27 mmol) 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%).

IR: 1710 (C=0).

H NMR: 4.11 (1H, br s, H-21), 8.20 (1lH, m, H-12).

MS: 282 (M, 100%), 281; exact mass: 282.1374 (calc. for C,_ H,_N,O

17H18N295¢ 282.1368).
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