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Abstract—Addition of a-acetoxy acrilic acid ( )-menthyl ester to enamine 1 produces about 40% asymmetric
induction. The compound obtained, 9. can be converted into (=)-vincamine with ease and in good yield. The
catalytic effect of metal ions on the epimerisation of the vincamine—cpivincamine system was investigated.

The recognition of the valuable therapeutic cffect’ of
(+)-vincamine alkaloid 11a greatly stimulated work on a
rational synthesis.” We reported in a preliminary com-
munication such a synthesis:' meanwhile this has been
developed into an enantioselective method.

RESULTS AND DISCUSSION

Preparation of enamine |

One of the key intermediates in the vincamine
synthesis is the enamine 1, which has already been
described by Wenkert.' w-Chloropropylethylmalonic
acid diethyl ester was used as the starting material,
because it can be obtained more readily and in better
yield than the corresponding bromo derivative,’ and the
amount of bis-alkylation is considerably lower.
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The product was obtained by one of two routes: (a)
The ester was partially hydrolysed with an equivalent
quantity of alkali and decarboxylated with acid, or
hydrolysed and decarboxylated by heating with acid and
converted into its methyl ester. The reaction of the
w-chloro valeric acid ester obtained with tryptamine
gave a good yield of the desired amide 2, which was then
cyclised with phosphorus oxychloride followed by
basification to give the enamine 1.*

(b) The ester was hydrolysed with alkali, and after
acidifying gave the crystalline carboxylic acid 3¢,’ which
on heating with acid or melting yielded the lactone 4.

It should be mentioned that when w-chloropro-
pylethylmalonic acid diethyl ester was hydrolysed with

tRef. 3 is considered as the first communication of the series.

70% (or more concentrated) sulfuric acid instead of
alkal, or when lactone 4 was subjected to similar treat-
ment, a S-membered lactone § was obtained, in the latter
case by ring contraction. Lactone § is presumably for-
med by the 1.2-sigmatropic rearrangement of the inter-
mediate carbonium ion 6, leading to a thermodynamically
more stable ion. Lactone § is an approximately 1:1
mixture of diastereomers. as has been established by
Oltis and others.®

The reaction of lactone 4 with tryptamine in
chlorobenzene yields almost quantitatively the amide 7.

Instead of tryptamine the cheaper tryptophan may be
used. Tryptophan is decarboxylated according to the
method of Kametani® by heating in diphenylmethane,
and the tryptamine formed is acylated without isolation,
in the same medium, with lactone 4. In this way, based
on tryptophan, a yield of 85% may be obtained.

On fusion, the hydroxy acid amide 7 is converted into
the amide 2. The same amide 2 can be obtained by
reacting tryptamine at a temperature of about 230°C with
lactone 4 in the presence of tryptamine hydrochloride
salt as catalyst.

However, the reaction of amide 7 with POCI, proved
to be the best method: this leads to ring closure and
substitution of hydroxyl by chlorine, and gives after
basifying the enamine 1.
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Preparation of the hydroxy acid ester 9b

In methylenc chloride, a-acetoxyacrylic acid methyl
ester.’ readily obtained from pyruvic acid methyl ester
with acetic anhydride, is added to the cnamine 1 in the
presence of a small amount of methanol as proton
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source, The acetoxy derivative, isolated as the perch-
lorate 8a, is formed in good yield, and can casily be
converted with sodium methoxide/methanol or with
HClUmethano! into the hydroxy acid 8h. However, the
carbon-nitrogen double bond in 8a can be conveniently
reduced directly, catalytically or with sodium boro-
hydride. This gives a mixture of 9a, containing a cis C/D
ring linkage, and its trans-epimer 10a. Catalytic
hydrogenation is highly stercoselective, and yields pre-
dominantly the cis product 9a.

The selectivity proved to be temperature-dependent,
when the reduction was carried out with sodium
borohvdride in methanol. At temperatures below 0°C, a
ratio of 3:7 was observed. while at room temperature the
ratio of trans 108 to 9a increased 1o 2:3,

Catalytic hydrogenation is less selective, if the reac-
tion is carried out on the deacetylated compound 8b.
This confirms our general experience that the higher the
spatial requirement of the substituents in position |, the
higher is the ratio of the cis product in the reduction
product, when reduction is carried out with Pd/C catalyst
or with sodium borohydride.
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The separation of the cis and trans isomers is ex-
pediently undertaken in the deacetylated form. Com-
pound 9b is a readily crystallizable substance, easily
identified, and has been prepared earlier by another
route.”
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The PMR spectra of compounds 9a,b and 10a.b are
characteristic. The C-2 proton exhibits a one-proton
quartet due to the diastercotopic protons at the neigh-
bouring C-3'. In the spectra of the cis-type compounds
92.b the signals of N.;~H and COOCH, are seen at
lower 8 values than in the trans derivatives (10a, b, while
the -CH,-CH, protons show the opposite trend (see
Table 1)

Table 1. The 'H chemical shifts (8) of compounds # and 10 1n

DO
Compound indole NH -CO.CH, -CHA~CH,
L] 7.82 3.60 122
9% 788 360 i.10
10n .60 3180 073
1% 9.45 187 066

The IR spectra show the Bohimann bands charac-
teristic of the trans-axial arrangement of the 12bH and
the fone pair of the neighbouring nitrogen. In the most
likely conformation of 9a.b the ester, of 10a, b the ethyl
group is close to the indol nucleus. This results in
shielding of the appropriate protons. The N -H is
deshielded by the carbonyl group in 10a, b.

The alcohol % can be easily resolved with dibenzovl
tartaric acid.” Optical purity can be readily checked by
NMR in the presence of an optishift reagent. Attempts at
the racemisation of the undesired enantiomer were
unsuccessful. We therefore attempted to improve the
optical yield with the aid of asymmetric induction.

Pyruvic acid was esterified with {-)-menthol.” When
the product was boiled with acetic anhydnde, a-ace-
toxyacrylic acid (—)-menthyl ester was oblained. Ad-
dition 1o the enamine 1 proved successful, and after
catalytic reduction, afforded about 419 of the desired
enantiomer 9¢. The latter substance can be converted
without isolation by boiling in a sodium methoxide/me-
thanol system into the methyl ester 9b. When processed
appropriately, (-)-menthol can be recovered almost
quantitatively. The product 9% of about 40% optical
purity can be converted by means of dibenzoyl tartaric
acid into a completely optically pure product.

The addition reaction has also been carried out with
a-acetoxyacrylic acid {~bornyl ester, but in this case
the optical vield was somewhat lower with maintenance
of the desired direction of rotation.

X Y
11a OH COKCH,
b COOCH, OH




Synthesis of vinca alkaloids and related compounds--11

Preparation of (t)-vincamine

The ester 9b can be converted in two ways into
vincamine. Its direct oxidation can be performed in a
pyridine—S0, + DMSO system.” but Fétizon's reagent"
(stlver carbonate/celite) has been found most convenient.
In boiling toluene, it converts 9b in good yield into a
mixture of vincamine 11a and epivincamine 11b, while
the oxidising agent is easily separated and can be
recovered almost quantitatively.

Vincamine and epivincamine form an equilibrium
mixture in toluene at about 100°C of about 80% vin-
camine and 20% epivincamine. According to our ob-
servations, the rate at which the equilibrium 15 es-
tablished is catalysed by certain metal ions. while in-
hibited by other metal ions. Ag'. Hg' and Hg" ions
proved to be the best catalysts. In the presence of their
salts, e.g. acetates. and preferably in a solvent, e.g.
acctonitrile at the boiling point equilibrium 1s established
in a few hours, whereas the presence of Fe" and par-
ticularly of Zn" ions inhibits epimerisation. One of the
explanations of this phenomenon may be the following:
According to Pearson’s classification,”” Ag and Hg ions
belong to the group of soft acids, while Fe' and Zn" fall
in the borderline region. The indole-nitrogen of vin-
camine is a soft base, reacting primarily with soft acids,
which thus weakens the N.,-C,, bond, decreases the
activation cnergy of the bond opening, and thereby
catalyses the epimerisation. On the other hand, Fe" and
7n" ions are preferentially bound to the carbonyl oxygen
or to the oxygen of the hydroxyl group, both of which
are considered as hard bases: ring opening is thereby
inhibited.

The epimerisation-accelerating action of Ag ions is
also exerted during oxidation with Fétizon's reagent.
When the toluene or xylene solution is further boiled
after the termination of the reaction, the quantity of 11a
increases at the expense of 11b. A rise in temperature
shifts the equilibrium in the direction of vincamine.
However, epimerisation can be carried out most readily
in the sodium methoxide/methanol system. from which
the less soluble vincamine crystals separate. so that the
equilibrium gradually shifts.

The preparation of MnO,/celite is described in the
experimental part. This reagent, which is easier to filter
off after the reaction than the usual activated MnQ,-
reagents, was also found advantageous for the oxidation
of 9b in boiling toluene. The procedure yielded a mixture
of 11a and 11b containing chiefly epi-vincamine. The
subsequent epimerization with NaOCH./methanol gave
vincamine in 64% yield. The yiclds by this method were
not as consistent as those using the Fétizon-reagent.

In the other method of conversion of the ester alcohol
9b into vincamine, 9b was first cyclised with potassium
t-butoxide. The hydroxylactame 12 formed is, similar to
the substance prepared by Saxton, a mixture of the two
diastereomers. in spite of the fact that 9a is a stereo-
chemically homogeneous compound. Thus. it is evident
that the epimenisation of the carbon atom next to the
carbony! group is catalysed by the basc. The configura-
tion of the carbon atom adjacent to the hydroxyl group
has not been investigated, as it is eliminated in the later
course of the reaction. Oxidation of 12 with activated
manganese dioxide gives 13, the conversion of which
into  vincamine in the sodium methoxide/methanol
system is already known."

The above reactions can be recalized with both the
racemic and the optically active 9b. Racemic vincamine
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can be resolved with dibenzoyltartaric acid, but na-
turally. the previous resolution of 9b is preferred. The
oxidation of vincamine with potassium dichromate and
its subsequent reduction gave ‘trans-vincamine"."
which also occurs naturally.

The C-3 epimer of 11b was obtained in a similar way.
The mass spectra of the four vincamine isomers differ
markedly. This will be reported in detail in another
communication.

Compound 9b proved to be a versatile intermediate. Its
use in the synthesis of other alkaloids will be discussed
In our next communication.

EXPERIMENTAL

IR spectra were recorded with a Spectromom  spectropho-
tometer. The 'H-NMR spectra were obtained using a Perkin
Fimer R12 (60 Mc) instrument; chemical shifts are reported in
ppm (8) downfield from TMS. Mass spectra (MS) were recorded
with an AEI MS 902 instrument (70 ¢V, 1on source temperature
150°, direct insertiony M.ps are uncorrected

y-Chloropropyl ethyl malonic acid diethylester 3a

To a solution of sodium (26.8g: 1 16 mole) in abs. cthanol
(500 ml) ethyl-malonic acid diethyl ester (219.6 g 1.16 mole) was
added. After stirring for a few minutes a solution of 1-bromo-3-
chloropropanc (186 g; 1.18 mole) in ethanol (100 ml) was added
and the mixture stirred at room temp. for 0.5h and thercafter
boiled for 2 h under reflux After removing half the cthanol the
residuc was diluted with water (500 ml) and extracted with ben-
zene. Having evaporated the solvent the residue was fractionally
distilled in tacuo to yield 180 1g (S8.8%) 3a.'* Bp. 104-
108°12 mmHg: ny,™": 1.4421 (Found: C, $4.28: H, 8.02: (I, 1311
Cale. for C;H,,.Cl0, (264.74): . 54.43; H. 7.99: C1. 13.39%) IR
(neat): 1728cm ' (Cx()). 'H-NMR (CClL): 418 (4H. 4.
SCOOCH: 360 QH 1 -CH-CD: 128 6H. 1. -COOCH -CH, ).
0.82 BH. 1. -CH.-CH.

2.Ethyl-S-chloro-valeric acid methyl ester 3b

(A) 32 190.0g: 0.342 mole) was boiled in aq. HBr (48%, 360 ml)
under nitrogen for 30 h. After cooling the solution was extracted
with benzene. Having remosved the solvent the “crude acd”
(62.2g) was obtained. The “crude acid™ (15.2g) was boiled in a
mixture of CH.Cl. (60mD. abs. methanol (10ml) and p-
toluenesulfonic acid monohydrate (1.0g) for 31 h. After cooling
the organic phase was separated. washed with aq. Na,(C0, (5%).
water and dried. The solvent was removed and the residue
distilled in vacuo to vield 3b (11.5g; 77.8%) as a colourless oil.
Bp. 104-108°/11 mmHg. n,,’*: 14538, (Found: C, §3.43; H, 8.19:
C1, 19.57. Cale. for C.H,.ClIO, (178.65) (. S378; H, 8.46. Cl.
19.84). IR (neat)y: 1732¢m ' (CO). 'H NMR (CCl,): 3.64 (3H, s,
-OCH,). 342 2H. t. -CH.Cl); 2.44-2.13 (IH. m, -CH): 0.88
(3H. t. -CH,).

(B) To a soln of 3a (53.2g; 0.2 mole) in abs. ethanol (140 m))
the soin of KOH (128g: 0.23 mole) 1n the same solvent (140 mi)
was added over a period of 1h. After stirring for 2h at room
temp. the cthanol was removed in vacuo and the residue
dissolved in water (S0 ml). extracted with benzene (3 x S0ml) to
recover the unchanged starting material (35%). The water phase
was acidified with S0 H.SO, with cooling. The precipitated wil
was separated and heated in a bath at 170-180° for 1.5 h. Disul-
lation in racuo gave 3b (R9Sg, 23%) wdentical with the ester
prepared according procedure A

Ethvl y-hvdroxy-propsl malonic acid 3

y-Chloropropyl cthyl malonic acd  dicthyl ester (200g:
0.76 mol¢) and NaOH (100g; 2 S mole) were boiled in water-
cthanol mixture (600 ml; $0%) for 0.5h whilst stirring. After
evaporating 300 ml of solvent the residue was boiled for further
0.5h. cooled to 20 and acidified with conc hydrochlornic acid to
pH 1. The separated crystals were washed with water and dried.
1o yield 3¢ (130 g, 84%). m.p. 129-130° (Found: C. $0.53; H, 7.37.
Cale. for CaH,.0, (190.19) €. 503 H, 7 309%.] IR (KBr): 1700,
1728em ' (C=0).
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2-Ethyl-S-pentanolid &

The acd 3¢ (19.0g: 0.1 mole) was heated cautiously under
stirving to 150-160° and after the evolution of gas ceases it was
kept at that temp. for a further 0.5 h. Fractionation in vacuo gave
11.6g (91%) & B.p.: 128-132/16 mmHg. n,,™: 1.4507. (Found: C,
65.74; H. 9.49. Calk. for C,H,,0, (128.17): C, 65.59. H, 9.44%). IR
(neat): 1740cm ' (C=0). 'H NMR (CCL): 4.22 (2H, t, CO-O-
CHy), 260-1.30 (7H, -CH,-, CH-); 0.94ppm (3H. t, -CH,~
CH.,).

3-Fthyl4-pentanolid §

(A) A solution of 3s (68.0g: 0.257 mole) in a mixture of conc
H,SO. (175 mi) and water (120 ml) was boiled under nitrogen for
17h. After cooling the dark solution was diluted with water
(200 ml), and extracted with benzene. The organic phase was
washed with ag. NaHCO, (5%}, water and dried. After removal
of the solvent the residue was fractionally distilled to yield §
(23.8g: 72.8%) as a colourless oil, b.p. 101-102°/14 mmHg. n,™
1.4312. (Found: C, 65.62: H, 9.36. Calc. for C:H,,0, (128.17y: C,
65.59; H. 9.44) IR (neat): 1765cm ' {C=0).

§is a 1:1 mixture of diastereomers. For the GC separation and
NMR assignments sce ref. 6.

(B) The lacton & was treated with sulfuric acid as described
above (A). § was obtained in 75.9% yield.

N-a-Ethyl-§-hydroxy -valeroyl-tryptamine 7

(A) A suspension of i-tryptophan (1.0g: 4.91 mmole} in
diphenyl-methane (40 ml) was heated under nitrogen in an oil-
bath at 260-270°. After the CO, evolution had ceased (10-15 min)
lactone 4 (0.95 g; 7.42 mmole) was added and the mixture boiled
under reflux for 30min. After cooling the red solution was
diluted with benzene (250 ml). The precipitated crystals were
filtered off after standing several hours and washed with CH,Cl,
to yield 7 (1.24 g: 88.2%), m.p. 72-74°. (Found: C, 70.52; H, 8.43;
N, 958 Calc. for C,-H.N;O, (288.38): (, 70.80; H, 8.39. N\,
9.71%). IR (KBr): 3260 (ind-NH); 1620 (CONH,) cm .

(B) A soln of tryplamine (16.0g; 100 mmole) and 4 (12.8g;
100 mmole) in xylene (100 ml) was boiled for 4 h. The mixture
was kept in a refrigerator overnight as the precipitate filtered off
(27.8 g) and recrystallized from dichloroethane (90 ml) to yield 7
(26.28: 90.8%). The white crystalline powder melted at 72-74°.

1 - Ethyl - 1,2.3.4.6,7 - hexahydro - indolo[2.3 - a} - quinolizinium
perchlorate

(A) 7 (14.4g; SOmmole} was dissolved in POCL (13Smi;
1.47 mole) and boiled for 8h. After removal of the POCI, in
vacuo the residue was dissolved in 1.2-dichloroethane. Under
cooling and stirring water (60 m}) and aq. NaOH (40%) was added
until the pH reached 11. The water was separated. washed with
dichloroethanc (20 ml) and the combined organic phase was dried
and evaporated. The remaining red oil was dissolved in methanol
{15 ml) and acidified with 70% perchloric acid until pH S was
reached. After cooling overnight the crystals were separated
yielding the desired salt (14.2g; 80.8%) with m.p. 175-177° (lir.*
178-177.5%),

(B) Tryptamine (3.20 g 20 mmole) and 3b (1.80g; 10.1 mmole)
were dissolved in xylene (32ml). K,CO, (5.50g; 39.8 mmole)
powder was added to the soln and boiled for 72 h while after 16,
40 and 48 h 1.80 g, of 3b were added. After cooling and filtering
off and solid phase the xylene was removed in vacuo, the residue
dissoived in benzenc {50 mi) was washed with diluted acetic acid
(1:1; 2x 30 ml), water and dried. The benzene was distilled off
until crystals began to separate at the bottom of the flask. After
diluting with hexane and cooling overnight the while crystals of 2
(4.25 g, TR 8%) were filtered off, mp. 123-125° {lit.* 124-126°).

The amide 4 was converted to the desired perchlorate ac-
cording to Wenkert's method *

tC) To the solution of tryptamine (4.80g: 30 mmole) in 4
(7.80g. 61 mmole) tryptamine-HCl (0.60 g: 3 mmole) was added.
The mixture was slowly heated under nitrogen to 230-240° and
kept at that temp. for 15h while the water formed was con-
tinuously removed. Unchanged 4 was distilled off (3.45g:
26.8 mmole) in vacuo. The residue was dissolved in benzene,
extracted with 2N HCl (2 x 50 ml), washed with water, dried and
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evaporated. The work-up followed procedure B to yield 2435 g;
49.1%).

L - (2 - Acetoxy - T - methoxycarbonyl - ethyl) - 1 - ethyl -
1,2.3,4,6,7 - hexahydro - 12H - indolo{2 3alaquinolizine - § - ium
perchiorate 8a

To a soln of enamine 1 (7.09g. 28.1 mmole) in CH,Cl, (100 ml)
a-acetoxy-methyl-acrylate (10.00g, 69.4mmole) and McOH
(1 ml) were added. and the reaction mixture was allowed to stand
at room temp. for 2 days. The soln was evaporated in vacuo and
the resulting oil was triturated with petroleum cther (3 x 50 mb).
The residue was dissolved in MeOH (10 ml), and acidified with
70% HC10, aq. to pH § under ice-cooling. The separated salt was
filtered off, washed with cold MeOH and ether to yield 8a (8 40 g,
60%), m.p. 152-154° (Found: C, 5540 H, 5.60: N, 5.90. Calc. for
CaHRCIN;O, (496.93): C, 55.58; H. 5.88. N, 5.63%). IR (KBr):
3480 (indole NH), 1740, 173 (OCOCH.. CO,CH.: 1630,
1525em ' (C=N).

1 - (2 - Hydroxy - Y - methoxycarbonyl - ethyl) - | - ethyl -
1,2,34,6,7 - hexahydro - 12H - indolo{2.3 - alquinolizine - S - ium
perchlorate 8b

A soln of 8a (0.30g, 0.6 mmole) in HCI-MeOH (10ml; 0.16g
HCl per ml) was heated under reflux for 2 h, thercafter it was
evaporated to dryness. The residue was dissolved in water
(15 ml) treated with 5% Na,CO,aq. to pH 8 and extracted with
CH,Cl; 3x 15ml). The organic layer was dried (MgSO,). and
concentrated in vacwo. The residual dark oil was dissolved in
McOH (Smi), and acidified with 70% HCIO, ag. to pH 6. The
product was filtered off and recrystallised from MeOH to yield
86 (0.20g. 73%); mp. 180-181° (Found: C, 5549, H. 9. N,
608 Calc. for C; H,CIN,O, 145490): C, 5544, H. 598 N,
6.15%). IR (KBr): 3450, 3360 {OH, indole NH): 1718 (CO,CH.).
1620, 1535cm * {C=N).

I8 - (2 - Acetoxy - 2’ - methoxycarbonyl - ethyl) - la - ethyi -
1,234,6,7.12,12ba 92, and 12b8 - octakydro - indolof2.3-
alquinolizine 10a

(A) To a stirred suspension of 8a (2.00 g, 4.0 mmole) in MeOH
(200 ml) NaBH, (0.40g) was added portionwise at room temp.
After the addition was complete, stirring was continued for
15min. The mixture was acidified with AcOH to pH6. and
evaporated to dryness in vacwo. The residue was treated with 5%
aq. Na,CO, and extracted with ether. The organic layer was
evaporated and the resulting oil (1.5g) was separated by pre-
parative TLC [silica gel, benzene-MeOH (14:3). R, 100> 92,
etution with ether].

Compound 9. 0.55g (34%). m.p. 144° (from MeOH). (Found:
C. 69.58; H. 7.77. N, 7.06. Calc. for C;,HWoN;O, (398.49) C,
69.32: H, 7.58: N, 7.03%). IR (KBr): 3410 (indole NH): 2780, 2740
{Bohimann bands); 1750 (OCOCH,) 1720em ' (CO,CH.). MS
(mle, %): 398 (M"; 38): 397 (20.8); 268 (25); 267 (100); 197 (21.6);
170 (31); 169 (36). '"H NMR (5: CDCL,): 7.82 (1H, s. indole NH);
7.30 (4H, m, aromatic); 4.98 (1H. q.J 10, 2.4 cps. Y-H); 3.60 (3H,
s, CO,CH,); 3.48 (1H. s, 12bH): 2.05 ppm (3H, s, OCOCH,), 1.22
(3H, 1, ] 7.0cps. CH,CH,).

Compound 10e. 0.45g (28%) (Found: C, 69.20; H, 7.35; N,
7.22. Calc. for C;nHwoN, 04 (398.49): C, 69.32: H, 7.58: N, 7.03%).
IR (KBr). 3420 (indole NH). 2780, 2740 (Bohlmann bands).
1740 cm ' (OCOCH,, CO,CH,). MS (mle. %) 398 (M*, 34.6). 3%
(23.5); 268 (22.5); 267 (100); 170 (13.6); 169 (14). 'H NMR (5,
CDClL): 8.60 (1H, s, indole NH). 7.22 (4H. m, aromatic); $.27
{1H, q. 1 93, 2.6¢ps, 2-H): 380 (3H. s. CO,CH,); 3.29 (IH, s.
12bH); 2.00 (3H. s, OCOCH,): 0.73ppm (3H. t. ] T0cps, -
CH,CH,). 18a hydrochloride: m.p. 174° (McOH-cther).

(B} to a prehydrogenated suspension of 10% PdA/C in MeOH
{50ml) a soln of 8 (7.5g: 15.1 mmole) in MecOH (350 ml) was
added, and the suspension was stirred for 2h under H, The
catalyst was then removed by filtration, and the filtrate was
cvaporated to dryness. The resulting perchlorate. which could
have been used for the next step without purification (7.00 g), was
dissolved in 80% aq. acetone (35 ml) and the soln was treated with
15% aq. NH,OH to pH 8. The crystalline product was separated by
filtration and recrystallised from MeOH to yield 92 (4.70 g, 78%).



Synthesis of vinca alkalowds and related compounds—I!

Preparative TLC of the mother-liquor (sce above) vielded the
isomer 10 (0.40 g, 6.6%).

(2)- 18 -(2 - Hydroxy - 2’ - methoxycarbony! - ethyl) - 1a - ethvl
- 1.2.346.7.1212ba - W and 128 - octahydro - indolo(2.} -
alquinolizine 10b

(A) Compound 8b (2.00g, 4.4 mmole) was hydrogenated over
10% PdIC (1.0g) in MeOH (100 ml). When the H, consumption
had ceased. the catalyst was removed by filtration, the filtrate
was cvaporated. The residue was treated with 5% aq. Na, ('O,
(50 ml), and extracted with CH,Cl;. The organic layer was dried
(MgSO,) and evaporated. The crude product was recrystallised
from McOH (50 ml) to yield 9b (0.95g, 61%). m.p. 234° (Found:
C, 7047; H. 7.92. N, 8.04. Calc. for C;,HxN:0, (356.45): C,
70.75: H.7.91: N, 7.86%). IR (KBr): 3420 (OH. indole NH): 2820,
2720 (Bohlmann bands); 1742cm ' (CO,CH,). MS (m/e; %) 356
(M2 23): 355 (12); 268 (24); 267 (100); 170 (10.5), 169 (12.8). 'H
NMR (8, CDCly): 788 (IH, s. indole NH). 726 (4H. m,
aromatic); 438 (1H, 2, J 8.6, 4.4cps, 2-H), 3.60 (3H. s, CO,CH,):
3.36 (IH. s. 12bH); 1.10 ppm (3H. 1. J 7.1 ¢ps. <CHs—CH,).

The mother-liquor, which consisted of a mixture of 92 and 16a
was subjected to preparative TLC (silica gel. CHyCl~-MeOH
(20: 1. R, 9b > 18b, elution with acetone). 9 10.10 g: total yield
1.05g, 67%) and 16b (0.20 g, 13%) were collected: m.p. 165-167°.
(Found: C.70.52; H, 7.78; N, 7.80. Calc. for C3,HuN.0, (356.49).
C, 70.75. H, 791: N, 7.86%). IR (KBr): 3450, 3380 (indolc NH.
OH): 2800-2730 (Bohlmann bands). 1745cm ' (CO,CH,). MS
(mie: %): 356 (M"; 28): 355 (12.4); 268 (24); 267 (100); 169 (12.5).
'H NMR (8. CDC1,): 9.46 (1H. s, indole NH), 725 (4H, m.
aromatic); 4.66 (1H. q.J 6.6, 2.6 cps. 2-H): 3.87 3H. 5. CO.CH,);
362 (1H. s, 12bH), 0.66 ppm (3H. 1. J 7.0cps, -CH,~C('H,).

(B) Compound 9a (4.70g; 11.7 mmole) was dissolved in HCI-
MeOH (120 ml; 0.16 g HC1 per ml). and the soln was refluxed for
2h. The solvent was cvaporated in racuo, and the residue was
dissolved in acetone (50 ml) and water (50 ml). thereafter the soln
was treated with 5% aq. N2,CO, to pH 8. The separated crystal-
line product was filtered off and washed with water to yield 9b
(3.57g: 854,

(C) Compound 10s (1.00g; 2.5 mmole) was refluxed in me-
thanohic NaOCH, (30 ml. S4mg Naj for 1 h. The NaOCH, was
decomposed with AcOH, and the soln was evaporated to dryness
in vacuo. The residuc was suspended in $% aq. NaHCO, and
extracted with CH,Cl,. The solvent was dried (MgSO.). evap-
orated under reduced pressure, and recrystallised from McOH to
yield 10b (0.73 g, 8X7).

() la - Ethyl - 18 - (2 - hydroxy - Y - methoxycarbonyl -
ethyl) - 1.2.3.4.6,2.12.12ba - octahydro - indolo(2.3-alquinolizine
()-9%

(=9 (2.20g) was dissolved in CH.Cl, (32ml) and D>
dibenzoyhtartanic acid (2.20g) in McOH (4 ml) was added to the
soln. and allowed to stand at $° for 2 days The crystalline product
was separated by filtration, washed with cold CH;Cl,. dissolved in
DMF (Sml) treated with 15% aq. NH,OH. The crystals were
filtered off. washed with water, and recrystallised from DMF-water

1o yield (-)-9b (0.88g. 40%). m.p. 235-237. [a]iy 88 (¢ I.
CHCl,).
a-Acetoxyacrylic acid (- )»-menthylester

{ )-Menthyl-pyruvate (38.00g; 0.17mole)"" and p-TsOH

(1.40 g) was refluxed in Ac;O (80 ml) under argone for 20h. The
Ac;0 was removed in vacuo. and residue was separated by
destillation to yield the titled compound (34.00g. 79%). b.p.
18-120°2Hg mm.n,,™  1.4570. R (KBr): 2960, 2930. 2880(CH,);
1760, 1720 (ester COY: 1642¢cm " (C=C). 'NMR (8, CDCL): 6.08
(1H. d. J 3cps. olefinic), S.50 (1H. d. J 3 ¢ps, olefinic); 4.90 (1H,
m. 3-H). 225 ppm (BH. t. OCOCH,). (al,= 78.4° (¢ 50.
CHC).

Asymmetnic synthesis of 9%

a-Acetoxyvacrylic acid (-)-menthylester (17.2g. 64.0 mmole)
was added to the soln of cnamine 1 (7.16g. 28.4 mmole) in
1-BuOH (30 mI). The mixture was allowed to stand at room temp.
under argone for 3 days. The solvent was removed in racuo. and
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the residue was treated with cold petroleum cther (200 ml) to
remove excess reagent. The resulting red oil was hydrogenated in
McOH (200 mi) over 10% Pd/C. When the H, consumption
ceased (460 ml), the catalyst was removed by filtration. NaOCH,
(1.64 g) was added to the filtrate and the soln was refluxed under
N, for 6 h. Thereafter the reaction mixture was cooled to 0°, and
the crystalline product was collected by filtration, washed with
cold McOH to yicld (£)9 (260g). The mother-hquor was
acudificd with 70% aq. HCIO, to pH $. and concentrated in vacuo
to 30ml. The crystalline ( )-9b perchlorate was filtered off.
washed with MeOH. dissolved in DMF (£ ml), and treated with
15% aq. NHLOH to pH 9. The white crystals were separated by
filtrated, washed with water to yield (- )-9b (1.50g). [a],, = -88°
(c 1, CHCL). After the usual resolution of the (+)-9b with
D-dibenzoyl-tartaric acid 1.04g of (-)-9b was obtained. Total
yield of (-)-9b: 2.54 g (25%). The preparative TLU (see above) of
the crude product (200 mg) obtained from the trans-esterification
gave a mixture of (+)-9b and (-)-9b (B0 mg): [al, - 3 (¢ I,
CHC,). Optical yield: 41%.

(-)Epivincamine (-)-11b

Compound (-)-%b (S00mg: 1.4mmole) was refluxed with
Fétizon-reagent (Ag,COw-celite; 4.0g) in dry benzene (32mh
under stirring in N, atmosphere for 14h. The reagent was
removed by filtration, and the solvent was evaporated in vacuo.
The crude product was separated by preparative T1.C (alumina.
Typ T. CH.Cl/McOH (100:0.2); elution with CH,Cl.iMeOH
(100:5); K, 112> 11b) to yield ( »11b (250 mg; S0%): m.p. 187-
188° (from cther). (Found: C, 71.30; H, 7.25: N, 7.80. Calc. for
CaHaN;O, (354.44): C, 71160 H, 739, N, 790%). IR (KBr):
1750cm ' (CO,CH,). MS (mie; %) 354 (M7 77.5); 3583 (41, 307
(41): 295 (21): 266 (10; 252 (100); 224 (20). 'H NMR (8, CDCLL):
7.22 (4H. m. aromatic); 437 (1H. s, OH): 3.66 3H. ». CO,CH.).
083 3H. 1. J 70cps. -CH-CH.). [al, - -37.5 (c, 0.88, CHCl,).
When the reaction was carried out with (=)-9b, (¢ )-epivincamine
was isolated: m.p. 210° (from McOH)

Preparation of MnQ,/celite reagent

To a solution of KMnO, (19.2g) n water (120mb purified
celite’” (18 0g) was added. To the boiling suspension a solution
of MnSO,-4H,0 (22.2g) in water (30 ml) and sodium hydroxide
(40%, 23.4ml) was added drop wise simultancously and under
vigorous stirring. After stirring for 1 h the solid phase was filtered
off, washed with water until it became colourless. and dried n
air. The reagent thus obtained (35 0g) is hydrated. and can be
stored without loss of activity. Dehydration was performed in
two ways: (a) by azeotropic destillation with benzene, or (b) by
drying at 110°. The dechydrated reagent can be stored under
benzene.

(+)-Vincamine (=)-11a

(A) Compound (2)-9b (200 mg. 0.56 mmole) was stirred and
heated under reflux in toluene (20 mh with MnQO,~elite (1.3 g) for
25 h. and then the reagent was removed by filtration, washed
with hot toluenc. The filtrate was evaporated in racuo. The
residuc was refluxed under N in MeOH (S ml) contuning NaOCH,
(20 mg) for 1 h. After cooling at O° the crystalline product was
filtered off. and washed with McOH to yield (=)-11a (128 mg:
64%). m p. 234-236° (from chlorobenzenc). (Found: ¢, 7100; H,
T42N, 775 Cale. for CHaWN,0, (354.44): €. 7116, H. 7390 N,
7.90%). IR (KBr): 3400-2950 (strong, breit band. OH); 17%0¢m '
(CO,CH). MS (mie; %) 354 (M7 100); 328 (14): 307 (3D, 298
(45); 267 (S1). 282 (87). '"H NMR (8. CDCLy 727 (4H, m,
aromatic), 460 (1H, s, OH). 393 (1H, s, 3-H); 3.80 (3H. «,
CO,CH,) 090 ppm (3H, 1, J 7.2 ¢cps. -CH,-CH,).

(B) Compound (2)-9b (2.00g. S.6] mmole) was dissolved n
hot xylene (100 ml), and Fétizon-reagent (8.0 g) was added to the
soln, and the reaction mixture was refluxed and stirred under N,
for S h. Thereafter the reagent was filicred off hot, washed with
hot xylene. and the filtrate was cooled to  18° The separated
crystalline product was filtered off. washed with cold xylene to
yield (=)-11a (1.50g: 72%). The mother-hiquor was evaporated to
one-third of its original volume and cooled to -15°. A further
0.10 of crystalhine (2)-11a was obtained (total yicld: 1.60 g 80%).
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{+)-Vincamine (~)11a

To a hot soln of compound (-9 (10.00 g; 28.0 mmole} in dry
toluene (400 ml) Fétizon-reagent (50.0 g) was added. The reaction
mixture was refluxed and stirred under N, for 6 h. Thercafter the
reagent was removed by filtraion, washed with hot toluene
(3 x S0 mi), and the filtrate was evaporated to dryness in vacuo.
The residue was dissolved in dry MeOH (50 mi), and refluxed and
stirred under N, with NaQCH, (1.17 g) for 2 h. After cooling to 0°
the crystalline product was separated by filtration, washed with
cold MeOH to yield («)}118 (6.50g; 65%), m.p. 234-235° (from
chlorobenzene). [ali; = «44° (¢ 1, pyridine).

The 1S-epimers (isomer " A™ and "B} of {=)- cis - 14 - oxo - 18
- hydroxy - E - homo - eburnane (£)-12)

A soln of {=)-9b (5.00g; 14.0 mmole) in dry toluene (500 mh
and acctophenone (5.0g) was refluxed with (-BuOK (0.68¢g)
under N, and stirred for 4 h. The mixture was cooled to OF, and
extracted with cold 2.5% aq. H,S80, {3x80ml). The combined
acidic layer was treated with conc NH,OH 1o pHY, and ex-
tracted with CH,ClL (4x50ml). The organic layer was dried
(MgS0,). and evaporated to dryness in vacuo. The crude product
(3.80g) was recrystallised from McOH (15 ml) to yield isomer
“AT (3.10g); mop. 193-195° (Found: C, 77.52; H, 7.48:. N, 8.50.
Calc. for CyoHp\ N0, (324.41): C. 77.74; H, 745, N, 8.63%). IR
(KBr): 3450 (OH); 1685 cm ' (amide CO). MS (mie; %): 324 (M":
100); 323 (39); 296 (9); 295 (7.6); 280 (6.5): 267 (55); 265 (10); 252
(1.

The mother-liquor was separated by preparative TLC (silica
gel, benzene/McOH (14:3), R, tsomer A" >isomer “B”, elution
with ether) to vield further 0.10g of tsomer “A” (1otal yicld:
320g. 0%, and 0.36g (7.9%) of isomer “B”, mp. 164-165°
tfrom MeQOH) (Found: C, 77.80; H, 7.35, N, 8.358%). IR (KBr:
3400 (OH); 1670cm ¥ (amide CO). MS mie; %) 324 (M"; 100).
323 (39); 296 (7.8), 293 (6.4); 280 (B}, 267 (551 265 (10); 282 (12).

When the reaction was carried out with { 9 (250 g), the
isomer “A” of (#)-12 was isolated as a hydrochioride (1.55g;
61%), m.p. 250-257 (from MeOH). {a}iy = ~52 (¢ 17§, pyri-
dine).

(2)-cis-14.15-Dioxo-F-homo-ebumane (+)-13

A soln of isomer “A” of (£)-12 in CH,Cl, (S0 ml) was stirred
with active MnO; (8.0g) at room temp. for § h. The reagent was
removed by filtration, washed with CH,Cl,. The filtrate was
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evaporated in vacuo, and the residuc was recrystallised from
cther to yield (=313 (0.56 g; 70% ) m.p. 156° (lit.”*: 138°). (Found:
C, 7422 H, 702 N, 881 Calc. for Cioly N0, (322,401 C.
7450, H, 687, N, 8.69%). IR (KBn): 1730 (CO); 1695 em * {amide
COY. MS (mie: Sy 322 (M7 100); 294 (86.5); 266 {80y, 252 (79
237 (41); 197 (42): 169 (40); 168 (40.6).

Compound (=)-12 (“A"-isomer; 0.40g; 1.2 mmole) was oxi-
dised with MnO; as described above to («)-13, which was
purified by preparative TLC (silica gel: benzene/MeOH (14:3);
R; 13> 12> 11a; elution with cther). Yield: 0.25g: (63%); m.p.
116° (from ether): lit."* 118, [a];, = <80.3° (¢ 0.90, CHC).

Acknowledgement—The financial help of the Richter Gedeon
Pharmaceutical Company is gratefully acknowledged.

REFERENCES

'L.. Szporny and K. Szisz. Arch. Exp. Path. Pharmak. 236, 79
(1959).

*p. Plaffi, W. Oppolzer, R. Wenger and H. Hauth, Helr. Chim.
Acta 88, 1131 (1975) and references therein.

'(C’s. Szantay, 1. Szabb and Gy. Kalaus, Tetrahedron Letters 191
(1973).

‘E. Wenkert and B. Wickberg, J. Am. Chem. Soc. 87, 1580
(1965),

*Cs. Sz4ntay, L. Szabo. J. Kreidl, Gy. Kalaus, B. Stefké. T.
Keve, |. Polgir and J. Farkas, Hung. p. 8009, (" A. 81, 37258
(1974); Hung. P. 8574, C A. 82, 72785 (19795).

“S. A, M. T. Hussain, W.D. Ollis, C. Smith and J. F. Stoddart,
J.C.S. Perkin 1. 1480 (1975).

“T. Kametani. S. Takano. S. Hibino and M. Takeshita, Synthesis
478 (1972

*J. Wolinsky and R. Novak. J. Org. Chem. 29, 3596 (1964).

*K. H. Gibson and J. E. Saxton, Chem. Comm. 1490 (1969).

Resolution has been performed by Mrs. J. Farkas (Phar-
maceutical Works Gedeon Richter).

VK. Matsumoto and K. Harada, J. Org. Chem. 31, 1956 (1966).

M. Fétizon and M. Golfier. C.R. Acad Sci. (" 267, 900 (1968).

V'R, . Pearson, J. Chem. Edn. 45, $81 (1968).

"*Roussel-Uclaf, Belg. Pat. 765.006.

"“M.P.Cava,S. S Tjoa, R. A. Ahmed and A. [. DaRocha, J. O
Chem. 33, 1055 (1968).

P A. Sarkisyan. M. G. Zalingan and M. T. Dangyan. Arm.
Khim. Zh. 24, 2482251 (1971); C.A. 78, 63050 (1971).



