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Abstract — Nineteen benzo[a]quinolizidine alkaloids isolated so far from Alangium
plants are structurally classified into four types (1-IV), and studies on chiral
syntheses of these I-1V-type alkaloids are reviewed with particular emphasis on
the synthetic strategies and tactics employed. It has been found that chiral syn-
theses of all of these types of alkaloids are possible through the "cincholeipon-
incorporating route" or the "lactim ether route”, and the absoclute configurations
of four II-type, two III-type, and one IV-type alkaloids have been established by
such syntheses. An extension of the "lactim ether route" to the synthesis of
(-)-ochropposinine [(-)-99g] has uneguivocally established the absolute stereo-

chemistry of this Ochrosia alkaloid.
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I. INTRODUCTION

It is known that 22 species of the genus Alangium constitute a monogeneric plant family, Ala.ng‘iat.’.eao:-r.1
Several of these species have been investigated chemically, and the Indian medicinal plant Alangium
lamareckii Thwaites, a deciduous shrub or small tree widely distributed throughout India, Sri Lanka,
Burma, South China, Malaya. and the Philippine.r_:;,l’2 was found to be a particularly rich source of al-
kaloicls.3 The chemical structures of all of the 19 benzo[a]quinolizidine alkaloids and 15 other alkaloids
isolated so far from various parts of A. lamarckii and other species of the same genus are shown in

3

formulas 1 — 34 -8 (see Table I and Fig. 1), where the alkaloids from A. lamarckii are marked with an

asterisk and those from the other species with a dagger.

Of these Alangium alkaloids, the benzo[a]quinolizidine-type alkaloids 1--19 may be struecturaily classi-
fied into four groups according to their substitution patterns in the aromatic ring A: (i) 9,10-dime-
thoxy type (1), (ii) 8-hydroxy-9,10-dimethoxy type (I1), (iii) 9-hydroxy-10-methoxy type (III}, and
(iv) 10-hydroxy-9-methoxy type (IV).9 Thus, type I embraces nine alkaloids; type 1I, four; type I1I,
four or three; and type IV, two or three (Table I). Among the [-type alkaloids are emetine (1),
cephaeline (2), and psychotrine (6), which also cccur in ipecacuanha plants (family Rubiaceae) ,3 and
synthetic routes to most of the 1-IV-type alkaloids had been well established by the time when the ipe-

3a In the present articte, how-

cac alkaloids and B-carboline congeners were reviewed by us in 1983.
ever, the unified chiral syntheses of all of these types of alkaloids, developed and utilized for the de-
termination of the absolute configurations of most of the II-1V-type alkaloids, will be reviewed by plac-

ing major emphasis on the synthetic strategies and tactics employed, with coverage of the literature

through the late part of 1987.

II. THE CINCHOLOIPON-INCORPORATING ROUTE

At the inception of our studies on unified chiral syntheses of the I-IV-type alkaloids, analysis of struec-
tural features in I-IV led to the recognition of the 3-ethyl-4-piperidineacetic acid skeleton 35 as one of
the most efficient, common key synthons corresponding to the ring C moiety. An appropriate chiral
form of this synthon would be cincholoipon ethyl ester [(+)-36] .10 a degradation product of the major
Cinchona alkaloids (37) ,11 because (i) it already carries the skeleton and side chaing necessary for
ring C of I-IV apart from the wrong configuration at C-4 and (ii) it is easily obtainable from commer-

cial (+)~cinchonine (38), one of the major Cinchona alkaloids (37}, as deseribed in Section II, A.
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1 11 I1I v
Table 1. Benzo[ajquinolizidine-Type Alangium Alkaloids
R Type I Type 11 Type I1I Type 1V
H
OMe
HNiD: 1 Emetine*“—i)
OMe

H-., H
OH
Haf H

CH:0H 15

Cephaeline +1

Isocephaeline *

Alangamide™®’ b)

Psychotrine™ T 7 Alangicine*

Tubulosine *

Isotubulosine *

Deoxy- 14 Alangi-
tubulosine * marckine

Protoemetinol* 16 Ankorine ™

19 Alancine™®

*

s T

3 Demethyleephaeline *
(Type III or IV)

9-Demethyl-
psychotrine *

10 9-Demethyl-

tubulosine

17 2-Demethyl-

protoemetinol *

11 10-Demethyl.
tubulosine

18 10-Demethyl-
protoemetinol

a) * A, lamarckii alkaloids, + Alkaloids from other species of Alangijum.

b) Probably an artifact.
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MeO

20 Alangiside™

MeO
HO N. -0

25 Alangimarinone *

MeO

HO

29 Alamaridine™®
(relative configura-
tion shown}

HO
Meom‘m
Me

32 (+)-Salscline”

R'C
RO N. .0

21 Alang’imarine*
R!=Me, R?=H

22 {soalangimarine*
R'=H, R¥=Me

MeOD
HO N -0
H
“
N

26 Alangimaridine™

Nee
J

30 Bharatamine™
(racemic)

CHz0H
PhCONH=— C == H
CH.Ph

33 N-Benzoyl-L-
phenylalaninol *

R'O
R2O N0
I A
HO N
Me

23 Alamarine ™
{racemic)

R!=Me, R2=H

24 Isoalamarine™
R!=H, R*=Me

rR'O
R2O N« -0
H
“
HO S
Me

27 Dihydroalamarine ™
R'=Me, R*=H

28 Dihydroisoalamarine *
R!=H, R? = Me

HQ Me

H H
“
=N

31 Venoterpine *

NH
“ 3
oy

34 (+)-Anabasine

T

Fig. 1. Other Alangium Alkaloids (* A. lamarckii alkaloids,

t Alkaloids from other species of Alangium)
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CO:H CO;Et
35 (+)-36 37 R = H or MeO

If chirality could be conserved at C-3 and C-4 in a reaction sequence starting with (+)-36 (hence the
sequence may be called the "eincholoipon-incorporating route™), many difficuities in sterecchemical
control and resolution of racemized intermediates could be avoided. 12 Such synthetic strategy re-
quired the following five main operations: (i) introduction of an appropriate phenethyl skeleton into
(+)-36 at N-1; (ii) generation of the lactam carbonyl function at C-6; (iii) alteration of the stereo-
chemistry at C-4 to produce the 3,4-trans configuration that must match the relative and absolute
configurations of the I-1V-type alkaloids at the 3- and 2-positions; (iv) cyeclization to form the benzo-
[alquinolizidine system; and (v) modification of the acetate side chain. The sequel will be marked
under Subsections A-F.

A. Preparation of Cincholoipon Ethyl Ester
A VLTI PP P P P P P P P P P R P P P P P P P P P P PR T P TL VL WL L VL T

Ag described above, cincholoipon ethyl ester [(+)-38] was selected as the common starting materiai

AcONa/AcOH

reflux

0
N)l‘Ph

1) Ba(CH),
2} HCI/EtOH

1) PhCOC1/NaOH

2 H H
) CsH1,ONO COM N
NaOEt H
=
> HY: Et
“~CO:Et
43
(+)-36

Scheme 1
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Et ~Et " Me0:C “CH=
H H” Et 2 H CH=CH:

CH: ~co:Me “coH cHo
R
46 a7 a8
44 R=H

45 R = CO:Me

for unified chiral syntheses of the I-IV-type Alangium alkaloids. [t 'was prepared in fairly large guan-
tities from commercially available (+)-cinchonine (38) in 50% overall yieldl3 according to the classical

102,14 ich

seven-step degradation procedure [38 — 39 —» 40 o= 41— 42 >>(+)- 36 (Scheme 1}],
featured cleavage of the guinuclidine moiety by the so-called hydramine fission (39— 40) as well as
disconnection of the resulting piperidine moiety from the quinoline moiety by the "second-order" Beck-
mann rearrangement (44— 42 + 43 ).

A few reports on the synthesis of related compounds have appeared: Uskokovit's group 15 reported
the preparation of cincholoipon methyl ester (46) from B-collidine (44) via a route involving methoxy-
carbonylation of 44, catalytic hydrogenation of the resulting 4-pyridineacetate 45 to give (*)-cincho-
loipon methyl ester [(£)-46], and optical resolution of {+)-46 with d-tartaric acid. Brown's grc:oup16

reported an eight-step, stereaconservative synthesis of cincholoipon hydrochloride (47) from seco-

loganin (48).

B. Introduction of a Phenethyl Skeleton at N-1
AL AL

Operation i required for the "cincholoipon-incorporating strategy” is to introduce an appropriate phen-
ethyl skeleton into (+)-36 at N-1. Thus, the ring-oxygenated phenacyl bromides 4%a-d, 17 appropriate

forms of the requisite phenethyl synthon, were condensed with (+)-36 in benzene containing KZCO3

R'" O R!' ©OH
R'" o R20 RO
R*O (+)-36 NaBH,
——> RO N — > R Ny
R'0 Br  X.c0, ~H s, et
“Et “Et
H \ H \
49a—-d CO3Et COEt
50a-—d 51a—d
a R'=H, R*=R®=Me b R! = OCHPh, R®=R?=Me
¢ R'=H, R?=CH;Ph, R* = Me d R!=H, R¥*=Me, R® = CH;Ph
Scheme 2
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to give the amino ketones 50a-d in good yields. ! On reduction with NaBH, in EtOH, 50a-d afforded

1821 46 pointed out in the litera-

diastereomeric mixtures of the amino asleohols $1a-d in good yields,
ture,22 the presence of the benzylic hydroxy group constituting the 2-piperidinoethanol structure in
5ta—d was essential to the generation of the lactam carbonyl function in the subsequent mercuric ace-

tate-edetic acid (EDTA) oxidation s'cep.23

C. Generation of the Lactam Carbonyl Function at C-6
N T T W P T T T N T T T P L T P W P WV W T P Ve P PV P Ve VL VL P P P VL Vi P

One of the key operations in the "cincholeipon-incorporating route” is the mercuric acetat2-EDTA oxi-
dation of the N-substituted cincholoipon ester derivatives 51a-d to produce the 6-piperidone deriva-
tives 59a-d (operation ii). Because of the unsymmetrical structures of 51a-d with respect to the piper-
idine ring, this operation required some preliminary experiments to determine the effect of the C(3)-
ethyl group on the regioselectivity in such functionalization. Thus, the model compounds (X)- 52

were treated with mercuric scetate-EDTA in boiling 1% aqueous AcOH for 1.5 h, and a gquantitative

CH OH
MeO Hg(OAc):— EDTA _ MeO Pd—-C/H; MeO /ﬁ
MeO Ny 1% aq. AcOH MeO N0 Meo© Nag2O
@\R reflux, 1.5 h (iR (IR
(£)-52 (+)-53 (£)-54
H?OAC oM

ﬂ\ g MeO Pd-C/H: MeO
Ar + —— —_— I:]/\
\(\? 2 R MeO MeO O -N

R = Me, Et, iso-Pr, n-Bu, tert-Bu, CH:;Ph, Ph, CONHz, CO;Me, COMe, 0' Oi
Me

Scheme 3

analytical work to determine the isomer ratios of the 3-substituted 2- [type (+)-53] and 6-piperidones
[type (£)-56] that formed was earried out, The structures of (+}-53 and {*)-56 were confirmed by
hydrogenolysis using hydrogen and Pd-C catalyst, which led to the known 2- [type (+)-54] and 6-pi-

peridone derivatives [type (+)-57]1. The results2428

are summarized in Table II. It may be seen
that alt the hydrocarbon groups at the 3-position orient the oxidation to both the 2- and 8-positions,
but with advantage to the 6-position. A bulkier alkyl substituent tends to cause the extent of the 6-

oxidation to increase, Comparison of the results from the 3-isopropyl derivative [(2)-52 (R = iso-Pr}]
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Table II. The Mercuric Acetate-EDTA Oxidation of 1,3-Disubstituted Piperidines [(+)-52]

Starting material Preduct
[(x)-52] Combined yield % 2-oxidation % 6-oxidacion Reference

. (%) (£)-53 (£)-56
HMe 75 45 55 24
Et 76 46 54 24
n-Bu 82 41 59 25
iso-Pr 86 29 71 25
PhCH, 84 2% 74 25
Ph 71 15 85 25
tert-Bu 79 2 98 27
CONH, T,la) 4 06 .
€0, Me 0% 0 100 26
CoMe 90 102 90 26, 38
b0 66 0 100°? 28
;%<Me

a) Overall yield from the piperidinoethanol stage [type (+)-52] to the lactam
stage [(£)}~54, (2)-57] through the lactam alcohol stage [(+)-53, (x)-56].

b) The product isolated was not the piperidone (*)-33 (R = COMe), but 1-[2-
(3,4-dimethoxyphenyl)-2-hydroxyethyl]-1,2,3,4-tetrahydro~5-pyridyl methyl

ketone.

¢) Obtained as a mixture of the ketone derivative [{3)-56 (R = COMe)] and the

ketal derivative.

with those from the 3-phenyl derivative [(£)-52 (R = Ph)] suggests that an electrostatic factor may be
also important. In the carbonyl function series, a 3-substituent orients the oxidation almost exclusive-
ly to the 6-position, suggesting the importance of an electrostatic factor as well as a steric factor. On
the basis of the postulated mechanism of the mercuric acetate oxidation of cyelic amines29 and piperidi-
noalcoholas,22 we have proposed that in the above oxidation of (+)-52 the possible factors involved in
determining its regioselectivity may be steric and electrostatic repulsions, which should be operative
between the 3-substituent and the acetate ion approaching the axial C(2)-H atom of the mercurated
complex 55 formed at the first stage.%’26

The regioselectivity observed for the oxidation of the 3-ethyl derivative [{(+}-52 (R = Et}] was not suf-

ficiently high, but it was still encouragingly in favor of the desired 6-oxidation. To our surprise,
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r' OH r! OH R' OH
R20 Hg(0Ac);-EDTA R20 R0
3 N > 3 N~-0 t 1 On N
R0 50 1% aq. AcOH RO R0 H
5 1 "
v Et reflux, 1.5 h Et " “Et
H -\ H*! H \
CO:Et co,Et CO,Et
51a-d S8a—d 59a—d
Pa—C/H;
a R*=H, R?=R*=Me .
R
1o 2 -l
b R!=OCH,Ph, R2=R®= Me aq NeOH Rio
¢ R!'=H, R? = CH,Ph, R? =Me
d R*=H, R?=Me, R® = CH,Ph ° Ny EtOH R0 Oy-N "
e R1=0H, R2=R3=Me 3 room temp. ““E¢
H : H":
f R'=R?=H, R’ =Me \co,H Nco,Et
g R*=R®=H, R®=Me
(-)}-60a,e—g 61a,e-g

Scheme 4

such regioselectivity was enhanced when the same oxidation method was applied to the 3-ethyl ana-
logues with a benzyloxy group in the aryl moiety and to the original compounds 51a-d which carried
the cis acetate chain at the 4»position.30 Thus, 51a-d were separately oxidized with mercuric acetate—
EDTA in boiling 1% aqueous AcOH for 1.5 h to afford the 6-piperidones 59a-d (as diastereomeric mix-
tures} in moderate yields, together with small amounts of oily substances presumed to be diastereomer-

d. 18-21

ic mixtures of the ¢is- and trans-2-piperidones 58a-— Catalytic hydrogenolysis of 59a-d with hy-

drogen activated on Pd-C catalyst gave the cis lactam esters 61a,e-g, which were converted into the

cis lactam acids (—)-60a,e-g by alkaline hydrolysis at room 1‘.emperat1.are.18_21

D. Alteration of the Stereochemistry at C-4
ANV AN AN IS AN NANAAAAN

Another key operation in the "cincholoipon-incorporating strategy® is to alter the absolute configura-

tions of the cis lactam acids (-)-60a,e-g at C-4 from (5) to (R) (operation iii). Each of these molecules

contains two acetic acid units joined through the C(4) atom in a potentially symmetrical manner, and

utilization of such latent molecular symmetry for the required cis—-trans isomerization u‘muld offer the

key to operation iii. We found that cis—-trans isomerization in the 5-ethyl-2-oxo-4-piperidineacetic ac-

id system (type 64 ) was feasible through the cis—trans equilibration (e.g., 64766 ) under acid hy-
13,18,31

drolytic conditions, or less efficiently under Fischer-Speier esterification conditions at high

temperature [in the case of the N-unsubstituted analogue (*)-64al ,32 or under alksaline hydrolytic
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R - aq. HCl R KOCH in R
H\rla‘” ! or R*OH-HCI o ,\', ag. EtQOH HI‘IJ
H~ —— : |y ——
o 3.8 ——— e —
R'O,C Et “Et KO,C Et
AN
CO:R* CO;H COsK
62 R'=H 64 65
63 R*=Me or Et
KOH in
aq. HCL A (180°C) ag. EtOH
or R'OH-HC1 T
R R R
| | |
Ox, N N
H
“Et
COzR'
66 R'=H 66 68
67 R =Me or Et
a R=H b R = Me ¢ R =Et
d R = CH,Ph

Scheme 5

Scheme 6

— 1018 —



HETEROCYCLES, Vol 27, No 4, 1988

Table I11I. Thermal Cis—Trans Equilibration of the Lactam Acids 60, 64, 66, and 69 at 180°C

. , ) citi
Lactam acid Reaction conditions Composition at

equilibrium

Cis Trans Solvent Conecn. (M) Time {(min) Cis (%) Trans (%}
(+)-64a §1® _— 5 33 67
(£)y-66a Nil —_— 8 33 67
{(+)~64b (x)-66b Nil _— 28 34 66
(+)-6de (x)-G6c Nil E— 40 33 67
(+)-64d (+)-66d Nil —_— 50 33 67
Tetralin 0.2 70 33 67

Tetralin 0.005 250 — b}
(+)-60a (+)-69a Nil e 75 33 67
(~)-60f (+)-69f Nil — 90 32 68
(—)-60g (+)-69%g Nil _— 90 33 67
(—)-60e (+)-69e Nil —— 90 33 67
(=) -60b {+)-690 Nil _— 130 34 66

a) At 210°C. B) Although the cis/trans ratio was close to 1: 2, the two isomers

had not been equilibrated.

ccmditions,33 or most efficiently under thermal conditions (e. g., heating at 180°C without using any

13,31,34 The cis—trans isomerization under hydrolytic or esterification conditions is con-

solvent).
sidered to occur through ring opening by hydrolysis or alcoholysis (64 —-62, 65, or 63) followed by
rotation and recyclization with another carboxy or alkoxycarbonyl group (62 or 65 —-66 or 68, 63—~
67) (Scheme 5).13-18,32.33

On the other hand, the thermal cis—trans isomerization is assumed to proceed by intramolecular aci-

13,34 The impor-

dolysis of the lactam bond with the exocyclic carboxy group, as shown in Scheme 6.
tance of activation of the lactam carbonyl group by inter- or intramolecular protonation with a proton
dissociated from the exocyclic carboxy group in the first step (Scheme 6) may be supported by the un-
susceptibility of the methyl esters of the cis lactam acids 64a,d and the trans lactam acids 66a,d to cis—
trans isomerization under similar thermal conditions. 13 It may be seen from Table III that the thermal
reaction comes to equilibrium within 8-130 min, when the cis and trans isomers exist in a ratio of 1:2.3‘1
A higher and/or bulkier N-substituent obviously causes the rate of isomerization to decrease. In the

proposed isomerization mechanism (Scheme 6), all steps must be reversible. Therefore, the observed

1:2 ratic of the cis to the trans isomer in the equilibrated mixtures should reflect the relative thermo-
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dynamic stabilities of the two isomers, which are probably dependent on steric repulsion between the
4- and 5-substituents regardless of 'the presence or absence of a remote N-substituent. However, a
bulky N-substituent should cause the rates Of\the second and subsequent steps to decrease since
these steps are most likely influenced by the steric nature of the lactam mo;lety. In addition, the
slower isomerization of the N-benzyl anatogue (+)-64d or (£)-66d observed in tetralin solutions at 0.2
and 0.005 M concentrations (Table II1) suggests the importance of intermolecular rather than intramo-
lecular protonation of the lactam carbonyl group with a proton dissociated from the exocyclic carboxy
group in the first step of the cis-trans equilibration (Scheme 6).

Of the four isomerization conditions, the thermal conditions would be the first choice gince they bring
about fast isomerization with a good possibility of 'keeping other functional groups intact. On the ba-
sis of the above preliminary experiments, the cis lactam acids (-)-60a,e—g were separately heated neat
at 180°C for 90 min [80 min for (-~)-60a] to give equilibrated 1:2 mixtures of the cis and trans iso-

mers, from which the trans lactam acids (+)-69a,e-g were isolated by recrystallization. The yields of

R! R1 R‘
RO R?O RO
HC1/EtOH
R0 Oy N _ O . ro 05N N Oy N
H H H
z A& (180°C) room temp. ’
A ) “Et “~Et
AN
CO.H CO:H CO:Et
(-)-60a,e—g (+)-6%a,e-g (+)-70a,e—g
a R'=H, R’ R*=Me b R! = 0OCH;Ph, R*=R?=Me
¢ R'=H, R*=CH,Ph, R =Me d R'=H, R?=Me, R? =CH,Ph
e R'=0H, R2=R?=Me f R'=R2=H, R'=Me
g R'=R*=H, R*=Me

Scheme 7

(+)-69a,e—g were raised to 83%, 73%, 74%, and 74%, respectively, when the cis lactam acids recovered

18-21

from the mixtures were separately subjected to the same reactions. Esterifications of (+)-69a,e-g

with ethanclic HC1 were effected at room temperature for 20-24 h to afford the lactam esters (+)-70a,e—g

18-21

in excellent yields. For protection of the phenolic hydroxy group, (+)-70e—g were treated with

benzyl bromide in boiling acetone containing K,CO, for 20-26 h, providing the benzyl ethers (+)-70b-d

in 96-98% yields, 1>%1

E. Cyclization to Form the Benzo[a]lquinclizidine System
AMAAANAAANAANANAANAAANNANANNANANARAAVAANNAN

This transformation constitutes operation iv and was achieved by conventionai means. Thus, the
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(+)-70a—d Ma—d (-)-72a~-d

a R'=H, R2=R?=Me b R!=0OCH;Ph, R2=R? = Me
¢ R'=H, R?* = CH,Ph, R3 = Me d R'=H, R?=Me, R* =CH.Ph

Scheme 8

Bischler-Napieralski cyclization of (+)-T0a-d was carried out with PC}CI3 in boeiling toluene, and the re-
sulting iminium salts 71a-d were hydrogenated in EtOH with hydrogen and Adams catalyst to\ furnish
the tricyclic base (-)-72a-d in 55-82% overall yields from (+)-70a-d, 18-21 8ince catalytie hydrogena-
tion of similar systems provides the more stable isomer,35 the hydrogen at C-11b was assigned the «
configuration. The correctness of the stereochemical outcome of the above chiral syntheses started

from (+)-36 was supported by the identity of (-~)-72a with an authentic sarnple.18

F. Modification of the Acetate Side Chain
"NVW\MJ\NT!\NVWU\ANWV\MIMANVWWmmu\»

Operation v, the last operation in the "cincholoipon-incorporating route”, is to modify the acetate side
chain in (-)-72a-d to a methylene group linked to CHZOH, C02H, or a second heterocyclic ring. Since
(~)-72a has been shown to lead to emetine (1 ).36 cephaeline (2) ,37 isocephaeline (4) ,37 psychotrine
(63, 38 tubulosine (9), 39 isotubulosine (12), 39 deoxytubulosine (13} ,39 and protoemetinol (15) ,37' 40
the above preparation of (-)-72a from cincholoipon ethyl ester [(+)-36] formally concluded syntheses
of these [-type Alangium alkaloids.3’41

Scheme 9 delineates the routes that concluded the syntheses of the II-type alkaloids. Reduction of
(—1}-72b with LiAlH4 and removal of the benzyl group by catalytic hydrogenolysis afforded (-)-16,
which was identical with natural ankorine.!® On the other hand, treatment of (-)-72b with NaOH in

42

aqueous EtOH at room temperature gave the trieyclic amino acid (~)-73. Debenzylation of (-)-73

with hydrogen and Pd-C catalyst furnished alancine [(-)-19], which was converted into the hydro-

b.¢ rhe synthetic (-)-18+HCl was found to be identical

chloride (—)-19+HC1 by conventional means.
with a sample isolated from the stem bark of A. lamarckii, indicating that the natural sample, previous-
ly considered to be in the free base form [(-)-191 .5a was actually in the hydrochioride salt form.%P¢
Condensation of (-)-73 with 3-benzyloxy-4-methoxyphenethylamine in N,N-dimethylformamide (DMF)

at 25°C using the coupling reagent diethyl phosphorocyanidate“ in the presence of Et3N gave the

— 1021 —



1) LiAlH.
2) Pa~C/H;

(-}-73 R = CH;Ph

-)-19 R =H
) (R = CH;Ph)
(R = CH,Ph) PhCHzom
tryptamine MeO NH,
(Et0),P(O)CN (Et0}),P(0)CN
EtsN, DMF EtsN, DMF
OCH:Ph
1) PPE
- e
2) ag. HCI/EtOH
reflux
co K c OMe
OCH:Ph OH
(+)-14 (-)-75 (+3-1
POCl;
CH:
Hal! H
(+)-76 (-)-77 R =CH:Ph (+}-79 R = CH.Ph
(-)-78 R=H (-)-14 R=H

Scheme 9
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amide (—)~'1’5.4‘2

Cyelization of (-)-75 with polyphosphate ester (PPE) in boiling CHCl3, followed by
debenzylation with boiling 10% aquecus HCI-EtOH, yielded (+)- 7, which was identical with natural
alangicine. 2

A parallel sequence of conversions stariing with (-)-73 and tryptamine provided (+)-76 through (+)-
74 .44 Catalytic hydrogenation of (+)-76 in dioxane over Adams catalyst followed by column chroma-
tography produced (+)-8-benzyloxydeoxytubulosine [(+)-79]1 (25% yield) and its 1'-epimer [(-)-77]
(48% yield). % Catalytic hydrogenolyses of (+)-79 and (-)-77 with hydrogen and Pd-C catalyst fur-
nished (-)-14 and (-}-78 in 96% and 93% yields, respectively. The synthetic (-)-14 was found to
be identical with natural a}ang'imarckine.“ The assignments of the configuration at C-1' of (-)-77,
(+)-79, (-)-78, and (-)-14 were based on five criteria, namely, the ratio of products from the re-
duction of (+)}- 76, tle mobility, and 1H and 130 nmr and cd spectroscopie features.44

Similar side chain modifications starting from (—)- 72¢.d with or without 3-benzyloxy-4-methoxypheneth-
vlamine gave the III- and 1V-type alkaloids such as 9-demethylpsychotrine (8) ,20 9-demethylcephae-
line [(—)-l!l]},45 10-demethylcephaeline [(—)-81],45 9-demethylprotoemetinol (17),46 and 10-demeth-
y¥lprotoemetinol (18).46 In the synthetic work of (-)-80 and (—)- 81, lack of a sufficient amount of
natural (—)-demethylcephaeline (3) for a detailed and direct comparison precluded identification of
either (—)-80 or (-)-81 with this alkaloid, leaving its chemistry incomplete. A similar situation was

6

also encountered in the case of 9-demethylprotoemetinel (1'1').4 Yet another parallel sequence of con-

versions starting with (-)-72¢ and 5-benzyloxytryptamine yielded the A. vitiense alkaloid 9-demethyl-

7

tubulosine (10) .4 The chiral synthesis of the A. lamarckii alkaloid 10-demethyltubulosine (11) via a

similar route was not attempted because its absolute configuration had already been established as a
result of its racemic synthesis by us‘;8 and the previous chemical c:o][-relation‘19 with O-methyltubulosine

through tubulosine (9) by Popelak et al.

III. THE LACTIM ETHER ROUTE

This route was originally designed,50 together with the "3-acetylpyridine mute",zs’51 for unified

R'0 1) ArCOCH;Br Ar/\
RIO EtO N 2) NaBH, O~_-N
H - H
“Et  3) PA-C/H, “Et
CO:Et [4) PhCH.Br/K,CO;] CO,Et
()-82 (£)-70a-d

(-)-80 R'=H, R?=Me
(~)-81 R'=Me, R2=H
Scheme 10
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+ £t
HO,C~ “COzH Et0:C Et0.C
EtCH{CO.H): z 2 COEt
1) PA-C/H, 1) Na
coCl 2) aq. AcOH
2) CHE<cozEt
1) Pt/H; or Y
COMe NaBH, 1) NaH (Ph
O~ N 2) Ac,0 2) ag. ACOH 0O, H O~ N
- p\ )\Et m“
Et Et0:C co.Et i
CH.(CO:Et),
NaOEt CN
® CHZ(COzEt
Y
h 4
(Ph I/Ph 1) HYEtOH ]/Ph
0, H Ox,-N Pt/H;  OxN 2y 10" O~N
PR 2 8 - R B
3.5 3
et L NE N et tlj)\ﬂ
CH(CO:Et), CH,CO:H CO.H C
? £t0.c° “CN
(+)-83 (4,5-trans) (£)-66d (4,5-trans)
(+)-84 (4,5-cis) (+)-64d (4,5-cis)

0 ﬁ Et;0'BF; EtO
._—-)—
Et HC1/EtOH Et Et
CH,CO:H CH:CO.Et CH.CO:Et
(+)-86a (4,5-trans) (+)-67a (4,5-trans) (+)-82 (trans isomer)
(+)-64a (4,5-cis) (£)-85 (4,5-cis) (£)-86 (cis isomer)
Scheme 11
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3a,b,58b,c,46,48,52-57 1\ rootured the introduction of an

racemic synthesis of the I-1V-type alkaloids.
adequate phenethyl skeleton into the racemic trans lactim ether {(+)-82], a common key intermediate
generated from the already discussed 3-ethyl-4-piperidineacetic acid synthon (35) (Section I1), as

shown in Scheme 10. The synthetic route to (*+)-82 from benzylamine, formaldehyde, and ethylmalo-

13,158,31,32,52,5862 i the aim of extending this "lactim ether

nic acid is outlined in Scheme 11.
route” to cover chiral syntheses of the I-IV-type alkaloids, the enantiomers of 82 were prepared by
the following two methods (Subsections A and B).

A. The Optical Resolution Method
AANNANNANANANAYVNANANANNANNAN NN NN

In view of the instability of the lactim ether (*)- §2, cptical resolution was tried at a suitable precur-

sor stag’e.ﬁ:3 Thus, the resolution of (+)-66d was effected with (R)-(+)-o-phenylethylamine through
Ph Ph
Recrystn. ( 1) NaOH |/
from AcOEt Ph N 2) HCl 0N
—— H H-C;:-NH; —_— H
‘Et Me “Et
(R)-a-phenyl- €0, COzH
ethylamine
(+)-66d — (+)-87 (+)-66d
l/"h 1) NaOH (Ph
Oy N Bk, 2) HCI O N
Recrystn.  WEL Et
from benzene H « Me H Y
CO; CO:z:H
(—)-88 (-)-68d
. H - 1) ArCOCH;Br MeO
Na/NH3 0y N Et;0' BF, EtO 2) NaBH,

E— [ ]
3) Pd~C/H,

(+)-66d ——> H —_——

CO:R

(+)-66a R =H (+)-82 (+)-T0e
(+)-67a R = Et

H - MeO
Na/NH; Oa_-N Et;O'BF,  EtO N
(-)-66d ——— H — H —— p— MeO
E
H \ t W Et
CO:R “co;Et
(-)-66a R=H (-)-82

(-)-67a R =Et

Scheme 12
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formation of the diastereomeric salts (+)}-87 and (-)-88 (Scheme 12). Conversion of (+)-66d into (+)-
82 proceeded via a route involving debenzylation of (+)-66d with Na in liguid NHg, esterification of
the resulting (+)-66a to give the ethyl ester (+)-67a, and ethylation of the ethyl ester (+)-67a with
Condensation of (+)- 82 with the phenacyl bromide 49b, followed by

triethyloxonium fluoroborate. 63

NaBH , reduction and catalytic hydrogenolysis, gave the lactam phenol (+)--'4‘li)e.64 Since (+)-70e had

4
slready been converted into {—~)Y-ankorine (16) ,19 alangicine (7) ,42 alangimarckine ('M),‘;‘l and alan-
cine (19) ,5b,c the above sequence of conversions starting from (+)-66d formally constitutes alterna-
tive chiral syntheses of these Alangium alkaloids.

A parallel series of conversions starting with (—)-66d and proceeding through (-)-82 produced the

antipode [(+)-16] of natural tsmkorine.ﬁs’64

B. The Modified Cincholoipon-Incorporating Method
WNuv\AAMAJU\nnJWU\AﬂNU\A/VLﬂfUVWVV\ﬂfVWVV\MNVW

A hybrid of the "cincholoipon-incorporating route” and the "actim ether route' has made it possible

PhcH,0 ©
H
MeO N0 EtO. N
-
MeO-Xy~ Oy N ~H oH
H " Et ” Et
7 H™ L HTL
Lo E COqEt CO,Et
Nco;Et (-)-90 (-)-86
(+)-89 Et.0'BF,
CIOMe
H
N MeCOC1 N 1) RuO, o N A (R=H) o}
2
——-.+ -——_é'
, JeoH o L, oH — oH
n Et  Na:C0, " Bt 2) AlO; “Et “Et
H HY : H H
okt co:Et ‘“co.R CO.H
(+)-36 (+)-91 (+)-85 R =Et (+):66a
(+)-64a R=H |
I=IV-type
alkaloids iy Meo@CHZOH

93 Z
10 Z=H2

H,0H
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H ~——

Scheme 13
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to establish an alternative synthetic route to all of the I-V-type alkeloids from cincholoipon ethyl es-
ter [(+)-36] .64’65 in a recent synthesis of {(—)-ankorine (16) ,64 the N-acetyl derivative (+}-#1,
obtained from (+)-36 by acetylation, was oxidized with a mixture of RuO2 and 10% agueous Na104 to
give the 6-piperidone (+)-85 and the 2-piperidone (-)-90 in 55% and 27% yields, respectively. Alka-
line hydrolysis of {(+)-85 and thermal cis—»irans isomerization of the resulting cis lactam acid (+)-64a
at 190°C for 15 min produced an equilibrated 66 : 34 mixture of (+)-66a and (+)-64a. However, sepa-
ration of the desired trans isomer [(+)-66a] from the mixture was so difficult that the alieration of
stereochemistry in (+)-85 had to be done at a later stage. This led us to follow the synthetic route
(+)-85—+—(—)-86—>—(+)-89——->—59b-v-61e——>-(—)—60e—r—(+)-69e—w—)—(—)-16 . In guite a recent work,65
however, the trans lactam acid (+)-66a was isolated in good yield in the form of the 4-methoxybenzyl
ester (+)-984 from the above equilibrated mixture, as shown in Scheme 13. Catalytic hydrogenolysis
of (+)-84 with hydrogen and Pd-C catalyst afforded (+)-66a in 97% vield, and this opened a new syn-
thetic route to the [-IV-type Alangium alkaloids from cincholoipon ethyl ester [(+)-36] through (+)-

66a. the ethyl ester (+)-67a, the lactim ether (+)-82, 92, 93, and 70.%°

C. Extension to the Indolo[2,3-a]lquinoclizidine Series

0
0 R’
R KBr/DMF \
! + > R
R' N Cl
H
85 R!'=H
2 _ 3 _
96 R! = OMe 97 R*=R"=H (£)-98a,b,f
82 R?= Et, R’ = CH.CO:EL (+)-98f
POC1,
D POCL o MeO =N _
2) Pt/H, I Pt/H, le |+ ©
- . R N~ Ox~N —4—— MeO N <N
H H H H
s
H R H Et
R® CO:Et
(+)-99a-g (+)-100a,b,f (£)-10%
(-)-99f,9 (+)-100f (+)-101
a R'=R?=R%=H b R!=H, R2=Et, R*®= CH.CO:Et
¢ R'=H, R?=Et, R?= CH;CH,0H d Rl=H, R*=Et, R?= C(CO;Me)=CHOMe
e R!=H, R?=Et, R?= CH(CO;Me)CH20H f R*= OMe, R?=Et, R®= CH,CO:Et
g R!= OMe, R?=Et, R?= CH,CH0H
Scheme 14
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66

The tetracycle 99a is the simplest among & number of indoloquinolizidine alkaloids. We have found

that the "lactim ether route™ (as shown in Scheme 14) also worked well for synthesizing the racemic
modifications of this parent framework and more complex indoloquinolizidine alkaloids, such as dihy-

drocorynantheol (89c), dihydrocorynantheine (99d), dihydmsit\girikine (99e), and ochropposinine

6769

(89g) . Now that the optically active lactim ether (+)-82 became avsilable (see Section III, A and

B), (-)-99g was synthesized from (+)-82 and 96 via the intermediates (+)- 98¢, (+)-101, (+)-100f,

and (-)-99f. The identity of the synthetic (—)-99g with natural oéhropposinine unequivocally estab-

lished the absolute stereochemistry of this Ochrosia alkaloid.68

1V. OTHER ROUTES

36—40,70-72
W

The tricyclic ester (~)-72a, a precursor for chiral syntheses of the|l-type alkaloids, as

36,7375

prepared by Openshaw and Whittaker through an elegant and commercially applicable route,

M
as shown in Scheme 15. The highlight of this route is that the formation of the insoluble camphorsul-

MeO-
MeOQ MeO
l\ﬂeoj:*/jig\l‘ﬂcI H-0 J@O +
-,

MeO

M N — 3 MeO N
[:33 room temp.

et Et
Me 29 h o o

Et
0 102 (£)-103

(—)-camphor-10-
AcOEt sulfonic acid
reflux AcOEt

reflux

[(+)-1031

(-)-camphor-10-
sulfonic acid

MeO

PhzP=CHCO,Et H
~———— MeO~ :
152°C, 2.5 h \ W

MeO

CHCOEt \ [o)
{(-)-103

(Precipitated in the
salt form)

Scheme 15

76 and recycling of the enantiomer (+)-103 to (£)-103

fonate salt of the ketone (—)-103 from (+)}-103
by acid-catalyzed racemization proceeding through 102 were all effected with (—-)-camphor- 10-sulfonic
acid in boiling AcOEt in a one-pot reaction manner.

Sterecconservative, multistep syntheses of emetine (1), cephaeline (2 ), isocephaeline (4), and de-
oxytubulosine (13 ) from secologanin (48) by Brown's group77 have been treated in a recent rev’iew.sa

(-)-Emetine (1) has been obtained by optical resolution of (*)-1 with a variety of resolving agents
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such as (+)-camphor-10-sulfonic acid, 8 N-acetyl-L-leucine, 79 and (+)-0,0-dibenzoyltartaric acid, 80

or at the precursor level [(%)-O-methylpsychotrine} with (~)-Q,0-dibenzoyltartaric acid. %!

V. CONCLUDING REMARKS

As a result of the above chiral syntheses of the II-1V-type Alangium alkaloids, the absolute configura-
tions of all of them were established unequivocally, except for the cases where the difficulty of obtain-
ing adequate supplies of natural samples of alkaloid for direct comparison was encountered [demethyl-
cephaeline (3) and 9-demethylprotoemetinol (17)] or the absolute configuration had already been de-
termined by chemical conversion into a known compound [10-demethyltubulosine (11)]. This provides
a fine example in support of the statement that synthesis can still be an important tool for structure
elucidation even in this new era of highly refined spectroscopic studies. The synthetic routes de-
scribed in Sections II and II1 emphasize the utility of the 3-ethyl-4-piperidineacetic acid synthon 35

in the unified syntheses of the I-IV-type alkaloids as well as structurally related indologuinolizidine
alkaloids. They may also serve as valid vehicles for chiral syntheses of the analogous alkaloids which

remain to be synthesized or to be catalogued newly in the blank in Table I,
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