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I, INTRODUCTION

The lactones, a fascinating group of oxygen heterocycles have variously been
usaed in the syntheses of alkaleoids of a number of groups such as the isoguino-
lines, yohimbanes, deserpildines, spircoxindoles, steroldal alkaleoids and cinchona
alkalolds. In the recent past we have been active in the field of alkaleid
synthesis and here wish to present a critical account of the work done on the
alkaloid syntheses involving the lactones. The revlew though may fail to
incorporate many more results,wlll be of interest to a worker in searching

newer lactone based syntheses of the alkaloids,

II. 1,2.3,4-TETRAHYDROISOQUINOLINE GROUP
The simple tetranydroisoquinoline alkaloids have been synthesized using the
3-isochromancones, The lactone (%g) on treatment with ethanolic hydrogen promide

afforded the bromogster (ﬁ%%). condensation of the aster (f%ﬁ) with metchylamine

gave the 3-oxolsogquinoline (’3%) which on lithium aluminium hydrlde reduction

gave the alkaloid ()-me‘t:hylc:o;-:ypall1.me1 (i‘i)' Likewise, corypalline (ilz) was
synthesized using the lactone? (119\’) (scheme 1).
~
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Scheme | it

Treatment of the lactones (]&E’i,ﬂl?) with hydrazine afforded the hydrazldes (:3,‘?\!-\1?)

which upon treatment with hydrochloric acid give the lactams (,%i,',?) which could
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be converted to the lsoquinolines (i'e'lv,'\ll)) by lithium aluminium hydride reduction?

{Scheme 1}.

I1I, N-BENZYL~1,2,3,4-TETRAHYDROISOQUINQLINE GROUP

Two alkaloids sendaverine (&9\) and corgolne {'\1"1\‘) have been isolated from plants
of the family anariaceae4'6. Condensation of the bromoestcer (’%g) with the
benzylamine (2) gave the tricycllc lactam ('{.’:‘) which on reduction with lithium
aluminium hydride gave sendaverin37 (‘]\.l(')v). Likewise corgeine (}“L) was synthesized

by condensation of the bromoester (‘_%R) with the benzylamine (7) followed by

reduction and debenzylation of the resulting 3_cxo derivativea (3) (scheme 2).

MeQ o Med
+ R N

by
LEJ
eo

'Y

H I:MF/EtBN LAH/THF
Reflux Ref X
1
R r
1 8 R=RiOMe 1
R f; 1 10, R=OH:R"= OMe
ReH; R~ =0CH_Ph o1
§ xlaone : : gt
Sche
7, R*=0CH_Fh cheme 2

2

IV, N-PHENETHYL~1, 2, 3, 4-TETRAHYDROISOQUINOLINE GROUP

A group of alkalolds of purely aynthetic origin has been reported to possess

important hypotensive activityg. The bromoesters (2.?.! 33) prepared from the

corresponding 3-isochromanones by dissolution in ethanolic hydrogen bromide on

condensation with the phenethylamines (12a-c) gave the lactams (l3a-e} which on
ANy Ny Y ™~

lithium aluminium hydride reduction gave the corresponding N-phenethylisoquino-

llneslo(14a—eJ {scheme 3)}.
~NN

V. BENZO-, INDOLOQUINOLIZINE AND BENZOINDOLIZINE GROUP

A number of 2-substituted-1,3,4.6,7,1l1b-hexahydro-9,10-dimethoxy-2H-benzo L aJ
quinolizines and 1,2,3,4.6,7,12,12b-octahydroindolo f 2,3,-4] quinolizines have
been prepared starting from 3-substituted valerolactones, the preparation

requiring five stagesll(Sc:heme 4}, The 3-substituted 8-—valerolactoneslz were
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prepared from corresponding glutaric acids by reduction of the carboxylic acid

13, 14_

groups The conversion of the lactones (23,%2) to the substltuted

pyridones (“1'&) required toc high a temperatuzels,if carried out directly and

therefore was performed via bromovaleratesls (m .

Benz (g)indolizines have been prepared using the {-butyrolactone (24). The
butyramide (2;3 on phosphoryl chloride cyclization followed by sodium borohydride

reduction afforded the benz(g)indolizinel" (2_"1‘) {Scheme 5).

MeO
a PoCl,

—— —r
Meo H
Ck1:jr‘ ~OH
A
N
EXN

o O
Aze +
24,
MeO Meo
NaBH
MeO /N+ — 4 . ™
26

Scheme S

A recent highly sterecselective synthesis of L’:uenzindoli.zines1B

consisting in
jminium ion cyclization begins with condensings-angelicalactonelg('%g) with
2, 2-diphenylethylamine t¢o get an acyl iminium ion precursor (33‘) which on

8
polyphosphoric acid cyclization gave chiefly one diastereoisomerl (39) {(5cheme 6).

N
28, Me
CH;_,CH?\'\,Z
22, §94R1=Ph;R2=H
31 Rl=H;R%=Ph
~nanJd
scheme 6

V1. BERBINE GROUP

[}
The berbine?? alkaloids have been synthesized using the lactones. Condensation
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of the 3-isochromanones (ja-f) with the phenethylamines (12b-d) afforded the
N Y rgng
hydroxymethylphenyl acetamldes (2.:3..3.:5)' Phosphoryl chloride cyclization of the
amides (32a-f) followed by sodium borohydride reduction afforded the verbindd~27
ey
(2‘%&;’%). Alternatively, treatment of the dihydrcisogquincline salts (é&%—j) with
ammonia afforded the berberinium salts (::'.?3.-35, which on sodium borohydride
reduction afforded the berbines (9“533;-‘5). This method has alsc been used to
prepare the bromberbinesze(r{%;‘g) which on reductive debromination afforded

the berbines (3?\9—!’1) {Schems 7).
L LT
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The 1—(3.4-dimeth0xybenzy1)-6,7-d1methoxy-3-isochromanonezg(2‘1) prepared from

30-32

the keto acid {3?\) has been utilized to prepare the berbine (352). The
~ !

lactone {(37) on treatment with ammonlia afforded (3’%) which could be converted
Fatlo)
3
to dl-tetrahydropalmatine > (35h) through the 12-bromotetrahydroisoquinoline 3

(40) (Scheme B8},
s
MeO o) MeO (o)

MeQ
e O McO NH
MeQ Na‘:H 4 N,
—_—

7, ——
ome OMe O OMe

OMe OMe
OMe

MeO
LAH/THF
Me:

R

Scheme 8

The bromoesters ('g”e\;‘-;n) have been employed in berbine synthesis. Condensation of
the bromoesters ('%aN—ﬁhj with @-phenethylamines (.lu?ub:;ﬂ afforded the tricyclic
lactams (r\l;?ub:;h) which on phosphoryl chloride cyclization followed by sodium
borohydride reduction afforded the berbines %ﬁ}b&r}&) in fairly good ylelds., The
method worked equally well for both 9,10- and 10,11-disubstituted berbines, the
substitution pattern of the ring D of the berbine being dictated by the
substitution on the bromocesters (%a;ﬁ). Thus, dl-xylopinine (g;\pn)'.g_i-govanine
(‘3&(':\)‘. g__l_—scoulerine (3pd)+ dl-pseudoepitetranydroberberine (35e) ,dl-isocopti-
sine (325), E—-canadine (329, 4dl-3-hydroxy~9, 10~-dimethoxyberbine (3‘?\}'3’,25—2,3,
10-trimethoxyberbine (mandd_l-z,3,11-trimethoxyberbine (E?\tch)r were accord-

4=
ingly prepared by us? 39 {scheme 9).

The 3-igochromanone (3’1") on treatment with ethanolic hydrogen bromide gave the

corresponding bromoester (rt_zv) whilch could be converted to the berbine4o (':119\5_1)
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(scheme 10),

MeQ
MeQ
O Ft
MeQ
42
Ohe
MeO OMe
38, R= = O; Rl
Me O 29, R=Rl=
40 R=H:;R'=Br
4}, R'=Br OMe
B Ri=H

The 3{2H)=-iscquinclone (iﬁ prepared from the correspending 3-isochromanone (nl‘i)

has been effectively used to get the berbine {(35b). Condensation of the

phenethyl bromide (&;’3‘\2 with the 3(2H)-isogquinolone L%&) gave the lactam (13b],

which on phosphoryl chleride cyclization followed by sodium borohydride

4
reduction gave dl-xylopinine 1 (f:-g:}\:gr (scheme 11}.

MeD

By O N I'POC13/C6H6
MeQ EtOH 2.NaBH4/MeOH

i 13b — ey 3 2,
N s il
A3 +
A4 ©
OmMe
Scheme 11

An alternative synthesis Of the berbines involved the condensation of the
agomethines (a%}a) with acetyl-§ -lactone (‘%gr} to get the lactams % which

could be converted to the berbine ('\SISa.l) in four t31:>er.'atiox1:34’2 (Scheme 12).

R
O O
R 2
Me
408, R=H -
1.3 R=0Me ~4,.;6
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238=0Me
351 R=H

Me Scheme 12

VII. BERBANE, ALLOBERBANE AND EPIALLOBERBANE GROUP

The lactone of dl-trans-2-hydroxymethylhexahydrophenylacetic acid43g_%,l3’) prepared
by perbenzoic acid oxidation of il«t_rﬁ-z-hydrindone“(ﬁ) on treatment with
ethanolic hydrobromic acid gave ethyl dl-trans-2-bromemethylhexahydrophenyl
acetate (é’%‘). Condensation of the ester ({%k) with phenethyl amine (4"2\%)
afforded the lactam (2{%) which on phosphoryl chloride cyclization followed by

sodium borohydride reduction produced the ]:)erbane9 (2._3") {Scheme 13).

O
o O, F_{OZC
H H E t OH- HBr yq,
’32,-!—‘ re f lux
Ry sLW
MeO
o N
H ra

1.POCL,/CoHy
2.NaBHy/MeOH

b
o

Likewise the alloberbane ('ag) and epialloperbane Lézl) were prepared condensing

the amine (l12e) with the aldehydoester (’\5"3) prepared from corresponding 1.':=.ct:one9

(scheme 14). Med
MeOZC CHO - 0 N
128 4+ H —_
LS ON N ———tre i
H~" 33,
He”
OAc
MEOZC OAC
24 oMe Me0.L ™ vt
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MeO

OoMe
Me Ozc E OMe
' o]
Scheme 14 OMe OMe

VIII, PHENANTHRENE AND ISCPAVINE GROUP

The lactone ('%'ff\) on anodic oxidation in dichloromethane-triflucrcacetic acid
with tetrabutylammonium tetraflucborate as a supporting electrolyte gave
epoxyethanophenanthrenezggé‘%) . The same spirodienone (RR} was isolated when
g\:‘ﬂ\) was oxidized with vanadium oxyfluoride using same solvents. An analogues
diencne Q?J was PrePared from lactam (’:\ilg) using same oxidants. Electrode
oxidation of (31’) in acetonitrile with quarternary ammonium salts gave an

lactonic analogue of the alkaloid il.sumpav\.vzl.nﬁ_-29 (,.6\’,9\} {(Scheme 15).

OMe
O
MeOQ 6 5 e oxidaticn e”,oxidation \
4 — 3 —
A
Meo OMe 28
9
T, - Ove
£ MeO
39 X=NMe
Scheme 15

IX. YOHIMBANE AND HEX ADEHYDROYOHIMBANE GROUP
A sterecspeclific synthesis of g_];-yohimbaneg\g%) begins with the condensation

. 43,45
of the bromoester(rgy with tryptamine ('(’.-2\,‘?\,) {Scheme 16).

R

1

R

NH,

=z

[-¥19
R=R1l=H
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1 1. POCl 1
3
R N 4. NaBH
H —_—
H
&3
-
54, 3.41double bond H’
R=R"=H
61 R=R'=H

Scheme 16

The yohimbane synthesis has alse been accomplished using 3-isochromanones and

thelir derivatives46'48. Condensation of tryptamine (2%2) with 3-isochroma-

none (&Fa\) af forded the phenylacetamide ('gé) which on phosphoryl chloride
cyclization followed by sodium borohydride reduction gave the hexadehydro-
yohimbane &\6]@\?_2’. Alternatively the P-carbolinium chloride s&g) may be
cyclized with sodium carbonate to give (§1) which coula be reduced to the
yohimbane (g}?\% {5cheme 17). The .?,u.‘r.phl..lr49 and oxygenSD contalning anologues

of yohimbane (68a} have also been prepared.
[tV

R R
1
R\ o NH R
EtCH E

—— e
+ Reflux 3,
13 82

l Nt
N =
oo
&%
RB
RZ

Scheme 17
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A recent synthesis of the hexadehydroychimbane alkaloids involves the condensa-
tion of the bromoesters ('%R-g. 33) with substituted tryptamines (3.-2\.‘?6'.-5:“0 give
the tetracyclic lactams (ggwa&-rs) which could be converted to the yohimbanes

51-53
(6Ba-a) (scheme 18),
NV

g2a ® = # R
'GVME R=0CH2Ph 1 o N
62¢c R=0H R N
e EtOH H
+  —Terrm” 69a-e
22.28-25:28
ri
R
R3
R=R1=R2= 5=H;R3=R4=0Me
R=R1=R2= 4=R5.——H; R3=€.‘Me
1_,2_.5 3

R=Rl=Rr2=R"=H;R ,R4=OCH20

W 20 20 o e

R=Rl=#?=p%=H; R3=0Me; R*=0CH_Ph
R=OCHzPh;R2=R5=H;R3=R4=OME;R1=H
Scheme 158

another approach to the yohimbane skeleton involved the condensaticn of the
indolylethyl bromide (..32) with 3(2H)-1isoquinolone (;t‘}\) prepared from correspond-
ing 3-isochromanone (1a). The resulting tetracyclic lactam (69a} could be

ntN NN

converted to the hexadehydroyohimbane54(68&} {Scheme 19).
R

® \
Br
N 1.POC1,
H EtOH 1.NaBH,
——— 69a &8a
7 ?v R=H + refiux o ~vey

Scheme 19

X. DESERPIDINE, ISODESERPIDINE AND DEPYRROLODE SERPIDINE GROUP
3@, sP-epoxy-8P-hydroxy-1,2,3.,4,5,8, %R, 10L~octahydro~1P-naphthoic acid lactone

g&) has been employed to get 17-demethoxydeserpildine (82) and 17-demethoxy-3-
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Isodeserpidine®® (gl) (Scheme 20).

0s0,-Ba (C103)2

oAc Meqg

Iz

1. P0C13

—_ 2 e
2. reduction

79 R=il=H;R%=Ac
i~

80, R=R1=R%=H or?
81, ReR'=H;R*=COC,H, o Me0,C
(oMel, MeO,C 8, R=R1=H; R2=COCBH2
(OMe)3
¢ :
o N
24 OMe
OMe
MeOS GO OMe.
CcCO (]
g OME‘. OMe
OMe = rl
OMe, B2 R=R=H
Scheme 20
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dl-10, 11-Methylenedioxydepyrrolodeserpid ines6

(-BJH has been prepared from the
woodward's methyl-2-f-carbomethoxy-3l-methoxy-4 -acetoxy-6p-formylcycichexyl-

5 (12¢).

1p-acetate and phenethylamine L2c),

XI, HOMOPROTOBERBERINE GROUP

The homoprm:‘:ﬂaex,-be:.xfimass7 are yet to be discovered in plants. A scheme for

their synthesis involves a lactonic acids’8 (‘%i) {Scheme 21).
COzH
O~ 0 MeO MeO
1.50C1
— NH .0 2FE N
2.12b MeO o) MeO Z o
O
o]
a5 8 8
A Py At
MeO
+ MeO
MeQ
Meo
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XII. PHTHALIDE ISOQUINOLINE®? GROUP

(=) -§-~Narcotine (2'5“) has been synthesized using meconineso(’?}‘a) {(sCheme 22}.

O,
Q
EtOH Resoclution
< N+ * _—.éji-gl—{-naroo- ——» {(-)-d-norco-
0 = “Me R O € 94 tine

. A4 23,
= 213 R=H
gree  HII, one
g OMe
Scheme 22

Hope and Robinson synthesized (4)-@-nercotine {37} starting from condensation

6
of cotarnine (92) with nitromeconine 1(91b. R = NGO} (Scheme 23).
i Ay 2

e
1.8n, HCl (
2.NaNo,, HC1
—_— > ~Me
3. KI
4. Na/hHg (o]
OMe
OMe
Scheme 23

dl-Narcotine (102) has been synthesized by condensaticn of meconine chloride{98)
with the phenethylamine ('22’). The resulting amide {100} on phosphoryl chloride
cyclization followed by godium borohydride reduction gaved -and f-nornarco-

tines (&O]‘._j which on methylation gaved. —and F-narcotinessz'eatkq\%\), (Scheme 24).

OO0 00

99 OMe + O o 1. P()Cla OMe o
100 2 NaBH4
0 OMe OMe
MeQ
O O OMe 10l ReH  OMe
Lo .-](.9.3\1 R=Me
Scheme 24
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A parallel synthesis of hydrastines has also been achieved64'65 {Scheme 25).

1.8n/HCL
2 .NaN02

—_— 3 diastereoisomeric
3. KI hydrastines
4,Na/Hg

OMe scheme 25

an improved synthesis of (-)«f-hydrastine ({]\;&'{')\) involved the use of the lactone

66,67 .
%Q?,J prepared fmm oplanic acld (HM) (Scheme 26).

CHo
Co
Kg;‘,H30+ ( H’ ~Me
——
Ope
o 1wy ©

O
( i.Frac.
N Cryst.
O Q ~ Me ™ Me Hy,Pt mix.of dia (-)-p-hy-
— «~———rstereoiso- ———"_ grastine
o] meric hy- 2.Resol.

108, o 0 drastines with 110
(+)-camphor~
10-sulphonic
acid

OMe OMe
COMe Scheme 26

Phthalide-d-carboxylic acid (111) has also found application in the synthesis

of the alkaloids adlumidine (112} and corydaine68(113) (scheme 27).

R o o
R (O L
8] ~ Me
]f' 0 . OH
CO,H 113
O (o]
X111. INDOLE GROUP ~

woodward et al synthesized reserpine (124) employing the lactone (‘érlvﬁ). The

lactone (‘LLQ on successive treatment with aluminium isopropoxide and sodilum
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methoxide gave the 1act0ne69(f1~‘]t.a), the key intermediate which contained all

five agymmetric carbon atoms of ring E of reserpine (124) properly orlented.

Successive treatments of lactone %}f) gave ﬂ.—methyl—o-amtylisoreserpinat670
ol

(123

AR3)

{Scheme 28).

1.0s80
2_KC163
——

1

318, ReR'si
AA% R=Me:R " =H

MeD
~H N
- H dl-methyl o-
H- acetylisore-
serpinate
123
MeO,C Ac 123,
OMe
f]:;?ulm Scheme 28

A synthesis of alkaloid dl-co:ynantheidoﬂl"’z(131) utilizes the pyridine
T— 'l

lactone’ 1472 (124) (scheme 29).

O
Hp Pt HC1,Et 0

Et o -2,

™
124 =B (3
Azi N clog R =@ ~(3-indolyl)ethyl

)

R
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Scheme 29

Dendrcbinen(ldl';'). a sesquiterpene alkaloid from Dendrobium nopile L. having a
N

plcrotoxane skeleton has been synthesized from the lactone '75(_\1-'?‘%) (Scheme 30}.

] s
R— €O MeN —— CO MeN co
Me Me
'
+
0 :
o H
131 (20
~Feynd
—_—

R‘I
132 Rl=h; R=CN
~ 2 135R=CN
LY )

133 Rl=cN;R%=H
134 Rl=co,Me;R%=H
~fniny 2

.&2.9: R=C02Me

Co

Meiy

R
AL R = NH
T3 R = NTs
AR =0
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B 76
orch et al successfully converted the lactone (}vﬁ) to 8-epidendrobine (}li.}uj

{Scheme 31).

EtO
]
5 Cl . l.methylfluo.
1.5n bis rosulphonate/,
0 py.complex CHC13
'y '/2 .ary Hcl 2 .NaCNBH /
H ™Y r MeoH_HE1 r
O
4];:?...201 lﬂe""’ '1‘-"'?"4-"‘
Scheme 31
77

A short synthesls of eburnamonine ('1"4"7) has been achieved from the carbinol-

amine-y-lactone (Ltsﬂ). N-alkylation of the lactone (145) with tryptophyl
bromide (70) gave the lactone {146). ‘Thermolysis of (146) ylelded dl-eburna-

monine ' ® (147) {3Scheme 32).
~tard

Et
& 2l
O
Zp-u @T\J
QO
o N o

Ny

H H
145 146
Ll o

Schema 312

Alternatively, the ester (.1‘)&83 on acid hydrolysis gave the lactone (148) which
on bromination with borontribromide in methylenadichloride gave a mixture of
two dibromides (LS'QS.B). The Aibromides on treatment with dilute hydrochloric
acid in dloxan gave a bromo-y-lactol (151} which reacted with tryptamine to

give the lactone (,.lfﬁé) which was pyrolysed to eburnamonine.?a(lgl)(Scheme 33).

Br
CO,Et dil. acid BBr, /CH C.:l2 - .
14 h
o O B o
_1;1,@, 49 150a
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Br
1%HC 1
J— dioxan DMS0
—o—ﬂwbromo-‘f—lactol——b 146 ———— 147
80°,20h 151 N 250
[»] e
Br
150b
ek rd
Scheme 33

The C.9 lactone g&gg) prepared from the cyclic d:l.‘.:.h_1..:;af.:et;r:-al—"Ig (152) in five steps
consisting of ring cleavage, ethoxycarbonylation, reduction and cyclization has
been used to synthesize dl-eburunamenine (161) and egieburunamenineao (162)

— i A

(Scheme 34).

S R (s}
$~ —— CO,Et 5\) EX
2 HC1
[t
Et COpEt i
152 153 R = CO,H
Ny i
154,R = CO,CO,Et
155 R = CH,OH
Ay

A8 s

Lithium-tri-
tertiary alum
hydride / THF

Mel , MeCN
—

S
&/ ~ Scheme 34
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an approach to skeleton of Rauwolfia alkaloldsBl involves lactonic intermediates,
The hydrolysis of the adducts (}'Eq“aég) followed by halolactonization®) 3P gave
(164a-d). The Arndt.Eistert reaction of (le4a) R = CO,H, R%=H, R3=Br) gave
(164c). The diazoketone (1644} was condensed with tryptamine (93‘21) and

6-methoxytryptamine (62b) to give (']‘."6“5’}81 (Scheme 35).

'R2
r! 3
0 H R /R
» o
] H-
/ , J oo N
0O ‘—-—‘——D-H . ‘H .___.,__’R N
-~ O H
[ © Y,
G H i
1643 R} = Co, H; R%=H, R*=pr 163k R=OkMe
leig = H 164t R' = COH ; R%°=GH.0CO_Me; R=1
3 rr el 1 2 + 2 2 2 3'
163k R=CH,OH 164c R'= CH_CO_Me; R%°= H ; R°= Br
und od 2 ~erad 1 2 2 > 5
1p4g R'= COCHN,: R® = H ; R°= Br

Scheme 35
A general method of synthesis of the indcle alkalcids uses the lactone (lqu)
~
which could be converted in three steps to an antirhine derivative82 (163\‘9'3
el

{Scheme 36}.

Et
o I + o H,-Pdfc-
70 N By 27
~ar N o btaN
X © H l atm.press,
| P L o A
N o]
Les, : Ft
1, oH™
] 2 .decarboxylation
N e
N
H | 3. eyclization
B,
o H
U B
H

Scheme 36
Catharanthine lactcneaa(l'?"q) has been coupled with vindoline to get derivatjives
~

of the type (172) and (173} (scheme 37).
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R
NN

vindoline

171 R = 0

Scheme 37

N-oxlde derivative of catharanthine lactone (%?1: R=0) has been coupled with
~N~
84-86

yvindoline to provide the rearranged dimeric products (174) and (172)
NS N

{Scheme 38). ////,\\\
N

vindoline
1Y €0} .0 +
(CF3 2
3
EYEY ~ o)
) © .- 4
oI L +
. o \
70\'.! \ P :r? o =
NaBH4
Scheme 38

XIv. SPIROOXINDOLE GROUP
The splrooxindole alkaloids glrformosanine, girisoformosanine have been
prepared from lactonic intermediates (1766? and dl-mitraphylline and g&:iso-

mitraphylline from the lactone87 (176b) (Scheme 39).
AN I
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A"

N R?
H 7 e, 1
. W "R
176a R=Ma;Rl=H
g e 1
176L ReH;Rl'=Me
L K LV

Scheme 39

XV. STEROIDAL ALKALOID GROUP

The pregnanoic acid lactone (ﬁll) has been used in the synthesis of salamander
alkaloids gsamandaridine ($Z§} and cycloneosamandaridine (&123 which has the
revised 3,6-cyclic carbinolamine structure Qizgg. Reformatski reaction of 38,
16P-alacetoxyandrost-5-en-17-one with bromomethylacetate and subsequent dehydra-
tion and hydrogenation gave methyl 3B, 16f-diacetoxy-Sof-pregnan-21l-cate which
was cyclized in methanol containing aqueous alkali to give lactone88 (512)

(Scheme 40).

AcO

Scheme 40

XVI. QUINUCLIDINE GROUP

The quinuclidine ring with three chiral centres 1s the characteristic feature of
the cinchona alkaloids and elaboration of this ring system 1s the key for success.
ful total synthesig'g? All recent synthesis of cinchona alkalgi§34utilize the
noranalogue of homomeroquinggégithe 3 (R}-vinyl-4(3)-piperidineacetic acid(meroqu-

inene)which is also a degradation product of cinchonigg. Racemic ¢is-N-benzoyl.

meroguinene (184) has been synthesized from the lactone (181). The acetic acig
LY T Lo LY
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and vinyl side chains of (t]\_'%% were formed by a Baeyer-vVilllger oxidation of
(,3,%93' opening of the lactone (181a,ﬁ1}) to the hydroxyester ('3‘8“‘2‘3‘,‘3) anagd

eliminationga {scheme 41}.

(o]
0
m—chloroperben-
zoic ac + Me(OH-HC1
B Eame———
B. V.oxidation

O

2
20
purd
1
—
[2]
ey
o

2
2
2
b
2
2

CO,Me
OH
OH
CoMe
7 CClq,
ph_“'ap
N + N
04\ Ph Oé\ Ph

122, 1820, B A8

ot 3(R,S}.4(S,R

Scheme 41

XVII, ETHANOPHENANTHRIDINE ALKALOID GROUP

The bromolactone (}‘g?v) on dehydrobrominaticn, oxidatlon with osmium tetraoxilde
and acetylation afforded diacetyl lactone (186). A wodified Bischler-
Napieralski cyclization of (}‘E‘é\)’ gave the lactam (187). Success ive hydrolysis

and irradiatien of (&{E\B‘”IJ followed by acetylation and hydrolysis gave cis- and

t.rans-dihydrolycorricidim?g(188a,b) (scheme 42).
=t PN

185 R=Br, R1= 188a

~r.

A © B8b
186 R=r'=0Ac Scheme 42 ~ ©
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XVIII. BENZOPHENANTHRIDINE ALKALQID GROUP
A recent synthesis of chelidoninel?0 (%3@2 involves the benz.oxyclobutenem1

(lﬁa}. a novel method for their preparation based on thermolysis of 3-isochro-

manones 9% has recently been described (Scheme 43).
2
r R
3 3
R < RL ‘
(] i
2 4
R R
RS 1a iz ®°
1§ AN

0 o-xylene
—_———

o) ~c 120%,1h
G g R

NaBH, , MeOH-

dioxan

N
~C0,CH, Ph

N-methylaticn

A

O
Scheme 43 o 1

XIX. UNQLAGSIFIED AuLKALOID GROUPlO3

104

Camptothecin ,(ggl) an antitumour alkalecid has bheen synthesized from lactone

(202),» The synthesis featured a novel method for the fusion of ay -lactone
ot ad

ring to a pre-existing conjugated carbonyl system105. The lactone (282) on

hydrolysis, reduction with scdium borohydride, acetylation and dehydrogenation
in dicyanodichleoreoguinone gave {ggg) which afforded camptothecin(207) by
hydrolysis, reduction with sodium borohydride and acidification (Scheme 44).

106

&rMethylene-pﬁ-diethoxycarbonyl-ilbutyrolactone (209} has been employe3 to

107

get an important precursor (511) to camptothecin (207) (Scheme 45).

~

Several UF and CDE ring analcocgues of camptothecin(gp7) have been synthesizeld

from lactones. The lactcone (ggg) was converted tec camptothecin analogue(glz)
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N,
N
N o
299, 292, R=Et
% QAR ey
+ THF
—p— Co
Co,ME z
Me
OCOZMB
FEE

1.ag.NaOH
Q 2.NaBli,

h
Dehydrogenation ST
in DDQ OAC
Et
206~
.
Scheme 44
=3
~ N
N R 110°
218 _—
. R
R
—
Scheme 45
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by oxidation with oxygen and alkall in the presence of trjuzthylphc;sphitel08

(Scheme 46). Four DE (26 a_c) and CDE {(217) ring analogues were prepared.

Me
|
N
O
o]
B
H o
214
N
Scheme 46 216¢c R=Ph
Pyranopyridinone {2 18”)) methicdide on oxidation gave pyranopyridinedione{219)
e o~ nt
rather than the isomeric pyranopyridinedione (220) of campmthecinlog(zo'ﬂ
N 0 [ R Y 0 g
(Scheme 47). o HO HO
H
0 Et o Bt 0O
Et o
/ -
o} N
Z , 'l\' ©
+ -
I I 219 Me 22% Me
Me Scheme 47
21
nJren
110-114
Ethoxylactone ('2\'2:}_3 was smoothly converted to the trans-adduct (;g&) by a

Michael addition of diethylmaleonate. Acid hydrolysis of (,%?,,2,,) gave the bis-
lactone (3“2’1) Reduction of (,3%3«2 using sodiumborohydride under alkaline
conditions gave acid (3‘2‘2_‘:1'2’ which was converted via its acid chloride to the
corresponding pyrrolidinyl amide (2‘2"5'3. The amide (%2"‘5'3 was methoxycarbonylated
to the required butenolide (226) by treatment with Sodium hydride and dimethyl-
carbonate. Condensation of the butenolide (_33;‘:\) with the pyrroloquinoline115
((%-];19\', gave the corresponding hydroxyamide (3?"}:“) which could be converted to

ieethyldeoxycamptothecinllo

116,119

(231). Transformation of (331} to deoxycamptothe_
cin (239) and to camptothecin (2‘9‘?’3 have been reported by several groups
of workers'!7 (scheme 48).

Another synthesis of dl-camptothecin (322) devised by Sugasawa et al involved
the lact.onells(‘_‘z'?c%) « This method as ocutlined in scheme 49 consisted in deformy-

lating the crude epimeric mixture of the lactone (52&}} by treatment with
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[o] 5 H
Gl-léCozEtj 2 H30+ o
— - R
o) | O Ho 4
CH,(CO,EL) oH
' F AR At A 224
OEt et

222

L LYY

210, RH

O AcOH/ACONa

— i

co?_MQ

sl

'2'2"1‘ R = CHZOH

228 R = CHO

NN

Scheme 48

0
Concd HC1

——

O oo

—d ]
Deformy lation H H al
1 .2 7 camptothecin
232 R ,R°= H 1 1 2
vy 2 235 R*=H,R“=Et m 207
32% R™=H, R“=Et Eer

2

1 236 Rl=pH,R%=Et
234 R =R“=Et T~
Arrant

Scheme 49
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concentrated hydrochloric acid to give (332} followed by direct oxygenatlon of
(233) with oxygen to afford an epimeric mixture of QEBg) and dehydrogenation of
oy ~

(3}9) with dichloredicyanoquinone to give g;_camptothecinlle

{202). This method,
however, suffered from the disadvantage of the unavoidable coformation of the
diethyllactone (234) in the ethylation of the lactone (232) to (233) with
scdium hydride and ethyl iodide in dimethylformamide {Scheme 49).

Recently, employing an one~step ethylation-oxygenation r|1lt3t:h<:.dll9 Sugasawa et al
have improved the yield of monoethyllactone (353) by approximately 1.6 times

over the previcus methodl1?,

120 of the lactones (238, 238a) has been
Ry SFPEPS

A bipgeneticalliy patterned conversion
exploited for the synthesis of di-camptothecin (207) and its 7-chloroanalogue
{207a). The carbinols {237, 237a) on treatment with triflucroacetic acid at
el i~ ot ey et

room temperature afforded the lactones (238. 2"3“8~a) which on ethylation with
sodium hydride_ethyl icdide followed by oxygenation of the resulting deoxy-
camptothecins ('2_3?‘, %'3'09“3) with oxygen in presence cof cupric chloride afforded

dl-camptothecin (207) and E]_l-'?-chlorocamptothecinlzc

(_zvo'_:l,g) {scheme 50}.

N
l . CF,.CO,H
Rooin Terp.
MeLoL™ Coemey.
AR

Scheme 50 CH o

In another synthesis of dl-camptothecin (297) a D-E ring analogue, the 4-hydro-

xypyridine lactone (240) was Synthesizedlzl'lzz.

116,122

The tetracyclic biformyl
intermediate (5;4‘.}‘) gave the pyridonemalonate (32'_2“) on treatment with

di-tert-butylmalenate and sodium hydride in dioxan which on sodium borohydride
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reduction gave (3'33). Treatment of (311) with concentrated hydrochloric acid
led to lactone (244) by simultaneous lactone formation and deformylation.
Dehydrogenation of (244) with djichlorodicyanequinone in dioxan gave the lactone
(gég) which upon ethylation with sodium hydride and ethyl jodide gave dl-decxy.
camptothecin (239). (239) was converted to dl-camptothecin (207) by passing

oxygen in presence of triethylamine and copper acetate in dimethylformamide-

methanol (Scheme 51).

LDG
— —
o 235
2 NaH-E+£]
R '
241-243 1
'3:3].;,1'{ =0Me ,R"=Kk“=C HO 239
1 ~ Adar
242 h =CH(COZBut)2, O
-~y -
Et OH K=k 3=cHo 11
4
N . cu
© 213 R =cH omuty,, o lom-
R°= CH,OH, R2—CHO 2 |ueon
N O 2
.
Me. 207
O 240 Scheme 51 Sladad
LT

Yet another synthesis of g;-camptothecinlze’ (207) uses the tricyclic lactone
("2133) prepared by a series of reactions in which most of the steps gave
satisfactory yields. Hydrolysis with agueous oxalic acid and condensation

wlth anthranjlaldehyde gave ("2_&_‘6’} which could be transformed to i{—camptothec‘]:rzaa

{207) (Scheme 52).
dva o

o

245, Scheme 52
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