SYNTHESES OF ISOQUINOLINE ALKALOIDS BY A SYSTEMATIC DESIGN
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The synthetic design of isoquinoline alkaloids from simple compounds
derived by systematic retro~-synthesis and transformation by either
phenolic oxidation, Pschorr reaction, photolytic reaction, benzyne re-

action, or thermolysis are described.

Many organic compounds found in Nature contain a heterocyclic ring system
and have shown interesting physioclogical activity. Recently, the structure of
many of these compounds was systematically determined by physical~chemical
methods, such as uv, ir, nmr, ord, cd, and mass spectra, and in some cases
by X-ray analysis. On the other hand, there is no routine method for the total
synthesis of such natural products.

While biogenetic patterned syntheses have proved tc be a most reasonable route
to many natural products, its general application is often limited by the inability
to direct coupling reactions as well as by poor overall yields., Thus, we have
search for a more skillful synthetic design and have uncovered the following useful
principle.

According to this principle, carbon-oxygen and carbon-nitrogen bonds such as

C~O or C-N in the desired compound should be formed in the final step of the synthe-~
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sis and quaternary carbon atoms should be derived from sp2 carbon atoms. This is
illustrated by the synthetic design of thebaine (1), a complicated isoquinoline alkaloid.
As shown in Chart 1, thebaine (1) has two carbon-hetero atom bonds, namely,

C-0 and C-N, and two quaternary atoms shown as heavy dots. Now, if we cut the
four bonds at a,b,c, and d, two fragnets, (5a) and {6a), are obtained., Since carbon-
heterc atom cleavage cccurs usually between the hetero atom and the more complicated
carbon, the C-N bond is preferentially dissected at a rather thana+ Moreover, the
quaternary carbon atom at C 13 should be converted intec an sp2 carbon and thus afford
the aromatic ring in fragment (6a). Based on the premise that these two fragments

could be the key starting materials, the carboxylic acid (5) and the phenethylamine
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(6) can be considered as their synthetic equivalents. Thus, condensation of {5)
with (6) would effect the formation of bond (a) followed by Bischler-Napieralski
reaction of the resulting amide {4) to form bond (b). Phenolic oxidative coupling
of the tetrahydroiscgquinoline (3) involving the sp2 carbon atom then provides the
bond formation {c¢} where the tetracycle (2) now contains a quaternary carbon aiom.
Finally, allylic dehydration of the dienol derivedfrom (2 }could form bond (d) to
afford thebaine (1).

Based on this principle, many isoquinoline alkalecids have been synthesized

by the following key reactions which are classified according to the type of bonds

that are formed.

Chart 2
Key Reaction Bond Formation
Phenolic oxidation c—¢C. C-¢
Pschorr reaction c—¢C

Photolytic reaction c-¢C
Benzyne reaction ¢~-C. C-N
Thermolysis C-¢C, C-N

—131—



Accordingly phenolic oxidation1 leads to bond formation between C and C or C and O,
providing a biomimetic-type route to natural products, while both the Pschorr reaction2
and the ph;)tolyiic reaction3 effect bond formation between C and C. In contrast the
benzyne reaction4 as well as the thermolytic reaction5 induce bond formation between
Cande;-Cand N.

In employing these principles, the key starting materials were usually prepared
by sequences which involved the Bischler-Napieralski cyclization J:'ea,ction6 , thus,
fusion of a phenethylamine with a carboxylic acid gave the amide which was cyclized

with phosphorus oxychloride to afford the 3,4-djhydroisoquinoline followed by

guaternization and reduction to furnish the desired intermediate isoquinoline,

Chart 3
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In special cases such as the synthesis of cularine, the key synthetic precursors
were obtained through an alternative route involving the Pictet-Spengler :r'eacticm.7
This is illustrated in Chart 4, where the isoquinoline precursor of cularine was
synthesized by blocking the usual cyclization site with a bromine atom and activation

of the aromatic ring with a hydroxyl group to effect the desired condensation.8

Chart 4
Br Br
HO Pictet- Spangler MO
CHO reaction
MeO
Me0 OCHzPh
OCHoPh
NaoBH4 lCHzO
Br
MeaQ % NMe MeO NMe
H HO
_ )
MeO @ MeQ
OH OCHgPh

Considering now the synthesis of cularine (7) according to our principle (Chart 5),
cleavage of the C-O bond would afford the fragment (8). Since {8} is synthetically
equivalent to the diphenols (9) and (10), it could be anticipated that these would be
useful precursors for the synthesis of the alkaloid (7). In fact oxidation of {9} with’
alkaline ferricyanide gave demethylcularine (11} which was also obtained by the Ullmann
reaction of the bromo-intermidiate (10) in the presence of copper. Methylation of (11)

>
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then afforded cularine (7).8 9

.,,

Chart 5
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This concept was also applied to the synthesis of the proaporphine, glaziovine (12)

(Chart 6), where the initial cleavage to the fragment (13) with a quaternary carbon

Chart &

KaFa(CN)g

n
NaOH 0
2

ar
K3F8(CN)g
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atom would be followed by rearrangement to yield the fragment (14) with an sp2 type
carbon. This, in turn, is synthetically equivalent to the compounds (15) and (16),
Based on this reasoning, phenolic oxidation of both (15) and {16) gave glaziovine

(1 2),10’ B and photolysis of (16} with a Hanovia 450 W mercury lamp, equipped, with

a pyrex filter in an excess of sodium hydroxide, also yielded (12) in moderate yield.11

&

4

Similarly, photolysis of the bromo-monophenol yielded the two dienonés, shown at
the top of Chart 7, while phenolic oxidation of the diphenolic phenethyliso'q!ﬁi:nt;iiné
gave kreysiginone and its isomer, which were separated by fractional a::r'ystalli.z:a.tion.13

Although hydrogenation of the mono-phenolic dienones on palladium charcoal gaire the

corresponding cyclchexanone derivatives, reduction with platinum afforded a mixture

NMe
H
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of the cyclohexanols in the same ratio as the dienones. This finding indicated

that the homoproaporphines were absorbed on platinum catalyst in a manner whereby

a hydrogen at the 6a-position was homolytically ruptured to yield an intermediate which

was then hydrogenated to the cyclohexanols.14
In extending this concept to aporphines isoboldine {Chart 8) should cleave to form

the fragment (18) which could then tautomerize to give either the fragments (19)

and (20} or (21).

Chart 8
MeO, QO RO
HO NMe RO >4 NMe ]0 NMe
3 a—
MeO RO o 0
OH OR OR
{18 {19)
{17) Isoboldine R
i |
: %
{ |
-0 0 RO
RO NMe RO NMe RO NMe
RO RO -0 @
OR OR OR
{211 {201

Alternatively, the fragment {18) is also synthetically equivalent with the isoquino-
lines {(22), (24}, (25}, and (26}, which have keen used as key starting materials in
the synthesis of the aporphine alkaloids (Chart 9}. Since aminoisoquinoline have been

previously employed in the Pschorr synthesis to give products in poor yields we
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modified this reaction by thermal decomposition without catalyst or by photolytic
decomposition of the diazonium salt derived from the aminoisoquinoline (22) to afford
the aporphine, N-methyllindecarpine {23) in a moderate yield. 15
Moreover, isoboldine {17) was obtained by phenolic oxdiation of reticuline (24)16
as well as by photolysis of the diphenolic bremoisoquinoline {25), 17 while thalipor-

phline was synthesized by a benzyne reaction of the phenolic bromoisoquinoline (26)

with sodium amide in liquid ammeonia, 8

(28) Thaliporphine
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Returning now to the cleavage of isoboldine (17), the second postulated fragment
(20) (Chart 8) can be considered as equivalent to the isoquinoline (32) (Chart 10).
Indeed, when (32) was oxidized with potagsium ferricyanide to the proaporphine
(33), dienone~phenol rearrangement of (33) followed by methylation afforded the
aporphine alkaloid, thalicsimidine (31), which was also obtained by phenolic oxidation

of the diphenolic isoquinoline (29), equivalent to the first fragment (18) followed by

, 1
methylation. ?

Chart 10
HO
MeO. Mao
MeQ NMe Meo NMe Mao NMe
@ K3F8(CNJS CHzNZ
MeO o Mao Meo
129} . {30} {31 ThaIICSImIdlne
CH2N2
@ Meo MeO
NMe NMe MeO NMe
K3FB(CN)6
OMe

(33) {34)
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The third fragment (21), visualized as useful for the synthesis of aporphines, -
(Chart 8), corresponds synthetically to the key compounds (35) and (36) (Chart .
11). Based on this reasoning, the urethane (35) was converted into the dienone -
(37) by phenolic oxidation?" and was also obtained from the phenolic bromo- ; ...
compound (36) by photolysis.z1 However, acid rearrangement of this dienone-

(37) gave the enone (38) and not the expected aporphine.20_22 Although the - ;-

dienol (39), prepared from the dienorie by sodium borohydride reduction, was. ... -

successfully converted into the aporphine type compound (40) by "magic methyl",

methyl fluorosulfonate, CH30502F . 23

Chart 1|
MsQ
HO,
MeO NCORE?
KaFe(CN)g n*

MeQ ‘ NCOoEt

MeQ @ "
oH

{39)
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This systematic. synthesis of aporphine alkaloids was extended to include & total
synthesis of the homoaporphine alkaloids, kreysigine {41) (Chart 12).

Photolysis of (42) and (43), the synthetic equivalents of the first fragment, gave
directly kreysigine (41), while photolysis of (44), which belongs to the second type

of fragment, afforded the homoproaporphine (45).24’25

Moreover, the homopro-
aporphine (45), obtained in good yield from the diphenoclic isoquinoline {46) by
phenolic o:l:i('la.t:ion,13 was transformed into kreysigine (41) by dienone-phenol

rearrangement with mineral acid followed by partial methylation with diazome'thané.26

Chart 12

MeaQ
NMe HO NiMe
hv _HONQ
HaN
2
MeoOMe
OMa
(41) Kreysigine,
(43}

TCHgNg
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hydrochloric acid at room temperature to yield thebaine (1), Since this synthetic
sequence was based on our fragmentation principle arid since thebaine (1) had
previously been converted inkto morphine (59) through codeinone {57} and cc;deine
>(58), our approach constitutes a formal total synthesis of morphine, codeine

and related alkaloids.:”

Chart 1|4

{ 58) Codesine { 59) Morphine

Similarly, the homomorphinandienone alkaloid androcymbine (63) (Chart 15)
was synthesized from the phenolic bromoisoquinoline (60) by photolysis32 and
also from the aminoiséquinoli_ne (61) by diazotization and photolysis followed by
debenzylation of the protecting group with mineral :a.cid.33 It is evident that
the starting materials (60and 61} are equivalent to the fragment obtained by

the cleavage line shown in androcymbine.
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Chart 15

MeO MeO, ' _
PhCH Br, NMe hy PhCH. NMe
Z?Aeo @ NaOH 2%30 O

MeO OH MeC o
(60} h{

MeQ OMe MalC O
(6l : (63) Androcymbine

Furthermore (Chart 16}, the homomorphinandienone type compounds (65 and 67)

Chart 16
HO HO (
MeOMe K3Fe(CN)g MeOMa
&
MeO OH MeO O
(65)
(64)
lCszz
MeO, '
NMe
Fay MeQ 5
—_—
MeO O
{671}
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were obtained by phenolic oxidation of the diphenolic isoquinoline (64)34 or by

a modified Pschorr reaction of the amincisoquinoline (66).35
In planning the synthesis of cepharamine {68), a typical hasubanan alkaloid, we

must consider the possibility that two kinds of splitting type can occur at (a) and

(b) due to the presence of two quaternary carbon atoms as shown in Chart 17. If

scission at (a) occurs, then the resulting fragment (69) with its quaternary carbon '

atom would be aromatized via an sp2 carbon accompanied by cleavage of the

C-N bond in the indolizine system to furnish fragment (70). Since the synthetic

equivalent of fragment (70) is compound (72), the latter, obtained from the 2'-

bromoisoquinoline (71), was irradiated to give the dienone {73). However, hydro-

lysis of the urethane system to the secondary amine (74) did not occur.36 Therefore,

the rearrangement of compound (74) has not yet been examined.

Chart I7

Ma0

HG
Br
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Alternatively (Chart 18), if we visualize that cepharmine {68) cleaves at (b)
between the C-N bond, the resulting fragment (75) is equivalent to its tautomer
fragment (76). However, since (76) still has a quaternary carbon, cleavage bet-
ween the quaternary carbon and the aromatic ring provides (77) which is converted

by an sp2 carbon into fragment (78).

Chart 18

RO
RO
------ > t
-Me
0
0
(76]
RGO RO,
n N-Me @ N-Me
HO RO
o} o-
(771 {78)

In view of the synthetic equivalency of (78) with the bromo—diphenoclic amide
(79) {Chart 19) , the latter was subjected to photolysis to give the dienone (80)
and the enone {81). Treatment of (81) with methanol in the presence of hydro-
gen chloride according to the procedure of Barton thus afforded cepharamine

37 Moreover, phenolic oxidation of the related synthetic equivalent (82)

(68).
with vanadium oxychloride gave the diencne (83) which was converted into the

cepharamine analog (85) by an intramolecular Michael addition and isomerization.
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Chart 19
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Turning our attention now to the protoberberine isoquinolines (Chart 20}, these

Chart 20
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can be visualized as cleaving to afford the fragments (86}, (37, or ('tSS‘,rall of which
are promising intermediates f;)r' the synthesis of this type alkaloid. B |
In this connection {Chart 21), it is interesting that condensation of formaldehvde
with the 1,2,3,4~tetrahydroisoquinoline (89}, which is equivalent to fragment (83),
is well known as the Mannich reaction and has been applied to the synthesis of the
10,11 -disubstituted tetrahydropretoberberines, such as xylopine (90).7 As shown
in this example, the benzyl moiety containing the methoxyl group cyclized to yield
cnly the 10,11-disubstituted product, insted of the 9,10-disubstituted isomer which

has the oxygenated pattern found in this type of alkaleid. In order to favor the

formation of the 9,10~disubstituted isomers, the pH of the reaction had to be carefully

Chart 2!
Me(l MeaQ
MeO NH MeQ N
+CH20 HCI
OMe OMe
CMe OMe
1893 (90) Xylopinine
0 0, o)
R <RI <RI
+ CHrD ——>
on 2 TprizZ OH THaN, OMe
CMe OMe OMe
191} {92 ) Nandinina {93 )Canadine
TZn—NuOH

R
Brg:e

(951 196} (94 } Barberina
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controlled and the alternate site of cyclization blocked by a bromine substituent.
Thus, condensation of the phenolic benzylisoquinoline (91} with formaldehyde at
pH 1.2 gave the 9,10-disubstituted tetrahydroprotoberberine, nandinine (92) which
was converted into berberine (94) via canadine (93) in the usual ma.nner.39 Nandinine
(92) was also obtained when the bromo-substituted phenolic precursor (95) was
cyclized in the presence of mineral acid and the resulting bromo-intermediate (96)
was reductively dehalogenatéd .40

Alternatively, in considering fragment (87) as a route to protoberberines {Chart
22), it would appear that the synthetic equivalent reticuline (24) would give by coupling
of the N~methyl group with the benzyl moiety coreximine {97). This would be a bio-

mimetic reaction, since, in fact, reticuline (24) is biotransformed in the rat to

coreximine (97). However, experimentally it was not possible to transform the related

Chart 22
Me0, MeO
HO N-Me HO
Rat
__.._-9
owe owe
OH OH
{24 ) Reticuline (97)Coreximine
MeO MeO
HO NaMe HO N
<4 <q
OMa OMe
OMe OMe
(98) (99}
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isoquinoline (98) by phenolic oxidation into the protoberberine (99).42_

Finally, the synthesis of a protoberberine via the third fragment (86) was
accomplished (Chart 23) by the Vilsmeier reaction of papaverine (100} to give
directly the dehydroprotoberberine (101) in good yield followed by reduction in

. 42
the usual manner to afford xylopinine.

Chart 23

{ 90 ) Xylopinine

As extension of this approach, some protoberberine aikaloids were synthesized
from the |-benzocyclobuteny!-3,4-dihydroisoquinoline {102) which can also be
considered the synthetic equivalent of the fragment (86). These benzocyclobutenes
were prepared from 2-bromo-4, 5-dimethoxybenzaldehyde as shown in Chart 24,
Knovenagel reaction of the aldehyde with cycancacetic acid, followed by .sodium
borohydride reduction and decarboxylation, gave the corresponding phenylpro-

pionitrile which on benzyne reaction with sodium amide in liquid ammonia afforded
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the cyanocyclobutene derivative. Hydrolysis of this nitrile with potassium
hydroxide gave the carboxylic acid which was converted into the amides by re-
action with the g-phenethylamines in the presence of dicyclohexylcarbodiimide
followed by Bischler-Napieralski cyclization with phosphorus oxychloride to

afford the desired isoquinolines as their hydrochlorides (102),

Chart 24

CN
MeOrZNCHO H2°<c02H MeomCN NaBH4 MeO@/YCN
—_— —_—
MeO'Br MeO~Br Co,H Me0ABr COoH
Ma0Q oN MeQ H 80
A 9 @/\/ NaNH e 20 M @IL
—2 > 25 —<s
MeO Br MeO CN MeC COoH

RO@fﬁ RG, ®
RO meO's’ NH MeOSAEN—H o

MeO NHp % POCI3 ~

Dce ”
OMe
R=Me or CH2Ph OMe OMe

OMe (102 ) R=Me or CHpPh

Thermolysis of these benzocyclobutene salts (102), presumably via the inter—
mediates o-quinodimethanes (103) and the dihydroprotoberberines {104}, followed
by aromatization, furnished the protoberberines (105). Reduction of these -

compounds then afforded the alkaloids, xylopinine (90) and discretine (104).43’44
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Chart 25

{102 ) R=Ms or CHzPh

Meo (E‘

OMe OMe

{1051R =Me or CHzPh {90) R =Me Xyiopinine
{104 1R=H Discreline

On the other hand, since thermolysis of the free base of the 3,4-dihydroiso-

Chart 26
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quinolines (102) did not yield the expected protoberberine, the following re-

action mechanism provides an explanation {Chart 26j. Thus, by electrocyclic
reaction, the cyclobutene system forms the E-type _(_)—quinodimetha.ne {105) which
then tautomerizes to the intermediate {106), followed by a Michael type addition

of nitrogen to the endo methylene group to give the 3,4-dihydroeisoquinoline (104)

as the key precursor,

| This successful synthesis of the protoberberine alkaloids by such an electro-
cyclic typé reaction of the o-quinodimethane, derived from the 1-benzocyclobutenyl-
3,4=dihydroisoquinoline by thermoljsis, suggested (Chart 27) that the inter-
molecular cycloaddition of the 3,4~dihydroisoquinoiine (107} with o—quincdimethanes

derived from the benzocyclobutenes {108} and {111} would afford protoberberines.

Shart 27
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Indeed, this proved to be possible. Thus, a mixture of the 3,4-dihydroiscquino-
line (107) and the benzocyclobutene (108) was heated at 150 - 160% to give the
protoberberine (109), and, in addition, its isomer (110). The former was
converted into the latter (110) by heating at 150 ~ 160°. The structures of both
products were established by physical-chemical methods. In this L;eaction, th;e -
stereochemistry of the products was explained by regiospecific opening of the
cyclobutene ring followed by endo addition of 4 5 + 2 x cycleaddition and then
epimerizatien. Similarly, thermal reaction of the 3,4-dihydroisoquinoline {107)
with the benzocyclobutene (111) gave the regiospecific products (112 and 113)
45

by endo addition although the ring opening occurred non-selectively.

As a further example of the application of cur principles of cleavage, the

splitting of ochotensine (114) would give the fragment (115), which now has

Chart 28
Me( "0 RO +
MeQ N-Me RO N-Me (.02 RO 2N - Me
HpC( - > HgC —  -mem o HRC -
7 Yo ‘f Yo o
G) “o) 0)
(14 )Qchotensine {133 (16}

NMe

e OMe
izl
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a quaternary carbon atom at the C-1 position in the isoquinoline system (Chart
28) which would then undergo sp2 transformation into the fragment (116), a key
precursor to ochotensine-type compounds. This promising precursor (118),
S ynthetically equivalent to the fragment (116}, was therefore synthesized by
Bischler-Napieralski cyclization of the amide (117}, However, the resulting
3,4-dihydroisoquinoline (118) was so unstable that it decomposed immediately
to the o-quinodimethane (119) which was converted into the ochotensine~type
compound {121) through the intermediate (1 20)."’6

In \applying the bond splitting principle to the isopavine alkaloids (Chart 29),
reframidine {122) affords fragments (123) or (124} by fission at (a} or (b), res-
pectively. While the latter fragment has been previously used for the synthe-
sis of isopavine by acidic treatment of the 4—alkoxyisoquinolire, fragment (123)
which can be considered equivalent to the aziridinium salt (125) was employed by

us & key precursor in our synthesis of an isopavine alkaloid.

Chart 29
el
e »
o .
q Q 's) o Iy
RIS > CAZI = TR
Me Me
{122 ) Reframidins (123)
‘ a
1h I
v v

0
<o NMe <gg>
0 (125)
oS '

{124)
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Thus {Chart 30), the aziridinium salt (127), corresponding to the fragment
(125),was easily obtained by treatment of 3 y4—-dihydro-2-methylisoquinoline

{126) with diazomethane and treated with hydrochloric acid to give reframidine

(122).47

Chart 30

0 0 0, 0
I CHaoN 3 ~
<om.o> 22y <o N-Me 0’**——:*-HCl
I® 1=

{126 ) {127)
+,- o . .
0
oo — @Gy
rt~>(Mta C 0>
Me
{(122)

According to our theory, the dibenzopyrrocoline alkaloids, cryptaustoline {128)
and cryptowoline (129), would give the fragment {130) as a synthetic intermediate
(Chart 31), Indeed, the 1,2,3,4-tetrahydroisoquinoline (131), a synthetic equi-

valent of {130), was converted by Robinson and Schif by oxidative coupling into

the quaternary base (132).1
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Chart 3l

(1281 RI=R2=Me
Cryptaustoiine

{129) R'+RE=-CH,-
Crvpiowoline

HO
I'4 e
i 0 ) 5 HO@:/C OH

OH
SRELR {i32)

Alternatively {Chart 32), we carried out the synthesis of the dibenzopyrrocolines

from 2'-bromobenzylisoquinoiines which are also equivalent to the fragment (130).

Chart 32

NaNH
2, MeO(;\i/\!

Phcﬁzo\)\rN OR!
L—©0R2

{134}

‘Mel
¥

tpt

\¢J’
MeO@ ey
! N aNH [ e Me
HORI AN Me Br‘ORl 25 HO NZAO0R!
- "—©OR2

{135) (1281 and (129)



Thus, benzyne reaction of the bromo-secondary amine (133) gave the dibenzo-
pyrrocoline(134) which was converted in the usual manner to the alkaloids, cryptau-
stoline (128) and cryptowoline (12%), which were also obtained directly from the
phenolic bromo~tertiary amine (135) by the benzyne reaction. 18,48

Galanthamine (136) and narwedine {137), which are found in addition to crinine

and its analogs in Amaryllidaceae, are split according to our principle (Chart 33)

into the fragment (138). This fragment, a direct precursor of the belladine—type
compound, was converted into narwedine (137) in poor yield by phenolic oxidation

1
by Professor Barton.

Chart 33
0 0-
’é—\ ( sp2 Q_\
> NMe ~~7°°" : NMe
MeO Me0O

{137) Narwedine

We also investigated a similar type of oxidative coupling but used another synthe-
tic equivalent of the fragment (138) which was more efficient (Chart 34). For this.

purpose, N-(4-hydroxyphenethyl)-N-methyl-2-bro mo—S—hydroxyﬂ—methoxybené-
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amide (139) which contains a bromine atom to inhibit the coupling para to the hydroxy-
group and thus favor ortho-cyclization and an amide function to prevent the coupling
of the nitrogen with the phenyl moiety was oxidized with potassium ferricyanide

to give the enone (140) in 40 % yield. Reduction of this enone with lithium aluminum
hydride then afforded galanthamine {136) as well as its isomer, epigalanthamine 49
On the other hand, the bromo-amide {141), also the synthetic equivalent of the
fragment (138), was photolyzed in sodium hydroxide to the encne {142), followed

by reduction to also afford galanthamine.so

Chart 34

NMe
o ‘mm OH

QOH
@_\ MeQ
Br NMe ,—) /
}:(O)@—( NaOH
M 0

(141} t142)

In applying the same aplitting procedure to the crinine-type alkaloids (Chart 35),
maritidine (143) or erinine (144) give the fragment (146), The direct equivalent

of this fragment (146} is the belladine-type compound, which was already converted
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by phenolic oxidation into maritidine by Professor Schv\.rartz.1

In our laboratory, the bromo-amides (147), the synthetic equivalent of the
fragment (146}, were subjected to photolysis in the usual manner to afford the
enones (148) which were reduced with lithium aluminum hydride to givethe enols
(149). Since these enols have previously been converted into maritidine (143)

and crinine (144}, our work constitutes a total synthesis of these alkaloids.51 »32

Chart 35
OH 0
r'o a RO 6“
S <
R2g N R20 N
(143) R'=RZaMe Maritidine 11451
(1941 R'+RZ23-CHa— Crinine )
o 0
---3> p2g h" -------- - RrR2 P'J
{ 146}
0
RigEer M RloEN
R2 NH NaOH R20 Wy
(1471 R'=RZ = Mo {1481
R'+R2=—CH2— oM
.-'OH
LiAlHg  Rlo, o HCI- MeOH Rl )
rR2ot MEN /20 N
{149 {1431 gnd (144
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