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ABSTRACT

Due to very diverse interesting biological activities exhibited by the
protoberberine and homoprotoberberine alkaloids, various approaches for the
syntheses of these unique alkaloids have been investigated. However, there are some
drawbacks in these reported syntheses regarding the yields, number of steps and

complexity in the operation as well as the ready availability of the starting materials.

H3CO HaCO
O N H3CO @@N
HsCO - m = | HaCO R,

Protoberberine R3 Homoprotoberberine

The synthesis of protobeberines and homoprotoberberines has been reported.
Key allyl aryl amide intermediates prepared by the Stille cross coupling reaction of
bromo benzamides to allyl stannanes were converted into protoberberines and
oxoprotoberberine by oxidative cleavage and subsequent acid-induced cyclization.

Moreover, the allyl arylamides could be also transformed to
homoprotoberberines and oxohomoprotoberberines by other different oxidations

followed with the previous cyclization condition.



Key word: Protoberberine, Homprotoberberine, Stille cross coupling reaction
Exclusive Summary

We have designed the retrosynthesis for both protoberberine and
homoprotoberberine in two different pathways, which derive from the key allyl
arylamide intermediate 3. For the synthetic pathway A (Scheme 1), it was planed that
the aldehyde intermediate 2 could be simultaneously cyclized in the acidic condition
to get the ring B and C of protoberberine 1. The aldehyde intermediate 2 would be
synthesized by a specific oxidation of allyl arylamide 3 which was cleaved one carbon
of an olefinic moiety. The allyl arylamide 3 could conceivably be prepared by the
reaction of a commercially available tributyl allylstannane with bromobenzamide
which was synthesized from the condensation of commercially available
homoveratrylamine with benzoylcholride derivative. For another synthesis, a pathway
B could be exhibited the homoprotoberberine synthesis which would share the same
intermediate 3 as pathway A to construct the alternative aldehyde compound 5 by the
different oxidations. Cyclization of aldehyde 5 in acid condition could be gotten the

oxohomoprotoberberine 6.



\

Scheme 1. Retrosynthetic analysis

In practice, the Stille cross coupling reaction between bromo amide 4a and
commercially available tributyl allylstannane gave an expected allyl arylamide
derivative 3a in high yield. Having successfully carried out the couple of three carbon
unit, the Stille reaction was then extended to the other bromoamides 4b-c. It was
found that the 4b-c were reacted, the allyl arylamide 3b-c were smoothly obtained in

good yield as well (Scheme 2).



ﬁom H5CO
HN._O m o
HsCO H3CO

Br Rl —_— \ Rl

Rz
4a-c Rs 3a-c

a, R1:R2=R3:H;b,Rl:R2:OCH3, R3:H;C, Rl:H, R2:R3=OCH3

Scheme 2. Reagents and conditions: (i) 10mol % Pd(Phs),, tributyl allylstannane,

toluene, refulx, 24h, 86% (3a), 85%, (3b), 85% (3c)

According to the retrosynthetic plan (Scheme 1), the oxidative cleavage
reaction, ozonolysis, was performed by treatment of allyl compound 3b-c with bubbly
ozone containing a trace of iodine. Unfortunately, the ozonolysis afforded a complex
mixture, which was possible for an over oxidative cleavage reaction, preferably

breaking some parts of aromatic system.

] [ Hsco ]
3a-c - 3CO
R
OHC !
R2
2a-c R
H3CO /\
:@ N. _O Simultaneous
H3CO | cyclization
Ry -
R
7a-c R;

Scheme 3 Reagents and conditions: (i) 4% in water OsQ4, NalO4, THF : H,0O (3:1), rt,

6h, 85% (7a), 83% (7b), 89% (7¢)



The ozonolysis problem was solved with the OsO4-NalO4-mediated oxidation
in the presence of THF-H,O mixture. In this experiment, the substrates 3a-c were
converted immediately to the isoquinoline derivatives 7a-c which were derived from

the cyclization of oxidative cleavage products, aldehydes 2a-c (Scheme 3).

Y

Ta-c

Scheme 4. Reagents and conditions: (i) TFA, reflux, 4h, 76% (1a); (ii) LAH, THF,
relux, 6h; (iii) TFA, reflux, 4h, 80% (8a), 71% (8b), 83% (8c); (iv) LAH, THF, reflux,

6h, 89% (8a)

Further cyclization of isoquinolines 7a-c was performed in acidic condition as
well as TFA. The result afforded the only one oxoprotoberberine product 1a, whereas
the other products 1b-c were disappeared because the donating effect of methoxy at
R,-position caused to the lack of immide formation of isoquinolone. Even through,
the acid-induced cyclization to form the oxoprotoberberine was effective with non-
para activation, the remained isoquinolune substrates 7b-c including 7a could be
transformed to protoberberine 8a-c by the reduction with lithium alluminium hydride

in THF, then followed with TFA to completely close the ring B to the desired



protoberberine 8a-c in high yield (Scheme 4). The reduction of oxoprotoberberine 1a
with LAH in THF was also yielded the protoberberine 8a in 98%.

For the synthesis of the related protoberberines, homoprotoberberines, we
attempted to synthesize the homoprotoberberines by oxidation at the olefinic position
of the key allyl amide to generate a hydroxyl group at the end of double bond, so the
hydroboration reaction was introduced in this case. Treatment of allyl amide 3a-c
with 9-BBN in THF at refluxing condition for 4h followed with H,O, and NaOH to

afford the desired hydroxyl compound 9a-c in good yield (Scheme 5).

ﬁOm
H;CO

3a-c - >
H3CO

e
g

xl

Scheme 5. Reagents and conditions: 9-BBN, THF, reflux, 4h; (ii) 35% H,0,, NaOH,
rt, 1h, 88% (9a), 80% (9b), 83% (9c); (iii) PCC, CH,ClI,, rt, 8h, 71% (5a), 77% (5b),
75% (5¢); (iv) TFA, reflux, 4h, 88% (6a), 94% (6b), 96% (6¢); (v) LAH, THF, reflux,

6h, 82% (10a), 90% (10b), 86% (10c)



The treatment of PCC with hydroxyl derivatives 9a-c in the presence of
dichloromethane at room temperature for 8h was exhibited the aldehyde compound
5a-c as liquid in good yield as shown in scheme 5. Again with the acid-induced
cyclization, the aldehyde derivatives 5a-c were treated with TFA which
simultaneously induced the ring closure of both B and C ring to give the
oxohomoprptoberberines 6a-c. Finally, the reduction of oxohomeprotoberberines 6a-c
performed with the same condition as oxoprotoberberine la were obtained

homoprotoberberines 10a-c.
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Alkaloids

Introduction

Natural protobebrberine alkaloids constitute a large group of metabolites
which occur in the plants of families, Papaveraceae, Berberidaceae, Ranunculaceae,

Menisperaceae and Rutaceae.

o O

Protoberberine Homoprotoberberine

Figure 1. Skeleton of protoberberine and homoprotoberberine alkaloid

The main skeleton of protoberberine and homoprotoberberine is consisted of a
tetracyclic ring contained an isoquinoline core (Fig. 1). Protoberberines have
represented continuing challenge for organic synthesis® due to their widespread
occurrence in nature and broad range of biological properties such as anticancer’,
antiameobic”, antimicrobial® or antiplatelet aggregation® activity. Much interest has
been focused on their effectiveness as antileukemic agents, and research in this area
has revealed that the intercalation of coralyne and berberine with DNA may play a
critical role in their antileukemic action.” Moreover, the dimeric protoberberines® are
developed to be the DNA-binding agents



which have highly potential application for either elucidating the action mechanism of
antitumor and antiviral drugs® or developing new chemotherapeutic agent.'® In this
paper, we planed to synthesize the protoberberines from effective key allyl arylamide
derivatves as  intermediates. Besides, the related  protoberberines,
homoprotoberberines, exhibited the antimalarial activity'* can be also prepared from

allyl arylamide intermediate.

Results and discussion

Retrosynthetic analysis
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Scheme 1

It was planned to develop a new route for the synthesis of protoberberine 1
and homoprotoberberine 2 by using the same key intermediate 5.

The target protoberberine 1 will be synthesized from allyl compound 5 via an
aldehyde intermediate 3 which will be prepared by the specific oxidation reaction.
Moreover, the homoprotoberberine target 2 will be also carried out from allyl
compound 5 by oxidation which used the different oxidation reaction. For preparation
of allyl compound 5, the condensation of bromobenzoic acid derivative 6 and amine
compound 7 will be afforded the bromoamide compound, and then the bromo group
of bromoamide compound will be substituted to allyl group by insertion reaction. The

adopted route was based on the retrosynthetic analysis shown in scheme 1.

O

Scheme 2
In practice, we recently described the condensation of homoveratrylamines 8-9

and benzoyl chloride derivatives 10-12 in the presence of NaHCO; to give



bromobenzamide 13-16 in good yield. The synthesis of key allyl intermediateds was
obtained by transformation of bromoamide 13-16 with tributyl(allyl)tin in the
presence of Pd(PPhs), in toluene, Stille reaction?, under refluxing condition provided
the crucial intermediates 17-20 in high yield as depicted in scheme 2.

Now we have the key allyl amide intermediates in hand. For the first try, we
attempted to synthesize the homoprotoberberines by oxidation at the olefinic position
of allyl amide to generate a hydroxyl group at the end of double bond, so the
hydroboration® reaction was introduced in this case. Treatment of allyl amide 17-20
with 9-BBN in the presence of THF at refluxing condition for 4h to afford the desired

hydroxyl compound 21-24 in good yield (Scheme 3).

|E| Rl Rl
R THE, reflux, ah 2
S R3 , retiux, R3
HO
R, R,
R5 R5
17: Ry, Ry, Ry, Ry, Rs =H : 82% 21; Ry, Ry, Ry, Ry, Rs =H : 82%
18, Rlv R2 = OCH3, R3, R4, R5 =H : 86% 22, Rl’ R2 = OCH3, R3, R4, R5 =H : 88%
19; Rlv Rz, Rg, R4 = OCHg, R5 =H:85% 23; Rl! Rz, R3, R4 = OCHS, R5 =H:80%
20: Ry, Ry, Ry, Rg = OCHg: Rg = H : 85% 24; Ry, Ry, Ry, Rg = OCHg: Rs = H : 83%)

Scheme 3

From the successful preparation of hydroxyl compound 21-24, we then further
converted the hydroxyl function of compound 21-24 to the aldehyde function by
oxidation with PCC'* in the presence of dichloromethane at room temperature for 8h.
After work up as unual, aldehyde compound 25-28 was obtained as liquid in good

yield as shown in scheme 4.



PCC, CH,Cl, OHC R
HO > 3
rt, 8h
Ry
R5 R5
21; Rl! Rz, R3, R4, R5 =H : 82% 25; Rlv Rz, R3, R4, R5 =H : 69%
22, Rl, RZ = OCH3, R3, R4, R5 =H : 88% 26, Rl, R2 = OCH3, R3, R4, R5 =H:71%
23, Rl’ R2, R3, R4 = OCH3, R5 =H:80% 27, Rl! Rz, R3, R4 = OCH3, R5 =H:77%
24, Rl, Rz, R4, R5 = OCH3, R3 =H:83% 28, Rl! R2, R4, R5 = OCH3, R3 =H:75%
Scheme 4

In the final step, the aldehyde derivatives 25-28 were treated with TFA or formic acid,

and then the formation of homoprotoberberine was obtained in a case of acid-induced

cyclization to give the expected product 29-31 in high yield as obtained in scheme 5.

R4

25; Ry, Ry, Ry, Ry, Rs = H : 69%

TFA, reflux, 3h

L
? o

(or HCO,H, reflux, 6h)

26, Rlv R2 = OCH3, Rg, R4, R5 =H:71%
27; R]_, Rz, R3, R4 = OCH3, R5 =H:77%
28; Ry, Ry, Ry, Rs = OCHg: Rs = H : 75%

Scheme 5

Oxohomoprotoberberine Rs

29, Rlv R2 = OCH3, Rg, R4, R5 =H:94% (94%)
30; Ry, Ry, Ra, Ry = OCHg; Rs = H : 93% (90%)
31; Ry, Ro, Ry, Rs = OCHg; R3 = H : 94% (93%)

In the case of aldehyde compound 25 was shown the failure of homoprotoberberine

formation due to the activating group, para-methoxy Ry, didn’t contain a molecule.

With the success of a synthesis of homoprotoberberine 29-31, it prompted us

to further investigate the method for the synthesis of protoberberine, starting with the

key allyl amide 17-20 as proposed in scheme 1.




According to the retrosynthetic plan in scheme 1, the oxidative cleavage reaction,
ozonolysis, was performed by treatment of allyl compound 17-20 with bubbly ozone
containing a trace of iodine. Unfortunately, the ozonolysis afforded a complex
mixture, which was possible for an over oxidative cleavage reaction, preferably

breaking some parts of aromatic system™.

1) 0sO, / THF : H,0(3:1)

Ny Rs Ry
2) NalOy/ 6h / rt OHC
Ry TR,
Rs L Rsg h
17, Rl’ R2, R3, R4, R5 =H 32, Rl’ Rz, R3, R4, R5 =H
18, Rl! RZ = OCH3, R3, R4, R5 =H 33, Rl, R2 = OCH3, R3, R4, R5 =H
19, Rl! Rz, R3, R4 = OCH3, R5 =H 34, Rl! R2, R3, R4 = OCH3, R5 =H
20, Rl’ Rz, R4, R5 = OCH3, R3 =H 35, R]_, Rz, R4, R5 = OCH3, R3 =H
Rl /\
j@ N (@) Simultaneous
R; ‘ cyclization
Rs3
Ry
Rs

36; Rl! Rz, R3, R4, R5 =H : 88%

37, Rl' R2 = OCH3, Rg, R4, R5 =H : 85%
38; Ry, Ry, R3, R, = OCHg; Re = H : 83%
39; Ry, Ry, Ry, Rg = OCHg; Ry = H : 89%

Scheme 6



The ozonolysis problem was solved with the OsO4-NalO4-mediated oxidation™® in
the presence of THF-H,O mixture. In this experiment, the substrates 17-20 were
converted immediately to the isoquinolone derivatives 36-39 which were derived

from the cyclization of oxidative cleavage products, aldehydes 32-35 (Scheme 6).

HsCO
N O
TFA, reflux, 4h HsCO
> P ‘ R,
AN
R2
37-39 40 (76%) g,
LAH, THF, reflux,
H5CO 6h, 98%
1) LAH, THF, relux, Gh‘ N
2) TFA, reflux, 4h H3CO -
= | Ry
N
R2
R3

41 Ry,Ry, Ry = H : 80%
42;Ry,R,, = OCHg, Ry = H : 71%
43; Rl: H, Rz, R3 = OCH3 1 83%

Scheme 7

Further cyclization of the isoquinolines 37-39 was performed in acidic condition as
well as TFA. The result afforded the only one oxoprotoberberine product 40, whereas
the other products were disappeared because the donating effect of methoxy at R,-
position caused to the lack of immide formation of isoquinolone. Even through, the
acid-induced cyclization to form the oxoprotoberberine was effective with non-para
activation, the remained isoquinolune substrates 37-39 including 36 could be
transformed to protoberberine by the reduction with lithium alluminium hydride in
THF, and then



followed with TFA to completely close the ring B to the desired
protoberberine 41-43 in high yield (Scheme 7). The reduction of oxoprotoberberine

37 with LAH in THF was also yielded the protoberberine 40 in 98%.

Conclusion

In summary, we have shown that the allyl arylamides prepared from the stille
coupling reaction are versatile intermediates for the synthesis either protoberberine or
homoprotobebrberine alkaloids. The oxidative cleavage reaction with OsO4-NalOy is
suitable performance to create the important aldehyde intermediates. Furthermore, the
hydroboration and PCC-oxidation are obtained the different aldehydes without the
cleavage of olefin. Conveniently, TFA treatment of both types of aldehyde
intermediates affords the final protoberberine, protoberberine or homoprotoberberine

in perfect yield.

Experimental

Synthesis of 2-bromo-5,6-dimethoxy benzoic acid (46)

MeQ
A
OMe O N:T NBr OMe O
MeO '
OH 45 (@] _ MeO OH
ag. NaOH
Br
44 46
Scheme 8

1g (5.49 mmol) of 2,3-dimethoxy benzoic acid 44 was dissolved in a 0.6M

NaOH solution at room temperature until complete dissolution. The solution was



cooled to 0° C and 800mg (2.8 mmol) of dibromodimethy! hydantoin 45 was added in
portions over 5 min. The solution was allowed to warm to room temperature and
stirred for 24h. The reaction was quenched by addition of sodium sulfite and filtered
was added to tert- butyl methyl ether (TBME) and the two phase systems acidified to
pH 2 (conc. HCI) with rapid stirring. The aqueous layer was extract with TBME and
combined organic layer washed with water. Removal of the solvents provided crude

2-bromo-5, 6-dimethoxybenzoic acid 46 1.40 g, 98% (Scheme 8).

Synthesis of 2-bromo-4,5-dimethoxy benzoic acid (48)

vef
0 Me™| NBr
MeOﬁOH BrA\<o Meoijio
MeO } MeO
47 48
Scheme 9

To follow the previous bromination, (3g, 16.48 mmol) of 3,4-
dimethoxybenzoic acid 47 was dissolved in a 0.6 M NaOH solution at room
temperature until complete dissolution. Dibromodimethyl hydantoin 33 2.37 g (8.30
mmol) was added then the reaction was followed the previous condition to give 2-

bromo-4,5-dimethoxy benzoic acid 48 4.0 g, 93% (Scheme 9).



The condensation of phenyl ethylamine (8) with 2-bromo benzoyl chloride(10)

oo (oo, 0 T @
(jkOH (j\cl HN
Br Br \5
37 10 13
Scheme 10

A solution of 2-bromo benzoic acid 37 (5.01 g, 24.87 mmol), oxalyl chloride

(3.80 mL, 44.98 mmol) and dimethylformamide (3 drops) as catalyst in benzene (30

mL) was stirred at room temperature under argon atmosphere for 2 h, then solvent

was removed under reduced pressure (aspirator and then vacuo) to give acid chloride

10. The obtained acid chloride 10 in dichloromethane (7 mL) was added to a solution

of homoveratrylamine 8 (3.91 g, 32.33 mmol) and sodium carbonate (6.0 g, 56.22

mmol) in dichloromethane : water (5 mL: 1 mL). The resulting solution was stirred at

room temperature for 2 h. The crude was purified by column chromatography on

silica gel to give bromoamide compound 13 (15.75 g, 87%) as a white solid (Scheme

10).

The condensation of phenyl ethylamine (9) with 2-bromo benzoyl chloride (10)

o

L™
Br

37

(cocly,

DMF
benzene
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NH
H3CO , e m 5

NayCO3/CH,Clo/H,0 Br _
|
OCHg
OCHj
14



Scheme 11

A solution of 2-bromo benzoic acid 37 (10.00 g, 49.75 mmol), oxalyl chloride
(7.60 mL, 89.96 mmol) and dimethylformamide (3 drops) as catalyst in benzene (60
mL) was stirred at room temperature under argon atmosphere for 2 h, then solvent
was removed under reduced pressure (aspirator and then vacuo) to give acid chloride
10. The obtained acid chloride 10 in dichloromethane (15 mL) was added to a
solution of homoveratrylamine 9 (9.05 g, 50.00 mmol) and sodium carbonate (12.0 g,
112.44 mmol) in dichloromethane : water (5 mL: 1 mL). The resulting solution was
stirred at room temperature for 2 h. The crude was purified by column
chromatography on silica gel to give bromoamide compound 14 (16.66 g, 92%) as a

white solid (Scheme 11).

The condensation of homoveratrylamine (9) with 2-bromo-5,6-dimethoxy

benzoic acid (11)

=] omeo (cocl), OMe O mHz m
MeO MeO
Br Br \&
38 11 15
Scheme 12

A solution of 2-bromo-5,6-dimethoxy benzoic acid 38 (4.98 g, 18.74 mmol),
oxalyl chloride (1.90 mL, 22.49 mmol) and dimethylformamide (3 drops) as catalyst
in benzene (30 mL) was stirred at room temperature under argon atmosphere for 2 h,
then solvent was removed under reduced pressure (aspirator and then vacuo) to give

acid chloride 11. The obtained acid chloride 11 in dichloromethane (7 mL) was added



to a solution of homoveratrylamine 9 (3.40 g, 18.74 mmol) and sodium carbonate (6.0
g, 56.22 mmol) in dichloromethane : water (5 mL: 1 mL). The resulting solution was
stirred at room temperature for 2 h. The crude was purified by column
chromatography on silica gel to give bromoamide compound 15 (7.27 g, 81%) as a

white solid (Scheme 12).

The condensation of homoveratrylamine (9) with 2-bromo-3,4-dimethoxy

benzoic acid (12)

O (cocl) (0] Meom MeO
2 NH2
Meo:I::]i#\OH Meo:l::]iy\0| Mee s MeOI::]/;]\l °
DMF
Br

MeO benzene MeO Br N32CO3/CH2C|2/H20 Br

OMe

OMe

36 12 16

Scheme 13

A solution of 2-bromo-3,4-dimethoxy benzoic acid 36 (2.02 g, 7.67 mmol),
oxalyl chloride 12 (0.79 mL, 9.20 mmol) and dimethylformamide (3 drops) as catalyst
in benzene (20 mL) was stirred at room temperature under argon atmosphere for 2 h,
then solvent was removed under reduced pressure (aspirator and then vacuo) to give
acid chloride 12. The obtained acid chloride 12 in dichloromethane (20 mL) was
added to a solution of homoveratrylamine 9 (1.67 g, 9.20 mmol) and sodium
carbonate (2.4 g, 23.00 mmol) in dichloromethane : water (5 mL: 1 mL). The

resulting solution was stirred at room temperature for 2 h. The crude was purified by



column chromatography on silica gel to give bromoamide compound 16 (2.82 g, 87%)

as a white solid (Scheme 13).

Allyl amide (17)

m o (10 mol%) Pd(PPhg),, m o

tributyl allylstannane,
Br toluene, reflux, 24h S

-
-

13 17

Scheme 14

Tetrakistriphenylphosphinepalladium 20 mg and tributyl allylstannane (2.54
mL, 8.28 mmol) were added to a stirred suspension of bromoamide 13 (2.01 g, 6.90
mmol) in dry toluene (15 mL) under argon atmosphere. The mixture was refluxed for
12 h. The solution was cooled to room temperature and saturated aqueous potassium
fluoride (10 mL) was added and stirred for 15 min. The reaction mixture was filtered
through celite. The filtrate was extracted with dichloromethane (3x20 mL). The
combined organic extracts were washed with water (20 mL) and saturated aqueous
sodium chloride (30 mL). The organic layer was dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo to dryness. The residue was purified by preparative
thin layer chromatography on silica gel (40% ethyl acetate-hexane as a developing

solvent) to give allyl amide 17 (1.46 g, 82%, scheme 14).



Allyl amide (18)

HsCO
HsCO (10 mol%) Pd(PPha),, 3
HN. O tributyl allylstannane, HN. _O
H3CO toluene, reflux, 24h H3;CO

Br o X

14 18

Scheme 15

Tetrakistriphenylphosphinepalladium 10 mg and tributyl allylstannane (0.92
mL, 3.01 mmol) were added to a stirred suspension of bromoamide 14 (1.0 g, 2.74
mmol) in dry toluene (10 mL) under argon atmosphere. The mixture was refluxed for
12 h. The solution was cooled to room temperature and saturated aqueous potassium
fluoride (10 mL) was added and stirred for 15 min. The reaction mixture was filtered
through celite. The filtrate was extracted with dichloromethane (3x10 mL). The
combined organic extracts were washed with water (20 mL) and saturated aqueous
sodium chloride (20 mL). The organic layer was dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo to dryness. The residue was purified by preparative
thin layer chromatography on silica gel (50% ethyl acetate-hexane as a developing

solvent) to give allyl amide 18 (765 mg, 86%, scheme 15).



Allyl amide (19)

H3CO HsCO
m o (10 mol%) Pd(PPhy),, m o)
HsCO H3CO

tributyl allylstannane,
Br OCHjs toluene, reflux, 24h e OCHs

[
?

OCHg OCHg

15 19

Scheme 16

Tetrakistriphenylphosphinepalladium 10 mg and tributyl allylstannane (0.10
mL, 0.31 mmol) were added to a stirred suspension of bromoamide 15 (100 mg, 0.24
mmol) in dry toluene (6 mL) under argon atmosphere. The mixture was refluxed for
12 h. The solution was cooled to room temperature and saturated aqueous potassium
fluoride (10 mL) was added and stirred for 15 min. The reaction mixture was filtered
through celite. The filtrate was extracted with dichloromethane (3x15 mL). The
combined organic extracts were washed with water (20 mL) and saturated aqueous
sodium chloride (10 mL). The organic layer was dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo to dryness. The residue was purified by preparative
thin layer chromatography on silica gel (60% ethyl acetate-hexane as a developing

solvent) to give allyl amide 19 (79 mg, 85%, scheme 16).



Allyl amide (20)

H3CO H;CO
m o (10 mol%) Pd(PPhs),, m 0
HsCO H3CO

tributyl allylstannane,
Br toluene, reflux, 24h S

[
?

OCHg OCHs
OCHs OCHj
16 20

Scheme 17

Tetrakistriphenylphosphinepalladium 10 mg and tributyl allylstannane (0.10
mL, 0.31 mmol) were added to a stirred suspension of bromoamide 16 (100 mg, 0.24
mmol) in dry toluene (6 mL) under argon atmosphere. The mixture was refluxed for
12 h. The solution was cooled to room temperature and saturated aqueous potassium
fluoride (10 mL) was added and stirred for 15 min. The reaction mixture was filtered
through celite. The filtrate was extracted with dichloromethane (3x15 mL). The
combined organic extracts were washed with water (20 mL) and saturated aqueous
sodium chloride (10 mL). The organic layer was dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo to dryness. The residue was purified by preparative
thin layer chromatography on silica gel (70% ethyl acetate-hexane as a developing

solvent) to give allyl amide 20 (79 mg, 85%, scheme 17).

Hydroboration of allyl amide (17)



9-BBN

THF, reflux, 4h
HO

Scheme 18

To a solution of 9-BBN (439 mg, 3.60 mmol) in dry THF (10 mL) was added
to a solution of allylamide 17 (500 mg, 1.89 mmol) in dry THF at room temperature
under argon atmosphere. The reaction mixture was then refluxed for 12 h, quenched
with NaOH (200 mg, 5.0 mmol), followed with addition of 37% H,0O, (2mL). The
reaction mixture was stirred for 30 min at room temperature. The solution was further
extracted with dichloromethane (3x25 mL), then washed with water (20 ml), dried
over anhydrous sodium sulfate and evaporated to dryness in vacuo. The crude product
was purified by PLC on silica gel using 60% ethyl acetate-hexane as developing

solvent to give hydroxyl compound 21 (438 mg, 82%, scheme 18).

Hydroboration of allyl amide (18)

H3CO H5CO
i O 9-BBN W o
H3CO . THF, reflux, 4h HsCO
HO
18 22

Scheme 19



To a solution of 9-BBN (525 mg, 4.30 mmol) in dry THF (10 mL) was added
to a solution of allylamide 18 (700 mg, 2.15 mmol) in dry THF at room temperature
under argon atmosphere. The reaction mixture was then refluxed for 12 h, quenched
with NaOH (206 mg, 5.15 mmol), followed with addition of 37% H,O, (2 mL). The
reaction mixture was stirred for 30 min at room temperature. The solution was further
extracted with dichloromethane (3x25 mL), then washed with water (20 ml), dried
over anhydrous sodium sulfate and evaporated to dryness in vacuo. The crude product
was purified by PLC on silica gel using 80% ethyl acetate-hexane as developing

solvent to give hydroxyl compound 22 (649 mg, 88%, scheme 19).

Hydroboration of allyl amide (19)

WO H;CO
HsCO H3CO

THF, reflux, 4h
e OCHj3 OCHg

OCH, OCH;

Scheme 20

To a solution of 9-BBN (381 mg, 3.12 mmol) in dry THF (10 mL) was added
to a solution of allylamide 19 (600 mg, 1.56 mmol) in dry THF at room temperature
under argon atmosphere. The reaction mixture was then refluxed for 12 h, quenched
with NaOH (200 mg, 0.5 mmol), followed with addition of 37% H,0O, (2mL). The
reaction mixture was stirred for 30 min at room temperature. The solution was further
extracted with dichloromethane (3x25 mL), then washed with water (20 ml), dried

over anhydrous sodium sulfate and evaporated to dryness in vacuo. The crude product



was purified by PLC on silica gel using 80% ethyl acetate-hexane as developing

solvent to give hydroxyl compound 23 (503 mg, 80%, scheme 20).

Hydroboration of allyl amide (20)

H3CO H3CO
HN. O 9-BBN HN. O

H,CO >

3 - THF, reflux, 4h HsCO

HO
OCH,3 OCHj
OCHs OCHg
20 24

Scheme 21

To a solution of 9-BBN (349 mg, 2.86 mmol) in dry THF (10 mL) was added
to a solution of allylamide 20 (550 mg, 1.43 mmol) in dry THF at room temperature
under argon atmosphere. The reaction mixture was then refluxed for 12 h, quenched
with NaOH (200 mg, 0.5 mmol), followed with addition of 37% H,0O, (2mL). The
reaction mixture was stirred for 30 min at room temperature. The solution was further
extracted with dichloromethane (3x25 mL), then washed with water (20 ml), dried
over anhydrous sodium sulfate and evaporated to dryness in vacuo. The crude product
was purified by PLC on silica gel using 80% ethyl acetate-hexane as developing

solvent to give hydroxyl amide 24 (478 mg, 83%, scheme 21).



Preparation of aldehyde derivative (25)

21 25

Scheme 22

A solution of hydroxyl amide 21 (250 mg, 0.88 mmol) in dry dichloromethane
(20 ml) was added to a suspension of pyridinium chlorochromate, PCC, (247 mg, 1.14
mmol) and then stirred for 4h at room temperature. The mixture became
homogeneous and the formed a smeary black precipitate.

The solution was decanted from the black residue and the flask was rinsed
three times with ether. The combined organic phases were column filtered through
coarse silica gel. The column is rinsed with 100 mL of ether. The ether solution was
washed with 2M HCI (3 mL), saturated NaHCO; (10 mL) and NaCl (10 mL)
solutions, dried over Na,SO,4 and evaporated. The crude product was purified by PLC
on silica gel using 30% ethyl acetate-hexane as developing solvent to give hydroxyl

amide 25 (170 mg, 69%, scheme 22).



Preparation of aldehyde derivative (26)

H3CO._~ HaCO._~
|

_~ HN__O

HsCO ~ HN.__O PCC, CHZC|2> HaCO Y
rt, 8h OHC

HO = |

AN
22 26

Scheme 23

A solution of hydroxyl amide 22 (100 mg, 0.29 mmol) in dry dichloromethane
(10 ml) was added to a suspension of pyridinium chlorochromate, PCC, (76 mg, 0.35
mmol) and then stirred for 4h at room temperature. The mixture became
homogeneous and the formed a smeary black precipitate.

The solution was decanted from the black residue and the flask was rinsed
three times with ether. The combined organic phases were column filtered through
coarse silica gel. The column is rinsed with 50 mL of ether. The ether solution was
washed with 2M HCI (3 mL), saturated NaHCO; (10 mL) and NaCl (10 mL)
solutions, dried over Na,SO,4 and evaporated. The crude product was purified by PLC
on silica gel using 30% ethyl acetate-hexane as developing solvent to give hydroxyl

amide 26 (170 mg, 69%, scheme 23).



Preparation of aldehyde derivative (27)

H3com H3;CO N
| |
_
HCO™ HNYO PCC, CH,Cl, HLCO
HO /\rOCHg rt, 8h OHC\/\Q
=
SOCH, OCHj

23 27

Scheme 24

A solution of hydroxyl amide 23 (100 mg, 0.25 mmol) in dry dichloromethane
(10 ml) was added to a suspension of pyridinium chlorochromate, PCC, (81 mg, 0.38
mmol) and then stirred for 4h at room temperature. The mixture became
homogeneous and the formed a smeary black precipitate.

The solution was decanted from the black residue and the flask was rinsed
three times with ether. The combined organic phases were column filtered through
coarse silica gel. The column is rinsed with 50 mL of ether. The ether solution was
washed with 2M HCI (3 mL), saturated NaHCO; (10 mL) and NaCl (10 mL)
solutions, dried over Na,SO, and evaporated. The crude product was purified by PLC
on silica gel using 80% ethyl acetate-hexane as developing solvent to give hydroxyl

amide 27 (71 mg, 71%, scheme 24).



Preparation of aldehyde derivative (28)

24 28

Scheme 25

A solution of hydroxyl amide 24 (200 mg, 0.50 mmol) in dry dichloromethane
(20 ml) was added to a suspension of pyridinium chlorochromate, PCC, (130 mg, 0.60
mmol) and then stirred for 4h at room temperature. The mixture became
homogeneous and the formed a smeary black precipitate.

The solution was decanted from the black residue and the flask was rinsed
three times with ether. The combined organic phases were column filtered through
coarse silica gel. The column is rinsed with 100 mL of ether. The ether solution was
washed with 2M HCI (5 mL), saturated NaHCO; (15 mL) and NaCl (15 mL)
solutions, dried over Na,SO, and evaporated. The crude product was purified by PLC
on silica gel using 90% ethyl acetate-hexane as developing solvent to give hydroxyl
amide 28 (150 mg, 75%, scheme 25).

\



Preparation of oxohomoprotoberberine (29)

o

26 29

Scheme 26

A mixture of aldehyde derivative 26 (60 mg, 0.25 mmol) and trifluoroacetic
acid (3 mL) or formic acid (3 mL) was refluxed for 12 h. After cooling the reaction
mixture, water was added then extracted with dichloromethane (3x15 mL). The
organic layer was dried over anhydrous sodium sulfate, and then removed off solvent
in vacuo to give crude product. Purification by preparative thin layer chromatography
(70% ethyl acetate-hexane as developing solvent) followed by recrystallization from
ethyl acetate-hexane yielded pure oxohomoprotoberberine 29 (76 mg, 94% and 94%

with formoc acid scheme 26).

Preparation of oxohomoprotoberberine (30)

HxFO
m o TFA, reflux, 3h
H5CO >

OHC OCH;  (or HCO,H, reflux, 6h)

OCHs

27 30

Scheme 27



A mixture of aldehyde derivative 27 (30 mg, 0.075 mmol) and trifluoroacetic
acid (2 mL) or formic acid (2 mL) was refluxed for 12 h. After cooling the reaction
mixture, water was added then extracted with dichloromethane (3x10 mL). The
organic layer was dried over anhydrous sodium sulfate, and then removed off solvent
in vacuo to give crude product. Purification by preparative thin layer chromatography
(70% ethyl acetate-hexane as developing solvent) followed by recrystallization from
ethyl acetate-hexane yielded pure oxohomoprotoberberine 30 (26 mg, 90% and 90%
with formic acid scheme 27).

Preparation of oxohomoprotoberberine (31)

H<FO
jg/\ TFA, reflux, 3h
HN (@] -
H,CO -

OHC (or HCO,H, reflux, 6h)

OCH;
OCHj

Scheme 28

A mixture of aldehyde derivative 28 (20 mg, 0.05 mmol) and trifluoroacetic
acid (2 mL) or formic acid (2 mL) was refluxed for 12 h. After cooling the reaction
mixture, water was added then extracted with dichloromethane (3x10 mL). The
organic layer was dried over anhydrous sodium sulfate, then removed off solvent in
vacuo to give crude product. Purification by preparative thin layer chromatography
(60% ethyl acetate-hexane as developing solvent) followed by recrystallization from
ethyl acetate-hexane yielded pure oxohomoprotoberberine 31 (20 mg, 94%, and 93%

with formic acid scheme 28).



Preparation Of Allyl arylamide 17-20

H3CO Hsco\M
0,
HN. O (10 mol%) Pd(PPh3)4,‘ ) w0

ecO ibutyl allyl T Tkeo
Br R tributyl allylstannane,
' toluene, reflux, 24h = Q\Rl
NN
RZ ‘ R2
R3 R3

13; Ry, Ra, R3, Ry, Rs =H 17; Ry, Ry, R3, Ry, Rs =H
14; Ry, Ry = OCHjg; R3, Ry, Rg =H 18; Ry, Ry = OCHj3; R3, Ry, Rs =H
15; Ry, Ry, R3, Ry = OCHg; Rs = H 19; Ry, Ry, R3, R4 = OCH3; Rs = H
16; Ry, R, Ry, R = OCHg; R3 = H 20; Ry, Ry, Ry, R = OCHg; R3 = H

Scheme 29
General procedure for the preparation of 17-20:

Tetrakistriphenylphosphinepalladium (10 mol %) and tributyl allylstannane (0.31
mmol) were added to a stirred suspension of bromoamide 13-16 (0.24 mmol) in dry
toluene (6 mL) under argon atmosphere. The mixture was refluxed for 24 h. The
solution was cooled to room temperature and saturated aqueous potassium fluoride
(10 mL) was added and stirred for 15 min. The reaction mixture was filtered through
celite. The filtrate was extracted with dichloromethane (3x15 mL). The combined
organic extracts were washed with water (20 mL) and saturated aqueous sodium
chloride (10 mL). The organic layer was dried over anhydrous sodium sulfate, filtered
and evaporated in vacuo to dryness. The residue was purified by preparative thin layer

chromatography on silica gel to give allyl arylamide 17-20(Scheme 29).



Oxidative cleavage of allyl arylamide 17-20

10; R4, Ry, R3, Ry, Rg =H

11, Rlv R2 = OCH3, R3, R4, R5 =H
12; R4, Ry, R3, R4 = OCHg3; Rg = H
13, Rl! Rz, R4, R5 = OCH3, R3 =H

1) 05O, / THF : H,0(3:1)
2) NalO,/ 6h / rt B

36

= | Rs
X R,
Rs

Scheme 30

General procedure for the preparation of 36-39: to a solution of allyl arylamide

10-13 (0.3 mmol) in a mixture of tetrahydrofuran and water (5 mL, 4:1) was added

osmium tetraoxide (0.1 mL, 4% in water), and the resulting mixture turned from light

tan to black within 10 min. At this point, NalO4 (1.2 mmol) was added, and the

resulting solution was then stirred for 6h at room temperature. The reaction was

quenched with saturated Na,S;03 (5 mL), and the resulting mixture was extracted

with CH,Cl, (3x10 mL). The combined organic layers were washed with brine (20

mL), dried over Na,SO,, filtered, and concentrated to give desired products,

isoquinolone derivatives 36-39 (Scheme 30).




Acid-induced cyclization to 8-oxoprotoberberine (40)

37 40

Scheme 31

To a solution of isoquinolone derivative 37 (18 mg, 0.058 mmol) in
trifluoroacetic acid (2 mL) was stirred at room temperature for 4 h. The reaction
mixture was diluted with water (10 mL) and extracted with dichloromethane (10 mL).
The combined organic extracts were washed with distilled water (2x10 mL), saturated
aqueous sodium carbonate (10 mL), and saturated aqueous sodium chloride. The
organic layer was dried over anhydrous sodium sulfate, filtered and evaporated under
reduced pressure to dryness to give crude product. Recrystallization from ethyl

acetate-hexane afforded 8-oxoprotoberberine 40 in 14 mg (76%) (Scheme 31).

Reduction of 8-oxoprotoberberine (40) to protoberberine (41)

I]?O H3;CO
O N _O LAH, THF, reflux, 6h _ O N
H3;CO

> H,CO

Scheme 32




To a solution of 8-oxoprotoberberine 40 (22 mg, 0.017 mmol) in dry
tetrahydrofuran (3 mL) was slowly added to a stirred suspension of lithium aluminium
hydride (11 mg, 0.28 mmol) in dry tetrahydrofuran (5 mL) cooled in an ice bath under
argon atmosphere. The reaction mixture was kept in the ice bath during the addition
and left stirring at room temperature for about 6 h. Water was slowly added dropwise
to the ice cold mixture to destroy an excess lithium aluminium hydride. The
precipitate was filtered and washed with dichloromethane. The combined filtrate was
washed with water, saturated sodium chloride, dried over anhydrous sodium sulfate.
Removal of solvent in vacuo gave crude protobebrberine. Recrystallization from ethyl

acetate-hexane afforded protoberberine 41 in 19 mg (89%) (Scheme 32).

Synthesis of protoberberine (40)

37 37a 40

Scheme 33

To a solution of 8-oxoprotoberberine 37 (80 mg, 0.26 mmol) in dry
tetrahydrofuran (3 mL) was slowly added to a stirred suspension of lithium aluminium
hydride (39 mg, 1.04) in dry tetrahydrofuran (10 mL) cooled in an ice bath under

argon atmosphere. The reaction mixture was kept in the ice bath during the addition



and left stirring at room temperature for about 6 h. Water was slowly added dropwise
to the ice cold mixture to destroy an excess lithium aluminium hydride. The
precipitate was filtered and washed with dichloromethane. The combined filtrate was
washed with water, saturated sodium chloride, dried over anhydrous sodium sulfate.
Removal of solvent in vacuo gave crude 37a. Then, the crude product 37a was treated
with trifluoroacetic acid (2 mL) was stirred at room temperature for 4 h. The reaction
mixture was diluted with water (10 mL) and extracted with dichloromethane (10 mL).
The combined organic extracts were washed with distilled water (10 mL), saturated
aqueous sodium carbonate (10 mL), and saturated aqueous sodium chloride. The
organic layer was dried over anhydrous sodium sulfate, filtered and evaporated under
reduced pressure to dryness to give crude product. Recrystallization from ethyl

acetate-hexane afforded the prtoberberine 40 (61 mg, 80%) (Scheme 33).

Synthesis of protoberberine (41)

Hacojij/\W HyCO_~ Hsco\T/sﬁ/\W
N__O :[:;T/\L N
HsCO [;/]i;/' _LAH THE 1 co | HyCO~
_ ‘ OCHgreflux, 6h OCHj, OCHj,
OCHs

TFA,

OCHj4 reflux, 4h OCHg

38 38a 41

Scheme 34

To a solution of 8-oxoprotoberberine 38 (74 mg, 0.20 mmol) in dry
tetrahydrofuran (3 mL) was slowly added to a stirred suspension of lithium aluminium

hydride (31 mg, 0.80 mmol) in dry tetrahydrofuran (10 mL) cooled in an ice bath



under argon atmosphere. The reaction mixture was kept in the ice bath during the
addition and left stirring at room temperature for about 6 h. Water was slowly added
dropwise to the ice cold mixture to destroy an excess lithium aluminium hydride. The
precipitate was filtered and washed with dichloromethane. The combined filtrate was
washed with water, saturated sodium chloride, dried over anhydrous sodium sulfate.
Removal of solvent in vacuo gave crude 38a. Then, the crude product 38a was treated
with trifluoroacetic acid (2 mL) was stirred at room temperature for 4 h. The reaction
mixture was diluted with water (10 mL) and extracted with dichloromethane (10 mL).
The combined organic extracts were washed with distilled water (10 mL), saturated
aqueous sodium carbonate (10 mL), and saturated aqueous sodium chloride. The
organic layer was dried over anhydrous sodium sulfate, filtered and evaporated under
reduced pressure to dryness to give crude product. Recrystallization from ethyl

acetate-hexane afforded the prtoberberine 41 (50 mg, 71%) (Scheme 34).

Synthesis of protoberberine (42)

HSCOM [HscO HsCO
| m
H3COM N. -0 LAH, THF N N

_ reflux, 6h _ e -
- | - \ TFA, - \
 OCH; OCHg| reflux, 4h OCHg
OCHj, - OCH; ~ OCHj,4
98 39a 42
Scheme 35

To a solution of 8-oxoprotoberberine 39 (97 mg, 0.26 mmol) in dry
tetrahydrofuran (3 mL) was slowly added to a stirred suspension of lithium aluminium

hydride (40 mg, 1.05 mmol) in dry tetrahydrofuran (10 mL) cooled in an ice bath



under argon atmosphere. The reaction mixture was kept in the ice bath during the
addition and left stirring at room temperature for about 6 h. Water was slowly added
dropwise to the ice cold mixture to destroy an excess lithium aluminium hydride. The
precipitate was filtered and washed with dichloromethane. The combined filtrate was
washed with water, saturated sodium chloride, dried over anhydrous sodium sulfate.
Removal of solvent in vacuo gave crude 39a. Then, the crude product 39a was treated
with trifluoroacetic acid (2 mL) was stirred at room temperature for 4 h. The reaction
mixture was diluted with water (10 mL) and extracted with dichloromethane (10 mL).
The combined organic extracts were washed with distilled water (10 mL), saturated
aqueous sodium carbonate (10 mL), and saturated aqueous sodium chloride. The
organic layer was dried over anhydrous sodium sulfate, filtered and evaporated under
reduced pressure to dryness to give crude product. Recrystallization from ethyl

acetate-hexane afforded the prtoberberine 42 (82 mg, 89%) (Scheme 35).
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