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Synthesis of Benzophenanthridine-Related Alkaloids

Sin-Kyu Kim¥, Hyung-Won Lee, In-Jong Kim and Ma-Se Lee
College of Pharmacy, Kyung Hee University, Seoul 130-701, Korea

Abstract— Benzo[ Cphenanthidine alkaloids were found to exhibit considerably strong antileuke-
mic activies. These alkaloids have been shown to be biosynthesized from the corresponding alka-
loids throung an oxidative C¢-N bond cleavage followed by recyclization between Cg and C;3 position
of the protoberberine. Recently we have achieved the biomimetic transformation of protoberberine
alkaloid, berberine into benzo[ CJphenanthridine alkaloid, chelerythrine.

Keywords [] Dihydroberberine, Hofmann reaction, regioselective ring cleavage, m-chloroperbenzoic

acid.

Protoberberine

Phenanthridine -alkaloid+= Papaveraceaedl] 43}
AF FolA Ee), 23ty or Hanaoka, M. 5112
& Awesls alkaloide} ie]s}sl alkaloid® T+
H3le] AR wg v} )} Ishii 592 protoberbe-
rine 2. ZH-¥] (S)-stylopine, benzo[ Clphenanthridine,
chelidonine ¥ sanguinarihe—,%- AgAdstel e, Ta-
kemoto, T. §¥& sanguinarined)] AHH S E me-
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R A7 Foe o) AACAR.
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Benzo[c]phenanthridine

thoxy”]| & =AIA 2, 3, 7, 8, 10813l 5749 func-
tional groupS- ZH& chelirubines} macarpine-$ 34
B astgdr). Fagaronined} nitidined &Eckalfo)
Utk gl vl 9l AAls ol §3lc alka-
loidg! chelerythrineS IAY HAHoZ B Algd)
Zpdte] Zhgsly gAdFA0] Sol3 WS =Y
3}324} dihydroberberine®] A4S (Me)SO,E 4F
313t ¥ Hofmann ¥33h= A4S 3] FAshe
chelerythrine & £ 82 $4¢ At
(Scheme 1).
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[Reaction conditions]

L0

. LAd . (CH3) S04 . koH . m-CPBA . NaBHy £ H50, - pa<C
3% * CeHg € Eton P cHycl, € * meoH * HoAc 9% Hoac
Scheme 1.
Yy SO 30mi& 7Pt 1Ak 7R3t F Aol WA

Al ¥ 719154 &AL Junang melting point
apparatusE ©]8-3te Ao, BAL 317 o
gitt. NMR ~¥Ege TMSE WEEEERE A}
£3lglom drAa Fx-1007) Jeol Plux 60 SI=
A8, Az~ e Hitach-80 Mass Spectro-
phometer& AM4-3}9d o1, A]ek2. Aldrich Co. A&
< AH&3teich

Dihydroberberine(1)— Berberine 5.0g& 2<% THF
200 m/oll =22 F argon 71FF el LiAlH, 2.0
g &< THF 100 m/o] @417 $9-& YzhspaA
a2 A7rsigih xpgshH A A4 347 bt
Al F & 2wg ket w-S A7 &, fil-

terdte] F-71E& £2]3 JAE Na,SO,2 Axstz

o
S

AdFESsIe 9L AAE ALO,-CH.CLE column

AA8ted dihydroberberine(l) 3.73g (74%)d o,

171X 2FI A8k
7-Methyldihydroberberinium methylsulfate(2)— 3}-§}

=(1) 3.71g& 2= benzene 40 m/ol] 43 3}Lx, (CHy),
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ste] A FAEL F3te] benzeneo 2 AN A3}
o 3FE(2)E 3.02061%) 2Arh

B8R, pp 222~223C, IRV em1: 930, 2780
(O-CH»-0), 1130, 1030(SO; ™), 2920(N-CH;), NMR(in
CDCly) 6 : 742, 7.20(2H, ABq, ]=5.0 Hz, Cy>-H, Cys-
H), 6.01(2H, s, OCH,0), 3.93(6H, s, MeOX2), 3.12(3
H, s, N-CHy).

2-Methyl-7,8-dimethoxy-3-(4,5-methylenedioxy-2-
vinylphenylisoquinoline(3)— 3}32(2) ¢=Z2A
KOH $-9(KOH, 5.5g EtOH 100 m/)-& 7}shar 4l
Lo xl 308 wHF & 417t refluxdt B2 ¥ H,0
50 mlE 7hate] A ks 2AAE CHCLE F5319
$712¢ £3 NaCle2 AHstz $A%F NaS0,2
Azspe] ANE APEEite 4L AAFE SO
THF : hexane(1 : 1) column AA|ste 20 A5
2 1.5g(69%)& 2T}

IRVEZcm™!, 1660, (CH=CH,), 935, 2780(0CH,0),
NMR(in CDCly) 6 : 7.24, 7.08(each, 1H, ABq, J=134
Hz, CH, C4-H), 6.95, 6.88, 6.78(each, 1H, s, C;-H,
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aromatic-H), 6.01(1H, s, vinylic-H), 5.552H, s, viny-
lic-H), 5.85(2H, s, OCH:0), 3.75, 3.70(each, 3H, s,
CH;0X2), 2.58(3H, s, N-CHy)

2-Methyl-7,8-dimethoxy-3-(4,5-methylenedioxy-2-
vinylphenyl)-4-oxyisoquinoline(d) — 3}3-5(3) 150z
CH,Cl, 50 miol £-33}5. m-chloroperbenzoic acid
(m-CPBA) 1.3g-% CH;Cl, 40 ml<l] £33+ Z-& argon
7% FolA —30~—40CE FAsEA AR
72 LxolA A7 mukgk ¥ 0T A oA 1473
azHkste), NaHSO; 5.5g-2 718t A2-ol 4] 3048 BbX]
F oisbstel AREE Pelshn, AAEINA e
AL Si0;-THF 22 column AA| sl 53424
890 mg(59%)% Ach

mp 116~117C, NMR@Gn CDCly) & :7.28, 7.12
(each, 1H, ABq, J=134 Hz, Cs-H, Ce-H), 7.02, 6.94,
6.88(each, 1H, s, C,-H, aromatic-H), 6.03(1H, s, viny-
lic-H), 5.58(2H, s, vinylic-H), 5.92(2H, s, OCH,0),
3.78, 3.73(each, 3H, s, MeOX2), 2.61(3H, s, N-CHj).

2-Methyl-7,8-dimethoxy-3-(4,5-methylenedioxy-2-
vinylphenyl)-4-hydroxy-isoquinoline(5)—MeOH 30
mlel] 313E(4) 750 mg2 &3 8t3 NaBH, 650 mgs
2 71RE F AeA A7 ukEATI L w4
)& 7t AADY AR Al HO0 30mliE
7}t CHCLE % ¥ FA3a, NaSO.E 2=z
3] {7158 AFAst] 242 LS SiO-THF
. hexane(1 : 1)& column ¥2]3}o] 34 {AHE-A
410 mg(51%)E Ltk

IRVEBTem 1, 3325(0H), 2950(N-CHs), 930(0CH;0),
1680(CH;=CH), NMR(in CDCl3) & : 7.31, 7.15(each,
1H, ABq, J=134 Hz, Cs-H, Ce-H), 7.03, 6.96, 6.89
(each, 1H, s, C-H, aromatic-H), 6.03(1H, s, vinylic-
H), 5.58(2H, s, vinylic-H), 5.92(2H, s, OCH,0), 3.78,
3.73(6H, Me0X2), 2.61(3H, s, N-CH).

5-Methyl-7,8-dimethoxy-2,3-methylenedioxybenzo
[a, g]-6[H]-phenanthridine(6)— 3}35(5) 180 mg2
CH;COOH 10 m/ol| £-3)3laz, C-HySO, 0.2 m/E 7}3H
F 60ToA 4A17F ubeA|A WAslka, 20% KOH
S o2 gHe| o8 sl CHCLE F%, T4, Na,
SO,2 Axstn QA5 FAdFAst & AAES
SiO,-THF : hexane(3 : 2)& column AA)sle] w3}
AAAEA 141 mg(78%) Ltk

IRVEBem 1, 2040(N-CH;), 930(OCH,0), NMR(in

CDCly) 6 : 7.20, 6.85(each, 1H, s, Ci-H, Co-H), 6.86,
6.82(cach, 1H, s, Cy-H, Ci-H), 6.75(1H, s, Ci-H),
6.65(1H, s, C-H), 5.94(2H, s, OCH,0), 4.202H, s,
Ce-H), 358(6H, s, CH;0X2), 2.16(3H, s, N-CHy),
MS m/z : 349M*), CuHiO, Anal. Caled. for : C,
72.020 ; H, 544 ; N, 4.01 ; found, C, 72.24 ; H, 5.38
PN, 404

5-Methyl-7,8-dimethe. 2,3-methylenedioxy-benzo
[a, glphenanthridine(7)— 3}3-5(6) 200mge CH;
COOH 15 mi¢ll £33l 10% Pd-C 42 mg& 7kgt
F 247t #§{3E o 18l Pd-CE AAY F 3
gAY e AAte H:0 10miE 713t 10%
Na,CO; 2102 alkali Ao 2 % CHLCLE F%
33 $AIF NaSO.2 AxsEL ohA] AgFAstL
Qe #AALE Si0,-THF : hexane(10 : 1DE  column
A ste] G FAER 120 mg60%) 2Tk

NMR(@in CDCly), & : 895(1H, s, Ce-H), 7.20, 6.85
(each, 1H, s, Ci-H, Co-H), 6.86, 6.82(each, 1H, s,
Cu-H, Ci»-H), 6.75(1H, s, C,-H), 6.65(1H, s, C,-H),
5.94(2H, s, OCH,0), 3.58(6H, s, CH;0X2), 2.16(3H,
s, N-CH3;), MS m/z:@ 348(M*) CyH;isON ; Anal.
Caled. for; C, 7242 ; H, 517 N, 4.02 Found, C,
7246 ; H, 519 ; N, 4.04.

Yzt o @

23} berberined & THF &9 Fo|A LiAlH,
< ,_1«16}01 dihydroberberine& <%ic}k. H'-NMR
spectrumel} 41 berberine<] Cs protone] 9.88 ppmel| 4]
vehd Zle] dihydroA o4& 4.29 ppmell4 2HE
el signal® Jebgt7] &l dihydroA(hE &<l
8 4 9lged, (D& (CH:),S0.Z methylation &
34H8(2)92] H-NMR ~#EHE 312 ppmeiA]
methyl proton HZE Q¥ F 3lo] methylst=
Aoz #styiet. 33HE(2)E Hofmann 3 3}
d.e 33HE(3)E H-NMR A3 EZ A A 5.62 ppm
3} 650 ppmoll A 22 vinylic-H7b &=l ()<
3}qlsly, m-CPBAE A3kt ¥ tjA] NaHB,2 #
dste) 9L 34559 IR ~FEFHA 33209
OH7E #Fqlsleleow,” 33HE(5)8 ACOH®} C-H,
SO,2 A3t 9 EF(0)9 IR ~HER A=
OH #=7} A£4% 2 H-NMR 2% 232} 420 ppm
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oA Ce-He 2H protong s 4 94ich® E4
©F 10% PdC2 Azlstn AL HFE(NS H-
NMR A ¥ E8.2 420 ppm signal 2451 C-H&
1H proton© = 89504 tdw| =2 vyehg7] wfol
chelerythrine(DHE $AHY 5 gk

z &

Berberines LAH=Z #¢1sle] dihydrod 2 $=
313 (Me),SO,2 methyl3 3l <& FIEQE
Hofmann ¥-sste] 52} 641212 NG AB) S &
Ad3kdth (3)¢ m-CPBASt A 2oljA] Abdlsle] 52
@E 21 °)7e NaBHILE 3ty IFEGBE
=3 & EHGE AcOHS 3ite 2 Alelsle =2
TSP E6)S AT 33HE(6)S 10% Pd-
CZ 244389 chelerythrine(7)2 60% U< 4=
sick

ZALS 2

E 97 %8 =858 4 9 Kanazawa
&t <kstR M. Hanaoka T4 zHAl=gw, 7)7)
HA e We £8-8 FAl KIST ¥HAF-e vhabA 7ha}2
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