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Abstract: The first total synthesis of dioncophylline C, a new antimalarial lead structure, is described.
For the directed construction of the stereogenic biaryl axis, the 'lactone methodology' is applied, despite
the lack of a 'bridgehead oxygen' function in the target molecule. Furthermore, the novel dimer of
dioncophylline C, 'jozimine C', is prepared, by oxidative phenolic coupling of the protected natural
monomer. Jozimine C displays good antimalarial activity (Plasmodium falciparum; 1Cso = 0.445 pg/ml),
and, in particular, represents the first unnatural dimer of a naphthylisoquinoline alkaloid with a high anti-
HIV activity (HIV-1; ECso = 27 pg/ml). © 1997 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Dioncophylline C (1) from the West-African vine Triphyophyllum peltatum (Dioncophyllaceae)2 is the as
yet most active antimalarial naphthylisoquinoline alkaloid.** Its in vitro activity (ICsp = 0.014 pg/ml)* against
Plasmodium falciparum, the pathogenic agent of the severe malaria tropica, is in the range of medically used
drugs (e.g. artemether in the same test system: ICso = 0.014 pg/m1®). Moreover, it exhibits excellent in vitro®
and in vivo® activities against the rodent malaria parasite P. berghei, while displaying no direct lethal (OF1
mice) and only very low cytotoxic (MRC-5 and P388) effects.® For these reasons, dioncophylline C (1) can be
regarded as a promising novel antimalarial lead structure and thus constitutes an attractive synthetic goal.

Besides dioncophylline C, itself, also its (as yet unknown) dimer 4 is of great interest. Previous work of
our group7 showed jozimine A (6), the unnatural dimer of the naturally occurring® (but likewise synthetically
available’) naphthylisoquinoline alkaloid dioncophylline A (3) to exhibit antimalarial activity ca. 20 times
higher than its monomer. The same effect was observed for jozimine B," the artificial dimer of the natural®

alkaloid ancistrocladine (9, see Scheme 1) and even for dimers of unnatural analogs‘” Thus, transformation of
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the as yet most active naphthylisoquinoline alkaloid, dioncophylline C (1), into its dimer 4, 'jozimine C', might
give rise to a still more active new antimalarial compound. Moreover, the close structural similarity of 4 with
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the michellamines, e.g. michellamine B (5),"* a natural 'mixed dimer' of atropisomeric korupensamines A (2a)

and B (2b)," makes the synthesis of 4 even more rewarding: Michellamines are promising novel anti-HIV

alkaloids from the Cameroonian liana Ancistrocladus korupensis (Ancistrocladaceae). Their clinical use,

however, is hampered by a distinct C‘yTOiOXiCﬁy‘, ? makin ng the need for better structural anatogs evident,
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Fig. 1. Pharmacologically active mono- and dimeric naphthylisoquinolines.
In this paper, we describe the first to hesis of dioncophylline C (1), and its oxidative dimerization
1 1 . — e = ae rmemast n] iea smsmlianccsn nexr '-rv‘ 3'l0 Mra raro
to give jozimine C (4). Part of the work has previously been reported in preliminary form.”  More recent

attemps to synthesize 1, by intermolecular biaryl coupling strategies, have not succeeded as yet.'”

RESULTS AND DISCUSSION
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construction of the biaryl synthesis by our 'lactone methodology','® by intramolecular biaryl coupling of 7 to
h

give the configuratively unstable biaryl lactone 8 predominantly wit

ne &, pre the desired

~-conto 1
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axis. Its ring cleavage and further transformation gave stereochemically homogeneous ancistrocladine (9). Due
to the efficiency of this methodology, we embarked on the first total synthesis of dioncophylline C by a similar
concept, but starting from specifically O-protected naphthalene and isoquinoline precursors for the final
generation of free phenolic OH-functions at C-8 and C-5', from R,R- (instead of S,5-) enantiomeric material,
and envisaging the eventual reductive elimination of a transiently required 'bridgehead' oxygen function at C-6.
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Scheme 1. Key features of the total synthesis of ancistrocladine (9) via the configuratively unstable biaryl lactone 8,

and structural comparison of 9 with the target molecule, dioncophylline C (1).

The synthesis of the required naphthalene precursor 14 (Scheme 2) started with 10, a building block
previously used for the first total synthesis of the 5,8'-coupled korupensamines and michellamines.!” For the
preparation of the 5,1'-coupled alkaloid dioncophylline C, the halogen thus had to be removed and, after
reduction to the alcohol 11, to be introduced into the required 1-position to give 12, followed by renewed

(stepwise) oxidation to the naphthalene coupling moiety 14 in good overall yields (80%).
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Scheme 2. Reagents and conditions: a) Pd/C (10%), H, Et;N, MeOH; b) LiAiH,, THF, 93% from 16; ¢) N{n-Bu)4Brj,
9

NaOAc, CH,Cl,, 95%; d) MnO,, CH,Cl,, 90%; ¢) NaClO,, NH,SO3H, NaOAc, HOAc, H0, dioxan, 8%.

The tetrahydroisoquinoline moiety 17 was prepared from the known'® enantiomericaily pure buiiding

block 15, by O-isopropylation and selective cleavage of the methyl ether (Scheme 3).
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Scheme 3. Reagents and conditions: a) i-C;H;Br, PTC, 2 N NaOH, CH;Cl,, 7 d, 87%; b) i-C;H,;SNa, DMF, 68%.

Prefixation of 14 (via its acid chloride) and 17 by esterification to give 18 and Pd-catalyzed

being obtained at a likewise imaginable 7-coupling. The two helicene-like distorted diastereomers, 19a and

19b, interconvert at room temperature, with an atropisomeric ratio of 2.5 : 1 in favor of the desired P-helical

form 19a.” Wi iastereomeric ratio, reductive ring cleavage vielded the atropoisomeric

alcohols 20a and 20b, which are now configuratively stable at the biaryl linkage and were easily be separated

at this point. Conversion of 20a into the methyl compound 21 by hydroxy/halogen exchange and subsequent
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Scheme 4. Reagents and conditions: a) (COCI),, CH,Cly; b) Hiinig's base, DMAP, CH,Cl,, 71% from 14; ¢)
(PhsP),PdCl,, NaOAc, DMA, 100 °C, 69%; d) LiAIH,, THF, 81%:; e) PhsP, C;Br,Cls, CH,C1,*%; f) LiAlH4, THF, 0 °C,
com 202: g) TH0, TI(OEY);, CH,Cly; h) (PhsP),PdCl,, dppp, n-BusN, HCO,H, DMF, 100 °C, 68% from 21; i)
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LAH reduction, followed by reductive elimination of the OH-group at C-6 via the corresponding O-triflate,’

and removal of the protective groups finally gave dioncophylline C (1) in good yields, identical in all respects

el Famren T snalitssons 2 ) SRR B | LU VS R N-TE
1O £. péddiurn. L10ncopnyuine © (1) is ine ndpnmyusoqumoune alkaloid

without an oxygen function next to the biaryl axis ever synthesized, showing the broad applicability of the

lactone methodology even in such particular cases.
e tbn alarniaal2l i o e musihetiaallo oua ol AT 1y RIS
For the chemical™ dimerization of the now synthetically available dioncophylline C (1), the methodology

violet-colored dione 25. Compared with the almost quantitative dimerization step in the synthesis of

michellamines,? the yields are somewhat lower here, apparently due to the now free aromatic position at c-8.%
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Scheme 5. Reagents and conditions: a) (CH;);CCO,CHO, CH,Cl,, 20 °C, 98%; b) AcCl, Et:N, cat. DMAP, CH,Cl,,
97%; c) Ag,0, 0.2% Et:N in CHCl;, 40%; d) MeOH, incandescent light; e) MeOH/HC], reflux, 67% from 25.

Regrettably, the dimerization of dioncophylline C (1) does not lead to better antimalarial activities -
jozimine C (4) was found to be distinctly less active (ICsy = 0.445 pg/ml) than 1, even though 4 is still quite a
potent antiplasmodial agent. This decrease in activity may have to do with the structural similarity to the
michellamines, the naturally occurring dimers of the likewise antimalarial korupensamines (2a,2b):
Michellamines, e.g. 5, are virtually inactive towards P. falciparum. On the other hand, the structural
relationship to michellamines makes understandable that jozimine C (4) has an appreciable anti-HIV activity
(HIV-1; ECs = 27 pg/ml), nearly as good as michellamine B (ECsp = 14 pg/ml in the same test system). Like

richellamines, 4 shows a distinct cytotoxicity (ICso = 64 pg/ml), so that the therapeutic concentration range is

again quite limited. Still, jozimine C actually is the as yet most anti-HIV active unnatural dimer of a natural
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monomeric naphthylisoquinoline alkaloid ever synthesized and gives valuable information on structure-activity
relationships of this important class of dimeric naphthylisoquinolines.

The first total synthesis of the highly antimalarial alkaloid dioncophylline C (1) and its dimerization to its
as yet unknown”* dimer 4 (jozimine C) underlines the efficiency of the synthetic methods developed for the
preparation of such bi- and quateraryl target molecules, the 'lactone methodology' and the oxidative
dimerization after specifically sealing the O- and N-functionalities of the isoquinoline part. Furthermore it is
shown that dimerization of naphthylisoquinolines, in particular if leading to naphthalene-linked dimers, does
not necessarily improve antimalarial activities. Finally, the good anti-HIV activity of 4 shows that it is now
rewarding to prepare more such unnatural dimers of natural- or unnatural - monomeric naphthylisoquinolines

for biological testing. This work is in progress.

EXPERIMENTAL

All moisture-sensitive reactions were carried out under an argon atmosphere. Solvents were dried and
purified by conventional methods prior to use. Melting points were measured on a Reichert-Jung Thermovar
hot-plate and are uncorrected. NMR spectra were recorded with a Bruker AC 200, a Bruker WM 400, and a
Bruker DMX 600 spectrometer. The chemical shifts d are given in parts per million (ppm) with the proton
signals in the deuterated solvent as internal reference for 'H and "*C NMR. The coupling constants, J, are given
in Hertz. HPLC separations: combination of a Waters M 510 HPLC pump, a U6K injector, and an amino-
bonded Rainin-Dynamax-60A column. Optical rotations were measured on a Perkin-Elmer 241 MC
polarimeter. CD spectra were determined on a Jobin Yvon Model CD6 instrument. IR spectra were taken on a
Perkin-Elmer 1420 infrared spectrophotometer and reported in wave numbers (cm™"). Mass spectra were
obtained on a Finnigan MAT 8200 and a Finnigan MAT 90 mass spectrometer at 70 eV in the EI mode unless
otherwise stated. High resolution mass spectra were recorded on the last-mentioned instrument. Elemental
analyses were performed by the Microanalytical Laboratory of the University of Wiirzburg on a LECO CHNS-

932 instrument. Michellamine B (5) was available from previous isolation work."?

General Procedures. - 1. Transformation of Amines into Hydrobromides and Hydrochlorides: To a
solution of the substrate in methanol 47% hydrobromic or hydrochloric acid was carefully added at 0 °C until a
pH of approx. 6-7 was reached. After evaporation of the solvent in vacuo the residue was recrystallized from
the stated solvent. - 2. Generation of the Free Bases from the Corresponding Hydrohalides: A solution of
the salt in methanol was adjusted to approx. pH = 10 using concd. ammonia. The solution was concentrated in

vacuo and the residue was filtered over Al,05; with CH,Cl, or CH,Cl, / methanol as the eluent.
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2-Hydroxymethyl-5-isopropoxy-4-methoxynaphthalene (11). A solution of 10'7 (12.0 g, 33.9 mmol)
and Et;N (3.53 g, 35.0 mmol) in methanol (300 ml) was hydrogenated in the presence of Pd/C (10%, 400 mg)

-equipment at high pressure (5 bar). Afier filtration and evaporation of the solvent, the residue

was dissolved in CH,Cl, and washed with hydrochloric acid (2 N) and H,O (50 ml each). The organic phase
as .

o

ried (MgSO,) and the solvent was removed under reduced pressure. A solution of the resulti

. 71

as cautiously treated with LiAlH, (1.27 g, 33.6 mmol) in portions and the mixture was heated
h.

After addition of hydrochloric acid (half concd., 10 ml), stirring was continued for 1 h and

aqueous K,CO; and H,O, then dried (MgSOy) and concentrated in vacuo. The residue was recrystallized from
petroleum ether to give 11 (7.77 g, 93%) as colorless crystals: mp 69 °C; IR (KBr): V 3360, 2950, 2900, 1560,

: 'H NMR (200 MHz, CDCL;): 8= 1.38 [d

s DL,y , EX LVAVAAN \ IS AVEL iy

[sept, J = 6.0, 1H, CH(CHs),], 4.60 (s, 2H, 2-CH,0H), 6.64 (s, 1H, 3-H), 6.80-6.89 (m, 1H, 6-H, 7-H or 8-H),
-7.31 5.

7.11 (s, 1H, 1-H), 7.21 1 (m, 2H, 6-H, 7-H or 8-H); *C NMR (50 MHz, CDCl,): § = 21.7 [CH(CH3),], 55.7
7. a'al* A LA (LT NI 72 1 TALCIII YT 1NRAQ 112N 117Q 119 Q 1791 £ 1941 127N 12QQ 18549
(4-Uiriy), U4 \\,ﬂzun}, 15.1 [Uni{uilyja), V4.0, 113U, 11/.6, 110.0, 141.0, 140.1, 15/.U, 130.0, 154.2,

156.6; MS: m/z (%) = 246 (39) [M*], 204 (100) [M" - C3Hg], 189 (29) [M" - C3H, - CH;]; Anal. caled. for
C,sH 30, (246.3): C, 73.14; H, 7.36. Found: C, 73.21; H, 7.40.

1-Bromo-2-hydroxymethyl-5-isopropoxy-4-methoxynaphthalene (12). To a cooled (0 °C) mixture of
11 (5.00 g, 20.3 mmol) and NaOAc (8.33 g, 101 mmol) in CH,Cl, (200 ml) a solution of N(n-Bu),Br; (11.76

1 INE s
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further 30 min. The reaction mixture was allowed to warm up to room temperature and Na,SO; solution (80

ml, 2 N) was added. The organic layer was washed with H,O (3 x 250 ml), dried (MgSO,) and concentrated

i

under reduced pressure. Chromatography of the residue on silica gel with petroleum ether / ethyl
p

and recrystallization from Et,0O / petroleum ether gave 12 (6.27 g, 95%); m

9
2920, 1580, 1560, 1260, 1065, 750; '"H NMR (200 MHz, CDCl,): § = 1.38 [d, .

s A SRS %

3H, 4-OCH,), 4.51 [m,, 1H, CH(CH,),], 4.83 (s, 2H, 2-CH,0H), 6.91 (s, 1H, 3-H), 6
41 (t, J = 7.7, 1H, 7-H), 7.88 (dd, J = 8.6, 1.1, 1H, Ar-H); °C NMR (50 MHz, CDCly): § = 22.0
ey

Ar-H), 7.
FOLIMII YT &&D (ANCHNY AR 7 (CHL.OINY 734 TCHCHNT 1050 1126 1134 1198 1204 127 6
L r13)2), JU.L (r-Ueriy), UJ.7 (L dijuny, 1005 VAN dR13)), 1YY T, daAld, 1400, 14700, 14V, ALl

1-Bromo-5-isopropoxy-4-methoxynaphthalene-2-carbaldehyde (13). A mixture of 12 (2.17 g, 6.67
mmol) and activated MnO, (10.0 g) in CH,Cl, (200 ml) was refluxed for 1.5 h. Inorganic insoluble materials

wara filtarad AFF and tha filtrate wac wached with
d off and the fiitrate was wasnea witn

a satd. K,CO: solution and dried (MeSQ,). The solvent wa

d. K,CO; solution and dried (MgSQ;). The vas
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removed in vacuo to yield 13 (1.93 g, 90%) as yellow crystals (CH,Cl,); mp 98 °C; IR (KBr): v 1670, 1585,
1260, 1060, 750; "H NMR (200 MHz, CDCls): § = 1.41 [d, J = 6.0, 6H, CH(CH),], 3.9 (s, 3H, 4-OCH,),
4.56 [m,, 1H, CH(CH3),}, 7.17 (dd, J = 5.7, 0.7, 1H, 6-H), 7.25 (s, 1H, 3-H), 7.56 (t, J = 7.8, 1H, 7-H), 8.18
(dd, J = 8.6, 1.0, 1H, 8-H), 10.62 (s, 1H, 3-CHO): *C NMR (50 MHz, CDCl3): & = 21.9 [CH(CH,3),], 56.0 (4-
OCHjy), 73.6 [CH(CH3),), 102.5, 116.5, 121.4, 122.3, 128.4, 131.4, 135.3, 155.5, 157.3, 192.9 (CHO); MS:
m/z (%) = 324/322 (33/32) [M"], 282/280 (100/98) [M" - C3H], 267/265 (33/32) [M" - C3H - CH;), 239/237
(17/16) [M* - C3Hg - CH; - CHOYJ; Anal. calcd. for CsH;sBrO; (323.2): C, 55.74; H, 4.67. Found: C, 55.98; H,
4.78.

1-Bromo-5-isopropoxy-4-methoxy-2-naphthoic acid (14). To a solution of 13 (1.93 g, 5.97 mmol) in
dioxan (200 ml), glacial acetic acid (42 ml, 670 mmol) and the solutions of NaOAc (21.0 g, 155 mmol) in H,O
(42 ml), sulphamic acid (1.14 g, 11.7 mmol) in H,O (42 ml) and NaClO, (1.01 g, 11.7 mmol) in H,O (42 ml)
were added consecutively. After stirring for 4 h at room temperature, the solvent was removed under reduced
pressure. The residue was dissolved in CH,;Cl, (250 ml), washed with H,O (3 x 200 ml) and dried (K,CO;).
Evaporation of the solvent and recrystallization of the crude product from Et,O / petroleum ether afforded 14
(1.99 g, 98%) as orange-red crystals; mp 179 °C; IR (KBr): V 1675, 1570, 1250; 'H NMR (200 MHz, CDCly):
3=1.41[d, J=6.0, 6H, CH(CH,),], 3.99 (s, 3H, 4-OCHa), 4.57 [m,, 1H, CH(CH;),], 7.10 (d, J = 7.9, 1H, 6-
H), 7.20 (s, 1H, 3-H), 7.54 (t, J = 8.4, 1H, 7-H), 8.16 (d, J = 8.6, 1H, 8-H); *C NMR (50 MHz, CDCLy): § =
22.0 [CH(CH3),], 56.4 (4-OCH;), 73.6 [CH(CH,),], 106.3, 114.3, 115.2, 121.8, 122.4, 128.4, 130.0, 135.7,
155.2, 156.7, 172.2 (COOH); MS: m/z (%) = 340/338 (28/27) [M'], 298/296 (100/98) [M* - C3H,], 283/281
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g
dried (MgSO,). The solvent was evaporated under reduced pressure and the residue was filtered over

deactivated (5% NH,) silica gel with CH,Cl, / methanol (100:3) as the eluent, to afford 16 (2.48 g, 87%) as an

oil. It was characterized as its HBr salt, which was recrystallized from iseprepaml ! Et;0 to give colorless

crystals; mp 218-220 °C; [op” = +24.2 (¢ = 0.54 in CHClLy); IR (KBr): v 2960 , 2920, 2650-2500, 1600,

1150; '"H NMR (200 MHz, MeOH-d,): 8 = 1.32 [d, J = 6.6, 6H, CH(CH.),], 1.53 (d, J = 6.6, 3H, 3-CH;3 ), 1.74
r MY [4]) I
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13.2, IH, NCHHPh), 4.73 (q, J = 6.6, 1H, 1-H), 6.50 (s, 1H, 5-H or 7-H), 6.55 (s 1H, 5-H or 7-H), 7.33 (m
2H, Ar-H), 7.53 (m, 3H, Ar-H); MS: m/z (%) = 339 (0.5) [M"], 324 (100) [M* - CH,], 2

1vl 2
L NEEES =3

I 3 LI Q1 /£LN 1y +1.
GsHy + H], 91 (66) [G:H7 ], A

- L &

Anal. calcd. for the HBr salt C,,H3BrNO, (420.4): C, 62.86; H, 7.19; N, 3.33.
Found: C, 63.11; H, 7.13; N, 3.07.
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(1R,3R)-N-Benzyi-6-hydroxy-8-isopropoxy-1,3-dimethyi-1,2,3,4-tetrahydroisoquinoiine (17). To a
solution of 16 (1.50 g, 4.42 mmol) in dry DMF (150 ml) sodium thioisopropylate™ (1.96 g, 20.0 mmol) was

added and then heated to reflux for 3 h. The reaction mixture was allowed t

PR, T 4ats’

and poured into hydrochloric acid (600 ml, 2 N). After several extractions with CH,Cl,, the combined organic
lavers were dried (MgSO,) and the solvent was removed under reduced pressure. The residue was converted

into the free base and purified by flash chromatography on deactivated (2.5% NHj) silica gel with

g1 deaciivated (2.07 INH3) s1l1C with 10
methanol (100:1) as the eluent to afford crude 17 (978 mg, 68%) and starting material 16 (120 mg, 8%). The
main product 17 was characterized as its HBr salt after recrystallization from isopropanol / Et,0; mp 292-294

°C; [g]p? = +49.8 (¢ = 0.45 in CHCL); IR (KBr): v 3450, 2960, 2920, 2750-2600, 1600, 1150;: 'H NMR

(200 MHz, MeOH-d,): 6 = 1.32 [d, J = 6.0, 6H, CH(CH;),], 1.52 (d, /= 6.7, 3H, 3-CHa ), 1.72 (d, J = 6.7, 3H,
1-CH,), 3.18 (m, 2H, 4-H), 3.51 (m, 1H, 3-H), 3.85 (d, J = 13.1, 1H, NCHHPh), 4.32 (q, J = 6.7, 1H, 1-H),
AARYTm YU OCOCHN, and NCHEHDWT 636(d T=21 1 SHY £4%3¢(4d J =21 1 THY 720 (m 2 Ar.
F.UJ [0, 4070, LI\ 113y dllU AN XTI, U .JU U, J = 4.d, 101, JX1), U0 \U, J — L.k, 1Lk, 1M1, 1.JU 1k, &0, £

H), 7.52 (m, 3H, Ar-H); MS: m/z (%) = 325 (1) [M*], 324 (6) [M* - H], 311 (27) [M* - CH3], 310 (84) [M" -
100) [C7H7+]; Anal. calcd. for HBr salt Cz]HgsBI’NOZ (4072).

CH; - H], 268 (39) [M' - CH; - C3H; + HJ, 91 (
M ET O8I £02-N 2AA Bannd:- 0 £ 18- T 722-N 407
C, U1.75; 11, 0.75, IN, 5.4, C'OUNG. U, U213 11, /.365 iN, 4.U5

1 Q2 mmnl) in dry
1) 11 GI

o
1ig, L.74 LUV £i1

1), oxalyl chloride (185 pl, 2.11 mmol) was added and the

A
5

(25 ml

H,Cl; (25 ml

)

/’

and a catalytic amount of DMF (approx. 10 p

mixture was stirred for additonal 30 min at room temperature. The yellow reaction mixture was added dropwise

satiomen o~
1

80K ey 1 Q2 taem
\<+729 UlIg, 1.00

=
3
<
0
T
[ ]
2

catalytic amount of N,N-dimethylaminopyridine (DMAP) (4 mg After completion of the

reaction (TLC), the solvent was removed in vacuo and the residue was purified by flash chromatography on
.......... 177 COL NI N\ cilina ool writh T 1 1 natralanm athar (7-1) ta viald 18 (RAN mo 710 ac enlarlece
UCd.LllleCU {£.070 INI13) S11iCa 881 Willl i) / pLUUICUlll CUlel (&£. 1), tU yiCiU 10 \OFV 1ig, 7170y as LUIULIVSS

1H, NCHHPh), 3.55 (m,, 1H, 3-H), 3.85 (d, J = 14.0, 1H, NCHHPh), 3.96 (g, / = 6.7, 1H, 1-H), 4.00 (s, 3H,
OCHy), 4.56 [sept, J = 6.1, 2H, 2 CH(CHa),], 6.62 (d, J = 2.2, 1H, 5-H), 6.67 (d, J = 2.2, 1H, 7-H), 7.11 (d. J
=7.6, 1H, 6'-H), 7.17 (s, 1H, 3'-H), 7.21-7.40 (m, 5H, Ar-H), 7.58 (1, /= 7.9, 1H, T"-H), 8.15 (d, / = 7.6, 1H,

n
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8°-H); MS (CI, ammonia): m/z (%) = 649/647 (9/9) [M" + 2 H], 647/645 (1/1) [M"], 632/630 (100/95) [M" -
CH;]; Anal. calcd. for C3HyoBINOs (646.6): C, 66.87; H, 6.23; N, 2.17. Found: C, 66.63; H, 6.17; N, 2.12.

(1R,3R,4bM ,4bP)-[1,2-d]-8-Isopropoxy-9-methoxy-naphtho-[5,6-b]-N-benzyl-14-isopropoxy-1,3-di-
methyl-1,2,3,4-tetrahydroisoquinolino-11H-pyran-11-one (19a/b). To a solution of 18 (800 mg, 1.24 mmol)
in dry DMA (150 ml), dry NaOAc (750 mg, 7.50 mmol) and (PPh3),PdCl, (175 mg, 250 pmol) were added and
the mixture was stirred at 100 °C. The solvent was removed in vacuo and after filtration of the catalyst, the
residue was purified by flash chromatography on deactivated (5% NH,) silica gel with CH,Cl, / methanol
(100:2) as the eluent, to afford the two interconverting atropo-diastereomers 19a and 19b (484 mg, 69%, ratio
2.5:1), which were not separated; mp 83 °C; IR (KBr): V 2950, 2910, 1715, 1575; "H NMR (200 MHz,CDCl;)
major isomer: 8 = 0.84 (d, J = 6.0, 3H, 3-CHy;), 1.22-1.41 [m, 12H, 2 CH(CH>),], 1.49 (d, J = 6.0, 3H, 1-CHjy),
1.75 (m, 2H, 4-H), 2.95 (d, J = 14.3, 1H, NCHHPh), 4.06 (s, 3H, OCH3), 4.67 [q, J = 6.1, 2H, 2 CH(CHj3),],
6.87 (s, 1H, 7-H), 7.30-7.82 (m, 9H, Ar-H); minor isomer: 6 = 0.84 (d, J = 6.0, 3H, 3-CH,), 1.22-1.41 [m,
12H, 2 CH(CH,),], 1.49 (d, J = 6.0, 3H, 1-CHjy), 1.75 (m, 2H, 4-H), 2.95 (d, J = 14.3, 1H, NCHHPh), 4.08 (s,
3H, OCH,), 4.67 [q, J = 6.1, 2H, 2 CH(CH3;),], 6.87 (s, 1H, 7-H), 7.30-7.82 (m, 9H, Ar-H); MS (CI,
isobutane): m/z (%) = 567 (5) [M* + 2 H], 566 (14) [M" + H], 565 (3) [M'], 551 (38) [M"* - CH; + H], 550
(100) [M" - CH;1; Anal. caled. for C3gH3oNOs x 1.5 H,0 (592.7): C, 72.95; H, 7.14; N, 2.36. Found: C, 72.68;
H, 7.31; N, 2.20.

(1R,3R,5P)- and (1R,3R,5M)-(2’-Hydroxymethyl-5’-isopropoxy-4’-methoxy-1’-(N-benzyl-6-hydroxy-
8-isopropoxy-1,3-dimethyl-1,2,3 4-tetrahydroisoquinolin-5-yl)-naphthalene (20a) and (20b). A solution of
19a/19b (200 mg, 354 pmol) in dry THF (50 ml) was treated with LiAlH, (38.0 mg, 1.00 mmol). After 5 min,
hydrochloric acid (10 ml, 2 N) was added and the aqueous laver was extracted several times with CH,Cl,. The
combined organic layers were dried (MgSO,) and the solvent was evaporated under reduced pressure. The
residue was converted into the free base and chromatographed on deactivated (2.5% NHj) silica gel with
CH,Cl, / methanol (100:5) as the eluent, to yield 20a (117 mg, 205 pmol) and 20b (46.0 mg, 80.9 pmol) as
colorless crystals (methanol) each; 20a: mp 174-176 °C; [o]p® = +80.4 (¢ = 0.69 in CHCl;); CD (ethanol):
A€yp6 4210, Agyy; -24.3, Agyrg -10.8, A€y -0.36, Agss, -7.67; IR (KBr): vV 3380, 2950, 2920, 1575, 1255; 'H
NMR (200 MHz, MeOH-d,): § = 1.01 (d, J = 6.6, 3H, 3-CHj;), 1.28 (d, J = 6.6, 3H, 1-CHj;), 1.32-1.49 [m,
12H, 2 CH(CH>),1, 1.77 (dd, J =17.3,4.9, 1H, 4-H,y), 1.92 (dd, J = 17.3, 10.5, 1H, 4-H,,), 3.24 (d, J = 13.8,
1H, NCHHPh), 3.31 (m,, 1H, 3-H), 3.72 (d, J =13.8, 1H, NCHHPh), 3.98 (q, J = 6.6, 1H, 1-H), 4.03 (s, 3H,
OCH,), 4.48-4.62 [m, 4H, 2 CH(CH;), and CH,0OH]}, 6.49 (s, 1H, 7-H), 6.95 (d, / = 8.4, 1H, 6’-H or 8'-H),
7.04 (d,J =84, 1H, 6 -H or 8’-H), 7.12 (s, 1H, 3’-H), 7.2-7.4 (m, 6H, Ar-H); MS: m/z (%) = 569 (0.5) [M"],
554 (87) [M* - CH;]; Anal. calcd. for C3sHysNOs % H,0 (595.3): C, 72.46; H, 7.77; N, 2.35. Found: C, 72.43;
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H, 7.56; N, 2.18. 20b: mp 106-108°C; [a]D‘“ = +63.1 (c = 0.48 in CHCLy); IR (KBr): v 3380, 2960, 2920,
1590, 1250; 'H NMR (200 MHz, CDCly): § = 1.02 (d, J = 6.6, 3 H, 3-CH»), 1.24 (d, J = 6.6, 3 H, 1-CH,),
1.34-1.46 (m, 12 H, 2 CH(CHy),), 1.88 (m, 2 H, 4-H), 3.25 (d, J = 14.1, 1 H, NCHHPh), 3.37 (m,, 1 H, 3-H),
3.69 (d, J=13.8, 1 H, NCHHPh), 3.97 (q, J = 6.6, 1 H, 1-H), 4.02 (s, 3 H, OCH,), 4.48 (d, 2 H, CH,0H), 4.56
(m, 2 H, 2 CH(CH3),), 6.50 (s, 1 H,7-H), 6.92 (d, /=84, 1 H,6’-Hor 8'-H), 6.98 (d,/=84,1 H, 6-Hor 8-
H), 7.10 (s, 1 H, 3’-H), 7.2-7.4 (m, 6 H, Ar-H); MS (CI, isobutane): m/z (%) = 571 (40) [M* + 2 H], 570 (100)
[M* + 1 H]J, 569 (5) [M'], 554 (25) [M* - CH3]; Anal. caled. for CyH,;3NOs x H,0 (595.3): C, 72.46; H, 7.77;
N, 2.35. Found: C, 72.60; H, 8.04; N, 2.16.
(1R,3R,5M)-5-(5’-Isopropoxy-4’-methoxy-2’-methyl-1’-naphthyl)-N-benzyl-6-hydroxy-8-isopro-
poxy-1,3-dimethyl-1,2,3,4-tetrahydreisoquinoline (21). To a solution of 20a (84.7 mg, 149 pmol) in dry
CH,Cl, (15 ml), triphenylphosphane (78.6 mg, 30.0 pmol) and 1,2-dibromotetrachloroethane (98.1 mg, 30.0
pumol) were added subsequently and the mixture was stirred for 10 min. After removal of the solvent under
reduced pressure, the residue was dissolved in dry THF (15 ml), cooled (0 °C) and LiAlH, (38.0 mg, 1.00
mmol) was added. The mixture was stirred for 10 min and treated with hydrochlorid acid (10 ml, 2 N).
Exhaustive extraction of the aqueous laver with CH,Cl,, drying (MgSO,) and cvaporation of the soivent in
vacuo gave a crude product, which was converted into the free base. Column chromatography on silica gel
with CH,Cl, / methanol (100:5) afforded 21 (78.1 mg, 95%) as a solid; mp 169-171 °C; [0]p® = +111.5 (¢ =

0.52 in CHCL); IR (KBr): V 3150, 2960, 2920, 1580, 1115; *H NMR (200 MHz, CDCl,): 6= 1.28 (d, J = 6.0,

3H, 3-CH,), 1.34 (d, J = 6.0, 3H, 1-CHj), 1.46 [d, J = 6.2, 12H, 2 CH(CH),], 1.8-2.0 (m, 2H, 4-H), 2.17 (s,
3H, 2'-CHy), 3.23 (d, J = 13.8, 1H, NCHHPh), 3.38 (m,, 1H, 3-H), 3.82 (d, J =13.8, 1H, NCHHPh), 4.00 s,

3H, OCH3), 4.01 (m, 1H, 1-H), 4.53 [m, 2H, 2 CH(CHs),], 6.49 (s, 1H, 7-H), 6.82 (s, 1H, 3’-H), 6.90 (d, J =
8.4, 1H, 6’-H or 8’-H), 6
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thallium ethanolate® in dry CH,Cl, (10 ml) was stirred for 30 min at room temperature and then treated with
trifluorsulfonic anhydride (37 pl, 225 pmol). After additional stirring for 5 min, the pH value was adjusted to

ca. 8 with NH; (concd). The solvent was removed under reduced pressure and the residue was purified by

rrl\f'\ TY £ ~1 710N, a ~esAds

column chromatography on deactivated (2.5% NHs) silica gel with CH,Cl, / methanol (100:2), to yield a crude

product. This was dissolved in dry DMF (15 ml) and s ubsequently treated with ditriphenylphosphinopropane

(dppp) (16.5 mg, 40.0 pmol), (PPhy),PdCl; (14.0 mg, 20.1 pmol), dry tri-n-butylamine (119 pl, 49.9 pmol)
and formic acid (30 pl). The mixture was heated at 100 °C for 2.5 h and the solvent was evaporated in vacuo
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The residue was dissolved in CH,Cl, (20 ml) and washed with hydrochloric acid (5 ml, 2 N). After conversion
into the free base, the crude product was chromatographed on deactivated (2.5% NHs) silica gel with CH,Cl, /

3-CHjy), 1.34 (d, J = 6.0, 3H, 1-CHj), 1.43 [d, J = 6.2, 12H, 2 CH(CHs),], 1.88-2.14 (m, 2H, 4-H), 2.12 (s, 3H,
CHj an C-27), 3.23 (d, J = 14.8, 1H, NCHHPh), 3.39 (m,, 1H, 3-H), 3.78 (d, J =13.8, 1H, NCHHPh), 3.99 (s,
3H, OCH»), 4.06 (q, J = 6.0, 1H, 1-H), 4.56 [sept, J = 6.0, 2H, 2 CH(CH;),1, 6.78 (s, 1H, 3’-H), 6.80-7.00 (m,

v - o =

4H, 6-H, 7-H, 6’-H and &-H), 7.19 (t, / = 7.6, iH, 7°-H), 7.28-7.49 (m, 5H, Ar-H); MS: m/z (%) =537 (4)
[M+] 522 (99) [M+ CH:;] 480 (12) {M+ CH'; - C3H7 + H] Anal. calcd. for C;6H43NO3 3 ) C 80. 41 H
8.06; N, 2.60. Found: C, 80.59; H, 8 30; N, 2.43,

Dioncophylline C (1). To a cooled ( ) solution of 22 (18.0 mg, 33.5 pmol) in dry CH,Cl, (20 ml)
boron trichloride (201 pi, 201 pmol, 1 M in hexane) was added and the the reaction mixture was allowed to

warm up (-15 °C) for 5 h. After addition of methanoi (5 ml), insoluble materials were fiitered off and the
solvent was removed under reduced pressure. The residue was converted into the free base and hydrogenated in

methanol in the nresence of Pd/C (10%) at normal pressure
¢ 1 pressure

JEE LIRS TA YL 11 iK' o193 §1 v G AV 78 ;) al niila wmas, ada 1Ll i
AN 7

the crude product on deactivated (5% NH;) silica gel with CH,Cl, / methanol (100:5) yieide

d 1 (11.4 mg, 94%)
alp® = +16.0 (c = 0.37 in CHCl;) [ref.?

as a beige amorphous powder; mp dec. 248 °C (ref.? dec. 246 °C); [
: 13
2 (c = 0.52 in CHClLy)}; "C NMR (150 MHz, MeCH-d,): §=20.5(

3.0 (C-3), 48.6 (C-1),
(C-7"), 129.9 (C-6), 1

s 1
+1

hJUl

6.7
1.3, 131.8, 135.0, 135.6, 137.6

-ty

(40 pl, 231 pmol) in dry CH,Cl, (10 ml) was stirred at room temperature for 2 h. Removal of the solvent in

vacuo afforded a yellow solid, which gave colorless crystals (23) from CH,Cl, / petroleum ether (79.3 mg,

(o))
oc
o

—_ ,! 7" AN T

8-0-Aceiyi-N-formyidioncophyiiine T (24).

~a ornlstinea ~F
d SOIULIOn Ol

etyl chloride (13 pl, 182 pmol), Et;N (24 pl, 182 pmol) and a catalytic amount of N, N-dimethylamino-

ml) ac
pyridine (DMAP) were added and the reaction mixture was stirred for 2 h. After treatment with an aqueous 2 N
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NH4Ci solution (5 mi) the organic laver was filtered over deactivated (5% NH;) silica gel. Recrystallization

from CH,Cl, afforded 24 (60.6 mg, 97%) as a colorless microcrystalline solid; mp 201 °C; [ot]p™ = +83.9 (¢ =

0.50 in CHCL); IR (KBr): ¥ 3395, 2920, 2906, 2818, 1752, 1650, 1594, 1382, 1192, 748; "H NMR (400
MHz, CDCls); main rotational isomer with respect to the N-formyl bond: 8 = 1.11 (d, J = 6.5, 3H, 3-CH.), 1.45
(d, /= 6.8, 3H, 1-CH,), 2.10 (s, 3H, 2’-CHs), 2.15 (dd, J = 16.0, 6.2, 1H, 4-H,,), 2.41 (s, 3H, OAc), 2.59 (dd,

— 17T

=154, 4.1, 1H, 4-Hy), 3.91 (m,, 1H, 3- {
1.0, 1H, 6’-H or 8’-H), 6.72 (s, 1H, 3’-H), 6.84 (dd, J = 7.
or 7-H), 7.14 (d, J = 8.0, 1H, 7-H or 6-H), 7.22 (dd, J = 8.2, 7.8, IH, 7’-H),

Sy

7

OH); MS: m/z (%) = 433 (71) {

Exact mass calcd. for C,sH,7NOs
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NH,) silica gel with CH,Cl, / methanoli (100:5), io yield 25 (23.1 mg, 40%) as a deep-violet amorphous solid;
mp dec. >230 °C; IR (KBr): V 2950, 2926, 2855, 1735, 1662, 1605, 1390, 1200, 1120, 762; "H NMR (600

J =64, 6H, 3-CH

183 518

w3

and 3"’-CHy), 1.41 (d, J = 6.4, 6H, 1-CH; and 1"”-CHj), 2.15 (s, 6 H, 2'-CH; and 2"’-CHy), 2.23 (dd, J =
16.1, J = 4.8, 2H, 4-H,, and 4>°-H,), 2.40 (s, 6H, 8-OAc and 8'"’-OAc), 2.69 (dd, J = 15.7, 4.4, 2H, 4-H,,
6

and 4°-Hy), 4.00 (m,, 2H, 3-H and 3""-H), 4.11 (s, 6H, 4'-OCH, and 4"’-OCHs), 5.42 (q, J = 6.8, 2H, I-H
and 1"""-H), 6.59 (d, J = 8.9, 2H, 8’-H and 8”-H), 6.93 (s, 2H, 3°-H and 3"’-H), 7.12 (d, J = 8.0, 2H, 6-H and
6"-Hor 7-H and 7°"-H), 7.17 (d, J = 8.5, 2H, 7-H and 7°*-H or 6-H and 6'"*-H), 7.25 (d, J = 8.9, 2H, 7"-H
and 7"°-H), 8.22 (s, 2H, N-CHO and N’-CHO); MS: m/z (%) = 864 (2) [M* + 2], 836 (1) [M" + 2 - CO], 822

(3) [M' + 2 - C,H,0], 794 (1) [M* + 2 - C3H,0,], 780 (1) [M* + 2 - C;H,0,], 751 (1) [M* + 2 - CsHs03], 42
(100) [C,H,0"}; Exact mass calcd. for Cs;HssN,Oy9 (M") 864.3622. Found: 864.3630.

Jozimine C (4). A cooled (0 °C) solution of 25 (14.8 mg, 17.1 pmol) in methanol (20 ml) was irradiated

(Osram Power Star HQI/D discharge lamp, visible light) for 15 min and the solvent was evaporated in vacuo. A

y
hydrochloric acid over a period of 24 h while gently refluxing. The solvent was removed under reduced

pressure and HPLC of the residue on a semipreparative amino-bonded phase column (Rainin Dynamax-60A)

dec. >236 °C; [0]p® = +21.5 (¢ = 0.05 in ethanol); CD (ethanol): Agags -45.5, A€yss +25.1, AEs0s -
KBr): ¥ 3377, 2940, 2905, 2833, 1593, 1381, 1111, 751; 'H NMR (600 MHz, MeOH-d,): & = 1.28
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CH,), 2.31 (dd, J = 18.1, 11.4, 2H, 4-H,, and 4">’-H,,), 2.45 (dd, J = 17.8, 4.7, 2H, 4-Hg, and 4°°-H,), 3.70
(mg, 2H, 3-H and 3""’-H), 4.12 (s, 6H, 4’-OCHj; and 4°°-OCH3), 4.87 (q, J = 7.1, 2H, 1-H and 1°"’-H), 6.68 (d,
J=838,2H, 8-H and 8’-H), 6.90 (d, /= 8.3, 1H, 7-H and 7°”’-H), 6.94 (s, 2H, 3’-H and 3’-H), 6.94 (d, J =
8.2, 2H, 6-H and 6°>’-H), 7.26 (d, J = 8.2, 2H, 7’-H and 7°’-H); ’C NMR (150 MHz, MeOH-d,): & = 18.1 (1-
CHj3 and 1'"’-CHa3), 19.2 (3-CHj and 3°"’-CHj), 20.6 (2°-CH; and 2°°-CHj), 33.1 (C-4 and C-47""), 45.1 (C-3
and C-3’""), 49.7 (C-1 and C-1"""), 56.9 (4’-OCHj; and 4°’-OCH,), 108.2 (C-3" and C-3""), 114.7 (C-7’ and C-
7), 115.0, 116.6 (C-8 and C-8’"), 120.9, 121.9, 130.6, 131.4, 132.0, 132.1 (C-6 and C-6"""), 132.4 (C-7’ and
C-7""), 135.8, 136.6, 152.7 (C-8 and C-8""’ or C-4’ and C-4’’ or C-5’ and C-5""), 154.6 (C-4’ and C-4"" or C-
5’ and C-5"" or C-8 and C- 8’’’"), 157.2 (C-5" and C-5 or C-8 and C-8""" or C-4’ and C-4""); MS (DCI,
ammonia): m/z (%) = 726 (6) [M* + 2], 725 (10) [M"* + 1], 133 (100); Anal. calcd. for C4H4N,0¢ x CH;0H
(756.94): C, 74.58; H, 6.92; N, 3.70. Found: C, 74.50; H, 7.08; N, 3.64.

Biological Experiments. The antiprotozoal activity was measured in vitro as described before,” using
asexual erythrocytic stages of P. falciparum (strain NF 54, clone A1A9). The inhibition of incorporation of
radiolabelled hypoxanthine by the test compounds was considered as a measure for their parasite growth
inhibiting capacities. The sigmoid dose response curve was linearized by probit analysis and the final results
were expressed as ICsy values (ug/ml). The antiviral activity (HIV-1) was determined in vitro as published
earlier,”’ using CEM-SS cells and an RF-strain of HIV-1. The results were expressed as ECso-values,

cytotoxicities as ICsg’s (both pg/ml).
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