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Congeners, Including 18-Methoxycoronaridine
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Abstract: Condensation of methyl 3-benzyl-1,2,3,4,5 6—hexahydroazepmo[4 S—b]mdole-
5-carboxyiate (12) with 4-(1,3-dioxolan-2-yl)-6-benzyloxyhexanal (i1a) provided the
tetracyclic intermediates methyl (3aSR,4RS,11bRS)-3-benzyl-2,3,3a,4,5,7-hexahydro-4-
[2-C-(1,3-dioxalan-2-yl)-4-benzyloxy)-1-butyl]- 1H-pyrrolo[2,3-d]carbazole-6-
carboxylates (l4a 153) which were further elaborated to afford racemic albifloranine

(J ) The first total symnesxs of aibifioranine was COH'lplCICU in 13 S[CpS, with an overall
7% \neld Ester and ether derivatives of albifloranine were c}mfhecned for evaluation as

.....

anti- addlcnve agents. Among these, 18-methoxycoronaridine (20b) stands out as a non-
toxic agent that significantly reduces demand for morphine, cocaine, nicotine and alcohol

in rats. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction
Ibogaine (1. Fig. 1), a naturally occuring alkaloid, has been claimed to be effective in treating opiate

(heroin) addiction and stimulant (cocaine, amphetamine) abuse, and was said to attenuate nicotine and alcohol
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rats, ibogaine has been shown to reduce self - administration of both morphine and cocaine.” However,
ibogaine is tremorigenic* and its neurotoxicity, particularly a degeneration of brain cells (Purkinje celis), has
been demonstrated.” These side effects, as well as its potent psychopharmacology,” are likely to preclude
ibogaine’s general therapeutic utility in man.
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be tremorigenic. Indeed, our synthc51s and evaluation of racemic coronaridine revealed this to be true, and it
showed that this compound has some anti-addictive activity.” Consequently, we focused our attention on a
search for a more potent, non-neurotoxic, anti-addictive coronaridine congener.
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The rare alkaloid albifloranine (18-hydroxycoronaridine,’ 3), with a hydroxyethyl side chain, was deemed
to be a suitable synthetic target that would serve as a substrate in modifications for structure/activity studies.
Albifloranine (3) was isolated in 1981 from the stem bark of the Apocynaceae plant Tabernaemontana
albiflora, and its structure was proposed, based on its 'H NMR spectrum.’

14
1: ibogaine ~ v 15
2: R =H, coronaridine
3. R =CH, albificranine
20b: R = OCHj3, 18-methoxycoronaridine

We can now report the total syntheses of racemic albifloranine, and of some of its C-18 oxygen derivatives,
using our indoloazepine - aldehyde condensation strategy, which provides secodine-like indoloacrylate-
enamine intermediates for biomimetic, intramolecular 4+2 cyclizations to Aspidosperma-type alkaloids.'
While we described the biological evaluation of such ibogaine congeners,” ' '*2' especially 18-
methoxycoronaridine, we did not yet report their syntheses or chemical characterization.

The precursor aldehyde 4-(1,3-dioxolan-2-yi)-6-benzyloxyhexanal (11a), required for our synthesis, was
obtained in 8 steps by a reaction sequence starting with commercially available diethyl allylmalonate (Scheme
1, and analogously, the MeO-compound 11b, required below, was prepared). Alkylation of its sodium
enolate with 2-benzyloxyethyl bromide (4a) gave the malonate 5a. A major by-product, benzyloxy-2-
ethoxyethane, which was obtained in ethanol, did not affect subsequent reaction steps, but it could be avoided
by formation and reaction of the malonate anion in THF. A Krapcho decarboethoxylation with lithium chloride
in DMSO/DMF, followed by the reduction of monoest

r 6a with lithium aluminum hydride, provided the
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oxidation of the alcohol 7a, followed by protection of the product aldehyde 8a with ethylene glycol, in the
presence of a catalytic amount of p -TsOH, afforded acetal 9a in 73% yield. Hydroboration of the olefin 9a in
hexane led to the alcohol 10a in 75% yield. Its Swern oxidation provided the required aldehyde 11a in 81%
yield, after chromatography.



Scheme 1
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Sequence b, R = Me
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Reagents and conditions: (a) Brp/ PPhs/CH3CN;

(b) diethyl allyimalonate, NaOEt, EtOH, or (NaH, THF, 92%) 5a

87% 5b; (c) LiCI, DMSO / DMF, 170 °C, 6 h, 87% 6b; (d) LAH

ether, 53% (for 3 steps b-d) 7a, 85% 7b; (e) (COCl)2, DMSO, then Et;N,
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Condensation of 4-(1,3-dioxolan-2-yl)-6-benzyloxyhexanal (11a) with the NP®- benzylated indoloazepine
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selection. However, 14a and 15a were formed with the expected stereoselectivity with respect to C-3, C-7
and C-14 (H-3 and H-14 trans),'™* which is derived from 2+4 addition of a preferred E-enamine function to
the indoloacrylate moiety in the transient intermediate 13. "H NMR spectra showed significant chemical shift
differences for NH, methyl ester, O-benzyl methylene, and acetal hydrogens with acetal-H coupling constants
of J= 1.1 Hz for 14a and J= 3.7 Hz for 15a, and benzyl-H signals as one singlet for 14a and two doublets
(J=12 Hz) for 15a.



Seriesa: R=Bn
Series b: R = Me
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Reagents and conditions: (a) toluene, reflux, 12 h, 95% 14a, 15a,
82% 14b, 15b; (b) NaBH, HOAc, 90 °C, 5 min, 81% 16a, 16% 17a,
91% 16b + 17b; (c) 10%Pd/C, H,, EtOAc / HOAC (10:1), 77% 184,
87% 18b; (d) 10% HCl/ MeOH, rt, 12 h, 86% 19a, 76% 19b;

(e) toluene, reflux, 3 h, 70% 20a, 70% 20b.



Since the chirality at C-20 was destined to be lost in a subsequent intermediate of our synthetic
sequence, the following reactions could be continued with a mixture of the two diastereomers. However,
for characterization of subsequent intermediates it was desirable to initially continue the synthesis with
separated diastereomers. Cleavage of the C-3 to C-7 bond of the separated isomer 14a with sodium
borohydride in hot acetic acid affordcd the chromatographically senarablc cleaveamine diastereomers (ester
epimers) 16aand 17a,ina5:11 in 97% yield (Scheme 2). The major diastereomer 16a showed the
hydrogen at C-16 shifted downfield (8 5.48) relative to 17a (8 5.00) due to its proximity to the N° lone
pair. Debenzylation of a mixture of the cleavamines 16a and 17a by hydrogenolysis with 10% Pd/C in
ethyl acetate and acetic acid (10:1) provided the secondary amine benzyl ether 18a as a major product.
Under these reaction conditions the minor C-16 B-H diastereomer is expected to epimerize, leading to a
unique product 18a.'® A mixture of mono- and di-debenzylated products was obtained when the
debenzylation was carried out in glacial acetic acid.

Hydrolysis of the acetal function in the secondary amine i8a provided, by spontaneous cyclization,
enamine 19a (with a characteristic enamine hydrogen singlet at 8 5.85) in 86% yield. On heating in toluene,
the enamine 19a was converted to 18-benzyloxycoronaradine (20a), in 70% yield, by C-16 to C-20 proton
transfer and cyclization (C-16 to C-21) to an isoquinuclidine.'? Debenzylation of the C-18 benzyl ether was
achieved by transfer hydrogenolysis with 10% Pd / C and ammonium formate, in degassed methanol, to
afford racemic albifloranine (3) in 75% vield (Scheme 3). '"H NMR data for this racemic product matched
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For initial structure/activity studies the hydroxyl function of albifloranine (3) was derivatized by
acetylation with acetic anhydride and a catalytic amount of DMAP, to afford albifloranine acetate (22) in
91% yield. Esterification of the hydroxyl group of albifloranine with lauryl chloride produced lauryl

albifloranine (23) in 71% yield. The MEM ether 24 of albifloranine was synthesized in 64% yield by a
reaction of alhifloranine with MEMC] in th
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Preliminary biological evaluation of racemic albifloranine (3) and its three derivatives 22-24, in
rats, indicated that these compounds are not tremorigenic (and that lack of such toxicity is not unique to
coronaridine (2) in the context of the iboga alkaloids). Albifloranine showed some efficacy in reducing
morphine self-administration, but it showed little specificity (i.e. it also affected responding for water).
While the acetate 22 and the lauryl derivative 23 showed linle efficacy or specificity, 18-

benzyloxycoronaridine (20a) and the MEM ether 24 had some efficacy and specificity. The poor solubility
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hydrochioride, with expected formation of the less potent and less selective aibifioranine, suggestca a small

stable ether function (i. e. a C-18 methoxy substituent) as a more desirable congener feature.
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When attempted tosylation of albifloranine (3) and a reaction with methoxide was found to lead to
intramolecular quaternization, an alternative synthesis of 18-methoxycoronaridine (20b) was undertaken
Starting with the alkylation of diethyl allyl malonate with commerciaily available 2-methoxyethyl bromide, in
analogy to the steps leading to the benzyl ether 20a (series Sb to 20b in place of 5a to 20a) the racemic
18-methoxycoronaridine (20b) was produced and found to have substantial activity in reducing self-
administration of morphine,”® cocaine,'* alcohol,' and nicotine,”* with good specificity, and without
tremorigenic or other neurotoxic effects. Furthermore, 18-methoxycoronaridine’s absence of interaction with
the serotonergic system suggests that, in contrast to ibogaine, it is unlikely to be a hallucinogen.'®

Attennation of five of seven signs of morphine withdrawal in rats indicates that 18-methoxycoronaridine
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Decarbomethoxylation of 18-methoxycoronaridine with hydrazine gave 18-methoxyibogamine (21b,

Scheme 4). This compound was found to be tremorigenic, thus demonstrating again the protection from a

neurotoxicity (which has been correlated with a G-2 receptor binding in this structural class of alkaloids)'*”
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In conclusion, the first total synthesis of racemic albifloranine (3) has been completed in 13 steps,
with an overall yield of 7%, through condensation of the N°-benzylated indoloazepine 12 with the aldehyde
11a. Several congeners of albifloranine were synthesized for biological evaluation and 18-
methoxycoronaridine (20b) was found to have optimum potential as an anti-addictive agent.
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anhydrous aceionitrile (200 mL) was added bromine {(13.6 mL, 263 mmol), afﬁp‘v‘v“lse, with stirring at 0 °C
for 15 min and then 2-benzyloxyethanol (40.0 g, 263 mmol) in dry acetonitrile (25 mL) was added dropwise,
at 0 °C, over 30 min. The yellow colored solution was stirred a further 30 min at 0 °C and the solvent was
then evaporated under reduced pressure. The residue was suspended in ether (200 mL) and precipitated solid
was filtered, and washed with ether (3 x 100 mL). The filtrate was concentrated and the residue was
chromatographed on silica gel. Benzyl bromide, as a major by-product, was gradiantly eluted with hexane,
followed by the product 4a, eluted with ether / hexane (1:4), to give 43.0 g (77%) as a pale yellow liquid.
IR (KBr) v_ 3087, 3063, 3030, 2964, 2859, 1495, 1453, 1422, 1360, 1276, 1205, 1110, 1040, 1028,

STy IV, KT, &0, 22N 2 £ 114

738, 698, 672 cm™; ‘H NMR (CDCl,) 8 3.47 (1, J = 6.0 Hz, 2 H), 3.77 (1, J = 6.0 Hz, 2 H), 4.57 (s, 2 H),
7.28-7.35 (m, 5 H); *C NMR (CDCL,) § 30.4, 70.0, 73.1, 127.7, 127.8, 128.5, 137.8; mass spectrum
(EI), m/z (rel intensity) 216 (6), 215 (M", 3), 92 (58), 91 (100), 79 (19), 77(14), 65 (16); Anal. Calcd for
C,H,,0Br: C, 50.26; H, 5.15. Found: C, 50.17; H, 5.05.

2-(2-Benzyloxyethyl)-aliyimalonate (5a) a. Sodium (5.30 g, 230 mmol) was dissolved in dry
ethanol with cooling in an ice bath, and diethyi aliyimaionate (36.84 g, 184.0 mmol) in absolute ethanol {50
mL) was added dropwise, under nitrogen. The mixture was stirred at room temperature for 1 h and then
the bromide 4a (39.62 g, 184.2 mmol), in absolute ethanol (50 mL), was added dropwise. The mixture was
heated at 60 °C for 3 h and cooled to room temperature. Precipitated solid was filtered and washed with
ethanol (2 x 50 mL). The residue, obtained on concentration of the filtrate, was diluted with water (500
mL). The mixture was extracted with ether (3 x 100 mL), dried over MgSO, and concentrated to give a

viscous liquid (54.0 g). A 'H NMR spectrum of the crude product showed a 3:1 ratio of product 5a and
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b. To a stired suspension of NaH (0.102 g, 4.25 mmol) in dry THF (5 mL) was added diethyl
allylmalonate (0.72 g, 3.6 mmol) in THF (15 mL). The mixture was stirred for 1 h at room temperature and
then bromide 4a (0.724 g, 3.60 mmol) in THF (5 mL) was added dropwise. The mixture was heated at
reflux for 12 h under nitrogen and then cooled to room temperature. The work up as above (a) was

fcucw&d b'u flach rhramatnaranhyu an cilica ogal alnting with ather / hevane (1:2) to oive the h_!_ nr(_‘:i_l__t 5a
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(1.1U g, YL%) IR (K I') Ve SUO0, LYBU, LYOY, LY34, i8/1, 1731, 1404, 150/, 1210, 1170, 1VUL0, 774,
860, 737, 698 cm™; 1H NMR (CDC1,) 8 1.19 (t,J = 7.4 Hz, 6 H),2.24 (t, J = 6.5 Hz, 2 H), 2.69 (d, J =



127.2, 127.3, 128.0, 132.3, 138.0, 170.7; mass spectrum (CI), m/z (rel intensity) 335 (M
(17) 227 (100), 200 (13), 154 (10), 91 (15); HRMS M*+1 calcd. 335.1858; found 335.1875.
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0.12 mol) containing about 25% of benzyloxy-2-ethoxyethane from procedure a, above, and lithinm

chioride (10.1 g, 235 mmol) in DMSO (78 mL), DMF (15 mL) and water (1.5 mL) was heated at 170 °C for
6 h and then cooled to room temperature. The mixture was poured into water (250 mL), extracted with
CH,(, (3 x 100 mL), and dried over MgSO,. The solvent was removed under reduced pressure to afford
crude ester 6a (44.0 g). IR (KBr) v, 3065, 3029, 2981, 2928, 2863, 1729, 1642, 1496, 1451, 1378,

1179, 1106, 1025, 996, 915, 853, 737, 696 cm™; 'H NMR (CDCL) 8 1.19 (t, J =6.9 Hz, 3 H), 1.75 -

7 (m. 2 H)
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4.04 - 412 (m, 2 H), 4.45 (s, 2 H), 5.01-5.02 (m, 2 H), 5.70 - 5.75 (m,1 H), 7.23-7.33 (m, 5 H); *C
NMR (L.U'Ll3)0 14.0, 31.5, 36.4, 42.1, 60.0, 67.8, 72.8, 116.8, 127.3, 127.4, 127.5, 128.2, 138.2,
175.0; mass spectrum (EI), m/z (rel intensity) 263 (M*+ 1, 1.7), 180 (3.4), 171 (2.6), 156 (12), 155 (11),
131 (3), 128 (23), 107 (14), 101 (8), 100 (10), 97 (4), 92 (11), 91 (100), 89 (8), 81 (7), 79 (11), 77 (7),

73 (14), 69 (9), 67 (8), 65 (14). Anal. Calcd for C1§H2203: C, 73.25; H, 8.45. Found: C, 72.97; H, 8.25.
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2-(2-Benzyloxyethyl)-pent-4-en i (7a). To a stirred solution of the crude esier 6a ¢ Ning
benzyloxy-2-ethoxyethane from procedure a, above (44 g, about (.12 mol), in dry ether (150 mL) was
added a 1 M solution of lithium aluminium hydride in ether (122 mL, 122 mmol), via cannula at 0 °C. The
mixture was stirred for 1 h at room temperature under nitrogen, and then cooled to 0 °C. Water (9 mL) was
added dropwise, with stirring, followed by dropwise addition at 0 °C of 15% NaOH (9 mL) and water (27
mL) to produce a white precipitate. The precipitate was filtered and washed with ether (2 x 50 mL). The
filtrate was dried over MgSO, and filtered. The residue, obtained on concentration, was subjected to flash
chromatography on silica gel. Contaminant benzyloxy-2-ethoxyethane (12.4 g) was first eluted with ether /

hexane (2:1), and then alcohol 7a (24.0 g, 59% based on diethyl allylmalonate) was eluted with 2%

methanol in ether. IR (KBr) v, 3404, 3071, 3033, 2930, 2868, 1640, 1498, 1454, 1361, 1202, 1100,
1042, 996, 916, 737, 697 cm’; 'H NMR (CDCL,) 8 1.63 - 1.73 (m, 3 H), 2.02 - 2.15 (m, 2 H), 2.84 (1, J
= 5.8 Hz, 1 H), 3.45 - 3.58 (m, 4 H), 4.49 (s, 2 H), 5.00 - 5.03 (m, 2 H), 5.70 - 5.85 (m, 1 H), 7.26 -
7.35 (m, 5 H); *C NMR (CDCL,) 8 31.7, 36.2, 389, 53.4, 65.6, 68.7, 73.1, 116.3, 127.7, 127.7,
1

intensity) 221 (M*+ 1, 100),185

4-(1,3-Dioxolan-2-yl)-6-benzyloxy-1-hexene (9a). To a stirred solution of 2 M oxalyl chloride
(68.4 mL, 137 mmol in CH,Cl,) was added dry DMSO (19.4 mL, 274 mmol) in dry CH,CL, (35 mL) at -78
°C, over 15 min. The alcohol 7a (24.0 g, 109 mmol), in dry dichloromethane (50 mL), was then added
during 10 min. The resulting slightly cloudy solution was stirred for 1 h at -78 °C and a solution of
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triethylamine (79.0 mL, 547 mmol) in dichioromethane (50 mL) was added dropwise during 15 min. The
mixture was then stirred for 30 min at -78 °C and for 15 min at 0 °C. The reaction was quenched by
adding water (25 mL) with rapid stirring. The resulting slurry was immediately poured into dichloromethane
(200 mL). The layers were separated and the aqueous layer was extracted with dichloromethane (2 x 100
mL). The combined organic layers were washed with 1% HCI solution (2 x 100 mL), water (100 mL),
dried over MgSO,, filtered and concentrated to afford crude aldehyde 8a (22.0 g), which was immediately
101 mmol), ethylene glycol (9.40 g,
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used for the next step. A stirred solution of the aldehyde 8a (220 g
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room temperature, the benzene layer was separated, and the aqueous layer was extracted with ether (2 x 100
mL). The combined organic layers were dried over MgSO, and filterd. The residue, obtained on
concentration, was purified by flash chromatography on silica gel, using ether/hexane (1:1) as eluant, to give
the acetal 9a (21.0 g, 73%) as an oil. IR (KBr) v,,,, 3066, 3030, 2927, 2881, 1642, 1457, 1400, 1365,

1208, 1156, 1100, 1028, 946, 739, 628 cm’'; '"H NMR (CDCL) & 1.62-1.66 (m, 1 H), 1.79 -1.91 (m, 2
H), 2.08 - 2.11 (m, 1 H), 2.25-228 (m, 1 H), 3.54 (t, J = 6.9 Hz, 2 H), 3.78 - 3.90 (m, 4 H), 4.47 (s, 2

- T2 P 28 Riszy 1 ARJy JedF Ay du R2jy eI (\aady T L2/

H), 4.80 (d, J = 3.8 Hz, 1 H), 4.97-5.04 (m, 2 H), 5.77 - 5.82 (m, 1 H), 7.23 - 7.34 (m, 5 H); °C NMR
(CDC1y) & 28.6, 33.8, 38.3, 64.8, 64.9, 68.4, 72.6, 106.0, 116.0, 127.3, 127.5, 128.2, 136.7, 138.6;
mass spectrum (EI), m/z (rel intensity) 262 (M*, 1.6), 171 (4.4), 156 (3.2), 149 (9), 128 (3.3), 114 (2.6),
109 (7), 105 (4.1), 99 (3.6), 92 (3.7), 91 (31), 81 (3.7), 77 (5), 73 (100), 67 (4), 65 (6); Anal. Calcd for

C,¢H,,0,: C, 73.25; H, 8.45. Found: C, 73.43; H, 8.37.

4-(1.3-Digxglan-2-v1)-6-henzvlioxvhexan.l.gl (10a) Tg a stirred solution of olefin 92 210 ¢
VRIS TAFAVAVISIITAT YR JCTUTUVIILYIUVAVIICAAIITATUI (AVAJ. 1V QG OWHIIVA DVILUVLIL Ul Ulviill J& \&l.V &5y
ON A vvemnnd 2 Lo e FOM TN E] 1T ORA ol O Lo e i | rosorseslaw

OV.4 111IV1) 11 [ITXAallC (w ﬂlh} way auucu UI'OPWXBC alil bOluuUﬂ U1 DOLAIIC - 11Kyl bul UC CULLIPICA ul

dichloromethane (27 ml., 27 mmol) at 0 °C. The mixture was stirred for 3 h at room temperature and then
cooled to 0 °C, and then absolute ethanol (15 mL) was added dropwise, follwed by 15% NaOH (15 mL)
and 30% H,0, (15 mL) . The reaction mixture was heated at reflux for 30 min, cooled to room temperature,
and the organic layer was separated and the aqueous layer was extracted with ether (3 x 75 mL) . The
organic solutions were combined, dried over MgSO, and concentrated under reduced pressure. The crude

product was flash chromatographed on silica gel, eluting with 2% methanol in ether, to give the alcohol 10a
(16.8 g, 74.6%) as a viscous liquid. IR (KBr) v 3442, 3034, 2952, 2878, 1458, 1407, 1364, 1206,

L LR ISVUBS LAV UAN. AEN \AREFL ] Ve T Ty LTSy LS a=IU, v 2 IV, A&V

1103, 846, 742, 698 cm™; '"H NMR (CDCl,) & 1.36-1.39 (m, 1 H), 1.53 -1.64 (m, 4 H), 1.79 -1.90 (m, 3

H), 3.53-3.59 (m, 4 H), 3.79-3.92 (m, 4 H), 4.49 (s, 2 H), 478 (d, J = 3.6 Hz, 1 H), 7.25 - 7.32 (m, 5
H); *C NMR (CDCl,) § 25.4, 29.2, 30.2, 38.2, 62.8, 64.8, 64.8, 68.5, 72.7, 106.5, 127.4, 127.6,
128.2, 138.5; mass spectrum (EI), m/z (el intensity) 280 (M, 0.02), 235 (2.1), 220 (14), 219 (84), 218

(69), 172 (15), 146 (23), 127 (15), 91 (35), 84 (9), 73 (10), 65 (5.5); Anal. Calcd for C,H,,0,: C, 68.54;
H, 8.63; Found: C, 68.81; H, 8.66.

______ Lal wO.02, 12, O

4-(1,3-Dioxolan-2-yl)-6-benzyloxyhexanal (11a). The alcohol 10a (16.8 g, 59.9 mmol) was
oxidized using 2 M oxalyl chloride (37.5 mL, 75.0 mmol in CH,Cl,), dry DMSO (10.6 mL, 150 mmol) and

O
—
W
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triethylamine (43.0 mL, 300 mmoi) as in the oxidation of aicohol 7a. A similar work-up, as for 8a, gave a
crude aldehyde product, which was purified by flash chromatography, eluting with ether/hexane (2:1), to
afford aldehyde 11a (13.6 g, 81%) as a colorless oil. IR (KBr) v, 3065, 2942, 2878, 2725, 1723, 1496,
1434, 1413, 1368, 1211, 1153, 1098, 1031, 951, 742, 661 cm™; 'H NMR (CDCl,) d 1.56-1.86 (m, 5 H),
2.52 (t,J = 7.6 Hz, 2 H), 3.52-3.57 (m, 2 H), 3.79 - 3.92 (m, 4 H), 4.48 (5,2 H),4.75(d, J =33 Hz, 1

H), 7.25-7.34 (m, 5 H), 9.71 (s, 1 H); °C NMR (CDCL) § 21.5, 29.3, 38.0, 41.7, 64.8, 68.7, 72.8,

106.3, 127.4, 127.6, 128.3, 138.5; mass spectrum (EI), m/z (rel intensity) 279 (M'+1, 7.5), 219 (7), 171
(15), 144 (8), 127 (53), 91 (31), 83 (9), 73 (100), 65 (4).
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4-\1,3-moxman-z.—yu—o—ocnzyloxyncxanai (ila, 5.00 g, 17.9 mmol) in dry toluene (100 mL) was heated
under nitrogen at reflux for 12 h, using a Dean-Stark trap filled with 4 A molecular sieves. The reaction
mixture was cooled to room temperature and concentrated under reduced pressure. The crude product was
chromatographed on silica gel, eluting with ether / hexane (1:1) to give 14a (4.4 g, 49%) and 15a (4.1 g,
46%). For 14a: TLC R, = 0.40 (silica gel, hexane / ether, 1:2, CAS blue to purple); UV (EtOH) A,,,, 210,
228,300, 330 nm; IR (KBr) v 3383, 3032, 2970, 2448, 2871, 2794, 1676, 1610, 1495, 1479, 1465,

CABRDL) Ve 7990, 2VIL S5 LR AT
1484 1970 o ‘)nA 114& 1N AL N0 el 117 ATAAD .rnv\r\'l A8 N AN n
14854, 121> UL, /40,007 Cml 7, 1T NMRK (LLALIL,JO U v

(m, 1 H), 1.6 -1.90 (m, 3 H), 2.01 - 2.15 (m, 2 H), 2.55 - 2.75 (m, 3 H), 2.
3.95 (m, including 3 H singlet for OCH, at & 3.73, 10 H), 4.16 (d, J = 13.4 Hz, 1 H), 4.43 (benzyl-H s, 2
H), 4.66 (acetal-Hd, /= 1.1 Hz, 1 H), 6.80 (d,/ = 7.7 Hz, 1 H), 6.85 (t, J=7.6 Hz, 1 H), 713 d, J =
7.6 Hz, 1 H), 7.25 - 7.65 (m, 11 H ), 9.01 (NH s, 1 H); *C NMR (CDCl,) 6 23.1, 30.4, 31.1, 36.2,
37.3, 42.5, 50.5, 50.8, 55.1, 58.0, 64.7, 64.9, 68.7, 71.7, 72.8, 90.72, 106.4, 109.1, 120.5, 122.3,

on N Qt
U.0uU-u.71
85

127n 12’7/1 197 A 177 A& 197 77 1’)QQ 1’,0’2 1’\00 127 0 12Q 120 1 142 0 180 N macgg
v Py L&l *y L&TWUy L1&d.ly 140 L0.0y 0.7, r0oi.7, 130 U, 4J7.4, 1770V, 1USU, 1l1lAdo
PPN 2 o ) & U S I T I S VoS B W ' nnn 11 ~ a4 »‘\/1 ’1 1\ Iﬂl\\ AN 1Y AT 1NN
pt:c[rum (CI), m/z (rel intensity) 594 (M", 1), 380 (10), 274 (10), 261 (11), 241 (39), 238 {12), 227 {iu),

0 (14), 194 (15), 181 (12), 180 (15), 171 (31), 168 ( 5), 167 (24), 160 (46), 154 (17), 146 (i5), 134

i
(20) 129 (50), 127 (20), 120 (19), 111 (39), 91 (100); Anal. Calcd for C,,H,,N,O,: C, 74.72; H, 7.12; N,
4.71. Found: C, 74.49; H, 7.14; N, 4.61.

feilinn cal hawvaona ! athae 1) MNMAC Llina ¢~ m‘a\- ] \
s \dlilLa EULILICAALIG / TLICL, 1.4, LAY o1 1o P Piv), UY WALl A gy ’

300, 328 nm; IR (KBr) v, 3377, 3060, 3031, 2747, 2860, 1678, 1611, 1495, 1495, 1478, 1466, 1453,
1438, 1347, 1284, 1241, 1210, 1099, 1050, 944, 915, 741, 695 cm™; '"H NMR (CDCl,) & 0.67 - 0.72
(m, 1 H), 1.00 - 1.10 (m, 1 H), 1.28 - 1.32 (m, 1 H), 1.52 (dd, J = 4.5, 11.7 Hz, 1 H), 1.55 - 1.68 (m,

2 H), 1.85-2.15 (m, 2H),242 .59 (m, 3H),275 2.78 (m, 1H),283(s,1H),319(t./ 7.0 Hz
= 13.4 Hz, 1 H), 4.13

FnrlBa-TINMND N
rOl kod. 1LLU R, = U

r OCH,at § 3.61, § H)

et t
A1 i UAiigar U
T p 4

713, 1 H)
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{m, 1I0H)
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8.89 (NH s, 1 H); ®*C NMR (CDCl,) § 22.6, 29.2, 30.5, 35.8, 36.7, 42.2, 50.4, 50.7, 56.0, 58.0, 64.6,
64.7, 68.4, 71.7, 72.5, 90.7, 106.8, 109.0, 120.3, 122.1, 126.9, 127.2, 127.3, 127.5, 127.6, 128.1,
128.2, 128.8, 137.9, 138.7, 139.1, 143.0, 168.9; mass spectrum (CI), m/z (rel intensity) 594 (M’, 2), 380
(14), 332 (12), 274 (25), 241 (70), 238 (18), 227 (16), 180 (23), 168 (25), 167 (32), 160 (82), 154 (28),
127 (20), 120 (33), 107 (18), 105 (16), 91 (100).

1£U (I AWV AV 72

Methyl 3-Benzyl-1,2,3,4,5,6,7,8-octahydro-5B-[2-{-(1,3-dioxolan-2-yl)-4-benzyloxy-1-
butyl]azonino[5,4-blindole-(7c. and 7B)-carboxylates (16a, 17a). A solution of pure tetracycle
14a (4.0 g, 6.7 mmol) in glacial acetic acid (40 mL) was heated to 90 °C. Sodium borohydride (0.77 g, 20
mmol) was added in small portions over a period of 5 min. The mixture was then poured over crushed ice,
mard b cir with ne. NH OH and e vvh-ontnr] wr th ther (2 v S0 ml \. 'T’he or

nic solution was dri VEer

aoa
ST SUsuw Lid R AAs LY

hexane (2:1), gave the coloriess, amorphous tricyclic products i6a (3.25 g, 81%) and 17a (0.65g, 16%).
For 16a (major): TLC R, = 0.54 (silica gel, hexane / ether, 1:2, CAS green), UV (EtOH) A_,, 210, 228,
280, 288, 294 nm; IR (KBr) v, 3384, 3061, 3028, 2927, 2883, 2861, 1728, 1497, 1461, 1455, 1365,

max

1341, 1284, 1244, 1207, 1161, 1102, 1027, 948, 740, 700 cm™; '"H NMR (CDCl,) 8 0.76 - 0.80 (m, 1

H), 1.02 - 1.17 (m, 4 H), 1.34 - 1.61 (m, 2 H), 1.91 (t,J = 12.1 Hz, 1 H), 2.18 - 2.33 (m, 3 H), 2.53 (1,

1=1AU_17_]\ '\‘1‘1 AL (. AN ANG 2 1E fes ALIY 229 2 AV (e ALY 28 (A T =128 A
J = 18 1L, 111, l1&a = L1710 1), £ X1}, O.VO =~ J.10 \Il], &4 I1), D.04&4 - J,F& 111, ¥ 11}y JJ& \Uy J — 14U R14,
-~ ~ » ~A Ty 1 Lo 3V - & P9 1 TIN £ AO r.11

1H),3.63(s,3H),3.72(d,J = 129Hz, 1 H), 4.11 (s, 2 H), 441 (d, J =3.5 Hz, 1 H), 5.40 (

47,12 Hz, 1 H), 6.90 - 7.15 (m, 3 H ), 7.19 - 7.34 (m, 11 H), 8.66 (s, 1 H); *C NMR (CDCL,) 8 22.6,
25.0, 29.8, 31.0, 33.3, 35.7, 39.7, 41.7, 51.9, 56.2, 62.1, 63.2, 64.4, 64.5, 68.4, 72.6, 106.7, 110.6,
114.4, 117.7, 118.8, 121.2, 126.8, 127.3, 127.5, 127.6, 127.9, 128.2, 128.2, 129.4, 131.8, 135.7,
138.6, 139.8, 175.6; mass spectrum (CI), m/z (rel intensity) 596 (M*, 5.7), 380 (5.7), 334 (10), 261 (15),
215 (34), 202 (45), 160 (9.7), 156 (17), 154 (9), 134 (21), 133 (77), 120 (24), 91 (100).

For 17a (minor): TLC R, = 0.45 (silica gel, hexane / ether, 1:2, CAS green); UV (EtOH) A_,, 210, 228,
280, 288, 294 nm; IR (KBr) v, 3384, 3061, 3028, 2927, 2883, 2861, 1728, 1497, 1461, 1455, 1365,
1341, 1284, 1244, 1207, 1161, 1102, 1027, 948, 740, 700 cm™; '"H NMR (CDCl,) & 0.89 - 0.92 (m,

(s,2H),4.65(d,J =3.6Hz, 1
NMR (CDCl,) 8 26.2, 29.6, 35.5, 35.6, 40.4, 52.2, 52.5, 60.4, 61.2, 64.9, 65.0, 683 72.9, 106.7,
110.7, 11.8, 118.2, 119.1, 121.6, 126.8, 127.5, 127.6, 128.3, 128.3, 128.7, 134.1, 135.1, 138.5,
140.5, 175.3.

Enamine 19a. A solution of the cleavamines 16a, 17a (2.70 g, 4.51mmol) and 10% Pd /C (1 g) in ethyl
acetate (50 mL) and glacial acetic acid (5 mL) was subjected to hydrogenation at 1 atm of H, for 16 h. The
reaction mixture was filtered through a plug of Celite and washed with acetic acid (2 x 20 mL) and methanol
(2 x 20 mL). The filtrate was basified with cold concentrated NH,OH and the resulting white precipitate
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was extracted with ether (4 x 25 mL). The organic layer was dried over Na,SO, and concentrated to give the
benzyl ether acetal 18a (1.75 g, 77%), which was dissolved in methanol (16 mL), glacial acetic acid (1 mL)
and 10% HCI (16 mL). The mixture was stirred in a round-bottom flask covered with aluminium foil for
24 h at room temperature under nitrogen, cooled to 0 °C and basified with 15% NH,OH in saturated brine.
Extraction with ether (4 x 50 mL), drying over MgSQ, and concentration gave a crude product that was

1832 AR S AR.0s V8 A SIS LAURALALIIR ARV

flash chromatographed on silica gel, eluting with ether / hexane (1:1), to give the enamine 19a (1.3 g, 86%);

TIMD _N A1 72218 PR T, e \. ¥TYIJ /INuNTTIN A0 00 MK maa TD /W R
1L R =U.41 (311Ca gm, ntxancl €iner, 2: i, CAS greemn ), UV Eiunj A, <40, 400, 470U Iilil, 18 (BDOL)

V.., 3388, 3027, 2924, 2856, 1734, 1677, 1613, 1469, 1431, 1359, 1334, 1308, 1260, 1194, 1172,
, 1024, 910, 737, 696 cm™; '"H NMR (CDCl,) 8 1.63 (d, J = 17.0Hz, 1 H), 1.91 (bs, 1 H), 2.03 (d,
= 14.5Hz, 1 H), 2.20 - 2.41 (m, 4 H), 2.50 - 2.61 (m, 2 H), 2.75 - 2.78 (m, 1 H), 3.00 - 3.18 (m, 1
d , 1 H), 3.40 - 3.50 (m, including 3 H singlet at 8§ 3.49, 6 H). 440 (d.J = 9.8 Hz,

/<

z 2 2231 L 8 ¥ £

ng
e~
1 H), 6.96 - 7.27 (m, 8 H), 78 Hz 1 H) 856 (s, 1 H): ¥C

“), J.0% 3, 1 11), U.JU - /.47 \ilU, O (d, J=178 11z, 1 Jy 0.J0 5, 1 “,,

2
NMR (CDCI ) 8 25.6, 28.7, 32.9, 35.5, 39.7, 41.7, 49.0, 52.0, 52.6, 70.5, 72.7, 101.0, 110.6, 110.7,
117.9, 119.0, 121.6, 127.3, 127.5, 127.9, 128.2, 130.1, 133.8, 136.0, 138.7, 175.6; mass spectrum
(CI), m/z (rel intensity) 444 (M*, 11), 323 (39), 167 (9), 154 (14), 108 (10), 91 (100), 77 (9), 65 (9).
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chromatography of the crude product on silica gel, eluting with ether / hexane (1:1), gave the title product

20a (1.40 g, 70%) as a white solid with mp 136-137 °C. TLC R, =0.61 (silica gel, hexane / ether, 2:1,
CAS dark blue ); UV (EtOH) A__ 214, 234, 278, 286, 294 nm; IR (KBr) v, 3377, 3060, 3030, 2929,

2856, 1716, 1494, 1461, 1435, 1366, 1343, 1326, 1252, 1218, 1168, 1096, 1024, 908, 746, 698 cm™'; 'H

NMR (CDCl,) & 1.15 (m, 1 H), 1.65 - 1.95 (m, 6 H), 2.59 (d, J = 13.2 Hz, 1 H),2.78 (d,J = 8.4 Hz, 1
H), 2.90 (m, 1 H), 3.10- 320 (m, 2 H
1

l

354

a7
a,s =

y L.o
~
-

.

)

138.6, 175.4, mass spectrum (CI), miz (rcl intensity) 445 (M* + 1, 10), 444 (M", 33), 353 (10), 324 (15),
323 (75), 226 (19), 172 (37), 167 (13), 168 (11), 158 (26), 157 (37), 138 (20), 132 (26), 130 (16), 129
(100), 128 (44), 127 (30), 108 (22), 107 (20), 104 (16), 91 (64); Anal. Calcd for C,H,,N,0,: C, 75.65;
H, 7.26; N, 6.30. Found: C, 75.61; H, 7.40; N, 6.23.

Albifloranine (3). A mixture of the benzyl ether 20a (1.0 g, 2.7 mmol), 10% Pd /C (1 g), and
ammonium formate (2.0 g, 32 mmol) in dry methanol (50 mL) was heated at reflux for 4 h and cooled to
room temperature. The mixure was filtered through a Celite pad and the filtrate was concentrated. The
residue was flash chromatographed on silica gel, eluting with 1% MeOH in ether, to give racemic
albifloranine (3) as a white foam, which was triturated with hexane to give a white solid (0.6 g, 75%),
mp. 68 -72°C. TLC R,= 0.43 (silica gel, ether, CAS dark blue ); UV (EtOH) A, 200, 220, 278, 286,
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294 nm; IR (KBr) v, 3452, "'3"/‘3, 2935, 2862, 1713, 1670, 1558, 1458, 1433, 1239, 1080, 1007, 910,
778 cm™; 'H NMR (CDCl,) 8 1.45-1.55 (m, 1 H), 1.65 - 1.75 (m, 1 H), 1.80 - 2.05 (m, 5 H), 2.61 (d,
J= 132Hz, 1H),2.79(,J =89 Hz, 1 H), 2.98 - 3.05 (m, 1 H), 3.06 - 3.25 (m, 3 H), 3.42 - 3.50 (m,
1 H), 3.64 - 3.81 (m, including 3 H singlet at § 3.71, 6 H), 7.08 (t, J = 7.05 Hz, 1 H), 7.14 (t, / = 7.2 Hz,

1THY 724 /A T — Q1> 1 LI\ 7 AL /A J=78Hz 1H). 796 (s.1 H): BANMD /CTWIYR 218 270
111, 1.2 \Q,v S O0IZ, 111, /1.45{,J = /.,00Z, 111}, 7.7018, 1 I1); U INIVIR (LU U £1.0, 217.U,

29.2, 34.7, 36.3, 36.3, 51.5, 52.7, 52.8, 54.7, 58.0, 59.3, 110.0, 110.4, 118.3, 119.2, 121.9, 128.4,
135.5, 135.9, 175.2; mass spectrum (CI), m/z (rel intensity) 354 (M*, 46), 323 (100), 214 (17), 180 (18),
168 (27), 167 (24), 154 (60), 152 (30), 140 (90), 138 (23), 130 (17), 108 (16), 96 (25), 94 (17), 68 (20),

67 (27); Anal. Calcd for C,H,(\N,O,: C, 71.16; H, 7.39; N, 7.90. Found: C, 71.10; H, 7.53; N, 7.67.

>n>

-

ork-up similar to that for compound 2ib gave 0.04 g (53%
MeOH in CH,Cl,, CAS purple to brown); UV (EtOH) A_,, 212, 230, 284,294 nm; IR (KBr) v, 3399,
3256, 2922, 2860, 1617, 1462, 1362, 1344, 1330, 1144, 104, 1032, 1011, 908, 736 cm™; 'H NMR
(CDCL,) § 1.57 - 2.11 (m, 9 H), 2.65 - 2.74 (m, 1 H), 2.87 (s, 1 H), 2.95 - 3.13 (m, 4 H), 3.25 - 3.33

(m, 2 H), 3.60 - 3.64 (m, 1 H), 3.81 - 3.86 (m, 1 H), 7.0 - 7.14 (m, 2 H), 7.22 (dd, J = 4.0, 12.0 Hz, 1
HY 7A4 /A3 T—7& 1TH\ € INfe 113V NMD /0TI YR NN HE0Q 91 Q ’llln '2’71 '29'7 Ano
Thjy 135 U, 0 = 7.0, 1 11), 0.1V 3y 4 13), L INVIR (LLALIL ) U LUU, &O.5, bl 0, I, e dy TU.T,
45 2, 53.5, 58 4, 58.9, 108.6, i 7.9 2 i 4 8 i 1u; mass spectrum (CI),

29. 4, i3
17), 9

'L (10 ml ‘) v nrrec_i at room temperature for 24 h.

O, and concentrated under reduced

y WaIvAL VY i cnlev4 [ 18, L N $ S e A

pressure. The crude material was flash chromatographed on silica gel using ether / hexane (2:1), and twice
recrystallized from ether / hexane, to give the acetate 22 (0.048 g, 91%); mp. 132-134 °C. TLC R, = 0.35
(silica gel, ether/ hexane, 2:1, CAS dark blue); UV (EtOH) A_,, 208, 228, 276, 286, 294 nm; IR (KBr)
. 3378, 2933, 2861, 1728, 1461, 1434, 1368, 1252, 1170, 1079, 1016, 746 cm’; 'H NMR (CDCL,) &
20 - 1.24 (m, 1 H), 1.65 - 1.71 (m, 1 H), 1.81 - 2.08 (m, 6 H), 2.11 (s, 3 H), 2.68 (d, J =13.1 Hz, 1
) H), 2.97 - 3.14 (m, 2 H), 3.23 - 3.30 (m, 2 H), 3.40 - 3.50 (m, 1 H), 3.65 (s,
2Hz,2H),7.1

.6 Hz, 1 H), 8.

5
.5, 52.4, 53.0, 54.7, 57.2, 62.8, 110.0, 110.2, 118.2, 119.0, 121.7, 128.5, 135.5,

5.3, 170.9, 175.3; mass spectrum (CI), m/z (el intensity) 397 (10), 396 (M, 61), 336 (57), 324 (11),
323 (100), 214 (24), 206 (14), 182 (40), 180 (20), 168 (47), 167 (19), 154 (40), 149 (30), 134 (45), 130
(22), 122 (36), 120 (25), 96 (22). Anal. Calcd for C,,H,N,0,: C, 69.67; H, 7.11; N,7.06. Found: C,

69.76; H, 7.18; N, 6.93.

~J
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Lauryl albifloranine (23). A mixture of albifloranine (3, 0.127 g, 0.358 mmol), lauryl chloride
(0.037 g, 0.36 mmol) and DMAP (0.003 g) in dry CH,Cl, (5 mL) was stirred at room temperature for 12
h. The solvent was removed under reduced pressure and the crude material was separated by flash
chromatography on silica gel, eluting with ether / hexane (1:1), to give the lauryl ester 23 (0.136 g, 71%)
as a viscous h mid. TLC R = (.67 (silica gel, ether/ hexane, 2:1, CAS dark blue); UV (EtOH) l 198,
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208, 230, 276, 286 nm; IR (KBr) v, 3378, 2924, 2854, 1729, 1461, 1436, 1251, 1171, 1076, 740 cm™;

"H NMR (CDC1,) § 0.86 - 0.92 (m, including 3 H triplet at & 0.87,J = 6.4 , 4 H), 1.15 - 1.40 (bs, 18
H), 1.55 - 1.61 (m, 1 H), 1.75 - 1.85 (m, 2 H), 1.88 - 2.02 (m, 2 H), 2.28 (t, J = 7.5 Hz, 2 H), 2.57 (d, J
= 133 Hz, 1 H), 2.81 (d, J = 8.4 Hz, 1 H), 2.90 - 3.05 (m, 2 H), 3.16 - 3.20 (m, 2 H), 3.37 - 3.40 (m, 1
H), 3.55 (s, 1 H), 3.69 (s, 3 H), 4.12 (t, J = 4.7 Hz, 2 H), 7.07 (t, J = 7.2 Hz, 1 H), 7.13 (d, J = 7.8 Hz,

1H), 723 d,J =82 Hz, 1 H), 746 (d, J = 7.7 Hz, 1 H), 7.83 (s, 1 H); °C NMR (CDCl,) § 14.1,
7 1 M7 K0 Y7717 QY N2 012 MM E ML 210 21Q 22N 24 1 24 A 2A8 K1 K §2 A
ek y dwkaoly L d Ny kledy LT by T Dy &aT Dy Ty LTV, J1.0, J1.T7, JIU, I¥.1i, TFH.T JU.Jy J1Uy J&.Uy

53.1, 549, 57.5, 62.7, 110.3, 110.4, 118.4, 119.3, 122.0, 128.8, 135.4, 136.2, 173.9, 175.8; mass
spectrum (CI), m/z (rel intensity) 537 (M*+1, 9), 536 (6), 337 (41), 336 (100), 323 (72), 168 (71), 139
(34), 134 (22), 71 (39), 57 (33). Anal. Calcd for C,,H,N,O,: C, 73.84; H, 9.01; N, 5.22. Found: C,

73.67; H, 8.82; N, 5.04.

Albifloranine MEM ether (24). A mixture of albifloranine (3, 0.40 g, 1.1 mmol), MEM chioride
M211 o 17 memall and hl ol_A m&nn F{aX*) PN K & sl in Avo CH O (10 vl ) wac
\Viii &, L./ UuINA) alld ul_yl \.ulaU'iJlUy_y LI A\WV.J70 1,y J.U HRINUL) M1 ULy Sedloledy 1V 1diavgy YVao
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mL). The ether extracts were washed with saturated NaHCO, (25 mL), brine (25 mL), water (25 mL) and
dried over Na,SO, and concentrated under reduced pressure. The crude material was flash chromatographed
on silica gel, eluting with ether / hexane (2:1), to give the MEM ether 24 (0.35 g, 64%). Repetition of the
reaction on a 0.1 scale with addition of further 17 mg (0.14 mmol) of MEM chloride after 48 h, and a total
reaction time of 60 h, gave 20 mg (36% yield) of product, mp 88-90 °C, after chromatography and
recrystallization from ether / hexane. TLC R, = 0.38 (silica gel, ether/ hexane, 2:1, CAS dark blue), UV
(EtOH) A_,, 208, 228, 278, 286, 294 nm; IR (KBr) v_, 3370, 2923, 2860, 1725, 1461, 1367, 1250,

1YY RTa s 7/ Y 7. TN

1222, 1169, 1113, 848, 743 cm™; '"H NMR (CDCl,) & 1.15 - 1.20 (m, 1 H), 1.60 - 1.80 (m, 3 H), 1.
1.95 (m, 3H), 2.57 d,J = 133Hz 1 H), 2.81 (d, J = 8.5 Hz, 1 H), 2.90 - 3.05 (m, 2 H), 3.16 - 3.21
(m, 2 H), 3.35 - 3.40 (m, including 3 H singlet at 8 3.39, 4 H), 3.54 - 3.72 (m, including 3 H singlet at 8
3.70, 10 H), 4.71(s, 2 H), 7.07 (t, J = 72 Hz, 1 H), 7.13 (d, / = 7.5 Hz, 1 H), 7.24 (d, / =5.2 Hz,,

H), 7.46 (d, J = 7.8 Hz, 1 H), 7.77 (s, 1 H); '*C NMR (CDCL,) & 22.0, 27.3, 31.9, 33.8, 34.1, 36.4,

51.6, 52.6, 53.1, 54.9, 57.6, 58.9, 66.0, 66.7, 74.8, 95.5, 110.2, 110.3, 118.4, 119.2, 121.9, 128.7,

max

o0
Lnh
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120.9, 120.9, 170.0, MdSsS pcurum (\.,1), miz u‘Cl ln[CIlSl[y) 442 (13, M )s .)A‘b \IJJ 2&d \fJ)y, AVO (1),
167 (11), 154 (15), 139 (9), 117 (21), 102 (100). Anal. Calcd for C,;H, N,0,: C, 67.84; H, 7.75; N,

6.33. Found: C, 67.91; H, 7.87; N, 6.19.



Diethyl 2-(2-Methoxyethyl)-2-allylmalonate (5b). Sodium (15.0 g, 230 mmol) was dissolved in
dry ethanol (250 mL) with cooling in an ice bath, under nitrogen, and diethyl allylmalonate (105 g, 525
mmol) in absolute ethanol (50 mL) was added dropwise under nitrogen. The mixture was stirred at room
temperature for 1 h, and 2-bromoethyl methyl ether (4b, 87.57 g, 630 mmol) in absolute ethanol (50 mL)
was then added dropwise. The mixture was heated at reflux for 3 h and then cooled to room temperature.
The precipitated solid was filtered from the mixture and washed with ethanol (2 x 100 mL). The residue,
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obtained upon concentration of the filtrate, was diluted with water (1 L). The mixture was extracted with
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ether (3 x 150 mlL), the ether extract was washed with dilute sodium hydroxide solution, dried over MgSG,
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and concentrated to give the diester ether 5b (118 g, 87%) as a viscous liquid. The product can be distiied
at 102-103 °C/0.1 torr. IR (KBr) v, 3069, 2971, 2927, 1734,1640, 1459, 1443, 1382, 1361, 1284,
1223, 1196, 1119, 1077, 1031, 922, 856 cm™; '"H NMR (CDCl,) $ 1.24 (t,/ =7.0Hz, 6 H), 2.17 (1, J =
6.4 Hz, 2 H), 2.68 (d, J = 7.1 Hz, 2 H), 3.20 (s, 3 H), 3.41 (1, / = 6.5 Hz, 2 H), 4.17 (m, 4 H), 5.04-
5.12 (m, 2 H), 5.63- 5.79 (m, 1 H); 3C NMR (CD(l,) 8§ 14.0, 32.1, 37.3, 55.1, 58.5, 61.1, 68.3, 118.9,

& mayy v a ANAVAES \N\odsNdg 25Uy Jredy SO

132.5, 170.2; mass spectrum (EI), m /z (rel intensity) 259 (M* +1, 16), 227 (20), 213 (19), 200 (37), 185

(13), 167(17), 154 (25), 153 (65), 139 (38), 125 (25), 108 (100), 81 (30), 79 (31), 67 (23), 59 (23), 53
(23). Anal. CalcdforC”H O;: C, 60.45; H, 8.58. Found: C, 60.26; H, 8.40.

Ethyl 2-(2-Methoxyethyl)-pent-4-enoate (6b). A mixture of diester 5b (40.0 g, 155 mmol) and
lithium chloride (13.0 g, 300 mmol) in DMSO (100 mL), DMF (20 mlL) and water (2 mL) was heated to
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solvent was removed under reduced pressurc o

afford the monoester ether 6b (25.2 g, 87%). The product can be distilled at 44-46 °C/0.05 torr. IR (KBr)
Vo 3079, 2974, 2921, 2869, 1732, 1640, 1461, 1443, 1470, 1374, 1177, 1121, 1029, 990, 916, 855
cm’; 'TH NMR (CDCL) 8 1.25 (t,J = 7.1 Hz, 3 H) , 1.65- 1.75 (m, 1 H), 1.85-1.95 (m, 1 H) , 2.20-2.40

(m, 2 H), 2.50-2.60 (m, 1 H), 3.30 (s, 3 H), 3.35-3.45 (m, 2 H), 4.13(q,J =7.1, 2 H), 5.00-5.07 (dd,
J =102, 25 Hz, 2 H), 5.71- 5.74 (m, 1 H); 1*C NMR (CDCl,) 8 14.2, 31.4, 36.5, 42.1, 58.5, 60.1

ol RALy & ZR)
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70.4, 116.8, 135.2, 175.2; mass spectrum (CI, isobutane), m /z (rel intensi y) 187 M* +1, 25), 159 (5),
141 9), 127 (M), 113 (2‘ 112 (9), 107 (16), 99 (14), 95 (10), 91 (16), 90 (6), 85 (66), 83 (23), 81 (44),
79 (30), 77 (16), 76 (6), 75 (17), 73 (12), 72 (5), 71 (100), 70 (35), 69 (69), 68 (5), 67 (68), 66 (10).
Anal. Calcd for C,0H1803: C, 64.49; H, 9.74. Found: C, 64.80; H, 9.77.
2-(2-Methoxyethyl)-pent-d-en-1-0l (7b). A 1 M solution of lithium aluminium hydride (135 mL,
134 mmol) was added via cannula to a stirred solution of the ester 6b (25.0 g, 134 mmol) in dry ether (200

o e mmen ~11 . MY nen A eratan
mL) The mixture was stirred for 2 h at room temperaturc under nurogcn, ou'ed i G °C and water {

(30 mL ) at 0 °C, to produce a white precipitate. The precipitate was filtered and washed with ether (2 x 50
mL ). The filtrate was dried over MgSO,, filtered and concentrated to give the alcohol 7b (16.5 g, 85% ). IR
(KBr) v, 3410, 3071, 2930, 2860, 1641, 1442, 1384, 1185, 1109, 1043, 993, 911 cm”; 'H NMR
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(CDCL,) 8 1.61-1.75 (m, 3 H), 2.02- 2.30 (m, 2 H), 3.35 (s, 3 H), 3.36- 3.60 (m, 4 H), 5.01- 5.06 (m, 2
H), 5.77 - 5.79 (m, 1 H); °C NMR (CDCL) & 31.3, 36.0, 38.6, 58.3, 65.2, 71.0, 116.1, 136.6; mass
spectrum (EI ), m/z (rel intensity) 145 (7), 144 (M*, 3), 143 (23), 126 (15), 113 (20), 111 (42), 102
(17), 95 (27), 94 (57), 93 (31), 83 (49), 82 (41), 81 (61), 79 (100), 71 (70), 70 (42), 69 (38), 67 (65), 58
(46), 57 (34), 55 (75), 54 (48), 53 (34). Anal. Calcd for C,H,,0,: C, 66.63; H, 11.18. Found: C, 66.50;
H, 11.10.
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SEAFCITASSRIVAF VUYL PUIIICIIcAcal \(OW ). 1y ULITNCUHIYISUITORIUC (10.4 1., 40U IR Mi ULy X233
(2 sl \ serne addad Fee o oo TE S e o el ¥ o V_al_ . LA AL SN SLEN Y 120N svvevem] 3em
WV L) wWad auutdl WuUpwIsC OVer 10 D 4a s TUuoIn O1 £ Ivi \LW‘)Z (V2.V I1ll, 10U HiML i

CH,Cl1,) at -78 °C. The alicohol 7b (15.0 g, 104 mmol) in dry dichioromethane (50 mL) was then added
during 10 min, resulting in a slightly cloudy solution, which was stirred for 30 min at -78 °C. Then, a

solution of triethylamine (75 mL, 0.52 mol) in dichloromethane (50 mL) was added dropwise during 15
min. The mixture was stirred for 1 h at room temperature, and the reaction was then quenched by adding
water (25 mL), with rapid stirring. The resulting slurry was immediately poured into ether (300 mL) and
washed with 20% KHSO, (2 x 200 mL). The layers were separated and the aqueous layer was extracted

with Pfhcf {2 ¥ 100 mI Y The od nraanis lavare wars wached with hrine eahitian (2 v 100 ml ) dried
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over MgSQO,, filtered and concentrated to afford the crude aldehyde 8b (12.4 g, 84%) as an oil, which was

used in the folllowing condensation with ethylene glycol. IR (KBr) v_ , 2951, 2921, 2863, 1720, 1638,
1456, 1379, 1255, 1121, 1033, 997, 909 cm™ ; 'H NMR (CDCl,) 8 1.73—1.77 (m, 1 H), 1.92-1.96 (m, 1

H), 2.23-2.27 (m, 1 H), 2.42-2.46 (m, 1 H), 2.50- 2.52 (m, IH) 3.29 (s, 3 H), 3.39- 3.43 (m, 2 H),
.10 (m, 2 H), 5.72-5.77 (m, 1 H), 9.64 (s, 1 H); '*C NMR (CDCl,) § 28.7, 33.0, 48.6, 58.6, 70.0,
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-(1,3-Dioxoian-2-yi)-6-meihoxy-i-hexene (9b). A stirred solution of the crude aidehyde (8b,
12.4 g, 87.2 mmol), ethylene glycol (8.10 g, 130 mmol), and p-toluene sulfonic acid monohydrate (1 g) in
dry benzene (200 mL), contained in a 500 mL round-bottom flask fitted with a Dean Stark trap, was heated
at reflux for 12 h. The mixture was cooled to room temperature and the benzene layer was separated. The
aqueous layer was extracted with ether (2 x 100 mL). The combined organic layers were dried over MgSO,
and filtered. The residue, obtained on concentration, was purified by flash column chromatography on silica
ive the acetal 9b (14.5 g, 89%) as an IR (KBr)v_,, 2981,

gel, using ether/hexane (1:1) as eluant
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2934, 2832, 1637, 1457, 1388, 1119, 1036, 988, 947, 906 ; Ch 1.57-1.85 (m, 3 H),
2.09-2.45 (m, 2 H), 3.31 (s, 3 H), 3.44 (t, J = 6.4 Hz, 2 H), 3.83- 3.94 (m, 4 H), 4.81 (s, 1 H), 4.99 -

5.07 (m, 2 H), 5.75-5.90 (m, 1 H); *C NMR (CDCl,) & 28.4, 33.8, 58.3, 64.8, 64.9, 70.9, 106.0,
116.1, 136.7; mass spectrum (EI ), m /z (rel intensity) 186 (M*, 9), 155 (11), 141 (9), 127 (10), 111(11),
99 (30), 91 (30), 84 (32), 79 (29), 73 (100), 55 (7). Anal. Caled for C,,H,;0,: C, 64,49; H, 9.74. Found:
C, 64.84; H, 9.77.

4-(1,3-Dioxolan-2-yl)-6-methoxyhexan-1-01 (10b). A 1 M solution of borane-methyl suifide
complex in dichloromethane (18 mL, 18 mmol) was added dropwise to a stirred solution of the olefinic
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acetal 9b (10.0 g, 53.7 mmol) in hexane (40 mL) at 0 °C. The mixture was stirred for 3 h at room
temperature, then cooled to 0 °C and then absolute ethanol (10 mL) was added dropwise, followed by 15%
NaOH (10 mL) and 30% H,0, (10 mL). The reaction mixture was heated at reflux for 1 h, cooled to room
temperature and poured into water (200 mL). The organic layer was separated and the aqueous layer was
extracted with ether (3 x 50 mL). The organic layers were combined, dried over MgSO, and concentrated
under reduced pressure. The crude product was chromatographed on a silica gel column, eluting with 2%
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ve (V.1 g, JU70) aS a viscous uqu,uu 1IN ATV, 54534, 4947,

2808, 1646, 1451,1403, 1111, 953 cm™; 'H NMR (CDCl,) 8 1.03-1.85 (m, 7 H), 3.30 (s, 3 H), 3.43-
3.50 (m, 2 H), 3.61 (t, J = 6.3 Hz, 2 H), 3.83-4.00 (m, 4 H), 4.79 (d, J = 3.7 Hz, 1 H); °C NMR
(CDCI,)S 25.4, 29.0, 30.2, 33.8, 58.3, 62.7, 64.8, 64.8, 71.0, 106.5; mass spectrum (EI ), m /z (rel
intensity) 159 (M* - 45, 6.4), 143 (29), 127 (95), 111 (35), 73 (100), 67 (7), 55 (83). Anal. Calcd for
C,oH»0,: C, 58.80; H, 9.86. Found: C, 58.59; H, 10.09
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4-(1,3-Dioxolan-2-yl)-6-methoxyhexanal (11b). The alcohol 10b (6.00 g, 29.4 mmol) was

oxidized using 2 M (COCl), (18 mL, 36 mmol in CH,Cl,), dry DMSO (5.1 mL, 72 mmol) and triethyl

amine (20.7 mL, 144 mmol) analogous to the oxidation of the alcohol 7b. Similar work up as for 8b gave

the aldehyde 11b (4.8 g, 81%) as a colorless oil. IR (KBr) v,,,, 2939, 2880, 2735, 1719, 1451, 1391,

1038, 947 cm™; '"H NMR (CDCl,) § 1.45-2.85 (m = 6.8 Hz, 2 H), 3.31 (s,
& AN
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}, 3.83-3.95 (m, 4 H), 4.77 (d, J = 3.3 H:
(CDC];)& 21 5, 29.2, 38.0, 41.7, 58.4, 64.8, 649, 70.7, 106.3, 2024 mass spectrum (EI), m/z (rel
intensity) 202 (M", 3), 201 (15), 157 (19), 144 (27), 143 (38), 141 (19), 127 (17), 126 (1), 111 (30),
109 (12), 100 (4), 99 (11), 73 (100), 59 (10), 57 (8), 55 (12), 54 (5). Anal. Calcd for C,(H,;0,: C, 59.38;

H, 8.97. Found: C, 59.37; H, 9.35.

cn
e
I D [1Z, 1 nj,

mn OoOmy A A Tsrm - [y

Methyl {(3aSR,4RS,1i1bSR)-3-benzyi-2,3,3a,4,5,7-hexahydro-4-{(2-{-(1,3-dioxoian-2-
yi)-4-methoxy)-l-butyl]-1H-pyrrolo[2,3-d]carbazole-6-carboxylates (14b, 15b). A solution
of N®-benzylindoloazepine 12%* (3.80 g, 11.4 mmol) and 4-(1-3-dioxolan-2-yl)-6-methoxyhexanal (11b,
2.75 g, 13.6 mmol) in dry toluene (75 mL) was heated at reflux for 12 h under nitrogen, using a Dean-Stark
trap filled with 4 A molecular sieves. The reaction mixture was cooled to room temperature and concentrated
on a rotary evaporator. The crude material was flash chromatographed on silica gel, eluting with ether /

hexane (1:1), to give the tetracyclic products 14b, 15b (4.86 g, 82%) as an inseparable mixtre of

D_N127 MNAQ hlna. 1TV (Be+NLN 2 214, 226, 300 220
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iastereomers. TLC (SiO,, ether /
nm; IR (KBr) v, 3882, 2950, 2877, 1680, 1610, 1478, 1465, 1438, 1281, 1247, 1206, 1118, 1050,
949, 748, 701 cm™; mass spectrum (EI ), m /z (rel intensity) 518 (M*, 25), 385 (21), 332 (17), 304 (29),
341(12), 160 (13), 91(88), 83 (9), 73 (100). A hydrochloride was prepared in ether with HCI gas. Anal.
Calcd for C,,H,0N,O,CLH,0: C, 64.97; H, 7.21; N, 4.89; Cl, 6.19. Found: C, 64.90; H, 7.22; N, 4.81;

Cl, 6.12.



Enamine 19b. A solution of the mixture of tetracyclic diastereomers 14b, 15b (4.80 g, 9.04 mmol) in
glacial acetic acid (50 mL) was heated to 90 °C. NaBH, (1.03 g, 17 mmol) was added in small portions over
a period of 10 min. The mixture was then poured over crushed ice, made basic with NH,OH and extracted
with ether (3 x 50 mL). The organic phase was dried over MgSO, and concentrated to give an inseparable
mixture of diasteromers 16b, 17b (4.40 g, 91%), that was used directly for hydrogenolysis. A solution of
this crude cleaveamine mixture 16b, 17b (4.4 g) in glacial acetic acid (100 mL.) and 10% Pd / C (1 g) was

subjected to hydrogenation at 1 atm of H, for 6 h. The reaction mixture was filtered through a plug of Celite
and washed with acetic acid (2 x 20 mL) and methanol (2 x 20 mL). The filirate was basified with cold
concentrated NH,OH and the resuiting white precipitate was extracted with ether (4 x 25 mL). The organic
layer was dried over MgSO, and concentrated to give the secondary amine acetal 18b (3.1g, 87%) that, for
hydrolysis of the acetal function, was dissolved in methanol (35 mL), glacial acetic acid (2 mL) and 10%
HCI (35 mL). The mixture was stirred for 12 h at room temperature under nitrogen, cooled to 0 °C and
basified with 15% NH,OH in saturated brine. Extraction with ether (4 x 50 mL), drying over MgSO, and
concentration gave a crude product, that was flash chromatographed on silica gel, eluting with ether / hexane
(1:1), to give the enamine 19b (2.02 g, 76%).

18-Methoxycoronaridine (20b). The enamine 19b (2.0 g, 5.4 mmol) in dry toluene (30 mL) was
heated at 130 °C for 3 h. The reaction mixture was cooled to room temperature and concentrated on a rotary
evaporator. Flash chromatography of the crude product on silica gel, eluting with ether/hexane (2 : 1), gave
18-methoxycoronaridine (20b, 1.4g, 70%) as a white solid, mp 194-195 °C. TLC R, = 0.39 (silica gel,
hexane/ether, 2 : 1, CAS dark blue); UV (EtOH) A, 208, 228, 278, 285, 294 nm; IR (KBr) v,,,, 3293,

2024, 2862, 1722, 1465, 1438, 1341, 1243, 1220, 1166, 1131, 1099, 1054, 988, 929, 738 cm’; 'H NMR
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13/
Hz, 1 H); 2.82-2.94 (m, 2 H); 3.10-3.24 (m, 2 H); 3.24 (s, 3 H); 3.26-3.30 (m, 1 H); 3.35 (t, J/ = 6.5 Hz,
2 H), 3.48 (s, 1 H); 3.63 (s, 3H); 6.99 (1, J =7.0 Hz, 1 H); 7.05 (t,/ = 7.5 Hz, 1 H); 7.15 (d, J = 8.2 Hz,
1 H); 7.38(d,J =7.7 Hz, 1 H); 7.82 (s, 1 H); *C NMR § 175.6, 136.5, 135.5, 128.8, 121.9, 119.2,
118.4, 110.4, 110.0, 70.8, 58.5, 57.6, 55.0, 53.1, 52.6, 51.6, 36.5, 33.9, 33.8, 32.0, 27.3, 22.1; mass
spectrum (CI), m/z (rel intensity) 368 (M*, 17), 324 (14), 323 (83), 168 (14), 154 (20), 96 (11), 91 (19),
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81 (15), 75 (30), 73 (100), 71 (15), 57 (16), 55 (13). Anal. Calcd for C,,H,N,O,: C, 71.71; H, 7.66; N,

760 Found: C. 7170- H 774- N 749
NS L UM, Ny T hoFVUy LAy T T%, N, [.J0.

1

18-Methoxyibogamine (21b). A mixture of 18-methoxycoronaridine (20b, 0.20 g) in absolute ethanol
(20 mL) and hydrazine monohydrate (20 mL) was heated at reflux for 36 h under nitrogen. The mixture
was then added to brine (25 mL) and crushed ice (2 g). The white precipitate was extrated with ether (4 x 25

mL), dried and concentrated under reduced pressure, to give the title product 21b (0.168 g, 87%). TLC R .
=037 (10%, MaOH in CH Ol (CAC nuenla ta heaamnys 1TV (ReOEN 2 2710 220 284 207 nm: IR (KRr)
Vel 7 AU /0 IVALAZIL U W d1gUly, LAY PULPIV WU UIUWIL), UV \DWULL) Ny, &1V, L0V, 20Ty &74 1L LN IS )

Vo 3402, 3404, 3055, 2923, 2860, 1622, 1482, 1460, 1363, 1344, 1331, 1167, 1119, 1103, 1012, 911,
737 cm’; '"H NMR (CDCl,) 8 1.22 - 1.25 (m, 1 H), 1.62 - 1.88 (m, 6 H), 2.02 (dd, J = 2.5, 12.0 Hz, 1
H), 2.66 (dd, J = 1.3, 5.4 Hz, 1 H), 2.82 (s, 1 H), 2.92 - 2.98 (m, 2 H), 3.06 - 3.14 (m, 2 H), 3.31 -
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7 (m, including 3 H singlet at 6 3.32,5H),3.44 (1, /= 6.0, 2H), 705 -7.09 (m, 2H), 7.23 d, / =
8.6Hz, 1 H),7.45(,J =72, 1 H), 7.65 (s, 1 H); °C NMR (CDCL,) 8 20.6, 26.4, 31.8, 34.0, 34.7,
36.3, 41.0, 49.8, 54.0, 57.7, 58.4, 70.8, 108.8, 110.1, 117.7, 118.8, 120.7, 129.6, 134.6, 141.7; mass
spectrum (CI), m/z (rel intensity) 310 (M°, 25), 266 (19), 265 (100), 166 (15), 156 (15), 122 (17), 97
(17), 92 (25), 91 (36), 84 (16), 77 (15), 58 (28).

al Institutes of Health

tiona
with grant Rﬂi CA 12919 to MEK and by the Nat. Inst. on Drug Abuse with grant DA 03817 to SDG. We
7ols]

MR v i [e; Uug ADUSe Wiin gra
are indobted to Gron Aarror and Jaspn Burke for assistance in repeating exporiments and to Robart
IR W W W NdT vy ITFRIIWOE IR VGOV RIUTNG IV QooiolQlive 1t 1 U’l‘:a"' 'y UﬂFv' U

Bennett for low resolution mass spectra. High resolution mass spectra were prowded by Dr. George W.

(onnriinag at dha Aihiarn AMase Crnmbrarmesbe:

MNe ~ saem 1 Imivine Al
WCASNVURT QL U110 r\uwul IviGQow o’-’wl'v”’vuy OTHDT U

Asibn
Ui Vi lIVGlDIly, all

Raforanrae and Matas.
TSI I Wi TwEe WmING INWITO.

(1) Present address: Nitro Med Inc. 12 Oak Park Drive, Bedford, MA, 01730.

(2) a. Lotsof, H. S. US patent no 4,499,096, 1985; Lotsof, H. S. US Patent no 4,587,243, 1986;
Lotsof, H. S. US Patent no 4,857,523, 1989; Lotsof, H. S. US natent no 5,026,697, 1991: Lotsof, H.

2 T8 WO Ty &y, 2707, A0W7L, 2. el JLO S FAS F A0 AL AFFAL; LA

S. US Patent no 5,152,994, 1992. b. Extensive review by: Popik, P.; Layer, R. T.; Skolnick, P.

DL waeemnd ol ] . 1.1 L..........,. ,..-... AF Thamaima and
r i i Orogicdai newew, 1773, ‘#/, L.‘)J, C. roplx, r oy DKUllllbl\, r IMaimCOIVgy Ul
ﬂ

Ibogaine Related Alkaloids, The Alkaloids, Cordell, G. A. (ed), Academic Press, 1998, 197-231.

(3) a. Glick, S. D.; Rossman, K.; Steindorf, S.; Maisonneuve, I. M.; Carlson, J. N. Euro. J. Pharmacoi.
1994, 657, 14; b. Sershen, H.; Hashim, A.; Lajtha, A. Pharmacol, Bzochemzstry Behav. 1991, 195, 341.
(4) a. Cappendijk, S. L. T.; Dozoljic, M. R. Eur. J. Pharmacol. 1993, 241, 261; b. Llinas, R.; Volkind,
R. A. Exp. Brain Res. 1973, 18, 69.

(5) O’Hearn, E.; Molliver, M. E. Neuroscience, 1993, 53, 303.

(6) Singbartl, G.; Zetler, G.; Schlosser, L. Neuropharmacology, 1973, 12, 239.

uehne. M. E - Rancci, I.: : Keller, R. W,; C

WVAIAALy AVA, Eayy ANGAUV VA Yy

Wilson, T. E; Larson, T. rison, J. N.

3 AiRa Sy

s:

=
=

(8) Convention umbcrmg system for indole alkaloids: Taylor, W. L.; Le Men, J. Experientia, 1965, 21,
(9) Kan, C; Husson, H.; Kan, S.; Lounasmaa, M. Planta Medica, 1981, 41, 72.

(10) a. Kuehne, M. E.; Roland, D. M.; Hafter, R. J. Org. Chem. 1978, 43, 3705; b. Bornmann, W. G.;
Kuehne, M. E. J. Org. Chem, 1992, 57, 1752; c. Kuehne, M. E.; Matsko, T. H.; Bohnert, J. C.; Motyka,
L.; Oliver-Smith, D. J. Org. Chem. 1981, 46, 2002; d. Kuehne, M. E.; Bohnert, J. C. J. Org. Chem.
1981, 46, 3443; e. Kuehne, M. E.; Kuehne, S. E. J. Org. Chem. 1993, 58, 4147.

(11) Deecher, D. C.; Teitler, M.; Soderlund, D. M.; Bornmann, W. G.; Kuehne, M. E.; Glick, S. D.

Rynain Dae 1009 £71 249
Druert NCY, AF Ty J/ 1, LYa,
( T ’7[\ '\ arn

1 T | ™ s fomoan
= LS ul asl

12) his mechanistic patn was CSIaDllSHCG Dy aemonsrraung compxeu: D transfer fror
analogous synthesis of coronaridine: Wilson, T. E. Ph.D. Dissertation, University of

8
O

N 14
1w
4,y

111
1 . 1 -
Vermont, 1993.



(13) Glick, S. D.; Kuehne, M. E.; Maisonneuve, I. M.; Bandarage, U. K.; Molinari, H. H. Brain Res.
1996, 719, 29.

(14) Rezvani, A. H.; Overstreet, D. H.; Yang, Y.; Maisonneuve, I. M.; Bandarage, U. K.; Kuehne, M. E;
Glick, S. D. Pharmacology, Biochemistry and Behavior, 1997, 58, 615.

(15) Glick, S. D.; Maisonneuve, I. M.; Visker, K. E,; Fritz, K. A.; Bandarage, U. K.; Kuchne, M. E.
Psychopharmacology, 1998, 139, 274.

(16 Wei. D : Maiconnenve 1 Knahne E-Click S D Rrain Roc 1 0N

ARV 7Y WAy E&F ey ATASAIWVASRAWW Y wy A AVAag l‘.wlll.l\i, AVA. ..-a’ \Jll\t" -y At o EFT AEGTD KNSy BT FTUEy NIy MNNT

(TN DRha B« ihsl © T ANaysraramane 1600 O 17012

NA 7] ANV, B2,y JIVR, O L INEWIUTEPUTE, R0, 7, 1400

F10N By YXJ Ty . | PN T™S ¥ . LXT EL° ey ™ 1 N 2= wr 1 \ V2 o W oo b A n |
(10) BOWER, vw. L. vumer, b. J.; wiiliams, w.;, perina, C s Kuenne, m. L. Jacooson, A. ... Cwop
J. Pharmacol. 1995, 279, R1.

(19) Vilner, B. J.; Bandarage, U. K.; Kuehne, M. E.; Bertha, C. M.; Bowen, W. D. Problems of Drug
Dependence, 1997. Proceedings of the 59* Annual Scientific Meeting, National Institute on Drug Abuse
Research Monograph (L. S. Harris, ed.). U. S. Government Printing Office, Washington, DC, 1998,
178, 235.

(20) Williams, W.; Bandarage, U. K.; Kuehne, M. E.; Bertha, C. M.; Bowen, W. D. Problems of Drug

Dependence, 1997. Proceedings of the 59* Annual Scientific Meeting, National Institute on Drug Abuse
Research Monogranh (1.. S. Harris d_)_ . 8. Government Printine Office Wnd’nqmm I')(‘ 1998

ARLSLAINAD ARVNEI AP e O DRRIILS, Ve ROV CRANAICAILY K ARRIviaip WSALEVWy Ty Sadaial
178 22K
L7T0y &IU.
Ve B B N » YR — AS §4 ™ . Yrii.___ 1 ¥, YIrtiie AL 94 ™ 3. __ YT X . Y _L k o) Comnintes L
(21) Bowen, W. D.; Vilner, B. J.; Williams, W.; Bandarage, U. K.; Kuehne, M. E. Society for

Neuroscience Abstract, 1997, 23, 2319, #905.7.
(22) Kuehne, M. E.; Bohnert, J. C.; Bornmann, W. G.; Kirkemo, C. L.; Kuehne, S. E.; Seaton, P. J.;
Zebovitz, T. C. J. Org. Chem. 1988, 50, 919.



