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Synthesis of the Marine Alkaloids Aaptamine and Demethyloxyaaptamine
and of the Parent Structure Didemethoxyaaptamine

Jeffrey C. Pelletier'* and Michael P. Cava*!®

Department of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 19104, and Department of
Chemistry, University of Alabama, Tuscaloosa, Alabama 35487-9671

Received August 13, 1986

The first synthesis of the novel marine alkaloids aaptamine and demethyloxyaaptamine is described, as well
as the first synthesis of the parent heterocycle 1H-benzo[de][1,6]naphthyridine (didemethoxyaaptamine).

In recent years, interest in the chemistry of marine
natural products has increased dramatically. Many of
these substances have been shown to have unusual
structures, and they often have potentially useful biological
properties.” Recently Nakamura and co-workers collected
and investigated the Okinawan sea sponge Aaptos aaptos.
The 70% ethanol extracts of A. aaptos were shown to
possess antitumor, antimicrobial, and «-adrenoceptor
blocking capabilities. Chromatographic isolation and
spectral characterization of the active components showed
the a-blocking properties to be attributed to aaptamine
(1) and the antitumor and antimicrobial properties to be
associated with demethylaaptamine (2) and demethyl-
oxyaaptamine (3).® This novel group of bases represents
the only known derivatives of 1H-benzo[de]{1,6]-
naphthyridine (didemethoxyaaptamine, 4), an unknown
heterocycle that has been previously studied only theo-
retically.* We now disclose the details of our successful
synthetic approaches to the natural products aaptamine
(1) and demethyloxyaaptamine (3), as well as the parent
structure 4.5%
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We began with an approach to didemethoxyaaptamine
(4), since a successful synthesis of this compound not only
would provide a model study for the preparation of 1 and
3 but would also provide a deoxygenated analogue of the
natural products for possible biological studies. The
synthesis of 4 is shown in Scheme I. The readily available
1,2,3,4-tetrahydroisoquinoline was oxidized with NBS-
NaOH’ to 3,4-dihydroisoquinoline (5) (94%). This product
was reacted with 1 equiv of malonic acid at 120 °C (neat)
to give the amino acid 6 in 88% yield.? Cyclodehydration
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“Reagents: (a) NBS, NaOH, CH,Cl,, H,0 (94%); (b) HO,CC-
H,CO,H, 120 °C (88%); (c) PPA, 150 °C (79%); (d) NaN;, H,S0,,
9 (76%), 10 (16%); (¢) LAH, THF (90%); (f) 5% Pd-C, xylene,
reflux, alumina separation, 4a (48%), 12 (45%); (g) HCL.
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of 6 in PPA afforded the tricyclic amino ketone 7° in good
yield (79%). As expected, compound 7 underwent a
Schmidt reaction to give a separable 5:1 mixture (92%)
of desired lactam 9 and its isomer 10.1° Amino lactam 9
was reduced cleanly with LAH (90%), and the hexahydro
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¢Reagents: (a) H,NOH-HCI, py-EtOH (100%); (b) various acid
treatment; (c) NaOH, TsCl, acetone-H,0O (80%); (d) various acid
and solvolysis treatment.

product 11 was dehydrogenated to afford a mixture of the
free base of didemethoxyaaptamine (4a) (48%) and the
dihydro compound 12 (45%), which were separated by
alumina chromatography. Free base 4a was treated with
HCI to afford didemethoxyaaptamine (4) as the crystalline
chloride.

Attention was now turned toward utilizing an analogous
route to the natural product aaptamine (Scheme II).
6,7-Dimethoxy-3,4-dihydroisoquinoline!! was reacted with
1 equiv of malonic acid (120 °C, neat mixture) to afford
the amino acid 13 in 92% yield.® This product cleanly
cyclodehydrated in warm PPA to afford the amino ketone
14 (66%).}1?2 Further transformation of 14 to the sulfon-
amide 15 went without difficulty (91%). Treatment of
either 14 or 15 with NaNj; in H,80,, however, resulted in
complete recovery of starting material. These results were
surprising after observing the ease with which amino ke-
tone 8 underwent lactam formation under identical con-
ditions. It has been documented, however, that aromatic
alkyl ketones that possess a moderate or strong electron-
donating group in the ortho and/or para position are
sluggish or unreactive when subjected to Schmidt condi-
tions.’* The reasons for this have not been rigorously
defined, but they are assumed to be electronic in nature.

We then envisioned another possible pathway from 14
and 15 to the desired lactam system 17 via Beckmann
rearrangement of the corresponding oximes of these ke-
tones (Scheme III). Treatment of amino ketone 14 with
H,NOH-HCI gave a quantitative yield of a single oxime
(*H NMR). Darling model inspection of the two possible
isomers indicated severe steric strain between the oxime
hydroxyl and the methoxyl group in the 7-position (iso-
quinoline numbering) when the oxime is syn to the aro-
matic group. Steric repulsion is not observed when the
oxime is situated anti {o the aromatic ring. On the basis
of these observations the oxime from ketone 14 was as-
signed structure 16a. Analogous results were obtained for
conversion of keto sulfonamide 15 to the oxime 16b (single
oxime, quantitative yield).

Exposure of 16a(b) to various Lewis and mineral acid
conditions conducive to Beckman rearrangement!* af-
forded only starting materials, hydrolyzed products or
decomposition to complex mixtures. It seemed possible
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9 Reagents: (a) 48% HBr, 95 °C (67%); (b) 40% NaNQ;, NaN-
Q,, 0 °C (80%); (c) HO,CCH,CO,EL, 120 °C (74%); (d) CH,N,,
Et,0, CH,Cl, (95%); (e) 10% Pd-C, H, AcOH (77%); (f) B.Hs,
THF, reflux (95%); (g) 5% Pd-C, xylene, reflux, alumina separa-
tion, la (38%), 23 (45%); (h) HCL

that the somewhat harsh conditions required for Beck-
mann rearrangement may have been detrimental, resulting
in hydrolysis or decomposition before rearrangement could
occur. To explore this possibility, the oxime tosylate of
16b was prepared by the Cram method'® and its solvolytic
behavior was investigated. It was expected that 18 would
be thermally labile, but in reality this compound was re-
markably stable. The stability of 18 was also manifest
when it was refluxed in a variety of polar solvents (CHCl,,
EtOH, pyridine, DMF) to effect solvolysis. No products
could be detected, and near quantitative amounts of
starting material were recovered. Finally, Lewis and
mineral acid treatment resulted in oxime tosylate hy-
drolysis without lactam formation. Since the mechanism
of the Beckmann rearrangement and the mechanism of the
Schmidt reaction are similar,'® it was assumed that the
failure to obtain lactams 17a(b}) via the former method was
also due to the electron-donating methoxyl function in the
7-position which may inhibit aromatic migration. It was
apparent at this point that another route to aaptamine was
needed. .

The new and successful approach focused on putting the
nitrogen in the 8-position of the isoquinoline system at an
earlier stage. The synthesis of aaptamine is shown in
Scheme IV. Selective demethylation of 6,7-dimethoxy-
3,4-dihydroisoquinoline was achieved via the procedure of
Brossi to afford the phenolic isoquinoline system 19.17 1t
was forseen that the stronger ortho-para directing power
of the 7-hydroxyl would assist in selective nitration of the
8-position. When 19 was treated with 40% nitric acid and
a catalytic amount of NaNOQ,,'® a 60% yield of the bright

(15) Hatch, M. J.; Cram, D. J. J. Am. Chem. Soc. 1953, 75, 38.

(16) See ref 13 and: Smith, P. A. S.; Antoniades, E. P. Tetrahedron
1960, 9, 210. '
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yellow nitrophenol 20 was obtained as the sole isolable
product. This compound was then heated to 120 °C with
2.0 equiv of the monoethyl ester of malonic acid to afford
the amino ester 21,2 which was subsequently methylated
with diazomethane to afford 21a (70% overall). Hydro-
genation of this product in AcOH afforded the desired
amino lactam 17a (77%). Conversion of 17a to aaptamine
was accomplished by (a) reduction with diborane to hex-
ahydroaaptamine (22), (b) Pd-C dehydrogenation to a 1:1
separable mixture of aaptamine free base (la) and di-
hydroaaptamine (23), and (c) treatment of 1a with HCl
to obtain 1 (33% overall).

It is interesting to note that neither dihydrodidemeth-
oxyaaptamine 12 nor dihydroaaptamine 23 could be fur-
ther dehydrogenated by refluxing in xylene with Pd-C.
This led us to believe that the dehydrogenation processes
(11 — 4a + 12, 22 — 1a + 23) were occurring by way of
two routes (Scheme V). In the first route (path a), the
hexahydro compound loses 2 equiv of hydrogen and ap-
pears to be stable at this point to further loss of hydrogen.
In the second route (path b) the dihydro isomer 24 may
be formed, which proceeds to give the aaptamine structure
upon loss of another 1 equiv of hydrogen. Since 24 has
not been observed as an intermediate in this step, however,
experimental proof for this pathway could not be obtained.

Our attention was now focused on the synthesis of de-
methyloxyaaptamine 3. The approach to this compound
involved starting with the hydrogenation of the ester 21
(Scheme V1) to afford the amino lactam 25. Attempts to
reduce this compound with LAH or diborane were un-
satisfactory. This problem was overcome by protecting the
free amine function as an N-Boc group!® and then ben-
zylating the phenol to obtain 26 (76%, two steps). Re-
moval of the N-Boc (TFA:H,0 = 3:1)*° afforded 27 in
excellent yield (96%). Diborane reduction of this product
was achieved under mild conditions to give the hexahydro
compound 28 (69%). When 28 was refluxed in xylene with
a catalytic amount of Pd-C, a 35% yield of demethyl-

(18) Ingold, C. K. Structure and Mechanism in Organic Chemistry,
2nd ed.; Cornell University: Ithaca, NY, 1969; p 337.

(19) Tarbell, D. S.; Yamamoto, Y.; Pope, B. M. Proc. Natl. Acad. Sci.
U.S.A. 1972, 69, 730.
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°Reagents: (a) 5% Pd-C, Hy;, AcOH (100%); (b) (Boc),0,
CHCl,, reflux (88%); (¢) BzlBr, K,COs, acetone, reflux (86%); (d)
TFA-H,0 (3:1), 25 °C (96%); (e) B,Hg, THF, 25 °C (69%); (f) 5%
Pd-C, xylene, reflux (35%).
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oxyaaptamine (3) was obtained. The remaining reaction
products formed a complex mixture from which no other
components could be isolated. This dehydrogenation was
thought to take place via three steps: (1) loss of 3 mol of
hydrogen to provide intermediate 29, (2) hydrogenolysis
of the benzyl group of 29 to give demethylaaptamine free
base 2a, and (3) loss of another 1 equiv of hydrogen from
2a to afford the product 3 (Scheme VII).

Both synthetic aaptamine and demethyloxyaaptamine
were identical in all respects (TLC behavior, UV, IR, MS,
'H NMR) to authentic samples provided by Professor
Nakamura.

Experimental Section

General Procedures. Melting points were determined on a
Thomas-Hoover melting point apparatus, in open capillary tubes,
and are uncorrected. Infrared spectra (IR) were recorded on a
Perkin-Elmer Model 136 spectrometer. The spectra of solid
samples were recorded as KBr pellets, and those of liquid samples
were taken neat between NaCl plates. All of the IR spectra are
recorded in wavenumbers (cm™) and br, s, and w stand for broad,
strong and weak, respectively.

Proton nuclear resonance spectra (H NMR) were measured
on a Bruker WM-250 (250 MHz) in deuteriochloroform solutions
unless otherwise specified. Chemical shifts are reported in parts
per million () downfield from tetramethylsilane (§ = 0) used as
the internal standard. Coupling constants, J, are given in hertz
(Hz) and s, d, t, q, and m indicate singlet, doublet, triplet, quartet,
and multiplet, respectively.

Low-resolution mass spectra were recorded on a Perkin-Elmer
Model 270B spectrometer. High-resolution mass spectra were
recorded on a Hitachi Perkin-Elmer RMH 70 spectrometer.
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Elemental analyses were carried out by Galbraith Labs, Inc.,
Knozxville, TN.

Ultraviolet spectra (UV) were obtained on a Perkin-Elmer
Model 202 spectrometer using matched 1.0-cm cells.

Thin layer chromatography (TLC) was performed on precoated
silica gel TLC plates (unless specified differently), which were
developed in the indicated solvent systems. Developed chro-
matograms were analyzed under ultraviolet irradiation and/or
iodine stain.

3,4-Dihydroisequinoline (5).% To a stirred solution of
1,2,3,4-tetrahydroisoquinoline (10.0 g, 75.2 mmol) in CH,Cl, (200
mL) was added N-bromosuccinimide (14.7 g, 82.7 mmol) por-
tionwise over 20 min. After the addition was complete, the mixture
was stirred until TLC (CH,Cli:MeOH = 9:1) indicated that the
starting material was consumed (30 min). Sodium hydroxide (50
mL of a 30% aqueous solution) was added, and stirring was
continued for 1 h at 25 °C. The organic layer was separated and
washed with water (100 mL), and the product was extracted with
10% HCI (2 X 100 mL). The combined acidic extracts were
washed with CH,Cl, (100 mL) and made basic with concentrated
ammonia (pH 9). The liberated oil was extracted with CH,Cl,
(3 X 100 mL), dried (Na,S0,), and evaporated in vacuo to afford
a light yellow oil which was distilled [60-65 °C (1 mmHg), [lit.%
bp 69-72 °C (2 mmHg)]] to give 9.26 g (94%) of colorless oil: IR
(NaCl film) 1620 cm™! (ArC=N); 'H NMR (CDCl;) é 8.33 (t, J
= 2.1 Hz, 1 H, C==N), 7.1-7.4 (m, 4 H, ArH), 3.76 (td, J = 7.8
Hz and J = 2.1 Hz, 2 H, CH,CH,N), 2.74 (t, J = 7.8 He, 2 H,
CH,CH,N); MS, m/e (M*) 131 (83%), 130 (100%).

1,2,3,4-Tetrahydroisoquinoline-1-acetic Acid (6). 3,4-Di-
hydroisoquinoline (4.0 g, 30 mmol) and malonic acid (3.1 g, 30
mmol) were mixed well at 25 °C. The mixture was immersed in
an oil bath preheated to 120 °C. After 30-60 min of manual
stirring, gas evolution ceased. The solid residue was directly
recrystallized from aqueous methanol to afford 6 as colorless,
analytically pure needles: 5.0 g (88%); mp 244-245 °C; IR (KBr)
2680 cm™ (NH,+), 1575 (CO,); MS, m/e (M*) 191 (3%), 132
(100%). Anal. Caled for C;;H;3sNOy: C, 69.09; H, 6.85; N, 7.33.
Found: C, 69.11; H, 6.96; N, 7.20.

1,2,3,8a-Tetrahydrocyclopent[ij Jisoquinolin-7(8 H)-one
(7).° Polyphosphoric acid (80 g) was heated for 20 min in an oil
bath at 150 °C. Acetic acid 6 (7.8 g, 41 mmol) was added all at
once, and the mixture was stirred manually at 150 °C with a glass
rod for 75 min. The dark solution was cooled to room temperature,
and ice water (400 mL) was added to destroy the PPA. The
aqueous solution was made basic (pH 8-9) with concentrated
ammonia, and the liberated base was extracted with CH,Cl, (3
X 150 mL). The combined organic layers were dried (Na,SO,)
and evaporated in vacuo to afford a dark solid. Purification by
silica gel chromatography (CH,Cl;:MeOH = 3:1) gave 7 as a light
brown solid: 5.6 g (79%); recrystallized from hexane—ethyl acetate;
mp 89-91 °C (lit.? mp, 84-87 °C); IR (KBr) 3300 (NH), 1710 (C=0)
em™l; 'H NMR (CDCly) 6 7.52 (t, J = 4.5 Hz, 1 H, ArH), 7.34 (Od,
J =45Hz, 2 H, ArH), 4.26 (t,J = 6.4 Hz, 1 H, ArCHN), 3.56-2.46
(m, 6 H, CH,CO and CH,CH,N); MS, m/e (M*) 173 (100%), 172
(65%), 144 (50%), 116 (100%). Anal. Caled for C;;H;;NO: C,
76.27; H, 6.40; N, 8.09. Found: C, 76.39; H, 6.60; N, 8.17.

3a,4,5,6-Tetrahydro-1H-benzo[de ][1,6lnaphthyridin-2-
(3H)-one (9) and 2,3,9,9a-Tetrahydro-1H -benzo[de][1,7]-
naphthyridin-7(8 H)-one (10). Amino ketone 7 (4.3 g, 23 mmol)
was dissolved in concentrated HySO, (30 mL) at 0 °C. Sodium
azide (2.0 g, 31 mmol) was added cautiously over 5 min. During
the addition considerable frothing occurred. After the addition
was complete, the mixture was stirred for 15 min at 0 °C and 60
min at 25 °C. Ice water (100 mL) was added, and the solution
was made basic (pH 9) with concentrated ammonia. The liberated
base was extracted with CH,Cl, (3 X 100 mL), and the combined
dried (Na,S0O,) organic layers were evaporated in vacuo to give
a grayish-brown solid: 3.55 g (76 % ); recrystallized from etha-
nol-ethyl acetate; mp 170 °C; IR (KBr) 3300 (NH), 1680 (C=0)
cm™; 'H NMR (CDCly) 6 8.30 (br s, 1 H, amide NH), 7.12 (t, J
=7.7Hz, 1 H, ArH), 6.84 (d, J = 7.7 Hz, 1 H, ArH), 6.63 (d, J
=17.7Hz,1H, ArH), 4.19(dd, J = 14.3 Hz and J = 5.2 Hz, 1 H,
ArCHN), 3.46-2.47 (m, 6 H, CH,COand ArCH,CH,N); MS, m/e

(20) Dale, W. J.; Storr, L.; Strobel, W. C. J. Org. Chem. 1961, 26, 2225.
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(M™*) 188 (55%), 187 (100%), 159 (60%). Anal. Caled for
C;HoNo0O: C, 70.19; H, 6.43; N, 14.89. Found: C, 69.86; H, 6.68;
N, 14.62. The second chromatography fraction afforded lactam
10: 0.75 g; brown solid; recrystallized from ethanol-ethyl acetate;
mp 114-116 °C; IR (KBr) 3500 (NH), 1670 (C=0) cm™!; 'H NMR
(CDCl;) 6 7.88 (m, 1 H, ArH), 7.30 (m, 2 H, ArH), 6.25 (brs, 1
H, amide NH), 4.25 (dd, J = 12.4 Hz and J = 6.0 Hz, 1 H,
ArCHN), 2.75-3.60 (m, 6 H, ArCH,CH,N and CH,CO); MS, m/e
(M*) 188 (15%), 159 (45%), 131 (100%). Anal. Caled for
C;HNLO: C,70.19; H, 6.43; N, 14.89. Found: C, 69.87; H, 6.71;
N, 14.64.
2,3,3a,4,5,6-Hexahydro-1 H-benzo[de][1,6]naphthyridine
(11). To a stirred suspension of lithium aluminum hydride (610
mg) in ice-cold THF (100 mL) under a nitrogen atmosphere was
added the lactam 9 (1.37 g, 7.29 mmol) portionwise over 10 min.
After the addition was complete, the mixture was refluxed an
additional 30 min, cooled to room temperature, and filtered. The
residue was broken up with a spatula and washed with CH,Cl,
(2 X 50 mL). The product was obtained as a beige powder that
was recrystallized from hexane: mp 120-122 °C; IR (KBr) 3300
(NH) em™!; 'H NMR (CDC)y) § 6.90 (t, J = 7.7 Hz, ArH), 6.39
(d, J = 7.7 Hz, 1 H, ArH), 6.27 (d, J = 7.7 Hz, 1 H, ArH) 3.88
(dd, J = 11.5 Hz, ArNCH,CH,); MS, m/e (M*) 174 (55%), 173
(100%). Anal. Caled for C,{H,Ny: C, 756.82; H, 8.10; N, 16.08.
Found: C, 76.18; H, 8.20; N, 15.94.
1H-Benzo[de][1,6lnaphthyridine Hydrochloride (4) and
5,6-Dihydro-4H-benzo[de][1,6Jnaphthyridine (12). The di-
amine 11 (1.00 g, 5.75 mmol) and 5% Pd-C (100 mg) in degassed
xylene (20 mL) were refluxed under a nitrogen atmosphere for
2 h. The mixture was cooled to 25 °C, 10% HCI (40 mL) was
added, and the mixture was stirred an additional 10 min. The
catalyst was filtered and washed with 10% HCI (2 X 10 mL). The
aqueous layer was separated, washed with CH,Cl, (20 mL), and
made basic (pH 9) with concentrated ammonia. The liberated
based was extracted with CH,Cl, (3 X 30 mL), and the combined
organic layers were dried (Na,SO,) and evaporated in vacuo. The
resulting yellow-green oil was chromatographed on neutral alumina
(CH,Cl,;:MeOH = 19:1). The first fraction afforded the dihydro
compound 12: 0.52 g (54%); beige solid; recrystallized rrom ethyl
acetate; mp 153-154 °C; IR (KBr) 3200 (NH) cm™; 'H NMR
(CDCl,) 6 8.45 (d, J = 5.2 Hz, 1 H, NCH), 7.78 (d, J = 8.6 Hz,
1H, ArH), 7.54 (dd, J = 80 Hz and J = 8.0 Hz, 1 H, CHCHCH),
7.10 (dd, J = 8.9 Hz and J = 2.0 Hz, 2 H, CH,CH,N), 3.31 (t, J
= 6.1 Hz, 2 H, CH,CH,N); MS (CI, isobutane), m/e (M*) 171
(80%), 170 (100%), 169 (60%), 168 (65%). Anal. Caled for
C, HioNy: C,77.62; H, 5.92; N, 16.46. Found: C, 77.30; H, 5.94;
N, 16.13. The second fraction afforded 4a as a yellow solid that
was immediately dissolved in THF and treated with concentrated
HCI. Didemethoxyaaptamine 4 [0.30 g (31%)] was obtained as
a bright yellow solid: mp >250 °C; IR (KBr) 2700 (NH*) cm™,;
INMR (Me,S0-dy) 8 13.45 (br d, J = 6.1 Hz, 1 H, C,-H), 7.79 (t,
J =79Hz 1H, Cg-H) 742 (br d, J = 7.1 Hz, 1 H, C;-H), 7.37
(d,J =83Hz 1H,C,-H), 7.24 (d,J = 7.7 Hz, 1 H, Cy-H), 6.88
(d,J =72Hz,1H, C¢-H), 6.60 (d, J = 6.9 Hz, 1 H, C;-H); HRMS
m/e (M%) 169.0761, caled for C;;HgN, 169.0764, [(M+1)*]
170.0838, caled for CuDHSNZ 170.0842.
6,7-Dimethoxy-1,2,3,4-tetrahydro-1-isoquinolineacetic Acid
(13). 6,7-Dimethoxy-3,4-dihydroisoquinoline (10.0 g, 52.4 mmol)
and malonic acid (5.45 g, 52.4 mmol) were mixed well at 25 °C,
and then the mixture was immersed in an oil bath preheated to
120 °C. After 30-60 min of manual stirring, gas evolution ceased.
The resultant solid was recrystallized from aqueous methanol to
afford 13 as colorless analytically pure needles: 12.1 g (92%); mp
251-252 °C; IR (KBr) 2450 (NH,+), 1570 (CO,) cm™; MS, m/e
(M) 251 (2%), 192 (100%). Anal. Calcd for C,sH;;NO,: C, 62.13;
H, 6.82; N, 5.58. Found: C, 62.00; H, 6.85; N, 5.51.
5,6-Dimethoxy-1,2,3,8a-tetrahydrocyclopent[ij ]Jiso-
quinolin-7(8H)-one (14).12 Polyphosphoric acid (300 g) was
heated on the steam bath for 20 min. Amino acid 13 (30 g, 0.12
mol) was added to the PPA and the resultant solution mixed well.
The mixture was heated on the steam bath for 1 h while it was
manually stirred. The solution was allowed to cool to 25 °C, and
the PPA was destroyed with ice water (1 L). Basification with
concentrated ammonia (pH 8-9) resulted in the liberation of a
base that was extracted with CH,Cl, (3 X 200 mL). The combined
organic layers were dried (Na,SO,) and evaporated in vacuo to
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afford 14: 18.5 g (66%); beige solid; recrystallized from hex-
ane—ethyl acetate; mp 107-108 °C (lit.!2 mp 105~108 °C); IR (KBr)
3300 (NH), 1720 (C=0) em™!; 'H NMR (CDCl,) 6 6.92 (s, 1 H,
ArH), 4.19 (t,J = 7.1 Hz, 1 H, ArCHN), 4.06 (s, 3 H, OCH,), 3.87
(s, 3 H, OCH,), 3.38 (m, 2 H, CH,CH,N), 3.01 (AB q,J = 6.7 Hz
and J = 5.0 Hz, 1 H, CHCO), 2.85 (m, 2 H, ArCH,CH,N), 2.53
(AB q,J = 6.7 Hz and J = 5.0 Hz, 1 H, CHCO).
1-(p-Tolylsulfonyl)-5,6-dimethoxy-1,2,3,8a-tetrahydro-
cyclopent[ij]isoquinolin-7(8H)-one (15). To a solution of the
amino ketone 14 (2.44 g, 10.5 mmol) in distilled pyridine (25 mL)
at 25 °C was added p-toluenesulfonyl chloride (2.00 g, 10.5 mmol).
Stirring was maintained for 1 h, and then water (1 mL) was added.
The solution was stirred an additional 5 min and then poured
into water (50 mL). The product was extracted with CH,Cl, (3
X 50 mL). The combined organic layers were washed with 10%
HCI (2 X 100 mL) and water (100 mL), dried (Na,SO,), and
evaporated under reduced pressure to afford a yellow-brown gum
that crystallized on treatment with methanol; 3.84 g (94%).
Recrystallization from ethanol gave pure 15: mp 158-159 °C; IR
(KBr) 1710 (C=0) cm™; 'H NMR (CDCl;) 6 7.36 (d, J = 8.3 Hz,
2H, ArH), 6.89 (s, 1 H, ArH), 4.15 (t, J = 6.5 Hz, 1 H, ArCHN),
4.04 (s, 3 H, OCHy), 3.85 (s, 3 H, OCH,), 3.66-3.78 (m, 1 H,
CHCO), 3.07-3.43 (m, 3 H, CHCO and CH,CH,N), 2.58-2.97 (m,
2 H, ArCH,CH,N), 2.44 (s, 3 H, ArCH,); MS, m/e (M*) 397 (70%),
372 (40%), 232 (70%), 231 (100%). Anal. Caled for CooHo NO;S:
C, 62.00; H, 5.46; N, 3.62; 8, 8.27. Found: C, 61.75; H, 5.56; N,
3.49; S, 8.44.
5,6-Dimethoxy-1,2,3,8a-tetrahydrocyclopent[ij Jiso-
quinolin-7(8 H)-one Oxime (16a). To a solution of the amino
ketone 14 (500 mg, 2.15 mmol) in pyridine (5 mL) and ethanol
(5 mL) was added hydroxylamine hydrochloride (150 mg, 2.15
mmol). The mixture was refluxed for 30 min during which time
a colorless precipitate formed. The mixture was cooled in an ice
bath and filtered, and the residue was washed with ethanol (5
mL) and ether (5 mL) and dried to afford 16a [534 mg (100% )]
as an analytically pure powder: mp >250 °C; IR (KBr) 3300 (OH),
1630 (C==N) ecm™; 'TH NMR (Me,SO-d;) 5 11.46 (s, 1 H, OH), 8.70
(br s, 1 H, NH), 7.01 (s, 1 H, ArH), 4.54 (t, J = 7.1 Hz, 1 H,
ArCHN), 3.81 (s, 3 H, OCHj,), 3.74 (s, 3 H, OCHj), 2.70-3.75 (m,
6 H, ArCH,CH,N and CH,CNOH); MS, m /e (M*) 248 (100%).
233 (80%), 231 (50%), 219 (75%). Anal. Caled for C3H,;N,Oy:
C, 62.88; H, 6.50; N, 11.29. Found: C, 62.55; H, 6.62; N, 11.21.
1-(p-Tolylsulfonyl)-5,6-dimethoxy-1,2,3,8a-tetrahydro-
cyclopent|ijlisoquinolin-7(8 H)-one Oxime (16b). To a so-
lution of the keto sulfonamide 15 (500 mg, 1.29 mmol) in pyridine
(5 mL) and 955 ethanol (5 mL) was added hydroxylamine hy-
drochloride (102 mg, 1.48 mmol). The solution was stirred and
heated to reflux for 30 min and then cooled in an ice bath. Ether
(20 mL) was added, and the colorless precipitate that formed was
filtered, washed with ether (10 mL), and dried. The oxime 16b
[518 mg (100%)] was obtained as a colorless, analytically pure
powder: mp >250 °C; IR (KBr) 3250 (OH), 1590 (C=N) em™;
'H NMR (Me,SO-dg) 6 11.30 (s, 1 H, OH), 7.79 (d, J/ = 8.1 Hz,
2H, ArH), 7.46 (d, J = 8.1 Hz, 2 H, ArH), 6.88 (s, 1 H, ArH), 4.12
(t, J = 7.0 Hz, 1 H, ArCHN), 3.76 (s, 3 H, OCHjy), 3.69 (s, 3 H,
OCH,), 2.21-2.85 (m, 6 H, ArCH,CH,N and CH,CNOH), 241 (s,
3 H, ArCH,); MS, m/e (M*) 402 (100%), 387 (35%), 385 (35%),
371 (40%), 246 (50%), 229 (60%). Anal. Caled for CoHyoN,05S:
C, 59.68; H 5.51; N, 6.96; S, 7.97. Found: C, 59.38; H, 5.45; N,
6.83; S, 8.19.
1-(p-Tolylsulfonyl)-5,6-dimethoxy-1,2,3,8a-tetrahydro-
cyclopent[ijJisoquinolin-7(8H)-one O-(p-Tolylsulfonyl)-
oxime (18). To a suspension of the oxime sulfonamide 16b (3.5
g, 8.7 mmol) in 1 N KOH (35 mL) and acetone (350 mL) was
added p-toluenesulfonyl chloride (2.3 g, 12 mmol) portionwise
over 10 min. The mixture was stirred for 50 min at 25 °C during
which time the oxime sulfonamide 16b dissolved and a pale yellow
precipitate formed. p-Toluenesulfony! chloride (2.3 g, 12 mmol)
was again added, and the mixture was stirred an additional 35
min. It was then poured into ice water (500 mL), and the pre-
cipitate was filtered and washed with water (50 mL). Recrys-
tallization from ethyl acetate afforded the oxime tosylate 18 [4.20
g (86%)] as a pale yellow powder: mp 203-207 °C dec; IR (KBr)
1600 (C==N) cm™"; TH NMR (CDCl;) 6 7.96 (d, J = 8.4 Hz, 4 H,
ArH), 6.72 (s, 1 H, ArH), 4.05 (t, J = 5.6 Hz, 1 H, ArCHN),
3.05-3.95 (m, 4 H, ArCH,CH,N and CH,CNOTs), 3.81 (s, 3 H,
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OCHjy), 3.78 (s, 3 H, OCHjy), 2.50-2.85 (m, 2 H, ArCH,CH,N), 2.44
(s, 3 H, ArCHy), 2.43 (s, 3 H, ArCH,); MS, m/e 384 (1%), 346
(60%), 91 (100%). Anal. Caled for Co;HogN,O,S,: C, 58.26; H,
5.07; N, 5.03; S, 11.52. Found: C, 58.00; H, 5.15; N, 4.95; S, 11.40.

7-Hydroxy-6-methoxy-3,4-dihydroisoquinoline (19).17 To
6,7-dimethoxy-3,4-dihydroisoquinoline (30.0 g, 0.157 mmol) was
added 48% HBr (210 mL) over 5 min. The warm mixture was
inserted into an oil bath preheated to 95 °C and stirred at this
temperature for 12-15 h. The solution was then cooled in an ice
bath and cautiously made basic with concentrated ammonia until
pH 9 was attained. Within minutes a precipitate formed that
was collected, washed with water (2 X 100 mL) and ether (2 X
100 mL), and dried. The filtrate was exhaustively extracted with
CH,Cl, (8 X 100 mL), dried (Na,S0O,), and evaporated in vacuo
to afford a yellow semisolid. The filtered residue and the semisolid
were combined and crystallized from ethanol-ethyl acetate to give
17.8 g (64%) of 19 as colorless rhombs, collected in two crops.
The mother liquors were evaporated to afford the starting di-
hydroisoquinoline: 9.0 g (30% ); mp of 19 187-189 °C (lit.'" mp
189-190 °C); IR (KBr) 2700 (ArOH), 1620 (ArC=N) em™; 'H
NMR (CDCly) 6 8.21 (t,J = 2.3 Hz, 1 H, CH=N), 6.88 (s, 1 H,
ArH), 6.67 (s, 1 H, ArH), 6.15 (br s, 1 H, OH), 3.93 (s, 1 H, OCH,),
3.73 (td, J = 7.3 Hz and J = 2.8 Hz, 2 H, CH,CH,N), 2.68 (t, J
= 7.3 Hz, 2 H, CH,CH,N); MS, m/e (M*) 177 (100%), 162 (95%).

8-Nitro-7-hydroxy-6-methoxy-3,4-dihydroisoquinoline (20).
To an ice-cold vigorously stirred solution of 40% HNO; (150 mL)
was added 7-hydroxy-6-methoxy-3,4-dihydroisoquinoline (10.0
g, 56.5 mmol) portionwise over 10 min. After the addition was
complete, NaNO, (100 mg) was added along with 5 mL of ethanol.
Within minutes a yellow precipitate formed. The mixture was
stirred for 30 min at 0 °C. The precipitate was collected and
washed with cold ethanol (2 X 50 mL) and ether (2 X 50 mL),
affording 20 as the hydronitrate, 9.75 g (61%). The salt was
dissolved in the minimum amount of boiling methanol, and the
pH was adjusted to 9 with concentrated ammonia. A bright yellow
precipitate was liberated which, after chilling in ice, was filtered
and washed with cold methanol {2 X 50 mL) to give 7.50 g (60%)
of 20 as fine needles in analytically pure form: mp 235-240 °C
dec; IR (KBr) 2400 (ArOH), 1630 (C=N), 1540 (NO,) cm™; MS,
mje (M*) 222 (100%). Anal. Caled for C;(H;(N,O4: C, 54.05;
H, 4.54; N, 12.61. Found: C, 54.12; H, 4.57, N, 12.63.

Ethyl 8-Nitro-7-hydroxy-6-methoxy-1,2,3,4-tetrahydro-1-
isoquinolineacetate (21). 8-Nitro-7-hydroxy-6-methoxy-3,4-
dihydroisoquinoline (5.00 g, 22.5 mmol) and malonic acid mon-
oethyl ester (5.94 g, 45.0 mmol) were mixed well at room tem-
perature and then immersed into an oil bath preheated to 120
°C. Heating and gas evolution were observed. After 30-60 min
of continuous stirring gas evolution ceased and a dark red solid
remained. Direct recrystallization of this solid from ethanol
afforded 21 as a bright red powder: (5.02 g (72%); mp 159 °C;
IR (KBr) 2400 (br s, OH), 1710 (C=0), 1510 (NO,) cm™}; 'TH NMR
(CDCly) 66.75 (s, 1 H, ArH), 4.92 (d, J = 7.0 Hz, 1H, ArCHN),
4.16 (q,J/ = 7.1 Hz, 2 H, OCH,CH,), 3.92 (s, 3 H, OCH,), 3.25-2.45
(m, 6 H, ArCH,CH,N and CH,CO,Et), 1.27 (t,J = 7.1 Hz, 3 H,
OCH,CH,;); MS, m/e 223 (100%). Anal. Caled for Ci4HgNOy:
C, 54.19; H, 5.85; N, 9.03. Found: C, 54.15; H, 6.02; N, 8.81.

Ethyl 8-Nitro-6,7-dimethoxy-1,2,3,4-tetrahydro-1-iso-
quinolineacetate (21a). A suspension of the nitrophenol 21 (1.60
g, 5.16 mmol) in CH,Cl, (100 mL) was treated with ethereal
diazomethane. The mixture was vigorously stirred for 2-4 h during
which time a clear yellow solution formed. The excess diazo-
methane was destroyed by the dropwise addition of acetic acid
until gas evolution ceased. The mixture was washed with 10%
NaOH (2 X 30 mL) and water (50 mL), dried (Na,SOy), and
evaporated under reduced pressure to afford a light yellow gum
that crystallized on treatment with cold ether. The dimethoxy
compound 21 [1.60 g (96% )] was obtained as a tan solid. Re-
crystallization from hexane—ethyl acetate afforded pure 21a: mp
99-100 °C; IR (KBr) 3350 (w, NH), 1720 (C=0) cm™}; TH NMR
(CDCly) 66.74 (s, 1 H, ArH), 4.50 {(dd, J = 11.0 Hz and J = 2.8
Hz, 1 H, ArCHN), 4.16 (q, J = 7.1 Hz, 2 H, OCH,CH,;), 3.88 (s,
6 H, OCHj;); MS, m/e 237 (100%), 190 (20%). Anal. Caled for
CsHyoN,Og: C, 55.55; H, 6.22; N, 8.64. Found: C, 55.72, H, 6.25;
N, 8.63.

8,9-Dimethoxy-3a,4,5,6-tetrahydro-1H-benzo[de ]J[1,6]-
naphthyridin-2(3H)-one (17a). A mixture of the nitro amino
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ester 21a (1.40 g, 4.32 mmol) and 5% Pd-C (100 mg) in acetic
acid (50 mL) was hydrogenated for 1 h at an initial pressure of
45 psi. The catalyst was filtered and washed with acetic acid (2
X 10 mL). The filtrate was condensed under reduced pressure,
and the light yellow gummy residue was dissolved in CH,Cl, (60
mL), washed with 10% NaOH (2 X 40 mL.) and water (50 mL),
and dried (NaySO,). The organic phase was condensed under
reduced pressure to afford the lactam 17a [0.82 g (77%)] as a
straw-colored solid: NMR (CDCl) é 7.78 (br s, 1 H, lactam NH),
6.37 (s, 1 H, ArH), 4.12 (dd, J = 140 Hz and J = 5.0 Hz, 1 H,
ArCHN), 3.85 (s, 3 H, OCH3), 3.83 (s, 3 H, OCH,), 3.44-2.42 (m,
6 H, CH,CO and ArCH,CH,N); MS, m/e (M*) 248 (95%), 247
(60%), 233 (75%), 231 (75%), 217 (100%), 222 (80%). Anal
Caled for C;3H gN,Og: C, 62.89; H, 6.50; N, 11.29. Found: C,
63.01; H, 6.70; N, 11.03.

8,9-Dimethoxy-2,3,3a,4,5,6-hexahydro-1H-benzo[de ][1,6]-
naphthyridine (22). To a solution of the lactam 17a (500 mg,
2.00 mmol) in dry THF (40 mL) under a nitrogen atmosphere
at 25 °C was added borane (7.0 mL, 0.97 M in THF) dropwise
over 5 min with stirring. After the addition was complete, the
solution was refluxed for 2 h and then it was cooled to 25 °C. After
standard workup, the mixture was partitioned between CH,Cl,
(100 mL) and 10% NaOH (50 mL), and the organic layer was
separated. The aqueous layer was washed with CH,Cl, (30 mL),
and the combined organic layers were washed with water (50 mL),
dried (Na,SO,), and evaporated in vacuo to afford the diamine
22 [445 mg (95%)] as a colorless gum. Treatment with ether—
hexane produced colorless needles of 22. Recrystallization from
hexane gave pure 22: mp 106-108 °C; IR (KBr) 3450 (ArNH),
3250 (RNHR) ecm™!; 'H NMR (CDCl,) 6 5.97 (s, 1 H, ArH), 4.33
(br s, 1 H, ArNH), 3.85 (t, J = 4.1 Hz, 1 H, ArCHN), 3.80 (s, 3
H, OCHj), 3.76 (s, 3 H, OCHjy), 2.50-3.45 (m, 6 H, ArNHCH, and
ArCH,CH,N), 1.65-2.10 (m, 2 H, AINHCH,CH,); MS, m/e (M*)
234 (75%), 233 (100%), 205 (40%), 191 (60%), 190 (55%). Anal.
Calcd for C13HsN,O,: C, 66.64; H, 7.74; N, 11.96. Found: C,
66.60; H, 7.73; N, 11.84.

Aaptamine (1) and Dihydroaaptamine (23). A mixture of
hexahydroaaptamine (22; 300 mg, 1.31 mmol) and 5% Pd-C (60
mg) in degassed xylene (12 mL) was refluxed 3.5 h under a ni-
trogen atmosphere. The mixture was cooled to 25 °C, and 10%
HCI1 (30 mL) was added. Stirring was continued for 10 min, and
then the catalyst filtered and washed with 10% HCI (2 X 30 mL).
The aqueous layer was separated from the filtrate and washed
with CH,Cl, (20 mL). Basification with concentrated ammonia
(pH 10) liberated a mixture of bases that was extracted with
CH,C], (3 X 30 mL). The combined organic layers were dried
(NaySO,) and condensed under reduced pressure to afford a
greenish yellow gum which was chromatographed on neutral
alumina (CH,Cl;:MeOH = 97:3). The first fraction afforded the
free base of aaptamine la [116 mg (39%)] as a yellow gum. It
was immediately dissolved in THF (10 mL) and treated with
concentrated HCI to give aaptamine as a yellow powder: mp
110-113 °C (lit.?® mp 110-113 °C); IR (KBr) 2900 (br s, NH*)
em™; (Me,SO-dg) 613.10 (d, J = 4.5 Hz, 1 H, N,-H), 12.30 (d, J
=5.3Hz, 1 H,N,-H), 7.85 (dd, J = 6.6 Hz and J = 6.6 Hz, 1 H,
Cy,-H), 741 (dd, J =84 Hz and J = 7.0 Hz, 1 H, C;-H), 7.13 (s,
1H,C,-H),6.88 (d,J = 7.1 Hz, 1 H, C¢-H), 6.47 (d, J = 7.1 Hz,
1H, C;-H), 3.98 (s, 3 H, OCHj), 3.82 (s, 3 H, OCH;); HRMS, (M™*)
m/e 229.0959, caled for C3H 3N,0, 229.0974. The second fraction
afforded dihydroaaptamine [23; 133 mg (45%)] as a faint yellow
solid: recrystallization from ethy! acetate; mp 141-142 °C (lit.2
mp 137-139 °C); IR (KBr; 3400 (NH) cm™; 'TH NMR (Me,SO-dy)
6 9.65 (brs, 1 H, NH), 8.08 (d, J = 7.2 Hz, 1 H, C,-H), 7.34 (s,
1 H, ArH), 6.63 (d, J = 7.2 Hz, 1 H, Cs-H), 3.10 (t, J = 7.3 Hz,
2 H, Cg-H); MS, m/e (M%) 230 (100%).

8-Methoxy-9-hydroxy-3a,4,5,6-tetrahydro-1H -benzo-
[de][1,6Inaphthyridin-2(3H)-one (25). A mixture of the amino
ester 21 (1.00 g, 3.22 mmol) and 5% Pd-C (150 mg) in acetic acid
(30 mL) was hydrogenated for 1 h at an initial pressure of 45 psi.
The catalyst was filtered and washed with acetic acid (2 X 15 mL).
The bulk of the acetic acid from the filtrate was removed under
reduced pressure, and the residue was dissolved in water (30 mL).
The solution was chilled in an ice bath and neutralized with solid
NaHCO;. A light gray precipitate formed which was filtered and
washed with cold water (3 X 10 mL) and ether (3 X 10 mL). The
amino lactam 25 [754 mg (100%)] was obtained as a pale gray
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powder that was recrystallized from methanol: mp 187-188 °C;
IR (KBr) 300 (br s, OH), 1630 (C=0) cm™!; 'H NMR (CDCl,) 6
7.63 (brs, 1 H, NHCO), 6.38 (s, 1 H, ArH), 4.17 (dd, J = 7.8 Hz
and J = 2.5 Hz, 1 H, ArCHN), 3.88 (s, 3 H, OCHj), 2.42-3.45 (m,
6 H, ArCH,N and CH,CO); MS, m/e (M*) 234 (55%), 233 (100%),
205 (65%). Anal. Caled for C;,H;;N,O5: C, 61.52; H, 6.02; N,
11.96. Found: C, 61.30; H, 6.33; N, 11.61.
8-Methoxy-9-hydroxy-4-[(tert-butyloxy)carbonyl]-
3a,4,5,6-tetrahydro-1H -benzo[de ][1,6Jnaphthyridin-2-
(3H )-one (25a). To a suspension of the lactam 25 (4.94 g, 21.1
mmol) in CHCl; (100 mL) was added di-tert-buty! dicarbonate
(4.60 g, 21.1 mmol) in one portion. The mixture was refluxed with
vigorous stirring for 1.5 h during which time the lactam completely
dissolved. The solution was cooled to 25 °C and washed with
saturated NaHCO; (50 mL) and water (560 mL). The brown
solution was dried (Na;SO,) and evaporated in vacuo to afford
a brown gum that was purified by chromatography in silica gel
(ethyl acetate:hexane = 3:1). The light tan foamy residue crys-
tallized from hexane-chloroform to afford 25a [5.77 g (82%)] as
colorless needles. The mother liquors were condensed to afford
a second crop of 25a: 0.25 g (4%); total yield 86%. Recrystal-
lization from hexane—ethyl acetate offered pure 25a: mp 175-176
°C; IR (KBr) 3250 (br s, OH), 1650 (urethane carbonyl), 1690
(amide carbonyl) em™; 'H NMR (CDCl;) 6 7.83 (br s, 1 H,
ArCHN), 6.41 (s, 1 H, ArH), 5.74 (br s, 1 H, OH), 4.96 (dd, J =
13.7 Hz and J = 4.6 Hz, 1 H, ArCHN), 4.41 (m, 1 H, CHCO), 3.88
(s, 3 H, OCHjy), 2.42-3.10 (m, 5 H, CHCO and ArCH,CH,N), 1.51
(s, 9 H, t-Bu); MS (Cl, isobutane), m/e (M*) 335 (156%), 279
(100%), 277 (25%). Anal. Caled for C{7H,N,O5: C, 61.06; H,
6.63; N, 8.38. Found: C, 60.73; H, 6.68; N, 8.38.
8-Methoxy-9-(benzyloxy)-4-[(tert -butyloxy)carbonyl]-
3a,4,5,6-tetrahydro-1H-benzo[de ]J[1,6Jnaphthyridin-2-
(3H)-one (26). To a refluxing mixture of the lactam phenol 25a
(4.74 g, 14.2 mmol) and K,CO; (5.0 g) in acetone (75 mL) was
added benzyl bromide (3.60 g, 21.3 mmol) in one portion. The
mixture was refluxed until TLC (ethyl acetate:hexane = 1:1)
showed no starting material and a single product had formed (1.5
h). The mixture was allowed to cool to 25 °C, and then water
(100 mL) and CH,Cl, (200 mL) were added. The organic phase
was separated, and the aqueous phase was extracted with CH,Cl,
(2 X 100 mL). The combined organic layers were dried (Na,SO,)
and evaporated under reduced pressure. The residual pale yellow
oil crystallized when it was treated with hexane and afforded the
0-benzyl compound 26 [5.27 g (88%)] as a colorless solid. Re-
crystallization from hexane-ethyl acetate afforded pure 26: mp
156-157 °C; IR (KBr) 1680 (urethane carbonyl), 1690 (lactam
carbonyl cm™; 'H NMR (CDClI,) 6 7.59 (br s, 1 H, NH), 7.37 (m,
5 H, OCH,C4H;), 6.45 (s, 1 H, ArH), 5.03 (s, 2 H, OCH,C¢H;),

. 4.88 (dd, J = 14.1 Hz and J = 4.9 Hz, 1 H, CHCO), 2.30-2.83 (m,

4 H, ArCH,CH;N), 1.50 (s, 9 H, ¢-Bu); MS, m/e (M¥) 424 (10%),
368 (30%), 367 (100%), 277 (55%). Anal. Calcd for CoHysN,05:
C, 67.90; H, 6.65; N, 6.60. Found: C, 67.75; H, 6.60; N, 6.48.
8-Methoxy-9-(benzyloxy)-3a,4,5,6-tetrahydro-1 H-benzo-
[del[1,6]Jnaphthyridin-2(3H)-one (27). To a solution of tri-
fluoroacetic acid (75 mL) and water (25 mL) at 25 °C was added
the carbamate 26 (5.27 g, 12.4 mmol) in one portion. The mixture
was swirled until the substrate dissolved, and then it was allowed
to sit at room temperature for 1 h. Water (250 mL) was added,
and a colorless precipitate formed. The mixture was stirred
vigorously and made basic with concentrated ammonia (pH 10)
with external cooling. Stirring continued for 30 min, and the
resulting colorless precipitate was extracted with CH,Cl, (3 X 100
mL). The combined organic layers were washed with water (100
mL), dried (Na,;SO,), and evaporated under reduced pressure to
afford a colorless solid. Recrystallization from hexane-ethyl
acetate afforded 27 [3.85 g (96%)] as colorless needles: mp
120-122 °C; IR (KBr) 3200 (NH), 1650 (C=0) cm™!; 'H NMR
(CDCly) 6 7.53 (br s, 1 H, amide NH), 7.37 (m, 5 H, OCH,C¢H;),
6.40 (s, 1 H, ArH), 5.01 (dd, J = 11.1 Hz, ArCHN), 3.88 (s, 3 H,
OCHy,), 3.38 (i, 1 H, ArCH,CHN), 2.30-3.12 (m, 5 H, ArCH,CHN
and CH,CO); MS, m/e (M*) 324 (60%), 233 (15%), 204 (100%),
91 (60070). Anal. Calcd for C19H20N203: C, 70.35; H, 622, N, 8.64.
Found: C, 70.11; H, 6.35; N, 8.40.
8-Methoxy-9-(benzyloxy)-2,3,3a,4,5,6-hexahydro-1H -
benzo[de][1,6]naphthyridine (28). To a solution of the lactam
27 (100 mg, 0.309 mmol) in dry THF (5 mL) under a nitrogen
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atmosphere at 25 °C was added BH; (2.00 mL, 0.97 M in THF)
dropwise during 5 min. The mixture was stirred for an additional
1 h, and then 10% HCI (3 mL) was cautiously added. The solution
was refluxed for 30 min, cooled to 25 °C, diluted with water (30
mL), and washed with ether (2 X 20 mL). The solution was made
basic (pH 9) with 10% NaOH, and the liberated base was ex-
tracted with hexane (3 X 30 mL). The combined hexane layers
were dried {Na,SO,) and evaporated under reduced pressure. The
colorless residual gum was purified on silica gel (CH,Cl;:MeOH
= 4:1) to afford the diamine 28 [66 mg (69%)] as a colorless oil.
Conversion to the hydrochloride was accomplished by dissolving
the gum in THF (5 mL) and adding concentrated HC! (0.25 mL):
mp 192-195 °C dec; IR (KBr) 2600 (NH,+) cm™; free-base proton
NMR (CDCl,) 6 7.26-7.50 (m, 5 H, OCH,CgHy), 5.99 (s, 1 H, ArH),
4.91 (s, 2 H, OCH,C¢H;), 4.19 (br s, 1 H, ArNH), 3.81 (s, 3 H,
OCHg;), 3.80 (m, 1 H, ArCHN), 3.32 (m, 3 H, ArCH,CHN and
ArNHCH,), 2.57-8.17 (m, 3 H, ArCH,CHN), 2.00 (m, 1 H,
ArNHCH,CH), 1.53-1.70 (m, 1 H, ArCH,CH); MS, m/e (M*) 811
(100%), 310 (65%), 220 (18%), 219 (50%), 190 (25%). Anal.
Caled for C,;gHy3N,0,Cl: C, 65.79; H, 6.68; N, 8.08; Cl, 10.22.
Found: C, 66.00; H, 6.61; N, 8.19; Cl, 10.01.
Demethyloxyaaptamine (3). A mixture of the diamine 28
(125 mg, 0.403 mmol) and 5% Pd-C (50 mg) in degassed xylene
under a nitrogen atmosphere was refluxed for 20 h. The mixture
was allowed to cool to 25 °C; the catalyst was filtered and then
washed with CH,Cl, (3 X 10 mL). The filtrate was condensed
under reduced pressure and the greenish brown residual gum was
chromatographed on silica gel (CH,Cli:MeOH = 9:1). The
fast-moving yellow product was separated cleanly from the slower
moving complex mixture. Demethyloxyaaptamine [3; 30 mg

(35%)] was obtained as fine bright yellow rods. It was recrys-
tallized from ethyl acetate: mp 210-212 °C (lit.?* mp 198-200
°C); IR (KBr) 1660 (C=0) cm™; '"H NMR (CDCly) 59.19 (d, J =
5.6 Hz, 1 H, C;-H), 7.48 (d, J = 4.4 Hz, C¢-H), 6.72 (s, 1 H, C;-H),
4.02 (s, 3 H, OCH,); HRMS, m/e (M*) 212.0631 (30%), calcd for
C,HgN,0, 212.0582, [(M+1)*] 213.0596; caled for C;,DH;N,0,
213.0647. Authentic demethyloxyaaptamine (3): mp 212-214 °C;
IR (KBr) 1660 (C=0) cm™; ‘H NMR (CDCl3) 6 9.18 (d, J = 5.7
Hz,1H,Cy-H),911(d,J =44 He, 1 H, C;-H), 818 (d, J = 5.7
Hz,1H,C;-H),749(d,J =44 Hz, 1 H, C;-H), 6.72 (s, 1 H, C;-H),
4.02 (s, 3 H, OCHj3); HRMS (Cl, isobutane), m/e (M*) 213.0655,
caled for C;;HgN,0, 213.0662.
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The key steps in the synthesis of N-acetylactinobolamine were the siloxy-Cope rearrangement 17 — 18 and
the transformation of pseudoglycal 54, via its glycosyl azide derivative 55, to hemiacetal 56. This hemiacetal,
as well as closely related hemiacetals 37 and 48, proved remarkably unreactive toward processes intended to trap
open-chain tautomeric hydroxy aldehydes. In no instance could aldehydo chemistry be realized from these systems.

The Synthetic Plan

Our orienting goal at the inception of this program was
that of a total synthesis of the novel antibiotic bactobolin'?
(1). Since in this exploratory phase we would be working
in the racemic series, we defined as our subgoal the de-
salanyl derivative of 1, i.e., bactobolamine? (2). It was
assumed that the lessons learned in a synthesis of rac-2
could be applied to the antipode of the “correct” configu-
ration. Acylation with a suitable derivative of 1-alanine
would lead, in a straightforward fashion, to 1.

The novel structural and stereochemical features of
bactobolin constitute a formidable challenge to those who

(1) Isolation and structure determination: (a) Kondo, S.; Horiuchi, Y;
Hamada, M.; Takeuchi, T.; Umezawa, S. J. Antibiotics 1979, 32, 1069.
(b) Ezaki, N.; Miyadoh, S.; Hisamatsu, T.; Kasai, T.; Yamada, Y. J.
Antibiotics 1980, 33, 213. (c¢) Ueda, I.; Munakata, T.; Sakai, J. Acta
Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem. 1980, B36, 3128.

(2) Biological activity of bactobolin: (a) Ezaki, N.; Miyadoh, S.; His-
amatsu, T.; Kasai, T.; Yamada, Y. J. Antibiot. 1980, 33, 213. (b) Ishizuka,
M.; Fukasawa, S.; Masuda, T.; Sato, J.; Kanbayashi, N.; Takeuchi, T.;
Umezawa, H. J. Antibiot. 1980, 33, 1054. (c) Hori, M.; Suzukake, K ;
Ishikawa, C.; Asakura, H.; Umezawa, H. J. Antibiot. 1981, 34, 465.

(3) Munakata, T. Yakugaku Zasshi 1981, 101, 138.
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would undertake its synthesis. The promising biological
properties of this antibiotic (activity against Gram-positive
and Gram-negative bacteria via inhibition of protein syn-
thesis, activity against L-1210 mouse leukemia and non-
suppression of immune responses) add to this interest. At
the present writing the goal of a total synthesis of bacto-
bolin or bactobolamine has not been accomplished.*

(4) A preliminary report of an attempted synthesis has appeared:
Yoshioka, M.; Nakai, H.; Ohno, M. Heterocycles 1984, 21, 151,
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