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ABSTRACT - The indolo(2:3,3':4'|pyrido{l,2~b)naphthyridine ring system,
which is present in several alkeloids, has been prepared in a single
reaction between the lithio derivative of a 3-cyano-4-methylpyridine and
N-benzyl-3,4-dihydro-p-carboline in the presence of trimethylsilyl
trifluoromethanesul fonate. Using appropriately subatituted starting
materials, N-benzyl-13b,14-dihydronaucl&fine and N¥-benzyl-13b,14-
dihydroangustine have been -made in this way. A new preparation of the
synthetic intermediate 3-benzyl-3,4-dihydro-p-carboline is also
described.

In recent years a relatively large number of alkaloids containing the indolopyridonaphthyridine
ring system have been isolated and characterized. The alkaloids of this group are considered to
be derived from secologanin 1 and tryptamine 2 as shown in Figure 1 and often occur together
with the structurally related glycoalkaloids.:!—sz. The structures of the alkaloids sre shown in
Figure 2 and references to their isclation are collated in Table 1. The majority of the
alkaloids retain the 10 carbon framework of secologanin but in others this structural feature

has been modified.
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CH,
7 CH=CHy Angustine 12 13
8 CS{GH}CH3 Angustoline  13b,l4-dihydroangustine Angustidine
g H Nauclé&fine
10 COCH3 Nauclétine
11 CH(OAC)CH3 0-Acetylangustoline
Or7Ys Or1)
oA NN N~ -0

CH,0,C
14 H-5¢ Malindine 16 H~5a Codamine 18
15 #-58 Isomalindine 17 H-53 I1socadomine Raulafine
FIGURE 2

Neyme Structure Beference Source
O-Acetylangustoline 1t 3 Nauciea pobequinii
Anguatidine 13 4 Strychnos angustifolis
Angustine i 4,5,86,7 S. angustifolia
Angustoline 8 4,5 S, suyustifolis
Cadamine 16 8 Anthocephalus cadamba
13b, 14-Nihydroangustine 12 3 N. pobequinii
Isocadamine 17 8 A, cadamba
Isomalindine 15 9 S. usambarensis
Malindine 14 10 §. Jdecussate
Naulafine 18 6 N. latifolia
Nauclefline g 4,6,7 ¥, latifolia
Naucletine iu 4 ¥. tatifotia
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A variety of strategies have beon employed in the synthesis of alkaloids of this -erienz.
These can moat essily be compered by considering which of the five rings is closed in the final

steps of the sequence. The approach of Kametani et a1.11,12

ultimately involved the closure of
ring C in a single C-C bond ‘for-ing process under acidic conditions to form augustine 7 and
naucléfine 9, respectively. Pandit and co-worl(er-m have also synthesized naucléfine 9 in a
sequence which ends with the formatiom of a single C-C bond to give ring C. In contrast, in the
synthesis of augustidine 13, Shafiee and \'Ji.nt.el"feldt14 added rings sequentially, essentially in
alphsbeticul order, finishing with the cyclization of ring B in which two C-N bonds were formed.
In several syntheses of alkaloids of this series (e.g., naucléfine 9) ring D is formed in the
final atep of the sequence through cyclization of an ennide.qﬂ’ls_zo
We report here a new synthetic route to the ring system present in this class of alkaloids.
In this sequence, ring D is created by the formation of a C-C and a C-N bond in the final step
by the condensation of lithio derivatives of 3-cyano-4-methylpyridines (ring E) with 9-benzyl-3,
4-dihydro-g-carboline 19c¢ (riag C), previously complexed with trimethylsilyl trifluoromethsne-
sulfonute (TMSOTf). The procedure used is similar to that employed by us in the synthesis of

1,21-23 We also

Alangium alkaloids containiﬁg the isoquino{2,1-»]){2,7)naphthyridine ring system.
report & convenient preparation of l-benzyltryptamine 20 which was converted to 9-benzyl-3,4-
dihydro-g-carboline 19¢, a key intermediate in this investigation.
RESULTS AND DISCUSSION

1t has been previously demonstrated by u-l’zl that 3,4-dihydroisoquinolines react readily
with the lithio derivative of furo(3,4-c)pyridine-3[1H#]-one 21 forming isoquino{2,1-b)[2,7]-
naphthyridines. Our attempts to prepare indolo{2',3',3,4]-pyrido-{1,2-b5][2,7)-nuphthyridines by
carrying out a related condensation on 3,4-dihydro-g-carboline 19a, its 9-lithio derivative 19
or its 9-benzyl derivative 19¢c were unsuccessful (Scheme 1); only starting materials were
recovered.zq The lithio derivatives of 3-cyano-4--wethylpyridine 22a and 3-cyano-4-methyl-5-
vinylpyridine 22b were similarly unreactive toward the seme carbolines. We found, however, that
the complex 23 formed between 9 -benzyl-3,4-dihydro-p-carboline and trimethylsilyl
trifluoromethanesul fonate reacted readily with the lithio derivatives of 22a and 221:o1 affording
in one step the pentacyclic amidines, 24a and 24b (Scheme 2). Hydrolysis of the amidines was
effected with boiling alkali; the correaponding lactams, 25a and 25b, were isolated in high
yield. Lactam 26a is the N-benzyl derivative of 13b,14-dihydronaucléfine and lactam 25b is the
N-benzylderivative of 13b,14-dihydroangustine. The spectroscopic properties (IH and 13C nmr, ir
and mass) of 24a, 24b, 25a, and 25b agree with the structural assignments.

The 9-benzyl-3,4-dihydro-p-carboline used in this investigation was prepared from
3~indolylacetonitrile by the route outlined in Scheme 3. 3-Indolylacetonitrile 26 was converted

to its N-benzyl derivative 27 in 78X yield by treatment of 26 with sodium hydride followed by
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SCHEME 1
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benzylastion with benzyl bromide. N-Banryltryptamine 20 was prepared by the reduction of 27 in
ethanolic ssmonia with hydrogen (2.5 atm.) over rhodium on alumina at room i:emomt.urc.25
N-formyltryptasine, prepared by treatment of 20 with ethyl formate at 120°C in a sealed tube,
was cyclized to 19¢ with neat 90013. This procedure comperes favourshly with a previoualy

reported method for the synthesis of 18c.28

The synthetic method described in this investigation should be spplicable to the synthesis
of many of the alkaloids depicted in Figure 2. The introduction of a double bond into the
13b, 14 position of 25a or 25b by oxidation with 12 in MeOH should proceed without complication

as it does in the related isoquinonnphthyridine:z}' thereby providing access to alkaloids auch as
angustine 7 and naucléfine 9. Modification of the vinyl side chain should provide entry into
compounds such as 8, 10 and 11. The alkaloids, malindine 14 and isomalindine 15, should also be
accessible using the procedure reported for synthesis of aln-nridinezs. an isoguinonaphthyridine
analogue. The application of this reasction to the synthesis of the alkaloids themselves is
currently under inveatigation.

EXPERIMENTAL

The experimental methods used in this inveastigation have been reported previously (21-23).

imine 249

A solution of 9-benzyl-3,4-dihydro-p-carboline 19¢ (0.54 g, 2.0 m»ol) in dry THF (8 wlL) was
treated dropwise with TMSOTf (0.45 sL, 2.2 msol), at -78°C under an argon atmosphere. The
resulting cloudy suspension was stirred first at -78°C for 1 h then at 0°C for an additional 2
h. Meanwhile a solution of n-Buli (1.42 mL, 1.55 M in hexane, 2.2 mmol) was added dropwise to a
stirred solution of 1,1,1,3,3,3-hexamethyldisilazane {0.46 =L, 2.2 mmol) in THF (3 ml) at -78°C.
The lithiium hexamethyldisilazide (LHS) solution so generated was stirred for an additional 10
min at -20°C and then cooled to -78°C. A solution of 3-cyano-4-mwethylpyridine 22a (0.248 g, 2.0
mmol) in THF (2 ml) was added dropwise to the sbove LHS solution at -78%°C, and the red solution
8o generated was stirred for a further 20 min at -78°C. The red anion solution was then added
dropwise at ~78%C to the imine-TMSOT{ complex and when the addition was complete the mixture was
slirred at -40°C for 4 h. The mixture was allowed to warm to room temperature and stirred for

ca. 12 h., The reaction mixture was quenched with saturated NH4C). solution (1 mL aq.) and the

regulting mixture was evaporated, water added, and the contents extracted with CHCl,; the CHCI3

3;
extract was dried (Na.zso4 anhyd.) and evaporated to dryness in vacuo. The crude product was
purified by column chromatography on neutral alumina, eluting first with CHCI3 then with
increasing concentrations of MeOH (5-25X) in Cllcla. The product 24a, after the removal of the

solvent, was crystallized from ethyl acetate (0.669 g, 89X); mp 190-192°C; ir (CHCI.B, film),

1.1

Yo 1615 < °; 'H nmr (500 MHz) CDC13, &: 2.84-3.08 (5H, complex m, C-7 Bax’ C-8, and C-14

H's), 4.71 (lH, apparent d, J=11.6 Hz, C-13b H), 5.08 (lH, m, C-7 Heq) 5.11 (IH, br s, -NH),
6.32 (2H, s, -NCHzAr), 6.91 (IH, d, J=4.9 He, C-1 H), 6.99 (2H, m, aromatic H’'s), 7.18 - 7.32

(6H, complex m, aromatic H's), 7.62 - 7.64 (1H, appareni d, J=7.1 Hz, arcmatic H), 8.54 (lH, d,
J=4,9 Hz, C-2 H), and 9.11 (1H, s, C-4 H); 136 omr (125.76 MHz), &5: 21.5 (C-B), 37.2 (C-14),

40.5 (C-7), 47.4 (—NCHzAr), 51.4 (C-13b), 110.0, 118.7, 120.1, 122.2, 122.5, 125.9, 125.9,
127.8, 128.1, 128.1 147.9, and 150.8 (12 x ArCH’s), 110.9, 125.3, 126.5, 133.6, 137.3, 138.2 and
144.0 (7 x ArC’s), and 158.7 (>C=NH); ms(E1), w/z(X): 378 (5?)!!*, 377 (25), 361 (23), 287 (100},
286 (5), 285 (10), 261 (5), 280 (7), 269 (7), 170 (10), 169 (23), 168 (9), 118 (7), and 81 (67);
Exact mass (hrws): calcd. for 025822?64: 378.184; found: 378.181; calcd. for fragwent iom

CgHygN, (W-CH,C.H.): 287.130; found: 287.128.
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Addition of the red anion of 3-cyano—4d-methyl-5-vinylpyridine 22b (288 mg, 2.0 mmol),
prepared in the same manner as the anion of 3-cyano--4-methylpyridine, to the complex of
9-benzyl-3,4-dihydro-p-carboline 23 (542 mg, 2.0 mmol) with T™MSOTf (0.45 mL, 2.2 wmol), and
work-up as described for the preparation of 24a, gave a residue which furnished amidine 24b (458

mg) on crystallization from MeOH. The mother liguor was chromatographed on neutral alumina,
first eluting with cnc13. then with incressing concentrations of MeOH in CHCla. In this way

another 234 mg of 24b was obtained, [combined yield (86%)}; mp 276-278°C (MeOH); ir (nujol),

v, 1620 el W omr (500 Miz), CDC1, + CD,OD, &: 2.69 (IH, dd, J=17.0 and 13.4 Hz, C-7 H,,),

max
3.13-3.54 (4H, complex m, C-8, C-14 H’'s), 4.65 (1H, dd, J=13.0 and 3.5 Hz, C-13b H), 5.06 (l1H,
m, C-7 Heq), 6.28 (18, d, J=17.9 Hz, —NCHzAr), 5.32 (14, d, J=11.2 Hz, -C!l=§§2), 5.46 (14, d,

J-17.9 Hz, ~NCH2Ar), 5.62 (lH, 4, J=17.5 Hz, —CH=C_H.2), 5.99 (1H, dd, J=17.5 and 11.2 Hz,

—thﬂ.z), 7.03-7.04 (2H, m, aromatic H's), 7.24-7.41 (6H, complex m, aromatic H’s), 7.66-7.67

13

(lH, m, aromatic H), 8.80 (1H, s, C-2 H), and 9.03 (1H, s, C-4 H); C nmr (125.76 MHz), CDC1

3+

cb,0D, &: 20.9 (C-8), 32.6 (C-14), 44.5 (C-7), 47.0 (—NCHzAr), 52.5 (C-13b), 110.0, 119.2,

3
120.7, 123.5, 125.8, 125.8, 127.9, 128.4, 129.4, 146.7 and 151.7 (1l x ArCH's + —(ikCHz), 109.5,

120.1, 121.8, 125.7, 130.3, 131.8, 137.0, 138.5 and 143.2 (8 x ArC’s + -CH=(_2_12), and 168.9

(>C=NH); ms(EIl), w/z(X): 404 (15)M+‘, 403 (6), 313 (30), 287 (17), 286 (3), 260 (6), 259 (3), 169
(18), 168 (7), 144 (5), 143 (12), 117 (4) and 91 (100); Exact mess (hrms): calcd. for C27H24N4:

404.200; found: 404.192; calcd. for fragment ion C 4 (M—CH2CSH5): 313.145, found: 313.142;

2017V
caled. for fragment ion 018“18"2: 260.131, found: 260.129.

A solution of emidine 24a (250 mg) in dioxane (30 mL) and 20X KOH solution (aq., 10 ml) was
gently heated under reflux for 48 h and the progress of the reaction was monitored by tlc. When

the resction was complete the mixture was evaporated in vacuo, the residue treated with water
(50 mL) and the solution thoroughly extracted with CHZCIZ' The combined CH2012 extracts were
washed with brine, dried (Mgso4 anhyd.)} and solvent removed in vacuo affording lactam 25a (223
mg, 89X); mp 125-127)°C (BtOAc); Rf 0.52 (alumina, EBtOAc); ir (CHC13, film), vnax: 1655 c-—l; IH
ner (500 MHz), CI)CI3 8: 2.86-3.07 (5H, complex m, C-~7 Hax' C-8, and C-14 H’s), 4.97 (1H,
aspparent d, J=12.6 Hz, C-13b H), 5.21-5.23 (1lH, =, C-7 Heq), 5.35 (2H, s, —NCHzAr). 6.94 (1H, d,

J=4.9 Hz, C-1 H), 7.00-7.02 (24, d, J=6.9 Hz, aromatic H's), 7.18-7.33 (6H, complex m, aromatic
H's), 7.62 (1H, m, aromatic H), 8.60 (1H, d, J=4.9 Hz, C-2 H), and 9.26 (IH, s, C-4 H); 3¢ nmr
(125.76 MHz), &: 21.6 (C-B), 36.0 (C-14), 39.6 (C-7), 47.6 (-NCHAr), 51.8 (C-13b), 111.3,

118.9, 120.3, 121.5, 122.8, 126.0, 126.0, 128.0, 129.3, 129.3, 150.4 and 152.3 (12 x ArCH’s),
110.1, 124.9 126.9, 133.1, 137.2, 138.2 and 145.1 (7 x ArC’s), and 163.6 (>C=0); ms (EI), m/z
(x): 379 (63), 378 (10), 288 (35), 287 (9), 260 (7), 259 (13), 169 (5), 168 (5), 119 (14), and
91 (100); Exact mmss (hrme): calcd. for 025H21N30: 379.168, found: 379.165; calcd. for fragment

ion CIBHMNSO (M—Cﬂzcsﬂs): 288.114; found 288.112.
(b)

ido[2,1~ 781~

The hydrolysis of amidine 24b (300 mg) was carried out in a similar manner to that
described above for smidine 24a yielding lactem 26b (283 mg, 94X); mp 226-230°C (BtOH); Rf 0.35

(alumina, EtOAc); ir (ClKJla. film), Yoax' 1650 m-l; IH nar (500 MAz), CDCla, &: 2.60 (1H, dd,
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J=16.6 and 13.0 He, C-7 H‘x), 2.93-3.06 (3H, complex m, C~8 and C-14 ®H’s), 3.25 (1M, dd, J=16.8

B s
and 3.4 He, C-14 H), 4.96 (1H, d, J=11.8 Hz, C-13b R), §.19 (1H, d, pertially overlapped by C-7
Heq signal, J=11.2 He, ~CK=232), 5.27 (14, =», C-7 neq)’ 5.27 (14, d, J=17.6 Hz, —CE‘-‘Qﬁz),

5.46-5.52 (2R, m, four lines, —NCHzAr), 6.02 (1H, dd, J=17.6 and 11.2 Hg, —QH=CHZ). 7.04 (24, d,

J=6.6 Hz, aromatic H's), 7.06-7.35 (6H, complex m, arosatic H'a), 7.63-7.65 (1H, m, aromatic H),
8.67 (1H, s, C-2 H), snd 9.17 (1lH, s, C-4 H); lac ner (125.76 MHz), &: 21.6 (C-8), 32.9 (C-14),
39.6 (¢c-7), 47.5 (*‘NCH.“,Ar). §1.4 (C-13b), 109.9, 118.9, 120.4, 123.0, 125.9, 125.9, 127.8,

129.3, 129.3, 129.8, 149.4, and 150.1 (11 x ArCH’s and —gx:cuz), 11L.1, 119.7, 124.5, 126.4,
130.4, 133.1, 137.4, 138.5, and 142.0 (B x ArC's and “CH=-§§2). and 163.8 (>C=0); == (RI), m/z

{X): 405 (81) M+', 404 (9), 314 (32), 313 (7), 261 (4), 260 (11), 259 (8), 169 (6), 168 (5), 145
(3}, 117 (13), and 81 (100); BExact mans (hrms): caled. for 027523N30: 405.184, found: 405.183;

calcd. for fragment ion CZOHISH 0 (M—cuzcsns): 314.128, found: 314.123.

3
Pre] i he] ~3.,4-dj - ine
(a) 1-Be -3~indolylacetonitrile 27

To a stirred solution of 3-indolylacetonitrile 26 (25 g, 0.16 mol) in dry benzene (300 mlL)
was added NaH (9.2 g, 50X suspension in oil, 1.2 equiv.) and the reaction mixture was heated
under reflux for 15 min. Benzyl chloride (20 mL) was then added dropwise at room temperature
with stirring, the mixture heated under reflux for 20 min, and then left at room temperature for
ca. 12 h. The mixture was poured into ice-water (200 mlL), the benzene layer was separated and
the aqueous phase extracted with Clizclz. The combined organic extract was dried {862804 anhyd. )

and evaporated yielding the crude product 27 which crystallized from EBtOH. (30.5 g, 78X); mp
95-96°C (1it.2! mp 95-96°C). 'H nmr (90 MHz), CDCly, &: 3.38 (2H, s, —CH,~CN), 5.28 (2H, s,

--NCHZ-Ar), 7.05-7.43 (9H, =, aromatic H's), 7.54~7.70 (1lH, m, sromatic H); ms(BI), m/e(X): 246

(35)"", 156 (14), 155 (19), 130 (10), and 91 (100).
(b) l-Benzyltryptamine 20

A mixture containing l-benzyl-3-indolylacetomitrile 27 (10 g, 40.65 mmol), THF (50 wlL), 10%
ethanolic-ammonia {150 mL) and 5% Rh—A1203 (2 g) was treated with 82 at 40 psi for 2 days. The

catalyst was removed by filtration and the evaporation of the filtrate in vactio afforded the
desired 1-benzyltryptamine 20 (9.7 g, 95%), bp 183-138°C/0.1 Torr (lit.25, bp 148-200°C/0.5
Torr}; }'H nmr (90 MHz), CDCla, &: 1.15 (2H, br s, —N!{z exchanges with 820), 2.76-3.20 (4H, =,

—CﬂzﬂCHz), 5.23 (24, =, -NCH2Ar). 6.96 (1H, s, C-2 H), 7.03-7.50 (7H, =, arumsatic H’'s),

7.55-7.85 (2H, m, aromatic H's); ms{RI); m/z(X): 250(9)!4“, 221(25), 220{42), and 91(100).
(c) l-Benzyl-N- | i

A mixture of l-benzyltryptamine 20 (15 g) and ethyl formate (100 ml.) was heated in a sealed
tube at 120°C for 2 h, The removal of excess ethyl formate and EtOH in vacuo gave
l-benzyl-N-formyltryptamine 28 (16.05 g, 96X) as an oil; lll (90 MHz), CDCla, &8: 2.85-3.05 (2H,

», -Q_HZCHZ—N-), 3.37-3.75 (2H, m, —cuzguz—u—). 5.02 (2H, s, —NCHzAr). 5.70 (lH, br s, ~NH), 6.95

(1H, s, C-2 H}, 7.00-7.30 (8M, m, aromatic H's), 7.60-7.80 (1H, =, aromatic H), and 8.05 (1H,
br, s, -CHO); ms{R1), wm/z(X): 278(15)!9“, 233 (27), 220 (71), 129 (9), and 91 (100).
(d) $S-Bengyl-3,4-dihydro-p-carboline 19¢

Thia compound was prepared from 1-benzyl-N-formyltryptemine 28 {5 g) by treatment with

freshly diastilled !"OCL3 (30 ml) at ice bath temperature in & flask protected with a Caclz tube.

When the vigorous initial reaction subsided, the mixture was warmed to room temperature over a
period of 10-20 min, then heated to 40°C for 5 min, aud finally kept at room temperature for 2h.
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The excess POCl, was destroyed ocarefully by addition of the reaction mixture to crushed ice

3
and the resulting solution mede basic with conc. aqueous NK3 The mixture was extracted with

Gicls, the CHCl, extract dried (Na2504 anhyd.) and evaporated, and the residue purified by

3
bulb to bulb distillation.

The product 18¢ crystallized from ethanol or ethyl acetate (3.58 g, 77%); mp 148-149°C
(EtoAc), and 140-141°C (BtoH) (1it.%® mp 138°C (EtOH)); R, 0.76 (alumina, EtOAc); 'H nar (90

Mz}, CDCl,, &: 2.95 (2H, t, J=8.0 Hz, C-4 H’s), 3.94 (2H, d of t, J=8.0 and 2.0 Hz, C-3 H's),
5.42 (24, 8, benzylic H’s), 6.95-7.45 (8H, m, aromatic H's), 7.55-7.73 (lH, m, aromatic H},
and 8.50¢ (IH, m, C-1 H); ms{EI), a/z{X}): 260(100)H+ , 168(36), 156(16), 142(34), 140(15),
116421}, 115(41), 91(87), and 65(26).

Achxowlggg‘ ement: We thank the Natural Science and Engineering Research Council of Canada for
financial support of this investigstion.
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