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Intramolecular cyclization of ortho-{cyclochex-2-enyl)anilines.
Modified synthesis of ellipticine
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[t was found that the reactions of arylamines with 3-bromocyclohexene afforded
hydrocarbazole compounds in 64—78% vields. A modified procedure for the synthesis of

antitumor alkaloid ellipticine was proposed.
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Alkaloid eflipticine (1), which was isolated from
leaves of the plant Ochrosia elliptica lLabill (the
Apocynaceae family).! and some of its synthetic analogs
exhibit high antitumor activity.2-3 [n this connection,
several preparative procedures for the synthesis of
ellipticine and its derivatives were proposed based on
traditional methods (see, for example, Refs. 4—38).

The Claisen rearrangement of N-alkenylarylamines
and intramolecular cyclization of N- and C-atkenylaryl-
amines, which we have studied over a period of years,
serve as the basis for a promising procedure for the
synthesis of quinoline and indole derivatives.9—12 Qur
approach to ellipticine is based on the use of the
original cyclization reaction of ortho-(cyclohex-2-enyl)-
2.5-xylidine (2a) to form 5,8-dimethyltetrahydro-
carbazole (3a), which is a known intermediate in the
svnthesis of ellipticine 13.14

The reaction of equimolar amounts of 2,5-xylidine
(4a) and 3-chlorocyclohexene (5a) afforded N-(cyclohex-
2-enyl)-2,5-xylidine (6a). The rearrangement of the
latter in the presence of Lewis or Brensted acids gave

compound 2a (Table 1) in a yield of up to 79%. The
more promising variation of the rearrangement, which
involves heating of a fourfold excess of arylamine 4a
with halide 5a in the absence of acid at 140 °C, af-
forded product 2a in 82% yield.

Intramolecular cyclization of compound 2a was per-
formed with the use of polyphosphoric acid (PPA), UV
irradiation, and the PdCly(PhNGO,), compiex.? The maxi-
mum yield of hexahydrocarbazole 7a (75%) was at-
tained when the reaction was carried out in PPA
(Scheme 1). In the case of catalysis with the Pdll
complex or photocyclization, which are often used in
the synthesis of heterocycles from 2-alkenylaryl-
amines,!5! products 3a and 7a were obtained in 30
and 15% yields, respectively. Later on, we succeeded in
modifying the scheme of the synthesis of the kKey inter-
mediates by developing the procedure for the prepara-
tion of these compounds in one preparative step. Thus,
heating of a fourfold molar excess of arylamine 4a with
3-bromocyclohexene (5b) at 150 °C for 5 h gave a
mixture of products 3a and 7a in a molar ratio of 3 : 2
in a total vield of 78%. Apparently, N-alkenylamine 6a

Table 1. Conditions of the rearrangement of compound 6a and
the yields of compound 2a

Catalyst Solvent T/°C t/h Yield of 2a
(%)
AlCl; Xylene 140 5 68
ZnCl, Xylene 140 4 75
BF; - Et;,0 —* 170 6 51
HCi** Xylene 140 3 79

* Without a solvent.
** Hydrochloride of amine 6a was used (see the Experimental
section).
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Scheme 1
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underwent the Claisen rearrangement followed by in-
tramolecular cyclization of ortho-alkenylamine 2a to
heterocycle 72 under the action of HBr.

[t is known that intramolecular cyclization of
2-alkenylanilines under the action of Pd!! complexes in
a nitrobenzene solution yields quinolines and indoles,
while a portion of the solvent is reduced to aniline.1®
Hence, we used nitrobenzene instead of an excess of
2,5-xylidine as the solvent and dehydrogenating agent.
Heating of equimolar amounts of compounds 4a and 5h
in a nitrobenzene solution at 140 °C for 4—5 h af-
forded exclusively tetrahydrocarbazole 3a in 61% yield.14
Apparently, hexahydrocarbazole 7a, which was formed
in._the course of the reaction, was converted into com-
pound 3a. [t should be noted that the procedure devel-
oped for the synthesis of carbazole derivatives is a rather
general method because the reactions of substituted
anilines 4b—d with halide 5b also afforded heterocycles
3b—d and 7b—d in total yields of 64—78%. At the
subsequent stage, a mixture of compounds 3a and 7a
was dehydrogenated under the action of Pd/C to form
1,4-dimethylcarbazole (8)!7 in 87% yield. Formylation
of carbazole 8 by the reaction of the resulting aldehyde
9 with 2,2-diethoxyethylamine to form imine 10 pro-

ceeded rather smoothly.!® Direct cyclization of imine
10 in polyphosphoric acid gave ellipticine%18 (1) in 15%
vield. Reduction of imine 18 on Raney nickel to form
compound 11 followed by cyclization of N-tosylate of
the latter (12) in 2 dioxane solution appeared to be the
preferential procedure for the synthesis of the target
product.’® In this case, the yield of ellipticine reached
80% (or 55% with respect to imine 10).

Experimental

The IR spectra were obtained on 2 UR-20 instrument. The
14 and 13C NMR spectra were recorded on Tesla BS-567 B
(100 MHz) and Bruker AM-300 (75.-MHz) instruments (Me4Si
as the internal standard; CDCly or DMS0-dg as the solvents).
The mass spectra (El) were measured on an MKh-13-06 in-
strument (the energy of ionizing electrons was 70 eV; the
temperature of the ionization chamber was 200 °C). The GLC
analysis was carried out on an LKhM-8 MD chromatograph (a
2700%3-mm column with 5% SE-30 on Chromaton N-AW-
DMCS, the flow rate of helium was 30 mL min™!),

The physicochemical constants of the compounds synthe-
sized are given in Tables 2 and 3. The spectral characteristics of
compounds 2 and 6a—d correspond to those reported previ-
ously. 1320 -
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Table 2. Boiling (melting) points and the spectral characteristics of compounds 1, 2a—d, 3a—d, 6a—d, 7a—d, and 8—12

Com- B.p./°C MS, IR, IH NMR (CDCl;, 3, J/Hz)*
pound (p/Torr), m;'z v/em™!
M.p./°C* M]*
1 314315 — — 2.88 (s, 3 H, C(5)H3); 3.32 (s, 3 H, C(11)Hy); 7.66 (d, 1 H, C(4)H,
[315—317]2 J = 7.8).7.20—-7.75 (m, 4 H, Ar); 8.15 (brs, | H, NH);

8.52 (d, | H, C(3)H);
[2.77 (s. 3 H, C(5)Hy); 3.23 (s, 3 H. C(11)H3): 7.87 (d, 1 H, C(4)H,
J=7.0); 7.10=7.70 (m, 3 H, Ar, C(DH, C($)H, C(9H);
8.30—8.60 (m, 2 H, C(3)H, C(10)H); 11.32 (brs, | H, NH)}?

2a 160—162 201 735, 1620, 1.73 (m, 6 H, 3 CH,); 1.98 (s, 3 H, C(2)H3); 2.18 (s, 3 H, C(5)H3);
e 3380, 3470 3.58 (s, 2 H, NHy); 3.76 (m, 1 H, CH); 5.73 (m, 2 H, HC=CH);
6.28 (d, 1 H, Ar, J =7.5); 6.63 (d, I H, Ar, J=17.5)
2b 132 187 750, 904, 1.55 (brs, 4 H, 2 CH,); 1.85 (br.s, 2 H, CHj): 2.09 (s, 3 H, Me);
) 1620, 3400, 3.76 (m. 1 H, CH); 3.28 (s, 2 H, NH;); 5.60 (m, 2 H, HC=CH);
3480 6.30—6.80 (m, 3 H, Ar)
2e 126—129 203 730, 1460, 1.67 (m, 6 H, 3 CH,); 3.13 (m. | H, CH); 3.65 (s, 2 H, NH,);
2) 1600, 2900, 3.68 (s, 3 H, OMe); 3.73 (m, 1 H, CH); 5.67 (m, 2 H, HC=CH);
3380, 3470 6.30—6.77 (m, 3 H, Ar)
2d 118—120 173 760, 1620, 1.55—1.87 (m, 6 H, C(3)H>); 3.14 {m. 1 H, CH); 3.34 (s. 2 H, NH));
(2) 3370, 3450 5.62 (m, 2 H, HC=CH); 6.36—6.85 (m., 4 H, A1)
3a 140—142 199 760, 1230, 1.92 (m, 4 H, C(2)H,, C(3)H;); 2.31 (s, 3 H, Me); 2.52 (s, 3 H, Me);
) 1470, 1520, 2.65 (m, 2 H, C(4)H,); 2.95 (m, 2 H, C(1H,); 6.65 (d, | H, J = 7.3);
2860, 2900, 6.71 (d, 1 H, J=7.3); 7.6 (5, 1 H, NH)
3100, 3420
3b 139142 185 780, 1260, 1.88 (m. 4 H, C(2)H,. C(3)H,): 2.41 (s, 3 H, Me); 2.69 (m, 4 H, C(1)H,,
) 1520, 1600, C(4)YH,); 6.94—7.35 (m, 3 H, An); 7.60 (s, 1 H, NH)
2860, 2800,
3420
3¢ 142—145 201 770, 1260, 1.45 (m, 4 H, C(2)H,, C(3)H,); 1.82 (m, 4 H, C(1)}H,, C(HHy);
€)) 1510, 1620, 3.80 (s, 3 H, OMe): 4.20 (s, I H, NH); 6.70 (s, 3 H. Ar)
2870, 2940,
3400
3d 135~138 171 760, 1260, 1.85 (m, 4 H, C(2)H,, C(3)Hy); 2.03 (m, 4 H, C(1)H,, C(4)H)):
(1) 1500, 1600, 6.00 (s, 1 H, NH); 7.00—7.65 (m, 4 H. Ar)
2860, 2950,
3340
62 140 201 720, 1580, 1.62 (m, 6 H, C(3)H,); 1.98 (s, 3 H, C(2)Hy); 2.22 (3 H, C(5)H3);
2) 1610, 3350 323 (s ! H, NH); 3.92 (s, I H, CH): 5.70 (m, 2 H, HC=CH);
6.16 (s, 1 H, Ar); 6.28 (d, I H, Ar, J =17.5);6.75(d, 1 H, Ar, J=1.5)
6b 112 187 760, 910, 1.68 (m, 6 H, 3 CHy); 2.18 (s, 3 H, CHj3); 3.14 (s, | H, NH);
) 1620, 3400 3.76 (m, 1 H, CH); 5.66 (m, 2 H, HC=CH); 6.20—6.77 (m, 4 H, Ar)
6¢c 118 203 760, 1450, 1.56 {m, 6 H, 3 CHy); 3.20 (s, I H, NH); 3.62 (s, 3 H, CH;);
2) 1600, 2910, 3.83 (m, | H, CH); 5.90—6.63 (4 H, Ar)
3400
6d 108 173 740, 1279, 1.50—1.80 (m, 6 H, CH;); 3.16 (s, | H, NH); 3.77 (s, I H, CH);
2) 1480, 1515, 5.63 (m, 2 H, HC=CHY; 6.35~7:12-(m5 H; An)
1600, 3410
7a 130—134 201 800, 1270, 1.51 (m, 4 H, C(2)H,, C(3)Hy); 1.70 (m, 4 H, C(1)H,, C(4)H,);
(1) 1600, 2860, 1.98 (s, 3 H, Me); 2.11 (s, 3 H, Me); 2.82 (m. | H, C(4a)H);

2930, 3360 3.70 {m, 1 H, C(8b)H); 6.34 (d, t H, Ar, J=7.7);
6.65 (d, I H, Ar. /= 7.7); 8.15 (s, | H, NH)

7o 128—130 187 780, 1280, 1.66—1.83 (m, 6 H, C(2)H,, C(3)H», C(4)H,); 1.95 (s, 3 H, Me);
) 1520, 1600, 2.05 (m, 2 H, C(DHy); 2.70 (m, | H, C(4a)H); 3.58 (m, 1 H, C(8b)H);
2860, 2920, 6.40—6.73 (m, 3 H, Ar); 7.2 (s, 1 H, NH)
3370

(10 be continued)
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Table 2 (coniinued)

Com- B.p./°C MS, iR, 'H NMR (CDCl,, 8, J/Hz)*
pound (p/Torr), m/z v/em™!
M.p./°C* M}*
Te 134—137 203 780, 1260, 1.48 (m, 2 H, C(3)Hy); 1.75 (m, 4 H, C(4)H,, C(2)H,):
() 1530, 1620, 2.23 (m, 2 H, C(1)H,); 3.05 (m, 1 H, C(4a)H): 3.76 (m, 1 H, C(8b)H);
2870, 2910, 3.82 (s, 3 H, OMe); 5.87 (5, 1 H, NH); 6.75 (m, 3 H, Ar)
3400
7d 130133 173 770, 1300, 1.76 (m, 6 H, C(2)H,. C(3)H,, C(4)H;); 2.02 (m, 2 H, C(1)H;);
(1) 1500, 1620, 2.65 (m, 1 H, C(4a)H); 3.50 (m, 1 H, C(8b)H); 5.90 (s, 1 H, NH);
2860, 2040, 6.60—6.95 (m, 2 H, Ar); 7.00—7.27 (m, 2 H, Ar)
3380
8 94 195 750, 760, 2.49 (s, 3 H, Me); 2.79 (s, 3 H, Me); 678 (d, 1 H, Ar, /= T7.2);
815, 1270, 6.96 (d. 1 H, Ar, /= 7.2); 7.08—7.34 (m. 3 H, An);
1383, 1600, 7.41 (8, 1 H, C(8)H, J=17.0); 8.10 (s, | H, NH)
2870, 2930,
3415
9 213 223 735, 880, 2.57 (s. 3 H, Me); 3.18 (s, 3 H, Me); 7.28—7.57 (m, 3 H, Ar):
[215—216}18 1270, 1640, 7.71 (s, | H, C(2)H); 8.20 (d, ! H, C(8)H, J = 7.6);
2920, 3340 10.42 (s, 2 H, NH, CHO)
10 130 338 760, 890, 1.22 (t. 6 H, 2 CH;CH,, /= 7.0); 2.38 (s, 3 H, Me); 2.75 (s, 3 H, Me);
[130]!8 1100, 1460, 3.62—3.87 (m, 6 H, 3 CH;); 4.69 (t, 1 H, OCHO, J = 6.0);
1510, 1600, 6.81—7.15 (m, 3 H, Ar); 7.45 (s, 1 H, C(2)H);
2920, 2980, 7.70 (d, 1 H, C(8)H, /= 7.1); 8.30 (s, 1 H, HC=N);
3470 8.60 (s, | H, NH)
11 103 340 750, 880, 1.20 (t, 6 H. 2 CH3;CH,, J = 6.9); 2.48 (5, 3 H, Me); 2.85 (s, 3 H, Me);
1060, 1100, 3.64 {(q, 4 H, 2 CH,, /= 6.9); 3.68 (d, 2 H, CH,N, /= 6.0);
1460, 1500, 3.97 (s, 2 H, ArCH,N);
1600, 2900, 472 (t, 1 H, OCHO, J = 6.0); 7.25 (s, 1 H, C{2)H);
2970, 3380, 7.16—7.44 (m, 3 H, Ar); 8.20 (d, | H, C(8)H, J = 7.6);
3470 8.44 (s, 2 H, 2 NH)
12 184 - - 1.16 (t, 6 H, 2 CH;3CH,, J = 7.2); 2.42 (s, 3 H, Me); 2.46 (s, 3 H, Me);

282 (s, 3 H, Me); 3.25(d, 2 H, CH;N, /= 6.0); 348 (q, 4 H, 2 CH,,
J=17.2);4.42(t, 1 H, CH, /= 6.0); 4.69 (s, 2 H, ArCH;N);

7.00 (s, 1 H, C(2)H); 7.25—7.52 (m, 3 H, C(S)R, C(6)H, C(NH; 2 H, Ts);
776 (d, 2 H, Ts, /= 7.6); 8.12 (d, 1 H, C(®)H, J=7.3);

7.44 (s, I H, NH)

* Literature data are given in brackets.

Synthesis of N-(cyclohex-2-enyl)-2,5-xylidine (6a).
3-Chlorocyclohexene (35a) (11.6 g, 0.1 mol) was added to a
solution of arylamine da (12.1 g, 0.1 mol) in Et;N (50 mL).
The reaction mixture was heated at 80—90 °C for 2 h and then
wreated with water (3%20 mL). The product was extracted with
EtOAc and the organic layer was dried over MgSQ,. The
solvent was removed under reduced pressure, the residue was
distilled ‘in vdcuo, and product 63 was oObtained in a yield of
15 g (75%).

Catalytic rearrangement of N-(cyclohex-2-enyl)-2,5-xyli-
dine (6a). 4. A cartalyst {7 mmol) (see Table 1) was added to a
solution of compound 6a (7 g, 35 mmol) in xylene (20 mL).
The reaction mixture was refluxed for 4—5 h and then washed
with a 15% KOH solution. The organic phase was dried over
MgSO, and concentrated and the residue was distilled in vacuo.
Product 2a was obtained in 68—75% yield.

B. BF;- Et;,0 (2.6 mL) was added to compound 6a (1.7 g,
14 mmol). The reaction mixture was heated at 170 °C for 6 h,
treated with Na,CO;, and extracted with ether (3x30 mL).

The organic layer was dried over KOH and the ether was
evaporated. Column chromatography on Al;O; (a 1:1 ben-
zene—hexane mixture as the eluent) afforded compound 2a in
a yield of 0.87 g (51%).

C. Gaseous HCI was bubbied through a solution of com-
pound 63 (5 g, 25 mmol) in ether (100 mL) until the forma-
tion of the precipitate ceased. The precipitate of N-alkenylamine
hydrochloride that formed was filtered off, washéd with ether
(3%x30 mL), and dried under reduced pressure. Hydrochloride
of compound 6a that formed was dissolved in xylene (20 mL)
and heated at 140 °C for 3 h. The workup was performed
according to procedure 4. Product 2a was obtained in a yield of
3.95 g (79%).

D. 3-Chlorocyclohexene (11.6 g, 0.1 mol) was added to
arylamine 4a (47.6 g, 0.4 mol) and the reaction mixture was
heated at 140—150 °C for 5 h. The consumption of com-
pounds 4a and 5a and accumulation of compound 2a were
monitored by GLC. After completion of the reaction, the
mixture was treated with a 30% KOH solution (3x100 mL),
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Table 3. 13C NMR spectrum of ellipticine (1) (DMSO-dg)

Atom 5 Atom 5 Atom 8
C(n) 148.1 C(9) 119.4 C(10b) 129.2
C(3) 127.3 C(10) 1255 C(10a) 108.4
C(4) 123.8 C(1H1) 141.3 C(6a) 137.3
C(S) 122.8 C(l1a) 129.2 C(5")YH, 11.8
C(7) 110.8 C(4a) 157.9 C(I1)H; 144
C(8) 125.6 C(5a) 132.6

the organic phase was dried over MgSO,, and the solvent was
evaporated under reduced pressure. Compound 2a was ob-
tained in a yield of 16.5 g (82%).

5.8-Dimethyl-1,2,3,4,4a,8b-hexahydrocarbazole (7a).
Amine 22 (10 g, 55 mmol) in polyphosphoric acid (60 g, i.e.,
50 g of H;PO, (85%) + 10 g of P,Os) was heated at 140 °C
for 5 h. The reaction mixture was treated with a 30% KOH
solution and extracted with benzene (5%50 ml). The extract
was dried over MgSQ, and the solvent was removed under
reduced pressure. The residue was rectified in vacuo and com-
pound 7a was obtained in a yield of 7.5 g (73%).

Photochemical cyclization of compeund 2a2. A solution of
compound 2a (1 g, 5 mmol) in benzene or hexane (800 mL)
was irradiated with the use of a DRT-375 lamp in a quarnz
reactor under an argon atmosphere for 45 min. Then the
solvent was evaporated under reduced pressure and the residue
was chromatographed on a column with Al,O5 using 2 | : 4
benzene—hexane mixture as the eluent. Compounds 2a, 3a,
and 7a were obtained in yields of 0.25 g (25%). 0.07 g (7%).
and 0.15 g (15%), respectively.

Cyclization of compound 2a under the action of PdCl,.
PdCl, {0.25 mmol) was added to a solution of compound 2a
(0.5 g, 2.5 mmol) in nitrobenzene (10 mL) and the reaction
mixture was heated in an autoclave at 140 °C for 2 h. The
solvent was removed in vacuo and the residue was chromato-
graphed on a column with Al,O3; (benzene as the eluent).
Compound 3a was obtained in a yield of 0.15 g (30%).

Preparation of mixtures of tetrahydrocarbazoles (3a—d)
and hexahydrocarbazoles (7a-—d). 3-Bromocyclohexene (3b)
(30 mmol) was gradually added to arylamine 4a—-d (120 mmol)
and the reaction mixture was heated at 130 °C for 5 h. The
cooled reaction mixture was treated with a 30% KOH solution
(3x100 mL) and extracted with benzene. The organic layer was
dried over MgSO4 and distilled in vacwo. The yields of the
products were 2.8 g (47%) (3a) and 1.8 g (31%) (7a); 2.5 g
(45%) (3b) and 1.7 g (30%) (7b); 2.8 g (46%) (3c)and 1.8 g
(30%) (7¢); and 1.9 g (38%) (3d) and 1.3 g (26%) (7d). In all
the cases, compounds 3 and 7 were obtained in a molar ratio of
5:2.

1,4-Dimethylcarbazole (8). Pd/C catalyst (1.5 g, 5%) was
added to a solution of a mixture of compounds 32 and 7a (5 g)
taken in a molar ratio of 3 : 2 in trimethylbenzene (20 mL).
The reaction mixture was refluxed for 3 h and filtered.
Petroleum ether (50 mL, b.p. 40—70 °C) was added to the
filtrate. Compound 8 was obtained as a white powder in a yield
of 4.2 g (87%).

3-Formyl-1,4-dimethylcarbazole (9). 1,4-Dimethylcarbazole
(8) (2.3 g, 12 mmol) was added to a mixture of N-methyl-
formanilide (2.1 g. 16 mmol) and POCl; (2.2 g, 14 mmol) in
dichlorcbenzene (6 mL) and the reaction mixture was heated
on a water bath for 5 h. The workup of the reaction mixture
was carried out according to a procedure reported previousty. 14
Product 9 was obtained in a yield of 1.2 g (46%).

Table 4. Data of elemental analysis of compounds 3a—d,
Ta—d, and 8—12

Com- Found (%) Molecular
pound Calculated formula
C H N

3a 84,23 g4l .02 CraHy7N
84.42 8.54 7.04

3b 8395 19 7.52 Ci3HsN
84.32 8.1l 7.57

3¢ 7748 126 676 C,3H{sNO
77.61 7.46 6.97

3d 8409 139 7.48 CppHpaN
84.21 7.60 8.19

Ta 83,31 9.34 6.84 CigHoN
83.58 9,45 6.97

7b 8355 4.9 .66 Cy3HpsN
83.42 9.09 7.49

Tc 26.@3 &J_-/' 6_Si C”H”NO
76.85 8.37 6.90

7d 82.74 8.65 1.84 Cj2H 5N
83.24 8.67 8.09

8 86,39 491 22 CieH 3N
86.1 6.67 7.18

9 80.85 6.01 6.17 CysHjsNO
80.72 5.83 6.28

10 7446  71.32 849 CriH26N70,
74.56 7.69 8.28

11 7419 8.2 8.29 C;HNR0;
74.12 8.23 8.21

12+ 67.39 648 5.50 Ciy7H3N,048
67.50 6.67 5.83

* For §, found/calculated (%) 6.21/6.67.

3-(2,2-Diethoxyethyliminomethyl)-1,4-dimethylcarbazole
(10). A mixture of compound 9 (I g, 4.5 mmol) and
2,2-diethoxyethylamine (0.6 g, 4.5 mmol) was heated at 100 °C
for 2 h. After cooling, the reaction mixture was fractionated by
column chromatography on silica gel (CHCI; as the eiuent)
and compound 10 was obtained in a yield of 1.25 g (82.7%).

3-(2,2-Diethoxyethylaminomethyl)-1,4-dimethylcarbazole
(11). A solution of imine 9 (2 g, 9 mmol) in anhydrous EtOH
(50 mL) in the presence of catalyst (Raney nickel) (0.4 g) was
hydrogenated in an autoclave at ~20 °C and 8 atm. for 24 h.
After purification by chromatography on silica gel (CHCI; as
the eluent), product 11 was obtained in a yield of 1.5 g
(74.6%).

3-[N-(2,2-Diethoxyethyl)- N-tosylaminomethyl]-1,4-di-
methylcarbazole (12). A mixture of amine 11 (1.5 g, 4.8 mmol)
and TsCl (0.92 g, 4.8 mmo)) in dry pyridine (8 mL) was kept
at =20 °C for 72 h. The precipitate of the sait of pyridine
hydrochloride was filtered off, water (30 mL) was added to the
filtrate, and the product was extracted with CHCI; (5x20 mL).
The extract was dried over MgSQ,, the solvent was removed
under reduced pressure, and tosylate 12 was obtained in a yield
of 2.03 g (92%).

Ellipticine (1). A mixture of tosylate 12 (0.4 g, 2.1 mmotl),
dioxane (12 mL), and a 21% HCI solution (0.8 mL) was
refluxed for 6.5 h. The workup of the reaction mixture was
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carried out according to a procedure reported previously.!S
Product 1 was obtained in a yield of 0.16 g (80%). The
physicochemical characteristics of the synthesized alkaloid cor-
respond to the published dara!8.1? (see Table 2).
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