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Abstract—A synthetic route to compounds of the indolyltetrahydroisoquinoline series was developed on the
basis of the reaction of cotarnine with indole derivatives. Aminoalkylation of indole and its derivatives with
cotarnine occurs regioselectively at the nitrogen atom of the indole fragment to give the corresponding
5-(1-indolyl)-4-methoxy-6-methyl-5,6,7,8-tetrahydro[1,3]dioxolo[4Jisoquinolines. The products were
found to undergo rearrangement into isomeric 5-(3-indolyl)-4-methoxy-6-methyl-5,6,7,8-tetrahydro[1,3]di-
oxolo[4,5gisoquinolines which constitute a new class of indolyltetrahydroisoquinoline systems.

4-Methoxy-6-methyl-5,6,7,8-tetrahydro[1,3]di-  Reactions of cotarnine with nucleophilic substrates
oxolo[4,5gJisoquinoline (, cotarnine) is a natural could involve intermediate formation of either cation
tautomeric pseudobase which is known to react withb or open tautomeric formia (Scheme 1) [6]. As
some CH and NH acids with formation of so-calleda rule, such reactions are treated as a particular case
dihydrocotarnyl derivatives [1, 2]. These compoundof aminoalkylation [1], and the products are classed
attract interest as potential biologically active sub-with Mannich bases.

stances structurally related (to more or less extent) we have found that cotarniné)(reacts with indole
to plant alkaloids of the isoquinoline series [3]. (I1) in methanolic solution to give only one product,
The reaction of cotarnine with indoldl § and its 5-(1-indolyl)-4-methoxy-6-methyl-5,6,7,8-telngdro-
derivatives is among the most interesting and at thgl,3]dioxolo[4,5g]isoquinoline (V, 1-dihydroco-
same time poorly studied aspects of the chemistry darnylindole) (Scheme 2). Its structure was proved by
this compound. Such reactions open the way to conthe data ofH NMR spectroscopy (Table 1) and mass
pounds of the indolylisoquinoline series. Publishedspectrometry. Hence the alkylation of indole with
data on this topic are very limited. Hope and Robin-cotarnine under the given conditions occurs selectively
son [4] obtained the correspondimydihydrocotarnyl at the nitrogen atom. According to the TLC afid
derivatives from isatin and 2-methylindolgl(), while  NMR data, no alkylation product at*Gvas formed.
reactions of cotarnine with unsubstituted indole and'his result contradicts the known relations holding in
other indole derivatives were not studied. In continuathe Mannich reaction with indole derivatives which
tion of our works [5] on the synthesis of new analogsusually react at positio [7, 8]. Up to now, the only
of isoquinoline alkaloids, we examined reactions ofreliable example of N-aminoalkylation of indole was
cotarnine with indolel() and some its derivatives. described by Swaminathan and Narasimhan [9], who
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Scheme 2.

IIL, II1, VI, VII IV, VIII-X V, XI-XIII

I, IV, V, R=X=H; lll, VIl , XI, R=CH;, X=H; VI, IX, Xll, R=H, X=Br; VIl, X, Xlll , R=H, X=0CH,.

performed a heterophase synthesis of N-isoharmir@mine), is incapable of reacting directly at ®f
and its analogs; however, the products were ndi-substituted indoles.

isolated in the pure state because of their instability. We have found that under certain conditions 1-di-
1-Dihydrocotarnylindolel{/ ) undergoes hydrolysis hydrocotarnylindoles can be transformed into 3-di-
to initial compoundd and Il by the action of acids; hydrocotarnylhdoles. By heating compountl/ in
however, in the absence of acids compould is aqueous alkali we obtained a new substance whose
stable up to 178, in contrast to acyclidN-amino- molecular weight (according to the MS data) was the
alkyl derivatives of indole [9] which are unstable evensame as that of the initial compound, but it had dif-

at room temperature. Probably, the relatively highterent spectral parameters. Thd NMR spectrum of
hydrolytic stability of IV is explained by steric factor: jsomerization producXIV (see figure and Table 1)
the presence of a bulky dihydrocotarnyl group whichcontained a downfield signal from NH proton, the
is difficult to depart. Quaternary ammonium salt indole 3-H signal was absent, and the signal from 2-H
derived fromIV was also stable: it decomposed Onlyof the pyrrole ring was a singlet. On the basis of
on heating above 19C. these data, productlV was assigned the structure of
The reactions of cotarnine with 2-methylindole 5-(3-indolyl)-4-methoxy-6-methyl-5,6,7,8-telngdro-
(111), 5-bromoindole Y1), and 5-methoxyindoleMll )  [1,3]dioxolo[4,54¢]isoquinoline (3-dihydrocotarnyl-
in MeOH gave the corresponding derivatiVél X jndole). The'*C NMR spectrum oIV was also con-
which were converted into quaternary salts-XIll . sjstent with the assumed structure. The discovered
All these products are stable in the crystalline statgearrangement opens the way to 3-dihydrocotarnyl-
and in neutral solution, and they decompose intgndoles which constitute previously unknown class of

initial compounds on treatment with acids. indolyltetrahydroisoquinoline systems.
_Thus in the reactions of cotarnine with both unsub-  The isomerization of substituted 1-dihydrocotarnyl-
stituted indolell and its derivativesll , VI, and VIl indoles VIII =X gave the Corresponding 3_dihydr0_

aminoalkylation of the indole fragment occurs seleccotarnylindoles XV-XVII in 60-80% yield. Com-
tively at the nitrogen atom, yielding stable N-SUbSti-poundsX|V —XVII have higher melting points and
tuted indolyltetrahydroisoquinoline Mannich bases. are more thermally stable (up to Z@ and higher)

By contrast, 1-methylindole failed to react with than theirN-substituted isomers. In addition, they are
cotarnine even on heating in boiling alcohol for 24 h.more resistant to hydrolysis. Compoundb/ —-XVII
This result suggests that cotarnine, unlike classicalo not decompose during chromatographic treatment;
Mannich reagents (such as formaldehygkrondary they remain intact in the presence of strong acids

Scheme 3.

IV, VIII-X XIV-XVII XVIII-XXI
XIV, XVIII , R = X = H; XV, XIX, R=CH;, X=H; XVI, XX, R=H, X=8Br; X, Xlll, R=H, X=0CH,.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 3 2002



432 KRASNOV, KARTSEV

@

7H
3H oy / 3H
/_JHJM Jt
. JUUL/L‘JL
L 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR 1 |
9 8 7 6 h) 4 3 2
5, ppm
(b)
4H
3H
3H
2H 2H /‘
1H H
1H 1H 1H 1H
{ L
L 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR 1 | 1 TR L 1 TR 1 | 1 TR 1 |
9 8 7 6 h) 4 3 2
5, ppm

'H NMR spectra (CDG) of (a) compoundlV and (b) its isomerization producXIV .

(the corresponding salts are formed). Qauternary saltsnic transition state which could be formed only in
XVIII -XXI derived therefrom are also more stablestrongly polar solvating medium.

than the corresponding N-isomeysandXI-XIII . To conclude, it should be noted that further studies
The mechanism of rearrangement of 1-dihydroof the discovered rearrangement of 1-dihydrocotarnyl-

cotarnylindoles into 3-substituted isomers still remainsndoles, apart from the direct interest, may be useful

unclear. Probably, this reaction is an example ofrom the viewpoint of refinement of the mechanisms

a new 13-sigmatropic rearrangement in the indoleof known aminoalkylation reactions of indole and its

series. The rate of the rearrangement is the highest derivatives.

aqueous alcohol; the reaction in anhydrous alcohol is

much slower, while on heating in anhydrous aprotic EXPERIMENTAL

solvents (e.g., in bromobenzene) or without a solvent

1-dihydrocotarnylindoldV undergoes decomposition, The !H NMR spectra were recorded on a Bruker

and no isomerXIlV is formed. These findings may AM-500 spectrometer (500 MHz) in CDgland

be regarded as an indirect evidence that the rearrang@MSO-d;. The mass spectra (70 eV) were obtained

ment of 1-dihydrocotarnylindoles involves a polar oron an MKh-1303 instrument with direct sample
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Table 1. Chemical shiftsd (ppm) and spiaspin coupling constant$ (Hz) in thelH NMR spectra of compound¥, V,

and VIII -XXI
Indole fragment
ng‘np. Solvent
' NH 2-R 3-H 4-H 5-R 6-H 7-H
v CDCly - 6.85d,J=34 | 641dJ=34 | 755 d,| 7.09 dd 7.19 dd | 7.59 d,
J=282 J=170
\Y, DMSO-dg - 6.98d,J=35 | 657dJ=35 | 757 d,| 7.17 dd 7.33 dd | 8.31 d,
J=282 J=282
VI CDCly - 2.36s,3H,CH| 6.68 s 6.70 d, | 6.82 d.d 6.99 dd| 7.82 d,
J=184 J=184
IX DMSO-dg - 7.05dJ=35 | 6.55d,J=35 | 7.72 s - 7.43 d, 8.35 d,
J=711]13=71
X CDCl, - 6.78d,J=36 | 6.28d,J=3.6| 7.00 s | 3.83 s, 6.81 d, 7.37 d,
3H,0CH; | J =84 | J=84
Xl DMSO-dg - 2.36s,3H,CH| 6.70 s 752 d,| 7.05 dd 7.26 dd | 8.22 d,
J=182 J=175
Xl DMSO-dg - 7.07dJ=33 | 657d,J=33 | 7.73 s - 7.44 d, 8.36 d,
J=90 | J=90
Xl DMSO-dg - 6.83d,J=36 | 6.35d,J=36 | 706 s | 3.94 s, 6.74 d, 7.13 d,
3H,0CH; | J =88 | J=28.38
XV CDCly 8.11 | 6.68 s - 730 d | 7.08 dd 713 dd| 7.62 d
XV CDCly 7.86 | 2.36s,3H,CH - 7.13 d, | 6.88 d.d 6.97 dd| 7.13 d,
J=182 J=182
XVI DMSOd; | 10.78 | 6.61 s - 7.64 s - 7.07 d, 7.22 d,
J=76|JJ=76
XVl CDCly 8.19 | 6.64 s - 6.99 s | 3.83 s, 6.79 d, 7.15 d,
3H,OCH; | J =94 | J=94
XV DMSOdg | 1146 | 7.11 s - 741 d,| 7.05 brss | 7.05 br.s| 8.10 br.s
J=82
XIX CDCly 10.35 | 2.755s, 3H, CH - 6.66 d, | 6.83 d.d 6.95 dd| 7.48 d,
J=184 J=184
XX DMSOd; | 11.66 | 7.10 br.s - 8.40 br.d - 7.22 d, 7.37 d,
J=82]J=82
XXI DMSOd; | 11.28 | 6.98 br.s - 7.65Dbrg 3.90 br.s, | 6.81 brs| 7.28 d,
3H, OCH; J=99
Comp. Tetrahydroisoquinoline fragment
no- NCH; | OCH, OCH,0 ArCH, NCH, NCH | Hyom
v 2.34 3.15 585 d,J =79 2.60 m, 273 m| 3.04 m 6.32 s | 644 s
\ 3.09, 3.28| 3.46 6.01 d,J = 4.7 3.38 m 376 m, 3.84 m| 7.04 s | 6.69 s
(BH+3H) (IH+1H)
VI 2.35 3.19 589 d,J = 8.0 255 m, 270 m| 3.10 m 6.25 s | 6.43 s
IX 2.93 3.47 6.02 d,J = 4.8 3.30-3.42 m 375 m, 3.87 m| 7.03 s | 6.55s
(IH+1H)
X 231 3.14 5.86 d,J = 9.1 259 m, 270 m| 3.03 m 6.20 s | 6.40 s
(IH+1H)
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Comp. Tetrahydroisoquinoline fragment
no- NCH; | OCH, OCH,0 ArCH, NCH, NCH | Hyom
X 3.04, 3.38| 3.44 | 6.00 d,J =12.0 | 3.37 m 3.69-3.99 m 6.96 br.y 6.59 s
(3H+3H)
Xl 2.93, 3.46| 336 | 6.03 d,J =52 | 335 m 3.76 m, 3.87 m| 7.03 s | 6.68s
(3H+3H) (1H+1H)
Xl 3.02, 3.33| 342 | 598 d,J = 11.0 | 3.363.49 m 364 m, 385 m| 7.01 s | 6.42s
(3H+3H) (1H+1H)
XIV 2.39 340 | 583 d,J =96 | 264 m, 273 m| 2.933.04 m 529 s | 6.40s
(1H+1H)
XV 2.33 320 | 573 s, 586 s 263 m, 2.96 m| 2.993.07 m 500 s | 641s
(IH+1H) (IH+1H)
XVI 231 345 | 586 d,J = 3.6 | 248262 m 2.87 m 504 s | 6.34s
XVII 2.39 340 | 583 d,J =112 | 263 m, 272 m| 2923.03 m 522 s | 6.40s
(1H+1H)
XVl | 3.00, 3.37| 342 | 594 s 329 m 3.68 m 6.16 s | 6.58s
(3H +3H)
XIX 2.99, 3.48| 3.46 | 579 s, 5.86 s 335 m 363 m, 3.98 m| 554 s | 6.49s
(3H + 3H) (1H+1H) (1H+1H)
XX 3.02, 3.37| 346 | 595 s 3.26 m 372 m 6.17 s | 6.58s
(3H + 3H)
XXI 3.07, 3.41| 3.47 | 596 s 333 m 3.75 m 6.17 s | 6.58s
(3H +3H)

Table 2. Yields, melting points, and elemental analyses

of compouhds V, and VIII -XXI

. Found, % Calculated, %
Comp. | Yield, o
0. % mp, °C Formula
C H Hig N C H Hig N

v 90 142-143 | 71.29| 6.04 - 8.35 | C,H,oN,O5 71.41| 5.99 - 8.37
V 95 190-200% | 52.77 | 4.86 | 26.48 | 5.85 | CyqH,3IN,Oq 52.74| 4.85 | 26.53| 5.86
VI 45 97-98 71.60| 6.39 - 7.92 | CyHyoN,04 71.99| 6.33 - 7.99
IX 88 131132 | 55.78 | 4.37 | 18.46| 6.41 | C,oH;gBIN,O; 55.96 | 4.46 | 18.61| 6.53
X 52 122123 | 68.44| 6.12 - 7.53 | CyH5oNL04 68.84 | 6.05 - 7.65
Xl 87 190-200% | 53.31| 5.24 | 25.42| 5.60 | Cy,H,5IN,Og 53.67| 5.12 | 25.77| 5.69
Xl 83 200-21C¢* | 45.09| 4.11 | 36.88| 4.99 | C,H,,BriN,O; | 45.27| 3.98 | 37.11| 5.03
Xl 89 195-200% | 52.32| 4.98 | 24.71| 556 | Cy,Hy5IN,O, 51.98| 4.96 | 24.96| 5.51
XV 71 204-205 | 71.23| 5.94 - 8.32 | CygHygN,O4 71.41| 5.99 - 8.37
XV 66 155-156 | 71.56 | 6.15 - 7.91 | CyHyoN,0O4 71.99| 6.33 - 7.99
XVI 79 244245 | 56.12| 4.50 | 18.49| 6.50 | C,oH;gBIN,O5 55.96 | 4.46 | 18.61| 6.53
XVII 83 199200 | 68.55| 6.17 - 7.53 | CyH5oNL04 68.84 | 6.05 - 7.65
XVII 92 200-21C¢* | 53.02| 4.91 | 26.09| 5.88 | Cy;H53IN,Oq 52.74| 4.85 | 26.53| 5.86
XIX 90 200-21¢* | 53.94| 5.27 | 25.28| 5.70 | Cy,H55IN,Og 53.67| 5.12 | 25.77| 5.69
XX 81 210-220* | 45.53| 4.01 | 36.87| 5.02 | CyH,,BriN,O; | 45.27| 3.98 | 37.11| 5.03
XXI 90 230-240% | 52.20| 4.99 | 24.73| 5.54 | Cy,H55IN,O, 51.98| 4.96 | 24.96| 5.51
& With decomposition.
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admission into the ion source (1%0). The purity was filtered off, washed with ether, and dried in

of the products was checked by TLC on Silufol UV-a vacuum desiccator. Yield 2.35 g.
254 plates using chloroforrethyl acetate (2:1) and  4-Methoxy-6,6-dimethyl-5-(2-methyl-1-indolyl)-
2-propanckwater (4:1) as eluents and also Byl 5 6 7, 8-tetrahydro[1,3]dioxolo[4,5gfisoquinolinium
NMR spelctroscopy and elemental analysis. Table fodide (XI), 5-(5-bromo-1-indolyl)-4-methoxy-6,6-
gives the’H NMR data for the compounds prepared,dimethyl-5,6,7,8-tetrahydro[1,3]dioxolo[4,5g]iso-
and their yields, melting points, and analytical datayuinolinium iodide (XIl), and 4-methoxy-5-(5-
are listed in Table 2. methoxy-1-indolyl)-6,6-dimethyl-5,6,7,8-tetrahydro-
4-Methoxy-6-methyl-5,6,7,8-tetrahydro[1,3]di- [1,3]dioxolo[4,5-glisoquinolinium iodide (XIII)
oxolo[4,5g]isoquinolin-5-ol (I, cotarnine). Cotarnine were synthesized in a similar way from compounds
hydrochloride monohydrate (of pharmaceutical grade)Ill -X, respectively.

27.1 g (0.1 mol), was dissolved in 200 ml of water, 5-(3-Indolyl)-4-methoxy-6-methyl-5,6,7,8-tetra-
a 10% agueous solution of 0.105 mol of KOH WaShydro[l'S]dioxolo[4,5.g]isoquinonne (X|V) A mix-
added with stirring, and the mixture was kept for 1 hture of 1.76 g (0.005 mol) of compouri¥l, 15 ml of
at 15C. The precipitate was filtered off, washed with\yater, and 5 ml of alcohol was refluxed for 4 h under
water, and dried in a vacuum desiccator a@5 argon (to prevent exposure to air). The mixture was
Yield 18.9 g (80%), mp 13d32°C; published data cooled to room temperature, and the precipitate was
[10]: mp 133C. separated, washed with alcohol, and dried in a vacuum
5-(1-Indolyl)-4-methoxy-6-methyl-5,6,7,8-tetra- desiccator. Yield 1.26 g.
hydro[1,3]dioxolo[4,5-g]isoquinoline  (IV). Indole 5-(2-Methyl-3-indolyl)-4-methoxy-6-methyl-
(1), 1.17 g (0.01 mol), was dissolved in 6 ml of 5 6 7 8-tetrahydro[1,3]dioxolo[4,5g]isoquinoline
methanol, 2.36 g (0.01 mol) of cotarniné) (was (Xv), 5-(5-bromo-3-indolyl)-4-methoxy-6-methyl-
added at 4%C, and the mixture was stirred until it 5 6,7 8-tetrahydro[1,3]dioxolo[4,5g]isoquinoline
became homogeneous and was left to stand at roogxv|), and 4-methoxy-5-(5-mettoxy-3-indolyl)-6-
temperature until a crystalline solid precipitated. Thenethyl-5,6,7,8-tetrahydro[1,3]dioxolo[4,5g]iso-
mixture was kept for 1 h at P&, and the precipitate quinoline (XVIl) were synthesized in a similar way
was filtered off, washed with a small amount of coldfrom compoundsVIll X, respectively.
methanol, and dried in a vacuum desiccator. Yield of 5_(3.|ndolyl)-4-methoxy-6,6-dimethyl-5,6,7,8-

product IV 3.17 g. tetrahydro[1,3]dioxolo[4,5-glisoquinolinium iodide
5-(5-Bromo-1-indolyl)-4-methoxy-6-methyl-  (XVIIl). CompoundXIV, 1.76 g (0.005 mol), was
5,6,7,8-tetrahydro[1,3]dioxolo[4,5¢g]isoquinoline  dissolved in a minimal amount (380 ml) of chloro-
(IX) was synthesized in a similar way from 5-bromo-form at 40C, the undissolved material was separated,
indole (V1) and compound. and 2 ml of freshly distilled methyl iodide was added
4-Methoxy-6-methyl-5-(2-methyl-1-indolyl)-  to the solution. The mixture was kept for 24 h at room
5,6,7,8-tetrahydro[1,3]dioxolo[4,5¢]isoquinoline ~ temperature, and the precipitate was filtered off,
(VII). 2-Methylindole ¥I1), 1.31 g (0.01 mol), was Washed with ether, and dried in a vacuum desiccator.
dissolved in 7 ml of 85% methanol, 2.36 g (0.01 molyYield 2.2 g.
of cotarnine () was added at 2&, and the mixture ~ 4-Methoxy-6,6-dimethyl-5-(2-methyl-3-indolyl)-
was stirred until it became homogeneous and was left.6,7,8-tetrahydro[1,3]dioxolo[4,5g]isoquinolinium
to stand for 24 h at room temperature. The precipitat®dide (XIX), 5-(5-bromo-3-indolyl)-4-methoxy-6,6-
was filtered off, washed with 50% methanol, anddimethyl-5,6,7,8-tetrahydro[1,3]dioxolo[4,5g]iso-
dried in a vacuum desiccator. Yield 1.65 g. qwtr;]ollmgm dloldll;ité 6(>é>_<), t%nﬁség%t?%xyf&(&
4-Methoxy-5-(5-methoxy-1-indolyl)-6-methyl-  MELNOXYy-5-INdolyl)-5,6-dimetnyl-5,5, 7, c-tetranydro-
5,6,7,8-tetrahydro[1,3]dioxolo[4,5g]isoquinoline [1,3]d|oxohlo[4,5dg]_|soqu_|nc_)|lln|um |]9d|de (XXI) q
(X) was synthesized in a similar way from 5-methoxy-\)’(v\e/rex\s)l/lm esized In Ia similar- way from compounds
indole (X) and compoundl. B , respectively.
5-(1-Indolyl)-4-methoxy-6,6-dimethyl-5,6,7,8- REFERENCES
tetrahydro[1,3]dioxolo[4,5-g]isoquinolinium iodide
(V). CompoundV, 1.76 g (0.005 mol), was dissolved 1. Beke, D., Adv. Heterocycl. Chem.1963, vol. 1,
in 10 ml of chloroform at 4€C, and 2 ml of freshly pp. 167188.
distilled methyl iodide was added. The mixture was2. Mobhrle, H. and Grimm, B.Arch. Pharm.(Weinheim),
kept for 24 h at room temperature, and the precipitate 1986, vol. 319, pp. 83841.
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