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ENAMINES OF THE 1,2,3,4-TETRAHYDROISO-
QUINOLINE SERIES IN THE CHICHIBABIN
SYNTHESIS OF PYRROLO[2,1-¢]ISOQUINOLINES
AND IN REACTION WITH OXALYL CHLORIDE

N. N. Polygalova, A. G. Mikhailovskii, E. V. Vikhareva, and M. 1. Vakhrin

1t has been shown that the Chichibabin reaction of enamines of the 1,2,3,4-tetrahydroisoquinoline series
and 1,2,3,4-tetrahydrobenzo[f]isoquinoline series with p-bromophenacyl bromide leads to
pyrrolo[2,1-alisoquinoline derivatives. The same heterocyclic system is obtained on interaction of
1-alkyl-3,4-dihydroisoquinolines or their benzo[f]-analogs with oxalyl chloride. The obtained
dioxopyrrolines form derivatives of benzo[g]quinoxalinof2,3-b]indolizine on condensation with
o-phenylenediamine.
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phenacyl bromide, enamines of the 1,2,3,4-isoquinoline series, oxalyl chloride, pyrrolo[2,1-alisoquinolines,
1,2,3,4-tetrahydrobenzo[f]isoquinolines, Chichibabin reaction, condensation with o-phenylenediamine.

Pyrrolo[2,1-alisoquinolines are used widely in organic synthesis, medicine, and other areas [1]. The
classical method of design the pyrrolo[2,1-aJisoquinoline system is the interaction of 1-alkylisoquinolines with
o-halo ketones (the Chichibabin reaction) [1, 2]. It is known [3] that on cyclization with the formation of
condensed systems a determining role is played by the radicals in position 3 of the isoquinoline ring. The aim of
the present work is an investigation of the potentialities of this reaction in the presence of two methyl groups in
position 3 and also of a different structure for the enamine fragment.

The reaction of enamines of the 1,2,3,4-tetrahydroisoquinoline series with oxalyl chloride has also been
widely investigated [1, 4, 5]. In the given examples, both bases, in the molecules of which the structure of the
enamine is already fixed, and compounds in the imino form, enter into this reaction. The latter is characteristic
for derivatives of 1-alkylisoquinoline [6, 7], the alkyl residue in the structure of which, unlike carbonyl or just
withdrawing groups, does not aid stabilization of the enamine form. Consequently our aim is the study of the
conditions of carrying out and the structures of the products of the named reaction in the presence of an alkyl
residue at position 1 of the isoquinoline ring.

The investigations showed that the reaction of enamines 1a-c¢ with p-bromophenacyl bromide proceeds
readily on boiling in alcohol in the presence of Na,CO; and compounds 2a-c are formed. On using drotaverine
(no-spa) base as the initial enamine the reaction product is compound 2d. Enamino amides and enamino esters of
the benzo[f]isoquinoline series, analogous in structure to compounds la-¢, form the corresponding tetracyclic
derivatives 3a-c in this reaction.
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1-Alkyl-substituted isoquinolines, such as compound 4, react with oxalyl chloride with the formation of
condensed pyrroledione 5. 4-Alkyl-2,2-dimethyl-1,2-dihydrobenzo[f]isoquinolines react analogously, forming
substances 6a-d. The investigations showed that a temperature of -10 to 0°C is optimal for carrying out the
reaction. The character of residue R has no influence on the yield. The reaction occurs analogously to the already

known when R = H [8] (compound 6a).
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TABLE 1. Characteristics of the Compounds Synthesized

Com Empirical __Found, %
pound forrr)nul a Calculated, % mp, °C Yield, %
C H Br N

2a Cy7H,9 BrN, O3 63.6 5.6 15.5 5.6 268-269 57
63.7 5.7 15.7 5.5

2b C,sH,5 BrN,O, 64.4 53 17.0 6.0 264-266 67
64.5 5.4 17.2 6.0

2¢ C,3H,, BrNO, 65.0 5.1 18.7 34 215 (dec.) 62
65.1 52 18.8 33

2d C;3,H3, BrINO, 66.5 5.7 13.8 2.5 146-148 68
66.7 59 13.9 2.4

3a CyHy7 BrN,O 69.6 5.4 15.8 5.7 256-258 70
69.7 5.5 16.0 5.6

3b CyHy7 BrN,O, 67.4 52 154 53 281-282 78
67.6 53 15.5 5.4

3¢ Cy7Hp4 BINO, 68.2 5.0 16.7 3.1 239-241 67
68.4 5.1 16.8 3.0

5 CisHyNO, 68.4 6.6 — 4.5 145-147 58
68.6 6.7 44

6b Ci9H7NO, 78.2 5.7 — 49 210-212 54
78.3 5.9 4.8

6¢ CyoHsNO, 78.5 6.2 — 4.6 205-207 61
78.7 6.3 4.6

6d C,HyNO, 78.8 6.5 — 4.5 204-206 63
79.0 6.6 44

7a Co4H9N3 82.3 53 — 12.1 203-205 64
82.5 55 12.0

7b CysHa N3 82.5 5.7 — 11.6 212-214 62
82.6 5.8 11.6

7c Cao6HosN3 81.2 6.0 — 11.2 223-225 59
81.4 6.1 11.0

7d Cy7HpsN; 82.7 6.3 — 10.8 204-205 56
82.8 6.4 10.7

8 C3,H33N304 73.3 6.3 — 8.1 155-157 61
73.4 6.4 8.0

The obtained dioxopyrrolines 6a-d on boiling with o-phenylenediamine in glacial acetic acid readily
form condensed quinoxalines 7a-d. The course of the reaction is easily followed by the change in color of the
reaction mixture. The initial dioxopyrrolines have a bright-red color, the reaction products are bright-yellow. A
derivative of drotaverine 8 was obtained analogously. A previously obtained dicarbonyl compound [9] was taken
as starting material in this case. Solutions of compounds 7a-d, 8 have a marked luminescence. The electronic
absorption and luminescence spectra of analogs of compounds 7a-d, having no benzoannelated ring in their
structure, were studied previously [10]. Benzoannelation (compounds 7a-d) and the introduction of
auxochromic ethoxy groups (compound 8) must lead to a strengthening of properties useful in practice, such as
light absorption and luminescence.

Bases 2, 3 are light-yellow substances, dioxopyrrolines bright-red, and quinoxalines 7, 8 bright-yellow.
On dissolving compounds 7, 8 in conc. H,SO,4 halochromism is displayed, the solutions become dark-blue, and
on dilution with water the color changes to red (Table 1).

In the 'H NMR spectra of pyrrolo[2,1-alisoquinolines 2 and 3 (Table 2), in contrast to the spectra of the
initial enamines, singlets for the protons of the ring NH group and the CH of the enamine fragment were not
present, but a singlet was present for the CH group of the pyrrole fragment (5.8-6.5 ppm). In the spectrum of
compound 5 a triplet (1.1) and a quadruplet (2.6 ppm) characteristic of the ethyl group were present, and there
were also signals for the corresponding alkyl groups in the spectra of compounds 6b-d and 7b-d. In the spectrum
of quinoxaline 8 there was no singlet for the methylene group of the benzyl fragment characteristic of
drotaverine base.
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The IR spectra of amides 2a,b and 3a,b contain characteristic absorption bands for carbonyl groups at
1630-1640, in the spectra of compounds 2¢ and 3¢ the ester carbonyl absorbs near 1740 cm™. The spectra of
dioxopyrrolines 5 and 6a-d contain absorption bands for lactam (1705) and ketone (1735 cm™) carbonyls.

The mass spectra of compounds 2, 3 have peaks* of low intensity (5-25%) for the molecular ions. For
amides 2, 3 there are significant peaks corresponding to the removal initially of the tertiary amino group and
then carbonyl, for example, for morpholide 2b they are 100 (378) and 20% (350) respectively. The mass
spectrum of ester 3¢ contains a peak for the molecular ion (80%, M" 474), and also peaks corresponding to
removal of carbethoxy (45%, 400) and later methyl (50%, 387) groups. In the spectra of drotaverine derivatives
2d, 8 there are peaks for the molecular ions at M" 577 and M 523 respectively, both of 100%.

The phenomenon of halochromism in the condensed quinoxaline series is seen visually in the example of
drotaverine derivative 8 containing four auxochromic groups in the side chain. The absorption spectrum of this
compound was recorded in ethanol beginning from 200 nm. The aromatic fragment is displayed by the presence
of a B-band of the m—nr* transition in the region of 230 nm (log ¢ 3.72) [11]. A K-band for general n-nt
conjugation in the molecule is observed at 390 nm (log € 4.18) [12]. The broad band at 440 nm (log € 3.64) has a
lower intensity linked with the presence of the ethoxy groups (R-band of substituent). The dark-blue solution of
quinoxaline 8 in conc. H,SO, changes color on dilution with water. Dilution of 1 : 1 (by volume) causes a green
coloration, on further dilution to threefold the solution acquires a raspberry color. In conc. H,SOy, in comparison
with the spectrum in alcohol, the main changes are observed in the visible region. In comparison with the
unionized form a strong bathochromic shift occurs (An.x 627 nm, log € 4.18). In solution diluted 1 : 1, as usual
the most intense band remains at 627 nm (log € 4.23), however a new peak appears at 415 nm (log & 3.86),
corresponding probably to the presence of an unionized or less ionized form. After further dilution the band at
627 nm disappears (destruction of the solvate shell occurs) and two bands of approximately equal intensity are
displayed at 435 (log € 4.34) and 505 nm (log € 4.38). Analogous halochromism phenomena were detected
previously for compounds close in structure to substance 8 [10].

EXPERIMENTAL

The 'H NMR spectra of compounds 2d, 8 were recorded on a Bruker DRX 500 (500 MHz) instrument,
the spectra of the remaining substances were recorded on a Tesla BS 567 (100 MHz) instrument in CDCl;,
internal standard was HMDS (8 0.05 ppm). The IR spectra were recorded on a Specord 80 spectrometer in nujol.
Mass spectra were described on a MAT 311 instrument (70 eV, EI), and UV spectra on a SF-46 instrument.

Checking for purity of the obtained substances was effected by TLC on Silufol UV-254 plates in
acetone—ethanol—chloroform, 1 : 3 : 6, visualization in UV light and with iodine vapor.

All compounds were recrystallized from isopropyl alcohol.

The starting materials for the synthesis of compounds 2, 3 are described in [6, 13, 14], and of substances
5, 6 in [15]. Drotaverine base was isolated from tablets with a suitable expiry date, mp 58-60°C, its purity was
checked by TLC.

2-(p-Bromophenyl)-1-(R*-carbonyl)-5,5-dimethyl-6,7-(R"),-5,6-dihydropyrrolo[2,1-a]isoquinolines
2a-¢, 1-(3',4'-Diethoxyphenyl)-8,9-diethoxy-5,6-dihydropyrrolo[2,1-a]isoquinoline (2d), and 2-(p-Bromo-
phenyl)-1-(R*-carbonyl)-5,5-dimethyl-5,6-dihydronaphtho[1,2-g]indolizines 3a-c (General Method). The
appropriate enamine (10 mmol) in 2-propanol (50 ml) was boiled for 1-2 h with p-bromophenacyl bromide
(2.0 g, 10 mmol) in the presence of Na,CO; (1.5 g) (check by TLC). The solution was cooled to 20°C, diluted
with water (100 ml), the precipitated solid was filtered off, dried, and recrystallized.

* Here and subsequently values of m/z are given for ion peaks.
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1-Ethyl-8,9-dimethoxy-5,5-dimethyl-2,3-diox0-2,3,5,6-tetrahydropyrrolo[2,1-a]isoquinoline (5) and
1-R3-5,5-Dimethyl-2,3,5,6-tetrahydr0naphth0[1,2-g]indolizine-2,3-di0nes 6a-d (General Method). A
mixture of the appropriate enamine and triethylamine (2.80 g, 20 mmol) in ether (150 ml) was added during 15
min to oxalyl chloride (0.86 ml, 10 mmol) in absolute ether (50 ml) at -10 to 0°C. The reaction mixture was
brought to 20°C and left at this temperature for a further 30 min. The precipitated solid was filtered off, dried,
and recrystallized.

1-R3-5,5-Dimethyl—2,3,5,6-tetrahydr0naphth0[1,2-g]quin0xalin0[2,3-b]indolizines 7a-d and 1-(3',4'-
Diethoxyphenyl)-2,3,5,6-tetrahydro(3",4"-diethoxybenzo)[g]quinoxalino[2,3-b]indolizine (8) (General
Method). o-Phenylenediamine (1.08 g, 10 mmol) was added to a solution of the initial dioxopyrroline
(10 mmol) in glacial acetic acid (25 ml). The mixture was boiled for 1 h, cooled, diluted with 25% ammonia
solution (100 ml), the precipitated solid was filtered off, washed with water, dried, and recrystallized.

REFERENCES

1. A. G. Mikhailovskii, and V. S. Shklyaev, Khim. Geterotsikl. Soedin., 291 (1997). [Chem. Heterocycl.
Comp., 33, 243 (1997)].

2. K. V. Vatsuro and G. L. Mishchenko, Named Reactions in Organic Chemistry [in Russian], Khimiya,
Moscow (1976), 474 pp.

3. A. L. Mikhal'chuk, O. V. Gulyakevich, A. A. Zenyuk, Yu. V. Shklyaev, V. S. Shklyaev, and
A. A. Akhrem, Zh. Obshch. Khim., 1891 (1993).

4, A. G. Mikhailovskii and V. S. Shklyaev, in: Yu. V. Shklyaev (editor), Enamines in Organic Synthesis
[in Russian], Urals Branch, Russ. Acad. Sci., Ekaterinburg (2001), p. 39.

5. A. G. Mikhailovskii and V. S. Shklyaev, Khim. Geterotsikl. Soedin., 227 (2002). [Chem. Heterocycl.
Comp., 38, 205 (2002)].

6. V. S. Shklyaev, B. B. Aleksandrov, G. I. Legotkina, M. I. Vakhrin, M. S. Gavrilov, and
A. G. Mikhailovskii, Khim. Geterotsikl. Soedin., 1560 (1983). [Chem. Heterocycl. Comp., 19, 1242
(1983)].

7. R. Z. Dautova, V. S. Shklyaev, B. Ya. Syropyatov, B. B. Aleksandrov, A. G. Mikhailovskii, and
M. 1. Vakhrin, Khim.-farm. Zh., No. 2, 172 (1989).

8. B. B. Aleksandrov, V. S. Shklyaev, and Yu. V. Shklyaev, Khim. Geterotsikl. Soedin., 854 (1991).
[Chem. Heterocycl. Comp., 27, 677 (1991)].

9. A. G. Mikhailovskii, Khim. Geterotsikl. Soedin., 685 (1996). [Chem. Heterocycl. Comp., 32, 590 (1996).

10. A. G. Mikhailovskii and V. S. Shklyaev, Khim. Geterotsikl. Soedin., 650 (1995). [Chem. Heterocycl.
Comp., 31, 573 (1995)].

11. E. O. Klar, Polycyclic Hydrocarbons [Russian translation], Khimiya, Moscow (1971).

12. A. Gillem and E. Stern, Electronic Absorption Spectra of Organic Compounds [Russian translation], Izd.
Inostr. Lit., Moscow (1957), p. 159.

13. V. S. Shklyaev, B. B. Aleksandrov, A. G. Mikhailovskii, and M. 1. Vakhrin, Khim. Geterotsikl. Soedin.,
1239 (1989). [Chem. Heterocycl. Comp., 25, 1038 (1989)].

14. A. G. Mikhailovskii, B. Ya. Syropyatov, V. S. Shklyaev, Yu. P. Timofeeva, and A. V. Dolzhenko,
Khim.-farm. Zh., 32, No. 8, 21 (1998).

15. N. N. Polygalova, A. G. Mikhailovskii, E. S. Limanskii, B. Ya. Syropyatov, and M. 1. Vakhrin, Khim.-
farm. Zh., 40, No. 3, 15 (2006).

905



	Chemistry of Heterocyclic Compounds, Vol. 43, No. 7, 2007


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


