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REACTIONS OF 2,3-DIOXOPYRROLO|2,1-a]-
ISOQUINOLINES WITH ACTIVE N-NUCLEOPHILES

N. N. Polygalova and A. G. Mikhailovskii

It is shown that 2,3-dioxopyrrolo[2,1-a]isoquinolines react readily with aliphatic diamines and
hydroxyamine with opening of the dioxopyrrole ring and formation of the corresponding
bisenaminoketoamides and hydroxamic acids. Reaction with the thiosemicarbazide and hydrazides of
aromatic acids proceeds without opening of the pyrrole ring at the ketone carbonyl. Derivatives of
hexahydropyridazine are formed when compounds with carboxyethyl groups at position I react with
hydrazine.

Keywords: aliphatic diamines, bisenaminoketoamides, hydrazides of aromatic acids, hydrazine,
hydroxamic acids, hydroxylamine, 5,5-dialkyl-2,3-dioxopyrrolo[2,1-a]isoquinolines, perhydro-
pyridazine, thiosemicarbazide.

It has been shown previously that 2,3-dioxopyrrolo[2,1-a]isoquinolines react with N-nucleophiles with
opening of the pyrrole ring to give enaminohydrazides [1] and enaminoketoamides [2-4].

The objective of the present work was to investigate the dependence of the direction of the reaction on
the structures of the N-nucleophiles. The most reactive compounds, such as aliphatic diamines, hydroxylamine,
hydrazides of aromatic and heteroaromatic acids, and hydrazine, were chosen as the N-nucleophiles.

It was shown that the bisamides 2a,b were formed on simply mixing compound 1a with ethylenediamine
or pentamethylenediamine in 2-propanol at 20°C. The hydroxamic acids 3a,b were formed on heating solutions
of 1a,b in the same solvent for a short time with an excess of hydroxylamine. Analogously interaction of a
derivative of benzo[f]isoquinoline with hydroxylamine gave compound 4. When thiosemicarbazide or the
hydrazides of benzoic, nicotinic, or isonicotinic acids were used as the nucleophile opening of the pyrrole ring
did not occur and the imines 5a-d were formed.

The dioxopyrroline 6 with a carbethoxy group at position 1 formed derivatives of perhydropyridazine 7
on opening of the pyrrole ring. The course of the reaction is readily controlled by the decoloration of the solution
of the original substance, which is deep red with the exception of compounds 5a-d which are orange, and for
them reaction is monitored by TLC.

The fact that opening of the dioxopyrrole ring did not occur with thiosemicarbazide or the hydrazides
(compounds Sa-d) is explained by the lower reactivity of these nucleophiles in comparison with aliphatic
amines, hydroxylamine, and hydrazine. It was shown previously that opening of the dioxopyrrole ring in
compounds l1a,b by N-nucleophiles was facilitated by acid catalysis (heating in glacial acetic acid) [4].
Investigation showed that on boiling (2 h) compound 1a in acetic acid with the nucleophiles used to obtain
compounds Sa-d, ring opening did not occur and the same products were obtained as from simply boiling in
alcohol (Table 1).
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In the 'H NMR spectra of amides 2a,b (Table 2), in contrast to the spectra of the starting materials,
singlets of the ring NH are present (11.65 and 11.60 ppm), the basic nature of which was confirmed by the shift
to weak field on the addition of CF;COOH, and also singlets of the amide NH (8.50 and 8.47 ppm) and the
corresponding multiplets of the methylene group. The spectra of the hydroxamic acids 3a,b, 4 contain a singlet
of the ring NH proton (11.35-11.50 ppm) and the hydroxamic NHOH unit (8.80-8.90 and 10.73-11.10 ppm). In
the spectra of compounds 5a-d the singlet of the ring NH proton is absent, but singlets for the proton of a NH
group between two acceptor substituents are present (13.85-14.0 ppm). In the spectrum of compound 7, in
contrast to that of the starting material, the signal of the ethyl group is absent but the singlet for the NH proton of
the isoquinoline ring is present (10.50 ppm). The protons of the NH groups of the hexahydropyridazine fragment
appear as a singlet with an integrated intensity corresponding to two protons (4.75 ppm) which shifts to 10.0
ppm on addition of CF;COOH.

The IR spectra of the ketoamides 2a,b and the ketohydroxamic acids 3a,b, 4 contain broad bands in the
3000-3070 region (ring NH) and in the ketone carbonyl region (1615-1620 cm™) which correspond to the
H-chelate form. The secondary amide group appears in the spectra of compounds 2a,b as bands at
1670-1675 (C=0) and 3270-3280 cm™ (NH). In the spectra of the hydroxamic acids 3a,b, 4 the NH-O group
absorbs in the 3230-3270 cm™ region. In the spectra of compounds 5a-d the NH group appears as a band at
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TABLE 1. Characteristics of the Compounds Synthesized

0,
Com- Empirical M o Yield,
pound formula Calculated, % mp, °C o
C H N
77
2a C30H34N4O4 69.9 6.6 11.0 280
0.1 6.7 10.9 (dec.)
2b C33H4N4O4 71.1 7.1 10.2 164-166 58
71.2 72 10.1
3a C14H15N203 & ﬂ M 177-178 63
64.6 6.2 16.1
3b Ci6H20N205 59.8 6.2 8.9 190-192 57
60.0 6.3 8.8
4 CisHisN>O; 70.9 5.8 9.0 260 74
71.1 6.0 9.1 (dec.)
Sa* CisHisN4OS 59.8 53 18.8 182-183 62
60.0 5.4 18.7
5b C1HisN;0, 72.8 53 12.1 224-226 60
73.0 5.5 12.2
5¢ C0H1sN4O5 69.1 5.1 16.3 233-235 61
69.3 52 16.2
5d C10H1sN4O5 69.1 5.0 16.1 226-228 59
69.3 52 16.2
7 Ci5HsN305 63.0 52 14.8 189-191 76
63.2 53 14.7
* Found, %: S 10.6; calculated, %: S 10.7.
TABLE 2. '"H NMR Spectra of the Compounds Synthesized.
Chemical shifts, 3, ppm.
g;frll 13- | a0 | 19 Aromatic Ny | OtherNH Other
i protons, s,
(CHj)a, s | CHy, s | HC=, s protons cycle, s and OHL s protons
2a 1.30 2.95 6.52 7.35-7.83 11.65 8.50 3.33 (4H, m,
(4H, m) 2CH»-N)
2b 1.28 2.95 6.51 7.65-7.85 11.60 8.47 3.15 (4H, m,
(4H, m) 2CH»-N);
2.93 (6H, m,
C(CH);C)
3a 1.23 2.90 6.30 7.10-7.65 11.40 8.80 —
(4H, m) and 10.90
3b 1.25 2.87 6.25 6.80 (s, H-5), 11.50 8.90 3.75 (2s,
7.13 (s, H-8) and 10.73 2CH;0)
4 1.30 3.30 6.80 7.43-8.20 12.35 8.90 —
(6H, m) and 11.10
5a 1.45 2.90 6.20 7.10-7.85 — 8.50 (2H) —
(4H, m) and 11.00
5b 1.50 2.85 6.20 7.00-7.90 — 13.85 —
(9H, m)
5c¢ 1.50 2.85 6.20 7.00-9.00 — 14.00 —
(8H, m)
5d 1.50 2.85 6.15 7.00-8.65 — 14.00 —
(8H, m)
7 1.25 2.90 — 7.10-8.10 10.50 4.75 —
(4H, m)



3100-3120, and the lactam carbonyl as a band at 1690-1700 cm™. The NHNH, group of the thiosemicarbazide
unit absorbs at 3300 cm™. The IR spectrum of compound 7 contains absorption bands at 3050 (ring NH) and
3180 cm™ (NH of hexahydropyridazine).

In the mass spectra* of the amides 2a,b the most intense (100%) peak was 200, which corresponds to the
loss of an amide group, for compound 2b a molecular ion peak was observed at 557 (16%). The molecular ion
300 (100%) was the base peak in the mass spectrum of the thiosemicarbazone 5a. Molecular ion peaks were
observed in the mass spectra of compounds 5b-d, at 345 (5b) and 346 (5¢,d) all with 100% relative intensities.

The hydroxamic acids 3a,b,4 gave positive qualitative complex formation tests for the hydroxamic
group [5]: brownish-red with FeCl; and dark-green with CuSO,.

EXPERIMENTAL

'H NMR spectra of compounds 2 and 5 were recorded with a Bruker DRX 500 (500 MHz) machine, all
the rest with a Tesla BS 567 (100 MHz) machine in DMSO-d ¢ with HMDS (8 0.05 ppm) as internal standard. IR
spectra of chloroform solutions (0.01 mol/l) or of nujol mulls (5a, 7) were recorded with a Specord-80
spectrometer. Mass spectra were recorded with a MAT-311 instrument (70 eV, EI).

Purity of the substances obtained was monitored by TLC on Silufol UV-254 plates using the system
acetone—ethanol—chloroform (1:3:6) with detection by iodine vapor.

Compound Sa was recrystallized from benzene, compounds 3a, 4, Sb from acetonitrile, and the rest from
isopropanol.

Syntheses of the starting materials are described in [6] (1a,b) and [7] (6).

N,N'-Polymethylen-bis-3[3,3-dimethyl-1,2,3,4-tetrahydroisoquinolin-1-iden]-2-oxopropanamides
2a,b. The corresponding diamine (5 mmol) was added with stirring to a solution of 1a (2.27 g, 10 mmol) in
2-propanol (10 ml) at 20°C. The red colored solution was decolorized in about 10 min. The mixture was diluted
with water (100 ml), the precipitate was filtered off, dried and recrystallized.

N-Hydroxyamides of 3-[3,3-(R"),-1,2,3,4-Tetrahydroisoquinolin-1-iden]-2-oxopropanoic Acids 3a,b
and the N-Hydroxyamide of 3-(2,2-Dimethyl-1,2,3,4-tetrahydrobenzo|f]isoquinolin-4-iden)-2-
oxopropanoic Acid (4). An aqueous solution (5 ml) of hydroxylamine hydrochloride (1.04 g, 15 mmol) and
NaOH (0.52 g, 13 mmol) was added to a boiling solution of compounds 1a, b, or 2,5-dimethyl-2,3,5,6-
tetrahydronaphto[ 1,2-g]indolizin-2,3-dione [8] (10 mmol) in 2-propanol (15 ml). The red solution was instantly
decolorized. The mixture was cooled to 20°C, diluted with water (150 ml), the precipitate was filtered off, dried
and recrystallized.

5,5-Dimethyl-3-0xo0-2-thiosemicarbazono-2,3,5,6-tetrahydropyrrolo[2,1-a]isoquinoline (5a), and
the 5,5-Dimethyl-3-0x0-2,3,5,6-tetrahydropyrrolo[2,1-a]isoquinoliniden-2-hydrazides of Benzoic (5b),
Nicotinic (5c), and Isonicotinic (5d) Acids. The corresponding N-nucleophile (10 mmol) was added to a
boiling solution of compound 1a (2.27 g, 10 mmol) in 2-propanol (70 ml, 250 ml for compound 5a) and the
mixture was boiled for 2 to 2.5 h (monitored by TLC), cooled to 20°C, and added to water (150 ml). The
precipitate was filtered off, dried and recrystallized.

4-(3,3-Dimethyl-1,2,3,4-tetrahydroisoquinolin-1-iden)hexahydropyridazin-3,5,6-trione .
Hydrazine hydrate (2 ml 70%, 15 mmol) was added to a mixture of ester 6 (3.0 g, 10 mmol) in 2-propanol
(15 ml). The solution was instantly decolorized. The mixture was diluted with water (10 ml), the precipitate was
filtered, dried, and recrystallized.

* Here and subsequently m/z values are given for ion peaks.

1181



REFERENCES

1. A. G. Mikhailovskii and M. O. Dekaprilevich, Khim. Geterotsikl. Soedin., 1111 (1998).
2. A. G. Mikhalovskii, N. N Polygalova, T. S. Turova, G. A. Lobashova, and M. I Vakhrin, Khim.
Geterotsikl. Soedin., 1357 (2004).

3. N. N. Polygalova and A. G. Mikhalovskii, Khim. Geterotsikl. Soedin., 1403 (2004).

4. N. N. Polygalova and A. G. Mikhalovskii, Khim. Geterotsikl. Soedin., 1378 (2005).

5. Houben-Weil, Methods of Organic Chemistry. Methods of Analysis [Russian translation], Goskhimizdat,
Moscow, 1963 , 509.

6. V. S. Shklyaev, B. B. Aleksandrov, A. G. Mikhailovskii, and M. 1. Vakhrin, Khim. Geterotsikl. Soedin.,
963 (1987).

7. B. B. Aleksandrov, V. S. Shklyaev, and Yu. V. Shklyaev, Khim. Geterotsikl. Soedin., 854 (1991).

1182



	Chemistry of Heterocyclic Compounds, Vol. 41, No. 9, 2005
	REACTIONS OF 2,3-DIOXOPYRROLO[2,1-a]-
	ISOQUINOLINES WITH ACTIVE N-NUCLEOPHILES
	N. N. Polygalova and A. G. Mikhailovskii




<<
  /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


