BISINDOLES.
20.* SYNTHESIS OF 3H,8H-INDOLO[4,5-e]- AND -[5,4-e]INDOLE SYSTEMS

Sh. A. Samsoniya, M. V. Trapaidze, UDC 547.759.3'5.07:541.621.22"
S. V. Dolidze, N. A. Esakiya, N. N. Suvorov, 634:543.422'51
A. M. Kolesnikov, and F. A. Mikhailenko

New heterocyclic systems, viz., 3H,8H~indolo[4,5-e]indole and 3H,8H~indolo-
{5,4~eJindole, which were also obtained from the corresponding pyruvic acid
dihydrazones, were synthesized by cyclization of ethyl pyruvate 2,7- and 2,6~
naphthylenedihydrazones and subsequent saponification and decarboxylation of
the cyclization products. The syn-syn, syn-anti, and anti-anti forms of the
dihydrazones were isolated and characterized.

The synthesis of new structural isomers of the previously synthesized 1H,6H-indolo[7,6-g]-
indole [2], viz., unsubstituted 3H,8H-indolo[4,5-elindole (XI) and 3H,8H,indolo[5,4-elindole
(XII) and some of their derivatives, by Fischer cyclization of pyruvic acid 2,7~ and 2,6-
naphthylenedihydrazones (II1I,:IV) and ethyl pyruvate 2,7- and 2,6-naphthylenedihydrazones
(v, VI).

Dihydrazones III-VI were obtained from 2,7~ and 2,6-naphthylenedihydrazine dihydrochlo-
rides (I and IT) [3] in aqueous solutions. Separation of the mixtures of dihydrazones V (2,
7) and VI (2, 6) into individual isomers was accomplished by column chromatography on silica
gel. The syn-syn (Va, VIa), syn—anti (Vb, VIb), and anti-anti (Vec, VIc) forms of the isomers
were isolated. ’
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It is known [4, 5] that the difference in the physical properties of the syn and anti
forms of hydrazones as a consequence of the formation of chelate structures with a hydrogen
bond leads to changes in the UV, IR, and PMR spectra of the isomers. A comparison of the
PMR spectra of dihydrazomes Va-c and VIa-c (Table 1) shows that the signals of the NH protons
of isomers Va and VIa are shifted to significantly weaker field as compared with the analogous
signals in the spectra of isomers Ve and VIc because of their participation in the formation
of a strong intramolecular hydrogen bond (IHB), which is possible only in the case of a syn-
syn orientation of the substituents. Two signals of NH protons and noncoincidence of the
chemmical shifts of the protons of the CHs; and C;Hs groups in the 2,7 and 2,6 positions are
observed in the PMR spectra of isomers Vb and VIb (Table 1); this indicates the nonsymmetrical
character of the structure, i.e., the syn-anti orientation of these substituents.

Corresponding changes due to the formation of a hydrogen bond are also observed in the
IR and UV spectra (Fig. 1) of dihydrazones V and VI,

*See [1] for Communication 19.

Tbilisi State University, Tbilisi 380028. Institute of Pharmaceutical Chemistry,
Academy of Sciences of the Georgian SSR, Thilisi 380051. Translated from Khimiya Getero-
tsiklcheskikh Soedinenii, lio. 3, pp. 352-357, March, 1984. Original article submitted
April 29, 1983.
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TABLE 1. PMR Spectra of Dihydrazones III=VI (ppm)

[Ty~
§§ R | ] 3H 44 | NH | CH; |CHy—Et{CH:—Ei I,Hz Solvent
QA
1 [H 7,56dl7,37 dd |763d | 97s |2,08s| — — |T13=2,0; J4=84 |dg-DMSO
00
1V |H 7,592 9,65812,068 — — —_ dg-DMSO
80°
ValCyHg|7,34 d47,17dd |7,60 12,15 ;12,185 | 4,25 q 1,35 t |J13==1,5; Jas=8,4; |CDCls
Jri=72
VbjCsHs]7,35d]7,20 dd 7,62 A|12,15;]2,185;) 4,25 q;} 1,35 t;17,5=2,2; J3,=8,6; |CDCl,
777812125 14321139t [Jps==72
VeiCHs|7,39 417,22 dd [7,63 4] 7,85%i2,13s | 4,33 gl 1,39t [J;3=20; J2,—=88; |CDCl,
Jre=72
Via|CHg| 74—7,2 7,63d (12,1s 2,185 14,2691 1,36¢ {J3.=8,7; /r:=7,2 (CDCls
VIb|CoHs|7,5557,39d; |7,66d:112,15;]2,145;)4,24 ;[ 1,33 t |J3,=87; J;3=89; |d-Acetone
741d |769d| 92 (2,125 |1428¢ Tee=T7,1; Jet=70
Vic|C,Hs|7,42d{7,35 dd |7,65 d| 7,72s]2,11s | 4,31 q] 1,38 t |[J;5=1,5; J4,=9.0: |CDCl,
Jri=T7,0

4An A; spectrum.

Dihydrazones III-VI cyclized in the form of mixtures of isomers. The best cyclizing :
agents were a mixture of glacial acetic and sulfuric acids for dihydrazones ITI and IV and
ethyl polyphosphate (EPP) for dihydrazones V and VI.

The formation of six isomeric indoloindoles, viz., four symmetrical (two linear and two
angular) and two unsymmetrical structures, is theoretically possible in the cyclization of
dihydrazones III-VI, but we were able to isolate only one isomer.

R R
T
BN, A UNH
NNy
I
90
VII, IX, X1 v v X o

The symmetrical angular structure of the isolated indoloindocles XI and XITI (R = H) was
confirmed by a study of the PMR spectra of both indoloindoles XI and XII themselves and their
diethoxycarbonyl (VII, VIII) and dicarboxy (IX, X) derivatives (Table 2). In the PMR spec-—
tra of VII-XII the chemical shifts of the protons attached to atoms located in identical
positions of each indole ring are identical when identical substituents are attached to them
as a consequence of the symmetrical character of the molecules. Angular attachment of the
pyrrole rings in VII-XIT is confirmed by the presence in the PMR spectra of ortho spin—spin
coupling constants (SSCC) between the 4-H and 5-H protons of the naphthalene ring (Table 2).
Unambiguous assignment of the signals of the 4-H and 5-H protons was possible owing to the
appearance in the PMR spectrum of XI of long-range SSCC of the transoid type through five
bonds [6].

The shift of the signal of the 1-H proton (XI, R = H) to weaker field as compared with
the analogous signal of 1H,6H-indolo[7, 6-glindole (6.61 ppm) [7] and indoloindole XII is
explained by the spatial orientation of the 1-H and 10-H protoms, in which the electron shells
can undergo exchange coupling [8].

The mass-spectral fragmentation of 3H,8H-indolo[4,5~e]- and ~[5,4~elindole does not dif-
fer fundamentally from the scheme of the fragmentation of 1H,6H-indolo[7,6-g]indole [7]. Be-

cause of the monotypic character of the mass spectra of the isomeric indoloindoles we will
present the fragmentation of only XI:*

—H —HCN —HCN
o M 206 (100) ——>205 (24)——>178 (10)——>151 (10)
e SV2 ¥ 3 .

103 (25)
Intense peaks at 261.8 and 271 and at 215 and 244 nm, respectively, as well as low-in-

tensity bands at 301-322, 317, 333, and 348 nm, are observed in the absorption spectra of
3H,8H~indolo{4,5-elindole and 3H,8H-indolo[5,4-elindole. A comparison of the UV spectra of

*The m/z (%) values are given.
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Fig. 1. UV spectra: ethyl pyruvate 2,7-naphthylenedihydrazone:
1) syn-syn iosmer; 2) syn-anti isomer; 3) anti-anti isomer;
ethyl pyruvate 2,6-naphthylenedihydrazone; 4) syn-syn isomer;
5) syn-anti isomer; 6) anti-anti isomer.
Fig. 2. UV spectra: 1) indole; 2) 1H,6H-indolo[7,6-g]indole;
3) 3H,8H-indolo[4,5-e]indole; 4) 3H,8H-indolo[5,4~elindole.

TABLE 2. PMR Spectra of VII-XII in ds-DMSO at 80°C (ppm)

k=]
]
gg R 1H 2H 3H 4H 5H CH» CHj J, Hz
O
VII |CO0CH;]| 7,794 — |121s)752¢ |7,75d14,40q] 1,41t |J,=18; 15s=89;
Tee=71
V11l {COOCH;| 7,67d — l119s{760d |8170d][4,40q 1,37¢ 5,3=2,2; Js=8.9;
Bt=7,0
IX [COOH |7,78% — 119 |7s0d {7,734l —] — |[Ig=84
X |COOH |7.62s —  |11.8s)7.602a [8108d] —| — |/5=85
XIHH 7.34m 743 dd [105s{750 dd [7.64d{ —| — |J2=29; Js=17;
J14=0,8; Jp3=2,7;
Jis=8.6
XIl H 600dd |795dd 11,0} 7522 d |7,852d] —| —— |/2=3.0; J13=2,0;
123=2,6; 145=9,0

3Reverse assignments of the indicated signals are possible.
With ds—acetone as the solvent.

indole, 1H,6H-indolo[7,6~glindole [9], indoloindole XI, and indoloindole XIT (Fig. 2) shows
that the absorption of the indoloindoles is similar in character to the absorption of indole
but that the spectra of indoloindoles XI and XII are more structured and resemble the spec-
trum of the isomeric 1H,6H-indolo[7,6-glindole with respect to the absorption maxima.

EXPERIMENTAL

The course of the reaction and the purity of the compounds were monitored by thin~layer
chromatography (TLC) on Silufol UV-254. The IR sepctra were recorded with a UR~20 spectrom-
eter. The UV spectra of solutions of the compounds in ethanol were obtained with a Specord
spectrophotometer. The PMR spectra of ITI-X and XII were recorded with a Varian CFT-20
spectrometer with tetramethylsilane (TMS) as the internal standard; the PMR spectrum of XI
was recorded with a WP-200 SY spectrometer with TMS as the internal standard. Preparative
chromatography was carried out on SiO, (100-160 umparticles). The mass spectra were recorded
with a R 10-10 NERMAG'S spectrometer.

The constants and yields of IIT-XII are presented in Table 3. The 2,7- and 2,6-naphthy-
lenedihydrazines were obtained by theé method in [3].

2,7-Naphthylenedihydrazine Dihydrochloride (I). A 10-g sample of 2,7-naphthylenedihydra-
zine was added in small portions with stirring to 220 ml of concentrated HC1l, and the mixture
was refluxed for 1 h. It was then cooled, and the solid product was removed by filtrationm,
washed successively with isopropyl alcohol and ether, and dried over CaCl, to give a white

285



*ITO TeAPUTW UT SUOTsuadsns wolj Popiodol 91sm spunodwod Sulurew

-21 243l JO ®IIdads 3Y] SBIILDYM ‘WIOJOIOTYD UT SUOTINTOS WOII POPIODDIL IIBM TA PUB A Jo ®i3Dds S,
o , _(86'¢) 8ve ‘(96°€) 1¥€
. S{o1'p) eeg “(o1'y) us 9ge {€3’r) L1¢ ‘(20'7) 20€ {138 o
9 |90g|9'e1| 67918  ONUH''D 903|9'cr|€'s|8'18| (€€%) us 297 “(29°%) ¥¥E (19°%) S1Z ‘(£9'F) Y08 098¢ ‘00pg)  —ouSzUaq g4'0|696—89z | 1IX
, h oo (') £2e (88°E) 608 '(66'¢) T0E ‘(S8'F) 1.3 (1:¥ ‘ouoyeoe| (*oep)
82 1902)9'¢1) 67[9°18]  “N'H"'O 307 2°g1|0°¢| 6"tg| ‘(0L%) 98 ‘(8€'%) us €92 ‘(8€'y) 3€Z ‘(0¥'¥) 108 03ve—00¥E| —ouezueq 9¥'0{ 095 | IX
, ) o . 1672) 89¢ “(18'7) 1€ ‘(88') 001 (g} 1 ‘auorede; (*o9p)
€9 §'6 | v'eie's9) TONUHUO| (g6 |¥'e|a'e9| ge¢ “(1L3) Izg '(00'¢), 695 (v1'€) €63 ‘(be'€) 883 | ‘0SEE ‘00VY ‘Ogey —audzuRq 9 098 | X
. o Ls0'y) 08¢ “(30'y) us gee *(28) us gle 00L] (1:71 ‘*auoiave| ('oop)
99 46 | v'e|e'se| TOPNUHYO | (1% |€'|a'qo| (6L'F) 963 ‘(09°F) ys 683 ‘(9'F) :vm 818 (99'%) 9€Z |'0gee—008eE ‘0eve|  ~dUIZUIG 640 028 | XI
. (6£'7) gLg “(68'7) ¥ae (9¢'7) 8e¢ “(93'y) 882 (1% 71 ‘1930
8E [oge|0'8 [ 1°619'89] TO°NP'HYD g 1'g {Fels's9l ‘(1€°F) 643 (3e%) 0.8 ‘(Z%¥) us 293 Mwm x wmm 0891 ‘0v€¢ ‘a8g5| ~—ouozuaq 390| 8CE HIA
88'c) 0L
: ((2L) cse ‘(oL'e) us gee ‘(18'e) 2ze ‘(9€'7) €0€ 01210891 (1% ‘euoieoe
8€ [0G€( 08 | 1°6[9'89] O°N*'HYD logg|z'g | ¥'e)8‘e9| (36%) us €63 "(86°¢) us 083 “(05'%) 9¢¢ “(L0'F) 503 ‘Dgeg|  —9URZUAQ g'g|91E—CIE | IIA
ﬂ _ ‘ (o e . (1:1 12410
i 9F1{€'9)529] TO'NYH%D €199 ¥'59 (ag'y) g€ (98'7) 365 ‘(6€'F) £¥e 9691 '0ggE) - —ovu9azuag 1€0)806—103 [oIA
: . o o , 01910691 (1:1 ‘Iot3e
Pl 9FII €91639) *O'NTH®) ) 1591 0'9} €59 (18'v) c6¢ ‘(83'%) 163 '(35'F) 9€7 0066—~0ggg] ~ —9UdZUSq 1.0 (851 —Lg [AIA
14 91} €9}S29) YO'N"H@D | |6711€'9|2q9|  (3a'F) 90% (29'¢) 63 ‘(68'¢) us €95 ‘(50°F) 8€2 0891 043¢ auazuaq 9°0 661861 felA
T N ‘ ‘ ot - . (1:1 ‘1o
09 9'%11€°9)5'29] "O'N"H"D|  |5'%1|8'9{€79 (e2'v) vve "(6¥'y) 1c “(0¥'y) 8%5 "(3¥'¥) 012 03L1°0€6|  —ouszubq 510 (L81—981 | oA
. ) ) 03L1—0691 (1:7 ‘1ouse
4 9%11€9| 39| 'O'N"HD | |#'%1|%'9[9'9|  (39'F%) Lg¢ ‘(1¥'F) us 912 (L€'%) 893 .A:m Jv @m 0,6€°0838|  —dudzuaq 9.0 |0FI—6ET | 4A
JAtR4 (3:g *oue
8 9%1[€'9| 39| FO'NTH™O | |5'%1(1'329] ‘(53'%) us Ize ‘(¥E'Y) 99% ‘(e€V) 815 (9€F) €05 omfnmm% -xoU—duazuaq 99°C [gFI—1¥1 | 2A
_ 0141 '0€.1
L9 1’41167 9'88] *O'N¥H*'D £'2110'e| 8'8¢ ho_mmo.momm .%Sm 161—061 | Al
L1061
96 ULT{6'7(9'82) *O'NHY D | |¥'21)6'F| €8¢ ‘5436 00¥¢ 961—g61 | il
< % Nt T q, o, ¢ % o ¢ ‘ 20
- VW )% Nt 1% D W% NP 1% D
o H BNULIOY H el o - W g 2g
- . i =]
z adu (@ Sot) uwm Y ‘mnioads AN . ¥ o, *dw | 55
. o *o1ED fedurauryg punog ¢ unnoads ¥ 2.

spunodwo) pozTsayiud§ oYz JO SPTSIX PUB SIULISUO) ¢ TIAVI

286



powder in quantitative yield. The product decomposed above 300°C. Found: C 45.3; H 5.8;
Cl 27.4; N 21.0%. Ci0H:2N,*2HCl. Calculated: C 45.8; H 5.4; C1 27.2; N 21.5%.

2,6-Naphthylenedihydrazine Dihydrochloride {II). This compound was similarly obtained
in quantitative yileld at room temperature. The product decomposed at 290°C. Found: C 45.3;
H5.7; C1 27.65; N 21.5%. C,;0H;.N,*2HC1. Calculated: C 45.8; H 5.4; C1 27.2; N 21.5%.

Pyruvic Acid 2,7-Naphthylenedihydrazone (III). An aqueous solution of I obtained from
9.4 g (0.05 mole) of the dihydrazine was added in a fine stream to an aqueous solution of
10.9 ml (0.15 mole) of freshly distilled pyruvic acid, and the mixture was stirred for 1 h.
The precipitate was removed by filtration, washed with water, and dried. The substance was
washed with ethanol for analysis.

Pyruvic acid 2,6-naphthylenedihydrazone (IV) was similarly obtained.

Ethyl Pyruvate 2,7-Naphthylenedihydrazone (V). An aqueous solution of I obtained from
2.8 g (0.015 mole) of 2,7-naphthylenedihydrazine was treated with sodium acetate to pH 4, and
the mixture was added in a fine stream with stirring to a solutionof 4.9 ml (0.045 mole) of
ethyl pyruvate in 5 ml of ethanol. The mixture was then stirred for 1 h, and the resulting
precipitate was removed by filtration and dried to give 3.9 g (68%) of product. Separation
of the mixture of isomers into individual isomers was carried out with a column; isomer Va
was eluted with benzene, and isomers Vb and Ve were eluted with benzene—ether (5:1).

Ethyl pyruvate 2,6-naphthylenedihydrazone (VI) was similarly obtained; isomer VIa was
eluted with benzene, and isomers VIb, c were eluted with benzene—ether (3:1).

2,9-Diethoxycarbonyl-3H,8H- indolo[4,5~e]indole (VII). A 15-g sample of ethyl poly-
phosphate (EPP) was added to 1 g (0.003 mole) of V, and the mixture was heated to 70°C and
stirred for 20 min. The mixture was treated with water at room temperature, and the precipi-
tate was removed by filtration, washed with water until the wash water was neutral, and dried
to give 0.86 g (95%) of product. The product was purified with a column by elution with
benzene to give 0.33 g (38%) of analytically pure VII.

2,7-Diethoxycarbonyl-3H,8H-indolo[5,4-elindole (VIII) was similarly obtained at 75-78°C
and was purified by elution with chloroform.

2,9-Dicarboxy-3H,8H~indolo[4,5-elindole (IX). A 6.56-g (0.02 mole) sample of dihydra-
zone III was suspended in 300 ml of glacial acetic acid, the suspension was heated at 70°C,
15 ml of concentrated H,S0, was added, and the mixture was stirred at 70-75°C for 10 min. It
was then poured into cold water, and the precipitate was removed by filtration, washed with
water until the wash water was neutral, and dried to give 3.9 g (66%) of product, For analy-
sis, IX was obtained by saponification of pure VII.

2,7-Dicarboxy-3H,8H-indolo[5,4-e]indole (X) was similarly obtained at 80°C.

3H,8H-Indolo[4,5-elindole (XI). A l.4-g (6.7 mmole) sample of IX was placed in a flask
equipped with a gas outlet tube and heated at 200°C for 10-15 min until CO, evolution ceased.
The reaction mass was then cooled to room temperature and extracted with acetone. The extract
was evaporated, and the product was dried and chromatographed with a column by elution with
benzene to give colorless shiny crystals, which gave a blue coloration with Erlich's re-
agent at room temperature.

3H,8H-Indolo[5,4~-elindole (XII) was similarly obtained at 270°C.
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ELECTROCHEMICAL SYNTHESIS OF 2,2,6,6-TETRAMETHYLPIPERIDINE

E. Sh. Kagan, I. A. Avrutskaya, S. V. Kondrashov, UDC 547.822.4:541.138.3
V. T. Novikov, M. Ya. Fioshin, and V. A. Smirnov

A preparative method for the production of. 2,2,6,6-tetramethylpiperidine based on
the electrochemical reduction of 4-oxo0~-2,2,6,6-tetramethylpiperidine in 30% sul-
furic acid on cadmium or lead electrodes was developed.

2,2,6,6-Tetramethylpiperidine (I) is used for the synthesis of the medicinal prepara-
tion pempidine [1] and the corresponding nitroxyl radical, which is widely used as:a spin
probe [2], for the stabilization of polymers [3, 4], and for the inhibition of radical poly-
merization {4, 5].

The known method for the preparation of 2,2,6,6-tetramethylpiperidine (I), which is
based on the reduction of 4-oxo-2,2-6,6-tetramethylpiperidine (II) (triacetonamine) with hy-
drazine, is rather complex, and this limits its use {1].

We have established that two compounds viz, 2,2,6,6-tetramethylpiperidine (I) and 4-
hydroxy-2,2,6,6-tetramethylpiperidine (III), are simultaneously formed in the electrochemi-
cal reduction of triacetoneamine in an acidic medium on cathodes with high hydrogen overvolt-
ages (cadmium and lead):

(3]
4e, aH"
CH, cu de o
N
H

OH

- +
CH, 2e , BH on, QCHJ

cu,” N7 e, CH, CH, cHy” TN Son,

1 u 1

Compound IIT is an important intermediate in the synthesis of stabilizers for polymeric mate-
rials [4, 6].

The ratio of the products of electrochemical reduction of triacetonamine concentration
stantially on its concentration and the amount of free sulfuric acid in the electrolyte.
When the electrolysis is carried out in 30% sulfuric acid at atriacetonamine concentration
of 0.65 mole/liter, the yield of 2,2,6,6~tetramethylpiperidine (I) exceeds 65%, and the
yield of 4-hydroxy-2,2,6,6~tetramethylpiperidine (III) is 20%. When the triacetonamine con-
centration is increaséd to 1.3 moles/liter, the yield of alcohol ITI increases to 25-27%, and
the yield of 2,2,6,6~tetramethylpiperidine (I) decreases correspondingly.

Alcohol III was obtained in virtually quantitative yield by the electrochemical reduc-
tion of triacetonamine in an alkaline medium (4% sodium hydroxide solution at a triaceton-
amine concentration of 0.25 mole/liter [7].

No substantial effect on the yields of the reaction products was observed when the tem-
perature was varied from 25 to 65°C and the current density was varied from 0.05 to 0.01 A/

cm?.

The separation of I and ITI does not present any difficulties and can be achieved by
removal of T from nonvolatile alcohol IIT by distillation.

Novocherkassk Polytechnic Institute, Novocherkassk 346400. D. I. Mendeleev Moscow Insti-
tute of Chemical Technology, Moscow 125820. Translated from Khimiya Geterotsiklicheskikh
Soedinenii, No. 3, pp. 358-359, March, 1984, Original article submitted April 12, 1983; re-
vision submitted July 10, 1983.
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