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Data on the methods for the synthesis of u-carbolines and on their physicochemi- 
cal and biological properties are correlated. 

Pyrido[b]indoles are known as carbolines. Depending on the way in which the rings are 
fused, they are designated ~-, 8-, Y-, and ~-carbolines. The chemistry of 8- and y-carbo- 
lines has been illuminated extensively in the review literature [1-3]. Little attention 
has been paid to the other two types of pyrido[b]indoles, whereas new methods for the 
preparation of e-carbolines have been developed in recent years, diverse derivatives have 
become accessible, and their value for chemotherapy and toxicology has been demonstrated. 
The correlation of these data was the goal of the present review, in which we didnot 
attempt to give an exhaustive list of literature sources. For brevity, we have presented 
only the data that most successfully, in our opinion, illustrate the main points of the 
appropriate sections. 

i. METHODS OF SYNTHESIS 

1.1. Graebe--Ullmann Reaction and Other Types of Interannular 

Cyclization 

The synthesis~of carbazoles from l-phenylbenzotriazoles is called the Graebe-Ullmann 
reaction. Pyridylbenzotriazoles I undergo similar cyclization to u-carbolines upon pyroly- 
sis or photolysis. Pyrolysis is catalyzed by acids. The best results are obtained when 
azoles I are heated in polyphosphoric acid (PPA) [4-6]. The preponderant decomposition 
products are u-carbolines in the case of alkyl derivatives (I, R = alkyl). The yields of 
u-carbolines decrease markedly when compounds with electron-acceptor substituents (I, R = 
NO2, COaR) are used, and pyrido[l,2-a]benzimidazole derivatives II, 2-(2-hydroxyanilino)- 
pyridine derivatives III, 2-hydroxypyridine derivatives IV, and benzotriazole derivatives 
V predominate in the reaction mixtures [7-10]. 

II 111 ~N 
I 

It is assumed [8, i0] that a molecule of nitrogen is eliminated in aqueous media as a 
result of heterolytic cleavage of the triazole ring to glve phenyl cation VI, which is 
attacked by the pyridine ring to give the ~-carboline. The presence of an electron-acceptor 
group stabilizes mesomeric form VII and facilitates the formationof pyridobenzimidazole II. 
Nucleophilic attack on cation VI by a hydroxy or phosphate anion leads to hydroxyaniline 
derivatives III. 

+ N R 

VI VII 

Thus the direction of the Graebe--Ullmann reaction depends on the nature of the sub- 
stituents in the pyridine ring. In addition, the starting I are obtained from benzotriazole 
and halopyridines, which are not always readily accessible, and the reaction between them 
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proceeds under severe conditions and gives the products in low yields. For example [ii], 
the overall yield of 4-ethyl-~-carboline is only 8% in its synthesis from benzotriazole and 
2-bromo-4-ethylpyridine. At the same time, this method can be extremely efficient for the 
preparation of individual representatives of s-carbolines that are substituted in the benzene 
and pyridine rings [12]. 

Pyrldo[3,2-d]triazoles VIII have also been used as the starting compounds for the acid 
catalyzed Graebe--Ullmann reaction. As in the case of benzotriazoles, the pyrolysis of these 
substances proceeds smoothly upon heating to 180~ in polyphosphoric acid [13]. 

R 

R'I--N" N / " ~R 

w l !  C!H'~R' H 

R : H, CI; R* = H, Cell ~, Py  

The photochemical decomposition of pyridylbenzotrlazoles is not of preparative value 
for the synthesis of u-carbolines. Thus the principal product of the photolysis of I (R = 
H) is pyrido[l,2-a]benzlmldazole (II, R = H), and the yield of u-carboline does not exceed 
5-10% [5, 6]. 

Similar difficulties were noted [14] in an attempt to obtain u-carboline from diazonlum 
salt IX via the Pschorr reaction. However, if the diazo group is located in the pyrldine 
ring [14, 15], as in X, stirring with copper powder at room temperature initiates the forma- 
tion of a-carbolines in yields that exceed 70%. 

IX X 

The photolysls of anillnopyridines and azides serves as an efficient method of inter- 
annular cycllzatlon. Thus the conversion of substituted anilinopyridlnes XI to carbolines 
is realized [16] by irradiation of solutions of these compounds in cyclohexane or tetra- 
hydrofuran with UV light at room temperature; the yields reach 80% in this case. 

XI Xll XIII 

In a study of the photoconverslon of diphenylamines Grellmann and co-workers [17] ob- 
served the formation of intermediate short-lived particles, viz., excited ion XlI and cyclic 
intermediate XIII. The formation of ion XlI is a consequence of charge transfer from the 
nitrogen atom to the ring in the excited state with subsequent intramolecular cyclizatlon. 
The generation of analogous intermediate substances probably also occurs in the photocycllza- 
tion of anillnopyrldlnes. 

The preparation of halogenated u-carboline XV by the photolysis of polyhalosubsti- 
tuted pyrldylamine XIV serves as an interesting example of the use of thfs method. The 
reaction is based on the photolability of the C(s)-CI bond in starting XIV and probably 
proceeds through an intermediate 3-pyridyl radical [18]. 

Another type of interannular cycllzation is the thermolysis and photolysis of azides. 
If the azido group is attached to the phenyl ring, as in XVI, a mixture of u- and 7-carbo- 
lines is formed in the case of thermal decomposition. This negative feature can be avoided 
by uslng pyrldyl azides. In any case, no difficulties are encountered in the photolysis of 
phenylnaphthyridinyl azides )[VII [20]. 

Cl Cl  C1 

C1 Cl hv c i  C1 

C l / ~ ' ~ ' ~ / L ' ' ~ C e H s  C1 ~ C1 
H H H 

XIV X'V 
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H H 
X~ R =N~. NO 2, NO 

XVII R = CI,OCH~,NH2,OH 

These~reactions proceed through intermediate nitrenes [21]. Since the latter can also 
be formed in the reduction of nitro and nitrosocompounds, substances of the XVI type (R = 
NO2 or NO) also form mixtures of ~- and 7-carbolines under the influence of some reducing 
agents [22, 23]. 

1.2. Fischer Reaction 

The synthesis of indoles from phenylhydrazones via the Fischer reaction has found rather 
extensive application for the preparation of partially hydrogenated u-carbolines. Two 
principal variants of the Fischer reaction are known: the action of excess amounts of strong 
acids on phenylhydrazones and catalytic or noncacalytic thermal indolization [24]. The 
presence of a pyridine ring and its quaternization in acidic media hinder the electrophilic 
attack necessary for one of the intermediate steps in the Fischer reaction. Despite this, 
cyclohexanone pyridylhydrazones XVIII can be used su~csssfully, although under more severe! 
conditions than in the case of the correspondin E phenylhYdrazones. 

H H 

~ I I I  XIX 

The c o n v e r s i o n  of  hydrazone  XVIII to  5 , 6 , 7 , 8 - t e t r a h y d r o - ~ - c a r b o l i n e s  XIX was accom- 
p l i s h e d  f o r  the  f i r s t  t ime by h e a t i n g  in  p o l y p h o s p h o r i c  ac id  [25] .  Yakhontov and co-workers  
[26-29] subsequently made a detailed study of the conditions and catalysts for this reac- 
tion. They established that the results depend to a great extent on the nature of the 
catalyst and the character and position of the substituents in the pyridine ring. The indi- 
cated factors not only determine the yields of normal reaction products but even change 
the direction of the process in a number of cases. Of the investigated catalysts, mineral 
and sulfonic acids were found to be the most effective substances. The highest yields of 
tetrahydro-a-carbolines are obtained when p-toluenesulfonic acid is used. In the case of 
hydrogen chloride and boron trifluoride the process is accompanied by side and anomalous 
reactions [26, 27]. 

The cyclization of cyclohexanone 2-pyridylhydrazones in the presence of Lewis acids 
depends on the amount of catalyst used [28]. In the arylhydrazone series the Fischer pro- 
cess is due to reaction of the nitrogen atom of the hydrazine part of the molecule and the 
catalyst. A competitive center, vlz., the pyridine nitrogen atom, which ties up the Lewis 
acid, is present in pyrldylhydrazones. As a consequence of this, the cyclization of hydra- 
zones XVIII via the catalytic method gives the products in low yield or does not proceed 
at all. Only the use of a large excess of Lewis acid gives successful results. The bromine 
atom in the 6 position of pyrldylhydrazone XVIII (R = Br) decreases the ability of the 
heterocyclic nitrogen atom to add the catalyst. Cyclohexanone 6-bromo-2-pyridylhydrazone 
is therefore converted to 2-bromo-5,6,7,8-tetrahydro-~-carboline under the influence of a 
catalytic amount of boron trlfluoride. 

Electron-donor substituents in the 5 and 6 positions of the pyridine rings significantly 
facilitate the cyclizat~on ~ hydrazones XVIII; the yields of tetrahydro-a-carbolines in- 
crease, and the yields of anomalous products decrease in this case. Electron-acceptor sub- 
stituents, which decrease the electron density on the carbon atoms of the pyridine ring, 
inhibit indolization even in the presence of a strong catalyst such as p-toluenesulfonic 
acid [28, 29]. 

The conversion of pyridylhydrazone XVIII to a carboline is also realized by refluxing 
in diethylene glycol [30]. 
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The Fischer reaction has also been used for the preparation of a-carbolines that are 
hydrogenated in the pyridine ring. 1,2,3,4-Tetrahydro-a-carbolines XXI were obtained from 
2-piperidone phenylhydrazones XX, and oxocarboline XXII was obtained from 4,4-dimethyl- 
glutarimide monohydrazone [2, 31]. 

)~I I  
XX~ 

Substituted pyrido[2,3-b]indoles are formed in the anomalous cyclization of ~-keto 
n i t r i l e  phenylhydrazones XXIII [32]. The mechanism of the reaction was studied by means of 
the labeled-atom method and mass spectrometry. It was shown that cyclic enehydrazines XXIV 
serve as intermediates, which undergo rearrangement to carbolines XXV. 

R R2 R H R z 

H H ~1 H 

XXIII XXIV )DCV 

R 2 

H 

monl 

In addition to ~-carbolines, normal cyclization products, viz., indolenine-substituted 
nitriles XXVI, are also formed in this reaction. The maximum yields of carbolines XXV are 
obtained by refluxing the cyanohydrazones in glacial acetic acid. 2-Cyanoethylcyclo- 
hexanone phenylhydrazone [34] is converted to 2,3-tetramethylene-a-carboline (XXVII) under 
these conditions. 

1.3~ Syntheses Based on 2-Aminoindole 

Convenient methods of synthesis based on 2-aminoindole have been developed. It has been 
established [35, 36] that 2-aminoindoles alkylated at the ring nitrogen atom (XXVIII) react 
with ~-dicarbonyl compounds to give u--carbolines XXIX. The reaction proceeds when the com- 
ponents are refluxed in pyridine or anhydrous ethanol in the presence of zinc chloride. 

R 2 R 2 

NH a R 2 R 2 

XXVIII ~ 

N-Unsubstituted analogs XXVIII (R: = H) undergo cyclization to pyrimido[l,2-a]indole 
derivatives XXX. Attempts [35] to obtain unsubstituted u-carbolines with the use of de- 
tachable protective groups were unsuccessful. This goal was achievedby other methods. 
First and foremost, it was established that the direction of the reaction depends on the 
basicity of the medium. If the reaction of 2-aminoindole with dicarbonyl compounds is 
carried out at high pH values (with triethylamlne in isopropyl alcohol and with alcoholic 
alkali), only u-carbolines are formed [37]. It is assumed [38] that the change in the di- 
rection of cyclization is due to two factors. First, carbanion XXXII is generated in alka- 
line media, and the reaction commences with its attack on the carbonyl group of the dike- 
tone. Second, the simultaneously formed pyrimidoindole undergoes cyclization through inter- 
mediate azomethine XXXI, as shown in the scheme. 

N ~ ~ 

~ R NH 2 
X X X R  

HO-J XXXI XXXII 
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Another route to the preparation of N-unsubstituted derivatives was discovered when it 
was established [39, 40] that p-tolylsulfonyl- and benzyloxycarbonylaminoindoles XXXIII 
react with 8-diketones upon heating in concentrated HBr or H2SO~ to give only u-carbolines 
with simultaneous splitting out of the protective groups; the products are obtained in ex- 
cellent yields. The amide nitrogen atom is not protonated in this case, and amide XXXIII 
reacts as an indole in which the C(s) position serves as the site of highest electron den- 
sity in acidic media. Initial attack by the C(s) atom on the carbonyl group ensures that 
the reaction proceeds unambiguously. 

CH~ 

XXXIII R = It  

E 1 = SO2CeH4CH~; CeH~CHaOC02 

It has been shown [41] that by using substituted tolylsulfonylamidoindole XXXIV in the 
reaction under consideration one can obtain u-carboline salts XXXV that are methylated at 
the pyridlne nitrogen atom. 2-Oxo-4-hydroxy-u-carboline XXXVI was obtained using malonlc 
ester as the dlcarbonyl component [42], and lactam XXXVII was obtained from acetoacetic ester 
or diketene [43]. 

R 

i H 
CH 3 

XXXVII E = CH~ 

The synthesis of 1,3-disubstituted a-carbolines from aminoindole and diketones gives 
excellent results. However, it is not distinguished by its regioselectivity, and its prepar- 
ative application is limited to symmetrical 8-diketones. Another method based on the reac- 
tion of 2-aminoindole with a,8-unsaturated aldehydes and ketones does not have this disad- 
vantage. The reaction between these substances proceeds in alkaline media and consists of 
the steps shown in the scheme [44, 45]. A noteworthy feature of this sequence is the facile 
aromatization of dihydrocarboline XL under the influence of atmospheric oxygen. 

R 4 B i 

R 

R ~ R ~ 

I I 
It R 

XL 
x1/ 

R I = ~k, ~ ;  E 2 =Alk, 

As in the preceding method, indole N-unsubstituted derivatives XLI (R = H) are ob- 
tained by using protected analogs of aminoindole XXXIII. In this case intermediate amino 
ketones XLII, which are converted to the final products by heating in dimethyl sulfoxide in 
the presence of zeolltes, are isolated [46]. 

R I E 

H NH I I 
I c~ cH~ so~c6~4c~ 

XLI! XLIII 
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Under severe conditions the e,B- bond in amino ketone XXXIX may be cleaved [47, 49]. 
The resulting carbonlum ion of the benzyl type reacts with a second molecule of the amino- 
indole to glve XLIII as a side product. 

1.4. Synthesis of u-lsocarbollnes from ~-(3-Indolyl) Ketone Oximes 

and B-(3-1ndolyl)propanamides 

New methods for the preparation of anhydronlum bases of the u-carbollne series, viz., 
IH-pyrido[2,3-b]indoles (~-isocarbolines), have been discovered in recent years. These 
methods are based on heterocycllzation of ~-(3-indolyl) ketone oxlmes and 8-(3-indolyl)- 
propanamides. The Beckmann rearrangement-cyclization of oximes XLIV has been proposed [50] 
as a method for the preparation of 3,4-dlhydro-B-carbollnes XLV. However, in some cases 
oximes XLIV are capable of undergoing cyclization to u-lsocarbolines XLVI under the influ- 
ence of phosphorus pentachloride in warm nitrobenzene. 

R 2 R = R 2 

H I 
R R 

X I ~  XLVl XLY 

C1 

I t  

XL',/II XLVIII 

The ratios of the two reaction products (XLV and XLVI) depend to a considerable extent 
on the nature of the substltuents in oxime XLI~. Only u-isocarbolines are formed when R ~ and 
R a are aromatic substituents [51]. In the case of alkyl substituents the a-lsocarbolines 
are obtained in very low yields or are not formed at all. A method for the synthesis of 
anhydronlum bases [52-54] in which the cyclization of indolylpropanamldes XLVII, which pro- 
ceeds under the same conditions as the rearrangement of oximes, is therefore more convenient 
in a preparative respect. Intermediate imido chloride XLVIII probably participates in the 
formation of the pyridlne ring in both reactions. The reactions proceed extremely rapidly. 
One-mlnute contact of the amlde or oxlme with phosphorus pentachloride in nitrobenzene solu- 
tion is sufficient for completion of the process at 60-70~ Other solvents and cyclizing 
agents are ineffective. 

The cyclizatlon of amides XLVII serves as a convenient preparative method for the pro- 
duction of iH-2-chloropyrido[2,3-b]indoles with alkyl and aryl groups (CHs, CaHb, CsH,, 
C4Ho, C6H11~ and C6H5) in the 1~ 3~ and 4 positions. The halogen can be easily removed from 
these compounds by catalytic reduction [51]. 

1,5~ Other Methods of Synthesis 

u-Carbolines that contain additional aromatic rings can be obtained by cyclodehydration 
and related reactions. For exampled benzo[c]carbolines XLIX are formed via the Bischler-- 
Napieralski reaction [55, 56] from N-acyl derivatives of 3-aryl-2-aminoindole. The re- 
arrangement of 3-phenylindole-2-carboxyllc acid azide by the Curtius method serves as a 
modification of the~method for the synthesis of four-ring system XL!X [57]. 

Benzo[b]-u-carbolines were obtained [58] by the reaction of aromatic o-amino ketones 
with oxindole. This reaction was used [59] for the synthesis of indolonaphthyrldlne L -- the 
aza analog of the natural antlneoplastlc alkaloid ellipticine. 

~ R  Ch3 CH3 

~k"J/~ Ak~O~ "~/ "N" ~ + O �9 N 

CH 3 CH~ L CH~ 

X]AX 
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Several other condensed systems that contain the a-carboline three-ring system are 
known. However~ their examination is not the task of our review. Studies in which in- 
dividual representatives of u-carbolines were obtained by methods that have not found further 
application are also not mentioned. 

2. CHEMICAL PROPERTIES 

2.1. Electrophilic Substitution Reactions 

The pyridlne ring of a-carboline is resistant to electrophilic attack. Substitution 
occurs in the benzene ring in the case of nitration and iodination. The indole nitrogen 
atom orients substitution to the 6 position. The formation of derivatives at the C(s) ato~ 
has not been noted [60-62]. 

2.2. Nucleophilic Substitution Reactions 

Reactions involving nucleophilic substitution in the pyridine ring are most characte: 
istic for a-carbolines. Thus pyrido[2,3-b]indole N-oxide forms a 4-chloro derivative und 
the influenceof phosphorus oxychloride. Salts LI, which are obtained by the reaction of 
u-carboline N-oxide with dimethyl sulfate or triethyloxonium tetraflhoroborate, have hlg} 
activities in reactions with nucleophiles [61, 64, 65]. A large number of 2-substituted 
derivatives have been obtained as a result of the reaction of these salts, as well as an 
hydronium bases LII, with nucleophiles, i.e., nucleophilic attack is directed selective~ 
to the e-carbon atom of the pyridine ring. The alkoxy group is split out in this case 
the form of an anion via the scheme presented below. 

H I + I 
OR OR 

LI LII 

r - cl H 
0CH3 OCH3 -OCH~ 

Side products in such nucleophilic reactions are formed as a result of dealkylation ~d 
dealkoxylation: 

fOH 

The role played by side processes is usually small 
value. 

H H 
0 

CH20 

[66], and the method has preparative 

2.3. Substitution Reactions at the Nitrogen Atoms 

The basic nitrogen atom of the pyridine ring in e-carboline is readily quaternized by 
alkyl halides or alkyl sulfates [4, 67-69] to give N-alkylcarbolinium salts LIII. Further 
alkylatlon of the anhydro bases obtained from these salts under the influence of alkalis 
occurs at the indole nitrogen atom. The positive charge in the resulting cations LV is 
localized on the nitrogen atom of the pyridine ring. 

x I 
1 Alk Alk Alk Alk 

LV 
[/II LXIX 

Derivatives that are monoalkylated at the indole nitrogen atom are obtained by de- 
protonation of a-carbolines by strong bases such as sodium hydride [70] with the subsequent 
action of alkylating agents. 
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TABLE i. Basiclty Constants and Partition Coefficients (P) 
of a-lsocarbolines 

R ~ 

I 
IR 

R 

CH8 

CHa 
CaH7 
C4H0 
CH=C~H6 
CH3 
CHa 
CH3 
CHa 
CHa 
CH3 
CH3 

'CHa 
CHa 
C6Hs 

R ~ 

CHa 
C2H5 
C~H7 

R a 

CHa 
C=Hs 
CaHr 
CsHla 
CsHs 
Celia (OMe) 
C6Hs " 

,,K 

7,55 
7,75 
7,93 
7,1C 
7,3C 
7,3(~ 
6,53 
7,69 
7,73 
7,77 
7,45 
7,46 
7,48 
7,00 
6,55 
6,84 
7,51 

Lit. 

base 

104 

163 

2488 
771 

P [77] 

salt 

0,05 

0,12 
0,44 
1,42 

3627 
0,32 
0,76 

0,21 
0,44 
1 ,39  

64 
6,46 

2.4. Properties of Alkyl Groups 

It follows from [71] that the reactivlties of alkyl groups in the pyridine ring of 
u-carboline are very low. Reactions such as condensation with benzaldehyde, me[alia[ion 
with phenylllthlum, etc. do not occur in the case of 2- and 4-methyl-u-carbolines, although 
they are characteristic for alkylpyrldines and many heterocycles that contain a pyridlne 
fragment. 

3. PHYSICAL PROPERTIES OF u-CARBOLINES AND THEIR ANHYDRONIUM 

BASES 

3.1. Characteristics of the UV Spectra 

Simple u-carbollnes are colorless. The corresponding anhydronium bases are brightly 
colored substances, in agreement with their covalent quinoid structure LVI. The color 
becomes weaker in ionizing solvents; this is explained by coordination of a proton from the 
solvent with the indole nitrogen atom, thereby promoting an increase in the percentage of 

the C~01ori~ess carbollnlum ion LVII [72, 73]. Thus the long-wave maximum in the UV spectrum 
of l-methyl-e-lsocarbollne experiences a hypsochromic shift from 412 to 398 nm on passing 
from chloroform to ethanol. 

I H R 
R 

LVI LVII 

The UV spectra of u-carbolines display a dependence on the pH of the medium. Thus 
spectra that are identical to the spectrum of carbolinium ion LVII are observed in the case 
of solutions in aqueous 0.1 N HC1 and neutral alcohol. The UV spectra of alkaline solutions 
at certain pH values correspond to the absorption of anhydro base LVI. 

u-Isocarbollnes are monoacidic bases. All of-the published data on their acid-base 
and llpophillc properties are presented in Table 1. It is apparent from Table i that the 
basicities and partition coefficients of the 3-substituted isomers are higher than those of 
the 4-substituted analogs. This can be explained by the stronger effect of the substituents 
in the para-(3) position on the nucleophilic N(9) center. The nature of the substituent in 
the pyridine ring also affects the pK value. Electron-acceptor substituents decrease the 
basiclty, wl%ereas electron-donor substituents increase it. 
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3.2. NMR Spectroscopy 

The signals in the PMR spectrum and the spin--spin coupling constants (SSCC) in the 
u-carboline molecule have been completely identified [78]. The heteroatom of the indole 
ring affects the ortho constants of the aromatic ring protons: J56 (8.2 Hz) is greater than 
J67 (7.5). This small but constant effect, which is also observed for indole, benzofuran, 
and quinoline, may be of diagnostic value in the interpretation of the PMR spectra. The 
SSCC of the ortho protons of the pyrldine ring also conform to the principle: Js4 > J23 
(7.6 and 4.9 Hz, respectively). A peculiarity of N-methyl-substituted a-isocarbolines [51] 
is the unusually strong shift of the signal of the methyl group to the weak-fleld region. 

Data from '3C NMR spectroscopy are presented in [79]. 

3.3. Mass Spectrometry~/ 

The mass spectrum of u-carboline is simple and is due to splitting out of H, HCN, and 
C2H2 particles from both the molecular ion and the intense [M -- i] ion [33]. The fragmenta- 
tion of alkyl-substituted derivatives differs from the fragmentation of u-carboline [80] 
but is similar to the fragmentation of alkylpyridines. The formation of a rearranged ion 
with an azatropylium ion structure due to the loss of a hydrogen atom of the alkyl group be- 
comes the dominant process. The elimination of a molecule of acetonitrile and hydrogen from 
the [M -- 15] fragment is characteristic for compounds that have a 2-methyl group. 

The presence of an alectron-acceptor substltuent in 3-nitro-u-carboline results in 
initial fragmentation of the molecular ion with the detachment of NO2 and NO particles. The 
mass spectrum does not contain an [M -- i] + ion peak, since the nitro group is not capable 
of stabilizing the positive charge. 

Fragmentation with splitting out of the substituent in the 4 position, which is accom- 
panied by dehydrogenation of the molecular ion, is characteristic for 3,4-dihydro-u-carbo- 
lines [46]. The principal peak in the mass spectrum of 4-methyl-5,6,7,8-tetrahydro-u-carbo- 
line corresponds to retrodiene fragmentation at the two B bonds with respect to indole with 
the detachment of a molecule of ethylene [81]. 

4. BIOLOGICAL PROPERTIES 

Little study was devoted to the pharmacology of u-carbolines prior to the 1970's. 
It was established [82-84] only that the hypotensive properties and the ability to inhibit 
monoamine oxldase that are characteristic for B-carbolines are weakly expressed in the case 
of a-carbollnes. 

The first reports of the significant antivirus activity of u-carbolines were published 
in patents [63-65]. Interest in the study of the biological properties of u-carbolines is 
currently increasing. Ishizumi and Katsube [85] have synthesized a 4,5-benzo-u-carboline 
derivative that has antineoplastic properties. Cytotoxic activity has been observed for 
~-carboline and its 6-chloro, 2-phenyl, and 2-pyridyl derivatives [86]. 

2-Chloro-u-isocarbolines have strong cytotoxic and moderate antineoplastic properties 
[52, 53]. Their biological activity depends regularly on their physic,chemical properties 
(primarily their pK values) and the nature of the substituents [77]. Compounds with small 
alkyl substituents and with pK values ranging from 7.0 to 7.8 units have the maximum level 
of biological activity. The biochemical mechanism of the action of ~-isocarbolines consists 
in the formation of intercalation complexes with DNA [87]. Data on the anti-inflammatory 
[88], anxiolytic [89], and CNS-stimulating [70] activity of u-carbolines are available. 

2-Aminopyrido[2,3-b]indoles display mutagenic properties [90]. They have been detected 
in the products of pyrolysis of protein-containing food products and in cigarette smoke 
[91-94] and consequently constitute part of the mutagenic background of the environment. 

l* 
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INVESTIGATION OF THE MASS-SPECTROMETRIC BEHAVIOR OF AMINOMETHYL 

AND AMINOMETHYLENE DERIVATIVES OF TETRAHYDROFURAN 

R. A. Karakhanov, M. M. Vartanyan, 
R. B. Apandiev, P. A. Sharbatyan, 
and L. Yu. Brezhnev 

UDC 453.51:547.722.3'822.3'861.3'867.4.07 

The principal pathway in the mass-spectrometric fragmentation of aminomethyl- 
tetrahydrofurans is cleavage of the u-C-C bond, in which a tetrahydrofuranyl radie 
cal is eliminated in the form of a neutral fragment, and the charge is retained 
on the amino fragment. This process is completely absent in methylene derivatives, 
for which one of the characteristic fragmentation pathways is cleavage of the 8 
bond with retention of the charge on the hydrofuran fragment. The established 
mass-spectrometric principles makes it possible to reliably distinguish amino- 
methyl- and aminomethylenetetrahydrofurans. 

New amino derivatives of the tetrahydrofuran series have been obtained by the reaction 
of 2-formyltetrahydrofuran with secondary amines, and some of their transformations have 
been studied [i, 2]. In the present research we studied the mass-spectrometric behavior of 
the following compounds under the influence of electron impact: 

I a - c  I I r a - c  

a R =piperidyl,, b t t  = morpholyl, c R = N / - - ~ N - - C H s  
~__/ 

Compounds la-c give low-intensity molecular-ion peaks, and this constituted evidence 
for low stabilities of the molecules with respect to electron impact. In the case of Ic the 
the molecular-lon peak has a somewhat higher intensity (2.8%) as compared with the molecu- 
lar-ion peaks of Ia, b (1.4%); this is due to the greater basicity of the substituent. The 
principal pathway in the fragmentation of Ia-c involves cleavage of the u bond of the sub- 
stituent and the formation of F, ions, which have the same structure: 

.§  a -cleavage + / - - ~  _cH2x CH2=~.//~.~ 
--~ C H 2 ~ N  X . .J 

X=CH2,O, N-CH5 F3, 58 

This sort of fragmentation pathway is extremely characteristic for alkylamines [3]. 
The peaks of these ions have considerable intensities (i00, i00, and 70%, respectively). 
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