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The review deals with studies devoted to the methods of synthesis, physical and chemical properties, and the practical applica-
tions of perimidines—the first class of heteroaromatic compounds with distinct amphoteric chemical properties. i.e. the ability

to react readily with both electrophiles and nucleophiles.

The bibliography includes 266 references.
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I. INTRODUCTION

Heteroaromatic systems are known to be very clearly
divisible!™? into compounds with an excess of 7 electrons
(e.g. pyrrole) and those with a deficiency of m electrons
(e.g. pyridine). Electrophilic substitution and oxidation
reactions are characteristic of the former, while the latter
react mainly with nucleophiles, are difficult to oxidise, but
are comparatively readily reduced. Studies in recent years
apparently made it possible to discover for the first time a
heteroaromatic system exhibiting simultaneously the distinct
properties of compounds with an excess and deficiency of
T electrons*. Such a system is perimidine (I), whose ampho-
teric chemical properties make it an interesting object of
study. In view of the promising nature of such investiga-
tions and the increasing number of publications on the chem-
istry of perimidine, it has become necessary to survey them.
The only review on perimidines was published in 1958 °® when
few data were available on their physical properties and
reactivity; it therefore included only studies on the methods
of their synthesis from 1, 8-naphthylenediamines.

This review provides a compilation of the literature on the
perimidine chemistry published up to June, 1980. It includes
also data on the chemistry of aceperimidine (II), aceperim-
idylene (III), and hydrogenated compounds: 2,3-dihydro-
perimidine (IV) perimidone (V), and thioperimidone (VI).
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Perimidine was first obtained and described in detail by
Sachs® in 1909, while 2-methylperimidine had been deseribed
somewhat earlier”®, Individual representatives of perimidines
were apparently synthesised as early as the past century® ™!
by the interaction of 1,8-naphthylenediamine with a series of
carboxylic acids and their derivatives. However, the com-
pounds could not be obtained in a pure state and their struc-
ture could not be established. At the present time the name
"perimidine" has been confirmed by IUPAC rules'?, but other
names can also be encountered in the literature; 1H-naphtho-
[1,8-d, elpyrimidine, 1H-benzo[d, elquinazoline, perinaphth-
imidazole, and 1H-1,3-diazaphenalene.
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1. METHODS OF SYNTHESIS

The vast majority of the methods of synthesis of per-
imidines are based on the reaction of 1,8-naphthylenediamine
(VIIa) (NDA) and its derivatives with various compounds
containing a carbonyl group. The reaction with carboxylic
acids and their derivatives makes it possible to obtain per-
imidines immediately, while the reaction with aldehydes and
ketones leads to 2,3-dehydroperimidines. The latter can be
usually readily converted into perimidines. The high reac-
tivity of NDA can be accounted for by the powerful with-
drawal of the unshared electron pairs of the two peri-amino-
groups (the peri-interaction!®). On cyclisation, this
withdrawal ceases, which is accompanied by an energy gain.

1. Synthesis from 1,8-Naphthylenediamines

(a) Synthesis of Perimidines from NDA and Various Cyclising
Agents

This method yields especially satisfac-
6514

Carboxylic acids.
tory results when formic acid is used. Thus perimidine
1-methylperimidine!®, 1-phenylperimidine®, and 1-(2,4-di-
nitrophenyl)perimidine” (VIII) are formed in high yields
when the diamines (VII) are refluxed with an excess of
HCOOH:

7N e N N
(/NHR S an
R
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VII: @ R =H, (®R = CHj, (©) R = CgH;, () R = 2,4-(NO,), CsH5 -

Aceperimidine!®, 1-methylaceperimidine!®, 6-chloroperimidine,
6-bromoperimidine??, 6-hydroxyperimidine?!, 6-sulpho-
perimidine, 5,8-disulphoperimidine??, and 6-phenylazo-
perimidine2?® have been obtained analogously from NDA
derivatives substituted in the naphthalene ring.

The use of other acids does not always give rise to satis-
factory results. Thus, when NDA is heated with trifluoro-
acetic acid?®*, acetic acid, and a-, 8-, and y-amino-acids?,
the corresponding-substituted perimidine is formed at best
in trace amounts. In order to increase the yield, it has been
suggested that the mixture be refluxed in 4 N hydrochloric
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acid?™27, Under these conditions, the interaction of NDA
with glycolic, mandelic, thioglycolic?®, and lactic?® acids
leads to the formation of 2-hydroxymethyl-, 2-a-hydroxy-
benzyl-, 2-mercaptomethyl-, and 2-o-hydroxyethyl-per-
imidines. The first of these compounds can be obtained also
in the absence of hydrochloric acid®. 2-R-Perimidines are
obtained from high-molecular-weight aliphatic acids in low
yields even in 4 N HCL.?” On the other hand, when they are
fused together with NDA, the products are salts of 2-R-per-
imidines, from which the free bases can be isolated on treat-
ment with alkali?® (in an earlier communication?® it was
erroneously stated that only N,N'-diacyl derivatives of NDA
are formed in this reaction). The interaction of NDA with
o-hydroxyphenylacetic acid results in the formation of
2-(a-hydroxybenzhydryl)perimidine®®

A satisfactory result of the reaction of NDA with aromatic
acids has been reported?®%!»*2, When NDA was fused
together with quinoline-a-carboxylic acid, 2-(a-quinolinyl)-
perimidine was obtained®®. The individual compounds could
not be isolated in the reaction of NDA with pyruvic and
phenylpyruvic acids?®
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With the exception of oxalic and malonic acids, aliphatic
dicarboxylic acids react with NDA to form w-(2-perimidinyl)-
alkanecarboxylic acids?’. Oxalic acid®?’ gives rise to a mix-
ture of compound (I) and 2, 2'-diperimidine (IX), which is a
result of the decarboxylation and interaction with NDA of the
intermediate perimidine-2-carboxylic acid respectively. The
reaction of NDA with malonic acid produces a mixture of
2-methylperimidine and compound (V).3*

Hydrogen halides. This method is one of the best for the
synthesis of 2-substituted perimidines (X). The reaction
proceeds via the formation of the monoacyl derivative (XI).
The formation of a certain amount of N, N'-diacyl derivatives
of NDA, which, incidentally, can be readily separated from
compounds (X) by virtue of their low solubility, can be
regarded as the only disadvantage of the method.
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In particular, the following derivatives (X) have been
obtained by this method; compounds with R = CH,,2%%*
CsHyy, CeHyy,?® CpiH,y, 2% CHCH,,® CeHy, &% 4-CH,0CH, %2
2-, 3-, and 4-O,NC.H,, C;H;=CH, CH,CH=CH,* CH,Cl1,?*’
CH,F, CHF,,!® perfluoroalkyl, C¢F,,?**® 3- and 4-CF,C(H,,
CF,0C.H,, and CF,SC¢H,.*® The method is suitable for the
synthesis of 1,2-disubstituted perimidines®*:*®%% and also
compounds such as 1,4-bis(2-perimidinyl)benzene and 1,5-
bis(2-perimidinyl)naphthalene®®. The only diamine which
could not be converted into the corresponding perimidine on
treatment with acid chlorides (and anhydrides) proved to be
compound (VIId).!”

The reaction of NDA with oxalyl chloride"® leads to the for-
mation of compound (IX) in 95% yield. The symmetrical
N-substituted"! and C-substituted derivatives (IX) *° can be
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obtained similarly. The reaction of NDA with 2-isocyanobenz-
oyl chloride results in the formation of a derivative of
quinazolinoperimidine (XII):*?

SRS WN
=30
AL
(X11)

Acid anhydrides. Heating NDA with acetic®2® and tri-
fluoroacetic®* anhydrides constitutes the best method of
synthesising 2-methyl- and 2-trifluoromethyl-perimidines.
The following derivatives (X) have been obtained by this
method from NDA and the anhydrides of the corresponding
acids: compounds with R = C,H;,%"® iso-C,H,, n-CH,, **
C.H,, ** and 2-HO,;SC.H,."*> The method has been used suc-
cessfully to synthesise 2-R-aceperimidines*® and 1, 2-disub-
stituted perimidines®*. It is of interest that, when 1-amino-
8-dimethylaminonaphthalene is refluxed with acetic anhydride,
1, 2-dimethylperimidine (XIII) is formed, i.e. the process is
accompanied by the elimination of the N-methy! groups. At
room temperature the reaction stops at the stage involving
the formation of compound (XIV):

TN TN 77N

gv ¢ NH  ncono e < NHCOCH, 2 N>_CH:‘
20° .

N, N, & N

CHjy

(X1v) (X1

Compounds (XV)—(XVII), which Sachs called perinones,
have been obtained by the reaction of NDA with the anhydrides
of succinic®, maleic®*7"*®, and phthalic®2%*% acids. The
intermediate acids (XVIII)—(XX) can also be isolated:

S \
—Q—b N\ CH,CH,COOH ~—3 \
@- s = 0= ;‘

NP2 (XVIID) (XV)

(VIla )—g—)- \>*C=L COOH —>» l ;:(

(XIX)

m
H' COOH

(XX) (XVII)

(Xv1)

The synthesis of tetrafluorophthaloperinone by the reaction
of NDA with tetrafluorophthalic anhydride has been described.
2-Tetrafluorophenylperimidine is then formed as a side prod-
uct [as a result of the decarboxylation of an acid of type
(XX) %%], When NDA 65051 or 5 6-diaminoacenaphthene!® is
heated with naphthalic anhydride and its substituted deriva-
tives, the products are naphthaloperinones (XXI). The
reaction of NDA with the dianhydride of pyromellitic acid and
its derivatives leads to perinones of type (XXII) 52 [isomers
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of compound (XXII) with the cis-disposition of the C=0
groups are also formed]:

B3E Bt

(XX1) R=H, NHy or NOg;
X=Hy or CHyCH,

(XXII) R=H, Cl, Br or NH, «

When NDA interacts with acid anhydrides, N,N'-diacyl-1,8-
naphthalenediamines are also formed in a small amount?*:2%38,

Esters and iminoesters. Perimidines can be relatively
readily obtained by treating NDA with carboxylic acid esters.
Thus the reaction of NDA with ethyl carbonate leads to
2-ethoxyperimidine in a quantitative yield®®, 2-Cyanomethyl-
perimidine has been obtained by treating NDA with isobutyl
cyanoacetate®. The reaction of NDA with dicarboxylic acid
esters has been investigated?’. If the reactants are taken in
proportions of 1: 1, the main product is the ester (XXIII).
In the presence of a twofold excess of NDA, the diperimidines
(XX1V) are formed in a low yield:

i 1
N, Ny N N 2R 0
Yeancnn [ Sl SN ’\L
n 2/n
a St} X S L
H H H H H

(XXIV) n=0-2 (XXV) (XXVI)
R=CH; or CHy «

(XXIII) n=0,1

It has been reported®>*¢ that the reaction of NDA with
acetylenedicarboxylate esters leads to the formation of
dihydroperimidines (XXV) together with diazepins of type
(XXVI); the structure of the latter has not been rigorously
demonstrated.

The interaction of NDA with ethoxymethylenemalonic or
ethoxymethylenecyanoacetic ester®’ leads to the formation of
compound (I). It is believed that cyclisatirn takes place at
the carbon atom to which the ethoxy-group is linked and that
the intermediate dihydroperimidine (XXV) splits off a molecule
of RCH,CO,C,H; and is converted into compound (I):

I
R Ny JH
(VIIa) + C,H;0CH=C—CO.CoH; —> >< —=
N/ \GHCOC,H
H R
R = CO,C,H; or CN .,
. (XXV11)

The interaction of NDA with acetoacetic ester is of interest.
When the two reactants are refluxed without a solvent,
2-acetonylperimidine (X, R = CH,COCH,) is formed®:2®,
However, at room temperature the keto-group of acetoacetic
ester is involved in cyclisation and the main reaction product
is dihydroperimidine (XXVIII). 6 On heating, the latter loses
a molecule of ethyl acetate and is converted into 2-methyl-
perimidine:

(XXVII)

A convenient method of synthesising 2-substituted per-
imidines, particularly those containing complex and labile
groups in the 2-position, involves the interaction of NDA
with iminoesters. In particular, the following derivatives
(X) have been obtained by this procedure: compounds with
R = CH,CO,C,H,, *® CH(OC,H,),, CH = NOH, CH,CH,NHR',
N-oxo-2-pyridyl, and N-oxo-4-pyridyl. %°
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Acid amides and nitriles. There are few data concerning
the synthesis of perimidine by the interaction of NDA with
carboxylic acid amides and nitriles. Thus, when NDA is
heated with caprolactam in the presence of inorganic acids,
2- (w-aminopentyl)perimidine is formed®®®!. In the inter-
action of NDA with ethyl oxamate the cyclisation involves both
the ester and amide functional groups, as a result of which a
mixture of the amide and the ethyl ester of perimidine-2-
carboxylic acid is obtained?s.

At a high temperature acetonitrile and butyronitrile react
with NDA dihydrochloride to form 2-methyl- and 2-n-propyl-
perimidines®2. The following reaction, leading to the per-
imidine (XXIX), is of interest®’:

N
N ¢\, N ISR
(V]Ia)-}—“ | N A <-N>\‘/

__N
N New,or —7 A S \“"\, J -

(XXIX)

Amidines. The interaction of NDA with formamidine®* and
diphenylformamidine!* leads to the formation of compound (I).
Cyclisation takes place also when NDA is heated with sym-
triazines, which can be regarded as a kind of cyclic amidines.
Thus 2,4,6~tri(w-hydroxyalkyl)-1, 3, 5-triazines react with
NDA at 220~230 °C to form compound [X, R = (CH,),0H]; "
with n = 3, this compound cyclises at 250 °C to form the
perimidine (XXX):

(CH2),OH
A N
W N,
(V) + N N —(X) ,.f;' / <
o S/ .

HO (CH,), /"7 \(CH,),,OH
(XXX)

When NDA was heated with 2,4, 6-tricyclopropyl-1,3, 5-tri-
azine, 2-cyclopropylperimidine was obtained®®, Triazine
itself gives rise to compound (I) in this reaction®’.

Other cyclising agents. 2-Aryl- and 2-heteroaryl-per-
imidines (X, R == C,H;, 4-iso-C;H,C¢H,, 4-CH,0C.H,, or
2-thienyl) have been obtained by the reaction of NDA with
N-ethoxycarbonylthioamides®®. The reaction of NDA with
cyanobenzylideneanilines ArN == C(CN)C.H, leads to 2-phenyl-
perimidine®®, 2-Acylindan-1,3-diones, 2-acyl-3-benzofur-
anones, etc. are effective cyclising agents which give rise to
the perimidines (X, R = alkyl or aryl) on interaction with
NDA.7°772 1t is of interest to note that these compounds
react with o-phenylenediamine without the dissociation of the
acyl—carbon bond, forming benzodiazepin derivatives.

Reid and coworkers*”*®7? investigated the reaction of NDA
with derivatives of cyclobutenone (XXI) and cyclobutene-
dione (XXXII). Depending on the nature of the substituent
R, the reaction leads to the formation of 2-acylperimidines or

perinones:
N
—D=CeHs \>—ﬁCHCH2C6H5
GeHy; H N (I:H
R | 6ts
(Vila)  + — H
HO ) R =50,CeH,CHy N\ 4
LB = SOCeHyCHy
(XXXI) R=H |
CeHs ! CeHy 3
Vi) + /
0
(XXX11) R'=OHor CgHg .
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The interaction of NDA with ethyl 2-amino-4,5-dihydro-
furan-3-carboxylate (XXXIII) results in the formation of the
perimidine (XXXIV), which exists predominantly in the
tautomeric form (XXXIVb).” It is believed that the site of
the p-carbon atom in compound (XXXIV) is occupied by the
carbon atom to which the amino-group is linked in compound
(XXXIII). i.e. the reaction involves the recyclisation of
compound (XXXIII):

02CoHg —N
(VIIa) + R —_
R o 'i‘

<xxxm) H“'O
R=Hor'CH;z, (XXX1V)

The schemes below show that there is a possibility of the
cyclisation of NDA to perimidines with the aid of activated
unsaturated compounds: nitroethylenes’®, quinone deriva-
tives’®77, 1-acyl-1-cyano-2, 2-dimethylmercaptoethylenes’®
and hexafluoropropene’®

R N NO,
(Vila) + (:012:3:—-1\102 — N cﬁ
= A %Y

X R
(VIIa) + 0:<D=<sj — g: N OH
S N
l R

E‘ \CN-£>=/

H
—N
(Vila) + CF;—CF=CF, —> \>—CHFCF3 .
|
H

RGO _/SCH;

o=
C C\SCH

(VIla) +

(b) The Synthesis of 2-Amino-,
capto-Perimidines

2-Hydroxy-, and 2-Mer-

2-Aminoperimidine (X, R = NH,) is obtained in a high yield
by the reaction of NDA with bromocyanogen®”® or cyan-
amide®?. When NDA is fused together with ammonium thio-
cyanate®® or thiourea'®, compound (X, R = NH,) is formed
in a mixture with thioperimidone (VI). The reaction of NDA
with S-methylisothiourea derivatives leads to perimidine-2-
carbamates (X, R = NHCOOR'). ®%%% The synthesis of
2-arylamino- 5%'®% and 2-dimethylamino-perimidines®® by the
reaction of NDA with aryl isothiocyanates and trichloro-
methyldimethylamine respectively has been reported.

2-Mercaptoperimidines (which exist in the thione form) are
obtained by the reaction of naphthylenediamines with carbon
disulphide. Thus compound (VI) , 53 2-mercapto-4, 7-di~-
methylperimidine®’, and 2-mercaptoaceperimidine!® have been
synthesised in this way. It is possible to use potassium
xanthate instead of CS,. Potassium cyanate, carbonate and
chlorocarbonate esters®®, phosgene'”’ %, and urea®® are used
as cyclising agents for the synthesis of perimidone (V) and
its derivatives from NDA; almost all the methods yield satis-
factory results. Aceperimidone is obtained similarly®®.

53
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(c) Synthesis of 2, 3-Dihydroperimidines from NDA and
Aldehydes or Ketones

Aldehydes. Aldehydes interact with NDA in alcohol or
benzene with formation of 2,3-dihydroperimidines (XXXV),
where R = H, CH,, CCl,,*" O Hs, n-C;H,, iso-CH,,;,%?
CeHg 375, different halogeno groups®%94%  hydroxy-group,
s3-s methoxy group, %9479 3,4—methylenedioxy—group,‘32
dialkylamino-groups, }°+°* nitrophenyl,°*°%:97 4-biphenylyl,**
a-naphthyl,®® ferrocenyl,®® 1-propenyl,®® g-styryl,?s
diethoxymethyl,®? 2- and 3-pyridyl, *>°7 2-quinolinyl, 2-pyr-
rolyl, 3-indolyl, l1-methyl-2-imidazolyl, 1-methyl-2-benz-
imidazolyl®®, 2-thienyl,®*%® 2-furyl, °%:°6:9° 5-methyl,
5-halogeno-groups, and 5-nitro-2-furyl.®°® 2-R-2,3-Di-
hydroaceperimidines are obtained similarly!®®. The reaction
proceeds as a rule with a high yield and terminates after 2 to
3 h even at room temperature.

t X &x“ KXC

(XXXV) (XXXVI) (XXXVII)
R = CHj3 or CgHs;
R’ = H, Ar, or 2-furyl.
N-Methyl- °7 and N-phenyl-substituted!®°° NDA (VII, b

and c¢) also react with aldehydes to form dihydroperimidines
(XXXVI), the reaction involving the amine (VIIe) proceeding
with greater difficulty. N,N’-Dimethyl-1,8-naphthylene-
diamine interacts with benzaldehyde, forming compound
(XXXVID).!'5 The reaction of NDA °° and its N-substituted
derivatives!?! with glyoxal leads to hydrogenated bisper-
imidines (XXXVIII). Compounds (XXXIX) have been obtained
analogously from aromatic dialdehydes®’

Sy 88
(XXXIX) (a)‘x:@;

(b)x:-—@;
O

© x:-@—s—@— .
0’

In a number of instances NDA reacts with aldehydes to form
non-standard products. For example, the methane derivative
(XL) is obtained together with compound (IV) if equimolar
proportions of NDA and formaldehyde are used®®’., The
reaction of NDA with phthalaldehyde, naphthalene-1,8-dialde-
hyde, and biphenyl-2, 2'-dialdehyde results in the formation
of the aromatised perimidines (XXXIX), (XLI), and (XLID
respectively*?2,

- E>,,2 Z<E 0y 7SI ®
O ]L_cH_J Q %——N O i

(XL) (XLI)

Z—T

Tz
e

(XXXVIID) (9)R=H;(b)R=CHj;
(¢) R=CgHg; (d)R = CgHj

(XLII)

Ketones. Ketones interact with NDA to form 2, 2-disub-
stituted 2,3-dihydroperimidines. Thus the reactions with
acetone 1% and acetophenone® yield compounds (XLIII, a
and b) respectively, while the reactions with cyclopentanone
and cyclohexanone give rise to compounds (XLIV, a and b).°%°
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Acetone reacts as readily with NDA derivatives: 2-chloro-,®*
4-sulpho-,*°® 3,6-dinitro-, 1°¢ and 2,4,5, 6-tetranitro-.'"7 A
method of synthesis of compound (XLIIla) by the reduction
of 1,8-dinitronaphthalene in the presence of the correspond-
ing ketones has been proposed!’®. The reaction of NDA with
alloxan and isatin®® involves the ketone and not the amide
carbonyl with formation of compounds (XLV) and (XLVI). The
keto-group is also more reactive than the carboxy-group in
the reaction of NDA with w- and o-acyl derivatives of pro-
pionic and benzoic acids, as a result of which compounds of
type (XLVII) and (XLVIII) are produced!?®,

{ T R
O N, A" %—N g—N N
O N><R' _N> :152)" —nN N:

l!l | | |

H HO H
(XLuD @R'=R"= CHy; (XLIV)(g) n = 15 (XLY)
(byR'=CHy, R'' = CgHj; ®)n=2
(©)'R' = CH;, R"'= CHyCO
i
LNW) Cﬁi@
(XLVD) (XLVID (XLVIID)

The interaction of NDA with diketones has been studied.
Diacetyl yields dihydroperimidine (XLIIIc).%® In the reac-
tions with 1,3-diketones compounds of type (XLIX) are
formed initially and are then aromatised on heating with
elimination of the R'COCH, molecule and the formation of a
2-R-perimidine and a 2, 2-disubstituted dihydroperimidine (as
a result of the interaction of NAD with the eliminated ketone
R'COCH,). 5>11% For benzoylacetone, as an example, which
gives rise to compound (XLIXDb), it is seen that the aliphatic
keto-group reacts with NDA more readily than the aromatic

group:

¥ i

MR N (—Ny CH,
1s) + RCOCH,COR' —> >< —A 5 >—n +

lf CHCOR|  ~RCOCHs IiI Ii‘ B

H H H

(XLIX) () R=R'=CHy;
(b)R =CH3, R'= CgHy;
(9 R=R'=CeH; .

The interaction of NDA with dibenzoylacetylene'!! takes
place via one of the carbon atoms of the acetylenic bond. The
dihydroperimidine (L) formed readily loses an acetophenone
molecule on heating and is converted into 2-benzoylperimidine
(LD):

g o

G-—CsH 5

} g
(VIla) + CgHzC—C= c—ccel{s —> H2

c——csﬁs

- (o]
g \>_‘!Ceﬂs .
g
(LD

Under fairly severe conditions, such aromatisation takes
place also for simple 2,2-disubstituted derivatives of 2,3~
dihydroperimidine. For example, when a mixture of NDA and
benzyl methyl ketone is heated at 315 °C, 2-methylperimidine
is formed!!?, The reaction of NDA with diphenyltriketone
[1,3-diphenyl-1, 2, 3-propanetrione] involves the central
carbonyl and leads to 2,2-dibenzoyl-2,3-dihydroperimidine!?
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2. Synthesis of Perimidines from 2, 3-Dihydroperimidines

The simplicity of the synthesis of 2,3-dihydroperimidines
(DHP) and the availability of convenient methods for their
dehydrogenation have recently made the reaction of NDA with
aldehydes also one of the best methods of synthesising per-
imidines themselves. A whole series of reagents have been
proposed for the aromatisation of DHP, whose choice in a
specific instance depends on the nature of the substituents
in the dihydroperimidine nucleus. For example, 1,3~disub-
stituted DHP (LII) are converted into perimidinium salts
(LIII) by treatment with iodine!??, trityl perchlorate!!, and
1,3, 5-trinitrobenzene*!S. The dehydrogenation of compounds
(LII) and their aceperimidine analogues (with R’ = H) by
means of sulphur or selenium leads to the thiones (LIV) or
selenones (LV): 113

s N N
/'_‘ ) =
SR S e
o _)VR >—N
CHs R
LIV)X=5S; (LI (L!I])
(LV)X =Se «

In the dehydrogenation of DHP with unsubstituted NH
groups it is best to use sodium pyrosulphite Na,S,0.°” The
reaction is exceptionally clean, has a high yield, and is suit-
able for the synthesis of many 1- and 2-substituted per-
imidines (LVI), including those with substituents such as
polyhydroxyalkyl groups:

H
] y g
/ 7 ]
< \<—N\/H o, KON o
_N /\R, aicohol / _N /7 ’
< -7 i and water \___/ )
R R
(LvI) (LvDp

R, R” = H, alkyl, heteroaryl, etc.

A single-stage synthesis of 2-R-perimidines from NDA and
bisulphite adducts of aldehydes is also possible, but it has
been achieved only for 2-phenylperimidine®*®,

In those relatively few instances where the dehydrogena-
tion with pyrosulphite is unsuccessful (1, 2-diaryl- and
2-nitrophenyl derivatives of DHP),®’ it is possible to use
palladium on carbon?®:°2°%:%% manganese dioxide!'’, or
sulphur'!®., However, compounds with a nitro-group in the
2-aryl substituent are poorly dehydrogenated also by other
dehydrogenating agents®®®’. The aromatisation of the DHP is
significantly hindered also in the presence of the N-phenyl
87,115 and N-acyl groups’'®,

1, 2-Disubstituted DHP (LVII) have been successfully
aromatised by chloranil*'’, In the case of 2,3-dihydroace-
perimidines chloranil dehydrogenates also the CH,—CH,
bridge, which results in the formation of aceperimidylenes!!®

The aromatisation of compounds (LVII) can also proceed
with elimination of the groups R' rather than the hydride ion.
This is usually promoted by thermolytic conditions or by
heating in acetic acid®®'!°?, Examples of such aromatisation,
in which the RCRCH, group was eliminated, have already
been given above. Similarly, on heating in xylene and par-
ticularly in CH,COOH, heteroaromatic substituents containing
a heteroatom of the pyrrole type (pyrrolyl, 3-indolyl,
2-benzimidazolyl, etc.) are readily eliminated from the
2-position in compound (LVII).**!%! Hydrogenated bisper-
imidines (XXXVIII) dissociate with rupture of the C—C bond
and the formation of perimidines even on dissolution in chlo-
roform®*1% This process takes place particularly readily for
N-alkyl derivatives (XXXVIII, b and c).'® However, the
majority of 2-substituted DHP are resistant to thermolysis®®
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101 On the other hand, the thermolysis of 2-(2-pyridyl)-

and 2-(2-quinolinyl-2, 3-dihydroperimidines leads to the
abstraction of a hydride ion and the formation of a 2-(2-
pyridyl)- and 2-(2-quinolinyl)perimidines®®1°!, We may note
that DHP containing 8- and y-pyridyl and quinolinyl groups
in the 2-position are not aromatised in this way; the reason
for this is not entirely clear.

The conversion of N-acetylated 2,3-dihydroperimidines
into 2-methylperimidine under the influence of hydrochloric
acid has been described but unfortunately has been little
investigated!?°®,

On the whole, DHP exhibit a lower hydride mobility and a
greater stability than, for example, benzimidazolines!S, but

after prolonged storage DHP gradually darken and decompose.

3. Other Methods of Synthesis of Permidines

In a number of studies perimidines have been synthesised
not from NDA but from other 1,8-disubstituted naphthalenes.
Thus, the reduction of l-acetamido-7-hydroxy-8-nitroso-
naphthalene!?! and 1-acetamido-5-hydroxy-8-phenylazo-
naphthalene?? yielded 4(9)-hydroxy- and 6(7)-hydroxy-2-
methylperimidines respectively. The possibility of obtaining
the N-oxide of 2-methylperimidine by the electrochemical
reduction of 1-acetamido-8-nitronaphthalene has been
reported®?®. Heating of 1-acylamino-8-azidonaphthalenes in
trichlorobenzene leads to the formation of a mixture of 2-sub-
stituted perimidines and naphthoxazoles in a relatively low
yield12*:
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The reaction of the phthaloyl derivative of 1-amino-8-
azidonaphthalene gives rise to phthaloperinone. On treat-
ment with iron nonacarbonyl, 1,8-diazidonaphthalene is
converted into perimidone in 6% yield*?®>. When 8-benzamido-
1-benzylimino-1, 2, 3, 4-tetrahydronaphthalene-3-sulphonic
acid was heated with alkali, 1-benzyl-2-phenylperimidine was
obtained; another product of this reaction was 8-benzimido-
1-naphthol*?¢:
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4. Different Condensed Systems Based on Perimidine

The synthesis of perimidines (LVIII) from the correspond-
ing NDA derivatives has been described'?’"'?°, The perinone
(LIX) has been obtained by the reaction of NDA with
phenalenone-6, 7-dicarboxylic acid!3®:

0> Ve —>__N amn \\}_N\\ J—\ /O
X — >—R /==\_N< Damn >
7 3 D S

(LVII) (LIX)
X = 0 o1 NR’; R=Alk, Ar, or OH .

The dihydroperimidine (LX), in which the heteroring is
condensed with a phenalenium ion, has been recently synthe-
sised in accordance with the above scheme!®!:
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On heating with formic acid, 1,4,5,8-tetra-aminonaph-
thalene gives rise to the red diperimidine (LXIa), which is
extremely readily oxidised by atmospheric oxygen to a
slightly greenish tetra-azapyrene (LXIIa).'®%3% The
dimethyl derivative (LXIb), obtained by the reaction of
6, 7-diamino-2-methylperimidine with acetic anhydride,
behaves analogously!3*:

HsN—<== )—NH:_pooon | LR <N——<_‘ <—N RO,
HN—{ >—NH
TTN—s — H
(LXI)(2)R = H; (b)R CHy 3

—~+R — /N—<—>—N —R

\N=/ \._.N/
(LXIT)(2) R = H;(b)R = CHy

There are also data on the synthesis of tetra-azapyrene
derivatives (LXIII) !*% and (LXIV).13%¢
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Polynaphthoperinone has been obtained by the reaction of
tetramine with naphthalene-1,4,5, 8-tetracarboxylic acid?’,

1. PHYSICAL PROPERTIES

1. Quantum-Mechanical Calculations and Aromaticity

The perimidine molecule is a 14n-electron system, but one
of its electrons is not delocalised, which leads to a decrease
of aromaticity. Thus the resonance energy per 7 electron
(the REPE index) of perimidine is significantly lower than
that of naphthoimidazoles'!®. Another feature of the m-elec-
tron structure of the molecule of compound (I) is the formal
excess of m electrons in its heteroring in which there are
seven T electrons. The expulsion of the "superfluous”
super-Hiickel electron from the heteroring to the naphthalene
fragment of the molecule leads to the polarisation of the
m-electron cloud corresponding to structure (LXV).? Such
a shift has been confirmed by quantum-mechanical calcula-
tions [see diagram (LXVI)] regardless of whether one uses
the simple Hiickel method!*®:13° | the Pariser—Parr—Pople
method!*?, or the CNDO/2 method "2,

The distribution of electron density in the molecule of com-
pound (I) is so non-uniform that it can be represented as
consisting of, as it were, two parts: the p-carbon atom with
an unusually high positive charge and the negatively charged
1,8-naphthylenediamine residue. The transfer of w-electron
density from the hetero-ring to the naphthalene system also
takes place in naphthoimidazoles®!3%142 put it is much
weaker there. The maximum negative charge in compound (I)
is concentrated in the 4- and 9-positions (the ortho-posi-
tions relative to the heteroring) and in the 6- and 7-posi-
tions (para-positions), while in the 5 and 8-positions
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(meta-positions) it is virtually zero. Such alternation of
charges can be explained by the alternant nature of the
molecule of compound (I). The charge distribution is also
very non-uniform in the molecule of aceperimidylene (LXVII),
the positive r-charge on the C(,) atom of the latter being
higher than in the molecule of compound (I). The maximum
negative charge in aceperimidylene is concentrated in the
CH=CH bridge*:.

0,068 _ -0,069

+0,60  -0076

(LXV) (LXVI) {LXVII)

The CNDO/2 method revealed an interesting feature in the
polarisation of the electron cloud in perimidine and naphtho-
imidazoles. In conformity with the foregoing considerations
concerning the characteristics of the m-electronic structure
of the molecule of compound (I), it was found that the polar-
isation of the C=N bond in the latter is caused mainly by the
shift of 7 electrons®*!, while in naphthoimidazoles'*? and in
benzimidazole!*! it is due to a shift of o electrons.

Quantum-mechanical calculations on 2-phenyl- and 2-2'-
hydroxyphenyl-perimidines'?®, the perimidinium cation**,
perimidone!*5, and 2,3-dihydroperimidine*® have also been
published.

2. Colour and Electronic Spectra

One of the most interesting features of perimidine is its
bright yellow colour, which sharply distinguishes it from the
colourless naphthoimidazoles. The electronic spectrum of
compound (I) consists of three absorption bands in the region
of 400, 330, and 235 nm (the a-, 8-, and y-bands)?*’. The
last two bands are highly intense (Ig e = 4.1—4.6) and are
also observed in the spectra of 2,3-dihydroperimidines and
1,8-naphthylenediamines*®. The B-band is undoubtedly
related to the transfer of the electron pair of the nitrogen
atom to the antibonding w orbital of the naphthalene ring'“?,
while the y-band is apparently due to the electronic transi-
tions within the naphthalene ring itself. The absorption
o-band, responsible for the colour of the perimidines, is of
greatest interest. It has a reduced intensity (lge = 3.0) and
is usually manifested as a shoulder, which probably explains
the lack of attention paid to it by a number of investigators®”
140 The a-band persists in the spectra of perimidinium
salts, i.e. it cannot be attributed to the n > 7m* transition 147,

According to calculated data'®®, the origin of the long-
wavelength absorption band of perimidines is the m-electron
transfer from the naphthalene ring to the heteroring'*®. Thus
this band is due to charge transfer between the m-donor and
n-acceptor components of the perimidine system, which is
consistent with the high m-donor capacity of perimidines (see
below) and explains qualitatively the influence of certain
substituents on the colour of perimidines. Thus the decrease
of the electron deficiency of the heteroring in compound (I)
following the introduction of strong electron donors in the
2-position (amino- and alkoxy-groups, etc.) leads to the
complete disappearance of colour!*’. Similarly the hydrogen-
ation of the C=N bond leads to colourless compounds (2,3-
dihydroperimidines). On the other hand, when strong
m-acceptors are present in the 2-position in perimidine, the
corresponding compounds are deeply coloured. Thus
2-benzoylperimidine is a dark wine-red!!!, while 2-nitro-
phenyl and 2-nitrofuryl-perimidines are violet**%:. One
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may predict that a deepening of the colour should be
observed also after the introduction of electron-donating
substituents in the naphthalene ring; it is seen for aceper-
imidine as an example (Apgx = 430 nm) that this is indeed
s0.*7 The long-wavelength absorption band in the aceper-
imidylene spectrum is at 418 nm (lg e = 4.1).*?

When groups containing vacant m orbitals are introduced
into the ortho- and parae-positions in the napthalene ring,
the electronic spectra of perimidines change significantly and
the colour deepens. An intense band due to the m + m*
transition appears in the long-wavelength region, its posi-
tion depending on the electron-accepting properties of the
substituent. For example, Apax for 4-acetyl-1l-methyl- and
9-acetyl-permidines are: 405 and 416 nm respectively (g e =
4.11 and 4.0), while the values for 1-methyl-4-nitro- and
9-nitro-perimidines are 445 and 460 nm (lge = 3.96 and
3.99).1%% When these groups are present in the 6- and
7-position, Apgax undergoes a further bathochromic shift. It
is interesting to note that nitroperimidines are some of the
deepest coloured nitro-compounds in the heteroaromatic
series. The long-wavelength band in the spectra of these
compounds is apparently of the type of the g-band and its
strong bathochromic shift is caused by the ease of the trans-
fer of electrons from the heteroring to the acceptor [struc-
ture (LXVIIIb)]:

V4 N
o S
o~y T BN =(_ N,
H H
(LXVIIIa) (LXVIIib)

More detailed data on the ultraviolet spectra are given by
Pozharskii et al.!*? for nitroperimidines, Minkin et al.*® for
2-arylperimidines, Pozharskii and coworkers!*7*1% for
2-aminoperimidines, and Pozharskii et al.*® for 2,3-di-
hydroperimidines, perimidones, and thioperimidones.

3. m-Electron-Donating Properties

Perimidines tend to form deeply coloured charge-transfer
complexes (CTC) with various m-acids, including weak
acids such as 4-nitrobenzaldehyde*’. The complexes
usually have the 1:1 composition in the crystalline state.
The charge-transfer bands for the CTC of perimidines and
a number of related compounds with 1,3, 5-trinitrobenzene
(TNB) have been published'*?*3%18together with the ionisation
potentials of the donors calculated from these data'*’,

The high m-donor capacity of perimidines reflects the low
ionisation potential of the electrons in the highest occupied

- i il
m-MO. Calculations have shown that EHOMO for the molecule

of compound (I) lies appreciably higher than for naphtho-
imidazole molecules. In terms of the m-donor capacity, per-
imidines are superior not only to naphthoimidazoles and 1,8-
naphthylenediamines but also to a well known m-donor such
as phenothiazine. DHP, which apparently have a nearly
planar structure in which the conjugation of the electron
pairs of the heteroatoms with the aromatic ring is facilitated,
exhibit the same m~donor capacity as perimidines!*®.

It is of interest to note that, in contrast to the CTC of
perimidines and 1, 8-naphthylenediamines, the DHP com-
plexes of two charge-transfer bands. In conformity with
the experimental data and quantum-mechanical molecular
orbital calculations, aceperimidylenes®?®, perimidones, thio-
perimidones, and 2-imino-2,3-dihydroperimidines'*® are
inferior as regards the m-donor capacity to perimidines and
DHP. For a series of 2,3-dihydroperimidine structures®*®,
the ionisiation potentials in the gas phase have been measured
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by the photoionisation method. The relative m-donor capa-
cities of the perimidines can be estimated from the intensities
of the peaks of the doubly charged ions in their mass-
spectral®l,

4, Electron-Accepting Properties

In terms of their electron-accepting properties, perimidines
occupy a position between azines and imidazoles. Thus per-
imidinium salts (LIII, R = CH;) are reduced at the mercury
dropping electrode with greater difficulty than the majority of
the azinium cations but more readily than benzo- and
naphtho-[1, 2-dJ]imidazolium cations!3?1%%, The ease of
reduction of the naphthol 2, 3-d]imidazolium cation is almost
identical to that of the perimidinium cation. A correlation
has been observed between the ease of the polarographic
reduction of the above cations and the energies of their low-
est vacant orbitall5?,

Perimidinium and naphtho[ 2, 3-d]imidazolium salts are
reduced with two single-electron diffusion processes, while
benzo- and naphtho-[1, 2-d]imidazolium salts are reduced
with a single two-electron diffusion process. This indicates
the relative stability of the radicals formed following the
addition of the first electron to the perimidinium and
naphtho[ 2, 3-d]imidazolium cations. The structure of the
radical in the case of perimidine is apparently close to that
of (LXIX), i.e. the electron occupies an orbital localised in
the heteroring. This is supported by the dependence of E,/,
on the nature of the substituents in the heteroring of the
perimidinium cation and by its low sensitivity to substituents
in the naphthalene ring fragment.

The addition of the second electron leads ultimately to the
formation of DHP: 152
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1-Alkylperimidine bases are not reduced polarographically,
but, on treatment with sodium in tetrahydrofuran (THF) at
—60 °C, compound (VIIIb) gives rise to the radical-anion
(LXX), whose EPR spectra have been measured and whose
spin density distribution has been calculated (it is a maxi-
mum in the 2- and 6-positions)*!. When sodium is replaced
by potassium under the same conditions or when sodium is
used at a higher temperature, the dianion of 1-methylper-
imidine, whose structure is probably close to that of (LXXI),
is formed:

VI e ;\> NT);E — :

Cly

(LXX) (LXX1)

5. Magnetic Properties and 'H NMR Spectra

Compared with naphthoimidazoles, perimidines have a
reduced diamagnetic susceptibility’*?, which implies that the
molecule of compound (1) is characterised by an appreciable
polarisation paramagnetism as a consequence of the asym-
metry of its m-electron cloud. The magnetic susceptibility
data are consistent with the presence of a single EPR signal
with a width of ~7 G for the crystalline specimens of the
majority of perimidines; the signal intensity obeys the
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Curie law and corresponds to a single spin per 5000—-10000
molecules?*?. The nature of the signal has been tentatively
attributed to the presence at individual crystal lattice sites
of local CTC, which is fully consistent with the electronic
structure of perimidine.

The advances in the chemistry of perimidine are in many
respects due to *H NMR. !H NMR data for perimidines are
quoted in virtually all publications in recent years. They
have been discussed in greatest detail by Pozharskii et al.
A characteristic feature of the *H NMR spectrum of compound
(I) is the considerable upfield shift of the aromatic proton
signals (on average by 0.8—1.2 p.p.m.) relative to naphthal-
ene and naphthoimidazoles. This phenomenon is apparently
due not so much to the weakness of the diamagnetic ring
current as to the significant contribution of its paramagnetic
component.

The H(,) and H(,) protons, whose signals are significantly
displaced upfield compared with those of other protons, can
be identified most readily in the 'H NMR spectra of per-
imidines. As a consequence of the rapid exchange of the NH
proton, in perimidines with a free NH group they become
equivalent and are manifested by a quartet in a strong field.
In l-alkylperimidines these protons are no longer equivalent
and give rise to two well resolved quartets, the quartet due
to the H(4) proton being located in a higher field. The
disappearance of one of these signals is significant evidence
for the introduction of a substituent in the 4- or 9-positiont*®
1%%. The H(sy~H(;) protons in the 'H NMR spectrum of com-
pound (I) give rise to a complex multiplet, which merges with
the signal due to the H(,) proton. In the spectra of per-
imidinium cations the signal of the H(Z) proton can be readily
identified, since it is displaced downfield to a much greater
extent than the signals of the other protonsi!*:115,

When even one electron-accepting group (acyl-, ***
nitro-, **% or sulpho-group!®®) is introduced into the naph-
thalene ring in perimidines, the H NMR spectrum is greatly
simplified. In particular, this applies to the 6- and 7-posi-
tions, because the substituent usually deshields the second
peri-proton, displacing its signal downfield and almost
reducing to zero the constant Jypetq. When these groups are
in the 4- or 9-position, the structure of the compound is
readily determined on the basis of the presence of a strong
intramolecular hydrogen bond, the absence of a downfield
shift of the signal due to the peri-proton, and by a number
of other procedures'**15°, However, in a few instances
(ortho- and para-chloroperimidines!5’) the interpretation of
the 'H NMR spectrum is extremely difficult. The *H NMR
spectra of aceperimidylenes?*® and 2,3-dihydroperimidines
%8 have been described. There are data on the *C NMR

spectra of 2-azidoperimidines®®?,

147

101,

6. Infrared Spectra

The infrared spectra of compound (I), 2-methylperimidine,
and certain 2-arylperimidines have been briefly discussed!3®:
180 There is information about the characteristic frequencies
of 6ther perimidines in almost every paper devoted to their
synthesis. Infrared spectroscopy is the most important
method for the identification of perimidines, particularly for
their differentiation from the DHP, which are formed in many
instances as side products or alternative reaction products.
The 3100—3500 and 1500—1700 cm™* regions of the spectrum,
where the bands due to the stretching vibrations of the NH
groups and the C=C and C—N bonds are located, are of
greatest analytical importance for compounds of the per-
imidine series.
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In the spectra of crystalline specimens of compound (I) and
its 2-substituted derivatives there are no stretching vibra-
tion bands due to free NH groups. Instead there is a broad
diffuse band extending from 3200 to 2500 cm™®, which indi-
cates the formation of stable associated species via inter-
molecular hydrogen sharp bonds. Bands due to the free
v(NH) vibrations in the form of a sharp intense peak at 3440
cm™! appear in the infrared spectra of dilute solutions. The
appearance of the v(NH) band as a single sharp, frequently
very intense, peak is observed sometimes also for crystalline
specimens when the proton of the NH group is involved in an
intramolecular hydrogen bond. The relevant data are avail-
able for 4(9)-~nitro-, **% 4(9)-acyl-, *** and 2-(a-quinolinyl)-
perimidines and also for 2,2'-diperimidine®!.

2,3-Dihydroperimidines with free NH groups do not undergo
such strong association, which is undoubtedly due to their
appreciably lower basicity. The v(NH) stretching vibration
bands in their spectra are manifested in both the crystalline
state and in solution’’, In the spectrum of the solution the
V(NH) band is appreciably less intense than for perimidines,
is broader, and is displaced by 15—40 cm™! towards lower
frequencies.

In the range 1500—1700 cm™* perimidines with a free NH
group as a rule have three intense bands, among which the
band with the highest wavelength is apparently due to the
stretching vibrations of the amidine system. Indeed, in the
spectra of perimidinium salts the v(C+N) band is displaced
by 20-35 cm™! towards higher frequencies, which is typical
for cyclic amidines?35. A very intense doublet is frequently
present in the range 1580—1650 cm™ in the spectra of 2-sub-
stituted perimidines instead of the triplet; DHP usually have
a single intense band near 1600 cm™ in the same region®®®,

7. lonisation Constants

In aqueous solutions pKg = 6 for the perimidinium ion and
its alkyl-substituted derivatives, i.e. perimidines are
stronger bases than benzimidazole, naphthoimidazole and
azines!®®!%2, The basicity of DHP is lower by approximately
two orders of magnitude in water’!® and by five order of
magnitude in acetonitrile*®® than that of perimidines!®*, which
indicates the effective involvement of the electron pairs of
both N atoms of DHP in conjugation with the m-electron sys-
tem of the naphthalene ring and a considerable flattening of
the heteroring. Data are available for the basicities of vari-
ous l-alkyl-%1:1€5 and 2-alkylperimidines!®3:36%:166 9 _gpy}-
perimidines'®®, nitroperimidines*?, 2,3-dihydroperimidines!%
148 aceperimidines!®!, and aceperimidylenes®*®. It is of
interest that the basicity of the latter is lower by two orders
of magnitude than that of perimidines. '

8. Dipole Moments

The dipole moments of seven compounds of the perimidine
series have been measured?®: perimidine (3.18 D), 1-methyl-
perimidine (3.48 and 3.66 D), '*> 2-methylperimidine (3.25 D),
2-phenylperimidine (3.03 D), 2-(4-nitrophenyl)perimidine
(3.62 D), 2-(2'-hydroxyphenyl)perimidine (3.82 D), and
2-(2'-methoxyphenyl)perimidine (3.94 D). Quantum-mech-
anical calculations of the dipole moment of compound (1) have
been carried out by the Hiickel molecular orbital’*®, Pariser—
Parr—Pople!*®, and CNDO/2 *1:?*? methods, the last method
yielding the best agreement with experiment. The fairly
high dipole moment of compound (I) is consistent with the
idea that its electronic structure is highly asymmetric.
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9. Mass-Spectra

The mass-spectra of perimidines and 2, 3-dihydroper-
imidine structures, including perimidone and thioperimidone,
have been discussed in detail’®!. A distinctive feature of
perimidines is their high stability with respect to electron
impact and the presence in the mass-spectra of an extremely
intense peak of a doubly charged molecular ion.

10. Fluorescence Spectra

The fluorescence of compound (I) and some of its deriva-
tives has been studied®%!®®, It has been noted®® that the
overall fluorescence of perimidines is less intense than that
of naphthoimidazoles. For the purpose of chromatographic
separation, it is useful to know that simple perimidines vir-
tually do not fluoresce on irradiation with u.v. light, while
2,3-dihydroperimidines and 1,8-naphthylenediamines do as a
rule fluoresce. An extremely intense fluorescence is shown
by 4(9)- and 6(7)-acylperimidines'® and aceperimidylenes*3.

11. The Tautomerism of Perimidines

The set of all the physicochemical data shows that in per-
imidines, as in imidazoles, the NH proton rapidly migrates
from one nitrogen atom to another (degenerate tautomerism of
the amidine type). In monosubstituted permidines containing
a substituent in the naphthalene ring there is no degeneracy
and the two tautomers should have different properties.
These differences are relatively small for 6(7)~substituted
perimidines. Thus an estimate'*® based on the pKg, shows
that the ratio of the 6- and 7-nitro-isomers in the equilibrium
mixture is approximately 35 : 65.

On the other hand, the introduction of a nitro-group'*® or
an acyl group!"***7 in the ortho-position displaces the equi-
librium almost entirely in the direction of the 9-tautomer [for
example, in the case of compound (LXXII)] as a result of the
formation of a strong intramolecular hydrogen bond. The
properties (solubility, basicity, and ultraviolet, infrared,
and H NMR spectra) of the 4- and 9-tautomeric forms cor-
respondingly differ markedly. It is of interest that in 4(9)-
chloroperimidines an intramolecular hydrogen bond is not
formed between the chlorine atom and the NH group!®’,
apparently as a eonsequence of the instability of the five-
membered chelate. On the other hand, the closure of the
five-membered chelate ring in the direction of the 2-substi-
tuent has been shown to be possible by the infrared spectra
of 2-(a-quinolinyl)perimidine and 2, 2'-diperimidine®®!. Tau-
tomerism with migration of the proton to the 4(9)- and 6(7)-
positions is theoretically possible for perimidines. Although
the 4H-perimidines (LXXIIIa) and 6H-perimidine (LXXIIIb)
have never been detected, the derivatives of these tautomeric
forms are known.
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IV. CHEMICAL PROPERTIES

1. Oxidation and Reduction Reactions

As a consequence of their high m-donor capacity, per-
imidines are extremely sensitive to the action of oxidants.
Thus, under mild conditions Fremy's salt converts compound
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(I) and its 2-substituted derivatives into a mixture of
4H-perimidin-4-one (LXXIVa) and 6H-perimidin-6-one
(LXXIVb) in a high yield®. The ratio of the isomeric one-
compounds is ~1: 1 for 1- and 2-methylperimidines, but in
the case of 2-phenylperimidine the 6-oxo-derivative predom-
inates (3:1). This reaction has also been carried out for
perimidines with alkyi substituents in the naphthalene ring
and for certain 2, 3-dihydroperimidines®!,1%8;
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The chemistry of compounds (LXXIV) is of interest partic-
ularly their interactions with nucleophiles, leading in many
cases to perimidine derivatives which are otherwise extremely
difficult to synthesise, e.g. 9-formylperimidines'®®. 4- and
6-Perimidones are also formed on oxidation of 4(9)- and
6(7)~-hydroxyperimidines?!:121'122 by atmospheric oxygen or
FeCl;. The ease of autoxidation is a characteristic property
of all perimidines containing -E -substituents in the 4(9)-
and 6(7)-positions, where there is an excess of electrons.
Apart from hydroxyperimidines, 4(9)- and 6(7)-aminoper-
imidines are very unstable in the form of bases®*. If
—E-substituents are in the 2-position with a deficiency of ©
electrons, the corresponding perimidines are entirely stable
even in the form of bases. There is a qualitative relation
between the ease of oxidation of various perimidines and the
energy of the HOMO .3

The most important property of perimidine and many of its
derivatives with a free NH group is the exceptional suscepti-
bility of their N-anions to autoxidation®!. According to data
calculated by the Hiickel molecular orbital method, the HOMO
of the perimidine N-anion is antibonding (Eggmg = —0.2848)
161 This should increase the contribution of structures of
type (LXXV, c and d) to the resonance hybrid of the
N-anion. Presumably the oxidation of the N-anion begins
with the formation of the corresponding radicals and results
in the abstraction of a single electron from the HOMO and
subsequent interaction of the radicals with oxygen or with
another, as in the oxidative coupling of phenols:

7\ LHR TN an
>=/“N> 5= N> 5= NS §==2 Ny
s oV \__/"N —_=N
(LXXVa) (LXXVb) (LXXVc) (LXXVa).

It is of interest that electron-accepting substituents in the
2-position (for example, Cl, CF;, and C,H;) do not prevent
the autoxidation of the corresponding anions, but, when
+E-substituents are in the naphthalene ring (NO,, % RCO,**
SO,H,1% and CH=CH in aceperimidylene'*?), then the anion
becomes stable in air. The monoanions of perimidone and
thioperimidine are also stable, but their dianions undergo
autoxidation'’®, In terms of the ease of oxidation of the
N-anions, only phenothiazines approach perimidines'’?; the
N-anions of other heterocycles with a pyrrole nitrogen atom
are usually stable when acted upon by atmospheric oxygen.

1-Substituted perimidines are readily reduced by sodium
in liquid ammonia by the Birch procedure*l, by lithium
tetrahydroaluminate?!®, or by tetrahydroborates in acid
media’’? to 1-R2, 3-dihydroperimidines (XXXVI). Perimidinium
salts of type (LIII) are quantitatively reduced by alkali metal
tetrahydroborates to the DHP (LII). 3
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2. N-Substitution Reactions at the Nitrogen Atom

Like imidazoles, perimidines are best alkylated in alkaline
media and, in view of the possibility of the autoxidation of
the N-anion, the process must be carried out in an inert
atmosphere?®!, Primary alkyl bromides and iodides, including
high-molecular-weight compounds, alkylate compound (I) in
an alcoholic solution®®’*1, For alkyl halides with the iso-
structure (for example, iso-C,H,X), the yield of 1-R-per-
imidine falls sharply'®7’¢!, Perimidine is also effectively
methylated by dimethyl sulphate!’?. The use of methy! tolu-
ene-4-sulphonate®:17? or diazomethane!®! yields less satis-
factory results. For less reactive alkyl halides (for example,
CICH,CH,CH,NMe,), higher-boiling solvents (toluene, xylene,
etc.) are sometimes used instead of alcohol®®:17,

N-Substitution reactions in the perimidine series are
extremely sensitive to steric hindrance by 2- and 4(9)-sub-
stituents. Thus, although 2-methyl-, 2-ethyl-, and
2-phenyl-perimidines are methylated"®:*®:17%:177 they cannot
be alkylated by benzyl chloride and isopropyl, allyl, and
phenacyl bromides!’*17%, 4(9)-Substituted perimidines are
alkylated only at the nitrogen atom remote from the substitu-
ent, while 1,4-disubstituted perimidines are not quaternised
by methyl iodide even after prolonged heating!**:152:155174
The only exception proved to be 4-chloro-1-methylperimidine,
which could be converted into a quaternary salt by prolonged
refluxing with CH,I in 18% yield'®”.

The alkylation of 6(7)-monosubstituted perimidines gives
rise to a mixture of 1,6- and 1, 7-isomers which is difficult to
separate and in which the 1,6-isomer predominates some-
what!’®, On quaternisation, both isomers yield the same qua-
ternary salt!*+1%6:155  The reduced yields of the alkylation
products of 4(9)- and 6(7)-nitroperimidines are striking?!s®.
The explanation is apparently the reduced nucleophilicity of
the corresponding anion. The anion of 2-methyl-6, 7-dinitro-
perimidine is not methylated at all under these conditions,
while the N-methyl derivative of this compound was obtained
in a low yield via the silver salt'*®. Nor was it possible to
methylate the anion of 2-trifluoromethylperimidine?*

In its reactions with allyl and benzyl halides, the N-anion
of perimidine exhibits its ambident properties [the contribu-
tion of structures of the type (LXXV, c and d) to the
resonance hybrid] and the product of C-alkylation in the
4(9)-position is formed together with l-allyl- and 1-benzyl-
perimidines!”*. The best method for the benzylation of com-
pound (1) apparently involves treating the latter with
N-benzyl-N-methylmorpholinium chloride!®S. Another way of
avoiding C-alkylation in the case of allyl and benzyl halides
is to carry out the reaction without an alkaline agent in the
presence of twice the amount of perimidine!”*, the second
equivalent of compound (I) being used to combine with a
hydrogen halide molecule from the salt formed initially. This
method is preferable when the alkylating agent or the reac-
tion product is unstable in an alkaline medium (RCOCH,Br,
CH,0CH,Cl, ete.) or when the formation of an anion is diffi-
cult, for example, in the series of 9-acylperimidones, and
also when the process must be carried out at an elevated
temperature, for example, in the alkylation of 2-methyl- and
2-phenyl-perimidines.

In contrast to imidazoles, perimidines do not undergo the
Ullman arylation’®! and the only method of synthesising
l1-arylperimidines involves the reaction of N-aryl-1,8-naph-
thylenediamines with carboxylic acids and their derwatwe 16517,
Perimidine and its 1- and 2-substituted derivatives undergo
N-amination with formation of 2-aminoperimidinium salts’®.
Perimidines combine via the NH group with compounds con-
taining multiple bonds; chlorotrifluoroethylene (1-g8-chloro-
trifluoroethylperimidine is formed)*®®, acrylonitrile (1-B-
cyanoethylperimidines are formed)?%!%!, and formaldehyde
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(1-hydroxymethylperimidine is formed) *®'. 2,2-Diper-
imidine combines with a styrene molecule via the NH groups"’
There are also data for the alkylation of aceperimidine!®?

and its 2-methyl-,"® 4-nitro-,*% and 4-acetyl derivatives®*
144 aceperimidylene*®, perimidones!®®~18¢ and 1,3-disub-
stituted DHP.'’? Reactions involving the N-acylation of
perimidone'® and 1-R-2,3-dihydroperimidines have been
describedllhyl721187-

3. Reactions of Perimidines with Nucleophiles

Reactions with nucleophiles are extremely characteristic of
N-substituted perimidines. They all involve the p-carbon
atom on which a high positive charge is concentrated. Thus
1-alkyl-, %188 1-benzyl-,®® 1-phenyl-,*¢ 1-methoxymethyl-, 88
and 1-dialkylaminoalkyl-perimidines’®1’® undergo amination
by sodium amide with formation of high yields of the amines
(LXXVI) and hydroxylation by alkali with formation of high
yields of the perimidones (LXXVII), 1762186189 Both peactions
are important in the perimidine chemistry. It must be empha-
sised that, in terms of the ease of hydroxylation, perimidines
are superior to all other nitrogen heterocycles introduced into
this reaction®® and, in terms of the ease of amination, they
are only slightly inferior to the most active heterocycles—
isoquinoline and benzimidazole!®:!%!, 1-R-Aceperimidines are
also readily aminated®® and hydroxylated!®:

H

a N
\A / \—NH o NaNH, (VI KOR \=>~N Noo
N < N N/

- S—77)

R R

(LXXVI) (LXXVIN)

As regards their behaviour with respect to organometallic
compounds, perimidines resemble more closely azines, to
which organometallic compounds usually add, than hetero-
cycles with an excess of 7 electrons and azoles (pyrrole,
indole, and benzimidazole), which are metallated by these
compounds. Thus 1-substituted perimidines?!?, aceperimid-
ines, and aceperimidylenes!!® react with organometallic com-
pounds regardless of temperature and solvents, forming
2,3-dihydroperimidines (LXXVIII):

H
|
7 S—N_ R
1) R"Me
W) e Z_—E_NXR,
)

R
(LXXVII) R = Alkor Ar; R’ = H, Alkor Ar;
R" = Alk, Ar, or heteroaryl.

Only in one case, in the reaction of compound (VIIIb) with
n-butyl-lithium, was the formation of a small amount of the
2-lithio-derivative detected: carboxylation of the reaction
mixture led to the isolation of 1-methylperimidine-2-carboxylic
acid in 8% yield!!’. It is of interest that the two naphtho-
imidazoles isomeric with perimidine behave in different ways
with organometallic compounds. While the derivative of the
linear naphthoimidazole forms adducts with organometallic
compounds, derivatives of the angular isomer are metallated
by the latter'!®. The addition of organometallic compounds
to perimidines is attributed to their reduced aromaticity, the
high polarisation of the C=N bond, and the relatively low CH
acidity (the rate of base-catalysed deuterium exchange
involving the Cu—H proton has been measured'’®).

Alkali metal naphthalenides, which readily metallate azole
rings, also fail to metallate compound (VIIIb).'*! Thus,
treatment of compound (VIIIb) with lithionaphthalene in THF
followed by treatment of the mixture with benzophenone or
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CO, gives rise to a mixture consisting of 1-methyl-2,3-di-
hydroperimidine and 1-methyl-2-(a~-naphthyl)perimidine. The
interactions of 2-chloro-1-methylperimidine (LXXIX) with
butyl- and phenyl-lithium,*'” with alkali metals, and with
alkali metal naphthalenides*' were investigated as other pos-
sible synthetic pathways to 2-metalloperimidines. However,
in these cases true metallation was not observed. Thus the
reaction of compound (LXXIX) with butyl- or phenyl-
lithium followed by treatment of the mixture with benzo-
phenone or CO, yielded the following products:

H
. N NN R
S ™ Lo \ Ny
oG gemmmr = DR+ D= /\ + (VI
CH, CH, CHs
(LXXIX)

The products of the interaction of compound (LXXIX) with
lithionaphthalene proved to be compound (VIIIb), its 2,3-
dihydro-derivative, and 1,1'-dimethyl-2, 2'~diperimidine.

The use of benzophenone to bind 2-metalloperimidines
which may be formed leads in many instances to extremely
unexpected reactions. Thus, whereas compound (VIIIb)
reacts with phenylsodium, forming 1-methyl-2-phenyl-2,3-
dihydroperimidine in almost quantitative yields, treatment of
the final mixture with benzophenone results in the formation
of completely different products: 1-methyl-2-phenylper-
imidine (LXXX) and l-methyl-2,4-diphenylperimidine
(LXXXIa).!®™ On the other hand, when phenylsodium is
replaced by phenyl-lithjum, the yield of compound (LXXX)
falls and the main reaction product becomes the carbinol
(LXXXb). Compound (XXX) is apparently formed as a result
of the elimination of the metal hydride from the intermediate
adduct (LXXXII) under the influence of benzophenone:
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This is the only known reaction involving perimidines in
which a nucleophile enters the naphthalene ring with its
electron excess and not the 2-position.

2-Chloroperimidines, obtained by treating perimidones
with phosphoryl chloride, are highly reactive in reactions
with nucleophiles®®, Their halogen is readily exchanged for
the NH, group®®!°2 and the primary'®!°? and secondary!’®
amine residues can be exchanged for agido-, 1*7°5%:193 glkoxy-,
and hydrazino-groups'®*. The rates of the piperidinolysis
reactions of 2-chloro-1-methyl derivatives of perimidine,
naphtho( 2, 3-d]imidazole, and naphtho[1, 2-d]imidazole are in
the proportions 420: 33 : 1, which corresponds to the positive
charges on the C(,) atoms in these heterocyclic systems®®®.

When an attempt was made to synthesise 2-chloro-2-(y-
dimethylaminopropyl)perimidine from the corresponding per-
imidone and POCl,, the amine (LXXXIII) was obtained
unexpectedly!®

/—\_N

>_“ >\

& 7 —N N—CHj
{LXXXIII)

4. The Interaction of Perimidinium Salts With Nucleophiles

Compared with neutral perimidines, perimidinium saits
exhibit a still greater reactivity in relation to nucleophiles.
As already stated, they are readily reduced and readily
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combine with organometallic compounds to form DHP,17:1%¢
The most important and interesting reactions of perimidinium
salts are those under the influence of alkali agents. The salts
substituted in the 2-position are converted into acyclic com-
pounds (LXXXIV) on heating with alkalis, like imidazolium
salts"®

CIHa CH‘-; CH;
_ -i‘:\ 7NN
/ N* _R —NeOH__ < >< < >—NH /O
*—/ _N X- -N—/ -bf <__/ C<R H

CHa CH, CH
(LXXXIV), R = CHgor CeHs «

However, 1,3-dialkylperimidinium salts without a substituent
in the 2-position are almost quantitatively converted under
these conditions into a mixture with the corresponding per-
imidone (LXXXVI) and 2,3-dihydroperimidine (LXXXVII), in

which the perimidone may predominate somewhat; this reac-
tion is of preparative value!*®:156,158,178,
(iH, CIH3 L;H_o,
-7 N SN AN TN\
e SR GV LD e GOy
o <o o
CH, CH, CH,
(LXXXV) (LXXXVI) (LXXXVII)

@ X =H; 0)X =Cl; ()X = NO,; (d) X = CH;3CO; (e) X = SOy .

Treatment of the 1,3-dimethylperimidinium cation with one
mole of KNH, in liquid ammonia leads to results similar to
those obtained on treatment with alkali, but the reaction with
three moles of KNH, leads to the formation of 40% of N,N'-
dimethyl-1,8-naphthylenediamine together with 1,3-dimethyl-
perimidone®7,

The so-called recyclisation reaction is of very great syn-
thetic importance in the perimidine chemistry!®1%%  |tg
principle is that treatment of 1-R-perimidines with aromatic,
heteroaromatic, or vinylaromatic acids in the presence of mild
bases (for example, triethylamine) results in the formation,
via a stage involving the formation of N-acylperidinium salts
(LXXXVIII), of N-acyl-N'-formyl-1,8-naphthylenediamines
(LXXXIX), which recyclise on subsequent heating with alkali
with elimination of the formyl group from the pseudo-base
(XC) and the formation of a 1,2-disubstituted perimidine
(XCI) containing in the 2-position the residue of the acid
whose chloride had been used initially:
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The reaction proceeds as a rule without side processes and
has a high overall yield.

When compounds (LXXXIX) are heated with acids, the
aroyl group is split off and the initial perimidine is reformed.
On the other hand, when the deformylated pseudo-base (XC)
is treated with an acid, it cyclises to compound (XCI), which
is important for the synthesis of 1,2-diarylperimidines®®®,
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Derivatives of 2-phenylperimidine (XCI, R = C¢H,) contain-
ing the following substituents R in the 1-position have been
obtained in this way: methyl**®72%° ally1'”%, benzyl,
acetonyl, phenacyl, phenyl, methoxymethy!!®5, and cyano-
ethyl*®, The recyclisation of 1-methyl-, 1-(g-dialkylamino-
ethyl)-, and 1-(y-dimethylaminopropyl)-perimidines by the
chlorides of other carboxylic acids made it possible to intro-
duce in the 2-position the halogenophenyl®®1°2:20°  methoxy-
phenyl?®7290  nitrophenyi?®?, 3,4-methylenedioxyphenyl?°?,
a-naphthyl*!, a-furyl, o~thienyl?°®1%° styryl, and g-(5-
furyl)vinyl groups'®®, as well as many other substituents.
The recyclisation reaction also takes place with aceperimidines
198,199 gng 1,9-trimethyleneperimidine?°’. However, it could
not be achieved for benzo- and naphtho-imidazoles as well as
perimidines with electron-accepting groups in the naphthalene
ring (Cl, NO,, and RCO).

The salts (LXXXVIII) obtained in situ undergo substitution
by heteroaryl groups by reaction with heterocycles with an
excess of 7 electrons!®’:

coc,H,
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Het = 2-pyrrolyl or 3-indolyl.

1,1, 3-Trisubstituted 2,3-dihydroperimidinium salts (XCII)
are readily converted into tri-N-substituted salts (XCIII) on
treatment with an excess of alkali, while their reduction with
LiAlH, leads to tetra-N-substituted 1,8-naphthylenediamines
(XCIV), which constitutes the best method of synthesising
these compounds. For R" = CH,CO in the salts (XCII),
treatment with alkali is accompanied by the elimination of the
acetyl group and the formation of 8-dialkylamino-1-amino-

naphthalenes (XCIII, R" =H):'72
R”
Lo on DN v, ek
{_)-MRR <__>—N{ : CORR
(XCIy {XCII) ’R' ,Ig", R” = Alk (Xcrvy

On heating with elemental sulphur, perimidine and its
derivatives are converted into thioperimidones®185,

5. Electrophilic Substitution Reactions

Perimidine is one of the most active heterocycles in relation
to electrophiles, which can be explained by its high n-donor
capacity and high negative m-electronic charge in the ortho-
and para-positions of the naphthalene ring. Electrophilic
substitution reactions involve precisely these positions;
hitherto attacks by electrophiles on the 5- and 8-positions
are unknown.

Electrophilic substitution reactions of perimidines are very
sensitive to steric hindrance by the N-substituent. Very
small species (D* and with much difficulty Cl%) can enter the
4- and 9-positions in the presence of neighbouring N-methyl
groups.

(a) Acid Deuterium Exchange

Perimidine, its 1- and 2-methyl derivatives, and 2-imino-
1,3-dimethyl-2, 3-dihydroperimidine do not undergo deuterium
exchange on prolonged refluxing in CF,COOD or CD,CO0D,
as they exist exclusively in the cationic form under these
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conditions. For deuterium exchange to become possible, the
basicity of the compound must be lower than that of compound
(I) by at least 2-3 pKq units. This condition is satisfied
particularly by 2-trifluoromethylperimidine (pK, = 6.64 in
acetonitrile) and 2-difluoromethylperimidine (pKq = 8.90),
which slowly exchange protons for deuterium on heating in
CD,COO0D, but not by 2-fluoromethylperimidine (pK, = 11.87),
where only the protons of the CH, groups are exchanged
under these conditions!®®,

Deuterium exchange involving compound (I) and its alkyl
derivatives takes place in concentrated D,SO,, but the reac-
tion is complicated by the simultaneous sulphonation®®, The
H-D exchange involving compound (I) in the naphthalene
ring can proceed via the N-anion (in C,H,OD), using its
ambident properties. The reaction is slow and involves only
the ortho-positions'®,

(b) Acylation

Perimidine is apparently the only heteroaromatic system
with a pyridine nitrogen atom which undergoes Friedel—Crafts
acylation comparatively readily. It is best to carry out the
acylation with the aid of carboxylic acids in polyphosphoric
acid (PPA). For compounds with an unsubstituted NH group,
the reaction is clearly subject to kinetic and thermodynamic
control. Mainly the 6(7)-acyl derivative (55-85%) is formed
at 70—85 °C together with a small amount of the 9-isomer. At
120—150 °C the only reaction products become 4(9)-acyl-
perimidines'**. One of the causes of the increased stability
of the latter is the presence of a strong intramolecular
hydrogen bond.

1-Methylperimidine is acetylated with formation of a mixture
of 6-, 7-, and 4-acetyl derivatives, which is difficult to
separate and in which the first two isomers predominate
appreciably. 2-Perfluoroalkylperimidines have certain
unusual features!®®. They are not acetylated by carboxylic
acids in PPA but undergo trifluoroacetylation extremely
readily, without a catalyst, by trifluoroacetic anhydride
(their acylation by the chlorides of perfluorocarboxylic acids
is also possible, but the reaction is slow). Compounds with a
free NH group then form only 9-acyl derivatives, while tri-
fluoroacetylation of 1-methyl- and 1-phenyl-2-trifluoro-
methylperimidines proceeds with a high yield only in the
7-position’®®. On passing from 2-trifluoromethyliperimidine
to the more basic 2-difluoromethyl- and 2-fluoromethyl-per-
imidines, the trifluoroacetylation of the naphthalene ring
proceeds with increasing difficulty, while compound (I) and
its alkyl derivatives are not acylated at all by trifluoroacetic
anhydridel®®1% It is noteworthy that the 1,3-dimethyl-
perimidinium cation is acetylated in the 6(7)-position with the
CH,COOH—PPA mixture under the same conditions as per-
imidine®’®,

1, 3—D1methylperumdone is acylated quantitatively by tri-
fluoroacetic’ gnhydridé™in the 6-position'®?, The same prod-
uct is obtamed from the thione (LIV) under the same condi-
tions. In the latter case the reaction is apparently also
directed to the sulphur atom, after which the thiuronium
salts formed hydrolyses to the corresponding perimidone (cf.
Borovlev and Pozharskiil*®). On treatment with (CF,C0),0,
1,3~ dlmethyl 2, 3-dihydroperimidine chars, but careful
acetylation of 1,2, 2, 3-tetramethyl-2, 3-dihydroperimidine made
it possible to obtain its 6-trifluoroacetyl derivatives in 21%
yield!®3,

It has been reported that unsubstituted perimidone (V) is
acylated by benzoyl chloride in the presence of AlICl,, but
the structure of the product was not established?’?. It was
shown later that satisfactory results are obtained in the acy-
lation of compound (V) by aroyl chloride without a catalyst at
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180 °C. The reaction product, which is the 4(9)-aroyl
derivative (XCV), was subsequently alkylated in order to
obtain dyes!®®:
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The acylation of compound (V) by carboxylic acids in PPA
leads to a mixture of its 4(9)- and 6(7)-acyl derivatives!®>.
The acylation of 1,3-dialkylperimidones takes place only in
the para-positions. When acetic and propionic acids are used,
the reaction products are the monoacyl derivatives (XCVI)
and phenalenones (XCVII).>!®5 [{ has been established**®
that phenalenones are formed via stages involving the diacyl-
ation and crotonylation of the diacyl derivatives (XCVIII)
which, like th aldol (XCIX), could be isolated in special
experiments. In those caseswhere aldol condensation is impos-
sible (for example, in benzoylation), the isolation of a
diacyl derivative does not present a problem!*s:
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Under analogous conditions, 1,3-dimethyl-2, 3-dihydroper-
imidine and the thione (LIV) do not form pericyclisation
products and the reaction proceeds only up to the 6(7)-acyl
derivative, which is consistent with the lower reactivity of
dihydroperimidines and thioperimidones in acylation reactions
compared with perimidones!*®®5, Other methods have also
been developed for building the phenalenone ring onto per-
imidones, thioperimidones, and 2,3-dihydroperimidines*®.

In the series of perimidines and perimidones there is a
possibility of intramolecular acylation reactions'®¥’2°}; the
resulting ketones can be converted by the Wolff—Kishner
reaction into bridged systems, for example:
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The unsubstituted perimidone undergoes simultaneous acyla-
tion by malonic acid diesters in the 1- and 9-positions?®3.

The problems concerning the acylation of aceperimidines
have been considered**,
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(c) Nitration

Depending on the amount and concentration of nitric acid,
perimidines are nitrated (most effectively in acetic acid) to
mono-, di-, and tri-, and tetranitro-derivatives!®®, while
aceperimidines are nitrated to the mono- and di-nitro-deriva-
tives'®2, The initial nitration of perimidines with a free NH
group is accompanied by charring, which reduces the yield,
particularly for perimidine itself. Thus perimidine is nitrated
on treatment with 1 mole of HNO; to 4(9)- and 6(7)-nitro-
derivatives in proportions of 2.5: 1 with an overall yield of
30%. Under the same conditions, aceperimidine gives rise to
50% of the 4(9)-nitro-derivative and 17% of the 4,9-dinitro-
derivative, while 2-methylperimidine gives rise to the 4(9)-
and 6(7)-nitro-derivatives in proportion of 1: 2.5 with
an overall yield of 64%. The nitration of mono-, di-,
and tri-nitroperimidines proceeds without charring. When
1- and 2-methylperimidines are nitrated with 2 moles of HNO,,
a mixture of three dinitro-compounds, namely the 6,9-, 6,7-,
and 7,9-dinitro-derivatives, is formed in yields of 40, 20,
and 10% respectively. Nitration of compound (II) yields
4,9-dinitroaceperimidine. When an eightfold excess of HNO,
is used, a mixture of 4,6,9- and 6,7,9-trinitroperimidines is
formed, in which the second isomer predominates. By heat-
ing this mixture with an excess of fuming HNO,, it is pos-
sible to obtain 4,6,7,9-tetranitroperimidines in yields up to
90%'155,182

It appears that only the initial nitration of perimidine pro-
ceeds via the cation. Indeed the 1,3-dimethylperimidinium
cation is nitrated in the 6-position to the mononitro-deriva-
tive under the same conditions as perimidine'’®. However,
the 6-nitro-1, 3-dimethylperimidinium cation gives rise to
only traces of the dinitro-compound on prolonged refluxing
with fuming HNQ,. 1*°

1-Methylperimidine is nitrated mainly in the para-positions,
the yield of the 4-nitro-derivative amounting to only 9%. %%
The nitration of 1-methyl- and 1, 2-dimethyl-aceperimidines®®
and 2-aminoperimidine®’* has also been described.

One of the most interesting features of perimidines and
aceperimidines is the possibility of nitrating them with alkali
metal nitrates in acetic acid?°>, The reaction takes place
readily even at room temperature and makes it possible to
introduce up to three nitro-groups into the naphthalene ring.
For example, 2-methyl-6, 7-dinitroperimidine is converted by
1 mole of NaNO, into 2-methyl-6,7,9-trinitroperimidine in 79%
yield. In mono- and di-nitration the yields are higher owing
to charring. The mechanism of the nitration of perimidines
by nitrites is not altogether clear. It is striking that this
reaction has been encountered also for a number of other
polynuclear heterocyclic systems with a m-electron-donating
capacity (phenothiazines?’® and porphyrins?°?), which
suggests that the proccess may have a possible radical-
cation mechanism?2°®:2?7,  Perimidines are extemely readily
nitrated with nitrogen dioxide as far as the tetranitro-der-
ivatives?°°,

2

(d) Halogenation

The chlorination of perimidines'®’, perimidones, and
dihydroperimidines®*® with sulphuryl chloride in acetic acid
and with N-chlorobenzotriazole (CBT) in an aprotic medium
has been investigated. The chlorination of perimidine itself
with 1 mole of SO,Cl, leads to the formation of the 6(7)- and
4(9)-chloro-derivatives in proportions of 8: 1. Treatment
with 2 moles of SO,Cl, results in the formation of a complex
mixture of mono-, di- and tri-chloroperimidines, while
treatment With 3 moles of SO,Cl, gives rise to 4,6, 7-tri-
chloroperimidine in a high yield. Tetrachloroperimidine could
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not be obtained with the aid of SO,Cl,, while 2-methylper-
imidine is chlorinated to the tetrachloro-derivatives with an
excess of SO,Cl,.

Fundamentally different results have been obtained with
CBT. On treatment with CBT, perimidines with a free NH
group undergo extensive oxidation, but 1-R-perimidines are
chlorinated very smoothly by this reagent. The reaction
initially involves the ortho-positions and only then are the
para-positions substituted. Thus the reaction of compound
(VIlIb) with 1 mole of CBT in chloroform at 0 °C gives rise
to a mixture of 9-chloro-, 4-chloro-, and 4,9-dichloro-
derivatives, while the reaction with 2 moles of CBT leads to
only the 4,9-dichloro-derivative®’, Subsequent chlorination
yields the 4, 7,9-trichloro- and then the 4,6,7,9-tetrachloro-
derivatives. Analogous results have been obtained in the
chlorination of 1,2-dimethylperimidine and 6, 7-dichloro-1-
methylperimidine with CBT. The steric hindrance to substi-
tution in the 9-position in 1-isopropylperimidine is too great
and the exhaustive chlorination product is 4,6, 7-trichloro-
1-isopropylperimidine!®’,

The sharp difference in the mode of the initial attack
between the reactions with SO,Cl, and CBT can apparently
be explained by the fact that the reaction proceeds via the
cation and the base in the former and latter cases respec-
tively. Indeed the 1,3-dimethylperimidinium cation is chlo-
rinated mainly in the para-positions by both reagents'*®,

1, 3-Dimethylperimidone is chlorinated with CBT initially also
in the 4- and 9-positions and it was impossible to stop the
reaction at the monochlorination stage. On treatment with
CBT, 1,3-dimethyl-2,3-dihydroperimidine chars, while with
the aid of SO,Cl, initially the ortho-positions and then the
para-positions can be chlorinated**®.

The chlorination of perimidine with liquid chlorine in an
autoclave at 250 °C has been reported?’®. The reaction prod-
uct was perchloro-5, 6-dihydro-4H -perimidine (C), which was
subsequently converted into a quinazoline derivative (CI):

ag ¢ a Q ¢l
al

ay , O = > < i
o )\(>_C] -ecly SN
cu y

4 Noa
1 1 Cl .
() (€n

Very little is known about the bromination of perimidines.
When 2-methylperimidine was treated with bromine in acetic
acid, only the mono- and di-bromo-derivatives were obtained,
but their structure was not established**. The nitration of
the hydrobromide of 2-aminoperimidine involves the introduc-
tion of bromine into the naphthalene ring together with
nitro-groups?°*.

(e) Sulphonation

Perimidine and its 2-substituted derivatives are sulphonated
with concentrated H,SO, even at 20 °C and below. The reac-
tion is rapid and perimidine-6-sulphonic acids, which exist in
a betaine form, are formed in a quantitative yield after 10-15
min®-1%, With increase of reaction time, further sulphonation
takes place, but the polysulphonic acids could not be isolated
in a pure form*®®. The sulphonation of the 1,3-dimethylper-
imidinium cation and 1, 3-dimethylperimidone also takes place
readily, but 1,3-dimethyl-2,3-dihydroperimidine is sulpho-
nated only at a temperature not less than 70—80 °C as a con-
sequence of the formation of the dication (CII):%®

e e
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(f‘) Azo-coupling

As shown in an early study by Sachs®, perimidines are
excellent azo-components and give rise to blue azo-derivatives
on treatment with diazonium salts. The reaction proceeds in
the para-positions and has been described for perimidine
itself and its 2-substituted derivatives?°®, 6(7)-chloro-
perimidine?’, and 2-aminoperimidine?®.

(g) The Reactivity Indices and the Mode of Electrophilic
Attack

According to quantum-chemical molecular orbital calcula-
tions, the ortho-positions in the perimidine molecule and in
the perimidinium cation have a higher negative m-electronic
charge than the para-positions (see above). Nevertheless,
as can be seen from the foregoing, the vast majority of
electrophilic reactions of perimidines take place initially in
the 6- and 7-positions. It has therefore been suggested®"*
that the electrophilic substitution reactions of perimidines
are controlled by the cation localisation energies rather than
the n-electronic charges. Indeed, the latter are appreciably
smaller than in the para-positions both in the perimidine
base and in its cation**. However, the localisation energies
do not explain why the chlorination of perimidines with CBT,
which probably proceeds via the uncharged form, is initially
directed to the ortho-positions. This suggests that the
charges nevertheless play a decisive role (in the absence of
steric effects) in electrophilic substitution in perimidine
bases, while the ortho-substitution in the cation is signifi-
cantly counteracted by the field effect, which is not taken
into account in molecular orbital calculations on isolated
molecules. The study of other electrophilic substitution
reactions involving unsubstituted perimidine is extremely
desirable in this connection.

6. The Properties of Certain Functional Groups in
Perimidine Derivatives

The perimidine nucleus exerts an appreciable influence on
the properties of the functional groups linked to it.

(a) 2-Methylperimidines

The hydrogen atoms of the CH, group in these compounds
are characterised by a considerable mobility. Thus, accord-
ing to the results of a study of the base-catalysed H-D
exchange involving the 2-methyl group in 1, 2-dimethyl~
perimidine, the kinetic acidity of the methyl group is higher
than in 1, 2-dimethyl derivatives of imidazole, naphtho{1,2-d}-
imidazole, benzimidazole, and naphtho{ 2, 3-d}imidazole by 3.9,
3.2, 2.3, and 0.3 orders of magnitude respectively!®®, which
agrees with the decrease of the positive charge on the C(,)
atom in the above series.

When compound (XIII) is treated with n-butyl-lithium, the
CH, group is metallated, which has been used for the syn-

thesis of the carbinols (CIII): 1°¢
R,
2:N\>‘CH2 / l
CH3 '

(cnn)
2-Fluoromethylperimidine, where, in contrast to 2-methyl-
and 2-difluoromethyl-perimidines, the protons of the CH,
group exchange for deuterium on heating in CD,COOD and

—N;
[ 1) RjR,C=0
(xuy 22 2 \>—CH2L1 2)“; :
N
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undergo trifluoroacetylation on treatment with (CF,C0),0,%¢
exhibits an unexpectedly high reactivity in relation to elec-
trophiles. The product of the last reaction exists in the
tautomeric methide form (CIV) stabilised by an intramolecular
hydrogen bond. Similar chelates are characteristic also of
other perimidines in which one or two protons of the 2-methyl
group have been substituted by acidifying substituents:

N
o — i cr,
</-=>“N\_CH,FM D= N4
v o
! v

2-Methylperimidines condense in the absence of a catalyst
with various aldehydes, forming 3-styrylperimidines2!17213,
If the aldehyde contains an electron-accepting substituent
(e.g. NO,), the reaction can be stopped at the stage involv-
ing the formation of the corresponding carbinols?!!. 2-Methyl-
perimidinium salts have also been introduced into this reac-
tion?7%>21%_ In particular, the spiropyrans (CV) have been
obtained by this method from salicylaldehyde and 2-hydroxy-
1-naphthaldehyde*®:

H (:113 (iHa
¢ i N
\>—CH2R — \>—C"LH
N .
CH, 0113
R=H or CHj. (cv)

5-Nitrosalicylaldehyde forms in this reaction merocyanine,
which could not be converted into a spiropyran.

(b) 2-Aminoperimidines

In connection with the amine—imine tautomerism of 2-amino-
perimidines, their basicities and electronic and infrared
spectra have been investigated®5°"°2, At the same time
studies have been made of the analogous properties of the
fixed amine and imine models. Compared with the majority of
other heteroaromatic amines, including 2-aminoimidazoles,
2-aminoperimidines exhibit a much greater tendency towards
a shift of the equilibrium in the direction of the imino-form,
whose concentration reaches 2%.1%° 1-R-2-Acylaminoper-
imidines and aceperimidines exist entirely in the imino-form
(CVI), but, in the absence of a substituent in the 1-posi-
tion, the amino-form (CVII) persists?!®. In both cases the
preferred tautomer is stabilised by an intramolecular hydro-
gen bond.

5 0% B b By,

Hy
[4%)) (EVII) (cvimn) (c1x) (cx)

In their chemical behaviour 2-aminoperimidines in general
resemble other heteroaromatic amines. Their alkylation in a
neutral medium involves the pyridine nitrogen atom and makes
it possible to obtain imines of type (CVIII).?® There is also
a possibility of the alkylation of the amino-group to 2-alkyl-
amino- or 2-dialkylamino-perimidines, which is achieved by
carrying out the reaction in liquid ammonia in the presence
of potassium amide?!”72'°, 2-Aminoperimidines are acylated at
the amino-group with formation of compound (CVI) or (CVII),
192,215 it they form azomethines with a great deal of diffi-
culty?'®, while their interaction with a~halogenocarbonyl
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compounds readily converts them into derivatives of imidazo-
[1, 2-a]perimidine (CIX).?*® The synthesis of compounds

(CX) from perimidine-2-methylcarbamate has been described?,

(c¢) 2-Mercaptoperimidines

Thioperimidone (VI) is acylated by o-halogenocarbonyl
compounds at the sulphur atom with formation of compound
(CXI).2227225 The latter exists predominantly in the acyeclic
form (CXla) but the cyclic structure (CXIb) predominates
for R = H, CH,, or C,H,.?*? When compound (CXIb) is
treated with dehydrating agents, derivatives of thiazolo[3, 2~
a]perimidine (CXII) are formed?237225;

N
RCOCH,X
vy —>> N\ SCH2CR 3 \>\ = 3‘1v\>\s
I S0 T
on R
(CXIa) (CXIb) (cx1y)

The reaction of compound (VI) with 2,3-dichloroguin-
oxaline??®, dimethyl acetylenedicarboxylate??” or a,w-di-
halogenoalkanes??® leads to the formation of compounds
(CXIII)—(CXV) respectively.

&‘*B =Sy

cr{~coocu3 “Hf’n

(CX]U) (CX1v) (CXV), n=2,3

(d) Other Compounds

A series of bridged heterocyclic systems (CXVI)—(CXVIII)
have been obtained from 2-(2'-aminophenyl)perimidine:
compound (CXVI) has been synthesised by heating 2-(2'-
benzamidophenyl)perimidine with AlCl,,??° compound (CXVII)
has been obtained by heating 2-(2'-acetamidophenyl)perimid-
ine with acetic anhydride, and compound (CXVIII) has been
obtained by diazotising 2-(2'-aminophenyl)perimidine??

N SN
N N SN
NN Sond "/
(™ SN/
—/=N /
/ CHj
N/
(CXVID) (€XvI)
TN
S/ Ty
A e NI
S/ M Non/ .

(CXVIII)

On treatment with acetic anhydride in the presence of
potassium carbonate, the 1,3-dimethyl-3-aminoperimidinium
salt gives rise to a derivative of pyrazolo[2,3-a]perimidine
(CXIXa), which is deacylated on heating with HCl to form
compound (CXIXb).?’® On treatment with chlorocarbonic
ester in the presence of NaH, 2-hydroxymethylperimidine is
converted into compound (CXIX):?¢

H

T X SRR N

Tl

ST R — )¢
CHj o

(CXIX) (@ R=COCHj; ()R =H ,
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An interesting recyclisation reaction has been observed on
heating compound (CXXI) in an alcoholic solution of KOH:!®¢

TN N XY
p— / N _KoH NN CH(OCH;)
< NN cHou /N N/ 2z
S’ S
CF,CHFCI H .
(CXXI)

The reduction of the ethyl ester of perimidine-1-acetic acid
to 1-(B-hydroxyethyl)perimidine and of 2-(2-furyl)perimidine
to 2-(2-tetrahydrofuryl)perimidine has been described?®. The
6( 7)-trifluoroacetyl derivatives of perimidones and N-substi-
tuted perimidines are converted on heating with aqueous
alkali into perimidone-6-(7)-carboxylic and perimidine-6(7)-
carboxylic acids®®,

Studies of 2-azidoperimidines have shown that they exist in
the form of tetrazolo[1,5-a]perimidines!®®1%3,

V. PRACTICAL APPLICATIONS

Numerous patents for the use of alkyl, aryl, azo-, sulpho-,
and acyl-derivatives of perimidine, their quaternary salts,
and perinones as dyes were issued in the first quarter of the
present century. Although the structure attributed to the
dyes was incorrect and in many instances still remains
unelucidated (for example, the structure of the product of
the interaction of 2-methylperimidine with phthalic anhy-
dride) 7, many of them have found practical applications. The
bibliography of the publications on this subject up to 1956
can be found in Richmond's review®. During the last 25
years, the salts of 2-styrylperimidines?*®:2%%:231 and dis-
persed dyes based on 4(9)-aroylperimidones!®*, N-aroyi-
perimidones?®?, phthaloylperimidones???, 6(7)-azoperimidines
209,234 ' the amides of perimidine-6, 7-dicarboxylic acid!?77?%
235 gnd perimidone-6, 7-dicarboxylic acid?*¢, and perinones®®:
237 have been proposed as dyes for synthetic fibres.

Azodyes of the type of Sudan Black B with structure
(CXXII) have found extensive applications in recent years in
the dyeing of various fibres?®®7242 as additives to liquid
crystal displays?*®, and in many other instances?*%724?:

H

TN NN TS NN TN
DD e G e G
N V¥

H
(CXXII)

Phenalenones of type (CXVII) have been proposed as phos-
phors with a high fluorescence quantum yield?%°7252, while
perimidine and its 1- and 2-alkyl(aryl)-derivatives have been
suggested as cationo-active additives to solutions for contact
copper-plating of aluminium?%3. Perimidine-6(7)-sulphonic
acids containing in the 2-position hydrophobic groups, a
high-molecular-weight alkyl group, or a perfluoroalkyl group
exhibit an appreciable antistatic activity®®. By virtue of the
exceptionally low solubility in water of its sulphate and the
stability of its colloidal solutions, 2-aminoperimidine has
recently found applications as a highly sensitive reagent for
the determination of sulphuric acid®?** and sulphates?%s in air
(for a complete bibliography, see Ishikawa et al.’”®).

2-Amino-6(7)-[4-acetophenylazo]perimidine?!? has been
suggested as a reagent for the determination of microamounts
of SO ions and perimidine itself has been suggested as a
reagent for the gravimetric determination of copper?®®, 1,3~
Di(B8-hydroxyethyl)perimidone is used in the manufacture of
polyester fibres?®?,
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Numerous communications have been devoted in recent

years to the biological activity of perimidines.

Various 1-

and 2-substituted perimidines have been proposed as highly

effective antiulcer agents

26,256~265 gnd neurotropic prepara-

tions (both depressants and stimulants of the central nervous
system have been discovered!®10%:13%:175,177,200y = 9_Arpyiper-~

imidines exhibit carcinostatic activity

266 A moderate or

weak antimicrobial activity of 2-aminoperimidines?!®, the
anoretic activity of compounds (CXII) and (CXV),??® and the
antihelminthic activity of 2-acyl-amino- °* and 2-styryl-per-
imidines?'? have been reported. Certain perimidines exhibit

an extremely marked fungicidal activity

83,191

REFERENCES

1.

16.

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
217.
28.
29.

30.

A.Albert, "Heterocyclic Chemistry. An Introduction",
The Athlone Press, London, 1968.

. A.F.Pozharskii, Khim.Geterotsikl.Soed., 1977, No.6,

723.

. A.F.Pozharskii, Khim.Geterotsikl.Soed., 1979, No.9,

1155,

. A.F.Pozharskii, 1.S.Kashparov, V.N.Koroleva,

V.I1.Sokolov, and 1.V.Borovlev, "Tezisy Dokladov I
Vsesoyuyznoi Konferentsii po Khimii Geterotsikliches~
kikh Soedinenii (Azotistye Geterotsikly)" [Abstracts of
Reports at the Ist All-Union Conference on the
Chemistry of Heterocyclic Compounds (Nitrogen Hetero-
cycles)], Chernogolovka, 1973, p.101.

J.H.Richmond, in "Six-Membered Heterocyclic Nitrogen
Compounds with Three Condensed Rings", Acad.Press,
New York, 1958, p.518.

F.Sachs, Annalen, 1909, 365, 53.

E.Nélting, Chem.Z., 1902, 26, 5.

. F.Sachs, Ber., 1906, 39, 3006.

A .De Aguiar, Ber., 1874, 7, 309.
A.Ladenburg, Ber., 1878, 11, 1650.

. R.Meyer and W.Miiller, Ber., 1897, 30, 775.
. B.P.Nikol'skii (Editor), "Spravochnik Khimika"

(The Chemist's Handbook), (Supplementary Volume),
Izd.Khimiya, 1968, p.101.
V.Balasubramanian, Chem.Rev., 1966, 66, 567.

. E.C.Wagner, J.Org.Chem., 1940, 5, 133.
. N.M.Starshikov and A.F.Pozharskii, Khim.Geterotsikl.

Soed., 1978, 1413.

I.V.Komissarov, A.A.Konstantichenko, A.F.Pozharskii,
1.T.Filippov, and 1.S.Kashparov, Khim.-Farm.Zhur.,
1976, No.7, 28.

F.Sachs and R.B.Forster, Ber., 1911, 44, 1738.
F.Sachs and G.Mosebach, Ber., 1911, 44, 2852,
P.Flowerday, M.J.Perkins, and A.R.J.Arthur, J.Chem.
Soc.C, 1970, 290.

H.H.Hodson and D.E.Hathway, J.Chem.Soc.C, 1945,
543,

N.N.Vorozhtsov, Jr. and I.A.Ryulina, Khim.Nauka, i
Prom., 1958, 3, 840.

German P.264 292, 1913; Chem.Zentr., 1913, II, 1351.
J.S.Whitehurst, J.Chem.Soc., 1951, 215.

A .F.Pozharskii, G.G.Yurchuk, and L.L.Gervits,
Khim.Geterotsikl. Soed., 1979, 413.

V.Paragamian, M.B.Baker, M.B.Puma, and J.Reale,
J.Hetereocycl.Chem., 1968, 5, 591.

US P.3 958 880, 1976.

W.Ried and J.Patschorke, Annalen, 1958, 616, 87.
S.I.Burmistrov and V.Ya.Zhitnikov, Ukrain.Khim.,
Zhur., 1967, 33, 73.

N.P.Buu-Hoi, P.Jacquignon, and M.Marty, Bull.Soc.
chim.France, 1960, 461.

A .Bistrycki and W.Schmutz, Annalen, 1918, 415, 1.

31.

32.
33.

34
35.

.

36.

37.

38.

39.
40.

41.

42.

50.
51.

52,
53.
54.
55,

56.

57.
58.
59.
60.
62.
63.
64.
65.
66.
67.

68.

69.
70.

Russian Chemical Reviews, 50 (9), 1981

Z.Yoshida, Y.Shimada, and R.Oda, Bull.Inst.Chem.
Res., Kyoto Univ., 1952, 28, 75; Chem.Abs., 1952,
46, 11 184.

F.Sachs and M.Steiner, Ber., 1909, 42, 3674.
P.M.Dzadzie, B.L.Bastic, and M.V .Piletic, Glasnik
Hem.Drus.Beograd, 1971, 36(3-4), 137; Ref.Zhur.
Khim., 1973, 2Zhd416.

R.F.Smith and M.M.Holmer, J.Chem.Soc., 1965, 7531.
Z.Yoshida, Y.Shimada, and R.Oda, J.Chem.Soc.Japan,
1952, 55, 523.

A .F.Pozharskii, 1.V.Borovlev, G.G.Yurchuk,
O.M.Bagrova, Yu.l.Basilenok, and V.N.Lagunova,
Khim.Geterotsikl.Soed., 1980, 84.

B.R.Rao and K.Ahmed, Synthesis, 1980, 155.

A .F.Pozharskii and G.G.Yurchuk, Khim.Geterotsikl.
Soed., 1981, 838,

B.P.2010 246, 1979; Chem.Abs., 1980, 92, 146 793.
L.Denivelle and K.C.Singhal, Compt.Rend., 1965, 260,
5812,

L.P.Smirnova, A.F.Pozharskii, O.Yu.Okhlobystin, and
B.A.Tertov, Khim.Geterotsikl.Soed., 1977, 825.
C.F.Beam, N.D.Heindel, J.Chun, and A.Stefanski,
J.Heterocycl.Chem., 1976, 13, 421.

V.A.Anisimova, A.F.Pozharskii, L.E.Nivorozhkin, and
V.I.Minkin, Khim.Geterotsikl.Soed., 1978, 108.
J.S.Whitehurst, J.Chem.Soc., 1951, 226.

BRD P.865 305, 1953; Chem.Abs., 1958, 52, 20 201.
V,I.Sokolov, B.I.Ardashev, I.S.Kashparov, and

A .F.Pozharskii, Khim.Geterotsikl.Soed., 1973, 849.

. W.Ried and G.Isenbruck, Chem.Ber., 1972, 105, 337.
. W.Ried and H.Knorr, Chem.Ber., 1975, 108, 2750.
. V.I.Pogovik, V.A.Lavrishchev, and V.I.Tikhonov,

Khim.Geterotsikl.Soed., 1969, 1099.

B.P.789 310, 1958; Chem.Ber., 1958, 52, 11 435.
V.I.Rogovik and V.I.Tikhonov, Khim.Geterotsikl.
Soed., 1970, No.6, 842; No.10, 1420.
B.K.Manukian, Helv.Chim.Acta, 1966, 49, 534,
F.Sachs, Annalen, 1909, 365, 135.

French P.1 361 778, 1964; Chem.Abs., 1964, 61,

14 682.

Y .Iwanami, Nippon Kagaku Zasshi, 1962, 83, 597;
Chem.Abs., 1963, 59, 3919.

M.D.Nair, K.Nagarajan, J.A.Desai, Y.S.Kulkarm, and
R.K.Shah, Proc.Indian Acad.Sci.Sect.A, 1979, 88A,
1; Chem.Abs., 1980, 92, 163 942.

R.Barchet, P.H.Stahl, and K.W.Merz, Naturwiss.,
1967, 54, 115.

H.Wamhoff and C.Materne, Annalen, 1973, 573.
E.J.Browne, Austral.J.Chem., 1973, 26, 449.

BRD P.2 321 054, 1973; Chem.Abs., 1975, 82, 73 019.

. A.Botta, Annalen, 1976, 336.

E.L.Holljes and E.C.Wagner, J.Org.Chem., 1944, 9,
1944,

F.S.Babichev, A.K.Tyltin, and L.1.Shevchuk,
Ukrain,Khim. Zhur., 1973, 39, 348.

D.J.Brown and R.F.Evans, J.Chem.Soc., 1962,

4039.

H.Nohira, Y.Nishikawa, Y.Furuva, and T.Mukaiyama,
Bull,Chem. Soc.Japan, 1965, 38, 897.

W.Jarre, D.Bieniek, and F.Korte, Tetrahedron, 1975,
31, 619.

E.J.Grundmann and A.Kreutzberger, J.Amer.Chem.
Soc., 1955, 77, 6559.

E.P.Papadopoulos and B.George, J.Org.Chem., 1977,
42, 2530.

F.Krohnke and H.Leister, Chem.Ber., 1958, 91, 1479,
W.A.Mosher and E.T.Banks, J.Org.Chem., 1977, 42,
1477.




Russian Chemical Reviews, 50 (9), 1981

71.

72.

73.
74.

75.

76.

7.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.
88.

89.

90.

91.

92.
93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

W.A .Mosher, P.M.Serridge, and D.W.Lipp, J.0Org.
Chem., 1972, 37, 2402.

W.A.Mosher and D.W.Lipp, J.Org.Chem., 1972, 37,
3190.

W.Ried and H.Knorr, Annalen, 1976, 284.

H.Wamhoff and C.Materne, Chem.Ber., 1974, 107,
1784.

V.A.Buevich, N,Zh.Nakova, G.Kempter, and
V.V.Perekalin, Zhur.Org.Khim., 1977, 13, 2618.
R.Gompper, E.Kutter, and R.R.Schmidt, Chem.Ber.,
1965, 98, 1374.

R.Gompper, H.U.Wagner, and E.Kutter, Chem.Ber.,
1968, 101, 4144.

W.D.Rudorf and M.Augustin, J.prakt.Chem., 1977,
319, 545.

N.Ishikawa and T.Muramatsu, Nippon Kagaku Kaishi,
1973, 3, 563; Chem.Abs., 1973, 78, 147 873.
G.L.McClure, Anal.Chim.Acta, 1973, 64, 289.
P.K.Dasgupta, G.L.Lundquist, K.D.Reiszner, and
P.W.West, Anal.Chim.Acta, 1977, 94, 205.
S.K.Drusvyatskaya, E.A.Ambrosieva, and A.F.Bekhli,
USSR P.595 314, 1976; Byul.lzobret., 1978, No.8, 96.
G.Kempter, in "Advances in Pesticide Chemistry"
(Edited by H.Geissbuhler), Pergamon Press, Oxford—
New York, 1979, Part II, p.75.

A .F.Bekhli, S.K.Drusvyatskaya, B.V.Lopatin,
A.S.Naidenova, and O.P.Zelya, Khim.-Farm.Zhur.,
1979, No.2, 54.

D.Kiffer, Bull.Soc.chim.France, 1970, 2377.
V.P.Kukhar', V.I.Pasternak, and T.V.Pesotskaya,
Zhur.Org.Khim., 1973, 9, 39.

D.Klamann and U.Krdmer, Chem.Ber., 1960, 93, 2316.
A.F.Pozharskii and I.S.Kashparov, Khim.Geterotsikl.
Soed., 1970, 1129.

T.I.Vinokurova and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1976, No.4, 545.

A.F.Pozharskii and N.M. Starshikov, Khim.Geterotsikl.
Soed., 1978, No.10, 1418.

D.W.Cameron and E.L.Samuel, Austral.J.Chem., 1976,
29, 2499.

N.Vinot, Compt.rend., 1961, 252, 899.
A.F.Pozharskii, N.M.Starshikov, S.T.Pozharskii, and
Yu.l.Mandrykin, Khim.Geterotsikl.Soed., 1977, 980.
F.D.Popp and A.Catala, J.Heterocycl.Chem., 1964, 1,
108.

V.Ya.Zhitnikov and S.I.Burmistrov, Izv.Vys.Ucheb.
Zaved., Khim.i Khim.Tekhnol., 1969, 12, 1069.
W.Wasulko, A.C.Noble, and F.D.Popp, J.Medicin.
Chem., 1966, 9, 599.

N.M.Starshikov and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1980, 96.

F.D.Popp and E.B.Moynahan, J.Heterocycl.Chem.,
1970, 7, 739.

N.M.Starshikov and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1973, 1001.

N.Vinot, Compt.rend., 1961, 253, 2986.
N.M.Starshikov, Candidate's Thesis in Chemical
Sciences, Rostov State University, Rostov-on-Don,
1980, 146 pp.

A.P.Bindra and J.A.Eliz, Tetrahedron, 1971, 26,
3749.

S.Bradbury, C.W.Rees, and R.C.Storr, J.Chem.Soc.,
Perkin Trans.I, 1972, 68.

H.Wahl and H.Basilios, Compt.rend., 1947, 224, 1569.
H.T.Buchere, J.prakt.Chem., [2]}, 1904, 70, 349.
H.H.Hodgson, E.R.Ward, and J.S.Whithurst, J.Chem.
Soc., 1945, 454.

. H.H.Hodgson and J.S.Whitehurst, J.Chem.Soc., 1947,

80.

108.
109.
110.
111.
112.

113.

115.

116.

117.

118.

119.

120.

121.
122.

123.

124.

126.
127.
128.

129.
130.

131.
132.

133.
134.

136.
137.

138.

139.

140.

141.

142,

143.

144.

833

BRD P.2 155 544, 1973; Chem.Abs., 1973, 79, 80 347.
US P.3 528 981, 1970; Chem.Abs., 1971, 74, 3645.
C.Gastaldi and F.Cherchi, Gazzetta, 1914, 44, 287.
S.Lahiri, M.P.Mahajan, R.Prasad, and M.V.George,
Tetrahedron, 1977, 33, 3159.

F.J.Kreysa, V.F.Maturi, J.J.Finn, J.J.McClarnon,
and F.Lombardo, J.Amer,Chem.Soc., 1951, 73, 1155.
V.I.Sokolov, A.F.Pozharskii, I.S.Kashparov,
A.G.Ivanov, and B.I.Ardashev, Khim.Geterotsikl.
Soed., 1974, 558.

. A .F.Pozharskii, V.V.Dal'nikovskaya, S.S.Pozharskaya,

and A.K.Sheinkman, Khim.Geterotsikl.Soed., 1980,
1398.

A .F.Pozharskii, A.N.Suslov, and V.A.Kataev, Dokl.
Akad.Nauk SSSR, 1977, 2344, 841.

H.F.Ridley, R.G.Spickett, and G.M.Timmis, J.
Heterocycl.Chem., 1965, 2, 453.

A .F.Pozharskii, L.P.Smirnova, D.A,Tertov,
I.S.Kashparov, and V.I.Sokolov, Khim.Geterotsikl.
Soed., 1975, 1682.

N.M. Starshikov, A.F.Pozharskii, and F.T.Pozharskii,
Khim.Geterotsikl.Soed., 1977, 986.

A.l.Belyashova, N.N,Zatsepina, E.N.Malysheva,

A .E.Pozharskii, L.P.Smirnova, and 1.F.Tupitsyn,
Khim.Geterotsikl.Soed., 1977, 1544.

A.F.Bekhli and S.K.Drusvyatskaya, Khim.Geterotsikl.
Soed., 1975, 1574.

F.Kehrmann and E.F.Engelke, Ber., 1909, 42, 350.
L.S.Efros, A.E.Porai-Koshits, and B.A.Porai-Koshits,
Zhur.Obshch.Khim., 1947, 17, 1807.

M.Jubault and D.Peltier, Bull.Soc.chim.France, 1972,
1561.

S.Bradbury, C.W.Ress, and R.C.Storr, J.Chem.Soc.,
Perkin Trans.I, 1972, 72,

. C.D.Campbell and C.W.Rees, Chem.Comm., 1969,

I?Ig.rzsleeboth and A.Rieche, Annalen, 1964, 671, 77.
O.Christmann, Annalen, 1968, 716, 147.
B.M.Krasovitskii and E.A.Shevchenko, Zhur.Org.
Khim., 1965, 1, 2157.

Belg.P.654 604, 1965; Chem.Abs., 1966, 65, 5570.
B.M.Krasovitskii, I.N.Pirogova, and S.V.Tsarenko,
Zhur.Vses.Khim.Obshch.im.Mendeleeva, 1967, 713.
K.-D.Franz, Chem.Letters, 1979, 221.

O.Dimrot and H.Roos, Annalen, 1927, 456, 177.
F.Gerson, Helv.Chim.Acta, 1964, 47, 1484.

A .F.Pozharskii, V.N.Koroleva, I.V.Komissarov,
1.T.Filippov, and I.V.Borovlev, Khim.-Farm.Zhur.,
1976, No.12, 34.

. F.Wudl, M.L.Kaplan, B.K.Teo, and J.Marshall, J.0Org.

Chem., 1977, 42, 1666.

W.R.Jones, Brit.J.Pharmacol., 1952, 7, 486.
F.E.Arnold and R.L.van Deusen, J.Polymer Sci.,
1968b, 6, 815; Chem.Abs., 1969, 70, 20 382.
V.I.Minkin, Yu.A.Zhdanov, I.D.Sadekov, O.A.Raev-
skii, and A.D.Garnovskii, Khim.Geterotsikl.Soed.,
1967, 1100,

A .F.Pozharskii and E.N.Malysheva, Khim.Geterotsikl.
Soed., 1970, 103.

V.I.Minkin and B.Ya.Simkin, Khim.Geterotsikl.Soed.,
1971, 678.

V.I.Minkin, I.I.Zakharov, and L.L.Popova,
Khim.Geterotsikl. Soed., 1971, 1552,

A.F.Pozharskii, E.N.Malysheva, A.N.Suslov, and
L.I.Popova, Khim.Geterotsikl.Soed., 1979, 692.

A .F.Pozharskii, T.I.Vinokurova, and V.G.Zaletov,
Khim.Geterotsikl.Soed., 1976, 539.

A.F.Pozharskii, I.V.Borovlev, and I.S.Kashparov,
Khim.Geterotsikl. Soed., 1975, 543.



834
145.
146.
147,

148.

149.

150.

151.

152.

153.
154.
155.
156.
157.
158.
159.

160.
161.

162.
163.

164.

165.

166.
167.
168.
169.

170.

171.
172.

173.
174.

175.

176.

177.

1.V.Borovlev and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1978, 833.

V.V.Kuz'menko and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1978, 1406.

A .F.Pozharskii, I.S.Kashparov, P.J.Holls, and
V.G.Zaletov, Khim.Geterotsikl.Soed., 1971, 543.

A .F.Pozharskii, A.N.Suslov, N.M.Starshikov,
L.L.Popova, N.A.Klyuev, and V.M.Adanin, Zhur.
Org.Khim., 1980, 16, 2216.

A.F.Pozharskii, V.N.Koroleva, O.M.Bagrova,
B.A.Semavin, and V.A.Bren', Khim.Geterotsikl.Soed.,
1980, 84.

A .F.Pozharskii, I.S.Kashparov, Yu.P.Andreichikov,
A.I.Buryak, and A.A.Konstantinchenko, Khim.
Geterotsikl.Soed., 1971, 807.

N.A.Klyuev, A.F.Pozharskii, A.B.Belikov, and
V.M.Adanin, Khim.Geterotsikl.Soed., 1980, 684.
A.V.Lizogub, A.F.Pozharskii, and V.I.Sokolov,
Zhur.Obshch.Khim., 1976, 46, 680.

A.V.Lizogub and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1979, 110.

L.P.Smirnova, A.F.Pozharskii, and I.V.Borovlev,
Khim.Geterotsikl.Soed., 1976, 697.

A.F.Pozharskii and V.N,Koroleva, Khim.Geterotsikl.
Soed., 1975, 550.

A.F.Pozharskii, V.V.Kuz'menko, V.N.Koroleva, and
T.G.Yurchuk, Khim.Geterotsikl.Soed., 1980, 691.
V.V.Kuz'menko and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1978, 977.

A.F.Pozharskii and I.S.Kashparov, Khim.Geterotsikl.
Soed., 1972, 860.

R.M.Claramunt and Elguero, J.Chem.Letters, 1977,
1441.

K.J.Morgan, J.Chem.Soc., 1961, 2343.

A .F.Pozharskii and 1.S.Kashparov, Khim.Geterotsikl.
Soed., 1970, 111.

D.J.Brown and R.F.Evans, J.Chem.Soc., 1962, 4039.
A.F.Pozharskii and G.G.Yurchuk, Kiim.Geterotsikl.
Soed., 1979, 418.

V.I.Minkin, V.A.Bren', A.D.Garnovskii, and
R.I.Nikitina, Khim.Geterotsikl.Soed., 1972, 552.
A.F.Pozharskii, V.V.Dal'nikovskaya, V.I.Sokolov,
A.A.Konstantinchenko, O.V.Yarikova, and
L.L.Popova, Khim.Geterotsikl.Soed., 1978, 1125,

A .F.Pozharskii and G.G.Yurchuk, Khim.Geterotsikl.
Soed. (in the press).

L.L.Popova, 1.D.Sadekov, and V.I.Minkin, Reakts.
Sposobn.Org.Soed., 1969, 6, 47.

H.J.Banks, D.W.Cameron, M.J.Crossley, and
E.L.Samuel, Austral.J.Chem., 1976, 29, 2247.
D.W.Cameron and E.L.Samuel, Austral.J.Chem., 1977,
30, 2063.

I.S.Kashparov, Candidate's Thesis in Chemical
Sciences, Rostov State University, Rostov-on-Don,
1971, 138 pp.

D.F.Honston, E.B.Kester, and F.Deeds, J.Amer.
Chem.Soc., 1949, 71, 3816.

A .F.Pozharskii, L.A.Kurasov, V.V.Kuz'menko, and
L.L.Popova, Zhur.Org.Khim., 1981, 17, 1005.
R.A.Jeffreys, J.Chem.Soc., 1951, 2394.
A.F.Pozharskii and A.A.Konstantinchenko, Khim.
Geterotsikl.Soed., 1979, 964.

V.V.Dal'nikovskaya, 1.V.Komissarov, A.F.Pozharskii,
and I.T.Filippov, Khim.-Farm.Zhur., 1978, No.7, 85.
A .F.Pozharskii, L.P.Pershina, 1.S.Kashparov, and
A .A.Konstantinchenko, Khim.Geterotsikl,Soed., 1974,
418.

US P.3 502647, 1970; Chem.Abs., 1970, 73, 14 872.

178.

179.

180.

181.

182.

183.

184.
185.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.
203.

204.

205.

206.

207.

208.

209.

Russian Chemical Reviews, 50 (9), 1981

1.V.Borovlev, A.F.Pozharskii, and V.N.,Koroleva,
Khim,.Geterotsikl.Soed., 1975, 1692.

V.V.Kuz'menko, A.F.Pozharskii, and V.N.Komissarov,
Khim.Geterotsikl.Soed., 1980, 93.

W.Ried and H.Lochwasser, Annalen, 1966, 699, 88.

A .F.Pozharskii, V.V.Dal'nikovskaya, V.M.Mar'yanov-
skii, and A.A.Konstantinchenko, Khim.Geterotsikl.
Soed., 1981, 973.

V.N.Koroleva and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1974, 702.

O.Christman, Chem.Ber., 1965, 98, 1282.

BRD P.1 278 647, 1969; Chem.Abs., 1969, 70, 38 904.
I.V.Borovlev and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1975, 1688.

I1.S.Kashparov and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1971, 124.

T.V.Stupnikova, A.K.Sheinkman, A.F.Pozharskii,
N.A.Klyuev, and E.N.Istratov, Khim.Geterotsikl.Soed.,
1976, 1682.

A .F.Pozharskii, I.S.Kashparov, and A.M.Simon, Khim.
Geterotsikl.Soed., 1968, 183.

A .F.Pozharskii and I.S.Kashparov, USSR P.287 023,
1970; Byul.lzobret., 1970, No.35.

A.F.Pozharskii, A.M.Simonov, and V.N.Doron'kin,
Uspekhi Khim., 1978, 47, 1933 [Russ.Chem.Rev.,
1978(11)].

V.N.Novikov, A.F.Pozharskii, and V.N.Doron'kin,
Khim.Geterotsikl.Soed., 1976, 244.

B.V.Lopatin, S.K.Drusvyatskaya, and A.F.Bekhli,
Khim.Geterotsikl.Soed., 1978, 843.

A.F.Pozharskii, A.A.Konstantinchenko, and
P.I.Lyashenko, Khim.Geterotsikl.Soed. (in the press).
A .F.Pozharskii, Doctoral Thesis in Chemical Sciences,
Rostov State University, Rostov-on-Don, 1972, 332 pp.
V.N.Doron'kin, A.F.Pozharskii, and I.S.Kashparov,
Khim.Geterotsikl. Soed., 1979, 257.

A .F.Pozharskii, L.P.Smirnova, A.l.Belyashova,
N.N.Zatsepina, and I.F.Tupitsyn, Khim.Geterotsikl.
Soed., 1979, 961.

A.F.Pozharskii, V.V.Kuz'menko, I.S.Kashparov,
V.I.Sokolov, and M.M.Medvedeva, Khim.Geterotsikl.
Soed., 1976, 356.

T.V.Stupnikova, A.K.Sheinkman, A.F.Pozharskii,

and V.1 Sokolov, USSR P.504 770, 1973; Byul.lzobret.,
1976, No.8.

A .K.Sheinkman, A.F.Pozharskii, V.I.Sokolov, and
T.V.Stupnikova, Dokl.Akad.Nauk SSSR, 1976, 226,
1094.

A.F.Pozharskii, I.V.Komissarov, I.T.Filippov,
A.A.Konstantinchenko, A.K.Sheinkman, and
V.I.Sokolov, Khim.-Farm.Zhur., 1977, No.5, 75.

A .F.Pozharskii, V.V.Dal'nikovskaya, and T.A.Maksi-
mova, Khim.-Farm.Zhur., 1981, 980.

German P.511 948, 1930.

T.Kappe, E.Ziegler, and M.A.Chirazi, Monatsch.,
1969, 100, 142.

P.K.Dasgupta, A.Nayak, G.R.Newkome, and P.W.West,
J.Org.Chem., 1979, 44, 2583.

A.F.Pozharskii, V.N.Koroleva, I.F.Grekova, and
1.S.Kashparov, Khim.Geterotsikl.Soed., 1975, 557.
C.Bodea and M.Raileanu, Studii Cercetari Chim.
(Cluj.), 1957, 8, 303; Chem.Abs., 1960, 54, 22 657.
R.Bonnet, A.A.Charalambides, and R.A.Martin,
J.Chem.Soc., Perkin Trans.I, 1978, 974.

G.Beck, H.Heitzer, and H.Holtschmidt, Annalen,
1975, 415.

M.A.Allam and N.Y.About-Zeid, Egypt.J.Chem., 1972,
15, 339.




Russian Chemical Reviews, 892 {9), 1981

210.

211.

212.

213.

214,

215.

216.

218.

219.

220.

221.

222.
223.

224,

225.

226.

227.

228.

229.

230.
231.
232.
233.
234.
235.

Japanese P.7 955 579, 1979;
193 308.

V.A.Anisimova and A.F.Pozharskii, Khim.Geterotsikl.
Soed., 1974, 137.

S.K.Drusvyatskaya, B.V.Lopatin, A.F.Bekhli,
A.I.Krotov, and A.S.Naidenova, Khim.-Farm.Zhur.,
1976, No.5, 61.

E.G.Nedovesova, Candidate's Thesis in Chemical Sciences,
Leningrad Institute of Chemical Engineering, Lenin-
grad, 1951, 16 pp.
Japanese P.7 244 325, 1968;
109 843.

A .F.Pozharskii, A.A.Konstantinchenko, and 1.S.Kash-
parov, Khim.Geterotsikl.Soed., 1978, 113.
G.N.Pershin, A.F.Pozharskii, I.S.Kashparov,
N.S.Bogdanova, N.A.Novitskaya, and A.L.Mikerina,
Khim .-Farm. Zhur,, 1973, No.2, 5.

I.S.Kashparov, V.M.Mar'yanovskii, A.F.Pozharskii,
Yu.P.Andreichikov, E.A.Zvezdina, and A.M.Simonov,
USSR P.330 167, 1969; Byul.Izobret., 1972, No.8.

A .F.Pozharskii, E.A.Zvezdina, V.I.Sokolov, and
I.S.Kashparov, Chem.Ind.(Longon), 1972, 256.
A.F.Pozharskii, E.A.Zvezdina, I.S.Kashrapov,
Yu.P.Andreichikov, V.M.Mar'yanovskii, and

A .M. Simonov, Khim.Geterotsikl.Soed., 1971, 1230.
V.A.Anisimova, A.F.Pozharskii, A.M.Simonov, and
V.V.Dal'nikovskaya, Khim.Geterotsikl.Soed., 1974,
1578.

BRD P.2 065977, 1977;
201 537.

A .Howard and L.Bruce, J.Org.Chem., 1973, 38, 3742.
H.S.Chaudhary and H.K.Purjari, Indian J.Chem.,
1979, 7, 767.

V.K.Chaha and H.K.Pujari, Indian J.Chem., 1970, 8,
1039.

B.P.Gupta, M.L.Sachdeva, K.S.Dhaka, V.K.Chadha,
and H.K.Pujari, Ann.Soc.Sci.Bruxelles, Ser.1, 1979,
93, 137.

K.S.Dhaka, V.K.Chadha, and H.K.Pujari, Indian J.
Chem., 1974, 12, 966.

K.-C.Liu, I.Y.Tuan, and B.-J.Shih, Arch.Pharm.,
1976, 309, 928.

K.-C.Liu, H.H.Chen, L.C.Lee, and J.W.Cheru, Arch.
Pharm., 1979, 312, 776.

Chem.Abs., 1980, 91,

Chem.Abs., 1974, 80,

Chem.Abs., 1977, 87,

M.W.Partridge, S.A.Slorach, and H.J.Vipond, J.Chem.

Soc., 1964, 3673.
Belg.P.630 788, 1963;
Swiss P.374 628, 1964;
BRD P.1164 977, 1964;

Chem.Abs., 1964, 60, 13 384.
Chem.Abs., 1964, 61, 12 137.
Chem.Abs., 1964, 61, 7231.

BRD P.278 645, 1968; Chem.Abs., 1969, 70, 38 900.

Belg.P.621 678, 1963; Chem.Abs., 1963, 59, 14 137.

B.M.Krasovitskii, O.A.Gunder, E.A.Shevchenko, and

V.M. Solomonov, USSR P.191 786, 1965; Byul.lzobret.,

1967, No.4.

236.
2317.

238.

239.
240,
241.

242.
243.

244.

245,

246.
247.

248.
249.

250.

251.

252.

253.

254.
255.

256.

257.
258.
259.
260.
261,
262.
263.
264.
265.
266.

835

Belg.P.638 544, 1964;
Japanese P.7 231 684, 1972;
17 627.

French P.2 049 894, 1970;
63 337.

BRD P.2 440930, 1975; Chem.Abs., 1975, 83, 7020.
BRD P.2654 230, 1978; Chem.Abs., 1979, 89, 45 033.
Japanese P.5833('66), 1962; Chem.Abs., 1966, 65,
9063.

BRD P.2632 468, 1975; Chem.Abs., 1977, 86, 122 026.
D.L.White and G.N.Tayler, J.Appl.Phys., 1974, 45,

Chem.Abs., 1965, 62, 7913.
Chem.Abs., 1973, 78,

Chem.Abs., 1972, 177,

4718; Chem.Abs., 1975, 82, 24 333,
French P.2 068 820, 1971; Chem.Abs., 1972, 77,
57 618.

R.Bronner, Stain Technol., 1975, 50, 1;
1975, 82, 167 101.

US P.4 023 185, 1977; Chem.Abs., 1978, 87, 24 949.
F.Hermansky, T.Poch, and V.Lodrova, Histochemistry,
1977, 53, 89; Chem.Abs., 1978, 87, 98 425.

BRD P.2 801589, 1978; Chem.Abs., 1978, 89, 165 022.
W.J.Schroeder, W.C.Mitchell, and R.Y .Miyabara,
Environ.Entomol.1974, 3, 571; Chem.Abs., 1974, 81,
100 702.

1.V.Borovlev, M.1.Knyazhanskii, A.F.Pozharskii, and
Ya.R.Tymyanskii, USSR P.550 387, 1975; Byul.
Izobret., 1977, No.10.

I1.V.Borovlev and A.F.Pozharskii, USSR P.563 417,
1976; Byul.Izobret., 1977, No.24.

1.V.Borovlev and A.F.Pozharskii, USSR P.596 581,
1975; Byul.Izobret., 1978, No.9.

V.V.Kuznetsov, V.P.Grigor'ev, L.G.Bozhenko,
0.A.Osipov, and A.F.Pozharskii, USSR P.569 652,
1975; Byul.Izobret., 1977, No.31.
W.L.Stephen, Anal.Chim.Acta, 1970, 50, 413.
S.Kadowaki, Kogai To Taisaku, 1976, 12, 706;
Abs., 1977, 86, 33 626.

V.B.Golubovic, O.Vitorovic, and R.P.Saper, Glasnik
Hem.Drustva Beograd, 1960—1961, 25—26, 535; Chem.
Abs., 59, 3303.

BRD P.2 548 179, 1975;

Chem.Abs.,

Chem.

Chem.Abs., 1976, 85, 108 664.

US P.3 956 496, 1976; Chem.Abs., 1976, 85, 37 267.
US P.3 956 497, 1976; Chem.Abs., 1976, 85, 68 286.
US P.3 957991, 1976; Chem.Abs., 1976, 85, 832 331.
US P.3 957 992, 1976; Chem.Abs., 1976, 85, 51 760.
US P.3 957993, 1976; Chem.Abs., 1976, 85, 51 759.
US P.3 966 933, 1976; Chem.Abs., 1976, 85, 99 188.
US P.3 966 935, 1976; Chem.Abs., 1976, 85, 104 203.
US P.3 980 782, 1976; Chem.Abs., 1976, 85, 166 658.

F.A.French, Proc.Amer.Ass.Cancer Res., 1962, 3, 319.

Rostov-on-Don State University



