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Both acrylonitrile itself and the cyanoethylated com-
pounds synthesised with its help1"4 are widely employed for
obtaining both simple and complex ring systems. Almost all
the investigations in this field have been published during
the past fifteen years. The starting materials for these
reactions are in most cases readily available.

The use of acrylonitrile and cyanoethylated compounds in
reactions involving ring formation is of interest from the
point of view of both theory and preparative work, as it
enables various cyclic systems to be synthesised, includ-
ing those containing the cyanoethyl group, that either cannot
be obtained by other methods or else can be so obtained
only in poor yields.

1. ACRYLONITRILE IN DIENE SYNTHESIS

Acrylonitrile acts as a dienophile in reactions involving
the Diels-Alder diene synthesis.

Condensation of butadiene with acrylonitrile results in
the formation of cyclohex-3-enyl cyanide1»3'5"12, although
under some conditions it is assumed that 2-vinyldihydro-
pyridine is formed as well12.

Two structural isomers can theoretically be formed in
condensations of 1-substituted dienes with acrylonitrile.
It was considered for a long time that such reactions yield
exclusively the orffto-isomer. In 1947, however, Frank
et al. 1 3 demonstrated the presence of a small quantity of

the meta-isomer in the mixture of adducts obtained by the
condensation of penta-1,3-diene with acrylonitrile. The
structural orientation of diene synthesis was subsequently
studied in detail by Nazarov and his coworkers14»15, who
showed that the condensation of 1-substituted dienes with
acrylonitrile yields a mixture of the two possible adducts
containing 85-95% of the ortho-isomer and 5-15% of the
meta-isomer. For example, in the case of penta-1,3-diene
the reaction proceeds as follows:

CH,

CH

H

+ CHj=CH—CN
H

-CN

Other workers have also investigated5»16"21 the interaction
of penta-l,3-diene with acrylonitrile.

In the condensation of 2 -substituted dienes with acryloni-
trile, the orienting effect of the substituent in the diene mole-
cule results in preferential formation of para -adducts14»15.
In the case of isoprene16»17»22"24 the process takes place
according to the scheme

CH.

CH

CH
CH,=CH—CN

CH,
CH, c—CN

The interaction of 1,2-dimethylbutadiene (3-methyl-
penta-l,3-diene) with aery lonitile gives mainly 2,3-dimethyl-
cyclohex-3-enyl cyanide and a small quantity of 4,5-dimethyl-
cyclohex-3-enyl cyanide14. Reaction of 1,3-dimethylbuta-
diene (2-methylpenta-l,3-diene) with acrylonitrile produces
mainly 2,4-dimethylcyclohex-3-enyl cyanide and also a
small amount of the "symmetrical" isomer1 5:

CH,

CH

CH,
+ CH,=CH-CN

CH,

HjC-1

CH,

—CN0
CH S

I

Heating diethyl trans—trans -muconate with acrylonitrile
in the presence of quinol at 160°-170° for 30 h gives a
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yield of diethyl 2-cyanocyclohex-5-ene-l,4-dicarboxy-
late 25>26. The reaction of vinylcyclohexene with acryloni-
nitrile can be represented as follows14:

-CN

CH2=CH—CN

Cyclopentadiene1'9'27»28, tetraphenylcyclopentadiene 2 9,
and cyclohexa-1,3-diene27»28 give the corresponding bicyclic
systems with acrylonitrile, for example:

.CHj + CHj=CH—CN-

Interaction of acrylonitrile with 1,1-bi eye lone xenyl re-
sults in the formation of 9-cyanododecahydrophenanthrene30.

Anthracene is not cyanoethylated by acrylonitrile, but
forms a diene synthesis adduct with it 3 1 " 3 4 .

9-Anthraldehyde 35, 9-cyanoanthracene36, and 9-nitro-
anthracene react similarly37. Diene synthesis products
have been obtained also by the interaction of acrylonitrile
with chloroprene6»11?38, bromoprene6, fluoroprene39,
2-methoxy-,40 2-ethoxy-, u > 4 0 2-cyano-,41 1-phenyl-,42»43

2-phenyl-,44 and l-/>-nitrophenyl-butadienes45, and with
the following di- and tri-substituted butadienes: 2-chloro-
-3-methyl46, 1,1-dimethyl47, 2,3-dimethyl5, 1,4-bisdi-
methylamino48, 1,1,2-trimethyl49, 1,1,3-trimethyl49-51,
1,2,3-trimethyl52, and 2-isopropyl-l,l-dimethyl49»53. The
reaction of acrylonitrile with the following compounds has
also been investigated: hexa-2,4-diene5»54, hexachloro-
cyclopentadiene55, 6,6-dimethyl-9»56 and 6,6-diphenyl-
-fulvenes57, alloocimene 5 8

5

5 9, myrcene 58»60, a-and β-
-pyronens61, L-pimaric acid62, some unsaturated
aliphatic acids and their esters63»64, cyclooctatetraene65,
bicycloheptadiene66, 1,3-diphenyl- 6 7 and 1,3-di-l-naph-
thylisobenzofurans68, and other compounds containing a
system of conjugated double bonds 1,3,5,8,9,65,69-73

In the case of the condensation of 2-isopropyl-l,l-di-
methylbutadiene with acrylonitrile the normal product of
diene synthesis is accompanied by the corresponding adduct
of the isomeric 2-isopropyl-l,3-dimethylbutadiene53.
When 1,1-dimethylbutadiene is heated with acrylonitrile in
a solvent at 200° for 4 h, the adduct corresponding to
1,3-dimethylbutadiene is obtained in ~ 20% yield47.

cis -1-Cyanobutadiene does not react with acrylonitrile;
the trans -isomer apparently gives an adduct, but the latter
has now been isolated in a pure form74.

The reaction of acrylonitrile with acrolein also consti-
tutes a diene synthesis75:

CH2

CH

CH

C H 2

II
C H — C N

Experiments on the preparation of Diels-Alder reaction
products from acrylonitrile and 3,5-dimethylpyrazole,
2,4-dimethylthiazole, and iV-methylimidazole76, as well as
tetramethylfuran77, had no success7 6. Attempts to carry
out a diene synthesis between acrylonitrile as the diene and
quinone as the dienophile were likewise unsuccessful78.

2. ACRYLONITRILE IN OTHER REACTIONS INVOLVING
RING FORMATION

Acrylonitrile reacts with several glycols in the presence
of concentrated sulphuric acid to give heterocycles contain-
ing a vinyl group in the side chain7 9"8 2, for example:

HaC CH3

(CH 3) 2CCH 2CHCH 3+CH 2=CH—CN

OH OH H 3 C - — C H = C H a

With mercapto-alcohols acrylonitrile similarly forms thia-
zolines and dihydrothiazines83.

Condensation of acrylonitrile with 2-naphthol in the pre-
sence of zinc chloride and hydrogen chloride yielded the
lactone of 3-(2-hydroxynaphth-l-yl)propionic acid84:

ϊ = 0

—OH
CH 2 =CH—CN

Formaldehyde (and also trioxymethylene) form
l,3,5-triacryloylhexahydro-l,3,5-triazine with acrylonitrile
in the presence of concentrated sulphuric acid1»3»85"87:

COCH=CHj

Λ
3CH2=CH—CN+3CH2O • I

CH 2 =CHCO—Ν Ν—COCH=CH 2

\ /

Duff in and Kendall88 obtained from acrylonitrile and
phenylhydrazine a 74% yield of 3-amino-l-phenylpyrazoline:

NC—CH NH2-

II •

H2N CH2

NH

CeH6

Ν
\ N /

C 6H,

This reaction also takes place with other arylhydrazines.

Although some investigators 8 9 were unable to isolate the
reaction products from acrylonitrile and diazomethane in a
pure form, Gurvich and Terent'ev9 0 obtained a 94% yield of
3 -cyanopyrazoline from these starting materials:

CH 2 =CH—CN-fCH 2 N 2 -

and from acrylonitrile and diazoacetic ester they obtained
ethyl 5-cyanopyrazoline-3-carboxylate. They also showed
that acrylonitrile reacts with phenyl azide at room tem-
perature to form 4-cyano-l-phenyltriazoline in 91% yield:

Ν

N+

CH—CN

CH,

-CN

C.H.
C.Hr.

With 9-diazofluorene nitrogen is evolved and a three-mem-
bered ring is formed91»92:

CH,
Ij +

CH-CN

Interaction between acrylonitrile and diazoacetone is
supposed to involve the formation of a pyrazoline ring9 3.
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According to Pietra's results 9 4 the action of aery lord -
trile on benzamidine results in the formation of 3,4,5,6-tetra-
hydro-4-imino-2-phenylpyrimidine. The reaction between
acrylonitrile and diazonium salts can be used in the syn-
thesis of 3-arylpiperidines95 and 3,4-diarylpiperidines96;
with benzonitrile oxide acrylonitrile gives isoxazoline deri-
vatives97. Reaction of acrylonitrile with 2-amino-4-hyd-
roxypteridines in aqueous pyridine yields the corresponding
tricyclic systems9 8. Acrylonitrile has been used as
starting material for the synthesis of N-substituted deri-
vatives of 4-hydroxpiperidine " and the betel nut alkaloid
arecoline100»101. The interaction of acrylonitrile with
tetrafluoroethylene102"101 and with allenes 6 9 ' 1 0 5 ' 1 0 9 has also
been investigated, derivatives of cyclobutane and A9-octa-
hydronaphthalene being obtained in the latter case. Acry-
lonitrile 1 1 0 " 1 1 3 and its addition product with hydrogen
chloride 1 1 4~1 2 0 have also been used to obtain other cyclic
systems.

On being heated with acrylonitrile, sydnones undergo
cleavage with evolution of CO2 and HCN and formation of
pyrazole derivatives121:

CHj=CH—CN

Thus 3-pheny lsydnone and excess of acrylonitrile yielded
on heating 1-phenylpyrazole in ~ 80% yield. The reaction
evidently takes place via the intermediate formation of
nitriles of substituted pyrazolinecarboxylic acids.

When a benzene solution of acrylonitrile is heated at
280° for 2 h, a 5% yield is obtained of a mixture of cis- and
trans -1,2 -dicyanocy clobutane122:

CH2=CH—CN

+
CH2=CH—CN

-CN

-CN

Pyridine can be detected in the residue from the dis-
tillation of technical acrylonitrile. However, attempts to
dimerise acrylonitrile with the aim of preparing pyridine
and its derivatives proved unsuccessful78.

The monohydrazone obtained from monocyanoethylated
hydrazine and acetylacetone cyclises into iV-cyanoethylated
3,5-dimethy lpyrazole 7 6 :

CH 3 C=CHCCH 3

I II
OH NNH—CH2CH3CN CH 3 —

- C H ,

+ H2O

CH2CH2CN

The action of monocyanoethylated hydrazine on mesityl
oxide and other α/3-unsaturated ketones gives the corres-
ponding JV-cyanoethylated pyrazolines129. Monocyanoethyl-
ation products of mesityl oxide are readily converted by
hydrazine hydrate to 4-(2'-cyanoethyl)-3,5,5-trimethyl-
pyrazoline, which under the conditions of a Woolf—Kishner
reaction yields l-(2'-cyanoethyl)-2,2,3-trimethylcyclo-
propane130:

CH ? CH,CN

C H 3 C O C = C C H 3 +

CH 3

NHjNH 2

- H 2 O H 3 C-

CHjCH2CN

C H 3 1

Kost et al.131 have shown that the interaction of
monocyanoethylhydrazine with esters of various /3-keto-
-acids gives good yields (65-95%) of the corresponding
l-(2'-cyanoe|hyl)-3,4-dialkylpyrazol-5-ones:

RCOC

i-R'

NH2NH-CHaCH2CN > Ν \_n + 0,Η6ΟΗ+Η2Ο .

CH,CH2CN

The patent literature 1 3 2,1 3 3 contains an indication that it
is possible to obtain l-(2/-cyanoethyl)-3-methyl- and l-(2'-
-cyanoethyl)-3-phenyl-pyrazol-5-ones by this method.
Pyrazolones having the j3-cyanoethyl group in position 4
are synthesised from monocyanoethylated acetoacetic ester
and the corresponding hydrazines l s l:

3. CYCLISATION OF CYANOETHYLATED COMPOUNDS
PRESERVING THE 2-CYANOETHYL GROUP

Heating iV-(2'-cyanoethyl)-4-aminobutyric acid leads
to the lormation of N- (2' -cyanoethyl)pyrrolid -2 -one123:

HOOC (CH2)3NH—CH2CHjCN

\ N /

CH2CH2CN

Similarly, the cyanoethylation products of glutamic acid124»125

and of δ- and e-amino-acids126 yield the corresponding
AT-cyanoethylated lactams.

EthylN-(2'-cyanoethyl)-3-aminocrotonate forms with
p -benzoquinone ethyl l-(2'-cyanoethyl)-5-hydroxy-2-
-methylindole-3 -carboxylate127:

\/
I!
Ο

CH3C=CHCOOCtHB

NH—CH2CHjCN

HO-/\ COOC,H6

+H,0

CHJCHJCN

Reaction of cyanoethylated phenylhydrazine with cyclo-
pentanone, cyclohexanone, and cycloheptanone yielded
N- cyanoethylated indole withfive-, six-, and seven-mem-
bered rings respectively fused in the 2,3-position128.

CH2CHaCN
| +NH 2 NHR

CH3COCHCOOC,H6

H 3 C -

N
\ N /

-CH 2 CH 2 CN

+C2H6OH+H2O
= 0

Cyclisation of JV-2-cyanoethylglycylglycine in ethylene
glycol gives l-(2/-cyanoethyl)-2,5-dioxopiperazine134:

NH—CH2CH,CN

COOH CH,

CH, CO

CH2CHaCN

N
o=/

\ N /

Η

= 0
+ H S O .

The same cyclic product is obtained under similar condi-
tions fromMV-di-(2-cyanoethyl)glycylglycine134. Esters
of N-2-cyanoethyl-a-amino-acids on being heated form
1,4-di-(2'-cyanoethyl)-2,5-dioxopiperazines«V3s. Attempts
to prepare the latter by heating certain N-mono-2-cyano-
ethyl- and iW\T-di-(2-cyanoethyl)-a-amino-acids in ethylene
glycol were unsuccessful, since under these conditions
decyanoethylation takes place as well cyclisation134.
Several derivatives of C-cyanoethylated 2,5-dioxopiperazine
also can be obtained by reductive cyclisation136.
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2-(2/-Cyanoethyl)amino-5-nitroaniline reacts with acetic
anhydride or formic acid to give the corresponding JV-2-
cyanoethylbenzoimidazole derivatives137, for example:

NH—CHJCHJCN

ii-NH,

NO2

• 4 — C H J C H J C N

"X/\

When iNW-biscyanoethylated aromatic amines are heated
in chlorobenzene in the presence of aluminium chloride
and a small amount of concentrated hydrochloric acid,
1 -(2'-cyanoethyl)-l,2,3,4-tetrahydro-4-oxoquinolines are
obtained together with other cyclisation products 1 3 8 ' 1 4 J ,
for example:

i>—Ν iCHjCHjCN),

C H J C H J C N

Other compounds which have been used to obtain
various cyanoethylated cyclic systems are 3-aminopropio-
nitrile1 3 7»1 4 2"1 4 6, cyanoethylhydrazine146, di-2-cyanoethyl-
amine1 4 2, N-2-cyanoethylanthranilic acid147, t#tra-2-cyano-
ethyl-/>-phenylenediamine140, Ν-2 -cyanoethyl-JV-phenyl-
thiourea3, NiV-biscyanoethylated monoamides of dibasic
acids and of some of their derivatives148»149, N-2-cyano-
ethylisatin150, and other cyanoethylated compounds151.
According to the patent literature152»153, several cyclic
tetramers, pentamers, hexamers, and heptamers can be
obtained from Si-cyanoethylated compounds.

4. CYCLISATION OF CYANOETHYLATED COMPOUNDS
INVOLVING THE 2-CYANOETHYL GROUP

(α) Ο-Cyanoethylated Compounds

Kost and Ershov1 1 8 have shown that ethylene cyanohydrin
and 3-alkoxypropionitriles react with phenylhydrazine in
the presence of sodium ethoxide to form 3-amino-l-phenyl-
pyrazoline:

C,H6NHNH, -f RO—CHjCHsCN -

H N =

HN
\ N /

C0H

C,H5N-CH,CH,CNJ

Η,Ν π

Ν
\ N

3 -Alkoxypropionitriles have been empolyed for the
synthesis of lactones154, oxalactones155, pyrimidines156"164,
and thiazolines165. The reaction between acrylonitrile
and salicylaldehyde gives both the cyanoethylation product
and cyclisation products (3-cyano-4-hydroxychroman and
3 -cyanobenzopyran) 1 6 6>1 6 7.

Chromanone and its derivatives have been obtained by
the cyclisation of 3-aryloxpropionitrilesie6>169~171, for
example:

—O—CH.,CH,CN

2-Cyanoethyl ethers of 2-naphthol and its derivatives
are cyclised in a similar manner169»172. The yield of
chromanone is 87.5%. The cyclisation of 3-aryloxypropio-
nitriles to chromanones can be effected via an intermediate
stageof hydrolysis173»174. Cyclisation of bis-2-cyanoethyl
ethers of dihydric phenols166»175 and of the bis-2-carboxy-
ethyl ethers 1 7 6 obtained from them yields the corresponding
bicyclic and tricyclic systems.

Ring formation also takes place when resorcinol reacts
with 2 -cyanoethyl p -toluenesulphonate177.

Attempts to synthesise dehydromorpholines from 2-cyano-
ethyl ethers of acetylenic alcohols, via a stage of keto-
-amide formation and subsequent treatment with sodium
hypobromite, were unsuccessful. Dehydromorpholines
can be obtained from these starting materials by forming
successively the corresponding keto-esters, hydrazone-
-hydrazides, keto-azides, and finally the keto-urethanes,
which are hydrolysed with calcium hydroxide178.

(δ) S-Cyanoethylated Compounds

The patent literature mentions179 the formation of 5-sub-
stituted derivatives of 3-cyano-4-oxothiolane by the cycli-
sation, under the influence of sodium ethoxide, of esters
of S-cyanoethylated a-mercapto-carboxylic acids:

CHSOCO CH a -CN

R—CH CHj

Ο

R -

•CN
+CHSOH.

The cyclisation of 3-arylthiopropionitriles is repre-
sented as follows169»172:

\_S_CH,CH,CN

\

3 -Alkyl-6-oxo-2-thiotetrahydro-1,3-thiazines were
obtained from cyanoethylated JV-alkylated dithiocarbamic
acids1 8 0 and their hydrolysis products181.

(c) JV-Cyanoethylated Compounds

Several N-cyanoethylated compounds undergo cyclisation
on reduction. Thus an 82% yield of 1,5-diazacyclooctane
is obtained wheniV-2-cyanoethyltrimethylenediamine is
reduced with sodium in butanol182:

NR,(CH2),NH(CII,),CN

CH2—CHj—CHj

NH NH

CH,—CHj—CH,

When di-(2-cyanoethyl)methylamine is hydrogenated in
the presence of nickel and ammonia, 1-methyl-l, 5-diaza-
cyclooctane is formed as a side-product183. Hydrogenation
of 3 -acylaminopropionitriles yields acyl derivatives of
trimethylenediamine, which on distillation cyclise to form
a tetrahydropyrimidine ring3. Ring formation takes place
in the reduction of JV-2-cyanoethylsuccinimide3.

Some N-cyanoethylated compounds cyclise under the
influence of strongly alkaline reagents. Thus di-(2-cyano-
ethyl)amine is converted to 3-cyano-4-oxopiperidine by the
action of metallic sodium185. The biscyanoethylation pro-
duct of methylamine is cyclised in a simiiar way186.
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In 1952 Cocker et al.187 reported that heating the ethyl
ester of N-2-cyanoethylglycine in benzene in the presence
of sodium ethoxide leads to the formation of 3-cyano-4-oxo
pyrrolidine:

COOC2H6 CHj—CN

CH2
CH2

/

CN

\ N .
+C,H6OH .

However, these workers did not investigate the structure
of the reaction product, but confined themselves merely to
the analytical data. Nevertheless, l,4-di-(2'-cyanoethyl)-
-2,5-dioxopiperazine135, which is obtained when the same
ester is heated in the absence of solvent and alkaline rea-
gent, has the same melting point and gives the same anal-
ysis as the 3-cyano-4-oxopyrrolidine obtained by the Irish
workers.

The ethyl ester of iV-2-cyanoethylsarcosine cyclises in
a similar way in the presence of alkaline reagents, forming
3 -cyano-1 -methyl-4-oxopyrrolidine186.

Kost and Ershov118 have shown that 3-dialkylamino-
propionitriles react with phenylhydrazine in the presence of
sodium ethoxide to form 3-amino-l-phenylpyrazoline.
/>-Tolylhydrazine reacts similarly to phenylhydrazine188.

According to Pietra9 4 ΛΓ-2-cyanoethyl-iV-phenylhydrazine
under the influence of heat or dilute alkalis cyclises into
the corresponding amine, whose structure was confirmed
by its hydrolysis to 3-oxo-1-phenylpyrazolidine. iV-2-Cyano-
ethyl-iW-diphenylhydrazine does not give the correspond-
ing pyrazolidine under similar conditions. Other workers
showed later1 8 9 that iV-2-cyanoethyl-iV' -phenylhydrazine
can be cyclised to 3-amino-2-phenylpyrazoline or 3-amino-
-2-phenylpyrazole depending on the conditions.

According to the patent literature1S0, the nitrosation of
3 -arylaminopropionitriles followed by their reduction with
zinc in acetic acid gives 1-arylpyrazolidine derivatives.

Several quinoline derivatives have been obtained by the
cyclisation of iV-monocyanoethylated aromatic amines in
the presence of aluminium chloride. In particular, the
cyclisation of iV-2-cyanoethyl-iV-methylaniline yielded
l-methyl-4-oxo-l,2?3,4-tetrahydroquinoline1»3>168>191:

—Ν—CH 2 CH 2 CN

CH 3

/\ N .
CH;

Heating AW-biscyanoethylated aromatic amines in
chlorobenzene in the presence of aluminium chloride and
a small amount of concentrated hydrochloric acid results
in the formation of l-(2'-cyanoethyl)-4-oxo-l,2,3,4-tetra-
hydroquinolines or 1,6-dioxojulolidines 1 3 8~ 1 4 1> 1 9 2" 1 9 4 .

Ring formation has been effected with the products of
the iViV-biscyanoethylation of aniline, rn- and/>-chloro-
anilines, £-bromoaniline, m- andp-toluidines, />-anisidine
(in this case the reaction is sometimes accompanied by
demethylation), />-aminobiphenyl, and 2-naphthylamine,
and also with the tetrakiscyanoethylation product of
p -phenylenediamine.

Heating l,4-biscyanoethyl-l,2,3,4-tetrahydroquinoxaline
in chlorobenzene in the presence of aluminium chloride and

concentrated hydrochloric acid at 140°-160° gives a 63%
yield of a dioxodiazadecahydropyrene195:

CHJCHJCN

,CH2CN

N-2-Cyanoethylindoline has also been subjected to the
action of aluminium chloride and concentrated hydrochloric
acid1 9 8 '1 3 7.

N-2-Cyanoethylpyrrole is cyclised under the influence
of hydrogen chloride and zinc chloride198:

o
CHiCHjCN

The cyclisation of l-(2'-cyanoethyl)-l,2,3,4-tetrahydro-
quinoline193»199 and of JV-2-cyanoethylcarbazole199»200 has
also been investigated. Heating iV-2-cyanoethylanthranilic,
acid with acetic anhydride in the presence of potassium
acetate did not result in ring formation147.

In some cases the cyclisation of N-cyanoethylated com-
pounds passes through an intermediate stage involving
hydrolysis, esterification, reduction, or the formation of
imino-ethers. Products of the hydrolysis of iV-cyano-
ethylated aromatic amines 1 9 1" 1 9 3 ' 2 0 1" 2 0 3 iV-cyanoethylated
anthranilic acid147?203, iV-2-cyanoethylindoline196,
l-(2'-cyanoethyl)-l,2,3,4-tetrahydroquinoline193, N-2-
-cyanoethylphenoxazine204, iV-2-cyanoethylpheno-
thiazine205*206 and its derivatives206'207, iV-2-cyanoethyl-
phenoselenazine208, and l-(2'-cyanoethyl)-2-chloropheno-
selenazine 20B have undergone such cyclisation. Ring
formation has been carried out also with products of the
esterification of di-(2-cyanoethyl)methylamine100>101,
N-2-cyanoethylanthranilic acid209, and iV^-cyanoethyl-
phenothiazine derivatives207, and reduction products of
3-aminopropionitrile and its N-substituted derivatives210?211,
and also some imino-ether products212»213. Other cases
and examples of the application of iV-cyanoethylated com-
pounds for the synthesis of cyclic systems have also been
studied3»212»214"222.

(d) C-Cyanoethylated Compounds

The principal method for obtaining ring systems from
C-cyanoethylated compounds is reductive cyclisation.
Reduction of the monocyanoethylation product of benzyl
cyanide by Vyshnegradskii's procedure gives a 59% yield
of 3-phenylpiperidine96. Products of the monocyano-
ethylation of nitrocyclohexane223 and of the biscyanoethyla-
tion of benzyl cyanide 224>225 have also been cyclised.
Terent'ev and Gurvich226"229 showed that homologues of
piperidine are formed by the reduction of monocyano-
ethylated ketones under the conditions of the Vyshnegradskii
reaction:

R'COC—CH2CH2CN -

R'

R"CHOHC-CH2CH2CH2NH» ~ H

I

Acetone, diisopropyl ketone, and isopropyl phenyl ketone
were used as starting materials. Appreciable quantities
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of the corresponding amino-alcohols could be isolated in
addition to the piperidine homologues. Reductive cyclisa-
tion of monocyanoethylated cylohexanone with metallic
sodium in butyl alcohol results in the formation of trans -
-decahydroquinoline. Ketonic cleavage of the cyanoethyla-
tion products of acetoacetic ester and its homologues followed
by cyclisation under the conditions of the Vyshnegradskii
reaction yielded the corresponding piperidines 23°.

Kost et al. 2 3 1 prepared a series of 2-oxopiperidines by
the reaction of monocyanoethylated ketones with formic
acid and sodium formate. Yur'ev et al.232 used the same
method to convert 2-(4'-cyano-2,2-dimethyl-l-oxobutyl)-
selenolej to 3,3-dimethyl-6-oxo-2-(selenol-2'-yl)piperi-
dine. The reduction of monocyanoethylated cyclohexanone
under these conditions gives irans-octahydro-2-oxoquino-
line in 72% yield231.

Catalytic hydrogenation of succinonitrile (the product
resulting from the cyanoethylation of hydrocyanic acid)
produces pyrrolidine233'234. 2-Oxopyrrolidine also has
been obtained from this dinitrile235. Reductive cyclisation
of 2-ethoxycarbonyl-2-phenylglutaronitrile over palladised
charcoal (in absolute ethyl alcohol in the cold) yields
3 -ethoxycarbonyl-3 -phenylpiperidine 1 1 6>1 1 7.

Hydrogenation of the cyanoethylation product of phenyl-
malonic ester in acetic acid over platinum oxide gives a
70% yield of ethyl 2-oxo-3-phenylnipecotate236:

presence of nickel in an autoclave at 100° undergo cyclisa-
tion to form bicyclic compounds containing two nitrogen
heteroatoms and an angular methyl group, for example:

CH,

H 3 C- X / =O
H 3 C —

The products of the monocyanoethylation of 2,4-di-
methylcyclopentanone and 2,4-dimethylcyclopentanone are
cyclised in a similar manner. Under the same conditions
monocyanoethylated decahydro-1,2 -dimethy 1-4 -oxoquino-
line gives an 81% yield of a tricyclic compound containing
two nitrogen heteroatoms and a fused ring in the angular
position. The same workers report that reduction of the
biscyanoethylation product of 2,2-dimethyl-4-oxotetrahydro-
pyran gives a 66% yield of a bicyclic compound containing
a pyran and a piperidine ring fused together:

.CH2CHaCN
CH2CH2CHjNH,

ο | \

ν^π2ν-Γ

h
COOC2H6

C eH6C—CH2CH2CN

COOC2H6

C,H6

Ο

2-(2/-Cyanoethyl)-2-phenylcyclohexanone, on hydro-
genation in the presence of the same catalyst in absolute
ethyl alcohol, is converted into decahydro-10-phenyl-
quinoline115.

Hydrogenation of 4-ethoxycarbonyl-4-(pyrid-2'-yl)-
butyronitrile in acid medium in the presence of platinum
gives 1-ethoxycarbonylquinolizidine and 2-oxo-3-(piperid-
-2'-yl)piperidine237. 2-(Pyrid-2'-yl)propionitrile gives
a 43% yield of indolizidine under similar conditions.

Nickel is often used as a catalyst in reductive cycli-
sations. That of cyanoethylated nitro-compounds in the
presence of Raney nickel yields substituted pyrrolidines
and oxopyrrolidines 23B>239. The product obtained by the
monocyanoethylation of cyclopentanone gives a 76% yield
of 2,3-cyclopentanopiperidine240:

\

- C H 2 C H 2 C N

= O

\ /

Products of the monocyanoethylation of several sub-
stituted cyclopentanones undergo analogous ring forma-
tion2 4 1. Nazarov et al.242 showed that decahydroquinolines
are obtained by reduction in the presence of Raney nickel
of mono- and bis-cyanoethylated cyclohexanone. They
established that the products of the monocyanoethylation of
1,2,5-trimethyl-, 2,5-dimethyl-1-ethyl-, and 1,2,3,6-
-tetramethyl-4-oxopiperidines on hydrogenation in the

The octahydroquinoline system, with a fully reduced
piperidine ring, is obtained from the following cyanoketo-
-ester2 4 3:

C O O C U H ,

=o

C O O Q J H J

NCCHJCHJ—C—CH 2 CH 2 COOCH.

COCH3

The same system is formed by reducing the monocyano-
ethylation product of isophorone in the presence of nickel244.
This method has been used to obtain the corresponding
piperidines from products of the cyanoethylation of alde-
hydes245, ketones2 4 6 '2 4 8, derivatives of benzyl cyanide249,
malonic ester2 5 0, acetoacetic ester and its homo-
logues248»251"253, and also esters of other keto-acids248"251.
Products of the cyanoethylation of malonic ester2 5 4"2 5 6, its
acetamido237"259, dodecyl247, and phenoxy256 derivatives,
and also other cyanoethylated esters 2 6 0 have yielded the
corresponding 2-oxopiperidines.

The reductive cyclisation of C-cyanoethylated compounds
has also been carried out with iron in hydrochloric acid,
zinc dust in the presence of ammonium chloride 2 3 9 , and
lithium aluminium hydride261.

Shusherina et al. 2 6 2 have shown that cyclisation of the
monocyanoethylation products of ethyl methyl, butyl methyl,
isobutyl methyl, and methyl pentyl ketones under the in-
fluence of hydrogen chloride gives 25-60% yields of
5,6-dialkyl-3,4-dihydropyrid-2-ones:

R

CHjCOCH—CH2CH2CN •
R—it

t "Selenophen" in the original paper (Ed. of Translation).
Products of the biscyanoethylation of ethyl methyl ketone,

benzyl methyl ketone, and acetoacetic ester, as well as
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triscyanoethylated acetone, on being heated with 40-}
sulphuric acid form the corresponding octahydro-2,7-di-
oxoquinolines in yields of 42-68% 2 6 3:

CH3COCR

I
CH2CH2CN

system having the following structure2 7 9 has been synthe-
sised from 2-cyanoethyl-2-cyclohexenylcyclohexanone, the
corresponding amide being obtained as an intermediate
stage:

"jj /CHJCHJCONH,

σο -
Under the influence of bases 2-bromo-2-cyanoethylinda-

none gives a cyano-ketone having the following structure2 6 4:

The latter compound is also formed directly from acrylo-
nitrile and 2-bromoindanone.

Ziegler cyclisation of o-di(2-cyanoethyl)benzene yields
the bicyclic benzocycloheptane system. Whereas American
workers2 6 5 obtained the corresponding cyano-ketone by
this reaction, Chizhov266 was able to stop the process at
the stage of the formation of 6-cyano-7-iminobenzo-
cycloheptane.

The biscyanoethylation product of fluorene yielded
corresponding spirocompounds 2 6 7.

Cyclisation of the C-cyanoethylation products of mono-
hydric and polyhydric phenols leads to the formation of
dihydrocoumarin and its derivatives 1'3'84»114>119>120'268~272,
for example:

H 3 C—

V

— C H J C H J C N H3C—f

—OH I = 0

9-Cyanoethylfluoren-9-ol undergoes an analogous cyclisa-
tion2 7 3.

Hydrolysis of the monocyanoethylation product of benzyl
cyanide gives the corresponding acid, isolated as the
anhydride 2 7 4, while products of the biscyanoethylation of
the same nitrile225»274»275, and of cyanoacetic and malonic
acids2 7 6, yield the corresponding acid imides on acid
hydrolysis.

In some cases the cyclisation of C-cyanoethylated com-
pounds passes through an intermediate stage of hydrolysis.
Thus hydrolysis of the monocyanoethylation products of
diisopropyl ketone and isobutyrophenone to the amides by
Radzishevskii' s method followed by Hofmann rearrange -
ment leads to the formation of 4,4-dimethyl-5-isopropyl-2-
-pyrroline (yield 70%) and 4,4-dimethyl-5-phenyl-2-pyrro-
line (yield 58%)277:

CH 3

R C O C — C H J C H J C N

CH 3

CH 3

RCOC—CH2CH2CONHa

CH 3

CH 3

RCOC—CH,CH2NH,

CH,

CH 3

i
R-i

The corresponding amide could not be isolated in the case
of monocyanoethylated butyrophenone. Hydrolysis with
hydrogen peroxide gave an oil, which on vacuum distillation
was converted to an unsaturated lactam2 7 8. A cyclic

Hydrolysis of the mono- and bis-cyanoethylation pro-
ducts of some nitro-compounds with concentrated hydro-
chloric acid gives y-lactones280. Saturated δ-lactones can
be obtained from monocyanoethylated aldehydes by reaction
of the latter with organomagnesium compounds followed by
alkaline hydrolysis 2ffl >282.

A convenient method for the synthesis of unsaturated
δ-lactones is saponification of monocyanoethylated ketones
to δ-keto-acids with subsequent lactonisation of the
latter2 4 4»2 7 8 '2 8 3-2 9 8:

R' R'
| | - H . o R ' —

RCOCH—CHaCH2CN — R C O C H — C H J C H J C O O H >

CH,CHjCN —CH.CH2COOH

= O 00-
C,H6 C,H6

C H S C O C — C H J C H U C N - C H J C O C — C H 2 C H , C O O H

CjHi C 2 H 6

H6C,

H sc/I
HjC^O

The following have been used as the initial ketones:
acetone, ethyl methyl, methyl propyl, butyl methyl, methyl
pentyl, isopropyl methyl, and diisopropyl ketones, aceto-
phenone, cyclopentanone, cyclohexanone, a- and /3-tetra-
lones, indanone, methyl p -tolyl and benzyl methyl ketones,
propiophenone, isophorone, and other ketones. The yields
of δ-keto-acids are 75-100%. Lactonisation usually takes
place when the δ-keto-acids are heated with acetyl chloride
or acetic anhydride. The above method can be used for
the synthesis of steroids and allied substances295»296.

Other work has also been published on the cyclisation of
C-cyanoethylated compounds passing through an inter-
mediate hydrolysis stage 225»273'275»276»297-312.

In some cases cyclisation passes through an intermediate
esterification stage 222,2β7,299,3οο,3Μ,313-325 o t n e r c a s e s a r e

also known of the employment of C-cyanoethylated compounds
for the synthesis of cyclic systems 1,3,222,230,243,274.282,326-344

(e) As- andP-Cyanoethylated Compounds

Among products of the mono- and bis-cyanoethylation of
arsines, cyclic systems have been obtained containing an
arsenic atom in the ring3 4 5 '3 4 6, for example:

\=/'
-As(CH 2 CH t CN) 2 \ — / -

CN

— N H 2 ,

CH S O-I «—As (CH2CH2CN)j - CH,O-I U-As (CHjCH.COOH)

\/A\/ ·
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Several cyclic compounds have been synthesised from
biscyanoethylated phosphines345:

NH,

RP (CH,CH 2CN) 2 -

\p

R

p/

R

Other attempts to cyclise cyanoethylation products of
arsines192»347 and phosphines347 were unsuccessful.

- - - 0 O 0 - - -

Fresh work has been published very recently on the use
both of acrylonitrile itself and of cyanoethylated compounds
synthesised with its aid, to obtain simple and complex ring
systems3 4 8"3 6 9.

1. A.P.Terent'ev and A.N.Kost, Symposium, "Reaktsii i
Metody Issledovaniya Organichesklkh Soedinenii" (Reactions
of and Research Methods for Organic Compounds), Vol.2,
Goskhimizdat, Moscow—Leningrad, 1952, p.47.

2. H.Bruson, "Organic Reactions", Vol.V, New York, 1949,
p.79.

3. O.Bayer, Angew.Chem., 6JU 229 (1949).
4. P.F.Butskus, Uspekhi Khim., 30, 1352(1961) [Russ.Chem.

Rev., 583 (1961)].
5. A.P.Terent'ev, A.N.Kost, and S.M.Gurvich, Vestnik Mos-

kov.Gos.Univ., No.8, 79(1951).
6. A.A.Petrov and N.P.Sopov, Zhur.Obshch.Khim., Γ7, 2228

(1947).
7. German P. 857637 (1952) Chem.Abs., 47, 11239 (1953).
8. W.Wolfe, U.S.P. 2 217 635(1940); Chem.Abs., 35, 1069

(1941).
9. H.Bruson, J.Amer.Chem.Soc, 64, 2457(1942).

10. H.Pistor and H. Plieninger, Annalen, 562, 239 (1949).
11. J.Doucet and P.Rumpf, Bull.Soc.chim.France, 610(1954).
12. G.Janz and N.Duncan, Nature, ΓΉ, 933 (1953).
13. R.Frank, R.Emmick, and R.Johnson, J.Amer.Chem.Soc,

69, 2313 (1947).
14. I.I.Nazarov, A.I.Kuznetsova, and N.V.Kuznetsov, Zhur.

Obshch* Khim., 25, 88 (1955).
15. I.N.Nazarov, A.I.Kuznetsova, N.V.Kuznetsov, andYu.A.

Titov, Izv.Akad.NaukSSSR, Otd.Khim.Nauk, 663(1959).
16. A. A. Petrov and A. F.Sapozhnikova, Zhur.Obshch. Khim.,

18; 424 (1948).
17. A. A. Petrov and A. F.Sapozhnikova, Zhur.Obshch.Khim.,

18_, 640 (1948).
18. B. A.Arbuzov and E.G.Kataev, Zhur.Obshch.Khim., 20, 68

(1950).
19. G. P.Kugatova and V.V. Lutsenko, Dokl. Akad.Nauk SSSR,

134, 599 (1960).
20. J.Meek and J.Ragsdale, J. Amer.Chem.Soc, 70, 2502

(1948).
21. H.Holmes, K.Alcock, D.Demianiw, J.Robinson, C.Rooney,

and F.Sundberg, Canad.J.Res., 26B, 248(1948); Chem.
Abs., 42, 5436 (1948).

22. K. Alder and W.Vogt, Annalen, 564, 109(1949).
23. I.N.Nazarov, Yu. A.Titov, and A.I.Kuznetsova, Izv.Akad.

NaukSSSR, Otd.Khim.Nauk, 1412(1959).
24. B.A.Arbuzov and A.I.Konovalov, Izv.Akad.NaukSSSR, Otd.

Khim.Nauk, 2130(1959).

25. J.Wrobel, Roczniki Chem., 25, 255 (1951).
26. O.Achamtowicz and J.Wrobel, Roczniki Chem., 32, 499

(1958).
27. K.Alder, H.Krieger, and H.Veiss, Chem.Ber., 88, 144

(1955).
28. K.Alder, K.Heimbach, andR.Reubke, Chem.Ber., 91, 1516

(1958).
29. R.Doering, R.Miner, L.Rotman, and E.Becker, J.Org.

Chem., 23, 520 (1958).
30. E.Bergmann, H.Davies, andR.Pappo, J.Org.Chem., 17,

1331 (1952).
31. M.Gillois and P.Rumpf, Compt.rend., 243, 853 (1956).
32. T.Shono and R.Oda, J.Chem.Soc. Japan, Ind.Chem.Sect.,

58, 275 (1955); Chem.Zentr., 3861 (1960).
33. A.E.Kretov and A.E.Okhramovich, Zhur.Prikl.Khim., 33,

744 (1960).
34. B.A.Arbuzov andE.Kh.Ishakova, Uch.Zap.Kazan.Gos.Univ.,

Obshcheuniv.Sbornik, 116, No.5, 113 (1956).
35. J.Meek, B.Poon, and S.Cristol, J.Amer.Chem.Soc, 74,

761 (1952).
36. J.Meek, J.Dann, and B.Poon, J.Amer.Chem.Soc., 78, 5413

(1956).
37. J.Meek, D.Wilgus, and J.Dann, J.Amer.Chem.Soc, 82,

2566 (1960).
38. J.Meek and W.Trapp, J. Amer.Chem.Soc, 74, 2686(1952).
39. A. A.Petrov and A. V.Tumanova, Zhur.Obshch.Khim., 26,

2991 (1956).
40. A.A.Petrov and M.G.Vladimirova, Zhur.Obshch.Khim., 17,

1543 (1947).
41. M.Tanaka, J.Chem.Soc.Japan, Ind.Chem.Sect., 60, 1509

(1957); Chem.Abs., 53, 18925(1959).
42. L.Reich and E.Becker, J.Amer.Chem.Soc, 7^, 1834(1949).
43. J.Meek, B.Poon, R.Merrow, and S.Cristol, J.Amer.Chem.

Soc, 74, 2669 (1952).
44. J.Meek, T.Merrow, D.Ramey, and S.Cristol, J.Amer.

Chem. Soc, 73, 5563 (1951).
45. V. G. Kataev, Soobshch. Nauch. Trud. Chlenov Vses. Khim.

Obshch.im.Mendeleeva, No. 2, 49 (1955).
46. E.Bergmann, J.Appl.Chem., 3_, 145 (1953).
47. I.N.Nazarov and M.V.Mavrov, Zhur.Obshch.Khim., 28,

3061 (1958).
48. M.Fegley, N.Bortnick, and C.McKeever, J.Amer.Chem.

Soc, 79, 4736 (1957).
49. I.N.Nazarov and M.V.Mavrov, Dokl.Akad.Nauk SSSR, 120,

86 (1958).
50. I.N.Nazarov and M.V.Mavrov, Izv.Akad.NaukSSSR, Otd.

Khim.Nauk, 1068 (1959).
51. U.Steiner and H.Schinz, Helv.Chim.Acta, 34, 1176(1951).
52. I.N.Nazarov and M.V.Mavrov, Zhur.Obshch.Khim., 29,

1158 (1959).
53. I.N.Nazarov and M.V.Mavrov, Zhur.Obshch.Khim., 29,

1169 (1959).
54. B.A.Arbuzov and E.G.Kataev, Zhur.Obshch.Khim., 20,

931 (1950).
55. E.Prill, J.Amer.Chem.Soc, 69, 62 (1947).
56. K.Alder and R.ROhmann, Annalen, 566, 1(1950).
57. K.Alder, F.Chambers, and W.Trimborn, Annalen, 566, 27

(1950).
58. A.Miller and T.Bradley, U.S.P. 2 382 803 (1945); Chem.

Abs., 39, 4892 (1945).
59. A.R.Vil'chinskaya and B. A. Arbuzov, Zhur.Obshch.Khim.,

29, 2718 (1959).
60. M.Mousseron-Canet and M.Mousseron, Bull.Soc.chim.

France, 391 (1956).
61. B.A.Arbuzov and A.R.Vil'chinskaya, Zhur.Obshch.Khim.,

21, 1872 (1951).
62. B.A.Arbuzov and A.G.Khismatullina, Izv.Akad.Nauk SSSR,

Otd.Khim.Nauk, 2126 (1959).

290



Vol.31 No. 5 RUSSIAN CHEMICAL REVIEWS May 1962

63. H.A.Bruson and W.D.Niederhauser, U.S. P. 2440140 (1948);

Chem.Abs., 42, 6376 (1948).

64. H.Teeter, J.O'Donnell, W.Schneider, L.Gast, and M.Dan-

zig, J.Org.Chem., 22, 512 (1957).

65. E.E.Benson and T.L.Cairns, J.Amer.Chem.Soc, 72, 5355

(1950).

66. H.Hall, J.Org.Chem., 25, 42 (1960).

67. A.Etienne, A.Spire, and E. Toromanoff, Bull.Soc.chim.

France, 750 (1952).

68. E.Buchta, H.Vates, and H.Knopp, Chem.Ber., 9 ,̂ 228

(1958).

69. H.Cripps, J.Williams, and W.Sharkey, J.Amer.Chem.Soc,

81, 2723 (1959).

70. K.Bentley and J.Bali, J.Org.Chem., 23, 1720(1958).

71. M.Mousseron-Canet, M.Mousseron, andJ.Boch, Bull.Soc.

chim. France, 601 (1959).

72. J.Gillois-Doucet and P.Rumpf, Bull.Soc.chim. France, 1823

(1959).

73. T.Cairns, V.Engelhardt, H.Jackson, G.Kalb, andJ.Sauer,

J.Amer.Chem.Soc, 74, 5636 (1952).

74. H.Snyder and G. Poos, J.Amer.Chem.Soc, 72, 4104(1950).

75. R.Longley and W.Emerson, J.Amer.Chem.Soc, 72, 3079

(1950).

76. I.I.Grandberg and A.N.Kost, Zhur.Obshch.Khim., 29, 1099

(1959).

77. Yu.K.Yur'ev, N.S.Zefirov, and M.Kh.Minacheva, Zhur.

Obshch.Khim., 30, 3214 (1960).

78. W.Kern and H.Fernow, J.prakt.Chem., [2], 160, 281(1941).

79. J.Lynn, J.Org.Chem., 24_, 711 (1959).

80. A.Meyers, J.Org.Chem., 25, 145 (1960).

81. A.Meyers and J.Ritter, J.Org.Chem., 23, 1918 (1958).

82. A.Mayers, J.Org.Chem., 24, 1233 (1959).

83. A.Mayers, J.Org.Chem., 25, 1147(1960).

84. C.Koelsch and H.Hood, J.Org.Chem., 20, 1282(1955).

85. M.Gradsten and M.Pollock, J.Amer.Chem.Soc, 70, 3079

(1948).

86. R.Wegler and A.Ballauf, Chem.Ber., 81, 527 (1948).

87. T.Gresham and T.Steadman, J.Amer.Chem.Soc, Ή .̂ 1872

(1949).

88. G. Duff in and J.Kendall, J.Chem.Soc, 408(1954).

89. K.Auwers and O.Ungemach, Ber., 66, 1198(1933).

90. S.M.Gurvich and A.P.Terent'ev, Zhur.Obshch.Khim.,

Sbornik 1, 409 (1953).

91. L.Horner and E.Lingnau, Annalen, 573, 30(1951).

92. L.Horner and E.Lingnau, Annalen, 591, 21 (1955).

93. J.Novak, J.Ratusky, V.Sneberk, and F.Sorm, Coll.Czech.

Chem.Comm., 22, 1836 (1957).

94. S.Pietra, Bull, scient. Facchim.industr.Bologna, 11, 78

(1953); Ref. Zhur.Khim., 55061(1955).

95. A. P. Terent'ev and A. N. Kost, Soobshch. Nauch. Trud.

Chlenov Vses.Khim.Obshch.im.Mendeleeva, No.4, 1 (1950).

96. A.N.Kost and A.P.Terent'ev, Zhur.Obshch.Khim., 22, 655

(1952).

97. G.D'Alcontres and P.Grunanger, Gazzetta, 80, 741 (1950);

Chem.Abs., 46, 971 (1952).

98. R.Angier and W.Curran, J.Amer.Chem.Soc, 81_, 5650

(1959).

99. E.E.Mikhlina, V.Ya. Vorob'eva, and M. V.Rubtsov, Zhur.

Obshch.Khim., 30, 1885 (1960).

100. N. A. Preobrazhenskii, K.M.Malkov, M.E.Maurit, M.A.

Vorob'ev, and A.S.Vlasov, Zhur.Obshch.Khim., 27, 3162

(1957).

101. L.Knox,'U.S.P. 2 506458((1950); Chem.Abs., 45, 671

(1951).

102. D.Coffman. P.Barrick. R.Cramer, andM.Raasch, J.Amer.

Chem.Soc, 71, 490 (1949).

103. A.Barney and T.Cairns. J.Amer.Chem.Soc, 72, 3193

(1950).

104. D.Baer, J.Org.Chem., 23, 1560(1958).

105. W.Knoth and D.Coffman, J.Amer.Chem.Soc, 82, 3873

(1960).

106. H.Cripps, J.Williams, and W.Sharkey, J.Amer.Chem.Soc,

80, 751 (1958).

107. H.Cripps, U.S.P. 2 914 541(1959); Chem.Abs., 54, 7588

(1960).

108. B.P. 812901(1959); Chem.Abs., 54, 7669(1960).

109. B.P. 805 664 (1958); Chem.Abs., 53, 10 075 (1959).

110. J.Jansen, U.S.P. 2568 633(1951); Chem.Abs., 46, 3574

(1952).

111. H.Wolz, German P. 741156(1943); Chem.Abs., 40, 1173

(1946).

112. V.Boekelheide and J.Godfrey, J.Amer.Chem.Soc, 75,3679

(1953).

113. J.Lynn, J.Org.Chem., 24, 711(1959).

114. W.Langley and R.Adams, J.Amer.Chem.Soc, 44, 2320

(1922).

115. V.Boekelheide, J.Amer.Chem.Soc, 69, 790(1947).

116. F.Bergel, A.Morrison, and H.Rinderknecht, U.S.P.

2446 804 (1948); Chem.Abs., 43, 695 (1949).

117. F.Bergel A.Morrison, and H.Rinderknecht, B.P. 564 741

(1944); Chem.Abs., 40, 4085 (1946).

118. A.N.Kost and V.V.Ershov, Zhur.Obshch.Khim., 26, 3132

(1956).

119. A.N.Kost, B.M.Sheiman, and A. P. Terent'ev, Zhur.Obshch.

Khim., 29, 2310 (1959).

120. Β. Μ. Sheiman and A. Ν. Kost, Vestnik Moskov. Gos. Univ.,

Ser.Khim., No.5, 65 (1960).

121. V.F.Vasil'eva, V.G.Yashunskii, and M.N.Shchukina, Zhur.

Obshch.Khim., 30, 698 (1960).

122. E.Coyner and W.Hillman, J.Amer.Chem.Soc, 71, 324

(1949).

123. W.Reppe, Annalen, 596_, 210 (1955).

124. L.McKinney, E.Uning, E.Setzkorn, and J.Cowan, J.Amer.

Chem.Soc, 72, 2599 (1950).

125. L.McKinney, E.Uhing, and J.Cowan, U.S.P. 2517585

(1950); Chem.Abs., 45, 665 (1951).

126. German P. 850 747(1951); Chem.Abs., 52, 10157(1958).

127. A.N.Grinev, N.E.Rodzevich, and A. P. Terent'ev, Zhur.

Obshch.Khim., 27, 1690 (1957).

128. W.Hahn, Roczniki Chem., 34, 331(1960).

129. A.N.Kost, S.I.Suminov, and V. V. Ershov, Zhur.Obshch.

Khim., 30, 498 (1960).

130. A.N.Kost, V.V.Ershov, and S.I.Suminov, Zhur.Obshch.

Khim., 27, 2514 (1957).

131. A.N.Kost, S.I.Suminov, R.S.Sagitullin, and V.V.Ershov,

Zhur.Obshch.Khim., 30, 2286 (1960).

132. German P. 843449, 850 033(1952); Chem.Abs., 47, 4092

(1953).

133. U.S.P. 2 634 262 (1952); Chem.Abs., 47, 9023 (1953).

134. P.F.Butskus, Izv.Vys.Ucheb. Zaved., Khim.i Khim. Tekh-

nol., 3, 124 (1960).

135. P.F.Butskus, Zhur.Obshch.Khim., 30, 1814(1960).

136. H.Zaugg, M. Freifelder, H.Glenn, B.Horrom, G.Stone,

and M.Vernsten, J.Amer.Chem.Soc, 78, 2626(1956).

137. A.M.Efros, Zhur.Obshch.Khim., 30, 3565 (1960).

138. W.Johnson and W.DeAcetis, J.Amer.Chem.Soc, 75, 2766

(1953).

139. J.Braunholtz and F.Mann, J.Chem.Soc., 3046(1952).

140. J.Braunholtz and F.Mann, J.Chem.Soc, 1817(1953).

141. J.Braunholtz and F.Mann, J.Chem.Soc, 651(1954).

142. D.Renn and R.Herbst, J.Org.Chem., 24, 473 (1959).

143. A.McKay, G.Paris and G.Garmaise, J.Amer.Chem.Soc,

80, 6276 (1958).

144. S.Yoshida and Y.Okajima, Jap.P. 9327 (1955); Chem.Abs.,

ίΠ, 18 007 (1957).

145. S.Yoshida and Y.Okajima, J. Pharm.Soc Japan, 73, 171

291



Vol.31 No. 5 RUSSIAN CHEMICAL REVIEWS May 1962

, 77, 3844 (1955).
2 907 784 (1959); Chem.

(1953); Ref.Zhur.Khim., 32403(1954).
146. P.Kurtz, H.Gold, and H.Disselnko'tter, Annalen, 624, 1

(1959).
147. A. F. Bekhli, Doctoral Thesis (D. Sc. Equivalent), Moscow,

1959.
148. J.Lynn, J.Amer.Chem.Soc, 78, 5829(1956).
149. S.Chodroff, R.Kapp, and C.Beckmann, J.Amer.Chem.Soc,

69, 256 (1947).
150. F.DiCarlo and H.Lindwall, J.Amer.Chem.Soc, 67, 199

(1945).
151. G.Walker, J.Amer.Chem.Soc.
152. V.Jex and J.McMahon, U.S.P.

Abs., 54, 4388 (1960).
153. V.Jex and J.McMahon, U.S.P. 2 911426(1959); Chem.

Abs., 54, 4389 (1960).
154. C.Allen and J. Van Allan, J.Org.Chem., 14, 754.(1949).
155. M.Beets and W.Meerburg, Rec.Trav.chim., 72, 411(1953).
156. V.M.Tursin, L.G.Chebotareva, and N.D.Kolotilova, Trudy

Vses.Nauch.-Issled.Vitamin.Inst., 6, 17(1959).
157. I.A.Rubtsov, M. V.Balyakina, E.S.Zhdanovich, and N.A.

Preobrazhenskii, Trudy Vses. Nauch. -Issled. Vitamin. Inst.,
4 (1953).

158. I.M.Lisnyanskii and E.S.Zhdanovich, Trudy Vses.Nauch.-
-Issled.Vitamin.Inst., 6, 20 (1959).

159. G.Foder, A.Gerech, I.Kishsh, Ya.Kollonich, Ya.Vein,
andE.Kovach, Zhur.Obshch.Khim., 21, 1897(1951).

160. V.G.Chelintsev and Z.V.Benevolenskaya, Zhur.Obshch.
Khim., 14, 1142 (1944).

161. S.Budesinsky, Chem.prumysl, 3_(28), 248 (1953).
162. A.Takamizawa, K.Ikawa, S.Hayashi, and M.Narisada,

Jap.P. 6459 (1958); Chem.Abs., 54_, 1570 (1960).
163. A.Takamizawa, J.Pharm.SocJapan, 74, 759(1954); Ref.

Zhur.Khim., 49 543 (1959).
164. A.Takamizawa, K.Ikawa, and K.Tori, J.Pharm.Soc.Japan,

78, 647(1958); Ref.Zhur.Khim., 49 547 (1959).
165. T.Kurihara, K.Suzuki, andM.Okita, Tohoku Yakka Daikagu

Kiyo, 5, 43 (1958); Chem.Abs., 53, 10176 (1959).
166. G.Bachman and H.Levine, J.Amer.Chem.Soc, 70, 599

(1948).
167. H.Taylor and M.Tomlinson, J.Chem.Soc, 2724(1950).
168. W.Reppe, "Acetylene Chemistry", New York, 1949.
169. S.Heininger, U.S.P. 2 792407(1957).
170. Chyan Wen-hwa and Chang Chi-chick, Acta pharm.sinica,

7, 189(1959); Ref.Zhur.Khim., 38702(1960).
171. E.Padfield and M.Homlinson, J.Chem.Soc, 2272(1950).
172. G.Bachman and H.Levine, J.Amer.Chem.Soc, 69, 2341

(1947).
173. P,Wiley, J.Amer.Chem.Soc, 73, 4205 (1951).
174. J.Loudon andR.Razdan, J.Chem.Soc, 4299(1954).
175. R.Gregory and M.Tomlison, J.Chem.Soc, 795 (1956).
176. B.A.Arbuzov and Z.G.Isaeva, Zhur.Obshch.Khim., 22,

1645 (1952).
177. G.Clemo and F.Walton, J.Chem.Soc, 723 (1928).
178. G.A.Shvekhgeimer, Izv.Akad.Nauk SSSR, Otd.Khim.Nauk,

1870(1960).
179. B.Baker, U.S.P. 2440 659(1958); Chem.Abs., 42, 6855

(1948).
180. J.Seyden-Penne, Ann.Chim.(France), 3_, 599(1958).
181. R.Delaby, R.Damiens, and R.Seyden-Penne, Compt.rend.,

242, 1482 (1956).
182. A.P.Terent'ev, A.N.Kost, and K.I.Chursina, Zhur.Obshch.

Khim., 21, 268 (1951).
183. I.N.Nazarov and G.A.Shvekhgeimer, Zhur.Obshch.Khim.,

24, 163 (1954).
184. A. P. Terent'ev and Ε. A. Terent'eva, Zhur. Obshch. Khim.,

12, 415 (1942).
185. G.Bachman and R.Barker, J. Amer.Chem.Soc, 69, 1535

(1947).

186. A.Cook and K.Reed, J.Chem.Soc, 399 (1945).
187. V.Cocker, B.Cross, and J.McCormick, J.Chem.Soc, 1182

(1952).
188. A.N.Kost, Yu.V.Konnova, V.V.Ershov, and E.G.Rukhadze,

Zhur.Obshch.Khim., 29, 498 (1959).
189. P.Schmidt and J.Druey, Helv.Chim.Acta, 41, 306(1958).
190. R.Mersch and D.Delfs, German P. 971495 (1959).
191. J.Allison, J.Braunholtz, and F.Mann, J.Chem.Soc, 403

(1954).
192. R.Cookson and F.Mann, J.Chem.Soc, 67(1949).
193. F.Mann and B.Smith, J.Chem.Soc, 1898(1951).
194. P.Ittyerah and F.Mann, J.Chem.Soc, 467(1958).
195. C.Almond and F.Mann, J.Chem.Soc, 1906(1951).
196. H.Rapoport and J.Tretter, J.Org.Chem., 23, 248 (1958).
197. B.Astill and V.Boekelheide, J.Org.Chem., 23, 316(1958).
198. G.Clemo and G.Ramage, J.Chem.Soc, 49 (1931).
199. French P. 806 715 (1936); Chem.Zentr., 1, 3229(1937).
200. P.Smith and T.Yu, J.Amer.Chem.Soc, 74, 1096(1952).
201. R.S.Baltrushis, Candidate's Thesis (Ph.D.Equivalent),

Vilna, 1954.
202. A.Purenas and R.Baltrushis, Trudy Kaunas. Politekh.Inst.,

3_, 17 (1955).
203. A.F.Bekhli, Dokl. Akad.Nauk SSSR, 101., 679(1955).
204. P.Muller, N.Buu-Hoi, and R.Rips, J.Org.Chem., 24,

1699 (1959).
205. N.Smith, J.Org.Chem., 15, 1125 (1950).
206. G.Sunagawa and T.Ichii, J.Pharm.Soc.Japan, 79, 1401

(1959); Chem.Abs., 54, 6728 (1960).
207. P.Craig and J.Lafferty, U.S.P. 2 912271(1959); Chem.

Abs., 54, 6764 (1960).
208. P.Muller, N.Buu-Hoi, and R.Rips, J.Org.Chem., 24, 37

(1959).
209. G.Proctor and R.Thomson, J.Chem.Soc, 2312(1957).
210. A.Surrey, J.Amer.Chem.Soc, 71, 3354 (1949).
211. Τ. Ishiguro and Μ. Matsumura, J. Pharm. Soc. Japan, 79,

302(1959); Ref.Zhur.Khim., 69578(1960).
212. E.Godefroi and E.Wittle, J.Org.Chem., 21, 1163 (1956).
213. A.F.Bekhli, Zhur.Obshch.Khim., Sbornik Π, 1087(1953).
214. R.Martin, J.Pecher, J.Peeters, and V.vanMalder, Bull.

Soc.chim.beiges, 67, 256 (1958).
215. K.Fujii, J.Pharm.Soc.Japan, 77, 1065(1957); Chem.Abs.,

52, 5417 (1958).
216. L.Luskin, P.deBenneville, and S.Melamed.J.Org.Chem.,

23, 1032 (1958).
217. J.Corse, J.Bryant, andH.Shonle, J.Amer.Chem.Soc, 68,

1905 (1946).
218. J.Corse, J.Bryant, andH.Shonle, J.Amer.Chem.Soc, 68,

1911 (1946).
219. H.Suda andR.Oda, J.Chem.Soc.Japan, Ind.Chem.Sect., 58_,

608 (1955); Chem.Abs., 50, 11353 (1956).
220. R.Lukes and K.Blaha, Coll.Czech.Chem.Comm., 22, 626

(1957),
221. T.Yamazaki, J.Pharm.Soc Japan, 79, 1014 (1959); Ref.

Zhur.Khim., 92 372(1960).
222. A.P.Terent'ev and S.M.Gurvich, Uspekhi Khim., 22, 649

(1953).
223. A.N.Kost, A.V.Kamernitskli, and S.M.Gurvich, Vestnik

Moskov.Gos.Univ., No.9, 115(1954).
224. G.Badger, J.Cook, and T.Walker, J.Chem.Soc, 1141

(1949).
225. C.Koelsch, J.Org.Chem., 25, 164(1960).
226. A.P.Terent'ev and S.M.Gurvich, Vestnik Moskov.Gos.

Univ., No.5, 47 (1950).
227. A.P.Terent'ev and S.M.Gurvich, Zhur.Obshch.Khim., 21,

1632 (1951).
228. A.P.Terent'ev and S.M.Gurvich, Zhur.Obshch.Khim.,

Sbornik I, 404 (1953).
229. S.M.Gurvich, Candidate's Thesis (Ph.D.Equivalent),

292



Vol.31 No. 5 RUSSIAN CHEMICAL REVIEWS May 1962

Moscow State University, 1952. 274.

230. Yu Tung-Yin, Tswei Hui-Chin, and Huang Min-Yuh, Acta 275.

Chim.Sinica, 25, 146(1959); Ref. Zhur.Khim., 42 736 276.

(1960).

231. A.N.Kost, T.A.Shchegoleva, and L.G.Yudin, Zhur.Obshch. 277.

Khim., 25, 2464 (1955).

232. Yu.K.Yur'ev, N.K.Sadovaya, and V. V. Titov, Zhur.Obshch. 278.

Khim., 28, 3036 (1958).

233. L.Kh.Freidlin and T.A.Sladkova, Izv.Akad.Nauk SSSR, 279.

Otd.Khim.Nauk, 1859 (1959).

234. H.Schultz, J.Amer.Chem.Soc, TO, 2666 (1948). 280.

235. C.Berther, Chem.Ber., 92, 2616 (1959). 281.

236. R.Hill, C.Glassick, and L.Fliedner, J.Amer.Chem.Soc,

81_, 737 (1959). 282.

237. V.Boekelheide, W. Linn, P.O.Grady, and M. Lamborg, J .

Amer.Chem.Soc, 75, 3243 (1953). 283.

238. R.Elderfield and H.Hageman, J.Org.Chem., 14, 605(1949).

239. G.Buckley and T.Elliot, J.Chem.Soc, 1508 (1947). 284.

240. H.LochteandA.Pittman, J.Amer.Chem.Soc, 82!, 469(1960).

241. H.LochteandA.Pittman, J.Org.Chem., 25, 1462(1960). 285.

242. I.N.Nazarov, G.A.Shvekhgeimer, and V.A.Rudenko, Zhur.

Obshch.Khim., 24, 319 (1954). 286.

243. N.Albertson, J.Amer.Chem.Soc, 74_, 249(1952).

244. J.Lynn, J.Org.Chem., 25, 846(1960). 287.

245. R.Schreyer, J. Amer.Chem.Soc, 74, 3194(1952).

246. R.Bowman and W.Fordham, J.Chem.Soc, 2753 (1951). 288.

247. D.Ames and R.Bowman, J.Chem.Soc, 1057(1952).

248. N.Albertson, J.Amer.Chem.Soc, 72, 2594 (1950). 289.

249. N.Sugimoto and H.Kugita, Jap.P. 3672 (1956); Ref.Zhur.

Khim., 23 534 (1960). 290.

250. R.Bowman and W.Fordham, J.Chem.Soc, 2753(1951).

[Error? See Ref.246 (Ed. of Translation)]. 291.

251. H.Henekca, Chem.Ber., 82, 104(1949).

252. N.Albertson, J.Amer.Chem.Soc, 74, 3816 (1952). 292.

253. N.Albertson, U.S.P. 2 585 210 (1952); Chem.Abs., 46,

9617(1952). 293.

254. C.Koelsch, J.Amer.Chem.Soc, 65, 2458 (1943).

255. N.Albertson and J.Fillman, J.Amer.Chem.Soc, 71, 2818 294.

(1949).

256. B.Baker, R.Schaub, F.McEvoy, and J.Williams, J.Org. 295.

Chem., 17, 132 (1952).

257. N.Albertson and S.Archef, J.Amer.Chem.Soc, 67̂ , 2043(1945). 296.

258. N.Albertson, U.S.P. 2496 326(1950); Chem.Abs., 44,

5398 (1950). 297.

259. O.Kovacs and I. Vincze, Acta Univ.Szegediensis, Acta

Phys.et Chem., 3_, 122(1957); Chem.Abs., 53_, 4152(1959). 298.

260. L.Walter and R.Barry, U.S.P. 2 524 643 (1950); Chem.

Abs., 45, 7154 (1951). 299.

261. V.C.Barry, J.G.Belton, R.M.Kelly, andD.Twomey,

Nature, 166_, 303 (1950). 300.

262. N.P.Shusherina, A.V.Golovin, and R.Ya. Levina, Zhur.

Obshch.Khim., 30, 1762 (1960). 301.

263. C.Koelsch and H.Walker, J.Amer.Chem.Soc, 72, 346 302.

(1950).

264. H. House, V. Paragamian, R.Ro, andD.Wluka, J.Amer. 303.

Chem.Soc, 82, 1452 (1960).

265. Ch.Muth, D.Steiniger, and Z.Papanastassiou, J.Amer. 304.

Chem.Soc, 77, 1006 (1955).

266. A.K.Chizhov, Zhur.Prikl.Khim., 33, 988(1960). 305.

267. D.Stauffer and O.Fancher, J.Org.Chem., 25, 935(1960).

268. E.Chapman and F.Steuhan, J.Chem.Soc, 81, 2228(1959). 306.

269. G.Schmir, L.Cohen, and B.Witkop, J.Amer.Chem.Soc., 307.

81, 2228 (1959).

270. A.Hardman, J.Amer.Chem.Soc, 70, 2119(1948). 308.

271. H.Johnston and F.Gross, J.Org.Chem., 22, 1264(1957). 309.

272. W.Elstow and B.Platt, Chem.and Ind., 449 (1952). 310.

273. D.Anderson, N.Campbell, J.Craig, and D.Crombie, J. 311.

Chem.Soc, 781 (1960). 312.

A.Campbell, J.Chem.Soc, 1377(1954).

J.Blair and D.Hey, J.Chem.Soc, 2921(1957).

R.Mariella, R.Clutter, andH.Ebner, J.Org.Chem., 20,

1702 (1955).

A.P.Terent'ev, A.N.Kost, and A.M.Berlin, Zhur.Obshch.

Khim., 25, 1613 (1955).

A. Ν. Kost and A. Ρ. Terent'ev, Zhur. Obshch. Khim., 26,

1992(1956).

H.Bruson and T.Riener, J.Amer.Chem.Soc, 70, 214

(1948).

J.Westfahl, J.Amer.Chem.Soc, 80, 3428 (1958).

J.Cason, K.Kraus, and W.MacLeod, J.Org.Chem., 24,

392 (1959).

N.Rabjohn, M.Latina, and L.Phillips, J.Org.Chem., 21,

285 (1956).

R.Ya.Levina, N.P.Shusherina, and T.N.Kaminskaya,

Dokl.Akad.Nauk SSSR, 86, 79 (1952).

R.Ya.Levina, N.P.Shusherina, and M.Yu.Lur'e, Zhur.

Obshch.Khim., 24, 1439 (1954).

N.P.Shusherina, R.Ya.Levina, M.Yu.Lur'e, and V.I.

Zdanovich, Vestnik Moskov.Gos.Univ., No.10, 123(1955).

R.Ya.Levina, N.P.Shusherina, M.Yu.Lur'e, and N.D.

Orlova, Dokl.Akad.Nauk SSSR, 106, 279 (1956).

N.P.Shusherina, R.Ya.Levina, and M.Yu.Lur'e, Zhur.

Obshch.Khim., 26, 750 (1956).

N.P.Shusherina, R.Ya.Levina, and V.I. Zdanovich, Zhur.

Obshch.Khim., 26, 2847 (1956).

N.P.Shusherina, R.Ya.Levina, and Z.S.Sidenko, Zhur.

Obshch.Khim., 29, 398 (1959).

M.Yu.Lur'e, I.S.Trubnikov, N.P.Shusherina, and R.Ya.

Levina, Zhur.Obshch.Khim., 28, 1351 (1958).

N. P.Shusherina, I.S. Trubnikov, and R. Ya. Levina, Zhur.

Obshch.Khim., 29, 1062 (1959).

N.P.Shusherina, R.Ya.Levina, and M.Yu.Lur'e, Vestnik

Moskov.Gos.Univ., No.6, 173 (1957).

A.P.Terent'ev, A.N.Kost, Yu.V.Saltykova, and V.V.

Ershov, Zhur.Obshch. Khim., 26, 2925 (1956).

A.Campbell, C.Carter, and S.Slater, J.Chem.Soc,

1741 (1948).

R.Woodward, F.Sondheimer, D.Taub, K.Heusler, and

W.McLamore, J.Amer.Chem.Soc, 74, 4223 (1952).

P.Wieland, H.Ueberwasser, G.Anner, and K.Miescher,

Helv.Chim.Acta, 36, 1231 (1953).

E.Horning and R.Schock, J.Amer.Chem.Soc, 70, 2945

(1948).

E.Horning and R.Schock, J.Amer.Chem.Soc, 70, 2941

(1948).

W.Bachmann and E.Fornefeld, J.Amer.Chem.Soc, 73, 51

(1951).

R.Clarke, W.Hunter, and S.Marsala, J.Amer.Chem.Soc,

81, 5710 (1959).

R.Frank and R.Pierle, J.Amer.Chem.Soc, 73, 724(1951).

E.Horning and M.Rutenberg, J.Amer.Chem.Soc, 72,

3534 (1950).

M.Kloetzel and M.Mertel, J.Amer.Chem.Soc, 72, 4786

(1950).

W.Bachmann and G.Johnson, J.Amer.Chem.Soc, 71,

3463 (1949).

M.Newman, H.Anderson, and K. Takemura, J.Amer.Chem.

Soc, 75, 347 (1953).

D.Hey and K.Nagdy, J.Chem.Soc, 1894 (1953).

E. Horning and A. Finelly, J.Amer.Chem.Soc, 71_, 3204

(1949).

J.Cason, J.Org.Chem., 13, 227(1948).

N.Campbell and A. Fuirfull, J.Chem.Soc, 1239(1949).

A.Campbell and S.Tucker, J.Chem.Soc, 2623 (1949).

C.Blood and R.Linstead, J.Chem.Soc, 2255(1952).

D.Hey and K.Nagdy, J.Chem.Soc, 1204 (1954).

293



Vol.31 No. 5 RUSSIAN CHEMICAL REVIEWS May 1962

313. S.Mukharji, R.Sharcna, and O.Vig, J.Chem.Soc, 4770
(1958).

314. R.Koehler, L.Goodman, J.DeGraw, and B.Baker, J.Amer.
Chem.Soc, 80_, 5779 (1958).

315. King Sheng and Chi-Yi Hsing, Acta Sci.Sinica, 5_, 455
(1956); Chem.Zentr., 9879(1959).

316. P.McCloskey, J.Chem.Soc., 4732 (1958).
317. D.Banerjee and P.Shafer, J.Amer.Chem.Soc., 72, 1931

(1950).
318. E.Horning, M.Horning, M.Fish, and M.Rutenberg, J.

Amer.Chem.Soc, 74, 773 (1952).
319. E.Bergmann and J.Szmuszkovicz, J.Amer.Chem.Soc., 75_,

3226 (1953).
320. R.Burnell and W.Taylor, J.Chem.Soc, 3486(1954).
321. P.Talukdar and P.Bagchi, Sci.and Culture, 18_, 503 (1953).
322. P.Taludkar and P.Bagchi, J.Org.Chem., 20_, 21(1955).
323. P.Talukdar and P.Bagchi, J.Org.Chem., 20_, 25 (1955).
324. W.Wildmann, J.Amer.Chem.Soc, 80, 2567(1958).
325. M.Rubin and H.Wishinsky, J.Amer.Chem.Soc, 68_, 828

(1946).
326. R.Meltzer, A.Lewis, J.Volpe, and D.Lustgarten, J.Org.

Chem., 25, 712 (1960).
327. W.Hahn, Roczniki Chem., 33_, 1501(1959).
328. A.Campbell and I.Stevens, J.Chem.Soc, 959(1956).
329. H.Irie, Y.Tsuda, and S.Uyeo, J.Chem.Soc., 1446(1959).
330. U.Schmidt, Chem.Ber., 92_, 1171 (1959).
331. R.Frank and J.McPherson, J.Amer.Chem.Soc, 71, 1387

(1949).
332. H.Zahn and P.Schafer, Chem.Ber., 92, 736(1959).
333. S.Sugasawa and S.Ushioda, Tetrahedron, 5_, 48(1959).
334. L.Cohen and B.Witkop, J.Amer.Chem.Soc., 77, 6595

(1955).
335. E.Bergmann and R.Corett, J.Org.Chem., 23, 1507(1958).
336. F.Mann and A.Tetlow, J.Chem.Soc, 3352 (1957).
337. H.Bruson and T.Reiner, J.Amer.Chem.Soc, 66, 56

(1944).
338. J.Clements and L.Rice, J.Org.Chem., 24, 1958 (1959).
339. E.Bergmann and R.Corett, J.Org.Chem., 21, 107(1956).
340. N.Sugimoto and S.Ohshiro, Tetrahedron, 8, 296(1960).
341. J.Nemec, U.S.P. 2 839 538(1958); Chem.Zentr., 9400

(1959).
342. T.Kametani, W.Taub, and D.Ginsburg, Bull.Chem.Soc

Japan, 31, 857(1958); Ref.Zhur.Khim., 78 614(1959).
343. A.P.Terent'ev and A.N.Kost, Vestnik Moskov.Gos.Univ.,

No.12, 71 (1950).
344. E.VanTamelen, T.Spencer, D.Allen, and R.Orvis, J.

Amer.Chem.Soc, 81, 6341 (1959).
345. R.Welcher, G.Johnson, and V.Wystrach, J.Amer.Chem.

Soc, 82_, 4438 (1960).
346. F.Mann and A.Wilkinson, J.Chem.Soc, 3336 (1957).
347. F.Mann and I.Millar, J.Chem.Soc, 4453(1952).
348. F.Poppelsdorf andR.Myerly, J.Org.Chem., 26, 131

(1961).
349. H.Beyer and K.Leverenz, Chem.Ber., 94_, 407 (1961).
350. P.Scheiner and W.Vaughan, J.Org.Chem., 26_, 1923 (1961).
351. T.Kasturi, Indian Inst.Sci., Golden Jubilee Research Vol.,

40_(1961); Chem.Abs., 55, 23 371(1961).
352. J.Cavalla, J.Davoll, M.Dean, C.Franklin, D.Temple,

J. Wax, and C. Winder, J. Medicin Pharmaceut. Chem., 4,
1 (1961); Chem.Abs., 55_, 23 488 (1961).

353. R.Angier and W.Curran, J.Org.Chem., 26, 1891(1961).
354. S.Takagi and S.Uyeo, J.Chem.Soc, 4350 (1961).
355. C.Grob and O.Weissbach, Helv.Chim.Acta, 44, 1736(1961).
356. G.Casini, S.Gulinelli, and M.Tontodonati, Ann.Chim.

(France), 50, 1207(1960).
357. M.Ishidate, Y.Sakurai, andl.Aiko, Chem. Pharm.Bull.

(Tokyo), 8_, 732(1960); Chem.Abs., 55, 18 574(1961).
358. J.Lynn, J.Org.Chem., 26_, 2119 (1961).

359. F.Bruderlein, H.Bruderlein, H.Favre, R.Lapierre, and
Y.Lefebvre, Canad.J.Chem., 38, 2085(1960).

360. H.Stetter, I.Krilger-Hansen, and M.Rizk, Chem.Ber., 94,
2702 (1961).

361. R.Adams, S.Miyano, andM.Nair, J.Amer.Chem.Soc, 83,
3323 (1961).

362. S.Baldwin, J.Org.Chem., 26_, 3280 (1961).
363. J.Cavella and J.Davoll, B.P. 862513 (1961); Chem.Abs.,

55, 19 950 (1961).
364. K.Sennewald, A.Gotz, and G.Kallrath, German P. 1081008

(1961); Chem.Abs., 55_, 13 338(1961).
365. K.Sennewald, A.Gotz, and G.Kallrath, German P. 1089 754

(1960); Chem.Abs., 55, 17536 (1961).
366. H.Cripps, U.S.P. 2 914 541 (1959).
367. V.F.Vasil'eva, V.G.Yashunskii, and M.N.Shchukina, Zhur.

Obshch.Khim., 31, 1501(1961).
368. V.I.Gunar and S.I.Zav'yalov, Dokl.Akad.Nauk SSSR, 139,

367 (1961).
369. N.P.Shusherina, R.Ya. Levina, and Huan Hua-min, Zhur.

Obshch.Khim., 31̂ , 3477(1961).

Kapsukas Vilna State University

MICROBIOLOGICAL REACTIONS OF
STEROIDS

L. M. K o g a n

CONTENTS

I. Introduction

II. Various types of microbiological steroid reactions

1. Introduction of a hydroxyl group

2. Formation and opening of an epoxide ring

3. Introduction of an oxo-group

4. Oxidation of a hydroxyl group

5. Dehydrogenation of the steroid skeleton

6. Reduction

7. Hydrolysis

8. Cleavage of carbon-carbon bonds

III. Some aspects of the mechanisms involved in micro
biological reactions of steroids

IV. Application of microbiological reactions

I. INTRODUCTION
Hardly anyone has to be convinced nowadays of the im-

portance of microorganisms for the development and sus-
tenance of life on earth. Nor do chemists have to be told
of the significance of microbiological processes inpresent-
-day industry. The mere mention of antibiotics is sufficient.
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