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2-Oxazolidinones
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The synthesis and properties of 2-oxazolidinones and polymers containing 2-oxazolidinone rings are examined. Attention is
concentrated on studies devoted to reactions in which the initial monomers are readily available substances produced on a large
scale-epoxides and isocyanates. The mechanisms of the formation reactions of oxazolidinones, the catalytic systems employed,
and the possible side processes are discussed. The properties and applications of polymers with 2-oxazolidinone rings in the

chain are described.
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1. INTRODUCTION

2-Oxazolidinones occupy a special place among heterocyclic
compounds in modern organic chemistry. They are widely
used in medicine as drugs and pharmaceutical preparations,
as intermediates in the paint and varnish industry, as lubri-
cants, and in many other branches of the national economy.
In recent years there has been a considerable development of
the synthesis of polymers containing 2-oxazolidinone rings,
which are used to prepare adhesives, foams, coatings, fibres,
and electrically insulating and other materials, which as a
rule have effective physicomechanical properties and high
thermal stability and heat resistance.

Numerous methods of synthesis of 2-oxazolidinones have
been described in the literature. The most promising method,
which is of industrial importance, involves the reaction of
epoxides with isocyanates’. Numerous studies devoted to
this reaction and its employment for the synthesis of a large
number of polyoxazolidinones with a wide variety of struc-
tures have been published.

There are virtually no Russian and foreign reviews dealing
with the present state of the chemistry of 2-oxazolidinones.
The present review deals with the available data on the meth-
ods of synthesis of 2-oxazolidinones, attention being concen-
trated on studies of the reactions of epoxides with isocya-
nates having different structures; the physical and chemical
properties of 2-oxazolidinones are discussed. A consider-
able proportion of the review is devoted to a detailed con-
sideration of the synthesis, reaction mechanisms, properties,
and applications of poly-2-oxazolidinones—one of the most
important fields of practical application of heterocyclic com-
pounds of this type.

11. THE SYNTHESIS OF 2-OXAZOLIDINONES

The numerous methods of synthesis of 2-oxazolidinones
known at the present time can be arranged systematically as
follows: (1) cyclisation of B-difunctional compounds in the
presence or absence of a cyclising agent; (2) reactions
involving the conversion of various (other than epoxides)
heterocyclic compounds into 2-oxazolidinones; (3) reactions
of epoxides with various compounds.

The reactions are examined below in the same sequence,
those of epoxides with isocyanates being dealt with in greater
detail, since they are the most promising from the standpoint
of practical application.

1. Cyclisation of B-Difunctional Compounds

The reactions involving the synthesis of 2-oxazolidinones
from B-difunctional compounds, described in the literature,
can be represented schematically in a general form as follows:
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where X, Y, X', and Y’ are functional groups, which are
listed in the Table. Hydrogen atoms and aromatic, aliphatic,
and alieyclic ligands can be used as substituents R, R?, R3,
R*, and R®; R! forms part of one of the functional groups
of the B-difunctional compound (I).

In order to carry out the ring closure reaction, the initial
g-difunctional compound (I) is treated with a cyclising agent
(1I) or (III), which interacts with one of the functional groups
of compound (I); this is followed by ring closure with par-
ticipation of the second functional group. Compound (I) can
be cyclised also without adding a cyclising agent, either ther-
mally or under the conditions of acid or base catalysis. The
Table presents different versions of the synthesis of 2-oxa-
zolidinones by this method.

The synthesis of 2-oxazolidinone derivatives by the cycli-
sation of B-hydroxyalkanesulphonic acids (I, X =OH, Y =
SO;H),"’ 1,2-dihalogeno-derivatives (I, X = Y = Hal),"*
g-aminochloroformates (I, X = OCOCl, Y = NH,),*? B-hy-
droxyalkylsemicarbazides [I, X = OH, Y = N(NH,)CONH,],*?
and nitrenes (I, X = OCOEI, Y = H) ** have also been men-
tioned in the literature.

2. Reactions Involving the Conversion of Various (Other
than Epoxides) Heterocyclic Compounds into 2-Oxazolidinones
(1v)

Methods of synthesis of 2-oxazolidinones from a series of
heterocyclic compounds (mainly three- and five-membered)
by their reaction with isocyanates, amines, substituted ureas,
carbon dioxide, and other compounds have been described in
the literature. In this section we shall consider these reac-
tions with the exception of the conversion of epoxide rings
into 2-oxazolidinones.
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The synthesis of 2-oxazolidinones (IV) from g-difunctional compounds (I) and cyclising agents (II)

b77

or (III).
X Y Cyclising agent X’ Y’ z l Cyclisation conditions Refs.
B-Halogenoamines
cl, Br, 1 NH, AgiCO, OAg OAg - - (2}
Cl, Br, I NH, NagCO3(NaHCO,) ONa ONa(OH) — NaOH {3}
p-Halogenoalcohols
OH Cl COCl; + RINH, —_ — —_ A, KOH 4]
OH Cl — — —_— — NagNCN—-1-CH,CqH,0Cl 5]
OH Cl (HaN).CO NH, NHy - — 6]
OH Cl NCO~ — — — — 6]
OH Br RINHCOOC,H, RINH OC,H; — bases 7]
OH Cl —_ — — — isocyanuric acid, NaOH, A 8]
B-Aminoalcohols
OH NH, NHR? COCly Cli Cl — - [9
OH NHR* (CaH;0),CO QC,Hs OC,Hs — bases 10
OH NHR? ethylene carbonate — — OCyH,0 — 11
OH NHR? CICOOC,H; Cl OC,H;5 —_ bases 12
OH NHR?! (H,N)sCO NHy NH, — — 13
OH NHR} RNCO — — NR — 14
OH NHR? CI,COOR CCl, OR — R=CH; C;H; 15
OH NHR? CiCO,CH;, Cl OCH, — CS, 16
OH NHR! CO, — — e} AP 17
—N N — =N =N
1 NN--C—-N¢ NN NN _ —
OH NHR /N % N\ ‘7/N P2 [18]
OH NHR* COSs —_ — S — 19
OH NHR* cO+S — — — — 20
OH NHR* — — — — CCl, 21
OH NHR? — — — - BrCN-+OH 22
OH NHR! CO +-Se — - - (CaHs)aN [23—25]
OH NHR? CH,COCH,COOC,H; CH,COCH; OC,Hs - bases {26}
1,2-Glywols
OH { OH (HaN),CO NH, ‘ NH, ! — l — ] 27}
OH Oti C,H; OCONH, OCaH; NH, bases (28]
Acetylene derivarives
OH =CH RINCO —_ - NRY CH,ONa [29]
OH =CH l COy+-R'NHg — — o - copper salts [30]
=CH HR? COq - (¢} - 131]
g-Hydroxyisocyanates
OH | NCO | — - | - | - | - | 13, 32, 33)
Urethanes
Cl. Br, 1, NH, NRICOOR - — 1 - — l Aor OH [34]
oH " | NHCOOR | - - - | = S0,Cl, P40 | i)
w-Ketols
OH =0 RINCO — — NR? — [36]
OH l =0 E (NH,),CO, ONH, l ONH,4 I - l KCN ' (37]
a-Aminoketones
=0 | NHg ] CO, - | - | 0 | - | [38]
B-Aminoethyl diphenyiphosphate
OPO(PhO), | NH, ! CO, | — | — | [¢] | - i [39]

(a) The Synthesis of 2-Oxazolidinones from 2-Dioxolans

The synthesis of 2-oxazolidinones by the reaction of 2-di-
oxolans (cyclic carbonates) with isocyanates has been
described. Tertiary amines"®, lithium, zinc, and tin chlo-
rides, potassium and sodium carbonates, and sodium hydrox-
ide*® have been used as catalysts of this reaction. It has
been suggested*® that a molecular complex of the isocyanate
and the carbonate is formed as an intermediate, which has
been isolated and proved to have a distinet melting point.
On heating, this complex decomposed with evolution of car-
bon dioxide and formation of 2-oxazolidinone. When the
reaction of 2-dioxolans with isocyanates was carried out at
elevated temperatures, the formation of the complex was not
observed.

Substituted 2-oxazolidinones have been obtained by the
reaction of cyclic carbonates with formamide*”’.

Gulbins and Hamann“® synthesised 2-oxazolidinones by the

reaction of 2-dioxolans with aromatic amines using lithium
chloride or alkali (NaOH, KOH) as the catalyst:

RH?~—?H, RHC—CH, RHC—CH,
. ]
2 0 0 +RNH,—%:2%5 6 NR'+4 OH OH
N : N .
C
i i
o) o)

The preparation of oxazolidinones by the reaction of cyclic
carbonates with diacylureas*® and with ammonium carbonate
and potassium cyanide®® and also by the rearrangement of
2—am5i1no-1,3—dioxolans under the influence of lithium chlo-
ride”":
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(b) The Synthesis of 2-Oxazolidinones from Oxazolines, Oxa-
zolinones, and Imino-oxazolidinones

2-Oxazolidinones have been obtained by the hydrolysis of
2-amino- and 2-alkyl-2-oxazolines in accordance with the
scheme®% %3
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The syntheses of 2-oxazolidinones by the rearrangement of
2-alkoxy-2-oxazolines in inert solvents in the presence of
catalytic amounts of alkyl halides have been described in
patents®*55,

The reaction involving the reduction of oxazolinones by
hydrogen at atmospheric pressure and room temperature in
the presence of a palladium catalyst®®, i.e.

HC—C—CH,4 HzC——C‘H'CHa
|- H,
O NPh pac ™ O NPh
NS NS
S §
1 5

and the hydrolysis of 2-imino-oxazolidones®?, i.e.

R‘REC_(!:RERﬁ R‘Rb‘C'—(‘:RzR"‘

| JH,

o Ngt RO o Np
\C/ -NH{ \E:/
I i ’
NH o)

belong to methods of synthesis of 2-oxazolidinones without
the cleavage of the initial ring.

(c) The Synthesis of 2-Oxazolidinones by the Cleavage of
Nitrogen-Containing Heterocycles

The preparation of 4-methyl-2-oxazolidinones by the reac-
tion of propyleneimine with carbon dioxide has been described;

polypropyleneimine and polyurethane are formed as side prod-

ucts®®.

Ikeda and Soga®® obtained 2-oxazolidinone by the reaction
of aziridines having the general formula CH,~CHR?>-NR! with

carbon dioxide; the reaction proceeds in the presence of
Lewis acids (ZnCl,, AICl;) at 60 °C in the course of 50 h.
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3. The Reactions of Epoxides with Various Compounds

As mentioned above, one of the most important and prom-
ising methods of synthesis of 2-oxazolidinones involves the
reactions of epoxides with various compounds (particularly
isocyanates), since the initial reactants are in this instance
substances produced industrially on a large scale.

(a) The Reactions of Epoxides with Isocyanates and Isothio-
cyanates

Numerous studies’®*°~77 devoted to the synthesis of 2-oxa-
zolidinones by the reactions of epoxides with organic isocya-
nates and isothiocyanates have been published. However,
there is as yet no unanimous view in the literature concern-
ing either the reaction products or the reaction mechanism.
The formation of 2-oxazolidinones can be represented sche-
matically in a general form as follows:

ReRSC—CR?RS 4- RINCO a.cat. RIRSC—CRIR?
o’ Co
-~ 0 MR
RRSC——CR?RS 4 RINCS — RIRSC——CReR® —yarolysis | Y (1)
No/ o me B .
N
C
I
S

The reaction takes place at elevated temperatures in solvents
such as dimethylformamide (DMF), acetonitrile, dioxan!, and
benzene®® or in the absence of solvents®, in the presence or
absence of catalysts. Secondary®? and tertiary®® amines,
quaternary ammonium halides®':®%, carboxylate anions®®, zinc,
iron®?, and lithium®® chlorides, the lithium bromide~tributyl-
phosphine oxide complex (or hexamethylphosphoramide), ¢’
the complexes of aluminium, zinc, and iron halides with
ethers, amines, amides, sulphoxides, and phosphines®®,
organic derivatives of zinc [R,Zn and Zn(OCOR),] and alu-
minium (AlR;), with R = alkyl,E9 and Group IIA and IITA
metal alkoxides and phenoxides’® are used as catalysts. A
method of synthesis of oxazolidinones by the reaction of iso-
cyanates with epoxides in the presence of catalysts comprising
phosphonium compounds of the type [R(R})(R?)(R*)P1'X™,
where R% R? = C,_,s alkyl or substituted alkyl, R® = alkyl,
substituted alkyl, aryl, or substituted aryl, and X = anion
of an inorganic or lower aliphatic carboxylic acid [for example,
(n-C,H,),PBr] and with primary and secondary alcohols as
cocatalysts has been proposed in a patent’.

Cyclic amidines having the general formula

X1
N N=¢C
(CH) |

I VN
(cH,),,\NRz /(:—R or (CHy)z N\xz /

where RY, R? = H, pentyl, or C;—-4, X}, X? = alkylene, n =
2—6, and m = 2—11, and their salts have been suggested as
catalysts in the synthesis of oxazolidinones’?.

The interaction of isocyanates and epoxides has been investi-
gated®® in the presence of LiCl as the catalyst. It was found
that the reaction results in the formation of a mixture of 3,5-
and 3,4-substituted 2-oxazolidinones in proportions of 4:1
(by weight):

Lict + PhHC—CH,

— H,C—CHPh

P-CHyCol NCO-+ PhHC———CH,
No” N

O N—CeH,CH;-p O  N—GgH,CH,p
N/ N/
C .
I j
o) ) 0
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The formation of two isomers in this reaction is explained by
the fact that various ways of opening the epoxide ring are
possible:

2
——— —CH-—CH, (normal opening) ;
|

0°

—~HC——CH,
o/
0 ® by
! —CH-—CH,;—O (anomalous opening).
The formation of a mixture of isomers in the reaction of

phenyl isocyanate with 2-phenyloxiran (styrene oxide) has
been mentioned”?:

PhNCO + PhHC—CH, — PhHC—CH;  H,C——CHPh
N Lo ]
o/ O NPT O NPh
N/ N/ 2
I I
0 0
V) (vl

It has been established’” that the reaction of 2-phenyl-
oxiran with phenyl isocyanate in the presence of AlCl; as the
catalyst leads to the formation of a mixture of 3,5-diphenyl-2-
oxazolidinone (V) and 3, 4-diphenyl-2-oxazolidinone (VI) in
proportions of 2:1 [see reaction (2)]. The reaction apparently
proceeds preferentially via the formation of the intermediate
complex

Q °)
CsH;—CH—CH,—O—AICl, -

When Ca(OC,Hs), was used as the catalyst, the formation
of only the 3,5-isomer was noted. The authors’* separated the
isomers by fractional crystallisation. They also described”
the synthesis of various bisoxazolidinones.

The reaction of glycidyl phenyl ether with phenyl isocya-
nate in the presence of pyridine (Py) has been investigated®®:

PhOCH;—HC——CH, - PhNCO —2-> H,C—CH—CH,0Ph
No bt
(3)

(VII)

The authors®® concluded that the reaction results in the
formation of 4-phenoxymethyl-3-phenyl-2-oxazolidinone (VII),
while other workers®%75 noted that, when the process is car-
ried out under anomalous conditions, the product is 5-phen-
oxymethyl-3-phenyl-2-oxazolidinone :

PhOCH, —HC—CHy
(‘) I’VPh
e

1
O

(Vi)

Braun and Weinert'® also described the synthesis of 5-phen-
oxymethyl-3-phenyl-2-oxazolidinone (VIII) by reaction (3) in
a high yield. Pyridine as well as metal alkoxides and chlo-
rides and (CH;),Ni were used as the catalysts. In order to
demonstrate the structure of the resulting 2-oxazolidinone,
the authors®® hydrolysed it. Evidently the hydrolysis of
5-phenoxymethyl-3-phenyl-2-oxazolidinone (VIII) should
result in the formation of the secondary alcohol 1-phenoxy-3-
phenylamino-2-propanol (IX), which yields the corresponding
ketone (X) on oxidation with lead tetra-acetate:

(]
PROCH,—HC—CH, —gg.—— PhOCH;—CH—CH,—NH—Ph —2CHCO%:,
[ i
O NPh OH
N2
¢ ax)
I
0

(Vi

———» PhOCH,—C—CHy;—NH—Ph
I
O

(X)

The hydrolysis of 4-phenoxymethyl-3-phenyl-2-oxazolidi-
none results in the formation of the primary alcohol 3-phen-
oxy-2-phenylamino-1-propanol (XI), which can be oxidised to
the aldehyde (XII) by lead tetra-acetate:

O
H,C—CH—CH,OPh PhOCH,;—-CH--CH,;OH PhOCHz—CH—C’<
& NP ot NH _Ph(EH,C00), N
N/ T | |
C Ph Ph
1l
]
(v (X1 (x11y

The infrared spectra of the products of hydrolysis and
subsequent oxidation confirmed that the reaction of glycidyl
phenyl ether with phenyl isocyanate in the presence of all
the catalysts tested (see above) leads to the formation of
5-phenoxymethyl-3-phenyl-2-oxazolidinone (VIII).

Thus inspection of the literature data permits the conclu-
sion that the views of different workers concerning the iso-
meric products of the reaction of epoxides with isocyanates
are extremely contradictory. As a rule the mode of opening
of the epoxide ring and hence the formation of a particular
isomeric 2-oxazolidinone depend on the catalyst employed and
on the nature of the substituent in the epoxide.

Sandler et al.®! investigated the relative contributions of
the two competing reactions involving the formation of the
oxazolidinone [see Scheme (3)] and the cyclotrimerisation of
phenyl isocyanate:

Ph
|
N
. v
3PhNCO —2-2L, 0-¢ &0
Co
Ph—N  N-—Ph
N/ . (4)
I
)

The reaction was carried out in the presence of (CH;),Ni as
the catalyst in DMF. The authors® showed that oxazolidi-
none formation reactions take place preferentially in accor-
dance with Eqn.(3) at 140-160 °C, while at 56 °C triphenyl
isocyanurate is formed in accordance with reaction (4).

The reaction of epoxides with isocyanates has been carried
out in a number of investigations®:°® in DMF. However,
according to Weiner’®, aryl isocyanates react with DMF at an
elevated temperature to form formamidines:

Ar—N-=C=-0 - O=CH—N (CHy); —2— Ar—N=CH—N (CHy)y + CO; .

However, Sandier®® did not point out the possibility of this
side reaction. In order to eliminate it, Herweh et al.®® added
the isocyanate to a solution, heated under a reflux condenser,
of the epoxide and the catalyst [(CH;),Ni or LiCl] in DMF.
However, in the present author's view, this cannot prevent
the reaction of the isocyanate with DMF.

The nature of the catalyst influences the mechanism of the
reaction of epoxides with isocyanates. Thus it has been
suggested® that in the presence of metal halides the epoxide
adds directly to the isocyanate (or isothiocyanate) with for-
mation of an activated complex via the reaction
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It has been established”’ that, in the presence of alkaline
earth metal alkoxides, there is no reaction between the epox-
ide and the alkoxide and also between the epoxide and the
isocyanate. It has therefore been suggested that the oxa-
zolidinone is formed via a stage involving the interaction of
the isocyanate with the alkoxide anion followed by the con-
densation of the urethane anion and the liberation of the
alkoxide anion in accordance with the reaction

- 2
RINCO -- RO® — R!NCOOR

RARSC~—CRER® 4 RINCOOR — R#RSC—CRIR? ——— = (IV)
\O/ i i -RO
09 NR!
RO—C=0

It has been shown’® that the formation of oxazolidinones in
the presence of quaternary ammonium salts takes place only
in the presence of small amounts of an alecohol. Hence, it is
believed’® that oxazolidinones are formed via the condensa-
tion of the urethane with the epoxide with liberation of an
alcohol and the closure of the oxazolidinone ring. According
to the authors’®, the quaternary ammonium salts play the
role of compounds which enhance the nucleophilic properties
of the urethane nitrogen. The reaction proceeds as follows:

RARC—CRIR? +R'NH—C~OR — RaR»c—cRﬂR e V),
No”
O 5 HO NRY
|
RO—C=0

One should note that the reaction of epoxides with isocya-
nates in the absence of catalysts and solvents has been men-
tioned in the literature. Thus 5-phenoxymethyl-3-phenyl-2-
oxazolidinone has been obtained®! by heating a mixture of
equivalent amounts of phenyl isocyanate and glycidyl phenyl
ether at 210 °C for 15 h. Evidently in the absence of a cata-
lyst of the oxazolidinone formation reaction, side reactions
occur in the given system, namely the cyclotrimerisation of
phenyl isocyanate [see reaction (4)] and also the conversion
of phenyl isocyanate into a carbodiimide and linear polymer-
isation of glycidyl phenyl ether:

2PhNCO —=¢,~ Ph—N=C=N--Ph

\0/ |

# PhOCH;—CH—CH, —A—> -
( CH,0Ph

—O—CH—CHy—\ —
)ﬂ

(b) The Reaction of Epoxides with Isocyanurates

Since one of the main side processes in the reaction of
epoxides with isocyanates involves the formation of isocyan-
urates, studies on the interaction of the latter with epoxides
are of undoubted interest. Thus it has been found in a
number of investigations’®~%® that, on treatment with epox-
ides, the stable isocyanurate ring decomposes with formation
of a 2-oxazolidinone.
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The reaction of epoxyethane and other epoxides with iso-
cyanuric acid (XIII) has been investigated’®~7%, It has
been shown’® that the reaction proceeds as follows:

o
i
N
HN H A
| | + 3RIRSG—CRZR? —=—
0=C €=0 No”
\NH/
(X111)
" 0 -
I
/C\ A R4Rs5C——CR2R3
——- | HOCR!R5—CR*R’*—N  N—~CR?R*-~CR*RSOH |—— 3 | |
i i O NH
0:-C C=0 \C/
N7
N ()
CR2R?—CR*RsOH
- (X1V) -

it was carried out in DMF or dimethylacetamide at 100 °C and
atmospheric pressure. Pyrolysis of the tris(hydroxyalkyl)
isocyanurate (XIV) in vacuo at 200 °C or on heating in DMF
(150—155 °C) leads to the corresponding 2-oxazolidinone
[reaction (5)].

Korshak et al.®’ investigated the reaction of glycidyl phe-
nyl ether and triphenyl isocyanurate in molar proportions of
3:1 (at 230 °C for 10 h) and showed that the only product is
5-phenoxymethyl-3-phenyl-2-oxazolidinone.
(c) The Reactions of Epoxides with Ureas, Amides, and
Urethanes

Apart from their reactions with isccyanates, isothiocya-
nates, and isocyanurates, epoxides are capable of cleaving
the urea, amide, and urethane linkages with formation of
2-oxazolidinones. Thus the reaction of epoxides with urea
derivatives to give 2-oxazolidinones has been reported”®78!:

RINHCONR®R’ + R*RSC——CR?R? R*RC cRr’R®
. NS | L o av,
HO NR ~NHR°R'
ors (6)
R'R'N=C
M
0

Iwakura and Izawa’ found that the most suitable conditions
for the reactions of di- and tri-substituted ureas with epoxy-
compounds [see reaction (6)] are a temperature of 90 °C, the
absence of a solvent, and the presence of the (C,H;s);N cata-
lyst. A two- or threefold excess of the epoxide is also nec-
essary, since the primary or secondary amines formed rapidly
react with epoxides. It is noteworthy that N-aryl-N,N'-di-
substituted ureas give rise to oxazolidinones, while N-alkyl-
N, N'-disubstituted ureas do not form such compounds.

The same investigators®?®® studied the interaction of epox-
ides with acid amides. In particular they studied the reac-
tion of acetanilide and its derivaiives with glycidyl phenyi
ether and showed that 2-oxazolidinones are formed only from
trifluoro- and trichloro-acetanilides, which indicates the
necessity for the presence of strong electron-accepting sub-
stituents in the acetanilide molecules for the cyclisation to

occur:
CHy; ﬂ——cx,oph
,H :C—m—:(vul) .
ﬂ":ﬁxs I

2h
C—C. H. G———CH OPh h’ Ph—N,
" * AT AN

X =CLF

Ph—NH:

Urethanes react with epoxides to form oxazolidinones in the
presence of nucleophilic catalysts such as KOH,°® tertiary
amines, and quaternary ammonium salts’®
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RyNHCOOCG,H; + RHC——CH, —2t—s |7 RHC—CH, ™| —ons RHC—CH, |
No” HO AR 0 ILR‘
CaHsO—ﬁ/ \ﬁ/ 0
_ 0
(XV)

It has been observed?’ that without a catalyst reaction (7)
between a urethane and an epoxide does not take place.
When the mixture of the initial components is heated from 0°
to 200 °C, only the homopolymerisation of the epoxide is
observed. In the presence of (C,Hs);N at 25 °C the reac-
tion takes place quantitatively in 2 h. At 140 °C the reac-
tion terminates after 2—3 min (side reactions were not
observed).

The authors’® showed that in the presence of solvents
(ethanol, benzene, toluene, chloroform and DMF) the reac-
tion occurs at a higher rate than in bulk. N-Arylurethanes
and N, N'-difunctional arylurethanes form oxalidinones on
interaction with epoxides, while N-alkylurethanes do not
undergo the oxazolidinone formation reaction with epoxides
(like N-alkylureas—see above). According to the mecha-
nism proposed’®, the catalyst is involved in the opening of
the epoxide ring and reacts with the epoxide to form an inter-
mediate complex, which then interacts with the urethane;
this entails the formation of N-(B8-hydroxyethyl)urethane
(XV), which cyclises with elimination of an alcohol and the
formation of a 2-oxazolidinone (IV).

The kinetics of the reaction of an epoxide with N-unsub-
stituted ethylurethane in the presence of (C,H;);N as the
catalyst have been investigated®*. The mechanism pro-
posed®" is similar to that described above’®, but the authors®"
believe that the N-(g-hydroxyethyl)urethane (XV, R' = H)
formed reacts with yet another molecule of the adduct of the
epoxide and triethylamine which results in the formation of a
hydroxy-2-oxazolidinone:

- 8
N(€,12);
] H,NCOOC, g
RHC\—/-CH, + N(an,h—>R]‘{(I:——CH2—NKC2H5)3——> Rll(ll Git,y T;)—
=N(iHy),
o 8o ) N=COOC,Hy| :
\\
H H
r a2
RH(I: (fug RHE—Ci,—N(Cal)y mul‘wmi.;—N:——coou,zHﬂ
O ; « ~ .
— HO NH | ———————> | HO H Hy —N{CH), | ———>
/ ) 1 TN ),
C!Hs‘)—ﬁ 0 cH
1
1 L i
(XV), R'=H
_ Cily
- RHC—-(;HQ—-TMGHZ—cHR —» RHC—CH—Y CHR + C,HsOH
[ttt TR U7
HC 0==C1-0C,ll5 L_\)JH_: ¢ O=C——0
L | S .l_,

(d) Intramolecular Cyclisation of Glycidyl Esters of N-sub-
stituted Carbamic Acids

The glycidyl esters of N-substituted carbamic acids undergo
intramolecular cyclisation on heating with formation of 2-oxa-
zolidinone derivatives. Thus the reaction of phenyl isocya-
nates with glycidol results in the formation of glycidyl N-phe-
nylcarbamate (XVI), which is converted on heating into
4-hydroxymethyl-3-phenyl-2-oxazolidinone (XVII): &%

H,C -CH—CH,0H HyC CH—CH,0CONHPh A
+ PBNCO —> ==
0 0 (XVI)
H2(|3 CH—CH,0® H——(H—Ci,0H
s, @ s
-~ 0, NH~—Ph -~ 0 N—Ph
\C C
Il I
0 ‘0
(XVIID)

'H NMR spectra’®® confirm the location of the hydroxy-
methyl group in compound (XVII) at the carbon atom adjoin-
ing the nitrogen atom of the oxazolidinone ring. However,
hitherto there has been no definite view concerning the
structure of the cyclisation products. Thus the formation
of the six-membered 2-oxazinone ring (XVIII) has been pos-
tulated®®, while according to other data®® the five-membered
2-oxazolidinone ring (XIX) is produced:

(o]
il
2N
RN O
——> |
H,C CH,
0o &l 3
] Nen”
RINH—C—OCH,—~CH—CHg~—— |
No” OH  (XVII)

CH;—CH—CH,0H
o NR!

e’
I
0 (XIX)

—

Sorokin and co-workers investigated in a series of studies
in recent years®’ ~%? the intramolecular cyclisation of glycidyl-
urethanes and demonstrated the formation of a five-membered
structure (XIX). They showed®’ "% that in proton-donating
solvents the reaction takes place at lower temperatures (100
to 140 °C) than in neutral solvents (170—200 °C). Tertiary
amines are active cyclisation catalysts. The equality of the
molecular weights of the resulting product and of the initial
glycidylurethane, the absence of epoxy-groups, and the
appearance of hydroxy-groups in an amount corresponding
to the cyclisation product indicates the absence of side reac-
tions and the quantitative interaction of the epoxide and
urethane groups to form the cyclic compound (XVIII) or
(XIX). In order to demonstrate the structure, a study was
made®? of the 'H NMR spectra of the reaction product and it
was shown that the signals of the protons in the epoxide and
urethane groups are absent and that the signal due to the
OH group with § = 5.2 p.p.m. appears. Its triplet form
shows that the hydroxy-group is primary and not secondary
and that anomalous opening of the epoxide ring therefore
takes place (see above) and the cyclisation product is the
five-membered 2-oxazolidinone ring (XIX).

(e) The Interaction of Epoxides with Other Compounds
Irwin and Wheeler”? investigated the successive interaction
of 2-phenyloxiran with phosgene, aniline, and KOH. Two
reaction pathways are possible; the products are 3,5-diphe-
nyl-2-oxazolidinone and 3, 4-diphenyl-2-oxazolidinone respec-
tively:

|
©COCI OCONHPh

Ph—HC\——~/CH= + COCl, - Ph—CH—CH,0COCI —2NH,_,
} o [

.Ph—HC\?CH,—{-COCI, - Ph—CH—CH,Cl 2™, py_cy_cpyel ~X08, (v :

Cl
KOH
——— Ph—CH—CH,OCONHPh ———— (VI)

I
Cl
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The authors’® concluded that the oxazolidinone is formed via
an intermediate complex:

[ .
Ph—CH—CH,
NS
0—cocl
o
The 'H NMR spectra confirmed that 3,5-diphenyl-2-oxazolidi-
none is the main reaction product.

The reactions of 2-methoxyoxirans and of a-halogeno-deriv-
atives of acylphenones with carbon dioxide in aliphatic amines
in methanol have been studied®® and the following reaction
mechanism has been proposed:

®
2R'NH, + COZ-—FE%INHCOOGNHﬁ\‘]
CH OCH, OCH, @
. 1 ;02 | [R'NHC00© Nz T
R —~((Z——ﬁ—Ph =05 CH—C—C—Ph —> CHy—C /"-——-P Ny
R? 6° i o
CH;  OCH, Cll,  OCH, CH, 0
L 0 S
R ——«I: (f—Ph R -(I: ([}v—-'Ph R— ‘—Ph
— ® 0 —_ 04\, 0 N—H —>
- / X/ -cH,09 N N\
R 7\H-—ﬁ /C\ Cl R
0 R'NH t)% !}
CH, (lm clu3
,
RP—C C—Ph RQ——T CH—Ph
— (l) 1!"31 LIS 0 I!IRl
N/ w® N/
C G
It Il
0 o

X =Br,Cl; R'=akyl ; R°=CHy, H .

A series of syntheses of 2-oxazolidinones from epoxides and
five-membered heterocycles containing oxygen and sulphur in
various combinations have been achieved®®:

H,C—CHR
| | H
O NpPh
N/
¢
| | Il
—— 0

' B,C—CHR
Nos

C.HN, &

AN
CI NHPh
X=0, S§; R=H, CH;, CHCI .

Substituted oxazolidinones have been synthesised®" by the
reaction of epoxides with compounds of the type p-RC,H,N =
CCl, in the presence of ZnCl, or SnCl, as catalysts.

111. THE PROPERTIES OF 2-OXAZOLIDINONES

1. The Physical Properties of 2-Oxazolidinones

2-Oxazolidinones are stable heterocyclic compounds whose
melting points are in most cases in the range 100—200 °C;°%°°
they are soluble in water and form neutral solutions.

The polymorphism and the mechanochemistry of 5-phenoxy-
methyl-2-oxazolidinone have been investigated®” and it has
been observed that the oxazolidinone exhibits dimorphism,
existing in two independent forms or their mixture.
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The crystal structure of
2-oxazolidinone

The crystal structure of 2-oxazolidinone has been described®®.
It has a monoclinic three-dimensional crystal lattice with the
unit cell dimensions a = 7.313 &, b = 5.672 &, ¢ = 9.970 &,
and £ = 110.78° (measured at 24 °C). The bond lengths and
the angles in the ring are shown in the Figure above.

The infrared spectra of 2-oxazolidinones have been investi-
gated in a number of studies®®~'°2, The carbonyl absorp-
tion of 2-oxazolidinones is observed in the range 1740—-1810cm™
(usually at 1740—1760 cm~'). 2-Oxazolidinones with an
unsubstituted hydrogen atom at the nitrogen atom show an
absorption by the N—H group in the range 3200—3500 cm™2 100

Several detailed studies on the NMR of 2-oxazolidinones
have been made®®:1°3,

Disubstituted mono- and bis-2-oxazolidinones have been
investigated mass-spectrometrically ’**°* and it has been
shown that the decomposition of 5-alkyl-, 4-alkyl-, 5-aryl-,
and 4-aryl-3-phenyl-2-oxazolidinones takes place as follows:
(1) with evolution of CO, on B-decomposition; (2) with
evolution of CO and the formation of the corresponding alde-
hyde on a-decomposition. The intense m/e 194 peak in the
mass spectrum of 5-aryl(or alkyl)-3-phenyl-2-oxazolidinone,
characterising the decomposition with evolution of Cl,, is
almost completely absent from the spectrum of 4-aryl(or alkyl)-
3-phenyl-2-oxazolidinone, a characteristic feature of which is
the cleavage reaction with evolution of CO and the formation
of the corresponding aldehyde. For example, the decomposi-
tion of 3,5-diphenyl-2-oxazolidinone under the influence of
B-irradiation proceeds in accordance with the following scheme:

1

m* 159 m* 192.8

®- @
» CeHs—CH—N—C¢H; CeH;—C =N—CgHs.
N NS

~CO, ETON
CH, CH,
CsH; —CH—CHg mje 195 mje 194
$ e, !
NS 2 ~ @
> CgGHN=CH ., GH®  GH; -+ GHN
E ~CaHCHO,=Co~RT —HeN m/; 757 mfe 91 mje 91
s y

The dipole moments of 2-oxazolidinones have been pub-
lished!’® and it has been concluded that the dipolar structure
makes a contribution of approximately 21% to the experimental
dipole moment (5.04 * 0.005 D).

Lebedev and Yakshimets'®® investigated the magnetic sus-
ceptibility of 2-oxazolidinone and established that the sub-
stance is diamagnetic.

Volumetric titration with silver nitrate, spectrophoto-
metry'®7:1%® calorimetry?®”:1% reaction with indole!!®, chro-
matography!®’, and methods based on the formation of a
phenylhydrazone'!'! have been suggested as methods whereby
2-oxazolidinones can be characterised.

2. The Chemical Properties of 2-Oxazolidinones

A number of studies have been made on the chemical prop-
erties of 2-oxazolidinones. The reactions of 2-oxazolidinones
can be divided into the following groups: (a) reactions
involving substitution at the ring atoms; (b) ring opening
reactions; (c) other reactions involving the ring; (d) reac-
tions of the substituents.
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Only the first three groups of reactions, which charac-
terise directly the chemical properties of the oxazolidinone
ring, are discussed below.

(a) Reactions involving Substitution at the Atoms of the
2-Oxazolidinone Ring

The hydrogen atom linked to the nitrogen atom of the oxa-
zolidinone ring can be substituted by various groups using
the following procedures: by reaction with carbonyl com-
pounds, aryl isocyanates, and phosphorus compounds, by
alkylation, acylation, carbamoylation, nitration, and amina-
tion, by reaction with nitrous acid, etc.

2-Oxazolidinones react with carbonyl compounds in the
presence of secondary amines’!”. In the absence of an amine,
a second oxazolidinone molecule behaves as an amine (R"R"'NH =

LR . ~
OCOCH,CH,NH). The reaction proceeds as follows:
R#RSC—CRR? + R'REC -O - R'R*NH —5 » RIRC—CRR*
! : ;
<“ NH O N.-CR'R®—NR'R®

\/ \‘\ a
[ C
6} ¢}

2-Oxazolidinone-3-carbanilides can be obtained by the reac-
tion of substituted 2-oxazolidinones with aryl isocyanates in

the presence of pyridine or triethylamine!*®:
R*R?C—CR?R? ReREC—CRIR?
| }- ArNCO — | ]
O NH O N—CONHAr
N /
C C
! Il
o] [e]

Sodio-derivatives of 2-oxazolidinones react with phosphoryl
chloride in DMF in a stream of nitrogen'*:

, RHC—Ciy /RHC-—CH,
: i | |
O N—Na + POCl, ——— c‘) N— | PO ;
N/ N
C C
i ! /3
O O

R=H, CH;, CH; .

Alkylation is usually carried out in the presence of K,CO,,
NaOH, CH,ONa, NaH, and other bases**®. Organic halides'!%%1¢
olefins'?, and ethers together with benzoic acid and mercury
acetate’'” have been proposed as alkylating agents.

The synthesis of a compound having the general formula

RHC—CHR?

|
0O N(AO)H
N/

(R, R =H, alkyl, or phenyl; AO = C,—C; alkylene oxide
group; n = 1-25) by treating 1 mole of 2-oxazolidinone with
n moles of an alkylene oxide in the presence of 0.1-10% of a
strong basic catalyst (alkali metal hydroxide, sodium salt of
2-oxazolidinone, or a quaternary base) at 90—180 °C and a
pressure of 2—10 atm for 2—4 h has been described in a
patent!'®,

The nitrogen atom has been acylated in alkaline and acid
media'!® and carbamoylation has been carried out by treating
2-oxazolidinone with phosgene in an alkaline medium followed
by reaction with ammonia'?’:

R#R3C—CR?R? on® RIREC—CR?R? Ni,  R'REC—CR?R?
| + COCly ——— | ~HCl | |
O NH O N—COCl O N—CONH,
NS N NS
C C
i It It
[¢) ¢} (o]

The substitution of the hydrogen atom at the nitrogen atom
of the oxazolidinone ring by the NO group has been achieved
by the reaction of 2-oxazolidinone with HNO, or NOC1.#
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The nitration of 2-oxazolidinone has been performed by treat-
ment with a mixture of nitric and sulphuric acids or nitric
acid and acetic anhydride’??. The nitro-group can be
reduced to the amino-group electrolytically, by hydrogena-
tion in the presence of platinum oxide in an acid medium,

or by reaction with zinc and hydrochloric acid?*.

(b) Reactions involving the Opening of the 2-Oxazolidinone
Ring

Alkaline hydrolysis of 2-oxazolidinones leads to B-amino-
alcohols. It takes place in aqueous®’>'1%!?% and alcoholic'®*
media and in dioxan’?®, It is usually employed to demon
strate the structure and stereochemistry of oxazolidinones®”
37,124,125 = The catalytic conversion of 2-oxazolidinone into
the corresponding aminoalcohols by heating the initial com-
pound at 105—200 °C in the presence of bases such as NaOH,
KOH, Na,CO,, K,CO,, and NaHCO, has been achieved!’®.
The reaction takes place in accordance with the following
scheme:

2017, RaRSC—CRIR? - COL°

|
HO NHR?

V) =

B-Aminoalcohols are also formed on reduction of 2-oxazolidi-
nones with lithium tetrahydroaluminate?®’.

N, N'-Disubstituted ureas are the main products of the
reaction of 2-oxazolidinones with equimolar amounts of primary
aliphatic amines®?’:

(IV) - RNH; — R*‘REC—CR*R’*—NR'—C—NRH |
| It
HO

2-Oxazolidinone reacts with aqueous ammonia to form
g-aminoethyl carbamate®?®:

H,C Gl HyC CH, 1,0
0 NH —> | 0O )¢ i e} —3 H,NCH,CHyOGON |
NS NS AN
(“ 1\ /C\@ y A\
SNH,
0 3 | 9 Ni4 S

The reaction of 2-oxazolidinones with hydrazine leads to
semicarbazides?®:

N,H,

1v) - R‘R"(I.~CR’R“v)lR‘*C—NHNH2 .
Il

HO

Acid hydrolysis (with concentrated or diluted hydrochloric
acid) leads to the formation of the hydrochlorides of g-amino-
alcohols'®?, while the reaction of 2-oxazolidinone with anhy
drous hydrogen chloride results in the formation of R-chloro-
amine hydrochloride*®!,

The thermal stability, the kinetics of the initial stage of
the thermal decomposition, and the main decomposition prod-
ucts of 2-oxazolidinones have been investigated*3?71* . 1t
has been shown'?? that heating of 2-oxazolidinones in the
absence of air and water is accompanied by autocatalytic
decomposition with evolution of CO, as the main gaseous
reaction product. It was noted that 2-oxazolidinones with
alicyclic substituents at the ring nitrogen atom have a higher
thermal stability than 2-oxazolidinones with aromatic sub-
stituents. Comparison!®* of the thermal stabilities of iso-
cyanurates, oxazolidinones, and carbamates showed that com-
pounds of these classes can be arranged in the following
sequence in terms of their thermal stabilities: carbamates <
oxazolidinones < isocyanurates. The thermal decomposition
of 5-phenoxymethyl-3-phenyl-2-oxazolidinone results in the
formation of PhOH, PhNH,, H,, CH,, CO, CO,, C,H,, C,H,,
C3;Hg + C3Hg, and a C, fraction. The formation of the pos-
sible intermediate thermolysis products is illustrated sche-
matically below:
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(c) Other Reactions involving the 2-Oxazolidinone Ring

The reaction of N-substituted 2-oxazolidinones with organic
isocyanates in the presence of lithium chloride leads to N, N'-
disubstituted 2-imidazolidinones??S:

H,C—CH, Lo HiC—CH,
| | -4 RNCO ——=— | |
O NR! RN NR'+4CO,
N/ N
C ¢
I It
o) o}

It has been noted'®® that the reaction of 2-oxazolidinone
with aniline results in the formation of water, 3-phenyl-2-
oxazolidinone (XX), and 1-phenyl-2-imidazolidinone (XXI):

H,C—CH, H,C—CH, H,C—CH,
2 | | 4HN—Ph T | + 1]
O NH O NPh HN NPh .
NS \C/ N
C
i 1 i
0 o 0
(XX) (XXI)

The synthesis of 1-benzyl-2-imidazolidinone from 2-oxa-
zolidinone and benzylamine has been described®?’:

H;C—CH, H;C—CHy
| -+ PhCHNH; —5~> o
O NH PhCH,—N  NH
N/ N/
¢
i [
0 0

1V. THE SYNT!HESIS, PROPERTIES, AND APPLICATIONS OF
POLYMERS CONTAINING 2-OXAZOLIDINONE RINGS

One of the most important practical applications of 2-oxa-
zolidinones involves the synthesis of polymers containing
2-oxazolidinone rings; recently these polymers have found
applications in the preparation of thermostable and heat-
resistant foams, coatings, adhesives, fibres, and electrically
insulating materials with effective physicomechanical prop-
erties.

There are virtually no reviews in the Soviet and foreign
literature on polymers with oxazolidinone ring. In this
section of the present review we shall therefore examine the
available information about the synthesis, reaction mecha-
nisms, properties, and applications of polymers in this
practically important class.

Numerous methods of synthesis of polymers whose struc-
ture incorporates 2-oxazolidinone rings have been described.
It is possible to distinguish two fundamentally different types
of synthesis of polyoxazolidinones: the first involves the
synthesis of the polymers from monomers containing complete
2-oxazolidinone rings in their structure, while in the second
the 2-oxazolidinone rings are formed.in the course of the
synthesis of the polymer. In the former case the products
are polymers whose 2-oxazolidinone rings are in a side chain
while in the latter case they are in the main chain. They
will be examined below in the same order.
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1. Polymers Containing 2-Oxazolidinone Rings in a Side Chain

Polyoxazolidinones based on monomers incorporating com-
plete 2-oxazolidinone rings can be obtained in several ways
and contain these rings in a side chain and at the ends of
the macromolecules.

The initial monomers for the synthesis of polyoxazolidinones
with side or terminal 2-oxazolidinone rings are obtained by
substituting the hydrogen at the nitrogen atom of the oxa-
zolidinone ring by groups capable of polymerisation. A
series of syntheses of such monomers are shown schematically
below:

H,C—CH, RE—ACCI
|
O N—C—CR=CH, e
AV | H,C—CH,
C o | |
Il —O NH
o \C/
) c=ci—{__>—cu,al N
H,([:iclH, =54 H
7N
O N—CHy—Y¢ -~CH=CH, —
" h—{__ 2 CH,0 H,Cﬁl—{CH,
C 4
I H,C——CH,
o I /Ch,
O N—CHy—NC |
NS CH,
I
0
HC=CH,¢
— R H,C—CH,
| }
H,C—CH, O\/N—CH:CH,
- C
O NH — i
N/ o
C CICH,—HC-CH,
5
——— H,C——(‘Lﬁz
O N--CH,—HC—CH,
N N\
C
It
0

The following method of synthesis of N-vinyl-2-oxazolidi-
none has been proposed!?®:
H,C—CH,

|
O N—CH=CH,
N

¢
I
o
} NaOCH,
CICH,000C! + CICH NH, « HCl — 5= CIC3H,0CONHC;H,C1 — 22t
— HyC—CH, -
> 2' I 2 Nayo_ H,C (‘ZHz
0 N—CH,CHCI O N—CH=CH,
N NS
¢ ¢
i I
o) 0

Drechsel®® obtained N-vinyl-2-oxazolidinone by the follow-
ing procedure:

H,C—CHj soct,
(CH;0), CO + HN (GH,OH)y —» | | —
O  NCH,0H
NS

I
o

H,C—CH,

HaC—CH.
N —Koah, ’
O N—CH;CH,CI
N2

|
O N—CH=CH,
/

—_—

.

I i
[¢] (o]
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N-Vinyl-2-oxazolidinones®3**°"1%2 ' N-isopropenyl-2-oxa-

zolidinones®*?, N-allyl-2-oxazolidinones'**, 5-methylene-2-
oxazolidinones®!, and other 2-oxazolidinones containing
unsaturated bonds enter into radical homopolymerisation and
copolymerisation reactions with various vinyl and other
monomers, such as N-vinyl-2-pyrrolidinone®*®, N,N', N"-tri-
phenyl-B, B', B"-trivinylborazole'*®, maleic anhydride'*’, iso-
cyanates!*®, acrylonitrile, ethyl acrylate, styrene, methyl
methacrylate, vinyl acetate, vinylidene chloride, acrylamide,
vinyl chloride, decyl methacrylate***>1*2,34%:15% " monovinyl
ethers of glycols having the general formula HO(C,H,,0),..
.CH = CH,, where n = 2—4 and x = 1-3,'** and phthalic
anhydride’®2.  o,a-Azobisisobutyronitrile is usually employed
as the polymerisation catalyst. The polymers and copolymers
based on monomeric unsaturated 2-oxazolidinones dissolve in
m-cresol and acetic, formic and dilute hydrochloric acids, but
are insoluble in solvents such as ethanol, acetone, and
dioxan. They have fairly high softening temperatures (up
to 300° and above) and effective physicomechanical prop-
erties, which makes it possible to employ them in various
branches of engineering (see below).

A series of polyethyleneimines containing 2-oxazolidinone
rings in the side chains have been synthesised'!? in several
ways. The reaction of 2-oxazolidinone with formaldehyde
and polyethyleneimine at room temperature in solvents such
as water, DMF, and a dioxan—water mixture proceeds in
accordance with the following scheme:

—[—CHy—CHy—~NH—],,, ,— -+ 1 CH;0 + 1 HyCCH, —
Y
o N
%
¢
i
o
T = et - (8)
> — [—~CHy—CHy—NH—],, CHy—CHy—N—— |
| .
cHy
H,C—N.
l T Nc=0
i HC-0" |

(XX1D
The polymer (XXII) has also been synthesised'!? by the
polymerisation of N-(1l-azirinomethyl)-2-oxazolidinone (XXIII),
which had been obtained in its turn from aziridine, formalde-
hyde, and 2-oxazolidinone:

Q H
Haci—;cm -+ CH,0 + HC—CH, — ey~ HaC—CH, cH, —HCL, (xx1p
| | |
NH o\ NH 0 N--CH,—N

/ NS AN

C é CHg

i} I

0 0

(XXI1))

In addition, a polymer of type (XXII) had been obtained?*?
by the reaction of polyethyleneimine with N-hydroxymethyl-2-
oxazolidinone in an aqueous medium at room temperature.
N-Hydroxymethyl-2-oxazolidinone was synthesised from 2-oxa-
zolidinone and formaldehyde by the reaction

H,C—CH, (Cottg, 0 HaC—CH
oL CHO —h, |
0 NH O N—CH,0H .,
NS
It : y
(@) o

The polyethyleneimines described are capable of adsorbing
polar substances from aqueous solutions. In an alkaline
medium these polymers form complexes with phenol and with
toluene-p-sulphonic acid; the infrared spectra of the com-
plexes indicate the presence of a hydrogen bond between
the CO group of the 2-oxazolidinone ring of the polymer and
the hydrogen atom of the phenol or toluene-p-sulphonic
acid!*?, '
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2. Polymers Containing 2-Oxazolidinone Rings in the Main
Chain

There are literature data on the synthesis and properties
of linear, branched, and cross-linked poly-2-oxazolidinenes
and also polymers containing in their structure other rings
and functional groups in addition to the 2-oxazolidinone
groups. Studies on the synthesis and properties of linear
poly-2-oxazolidinones with 2-oxazolidinone rings in the main
chain, hydroxy-2-oxazolidinones, and cross-linked oxa-
zolidinone-isocyanurate polymers are examined below.

(a) Linear Poly-2-oxazolidinones

As mentioned above, one of the most important methods of
synthesis of mono- and poly-2-oxazolidinones involves the
reaction of epoxides with isocyanates, since these starting
materials are readily available industrial products.

Gromakov et al.'®? investigated the reaction of epoxy-resins
with di-isocyanates by differential thermal analysis (DTA).
The formation of poly-2-oxazolidinones has been observed in
the absence of catalysts at temperatures in the range 160 to
250 °C. The same workers'®" investigated by infrared
spectroscopy and DTA the reactivities of various epoxy-resins
and di-isocyanates. The reactivities of the epoxy-resins
increased in the sequence diglycidyl ether of bisphenol A <
triglycidyl isocyanurate < diglycidylaniline. The reactivities
of the di-isocyanates increase in the sequence 3,3'-dimethyl-
4,4'-diphenylmethylene di-isocyanate < 4,4'-diphenylmethy-
lene di-isocyanate < 2,4(2,6)-tolylene di-isocyanate.

High-molecular-weight linear poly-2-oxazolidinones have
been synthesised’” by the slow addition of a di-isocyanate to
a solution of a diepoxide and a catalyst (lithium n-butoxide
in butanol) in o-dichlorobenzene in accordance with the fol-
lowing reaction:

>160°

1 OCN—R*—NCO + n HyC: CH—R—CH—CH, ——7——
P X

t

o’
_ o _
Il
—— —| —HC—CH, /c—o
| N\N-—R'—N
— N\
o ﬁ HC—CH— | —
- o _ln

Effective catalysts for the synthesis of elastomeric poly-
2-oxazolidinonies have been sought in one of the latest
studies on the synthesis of linear poly-2-oxazolidinones!3,
The initial di-isocyanate used was polyoxytetramethylene
glycol with terminal isocyanate groups and the diepoxide
was the diglycidyl ether of bisphenol A. The polymerisa-
tion was carried out in bulk. Insoluble catalysts (LiF,
MgCl,) proved to be relatively ineffective; the most effective
catalysts were the complexes of LiBr, LiCl, Lil, MgCl, with
hexamethylphosphoramide. With increase of temperature
from 80° to 150 °C, the yield of the polymer increased by
20%, the reaction occurring over a period of 1 h at 150 °C.
The optimum ratio of the initial epoxy-groups and NCO groups
is 45:55. Hexamethylphosphoramide is a chelating agent,
forming coordinate bonds with metal chlorides. In this con-
nection the influence of the coordination number m on the
polymerisation was discovered and it was shown thatm =2 to
4 is preferred. The authors investigated the physico-
mechanical properties (Young's modulus, tensile strength,
relative elongation, tearing energy, the relaxation of stress,
and creep) of elastomers containing oxazolidinone and ure-
thane linkages in the main chain. From their results, it was
concluded that, together with the high thermally insulating
properties of polyester-urethanes and polyoxazolidinones, the
polyoxazolidinone has a higher yield point (Tyield is 235 to
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245 °C for the polyoxazolidinone and 200—220 °C for poly-
ester-urethane) and retains its strength much more effec-
tively after ageing at 170 °C. However, the polyoxazolidi-
none has a lower strength at a high temperature, while the
tearing energy, the relaxation of stress, and creep are vir-
tually at the same level as in polyester-urethane.

Chelate complexes, namely the Mg, Li, Al, Ba, Ca, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Hg, Pb, Sn, Be, Mo, and Zr
complexes of B-diketones, dimethylglyoxime, salicylaldehyde,
a-nitroso-B-naphthol, benzoylacetone, anthranilic acid, ete.
have also been proposed in a patent'®® as catalysts of the
reaction of polyisocyanates with polyepoxides leading to the
formation of oxazolidinones [polyoxazolidinones?]. Complexes
of Lewis acids (Al, Zn, and Fe halides) with Lewis bases
such as thioesters, amines, (N-alkyl)lactams, amides, etc.
have been put forward!®7-!%° ag catalysts for the synthesis
of polyoxazolidinones.

Quaternary ammonium salts of the type (CH;),NI, (C,Hg),.
.NI, (CH,),NBr, and (C,H;),NBr are very widely used as
catalysts of the oxazolidinone formation reaction®®®~162,

Linear poly-2-oxazolidinones have been synthesised in DMF
in the presence of (CH,),NI at 140—160 °©C.®%:6%163  The
possibility of the occurrence of a side reaction of DMF with
isocyanates, described by Weiner’®, was not discussed in the
above investigations, although it undoubtedly occurs in the
given instance.

Herweh and Whitmore'®* synthesised poly-2-oxazolidinones
by the 1,3-cycloaddition of diglycidyl ethers and di-isocya-
nates in the presence of a catalyst (lithium chloride), also in
DMF. The reaction was carried out with refluxing in DMF
for 12 h. It was found that at 150 °C the side reaction of
isocyanates with DMF 7° takes place together with the forma-
tion of oxazolidinones. It was noted'® that the poly-2-oxa-
zolidinones obtained from aromatic di-isocyanates have a lower
degree of crystallinity than the polymers obtained from ali-
phatic di-isocyanates. The authors!®* believe that the
amorphous structure of the poly-2-oxazolidinones is due to
the irregular structure of the polymer chain and the pres-
ence in the latter of isomeric 2-oxazolidinone rings.

g-Caprolactam®®®, organic compounds of zinc and alumin-
ium®®, cyclic amidines’?, a wide variety of phosphonium com-
pounds’»186718% | saits of the type BF,—C,H;NH,,'”° tri(ethyl-
aminophenyl) borate!’?, and metal compounds containing
halogens and the CO$~, NO;, ClO,, CN™, and SCN~ groups
with and without neutral ligands'’? have also been proposed
as catalysts for the synthesis of poly-2-oxazolidinones.

Novolak epoxy-resins modified by oxazolidinone and having
the general formula

N

—|7(—~0OCH;—CH—),,—[Z*]—HC—CH, ™|
| b

O N— | —[Z]
NS

where Z is the organic polyisocyanate residue, Z' the epoxy-
compound residue, m = 1.5-5.0, have been synthesised”*
by the reaction of polyisocyanates with epoxy-compounds.
These polymers are suitable for the preparation of adhesives
which are stable under the conditions of high humidity.

Poly-2-oxazolidinone has been obtained'”* by the reaction
of di-isocyanates with bisoxazolidinones in N~-methylpyr-
rolidinone at 48 °C in the presence of triethylenediamine.
The bisoxazolidinone was obtained by refluxing tris(2, 3-
epoxypropyl) isocyanurate with hydroquinone in DMF in the
presence of NaOH:
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where R = alkyl or aryl. The polymers obtained are soluble
in N-methylpyrrolidinone and m-cresol and less so in DMF.
The intrinsic viscosities are 0.16—0.64 dl g' depending on
the nature of the di-isocyanate. The presence of the 2-oxa-
zolidinone rings in the polymer is responsible for their ability
to form complexes with phenol:

—HC—CH,
R
O N
NN
C C—NH—
I I
(o) (0]
\\H//
L
_ 7N
o_

One of the common methods of synthesising poly-2-oxa-
zolidinones involves the reaction of diepoxy-compounds with
difunctional urethanes”>16%175;

1 R®OCONH—R—NHCOOR? -t~ n HyG——CH—R'—CH~CH, _gg;M;'L'-%A
o/ o
—|" —HC—CH, H;C—CH—RI——|—
[ |
- 0 N—R-N O + 9R*OH
NS N/
¢
I I
[¢] [¢] n

where R = aryl.

It has been shown'’® that the solubilities and melting points
of polymers are determined mainly by the structure of the
initial diurethane.

Polyoxazolidinones have been synthesised'’® by the reaction
of bischlorohydrins with isocyanates followed by dehydrochlo-
rination and intramolecular cyclisation:

HaC—CH—CHy—O—R—0—CH,—CH—CH, + 2HCI —
N N/

——- CICH;—CH—CH;—O—R-—-0—CH;—CH—CH,CI }
|

OH OH
7 CICH; —CH—CH;— O—R—O—CHy—CH—CHyCl -  OCN—R1—NCO —— >
[ |
OH OH N
— [ —OCH—~CH,0—R—0—CH —CH—0~ C—NH—RI-NH-C—] — — et
—_— ! | ) I
CH,CI CHCl O 0 I
CH, CH,
N\ /N
_— —CH,O—R—OCH,-ch ITI—R’-—N CH— |—
[
o—cC c—o0
I 1 :
o] (o] n

The rate of ring closure depends on the nature of the
N-substituted polyurethanes. The polyurethanes synthe-
sised from di(4-isocyantophenyl)methane reacts in several

b
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minutes: those obtained from 2,4-tolylene di-isocyanate
react more slowly owing to steric hindrance (due to the
o-methyl group); the cyclisation of the polyurethanes based
on tetramethylene di-isocyanate is slower still. The poly-
oxazolidinones®’® are soluble in DMF and m-cresol but are
insoluble in acetone, methanol, n-hexane, tetrahydrofuran,
dioxan, toluene, and formic acid. The initial polyurethanes
with CH,Cl groups'’® are amorphous substances, while the
polyoxazolidinones obtained from them and aromatic di-iso-
cyanates are partly crystalline, and those obtained using ali-
phatic isocyanates are highly crystalline.

The reaction of ethylurethane with various diepoxy-com-
pounds yielded!””’ 18 a new class of polymers—linear hydrox-
ylated polyoxazolidinones:

1 HyNCOOC,H, -+ n HyC—CH—R—CH—CH, — &N,
N/ NS
S
COOGH;  OH
S -
“\CHy—CH—R—CH—CH;— [—
OH n
- 5 _
!
C—0
—— —N< +nCHOH ,
HyC—CH~R—CH~CH;— |—
OH n

The diglycidyl ethers of hydroquinone, resorcinol, and
di(hydroxyphenyl)propane, as well as epoxide oligomers have
been used as the diepoxy-component.

The hydroxylated polyoxazolidinones are soluble in the cold
in DMF, m-cresol, and sulphuric acid. Compared with the
usual polyurethanes and hydroxylated N-arylpolyurethanes,
these polymers have a higher thermal stability, decomposing
260—300 °C above their softening temperatures. The prod-
ucts obtained from the trans-forms of the diglycidyl ethers of
bisphenols are more resistant to thermal decomposition than
the products based on the corresponding cis-forms.

The hydroxylated polyoxazolidinones readily react with
mono- and di-isocyanates. On oxidation, they give rise to
carbonyl compounds, which indicates the presence of second-
ary hydroxy-groups in their structure. The reactivity of
the secondary hydroxy-groups is much higher than that of
the second hydroxy-group in isopropyl alcohol, which has
been explained!®® by the presence of the oxazolidinone ring
nitrogen atom in the B-position relative to them. The hydroxy-
groups form intramolecular hydrogen bonds with this atom.
The mechanism of the pyrolysis of polymers of this kind has
been established by the DTA method in combination with
dynamic and isothermal thermogravimetric data'®®1%2 1t
has been observed that the thermal degradation of the oxa-
zolidinone ring is preceded by intermolecular dehydration,
which is followed by the decarboxylation of the rings with
formation of complex cross-linked structures:
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The enhanced reactivity of the hydroxy-groups, the regu-
larity of their arrangement along the polymer chain, and the
presence of the thermally stable oxazolidinone rings makes
these low-molecular-weight polymers likely to be useful as
hardening agents for polyurethane resins'’?. These poten-
tial hardening agents can ensure a specified distance between
the cross links, which should promote in its turn the repro-
ducibility of properties of the final materials and should improve
many mechanical properties. The effectiveness of linear
hydroxylated polyoxazolidinones in the hardening of macrodi-
isocyanates has been demonstrated*®’. This entails the for-
mation of insoluble and non-swelling very strong polyurethane
film materials with good mechanical properties and a higher
thermal stability than the polyurethanes hardened by polyols
and polyamines.

(b) Cross-Linked Polymers with 2-Oxazolidinone Rings

Several methods of synthesis of cross-linked polymers con-
taining 2-oxazolidinone rings have been described in the
Soviet and foreign literature. These are mainly polymers
incorporating isocyanurate rings together with 2-oxazolidi-
none rings.

As already mentioned, the interaction of isocyanates with
epoxides involves, apart from the formation of Z-oxazolidinone
rings, the competing cyclotrimerisation reaction of the NCO
groups. The interaction of epoxide oligomers with di-iso-
cyanates has been investigated'®®. It has been shown that,
in the presence of an excess of a di-isocyanate at 160—165 °C,
the formation of oxazolidinones is accompanied by the cyclo-
trimerisation of the isocyanate groups, the homopolymerisa-
tion of the epoxy-groups, the reaction of the isocyanates with
the compound containing hydroxy-groups, and the reaction
between the urethane and the epoxide:

—RNCO + RIHC—CH, — R*HC—CH,
o~ |

0 0 N-R—
N/
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In the synthesis of foam plastics by a single-stage method
using an excess of di-isocyanate®®!®* the polymerisation reac-
tion takes place in several minutes and there is virtually no
homopolymerisation of the epoxy-groups. The main com-
peting reactions are then cyclotrimerisation and the formation
of a urethane.

When tertiary amines are used as catalysts, the epoxide
oligomer greatly enhances the catalytic effect in the polycy-
clotrimerisation of the isocyanate, accelerating thereby this
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reaction. The occurrence of competing reactions precludes
in this instance the possibility of regulating the distance
between the cross links. The considerable brittleness and
strain of the foam plastics can be explained by the presence
of a large number of isocyanurate rings. The single-stage
process takes place®’'® in the presence of catalysts of the
formation of oxazolidinone and cyclotrimerisation, for exam-
ple, N,N',N"-tri[ 3-(dimethylamino)propyl Jhexahydro-sym-
triazine and the aluminium chloride—hexamethylphosphoramide
complex.

The application of the prepolymer (two-stage) method makes
it possible to avoid to a large extent the above difficulties,
because cycloaddition (the formation of the oxazolidinone ring)
and polytrimerisation (the formation of the polyisocyanurate)
take place separately.

Thus the synthesis of an oxazolidinone prepolymer with
terminal isocyanate groups has been described®®185-187. the
synthesis was carried out by the reaction of a diepoxide with
an excess of a di-isocyanate at 100~150 °C in the presence of
a Friedel—Crafts catalyst (AlCl,;, FeCl;, and ZnCl,) for 0.5 to
5h:

(n+1) OCN—<F\>—CHZ~<——\—NCO + 1 HyC—CH--R—CH—CH, —
— —_ N N

7
o}
_ o
TN e TN N ¢
- S/ T c\ijéH R HC/O T
o/ TN
f O HC—N— |—
_ 0 n .
f——<m;\>4-c&zz_<i>—.\ico

In the second stage the prepolymer is hardened by the
polycyclotrimerisation of the terminal isocyanate groups in the
presence of catalysts: 2,4,6-tris(dimethylaminomethyl)phe-
nol*®%%¢ and 2,4, 6-tris(dimethylaminoethyl)phenoi®®’. How-
ever, from our point of view it is doubtful if it is possible to
separate clearly and carry out in succession the two reac-
tions—the formation of oxazolidinones and polycyclotrimerisa~
tion.

Tanaka et al.8%'%% obtained a prepolymer with terminal
epoxy-groups by the reaction of a di-isocyanate with an
excess of a diepoxide at 100—200 °C in the presence of cata-
lysts of the formation of oxazolidinones:

A,

—

n OCN—R!—NCQ + (n + 1) HyC

CH--R--CH—CH,
N

NS
— HyC—CH—| —R—HC—CH,
NS i >N—~R1~i\
0-C
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In the second stage an excess of the di-isocyanate was
added to the oxazolidinone prepolymer with terminal epoxy-
groups and three-dimensional polymers were obtained in the
presence of catalysts of the formation of oxazolidinones and
polycyclotrimerisation.

Polyisocyanates based on diphenylmethylene di-isocyanate,
a mixture of 2,4- and 2,6-tolylene di-isocyanates, and hexa-
methylene di-isocyanate are usually employed in the synthesis
of oxazolidinone-containing polyisocyanurate foam plastics.
Among epoxides, applications have been found for epoxide
polymers based on 2,2-di(hydroxyphenyl)propane (for exam-
ple Epon-828 with an epoxide equivalent of 189) and others®’.
Potassium and magnesium ethoxides, aluminium isopropoxide,
and iron(II1) chloride have been used as catalysts of the for-
mation of oxazolidinones®’.
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It has been established®’ that the reaction between unpuri-
fied di-isocyanates and the Epon-828 epoxy-resin at 130 °C
takes place without the addition of a catalyst. A consider-
able increase in the viscosity of the reaction medium was
observed in the course of the reaction and oxazolidinone
rings were formed. However, when purified di-isocyanates
were used, a visible increase of viscosity was not observed.
The authors®® explained this by the presence in the unpuri-
fied di-isocyanates of admixtures of iron chloride (0.01 wt.$%)
which catalysed the cycloaddition reaction with formation of
oxazolidinone rings.

A method of synthesis of oxazolidinone-containing epoxide
oligomers from polyglycidyl ethers of polyols and isocyanuric
acid in the presence of catalysts (tertiary amines, quaternary
ammonium salts, alkali metal halides and alkoxides, the phos-
phonium compounds) at 130—180 °C has been described?®’.
The reaction takes place with decomposition of the isocyan-

urate rings and the formation of oxazolidinone rings. The
products are oligomers having the general formula
HC CH—R—‘—ﬂCchm -
NS ool .
| O N—CHy~CH—CHy—R— | —CH—CH; |
N x ] %
C OH
1 '
(¢} n

where R is a bivalent residue of the polyglycidyl ether of the
polyol and n = 1-10. Such oligomers have been synthesised
both in bulk and in solvents (DMF, nitrobenzene, o-dichloro-
benzene, and dioxan). The corresponding derivatives of
phenols, bisphenols, Novolak resins, polyoxyalkylene glycols,
and aliphatic polyols can be used as the polyglycidyl ethers.

A patent’®® describes the synthesis of thermoreactive resins
by the reaction of a polyisocyanate, containing in its struc-
ture isocyanurate rings, with a polyepoxide compound, the
reaction involving the free isocyanate groups. The resins
were hardened at 200—-300 °C without a catalyst or at 100 to
185° in the presence of a hardening agent of the amine type.

Oxazolidinone-isocyanurate foam plastics are not very
brittle and their combustibility is insignificant. In a study
of the influence of the content of the epoxide oligomer in the
prepolymer on the physicomechanical properties of oxazolidine-
containing foam plastics, it was shown®%185186 that an increase
of the concentration of the epoxide greatly increases the
weight loss in fire tube tests. The content of the epoxide
oligomer influences the smoke density particularly when the
weight ratio of the epoxide to the isocyanate is greater than
0.1-0.2. An appreciable decrease of the brittleness of the
foam plastics is observed when the epoxide :isocyanate weight
ratio is approximately 0.05. A further increase of the con-
tent of the epoxide entails an insignificant increase of the
brittleness®®. The epoxide : isocyanate ratio (by weight) of
0.05—0.1 may be regarded as optimal.

The thermal stability of the foam plastics has been investi-
gated by thermogravimetric analysis (TGA). It was shown®’
that the onset of weight loss is observed at 100 °C and
amounts to approximately 30% by 400°. In air, oxazolidinone-
isocyanurate foam plastics are more stable than in an atmo-
sphere of nitrogen; in both cases their thermal stability is
higher than that of polyurethane foam plastics, evidently
owing to the greater stability of the isocyanurate and oxa-
zolidinone rings. It has also been noted'®® that, in contrast
to the polyurethane foam plastics and the unmodified polyiso-
cyanurate foam plastics, the mechanical properties of oxa-
zolidinone-isocyanurates are fully isotropic in all directions.

A new method of synthesis of epoxyisocyanurate oligomers
has been proposed®®!°2-1%%  In the presence of polycyclo-
trimerisation catalysts the initial di-isocyanates were con-
verted into oligoisocyanurates containing isocyanate groups;
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then at room temperature the terminal isocyanate groups were
made to react with hydroxylated epoxides, for example, with
glycidol:

(o)

N
cat. A —R—NCO _HOGH,~CH~CH,
20-25°

OCN—R—NCO —=——> OCN— —R—N/ \N—

| |
0=C C=0

— HyC—CH—CH; —O—C—NH—
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It was shown!®271%5 that the hardening of the resulting
epoxyisocyanurate oligomers in the presence of hardening
agents (acid anhydrides) is accompanied by competing cross-
linking reactions involving the epoxy-groups and intramolec-
ular cyclisation with formation of oxazolidinone rings:

0
/
~NH—C—0—CH,—CH—CH, —2— ~N—=C
! N/ o
o Ve .

HOCH,—CH——CH,

However, in the above reports no mention is made of the
possibility of the reaction of epoxide rings with isocyanurate
rings accompanied by the decomposition of the latter, which
has been described in a number of communications’®78%1%%,

Hardened epoxyisocyanurates containing 2-oxazolidinone
rings have been found to have good physicomechanical prop-
erties, to be chemically stable, and to exhibit an effective
adhesion in varnish coatings'®*. The temperature of the 10%
weight loss by hardened epoxyisocyanurates reached 290 to
300 °C.%® The ratio of the oxazolidinone rings and cross-
links and hence also the physicomechanical and thermal prop-
erties can be regulated by the amount of hardening agent
and by varying the hardening conditions®®.

3. Applications of Poly-2-Oxazolidinones

Polymers containing oxazolidinone rings are widely used in
various branches of modern technology. Their thermal
stability and heat resistance are high compared with epoxide
materials and polyurethanes and they are more elastic and
have more effective physicomechanical properties than poly-
isocyanurates. By virtue of this set of properties, poly-2-
oxazolidinones are used successfully as coatings, varnishes®®
69,156,168,189,190,192,19%,196 =200 olactpically insulating materi-
§156,189,189,198,201 © 5nd binders for various composite materi-
156,168,169,190,198,202 " i rubber compositions?°?, and as
85,163,168,189,190,197,199  foam plastics® 68,157 7160184

corrosion inhibitors?®?, etc.*?

al
als
adhesives

187,196,204-206  fiprag  filmst’*,
1'-&‘+,1’+5,198

s

After the manuscript had been sent to the editors, a series
of studies on oxazolidinones were published.

Gramain and Remuson?®’’ described the photochemical oxida-
tion of 2-oxazolidinone which takes place on irradiation by the
light of a high-pressure mercury lamp in the presence of O,
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and a 0.1 M solution of Ph,CO in t-butyl alcohol with forma-
tion of oxazolidine-2,4-dione. The study of Itskovich et
al.?°® was devoted to the intramolecular cyclisation of diepoxy-
carbamates with formation of oxazolidinone rings. Kadurina
et al.?’? showed that the reactivity of diepoxides in reactions
with di-isocyanates decreases in the following sequence: ali-
phatic diepoxides > aromatic diepoxides > alicyclic diepoxides,
the epoxide ring of the alicyclic group altogether failing to
react with NCO groups in the absence of a catalyst. Accord-
ing to the authors, steric factors and the lower mobility of
the epoxide oligomers with cyclic groups determine their
reactivity.

The study of Shukurov et a was devoted to the syn-
thesis of copolymers of aromatic di-isocyanates and epoxy-
resins with high impact strength, hardness, and heat resis-
tance. Sorokin et al.?!! suggest that substituted ureas be
used as hardening agents for epoxide oligomers; 2-oxa-
zolidinone rings are then formed in the hardened polymer.
Two studies?'?2!® were devoted to the synthesis and visco-
elastic properties of thermoreactive oxazolidinone-isocyan-
urate resins. Several patents®*~21® report the synthesis of
oxazolidinone-containing polymers. Numata and Kinjo?!”
demonstrated the possibility of synthesising oxazolidinone-
isocyanurate resins modified by raw rubber. A patent?!®
describes the synthesis of 2-oxazolidinone derivatives by the
cyclocondensation of substituted B-aminoalcohols with CO,.

1 210

REFERENCES

1. G.P.Speranza and W.J.Peppel, J.Org.Chem., 1958,
23, 1922.

2. S.Gabriel, Ber., 1888, 21, 566.

3. H.Arnold and H.Bekel, French P.1345001 (1963);
Chem.Abs., 1964, 61, 7020.
J.Nemirowsky, J.prakt.Chem., 1885, 31(2), 175,

5. E.Fromm and E.Honold, Ber., 1922, 55B, 902.
Y .M.Beasley, V.Petrow, O.Stephenson, and

A.J.Thomas, J.Pharm.Pharmacol., 1957, 9, 10.

7. S.Smolik, A.Novacek, and J.Kopecky, Czech.
P.105032 (1962); Chem.Abs., 1964, 60, 8036.

8. A.A.Sayigh and H.Ulrich, J.Chem.Soc., 1961, 3148.

9. J.V.Swintosky, US P.3131197 (1964); Chem.Abs.,
1964, 61, 3114.

10. D.Braun and J.Weinert, Annalen, 1976(2), 221.

11. M.J.Viard, French P.1099905 (1955); Chem.Abs.,
1958, 52, 20198.

12. V .Ettel and J.Weichet, Coll.Czech.Chem.Comm.,
1948, 13, 316.

13. W.J.Close, J.Org.Chem., 1950, 15, 1131.

14. T.Ishimaru, Nippon Kagaku Zasshi, 1960, 81, 1428.

15. G.Y .Lesher and A.R.Surrey, J.Amer.Chem.Soc.,
1955, 77, 636.

16. P.G.Sergeev and S.N.Ivanov, Zhur.Obshch.Khim.,
1937, 7, 1495.

17. J.W.Lynn, US P.2975187 (1961);
55, 16568.

18. W.A .Wright, J.Heterocycl.Chem., 1965, 2, 41.

19. F.Baiocchi, R.A.Franz, and L.Horwitz, J.Org.Chem.,
1956, 21, 1546.

20. F.Applegath and R.A.Franz, US P.2857392 (1958);
Chem.Abs., 1959, 53, 5286.

21. M.Pesez and J.Bartos, Bull.Soc.chim.France, 1963,
1122,

22. I.S.Matveev, Zhur.Obshch.Khim., 1964, 34, 3417.

23. N.Sonoda, G.Yamamoto, K.Nalgukawa, K.Kondo,
and S.Murai, Tetrahedron Letters, 1975, 1969.

Chem.Abs., 1961,



590

24.

26.
27,
28.
29.
30.
31.

32.

33.
35.

36.
37.

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50,
51.
52.
53.
54,
55.

56.

57.
58.

59.

P.Koch and E.Perroti, Tetrahedron Letters, 1974,
34, 2899.

P.Koch and E.Perroti, BRD P.2437132 (1975);
Chem.Abs., 1975, 82, 156282,

E.Alimov and S.R.Tulyaganov, Zhur.Org.Khim.,
1972, 8, 429.

C.D.Lunsford, R.P.Mays, J.A.Richman, Jr., and
R.S.Morphey, J.Amer.Chem.Soc., 1960, 82, 1166.
E.Grescenzi, E.M.Uberti, and F.Donini, Farmaco.Ed.
scient., 1965, 20, 159; Chem.Abs., 1965, 62, 14645.
K.Sisiko, K.Hukuoka, M.Tuda, and H.Nozaki,
J.0Org.Chem., 1962, 27, 2663.

P.Dimroth, H.Pasedach, and E.Schefczik, BRD
P.1151507 (1963); Chem.Abs., 1964, 60, 2934.
P.Dimroth and H.Pasedach, BRD P.1164411 (1964);
Chem.Abs., 1964, 60, 14510.

L.F.Fieser and M.Fieser, "Advanced Organic
Chemistry", Reinhold Publ.Corp., New York, 1961,
p-499.

S.S.Simons, J.0Org.Chem., 1973, 38, 414.

M.E.Dyen and D.Swern, Chem.Rev., 1967, 67, 197.
A.L.P.Coll, Spanish P.288893 (1964); Chem.Abs.,
1964, 61, 1831.

T .Toda, Nippon Kagaku Kaishi, 1982, 282.
G.F.Hennion and F.X.0O'Shea, J.Org.Chem., 1958,
23, 662.

N.Saito, K.Hatakeda, S.Ito, T.Asano, and T.Toda,
Heterocycles, 1981, 15, 905.

Y .Akazaki and M.Fukuyama, Japanese P.77106866
(1977); Chem.Abs., 1978, 88, 50839.

R.Delaby and R.Damiens, Festschr.Arthur Stoll,
1957, 474; Chem.Abs., 1959, 53, 376.
J.M.A.Testard, French P.1104082 (1955);
Abs., 1959, 53, 6253.

W.Hechelhammer and M.Coenen, BRD P.839037

Chem.

(1952); Chem.Abs., 1957, 51, 14823.
G.Gever, US P.2695300 (1954); Chem.Abs., 1955,
49, 15975.

P.F.Alewood, M.Benn, and R.Reinfriend, Canad.J.
Chem., 1974, 52, 4083.

R.Tzuzuki, K.Ichikawa, and M.Kase, J.Org.Chem.,
1960, 25, 1009.

R.C.Harrington, Jr., US P.2865926 (1958);
Abs., 1959, 53, 8164.

E.Schefezik and H.Pasedach, BRD P.1134381 (1961);
Chem.Abs., 1963, 58, 1464.

E.Gulbins and K.Hamann, Chem.Ber., 1966, 99, 55.
E.Gulbins and K.Hamann, Chem.Ber., 1966, 99, 62.
E.Schefczik and H.Pasedach, BRD P.1162372 (1964);
Chem.Abs., 1964, 60, 12016,

E.Gulbins and K.Hamann, Angew.Chem.,1961, 73, 434.
G.I1.Poos, J.P.Carson, J.D.Rosenau, A.P.Roszkowski,
N.M.Kelley, and J.McGowin, J.Medicin.Chem., 1963,
6, 266.

V.Rosnati and D.Misiti, Tetrahedron, 1960, 9, 175.
G.E.Ham, US P.3214435 (1965); Chem.Abs., 1966,
64, 3544.

G.E.Ham, US P.3231578 (1966);
64, 9731.

K.Sisido, K.Hukuoka, M.Tuda, and H.Nozaki, J.0rg.
Chem., 1962, 27, 2663.

1.S.Matveev, Khim.Geterotsikl.Soed., 1969, 599.
S.Ikeda, K.Soga, S.Hosoda, Y.Tazuke, K.Uenishi,
K.Hyakkoku, and Y.Toshida, Asaki Garasu Kogyo
Gijutsu Shoreikai Kenkyn Hokoku, 1977, 31, 87;
Chem.Abs., 1978, 89, 75489.

S.Ikeda and K.Soga, BRD P.2713063 (1977);
Abs., 1978, 88, 50839.

Chem.

Chem.Abs., 1966,

Chem.

60.

61.

62.
63.

64.
65.

66.

67.

68.

69.

74.
75.

76.
7.
78.
79.

80.

81.

82.

83.

84.

85.

86.

817.

88.

89.

90.

Russian Chemical Reviews, 52 (6), 1983

K.Ashida and K.C.Frisch, J.Cell.Plast., 1972, 8(3),
160; No.4, 194.

S.R.Sandler, F.Berg, and G.Kutazawa, J.Appl.
Polymer Sci., 1965, 9, 1994,

M.L.Weiner, J.Org.Chem., 1961, 26, 951.
E.Gulbins and K.Hamann, Angew.Chem., 1958, 7,
705.

S.R.Sandler, J.Polymer Sci., 1967, A-1, 5, 1481.
S.Dixon and J.J.Verbanc, US P.2977369 (1961);
Chem.Abs., 1961, 55, 17652.

J.E.Herweh, T.A.Fogia, and D.Swern, J.0rg.Chem.,
1968, 33, 4029.

J.E.Herweh and W.J.Kauffman, Tetrahedron Letters.,
1971, 809.

K.Ashida, BRD P.2542489 (1976);
1976, 85, 47525.

K.Ashida, K.C.Frisch, and P.Kordomenos, US
P.4066628 (1978); Chem.Abs., 1978, 88, 106204.
K.Ashida and K.C.Frisch, US P.3817938 (1974);
Chem.Abs., 1975, 83, 79994.

J.A.Clarke, US P.3687897 (1972).

Y .Karasawa and T.Narahara, Japanese P.75117771
(1975); Chem.Abs., 1976, 84, 121805.

W.J.Irwin and D.L.Wheeler, J.Chem.Soc., 1971, C,
19, 3166.

D.Braun and J.Weinert, Annalen, 1979, 200.

Y .lwakura and S.Izawa, J.Org.Chem., 1964, 29,
379.

M.L.Weiner, J.Org.Chem., 1968, 33, 379.
R.R.Dileone, J.Polymer Sci., 1970, A-1, 8, 609.
R.W.Cummins, J.Org.Chem., 1963, 28, 85.
T.C.Frasier, E.D.Little, and B.E.Lloyd, J.0rg.
Chem., 1960, 25, 1944.

V.V.Korshak, L.I.Komarova, S.V.Vinogradova,
S.N.Salazkin, I.A.Bulgakova, E.E.Zaborovskaya,
and V.I.Nikolaichik, Izv.Akad.Nauk SSSR, Ser.
Khim., 1981, 1645.

R.Oda and M.Hata, Nippon Kagaku Zasshi, 1961,
82, 1426.

Y .Iwakura and S.Isawa, Bull.Chem.Soc.Japan, 1966,
39, 2490.

Y .Iwakura and S.Isawa, Japanese P.6819545 (1968);
Chem.Abs., 1969, 70, 68348.

Z .N .Pazenko, E.I.Fedorchenko, and K.A.Kornev,
"Sintez i Fizikokhimiya Polimerov. Respublikanskii
Mezhvedomstvennyi Sbornik" (The Synthesis and
Physical Chemistry of Polymers. All-Republic Inter-
departmental Symposium), 1970(7), 41.
W.J.Farrisey and A.M.Nashu, J.Heterocycl.Chem.,
1970, 7, 331.

Y .Iwakura and Y.Taneda, J.Org.Chem., 1959, 24,
1992.

M.F.Sorokin, L.G.Shode, L.A.Onosova, Chan Than
Son, and E.V.Dudkin, Article deposited at the All-
Union Institute of Scientific and Technical Informa-
tion (VINITI), No.4246-76; ‘Ref.Zhur.Khim., 1977,
6Zh73.

M.F.Sorokin, L.G.Shode, L.A.Onosova, and
S.A.Pavlyukov, Izv.Vys.Ucheb.Zaved., Khim.i
Khim.Tekhnol., 1978, 1220.

M.F.Sorokin, L.G.Shode, and S.A.Pavlyukov,
Article deposited at the All-Union Institute of
Scientific and Technical Information (VINITI),
No.2645-78.

M.F.Sorokin, L.G.Shode, and L.A.Onosova, Article
deposited at the All-Union Institute of Scientific
and Technical Information (VINITI), No.403-79; Ref.
Zhur.Khim., 1979, 10B891.

Chem.Abs.,



Russian Chemical Reviews, 52 (6), 1983

91.

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.

104.
105.

106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

118.

118.

120.
121.

122.

123.

M.F.Sorokin, L.G.Shode, and L.A.Onosova,

"Sintez i Issledovanie Polimerov" (The Synthesis

and Investigation of Polymers), Trudy Moskov.Khim.
Tekhnol.Inst.im Mendeleeva (Moscow), 1980, 102,
M.F.Sorokin, L.G.Shode, A.N.Ratov, L.A.Onosova,
and S.A.Pavlyukov, Izv.Vys.Ucheb.Zaved., Khim.i
Khim.Tekhnol., 1981, 24, 561.

V.S.Etlis, A.P.Sineokov, and G.A.Razuvaev, Zhur.
Obshch.Khim., 1964, 34, 4018, 4090.

R.Oda, T.Hamada, Y.Ito, and M.Okano, Bull.Inst.
Chem.Res.Kyoto Univ., 1966, 44, 227.
R.C.Elderfield (Editor), "Heterocyclic Compounds"
(Translated into Russian), Inostr.Lit., Moscow, 1961,
Vol.5, p.320.

A.A.Berlin and F.A.Shutov, "Penopolimery na Osnove
Reaktsionnosposobnykh Oligomerov" (Foam Polymers
based on Reactive Oligomers), lzd.Khimiya, Moscow,
1978, p.127.

C.Shimasaku, Y.Jino, and M.Saito, Nippon Kagaku
Kaishi, 1979, 1734.

J.W.Turley, Acta Cryst., 1972, B, 28, 140.

F.A .Devillanova, G.Verani, D.Gayathri, D.W.Sath-
yanaroyana, Spectrochim.Acta, 1980, 36, 199.
F.Gristiani, F.A.Devillanova, and G.Verani, J.Chem.
Soc., Perkin Trans.II, 1977, 324.

R.S.Lebedev, lzv.Vys.Ucheb.Zaved., Fizika, 1972,
15(5), 148.

B.Galabow, D.Simov, and L.Krustev, J.Mol.Struct.,
1976, 34(2), 235.

G.W.Moersch and P.L.Greger, J.Heterocycl.Chem.,
1965, 2, 207.

D.Braun and K.Weinert, Annalen, 1979, 210.
C.M.Lee and W.D.Kumler, J.Amer.Chem.Soc., 1961,
83, 4596.

R.S.Lebedev and V.N.Yakshimets, Izv.Vys.Ucheb.
Zaved., Fizika, 1971, 14(12), 61.

J.Breinlich, Deut.Apotheker-Ztg., 1964, 104, 534.
L.R.Stone, J.Assoc.Offic.Agr.Chemists, 1964, 47,
562.

L.R.Stone, J.Assoc.Offic.Agr.Chemists, 1964, 47,
565.

N.Nakamura and I.Sabino, Takeda Kenkyusho Nempo,
1961, 20, 16.

R.J.Herrett and J.A.Buzard, Anal.Chem., 1960, 32,
1676.

T.Endo and M.Okawara, Macromol.Chem., 1968, 112,
49.

R.C.Sovish, US P.3119833 (1964);
60, 10686.

J.J.Davies and W.E.Walles, US P.3149121 (1964);
Chem.Abs., 1964, 61, 13313.
W.F.Tousignant, US P.3152141 (1964);
1965, 62, 564.

Sv.Zikolova and L.Zhelyazkov, Farmatsiya (Sofia),
1964, 14, 16.

W.E.Walles, W.W.Bakke, and W.F.Tousignant, US
P.3157641 (1964); Chem.Abs., 1965, 62, 2778.
R.A.Hickner and D.W.Bolme, US P.3242187 (1966);
Chem.Abs., 1966, 64, 15890.
E.D.Little, US P.3064004 (1962);
58, 10208.

W.J.Close, J.Amer.Chem.Soc., 1951, 73, 95.
J.L.Pomot, French P.1346269 (1963); Chem.Abs.,
1964, 60, 12017.

J.Cason and F.S.Prount, J.Amer.Chem.Soc., 1949,
71, 1218.

P.H.Gross, K.Brendel, and H.K.Zimmerman,
Annalen, 1965, 681, 225.

Chem.Abs., 1964,

Chem.Abs.,

Chem.Abs., 1963,

124.
125.

126.

128.

129.

130.

133.

134.

135.

136.
137.

138.

139.
140.

142.

143.

144.

145.
146.

148.

149.

150.
151.

152.
153.

154.

155.

156.

157.

591

D.A.Smith, Nature, 1963, 197, 285.
P.H.Gross, K.Brendel, and H.K.Zimmerman,
Annalen, 1964, 680, 159,
K.A.J.Snoble, US P.4281200 (1981);
1981, 95, 168535.

M.Najer, P.Chabrier, R.Guidicelli, J.Menin, and
J.Duchemin, Bull.Soc.chim.France, 1959, 1841.
W.F.Tousignant and A.W.Baker, J.Org.Chem.,

1957, 22, 166.

P.Zhalyazkov and Sv.Zikolova, Farmatsiya (Sofia),
1963, 73, 24.

Y .Hamashima, K.Tori, and A.Takamizawa, Chem.
Pharm.Bull.(Tokyo), 1965, 13, 1052.

A.Ya.Berlin and L.S.Yaguzhinskii, "Trudy Simpo-
ziuma 'Puti Sinteza i Izyskaniya Protivoopukholevykh
Preparatov'" (Transactions of the Symposium on
'Methods of Synthesis and Utilisation of Antitumour
Preparations'), Moscow, 1960, p.92.
P.J.Kordomenos, J.E.Kresta, and K.C.Frisch, Org.
Coat.Plast.Chem., 1978, 38, 450.

G.Bald, K.Kretzschmar, H.Markert, and M.Wimmer,
Angew .makromol.Chem., 1975, 44(1), 151.
P.J.Kordomenos and J.E.Kresta, Macromolecules,
1981, 14, 1434.

Danish P.6410202 (1965);
11572.

S.Gabriel and G.Eschenbach, Ber., 1897, 30, 2494.
French P.1354115 (1964); Chem.Abs., 1964, 61,
5809.

W.Arend and H.-G.Trieschmann, BRD P.340321
(1956); quoted after Ref.139.

E.K.Drechsel, J.Org.Chem., 1957, 22, 849.
E.J.Sullivan, US P.3146193 (1964); Chem.Abs.,
1964, 61, 14364.

B.M.Culbertson, S.Dietz, and R.D.Wilson, J.Polymer
Seci., 1971, A-1, 9, 2727.

B.M.Culbertson and $.Dietz, Canad.J.Chem., 1968,
46, 3399.

W.W.Bakke, W.E.Walles, and W.F.Tousignant, US
P.2993031 (1961); Chem.Abs., 1961, 55, 24107.
W.F.Tousignant and W.E.Walles, US P.2941907
(1960); Chem.Abs., 1960, 54, 21668.

B.P.868188 (1961); Chem.Abs., 1961, 55, 22905.
J.Jd.Pellon, US P.2954366 (1960); Chem.Abs., 1961,
55, 4043.

B.B.Hibbard and D.D.Weage, US P.3044992 (1962);
Chem.Abs., 1962, 57, 12739.

J.Furukawa, S.Yamashita, and H.Okamoto, Japanese
P.7146 (1963); Chem.Abs., 1964, 60, 16009.
J.F.Bork and L.E.Coleman, J.Polymer Sci., 1960, 43,
413.

R.Hart, Makromol.Chem., 1961, 47(2), 143.
G.B.Sterling and R.L.Zimmerman, US P.3092605
(1963); Chem.Abs., 1963, 59, 5348.

B.P.834563 (1960); Chem.Abs., 1960, 54, 20321.
N.S.Gromakov, B.G.Khozin, and V.A.Voskresenskii,
Izv.Vys.Ucheb.Zaved., Khim.i Khim.Tekhnol., 1976,
19, 440.

N.S.Gromakov, V.G.Hozin, and V.A.Voskresenskii,
"Proceedings of the Vth International Conference on
Thermal Analysis", London, 1977, p.279; Chem.
Abs., 1978, 89, 110947,

M.Kitayama, Y.Iseda, F.Odaka, S.Onzai, and
K.Irako, Rubber Chem.Technol., 1980, 53(1), 1.
S.Kimura and K.Samejima, Japanese P.46105659
(1979); Ref.Zhur.Khim., 1980, 20S334.

K.Ashida, Japanese P.554465 (1980); Ref.Zhur.
Khim., 1981, 5S368.

Chem.Abs.,

Chem.Abs., 1965, 63,



592
158,
159.
160.

161.

163.
164.

165.
166.
167.
168.
169.
170.

171.

172,

173.
174.

175.

176.

179.

180.

182.

183.
184.

185.
186.

K.Ashida, Japanese P.5544€4 (1980); Ref.Zhur.
Khim., 1981, 5S369.

K.Ashida, Japanese P.554466 (1980); Ref.Zhur.
Khim., 1981, 5S370.

C.H.Schramm, US P.3313747 (1967); Chem.Abs.,
1967, 67, 12134.

C.H.Schramm, US P.3334110 (1965); Chem.Abs.,

1967, 67, 91328.

Y .Karasawa and T .Narahara, Japanese P.75160189
(1975); Chem.Abs., 1976, 85, 63513.

S.R.Sandler, J.Appl.Polymer Sci., 1969, 13, 2699.
J.E.Herweh and W.J.Whitmore, J.Polymer Sci., 1970,
A-1, 8, 2759.

.Ohkawa, Y.Hiraoka, and K.Furuta, Japanese
P.7695497 (1976); Chem.Abs., 1977, 86, 6126.
G.D'Alelio, US P.3721650 (1973).

G.D'Alelio, US P.3737406 (1973).

G.D'Alelio, US P.3694406 (1972).

.G.Glasgow and A.E.Follett, US P.3702839 (1972).
.Miyadera and K.Nanaumi, Japanese P.7493491
(1974); Chem.Abs., 1975, 82, 125995.

A .Nashikawa, H.Yokono, S.Numata, and J.Mukai,
BRD P.2543386 (1976); Chem.Abs., 1976, 85,
6786.

S.Kimura and K.Simeshima, Japanese P.5518726
(1980); Ref.Zhur.Khim., 1981, 8S317.

J.A.Clarke, US P.376624 (1973).

T.Ishikawa and N.Watanabe, J.Chem.Soc.Japan,
Chem.Ind.Chem., 1980, 852.

Y .Iwakura, S.Izawa, and F.Hayano, J.Polymer Sci.,
1966, A-1, 4, 751.

Y .Iwakura, A.Nabeya, F.Hayano, and K.Kurita,
J.Polymer Sci., 1967, A-1, 5, 1865.

Z.N .Pazenko, E.I.Fedorchenko, A.V.Golubev, and
K.A.Kornev, USSR P.219180 (1967); Byul.Izobret.,
1968(18), 93.

E.I.Fedorchenko, Z.N.Pazenko, and K.A.Kornev,
"Sintez i Fizikokhimiya Polimerov. Respublikanskii
Mezhvedomstvennyi Sbornik" (The Synthesis and
Physical Chemistry of Polymers, All-Republic Inter-
departmental Symposium), 1970, No.6, p.66.

Z .N.Pazenko, E.I.Fedorchenko, A.G.Yakovenko,
and K.A.Kornev, USSR P.328127 (1970); Byul.
I1zobret., 1972(6), Ti.

Z .N.Pazenko and K.A .Kornev, "Uspekhi Khimii
Poliuretanov" (Advances in the Chemistry of Poly-
urethanes) (Edited by Yu.S.Lipatov), Izd.Naukova
Dumka, Kiev, 1972, p.132.

E.I.Fedorchenko, A.V.Golubev, Z.N.Pazenko, and
K.A.Kornev, "Sintez i Fizikokhimiya Polimerov.
Respublikanskii Mezhvedomstvennyi Sbornik" (The
Synthesis and Physical Chemistry of Polymers. All-
Republic Interdepartmental Symposium), 1973, No.ll,
p-132.

A.V.Golubev, Z.N.Pazenko, E.I.Fedorchenko, and
A .N.Mukhova, "Tezisy Dokladov III Respublikanskoi
Konferentsii po Vysokomolekulyarnym Soedineniyam"
(Abstracts of Reports at the IlIrd All-Republic
Conference on Macromolecular Compounds), Izd.
Naukova Dumka, Kiev, 1973, p.50.
E.M.Blyakhman, M.A.Litvinova, and L.B.Gvady-
badze, Vysokomol.Soed., 1980, B22(5), 346.
K.Ashida, M.Ohtani, and T.Yokayama, Japanese
P.7674095 (1976); Chem.Abs., 1976, 85, 125341,
K.Ashida and K.C.Frisch, US P.3793236 (1974).
K.Ashida and K.C.Frisch, "Advances in Urethane
Science and Technology", Westport (Connecticut),
1973, Vol.2, p.255.

=

=< g

187.

188.

189.

190.

191.

192,

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

213.

214.

Russian Chemical Reviews, 52 (6}, 1983

E.R.Moss and D.L.Skinner, J.Cell.Plast., 1977,

13, 399.

G.Tanaka, S.Toyoda, and T.Narahara, US P.3979365
(1976).

G.Tanaka, S.Toyoda, and T .Narahara, Japanese
P.48-97142 (1978); Ref.Zhur.Khim., 1979, 7S346.
J.A.Clarke, US P.3676397 (1972).

W.R.McErloy, US P.3494888 (1970).

S.I.Nogteva, Abstract of Candidate's Thesis in
Chemical Science, Mendeleev Moscow Institute of
Chemical Engineering, Moscow, 1980.

M.F.Sorokin, L.G.Shode, and L.A.Onosova, Lako-
krasochn.Materialy i Ikh.Primenenie, 1970(2), 10.
M.F.Sorokin, L.G.Shode, L.A.Onosova, Chan Than
Son, and E.V.Dudkin, Lakokrasochn.Materialy i Ikh.
Primenenie, 1979(6), 6.

M.F.Sorokin, L.G.Shode, L.A.Onosova, and

L.A .Murzakhanova, "Sintez i Issledovanie Polimerov"
(The Synthesis and Study of Polymers), Trudy
Moskov.Khim.-Tekhnol.Inst.im Mendeleeva, 1980,
p-100.

G.Behrendt and D.Joel, DDR P.125746 (1977);
Chem.Abs., 1978, 88, 38517.

T .Hekamada, Y.Kanoh, and T.Narahara, South
African P.7406149 (1975); Chem.Abs., 1976, 84,
152432,

C.H.Schramm, US P.3415901 (1968);
1969, 70, 38450.

W.Uerdingen, K.Findeisen, and K.Wagner, Fatipec.
Cong., 1976, 13, 615.

D.Russell and R.Lenton, US P.3960813 (1976);
Chem.Abs., 1980, 92, 165379.

T .Narahara, K.Sugahara, T.Karasawa, H.Yokono,
J.Mukai, and T.Murou, Japanese P.75126797 (1975);
Chem.Abs., 1976, 84, 75166.
G.A .Haggis, B.P.2011432 (1979);
92, 63222.

T.Koyama and T .Narahara, Japanese P.79117598
(1979); Chem.Abs., 1979, 91, 212230.

K.Ashida and K.C.Frisch, "Advances in Urethane
Science and Technology", Westport (Connecticut),
1973, Vol.2, p.241.

Y .Miyadera, T.Yokoyama, Y.Sugawara, H.Suruki,
S.Numata, and H.Yokono, Japanese P.7830697
(1978); Chem.Abs., 1978, 89, 111208.

S.Kamiyama, N.Nagai, and H.Miyamoto, Japanese
P.7735299 (1977); Chem.Abs., 1977, 87, 54023.
J.-C.Gramain and R.Remuson, J.Chem.Soc., Perkin
Trans.I, 1982, 2341.

I.B.Itskovich, L.Ya.Rappoport, A.B.Korennaya, and
G.N.Petrov, Kauchuk i Rezina, 1982(9), 7.
T.I.Kadurina, V.A.Prokopenko, S.I.Omel'chenko,

and L.I.Laevskaya, Vysokomol.Soed., 1982, 24B,
848.

G.I.Shukurov, V.A.Pankratov, G.A.Prokhorova, and
D.F.Kutepov, Plastmassy, 1983(1), 61.

M.F.Sorokin, E.A.Gershanova, N.A.Trubnikova, and
T.A.Goryunova, Lakokrasochn.Materialy i Ikh.Pri-
menenie, 1983(1), 9.

N.Kinjo, S.Numata, T.Koyama, and Y .Katsuya,
Polymer J.(Tokyo), 1982, 14, 505.

N.Kinjo, S.Numata, and T.Koyama, "Proceedings of
the 28th Macromolecular Symposium IUPAC, Amherst,
USA, 1982, p.610.
Japanese P.82223621 (1982);
182180.

Japanese P.8203815 (1982);
182229.

Chem.Abs.,

Chem.Abs., 1980,

Chem.Abs., 1982, 96,

Chem.Abs., 1982, 96,



Russian Chemical Reviews, 52 (6), 1983 593

216. N.Sibata, S.Numada, and T.Narahara, Japanese 218. Japanese P.8242678 (1982); Chem.Abs., 1982, 97,
Appl., 5647419 (1981); Ref.Zhur.Khim., 1982, 216155.
11S462.

217. S.Numata and N.Kinjo, Polymer J.(Tokyo), 1982, Nesmeyanov Institute of Organoelemental Compounds,
14, 671; Ref.Zhur.Khim., 1983, 35138. USSR Academy of Sciences,

Moscow



