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News in the Synthesis of Organo=Klementary
High Molecular Compounds

Yy

V. V. Xorshak

Elemento-organic chemistry as a field of arganic chemistry, not confining 1tself
only to elemento-organogens, such as carbon, hydrogen, oxygen, nitrogen, sulfur,chle-
rine and other halides, and placing in the service of organic synthasis the entire

~tundange of the periodic system of elamsnts has been formed only in the past
two=-threa decadenl. In conformity with this the cheﬁiatry of elebonto—m‘gnio high
molecular ccnpounds represents a still quite young field, and rapid developmesnt of
same is explained by the fact, tbat many high molecular elemento-organic campounds
are distinguishsd by high heat resistanse, chemlical stability and other interesting
qualities, thanks to which they are finding jractical application,

To satisft the needs of new technology is required a greater mmber of polymsrs
with very high quality indices, namely; high heat resistanse, chemical stability,
greater mechanical strength, presence of electroinsulation, semiconductor and other
properties, .

Qne of the ways of solving thi%ptoblom is the use of various elementa for the
synthesis of polymers and inclusion in this field of all elements of the periodic
systnzg

At present time are manufactured in industrial scale and £inding various appli-
cation such elemonto=orgsniec polymers, as polymsrs and copolymr_u of fluocrinated
ethylena (vinylfluoride, vinylidensfluoride, tetrafluoroethylens, trifluorochlosos

ethylens, perflucropropylens etce)numercus silicon-organic polymers,orthotitanic acid
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eater bdase polymers, polyphosphonitrilechlorides, phosphorylated polystyrens and of ~
hersl, |

Elemsnto-organic campounds represent a field lying in between crganic and inorganie
chemiatry". vhich equally pertains to elemento-organiec polyurl-.

If in the past the basic development of polymeric chemistry foilouod the ling of
organie compounds, at present tims inorganie high molecular compounds are attracting
more and more attention and the field of inorganie polyur‘; is gaining in dmlomts.

Elemento~organic high molecular ccompounds, known at xre‘aent time in conformity
vith the classification introduced by us 6 can be divided into two groupse

.'I’he first group-homochain polymers,among which the most important are carbo-chais
higmolecular campounds, macramolecules of which consist of carbon atons, and all
other elemsnts appear to be sudbstituents in these carbon atcms, which can de expres-
sed by the following formulas:

hiey!
X
vhere X = substituent,containing various elements,
ALl other kmown at present time homochain polymers are not durable and present
no practical interest, Althouéh we known of low molecular polymers of ths tm‘-:s-
. A

for the following elementazs silicon, germanium, tin, nitrogen,phosphorus, uunﬁ
antimony and sulfur,

The second group of elemento-organic high molecular compounds-heterochain com=
pounds of the types (-'3|- )’;\ xo Where )‘.nnd % = atams ar groups coataining oms or
several different elements,

The sacond group is very numerocus and it includes a majority of known at preseat
time elmnfo-organic campoundse .

Successes in the field of synthesizing and employing slemento~crganic monomers
and polymers are described in many reviews 3e749 and monographies 10-16. Comsequontly
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this report will diacuss only more important investigations in this field and briefly
describe the most interesting results, obtained very recently.

Methods of Synthesizing Elemento=-Organie
High Polymer

The basic method of synthesizing heterochain elemsnto-orgsnic polymsrs appears
to be polycondensation, with the aid of which are mmu}abain.a all possible silicoa
organic and o.ther polymers, with inorganic chains :lnelluinq, .
One of the new types appears to be polycondensation on the base of the A.Ye.Ar
tzov reaction, invaestigatsd by M.I.Kabaohn.ik]'? end coworkers, with the transitio#

of trievalent phosphorus into pentavalent in accordance with schemes

2

] |
— (n— 1)R'Hal 4 “a](—?—R"f’)n-l—:c—R“p—OR'
|

nHal—lé—R—P—OR' —_
1

As result of this reaction is farmed a group of hsterochain phosphoro-arganisc polymers,

Polymerization doeas not offer the possibility of obtaining heterochain elemento=
organic polymers,because there is still no knowledge about monmrs.eontaini;:g the
carbon-metal dmble/by of the type \C=JL .

But with the ald of polymerization are obtained carbochain elemento~organic high
polymers, having elemsnts in the side chains and in form of substituents,

In recent years appeara a series of new methods of synthesizing elamsnto-organie
high polymers, Great application has been acquired by the method based on polymers -
zation of cyclic caxpounds, This msthod is widely used for the synthesis of l;igh mole~ .

cular silicon organie conpamdam \1/
. 7N\

N ) 0.&3

No o e
. 0\ /
Si
"\
This reaction is realized in presence of acid catalysts,

Polymerizaticn of cyclic trimers and tetramers serves as ons of the methods of
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obtaining polyphosphoronitrilechloride and its derivasives 7.
It vas shown reccnu:” that the method of polymeriz ng cycles is also suitadle
for the obtaimpent of coordination polymers. In this case are first obtained cyclic-

moncmers and dimers which later polymerize easily vhen hedted in melted state

¢ ¢— A Lt ke

Creater develomenat was attainod by polycoqrdination, iuding to obtainmens
of coordination polymers containing various metals, In role of organic ligands are
used tetraketones, uxyketones, bisaminoacids etcycompounds containing complex forming
groups, These polymers may also contain metals, such as copper, iron,cobalt, nickel,
cadmiuwn, zins, beryllium .“.20.

Polycoordination represents one of the cases of equilibrium reactiomn and. is
subject to the very same laws2l, In particular, the molecular veight of cocrdinatiom
polymers depends upon the —______ campletensss of removing the lowemolecular product,

as it was established on an example of the following roact:lonlns

See attached page {4a) for Fermula 5~

Polyrecombination represents a new method of obtaining high molecular com=
pounds, vhichy as was shown, is suitable also for the obtaimment of elemento-organie
polymers 21723, with the aid of this method were cbtained polymers,containing irom,

boron, phosphorus, beryllium and others,
Reaction takes place during the hsating Of a roper monamsr with organie peroxide
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7 \_o— CH= c—cu.._
Py \ / (‘2H+3CH,C—01-—O— \—o O—c-
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?:0; 'O é \\}{ / .H/
> ~CH, | ++ 24CH,COCH,COCH,
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and for the case of obtaining polyforrmu it is expressed by the following equations

D& D-C DD~ y
d a oAb :

Cyelopolymerization is successfully employed for the obtaimment of slemento-organis
polymera containing heterocycles in the chains, and it takes place acearding to equa-

tionz"a . _ where Je atom of the element, With this
Taian ({u\: i 12} msthod were obtained?d soludle polymers
WCll Al - ,—CHi—d l—’ 7
_ (l.ll,/éH, ‘ cu, q I ‘ from dialylphenylphosphineaxide and dimesal-~
Ny : lylphenylphosphineaxide,

During the action of a complex catalyst (%Hs)suﬂ'!.clh were obtained?d poly.
mers from dimethyldiallylsilans, )
It was shown 26 that sterecregulation of polymerizatiom-is suitable for the

synthesis of elmto-organié isotactic high molecular compounds, containing silicon

i 8.

The new method of obtaining elemento-organic polymers appears to be migratiomal

and other elements in ths side chain of type
i

copolymerization of hydrides of such elements, as silicon, bhoaphorn-. tin, boroa

with unsaturated compounds 27-29,
. <|3Ha
|
xCH=CHSIH =+ [—CH,—CH,—-Si(CHyl—1, q f

This reaction is easily realizable also in case where instead of olefines is used
acetylene and its homolognes3®,

An interesting case of migrational copolymerization is the syntheais of phosphore
containing polymers in ac'cordance with the reaction,introduced by &;echhnsl. The dasic
monomer is diethyleneamide of phoephor?.e acid, vp:lch easily amgcya dicarboxylic acids,

diamines etce campounds CHn ot
x ) /ML\I\G + xHOOCRCOO! —

Ioi

~» [—~CH,CH;NHP(OEt)NIICH,CH,O0CORCOO—1, N

FID-TT=63-121/1+2 s



With the aid of migrational copolymerization of dihydride of diphenyltin with
d-p-styrene derivatives of germanium, tin and lead vere cbtained> heterochain poly.

mers of the types

—a-a,—€ -

™,
a —Sn—
' = ,ci.m.?nl‘”.-

GH,.

oY

where J= Go, Sn or Fb,

Together with above mentioned synthesis methods of the monomers greater develomment
is gained by the synthesis of elemento=wrganic polymers Ifrom ordinary organie carbo-
chain high molecular compounds by introducing into their mcrm;ecnh different
elements using this cor any other method, .

Polymers of Elements of the First Oroup of the Fericdie System
In this group are known polyuersy,ccntaining copper,silver, potasaium and lithium,
The most wvidely investigated heterochain polymers of copper,belong to the group of
ecoordination polymers. They are obiainsd by the reaction of cupric salts o cnpx'ic acetyl
acetanate with various bifunctiocnal complexones,

Rarticularly thoroughly investigated were cocrdination polymers,cbtainable with

the aid of various tetraketone-”' 31 + They rerresent green cclor powders,melting at

200=400° and in greater part insoluble in organie solvents, of general formulas
TR R-

Of great intereat is anotbher group of
g g NZS N
polymers, namely polymeric phthalocyanates i Cu\ n oS /z
of copper, as for am,ploas L’ ‘é—R'C’O ‘

These polymers can withstand a temperature

<;> | -| of over 500°,
NN ).=~ ! ‘

" |
:)N Cu \/— (>‘| / j - of copper and tetracyanethylshe,represent

ﬁ
LA
K>

The obtained 37 coordination polymers

a noxmelting black powder of the strustures

fov Fovema\a

See: aMached mr ba.
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Next, are kmovan carbochain polymersycontaining alkali metals, They are obtained
fron the reaction of polystyrens with metallic potassium in presence of potassium
ax1ae®?e40, |

Known is also polylithiumstyrens, It is obtained from polyiodine-or-bromostyrens
by the action of butylntuun”'u. Polylithiumstyrens appears to be a highly reae-
tive substance, capadle of replacing lithium by various groups. As results of this
was obtained a greater amount of products, representing polystyrens,containing in
ortho=end para positions in the mucleus different groups, In this way are introduced
alkyl, nitrile, carbexyl, amide, epoxy, ketone and oti;er groups, as well as trimethyl-
8ilyl, mercapto group,trialkyltin and others39e

Polymers of Elements of the Second Group of Periodic System

Quite a number of polymers is knowngcontaining dberyllium, zine, cadmium and mer.
curye A larger group is formed by polymers, in vhich these metals are bound in form of
a complex with tetraketones, rhenols, amines,as well as other organic bifunctiona)]
complexcnas 20033-37»112,

0f special interest are polymers, obtained 21 fram p,p'=bis-(Acetoacetyl) of 4i-
phenyl ether and beryllium acetylacetonate, Investigation of this reaction showed
that it is fully subject to the very sams lauws,which are charact ristic for equilib-
rium polycondensation, Using equivalent amounts of initial products and assuring maximm
removal of aéotyhcctom.it was possible to obtain the present easily solubls high
polymeric eampounds of beryllium with molecular weight of mare than 125 thousand®l,

Synthesized were complex ®cyclic® monomerie compounds, . FPolymerization of same
during heating led to the synthesis of a mumber of very high molecular ccmplex com-
pounds of beryllime'’,

Polymeric compounds of mercury were obtained 42 by polymerization of unsaturated
arganosmsrcury compounds of the pheyl-rdwl.-yhe@lmrcnry. bis=-(p-vinylphengil)-
mercury, acrylate and methacrylats of phenylmercury type. Introduction of meroury
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into high molecular campounds is known already s long time and in this a greater num-
ber of polymers was obtained, Especially, polystyrene,containing mercury in phenyl
mcloust3~45, meroury containg rubberdb, mercurated polyvinylthiophens etes

Mercurized rubber contains mercury in dcuble bond and in methyleme groups as wsll,
They are less heat resistant and less elastio in comparisén with the basie rubbder,

o It was shown , that poly-s~vihylthiophene mercurized easily under the effect of
mer oury 1nobumuto“7.
Polymers of Elements of the Third Group of Feriodic System

Known are polymeric sampounds of boron, alumimm , gallivm and thallium,

The chemistry of polymeric boron compounds represents a new, intensively groving
zone of cheudstiy of elementoecrganic compounds, and at present time literature is
bearing reviews, which summarize the achievements in this field“a.

For heterochain polymers containing borom, is characteristics easy hydrolizability,
but the emplqyment of the complexing mrinciple allows to raise the hydrolytic stabd-
1ity of these compounds, _

0f special interest are campounds containing boron and nitrog:n similtanecusly,

In this case are used highly stable borazole cycles, which are bound with the aid
of diisocyanates or in another waylid, As it was possible to show recently, it is also
possible to obtain a direct chain, consisting of boror and nitrogen ataas, bound with

sufficiently greater radical:5°
———

..._;{_Z'_,{_z’_... /j

Lite51 obtained highly stabls to hydrolysis and remaining unchanged up to 300°
polyesters o:f diboric acids with tetra-bis-axyaliylated polymthy_loncdm- of

structures I|2 ) l'i
AN AR
CH, O 0" CH,
-(CH,),.—N/——»-\B—-x—B/ \\'- Z/
\cn, . \o\ c{, ‘
Yo
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During thermal doeuu‘aoaition of diba‘@odimttwhrdm adduot is obtained a quite
stable’? polymer [(ag)zunne] X o

Qf greater interest are also baron/alumimm cardinations, In this cese is obtained
a chaingconsisting of baron and alumimm atams, and a cycls of the very same ltms.

Folymeriec compounds, containing boron and phospharus in form of cyoclis and linear
phosphineborine, attract greater attentiond2*53, The reaction of diborane vith aie
methylaminodimethylphosphine gave a highly heat resistans (up to 400°) lincar phos-
phinsbar tneod, *

Known is quite a large nmumber of carbochain polymers,obtained by polymerization
of unsaturated baron eo-poundl”.

Obtairned were polymers fram triﬂml-p-trhnalbcronss. as well as polymers of
parastyryl>® and paravinylphenylborie aeidsST, Bis-p-vinylphenylbaric acdd polymerizes
easily and can be used for copolymerization wvith styrene, as result of which is obtained
a polymer,not melting even at ,00° When this trimer is heated with hydrogen percxide
it converts into a sclubles product of low molecular weigh$ycontaining phenol hydro-
yls 3 .

An interesting type of polymers was derived fram alkoqalmimmeetyhcetmhsa.
Upon cleavage of two alechol molecules is obtained a polymeric mwroduet,having a chain
of aluninum atoms and oxygen atams, whereby the alumimm atoms are bound with acetyl

acetone radicals: A

d o

A

}
Described was the obtaimmen$ of polymeric basic salts of crganic aluxinum acids
by cleavage of wvater from basic salt by -q-auoé’-“’ .

AHO—Al-OH —+ [~0—Al—], 4 aH,0 l g
x
Obtained’ vm‘polyorgsncan@nul\mommn‘" of the type
oo emO—Al—O—Al—Qemee. '
b, dm, 19
ST L T /1R ' 9 -



EBspecially heat resistant were found to be polymers of this type with phenoxy-and 8e
hydroxyquinoline groups in alumimmd?, They remain unchanged when heated to 400°,

The nev type of polymsrs represent eanpoudlsl of structure
o Me | Me |
\.{,/i‘\,‘,/, \N/

/IM Me/‘!"\ VN ,20
r N l

Cl
Me

/‘,“\,\:,/”\

They form during the heating of the cumplex,ocbtainable from methylamine and diethyl-
alumimmchlortdes
" aMeNH, AIE)C! — (MeNAICH), +2nCH, ﬂ,l

Known are polyrers,obtained during the pplymerizatiom of vuwhlmnim halides, '
halides of divinylalumimum and tﬁ'mh]mm?.

Thallium can be easily introduced into arganic canpounds by the reaction of thalliza-
ticne And s0, poly-a~vinylthiophena and polystyrens under the effect of thallium tri-

isobutyrate convert into corresponding thaliumized organie emamhw

Polymers of Elements of Fourth Group of Periodie System !
Known are polymeric compounds of carbon, silicon, titanium, germanium, zirconiul.'
tin and lead,

The fourth group of the periodic system contains the greatest mumber of elemsnts,
widely used in the obtainmmt of variocus types of elen?:to—argnnc polymerse First of
all we like to men tion silicon, which after carbon appears to be the first element,
the polymeric caspounds of which have acquired greater practical applicatiom in form

of various silicon polymers, representing greases,oils , u‘puda. as well as rubber,

films and materials similar to it, distinguished by high heat resistance and widely
used by industry,
Since the chemistry of silicor-organic compounds has presently atiained greater

development, then we will not discuss its numerous achievements, because this appears to b

FI~T163-121/1+2 10




a theme of special review, but we will ﬁention only the presence of numerous monogre-
phies and reviewing reports, devoted to this jroblem 3¢8010=12,15,16,64=66

0Of the number of silicon-organic compounds we will mention the number of polymers
which gas appeared in recent years, and containing in role of substituents various
polar groupo3 at the ailicon atom. Among these should be mentiocned cyanalkylsiloxanes,
fluoralkyleiloxanes, vinylsiloxanes,as well as a number of other compounds, vhich
found greater application, because these polymers are highly heat resistant and res.
istant againt oils 6t"68. Given below are formulas of certain polymerss

1.,Nitrilesilicone rubber 2, Tluorsilicon rubber

l Hutpinciikonopul k3ysys 1 DTOPCHIILKOHOBLIA KayuyK

" (CH)CN CHy |- CHy 7

l —di—0—ti—0— | —di~o— ZL
ERTL O Then ) ®
where R{-C!‘3. (‘7!‘5. L’317.

A very interesting group of new polymeric substances are polyorgancmstalsiloxanss,
These compounds, in the ccmposition of which is a heterochain skeleton, formed of
intermittent milicon, coygen and certain metal atoms?*9969, Anong the metals used
for that purposs, is necessary to mention first of all aluminum, with the aid of which
is obtained polyocrgancalumosiloxanss 69'70. With the aid of titanium are obtained
polyorganotitanosiloxanes 69'71. Such metals as tin, lead, antimony have also been
used for the synthesis of polymsrs of mentioned type 59, These campounds axr'e distin.
guished by high heat resistance and are of greater interest as a new group of highe
molecular elemento-organjec polymers, Obtained was polyorganosnmphosphoralu.omnelu.
as well as polymers, conteining the silicon/carbon bond in basic ch:lnn.

Polymerization of a number ¢f vinylaromatio canpounda73. as well as a mmber of
ailiconoelfin;n has been investigated,

When investigating polymerization of allyl and metallyl derivativos of a muber
of silanes in the presence of complex matal crganic catalyats (6235)311*1‘101,‘ was

FTD-TT63-121/192 1



obtained & number of nev polymers with isotactic structure 75.

Very interesting is the polymer, contsining Si-0+B bouds, stabilized with nitro-
gen containing compounds, playing the role of eleetron‘dom-”.

A revisw has been published, in which are described synthesis reactions of a mm.
ber of silicon-, germanium-and stanno-organie compounds, as well as their adbility to
polymerize and the properties of obtained polymers 66. :

Triethtlailgl esters of polyvinyl alcohol were found to be excellsnt dielectrics’S,
The chemistry of polymeric titanium compounds is presently uader intensive devel-

ox:mn.t’n"78

eTitanium does not yield true metallo-organic compounds, and all its poly.

meric compounds are presented by substances of the type of cyclopentadienyl titanium

compounds, as well as by cortain other complex campounds, listed Below,
Folytitanoxanes rcpresent titanium oxide polymers,obtairable during the hydrolye

sis of orthotitanic acid esters: I i P
o o o

Hi0 1 1 v
Ti(OR), —— -- --n—o—r._o..1'-._o_.- . '
| | . .
(0] o 0

i | |

They form very strong films and used in mamifacturing heat resistant coatings?/=19,
A number of polymers was obtained, polymers containing tigsanium, e.ge tributoxy-
titanomonomethacrylate, which copolymerizes easily with mothylmethacrylate, forming
a soft aubatancoao. atable tc; moisture, Dibutoxytitancmethacrylate capolymerizes with
atyrens foarming solid products,used as insulation mteriaueo. Dipentyloxytitano-
dicrotonate is also polymriubleeo.tmtmstyryltimh polymerizes easily at ].50‘81.
Haterochain germanium compounds represent a larger group of compounds,constructed
analogously to silicon-crganic compounds and resembling the latter to a certain exten$d2,
Polymers, containing germanium, are also presented by a series of substmmces, belong-
ing to the group of carbochain high molecular compounds and containing germaniwm
in forn of side branches, These are variocus d.rivatives of acryneénd methaoryliec acids,

styrene and other monmnua‘.

FTD-TI-63-121/1+2 2




Knovn 18 & greater nmumber of germanium compounds, e.getetrsallylgermanium®®, whieh
polymerizes easily, Described are polymers of ethyltrivinyl-and diethyldivinylgermanium,
obtained at high pressure®3, Obtained were also trialkylallyl- and trialiyl-metallylger-
maniwm , which polymerize eaaily under pressure in presence of tertiary butyl pcrouﬁdoah.
Dimethyldiallylgermanium yields polymers®® in presence of 401, +AU(CoHs)q. Vinylger-
manium polymsrizes easily with the formation of & #01id white insoluble polymer, de-
composing at above 275° Known is also methacryltriethylgermanium, which polymerizes
ouilyss.

In zirconium we encounter, just as vas the cace in ti.ta.n.i\m. lack of formability
of true zirconium-organic compounds and ability of entering 1:nto bond only through
corplaxea of various type. Known are zirconates of camplex structure and polymeries
natured,

Esters of alkylstannie acid upon heating form a heterochain pojlymsr of following

struc ture>2e59; R R R
—-o—s'n—o—— S‘n«—o-Sln —0—
& (J) ' (|) ! 2*

. | ! |
, -o—sln——o——?n-—o—s::—o—-
R Rk ]
These polymers are infusible and insoluble. Triphenylstannan reacts with acrylic acid,

forming a polymar59

(GeHy),SnH + CHy=CHCOOH —» [(CeH),SnCH,CH,CO0H], 2‘ (

[—(CH,),5nCH,CH ,000CH, e
T are

Polymeris compounds, containing tin,[presented at present time, like germsnium,
by a greater number of carbochain polymers, containing tim, bound with the side chain,
They include polymers of various derivatives of acrylic and methaorylie uome".and
-tyrono"z. as for example, p-triphenylstannilstyrens and p=triethylstannil-e-methyl-
styrene, as well as methacrylate and acrylate of triphenyle and tri-(n—tntyl)tiphz
and othorna". At thesams time vinyl and allyl derivatives of Sn 4o no$ polymerize and

only under pressure yield low molecular polymera h2,83

FTD-TT-63-121/1+2 13



Polymers of tributyltin methacrylate and its copolymers with tributyltin dimetha-
crylate present rubber-like mbatancuna.

lsad~-containing polyuers are represented mm: by carbochain campounds,in vhich lead
is in the side chain, They include, just as in case of tin, various acrylie, methacry.
lic, atyrens and vinyl polymerase

Totravinyl-, triethylvinyl- and divinyldiethyl lead when heated with peroxides
decomposs with separation of metallic lead, But if polym;rization is carried cut under
pressure, there is copolymerization with styrens or with n-meth,ylatyreno“. Rarae
triethyl-gemethylstyrenslead polymerizes easily under pressurebd, Acrylates and metha-
crylates of triphenyllead are also polywizabhl‘z.
Foiymars of Elements of tha Fifth Group of Feriodiec System

Polymers of nitrogzt:, phosphorus, arsenic, antimony and biamth compounds are already
knowny |

We will not touch upon polymers,containing nitrogen, because here we have no ele-
mento-organic specificity, because nitrogen is insluded in the compositioa of a very
large number of polymers with purely organic nature.

In recent years was obtained a greater mummber of phosphorus containing heterochain
and carbhochain polymeric [roducts™>, Of the mumber of heterochain polymers,containing
phosphorus, we will mention a great number of polyamides and polyeatera.containiné

phosphorus in basic chain9°'96. They are obtained during polycondensation of diamines

/

and bisphenols with phosphorus-containing acids or their acid chlorides of type
0o .
N 2N ) |
nooc\___/—xl; ¢ ScooH  w HOZ(O)O%! (26
As result of reaction of phosphoric annydride with aluminim phenolates were

" obtained phosphorus-containing pol:marsno. Interesting firew-resistant polyphosphone '
amides were obtainedlll during the heating od diamides of phenylphosphinie and other

acids.
: Various phosphonitrile derivatives, or as they are properly called phosphore
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amide derivatives, attract goneral attention of researchers. This, on cne hand, is
polyphosphonitrilechloride, then varicus alkyl and aryl derivatives of same, whieh
are widely . investigated in form of cyclic moncmers, es well as in form of polymers
of linear structure, distinguished by high heat resistance and in same instances by
the presence of elasticity., Obtained recently was a polybiaperfluomthlphoaphcnitru-o
[(03)2m]x. bighly resistant to the offect of acids’2,

Folymeric derivatives of phosphonitrile represent (resently a larger group of M.d:
molecular -  canpounds, intensively investigated by various authars. Having no pouibin{y

within the framework of this report tc thoroughly discuss all these polymers, ve

will just refer to the reviewing report97. in which is given a detailed deseription of . -- ‘

variocus polymeric derivatives of phoep honitrile, Here belong alec phosphinedborines,
vhich have been mentioned before. Furthermore, we know of quite many carbochain com-
pounds containing phosphorus in the side chain, They include various vinyl polymers,
containing phosphorus in form of phosphoric acid radicals,eaters or some other of its
deriwatives, These are polymers of vinylphosphinie and aryl rhosphinie acids of 4if-

63,81

ferent type, as well as numerocus copolyners of Same o Here belong polymers, contain-

dng phosphorus in the polystyrene mcleus, as well as polymers of vinylphosphinie
uidu’e .

Finally, ve will mention, that very great progress was made in the study of
mcleinic acids, representing polyasters of phosphoric acid and playimg an extremsly
importans vole in living organisms, appearing to be the agmt, with the aid of which
heredity symptoms ere transmitted and directed synthesis of altumina from amino acid-”
is pramoted, Vinylphosphinic acid ester and ester of polyvinyl alcohol ll“‘beo n
obtainea®?,

Many different polymers are known for arsenic, Among them, on ons hand, are
homochain polymers, containing an arsenic chain, to which salvarsan bolonpma. s
well as a mmber of heterochain polymers,ccntaining :\rsen.tel,in basic chain,bhound with
carbon, cxygen and other elementse
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Yor sntimony are also known heterochain and carbochain polymers., Synthesized were
easily polymerizable acrylates and methacrylates of diphenylamtimonyi®l,
Polymers of elements of the sixth group of periodie systea
Known are polymeric campounds of cxygenssulfur and selenium, Since thay all delong
to carbochain organic compounds, tbher will not be discussed here,
Polymers of Elements of Seventh Group of Periodic Systems
haloge

The aev_enthlgrmp of the periodic system includes /_"%hich at present time
are widaly represented in polymeric chemistry, We will not touch upon derivatives of
chlorine, tramine gnd icdine, because thay are known for a long time, and will dis.
cuss only derivatives of fluarine,

Among fluorine derivatives we have an enormous number of representatives of flu-
croorganic polymor group, which have already acquired greater ractical importance,
such, as polymers of fully fluoarinated athylens, as well as not fully fluorinated
ethylene and mixed fluoro-and chloro-derivatives of various farmy, Among these compounds
should be pointed ocut a series of new substances, which gained importance as highly
heat resistant and oil resistant rubber, The chemistry of polymers, containing fino.
rine, are being intensively developed and, arparently, it can be expected in the future
the appearance of a mumber of nev interesting campoundse

Among the recently appeared compounds we like to single out polymers of perfluo .
robutadionclm. obtained with the aid of high pressure, Grafted copolymers of vinyle
idensflucride or triflucrcethylenechloride with oyclic tetramer of dimethylsiloxane
@ with dimethylsiloxana rubbexr were found to be more stable to the effects of sdl—
ventsi®3,

Polymers of Klements of Eighth Group of Periodic System
Known are polymeric compounds of iron,cobalt and nickel,
The eighth group of the periodic system includes a series of metals,vhich are

not capable of giving true metal-crganic campounds, tut of these are capable to form
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camplex ecompounds of varicus form. Among these ve will singls out first of sll cam-
pounds of the dicyclopentadienyliron type (ferrocens), which is presently used
as basis for the cbtaimment of a number of polymers (e.g. Polyferrocens,cbtained by
reaction of polyracanbimtionza). By the verr"émi mothod were obtained: also polyalkyl-
ferrooenum". Polyalkylfer:ooenss were also obtained by alkylation of forrocennlos.
These polymers have interesting magnetic and electric Iroperties,they are capabdble of
emitting a clear paremegnetic resonance signal and, consequently, belong to the semi-

6. Obtained was difurfuralacetylferrocens and polymers on its bnulw.

conductor @:oupm
Vinylferrocens polymers have a high melting poins (280=295°); obiained wera also
its coplymers with methylmethacrylate and chloroyrennma. Obtained vas cinnamoylferro-
eene, which in itself does not polymsrize, but yield,copolymers with otber monomersi®d,
For mazy other representatives of the eighth group of elements is known a greater
mmber of camplex polymerie scmpounds, obBained in recent years, Such polymers were
obtained for cobalt and nicksl, These ccamplex campounds are obtained during the foaetlon
of various complexcnes with sslts of these metals or with their acetoecetate comploxesdl,
In the role of ccmplexcnes for the obtainment of coordinated ccbalt anmd nickel
polymers wers used varicus tetrakstones of the typa RCOCH,COR'COCH,CORI4e112,
Coordination cobal and nickel polymers represent insoluble powders, melting at
200-350°, colored in various colors depending upon the nature of the ligmd and metallh,
Concluding the discussion of kmown scientific material,touching upcn abried char.
acteristic of derivation methods snd properties of various elsmanto-argmic polymers, |
known at present tims, we can say, that this field is expanding very rapidly and in
the very near future we will see a greater number of new polymers, containing thess
metals and elements, which have so far not been used for these purposes, as well as
new representatives of eluments already discussed by use Thess substances in a mim‘lts
of instanges are characterized only chemically and the fields of their applicatiocs |

 are alvays olear, but there is abfiutely no doubt, that in the near future they will
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find a veriety af fields of applicatiom in polymeric chemistry and in chemical tech-
nology and will open new perspectives for their developmentg,
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