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In connection with the search for new monotners for application 1 the rapidly expanding ficld of polymene
matenals it was of interest to study the reactnvity i polymerization reactions of vinyl ethers of cthanolamures,
Clip= CHOCH,CH,N=,, which are based on widely accessible raw matenals, acetylene and ethanolumines. It is
known [1] that alkyl vinyl ethers Cl= CHOALk are eatremely reactive and polymenze readily under the iniluence
of tonogenic catalysts. The presence of both a double bond and an anunc group in vinyl ethers of ctharolamiies en-
ables us to detennune the effect of the nature of the ainwo group on the course of the reaction and on the projeics
of the polymers obtzined. Study of the polymenization of vinyl ethers of cthanolamines in presence of camzltic
amounts of ronogenic catalysts (concentrated hydrochlontic acid, ferric chlonde) showed that these ethiers have low re-
ACUVILY I tonic reactions 1t companson with unsubstituted alkyl vinyl ethers. The tendency for romc pelymic rization
W occur 1s the less, e greater the basie character of the mitrogen atoin, which m ats turn depends on the charzcter of
the substituents on the mtrogen. For the 2-(vinylony ) thylanunes Clly-CHOCH,CH, NI, CHp=CHOCHCH,Nalz,
Clip~CHOCH,CH,yNAz, and CH,-CHOCH,CHpNHC OCH;, heterolytic polymerization has been realized it practice
only i the case of X, N-diphenyl-2-(vmyloay)ethylamine, CH=CHOCH,CH, N(Cellp)y. for which we suceeeded wm pre-
paring a polymer of low melecular werght in 407 yicld.

As regards the other vinyl ethers of ethanolamines of thus series, thewr tow tendency to undergo heterolytie poly-
menzation may evidently be explamed by the formation of stable complesces of the annnontum type with the catalyst,
as a result of which the acuvaung acuon of the later is neutralized, However, these compounds may be pel mernizaed
if a quaternary ammenmum salt 1s preparcd, c.g., from 2,2%,2% -tngviny lovyinethylanune and methyl rodide. In the
last case a cross-linked polymer contalning quaterlary ammonium groups is obtawed tn 54% yield, Analogeus results
of the polymerizarioa of 2-diethylanmumnocthyl vinyl ether w presence of BI ctherate taken w rather mvore than the
equimolecular armeart are descnibed 1n the British patent (2],

To determine the behavior of vinyl ethiers of ethanolaimnes i free -radical polyinerizarion, reaction m presence
of azodusobutyromirile was studied, for we have used thus successfully mthe polymenization of 2,2°, 27 -tnsvan Joxy i -
ethylamine {3, 31 Benzoyl peronide does not untiate the polymenzation of vinyl cthers of ctharolarmanes, it was
shown that vinyl ¢tiers of ethanolauunes of the following structure Cily CHOCH,CHNR, (R - hydrogen, 2lkpl anyl,
~CH,CHOCH:=Cliy:  ~CHCOOCH;, -ClCHL,COOCH;, ~COCH,) are able to polymerize under the itiation of azo-
dusobutyronitrile, though with different degrees of case (see table), The tendencey to polymenize is detennuned by
the structure of the winyl ether, In thar actvity i polyniernization w presence of azodusobutyrontale monavinyt
ethers of ethanolamines differ hittle from unsubstituted alkyl vyl ethers, The todency for polyuicnizauon increases
aloag the series:

CH; == CHOGH O HNR, < {CH: = CHOCH,CH ) NR <
(CH = CHOCHLCH )N < CH: = CHOCH CHNR'COCH,
R —~H, Alk, — CHCH.OH: — CH,COO0CH;, —~ CH,CH,CO0CH,
R'—H & CH.= CHOCH.CH, —
Under the given condizions (607 for 48 liours) hugh actnvaty 15 shown by 2,27 2% -tnisv iy loxytacthylamune (Cli, =
=CHOCH,CH,), N a2zl parucularly by N-aceryl-2-oamyloay)ethylannne and N-acetyl-2,2' -bisvinglon, diethy lainine,
Cily=CHOCH,CILNECOCH; and (Cli,=CHOCH,;CH,), NCOCH,.
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The polymers prepared from the above-indicated vinyl ethers of ethanelamunes are very varied in the:r 2oop-
erties. The polymers of the di- and tri-vinyl ethers of tnetharolamine and of the divinyl ether of N-acetyidiettan-
olammine (N-zcetyl-2,2’ -bisvinyloaydiethylamine) have three-dimensional structures, The remaining polynies of
linear structure dissolve i organic solvents or are soluble in water, this applies, for example, to the polymes pre-

pared from 2~(vinyloay)ethylamne and s N-aceryl denivatnve.

Of the monomers imvesugated, the following were synthesized for the firsst ume  N-butyl-2,27-bisvimy lox;di-
ethylamne, 2~(viayloxyjpropylanune, methyl [bis2 -(vinylony)yethyllaminolacetate, and methyl 3-bisl2~(vioyloxy)-
ethyllminolpropionate. The reactions were as follows

Celp\ (CHOHLOH), - 2HO = CH — CoH N (CHOL0CH - CH ;.
LANCH, — - O - HC = CH — 1LNCH, — CHE— 001 - CH,
|
Cily £l
(G, CHOCHCHL)LNH - CICH OO T, --
~ (CH; ~2 CHOCHCH)NCH,COOUH; -, Hd

(CH; - - CHOCHCHONH - CH, -~ CHCOOCH
— (CHy =~ CHOCH G CHAHA 00 1,

The other vinyl ethers of ethanolamine and therr N-acetyl denyatives were prepared by imethods developed earlier {3, 61

EXPERIMENTAL

Viny) ethers of ethanolamuies Cli,-CHOCIH,CH,NR,, in which R = B, Clly, Cili;, CH,CHLOCH=CH,, were
preparcd by the vinylanion of the corresponding amino alcohols (5] and were punfied by disullation, N-Aceril de-
nvauves of the vinyl ethers of mono- and di-¢thanolamines were synthesized by acylation of the vinyl ethers with
vinyl acetate [6). The constants of the compounds obtained are given m the table.

Synthesis of N-Buryl-2,2'-bisvinyloxydicthylamime. A two-liter flask was charged with 55 g of 2,2"-(batyl-
anunojdiethanol (nﬁ 1.4621), 6 g of its potasstumy denvatve, and 100 ml of benzene, Acetylene was then passed 1
up to a pressure of 12-14 atin, and the autoclave was rotated and heated ar 160° for 2-3 hours. The reaction munture
was washed with water, benzene was driven off, and the residue was vacuum-{ractionated, We obtatned 53.5 g «747.
of the vinyl ether, a colorless Liquid with b,p. 90-91° (4 mm) and nzg 1.4536, Found C 67.91%, 67.93%., i 14,965,

10.76%: N 6.73%, 6.72%, CptyuGaN. Calculated C 67.60%:, H 10.807, N 6 57%,

Synthesis of 2-(Vinyloay)propylarune. The vinyl cther was prepared in a two-liter autoclase, which was
charged with 530 g of 1-amune-2-propanel [b.p.77° (25 mny, nf’g 1.4172), 5 g of potassium hydroxide powder. and
100 ml of benzene, acctylenc was passed in up to a pressure of 15 avn, Reactton was at 130-150° for 4-5 hours.
From the reaction products we 1selated 33 g (617 of the vipyl ether by vacuum distllation. {t was a colotless higuid,
b.p.127-128% nf) 14380, d¥ 0.8850. Found C 59.10%, 58 979, f 10857, 11.047, N 14.26%, 14.507., MR
2999, CsH;ON, Calculated C 59,407, U 10.96%, N 13.857., AR 20.89,

Synthesis of Methyl 3-[bis[2 -(vinylovy)ethyHanunojpropionate, A glass ampoule was charged with 1.5 g of
2,2"-bisvinyloaydiethylamune (b.p. 80-317 (9 mum). ng 1.45%0) and 10.3 g of methyl acrylate [bup. ©2° (68 ),
nzg 1.3990], The ampoule was hicated 1 a borhing water bath for 12-15 hours, and tts contents were then sacuum-
disulled. We obtained 6 g of the destred product as a colorless hignd. bop. 124-105° (3 imm) nf)u 14652, Found
C 59.28%, 59.51%, H 8.43%, 8.557-, N €,267, 6.187, Cpll,O;N, Caleulated € 50,237, H 860, N 5.357.

Synthests of Methyl [Bis[2-(vinvloxy)cthyiJanunolacetate. A mixeure of 37 2 g of 2,2 -bisvinyloaydiethylamine
{b.p. 80-81° (0 mun). nfj 1.4378} and 12.8 g ot metiyl chloroacetate (bop 131.5°) was heated at 50° for four howss m
a three-necked flask fitted with surrer, thenmoneter, and condenser, 3- 3, hours after the commencement of heating
a precipitate began t form, and toward the end of the teacuon the whole reaction nuature became sohid, an aguuous
solution of sodium hydroaide (8 g 1n 12 ml of water) was added quickly with stunng, Two layers were fonmed, and
sodwm chilonde was precipitated, The latter was dissolved by the addition of 11 il of water, then €3 ml of benzene
was added, and the muxture was stirred and separated.  The aqueous solution was extracted with benzene, The ben-
zene solutions were combined, dried with potassiain carbonate, and distilled. We obtamned 13.8 g (31%) of product as
a colorless hiquud, b,p. 126-127° (5 nun), nfg 1.-4640 dzf 1.040. lound € 58.0¢, 57.90%., H 8417, 8157: N
6.03%., 6,167, MR 680.80. CptlgO:N, Calculated € 37.6%7. H 8337, N 6,107, MR 61.0.

Polymenzation of Vinyl Cthers of [thanclamngs in Presence of fonogenic Catalysts. The polymenzation was
carred out in a three-necked flash fitted with thermemeter and reflux condenser. The vyl ether (10 g) wasg bodded
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under 2 vacuum of £-5 mm, 2-3 drops of catalyst were added through 2 capillary, and the ether was kept at ile
boiling point for five hours. As catalyst we used concentrated hydrochlonc acid or fernic chlonde (as 2 5% solution
in butyl alcohol). From N,N-diphenyl-2-(vinyloayjethylamuine we obtained a thick dark-bordeaus reacuon product,
which was dissolved in acetone. From the acetone solution the polymer was precipitated with methanol, 1t was
purified by reprecizitauon and vacuum-dnied. Yield 3.8-4.3 g. mel. wi. 120-620. From the acetone -methanol
solution by vacurs: distillation we solated unchanged vinyl ether and 2.2-2.3 g of polymer, mol.wt, 448-G17,
formed as a result of the further heating during disullation,

In the case of the remaining cthers (sce table) the reaction products were vacuum-distilled and the onginal
monomers were almost completely recovered unchanged.

Preparation of a Polymer from Quatermized 2,2',2" -Trisvinyloaytniethylamine, A muxture of 22.7 g of 2,2°,27-
tnsvinyloxyinettyiazune [bop, 120-122° (5 mmy), nzg 1.4678] and 42.5 g of methyl 1odide (b.p. 42%) was kept at 15+
20° for 24 hours. The solid reaction product was washed with methanol and dried. We obtained 20 g of a yellow
powder which was izsoluble 1n the usual organic solvents and was infusible, Found C 37.92%, 37.637:., H 6.337,
6.39%, 1 37.83% 37.18%, N 4.96%, 4,06%, CyHyOsNI. Calculated € 42.28%. H 6.55%: I 34.37%, N 3.79%.

Polymerizatien of Vinyl Ethers of Lthanolanunes in Presence of Azodusobutyromtrile, The vinyl ether (5 g)
was heated contimrously for 48 hours with 0.1 g (27 on the weight of the ether) of tmtiator i a glass ampoule at 60°,
The treatment of the reaction products was detennined by the propertics of the vinyl ethers and the polymers ob-~
tained. The results of the polymenzation are given n the table, In Expennments 1-4 and €-9 unchanged vinyl ether
and polymer were separated by vacuum distillation, In Experiments 11-15 the polymer was precipitated from the re-
action products with diethyl ether. The polymer from N,N-diphenyl-2-(vinylonyjethylamine (Expt. 5) was precipi-
tated from acetone solution with methanol and purified by reprecipitation, The polymers were vacuura-dried,

SUMMARY

1. A study was made of the polymcrization of some vinyl ethers of ethanolamines 1n presence of onogenic
and free-radical catalysts,

2. Vinyi ethers of ethanolamunes are less reactuve in tonic polyinenization than unsubstituted alkyl vinyl ethers,
and they tend to undergo radical polymenzation under the initiation of azodusobutyronitrile,

3. The relation of the structure of the ethanolamine vinyl ether to its tendency to polymerize was examuned.

4, The introduction of an anude grouping into the 8-position of the alkoxy group of an alkyl vunyl ether con-
siderably increasedits reactivity i radical polymmernization, :

5. From vinyl ethess of cthanolamines polymets contatning anuno groups were prepared  both three -dunensional
polymers, and linear polymers, somie of which were water-soluble,
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All abbreviations of periodicals in the above bibliography are letterby-letter transhiter
ations of the abbreviations as given n the oryinal Russian joumal. Some or all of this perre
odical Iirerature may well be avatlable 1in English transliation A complete list of the cover-to.
cover Faglish translations appears at the back of this i1ssue.
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