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UNSATURATED ESTERS OF ADAMANTANE CONTAINING DICLS
MD THERVC-RESISTANT CROSS-LINKED POLYMERS THEREFROM

1. FIEID OF INVENTION

The present ' invention concerns new unsaturated esters (I) of
5 adamantane diols and of adamantane containing dihydroxy-corpounds
(IT), the polizmerization thereof and the cross-linked polymers re-
sulting from such polymerization..
The new ester monomers have the formula (I),

10
R . . R : _
. o}
CH., 9 CHZ :
\/“\O_A A__O)K(» (M HOA ACH (1) _
15 R' Rt ’ .
FORMULA (I) ‘ FORMULA (II)
20 "

Wherein the R.and R' are hydrogen or methyl group and A is ei-
ther a sigma (g9 bond, a radical satisfying the formula (CHz)n, a
phenylene or an alkyl derivative thereof.

25 What follows is LIST I which lists scme specific examples frem
FORMULA (I):
LIST I
30 1. Diacrylate and dimethacrylate esters of 1,3-adamantane diol

R =H; R' = H, CH3;A'=sigma () bond

2. Diacrylate and dimethacrylate esters of 1,3-dimethyl-5,7-ada-
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mantane diol
R =CHy; R' =H, CH3',- A = sigma (€) bord

3. Diacrylate and dimethacrylate esters of 1,3-bis- (hydroxyme—
= thyl) adamantane

o}
R=HR' =H CH; A= ~CH-

4. Diacrylate and dimethacrylate esters of 1,3-dimethyl-5,7-bis~
(hydroxymethyl) ~adamantane
10 R=CH3; R'=H, CH3; A=—CE-12—

5. Diacrylate ard dimethacrylate esters of 1,3-bis-(2-hydroxy-
ethyl)-adamantane
- - ! = . = —
R=H; R H, CH3, A —CHZ—CH2

6. Diacrylate and dimethacrylate esters of 1,3-dimethyl-3,7-bis-
(2-hydroxyethyl) ~adamantane
R = . | S - = -
-R CHy; R' = H, CHy; A ~CH,-CH,
20 7. Diacrylate and dimethacrylate esters of 1,3-bis~(p-hydroxy-
phenyl) ~adamantane
L = H; R' = H’ Cl-}a; A ='®‘

8. Diacrylate ard dimethacrylate esters of 1,3~dimethyl-5,7-bis~
25 (p-hydroxyphenyl)-adamantane
= 3 . 1 = . =
R=CHy; R =H, CHy; A =<

Thus, the new mcnomers of the invention, i.e. the acrvlic ard

methacrylic esters of the corresponding di-hydroxy containing ada-

30 mantanes (II), are bifuncticnal, campounds, a condition for obtai-

ning, by the polymerization thereof, cross~linked type resins having

unusual hardness, inertness to degradation agents and resistance to
heat.

35 2. SUMARY OF THE PRIOR ART.

Esters of unsaturated acids and hydroxy-containing adamantane
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compounds are already known. Thus, DULING et al (USP 3,533,947 and
3,639,362) disclose the mono-acrylates of l-hydroxy-adamantane and
of other hydroxy-adamantanes alkylated on the others bridge-head joend
sitions of the cage. Also S.S. NOVIROV et al, Izvestiva Akademii Nauk
sssr, [12] 2765, (1977), report the preparation of acrylates and me-
thacrylates of mmo substituted adamantane compounds of formula

HO-R-Ad in which Ad represents the adamantane cage and R represents
the groups methylene, ethylene, -CHz—CHZ-O-CO-, —CHZ—CHz—O—CO-G-IZ-.
Also, REDNHARDT (USP 3,342,880) discloses the preparation and the
polymerizaticn of adamantyl methacrylate and of
3,3"-dimethylacryl-1,1'-bis~adamantane, the latter giving a cross-link-

ed resin.

Now, all the menofurcticnal menomers of the above prior-art pro-
vide straight chain polymer resins the properties of which do not
come up to the level of cross-linked polymers and the difuncticnal
menamer mentioned above, although it provides. a cross-linked poly-
mer, is rather expensive and not well suited for industrial develop-

.- —

ments.

OBJECTS QF THE INVENTION

Thus, one object of the present inventiocn is to provide new a—
damantane moncmers containing ‘wo olefinic groups suitable for ma-
king, by polymerizaticn, or copolymerization with other moncmers,
cross-linked resins with unusual physical properties.

Another object of the invention is to provide adamantane poly-
merlzable difunctional moncmers, the adamantane cage of which is se-
parated from the polymerizable functicn by means of a connecting chain
the length of which can be varied in order that polymers and copc—
lymers with a range of properties can be obtained by using appropria-
te mixtures of different mcncmers and copolymerizing such mixtures.

till another object of the inventicn is +o prepose new difunc-
ticnal adamantane mencmers which can ke prepared zccording to well
defined and relatively inexpensive routes.

Still another object of the invention is to furnish difunctio-
nal adamantane polymerizable monomers which can easily and cheaply
be polymerized by different methods, i.e. thermally, by means of free

BUREADN
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radicals or photochemically, thus ensuring a great versatility of
end-uses.

Other objects of the invention will become apparent to those
skilled in the art fram the detailed discussion that follows:

DEFINITICN CF THE INVENTICON

The preferred campounds in the invention are the acrylates and
methacrylates of 1,3-adamantane diol, of 1,3-bis(hydroxymethyl)-a=
10 Gamantane, of 1,3-bis(2-hydroxyethyl)-adamantane, of 1,3-bis-(p~hy-
droxyphenyl) -adamantane, and also the corresponding hamologs with
methyl groups in position 5 and 7 of the adamantane cage. All the-
se monamers are liquids or solids which can be polymerized easily
either thermally' (around 150°C) or in the presence of radical ini-

15 tiators such as HZOZ’ organic peroxides such as benzoyl peroxide,
dicumyl peroxide, lauroyl peroxide or azobis-isobutyronitrile and
other camon initiators. These menomers can also be polymerized by
irradiation with actinic sourcés stch as ultraviolet light (orefe-
rably below 320 nm), and electron beams.

20 The monamers can be polymerized either individually or copoly-
merized as mixtures of two or several other monomers. Said other mo-
ncmers can be selected from difunctional moncmers according to the
invention or from monomers of the prior-art including menofunctio-
nal moncmers or polyfunctional moncmers. Among the monofunctional

25 monomers, acrylic acid, acrylamide, and alkyl acrylates can be men-
tioned; among the polyfuncticnal moncmers, ethylene glycol diacry-
late, hexanediol diacrylate, and trimethylol propane triacrylate can
be mentioned. The ratio of PDMM to the copolymers may range from 1:0
to 1:1.

30 The polymers of the invention are hard, transparent resins which
resist attack by heat and solvents and which have many end-uses. De-
pending on the method of polymerization, hardnesses in the range of
30(RNCOP) and more can be attained and the weight losses on being
subjected to temperatures in the range of 400-450°C are only about

35 one third of the losses for cross-linked resins from conventional
Tonomers.

Therefore, the new resins can be used in many high temperatu-
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re applicaticns and, also, for improving the scratch and

sistance of organic glasses by means of ccatings only a

thick.

PCT/EP81/00066

SCQME TLLUSTRATIVE EMBODIMENTS OF THE INVENTICN

solvent ro-—

faw microns

The new monomers of the inventicn can be cbtained according to

several different routes scme of which will be summarized in the fol-

lowing text below by way of illustratica.

Adamantane itself

is available cammercially and is generally

cbtaired fram the catalyzed rearrangement of tricyclic campounds.

Thus, for instance, the bridge-head dimethyl hydrccarbon can be ob-

tained fram acenaphtene by hydrogenaticn (reacticn @) ard subsecuent

rearrangement in the presence of lewis acids (:eaction@) .

&

~

Bnother similar methed ccusists in the hydrcgenation of dime—'
thyl dicyclopentadiene (reaction @ ) and the subsequent rearrange—-r -
ment of theé hydrogendted tricyclo compound into dimethyladamantane
(reaction@ ).

CHz

CHs

CHs

CHs

Lewis acid _

CH.

.—-—’_—_———o—"' ]
/]Vm_.\'\ iP ,_\\'b\‘/
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Then, dimethyl adamantane can be oxidized (reacticn @) with

CrO3 in acetic acid to the corresponding diol (IIa) such as Cescrib-

ed, for instance in French Patent No 1.4681.287, or brominated to the

correspording  dioramo-compound  (ITI) with bromine in the Sresence
of borcn tribromide ard AlBr3 (reaction@) .
"CH CH5 ('IH3
Br, ,
HO CH 88ry + AlBry  Er—) €

CH3 CH3 @ CH3

(da) ()

Te dibrame—compound  (III) ‘,“as# well as the diol (Iza), can be
converted to the corresponrding dicarboxylic acid by rezcticn with
formic acid in concentrated "HZSO , (reaction G ) then tha diacig is
esterified with a lower alcohol (reaction @) and the ottzined es-
ter is reduced to the corresponding diol (IIb) with lithium alimi-
nium hydride (reaction(])):

@ o g _HEOOH LU A
H,S04 HOOC COOH R CC:%f\/ CCOR
® CHy ®© CHs
|
LiAlH, -
HOCH, cH,oH  (ID)
@ Sty

m
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Alternatively, the dibramo-compound (III) can be converted to
the corresponding diacetic acid derivative (IV), for instance by hea-
ting with vinylidene chloride in sulfuric acid (reaction ), accor-
ding to K. BOIT, Chem.Ber. 101, 564-573 (1968). The diacid being the-
reafter esterified ard the ester reduced with LJAJ.H in a manner a-
nalogous to reacticns . and (3) above (reactions . and @ )
to give the dimethylol campound (IIc).

CH,= CCl,
HeS0s ~ HOOC-CH, CH,- coon HO(CHz (CH),~OH

() {Ic)

However, since the sequence of reactions ' and@ dces noct
provide very good yields, a two stage analogous sequence of reactions
involving the correspording monobramo-adamantane derivative is pre~
ferably used. In this sequence, dimethyl adamantane is first mono-
breminated using refluxing bremine (reaction @ ) and the dimethyl-
-bramo-adamantane is converted to the mono-methyl-carboxylic acid
by the same type of reaction as reacticn@ above, after which the
mono-carboxylic compound is braminated vielding 1-bromo-3~-carboxy-
methyl-5,7-dimethyl adamantane which then is once more reacted with
vinylidene chloride in sto 4 according to to give, finally, the
diacetic acid (IV):

SOREAD
OMFL
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CHy : CHg CH3
5 Brp |
e - R
/ - Br CH,COCH
CHs ' Chis CHs '
CH3 7 ’
10 Br, ' -
15
20 The dibromo-dimethvl-adamantane (III) can also be reacted with
phenols according to the conditions disclosed in USP 3,594,427 (re-—
action@) to aive the desired bishydroxyphenyl compounds (IId). This
is illustrated by the following scheme involving ordinary unsubsti-
tuted phenol:
25 :

(IT) + 2PhoH ——2mBr

30 ®

35 It should be pointed out that the same reactions can be used

for obtaining the corresponding non-methylated adamantane bishydro-
Xy-compounds.
BUREAR
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Now, the campounds of formula (II) can be convertad to the mo-
nomers (I) by esterification, preferably with acrylyl chloride or
methacrylyl chloride in the presence of a tertiary amine, according
to well known techniques (see for example USP 3,333,947). The reac-
tion is carried out by dissolving the alcohol in a solvent such as
benzene, toluene tetrahydrofurane or the like, adding a tertiary a-
mine to the mixture in molar excess relative to the alcchol, and than
slowly adding the acid chloride thereto. The amine used preferably
is triethylamine, although other tertiary amines such as pyridine,
tributylamine, N,N,N',N'-tetramethyl-ethylenediamine, triethylene-
diamine, picolines, quinoline and the like can be employed. Upon ad-
dition of the acid chloride, the initial reaction that takes place
involves the formation of a ccrrplex between it ard the amine. Slcw
addition of the acid chloride is continued preferably until the a-~
mount added is in molar excess of the alcochol. The resulting slur-
ry is then stirred at a temperature in the range of 10-80°C, prefe-
rably 20-60°C, to effect the esterification resction. A temperatu—~
re above 80°C should be avoided in most instances as this tends to
cause a messy reaction, ard it is most preferable to maintain the
temperature in the range of 25-60°C. Time required for ccmpletion
of the reaction will depend upon the reaction temperature used, but
generally is in the range of 1-20 hours.

As the reaction coccurs the amine-acid chloride caplex is re-
placed by an amine HCl complex which is insolublé in the solvent.
The alkyladamantyl-acrylate product on the other hand remains in so-
lution. After completion of the reaction, the mixture is filtered
to remove the amine-HCl camplex and the solvent is removed by eva-
poration. The crude product ester obtained is a nearly colorless li-
quid or solid which can be purified by liquid partition chromatogra—
phy, by column chromatography (on Al,03;) or, when crystallization
cccurs, by recrystallizaticn in a suitable solvent. The purified pro~
ducts are colorless liquids or solids. In the abserce of suitable
stabilizing additives, the liquids may, in scme cases, polymerize
spontanecusly on storage but this generally coccurs slowly enough to
allow end use application beforehand. '

For polymerizing the monomers of the invention, conventional
techniques can be used. For instance, the mcrncomers can be heated,

BUREAD
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either pure or in admixture with other monomers, at temperatures whe-
re polymerization will occur thermally. Temperatures in the range
of 150°C and over are ordinarily suitable.

Otherwise, free radical pramoters or irradiation in the presen—
ce of photoinitiators can be used when polymerization is to be car-
ried ocut at lower temperature, e.g. room temperature. Conditions for
photopolymerization are also conventional and can be found in the
following references: U.V. Curing Science K Technology, Editor: Tech-
nology Marketing Corp. (1978) Stamford, Conn.06902, USA.

For instance, a coating of protective polymer according to the

invention can be applied on organic glasses made, for example, of
transparent resins such as polycarbonate or polymethacrylate. For
this, the mcnomers of the invention (either pure or in admixture with
other moncmers) and a photoinitiator are applied as a thin layer o—
ver the surface of said organic glass and the whole is subjectsd to
irradiation for pericds ranging from a few seconds to several minu-
tes by means of ultraviolet radiaticn, e.g. a high pressure mercu-
ry lamp, the emission of which is-mainly in the ultraviolet

. wavelengths (300-330 nm) or the short visible wavelengths. The pie-

ces of organic glasses thus acquire a very hard, solvent-resistant
and transparent protecfive film enabling them to be used in apoli-
cations where resistance to solvents, especially chlorinated solvents,
and mechanical abuse is a problem, e.g. transparent construction pla-
tes, optical material, etc...

' The examples below further illustrate the inventicn in more de-
tail.

EXPERIMENTAL
Examle 1

Preparaticn of the diacrylate ester of 1,3-dimethyl-5,7-adaman—

tane~diol

(Compound (I), R = CHy; R' = H)

a) Oxidation of 1,3-dimethyladamantane with chronic anhydride:

This reaction was carried out as described in French Patent No.
1.461.287 and gave the corresponding diol in yields of about 85%.

SUREAT
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b) Esterification of diol (IIa) with acrvlvl chloride

9.55 g (48.6 mmole) of 1,3-dimethyl-5,7-adamantane~diol were
dissolved in a solution of 14 ml (100 mmole) of triethylamine in
400 ml of anhydrous tetrahydrofurane (THF) at 40°C. The solution was
kept between 40 and 50°C while adding, dropwise with stirring, 8.1 ml
(100 mmole) of acrylyl chloride. The addition lasted 45 min. Stir-

ring was continued for 1 hr afterwards and the insoluble triethyl-
amine hydrcchloride was removed by filtration. The solid was dried
and weighted, the result correspording practically to the expectsd
theoretical weight and showing that the reaction is about quantita-
tive, The filtrate was concentrated under reduced pressure (12 Torr;
below 50°C) until 14,8 g of the crude diacrylate was obtained. The
crude product was easily purified by column chromatography on’ M203
using hexane or chloroform as eluent. MP of the pure diacrylate was
45,5~ 46°C. The NMR spectrum was taken in @Cl3, using ™S as the
internal standard. The chemical shifts are given in ppm (J).

1.00 (s,6H) : ~-CH; ; 1.20 (s,2H) : adamantane-CiL~ ; 1.86
(s,8H) = adamantane-CH,- ; 2.487 ($,2H) : adamantane-CH,~ ; 5.65 (m
(complex) , 6H) : ~CO-CHSCH,,.

Examle 2

Preparaticn of diacrylate ard dimethacrvlate ester of 1,3-di-
methyl-5,7-bis~(2-hydroxymethyl) adamantane
a) Dibramination of dimethyladamantane kreaction@) .

This dibramination to 1,3-dimethyl-5,7-dibramoadamantane can
be carried out according to known techniques using brcmine in the

presence of Lewis acids such as AJ.Br3 and BBr3. The present 'prepa-
ration was performed according to E.R. TAIATY et al, J. Chem, Soc.
(C) 1968, 1902. Thus, 328 g of dimethyladamantane (2 mole) were treat-
ed with 1.04 1 of anhydrous bramine in the presence of S0 ml BBr
and 2.2 g of AlBr3 to give 510 g of the desired product (808 yield).

3

b) Conversion of the dibramc-dimethyl-adamantane (III) or the cor—
respording dihvdroxy-compound  (IZa) to the correspending  dicarboyy-
lic acid (IITa).

This reaction was carried out according to the directions gi-
ven in French Patent No 1.476.992. Thus, treating 165 g (0.51 mole) -
of 1,3-dimethyl-5,7-dibramadamantane in 1.8 1 of sulfuric acid (103%

SUREA [T
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HZSO4 equiv.) with 190 ml of HCOCH at 10°C gave, after hydrolysis,
121.3 g of the desired dicarboxylic acid (yield 94%).

Similar results were obtained when using, as the starting ma— .
terial, the corresponding 1,3-dimethyl-5,7-adamantane-diol.

c) Esterification of the dimethvl-adamantane-dicarboxylic acid (IIIa)

Esterification of the above compound can be performed according
to cecnventicnal techniques, e.g. by the direct interaction with a
lower alcchol such aé MeOH, EtOH in the presence of catalysts such
10 as HZSO4, BF3, tosylic acid and the like. Another route is the con-
version of the diacid into its dichloride followed by reaction of
the latter with the lower alcchols. Thus, 31 g (0.12 mole) of 1,3-di-
methyladamantane-5,7-dicarboxylic acid was boiled for 4 hours under
reflux with 160 ml SOClz. The excess of thicnyl chloride was remov-
15 ed under reduced pressure and the residue was dissolved into 100 ml
L,
and-excess alcchol were stripped off and the crude diester was dis-
tilled under reduced pressure (B.P./0.8 Torr: 135 - 139°C); vield
34,9 g (92%) MR spectrum (CCl,; ™S; pomd ).
20 0.92 (s,6H): —C—CI-I3 ; 1.17 (s,2H): adamantane-CH
1.23 (t,6H, J = 7.2 cps): -CH3 (of ethoxy):
1.48 (s,8H) adamantane—(}lz;
1.82 (s,2H): adamantane—CHz;
. 4.10 (g,4H, J = 7.2 cps) : -CHZ— (of ethoxy).

to which was added an excess of absolute ethanol. The solvent

—
7

2

25
d) Reduction of the dimethyl-adamantane dicarboxylate with LiAIH,

(reaction @ ).

Six g of lithium-aluminum hydride (0.158 mole) was stirred with

200 ml of absolute ether and to this was added dropwise 24.15 g (0.078

30 mole) of diethyl 1,3-dimethyladamantane-5,7-dicarboxylate in 50 ml
of absolute ether at a rate such as to maintain gentle refluxing of
the solvent. Refluxing was continued for 2 hrs and the excess LiAlH 4
was decomposed with moist AcCEt. The reaction mixture was acidifi-

ed with 20% HZSO4 which gave, by crystallizaticn, 15.3 g of 1,3-di-

35 methyl-5,7-bis(hydroxymethyl)~adamantane (IIb) which was collected
by filtraticn. Another 1.8 g crop was obtained fram the filtrate af-
ter separating the water phase and evaporating the organic layer.
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Yield was 17.1 g (97%). MP was 158-161°C. Pecrystallization frop -
thyl acetate afforded a product MP 160-162°C.

NMR spectrum (DMSO--d6 + CDC13, ™S, pom §).
0.87 (s,68): <cu; -

1.10 (s,12m); adamantane—CHz—;
3.16 (d,4H, J = ¢ cps) : -CHz-Qi;
3,93 (£,2H, J = ¢ Cps) : 'CHZ—OH.

e) Esterification of the J_,3—dimethyl—5,7-'ois(hvdroanet.‘1vl)—adaman—

tane (IIb) into the correspording diacrylic ard dimethacrvlic esters

I); R =CH; R =g, CH,; A = G-,

1. Reaction with acrylyl chloride.
To a solution of 11.15 g of l,3—dimethyl—5,7—bis(hydroxymet:hyl) -a~

damantane (49.7 mnole) in 280 m1 Of benzene arg 16.7 ml (120 mmole)
of triethylamine was added, dropwise at room temperature, 8,84 mI
(109 mmole) of acrylyl chloride over a 45 min pericd. The tempera-
ture rose to about 40°C ang triethylamine hydrochloride Separated.

was filtered and the solid was washed with benzene. The combined was-
hings and Filtrate were extracted with, Successively, water, - saty-
rated agueous NaHCOB, 5% HCl ang finally water. The benzene soluticn
was dried on anhydrous 1\1532804 and concentrated belcw 40°C, leaving
a viscous colorless residue that Crystallized on Standing in the cold.
ield 13.2 g (80%) of diacrylate (I), R = CHy; R' = H; A = -y
The product was Crystallized fram EtOH—H?O 9iving colorless Ccrystals
having a mp 49-50,50°C,

MR spectrum (&C1,, ™S, pmd )

0.87 (s, 6H) : ~o-CHy;

1.16 (s,12:): adamantan&CHZ-;

3.80 (s,4m): -CH20-;

5.6~6.7 (camplex m, 6H) : -CO-f:H—ﬂIZ

2. Reacticn with methacrylyl-chlor ide

Methacryl chloride (2.2 m1, 127.3 mele) was addeg dropwisse

(hydroxymethyl) adamantane in 315 ml of dry benzene containing 17.7 m1
(127.3 mmole) of Et3N. After the addition was Camplete, Stirring was
continued for 5 hrs at 60°c and, thereafter, the Precipitated hydro-

BUREATD
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chloride was filtered off and washed with benzene. The combined £il-
trate. and washings were scrubbed as described abvove in the case of
the diacrylate and, after drying the organic phase and evaporating
the solvent, 18.7 g (90%) of the dimethycrylate (I), R = R' = CH3;
5 A = -CHy~, was recovered as a. viscous residue. This was further pu-
rified by column chromatography on A1203 using CHC13 as eluent. A-
nalysis showed that it was reasonably pure but it dit not crystal-
lize.
MR spectrum (CDCl3,
10 0.87 (s,6H): —G—CH,;
1.18 (s,12H): adamantan —;
1.97 (4,6H, J =~1 cps): ~CH, (of the methacryl group)
3.85 (s,4H): ~CH,-0~; '
5.61 (m,2H) H\
vC=C
6.16 (m,2H) H/

™S, Pgns)

'.—J
(8]

-~
N
Exarple”3

20 Preparation of diacrylate and dimethacrylate esters of 1,3-di-

methyl-5,7-bis(2-hydroxyethyl) adamantane

(I), R= CHB; R' = H, CH3; A =—CH2-C.H2-—

a) 1,3-dimethvl-5,7-adamantanediacetic-acid diethvlester

25 - 1,3-dimethyl~5,7-adamantanediacetic acid (IV) was prepared by
known techniques (K. BOTT, Chem.Ber.,101, 564(1968). Esterificaticn
can be achieved by the same conventional techniques mentioned under
Example 2C. Thus, 28.7 g of 1,3-dimethyl-5,7-adamantane diacetic a-
cid (0.10 molé) was boiled with an excess of absolute ethanol and

30 1.2 ml concentrated sulfuric acid for 12 hrs under reflux to yield
31.7 g of diethyl ester (91%) BP 0.45 Torr 140 - 145°C.

NMR Spectrum (CCl4 solution, ™S as internal standard, ppm (5)
0.85 (s,6H): ~C-CH,y
1.20 (s,12H): adamantane—CHz— _

35 1.20 (t,6H, J = 7 cps): -O—CHz—CH3

2.05 (s,4H): —é—CHZ .
i
_(CE}

~RUREZA P~
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4.05 (q,4H8, J = 7 cps): --O—CIHZ—CH3

b) 1,3-dimethyl-5,7-bis(2-hydroxvethyl)adamantane (IIc)
The diol (IIc) was obtained by reducing the 1,3-dimethyl-5,7-a-

5 damantanediacetic acid diethylester with Lithium aluminum hydride:
To 7.5 g LiAlH4 (197.6 mmole) in 250 ml dry ether was added 30.2 g
of diester (89.8 mmole) dissolved in 50 ml ether at such a rate that
a gentle refluxing of the solvent is maintained. Refluxing was con—
tinued for an additional 2 hrs after which time the excess LiA.'!.H_,,x

10 was deccmposed with ethyl acetate and water. The reaction mixture
- was acidified_ with 1=12504 20% and filtered, leaving 6.15 g of diol
IIc. A further 13.3 g of diol was obtained from the filtrate after
separating ard evaporating the organic layer. Yield 19.45 g (86%)
of diol (IIc) MP: 133 - 135°C (fram ether).

15 MR Spectrum (Db«EO—d6 soluticn, T™S as internal standard,

pem (5)

0.77 (s,6H) : ~¢-CH, o

1.04 (s,12H): adamantane—CHz— 7

1.27 (t,4H, J = 7.5 cps) : —QiZ—CEiZ~O-
20 3.43 (t,4H, J = 7.5 cps): -CHZ—CHQ—O-

c) Esterificaticn of 1 r3—dimethyl-5,7-bis(2-hydroxvethyl) ada-

mantane into the corresponding diacrylic and dimethacrvlic esters,
= 1 = . —3 -
(I), R CH3, R H, CHB' A —C.’Hz—C’H2

25
1. Reaction with acrylyl chloride
To 5 g of 1,3-dimethyl-5,7-bis-(2-hydroxyethyl)adamantane (19.8
mrole) in 120 ml dry tetrahydrofurane (THF) containing 6.08 ml tri-
ethylamine (43.6 mmole) was added 3.52 ml acrylyl chloride (43.6 mmo-
30 le) during a 25 min pericd, while maintaining the temperature at 45 -
50°C. stirring was continued for 5 hrs at 60°C. The precipitated tri-
ethylamine hydrochloride was filtéred off and washed with THF. The

filtrate and washings were evaporated to dryness and the residue re-
dissolved in benzene. The benzene was successively extracted with
35 water, saturated bicarbonate soluticn and water and finally dried.
Evaporation of the sclvent provided 6.7 g (94%) of diacrylate (I),

R =Ch; R =HA = —CH,~CH,,-. Further purification was achieved by

SOREAD
OMPI
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column chromatography on Alzo3 using chloroform as the eluent.

MR Spectrum (CCl,, TS as internal standard, ppm (3)
0.82 (s,6H): ~G~CHy
1.11 (s,12H): adamantane-CH,-

5 1.45 (t£,4H, J = 7.5 cps): —CHZ—CHZ—O-
4.15 (t,4H, J = 7.5 cps): —CHz—CHZ—O—
5.6 - 6.6 (complex m,6H): —%—CH=CH2 _

0.

10 2.Reaction with methacrylyl chloride

The same condition as for the reaction with acrylyl chloride
were found suitable, except for using instead 4.2 ml methacrylyl chlo-
ride (43.6 mmole). The yield was 7.3 g (95%) of dimethacrylate (I),
R = R' = CH3, A = —CHZ—CHz—. Further purification was achieved by

15 column chromatography on A1203 using chloroform as the eluent.
MR Spectrum (CCl, solution, T™S as internal standard, ppm (9)
0.83 (s,6H): ~C-CH, '
1.13 (s,128): adamantane—(}lé— -

1.48 (¢,4H, J = 7.5 cps): —CH,~CH,~O-

20
1.92 (d,6H, J =
4.12 (t,4H, J
5.5 (m,2H)

"o
~J
wo o
Q 9
g o
L7
5 8
k:
N
¢

H
N
) /N

25 6.03 (m,2H) ) B

Examole 4

Preparation of diacrylate and dimethacrylate esters of 1,3-bis-

(2-hydroxyethyl) adamantane
(I), R = H; R' = H, CHy; A = ~CHCH -

30
a) 1,3-adamantane-diacetic acid diethylester

Esterification of commercially available 1,3-adamantane diace-
tic acid (Aldrich Chemical Co,Inc.) can be achieved by conventiocnal
techniques as mentioned heretofore. In this case, the acid chlori-

35 de method was used. Thus, 20.8 g of 1,3-adamantane-diacetic acid (82.4
mmole) was boiled with 100 ml thionylchloride under reflux for 4 hrs.

The excess thionylchloride was then evaporated off and the resulting

SUREAD
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crude acid chloride was dissolved in 65 ml carbon tetrachloride and .
subsequently treated with an excess absolute ethanol. The solvent
and excess alcchol were stripped off and the crude diester was dis-
tilled under vacum. .

5 BP 0.1 Torr = 148°-150°C. Yield 22.6 g (89%).

NMR spectrum (CCl4 solution, T™S as internai standard, ppm(3)

1.17 (t,6H, J = 7cps): ~0-CH,,~CH,4

1.33 - 1,63: (complex m,12H) adamantane—CHz-

1.97 (s,4H): -CHZ_E‘-

10
b
2 (m,2H): adamantane—-(;—H
4.05 (g,4H, J = Tcps): —O—CH2-CH3
b) 1,3-bis-(2-hvdroxyethyl)adamantane
15 This diol can be obtained by reducing the 1,3~adamantane-dia-

cetic acid diethylester with lithium aluminium hydride:
To 5.65 g LiAlH, (148.9 mrole) in 185 ml dry ether was added
22.5 g of the diestez.: (73 mmole) in 40 ml ether at such a rate as
to maintain the solvent . under gentle reflux. Refluxing was continu—
20 ed for a further 2.5 hrs and, thersafter, the excess LiAlH4 was de~
camposed with ethylacetate and water. The reaction mixture was aci-
dified with 20% H,S0, and the organic layer was separated and wash-
ed to neutrality with water. Crystals of the pure diol then separa-
ted. Yield 12.6 g (77%)

25 NMR Spectrum (IMSO-d; solution, TS as internal standard, ppm (3)
(complex m, 12H): adamantane—CHz-
1.03 - 1.7

(t,4H, J = 7.5 cps) : -CHZ—CHZ-OH
1.95 (m,2H): adamantane -C-H
30 3.48 (t,4H, J = 7.5 cps): —CHZ-CE-Iz-OH
4.08 (s,2H)

C) Esterification of 1,3-bis(2-hydroxvethyl)adamantane to give the

corresponding diacrvlic and dimethacrylic esters
35 (I) R=H, R' = H,CH3; A= -CE-I2~C’H2—-
1. Reaction with acrylyl chloride
To 5 g (22.3 mmoles) of 1,3-bis(2-hydroxyethyl) adamantane in

/ﬁm
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120 ml of dry benzene containing 6.83 ml of triethylamine (49.1 mmo-
les) was added, at 45°C, 3.97 ml acrylyl chloride (49.1 mmoles). Stir-
ring was continued for 5 hrs at 60°C, and the precipitated triethyl-
amine hydrocchloride was filtered off and washed with benzene. The
5 combined filtrate and washings were extracted with water, saturat-
ed bicarbonate solution and water and finally dried. Evaporation of
the solvent yielded 7.0 g (95%) of diacrylate
(1) ,' R =R =H; A= - 2_CHZ—' Further purification was achieved
by column chromatography on A1203 using chloroform as the eluent.
10 NMR Spectrum (CCl, solution, TMS as internal standard, pem &) .
(complex m, 12H): adamantane——CHz-—

1.17 - 1.83 :
(t,4H, J = 7.5 cps) : —C‘HZ—CHZ—O-
2.05 (m,2H): adamantane —C:Z—H
15 4,22 (t,4H, J = 7.5 cps) : —(17-12—(3{2—0—
5.6 - 6.6 (comlex m, 6H): —-CC-CH=CH

2

2. Reaction with methacrvlyl- ckloride

The same conditions were used as with the previous case but
20 4.74 ml (49.1 mnmoles) of methacrylyl chloride was used instead of
the acrylyl chloride. The yield was 7.78 g (97%) of dimethacrylate
(I), R = H; R' = CH3; L= -CH2—CH2—- Further purification was carci-
~ed out by column chromatography (A1203; CHCl3) .
MR Spectrum (CDCl;, TS as internal standard, ppm (3) .

25 (Complex m,12H): adamantane—CH,
1.17 - 1.80
(t,48, J = 7.5 cps) : —CHZ-CH2~O—
s
1.6 (4,60, J = 1cps): -CCC
30 0
~2. (m,2H) : adamantane —CZ!—-H
4.23 (t,4H, J = 7.5 cps): —CH2—CI~IZ—O-
5.58 (m, 2H) H
N
. /C=C\
35 6.13 (m, 2H) H
Example 5
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Preparation of diacrylate and dimethacrvlate esters of 1,3-di-
methyl-5, 7-bi s (p~-hydroxyohenyl) adamantane
(I)I R = CH3I R. = H[G’I3, A =’®-

a) 1,3-dimethyl-5,7-bis(p-hydroxyphenyl)adamantane (IId)

Adamantane bisphenols can be readily made available from the
corresponding dibromederivatives and phenol according to US 3,594,427.
Thus, 112 g of 1,3-dimethyl-5,7-dibramoadamantane (III) (0.35 m) (see
Example 2a) and 900 g of phenol were heated together at 170°C for
6 hrs. After termination of the evolution of EBr , the mixture was

heated to 220°C for a further 2 hrs pericd and the excess phenol was
distilled off. The reaction mixture was poured into warm water and
the white precipitate was filtered, washed with warm water and dri-
ed at 80°C under vacuum. Yield 117.8 g (97%). The product was recrys—
tallyzed from toluene. MP: 222° - 224°C.

b) Esterificaticn of the 1,3-dimethyl—5,7-bis(9-hydroxvphenvl) a-

damantane into the corresponding diacrvlic ard dimethacrvlic esters
(1), R=CH.; R=H, Ci,; A =,

1. Reaction with acrylyl chloride

To 5 g of 1,3-dimethyl-5,7-bis(p-hydroxyphenyl)adamantane (14.3
mmoles) in 120 ml dry tetrahydrofurane containing 4.4 ml triethyl-
amine (31L.6 mmoles) was acded 2.55 ml acrylyl chloride (3l.6 mmoles)
during 25 min, while maintaining a reaction temperature of 45-30°C.
Stirring was continued for 4 hrs at 60°C and the solvent was evapo-
rated under vacuum. The crude reaction product ( 7 g) was crystal-
lyzed from ethyl acetate. The yield_ was 5.2 g (80%) of pure diacry-
late (I), R = CH3; R'=H; A= p-Ph; MP: 145-147°C.

MR Spectrum

0.95 (s,6H): —C~H

1.23 (s,2H): adama?ztane—CHz-
1.55 (s,8H): adamantane—C'Hz-
1.85 (s,28): adamantane—CHz—
5.8 - 6.8 (camplex m,6H): _S-CH=CH2

0

- BUREAT
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’

7.05 (d4,4H, J = 9 cps)

raromatic C-H

7.42 (d,4H, J = 9 cps)

2. Reaction with methacrylyl chloride

This was performed as above but using, instead of the acrylyl
chioride, 3.b4 ml of methacrylyl chloride (31.6 mmole). The yield-
of dimethacrylate (I), R = R' = CHy; A ={-- was 5.6 g (81%) MP: 159.5
- 161°C (from ethyl acetate).

NMR Spectrum )

0.95 (s,6H): ~~CH,

1.23 (s,2H): adamantane—CHZ—

1.57 (s,8H): adamantane-CH.-

2
1.87 (s,2H): adanantane—CHz-
i,
N
2.03 (d,6H, J 1 cps) O—%—-C=C
0
5.73 (m,2H) H\ 7

e
: /C—C\

6.37 (m,2H) H
7.03 (d,4H, J

9 cps)
: .aromatic C-H
7.38 (d,4H, J

9 cps)).

While p-phenylene was used .in this example, it is expected that
alkyl derivatives of phenylene could also be so utilized.

EXEI_ITE le 6

Thermal and free radical polymerization of scme monomers of
LIST I

a) Thermal polymerization of thé diacrylates.

The diacrylates (I) were subjected to heating neat at tempera-
ture ranging from 150 - 200°C until they had completely hardenad.
Required heating times were extremely variable, ranging from seve—

ral minutes to several hours.

The campounds, identified by their substituants, the polymeri-

FUREADN
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zation conditions and the results on hardness are summarized in Ta-
ble 1 below.
TARIE 1

Thermal polymerization of adamantane diacrylates (I)

R ! R’ r A T.°Cjreaction| Hardness
. time hr.{ (Rncop)
CH H ~CH,~ 150 | 1 -
CH, H ~CH,~ 200 | 0.1 18.33
H H —CH,-CH, 200 0.1 17.49
CH, H O 150 {12 -

b) Free radical catalyzed polymerization of the diacrylates and
dimethacrylates.

The diacrylates and dimethacrylates (I) were -free radical po-
lymerized using small amounts of standard initiator catalysts and
temperatures of 20 to 150°C depending on the kind of initiator. In
this manner, very hard, colorless, transparent, highly cross-link- .
ed resins were obtained which were infusible and found insoluble in
all solvents tried. The solvents itried were 1,1,1-trichlorcethane;
chloroform; 1,2-dichloroesthane; benzene; toulene; wylene; acetone;
methyl ethyl ketone; and butyl acetate. Examples are summarized be-~
low using lauroyl peroxide as the initiator. Compounds (I) are iden-
tified by their substituents R and R'.

TABLE 2

Free radical polymerization of adamantane diacrylates and di-
methacrylates (I).

R R A Initiator temp|Reaction | hardness’
) (percent) | ©°C |time hrs| (Knoop)
CHB H —CH2 (0.5) 80 4 22.29‘
CH3 CH, ~CH, . (0.5) 90 4 29.80
B | ~CH,~CH, (0.5) 90 |12 {25.84
RBUREZ i
QMPI
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Example 7

Photopolymerization of scme moncmers of LIST I

The monamers of formula (I) in liquid form, either neat (melt-
ed) or dissolved in other 1liquid olefinic compounds (e.g. acrylic
acid, acrylates or acrylamides) were mixed with small amounts of stan-
dard photoinitiators (e.g. arcmatic ketones) and spread with conven-
ticnal means (including a doktor knife, painting, spraying and dip-
ping) as thin layers (e.g. 1 to 10 m) over transparent plates of or-
ganic glasses (e.g. polymethacrylates (LUCITE) or polycarbonates (MAK-
ROLCN, Bayer). Then, the coated plates were photopolymerized at va-
ricus temperatures for periods ranging from a few seconds to about
a minute using a ultraviolet light source. The organic glasses thus
coated were totally inert when immersed into chlorinated solvents
(e.g. CHCl,,
coated controls will either swell or dissolve under the same condi-

trichlorethylene, o-dichlorobenzene, etc.) whereas non

ticns. Coatings obtained from conventicnal monomers such as hexane~
diol diacrylate, trimethylol-propane triacrylate or pentaerythritol
tri- and tetra-acrylates were much less effective in the protecticn
of organic glasses toward outside solvents. Further, the coatings
made according to the invention were generally very hard and effec-
tively protected the organic glasses from scratches resulting from
accidental contacts with hard cbjects. Also their adhesive power was
excellent and they could not be removed from such substrates by u-
sual mechanical means.

Table 3, below, summarizes scame results obtained fram various
compounds (I) identified again by the nature of their substituents
R, R' and A which were photcpolymerized in the presence of 1% of ben-
zophenone as films about 5.8 41 thick deposited on substrates of either
aluminum, polyester (MYLAR), polymethacrylate (LUCITE) or polycar—
bonate (MACROION) and placed for 1 min at 25 cm from a PHILIPS HOK
1RW ultraviclet lamp, at the temperatures indicated in the table.
Mixtures of monamers {I) and ccnventicnal mcncmers as well as con-
trols cbtained fraom conventicnal moncmers and two of the bare subs-
trate are also included in the table.
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Although the examples have been limited to methylene and ethy-
lene, the propylene and butylene are additional hamologs that one
skilled in the art would expect to form similar campounds with but
only a slight loss in hardness and strength properties.
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1. A compound having the formula

10 wherein R is a radical selected fram the group consisting of hydro-
gen or methyl; R' is a radical selected from the group consisting
of hydrogen or methyl; and A is either a sigma ( ) bornd; or a radi-
cal satisfying the formula (Cﬁz)n where n is an integer of fram 1
through 4; or phenylene; or an alkyl derivative of phenylene.

15 2. Compounds according to claim’l, where

R=HorCH3
R'=HorCH3

A is a sigma (§) bond
3. Compounds according to claim 1, where
20 R=Hor CIH3

-R'=Hor C:I-I3
A= -C'H2 or -CHZ-CI-IZ-
4. A composite material which will withstand more than 24 hours
immersion in chlorinated solvents without significant damage, com-
25 prising:
(a) a clear substrate of organic glass; and
(b) a very fine coating of cross-linked polymers resulting from
the polymerization of monomers described in claims 1, 2, or 3.
5. A composite material as described in claim 4 where the thick-
30 ness of the coating is in the range of 2 to 8 microns.
6. Cross-linked polymers obtained by the polymerization of the
compounds of claim 1, 2, or 3, or the copolymerization of mixtures

thereof.

7. Cross-linked resins obtained by copolymerizing the campounds

UREATN
OMPI i
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of claim 1, 2, or 3 in admixture with other copolymerizable acrylic
monomers.

8. The cross=-linked resins of claim 7, as obtained by. thermal,
free-radical, or photo-initialed polymerization methods.

9. The cross~linked resins of claim 7 having outstanding ther-
mal resistance, up to the range of 400-450°C.

10. The cross-linked resins of claim 7 having knoop hardness
exceeding 25.

11. Compounds of the formula

| R
mzm'mﬁ-ko—oo—a{wﬂz (1),
R

Wherein R and R' are hydrogen or methyl and A is a bond, a
methylene, an ethylene or a phenﬁe_né group.

12. Compounds according to claim’ 11, selected from the group
consisting of the following diesters:

Adamantane—diol acrylate and methacrylate;

dimethyl-adamantane-diol acrylate and methacrylate;

adamantane-dimethylol acrylate and methacrylate;

dimethyl-adamantane-dimethylol acrylate and methacrylate;

di-(hydroxyethyl)~adamantane acrylate and methacrylate;

dimethyl-di (hydroxyethyl)-adamantane acrylate and methacryla-
te; di-(hydroxyphenyl)-adamantane acrylate and methacrylate;

dimethyl-di~-(hydroxyphenyl) -adamantane acrylate and methacry-
late.

13. Cross-linked polymers obtained by the polymerization of the
compounds of claim 11 or 12 or the copolymerization of mixtures the-
reof.

4. Cross~-linked resins obtained by copolymerizing the compounds
of claim 12 in admixture with other copolymerizable acrylic moncamers.

15. The crcss-linked resins of claim 14, as obtained by ther-
mal-, radical- or photo-initiated polymerization methcds.

16+ The cross-linked resins of claim 14 having outstanding ther-

mﬁ.
oMi
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mal resistance, i.e. up to 400 - 450°C.
17. The creoss-linked resins of claim 14 having KNOOP hardness
better than 25.
18. Clear substrates made of organic glasses coated with a 2
5 to 8 am layer of cross-linked polymer resulting fram the polymefi—
zation of monomers according to claim 1, which will withstand more
than 24 hrs immersion in chlorimated solvents without significant
damage.
19. The camound of claim 1 wherein A is a sigma bord.
10 20. The campound of claim 1 wherein A is —CH.~ or —(Hz-—CH?_;.
21. The compound of claim 1 wherein A is a phenylene group.
22. The camound of claim 19, 20, or 21 wherein R and R' both
are hydrogen.
23. The camwound of claim 19, 20, or 21 wherein R and R' both
15 are methyl groups.
24. The campound of claim 19, 20 or 21 wherein R is hydrogen
and R' is a methyl group.
25. The ccmpound of claim 19; 20 or 21 wherein R is a methyl
group and R' is hydrogen. A

SUREAD
OMPI
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