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¢ ABSTRACT

e
ﬂinear polycarbonates containing tertiary, secondary
benzylic or allylic carbonate units are synthesized using
catalyzed phase-transfer polycondensation of biscarbonyl-
‘imidazolides or bis—p-nitrobhenylcarbonate derivatives of
active diols with a variety of diols.

These polymers undergo depolymerization when exposed to

. thermolytic or acidolytic conditions.

: | )
“The thermal degradation of these ‘polycarbonates is studied
by thermopravimetry as well as gas:. chromatography-mass
spectroscopy.
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INTRODUCTION e

Recent advances in the fabrication of microelectronic devices have

&

required the development of new resist material which incorporate both

improved resolution and increased sensitivity to meét the need for the

*

production of smallet and smaller devices while maintaining acceptable
throughput.g:At the present time,tétate'of the art microelectronic
devices have minimum features'whichbapﬁrbach I’Pm in production
environment., The printing of such small three-dimentional features

which are only twice the?wavelehgthséf visible light requires new

.

developments in the design of resist materials.
R s s
v r ; N

T e - - ) . e s I
One approach to higher resolution has:been .to develop materials which
are sensitive to electron beams or X-rays; howdver, the very complex

exposure’systems which are required currently have a_low intrinsic
- K . .

productivity,

P

. . . f e . .
Another approach to increased resolution is to use matérinls which can

- . R a
N 1

. be ‘eXposed using shorter wavelength "deep-UV" radiation. A major
limifation with such an approach is again that the flux available ffom

convéntional sources, such as those used in projection printing.

devices, is very low in the deep-UV (figure 1). To maintain hfgh
productivity while operating in the deep-UV requires that high
. . . \ . o

resolution resists with greatly improved sepsitivities be designed. .

L
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T One approach towards the de51gn of novel rad1&t10n—sens1t1vé polymers .

(N Some 1ntercqt1ng new developments in thenehemlstry of negatlve .

‘A convenient way to avoid the problem of swelling during image

0l
[#%)

b

" .
has been to develop systems which 1ncorporate chem1ca1 ampllflcatlon )

tong photore51sts have resulted in the opt1m128t1on of high” i -

It

sen51t1v1t' sxstems 'such as the halogenated polystyrenes which, operagc
el

on theJra51s ‘of radiation-induced crosslinking (2-53). However, these Ef

systeﬁ' sﬁffer from a serious limitation in resolution1yﬁich limits
their usefu}ness. Exposure to radiatiqﬂgresults in the crosslinking s
of the }olymcréfﬁn the exposed areas, &hile image qsvelopﬁent consisﬁg'."
in the dissolution of the ynexposea polymer. The Eroblem which nrisﬁi

&

is that, although insoluble, the crosslinked polymer still shlows a e

greatﬁ@ffinity for the developing solvent and their interaction causes

swelling to occur which results in loss of resolution through imagé
e » .

w ot o

I " H
4 N - Y 4 P

‘distortion. e g

. E
-v g T N ’ . )
- o}

P -

L

devélopmen; is to design new matérials which operate on the b&sis of S

-
‘

radiation-induced changes in solubilit&fdue to changes in the
. -
chemical, rather than the physical (crosslinked vs linear), structure

of the polymer (6-12). Another potentially simplef‘abproach which
o

w111 be explored further in this thesis, involves the de51gn of
materials in which irradiation results in the occurrence of chain . .
) . P ‘.

depolymerization processes’(8, 13-15).
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24

i )

] a - ) .. - . ¥
‘ S | . . o
+The first system based on the prihciple,of radiation induced

- -

o differential solub111ty°was reported in 1980 by Hofer and coworkersﬁ'

] b ST W

(6). The basic. dq51gn 1ncorporated modlflcatlon of the.polarrty of

the side chaln of a functionalized styrene polymer and was extended
o Leh

. ” o oy
. Trecently by gore practgpal work on polymers such as poly(p-

. : -'.‘: '-‘_ ’ .

formyloxystyrene} (10-11) which are susceptible to a photo—Ff&es

-

¥ Sy
degradation when exposed to UV radiation (scheme 1).
,;“,f . o Bl
i 3
~Frradiation of the polymer results in a drastic change in the side-

.. chajn polar_ty which allows for -imaging either in p¢sitive or nepative
. . s

L

i:‘ tone. In the positive modé, the expgsed areas which contain the
:‘_‘__. 2 . ? l S
phenolic material can be dissolved ip.polar solvents such as alcohol

or aqueous base while in the negative mode it is the unexposed areas
which are selectively dissolved without swelling using such non-polar

solvents-as-chlorobenzene. Clearly a material such as poly(ﬁ-
p LW

} A3 Ire B
<:£3£myloxystyrene) should be a valuable addutlon to_.the tools available

r -}‘-
to the resist ChEmlSt due to.its dual tone versatlllty and the
N

-, . h

improvement in resolution it prov1des. However, while a deflnlte}‘
. i " s e Py

r
- L]

N incréase in resolution is achieved through expgsure in the deep-UV,

. the flux which is available from class;cél exposure systems at 254 nm
¥ ‘e ¥

is .to low to allow the use of any but the mosb,sensitive resist

systems. It .is such @ ccn51derat1on which dlctates the need to design

L
cei-

for chemical amp11f1cat10n (1) e Y

s
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rriphenv] sulfoniom hesaf luoroantimonate which are known (18-19) to . =

-

A 'very attractive design for new resist materials incorporates both -~

M.

: iy
radiation-induced side-chain modification for processing without B .

resolution loss due to swelling, and chemical amplification for very

high sensitivity. Most notable among these new materials are those

. .
which operate on the basis of acid-catalyzed thermolysis of side-chain

protecting groups (7-9). The polymer structures (9) shown in scheme 2 ¢ T
. ¥ 5 . h

meet this design requirement.. For example, poly(p—t—butyloxycarhg?yl- o

A A

oxystyrene) [PBOEST)] undergoes thermolyéis near 200° in a rapid redc-

tion which produces two gascous products, carbon dioxide and Z-methyls
‘;’,‘, L -“‘ B
propene, in addition te the pelar phenolic palymer poly{p-hvdroxy- . . O

o . y 1y
styrene) (16, 17). In the presence of an'acid catalyst, the thermo-
lysis reaction occugs at a much lTower temperature as coﬁfirﬁéﬁ hy the v

. I
A

lhurmqui:jmeLric data shown in tigure 2. Therefore, additian of a ‘i
" ‘

" PR i ) i . . . T ..
sensitizer” molecule that produces acid upon irradiatitnallows effi-

. 2

cient imaging of PBOCST -and similar pdtymers (7-9). The "sengitizers"”

. .
-~

which have been used are onium salts sich as diphenyl iedoniui or :

produce strong Bronsted acids upon irradiafdon in the deep-UV

{scheme 3).°

‘f - . : LA
o ' A SR i
When a (ilm of PBOCST, mixed with 5-20% of diphenyliodonium o =
hexaf luoroarsenate is subjected to UV irradiation no significant Co
‘. *

chinge is detected by infrared spectroscopy, hovever after post-baking:
o~ i : !

at H00YC for 1 minute the C-BOC protecting group is removed as

. ..
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‘elkyl—oxygen bond fissionais followed by the evolutioﬁ\of“carbon

- f’x Y - N ,..
W T LT .
. . . ,»-'f o ‘ i **ﬁkreﬁ*@
oo ‘ ' . a Y. S Y
-t ’ Ty ' A e 4 '*—-"’k o .l -y
+ - Y e
1nd1cated by IR spectroscopy whlch shows: d1sappearance of the‘carbongl_‘ . T
band uhile a strong absorption‘corresponding to  the hydraxylilavﬁ e
: . . . B “"’- Y H‘ :L T: A
‘functionality appears (7-9). The 1nfrared spectra for, thls~ﬁrocess .
o ‘\ -‘:‘ \e\ L ;‘?k q: =
are shown in f1gure;3 Thus in the” imaging procéss, the exqgsed T amas e

/ . L X

done according to the solubility,differences of thosewafeast

T Rl -.\‘_' o
g 1

501vent selectively dlssolves the poly(p—hydroxystyrene) areas to- give"' i

a positive tone 1mage. K ‘hegative 1mage can also be obtalned 1£:a non‘

e - ., ;;:‘ ".‘ ‘
polar solvent” is used to dlssolve only the PBOCST pontions of the " R

film, The ablllty of PBOCST and 51m11ar t—butylﬁester polymerg‘to

A} l‘ -l 4 “1“ -

: “ay

"\"-‘ - T
-

form p051t1v6“and negative images (20) is schematlzed 1p-flgure 4.

. Y .
K. . 4

L]

The catalyzed acidolysis ofzthe‘t—BOC pendant groupswisubelieveg to. S
g . -
proceed via unlmolecular acid. hydroly515 with an alkyl-oxygen bond o .

Kl fm R
o ? o

fission .(21- 22) The tert1ary carboqatlon formed subsequently

« N -~ ""*-.
eliminates a proton to form the more stable 2—methy1—propene. The .-

dloxide from the monoester of carbonic ac1d leaving a phenollc moiety.

Yo -U?

(scheme 4) Note that -a molecule of the .acid regenerated durlng the

catalytic process can cleave many t—BOC groups. thus prov1d1ng a chain
\ e e

reactlon often’ referred to as dhem}cal amplificatibn in thehcontext
3 - - - SIS

“

of resist -materials. -

~~
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-Of" particular relevance to this work are the earlier reports on

imaging systems that operate on the basis of light-induced .

-

.ﬂppolymerization proceséés (8, 13-14). For example, it is well known
that although polyphtalaldehyde (PPA) has a ceiling temperature of

~-40° a PPA polymér stable to ca. 1800 can be obtained by the simple

device of end-capping the polymer as shown in scheme 5 (23, 24).

. -
b

The stability qf the end:Eapped PPA polymer is entirely aependeﬁé on
Fhe presence* of theée stabilizing end groups and 'any process which
effecpively removes them or exposes an uncapped moiety through chain
cleavage will result in spontaneous depolymerization of the PPA at
roﬁn tcmpérature. Thus, a resist material has been formulated (8, 13-
14) by combining end-capped PPA with a radiation-sensitive oﬁium salt
which produces strong acid upon exposure (18-19)., Irradiation of a
'film>éf the PPA resist results in the formation of a local concentra-
tion of acid which cﬁuées chain cleavage—tn oécur'in the exposed
areas. The PPA resist is characterized by its very high sensitivity
due to chemical gmplificétion pf the initial photoevent through two

distincthuf cumulative processes.

- A single photogenerated acid moiety cleaves a PPAgchain thereby
reverting the effect of the end-capping process with
depolymerizg;ion of the entire chain due to a ceiling temperature

-

phenomenon.
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- Thé photogehera?ed acid .catalyst is not consumed in the overali-
gﬁégess and may become furthér involv;d in the cleavage of
nééghboriﬁg chains'thereby préviding a second stage of chemical
pmpiificééions.‘ This process is however limited by the low

mobility of the reactive catalytic species within the solid matrix

and by other process-terminating side-reactions.

In addition to its high sensitivity; thé PPA resist has the property:

sof dry development. This featuré is - interesting as it can contribute

o
to' a reduction in the number of proce551ng steps, but, in this case,

th dcsign of the material is such that exposure‘resu;ts in the
‘immédidgé liberétioglof-volétiie phfalaldehyde monome; within the
éxposuf;'tool. Such spontaﬁeousidepolymerization process, thbugh
.attractlve in principle, is’ 1ess desirable in practice due to the
p0531b111ty of contamination of the exposuré tool vla’vaporl
depos1tion. An alternate approach towards the same, goal 1nvolv1ng the
_acid catalyzed deprotectlon—degradatlve rearrangement of certaln
polycarbopate derivatives of glyc1do} (15325) is also not fully
satisfactory as the activaéiéh energy.required for thé entropy-dri§§ﬁ'
procéés éb occur is suchlthat processing is‘extremely d&fficult and
fﬁll image develoﬁhent;is not . achieved. |
. » -

.Our laboratory has developped a new approach to imaging systems
incorpora;ing‘chemicél ahpiififation using a cataiyzgd

depolymerization reaction as shown in figure 5,'which contrasts the

‘w
+
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proceés witﬁfthat used for the pplyphtalaldehyde resist described
apove. }Bogh$§§stems involve the use of polymers which are used in

comb?natidn with a small amount of photosensitive onium salt.
However, while in the case of the PPA resist generation of catalytic

amounts of acid by expgsure to radiation results in the immediate
£y
spontancous depolymerization of the unstable PPA over its ceiling

4 4

.temperature, the new resist material should remain stable to the acid
. C e "I{ . .

cagglyst which is fdrmed in the photolysis of the onium salt and thus

2u 'ﬁ: oy
s Y P

should only form a latent image consisting of :protons dispersed in a

polymer matrix. Image development by depolymerization will only

-

result from a subsequent baking'of thé'iméée gs the design of the

polymer is such that catalyzed acidolysis can only occur above room
temperature yet below the normal thefﬁolysis temperature of the
o
13 L ) !
polymer as was the case for PBOCST (figure 2). .
. - - i ——
Recent work in our laboratory (25-27) involves the development of

s

'linear,yolycarbbnates containing tertiary carbonate units in their

el

backbone. These polymers undergo irreversible catalytic . ;.

¢

— T ) ' R ' -
depolymerization when exposed to UV radiations in the.presence of . = | .
p & ek L .

. . X B -
onium” salts in-& process which is analogous to the cleavage of the
side-chains of PBOCST. Scheme 6 shows the‘acidolysis products of

tertiary polycarbonates. These polymers ‘constituté a new class of
polymers since tertiary.polycarbonates had not'been‘synthesized

. ’ A
.before.,” Because tertiary chloroformates’are known to be highly

susceptible to thermal elimination (28), attempté to polymerize

ot
]
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tertlary polycarbonates through condensat1on of dihydroxy compounds
/
wlth bifunctional tertiary chloroformates would only give ollgomerlc

materidls at best. Also reaction between a tertiary diol apd'a : v

ﬁ Bifunttional_chloroformate would probably only lead to formation of

twm

T ’
oligemars due to the low reactivity of the tertiary diols with

“¢hloroformate functionalitiesw~. The approach of Houlihan (25) to the

synthesis of tertiary polycarbonates was to use the.tertiary
carbonylimidazoyl groups which had been previously reported by Staab

as activating groups in the synthesis of t-butylcarbonates (29).

--/ -
Solid-liquid phase-transfer catalyzed polycondensation of bifunctional

carbonylimidazayl derivatives of tertiary diels with a variety of

diols in the presence of potassium carbonate affords tertiary

polycarbonates with acceptable moleculaf weights (scheme 7).

e ’

The thermograv1metr1c analyses (TGA) of these. polycarbonates suggest
that they are all stable to approx1mate1y 200°C Upon reaching their
cr1t1ca1 decomp051t10n temperature, the polymers decompose to form
small molecules while leaving no solid re51due.- As a representatlée
example, the copolycarbonate of 2,S-dimethxl—Z,5-héx5;édiol and p-
benzenedimethanol thermolyzes at 200°C (figure QJ curve a) éézprbdute
carbon dioxide, p—benzenedimefhanoi and-three dieﬁés correspondiné' to
the possible dehydratlon products of 2,5-dimethyl-2,5- hexaned101 A

'small amount of 2, 5—d1methy1 hex-S—ene-2-01 originatlng from the end ‘-

chain segments of the po%ymer is also ﬁormed.(scheme 8).j The‘presende
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".chemicals they are carrying in a‘controlled manngr, simply by heating

&

LY M‘- .
- - T i Tl LAmEd,
: . : T R el . AR el
e \.'.'. o] T . e . N A

sof these thermoly51s products was en rmed,hy further analy51s 1nwa»
PN MY

process which comb1nes thermoly51s gas chromatographyL and-mass
- '1 - - a”‘, N -‘ “"‘-
. > . A
. ) o - -
spectroscop{.(27) - = - -
- T * T Ly
> =y s W

A . )

e
£

: : i TN .
EE T . - iy N
iEY)

The the;mai degradation aspect of such polymers is interesting as iy,

they eventually could be used as matrlx materials which would be

-~

stable under, a given set of condlflons, but could 11berate the

- -+

.- ™
-

to a«defined temperature; Potential applibationg can be envisionned

- .
b e

‘in areas as varied as palnts, coatings, exp1051ves prOpellants and b -

-~ P

controlled—release pharmaceuticals. ~

Sy

g N TR -t - -
M ' : SRR
As was observed in the -case of PBOCST, the thermolysis reaction™is. e

T e

.3acid-¢atalyzed and addition of. a small amount of "acid to the™: - hat

"jecidoly51s. Catalyzed phase—transfer polycondensat1on 1s used in the ' A,

,éopelycerbonate of 2,5-dimethyl-2,5-hexanediol and eébenzenediméthanol

_Thls the51s presents further work on the de51gn, chemlstry and testing ' : -

causes a shift of the thernolyeis curve (figure 6, eufye b) to lower

temperatures. The exact shape of the curve is dependent on the’

B - RS

reaction condltlons used for thls measurement L . .

4 - 4 : : -

. " .. i Lo Y

of polycarbonates which can.undergo depolymerlzatlon by thermolysis or eim

'preparation of new tertiary polycarbonates with improvedwphyeicql

S ., : R )
. - R

'propenties. Polycarbonetes with'benzylic and allylic moietieeﬁare

- IS

also synthe51zed and shown to have potential as sen51t1ve,photore51ets "i;-;:*»?~'

materials, ; Ta oa W
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As pointed out earlier . the synthesis of tertiary polycarbonates has
o K

- '*; ‘ﬁ - -

been sucqefsfully achieved via the phase-transfer catalyzed
4-1?‘ ¢ ;b:?

pqiycondenearion of diols and bis-carbonyiimidazdyl derivatives of '

. -k T Fa
R . . ') . o » A
tert¥ary diols. These polymers show the expected behav1or when
" i

subjetted to acidolysis or tEErmoly51s conditions relea51ngiearbon

d10x1de a diol, and¥a mixture -f.dienes derived from the tertiary

T

diol biscarbonylimidazolide. This decompoeition megpanism depends on .

-

Py

the ability of the tertlary m01ety to form a stable tertlary ®
a’* d
intermediate which can subsequently eliminate to form an alkene. For

. "-‘

'1. "y '“Ql

example, 1n *an ac1dolytlo-process a tertlary carbocation is fdrmed
", T
X e = . i

‘na

1n1t1ally and e11m1nates a proton located on: an adjacent c&rbon. -Jlhis

[

1)3’{

. smechanism suggest that any species which is capable of formlng a,

o ta

P
A L

jé able intermediate with an available proton on the alpha pos1t10n

b - 3, . b

T =

-n‘could be 1ncorporated into a polycarbonate which would decompose in -

o . - . o«
= ' .

";'!‘

J- ,[

-"k ! .. v - " RARY A -

thermoly31s or ac1doly31s of carbonates of 1- hydroxyethyl benzene

7

releases styrene (scheme 9), thus confirming‘the formation of a - i

secondary benzylic interagdiate. The copolycarbonate of p—bls(l- . f

hydroxyethyl) benzene and 2,5~ dlmethyl -2, 5—hexanediol has been T .

prepared (25). It depolymerizes at 220°C as indidated by TGA; E

el

."_:‘.‘ .

- S -
et h =

ana1y51s ‘of the therm01y31s products by mass spectrqscopy, shows that-

e‘ ,‘

the polymer decomposes via the formation of a'tertfary 1ntermediate to-
o DT e - >

give p—bls(l—hydroxyethyl) benzene, tarbpn dioxide and a mlxture of¢'

'-« E3 - f’
: e )

T
o

A . z

-
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-4'?1 dienes resulting from theﬁgghyﬁ?htion of 2,5-dimethyl~2,5-hexanediol

1 @«

(scheme 10). The decomposition via a secondary benzyl intermediate is
- - r,f M

-

probably not seen in this case simﬁly because the formation of the

tertiary intermediate is a lower energy process. This'COpdiymef has a
better solygiﬁity than gﬁé Eopolycarbonate éf 2,5-dimethv1-2,5-
hexanediol aﬁa-b—benzenediaéthanol due-to the methyl ;ubstituents
which p?gwgﬁt the close pgzking of polymer chains which isjobservdd
with théléh;ibgoﬁs polymer containing p-benzeﬁedimethahol.
Incorporation of aromagic moieties is desirable’ in Brﬁer to obta;n a
hiéh melting pqumef‘(see Tablg I}. The homopély;arbdpate of p—bis(}ﬁ
hydroxyethyl) benzene should give access to a maférja] of even higher
‘faelting point than its copolymer with the aliphatic tertiary didl, '

. . while good solﬁbility in organic solVGnté.should be preserved due to’

“the presence of the methyl substituents.

The synthesis of p—bis(i;hyéroxyethyl) benzeng; 1, is the first step
to*the synthesis of the homopolymer. The diocl is obtained by
reduction of p-diacetylbenzene with sodium borohydride:(scheme 11).
The corresponding bis—carbonylimid;zolide,l:g: is obiainéd in 35%
yield by reaction of p-bis(l-hydroxyethyl) benzene with 1,1'-
carbonyldiimidazoleiin the presence of-a catalytic qmbunt of~ potassium ’
metal.(scheme 13). The product is a white solid which has to be |
stored below rocm teﬁperature to avoid aﬁy slow therﬁal‘degradatiqn
proéeés. " This bis-carbonylimidazolide .is aliowgd to react under

ﬁ; l phase—transfér conditions (scheme 14) with p-bis(l-hydfoxfethyl)
benzene to gi;e 73% .yield of the desired polycarbonate, II-a. ‘The

polymer is soluble in common solvents, and its DSC shows a Tg at 78°C

-
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Table 1. Melting point of linear polycarbonates
- 7 )
Im ref
_ _ R ’
) CH3 ‘ CH3 O) .
+0- CHZ-@—CH?_ -0- c CH, CH,~ c 0- c+ - 150 . (25)
9 s G o
-i—-O-(I:H(]:H-O-C-O-(I:-CHa—CH'a':-C,-O-C—}-n ' 93 (25)
. l .
. 'CH3 CH3 CH3 ’ CH3 :
—{—CH,‘@*CH,—O-—%-—Q-}B 195 (37)
. . o : -
?Hs ?Hs
'{"O"C—CHZCHZ‘S:"O-('%")—n <rt. (2‘5)
CH3 ‘~“CH3 0
' CH3 | CH3
i ~+0- CH2 —C=C=-CH,-0- c 0- c CHZCH?_C 0-C+ <rt (25)
n -
‘ O CH3 CH3 0
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Scheme 1,

. -
*
N \
I
]
+ -

-~ ,- . - .
_ CHfCH@ Cir=CH,
- <—'r ” : HO - CH~.—CH OH
+Q~CH—@-(}H‘-O—%~}H Lhco,+ <
| A - ‘
CH CH:J, (O3 P B
> ° HO CH—.~CH CH,
I-a '

" Scheme 12
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aﬁ& a melting point at 1059C (figure 7). As expected this'ﬁelténg
point is higher than that observed for the‘corresponding‘
copolycarbonate wrth.2.S-dimethyl—Z,S-hexaoediOI-which'is 93°C. A
preliminary study by TGA ggighre 8) indicatés that the polymer is

stable up to 230°C and then suffers a weight loss of’79z over a range

. of 50°C. The residual 21% might be an oligomer or polymer of the ,

divinyl benzene which is produced i:Tthe reaction as confirﬁed by:moSé,‘
spectroscopy (figure 9). The other prooucts of the depolyﬁerizatiqn fj
Jbeing carbon dioxide, vinyl(l-hydroxyethyl) benzene and b1s(1—
hydroxyethyl) benzene (scheme 12). The residual polymer eventuaily
thermolyses at 400°C. fhe acidolysis of a thin film (0.9 pm) of thls
polycarbonate was studifd by infrared spectroscopy. Ao“expdeure bf}éo"
mJ and .a post-bake of l_min. at 100°C- are necefffrz;;o observe.the
‘complete disappearance of the carbonyl band of the etartiné polymér.
Figure 10 shows the IR spectra before and after exposure, and after.‘
baking. No poly(d1v1ny1benzene) re31due is observed by IR after the

-

post-bake step. i - . —

Previous studies have shown that the incorporation of aromatic rings

3 .

in the polycarbonate structure is an ioportapt consideratioo'to obtain~<
a polymer with a h@gh-meltiqg point. The polycarbonate. of p—' |
benzenedimethanol'éﬁa 2 5-dimethy1-2*S;hexanediol has a meitihg'of
1509 bux its soloblllty is relat1va1y low and 1t is difflcult to form
a useful fllm of this polymer. An attemptrwas made to 1ncrease_1ts‘;
solubllity by replac1ng the aromatic diol by’ 1 4-butyned101 As
"expected the SOlUblllty of the polymer is increased effectlvely byrthe

! -/

incorporat1on of -1,4- butynedlol in- the polycarbopate chains, however
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the material obtained has poor mechanical properties and has a melting

point below room temperatnre which makes it unsuitable for abplication
-

as a .coating material (25). Since-.aromaticity tends to contribute to
the obténtion of high melting properties and incorporation of the

alkyne increases solubility it is expected that incorporation of both
in the samg polymer in alternation with 2.S—dimetn?l—Z,S-hexanediof
should give a polycarbonatélwith balanced solubility and meélting

properties.

The bis-carbonylimidazolide of 2,5-dimethyl-2,5-hexanediol, I-b, is

obtained in 717 yield by treating the dicl with 1,1'-carbonyldiimi-

x

dazole in the presence'of potassium metal (scheme 13)}. A terpolyper,

. II—o,.having a diol ratio of .70:30 p—benzenediméthanoizl,A—butynedéoli

is prepared with the bis—cerbonylimidazolide, 1;92 under phase-
transfer, condltlons as shown in scheme 14, The polymer is obtained in
80% fleld as a white SOlld that shows éood solubility in a variety of
organic solvents.. DSC 1nd1cateq a Tg at’ 25°C, a Tm at 117°C and two

other endotherms at 66°C and 100°C which are probably due to

~conformational ohanéee of the polymer chains. Note that thé Tm value

is intermediate to the meltlng poxnts of the copolymers of 2,5-

dimethyl-2, 5—hexaned101 with, p—benzenedlmethanol (150°C) and with 1 4-.Ai'

butyned101 (below room temperature) The TGA curve for thlS polymer
shows that the polymer ‘decomposes almost completely between 190°C and
215°C (figure 11). A study of- the products given—off during the
thermal degradatlon “indicates the evolutlon of 1 A-butynediol p-
benzenedlmethanol 2,5- -dimethyl- hex-5-ehe-2—ol, and a mixture of three

dienes corresponding to all_posbible dehydration products ‘of 2,5~ -
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‘3{ H b;;.ﬁ e
dlmethyl 2 5-hexanediol (schemg 15) + The thin film (1.2 Fm) ac1 lysis-
pa B2 \

of this terpolymer; followed by ipf?ared"spectrascopy‘:eveals that the
"
carbonyl ‘band d1sappears gradually after consecutive exposure of 5 mJ
k!

and 1 min. post—bake at 100°C, A tote& exposure of 100 mJ is

abpeéessary to observe the gomblete dlsappea nce of the carbonyl

-

* absorption (figure 12).

.

, L
Ige,preparatlon of a terpolymer 1I-b having a diol ratio of 80:20 p-
‘"bénzenedlmethanol :1,64- butynedlol with 2,5- dlmethyl -2,5-hexanediol was Y -;

-1 3 v

T

attempted but only 60% yield of an oligomer was 1solated The low

extentvbf the reaction might have been caused by the use of impure‘ ¥

Lo startlng materlal, or of improper Teaction condltlons. The reaction

-~ .Y

e was: However not’ repeated in vidw of other more %agnlflcant devclop-_ -

e

= ’ ments reported below,

In the stﬁdy of pélymérs containtng tgrtiary diols, it was deéirable
- }g‘to see whether the use qf pinacol instead of 2,5-dimethyl-2,5-
. .:;hexangdiol in a'c0polyme{9yith E;;aromatic d;:r would.give a h;gher
rﬁelting'ﬁolymer becausglof the greater rigidit} of thé.piﬁacoilmoiety:

g The first apﬁroach to the preparation of a copolycarbonate containing

-
pinacol was to attempt the synthe51s of the corresponding bls-

-

carboriylimidazolide. The reaction of pinacol with™, 11"

p .
0-" .

sy

2“.‘ ,

e

k3 carbonyldlinddazole does not afford ‘the de51re53hn9duct-— The only L)

v _compound 1sola;ed is the S5-membered r1ng carbonate, L@l 2,2-
" L\'- '

tetramethylethane carbonate 22y resultlng fromathe competing ring =~ -t~ -7 -

- -

13 s ° L ]
ey
S

" s ..
. i ' closure side reactlon (§Eheme 16). The_alterndtive route to the "> . T 1

2 .3 ' . i
ey > .

.

n desired polycarbonate'involves.a condensation of pinacol with bis- *



40

¥ ]
. ) ? »
. . : Sl awayas
' nIU.. ﬂIU ) N i . | » - J”\m. )
43 -0 =HD-2HD )= =% o c ~
nzu o n_._u nzo : ﬂ:u 3 : ,
' . -c =" -
HO - u 2143 2u9-3=2H + 2Hy=9- N:.w/xu 5% V+ 203 vz + x?«:u.@uwxu-o: + HO =€HD -2 =D-°HD - OH
€ ' ._— "
K3 .
N nxU/ \nIU -
\UHIU-zUuu/
¢ ¢
HD - *HD L -
- . . ms
-v’- £y
. 3 -1l ; .
£ £
M3 HO < usg'0 . usi0 ,
4|u 0- o 1o~ u ouT - u 0~ :u.@; 0 - ,Tw-o =°HD-0=2-%HD- O+
0 Ty 94

0

.1..
. .



b3
o
z
e
v
T
P
M
°
[
9;‘,"'.
PN
[N
e,
e
R
ah
# -

v 380D z900

Fijure 12

2 f
. - Ty s
sl ML J N
. » o i
- s
i a
A
P
potry .
";I;\, B
A
a1
- L
. .
=
.“-ﬂ“
P‘_l‘l'l

Ay
Scheme 16 "~
s

..mv!—' NUHBERS.

IASF6 {a) unexposed

IR Spectra of II- c/Ph
post bake

a o (D) After exposure an



RS

k4 ;ca:ﬁonylimidazolidé derivative of an aromatic-diol. The bis-

. carbdhylimidazolipes of pafa and meta~benzenedimethanol, I-c, and I-d,
" cén be ﬁrepéréd*bﬁ treating each diol with a catalytic amount of base,

then adding the resulting alcoholate‘soluxion to & syspension of 1,1-

. . .

:carbuﬁyldiimidazolg (scheme.13)}. The very pure para isomer is
ohta;ncd1in-;nly 2éz jE;ld by successive recrystallizations from
dichloronethane and petroleum ether. Attempts to wash a
dichloréﬁéfhane solution of the para iéomer with distilled water or to
purify thfough chrométograﬁhy on silica gel, leads.to hydrolgsis or
partial decomposition of the product. On the other ﬁand, the meta
isomer. is purified more easily by washing a CCl, solution of the crude
compound withidiétilled vater. No hydrolysis occurs in this case and
the product is isolat;d'in 637 yield. Purification of the crude
materia} by chromatography on silica is impossible as totall
decomposition occurs on the column. The bis-carbonylimidazolide of

the para isomer is not soluble enough in carbon tetrachloride to be

purified in the same manner as the corresponding meta derivative,

" The reactions of the bis—carbonylimidazolides of metg-benzené-

LI dimethgnol, gara-benzenedimethanol or p-bis(l-hydroxyethyl)benzene
with pinacol do not give the.expected polycarbonates. Oligdmers of
the polycarbonates‘of meta-benzenedimethanol, 4, para-benzene-
dimethanol, 3, and p-bis(l-hydroxyethyl)benzene, 5, aré isolated
réspectively. Formation of the cyclic carbonate, 2, is also detected

by proton NMR analysis of the reaction product (scheme 17).
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A modeI:s;ﬁdy of these reactions using the carbonylimidazoyl deriva-
tive of bengyl alcohol with pinacol confirms that the pinacol fragment
onte attached to one benzylic unit through a carbondte moiety urnder-

goes a ring-closure side-reaction leading to_ghe 5-membered ring

. e
cyclic carbonate instead of attacking another imidazolide molecule to

‘holate which is eliminated is able to react with the surrounding

9

.

form a linear bis-carbonate. Again the majﬁf products obtained are
1,1,2,2-tetramethylethane carbonate, 2,-and bis-benzyl carbonate, 7.

Upon ring closure of the pinacol carbonate units, the benzylic alco- )
(%]

' r

carbonylimidazolide to.form the bis-benzyl parbonéfe (scheme 18).- The

-A

formation of aromatic homo-oligomers in the polymer preparations can

be explained by a similar méchanism. . -

It was decided to use &,o('-dihydroxy-p-diisopropyl-benzene as a ..
substitute for pinacol, since this molecule has the potential of .;

increasing even more the melting point of the polymer because of its

~

‘aromatic character. It is expected that its copolycarbonate with p-

~The polycondensation of this tertiary diol with Ehe:bis—carbonylimida;

the obtention of a high molecular weight polymer bécause tertiarf

benzenedimethancl should have a good solubility because. of the methyl’

substituents which prevent close packing of the chains. The -polymer
should:also'depoljmgrize by acidolysis or thermolysis because of its
ability of forming a stable tertiary benzylic intermediate with

protons available for elimination on adjacent carbons.

- “ - *

t

zolide of benzenedimethanol is not expected to@be‘mdét suitable for

-

diols react slowly with carbonylimidazdlidesﬂdue ;ofsteric constraints

¢ E

o
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(25) and also beceuSe tertiary diols are sdéceptiﬁle to dehydration
T ' a e e Lo i ¥
under the redction copditions, A'better approacﬁ”is to usé'the bis-

carbonyllmldazol1de ofc(p(-d1hydroxy p-d1150propy1 betzene to prepare

-

the des1red polymer ' The bls—carbonyllmldazollde, I—e, prepared

LA

following the usual _procedure (scheme 13), is obtalned as a wh1te

solid in 29% yield after purification by recrystalllzatlon. The

porycondensation of Ice with pfbenzeﬁedimethanol,g(scheme-14), gives’

_polymer II-d in 807 yield. As expected, the.polymer is soluble in a.

variety of organic colvents bSC 1nd1cates that the polymer has a Tg,
r‘.

oF‘AGOC but no melting p01nt is observed whlle ‘another endotherm at
15140°CJstands for the decomposition of the polymer (figure 15);i Thisl
fact is confirmed by a,TGhﬂcgrve which_ehows a loss of_SOZ of the'* :
weight'betWeen 140°C and ISOOC,jfo}lowed by a sldy.decrease in weighc
from 150°C to 240°C where the weight 1055 reacties ébz (figure 14).

Additional analysis by mass Spéctroscopy (figure 15) reveals the ©

formation of p—benzenedimethanol 1,4-diisopropenyl- -benzene and 4—(2~

.
N

hydroxypropyl+ o —methylstyrene as expected from the proposed

; mechanism of depolxmerlzatlon (scheme 19)., The latter product is

oBta1ned from the units located at the end of the polymer chalns.i

A briéf study of the acidolysis nge 1.5 pm thick film of the polymer,
folloﬁed by infrared spectroscopy, sﬁows that the carbonyl band disap-
pears after an -expostire of 20 mJ, wlth no heating being necessary
(figure 16). But it seems.that the'diene which is given-off during
the process crosslinks, as a thin-ihsoluble residue is observed during

- imaging testing on silicon wafers. The crosslinking of 1,4-diiso~

N

-
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" propyl-benzene ‘could explein the ns 10% residue which is observed in the

thermogravimetric .analysis.

Attempts to polymerize the bis-catbonylimidatolide oftXJx'—dihydro;y-

AT . .

¥

;g§diisonropyl—benzene with its parent tértiary benzylic diol only gave

Ta

the starting .diol, a small amount of the cerresponding oligomer 16,
. |4 -

.and  some 1,4-diisopropenyl-benzene,thus confirming the low reactivity
of-tertiary diols and'thgit susceptibflity to elimination (stheme 20).

-y ) o= i Y )
. [ 3 3

. . . LTI
o ) R o ’ ,‘- - 3*“

The reactrvxty of blsphenol A with %he Uts-carbonyllmldétolmde of 2,5~

- e

B dlmethyl -2,5-hexanediol under” phase—transfer cataly51s was prev1ously

@ - -
tested (25), hoping that the resultirg polycarbonate having a backhone

,with a structure analogous to thdt of the t-BOC group would behave as

a highly reactive photoresist. But that polymer12at10n was not

- 2 ™

'successfull due to the fact that the phenolate anion is a better

r

leavlng group than the 1m1dazoy1 anlonﬂand: therefore, displacement of

the 1m1dazoyl anion cannot occur under the—ba31c conditions used in

P o

the reaction.

-
r . ] -y

. .
¥

L - r

e, . / '
YReacting the bis-carbonylimidazolide of bigphenol'A with 2,5-dimethyl-
! .

L"
2,5-hexanediol seemeq‘to provide a betfer route to the synthesis of _

that'polymer. The.synthesis of he'bisﬁcarbonylimidazolide of
‘blsphenol A is achleved by a two—step reaction involving the formation

of -the bischloroformate intermediate us1ng phosgene, followed by :

d1sp1acement with imldezole (scheme 21)., Unfortunately, this approach

v S

-does not provide a good polymerization since -the aliphaticldiolfﬁ
» .

“® displaces the better leaving group phendlgte to form the catbonylimi-

- ’

44
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-
-

dazolide of,z 5-d1methy1 -2, 5-hexaned1ol. The reaction of the latter
with a second molecule of blsphenol A b15—carbonyf§h1dazol1de leads to
the formation ¢ the bis-cerbonylimidazolide of 2,5-dimethy1—2,5—

. .t -~y
hexanediol. The subsequent reaction of the aliphatic bis—cafygnyl-

imidazolide formed "in-sity" with the perent diol can explaiﬁfhhe

presence of the oligomer recﬁvered in the reactiop, mixture (scheme
22). The presence of bisphenol A and ZJS—dimethylﬁﬁ.ﬁ-hexanediol in

the reaction product was also observed by YioaR.

The next alternative to the preparation of a polycarbonate incorpora-

ting bisphenol A, was to use a derivative having a better leaving

group than a phenolate We chose to prepare the bis-p-nitrophenyl-

-l

carhonate of 2,5- dlmethyl -2,5- hexanediol yLll=a, whlch can be synthe-

sized in a 65% yield by reaction with p—n1trophenylchloroformate

* { scheme 23); The product is easily purified by recfystallizetioﬁ and

is stable for long per@ods oﬁ time if kept below room témperature.
During the polymerization of III-a with bisphenol A (scheme ?KT:’a
yellow coloration due to the formation of p:ﬁitrophenol is observedh
and the whité polymer incorpbratiné_bis;heno} A, IV-a, is obtained in
94% yield. DSC indicates that the_pelymer ﬁAS a melting point of
166°C and a Tg of 87°C (figuge 17). A strong endotherm at 180°C
corresponds to the decomposition temperature of the polymer which is

confirmed by a TCA curve (figure 18) showing-a weight loss of 46Z from

175°C to 180°C, this loss is attributed to carbon dioxide and the

‘mixture of aliphatic dienes formed by the elimination process. The

residual bisphenol A sublimes from 180°C to 225°C; it should be noted

that the exact shape of the TGA ¢ a function of experimental

- ‘ -

=i
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At - 3

. . .
% 3 b - I3 - - - L3 ’
conditions including in particular the flow rate of inert gas through

the: furnace. A fhermolysis study followed by gas chromatography. and

mass spectroscopy confirms -that the thermal decomposition results in
the formation of bisphenol A and various dienes derived from 2,5-

dimethyl-2,5-hexanediol (scheme 25).

2

.The behavior of a film of pclymer IV-a containing a catalytic amount

. of onium salt upon irradiation jin the deép UV (254 nm) is monitored by
infrared spectroscopy as a preliminary step for imaging study. The

behavior of this polymer should be similar:to that of PBOCST ¥hich

i

requires a post-bake of 1 min. at 100°C after exposure in order to .

remove the protecting groups. A solution: of the linear polycarbonate,
. " i

L!:g. in dichloroethane,éontaining 15% p[ triphenylsulfoniqm hexaflﬁo—
.'féarscﬁatc is cast on a NaCl disk to a thickness of 0.85 Pﬁn An IR
.spectrum shows that;the polymer is stable to baking at JGOQéfbefofe
-irrgd&ation; upon exposure o 10 mJ/cm2 of 254 nm UV light, the bands
lﬁttributed to the polycarbonate grnduallf disappear without the need

of a post-bake.. The carbonyl peak has completely disappeared after 15

min., leaving . residue on the NaCl disk which was identified as’

bisphenal A (figure 19). Tt should be noted houever‘fhat pbst—bake

- ! K

r

does accélgraté the:decomposition process and that complete’disappea-

rance of the carbonyl peak is obsérved upon exposufe to 5 rnJ/cm2

followed by 3 min. postbake at 60°. Iﬁ:édxuag ihagibg devélopment{V

post-bake would not be sufficient't&‘remqgc the bisphenoi A residue

Loy . .

since it is not volatile endugh at 60° .and atmospheric ,pressure.  The
' . T S e N : - A

'
.

. '. ’ "' -n ' - ' -
production of an image from this system would -have to involve: we

cdevelopment unless development under high vacuum can be implemented.

'

o7 PR
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The bis-p-nitrophenylcarbonate of o tertiary diol proved to be a

A . - . .
“*stable hut reactive monomer in the formation of polycarbonates. It

-

of a benzylic aiol

was desirable to test whether a reactive derivative

. ) o
could also be made and used in the preparation of polycarbonates. The -
synthesis of the bis-p-nitrophenylcarbonate of l,b—benzenedimethaﬁbl,

R

1I1-b, is achieved {scheme 23) in a yield of 50% after ‘purification by
recrystaliization. This derivativé is much easier to prepare and

. purify, and is ohtained ihwa'béttcr yield (56Z vs 29Z) than the

_corresponding bis-carbonylimidazolide. This material can be used in ta

polycondensations reactions with bisphendl, benzy]ic, secondary and

r

tertiary diols. The reaction with the secondary diol, cyclohexene-

diol, will be discussed .later.

The white :soluble polymer, IV;h,fwhich is obtained in gfg_yicid by

[}
-
v

rea¢tion between bisphenol A and compound II1I-b (scheme 24), has arDSC
showing a Tg at 90°C (figure 20). This polymer is expected to be more

. hy

stable than the polycarbonates’ forming.a stable intermediagé'with an .

alpha hydrogén available for elimination. Indeed, TGA indicates a

decomposition temperature of 260°C (figure 21) which is 85°C higher ., .

than that of the polycarbonate of bisphenol A with 2,5-dimethyl-2,5- -
hexaneqidi. Thermoiysis followed by mass spectroscopy reveals that’

the polymer decomposes to release bisphenol A, but no p-benzene-

dimethanol is observed as the depolymerization mechanism is different

in this case due to the lack of alpha hydrogens. ) S

ek
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The formation of a polycarbonate using the Bis-p-niteophenylcarbonate,"
- LT » .
I11-b, with the. corresponding diol (scheme.24) gives the desired
e - ' i*

polymer, IV:E in a b32 yield. The bolyher melts at 230°C and haedi

another endotherm at 205 oc as detected by DSC (figure 22). The - a me

sy

aromatic homopolymer has a very low SOlUblllty and is ‘expected to - -
T - :-E- f"!-—\
decompose at a hlgh temperature. As can be seen in‘ffgure'23 thermo-

. . . ...-,,,.‘\
=

; 5rav1metr1c analysis conflrms this expectatlon as the polymer thermo—

- .
e

]yses neaf'30093_'M%ss spectroscopy-does not detect any p-benzene- 3
dimethanol after tHéfmolysis; as ;ﬁ the previous example with polymer,
1V-b, due to a different mechanism of éepolymerization which does not

allow for 51mple el1m1nat10n of stable molecules. -as is thewcase, with

..-"- -
Ariet

polymer IV-a, and other polytarbonates of similar design:}'

A

Fl

-

_ As_seen oféviously, the synthesis of a ooiymer'by condensation of a

tertiary diol and a bls-carbonyllmldazollde der1vat1ve does not give
. . - - e A

s

good results since -the ellmlnatlon:of the tertiary diol seems to occur«=

o —n,
"a PR

before the polymerization can take pléce. It was worthwhlle trying

- whether a tertiary diol would be more reactlve in.a polyEondensation

N - ~
p o, "y -

-
-
Ry
» y

with a diol b15—p—n1trOphenylcarbonate. The polymerlzatlon of 2,5— -~

dlmethyl 2 5= hexaned101 and bls—p-nltrophenylqﬂrbonate, III b did not
yleld to the desired copolycarbonate 1ncorporat1ng tertlary unlts. - &

» o Te e

Instead an insoluble polymer identlfled_as the homopolycarbénate of -
l,A—benienedimethanol, 10, was isolated (scheme 26). We can conclude '

wim ity

from our experiments that neither bis-carbonylimidazolides nor diol L pew

bls-p-n1trophenylcarbonates_are suitable for polycondensation with- ~

1 W

tertiary dipls. When it is necessary to introduce a° tertiary alcohbl ™
it i

.t

- fragment in a polycarbonate, the best results are obtained by using
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_ the bis—carbonylimidézdlide or bis-p-nitrophenylcarbohate derivative

of the tertiary diol together with primary, secondary, or phenolic .

diols. 7 .

The bis—p-nitrophcﬁylcarbonates provide a route to the sj*nl:.hesis of
polycarbonates containing bisphenols. Their use can also be extended
to replace the bis—carbony‘limidazoli(les in all condensations with
diols sinetEey are easier to prtpare and are obta&ﬁfq in better

yields in the case of* the benzylic derivatives.

. At

We have already demonstrated that polycarbonates containing units of
. R 1 ) ’

any diol capable of forming a stable intermediate and having ot Jeast

one hydrogen on the alpha position, are susceptible to depolymeriza-
Ltion via catalytic acidolysis or thermolysis through processes which
have relatively low activation energies. “This was shown to be the

case lor certain polvearbonates incorporating tevtiary or benzvlie
- ) -
unet s, We can also desipgn oonew class of polvcarbonates which woulid

lllltl-’l#l substituted allviie diols. The intermediate which would be
tormed during the depolvmerization of- such polvearbonates would

. ' . . . R ) h -

ponsess allvlic stabilization and would |

coduee coan jupated molecules
L} - .. ¥ -

afver elimination ol an aipha II_'\'(II'H):I‘[I.. hus facilitating the overall

depolvmerization protess.  For example, aNgolvier contaihing cveto-

shesenediiol should breal dovn to produce benzene molecubes upon e bda-

. -

Isas or thermolysis,

The tirst nusaturated diol availabbe o gs was sobreral %, which

contains both an alBelic and o tert o, ’?. oo b ] conlid pive

L4 . v
poorend i freemes oS-




a volatile triene as a result of elimination. Attempts to polymerize

sobrerol with the bis—carbonylimidazolide'of benzylic diols, 1,4-

4

benzenedimethanol and p-bis(l-hydroxyethyl)benzene, were not success-—

full as only a small amount of coligomeric materials were obtained

.‘(scheme 27). This illustrates once more that a molecule having a
tertiary alcohol site is not very reactive in phase—trahéfar catalyzed
'polycondensatidns. The alternative route was to synthesizec the bis-
carbonylimidazolide of sobrerol, I-f (scheme 13)., Coﬁpound I-f
“obtained in 607 yield as a crystalline solid, can bLe used in a“poly-
condensation with a diol such as p-benzenedimerhanol under phase-
transfer catalysis (scheme 14). fhe desired polymer.llig. is obtained

in 75% yield but can be shown to be only oligomefic by its infrared
. . A :
spectrum which contains both carbonyl and hydroxyl bands. Molecular
\ .

weight determination b} GPC confirms this finding since- the GPC number
average molecular weight is lower than 1000. The low extent of the
polymerization can be attributed to the difference in reactivity of

the aromatic diel towards the seconda}y and tertiary reactive sites of;
the bis—carbonylimidazolide. The bis—p—nitrophenylcarhonate'of

. ’ N .
sobrerol, III-c, (scheme 23), synthesized in 60% yield, proved tq be a

better reactant for the preparation of a polymer with p-benzenc- ~

dimethanol (scheme 24). Indeed, polymer IV-d was obtained in BOZ%

‘'yield from the polycondensation'of those ‘starting mbterials.. A
typical polymer obtained by this method has én numbefuaverégc mole-
culaﬁ-weight-of 11,060 as dpterminid by osmometry measurement. The

low melting point of 80°C, observed DSC (figure 24), reflects the
asymmepry'of the polymerl This. asymmetry Brevents the close packing
. of the chains thus lowering the crystallinity.. The high asymmetry of

.

] : . ’
. 8
-

N -
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sobrerol units also imparts a very good soiubilitf to the polymer.’
Thermograv1metr1c anu1y51s-roveals that the polymet falls ‘apart’

rapidly from 190°C to 7569C leaving no residue (figure 25)}. The

species [ormed durlng the thermolysis have been identified by mass

-
L4

mcthyl,5~isopropylidene—1.34cyclohexadiene and 2-methyl,5-isopropenyl-

1,3—cycloheiadiene which partially jsomerizes to p-cymene. In acidic

- -
P .

Cnnditfong, 2-meﬁnyl.S—isopropenyl—[.3—cyclohexadiene is known to
isomerize.readily to p-cymene (31). The presence of 4'-methyl- o¢-

.

gnethylstyrene was detected; and attributed to air oxidation of the

R ] . L4

chain end f{ragments, 2-methyl, 5+-isopropanol~1,3-cyélohexadiene, to
p-cymcne—B%ol which subsequently undergoes.dehydration (Scheme 28)
'(31). "The air oxidation is possible since the bulb tnermolysis - GC-

-

MS experiment was conducted in the presence.of air at 250°C. . In order

4

¥

rto eliminate the compound assumed to be produced by air oxidation, the

.

. thermolysis experiment was done under vacuum,. Althohgh‘greatly .

" reduced, the oxidation product was stili detected as well as a new.

compound wthh was p051t1ve1y 1dent1f1ed by mass spectroscopy as

, 11moncne, the reduced product of 2- methyl 5-1sopjopeny1 1 3-cyclo—.

hexadlene.f Thus the formatlon of a small amount -of 4'—methy1 oe-

methylstyrene in the absence of oxygen ¢an”still be explalned by the
~

fact that 2\methy1 5—1sopropenyl 1 3—cyclohexad1ene acts as an oxidant

( scheme 29) It is noted\qhat An the absence of oxygen, the gas

chromatogram shows an.approximate 1:1 ratlo for 4'-methyl- aﬁmethyl—';

styrene and limonene. The ° presence ‘of ether fragments is also
o - ~J
carbonate’ units can lose carbon dioxide first to form an éther mole-

, .
.- . o e - ‘qﬁk -
s ) q’_!
. ) , .

Y

‘ revealed\py mass Spectrometry, suggesting that onder‘thermoiysis, the.

spectroscopy (figure 26) as being the expected p-benzenedimethanol, 2-.

v

vy
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gets as high as 450°C (figure 29). Further study of thermolysis by

. gas chromeﬁography and mass spectroscopy (figure 30) indicates the

- '

cule, Scheme 30. shoqo the three ether.isamers whichfcould'be formed

-

,H-dlong=with-tﬁe other-thermolysis products. It 1s not easy, on Ehe ;

'h8515 of mass spectrometrlc data alone, to 1dent1fy whlch‘ether 1somer

. . “ . _r . e

is, Lhe maJor one assumlng that all three are- produced lH-NMR *

J

“; analye1s of the thermoly51s products ‘would be necessary to positively:

B

assign the structure of the ether;_thls.experament was'not attempted.

. N .
. .
. < S ae - N N .o
. f
. E
“ie

The light initiated acidolysis“of a 1.2 Pm“fhi;k-film’of the polymer
containing p;Catalytic emount of onium salt can bE'folIoweH by

;.

infrared spectroscopy. This study shows that the carbonyl band dlsap- .

pears after exposure to 50 mJ and- 3-min. poSt bake at 100°C -Ag

residuc identified as p—Benzeﬂédlmethanol is found on. the NaCl_dis& ;"“

P -

S s o
after post-bake {(fipure 27). : FR S

v - + B ;‘:h /
. . .

A - . o I -t
. -

The bis-p-nitrophenylcarbonate of sobrerol was alsd‘copolymerized with
Bisphenol A using the usual procedure (scheme 24). The white polymer,

Iv-f, obtained in 797 yield has a DSC 1nd1cat1ng a Tg at 135°C and "

‘._’

,u

ture (figure 28). A study of the degradetlon of the-polymer 1nd1c tes

Joss of 23% of the welght from 180°C to 190°C The "total weight logs

reaches 83% from 190°C to 280°C. At that p01nt the sample mass

decreases very .slowly and it finally reaches’ zero when the temperatur .

formation oﬁ bisphenol‘A,.p-gymene, 4'—methy1-d&me;hylstjrene, 2;

methyl,S—isoﬁropenyl-l,3—cycloheiediene and 2-methyl,5-1soprepylidene-
& . : . 1

N

3 i ' ' . . ‘% .. ) ! - .

s -

: anoLher “endotherm at 190°C correspond1ng to the/ﬁécpmp051t10n tempera—-
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1,3- cycfohexadlene‘(scheme 31). Note that no ether intermediate is
ot
.33,»-"" .

observed in this case. .

PR . -~

The allylic diol of choice for incorporation into a depolymerizable

) 'Jfolycarboneﬁg ds.356-cYc§;hékenedioli thisfshould produce benzene Jpon
depolfmerigétion. This allylic diol is made ihrough the interquincy
<i‘ of 3,6£aiaceto?§cyfﬁﬁhexene, 14, whieh is obtained in 307 yield alohg
EN with 257 of Lhe mongucetate hy—pnmﬁkL, 13, %y the oxidation of cyélun
N e .

. o T . . & Lo
=, hexene with t-b#tylhydroperoxide in the presente of acetiedacid.
. . I .

-"d R
Subsequept base hydrolysis of the diacéfate leads w5 the desired

PO -

K ) .. a
unbaturated diel 15 in 607 }1014 {scheme' 32). ® '

o e K
- -«

v - h

. .:-

"‘Tle poi)mer of 3,6- cyclohexcned1ol with $be bis- cd%hon)llmldazolldL of
. ;‘.“' -
ﬁ—benzenedamq%hanol-ls only recovered in low yield (éﬁz) after 45

hours®of reaction under phase transfer conditions and it consists

7

. — ) v
- @ginly of~ low molpcular weight chains (scheme 14, II—f).-’The low

extent of the reactlon may be attn&buted to the‘low react1v1t) of the

H T LA

<. -‘secohdar) diol towdrds the bls—carbony11m1dazollde reactann,~ If Lhc

-} v 3
s ! -
o B

same reaction is carried out substituting,thepbis-p—nigpophenyl-
. = " Y I B

ot

carbonate of p-bquenediﬁethanol,III-b, }or the bis—carbdhylimidazolidg;

I : RS Ty ) o
.»the reaction is more succesiful (scheme .24),"due to the higher reacti-
. e L] -

i ’ £ . -~
vity of III—b with the secondary diol. Thus, after"QO hours of reac-

e b oaly

tlon, a thte polymer, IV-e, is obtalned in 912 yleld, this polymer

{ [ -\

has an average numbef molgcular weighy.of 175600 as determined by

o~

osmometéy. Differential scannlng calorlmetry inﬁicates a Tg ‘at 65°C

and three small endotherms at 73, 87 aﬁd6123°C (figure 31) A TGA

i~ n.‘ i . -

B

- g e v T

“curve (flgure 32) shows that the ponmebeecemposes rapidly from 2004
ey
b 'J - e

a2
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£ . i l r'.‘ Loy
Yol $ 8 o -
o RN : Jw
N o .. 1- %
g ' e 3 ool
'Qto 270°C to lose 722’0% 1ts wefght tbé weight ipss reaches

' B3

B -.; RPN . P S .
K The =Gumas§=5peqtroscoolc studg (figure 3@) of he thérmal process for
4 e LT id i, .:_,
& o thls polymer, confucted 1n the .absence of oxygen, shows (scheme 33) p—
. ;.‘ ‘\‘-{‘ "3"— r‘, ’ ¥ ‘}' "‘ "‘ v - \-‘
AT e benzenedlmethanol henzqa# an# four isomers of thé compognd comlng ﬁrom the
oy f o el .
e i )

.4'?

"',g Yt - %

o o chains:

~3‘; ‘f*rther heat:ng:to 310°C and IOOZ logs 1s only observeﬁzat ASbgﬁ;f

90Z *n

2-tyclohexene-1- oﬁéﬁ 3- g;clohe\ene I -one rﬂ &*C)clohexadlene-

[

;cyclghexeneﬁlol fragment® which are located wt the; ends of :the polymcr

”~

s ~5;~ z’ 3- ol and‘l 3= cycloheﬂudlénc S5-a. Scheme 357 sho;q—the%mechao;sms by
*}; kthh the formatlon of éhese isomers: gan dtcu;. “The E;rst one ik, .
e pos%}tvely 1dght1f1ed by compagison- ;1€h the HS of onfaut;entlc_ﬁiiv
:?? soégle. Note that the molecﬁlar beak ls relecirelf s&ilﬁg.ﬁplk9t9ﬁes-ft
-"*.in'beneral and that this isomer fragﬁents by losing ethf@éne, leavﬁogh
I S ' rh

é very stable §pec1es at m/e. 68.

-t ol
. . . +
M

e

» .

»

de on the ba51s of;fﬁe strong molecular peak and of the ftﬁgmenta—

tlon pattern 1nvolv1ng_thg favorable loss of CH2C0 exPlalnlng the ,

‘.-

0pg peak at 54.

-

l "\‘ "
molecular peak is characterlstlc of secondary alcohols.

_t-'f

Man

The fourth

“ The assagnment for the second one 1s

The 1 4—cyclohcxad1ene-1—ol 1s su$§2pt1ble to the

“loss of acetylene to form a stable species at m/e 70° and its very weak

B

”isomer is assigned to a secondary diol due to the weak molecular peak

-

and the presence of the strong peak at m/e 55 which is ﬁttrlbuted to

R

the loss of Cqlg raq;cal An unamblguous 3531gnment of the

two .

alcohols isomers would require comparfson with the mass spectra of the

Caw
(SRS

actual alcohol molecules; unfortunately, these.do not appear to have

‘beeh reported in the literature. : ' “

"

~1

-t
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. ‘ : \ .
IMAGING EXPERIMENTS )

g - 1

Only preliminary imaging experiments could be carried out to test the
potential of the various materials as resist materials. Further

testing required the use of projection printing ehuinpent and was done

by others (32). The results which were obtained are described briefly-

below since they are relevant to this thesis.

* P

In general, the polymers containing 5-10 weight % of triphenylsulfo-
) ‘ : ‘ . )
nium hexafluoroarsenateé are dissolved in an appropriate amount of
solvent to afford a 204 solution. After filtration through 0.5 pm
Millipore filter, the solutions arc spin—cdbted onto 5" silicon

»

£

wafers, adjusting the spinning speed to obtain coatings of approxima- !

- ’ Y A

tely 1 pim thickness. The coating step is th@n folloﬁeﬁ Hy a short

baking period during which most of the*remaining solvent is evapo-

’-

rated, " . ) -

~ ay
- - ‘ s [
r " 1 *

Exposure jis accomplished using a Perkin-Elmer 500 deepQUV projection

Yy .

. . printiqg tool with an appropriate chromium on quartz mask. The

. scénning speed of the instrument +is reléﬁqﬁlto the UV doseQﬁrovid;d o
each imag? in the process. This expgﬁgre step-results in.the
formation of a lateﬁt image only which‘caagists pf‘the intact
polycarbonate matrix with a local concentrationfa} ac;é in the areug

.which have been exposed to radiation (schehe-37).
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'Following eXpo§ure the wafers are’removed from ghe prOJectlon

- - . s, . . .

p;lnt1ng too] and 1mage development is accompllshed through baklng the S
T . Ca
e\sted wafers at an approprlate temperature sufff1c10nt to prOVidQ

thc energy ruﬂ11red for the catalyzcd depolymcrlxatlén to occur, but -
- hd .M. e .

below the Femz;fature at which thc‘pblycarbonatc.begins»to:flow_ : i'p ﬁfp

i - . ‘ ¢ h A 7

(schemc 37)./”With 41l the polycatbonatcs described in this thesis,
PO

< this post-exposure bdkln& step results 0 the appearance of a- partl)

)

developed.image only as rthe lou moleeular weight dibls or blqphenols,

o .
which result from the depolymer1zation have’ a low;volatiligy at T

. iy T - ' .

atmospherit pressure ant at the 60-80° baking temperatures. R

::: g ] . '_ .
Although Tull development coudd conceivahly be“achievcd in vdtunhf

+ . . "' R o

these u&pcriments resjuired specaallzed equ1pmenL which was, ot :
- y . .‘ T

o - " ‘ .o o

j availa p]e*a; the time of qutlng. Therefore,. for thosc po]ymerb which’

produce blbphenol A upon cataly?ed therm01y51s full devclopment was

r -

~achleved by a rapid washlng w1tr'2 prOpanol or 51m118r polar solvents o

-

.

which & not dissolve ‘or ‘swell the unex posed polycdrbonate,

et v - - . " " . i
+ S " - . R

Once development is complete the images can be inspécted by optical, as T

' : ? 1 : BN A .

well as scanning electron microscopy. ‘Figurc 38 shows a scanniﬁg'

electron mlcrograph of a positive 1mage obtalned from pglymer IY a "‘H . T

LN P

L #

whlch conflrms that this polymer has potentlal as a re51st matcrial

Flgures 39 and 40 show similar positive tone 1mages obtalned w1Lh -

polymer 1y —g. The apparent defect seen in flgure 40 is the result of

sample preparatlon which involves cracking of a silicon wafer along

its crystal axis to exposc the edge of an image to the:beam of the |

)' .o . .
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; of polymer IV-g
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"_The design of new resist materials which can operate

stretched to its }1c1d point.

Fqures 41 and 42 bbtdlned wlth the polymer IV- f contalnlng both

" larger- than the wavelength of tﬂe éxposing light (254 nm)% = © -
i LNy o ,

-CONCLUSION o S ’

_aradlatlon—lnduced catalyzed depolymerlyatlon has been e

' allyllc and benzyllc copolycarbonates.

~ i L4 i o I * ) -
AR - " 106 S SeE A .
- . ) . -
i VT re . L ET e aLee we . Yo
»—»\_‘,. R .l ¥ - . 1 R ‘. g
o . ‘ . el T .
) o . . .
el ; 3 .‘ . —
_s;annlng_glectron m1croscope. The stgain 11nes Seen on thlS T
(=) o . N
x - .

'photograph are typacal of those observed for a thermoplastlc materlal

3 . ] Ll e '

"

7\‘.‘ -

-t < - "

.
; .‘-

Sohrerol and blsphcnol A confirm the partlcular quaiity of this -~

s

magcrial which has a good solubility yet is high melting and can he

uséd to print extremely high.resdlﬁtion positive: images. Tt qhould be

-
. v

noted that™ the smallest feafure seen on these ihageé;isidhly lightly ~

ol L

[ .
; -

-

Scyeral other polycarbonates reported in this thesis can also be

‘.

T

1nuged some afford:ng negatlve tone 1mdges, “but pumerous technxcal

S .
.

prohlems relating Lo their $olub111tles and 1mag1ng charactcrlst1Cs

-~ S o~

remain to be studiedy

S M - ~

-

"

751gn1f1cantly through the devclopment of new appropriately subsg uted

L]

" The .most successful synthetic routes involve polycondensation

_reactions with active p-nitrophenylcarbonate or ‘carbonylimidazoyl’

o

7

R A
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der1vaL1vea of thc tertlar), a11y11c or benzyl1gfdléis‘aﬁi othbr qiols

-'L?:'k.

4

-

P

. Ty . L - - ™

1 » ~ - Lom2 W .. wtoaw A

-ollgomers because tertlary lelS react slowly due tQ sber:q“

. L -t-‘- g '~"‘

undcr phasu trdaner condltlons. . :: "J"‘iz
. - - . e
i - Pl : . T
' L] .“ ! . ’ TR a ' et . o Tak - ¥
N . ¢ i LI B
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To ohtaln a cbpol)mcr 1ncorporat1n& b1sphenol under ‘phase- trqnsfer

: v E - ALY .,

Ry

vpulyLﬂndunsaLJUn it 15 nccessary to«usc the b;s—p—ﬁltrophgnyiearbq,

\

. st i

nate of. Lhe other diod fragment to be 1ntr6duced, and to ¥eﬂtt it with ST
. - . . TR
the blsphcnol. Attemptsﬁto use a bls-carbonqumldﬁzollne dgfivat;xg e _:u};;%?
kLLh hlSphCn0]~R are_not successfull due to th; reﬁagive b651cm£aag*of «p;;& *
S - s, T e
the phenol apd 1m1da?ole. Thc use. of blSphenol A b15~carbg§y11m1dazo—_" ._:.;aau
B : vl ‘
lide with anotheﬁ diol is aISO not satnsfactory due to ba51c1ty coﬁémr ~7 rﬂy
R deratlons ;hlch SUEECSt Ehe D0551b1e formétlon ‘of - x;réghlagiﬁtrucfglgiq‘q\vc
tures. Thus. the blS p-nltrophenylcarhonace of blsphenoT'Aﬂgs,not < ;
. e - .- ' oy
'cxpected to glve satlsfacthy results-when employed wltknagnon h*".y
, . o

; phenollc lel because the ‘latter” cbuld dlsplace the bxgphenmla;e ast:'kiw; P

well as the p nitrophenolaté anlons. o J_Lq- T

ot
" o e,

o R E e e
* . - [ ol .
. . A . : T

. - o - Y el
. . - - sy
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In general bis—p- nltrOPﬁenylcarbonate deflvatlves are"éﬂéiepgto _;'"“ y
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BF-h l--;"“

3 . . '.-—‘ - - )
3 :

. . -t e s

L. e =T ) s .

. . e i = o
EXPERIMENTAL -7 3
DL-sobrerol, 1,1"-carbonyTdiimidazole, and p-nitrophenyl chloroformate

: k‘a. ‘“"}L
~ o : T
. . . alr, . - . .
were obtained from SigmaChemicals and used without further purifica-
S v "
By s b
- -t * ‘ N 3
tion, l’nr;l-—i;cnzcnedimgyh:mnl, meta-benzenedimethanol, para-diacetv!-
i % o S
. . ' F) )
Jrenzene, 4,47 -isopropylidenediphenal, pinacol, benzvl alcohol, imida-
Ao, tert=butvl Bvdroperoxide vere purchased from Aldrich Chemi -
) -ty ) I > I LB ! 3
. o .—,‘"I .
cals and wsed without further putification; Pobutyne-1,4-diol was also
P
obtained from Aldrich Chemicals but was purified by chromatography
.t
over silica Le] using cthyl acetate as cluent. o(&'-dihvdroxy-p-
. N -?. . . s r .
ditsopropy lbenzene was commercially available from Tokve Kasci Inc.:
¢ ¢
cvelohexene was purchased from Fisher and phosgene was obrained from
- »-
Hatheson, These were all used without turther purification.
A
“ALD experiments involving the svnthegis of the bis-carbonvlimidazo- .
Pides, his—p-nitrophenylearbonates and polycarbonntes‘were done using
dripd solvents. The solvents were purificd as followsd Lot rahvdro-
Luran was distilled over henzobhenme-sodium under skt rogen: dichloro-
’ - :
wethane woas distilled ovgl phosphorus pentoside mnde™mitroeens
. il , )
hexanes and ethyT=acetate ased for chromatography were distilled.
“: -~
. P X
Weiphings were performed® Lo the aGeeuracy indicated + 0.1 mg th ensure
o A A =
h ..‘ 't . . ;,
thiat stotchiometvic halalue eefwits nehieved, -
ST K1 D . .
i ' s Lo -
.- bt v
b . ~ .
) o T
o £ s , A . .
[ntraved spectra were taken using a Nicolet 10=DY spectFomerer, usinge
‘ * et
KBr peliots fopssel id samples, neat films between NaCl disdks for -
.
. . L. = - 3
Prgquids, amd Lilms coated on NaCl disks [or polvmers.  Nucfear -7
.- . a

nannet i resonance spectra were recorded on Varian EM-3604, CIFT-80 and
- Lo ) v

. 3 . . N - . . .
NL-H00 st gament s, Jsing (.[)(.l.1 as solvent (unless othervise indi-

- ’

. - ’
cated) ol retcanethyv =i lane as g standard.  Foss spectra woere taken
wil b
S

1
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cred S ) : -
;f ﬂé%ng a VGK$O7OE double—focu51ng nass qpectrometer u31ng either the ‘

e normal Cﬁérmal probe, or chem1cal ionization with methanol.
Lt o T
[ Lo W’”
P _-_l‘:"‘

PPl

Molecuiar weight of polymers were determined using a Wescan Model 23t
f'd'—'v‘

~

uV’V"

... «Tecording membrane osmometer with 1,2-dichloroethane as the solvent, or

using a Waters Model 150 Gel permeation chromatography requipped with a

s '.r‘l

series of five microstyragel columns of different exclusion volumes

using\uetrahydrof&fan as the mobile phaee. Thermogravimetric analysis

Py el
Lo :

(TGA) ~and dlfferentldl scanning calorimetry were done using u DuPont

- A,
O . . . L
~1090" 1nerument at a heatimg rate of 10 C/m1n. under nitrogen N

n

~p

-ﬁafmosphere or a Hettler_TA 3000 System. For the IR study of the -
acidolysis of po]ymEbs; polymer films were cast on NaCl disks usfng a

Headway Research Inc. Spin-coater with a 1 inch diaméter chuck at 2-

5000 1. Film thickness was measurcd on silicon wafers using a
Tencor Sigmascan profilometer. Deep UV irradiations were carried out

L3
i
usingfan Optical Associates Inc.(0.A.I.) Series 30 deep UV light
Ty i
source. The radiation flux was measured using a model 354 exposure
monitor fitted with a 254nm probe.

*

et T e "

A

. The UV testing of the'volymers followed by 1nfrared spectroscopy

,a-".!
e

ppov1des k) way :o‘see whether the polycarbonates undergo the expected

changes’ When suhgected to ac1dolyt1c condltlons. The procedure for

- EREE .

"thls Lestlng,lnvolves the preparatlon of a solution of the polymer

w1th 10 15 mole ? of an onlum salt (e g triphenylsulfonium hexaf luo-

- roarsenate) in d1chloroethane. Thls‘polymer solution is then spin

a2

coated on~a NaCl'disk,'using a)épinecoéﬁer'in order to obtaim a film

of Pm thlckness (measured w1th a.prof110meter) . After @ pre-bake
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at 70-100°C for 15 min., an infrared spectrum is taken and referred to

as "uneprsed" polymer: A given arbitrary dose (generally 50 mJ) of*

UV radiations (2% nm) is applied to the film and - another. infrared
~

> o i
spectrium is taken, this is referred to as "exposed" polymer.” A third

. - -

jhfrarvd-spcctrqm'whigh represents the polymer after a post-bake at

70-100°C for a few mihutes (1-5 min.) is referred to as "post—bakedf;

- ]

Compavison of the three spectra allows the observation of the changes

which occur when acid alone is generated in the polymer film or when

acidolysis is combined with- thermolysis.. Note that this procedure is
. . p

only ‘done to test the phiotocheriical beliavior of the polycarbonate.
The exact conditions for dose, baking and development have to be

determined in actual lithographic experiments in order to obtain

opltimal resolution of the image.

The depolymerization products obtained in gheAthermolysis proceés have
Deen studied using a’gas chrbmatograph coupléd ;o a mass spectfometer
system (Table II), The polymer sample is thermolyzed in a éiass bulb
-heated to 300-350°C and a solution of the products.which are formed

is injected into the'GC/MS system, This techngqué allows the identi-
f1cat10n of the products formed upon therm01y51s. The products
obtained after the ac1doly51s of the same polymers have not been
studied in such detallg.. Although model studies as well as infrared
monitoring suggest that a similar range of products are obtained.
However no attempt haa been made to fully characterize the ac1doly51s

products.

"
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retra for o number of moletules used in this study.

a
F
-
. o
i - .

- S e T .
the experimental scection are as follows: o

.-
- e ~

4 -

-

MR = nuclear magnetic resonance spectrum for protons. .When

. R .

reporting this dgtp, the number before the parenthesis refors to the

‘.
. - N -

chemical  shifr as mou?urfd in ppm from tetramethylsilane; the multi-
- - . o o . .

LA, L. -~ .

plicity of a peak is indicated by the first.term-in the parenthesis,

- - v o
o

where s = singlet, d = doliblet, t'= vriplet, q = quartet, p =,pentet
- ’ < , .

. . : ’ N .
. * . - . . 3 . . \
and m=umulriplet; the integration issgiven by the second term in 7

. . _ -
parenthesis; the agsignmcnt.fpr the peak is ‘given by the last term, in

- « 4 i -
A ’

. . . ) ot _—
some cases the peak is numbered dind refers to o figure appearing

' . - oz . - ’

below. . o R “ . -

.
N 4 2 - . .

- N - . -~

IR = infrared spectrum. When reporting ghis—détq, the .pumber before.

P ‘

the parenthesis refers to'the ;nfrﬁred.freauency of a.gﬁynn banid

1 - In 4 -

expressed in réciprocal centimeters. The term inside the parenthesis

. ! - o - -
assigns the structural’ unit responsible -for the band. .
.. .t . Y . ) *
i
s i .
4

-
-

MS =.mass spectrum. When‘reporting this dhta,_the numbg%.beforclthg

. -t N |

_ parenthesis indicates the ‘value of m/e for a given peak.'  The first

v

term in parenthésis.refers to the intensity of the péak, where W =

+
- ~ ! -

verf.weak, W= Qeak, M= medium; S'= strong apd'VS Z very strong. The

- . -
. - b

Ij ’4
second term in parenthesis assigns the origim of’ the peak, M+ refer-
ring to the parent molecular ion. U@pa obtained by chemigal tioniza-=
tion is designated by an astgfix. I ' - P

-~ . .
- . -
~ - - .
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+

lJC-NMR = nuclear magnetic resonance spectrum for carbon-13. When
reporting this:data, the number before the parenthesis indicates the

position of a peak expressed in ppm from fetramethylsilane.' The first .

: . ' CL = I N '
term in parenthesis indicates the multiplicity of the peak in the

partially decoupled spectrum;, where s = singlet, d = doublet, t =
triplet .and q = quartet. The second term refers to peak assignment,

in some cases the peak i% numbered and refers to a figure appearing
- ’

+ -

helow., The assignments of the carbans are made with the help of

spégtraleparnmeters reported in Titdratire(33,34) or by comparison with
- ’ - -
the spectrol dats already reported in the literature for model
compounds{35).

\

1]

: LA Elemontal analysis, wpe}e C= carbon, H= hydrogen, N=,nitrogen.

L

MW =‘Mofédplar weight determination for polymer, where Mn is the

number average moleqular weight, Mw is the. weight average molecular

weiﬁhl ond D the polydispersity {Mw/Mn). GPC refers to gel perméatipn
. . i - . -
chromatography data.” .

.t

- fl

?
i - .
] »
0

.. DsC = Differential scanﬁing calorimetry, where Tg.is the glass transi-

tion tenipefature. ' .-
< a : - N
-

TGA = Thermogravimetric analysis. - ' g

+
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of the experimental soction. » .

The numbering systoem used Merein is

‘homonclature; Gt s used ad hec '10
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N.B. : The numbering Slyétem used herein is not }iiSQJ‘ on systematic A
o nomenclature; it 1s used ad-hoc R facilitate the reading of
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I-1) Reduction of psdiacetyllbenzeae with sodium borohydride T
; - ’ T . - - ) -1 .
. R o : a : ) )
The reduction of f-didvetylbenzene is dore using a procedure adapted F7
. A * 1
. g . . N ‘- . % . .
from that for the reduction of nitrobenzaldehyde ag described by Vogel SR
. . . - . - Y
(36). A solution is prepared consisting of 20.07p €123 mmoles) of p- . 3
~, . - . . WD
. ' LT i Ve
diacetvlbenzene dissolved in 250 ol of methanol.r To. this solution is . £ oM
P . ql" ‘ w. : ‘:‘. Lo
added slowly, while stirring and cooling (keéping the tempiratury "
a - . . . . . C . E - N : -
betveen 18 %C and 25 YC Y, 2.5 vool sodiun borobydride in 50 ml, of o 0~ F
. . v : . A
0.2N aqueous solution of sodium hydroxide. The r&ggrién-mixtnfb is S
r l{ v . . ) .
stirred at room temperature for a further honr. The wolkZup i% donew
- . . : . ,‘ - - e
by removing the mgthanol on the.rotatory evaporatoy, diluting the * ,
. [y L - -
residue in distilled water, and extracting the diol wiLh-éLhQr. Aflurh
'\. -0 . ) . -
drying the organic phase over magnesium sulfate and reméval of the
. ‘
solvent, the crude product is purified by recrystallization {rom cthyl «
acetate and petroleum ether. A yield of 79% (13.0-g) of a white :
. : * ' Iy . t .
. N ' i
compound is ¢btained and its spectral data are consistent with the
desired p-bis(l-hydroxyethyl)benzene, 1. ‘ e RN
- - v ' v T ' K] .
< A '
;.

r

H-NMR (in DMSO-dg): 1.37(d, 6H, CHi); 4.06(d; disappears in D,0, 2H,

SOM); 4.72(y, 2H, €H); 7.23(%, 4N, CIt aromatic),- -
' R c :

* . “

e . + .t . "
IR: 3289(0H stretch); 1085(C-OH stretch); 1370 and IASQ(CU3;.. L
r ‘.I 5 . .
asymmetric and symmetric bending); 8327 =.CH.fou§—of—plané‘
bending, aromatic), ) . )::w- s
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" 1-2) Synthesis of the bis-carbonylimidazolide of p-bis(l-hydroxy
% ethyl)-benzene, I-a -
4, . L \

3
.
r ., g
L [
w . *

_aeA mixture of 15.95 g (95.961mmolés) of the diol 1 dissolved in 70 mL’

1nf{dry THE i; t;cntcd with 0.5ﬁ o of polassium methl{ and is reflu;ed
until wll the metal is dis;olved. The splution is then coaled and
'nddcd.undur arguniaLﬁOSphere to a suspcnsidn of 31.12 ¢ (192 mmoles?)
of 1, 1-carbonyldiimidazole in 40 mb of. dry THF. After two.ho;rslof
ref tux, thin Iuycr_cﬁﬁomatography shows the disappparaqu'og the dibi.

The solvent s removed on an evaporator fitted with a' CaCl, drying ;

ry -

Lube;'Ahd the residue is d;ésolvud in_chioroform.. The solution is
filtered to remove msoluble impuriLieslunQ the crude moterial
}ﬂﬂjﬂnud_ﬂftc} evaporation of the suivent.Ls applied on arsiiica pel
Teolumn (OO0 p) using ethy} aceriate as eciuent t6 givé 11.9 g (35%
yield) of a. white cryﬁt?llinc‘sblid. Thié material is‘the QQs{reﬂ

compound J-a as scen by spectroscopic and elemental analysis.

- Ls

EA:  found (C:60.76, H:5.17, N:15.61): calculated (€:61.01, H:5.12,

NilH.H1). : o
...' i 1’ .
PYeaR: 147.95(s, © = 0); 140.28(s, C aromatic)i 137.06(d, Clly

.‘imidézéfide C#}); 130.66(d, CH imidazolidﬁ;C#Z);\126i7l(d{ CH

- arematic); 117.09(d,Cll -imidazolide CH1); 76.71(d, CII-0)s
. - : . ! . N .
. 2E.87(q, Ci4) .+ For. assipiment of npmbered carbons see figurer 7
- 43, N s ) .
) i [ : t

[T

\
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- SRR '3U(m, 2it, CII Km:dazolule. He “1), G%(m, 211, ¥ 1m1dayohdo,.

»
-

pumbered protons sce figure 43,

- £

W r »

IRz 1748(C =" o)‘; 1634 and 15>5(c "C end C.= Ky 1478

daymmctrac duformdplun), 1’”1 1765 llZZ?LdQJ,lOGA

<.

L
R x .,

. o . N .‘. . -

i o , R R ‘ §:‘ ) - . -

NSty oass(H, Mely; 3110, ..-f;ss's-‘o‘f_(:o;)i o7, Loss of

4 o i *
- ‘ . ‘ )l
d . . -
. of )(ﬁ}, and Jmi(hl/U](‘\). .o T, e

f . v - .
LR . M Y . . -

- . ' " R " L. ' . s -~ ]

A

| .,

= ' H#Z); 6.00(g, 2H, CH-0); 1.70(d, olt, CH3). For ﬂ$QLgnhent of

L.

and 1636(Cl4

“5pd I@UH(CQO—C,

A

Te- h C and \ C ¢ Qtnoich 8 7( CTH,Outrdf—plainbépﬂjnﬁ;aromntjg).

. 5
.
- N w

' e,
Iy

zcoz), 2030,

b

i o >,
- losq of (92 and )ﬂ]”lr“]() lﬂUCVS. luss -of lmldﬂ/OlU and.H(U )“

- IbQ(S lmqs of z Lﬂdcd/01>l rndlcdlf" CQQ-th CO); 13](VS, [pss

l 3) Rnactlon oﬁ the bls carbonvllmldazollde ef p—b1s(1 hydrq;[

.o LT w - '( .

4 ethyl)~ benzene hlth p- b}S(lnLydroxy ethyl)¢ben7enc

- - 1. . .
' » . P o . ks . +”
. W .
L ° ot . - 4 ‘
. . . .- . ¥
LT L ' ¥ -

<

o

A S A mlxﬁUrcaconsl sEing of 7. 5057 b (21 195 Mmoles) of the bistcarbonyl-

I
v,

. _nlmlda?olldc T-a, 3. 5181 8 (21. 193 mmdles) “of the d101

v
Pl 4 [

L 2 .
0.6 g of 18-

- crown-6 11 ofypoth51um Carbonate andflS mL of dry dlchloromethane

©is prnparcd under argon atmOSpherc. <The " roacplon mlxture is stlnrcd

. -
’ [ *wl -

‘ '

;o and-refluxed for . 19 hours. Aftex this tlme, tlc shows qo startlng

nater1a1 remd1n1ng*and ‘the polymar us worked ~up by dllutlng with

s [V
* dithloromethane, and cehtr1fugat1ng the suspens1on.

- . -
1 -

solunlon s cohcentraLcd on ap evapordtor and prcc1p1tatcd in meth1n01

]
. < (

. [
. -
\
4+

Thc decantcd

p to,afford 9,97 L (732 ylcid) af a white polymer whlch has spcctro-

?

b

-3
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vscopie and ¢lemental analysis con_:-';'istcn‘t with a-linear polycarbonate
ol J;-‘I;is'(%hytlroxy ethyl)-benzene. The polymer, II—::;, is sgluble in ‘,.;. .
']TH-',‘-’.!:—'mr'LIm.\:ycthy] ;xcei.ate,-"bis—(2-—mc*thoxyétt_1y1) ether, ethylene % * r_‘
. - ) \ :’ T G C
plycol dimethyl ether:{ 1,2~dichlorocttiane, ‘cl)lgroform-and\—:-_c.ii(;hloro—’_ AR
. . Lot . : . IR ._" -
methane, - o . - ST S
—~ - _ o B _~ et L
-: B ‘ A i # .\— . : \ .
Az found (€:69.20, H:6.39); calculated (C:68.74, H:6.29). - | '
\ ] % - . ‘ v . ~
MU Osmometry: Ma = 7400 ‘ | - ’ -, ) N “
GPC: Moo= 2700, M = 13700, D = 5.1~ ¢
r_. - . Il
PSC:T Tg: 789C, Tm: 1059C - - i )
. ’ Co L ) B .
. “r . . R k1 ]
PC-MMR: 153.57(s, € = 0); N40.98(s, C aromatic)s 126.26(d, Cil 2
. aromatic); 76.04(s, CH benzyl)} 22.25(q, Clly). .
Liowr: 7.20(m, a0, CH aromatic); 5.55(q, 2H, CH benzyl); 1.46(d, 6H, -
Ly, '
| .
IR: 1'7&1((‘3 = 0); 1S1%(C = C stretch); 1452.and 1360(CH3 asym. and sym.
© bending); 1255 and 1058(C-0-C stretch); 836( = C-H out-of-plane
bending, aromatic)
] . \ﬁ:—
.. )



e LT 120

.

'2-1) Synthesis QLHHhe bis-carbonylimidazolide of 2,5-dimethyl-2,5-

<

-

n

hexanediol, T-b ' - Lo : o

a

A solution of 4.00 g (27.4 moles) of 2,5-dimethyl-2,5-hexancdiol
" dissolved i 40 mL oftdry THE, to which "is added 0.16 g'of potésgfqm

metal is..prepared under argon atmospherc. The reaction mixture is

reflﬁxed uhtfl aii the hetal is'diésplved; the alqoﬁglate ;;]ution is
then cooigd to-room tcmbordturc and:Lraﬁsfcrrbd ﬁhdvr argon atmosphoere
.'tg_é?fLask cmntajping.distirréd suspension of 8156 g (54.7 mmoles) of
}—l'—carhnnyldiiMidhz&le in 20 ml. of dry-THE. The mixture is stirred
and ;ofluxéd for oﬁv hour aftgr which time, tlc shows no remaining
o .
starting material.  The work-up is done by adding‘eﬁhy] acetaL;\Lo the
reaction mixLLre and washing the resultant solution several-times with
.distilled water. After Qrfﬁng, the organic layer over anh;drous*
maénesium sulfate, the solvents are removed to yield the c;ch produgg
which is purified by chromatography on silica gel (300 g)-ﬁéﬁng ethyl
acetate as an eluent. This affords 6.50 g (71% yield) of E_whité ‘
ccrystalline ﬁolgﬁﬂghich has a melting point of 94-96°C. This materéa]
~,.has spectréscohic and elemental analyses\consistent with thé desired
product, I-b. . :

EA: found (C: 57.31, H: 6.59, N: 16.93); calculated (C:'57.47, H: 6.63,

N: 16.75).

-t



- o TR S e
: I3 MMR:' 25.92 (q, cng), 34, 41 (p‘ cu7), 86. 33 cs C~0)‘“1Lz 09 (a, cli
N .y L ~~
" imjdazalide, C s 12038 (d cu lmldazollde c #2)5, 137. or** Ay

WAL e,

(d, CH imidazolide, C fl) 1&6 96(5 C = 0)." For asslgnment of*"

numbered carbons sec ﬁigure 43, R .- -
. - - v )} e Aot -.f“:f-i._?;*‘,
cu-mr: 1063 (sl 1211, Oy z‘oa'(é. 4lt, GH,); 6.98 (d,.2H, CH
‘v -imidazolide, ' #2); 7.03"(r,. 21, CH 1m1dazol1de, H4i); 800 'E?e “
Ad, 21, CH imkﬂn?olidc; H #3) Ior-ess]gnment of numberod
‘ protons see f;gurg 43, ’ : 'h_ $ifn‘ "
g 4 . . _\‘{;‘ S, »
B 0 i, .E:_,:‘ L '__.'i‘r__
. - _ LS o
IR:“]?AG(C =.0); 1624 and 1590 (C = C and C = V), 147§ (CH2 sclqsorlng ’
. . ",
and LH3 as)mmetrlc bLndlnp)' 138) and 1382 (CH3,gem dlmgthyﬂ - ¥
- e b
symmetric hendlng); 1254, 1220, 1179..1161, 1098, 1061 anq 1@00 T,
D ’ Cl . . "
(C—O—C, C-N-C and N:C-Clstréfches); 665 and 650 (rfng_de’-’:‘foi‘r;}qt_ic_z_n'q":‘f'M it
imidazolide)iz Lo L - %ij N , ,ﬁ‘ -hinf "f‘ﬁ
: ; o ' R VT e e X
MS: M+ absent; 2237 (VW, loss of G05 and imidazélyl radical); 222-cw>e; o o T
:1055 of" C02 and 1m1da?ole) 179 (W loss of 2 CQZ and 1m1daz0]y1 R . ”iw
radical); 178 (VW 1oss of .2 C02 and 1m1dazole§ 163 (W, loss of 2 N "-3
CO,, imidazolyl. and CH3 radlcals), 111 (5, loss- of 2 C02, L P
mosta -
Jmldazole and 1m1dazoly1 radical); 110 (S 1oss of 2 COZ aﬁd 2*"“
1m1dazoles) 95 (S 1oss*of 2 C02, 2 1m1dazoles and- CH3), 69 (VS
protonated 1m1dazole) 68 (s, 1m1da?ole) g ' ix D T
g SRS .
L el \ k "
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e
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s N
: L"‘:rfIQ;d 2 frl
and, éiemqntalbanalyso£ﬁio

Rhac

R Y

l__

carbonyL1m1dazoI%de of Zyy- dmmethyl 2, §'

g
. )

——

*hexanedlol I- b wlth l A benzenedlmethanol and-l 4—bg£yned101

'mmoles) of 1,4- butyncdlol

170 30) PrEparatnon 0£ ?olymer II—c ;'ﬁﬂ:‘

AN

. h mmxture of 3 8940 g (10 159 mmoles) of the blq—Cﬂrhonylimada/011de

0. 9776 g (7 075 mmoles) of 1 4 benZCnedlmethanol 0 2671 g (3.106

":-ut‘o

0.2_) g of 18 crown~6 6. 8 g of' poLAs‘:luﬁ\

R 13,‘1-:

arhondtc and’b mh ﬁf ar) dich]oromurhane is prcpdred 1mdt¢,arpon

atmosphage

'-u’*

Thc rtaéilpn m;\LurL ;k stirred 1nd‘Te11uxeg ﬁnr 24

. - L3S . \J -
P . ‘\_
.,hours.

_‘

=

\f[d? thxs t1me; t]c FHoka,no rcma{h1ng sLarLlnp matrrldl and

aeos -

r‘ ) J

-

tv

‘..;

-

L &

.

MRz 25.72.(q, CHq);

1.2H, Cﬂgﬂbutyncdlol), S 10 (s

] -
Yow

1.47 (5,712, CHy);

“The QUSPCHQIOH Lo remowe the‘lnsoluhIQ,Saltq

“}h:&onc@ntfdtcd cn\?oLatoryﬁQVdporator dnd prEC1p

F- . .
15LenL wlth Bhe polydﬂrbouatér IIJE

-

iy 6.97); csrlculated TCs 63..03 H 7 m

-‘...,

1.85 (s, AH

rea

7.40 (s, 2. 8H CH aromatlc)

i

CH2 hexanedlol) 4 ZE‘(Q

N N

i‘Lhe pOJymtr i% unrked up by dllutln& vith CH2G12 and ccﬂtr1fuhat1nh

«
TL{L‘ detanf:t;d S0 luty on

-

.; _..'.‘.

3 (BB‘K- p.eld) af’ a white polymer whlc.h Has, spc‘gtro&cey‘ic

%

- ' -
o et
- Y
WY

,.\4

'.a‘

Trova ]

K WA

CH2 bcniijjﬂlméthanal)

L . A

.‘9‘

34. 27 (t, CH, hexaned1ollJ 54 51 (t. C“2

butynedibl), 68 30 (t, CH2 beﬁzen@dlmethanol), 80" 92 (s, C

butynedlol)‘J(83q8& (9, C héxanedlol end chaln uﬁZLs )),q

'~ o

84.54 (s, g:_:_ﬁé‘x‘hggtrio‘l ) ;" 128

~

% . o
S

A

9 (4, CH Venzenedimethanol);

Jtﬁted in muLh5n014Ln_




-lﬂ:?‘ |uﬂ 1380 (CHi s)ﬁ. bbnd]ng

R s 4 123

%:L3S,80'{Sf,c benzcﬁéﬁﬁmgyhan01): (152.54 (s,.C = D, end chain
2 " ' i ” to

unis )9 153.21-(5, ¢ Sep))

- " €

-yt

H
-+
-~
.

s
s

[L.. 12‘40 © - @), Jla ()‘(,-Ef's‘vt Sereien); ‘14&5 (c1{3 asym bendmg) 1372

,'~

%y
’ - ': - e, b
>

S 58“'1262 12@7 "¥167 and 1085

.o
- -
L » ,'-- . Soonowd v .

(_r 0 t.) -‘;_.;—

.; ~: 5,_; a3 &- AL . A

. RV K S M S = -
- . . L e . . [ L~ o
- -

E—KTvﬁbacEioukof the”Bisﬁéarbohylididazollde of 2 5 dlmethyl 2.3,
- . - B R - -
hexanedlol with 1 4= benzenedlmethanol and 1 4= butynedlol (80 20)

Preparaplon of II b {' ;' - ; ’ ,_m- -*.,‘ IR
- L . ’ L e T L

. D . .. _ S - . . .
- o - . N . T .
! E - - . . . , -
™ e g N . .

A mixture uf 3 4216 g'(lO 233 mmoles) of the blS carbony11m1dazolade

I-b, 1. ]808 g (7 8946 mmoles) of ] & benzenedlmethanol 0 1936 g -

(2 2512 mmoles) of 1,4- butynedlol 0.22 ¢ of 18 crown- ,,6 8‘g of
q+ ’ -
poLdsalumncarbonate and 8 mL of dry d1ch10romethane is prépared under

argon atmOSphere. The reaction mixture is stlrred ﬁnd refluxed for 2&

holirs., After this time, tlc shows no;remalnlng startlng“mate%ial:and_

-F

the polymertis worked—up as usual-:iand, after’ prec1p1ta;10n in - ..
methanol, 1.96 g (602 yield) of a foamy wh;;giollgomer is obtalned

The ti- NMR spectrum reveals the presence-of 51gn1f1cant amounts of

yee

L
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- : - . .z - R, e . - © e )
. - AP .
e wEs . o . . R
LT o EC NIV B et .. ) . -
end-groups in the ofigomer and the IR shows € = 0 band as well as
s - . . . . o —
terminal O-H absorption. .
TR - -
d-1 Attempted- synthesi$ of thé bis—carbonylimidazolide of pinacol
s L L 2 . - . , -
'I,\ . )
A bolutléﬁ» 01 1 .‘(;U';; '(8._5 mmoles) df-pinacol dissolved in 15 ml of dry
W e : . :
LTHE ds. prc'pdr( d -unilin d:p(ur d[h](.)'-]lh(‘l(‘ "To this. solution i& added

(.05 ;j of -por“wsumn me m] Tand - the -m‘j.\;[m;‘c is refluxed while stirring

Tneil ald "t;ffn._~_:netnl is dissolved.” The alcoholate “solult ron iy then
U T .-_-': - ’ - N l . ° o R Lo - .
“cooled und_.'mtﬂud, uruier ra'rj;on anosphqrc‘ pressure through a teflon

s IS ) . - .

_""t'_libing,___]to a <‘t1rtur| suspenbx.un of .76 o (17 muioles) c:f 1,

- - -"

mbonyhi;L:nu]az(rlc '1n !5 mf‘_oi dry mr Mter-rh‘flnxing for Lhrco

—~

h - . -k

- hoursw Lhc HOI\'EHL 5 removed “on IOL:)LOI’Y cvaporatnr ancl thc crudo .

rE Ll B - R TR
PR i Lo - ~a S -

product is appﬁg(r on “a 5111ca pe} co]umn (80 £)° usm&, ethy] acetatc

- - -

as the Elutln&, solvent. wThe pflr(. compound meltln;, aL 1830C and «n.

oo N

Y821 yield (1. 0‘7’“ 5,) Je 1denufzcd by spectroscoplc méans as\humg,

. ,"

1,1,2,2- tctrdmethyl {'L’n}ltal:bbnate i . ‘.
L - I\_ ) . . -
UmMR: 1,40 (s,CHyY 2 ¢ ‘
o e o ) .
PC-MIR: T153,947(s,C =005 80.08 (s,0);5.22.31 (qsCHy) |
e : < RN
3 o _' ':. . . —~ i * PR ~ . e
.\. : e T . -

;Ik; 1?78 (C% 0); 1286 (C-0-C); 1466 (CHy asym. bending);

1389 and 1378 (CH3, geti-dimethyl sym: b_endi‘ng)-
- ’ ! L

N

.
. L}
-
o e .'.‘"ﬁ“ -
- < -
- -
o -7 -r -
R -
L B . . f
. e _
. Lot .
PO 4 .
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.
’ *HS: 14%(VS,M +1); 101(H,loss of COz); 83(M,loss of sz and CH3);
59(M, loss of €O, and isopropyl radicai) - -
~. ,
3-2; Synthesis of the bis-carbonylimidazolide of 1,4-benzene- 3
" - dimethanol, I-c 4
. . Jf\\\ ' ;
U_| .- } H o i
v A nanpension of 10,0 ¢ (72 onmoles) of 1,4 benzenedimethanol in 100 ml
- ‘E of dry THF is prepared under argon atmosphere. To this éolutioﬁ is_
| “ aftded 0,0 p of 4ninssium metal and tho_mixture is stirred and ref!u%ed
- unLi{ a1] the metal is dissolved. At this point the ye}low suspension
- I ;i: _'.qhgujncd te added te u;§hspdnsyqu?f‘23.4 g (144 m@Q]cs) of

ity

1,1 -carbonyldiimidazole in S0 ml of dry THF affording a yellow solu-

£ . '
A o7 tion which is refluxed for 4 hours. The solvent is removed on rota-

)

- :'5‘_;Qr§ evaporator, and the crude product is recrystallized from
ClpCly/petroleun ether. A 29% yield (6.90 g) of pure compound is

jrecoyercﬂ}: The spectroscopic and elemental analysis are consistent
with the desired compound, I-c.

- kY

A foind (C:58.75, H:4.43, N:16.95); calculated (C:58.89, H:4.32,

A -

. N:17.17)

-
' P . N .
I} - .

. 1II—NMR—: 8.1¢ (m.2H,Cﬂ imidazolide, H#3); 7.48 (s,4H,CH aromatic);
0 ‘ - . _..'rf‘.t‘

‘ 7.38~(m,2H,CH imidazolide H#1); 7.03 (m,2H,CH imidazolide,
N H#2); 5.40‘(5,4H.CH2). For assignment of numbered protopsis

e
pand

see TMgure 43

E . : 4

.
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_of anhydrous potassium carbonate

R S T, T . . ¢
L3c-NMR: “148.56 (s,C = 0J: 137.14 (d4,CH Tmidazolide, " C#3); 135.09
: . ;o CoN . - ST ey '
A X

. . “ . ?)‘
. (s,Claromatic); 130.76°(d;(4i imidazolidd, C#2);129.16

'Kd,CH-arqmaticﬂ:f 117,15 (d,CH im{dazoLidé.'C#l); 69. 20 -

s v . . - ' . F i -\ . . , -:‘ h

(t,CHy). For assiggment of hunb®ed * carbonds sec .

- 1 . B . - | . P
) A . T

fFigure 43. .. . P . SR o

- . [ \ . . . ) : L]

- - | -~ -
. ' . -
hd - -
. B - . - - ,
. . . ] -

IR: 1746 (C = 0371526 (C = N); 1635 and 1478 (C = C); 14567 (CH,
L (S . .

r

scissoring); 1205, 1256, T174; 1099,-1060 and 1007 (C-0=C, C-NoC

~and N-C-C); 857 (= Cll_out-of-glane, aromatic_p-disubst.).

~

v
Y

- _ T ' ! - - .
MS: 326 (W,M+); 282 (VW,loss of CO,J; 238 (W,loss of 2 CO,); 215  ~.
tMJlOSS of "CCH and imidaioyf rﬁdical)f 17175, oss of 2 €Oy and
inidazoyl radical); 104 (VS, loss of 2 CO, and 2 imidgzoyl:

radicals). - .

-

Ly

3-3 Réabtion_gg the‘bis4carbonylimidazolidev@ﬁ l,ajpenzcnédimethanol

with pinacel - . ] :

A mi#ture of 0.2041 g (1.727 mmoles) of pinacol, 0.5635 g (17f27
mmoles) o% the Hicharbonylimidazolide'L:é, 0.08 g éf 18-croWn»Q, 2 g
and 3 mL of dry dichloromethane is
prepared under. aréon‘qtmoéphere. This reaction mixturé is stirred and
refluxed for.18 hours. .Tlc shows no starting méteriai remaining. The
work-up is done by-diiut}ng with CHzClz.and.centﬁifugéting the suspen-
sion. Since no polymer is found in the decanted organic solﬁtion. the

insoluble material is poured into distilled water in order to dissolve

: ~
. Y



K500, The whit€.insoluble solid.which remains in suspension in

. ~

] : P . AR .
wate., Istdried onll identified as the.polycarbonate of l,4-benzene-

dim thanol, 3, by cbmparing its TR spectrum to bhat found-in literature

¥ . N K

(7). Thb polymer is not so]uble insany of the usual organlc solvents

LT

including in hét DMSO, hot DMF hot orthp dlohloro -benzene, and !

- o . .

others. ~ . - '

-

' EEN : =~
-~

CIR: 1742 (C - - (1) 1455 (CH, scissorin;')"; 1254 and 1231 (r 0- C) 850 -

A . 1]

(=C-H out- uf—planv bond1n5. alomatic‘p dlsubst ),

-
-

‘3-4 Synthesis of the bis-carbonylimidazolide of 1,3-benzene- . .
T . ! .

dimethanol, [-d = - .

-

i ot .. o :
A solution af 8.0 g7 (57.9 mmolés)Jof l,3—benzenedimethan0f in 80 mL of
h : . . Ie

Cdry THF:is.prepared under argdh atmospheré To tth solutlon is added

.
o .

0.34 g of poLas.Lum metal and the mixture is refluxed unt11 a}] the

e v

-metal is dlSSUlVEd.\ The cooled altoholate solution is then added to a”
- bl i

‘suspcnsion-of 20.6 g7 (127 hmgles) of L,;f;éarbonyldifmidazolb‘in'40 mL

of dry THF' and tHe reaction mixture is étirredAand refluxbd for three

IRy
1.

hours. The solvent ig removed on rotatory‘evaporator and the érode
; .

-product is dlssolved in. CCla and’ washed w1th dlstllled water. After X
drying the organlc phase over magné51um sulfate and removal of the

solvent, 63% (11.9 g) yield of pure product is obtalned Spectro—

scopic data shOWrthat the desired product. 1-d, has been obtalned

. &
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ﬁ'i; ‘ . } .:-5 i - > s .
.IH—NMR: 8.10.(m,2ﬁ,CH imi@azolidp, H#3); 7.47(s,4H,CH arb@atic); 7.41"

~, A . . A .,
- (m,2H,CH imidazokide, HE1); 7.0% (m,2H,Cl imidazolide, T#2);

-0

-

- . ¢ .
5.43 (s,41,CHy) . For assignment of numbered protons sge

-

figure 43. S

f rom e

\ ”

BeR: 148.31 (s,C = 0);136789 ¢4,CH imidazolide, C#3); 134.6

S

-

MS:

(s,c aromatic); 180.53 (d,Cil fmidazolidc;-C#Z); 179.28
~ “ 1 \ - . W

(d,CH arqﬁaﬁfc, G#ES5); 129.23 (d¢,CH aromatic CH&); 128.75
L] - ,. At

(d,CH argmatic, C#0); 116792 (d,CH imidazolide CH1); 69.06

(1,CH,). For' assignment’of fiumbered carhons see fipurersd

Pl
L SN

and 50.
. - kS
~ \
Ll

IR: - 1751 (C = 0); 1526 (C =-N); 1476 (C = C); 1457 (CH, scissoring);

1298 1287, 1253, 1169, 1093, 1062,and*998 (C-0-C, C-N-C and

1

N-C-Cj); 892 and 763 (= C-H out-of-plane bending, aromatis m-

-dfsubst.); 707 (é = € out-of-plane ring bending).”

Y

“ : . . : )
326 (W,M#); 282 (W,loss of COy; 238 (W,loss of 2 C0y); 215

(W,loss of 'COy and imidaéolyl radical); “171 (VS,%oss of 2 CO, -and

- imidazolyl radicdi.); 104 (S,loss of 2 COZPand 2 imidazolyl ragicq]).

+
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3-5 Reaction of the bis-carbonylimidazolide of 1,3-benzenedimethanol

with pinacel

)
Y

A mixture of 0,2198 g (1.860 mmoles) of pinacol, 0,6069 g (1.860

mnoles) of, the bis—carbonylimidazof&de I-d, 0,07 g of 18—cr%wn-6, ZYE

]

of potassium carbonate and 3 mL of dry CH,Cl, is prepared under gr on Ve
R 2~z g

-

armosphorc This reaction mixture is stirred and rqfluxed.foq gé_ l
hours. Thc work-up is done gy diluting with CH,Cl, andhhentrifug;ting
fho snspunsion. The clear decanted so]utionlis éoncentrated d;q-:‘

precipitﬂted.into methanol. Only a few hg of a gﬁmmy‘materja}lis V
obtained‘whicﬁ is identified ¢w spectroscopy as deing a;ca;bona£c

- »”

oligomer of 1,3-benzenedimethanol, 4.

Hi-MMR: 7.2 (m,4H,CH aromatic); 5.07 (s,4H,CH,) o

IR: 3389 (O-H stretch, terminal hydroxyls)' 17&7 (C = 0); 1612 an&
1&90-(6 = C stretch); 1452 (CH2 scissoring); 1259 (C-0-C

stretch), 889 and 791 (= C-H out-of-plane bendlng, aromatlc) 700

(C=¢C rlng out—of—plane bending).

B J. ) s - L
The methanol is evaporated and ‘the residue, analysed’by 1H4NHR,

R ! ]

contains: - : L ‘ -

- . L Wor

pinacol 1,23.(5 CH3); C

= 1 1 2,2, tetramethyl ethyl carbonate, 7, 1.40 (5 CH3), oo PR

- 1 3- bcnzenedlmethanol 7 25 (m, AH eH aromatlc), A 54 Gs QU CH,) ”

w

- 18-crown-6 and imidazole _ . N . ~

! ' N
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1 ' t

3-6. Reaction of the bis-capgonv%imidazolide‘gi p-bis(1-hydroxyethyl)-

- .‘

benzeéne with pinacol : v .

%
Lt . ~

. . w 4 . * o .

A mixtuse of o 2350 g (4 949 mnoles) of pinacol, 0.7044 g (1. 089

mmoies) of’ thc bBis- carhony .m1da7011de 1 1-a, 0.07 g of 18 CTOWN- -6, 2 g

.

_potassium carbonatc and % nl pi'dry Cﬂzplq is.prepared undgr argon

atmospitere. This rcaction m1\tute is stirred and rvfluxed for 22

-

s w > .

Tﬁours After dilution with CH,Cl, and centrifugatioh, brccipiLaLio“f

!

1 .
of Lhe-concenLratcd Urbanlc soluLlon into methanod affords 0.3 ¢ & o

I’ T st e Fl -
white polmmcr hhi(h is wentified ag Lhe pqucarhondtu of to.
+ - R ' .
. pfbis(L;Hydﬁoxycghylj—hnnzene, 5. . 5
. -t ‘l‘. g * : P - J‘ . ) ‘ L3
T,IU—NNR 7 20 (m all, CH aromdt1c), 3 (q,2H,CH beazyl); 1,465 .-
| 3 A . " -
Y. . N , . : -
f._l'-‘ e “((1,6“,(:”3) of ' . . ' ) A
] ~ ) .: . ) ’
." . . W . 4_’- .

P

> ' 7

‘J.fR: 174 (€ = 0); 1451 and2}3&7l(CH3, asym., and sym. oonding); 1255

‘_”. and Y058 CC—O—QrstretcH); 858 (fCQW ougrof—plahe bchding:;

. F

LY

aromatic)

3—7-<Synihesis of the carbonylimidazolide giybenzyl alcohol, 6

L2

- ’
' a ”
LA '
L. - '
. B . g -

" A soluplon of 3.0 ¢ (27.7 mmoles) of freshly drstllled ‘benzyl alcohol

. R

1n 20 mb oE dry THF is prepared under argon atmOSphere. To this
‘ i © oy

. solution is added»O,ll g of potassium menal end the mixture is

refluxed until all the metal is d1scolved The‘cooled soiution is

+

. added to a susan51on of 5.0 g (30 8 mmoles) of 1,1 —tarbony1d11m1—

»

Y

{.
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-~ 4 . .

dazole in Lith of.dry THF and the mixfhre is refluxed for two hours. ’

Ll - .

At this time thln-ldyer chromatrography-shows that_ the reactlon is

or ’ 5\ . -

complete The solxont ]b‘ﬂ\dporated and ‘the crude llquld product 15

S

applied on 3:5111ca gel column (65 g) using 40 60: ethyl acetate.

hexanes as eluent. \ thLe solid, 15 obtalned 1n 382 (2. 1& g) _ e

J'A

yield and its spectroscoplc and eIemental analySIS are characterlstlc

“of the desired compound,.g.

-

Tr R [ . ~ , L
;
t ' 4 ’ v & ]

- . ’ . ,

\ . . . . u v

EA:  found (C:65.69, 1:5.09,-N:13.93): calculited (€C:65.34; H:4.98,
s ’ 4 ) . ’

N:13.85) AN - '

. . . s '
N . ‘ . ‘ . . .
Y . . / .
s N a -
. s . . )

. ' .

.
v

VH-NMR - 8.10 (m, IH,CH inidazglide, H#3); 7.40 (S.GH.QH'aromatic ande'
«  CH imidazolide, H{#1); 7.03 (m,]H,CH imidazofide HE2); S 36
(s,2H,CH2). For aSblgnmcnt of numbered protons see flgure

43. - !:- ,“ ’ ". .".

MS: 202 (W, M+), 158 (M,loss of C02) 91 (VS,loss of C02 and

1m1da201)1 radlcal)

3-8 Reaction of the carbonylimidazolide:gg benzyl alcohol witﬁ

5

,~pinacol
5 P . \-

.

A mixture of 0.70 (3.5 mmoles) of the carbonylieidazolide of benzyl
alcohol, 6, O ZO'g-(l.7-mmoies) of pinhcol, 0.07 g of 18-crown-6, 2 g -

of pot3551um carbonate and 4 mL,of dry d1chloromethane is prepared

under argon atmesphere. After three hours: ¢f reflux, the reaction

. - . v
[y -
-

>



R

"

-

= ) . . . a2 . : i

mlxture is cooled _to room temperature and, after d11ut1on wlth CH2C12,

[ N -+

fllte:ed—to remove kZCO3 The organlc phast 15 washed with distilled =
. . : L
water, drled and after remoxal of the sclvent, the fmin products nre

b : .

separated by column chromatography on 5111ca (25 g) and 1dent1£10¢ by

- )
[ [ v E

spectrosdopy as belng 1,1,2,2- tetramethylevhyl carbonate ?. and bis-
’ben?yl carbonate, 7.4 Some uhreacted plnacol is aléo found in the
dqueous phase.* “-f" .

~
.

Biélbenzyl carbonate, 7:

-

“IH-NMR:  7.33 (s,100,CH aromatic); 5.10 (s,4H,CH)

. T -.\ -"

~

>

LY

" "

TR: 1748 (C = 0); 1456 (Cll, scissoring); 1264 (C-0-C); 749 (= C-I

out-of- plane bending); 695 (C C out-of-plane ring bending)
b
"MSr , Absent (Mt); 151 (M,loss of benzyl radical); 107 (S,loss of GO, and-
benzyl-radical); 91 (VS,benzyl‘radical). e

e

4-1 Synthes1s of the blS carbonylimidazolide ofo(p(' dlhydroxy p-

L~

dllsopropyl benzene I-e

A solution is prepared unde}}argon atmosphere, consisting of 5.00 g

(25.7 mmoles) of O(.N'—éihydroxyvp—diiso ropyl-benzene dissolved in 70
prop > in

" ml of dry THF. To this solution is added 0,15 g of potassium metal,

» - PN
and the solution is brought to reflux while stirring'until all the

métal is dissolved. The solution is thenfeooleq_and added, under
- ) [ T : - .

argon atmosphere, to a stirred shspensioh;of_8:35 g'(SI.g-mmoles) of

4 -
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e "‘r

1,l%-carbonyldiimidazole in 30 mL of dry THF. This reactiohtmixturg;'

~

is then refluxed for three hours at which time “thin layer* chromato-

wa 3 .
f .

graphy ‘indicates .that the reaction s complete., The solvent is’

removed on-rotatory evaporator and the crude product is purified by

.t

recrystallization from dichloromethane/petroleum ether to afford
L

2.87-g (29%) of pure compound which has sﬁectrogcopic and elemental

analyses consistent with the desired bis-carbonylimidazolide, I-e.

FA:

-

"found (€:63.09, 115,77, N:14.46); calculated (C:62.82, 11:5.80,

N:14.65) ‘ -

Dikme; 8. lU {m, 2H CH imidazolide H#B), 7.39 (m,6H,CH imidazolide H#l

Pe-wr: 146,72 (s,C = 0); 143 41 (s c aromatlc}, 137; 09 (dsCh

IR:

dnﬂ CH aromatlc). 7.02 (m; H,CH 1m1ﬂa2011de H¥2); 1
(5,12H,CH3). For assignmenf of numbered protons see figure

43.

L~

;imldaZ°11dC 1CH3); 130 53° (d CH 1m1dazollde CH2); 124.82 -3 7

(d,CH aromatlc), 117 18- (d CH 1m1dazollde ,C#1); 86.17 (s, C

" benzyl); 28. 27 (q CHy). For assignment of numbered car sec,_&?

~ .

“figure 43.

4

1755 (C = 0);°4525 (C = N); 1475 (C .= C); 1384 and 1370 (CHy gem-

dimethyl sym. bending); 1295, 1251, 1200, 1177, 1149, 1095, 106}: ~

(C-0-C, C-N-C, N-C-C) 843 (=C-H out-of-plane bending aromatic)..
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.

MS: absent (M+); 227 (VW,loss of 2 CO, and imidaiolyl radicais); 160

(W,loss of 2 €0, and imidazolyl radicals); 158 (VS,loss of 2 0O,

and 2 imidazole); 159 (9 loss of C02, imidazolyl rad1ca1 and

* imidazole); 1&3 (M, 1055 of 2 COZ,L imidazole and CH3), 68

(VS, 1m1dazole) 44 (V5,C0,) -

e

A~2 Reaction of the bis-carbonylimidazolide of ofoc" =dihydroxy-—p--

diisopropvlczbenzene with 4,4-benzenedimethanol

[P ‘-
e 4t N

- Y

o A mixture of 12,0019 ¢ (31.38%1 mmoles) of the bis-carbonylimidazo-

iide. I-e, 4.3363 ¢ (31.389L4nm01es)'9f l.4-benzengdimethanol, 0,066 ¢

of 18~crown-6, 20 ¢ Qf'anhfdrou§:potas§ium carbonate and 27 mL of dry

7. .dichlorgmethané is preparedjundeﬁ-an argon atmosphere. The reaction

A8
! [ "

mixture is stlrred and refluxed for 2& hours at whlch time tlc shous

no remalnlng starting materlal The work-up is done by diluting the
Teaction mixture with dichloromethane, and centrifugating the suspen-
. [ *

sion. The solveht of the'decaq;gd solution_is removed and the residue

dissolved 1n THF. After precipitation in distilled water, 9.65 g (80%

19 * A

yield) of a white polymer is obtained. The polymer, II-d, is-charac—

terlzed by its spectroscopic and elemental analyses.

. ~
-

EA:  found (C:68.63, H:6.48); calculated (C:68.74, H:6.29)

-

'H-NMR:  1.78 (s,12H,CH3); 5.00 (s,4H,CHy); 7.31 (m,8H,CHl sromatit)

LI .
] _

-
Ay
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13C~I&HR: 152.97 (C = O); 1&3 81 (s,C aromatlc o o' -dll;lyd;roxy p*'j" :
dnbopropyl benzene) 135.61 (s,C aromatlc ‘

bcnyenedlmethanol), 128,33 (d,CH aromatlc, .

bef’xzenedifnethanol); 124.47'(d CH'aromatfc, o(,o(»—d.ihydroX): e .":,:,"-:;*‘r

-1:~diisopr0py1—benzene) 83.34 (s ¢ benzyho o(,o( -»dlhydroxy—

v p- d115°Pr°Py1 benzene) 68 47 (t; CH2) 28 30 (q CH3)
IR: [ 748 (C = O); ][466 (CH2 SCi{ssoring)' 1457‘. (C}ls_l.'asixm‘(.beqn(dj:ng")"-.' T .
1385 and 1366 (Cliy gem- dimethyl sym. bending)y 1236, 1201, 1142 e
. SN ~c-" TORORY
1]()9 and 1084 (C-0-C); 837 (= C-H out—Bf—plane bending, T e X
| arqmatic‘)'z ) e : T T 3 ' e Lt
r . . . L . :‘; ' . fart et 7
. l ’ L | \ - 0 -&: :._; -
MW Osmometry: Mp = 14000 . . ‘ IR PO -
. o A | ' S . ‘e
GPC: Mn = 2418, Mw = 6153, D = 2.5 L AN
oL . et 4 B "
USC: Tg _ aboC ‘ . B ,'((‘ 4:': . _‘;" ‘.-‘"\..:_.. - .‘-._I--.A,‘
T . 4 '} R R
¥ . l - t - :
s - " - & -
- . . L, P o :
4-3 Reaction of the bis- carbonyllmldazolz_de of M —dlhydroxy-,_p- .
. v - B R
difsopropyl- -benzepe.with o,&«’ dLhydroxy—p-rd1150pro-pyl-~bemzepe ; S
. L. ) , ‘ - 13 . o, N -\_f. P e
- PR . ‘-"‘ f‘ R “..‘ . - . . . —A:_" N
. A mlxture of 0 9326 g (4 800 mmole.s) of the dlol,‘l 8358 g (4 800
e mmoles) of the bis- carbonyllm:n.dazollde I-e, 0, 2 g of 18-cr0wn—6- 3 g ,
of pota551um carbonate and > mL of dry CH2012 is prepared under argon B
atmosphere The reactlon mlxture is stirred and refiuxed‘ for 45 h I
- . ' o ‘q
hours. After centrlﬁugatlon of the suspensmn -and: evaporatlon of the | *
solvent. ‘the- Inimir of the crude mixture’ ‘shows mamiy the startmg =
- N g .
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. pi : Loe S
ﬂﬂiql;'aiSmall amdunt of olignmé?} 16, and some.i b aiisopropenyl_

benzene indicating that the tertiar?‘diol underwent elimination.

h -

-

3-1) Synthesis of the bischloroformate of 4 4'-isopropylidcﬂe‘%'

il |

LT} L]
"o ‘.\ . -

fn-},:-f“-*"dlphenol=

&,Solutlon is prcpared hy hubb11ng 2.91 ¢ (29 mmoles) of phosgenc- ,
“' v

(COClE; into 20 mL of d:chloromethane which is kept codl by peing a

‘hicelwater bafh. 4,4 —1sopropx}1dcned1phen01 ( 96 g, 13 mmoles) is
UC

H

added,to the phosgcne solution, and then 3 15 g (26 mmoles) of N,N-

'dlmethylanlllne d;luted in 10 mL of dichloromethane is added dropwise

to the reaction mixture over a period of 30 minutes, After the addi-

“tion is-complete, the reaction mixture is stirred for three hours
. b ‘

¥ after which time thin layer chromatography monitoring indicates

I*ErCGmplétion pf the reaction. Dr}‘hitrogen is 5ubbled through the green

solptlon in order to remove the excess of phoggene which is-then <

R l“
trapped into a KOH/ethanol solution. The solution turns, color]gsﬁ =
R LW ?.‘

.upéﬁ removal of excess phosgene. The work—up.is done by was%igg the

" "f

squtlon with distilled water and dilute hydrochlorig. ééiﬂu {hhc ?’gwﬁ )

- . ‘.‘1 S P o );'
washed organlc'layer is drled over magnesium sulfate and, after cvapO—
A . LS

ration of the solvent on rotatory evaporator,.&ﬁe product 8, is

obtalneé as a whlte SOlld inya 95% yield (Z 35 g) l4-MMR and "}~
N

-,

infrared spectroscopy suggest that the product is suffic1ent1y pure to R

- k¥ 4

be used without fq;phgt;purificationagn the next step.
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o _M-MR: 1.67(s, 6l, Cify), 7.13(m, 81 CH aromatic).

~

IR:  1776(C=0); 1466(Clly asym. bending); 1385 and 1364(CHy gem-" -

dimethyl sym. bending); 1197, 1167 and 1129(C-0-C stretch); . Lo
875(C-H out-of-plane bending, aromatic); 675(C-Cl stretch). ~
. B3

-~

5-2) Synthesis of the bis—cafbonylimidazolide of 4J4‘j{sopropylidéﬁe—
7

I

"diphenol, 9
£

A solution of 3.05 g (8.6 mmoles) of the bischloroformate, 8, dis- .
'l;o]ved in 10 mL of dry THF is added dropwise to a solution of 2.35i%;L
(34.6 mmoles) of imidazole dissolved in 25 mL of dry THF. The reac-

:Lion mixture ig_then al lowed to‘stir 3} room -temperature for-two
hours., The white precipitate which is observed is filtered and dis-
—Jt

solved in chloroform; then, the inscluble imidazolium chldride is

filtered and the crude product is recovered by evaporating the organic
solvent on rotatory evaporator. Purification is achieved by cwystal-

lization from zhloroform / ethyl acetate to afford 67% yield (3.44 g)

of a material which has spectréscopic and elemental analyses consis-

* tent with the desired bis-carbonylimidazolide, 8. - "
e s L
y FA: found (C:66.14,. H:4.89, N:13.29); callulated (C:66.34, H:4.84,
4 N:13.45).

&



SEm TR e - 138 -, . o ’
. e = v e ' NT - .
| - e B T w FE T - ' : .
W ."'r P H LA - ,‘ A
T o IHeNMR: 1.J0Cs, é'ii, CH3)¢¥ 7.08(m, "21l, TII imidazolidg, H#é);'?.w(ni
gy T ] 81!' cH ar'omanc), 7: 47(m, M, CH 1m1d’azolldc./l1#l) 8.18(m,

B T - ZH %CH 1m1da7011de H#B) Ior dSSlgnmCﬂL of numhered protons

. . . : ‘“u _” . O Ths “‘ “ n' . -
o R r..- “see fl.g,trr’e 30 o .
o ’ v .JJ:.‘; . "._‘:, T ; 1 Tove Yo~
et s IR: 1286(6-0.),, 1595., ,and 1478(0'-— < str-etch) 1526{C N stretch);.
L '.: T \ l,&()ACH asym bend]ng), 1385 ’md 1364(C]{3, gem (flmﬂt]l)'l"s}m
- e T 'b‘endlug,}f,w‘lﬂgo '1954 - 1700 11?) I09% and 1060¢C~ 0-C, C-N- C agd”
[ = L Voo i JTJ’ - -
e T (,-—(“)',_ ,875( 54 C- ll~ ouL ni—-[u:me lwnd]ng, aromntlc) j
T MS ”‘Alb(%,iﬂj) dOl(VS" lcss of CH ), }01(9 ]05% nf FH;, FU‘ and
e WA e ) . -
LT 1mlaa’?ol"]~~f‘dd cal ‘+"-J;L)= joa(h.. loss of cn3, <0, m.d Jnuclazo]y]
- o .
P - .4-’ -\.’ —
L r’ﬁ'dmal)w.ll?'(ﬂ. 1:?55 QL CHr,,, Z‘C() aod 2 1mleia7oiyl I’dd](:]]‘-, +
oy, 2345 vCO),.:m(w (‘02 - " -
e L s ot G \ - )
. e . tu“. o -<:=" ‘“,.- ‘."' v " T §
- Y w - -:r".'-'" R T B o
5 3) Reactlon of the bis~ cafbonyllmldazollde of 4 4 -anpropylldtnem
...-:m dlphenol u1th '2 5 dlmetﬁyl 2’ . 5- hcxanedlol , . i
-~ . o — I - e
B ”,.-_,-. r W "L- -‘-" -ﬁ v '.l . b * b N \
F - DA
. L T = - : , * )
A mixmir'é of O 83%6 ) é',’! OOO mmoifzs) of the bis- tarhonyllmlda/olldo 9,
"*"..‘:. ,.Q
.. 0.2925 gw—(Z OOO mmo};es) of 7 -5 dlmethyl 2 5 hegcanedlol 0.1 g of 18-
N crown 6,;23b g of anhydrous"pota551um carbonpte, dnd 7 mbL of dry THF
o o R
~1s prepareﬂ Unden;argon-ntmospherc. A{te; stlrrmng and Tefluxing for
- . 19 hours none of *the de51red polymgr is 1sol-ated “hut thc prcsencc of
the startlﬂg,dlol 4,4' —1sopr0py11dqned1phenol and a 11ttIc amount “of
n o'llgomer 17 is détected by 'H- NMR and 1K, Replac1ng TIE by dichlo-
# rome_g:héne does nm: 1mprove thc ontcom& of the reactlon '
4t = . . I -
-~ r“"" ' " o
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15-&)‘ Synthesis of bis-p-nitrophenylecarbonate of 2,5-dimethyl-2,5- ~-

» k)

hexanediol , .1II-a T .

. ' ' - Te
A solution of 12.10 g (60 mmoles) of p-nitrophenylchloreformate’ in 30
m]. uf.dry dichloromethane is added over a périoﬂ‘bf 45 minutes to a

hY

solution of 4,39 g (30 mmoles) of 2,5-dimethyl 2, S-hexgnediol in
4.7 g (GO mmolcs) of dry pyridine and 85 mlL dr) d1chloromethane The

4 - .
'

,11::ud solution “is rof]uxed for kS hours. After cool1ng to room.

' .
e . -

“temperature, 150 ml. of CH2617 is‘addcd to the yeaction mixture in

order Lo hripg the white precipitato into selution. Afterwards. the
orpanic soluLzon is washed twice with lOO mL of distilled water, once

with 50 ml. of a 5m solutlon of hydrochlorlc acid and once more with 50

ml. of distilled water. Aﬁter dr)lng over magne51um sulfate, the

orhanlc solvenL is removed on rotatory evaporator. The crude product -

]

is recrystallized using dichloromethane and petroleum ether. The pure

product obtained in a 65% yield (9.23 g), is identified by spectro-

. -

-scopic and clemental analysis as befﬁg the desired compound, III-a.

) . ¢
.

EA:  found (C: 55.48, H: 5,88, N: 5.77): calculated (C:-55.46, Hz
5,08, N: 5.88). - * S
’ f 3 N I

-

N

“TioNMR: 1.56(s, 128, Cly)y 1.97(s, 4H, CHy); 7.26(d, 4H, CH aromatic

-H#2); 8.15(d, -4H, €H aromatic H#l). For the assignment of.

.

numbered _protons see figure 44, " h ;

- ) \



140 : .V‘. . ‘ BTN
J

Pe-lRy 25.77¢q, Cliy); 33.87(r,"Cliy); 85.98(s, C hexanediol);
122.00(d, Cll aromatic, C#2); 125.09(d, CH aromatic, C#1):
145,18(s,C aromatic, C#3); 155.51(s, C aromatic, C#4):

i

150.39(s, C=0). For assignment of numbered carbons sce
figure 44.
IR: 1757(C =-0 stretch); 1622 and 1689(C = C stretch); 1530 and
1351(N02 stretch); IASG(CHZ, scissoring}; 1389 and 1376(CH3 gom-
dimethyllsym. bending); 1278, 1191, 1155 and IOQQ(C—O—C stretch);

859(= C-ll out-of-plane bendiny, aromatic).

MS: absent(H+j; 139(VS, p-nitrophenol); 111(M, loss of éCOQ, ﬁ-_‘
nitrophenol and p-nitrophenyl radical); 110(M, iﬁéé of QCOZ and 2
p—nitrgphenol); 95(S, goss of 2C02, 2 p-nitrophenol “and CH3)£

./ SS(S,:loss of 2C05, 2 p-nitrophenol and ChHo raﬁical); 44 (VS,

\\

C0,).

5-5) Reaction of his-p-nitrophenylcarbonate of 2,5-dimethyl 2,5~

hexanediol with 4,4-isopropylidenediphenocl: Preparation of

polymer IV-a

A mixture ;f 0.6758 g (2.9607 mmoles) of A,A'—iéopropylidﬁhe diphenol,
1.41058 g (2.9607 mmoles) &f the bis—p—nitrophenflcarbonate, IlI-a,
O.l.g of 18-crown-6, 2 g‘qf potassium carbonate and S mL of dry.
Siéhloromethane is prepared under argon atmosphere. A yellow colora—_

tion due to p~nitrophenol, appears as soon as all the reactants are

»
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~

mixed topether. After stirring and refluxing for 48 hours, the work-

ot

up of the bh;ymcr:is done by diluting the reaction mixture with

dlchloromcthane and cenLrlfugatlng Lthe suspen51on ‘The decanted clear

bolutlon is Lth concantraLed to about 20 mlL. After three precipita-

[%d
tions into 500 ml of methanol and drylng in Yacuo, the white polymer

is obtained in 94% yield (1.18 g). The spectroscoplc and elemental -
analyses of the polymer are consistent with a-linear alternatihg-
: pblycurhdnaLe of 2.5—diﬁethyl 2,5—he§anediol and 4,4-isopropylidene-

diplienol, IV-a.

M5 Osmometry: Mn = 13500

GPC:  Mn = 10200, Mw = 24600, D =

DSC: Ty = 879C; Tm = 166°C

L
N

EA:  found (C: 70.34, It: 7.07); calculated (C: 70.40, H: 7.09)

- NMR: 1.51(s, 121, CHqy hexane@iol); 1.59(s, 6H, CHy 4,6- § ¢

-lsoprOpylldened1phenol), 1.91(s, 4&4H, CHZ); 7.03(d, 4H, CH - "

aromatic, - H #2); 7.18(d, 4H, CH aromatic, H #1}.‘ For

assignment of numbered protons see figure 45.

"A3cowMr:  25:59(q, CHy, hexanediol); 30.92(q, CHg, "4,4'-
' isoprOpylidenediphendl)' 34.54(m, CHZ) 42 .41(s, benzylic ‘

* C)j ‘84, 90(3 c, hexanedlol), 120. 60(d CH aromatic, C #1757

'rl2l 73(d TH aromatic, C #2), 147, 78(5 C aromatfc C #3);

' .
. - - " s ’
)

’
-
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148.91(s, C aromatic, C #4); 151.89(s, C;Q), .ﬁor-aséignment

.
of numbered carbons see figure 45.

& . ~

IR: 1755(C=0 stretch); 1595 and 1509(C=C stretch); 1469(Cily asym.

bendihg); 1&56(CH2 scissoring); 1396 and 1370(CH4 gem-dimethy]

_ sym. bending); 1263, 1204, 1196 and‘lllO(C—O—C atretéh); "
i
838(= C-II out-of-plane bendln;. aromatlc)
3 K s
Imaging of IV-a : - o

A solution of 1.57 g of polymer in 13.6'3 tetrachlorocthane -containing

i [

-0.160 g of triphenylsulfonium hexafluoYroantimonate is used to'copt 5"

silicon wafers by spin coating at 4000 RPM_tQ ﬁfoduce a 0.85 Pm thick

film. Pre-cvake must not exceed 70°C as the f11m flows at 80°C, Aftcr

\

exposurc at scan.speed 300, the wafers are post “baked 2 min at GOUC ‘

A visible underexposed positive 1mage which is difficult to develop
fully is obtalned The exposure is 1ncreascd to *scan Spced 1000 then
baked at 60°C for 2 min. " A 602 dry developped image is obtalned The

1mage can be fully developped using a 5 4: 1 mixture of 1sdpropanol

n—amyl alcohol:anisole. Figure 38hshows the poBltive image obtalngd

Erom polymer IV-ag. i « . -

- - ~
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5-6) Synthesis of thé his-p-nitrophenylcarbonate of 1 4-bengene-
T . . . - ¥ p - p —

dimethanol, III-b "

-

Fs : 1

A bOlUthH of. 14.1 g (70 mmoles) of p- n1tropheny1chloroformate in 40 -

- . mL of dry dichloromethane is added over a per1od of one hour to a

F ....'. 4

.
solution of 4,80 g (35 mmoles) of l,A—benzenédimeﬂhanol in 5.53 g (70

% ‘ﬁyolcs)'of dry pyridine and 60 mL of dry dighlorgmbthane. After
- ( - "

Y

stirring pt room temperature overnight, enough Aichloromethqpe is o

vy A

- ! ¥
ﬁ\ﬁqﬂsﬂ to the reaction mixture.to bring the white compodnd formed into,

- hd -
=y solutiony The organic phase is then washpd succ9551v01) with dls—

ﬂ

W . tilled water, a 5% bolut1on af hydrochldrlc acid and once more‘with
distilled ﬁhter. After drylng the ,organfc phase over anhydrous magne—

+ sium su]fatc and removal of the solvent on ro&atory evaporator a
.;_.\

white solid {s recovered.. Recrysta]llzatlon from dichloromethane . ’f

affords 9.11 g (56% yield) of'pu?g productiwhich is shown to be the v

) LN 3

¢ ' desired compoind, III-b;,by spectroscopic and elemental analysis. _

= - . .
P - . -
T, h

T 1_H-NMR: 5-32(5,.AH CHZ) 7. 53(51 AH CH, benzenedimethanol); .
T 7. AO(d 4H, CH n1trophenol 'H #2); 8.30(d, 4H, CH nltrophenol
H #1). For aisignment of nuTb%f?d protons.see figure 44,

- 13CTNMR; 70. 35(CH2): 121.72(CH, nltrophenol -C #2); 125.32(CH,
nltrophenol C #1); 128. 98(CH benzenedlmethanol) 135.08(C,
benzenedlmethanol), 145.43(C, nltrophenol C #3); 155.40(C,

~ . ‘ nitrophenol, C #4); 152.40(C=0). For assignment of numbered

carbons see-figure 44.
~

]



A

MS: absent(M+); 286(VS, loss jof €0, and nitrophenyk radical); 242(W, 4

rring and refluxing for 24 hours, tlc shows no remaining startiﬁhf

o
and 1,4-benzenedimethanol. ) oo

A
>

IR: 1767(C = 0)3 1617 and 1494(C C); 1521 and’ 1345(NO, stretch);

1458(CH, scissoring); 1253,1215 and 1167(C-0-C); 863(= C-H out- -,
- £. l“

b .
of-plane bending, aromatic).

¥ v

loss of 2C0, and nitrophenyl radical);:139(w,'nitronnenol);

104(s, loss of 200, and 2 nitrophenyl radicals). ] ' ”ﬁly

FA:  found (C! 56.29, H: 3.70, N: 5.84); calculated (C: 56.42, H: ¥ %

3.44, N: 5,98).

s . :
n b - .." 3

- [
Sl

5-7) - Reaction of bis—p-nitraphcnylcarbonataugg 1,4-benzenedimethanol

svwith 4,4’-isopropylidenediphenol: Preparation pf Polymer(lV—b
. > N ,

. t )
A mixture of 0.48077 g (2.1060 mmoles) of 4 A'—isopropylidenediphenol,

.

0.98637 g, (2. 1060 mmoles) of tnc bis-p- nlbrophenyIcarbONGte III-b, . 3

0.2 g of 18-crown-6, 2 g of anhydrous pota351um carbonate and 5 mL of-

dry dichloromethane is prepared under argon atmosphere. After” stlr— N
.oox A
o

. -
4 . . .« .
L

material, the work-up.and recovery oﬁ*theipolymer arec done aélreported

in seetion 5-5 affordlng 0. 80 g (91?‘y1eld) of a white pdlymer The

recovered polymer has spectroscopic and elemental analysis consistent

with a llnear copolycarbonate, IV-b, of 4,4 —1sopropy11dened1phenol

v

J) v
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& - . .

MW;: Osmometry: Mn = 12200

4

DSC: Tg = 90°C S

~

FA: found (C: 71.86, H: 5.50); calculated (Cz 71.76, H: 5.30).

cpe g I-NMR:1.63(s, Oll, CHy); 5.28(s,4H, CHy); 7.08(d, 4H, CH4,4'-

isopropylidenediphenol, H #2): 7.23(d, 44, CH 4,4'-
isopropy]idenodiphonol, H #1); 7.50(s, 4il, CH

i ‘ benzenedimethanol){!.For assignmeét of numbered protons see

figute 45. -

/.

I3C_NMR: 153.69(C=0}; 149.01(C A,A'—isopropylidEnediphfjol, C #4);
148.08(C 4,4'~isopropylidenediphenol, C #3); 135.34(C
benzenedimetﬁaﬁél); 128.78(Cll, benzenedimethanol): 127.85(CH
4,4'—isopropfi{déﬁédiphenol, C #2); 120,40(CH 4:4'—
isopropylidehedipheﬁol, C #1); 69.78(CHy); 42.&8(benzylic‘t:4.
4,4'-isopropylidenediphenol); 30.90(CH3). For éssignment of

~

numbered carbons see figure 45;

-~

L IR: 1760(C = 0); 1606 and 1506(C = C); 1464(CH4 asym. bending);
. lASZ(CHj-scissoring); 1412 and 1377(CH3 gem—-dimethyl sym.
bending)} 1254,1214 and 1178(C-0-C); 835(= C-H out-of-plane

bending, aromatic).

.
t .
L d .

- .

¥ i
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6-1 Reaction of the Qi§ép—ﬁitrdpheny& cé%bouate;gg_ 1 %-benzene-.

dimethanol With 2,5-dimethyl-2,5-hexanedisl

A mixture of 0.47942 g (3;2786‘mmoles) of the diol, 1.53550 g-(3.2786, -

-mﬁoles) of compoqu'lll—b;‘0.2 g of 18-crown-6, 2 é of potassium . -

carbonate~and 4 mlL of d{y THF- is prepared,und;r éfgdq q;ﬁééphere.‘ The . . :

LN .. . . < LS

reaction mixtyre is stirred and refluxed for 21 hoq;s.‘ A polymet
which is unsoluble-dnkCH2C12 iS'isolated and identified by TR ‘ %

gpectroécopf as the pelycarboﬁate of l,4-benzenedimethanol, 10. R
i i . ) R

- .
- [y

. - P . - P
6-2 Reaction of 1,4-benzenedimethanol with the- bis-p-nitrophenyl v+ &

carbonate of 1,4-henzenedimethanol: PrebarationlgﬁjPolymer Wee, -

[T
b

3
b, '
- ¥

A mlxpure of O. 6&538 g (4,6709 mmoles) of 1,4- benzenedlmethqnol

o

2. 18772 g {4.6709 mmolqs) of the bis- p—nltrophenylcarbonate III b,
0,3 g of 18~ crown-6, 3.0 g of anhydrous pota551um carbonate and 8 mlL
of dry THF is prepared under an argon atmosphere. After st{rrlng and

refluxing’ for 24 hours, the polymer is worked- up by addlng 250 mL of 7

THF to the reaction mixture and by decantlng theisuspen31on obtained "
from the K2C03 lylng at the bhottom of the beaker. The suspension 15”

then poured and stlrred into 300 mL o}w;etgenol to- afford a SOlld

&,

whlcb is filtered and washed five times With methangl. Water is added
' o e - L , ‘@
to the K,C04 residue and the insoluble material obtained‘is‘filtered

and washed five times with methanol. The two crops. of po}ymer dre

comblned an® dried in vacuo.to afford 1.42 g (93% yleld) of a'white -

polymer which has the spectroscopic and elemental analyses consistent
Sl 4 .

+



with a polycarbonate of I,4-benzenedimethanol, IV-c. Tpg;pbiymer is’

..-not SOLﬁgle. not even in hot DMSO, hot acetonitrile and hot CHC13. . \

~ from THF into water gives a gummy material which is identified as .

. 147 ) .

-~

EA: found (C:65.64, H:5.02); calculated jC:65185, H:4.91) . .
. . . o ] ~

IR.-.17A1 (€ = ) 1455 (CH2 scissoring)}; 1259 and 1231 (C—O C), 850

{= C-H out- -of- plane, aromatic) -

* -

DSC: Tm = 230°C, cmdotherm at.2059C. . .0 R

) L : _
7:l‘sRehction~9£ DL-Sobrerol with the bis-carbonylimidazolide of p-.

S~

bis(l—hyd}oxyethxli;benzené . B ) .

¢ ™~

A mixture of 0. 7881 g (4 629 mmoles) of DL-Sobrerol 1.6394 g'(5.629 ot

mmoles) of the blS carbonyllmldazollde, I-a,‘0,18 g of 18-crown-6, 2'¢g

of potassium carbonate and 4 mL of dry dlchloromethane is prepared

[ , r AN
sy , / .

under argon atmosphere. After stirring and refluxing for 25 hours, :

the reactiom mixture is worked-up in the usual “way. .Precipitation

being the oligomeric carbonate, 11. This ;sfpartigﬂlarly-indicated in

. the IR spectrum by a strong C=0_ab30}ptiﬁn alongdwigﬁ a strong OH band -

1

belonging to the terminal hydroxyls; .

. . - ’ . PN
. - T ke w2
: " ‘ e . . . .
. . - -
.
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- 2 Reaction of DL—Sobrerolﬂwlth the b15-carb0n1}1m1dazol1dc of 1 4—

\‘ -

benzene@ihephanpl" - . . -

LS - . e -
- e b "
+ LTI

A Y .

A mixture is prepared under argon atmoSphere céﬁsisting of 0.30734 ge

i1
FIEEN .\_J

(1.8053 mroles) of. DL Sobrerol 0. 58907 g " (1.8053 mmoles) of the. bis-

arbonyllmldazolide‘ —c en 15 g of “182 -crown-6, 2 8 of potasslum

-
.

«
-
e T R

*xcarbonate and 4 mL of dry THP The reaction mixtyre is stlrred and -

[

refluxed. for 43.hoyrs. After _gentrifufation*gf the suspensxon, onlﬁ !
* F (LN

gummy material is obtained from precipitations. This maLc;lﬂl‘was
. - - * " = eepal . o .
- N . DR

dissolved id'CHqCT; and extracted with watéf.v=The aﬁueous phnSe”'-

-

. .o
L] . - e

contains. mostl) sohrefo] andmthe dfganlc prse conelsts mﬂlﬂly'af the

~ P

ollgomerlp ¢arhonaLe 12 as shoun by 1H-NMR anddeqpecially IR spectra

' i T - .. 4

which shows’ Lhe £=0 groups alohg w11h~the OH absorptlon of the «

EAd -

Lermlnal~h§drox315. 2T 'f" ;— )
' ‘ . o~ R
+ A . .' (‘:. \ . ko r
- 1 L]
- 4 1 ‘ '
f .o N -
- . Tooe . . -" ~ K P ( A
7-3 Synthesis of the bis-carbonylimidazolide .4f DL- ol, I-f .
£ T T - . - . H - ' s
~ . . L ' - P

5.10 g (30 mmoles) bf DL—Sobrerol i dlssolved 1n 40 mL of dry IHF

‘ under argon'atmosphere. To this solutlon is added Q. 13 .2 of potas-

-
.~ _\
4 .

sium metalt and the,solutlon ‘is brought to reflux whlle stirring until N

~ .

[
. all the metal is d1ssolvedl..The solutlon is. cooled bo 3D°C and added

5
w -

under argop athSphere to a. stirred suspe931on of 9 73 g (60 mmoles)

\ "4-..« - }:

o of 1 1'—carbpnyld11m1da?ole in 130 mL of dry THF. .The reactLOn mixture

b

I+~ is reﬁluxed for tyo hours. The solvent “is removed on. rotatory evapo—

) ’\ .
- - 4 - -
- -

rator and the r051due reerstalll7ed from ethyL-acetatu/petfeleum

PN ,or
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spochoscoplc and elemental. analyses are conslstent‘with structhre A

"The burc compound is Lsolated 1n a BOZ yleld (6 }? g) and the_

G B e ] . v s v ;‘:. £
I__I‘. R H -‘ T -, i . ~ - R "
— ’ i - = e SR b
FAT “Tound (C:60.14, H:6.04, N:15.63); cdlculaked {C:60.32, 136197
i ' . R S S .
N:IS.Gj) .'ﬂ + ) ‘_' ’ \.- . ‘ “_:.\“ - - '_‘"‘
- . G N ‘ . S ea . v ~: -w . - | .. "‘L“: ‘-::"}h _ .
LT " e : e T L
UionMk: w18 (q 1H, imldazollde H#6); 8 03 (s IH 1m1dazollde H?S) oo A e
7. AG (q 1H, 1m1da/olldo Hi#b): 7.27(s, 1N 1ﬁ;dazollde H#l) L omee BRI
" i N
7.10 (s,1H,imidazolide H¥5); 7.03 (s,1H, 1m1da20118e H”2), T
5.86 (n,dll,alkene,l1#7); 5,65 (broad singlet, N, i#&); 1.78 _
a N =
" (s,3H,CHq,1#9); 1,58 and .62 (2s,6H CH3,H#10 HE11)51.62 to-~~3’ S
2.56 (m, 5H,H#12,13,]4). For 3551gnment of rtumbered protons 'i":fjﬁi“ i
) . f.—. . - l-“\'y “x
see figure 46. e : v o
. ' " :“‘j - ;ﬁ;
1c-MR:  148.37 (C = 0, CH17); 146.62 (C = 0, CH18); 136.92 and .. " RN
. 136.64 (CH ipidazolide, C#3,6); 130.54 and 130.30 (CH . % R e
! : ‘ LIy
inidazolide, C#2,5); 129.68 (C alkene, C#16); 128.71 (CH e A
‘ e . Al
- alkene, CH7); +116.93 and 116.69 (CH inidazolide, CHay; »
88.90 (C, CH15); 75.26 (CH, C#8); 37.49 (CH CHIB); 29061 © i we
(Ciip,CH12); 26.55 (CHy,CH14); 20.41 (CH3.C#9), 22.94' and L
AR
N Y
23.33 (CH4,C#10,11). For a551gnment of numbered carbons T e
see.figure 46,
IR: 1769 and 1755 (C 0 stretches), 1618 and 1480 (C = C); 1529 . --}g
(C=NY;  last (Cit scissoring); 1378 and- 1390 (cn3 Bem—dlmethyl poin ¥

‘ sym bendlng); 1293, 1253, 1222, 1184, 1174, 1{27,¢1091,

" -

1063 and 1003 "+ .
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Siney _ . \.: ~~'=' h N
*—,;» ’ ‘ (C 0- ? C N C N-C- C stretc,b), 83} (=C-} o\ut ofﬂplane bending for
w L -

* - .t b N = "h‘ 5 ;

S ;flsu SL‘ D B ) '. S 3 e
S SR SIS el e A0 T o7
' ’ TR R S 359 (‘N M+1) 3}5 (W loss of CO-,), 20& (1-’ 1oss .of C02 and

wla : e o . .i.\'_’ e \

N 3 1m1dozol)1 radical). 203 (,VS loss of 2 COZ and 1m1da7olo)
R s -_':, 13*(\!1»’ 1oss of 2 Cbr, and 2' m]dﬂ?oLyl I‘Gdlcﬂ«l‘;).—'__. - L -
- \ _.‘ o ﬁ\ : .:. /‘\ ' ". : ‘f. '. ! '.'-c_ ‘
L ) (N loss .of 2 C02 fﬁld g, 1m;ﬂﬂ2m‘65) PR e T e :
; ., > “-“ 7:3" et 'f . ,;..,,,1 j’ \ . K’
o R oo "":, ’ --":- ‘_, g s i :__ - > ] b .

—" ‘ - 7 -4 E\’eactlon of Ehe b15 carbon}limulazolidq 01 DL Srobrcrol w1Lh 1 Jm

e ) benzone adlmethanol SENENEE :
- A mlxture 15 prc—pared under argon aLmosghqrc, con51sL1n;, of 0.63291 ¢
. v - "
AR gﬁ 6386, mmoles) of 1,4~ bcn?cnedlmethanol 1. 66246 g (1- 6386 mmolos) of |
_" o T the bn.s-carbonyllmfdazdﬁde I I-f, 0. 2 g of 18- crown—6 '4,2'5; of anhydrous
. wpotassaurn‘ chrbonate and 5 mk of dry dlchftoromethane "This mixture is
X ‘_ ~ stirred andmrefluxed for 48 hqurs. The work—up is done by dnpun;,
"'.JE«-.:'.A the reactlon mixture wlth d:chloromethage, and C(,mrlfugatl ng thc
AR g suspensmn The decanted solution; is cqpcentrated and prec1p1tuLed
.‘_ LT . - \ 'b
S g ' mto methanol but’ only a gummy polymer is obtamed The tacky po]ymer
' o 1s dlssolved in CH2C12 and washed wlth dlstlll\ed watel; After drymp, -
, ".,.the o‘rganlc phase w magnesium 5ulfate the solvent is evapcﬁ'ated
| - and the re31due dried in vacuo to. glve l 26 g (752) o‘f a'white foamy
. < N ‘.'}_ " l
. o polymer which, when examined by 1H NMR and IR spe’c‘troscopy is seen to
o con:n&s mainly of the ollgomerlc carbonate,_I‘I -e. This_..:canfbest be
: ) ’\ . .
. Seen in the-IR spectrum of the foamy rr_latero‘,al, which shoys the charac-
= . S . kS
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teristic bands for the carbonate group, aleng with that of the

- .

s

hydroxyl groups. ' iar

&

“IR: 3656 (0-M strerch, terminal hydroxyls); 1739 (C = 0 streti,

carbonate); 1452 (CH2 scisséring); 1387 ang31371 (CH3 gemiL‘_

dimethyl sym. bending); 1271,-1254, 1211, 1160, 1136, 1087 and

I el

1025 (C-0-C stretéh, carbonate). ; &

-

M GPC: Mo = B66, Mw = 1695, D = 1.96,

S

7-5 Synthesis of the bis-p-nitrophenylcarbonate of DL—SoBrerol, I1I-c

L

—~
A solution of 12.10 g (60 mmoles) of p-nitrophenyl-chlorofarmate in

. Ju ml of dry.dich}orométhane is added over a period of 30 min to a
solution of 5.10?§ (30 mmoles) of DL—Soer;oiuin 75 mL of dry dachlg;
romethaﬁc and 4.74 g (60 mmoles) of dry pyridine. The stirred réﬁt—
tion mixture ig r;?luxed for four hours. Aftef‘cooling at’ room tempe-
rature, the soluti&n is diluted wifh 100 mL of dichloromethane, washed
once with 75 mL of distilled water, twice with*S0 mL of a' 5% %oluticm
of hydrochloric acid and several times with distilled water, until the
aqueous phase is no more acidic.” After drying over magnesium shlfate,
the organic solvent is removed on rotatory'evaporétor. Recrystallisa-
tion from dichloromethane/petroleum ether affords 9.0 g (60% yield) of-

pure compound III-c¢ which is identified by spectroscopic and elemental

analyses,

4y
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s ¥ EAr fotind {C:STHE2, Hh,93, N:5.75); calculated (C:57.60, Hs4.83,"
; , o 493 ! ) 1

-
7 ' ' o —-
i _. vy < " e

E N:5.60) - oy
B g -

-

- £
- —y I

-
x

Foo 7 e 5.23 and 8.2 (24,411, Cl nitrophenol, n#1.355 7.32 and 7.7
FRR | (2d,4H,CH nitrophenol, H#2,4); 5.78 (m,11,Cl Jykene, H#S);'

| 5.18 (broa%,sihglet.]“,ﬂﬁ6); 1.56 to 2.37 (m,5H,H#7,8,97;:

# 1.76 (s,3n,cn3.n#10f; 1.52 and 1,54 (2s,ﬁu,cn3,yﬂ11.1z). For

assignment of numbered protons sce figure 47,
!

4

A

" Ty
“ L. N
- i

VICNMR:  155.53 (s,C aromatic, CA18,20); 152.27 (s.C = 0.'CH15):”
. 150.36 (s,C = 0, Ci#la); 145.24 (s,C,aromaLic, CHI7,19);
129.67 (s,C alkene, C#lé);‘128.6& (d,€H alkenc, CH#5);
125.14 (d,CH aromatic, C#1,3); 121.84 and-121.61 (2d,CH
’u-?ﬁ aramatic C#2 and C#4); 87.97 (S,C,-C#lé); 76.?9 (d,CH,CHb);
S o 3744 (d,CH,CH9); 29.33 (t,CHy,CHT); 26.46 (t,CH,,CHE);
f;- 20.59 (q,CH3,CH10)5-22.63 and 23.17 (2q,Cll5,CH11 and CA12).

- For assignment of numbered carbons see figure 47.

IR: 1765 and 1749 (C = oj?:;614 and 1492 (C = C stretch); 1515 and
1348 gNOz); 1458 (CH2 scissoring); 1374 and 1382 (CH3 gem-
dimethyl sym. bending); 1259, 1221, 1162, 1133 and 1110 (C-0-C
stretches); 858 (=C-H out-of-plane bending, aromatic), 848 (=C-H

out-of-plane bending for tribsubst. D.B.).

MS: absent (M+); 318 (W,loss of CO, and nitrophenoyl radical); 317
(W,loss CO, and nitrophenol); 274 (W,loss of 2 CO, and

nitrophenyl radical); 273 (W,loss 2 COZ and nitrophenol); 136

. \l' . . .
vy G g
. (] bl

-

o

ERARI
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-_(w.loss of 2 COQ and 2 hifrophenyl'radical); 135 (M,loss of 2'CQ2

V.

nitrophenyl radical and nifrophenol); 134 (W,loss of 2 €0, and 2

h—/niLrophenul); 139 (f'i,.gitrophcffnol); 107 (VS,loss of 2 sz, 2 CH3,

" -

o

nitropheno) and nitrophenyl radical). ' .

[ -

- - -
- -

s } R . :
/-0 Reaction of the bis-p-nitrophényl carbonate of DL-Sobrerol with
!,4-benzenedimethanol s Préparation of Polymer,'IV-d_

e

~ -
4
-

A mixture of 1.22073 g (2.4392 mmoles) of compound III-c, 0.33703 g

a

(2,4392 mmoles)” of the diol, 0.22 of 18—c§own—63 2.0 g of hnhy&rous
. 8 : 3

> R L

potassium carbonaté and 5 mL of dry dichloromethane, is prepared under
' . . . ' . o Tl
argon atmosphere. * This reaction mixture is stirred apd refluxed for

o

41 hours until all starting materials have been consumed, and after - .

cooling at room temperature, is workedfhg‘by diiﬁliné with CH,Cl, and

. N Vore ' \
- centrifugating the suspension. The decanted solution is then concen-

trated on rotatory evaporator tov 10 mL and precipitated four times
into 600 mL of methanol. After drying in vacuo, 0.70 g (80Z) of a
white polymer is recovered. The polyher IV-d is characterized by

spectroscopy and clemental éﬁalyses.
EA: found (C:66.79, H:6.99); calculated (C:66.65, H:6.71).

S

1H—NHR: 7.28 (m,4H,CH aromatic); 5.62 (b;oad singlet,lH,H alkene, H#L);

5.03 (m,5H,CH, benzenedimethanol and CH, H#3); 1.64

(s,3H,Cl3,11#4); 1.48 to 2.11 (s,5H,H#5,6,7); 1.38 and 1.42

-
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s LR - e
. . " (25:6H,Gﬁ;,ﬂ#$:9).: For assignmcﬁt of nﬁmbe;ed protons see
i ; : ‘.ﬂ'figure &%; 2;' ! T ) | ) '
.o P “ J. ‘ S .
- I3c_NMR: 155,06 (s,C = 0, CE14); 153.28 (s,C = O, CH13); “135.78 and
R 135,65 (25,C aromatic, CA15,16); 130.05 (s,C alkene,CH2);
v ._;.‘128.28 and 128.16 (Zd:CH_ aromatic, C#17,18); 128.05 (d,CH
T L Zlkene, CHL): 85.36 (s,C.CHIB); 75.01 (d,CH,CE3): 68,91
' * (¢,0ll, henzenedinethanol CH12); 68.25 (t,CHy, ;
- :,/ bcnzenedjr};echanal,cz#li); 37.69 (d,cn,'c#sj‘;'z().saa
L L (,Cly £H6)5 26,19 (15CHy,CET); 20,58 (q,Clly,CRA): 23,06 and
) -‘_ 25L25 (ZQ,CHB,C#B‘and‘C#Q). For assignmcnt of numbered
. (R \Vcarbons see, fjgure 48, .
. S .
h JR: 1740 (€ =.U); iASQ (CH2 Scissoring); 1379 (CH3 sym. bending),
: 1265, 12£7, 1211, 1160, 1136, 1084 and 1025 (C—O;C stretch); 847
‘ . (= C-l1 out-of-plane bending for trisub. D.B,);.790 (= C-Hl out-of--
plane, aromatic)
> MW; Osmometry: Mn = 11100 | - o

GPC: Mn = 6100, Mw = 10000, D = 1.6

DSC: Tm = 80°C -
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7-7 Reaction ngbis—p-nitrophenyfﬁarboﬁdte.gngﬁ-Sobrenol with Sl ”V;,

) R S -

_Biéphenol ﬁi—-Prébarationlgg polymer IV-f f'ie e L, ’
. . . R " T . ". : . . ‘_J» -‘- '."

- - ". r e B " .
A suspéhsionréf 5 0046] 8 (O 01000 molc) Qf b15~b—n1trophenyl carbo—. oo

-

A JIL-c, 2.28294 g (0.01000- mplc) of‘ﬁlépheﬁol A, 0. 68 K of 18-- e

crown- 6 6.8 p of potd551um carb0nate and 20 mL of dry dlchloromethane
- / A “
. chloride is prepared ynder argOn ﬁtmosRhere. This prepatation is
4+ oA L . -
stirred and refluxed over a period of 48 houfé'untilrﬁ1115q§rting :
‘ : p - v R R
' BRI . . = . o
materials have been consumed. . After”usual dflution”and centrifuga-
' . - L . A . , - :,
tion, the decanted solution-d%.concentraféd and prccipifatdﬂ three
- 'r'-

times into four liters of metrhanol ‘in ordq; to remove‘all the p~
nitrophengl. After df)lnb in vacuo, 3.5@ g (79%)_0f a{white polymer:

is recovered. The spectrosqopicrand elbmental data confirm that. the .
.3 N . . o

. S . - _
structure of the polymer IV-f- corresponds to the desired ome.

- 1 ..

3 ke

- P

CE.ALr found (C:72.07, H:6.79F; caldulated (C:71.98, H:6.71).

. . ;

L . . -

. L R . 5 -
« ¢

HIH-Qyé: 7.14(m, 4N CH,arométic’Hﬁl) 2 OO(m 4H,CH aromatic ,H#2); "
. 5 72(m lﬂ CH alkene H#l?), 5 14(m 1H CH-O H#IB},
. 1.76(s, 3HICH3,H#19),ﬁ1 60(m 6H +CHa, bisphenol A H#9) 1.53 and
l 51(25 3H each 2CH3,H#21 and H#22); 1.65- ‘

'i 2. 28(m SH H#l& 15,16). For assignment of numbered protons
‘ see flgure 51. ~
”;f?c-NMRi Lsé 74(C = 0, c#lzj- 151.90(C = O, C#ll)- 148 95(C aromatic,
C s 8); 147.78(6 arohatic, C#3,5); 129 99(c alkene, C#18);

i ;‘ o 128 30(CH alkene, C#17); 127.75 and 127.70(CH aromatic, - 'l
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- C#2,6); 120.04 and 120.37(CH.dromatid..C#i,?); 86.AS(C-O,

C#20); 75.68(CH-0, C#13); 42.41(C, bisphenol A, CH10);
| 37.81(CH, C#15)5%30.90(CH4, bisphenol A, CH9Y; 29.52(CH,,
C#16)5 20.34(Cl,y, CH14); 23.06 .and 22.96(Clly, C#21,22);

= "20.65(Ch3, C#19). Tor asSignmcntdof numbered carbons sce

2]

figure 51, N -

L]
- L}

‘?Rr‘-l758(us; C = 0); 10600 and 1508(w and m, G = C aromatic ring);
R . o ) . i

L 1249,1215,1128(vs,8-0-C stretchy; 835(m, = C-H, out-of-planc

" a.bﬁnéiqg aromatic): . R
[ L. -,T'_ A, . : - A -

C . - T S * . . . . B

My Osmometry: Mn = 15400% + % - T T
GPCs “Mw = 32200, Mt = 15300; D = ’ | )

. : s N h . - _
DSC: Tg = 135°C - el <o

oo T N R o
Imaging of IV-f - ST e ¥ oy

-- N : o !

A solution offO,S g'of §o1ymer'inr5 g tetféghldfoethaﬁe confaining

" 0.055 g of trlphenylsulfonlum hexafluoroaﬂtlmonate is. used to coaL 5

w i

silicon wafers by splh coatlng at 3000 RPM to produce a 1 Pm thlck

-

film. Thé polymer solutlon does not wet adeqqately Lhe 51blcon wafer

t"'

. e

and poor film quallty is observed Addltlon‘of a small amount of«.

methyl cellosolve acetate does not resolve the problém&

il .
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« ,A new solution is‘preparéd from 1.08 g of polymer and 0.106 g of
tripheﬁylsulfogiumxhékafluoroantimonate in 8 g methyl cellosolve
¢ . s .

acetate. Poor films dre again obtained by coating on virgin.5"
silicon wafers but the quality of the coatings improves following

. qashings of the wafers in HF. The wafers dre pre-baked at 80°C for

-
- ~ "

5 15 min. then exposed through a test mask using a Perkin-Elmer deep-

uv prOJUCtlon prlnuinb tool operating at scan speed 2000 4000. Other

v wafers cxposud at_lower scan speeds (360 or 1000) are underexposed.

a

Upon ;ust—baking of the vafers at 80°C a visible positive imager

., -

appears immediately but this image is gnly incompletely developed as

some of the material”which is produced by the catalyzed thermolysis

-

. reaction is not wery volatile at the post-bake temperature under
. ‘ z M .

]

‘stmospheric pressure. Full development is achieved by brief immersion

or spraying of the exposed wafers ip isopropaﬁol followed by 'rapid
v . [y

~

drying under a stream of nitrogen. Althpugh post-baking was done at
3 Fi -

thé relatively low temperature of 80°C, the imaged material can be

~

post-baked at higher temperature as the polymer starts to flow

~ o

4

tthereby déstroying the image) only when the temperature reaches
“1400C:7 .| TR

- > Fl %
-+ 1 ¢

Ton s , — v .
. f Figures‘&l and 42 show ‘scanning electron micrographs of positive

.

\ images obtalned from polymer IV f by the proness descvlbed abgve. It.

& " - [ I ] ~ -~ .

o . is noteworthy that hlgh resblution images hav1ng dlmen510ns barely

e " [ P
.

largqr than the wavelength of(phe exp051ng radlatlon (254 nmj cdn ‘be

s e gt [ L]

\obta1ned ' Although pre¢1se §ehsit1v1ty measurements are st111 not

.

" ’ P T - »

complcted iv appears that polymer IV-f has a senslt1v1ty essentlally .

~
ST

) equul -to, the best currently knoWn deep-UV res;st materlals

PR s -

- *. P
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8-1 Synthesis of cis- and trans- 3,6- dlacetoxycyclohexene 14

.
- oot v
¥

4

The synthesis of 3,6-diacetoxycyclohexene is %hc first step 'to the

-

“synthesis of 3,6—cyc%ohéxe?0diol using a .procedure descq}hcd by
Rosenthal (38). A mixture of 32 g (0.39 mole) ofhcycloﬁexehe,.7é g

“{1.2 mole) of acetic acid and 0,8 g of cuprous. chlorlde is: heatcd to .

&

- y

80-85°C while stirring. Then "100 g “of 70, weught pcrcenL pur1ty

tertiary hut}I hygfoperoxido (0,78 mole)_1; g}owly added und_tgc
reaction mixture heat;J'to 80°C f;r ]é;hours. APte{ cooling £0 room
tcmpepﬂtura, tie sélutfén is diiutea u{tb‘hexane:and‘wnshcd QiLh
distilled wager.:'The quanic phasojis'dried—ovb; magﬁesium'sélfqﬁb,
and moé& of thelﬁblvent is'removed'on-rbta%ory évapdrator prior to
distillation At 10 mm Hg | prcssure The 3 6 dlacegexycyclohcxent
bo:lxng at }13 117°C is obtd:ned in a 302 y1cld (23. 5 g) and the < -
:

19 3 g (3572) of by product 3 acetoxycyclohexene, 13, is'recavered at

- L]

58 67°C. The 6051red 3,6= d1acetoxvcyclohexcﬁb\_l4 is obcaincd és a
. yellow llqu1d and shows the followlng spectroscoplc and elemental

analyses.. . o, Lot

4o . .
7 ' !

-

JEAv . found (C360.43; H:7.07); calculated (60.59, H:7.12)."

— -
- T

- i 1 ' = "
-~ . - - \

' 1H—NMR(39)¥ 5. 93’(broad Singlet 0.7H,CH alﬁene cis isomen)"S 91
‘ L
. (broad 51ng1et 1. 3H CH alkene trans isomer) 5 32 (m,1.3

. H,CH= -q, trans 1somer), 5 24 (m,0.7 Y, CH 0,cis 1somer)

-

[

e isomer); 2. 06 (s 3 9 H CH3;trans 1somer), 1.88, (m 1 4

! - H,CHz,c;s 1somer)3 L.?O (m 1 3 H/CH, —CH trans isomer).

. L S > ot

~

- 2 12, (m 1. 3H CH, CHe,trans Lsomer) 2 08 (s,2.1 H CH3,c1s -

T



N

- )

1H-NMR also shdws that the ratio-of the cis:trans ..

<
e
-

. diastereoisomers is 35:65.

.{ "

-

D3e-NMR: 170,56 (s,C = 0);,130.27 (d,CH alkene); 67.57 and éﬁ 25 (2d,

3-acetoxyeyclohexene, 13.°

IR:

CH 0 trans and c1s 1somers) 25.74 and 24,82 (2t CH2, trans

’ and cis 1somers)‘ 21.20. (q CH3) _ ‘ -
(ol ‘ 4 - " * ¢ ¢

1735 (C ) 1639 (CH2 sc1ssor1ng); 1454 (CH3 asym. bendlng)

]372 (CH3 sym. bendlng) 1}3&'1F Oﬁﬁ) 791 (=C-H out—of—piane

bLHﬂ]Hg, cis l,b d]%UbHL .b.B.Y

” ‘ < }

C . . o L2

“ ‘ . -
.

-

dhscnt (H+) 139 (V N loss of CH3COO) 96 (VS,loss of CH4€00 and

cu3c0) 79 (W, (o“ + 21135, 78 (Wicglly); 77 7 GnCiistys 43 (v8,CH,00)

i o - N -

3 ! 4 /

-~ -

i .k

/

‘lu NHR 5.99 (m 211,61 alkene); 5.20 (m,1H,CH}; 2.03 (s,3H,CHy); 1:72

(m, o1 CH2) oL T e S

¢
- +

1

r . ’ 4 i '.\
' alkene .C#2); 68. 08 (4,CH-0,CH6); 28.32 (¢, CHE,C#S) "24.89

1 (t, CH2,C#3), "21.38 (q,CHB), 18. 89 (t CHZ,C#A)

- assignment of numbered carbons see figure 49,

i .
]

.1732 (C = 0), 1454 (CH2 sc1ssor1ng), 1438 (CH3 asym. bendlng),
'1372 (cu3 sym bendlng), 1241 (C-0-C);-728 (= C-H out- of-plane

“bcndlng cis-1,2- dlsuhst D.B.) -

o

- Bewir:’, 170,70 (s,¢ = 0); 132.61 (d,cH alkene c#1), 125.78 (4,0~ -
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\ .. - : - ) L. ‘ ° -
MSGI'IQdixw,M+); 98 (VS,3-cyclohexenol); 97 (M,loss of CH3CO); 81
i (M,1oss of Cli3C00); 80 (S,cyclohexadiene); 79 (VS,Cgs + 2H); 78

(UiClig)s 77 (M,Cglig +); 43 (VS,CH3C0). "

8-2 Synthesis of cis~ and trans- 346—cycloﬁexenediol;515

Ve

The 3,0*diagito#ycyclohexcne, 14, (18.0 g, 91.mmoiesj is stirred at
_ room Lemperature with 11.0 g of potass}um:ﬁ;ﬂroxﬁdé.dissolved into 100
g of ethanol 99% for o period of three d;}s.' Kfﬁcf Ehigh time} the
etﬁanol 4s removed on rotééory evaporapéfyand'thcrprgwn eriduc wdshéh

in a soxhlet with ether. "After most of .the orgdkic solvent is removed
on rotatory evaporator, the diol is distilled at

30-132°C at 10 mm
llg prédsure and is bbtained in 60% yield (6.2 g).

Upon ‘standing - fot 8

few dajs the Vi'scous transparent produét“bp ’ls,scmi%so]id, -C&re
must be taken td'yash’theIAistiILationjaéparaﬁus‘jgéﬁ‘beque'Ebe“*
desired compound“bggins‘tp diétill;-in arqer ﬁo_reﬁovefahfhldﬁpr
boiling viscous impurities which would otherﬁise contaminéte.tﬁq dicl.

The 1o NMR spéctrum of 15 shows that the ratio of the cidctrans
R i ‘ v
diastereoisomers is 45:55.

EA: found (C:63.15, H:8.88); calculated (C:63114,‘H:8v83)-
“ F i b
'H-MMR(39):  5.86 (s,0.91,CH alkene,cis isomer); 5.81 (s,1.1M,CH,

alkene,trans isomer); 4.23 (m,1.1H,CH-0,trans isomer):

2.11 (m.l.lH.CHe-CHe,trans asomer); 4.13 (m,0.,6H,

L
¥ . - v

Ny
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¢ - - a - . - . D] LI ' - L]
CH-0,cis isomer); 1.47 (m, L, 1H,CH S ,trans 1some,r), . ~ '
r- SR B ‘
1.78 (m 1 81 CHQ,ClS 1somer), 1 64 (broad 51nglet 2H OH)‘ i
' s . : . .. : - ‘ -
I3 Ry {m Dioxan with extcthal lock) 132,78 and 137. ) (2d CH‘ TN
- dlkene trans and c1q 1somers), 66 42 and 65.45 (2d CH trans .
]":und.c1§ 1somers); 29:00 and‘27.70 (ZP;CHZ,trans and. cis * w
- KN * ! '._ ".,, _'r . ‘_'. ' -, T . A - Ve . I - g
¢ . _igomers)’ ) -'“: | ’ L.‘; . ot A ; , « ‘
."-\ ] . . Rl ‘_(-: ‘ . -
IR(neuL) - 3320 (H bOﬂdlng*O“)- 1ASO (CHA scasSorlng), 1@62 (C—O - ‘-'uuﬁ";\
. ) - ‘“atretch), 740 (= C H out=of- plane bendlng,for c1s 1,2- v -
- ) ' dlsubst D.B.). T :"‘ {“- e '-l“‘“;1 T
M ila (V.W. B 115 (. 1055 of 14). % (M;lose of . 1120) 86 (N 1oss T
Y e T
y o{ C )i 78 (W Loss of 2HQO) 70 (NS,loss of C,H, 0y 57 - . 7
Tt "" ‘ . . \ v ’ - ' . * ’
* (loss of Cslig0), - f') T ST s . E - .
. ot , . . ¢ - - . ‘. - :
‘ ‘/: e 7 ’ ‘ to 7 ,‘;- ! lf.’ -
8~3 Reactlon of 3,6- cyclohexenedlol wlth the Hls carbonyllmldazollde o ) '
of 1,4- benzenedlmethanol . ' _-;_"A :a .4"~.'. :i

]

A mixture, of 0 22755 3 (1 9936 mmoles) of the diol 0. 65053 g (1 9936
mmoles) of the bls-carbonyllmldazollde I I-c,0.1¢g of 18—crown—6 2 g,f R

l‘ﬁ

of anhydrous pot3531um carbonate and 3 ‘ml of ary dlphloromethane 15 s

prepared under argon atmosphere ‘This reaction mixturé is stlfred and

W -

refluxed for 45 hours After the usual work—up the polymer is prec1—

v

pltaLed in: methanol and only 0 3 g (562—y1e1d) of a white polymer ms

recovered. “Thls polymer is shown to consist of chalns of low mole— ‘ O

o

] . . e
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.l ) R A T . ~e » . . . ."."| o I
cular weight gf the desired. polycarbonate, II-f. This can hest be”,
i - CN . S “ [P
e 3 T - M -

- .

”-fseén in-the IR- spectrum which show Ehg chara r‘b"r_istic banlis for the '’
carbonate group, along «ith'that of *the hydrowyl groups. "
NS .t .
1_!...--" ’ : "“ o7 - ." N
» H -~ - -
P . e T )
g - - . » -

o, LR:v-347§u(O—H seretch: terminal h}droxy&s);-l?&l (C.=\0. carbonate )}y
N . .

-

‘o 1454 (O, scissoribg)y 1242, 1196 and 1079 (C-0-C); 792 (<CIl

~ . .= - - .o ) »>
" out-of-plane bending, cis, 1l,2-disubst. BB PR
- i B I s -, x - - 3
- T P . - i
- RS
- S Pad s,
- o ’ . -
. At . . . ,
- ¥MW; GBC: .MnyZ 2800, Mw = 3900, D = 1.4, g e
RS i w” IR o . . ~ . L
e - - e eyt R ’
e ) . - LN *
. S R Tl PR . o ‘
- . S T . )
029-4 Reaction of the his-p-nitrophenylcarbonate of 1,4- *-
[ e —n = ) — ——
e . = . TN } 2 S I
. . benzcncdlmetbanoi withh 3,6-cvelohexenediol o
‘ ] . :‘ e . - - . a ' agedT W
R . - . e . . - Lo~
A mixture is prepared under argon gtmosphere, -cohsistify, of L3475 ¢
-t L) -.‘: i it . R - . a
T (9,952 _mmolcé'S"of-thq dioly 4;()'(5‘2'3'31 it (71,9542 ‘mmales) of e
LR N R a ' L 1 . - a
ST e § e R Ao .
-bis-p-nitrophenyl carbenate TI1T-b, 0.67% o of I85crown-6, 7 o of potias-
<0 .. ' VoAb tew - l
T Lo Lo R - . ] L
. gt - 5z - ’ . N e . .
, wiup corhonato and 15 mb of dry dicKloromcthane. © #Fhé reaction mixtuoee .-
. PN N - ’ F s . o
e ' o T e T . R -
Cis.duirred and réfluxed for Y0 hours, dfter which time it s worked-uap
] .‘_\.__.". .\ - - . - . '
» by the psual method. Three precipitations into 1.5 ltiter of, nu-l.h:&\nul ‘
LI -f bt \ - v -

’
~

-

-

“« are necessary to*obtaih'Z.Zp g (912 yield)» of the pure white polymen,

»

- This péiymer: IV-c, shows the following spectroscopic and elemental
" ‘e - ) * ' - - : ‘ : - -
., analysig.” The cis:trqqslratiocbf the cyelohexeneldiol is shown tg he
. - ey 1 4 - = ~ '
~35:65 by “H-NMR. ¢
O , - . . . . -
PLIE . . - " .- T . . -
L - e o . )
- - A ‘ : . : <,
" EA: fopmd (C:63.36, H:5.49); .calculated -(C:67.12, H:5.30) N
\ : ST IR S _
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9

128,51 (d,CH aromatic);’ “71.09. (d, CH allC}(llc) 69. 1a '
3 -
(t,(.H:,,benzcnvdimet.hnnul); 25. '?5 (t,C112 all‘cycllc trans

* r - :‘ .3-\' - o

i isomer)d 24,57 (v,CH, alicyclic, cis isomcr) o« e
' s ¥ : . S
e 1742 (C = U); 1452 (Cl, gtissoring);“laéé 1196 and 1939: (e; -c;,
A2 :
792 (= (-H out- ul—p]ane bending, cis 1.._-d1.suhqt D.B.) . ‘
) , . . ‘ M ;—" o . nl - _‘0"—'— e :'-.‘ :;r-‘
. T .. : - ) SRV '.__;,.._.;;- N
DEC: Ty = 559C; 3 endotherms at 73,872 and 1239 e e
. - ' - - e . e -1. M «
. - ' - e ST e A - B 1‘ E .- 3 - <
N T _ . . i ._‘*. ‘---. i i . b -
MW; Osmometry: Mn =. 17600 Tt E coet T e tato o
. o ' e RN S
GPC: Mn = 7900, Mw = 15000, D = 1.9 - v R
~ ot . - % N ‘-ﬂ.
857 Svnt]ii's:is"b_ﬁ ,his—‘p-—nitrophenylc:-arbpfna;te p_g 3,6—(:'}"cloh'éxen‘édiol, .
. . N A R e ‘.“‘-
I-d B ;- B
i R - e e X - ’
A solutlon of 31.82 ¢ {158'\mm01e.s) of p—-nltrophenyl chloroformate in ':"_Tl
lUO mL of dry’dlchloromethane is added dropwlse ove} a perlod of 1 "__ L
L -
hour, into a solution of 9,01 g (79 mmoles) of 3, 6- cyclohex‘énedlol atid
! s .
12 &8 g (158 mmoles) of pyr:Ldlhe in 70 ml of dlchloromethane‘ A
suspension appears ans is allowed-to ‘gently reflux overnight. The AT B
product in suSpension is brought in solution by. adding more methyléne
) . - . : a
I

- o 163 . i 5 s g
. s - I . s ‘?-,,-h‘ moE
. _ e e A ew K <
“LiokMe: 705067 (s, 400 aromntic); 5.96. (m, 241, Cll: alken:); '5.14. - e
(m, Gl CH 0 and . C”Z ben?cnedlmethanol) 2,15 (m,1.3H, CHg= .. I }
. CH(,,Lrans !.somcr) 1.92 {(m,1. éIfCl[z,c:Ls risome: )..\ 1.76 -n-__".:'-\-'-."r‘
A - S e B
St T, 1. 3N,CH,~CH,,, trans isomer) ~ L '. . T L et
-t 1 - . . - N - N b - .;‘
,‘ i . v - ) - e -]
Ploopre - 05451 (b e 10)5 135.47 (s, c aromatlc) 129, 97 (d,Cil alkeno);



e KIS . cean it T M T

. T e T leb BN y V.o
iR - - = EEN - * 23
- T - d‘.,:' ‘._ 2 n‘ . i .—t’_} jad
e o > v ~ - ¥t -, R
= KT - Y, "'""L EYEN ¥ o - 7 ”J
gggé'f‘“ ' "'thlbnﬁde. The soluL1on is washed-with dlbtllled waterg LWLCC with 3%
. i A :
AR +HET solution, and agaln Wlth waber untll therc is no more trace of
‘fj' 1 il acid. The. organ1C’1aycr is thcn‘dr}cd over mhpneslnm qulfatc N
»u.:?__ "4',"-“..'.-‘ ' :.
‘;ﬁ;%} o filtered and evaporateﬂ on rotatd?) evaporator. The crude mutvrial is
A e .
' L . recrxgtallized from dichloromethane and petroleum eth¢e mixture.
~3 ‘After*dTying in vacuo, 21.05 g (61%) of desired compound is recovereds,
o . : o LA R
.- # »_Integration of lH—NMR shows a cis:trans ratio of the cyclohexencdiol
o - . e +
. of 10:90. . Co
-'f“._:,"!"‘ .t *
- ’ R
.-:1..::‘-"") ~ - - *
‘.‘.N‘F. . - ~ - - - " - y
ot E.A.r found (Ce53.45, H:3.68, n‘) 1), caloulaved (C:o4.00, .00,
= i . ' ' N .o d
. T < N:6L30). . -
._—; Py " - -
e . “deet = -« -
»-ﬂ X , s o v
i -, B \
TET T TR 8890, 40,0 aromatic, HA1); 7.40(d,4H,CH arvmatic e By
- N .. i v " #
o 6. I7(m,.!H CH all.ené’) 5.34(m, 2H,CH-0); Z.ﬂSB(nl,l.h]l LA[ —(ll .
Tt Bae] ’
. P trans isomer), 2. OB(m 0.4H CHQ, cis isomer); I.UE(m,l.HH,CH“_
e ‘ .
CHa, trans-lsomcr)k‘ For assignment of numbered protans see
e . figure 4, ' "
S I - v,
L - . , ey
. D ':: ¢
& ’ -:J'L e * i
.--' v . : . T . ©
L T s '
.. 13(: NHR ~-l*SS 35(C arematic, ”C#Q) _1151.96(8:0); 145.39(C aromatic,
- rl . . -
e e CEI): 129.93(CH alkene) 125‘?29(@” aromatic, C#1); 121.68(CH
. aromatic, C#2); 72.13(CH-6)} 24. 93(Cll,). For assignment -of
. ’ numbéred carbons see figurEIAAL
” e [ -
I IR: 1754(vs, C=0); 1521 and 1346(s, N02 sym. and asym, strgtch);
A o 1256,1214(sh C-0-C stretch); 861{61 =C—H¥opt—of—plane bending.'
- . aromatic)
- .. .. ‘,:\-.- - .;7“ - T
";L ("‘? .. .s
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o
E

MS: M+(absent); 262(W, loss of COé:and nitrophenyl radical); 218(W, loss
of 2 CO, and nitrophenyl radical); 217(VW, loss of 2 (0, and

nttrophenol); 139(M, nitrophenol); 80(M, loss of -2 C02 and 2

’

nitrophenyl radical); 79(VS, Joss of 2 CU5 , nitrophenyl radical and

nitrophenol}; 78(H,'1st of 2 C0, and 2 nitrdbhenols); 44(M,
. .;\. -
C0,).-

& .

B-O Reactiow of bis-p-nitrophenylcarbonate of 3,6-cvclohexenediol

with bisphenol A

T

. .f/\l'ar’

Under arpon atmosphere, a mixture of 8.01780 g(€18.0436 mmoles) of .

L

o

- {
bis-p-nitrophenylearbonate I11-d, 4.11922 g (18.0436 mmoles) of

bisphenol A, 12 ¢ of anhydrous potassium carbonate, 1.2 g of

18-crown-6 and 40 mL. ol dry dichloromethane is’ stirred and allowed to

- . . . : -

< T | o I )
reflux for 3 days to epsure,that\all startihg materials are consumed.
. - . 5 - N

: ;T . : .
The reaction mixtere is diJuted ™with more dichloromethane and centri—

Ctagated. “The decanted clear solution is concentrated and precipitated
A :

four times into & litres of methanol. The white polymer IV-g, is
" - Ly

obtained in 907 &ield (6.36“g)-after drying in vacuo. The cis:trans -
ritio of cyclohcxcncdioi'is 12:88 as shown by Li-mr. &”’Fl§>:>

E.%.: found (C:69.86, H:5.51); caiculated (C:iC

>

1H¥NMR:“ 7.21(d,aH,Cm aromatic, HE1l); 7.05(d,4H,CH aromatic, H#2);
6.10(m, 2H,CH alkene); 5.26(m,1.75H,CH-0, traps isomer);

¢ 5.17(m,0.251,CH-0, cis isomer); 2.26(m,1.75H,CH,-Cl,, trans

r”fjjrﬁilfﬁf*fgg.y _ .
: . [ . P
- oo .

P & N ’
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. ~

isomcr);=2.06(m.0,5H,CH2, cis isomef);'1.90(m.l.75H,CH1-CHj,

.

tranéiisomef); 1.66(5;6H,CH3). For assignment of numbered

i -
protons sec figure 49.

. 1 _ _ .

13C—NHR: 153.27(CN 0); 148.92(C aromatic, C#4); 148.05(C aromatic,
C#3); 130.019CH alkene); 127.84(CH aromatic, C#2):-120.37(CH
aromatic, C#l); 71.61(CH-0); 42.46(C, bisphenol A);

30.89(CH3); ZS.IS(CHZ). For assipmment of numbered carbons

see figure 45,

1R: “1757(VS,C = 0); 1600 and 1508(w and m,C = C aromatic ring);

"
f?ﬁ?,lElﬁ,lUB2(vs, C-0-C stretch); 835(m, = C-1l out-of-plane

, aromatic)

bending

v

)

- MW; Osmomeiry: Mn = 13500
t . epc: Mu = 40300, tn = 20600, D = 1.96 B
R |
©DSC: Ty = 150%C

.Imagfng of'IV—g‘

-

A sokution of 2 g of polymer in 34 g tetrachloroethane containiny

0.220 £ o

. [ ,‘
. si¥icop wafers (no HE

Lriphenylsylfonium hexafluqroantimonate is used to coat 5"

- . .
sh necessary) by spin-coating at 2700 RPM to

-~ produce 1 pm thick film. The wafers are pre-taked at_70°C for 5-15
min. then-.exposed through a test mas?’h;,scan speed 2000. .After a
post;bake at 80°C & paré%é{f?ldpvclopcd'image is observed. Complete

y
U |

-
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development is obtained afrer washing in isopropyl alcohol (aqueous

basc_hZ developpers leave a small residue),

- -

.

Figures 39 and 40 show scanning electron micrographs of positive image

obtained from polymer IV-g by the process described above.

o
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TABLE 11

" MS data of the thermolysis products of linear polycarbonates

thermolysis frapments

1i-a CH2=GH CH= CHy
Ho—CH—<:>—?H-0H
|

Polymer

CH3 CHy
HO“W%H—{<:3>—C¥1=CH2
e . CHs -

I[T-¢

HO—CH2ﬁ<:>—CH2—OH

HOCH,CE=CCH,0H

CH,
1
CH2=C—CH2_CHz_C_OH
| i
 CHy CHy

CH2:$—CH2-CH2—$=CH2
CH,y CHa

Crp=C=CHp-CH=C-CHy
|

CHy CHy
CHa CHs
~ . -~
/C=Cﬁ—CH=C\

CHa CHa

M+

M+

M+

M+

M+

characteristic peaks (m/e)

= 130(VS); 129(¢W): 128(W); 127(%);

}15(“); 77(VW)

= 166(W) ;s 15H(VS); 133(W): 130{W);

120 (W): TOS(VS): 79(M)s 77(W);
A5(M) s AHVS) ,

= LAM(W) TU3(VS) s 130(W); 105(Vs);

TO(W); TT(WY: AWM

= 13M(M) 151(v§);,3n7(v3); GLM);
VST 7MY

= BO(VIW): OR(W); ST(VS): nS(M);

39(8)

= (absent ); 113V 1HOGW) 5 9504);
700M); WO(VE) OH(M) AL T

g

= 110(W); 95(S); BE(M): 77(W);
68(S); OT(M); 55(VS)

= 110(M); 95(V3); 81(w);_77(w);

68(W)Y: 67(M): SH(M)

Q- |

- 110(S); 95(VS): 81(W): 77(W);
68(W); 67(M); 55(M) -

LY



i

CH,

H |
s we
HC”- .

CH,
10~y O )= Cp-O¥

o CH3:C=CH—CH=C:CH3‘$
Ch " TCH3
Ciy= €= CHy=CHp=C = CHy
Cha CHa
Cit=C~CHp=CH=C-Cit3
CHy CHs
CHs

HO—*‘:'r—i—w‘:'}—ow
. H3

CHy

S

Chiy

IV-¢ no fragments observed

-

M+

M+

as

as

a5

=
+

as

91(\W);

n:

o

158(VS); 143(M); 128(W);

7T(VW); 41(W)

9I(VW): 77(VH); 43(VS)

rn Ji-¢

in Il-¢

: |
5 in Il-q

in I]-c

= 228(M);

91(W)

W

in IV-a

213(VS);

198(W);

115(W)3,

170(W): 161(S): 158(u); 143(W);

1149(M);
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IV-d HO—CH,—I@—CH,:- OH
HC_. CH,

CH,

HE H,

' CH,

©cn,

Pa CH,
CH,
OCH, CH,OH

HOCH -@—cu 0—c¢ -@—
i -
0cn—<::>—C“°H

Me o= 134(M);

a§ in IT-c

105(M)
79(W)+:

M+ = 134(8); 119(VS);

Y3({W);
©92(W)i 91(VS); '

77(W)

119(VS); 105(M);
91(VS): 79(W):

M+ 1= 134(VS);
92(W);
. 65(W)

93(W)
77(W):

0

LI9(VS); 11T(H); 91(M);

77(W)
&,
M+ = 1+)(s) TI7(S): 115(M): 92(W);
' .01fn) ;7(vu)‘ v

L (W)

My = L2LW) s 107N (M),
HN(VE s 90(W): Ba0M)
i
CME o= 272(VW); 151(W) s TZIVS) s H1a(W);
104(5)5 930D 010 79(W);
TT(MY L an() -
®

e

.J"



"M+

. v
CH,
H LLH,

-~ T .

M+

M

My

I

3 * '
R Tk
¥
- r
B L -

77(S)

390w

gogﬂ);'GS(VSJ;.AB(h); 39(W)

96(S); 68(W); 6f(g;::bg(v5),

LMY

43(S); 39(M) A

96(VWY; qs(u);'ﬁs(m)}:e7(M);

“S5(VSTy 39(M)

LAY

94(VS); 6O(M); 65(M): SI1(W);

39(M)

i1

[}

3

SGEW): 39(W)

as 1in
as in
as m
aS'ip
E!S‘ i;l

1V-a-
IV-d " !
L% l

Iv-d '

IV=d .

1V-d

136(S); 1350M)3 107(VS)s 797VS):

IBOVSY: 7708): 52(u);:51(w);

-

96(VW); 70(VS): 69(W); SS(VW); -

1
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.
] -t
‘. '
.

) Hl+

of* oxygen

*® gbsdrved in the presence

-

.-
r
i
3
o
- -
.
]
- .
2
.
..
s
cT ]
Ty -
£

b
1
’ a
§
.
x
3 3
‘ -
' -
. ’
-
W

-

Y

'

[
.
-
1

150(W);

-3
.
¥ L
- I3
N
Ta
.
1)
—

39(W)

78(VS); 77(H): 52(WY:

51(W);

t

.
¢
*
o
B
2
.
o
..‘
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i o i 1 . ST - : CLLa
- Statement of original research . N . ;
M N N [ » ‘1- h . . . "
N N *

'
+

2 Synthesis of novel.QEpplymerizébLé"polyqarbonatgg1coqtainiqg allylic

.+ diol fragments in their main chain’ sensitive to acidolysis and

" thermolysis. * ° S ' '

. ' i . . "\
k , . = :
- s

~

=" A novel method of aromatizatior based on'therholysis or acidolysis .

.

of biscarbonates of 1,4-cyclohéxenediol. : Lo .
$ ! \ ” o »
S . oo ; - . ) ) .l
- Use of*bis-p-nitrophenylcarbondites in. the preparatiomn of
[ - . ! - g s ' r. .
copolycarbonates using using phase-transfer catalyzed
. -, - . ' ) . - : - " ' .
polycondensaLii:f e L o .
.. : . -’. '-LP" . " J'_;
. v ! ., ' .: - ) . . ' ) =,
- Use ofsthermolysis combined Lo GCIMS foi the sStudy of X
© 1 depelymerizable polyearbonaves. o . I - ,
e . . ) ‘. 4 . v
\ o R < A i - . .

i - .

: S . . 4 . . \ '
potentially wsetful, type of resist,material. i .
. i .
i
.o T - - ; .
statement of future possible extensions of the work .
B ] -+
. 5 . . j ; - .
r f ¥ :

- = Study of thc.products formed duriﬁé the acidolysis of the:,

e ! * CoN
polycarbonates and.comparison with the thermolysis products.

) . .
. . v . o .
" . ' . v “ .
. . L

) Y
e, ' e .. R [ . g .
- Synthesis of other derivatives having good leaving gxoups which

¥ . ) L ' . -
¢ ‘could be used in phase-transfer polycondensations such as:

polyhalophenylcarhonatps and Nzhydroxysuccinimide carbonates.

~

- Implementation of 4 novel type bi-chemical anplification in a new,
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