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1001(C-0-C, C-N-C and N-C-C stretch); 899, 832, 760(C=C and =C-H
out of plane deformation imidazolide and imidazole

hydrochloride).

3.48) Synthesis of vinyl t-butyl carb.nate.

The procedure used is adapted from that reported in the
literature by SchaefgenGg. The modifications brought to the
literature procedure reside 1in the use 10% DMAP as a catalyst,
and in a slightly different purification jprocedure. The
reaction's progress is followed by IR spectroscopy. It is seen
that after 100 h of stirring the reaction is essentially
complete; this is practically the same time as reported by
Schaefgen. The purification and work-up are performed as
described by Schlaefgen, by fractional distillation, however the
boiling point reported in the literature ( 359C at 130 mm Hg) is
in error as the only substance recovered in this fraction is
excess t-butyl alcohol. The desired product is recovered at 85-
90°C at a pressure of 120 mm Hg and is indentified by IR
spectroscopy and ly NMR. In this way, starting from 8.00 g of
PVCLO, 4.03 g (37.6% yield) of vinyl t-butyl carbonate is
recovered. This is essentially the same yield as reported in the
literature.
1H NMR: 1l.45(s, 9H, CH3, t-butyl); 4.27-4.88(AB portion of ABX,
2H,=CH, vinyl); 6.71-7.15(X portion of ABX, 2H, =CH, vinyl).

IR: 1758(C=0 stretch, carbonate); 1648(C=C stretch, carbonate);

1478 and 1461(CHy antisymmetric deformation, t-hutyl}; 1397 and

1371(CHy symmetrical deformation, t-butyl); 1300, 1276, 1258,
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1179, 1142, and 1074(C-0-C stretch, carbonate); 948(=C-H
antisymmetrical out of plane deformation, vinyl); 909.5(=C-H ovt

of plane deformation, vinyl).

3.49) Polymerization of o~—methyl styrene

In order to test out the cationic polymerization set-up
planned for use in the polymerization of vinyl t-butyl
carbonate, a blank run was made using ®-methyl styrene as a test
monomer. A solution consisting of 1.07 g (9.07 mmoles) of freshly
distilled &methyl styrene dissolved in 6.0 mL of liquid sulfur
dioxide at -60°C is prepared in a flask equipped with an argon
inlet, a dry ice condenser, a septum, and a mercury bubbler.
Sulfur dioxide is purified before use by passing it through a
column packed with 3A° molecular sieves. After lowering the
temperature to -78°C, 10 mg (0.8 molar %) of freshly distilled
boron trifluoride etherate is injected into the system through
the septum. The stirred solution quickly increases in viscosity
and a white precipitate forms. The reaction is stirred at -78°cC
for 24 h, after this time cold methanol (-65°C) is added to
quench the reaction and the polymer is filtered off. The
recovered polymer is dried in a vacuum oven overnight at 40°C. In
this way 0.99 g (92% yield) of a white polymer is recovered
having an IR spectrum consistent with with poly(-methyl

styrene).
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3.50) Attempted cationic polymerization of vinyl t-butyl
carbonate.

A solution is made, under argon, consisting of 1.00 g {6.94
mmoles) of vinyl t-butyl carbonate dissolved in 4.5 mL of 1liquid
sulfur dioxide at -65°C. The procedure for purifying the sulfur
dioxide and the equipment wused are the same as above. The
temperature of the solution is the lowered as before and 8 mg
(0.8 molar%) of boron trifluoride etherate added. No change in
the viscosity or appearance of the solution is seen even after 24
h of stirring at -789C. Adding methanol does not precipitate any

polymer nor does the addition of petroleum ether.

3.51) Preparation of vinyl imidazolide.

A solution is prepared, under argon, consisting of 10 mL of
vinyl chloroformate (108.5 mmoles) dissolved in 10.0 mL of dry
ether. This solution is added dropwise to a solution of 14.77 g
(217.2 mmoles) of imidazole in 5 mL of dry ether which is also
under argon. During addition a white precipitate forms. After
stirring at room temperature for 2 h the reaction has reached
completion as can be seen by monitoring by thin layer
chromatography. The work-up is performed by first filtering off
the precipitated hydrochloride under argon; the filtered solution
is then heated to 35°C and the ether distilled off. The residue
constitutes the crude product which is purified by fractional
distillation. The fraction collected at 46°C under 0.2 mm Hg
pressure constitutes pure vinyl imidazolide as seen by spectral

and elemental analysis. In this way 13.93 g (93.0% yield)} of a
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pale straw colored oil is recovered.

EA: found(C:52.07, H:4.57, N:20.20); calc(C:52.18, E:4.38,
N:20.28).

13¢c yMR: 100.34(t, =CH,, vinyl); 117.16(d, =CH, imidazolide,
c#l):; 131.09(4, =CH, imidazolide, C#2); 137.26(d, =CH,
imidazolide, C#3); 1141.10(d, =CH, vinyl); 1146.12(d, C=0,
imidazolide)(for assignment of numbered carbons see figure #20).

1y NMR: 4.63-5.26(AB portion of ABX, =CH,, vinyl); 6.98{(m, =CH,
imidazolide, H#2); 7.33(m, =CH, imidazolide, H#1): 7.00-7.30(X
portion of ABX, =CH, vinyl); 8.13(d, =CH, imidazolide, H#3)(for
assignment of numbered protons see figure #20).

IR: 1770(C=0 stretch, imidazolide); 1650{C=C and C=N stretch,
imidazolide and wvinyl); 1475 and 1400(ring stretches,
imidazolide); 1316, 1295, 1176, 1112, 1096, 1004(Cc-0-C, C-N-C and
N-C-C stretch, imidazolide); 942(=C-H antisymmetric out of plane
deformation, vinyl): 895(=C-H out of plane deformation, vinyl};
836 and 760(ring deformation, imidazolide).

MS: 138(wW, Mt):; 137(VW, loss of H*); 110(M, loss of H* and vinyl

radical); 95(VS, loss of vinyloxy radical); 68(VS, imidazole).

3.52) Attempted radical polymerization of vinyl imidazolide.

6.00 g (43.45 mmoles) of freshly distilled vinyl imidazolide
(see above for distillation conditions) 1is placed under argon in
a glass tube. To the reaction tube is added 36 mg (0.5%) AIBN,
the tube is then frozen in liquid nitrogen (while still under
argon). When frozen, the tube is put under vacuum and then

degassed several times. The tube, after degassing, is sealed and
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allowed to return slowly to room temperature. The reaction tube
is then turned slowly in an oven at 60°C for 18 h after which
time no change is seen to occur in either the viscosity, or the
appearance of the the tube's contents. A further prolonged
heating, at a higher tempereture of 80°, results only in a slight
darkening of the material without any apparent change in
viscosity. When the tube is opened, and its contents examined
spectroscopically, it is found that only the unreacted monomer

is present.

3.53) Synthesis of para-{t-butyloxycarbonyloxy Jaminobenzene.

A suspension is prepared consiting of 10.00 g (91.6 mmoles)
of para-aminophenol in 50 mL of methylene chloride. To this
suspension is added 3.0 g (10%) tetrabutylammonium hydrogen
sulfate along with 50 mL of 30% agueous sodium hydroxide
solution. The mixture is stirred till a dark solution is obtained
in the sodium hydroxide layer with no remaining amimo phenol in
suspension in the methylene chloride layer. On cooling to 0°c
24.24 g (111.2 mmoles) of di-t-butyl-dicarhonate is added in a
small volume of methylene chloride with stirring. After stirring
overnight the reaction is worked up by washing the separated
organic layer with brine and then drying it over anhydrous
magnesium sulfate. The dried solution is then filtered over
celite to yield after evaporation the crude product. This crude
material consists of a mixture of both the mono and bis t-
butyloxycarbonylation products. The two products are separated by

column chromatography on silica gel using as a solvent a one to
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one mixture of ethyl acetate and petroleum ether. In this way
13.00 g {68.0% yield) of para—(tﬂbutyloxycarbonyloxy)amino phenol
is isolated. Also isolated in this reaction is 1.98 g of the
product of bis t-butyloxycarbonylation. The spectral properties
of these materials have already been described (table #7) and are
consistent with the above assignment. The reaction done on a
smaller scale gives a better selectivity for t-
butyloxycarbonylation at the phenolic functionality, this is
presumably because of the difficulties involved in achieving an
efficient stirring rate using large batches. This hypothesis is
confirmed by the observation that lowering the stirring rate for

this reaction drastically lowers the selectivety.

3.54) Reaction of para-(t-butyloxycarbonyloxy)aminobenzene with
PVCLO.

A solution is prepared, under argon, consisting of 2.00 g
(18.78 mmoles) of PVCLO dissolved in 60 mL of methylene chloride.
To this solution is added 4.0 g of sodium carbonate along with
6.152 g {(18.78 mmoles) of para-(t-butyloxycarbonyloxy)aminoben-
zene. The reaction mixture is stirred rapidly at room
temperature overnight. After this time the reaction is seen to
be complete by the disappearance of the band attributable to the
C-Cl strecth in the IR spectrum of a film of the reaction mixture
cast on an NaCl disk. The work-up is performed by filtering the
organic solution to remove inorganic salts and then precipitating
the filtered solution in methanol. The reprecipitated polymer is

dried in a vacuum oven overnight at 40°C. In this way 3.21 g
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(82.1% yield) of a brownish white polymer is obtained. The
polymer is indentified as the desired material by spectroscopic
and elemental analysis.

MW: GPC(M,:118,600; M,:234,000, D:1.973).

BEA: found(C:58.85, H:5.97, N:5.07); calc(C:60.20, H:6.13,
N:5.01).

1y wMR:1.50(s, 9H, CH; t-butyl); 1.93(m, 2H, CH, polyvinyl
backbone); 4.90-5.50{m, 2H, CH-0 polyvinyl backbone and NH
carbamate); 7.00{m, 4H, CH aromatic).

IR:3340(N-H stretch, carbamate); 1757(C=0 stretch carhbonate);
1734(C=0 stretch carbamate); 1610(C=C stretch, aromatic);
1514(C=C stretch, aromatic; and coupled NH deformation C-N
stretch); 1412 and 1370(CH; deformation t-butyl group); 1279,
1258, 1211, and 1152(C-0-C stretch carbonate and carbamate);
837(=C~H out of plane deformation); 791(C=C out of plane

deformation).

3.55}) Synthesis of para-{t-butyloxycarbonyloxy)benzaldehyde

A solution is prepared consisting of 10,00 g (81.9 mmoles) of
para-hydroxybenzaldehyde in 18.00 mL of methylene chloride. To
this solution is added 1.38 g of tetrabutylammonium hydrogen
sulfate and 15 mL of ice cold aqueous sodium hydroxide. Then with
stirring, 21.42 g (98.1 mmoles) of di-t-butyl dicarbonate is added
dissolved in a small volume of methylene chloride. After stirring
overnight the usual work-up is performed (see above). The crude
product is passed over a short silica gel column with ethyl

acetate to remove any remaining phase transfer catalyst. In this
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way 15.58 g {85.7% yield) of a white crystalline solid is
recovered having a melting point of 69-71°C. The spectral
properties of this material (table #7) are consistent with the

desired product as described in the 1iterature23.

3.56) Reduction of para-(t-butyloxycarbonyloxy)benzaldehyde.

The reduction of para-(t-butyloxycarbonyloxy)benzaldehyde is
done by using a procedure adapted from that for the reduction of
nitrobenzaldehyde as described by Voge195. A solution 1is
prepared consisting of 14.72 g (66.3 mmoles) of para-(t-
butyloxycarbonyloxy)benzaldehyde dissolved in 76.00 mL of
methanol. To this solution is then added slowly, keeping the
temperature between 18°C and 25°C, 0.930 g (24.6 mmoles) of
sodium borohydride dissolved in 1.33 mL of aqueous sodium
hydroxide diluted in 11.7 mL of distilled water. After the last
of the borohydride solution is added the reaction is stirred for
a further hour at which point thin layer chromatography indicates
that the reaction has reached completion. The work—-up consists of
evaporating the methanol, and extracting the aqueous residue with
ether. In this way 13.95 g (86.0% yield) of a white crystalline
solid is obtained having a melting point of 49-50°C. This
material has spectral data consistent with the desired product.
1o NMR: 1.53(s, 98, CH; t-butyl); 3.03(s(disappears with D,0),
1H, OH alcohol); 4.50(s, 2H, CH,-0); 7.13(q, 5H, CH aromatic).
IR: 3358(0-H stretch, alcohol); 1758{(C=0 stretch, carbonate);
1277, 1220 and 1149(C-0-C stretch, carbonate); 1049 and 1014(C-0-

H stretch alcohol); 834(=C-H out of plane deformation); 782(C=C
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out of plane deformation).

MS: 224(vw, MT); 223(VW, loss of H'); 165(M, loss of CHy");
124(vs, loss of C0, and isobutene); 123(S, loss of H*" from 124);
107(S, loss of OH® from 124); 106(S, loss of H,0 from 124);
95(S, loss of CO from 123); 77(S, phenyl fragment); 57(S, t-butyl

fragment).

3.57) Reaction of para-(t-butyloxycarbonyloxy)}benzyl alcohol with
PVCLO.

A solution is prepared, under argon, consisting of 0.250 g
{2.35 mequiv) of PVCLO dissolved in 5.0 mi of methylene chloride
to which is added in suspension 0.65 g of potassium carbonate. To
this suspension is added with stirring at room temperature under
dry nitrogen, 0.78 g of para-(t-butyloxycarbonyloxylbenzyl
alcohol. The reaction mixture is stirred vigorously at room
temperature for 6 days at which time an IR study of films cast on
NaCl disks show that the reaction has reached completion by the
disappearance of the C-Cl stretching band. The work-up is done by
first centrifuging the suspension to remove insoluble material,
the decanted solution is then filtered and precipitated in
methanol. The precipitated polymer is dried in a vacuum oven
overnight at 40°C. In this way 0.45 g (65.0% yield) of white
powder is recovered having spectroscopic and elemental analysis
consistent with the desired polymer.

MW: GPC(M,:18,500; M,:151,100; D:8.167).
EA: found(C:58.32, H:6.17); calc{C:59.56, H:6.17).

1y NMR:1.53(s, 9H, CH3 t-butyl), 2.16(m, 2H, CH, polyvinyl
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backbone); 4.63(m, 1%, CH-O polyvinyl backbone); 5.00(s, 2H, CH,
benzyl); 7.20(d of d, 4H, CH aromatic).

IR: 1745(C=0 stretch, carbonate); 1511(C=C stretch ,aromatic);
1395 and 1371(CHq4 deformation, t-butyl}; 1258, 1222, and 114%(C-
0-C stretch, carbonate); 837(=C-H out of plane deformation);

782(C=C stretch out of plane deformation).

3.58) Synthesis of t—butyloxycarbony1-0-4,4'-isopropylidenedi—
phenol.

A solution is prepared consisting of 27.36 g (120 mmoles)} of
4,4'-isopropylidenediphenol dissolved in 300 mLb of dry THF. To
this solution is added, under argon, with stirring, 11.2 g (100
mmoles) of potassium t-butoxide. When heat is no longer given off
and the reaction has subsided 21.8 g (100 mmole) of di-t-bucyl
dicarbonate, dissolved in 20 mL of THF, is added to the reaction
mixture. The reaction is then stirred with a mechanical stirrer
for 9 days at which time. Monitoring by thin layer
chromatography shows that, after this time, the reaction is
terminated. The work-up is done by adding ethyl acetate to the
reaction mixture and washing the solution with 5% aqueous
hydrochloric acid several times followed by a washing of the
organic layer with distilled water. The separated organic layer
is then dried over anhydrous sodium sulfate. The dried solution
is filtered and the solvents evaporated. In this way a crude
material is obtained which consists of a mixture of the mono and
bis-t-butyloxycarbonylation products. The desired mono-t-

butyloxycarbonylation product is removed from the mixture by
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HPLC. In this way 11.1 g (33.8% yield) of the desired product is
recovered._

14 NMR: 1.56(s, 9H, CH; t-butyl); 1.66(s, 6H, CHj
isopropylidene); 5.10(s, 1lH, O-H phenol); 6.95(é of 4 , 4H, CH
hydroxy substituted aromatic); 7.17(d of d, 4H, CH ¢t-
butyloxycarbonyloxy substituted aromatic).

IR: 3421(0-H stretch, phenol); 1725(C=0 stretch carbonate); 1617
and 1512(C=C stretch aromatic); 1409 and 1376(CH, deformation, t-
butyl); 1304(C-0-C stretch, carbonate}; 1156(C-0-H stretch,
phenol); 834(=C-H out of plane deformation).

MS: 328(VW, M¥); 269(W, loss of CH; and CO,); 228(M, loss of CO,
and isobutene); 213(VS, loss of CHy, CO,, and isobutene); 135(W,
HO-Ph-C(CH3), fragment); 119(M, 0-Ph-C(CH3)3); 91(M, tropyllium

fragment); S57(M, t-butyl fragment).

3.59) Reaction of t-~butyloxycarbonyl-0-4,4'-isopropylidenedi-
phenol with PVCLO.

A solution is prepared, under argon, consisting of 1.00 g
(9.39 mequiv) of PVCLO dissolved in 40.0 mL of methylene
chloride. To this solution is added in suspension 3.30 g of
anhydrous potassium carbonate along with 3.08 g (9.39 mmoles) of
t-butyloxycarbonyl-0-4,4'-isopropylidenediphenol. The reaction
mixture is kept dry under nitrogen and stirred vigorously at room
temperature for 6 days. After this time IR monitoring of the
reaction progress shows that it has reached completion, as
witnessed by the disappearance of the band assigned to the C-Cl

stretch. The work-up of the reaction is performed bhy
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centrifugation of the suspension rather than by filtration as the
consistency of the suspension causes clogging of filters. The
clear decanted solution is then filtered and the filtrate
concentrated by evaporation, and final;y precipitated in
methanol. After drying in a vacuum oven overnight at 40°C, 1.26
g {35.0% yield) of a white polymer is recovered. The polymer is
identified as being the desired material by spectroscopy and
elemental analysis.

EA: found{C:67.32, H:6.55); calc(C:69.33, H:6.58).

14 NMR: 1.47(s, 15H, CH3 t-butyl and isopropylidene); 2.00(m, 2H,
CH, polyvinyl backbone); 5.03(m, 1H, CH-O polyvinyl backbone):
6.93(m, 8H, CH aromatic)}.

IR: 1758{C=0 stretch, carbonate); 1507(C=C stretch, aromatic);
1395 and 1370(CHj deformation, t-butyl); 1275, 1221, and 1150(C-
0-C stretch carbonate); 831(=C-dH out of plane deformation);

781(C=C out of plane deformation).

3.60) Synthesis of the diimidazolide of 2,5-dimethyl-2,5-
hexanediol.

A solution is prepared, under argon, consisting of 4.00 g
(27.4 mmoles) of 2,5-dimethyl-2,5-hexanediol dissolved in 40 mL
of dry THF, to which is added 0.16 g of potassium metal. The
reaction mixture is then put under reflux until all the
potassium metal is dissolved. On complete dissolution of the
metal, the temperature is lowered to 30°C, and the solution thus
obtained is transferred, under argon, through a piece of teflon

tubing, to a flask containing a stirred suspension of 8.86 g
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(54.7 mmoles) of 1,1'-carbonyldiimidazole in 20.0 mL of dry THF.
After the addition is complete, the stirred reaction mixture is
heated to 65°C and kept at this temperature for one hour, after
which time thin layer chromatographic monitoring indicates that
the reaction is complete. The work-up is done by adding ethyl
acetate to the reaction mixture and washing the resultant
solution several times with distilled water. The washed organic
layer is dried over anhydrous magnesium sulfate; after drying
the solvents are removed to yield the crude product. The crude
product is purified by chromatography on silica gel, using ethyl
acetate as an eluent. In this way 6,50 g (71.0% yvield) of a white
crystalline solid is isolated which has a melting point of 94.0-
96.0°C. This material has spectroscopic and elemental analysis
consistent with the desired product. The product must not he left
at room temperature for prolonged periods time, as decomposition
by elimination occurs slowly and will contaminate the purity of
the reagent; it is best stored in the freezer compartment of the
refrigerator.

EA: found(C:57.31, H:6.59, N:16.93); calc(C:57.47, H:6.63,
N:16,75).

13¢ nmMRr: 25.92(q, CH3); 34.41(p, CH,); 86.83(s, C-0); 117.09(d,
CH, imidazolide C#1); 130.38(d, CH,imidazolide C#2); 137.01(d,
CH, imidazolide C#3); 146.96(s, C=0 imidazolide){for assignment
of numbered carbons see figure #20).

]1! NMR: 1.63(s, 12H, CH3); 2.03(s, 4H, CH2); 6.98(d, 2H, CH

imidazolide H#2); 7.03{(t, 2H, CH imidazolide H#1l); 8.00(d, 2H, CH
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imidazolide H#3)(for assignment of numbered protons see figure
#20)

IR: 1746(C=0 stretch, imidazolide); 1624 and 1530(C=C and C=N
stretch, imidazolide); 1478(CH, scissoring vibration and CHj
antisymmetric deformation); 1385 and 1382(CH4 deformatioen in C-
(CH3),): 1254, 1220, 1179, 1161, 1098, 1061, and 1000(C~0-C, C-N-
C, and N-C-C stretch); 665 and 650(ring deformation imidazolide).
MS: MT absent; 223(VW, loss of COp and imidazolyl radical);
222(W, loss of imidazole); 179(W, loss of imidazolyl radical and
2C0, radical); 178(VW, loss of imidazole and 2C0,): 163(W, loss
of 2C02,'imidazolyl and methyl radical); 111(S, loss of 2CO,,
imidazole and imidazolyl radical); 110(S, loss of 2 imidazole and
2C04); 95(s5, loss of 2C0,, 2 imidazole and methyl radical);

69(VS, protonated imidazole); 68(S, imidazole).

3.61) Reaction of the diimidazolide of 2,5-dimethyl-2,5-hexane-
diol with 4,4'-isopropylidenediphenol.

A solution is prepared, under argon, consisting of 0.5000 g
(1.479 mmoles) of the diimidazolide dissolved, along with 0.3420
g (1.497 mmoles) of 4,4'-isopropylidenediphenol, in 5 mL of THF.
In this solution is then added, in suspension, 0.80 g of
anhydrous potassium carbonate. Finally to the stirred suspension
is added 20 mg of 18-crown-6. After stirring the reaction several
days at reflux, no reaction is seen except for a slow elimination
occuring on the diimidazolide; the 4,4'~isopropylidenediphenol

does not react significantly.
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3.62) Reaction of the diimidazolide of 2,5-dimethyl 2,5-
hexanediol with 2,5-dimethyl-2,5-hexanediocl.

A solution is prepared, under argon, consisting of 0.5000 g
(1.497 mmoles) of the diimidazolide dissolved in 2 mL of
methylene chloride. To this solution is added 0.2183 g (1.497
mméles) of 2,5-dimethyl-2,5~-hexanediol along with 20 mg of 18-
crown-6 and 1.38 g of anhydrous potassium carbonate. The reaction
mixture is vigorously stirred at reflux. After several hours of
stirring the reaction still has not progressed significantly as
seen by thin layer chromatography. After overnight stirring,
some reaction is evident; however, this occurs along with the
competitive thermal elimination. After 2 days of stirring at the
same temperature the diimidazolide is completely consumed. The
work-up is done by diluting the reaction mixture with methylene
chloride and extracting with distilled water. The organic layer
is dried over anhydrous magnesium sulfate. No methanol insoluble
polymer is recovered, attempts to precipitate in other solvents,
such as petroleum ether, were also unsuccessful. Evaporation of
the solvents gives 0.38 g of a clear tacky material which when
examined by ly NMR and IR spectroscopy is seen to consists
mainly of oligomeric carbonate. This can best bhe seen in the IR
spectrum of the tacky material, which shows the characteristic
bands for the carbonate group, along with that of the hydroxyl
group.

IR: 3439(0-H stretch, termimal hydroxyls); 1736(C=0 stretch,
carhonate); 1473 and 1455(CH2 scissoring vibration and CHj

antisymmetric deformation); 1377(CH5 symmetric deformation);

190



1297, 1260, 1214, 1160, 1130, 1094, 1052 and 1003(C-0-C stretch,

carbonate}.

3.63) Reaction of the diimidazolide of 2,5-dimethyl-2,5-hexane-
diol with para-benzenedimethanol.

A solution is made consisting of 3.0000 g { 8.980 mmoles} of
the diimidazolide dissolved in 5 mL of dry THF under argon. To
this solution is added 1.2410 g (8.980 mmoles) of 1,4~
benzenedimethanol along with 0.16 g 18-crown-6 and 6.4 g
anhydrous potassium carbonate. The reaction mixture is then
stirred vigorously at 60°C. In the first three hours of stirring
there is a rapid increase in the viscosity of the mixture; at
this time thin layer chromatography shows that most of the
diimidazolide is consumed, and that imidazole is formed. The
reaction mixture is stirred at this temperature overnight to
ensure complete reaction. The work-up is done by diluting the
reaction mixture with methylene chloride and centrifuging the
suspension. The decanted clear solution is then easily filtered.
Most of the solvents are removed by roto-evaporator and the
polymer is precipitated in methanol. The reprecipitated'polymer
is washed several times with methanol and then is dried in a
vacuum oven overnight. In this way 1.86 g (79.4% yield) of white
polymer is rgcovered. The polymer has elemental and spectroscopic
analysis consistent with the expected linear alternating
polycarbonate of 2,5-dimethyl-2,5-hexanediol and para-
benzenedimethanol. The polymer is soluble in methylene chloride,

1,2-dichloroethane and chloroform, but insoluble in THF, 2-
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methoxyethyl acetate, Bis(2-methoxyethyl) ether, and ethylene
glycol dimethyl ether.

MW: GPC(Mn:S,OOO, MW:G,OOO, D:1.20); osmometry(Mn:7,140)

DSC: Tg:SOOC, Tm:150°C.

BA: found{(C:64.13, H:7.23}; calc(C:64.27, 7.19).

13¢ NMR: 25.73(q, CH3); 34.26(p, CH,, hexanediol); 68.28(t, CH,,
benzyl):; 83.83(s, C, hexanediol); 128.39(d, CH, aromatic);
135.84(s, C, aromatic); 153.22(s, C=0, carbonate).

i NMR: 1.45(s, 12H, CH; hexanediol); 1.80(s, 4H, CH,
hexanedicl); 5.03(s, 4H, CHZ,benzyl);'L33(s, CH, aromatic).

IR: 1738(C=0 stretch, carbonate); 1519(C=C stretch, aromatic);
1477 and 1454(CH, scissoring vibration and CHq antisymmetric
deformation); 1386 and 1371(CH; deformation for C-(CH3)5); 1259,
1203, 1160, and 1085{(C-0~C stretch, carbonate); 869(=C-H out of

plane deformation); 793(C=C out of plane deformation).

3.64) Reduction of para-diacetylbenzene with sodium borohydride.
The reduction of para-diacetylbenzene is done by using a
procedure adapted from that ‘for the reduction of
nitrobenzaldehyde as described by Vogelgs. A solution is
prepared consisting of 20.0 g (123.5 mmoles} of para-
diacetylbenzene dissolved in 280 mL of methanol. To this solution
is added slowly, with stirring, and cooling (keeping the
temperature between 18°C and 25°C), 3.389 of 2 N. aqueous sodium
hydroxide diluted with 44.8 mL of distilled water. When all the
sodium borohydride is added; the reaction mixture is stirred at

room temperature for a further hour, at which time, monitoring by
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thin layer chromatography indicates that the reaction has reached
completion. The work—up is done by removing the methanol on the
roto-evaporator, and dissolving the residue in ether, and then
washing the ether solution with saturated brine. The organic
layer is dried over anhydrous magnesium sulfate. Evaporation of
the ether yields the crude product which is purified by
recrystallization from a mixture of ethyl acetate and petroleum
ether. The purified product, which amounts to 15.56 g (77.0%
yield) of a white crystalline solid having a melting point of 86-
88°C/literature96:85-86°C, has spectral data consistent with
pure p-bis(l-hydroxyethyl)benzene.

13¢c NMR: 25.24(q, CH3); 69.31(d, CH-0); 125.37(d, CH aromatic);
145,09(s, C aromatic).

ly NMR: 1.47(d, 6H, CH); 2.28(s(disappears Dy0), 2H, OH
alcohol); 4.80(qg, 2H, CH-0); 7.23(s, 4H, CH aromatic).

IR: 3327(0-H stretch, alcohol); 1368 and 1303(ring stretch,
aromatic); 1211(in plane C-H deformation); 1072 angd 1007(C-0~H
stretch); 831(=C-H out of plane deformation); 790({C=C out of
plane deformation).

MS: 166(M, M¥*); 151(S, loss of CH3"); 133(W, loss of H,0 and
CHy®); 121(M, loss of acetaldehyde and H*); 105(S, a-methylbenzyl

fragment); 91(VS, tropyllium fragment); 77(S, phenyl fragment).

3.65) Reaction of p-bis(l-hydroxyethyl)benzene with the
diimidazolide of 2,5-dimethyl-2,5-hexanediol.
A solution is prepared, under argon, consisting of 20.0000 g

(59.85 mmoles) of diimidazolide dissolved in 20 mL of methylene
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chloride, to which is added 9.9482(59.85 mmoles) of p-bis(1l-
hydroxyethyl )benzene along with 2.0 g of 18-crown-6, and 10 g of
anhydrous potassium carbonate. The reaction mixture is stirred
vigorously at 65°9C. After two hours, the viscosity of the
solution increases greatly, and the formation of imidazole and
the disappearance of the diimidazolide and the diol is seen by
thin layer chromatography. The reaction mixture is stirred at
this temperature overnight, to ensure complete reaction. The
work-up and recovery of the polymer are done as reported above
for the similar polymer derived from para-benzenedimethanol. In
this way 15.41 g (71.0% yield) of a white polymer is recovered.
The recovered polymer has spectroscopic and elemental analysis
consistent with a linear alternating polycarbonate of 2,5-
dimethyl 2,5-hexanediol and p-bis{l-hydroxyethyl)benzene. The
polymer is soluble in THF, bis(2-methoxyethyl)ether, ethylene-
glycol dimethyl ether, 2-methoxyethyl acetate, toluene, 1,2-
dichloroethane, methylene chloride and chloroform.

MW: GPC(M_:17,800, M,:30,700, D:1.72); osmometry(Mn:10.300L

DSC: Tg:55°C, T :93.0°C.

EA: found(C:66.19, H:7.98); calc(C:65.91, H:7.74).

13C NMR: 22.35(q, CHy, para-di(l-hydroxyethyl)benzene); 25.90
and 25.70(q, CHs, hexanediol); 34.01(p, CH,, hexanediol);
75.04(d, CH,, benzyl); 83.64(s, C, hexanediol); 126.14{d, CH,
aromatic); 141.26(s, C, aromatic); 152.68(s, C=0, carbonate).

1y NMR: 1.39(s, 12k, CH;, hexanediol); 1.50(d, 6H, CH5, p-di(l-
hydroxyethyl)benzene); 1.72(m, 4H, CH,, hexanediol); 5.53{(qg, 2H,

CH, benzyl); 7.26(s, 4H, CH, aromatic).
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IR: 1739(C=0 stretch, carbonate}; 1515(C=C stretch, aromatic);
1488 and 1453(CH, scissoring vibration and CH5 out of plane
deformation); 1393 and 0372(CH, deformation for C-(CH3),); 1260,
1206, 1162, and 1082(C-0-C stretch, carbonate(; 859 and 839(=C-H

out of plane deformation); 793(C=C out of plane stretch}).

3.66) Reaction of meta-benzenedimethanol with the diimidazolide
of 2,5-dimethyl-2,5~hexanediol.

A solution is prepared, under argon, consisting of 3.0000 g
{8.980 mmoles) of the diimidazolide dissolved in 5.0 mL of
CH,Cl, under argon. To this solution is added 1.2410 g (8.980
mmoles) of meta-benzenedimethanol along with 0.16 g of 18-crown-6
and 6.4 g of anhydrous potassium carbonate. The reaction mixture
is stirred vigorously at 65°C. After an hour the viscosity of
the solution is considerably increased and the disappearance of
the diol and the diimidazolide along with the appearance of
imidazole can be seen by thin layer chromatography. The reaction
mixture is stirred overnight at this temperature to ensure
complete reaction. The work-up of this polymer is the same as for
the reaction based on the para isomer except that the
precipitation of the polymer cannot be done because it is soluble
in this solvent. Thus the purification of the polymer is
accomplished by different means, the produced imidazole may be
removed by washing an ether solution of the reaction mixture with
distilled water several times. The impure polymer, obtained in
this way, is further purified by chromatography over silica gel

using ethyl acetate as an eluant. In this way 2.07 g (63.6%
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yield) of a clear tacky material is obtained which has

spectroscopic and elemental analysis consistent with an
alternating polycarbonate of meta-benzenedimethanol and 2,5-
dimethyl-2,5~-hexanediol.

EA: found;(C:64.54, H:7.13) calc(C:64.27, H:7.17).

13¢c NMR: 25.73 and 29.19(q(two peaks), CHy, hexanediol); 34.26,
34.89 and 37.50(m(three peaks), CH, hexanediol); 68.40, 69.42
and 70.43(t{(three peaks), CHZ' benzyl); 136.04 (s, C, aromatic
C#l); 128.82(d, CH, aromatic C#3); 128.19, 128.38 and 128.1(d,
CH, aromatic C$#2 and 4)(for assignment of numbered carbons see
figure #21).

1H NMR: 1.43 and 1.15(s(two peaks), 12H(intergration ratio of
peaks 1.43/1.15=2.66), CH3 hexanediol): 1.78(m, 4H, CHy,
hexanediol); 5.00 and 5.05(s(two peaks), 4H(intergration ratio of
peaks 5.00/5.05=2.75), CH, benzyl); 7.28(s, 4H, CH aromatic).

IR: 1742(C=0 stretch, carbonate); 1454(CH, scissoring vibration
and CHgq antisymmetric out of plane deformation); 1388 and
1371(CH3 out of plane deformation); 1260, 1162, 1085{(C-0-C
stretch, carbonate); 792 and 737(=C-H out of plane deformation);

700(C=C out of plane deformation)}.

3.67) Reaction of a mixture of para and meta-benzenedimethanol
with the diimidazolide of 2,5-dimethyl-2,5-hexanediol.

Reactions were done with various mixtures of the meta and
para isomers of benzenedimethanol in order to obtain a polymer
with a good melting point and solubility. The procedure reported

below is the best compromise found. Using higher proportions of

196



the meta isomer produces a polymer with a melting point below
room temperature, using higher proportions of the para isomer
produces a polymer which is soluble in fewer solvents.

A solution is prepared, under argon, consisting of 20.0000 g
(59.85 mmoles) of the diimidazolide of 2,5~dimethyl~-2,5-hexane
diol, 1.653% g (11.97 mmoles) of meta-benzenedimethanol and
6.6155 g (47.88 mmoles) of para-benzenedimethanol dissolved in
20.0 mL of methylene chloride. To this solution is added 1.2 g of
18-crown—-6 and 40 g of anhydrous. The reaction mixture is stirred
vigorously at 65°C, after an hour the viscosity of the mixture
increases greatly with the disappearance of most the diols and
the diimidazolide, and the formation of imidazole as seen by thin
layer chromatography. The reaction mixture is then stirred
overnight at this temperature to ensure complete reaction. After
the usual work-up 16.78 g (83.9%) of a white polymer is recovered
which has spectroscopic and elemental analysis consistent with a
linear alternating polycarbonate of 2,5~dimethyl-2,5-hexanediol
and benzenedimethanol. The composition of the polymer, in terms
of meta and para isomers of benzene dimethamol, is established by
a consideration of the l3C NMR spectrum. This assignment is
accomplished by a consideration of the expanded area between 136
and 135.5 ppm. The relative intergration of the peaks at 136.03
and 135.83, which are assigned respectively to the meta and para
isomer, indicates that the meta isomer accounts for 21.0% of all
benzenedimethanol carbonate units. This result is almost exactly
the original composition of the two isomeric alcohols in the

reagent mixture (20.0%). The polymer is soluble in THF, 2-
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methoxyethyl acetate, Bis(2-methoxyethyl)ether, ethyleneglycol
dimethyl ether, 1l,2-dichloroethane, chloroform, and methylene
chloride.

MW: GPC(Mn:14,800, M,:22,900, D:1.550); osmometry(M,.:9,900)

DSC: Tg:19°C Tm:(cannot be acertained exactly because of complex
behavior).

EA: found(C:64.42, H:7.28); calc(C:64.27, H:7.19)

13¢ NMR: 25.73(q, CH3, hexanediol); 34.22(m, CH,, hexanediol);
8.25(t, CH,, benzyl); 83.74(s, C, hexanediol); 127.99(m, CH,
aromatic meta isomer C#4}; 128.13(m, CH, aromatic meta isomer
C#2); 128.35(d, CH, aromatic para isomer); 128.75(m, CH, aromatic
meta isomer C#2); 135.83(s, C, aromatic para isomer); 136.03(s,
C, aromatic meta isomer C#1l); 153.22(s, C=0, carbonate)(for
assignment of numbered carbons see figure #21).

' NMR: 1.43(s, 12H, CHg,hexanediol); 1.80(s, 4H, CH,,
hexanediol); 5.00(s, 4H, CH2, benzyl); 7.30(s, 4H, CH,
aromatic).

IR: 1739(C=0 stretch, carbonate); 1471 and 1454(CH2 scissoring
vibration and CHq antisymmetric deformation); 1387 and 1371(CH,
symmetric deformation); 1261, 1203, 1162, and 1084(C-0-C stretch,
carbonate); 867{=C~H out of plane deformation); 792{C=C out of

plane deformation).

3.68) Reaction of 2-butyne-1,4-diol with the diimidazolide of
2,5-dimethyl~2,5-hexanediol.
A sclution is made, under argon, consisting of 1.0000 g

(2.992 mmoles) of the diimidazolide dissolved in 2.0 mL of
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methylene chloride. To this solution is added 0.25758 g (2.992
mmoles) of 2-butyne-1,4-diol along with 60 mg of l8-crown-6 and
2.0 g of anhydrous potassium carbonate. The reaction is
vigorously stirred at 65°C. After an hour the viscosity of the
solution is greatly increased and the disappearance of most of
the diol and the diimidazolide along with the appearance of
imidazole can be seen by thin layer chromatography. The polymer
s is the case in the similar polymerization with meta-benzenedi-
methanol could not the precipitated in methanol. the work-up is
the same as in the case of meta-benzenedimethanol. In this way
59.5 mg (70% yield) of clear tacky material is recovered which
has spectral data consistent with the alternating polycarbonate
of 2-butyne-1,4-diol and 2,5~dimethyl-2,5-hexanediol.
1y NMR: 1.53(s, 12H, CH3, hexanediol); 1.90(s, 4H, CH,,
hexanedicl); 4.85(s, 4H, CH,, alpha to triple bond).
IR: 1745(C=0 stretch, carbonate); 1472 and 1455(CH, scissoring
vibration and CH; antisymmetric deformation); 1374(CH4 symmetric

deformation); 1254, 1209, and 1089(C-0-C stretch, carbonate).

3.69) Synthesis of the diimidazolide of p-bis{l-hydroxyethyl)ben-
zene.

A solution is prepared under argon, consisting of 10.00 g
{60.0 mmoles) of p-bis(l-hydroxyethyl)benzene dissolved in 80 mL
of dry THF. To this solution is added 0.35 g of potassium metal,
and the solution brought under reflux with stirring until all
the metal is dissolved. The solution is then cooled and added,

under argon, to a stirred suspension of 19.45 g (120.0 mmoles) of
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l,1'-carbonyldiimidazole in dry THF. This reaction mixture is
then brought under reflux for 2 hours at which time thin layer
chromatography indicates that the reaction is complete. The
solvent is carefully removed on a dry roto-evaporator, and the
residue dissolved in methylene chloride. The methylene chloride
solution is filtered to remove insoluble material, and
evaporated to dryness. The residue is the desired product, which
is contaminated with some imidazole and diol. This crude material
is purified by chromatography on silica gel using ethyl acetate
as an eluant giving 7.40 g (35.0% yield) of a white crystalline
solid, having a melting point with decomposition of 150-152°cC,
This material is the desired product as seen by by spectroscopic
and elemental analysis.

EA: found(C:60.91, H:5.08, N:15.64); calc(C:61.01, H:5.12,
N:15.81).

13¢ NMR: 21.87(q, CH3); 76.71(d, CH-O); 117.09(d, CH imidazolide
C#1); 126.71(d, CH aromatic); 130.66(d, CH imidazolide, C#2);
137.06(d, CH imidazolide C#3); 140.28(s, C aromatic); 147.95(s,
C=0 imidazolide)(for assignment of numbered carbons see figure
#20).

1y wMR: 1.70(d, 6H, CH3); 6.00(q, 2H, CH-0); 6.96(m, 2H, CH
imidazolide H#2); 7.30(m, 2H, CH imidazolide H#l); 7.36(s, 4H, CH
aromatic); 8.04(m, 2H, CH imidazolide H#3)(for assignment of
numbered protons see figure #18).

IR: 1758{C=0 stretch, imidazolide); 1634 and 1525(C=C and C=N
stretch); 1478 and 1456(CH3 antisymmetric deformation); 1291,

1263, 1172, 1097, 1064, 1001(C-0-C, C-N~C and N-C-C stretch);
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837(=C-H out of plane deformation, aromatic); 762(C=C and ring
out of plane deformation, aromatic).

Ms*:  355(M, M*+1); 311(M, loss of CO, from 355); 267(M, loss of
2C0, from 353); 243(M, loss of CO, and imidazole from 355);
199(VvS, loss of imidazole and 2C02 from 355); 149(sS, loss of 2
imidazolyl radicals, C02 and CO); 131(VS, loss of 2CO, andg 2

imidazole).

3.70) Reaction of p-bis(l-hydroxyethyl)benzene with the diimida-
zolide of p-bis{(l-hydroxyethyl)benzene.

A solution is prepared, under argon, consisting of 7.5057 ¢
(21.193 mmoles) of the diimidazolide dissolved in 15 mL of
methylene chloride. To this solution is added 3.5181 g ( 21.193
mmoles) of p-bis(l-hydroxyethyl)benzene along with 60 mg of 18-
crown-6 and 11.0 g of anhydrous potassium carbonate. The reaction
mixture is vigorously stirred at 65°C. After 1 hour of stirring
the reaction mixture is greatly increased in viscosity, and the
appearance of imidazole along with the disappearance of most of
the diimidazolide and the diol is see by thin layer
chromatography. The usual work-up gives 5.93 g (73.0% yield) of a
white polymer, which has elemental and spectroscopic analysis
consistent with a linear polycarbonate of p-bis(l-
hydroxyethyl)benzene. The polymer is soluble in THF, 2-methoxy-
ethyl acetate, bis(2-methoxyethyl)ether, ethyleneglycol dimethyl
ether, 1,2-dichloroethane, chloroform, and methylene chloride.
MW: OSmometry(Mn:7,490)

. . o . O
DSC: Tg.GB C, Tm.105 C
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EA: found(C:69.20, H:6.39); calc(C:68.74, H:6.29).

13¢ wMR: 22.23(q, CH3, methyl); 75.99(d, CH, benzyl); 126.19(d,
CH, aromatic); 140.93 and 149.78(s, C, aromatic); 153.81(s, C=0,
carbonate).

n NMR: 1.46(d, 6H, CH3): 5.55(q, 2H, CH, benzyl); 7.20(m, 4H,
CH, aromatic).

IR: 1741(Cf0 stretch, carbonate); 1517(C=C stretch); 1255 and
1058(C-0-C stretch, carbonate); 858 and 836(CH out of plane

deformation); 790{(C=C out of plane deformation).

3.71) Attempted preparation of the propylene oxide, glycidyl
methacrylate, carbon dioxide terpolymer.

The catalyst solution (procedure 1-2) is added to 8.13 g
(57.2 mmoles) of glycidyl methacrylate along with 14.35 g (247.2
mmoles) of propylene oxide. The mixture is brought to 900 psi
with carbon dioxide in an autoclave. The reaction is then stirred
for 98 hours at room temperature. On opening the bomb a large
amount of insoluble material is seen. After filtration and drying
a KBr pellet of this material gives on examination by infra-red
spectroscopy a large band at 1745 cm~! which indicates the
presence of the carbonate group. The filtrate after applying the
usual work-up (procedure 1-22) 1.10 g of a polymer which on
examination by infra-red, proton NMR, and carbon-13 NMR proved to
be the copolymer of propylene oxide and carbon dioxide with no

incorporation of glycidyl methacrylate.
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3.72) Attempted preparation of the propylene oxide, glycidyl
acrylate, carbon dioxide terpolymer.

The same procedure is followed as for glycidyl methacrylate
using 6.11 g (47.8 mmoles) glycidyl acrylate and 14.35 g (247.2
m.moles) propylene oxide. In the same way a large quantity of
crosslinked polycarbonate is obtained, after work-up 0.77 g of
propylene oxide, carbon dioxide terpolymer is isolated with no

incorporation of glycidyl acrylate.

3.73) Preparation of glycidyl cinnamate.

A suspension o 31.16 g (178.0 mmoles) of potassium
cinnamate is prepared in 151.4 mL (1.93 moles) of
epichlorohydrin. To this suspension is added 0.19 g of
tetramethylammonium chloride. The reaction mixture is stirred
for 2 hours at a temperature between 90 and 105 ©C. After this
time the reaction mixture 1is cooled and the precipitated
potassium chloride removed by filtration. The filtrate is
diluted with diethyl ether and washed with 2% aqueous sodium
bicarbonate. The organic phase is then dried over anhydrous
magnesium sulfate. After drying, ethyl acetate and excess
epichlorchydrin are removed on the roto-evaporator. The residue
from this is distilled at a pressure of 3 mm Hg taking a
fraction between 180 and 183 ©C. In this way 23.16 g (64% yield)
of an oil 1is recovered which on spectrocopic analysis proved to
be trans glycidyl cinnamate.
13c NMR: 44.67(t, CH,-0 epoxide); 49.46(d, CH-~0 epoxide);

65.07(¢t, CH2—O ester); 117.33(d, CH olefin adjacent to carbonyl);

203



128.15(d, CH ortho on phenyl); 128.90(d, CH meta on phenyl);
130.46(4, CH para on aromatic); 134.21(s, C~1 on phenyl);
145.54({d, CH olefin adjacent to phenyl): 166.53(s, carbonyl
ester) ‘

1n NMR: 2.5-2.9(m, 2H, CH,-0 epoxide); 3.03-3.40(m, 1H, CH-0
epoxide); 3.76-4.70{(m, 2H, CH2—0 ester); 6.36(d J=14Hz, 1H, CBH
olefin adjacent to carbonyl); 7.67(d J=14Hz, 1H, CH olefin
adjacent to phenyl); 7.33(m, 5H, CH phenyl).

IR: 1713(C=0 stretch ester); 1637(C=C stretch olefin); 1335 and
1300( C-0~C stretch epoxide); 1031(C-0-C stretch ester):; 987(=C-H
out of plane stretch trans cinnamate); 768(=C-H out of plane

stretch phenyl); 675 and 713(C=C out of plane stretch phenyl).

3.74) Terpolymerization of glycidyl cinnamate with propylene oxide
and carbon dioxide.

The catalyst solution (procedure 3.2) is added to 9.75 g
(47.8 mmoles) glycidyl cinnamate along with 14.35 g (247.2
mmoles) propylene oxide in an autoclave. The pressure in the
autoclave is then brought up to 800 psi. The reaction mixture is
stirred for 9 days at room temperature. After this time the
reaction is worked up in the usual way (procedure 3.22). 1In this
way 9.86 g of white polymer is recovered. This reaction was
repeated using different reagent ratios and pressures. The
results for these different runs are given in table #8. The
polymers obtained in each case are analyzed by standerd
spectroscopic means and in certain cases by elemental analysis

(table #8). The spectral data is summarized below for two cases:
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first the terpolymer obtained using a ratio of 1:1 glycidyl
cinnamate:propylene oxide and second the terpolymer obtained
using a ratio of 5:1. Also isolated in these reactions is the
cyclic carbonate derived from glycidyl cinnamate. The cyclic
carbonate is a white crystalline solid having a melting point of
86-88°C; it is characterized by standerd spectral analysis and
elemental analysis (see below). The purified cyclic carbonate is
recovered by a recrystallization, from a mixture of petroleum
ether and ethyl acetate, of the methanol soluble residue
obtained from the precipitation of the polymer.

-Terpolymer obtained using reagent ration of 1:l.

13¢ nMR: 16.21(q, CH5 pendant carbonate unit); 66.00(t, CH,-0
pendant cinnamate group); 69.03(t, CH2—0 both carbonate units);
72.13 and 72.39(d, CH-0 carbonate unit derived from propylene
oxide); 72.97, 73.26, and 73.50(d, CH-0 carbonate unit derived
from glycidyl cinnamate); 117.,09(d, CH olefinic adjacent to
carbonyl); 128.23(d, CH aromatic ortho on phenyl)}; 128.23(d, CH
aromatic meta on phenyl); 130.54{(d, CH aromatic para on phenyl};
134.17(s, C aromatic on phenyl); 145.86(d, olefinic adjacent to
phenyl); 154.22, 154.57, and 154.77(s, C=0 carbonate); 166.24(s,
C=0 cinnamate).

1H NMR: 1.30(d, CH3 pendant on carbonate group), 3.37-3.73(m,
CH,-0 pendant on carbonate unit}, 4.16(m, CH2-0 carbonate units),
4.93(m, CH-0 carbonate units), 6.37(d J=14Hz, CH olefinié proton
adjacent to carbonyl), 7.33(m, CH aromatic phenyl), 7.66(d
J=14Hz, CH olefinic phenyl).

IR:1745(C=0 stretch carbonate), 1717{C=0 stretch carbonate),
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1638(C=C stretch cinnamate), 1167(C-0-C stretch glycidyl ester),
1235 and 1274(C—0-C stretch carbonate), 740(=C-H out of plane
band phenyl), 702(C=C out of plane band).

~Terpolymer obtained using ratio 5:1.

ln mMR: 1.30(d, CH3), 5.00(m, CH carbonaté unit derived from
propylene oxide); 3.36-4.60(m,CH-0 ether units, CH,-0 ether and
carbonate units); 4.76-5.18(m, CH-0 carbonate units); 6.07(d
J=14Hz, CH olefin, adjacent to carbonyl,pendant on ether unit);
6.37(d J=14Hz, CH olefin, adjacent to carbonyl, pendant on
carbonate unit); 6.80(d J=14Hz, CH olefin, adjacent to phenyl,
pendant on ether unit); 7.27{m, CH phenyl); 7.66(d J=14Hz, CH
olefin, adjacent to phenyl, pendant of carbonate unit);

IR: 1751 (C=0 stretch carbonate); 1715(C=0 stretch ester);
1657(C=C stretch cinnamate); 1300, 1274, 1230 and 1199(C-0-C
stretch carbonate, c¢innamate); 1052, 1005(C-0-C stretch ether);
972(=C~H out of plane stretch trans cinnamate group); 751(=C-H
deformation stretch, phenyl): 695(C=C deformation stretch

phenyl).

—Cyclic carbonate derived from GC.

EA: found(C:62.72, H:4.83); calculated(C:62.89, H:4.87).

1y NMR: 4.23-4.70(m, 4H, CH,-0 carbonate and cinnamate); 4.23-
5.20(m, 1H, CH-0 carbonate); 6.37({d J=14Hz, 1lH, CH olefin
adjacent to carbonyl); 7.38(m, 5H, CH phenyl); 7.70(d J=14Hz, 1H,
CH olefin adjacent to phenyl).

IR: 1783(C=0 stretch carbonate); 1720(C=0 stretch cinnamate);

1641(C=C stretch); 1300, 1170, 1160, 1092 and 1045(C-0-C stretch
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carbonate and cinnamate}; 981(=C-H out of plane stretch trans

cinnamate); 767(=C-H out of plane stretch phenyl); 705 and

767{(C=C out of plane stretch phenyl).
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4) Conclusion

The synthesis of polycarbonates with pendant ortho-nitro-
benzyl ether groups could be accomplished‘by one of the three
proposed pathways. As expected, this polymerliberates on
irradiation free pendant hydroxyl functionalities which can
then attack the polymer backbone to yield cyclic carbonates.
However, the differential in depolymerization temperature between
the protected and deprotected polymer, even in the presence of a
catalytic amount of acid, was too small in the solid state to
permit the development of a clean positive images.

The t-butyloxycarbonylation of various functionalities such
as alcohols, thiols, enols, and phenols with di-t-butyl-
dicarbonate can be accomplished by reaction with dit-butyl-
dicarbonate under solid-liquid phase-transfer catalysis using
potassium carbonate and l18-crown-6 or under liquid-liquid phase-
transfer catalysis using sodium hydroxide solution and
tetrabutylammonium hydrogen sulfate. A certain amount of
selectivity can be seen in favor of the phenol group in the
competive t-butyloxycarbonylation of bifunctional molecules
containing both a phenol and a benzyl alcohol, or an aromatic
amino group. However, when an ordinary amino group is present in
the molecule all selectivety is lost.

The preparation of polyvinylalcohol protected with t-Boc
groups is not successful either by polymer modification or by
monomer synthesis routes. However, the synthesis of

polyvinylalcohol protected with a bifunctional spacer group
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containing a t~Boc grcup is successful. These protected polymers
show the expected thermal removal of the t-Boc group, however
when the acidolysis reaction is attempted with the acid liberated
by irradiation of a catalytic amount of an onium salt, no
deprotection of the polyme:: is evident. This lack of
deprotection under acidolysis conditions is thought to be related
to the occurrence of a reaction between the protons liberated by
the irradiated onium salt and the non tertiary carbonate groups
also present on the polymer chain, which led to irreversible
loss of protons.

The synthesis of novel tertiary linear carbonates 1is
accomplished through the intermediacy of the tertiary
diimidazolide of 2,5-dimethyl-2,5-hexanediol, which is reacted
with tertiary, secondary, and pfimary diols under solid-liquid
phase-transfer catalysis using an 18—crowu—6/K2CO3 system.

The polycarbonates obtained are seen to be susceptible to both
thermal depolymerization at 200°C, and acidolysis induced by the
photochemical decomposition of an onium salt. The melting point
of the polymers are increased by the inclusion of aromatic diols
in the polymer backbone. The solubility of the polymers is
optimized by providing pendant groups on some of the polymer
units or by the substitution of non linear units into the polymer
backbone. A polycarbonate having both secondary benzylic and
tertiary polycarbonate units was synthesized as it has the
potential of undergoing thermal decomposition and acidolysis at
both types of carbonate units offering twice as many potential

sites for chain cleavage. This polymer undergoes both thermal
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and photochemical induced depolymerization; however, the
depolymerization is shown to occur only by the cleavage of the
tertiary carbonte units as no products arising from cleavage of
the secondary-benzylic can be detected. A synthesis of a polymer
containing only secondary-benzylic carbonate units gives a
material that has good melting and solubility properties, and
that also gives thermal depolymerization at 250°C a temperature
only slightly above that needed for tertiary polycarbonates. A
study of the products given off by thermal depolymerization shows
that they are those expected by the proposed mechanism of
depolymerization. A TGA of this polymer indicates that a residue
amounting to 20% of total initial mass remains after
depolymerization; this may bhe attributable to the crosslinking
of divinylbenzene one of the product seen on depolymerization.
The synthesis of polycarbonates with pendant crosslinkable
group did succeed in the case where the pendant group 18
cinnamate, however polycarbonates having large incorporation of
the units bearing the cinnamate pendant groups, also show
substantial amounts of competitive ether unit formation in the
polymer chains. These polymers fail to undergo effective

crosslinking reactions under irradiation with UV light.
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5) CLAIMS TO ORIGINAL RESEARCH

~Design and synthesis of novel photosensitive polycarbonates

containing ortho-nitrobenzyl moieties.

~Design and synthesis of novel photosensitive polymers having a

polyvinylalcohol backbone protected with t-BOC bearing groups.

-Design and synthesis of a novel photosensitive polycarbonates

having t-BOC like structures as part of their backbone.
-Design of a method for the facile t-butyloxycarbonylation of

phenols, alcohols, thiols, and encls under phase-transfer

catalysis.
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6) PAPERS RESULTING FROM THIS THESIS
C.G. Willson, H. Ito, J.M.J Fr&chet, and F. Houlihan. Proceedings
of the IUPAC. 28th Macromolecular Symposium, Amherst,

Massachusetts, 448 (1982).

F. Houlihan, F. Bouchard, J.M.J. Fré&chet, C.G. Willson. Can. J.

Chem. in print (1984).
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