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Polycarbonates from the Polyhydroxy Natural Product Quinic Acid
Céline J. Besset, Alexander T. Lonnecker, Jennifer M. Streff, and Karen L. Wooley*

Department of Chemistry and Department of Chemical Eng g Texas A&M Uni P.O. Box 30012, College Station,
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ABSTRACT: Strategies for the preparation of polycart .;’
derived from natural polyhydmxymonomenc repmuniu, % )
developed for poly bnequuinkadd.
The design and synthests of regioselectiely tert-butyld m{i
dlylay 'l'BS)-yxoﬁected 14- md 1,5-diol mcnomen of quinic
of their
wiﬂll dby op 6 Taiaite Rod’ tichion ,‘“clllab Quinic Acid M{quhknldm)l
oformate, to ylcld protected poly(1,4-quinic acid ar\umm)
and poly(1,5-quinic acid carbonate). The molecular weights reached ca. 7.6 kDa, corresponding to degrees of polymerization of ca.
24, with polydi ranging from 2.0 to 3.5, as measured by SEC using tetrahydrofuran as the eluent and with polystyrene

calibration standards. Partially because of the presence of the bicyclic backbone, each regioisomeric poly(quinic acid carbonate)
uhlhlhed n:h!inlyhigh ﬂa-—tnnnhon temperatures, 209 °C for poly(1,4-quinic acid carbonate) and 229 °C for poly(1,5-quinic
acid ﬂS g groups was studied under mild conditions to achieve control over potential
- degradati which could include cleavage of lactones within the repeat units, carbonate
Imhgu,orboﬂlbetwuntheupﬂlm}t.Fuﬂdepm&chmwnno&admndmﬂmnwmedegluofpolymudegndmmThe
regiochemistry of the monomer showed significant impact on the reactivity during deprotection and also on the thermal
with the 1,5-regioisomeric polymer having lower reactivity and giving higher T, values, in comparison with the 1,4-regioisomer. B.dn
regioisomer underwent a 10—20 °C increase in T, upon partial removal theﬂ&pmucm;whdnmofdepm
increased, the solubility decreased. Ultimately, at long deprotection reaction times, the solubility increased and the T, decreased
because of significant degradation of the polymers.

1. INTRODUCTION 4,13

Over the past few decades, there has been a significant
interest in the prepannon of polymers that originate from
renewable resources,' ™ typically based on carbohydrates or mique family oF e e

i imi dence etroleum products

i::;yj::j:h:‘: ifﬁ%%‘%mé%ﬁ_ poly(quinic acid cla‘rllw;mzte)s Qulmc acidis found in coﬂ'ee beans
g o sste 2 An'%rmﬁmr and oll?er glmts and is known for its growth-promoting
mmmedlcme (e.g., sutures, orthogedlc devices,* propemes, ¢ is converted “,’ tryptophan ";d m:;;tamnile‘ b‘)l'
tissue engmeenng. drug dellvery devices,® etc.), where of the g tr:gt and 3 290 8.cA

incorporation of bi bility and biod dability is im- starting material for pharmaceuticals,” including Tamiflu. Qui-
perative. For this purpose, the polymers used are typically nic acid was sclectc:l a|s the starting material beca\vlse of easy
of esters,”” which undergo hydrolysis to afford pmducts e e lb'qfd‘cz by known | and

" 122
y which could lead to materials having
containing carboxylic acid and alcohol groups or carb hecral jons and strong mechanica

hi L
especially aliphatic carbonates that undergo h?'drolytlc degra»
10,01 propems Surprisingly, despite its interesting biological activity
dation to give carbon dioxide and alcohols. ™" Beyond these S0 |7 EhiUi; Gilthis add ae gt heca eported s s mnnBiae

criteria, biodegradable polymeric materials in orthopedic tissue
engineering also must possess thermal and mcchamcal proper- d“' und:!rgo polyr lenuno: f"”":s e hde s orts the desngn,
ofdegz ization

ties and the ti dation-ta th

lication. olycarbonates, especially those based on bisphe-
nol A, are afoundation material for engineering applications, in
general, and we have a keen interest in exploring novel
polycarbonates that are derived from renewable resources,
may serve as repl for poly(bisphenol A carbonate),
which has been implicated as a toxic and carcinogenic

compoun
produnsA

and may lead to bioresorbable degradation

ave investigated the synthesis of poly-
carbonates built fmm a natural monomer, qulmc aad to aﬂ'ord a
d

lected poly(quinic acid carbonate)s and also includes vannus
attempts for removal of the protecting groups.
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Scheme 1. Syntheses of Diol Monomers 2 and 3 and Poly(quinic acid carbonate)s 4 and 5°

“(a) Amberlyst, benzene/DMEF, reflu, 16 h; (b) TBS-CI, DMAP, NEt; DMF, RT, 12 h; and (c) diphosgene, pyridine, RT, 48 h.

2. EXPERIMENTAL SECTION

2.1. Instrumentation. The 'H NMR (300 and 500 MHz) and "*C
NMR (75 and 125 MH?7) spectra were obtained on either a Varian Mercury
300 MHz or an Inova 500 MHz spectrometer using the solvent as internal
reference. Glass transition (T,) temperatures were measured by differential
scanning calorimetry on a Mettler Toledo DSC822° apparatus (Mettler
Toledo, Columbus, OH) with a heating rate of 20 °C/min. The T, was taken
aslherm@oml of!h: inflection lzngmlupm!}md’mdhahngm
Th ic analysis was performed under a N atmosphere using
a Mctdcr Toledo model TGA/SDTABSI apparatus with a heating rate of

inhalation and ingestion; use of respiratory mask is required After 48 h at
room temperature, a saturated solution of sodium bicarbonate was
added until no further emission of carbon dioxide was observed. The
residue was diluted with dichloromethane; the organic layer obtained
was washed with a 10% solution of hydrochloric acid, then dried with
magnesium sulfate, filtered, and concentrated under reduced pressure.
The crude polymer was dissolved in dichloromethane, followed by
precipitation in cold methanol to afford the desired polymer as a
white solid.

Synthesis of 4. The general procedure for copolymerization was applied
to asolunun ufdml quinic acid 2 (500 mg, 1.73 mmol) in pyridine (850 4L)

10°C/min. Gel p hy (GPC) were
conducted on two different syskzms both equipped with a Waters
Chromatography (Mllﬁ:rd MA) model 1515 isocratic pump, a model
2414 differential anda th lumn set of Polymer Labo-
ratories (Amherst, MA) Styragel columns (PLyy S um Mixed C, 500 A,
and 10* A, 300 x 7.5 mm columns) for the tetrahydrofuran system or a
three-column set of Waters Chromatography Styragel columns (HR 2, HR
4E, and HR4, 300 X 7.8 mm columns) for the dimethylformamide system.
The systems were equilibrated at 35 °C in THF or 70 °C in DMF, which
served as the polymer solvent and eluent (flow rate set to 1.00 mL/min).
Polymer solutions were prepared at a known concentration (ca. 3mg/mL),
and an injection volume of 200 uL was used. Data collection and analyses
were performed with Precision Acquire software and Discovery 32 soft-
ware, respectively (Precision Detectors). The differential refractometer was
calibrated with standard polystyrene materials (SRM 706 NIST) for the
tetrahydrofuran system and poly(ethylene glycol) for the dimethylforma-
mide system. The infrared measurements were obtained with a Shimadzu
IR Prestige, FTIR spectrophotometer equipped with an ATR accessory.

2.1. Materials. Quinic acid 1 (Alfa Aesar, 98%), trichloromethyl
chloroformate (Alfa Asar, 98%) Amberlysl (Sigma Aldrich, 15-ion-

change resin), dimeth iethylamine (Sigma Aldrich,
>99%), tert-butyldimethylsilyl chlondc (Alfa Aesar, 97%), and boron
trifluoride diethyl etherate (Alfa A:sar. >9896) were used as received.
Pyridine was distilled over p d and
dimethylformamide were dried through columns (] (o Meycr Solvent
Systems).  (1R.3R,4S,5R)-5-tert-Butyld hylsil 1,4-dihyd:
cyclohmm-l 3- ca!bohctune 2, (|R,3R.4$,5R)+zm butyldlme(hylsl
Iyloxy-1,4-dihyd: 1,3-carbol 3, and calcium sul-
fonate resin were synthesized as previously described *'~*

2.2. General Procedure of the Copolymerization between
Diol Quinic Acid 2 or 3 and Trichloromethyl Chloroformate.
Trichloromethyl chloroformate was added to a cold (0 °C) solution of
diol quinic acid in pyridine (600 g/L) under nitrogen three times over ca.
10 min. Caution! Trichloromethyl chloroformate is highly toxic by

and 1 chlorofc (207 uL, 1.73 mmol) to obtain a white
solid (400 mg, 75%). ' H NMR (CDCly, 300 MHz): & 5.13 (bs, 1H, H4),
478—4.92 (m, 1H, H-3), 407 (bs, 1H, H-5), 219-3.17 (m, 4H, H-2,
H-6),0.83—092 (m, 9H, (CH;);CSi), 004—0.09 (m, 6H, (CH;),Si). *C
NMR (CDCly, 75 MHz): 8 170.5—1708 (CO-actone), 150.0—1533
(CO-carbonate), 78.1-784 (Cl1), 733-737 (C3), 705—71.7 (C4),
656—658 (CS), 369-37.1 (C6), 332-340 (C2), 254-256
((CH;)5CSi), 17.7—180 ((CH;)5CSi), ~53—750 ((CH,),Si). IR
Vm/cmg‘: 31042758, 1803, 1746, 1240, 124, 1033, 843, 777. Ty =
209 °C. (T4a) oesee = 284 °C; (Ta)s0 = 384 °C; 284—420 °C, 89% mass loss;
119% mass remaining at 500 °C.

Synthesis of 5. The general procedure for copolymerization was
applied to a solution of diol quinic acid 3 (500 mg, 1.73 mmol) in
pyridine (850 uL) and trichloromethyl chloroformate (207 uL, 1.73
mmol) to obtain a white solid (462 mg, 85%). ' H NMR (CDCl;, 300
MHz): 8 4.76—-4.77 (m, 1H, H-5), 4.67 (bs, 1H, H-3), 437 (bs, 1H,
H-4),3.00-3.15 (m, 1H, H-2),2.62—2.69 (m, 1H, H-2),2.26—2.34 (m,
2H, H-6), 0.83—0.92 (m, 9H, (CH;);CSi), 0.04—0.09 (m, 6H,
(CH;),81). "*CNMR (CDCly, 75 MHz): 8 170.6—170.7 (CO-lactone),
149.7—152.8 (CO-carbonate), 78.1-78.5 (C1), 76.1-76.4 (C3),
71.9-72.74 (CS), 64.5 (C4), 32.7—33.0 (C2, C6), 25.5 ((CH;)5CSi),
17.9 ((CH3)5CS1), —5.1 ((CH3),81). IR ¥ /cm ™ 30962272, 1803,
1746, 1227, 1060, 832, 776. Ty = 225 °C. (Ta)onset = 302 °C, (Ta)so =
373 °C; 302—416 °C, 92% mass loss; 8% mass remaining at 500 °C.

2.3. General Procedure of the Removal of the TBS-Pro-
tecting Group. Boron trifluoride diethyl etherate was added to a
solution of protected poly(quinic acid carbonate) in anhydrous tetra-
hydrofuran at different temp After different durations, Amber-
lyst H' (15 times the mass of protected poly(quinic acid carbonate))
and calcium sulfonate resin (15 times the mass of protected poly(quinic
acid carbonate)) were added to the reaction, and the mixture was stirred
for 2 h at the same temperature as the reaction occurred. The resins were
removed by filtration and rinsed twice with tetrahydrofuran. The filtrate
was concentrated under reduced pressure; then, the residue was

2513 2011,12,2612-2517
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