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One-Pot Synthesis of Poly(cyclic ortho ester)s
by the Reaction of Potassium Perfluoroalkanoates with Epibromohydrin

Using Two-Step Catalysis of Quaternary Onium Salts
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Abstract: One-pot synthesis of poly(cyclic ortho ester)s by the reaction of potassium
perﬂuoroalkanoatcs with epibromohydrin (EBH) using quaternary onium salts is described. The
reaction of potassium trifluoroacetate (KTFA) with EBH using quatemary onium salts such as
tetrabutylphosphonium bromide (TBPB) produces the polymer with five-membered cyclic ortho ester
structure in the backbone. This means that quaternary onium salts act as phase-trans€r catalysts in

the first step and polymerization catalysts in the second step during the reaction. © 1999 Elsevier Science
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for solar energy storage were successfully synthc_-zcx_i by ll-g ch-mical modifications of PCMS

Ic

X) For exar nnle the addmon reactlon of oxiranes® or thiiranes® wnh S-phenyl
thioacetate using the aforementioned catalysts proceeded smoothly and regioselectively to give the
corresponding products.  Addition reactions of oxiranes with active aromatic halides,” silyl chlorides,®

phosphonic dichlorides,” and sulfonyl chlorides' also proceeded smoothly using the same catalysts under mild

active carboxylic esters.

reaction conditions.  An advantage of those reactions is the regioselective transformation of oxiranes to
produce S-addition products.  The regioselective reactions were applied to the sy nthesis of poly mers with
well-defined structures using addition reactions of bis(oxirane)s and diacyl chlorides," dichlorosilanes,®
phosphonic dichlorides’, etc.  An acyl transfer polymerization'? of thiiranes was successfully achieved
using carboxylic acid derivatives as initiators and quaternary onium salts or crown ether complexes as catalysts.
A regjoselective insertion of thiiranes into a poly (S-thioester) provided successfully new sequence-ordered
polymers."?

We recently reported a unique cy cloaddition reaction'* of oxiranes with alky1 perfluoroalkanoate using
the catalysts, which provided five-membered cyclic ortho esters.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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It was found that aithough the reaction of oxiranes with alkyl carboxylates such as ethyl acetate or ethyl
benzoaie did not proceed at all, the reaction with alkyl perfluoroalkanoates proceeded very smoothly in the
presence of quatemary onium salts. Furthermore the cycloaddition reaction was successfully applied to
by the Cycioadd on pm) merization of onsmxuane)s with
t, did not proceed because of the acid-initiated ring-opening
rtho esters by Lewxs acid catalyzed reactions of
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In thls paper, two-step cataly is ot quaternary onium salts as phase- ransfer calalysls and
poly merization catalysts is described.  New poly(cyclic ortho ester)s was synthesized by the one-pot
reaction of potassium perfluoroalkanoates with epibromohydrin using quaternary onium salts.  The
characteristics of the one-pot synthesis were also investigated.
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RESULTS AND DISCUSSION

The reaction of KTFA with EBH was conducted using 8 mol% of tetrabuty lammonium bromide
(TBAB) as a catalyst in various solvents at 90 °C for 24 h (Table 1).  In all cases, the reaction took place in
heterogeneous systems, in which KTFA was insoluble. ~ When the reaction was carried out in low-polar
solvents such as anisole or chiorobenzene, the corresponding polymer was not obtained.  This means that
the first process, nucleophilic substitution reaction of KTFA with EBH to produce the corresponding
intermediate (gly cidy| trifluoroacetate), did not occur effectively, since the cycloaddition reaction of oxiranes
with ethy trifluoroacetate proceeded smoothiy using TBAB in anisole.  On the other hand, the reaction
proceeded smoothly in N-methylpyrrolidone (NMP) to afford a polymer with number-average molecular
weight (M,) of about 9000 in 73 % yield, which was insoluble part in hexane.  The reaction was efficiently
enhanced in tetrahy drofuran (THF), or N, N-dimethy lacetamide (DM Ac) to produce the poly mer with M, of
It was found that the poly mer with high molecular weight was obtained from the reaction in polar
solvents, in which the nucleophilic substitution reaction of KTFA with EBH proceeded smoothly by using

o0
>

TBAB as a PTC
The structure of the resulting polymer (P-1) was identified using IR and '"H NMR spectroscopy.  The
IR spectrum showed characteristic peaks at 2962 cm™' due to C-H stretching at 1280 cm’' due to C-F
stretching, and at 1184 and 1116 cm™' due to the C-O-C stretching  In addition, no peaks due to carbony!
groups and oxirane ring of EBH were observed in the expecied regions As shown in Figure 1, '"H NMR
spectral data were identified with reference to the spectral data of a poly(cyclic ortho ester) previously
reported by Hall.'”” It was proved that the targeted poly mer with five-membered cyclic ortho ester in the
main chain was obtained by the one-pot reaction of KTFA with EBH
Table 1. Solvent Effect on the reaction of KTFA with EBH using TBAB®

Solvent Yield, %" M,* My My©

Anisole 0 - ---

Chiorobenzene 0 - -

THF 77 11600 1.44

NMP 73 8600 1.27

DMAc 64 11000 1.31

DMSO 40 11000 1.58

* The reaction was carried out with KTFA (3 mmol) and EBH (3 mmol) using TBAB

(8 mol%s) in solvent (1 mL) at 90 °C for 24 h.

® Insoluble parts in n-hexane.

¢ Estimated by GPC based on polystyrene standards.
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Figure 1.

' NMR data ()
3.62-3.94 (m, 2 H, Ha)
3.94-4.09 (m, 1 H, Hb)
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4.09-4.30 (m, 1 H, Ho)
4.30-4.81 (m, 1 H, Hd)
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The effect of the catalysts on the reaction of KTFA with EBH was examined (Table 2).  When the
reaction was carried out without catalysts in NMP at 90 °C for 24 h, the polymer with M, of 6700 was
obtained in 56 % yield. It seems that the substitution reaction of KTFA with EBH proceeded gradually in
NMP to form glycidyl trifluoroacetate as the intermediate climinating KBr in the first step, and then the
produced KBr catalyzed the foliowing cycloaddition polymerization of the intermediate.  Although
isolation of the intermediate was attempted, a mixture of the intermediate and poly mer was obtained.  The
reaction using 18-crown-6 (18-C-6) or 15-crown-5 (15-C-5) provided the poly mer with M, of about 10000.
In poly addition reaction, catalytic activity can be estimated generally by the molecular weight of the resulting
polymers.  Thus, the increase of the molecular weight might be ascribed to extraction of solid KTFA in the
NMP solution by 18-C-6 to accelerate the substitution reaction of CF;COO™ with EBH (first step).  After
the substitution reaction, 18-C-6 incorporates eliminated KBr to form 18-C-6/KBr complex, which cataly zed
the following cy cloaddition poly merization of the intermediate (second step).  In the case of 15-C-5, a
compiex of KBr and double i5-C-5 would be produced. Quaternary onium salts such as
tetrabuty lammonium chloride (TBAC) and tetrabutyiphosphonium bromide (TBPB) aiso enhanced the
reaction, in particular, the reaction using TBAC pr0v1ded the poly mer with the highest molecular weight (M, :

12000) T'his means that TBAC enhanced efficiently the substitution reaction in the first step as PTC in the
heterogeneous reaction system, then catalyzed the following cycloaddition polymerization.

Table 2. Effect of Catalysts on the Reaction of KTFA or KPFP with EBH in NMP?

Perfluoroalkanoates Catalyst Yield, %" M,° M,/ M©
KTFA None 56 6700 1.37
TBAC 60 11900 1.32
TBAB 73 8600 1.27
TBPC 43 10500 1.29
TBPB 63 11300 1.30
15-C-5 54 10400 1.29
18-C-6 59 10100 1.32
KPFP None 50 5900 1.24
TBAC 50 6200 1.24
TBAB 45 6200 1.24
TBAI 42 4900 1.25
TBPB 60 6000 1.26
15-C-5 56 5900 1.22
18-C-6 48 5500 1.24
# The reaction was carried out with KTFA or KPFP (3 mmol) and EBH (3 mmol) using catalysts
(8 mol%) in NMP (1 mL)at 90 °C for24 h
® Insoluble parts in n-hexane
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Table 3. One-Pot Synthesis of Poly(cyclic ortho ester)s by the Reaction of Potassium
Perfluoroalkanoates and EBH without Catalysts *
Perfluoroalkanoates Yield, %° M,¢ Mg/ M,*
KTFA 56 6700 1.37
KPFP 49 7800 1.93
KHFB 73 2000 1.36
KNFP 43 1500 3.13
? The reaction was carried out with KTFA (3 mmol) and EBH (3 mmol) in NMP
(1 mL) at 90 °C for 24 h.
® Insoluble parts in n-hexane.
¢ Estimated by GPC based on polystyrene standards.
100 8
8
[ .
80 | @
, ;/ . \\ 1°
~ 60 | ]
e c?c
° - e 4 %
] \ c
g /‘A TN | E
2 42
20 |-
0 L { ) | L L s | L ! i ! 2 0
0 12 24 36 48 60 72 84
Reaction time (h)
Figure 2. Time-Course of the Reaction of KPFP
with EBH without Catalysts at 90 °C.
The reaction of potassium pentafluoroprop e (KPFP) with EBH was aiso carried out without
o 4+~ ~Lla Lw amsesoes mee Al v o ~loraanne el RS [ aVaVa) A | V) TpSesnnyS BN
catalysts under the same conditions to obtain the corresponding polymer with M, of 6000. wien (ne
reaction was conducted using quaternary onium salts such as T T M,s of th

m e
resulting polymers were about 6000 (Table 2).  Thus, the catalytic he reaction of
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KPFP with EBH in NMP.  This suggests that the substitution reaction of the extracted CF3CF,COO" by the
used catalysts with EBH proceeded very slowly.  Because the nucleophilicity of CF;CF,COQ  is relatively
low compared to CF;COOQO™ due to the electron withdrawing effect of CF;CF, group.

Figure 2. shows the time-course of the reaction of KPFP with EBH without catalysts.  The poly mer
yield and molecular weight increased gradually with the reaction time, and reached to 50 % yield and M, of ca.
8000 for 48 h, respectively.  This means that the reaction proceeded in a step growth poly merization, that
is, cy cloaddition polymerization.  After 48 h, the yield and the molecular weight of the obtained poly mer
decreased. It seems that the produced cyclic ortho ester group in the poly mer decomposed gradually to
decrease its molecular weight.

In the case of the reaction of EBH with potassium heptafluorobutanoate (KHFB) or potassium
nonafluoropentanoate (KNFP) without catalysts under the similar conditions, the corresponding poly mers

with Ms of 2000 and 1500 were obtained, respectively (Tabie 3).  This means that the molecuiar weights of
the obtained poly(cyclic ortho ester)s decreased with increasing the length of the perfluoroalkyl chains. A

reason of the low molecular weights of the resulting polymers is low nucleophilicity of the corresponding
perfluoroalkanoate anions to EBH in the first step.  In addition, it seems that the cycloaddition reaction of

s ot aemem e an PO R PR HPRPUY IR _ . PR _
the corresponding intermediates from the potassium perfluoroalkanoates did not proceed smoothly because of
the steric hindrance of the long perfluoroalky! chains of the used potassium pem‘u‘aroaxka“n Oaies
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as shown in Scheme 3. Oxirane ring of the intermediate will be activated

salts, then react with carbony! group of the another intermediate to produce a tetramdral int»rmediate. In
the intermediate, oxy-anion attack intramolecular B-carbon to replace the X recovering Q* X", and a cyclic ortho
ester derivative was provided.  Then, cycloaddition reaction of the produced cyclic ortho ester derivatives
would proceed in a step growth polymerization to give a poly(cyclic ortho ester)
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Measurements

Infrared (IR) spectra were measured on a JASCO Model IR-700 spectrometer. 'H NMR spectra
were recorded on JEOL Models JNM EX-90 (90 MHz) or JNM FX-200 (200 Hz) instruments.  The
molecular weights were estimated by gel permeation chromatography (GPC) with the use of TOSOH M odel
HLC-8020 GPC system with TSK-gel columns (2 x GMHy and 2 x G2000Hy;, eluent: DMF, calibrated

with narrow molecular weight poly sty rene standards).

Materiais

Potassium perfiuoroaikanoates were prepared in a conventionai method: Potassium trifiuoroacetate
(KTFA) was prepared with KOH in methanol followed by evaporating methanol to yield solid products.
The obtained products were washed with small amount of methanol and dried under reduced pressure to obtain
KTFA as white powders.  Potassium pentafiuoropropanocate (KPFP), potassium heptafiuorobutanoate

V278 8 853 3 Y7 XTI

U\I‘U*D), and porassnum nonanenuoropentanoa{e U&Nr‘l") were also prepareo in the same way.

times with dried ethyl acetate. Oih r quaternary onium salts f‘]d crown ethers were used as received.
Py P Ji By DEgpE, Ry ). V2D VAP [Npyy R Py iy | FTYRA A ) NILNAD PR | S RNy N | 1€, 3 SMAACMNY .o
ANISVIC, CIHOTODCNZCIIC, [V, /V~UHIICHLY lalCldllldac (LJIVIAC), INIVIT, dlid UGy DWIVAIUC (LJIVEDU ) WLIC
Alaeillo ] Asan MALY T atonlhear denfiivne TLICY rme Aiotillad o o o v Eniheamiahar Aeien (CDLINY
UIDLILICU UVl bmz 1 Gl ly Uivuiurail \1 fll‘} Y UIDLLICU UOVCL DUUIULLIL WIHICS, L‘.lJlUlUlllUlly il {epiy)
and other reagents were used as received
]Ml)=n/\’ vonntinn nf | voith RH
A\ g 21w A\ AN I yivyd) l{j AN L & L3 YV RIS LAk 1
A tvnical nraradure ic ac followe: TRAR (00774 o 024 mimaol) wacs nlaced in an amnoule tuhe under
A typical procedure is as follows; TBAB (0.0774 g, 0.24 mmol) was placed in an ampoule tube under
dry atmosphere (moisture <10 %), and dried under reduced pressure at 70 °C for 5h.  KTFA (0.4564 g, 3
mmol) and EBH (0.4109 g, 3 mmol), and NMP (I mL) werc added into the ampoule tube under the dry
atmosphere, then the tube was sealed followed by heating at 90 °C for 24 h The reaction mixture was
diluted with chloroform, washed five times with small amount of water, then dried with MgSO,.  After
filtration of M gSQ,, chloroform was evaporated, and then poured into n-hexane. ~ The resulting poly mer was

purified by reprecipitation with chloroform and n-hexane, then dried under reduced pressure to obtain a
polymer (P-1).  Yield: 0371 g (73 %). M, : 8600, M, /M, : 1.27. IR (neat): 3284 (vo.u), 2962 (Vcup),
1280 (vep), 1184, 1116 em™ (veg.o).  'HNMR (90 MHz, CDCl;, TMS) 8 3.62 - 3.94 (m, 1 H), 3.94 - 4.0¢
(m, 1 H), 4.09-4.30 (m, 1 H), 430 - 4.81 (m, 2 H).
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