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Synthesis of Chain Transfer Agents for RAFT Polymerization by using DBU

Sudershan R. Gondi
Department of Chemistry, Southern Methodist University, 3215 Daniel Avenue, Dallas, Texas
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Abstract: Trithiocarbonate TTC, Dithioester DT containing RAFT chain transfer acid agents are
efficiently and conveniently esterified by DBU. The significance of the reaction is mild reaction
condition, high yield, easy simple workup, and reduction of reaction time. This protocol
providing a useful alternative method for ester synthesis and makes the process very viable or

more economic.
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Introduction: Highly ordered material can be obtained by better control over the polymer
backbone. To achieve this, a variety of synthetic approaches were explored, controlled free
radical polymerization is most important in polymer chemistry, living polymerization techniques
afford control over molecular weight, molecular weight distribution, architecture, and
functionalities of the resulting polymer. Three commonly used controlled free radical
polymerizations 1. Nitroxide-mediated polymerization! (NMP), 2. Atom transfer radical
polymerization? (ATRP), and 3. Reversible addition fragmentation techniques®’ (RAFT). RAFT
polymerization has received increasing attention in recent years, because it works with the

greatest range of vinyl monomers and under a wide variety of experimental conditions. Little
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work has been done for the synthesis of novel trithiocarbonate and dithioester for RAFT
polymerization. In general, esters are common intermediates in natural product chemistry due to
their stability and accessibility for easy interconversion®. The traditional methods’ to get the
ester is by treating the acid chloride and primary alcohol in presence of base, triethylamine or by
coupling of acid with alcohol in presence of imides (DCC or EDC). Though most of these
methods require heating or longer reaction time and tedious workup and, in some case, the
dithiocarbonate and dithioester functionalities in oxalyl chloride or thionyl chloride are very
susceptible, in view of the synthetic importance of esters in particular having trithiocarbonate
and dithio ester. It is desirable to have a general and convenient methodology for their synthesis

especially, from readily available materials, such as acids, halides and mesylate.

Recently, using organic bases in reaction have gained wide popularity in organic synthesis
becomes of its simple work of catalyzing nature and more important selectivity. Among the
organic bases, 1,8-Diazabicyclo[5.4.0Jundec-7-ene (DBU) as a non-nucleophilic, sterically
hindered, tertiary amine base has been widely demonstrated.!'® In particular; it has been widely
used for carrying out a wide range of reactions.!! The Baylis—Hillman reaction,'? Nef reaction,'?
Mizuno et al. developed a new chemical fixation of carbon dioxide in the presence of DBU to

1415 methylation'® and benzylation!” of N-, O- and

form substituted 1H-quinazoline-2,4-diones,
S-atoms with nontoxic dimethylcarbonate (DMC) and dibenzylcarbonate (DBC), respectively.

These also showed the superiority of DBU over the commonly used acylation catalyst 4-

(dimethylamino) pyridine in the esterfication of benzoic acid with DMC.'®

Page 2 of 8



Scheme-1

0]

><)J\>( C12H25\/ B(CBH)J\W

+ /\

OH

DBU, DMSO,
—_—

R
70°C, >90% !

Page 3 of 8

/\

R2 = Br, I, OMs. R3 = C2H, CH2-CH2-N3, -C6H4-B(OH)2

This observation prompted us to explore the reactivity of DBU! in organic synthesis for

esterfication. In continuation of our work of synthesis of Chain Transfer Agents for RAFT

polymerization, herein we wish to report a new method for the synthesis of ester containing the

trithiocarbonate and dithio ester using acid and alkyl bromide, iodide and mesiylate in presence

of DBU in DMSO at ambient temperature.

Table 2. Reactions of Acids 1a-¢ with Meisylate, Halides 2a-f with DBU in DMSO solvent:

Entry | substrate Halide/Mesiylate Temp () / Time Product Sf)ield
(h) (%)
1 Diacid (1a) PropargylBr, (2a) 70, 6 3a 94
2 la Propargyl-OMs(2b)22 70, 6 3a 79
3 la 1-azido-3-OMs-propane (2¢) 70, 6 3c 15
4 la 1-azido3-iodo-propane (2d) 70,5 3c 19
5 la 3bromomethyl-PhenylBA (2¢) 70, 6 3e 82
6 Cisacid, (1b) | 2a 70, 6 4a 89
7 1b 2c 70,5 4c 91
8 1b 2d 70, 6 4c 94
9 1b 2e 70, 6 4e 88
10 1b 4bromomethyl PhenylBA (2f) 70, 6 4f 81
11 lc 2d 70,5 5¢20 73

Propargyl esters 3a, 4a?’, azido esters 3b, 4¢?!, 5¢*!

and borate ester 3e, 4e and 4f were

successfully prepared and characterized. Propargyl esters and azido esters were used in click

chemistry for getting graft polymer intermediates.
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azido-1-propanol with phosphorous tribromide in ether gives impurities, may be azido is some
affinity towards the phosphorous tribromide, but in a stepwise synthesis from 3-azido-1-propanol
is feasible. Thus the 3-azido-1-propanol was converted to corresponding mesylate?> 2¢ in
quantitative yield by treated methane sulfonyl chloride in presence of base, TEA, consequently
converted into iodo compound? 2d by treated with sodium iodide in acetone under reflux
conditions in quantitative yields. Mesiylate 2¢ or iodo compound 2d can be used as reagents in

the reactions.

Scheme-2
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In an attempt to convert the diacid 1a to diacid chloride 6 by using thionyl chloride, isolated
complex structure in quantitative yield instead of expected product. In another attempt with
oxalyl chloride at temperature for 2 hours rearranged product, thioepoxide-monoacid chloride?* 7
which is confirmed by single crystal x-ray. The compound 7 on reacts with one equivalent of
alcohols to get corresponding mono esters 8. In Separate experiment, the diacid 1a reacts with 3-
azido-1-propanol in presence of EDC give the diazide product 3a in 4% whereas in newly

developed DBU-DMSO method it is 20%. The impurities are largely Trithiocarbonate cleaved
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thiol.

Scheme-3
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General Procedure: To a solution of acid (10 mmol, 1.0 eq) anhydrous DMSO (10 mL) is
added DBU, and substantial stirring was continued for 30 minutes at room temperature. Then
the solution of halides or mesiylate (1.0 eq, 5 mL) was then added dropwise. The reaction
mixture was stirred at 65-70°C for given time (see table). The progress of reaction was monitored
by TLC (usually 5-6h). After completion of reaction, the reaction mixture was diluted with
water (150 mL) and extracted with dichloromethane (75 mL X 2). The combined organic layers
were washed with saturated solution of sodium bicarbonate (100 mL), brine solution (100 mL),
dried over anhydrous magnesium sulfate and filtered. Evaporation of the solvent followed by
purification of the residue on silica gel column chromatography using a combination of ethyl
acetate and hexane as eluent furnished pure ester compound, which were identified by (TLC, IR
and NMR spectrum) and known samples with authentic compounds.

Conclusion, we have established a mild, simple and convenient method for synthesis of ester
compounds by using DBU in anhydrous DMSO at ambient temperature. This methodology was

very effective in synthesis of ester in presence of other sensitive functional groups such as
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trithiocarbonate, dithiobenzoates, nitrile, halo groups. The reaction was found to be general

applicable to aliphatic and aromatic compounds. The notable advantage of this methodology is

mild conditions, industrially applicable, tolerance to a wide range of functionalities. We believe

this will find significant application in the field of organic synthesis.
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