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Abstract

The PhIO/PEP system acts as an efficient mild reagent fordihect esterification of carboxylic
acids with alcohols. (Diacyloxyiodo)benzenes, whackin situ generated in DCM solution from
carboxylic acids and iodosylbenzene, react smoatlily triphenylphosphine and an alcohol at
refluxing DCM in the presence of catalytic amouhD&AP to give the respective esters from
good to high yields.
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Introduction

Ester functionality is widely present among a \grief natural products, lipids, pharmaceuticals,
polymers, perfumes, food preservatives, cosmetics synthetic materials of current interést.
Accordingly, its importance continues to feed iestrin research towards the discovery of new
formation methods. Further to the numerous classgathetic methods which have been
developed so far, the direct coupling of alcoholghwcarboxylic acids are of particular
importancée This transformation often requires special equipm& dehydrating agents and
always the presence of coupling reagents, whichuarelly metal salts and organometallic
reagents. These reagents and dehydrating agentsftare toxic and/or expensive. As such,
remains a need to develop mild and efficient methimdvards the effective formation of ester
functionality, using environmentally benign and dida recyclable coupling reagents. Such
requirements are often met in the hypervalent imd@agents whose chemistry has experienced
remarkable growth during the last decades mainbxidation processés.’
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In the light of these properties of organoiodinagents, Zhangt al.,*® reported recently a
method of broad scope for the coupling of carbaxgltids with amines or alcohols, using the
hypervalent iodine lactonkas coupling reagent (Scheme 1). Treatment of gghiscacids with
amines or alcohols in the presence of lactbngiphenylphosphine and dimethylaminopyridine
(DMAP), gave respective amides or esters in higidg. However, the use of all reagents,
including lactonel, which was costly to prepare, in stoichiometricoammt as well the necessity
for prolonged heating in chloroform at reflux amawbacks for the method. Attempts to replace
1 with (diacetoxyiodo)benzene (PIDA) or [bis(trifltaacetoxy)iodolbenzene (PIFA) led to the
respective acetates as main products.

R2NHR3, 1 (1.3 equiv) R'OH, 1 (1.3 equiv)
PhsP (1 equiv), DMAP (1.2 equiv) Ph3P (1 equiv), DMAP (1.2 equiv)
O 0} O
)J\ R2 CHClj, reflux )J\ CHClj, reflux )J\
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Scheme 1Coupling of carboxylic acids with amines and aldshohypervalent iodine reagent.

Our experience in hypervalent iodine chemiStfyprompted us to investigate the possibility
to simplify Zhang's protocol by using more readdlyailable reagents and milder conditions to
overcome their disadvantages. Herein, we reporfi@ipromising results.

Results and Discussion

Many years ago, Varvoglis and one of us reported tite reaction of (diacyloxyiodo)benzenes
with triphenylphosphine afforded the respectiveboaylic acid anhydrides, which were isolated
chromatographically (Scheme #¥)The dicarboxylates were preparau situ by reaction of
iodosylbenzene (PhlO) with carboxylic acids or fratichloroiodosobenzene with sodium
carboxylates. The formation of intermediaBeand3 was postulated and evidence for thaitu
generation o8 was provided.

Taking into account the above findings, we con&dehat a reaction of (diacyloxyiodo)-
benzenes with triphenylphosphine in the presen@nddlcohol could afford the respective ester
via a nucleophilic attack to intermedid8dy the alcohol. Since the (diacyloxyiodo)benzeres
be preparedh situ from iodosylbenzene (PhlO) and carboxylic acids &pproach would lead to
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the esterification of added alcohols. Worthy toenwts that a similar intermediate3avas also
proposed by Zhane al.*®
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Scheme 2Conversion of carboxylic acids into anhydrides (diacyloxyiodo)benzenes.

To this end, we initially studied the reactionaohumber of alcohols with the commercially
available (diacetoxyiodo)benzene (PIDA) in the pres of triphenylphosphine and an organic
base, expecting the formation of the respectivéate® The best results were obtained when the
reaction was carried out in dichloromethane (DCMatled at reflux using 1.5 equivalents of
each of PIDA and RR and 0.15 equivalents of DMAP as a base (Tabld.dnger reaction
times were required and lower yields were obtaiaedoom temperature or whenzHEtor
pyridine were used as base.

An inspection of Table 1 reveals that primary aedondary alcohols were readily acetylated
in mild conditions and high yields. In contrastetation of tertiary alcohols was unsuccessful,
and the alcohols were recovered. Interestinglffutmoacetylation was easily achieved (entry 2).
These findings indicate that the system PIDARPban be used as a mild reagent for protection
of primary and secondary alcohols.

Table 1.Acetylation of alcohols with PIDA

PIDA (1.5 equiv), Ph3P (1.5 equiv)
DMAP (0.15 equiv), DCM, reflux, 4 h

R-OH R-OAc

Entry ROH ROAC Yield (%} Ref.
1 PhCHCH,OH PhCHCH,0Ac 93 31
2 PhCHCH,OH PhCHCH,0,CCF; 92 32
3 PhCHOH PhCHOAC 77 31
4 CHs(CH,)sCH,OH CHy(CH,)sCH,0AC 81 33

HO 0. OMe AcO 0. OMe
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Table 1 (continued)

Entry ROH ROAC Yield (%} Ref.
Ph Ph
6 el A 89 34
OH OAc
7 /7 OH /7 0Ac 82 31
8 Me;COH MeCOAC 0
9 PhCOH PRCOAC 0

2 PIFA was used instead of PID?\YieIds were based on alcohol.

Table 2.Coupling of carboxylic acids with alcohols usingl® as a coupling reagent

R'CO,H (3 equiv)

DCM, rt, MS4 A, 0.5h

ROH (1 equiv), PhsP (1.5 equiv)

DMAP (0.1 equiv), DCM, reflux, 4 h

PhlO Phl(O,CR"), R'CO,R
(1.5 equiv)
Entry ROH R'COH R'COR Yield (%) Ref.
1 PhCHCH,OH  PhCHCOH PhCHCO,CH,CH,Ph 85 35
2 PhCHCH,OH PhCQH PhCQCH,CH,Ph 77 31
3 CH;(CH)6CH,OH PhCHCOH PhCHCO,CH,(CH,)sCH3 67 36
4  CHy(CHp)sCH.OH PhCQH PhCQCH,(CH,)sCHs 66 37
HO\WOMe PhCHQCOQWMe
5 PhCHCOH - 58 -
Pl P
HO\\&OMG PhCOQWMe
6 PhCQH \/ 59 38
Pl P
Ph Ph
7 Y PhCHCOM Y 73 39
OH 0,CCH,Ph
Ph Ph
8 b PhCQH Y 78 34
OH O,CPh
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Table 2 (continued)

Entry ROH R'COH R'COR Yield (%] Ref.
9 /"7 OH PhCHCOH /=7 0,CCH,Ph 63 40
10 /7 OH PhCQH [~/ 0,CPh 64 41

2Yields were based on alcohol.

Taking into account these results, we turned dtenion to widening the scope of the
method by using carboxylic acids as starting malerand converting therm situ to the
respective (diacyloxyiodo)benzenes in DCM solutioefore the addition of triphenylphosphine
and an alcohol. In a typical procedure, the carboxacid and PhlO were treated in DCM at rt
under stirring in the presence of molecular sievasi] the dissolution of the latter (< 30 min).
Then the alcohol, DMAP and triphenylphosphine waatded, and after 4 h heating at reflux, the
solvent was evaporated and the mixture chromatbghpn a silica gel column. The results are
depicted in Table 2.

In general, yields, which were not optimized, soenewhat lower than those in Table 1, but
it is reasonably expected from a two-step one-pattion compared to a one-step reaction. All
esters prepared are known compounds (with the éwcepf two D-ribose derivatives) and
unequivocally characterized from their NMR datajchhwere identical to those reported in the
literature®**

Compared to the Zhang protocol, our method appiigder condition, lower temperatures,
shorter reaction times and avoids the toxic chlmmof as solvent. The base (DMAP) is used
catalytically (10-15%), and the organoiodine cooglreagent is cheap and readily available. In
addition, the system PIDA/BR can be applied for protection of primary and sdeoy alcohols.
Further work to establish the scope and limitatiohthe PhlO/P§P system is underway.

Experimental Section

General procedure for acetylation of alcohols withPIDA and PhsP (Table 1).Alcohol (1
mmol), DMAP (18 mg, 0.15 mmol) and #h (393 mg, 1.5 mmol) in this order were
successively added to a solution of PIDA (483 m§, imol) in dry DCM (15 mL) and the
resulting mixture was heated at reflux for 4 h, eman argon atmosphere. The solvent was then
evaporated off and the residue was chromatographedsilica gel colummnc{hexane/EtOAC) to
give firstly the Phl formed and any unreactedmRHollowed by the desired ester in yields given
in Table 1.
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Methyl 5-O-Acetyl-2,3-O-isopropylidene$-D-ribofuranoside (Table 1, entry 5) (241 mg,
98%) was isolated as a colorless ai]p[-82.3 € 3 CHCE). *H NMR (500 MHz, CDCY) 6y 1.33

(s, 3H), 1.49 (s, 3H), 2.09 (s, 3H), 3.32 (s, 3HP6-4.15 (M, 2H), 4.36 (t, 1H,7.1 Hz) 4.60 (d,
1H, J 5.9 Hz) 4.66 (d, 1H) 5.9 Hz) 4.98 (s, 1H) ppnt’C NMR (125 MHz, CDGJ) dc 20.8,
25.0, 26.4, 54.9, 64.6, 81.9, 84.2, 85.2, 109.49.Appm. HRMSm/z 247.1178. Calc. for
[Cllngoe + H+]: 247.1182.

General procedure for eterification of alcohols wih carboxylic acids by PhlO and PhP
(Table 2). A mixture of carboxylic acid (3 mmol) and PhlO (38@, 1.5 mmol) in dry DCM (15
mL) was stirred at ambient temperature in the presef molecular sieves 4 A, until complete
dissolution (~30 min). The alcohol (1 mmol), DMAP2(mg, 0.1 mmol) and BR (393 mg, 1.5
mmol) in this order were then successively addetthéoclear solution and the resulting mixture
was heated at reflux for 4 h, under an argon athmergp The solvent was then evaporated off
and the residue was chromatographed on a siliceoyiginn ¢-hexane/EtOAC) to give firstly the
Phl formed and any unreactedsPhfollowed by the desired ester in yields givef @ble 2.

Methyl 5-O-phenylacetyl-2,30-isoplopylidenef-D-ribofuranoside (Table 2, entry 5) (316
mg, 98%) was isolated as a colorless ailp [41.9 € 2.8 CHC}). *H NMR (500 MHz, CDC})

on 1.31 (s, 3H), 1.48 (s, 3H), 3.26 (s, 3H), 3.662(3), 4.08-4.18 (m, 2H), 4.38 (t, 1H6.9 Hz)
4.56 (d, 1H,J 6.0 Hz) 4.62 (d, 1H) 6.0 Hz) 4.96 (s, 1H), 7.25-7.35 (m, 5H) ppHiC NMR (125
MHz, CDCk) oc 24.9, 26.4, 41.2, 54.9, 65.0, 81.8, 84.1, 85.8,4,0127.1, 128.6, 129.3, 133.7,
171.1 ppm. HRMS3Wwz 323.1497. Calc. for [GH230s + H']: 323.1495.
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