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A great deal of research focuses on more environmentally benign . [ArNHZTOSRIT (5 mol%) 6+ 7 ®s
alternatives to ester condensation processes, which are in great heptane (bp. 98 °C) ::
demand by the chemical industry? In 2000, Tanabe et al. reported N Graphs :4"’*‘”"'""“5“0:@”““’” © .
that diphenylammonium triflate ([BNH,]*[OTf]~, 1—10 mol %) R A A
efficiently catalyzed the ester condensation reaction of carboxylic 30:. 1 sl = " mnmmum |
acids with equimolar amounts of alcoh8lélthough [PBNH,]*- wlo o8""" T ol a "

[OTf]~ can be used without removing water, its acidity is still wl 8 Canyst 1 _:. Gataya 1a]
strong. Therefore, it is difficult to adapt Tanabe’s method to . . . ] ok ]
sterically demanding and acid-sensitive alcohols. Herein, we J e S [ . ] i Tagarats 1
describe bulky diarylammonium pentafluorobenzenesulforidies 2 4 6 8 10 ¢ S L
. . . i
3b and tosylatelc, which are much milder acids than the o 56 'm:m o 50 )
corresponding ammonium triflates, that can be adapted to a variety 100¢—————— I e 1004 : - : —5
of sterically demanding alcohols and acid-sensitive alcohols (Chart  so g u e 80 fg— "
1). In particular, bulky catalysts, such &g and2b, are extremely 6ol = 1 eolem ]
- Catalyst: 1b_ | L Catalyst: 1b |
Chart 1. Bulky Diarylammonium Arenesulfonates S 1 “Or"e 1
m L]
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NH, |[0sSRT NHz  |[O:SR] NH |[05SA] Figure 1. Ratio of5, 6, and7 in the reaction mixture ot (2 mmol) and
5 (2 mmol) in heptane (4 mL) over time was evaluatedyNMR analysis.
1a (R=CF3) i,
1b (R=Cele) [“'2";'2]1123”' o GaHyy  azectropic reflu
1¢ (R=Tol) 2b (A=C¢Fs) 3b (R=CsFs) P (5 mol®) oo, ®s W9 A0
hexana (bp. 68-70°C)  FMCH=C0" "Gty &iH,  simple reflux
active catalysts that form the corresponding esters from an mﬂégﬁﬂﬂ;ﬂ{éﬂ"“ 9 o X8 +elw
equimolar mixture of carboxylic acids and primary alcohols even '
at room temperature without removing water. com. (36) E

The ester condensation of 4-phenylbutyric ac#f) ith an
equimolar amount of cyclododecand) (was examined in the
presence of 5 mol % of bulky arylammonium perfluoroalkane-
sulfonates in heptane under reflux conditions (bath temp of 115
°C) (Figure 1). Cyclododecyl 4-phenylbutyra) &nd the undesired
cyclododecener] were produced in the presence of JRH,] T [OTf] ~ 0 e 15 20 25 b 1820 25
(graph A). When a more bulky dimesitylammonium triflatis) time (n) time (1)
was used, the esterification rates increased, but the dehydration rate&§/gure 2. Catalytic activities of [PbNHz]f[OTﬂ* and 2b under reflux
flom 510 7 decreased (graph E). Next when dmesitylammonium CZNIONS WO e At ColE 1) o ezeeton e
pentafluorobenzenesulfonattbf was used instead df, the yield mixture of 4 (2 mmol) and8 (2 mmol) in hexane (4 mL) over time was
of the ester increased to more than 90% and the yield whas evaluated by'H NMR analysis.
suppressed to less than 10% (graph C). Finally, when the ester
condensation was conducted at 8D in the presence dib, the Ho = —3.98) is a weaker acid than TSOHKyp(CD;CO,D) =
conversion to the ester after 23 h was 97% yield without producing 8.5)67 On the basis of this resitthe catalytic activities of

a detectable amount Gf_(graph D_)' . dimesitylammonium tosylatel¢) and [PBNH,]T[OTs]~ for the
The ester condensation reactiondoWith 6-undecanol &) was ester condensation df with 8 were compared with those db

compared betwegn the reflux .c.ondmor)s WIthOU.t removing yvater and PANH,OTf, respectively, under the same conditions. Surpris-
and the azeotropic reflux conditions while removing water (Figure .

2). The reaction catalyzed by [MH,]*[OTf~ was slightly ingly, 1c and 1b exhibited similar catalytic activities, and
decelerated under reflux conditions without removing the water [PeNHZ]"[OTs]™ was better than [NH] "[OTf]". These ex-

produced (graph E). In contrast, the reaction catalyzed by more perimental results suggeste_d that the hydrophobi(_: effect of bulky
bulky catalyseb proceeded very well without the influence of water ~ N-aryl andS-aryl groups, which surrounded NHof diarylammo-

Gatalyst: [PhoNHJHOTI

pmannnt ]

(graph F). nium arenesulfonates, might be more important than the strong
TfOH is a superacid (g, (CDsCO.D) = —0.74,Ho = —14.00) acidity of NH,™ in promoting the dehydrative condensation

that is stronger than concentrated3d, (pK, (CD;CO,D) = 7.5, reaction? Bulky diarylammonium arenesulfonates were effective

Ho = —11.93)87 In contrast, GFsSO:H (pK, (CD;CO.D) = 11.1, for the selective esterification of secondary alcohols because they
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Table 1. Esterification Reaction between an Equimolar Mixture of
Carboxylic Acids and Alcohols Catalyzed by 1b@

1 2 1b (1 mol%; 1 2
R'CO,H + HOR eplans. 807 R'CO,R

Time, Yield
Ph(CH5)sCO;CgHy;  MeOCH,CO,CgH;7 9 Ph(CHZ)sCO,
1 h, 99% 1h, 99% 23 h, 83(3)%”? O
CsHi1 Ph(CH,)5C05™"
QCOECEH” g Ph—=—00; (482:13 84(20)“/
5h, 98% Ph™ > COCetyy Cshan ' °
£BUCO,CgHy7 3h, 99% 48h, 89(4)% Ph(CH_)sCO,
6h, 93% o] o] o Ij
Ph—==—C0,CgH/7 )l\/\C()zCan )J\/\002< o Ph(i:i\)f(?; %P
5h, 96% 3h, 98% CaHis . 90(0)%
24 h, 82(5)2
Ph/\/cozcus Ph(CH,)3CO,Bn h, 82(5)% MeOCH,CO, OMe
24 h, 96% 2h, 95% MeOGH.CO _< sHi
e 24 h, 99%°
/Ycozcan Ph(GHQ)chQ/Y 2 CsHyy 99%
10 h, 93(0)%
22, 90% 3h,>00% oo /@
PhCO,CeHy;  PN(CH21C02—==—Ph py(CH,),CO,+menthyl 2voe

24h,91% 24 h, 88% 10h, 93% 72h, 92%

aUnless otherwise noted, a solution of carboxylic acids (2 mmol) and
alcohols (2 mmol) in heptane (4 mL) was heated at@0dn the presence
of 1b (1 mol %). Yield of alkenes is shown in parenthesesb (5 mol %)
was used¢ 1b (10 mol %) was used at 11%C.

Table 2. Esterification Reaction without Solvents and Heating?

1 2 1b (1 mol% 1 2
RICOH + HOR %osamr%_» R'CO,R!

Time, Yield
Ph(CH,)3CO,Me oM o
O. O OMe
24 h, 95% CO,Me CO,CgHy7 H
AN
MeOCH,CO,Me Q’ Q/ Ph CO,CgH17 )j\/\COEMe
8 h, 72% 11 h,91% 24 h, 74% 42 h, 69% 48 h, 90%

a A mixture of carboxylic acids (2 mmol) and alcohols (2.2 mmol) was
stirred at room temperature in the presencd{1l mol %).

preferentially activated less-hindered carboxylic acids rather than
secondary alcohols.

To explore the generality and scope of the selective esterification
catalyzed bylb (1 mol %) at 8C°C, the condensation was examined
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Figure 3. Preparation of3b and its recovery and reuse.

catalyzed cross-coupling of 4-bromopolystyrene resin cross-linked
with 2% divinyl benzeneX1, 2.71 mmol Br/g, 206-400 meshif

with 2,4,6-trimethylaniline in 75% yielét 3b was then readily
prepared in 97% yield by treating2 with CsFsSO;H. On the
contrary, an immobilized catalyst could not be prepared fidn

and TfOH since3b decomposed with superacidic TfOBb was
recovered by filtration and reused as the catalyst more than 10 times
for the direct ester condensation reactiondolvith octanol, and
activity loss was not observed for the recovered catalyst.

In conclusion, the hydrophobic effect of bulky diarylammonium
sulfonates activated the esterification reaction, and steric hindrance
suppressed the dehydrative elimination of secondary alcohols to
produce alkenes. Thus, we achieved direct, catalytic ester condensa-
tion of carboxylic acids with an equimolar amount of primary
alcohols without solvents at room temperature. In addition, the
immobilization of bulky diarylammonium pentafluorobenzene-
sulfonate on a polymer support provided an efficient atom-
economical esterification catalyst that could be easily recovered
and reused.
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the corresponding estere.5-Unsaturated carboxylic acids and
benzoic acids were also transformed into the corresponding esters
2-Alkoxycarboxylic acids and 2-unsubstituted carboxylic acids were
very reactive substrates, probably due to the favorable chelation
between the substrates ahlal 4-Oxopentanoic acid was selectively
esterified without a protecting ketone moietib was adaptable

for acid-sensitive alcohols, such as benzyl alcohol, allylic alcohols,
propargylic alcohols, and secondary alcohols. In particular, it is
noteworthy that the esterification with sterically demanding alcohol
8 proceeded to give the desired esters in good yield with less than
5% of alkenes. Although Lewis acidic metal salts such as Hf(IV)
and Zr(IV) were not adapted to 1,2-diols due to tight chelation with
metal ions’¢ these diols were also esterified in high yield b.
Relatively less reactive aryl alcohols and 1-adamantanol were also
esterified in high yields.

Ester condensation reactions with relatively more reactive
primary alcohols proceeded even at room temperature°(@2
without solvents (Table 2). Most carboxylic acids were esterified
with 1.1 equiv of methanol in good yield in the presence of 1 mol
% of 1b. 1-Octanol was also reactive. As far as we know, this is
the first example of an ultimate green esterification process.

One major problem associated with using soluble catalysts lies
in the recovery of the catalyst from the reaction medium. A simple
solution is to immobilize the catalyst on a polymeric mafriigure
3 describes the preparation of immobilized catalgbt 4-(N-
Mesitylamino)polystyrene resirl®) was prepared by palladium-

Fluorous Project of the Noguchi Institute.

* Supporting Information Available: Experimental procedures, full
characterization of new compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.
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