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a (i) Amberlyst A26 (OH form), solvent; (ii) formic acid, methanol.
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Introduction. The carboxylic acid functionality manifests g \ I )

a ubiquitous presence in biologically active molecules. It is
found in a number of drugs and has been identified as a solvent ester wash% rec ester eluant % rec acid

privileged fragment. Numerous endogenous ligands that pcm 1 30 50
function as signaling molecules incorporate carboxylic acid THF 1 <1 81
functionality, as well. Examples include various eicosanoids, DPMF 1 <1 90
retinoic acid, thyroid hormoney-aminobutyric acid, and XgﬁH i zi gi
numerous peptide hormones and growth factors. Therefore, pcm 2 53 18(0¥
high-throughput synthesis of carboxylic acids for the genera- THF 2 23 41(0¥
tion of compound libraries for drug discovery or chemical ~DMF 2 15 39(4y
genomics studies is quite relevant. MeOH 2 9 S1(1y
. ! o . eOHe 2 51 23(12Y
Typically, preparation of carboxylic acids develops via acN 2 9 34(0p

an ester-protgct_ed synthon, which IS. unmasked late in the aSee Supporting Information for the general method. Unless
synthesis. This is generally accomplished by aqueous hy-pgteq ~1.85 equiv of OH was used® Yield of diacid (monoacid).
drolysis, which is difficult to incorporate into a parallel ¢0.9 equiv of OH was used.

method? Therefore, a protocol whereby the product acids
are captured directly onto a solid support would be highly
advantageous.

Use of polymer-supported reagents and scavengers ha
undergone continual expansion in recent yéarge have
explored the utility of the ion-exchange resin Amberlyst A26
(OH~ form) for ester hydrolysis. Sporadic reports of the use
of this reagent for hydrolysis have appeared in the literdture.
The hydroxide-bound Amberlyst and related reagents have
also been used as scavengers; however, we have not foun
a description of the use of this or related reagents for ester
hydrolysis in combination with catch-and-release methodol-
ogy. This protocol offers significant utility in terms of high-
throughput synthesis, because it provides an efficient labo-
ratory procedure for ester hydrolysis as well as product
isolation and purification. Other strategies for parallel ester
hydrolysis and resin-facilitated product isolation have been
reported; however, the hydroxide ion-exchange resin offers
a more direct approach. Therefore, we have investigated its
use in this regard, and herein the preliminary results are
reported (Scheme 1).

Results and Discussionlnitially, solvent effects were
investigated. The Amberlyst polymer is a macroreticular resin

with rmanent pore str re, and therefore, swelling w . . .
th a permanent pore structure, and therefore, swelling aSsecond hydrolysis or by an intraresin reactfowhereby

not expected to have a significant impact. To explore this . ) .
. . . . second stage hydrolysis results from reaction of the resin-
premise, solvents which have demonstrated diverse resin . . : :
bound monoacid ester with nearby resin-bound hydroxide.

solvation/swelling effects and having variable associated A second experiment in methanol was carried out using only
hysicochemical properties were examifiéichble 1 shows . . : :
Phy brop 0.9 equiv of resin-bound hydroxide. As can be seen in the

results from these comparisons. Esters were treated with thetable the quantity of isolated product was diminished, and

* Corresponding author. Phone: 203-798-5751. Fax: 203-798-5297. the diacid was still favored, albeit less exclusively. Again,
E-mail: tmorwick@rdg.boehringer-ingelheim.com. the wash solution was found to contain pure starting diester.

resin and agitated overnight in the designated solvent. The
resin-captured products were isolated by filtration and washed
with additional solvent. The product acids were then eluted
?rom the resin with formic acid in methanb{See Supporting
Information for experimental procedures.) For hydrolysis of
esterl, THF, DMF, methanol, and acetonitrile demonstrated
comparable efficiency with good yield of products recovered
from the eluant in high purityX95%). For dichloromethane,
Qowever, the reaction was apparently sluggish with signifi-
cant quantities of unreacted ester isolated from the wash
fraction. No starting ester was observed in the wash solutions
for the other four solvents; however, a negligible amount of
the acid was seen in the wash fraction with THF and
acetonitrile only. For the diest&; the expectation was that
following hydrolysis of an initial ester, the monoacid would
be captured onto the resin, thereby rendering it unavailable
for further hydrolysis. In contrast, the eluted products were
found to contain pure diacid, with the exception of the
reactions in methanol and DMF, in which cases a small
percentage of the monoacid was isolated. Additionally, the
wash solutions were found to contain exclusively the starting
diester. Hydrolysis of the monoacid esters can potentially
occur via release from the resin and recapture during the
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Table 2. Parallel Hydrolysis ofl—122

tions of desired acid and two proposed byproducts.

compared to the vial reactions (62 vs 81%), but similar

Ester Wash | Eluant product formation was observed f@rusing the different
(core) R, R, ?S{:r" qzcriflc protocols (53 vs 51%). Increasing the number of equivalents
of hydroxide to 3.0 enhanced the yield of the dia2javhich
14) p-NO, Me | <1 62 was now isolated without contamination of the monoacid.
X0) Me | 23 | 5307 Substrates, an aliphatic ethyl ester performed efficiently. It
was noteworthy, however, that the wash solution contained
2By Me | 4 | 690y both ethyl and methyl esters, resulting from transesterification
3(C) Et | 1" 78 with the reaction solvent. Basic catalysis is known to promote
ey e T % transesterification, and this phenomenon was observed for
other examples of ethyl esters, as well. Substrdtaad5
4A) p-Cl Et [ 2 64 were used to compare hydrolysis of ethyl vs methyl esters
5 ol e T < = f':md demonstrate similar efficiencies with a small advanta}ge
in the case of methyl (72 vs 66%); however, transesterifi-
sy pCl Me | <1 | 62 cation to the methyl ester prior to hydrolysis could not be
6(A) »CN Me | <1 | 72 ruled out. A second comparison was therefore made by
repeating the process with and 5 using acetonitrile as
74) (\ij Me | 11 7 solverjt. As_ shown in.the table, a slight reduction in the
p_o\) guantity of isolated acid was observed, as compared to the
reactions run in methanol, but the results confirm that both
84) | p-NMe, | Et | 90" [ 3 esters show similar reactivity. For the nitrile derivatife
9A) p-OEt Et | 49° 28 two byproducts were observed spectrally but were not
. : isolated. Mass analysis and NMR indicated hydrolysis of the
10(AY | p-CHNH, | Me | 43 51 o : . :
T nitrile was a competing process (see Figure 1). Hydrolysis
11(A) | 2-NO4-Cl | Me | 2 33 of heterocyclic nitriles with hydroxide exchange resins has
20) e T < 5 been previ_ously reported. _

Comparing all the benzoate esters, electronic effects were
11(AY | 2-NO4-ClL | Me | <1 97 found to be significant, with electron-withdrawing groups
120Dy Mo | <1 03 promoting optimal reactivity, as would be expected from a

standard base-catalyzed hydrolysis of esters of substituted

benzoic acids. For example, when nitro, chloro, nitrile, and
amide functional groups were present at the 4-position, yields
ranged from 62 to 72%. By contrast, progressively amplified
electron-donating effects translated into increasingly retarded
rates of reaction, as can be seen by the product recovery for
8—10. The most electron-rich analog, the dimethylamino
derivative 8, gave the smallest recovery, and in this case
only, the eluant was contaminated with the methyl and ethyl
esters. (Again, wash solutions consisted of both methyl and
Results of these experiments indicate the protocol is ethyl esters for8 and 9.) Substratell was an apparent
effective using a variety of solvents with variable properties. anomaly to the electronic effects demonstrated for other
Ester 1 is efficiently hydrolyzed, but the reagent is not benzoate esters using the standard protocol, because only a
capable of selective hydrolysis of dies&to the monoacid  33% yield of product was isolated. The poor recovery could
ester. have resulted from limited hydrolysis due to a steric effect
Next, an investigation of the general utility of the method imposed by the ortho substituent. However, the absence of
for various ester substrates was executed. Methanol wassignificant isolated starting ester in the wash solution
chosen as the reaction solvent on the basis of its use as eluarguggested that reactivity was not the problem. Solubility did
and substrate solubilities. These reactions were run in parallelnot appear to be involved either, because an additional wash
in a Bohdan block, and results are shown in Table 2. Again, of the resin bed with DMF following elution was inconse-
unless otherwise noted, wash solutions contain only startingquential. In this case, it was found that modification of the

aSee Supporting Information for the general method. Unless

noted,~1.67 equiv of OH was used?® Yield of diacid (monoacid).

¢ 3 equiv of OH was usedd Mixture of ethyl and methyl esters.
eReaction run in acetonitrilé Product is 83% acid plus two
byproducts (see Figure 19Mixture of product, starting ester,
methyl ester HCI salt; 3 equiv of hydroxide was used-ormate
salt.]Eluant 8 1 M HCI water/acetonitrile (See Supporting
Information for method modification¥.Eluant 5 1 N HCI aqueous
(see Supporting Information for method modificatiohjiCl sallt.

esters, and eluants deliver pure95%) product acids.
Results forl and2 show some reduction in yield fdr
when the reaction is run in the Bohdan block protocol, as

eluant was necessary to facilitate efficient product removal.
A second experiment utilized HCI in water/acetonitrile and
provided a substantial improvement in product isolation
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Table 3. Results for microwave Hydrolysis &—107

(0]
= OR
R1_ | 2
X
ester R R, wash % rec ester eluant % rec acid
8 p-NMe; Et 41 36
8  p-NMe; Et & 79
od p-OEt Et <]¢ 94¢
10¢f  p-CH,NH, Me 5 83

aSee Supporting Information for the general method. Unless
noted,~1.67 eq OH was used? Irradiation time is 15 minutes.
¢ Mixture of ethyl and methyl ester&lrradiation time is 40 minutes.
e Standard elution followed by DMF wash of residCl salt; 3.3
eq OH was used? Formate salt.

(97 vs 33%). Removal of the captured product from the anion
exchange resin can be facilitated by using a more selective
counterion and a stronger acid to ensure the released product
acid is present predominantly in an uncharged form. HCI
satisfied both of these conditiodElution of isonicotinic
acid, derived from estet2, was similarly complicated, and

in this case, aqueous HCI was effectively employed for
product recovery?!

A third series of experiments was subsequetly performed
to determine if reaction efficiency for the refractory electron
rich examples could be improved using microwave irradiation
(Table 3). The standard method was modified accordingly
(see the Supporting Information). Analdywas chosen
initially because it was the most resistant. The reaction
mixture was irradiated at 13TC for 15 min. A substantial
improvement in product formation was observed as compared
to the standard conditions, and pure 4-dimethylaminobenzoic
acid was recovered in 36% yield. Increasing the reaction time
by an additional 25 min provided a 79% vyield of pure
product, similar to recoveries for the best substrates. For the
other electron-rich benzoate8, (L0), the acids were recov-
ered in good yield and purity>95%) using the microwave
conditions. For9, a second wash of the resin with DMF
following elution was necessary.

Conclusion
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resin. Exploration of the general utility of this method in
related processes and in multistep sequences is ongoing.

Supporting Information Available. Experimental meth-
ods for comparison of solvent effects, hydrolysislefl12,
modified procedures fat1 and12, and microwave reactions
for 8—10is provided. This material is available free of charge

via the Internet at http://pubs.acs.org.

References and Notes

(1) Muller, G.Drug Discaery Today2003 8, 681.
(2) Non-aqueous methods for ester hydrolysis have been re-

ported. For example, see: Anderson, M. O.; Moser, J.;
Sherrill, J.; Guy, R. K.Synlett2004 2391 and references
cited therein.

(3) (a) Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson, P.

S.; Leach, A. G.; Longbottom, D. A.; Nesi, M.; Scott, J. S;;
Storer, R. |.; Taylor, S. JJ. Chem. Soc., Perkin Trans. |
200Q 3815. p) Drewry, D. H.; Coe, D. M.; Poon, 3Jed.
Res. Re. 1999,19,97. (c) Ley, S. V.; Baxendale, |. Rat.
Rev. Drug Discaery 2002 1, 573.

(4) (a)Ley, S.V.; Baxendale, I. R.; Le, A-L. Polymer-supported
Hydroxide. InReagents for High-Throughput Solid-Phase
and Solution-Phase Organic Synthe$iipf, P. Ed.; Hand-
book of Reagents for Organic Synthesis Series; John Wiley
& Sons: The Atrium, Southern Gate, Chichester, West
Sussex PO19 8SQ, England, 2005; p 235. (b) Cardillo, G.;
Orena, M; Sandri, S.; Tomasini, @. Org. Chem1984 49,
3951. (c) Arcus, C. L.; Gonzalez, C. G.; Linnecar, D. F. C.
J. Chem. Soc. Chem. Commuan69 23, 1377. (d) Baxen-
dale, I. R.; Ley, S. V.; Nessi, M.; Piutti, Tetrahedror2002
58, 6285.

(5) (a) South, M. S.; Case, B. L.; Dice, T. A.; Franklin, G. W_;
Hayes, M. J.; Jones, D. E.; Lindmark, R. J.; Zeng, Q.; Parlow,
J. J.Comb. Chem. High Throughput Screeng@pQ 3, 139.

(b) Hardcastle, I. R.; Barber, A. M.; Marriott, J. H.; Jarman,
M. Tetrahedron Lett2001 42, 1363.

(6) Fields, G. B.; Fields, C. GJ. Am. Chem. S0d.99]1, 113
4202.

(7) The choice of methanol was based on the observation that
all the commercially available acid products had good
solubility in this solvent.

(8) Kim, B.; Kirszensztejn, P.; Bolikal, D.; Regen, S.L.Am.
Chem. Soc1983 105, 1567.

(9) Bobbitt, J. M.; Scola, D. AJ. Org. Chem196Q 25, 560. It
is noteworthy that although some hydrolysis of the aromatic
nitrile was observed under the reaction conditions, for the
reactions run in acetonitrile, no hydrolysis of the solvent
aliphatic nitrile was observed.

In summary, we have studied the use of Amberlyst A26 (10) Blevins, D. D.; Burke, M. F.; Good, T. J.; Harris, P. A.;

(OH~ form) for high-throughput ester hydrolysis with catch-
and-release isolation of the product carboxylic acids. Solvents
with various resin solvating properties were efficacious. As
expected, electronic effects on reactivity were significant;
however, the modest conversions observed for electron-rich
systems could be overcome using microwave irradiation.
Additionally, it was observed that in some cases, a stronger
acid eluant was required to achieve good recovery from the

Van Horne, K. C.; Simpson, N.; Yago, L. S. Appendix D.
In Sorbent Extraction Technologgnd ed.; Simpson, N., Van
Horne, K. C., Eds.; Varian Sample Preparation Products:
Harbor City, CA, 1993; pp 118120.

(11) Itwas observed that dilute HCI could not be used in methanol

because re-esterification of product acids was noted. Formic
acid did not demonstrate this liability for the examples
described herein.

CCO060064R



