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Abstract: The preparation of polystyrerelivinylbenzene-supported derivatives of tris(2-aminoethyl)amine and methyl
isocyanate are described. These polymeric reagents are used to quench excess reactants and remove known impurities
from the crude reaction products obtained from the solution-phase, parallel syntheses of ureas, thioureas, sulfonamides,
amides, and pyrazoles. In conjunction with the use of other polymeric reactants during the course of a reaction, the
addition of polymer-supported quench reagent(s) at the conclusion of the reaction allows isolation of the desired
product by a single filtration and evaporation of solvent. The mechanical simplicity and efficiency of this methodology
make possible the rapid, parallel purification of crude reaction products obtained via solution-phase syntheses, regardless
of whether the intended product is a single compound or a mixture of compounds, and hence offers an attractive
alternative to solid-phase organic synthesis in the practice of combinatorial chemistry.

Introduction ability to separate a structurally diverse array of undesired
starting materials from a structurally diverse array of desired
products based upon physical properties such as solubility or
partition coefficient presents a difficult problem, especially if
one wants to maintain the equimolar ratio of desired products.
Solid-supported synthesis offers a practical solution to

The recent medicinal chemistry literature has shown a
dramatic rise in the interest of utilizing combinatorial chemistry
and automation to increase the rate at which novel drug
candidates may be preparedBy and large, this interest has

grown out of the pioneering peptide library work of Geysen purification for both parallel and batch modes of combinatorial

and Houghted. The efficiency of preparing combinatorial thesis. The ability t ts f lid
peptide libraries via solid-phase synthesis has increased the>) ' esro- 1he ablity 1o TEMove excess reagents rom sold-
popularity of research upon solid-phase organic Synthesissupported products by filtration and rinsing of the support

methods that are applicable to libraries of low molecular weight, grimits'fsagéerggﬁe; thi;g:ee tahllo;tedat&fi) u:g?it'?: Ilre]xpgwriilnljrl S
nonoligomeric, druglike moleculés. y €s po € sep 0 omp €

It is commonly argued that the major impediment to parallel associated with batch mode synthesis. The price paid for this

solution-phase synthesis of large numbers of individual organic convenient pur|f|cat|on IS th_e time and effort necessary to
molecules is the time and effort required for purification of the doevelr?p a ShOI'd'ﬁ hage syr|1th_et|c rﬁute to ther:nol_ect:les of interest.
reaction products at each synthetic step. Furthermore, if Onebenn(;fites O;V: s?)lri]d: Eg::og'f“ﬁ;;;yrx ei':at ?ﬁagumnﬁg?gs
approaches combinatorial chemistry from the standpoint of solution-phase reactti))ns haveybeen o. timizgd and doc{Jmented
intentionally synthesizing compound mixtures in solution, the : h I'tp ¢ th f P ilable t lid-ph
alternatives for enhancing purity of that mixture are extremely In the literature than are currently available to solid-phase
limited. The problem associated with purification of a mixture synthesis. Reaction progress as well as identity and purity O.f
is further exacerbated by the fact that it is desirable to produce products may be_analyzed by well estapllshed chromgtograpmc
library mixtures consisting of structurally diverse molecules and spectroscopic means. A large variety of protecting group
which are present in equal molar quantities in order to increase rea_gents are gvallable at rgasongble cost Whereqs only alimited
the likelihood of finding a biologically active compound upon variety .Of relatively expensive splld-phase synthe_S|s resins, ofte_n
in vitro screening of the mixture and deconvolution. Particularly strateg_lcally emp_loyed as solid-phase protecting reagents in
in the cases where a large number of diverse products areanchorlng of starting materials, are co.mmermally available. Last,
involved, i.e. 100 to 1000 compounds, methods that are well but not least, there is no need for resin attachmqnt and cleavgge
established for the purification of single compounds such as steps. _Recently, a numb_er_of strategies f_or ut|||2|r_19 the benefits
crystallization, extraction, and flash chromatography will not of solution-phase synthesis in combinatorial chemistry have been

be applicable. Even if the crude reaction product is a relatively reported:

simple mixture, consisting only of an equimolar mixture of In our experience, the reasons for choosing to prepare

desired products and lesser quantities of starting materials, thecomblnatorlal libraries (with or without automation) can gener-

ally be divided by two purposes. The first is the preparation
® Abstract published irAdvance ACS Abstractday 15, 1997. of lead generation libraries for high volume screening. In this
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E. M.. Barrett, R. W.; Dower, W. J.. Fodor, S. P. A Gallop, M. &. phase synthesis (several months) can be recouped if one makes
Med. Chem1994 37, 1385. (c) Czarnik, AChemtracts: Org. Chen1995 thousands of compounds via mix and split synthesis strategies.
8, 13.

(2) Geysen, M. H.; Meloen, R. H.; Barteling, S.Broc. Natl. Acac. (5) (a) Carrell, T.; Wintner, E. A.; Bashir-Hashemi, A.; Rebek, Jr., J.
Sci. U.S.A1984 81, 3998. Angew. Chem., Int. Ed. Endl994 33, 2059. (b) Boger, D. L.; Tarby, D.

(3) Houghten, R. AProc. Natl. Acac. Sci. U.S.A985 82, 5131. M.; Myers, P. L.; Caporale, L. Hl. Am. Chem. S0d.996 118 2109. (c)

(4) Recently reviewed: (a) Terrett, N. K.; Gardner, M.; Gordon, D. W.; Curran, D. PChemtracts: Organic Chemist4996 9, 75. (d) Curran, D.
Kobylecki R. J.; Steele, Jetrahedron199551, 8135. (b) Thompson, L. P.; Hoshino, M.J. Org. Chem.1996 61, 6480. (e) Keating, T. A;
A.; Ellman, J. A.Chem. Re. 1996 96, 555. Armstrong, R. W.J. Am. Chem. S0d.996 118 2574.

S0002-7863(96)03463-4 CCC: $14.00 © 1997 American Chemical Society



Polymer-Supported Quenching Reagents J. Am. Chem. Soc., Vol. 119, No. 2148837

aminomethyl resin at rT. In this case approximately 1 mmol
N of NCO/g of 2 is the highest loading that is possible if one
K/O starts with commercially available aminomethyl resiasl (1
3

mmol of N/g). A strong IR absorption at 2260 ckis
observed, indicative of the resin-bound isocyanate. Loading is
(4.3 mmol N/ g) (1.0mmol NCO/g) (3.5 mmol N/ g) verified by reaction with excess 4-bromobenzylamine and Br
Figure 1. Polymeric reagents. analysis of the resulting polymer-supported urea. The polymeric
base3 is prepared by treating Merrifield resin (4.3 mmol of

The second purpose is the optimization of an existing lead. If C/9) with morpholine (266 mol %) in DMF (65C, 6 h)?In
the existing lead came from a library that was prepared by solid- this case cro_ss-llnklng |s_not an issue, and elemental analy_5|s is
phase synthesis, there is good reason to try and optimize itsconsistent with quantitative displacement of Cl by morpholine.
properties by making analogous compounds with the same Eigure 2 shows selected examples of reactions_ wherein the
synthesis. On the other hand, many leads are found by screeningesinsl—3 are employed. The first two examples illustrate an
historical collections of compounds. In such circumstances, Important advantage of PSQ methods. One can choose which
parallel solution-phase synthesis becomes the method of choicé€agent to use in excess and adjust the quenching resin
for two reasons: (1) A solid-phase synthetic route is not accordingly. Thus reaction of excedswith 5, followed by
available and the time necessary to devise one is inconsistenluenching withl, affords6 upon filtration and evaporation of
with the relatively small number of compounds (hundreds) one Solvent. Alternatively, exces§ may be used, followed by
generally needs to transform a mass screening lead to a drugiuenching with2. Completion of both the reaction and the
candidate. (2) The purpose for any individual synthetic array duenching process can be monitored by TLE1-NMR and

is typically unidimensionalj.e. a single starting material is ~HPLC analyses sho, produced by either method, to be of
modified with a collection of synthons to derive a structure ~ €xcellent purity. In a closely related reactidhis prepared
activity relationship at one position of the molecule. In such a from 7 and excess, with quenching byl. These means of
unidimensional array, mix and split synthesis strategies cannotPreparation of ureas and thioureas have been widely applied to

be used to reduce the number of reactions. compounds of proprietary interest in our laboratories with equal
results. The only complication encountered was the occasional
Results and Discussion precipitation of the desired product, in which cases a suitable

solvent must be added to dissolve the product before filtration
f the resin.
PSQ is also applicable to the synthesis of sulfonaniide

Recognizing two major advantages of solid-phase synthesis,
we set out to devise a method whereby (1) excess reagent could

be similarly employed to drive solution-phase reactions to and amidel5. In these cased is employed as a base during
mpletion and (2) the reaction workup woul implified t U )
completion and (2) the reaction workup wouild be simplified to the reaction. It is not necessary to rem@/before adding the

a single filtration and evaporation of solvent at each synthetic ; - T . .
step. We have found that polystyrene beads bearing reactivequenchmg_resm. Worth_ noting Is the synthesid 6fwherein
groups which mimic the limiting reagent of a reaction can be exce_ssM IS reqcted W'thlB in the presence o8. TLC
used to remove the remainder of excess reagent(s) from cruddnonitoring Of this reaction ShOW.S a sr.nalll amount of.4-met.h-
product solutions and are thereby convenient and effective toolsylben.ZOIC acid, presumably an impurity in the starting acid
for performing rapid purification$. The resulting products may chloride. Therefore, t_)otll_ and2 were added in the qu_ench_
or may not meet conventional purity standards by elemental step. The excess amine is removed by covalent reaction with

analysis. However their purity, as determined by HPLC and 2 ‘."md thg acid Impurity is removed by salt formation the .
IH-NMR, is sufficient for routinein vitro biological testing. IS |nsu_ff_|C|entIy basic to completely remove _the benzoic acid
Described below are polymeric reagents and reactions which " ao!dmon to the HCl producgql). Alterna}tlvely_, one could
illustrate the polymer-supported quench (PSQ) method of consider using a mixture of acidic and basic resins to remove
purification the excess amine and benzoic acid impurities, respectively.

Three polymeric reagents which are readily made in one step Experlelncet E_asd_taugt)ht us, hoyvetve_r, tnat removall_l (t))fl |nt"|r?ur|t|es
from commercially available polymers are shown in Figure 1. y covalent binding o a resin s typically more reliab’e than an

Contrary to polymer-supported synthesis, it is advantageous to?mdh—baseﬂ:aqwllb ”u;n ?nd .thtuhs trequwes less eX|tc_)tert|.mentat|on |
have as high a loading of functionality as possible in PSQ. 0 choose the amount of resin that ensures a guantitative remova

Hence the polyamine resihis prepared by heating Merrifield O.f Impurities. Hence we employ_ the Isocyanate reias a
resin with tris(2-aminoethyl)amine (400 mol %) in DMF (65 first resort to remove amine starting materials so long as there

°C, 6 h)? The starting loading of chloromethyl groups affects are no o'gher groups |n.t.he .products th_at would also react
the amount of amine cross-linking that occurs in this reaction. inappropriately. The purification dfS thus illustrates another

We have found by comparing a number of commercially importa_nt advantage of the PSQ method. A multiplicity of
available resins with loadings in the range of-8643 mmol of q“er_‘ch'ﬂg reagents may be added concurrently to remove a
Cl/g, that a starting loading of 1.7 mmol of Cl/g gives a maximal multiplicity of impurities and excess reagents since r.eactlve
loading of approximately 3.2 mmol of NH and Nig of 1. The groups on separate polymer-supports are know_n not to m&rac_t.
NH/NH loading is deduced from N analysis and confirmed by In principle, so long as one und(_arstands what impurities are in
treatment of the resin with excess 3,4-dichlorophenyl isocyanate,the crudg product, one can dewsg the hecessary PSQ reagents
followed by Cl analysis of thoroughly washed and dried product. to selectively remove them and still maintain a single filtration

The isocyanate residis prepared by reacting triphosgene (200 workup. ) .
mol % equiv of phosgene) and 48 (500 mol %) with Based upon the success of these simple examples, it seems
rational that the ability to do traditional multistep syntheses with

(6) During the course of review of this manuscript a similar strategy
was published: Kaldor, S. W.; Siegel, M. G.; Fritz, J. E.; Dressman, B. A,; (8) Previously prepared at 11TC. Metelko, M.; Zupan, M.Synth.
Hahn, P. JTetrahedron Lett1996 37, 7193. Kaldor, S. W.; Fritz, J. E.; Commun.1988 18, 1821.

Tang, J.; McKinney, E. RBioorg. Med. Chem. Letfl996 6, 3041. (9) For selected references on compatibility of polymer-supported

(7) Other polyamine resins have been reported: Yamskov, |. A.; reactants, see Cohen, B. J.; Kraus, M. A.; Patchornik]J.AAm. Chem.
Budanov, M. V.; Davankov, V. ABioorg. Khim.1979 5, 757. Soc.1981 103 7620. Parlow, J. Jretrahedron Lett1995 36, 1395.
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NH,, 3, DCM, RT
OH HN
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[5] —@—coon (1:2eq) ©_$ 81/95
21+2 HO
13 16

**Column: Perkin Elmer, reduced activity C18 (4.6 mm X 8 cm). Mobile phase: MeCN/25 mM aqueous phosphate buffer

pH 3 (1.0 mi/min). UV detection at 210 nM.
Figure 2. Polymer-supported quench-examples.

HO,C , 3, MeOH, RT
1 Ph
NHNH,.HCI -
o O 2 m
17 (1.2 eq) ~N
PhM 2) 2, DCM /©/
. . HO,C 18

48% yield / 97% HPLC purity**

N

<:° Ph 1) iBuOCOCI, 3, DCM, RT
NH >1 2) 7 (1.2q)
o)_-@‘ N’N’ 3)1+2
19 75% yield / 97% HPLC purity**

**See Figure 2 for HPLC conditions.
Figure 3. Pyrazole synthesis with PSQ-purification.

a quick PSQ purification after each step would make possible
the application of combinatorial synthesis paradigms to many
known solutionphase syntheses. As such, PSQ methods woul
apply to preparation of both lead optimization and lead
generation libraries. An example of the application of PSQ
purification to a traditional synthesis of pyrazdiéis illustrated

by the conversion ofl6 to 19 (Figure 3). In the first step a
1,3-diketone 16) is condensed with excess phenylhydrazine-
4—carboxylic acid hydrochloridel() in the presence 08.
Removal of exces$7 by quenching the reaction withaffords

(10) Murray, W.; Wachter, M.; Barton, D.; Forero-Kelly, Bynthesis
1991 18.

18 which is of excellent purity as determined By-NMR and
HPLC. The moderate yield of this reaction is poorly understood.
By TLC the reaction appears to be very clean. Literature
precederif would appear to rule out the possibility that the
alternate pyrazole regioisomer is also formed, crystallizes from
the reaction mixture, and is being removed in the filtration. It
is plausible that some of the desired product is retained by the
weakly basic morpholino resin; however, attempts to more
vigorously wash the resin gave substantially less pure product
so we chose to accept the moderate yield in favor of greater
purity. Inthe second steft8is converted to a mixed anhydride
by treatment with isobutyl chloroformate in the presenc® of
which, in the third step, is treatad situ with 7 to afford 19,

also of excellent purity byH-NMR and HPLC, following PSQ
purification with a mixture oflL and 2.

An example of the application of PSQ in mixed synthesis is
shown in Figure 4. Equimolar quantities of three unusual
carboxylic acids 20'%, 2112, and 2213), which were obtained
from the Parke-Davis historical collection, are combined and

onverted to the corresponding mixed anhydrides as above.

reatment with an excess of an unusual amine from the P-D
collection @3), followed by quenching with a mixture ¢t
and 1 (added for good measure to ensure that any traces of

(11) Short, F. W.; Hoefle, M. L. United States Patent 3,657,270.

(12) Prepared according to the method of Gates, M.; and Dickinson, C.
L. J. Org. Chem.1957 22, 1398. For compoun@l: mp 129-130 °C
(benzene/hexane). Anal. Calcd fors®l1603S,: C, 56.75; H, 5.44; S, 21.6.
Found: C, 56.97; H, 5.37; S, 21.52.

(13) Prepared according to the method of Creger P. L.; Neuklis W. A.
United States Patent 3,707,566. For compa2@dmp 79-80 °C (hexane).
Anal. Calcd for G7 H1g03: C, 75.54; H, 6.71. Found: C, 75.76; H, 6.71.
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Column: Altech Altima 5u CN (4.6 mm X 15 cm). Mobil phase: linear
gradient hexane to 80/20 hexanefiPrOH, 10 min (1.0 mL/min).
Detection: Evaporative light scattering (75°, 2 sLpm)

Figure 4. Amide mixture synthesis.

starting carboxylic acids are removed) affords an approximately
equimolar mixture o4, 25, and26, as confirmed byH-NMR
analysis, HPLC (Figure 4), and CI-MS. Complete removal of
the excess amine is further verified by the use of a ninhydrin
test. Complete removal of unreacted carboxylic acid starting
materials is further verified by comparison of thE-NMR
spectrum for each of the individual starting acids with that of
the amide product mixture. By inference, one could similarly

J. Am. Chem. Soc., Vol. 119, No. 2148897

complete removal of the starting amine(s), but complete removal
of all of the starting carboxylic acids would be much more
difficult to establish conclusively by NMR. LC-MS would
likely be a preferable analytical tool for this purpose. This
simple example illustrates the utility of PSQ for removing
multiple starting materials from a crude reaction mixture when
multiple products are intentional. In such batch mode combi-
natorial syntheses, PSQ has an inherent advantage over tradi-
tional purification methods since it focuses on the chemical,
not physical properties of the contaminants. In common
practice, one would likely identify contaminants and validate
PSQ purification protocols with a representative variety of
starting materials in small mixture and/or single compound
syntheses and assume similar success with the same PSQ
protocols on a larger mixture.

Summary

In summary, PSQ purification offers an efficient and readily
automated means for obtaining organic molecules of suitable
purity for routine in witro biological testing. Relative to
traditional chromatography, PSQ uses less solvent, requires less
solid support, and eliminates the need to collect multiple
fractions. Thus it is amenable to parallel application and
automation. Furthermore, when applied to batch mode syn-
thesis, mixtures of desired products can be separated from
mixtures of starting materials, a process that would be cumber-
some, if not impossible, by traditional methods of purification.
Although the PSQ resins described are expensive relative to
silica gel on a per gram basis, the small quantity of resin and
solvent employed, combined with labor savings, actually make
PSQ purification significantly cheaper than flash chromatog-
raphy in most cases. Additionally, the PSQ reagents described
are easily made in large quantity from some of the least
expensive resin starting materials, and each PSQ reagent has
many possible applications in the selective removal of excess
reagents and identified impurities from crude product mixtures.
The combination of solution synthesis and PSQ purification
provides a convenient alternative to solid-phase synthesis in the
practice of combinatorial chemistry.

Experimental Section

General. Unless otherwise indicated, all reactions were run in
capped glass vials and were shaken on an orbital shaker. Reagents
and solvent were commercially available and used without further
purification. In order to represent the purity of compounds as they
would be found following a solution-phase synthesis of a combinatorial
library, all characterization listed before the term “Recrystallized mp”
is derived from compounds as they are obtained following filtration of
PSQ resins and evaporation of solvent. HPLC analysis was achieved
using a Perkin Elmer, reduced activity, C18 column (4.6 mm ID, 8 cm
length). The mobile phase (acetonitrile/25 mM phosphate buffer pH
3, 1.0 mL/min) was used as a linear gradient of-20% acetonitrile
over 7 min; detection was at 210 nm. Unless otherwise stated, NMR
spectra were obtained at a field strength of 400 MHz with samples
dissolved in CDG. Coupling constants]f are reported in hertz. IR
spectra were taken as KBr pellets, and absorptions are reportedin cm
High resolution mass spectra were obtained by chemical ionization with
methane or by electrospray ionization from a soluton in MeQ&/H
(2:1) with 2.5% HOAc. Melting points are uncorrected.

Polymer-Supported Tris(2-aminoethyl)amine (1). A suspension

use a much larger number of carboxylic acids to prepare a larger©f Merrifield resin (Fluka, 50 g, 1.7 mmol of Clig resin, 85 mmol) in

mixture of desired amides with comparable results. The
ninhydrin test would still be applicable for demonstrating

(14) Trivedi, B. K.; Holmes, A.; Stoeber, T. L.; Blankley, C. J.; Roark,
W. H.; Picard, J. A.; Shaw, M. K.; Essenburg, A. D.; Stanfield, R. L.;
Krause, B. RJ. Med Chem1993 36, 3300.

DMF (500 mL) was treated with tris(2-aminoethyl)amine (50 mL, 342
mmol). The resulting mixture was shaken at®5for 6 h under N
atmosphere. After cooling to room temperature, the resin was filtered
and washed successively with MeOH, DMF;NtMeOH, DCM, EtN,
MeOH, DCM, MeOH, DCM, and MeOH. The resulting amine resin
was dried at 4550 °C, 20 mmHg for 24 h, and stored in tightly sealed
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bottles. Calcd: N, 8.02; Cl, 0.00. Found: N, 5.96; Cl, 0.42 (indicates butanedioneX6, 81.5 mg, 0.5 mmol) and (4-carboxyphenyl)hydrazine
approximately 25% cross-linking). A small sample reacted with excess hydrochloride 17, 113 mg, 0.6 mmol) in MeOH (2 mL) was shaken
3,4-dichlorophenyl isocyanate in DCM indicates a quenching capacity for 2.5 h. The methanol was blown off under a stream ofDCM (4

of 3.18 mmol/g resin, consistent with 3/4 of the N content in the amine mL) and polymer-supported isocyan&€350 mg) were added, and
resin. Anal. Calcd: N, 6.51; Cl, 14.15. Found: N, 6.25; Cl, 13.99. the reaction mixture was shaken for 16 h. An additional portion of

Polymer-Supported Isocyanate 2. A suspension of aminomethyl ~ polymer-supported isocyanafe(120 mg) was added. Aftet h the
resin (Fluka, 1.1 mmol of N/g resin, 15 g, 16.5 mmol) in DCM (150 resin was filtered and washed with DCM £21.5 mL). The combined
mL) was treated with BN (11.5 mL, 83 mmol) and triphosgene (3.25  organic phases, when concentrated to dryness, gave the title compound
g, 2 mmol equiv of phosgene) and shake h atroom temperature. (67 mg, 48%) as an orange solid: mp ¥8%2 °C; tr = 6.12; IR
The resulting isocyanate resin was filtered and washed with DCM (2 (KBr) 1699;"™H NMR 6 2.36 (3H, s), 6.3 (1H, s), 7.2 (2H, m), 7.33
x 200 mL), CHC} (2 x 200 mL), EtO (1 x 200 mL), THF (1x 200 (38H, m), 7.35 (2H, dJ = 7), 8.0 (2H, d,J = 7); predicted mass for
mL), EtO (1 x 200 mL), THF (1x 200 mL), and EO (1 x 200 (CiHN:0, + H)*, 278.1055; found by HRMS (Cl), 278.1055.
mL). The resin was then dried at 380 °C, 25 mmHg, for 24 h. IR Recrystallization from EtOAc/hexane gives the hydfatecrystallized
(KBr) 2260. Anal. Calcd: N, 1.50. Found: N, 1.45. mp 169-170 °C. Anal. Calcd for G/H1aN20,-H,O: C, 68.90; H,

Polymer-Supported Morpholine 3. A suspension of Merrifield ~ 2-45 N, 9.45. Found: C, 68.75; H, 5.46; N, 9.38.
resin (Fluka, 20 g, 4.3 mmol of Clig resin, 86 mmol) in DMF (100 \-(3-Isopropoxypropyl)-4-(3-methyl-5-phenylpyrazol-1-yl)benza-
mL) was treated with morpholine (20 mL, 229 mmol). The resuling Mde (19). A solution of 4-(3-methyl-5-phenylpyrazol-1-yl)benzoic
mixture was shaken at 6% for 6 h under N atmosphere and then  acid (8 20 mg, 7Qumol) in DCM (0.7 mL) was treated with polymer-
allowed to stand at room temperature 24 h. After cooling to room SuPPorted morpholine3( 100 mg) and 0.1 M isobuty! chloroformate

temperature, the resin was filtered and washed successively with MeOH,in DCM (0.75 mL, 75umol). The resulting slurry was shaken under

DMF, MeOH, EtN, DCM, MeOH, EtN, DCM, MeOH, EtOAc, and Nz, at rT, for 35 min and then treated with a solution of (3-
hexanes. The resulting polymer-supported morphol&eyas dried isopropoxypropyl)amine7( 100 mg, 85«mol) in DCM (0.5 mL). The

at 45-50 °C, 20 mmHg, for 48 h and stored in tightly sealed bottles, '6action was shaken atrT for 2.5 h. Polymer-supported isocyaate (

Anal. Calcd: N, 4.83; Cl, 0.00. Found: N, 4.98; Cl, 0.21. 75 mg)dzn% poly(;nfhr-suppfrted triS(er]nilgoethyl)a(;Tji_?_e](, I1c;ohmgF)e _
1-Butyl-3-(2-thiophen-2-yl-ethyl)urea (6). Method 1: To a solu- were added, and the mixture was shaxen an adcitionar & . Resins

. . ) . were removed by filtration and rinsed with DCM (R 2.5 mL).
tion of 2-(thieny-2-yl)ethyl isocyanatet(47 mg, 0.3 mmol) in DCM : ’ - - :
(2 mL) was added-butyiamine b, 25 I, 0.25 mmol). The reaction Combined filtrate and washings were evaporated to a solid and dried

; . at 0.25 mmHg, rT, overnight to affortd as a pale orange solid (19.7
mixture was shaken for 1 h, and then polymer-supported tris(2- mg, 75%): mp 109111 °C; tr = 6.90: IR (KBr) 1629:1H NMR 0

aminoethyl)amine 4, 50 mg) was added. Afte2 h the resin was 1.15 (6H, d,J = 6), 1.87 (2H, m), 2.39 (3H, s), 3.58.64 (5H
filtered and washed with DCM (2 1.5 mL). The combined organic complex), 6.32 (1H, s), 7.2 (2H, m). 7.3 (6H, m), 7.71 (2H) & 9):

phases, when concentrated to dryness, gave the title compound (53predicted mass for (@HzNsO; + H)* .
; ; - 27N302 )*, 378.2181; found by HRMS
rSnC?;gfl:A))_aZ gr;-olllRt hEthryfggﬁzs ll\JlFlz/IoFr; grglgn%zd ftjlrldlgg. ln;g 46 (Cl), 378.2166. Recrystallization from EtOAc/hexanes gives a nearly
;tr =5.92; IR (KBr) ; 9 (3H,1J=8), L. colorless solid: recrystallized mp 12827 °C. Anal. Calcd for

(2H, m), 1.42 (2H, m), 3.0 2H,§=7), 3.11 2H, m), 344 2H, m), o~ \\ N 5,.03H0: C, 72.14: H, 7.27: N, 10.97. Found: C, 72.15;
4.61 (IH, brs), 4.77 (IH, brs), 6.81 (IH, di=3, 1), 6.92 (10, dd, " G7 "N 1064, Found by HRMS (CI) 376.2170.

J=5,3).7.13 (1H, ddJ = 5, 1):¥C NMR 6 13.8, 20.0, 30.7, 32.3, " °20 1
40.2, 41.8, 123.7, 125.2, 126.9, 141.7, 158.22; predicted mass for

(CuHigN,0S+ H)*, 227.1218; found by HRMS (CI), 227.1210. Anal.
Calcd for GHiN,0S: C, 58.40; H, 8.02: N, 12.38. Found: C,58.69: Procedures and data for compour@}sl?, 15, 24, 25, and26

H, 8.22; N, 12.06. Attempted recrystallization from a variety of solvents plus photoreductions of actudH NMR spectra an_d HPLC

gave at best an amorphous solid from hexanes: mp462C. chromatograms, fo, 9, 12, 15, 18, 19, and the mixture of
Method 2: To a solution of4 (30 mg, 0.2 mmol) in DCM (2 mL) 24—25 (18 paggs). Th|s material is cgntamed in many I|br§1r|es

was addeds (25 ul, 0.25 mmol). The reaction mixture was shaken ON Microfiche, immediately follows this article in the microfilm

for 1 h, and then polymer-supported isocyan&esQ mg) was added. version of the JOUrnal, can be ordered online from the ACS,

After 2 h the resin was filtered and washed with DCMX21.5 mL). and can be downloaded from the Internet; see any current

The combined organic phases, when concentrated to dryness, gave thenasthead page for ordering information and Internet access

titte compound (44 mg, 99%) as an oil that solidifies upon prolonged instructions.

standing: mp 4642°C. Spectral and HPLC data are identical to those

from method 1 above. JA9634637

4-(3-Methyl-5-phenylpyrazol-1-yl)benzoic Acid (18):°> A sus- (15) The hydrate o018 has previously been described, mp +3%0°C
pension of polymer-supported morpholirg 170 mg), 1-phenyl-1,3- (EtOH).

Supporting Information Available: Complete experimental




