JOURNAL OF

Subscriber access provided by American Chemical Society

Design and Synthesis of A Diverse Morpholine Template Library

Julia A. H. Lainton, Mark C. Allen, Matthew Burton, Stuart Cameron, Timothy R. G. Edwards, Grahame
Harden, Rebecca Hogg, Wilson Leung, Steven Miller, Joseph J. Morrish, Stuart M. Rooke, and Bernd Wendt

J. Comb. Chem., 2003, 5 (4), 400-407+ DOI: 10.1021/cc020052f « Publication Date (Web): 03 May 2003
Downloaded from http://pubs.acs.org on March 20, 2009

Ph Ph

f

NH

=

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 2 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc020052f

400 J. Comb. Chem2003,5, 400—407

Design and Synthesis of A Diverse Morpholine Template Library

Julia A. H. Lainton,* Mark C. Allen, Matthew Burton, Stuart Cameron,
Timothy R. G. Edwards, Grahame Harden, Rebecca Hogg, Wilson Leung,
Steven Miller, Joseph J. Morrish, Stuart M. Rooke, and Bernd Wendt

Tripos Receptor Research Ltd., Bude-Stratton Business Park,
Bude, Cornwall EX23 8LY, United Kingdom

Receied July 16, 2002

Efficient and general procedures have been developed for the solution-phase preparation of substituted
morpholine derivatives, and a library has been produced around generic stiudthiglibrary was designed

with proprietary modeling software for use as a general screening library. The 30 R1 reagents were phenols,
and the 275 R2 reagents were taken from five different reagent classes, giving a variety of product classes
in the final library of 8250 potential products. All of the library members were generated from a common
intermediate, mesylates), which was synthesized efficiently, in bulk, in three steps friibenzyl-
ethanolamine ). High-throughput chemistry using robotics was carried out to produce the 7907 library
members, which were individually characterized by reversed-phase LC/MS analysis.

Introduction 16

The morpholine moiety has been utilized extensively by 14
the pharmaceutical industry in drug design, often because 4,
of the improvement in pharmacokinetic properties it can
confer. The World Drug Index contains well over 100 drugs
incorporating this structural feature, including its presence
as a side-chain, scaffold, and within fused-ring systems. The g
biological utility of molecules containing the morpholine
moiety is wide-ranging, including antidepressant activity,
tachykinin receptor antagonist, serotonin agonist, NK-1
receptor antagonist, and antifungal activitilence, it was 0
attractive to design a diverse and general screening library
that incorporated this structural featdr@he design and clogP
synthesis of such a library, with an integral substituted
morpholine as the scaffold, is presented here. The morpholine 30
core was decorated as shown in Figure 1.
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Figure 1. Morpholine template showing the position of R1 and
R2 substitution. 5
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Library Design. ChemSpace technolojywas applied to 0 :
the whole library design process. Starting with the construc- 250 350 450 550
tion of the virtual library, suitable building blocks were taken mMw
from our in-house cheminformatics system, ChemcCore. Figure 2. Distribution of the clogP (top) and the molecular weight
Using 7185 phenols for the R1 position and 23192 reagents(bottom) of the compounds in the design set.
(carboxylic acids, aldehydes, isocyanates, isothiocyanates,
and sulfonyl chlorides) for the R2 position, the virtual library and other criteria. For the druglikeness properties, the
had a size of more than 160 million products. The virtual molecular weight was limited to a value of 550 Da, and the
compounds of this library were taken through several reagentclogP*® was allowed a range of5 to 7.5. In addition, all
filtering steps in which the structures were checked for virtual structures were checked against a list of structural
druglikeness properties, the availability of building blocks, queries derived from general toxicological information and
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from reaction-specific information generated through valida- scheme 2
tion of this reaction. At the end of this filtering process, 168 Ph Ph
phenols for R1 and 1775 R2 reagents remained. For the K,CO, (2 eq) (

design of the products to be synthesized, a selection was [NL DMA. 110°C [NL
carried out using validated molecular descriptors (Unity-2D o OMs Somo00 o OR1

fingerprints and topomeric field$)together with the OptiSim

algorithnf® to identify the maximum diverse set of virtual 5 R1©/OH 7
products under the constraint of a full matrix design. The

first designed set was modified through several iterations of 6

reagent replacements, and the final designed library was then
composed of 32 phenols, 205 carboxylic acids, 32 aldehydeswas hydrolyzed into the corresponding hydroxyl compound
22 isocyanates, 19 isothiocyanates, and 27 sulfonyl chlorides.(4) using aqueous formamide at elevated temperafures.
Figure 2 shows the distribution of the molecular weight and resulting hydroxyl compound4f was then converted into
the clogP of the compounds in this design set. The differencethe corresponding mesylat&)(using standard conditions.
in the size of the designed library (9760) and the potential A small amount of the chloride byprodu¢?) was formed
synthesis set (8250) is15%. This can be explained mainly  during the reaction. However, its formation can be suppressed
by shortages in the supply of commercially available reagents by lowering the reaction temperature, reducing the reaction
and the decision to use 30 out of the 32 R1 reagentstime and by working up as soon as the reaction is complete
examined in validation chemistry. according to TLC analysis. The mesylate was subsequently
synthesized on a kilogram scale, sufficient for full production
of the library. These synthetic steps are summarized in
Preparation of the Bulk Common Intermediate. The Scheme 1.
starting material for the library synthesis whksbenzyl- Although for this study, racemicH)-epichlorohydrin was
ethanolamine Z), which was converted into the chloro- used, both individual enantiomers are commercially available
methyl-morpholine derivative3]j via the reported method. if a chiral library synthesis is required. In this study, it was
This utilizes the epoxide ring opening af)-epichlorohydrin ensured that all the designed R2 reagents were achiral. The
by the amine and subsequent sulfuric acid-catalyzed dehy-library products {) contain an unresolved chiral center as a
dration of the resulting intermediate diol. Prior to acid result of the use of racemiet)-epichlorohydrin, and it was
treatment, it was essential that all traces of excess epi-advantageous to avoid formation of diastereomeric products.
chlorohydrin were completely removed, or the ring-closure  Preparation of Chemset 8.The mesylate in compound
step would be compromised. (5) proved to be a more satisfactory leaving group and was
During the validation process, the chloromethyl substrate reacted with each of the phenoxides generated from the
(3) proved to be too unreactive to allow the chlorine to be phenolst{1—-30} and potassium carbonadfeo produce the
displaced by the phenoxides generated from various phenolsR1 intermediates of chems&{1-30} (Scheme 2). The
All efforts to effect this transformation proved unsucces$ful, structures of the phenoB{1—-30} are given in Figure 3.
and starting material was recovered unchanged. In addition,However, the mesylate was observed to be unusually stable,
attempts to use the correspondiag{epibromohydrin inthe  presumably because of tlfeeffect, since the introduction
hope of utilizing the bromide as a better leaving group were of the R1 reagent required heating at 1°tD in DMA in
also unsatisfactory, since no cyclized product was obtained.order to afford product formation. The identity of each
As a solution, it was decided to synthesize the more compound in chems&{1—30} was confirmed byH NMR
reactive mesylate. Hence, the chloromethyl compo®B)d ( and LC/MS analysis.

Results and Discussion
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Figure 3. Structures of the phenoB{ 1—30}
Scheme 3
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Debenzylation of the morpholine nitrogen in chem@et ~ Scheme 4

was carried out using a two-step, one-pot proceddneus, "
the N-benzylmorpholine derivatives were heated to reflux [ (91, 10% PA(C) (10 mol%) [Nj\/
in 1,2-dichloroethane for 24 h with an excess of 1-chloroethyl L MeOH 45 psi, rt, o.n., 100%
chloroformate to generate a carbamate intermedidé® (
Hydrolysis was then achieved by refluxing in methanol, to

CO,Me CO,Me
give the free secondary amines as their HCI s8)jt§gcheme
3). The identity of each compound in chem&gt—30} was 7 8a
confirmed by*H NMR and LC/MS analysis. (such as a pyridine or pyrimidine ring). The hydrogenation

Initially, hydrogenatiofin methanol was envisaged as the conditions gave over-reduction in these cases, as in example
method of choice for the N-debenzylation of chemset  7{17} which gave the over-reduced prod@&et(Scheme 4).
However, this method proved to be unsatisfactory for those Similar results were obtained even when the reaction
derivatives in which the R1 group contained a heterocycle pressure, the reaction time, and the amount of catalyst was
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high-pressure hydrogenation. Incidentally, the hydrogenation
reaction in ethanol (instead of methanol) was sluggish, and
unreacted starting material was recovered when this solvent
was utilized.

Elaboration of Chemset 8 to the Library Products 1.
Schemes 59 detail the high-throughput conversion of
chemses via five different reagent classes (chem$etd 3)
into the final library products of chemsegt The first reagent
set 9 consisted of 180 R2 carboxylic acids, which were
reacted with the R1 amines of chem8aising HBTU and
DIPEA in DMF to produce amide producis. (Scheme 5)

The second reagent class, chenidetconsisted of 31 R2
aldehydes, which were reacted with the R1 amines of
chemset8 using a reductive amination procedure utilizing
sodium triacetoxyborohydride (STAB) to reduce the pre-
formed imined, giving tertiary amine products of chemset
1b (Scheme 6).

The next two reagent classes, chemsgisand 12,
consisted of 22 R2 isocyanates and 16 R2 isothiocyanates,
respectively, which were both reacted with the R1 amines
of chemset3 using DIPEA in DMF to give ureadc and
thioureasld as the products (Schemes 7 and 8).

The final reagent class, chemsi8 consisted of 26 R2
sulfonyl chlorides, which were also reacted with the R1
amines of chemseB using DIPEA in DMF to form
sulfonamide product&e (Scheme 9).

Reagents for the full matrix of 8250 reactions (30 R1
275 R2) were prepared and ordered. In practice, a library of
7907 members was synthesized according to the above
protocols. This shortfall can be explained by logistical
reasons, such as running out of reagents and decisions not
to carry out anticipated unsuccessful reactions. The distribu-
tion of the total number of 7907 reactions by product class
and percentage purity of compounds obtained directly from
the robot is given in Figure 4.

Although the sulfonamides showed a large proportion of

reduced. As a result, the alternative conditions given aboveless pure products, the prepurification success rate across
were adopted for all the members of chema&etince these
conditions gave high yields of the desired produgtand

were easier to implement on a large scale in comparison toinvolved dissolving the sulfonyl chlorides in DMF/DIPEA,

all reagent classes of products that werg0% pure is still
38%. The original procedure for sulfonamide formation
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Figure 4. Profile of the library products by R2 reagent class and percentage purity of compounds obtained directly from the robot.
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The average quantity put onto the columns was 69 mg
with the average prepurification purity being 60%. Recovery
was up to 42 mg, with an average recovery of 15 mg and
the average postpurification purity being 79%. Thus, after
purification, the number of compounds70% pure was
increased from 2984 to 3903. For 257 compounds, no

700+
600+
500+

Number of 4007
compounds 3004

200 significant improvement in purity was achieved. This is often

100 due to precipitation caused by insolubility before chroma-

0- tography can be completed. A more detailed breakdown is
>85% 70-84%  50-69% <50% Fail given in Figure 5.

Final purity Figure 6 shows a typical example of a library compound

Figure 5. Breakdown of the final purities of 1341 library products  before and after FractionLynx purification was carried out.
submitted for purification.

_— " Conclusion
as for the other R2 reagent classes, but poor initial purities

of the products from the robot prompted the development Efficient and general protocols have been developed for
of the alternative MeCN/pyridine protocol given in the the solution-phase preparation of substituted morpholine
Experimental Section. This modification significantly im- derivatives, and a library has been produced around generic
proved the initial purities, although the final figures quoted Structure 1. This library was designed with proprietary
do not necessarily reflect this, since they encompass themodeling software for use as a general screening library.
combined results from both procedures. Adoption of the The R1 reagents were phenols, and the R2 reagents were
MeCN/pyridine protocol resulted in an 11-fold improvement taken from five different reagent classes, giving a variety of
in the percentage of products obtained in the0% purity product classes in the final library. All library members were
range and a>2-fold improvement in the percentage of generated from a common intermediate, mesyBtenhich
products obtained in the 3®69% purity range. was synthesized efficiently in bulk in three steps from
Purification. After the high-throughput synthesis was N-benzylethanolamine2). High-throughput chemistry using
complete, every library member was analyzed by reversed-robotics was carried out to produce the final library products.
phase LC/MS with monitoring at 210 and 254 nm and by The process used has been developed to enable the rapid
ELS. Compounds which were 70% pure were accepted production of large compound libraries with thousands of
without further purification. Compounds with purities in the members. In this case, 7907 compounds were made, the
50—69% range were selected for purification, which was average amount of each compound being 39 mg (0.09 mmol).
carried out using a FractionLynx system, with collection A notable feature of our compound libraries is that the
triggered by detection of mass ion. Purity is defined from quality of each member is ensured by individual character-

LC as the relative area under the curve. ization by reversed-phase LC/MS analysis. Purification is
100, oo
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Figure 6. DAD at 254 nm for the same library compound before (top) and after (bottom) purification.
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carried out where required, and compounds are then re-2.22 (m, 1H, ®GiH), 2.03-2.01 (m, 1H, GiH). LC/MS: ES'
analyzed by LC/MS to record the improved purity. In 226 [M + 1].
addition, each compound is a product of our proprietary  (+)-N-Benzyl-2-hydroxymethylmorpholine (4).(+£)-N-
design process, which results in an optimal reagent selection Benzyl-2-chloromethylmorpholined) (1 g, 4.4 mmol) was
Overall, the process results in maximizing diversity around dissolved in formamide (10 mL). An excess of water (3 mL)
a single generic core through intelligent use of varied was added, and the resulting reaction mixture was heated to
chemistries and design-led selection of diverse reagents. 145 °C overnight. TLC analysis indicated that all of the
] ] starting chloride had been consumed, and a new, polar
Experimental Section component had been formed in the reaction mixture. The
General. All solvents were anhydrous HPLC grade. All  reaction mixture was cooled to room temperature and diluted

non-high-throughput chemistry reactions were carried out With water (100 mL) before being basified (to pH-124)
under an inert atmosphere of nitrogen. Analytical thin-layer Using 5 M aqueous sodium hydroxide solution. The aqueous
chromatography (TLC) was performed on Merck silica gel formamide layer was extracted into toluene portions, which
(60 F2sy) plates. Visualization was effected with ultraviolet Were combined, washed (brine), dried (Mgipdiltered, and
light or any of the following reagents: ninhydrin, phospho- concentrated in vacuo to give the desired alcohals a
molybdic acid, anisaldehyde or iodine. Column chromatog- Viscous yellow oil (878 mg, 4.24 mmol, 96%} NMR
raphy was carried out on Merck silica gel 60 (particle size analysis indicated that this material was sufficiently pure for
35—-70 um, 60 A).H and'3C NMR spectra were recorded ~ USe without further purificatiotH NMR (CDCl): 6 7.26—
on a Bruker Avance 400 MHz spectrometer. Chemical shifts 7-16 (m, 5H), 3.8+3.79 (m, 1H, GiH), 3.64-3.41 (m, 6H,
were measured in parts per milliod)(relative to tetra- ~ CHH; CHO, CH20 CHPh), 2.62-2.57 (m, 2H, 2x CHH),
methylsilane (TMS) or chloroform as the internal standard. 240 (br s, 1H, OH), 2.162.04 (m, 1H, GiH), 1.94-1.88
Coupling constantsJ(values) are in hertz (Hz). Infrared (M, 1H, GHH). LC/MS: ES 208 [M + 1].
spectra (IR) were obtained on a Nicolet Avatar 360 FT-IR  (£)-N-Benzyl-2-(methylsulfonato)methylmorpholine (5).
spectrometer. Absorptions are reported in wavenumbers(+)-N-Benzyl-2-hydroxymethylmorpholinef) (870 mg, 4.2
(cm™1). All high-throughput reactions and workups were mmol) was dissolved in dry dichloromethane (10 mL) under
carried out on a Packard MPII liquid handling robot. Mass- an inert atmosphere. This solution was cooled f€0n an
selective preparative LC/MS used a Waters LCZ mass ice-bath. Methanesulfonyl chloride (1.1 equiv, 4.62 mmol,
spectrometer, Waters 600 HPLC controller, Waters 2700 529 mg), triethylamine (1.1 equiv, 4.62 mmol, 467 mg), and
sample manager, Waters reagent manager, and Gilson 204 catalytic quantity of 4-(dimethylamino)pyridine (DMAP,
fraction collector. Compounds-60 mg) were dissolved in 10 mol %, 0.42 mmol, 51 mg) were added to the reaction
methanol to a total volume of 1 mL. These solutions were mixture, which was left to stir at 0C for 3—4 h and then
injected onto a high-resolution preparative reversed-phasewarmed to room temperature overnight. The reaction mixture
column (Phenomenex Luna 60 21.2 mm, 5aum particle was diluted with dichloromethane (20 mL), and the organic
size). Chromatography was performed with a binary gradient layer was washed (water, brine), dried (MgsgpJiltered,
of solvent A (water+ acid modifier) and solvent B and concentrated in vacuo to give a crude product which
(acetonitrile+ acid modifier). Waters FractionLynx operating was purified by flash chromatography (silica gel; eluant, 75%
software (version 3.4) was used throughout. ethyl acetate in hexane) to give the desired mesygjtas
(4)-N-Benzyl-2-chloromethylmorpholine (3).N-Benzyl- @ Viscous yellow oil (831 mg, 2.91 mmol, 70%). IR (neat):
ethanolamine2) (10 g, 66 mmol) was dissolved in neat): 1352, 1174*H NMR (CDCl): 6 7.37-7.26 (m, 5H), 4.23
epichlorohydrin (5 equiv, 330 mmol, 30.59 g), and the 4.21 (m, 2H, CHOMs), 3.91-3.84 (m, 2H, GiH, CHO),
resulting mixture was stirred and heated to>@¥or 30 min. 3.74-3.54 (m, 1H, GiH), 3.54-3.53 (s, 2H, CHPh), 3.05
The reaction mixture was then cooled, and excess epi- (S, 3H, SGMe), 2.76-2.67 (m, 2H, 2x CHH), 2.25-2.22
chlorohydrin was exhaustively removed in vacuo to give the (M, 1H, GHH), 2.06-2.01 (m, 1H, GiH). *C NMR
intermediate diol as a pale yellow viscous oil (17.09 g, 0.70 (CDCk): 6 139.4,131.2,130.5, 129.5, 75.4,72.4,68.7, 67.7,
mmol, 100%). The diol was treated with concentrated sulfuric 65.3, 56.1, 54.8. LC/MS: ES286 [M + 1].
acid, and the resulting yellow-orange mixture was heated to General Procedure for Preparation of Chemset 7(+)-
95 °C for 30 min, during which time the reaction mixture N-Benzyl-2-(methylsulfonato)methylmorpholin® (1 g, 3.5
turned brown in color. The reaction mixture was cooled and mmol) was dissolved in dry dimethylacetamide (10 mL)
gquenched with ice. The aqueous layer was then basified (pHunder an inert atmosphere and combined with potassium
14) usirg 5 M aqueous sodium hydroxide solution and carbonate (2 equiv, 3.15 mmol, 969 mg) and each phénol
extracted into toluene portions<@). The organic extracts (0.9 equiv, 3.15 mmol). The resulting reaction mixture was
were combined, washed (water, brine), dried (Mg5O heated to 110C overnight, and the course of the reaction
filtered, and concentrated in vacuo to give the desired was followed by TLC analysis. The reaction mixture was
chloride as a yellow oil (4.25 g, 18.83 mmol, 29%).NMR cooled and poured onto water (60 mL), and the aqueous
analysis indicated that this material was sufficiently pure for dimethylacetamide layer was extracted with ethyl acetate
use without further purificatioftH NMR (CDCL): ¢ 7.36— portions. Addition of brine was required to break up the
7.21 (m, 5H), 3.923.91 (m, 1H, GiH), 3.82-3.70 (m, 2H, emulsion formed. The combined organic layers were washed
CHH; CHO), 3.5743.49 (m, 4H, CHPh(s); CHCI(m)), (water, brine), dried (MgS§), filtered, and concentrated in
2.88-2.85 (m, 1H, ®GiH), 2.69-2.66 (m, 1H, GiH), 2.24- vacuo to give a crude product that was purified by flash
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chromatography (silica gel; eluant, ethyl acetate/hexaneindividual wells of a 5.0-mL, 48-deep-well plate. Aliquots
mixtures) to give the desired ethéras a viscous oil. (750 uL, 0.22 mmol, 1 equiv) of each R1 amine solution
General Procedure for Preparation of Chemset 8Each ~ Were added to each R2 aldehyde solution. Aliquotsy(50
N-benzyl intermediate7) was dissolved in dry 1,2-dichloro- ~ 0.22 mmol, 1 equiv) of the acetic acid solution were added
ethane under an inert atmosphere and treated with an excest® each amine/aldehyde mixture, and the reaction mixtures
(3 equiv) of 1-chloroethylchloroformate. The resulting Wwere then left to shake for 20 min before addition of the
mixture was heated to reflux (9%C) for 24 h. When no reducing agent to allow formation of the imine. Aliquots (500
trace of starting material remained by TLC analysis, the #L, 0.33 mmol, 1.5 equiv) of the sodium triacetoxyboro-
formation of the intermediate carbamaf&) was deemed  hydride solution were then added to the wells. Each deep
to be complete. The reaction mixture was evaporated toWell plate was then sealed and left to shake overnight at room
dryness in vacuoThe resulting residue was taken up in temperature. The DMA/THF was removed in vacuo using a
methanol, and the resulting mixture was again heated to Genevac without heat. To the dried reaction mixtures, 1 M
reflux (75 °C) overnight. The course of the reaction was HCI (1 mL) was added, and the plate was shaken for 5 min.
followed by TLC analysis until all the intermediate carbamate Ethyl acetate (2 mL) was added, followed by saturated
(7a) had been consumed and a polar, baseline componen@iqueous N&LO; solution (1 mL). The layers were mixed
had been formed, corresponding to the HCI salt of the and allowed to settle before removing the aqueous layers.
debenzylated materiaB). The reaction mixture was con- The organic layer was then washed with 20% aqueous
centrated in vacuo to remove the methanol and give the N&CO; solution (1 mL), mixed, and allowed to settle. The
desired debenzylated product. The majority of the examplesaqueous layers were then removed. The organic layer was
validated were viscous oils. Purification by recrystallization washed twice further with distilled water (2 1 mL) and
from methanotether mixtures was attempted on several then transferred into a cube tube plate, and aB@liquot
examples, but this was successful only for compounds thatwas transferred to a Beckmann plate for LC/MS analysis.
were solids before purification. General Procedure for Preparation of Ureas Chemset
General Procedure for Preparation of Amides Chemset 1c. Stock solutions of each R1 amine hydrochloride (0.38
la. Stock solutions of each R1 amine hydrochloride (0.38 M) and DIPEA (2 equiv, 0.76 M) in anhydrous DMF and
M) and DIPEA (2 equiv, 0.76 M) in anhydrous DMF and of each R2 isocyanate (0.88 M) in anhydrous DMF were
each R2 carboxylic acid (0.66 M) and DIPEA (2 equiv, 1.3 prepared. Aliquots (58@L, 0.22 mmol) of each R1 amine
M) in anhydrous DMF were prepared. For those acids that solution were distributed into individual wells of a 2.2-mL
were available as a hydrohalide salt, the stock solutions were96-deep-well plate. Aliquots (25@L, 0.22 mmol, 1 equiv)
of each R2 carboxylic acid (0.66 M) and DIPEA (3 equiv, of each R2 isocyanate solution were added to each R1 amine
2 M) in anhydrous DMF. A stock solution of HBTU (0.4  solution. Each deep well plate was then sealed and left to
M) in anhydrous DMF was also prepared. Aliquots (330 shake overnight at room temperature. The DMF was removed
0.22 mmol) of each R2 acid solution were distributed into in vacuo in a Genevac without heat. The dried reaction
individual wells of a 2.2-mL 96-deep-well plate. Aliquots mixtures were dissolved in DCM (1 mL), and 10% citric
(580 uL, 0.22 mmol, 1 equiv) of each R1 amine solution acid solution (1 mL) was added. The organic layers were
were added to each R2 acid solution. Finally, aliquots (550 then removed and transferred into another 2.2-mL 96-deep-
uL, 0.22 mmol, 1 equiv) of the HBTU solution were added well plate containing 10% acqueous potassium carbonate
to each amine/acid mixture. Each deep-well plate was thensolution (1 mL). The organic layers were then removed and
sealed and left to shake overnight at room temperature. Thetransferred into another plate containing deionized water (2
DMF was removed in vacuo in a Genevac without heat. The x 1 mL). Finally, the organic layers were then removed and
dried reaction mixtures were dissolved in DCM (1 mL), and transferred into pretared cube tubes, and aB@liquot was
10% citric acid solution (1 mL) was added. The organic transferred into a Beckman plate for LC/MS analysis.
layers were then removed and transferred into another 2.2-  General Procedure for Preparation of Thioureas Chem-
mL 96-deep-well plate containing 10% aqueous potassium set 1d.Stock solutions of each R1 amine hydrochloride (0.38
carbonate solution (1 mL). The organic layers were then M) and DIPEA (2 equiv, 0.76 M) in anhydrous DMF and
removed and transferred into another plate containing deion-of each R2 isothiocyanate (0.88 M) in anhydrous DMF were
ized water (2< 1 mL). Finally, the organic layers were then  prepared. Aliquots (58@L, 0.22 mmol) of each R1 amine
removed and transferred into pretared cube tubes, and a 30solution were distributed into individual wells of a 2.2-mL
uL aliquot was transferred into a Beckman plate for LC/MS  96-deep-well plate. Aliquots (25@L, 0.22 mmol, 1 equiv)
analysis. of each R2 isothiocyanate solution were added to each R1
General Procedure for Preparation of Tertiary Amines amine solution. Each deep-well plate was then sealed and
Chemset 1b.Stock solutions of each R1 amine hydrochloride left to shake overnight at room temperature. The DMF was
(0.29 M) and DIPEA (0.29 M) in anhydrous DMA and of removed in vacuo in a Genevac without heat. The dried
each R2 aldehyde (0.875 M) in 3:1 anhydrous THF/DMA reaction mixtures were then dissolved in DCM (1 mL), and
were prepared. Stock solutions of acetic acid (4.4 M) in 10% citric acid solution (1 mL) was added. The organic
anhydrous DMA and of the reducing agent, sodium tri- layers were then removed and transferred into another 2.2-
acetoxyborohydride (STAB, 0.66 M) in anhydrous DMA, mL 96-deep-well plate containing 10% aqueous potassium
were also prepared. Aliquots (244, 0.21 mmol, 0.95 carbonate solution (1 mL). The organic layers were then
equiv) of each R2 aldehyde solution were distributed into removed and transferred into another plate containing deion-
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ized water (2< 1 mL). Finally, the organic layers were then
removed and transferred into pretared cube tubes, and a 30-
uL aliquot was transferred into a Beckman plate for LC/MS
analysis.

General Procedure for Preparation of Sulfonamides
Chemset 1eStock solutions of each R1 amine hydrochloride
(0.38 M) and DIPEA (2 equiv, 0.76 M) in anhydrous DMF
and of each R2 sulfonyl chloride (0.82 M) and pyridine (1
equiv, 0.82.M) in anhydrous acetonitrile were prepared.
Aliquots (580uL, 0.22 mmol) of each R1 amine solution
were distributed into individual wells of a 2.2 mL 96 deep
well plate. Aliquots (26&L, 0.22 mmol, 1 equiv) of each
R2 sulfonyl chloride solution were added to each R1 amine
solution. Each deep-well plate was then sealed and left to
shake overnight at room temperature. The DMF was removed
in vacuo in a Genevac without heat. The dried reaction
mixtures were then dissolved in DCM (1 mL), and 10% citric
acid solution (1 mL) was added. The organic layers were
then removed and transferred into another 2.2-mL 96-deep-
well plate containing 10% aqueous potassium carbonate
solution (1 mL). The organic layers were then removed and
transferred into another plate containing deionized water (2
x 1 mL). Finally, the organic layers were then removed and
transferred into pretared cube tubes, and aB@liquot was
transferred into a Beckman plate for LC/MS analysis.
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