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Abstract: A 48 compound library of structurally diverse ethanolamines was prepared using a parallel
synthesis approach. The synthetic paradigm employed a solution phase epoxide-opening reaction
followed by rapid purification by ion exchange chromatography to yield products with near-analytical
purity. An array of epoxides and primary amines, arranged in an 8x6 matrix, were reacted in the
presence of an in situ silylating agent to form 48 individual compounds with an average yield of 75%
and an average purity of 92.3%. © 1997 Elsevier Science Ltd.

Ethanolamines are important medicinal agents and pharmacological tools that have been applied to a
variety of therapeutic areas.! In particular, ethanolamines of general structure I possessing a secondary amine
have demonstrated utility as adrenergic receptor modulators.2-4 In the course of a number of ongoing studies,
we wished to develop a combinatorial method to prepare a structurally diverse library of optically pure
ethanolamines for biological evaluation. Several syntheses of the general structure I have been reported, but
to date no solution phase synthesis of chiral ethanolamine libraries has appeared in the literature.5-7 We
considered two well-established ethanolamine disconnections (figure 1): path a, alkylation of primary amines
with epoxides, and path b, reductive amination of ketones with primary ethanolamines.
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We initially examined the reductive amination route (path b) in combination with ion exchange
purification8-13 for the generation of targeted ethanolamine libraries; 14 this approach yielded a number of very
exciting adrenergic compounds for further development. One limitation of path b however, is that it does not
provide access to neopentyl amines (i.e. R#H). Furthermore, path a affords a greater opportunity for
structural diversity due to the increased availability of chiral epoxides as compared to chiral ethanolamines. In
this communication, we present our results on the solution phase generation of ethanolamine libraries by the
mono-alkylation of primary amines with epoxides.

The procedure described by path a generally requires an excess of amine to avoid undesired bis-
alkylation. We felt that the removal of this impurity in a parallel synthesis format would be difficult to
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achieve. Earlier reports from our laboratories, however, indicate that if the reacting primary amine is silylated
in situ with TMS acetamide in DMSO, bis-alkylation is diminished or completely suppressed.15 By coupling
these reaction conditions with cation exchange purification, we felt that we could develop a general solution
phase combinatorial methodology for ethanolamine libraries (Scheme 1).
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In an effort to optimize product formation, we used a model system!6 to investigate the following
reaction parameters: 1) silylating agent; 2) ratios of amine/epoxide/silylating agent; and 3) the ion exchange
purification step. We found that bis-(trimethylsilyl)acetamide (BSA) suppressed bis-alkylation most
efficientlyl7 and that the optimum ratio of amine to epoxide was 1:1.2 in the presence of one equivalent of
silylating agent.

We then examined the feasibility of utilizing strong ion-exchange chromatography (SCX) as a means
of isolating the desired product. We performed the alkylation using our optimal silylating agent and reactant
ratios. After consumption of starting amine, the reaction was quenched with 19:1 methanol/glacial acetic acid
and placed on an SCX column.!8 The product amine was retained on the column while residual epoxide,
silicon byproducts, and DMSO were removed by washing extensively with methanol. Product was then
eluted with methanolic ammonia. The product ethanolamine was isolated in 95% yield, contaminated by 3%
starting amine and no bis-alkylated side product. In subsequent experiments, we found we could elute the
final product with either methanolic ammonia or methanolic HCI; in general, higher mass recoveries were
obtained using ammonia in methanol.

We next attempted the construction of a representative ethanolamine library utilizing our finalized
reaction conditions. Thus, an 8 x 6 reaction array employing eight different primary amines and six different
epoxides was performed using our optimized protocol. The amines (1-8) and epoxides (A-F) were chosen to
explore reaction scope and 1o generate diversity in our library (Table 1). All of the starting materials are
commercially available with the exception of epoxide F and amines 3 and 5.19 The reactions were performed
in screw-top vials in accordance with the procedure below and monitored by thin layer chromatography.
Following ion exchange chromatography, the reaction products were analyzed by ion-spray mass spectrometry
and either HPLC or 'H NMR. All reactions produced the desired compounds, with an average yield of 75%
and an average purity of 92.3%. We isolated up to 50 mg of each final product.



Table 1: Amine and epoxide reaction matrix (yield/ purity)

A B c D E F
o) o) o]
o) o]
epoxides f 0—/—\ Ph O—/—\ FaC. O P O—/'_k
. wt) O |0 [0 [T O
ammes 9 — .
H
1
@/lNHZ 25/90 80/90 86/95 88/91 88/95 75/94
2
dZNHZ 14/95 52/95 711100 67/100 87/95 72/95
3
NH,
m 48/95 73/95 75/95 85/96 89/95 79/95
HO
4
NH,
m 27/90 66/95 79/93 91/99 97/95 90/96
F
5
H,NOC
2 \@\ mNHz 60/85 95/67 87/81 96/89 99/91 96/80
o}
6
NH
Ho’7< 2 22/90 82/95 95/95 81/96 95/95 87/95
7
NH,
>|/7< 18/95 68/95 81/95 60/100 98/95 84/95
8
H3CO. NH,
56/95 99/90 86/70 97/97 88/80 83/89
HaCO
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All compounds were analyzed by ion spray mass spectrometry and displayed a molecular jon peak. Purity and structural
confirmation were determined by 'H NMR (CDCl,, 300 MHz) for the following compounds: Al-A4, A6-A8, B1-B4, B6-B8, C1,
C3, C6-C8, E1-E4, E6-E8, F6, F8. Purity was determined by HPLC for the remaining compounds (conditions: 20-100%

acetonitrile/0.01%TFA over 35 minutes, C-18 Waters Symmetry column). Yields are based on mass balance.
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Procedure for ethanolamine synthesis: Stock solutions of amines and epoxides were prepared (0.2 M in
DMSO). To an 8x6 array of 1 dram screw cap vial was added amine stock solutions (500 uL, 0.1mmol) and
BSA (0.05mmol). After gently shaking for thirty minutes, the epoxide stock solutions (600 UL 0.12mmol)
were added. The vials were capped and the reaction heated at 80°C for 4-5 days. After cooling to room
temperature, reactions were quenched with ImL 5% aqueous acetic acid. Each vial was then diluted with
ImL methanol and then placed directly on a 500 mg Varian SCX ion exchange column. The columns were
washed with 7mL methanol. The products were eluted by washing with 4mL 2N anhydrous ammonia in
methanol. The product solutions were concentrated in tared vessels and analyzed by HPLC, ion-spray MS and
1H NMR 20

In conclusion, we have developed a solution phase methodology for ethanolamine library construction
via the monoalkylation of primary amines with epoxides. The reaction is fairly general for a variety of amines
and epoxides, giving high purity products in good yield. These libraries are currently being examined for their
potential as pharmacological agents, and these results will be reported elsewhere.
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