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The use of parallel synthetic sequences to prepare focused ‘;\N . ”)\,ﬂmﬁ(a J\/\ Nm)‘s
chemical libraries directed toward a specific protein family H 6H o OH © OH R O
has become a standard approach for hit generation in drug Statine Hydroxyethylamine ;'ygroxxéethyl
ydrazide

discovery. When leveraged by a suitably broad synthetic
method, this approach becomes highly valuable, because
hit to any member of that protein family may be identified, scheme 1.Alkylation of Rink Resin
and the speed in which analogues may be prepared in a

|
subsequent hit to lead program is substantially increased. As i

d:igure 1. Transition-state isostere dipeptide mimetics.

part of our continuing efforts toward general synthetic 1) Li* t-BuO"

methods for the paral]el prepara}tlon of dlrected libraries of W2 cu/\d N < o
compounds, we were interested in synthetic routes to prepare Rink” 4 cycles © NH,
aspartic protease inhibitors. The aspartyl protease family 1 3) 20% TFA/DCM 2 3

includesf-secretasé cathepsing,renin{ plasmepsirt,and

HIV proteas€’. A number of native and enzyménhibitor
crystal structures have been solved for these aspartic pro-
teases. A key structural element in most inhibitors is a
hydroxyl or hydroxyl-like moiety that binds to the catalyti-
cally active aspartic acids in the enzyme active site. The work
of nearly three decades in the development of mechanism
pathway inhibitors for aspartic proteases has resulted in the
identification of a number of transition-state inhibitor classes
(Figure 1). These molecules replace the dipeptide subunit
that contains the scissile amide bond,<P;' residues)
(Figure 1). Two of the most useful of these are the _ .
hydroxyethylene and hydroxyethylamine units; the latter t'ﬁn of d? carb?mfet\;[]e nltrotgertl. dAngI kpyrqca;rbonlﬁtevas .
isostere has been employed extensively in agents for theZl (C)Svt\iﬁerr?erez?c With unprotected Rink resin to prepare resin
treatment of AIDS and is currently used in clinical pracfice. ’ . - L

Our results toward the development of a synthetically robust We exposed resid to lithium tert-butoxide in THF and

. . ; then to epichlorohydrin in DMSO. In this case, the extent
and operationally simple solid-phase route to hydroxyethyl- . . .
. . . . of alkylation could not be evaluated until the resin was
amino amidebare described herein.

We reasoned that the hydroxyethylamino subunit could errotected and acylated, which led to smooth and reproduc-

be easily derived from a resin-bound amidomethylene Icﬁlihcéegl\llgge :E)Oum tt?e Z)c:"gssuigpgt't;?rgzies ((tar\i/err:gnrﬁmhocﬁl
epoxide central intermediate. Our initial efforts centered on hine) aIIadigm (%) iz thep resence of excessp herzl FI)siIane
the direct alkylation of acylated Rink resin with epichloro- P P P pheny

hydrin using the successive amide alkylation procedure of %?:V?atggﬁ \(l)irsrzz:ﬁ Ssevii(:ﬂdz-rze?\rznIlnbeer:scs;ilgsgsizmii fr)]e
Houghter? Rink resin was acylated with 3-chlorobenzoyl y y

chloride utilizing standard procedures to provide secondary Eﬁ?ﬁﬁi\%iﬁ;gg& ’?a'rd'Ir:ritigﬁl?;'ggzgin'ggjfglggd; and
amide 1 (Scheme 1). The Houghten procedure uses 12 P yary P

. L . 20% trifluoroacetic acid in dichloromethane allowed for
successive cycles of exposure to lithiutart-butoxide, . : . )
, . . . evaluation of the alloc installation and subsequent alkylation
followed by quenching with electrophile. With our system, of the alloc-carbamate nitrogen 4f We were delighted to
exposure of amidd to lithium tert-butoxide, followed by 9 9

. : . ) . find a 47% isolated yield of on the basis of initial Rink
quenching with epichlorohydrin, ‘provided the alkylated resin loading after reversed-phase purificafibhhe amount

*To whom correspondence should be addressed. E-mail: scoats@ of unalkylated amidé was estimated from HPLC analySis
prdus.jnj.com. to be <5%.

amide2 along with unreacted amide after cleavage with
20% TFA/DCM. We found that the conversion2astopped
after four cycles, with the best conditions providing a 60:40
ratio of 2 to 3. Various other bases (LDA, NaH, LHMDS)
were investigated for the deprotonation of rekias well as
other electrophilic replacements for epichlorohydrin; despite
these efforts, we were never able to realize higher conver-
sions to epoxyamid@.

To achieve higher alkylation rates of our benzhydrylamine
resin, we next investigated the conversion of Rink resin to
an alloc-protected derivative, anticipating improved alkyla-

10.1021/cc0499111 CCC: $27.50 © 2004 American Chemical Society
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Scheme 2. Alkylation of Alloc-Protected Rink Resin Table 1. Lewis Acid Study of the Epoxide Opening 6f

1) 2 x 20% Pip/DMF 1) Li* tBuO”
NHFmoc _NHAlloc

Rink [e) Rink O O 1) 4-methoxy-
2) 2) C|/\<‘ ‘)0 benzylamine
<\/\O)g\o (0] N O ) /n O conditions T HO/Q
oA 2 4 3) Pd(PPhs), R R 2)20% TFAIDCM ”
PhSiH3

9 (resin is 2:3 mixture)

rel Lewis
O O OH O conditiong acid cleavage
H;O ?0 Q entry solvent rel % con¥ stability®

OMe

NH ° 1 Yb(OTf) DCE 68 55
Rink Me cr N 2 LiClO, CH:CN 84 79
pEA N ¢ Rink O 3 MgCh CH4CN 91 62

O 6 4 Mg(COy), CHCN 16 85

Mo 5  Zn(ClOy, CH:CN 9 63

6 LiOTf CHCN 60 82

7 Zn(OThH CH:CN 7 76

o O 8 TMSOTf DCE 20 60

?/ O . O O 9 znCh CHCN 3 88

20% TFA/DCM 2 10 none NMP 2 88
b HN o 11  80°C NMP 88 35
o 12 10equivDIEA NMP 9 20

7 47% 8 <5% 13 none DCE 3 90

14 10equivDIEA DCE 64 21

With an effective route to monoalkylated resin-bound a1 cqyiv Lewis acid, 15 h; room temp unless otherwise noted.
amines in hand, we turned our attention to the amine epoxideb Area from PDA of LC/MS trace 190350 nM relative % conv
opening of6, which was critical to our approach for the = (10/(7 + 10)) x 100.¢ Area from PDA of LC/MS trace 190
parallel synthesis of hydroxyethylamino amides. 350 nM; relative Lewis acid cleavage stability(((7 + 10)/(7 + 8

Resin-based epoxides have been exploited in a number + 10)/0.39) x 100.
of useful synthetic transformatioAdResin-based epoxide-  conditions, which confirmed our ability to use this compound
opening with amines has been performed thermally, but as an internal standard to calculate a relative measure of
usually requires an extreme excess of the amine, longcleavage stability (Table 1). After cleavage with 20% TFA/
reaction times, or elevated temperaturdaistead, we chose  DCM, the percent conversion and relative Lewis acid
to investigate milder room-temperature conditions with Lewis cleavage stability was calculatéd.
acids. Our initial efforts with Yb(OT#* were promising The relative cleavage stability and relative percent con-
because we were able to obtain the desired hydroxyethy-version provided us with a qualitative means to evaluate each
lamino amides after acid cleavage from support. However, Lewis acid for its ability to deliver good isolated yields of
purified gravimetric yields were typically around-5%, 10. As our earlier work had shown, Yb(OEfwas quite
which would require a substantial amount of resin per effective at epoxide opening, but a significant portion of the
reaction to meet our mass goals for this chemistry. HPLC/ amide was lost due to poor cleavage stability (Table 1, entry
MS analysis of the Yb(OT$)promoted epoxide-opening 1). MgCl gave even better conversion to hydroxyethylamino
reaction solution revealed that a significant portion of the amidel0, but again, cleavage stability was an issue (entry
amide was cleaved from resin during the epoxide-opening 3). Although ZnC} (entry 9) had been shown to be effective
step. for resin-based epoxide opening with alcoh$lgpr our

We performed a brief survey of Lewis acids to minimize system, we observed only trace amounts of prod@ctin
this premature cleavage of amid® while maintaining the absence of Lewis acid (Table 1, entries 10 and 13), the
acceptable rates for the epoxide opening.diVe chose resin  conversions were significantly less effective. Although the
9 (Table 1) for this study because it contained both the application of purely thermal conditions (entry 11) provided
N-epoxymethyl and th&l—H amides (resir® was obtained a higher conversion ti0, a significant portion of premature
as outlined in Scheme 1). ExposureSab 20% TFA/DCM amide cleavage was observed. In the presence of DIEA, high
yielded a 39:61 mixture of/8, as determined by integration conversion was observed in DCE (entry 14), but again,
of the total absorption chromatogram. The presence of acleavage stability was an issue. In the case of perchlorate
constant amount of primary ami@provided a convenient  salts (entries 2, 4, and 5), the counterion played a significant
internal standard for our Lewis acid study. The reactions were role in the success of the Lewis acid. From our studies,
conducted in the presence of 11 equiv of 4-methoxybenzy- LiCIO47 (entry 2) was clearly superior to all other Lewis
lamine for 15 h under the conditions listed in Table 1. The acids investigated. Next, we evaluated LiGli@ a variety
reaction solutions were analyzed by HPLC/MS to establish of solvents and found that toluene, DCE, and DCM gave
a qualitative determination of premature amide cleavage. Wethe best overall conversion tt0, while NMP, DMF, and
were surprised to find that all conditions, even purely thermal methyltert-butyl ether gave significantly poorer conversion
conditions (Table 1, entries 10,11,13), resulted in detectableresults.
amounts of premature cleavage of either epoxider With acceptable epoxide-opening conditions identified,
hydroxyethylamino amid&0; however, we never detected we subsequently found with resiithat 24-30 h of exposure
any premature cleavage of primary am@&eith any of these to LICIO, was necessary to give95% conversion td.0.
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Figure 2. Representative examples with isolated milligrams, micromols (isolated yields), and molecular weights.

Scheme 3.Switch to Rink-AM Resin

(0] 1) 10eq 4-methoxy-
benzyl amine
N O 1eq LiCIO, 10
Rink-AM~ eq i
Ie) 2) 50% TFA/DCM

1"

Scheme 4.Reductive Amination ofL2
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Hoj\ 7(©A

N
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-

(@)
13

DCE/TMOF
2) 50% TFA/DCM

prepared by this approach in a parallel fashion to define the
scope and yields for this new method.

Figure 2 shows some examples of the types of compounds
prepared by this method, including molecular weight and
yield after reversed-phase purification.

In conclusion, a solid-phase method has been developed
to generate hydroxyethylamino amides, which are known
aspartyl protease inhibitors. We have performed the eight-
step sequence in parallel in as few as 6 days and obtained
the resulting hydroxyethylamino amides in good vyield
without the need for rigorous exclusion of water or oxygen.
We have developed a method for the monoalkylation of
amine functionalized resins which could prove quite general.
The aspartyl protease isosteric compounds are prepared from
very large reagent pools: carboxylic acids, dmines, 2
amines, and aldehydes, which results in synthetic access to
a sizable and diverse set of hydroxyethylamino amides.

Under these longer reaction times, we were disappointed to  Supporting Information Available. Experimental pro-

find a 12% isolated yield 010 based on initial resin loading
(25% based on isolated yield @j.'8 This low yield was
mainly due to the premature cleavage of the Rink amide
linkage during the extended LiCl&ssisted epoxide-opening
step.

We next evaluated the same reaction sequence on the

more acid stable RinkAM resin 11 (Scheme 3) and were
encouraged to find a 37% isolated yield @b which
represents a factor of 3 increase over Rink resin after
reversed-phase purification (86% based on isolated yield of
7 from Rink—AM resin). Although some premature cleavage
of the resin amide was occurring, we were satisfied with

the overall isolated yields and aware that extended reaction

times for the epoxide-opening step reduced recoverié§.of
Reductive amination of resih2 followed by 50% TFA/
DCM and RP-HPLC purification provided 1,3-diamino-
propan-2-ol13 in 26% yield (Scheme 4). This eight-step
sequence on solid support has been applied to a range of 1
amines, 2 amines, aldehydes, and carboxylic acids with
isolated yields ranging from 0 to 50%. Amines with low
nucleophilicity (i.e., electron-neutral or -deficient anilines)
are the only class we have identified that result in little or
no desired products. To date230 compounds have been

cedures and spectroscopic characterization for compounds
7, 13—19. This material is available free of charge via the
Internet at http://pubs.acs.org.
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