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ABSTRACT

TBDMSO 19

The syntheses of stereodiverse libraries of 12 and 19 are reported, where each asterisk represents an independently varied stereocenter.
These scaffolds provide additional templates for investigations of geometric diversity in library syntheses. Libraries of these N-Fmoc-amino
acids were further functionalized by incorporation into a peptide sequence, demonstrating the utility of 12 and 19 as building blocks for
diversity oriented synthesis.

The synthesis of libraries of small molecules is an important widely investigated. A truly exhaustive diversification
activity in the discovery of novel compounds with important strategy would encompass both functional group and geo-
biologic functions. Pharmaceutical companies have long metric variation.

utilized libraries of analogues in their efforts to enhance or  Qur laboratory has been developing systems that explore
optimize initial lead compounds. More recently, the field of geometric diversity through extensive stereochemical varia-
chemical genetics has sought to identify compounds for all tion of acyclic scaffolds (Figure 1) It is expected that
biologic receptors, a goal that requires the synthesis andindividual stereoisomers will have distinct conformational
screening of structurally unique compouridsn important  preferences and thus unique three-dimensional structures.
criterion in the design of small molecule libraries is the Peptide chimeras containing scaffaldembedded in their
incorporation of diversity among the library members to sequence show a remarkable distribution of hydrophobicities
maximize the potential for any one library member to exhibit between stereoisomers as measured by retention times on a
potent biologic activity. The literature abounds with examples reversed-phase HPLC colufand a pronounced stereo-
where diversity is probed through functional group variation, chemical dependence on their ability to inhibit the aspartyl
often through the appendage of side chains (R groups) fromprotease renif.Stereochemically diverse small molecules
a fixed, cyclic scaffold. In a complementary approach, containing scaffold2—4 have been screened for binding to
diversity can also be probed through geometric variation of

the scaffold itself, although this strategy has not been as (3) see, for example: Paterson, I.; Temal-LaiebOfg. Lett.2002,4,

2473—2476. Misske, A. M.; Hoffmann, H. M. Ehem. Eur. J2000,6,
(1) Schreiber, S. LScience2000, 287, 1964—1969. Mitchison, T. J. 3313—-3320. Paterson, I.; Scott, J.J>Chem. SocRerkin Trans. 11999,

Chem. Biol.1994,1, 3—6. 1003—1014. Annis, D. A.; Helluin, O.; Jacobsen, E.Ahgew. Chemint.
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Methyl ester7 was reduced to the aldehyde using DIBAL-H

and reacted with vinylmagnesium bromide to provide a 2.2:1
ratio of synanti-8. The diastereomers were separated by silica
gel chromatography, and the N-protecting group was con-

Ry ; R Re OH, Rs verted from Boc to Fmoc to pr.ovidsyn—9and ar]ti—9.
The diastereomers were assigned by analysis of the X-ray
-~ oH e o RN oH « st crystal structure of the diacylated product obtained by Fmoc
! M*K“/ ¢ j)*\/\/*KKKR‘z removal ofsyn9 and treatment of the resulting amino alcohol
R, OHO Ro s o with TFAA.X° The remaining two isomers of N-terminal
R OH o intermediateQ were 'produced in an identical way from
R1HNW=WR4 R‘HNW}M N-Boc+-leucine. Thls_ route differs from our previous
k, OH  OH o By OH R repo_rted _stereose_lectlvg synth_eses of C-terminal ar_1d N-
5 6 terminal intermediates in that it proceeds nonselectively;

however, the efficiency resulting from obtaining both isomers

Figure 1. Extensively stereodiversified acyclic scaffolds for use jn gne reaction sequence is an attractive alternative when

in library synthesis. Each scaffold represents all possible stereo-
isomers where each asterisk represents an independently varie

stereocenter.

&somer separation and identification are feasible.

A ring-closing metathesis strategy was employed to couple
N-terminal intermediate® to C-terminal partnerd(0'* to
produce spatially separated stereoisomers of Et{&cheme

the u opioid receptor (MOR), resulting in the discovery of 2)45 All stereoisomers of intermediate® and 10 were

individual stereoisomers that bind the MOR with nanomolar

affinity.”
Scheme 2
\/H/“\ssn

stereodiversified libraries, we sought to synthesize scaffolds
5 and 6, which contain both the 1,4-enediol moiety of

In conjunction with our efforts to extend the range of
)\ HsC, CHs
scaffoldsl and2 and are isoatomic in their backbone length S 9/8'\0 0

with scaffolds2—4. Additionally, it was imagined that the § a, b ' —
) L (R, 810 ——» FmocHN SBn
syntheses might parallel that of scaffolds4, which involve )\
the coupling of stereodiverse C-terminal intermediates and . OH (A, Sll’?» S
. ~ . . . . . _ H H cd
ste_-reodwe_rse N-terminal mtermed@tes using olefin metath FmocHN /L
esis. Herein, we report the synthesis of scaff@@sd6 for (R, 59 : OH OH O

the case where R=i-Bu and R = Me, employing a ring-
closing metathesis strategy for scaffotd and a cross-
metathesis strategy for scaffofd®

'_I'he synthesis of scaffolfl relied onN-Boc-Ieuplne as a aKey: MeSiCh, pyridine, 74%: (b) GIPCys)(IMesHy)-
chiral source (Scheme 1). Thu&\-Boc-b-leucine was  py—ciiph, toluene, 75C, 75%; (c) HF/pyridine, THF, 84%; (d)
converted to its corresponding diazoketone and subjected to_jOH, H,O, pH 8.5, THF, 97%. Configurations are reported from
Wolff rearrangement to produce the known methyl egter  left to right for clarity.

|
Scheme
PN

FmocHN /\/\‘—T)\‘/U\OH

(R. S, R, 5)-12

available; thus, all 16 stereoisomersi@were synthesized.
The sequence is detailed here for one specific isomer pairing.
)\ The thioester RS-10 was monosilylated with excess

_abec i coocH de Me,SiCl,, and the N-terminal intermediat®,§-9 was added
N N 3 .
BocHN™ “COCH BocHN™ to generate only the heterotethered product, which was then
/k )\ subjected to olefin metathesis using 10%(ECys)(IMesH,)-
: OH f,g : OH Ru=CHPH? to produce selectively th&-olefin product
E BocHNW : FmocHNW (RSR9-11in 56% yi_eld over t\_/vo steps. I\/I_efcathesis product
syn-8 syn-9 (R,S,R,S)-1was desilylated with HF—pyridine and hydro-

lyzed (LIOH, H0O,, pH 8.5) to acid R,S,R,S)-12with
retention of the base-labile Fmoc group in 81% yield over

A -

L . OH f,g
: — :
BocHNW FmocHNW

anti-8 antr9

(7) Harrison, B. A.; Gierasch, T. M.; Neilan, C.; Pasternak, G. W.;
Verdine, G. L.J. Am. Chem. So002, 124, 13352—13353. Shi, Z,;
Harrison, B. H.; Verdine, G. L. Submitted for publication.

(8) Grubbs, R. H.; Chang, Setrahedron1998,54, 4413—4450.

(9) Johnson, R. L.; Verschoor, K. Med. Chem1983,26, 1457—1462.

(10) Details are provided in the Supporting Information.

(11) Synthesized as reported in ref 4. Complete details and spectroscopic
information are provided in the Supporting Information.

(12) Trnka, T. M.; Grubbs, R. HAcc. Chem. Re®001,34, 18-29.

aKey: (a)N-methylmorpholine, CIC®i-Bu, THF,—20°C; (b)
CHzN,, THF, —20°C, 81% two steps; (c) PhGAg, Et:N, MeOH,
quant; (d) DIBAL-H, toluene;-78°C, 80%; (e) vinyl-MgBr, E£O,
—70— —40°C, 68% (2.2:1 syn/anti); (f) HCI, dioxane; (g) Fmoc-
OSu, DIPEA, CHCI,, 78% syn, 70% anti (two steps).
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two steps. This stereodiverse seNsFmoc-amino acid$2 analogy to the synthesis of the N-terminal intermedite
represents a defined version of scaff@dwhich can be  the efficiency of this nonselective route and ease of separation

further diversified at either end. and identification of theis andtranslactonesl4 made this
The synthesis of scaffol® relied on enantiomerically  an attractive alternative to a stereoselective syntigsis.
enriched butadiene monoxitido define the absolute stereo- Lactonel4 was converted to thioest&b by treatment with

chemistry of the C-terminal intermediaté$and15 (Scheme t-BuSH—AIMes:.*® It was immediately evident that the

3). Nucleophilic epoxide opening of butadiene monoxide can y-hydroxy thioester was not stable in its unprotected form,

as evidenced by the partial reversion 1 to 14 upon

exposure to silica gel chromatograpilthough this could

Scheme 3 be minimized by addition of BN to the solvent. Thioester
o anti-15 was successfully tethered syn-16! according to

o
\/QO + \)J\N/CHS a MJ\N’CH"‘ the procedure described above and subjected to RCM to
61

) provide aZ-olefin productl?7 analogous tall in modest

|
CH CH . . .
o s 13 s (37%) yield (Figure 2). Removal of the silyl tether proceeded
o
Q
—_— c /\é/\ﬁj\smu
\ OH
b syn-14 anti-15
] 0o
0
A ' c /\/\)J\
— ZY Y UstBu
$ OH =
ant-14 syn-15
. : of~- . N HaC”™™ “CHs
aKey: (a) LDA, LiCl, THF, 0°C; (b) H,SO,, dioxane, 95°C, FmocHN
60%, two steps, 1:1 syn/anti; (6BuSH—AIMe;, CH,Cl,, 4 °C, OH 17
78% anti, 70% syn. syn-16

Figure 2. Initial coupling of 15 with N-terminal partnerl6 to

produce three regioisomeric products, resulting fron2 S produce tethered, metathesizedl

attack (primary or secondary carbon) q2Sattack. Initially,
it was thought that the relative preference for these three

products might be modulated by the choice of enolate. thioester to an acid did lead to relactonization. It became

However, ester and thioester enolates gave low yields of thea arent that the-hvdroxv aroun would need to be protected
epoxide-opened products due to competing Claisen conden- pp £-ny Y group P

sation!# In contrast, the enolate derived frdN-dimethyl- n ordgr for the carbonyl group 'to be useful as a point of
propionamide exclusively gave products resulting from dlversmcatlon_ and that the ME8i tether was not robust

. e . : . enough for this purpose.
epoxide openind® Further screening of reaction conditions

found that lower temperatures {Q@) favored $2 attack at In light of these results, a modified rout_e was developed
the primary carbon over the secondary carbon and additionbased on a cross-metathesis strategy, which would allow for

of excess LiCl disfavored competingy® attack. Thus,  Protection of the problematig-hydroxy group (Scheme 4).

treatment of R)-butadiene monoxide with the enolate derived Lacton§14 was employed as a metathesis .partner.for the
from N,N-dimethylpropionamide and an excess of LiCl at 0 N-termmal partnerls, in a cross-metathesis reaction to
°C produced a separable 2:1 mixture of regioisomers Providel8(Scheme 4). Ratios df4/16from 3:1— 1:2 were
resulting from §2 attack where the major produt8 was screened in the metathesis reaction to determine what
generated as a 1:1 mixture of diastereomers atitharbon conditions would maximize the yield of the desired hetero-
Diastereomerd3 were treated with bSO, in dioxane at 95 coupled product. These investigations revealed that the ratio
°C to form lactonesyn14 andanti-1416 The diastereomers of homocoupled and heterocoupled products was statistically

were separated by silica gel chromatography and their relatived€termined, as would be expected from two similar olefin

configurations established by comparison of the magnitude Partners. While it was possible to get higher yields of the
of their vicinal coupling constants to known disubstituted desired product (based on the limiting partner) by using an

lactonest” The remaining two isomers df4 were produced
in an identical manner from (S)-butadiene monoxide. In

without difficulty, although attempts to hydrolyze the

(17) Hussain, S. A. M. T.; Ollis, W. D.; Smith, C.; Stoddart, J.JF.
Chem. SocPerkin Trans. 11975, 1480—1492. Myers, A. G.; McKinstry,
L. J. Org. Chem1996,61, 2428—2440.

(13) Schaus, S. E.; Brandes, B. D.; Larrow, J. F.; Tokunaga, M.; Hansen,  (18) A stereoselective route was explored based on Myers’ pseudoephe-
K. B.; Gould, A. E.; Furrow, M. E.; Jacobsen, E. Bl. Am. Chem. Soc. drine methodology (ref 18); however, the reaction®fffutadiene monoxide

2002,124, 1307—1315. with the enolate derived fromH)-pseudoephedrine (a stereochemically
(14) Taylor, S. K.Tetrahedron2000,56, 1149—1163. “matched” case) provided a modest 4: 1 ratiotrains/cislactones.
(15) Sauriol-Lord, F.; Grindley, T. BJ. Org. Chem1981,46, 2831— (19) Hatch, R. P.; Weinreb, S. M. Org. Chem1977,42, 3960—3961.
2833. (20) Evans, B. E.; Rittle, K. E.; Homnick, C. F.; Springer, J. P
(16) Myers, A. G.; Yang, B. H.; Chen, H.; Gleason, JJLAm. Chem. Hirshfield, J.; Veber, D. FJ. Org. Chem1985,50, 4615—4625.
So0c.1994,116, 9361—-9362. (21) Available as detailed in ref 4.
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Scheme 4
0
\/&
A o Ac-Glu-Val-Asn-HN"*™ Glu-Phe-NH,
o}
(S, 5-14 a « 20
> FmocHN Y
(5, 8,8, 9)-18 * A -, -Glu-Phe-NH,
FmocHN™ Y ™ 1 b o d Ac-Glu-Val-Asn-HN™* *
OH OH o}
(S, 5)-16 TBDMSO =
“~_OH Figure 3. Structures of the libraries of peptide chimeras incorpo-

FmocHN H
TBDMSO o]
(S, S, S, S)-19

rating stereodiversified scaffoldsand6. Each asterisk indicates a
stereocenter that is independently varied among the library mem-
bers.

aKey: (a) CH(PCys)(IMesH)Ru=CHPh, CHCl,, 45°C, 58%;
(b) t-BuSH—AIMe;, CH,Cl,, 4 °C; (c) TBDMS-CI, imidazole,
DMF, 74%, two steps; (d) LiIOH, kD, pH 8.5, THF, 70%.  coupled in a manner similar to that used for tr@mino
Configurations are reported from left to right for clarity. acids (HATU, HOAt, DIPEA, and NMP). The peptide
chimeras were simultaneously cleaved from the solid support
excess of one olefin, atom economy argued for a 1:1 ratio and deprotected using 85% trifluoroacetic acid. The peptide
of olefin partners. This was a viable option due to the easy chimeras were purified by reversed-phase HPLC to produce
separation of the heterocoupled prodL8from each of the 16 individual isomers represented B9 and 8 individual

homocoupled products. All four stereocisomersldfwere isomers represented 3.

available as well as two diastereomersléf(syn and anti), In conclusion, we have reported the parallel synthesis of
which allowed for the parallel synthesis of all 8 diastereomers libraries containingl2 and 19 where diversity arises from

of 18 (and thereforel9). extensive stereochemical variation. All possible diastereomers

As a specific example, 1.0 equiv @ §-14and 1.2 equiv of 12 and19were synthesized and successfully incorporated
of (S9-16were exposed to 5% gPCys)(IMesH,)Ru=CHPh into a larger peptide fragment to demonstrate how they might
in refluxing CH,CI; for 1 h to provide (S,S,S,S)-18 58% be further functionalized. This extends the number of
yield (crude NMR showed~95:5 E/Z olefin). The lactone  scaffolds available as platforms for exploring the effects of
was converted to the-hydroxy thioester using-BuSH— stereochemical diversity in library synthesis to incl&dand
AlMe; and immediately silylated with TBDMS-CI to prevent 6.
relactonization. The thioester was hydrolyzed to the acid
(LIOH, H20,, pH 8.5) to produceg,S,S,S)-1 52% vyield Acknowledgment. We thank Bryce Harrison for helpful
over three steps. This stereodiverse set of TBDMS-protecteddiscussions and Joshua Finkelstein for HPLC assistance. This
N-Fmoc-amino acids is suitable for further diversification research was supported by a gift from Enanta Pharmaceu-
at either end, allowing for the synthesis of libraries containing ticals.
scaffold 6.

To demonstrate how these twd-Fmoc-amino acid42 Supporting Information Available: Experimental details
and19 might be incorporated into larger structures, we chose and characterization data regarding the preparation of
to append amino acid residues at the &d R, sites to synthetic intermediates and products. This material is avail-
produce peptide chimer&9 and21 (Figure 3), reminiscent  able free of charge via the Internet at http:/pubs.acs.org.
of the APP cleavage site recognized by the aspartyl proteasey, »711¢
B-secretasé?

This was accomplished using standard solid-phase peptide  ;5) Gposh, A. K ; Shin, D.; Downs, D.; Koelsch, G.; Lin, X.; Ermolieff,
synthesis techniques, where the library of adidder 19 were J.; Tang, JJ. Am. Chem. So@000,122, 3522—3523.
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