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With the goal of developing a modular approach leading to different indoline alkaloid natural-product-like
tricyclic derivatives having an unsaturated lactam (see compal@)dsl, and16), an aminoindoline-based
bicyclic scaffold 10 was obtained fron®. The selective deprotection of the indolihNgeoc or benzylic
NHAlloc in compoundl0, followed by N-acryloylation and then subjection to a ring-closing metathesis
reaction, successfully led to obtaining two different architectues1¢ and 16) having an unsaturated
lactam functionality. This modular solution-phase methodology was then developed on solid phase. To
achieve this objective, the aminoindoline bicyclic scaffold having an additional hydroxyl group could be
immobilized onto the solid support using alkylsilyl linker-based polystyrene macrobeads, d®iry
applying a ring-closing metathesis approa2d(tricyclic derivative with seven-membered-ring unsaturated
lactam) and3 (tricyclic derivative with eight-membered-ring unsaturated lactam) were then obtained from
18in a number of steps.

Introduction

There is a growing interest in the use of small-molecule
chemical probes as chemical dissectors of macromolecular
(i.e., protein-protein, DNA/RNA—protein) interactions.
Because these interactions involve multiple dynamic and
complex relationships, the reversible effect of small mol- Vindoline, 1 Tabersonine, 2
ecules and their ability to modulate highly specific domains Figure 1. Two examples of bioactive, indoline alkaloid natural
of a given protein offer them several advantages over Products.

classical biochemical toofsTo move forward with this  aminoindoline derivative, the plans were to develop a DOS
approach, easy access to a wide variety of small-moleculeprogram to obtain several different polycyclic architectures
chemical probes is necessary. In this arena, small moleculesn a high-throughput manner. Due to the wide variety of
(i.e., natural-product-like compoundshat are inspired by pjoactive indoline alkaloids (two examples are shown in
bioactive natural products are much in demand. Unlike most Figure 1: vindoline,1, and tabersonine),” we decided to
bioactive natural products that are hard to obtain readily and develop a DOS program on the aminoindoline substructure.
in sufficient quantities, diversity—oriented Synthesis (DOS) For examp]e, in one Study, we report the So|id_phase
is aimed at rapidly accessing different, natural-product-like synthesis and subsequent library generation of tricyclic
architectures.It is hoped that the compounds produced by derivatives that utilized a stereocontrolled aza-Michael
DOS would occupy a chemical space similar to that currently reaction® A major challenge in DOS is to develop modular
taken by natural products. approaches leading to structurally complex and architectur-
ally diverse skeletons. With few exceptions, this has previ-
ously met with only little successUtilizing the aminoin-
With the goal of accessing indoline-derived, complex, doline scaffold, we herein report our results reaching this
natural-product-like compounds, a few years ago, we em- gbjective.
barked on a research program that was aimed at developing The aminoindoline scaffol@ is unique, highly function-
a practical synthesis of a highly functionalized, aminoindoline alized, and could be easily modified to obtain compoénd
scaffold in an enantioselective manfidysing this bicyclic as a diastereomeric mixture having an allyl moiety and two
orthogonally protected amines. The selective N-acryloylation
* Phone: (613) 993 7014. Fax: (613) 952 0068. E-mail: prabhat.arya@ followed by the ring-closing metathesis reaction could lead
nrc.ca. . . .
T National Research Council of Canada. to skeletally different architecture®/6 and 7/8, having
*University of Ottawa. unsaturated lactam functional groups. Thus, in addition to

Results and Discussion

10.1021/cc0600573 CCC: $33.50 © 2006 American Chemical Society
Published on Web 10/17/2006



Natural Product-Like Polycyclic Architectures

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 857

Scheme 1
o]
Teoc Teoc Jl\/
< a N7 b N
— —
vy, JOH
MEMQ " MEMO 1 7 MEMO Z
AllocHN AllocHN — OH AllocHN — OAc
9 11
N
N c
= —
MEMO L) MEMO
AllocHN AcO AllocHN AoD

12a
Q
) g

N c
= —
MEMC L) MEMO
AllocHN Ac() AllocHN N:O
12b

(a) (i) Dess-Martin periodinane, NaHC®DCM,; (ii) ZnCly, allyimagnesium bromide;-78 °C, THF; (b) (i) AcO, 4-DMAP, DCM,; (ii) TBAF, THF;
(iii) acryloyl chloride, pyridine,°C; (c) second generation Grubbs’ catalyst (20 mol %), DCM.
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Figure 2. A modular approach to obtaining different indoline
alkaloid-like polycyclic architectures.

having the benzylic amine and the hydroxyl moiety for
diversification, the tricyclic derivativé has an unsaturated
lactam functional group that could further be used as the
third diversity site. In a related study, we have shown that
nucleophilic thiol attack occurred in a stereocontrolled

manner and that the nucleophile approached the unsaturate

lactam giving the relative 1,8anssubstituted product (not
shown in Figure 25.In a similar manner, the use of the
benzylic nitrogen in N-acryloylation could provide the
aminoindoline-based tricyclic derivative having an eight-
membered ring with an unsaturated lactam moiety. To our

polycyclic compounds that could further be subjected to
diversification in library synthesis planning. It is interesting
to note that the modular formation of the third, medium-
sized ring is not usually readily accessible.

Theenantioenricheéminoindoline derivativ® (Scheme
1) was obtained as reported eatliand further subjected to
oxidation to produce the corresponding aldehyde. Upon
treatment with the Grignard reagent in the presence of the
Lewis acid, it gave compounti0 as a mixture of diastere-
omers (diastereomeric ratio 1:3). The mixture was not
separable at this stage, and it was directly utilized in further
studies. In one study, compouthfwas subjected tbl-Teoc
removal followed by N-acryloylation. The diasteromeric
mixture of N-acryloyl derivativell could be separated at
this stage, providing compounds2a and 12b as two
diastereomers. Both compounds were then independently
subjected to ring-closing metathesis reaclarsing 10-20
mol % second-generation Grubbs’ catalyst. We were pleased
to note that in both cases, the formation of the seven-
membered ring having an unsaturated lactam functional
group occurred very easily (i.e., reaction at room tempera-
ture), giving productd3and14. Interestingly, in both cases,

cJﬂere were no side products arising from the participation

of theN-Alloc group in the ring-closing metathesis reaction.
The aminoindoline-derived tricyclic products3 and 14,
were then thoroughly characterized by MS and NMR studies
(see the Experimental Section).

In another experiment, with the goal of examining the

knowledge, there are very few examples of generating scope of the modular approach for obtaining aminoindoline-
different indoline-based, polycyclic architectures in a modular derived tricyclic compounds having eight-membered rings,
manner. The successful outcome of our approach wouldthe following sequence of reactions was attempted. As a
provide an entry to a few complex aminoindoline-derived diastereomeric mixture, compourtD was subjected to
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(a) (i) p-TSA, EtOH, 50°C, 24 h; (ii) 3-(tetrahydrd@2H-pyran-2-yloxy)propyl 4-methylbenzenesulfonate, CS@IMF; (iii) Ac .0, 4-DMAP, DCM,; (iv)
TBAF, THF; (v) Fmoc-Cl, ag NaHC@EtOAc; (vi) PPTS, EtOH, 55C, 48 h; (b) (4-methoxyphenyl)diisopropylsilylpropyl polystyrene macrobeads{500
560 um, loading 1.29 mmol/g), TFA, 2,6-lutidine, DCM.

Scheme 3

(a) (i) Pd (0), PPh N-methylmorpholine, AcOH, DCM; (ii) benzoyl chloride, 2,6-collidine, DCM; (iii)) 20% piperidine, DMF; (iv) acryloyl chloride,
2,6-collidine, DCM; (b) second generation Grubbs’ catalyst(80 mol %), DCM, 40°C; (c) Hf—pyridine, THFf; (d) (i) 20% piperidine, DMF; (ii)
isobutyroyl chloride, 2,6-collidine, DCM; (iii) Pd (0), PRIN-methylmorpholine, AcOH, DCM,; (iv) isobutyraldehyde, NaCNBeOH, AcOH, TMOF;

(v) acryloyl chloride, 2,6-collidine, (e) second generation Grubbs’ catalyst $@0mol %), 40°C DCM,; (f) Hf—pyridine, THF.

(i) N-Teoc removal and (iiN-amide formation (test of first ~ unsymmetrical medium-sized ringsThus, using aminoin-
diversity). Following theN-Alloc removal, the free benzylic ~ doline scaffold10, we successfully demonstrated that it is
amines were then reductively alkylated (test of second possible to develop a modular ring-closing metathesis
diversity). The resulting secondary amine derivatives were approach that can be used to generate aminoindoline-derived,
then reacted with the acryloyl chloride to produce the different tricyclic architectures having functionalized medium-
N-acryloyl derivativesl5 as mixtures of inseparable isomers. sized rings. At present, there are very few examples in DOS
To our pleasant surprise, when subjected independently toliterature that are capable of providing natural-product-like,
the ring-closing metathesis reaction using—20 mol % structurally different architectures to be utilized in library
second-generation Grubbs’ catalyst, the compourdd$ (  generation. The ease of our modular, synthesis-based, ring-
produced the eight-membered rings having unsaturatedclosing metathesis approach therefore prompted us to develop
lactam functionality. The reaction is very clean and high- this strategy on solid phase. These results are shown in
yielding, and the product6 was well-characterized by MS ~ Schemes 2 and 3.

and NMR studies. This successful method development is  For the solid-phase synthesis, the required compdimd

an interesting example of the formation of medium-sized (Scheme 2) was easily obtained from aminoindoline scaffold
rings containing unsaturated lactam functionality through 10in the following steps: (iD-MEM removal; (ii) introduc-
ring-closing metathesis. In comparison to ring-closing me- tion of three-carbon spacer with ti@THP-protected hy-
tathesis reactions that produce the isolated olefins, thedroxyl group; (i) N-Teoc removal; (ivN-Fmoc; and finally,
generation of an unsaturated lactam has an advantage in thafv) O-THP deprotection. As in our previous stuglfor the

it can be further subjected to a wide variety of diversity- solid-phase synthesis, we decided to introduce a three-carbon
oriented transformations. To our knowledge, there are not spacer between the phenolic hydroxyl and the primary
many examples of ring-closing metathesis approaches thathydroxyl group available for the loading. The introduction
produce aminoindoline-based tricyclic compounds having of the spacer serves two useful purposes: (i) to keep the
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organic moiety away from the resin polystyrene backbone tives is highly attractive for exploring the use of this approach
and (i) to utilize a primary hydroxyl group for immobiliza-  in the diversity planning of library generation.

tion. The use of a spacer would also be advantageous in

printing the small-molecule library onto glass slides and in Experimental Section

conducting protein-binding studies with small-molecule  General Methods. The materials were obtained from
microarrays:? Having compoundl? as a diastereomeric  commercial suppliers and were used without purification.
mixture in hand, t.he stage was now set for the solld—phaseTHF, CH,Cl,, and DMF were passed through the activated
synthesis. Following the Broad Institute loading synthesis ajumina columns to remove impurities prior to use. 2,6-
protocol and with the use of alkylsilyl linker-based polysty- | ytidine was distilled from Caklunder N. Column chro-
rene macrobeads (loading 1.29 mmol/g, 5660um), we  matography was performed using Silicycle Ultra Pure Silica
were pleased to note that the loading worked very well, Ge| (230-400 mesh). Reactions were monitored by thin-
giving product18 (88.5%) upon cleavage from the macro- |ayer chromatography (TLC) using Merck 6@sF0.25-mm
bead support)® The macrobeads are easy to handle, and gjjica gel plates.
simple cleavage _of tvyo to three beads provides enough  gmall-scale solid-phase reactions-80 mg of resin) were
product for analytlca! (i.e., TLC, HPLC, and MS) PUIPOSES. performed in 2-mL fritted polypropylene Bio-Spin chroma-
Compoundl8, having orthogonal protected amines (i.€., tography columns. Medium-scale solid-phase reactions (20
N-Fmoc andN-Alloc), offers t.he advantage of develo'plng a 200 mg) were performed in 10-mL polypropylene PD-10
modular approach to DOS in which one pathway (i.e., the ¢o|ymns. Agitation of solid-phase reactions was performed
use ofN-Fmoc site in an RCM reaction) would lead t0 a sing a Barnstead-Thermolyne Labquake shaker. The linker
seven-membered ring, whereas simply altering the site ('-e-’cleavage reactions<60 mg of beads) were carried out in
the use oN-Alloc site in an RCM reaction) would resultin = 1 5.1 Eppendorf tubes. Vacuum removal of solvents for
the synthesis of an eight-membered ring containing an the jinker cleavage reactions was accomplished using a
unsaturated lactam functional group. To test this approach, genevac HT-4 Atlas Evaporator.
compound18 was loaded onto the resin and was then  a) NMR experiments were recorded on an AC-Bruker

subjected to parallel sequences. In one st'udyl, following instrument (400 MHz). Unless otherwise noted, proton and
N-Alloc removal, the benzylic amine was derivatized as an ¢41)on chemical shifts are reported in parts per million using
aml_de group (a test of the first diversity). The resin was then residual CHCJ as an internal standard at 7.26 and 77.0 ppm,
subjected td\-Fmoc removal and then coupled with acryloyl  yegpectively. Analysis by mass spectrometry was performed
chloride givingN-acryloyl group,19. We were delighted to o5 5 /G Quattro | (Micromass) mass spectrometer equipped
note that when subjected to the ring-closing metathesis i 4 pneumatically assisted electrospray ionization source
reaction, compoundl9 on-resin produced the Seven- qqrating in positive mode. The enantiomeric excess (ee%)
membered ring having an unsaturated lactam functional was determined by chiral HPLC using a Hewlett-Packard

group (see compoun®0). The final product2l was  (agilent) 1090 LC equipped ilent 1100 Series HPLC system.
thoroughly characterized by MS and NMR studies (see the Compound 9

Experimental Section) as a diastereomeric mixture after
cleavage from the support. Although the reaction was very Teoc
easy and high-yielding in solution, the RCM was observed N
to be a slow reaction and required nearly 40 mol % of the MEMO “,, ~OH
second-generation Grubbs’ catalyst in the solid-phase reac-
tion.

In another series of experiment, compour@vas loaded

Alloc-HN

. ) . To a solution of 3-allyloxycarbonylamino-2-benzoyloxyme-
onto the resin and subjectedbFmoc removal, then amide htyl-5- (2-methoxyethoxymethoxy)-2,3-dihydroindole car-

coupling (test of first diversity). Following thé-Alloc e .
removal, the benzylic amine then reductively alkylated to poxyhc acid 2-trimethylsilanylethyl ester (2.40 g, 4.20 mmol)

give the secondary amine (test of second diversity). The in methanol (50 mL) was added potassium carbonate (580

. . ; mg, 4.20 mmol). The mixture was stirred at room temper-
secondary amine was then reacted with acryloyl chloride to : .
: . . ature. After 3 h, TLC showed the completion of the reaction.
produce 22, a precursor for the ring-closing metathesis

reaction. As observed in our previous series with the solid- The reaction was neutralized with Amberlite’ iesin to a

phase synthesis of the seven-membered ring, the ring-closin H of 7. The mixture was then filtered. The filtrate was
metathesis reaction successfully produced the eight-mem- oncentrated under reduced pressure. The crude product was

. . : diluted with ethyl acetate and washed with brine. The organic
bered ring23 having an unsaturated lactam functional group. . ) )
. layer was dried over sodium sulfate, filtered, and concen-
After cleavage of the product from the solid support,

compound24 was thoroughly characterized by MS and NMR trated under reduced pressure. The crude product was purified
studies. by column chromatography (1:1, ethyl acetate/hexanes) to

. give the productd (1.80 g, 99%).'H NMR (400 MHz,
Conclusions CDCl) ¢ 7.68 (bs, 1H), 7.06 (d] = 2.4 Hz, 1H), 7.03 (dd,
To summarize, in this article, we report successful, J= 8.8, 2.4 Hz, 1H), 5.94 (m, 1H), 5.34 (d,= 17.2 Hz,
modular, solution- and solid-phase approaches toward ob-1H), 5.275.23 (m, 3H), 4.99 (dJ = 5.6 Hz, 1H), 4.63 (d,
taining aminoindoline-based polycyclic architectures. The J= 4.6 Hz, 1H), 4.38-4.30 (m, 2H), 3.98 (bs, 1H), 3.83 (t,
production of either seven- or eight-membered ring deriva- J = 4.6 Hz, 2H), 3.70 (bs, 1H), 3.58 (@, = 4.6 Hz, 2H),
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3.39 (s, 3H), 3.13 (bs, 1H), 1.13 @,= 8.6 Hz, 2H), 0.08  5.72 (m, 1H), 5.34 (dJ = 6.5 Hz, 1H), 5.3+5.18 (m, 4H),
(s, 9H).13C NMR (100 MHz, CDC}) 6 156.3, 154.1, 132.7,  5.11 (d,J = 10.0 Hz, 1H), 5.055.01 (m, 2H), 4.674.52
118.9,118.7,117.0, 113.9, 94.5, 72.0, 69.9, 68.0, 66.6, 64.8,(m, 2H), 4.39-4.30 (m, 2H), 3.84 (t) = 5.5 Hz, 2 H), 3.60
63.8, 59.4, 55.2, 18.4:1.1; MS (ESF) mz497.4 (M+ 1). (t, J = 5.5 Hz, 2H), 3.39 (s, 3H), 2.662.46 (M, 2H), 2.29-
Compound 10. 2.07 (m, 2H), 1.55 (s, 3H), 1.16 (m, 2H), 0.07 (s, OMLC
Teoc NMR (100 MHz, CDC}) 6 170.7, 155.1, 154.2, 153.9, 153.5,
N’ 133.7,133.4, 132.9, 118.8, 118.4, 118.1, 116.2, 94.5, 71.9,
Z 69.8, 68.0, 66.7, 66.2, 64.8,59.4, 53.4, 35.1, 21.2, 20.6, 18.1,
H ~1.1; MS (ES) mz578.3 (M + 1).
Alloc-HN - OH Compound 10b.

The Dess-Martin periodinane (2.17 g, 5.13 mmol) was
added to a solution of compou®d1.69 g, 3.42 mmol) and
sodium bicarbonate (1.72 g, 20.52 mmol) in dichloromethane MEMO F

(75 mL). The resulting suspension was stirred 2oh at 0

°C and 1 h atroom temperature. TLC showed complete

conversion to the aldehyde after 3 h. The mixture was then TBAF solution (1 M, 1.71 mL, 1.71 mmol) was added to
washed with 10% sodium thiosulfate solution and brine the solution of compountiOa @95 mg, 0.85 mmol) in THF
sequentially. The organic layer was dried over sodium sulfate, (20 mL) at 0°C. The solution was stirred at room temper-
filtered, and concentrated under reduced pressure. The crudature for 2 h. The solution was washed with saturated-NH
product was dried on the high-vacuum pump for 1 h. The CI solution, dried over sodium sulfate, filtered, and concen-
resulting aldehyde was dissolved in dry THF (20 mL) and trated under reduced pressure. The crude product was purified
cooled to—78 °C, and after it was stirred for 30 min, a by column chromatography (2:3, ethyl acetate/hexanes) to
solution of ZnC} (17.0 mL, 17.0 mmol) was added. After give the producflOb (340 mg, 92%)'H NMR (400 MHz,

30 min, a solution of allylmagnesium bromide (13.68 mL, CDCl) 6 7.74 (d,J = 8.2 Hz, 1H), 7.10 (dJ = 2.1 Hz,
13.68 mmol) was added, and the reaction mixture was stirred1H), 7.04 (ddJ = 8.2,1.5 Hz, 1H), 5.95 (m, 1H), 5.80 (m,
for 1 h at—78°C. TLC showed completion of the reaction. 1H), 5.56 (bs, 1H), 5.345.15 (m, 7H), 4.65 (m, 1H), 4.65
The mixture was quenched with saturated J8Hsolution, (m, 2H), 4.13 (dJ = 5.7 Hz, 1H), 3.83 (m, 2H), 3.57 (m,
diluted with ethyl acetate, and washed with water and brine. 2 H), 3.39 (s, 3H), 2.732.56 (m, 2H), 1.94 (s, 3H)}C

The organic layer was dried over sodium sulfate, filtered, NMR (100 MHz, CDC}) 6 171.1, 155.7, 149.2, 143.7, 137.4,
and concentrated under reduced pressure. The crude produ@33.7, 124.9, 116.8, 115.4, 114.6, 112.8, 112.1, 76.3, 72.8,
was purified by column chromatography (1:1, ethyl acetate/ 67.0, 64.7, 60.3, 59.2, 57.4, 34.1, 21.6; MS (EBVz 435.3
hexanes) to give the produt0 as a diastereomeric mixture (M + 1).

MEMO

NH

H
Alloc-HN OAc

(1.29 g, 70%).*H NMR (400 MHz, CDC}) 6 7.28-7.00 Compound 11.
(m, 3H), 6.00-5.86 (m, 2H), 5.34 (dJ = 17.2 Hz, 1H), o
5.26 (s, 2H), 5.245.02 (m, 3H), 4.62 (dJ = 6.7 Hz, 2H), J\/
4.30 (m, 2H), 4.08 (bs, 1H), 3.84 (m, 2H), 3.58Jt= 4.6 N
Hz, 2H), 3.42 (s, 3H), 2.42 (m, 2H), 1.26 (t= 7.2, 2H), _
0.09 (s, 9H).23C NMR (100 MHz, CDC}) 6 156.4, 155.6, MEMO H
152.4,135.2,134.1,133.2,119.2, 118.8, 118.3, 117.5, 116.8, Alloc-HN — OAc
114.1, 96.4, 72.3, 71.6, 69.2, 67.9, 66.5, 59.7, 52.8, 36.1,7g a solution of10b (150 mg, 0.34 mmol) and pyridine
21.4,20.2, 18.4-1.1; MS (ES) m/z 537.4 (M+ 1). (0.550 mmol) in dry CHCI, (10 mL) at 0°C was added a
Cmpound 10a. solution of acryloyl chloride (4L, 0.51 mmol), and the
Teoc mixture was stirred for 2 h. The reaction was quenched with
N saturated NKCI solution and washed with water and brine.
MEMO F The organic layer was dried over sodium sulfate, filtered,

and concentrated under reduced pressure. The crude product
was purified by column chromatography (1:1, ethyl acetate/
To a solution of10 (1.20 g, 2.23 mmol) and DMAP (326  hexanes) to give compourid as a mixture of two diaster-
mg, 2.67 mmol) in dry ChCl, (25 mL) was added acetic eomers (0.155 g, 92%). The two isomers were separated as
anhydride (420L, 4.46 mmol). The mixture was stirred at 12a (100 mg, 65%; major isomer) aritlb (54 mg, 27%;
room temperature overnight. The reaction was quenched withminor isomer).

saturated NECI solution and washed with water and brine. 12a (Major Isomer). *H NMR (400 MHz, CDC}) 6 8.14

The organic layer was dried over sodium sulfate, filtered, (bs, 1H), 7.10 (s, 1H), 7.01 (d,= 8.0 Hz, 1H), 6.64-6.43

and concentrated under reduced pressure. The crude produdm, 2H), 6.06-5.90 (m, 1H), 5.75 (dJ = 11.5 Hz, 1H),

was purified by column chromatography (1:1, ethyl acetate/ 5.82—5.73 (m, 1H), 5.395.10 (m, 9H), 4.72 (dJ = 4.0
hexanes) to give the product as a mixture of two diastere- Hz, 2H), 4.56 (bs, 1H), 3.85 (§ = 5.0 Hz, 2H), 3.57 (t,]
omers10a(1.18 g, 91.5%) as a colorless syrdpl NMR =5.0 Hz, 2H), 3.39 (s, 3H), 2.752.66 (m, 1H), 2.59-2.51

(400 MHz, CDC}) ¢ 7.70 (bs, 1H), 7.05 (dJ = 2.1 Hz, (m, 1H), 1.52 (s, 3H)*3C NMR (100 MHz, CDC}) 6 171.4,

1H), 7.02 (d,J = 9.0 Hz, 1H), 5.99-5.87 (m, 1H), 5.82 164.3, 155.2, 155.1, 133.1, 132.7, 130.4, 128.6, 118.9, 118.8,

H
Alloc-HN OAc
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Compounds 13 and 14

Hye™

A conformational search was performed using the quenched
dynamics technique. Atotal of 600 minimized structures were
obtained for each isomer., The lowest energy structures are
shown above.

Figure 3.

118.4, 113.4,94.3, 78.7, 72.4, 71.9, 68.1, 66.3, 59.4, 53.6,derivative 13 was obtained as a colorless syrup (70.5 mg,

33.0, 21.3; MS (ES) m/z 489.2 (M+ 1). 83%).'H NMR (400 MHz, CDC}) 6 8.04 (d,J = 8.5 Hz,
12b (Minor Isomer). 'H NMR (400 MHz, CDC}) 6 8.17 1H), 7.06 (d,J = 3.0 Hz, 1H), 7.03 (dJ = 8.5 Hz, 1H),

(d,J=7.7 Hz, 1H), 7.08 (dJ = 7.7 Hz, 1H), 7.06 (dJ = 6.42 (m, 1H), 6.18 (ddJ = 12.5, 1.5 Hz, 1H), 5.92 (m,

2.2 Hz, 1H), 6.87 (ddJ = 16.5, 10.0 Hz, 1H), 6.60 (dl = 1H), 5.375.28 (m, 2H), 5.2#5.16 (m, 4H), 5.12 (dJ) =

15.8 Hz, 1H), 5.9#5.92 (m, 1H), 5.87 (ddJ = 11.7, 1.5 8.0 Hz, 1H), 4.59 (dJ = 5.5 Hz, 1H), 4.14 (dJ = 9.7 Hz,
Hz, 1H), 5.7+5.60 (m, 1H), 5.31 (dJ = 16.5 Hz, 1H),  1H), 3.83 (dd,J = 4.7, 1.5 Hz, 2H), 3.58 (&) = 4.7 Hz,
5.26 (m, 4H), 5.05-5.01 (m, 3H), 4.954.92 (m, 2H), 4.64 2H), 3.39 (s, 3H), 2.752.65 (m, 1H), 2.48-2.40 (dd,J =
4.55 (m, 3H), 3.85 (m, 2H), 3.60 (8, = 5.5 Hz, 2H), 3.40  16.5, 8.0 Hz, 1H), 2.20 (s, 3H¥C NMR (100 MHz, CDC})
(s, 3H), 2.28-2.20 (m, 2H), 2.19 (s, 3H)}:3C NMR (100 0 171.0, 165.8, 155.2, 155.1, 136.7, 135.9, 132.9, 130.6,
MHz, CDCl) 6 171.4, 164.3, 155.2, 155.1, 133.1, 132.7, 129.7,118.9, 118.6,118.3,114.1,94.3, 75.4,71.9, 70.7, 68.1,
130.4, 128.6, 118.9, 118.8, 118.4, 113.4, 94.3, 78.7, 72.4,66.2, 59.4, 55.5, 31.8, 21.6; LRMS: MS (BESmz 461.3
71.9,68.1, 66.3,59.4, 53.6, 33.0, 21.3; MS {EBVz 489.2 M + 1).
M + 1). Compound 14.

Compound 13.

H =
MEMO Alloc-HN OAc

H
Alloc-HN OAcC

To a solution of compound2b (50 mg, 0.082 mmol) in
To a solution of compound2a (90 mg, 0.184 mmol) in dichloromethane (5.0 mL) was added 20 mol % of second-
dichloromethane (10 mL) was added 20 mol % of second- generation Grubbs’ catalyst (31 mg, 0.016 mmol). The
generation Grubbs’ catalyst (31 mg, 0.036 mmol). The reaction mixture was stirred f@ h atroom temperature. It
reaction mixture was stirred f@ h atroom temperature. It  was concentrated under vacuum, and the crude product was
was then concentrated under vacuum, and the crude producpurified by column chromatography (1:3 to 2:3, ethyl acetate/
was purified by column chromatography (1:3 to 2:3, ethyl hexanes). The seven-member ring derivatievas obtained
acetate/hexanes). (See Figure$3 The seven-member ring as a colorless syrup (30 mg, 80%H NMR (400 MHz,
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Compound 13
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Figure 4.
Compounds 13 and 14
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As predicted, both isomers gave strong H-4/H-6 NOESY cross peaks.
These cross peaks are indicated by the arrows.
Figure 5.
CDCl3) ¢ 8.21 (d,J = 9.0 Hz, 1H), 7.06 (ddJ = 8.5, 2.5 Compound 10c.
Hz, 1H), 7.03 (dJ = 1.5 Hz, 1H), 6.26 (m, 1H), 6.13 (d,
= 12.0 Hz, 1H), 5.94 (m, 1H), 5.65 (§ = 5.5 Hz, 1H), o)
5.33(d,J = 16.5 Hz, 1H), 5.285.23 (m, 3H), 5.17 (s, 2H), >\\<
4.66-4.57 (m, 2H), 4.28 (dJ = 1.1 Hz, 1H), 3.83 (t]) = N
5.5 Hz, 2H), 3.58 (tJ = 5.5 Hz, 2H), 3.39 (s, 3H), 2.99 MEMO ) Z
2.89 (dt,J = 17.0, 6.5 Hz, 1H), 2.462.42 (dt,J = 17.0, Alloc-HN ~ OAc

4.5 Hz 1H), 1.82 (s, 3H)**C NMR (100 MHz, CDC}) o

171.4,165.1,155.6, 155.1, 136.1, 135.7, 135.9, 132.4, 130.6,To a solution of10b (100 mg, 0.230 mmol) and pyridine
129.1, 118.6, 118.2, 117.9, 114.1, 93.8, 75.1, 71.8, 70.4, 68.3,(37 uL, 0.460 mmol) in dry CHCI, (10 mL) at 0°C was
66.7, 59.6, 55.1, 32.1, 21.8; LRMS: MS (BSwz 461.3 added isobutyryl chloride (3@&L, 0.345 mmol), and the
(M + 1). mixture was stirred for 1 h. The mixture was then stirred at
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Compounds 13 and 14

For the major product, the 1H-NMR signal for H-5
has a 9.7Hz splitting which arises from the H-4/H-5
coupling. This splitting does not appear in the signal

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 863

phase-sensitive COSY
for major product

for H-5 in the minor product, supporting the conclusion

h

that the stereochemistries are as shown above.
The phase-sensitive COSY of the major product (see

right) confirmed that the 9.7Hz splitting is the H-4/H-5
coupling constant. For a discussion of how coupling

constants affect the structure of phase-sensitive
COS8Y cross peaks, see the book Modern NMR

Spectroscopy: A Guide for Chemists by Sanders
Hunter.

Figure 6.

Major isomer 16
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'H-NMR spectra were recorded at a series of temperatures
ranging from 25°C to 55°C. Signals which became sharper
at higher temperatures are indicated by the arrows.

Figure 7.

room temperature for4 h. The reaction was quenched
with saturated NHECI solution and washed with water

and brine. The organic layer was dried over sodium
sulfate, filtered, and concentrated under reduced pres-
sure. The crude product was purified by column chro-

7.07 (d,J = 2.1 Hz, 1H), 7.00 (ddJ = 8.0, 2.2 Hz, 1H),
5.92 (m, 1H), 5.7 (m, 1H), 5.365.21 (m, 5H), 5.15
(m, 1H), 5.05 (d,J = 8.0 Hz, 1H), 5.00 (dJ = 7.0 Hz,
1H), 4.96-4.87 (m, 1H), 4.664.58 (m, 2H), 3.83
(m, 2 H), 3.57 (m, 2H), 3.39 (s, 3H), 3.07 (m, 1H), 2.69 (m,

matography (1:1 ethyl acetate/hexanes) to give the productlH), 2.56 (m, 1H), 1.52 (s, 3H), 1.28 (d,= 7.0 Hz, 3H),

10c as a mixture of two diastereomers (106.5 mg, 92%).
IH NMR (400 MHz, CDC}) ¢ 8.09 (d,J = 8.0 Hz, 1H),

1.21 (d,J = 7.0 Hz, 3H).*C NMR (100 MHz, CDC}) ¢
175.7,171.3,155.4, 154.8, 138.4, 133.2,132.8, 131.7, 119.1,
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Isomer A Isomer B

< é';
S

Compound 16

A conformational search was performed using the guenched dynamics technique. A total of 600
minimized structures were obtained for each isomer and the lowest energy structures are shown
above. The H-4/H-5 dihedral angles are shown for each isomer. From the Karplus equation,
we would expect an angle of 71° fo give a coupling constant of around 2Hz and an angle of 164°
to give a coupling constant of around 10Hz. The experimental value was 1.7Hz which supports
Isomer A. Also, the NOESY showed no H-4/H-6 cross peak which is consistent with Isomer A.

Figure 8.

118.4,114.9,113.5,113.0,97.8,72.3, 71.9, 69.7, 68.0, 66.3,3.58 (m, 2H), 3.39 (s, 3H), 3.15 (m, 1H), 2.52 (m, 2H),
59.4, 53.7, 35.2, 32.8, 20.8, 20.4; MS (§Swz 505.3 2.25-2.12 (m, 2H), 1.65 (s, 3H), 1.70 (m, 2H), 1:60.41
M + 1). (m, 6), 1.36-1.30 (m, 3H), 0.98 (dJ = 6.7 Hz, 3H),
Compound 10d. 0.70 (d,J = 6.7 Hz, 3H).'3C NMR (100 MHz, CDC})
0 175.5, 170.9, 162.4, 156.9, 137.2, 135.9, 132.7, 131.8,
Q 129.3,122.7,112.5,112.1, 93.6, 74.1, 72.1, 59.7, 56.7, 54.6,
)\\< 52.1, 33.6, 26.4, 20.3, 2016; LRMS: MS (B9n/z 477.3
N
(M + 1).
MEMO b Z Compound 15.
NH OAc

>_/

To a solution of10c (80 mg, 0.158 mmol) in dry C¥Cl,
(5 mL) under N atmosphere at €C, was added morpholine
(27.6 uL, 0.317 mmol) and tetrakis(triphenyl- MEMO
phosphine) palladium (0) catalyst (18.2 mg, 0.0158 mmol).
The round-bottom flask containing the mixture was covered
with aluminum foil and stirred for 1 h. TLC showed the
completion of the reaction. The reaction was quenched ) _
with saturated NECI solution and washed with water and 10 @ solution 0f10d (50 mg, 0.105 mmol) and pyri-
brine. The organic layer was dried over sodium sulfate, din€ (17 uL, 0.210 mmol) in dry CHCl, (5 mL) at
filtered, and concentrated under reduced pressure. TheQ °C, was added acryloyl chloride (38, 0.157 mmol)
crude product was then dissolved in triethyl orthoformate and stirred for 2 h. The reaction was quenched with saturated
(4.0 mL), and a solution of NaCNBH(14.9 mg, 0.237 NH4CI solution and washed with water and brine. The
mmol) in TMOF/MeOH/ACOH (1.0 mL/20@L/20 L) and organic layer was dried over sodium sulfate, filtered, and
isobutaraldehyde (1L, 0.173 mmol) was added to the concentrated under reduced pressure. The crude product
mixture at room temperature. The reaction mixture was was purified by column chromatography (2:3 ethyl
stirred for 4 h. The reaction was quenched with saturated acetate/hexanes) to give the producd as a mixture
NH4Cl solution and washed with water and brine. The of two diastereomers (52.4 mg, 94%)1 NMR (400
organic layer was dried over sodium sulfate, filtered, and MHz, CDCk) 6 8.15 (d,J = 7.2 Hz, 1H), 7.07#6.94
concentrated under reduced pressure. The crude product waén, 2H), 6.66-6.54 (m, 1H), 6.56-6.38 (m, 1H), 5.86
purified by column chromatography on silica gel (1:1 ethyl 5.71 (m, 2H), 5.47 (m, 1H), 5.35 (m, 1H), 528.21 (m,
acetate/hexanes) to give the prod@éd (52.2 mg, 70%). 2H), 5.175.11 (m, 1H), 5.09-5.01 (m, 1H), 3.82 (m, 2H),

IH NMR (400 MHz, CDC}) 6 7.62 (d,J = 8.7 Hz, 1H),  3.587 (m, 2 H), 3.39 (s, 3H), 3.18.12 (m, 1H), 3.0t
7.16-7.02 (m, 1H), 5.80 (m, 1H), 5.44 (m, 1H), 5:35.23 2.82 (m, 2H), 2.65-2.50 (m, 2H), 2.29-2.17 (m, 1H), 2.12

(m, 3H), 5.04 (m, 1H), 4.81 (m, 1H), 3.84 (m, 2H), (s, 3H), 1.69 (m, 1H), 1.361.30 (m, 3H), 1.251.18 (m,
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Major isomer 16
COSY 25°C COSY 55°C
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The COSY experiment was run at 25° and 55°. Notice that at
the higher temperature some cross peaks are more intense.
The rationale for this effect is that, as signals become sharper,
couplings are resolved, and the COSY is better able to detect
these couplings.

Figure 9.

'H-NMR chemical shifts for protons in ¢
B-membered ring measured at 55°C.

5.91

Figure 10.

3H), 0.75-0.68 (m, 6H).3C NMR (100 MHz, CDC}) reaction mixture was stirred for 16 h at room temperature.

0 177.5, 170.9, 162.4, 156.9, 137.2, 135.9, 132.7, 131.8,1t was then concentrated under vacuum, and the crude
129.3,122.7,112.5,112.1, 93.6, 74.1, 72.1, 59.6, 56.7, 54.6,pr0duct was purified by column Chromatography on silica

52.1, 33.6, 26.4, 20.6, 20.3; LRMS;: MS (BSWz531.3  ge| (ethyl acetate/hexanes 1:1 to 3:1). (See Figures07)

(M + 1). The eight-member ring derivativé6 was obtained as a
Compound 16. diasteoreomeric mixture (35.1 mg, 70%H NMR (400
Major isomer MHz, CDCk) on the major isomeb 7.50 (bs, 1H), 7.02
\kfo (dd,J=9.0, 1.7 Hz, 1H), 6.89 (d] = 1.5 Hz, 1H), 6.22 (d,
J=10.3 Hz, 2H), 5.91 (m, 1H), 5.78 (d,= 7.5 Hz, 1H),

5.24 (s, 2H), 4.43 (dJ = 5.7 Hz, 1H), 3.85 (tJ = 5.0 Hz,

2H), 3.53 (m, 3H), 3.39 (s, 3H), 3.62.93 (m, 2H), 2.50
(dd,J=14.5, 7.7 Hz, 1H), 1.90 (s, 3H), 1.85 (m, 1H), 1.25
(t, J= 6.0 Hz, 6H), 0.92 (dJ = 6.2 Hz, 3H), 0.85 (dJ =

6.2 Hz, 3H).1°3C NMR (100 MHz, CDC}) 6 177.3, 170.2,

To the solution of Compounds (45 mg, 0.085 mmo|) in 169.8, 154.0, 129.3, 118.3, 97.8,94.5, 71.9, 68.9, 68.2, 59.4,
dichloromethane (5 mL) was added 20 mol % of second- 49.9, 33.6, 29.0, 28.0, 21.2, 21.0, 20.9, 20.3; LRMS: MS
generation Grubbs’ catalyst (31 mg, 0.0169 mmol). The (ES") m/z503.3 (M+ 1).
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Compound 10c. g, 4.27 mmol) in dry CHCl, (50 mL) was added acetic
anhydride (67Q:L, 7.10 mmol). The mixture was stirred at
room temperature for 4 h. The reaction was quenched with
saturated NKCI solution and washed with water and brine.

H The organic layer was dried over sodium sulfate, filtered,
Alloc-HN ~ OH and concentrated under reduced pressure. The crude product
To a solution of compound0 (2.50 g, 4.66 mmol) in EtOH ~ Was purified by. column chromatography (1':1 ethyl acetate/
(50 mL) was added>-TSA (888 mg, 4.46 mmol). The h_exanes) to give the produdiOe as a mixture of two
solution was stirred at 56C for 24 h. The solvent was diastereomers (1.97 g, 88%) as colorless sytpNMR
removed under vacuum, and the residue was diluted with (400 MHz, CDC}) 0 7.62 (bs, 1H), 6.9%6.84 (m, 2H),
ethyl acetate (50 mL) and washed with sodium bicarbonate 2-99-5.81 (m, 2H), 5.35 (d) = 16.5 Hz, 1H), 5.27 (d) =
solution and brine. The organic layer was dried over sodium 9-4 Hz, 1H), 5.185.04 (m, 3H), 4.66 (m, 3H), 4.36 (m,
sulfate, filtered, and concentrated under reduced pressure2), 4.16-4.07 (m, 3H), 3.92-3.82 (m, 2H), 3.673.51 (m,
The crude product was purified by column chromatography 2), 2.38-2.14 (m, 2H), 1.87 (s, 3H), 1.83L.78 (m, 4H),
(1:1 ethyl acetate/hexanes) to give the prodi@t(1.92 g,  1:69-1.51 (m, 5H), 1.28-1.10 (m, 2H), 0.09 (s, 9H)'*C
92%). 3 NMR (400 MHz, CDCY) 6 7.60 (bs, 1H), 6.81  NMR (100 MHz, CDC}) 4 171.2, 155.7, 154.2, 152.3, 137.8,
(d. = 8.7 Hz, 1H), 6.7 (dJ = 2.5 Hz, 1H), 6.065.76  133.7,1328,1319,1216,117.1, 1158, 112.7, 111.5, 106.8,
(M. 2H), 5.33 (dJ = 16.8 Hz, 1H), 5.25 (d) = 10.0 Hz, 739, 66.1,65.0,64.9,62.8,60.1,57.3, 55.6, 374, 34.1, 30.8,
1H). 5.21-4.99 (m, 3H), 4.61 () — 4.7 Hz 2H), 4.33 (t, 294 25.3, 216, 16.7:1.1; MS (ES) m/z633.3 (M+ 1),
J=7.7 Hz, 2H), 4.08 (U = 6.5 Hz, 1H), 2.41 (bs, 1H), ~ Ccompound 10f.
2.20 (m, 1H), 2.05 (m, 1H), 0.08 (s, 9HEC NMR (100
MHz, CDCk) 6 156.1, 154.8, 153.9, 137.8, 133.7, 133.4, NH
133.1, 132.3, 122.4, 117.0, 116.2, 114.1, 113.2, 71.0, 65.3, THPO” N"Ng =
64.6, 61.2, 55.8, 17.3;1.1; MS (ES) m/z 449.3 (M+ 1). H

Compound 10d. AllocHN — OAc

TBAF solution (1 M, 6.16 mL, 6.16 mmol) was added to
the solution of compoundOe (1.95 g, 3.08 mmol) in THF
(50 mL). The solution was stirred at room temperature for 1
Alloc-HN H OH h. The organic solution was washed with brine, dried over
sodium sulfate, filtered, and concentrated under reduced
Compoundl0c(1.91 g, 4.26 mmol), 3-(tetrahydi2H-pyran- pressure. The crude product was purified by column chro-
2-yloxy)propyl 4-methylbenzenesulfonate (1.60 g, 5.11 matography (3:2 ethyl acetate/hexanes) to give the product
mmol), and cesium carbonate (1.80 g, 5. 53 mmol) were 1pf (1.36 g, 91%).H NMR (400 MHz, CDC}) 6 6.90—
added to DMF (30 mL). The mixture was stirred at room g gg (m, 2H), 6.79 (dJ = 8.5 Hz, 1H), 5.95 (m, 1H), 5.86
temperature for 12 h, then the DMF was removed under 5.75 (m, 1H), 5.43:5.35 (m, 2H), 5.335.23 (m, 2H), 5.18
reduced pressure. The mixture was diluted with ethyl acetateg g (m, 2H), 4.65-4.58 (m, 3H), 4.03 (m, 2H), 3.973.83
(50 mL) and washed with brine. The organic layer was dried (m, 3H), 3.61-3.49 (m, 2H), 2.56 (m, 2H), 2.06 (M, 2H),
over sodium sulfate, filtered, and concentrated under reduced; g» (s, 3H), 1.871.79 (m, 1H), 1.7#1.69 (m, 1H), 1.65
pressure. The crude product was purified by column chro- (m, 1H), 1.63-1.48 (m, 5H).13C NMR (100 MHz, CDC})
matography (1:2 ethyl acetate/hexanes) to give the pl‘OdUCté 171.2, 157.3, 147.2, 140.2, 137.7, 135.1, 124.0, 114.8,
10d (2.13 g, 85%)H NMR (400 MHz, CDC}) 0 7.60 (bs, 1131, 112.2, 100.6, 76.1, 68.9, 67.4, 63.8, 60.4, 55.1, 33.5,

1H), 6.91-6.84 (m, 2H), 6.06:5.80 (m, 2H), 5.33 () = 326 31.8, 27.9, 19.2, 18.8; MS (ESWz 489.3 (M+ 1).
17.0 Hz, 1H), 5.25 (dJ = 10.0 Hz, 1H), 5.16 (dJ = 16.0 Compound 10g.

Hz, 1H), 5.13 (d,J = 10.0 Hz, 1H), 5.03 (dJ = 8.5 Hz,

1H), 4.61 (m, 3H), 4.33 (m, 2H), 4.224.02 (m, 3H), 3.97

3.83 (m, 2H), 3.62-3.48 (m, 2H), 2.41 (bs, 1H), 2.£12.02

(m, 2H), 1.89-1.76 (m, 2H), 1.741.66 (m, 2H), 1.62 THPO” "¢

1.48 (m, 5H), 1.26-1.09 (m, 2H), 0.09 (s, 9H):C NMR

(100 MHz, CDC}) 6 157.9, 152.8, 140.9, 137.8, 132.4,

130.7,121.1, 115.3, 114.7, 113.9, 112.1, 100.6, 71.5, 68.3,To a solution of the compountOf (1.35 g, 2.76 mmol) in

67.6, 63.9, 60.8, 60.1, 59.3, 51.8, 37.4, 33.6, 31.8, 28.2, 19.3,ethyl acetate (25 mL) was added 5% aqueous sodium

16.7,—1.1; MS (ES) m/z591.5 (M+ 1). bicarbonate solution (25 mL) and Fmoc-chloride (1.06 g,
Compound 10e. 4.14 mmol). The mixture was stirred at room temperature

for 1.5 h and then separated. The organic phase was washed

with brine, dried over sodium sulfate, filtered, and concen-

trated under reduced pressure. The crude product was purified

by column chromatography (1:2 ethyl acetate/hexanes) to

give the productlOg (1.85 g, 95%).*H NMR (400 MHz,

To a solution ofL0d (2.10 g, 3.55 mmol) and DMAP (0.52 CDCls) 6 7.78 (d,J = 7.2 Hz, 2H), 7.76-7.58 (m, 3H),

HPO” "0

N Fmoc

H
Alloc-HN OAc

THPO™ "0

H
Alloc-HN OAc
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7.42 (t,J= 7.2 Hz, 2H), 7.34 (t) = 7.2 Hz, 2H), 6.85 (m, (2) Cleavage.The loaded resin (20 mg) in an Eppendorf
2H), 5.95 (m, 1H), 5.395.23 (m, 2H), 5.16 (d) = 8.2 Hz, tube was swelled in THF (0.5 mL) for 30 min and treated
1H), 4.98 (m, 1H), 4.8#4.79 (m, 2H), 4.754.59 (m, 3H), with HF—pyridine solution (15.QcL). The reaction tube was
4.35 (m, 2H), 4.08 (tJ = 5.5 Hz, 2H), 3.973.83 (m, 2H), shaken for 2 h. Methoxytrimethylsilane (150Q) was added,
3.62-3.49 (m, 2H), 2.56-2.45 (m, 1H), 2.1%2.02 (m, 4H), and the tube was shaken for another 30 min. The solution
1.93-1.79 (m, 1H), 1.72 (m, 1H), 1.641.46 (m, 8H).:°C was removed, and the resin was washed with THF. All
NMR (100 MHz, CDC}) 6 171.4, 157.1, 154.7, 152.9, 142.3, solvents were combined and concentrated. The crude sample
140.1, 137.6, 135.3, 132.1, 129.8, 128.5, 128.2, 127.2, 121.0was purified by column chromatography (1:1 ethyl acetate/
114.8,114.1,111.9, 101.3, 73.6, 68.3, 67.5, 63.8, 60.1, 57.9,hexanes) to give the produt? (8.5 mg, 88.5% loading).

51.2,38.4, 33.6, 32.4,31.8, 21.0, 19.9; MS {(EBVz 711.3 Compound 18a.
M + 1). Froe
Compound 17. N
&
Qo0 )
NH; OhAc

HO” "0

H Resin18 (100 mg) was swelled in Ci€l, (3.0 mL) for 30
Alloc-HN OAc min. A stock solution of DCMN-methylmorpholine, acetic
acid (5/0.32/0.66, 3.0 mL), triphenylphosphine (528 mg, 1.60
mmol), and tetrakis(triphenylphosphine)palladium (0) (392
mg, 0.340 mmol) were added the mixture. The mixture was
shaken for 3 h. The resin was washed with ;CH (3x),

PPTS (650 mg, 2.59 mmol) was added to a solution of
compoundl0g(1.84 g, 2.59 mmol) in ethanol (50 mL). The
solution was stirred at 55C for 48 h, then it was diluted

with ethyl acetate (60 mL), washed with brine, dried over : :
. i THF (3x), and CHCI, (3x) and vacuum-dried overnight
sodium sulfate, filtered, and concentrated under reducedtO give 89 mg of the resin8a The dried resin (5.0 mg)

E)T:etssurre.hThel.clru?ﬁ ?mdl:ci V/Vr? sXerJlnﬂectj b)/ivco[[LrJ]mnrcf:jro-twas cleaved by the above method using -Hbyridine
atography (1:1 ethyl acetate/hexanes) to give the produc solution. The resulting compound was checked by MS.

17 (1.50 g, 92.5%)!H NMR (400 MHz, CDC4) 6 7.79 (m,
" LRMS (MS ES') calcd for GaHaNzOs, 543.2miz (M +
2H), 7.70-7.59 (m, 3H), 7.42 (1) = 7.2 Hz, 2H), 730 (t, v b oo ™a 0y

J =72 Hz, 2H), 6.85 (m, 2H), 5.88 (m, 1H), 5.68.54
(m, 1H), 5.33 (d,J = 16.2 Hz, 1H), 5.26 (dJ = 8.2 Hz, Compound 18b.

1H), 5.11 (dJ = 7.2 Hz, 1H), 5.08-4.93 (m, 2H), 4.89 (m, o
1H), 4.81 (m, 1H), 4.694.58 (m, 3H), 4.30 (t) = 5.2 Hz, \

1H), 4.07 (t,J = 5.7 Hz, 2H), 3.87 (tJ = 5.7 Hz, 2H), Qo0 N
2.59-2.40 (m, 1H), 2.33-2.15 (m, 1H), 2.04 (s, 3H), 1.71 Ph\n/“” Ohe
(m, 2H).13C NMR (100 MHz, CDC}) 6 170.4, 154.5, 152.8, o

155.7,143.9,142.1, 137.9, 133.8, 132.2, 131.3, 128.5, 128.3
128.0, 126.3, 122.4, 116.7, 115.3, 112.5, 111.7, 73.4, 68.3
67.8, 64.6, 61.0, 55.3, 55.0, 34.1, 31.8, 21.2; LRMS: MS
(ESY) m'z627.4 (M+ 1).

Solid-Phase Synthesis. Compound 181) Loading.

‘Resin18a (84 mg) was swelled in C¥€l, (2.5 mL) under

"N, for 30 min. Collidine (132uL, 1.0 mmol) and benzoyl-
chloride (60uL, 0.250 mmol) were added to the mixture,
and the mixture was shaken for 24 h. The resin was washed
with CH,Cl, (3x), THF (3x), and CHCI; (3x). The resin

J/ Froc was then dried under vacuum overnight to give 90 mg of
O@/\\,L_ N the resin18b. The dried resin (5.0 mg) was cleaved by the
SI.‘O/\/\O - b . .- . .
) above method using HFpyridine solution. The resulting
— Alloc-HN — OAc compound was checked by MS. LRMS (MS§$alcd for
o CagH3aN-07, 647.2m/z (M + 1)+; observed, 647.2.

Compound 18c.
3-[Diisopropyl(p-methoxyphenyl)silyl]propyl functionalized pou

resin (150 mg, 0.193 mmol) was swollen in @, (3.0 mL) NH
under N for 30 min. The solvent was then drained under Q"0 Z
positive N, pressure. A solution of trifluoromethanesulfonic phe N Bac

acid in CHCI, (4%, 2.55 mL, 1.16 mmol) was added by
syringe. The resin was then gently agitated for 15 min under
N.. The acid solvent was drained under positivepkessure Resin (84 mg)18b was swelled in DMF (5.0 mL) for 30
and washed once with dry GBI, (3.0 mL). The activated  min. Piperidine (0.5 mL) was added to the mixture, and the
resin in 1 mL of CHCI, was treated with 2,6-lutidine (150 mixture was shaken for 1h. The resin was washed with DMF
uL, 1.54 mmol) for 15 min, followed by addition of a (3x), THF (3x), and CHCI, (3x). The resin was then dried
solution of compound.7 (242 mg, 0.387 mmol) in CkCl, under vacuum overnight to give 72.5 mg of the res8t

(1.5 mL). The resin was gently shaken overnight. The resin The dried resin (5 mg) was cleaved by the above method
was washed with CkCl, (3x), THF (3x), and CHCI, (3x). using HF-pyridine solution. The resulting compound was
The resin was then dried under vacuum overnight to give checked by MS. LRMS (MS ES calcd for G4H2sN20s,

236 mg of the loaded resib8. 425.2m/z (M + 1)*; observed, 425.3.

(o]
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Compound 21 - major isomer
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Figure 11.

Compound 21 - major isomer Phase sensitive COSY
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The baak Modarn NMR Spectrescapy by Saunders and Hunter
cartains a sacion descibing how $ie stuctum of phase sensifve
COSY crass psaks can pravida nformationabouwt S magritude
af cawling constarms. Tha H-5 signal carfaing a 104z spiiting
bur i it e result of coupling %o H-47? The stang arfphase natum
afthe HAMS crass peak indicases hatitis. Theralors, we can
candude Fal H-4 and H-S are ina peudo axial-adal odertaion.
The other COSY axperimant (a magnitude COSY) showed asmall
H-3H-6 cass paak which deappears complataly inthe phase
sansitve COSY. Thamiom, Tie H-5H6 coupling constant must
be very smal, lsading % Tecondusian that e H-5%-8 ardertaton
i pseuda adakequatarial. Therafore, lsomer A s e cormedt
structure for the major product.

Figure 12.

Compound 19. resin19. The dried resin (5.0 mg) was cleaved by the above
method using HFpyridine solution. The resulting compound
j’\/ was checked by MS. LRMS (MS E$calcd for GH3oN2Og,
NS NP 479.2m/z (M + 1)*; observed, 479.3.

Q-0 A Compound 20.
PhT o

Resin18c (65 mg) was swelled in Ci€l, (5.0 mL) under Qo i

N, for 30 min. The resin-containing vial was cooled to 0 Ph\rrNH OAc

°C, and collidine (26@.L, 1.20 mmol) and acryloyl chloride 0

(«L, 1.20 mmol) were added to the mixture. The mixture

was shaken for 24 h at room temperature. The resin wasResin19 (65 mg) was swelled in THF (10.0 mL) undeg N
washed with CHCI, (3x), THF (3x), and CHCI, (3x). for 30 min. Grubbs'-1l catalyst (50 mol %) was added to
The resin was vacuum-dried overnight to give 70 mg of the the mixture, and the mixture was shaken for 24 h at@0
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Compound 21 - major isomer
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Figure 13.
Compound 21 - major isomer
{ -
.
Dihedral Angles
The NMR spectrum gave a large (10Hz) coupling constant for H-4/H-5
and a much smaller H-5'H-6 coupling constant. This result is consistent
with lsomer A.
Figure 14.

The resin was washed with DMF X3, THF (3x), and CH-
Cl; (3x). The resin was vacuum-dried overnight to give 58
mg of resin20.

Compound 21.

The loaded resir?0 (20 mg) in an Eppendorf tube was
swelled in THF (0.5 mL) for 30 min and treated with HF
pyridine solution (15.QuL). The reaction tube was shaken
for 2 h. Methoxytrimethylsilane (15@L) was added, and

the tube was shaken for another 30 min. The solution was
removed, and the resin was washed with THF. All solvents
were combined and concentrated. The crude sample was
purified by column chromatography (1:1 ethyl acetate/
hexanes) to give the produt. (See Figures 1114.) 'H
NMR (400 MHz, CDC¥) ¢ 8.08 (d,J = 7.5 Hz, 1H), 7.77
(d,J = 7.5 Hz, 1H), 7.45 (t) = 7.5 Hz, 3H), 6.94 (d) =

8.0 Hz, 2H), 6.45 (m, 1H), 6.22 (d,= 11.5 Hz, 1H), 5.61

(d, J= 8.0 Hz, 1H), 4.45 (t]) = 8.0 Hz, 1H), 4.22 (dJ) =

10.0 Hz, 1H), 4.14 (t) = 6.0 Hz, 2H), 3.88 (tJ = 5.5 Hz,

2H), 2.79-2.68 (m, 1H), 3.08-2.98 (m, 2H), 2.5%+2.45 (dd,
J=145, 7.5 Hz, 1H), 2.28 (s, 3H), 2.02 (m, 2HJC NMR
(100 MHz, CDC}) ¢ 171.2, 165.8, 156.9, 136.1, 132.3,
129.7,18.7, 116.9, 112.0, 77.1, 75.3, 70.7, 66.6, 60.6, 54.1,
32.3, 32.0, 21.7; LRMS (MS ES calcd for GsH2eN2Os,
451.1n/z (M + 1)*; observed, 451.2.
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Compound 18d. mL) for 30 min. A solution of NaCNBH (2.5 mmol) in
TMOF/MeOH/ACOH (1.5 mL/20QuL/20 uL) and isobut-
NH araldehyde (18@L, 1 mmol) were added to the mixture.
O_o/\/\o Z The mixture was shaken for 24 h. The resin was washed
AlocHN T Opc with CH,Cl, (3x), THF (3x), and CHCI; (3x). The resin

. _ was then dried under vacuum overnight to give 65 mg of
Resin (100 mg)l8 was swelled in DMF (5.0 mL) for 30 he resin18g The dried resin (5.0 mg) was cleaved by the
min. Piperidine (0.5 mL) was added to the mixture, and the above method using HFpyridine solution. The resulting

mixture was shaken for 1 h. The resin was washed with_DMF compound was checked by MS. LRMS (MS §%alcd for
(3x), THF (3x), and C]—iCIz (3x.). The resin was then dried CasHagN2Os, 447.3miz (M + 1)*; observed, 447.4.
under vacuum overnight to give 82 mg of the re¢®d. Compound 22.

The dried resin (5.0 mg) was cleaved by the above method
using HFpyridine solution. The resulting compound was
checked by MS. LRMS (MS ES calcd for GiH»gN,Os,
405.2m/z (M + 1)*; observed, 405.3.

Compound 18e.Resin18d Qo0
e}
N/\L~<
O_O/\/\O & Resin18g (60 mg) was swelled in C¥l, (4.0 mL) for 30
AlocHN T Bac min. Collidine (160uL, 1.80 mmol) and acryloyl chloride

(67 uL, 0.60 mmol) were added to the mixture. The mixture
(80 mg) was swelled in Ci€l, (2.5 mL) under N for 30 was shaken for 24 h. The resin was washed with, Qi
min. Collidine (240uL, 1.80 mmol) and isobutyryl chloride  (3x), THF (3x), and CHCI, (3x). The resin was then dried
(128 uL, 1.20 mmol) were added to the mixture, and the ynder vacuum overnight to give 68 mg of the reah The
mixture was shaken for 24 h. The resin was washed with gried resin was cleaved by the above method using-HF
CHCI; (3x), THF (3x), and CHCI, (3x). The resin was  pyridine solution. The resulting compound was checked by

then dried under vacuum overnight to give 88 mg of the s, LRMS (MS ES) calcd for GgHagN-Os, 501.3m/z (M
resin18e.The dried resin (5.0 mg) was cleaved by the above + 1y*; observed, 501.4.

method using HFpyridine solution. The resulting compound Compound 23.
was checked by MS. LRMS (MS E$calcd for GsHzsN,0-,
475.2m/z (M + 1)*; observed, 475.3.

Compound 18f.

Q

I Q-

O_O/\/\O ) =
NH; Ohc

) ] The resin22 (60 mg) was swelled in THF (5.0 mL) for 30
Resin18e(80 mg) was swelled in CiEl, (4.0 mL) for 30 i and G-Il catalyst (50 mol %) was added to the reaction
min. A stock solution of DCMN-methylmorpholine, acetic  ixture. The mixture was shaken for 24 h at 40. The
acid (5/0.32/0.66, 3.0 mL), triphenylphosphine (247.6 Mg, yesin was washed with Gi8l, (3x), THF (3x), and CH-

1.10 mmol), and tetrakis(triphenylphosphine) palladium (0) ¢y, (3x). The resin was then dried under vacuum overnight
(266 mg, 0.220 mmol) were added the mixture, and the 4 give 54 mg of the resi@3.

mixture was shaken for 3 h. The resin was washed with-CH Compound 24.

Cl; (3x), THF (3x), and CHCI, (3x). The resin was

vacuum-dried overnight to give 65 mg of the re&Bf. The

dried resin (5.0 mg) was cleaved by the above method using

HF—pyridine solution. The resulting compound was checked

by MS. LRMS (MS ES) calcd for GiH3oN,Os, 391.2m/z

(M + 1)*; observed, 391.3 Ho” "0
Compound 18g.

N)\\< Resin23 (20 mg) in an Eppendorf tube was swelled in THF

O_O/\/\O Z (0.5 mL) for 30 min and treated with HFpyridine solution
NH BAc (15.0uL). The reaction tube was shaken for 2 h. Methox-
>—/ ytrimethylsilane (150uL) was added, and the tube was

shaken for another 30 min. The solution was removed, and
Resin18f (60 mg) was swelled in triethylorthoformate (1.0 the resin was washed with THF. All solvents were combined
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and concentrated. The crude sample was purified by column
chromatography (1:1 ethyl acetate/hexanes) to give the
product24. IH NMR (400 MHz, CDC}) ¢ 7.53 (bs, 1H),
6.88 (dd,J = 8.8, 2.0 Hz, 1H), 6.72 (dJ = 1.5 Hz, 1H),
6.24 (d,J =12.0 Hz, 2H), 5.985.91 (m, 1H), 5.80 (d) =

8.0 Hz, 1H), 4.43 (dd) = 7.0, 2.0 Hz, 1H), 4.11 (m, 3H),
3.89 (t,J = 5.0 Hz, 2H), 3.65 (ddJ = 14.0, 8.5 Hz, 1H),
3.08-2.98 (m, 2H), 2.51 (dd) = 14.0, 8.0 Hz, 1H), 2.16

2.04 (m, 3H), 1.91 (s, 3H), 1.24 (m, 6H), 0.93 W= 7.0

Hz, 3H), 0.86 (d,J = 7.0 Hz, 3H).13C NMR (100 MHz,
CDCl) 6 177.2, 170.2, 169.8, 129.3, 118.5, 116.2, 116.1,
111.9, 69.0, 68.9, 66.5, 64.5, 60.7, 60.6, 49.9, 33.6, 32.3,
30.1, 29.0, 28.7, 28.0, 21.1, 21.0, 20.8, 20.3; LRMS (MS
ES") calcd for GeHsgN2Osg, 473.2m'z (M + 1)*; observed,
473.2
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