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A solid-phase synthesis of tetrahydroquinoline-derived polycyglibaving a medium size ring with an
enamide functionality, was achieved from tetrahydroquinoline derivaiivefive steps with overall 46

45% yield. An enantiopure, tetrahydroquinoline-deriykdmino esterl, was converted into compouri

that has a free phenolic hydroxyl group as an anchoring site for solid-phase synthesis. The solid-phase
worked well for this sequence, in which the synthesis of the unsaturated eight-membered enamide lactam
was obtained by a ring-closing metathesis approach. Compbisa novel, natural product-like polycyclic
derivative that could further be utilized in library generation for developing small molecule chemical probes.

Introduction was selected for our studies and to map the three-dimensional
space around this scaffold toward the synthesis of function-
could help in understanding proteiprotein interactions-  &lized medium size rings. The library generation of polycy-
based signal transduction, the demand for the generation of¢!ICS having functionalized medium to large ring derivatives
small molecule libraries that are inspired by bioactive natural 'S Still in its infancy and presents tremendous challenges from
products has grown significantiMany of these pathways € design strategiés. , _

are highly complex and present tremendous challenges with H€rein, we outline our solid-phase library approach to the
the use of classical toolsRapid access to natural product- SYNthesis of tetrahydroquinoline-based polycyclics having a
like small molecules having structural complexity and funct!onallzed elght-me'zmber.ed fng including the enam|de
diversity is crucial for systematically dissecting the functions functional group §). This derivative can then be subjected
of complex protein networking and for understanding cell- to a ring-conformation-controlled, stereoselective Michael-
signaling pathway3. There are several examples in the WP€ reaction followed by hydroxyl group derivatization
literature in which complex natural products are shown to 91Ving three sites for introducing diversity as shown4in

be specific modulators of protein functions and protein 1 he Planis to utilize the enantiopygeamino acid derivative,
protein interactioné. The complex nature, the three- 1, and then modify the_3|de chain to incorporate Fhe allylic
dimensional architecture, and the number of protein-binding NYdroxy! group to obtain compouriel The synthesis of an
functional groups presented in three-dimensional arrays are€i9ht-membered ring having an enamide functional group
some of the unique features that are embedded in natura@" be Opta'r_‘Ed by a ring-closing metathesis (RCM) as the
products Some of these features make them highly attractive €Y réaction in our approach. To our knowledge, there are

small molecule chemical probes for understanding protein N°_€xamples in the literature that utilize the scope of the
functions. RCM (solution and solid-phase synthesis) to obtain an eight-

membered ring having an enamide functional gr&up.

Due to the growing interest in having small molecules that

Synthesis Plan . .
. . ) Results and Discussion
With the goal of obtaining rapid access to natural product-

like tetrahydroquinoline-based complex polycyclic deriva-
tives, we developed a practical, enantioselective solutio
synthesis of tetrahydroquinoline chiral scaffddScheme
1). This scaffold was further utilized to obtain complex
polycyclics leading to library generation by partial solid-
phase synthesfsDue to the wide range of bioactive natural
products having a tetrahydroquinoline mofetgnd the
presence of medium to large size ririghjs type of scaffold

To test the feasibility of this strategy, our model solution-
phase studies are shown in Scheme 2. An enantiopure,

n - . : L
tetrahydroquinoline-base@tamino acid derivative, was
utilized in our study> The N-alloc protecteds-amino
aldehyde was prepared and then subjected to a Lewis-acid-
mediated Grignard reaction giving the corresponding hy-
droxyl derivatives8a and8b. Both isomers88aand8b were
obtained in near equal yields and then utilized further to
explore the scope of the ring-closing metathesis reaction. For
* Author to whom correspondence should be addressed. Phone: (613)examp|e' com_pounﬂa was subjected t_O N-alloc removal

993-7014. Fax: (613) 952-0068. E-mail: Prabhat.Arya@nrc.ca. and acryloylation §) and was then subjected to RCM. To
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Scheme 1.Natural Product-Like, Tetrahydroquinoline-Derived Polycyclics Having a Functionalized Eight-Membered Ring
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(@) (i) LiBH4, 95%; (i) allyl chloroformate, pyridine, 89%; (iii) DMSO, S@pyridine complex, BN, 95%. (b) ZnC}, allyIMgBr, 89%. (c) (i) AcO,
DMAP, 83—88%; (ii) Pd(PPB)4, morpholine, room temp, 98%; (ii) acryloyl chloride, pyridine;©, 55-60%. (d) 20 mol % second-generation Grubbs’
catalyst, dichloromethane, reflux, 1 h, 83%0) and 88% 14). (e) (i) PhCHCH,SH, BuLi, 76-84%; (ii) p-TSA; (iii) BzCl, pyridine, 83-88% for two
steps.

our pleasant surprise, this reaction was very clean, thus givinghetero Michael reaction were carried out on eight-membered
the desired eight-membered ring derivatil®, having an rings having enamide functional groups. Compoub@and
enamide functional group in 83% vyield. The product was 14 were independently subjected to thiol addition. To our
well characterized by 2D NMR studies. To our knowledge, surprise, in both cases the major product was influenced by
the use of this approach to obtain medium size rings havingthe ring conformation, and the nucleophilic attack was
an enamide functional group has not been utilized before.independent from the stereochemistry of th® Ac group
The novelty of this approach lies in the formation of a in the eight-membered ring. In both cases, the two isomers
functionalized ring skeleton that can further be utilized in were found to be in a ratio of-78:1 and the major isomer
asymmetric diversity-oriented reactions. Under similar condi- resulted from an attack from th&face. One could explain
tions, the other allylic alcohol derivati\gh gave the expected this reaction as the ring conformation control, and it has very
cyclic enamide product in very high yield (88%). In both little influence from the chiral group present on the midsize
cases, the stereochemistry of th©Ac group in the eight- ring system. This conformation-controlled hetero Michael
membered ring was assigned by NOE studies (see Figure Ireaction opens an attractive approach for introducing an
for the NOESY spectrum). Further, model studies with a asymmetric diversity site in a solid-phase synthesis. To
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Crosspeaks which contribute to proof of
stereochemistry are labeled.
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Arrows indicate presence of strong NOESY crosspeaks
which contribute to proof of stereachemistry.

Cross-peaks which contribute to the proof of
stereochemistry are labeled in the NOESY
spectrum. The internuclear distance labeled
C gives no cross-peak which is what we
expect to see if the structure shown to the
left is correct.

o e e e 4

NOESY

Figure 1. NOESY of compound40 and 14.

complete the sequence, in both cases the hetero Michaebiastereomerd,9and20. Both these products were separated
products were then subjected to acetonide removal andand fully characterized. Following this, compoufhfl was
acylation giving the expected compoundd @nd 12 from immobilized onto the solid support using a bromoWang resin
10; 15 and 16 from 14). Following the success with the (loading~91%, determined after cleavage from the support
solution synthesis, manual solid-phase synthesis was therwith 5% TFA). To continue further, this compou2d was
undertaken, and it is shown in Scheme 3. CompdlBwas then subjected to N-alloc removal, followed by acryloylation
prepared fron6 in a number of steps as described before giving product22. It was then subjected to ring-closing
and then subjected to a Grighard reaction giving two metathesis that successfully gave the cyclic product on the
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Scheme 3

(a) (i) LiBH4, 95%; (ii) Hz, 10% Pd/C, 88%; (iii) allyl chloroformate, pyridine, 70%; (b) DMSO, 5@yridine complex, EN, 84%. (c) ZnC}, allyIMgBr,
72%. (d) BromoWang resin, Nal, &@30s. (e) (i) Ac,O, DMAP; (i) Pd(PPh)4, N-methylmorpholine, AcOH; (iii) acryloyl chloride, pyridine. (f) Second-
generation Grubbs’ catalyst, dichloromethane, reflux. (g) 5% TFA-@&8Y for five steps).

solid phase. Thus, compour24 (see Figure 2 for the  CH,CI, were distilled under Bover sodium/benzophenone

NOESY spectrum) was obtained after cleavage from the and CaH, respectively. Al NMR experiments were recorded

support (5% TFA) with an overall 4045% vyield for the on a Bruker DRX-400. Unless otherwise noted, proton and
five steps from21. Further work is in progress to complete carbon chemical shifts are reported in ppm using residual
the sequence on the solid phase that involves (i) thiol CHCl; as an internal standard at 7.26 and 77.0 ppm,
addition, (ii) acteonide removal (PPTS), (iii) acylation of the respectively. Analysis by mass spectrometry was performed
hydroxyl groups, and (iv) cleavage from the support (5%TFA). on a VG Quattro | (Micromass) mass spectrometer equipped
The solid-phase synthesis method developed in our systemwith a pneumatically assisted electrospray ionization source,
can easily be utilized in library generation by exploring three operating in positive mode. The enantiomeric excess was

diversity sites, and this will be reported in due course. determined by chiral HPLC, using a Hewlett-Packard (Agi-
lent) 1090 LC equipped with a diode array detector and a
Summary CHIRACEL-OD column.

A solid-phase synthesis of a tetrahydroquinoline-derived  Solution-Phase Synthesis. Compound 630 a solution
polycyclic compound having a medium size ring with an of the carboxyl este (1.10 g, 2.77 mmol) in THF (25 mL)
enamide functional group has been achieved that can furtherwas added lithium borohydride (2.0 M in THF, 2.77 mL,
be utilized in library generation. A key step in our approach 5.54 mmol) slowly at 0C. The reaction mixture was stirred
was the ring-closing metathesis reaction to obtain an eight- at room temperature overnight. The reaction was quenched
membered ring having an enamide functionality. This with saturated NECI, extracted with dichloromethane ¢3
approach worked very nicely on the solid phase, and the final 10 mL), dried over Ng5Q,, filtered, and concentrated.
product obtained was well characterized by extensive NMR Purification by flash Chromatography on silica ge| (3:1,
studies. With the use of the solid-phase synthesis methodhexane/ethyl acetate) afforded the prodsa934 mg, 95%)
discussed herein, further work is ongoing for library genera- as a yellow oil.R: 0.20 (2:1, hexane/ethyl acetatéid
tion by an IRORI split and mix type approach, and it will NMR: (400 MHz, CDC}) 6 = 7.43-7.26 (m, 5H), 6.89
be reported in due time. (d,J = 2.05 Hz, 1H), 6.71 (dd) = 2.74 Hz, 8.60 Hz, 1H),
6.43 (d,J = 8.66 Hz, 1H), 4.99 (d) = 4.3 Hz, 2H), 4.71
(d, J = 8.89 Hz, 2H), 3.89-3.83 (m, 2H), 3.71 (m, 1H),

General Methods. The materials were obtained from 3.63 (t,J = 9.35 Hz, 1H), 1.941.86 (m, 1H), 1.57 (m, 1H),
commercial suppliers and used without purification. THF and 1.55 (s, 3H), 1.51 (s, 3H) ppnt3C NMR: (100 MHz,

Experimental Section
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'H chemical shifts 6.13
C chemical shifts 5.98 H

21.1CHy 4 gq
170.3

(o]

hydroxyls protected by acetonide, the NOESY showed
that these protons were pseudo-axial/axial. The
compound shown above, produced on solid support
with hydroxyls unprotected, had these protons in a
pseudo-equatorial/equatorial conformation as indicated
by an absence of NOESY cross-peaks. These results
lead to the conclusion that subtle changes in molecular
shape may occur between model studies and solid phase
synthesis. In the opposite NOESY spectrum, the
cross-peaks highlighted by the arrows confirm the
stereochemistry of the acetate group.

4
e
LY
In solution phase model synthetic studies, with the )
4 -4
|
)
<

Figure 2. NOESY of compound4 prepared by solid-phase synthesis.

CDCl;) 6 = 151.40, 137.93, 136.79, 128.92, 128.16, 127.90, 114.59, 113.87, 107.78, 101.03, 76.61, 70.73, 67.29, 59.46,
121.23, 116.07, 114.17, 113.83, 110.69, 80.30, 77.87, 73.07,39.94, 38.64, 27.49, 27.43 ppm.
61.12, 56.06, 38.36, 27.53, 27.43 ppm. LRMS: MS(ES

miz = 356.3 (M+ 1). ﬁ”“ o
2
H 43),
N OH BnO %
2
O7L
3
BnO v “% 6b
07L .
8a Compound 7.To a solution of6b (500 mg, 1.136 mmol)

in dichloromethane (15 mL) at €C, under N, was added

Compound 6b.To a solution of6a (480 mg, 1.35 mmol)  triethylamine (475 mL, 3 equiv), DMSO (3.39 mL, 47.73
in dichloromethane (20 mL), at @, under N, was added mmol), and sulfur trioxide pyridine complex (543 mg, 3.41
pyridine (120uL, 1.48 mmol) and allyl chloroformate (144 mmol). After 1 h at 0°C, the reaction was quenched with a
ul, 1.35 mmol). After keeping the reaction mixture for 2 h  solution of saturated ammonium chloride. The organic layer
at 0°C under N, it was quenched with a saturated solution was extracted and dried with magnesium sulfate. After
of ammonium chloride. The aqueous layer was washed 3filtration and evaporation of the solvent, the crude product
times with dichloromethane, and then the combined organic was purified by column chromatography on silica gel (3:1
layer was dried over MgSfXfiltered, and concentrated under hexane/ethyl acetate) to afford compouhés a colorless
vacuum. The residue was purified by flash chromatography oil (473 mg, 95%)R: 0.82 (1:1, hexane/ethyl acetate), 0.47
on silica gel (1:1, hexane/ethyl acetate) giving compound (2:1, hexane/ethyl acetate). LRMS: MS (§3$n/z= 438.3
6b (530 mg, 89%) as a colorless ot 0.56 (1:1, hexane/ (M + 1). *H NMR: (400 MHz, CDC}) 6 = 9.83 (s, 1H),
ethyl acetate). LRMS: MS (ES$ m/z=440.2 (M+ 1).'H 7.47-7.34 (m, 6H), 7.00 (dJ = 2.29 Hz, 1H), 6.90 (ddJ

NMR: (400 MHz, CDC}) 6 = 7.45-7.33 (m, 5H), 7.26 = 2.82, 8.82 Hz, 1H), 5.94 (m, 1H), 5.30 @= 17.31 Hz,
(m, 1H), 6.98 (dJ = 2.43 Hz, 1H), 6.87 (dd) = 2.72,8.71  1H), 5.25 (d,J = 10.52 Hz, 1H), 5.12 (dJ = 11.50 Hz,
Hz, 1H), 5.90 (m, 1H), 5.285.20 (m, 2H), 5.07 (ddJ =  1H), 5.07 (d,J = 11.50 Hz, 1H), 4.70 (m, 2H), 4.63 (m,

7.32, 11.50 Hz, 2H), 4.69 (ddl = 5.27, 13.42 Hz, 1H),  1H), 4.55 (d,J = 9.23 Hz, 1H), 3.38 (tJ = 9.15 Hz, 1H),
4.60 (M, 1H), 4.51 (dJ = 9.34 Hz, 1H), 4.45 (m, 1H), 3.74  2.87 (ddd,J = 1.90, 5.38, 15.53 Hz, 1H), 2.77 (ddd,=

(m, 2H), 3.31 (tJ = 8.82 Hz, 1H), 2.04 (m, 2H), 1.58 (s, 3.62, 5.94, 15.48 Hz, 1H), 1.61 (s, 3H), 1.50 (s, 3H) ppm.
3H), 1.49 (s, 3H) ppmi3C NMR: (100 MHz, CDC}) 6 =  13C NMR: (100 MHz, CDC4) 6 = 199.23, 157.30, 137.09,
137.10, 132.55, 128.99, 128.47, 128.12, 127.97, 118.36,132.54, 132.38, 129.00, 128.47, 127.96, 127.72, 127.10,
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114.83, 113.99, 107.94, 83.21, 76.55, 70.72, 67.44, 53.84,

48.82, 27.48, 27.43 ppm.

Compounds 8a and 8b.To a solution of zinc chloride
(4.12 mL of a 1.0 M solution in ether, 4.12 mmol) in
anhydrous ether (15 mL) was added a solution of aldehyde
7 (450 mg, 1.03 mmol), in anhydrous ether (8 mL)-at8
°C. After 30 min of stirring at—78 °C, allylmagnesium
bromide (6.18 mL of a 1.0 M solution in ether, 6.18 mmol)
was added, and the mixture was stirred-at8 °C for 2 h.

The reaction mixture was then allowed to warm at room

Arya et al.

dride (96uL, 1.014 mmol) and DMAP (71 mg, 0.58 mmol).
The reaction mixture was stirredrf8 h atroom temperature
and then quenched with aqueous ammonium chloride. After
an extraction with dichloromethane, the organic layer was
dried over sodium sulfate and then evaporated to dryness.
The crude product obtained after evaporation of the solvent
was purified by column chromatography on silica gel (3:1
hexane/ethyl acetate) giving compouBal-1 as a colorless

oil (83% yield, 220 mg)R:: 0.53 (3:1, hexane/ethyl acetate).
LRMS: MS (ES) m/z= 522.4 (M+ 1).'H NMR: (400
MHz, CDCL) 6 = 7.47-7.35 (m, 5H), 7.28 (m, 1H), 6.99
(d, J = 2.10 Hz, 1H), 6.87 (ddJ = 2.10, 6.10 Hz, 1H),
5.95 (m, 1H), 5.80 (m, 1H), 5.24 (m, 2H), 5.09 (m, 5H),
4.71 (dd,J = 5.36, 13.32 Hz, 1H), 4.62 (m, 1H), 4.48 @,

= 9.06 Hz, 1H), 4.35 (m, 1H), 3.36 (§ = 8.98 Hz, 1H),
2.40 (m, 1H), 2.02 (s, 3H), 1.84 (m, 1H), 1.58 (s, 3H), 1.51
(s, 3H) ppm.3C NMR: (100 MHz, CDC}) 6 = 171.12,

temperature and was further stirred for 1 h. The reaction was170.87, 157.30, 154.93, 137.18, 133.66, 133.09, 132.70,
quenched at OC with a solution of saturated ammonium 12899, 128.80, 128.43, 127.95, 127.62, 118.48, 114.29,
chloride. The organic layer was collected and washed with 113,83, 107.73, 84.30, 77.62, 76.57, 70.72, 70.69, 67.15,

a saturated solution of ammonium chloride. It was dried over
sodium sulfate and then evaporated. Purification of the crude
product by column chromatography on silica gel (1:3, ethyl
acetate/hexane) gave a mixture two diastereongarsnd

8b (8a= 243 mg and8b = 200 mg). The overall yield of
the reaction was 89%.

Al\lloc
=

8a: R: 0.50 (3:1, hexane/ethyl acetate). LRMS: MS{ES
m/z = 480.4 (M+ 1). '"H NMR: (400 MHz, CDC}) 6 =
7.47-7.36 (m, 5H), 7.27 (s, 1H), 7.00 (d,= 2.58 Hz, 1H),
6.89 (dd,J = 2.58, 8.74 Hz, 1H), 5.91 (m, 2H), 5.24 (m,
2H), 5.11 (m, 4H), 4.71 (dd] = 5.28, 13.40 Hz, 1H), 4.60
(m, 1H), 4.53 (dJ = 9.12 Hz, 1H), 4.46 (m, 1H), 3.86 (m,
1H), 3.31 (t,J = 9.04 Hz, 1H), 2.30 (m, 2H), 1.72 (m, 2H),
1.59 (s, 3H), 1.51 (s, 3H) ppm3C NMR: (100 MHz,
CDClg) 6 =171.56, 157.54, 137.08, 135.60, 133.32, 132.49,
129.00, 128.47, 128.24, 127.96, 126.99, 118.33, 117.41,

114.63, 113.86, 107.77, 84.85, 77.63, 70.73, 67.36, 60.80,

43.57, 41.79, 31.33, 27.46, 27.40, 21.45, 14.60 ppm.

8b: R: 0.28 (3:1, hexane/ethyl acetate). LRMS: MS{ES
m/z = 480.4 (M+ 1). *H NMR: (400 MHz, CDC}) 6 =
7.47-7.31 (m, 6H), 7.00 (dJ = 2.69 Hz, 1H), 6.89 (ddJ
= 2.69, 8.74 Hz, 1H), 5.93 (m, 1H), 5.86 (m, 1H), 5.32 (m,
1H), 5.24 (d,J = 10.27 Hz, 1H), 5.10 (m, 4H), 4.72 (dd,
= 5.18, 13.10 Hz, 1H), 4.65 (m, 1H), 4.54 @= 9.02 Hz,
1H), 4.50 (m, 1H), 3.90 (m, 1H), 3.38 @,= 8.98 Hz, 1H),
2.30 (t,J = 6.61 Hz, 2H), 2.19 (m, 1H), 1.66 (m, 1H), 1.60
(s, 3H), 1.52 (s, 3H) ppnt3C NMR: (100 MHz, CDC}) 6
= 171.50, 157.00, 136.97, 134.96, 132.73, 132.49, 128.79,
128.24, 127.75, 127.62, 127.23, 118.14, 117.85, 114.40,
113.65, 107.58, 84.07, 76.44, 70.53, 66.95, 60.61, 42.22,
41.96, 31.13, 27.31, 21.26, 14.41 ppm.

Compound 8a-1.To a solution of8a (243 mg, 0.507
mmol) in dichloromethane (5 mL) was added acetic anhy-

55.18, 39.15, 38.76, 27.50, 21.80 ppm.

Alloc
|

N Z
BnO (e}
0
8a-1 7L

Compound 8a-2.To a solution of8a-1 (220 mg, 0.42
mmol) in dichloromethane (2 mL) under ;Nat room
temperature was added morpholine (4 0.84 mmol) and
10% of tetrakis(triphenylphosphine) palladium (0) catalyst
(49 mg, 0.042 mmol). The reaction mixture was covered with
tin foil and then stirred for 1 h. The reaction was quenched
with aqueous ammonium chloride and extracted several times
with dichloromethane. The combined organic layer was dried
with magnesium sulfate, filtered, and concentrated under
vacuum. The crude product was purified by column chro-
matography on silica gel (1:3, ethyl acetate/hexane) to give
8a-2 as a yellow oil in 98% yieldR:: 0.56 (3:1, hexane/
ethyl acetate). LRMS: MS (ES m/z= 438.3 (M+ 1).'H
NMR: (400 MHz, CDC}) 6 = 7.45-7.29 (m, 5H), 6.89
(d, 3 = 2.50 Hz, 1H), 6.75 (ddJ = 2.50, 8.69 Hz, 1H),
6.51 (d,J =8.69 Hz, 1H), 5.81 (m, 1H), 5.19 (m, 4H), 5.01
(m, 2H), 4.70 (dJ = 8.24 Hz, 1H), 3.60 (m, 1H), 2.41 (m,
2H), 2.11 (s, 3H), 2.08 (m, 1H), 1.73 (m, 1H), 1.58 (s, 3H),
1.54 (s, 3H) ppm.3C NMR: (100 MHz, CDCI3)6 =
171.61, 151.7, 137.9, 136.8, 133.6, 128.3, 128.1, 127.9,
121.9, 118.7, 116.1, 115.1, 113.5, 110.7, 109.2, 82.4, 80.3,
71.24, 71.00, 69.9, 52.1, 39.6, 39.4, 27.5, 27.5, 21.6 ppm.

BnO
8a-2

Compound 9.To a solution 08a-2(180 mg, 0.412 mmol)
in dichloromethane (4.0 mL) was added pyridine (83
1.030 mmol). The mixture was cooled to°C and then
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acryloyl chloride (67uL, 0.824 mmol) was added. The
reaction was allowed to stir at room temperature for 2.5 h.

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. B41

Compounds 10a and 10b.To a solution of benzene
ethanethiol (224, 1.6 mmol) in THF (4.0 mL) was added

The reaction was quenched with agueous ammonium chloriden-butyllithium (608uL, 1.52 mmol (2.5 M in hexane) at 78
and extracted with dichloromethane, and the organic phases’C. The reaction mixture was stirred overnight and was

were dried over magnesium sulfate, filtered, and then
concentrated. The crude product was purified by column
chromatography on silica gel (1:3, ethyl acetate/hexane) to
afford compound® as a pale yellow oil (55%, 100 mgR:

0.35 (3:1, hexane/ethyl acetate). LRMS: MS (E&Vz =
492.4 (M+ 1). *H NMR: (400 MHz, CDC}) 6 = 7.48—
7.36 (m, 5H), 7.07 (dJ = 2.60 Hz, 1H), 6.99 (dJ = 8.56

Hz, 1H), 6.87 (ddJ = 2.63, 8.57 Hz, 1H), 6.44 (dd =
1.80, 16.81 Hz, 1H), 6.32 (dd, = 10.10, 16.79 Hz, 1H),
5.84 (m, 1H), 5.64 (ddJ = 1.90, 10.08 Hz, 1H), 5.11 (m,
5H), 4.60 (m, 1H), 4.43 (d) = 9.01 Hz, 1H), 3.38 (t) =
8.95 Hz, 1H), 2.51 (m, 1H), 2.41 (m, 1H), 2.26 (m, 1H),
2.02 (s, 3H), 1.71 (m, 1H), 1.57 (s, 3H), 1.51 (s, 3H) ppm.
13C NMR: (100 MHz, CDC}) 6 = 170.92, 165.63, 158.35,
136.90, 134.52, 133.76, 129.06, 128.90, 128.90, 128.75,
128.57, 127.99, 127.96, 127.30, 118.42, 114.55, 113.68,
108.59, 84.96, 76.60, 70.95, 70.83, 53.92, 38.72, 38.63,
27.48, 21.80 ppm.

BnO

Compound 10.To a solution of compoun® (90 mg,

allowed to warm at room temperature. Following this, a
solution of compound0 (10 mg, 0.0216 mmol) in THF (1.0
mL) was added at OC to 0.5 mL of the lithium salt (9
equiv). After 30 min, the solvent was evaporated, and the
crude product was separated by column chromatography on
silica gel (1:2 ethyl acetate/hexane). The overall yield for
the reaction was 98% giving two diastereomtdaand10b

(in a ratio of 8:1).

, SRy
major

(o)
OAc

BnO

10a

10a:10b (8:1, Ry = CH,CH,Ph)

Compound 10a (R = CH,CH.Ph). R: 0.36 (2:1,
hexane/ethyl acetate). LRMS: MS (BESwz = 602.5 (M
+ 1). '"H NMR: (400 MHz, CDC}) 6 = 7.45-7.21 (m,
11H), 7.00 (d,J = 2.66 Hz, 1H), 6.91 (ddJ = 2.74, 8.78
Hz, 1H), 5.12 (dJ = 11.52 Hz, 1H), 5.07 (d) = 11.51 Hz,
1H), 4.93 (m, 1H), 4.50 (d] = 9.04 Hz, 1H), 4.21 (dd) =
8.24,11.10 Hz, 1H), 3.45 (m, 1H), 3.32 (db= 5.48, 13.66
Hz, 1H), 3.22 (t,J = 8.98 Hz, 1H), 3.022.90 (m, 4H),
2.66 (d,J = 13.64 Hz, 1H), 2.25 (m, 2H), 2.08 (m, 1H),

0.183 mmol) in dichloromethane (9 mL) was added 20 mol 5 ¢ (s, 3H), 1.74 (m, 1H), 1.59 (s, 3H), 1.49 (s, 3H) ppm.
% of second-generation Grubbs' catalyst (31 mg, 0.0366 10 NMR: (100 MHz, CDC) & = 170.41, 169.65, 157.74

mmol). The solution was stirred for 45 min under reflux. It 140.94, 140.44, 137.13, 133.30, 129.61, 129.02, 128.98,
was then allowed to warm at room temperature and 158 93 128.90, 128.43, 127.97, 126.81, 126.79, 126.28,
concentrated under vacuum, and the crude product Wasll4.61, 113.82, 107.79, 85.18, 76.10, 72.47, 70.72, 56.58,
purified by column chromatography on silica gel (ethyl 45 o5 40.62, 36.53, 36.13, 33.44, 27.45, 27.44, 21.58 ppm.
acetate/hexane 1:3 to 1:1). The eight-membered ring deriva- Compound 10b (R = CH,CH,Ph). R: 0.61 (2:1,
tive, 10, was obtained as a white solid (70 mg, 83%y). hexanelethyl acetate). LRMS: MS (BSwz = 602.5 (M
0.29 (1:1, hexane/ethyl acetate). LRMS: MS (E8vVz = + 1). IH NMR: (400 MHz, CDC}) & = 7.47-7.22 (m
464.4 (M+ 1). *H NMR: (400 MHz, CDC) 0 =747~ 1941y 709 (4] = 2.76 Hz, 1H), 6.93 (ddJ = 2.81, 8.85
7.36 (m, 6H), 7.05 (d) = 2.58 Hz, 1H), 6.97 (dd] = 2.61,  }, '114y 5 35 (m, 1H), 5.13 (d] = 11.53 Hz, 1H), 5.08 (d,
8.67 Hz, 1H), 6.21 (m, 1H), 6.11 (d,= 11.79 Hz, 1H), 373103 " 0 o () = 9.5 Hz, 1H), 4.33 (dd)
5.14 (d,J = 11.53 Hz, 1H), 5.09 (dJ = 1149 Hz, 1H),  Z 554 1110 Hz, 1H) 3.50 (m, 1H), 3.18 (dli 7.96,
4.94 (m, 1H), 4.42 (m, 2H), 319 4, =8.97 Hz, 1H), 288 g 15 147 111). 3.042.75 (m. 6H), 2.47 (m, 1H). 2.34 (M,
(m, 1H), 2.50 (ddJ = 7.30, 13.40 Hz, 1H), 2.27 (dd.= 4, 5 15 (m, 1H), 2.09 (s, 3H), 1.72 (M, 1H), 1.58 (s, 3H),
5.24, 14.33 Hz, 1H), 2.07 (s, 3H), 1.76 (m, 1H), 158 (S, ] 46 (6. 3H) ppmi3C NMR: (100 MHz, CDCl) 6  170.67,
3H), 1.49 (s, 3H) ppm*C NMR: (100 MHz, CDCY) 0 = 16984 157,79, 140.62, 140.44, 137.09, 133.55, 129.02,
170.44, 168.48, 158.33, 137.08, 134.10, 132.14, 129.56,1 55 06 128.03 128.90. 128.88 12846 12794 12690
129.01, 128.47, 127.95, 127.06, 126.03, 114.53, 113.94,155 g5 195 96 114.74, 113.64, 107.95, 85.22, 76.09, 70.73,
108.24, 86.35, 76.04, 70.76, 68.61, 55.38, 40.50, 33.99,¢9 58 56 33 42.62, 41.07, 39.20, 37.86, 36.54, 33.27, 27.47,
30.10, 27.46, 27.37, 21.62 ppm. 2742, 21.67 pom.

Compound 8b-1.(83% yield, 220 mg.R: 0.53 (hexane/
ethyl acetate 3:1). LRMS: MS (E$m/z=522.4 (M+ 1).
1H NMR: (400 MHz, CDC) 6 = 7.46-7.35 (m, 6H), 6.99
(d, J = 2.55 Hz, 1H), 6.88 (ddJ = 2.65, 8.72 Hz, 1H),
5.95 (m, 1H), 5.76 (m,1H), 5.30 (M, 1H), 5.24 (b= 10.12
Hz, 1H), 5.09 (m, 4H), 4.98 (m, 1H), 4.72 (dd,= 5.1,
13.3 Hz, 1H), 4.65 (M, 1H), 4.48 (d,= 9.12 Hz, 1H), 4.42

OAc

BnO
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(m, 1H), 3.34 (tJ = 8.95 Hz, 1H), 2.41 (m, 2H), 2.25 (m,  5.08 (d,J = 11.54 Hz, 1H), 4.63 (m, 1H), 4.46 (d,= 9.28

1H), 1.90 (s, 3H), 1.81 (m, 1H), 1.56 (s, 3 H), 1.49 (s, 3H) Hz, 1H), 3.20 (t,J = 9.17 Hz, 1H), 2.82.2.67 (m, 2H),
ppm. 13C NMR: (100 MHz, CDC}) 6 = 170.68, 157.17,  2.10 (s, 3H), 2.04 (m, 1H), 1.92 (m, 1H), 1.60 (s, 3H), 1.49
154.98, 137.17, 133.56, 132.99, 132.72, 128.98, 128.43,(s, 3H) ppm.13C NMR: (100 MHz, CDC}) 6 = 170.47,
127.94, 127.43, 11853, 118.17, 114.29, 113.79, 107.73,168.30, 158.24, 137.11, 133.81, 133.28, 129.49, 129.00,
83.78, 76.61, 77.62, 70.71, 70.69, 67.09, 54.99, 39.28, 37.79,128.44, 127.94, 125.98, 125.91, 114.55, 113.86, 108.26,
27.47, 27.36, 21.46 ppm. 86.29, 76.18, 70.73, 68.10, 53.93, 41.34, 33.16, 30.10, 27.50,

Alloc 27.38, 21.54 ppm.

N =
2 z

‘2., OAc
BnO (o)

07L
8b-1

Compound 8b-2.(93% yield.)R:: 0.56 (3:1, hexane/ethyl
acetate). LRMS: MS (ES m/z = 438.3 (M + 1). 'H
NMR: (400 MHz, CDC}h) 6 = 7.45-7.32 (m, 5H), 6.89
(d, J = 2.52 Hz, 1H), 6.73 (dd) = 2.58, 8.61 Hz, 1H),
6.45 (d,J = 8.64 Hz, 1H), 5.80 (m, 1H), 5.165.12 (m,
3H), 5.00 (m, 2H), 4.67 (d, 1H = 9.28 Hz), 3.69 (m, 1H),
3.54 (t,J = 9.34 Hz, 1H), 2.43 (m, 2H), 2.14 (m, 1H), 2.11
(s, 3H), 1.73 (m, 1 H), 1.56 (s, 3H), 1.52 (s, 3H) ppHC

BnO

Compound 14a.LRMS: MS (ES) m/z = 602.5 (M+
1). 1H NMR: (400 MHz, CDC}) 6 = 7.46-7.25 (m, 11H),
7.00 (d,J = 2.69 Hz, 1H), 6.92 (ddJ = 2.72, 8.75 Hz,
1H), 5.32 (m, 1H), 5.11 (d) = 11.55 Hz, 1H), 5.07 (d] =
11.58 Hz, 1H), 4.49 (dJ = 9.21 Hz, 1H), 4.36 (m, 1H),

_ > 3.49 (dd,J = 4.67, 13.54 Hz, 1H), 3.21 (dd,= 7.63, 9.18
NMR: (100 MHz, CDC}) ¢ = 17157, 15143, 136.75, /7 2H), 2.8 (m. A1), 272 (dd] = 5,26, 13.65 Ha, 1H)

135.45, 133.41, 128.91, 128.15, 127.91, 121.47, 118'78’2.63 (m. 1H), 2.16 (M, 1H), 2.13 (s, 3H), 2.05 (M, 1H), 1.80

116.52, 116.01, 114.09, 113.72, 110.64, 80.23, 77.61, 72.68,

T 7000, £420. 30, 4 2750, 2a a3 9145 oo (M, 1H), 161 (5, 3H), 1.49 (s, 3H) ppriiC NMR: (100
9, 70.99,54.29, 39.56, 39.34, 27.50, 27.43, 2145 pPM-\ 1\ " Chck) 6 = 170,19, 169.97, 157.81, 140.98, 137.16,

H 133.24, 129.63, 128.98, 128.96, 128.88, 128.41, 127.95,
N A 126.77,126.31, 114.53, 113.78, 107.86, 85.63, 76.22, 70.71,
03 68.84, 54.77, 41.83, 40.22, 38.03, 36.46, 35.77, 33.48, 27.52,
BnO “0 27.41, 21.53 ppm.

07L
8b-2

Compound 13.(60% yield.)R: 0.36 (3:1, hexane/ethyl
acetate). LRMS: MS (ES m/z = 4924 (M + 1). 'H
NMR: (400 MHz, CDC}) 6 = 7.48-7.35 (m, 5H), 7.06
(d,J = 2.58 Hz, 1H), 7.03 (dJ = 8.58 Hz, 1H), 6.89 (dd,

, SRy
major

J=2.62, 8.60 Hz, 1H), 6.45 (d] = 16.79 Hz, 1H), 6.33 5
(dd,J = 10.10, 16.74 Hz, 1H), 5.77 (m, 1H), 5.65 @= 14a ;
10.08 Hz, 1H), 5.265.06 (m, 4H), 4.95 (m, 1H), 4.69 (m, 14a:14b (7:1, R, = CH,CH,Ph)

1H), 4.43 (d,J = 9.09 Hz, 1H), 3.33 (] = 8.89 Hz, 1H),

2.44 (m, 2H), 2.31 (m, 1H), 1.92 (s, 3H), 1.75 (m, 1H), 1.55  Compound 14b.LRMS: MS (ES) mz= 601.2 (M+

(s, 3H), 1.49 (s, 3H) ppnt3C NMR: (100 MHz, CDCY) & 1).H NMR: (400 MHz, CDC}) d = 7.56 (d,J = 8.75 Hz,
= 170.80, 165.87, 158.25, 136.89, 134.47, 133.68, 129.05,1H), 7.47-7.25 (m, 10 H), 7.01 (dJ = 2.79 Hz, 1H), 6.93
128.95, 128.74, 128.57, 128.19, 127.95, 127.45, 118.45,(dd,J = 2.81, 8.75 Hz, 1H), 5.12 (d] = 11.60 Hz, 1H),
114.54, 113.62, 108.60, 84.39, 76.62, 70.90, 70.79, 53.66,5.07 (d,J = 11.60 Hz, 1H), 4.98 (m,1H), 4.51 (d,= 9.31

39.16, 37.58, 27.45, 27.32, 21.50 ppm. Hz, 1H), 4.46 (m, 1H), 3.43 (m, 1H), 3.24 (dd,= 6.98,
9.29 Hz, 1H), 3.14 (t) = 12.56 Hz, 1H), 2.952.86 (m,
oﬁJ 5H), 2.29 (ddJ = 3.91, 14.72 Hz, 1H), 2.21 (m, 1H), 2.12
(m, 1H), 2.07 (s, 3H), 1.86 (m, 1H), 1.62 (s, 3H), 1.51 (s,
NN 3H) ppm.=3C NMR: (100 MHz, CDC}) 6 = 170.54, 170.53,
3, Bac 157.83, 140.63, 137.12, 133.10, 128.98, 128.97, 128.94,
Bn0 0 128.90, 128.43, 127.92, 126.83, 126.04, 114.79, 113.55,
13 07L 108.07, 85.84, 76.35, 70.70, 70.53, 54.45, 42.63, 42.09,

42.01,40.21, 36.37, 33.86, 27.48, 27.41, 21.78 ppm.
Compound 14.(88% yield.)R: 0.32 (1:1, hexane/ethyl Solid-Phase Synthesis. Compound 6d.0 a solution of
acetate). LRMS: MS (ES m/z = 464.4 (M + 1). *H 6a(1.53 g, 4.31 mmol) in ethanol (40 mL) was added 20 wt
NMR: (400 MHz, CDC}) 0 = 7.47-7.34 (m, 6H), 7.04 % of palladium on carbon (306 mg). This was stirred under
(d, J = 2.53 Hz, 1H), 6.96 (ddJ = 2.69, 8.69 Hz, 1H), hydrogen at room temperature for 1 day. The catalyst was
6.09 (m, 2H), 5.29 (m, 1H), 5.12 (d, = 11.57 Hz, 1H), removed by filtration over Celite, and then the solvent was
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evaporated. The residue was purified by flash chromatog- 3.34 (t,J = 9.15 Hz, 1H), 2.882.82 (ddd,J = 1.73, 7.00,
raphy on silica gel (1:2, hexane/ethyl acetate) to give product 15.53 Hz, 1H), 2.7#2.71 (ddd,J = 3.73, 5.73, 9.46 Hz,
6cas a yellow solid (1 g, 88%R:: 0.25 (1:1, hexane/ethyl  1H), 1.57 (s, 3H), 1.47 (s, 3H) ppr*C NMR: (100 MHz,
acetate). LRMS: MS (E§ m/z = 266.3 (M + 1). *H CDCl;) 6 =199.91, 154.28, 136.85, 132.82, 132.34, 127.87,
NMR: (400 MHz, DMSO¢g) 6 = 8.43 (s, 1H), 6.426.39 126.87, 114.84, 114.26, 108.95, 83.16, 76.43, 67.46, 60.85,
(m, 3H), 5.08 (s, 1H), 4.57 (d,= 8.93 Hz, 2H), 3.633.55 53.81, 48.77, 27.46, 27.41 ppm.

(m, 3H), 3.41 (t,J = 9.49 Hz, 1H), 1.831.78 (m, 1H),

1.63-1.57 (m, 1H), 1.45 (s, 3H), 1.41 (s, 3H) ppAiC Alloc
NMR: (100 MHz, DMSO#dg) 6 = 148.62, 136.58, 121.15, NZ CHO
115.41, 114.37, 113.04, 110.89, 81.03, 77.81, 58.52, 53.12, o 43 "
38.25, 27.87 ppm. o7L
" 18
N OH
How Compound 19.(36% yield.)R: 0.36 (3:2, hexane/ethyl
072 acetate). LRMS: MS (E§ n/z = 390.4 (M + 1). H
6c NMR: (400 MHz, CDC}) 6 = 7.19 (m, 1H), 6.83 (dJ =

) 2.52 Hz, 1H), 6.74 (ddJ = 2.56, 8.6 Hz, 1H), 5.89 (m,
Compound 17.To a solution of6c (900 mg, 3.39 mmol) 2H), 5.28 (M, 3H), 5.10 (m, 2H), 4.70 (dd= 5.20, 13.53

in dichloromethane/acetonitrile (35:5 mL) at®, under N, Hz, 1H), 4.61 (m, 1H), 4.50 (d] = 9.04 Hz, 1H), 4.43 (m,
was added pyridine (302L, 3.73 mmol) and allyl chloro- 1H), 3.87 (m, 1H), 3.30 () = 8.97 Hz, 1H), 2.28 (m, 2H),
formate (36QuL, 3.39 mmol). Afte 3 h ofreaction at O°C, 1.76 (m, 2H), 1.58 (s, 3H), 1.49 (s, 3H) ppAiC NMR:

the reaction was quenched with a saturated solution of (100 MHz, CDC}) & = 171.71, 154.44, 135.53, 133.68,
ammonium chloride. The aqueous layer was Washed3time5132_46, 128.39, 126.79, 118.33, 117.48, 114.64, 114.02,

with dichloromethane, and then the combined organic layer 149 g5 84.81 77.61. 76.43. 67.37. 55.35 43.49. 41.75
was dried over Nz8Q,, filtered, and concentrated under 57 44 57 3g [;pm. ’ : : , : ,

vacuum. The residue was purified by flash chromatography

on silica gel (1:1, hexane/ethyl acetate) to give compound Alloc Alloc
17 as a white solid (826 mg, 70%iR: 0.49 (1:2, hexane/ N pZ N Z
ethyl acetate), 0.25 (1:1. hexane/ethyl acetate). LRMS: MS 45 & . 4§ éH
(ES") mVz= 350.3 (M+ 1). 'H NMR: (400 MHz, CDC¥}) HO “% HO “o

= = (o] (o}
5 = 7.21 (m, 1H), 6.82 (m, 1H), 6.73 (dd,= 2.75, 8.63 " 7L » 7L

Hz, 1H), 5.93 (m, 1H), 5.225.30 (m, 2H), 4.71 (dd) =
5.31, 13.48 Hz, 1H), 4.61 (m, 1H), 4.50 @= 9.30 Hz, .
1H), 4.42 (m, 1H), 3.77 (m,2H), 3.31 (,= 8.69 Hz, 1H), Compound 20.(36% yield.)R: 0.26 (3:2, hexane/elthyl
1.90 (s, 2H), 1.59 (s, 3H), 1.50 (s, 3H) ppHC NMR: (100 ijﬁgte)ziolE)RI\'/\ﬂ-?' C'\:"DSC(E?_”‘;Z; 3901'4H ('\g ;_0 . 1|H_|

MHz, CDCE) 0 = 154.22, 132.52, 128.28, 118.35, 114.61, N -dg oo Mz & GZJL;)H L 5(’2'7 ) o gséo )
114.02 108.86, 84.64, 77.62, 76.47, 67.31, 59.83, 59.47,5:73 (dd.J = 2.78, 8.61 Hz, 1H), 5.87 (m, 2H), 5.30 (m,

3H), 5.10 (m, 2H), 4.70 (m, 2H), 4.50 (m, 2H), 3.89 (m,
38.58, 27.47, 27.41 ppm. 1H), 3.36 (t,] = 8.95 Hz, 1H), 2.30 (m, 2H), 2.17 (M, 1H),
Alloc 1.65 (m, 1H), 1.59 (s, 3H), 1.51 (s, 3H) ppAiC NMR:
N OH (100 MHz, CDC}) 6 = 171.51, 154.10, 135.09, 133.19,
432' 132.64, 127.96, 127.17, 118.36, 118.10, 114.60, 114.06,
HO “o 108.78, 83.16, 77.61, 76.51, 67.18, 55.30, 42.39, 42.11, 27.49

v 7 pprm.

Compound 21.BromoWang resin (1.40 mmol/g) was first

Compound 18.To a solution ofL7 (826 mg, 2.365 mmol)  washed several times with dichloromethane and DMF and
in dichloromethane (30 mL), under,Mt 0°C, was added  then suspended for 30 min in DMF. To this resin in DMF
triethylamine (1.0 mL, 7.095 mmol) and a mixture of DMSO (5 mL) was added a solution of compoub@ (288 mg, 0.74
(7 mL, 99.319 mmol) and sulfur trioxidepyridine complex mmol) in DMF (5.0 mL), sodium iodide (111 mg, 0.74
(1.13 g, 7.095 mmol). Aftel h at 0°C, the reaction was  mmol), and cesium carbonate (241 mg, 0.74 mmol). Both
guenched by a solution of saturated ammonium chloride. Thereagents were dried in the oven overnight prior to use. The
organic phase was extracted and dried with Mg&ad then mixture was bubbled vigorously with nitrogen for 40 h. The
filtered. After evaporation, the residue obtained was purified resin was successively washed with MeOK J2DMF (2x),
by flash chromatography on silica gel with 2:1 hexane/ethyl water (2x), MeOH (2x), and dichloromethane {3 and then
acetate to provide compourd® as a pale yellow solid (690  dried under vacuum for a few hours. The filtrate containing
mg, 84%).R: 0.59 (1:1, hexane/ethyl acetate). LRMS: MS the starting material was evaporated, and the residue was
(ES") miz= 348.3 (M+ 1). 'H NMR: (400 MHz, CDC}) dissolved in DCM. The organic layer was washed with water
0 =9.80 (s, 1H), 7.22 (m, 1H), 6.80 (d,= 2.31 Hz, 1H), and brine, dried over sodium sulfate, filtered, and then
6.71 (dd,J = 2.76, 8.69 Hz, 1H), 5.89 (m, 1H), 5.3%.21 evaporated. The residue was purified by flash chromatog-
(m, 2H), 4.7+4.58 (m, 3H), 4.50 (dJ = 9.27 Hz, 1H), raphy on silica gel (1:2, hexane/ethyl acetate). The loading
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was determined to be 85% upon cleavage of the product fromwashed with MeOH (), DMF (2x), water (1x), MeOH

the solid support.

J:tlloc ;i\uuc
N - N =
2 2
0_0 3 % OH HO 3 .,’OHOH
07L OH
21 cleaved product

Compound 21a.To the resin21 (265 mg) in dichloro-
methane (10 mL) was added pyridine (240 2.96 mmol),
acetic anhydride (140L, 1.48 mmol), and 4-(dimethylamino)-
pyridine (14 mg, 0.111 mmol). The mixture was shaken
overnight. The mixture was filtered, and the resin washed
with MeOH (2x), DMF (2x), water (2<), MeOH (2x), and
dichloromethane (8) and then dried under vacuum for a
few hours.

J:tlloc Ji\lluc
N = N -
2 2
Qo N “ Ohe HO o “on Ohe
07L OH
21a cleaved product

Compound 21b.To the above resi@la (265 mg, 0.371
mmol) in dichloromethane (15 mL) was successively added
tetrakis(triphenylphosphine) palladium (214 mg, 0.185 mmol),
N-methylmorpholine (0.4 mL, 3.64 mmol), and acetic acid
(0.8 mL, 13.97 mmol). The mixture was mechanically stirred
overnight. It was washed with MeOH %3, DMF (2x),
water (2x), MeOH (2x), and dichloromethane {3 and then
dried under vacuum for a few hours.

HO
OH
cleaved product

Compound 22.To the above resin (265 mg, 0.371 mmol)
in dichloromethane (10 mL) was successively added triethyl-
amine (1.4 mL, 10 mmol) and acryloy! chloride (0.6 mL,
7.4 mmol). The mixture was mechanically stirred overnight.
Then the solution was washed with MeOHx(R DMF (2x),
water (1x), MeOH (2x), and dichloromethane {4 and then
dried under vacuum for a few hours.

HO
OH
cleaved product

Compound 23.To the above resin (265 mg, 0.371 mmol)

in dichloromethane (20 mL) was added second-generation

Grubbs catalyst (189 mg, 0.222 mmol) under a nitrogen
atmosphere. The mixture was refluxed for 14 h. It was

(2x), and dichloromethane ¢4 and then dried under
vacuum for a few hours. The 30 mg of resin was submitted
to cleavage with 5% TFA in dichloromethane for 1 h. The
resin was then filtered and washed several times with
dichloromethane. The filtrate was evaporated and dried under
vacuum. The cleaved product was purified over column
chromatography giving the pure cleaved compound (40%
yield for six steps)R: 0.18 (ethyl acetate). LRMS: MS
(ES") m/iz=334.3 (M+ 1).'H NMR: (400 MHz, acetone-
ds) 6 = 8.36 (s, 1H), 7.41 (d) = 8.61 Hz, 1H), 7.06 (dJ

= 2.61 Hz, 1H), 6.77 (ddJ = 2.65, 8.60 Hz, 1H), 6.15 (m,
1H), 6.00 (dJ = 11.58 Hz, 1H), 5.64 (s, 1H), 4.86 (m, 1H),
4.77 (s, 1H), 4.34 (d) = 7.81 Hz, 1H), 4.27 (dd) = 5.50,
10.90 Hz, 1H), 3.24 (m, 1H), 2.83 (m, 1H), 2.43 (dd>=
7.38, 13.18 Hz, 1H), 2.20 (m, 1H), 1.99 (s, 3H), 1.67 (m,
1H) ppm.

CAc

cleaved product

Acknowledgment. We thank the NRC Genomics Pro-
gram, Special VP-Research NRC Funds for Chemical
Biology, National Cancer Institute of Canada for financial
support. Ayub Reayi is thanked for providing the analytical
information on two compoundsl{ and 15) obtained from
the thiol addition shown in Scheme 2.

Supporting Information Available. Analysis of the 1D
and 2D NMR spectra for compound®, 11, 14, and 15.
This material is available free of charge via the Internet at
http://pubs.acs.org.

References and Notes

(1) For a review on solution and solid-phase synthesis leading
to the library generation based upon natural products and
natural product-like compounds, see: (a) Hall, D. G.; Manku,
S.; Wang, F.J. Comb. Chem2001 3, 125-150. (b)
Wessjohann, L. ACurr. Opin. Chem. Biol200Q 4, 303~
309. (c) Weber, LCurr. Opin. Chem. Biol200Q 4, 295—
302. (d) Arya, P.; Joseph, R.; Chou, D. T. @hem. Biol
2002 9, 145-156.

(2) (a) Berg, T.Angew. Chem., Int. EQ003 42, 2462-2481.

(b) Boger, D. L.; Desharnais, J.; Capps, Ahgew. Chem.,
Int. Ed 2003 42, 4138-4176. (c) Breimbaur, R.; Vetter, .
R.; Waldmann, HAngew. Chem., Int. EQ002 41, 2878—
2890. (d) Hinterding, K.; Alonso-Diaz, D.; Waldmann, H.
Angew. Chem., Int. EA998 37, 688-749. (e) Huwe, A,;
Mazitschek, R.; Giannis, AAngew. Chem., Int. E®2003
42, 2122-2138. (f) Klabunde, T.; Hessler, GChemBio-
Chem.2002 3, 928-944.

(3) (a) Schreiber, S. LChemical and Engineering Newsgarch
3, 2003, pp 5%61. (b) Gura, T.Nature 200Q 407, 282—
284. (c) Strausberg, R. L.; Schreiber SScience2003 300,
294—295. (d) Burke, M. D.; Berger, E. M.; Schreiber, S. L.
Science2003 302 613-618.

(4) (a) Crews, C. M.; Mohan, RCurr. Opin. Chem. Biol200Q
4, 47-53. (b) Crews, C. M.; Splittgerber, Orends Biochem.
Sci 1999 24, 317-320. (c) Stockwell, B. RTIBTECH200Q



Tetrahydroquinoline-Based Polycyclics

18, 449-455. (d) Stockwell, B.RNat. Re.. Genet200Q 1,
116. (e) Mayer, T. UTrends Cell Biol2003 13, 270-277.
(f) Peterson, J. R.; Mitchison, T. £hem. Biol.2002 9,
1275-1285.

(5) (&) Newmann, D. J.; Cragg, G. M.; Snader, K.Nat. Prod.
Rep.200Q 17, 215-234. (b) Faulkner, D. Nat. Prod. Rep.
2001, 18, 1—49. (c) Faulkner, D. JNat. Prod. Rep1999
16, 155-198.

(6) Arya, P.; Durieux, P.; Chen, Z.-X.; Joseph, R.; Leek, D. M.

J. Comb. Chem2004 6, 54—64.
(7) Dewick P. M. InMedicinal Natural Products-A Biosynthetic

Approach Wiley-Interscience: New York, 2002; Chapter 6.
(8) (a) Bieraugel, H.; Jansen, T. P.; Schoemaker, H. E.; Hiemstra,

H.; van Maarseveen, J. KDrg. Lett.2002 4, 2673-2674.
(b) Yet, L. Chem. Re. 200Q 100, 2963-3007. (c) Evans,
P. A.; Holmes, A. B.Tetrahedron1991, 47, 9131-9166.
(d) Nubbemeyer, UTop. Curr. Chem2001, 216, 125-196.

Journal of Combinatorial Chemistry, 2004, Vol. 6, No. B45

(9) (a) Spring, D. R.; Krishnan, S.; Schreiber, SILAm. Chem.

So0c.200Q 122 5656-5657. (b) Lee, D. S.; Sello, J. K;;
Schreiber S. LJ. Am. Chem. S04999 121, 10648-10649.
(c) Spring, D. R.; Krishnan, S.; Blackwell, H. E.; Schreiber,
S. L.J. Am. Chem. So@002 124,1354-1363. (d) Sello,
J. K.; Andreana, P. R.; Lee, D.; Schreiber, SQrg. Lett.
2003 5, 4125-4127.

(10) (a) Trnka, T. M.; Grubbs, R. HAcc. Chem. Re2001 34,

18—29. (b) Phillips, A. J.; Abell, A. D Aldrichimica Acta
1999 32, 75-90. (c) Bieraugel, H.; Jansen, T. P.; Schoe-
maker, H. E.; Hiemstra, H.; van Maarseveen, JOr. Lett.
2002 4, 2673-2674. (d) Rutjes, F. P. J. T.; Schoemaker,
H. E. Tetrahedron Lett1997, 38, 677—680. (e) Schuster,
M.; Pernerstorfer, J.; Blechert, &ngew. Chem., Int. Ed.
Engl. 1996 35, 1979-1980.

CC049935S



