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The design of cyclic scaffolds which allow the incorpora-

tion of a variety of substituents has emerged as an attractive

strategy for the generation of combinatorial libraféale

have recently demonstrated the utility of solid-supported allyl
and propargyl glycine derivatives in an approach to novel

bicyclic amino acid derivatives via the Pausedfthand
reaction® As part of our continued interest in the develop-

ment of new scaffolds for combinatorial chemistry, we have
again exploited these versatile amino acids as substrates fo

intramolecular Heck cyclizations.

The intramolecular Heck reaction has been well-estab-
lished as a powerful tool for the construction of complex
polycyclic ring systems in the context of natural product
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ester () provided benzamid® as shown in Scheme 2.
N-Methylation afforded the desired cyclization precur8or

in 89% vyield. Treatment 08 with Pd(OAc) (5 mol %) in
degassed dimethylformamide (DMF) in the presence o§PPh
BuyNCI, and KOAc at 70°C for 2 h provided the bicyclic
lactam 4 (55%). No evidence of isomerization of the
exocyclic alkene was detected B NMR. N-Alkylation

was found to be necessary to prevent facile azlactone
formation which occurred upon attempted cyclizatiorRof

With no further optimization, this process was extended
to the solid phase as shown in Scheme 3. A solid-phase
Fukuyam&® protocol was utilized for N-alkylation. Thus,
Wang resin-linked fluorenylmethoxycarbonyl (FMOC)-al-
lylglycine 5% was converted to nitrobenzenesulfonam@le
Subsequent N-methylation in the presence of 7-methyl-1,5,7-
triazabicyclo[4.4.0]dec-5-ene (MTBE)afforded7, which
underwent smooth conversion to the cyclization precugsor
via a standard deprotection/acylation sequence. Heck cy-
Llization under similar conditions (20 mol % Pd(OACH
h) provided4 in 67% overall yield following cleavage with
trifluoroacetic acid (TFA) and esterification.

A second sequence (Scheme 4) was developed to allow

synthesig. This process has also been adapted in the solid- 2C€€SS to a larger pool of building blocks for attachment to

phase syntheses of isoquinolinofg#doles?c and oxin-
doles?® benzofuran§$ and macrocyclic peptide derivativess.
We recognized that in addition to their utility in the Pauson
Khand reaction, allyl and propargyl glycine derivatives would

the amino acid nitrogen. Following deprotection bf
reductive amination with benzaldehyde cleanly produced the
desired secondary amirid. It was found that a two-step
protocol, first using the procedure of Look and co-worRers

also be excellent candidates for an intramolecular Heck for imine formation followed by reduction with sodium
cyclization. One such approach is shown in Scheme 1, wherelriacetoxyborohydride, gave the cleanest and most reproduc-

palladium-catalyzed 7-exo cyclization of 2-iodobenzene- ible results. Subsequent acylation with 2-iodobenzoy! chlo-

tethered allyl or propargyl glycines would lead to the

ride providedl1, which underwent efficient Heck cyclization

corresponding functionalized benzazepines. While there haveS before to bicyclic lactard3 following acidic cleavage

prepared by Heck cyclization of an aryl halide with an
appended alkerfe7-exo cyclization onto a tethered alkyne
is less commonr.Described herein are solution- and solid-

moiety both before and after the cyclization are currently
being explored.

An alternative approach (Scheme 5) in which another

phase approaches to these bicyclic amino acids whichsubstituent may be installed prior to cyclization was then

demonstrate the utility of this methodology for combinatorial
library generation.

A simple model system was first examined in solution.
Reaction of 2-iodobenzoyl chloride with allylglycine methyl

Scheme 1
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examined in solution. This sequence features a Sonogashira
arylation'® of the alkyne terminus, an efficient and depend-
able method for carbencarbon bond formation which had
been utilized extensively in our earlier wotkcylation of

COH
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Scheme 2 although in only 34% yield. The major produt9 (65%)
was derived from a reductive deiodination. Although modi-
HCI HaN__COzMe a COMe fication of the cyclization conditions (portionwise addition
—_— > of sodium formate) nearly eliminated the formationl®f a
05%) larger amount of polymeric material was formed and yields

of 18 never exceeded 40%. Nonetheless, with some of the
desired productl8 in hand and an understanding of a

b potential byproduct that could be obtained, this route was
adapted to a solid-supported format.
Me As shown in Scheme 6, Wang resin-linked FMOC-

N 4;_ Me propargylglycine20® was converted t@1 which underwent
COzMe N\ COMe N-methylation, deprotection, and acylation as before to afford
(55%) I 0 9/ (89%) 22. Palladium-catalyzed alkyne arylation with iodobenzene

| provided the cyclization precurs@B. We were gratified to

aReagents and conditions: (a) 2-iodobenzoy! chlorideNEEH,Cly; find that treatment of resi@3 under conditions similar to
(b) NaH, Mel, THF; (c) Pd(OAq) PPh, BNCI, KOAc, DMF, 70°C. those used in solution provided solely the desired bicyclic

product18in 63% overall yield after cleavage. The olefin
propargylglycine methyl esterld) with 2-iodobenzoyl geometry was assigned based on the expected overall cis
chloride provided benzamidks, which underwent smooth  addition of palladium to the alkyne. No deiodinated material
palladium-catalyzed alkyne arylation with iodobenzene to could be detected after esterification. The factors responsible
afford 16. N-Methylation as before gave the desired cycliza- for this selectivity are not clear. Concentration may play a
tion precursorl?. Intramolecular Heck cyclization, using critical role, as the solid-phase reactions were performed in
sodium formate (2 eq) to reduce the intermediate vinyl IRORI microreactors, with effective concentrations ap-
palladium species, provided the desired bicyclic lact8n proximately 5-fold less than in solution. Alternatively, it is

Scheme 3
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a Reagents and conditions: (a) piperidine, DMF; (b) 2-n|trobenzenesulfonyl chlorighé, &t,Cly; () MTBD, Mel, DMF; (d) PhSH, KCOs, DMF; (e)
2-iodobenzoyl chloride, BN, CHyCly; (f) Pd(OAc), PPh, BwuNCI, KOAc, DMF, 70°C; (g) TFA/CHCI; (1:1); (h) CHNa.
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aReagents and conditions: (a) piperidine, DMF; (b) benzaldehyde, (M#0)(c) NaBH(OAc}, HOAc, CH.Cly; (d) 2-iodobenzoyl chloride, BN,
CH.Cly; (e) Pd(OAc), PPh, BWNCI,KOAc, DMF, 70°C; (f) TFA/CH,CI; (1:1); (g) CHNa.

Scheme 4
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aReagents and conditions: (a) 2-iodobenzoyl chloridgNECH;CIy; (b) (PPh),PdCh, Cul, Phl, EtN, CH.Cly; (c) NaH, Mel, THF; (d) Pd(OAc)
PPh, BwNCI, HCONa, DMF, 70°C.

Scheme 8

23

aReagents and conditions: (a) piperidine, DMF; (b) 2-nitrobenzenesulfonyl chlorighé, Et,Cly; (c) MTBD, Mel, DMF; (d) PhSH, KCO;, DMF; (e)
2-iodobenzoyl chloride, BN, CH,Cly; (f) (PPh)2PdCh, Cul, Phl, EtN, CHxCly; (g) Pd(OAc), PPh, BuNCI, HCO;Na, DMF, 70°C; (h) TFA/CHCI,
(2:1); (i) CHoNa.

Scheme 7

(68%)

aReagents and conditions: (a) piperidine, DMF; (b) benzaldehyde, (M#0)(c) NaBH(OAc}, HOAc, CHCly; (d) 2-iodobenzoyl chloride, BN,
CH.Cly; (e) (PPR)2PdChb, Cul, Phl, EtN, CH.Cly; (f) Pd(OAc), PPh, BuuNCI,KOAc, DMF, 70°C; (g) TFA/CHCI, (1:1); (h) CHN>.

possible that some inorganic material from the previous less, this route features a selective, sequential, inter- and
alkyne arylation step remains trapped within the polymer intramolecular palladium-catalyzed arylation of both ends

matrix and enhances the subsequent Heck cyclization at theof the appended alkyne, resulting in efficient access to this
expense of the deiodination pathway in some way. Regard-new class of bicyclic amino acid derivativés.
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Table 1
/Ry
A
I/ P CO,Me
R, i/
[,
= 3
entry R R R3 yield (%)
30a Ph H H 39
30b Ph H 4-CONHBuU 55
30c Ph H 3-Ch 50
30d Ph 7-Cl H 69
30e Ph 7,8-diOMe H a7
30f CH,CH,Ph H H 73

Incorporation of the reductive amination process for
N-functionalization proceeded in analogous fashion as shown
in Scheme 7. Resin-bound secondary an@i@eas obtained
from 20 and underwent acylation and alkyne arylation as
before to give the cyclization precurs@8. Reductive
cyclization afforded30a in good overall yield after TFA
cleavage and esterfication.
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