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Intramolecular free radical cyclizations have been studied
extensively in which the factors that control and influence
selectivity are well understood.1,2 Recent advances in asymmetric
catalysis have added the enantioselective manifold to this
transformation, for which excellent selectivities have been
obtained in a variety ofintermolecularradical additions.3 The
construction of cyclic ethers using intramolecular radical cycliza-
tions provides a versatile and diastereoselective method;4,5

however, the transposition of this information to cyclic amines
has proven problematic.6 Preliminary studies with acyclic viny-
logous carbamates demonstrated that the intramolecular acyl
radical cyclization reactions furnish the corresponding cyclic
amines in modest yield and with poor diastereoselectivity, albeit
favoring the trans-diastereoisomer.7 The poor selectivity was
attributed to A1,3-strain between theN-protecting group and the
incipient R-amino stereogenic center and/or the vinylogous
carbamate resulting in poor rotamer discrimination. We envisioned
that a cyclic acceptor that could incorporate the protecting group

component would eliminate the steric congestion and should lead
to improved diastereocontrol.8

Herein, we describe the stereoselective intramolecular addition
of acyl and alkyl radicals to the new free radical acceptor
oxauracil,9 for the construction oftrans-disubstituted azabicycles
(eq 1). We anticipate that this template will provide a versatile
synthon for the construction of a variety of biologically important
cyclic amines andâ-amino acid derivatives.10

Table 1 summarizes the results for the acyl and alkyl radical
cyclization reactions. Treatment of acyl selenides and alkyl
bromides1 with tris(trimethylsilyl)silane14 and triethylborane, in
the presence of air, furnished the corresponding azabicycles2/3
as a g19:1 mixture of diastereoisomers, favoring2 (entries
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Table 1: Intramolecular Radical Cyclizations with the Acyl
Selenides and Alkyl Bromides1a-l

entry
acyl selenide and alkyl bromide

precursor1a,b
ratio of
2: 3c

yield
(%)d

1 a X ) O Y ) SePh n ) 1 R ) Me g19:1 92
2 b " " " R ) Ph g19:1 89
3 c X ) H2 Y ) Br " R ) Me g19:1 97
4 d " " " R ) Ph g19:1 94
5 e X ) O Y ) SePh n ) 2 R ) Me g19:1 98
6 f " " " R ) Ph g19:1 85
7 g X ) H2 Y ) Br " R ) Me g19:1 94
8 h " " " R ) Ph g19:1 88
9 i X ) O Y ) SePh n ) 3 R ) Me g19:1 87

10 j " " " R ) Ph g19:1 68
11 k X ) H2 Y ) Br " R ) Me g19:1 58
12 l " " " R ) Ph g19:1 52

a All the cyclizations were carried out on a 1 mmol reaction scale.
b (TMS)3SiH, Et3B, PhH, 0°C to RT.11 c Ratios of diastereoisomers
determined by 400 MHz1H NMR integration.12,13 d Isolated yields.
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1-12).15 The acyl radical cyclizations proceed efficiently for each
ring size examined, whereas reduction becomes competitive with
the rate of cyclization for the 7-exo alkyl radical additions (entries
11 and 12). This study confirms previous findings that demon-
strated that the rate of decarbonylation can be suppressed by
lowering the temperature and indicates the acyl radical is less
prone to reduction.5b The excellent diastereoselectivity obtained
for each cyclization was rationalized in the following manner.
Figure 1 illustrates the origin for rotamer preference, which
translates to diastereoselectivity,I versus II , to nonbonding
interactions between the C-2 carbonyl of the oxauracil and the
incipient R-amino stereogenic center.

Isoquinolines are ubiquitous to a variety of biologically
important molecules and thus represent important templates for
target-directed synthesis.16 Treatment of the aryl acyl selenide4

under the standard reaction conditions furnished the corresponding
isoquinoline5a/b in 84% yield as ag19:1 mixture of diastere-
oisomers, favoring5a. The inherent versatility of this transforma-
tion is evident from the ability to substitute various aryl groups
and heterocycles, which are expected to facilitate the synthesis
of related derivatives.

The oxathymine derivative was expected to expand the
synthetic scope of the transformation through the introduction of
an additional stereogenic center in the cyclization. We anticipated
that the conformational bias of the azabicycle upon cyclization
would result in the stereoselective reduction of the incipient free
radical. Treatment of the acyl selenide6a and alkyl bromide6b
under standard cyclization conditions furnished the corresponding
azabicycles7a/8aand7b/8b in excellent yield as ag19:1 mixture
of diastereoisomers respectively (eq 3). The stereochemistry of

the major stereoisomer was confirmed with the aid of a NOESY

NMR experiment, which established thesyn-relationship of the
protons at C-4 and C-5 in7.

In conclusion, we have demonstrated the first examples of the
intramolecular addition of acyl and alkyl radicals to oxauracil,
for the stereoselective construction of 5,6-, 6,6-, and 7,6-
azabicycles. The oxauracil derivative provides a versatile template
for post-cyclization functionalization that should prove useful for
the construction of biologically importanttrans-disubstituted
cyclic amines andâ-amino acids.10 The ability to modify this
protocol for the construction of isoquinoline derivatives and the
introduction of an additional stereogenic center at C-5 using
oxathymine highlights the immense synthetic potential of this
methodology for target-directed synthesis.
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(12) The diastereoselectivity was determined in the following manner, due

to the hydrolytic and thermal instability of the azabicycles2, which deemed
them unsuitable for analysis by GLC and HPLC. Treatment of2c, 2g, and2k
with p-methoxyphenol at room temperature furnished the amino esters9a-c
with diastereoselectivies of 37:1 (a; n ) 1), 29:1 (b; n ) 2) and 24:1 (c; n )
3) respectively (determined by HPLC13).

(13) To determine the selectivity at higher temperature, the oxauracil
derivative 1c was subjected to standard tributyltin hydride and AIBN in
refluxing benzene to afford the azabicycles2c/3c, which upon treatment with
p-methoxyphenol at room temperature furnished the amino ester with 10:1
diastereoselectivity by HPLC.12

(14) (a) Chatgilialoglu, C.Acc. Chem. Res.1992, 25, 188. (b) Chatgilialoglu,
C. Ferreri, C.; Gimisis, T. InThe Chemistry of Organic Silicon Compounds;
Rappoport, S., Apeloig, Y., Eds.; Wiley: London, 1998; Vol 2, Chapter 25;
p 1539.

(15) The stereochemistry of the azabicycles2c, 2g, and2k was confirmed
through X-ray crystallographic analysis on the dipeptides10a-c which were
prepared in 76-86% overall yield.

For C21H24N2O2 (10a, n ) 1): monoclinic,Pc, a ) 15.2634(6) Å,b ) 6.7949-
(2) Å, c ) 9.3479(3) Å,â ) 104.269(2)°, V ) 939.59(6) Å3, Z ) 2, Z′ ) 1,
T ) 228(2) K,Dcalc ) 1.189 g cm-1, colorless plate,GOF ) 1.023,R(F) )
4.65% for 2505 observed independent reflections (4° e 2θ e 56°). For
C22H26N2O2 (10b, n ) 2): monoclinic,P21/n, a ) 10.5766(1) Å,b ) 9.7748-
(2) Å, c ) 19.1768(4) Å,â ) 98.416(1)°, V )1961.23(6) Å3, Z ) 4, Z′ ) 1,
T ) 213(2) K,Dcalc ) 1.187 g cm-1, colorless block,GOF ) 1.071,R(F) )
5.05% for 3967 observed independent reflections (4° e 2θ e 56°). For
C23H28N2O2 (10c, n ) 3): triclinic, P1h, a ) 10.000(6) Å,b ) 10.5047(6) Å,
c ) 11.5559(6) Å,R ) 68.821(1),â ) 86.902(1),γ ) 65.525(1)°, V )
1023.65(10) Å3, Z ) 2, Z′ ) 1, T ) 213(2) K,Dcalc ) 1.182 g cm-1, colorless
plate,GOF) 1.057,R(F) ) 6.57% for 4354 observed independent reflections
(4° e 2θ e 56°).
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