LETTER 1865

Synthesis of Aza/Oxaspiro-y-lactams by Radical Translocation Cyclization
Reactions

Xianxiu Xu, Xin Che, Shu Gao, Jinchang Wu, Xu Bai*

The Center for Combinatorial Chemistry and Drug Discovery, Jilin University, 75 Jinlai St.,c@oandilin 130012, P. R. Clan
Fax +86(431)5188900; E-mail: xbai@jlu.edu.cn

Received 5 March 2005

Abstract: A cascade radical translocation cyclization of e been employed in the synthesis of natural products with
allyl-N-(2-bromophenyl)amide moiety of heterocyclic CarboXylicunusual structural featureand carbospirocarboncyclgs.

acids and it&\-propynyl analogues were investigated. It provides 4 © OUr knowledge no applications of radical translocation
convenient method for the preparation of aza/oxasplemtams reactions in the preparation of aza/oxaspirolactams have

that are usefuf-turn mimetics in drug discovery. been reported.
Key words: radical translocation, [1,5]-hydrogen transfer, spiro- It is anticipated that the aza/oxaspirdactam frame-
lactams works 8 could be constructed from amideshrough rad-

ical translocation cyclization reactions (Scheme 1). This
strategy involves a cascade of radical reactions initiated
Great efforts have been spent on the design and synthésigjeneration of aryl radicélfrom its bromo precursd.
of conformationally constrained analogues (peptidomRadical 6 abstracts thei-proton on the heterocycle to
metics) to improve the potency, selectivity, and metaboligeld new radical’. Radical7 undergoexo cyclization
stability of peptide-based drugs in recent years. Spirgsith the N-allyl double bond to give the spirolacten
lactams 1-4 (Figure 1), with fixed angles resemblingThe details of the investigations are presented in this
naturally occurringy-turns of peptides, are of interest inpaper.
the pursuit of peptidomimetic drugg.hus far, their syn-
thesis has primarily involved intramolecular Mitsunobt

=
reaction? amide-coupling reactiohpr Michael addition 0 f i J/
followed by subsequent nitro-reductive cyclizatior MN WN

reaction$ to yield the bispirolactam skeleton. In addition X e ”
both solution and solid-phase synthesis of structural
similar spiro-oxindoles were reportéd.
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R R Radical precursorswere prepared from readily available
3 4 acids9 according to Scheme 2. Aci@gN-BocL-proline,
Figurel Spirolactam peptidomimetics (+)-N-Boc piperidine-2-carboxylic acid, ort)tetra-

hydrofuran-2-carboxylic acid] coupled with 2-bromo- or
- : -methoxy-2-bromoanilind0 to provide amidedl in
Over the last couple of decades, radical translocation Eearly quantitative yields. Amiderl reacted with allyl

actions in which the key bond-forming radical was gene > ; S
ated by intramolecular abstraction of an atom (usual om|de|nth(_e presence of potassium hydroxide in DMSO
afford radical precursors. The Boc group of com-

hydrogen) or group by a radical center, which then sub- _ .
sequently reacts with a site normally unreactive toward undss (a-c, X = N-Boc) was readily cleaved by hydro-

chloric acid in ethyl acetate to give unprotecke(e—g,
external reagents have been well develdp€dey have X = NH) in good yields. Compoundsa, 5b, 5¢, and5f

were obtained in optically active foria [a]p?° = 153.2,
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were determined on the basis of thgirand*C NMR
" bec, chCl /Q/ spectra, LC-MS, and elemental analyses. The diastereo-
N — - meric ratio (1:8-9) o012 to 13 remained constant regard-
less of the N-substituent on the heterocycles (Table 1,
entries 1, 2, 3, 5, 6, and 7), although Boc caused an in-
1 crease in the yield of non-translocation cyclization prod-

11 =1, X=NBoc, R =H, 95% .
116 n=1 X = NBoc. R = OMe, 97% ucts 14 (Table 1, entries 1, 2, and 3 vs 5, 6, and 7).

11c n=2, X =NBoc, R = H, 93% Replacement of N with O resulted in an increase in the
Hdn=1,X=0R=H,94% yield of productl2d (Table 1, entry 4). Varying the ring-
o} 7 size from five to six (Table 1, entries 1 vs 3and 5 vs 7) had
W no effect on the product ratio, neither did placing a meth-
DMSO, KOH, r.t. X N oXy group at th@ara-position of the phenyl ring (Table 1,
" allyl bromide Br entries 1 vs 2 and 5 vs 6). In the case of optically active

substrate®a, 5b, 5e, and5f (Table 1, entries 1, 2, 5, and
6) no optical rotation of their corresponding produkds

favd and 13 was observedl% was not measured due to the
5an=1, X =NBoc, R = H, 83% small amount obtained), which indicated complete race-
5bn =1, X =NBoc, R = OMe, 85% mization at the initial chirat-position. All these facts are
o R e consistent with a plane of symmetry at the translocated

HCI(g)/EtOAC 5gm=2 X = NH, R = H, 94% radical center at the-position that is stabilized by the
5f n=1 X = NH. R = OMe, 96% captodative effect with the adjacent heteroatom and
5en=1,X=NH,R=H, 92% Carbony| group.
Scheme?2 Preparation of the radical precursérs The stereochemical configuration of compour3fi was

determined on the basis of X-ray diffraction analysis
A routine method using AIBN as an initiator was applied (Figure 2). Its NOESY spectrum (Figure 3) is consistent

to the radical reactions of compoun@g translocation with the X-ray structure. As shown in Figure 3 there is a
cyclization azaloxaspirolactani® and 13, along with clear NOE effect between one of the protons at C-4 (1.91—

non-translocation cyclization produdté resulted. It was 2-03 PPm) and the methyl protons at C-9 (1.15 ppm) indi-
observed that the ratio dRa, 13a, and 14a was un- Ccating that they are close to each other. The stereochemis-

changed when the concentration of starfiagvas varied Uy Of 13b was confirmed by its conversion 18f after
(0.1 M, 0.05 M, 0.01 M). Several substraBesith differ- treatment with hydrochloric acid in ethyl acetat€he

ent heteroatoms (X = N or O) on the ring, different rin tereochemical structures of the rest of the prodigts
size (n = 1 or 2), or different substituent on the nitrogen &d13 were assigned by analogy with their NMR spectra.
the heterocycle (X N-Boc or NH) were investigated. The stereochemical configuration ® was not deter-
The results are summarized in Table 1. All the structur@dned.

Tablel Cascade Radical Reaction®Eeading to Aza/Oxaspirolactaf?, 13, and Compound4

o 4
( n
N
X n-BuzSnH/AIBN
Br. - =
slow addition
X

° 12 14
Entry 5 n R X 12 (%) 13 (%) 14 (%)
1 a 1 H N-Boc a(7) a (52) a(25)
2 b 1 OMe N-Boc b (7) b (51) b (22)
3 c 2 H N-Boc c(6) c (50) c (23)
4 d 1 H o) d (25) d (38) d (23)
5 e 1 H NH e(7) e (64) e(9)
6 f 1 OMe NH f(7) f (66) f (8)
7 g 2 H NH g(7) g (65) g(9
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In summary, theN-allyl-N-(2’-bromoaryl)amide moiety

of heterocyclic 2-carboxylic acids and th&propynyl
analogues were found to undergo radical translocation
cyclization to form aza/oxaspirolactams in good yield.
This approach provides a convenient methodology for the

peptidomimetics in drug discovery.
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Table2 Cascade Radical ReactionXi Leading to Aza/Oxaspirolactah®
‘ ‘ R R
0
(rm
X . n—Bugan-/.AIBN (m N HCI(g)/EtOAC (m N
slow addition X N
H
15 R 16 17

Entry 15 X n R 16 (%) 17 (%)
1 a N-Boc 1 H a (80) a(91)
2 b N-Boc 2 H b (75) b (90)
3 c N-Boc 1 OMe c(79) c(94)
4 d 0 1 H d (55)
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Genenal procedure: To a stirred solutio® 2 mmol) in
degassed toluene (50 mL), f&nH (0.688 mL, 2.4 mmol)
and AIBN (33 mg, 0.2 mmol) in toluene (20 mL) were added
dropwise over 7 h using a syringe pump under reflux. After
addition, the solution was heated at reflux for a further 2 h.
The solvent was removed, and the residue was purified by
flash chromatography on silica gel (petroleum ether—
EtOAc, 5:1-1:1) to give producfi®, 13, and14 (order of
elution).

CompoundL2f: 7%; light yellowish oil*H NMR (300 MHz,
CDCl):6=1.10(d, 3HJ=7.2 Hz, 1.79-1.89 (m, 2 H),
1.92-2.04 (m, 2 H), 2.21-2.26 (m, 1 H), 2.87-2.95 (m, 1 H),
3.22-3.30 (m, 1 H), 3.34-3.38 (dd, 1H; 3.6 Hz,J=9.6
Hz), 3.80 (s, 3 H), 3.81-3.86 (dd, 1 H+ 6.3 Hz,J=9.8
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Hz),4.79 (br s, 1 H, B exchangeable), 6.89 (d, 2H; 9.0
Hz), 7.53 (d, 2 HJ = 9.0 Hz);**C NMR (75 MHz, CDC)):

8 =14.22, 26.10, 35.32, 37.67, 47.47,52.97, 55.44, 71.07,
114.02, 121.26, 132.95, 156.49, 176.39; MS (B8~

261.1 [M + HTJ; Anal. Calcd for GsH,oN,O,: C, 69.20; H,
7.74; N, 10.76. Found: C, 68.02; H, 7.65; N, 10.83.
CompoundL3f: 66%; light yellowish solid; mp 82.4—83.6
°C.™H NMR (300 MHz, CDC)): $=1.15(d, 3HJ=7.2

Hz), 1.59-1.69 (m, 1 H), 1.76-1.86 (m, 1 H), 1.91-2.03 (m,
2 H), 2.31-2.39 (m, 1 H), 2.97-3.04 (m, 1 H), 3.23-3.30 (m,
2 H), 3.68-3.73(m, L H}=7.5Hz,J=9.6 Hz), 3.80 (s, 3
H), 4.78 (br s, 1 H, BD exchangeable), 6.90 (d, 2H5 9.0
Hz), 7.53 (d, 2 HJ = 9.0 Hz);*C NMR (75 MHz, CDC)):
5=11.89, 26.26, 28.78, 39.34, 47.62, 52.08, 55.44, 70.64,
114.02, 121.09, 132.80, 156.47, 177.70; MS (BE8k=

261.1 [M + HTJ; Anal. Calcd for GsH,oN,O,: C, 69.20; H,
7.74; N, 10.76. Found: C, 68.97; H, 7.62; N, 10.51.
CompoundL4f: 8%; light yellowish oil’H NMR (300 MHz,
CDCL):6=1.35(d, 3HJ=6.9),1.78-1.89 (m, 2 H), 2.17-
2.25(m, 1 H), 2.88-2.91 (m, 1 H), 3.20-3.25 (m, 1 H), 3.44—
3.58 (m, 2 H), 3.64-3.70 (m, 1 H), 3.80 (s, 3 H), 3.91-3.93
(m, 1 H), 4.18-4.32 (m, 1 H), 4.76 (br s, 1 H(D
exchangeable), 6.73 (d, 2 H), 8.10 (m, 1 H); MS (ESI):
m/z=261.1 [M + H].

To a solution ofL3b (180 mg, 0.5 mmol) in EtOAc (4 mL)

at r.t. was added a saturated solution of HCI in EtOAc (5
mL). After stirring for 2 h, the reaction was quenched with
30 % ag NaOH, and extracted with EtOAc(35 mL).The
organic layer was washed with brine{20 mL), dried over
MgSQ0,, and concentrated in vacuo to gia&f (113 mg,

87%) as a light yellowish solid (mp 82.1-84.0 °C).
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