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Abstract

Oxidation of oxazolines derived from phenolic @-arylalkanoic acids such as tyrosine with iodobenzene diacetate
leads to spirocyclic amides in moderate yields. This reaction was heretofore unknown due to the propensity of
free amide analogs of the oxazolines to furnish lactones upon oxidation. © 1998 Elsevier Science Ltd. All rights reserved.
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Spirolactams of type 1 are useful intermediates in the synthesis of natural azaspirocyclic
compounds. An appealing route to these heterocycles may be visualized in terms of oxidative
spirocyclization of phenolic amides 3, followed by hydrogenation of the resulting dienone 2
(Scheme 1) [1-3]. Unfortunately, this transformation fails due to the propensity of the
nucleophilic oxygen atom of the amide to intercept the electrophilic intermediate arising
through activation of the phenol. Thus, oxidation of 3 with PhI(OCOCF3); (= PIFA) leads to
lactone 5, probably by way of iminoether 4, which is readily hydrolyzed during isolation
[4,5]. Work by Knapp [6] suggested that the effects responsible for the nucleophilicity of the
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(a) Ac20, 15% aq. NaOH, 93-95%; (b) aminoaicohoi (see Tabie 1), BOP-Ci, CH2Clig, Et3N, 72-82%; (c) Burgess reagent,
THF, 70°C, sealed tube, 68-74%; (d) KoCO3, MeOH, 73-81%,; (e) PPh3, CClg, Et3N, 1:1 pyridine - MeCN, aminoalcohol
(see Table 1), 44-68%.

thereof. We now report that the heretofore unknown transformation 3—2 may indeed be
achieved by oxidative cyclization of 2-oxazolines [7] derived from amides 3.
Oxazolines 10 were made either by dehydration [8] of the preformed amides 8 [9] with
the Burgess reagent [10] (me[hnd A), or, more conveniently, by condensation of phenolic
method B, Sc heme 2
O
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Reaction of oxazolines 10 with iodobenzene diacetate under Kita-like conditions [4]
-type cyclization

prov1ded the desued splrolactams 11. These were prone to ndergo Mlcha
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the corresponamg acetates 12 (Scheme 3). mte‘r‘estingiy, oxidation o
produced mixtures containing only small amounts of desired 11. Probably the CF3COOH
liberated during these reactions damaged the acid-sensitive dienones. It is conceivable that the

—r—

use of suitable acid traps (e.g. propylene oxide) in conjunction with PIFA might correct the
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(a) Phl(QAc)2, CF3CH20H; (b) Ac20, pyridine, DMAP, (Table 1); (c) standing.



Table 1 representative formation and cyclization reactions of oxazolines 10

Entry a b c d e
Acid n=1 n=1 n=1 n=1 n=2
6 R'=H R'=H R'= NHTs R'= NHBOC R'=H
Amino- S H 3 H N P X H
foanar | PITSYOH  (TOH PYTTOH PYTTOH PRNYTTO
NH, NH, NH, NH, NHo
Method A B B A A
Cpds. n=1 n=1 n=1 n=1 n=2
10/12 R!' =H:R2=Bn =R2=H R'=NHTs;R?2=Bn R'=NHBOC;R2=Bn R'=H;R2=Bn
Yield % _ . g o
of 128 47 42 41 27 17/

aRepresentative procedure for the cyclization of oxazolines 10. A solution of Phi(OAc)2 (1.1 mmol) in trifluoroethanol (5
mi) is added to a solution of oxazoline (1 .0 mmol} in trifluoroethano! (5ml)atnt. The mixture was stirred for 30 min, then
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sohd NaHCO3 was added to the solutlon and the mixture was flltered and concentrated. Standard acylation condmons
(Aco0, pyridine, DMAP, rt) provided 12.
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GXPCI'HHCH[S appea.r in Table W[lCI'CHl the ICpUI'[CU )’ eld rCIEf io purlnea acetates 12.
general, cyclization of oxazolmes leading to a spiro[4.5] system proceeds in fair yleldb (40-
50%), whereas the reaction of those giving a spiro[5.5] product is much less efficient (entry
e). Tyrosine derivatives are good substrates for the new process, provided that the a-amino
functionality is blocked as a sulfonamide (cf. entry ¢). In tyrosine carbamates (e.g., N-BOC
compound 10d), by contrast, the carbamate carbonyl competes effectively with the oxazoline
nitrogen for capture of the electrophilic intermediate obtained by activation of the phenol.
This results in several byproducts and in significantly lowered yields of 11 / 12. Scrutiny of
NMR spectra of crude 11 shows no evidence of byproducts resulting from aromatization of
the oxazoline to an oxazole. The moderate yields of 11 /12 seem to be rather attributable to
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4; M = 339.39). Crystal dimension 0.25 x 0.25 x 1.4 mm; coloriess needie; urmurnumnm, space
1102 m ¢ =1610.3(3) pm,V = 1791.0(4) X 108 nm3 Z=4,d(calcd)= 1295 g X cm™ 3 , WMo

.

Crystai data for 12a (CppoHoNOy;
group P21212y,a=1008.8(1), b = (1), ¢ =1610.3(3) pm,}
Kot) 0.09 mm‘1 A =0.71073, 28y = 55°, 5564 reﬂectlons measured, 4124 unique and 2858 with F > 36(F). Full mamx LSQ.
Empmcal absorpuon correction by \;1 scans. Hydrogen posmons of ndmg model with fixed 1sotop1c U. R(F) and Ry(F) = 0.066 and
0.061, respectively. Further details of the crystal structure may be obtained {rom the Director of the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 |EW (UK), by quating the full journal citation.
2All compounds were fully characterized {'H, 13C NMR (CDCl3), IR, MS, [OL]D20 (CHCl3), HRMS]. Data for representative

compounds: 8a: colorless crystals, mp 96 - 98 °C. 1H: 2.29 (s, 3H), 2.28 - 2.47 (m, 2H), 2.77 (d, 7.6 Hz, 2H), 2.88 - 2.95 (m,

2H), 3.39 (dd, 3.5, 10.8 Hz, 1H), 3.45 (dd, 4.0, 10.8 Hz, 1H), 4.10 (m, 1H), 5.62 (d, 7.6 Hz, 1H), 6.97 & 7.18 (d, 8.5 Hz, cach 2H),

7.14 - 7.30 (m, 5H). 13C: 21.1 (q), 31.3 (1), 36.8 (1), 38.8 (1), 52.2 (d), 63.5 (1), 121.7, 126.6, 128.5, 1292 & 129.5 (d) 137.7,
138.3 & 149.0 (s), 170.2 (s), 172.1 (s). [a] =— 14.7° (¢ = 1.63). 10a: colorless crystals, mp 141 - 143 °C. - 4 (DMSO0): 2.36 -
2.41 (m, 2H), 2.59 (dd 7.1, 13.6 Hz, 1H), 2.67 - 2.72 (m, ZH), 2.80 (dd, 6.1, 13.6 He, 1H), 3.83 (dd, 7.3, 8.1 Hz, 1H), 4.14 (dd,
8.1, 9.4 Hz, 1H), 4.25 (m, 1H), 6.64 & 6.98 (d, 8.5 Hz, each 2H), 7.18 - 7.29 (m, 5H). 13C (DMSO); 29.7 (1), 30.8 (1), 41.4 (1),
66.8 (d), 71.1 (1), 115.3, 126.3, 128.3, 129.3 & 129.4 (d), 130.6, 138.5 & 156.1 (s), 165.9 (s). [0} = — 26.8° (¢ = 1.16, MecOH).
12a: colorless needles, mp 163 - 165 °C. TH: 1.85 - 2.07 (m, 2H), 2.05 (s, 3H), 2.48 - 2.56 (m, 2H), 2.87 (dd, 4.9, 13.2 Hz, 1H),
3.i2 (m, 1H), 3.47 (dd, 10.6, 13.2 Hz, 1H), 4.38 (dd, 5.4, 11.3 Hz, 1H), 4.53 (dd, 8.1, i1.3 Hz, iH), 5.14 {dd, 3.1, 10.1 He, 1H),
5.85 & 6.21 (dd, each 1H, 2.1, 10.1 Hz, 1H), 6.78 (dd, 3.1, 10.1 Hz, 1H), 7.12 - 7.32 (m, 5H). 13C: 21.0 (g), 30.0 (1), 30.5 (1),

34.5 (1), 57.0 (d), 62.8 (s), 63. 5 (1), 127.1 & 128.6 (d), 129. 2 & 129.6 (d, C=C), 129.9 (d) 137.9 (s), 148.6 & 149 2(d, C=0C), 170.2
(s), 175.0 (s), 184.2 (s). [a] = + 31.4° (¢ = 0.44).
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Ho,E10A O /\ljé ACO\)"' Catalyst | 5% 10% 1%

12a A\ . Rh(C) Pd(C) Pt(C)
catalyost /[ W Y Ratio
90-95% O/V HO™ F 14:15 | 0:100 60:40 100:0

14 15
polymer formation Fmally attempts to induce oxidative cyclization in solvents other than
2N L.

trifluoroethanol (e. .

As exemplified in Scheme 4 with compound 12a, the dienone system may be
hydrogenated at atmospheric pressure to give spirocycles of the type 1; e.g., 14. This
reduction occurred cleanly in the presence of platinum on carbon or platinum oxide (Adams
catalyst), whereas other hydrogenation catalysts provided also variable quantities of re-
aromatized product 15. The ratio of desired lactam 14 to amide 15 ranged from 100:0 with
Pt(C) to 60:40 with Pd(C) to 0:100 with Rh(C). Aromatization presumably involves formal
oxidative addition of zerovalent metal to the dienone C-N ¢ bond, followed by
hydrogenolysis of the intermediate complex. Indeed, the extent of aromatization seems to
correlate with the reduction potential of Rh (0.600 V), Pd (0.951 V) and Pt (1.118 V) [12].
A side reaction observed with Pt catalyst is hydrogenation of the ketone to an alcohol. This
process, however, is slower than dienone hydrogenation, and it may be generally controlled
by careful monitoring of the course of the reduction (TLC) and by avoiding prolonged
reaction times.

In summary, the preparation of spirolactams 12 by oxidative cyclization of phenolic ®-
arylalkanoic acids, heretofore an elusive process, may be achieved via  oxazoline

intermediates. This chemistry is likely to facilitate the synthesis of various heterocyclic
natural nroducts. Additional develonments in these areas will be described in due course.,
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