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Medium-sized (seven- or eight-membered) carbocyclic rings n n
which are typically embedded in polycyclic systems are found
in an increasing number of bioactive natural products. The
development of general methods for the construction of medium- Scheme 2
sized carbocycles or their annulation onto existing carbocycles - -
. 4 \/\/\(\ 1. CITi(O-FPr)3

has thus become an active area of resedi®he typical class S OEt -PrMgClI
belongs to hydroazulenic natural products which have prompted A 5 Ro
a spate of elegant syntheses. Despite many known approaches, 1 e} OHC\/\H/N\R
conspicuous is the paucity of reliable methods for rapid assem- ) 8
bly of functionalized hydroazulenes directly from acyclic sub- 75-80% 2a—d
stratess We envisioned the implementation of an intramol-
ecular Kulinkovich cyclopropanatiéf of esters or amides and a NR2R3 CITi(0-#Pr)3 OR EZ
tandem ring expansiorcyclization sequence of the resulting H o-CaHgMgCl v/\/\/\/ﬁ( *Rq
bicyclic heteroatom-substituted cyclopropanes for the stereo- e~ 80-95% e O
controlled synthesis of bicyclo[5.3.0]decan-3-ones. The latter : 3a-d:R=H TIPSOTF
transformation was well-precedented by independent studies of OTIPS 5o steps 4a-d: R =TIPS )(go%)
the Booker-Milburn and Narasaka groups involving oxidative ,V
cleavage of bicyclic hydroxycyclopropanes and subsequent 5-exo NRoRs a:R,=Rg=Et
cyclization of the resulting-keto radicals to the pendant olefins H b: Ry =R3 =Bzl
(Scheme 1¥:6 Herein we report analogous cyclization of bicyclic S NEN ¢: Ry = p-CgH,OMe
aminocyclopropanes. OTIPS Rz=Me

6c d: R, = Ph; Rz = Me

The bicyclic aminocyclopropane functionality was chosen over
the respective cyclopropanol substrate because of the possibility ) ] ] )
of tuning or modulating the oxidation potential of the former for = Toward this end, starting materials were readily prepared by
facile generation of cyclopropylaminium radical intermediates Utilizing the addition of an in situ generated allyltitanium reagent
under mild conditions. An additional advantage based on our t0 an aldehyde according to the method of Sato (Schenfe 2).
earlier observatiohthat an intramolecular Kulinkovich cyclo- ~ Thus, slow addition of isopropylmagnesium chloride to a mix-
propanation of carboxamides (especially those containing bulkier ture of allylic carbonaté and chlorotitanium triisopropoxide in
N-substituents) typically afforded higher yields than that of esters €ther, followed by aldehyde&a—d, afforded the homoallyl

prompted us to investigate the aminium radical-based annulation@lcohols3a—d in favor of the threo isomer in inseparable 8:1
approach. 10:1 mixtures (7580%). TIPS ethergla—d were obtained in

90% vyield. Intramolecular cyclopropanation 4é—d was then
(1) For general reviews, see: (a) Heathcock, C. H.; Graham, S. L.; Pirung, achieved in excellent (8095%) yield by the action of chloro-
M. C.; Plavac, F.; White, C. T. IThe Total Synthesis of Natural Products  itanium triisopropoxide and cyclopentylmagnesium chloride to
ApSimon, J., Ed.; Wiley: New York, 1983; Vol. 5, pp 33390. (b) . . . - b7 9
Vanderwalle, M.; De Clercq, Pletrahedronl985 41, 1767. (c) Petasis, N. give the bicyclic cyclopropylamlnesl'?a—d. o A|501 the
A.; Patane, M. ATetrahedror.992 48, 5757. (d) Roxburgh, C. Tetrahedron epimer6c was prepared by means of Mitsunobu inversion of the
1993 49, 10749. (e) Mehta, G.; Singh, \Chem. Re. 1999 99, 881. alcohol 3c to examine the effect of a siloxy substituent on the
(2) A powerful method has recently been developed by the Wender group ~ .. . o - .
by employing metal-catalyzed [5 2] cycloaddition of vinylcyclopropanes _eff|C|ency and diastereoselectivity of the central cyclization (vide
and alkynes or alkenes: (a) Wender, P. A.; Takahashi, H.; Witulskd.B.  infra).
Am. Chem. So0d 995 117, 4720. (b) Wender, P. A.; Husfeld, C. O.; Langkopf, ina- ing-5- - izati
E.; Love, J. AJ. Am. Chem. Sod998 120, 1940. (c) Wender, P. A.; Rieck, A tandem ring-opening-5-exo-cyclization sequencbal was
H.: Fuji, M. J. Am. Chem. S04998 120, 10976. (d) Wender, P. A.; Barzilay, ~ NeXt investigated by use of photosensitized and chemical oxida-
C. (M) Dyckma”n, A. JJ. Am. Che(m). S?QEOL %123 179.d e tions (Scheme 3% Photosensitized oxidation dda with 1,4-
3) For excellent reviews, see: () Kulinkovich, O. G.; de MeijereChem. dicyanobenzene (DCB) (5 equiv) in a deaerated solution of 10:1
Rev. 2000 100 2789. (b) Sato, F.; Urabe, H.; Okamoto Chem. Re. 2000 CHsCN/MeOH containing 15 equiv of Cu(OAchfforded the
annulation product in 59% yield as an inseparable diastereomeric
mixture (GC/MS). Photooxidation &b under identical conditions
also gaver in 60% vyield, along with recovered starting material

100, 2835.
(4) (a) Lee, J.; Kang, C. H.; Kim, H.; Cha, J. &. Am. Chem. S0d 996

(23%). CAN oxidation obb in CH;CN containing sodium acetate

(8) Sato, F.; Urabe, H.; Okamoto, Synlett200Q 753.

118 291. (b) Lee, J.; Cha, J. K. Org. Chem1997, 62, 1584. (c) Kasatkin,
(9) Chaplinski, V.; de Meijere, AAngew. Chem., Int. Ed. Endl996 35,
3

A.; Sato, F.Tetrahedron Lett1995 36, 6079.
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I.; Thompson, D. FSynlett1993 592. (c) Booker-Milburn, K. I.; Thompson,
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Table 1. y OMe o X
o 1YY O Sio, H
1 |.H CF5CH,0H

in 5 mM conc. i1 h

\N .
5¢ _— + stereoisomers H n
H \/\)\ TIPSO
16

TIPSO

19: X = OOH
P(OEs ( 9:X=OOH,Y=H OTIPS POOEYs (99 X = O (57%)
10:X=0H,Y=H 33:1.0:04:03ds
PCC ( 11:X=Y¥=0 OMe
entry reaction conditiorts yieldP selectivity \N/©/ 80y
CF3CH,0H
1 MeCN, rt, 3d 52% 4.5:190 H m,1h
2 MeCN, SiQ, rt,1d 65% 9.0:1.0:0.5 H
3 CRCH;OH, 1t, 2 h 58% 8.5:1.0:0.4 N P(OEY); ( 22:X=00H,Y=H
4 CRCH,OH, SiO;, 1t, 1 h 68% 17.0:1.0:0.9 21 28: X=0H,Y=H (61%)
5 (CR):.CHOH, SiQ, 1t,0.5h  75% 8.7:1.0:0.4 P e
6 (CR;).CHOH, rt, 0.5 R 68% 9.0:1.0:0.3 D
@Except for entry 6 (in 25 mM), the oxidative cyclization was \ﬁ’/,lj CITI(O-+Pr)g Mo AT
performed h a 5 mM solution.® Purified (silica gel column) yield \©\ c-CsHgMgCl
of 10 and stereoisomer§Selectivity refers to ratios ofl0 and o oMe
diastereomers; determined by GC/MS except for entryIdolation BOMO BOMO
ratio, where the minor fraction contained two isomers. ~ 26 ~
. . o % Si0,
provided7! (20%) and the nitrat& (30%) (as a single isomer), CFaCHoOH
in addition to recovered starting material (24%). m,1h o
Next, thep-anisidine group was chosen for substituerggdr _
Rs) to lower the amine oxidation potentil. Thus, 5¢ was POEYs ( 27:X= SSH\;Z:HH(M%) oM
prepared in good yield, and cyclic voltammetry (CV) measure- PCC ( 29:X=Y=0 (85%) BOMO y e
mentd? indicated that its oxidation potential was indeed signifi- >20.0:1.0ds o

cantly lower than that ofb. More importantly,5c was found to

slowly undergo oxidative ring opening during silica gel column following reduction with triethyl phosphité},the stereochemistry
chromatography. Since molecular oxygen was the only oxidant of which was assigned, as shown in Table 1 and Scheme 4, based
present, we examined the use of silica gel and fluorocarbon on mechanistic considerations and also by analogy to the
solvents which are known to possess high solubility of oxygen respective oxyradical-mediated cyclizatithThe presence and
(Table 1). Whereas cyclization took about 3 days in acetonitrile, stereochemistry of a siloxy substituent in the ring has an
it was accelerated by the use of silica gel (entries 1 and 2). A insignificant effect on the diastereoselectivity of the 5-hexenyl
more dramatic solvent effect was observed in 2,2,2-trifluoro- radical cyclization. The use of a trisubstituted olefin (el.and
ethanol, where the reaction was compleat€ih (entries 3 and 16) as the radical acceptor results in lower diastereoselectivity,
4). The overall process became even faster in 1,1,1,3,3,3-which may be considered as an outcome of the reactivity
hexafluoro-2-propanol (entries 5 and 6). The reaction rate was selectivity principle. It should be emphasized that the use of the
thus proportional to the increasing solubility of oxygen in solvents; p-anisidine group for th&l-substituent is central to facile aerobic

in all solvents comparable yields and good diastereoselectivities oxidative ring opening of the aminocyclopropanes. For example,
were obtained. Particularly noteworthy is the excellent diastereo- the N-phenyl derivativedd proved to be unreactive under identical

selectivity for 10 (as 1:1 epimers at the hydroxyl stereocenter, reaction conditions.
Mechanistically, the overall transformation can best be ex-

(11) The product7 from CAN oxidation comprised four inseparable  plained by initial formation of the tertiary aminium radicaland
diastereomers in a 63:26:7:4 ratio (GC/MS).
(12) Aryl-substituted and strained cyclopropanes are known to undergo  (14) (a) Inseparable (8:110:1) diastereomeric mixtures of the cyclopro-
facile photosensitized ring opening via the corresponding radical cations: (a) pylamines were subjected to the aminium radical cyclizations. Fortuitously,

Rao, V. R.; Hixson, S. SI. Am. Chem. S0d979 101, 6458. (b) Dinnocenzo, the major products (i.e10, 13, 18, 23, and28) were separated by column

J. P.; Simpson, T. R.; Zuilhof, H.; Todd, W. P.; Heinrich, Jl.Am. Chem. chromatography from a cluster of their remaining diastereomers. (b) The origin

Soc 1997 119 987 and references therein. for the improved diastereoselectivity, compared to that of photochemical and
(13) Available in Supporting Information. chemical oxidation, is unclear at the present time.
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superoxide by one-electron oxidation with molecular oxygen
(Scheme 5}° The ensuing ring cleavage 8fgenerates the ring-
expanded,-immonium carbon radicaB, which undergoes
5-hexenyl cyclization to affordC. Clearly, opening of the
cyclopropane ring takes place faster thaCH deprotonation, a
well-documented alternate reaction pathway for tertiary aminium
radicals® Under our reaction conditions, the 5-exo closurdéof

is faster than its addition to oxygen, the rate of which was reported g,

to be diffusion-controlled (i.ek > 10° M~ s71).17 The stereo-
chemistry ofC involving the transfused ring junction and the

(15) (a) Chen, M. J.; Linehan, J. C.; Rathke, J. WOrg. Chem199Q

55, 3233. (b) Autoxidation of enamines and Schiff bases was reported, although
a small amount of a metal oxidant was required for an enhanced rate of For recent representative studies of radical cations, see:

oxidation: Malhotra, S. K.; Hostynek, J. J.; Lundin, A.¥ Am. Chem. Soc
1968 90, 6565. See also: (c) Itoh, T.; Kaneda, K.; Teranishif&rahedron
Lett 1975 2801.

(16) (a) Nelsen, S. F. Iifree Radicals Kochi, J. K., Ed.; Wiley: New
York, 1973; Vol. 2, Chapter 21. (b) Zhang, X.; Yeh, S.-R.; Hong, S.; Freccero,
M.; Albini, A.; Falvey, D. E.; Mariano, P. SJ. Am. Chem. S0d 994 116,
4211. (c)N-Substituents other than the methyl group will also be investigated
in due course.
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cis-side chain is anticipated in terms of the chairlike conformation
having the alkenyl side chain equatorial by adaptation of the
Beckwith model and also in accord with literature precedehts.
Subsequent trapping d@ by oxygen then affords the peroxy
radicalD as a 1:1 epimeric mixture. Although the precise pathway
for D — 9 is unknown, an electron transfer betweBrand 5c
could be involved as the chain propagation step leading to the
corresponding hydroperoxide (hydrolysis of which affo@isnd
A.1% Alternatively, the hydroperoxide could be formed by an
electron transfer with superoxide.

In summary, we have developed a stereocontrolled synthesis
of bicyclo[5.3.0]decan-3-ones, starting with readily available
acyclic substrates, by employing an intramolecular Kulinkovich
cyclopropanation of olefin-tethered amides, followed by a tandem
ring expansion-cyclization sequence of the resulting bicyclic
aminocyclopropanes by aerobic oxidation. Facile generation and
applications of aminium radicals are particularly noteworthy and
provide a useful entry to growing examples of radical cation
chemistry in the carboncarbon bond-forming reactions under
mild conditions?°
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