ORGANIC
LETTERS

Regioselective Nucleophilic Addition to vol 2%
Carbonyl Ylide Intermediates: A Novel 45774580
Diastereoselective Synthesis of

Cycloalkyl Fused Furan-3-ones

Sengodagounder Muthusamy,* Boopathy Gnanaprakasam, and
Eringathodi Suresh

Central Salt & Marine Chemicals Research Institute (CSIR),
Bhavnagar, Gujarat - 364 002, India

muthu@csmcri.org

Received July 2, 2005

ABSTRACT
Nu )
( =-Q H ‘\\O\ /O/,( n
Nu
L R4 O Q “Me
Me o) 0
100% diastereoselectivity n=0,1
whenRy=H meso and df compounds

A range of cis-fused hexahydro-1-benzofuran-3(2 H)-one or tetrahydro-2 H-cyclopenta[ bfuran-3(3a H)-one ring systems was synthesized by the
rhodium(ll) acetate catalyzed reaction of  a-diazo carbonyl compounds in the presence of various oxygen, nitrogen, and sulfur nucleophiles.

A double-nucleophilic addition was possible by using an excess of o-diazo ketone. These reactions proceeded with complete diastereoselectivity,

and the stereochemistry was confirmed by the single-crystal X-ray analysis. This process discloses the first example of tandem cyclization -
nucleophilic addition reaction.

The synthesis of bicyclic compounds, particularly of tet- ing thecis-fused bicyclic ring systems. The metal-catalyzed
rahydrofuran derivatives from a simple synthon with high reactions of diazo carbonyl compouAdsovide metallo-
degree of chemo-, regio-, and stereoselectivity, has been aarbenoid intermediates, which undergo subsequent processes
major challenge to organic chemists. Several natural productssuch as ylide generation, cyclopropanation, or insertion in a
contain fused furan bicyclic ring systems (Figure 1, e.g., tandem manneYThe generation of carbonyl ylide intermedi-
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Scheme 1. Diasteroselective Reaction of Carbonyl Ylides with
Oxygen, Nitrogen, and Sulfur Nucleophiles
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Figure 1. Cis-fused furan ring systems in natural products. Y
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ates from diazo carbonyl compounds and their successive ( CHs Un ;Zo
reaction with C=C or &0 bonds has been well described CHs
in the literature. Participation of metal-derived onium ylides 3 4a:n=0;4b:n=1

in ionic trapping processes as the nucleophilic paftaad
the interception of oxonium ylides;” isomiinchnon€s in
the presence of protic nucleophiles are reported. To the besistrategy, the reaction was performed in the presence of
of our knowledge, there is no literature dealing with the several aliphatic and aromatic alcohols. The rhodium(ll)
reaction of transition-metal-generated transient carbonyl acetate catalyzed reaction of an equimolar amouatditizo
ylides and nucleophiles. This is because of the competitive ketone with primary alcohols under inert atmosphere pro-
reaction of electrophilic metallocarbene intermediate in the vided the corresponding substituted fused furanone ring
presence of a nucleophile, which always affords the insertion systems2 (entries 2—5, Table 1). The secondary alcohols
product®8Interestingly, we report herein the first examples smoothly underwent nucleophilic addition reaction (entries
of the reaction of carbonyl ylide intermediates with various 6—7) with the carbonyl ylide intermediate The reaction
nucleophiles to afford the cycloalkyl fused furanone ring

systems diastereoselectively. .

Wlth_ the eventual pnmary.goal to synthesmrs—fused Table 1. Synthesis of Compoundavia Scheme 1
furan ring systems, we examined the rhodium(ll)-catalyzed

reactions of diazo carbonyl compounds. Initially, the moist yield®
dichloromethane solution af-diazo ketonelb was stirred entry n nucleophiles Nu— prdt (%)
in the presence of rhodium(ll) acetate catalyst to affordthe 1 1 water HO- 2a 90
product2a (entry 1, Table 1) in 90% yield and characterized 2 1 methanol CH30~ 2b 86
as 7a-hydroxy-3a-methylhexahydro-1-benzofurarH3(@ne. 3 1 benzyl alcohol BnO- 2c 72
Thecis-stereochemistry was confirmed by the single-crystal 4 1 1,2-ethanediol HOCH,CH,0— 24 88
X-ray crystallographic analysfsand the above reaction was 5 1 ld-butanediol ggcclg%}lf Ze 80
f:ompletely diastereoselective. The fo_rmation of prodiect 6 1 2-propanol CH?CH;ZO_ of 78
indicates that the successful generation of five-membered- 7 1 ¢yclohexanol CeHp,0— 2g 56
ring carbonyl ylide intermediatda and followed by the 8 0 4-bromophenol 4-BrC¢H,0— 2h 92
diastereoselective addition of water. Notably, the well-known 9 1 hydroquinone 4-OHC¢H50— 2i 88
competitive G-H insertion producBa under similar experi- 10 1 resorcinol 3-OHGCsH50— 2j 86
mental conditions is not observed at all (Scheme 1). 111 2-mercaptoethanol HSCH.CH,0- 2k 76
This interesting result encouraged us to investigate this E g ;’n}ﬁmanﬂ}ﬁe ;-21(332%}1&}1\113{_ :1 gg
reaction with various oxygen nucleophiles. To evaluate this |, | 22h1$22$1$2 2:CICEH1NH7 2: 99
(5) (a) Mehta, G.; Muthusamy, STetrahedron2002, 58, 9477. (b) 151 d-aminophenol  4-OHCGH.NH- 20 88
Hodgson, D. M.; Pierard, F. Y. T. M.; Stupple, P.@hem. Soc. Re2001 16 1 p'thTocreSOI 4-CH5CgH4S— 2p 78
30, 50. (c) Padwa, A.; Weingarten, M. Bhem. Rev1996,96, 223. 17 0 p-thiocresol 4-CHsCeH4S— 2q 80
(6) (a) Lu, C.-D.; Liu, H.; Qhen,'Z.-\.(.; Hu, W.-H.; Mi, A.-QOrg. Lett. aIsolated yields.
2005, 7, 83. (b) Sawada, Y.; Mori, T.; Oku, Al. Org. Chem2003, 68,

10040. (c) Lu, C.-D.; Liu, H.; Chen, Z.-Y.; Hu, W.-H.; Mi, A.-QChem.

Commun 2005, 2624. (d) Wang, Y.; Zhu, Y.; Chen, Z.; Mi, A,; Hu, W;

Doyle, M. P.Org. Lett.2003,5, 3923. (e) Sawada, Y.; Oku, A. Org. . . . .

Chem.2004,69, 2899. with aromatic alcohols furnished the corresponding aryloxy-

. (é)h(lial) SOlju,OA.; Sc?mwad;(io'\g';es gc%%eld%) M.; Higashikubg, L; YosEida, substituted bicyclic systems (entries 8—10). Further, the
o i, S.J. Org. Chem ,69, . Mori, T.; Sawada, Y.; Oku, ; ; ;

A. J. Org. Chem2000,65, 3620 and references therein. (c) Muthusamy, reaqtlon was carried OUt. with mercaptoe_tr_]anol (entry 11) to

S.; Gunanathan, GChem. Commur2003, 440. furnish the produc®k with chemoselectivity. Though the

(8) (a) Miller, D. J.; Moody, C. JTetrahedron1995,51, 10811. (b) i ili

Kirmse, W. In Advances in Carbene Chemistrigrinker, U., Ed.; JAI Su'f”f atom is more nUdeOphI“C than. an oxygen atom, the

Press: Greenwich, CT, 1994; Vol. 1, pp-37. (c) Fructos, M. R.; reaction afforded the produc2k derived from oxygen

Belderrain, T. R.; Nicasio, M. C.; Nolan, S. P.; Kaur, H.; Diaz-Requejo, nucleophile.

WMo perez, B A A e 30800q 126:10846. (d) Doyle, M. P We were further interested to study the selectivity with

(9) For details see the Supporting Information. nitrogen and sulfur nucleophiles. Toward this, we have
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carried out the representative rhodium(ll) acetate catalyzedabove findings. Thus, the reaction of the corresponding ester
reaction of an equimolar amount afdiazo ketonela and substituted-diazo ketone withp-thiocresol in the presence
4-nitroaniline under inert atmosphere to afford the product of rhodium(ll) acetate catalyst afforded the furan-3-one
2| (Table 1) and characterized as 3a-methyl-6a-(4-nitrophe- derivative5a in good yield (Figure 3, Table 2) with better
nylamino)tetrahydrocyclopentg[furan-3-one. Theis-ster-
eochemistry was undoubtedly confirmed by the X-ray
crystallographic analysi$ (Figure 2). This reaction was
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Figure 3. Diasteroselective reaction of carbonyl ylides with mono-
and dinucleophiles.

diastereoselectivity. This reaction was generalized with
sulfur, oxygen or nitrogen nucleophiles to afford the products
5b—g. The major diastereomer of the produsy was
successfully separated by the crystallization technique. The
stereochemistry of £-H in 5g was confirmed as syn to
bridgehead methyl group by the X-ray crystallographic
analysis’ and the same stereochemistry is tentatively as-
signed to other major diastereomersbaf—f.

Table 2. Diastereoselective Synthesis of Compoubdmd 6

nucleophiles yield®
_ _ entry n used Nu— prdt (%)
Figure 2. ORTEP representation of the crystal structurelof 1 1 p-thiocresol 4 CHyCoHLS— 5ab  82(982)
2 0 p-thiocresol 4-CH5CgH,S— 5b® 84 (85:15)
3 1 benzyl alcohol CgH5CH0— 5¢® 90 (75:25)
. . - L. . 4 0 ethanol CoH;0— 5d® 82 (75:25)
generalized using 2-chloroaniline under similar experimental 5 1 qthanol C,H:0— 5eb 87 (77:23)
conditions to afford the respective anilino-substituted furan- 6 0 2-chloroaniline 2-CICsHNH— 5ﬂ=b 91 (75:25)
_ . f _ 7 1 4-nitroaniline 4-NO;C¢H,NH-— 5 gbc 89 (70:30)
3-onering systemgm,n (Te}ble 1). Importantly, the rhodlum 8 1 12-cthanediol -CH,OH,O— 6al 48
(I) catalyzed reaction ofb in the presence of 4-aminophenol 9 1 hydroquinone —1,4-C¢H,O— 6bd 72
occurred chemoselectively with NH rather than OH group 10 1 éfn'gaf:;ﬁgf —1,2-CHCeH,CH,0— 6¢ 70
to furnish the producgo. 110 Ldbensene  —14-CH.CHCH0- 6d! 67
. . . imethano
We then examined the reactions in the presence of sulfur , = "0V R0 o4 CH-CHCH,0- 6ed 65
nucleophiles. Thus, the reaction in the presence of 4-thio- 1,4-diol

CrfaSOI furWShed the bICyC“C ring systems havmg b“dgehead a|solated yieldsP Inseparable diastereomers and dr based on crude NMR
thioether linkagep,q (Table 1). The two protons present at  experiments¢ Major isomer was separated by crystallizatiit was not
Cg—position of compoundsZa—q appeared as two AB possible to determine whether one or both diastereomers was formed.
doublets indicating their distereotopic nature. All these

reactions provided the cyclohexane or cyclopentane fused Finally, we extended our study with di-nucleophiles.
furan-3-one2 with complete diasteroselectivity in very good Hence an excess amountdiazo ketonela and 1.2-

yield. . . . __ ethanediol were reacted in the presence of rhodium(ll) acetate
We next examined these reactions having estersubstltutloncata|yst to afford the produdia with complete diastereo-

at diazo functionality carbon. Thgreby, one expects to bring selectivity (Table 2). This reaction was supported with
three stereocenters in the bicyclic derivatizdsased onthe g q4itional examples using various dihydroxy compounds to
(10) Crystal data for th B ol N.On M = 276.29.0.20 furnish the corresponding bis-furan-3-one compousigse
rystal data for the compou , = .29, 0. . . .
« 0.12 % 0.08 mnf, monodlinic, space QroUB with & — 12.4574(18) A, (Figure 3, Table 2) having four stereocenters in moderate to
b= 7.9073(11) Ac = 14.806(2) Ao = 90°, § = 109.547(3)°y = 90°, good yields. These products might exist as a mixtunmeso

V= 1374.4(3) R T=273(2) K,R, = 0.0676, wR =0.1870 on observed  and dl compounds; based on the reaction of diol with the
data,z = 4, Dcaca = 1.335 g cn3, F(000) = 584, absorption coefficient . P ' . .

=0.099 mn11, /. = 0.71073 A, 5273 reflections were collected on a smart OPPOSsite or same enantiomers of carbonyl ylidesespec-
apex CCD single-crystal diffractometer, 1786 observed reﬂectibazg(a ti\/ely_

(1)). The largest difference peak and hote 0.205 and—0.213 e A3, : : ;

respectively. The structure was solved by direct methods and refined by Fl’om the abQVe eXPe”m_em& one cap visualize that the
full-matrix least-squares methods &8 using SHELXL-97 software. potential formation of insertion producssvia O—H, N—H,
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or S—H insertiod*81to the diazo functionality under similar  ketones is described with complete diastereoselectivity. This
experimental conditions, and no such products were observedhovel process forms as the first example of tandem cycliza-
isolated. The possible intramolecular cyclization of the tion-nucleophilic addition reaction. This facile method
insertion producBto 2 (Table 1) is also ruled out based on provides an opportunity to synthesize a rangecisffused
the reactions with nitrogen and sulfur nucleophiles. This bicyclic compounds toward naturally existing compounds.
indicates that the formation of ylide intermedidtes a more Further investigation into the selectivity and generality of
favorable process. The reactive center of the dipole is this process toward other bicyclic systems are currently
completely planar and the fused cycloalkane ring adopts underway.
envelope 4a) or chair @b) like conformatior? Mechanisti-
cally, the generation of the carbonyl ylide intermediate and Acknowledgment. B.G. thanks CSIR, New Delhi, for a
followed by the incoming oxygen, nitrogen, sulfur, or Fellowship.
dinucleophile adds syn to methyl group of the facially
dissymmetric carbonyl ylide intermediatégurnishing the
products?, 5, and6 diasteroselectively in a tandem manner.
In summary, the efficient synthesis of 3a-methyltetrahydro-
2H-cyclopentap]furan-3(34d)-one or 3a-methylhexahydro-
1-benzofuran-3(#)-one ring systems via the generation and
regioselective nucleophilic addition to the transient carbonyl
ylide 1,3-dipole derived from the easily prepareetiazo OL051562W
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tails, characterization data for all new compounds, energy
minimized structures of ylide4, proposed mechanism, and
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