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The plenitude of functional groups along with the vast array
of methodologies to create, interconvert, and utilize them in a
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accessibl¥ substrated because the tetrachloro derivativeslof
have been serving as exceptionally powerful templates for the
synthesis of numerous complex natural as well as aesthetically
pleasing unnatural productsA careful literature search revealed
that the vicinal dihaloalkene moiety ih is quite robust and
unreactive toward several reagetfténcluding OsQ oxidation

variety of bond forming reactions serve as an important asset for conditions!” It is interesting to note that the presence of halogens

designing chemical synthesis of any target molecule. dHakke-

in 1is rather a compulsion than choléand a complete reductive

tones, a powerful assembly of two adjacent carbonyl groups, aredehalogenation is almost invariably followed. We recently

of great interest because of their wide-ranging applications.
a-Diketones exhibit interesting photochemistrare used as
flavorants? serve as precursors for ligands in transition metal
chemistry? and are used in the preparation of variety of
heterocyclesand natural productso-Diketones also function
as the key elements in the Weiss reactiand in the construction

reported selective utilization of halogens Infor C—C bond
formation at the bridgehedd.In continuation of our efforts to
use halogens id as useful functional groups, we developed a
novel, facile, and extremely efficient methodology employing
catalytic RuC§3H,O and NalQ as stoichiometric cooxidatit
and report herein our results.

of rigid molecular assemblies (molecular wires, rods, etc.) based The substrateda—21awere subjected to ruthenium tetroxide

on “block” chemistry® Some of the common methods to obtain
o-diketones are the following: (i) oxidation afhydroxyketone$,
(i) oxidation of alkynes® and (iii) oxidation of a-methylene
ketones:! Although controlled oxidation of alkenes is difficult,
KMnO4/Ac,0 was reportetd to give low to moderate yields of

(generated in situ) oxidation employing RyGH,O/NalC, in
acetonitrile-water (6:1). The results are summarized in Table 1.
In all the cases the reaction proceeds smoothly and efficiently,
providing good to excellent yield of crystalline, yellowdike-
tones (entries 16, 13-18) or the products derived from them

a-diketone along with side products. However, the method is not (entries 7-12, 19-21)2° Reaction times varied considerably, but

suitable for small cyclic (below cyclooctene) and bicyclic systems.
It transpired to us that vicinal dihaloalkenes could serve as
maskeda-diketones (Scheme 1j.We particularly chose easily
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in general tetrabromo derivatives required relatively longer time
compared with tetrachloro derivatives and so is the case with
disubstituted versus monosubstituted {RH) derivatives in each
series. It is interesting to note that only one of the two primary
hydroxyl groups in7a and 19a was partially affected, forming
aldehyde first, followed by lactol formation and further oxidation
to furnish lactoneg’c and 19c While the lactol thus formed is
responsible for hemiacetaldd and 19d. The symmetric bis
lactones7e and 19e originate from the glycol cleavage of the
intermediates/f and 19f. On the other hand, mono-hydroxym-
ethyl-substituted derivativeda and20aexclusively furnished the
corresponding hemiacetals in high yields. The &dAdilso gave

a similar result. Protection of hydroxyl groups in all these cases
furnished the normalk-diketone product (entries 3, 15, and 18).
It is remarkable to note that the conversion of sensitive substrates
6a and 17awas smoothly accomplished in excellent yield.

(14) Substratesl were obtained via DielsAlder reaction of 1,2,3,4-
tetrahalo-5,5-dimethoxycyclopentadiene with a series of dienophiles, see:
McBee, E. T.; Diveley, W. R.; Burch, J. E.. Am. Chem. Sod955 77,
385387. Onishchenko, A. ®iene Synthesjdsrael program for scientific
translation, Jerusalem, 1964. Pews, R. G.; Roberts, C. W.; Hand, C. R.
Tetrahedron197Q 26, 1711-1717. In some cases routine functional group
manipulations of the initial adduct furnished the desired substrate. Full details
of the new adducts reported here will be published in a full account soon.

(15) Khan, F. A.; Prabhudas, B.; DashJJPrakt. Chem200Q In press.

(16) McBee, E. T.; Diveley, W. R.; Burch, J. E. Am. Chem. S0d.955
77, 385-387. Forman, M. A.; Dailey, W. Rl. Org. Chem1993 58, 1501~
1507. Mehta, G.; Padma, Setrahedron1991, 47, 7783-7806. Lin, C.-T.;
Chou, T.-C.J. Org. Chem199Q 55, 2252-2254. Jung, M. E.; Hudspeth, J.
P.J. Am. Chem. So&977, 99, 5508-5510. Sunko, D. E.; Lovyi, Z.; Vanrik,

H. J. Chem. Soc., Chem. Commad®885 1589-1590.

(17) Mehta, G.; Reddy. D. SChem. Communl999 2193-2194. Mehta,
G.; Reddy. D. STetrahedron Lett1999 40, 9137-9140. Mehta, G.; Reddy.
D. S.; Ramesh, S. S.; Tatu, Uetrahedron Lett1999 40, 9141-9144.

(18) Khan, F. A.; Prabhudas, Betrahedron Lett1999 40, 9289.

(19) For a recent report owis-dihydroxylation of alkenes using this
combination, see: Shing, T. K. M.; Tai, V. W.-F.; Tam, E. K. \Anhgew.
Chem., Int. Ed. Engl1994 33, 2312-2313. Shing, T. K. M.; Tam, E. K. W,;

Tai, V. W.-F.; Chung, I. H. F.; Jiang, @hem. Eur. J1996 2, 50-57.

(20) All new compounds were satisfactorily characterized by spectroscopic

methods including elemental analysis.

© 2000 American Chemical Society

Published on Web 09/16/2000



Communications to the Editor J. Am. Chem. Soc., Vol. 122, No. 39, 20889

Table 1. Ruthenium-Catalyzed Oxidation of Vicinal Dihaloalkenes  Scheme 2
to a-Diketones

¢l QMe O OMe O OMe
MeO . OMe MeO . OMe Cl CIOMe 0= OMe O OMe
o) cl cl
x 2 [‘:X Cat. RuCly3H,0 > [‘:X c aog cl
_— 2
X% RBZ NalO, o”x R — +
MeCN-H,0 (6:1) cl cl cl
1a-12a X=C| : 1b-6b X=Cl . © e I, T O e
13a-21a X=Br 13b-18b X=Br C Ome 0 OMe < e
entry substrate RR? product time yield (%) 22 23 24
1 1la COMe 1b 13k 9 A=9% RuCl,3H,0, 160% NalO,  10% 42%
2 2a COMe, H 2b 10 min 94 B=11% RuCly3H,0, 225% NalO, 65% -
3 3a —CH,OCH,OCH,— 3b 6h 93
4  da —(CHp)a— 4b 6 83
5 5a  PhH 5b  20min 96 Scheme 3
6 6a OAc, H 6b 2min 98 MeO__OMe MeO  OMe MeO_ OMe
7 7a CH,0OH 7cde 38K 21,30,34 o) x 1 H,0,/NaOH  x X X E
8 8  CHOH,H 8c 2h 76 — S o SAD,
9 9a COH, H 9c 4 74 0?7 x IR 2) CHN,/E,0 RYR 07 x IR
10 10a  —CH,OC(O)- 10c 551 78 R E=CO.Me R
11 1la  —C(O)—(CHy)s— 11c 9h 90 SN - T
12 12a —C(O)-(CHx)»—C(O)~ 12c 6h 94 iz i_g;"; Pn. R : H Sc 93% 5d -
13 13a  COMe 13b 30K 93 =ClL RY, R#=~(CH,),- 4c - 4d 92%
14 14a COMe, H 14b 2h 89 16b X=Br; R'=Ph, R2=H 16¢ - 16d 70%
15 15a —CHOCH,OCH,— 15b 6h 87
16 16a Ph, H 16b 10h 99
17 17a  OAc,H 17b 20 min 98 mol % and co-oxidant to 2.25 equiv furnished exclusively the
18 18a  CH,OAc, H 18b 1h 90 ; ; g ;
, symmetric, sparingly soluble, yellow bis-diketone23 in 65%
19 19a CH,OH 19¢cd,e 34t 55,30, 10 y Id P gy y 0
20 20a  CH,OH,H 20c 5t 92 yield.
21 2la CHO,H 2le ah 83 The wide-spread occurrence of functionalized cyclopentane
2 All reactions were run using 7% Ru8H,0 and 150% Nal@ at derivatives in nature prompted us to seek a direct access to these
0-5°C. " Isolated yields of analytically pure sampfeAt 0 °C to room from the abundantly availably utilizing our methodology. It is

d i i -
temperature? Based on starting material recovery; 76%, 60%, and 85% known that the oxidation of the double bond in norbornene

conversions, respectivelyMixture of diastereomers (65:35). L -
Vers! pectively Mixtu I ( ) derivatives (after complete dehalogenationlpfaffords cyclo-
pentanes devoid of any halogen groups. We considered KMnO

MeO-OMe MeO. OMe MeO OMe
X X HO X ox N X0 mediated oxidatio¥? on model substrateSa and 16a Both
« O o 2' ( remained inert even under vigorous conditions (ethyl methyl
X X0 o
O IIO

. o .
i ketone, reflux). We subsequently examined thgO¥NaOH-
Tex°Cl rax=c 7e X=Cl mediated cleavagreaction ofa-diketones (Scheme 3). In the
19¢ X=Br 19d X=Br 19e X=Br

case ofbb, an excellent yield of bis(-chloroester) cyclopentane
derivative 5¢c was realized. Under identical reaction conditions

MeO. OMe MeO . OMe MeO._OM
Hoe X C c oe X ° 4h and 16b furnished exclusively bicyclic lactone&d and 16d
HO HO o Y HO (single regioisomer), respectively, in high yields through displace-
X o} Q1 X
o—Y ua
)

oy ment of halogen by carboxylate anion.
10¢ X=Cl; Y=C(O 11c Y=CH, 8¢ X=Cl; Y=CH, In conclusion, we have demonstrated a facile conversion of
7fX=Cl; Y=CH, 12¢ Y=C(0) 9¢ X=Cl; Y=C(O) vicinal dihaloakenes tax-diketones starting from abundantly
19f X=Br; Y=CH, 20c X=Br; Y=CH,

available, celebrated rigid templates in organic synthdss,
21la A remarkably expeditious route to symmetric, polycyclic

The a-diketone group in these rigid molecules is constrained PiS(-diketone)23 was accomplished. The methodology was
into a cisoid conformation and therefore one of the carbonyls elaborated to obtain highly functionalized novel cyclopentane
has a very high tendency to switch to @-#ybridized carbon,  Possessing bis¢chloroester) groups or bicyclic lactones, which
preferably through intramolecular hemiacetal formation (vide are inaccessible via the existing methods.
supra) or hydrate formation. Whenever a suitable substituent, as
in 11a 123 and21a capable of interacting in an intramolecular
fashion with the incipient.-diketone monohydrate is present, a
stable hydrate in the form of double hemiacetbld 12¢ and
210 was isolated. In case d0a, the initial lactone reorganizes
itself into a rigid hemiacetalOc.

The versatility of the method was further demonstrated by the  supporting Information Available: Experimental details (PDF). This
facile conversion of bis addu2®, obtained from the DielsAlder material is available free of charge via the Internet at http://pubs.acs.org.
reaction between 1,2,3,4-tetrachloro-5,5-dimethoxycyclopentadi-
ene and 1,4-cyclohexadie®ento bis- and monax-diketones23 JA001956C
and 24 (Scheme 2). When 9 mol % ruthenium catalyst and 1.6
equ of Na_lQ was_employec_j23 and 24 Were obtained in a (22) For one single report of a KMn@&nediated oxidation of vicinal
ratio of 1:4 in 52% isolated yield. Increasing the catalyst to 11 dichloro alkene, see: Akhtar, I. A.; Fray, G. |.; Yarrow, J. 81.Chem. Soc.

(C) 1968 812-815. Under these conditions (refluxing acetorig)and 16a

(21) Akhtar, I. A.; Fray, G. 1J. Chem. Soc. (C)971, 2802-2804. Bratby, remained intact and recovered unchanged.
D. M.; Fray, G. I.J. Chem. Soc., Perkin Trans.1B72 195-199. (23) Leffler, J. E.J. Org. Chem1951, 16, 1785-1787.

21¢ X=Br; Y=CH(OH)
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