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Table I. Selected Bond Distances (A) and Bond Angles (deg) 

parameter X-ray CSD0 

C1C2 1.488 (6) 1.515 (2) 
C1C6 1.603 (8) 1.549 (2) 
C1C7 1.570 (6) 1.551 (2) 
ClClO 1.497(7) 1.514(2) 
C2C3 1.476 (7) 1.519 (2) 
C2-0 1.256(5) 1.209(2) 
C3C4 1.544(6) 1.532 (2) 

"Camphor model, Cambridge Structural Database, ref 12. 'Mean. 

Figure 1. ORTEP drawing of 2-methoxy-l,7,7-trimethylbicyclo[2.2.1]-
hept-2-ylium. 

C-C distances that are several bonds removed from C2 (C7C9, 
C7C8, C5C6, C4C7, and C4C5) are compared with the corre
sponding weighted mean bond lengths of substituted camphor 
compounds with high quality X-ray structures12 in Table I and 
are very similar.13 C2-0 is about 0.05 A longer than the mean 
camphor carbonyl distance;12 it is, nonetheless, at least 0.1 A 
shorter than the typical C-O length in ethers,14 indicating pre
dominant oxonium ion character. For a methoxy group attached 
to a positive carbon 1.256 (5) A is reasonable.4 The C-C bonds 
near the cationic center are the most interesting; C1C6 is highly 
abnormal. At 1.603 (8) A it is one of the relatively few single 
bonds that is over 1.60 A.15 This is 0.05 A longer than the average 
value in simple bicyclo[2.2.1]heptanes13 or the camphor model.12 

The remaining structural units in the vicinity of C2 are altered 
in a less dramatic fashion. Notably, C1C2, C2C3, and C1C10 
appear to be on the short side, whereas C1C7 is slightly long.12 

A plausible explanation for the considerable lengthening of C1C6 
is carbon-carbon hyperconjugation, although alternative expla
nations are conceivable.16 The "vacant" orbital on C2 and the 
C1C6 bond are properly aligned for such an effect. The dihedral 
angle formed by C1C6, C1C2, and a line perpendicular to the 
C1C2C3-0 plane at C2 is about 18°. The quantitative pattern 
of the neighboring parameters is also compatible with this in
terpretation. Because of the presence of the strongly electron-
releasing methoxy group, it is somewhat surprising that C1C6 
is in the same general range (1.62 (2) A) as the C0C3 bonds in 
the 3,5,7-trimethyladamantyl carbenium ion.17 A final point 

(11) Cambridge Structural Database (CSD), 47 structures, mean B-F = 
1.350 (23) A. 

(12) Camphor model, CSD, 10 structures, weighted mean parameters. 
(13) See, also: Doms, L.; Van Hemelrijk, D.; Van de Mieroop, W.; 

Lenstra, A. T. H.; Geise, H. J. Acta Crystallogr., Sect. B: Struct. Sci. 1985, 
B41, 270. 

(14) Dunitz, J. D. X-ray Analysis and the Structure of Organic Molecules; 
Cornell University: Ithaca, 1979; p 338. 

(15) (a) Footnote 30 in Hounshell, W. D.; Dougherty, D. A.; Hummel, J. 
P.; Mislow, K. J. Am. Chem. Soc. 1977, 99, 1916. (b) Ruchardt, C; Beck-
haus, H.-D. Angew. Chem., Int. Ed. Engl. 1980, 19, 429. 

(16) Reference If; Chapter 14. 
(17) Laube, T. Angew. Chem., Int. Ed. Engl. 1986, 25, 349. 
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parameter X-ray CSD0 

C4C5 1.541 (7) 1.533 (2) 
C4C7 1.546(6) 1.548(2) 
C5C6 1.531 (9) 1.540 (3) 
C7C8 1.530(7) 1.530(2) 
C7C9 1.542(6) 1.530(2) 
C I l - O 1.493(6) 
ZC2C1C6 98.8(4) 103.4(1.2)» 

worth noting is that the nonbonded distance between C2 and C6 
is 2.35 A (ZC2C1C6 = 98.8 (4)°), which is 0.05 A shorter than 
the mean C2-C6 camphor distance12 (ZC2C1C6 = 103.4 (1.2)°). 
This could reflect slight bridging by C6, although some reduction 
in C2—C6 is expected because of the decreased electron density 
at C2. 

The major contribution of our study is to provide a reliable 
structural benchmark to be used in spectroscopic, thermodynamic, 
kinetic, and theoretical comparisons. It has been suggested that 
hyperconjugation and bridging are related rather than independent 
phenomena.18 Moreover, it has been stated19 that there should 
be a bonding continuum in 2-norbornyl cations ranging from 
hyperconjugation without significant motion toward bridging, to 
unsymmetrical bridging,20,21 to symmetrical bridging. Crystal 
structures of less drastically functionalized20 norbornyl systems 
and the parent carbocation now appear feasible and will afford 
a rigorous basis for testing the above proposals. 

Supplementary Material Available: Cell parameters, fractional 
coordinates, thermal parameters, bond distances, and bond angles 
of 2-methoxy-1,7,7-trimethylbicyclo[2.2.1 ]hept-2-ylium (4 pages). 
Ordering information is given on any current masthead page. 

(18) Olah, G. A.; Liang, G. / . Am. Chem. Soc. 1973, 95, 3792. 
(19) Reference If; p 161. 
(20) Several individuals have informed us that a structure of 1,2,4,7-

an<i-tetramethyl-2-norbornyl cation has been obtained and accepted for 
publication (ref 21). The carbocation is reportedly unsymmetrically bridged 
withClC6 = 1.74 A! 

(21) Laube, T. Angew. Chem., Int. Ed. Engl. 1987, 26, 0000. 
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The use of macrocyclic metal complexes, in particular me-
talloporphyrins, as biomimetic catalysts in oxidation reactions has 
attracted considerable attention recently.2"7 Most of the me-

(1) Correspondence to this author can be made at the University of 
Uppsala. 

(2) For a review, see: Meunier, B. Bull Soc. Chim. Fr. 1986, 578. 
(3) (a) Groves, J. T.; Nemo, T. E.; Myers, R. S. J. Am. Chem. Soc. 1979, 

101, 1032. (b) Groves, J. T.; Kruper, W. J.; Haushalter, R. S. Ibid. 1980, 
102, 6375. (c) Hill, C. L.; Schardt, J. A. Ibid. 1980, 102, 6374. 

(4) (a) Guilmet, E.; Meunier, B. Tetrahedron Lett. 1980, 21, 4449. (b) 
De Carvalo, M. E.; Meunier, B. Tetrahedron Lett. 1983, 24, 3621. 

(5) De Poorter, B.; Ricci, M.; Meunier, B. Tetrahedron Lett. 1985, 26, 
4459. 

(6) (a) Renaud, J. P.; Battioni, P.; Bartoli, J. F.; Mansuy, D. /. Chem. Soc, 
Chem. Commun. 1985, 888. (b) Mansuy, D.; Bartoli, J. F.; Momenteau, M. 
Tetrahedron Lett. 1982, 23, 2781. 
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talloporphyrins used have utilized oxidants such as iodosylbenzene,3 

hypochlorite,4 persulfate,5 and peroxide.6 There are only a few 
examples7 of the use of molecular oxygen as the ultimate oxidant, 
and in these systems, except in one case,70 a reductive activation 
of dioxygen is needed. 

During our work on the use of p-benzoquinone/hydroquinone 
as a catalytic electron carrier in oxidation reactions,8"10 it occurred 
to us that a combination of a macrocyclic metal complex and 
p-benzoquinone/hydroquinone would constitute an interesting 
electron-transfer system for oxidation reactions. We report here 
on a catalytic system for O2 oxidation involving a multistep electron 
transfer with the three redox couples Pd(II)/Pd(0)-p-benzo-
quinone/hydroquinone-(oxo)Co(TPP)/Co(TPP) as catalysts. 

Benzoquinones are well-known oxidants in synthetic organic 
chemistry,1' and we have recently used benzoquinones as oxidants 
and electron carriers in selective palladium-catalyzed oxidations 
of conjugated dienes.8"10 One important goal in these reactions 
is to find a rapid and mild system for reoxidation of hydroquinone 
to benzoquinone by molecular oxygen. It has been reported in 
the literature that catechols and p-hydroquinones can be oxidized 
to quinones by molecular oxygen in the presence of Co(salen) (la), 
Mn(salen) (lb), Fe(salen) (Ic), or cobaloxime derivatives.12,13 

In a first attempt to obtain an oxygen-based reoxidation of 
hydroquinone in our catalytic reactions we tried to use the salen 
complexes 1 as catalysts. Reaction of 1,3-cyclohexadiene with 

o ; \ 

I a M=Co 
b M = Mn 
c M = Fe 

O2 (1 atm) at 25 0C in a biphasic system of hexane and acetic 
acid in the presence of LiOAc and catalytic amounts of Pd(OAc)2, 
hydroquinone, and Co(salen) resulted in a selective oxidation to 
yield //W!.y-l,4-diacetoxy-2-cyclohexene (2) (eq 1). The rate was 
linearly dependent on Co(salen) in the range of 3-9 mol % of the 
complex. The use of 9 mol % of Co(salen), 5 mol % of Pd(OAc)2, 
and 15 mol % of hydroquinone afforded a 47% yield of 2 after 
35 h. 

The principle for this catalysis is shown in Scheme I. It consists 
of three different catalytic cycles. These redox cycles schematically 
show the redox processes involved. The formation of palladium(O) 
is only in a formal sense, since metallic palladium is never formed.14 

(7) (a) Tabushi, I.; Koga, N. J. Am. Chem. Soc. 1979, 101, 6456. (b) 
Perree-Fauvet, M.; Gaudemer, A. / . Chem. Soc, Chem. Commun. 1981, 874. 
(c) Groves, J. T.; Quinn, R. J. Am. Chem. Soc. 1985, 107, 5790. (d) Tabushi, 
I.; Morimitsu, K. Ibid. 1984, 106, 6871. (e) Mansuy, D.; Fontecave, M.; 
Bartoli, J. F. J. Chem. Soc, Chem. Commun. 1983, 253. 

(8) (a) Backvall, J. E. Ace Chem. Res. 1983, 16, 335. (b) Backvall, J. 
E. Pure Appl. Chem. 1984, 55, 1669. 

(9) (a) Backvall, J. E.; Bystrom, S. E.; Nordberg, R. E. J. Org. Chem. 
1984, 49. 4619. (b) Backvall, J. E.; Vagberg, J.; Nordberg, R. E.; Tetrahedron 
Lett. 1984, 25, 2717. 

(10) Backvall, J. E.; Nystrom, J. E.; Nordberg, R. E. J. Am. Chem. Soc. 
1985, 107, 3676. 

(11) Becker, H. D. In The Chemistry of Quinoid Compounds; Patai, S. 
Ed.; Wiley: New York, 1974, pp 335-423. 

(12) (a) Tatsumo, Y.; Tatsuda, M.; Otsuka, S. J. Chem. Soc, Chem. 
Commun. 1982, 1100. (b) Frostin-Rio, M.; Pujol, D.; Bied-Charreton, C; 
Perree-Fauvet, M.; Gaudemer, A. J. Chem. Soc, Perkin Trans 1 1984, 1971. 

(13) Nemeth, S.; Szeverenyi, Z.; Simandi, L. I. lnorg. Chim. Acta 1980, 
44, L107. 
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(salen) 47% [trans/cis= 90/10) 
[TPP) 89% (trans/cis = 90/10) 

The corresponding reactions using Mn(salen) (lb) or Fe(salen) 
(Ic) in place of Co(salen) (la) were very slow and gave <5% yield 
after 50 h. 

In the Co(salen) system the rate-limiting step was found to be 
the reoxidation of hydroquinone to benzoquinone by 02 /Co-
(salen). This may be either a result of an inefficient uptake of 
oxygen by Co(salen) to give a low concentration of the oxygen 
complex or a result of a slow electron transfer from hydroquinone 
to the cobalt-oxygen complex. To investigate this point we studied 
the rate of oxidation of 1,3-cyclohexadiene as a function of the 
oxygen pressure. The reaction rate at 1, 3, and 5 atm of O2 was 
found to be approximately the same, indicating that the major 
part of the cobalt is in the form of an oxygen complex and that 
the electron transfer from hydroquinone to that complex is slow. 

We therefore investigated some other macrocyclic metal com
plexes.15 Metalloporphyrins have been reported to catalyze many 
O2 oxidations, and in particular cobalt and manganese porphyrins 
are known to catalyze the oxidation of phenols to quinones by 
molecular oxygen.12" We first tried Co(II)(TPP) (TPP = 
wMO-tetraphenylporphyrin16). It was found that this complex 
catalyzed a fast and efficient electron transfer to the dioxygen 
in the palladium-hydroquinone-catalyzed oxidation of the diene. 
Thus, the oxidation of 1,3-cyclohexadiene by O2 (1 atm) using 
5 mol % each of Co(TPP), hydroquinone, and Pd(OAc)2 afforded 
an 89% isolated yield of 2 within 18 h at 25 0C (eq 1). The 
selectivity for 1,4-diacetate was >95%. In contrast to the Co-
(salen) case, the rate of the oxidation was not significantly de
pendent on the concentration of Co(TPP). This indicates that 
the electron transfer from hydroquinone to the oxygen complex 
as well as the oxygen uptake by Co(TPP) are efficient processes. 
A mechanism of this biomimetic triple catalysis is indicated in 
Scheme I.17 No oxidation occurred in the absence of any of the 
three catalysts. In a typical experiment, Co(TPP) (50 mg, 0.07 
mmol) was added to a stirred solution OfPd(OAc)2 (16 mg, 0.07 
mmol), LiOAc-2H20 (163 mg, 1.60 mmol), and hydroquinone 
(8 mg, 0.07 mmol) in acetic acid (2.5 mL). To the resulting slurry 
was added a solution of 1,3-cyclohexadiene (120 mg, 1.5 mmol) 
in «-hexane (5 mL). The reaction was stirred at room temperature 
under 1 atm of O2 for 18 h. The precipitate was removed by 
filtration, and the hexane phase was collected. The remaining 
acetic acid phase was diluted with saturated aqueous NaCl (3 mL) 
and extracted with hexane/ether (1:1) (3 X 10 mL). The com
bined organic phases were washed with saturated aqueous NaCl 
( 3 X 3 mL), water ( 3 X 3 mL), and finally 2 M NaOH ( 3 X 5 
mL). The organic phase was dried (MgSO4) and evaporated to 
yield 264 mg (89%) of 2 (>90% trans) as crystals. 

A few other conjugated dienes were tested and oxidized to 
l,4-diacetoxy-2-alkenes by using the palladium-hydroquinone-
Co(TPP) system. The results parallel the results from the pre
viously investigated palladium-catalyzed 1,4-diacetoxylation,9 

where the ultimate oxidant was manganese dioxide (with catalytic 

(14) The reaction proceeds via a (7r-allyl)palladium(benzoquinone) com
plex (see ref 9a). It is not clear whether palladium(II) and hydroquinone are 
instantaneously formed during the nucleophilic attack by acetate or if a 
palladium(0)-(benzoquinone) complex is first formed, which then decomposes 
to palladium(II) and hydroquinone. 

(15) The use of the pyridine complex of bis(dimethylglyoximato)cobalt(II) 
(cobaloxime) as catalyst gave no oxidation product in acetic acid. This 
complex is known to catalyze the oxidation of hydroquinone to p-benzoquinone 
by molecular oxygen in acetone.13 

(16) This ligand was synthesized in 16% yield by the condensation of 
benzaldehyde and pyrrole in propionic acid in the presence of zink acetate 
according to Momenteau et al: Momenteau, M.; Mispelter, J.; Loock, B.; 
Bisagni, E. J. Chem. Soc, Perkin Trans 1 1983, 189. 

(17) The oxocobalt(IV) complex shown is drawn only to formally represent 
the oxidized form of Co(TPP). At present, very little information regarding 
the mechanism of the 02-Co-quinone couple is available, and other oxygen
ated complexes such as superoxo compounds may be involved. 
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amounts of p-benzoquinone). For example, the oxidation of 
1,3-cycloheptadiene by O2 in acetic acid (2 M on LiOAc) at 40 
0C catalyzed by 5 mol % each of Co(TPP), hydroquinone, and 
Pd(OAc)2 afforded cw-l,4-diacetoxy-2-cycloheptene (>92% cis) 
in 65% isolated yield. 

The corresponding oxidation using Mn(TPP) in place of Co-
(TPP) also worked but was considerably slower. For example, 
the oxidation of 1,3-cyclohexadiene gave only a 56% yield of 
1,4-diacetoxy-2-cyclohexene after 48 h, and now the trans/cis ratio 
was only 72/28. 

The oxidation described here has similarities with biochemical 
processes where an oxidation becomes very mild and selective when 
several redox couples with falling redox potentials are interacting. 
In many biological systems metalloporphyrins and p-hydro-
quinones/p-benzoquinones play important roles as electron car
riers. For example, ubiquinones are known to mediate the elec
tron-transfer processes involved in energy production in aerobic 
organisms. The model system described here is to our knowledge 
the first example of a selective oxidation using a triple catalysis 
with oxygen as the ultimate oxidant. 
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Chiral auxiliary-mediated reactions that manifest high levels 
of diastereoselection represent valuable sources of enantiomerically 
enriched synthetic intermediates.1 The asymmetric Diels-Alder 
reaction has proven particularly useful for this purpose and has 
been effectively applied in numerous enantioselective natural 
product syntheses.1,2 In surprising contrast, the potential in 
asymmetric synthesis of the versatile [2 + 2] cycloaddition reaction 
of olefins with ketenes,3 which also offers an excellent possibility 
for auxiliary-directed ir-face stereoselection,4 has yet to be dem
onstrated. In this communication we wish to report the first 
example of the use of chiral olefin-ketene diastereofacial dif
ferentiation for enantioselective natural product synthesis (eq 1). 

(1) For excellent reviews in this area, see: ApSimon, J. W.; Collier, T. L. 
Tetrahedron 1986, 42, 5157-5254. Asymmetric Synthesis; Morrison, J. D., 
Ed.; Academic Press: New York, 1983; Vol. 2 and Vol. 3. 

(2) For reviews of the asymmetric Diels-Alder reaction in organic syn
thesis, see: Oppolzer, W. Angew. Chem., Int. Ed. Engl. 1984, 23, 876-889. 
Helmchen, G.; Karge, R.; Weetman, J. In Modern Synthetic Methods; 
Scheffold, R., Ed.; Springer-Verlag: Berlin, 1986; Vol. 4, pp 261-306. 

(3) See: Brady, W. T. In The Chemistry of Ketenes, Allenes, and Related 
Compounds; Patai, S., Ed.; John Wiley and Sons: New York, 1980; Chapter 
8. Brady, W. T. Tetrahedron 1981, 37, 2949-2966, and references cited 
therein. 

(4) Greene, A. E.; Charbonnier, F. Tetrahedron Lett. 1985, 26, 5525-5528. 
See, also: Wynberg, H.; Staring, E. G. J. / . Am. Chem. Soc. 1982, 104, 
166-168. Houge, C; Frisque-Hesbain, A. M.; Mockel, A.; Ghosez, L.; De-
clercq, J. P.; Germain, G.; Van Meerssche, M. J. Am. Chem. Soc. 1982, 104, 
2920-2921. 

>•= S 

X = c h i r a l a u x i l i a r y 

a- and /J-Cuparenones (1 and 2), deceptively simple sesqui
terpenes from the essential oil of Mayur pankhi and the liverwort 
Manniafragrans,5 have often been synthesized in racemic form 

( - ) - ! 

1-) - or-Cuparenone (+ ) - /3 -Cuparenone 

to illustrate new procedures for cyclopentanone construction 
and/or methods for juxtaposing quaternary centers.6'7 Our en
antioselective chiral olefin-dichloroketene based common approach 
to these model cyclopentanoid natural products will serve both 
to indicate the excellent level of chiral induction that can attend 
this cycloaddition process and to show some of the significant latent 
flexibility8 that resides in the cyclobutanones so obtained. 

The allylic chloride 39 was transformed with readily available, 
optically pure (lS,2i?)-(+)-2-phenylcyclohexanol10 (0.6 equiv, 1.2 
equiv of NaH, THF, 90%) to the chiral allylic ether (+)-4 u 

(Scheme I), which on contact with 1.6 equiv of sublimed potassium 
re/7-butoxide in dimethyl sulfoxide12 at 65 0C afforded in 75% 
yield and with essentially complete stereoselectivity the E enol 
ether (-)-5.u 

Our expectation that (-)-5 would enter into reaction with di-
chloroketene through a favorable ;r-face discriminating transi
tion-state conformation was based on steric considerations. For 
steric reasons, (-)-5 was expected to adopt the s-trans (or nearly 
s-trans) conformation depicted,13 which would effectively bare 

(5) (a) Chetty, G. L.; Dev, S. Tetrahedron Lett. 1964, 73-77. (b) Irie, 
T.; Suzuki, T.; Ito, S.; Kurosawa, E. Ibid. 1967, 3187-3189. (c) Benesova, 
V. Collect. Czech. Chem. Commun. 1976, 41, 3812-3814. 

(6) For syntheses of racemic a-cuparenone, see: (a) Martin, S. F.; Phillips, 
F. W.; Puckette, T. A.; Colapret, J. A. J. Am. Chem. Soc. 1980, 102, 
5866-5872. (b) Halazy, S.; Zutterman, F.; Krief, A. Tetrahedron Lett. 1982, 
23, 4385-4388, and references cited therein, (c) Gadwood, R. C. J. Org. 
Chem. 1983, 48, 2098-2101. (d) Greene, A. E.; Lansard, J. P.; Luche, J. L.; 
Petrier, C. Ibid. 1983, 48, 4763-4764. (e) Eilbracht, P.; Balss, E.; Acker, M. 
Chem. Ber. 1985, 118, 825-839. For enantioselective approaches to natural 
a-cuparenone, see: (f) Posner, G. H.; Kogan, T. P.; Hulce, M. Tetrahedron 
Lett. 1984, 25, 383-386. (g) Taber, D. F.; Petty, E. H.; Raman, K. / . Am. 
Chem. Soc. 1985,107, 196-199. (h) Kametani, T.; Kawamura, K.; Tsubuki, 
M.; Honda, T. Chem. Pharm. Bull. 1985, 33, 4821-4828. (i) Meyers, A. I.; 
Lefker, B. A. J. Org. Chem. 1986, 51, 1541-1544. 

(7) For syntheses of racemic /3-cuparenone, see: (a) Lansbury, P. T.; 
Hilfiker, F. R. J. Chem. Soc, Chem. Commun. 1969, 619-620. (b) Mane, 
R. B.; Rao, G. S. K. J. Chem. Soc, Perkin Trans 1 1973, 1806-1808. (c) 
Leriverend, P. Bull. Soc Chim. Fr. 1973, 3498-3499. (d) Casares, A.; 
Maldonado, L. A. Synth. Commun. 1976, 6, 11-16. (e) Paquette, L. A.; 
Fristad, W. E.; Dime, D. S.; Bailey, T. R. J. Org. Chem. 1980, 45, 3017-3028. 
(f) Jung, M. E.; Radcliffe, C. D. Tetrahedron Lett. 1980, 21, 4397-4000. (g) 
Halazy, S.; Zutterman, F.; Krief, A. Ibid. 1982, 23, 4385-4388. (h) Greene, 
A. E.; Lansard, J. P.; Luche, J. L.; Petrier, C. / . Org. Chem. 1984, 49, 
931-932. 

(8) Greene, A. E.; Depres, J. P. J. Am. Chem. Soc. 1979, 101, 4003-4005. 
Depres, J. P.; Greene, A. E. / . Org. Chem. 1980, 45, 2036-2037. 

(9) Prepared with NaOCl by the method of Wolinsky: Hegde, S. G.; 
Vogel, M. K.; Saddler, J.; Hrinyo, T.; Rockwell, N.; Haynes, R.; Oliver, M.; 
Wolinsky, J. Tetrahedron Lett. 1980, 21, 441-444. 

(10) [a]"D +58.9° {c 10, CH3OH). See: Verbit, L.; Price, H. C. J. Am. 
Chem. Soc. 1972, 94, 5143-5152. Whitesell, J. K.; Chen, H. H.; Lawrence, 
R. M. J. Org. Chem. 1985, 50, 4663-4664. Whitesell, J. K.; Lawrence, R. 
M. Chimia 1986, 40, 318-321. 

(11) (+)-4: mp 72-74 0C, M21
D+32° (cl.O1CHCl3); (-)-5: mp60-61 

0C, [a]21
D -80° (e 1.1, acetone); (-)-6a: mp 89-90 0C, [a]21

D -57° (c 1.1, 
CHCl3); (+)-7: mp 42-44 0C, [a]\ +71° (c 1.7, CHCl3); (-)-8: mp 57-60 
0C, [a]20

D -66° (c 1.7, CHCl3); (+)-9: [a]20
D +253° (c 1.7, CHCl3); (-)-l: 

mp 50-51 0C (lit.5a mp 52-53 0C), [a]2'D -170° {c 0.2, CHCl3); (+)-2: 
H2 9D+45° (c 1.4, CHCl3). 

(12) Price, C. C; Snyder, W. H. J. Am. Chem. Soc 1961, 83, 1773. 
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