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127.3, 128.5, 142.7, 167.7; MS m/z 340 (M™), 163, 120, 105, 77.

Preparations and characterizations of N-butylmethoxy-
phenylacetamide (2), N-(1-phenylethyl)-4-nitrobenzamide
(4), N-(1-phenylethyl)acetamide (5), and N-(l-phenyl-
ethyl)-2,2-dimethylpropanamide (6) are given in ref 3. 2-(2-
Pyridyl)propanamide (8) was provided by Dr. M. Zuanic,
Chemica, Inc., Los Angeles, CA 90064.

N-(1,1-Dimethylethyl)methoxyphenylacetamide (7):* mp
94.6-95.4 °C; '"H NMR 1.34 (s, 9 H), 2.16 (s, 3 H), 5.96 (s, 1 H),
7.3-7.4 (m, 5 H); 3C NMR 20.9, 28.4, 51.4, 75.5, 128.5, 128.6, 128.7,
135.3, 167.2, 169.1; MS m/z 249 (M*), 150, 149, 108, 107, 79, 57.

2,6-Bis[(2-phenylpropanoyl)amino]pyridine (8):) mp
186.4-187.8 °C; 'H NMR 2.26 (s, 6 H), 6.20 (s, 2 H), 7.4-7.8 (m,
13 H), 8.45 (s, 2 H); 1®C NMR 21.0, 75.7, 110.3, 127.5, 128.9, 129.4,
134.6, 140.8, 148.7, 166.8, 169.9.
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The power of organic synthesis has been expanded in
recent years by advances in catalytic enantioselective re-
actions mediated by chiral Lewis acids.!* One of the most
effective systems is the (S)-tryptophan-derived oxaza-
borolidine 1 which has been shown to be an outstanding
catalyst for enantioselective Diels—Alder and Mukaiyama
aldol-type reactions.>* For example the Diels—Alder re-
action of a-bromoacrolein and cyclopentadiene yields ad-
duct 2 with >200:1 enantioselectivity via the transition-
state assembly 3 in which the aldehyde and the Lewis acid
form a charge-transfer complex.®» This note describes the
application of this chemistry to the enantiospecific syn-
thesis of the chiral allylic alcohol 7,° in a formal sense of
the Diels—Alder adduct of 2-(hydroxymethyl)cyclo-
pentadiene and ethylene, a reaction for which there is
currently no direct enantioselective version.

Reaction of 2 (prepared as described previously) with
1 molar equiv of sodium borohydride in wet tetrahydro-
furan (THF) led to clean reduction of the aldehyde to yield
bromo alcohol 4 in 95% yield after recrystallization.3s6

(1) For recent reviews of chiral ligands in asymmetric synthesis: (a)
Tomioka, K. Synthesis 1990, 541~549. (b) Kagan, H. B,; Riant, O. Chem.
Rev. 1992, 92, 1007-1019.

(2) (a) Corey, E. J.; Ishihara, K. Tetrahedron Lett., in press. (b) Corey,
E. J.; Imai, N.; Zhang, H.-Y. J. Am. Chem. Soc. 1991, 113, 728-729. (c)
Corey, E. J.; Matsumura, Y. Tetrahedron Lett. 1991, 32, 6289-6292. (d)
For a review of chiral Lewis acids: Narasaka, K. Synthesis 1991, 1-11.

(3) (a) Corey, E. J.; Loh, T.-P. J. Am. Chem. Soc. 1991, 113, 8366-8967.
(b) Corey, E. J.; Loh, T.-P.; Roper, T. D.; Azimioara, M. D.; Noe, M. C.
J. Am. Chem. Soc. 1992, 114, 8290-8292. (c) Corey, E. J.; Cywin, C. L.;
Roper, T. D. Tetrahedron Lett., in press.

(4) For related catalysts see: (a) Parmee, E. R.; Tempkin, O.; Masa-
mune, S. J. Am. Chem. Soc. 1991, 113, 9365-9366. (b) Takasu, M.;
Yamamoto, H. Synlett 1990, 194-196. (c) Sartor, D.; Saffrich, J.; Helm-
chen, G. Synlett 1990, 197-198. (d) Furuta, K.; Shimizu, S.; Miwa, Y.;
Yamamoto, H. J. Org. Chem. 1989, 54, 1481-1483.

(5) For another recent application of this technology to natural prod-
uct synthesis see: Marshall, J. A.; Xie, S. J. Org. Chem. 1992, 57,
2987-2989.
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Reduction of the double bond was accomplished by hy-
drogenation, in the presence of palladium on carbon, in
ethyl acetate (EtOAc) which afforded, after filtration
through silica gel, alcohol 5 as a low-melting solid in 99%
yield. The saturated bromo alcohol 5 was then converted
to epoxide 6, in 99% yield, by the action of excess sodium
methoxide in methanol (MeOH).” Finally, base-catalyzed
isomerization to the allylic alcohol 7 with 2 equiv of lithium
diethylamide gave, after chromatography, (1S,4R)-bicy-
clo[2.2.1Jhept-2-ene-2-methanol (7) in 93% yield and 87%
overall yield from 2.%°

The versatility and usefulness of the catalyst 1 as an
entry to optically pure 2-substituted norbornenes has been
demonstrated through a concise and high-yielding con-
version of 2 to allylic alcohol 7. The allylic alcohol 7 and
epoxide 6 both represent useful intermediates for further
elaboration of these systems. The development of these

intermediates into interesting chiral ligands will be the
topic of future reports.

Experimental Section

General Methods. Nuclear magnetic resonance spectra were
obtained in deuteriochloroform at the frequency indicated. Proton
spectra are reported in ppm with chloroform (7.26 ppm) as internal
reference. Carbon spectra were referenced to the deuterio-
chloroform triplet, center peak at 77 ppm. All solvents were
distilled prior to use standard purification methods. Mass spectra
were determined by the Harvard Chemistry Department Mass
Spectrometry Facility.

(1R 4R,5R)-5-Bromobicyclo[2.2.1]hept-2-ene-5-methanol
(4). To the aldehyde 2 (4.72 g, 23.4 mmol) in THF (20 mL) was
added H;0 (0.5 mL) followed by NaBH, (0.90 g, 23.8 mmol). After
10 min of stirring the reaction mixture was poured into H,O (30
mL), extracted with ether (4 X 50 mL), dried over MgSO,, and
concentrated to afford alcohol 4 quantitatively. The alcohol was
further purified by recrystallization from hexane to afford 4 (4.48
g, 95%) as crystalline solid:* mp 74~76 dec; (a]*p = +78° (¢ =
0.96, CHCl,); IR (KBr) 3239, 3069, 2990, 1053, 709 em™; 13C NMR

(6) Corey, E. J.; Snider, B. B. J. Am. Chem. Soc. 1972, 94, 2549-2550.

(7) (a) Krivdin, L. B.; Kas’yan, L. L; Zinchenko, S. V.; Seferova, M.
F.; Porubleva, L. V. Zh. Org. Khim. 1990, 26, 2482-2489. (b) Bly, R. S,;
DuBose, C. M., Jr.; Konizer, G. B. J. Org. Chem. 1968, 33, 2188-2193.

(8) (a) Crandall, J. K.; Apparu, M. Org. React. N.Y. 1983, 29, 345-443.
(b) Crandall, J. K.; Crawley, L. C. Organic Synthesis; Wiley: New York
1988; Collect. Vol. VI, pp 948-950.

(9) Jefford, C. W.; Wojnarowski, W. Helv. Chim. Acta 1970, 53,
1194-1202.
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(100 MHz) 6 137.3, 136.8, 79.3, 72.4, 50.6, 46.5, 42.1, 40.3; 'H NMR
(400 MHz) § 6.32 (dd, J = 5.6, 3.1, 1 H), 6.15 (dd, J = 5.6, 3.1,
1H),385(d,J=1251H),8.73 (d, J = 12.5,1 H), 3.24 (brs,
1 H), 2.92 (br s, 1 H), 2.21 (br s, 1 H, hydroxyl), 1.92 (dd, J =
13.6, 3.5,1 H), 1.72 (dd, J = 13.6, 3.4, 1 H), 1.55 (m, 1 H), 1.48
d,J = 9.3, 1 H); EIMS m/z 202 (M*); HREIMS (M*) caled for
CgH,;Br0O 201.9994, found 202.0000.

(15,28,4R)-2-Bromobicyclo{2.2.1]heptane-2-methanol (5).
To olefin 4 (3.43 g, 15.6 mmol) in EtOAc (100 mL) was added 10%
Pd/C (200 mg), and a hydrogen atmosphere was secured. After
being stirred for 4 h, the reaction mixture was filtered through
a bed of silica gel and concentrated to yield alcohol 5 as a white
solid (3.41 g, 99%): mp 39-41 °C; [a]Zp = +47° (c = 1.78, CHCL);
IR (KBr) 3336, 2963, 1064 cm™; 13C NMR (100 MHz) 5 82.5, 71.4,
45.8, 45.2, 36.7, 36.5, 28.7, 28.1; 'H NMR (300 MHz) é 3.56 (ab,
J =125 Ay = 86,2 H), 2.58 (br s, 1 H), 2.33 (br s, 1 H), 2.17-2.03
(m, 2 H), 1.92-1.77 (m, 2 H), 1.66-1.62 (m, 2 H), 1.50~1.16 (m,
3 H); CIMS m/z 222 (M* + NH,): HRCIMS (M* + NH,) calcd
for CgH,,BrNO 222.0494, found 222.0475.

(15,28 4R)-Spiro[bicyclo[2.2.1]heptane-2,2"-oxirane] (6).”
The bromo alcohol 5 (2.98 g, 13.4 mmol) was dissolved in methanol
(25 mL) and treated with CH;ONa (3.62 g, 67.0 mmol). The
suspension was stirred for 4 h and then quenched by the addition
of saturated aqueous NH,C (75 mL) and extracted with ether
(3 X 50 mL). The combined organic extracts were washed with
brine (4 X 25 mL), dried over MgSO,, and concentrated to afford
quantitatively the crude epoxide which purified by chromatog-
raphy (6:1 pentane—ether) to yield the volatile epoxide 6 as
colorless oil (1.65 g, 99%): [a]®p = +58° (c = 0.97, CHCL,); IR
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(neat, NaCl) 2955, 2871, 1060 cm™; 1*C NMR (100 MHz) ¢é 66.6,
50.4, 43.0, 38.4, 37.5, 36.5, 27.8, 24.8; 'H NMR (400 MHz) 6 2.77
d,J =4.7,1H),273(d,J =4.7,1H),2.37 (brs,1 H), 1.74 (d,
J =21,1H), 1.74-1.47 (m, 5 H), 1.34-1.11 (m, 3 H); EIMS m/z
124 (M*); HREIMS (M*) caled for CgH;,O 124.0888, found
124.0834.

(18,4R)-Bicyclo[2.2.1]hept-2-ene-2-methanol (7).° To ether
at 0 °C was added diethylamine (2.92 mL, 28.2 mmol) followed
by n-BuLi (2.5 M in hexanes, 11.3 mL, 28.2 mmol). The reaction
mixture was maintained at 0 °C for 15 min and then warmed to
ambient temperature. After 30 min the epoxide 6 (1.40 g, 11.3
mmol) in ether (25 mL) was added and the reaction mixture was
heated to reflux. After an additional 2 h the reaction mixture
was cooled, poured into H,0 (50 mL), and extracted with ether
(3 X 50 mL). The combined organic extracts were dried over
MgSO,, concentrated, and purified by chromatography (2:1
pentane—ether) to yield the volatile allylic alcohol 7 (1.30 g, 93%):
[a])®, = +38° (¢ = 0.35, CHCly); IR (neat, NaCl) 3328, 2960, 2868,
1018 em™; 13C NMR (126 MHz) 4 149.1, 129.1, 60.9, 48.3, 42.6,
42.1, 26.2, 24.7; '"H NMR (400 MHz) § 5.80 (s, 1 H), 4.20 (ab, J
=14.1, Av = 25.2, 2 H), 2.84 (m, 2 H), 1.70-1.61 (m, 2 H), 1.42-1.38
(m, 2 H), 1.13 (d, J = 8.1, 1 H), 1.06-0.97 (m, 2 H); EIMS m/z
124 (M*); HREIMS (M*) caled for CgH;,0 124.0888, found
124.0880.
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Page 469, column 1, last line should read X-ray crystal
structure analysis of 1-2: space group P1.
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Page 4034, column 2. Supplementary Material Available should
read 'H- and ®*C-NMR spectra of 3, 6, 7, and 8 (8 pages). This
material is contained in many libraries on microfiche, immediately

follows this article in the microfilm version of the journal, and
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Page 4898, Scheme I. The 8-methyl in compound 16 should
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Supplementary Material. The chemical shift values given in
Figure la,b are in error due to setting the solvent reference peak
at 6 3.1 ppm rather than § 3.3 ppm. Therefore, in each of the
three spectra, the entire spectrum should be displaced 0.2 ppm
downfield; e.g., in Figure 1a and b, the pair of quartets centered
at 6 2.7 ppm should be at 6 2.9 ppm.



