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substitution pattern quite different from that of compound
26 could also be obtained from the ketone 18. Thus,
treatment of 18 with LDA (THF, -78 °C), followed by
trapping of the resultant enolate anion with C;HSeCl,'6
gave the a-phenylseleno ketone 33 (69%). Subjection of
the latter material to an oxidation—elimination procedure
(H,0,, CH,Cl,)® afforded, albeit in modest yield (47%),'°
the a,5-unsaturated ketone 34. Interestingly, thermolysis
(mesitylene solution, reflux, 2 h) of 34 produced (73%)
1-(carbomethoxy)bicyclo[3.2.1]octa-2,6-dien-8-one (35): IR
(film) 1765, 1730 cm™!; TH NMR (CDCl,) 6 2.34-3.02 (m,
2 H, H-4), 2.9-3.1 (m, 1 H, H-5), 3.82 (s, 3 H, CO,Me), 5.60
(doft,1 H,J =17, 4 Hz, H-3), 6.30 (m, 1 H, H-2),6.28 (d
ofd,1 H,J =7, 3Hz, H-6),6.71 (d, 1 H, J = 7 Hz, H-7).

As an overall method for the preparation of bicyclo-
[3.2.1]octane systems, the preliminary work summarized
above would appear to hold considerable promise. The
substrates (22-25, 34) employed for the key Cope rear-
rangements can be obtained via relatively simple and
well-known chemical transformations. Furthermore, it is
clear that the methodology allows for the convenient
preparation of bicyclo[3.2.1]octane compounds with sub-
stituents at either bridgehead position (cf. 27, 29) and with
functionality on two of the three bridges (26-29) or on all
three bridges (35). Studies aimed at the synthesis and
thermal rearrangement of structurally more complex 6-
(1-alkenyl)bicyclo[3.1.0]hex-2-enes are being carried out
and the results will be reported in due course.
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Acyclic Stereoselection. 8. A New Class of Reagents
for the Highly Stereoselective Preparation of
threo-2-Alkyl-3-hydroxycarboxylic Acids by the
Aldol Condensation!

Summary: threo-3-Hydroxy-2-methylcarboxylic acids may
be prepared in high stereochemical yield by condensing
aryl propionates 1 or 2 with aldehydes followed by hy-
drolytic or oxidative removal of the aryl group.

Sir: The recent flurry of activity on stereoselective aldol
condensations has resulted in methods for realizing high
stereochemical control (>95%) in the preparation of er-

(1) Paper 7: C. H. Heathcock, C. T. Buse, W. A. Kleschick, M. C.
Pirrung, J. E. Sohn, and J. Lampe, J. Org. Chem., 45, 1066 (1980).

ythro-2-alkyl-3-hydroxycarboxylic acids using the pre-
formed lithium enolate of ethyl ketones in which the
carbonyl group also bears a bulky oxygen-containing
function,? the boron enolate of S-tert-butyl propane-
thioate,? or the boron enolate of S-phenyl propanethioate.*
Similar high selectivity in the preparation of the threo
diastereomers may be achieved by using the preformed
lithium enolates of certain alkoxyalkyl propionates® or by
way of the boron enolate of S-tert-butyl propanethioate.’®
Stereoselectivity, albeit of a lesser magnitude, has also been
found in the condensations of zinc and magnesium enolates
of ketones,” in the titanium tetrachloride promoted con-
densation of O-trimethylsilyl ketene acetals,® in the
equilibration of the lithium aldoloxides arising from the
condensation of carboxylic acid dianions with certain al-
dehydes, % and in the condensation of potassium carbox-
ylic acid dianions with certain aldehydes.® Finally, erythro
and threo diastereomers may be obtained in indirect
methods employing either a (Z)-2-butenylboronate ester'®
or an (E)-2-butenylchromium reagent.!! We now report
a new class of reagents which allows a more convenient
preparation of threo-2-alkyl-3-hydroxycarboxylic acids.

2,6-Dimethylphenyl propionate (1, bp 100 °C (0.7 torr))
is produced in quantitative yield by reaction of propionyl
chloride with lithium 2,6-dimethylphenoxide in THF at
-78 °C. The analogous propionate ester 2 (mp 45 °C) is
prepared in a similar fashion from 2,6-di-tert-butyl-4-
methoxyphenol (“butylated hydroxyanisole”, BHA).1213

drr _dor

Ester 1 was converted into its lithium enolate by the
normal procedure? and allowed to react with various al-
dehydes (3) to obtain aldols 4 and 5 (eq 1). Results are

oH Q oH 0

R/'\l)J\OR' + R)\rU\OR'

RCHO —
3 1

4, R'= 2,6-(CH,),C,H, 5,R'=2,6-(CH,),C,H,

6, R =H
a, R=CH,
b, R=n-CH,,
¢, R=i-C,H,
d, R=t+C,H,
e, R = C,H,(CH,)CH

(2) (a) C. T. Buse and C. H. Heathcock, J. Am. Chem. Soc., 99, 8109
(1977); (b) C. H. Heathcock and C. T. White, ibid., 101, 7076 (1979); (c)
C. H. Heathcock, M. C. Pirrung, C. T. Buse, J. P. Hagen, S. D. Young,
and J. E. Sohn, ibid., 101, 7077 (1979). (d) See also J. E. Dubois and P.
Fellman, Tetrahedron Lett., 1225 (1975).

(3) M. Hirama and S. Masamune, Tetrahedron Lett., 2225 (1979).

(4) M. Hirama, D. S. Garvey, L. D.-L. Lu, and S. Masamune, Tetra-
hedron Lett., 3937 (1979).

(5) A. L. Meyers and P. J. Reider, J. Am. Chem. Soc., 101, 2501 (1979).

(6) D. A. Evans, E. Vogel, and J. V. Nelson, J. Am. Chem. Soc., 101,
6120 (1979).

(7) H. 0. House, D. S. Crumrine, A. Y. Teranishi, and H. D. Olmstead,
J. Am. Chem. Soc., 95, 3310 (1973).

(8) T. H. Chan, T. Aida, P. W. K. Lau, V. Gorys, and D. N. Harpp,
Tetrahedron Lett., 4029 (1979).

(9) (a) J. Mulzer, J. Segner, and G. Birtrup, Tetrahedron Lett., 4651
(1977); (b) J. Mulzer, G. Birtrup, J. Finke, and M. Zippel, J. Am. Chem.
Soc., 101, 7723 (1979).

(10) R. W. Hoffman and H.-J. Zeiss, Angew. Chem., 91, 329 (1979).

(11) C. T. Buse and C. H. Heathcock, Tetrahedron Lett., 1685 (1978).

(12) Obtainable from the Gallard-Schlesinger Chemical Mfg. Corp.

(13) We have also prepared aryl propionate esters analogous to 1 and
2 (e.g., with crotonic acid) by treatment of the acid with the phenol and
trifluoroacetic anhydride (R. W. Dugger, unpublished results).
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Table I. Reaction of Ester 1
with Various Aldehydes (Eq 1)

aldol acid 6
yield,® yield,
aldehyde % 4/5 mp, °C % mp, °C
3a 72 88/12 62-63> 99  oil¢
3b 70 86/14  oil® 91  oil¢
3¢ 78  >98/2 77 90 oil
3d 82 >98/2 70-71 98  74.5-76.5
3e 81 >98/2 oil? 85 108-110%

@ Purified by preparative high-pressure LC. ? Major
diastereomer. ° Mixture of diastereomeric acids. ¢ Mix-
ture of Cram’s rule and anti-Cram’s rule diastereomers:
ratio = 4:1.
summarized in Table I, In all cases, the major diaste-
reomer is found to be the threo-3-hydroxy-2-methyl-
carboxylic ester. With the a-branched aldehydes 3c—e no
erythro product can be found. Aldehydes having “smaller”
groups give a threo/erythro ratio of about 6:1. With the
chiral aldehyde 3e both possible threo adducts are pro-
duced, with the Cram/anti-Cram ratio being 4:1. Treat-
ment of the initial esters with KOH in aqueous methanol
at 25 °C effects conversion to the hydroxy acids without
detectable epimerization or retroaldolization.

For the aldehydes which show diminished threo selec-
tivity with reagent 1, one may use the more selective BHA
propionate 2. For example, condensation of the lithium
enolate of 2 with n-hexanal affords the threo adduct 7 (oil)
in 72% yield. Although the BHA group cannot be re-
moved hydrolytically, it is conveniently eliminated by
oxidation with ceric ammonium nitrate!* or silver(II) ox-
ide,'® whereupon acid 8 (oil) is obtained in 67% yield.

oH 0

/\\/\/'\)J\oR

7, R = 2,6-(CH,),-4-CH,OC,H,
8 R=H

Reagent 2 shows equally high threo selectivity with o-
branched aldehydes and benzaldehyde. However, the
necessity of oxidative removal of the aryl group renders
it less useful than reagent 1 for reaction on a-branched
aldehydes. Thus far, we have been unable to oxidatively
remove the aryl ester when the aldehyde also contains a
benzene ring.

The generality of the current procedure is further dem-

(14) P. Jacob, P. Caggery, A. Shulgin, and N. Castagnoli, J. Org.
Chem., 41, 3627 (1976).
(15) C. D. Snyder and H. Rapoport, J. Am. Chem. Soc., 94, 227 (1972).

onstrated by condensation of 2,6-dimethylphenyl butyrate
{9, bp 100 °C (0.6 torr)), prepared in a manner similar to
that used to prepare 1 and 2, with isobutyraldehyde. After
hydrolysis, pure threo-8-hydroxy acid 10 (oil) is obtained
in an overall yield of 69%.

OH
O\ﬂ/\/ W/'\/COZH
0 e
9 10

Reagents 1 and 2 provide convenient, highly stereose-
lective routes to a variety of threo-8-hydroxy acids. Both
provide superior stereoselectivity compared to Meyers’
reagent® and are at least as selective as the Masamune—
Evans reagent.>® In addition, the convenience of working
with lithium enolates, rather than boron enolates, offers
an attractive advantage. For a-branched aldehydes, the
reagent of choice is 1 because it combines the features of
exceptional stereoselectivity with ease of hydrolysis to the
resulting aldol adduct. For a-unbranched aliphatic al-
dehydes reagent 2 may be used to achieve high stereose-
lectivity. Although deblocking in this case is not as con-
venient, good vields of threo-B-hydroxy acids are realized.
Applications of these threo-selective reagents to the syn-
thesis of natural products is under investigation.
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