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The propargylic carbonates (S)-6 and (R)-9 are converted
into the chiral allenes 10, 11, 13 and 14 (ee 82-85%) using
organozinc reagents and tetrakis(triphenylphosphine)-
palladium as catalyst.

The importance of allenesiswell-established and the variety of
chemical reactionsthat they undergo is documented.® Recently,
methods have been reported for the construction of allenes of
the type RICH=C=CHR?, in optically active form.2

In this paper, we report the enzymatic resolution of
secondary3 and the classical resolution of tertiary propargylic
alcohols, their conversion into chiral alenes of the type
R1R2C=C=CR3R* via the corresponding carbonates* and their
activation with palladium catalysts® in the presence of a zinc
derivative.®

The optically active compoundsrequired as starting materials
for this study were obtained by a variety of methods. The
alcohols 1 and 2 were prepared in high enantiomeric purity
using enzymatic resolution methods (Table 1), while the alcohol
(R)-3 (99% ee) was obtained from the racemate by fractional
crystallisation of the brucine salt from acetone.” Treatment of
alcohol (R)-3 with bromobenzene, piperidine and a catalytic
amount of tetrakis(triphenylphosphine)palladium(o) in DMF at
80 °C furnished the acohal (S)-4 (86%).8 Finaly, the alcohol
(9-5 (99% ee) was prepared by enzyme-catalysed acetylation
of racemic material (Table 1),° whilethe alcohol (R)-5 (92% e€)
was prepared from 1-phenyl-3-(trimethylsilyl) prop-2-ynone by
selective reduction using dipinanylborane,1° followed by desil-
ylation with potassium carbonate in methanol.

The acohol (9-1 was converted quantitatively into the
corresponding carbonate (S)-6 using ethyl chloroformate in
pyridine, in the presence of a catalytic amount of 4-N,N-
dimethylaminopyridine (DMAP). Alcohals (§-2 and (R)-5
afforded the carbonates (S)-7 and (R)-9 after similar treatment,
while the alcohal (S)-4 furnished the carbonate (S)-8 (97%) on
treatment with butyllithium for one hour followed by treatment
with methyl chloroformate at low temperature.

The carbonate (9-6 was treated with phenylzinc bromidet
and a catalytic amount of tetrakis(triphenylphosphine)pallad-
ium (TTPP) in THF to provide the (aR)-allene 10 in 84% yield
and 83% ee (Scheme 1). This reaction is very similar to one

Table 1 Resolution of alcohols 1, 2 and 5 using Pseudomonas amano sp.
AK and Candida antarctica lipases?

Alcohol Ester
Yield (%) Yield (%)
(e9) (%) (eg) (%)
Substrate Enzyme t/h configuration configuration
1 P. amano 4 41(93) S 41 (97) R
1 C. antarctica 2 39(99) S 42 (949 R
2 P. amano 3 45 (86) S 42 (99 R
5 C.antarctica 35 46 (99) S 50 (98) R

aThesubstrate, enzyme and vinyl acetate were reacted for the specified time
in hexane.
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performed by Vermeer et al .6 The Dutch group reported alower
degree of stereocontrol, but these earlier studies were hampered
by having a starting material of low optical purity (28% ee) and
by having an uncertain amount of biphenyl inthe product allene.
Similarly, reaction of (9-6 with phenylacetylene in the
presence of diisopropylamine, zinc chloride and catalytic
amounts of copper(1) iodide and TTPP furnished the trisub-
dituted (aR)-allene 11 in 63% yield and 85% ee. The
enantiomeric excesses of the products 10 and 11 were assessed
by *H NMR spectroscopy using a mixture of asilver salt and a
chiral ytterbium salt (ratio 1: 1) as recommended previously.11
The enantiomeric purity of the starting material and products
suggests a high degree of control in the transfer from point to
axial chiraity. While the enantiomeric excess of the (aR)-
dienynol 12, obtained from the carbonate (S)-6 and 2-methyl-
but-3-yn-2-ol, could not be assessed by physical methods, a
high degree of stereocontrol in the reaction could be antici-
pated.

The absolute configuration of the allenes 10-12 has not been
established conclusively but is assumed on the basis of the
established mechanism of the reaction (Fig. 1). The palad-
ium(o) is expected to activate the chiral carbonate by nucleo-
philic attack antiperiplanar to the leaving group, forming the
chiral allenylpalladium intermediate (A). A cross-coupling on
the intermediate (A) affords the chiral alene (B), regenerating
the palladium(o) catalyst.
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Scheme 1 Reagents and conditions: i, PhZnBr—Pd(PPhs),, THF-Et0,
84%; ii, Cul-ZnCl,—Pri,NH—Pd(PPh3),~THF—PhC=CH, 63%; iii, Cul—
ZnCl —Pri,NH—Pd(PPh3),~THF-Me,C(OH)C=CH, 59%
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Scheme 2 Reagents and conditions: i, PhZnBr—Pd(PPhz),~THF-EL,0,
65%; ii, MeZn—K Br—Pd(PPhg) ,~THF, 40%; iii, EtZnBr—Pd(PPH3),~THF—
Et,0, 67%

In agreement with this proposal, the carbonate (R)-9 (92% e€)
reacts with phenylzinc bromidet in the presence of TTPP
(Scheme 2) to furnish the (aR)-diphenylallene 13 (82% ee)
{[]p?2 —932 (c 1.0, CHClI5); lit.12[ a]  +1137 (CHClI5), for the
(@ enantiomer}. This carbonate (R)-9 aso reacts with
dimethylzinc—potassium bromide or ethylzinc bromide in the
presence of TTPP to give allenes 14 and 15 in 83 and 71% ee
respectively (Scheme 2), as confirmed by *H NMR spectro-
scopy (Yb/AQ salts).

Incorporation of a phenyl group at the alkyne terminus, such
as in compound (S)-7, leads to a poorer transfer of chirality on
reaction with dimethylzinc-=TTPP or diethylzinc-TTPP as
shown with the allenes 16 and 17 being formed in 58 and 47%
eerespectively. Thus, whilethe carbonate (R)-8 reacts smoothly
with dimethylzinc and TTPP in the presence of potassium
bromide to give the allene 18 in 78% yield, the optica rotation
of the product, [o]p —250 (¢ 0.96, CHCl3), may reflect only a
moderate enantiomeric excess. (The optical purity of this
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(aS)-16 R = Me 58% ee
(aS)-17R=Et 47%ee

(aR)-18

tetrasubstituted allene could not be established by 1H NMR
spectroscopy using the silver—ytterbium chiral shift reagent.)
In summary, the preparation of highly substituted allenes of
good to excellent optical purity can be accomplished by
transformations involving secondary and tertiary propargylic
carbonates.
We thank the CROUS de Rennes for support (to T. G.).

Footnotes and References

F E-mail: §11@liverpool.ac.uk
T Made in situ from bromobenzene, magnesium turnings and zinc
chloride.

1 Chemistry of the Allenes, vol. 1-3, ed. S. R. Landor, Academic Press,
New York, 1982; H. F. Schuster and G. M. Coppola, Allenesin Organic
Synthesis, Wiley—Interscience, New York, 1984; C. Bruneau and
P. H. Dixneuf, Allenes and Cumulenes, in Comprehensive Organic
Functional Group Transformations, ed. A. R. Katritzky, O. Meth-Cohn
and C. W. Rees, Pergamon, Oxford, 1995, val. 1, ch. 20.

2 A. G. Myers and B. Zheng, Tetrahedron Lett., 1996, 37, 4841; J. Am.
Chem. Soc., 1996, 118, 4492; J. Tsuji and T. Mandai, Synthesis, 1996,
1; see also J. Tsuji, Palladium Reagents and Catalysts: Innovation in
Chemical Synthesis, Wiley, New Y ork, 1995.

3 For earlier papers detailing resolutions of secondary propargyl alco-
hols—acetates, see C. Chan, P. B. Cox and S. M. Roberts, J. Chem. Soc.,
Chem. Commun., 1988, 971; M. Shimizu, H. Kawanami and T.
Fujisawa, Chem. Lett., 1992, 107; K. Burgessand L. D. Jennings, J. Am.
Chem. Soc., 1991, 113, 6129.

4 T. Mandai, T. Matsumoto, R. Kawada and J. Tsuji, Tetrahedron Lett.,
1993, 34, 2161; T. Mandai, T. Nakata, H. Murayama, H. Yamaoki,
M. Ogawa, M. Kawada and J. Tsuji, Tetrahedron Lett., 1990, 31,
7179.

5 C. Darcel, S. Bartsch, C. Bruneau and P. H. Dixneuf, Synlett, 1994, 457;
cf. J. A. Marshall and M. A. Wolf, J. Org. Chem., 1996, 61, 3238.

6 C.J. Elsevier, P. M. Stehouwer, H. Westmijze and P. Vermeer, J. Org.

Chem,, 1983, 48, 1103.

F. Toda, K. Tanaka, H. Ueda and T. Oshima, Isr. J. Chem., 1985, 25,

338; Tetrahedron Lett., 1981, 22, 4664; tertiary propargy! acohols are

not readily resolved in high ee using enzyme-catalysed acylation

procedures; see |. Brackenridge, R. McCague, S. M. Roberts and

N. J. Turner, J. Chem. Soc., Perkin Trans. 1, 1993, 1093; D. O’ Hagan

and N. A. Zaidi, Tetrahedron: Asymmetry, 1994, 5, 111.

8 M. Alami, F. Ferri and G. Linstrumelle, Tetrahedron Lett., 1993, 34,
6403.

9 Cf. B. I. Glanzer, K. Faber and H. Griengl, Tetrahedron, 1987, 43,
5791.

10 H. C. Brown and G. G. Pai, J. Org. Chem., 1982, 47, 1606;
P. Bartmettler and H. J. Hansen, Helv. Chim. Acta., 1990, 73, 1515.

11 A. Mannscheck, W. Munninger, T. Burgemeister, J. Gore and B. Cazes,
Tetrahedron, 1986, 42, 399.

12 R. Rossi and P. Diversi, Synthesis, 1973, 25.

Received in Cambridge, UK, 23rd June 1997; 7/04374K

~



