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CHIRALITY TRANSFER FROM C-O TO C-C IN THE PALLADIUM CATALYZED ScN'
REACTION OF (E)- AND (Z)-ALLYLIC CARBONATES WITH CARBONUCLEOPHILE

Takashi TAKAHASHI, Yoshihiro JINBO, Kyoko KITAMURA, and Jiro TSUJI*
Tokyo Institute of Technology, Meguro, Tokyo 152, JAPAN

Summary: Very efficient intramolecular chirality transfer has been achieved in
reactions of the (E)- and (Z)-allyl carbonates 10 and 14 by using Pd(0) and the
bicyclic phosphite 11 and phosphine 13 as the catalyst. Reactions of 10 and 14
in the presence of 11 and a base gave the (3R)-lactones 12 and (35)-12, respec-~
tively, with 96% and 94% chirality transfer. While the reactions wusing 13
in the absence of a base gave (3R)-12 and (3S)-12 with 90% and 65% chirality
transfer.

Palladium-catalyzed inter- and intramolecular alkylations involving
various allylic compounds are useful for synthesis of highly functionalized
compounds, particularly when chirality transfer is possible.l) Earlier studies
on the palladium-catalyzed allylation indicate that both the oxidative addition
of PA(0) to the allylic compound (1# 2) and the alkylation of nucleophile with
m-allylpalladium (2» 3) (Scheme 1), proceed with inversion of the stereochemis-
try. It is also known by NMR study of m-allylpalladium that the isolated 1,3-
unsymmetrically substituted m-allyl systems such as 2 never racemize and only
undergo epimerization via w-0-T7 mechanism.2) However no report dealing with
mechanism of the racemization of mT-allylpalladium 2 during the alkylation has
appeared.
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We report here efficient chiral cyclizations of methyl (5R)-methoxy-
carbonyloxy~- (3E)-decenyl malonate (10) and its (Z)-isomer 14 by using
sz(dba)3.CHC13 and the bicyclic phosphite 11 and phosphine 13 as the catalyst.
We observed crucial effects of a base and concentration of the palladium cata-
lyst on the optical yield in these reactions. Success of the complete chirali-
ty transfer requires (1) stereoselective oxidative addition, (2) no racemiza-
tion of m-allylpalladium, (3) regioselective, and (4) stereoselective alkyla-
tion. So far items (1) and (4) have been cleared, and the regioselection can
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be solved by an intramolecular alkylation, since the formation of 5- and 6-
membered rings is much faster than the formation of 7- and B-membered rings.a
Thus the racemization process depends upon the stability of m-allylpalladium 2.
The loss of enantiomeric (or diastereomeric) purity of "-~allylpalladium has
been observed when the leaving group was acetate.?) This was explained by the
cis attack of acetate anion, formed at oxidative addition step, perhaps by
prior coordination with metal. Palladium catalyzed allylations with allylic
carbonates®! and 1,3-diene monoepoxides6) are different from allylation with
allylic acetates, and this type of racemization is impossible since the
alkoxide anion formed by the oxidative addition and decarboxylation does not
act as a nucleophile, but acts és a base to remove an acidic proton from

nucleophiles.
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(Table 1) No Substrate Ligand, Base Time Pd(0) mol 2 Yield of 12 (ulgsof 8 g?q;gfery
1 9 11, NaH 3 hr 10 72 % #10.0 R)  751%
2 10 n, - 20 min 20 71 +5.4 (R 4l
3 10 1, - 30 min 10 62 +7.7 (R} 58
4 1o i, - 70 min 3 88 10,4 R) 78
5 10 11, NgH 10 min 10 53 +12.8 (R} 96
6 10 13, - 3 hr 10 65 +12,0 R) 90
7 10 13, NoH 90 mIn 10 65 +13,3 (R) 100
8 14 n, - 30 min 10 67 -7.3() 55
9 4 1, N 10 min 10 63 -12.5¢8) o4
10 14 13, - 3nr 10 73 -8.6(5) 65

v 14 13, NoH 90 min 10 68 -13.2 ($) 99
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Starting materials 9, 10, and 14 were prepared from (5R)-alcohol 5 (61%
ee), which was obtained by the asymmetric reduction of the corresponding ketone
{Scheme 2). The authentic (3R)-lactone 8 (61l% ee [u]D +13.3, c=1.3, CHC13) was
synthesized by the known stereoselective Claisen rearrangement of 4, followed
by lactonization of 7. Claisen rearrangement of 4 should proceed with higher
than 96% stereoselectivity based on the Chain's result.’”) The degrees of
chirality transfer in the palladium catalyzed cyclization were determined by
comparison of [alp values with that of the authentic (3R)-8.

A typical procedure for the cyclization is as follows. A catalyst solu-
tion was prepared by mixing Pd,(dba)3.CHCl; and three equivalents of phosphite
11 or phosphine 13 in DMSO for 30 min at 40 ©c. To the catalyst solution, a
DMSO solution of the ester without base (procedure &), or a THF solution of the
ester and NaH (procedure B), was added dropwise at 40 °C. The absolute stereo-
chemistry and the optical purity of the cyclized product 12 were determined by
conversion to the lactone 8.

Results are summarized in Table 1. The following characteristics are
derived from these cyclizations. (1) The allylic carbonate moiety of 10 is the
better leaving group than the corresponding allylic acetate in the procedure B
for the oxidative addition and also the chirality transfer (No 1, 5). (2) In
the presence of a base (procedure .B), cyclizations of (E)-allylic carbonate 10
and (Z)-isomer 14 proceed with higher than 94% chirality transfer, regardless
of ligand (No 5, 7, 9, 1l1). (3) In the absence of a base (procedure A),
cyclizations of (E)~allylic carbonate 10 and (Z)~isomer 14 give generally lower
degree of chirality transfer than that in the procedure B (No 3 vs 5, 6 vs 7, 8
vs 9, 10 vs 11). (4) The degree of chirality transfer depends on the concen-
tration of palladium; the higher concentration gives the lower optical yield
(NOo 2, 3, 4).

Results of these reactions can be rationalized by the following mechanism
(Scheme 3). The stable syn,syn complex 17 having the phosphine as the ligand,
formed from (E)-10 with inversion by oxidative addition, is quite stable and
the following alkylation proceeds from the opposite side of palladium to give
(3R)-12 (No 6). The same complex 17 having the phosphite instead of the
phosphine, however, partially racemizes to the syn,syn 18 to give a mixture of
{3R)- and (38)-12 in the procedure A (No 3). Similarly in the procedure A, the
less stable anti,syn-16 having phosphine or phsophite as ligand, generated from
(Z)-14, partially racemizes to the stable syn,syn~17 via complex 15 or 18 (No
8, 10). On the other hand, in the procedure B the syn,syn-17 and anti,syn-16
were alkylated, regardless of ligand, with less racemization to give (3R)-12
and (3S)-12, respectively (No 5, 7, 9, 1ll). Thus prior formation (procedure B)
or posterior formation (procedure A) of the anion of nucleophile to the genera-
tion of mw-allylpalladium complex has influenced on the optical yields, i.e.
racemization process. One rational explanation for the racemization of 17 to
18 or 16 to 15 is that m-allylpalladium is displaced from the opposite side of
complex by Pd(0) present in the reaction medium, as a strong nucleophile, with
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inversion of stereochemistry. Faller2?@) and Bosnich?2P) have discussed the
rapid epimerization of the less stable anti,syn m-allylpalladium complexes such
as 15 and 16 to the corresponding stable syn,syn complexes 17 and 18 via T-0-T
interconversion. But this may not always be so. The difference of the optical
yield in cyclizations of (E)-10 and (2)-14 in the presence of phosphite (No 6,
10) indicated that the g-g-y isomerization was not always faster than the
nucleophilic attack of T-allylpalladium complex by Pd(0) or carbonucleophile.

0 ) 0
0,)L\:/§02Me * % O,JL\:,COZME

(E)-10 . «— (Z)-14
o A L\v/"zf“\/’Am T
? o
- Pd ' P&y

Ln Ln’
anti,syn-15 anti,syn-lﬁ
~
* * N ?
! | d

* Isomerization
** Racemization ,B\\SPZMG /&\V,CD "
* % e
0 ~ —_ 2
(3R)-12 —> o OW —>(38)-12
-w ? > - Am
Pd Py '
~ / ~
Ln Ln
syn, syn-17 (Scheme 3) syn,syn-18

References and Notes:

1) C-0+» C-C chirality transfer using Pd4(0); a) B.M.Trost, T.P.Klun,
J.An.Chem.Soc., 103, 1864 (1981); b) T. Hayashi, T. Hagihara, M. Konishi, M.
Kumada, ibid., 105, 7767 (1983). C-0%» C-0 chirality transfer using Pd(0) and
Pd(II); ¢) G.Stork, J.M.Poirier, ibid., 105, 1073 (1983); 4) P.M.Henry
ibid., 94, 5200 (1972); e) L.E.Overman, F.M.Knoll, Tetrahedron Lett., 321
(1979); f) P.A.Grieco, T.Takigawa, S.L.Bongers, H.Tanaka, J.Am.Chem.Soc.,
102, 7587 (1980). C-S+ C-C chirality transfer using Pd(0); g) K.Hiroi,
R.Kitayama, S.Sato, Chem.Lett., 929 (1984).

2) a) J.W.Faller, M.E.Thomsen, M.J.Mattina, J.Am.Chem.Soc., 93, 2642 (1971); b)
B.Bosnich, P.B.Mackenzie, Pure & Appl.Chem., 54, 189 (1982).

3) Recently Trost reported an unusual effect of palladium on the rules for ring
closure in that the cycljization of l-acetoxy-(2E)-penten-5-yl benzene-
sulfonylacetate gave the larger 8-membered ring rather than 6-membered ring;
B.M.Trost, T.R.Verhoeven, J.Am.Chem.Soc., 101, 1595 (1979). While our
cyclizations gave the 8-membered ring in less than 8% yield.

4) a) B.M.Trost, T.R.Verhoeven, J.Am.Chem.Soc., 102, 4730 (1980); b)
J.E.Backvall, R.E.Nordberg, ibid., 103, 4959 (1981); and see ref.l-b).

5) J.Tsuji, I.Shimizu, I.Minami, Y.Ohashi, Tetrahedron Lett., 23, 4809 (1982).

6) T.Takahashi, H.Kataoka, J.Tsuji, J.Am.Chem.Soc., 105, 147 (1983).

7) K.K.Chan, N.Cohen, J.P.De Noble, A.C.Specian,Jr, G.Saucy, J.0rg.Chem., 41,
3497 (1976).

(Received in Japan 8 September 1984)



