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Development of enantioselective "anti-Wacker™-type cyclizations
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We attempted the following palladium(0)-catalyzed "anti-Wacker®-type
cyclizations of alkyne- or allene-containing electrophiles with organometallics: 1) asymmetric
synthesis of cycloalkenols using chiral Lewis acid cocatalyst, 2) desymmetrization of
diyne-aldehydes using chiral monophosphine ligand, and 3) chirality transfer of axially chiral
allenic amines in situ generated by dynamic kinetic asymmetric allylic alkylation of primary amines
with allenyl phosphates.

We also developed asymmetric alkylative cyclizations of alkyne-enals with organoboronic acids under
the catalysis consisting of palladium, diarylprolinol, and catechol. Furthermore, we also
demonstrated that pronucleophiles such as dimethyl malonate underwent not only 1,4-addition to
conjugate enynes but also nucleophilic substitution with allenic alcohols under palladium catalysis
in methanol solvent. The use of ketones as the pronuleophile in the latter reaction resulted in the
direct formation of dihydrofurans.
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Scheme 1. 'anti-Wacker'-type cyclizations (E = Electrophile)
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Scheme 2. Enantioselective 'anti-Wacker'-type cyclizations
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Table 1. ‘Anti-Wacker’-type cyclization of 6a in THF

_ MeM(15equiv) Me -
/ —— Lewis Acid (2 equiv) \ Ve
TsN —_— TsN + TsN Me
\ cat. Pd(PPha), \ <
\ THF, 80 °C, 2 h
o OR OH
6a 8a 13a
Entry Me-M Lewis acid Yield of 8a%
1 MeyZn TMSCI 30% (54%)
2 MeyZn none complex mixture
3 MeyZn Ti(OBu), complex mixture
4 MeyZn B(OMe); complex mixture
5 MeMgBr + ZnCl, TMSCI 26% (37%)
1:1
6 MeMgBr + ZnCl, Ti(OBu), 31%
1:1
7 MeMgBr + ZnCl, B(OMe); (2 equiv) 57%
1:1
8 MeMgBr + ZnCl, B(OMe); (1 equiv) 50%
(1:1)
9 MeMgBr + ZnCl, B(OMe); (0.5 equiv) 22%
1:1
10 MeMgBr + ZnCl, none complex mixture
1 MeLi + ZnCl, TMSCI complex mixture
(1:1)
12 MeMgBr + ZnCl, B(OMe); 22%"P
2:1
13 MeMgBr + ZnCl, B(OMe), 69%
1:2
14 MeMgBr + ZnCl, B(O'Pr)(dimethyl 76% (0% ee)
(1:2) L-tartrate)
15 MeMgBr + ZnCl, none 23%
(1:2)

2Yield of TMS ether is shown in parenthesis.
b Yield of 13a was obtained in 40% yield.
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Scheme 3. ‘Anti-Wacker’-type cyclization of diyne 6b
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Table 2. 'anti-Wacker'-type cyclization of allene-iminium ion derived from 10b

R p-An-B(OH), (1.5 equiv) p-An p-An R
(I/ aq HCHO (1.5 equv) @
- . R
PA(PPhy), (5 mol%) / \}
NHBU THE 50°C, 280 _/ R NBUCH,p-An
10b 12b 14b 15b
Entry R 120 14b 15b
1 Me 56% 0% 0%
2 Et 28% 35% 0%
3 iPr 0% 65% 0%
4 By 0% 21% 19%
- 6¢
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Scheme 4. Diastereoselective three-component coupling reaction and
substitution of the resulting allylic amine 16 with trimethyl barbituric acid
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Scheme 5. Enantioselective arylative cyclization of alkyne-enal 18
under palladium(0)-diarylprolinol-catechol cocatalysis
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Scheme 6. Divegent synthesis of 1,3- and 1,2-dienes 21 and 22
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Scheme 7. Pd(0)-catalyzed synthesis of allenes 26 and dihydrofuran 27
from pronucleophile 23
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