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Carbon-Carbon Bond Formation Based on Alkenylphosphonates
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We have been engaged in the development of asymmetric conjugate addition reactions of lithium thiolates, or-
ganolithiums and organocopper reagents under the control of external chiral ligands and we have also developed an
efficient asymmetric Horner-Wadsworth-Emmons (HWE) reaction using an external chiral Ligand. We attempted to
synthesize axial chiral allenes by combination of these conjugate addition reaction and HWE reaction. In the course of
this study, we found that Michael-aldol reaction of alkenylphosphonates 1 using LDA and aldehydes results in the direct
formation of o, f—unsaturated hydroxyphosphonate 4, which was efficiently converted to allene by treatment with KH or
KH-18-crown—6. Furthermore, allenes were synthesized by sequential double HWE reaction in one-flask manner start-
ing from methylenebisphosphonate 8. The key to success is a metal exchange of intermediate lithium alkoxide 4-Li to
potassium alkoxide 4-K by the addition of ~~BuOK. As our continuous study of carbon-carbon bond formation based
on alkenylphosphonates, a cyclization reaction of bisalkenylphosphonate 6 was developed. Although the treatment of 6
with organolithium reagents afforded a mixture of addition-cyclization product 9 and deprotonation-cyclization product
10, the treatment of 6 with LDA gave 10 selectively. These cyclization methods were applied to the synthesis of efficient
chiral phosphine ligands.

Key words——Horner-Wadsworth-Emmons reaction; alkenylphosphonate; axial chirality; allene; cyclization; chiral
phosphine ligand
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Scheme 1. Synthesis of Allenes and Cyclic Bisphosphonate from Alkenylphosphonates
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Fig. 2. 120 Degree Bond Angle by the sp? Carbon is a Sig-
nificantly Unfavourable Factor in Intramolecular Nucleo-
philic Attack of an Alcoholic Oxygen Nucleophile to P=0
Phosphorous Electrophile
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Table 1. Base Dependency of Olefination

t-Bu

Ph\I (OR)

entry R base

base 1.0 eq
THF

Ph H
H>='=<t-Bu

18-crown-6 temp time yield
(equiv) (°C)  (min) (%)

1 Et BuLi reflux 300 30
2 Et NaH 50 30 72
3 Et KH 60 5 92
4 i-Pr KH 1.0 60 5 25
5 i-Pr KH 1.0 0 15 89
6 i-Pr KH 0.1 0 30 92
7 Et KDA 60 60 41
8 Et KHMDS 25 15 88
9 Er KOH 150 80 55
10 Et t-BuOK 40 15 62
11  Et t-BuOCs 60 10 70

Table 2. Effects of Substituents, R! and R2 on the Reaction

KH 1.0 eq
THF

R! H
FO=<R2
H

R&__OH
1
: \;:ﬁ’(OR)z
o

18-crown-6 temp time yield

entry  R! R® (equiv)  (C) (min) (%)
1 Ph t-Bu 0.1 0 30 92
2 Ph c-Hex 60 10 61
3 Ph Ph(CH,), 60 20 71
4 Ph Me 60 20 40
5 Ph Me 0.1 0 60 73
6 Ph Ph 60 40 17
7 tBu Ph(CH,), 60 20 79
8 c-Hex Ph(CH,), 0.1 60 60 77
9 H Ph(CH,), 1.0 60 10 42
10 t-Bu Ph 60 60 55
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Scheme 4. Formation of 1,3-Diene is Due to Isomerization
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Table 3. Conjugate Addition-Michael Tandem Cyclization of 6 with Organolithiums
(0] . o] (o] (@]
(Efif?\hOHh R oy hoen, ¢ P(OEH), ( P(OEt),
Z - + +
R(OED: r ROEY: T Y SpOED, RIOE:
o) R O R O (0]
6a (n=6) trans-9 cis-9 10
6b (n=5)
entry 6 n R-Li 9+10/% trans-9/ % cis-9/% 10/%
19 a 6 Ph 68 39 11 18
2 a 6 Ph 85 64 9 12
3 a 6 1-Naph 94 58 0 39
4 a 6 2-Naph 71 44 0 27
5 a 6 Bu 58 20 0 38
6 b 5 Ph 84 49 23 12

a) A solution of PhLi was added to a solution of 6a. b) The stereochemistry was tentatively assigned by

analogy for 9a (n=6, R=Ph).
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Scheme 8. Stereoselective Cyclization of 11 and Reduction of 12
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Scheme 9.
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