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ABSTRACT

Total synthesis of Phytophthora mating hormone r1 (1) has been demonstrated. The required stereochemistries (methyl) are achieved by
applying CuI-(S)-Tol-BINAP-catalyzed conjugate addition of Grignard reagents to r,�-unsaturated esters.

Phytophthora are mostly water molds that can extensively
destroy important agricultures and cause high economical
loss. Therefore, they are often considered as one of the most
threatened phytopathogens in the world.1 This can be seen
from the Irish potato famine arising from phytopathogens
that caused potato diseases, known as late blight, in the mid
1840s.2 Interestingly, hormone R1 (1) (Figure 1) is found to
be a universal mating hormone as it induces oospore
formation not only in the A1 mating type of P. nicotianae
but also in A2 mating types of P. capsici, P. cambiVora,
and P. infestans.3 The isolation of hormone R1 was made
possible from P. nicotianae by Ojika’s group,3 which has
attracted tremendous interest among chemists.4 Qin and co-
workers first confirmed its absolute configuration and
reported the total synthesis of 1.5 Almost at the same time,
Feringa and co-workers have reported the synthesis of its

enantiomer (2) and diastereomer (3) and evaluated their
biological activities, independently.6 Due to its fascinating
hormone structure and biological activities, our group has
been interested in the total synthesis of (3R,7R,11R,15R)-
hormone R1 (1).
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Figure 1. Structures of Phytophthora mating hormone R1 1, its
hemiacetal 1′, enantiomer 2, and diastereomer 3.
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Recently, our group has developed a highly enantioselec-
tive method using CuI-Tol-BINAP-catalyzed conjugate ad-
dition of Grignard reagents to R,�-unsaturated esters to afford
the desired �-methyl-substituted methyl ester with excellent
enantioselectivity (Scheme 1).7,8 In this report, application

of this method to the synthesis of (3R,7R,11R,15R)-hormone
R1 (1) will be expounded.

The key steps of our total synthesis of hormone R1 (1)
involve the assembly of the two fragments 4 and 5 by cross-
metathesis reaction (Scheme 2).9 The fragment 4, in turn,

can be obtained by two iterative CuI-(S)-Tol-BINAP-
catalyzed conjugate additions of MeMgBr to 9. The fragment
5 can be generated via cross-metathesis reaction of 7 and 8.
8 also can be obtained from the CuI-(S)-Tol-BINAP-
catalyzed conjugate addition of MeMgBr to 9.

The total synthesis of hormone R1 (1) started from 1,4-
conjugate addition (CA) of MeMgBr to R,�-unsaturated ester
9 catalyzed by CuI-(S)-Tol-BINAP (Scheme 3). The desired

ester 10 was obtained in 63% yield with 92% ee. A simple
DIBAL-H reduction furnished the primary alcohol 11, which
was then protected with TBDPS to yield 12. TBS was
selectively deprotected, and the resulting primary alcohol 13
was allowed to react with Dess-Martin reagent to afford
the aldehyde intermediate. Freshly prepared but-3-enylmag-
nesium bromide was injected smoothly to the aldehyde
leading to a mixture of diastereomers 14 (dr ) 58:42).
Following cross-metathesis with methyl acrylate using
second-generation Hoveyda-Grubbs catalyst and TES pro-
tection, (E)-enoate 6 (E/Z > 99:1) was obtained in 60% yield
over two steps. Methyl ester 15 was obtained via a similar
asymmetric conjugate addition of MeMgBr catalyzed by (S)-
Tol-BINAP.10 A further DIBAL-H reduction, followed by
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Scheme 1. General Strategy to the Synthesis of Chiral �-Methyl
Esters

Scheme 2. Retrosynthetic Analysis of 1

Scheme 3. Synthesis of 4
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oxidation using Dess-Martin reagent, and Wittig olefination
afforded the terminal olefin 4 in 60% yields over three steps.

As shown in Scheme 4, our synthesis of the fragment 7
utilizes an L-proline-catalyzed aldol reaction of commercially
available 17 and 18 to give anti-diol 19 with very high
enantioselectivity and moderate yield.11 After protection of
diol, tertiary 21 was obtained with 82% de by the reaction
of ketone 20 with vinyl magnesium bromide.12 After Bn
protection, acetal deprotection, periodate cleavage, NaBH4

reduction, and subsequent submittal to benzyl protection
reaction, 24 was formed (68%, from 21). The desired
precursor 7 was obtained in 79% yield by deprotection of
24 using DDQ.12

The synthesis of precursor 8, as shown in Scheme 5, was
achieved from 11 by Dess-Martin oxidation followed by
Wittig olefination in 72% yield. By means of cross metathesis
between 7and 8 using second-generation Hoveyda-Grubbs-2
catalyst,9d 23 was generated predominately in the (E)-
configuration in 62% yield as shown in Scheme 5.13

Hydrogenation of (E)-olefin 25 over Pd/C catalyst afforded
the corresponding primary alcohol, which was then protected
with TBDPS to give 24. Next, the Bz group was selectively

deprotected and subjected to oxidation with Dess-Martin
reagent, followed by Wittig olefination, leading to the
terminal olefin 5 in 64% yield over three steps (Scheme 5).

Ensuing cross-metathesis of the two fragments 4 and 5
catalyzed by second-generation Hoveyda-Grubbs catalyst,
hydrogenation over Pd/C, selective deprotection of TES, and
Dess-Martin oxidation, 26 was obtained in 40% yield over
four steps (Scheme 6). Finally, TBDPS deprotection using
TBAF yields the desired (3R,7R,11R,15R)-hormone R1 (1)
in 90% yield.14
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Scheme 6. Total Synthesis of 1

Scheme 4. Synthesis of 7

Scheme 5. Synthesis of 5
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Inconclusion,wedescribedthetotalsynthesisof(3R,7R,11R,15R)-
hormone R1 (1) using the asymmetric conjugate addition
(CA) of MeMgBr, and cross-metathesis R1 (1) was con-
structed using the asymmetric conjugate addition (CA) of
the simple Grignard reagents, of which three stereogenic
centers were controlled using only one chiral ligand (S)-Tol-

BINAP. This method could be applied to the synthesis of
all the stereoisomers of hormone R1 (1) as well as other
natural products with stereogenic centers bearing methyl
groups.
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corresponded products in much lower yields (< 10%).
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