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Lepidopteran Sex Pheromones

with a Branched Skeleton Including Stereogenic Center(s)

Leafminer moths (Lyonetiidae)
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peach leafminer

Sugiei et al. 1984
AEZ, 36, 814

_ =5

apple leafminer

mountain-ash bentwing

Gries et al. 1997
JCE, 23, 1119

Francke et al. 1987
Naturwiss., 74, 143

Hemlock looper (Geometridae)
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Gries et al. 1993
JCE, 19, 1501

Bagworm moth (Psychidae )§==
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Gries et al. 2006 JCE, 32, 1673

Lichen moths inhabiting in Iriomote Island
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Synthetic Strateqy for 5,9-Dimethyl Compounds

a S\2 reaction between a secondary tosylate and a carbanion N\
associated with stereospecific inversion
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Synthetic Strateqy for 5,9-Dimethyl Compounds

a S\2 reaction between a secondary tosylate and a carbanion N\
associated with stereospecific inversion

Me Me
@ — >— OTs =— @—<, H OTs: leaving group
\_ R R

Nu: nucleophile (carbanion)

Complete inversion ?7?
With racemization

H (CgHi7),CuLi M
750"V 0Bn > OB

/ Et,0, -70°C n
99% ee 71 % ee
NaCH(CO,Et), O.C
- 2
MsO CO.Et  /DMF, 50°C \/\C%Et
EtO,C .
99% ee 74% ee

Without racemization

= NaCH(COEY, CJ\/\/
= o ,
MSO/\/\/ / DME, 85°C
>09% ee EtO,C >999% ee

Larcheveque & Sanner, 1988
Tetrahedron, 44, 6407

Sato & Otera, 1995
JOC, 60, 2627

Sorger & Stohrer, 2007
US Patent 0225519 A1



Synthesis of the Chiral Block A Block A = :  BlockB
\N\ANNAAAN

(5S.9R)-1

1) n-C5H,MgBr NaCH(CO,Me), : LiCl / DMSO-H,0
> oT > MCOZMG >
O 2)1scl, Et,N S /DME Som 170-180°C
(R)-2 (R)-3 (S)-4 2Vle
R LiAIH : .. PPh R
\AALCOMe > "\ N\ —— AW
[ THF imidazole / THF
(S)-5 (516 ~_ (S)-A

Chiral HPLC Analysis

Chiralpak (R)-3 Chiralpak
AS-H AY-H (S)-6
(S)-3
10% IPA (R)-6 0.4 % IPA
in hexane — in hexane
UV 254 nm ‘,__’/J RI detector
Io | 1|o | éo | éo | 55 éo

(min) (min)



Synthesis of the Chiral Block B B'OCW
(5S.9R)-1
1) n-C;H;sMgBr ?7? =
S ~ AN > TS ANAANS
O~ 2)TsClL,Et,N  TsO
(S)-2 (S)-7 # (R)B
p-Tol SO,CH,CO,Me Ts. A
or (R)-8 CO,Me Ts = Me 5—
p-TolSCH,CO,Me A o)
/ base T :
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Synthesis of the Chiral Block B BlockA : z  BlockB
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(5S.9R)-1
1) n-C7H,;MgBr TsCH,Li / THF C
> > s AN
O~ 2)TsCl,Et,N  TsO
(S)-2 (S)-7 (R)-B
methyl p-tolyl sulfone + base —>» (R)-11
Base Solvent Temp (°C) Yield
BuLi THF 55 72% (>99% ee)
- BuLi THF 20 none
/:\,Br BuLi THF-HMPA 55 none
MeO,C LDA THF 95 18%
o
+ n-C,H, .MgBr NaHMDS  THF 95 30%
: Chiral HPLC Analysis
AN \NNN ' (R)-B
MeO,C ' ° Chiralpak AS-H (S)-B
1) LiAIH, \ /\
l 2) |2, PPh3, imidazole 10% IPA
3) p-Me(C¢H,)SO,Na in hexane \
(R)-B UV 254 nm | , | | |



Coupling of Two Blocks for 1,5-Dimethyl Compounds

1) Female pheromone of the mountain-ash bentwing

AN TSAAANY, — \AANAAANS
] R).B / THF-HMPA
(S)-A R) TS  (55.9R)-12

Mg / MeOH T s (5S.9R)1
3> \/\/\/\/\/\/\/\/ Taguri et al. 2012

Tetra. Asym., 23, 852

2) Female pheromone of the apple leafminer
ok V\/-\/}M B
(3-methyl) <— N\ = (2-methyl)

3) Male pheromone of the stink bug, Pallantia macunaima Muraki et al. 2013

EJOC,,2209
R Y\/k/\/\ R®
Block A’ Block B”
(3-methyl) (2-methyl)

@ The secondary tosylates are useful precursors for building blocks with
a methyl branch at the 2- or 3-position.



Application of the Sy 2 Reaction for 1,11-Dimethyl Compounds_

Sex pheromone of the bagworm moth Taguri et al. 2013 — 5
EJOC, in press.
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A useful chiral building block including a methyl branch
between two functionalities



Application of the S\2 Reaction for 1,11-Dimethyl Compounds

Carlsen etal. 1981 JOC, 46, 3936 S\2 reaction between a sulfonate of
Block C and NaCH(CO,Me),
RuCl;, NalO,
R — R CO,H Sulfonate Temp  After 24 hr
/ CCl,-MeCN-H,O (°C) Yield E,-product
(Yield 63%)
OTs 85 54% 10%
115 72 25
Chiral HPLC Analysis S)c 19046 90
Chiralpak (R)-C OMs 85 50 !

115 89 5
AY-H N N 130 89 6
0.3 % IPA {
irf)hexane \ @ The benzyl group is bulky and activates

UV 254 nm methylene protons.
. . . A mesylate is superior to the corres-
40 50 60 tr (min) ponding tosylate.
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HO

+C, MsO

@ ¢ or TsO- (R}-2

A useful chiral building block including a methyl branch
between two functionalities




Application of the S\2 Reaction for 1,11-Dimethyl Compounds

Sex pheromone of the bagworm moth Taguri et al. 2013 =

\/k/\/\/\/\/k/@ EJOC, in press.
1) RuCl,, NalO,
- S A
2) SOCI, o)

3) (S)-alcohol (BR,13R,3'SH1
OH
CO2H 1) NaNO,, HCI KOH o MeLi
W > o —_— —_—
HN 2) LiAIH, ci /CuCN  HO
(S)-valine
Carlseo et al. 1981J0C, 46, 3936.
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Enantioselective Syntheses of Insect Pheromones
with a Methyl-branched Skeleton

Nu Nu

S\2 reaction of secondary sulfonates, which were synthesized from a
chiral propylene oxide, formed a new C-C bond with complete
inversion of configuration.

The inversion was confirmed by a chiral HPLC analysis.

NaCH(CO,Me), and LiCH,SO,Ph were ideal nucleophiles to increase
two and one carbon(s), respectively.

The reaction could be utilized as a key step for synthesis of chiral
building blocks with a methyl group at the 3- or 2-position.

The two blocks were available for the synthesis of not only
1,5-dimethyl compounds but also other dimethyl compounds,
such as 3,13-dimethylpentadecanoate.
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