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Grignard-Triggered Fragmentation of Vinylogous Acyl Triflates. Synthesis of
(2)-6-Heneicosen-11-one, the Douglas Fir Tussock M oth Sex Pheromone

David M. Jones, Shin Kamijo, Gregory B. Dudley*

Department of Chemistry and Biochemistry, Florida State University, Tallahassee, FL 32306-4390, USA

Fax +1(850)6448281; E-mail: gdudiey@chem.fsu.edu
Received 13 December 2005

Abstract: Grignard reagents react with vinylogous acy! triflates in
toluene via an addition—fragmentation sequence to afford alkynyl
ketones. A streamlined synthesis of (2)-6-heneicosen-11-one, the
sex pheromone of the Douglas fir tussock moth, illustrates the
utility of this method.
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We recently disclosed preliminary findings from a carb-
anion-triggered addition—fragmentation methodol ogy that
we are pursuing in our laboratory.! Unstabilized carbon
nucleophiles add to vinylogous acyl triflates| to generate
[A], a tetrahedral intermediate with a vinylogous nucle-
ofuge. Intermediate [A] then fragments by a Grob-type
pathway? to afford atethered keto alkyne (11, Scheme 1).3
Nucleophilic addition (I — A) isfaster than fragmentation
(A — 11), so overaddition does not occur; R-M is gener-
ally consumed prior to the formation of ketone Il. Viable
carbon nucleophiles for this reaction include organo-
lithium reagents, lithium enolates, and aryl Grignard
reagents.!
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Schemel Addition—fragmentation of vinylogous acyl triflates

We now report our effortsto apply this method to an effi-
cient synthesis of (2)-6-heneicosen-11-one (1), the sex
attractant of the Douglas fir tussock moth.* Insect phero-
mones are of general interest as environmentally benign
pesticide alternatives.® Such compounds are already part
of the ecosystem; through controlled release of synthetic
pheromones, one can disrupt the mating behavior of the
pest. Pheromone 1 (Figure 1) in particular has attracted
significant synthetic attention.®

The impetus for this endeavor derives from the fact that
alkyl Grignard nucleophiles were beyond the scope of our
initial reports. Grignard reagents are sometimes more
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Figurel (2)-6-Heneicosen-11-one (1)

accessible than the corresponding organolithiums. For
example, n-decylmagnesium chloride, which would be
needed for the synthesis of 1 by our method, is commer-
cialy available, whereas n-decyllithium is not. We there-
fore set out to optimize the reaction between triflate 2 and
Grignard nucleophiles (Table 1).

Aryl Grignard nucleophiles (e.g., entry 1) trigger frag-
mentation under our original conditions;! however, akyl
Grignards were not competent partners (entry 2).

Tablel Grignard-Triggered Fragmentation of 22
o)

CHs R1-M, solvent Q _
. o /”\/\/
—78°C1060°C Rl
OTf
3

2

Entry R-M Solvent? Product Yield (%)
1 PhMgBr THF 3a 80

2 n-BuMgCl THF 3b -

3 n-BuMgCl Et,O 3b 244

4 n-BuMgCl Toluene 3b 63-83

5 i-PrMgCl Toluene 3c -

6 BnMgBr Toluene 3d 73

7 n-DecyIMgCl  Toluene 3e 58

8 PhMgBr Toluene 3a 71

C4H9 CioH21
O _CHs
FZ

3e

aSolution of triflate 2 (1.1 equiv) treated with 1.0 equiv of R'-M (in
Et,0) at —78 °C, warmed to r.t., and then heated at 60 °C for 30 min.
b Note that Et,O is present in each case.

¢ Product was not obtained in acceptable purity.

4 Reaction mixture was heated for 1 h at reflux (ca. 40 °C); fragmen-
tation was incomplete.
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Toluene is the preferred solvent for the use of akyl
Grignard reagents in our addition—fragmentation method.
Entries 2—4 are representative of our solvent screening
process; the reaction of triflate 2 in toluene with an
ethereal solution of n-butylmagnesium chloride afforded
good vyields of akynyl ketone 3b (entry 4). Benzyl-
magnesium bromide also reacted smoothly (entry 6), but
branched alkyl Grignard reagents (e.g., isopropylmagne-
sium chloride, entry 5) were significantly less efficient in
this process. The n-decyl nucleophile relevant to the syn-
thesis of 1 provided an acceptable yield of ketone 3e (en-
try 7). We reexamined phenylmagnesium bromide (entry
8), finding amodest and perhaps insignificant decreasein
efficiency as compared to our previous report (entry 1).

We next turned our attention to the synthesis of 1
(Scheme 2). Vinylogous acyl triflate 47 was treated with
n-decylmagnesium bromide to afford keto alkyne 5in one
step.8 Hydrogenation of alkyne 5 provides the moth
pheromone 1.%°° Characterization data for our synthetic
sample'® isin accord with literature reports.®

] n-decyl-MgBr  CioHazy 5% Pd/BaSOy,

—78°Cto 60 °C Hy, pyridine
— O CeHy—— =1
4 toluene, 2.5 h 4 MeOH, 97%
OR (R=Tf) 80% 5 (ref. 6b)

Scheme2 Synthesis of (2)-6-heneicosen-11-one (1)

Thisanion-triggered C—C bond cleavage callsto mind the
Eschenmoser—T anabe reaction sequence, one of the clas-
sic fragmentation protocols and avaluable tool for prepar-
ing alkynyl ketones (Scheme3).!! Vinylogous acyl
triflates provide more direct access to a similar pathway.
For example, a vinylogous methyl ester (4, R = Me) was
advanced to 1 in a four-step process that featured the
Eschenmoser—Tanabereaction (4 > 111 -1V -V — 1,
R! = decyl, R? = pentyl).®® By enhancing the nucleofugac-
ity of vinylogous ester 4 (Scheme 2, R = Tf vs. Me), one
gains immediate access to the fragmentation product,
streamlining the synthetic sequence.

RL
R? 202 base
o (or other

epoxidation)

TsNHNH2

a0|d or base O

Scheme3 Eschenmoser—Tanabe fragmentation

In summary, we have extended the scope of our anion-
triggered C—C bond cleavage reaction to include alkyl
Grignard nucleophiles, and we applied our findings to the
chemical synthesis of (Z)-6-heneicosen-11-one (1), the
sex attractant of the Douglas fir tussock moth. Within the
context of this study, toluene proved to be a significantly
more effective solvent than THF. We are continuing to
develop this method, and further applications will be
reported in due course.
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The Pd/BaSO, and pyridine must be mixed before adding
alkyne 5 for best results.
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