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The total syntheses of (6R)-6-[(2R)-2-hydroxyhexyl]tetrahydro-2H-2-pyranone and 7-hydroxy-5-dode-
canolide are described utilizing a Prins reaction and ring closing metathesis reaction sequence.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1.
Males of the giant white butterfly Idea leuconoe hairpencils
release a complex mixture of compounds such as dihydropyrroli-
zines, terpenoids, aromatics, lactones, and hydrocarbons amongst
others during courtship.1 Among them, b- and d-lactones with
two chiral centers are considered as important components of
the pheromone system. The chain lengths of lactones, such as
6-hydroxy-4-alkanolides 1 and 7-hydroxy-5-alkanolides 2, vary
between C10 and C13. d-Lactones 2 are the minor components of
the hairpencil secretion, and occur as mixtures of all the possible
enantiomers. Among these, the anti-enantiomers predominate.
Hairpencil components also produce a warning signal against
predators,2 besides their courtship function. To date, a single report
has appeared3 on the synthesis of these lactones, which uses an
enantioselective hydrogenation of a dioxoalkanoate precursor.
The development of efficient Prins cyclizations for the synthesis
of natural products4 has prompted us to explore its utility further.
In this connection and in continuation of our interest on the syn-
thesis of bioactive naturally occurring lactones,5 we herein report
a concise synthesis of lactones 2a and 2b utilizing a Prins cycliza-
tion coupled with RCM (ring closing metathesis) (Fig. 1).

The synthesis commenced from the R-(+)-benzyl glycidyl ether
4, obtained by the Jacobsen resolution6 of racemate 3 using (S,S)-
(salen) Co(II) precatalyst, AcOH and H2O (0.5 equiv) for 12 h. Reg-
ioselective opening of epoxide 4 with the vinyl Grignard reagent
formed by the addition of vinyl bromide to Mg in THF in the pres-
ence of CuCN in THF afforded homoallylic alcohol 5 in 92% yield.
ll rights reserved.

.
itha).
This intermediate 5 can be utilized for the synthesis of both 2a
and 2b using C4H9CHO and C5H11CHO, respectively (Schemes 1
and 2). Accordingly, Prins cyclization of 5 with C4H9CHO in the
presence of TFA followed by hydrolysis of the resulting trifluoro-
acetate yielded the desired trisubstituted pyran 7a. Silyl protection
of the 2� alcohol with TBSCl and imidazole in the presence of a cat-
alytic amount of DMAP afforded 8a in 92% yield, which underwent
debenzylation by hydrogenation at atmospheric pressure, in EtOAc
in the presence of 10% Pd/C as the catalyst to produce primary
alcohol 9a. Alcohol 9a, on exposure to TPP, iodine, and imidazole
in refluxing diethyl ether and acetonitrile (3:1) converted into
the corresponding iodide 10a in 24 h. The iodo compound 10a on
exposure to activated Zn in refluxing EtOH furnished the key ring
opened compound 11a with the anti-1,3-diol system. The second-
ary alcohol was protected as a benzyl ether and a subsequent
removal of the TBDMS group provided 12a. The alkene 12a was
converted readily into acrylate 13a upon exposure to acryloyl
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chloride, Et3N, and DMAP in 79% yield. Next, the ring closing
metathesis reaction was implemented easily by the exposure of a
DCM solution of the diene to Grubbs’ 2nd generation catalyst
(10 mol %), which resulted in clean cyclization to dihydropyran-
2-one 14a in 76% yield.

Removal of the benzyl protecting group with concomitant
reduction of the double bond was accomplished by hydrogenation
at atmospheric pressure, in EtOAc in the presence of 10% Pd/C as
the catalyst to afford target molecule 2a in 96% yield.

Using the abovementioned synthetic approach, optically active
7-hydroxy-5-dodecanolide 2b (Scheme 2) was accessed readily
from 5 and C5H11CHO in 6.4% overall yield.

In conclusion, we have achieved a total synthesis of two phero-
mones of giant white butterfly I. leuconoe.
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0.04 (s, 6H); 13C NMR (CDCl3, 75 MHz): 138.1, 128.0, 127.4, 127.2, 75.6, 73.1,
74.7, 72.0, 70.7, 41.2, 38.2, 35.5, 27.5, 25.4, 22.5, 20.5, 13.8, �4.5; LCMSD: 393
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D �2.9
(c 1.4, CHCl3).
(4R,6R)-6-(Benzyloxy)-1-decen-4-ol (12a): 1H NMR (CDCl3, 300 MHz): d 7.44–
7.12 (m, 5H), 5.93–5.66 (m, 1H), 5.17–5.10 (d, J = 12.50 Hz, 2H), 4.67–4.41 (m,
2H), 3.99–3.83 (m, 1H), 3.77–3.59 (m, 1H), 3.48–3.43 (br s, 1H), 2.24–2.14 (t,
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D �8.9 (c 2.25, CHCl3).
(6R)-6-[(2R)-2-(benzyloxy)hexyl]-5,6-dihydro-2H-2-pyranone (14a): 1H NMR
(CDCl3, 300 MHz): d 7.34–7.22 (m, 5H), 6.85–6.77 (t, J = 4.5 Hz, 1H), 6.01–5.94
(td, J = 9.0 Hz, 1H), 4.70–4.51 (ABq, J = 11.3, 4.4 Hz, 2H), 4.43 (d, J = 11.3 Hz, 1H),
3.86–3.75 (m, 1H), 2.32–2.26 (td, J = 4.5, 6.0, 1.5 Hz, 2H), 1.93–1.18 (m, 8H), 0.88
(td, J = 1.7, 7.0 Hz, 3H,); 13C NMR (CDCl3, 75 MHz): d 164.4, 145.2, 138.5, 128.3,
127.8, 127.6, 121.3, 74.9, 74.7, 71.8, 40.5, 33.8, 29.9, 29.6, 26.9, 22.8, 14.0;
LCMSD: 301 [M+Na]; HRMS 289.1799 [M+1] C18H23O3; ½a�25

D �15.7 (c 1.75,
CHCl3).
(6R)-6-[(2R)-2-Hydroxyhexyl]tetrahydro-2H-2-pyranone (2a): 1H NMR (CDCl3,
300 MHz): d 4.58 (t, J = 9.5 Hz, 1H), 4.05–3.85 (m, 1H), 2.68–2.24 (m, 2H),
2.00–1.82 (m, 2H), 1.81–1.20 (m, 10H), 0.91 (t, J = 6.5 Hz, 3H). 13C NMR (CDCl3,
75 MHz): d 171.9, 77.3, 67.4, 43.2, 37.6, 29.5, 28.3, 27.6, 22.6, 18.4, 13.9; IR
(neat): 3441, 2926, 1731, 1457; LCMSD: 223 [M+Na]; HRMS: 223.1310; ½a�25

D
�12.5 (c 0.2, CHCl3), �16.5 (c 0.5, diethyl ether).
(2R,4R,6R)-2-[(Benzyloxy)methyl]-6-pentyltetrahydro-2H-4-pyranol (7b): 1H NMR
(CDCl3, 300 MHz): d 7.36–7.22 (m, 5H), 4.56 (q, J = 12.0 Hz, 2H), 3.98–3.70 (m,
1H), 3.56–3.37 (m, 4H), 1.93 (td, J = 4.5, 12.0 Hz, 2H), 1.64–1.06 (m, 11H), 0.97–
0.87 (t, J = 6.7 Hz, 3H); 13C NMR (CDCl3, 75 MHz): d 138.2, 126.3, 127.6, 127.5,
75.7, 73.6, 73.2, 73.0, 68.0, 40.8, 37.8, 35.7, 31.8, 25.1, 22.5, 13.9; LCMSD: 315
[M+Na]; ½a�25

D +6.9 (c 1.65, CHCl3).
7-Hydroxy-5-dodecanolide/(6R)-6-[(2R)-2-hydroxyheptyl]tetrahydro-2H-2-pyranone
(2b): 1H NMR (CDCl3, 300 MHz): d 4.60 (t, J = 9.8 Hz, 1H), 3.97 (m, 1H), 2.60 (m,
1H), 2.44 (m, 1H), 1.86–1.99 (m, 2H), 1.53–1.79 (m, 2H), 1.44 (m, 2H), 1.36–1.26
(m, 9H), 0.92 (t, J = 6.0 Hz, 3H); 13C NMR (CDCl3, 75 MHz): d 171.9, 77.3, 67.4,
43.3, 38.0, 31.7, 29.5, 28.4, 25.1, 22.6, 18.5, 13.9; LCMSD: 237 [M+Na], HRMS
237.1466 (M+Na); IR (neat): 3448, 2925, 1637, 1458 cm�1; ½a�25

D �22.5 (c 0.3,
CHCl3); �28.0 (c 0.15, diethyl ether), [lit.:

3 �26.5 (c 2.4, diethyl ether)].
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