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To tal syn the ses of 5-hexadecanolide (1), 6-acetoxy-5-hexadecanolide (2) and tanikolide (3) are de -
scribed. 1-Bromoundecane (4) and 5-benzyl-1-pentanal (5) were cho sen as start ing ma te ri als. Wittig
olefination and Grig nard ad di tion 4 and 5 af forded the 16-carbon skel e ton, which un der went a se ries of func -
tional group trans for ma tions to give -lactone de riv a tives 1, 2 and 3.

IN TRO DUC TION

In this re port, we de scribe the to tal syn the ses of -
 lactone 1, 2 and 3 (see Fig. 1). 5-Hexadecanolide, 1,  a
pheromone iso lated from the man dib u lar glands of the ori en -
tal hor net Vespa orientalis in 1969,1 has been pro posed as a
pheromone play ing the role of a queen sub stance. Its bi o log i -
cal prop er ties have in duced many at tempts to syn the size the
com pound.2

6-Acetoxy-5-hexadecanolide, 2, is the ma jor com po -
nent of the api cal drop lets that form on the eggs of the mos -
quito Culex pipens fatigans.3 The sub stance acts as an
oviposi tion pheromone at tract ing gravid fe males of the same
and same re lated mos quito spe cies in duc ing them to oviposit
in the same spot where the orig i nal eggs are found. These be -
hav iors can be used to lure the mos quito away from pop u lated 
ar eas to a place where they can be readily. De spite the pres -
ence of in ac tive iso mers, the bi o log i cal ac tiv ity of the nat u ral
iso mer is un af fected. In other words, op ti cal pu rity is not nec -
es sary as the bi o log i cal ac tiv ity of the syn thetic racemic mix -
ture is sim i lar to that of the nat u ral prod uct.4 More than thirty
syn thetic re ports have been pub lished5  and they pro vide an
in ex pen sive method to pre pare the pheromone for use in ben -
e fit re source-poor na tions that suf fer from sev eral dis eases
con veyed by mos quito.

Tanikolide, 3, is a new brine-shrimp toxic and anti -
fungal me tab o lite and iso lated from the ma rine cyanobacteria 

(blue-green al gae) Lyngbya majuscula Gomont col lected
from Tanikeli Is land, Mad a gas car. 6 This struc ture of 3 has
been de ter mined by many spec tro scopic meth ods and tested
for tox ic ity and showed an LD50  of 3.6 g/mL against brine
shrimp and 9.0 g/mL against the snail.6 Quite re cently,
Ogasawara and co work ers have re ported the syn thetic ap -
proach by cat a lytic asym met ric hy dro gen trans fer re ac tion as
the key step.7

RE SULTS AND DIS CUS SION

Scru tiny of the three mol e cules shows they share 11-
 carbon nor mal long chain and -sub sti tuted lactone. The
5-hexadecanolide (1) is the ba sic skel e ton of com pounds 2
and 3. Our syn thetic plan for 1, 2 and 3 rep re sented a dif fer ent 
strat egy for con struct ing the -lactone de riv a tives (as out -
lined in Scheme I).

Our ap proach to the syn the sis of 5-hexadecanolide (1)
in volved Grig nard ad di tion. Grig nard re agent of 1-bromo -
undecane (4) was added to 5-benzyl-1-pentanal (5) and af -
forded O-benzyl al co hol 6 (see Scheme II). The hydroxy
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group of 6 was ac ety lat ed by ace tic an hy dride (Ac2O) and
pyridine to give ac e tate 7. Debenzylation of 7 by cat a lytic
hydrogenolysis (10% Pd/C) gave pri mary al co hol 8, which on 
treat ment with Jones re agent af forded an acid. This acid was
deprotected by po tas sium hy drox ide (KOH) and lactonized in 
2N hy dro gen chlo ride (HCl) to fur nish 5-hexadecanolide (1).
A sec ond ap proach for the con struc tion of the -lactone ring
of 1 is shown in Scheme III. Al co hol 6 was ox i dized with
pyridinium chlorochromate (PCC) and Celite to give ketone
9. Debezylation of ketone 9 af forded the un ex pected tetra -
hydropyranyl ether ring 10 in 90% yield. Ox i da tion of cy clic
ether ring 10 by ru the nium (III) chlo ride (RuCl3) and so dium
periodate (NaIO4) fur nished the com pound 1. Two con ve -
nient and straight for ward syn thetic path ways to wards 5-
 hexadecanolide (1) are pre sented. By these meth ods, lactone
1 was ei ther ob tained in an over all yield of 56% (5 step pro ce -
dure) or 31% (4 step pro ce dure) from com pound 4.

The syn thetic ap proach of 6-acetoxy-5-hexadecanolide 
(2) uti lized Wittig olefination pro to col. The O-benzyl endo-
 ole fin 11 was ob tained by Wittig re ac tion of 4 and 5 in 82%
yield (see Scheme IV). Osmylation of 11 with os mium tetra -

oxide (OsO4) as cat a lyst and N-methylmorphorline-N-ox ide
(NMO) gave diol. With out pu ri fi ca tion, the diol was pro -
tected as the acetonide us ing 2,2-dimethyoxypropane in
acidic con di tion and debenzylated with 10% pal la dium on ac -
ti vated car bon as cat a lyst in ethyl ac e tate af forded prod uct
12. With al co hol 12 in hand, the al co hol was ox i dized with
PCC and Celite to give the cor re spond ing al de hyde 13. Ox i -
da tion of al de hyde 13 fur nished the carboxylic acid with
RuCl3 and NaIO4 and sub se quent lactonization with 2N HCl
gave the -lactone. Finally, acetylation of hydroxy -lactone
yielded the tar get mo lec u lar 2. The over all yield of 33% of 2
was ob tained (9 step pro ce dure) from com pound 4.

The syn thetic ap proach to tanikolide (3) uti lized Grig -
nard ad di tion and Wittig olefination pro to col. Olefination of
ketone 9 with methyltriphenylphosphonium io dide in ba sic
con di tion af forded exo-ole fin 14. Osmylation of 14 with
OsO4  as cat a lyst and NMO gave diol. With out pu ri fi ca tion,
the diol was pro tected as the acetonide 15 us ing 2,2- di meth -
yoxypropane in 78% yield. Debenzylation of 15 with 10%
pal la dium on ac ti vated car bon as cat a lyst in ethyl ac e tate af -
forded al co hol. The al co hol was ox i dized with PCC and
Celite to give al de hyde 16. This al de hyde was slowly con -
verted to acetal com pound8 in CDCl3 so lu tion for one week.
Ox i da tion of al de hyde 16 fur nished the carboxylic acid with
RuCl3 and NaIO4  and sub se quent lactonization with p-
 toluenesulfonic acid ( p-TsOH) gave tanikolide (3). The over -
all yield of 32% of 3 was ob tained (9 step pro ce dure) from
com pound 4.

In sum mary, we have de vel oped these routes to -
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 lactone de riv a tives based on Grig nard ad di tion and Wittig
olefination pro to col.

EX PER I MEN TAL SEC TION

Gen eral
Tetrahydrofuran was dis tilled prior to use from a deep-

 blue so lu tion of so dium-benzophenone ketyl. All other re -
agents and sol vents were ob tained from commerical sources
and used with out fur ther pu ri fi ca tion. Re ac tions were rou -
tinely car ried out un der an at mo sphere of dry ni tro gen with
mag netic stir ring. So lu tion of prod ucts in or ganic sol vents
were dried with an hy drous mag ne sium sul fate be fore con cen -
tra tion in vacuo. Crude prod ucts were pu ri fied by pre para tive
TLC or col umn chro ma tog ra phy on sil ica gel. All re ported
tem per a tures are un cor rected.

1-Benzyl-hexadecan-5-ol (6)
In a three-necked flask with a drop ping fun nel, stir rer,

and re flux con denser, mag ne sium turn ings (0.24 g, 10.0
mmol) were cov ered with dry tetrahydrofuran (20 mL) and
treated with about 1/20 of a to tal of 1-bromoundecane (4) (0.5 
g, 2.1 mmol) in tetrahydrofuran (20 mL) with stir ring. Af ter
the re ac tion had started, the re main ing 4 was added dropwise
with fur ther stir ring in such a way that the ether boiled gently. 
When the Grig nard re agent was pre pared, the re agent was
added dropwise via a sy ringe to a so lu tion of 5-benzyl- 1-
 pentanal (5) (0.4 g, 2.1 mmol). Af ter the ad di tion was com -
plete, the mix ture was heated on the wa ter bath (60 C) with

stir ring for 30 min, and it was then cooled, hy dro lysed by the
ad di tion of wa ter (1 mL), and sub se quently treated with 5N
HCl (2  20 mL) to dis solve the pre cip i tate that had been
formed. The mix ture was fil tered and ex tracted with ethyl ac -
e tate (3  50 mL). The com bined or ganic lay ers were washed
with brine (2  20 mL), dried by mag ne sium sul fate, fil tered
and evap o rated. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 6/1) af forded 0.6 g (82%) of 6: IR (film) 3410 cm -1;
Electrospray-MS: C23H40O2  m/z  (%) = 349 (M++1, 100); 1H
NMR (400 MHz, CDCl3)  0.86 (t, J = 6.8 Hz, 3H), 1.20-1.70
(m, 27H and 1.24 br s), 3.46 (t, J = 6.5 Hz, 2H), 3.55-3.61 (m,
1H), 4.49 (s, 2H), 7.23-7.34 (m, 5H). 13C NMR (100 MHz,
CDCl3)  138.57, 128.35 (2x), 127.65 (2x), 127.51, 72.91,
71.88, 70.30, 37.49, 37.18, 31.92, 29.72, 29.70, 29.66, 29.64
(3x), 29.35, 25.66, 22.69, 22.3, 14.10.

Ace tic acid 1-(benzylbutyl) undecanyl es ter (7)
To a stirred so lu tion of 6 (100 mg, 0.29 mmol) in

pyridine (2 mL) was added ace tic an hy dride (1 mL) and the
mix ture was stirred for 20 h at room tem per a ture. The re sult -
ing mix ture was poured into 2N hy dro gen chlo ride (10 mL)
and ex tracted with ethyl ac e tate (3  20 mL). The com bined
or ganic lay ers were dried by mag ne sium sul fate, fil tered and
evap o rated. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e tate =
20/1) af forded 100 mg (88%) of 7 as a col or less oil: IR (film)
1735 cm-1; Electrospray-MS: C 25H42O3 m/z (%) = 391 (M++1, 
100), 331 (43); 1H NMR (400 MHz, CDCl3)  0.86 (t, J = 6.6
Hz, 3H), 1.20-1.65 (m, 26H and 1.23 br s), 2.01 (s, 3H), 3.44
(t, J = 6.5 Hz, 2H), 4.48 (s, 2H), 4.80-4.90 (m, 1H), 7.24-7.35
(m, 5H); 13C NMR (100 MHz, CDCl3)  170.94, 138.59,
128.34 (2x), 127.62 (2x), 127.49, 74.30, 72.88, 70.14, 34.08,
33.89, 31.91, 29.64 (2x), 29.62, 29.58, 29.53 (2x), 29.34,
25.31, 22.68, 22.02, 21.28, 14.12.

Ace tic acid 1-(hydroxylbutyl) undecanyl es ter (8)
Com pound 7 (100 mg, 3.0 mmol) was dis solved in

ethyl ac e tate (10 mL) and to which was added 10% pal la dium
on ac ti vated car bon as cat a lyst. Then hy dro gen was bub bled
into the mix ture for 10 min, and stir ring oc curred at room
tem per a ture for 3 h. Fil tra tion through a short plug of Celite
and wash ing with ethyl ac e tate (3  10 mL) re sulted in the de -
sired al co hol 8. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 4/1) af forded 73 mg (95%) of 8 as a col or less oil: IR
(film) 3421, 1738 cm-1; Electrospray-MS: C18H36O3 m/z (%)
= 301 (M++1, 100), 241 (85); 1H NMR (400 MHz, CDCl3)
0.84 (t, J = 6.6 Hz, 3H), 1.20-1.80 (m, 27H and 1.22 br s),
2.01 (s, 3H), 3.60 (t, J = 6.5 Hz, 2H), 4.80-4.90 (m, 1H); 13C
NMR (100 MHz, CDCl3)  171.05, 74.23, 62.70, 34.11,
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33.89, 32.52, 31.90, 29.63, 29.60, 29.56, 29.52 (2x), 29.33,
25.31, 22.67, 21.56, 21.27, 14.10.

5-Hexadecanolide (1)
Method 1: To a so lu tion of 3 (60 mg, 0.2 mmol) in ac e -

tone (10 mL) at room tem per a ture was added ex cess Jones re -
agent. The mix ture was stirred for 10 min and treated with
2-propanol (0.5 mL) to de stroy the unreacted ox i da tion re -
agent. Af ter the sol vent was re moved, the res i due was di luted 
with wa ter and ex tracted with ethyl ac e tate (4  10 mL). The
com bined or ganic lay ers were dried by mag ne sium sul fate,
fil tered and evap o rated. With out pu ri fi ca tion, to the crude
acid (62 mg) was added tetrahydrofuran (2 mL), wa ter (2 mL) 
and po tas sium hy drox ide (10 mg). The re ac tion mix ture was
heated at re flux for 5 h. Then it was cooled to room tem per a -
ture and the aque ous layer was col lected. The aque ous layer
was acid i fied with 2N HCl and ex tracted with ether (3  10
mL) and the com bined or ganic lay ers were dried by mag ne -
sium sul fate, fil tered and evap o rated. Pu ri fi ca tion on sil ica
gel (hex ane/ethyl ac e tate = 3/1) af forded 42 mg (83%) of 1:
IR (film) 1742 cm-1 ; Electrospray-MS: C16H30O2 m/z (%) =
255 (M++1, 100); 1H NMR (400 MHz, CDCl3)  0.88 (t, J =
6.4 Hz, 3H), 1.27-1.90 (m, 24H and 1.27 br s), 2.40-2.65 (m,
2H), 4.20-4.28 (m, 1H); 13C NMR (100 MHz, CDCl3) 
172.02, 80.62, 35.83, 31.89, 29.62, 29.59, 29.54, 29.48,
29.46, 29.41, 29.32, 27.78, 24.92, 22.67, 18.49, 14.11.

1-Benzyl-hexadecan-5-one (9)
To the al co hol 6 (100 mg, 0.29 mmol) in meth y lene

chlo ride (10 mL) was added to a mix ture of pyridinium
chlorochromate (100 mg, 0.46 mmol) and Celite (1.0 g) in
meth y lene chlo ride (10 mL). Af ter be ing stirred at room tem -
per a ture for 2 h, the mix ture was di luted with ethyl ac e tate
(20 mL) and fil tered through a short sil ica gel col umn. The
fil trate was dried by mag ne sium sul fate, fil tered and con cen -
trated to pro duce crude 9. Pu ri fi ca tion on sil ica gel (hex -
ane/ethyl ac e tate = 20/1) af forded 9 83 mg (84%) as a col or -
less oil: IR (film) 1713 cm-1; Electrospray-MS: C23H38O2  m/z
(%) = 347 (M++1, 100); 1H NMR (400 MHz, CDCl3)  0.86 (t, 
J = 6.8 Hz, 3H), 1.23 (br s, 16H), 1.50-1.65 (m, 8H), 2.35 (t, J
= 6.7 Hz, 2H), 2.40 (t, J = 7.0 Hz, 2H), 3.45 (t, J = 5.5 Hz,
2H), 4.47 (dd, J = 5.5, 5.5 Hz, 2H), 7.23-7.34 (m, 5H).

1-Undecanyl tetrahydro-pyran (10)
Com pound 9 (80 mg, 0.23 mmol) was dis solved in

ethyl ac e tate (10 mL) and to which was added 10% pal la dium
on ac ti vated car bon as cat a lyst. Then hy dro gen was bub bled
into the mix ture for 10 min, and stir ring oc curred at room

tem per a ture for 3 h. Fil tra tion through a short plug of Celite
and wash ing with ethyl ac e tate (3  10 mL) re sulted in the de -
sired al co hol 10. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 50/1) af forded 50 mg (90%) of 10 as a col or less oil: IR
(film) 2925 cm-1; Electrospray-MS: C16H32O m/z (%) = 241
(M++1, 100); 1H NMR (400 MHz, CDCl3)  0.85 (t, J = 6.6
Hz, 3H), 1.18-1.80 (m, 26H and 1.23 br s), 3.603.16-3.22 (m,
1H), 3.35-3.42 (m, 1H), 3.92-3.97 (m, 1H); 13C NMR (100
MHz, CDCl3)  77.94, 68.49, 36.68, 31.94, 31.91, 29.75,
29.66, 29.62 (3x), 29.35, 26.25, 25.53, 23.62, 22.68, 14.11.

5-Hexadecanolide (1)
Method 2: The ether 10 (50 mg, 0.21 mmol) was dis -

solved in car bon tet ra chlo ride (2 mL), acetonitrle (2 mL) and
wa ter (3 mL) with vig or ous stir ring. Then so dium periodate
(210 mg, 1.0 mmol) and ru the nium (III) chlo ride hy drate (5
mg) were added. The re ac tion was stopped af ter 6 h, di lut ing
with meth y lene chlo ride (20 mL) and the or ganic layer was
sep a rated. The aque ous layer was then ex tracted with meth y -
lene chlo ride (2  10 mL) and the or ganic lay ers were fil tered
on a Celite pad, col lected and con cen trated. Pu ri fi ca tion on
sil ica gel (hex ane/ethyl ac e tate = 3/1) af forded 27 mg (51%)
of 1.

1-Benzyl-hexadecan-5-ene (11)
To a stirred so lu tion of undecyl triphenyl phosphonium

bro mide (5.0 g, 9.25 mmol) in tetrahydrofuran (50 mL) was
added n-butyllitium (5.3 mL, 1.6 M, 8.5 mmol) and hexa -
methylphosphoric triamide (HMPA, 1.5 mL) at -78 C. The
or ange red col ored mix ture was stirred at -78 C for 1 h.
5-Benzyl-1-pentanal (5) (1.5 g, 7.8 mmol) was added to the
re ac tion mix ture at -78 C via a sy ringe and fur ther stirred at
-78 C for 2 h. The re ac tion was quenched with aque ous sat u -
rated am mo nium chlo ride (10 mL) and the mix ture was ex -
tracted with di ethyl ether (3  50 mL) and the com bined or -
ganic lay ers were washed with brine (2  20 mL), dried by
mag ne sium sul fate, fil tered and evap o rated. Pu ri fi ca tion on
sil ica gel (hex ane/ethyl ac e tate = 50/1) af forded 2.1 g (82%)
of 11 as a col or less oil: Electrospray-MS: C 23H38O m/z (%) =
331 (M++1, 100); 1H NMR (400 MHz, CDCl3)  0.88 (t, J =
6.6 Hz, 3H), 1.21-1.64 (m, 20H and 1.23 br s), 1.95-2.23 (m,
4H), 3.46 (t, J = 6.6 Hz, 2H), 4.49 (s, 2H), 5.29-5.39 (m, 2H),
7.23-7.34 (m, 5H).

4-(2,2-Dimethyl-[1,3]dioxolane-4-yl-5-undecanyl)butan-1-
ol (12)

To a so lu tion of endo-ole fin 11 (1.0 g, 3.0 mmol) in
tetrahydrofuran (20 mL) and t-butanol (10 mL) was added
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N-methylmorphorline-N-ox ide (1.0 g, 4.3 mmol) in wa ter
(50%). The mix ture was al lowed to stir at room tem per a ture
for 10 min and then treated with the so lu tion of 2% os mium
tetraoxide in tetrahydrofuran (5 mL). Af ter 3 h, to the mix ture 
was added di lute so dium bisulfite so lu tion (10%, 10 mL) and
ex tracted with ethyl ac e tate (3  50 mL). The or ganic phase
was washed with brine, dried by mag ne sium sul fate, fil tered
and evap o rated. With out pu ri fi ca tion, the crude diol (1.1 g,
3.0 mmol) and p-toluenesulfonic acid (20 mg) were dis solved 
in 2,2-dimethyoxypropane (10 mL) at room tem per a ture for
30 min. The mix ture was fil tered on ba sic alu mina and the fil -
trate con cen trated un der re duced pres sure. The res i due aceto -
nide (1.2 g, 3.0 mmol) was dis solved in ethyl ac e tate (30 mL)
and to which was added 10% pal la dium on ac ti vated car bon
(50 mg) as cat a lyst. Then hy dro gen was bub bled into the mix -
ture for 10 min, and stir ring oc curred at room tem per a ture for
3 h. Fil tra tion through a short plug of Celite and wash ing with 
ethyl ac e tate (20 mL) re sulted in the de sired al co hol 12. Pu ri -
fi ca tion on sil ica gel (hex ane/ethyl ac e tate = 3/1) af forded
0.74 g (three steps 78%) of 12 as a col or less oil: IR (film)
3416 cm-1; Electrospray-MS: C 19H38O3  m/z (%) = 315 (M++1, 
36), 257 (100); 1H NMR (400 MHz, CDCl3)  0.83 (t, J = 6.5
Hz, 3H), 1.10-1.62 (m, 31H and 1.24, 1.28, 1.41 br s), 3.57 (t,
J = 6.2 Hz, 2H), 3.90-4.05 (m, 2H); 13C NMR (100 MHz,
CDCl3)  78.01, 77.89, 62.37, 32.40, 31.69, 29.49, 29.38,
29.22, 29.1, 28.39, 26.02, 25.76, 22.43, 22.30, 13.82.

4-(2,2-Dimethyl-[1,3]dioxolane-4-yl-5-undecanyl)-
butyraldehyde (13)

To the al co hol 12 (0.7 g, 2.2 mmol) in meth y lene chlo -
ride (10 mL) was added to a mix ture of pyridinium chloro -
chromate (0.6 g, 2.8 mmol) and Celite (1.0 g) in meth y lene
chlo ride (20 mL). Af ter be ing stirred at room tem per a ture
for 2 h, the mix ture was di luted with ethyl ac e tate (20 mL)
and fil tered through a short sil ica gel col umn. The fil trate
was washed with wa ter (2  10 mL), dried by mag ne sium
sul fate, fil tered and con cen trated to pro duce crude al de hyde
13. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e tate = 3/1) af -
forded 13 0.61g (88%) as a col or less oil: IR (film) 2857,
2716, cm -1; Electrospray-MS: C19H36O3  m/z  (%) = 313
(M++1, 9), 255 (100); 1H NMR (400 MHz, CDCl3)  0.89 (t,
J = 7.0 Hz, 3H), 1.12-1.67 (m, 24H and 1.23, 1.34, 1.43 br s),
1.82-1.88 (m, 4H), 2.51 (t, J = 7.0 Hz, 2H), 3.90-4.05 (m,
2H), 9.75 (s, 1H).

6-Acetoxy-5-hexadecanolide (2)
Al de hyde 13 (0.5 g, 1.6 mmol) was dis solved in car bon

tet ra chlo ride (4 mL), acetonitrle (4 mL) and wa ter (6 mL)
with vig or ous stir ring. Then so dium periodate (0.5 g, 2.3
mmol) and ru the nium (III) chlo ride hy drate (5 mg) were
added. The re ac tion was stopped af ter 6 h, di luted with meth -
y lene chlo ride (20 mL) and the or ganic layer was sep a rated.
The aque ous layer was then ex tracted with meth y lene chlo -
ride (2  10 mL) and the or ganic lay ers were fil tered on a
Celite pad, col lected and con cen trated. Then a mix ture of
crude acid in tetrahydrofuran (10 mL) and 2N hy dro gen chlo -
ride (5 mL) was heated for 16 h. Af ter re mov ing the sol vents,
the res i due was ex tracted with ethyl ac e tate (3  20 mL) and
wa ter (10 mL) and the com bined or ganic lay ers were washed
with brine (2  20 mL), dried by mag ne sium sul fate, fil tered
and evap o rated. To a stirred so lu tion of the crude hydroxy

-lactone in pyridine (2 mL) was added ace tic an hy dride (1
mL) and the mix ture was stirred for 20 h at room tem per a ture. 
The re sult ing mix ture was poured into 2N hy dro gen chlo ride
(5 mL) and ex tracted with ethyl ac e tate (3  20 mL). The
com bined or ganic lay ers were dried by mag ne sium sul fate,
fil tered and evap o rated. Pu ri fi ca tion on sil ica gel (hex -
ane/ethyl ac e tate = 2/1) af forded 0.3 g (three steps 60%) of 2
as a col or less oil: IR (film) 1744 cm -1; Electrospray-MS:
C18H32O4 m/z (%) = 313 (M++1, 100); 1H NMR (400 MHz,
CDCl3)  0.86 (t, J = 6.7 Hz, 3H), 1.07-1.99 (m, 22H and 1.23
br s), 2.06 (s, 3H), 2.27-2.67 (m, 2H), 4.27-4.37 (m, 1H),
4.90-5.01 (m, 1H).

2-(4-Benzylbutyl)-undecan-1-ene (14)
To a stirred so lu tion of methyltriphenylphosphonium

io dide (5.0 g, 2.0 mmol) in dry tetrahydrofuran (20 mL) was
added n-butyllitium (1.0 mL, 1.6 M, 1.6 mmol) at -78 C. The 
or ange red col ored mix ture was stirred at -78 C for 1 h.
Ketone 9 (0.5 g, 1.44 mmol) was added to the re ac tion mix -
ture at -78 C via a sy ringe and fur ther stirred at -78 C for 2
h. The re ac tion was quenched with aque ous sat u rated am mo -
nium chlo ride (10 mL) and the mix ture was ex tracted with di -
ethyl ether (3  50 mL) and the com bined or ganic lay ers were
washed with brine (2  20 mL), dried by mag ne sium sul fate,
fil tered and evap o rated. Pu ri fi ca tion on sil ica gel (hex ane/
ethyl ac e tate = 20/1) af forded 450 mg (91%) of 14 as a col or -
less oil: IR (film) 2920 cm-1 ; 1H NMR (400 MHz, CDCl3) 
0.86 (t, J = 6.5 Hz, 3H), 1.24-1.70 (m, 22H and 1.24 br s),
1.90-2.10 (m, 4H), 3.46 (t, J = 6.4 Hz, 2H), 4.49 (s, 2H), 4.68
(s, 2H), 7.23-7.34 (m, 5H); 13C NMR (100 MHz, CDCl3) 
149.96, 138.66, 128.34 (2x), 127.65 (2x), 127.48, 108.67,
72.87, 70.35, 36.05, 35.80, 31.93, 29.69, 29.65 (2x), 29.58,
29.48, 29.46, 29.36, 27.85, 24.35, 22.70, 14.13.
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4-Benzylbutyl-4-undecanyl-2,2-dimethyl-[1,3]dioxolane
(15)

To a so lu tion of exo-ole fin 14 (450 mg, 1.31 mmol) in
tetrahydrofuran (10 mL) and t-butanol (3 mL) was added
N-methylmorphorline-N-ox ide (0.5 g, 2.2 mmol) in wa ter
(50%). The mix ture was al lowed to stir at room tem per a ture
for 10 min and then treated with the so lu tion of 2% os mium
tetraoxide in tetrahydrofuran (5 mL). Af ter 3 h, to the mix ture 
was added di lute so dium bisulfite so lu tion (10%, 10 mL) and
ex tracted with ethyl ac e tate (3  20 mL). The or ganic phase
was washed with brine, dried by mag ne sium sul fate, fil tered
and evap o rated. With out pu ri fi ca tion, the crude diol (470 mg) 
and p-toluenesulfonic acid (20 mg) were dis solved in 2,2-
 dimethyoxypropane (10 mL) at room tem per a ture for 30 min. 
The mix ture was fil tered on ba sic alu mina and the fil trate
con cen trated un der re duced pres sure. Pu ri fi ca tion on sil ica
gel (hex ane/ethyl ac e tate = 10/1) af forded 465 mg (85%) of
15 as a col or less oil: Electrospray-MS: C27H46O3 m/z (%) =
419 (M++1, 6), 361 (100); 1H NMR (400 MHz, CDCl3)  0.86
(t, J = 6.7 Hz, 3H), 1.20-1.70 (m, 32H and 1.24, 1.36 br s),
3.46 (t, J = 6.4 Hz, 2H), 3.71 (s, 2H), 4.48 (s, 2H), 7.23-7.34
(m, 5H); 13C NMR (100 MHz, CDCl3)  138.57, 128.35 (2x),
127.64 (2x), 127.50, 108.79, 83.57, 72.93, 72.91, 70.18,
37.33, 37.10, 31.91, 30.22, 30.18, 29.65 (2x), 29.63, 29.57,
29.35, 27.19, 27.16, 24.18, 22.69, 20.86, 14.13.

4-(2,2-Dimethyl-[1,3]dioxolane-4-yl-4-undecanyl)-
butyraldehyde (16)

Com pound 15 (450 mg, 1.07 mmol) was dis solved in
ethyl ac e tate (30 mL) and to which was added 10% pal la dium
on ac ti vated car bon (50 mg) as cat a lyst. Then hy dro gen was
bub bled into the mix ture for 10 min, and stir ring oc curred at
room tem per a ture for 3 h. Fil tra tion through a short plug of
Celite and wash ing with ethyl ac e tate (20 mL) re sulted in the
de sired al co hol. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 3/1) af forded 320 mg (92%): 1H NMR (400 MHz,
CDCl3)  0.85 (t, J = 6.6 Hz, 3H), 1.11-1.75 (m, 31H and 1.23, 
1.35 brs), 3.63 (t, J = 6.5 Hz, 2H), 3.69 (s, 2H); 13C NMR (100 
MHz, CDCl3)  108.84, 83.55, 72.85, 62.71, 37.34, 36.99,
33.13, 31.89, 30.16, 29.64, 29.61, 29.59, 29.55, 29.33, 27.18,
27.11, 24.21, 22.67, 20.35, 14.11. Al co hol (300 mg, 0.91
mmol) in meth y lene chlo ride (10 mL) was added to a mix ture
of pyridinium chlorochromate (320 mg, 1.48 mmol) and
Celite (1.0 g) in meth y lene chlo ride (10 mL). Af ter be ing
stirred at room tem per a ture for 2 h, the mix ture was di luted
with ethyl ac e tate (20 mL) and fil tered through a short sil ica
gel col umn. The fil trate was washed with wa ter (2  10 mL),
dried by mag ne sium sul fate, fil tered and con cen trated to pro -

duce crude al de hyde 16. Pu ri fi ca tion on sil ica gel (hex ane/
ethyl ac e tate = 3/1) af forded 16 247 mg (83%) as a col or less
oil: IR (film) 2854, 2718 cm-1; 1H NMR (400 MHz, CDCl3) 
0.85 (t, J = 6.6 Hz, 3H), 1.18-1.75 (m, 30H and 1.23, 1.35,
1.36 br s), 2.46-2.42 (m, 2H), 3.70 (d, J = 8.0 Hz, 2H), 3.73
(d, J = 8.0 Hz, 2H), 9.75 (t, J = 1.6 Hz, 1H); 13C NMR (100
MHz, CDCl3)  202.26, 108.98, 83.25, 72.81, 44.11, 37.34,
36.57, 31.89, 30.13, 29.62, 29.60, 29.58, 29.53, 29.32, 27.19,
27.03, 24.27, 22.67, 16.78, 14.10.

Tanikolide (3)
Al de hyde 16 (238 mg, 0.73 mmol) was dis solved in

car bon tet ra chlo ride (4 mL), acetonitrle (4 mL) and wa ter (6
mL) with vig or ous stir ring. Then so dium periodate (257 mg,
1.2 mmol) and ru the nium (III) chlo ride hy drate (5 mg) were
added. The re ac tion was stopped af ter 6 h, di luted with meth -
y lene chlo ride (10 mL) and the or ganic layer was sep a rated.
The aque ous layer was then ex tracted with meth y lene chlo -
ride (2  10 mL) and the or ganic lay ers were fil tered on a
Celite pad, col lected and con cen trated. Then a mix ture of
crude acid in di chloro methane (10 mL) and p-toluenesufonic
acid (10 mg) was stirred for 1 h. Af ter re mov ing the sol vents,
the res i due was ex tracted with ethyl ac e tate (3  20 mL) and
wa ter (10 mL) and the com bined or ganic lay ers were washed
with brine (2  20 mL), dried by mag ne sium sul fate, fil tered
and evap o rated. Pu ri fi ca tion on sil ica gel (hex ane/ethyl ac e -
tate = 1/1) af forded 3 165 mg (80%) as a col or less oil: IR
(film) 3424, 1723 cm-1; Electrospray-MS: C17H32O3 m/z (%)
= 285 (M++1, 100); 1H NMR (400 MHz, CDCl3)  0.85 (t, J =
6.3 Hz, 3H), 1.23 (br s, 18H), 1.51-1.95 (m, 6H), 2.46-2.50
(m, 2H), 2.53 (br s, 1H), 3.50 (d, J = 11.9 Hz, 1H), 3.62 (d, J =
11.9 Hz, 1H); 13C NMR (100 MHz, CDCl3)  171.99, 86.60,
67.43, 36.70, 31.88, 29.97, 29.76, 29.59, 29.58, 29.53, 29.45,
29.31, 26.58, 23.41, 22.66, 16.64, 14.10.
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