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Syntheses of 5-Hexadecanolide, 6-Acetoxy-5-hexadecanolide
and Tanikolide

Meng-Yang Chang ( #E2=#5 ), Chien-Lun Lin ( #kF#; ) and Shui-Tein Chen* ( Fizk 1)
Ingti tuteof Bi ologi cal Chemistry, AcademiaSnica, Taiwan115,RO.C.

Total synthesesof 5-hexadecanolide (1), 6-acetoxy-5-hexadecanolide (2) and tanikolide (3) are de-
scribed. 1-Bromoundecane (4) and 5-benzyl-1-pentanal (5) were chosen as starting materials. Wittig
olefination and Grig nard ad di tion4 and 5af forded the 16-carbon skel eton, which under went aseriesof func
tional group transfor mationstogivei-lactonederivativesl, 2 and 3.

INTRODUCTION

Inthisre port, we de scribe the to tal syn the ses of &-
lactone 1, 2 and 3 (see Fig. 1). 5-Hexadecanolide, 1, a
pheromoneisolated fromthemandibular glandsof theori en
tal hor net Vespa orientalis in 1969," has been pro posed as a
pheromoneplay ing theroleof aqueen sub stance. Itshi ologi-
cal prop er tieshavein duced many at temptsto synthesizethe
compound.?

6-Acetoxy-5-hexadecanolide, 2, isthe major com po-
nent of the api cal drop lets that form on the eggs of the mos-
quito Culex pipens fatigans® The substance acts as an
oviposi tionpheromoneat tracting gravid femalesof thesame
and samerelated mosquito speciesinducingthemto oviposit
inthe same spot wheretheorigi nal eggsarefound. These be-
hav iorscan beusedtolurethemosquitoaway frompop ulated
ar easto aplace where they can be readily. De spite the pres-
enceof inactiveisomers,thebi ologi cal activity of thenatural
isomerisunaf fected. Inother words, opti cal purity isnot nec-
essary asthebi ologi cal activity of thesyntheticracemicmix-
tureissimi lartothat of thenat ural product.* More than thirty
syntheticreportshavebeen published® and they pro vide an
inex pensivemethod to pre parethe pheromonefor useinben
efitresource-poor nationsthat suf fer from sev eral diseases
conveyedby mosquito.

Tanikolide, 3, is a new brine-shrimp toxic and anti-
fungal metaboliteandisolatedfromthemarinecyanobacteria
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Fig. 1.

(blue-green al gae) Lyngbya majuscula Gomont col lected
fromTanikeli Island, Madagascar.® This struc ture of 3 has
been deter mined by many spec tro scopic meth odsand tested
for tox icity and showed an LDso of 3.6 pg/mL against brine
shrimp and 9.0 pg/mL against the snail.® Quite recently,
Ogasawaraand co work ershavere ported the syn thetic ap
proachby catalyticasymmetrichy drogentransfer reactionas
thekey step.’

RESULTS AND DISCUSSION

Scrutiny of thethree mol e cules showsthey share 11-
carbon nor mal long chain and &-substituted lactone. The
5-hexadecanolide (1) isthebasic skel eton of com pounds2
and 3. Our syntheticplanfor 1, 2and 3representedadif ferent
strat egy for con structing the &-lactone deriv atives (asout
lined in Schemel).

Scheme |
OH R1<Rz osmylation
|actonization and oxidatio
1,2and3 > HOO Y ‘s CroHa1 ﬁ
for 1: Ri=R~=H
for 2: Ri=H,R,=OH Grignard addition
for 3: Ri=CH,OH,R,=H (for 1)
Ry Wittig olefination or
Bn === Grignard addition Cll';%BM
v >
+ Gz BnO(CH,),CHO 5

for 2: R3=H endo-olefin
for 3: R;=Me exo-ol€fin

Our ap proach to the syn the sis of 5-hexadecanolide (1)
involved Grig nard ad di tion. Grig nardreagent of 1-bromo
undecane (4) was added to 5-benzyl-1-pentanal (5) and af-
forded O-benzy! al cohol 6 (see Scheme I1). The hydroxy
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group of 6 wasacety lat ed by aceticanhy dride(Ac,O) and
pyridineto giveac etate 7. Debenzylation of 7bycatalytic
hydrogenolysis(10% Pd/C) gavepri mary al cohol8, which on
treat ment with Jones re agent af forded an acid. Thisacid was
deprotected by potassium hy drox ide(KOH) andlactonizedin
2N hy drogenchloride(HCI) tofur nish 5-hexadecanolide(1).
A sec ond ap proach for the con struc tion of the fi-lactone ring
of 1isshownin Schemelll. Al co hol 6 wasox i dizedwith
pyridinium chlorochromate (PCC) and Celite to give ketone
9. Debezylation of ketone 9 af forded the un ex pected tetra-
hydropyranyl ether ring 10in90%yield. Oxi dationof cy clic
ether ring 10 by ruthenium(111) chloride(RuClz) and sodium
periodate (Nal O,) fur nished the com pound 1. Two con ve-
nient and straightforward synthetic pathways towards5-
hexadecanolide(1) are pre sented. By these meth ods, lactone
1wasei ther obtainedinanover al yield of 56% (5 step pro ce-
dure) or 31% (4 step pro cedure) from com pound 4.

Scheme |1
Mg, I, 5, THF
C,HzBr4 ——= ",  BnO(CH,)CH(OH)C,Hy6
(82%)
Ac,0, Pyr.
(88%)
OAc Hy, PAC, EIOAC(95%) OAc
HO. n
8 7
1) Jones Ox.
2) KOH, THF, H,0
then 2N HCI
(two steps 83%)

5-hexadecanolide (1)

Scheme |11
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EtOAC (90%)
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5-hexadecanolide (1) 3 Nal 04 (519) Q

10

CioHa1

Thesyntheticap proach of 6-acetoxy-5-hexadecanolide
(2) uti lized Wittig ol efination proto col. The O-benzyl endo-
olefin11 wasob tained by Wittigreactionof 4 and 5 in 82%
yield (see Scheme 1V). Osmylation of 11 with osmiumtetra-
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oxide (0OsOQ,) ascat alyst and N-methylmorphorline-N-oxide
(NMO) gavediol. With out puri fi cation, thediol was pro
tected as the acetonide using 2,2-dimethyoxypropane in
acidiccondi tionand debenzylatedwith 10% pal ladiumonac
ti vated car bonascat alystin ethyl ac etateaf forded prod uct
12. Withal cohol 12inhand, theal co hol wasox i dized with
PCC and Celitetogivethecor responding al dehyde 13. Ox i-
dationof al dehyde 13 fur nished the carboxylic acid with
RuCl ; and NalO, and sub se quent lactonization with 2N HCI
gavethe &-lactone. Finally, acetylation of hydroxy &-lactone
yieldedthetar getmolecular 2. The over al yield of 33% of 2
wasob tained (9 step pro cedure) from com pound4.

Scheme |V
1) PPh;, MeCN
C, HyBr 4 2)(ttha;’;:o¢é‘;)THF (2BnO(CH,) CH=CHC,H,, 11
W S 0,

1) O0D,, NMO, THF
2) Me,C(OMe),, p-TsOH

3) H,, PdIC, EtOAC
5

(three steps 78%)

/?\B 1§ PCC, Celite, CH,Cl, (88%) 1§
| o)
H r3 CIDHZI * 4 ClOHZ.
13 ©
1) RuCl3, Nalo,
2) 2N HCI, THF
3) Ac,O, Pyr.
(three geps 60%)

6-acetoxy-5-hexadecanolide (2)

Thesynthetic ap proach totanikolide (3) uti lized Grig-
nard ad di tionand Wittig ol efination pro to col. Ol efination of
ketone 9with methyltriphenylphosphoniumiodideinbasic
condi tion af forded exo-olefin 14. Osmylation of 14 with
0s04 ascat alystand NMO gavediol. Without puri fi cation,
the diol was pro tected asthe acetonide 15using 2,2- di meth
yoxypropane in 78% yield. Debenzylation of 15 with 10%
pal ladiumonacti vated car bonascat alystinethyl acetateaf
forded alcohol. The alcohol was oxidized with PCC and
Celitetogiveal dehyde 16. Thisal de hyde was slowly con
verted to acetal com pound® in CDCl3 so lution for oneweek.
Oxi dationof a dehyde16 fur nished the carboxylic acid with
RuCl; and NalO, and subsequent lactonization with p-
toluenesulfonicacid ( p-TsOH) gave tanikolide (3). The over-
all yield of 32% of 3 wasob tained (9 step pro cedure) from
com pound4.

In summary, we have developed these routes to &
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Scheme V
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1) 0sO,4, NMO, THF
2)Me,C(OMe),, p-TsOH
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. A (wosteps 76%)  gno A
Ho (7 1123 T, CuHaxs
16 15

1) RuCl;, NalO4
2) p-TsOH, CH,Cl,
(two steps 80%)

tanikolide (3)

lactonederiv ativesbased on Grignard ad di tionand Wittig
olefinationprotocoal.

EXPERIMENTAL SECTION

General

Tetrahydrofuran was distilled prior to use from adeep-
blue so lution of so dium-benzophenoneketyl. All other re-
agents and sol ventswere ob tained from commerical sources
andusedwithout further puri fi cation. Reactionswererouw
tinely car ried out un der an at mo sphereof dry ni trogenwith
mag neticstir ring. Solutionof prod uctsinor ganicsol vents
weredriedwithanhy drousmagnesiumsul fatebeforeconcen
trationinvacuo. Crudeproductswerepurifiedby preparative
TLCor col umnchromatography onsil icagel. All reported
temperaturesareuncorrected.

1-Benzyl-hexadecan-5-al (6)

In athree-necked flask with adrop ping fun nel, stir rer,
and reflux condenser, magnesium turnings (0.24 g, 10.0
mmol) were cov ered with dry tetrahydrofuran (20 mL) and
treated with about 1/20 of atotal of 1-bromoundecane(4) (0.5
0, 2.1 mmol) in tetrahydrofuran (20 mL) with stir ring. Af ter
thereaction had started, theremaining4 was added dropwise
with fur ther stir ring in such away that the ether boiled gently.
When the Grig nard re agent was pre pared, the re agent was
added dropwise viaasy ringeto aso lution 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 water bath (60 =C) with
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stir ring for 30 min, and it wasthen cooled, hy dro lysed by the
ad di tion of water (1 mL), and sub se quently treated with 5N
HCI (2 20 mL) todissolvetheprecipi tate that had been
formed. The mix turewasfil tered and ex tracted with ethyl ac-
etate(3:<50mL). Thecom bined or ganiclay erswerewashed
with brine (2 x 20mL), dried by mag nesium sul fate, fil tered
andevaporated. Puri fi cationonsil icagel (hex ane/ethyl ace
tate = 6/1) af forded 0.6 g (82%) of 6: IR (film) 3410 cm™;
Electrospray-MS: C,3H400, Mz (%) = 349 (M *+1, 100); H
NMR (400 MHz, CDCls) fi 0.86 (t,J = 6.8 Hz, 3H), 1.20-1.70
(m,27H and 1.24 br s), 3.46 (t, J=6.5Hz, 2H), 3.55-3.61 (m,
1H), 4.49 (s, 2H), 7.23-7.34 (m, 5H). *C NMR (100 MHz,
CDCl,) & 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.

Acetic acid 1-(benzylbutyl) undecanyl ester (7)

To a stirred solution of 6 (100 mg, 0.29 mmol) in
pyridine (2 mL) was added acetic an hy dride (1 mL) and the
mix turewasstirred for 20 h at roomtem per ature. Theresult
ing mix turewas poured into 2N hy dro gen chloride (10 mL)
and ex tracted with ethyl ac etate (3 20 mL). The com bined
or ganiclay ersweredried by magnesiumsul fate, fil teredand
evaporated. Purifi cationonsil icagel (hex ane/ethyl acetate=
20/1) af forded 100 mg (88%) of 7 asacol or lessail: IR (film)
1735cm?; Electrospray-M S: C »5H .05 m/z (%) = 391 (M *+1,
100), 331 (43); '"H 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=6.5Hz, 2H), 4.48 (s, 2H), 4.80-4.90 (m, 1H), 7.24-7.35
(m, 5H); ¥*C NMR (100 MHz, CDCl;) & 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.

Acetic acid 1-(hydroxylbutyl) undecanyl ester (8)
Compound7 (100 mg, 3.0 mmol) was dissolvedin
ethyl acetate(10mL) andtowhichwasadded 10% pal ladium
onacti vated car bonascat alyst. Thenhy drogenwasbubbled
into the mix turefor 10 min, and stir ring oc curred at room
tem per aturefor 3 h. Fil tration through ashort plug of Celite
andwashingwithethyl acetate(3:x 10mL) resultedinthede-
siredal cohol 8. Purifi cationonsil icagel (hex ane/ethyl ace
tate = 4/1) af forded 73 mg (95%) of 8 asacol or lessail: IR
(film) 3421, 1738 cm™; Electrospray-MS: CisHasOs mVz (%)
=301 (M*+1, 100), 241 (85); '"H NMR (400 MHz, CDCls) &
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); °C
NMR (100 MHz, CDCl;) & 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: Toasolutionof 3(60mg, 0.2mmol) inace-
tone(10mL) at roomtem per aturewasadded ex cessJonesre-
agent. The mix ture was stirred for 10 min and treated with
2-propanol (0.5 mL) to destroy theunreacted ox i dationre-
agent. Af ter thesol vent wasremoved, theresi duewasdi luted
withwater and ex tracted with ethyl ac etate (4 10 mL). The
combined or ganiclay ersweredried by magnesiumsul fate,
fil teredand evap orated. With out puri fi cation, tothecrude
acid (62 mg) was added tetrahydrofuran (2 mL), water (2 mL)
andpotassiumhy droxide(10mg). Thereactionmix turewas
heated at reflux for 5 h. Then it was cooled to room tem per a-
ture and the ague ous layer was col lected. The aque ouslayer
wasacidi fied with 2N HCI and ex tracted with ether (3 x 10
mL ) and the com bined or ganic lay erswere dried by mag ne-
siumsul fate, fil tered and evap orated. Puri fi cationonsil ica
gel (hex ane/ethyl ac etate = 3/1) af forded 42 mg (83%) of 1.
IR (film) 1742 cm™; Electrospray-MS: CisHz002 miz (%) =
255 (M*+1, 100); *H NMR (400 MHz, CDCl;) & 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); **C NMR (100 MHz, CDCls) f
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)

Totheal cohol 6 (100 mg, 0.29 mmol) in methy lene
chloride (10 mL) was added to a mixture of pyridinium
chlorochromate (100 mg, 0.46 mmol) and Celite (1.0 g) in
methy lenechloride (10mL). Af ter being stirred at room tem:
per aturefor 2 h, themix turewasdi luted with ethyl ac etate
(20 mL) and fil tered through ashort sil icagel col umn. The
fil tratewasdried by magnesiumsul fate, fil tered and con cen
trated to pro duce crude 9. Puri fi cationonsil icagel (hex-
ane/ethyl ac etate=20/1) af forded9 83 mg (84%) asacol or-
lessoil: IR (film) 1713 cm™; Electrospray-MS: CasHz02 m/z
(%) = 347 (M*+1, 100);*H NMR (400 MHz, CDCl ;) i 0.86 (t,
J=6.8Hz, 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-Undecany! tetrahydro-pyran (10)

Compound9 (80 mg, 0.23 mmol) was dissolved in
ethyl acetate(10 mL) and towhichwasadded 10% pal ladium
onacti vated car bonascat alyst. Then hy drogenwasbub bled
into the mix turefor 10 min, and stir ring oc curred at room
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tem per aturefor 3 h. Fil tration through ashort plug of Celite
andwashingwithethyl acetate (3 10mL) resultedinthede-
siredal cohol 10. Purifi cationonsil icagel (hex ane/ethyl ace
tate =50/1) af forded 50 mg (90%) of 10 asacol or lessail: IR
(film) 2925 cm'®; Electrospray-MS: C,¢H3,0 miz (%) = 241
(M*+1, 100); *H NMR (400 MHz, CDCls) i 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); *C NMR (100
MHz, CDCl,) & 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
solvedincar bontetrachloride(2mL), acetonitrle(2 mL) and
water (3mL) withvigor ousstir ring. Then so dium periodate
(210 mg, 1.0 mmol) and ru the nium (111) chloride hy drate (5
mg) wereadded. Thereactionwasstopped af ter 6 h, di luting
withmethy lenechloride (20 mL) and the or ganic layer was
separated. Theagueouslayer wasthen ex tracted with meth y-
lenechloride (2x 10mL) andtheor ganiclay erswerefil tered
onaCelitepad, col lected and concentrated. Puri fi cationon
silicagel (hex ane/ethyl ac etate=3/1) af forded 27 mg (51%)
of 1.

1-Benzyl-hexadecan-5-ene (11)

Toastirred solution of undecy! 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 turewas stirred at -78 =C for 1 h.
5-Benzyl-1-pentanal (5) (1.5 g, 7.8 mmol) was added to the
reactionmixtureat-78=Cviaasy ringeand fur ther stirred at
-78=Cfor 2h. Thereaction wasquenched 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 xx 50 mL) and the com bined or-
ganic lay ers were washed with brine (2 :x 20 mL), dried by
mag nesiumsul fate, fil teredandevap orated. Puri fi cationon
sil icagel (hex ane/ethyl ac etate=50/1) af forded 2.1 g (82%)
of 11 asacol orlessoil: Electrospray-MS: C ,3H3s0 mVz (%) =
331 (M*+1, 100); *H 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)

Toasolutionof endo-olefin1l (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 water
(50%). The mix turewas al lowed to stir at room tem per ature
for 10 min and then treated with the so lu tion of 2% os mium
tetraoxideintetrahydrofuran (5mL). Af ter 3h, tothemix ture
wasadded di luteso diumbisulfitesolution (10%, 10mL) and

ex tractedwith ethyl acetate (3 50 mL). The or ganic phase
waswashed with brine, dried by mag nesiumsul fate, fil tered
andevap orated. Without puri fi cation, thecrudediol (1.19,

3.0 mmol) and p-toluenesulfonic acid (20 mg) were dis solved
in 2,2-dimethyoxypropane (10 mL) at roomtem per aturefor

30min. Themix turewasfil tered on basic alu minaandthefil-

trateconcentratedunder reducedpressure. Theresi dueaceto

nide(1.2g, 3.0mmol) wasdissolvedinethyl ac etate (30 mL)

and to which was added 10% pal ladium on acti vated car bon

(50mg) ascat alyst. Thenhy drogenwasbub bledintothemix-

turefor 10min, andstir ring oc curred at roomtem per aturefor

3h. Fil trationthrough ashort plug of Celiteand washingwith
ethyl acetate(20mL ) resultedinthedesireda cohol12. Puri-

fi cationonsil icagel (hex ane/ethyl acetate=3/1) af forded
0.74 g (three steps 78%) of 12 asacol or lessail: IR (film)

3416 cm'"; Electrospray-MS: C 19H3s0s mVz (%) = 315 (M*+1,

36), 257 (100); '"H NMR (400 MHz, CDCl5) & 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); *C NMR (100 MHz,

CDCls) & 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)

Totheal cohol12 (0.7 g, 2.2 mmol) inmethy lenechlo-
ride (10 mL) was added to amix ture of pyridinium chloro-
chromate (0.6 g, 2.8 mmol) and Celite (1.0 g) in methy lene
chloride(20mL). Af ter being stirred at roomtem per ature
for 2 h, themix turewasdi luted with ethyl ac etate (20 mL)
and fil tered through ashort sil icagel col umn. Thefil trate
was washed with water (2 > 10 mL), dried by mag ne sium
sul fate, fil teredand concentratedtoproducecrudeal dehyde
13. Purifi cationonsilicagel (hex ane/ethyl acetate=3/1) af-
forded 13 0.61g (88%) asacol or lessoil: IR (film) 2857,
2716, cm™; Electrospray-MS: CisHzs0s m/z (%) = 313
(M*+1, 9), 255 (100); '"H NMR (400 MHz, CDCls) & 0.89 (t,
J=7.0Hz,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)
Aldehyde13(0.59g, 1.6 mmol) wasdissolvedin car bon
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tet rachloride (4 mL), acetonitrle (4 mL) and water (6 mL)

with vig or ousstir ring. Then so dium periodate (0.5g, 2.3

mmol) and ru the nium (I11) chlo ride hy drate (5 mg) were
added. Thereactionwasstopped af ter 6 h, di luted with meth
y lenechloride (20 mL) and the or ganiclayer was sep arated.

The aque ouslayer wasthen ex tracted with methy lene chlo-
ride (2 10 mL) and the or ganic lay erswerefil tered on a
Celitepad, col lected and con cen trated. Then amix ture of

crudeacidintetrahydrofuran (10mL) and 2N hy dro gen chlo
ride(5mL)washeatedfor 16 h. Af ter removingthesol vents,

theresi duewasex tracted with ethyl acetate (3 x 20 mL) and

water (10mL) andthecom bined or ganiclay erswerewashed
with brine (2 20 mL), dried by mag nesium sul fate, fil tered
andevap orated. To astirred solution of the crude hydroxy

ai-lactonein pyridine (2 mL) was added acetic an hy dride (1

mL) andthemix turewasstirredfor 20 hat roomtem per ature.
Theresultingmix turewaspouredinto 2N hy drogenchloride
(5mL) and ex tracted with ethyl ac etate (3 20 mL). The
com bined or ganiclay ersweredried by magnesiumsul fate,

filtered and evaporated. Purification on silica gel (hex-

ane/ethyl ac etate = 2/1) af forded 0.3 g (three steps 60%) of 2
asacol or lessail: IR (film) 1744 cm™; Electrospray-MS:

CigH3204 Mz (%) = 313 (M *+1, 100); "H NMR (400 MHz,

CDClI53) 50.86 (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)

Toastirred solution of methyltriphenylphosphonium
iodide (5.0 g, 2.0 mmoal) 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 turewasstirred at -78=C for 1 h.
Ketone 9 (0.5 g, 1.44 mmol) was added to the re ac tion mix-
tureat -78 *Cviaasy ringeand fur ther stirred at -78=C for 2
h. Thereactionwasquenched with aqueoussat uratedammoc
nium chloride(10mL) and themix turewasex tracted with di-
ethyl ether (3 :50mL) andthecombinedor ganiclay erswere
washed with brine (2320 mL), dried by mag nesiumsul fate,
fil teredandevaporated. Purifi cationonsil icagel (hex ane/
ethyl ac etate=20/1) af forded 450 mg (91%) of 14 asacol or-
less ail: IR (film) 2920 cm™; *H NMR (400 MHz, CDCl3) &
0.86 (t, J=6.5Hz, 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); *C 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

Toasolution of exo-olefin 14 (450 mg, 1.31 mmoal) in
tetrahydrofuran (10 mL) and t-butanol (3 mL) was added
N-methylmorphorline-N-ox ide (0.5 g, 2.2 mmol) inwater
(50%). The mix turewas al lowed to stir at room tem per ature
for 10 min and then treated with the so lu tion of 2% os mium
tetraoxideintetrahydrofuran (5mL). Af ter 3h, tothemix ture
wasadded di luteso diumbisulfitesolution (10%, 10mL) and
ex tracted with ethyl ac etate (3:< 20 mL). The or ganic phase
waswashed with brine, dried by mag nesiumsul fate, fil tered
andevaporated. Without puri fi cation, thecrudediol (470mg)
and p-toluenesulfonic acid (20 mg) weredissolvedin 2,2-
dimethyoxypropane (10 mL) at roomtem per aturefor 30 min.
Themix turewasfil tered on basic alu minaand thefil trate
concentrated under reduced pressure. Puri fi cationonsilica
gel (hex ane/ethyl ac etate = 10/1) af forded 465 mg (85%) of
15asacol orlessoil: Electrospray-MS: Co,Hs05 m'z (%) =
419(M*+1, 6), 361 (100); "H NMR (400 MHz, CDCl;) & 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=6.4Hz, 2H), 3.71 (s, 2H), 4.48 (s, 2H), 7.23-7.34
(m, 5H); *C NMR (100 MHz, CDCl5) i 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)

Compound15 (450 mg, 1.07 mmol) wasdissolvedin
ethyl acetate(30mL) andtowhichwasadded 10% pal ladium
onacti vated car bon (50 mg) ascat alyst. Thenhy drogenwas
bub bled into themix turefor 10 min, and stir ring oc curred at
room tem per aturefor 3 h. Fil tration through ashort plug of
Celiteandwashingwithethyl acetate(20mL) resultedinthe
desiredal cohol. Purifi cationonsil icagel (hex ane/ethyl ace-
tate = 3/1) afforded 320 mg (92%): '"H NMR (400 MHz,
CDCI3) 50.85(t,J=6.6 Hz, 3H), 1.11-1.75(m, 31H and 1.23,
1.35brs), 3.63 (t,J=6.5Hz, 2H), 3.69 (s, 2H);"*C NMR (100
MHz, CDCl,) & 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) inmethy lenechloride (10 mL) wasadded toamix ture
of pyridinium chlorochromate (320 mg, 1.48 mmol) and
Celite(1.0g) inmethy lenechloride (10 mL). Af ter being
stirred at room tem per aturefor 2 h, themix turewasdi luted
with ethyl ac etate (20 mL) and fil tered through ashort sil ica
gel col umn. Thefil tratewaswashed withwater (2 10 mL),
dried by magnesiumsul fate, fil tered and concentratedto pro-

Chang et d.

ducecrudeal dehyde16. Puri fi cationonsil icagel (hex ane/
ethyl acetate= 3/1) af forded 16 247 mg (83%) asacaol or less
oil: IR (film) 2854, 2718 cm™; "H NMR (400 MHz, CDCl5) &
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); *C NMR (100
MHz, CDCl3) fi 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 dehydel6 (238 mg, 0.73 mmol) was dis solved in
car bontetrachloride(4 mL), acetonitrle (4 mL) and water (6
mL) withvig or ous stir ring. Then so dium periodate (257 mg,
1.2 mmol) and ruthenium (111) chloride hy drate (5 mg) were
added. Thereactionwasstopped af ter 6 h, di luted with meth
y lenechloride (10 mL) and theor ganic layer wassep arated.
The ague ouslayer wasthen ex tracted with methy lene chlo-
ride (2 » 10 mL) and the or ganic lay erswerefil tered ona
Celitepad, col lected and con cen trated. Then amix ture of
crudeacidindi chloro methane (10 mL) and p-toluenesufonic
acid (10mg) wasstirred for 1 h. Af ter remov ing the sol vents,
theresi duewasex tracted with ethyl acetate (3 x 20 mL) and
water (10 mL) and the com bined or ganiclay erswerewashed
with brine (2 x 20mL), dried by mag nesium sul fate, fil tered
andevaporated. Puri fi cationonsil icagel (hex ane/ethyl ace:
tate=1/1) af forded 3 165 mg (80%) asacol or less il: IR
(film) 3424, 1723 cm™; Electrospray-MS: Ci7Hz2Os mVz (%)
=285 (M *+1, 100); *H NMR (400 MHz, CDCls) i 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); *C 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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