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Organometallation of (R)-2,3-cyclohexylideneglyceraldehyde
derived ketones: a simple and stereoselective strategy for the

synthesis of (+)-tanikolide
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Abstract—Several metal mediated allylations and Grignard additions to ketones 3 and 5, both derived from (R)-2,3-cylcohexylidenegly-
ceraldehyde, took place with very high diastereoselectivity producing the same tertiary carbinol 4b as the major product. Subsequently,
4b was exploited to synthesize (+)-tanikolide efficiently through a series of simple reactions employing an RCM strategy.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

(+)-Tanikolide I is a brine-shrimp toxic and antifungal
marine metabolite, isolated from the lipid extract of a blue
green algae, cyanobacterium, Lyngbia majuscula, from a
species collected on the Tanikely island, Madagascar.
When tested for toxicity, this compound displayed an
LD50 of 3.6 lg/ mL against brine-shrimp and 9.0 lg/ mL
against the snail.1 The striking structural feature of 1 is
the presence of a stereogenic quaternary carbon center in
a d-lactone framework, in association with a hydroxy-
methyl group. Interestingly, all these functional units are
individually prevalent in many other classes of biologically
relevant molecules.2 As a result of this unique structural
feature, (+)-tanikolide has become an attractive target for
organic synthesis.3–5 In this regard, all these previous syn-
theses emphasized on the stereoselective generation of the
desired quaternary carbon center through varied strategies
viz Sharpless asymmetric dihydroxylation/epoxidation of
an allylic alcohol,3 exploitation of templates DD-erythru-
lose,4a

DD-erythrose,4b insertion of the dichlorocarbene into
a chiral 2�-alcohol,5a asymmetric a-alkylation of a b-keto
ester followed by Baeyer–Villiger oxidation,5b etc. Among
them, we were especially attracted by the work of Carda
et al.,4a who accomplished the synthesis of I through a ster-
eoselective construction of the relevant tertiary carbinol via
allylation of DD-erythrulose derived ketones.6a
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During our ongoing program on the synthesis of bioactive
molecules, we have exploited (R)-2,3-cyclohexylidenegly-
ceraldehyde 17a to construct various structural units viz.,
alkanetriols,7a–d ribofuranoses,7c,e–g c-lactones,7h d-lac-
tones,7i 2,5-disubstituted tetrahydrofurans,7j etc., which
are widely prevalent in bioactive natural products. Herein,
we report the potential of 1 in comparison with erythru-
lose4a,6a to produce tertiary carbinols relevant to the syn-
thesis of I. From this viewpoint, the present work
predominantly focused on our endeavor to exploit 1 for
the stereoselective synthesis of homoallylic tertiary carbinol
4 through several alkylmetallations of ketones 3 and 5 orig-
inally from 1. In this context, it should be mentioned that
the preparation of tertiary alcohols by stereoselective alkyl-
ations of prochiral ketones6 has drawn considerable atten-
tion in organic synthesis.
2. Results and discussion

To start with (Scheme 1), 1 was treated with undecyl-
magnesiumbromide and product 2 was oxidized with
PCC to produce ketone 3 in good yield. Next, 3 was
subjected to allylation following three different procedures
with a view to make a comparative survey about their
efficacies and stereoselectivities for this substrate, viz.

(i) Mediated with zinc following Luche’s procedure8 (Table
1, entry a), (ii) mediated with low valent cobalt, copper,
and iron (Table 1, entries b–d) in distilled THF,9 which
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Scheme 1. Reagents and conditions: (i) nC11H23MgBr, THF, �30 �C; (ii) PCC, CH2Cl2, rt; (iii) (a) allylBr Zn, aq NH4Cl, THF; (b) allylBr, CoCl2�8H2O,
Zn, THF, rt; (c) allylBr, CuCl2�2H2O, Zn, THF, rt; (d) allylBr, FeCl3, Zn, THF, rt; (iv) Ref. 7e; (v) EtMgBr, CH2@CHCOCl, THF, rt; (vi)
PhCH@RuCl2(PCy3)2, DCM, reflux; (vii) H2, 5% Pd/C, EtOH; (viii) CF3CO2H, H2O, 0 �C; (ix) NaIO4, CH3CN/H2O (6:4), rt; (x) K-Selectride, THF,
�78 �C.

Table 1. Organometallations of ketones 3 and 5

Entry Ketone RBr Source of M of RM/solvent Ketone/RBr/Zn/metal salt Rxn time Product ratio 4a:4b Overall yield (%)

a 3 allylBr Zn, aq NH4Cl/dist THF 1:3.5:3.0:— 3 h 6.6:93.4 77.5
b 3 allylBr Zn, CoCl2�8H2O/dist THF 1:4.5:4.5:4.5 48 h 2.5:97.5 22.5
c 3 allylBr Zn, CuCl2�2H2O/dist THF 1:3.5:3.5:3.5 20 h 1.5:98.5 72.5
d 3 allylBr Zn, FeCl3/dist THF 1:3.0:2.5:2.5 40 min 7.9:92.1 83.5
e 3 allylBr Grignard/dry Et2O 11.8:88.2 79.1
f 5 nC11H23Br Grignard/dry THF 2.0:98.0 78.2
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were prepared in situ following a bimetal redox strat-
egy,7f,10 and (iii) through allyl Grignard addition in anhy-
drous conditions at �30 �C (Table 1, entry e).

For both Luche’s and Fe-mediated additions (Table 1, en-
tries a and d), the reactions took place with comparable
efficiency giving good yields of product 4. The Fe-mediated
reaction proceeded at a faster rate. In contrast, as in previ-
ous occasions,7f the progress of Co and Cu mediated allyl-
ations (Table 1, entries b and c) was quite sluggish. The Cu
mediated reactions proceeded with reasonably good yield
of the product after stirring the mixture for longer reaction
time (20 h). However, Co mediated reactions progressed
disappointingly, even after stirring the reaction mixture
for 48 hrs despite using an excess amount of reagents. Evi-
dently, all these allylations of 3 (Table 1, entries a–e) pre-
dominantly produced 4b with very high selectivity and
producing small amounts of 4a. Both the diastereoisomers
were easily separable from each other by column chromato-
graphy. Among all these allylations (Table 1, entries a–e),
the selectivity of the Cu mediated reaction (Table 1, entry
c) was found to be the highest. Interestingly, for all these
allylations [both in anhydrous (Table 1, entry e) and
hydrous (Table 1, entries a–d) conditions], the approach
of an allyl nucleophile to the carbonyl of 3 took place via
a rigid a-chelate transition state (Fig. 1) as was reflected
with the predominant formation of 4b. This is in contrast
with all our organometallations of 1,7a–c,f,i carbonyls
originating from 1,7e,g,h and allylmetallations of other
a-hydroxyketones,6a which preferably took place via a
Felkin–Anh transition state. Notably, the stereoselectivities
of the present allylations of 3 were in contrast with those
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reported for allyl indium addition under aqueous condition
to the corresponding isopropylidene derivative of 1.4a

Next, the preparation of 4 was attempted following an
alternate route, which involved the addition of undec-
ylmagnesiumbromide to homoallylic ketone 5,7e derived
from 1. Interestingly, this reaction also produced the same
isomer 4b with very high selectivity (Table 1, entry f) sug-
gesting that unlike the allylations of 3, the addition of
undecylGrignard to 5 under anhydrous conditions (entry
f) took place via a Felkin–Anh transition state (Fig. 1).

Hence, all these organometallations of both carbonyls 3
and 5 derived from 1 stereoselectively yielded the same ter-
tiary carbinol 4b, the desired isomer to synthesize (+)-
tanikolide. Next, the Grignard mediated acrolylation of
4b afforded 6, which was then subjected to a Grubbs
RCM reaction11 to afford hexenolide 7 in good overall
yield (86%). This was hydrogenated to produce 8 and then
deketalized under acidic conditions to afford 1,2-diol 9 in
good yield. The NaIO4 cleavage of 9 afforded aldehyde
10, which was unstable and so was not purified further.
As a result, it was subjected to reduction with K-Selectride
to directly produce the target compound I whose spectral
and optical data were in agreement with the reported
ones.3a,4a
3. Conclusion

In conclusion, similarly to (R)-erythrulose, compound 1
has also been efficiently exploited as a good substrate to
prepare (R)-+-tanikolide employing various alkylmetalla-
tions of carbonyls 3 and 5, followed by an RCM reaction.
The efficacy of this approach is due to the ready availability
of 1, its highly stable ketal functionality that enables to car-
ry out several inexpensive allylation reactions easily,9 and
importantly high stereoselective formation of tertiary alco-
hol 4b. It is worth noting that contrary to the Felkin–Anh
attack for many literature precedent allylations of a-
hydroxycarbonyls,4a,6a,7 all the allylations of 3 both under
wet and anhydrous conditions took place through an a-
chelate transition state, whereas the Grignard addition to
homoallylic ketone 5 predictably took place with Felkin–
Anh attack. The presence of two functionalities such as
1,2-cyclohexylidenediol and an olefin in 4b, which can be
selectively exploited, should allow this molecule to be
transformed into other tertiary carbinols relevant to vari-
ous other synthetic objectives.
4. Experimental

Chemicals used as starting materials are commercially
available and were used without further purification. All
solvents used for the extraction and chromatography were
distilled twice at atmospheric pressure prior to use. The 1H
and 13C NMR spectra were scanned with a Brucker Ac-200
(200 MHz) instrument in CDCl3. The organic extracts were
desiccated over dry Na2SO4.
4.1. (2R)-1,2-O-Cyclohexylidene-1,2-dihydroxytetradeca-
3-one 3

Following a standard procedure, a solution of 1 (5.1 g,
30 mmol) in THF (60 mL) was added to a suspension of
Grignard reagent prepared from 1-bromoundecane
(17.6 g, 75 mmol) and Mg (1.92 g, 80 mmol) in THF
(100 mL). The crude product 2, obtained after the usual
workup, was taken in CH2Cl2 (60 mL) and added to a stir-
red suspension of PCC (9.7 g, 45 mmol) in CH2Cl2 (80 mL)
at 0 �C. After stirring the mixture for 3 h, when the reac-
tion was complete (TLC), dry ether (100 mL) was added
to the mixture. The supernatant was filtered through a
pad of silica gel, which was subsequently eluted with ether.
The combined extracts were concentrated in vacuo and the
residue was chromatographed (silica gel, 0–10% EtOAc/
hexane) to obtain pure 3 (6.86 g, 70.5% from 1); ½a�22

D ¼
þ22:5 (c 0.12, CHCl3); IR: 2923, 1715, 1466, 1369, 1162,
1101 cm�1; 1H NMR: d 0.92 (t, J = 6.5 Hz, 3H), 1.30 (m.
18H), 1.4–1.6 (m. 10H), 2.65 (t, J = 7.5 Hz, 2H), 4.00
(dd, J = 8.4, 5.6 Hz, 1H), 4.22 (t, J = 7.9 Hz, 1H), 4.46
(dd, J = 7.7, 5.7 Hz, 1H). Anal. Calcd for C20H36O3: C,
74.03; H, 11.80. Found: C, 73.88; H, 11.55.
4.2. General procedure of low valent metal mediated
allylations of 3 (Table 1, entries b, c, and d)

To a well-stirred mixture of 3 (3.24 g, 0.01 mol), allyl bro-
mide (0.02 mol), and metal salt [CoCl2�6H2O (8.4 g,
0.035 mol) or CuCl2�2H2O (6.0 g, 0.035 mol) or FeCl3
(4.9 g, 0.03 mol)] in THF (70 mL) was added Zn dust
(2.25 g, 0.035 mol for Co and Cu; 1.95 g, 0.03 mol for Fe)
in portions over a period of 15 min. The mixture was stir-
red at ambient temperature for the period as shown in the
table. The reaction mixture was then treated successively
with water (50 mL) and EtOAc (100 mL), stirred for an
additional 10 min and then filtered. The filtrate was treated
with 2% aqueous HCl to dissolve a small amount of the
suspended particles. The organic layer was then separated.
The aqueous layer was extracted with EtOAc. The com-
bined organic layer was washed with water, brine, and then
dried. Solvent removal and column chromatography of
the residue (silica gel, 0–15% EtOAc in petroleum ether)
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afforded 4a and 4b in pure form whose overall yields and
proportions are shown in Table 1.

Other allylations of 3 (Table 1, entries a and e): following
the same procedures as carried out with 1,7a,b Luche’s
and Grignard allylation were performed with 3. The overall
yields and proportions are shown in Table 1.

An alternate preparation of 4a and 4b (Table 1 entry f): to
a cooled (0 �C) suspension of Grignard reagent prepared
from 1-bromoundecane (17.6 g, 75 mmol) and Mg
(1.92 g, 80 mmol) in THF (100 mL) as carried out as above
was added a solution of ketone 5 (14.7 g, 70 mmol) in THF
(30 mL) over a period of 1 h. The mixture was stirred for
an additional 2 h at room temperature and then treated
with saturated aqueous NH4Cl solution and extracted with
diethyl ether. The organic layer was washed with water,
brine, and then dried. Solvent removal under reduced pres-
sure and column chromatography of the residue (silica gel,
0–15% EtOAc in petroleum ether) afforded 4a and 4b in
pure forms, whose overall yields and proportions are
shown in Table 1.

4.3. (2R,3R)-1,2-O-Cyclohexylidene-3-undecyl-hex-5-en-
1,2,3-triol 4a

Rf: 0.73 (10% EtOAc in hexane); ½a�25
D ¼ þ11:6 (c 0.8,

CHCl3); 1H NMR: d 0.84 (br t, 3H), 1.24–1.36 (m, 22H),
1.60 (m, 8H), 2.06 (m, 1H, overlapped with a br s, 1H),
2.33 (m, 1H), 3.7–4.0 (m, 3H), 5.0–5.1 (m, 2H), 5.6–5.9
(m, 1H). 13C NMR: d 14.06, 22.64, 22.87, 23.80, 23.94,
25.14, 29.29, 29.58, 30.17, 31.87, 34.64, 35.02, 36.01,
41.72, 64.20, 72.88, 79.22, 109.27, 118.16, 133.71. Anal.
Calcd for C23H42O3: C, 75.36; H, 11.55. Found: C, 75.62;
H, 11.32.

4.4. (2R,3S)-1,2-O–Cyclohexylidene-3-undecyl-hex-5-en-
1,2,3-triol 4b

Rf: 0.66 (10% EtOAc in hexane); ½a�25
D ¼ �5:3 (c 0.9,

CHCl3); 1H NMR: d 0.86 (br t, 3H), 1.24–1.37 (m, 22H),
1.60 (m, 8H), 1.91 (br s, 1H), 2.02 (dd, J = 14.0, 8.2 Hz,
1H), 2.28 (dd, J = 14.0, 6.4 Hz, 1H), 3.8–4.0 (m, 3H),
5.0–5.1 (m, 2H), 5.6–5.8 (m, 1H). 13C NMR: d 14.03,
22.62, 23.07, 23.75, 23.90, 25.13, 29.29, 29.57, 30.10,
31.85, 34.96, 35.94, 37.21, 39.29, 64.15, 72.98, 79.54,
109.15, 118.11, 133.07. Anal. Calcd for C23H42O3: C,
75.36; H, 11.55. Found: C, 75.55; H, 11.62.

4.5. (5R)-5[(20R)-10,20-O-Cyclohexylidenedihydroxy-
ethyl]hexadec-2-en-5-olide 7

To a stirred 1 M suspension of ethylmagnesiumbromide
(3.4 mL, 3.4 mmol, prepared from EtBr and Mg in THF
following the usual procedure) was added a solution of
4b (1.2 g, 3.3 mmol) in THF (30 mL) over a period of
30 min at room temperature. The mixture was refluxed
for 30 min at room temperature and then cooled to 0 �C.
Acryloyl chloride (0.618 mL, 3.2 mmol) was added to it
over a period of 10 min. The mixture was stirred at room
temperature for an additional 30 min and treated with
water. This was extracted with EtOAc. The combined or-
ganic extract was washed with water, brine, and dried.
Solvent removal under reduced pressure and column
chromatography of the residue (silica gel, 0–15% EtOAc
in petroleum ether) afforded 6 (1.1 g, 81%) in pure form.
A fraction of 6 (420 mg, 1 mmol) was taken in CH2Cl2
(50 mL). Grubb’s catalyst [PhCH@RuCl2-(PCy3)2]
(41 mg, 5 mol %) was added in one portion to a stirred
solution of 6. The mixture was heated at reflux for 14 h
(monitored with TLC). Solvent was removed under re-
duced pressure and the residue was chromatographed on
silica gel (0–15% EtOAc in petroleum ether) to afford 7
(370 mg, 94.3%) in pure form. ½a�25

D ¼ þ2:7 (c 1.0, CHCl3);
1H NMR: d 0.85 (br t, 3H), 1.24–1.37 (m, 22H), 1.5–1.6 (m,
8H), 2.44 (br d, J = 19.0 Hz, 1H), 2.63 (br d, J = 19.2 Hz,
1H), 3.84–4.03 (m, 2H), 4.33 (t, J = 6.4 Hz, 1H), 5.98 (d,
J = 9.8 Hz, 1H), 6.75 (m, 1H). 13C NMR: d 14.05, 22.60,
23.38, 23.58, 23.87, 25.05, 27.82, 29.25, 29.44, 29.51,
29.90, 31.82, 33.94, 34.55, 35.68, 64.21, 77.61, 83.75,
110.4, 120.36, 143.59, 162.97. Anal. Calcd for C24H40O4:
C, 73.43; H, 10.27. Found: C, 73.68; H, 10.52.

4.6. (5R)-5[(20R)-Dihydroxyethyl]-5-hexadecaolide 9

In a hydrogenation flask, 5% Pd in charcoal (60 mg) was
suspended in EtOH (15 mL) and stirred for 10 min under
an H2 atmosphere. To this solution of 7 (370 mg,
0.0943 mmol) in EtOH (20 mL) was added through a syr-
inge. The reaction mixture was stirred for 10 h at room
temperature and filtered through Celite. The Celite pad
was thoroughly washed with EtOH. The organic layer
was concentrated under reduced pressure, and the residue
was chromatographed on silica gel (0–15% EtOAc in petro-
leum ether) to afford pure 8 (316 mg, 85%). This was taken
in CH2Cl2 (20 mL) and cooled to (0 �C). To this was added
90% aqueous trifluoroacetic acid (5 mL). The mixture was
stirred for about 1 h until the starting material disappeared
(TLC) and then extracted with CHCl3. The combined or-
ganic extract was washed with water, brine, and dried.
After solvent removal under reduced pressure, the residue
was purified by passing through a short pad of silica gel
eluting with MeOH in CHCl3 (5%, v/v) to afford pure diol
9 (180 mg, 71.7%). ½a�25

D ¼ �12:1 (c 1.1, CHCl3); 1H NMR:
d 0.86 (br t, 3H), 1.2–1.7 (m, 22H), 1.75–2.0 (m, 2H), 2.38
(m, 2H), 3.48 (m, 1H), 3.70 (m, 2H, overlapped with a br s,
2H). 13C NMR: d 14.07, 16.82, 22.63, 22.94, 25.89, 29.30,
29.59, 29.82, 30.04, 31.85, 37.12, 62.04, 75.51, 87.35,
173.15. Anal. Calcd for C18H34O4: C, 68.75; H, 10.90.
Found: C, 68.96; H, 10.66.

4.7. Tanikolide I

A solution of 9 (180 mg, 0.57 mmol) in 60% aqueous
CH3CN (30 mL) was treated with NaIO4 (214 mg,
1.0 mmol) and the mixture was stirred at room temperature
for 1 h until the starting material had disappeared (TLC).
It was filtered and thoroughly washed with EtOAc. The
combined organic extract was washed with water, brine,
and dried. After solvent removal under reduced pressure,
the residue was purified by passing through a short pad
of silica gel eluting with EtOAc in hexane (15%) to afford
aldehyde 10 (135 mg). This was taken in THF (30 mL)
and the solution was cooled to �78 �C. To this was added



602 P. Vichare, A. Chattopadhyay / Tetrahedron: Asymmetry 19 (2008) 598–602
K-Selectride (3 mL of 1 M THF solution) over a period of
30 min. The mixture was stirred for an additional 30 min
and quenched with water and extracted with EtOAc. The
combined organic extract was washed with water, brine,
and dried. After solvent removal under reduced pressure,
the residue was purified by passing through a short pad
of silica gel eluting with EtOAc in hexane (15%, v/v) to af-
ford I (80 mg, 59.2%). ½a�25

D ¼ þ2:1 (c 1.0, CHCl3); lit.3a

½a�22
D ¼ þ1:9 (c 1.0, CHCl3); 1H NMR: d 0.86 (br t, 3H),

1.2–1.4 (m, 18H), 1.55–1.76 (m, 4H), 1.8–2.0 (m, 2H),
2.32–2.44 (m, 2H), 3.19 (br s, 1H), 3.51 (d, J = 12 Hz,
1H), 3.64 (d, J = 12 Hz, 1H). 13C NMR: d 14.06, 16.63,
22.63, 23.39, 26.59, 29.28, 29.43, 29.55, 29.73, 29.98,
31.85, 36.71, 67.41, 86.61, 172.03.
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