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Synthesis of a Ceramide Sphingolipid as a Potential Sex Pheromone of the Hair
Crab Erimacrus isenbeckii Using Butane-2,3-diacetal Desymmetrised Glycolic

Acid Building Blocks
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Abstract: A stereoselective synthesis of a ceramide sphingolipid as
a potential sex pheromone of the hair crab Erimacrus isenbeckii is
reported using diastereoselective alkylation and aldol reactions of
butane-2,3-diacetal (BDA) desymmetrised glycolic acid building
blocks as the key synthetic steps.
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The ceramides shown in Figure 1 were isolated by Fuset-
ani et al. from water containing post-moult female hair
crabs of the species Erimacrus isenbeckii.> A sponge
soaked in the ceramide mixture was shown to induce
guard and copulatory behaviour in male hair crabs. Close-
ly related compounds have been previously reported
which are phospholipase A2 inhibitors* or exhibit cyto-
toxicity against tumour cells in mice.” The ceramide
mixture was subsequently synthesised by Fusetani and co-
workers from galactose pentaacetate and 9-bro-
mononanol,® and the pheromone 1 was later synthesised
by Masuda et al. from 12-bromododecanol and the Garner
aldehyde.”
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Figure 1 Ceramides isolated from water containing post-moult
female hair crabs.

We planned to synthesise ceramide 1 using the butane-
2,3-diacetal (BDA) desymmetrised glycolic acid building
blocks developed in our group for the asymmetric synthe-
sis of a-hydroxycarbonyl compounds.® The enantiomeric
lactones 2 and 3 (Figure 2) are readily available in multi-
gram quantities from 1-chloropropane-2,3-diol*f or from
mannitol or ascorbic acid®" and undergo highly diastereo-
selective reactions with a wide range of electrophiles.
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Figure 2 Enantiomeric butane-2,3-diacetal desymmetrised chiral
glycolate equivalents.

We have previously demonstrated the use of lactones 2
and 3 in a total synthesis of the phytotoxic agent Herbaru-
min I1.°

We intended to construct the hydroxyacid fragment 4,
using a stereoselective alkylation of glycolate 2 with allyl
bromide 5, followed by introduction of the long side chain
via a Wittig olefination with phosphonium salt 6, after
oxidative cleavage of the alkene (Scheme 1). The anti-
diol motif in amine 7 was to be constructed by an aldol
reaction between glycolate 3 and the suitably protected
serine-derived aldehyde 8.!°
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Scheme 1 Retrosynthetic analysis of ceramide 1.
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According to our experience, this should represent a
matched aldol reaction between the two chiral units 3 and
8, leading to a single diastereomeric product.®™¢ The
amine fragment 7 would then be obtained by conversion
of the lactone functionality into an aldehyde and homolo-
gation with diiodide 9.

The required long chain phosphonium salt 6 was synthe-
sised from commercially available pentadecanolide 10
(Scheme 2). One-pot DIBALH reduction of 10 and Wittig
olefination gave alcohol 11 in excellent yield. Bromina-
tion of the resulting alcohol 11 proceeded smoothly with
triphenylphosphine dibromide!! to give bromide 12 in
99% yield, and displacement with triphenylphosphine
gave the phosphonium salt 6 in quantitative yield.
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Scheme 2 a) DIBALH (1.5 equiv), PhMe, —78 °C, then MeOH (0.5
equiv), then n-BuLi (2 equiv), i-BuPPh;Br (2 equiv), THF, —78 °C to
r.t., 83%; b) PPh;Br, (2.6 equiv), pyridine, MeCN, 99%; c) PPh; (1.0
equiv), neat, 120 °C, 100%.

With the salt 6 in hand, lactone 2 was alkylated stereose-
lectively with allyl bromide 5 to give the highly crystal-
line alkene 13 in very good yield (Scheme 3).%+ Oxidative
cleavage of alkene 13 to the aldehyde 14 proved problem-
atic under a variety of conditions (O;, OsO, and NalO,,
etc.), almost certainly due to the unstable nature of 14.
Consequently, a one-pot oxidative cleavage and in situ
Wittig olefination was carried out to yield dialkene 15 di-
rectly, albeit in a moderate 26% yield. Reduction of the
double bonds with hydrogen and catalytic rhodium on
alumina gave the lactone 16 in 87% yield, and straight-
forward acidic deprotection of the BDA group provided
the desired o-hydroxyacid 4 in quantitative yield.

N,N-Dibenzyl protected aldehyde 8 (Scheme 4) was se-
lected as a suitable coupling partner for the aldol reaction
with lactone 3. The aldehyde was readily obtained by
LiBH, reduction in diethyl ether—-methanol'? of commer-
cially available protected serine 17, followed by Swern
oxidation. Due to the sensitivity of aldehyde 8,'° it was
prepared and used immediately without chromatographic
purification.

The aldol reaction proceeded smoothly with lactone 3 un-
der standard conditions®®¢ to yield the alcohol 19 as a sin-
gle crystalline diastereoisomer (Scheme 5). The relative
and absolute stereochemistry was readily confirmed at
this point by single crystal X-ray diffraction.'®> The syn-
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Scheme 3 a) LHMDS (0.95 equiv), THF, -78 °C, then
CH,=CHCH,Br, —45 °C to r.t., 82%; b) O;, CH,Cl,, -78 °C, then
Me,S (2 equiv); ¢) n-BuLi (1.8 equiv), 6 (0.9 equiv), THF, 26% from
6; d) H,, Rh/alumina, MeOH, 87%; e) TFA, H,0, 100%.

thesis of alcohol 19 constitutes an extremely concise route
to a protected form of the side chain of the phosphatase in-
hibitor calyculin A, with the correct relative (but opposite
absolute) stereochemical features.'*

Deprotection of the acid labile protecting groups, fol-
lowed by global TBS protection of the alcohols gave the
tris-TBS ether 21 in 93% yield over the two steps. The es-
ter was reduced to the alcohol 22 with DIBALH in 62%
yield, then oxidised to aldehyde 23 in good yield under
Swern conditions.

Attempts at Wittig olefination of aldehyde 23 with n-de-
cyltriphenylphosphonium bromide were unsuccessful
under a variety of conditions, yielding only unreacted
starting aldehyde. A report in the literature of a similarly
unreactive aldehyde's indicated that a Takai olefination'®
might be successful. The required diiodide 9 was synthe-
sised from decanal 24, following the procedure of Stern-
hell and Pross (Scheme 5).!7 The subsequent olefination
between diiodide 9 and aldehyde 23 finally yielded the de-
sired alkene 26 in a moderate 33% yield. Hydrogenation
of the alkene, with concomitant removal of the benzyl
groups proceeded in good yield to give the known serino-
lipid 7.7
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Scheme 4 a) LiBH, (3.9 equiv), MeOH, Et,0, 0 °C to r.t., 95%; b)
DMSO (4.5 equiv), (COCl), (2.3 equiv), Et;N (9 equiv), CH,Cl,, -78
°C, 97%.
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Scheme 5 a) LHMDS (1.05 equiv), THF, -78 °C, then 8 (1.1
equiv), 90%; b) AcCl, MeOH; c¢) TBSOTT (5.2 equiv), 2,6-lutidine (7
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We were able to improve on the literature procedure for
coupling amine 7 with the hydroxyacid fragment 4, by us-
ing unprotected a-hydroxyacid 4 directly in the amide
bond formation, rather than the corresponding fert-bu-
tyldimethylsilyl ether’ or acetate.® Amide coupling with
N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide (EDC)
and 1-hydroxybenzotriazole (HOBt) proceeded in a grati-
fying 97% yield, and deprotection of the remaining silyl
ethers gave the sex pheromone 1 in 78% yield
(Scheme 6). The spectral data for 1 were in agreement
with literature values.®”18

In conclusion, we have demonstrated that diastereoselec-
tive alkylation and aldol reactions of lactones 2 and 3 are
readily scaleable and practically applicable to asymmetric
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most efficient synthesis to date (9 steps in longest linear
sequence from lactone 3, 9% overall yield), and the first
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(18) Physical data for pheromone 1, (25,2'R,3S,45)-2-(2’-

hydroxy-21’-methyl-docosanoylamino)-1,3,4-
pentadecanetriol: [a]p? +12.5 (¢ 0.16, CHCl,-MeOH, 1:1)
{lit. [a]p2® +14 (c 0.70, CHCl;-MeOH, 1:1), see ref.”]. IR
(film): v, = 3377 (O-H, N-H), 2917 (C-H), 2850 (C-H),
2480, 1639 (C=0), 1620, 1471, 1049 (C-O) cm™'. '"H NMR
(600 MHz, CDC1,-CD;0D, 1:1): 6 =0.82 [6 H,d, /= 6.6
Hz, CH(CHj;),],0.85 (3 H, t,J = 6.6 Hz, CH;), 1.06-1.60 [55
H, br m, 27 x CH,, CH(CH,),], 1.60-1.69 (1 H, m, H-5),
1.70-1.80 (1 H, m, H-5), 3.50-3.53 (2 H, m, H-4, H-2"), 3.71
(1H,dd,J=11.3,4.8 Hz, H-1), 3.76 (1 H, dd, J = 11.3, 4.8
Hz, H-1),4.00 (1 H,dd, J=7.7, 3.7 Hz, H-3), 4.06-4.10 (1
H, m, H-2). *C NMR (125 MHz, CDCl,—CD;OD, 1:1): § =
13.10, 21.70, 22.00, 24.50, 25.20, 26.80, 27.30, 28.70,
28.88, 28.93, 29.01, 29.03, 29.10, 29.12, 29.30, 31.30,
31.90, 33.90, 38.40, 50.90, 60.30, 71.20, 71.60, 74.60,
175.17. Found (ES): [M - NaJ* 650.5729, C33H,,NO;
requires 650.5694.
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