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ABSTRACT

The first syntheses of polyyne-containing sphingoid base analogues were achieved by employing our iterative strategy that uses a two-step
acetylene homologation sequence. In this process, a bromoalkyne is homologated by one acetylene unit through a Pd-catalyzed cross-
coupling with a TIPS-protected acetylene and a subsequent in situ AgF-mediated desilylative bromination. Repeating this homologation sequence
followed by cross-coupling with the long-chained terminal acetylene provides access to the polyyne framework in good overall yields.

Sphingolipids are a structurally diverse class of compounds, synthetic chemists over the last few decatiereover, the
considered to be composed of three principal moieties: adesign and syntheses of various sphingolipid analogues and
sphingoid base, an amide-linked fatty acid, and a polar headmimetics have progressed, because nonnatural sphingolipids
group. They are important components of the plasma could also be useful in the investigation of biological
membranes of essentially all eukaryotic céll§he main functions of sphingolipids and provide opportunities for
structural role of sphingolipids in membranes is the regulation modulating cellular processes. Among the three moieties of
of the fluidity and subdomain structure of the lipid bilayer. sphingolipids, sphingoid bases have been the primary subject
In addition to their structural functions, they also play critical for structural modification, since they are intrinsically
roles in many fundamental biological processes. For example,bioactive and are the fundamental backbone of the other
sphingolipid metabolites, such as ceramide, sphingosine-1-sphingolipids. Sphingoid bases are long-chain aliphatic
phosphate, and sphingosine-1-phosphocholine, act as secondompounds typically possessing a 2-amino-1,3-diol func-
messengers that regulate diverse cellular processes includingionality. A large number of structurally interesting non-
apoptosis, cell senescence, the cell cycle, and cellularnatural sphingoid bases have appeared in the literature.
differentiation? However, to the best of our knowledge, there has been no
Due to their obvious biological significance, natural literature precedent relating to the synthesis of sphingoid base
sphingolipids have been attractive and popular targets foranalogues containing two or more conjugated acetylene units
in the long chain. Conjugated diyne and polyyne units are
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found in numerous natural products that exhibit a variety of ||| GG

interesting biological activitie3Furthermore, they continue Scheme 1. Iterative Protocol for Synthesis of the
to attract widespread interest because of their unusual Polyyne-Containing Sphingoid Bas2sand 3
electronic and structural properties. PO NP
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Figure 1. Chemical structures of compoundls2, and3.

R —(2)
triple bonds are incorporated near the 2-amino-1,3-diol
functionality and the alkyl chain lengths are 18 carbon atoms,
identical with sphingosiné. Scheme 1 depicts a general outline of our iterative protocol
We predicted that the major challenge associated with their for the synthesis of the target compounds. We envisioned
preparation was the often unstable nature of polyyne that the bromoalkyn& (n = 1), derived from alkynylsilane
compounds$:® Futhermore, the terminal diynes and higher 4, could be homologated by one acetylene unit through cross-
polyynes required as synthetic intermediates for acetylenic coupling with the trialkylsilylacetylene and subsequent in
coupling reaction are usually highly sensitive molecules that situ desilylative bromination 06 to give bromodiynes (n
are prone to rapid decomposition. We felt that this expected = 2). Repeating this two-step homologation sequence would
instability could be circumvented by the employment of our generate the homologated product, bromopolyyGe> 3).
recently developed iterative stratefyyyhich avoids the Then, cross-coupling ob with a long-chained terminal
complications encountered with isolating sensitive terminal acetylene, followed by removal of the protecting groups of
alkynes. Our iterative strategy entailed a two-step acetylenethe resulting polyyn& would afford the desired polyyne-
homologation sequence, namely, in situ desilylative bromi- containing sphingoid bas& In this process, the number of
nation of alkynylsilanes followed by cross-coupling with a incorporated acetylene units could vary depending on the
trialkylsilylacetylene. number of homologation cycles. Furthermore, the regiose-
lective reduction of theA**-triple bond of7 to the corre-
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Scheme 2. Synthesis of Diyne and Enyne Analogues of
Sphingoid Base

#NB #’NBOC TIPS
Jd ocH TIPS———Li Ov\/
THF, HMPA .
o] -78°C,1h N
9 93% 10 (R=H) Ac,0, pyridine
(dr>20:1) 11 (R =Ac) rt, 1 h, 96%
NBS, AgF
92%| CH,CN
i, 2h
///\Mg\ 3 #NBOC Br
Pd(PPh;),Cl,, Cul g, -
78% \i—PerH, THF, i, 2 h | S
1. NaOMe
MeOH, rt

2. TFA 0
CH,Cly, H,0, rt| 27

TFA HOL A 5
CH,Cly, H,0, 1t
2
94% OH a

was desirable to protect the free hydroxyl groupl6ffor
the efficient transformation of triisopropylsilyl (TIPS)-

complished by treating compourdd with Ac,O to furnish
11in 96% yield. Under our recently developed in situ AgF-
mediated desilylative bromination conditioh¥, TIPS-
protected acetylendl was smoothly converted to the
bromoacetylend 2 in very high yield (92%).

Prior to the two-step acetylene homologation sequence,
we undertook the cross-coupling of bromoacetyléRe&vith
a slight excess (1.2 equiv) of the long-chain terminal
acetylenel3. Under the modified Sonogashira conditions
(Pd(PPB),Cl,, Cul, diisopropylamine, THFY the desired
cross-coupling product4 was obtained in 78% yield along
with 7% of a homocoupling byproduét.Removal of the
acetate protecting group @f with NaOMe/MeOH followed
by concomitant hydrolysis of the acetonide and th&oc
protecting groups with TFA in C¥Cl,/H,O gave the diyne
analogue3ain high overall yield (92%). On the other hand,
treatment ofl4 with LiAIH 4 in THF effected the regiose-
lective reduction of the\**-triple bond totransdouble bond
and concomitant removal of the acetate protecting group to
afford hydroxy enynéel5 in excellent yield (95%). Subse-
qguently, removal of the acetonide as well as theéBoc
protecting groups with TFA in CHCl,/H,O afforded the
triple bond containing sphingosine analo@adn 94% yield.

After achieving the synthesis of simple diyBaand enyne
2a analogues of sphingoid base, we then investigated the
synthesis of the higher polyyne-containing analogues as
shown in Scheme 3. We encountered no difficulties when
converting bromoacetyleri® into bromodiynel6athrough
our two-step acetylene homologation sequence. The pal-
ladium-catalyzed cross-coupling &2 with TIPS-acetylene
provided TIPS-diyne in 90% vyielf, and the subsequent
AgF-mediated desilylative bromination afforded bromodiyne
16a successfully in 95% vyield. We performed the second
iteration in the same manner to obtain bromotriviéd in
79% overall yield froml6a. The obtained bromodiyriga

protected acetylene into bromoacetylene. This was ac-and bromotriynel6b were cross-coupled respectively with

Scheme 3. Synthesis of Polyyne-Containing Analogues of Sphingoid Base
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the long-chain terminal acetylené§a and 17b under the In summary, we have presented a novel approach that
above-mentioned Sonogashira conditions to give trii@a allows the efficient synthesis of polyyne-containing sphingoid
(68%) and tetrayné&8b (63%) in that order. In these cases, base analogues. Our methodology features a repetitive
homocoupling products were also isolated as byproducts fromacetylene homologation that provides access to the polyyne
the reaction mixtures (11% frorh6a and ca. 10% from  framework in good vyield. A special advantage of our
16b)15 approach is the possibility of preparing different polyyne base
Removal of all of the protecting groups in compoui@s analogues by terminating the sequence with different terminal
and 18b as described above furnished the desired higher acetylenes or other types of coupling partners that allows
polyyne analogues of sphingoid beteand3cin 91% and control of the chain length as well as the diversification of
85% overall yields, respectively. Analogous to the prepara- lipid tail. We believe that this versatile and efficient synthetic
tion of 2a, a two-step sequence, viz., regioselective reduction method could be of value in the development of novel
of the A*5-triple bond and acidic hydrolysis, transformed sphingoid base analogues for sphingolipid research. The
the triyne 18a and tetraynel8b into the corresponding above and other polyyne analogues are now being evaluated

polyyne-containing analogues of sphingositeand 2c in for biological activity and the details will be reported in due
94% and 91% overall yields, respectivéfy. course.
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