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The total synthesis of anibamine, the first and only natural product known as a chemokine receptor CCR5 antagonist, is reported herein.
Anibamine was synthesized from acetylacetone and cyanoacetamide in 10 steps.

Anibamine, a novel pyridine quaternary alkaloid recently throughput screening, such as, SCH-DAK220°% and
isolated fromAnibasp.}?has been found to effectively bind UK427857 (Figure 1).

to the chemokine receptor CCR5 with ansd@t 1 «M in
competition with?9-gp120, a HIV viral envelop protein
binding to CCRS5 with high affinity. The chemokine receptor
CCRb5, a G-protein-coupled receptor, has been identified as
an essential co-receptor for HIV virus entry to host cells.
Therefore, an antagonist of CCR5 receptor that would inhibit
the cellular entry of human immunodeficiency virus tylpe
(HIV-1) provides a new therapy choice for the treatment of
HIV infection? N Me, =0

. N

Currently, all the known antagonists to CCR5 have been \YN@ Nt c.@ N
developed by optimization of the lead compounds from high- Nv\‘/© . b_@
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Clearly, anibamine possesses a novel structural skeleto
compared with all other known CCR5 antagonfstéus the

Scheme 2. The Chemical Synthesis of Intermedi&e

chemical synthesis of anibamine and its analogues may lead gg e 1

to a new class of AIDS therapeutic agents. Herein is the
first report of the total synthesis of anibamine.

As shown below, anibamine has a unique structural
skeleton, in which a pyridine quaternary ion is embodied by
a fused five-member ring. Such a skeleton can also be called
the 2,3-dihydrotH-indolizinium ion. On the pyridine ring,
two ten-carbon aliphatic chains are attached at positions 3
and 5 via cis double bonds. In addition, both positions 2
and 4 are occupied by methyl groups. The retrosynthetic
analysis of anibamine is illustrated in Scheme 1.

Scheme 1. The Retrosynthetic Analysis of Anibamine
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The two ten-carbon side chains can be introduced by
Wittig reactions between the Wittig reagent of 1-bromo-
nonane and the 3,5-dialdehyde intermediatlntermediate
2 can be prepared by the reduction of the 3,5-dicyano
intermediate. The fused five-member-ring system can be
achieved by introducing a three-carbon side chain at position
2, followed by the cyclization reaction to form the indoli-
zinium ring. Apparently the substituted pyridiBés the most
critical intermediate since it possesses all the potential
functional groups.

Two synthetic routes were explored to prepare the
intermediate3, as shown in Scheme 2. In the first route, the
condensation reaction between acetylacetone iid
dimethylformide dimethyl acetal provided compoudAd
Then 4 was refluxed with hydroamine hydrochloride in
methanol to give compoun8.® Next 5 was coupled with
aniline'® to provide compounds. Finally the cyclization
reaction betweef and malononitrilé' led to the intermediate
3 in an overall 30% yield. In the second route, using the

procedure of Haley et al2the condensation reaction between
acetylacetone and cyanoacetamide gave compguntlich

was brominated with NBS in TFA and.80; to give 8.1°

Next, the nucleophilic cyanization of compour® was
achieved by refluxing with cuprous cyanide in DMF to give
3.13 Here, the total yield was 46% over 3 steps. The first
route is one step longer than the second one, yet is more
convenient for large-scale synthesis. Since two cyano groups
can be introduced subsequently in the second route, it may
provide the possibility of attaching two different side chains
on positions 3 and 5. This will be critical to anibamine
analogue synthesis in the future.

The brominatioft of 3 with TBAB/P,Os led to the
2-bromo-substituted intermedia8 (Scheme 3). The pal-

Scheme 3. The Synthesis of Intermediafiel
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To our delight, the hydrogenation of compoub@under
Pd/C in methanol at room temperature gave intermedihte
in quantitative yield. After that, several different reducing
agents were applied to prepare intermedat€hese results
are summarized in Table 1.

Table 1. Preparation of Intermediat2

NH, NH,
NC | o CN OHC | ~CHO | X OHC | xCHO
Reduction
N/ —_— N/ + N/ + N/
PMBO. PMB! PMBO. HO.
11 2 2 2"

yield

entry reduction condition product (%)

1 Raney-Ni, NaHsPOg, Py/AcOH/H20 no reaction

2 Raney-Ni, NaHsPOg, AcOH/H20 2 70

3 Raney-Ni, 5 bar of Hy, AcOH 2' 95

! Raney-Ni, 1 bar of Hs, AcOH 2 90

5 Raney-Ni, 75% HCOOH aq 2" 13

6 DIBAL-H, THF, 0 °C to reflux no reaction

7 DIBAL-H, toluene, 0 °C 2 77

dialdehyde2 can be used in this step without further

purification after the DIBAL-H reduction reaction, and the

combined yield was 71% over two steps from compound
11

All four possible isomers were observed as products of
this reaction (Scheme 4). Various chromatographic conditions

Scheme 4. The Wittig Reaction
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With use of Raney-Nf' as the reduction reagent in

have been applied yet no successful separation of any one

different solvent systems, the 3,5-diaminomethyl-substituted Of these four isomers has occurred. Therefore, after primary

product ') was the only one except for the procedure with
HCOOH as solvent, which led to compougdin 13% yield.
When DIBAL-H was used as the reduction reagent in
toluene, the desired producR)(was obtained in 77%
separation yield? in contrast to the unsuccessful reaction
in THF. Our explanation of this result is that the activity of
the electrophilic reduction reagent DIBAL-H in toluene is
higher than that in the comparatively more polar solvent
THF_ZO,Zl

purification, the mixture was used for the next step. By
calculating the ratios of the integrates of the methyl group
at position 6 on the pyridine ring in thHél NMR spectrum,
the composition of these four isomers in the mixture were
determined, and compoud@ was characterized as the major
one.

Interestingly, the most common PMB deprotection reagent,

DDQ, was proved inefficient in both GiEl,/H,0%62” and
CH.Cl,/ buffer (pH 7) syster#® for compoundl12. In fact,

To introduce the aliphatic side chains onto positions 3 and the PMB group was removed quickly with reasonable yield

5, the Wittig reaction was explored under different basic
conditions, such as NaH/tolueffdNaH/DMSOZ LHMDS, %

under acidic conditions to give compoud.?®
The five-member-ring closure was achieved by treating

andn-BuLi.?> No reaction was observed when NaH was used compoundl13 with methanesulfonyl chloride and triethyl-
as the base in toluene. A trace amount of the target productamine at room temperatu?®3! The crude product was
was observed while most of the starting material decomposedpurified by preparative HPLC with the previously reported

under NaH/DMSO and-BulLi conditions. Finally, interme-
diate 12 was obtained as the major product when LHMDS

condition! Both anibamineX) and its (1E,22E) isomer were
isolated as the trifluoroacetic acid salts. The spectral proper-

was adopted as the base. We noticed that the crudeties of anibamine were compared with those in the literature
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and no significant differences were observed.

Scheme 5. The Synthesis of Anibamine
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The anti-HIV activity of anibamine and its (EJ22E)
isomer was evaluated. In an assay that determines inhibition
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of HIV-1g, attachment to GHOST R5 cells, anibamine methyl acetal in 11 steps with 5.1% overall yield. To our
showed an Eg at 0.6u4M and its (1E,22E) isomer did at knowledge, this is the first report of the total synthesis of
0.8 uM.%? anibamine. The above synthetic routes also offer the op-

In summary, anibamine was synthesized from acetyl- portunity to prepare anibamine analogues for further bio-
acetone and cyanoacetamide in 10 steps with 7.9% overalllogical evaluation and SAR study for their anti-HIV
yield, or from acetylacetone ard,N-dimethylformide di- activity.
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