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Development of New Means of Asymmetric Halogenation and Total Synthesis of
Bioactive Halogenated Natural Products
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The chemical synthesis of organohalogens has become a focal point of
intensive studies in organic synthesis. In the present study, we established a synthetic route to
napyradiomycin Al, a chlorinated antibiotic isolated from the culture broth of Chainia rubra
MG802-AF1. Extensive screening of amine ligands in combination with Willgerodt reagent (PhICI2) led
to the development of a C2-symmetric catalyst applicable to asymmetric dichlorination of allylic
alcohols. We have also found that an enantioenriched dichloride is produced from a dehydro-a
-lapachone derivative in some, albeit small, degree of asymmetric induction under the Nicolaou
conditions using (DHQD)2PHAL-PhICI2, paving the way to asymmetric synthesis of the natural
antibiotic. In addition, biological evaluation of the synthetic intermediates has culminated in the
discovery of a new analogue useful for further medicinal studies.
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Scheme 1. Synthetic route to (+)-napyradiomycin A1
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Scheme 2. Development of asymmetric dichlorination reaction
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Scheme 3. Deoxydichlorination of epoxides with 1:1 NCS/Ph3P reagent
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Scheme 4. Dichlorination of alkenes with 2:1 NCS-PhP:
the decisive role of H,0

3.0eq. NCS
1.5 eq. PhaP cl
2 1.0 eq. H,O J\/ 2
R1/\/R - 5 R - R
CHxCl; &l
6 rt 7
[o) + o
PhyP Cl—PPh,
NCS N — N—PPh;
cl
o o
H,0
0=PPh;,
6 NCS NHS
7 ~«——— Cl, <=——— HCI (succinimide)

(1)-1-
(#)-napyradiomycin Al
4a/4b

1 1

H,0 NCS(3  )-PhP(1.5 )

insitu
H,O (1 )-NCS (3 )-Ph;P (1.5
)
napyradiomycin A1l
Scheme 5

Scheme 5. Total synthesis of (+)-napyradiomycin A1
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Figure 2. Dichlorination of cinnamyl alcohol with PhICl,/cinchona ligands
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Figure 3. Chiral ligands
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Scheme 6. Enantioselective dichlorination of alkene 8a
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