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TOTAL SYNTHESIS OF (+)-PEDERIN. 1. STEREOCONTROLLED SYNTHESIS OF (+)-BENZOYLPEDAMIDE
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RIKEN (The Institute of Physical and Chemical Research)
Wako-shi, Saitama 351-01, Japan

Summary: (+)-Benzoylpedamide (5), a right half of (+)-pederin Ql). was synthesized
stereoselectively based on the newly developed method for the synthesis of 1,3-syn-

and 1,3-anti-polyols.

(+)-Pederin (1), a potent insect poison isolated from Paederus fuscipes, exhibits

remarkable physiological activities such as inhibition of mitosis in Hela cells and blocking
of protein synthesis. The unique stereostructure of 1 having nine chiral centers has
attracted the attention of synthetic organic chemists! and the first total synthesis of (+)-
pederin gl) has been achieved by Matsumoto and co-workers.'? In their synthesis, (+)-
acetylpederic acid gg) or (+)-selenoacid {é), a left half of 1, and (+)-benzoylpedamide QE). a
right half, were synthesized initially and then combined to (+)il'at the last stage. We also

accomplished the synthesis of (+)jﬂlcorrespond1ng to’i based on a stereoselective reduction of
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acyclic ketones with Zn(BH4)22 and (+)j§/based on a new synthetic method for stereochemically
defined 1,3—po1yo1s3’4. A total synthesis of (+)-pederin (1) from (+)j£/and (+)=5 was
achieved following essentially Matsumoto's strategy. The ;;;thesis of (+)j§’w111 be described
in this communication and the synthesis of (+):£’and the total synthesis of (+)-pederin (1) in
the following paper. =
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Retrosynthetic analysis of 5 reveals that 2.4~m—4,6—anti—triolA’could be a precursor

and therefore, it is highly expected that previously developed general methods for the

3,4

syntheses of both 1,3-syn- and 1,3-anti-polyols would be applied for the synthesis of A

derivative and thus for 5 (Scheme 1).
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Treatment of aldehyde ££5 prepared from (S)-(-)-malic acid, with LDA and i-PrCOOEt in THF
at -78° afforded a mixture of B-hydroxy ester 7 in 747 yield. The mixture 7 was converted
into é-lactone 8 in a 3 step sequence: 1. deacetonization {p-TsOH/MeOH); 2. silylation (t-
BuPh,SiC1); 3. lactonization (CSA/benzene); 72% overall yield. Protection of the hydroxyl
group of‘§,as the ethoxyethyl ether and successive treatment with Tithium enolate of t-butyl
acetate in THF at -78° afforded hemiacetal‘g; On treatment of 9 with CH(OMe)3 and CSA in
MeOH—CH2C12, acetalization and deprotection of ethoxyethyl group took place simultaneously
producing a mixture of the desired 4B-alcohol 10 and 4a—1somer’lb Separation of the mixture
was easily performed by column chromatography to afford alcohols 199 and llp in 387 and 377%
yields (from‘g). respectively. The configurations of the hydroxyl groups were confirmed on
the bases of their 'H NMR data (10 930,47933,4=2.9 Hz; 11: Jd34 4=11.8 Hz, J3p 4=4.8 Hz). The
undesired isomer ll was successfully converted into the required lg following the strategy
used in 1,3-syn-polyol synthesis.3 Namely, PCC oxidation of il and successive reduction of
the resulted ketone 12 with L-Selectride in THF at -78° produced 43-alcohol 10 (90%) as a

single product. Reduction with K-Selectride used previous]y3

gave only unsatisfactory
results. On treatment of 10 with ethanedithiol and BF3'Et,0 at -30°, acetal-thiocacetal
interchange at C-6 position and successive lactonization between the 4B-hydroxyl group and the
t-butyl ester took place producing §-lactone lé (83%). The liberated hydroxyl groups on the
side chain in lé were effectively methylated by treatment with CHoNy in the presence of silica
7 to give dimethoxy lactone 136 (83%).

The 4,6-anti stereoselection was accomplished by applying the method used in the

gel 1in ether

termination of 1,3-anti-polyol synthesis.4 DIBAH reduction of 14 in toluene at -78° and
successive treatment with BrCH,0Me and i-ProNEt in refluxing CH,C1, afforded exclusively the
required equatorial MOM acetal l§§ (88%), which was subjected to the dethiocacetalization with
NBS affording ketone l§§ (87%). LiATH, reduction of 16 in ether gave the expected
ba(equatorial)-alcohol 17 (987) as a single product,4 which on treatment with PhCOC1 afforded
benzoate l§§ (100%). The configuration of the 6-hydroxyl group was assigned as equatorial by
T NMR analysis (18 Jg 7,=12.0 Hz, Jg 75=4.6 Hz).

The 8B(axial)-amide group present in the target molecule was introduced as follows.
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Acid treatment of 18 followed by acetylation yielded a 2 : 1 mixture of 80— and 8B-acetates
19 (86%). The mixture was treated with Me3SiCN and BF3"Ety0 in CH2612 to give a mixture of
83— and 8a—nitriles 206 (94%) in a ratio of ca. 10 : 1 (by Ty NMR analysis), 8R-isomer
predominating. Finally, treatment of the mixture with T1C14 in aq AcOHS produced 88-amide 56
(87Z) and C-8 epimer (10%Z). The physical data of the major isomer 5 were identical with those
of the authentic (+)-benzoylpedamide (mp, mixed mp, 1H—NMR, [OL]D).10
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a) LDA/Me,CHCOOEt/THF/~78°, b) p-TsOH/MeOH; t-BuPh,SiC1/imidazole/DMF; CSA/PhH,

¢) CHp=CHOEt/PPTS/CH,C1,; LDA/t-BuOAc/THF/-78°, d) CSA/CH(OMe)3/CH2C12/MeOH e) PCC/3A-MS/
CHoClp, ) L-Selectride/THF/-78°, g) HSCHpCH,SH/BF3*Et,0/-30°5 CHoNp/silica gel/Ety0, h)
DIBAH /PhHe/78° MeOCH,Br/i-ProNEL/CHyCl ;3 NBS/AgNO3/Na2CO3/aq MeCN, i) LiATH4/Et,0/0%;
PHCOCT /Py, 1) 6N HC1/THF /50°; Acy0/Py, k) Me3SiCN/BF3*Et,0/CHoC1,/0°, 1) TiCly/ag AcOH.
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