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Eponemycin, an antibiotic with a highly potent and specific anti-
tumor activity against B16 melanoma cells in vivo, has been syn-
thesized. The framework of the western half of the molecule was
built up from N-trityl-y,6-didehydroleucinal and the dilithium de-
rivative LiO—CH,—C(Li)=CH,. In the final step, a vinyl ketone
was oxidized nonstereoselectively to give a mixture of three isomers
from which eponemycin was isolated in 40 % yield.

The antibiotic eponemycin (1) exhibits a specific activity
towards B16 melanoma cells and was first isolated from
culture filtrates of Streptomyces hygroscopicus (No. P
247-71) in 1989.2 The structure and configurations, with
the exception of that at the epoxide ring, were established
by degradation experiments and NMR analyses. The con-
figuration at the epoxide ring, however, was not eluci-
dated.?

AcHN BocHN
2 3

A putative intermediate in the biosynthesis of eponemy-
cin is a 6-methylheptanoylseryl-y,5-didehydroleucine.

Similar to the strongly cytostatic cyclotetrapeptides chla-
mydocin® and WF-3161* of the chlamydocin group pos-
sessing an (S,S5)-2-amino-8-0x0-9,10-epoxydecanoic acid
unit in the ring, to the antitumor active, antibiotic agents
of the manumycin group,® and to LL-C10037a,° the epo-
xy ketone group of eponemycin is the locus minoris re-
sistentiae. The epoxy rings of oxiranyl ketones are very
rapidly opened by nucleophiles in neutral media; thus,
substances of this type are powerful alkylating agents.

We have reported the total synthesis of eponemycin in a
preliminary communication.” In the meantime a Japa-
nese group synthesized 6,7-dihydroeponemycin and elu-
cidated the configuration of the epoxide ring.® They re-
ported the isolation and structure determination of the
related antitumor antibiotic expoxomycin, which also has
an epoxy ketone unit.” We now present the experimental
details together with some improvements.

Two routes were considered for the synthesis of the sen-
sitive epoxy ketone moiety. The first route involved the
synthesis of a vinyl ketone and nucleophilic epoxidation
in the final step; diastereoselective epoxidation could not
be used since the electrophilic Sharpless reaction cannot
be realized with electron-poor allylic alcohols such as 2.

The second route comprised enantioselective construc-
tion of the corresponding epoxy alcohol by the Sharpless
reaction and oxidation in the final step as employed in
our syntheses of the antibiotics chlamydocin and WF-
3161.

However, preliminary experiments with the model com-
pound 3 revealed that a Sharpless oxidation of this diol
was not possible, apparently due to the irreversible for-
mation of a six-membered-ring titanium alcoholate. Fur-
thermore, since the masking of a secondary hydroxy
group appeared to be rather laborious, we selected the
first route in anticipation of an advantageous optical
induction by the neighbouring stereogenic centre.

For the construction of the “western” half of the mole-
cule, we first prepared (R,S)-N-acetyl-y,0-didehydroleu-
cine (5) by hydrolysis and decarboxylation of the malonic
ester 4,10 the preparation of which was improved. Sepa-
ration of the racemate by acylase gave rise to (S)-y,-
didehydroleucine (6), which was reduced to give (S)-y,6-
didehydroleucinol; N-tritylation and oxidation yielded
(S)-N-trityl-y,6-didehydroleucinal (7) (Scheme 1).
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Scheme 1

The following sequence is illustrated in Scheme 2. Reac-
tion of 7 with the dilithium reagent 8! furnished a mix-
ture of the two diastereoisomers 9; this mixture was not
separated because the two epimeric secondary alcohols
were oxidized to a homogeneous ketone in a later step.
We were not able to induce the dilithium derivative to
react with (Z)-didehydroleucinal. Only the allyl esters
were formed with Z amino acid chlorides. Attempts to
obtain the lithium compound from 2-bromoallyl benzyl
ether by halogen/lithium exchange were not successful.

Protection of the primary alcohol group and removal of
the trityl protection gave compound 10 which was then
coupled with 6-methylheptanoylserine (11) to furnish 12
as an epimeric mixture. Protection of the serine hydroxy
group, oxidation of 13, and deprotection yielded the ke-
tone 14 — the substrate for epoxidation.

Of all our attempts to convert 14 into the corresponding
epoxide, only base-catalyzed nucleophilic reactions pro-
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1+ 1a + 1b

duced preparatively useful results. Peracid oxidation gave
mono- and diepoxides, tungstenate-catalyzed oxidations
failed, and merely 5% conversion was achieved after 5
days under Sharpless conditions. Alkaline workup of the
latter reaction mixture furnished an epoxide with an
NMR spectrum corresponding to that of the natural
product in 30 % yield; however, the optical rotation was
completely different ([a]3> — 76.4°; [a]2® of eponemycin
+ 37.8°). We therefore assume that this product is 2-
epi-eponemycin (1a).

When benzonitrile/H,0,/potassium hydrogen carbonate
was used for the oxidation, three isomers were formed.
After a preliminary purification by preparative HPLC,
eponemycin (1) and 2-epi-eponemycin (1a) were obtained
in the pure states by analytical HPLC. The third isomer
1b still contained about 20 % of 1a; we suspect that 1b
is 2-epi-4-epi-eponemycin. After treatment of the mixture
of 1a + 1b (20 + 80) with potassium hydrogen carbonate
in methanol for 10 h, isomerization to a mixture com-
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prising 80 % 1a and 20 % 1b had occurred. The fourth
possible isomer, 4-epi-eponemycin, was not detected.

After oxidation with benzonitrile/H,0,/ethyl(diisopro-
pyl)amine, a 40: 24 : 16 mixture of 1:1a: 1b was obtained
in a total yield of 80 %. Thus, only slight epimerization
at the 4-position takes place in the presence of the weakly
basic amine.

The total yield of pure eponemycin thus amounted to
40 % and the product was identical in all respects with
the naturally occurring substance.

"H NMR spectra were recorded on a Bruker WP 80 (80 MHz) and
Bruker AC-F (250 MHz), using TMS as an internal standard.
13CNMR spectra were recorded on a Bruker AC-F (63 MHz),
using TMS as an internal standard. Optical rotations are determined
with a Perkin-Elmer 241 polarimeter. Melting points (Reichert mi-
croscope) are uncorrected. TLC was performed on silica gel (Merck
silica 60 F,;, sheets) and medium pressure column chromatography
(MPLC) used Merck LiChroprep Si 60 (15-25 um). Analytical
HPLC was conducted on a Pharmacia LK B instrument using either
straight phase (Merck Hibar LiChrosorb Si 60, 5 um) or chiral
phase (Baker DNBPGy/ionic). Preparative HPLC was performed
on a Latek PRAP 5000, using Merck Hibar LiChrosorb Si 60,
10 ym. Compounds 4-6, 9 and 11-14 gave C,H,N + 0.4 %.

Ethyl 2-Acetamido-2-ethoxycarbonyl-4-methyl-4-pentenoic Acid (4):
To a stirred, boiling solution of diethyl acetamidomalonate (100 g,
0.46 mol) and Na (11.5 g, 0.5 mol) in abs. EtOH (600 mL), 2-me-
thyl-2-propenyl chloride (58.7 mL, 0.6 mol) was added. Refluxing
was continued for a further 2 h and the reaction mixture was concen-
trated in vacuo. The residue was dissolved in a mixture of EtOAc
(500 mL) and H,0 (200 mL). The organic layer was separated,
dried (MgSO,) and concentrated in vacuo to a volume of 100 mL.
Complete crystallization was achieved by adding hexane (600 mL)
with vigorous stirring to give 4 as colourless crystals; yield: 118 g
(95%); mp 90-91°C; mp 92-93°C from water.!°

(R,S)-2-Acetamido-4-methyl-4-pentencic Acid (5):

To a solution of 4 (100 g, 0.369 mol) in dioxane (500 mL), 2 M
NaOH (500 mL) was added and the mixture was maintained at
50°C for 2 d. The solution was concentrated and acidified with 6 M
HCI to pH 1. The mixture was stored for complete crystallization
in a freezer overnight. The precipitate was filtered off and decar-
boxylated by refluxing in water (300 mL) for 4 h. Cooling the so-
lution for several hours yielded colourless needles; yield: 49.2 ¢
(78 %); mp 155-156°C.

'HNMR (250 MHz, CD,0D): § = 5.07 (br, 2H), 4.82 (s, 1 H),
4.77 (s, 1H), 4.57 (dd, /=9.8 Hz, /=49 Hz, 1 H), 2.57 (dd,
J =141 Hz, J=49 Hz, 1H), 2.37 (dd, J = 14.1 Hz, J = 9.8 Hz,
1H), 1.96 (s, 3H), 1.75 (s, 3H).

13CNMR (63 MHz, CD,0D): § = 175.4,173.3, 142.4, 114.2, 52.1,
40.9, 22.4, 22.1.

(5)-7,0-Didehydroleucine (6), (R)-2-Acetamido-4-methyl-4-pentenoic
Acid:

To a suspension of (R,S)-2-acetamido-4-methyl-4-pentenoic acid
(3 g, 17.5 mmol) and phenol red (2-3 drops) in H,0 (100 mL),
NH,OH (25 %) was added until a pH of 7.0-7.2 was reached and
solution of the compound occured. To this solution, acylase I (5 mg,
activity 720 pmol/mg protein from pork kidney'?) was added and
the mixture was maintained at 33 °C for 24 h. The reaction mixture
was acidified with 6 M HCI to pH 1 and concentrated in vacuo
(the temperature should not exceed 40°C) to 200 mL. The unaffec-
ted (R)-2-acetamido-4-methyl-4-pentenoic acid was removed by
EtOAc extraction (3 X 200 mL). The remaining aqueous solution
was concentrated in vacuo to dryness. The amino acid was isolated
by ion-exchange chromatography (Amberlite IR 120) to give 6 as
a colourless solid; yield: 950 mg (42 % calc. for 5); mp > 210°C
(dec.); [@J2° ~ 30.9° (¢ = 1.04, H,0).
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'HNMR (250 MHz, D,0): § = 5.03 (t, J = 1.5 Hz, 1 H), 4.94 (s,
1H), 4.82 (s, 3H), 3.88 (dd, J = 9.5 Hz, J = 4.6 Hz, 1 H), 2.72 (dd,
J=145Hz, J= 4.6 Hz, 1 H), 2.54 (dd, J = 14.5 Hz, J = 9.5 Hz,
1H), 1.81 (s, 3H).

13C NMR (63 MHz, D,0): § = 177.5, 143.0, 118.3, 55.5, 41.9, 23.6.

(:5)-2-Amino-4-methyl-4-penten-1-ol:

To a suspension of (R,S)-2-acetamido-4-methyl-4-pentenoic acid
(41 g, 0.24 mol) and phenol red (2-3 drops) in H,O0 (1.3L),
NH,OH (25 %) was added until a pH of 7.0-7.2 was reached and
solution of the compound occured. To this solution acylase I (50 mg,
activity 720 pmol/mg protein from pork kidney)!? was added and
the mixture maintained at 33 °C for 24 h. The reaction mixture was
acidified with 6 M HCl to pH 1 and concentrated in vacuo (the
temperature should not exceed 40°C) to 200 mL. The unreacted
(R)-2-acetamido-4-methyl-4-pentenoic acid was removed by EtOAc
extraction (10 x 200 mL). The remaining aqueous solution was trea-
ted with 6 M NaOH until pH 10 was reached then concentrated to
dryness. Traces of H,O were removed by azeotropic distillation
with toluene. The obtained dry powder was added in small portions
to a suspension of LiAlH, (25 g, 0.66 mol) in THF (500 mL). After
refluxing for 2 h the reaction mixture was hydrolyzed by adding
H,O (40 mL) with vigorous stirring in an ice bath. The precipitated
Al(OH), was filtered off and extracted with boiling MeOH
(3 x 200 mL). The filtrate and the MeOH extracts were combined
and concentrated in vacuo to dryness. The colourless residue was
treated with EtOAc (2 x 100 mL). The combined extracts were dried
(MgS0,) and concentrated to give (S)-2-amino-4-methyl-4-pen-
ten-1-ol as a pale yellow oil which was used without further puri-
fication; yield: 11.3 g (41 % calc. for 5).

'HNMR (250 MHz, CDCL,): é = 5.01 (br, 4H), 4.96 (s, 1 H), 3.70
(dd, J=10.7Hz, J=45Hz, 1H), 3.52 (dd, J=10.7Hz,
J=469 Hz, 1H), 3.16 (m, 1 H), 2.37 (dd, / = 13.6 Hz, / = 5.4 Hz,
1H), 2.17 (dd, J = 13.6 Hz, J = 9.3 Hz, 1 H), 1.94 (s, 3H).
13CNMR (63 MHz, CDCl,): § = 144.0,113.5,67.4,51.4,43.1,22.5.

(:5)-4-Methyl-2-tritylamino-4-penten-1-ol:

To a solution of (S)-2-amino-4-methyl-4-penten-1-ol (5.0 g,
43.4 mmol) in CH,CI, (50 mL), Et;N (6.74 mL, 48.8 mmol) and
Tr—Cl1 (12.12 g, 43.4 mmol) were added. The mixture was stirred at
r.t. for 2 h and the solvent was removed in vacuo. The oily residue
was dissolved in a mixture of EtOAc (100 mL) and H,O (50 mL).
The organic layer was extracted with H,O (2 x 50 mL), dried
(MgS0,) and concentrated. The final purification was achieved by
silica gel chromatography (eluent: hexane/EtOAc 8:2 + 0.1 % py-
ridine) affording (S)-4-methyl-2-tritylamino-4-penten-1-ol as an al-
most colourless oil; yield: 13.2 g (85%); [«)3° — 13.5° (c = 1.81,
CHCl,).

C,sH,,NO calc. C83.99 H7.61 N3.92
(357.5) found 8404 759 373

'"HNMR (250 MHz, CDCl,): § = 7.61-7.53 (m, 6H), 7.34-7.18
(m, 9H), 4.71 (s, 1 H), 498 (s, 1H), 3.31 (dd, /=109 Hz, /=
2.8 Hz, 1H), 3.12 (dd, J = 10.9 Hz, J = 4.3 Hz, 1 H), 2.70 (m, 1 H),
2.02(br,3H),1.72(dd, J = 13.2 Hz, J = 5.5 Hz, 1 H), 1.39 (s, 3 H).
13CNMR (63 MHz, CDCLy): § = 146.6, 143.3, 128.7, 127.9, 126.5,
1133, 71.2, 63.4, 51.6, 42.1, 22.1.

(8)-4-Methyl-2-tritylamino-4-pentenal (7):

To a solution of (COCl), (4.67 mL, 54.2 mmol) in CH,Cl, (140 mL)
at — 80°C, DMSO (7.55 mL, 106.2 mmol) in CH,Cl, (10 mL) was
added over 5 min. After a further 10 min, a solution of (S)-4-
methyl-2-tritylamino-4-penten-1-ol 12.7 g, 35.5 mmol) in CH,Cl,
(100 mL) was added slowly and stirring was continued for another
30 min. Then Et,;N (15 mL) was added and the reaction mixture
was allowed to warm to r.t. The solution was poured into hexane
(500 mL) and extracted with H,O (3 x 200 mL). The organic layer
was dried (MgSO,) and concentrated in vacuo furnishing 7 as a
yellow oil which was used without further purification; yield: 12.44 g
(98 %).
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(3RS ,45)-3-Hydroxy-2-hydroxymethyl-6-methyl-4-tritylamino-1,6-
heptadiene (9):

To a solution of 2-bromo-3-propen-1-0l (14.38 g, 105 mmol)in Et,0
(360 mL) at — 80°C BuLi (164 mL, 262.5 mmol, 1.6 M solution in
pentane) was added dropwise. The solution was quickly warmed
to 0°C and stirred for a further 4 h and cooled to — 80°C. Aldehyde
7 (12.44 g, 35 mmol) in Et,0 (40 mL) was added and stirring was
continued for 1 hat — 80°C then for 2 hin an ice bath. The reaction
was hydrolyzed with H,O (50 mL), the organic layer was separated,
extracted with H,O (30 mL) and dried (MgSO,). Final purification
was achieved by silica gel chromatography (eluent: hexane/EtOAc
7:3 then 1:1 + 0.1 % pyridine) to give 9 as a pale sticky product
consisting of a 1:1 mixture of two diastereomers; yield: 10.5 g
(73 %).

'HNMR (250 MHz, CDCl,): 6 = 7.60~7.50 (m, 6 H), 7.33-7.17
(m, 9H), 5.23 (s, 0.5H), 5.19 (s, 0.5H), 5.11 (s, 0.5H), 5.01 (5,
0.5H), 4.74 (s, 1H), 4.71 (s, 0.5 H), 4.64 (s, 0.5 H), 4.30-4.12 (m,
0.5H), 4.08 (s, 0.5H), 3.92 (s, 0.5H), 3.86 (s, 0.5H), 3.81 (s, 1 H),
32-2.5 (m, 3H), 2.28-1.94 (m, 2H), 1.80 (dd, J=13.8 Hz,
J=39Hz 1H), 1.31 (s, 2H), 1.17 (s, 1 H).

13CNMR (63 MHz, CDCl,): 6 = 149.6, 147.5, 146.2, 146.1, 143.4,
143.0, 128.8, 127.9, 126.7, 114.1, 113.7, 112.6, 72.5, 71.8, 70.9, 70.4,
64.0, 53.9, 40.1, 37.7, 22.2, 21.6.

(3RS,4S5)-2-tert-Butyldimethylsilyloxymethyl-3-hydroxy-6-methyl-
4-tritylamino-1,6-heptadiene:

To a solution of 9 (9.3 g, 22.5 mmol) in DMF (50 mL) imidazole
(3.35 g, 49.2 mmol) and TBDMS-CI (3.39 g, 22.5 mmol) were ad-
ded. The solution was stored for 24 h at r.t. then concentrated in
vacuo to dryness. The residue was treated with EtOAc (100 mL)
and the organic layer was washed successively with 0.5 M H,SO,
(2x30 mL), 1 M KHCO, (50 mL) and brine (30 mL). The organic
layer was dried (MgSO,) and concentrated in vacuo. Final purifi-
cation was achieved by silica gel chromatography (eluent: hexane/
EtOAc 8:2+0.1% pyridine) to give (3RSA4S)-2-tert-butyldi-
methylsiloxymethyl-3-hydroxy-6-methyl-4-tritylamino-1,6-hepta-
diene as a colourless oil; yield: 11.1 g (94 %).

Cy,H sNO,Si cale. C77.37 H8.59 N 2.65

(527.8) found 77.37 8.72 2.57

THNMR (250 MHz, CDCL,): 8 = 7.61~7.50 (m, 6 H), 7.32-7.17
(m, 9H), 5.32 (br, 0.5H), 5.24 (s, 0.5H), 5.13 (br, 0.5H), 5.09 s,
0.5H), 4.76 (s, 1H), 4.67 (s, 0.5H), 4.62 (s, 0.5H), 4.39 (dd,
J =100 Hz, J = 1.7 Hz, 0.5 H), 4.24 (s, 0.5 H), 3.90~3.70 (m, 2 H),
2.89 (br, 1 H), 2.68—2.61 (m, 1H), 2.47~2.40 (m, 1H), 2.37-1.78
(m, 2H), 1.28 (s, 1.5H), 1.14 (s, 1.5H), 0.95-0.85 (m, 9H),
0.05-(~0.02) (m, 6 H).

I3CNMR (63 MHz, CDCL,): & = 149.6, 147.4, 146.3, 143.7, 129.0,
128.8, 128.7, 1278, 126.5, 114.2, 113.5, 110.7, 109.9, 71,5, 70.8,
70.5, 70.1, 64.0, 63.8, 53.3, 53.2, 39.6, 37.4, 25.9, 25.8, 22.3, 21.6,
183, — 5.6, — 5.7.

(3RS,45)-4-Amino-2-tert-butyldimethylsilyloxymethyl-3-hydroxy-
6-methyl-1,6-heptadiene (10):

The detritylation was achieved by dissolving the foregoing trityl
compound (11.1 g, 21 mmol) in HOAc (60 mL). The solution was
stored for 12 h at r.t. and evaporated. The residue was dissolved
in EtOAc (100 mL) and neutralized with 1 M KHCO, with vigorous
stirring. The organic layer was separated, dried (MgSO,) and con-
centrated to give 10 as a sticky yellow product which was used
without further purification; yield: 11.5 g (quant.).

(S)-N-(6-Methylheptanoyl)serine Methyl Ester:
Through a suspension of S-serine methyl ester hydrochloride (4.0 g,

"28.2 mmol) in CH,Cl, (20 mL), a strong stream of ammonia was

passed for 10 min. The mixture was filtered and the filtrate was
concentrated in vacuo. To the residue in CH,Cl, (20 mL), 6-me-
thylheptanoic acid (3.46 g, 24 mmol) was added and, at — 20°C,
DCCD (4.96 g, 24 mmol). Stirring was continued for 10 h during
which the mixture reached r.t. The precipitated urea was filtered
off and the filtrate was concentrated in vacuo. The residue was
dissolved in Et,0 (20 mL) and stored for 2 hat 0°C. The precipitate
was filtered off and the filtrate concentrated in vacuo. The final
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purification was achieved by silica gel chromatography (eluent hex-
ane/EtOAc 7:3 then EtOAc); yield: 5.1 g (86 %); [«]2° + 19.5°
(c = 1.50, CH,CL,).

C,,H,;NO, cale. C 5875 H9.45 NS5.7i

(245.3) found 58.80 9.53 5.83

IHNMR (250 MHz, CDCl,): 6 = 6.72 (d, J = 7.7 Hz, 1 H), 4.62
(ddd, J=77Hz, J=39Hz, J=35Hz, 1H), 394 (dd,
J=112Hz, J =39 Hz, 1 H), 3.82 (dd, J = 11.2 Hz, J = 3.5 Hz,
1H), 3.74 (s, 3H), 2.24 (d, J = 7.3 Hz, 1H), 221 (d, J = 7.9 Hz,
1H), 1.64—1.41 (m, 3H), 1.35-1.23 (m, 2H), 1.19-1.06 (m, 2H),
0.82 (d, J = 6.6 Hz, 6 H).

I3CNMR (63 MHz, CDCly): 6 = 174.0, 171.1, 63.1, 54.6, 52.6,
38.6, 36.5, 27.8, 27.0, 25.8, 22.5.

(S)-N-(6-Methylheptanoyl)serine (11):

To a solution of the foregoing methyl ester (5.0 g, 20.4 mmol) and
H,0, (0.5mL, 30%) in THF (50 mL), 0.5M LiOH (40.8 mL,
pH < 10) was added dropwise. The mixture was concentrated in
vacuo and the residue was dissolved in H,0 (30 mL). The aqueous
layer was extracted with Et,O (50 mL) then EtOAc (100 mL) was
added to the aqueous layer and the pH was adjusted to 1 with 1 M
HCL The organic layer was separated, dried (MgSO,) and concen-
trated in vacuo; yield: 4.15 g (88 %).

'HNMR (250 MHz, CD,0D): § = 4.87 (s, 3H), 443 (dd,
J=46Hz, J=44Hz, 1H), 3.83 (dd, J= 112 Hz, /= 5.0 Hz,
1H), 3.74 (dd, J = 11.4 Hz, J = 5.1 Hz, 1H), 2.22 (t, J= 7.2 Hz,
2H), 1.60-1.43 (m, 3H), 1.40—1.23 (m, 2H), 1.18-1.09 (m, 2H),
0.86 (d, J = 6.6 Hz, 6 H).

B3CNMR (63 MHz, CD,0D): § = 1749, 171.9, 61.4, 54.5, 38.4,
35.4, 27.5, 26.6, 25.6, 21.5.

(3RS,45)-2-tert-Butyldimethylsilyloxymethyl-3-hydroxy-4-| N-(6-
methylheptanoyl)serylamino]-6-methyl-1,6-heptadiene (12):

To a solution of 10 (2.0 mmol) and 11 (500 mg, 2.2 mmol) in DMF
(5mL) at — 4°C DPPA (476 pL, 2.2 mmol) in DMF (S mL) and
then Et,N (307 puL, 2.2 mmol) in DMF (5 mL) were added. The
reaction mixture was stirred for another 2 d at — 4°C. The solvent
was distilled off in vacuo and the residue was dissolved in a mixture
of EtOAc (50 mL) and H,O (30 mL). The organic layer was sepa-
rated and extracted successively with 0.5 M H,SO, 30 mL), 1 M
KHCO, (30 mL) and brine (10 mL). The organic layer was dried
(MgS0,) and concentrated. Final purification was achieved by silica
gel chromatography (eluent: hexane/EtOAc 7:3 then 1:1); yield:
720 mg (72 %).

'H NMR (250 MHz, CDCl,): 6 = 6.94 (m, 1 H), 6.65(d,J = 5.5 Hz,
1H), 5.21 (s, 0.5H), 5.13 (m, 1.5H), 4.74 (m, 2H), 4.42 (br, 1H),
4.34-4.17 (m, 3.5 H), 3.92 (m, 1.5 H), 3.56 (m, 1 H), 2.41-2.11 (m,
4H), 1.75 (s, 1.5H), 1.71 (s, 1.5H), 1.65-1.44 (m, 3 H), 1.29 (m,
2H), 1.15 (m, 2H), 0.91-0.84 (m, 15H), 0.11-0.07 (m, 6 H).

(3R S,48)-4-[ O-tert-Butyldimethylsilyl- V-(6-methylheptanoyl)seryl-
amino}-2-tert-butyldimethylsilyloxymethyl-3-hydroxy-6-methyl-1,6-
heptadiene (13):

To a solution of 12 (580 mg, 1.16 mmol) in DMF (20 mL) TBDMS-
Cl (211 mg, 1.39 mmol) and imidazole (216 mg, 3.6 mmol) were
added. The mixture was maintained at 50 °C for 24 h. The solvent
was removed under reduced pressure and the residue was dissolved
in a mixture of EtOAc (30 mL) and H,0 (20 mL). The organic
layer was washed successively with 0.5 M H,SO, 20 mL), 1 M
KHCO; (20 mL) and finally with brine (10 mL). The EtOAc extract
was dried (MgSO,), concentrated and purified by silica gel chro-
matography (eluent: hexane/EtOAc 1:1); yield: 600 mg (82 %).

'HNMR (250 MHz, CDCl,): 6 = 6.86 (m, 0.5H), 6.65 (d,
J=289Hz 0.5H),6.37(d, J = 5.5 Hz, 0.5 H), 6.35(d, J = 5.7 Hz,
0.5H), 5.19 (s, 0.5H), 5.10 (m, 1.5H), 4.75 (m, 2 H), 4.44—4.08 (m,
SH), 3.98 (m, 1 H), 3.51 (m, 1 H), 3.38 (br, 0.5 H), 2.68 (br, 0.5 H),
2.49-2.03 (m, 4H), 1.75 (m, 3H), 1.67-1.45 (m, 3H), 1.39-0.99
(m, 4H), 0.92 (s, 18 H), 0.92-0.84 (m, 6 H), 0.14—0.00 (m, 12 H).
BCNMR (63 MHz, CDCl,): 6 = 173.4,173.2,170.5, 170.3, 170.1,
148.3, 146.3, 142.2, 142.1, 127.9, 113.8, 113.4, 113.1, 111.6, 73.3,
64.8, 62.7, 54.0, 50.6, 49.8, 41.1, 40.9, 38.6, 37.8, 36.7, 31.0, 27.8,
27.0, 25.9, 22.6, 22.2, 18.3, 18.1, 0.0.
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(4S)-4-[O-tert-Butyldimethylsilyl- N-(6-methylheptanoyl)-
serylamino}-2-tert-butyldimethylsilyloxymethyl-6-methyl-3-oxo-
1,6-heptadiene:

To a solution of (COCI), (500 pl, 5.81 mmol) in CH,Cl, (14 mL)
at — 80°C, DMSO (810 pl, 11.4 mmol) in CH,Cl, (1 mL) was ad-
ded over a period of 5 min. Stirring was continued for 10 min then
13 (2.44 g, 3.87 mmol) in CH,Cl, (10 mL) was added slowly. After
30 min (i-Pr),NEt (1.5 mL) was added and the reaction mixture
was allowed to warm to r.t. The solution was poured into hexane
(50 mL) and washed successively with 0.5 M H,SO, (20 mL), 1 M
KHCO, (20 mL) and finally with brine (10 mL). The organic layer
was dried (MgSO,) and concentrated in vacuo; yield: 2.43 g(quant.);
[0]2° + 43.4° (c = 1.53, CHCl,).

C;,Hg,N,048i, cale. C62.90 H 1023 N 4.58

(611.0) found 63.13 10.14 4.51

'HNMR (250 MHz, CDCL,): § = 7.42(d, J = 8.3 Hz, 0.5 H), 7.14
(d, J = 8.3 Hz, 0.5H), 6.33 (d, J = 6.3 Hz, 1 H), 6.26 (s, 1 H), 6.21
(dd, J=18Hz, J=17Hz, 1H), 542 (ddd, J=83Hz
J =49 Hz, J = 4.1 Hz, 1 H), 4.81 (s, 1 H), 4.80 (s, 1 H), 4.76-4.25
(m, 3H), 401 (m, 1H), 3.55 (m, 1H), 2.51 (dd, J = 14.1 Hz,
J=4.5Hz, 1H), 2.22 (m, 3H), 1.81 (s, 0.75H), 1.74 (s, 0.75 H),
1.72 (s, 1.5H), 1.68—1.41 (m, 3H), 1.29 (m, 2H), 1.11 (m, 2H),
0.91 (s, 9H), 0.90 (s, 9 H), 0.85 (d, J = 6.6 Hz, 6H), 0.1 (s, 3 H),
0.10 (s, 3H), 0.07 (s, 6 H).

13CNMR (63 MHz, CDCL,): § = 198.7,173.2, 170.1, 145.5, 140.2,
124.6, 114.7, 62.6, 61.0, 53.8, 52.1, 41.4, 38.6, 36.7, 27.8, 27.0, 25.9,
226,183, 18.2, — 5.5, — 5.6.

(45)-2-Hydroxymethyl-| N-(6-methylheptanoyl)serylamino]-6-
methyl-3-o0xo-1,6-heptadiene (14):

-To a solution of the foregoing compound (1.8 g, 2.86 mmol) in

MeCN (30 mL), HF (50 %, 1 mL; after 1 h again 1 mL) was added
and stirring was continued for 3 h. The reaction mixture was neu-
tralized with KHCO,. The MeCN was distilled off and the residue
was extracted with EtOAc (100 mL). The organic layer was dried
(MgSQ,) and concentrated in vacuo. The residue was recrystallized
from Et,0; yield: 940 mg (86 %); mp 101-103°C; [«}2° + 3.5°
(c = 1.28, CHCl,).

HPLC: R,;, = 14.2 min (eluent: i-PrOH/hexane, 14:86) SiO, co-
lumn; R,;, = 6.6 min (eluent: i-PrOH/hexane, 20 : 80) DNPG ionic.
'HNMR (250 MHz, CDCl,): § = 7.41 (d, J = 7.8 Hz, 1 H), 6.68
(d, J=73Hz, 1H), 625 (s, 1H), 6.14 (s, 1H), 533 (ddd,
J=18Hz,J=47Hz,J=44Hz,1H),482(s,1H),4.73 (s, 1 H),
4.52 (m, 1H), 4.37 (dd, J = 13.1 Hz, J = 5.7 Hz, 1 H), 4.27 (dd,
J=13.1 Hz, J=5.7 Hz, 1H), 4.00-3.88 (m, 1H), 3.96 (s, 1H),
3.56 (m, 1H), 3.18 (dd, J = 6.1 Hz, J = 6.0 Hz, 1 H), 2.53 (dd,
J =143 Hz, J = 4.5 Hz, 1 H), 2.25 (m, 3H), 1.74 (s, 3 H), 1.54 (m,
3H), 1.29 (m, 2H), 1.14 (m, 2 H), 0.85 (d, J = 6.6 Hz, 6 H).
3CNMR (63 MHz, CDCl,): 6 = 199.9, 174.0, 170.6, 145.4, 140.2,
126.3, 114.6, 62.8, 61.7, 54.0, 52.2, 40.4, 38.6, 36.5, 27.8, 27.0, 25.8,
22.6,22.2.

Eponemycin (1):

To a solution of 14 (20 mg, 0.053 mmol) in MeOH (0.5 mL),
benzonitrile (6 pL, 0.06 mmol), Et(i-Pr), (10 pL, 0.06 mmol) and
H,0, (7pL, 30 % solution in H,0) were added at 0°C. The reaction
mixture was maintained at 4 °C for 24 h then the solvent was distilled
off and the residue was dissolved in EtOAc (10 mL). The EtOAc
layer was washed successively with 0.5 M KHSO, (2x 5 mL), 1 M
KHCO; (5 mL) and finally with brine (5 mL). The organic layer
was dried (MgSO,) and concentrated in vacuo. The residue was
purified by HPLC methods using first prep. HPLC (column Hibar
LiChrosorb, eluent: i-PrOH/hexane 16: 84) to give the pure isomer
1a and the crude product 1. The desired product 1 was isolated by
analytical HPLC (column chiral phase DNBPG ionic, eluent i-
PrOH/hexane 1:4); yield: 8.5 mg 1 (40 %) and 5.1 mg 1a (24 %).

1: [¢]3% + 37.8° {c = 0.404, MeOH, Lit. [0]3* +32+2° (c=0.5,
MeOH)}.

HPLC: R, = 17.7 min (eluent: i-PrOH/hexane, 14:86) SiO, co-
lumn; R,; = 7.8 min eluent: i-PrOH/hexane 20: 80 DNPG ionic.

MS (70 eV): mjz = 399.2 (M* + H), 398.2 (M™*).
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Table. 'H and *C NMR Spectra of 2-epi-Eponemycin

SYNTHESIS

Carbon 'H NMR (250 MHz/CDCl,) 13CNMR (63 MHz/CDCl,)
8, J (Hz) )
1 3.12 (d, 4.9), 3.35 (d, 4.9) 49.5 (t)
2 62.4 (s)
3 207.1 (s)
4 4.61 (ddd, 10.3, 6.6, 3.9) 50.9 (s)
5 2.08 (dd, 14.0, 10.4), 2.58 (dd, 14.0, 3.6) 38.5 (1)
6 140.2 (s)
7 4.82 (s), 4.90 (s) 115.0 (s)
8 3.74 (dd, 12.6, 5.6), 4.20 (dd, 12.6, 4.9) 61.5 (t)
9 1.77 (s) 20.5 (q)
4-NH 713 (d, 6.7)
t 171.3 (s)
3 4.46 (ddd, 7.4, 4.4, 3.3) 53.7(d)
3 3.59 (m), 4.04 (d, 11.4) 62.8 (t)
2-NH 6.62 (d, 7.2)
1” 174.4 (s)
2" 227 (t, 7.8) 35.4 ()
3 1.63 (m) 25.8 (t)
4 1.33 (m) 27.0 ()
5" 1.17 (m) 38.6 (t)
6 1.53 (m) 27.8 (d)
7" 0.86 (d, 6.6) 21.6 (q)
8” 0.86 (d, 6.6) 21.6 (q)

HRMS: calc. for C,H,,N,0, 398.2414; found 398.2414.

For 'THNMR and '3C NMR see Lit.*!3

2-epi-Eponemycin (1a): [a]2® — 76.4° (¢ = 0.45, MecOH).

HPLC: R, = 13.0 min (eluent: i~-PrOH/hexane, 14:86) SiO, co-
lumn; R,;, = 10.1 min (eluent: i-PrOH/hexane 20: 80) DNPG ionic.
MS (70 eV): m/z = 398.2 (M ™)

HRMS: calc. for C,H;,N,0, 398.2414; found 398.2413.

The authors thank the Fond der Chemischen Industrie, the Deutsche
Forschungsgemeinschaft, and BASF AG for support. M. Konishi,
Bristol-Meyers Squibb Research Institute, kindly provided us with a
sample of eponemycin and a preprint of the synthesis of 6,7-dihyd-
roeponemycin.

(1) Amino Acids and Peptides 93. For part 92, see: Schmidt, U.;
Griesser, H.; Lieberknecht, A.; Schmidt, J.; Gréther, T. Syn-
thesis 1993, 765.

(2) Sugawara, K.; Hatori, M.; Nishiyama, Y.; Tomita, K.; Kamei,
H.; Konishi, M.; Oki, T. J. Antibiot. 1990, 43, 8.

(3) Isolation and structure elucidation: Closse, A.; Huguenin, R.
Helv. Chim. Acta 1974, 57, 533.

Synthesis: Schmidt, U.; Lieberknecht, A.; Griesser, H.; Bart-
kowiak, F. Angew. Chem. 1984, 96, 310; Angew. Chem., Int.
Ed. Engl. 1984, 23, 318.

(4) Isolation and structure elucidation: Umehara, K.; Nakahara,
K.; Kiyoto, S.; Iwami, M.; Okamoto, M.; Tanaka, H.; Koh-
saka, M.; Aoki, H.; Imanaka, H. J. Antibiot. 1983, 36, 478.
Kaawai, M.; Pottorf, R.S.; Rich, D.H. J. Med. Chem. 1986,
29, 2409.

Synthesis: Schmidt, U.; Beutler, U.; Lieberknecht, A.; Angew.
Chem. 1989, 101, 344; Angew. Chem., Int. Ed. Engl. 1989, 28,
333.

(5) Beale, J.M,; Herrold, R.E.; Floss, H. G.; Thiericke, R.; Zeeck,
A.; Nakagawa, A.; Omura, S. J. Am. Chem. Soc. 1988, 110,
4435,

(6) Whittle, Y.G.; Gould, S.J. J. Am. Chem. Soc. 1987, 109, 5043.

(7) Schmidt, U.; Schmidt, J. J. Chem. Soc., Chem. Commun. 1992,
529.

(8) Hoshi, H.; Ohnuma, T.; Aburaki, S.; Konishi, M.; Oki,
Telrahedron Lett. 1993, 34, 1047.

(9) Hanada, M.; Sugawara, K.; Kaneta, K ; Toda, S; lehlyama,
Y. Tormta,K Yamamoto, H Konishi, M Oki, T J. Antibiot.
1992, 45, 1746.

(10) Albertson, N.F.; Archer, S. J. Am. Chem. Soc. 1945, 67, 308.
(11) Corey, E.J.; Widiger, G.N. J. Org. Chem. 1975, 40, 2975.
(12) Purchased from Sigma Chemical Co.; Sigma A 8376.

(13) Schmidt, J. Thesis 1992, Universitit Stuttgart.

Downloaded by: Purdue University Libraries. Copyrighted material.



