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Communications

Total Synthesis of (x£)-Sarubicin A (U-58,431)

Summary: The first total synthesis of (%)-sarubicin A
(U-58,431) has been achieved.

Sir: The antibiotic U-58,431'# (sarubicin A)'® has been
isolated from the culture filtrates of Streptomyces strains
in 1980 and reported to be active against Gram-positive
and -negative bacteria in vitro. The structure 1 determined
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by X-ray crystallography is unique in that the 1,4-benzo-
quinone ring possesses the same array of amino and car-
boxamide groups found with the antibiotic G-7063-2 (2)2
as well as the same 2-oxabicyclo[2.2.2]oct-5-ene skeleton
present in granaticin (3).> We report here the first total
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synthesis of the racemate of this synthetically attractive
target molecule utilizing the methodology previously de-
veloped in these laboratories for the construction of the
oxabicyclic system.*

3-(2,5-Dimethoxybenzoyl)propionic acid® was subjected
to selective demethylation (AICl;/MeCN/65 °C; 70%), and
the resulting phenol 4,° mp 145 °C, was brominated
(Bry/HOAc/NaOAc/room temperature; 81%) to give the
bromophenol 5, mp 191 °C (Scheme I). Conversion of the
keto group in 5 into the methylene group was cleanly
achieved’ by the method of Minami.® Thus, the com-
pound 5 was first acetylated (5 equiv Ac,0/5 equiv 5%
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NaOH/ice/3 min) and then the crude acetate was treated
with 4 equiv of NaBH, (aqueous THF/15 °C/1 h) to
furnish 6, mp 151 °C, in 92% yield. O-Methylation of 6
(Me,S0,/aqueous KOH/room temperature; 83%) followed
by intramolecular acylation (95% H,S0,/70-80 °C/30
min; 64%) provided the tetralone 7, bp 160-170 °C (0.2
torr), which in turn was reacted with vinylmagnesium
bromide to give the vinyl carbinol 8 (97%). The compound
8 was then transformed to the isomeric allyl alcohol 9 by
the following sequence of reactions in 54% overall yield:
(i) oxymercuration-demercuration® (Hg(OAc),/aqueous
THF; NaBH,/3 N NaOH); (ii) selective acetylation of the
secondary hydroxyl group of the resulting a-glycol
(Acy,O/pyridine/room temperature); (iii) dehydration
(SOCl,/pyridine/O °C/20 min); (iv) hydrolysis of the
acetate group (NaOH/MeOH).!° Replacement of the

(9) Brown, H. C.; Geoghegan, P., Jr. J. Am. Chem. Soc. 1967, 89,
1522-1524.

(10) Transformation of 8 to 9 was also carried out by the following
procedures in 20% overall yield: (i) Sharpless epoxidation (t-BuOOH/
VO(acac);/benzene/reflux),!* (ii) LIBHEt; reduction,!? (iii) the acetyla-
tion-dehydration—hydrolysis sequence.
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bromine atom in 9 by cyano group was accomplished by
the reaction with CuCN (N-methylpyrrolidone/150 °C/3
h; 47%)® to give the nitrile 10. Catalytic osmylation
(0s0,/Me;N(0)/t-BuOH/70 °C/1.5 h; 96% )4 of 10 pro-
vided 5R*,6R*,1’R* triol 11,1 mp 155 °C, as a single ste-
reoisomer.*¢

Oxidative cyclization of the key intermediate 11 to the
2-oxabicyclo[2.2.2] compound 13, mp 163.5 °C, was
achieved in 92% yield by the following improved proce-
dure:* (i) trimethylsilation (excess MeCH=C(OMe)-
0SiMe;/CH,Cl,/reflux/20 min),' (ii) benzylic bromina-
tion (NBS/CCl,/AIBN/sunlamp/60 °C/1 h; then HCI-
THF to give 12;!® 96%), (iii) dehydrobromination
(AgClQ,/THF /room temperature/20 min; 96%). The
orientation of C(3)-Me in 13 as depicted (Scheme II) was
supported by the 'H NMR spectrum, which showed C-
(3)-Me at 6 0.86 and C(3)-H at § 3.77.18 The nitrile 13 was
then converted to the carboxamide 14, mp 207 °C, in 90%
yield by treatment with alkaline hydrogen peroxide.

The final stage of the synthesis, oxidation of 14 to the
corresponding p-benzoquinone and subsequent introduc-
tion of amino group, turned out not to be straightforward.
When 14 was converted to the cyclic 4,8-carbonate and
treated with either ceric ammonium nitrate (CAN)! or
AgO,? the substrate was recovered unchanged, in contrast
to the case of a model compound, 1,4-dimethoxy-5,6,7,8-
tetrahydronaphthalene-2-carboxamide, which did undergo
facile oxidation to the corresponding benzoquinone.
Consequently, 14 was subjected to demethylation (MeS-
Li/DMF /155 °C/2 h; 70%),! and the resulting phenol 15
was reacted with CAN. Although 15 was readily oxidized
to quinone, undefined overreactions associated with the
free position ortho to the carboxamide group was difficult
to suppress. However, after extensive investigations on
the reaction course, we eventually succeeded in obtaining

(13) Alternatively, 10 was prepared from 7 by the following sequence
of reactions: (i) CuCN/N-methylpyrrolidone/150-160 °C/5 h; 97%), (ii)
CH,~CHMgBr (63%), (iii) Hg(OAc),-NaBH,; Ac,0-pyridine; aqueous
NaOH (23%).
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(15) 'H NMR spectral data (200 MHz, CDClg). 11: §1.04 3H,d,J
= 6 Hz, C-Me), 2.02 (2 H, m, H-7), 2.70 (1 H, br, OH), 2.75 (1 H, dt, J
= 18, 7 Hz, H-8), 2.92 (1 H, dt, J = 18, 7 Hz, H-8), 3.27 (1 H, br, OH),
3.94 (3 H, 5, OMe), 3.99 (3 H, 5, OMe), 4.24 (1 H, t, J = 5 Hz, H-6), 4.50
(1H, q,J = 6 Hz, H-1),4.90 (1 H, br, OH), 6.97 (1 H, 5, ArH). 12: §1.05
(3 H, d, J = 6 Hz, C-Me), 2.07 (1 H, ddd, J = 14, 12, 4 Hz, H-7), 2.42 (1

H, dt, J = 14,4 Hz, H-7), 3.30 (3 H, br, OH), 3.90 (3 H, s, OMe), 4.22 (3

H,s, OMe) 491 (1H,dd,J = 4 Hz, H-8), 5.20 (1 H, q, J = 6 Hz, H-1),
5. 6(1HtJ 4Hz,H6) 06 (1 H, s, ArH). 13: 560.86 (3H,d,J =
6 Hz, C-Me), 1.46 (1 H, dt, J—15,2Hz,H-7), 2.60 (1H,d,J =2 Hz,
OH), 2 73(1H ddd, J—15 8,4 Hz, H-7),3.77 (1 H, q, J = 6 Hz, H-3),
3.95 (3 H, s, OMe), 4.01 (4 H, overlapped OMe and H-8), 5.10 (1 H, dd,
J =4, 2Hz,H1) 5.73 (1 H, s, OH), 7.10 (1 H, s, ArH).

(16) Cf. the case of 1-(1-hydroxyethyl)-3,4-dihydronaphthalene, which
gives a diastereomer ratio of (5R*,6R*,1’R*)/(5R*,6R*1'S*) = ca. 2:1.
The remarkable stereoselectivity observed with 10 could be rationalized
by consideration of the preferred conformation A in which a steric in-
teraction between the carbinol side chain and the 4-methoxy group would
be minimized. Attack of OsO, from the less hindered o-face (arrow) to
yield 11 would be highly favorable.
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the target compound by carring out the controlled oxida-
tion—in situ amination. Thus, 15 was first reacted with
CAN (2 equiv) in MeCN at room temperature, and im-
mediately after the disappearance of 15 (monitored by 'H
NMR or TLC), the reaction mixture was treated with
NH;/MeCN to give (£)-1, which was isolated by silica gel
chromatography in 74% yield. The structure of the syn-
thetic 1, mp 214-215 °C, was confirmed by comparison of
the spectral data (‘H NMR and mass) and the chroma-
tographic behaviors (TLC and HPLC) with those of the
natural product.
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Stereocontrol in the Intramolecular Diels-Alder
Reaction. 5. Preparation of a Tetracyclic
Intermediate for Ikarugamycin

Summary: The application of the intramolecular Diels-
Alder strategy to the construction of a key tetracyclic in-
termediate 5 is described. Preparation of 5 allows for the
contro}l of all eight asymmetric centers present in the
carbocyclic segment of ikarugamycin (1), an unusual
macrocyclic tetramic acid antibiotic. The utility of tran-
sition-state selection influenced by preexisting asymmetric
centers in the connecting chain was investigated.

Sir: The structure and absolute configuration of (+)-
ikarugamycin (1), an antiprotozoal antibiotic isolated by
Jomon et al.! in 1972, was established on the basis of an
elegant and carefully executed chemical structure proof
by Ito and Hirata.? Ikarugamycin (1) and the related
substance capsimycin (2) represent unusual structures,
possessing a relatively rare macrocyclic lactam ring fused
to a nonterpenoid tricarbocyclic ring system.?

1 ReH;2=DOUBLE BOND
2 R=0CHg;2=0
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