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Reaction of a higher order cyanocuprate, derived from a vinyl iodide, with a chiral epoxide has been used as the
basis of the first total enantioselective synthesis of (+)-macbecin I.

Macbecin I (1a) and II (1b) are antitumor antibiotics isolated
from the fermentation broth of an actinomycete, Nocardia sp.
(no. C-14919).1 The structure and absolute configuration of
these compounds has been determined by Muroi ez al.Z from
partial degradation studies and X-ray crystallographic analysis
and they were assigned to the ansamycin group of antibiotics,
which also includes geldanamycin,3 herbimycin,* and ansami-
tocin.> The macbecins are moderately active against several
Gram-positive bacteria and fungi and both show marked
antitumor activity against leukemia P388, melanoma B16, and
Ehrlich carcinoma in vivo.6 Although some efforts have been
directed towards the synthesis of macbecin,’ this report
represents the first total asymmetric synthesis of (+)-macbe-
cin .

Our retrosynthetic analysis of macbecin involves disconnec-
tion between the C(15)-C(16) bond to give rise to epoxide (2)8
and vinyl iodide (3),% prepared as previously described. The
plan was to couple these two fragments together by ring
opening of epoxide (2) with a higher order cyanocuprate
derived from (3).10 In spite of extensive efforts, however, we
were unable to obtain any of the desired product, with only
reduced vinyl iodide and its corresponding dimer being
isolated. The same fruitless results were obtained by using the
corresponding aluminate of (3) (ButLi, Me;Al).!1 The most
obvious modification to overcome the low reactivity of the
2,3-disubstituted epoxide would be to utilise Lewis acid

catalysis in the reaction.!2 This would be, however, incompat-
ible with the reactivity of the «,B-unsaturated methoxy lactol
moiety in (3).13 Based on previous reports!4 the use of a vinyl
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iodide such as (6) appeared to represent an alternative
strategy. Preparation of (4) has been previously reported® and
this was converted in four steps to (6). The chiral auxiliary in
(4) was removed under the usual conditions (NaOMe,
MeOH-CH,Cl,) and the hydroxyl group protected as the
t-butyldimethylsilyl (TBDMS) derivative (TBDMS-OTT, 2,6-
lutidine) to give ester (5). Reduction of the ester [di-isobutyl-
aluminium hydride (DIBAL-H), —33°C) followed by silyla-
tion of the primary alcohol (TBDMS-CI, imidazole-dimethyl-
formamide) afforded the bis-silylated compound (6)
(Scheme 1).

Although reaction of epoxide (2) with the higher order
cyanocuprate derived from (6) (2 equiv. Bu'Li, —80°C, 2 h;
1/2 equiv. CuCN, —78 to —10°C, 15 min) gave less than 5% of
the coupled product (7) after 48 h at —30°C, addition of
BF;-OEt, (2 equiv.) to a —78 °C solution of the epoxide and
cuprate in Et,O afforded, after 1 h at —78°C an 84% isolated
yield of (7) (Scheme 2). Some iodohydrin (12%) was also
observed. The hydroxy group was then methylated [NaH,
Mel, tetrahydrofuran (THF), 25°C] to give (8) in excellent
yield. Atthis stage nuclear Overhauser enhancement (n.O.e.)
experiments demonstrated that the alkene geometry had been
preserved during the cuprate coupling. Thus, irradiation of
the alkenic proton 15-H produced a signal enhancement of
n.O.e. in 13-H and 17-H but not in the 14-Me.t Selective
removal of the primary silyl group was successfully achieved
(95% yield) by using a mixture of 1:3:3 HF-Py-Py-THF in
MeOH at room temperature for 6 h. In order to introduce the
(Z) C(11)-C(10) double bond, alcohol (9) was oxidised to the
aldehyde (89% yield) with SO5-Py in dimethyl sulphoxide
(DMSO)!5 and this was reacted with the potassium anion
[KN(SiMe,;),, THF, —78°C] of methyl bis-(2,2,2-trifluo-
roethyl)phosphonoacetate [(CF;CH,0),P(O)CH,CO;Me] in
the presence of 18-crown-6 (2.5 equiv.) at —78°C to give a
99% isolated yield of the required (Z)-alkene (10).1¢ Reduc-
tion of the ester with DIBAL-H at —33°C cleanly afforded
the allylic alcohol (11).

In view of the nature of the nucleophilic conditions required
for removal of the pyrrole moiety!” we decided to remove the
protecting group. However, disappointing results were
obtained by refluxing (11) with H,NOH-HCl in aq. EtOH,
with only desilylation being observed after 16 h. Under more
forcing conditions [H,NOH-HCl (30 equiv.), KOH (20
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Scheme 1. Reagents and conditions: i, NaOMe (1.1 equiv.), MeOH-
CH,Cl,, —23°C, 20 min; ii, TBDMS-OTI (1.5 equiv.), 2,6-lutidine
(2.5equiv.), CH,Cl,,0°C, 1.5 h; iii, DIBAL-H, (2.6 equiv.), toluene,
—20°C, 1.5 h; iv, TBDMS-CI (1.5 equiv.), imidazole (3.0 equiv),
dimethylformamide (DMF), 25°C, 17 h.

+ Macbecin numbering is used.
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equiv.),2: 1 EtOH-H,0, reflux, 68 h], a 70% isolated yield of
(12) was obtained, together with 25% recovered (11). In this
way one of the steps which had given apprehension had been
achieved. The nitrogen group of (12) was reprotected as the
trifluoracetamide under usual conditions to give (13) in 95%
yield. Oxidation of the allylic alcohol to the corresponding
aldehyde presented more problems than anticipated. Thus,
SO;-Py-DMSO failed to give reasonable yields of the
aldehyde and activated manganese dioxide afforded only a
moderate (65%) yield of the aldehyde with extensive decom-
position. Satisfactory oxidation was achieved with pyridinium
dichromate (PDC)!2 in CH,Cl, at 25°C, although a small
amount (9%) of (Z) to (E) isomerisation of the C(11,10)
double bond occurred during the reaction. The separation of
the isomers was not possible at this stage but was achieved
after the next step. Thus, this aldehyde mixture was reacted
with (ethoxycarbonylethylidene)triphenylphosphorane
(Ph;P=CMeCO,Et; 2 equiv.) in CH,Cl, to give, after flash
chromatography, an 83% isolated yield (two steps) of pure (Z,
E)-diene (14).

We had now arrived at the crucial stage of the synthesis,
since removal of the trifluoracetamido protecting group and
hydrolysis of the ester would yield amino acid (15) required
for macrolactamisation. Reaction of (14) with LiOH in
MeOH-H,0 gave amino acid (15). This was easily extracted
from water (pH 5) and used in the next step without further
purification after being azeotropically dried with toluene.
Macrocyclisation was achieved after only four attempts. Thus,
although the use of DCC, diethyl cyanophosphonate!® and
diphenylphosphoryl azide2® did not induce the required ring
closure reaction, this was successfully achieved by reaction in
the presence of mesitylenesulphonyl chloride?! or bis-(2-0xo-
3-oxazolidinyl)phosphinic chloride.23 Syringe pump addition
of a solution of (15) (1 mg/ml) and di-isopropylethylamine (2
equiv.) in toluene to a 10-2 M solution of mesitylenesulphonyl
chloride and Pri,NEt (20 equiv. each) in toluene at 65 °C gave,
after 14 h, a 71% isolated yield of (16). Alternatively, reaction
of (15) with bis-(2-oxo-3-oxazolidinyl)phosphinic chloride (4
equiv.) and Pri,NEt (10 equiv.) in toluene (1.5 X 10-3m)
afforded an 85% isolated yield of (16) after 15 h at 85 °C. We
are impressed by the simplicity and efficiency of the applica-
tion of the second set of conditions, since they had not, as far
as we are aware, been previously employed for macrocyclisa-
tion.22 We had, therefore, achieved one of our major goals
and were left with finding a procedure for incorporation of the
carbamate moiety at C(13) and a final oxidation to the
quinone.

Three alternative pathways were considered and followed.
Introduction of the carbamate group could precede oxidation
or the reverse. In the first approach the TBDMS protecting
group in (16) was removed under the usual conditions
[tetrabutylammonium fluoride (TBAF), THF, 25°Cj to give
(17) in 89% yield. Although carbamoylation of (17) could not
be achieved by reaction with phosgene and ammonia quench-
ing,23 treatment of (17) with sodium cyanate (12 equiv.) and
trifluoroacetic acid (12 equiv.) in dichloromethane gave the
required carbamate (18) in 86% yield after 3 h at 25°C.24
Oxidation of (18) with cerium(1v) ammonium nitrate25 (CAN)
(3 equiv.) in MeOH-H,O at 0°C for 10 min afforded
macbecin I (1a) in 37% isolated yield. Comparable yields
(32%) of (1a) were obtained when silver(1) dipicolinate2é was
used as the oxidising agent. Alternatively, oxidation of (16)
with CAN as previously described afforded quinone (19) in
50% isolated yield, which was converted into macbecin I (1a)
by desilylation (72.5% yield) and carbamoylation (71.5%
yield). In addition, quinone (20) was also prepared in 37%
yield by CAN oxidation of (17) as above.
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Scheme 2. Reagents and conditions: i, (6) (2.4 equiv.), Bu'Li (4.8 equiv.), —80°C, 2 h; CuCN (1.2 equiv.), —78 to —10°C, 15 min;
(2) (1.0 equiv.), BF;-OEt, (2.0 equiv.), —78°C, 1 h; ii, NaH (1.3 equiv.), Mel (5.0 equiv.), THF, 6 h; iii, 1:3:3 HF-Py-Py-THF (20
equiv. HF), MeOH, 25°C, 6.5 h; iv, SO;-Py (7.0 equiv.), Et;N (15 equiv.), THF-DMSO, 25°C, 1.5 h (89%); v, (CF;CH,0),P(O)CH,CO,Me
(1.15 equiv.), 18-crown-6 (2.5 equiv.), KN(SiMes), (1.1 equiv.), THF, —78°C, 1 h (99%); vi, DIBAL-H (2.6 equiv.), toluene, —33 °C; vii,
H,NOH-HCI (30 equiv.), KOH (20 equiv.), 2: 1 EtOH-H,O, reflux, 68 h; viii, TFAA (3.0 equiv.), EGN (6.0 equiv.), CH,Cl,, 0—25°C, 1 h;
pH 7 phosphate buffer, MeOH, 25°C, 15 min; ix, PDC (2.0 equiv.), CH,Cl,, 16 h; x, Phy;P=C(Me)CO,Et (2.0 equiv.), CH,Cl,, 40°C, 40
h; xi, LiIOH (10 equiv.), 2:2:1 THF-MeOH-H,0, 25°C, 24 h; xii, bis-(2-oxo-3-oxazolidinyl)phosphinic chloride (4.0 equiv.), Pri;NEt (10
equiv.) toluene, 85 °C, 15 h; xiii, TBAF (5 equiv.), THF, 25°C, 40 h; xiv, NaOCN (12 equiv.), TFA (12 equiv.), 0—25°C, 3 h; xv, CAN (3 equiv.),
MeOH-H,0, 0°C, 10 min.
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Thus, the first enantioselective synthesis of (+)-macbecin I
(1a) {m.p. 205—206°C (softening at 176 °C), EtOH-H,0;
[a]p = +377° (¢ = 0.10, CHCls) }1 has been achieved in 2.5%
overall yield. Since macbecin I has been converted to
macbecin II this also constitutes a formal synthesis of the
latter.
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