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The total synthesis of (—)-Blastmycinolactol, (+)-Blastmycinone, (—)-NFX-2, and (+)-Antimycinone was
accomplished in few steps in high yields and ee, starting from enantiomerically enriched (S)-Z-vinylic
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The y-butyrolactone backbone is an important structural unit
that is present in several natural products, as for example the
hydrolysis products of Antimycins' (e.g., Antimycins A; and As),
isolated from Streptomyces and many others isolated from Annona-
ceous acetogem'n2 classes. The Antimycins A; and As, which are
metabolites of Streptomyces species, exhibit antifungal and antitu-
mor activities. The polyketide metabolites,? (+)-Blastmycinone (1),
(+)-Antimycinone (3), (—)-Blastmycinolactol (2), and (—)-NFX-2 (4)
(Scheme 1) are hydrolysis products of Antimycins A; or Asz with a
biological activity! similar to that of the Antimycins.!?

A number of methods have been developed for the synthesis of
v-butyrolactone-containing compounds, in the light of their bio-
logical importance.*

We recently developed a general protocol to prepare y-butyro-
lactones 5 from organotellurides 6.° Based in our previous results,
in this Letter we describe the enantioselective synthesis of 1-4,
according to the retrosynthetic analysis shown in Scheme 2.

(R,S)-6 could be prepared by the well-established hydrotellura-
tion of alkynes.® This reaction is 100% Z setereoselective, and in the
case of activated alkynes, as a-alkynones, it is also 100% regioselec-
tive. Enzymatic kinetic resolution’ of (R,S)-6 should give enantio-
merically enriched (S)-6, which through a Te/Li exchange

* Corresponding author. Tel.: +55 11 3091 1180; fax: +55 11 3815 5579.
E-mail address: jvcomass@iq.usp.br (J.V. Comasseto).
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reaction® followed by trapping of the intermediate dianion with
carbon dioxide, would lead to the butyrolactone (S)-5. The Te/Li ex-
change is also a fast, clean, and well-established protocol to pre-
pare organolithium reagents.®® A 14-addition reaction of a
silylcuprate to (S)-5,%1° followed by a Fleming-Tamao oxidation'"
of 9 should give 2 and 4, which by conventional transformations
should lead to the bioactive compounds 1 and 3.

The starting Z-vinylic hydroxytellurides 6a and 6b were pre-
pared in a 30 mmol scale by hydrotelluration of the appropriate
alkynones 8, in 70% and 72% yield, respectively, followed by reduc-
tion with sodium borohydride, in 85% and 89% yield, respectively,
according to the methodology previously developed by our re-
search group.® The racemic hydroxytellurides 6a and 6b were sub-
mitted to an enzymatic kinetic resolution, using different enzymes
(CALB, PPL, PSL) and reaction conditions. CAL-B proved to be the
most efficient biocatalyst, affording the corresponding enantio-
mers in high chemical yield and enantiomeric excesses as pre-
sented in Scheme 3.

Recently, it was reported that tellurides can react with oxygen
in the presence of light.!? In the absence of light, tellurides are inert
to oxygen. In the present case, the kinetic resolution was per-
formed in the absence of oxygen and protected from light aiming
to circumvent this kind of side reaction. The alcohols 6 were sepa-
rated from the corresponding acetates 10 by flash silica gel column
chromatography and the reported yields refer to the pure isolated
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Scheme 1. Structure of Antimycins A; and Az and their metabolites.
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Scheme 2. Retrosynthetic analysis for 2 and 4.

materials. In parentheses are given the yields considering the the-
oretical yields of each enantiomer as 100%.

The alcohols (S)-6a and (S)-6b were treated with 2 equiv of "Bu-
Li at —70 °C in THF, being transformed into the corresponding lith-
ium dianions 11, which were trapped with dry ultra-pure CO, (less
the 12 ppm of water). Acidification of the reaction medium with
aqueous HCI led to butyrolactones (S)-5a and (S)-5b in 94% and
96% ee, respectively, as determined by chiral gas chromatography,
by comparing with racemic samples of 5a and 5b (Scheme 4).

The acetates 10 were transformed into the corresponding alco-
hols by hydrolysis with K,CO3; in methanol, and crude (R)-6 was
used in the next step. By treating (R)-6a and (R)-6b with "BuLi at
—70 °C and then with dry ultra-pure CO,, followed by acidification
of the reaction medium, the butyrolactones (R)-5a and (R)-5b
could be prepared, in good yields, as shown in Scheme 6. The yields
refer to the whole process (Scheme 5).

As in the preceding case (Scheme 4) the enantiomeric excesses
were determined by chiral gas chromatography, using racemic
samples of 5a and 5b for comparison.

The reaction sequences shown in Schemes 5 and 6 were per-
formed also with racemic 6a, 6b, 10a, and 10b, leading to racemic
5a and 5b, which were used for a comparison purpose in the enan-
tiomeric excess determination by chiral gas chromatography.

The absolute configuration of (R)-5a, (R)-5b, (S)-5a, and (S)-5b
was attributed by comparing the observed optical rotation values
with those reported in the literature.>!3

Te"Bu
‘ CAL-B (Novozyme® 435)
OH >
A OAc
Hexanes, N,
(R,S)-6 in the dark, 34 °C

R__Te"Bu 2eq["BuLi] R___Li 1yCo, R
\ — | —
OH " THF, 70 °C, Ar OLi | 5 Hy0* | o
R ="Bu,(5)-6a R="Bu, (5)-11a R = "Bu, (S)-5a, 86%, 94% cc
R="Hex, (5)-6b R="Hex, (S)-11b R ="Hex, (5)-5h, 81%, 96% ec

Scheme 4. Te/Li exchange reaction and synthesis of (S)-5a and (S)-5b.
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Scheme 5. Hydrolysis of (R)-10a and (R)-10b, Te/Li exchange reaction and
synthesis of (R)-5a and (R)-5b.

With the chiral butenolides (S)-5a and (S)-5b in hands, the next
step was the B-silyl-functionalization of the lactone ring, accom-
plished by a 1,4-addition reaction of a silylcuprate 12 to (S)-5a
and (S)-5b, quenching the intermediate enolates with a proton
source. The 1,4-addition reaction occurred in an anti fashion to
the stereodefined methyl group of the carbinolic stereogenic cen-
ters, resulting in the enolates, which captured a proton syn to the
silyl group, resulting in the anti, anti three contiguous substituted
butyrolactones (Scheme 6).

A similar reaction sequence was employed by Bruckner™ to pre-
pare 9a and 9b from 5 (R = H). However, the capture of the enolate
by an alkylating agent led to the products 9 in only moderate
yields. In the present work, the alkyl groups were already incorpo-
rated into 5 (R = "Bu, "Hex), and the capture of the enolate by a pro-
ton source, led to improved yields of 9a and 9b.'*

Having defined the stereochemistry of three setereocenters, the
next step was to submit compounds 9a and 9b to the Fleming-Ta-
mao oxidation.!! The best conditions to accomplish the transfor-
mation are shown in Scheme 7.1°

In this way, the synthesis of (—)-Blastmycinolactol (2) and (—)-
NFX-2 (4) was accomplished in four-steps in 23% and 20% yield,
respectively, starting from enantiomerically enriched Z-vinylic
hydroxytellurides (§)-6a and (S)-6b, which can be considered ‘in
bottle’ synthetic equivalents of the corresponding dianions 11a
and 11b. The overall yields of 2 and 4 starting from 8 were, respec-
tively, 9% and 11%.

A further confirmation of the stereochemical assignment of
compounds 2 and 4 was obtained by their transformation into
(+)-Blastmycinone (1) and (+)-Antimycinone (3). This transforma-
tion was accomplished by two procedures, A and B (Scheme 8),
both giving good results, but route B being the more efficient one.'®

The enantiomeric excesses of 1 and 3 were determined by chiral
gas chromatography, using with racemic samples of the same com-
pounds for comparison.

At last but not least, it must be emphasized that the Z-vinylic
hydroxytellurides 6 are not bad smelling compounds, and when

Te"Bu Te"Bu
OH * \E/OAC

R = "Bu, (S)-6a, 34% (68%), 94% ce

R = "Bu, (R)-10a, 33% (66%), 95% e

R ="Hex, (S)-6b, 33% (66%), 96% e¢ R = "Hex, (R)-10b, 33% (66%), 95% ec

Scheme 3. Enzymatic kinetic resolutions of the hydroxytellurides 6a and 6b.
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R="Bu, 9a, 84%
R ="Hex, 9b, 82%

Scheme 6. Diastereoselective 1,4-addition of 12 to (S)-5a and (S)-5b.
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Scheme 7. Fleming-Tamao oxidation of 9a and 9b.
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route A = iBuCOCl / DMAP / EGN
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route B = 'BuCOCI / py
1,96%, > 97% ee; 3, 96%, > 97% ee
Scheme 8. Preparation of 1 and 3.

they are solvent free, they can be safely handled in the presence of
air and light.

In conclusion, the stereoselective synthesis of compounds 1, 2,
3, and 4'7 was accomplished in few steps, with good yields and
enantiomeric excesses, starting from Z-vinylic hydroxytellurides
6. In principle, the compounds with opposite configurations could
be prepared in a similar way making use of the same telluride 6 of
the R configuration, obtained by enzymatic kinetic resolution of
the racemic telluride 6. The versatility of our approach could allow
the preparation of a number of naturally occurring butenolides
with trans, trans relative stereochemistry in both enantiomerically
enriched forms.
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The stereochemical relationships shown in Scheme 6 were confirmed by
comparing the obtained 'H NMR data with those described in the literature
for the same molecules.

The trans, trans relative stereochemistry of 2 and 4 was confirmed by 'H NMR-
NOEDIFF experiments and the absolute configuration was confirmed by
comparison of the obtained optical rotation values with those reported in
the literature. Compound 2: [0]3* —16.0 (c=1.0, CHCls), lit.¥ [95]25 -17.1
(c=1.47, CHCl3). Compound 4: [o]2> —14.8 (c=2.0, CHCly), lit¥ [o)5’ —13.2
(c=2.08, CHCl3).

The absolute configuration of the obtained products 1 and 3 were confirmed by
comparing the obtained optical rotation values with those 1eported in the
literature. Compound 1: [a(l” +11.8 (c=1.2, CHCl,), lit.¢ [o% +11.0 (c=1.2,
CHCl3). Compound 3: [oc]D +10.1 (c=1.5, CHCly), lit.¥ oy +7.8 (c=1.75,
CHCl5).

Spectral data for the final compounds: (+)-Blastmycinone (1) colorless liquid: 6y
(300 MHz, CDCl3) 0.92 (t, ] = 7.2 Hz, 3H); 0.98 (d, ] = 6.6 Hz, 6H); 1.32-1.49 [(m,
7H); 1.47 (d, ] = 6.6 Hz, 3H)]; 1.61-1.68 (m, 1H); 1.84-1.88 (m, 1H); 2.07-2.16
(m, 1H); 2.23 (d, J = 6.9 Hz, 2H); 2.69 (dt, J = 8.1, 6.0 Hz, 1H); 4.37 (dq, ] = 6.6,
4.8 Hz, 1H); 4.95 (dd, J = 6.0, 4.8 Hz, 1H); éc (75 MHz, CDCl5) 13.8; 19.5; 22.3;
22.4;25.7; 28.9; 29.0; 43.2; 46.5; 78.5; 79.4; 172.4; 175.9; IR cm™! (film) 2960;
2874; 1785; 1468; 1181; 1040; [«)%* +11.8 (c=1.2, CHCl; >97% ee), lit3d[ o)
+11.0 (¢ = 1.2, CHCl3); Chiral GC [Column Supelco® Beta DEX 110, carrier gas:
H,, injector temperature: 275 °C, detector temperature: 275 °C, pressure:
100 kPa, method: T; 90 °C (20 min)—1 °C/min—T¢ 120 °C (100 min)] R: ent-(1)
111.404 min and (1) 113.182 min; CAS [27981-25-5]. (—)-Blastmycinolactol (2)
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white solid: éy (300 MHz, CDCl3) 0.93 (t, J=7.2 Hz, 3H); 1.43-1.61 [(m, 8H);
1.53 (d, J = 6.3 Hz, 3H)]; 1.83-1.92 (m, 2H); 2.56 (ddd, ] = 8.7, 6.6, 6.0 Hz, 1H);
3.83 (dd, ] = 8.7, 7.2 Hz, 1H); 4.20 (quint,p), ] = 6.6 Hz, 1H); 5c (75 MHz, CDCl5)
13.8; 18.3; 22.7; 28.2; 28.9; 48.7; 78.9; 80.3; 176.6; IR cm ™' (KBr) 3493; 2953;
2864; 1734; 1469; 1285; 1053; 854; 652; [#]32 —16.0 (c = 1.0, CHCls), lit.*! [0
~17.1 (c=1.47, CHCl3); mp: 46.3-46.6 °C, lit.> 43-44 °C; CAS [34867-17-9].
(+)-Antimycinone (3) colorless liquid: 64 (500 MHz, CDCls3) 0.88 (t, J = 7.0 Hz,
3H); 0.98 (d, J= 7.0 Hz, 6H); 1.26-1.45 (m, 8H); 1.47 (d, J = 6.5 Hz, 3H); 1.59-
1.67 (m, 1H); 1.84-1.89 (m, 1H); 2.11-2.15 (m, 1H); 2.23 (d, J= 7.0 Hz, 2H);
2.69 (dt, J=8.5, 5.5Hz, 1H); 4.36 (dq, J=7.0, 5.0 Hz, 1H); 4.94 (dd, J=5.5,
5.0 Hz, 1H); d¢ (125 MHz, CDCl3) 13.9; 19.3; 22.2; 22.4; 25.6; 26.7; 28.8; 29.2;
31.4; 43.0; 46.4; 78.3; 79.3; 172.3; 175.8; IR cm™! (film) 2959; 2872; 1786;
1743; 1467; 1182; 1120; 1040; [o)2° +10.1 (c = 1.5, CHCl3 >97% ee), lit.3 [)%
+7.8 (¢ =1.75, CHCl5); Chiral GC [Column Supelco® Beta DEX 110, carrier gas:
H,, injector temperature: 275 °C, detector temperature: 275 °C, pressure:
100 kPa, method: T; 90 °C (20 min)—1 °C/min—T; 120 °C (200 min)] R: ent-(3)
261.365 min and (3) 263.599 min; CAS [132864-91-6]. (—)-NFX-2 (4) white
solid: 8 (300 MHz, CDCl5) 0.89 (t, ] = 6.6 Hz, 3H); 1.27-1.66 [(m, 12H); 1.45 (d,
J=6.3Hz, 3H)]; 1.81-1.92 (m, 1H); 2.03 (br s, TH); 2.55 (ddd, ] = 8.4, 7.2, 5.4 Hz,
1H); 3.84 (dd, J = 8.4, 7.2 Hz, TH); 4.20 (quint,p), J = 6.2 Hz, 1H); 5 (75 MHz,
CDCl3) 14.0; 18.3; 22.6; 26.7; 28.5; 29.2; 31.6; 48.7; 79.1; 79.9; 176.0; chm’1
(KBr) 3439; 2951; 2849; 1734 1467; 1274; 1187; 1059; 969; 856; 653; [« ]
—14.8 (c = 2.0, CHCl3), lit.¥ [)%> —13.2 (c = 2.08, CHCls); mp: 56.2-56.6 °C, lit.
56-57 °C; CAS [137171-29-0].
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