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A TOTAL SYNTHESIS OF POLYETHER ANTIBIOTIC (-)-A23187 (CALCIMYCIN)*

David P. Negri and Yoshito Kishi*
Department of Chemistry, Harvard University,
12 Oxford Street, Cambridge, Massachusetts 02138, U.S.A.

Abstraction: A total synthesis of (-)-A23187 (calcimycin) was accomplished by a conver-
gent approach. The key step of synthesis was the stereospecific cyclization of the
B-hydroxy ketone into the spiroketal under basic conditions.

For the past decade or so, polyether antibiotics have played a unique role in dramatic
advances in the various areas of synthetic organic chemistry.ls2 These include the develop-
ments of strategies and methods for the syntheses of polyfunctional acyclic systems as well as
highly functionalized oxygen-containing ring systems. One of the structural characteristics
found in this class of natural products is the spiroketal ring. The synthesis of this ring
system is commonly achieved by ketallization of the corresponding keto diol under thermo-
dynamically controlled conditions, i.e. A—> B. This approach has proved to be very effective
for the synthesis of monensin,3 A23187,% narasin/salinomycin,® and others.6 Nonetheless,
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we thought it would be interesting and valuable to investigate an alternative method to control
this functionality; in particular, we were intrigued by the cyclization of C = B. In this
communication, we would Tike to report a total synthesis of A23187 (3)7 by using such a cycli-
zation, i.e. 1> 3, as the key step.8.9

The cyclization of 1 could Tead to four possible spiroketals. Of these only diastereo-
meric spiroketals 3 and 4 were seen as probable, given the severe destabilization of the other
two isomers due to 1,3-diaxial interactions.10 If the ring closure is allowed to reach equi-
librium, the ratio of spiroketals would reflect their relative thermodynamic stability. The
spiroketals 3 and 4 are structurally very similar except that 3 is stabilized by two anomeric
effectsll but has an axial methyl group at the C.11 position whereas 4 is stabilized by only
one anomeric effect and has an equatorial methyl group at the C.11 position. Thus, the rela-
tive thermodynamic stability is estimated to be close but slightly favoring 4 over 3 to a small
extent.12 Under kinetic conditions, the ratio of the two possible spiroketals would reflect
the ratio of the reaction rates of either 1 to form 2a or 2b, or 2a,b to form 3 or 4, depending
which step is rate determining. The kinetic control of the spiro-ring formation is 1ikely to

*Dedicated to Professor Teruaki Mukaiyama on the occasion of his 60th birthday.
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be a slow stepl3 and the product composition depends on the relative energies of the respec-
tive transition states. It seems safe to assume that the transition state structure is closer
to the hemiketal than to the spiroketal. The exampies known in the literaturel4 indicate that
2a should be substantially more stable than 2b. Thus, the desired product is expected to be
formed preferentially.

Based on these analyses, the proposed cyclization, at Teast under kinetically controlled
conditions, seems very promising. One additional attractive aspect of this approach is that
the C.10 chiral center originates from an olefinic bond, hence the synthesis of the precursor
required for this approach should be less demanding than that required for the acid-catalyzed
cyclization approach, c.f. C = B versus A = B. Examination of Dreiding models suggests that
the geometry of the olefinic bond would not alter the outcome of the spiroketal formation.
However, because of the ease of its synthesis, we decided to test this proposed cyclization by
using the trans-olefin.
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Reagents, Conditions, and Yields

a. 1., LiCu(Me)p/Etp0/-20 °C22 (91%) 2. MCPBA/CHpCip/0 °C (93%). 3. PhMgBr/Et0/0 °C —> reflux,
followed by work-up with conc. HC1/acetone/RT {93%). 4. PCC/CHpCIp/RTZ3 (93%) S.
HO(CHp)30H/p-TSA/CgHg/reflux (97%). 6. 03/CH30H-CHCly (2:1)/-78 °C, followed by MeS work-up (48%).

b. 1. i. PhLi/Etp0/0 °C. ii. 03/EtOAc/-78 °C, followed by work-up with NaBHs/MeOH. iii. NalOg/THF-H,0
(85:15)/RT (56% overall yield). 2. i. PhMgBr/Etp0/0 °C —> RT. ii. MsCI/Et3N/CHpC12/0 °C (overall
81% yield). 3. LiBr/DMF/100 °C (87%).

€. 1. i. I/Mg/Etp0/reflux. ii. RMgBr + 6/Et70/0 °C (overall yield 71%). 2. PCC/CHaC)p/RTZ3 (88%
yield). 3. 03/CH30H-CHC1z (1:2)/-78 °C, followed by MeS work-up (58% yield).

(R)-5-Methyl-2-cyclohexen-1-one(5)15 was converted into 6 and 7,16 respectively, which
were then coupled and transformed into the acyclic aldehyde 8. The acyclic aldehyde 8 was then
reacted with the anion generated from the phosphonate g? to yield a 19:1 mixture of the trans-
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olefin 10 and the corresponding cis-olefin. Judging from the extensive spectroscopic studies,
the C.11 methyl group retained its stereochemical purity throughout the transformation.
Generation of the aldehyde at the C.18 position was accomplished in two steps, i.e. 1.
HS(CHp)3SH/BF3+Et20, and 2. Cu0/CuClp.l7 Under these conditions, there was no epimerization

of the C.17 methyl group observed.l8 The crossed aldol reaction of the magnesium enolate,
prepared from 11, with the aldehyde 10 yielded two major aldol products 12 and its stereoisomer
in 61% and 16% yield, respectively. Based on the literature precedent and alsoc on the model
systems studied,l9 the desired stereochemistry was tentatively assigned to the major isomer.

N

- suo/K o] o
o Me Me Me _1
5 ° a : o b

8 + (E10)! A - " (5 () SN 12
NN NMe o o N NMe
|
MeOC CO,CHCClg Me0,C CO,CHHCCI
9 10

Reagents, Conditions, and Yields

a. 1. i. 9/NaH/Etp0/0°C —> 10 °C. ii. the anion + 8/Ety0/0 °C — RT (75% of the trans olefin + 4% of the cis olefin),
2. 1. HS(CHp)3SH/BF3-ELp0/CHC1/0 °C.  i. CuO/CuClp/Hp0-acetone (1:99)17/reflux (88% overall yield).
b. 1. 11/(CgH11)2NMgBr/THF/-50 °C,19 followed by addition of 10 at 0 °C (12: 61% + stereoisomer: 16%).

The crucial cyclization was achieved by treating 12 in CHpClp/MeOH (9/1) with a catalytic
amount of sodium methoxide at room temperature. By thin layer chromatographic analysis using
a variety of solvent systems, only one cyclization product was observed along with some
retroaldol products. The cyclization product was isolated and subjected to deprotection con-
ditions to yield the methyl ester 13 of A23187 in 42% overall yield from the aldol product 12.
The structure of 13 was unambiguously established on comparison of spectroscopic data (NMR, IR,
MS, UV, ap) with the authentic sample prepared from natural A23187.20 The methyl ester was
then hydrolyzed to A23187 (3; mp 179-182 °C, 1it. 180-182 °c7) by using the procedure reported
by Evans and coworkers.}d The spectroscopic data (NMR, IR, MS, UV, ap) of the synthetic
substance were superimposed on those of natural A23187.
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Reagents, Conditions, and Yields

a. 1. NaOMe (cat.}/CHyClp-MeOH (9:1)/RT. 2. Zn/THF-AcOH (1:1) containing 0.25% v/v conc.
HC1/RT (42% overall yield).

b. LiSPr/HMPA/RTHA

Regarding the stereoselectivity of the crucial cyclization, we were unable to detect any
other cyclization product2l in spite of considerable efforts to search for the minor products
at the step of 12 to 13 as well as at the deprotection step of 13 to 3. Although we have not
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yet established whether the cyclization was controlled by kinetic or thermodynamical sense, it
is now evident that this approach is effective and efficient to construct the spiroketal ring.24
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