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+85.5° (¢ 0.18, CHCI;)) under the standard conditions
(CH(OCHj;);-CH;3;0H, CSA, CH,Cl,, RT) quantitatively.

Transformation of 13 to the lactone 14° ('H NMR (CDCl5)
61343 H,s),326 (3H,s),398 (1 H,d,J =4Hz);IR
(CHCl3) 1760 cm™!; @22 +43.6° (¢ 1.69, CHCI3)) was ac-
complished in seven steps ((1) Li, liquid NHj;, EtOH; (2)
CH(OCH;);-CH;0H, CSA, CH,Cl,, RT; (3) O3, CH30H,
~78 °C; (4) MgBr,, wet CH,Cl,, RT; (5) CH3MgBr, Et,0,
RT: (6) O3, CH30H, —78 °C: (7) concentrated HCI, CH3;OH,
RT) in 22% overall yield. A few of these steps require a com-
ment. First, magnesium bromide in wet methylene chloride
(step 4) was found most satisfactory to form the enol ether of
the 3-ketoaldehyde. Second, highly stereospecific addition of
a Grignard reagent to a ketonic group adjacent to a tetrahy-
drofuran (step 5) was demonstrated in our total synthesis of
lasalocid A.13 In this particular case 14 was the only product
detected by NMR and TLC analysis. The structure of 14 was
concluded from the following transformation; acid treatment
of 14 (CSA, wet ether, RT), followed by periodate oxidation
(NalOy, aqueous CH30H, 0 °C), gave the dilactone (i.e., the
ring E!3 in the structure 14 is the é-lactone), which was found
to be identical with the authentic dilactone,'¢!7 one of the
degradation products of monensin, by comparison of spec-
troscopic (NMR, IR, ap) and TLC data. Treatment of 14 with
methyllithium in THF at —78 °C afforded the methyl ketone
153 ('"H NMR (CDCl3) 6 1.13 (3 H,5),2.15(3 H,5),3.25 (3
H.s),4.13 (1 H,d,J = 4 Hz); IR (CHCl3) 1715 cm™'; a?2p
—+65.1° (¢ 1.78, CHCl3)) almost quantitatively.
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Total Synthesis of Monensin. 3. Stereocontrolled
Total Synthesis of Monensin!
Sir:
Having completed the synthesis of the left and right halves

2 and 3 of monensin (1), we now need to develop a method of
constructing the spiro ketal moiety of the antibiotic. We an-

1>

ticipated that the asymmetric center at the C(9)? position
should stereospecifically be introduced by intramolecular
ketalization of the corresponding dihydroxy ketone, because
the configuration and conformation around this center of
monensin (1) has been shown by X-ray analysis?as A, in which
the C(9)-0(6)2 bond takes the axial position with respect to
the tetrahydropyran ring. Therefore, this configuration must
be thermodynamically more stable than the alternative one
owing to the anomeric effect well known in carbohydrate
chemistry.

The proposed intramolecular ketalization, particularly its
stereochemistry outcome, was investigated on the model
compound 4.*> Hydrogenolysis of 4 (1 atm of Ha, 10% Pd/C,
CH3;0H-AcOH (95:5), RT) yielded an ~1:1 mixture of spiro
ketals 5° and 63 (Merck silica gel plate (0.25 mm), acetone-
hexane (3:7); Ry 0.72 and 0.48, respectively). When this
mixture was equilibrated with a catalytic amount of cam-
phorsulfonic acid in methylene chloride at room temperature,

n-CgMia n-CeHia
. . 1, 2,
4 5 X0, ¥=CH,, Ro=CHy, RE=H
6 x=CH ¥=0, R1=H, RZ=cH

2! 3

7
8  X=H, Y:=0H
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a new mixture favoring the less polar isomer 5 by a ratio of at
least 20:1 was produced. The spectroscopic studies on the spiro
ketals and their acetates established the structure for Sand 6
as indicated.®

Being encouraged by our successful total synthesis of lasa-
locid A7 we planned to form the crucial carbon-carbon bond
between the left and right halves 2 and 3 by aldol reaction.
After many unsuccessful attempts, we have found that this
aldol reaction is nicely effected by freshly prepared (i-
C3H7);NMgBr8 in THF and furthermore that the ratio of the
two diastereomeric aldols 7 and 8 is sensitive to the reaction
temperature. The following ratios of 7 and 8 were observed at
the indicated temperature: ~1:1 at 0 °C (71% yield; 90% yield
based on the consumed ketone 3), ~2:1 at —20 °C (60%; 91%),
>5:1 at =50 °C (30%; 90%), and >8:1 at —78 °C (21%; 92%).
The diastereomeric aldols 7° (‘H NMR (CDCl3) 6 3.25 (3 H,
$),3.27 (3 H,s),3.68 (3H,s),4.60(2H,s),7.31 (5H,s):a??
+36.3° (¢ 0.95, CH,Cl,)®) and 8 (H NMR (CDCls) 6 3.25
(6 H,s),3.67 (3 H,s),4.61 (2 H, averyclose AB), 7.30 (5 H,
$); a*?p +46.1° (¢ 0.52, CH,Cl3)%) could be separated by
preparative layer chromatography (Merck silica gel plate (0.5
mm), ether-pentane (5:4), five developments). Based on
Cram’s rule, the desired stereochemistry was tentatively as-
signed to the major aldol, which was later confirmed by suc-
cessful transformation of 7 into monensin (1).

Following the conditions that we established in the model
series, we subjected the aldol 7 to the following sequence of
reactions: (1) ! atm of H,, 10% Pd/C, CH;0H-AcOH
(100:5), RT, 30 min; (2) CSA, wet CH,Cl,-Et,O (3:1), RT,
1 h;(3) 1 N NaOH-CH;OH (1:5), 60 °C, 1 h. Step 2 in this
sequence was required to equilibrate the spiro ketal center and
also to hydrolyze the tertiary methoxy group at the C(25)2
position. Preparative layer chromatography (Merck silica gel
plate (0.5 mm), ether, three developments) allowed isolation
of synthetic monensin (1)'9 as its sodium salt. The overall yield
from 7 to 1 was 53%. The synthetic substance was found to be
identical with natural monensin in every respect (NMR, IR,
ap, mass spectrum, melting point, mixture melting point,
TLC).
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owing to the phenomenon similar to mutarotation known for carbohy-
drates.
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Synthesis of Monomeric Niobium- and Tantalum-
Benzyne Complexes and the Molecular Structure
of Ta(n3-CsMes)CeHy)Me,

Sir:

Many transition metal complexes contain organic ligands
which are highly reactive or unknown in the free state (e.g.,
cyclobutadiene,! trimethylenemethane,> carbenes,® and
small-ring acetylenes?). A benzyne (C¢H,) complex has been
postulated as an intermediate in the thermal decomposition
of Ti(n>-CsHs)2(C¢Hs)2 on the basis of labeling and trapping
experiments,® and recent results by Erker® support the for-
mation of a benzyne intermediate; Zr(n>-CsHs)»(CgHa),
in the thermal exchange of aryl groups between Zr-
(n*-CsHs)a(aryl), and aromatic solvents. To our knowledge,
however, no compounds containing a benzyne molecule n2
bonded to a single transition metal have been isolated.” Qur
studies of metallocyclopentane complexes!” led us to develop
a synthesis of tantalum-olefin complexes, Ta(n’-CsMes)-
{(CH,=CHR)Cl3, by decomposition of thermally unstable
dialkyl complexes, Ta(n3-CsMes)}{ CHCMe3)(CH>CH3R)Cl;
(R = H, Me).!3 We now report the extension of this principle,
a form of the 8-hydride elimination process by which many
transition metal alkyl complexes decompose,'* to the prepa-
ration of stable benzyne complexes.!?

Ta(n?-CsMes)(CH2CMe;)Cl3!3 reacts slowly (~24 h) with
1 equiv of Zn(CgHs)» in benzene to give neopentane and a dark
brown solution containing Ta(n’-CsMes)(C¢H4)Cls (1); no
intermediates can be observed by 'H NMR. Ta(5*-CsMes)-
{CeH4)Cl; can be isolated as yellow crystals in 44% yield by
removing the benzene in vacuo and recrystallizing the gummy
residue from toluene at ~30 °C. The '"H NMR spectrum of
1 (7, C¢He) shows a singlet for the n3-CsMes group at 8.26
(relative area 15) and a symmetric AA’BB’ pattern consisting
of two multiplets at 2.07 and 2.78 (relative area 4), consistent
with its formulation as a benzyne complex. Since 1 is not sol-
uble enough for '3C NMR or a cryoscopic molecular weight
determination, we sought a more soluble derivative.

Adding 1 mol of phenyllithium to a suspension of Ta(n*-
CsMes)Me;ClI' in ether at —78 °C initially produces a ho-
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