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Synthet ic Intermediate of Maridonolides. Conformational Analys is and

Completely Stereoselective Reduction of the C9 Carbonyl Group 1)
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S u m m a r y The key synthe t ic in t e rmed ia t e of m a r i d o n o l i d e s (2) has two e a s i l y de tec t ab le
c o n f o r m a t i o n a l i s o m e r s in s o l u t i o n . The c o n f o r m a t i o n a l a n a l y s i s of the 1 6 - m e m b e r e d
epoxyenone ring and the e f fec t of conformat ion on reac t iv i ty in the reduc t ion of the C9 carbonyl
g r o u p are desc r ibed .

Recen t ly , we have repor ted the to ta l syn thes i s of a g l y c o n s of the typica l 16 -membered

m a c r o l i d e an t ib io t i c s via the d i e n o n e der iva t ive (1) as a c o m m o n in te rmed ia t e , a p p l y i n g

s t e r eose l ec t i ve e p o x i d a t i o n and reduc t ion on macrolac tone r i n g s by v i r tue of a conformat iona l

analysis of 12) b a s e d on NMR measurements and MMP2-CONFLEX23) calculations. In these studies,

we f o u n d that in te res t ing ly the e p o x y e n o n e der iva t ive (2) , the key synthe t ic in t e rmed ia t e of

m a r i d o n o l i d e s , 4) ex i s t s as a mix tu re of two in te rconver t ib l e conformat iona l i s o m e r s e a s i l y

de tec t ab le by TLC analys is and 1H NMR spect roscopy. Usua l ly macro lac tones in so lu t ion have

severa l m a j o r conformat ions , w h i c h can be de tec t ed only by NOE measurements because of the i r

r a p i d in te rconvers ion . So far as we k n o w , this is the f i r s t case that the conformers of such a

macrolac tone like 2 can be eas i ly detected by the usua l ana lyses as described.

We repor t here the conformat iona l ana lys is of the apprec iably s t ab le i somers of 2, and the

re la t ion be tween the i r conformat ion and reac t iv i ty in the reduc t ion of the C9 carbonyl group.
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2 : R = M P M M a r l d o n o l l d e I : R = C O E t
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3 : R = T B D P S M a r l d o n o l l d e II : R = C O M e

Fig. 1

On a s i l i ca gel TLC [EtOAc-hexane (1 : 1)] 2 was de tec t ed as two separa ted s p o t s

cor responding to the conformat iona l i somers A and B, w h o s e 1H NMR spec t ra d i f fe r from one

another [A : B = 2 : 3], nevertheless, we fa i l ed to separa te A and B by usua l chromatographic

t e c h n i q u e s . 1H NMR m e a s u r e m e n t s 5) and two d i m e n s i o n a l TLC a n a l y s e s 6) at d i f f e ren t

t e m p e r a t u r e made it c l e a r that an in te rconvers ion occurs be tween these two conformers at room

tempera tu re and s tops b e l o w -35°C . S ince the conformat iona l cont ro l is somet imes cruc ia l for the

in t roduc t ion of new c h i r a l cen te r s into m a c r o c y c l i c sys tems , 2) we next t r i ed to de te rmine both

conformat ions by NMR studies. 7)
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Table. 1 Vicinal coupl ing constants
(J;Hz) of conformers A and B of 3

JH-H
2-3
3-4
4-5
5-6
6-7
7-8

1 0 - 1 1
1 1 - 1 2
1 2 - 1 3
1 3 - 1 4
1 4 - 1 5

A B
4.0,10.0 3.0,4.5

1.0 1.5
0 0
6.5 6.5

2.0,8.5 3.0,4.0
6.5,7.0 2.0,10,0

15.5 15.0
6.0 3.0
2.0 0

6,0,6.5 0,9.5
3.0,9.5 2.0,11.5

1HNOESY A : H7-HI0, H4-HI0, HI0-HI3,
H1 I-HI2, HI3-H14

B : H8-H10, H10-HI3, HI1-HI2,
H13-H14

On the basis of J values (Table. 1) and NOESY data of

the siloxy derivative (3) 8) by reference to the reported

conformational analysis of 1, 2b) both conformations of

A and B are estimated as shown in Fig. 2.9) The two

isomers are the rotamers of the epoxyenone and C3,5

acetonide ring. A has 9,10-s-c is , l l , 1 2 - s - t r a n s

conformation of the epoxyenone lying nearly in the

plane of the 16-membered ring, while the epoxyenone

of B is 9,10-s-cis, ll,12-s-cis form and perpendicular to

the plane of the 16-membered ring. Situation of the 6-

membered C3,5 acetonide rings is also quite different

between A and B. The chair form ring of A is situated in

the p lane of the 16-membered ring like the

epoxyenone, and that of B has vertical location.

s ~
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R : MPM or TBDPS

12 "~D

7 5 3

B

(omission of hydrogens)

Fig. 2 Estimated conformations of A and B

Fortunately, B crystallized in MeOH and the conformation in the solid state was determined

by X-ray diffraction (Fig. 3). From comparing Fig. 2 with Fig. 3, it is obvious that the solution
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conformation estimated from the NMR data is almost identical with the crystal structure. Since

the epoxy ring is fixed to the outside of the 16-membered ring to avoid the transannular

stereoelectronic repulsion, the conformational change of 2 and 3 needs somewhat forced rotation

of the acetonide ring as well as the epoxyenone, so the interconversion between A and B becomes

to be slow. 10)

Fig. 3 O R T E P d r a w i n g of the crystal structure

The above conformational analysis also suggested that A and B played an important role in

stereoselectivity of the reduction of the C9 carbonyl group, the key reaction in the synthesis of

maridonolides. In A, to avoid steric hinderance by the C7 metylene group, the hydride would

attack from upper side (arrow) to give the desired 9R alcohol, and also expected to afford the 9R

alcohol by hydride's attack from outside of the macrolactone ring in B. In short, both A and B

protected the i r C3,5 diol with an acetonide have advantageous conformations in the

stereoselective reduction of the C9 carbonyl group. Actually, when 2 and 3 were treated with

N a B H 4 in MeOH at room temperature, the reduction proceeded smoothly and the expected 9R

alcohol derivatives (4, 5) were obtained as a single product in quantitative yield (Scheme. 1).

O OH

9 S" O~~ ~ O R 9 ,,~NaBH4/MeOH ~ O R

O~o ~ O , ~ rt 10rain.._

2 : R=MPM 4 :R=MPM
3 : R=TBDPS 5 : R=TBDPS

S c h e m e . 1

As can be seen from Fig. 2, the above reduction was presumed to proceed more faster from

A than B because the C9 carbonyl group of B is sterically hindered by the C8 methyl group. The

following examination proved this assumption. The NMR measurement of the mixture after

carefull treatment of 3 with 0.5 equivalent of NaBH4 in CD3OD at -40°C, at which the

conformational interconversion stoped as described before, showed that the stereoselective

reduction of A only occured and B remained unchanged.
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Although the detailed conformation of A is not clear yet, the above successful results show

our conformational analysis to be reliable.

Finally, the 9R alcohol derivative (4) was converted to maridonolides in several steps. 2b)
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