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Alhlrrrel: The ktonc iatermcdiltes (2) and (3) are co11vataJ by lithium acetyli ckmistry followed by mcrcmy 

catdyxed hydntiae to novel semi-synthetic 23-0x0 C?A and C25 substituted milbemycins (7). 

Since the discovery * of VM 44866 (1). a milbemycin containing the unusual feature of a hydroxyl 

group at C22 whilst being unsubstituted at C23. we have been inktested in the chemical alteration of its 

structure in order to modify its biological activity. We had found that the outer spiroacetal ring could be 

cleaved by a Be&mum fragmentation process giving the lactone (2) or (3).2 Thcsc lactoncs art key 

intermediates since it has proved possible to rebuild the outer spiroacetal ring containing novel substituents. 

We have showd that an efficient way of achieving this is by employing lithium acctylide chemistry leading 

eventually to semi-synthetic milbemycins of the getm?ral type (4) containing a C22-C23 double bond and a 

variety of substituents at C24 and C25. We NW wish to describe an extension to this chemistry leading to 

novel milbemycins containing functionality at C23, C24 and C25. 

Addition of the lithium acctylide(5). derived from a (A)-tronr-substituted homopropargyl alcohol 

(protected as its TES or TBDMS ether) and butyUithium, to the lactone (2) or (3) followed by 

acid/methanol treatnmmt gives the methyl acetal(6) as a mixtum of diastereoisomers in good yield (SO-80% 
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after chromatography). Functionality at C23 is then introduced by hydration of the acetylene with 5 mol% 

of mercuric oxide in dilute sulfuric acid/methanol at room temperature (Scheme 1). Under tbese conditions 

although both diastereoisomers hydrate, the diastereoisomer with ‘natural milbemycin’ stereochemistry at 

C25 cyclises significantly faster than the diastcreoisomer with ‘unnatural milbemycin’ stereochemistry at 

C25. particularly when R2 is a bully group. Therefore by canful control of the reaction a mixture of 

spirocyclic ketone (7) and trio1 (8) can be obtained which can readily be separated by chromatography. The 

trio1 (8) can then be cyclised separately to spiroacetal(9) by prolonged treatment with toluene+sulfonic 

acid in THF. 

Ax Q-b 

(2) or (3) 
lb TES or lEDhiS (6) 

I 

H@‘H2=4 

MeOHIH20 

+ 

-vb 

(Q) 
SCHEME 1 

0 

(a) R’.H, R2=hex 

(b) R’=H. R2=cW 

(c) R’=H. R2-& 

(d) R’=H. R2-I-Su 

(e) R’= Me, I?= Fh 

(r) R1=M~.R2-t-Su 

(g) R1=Me,R2=c+ex 

(h) R’= Et, I?= c-hex 
(I) R’-Su,R2=m 

(7) 

The 23tarbonyl group in structure (7) offers a handle for the introduction of alternative 

functionality at this position. A series of 23-oximes were prepared. In general when the C24 position was 

substituted (i.e. RI&I) then a single oximc isomer (E-isomer) was obtained4 although it was possible to 

bring about partial isomerisation by prolonged acid treatment. When the C24 position was unsubstituted it 

was possible to get a mixture of both oxime isomers (Scheme 2).5 Interestingly as the oxime substituent 
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gets bulkier the selectivity changes fkom favouring the Zisomer to favouring the E-isomer. At pmsent it is 

not fully under&rod what factors govern this reversal in selectivity. 

2% 
(‘1) 

E-UXIME 

2 

We wem then interested to see what effect introduction of a C24-C!25 double bond might have upon 

the biological activity of these oximes. The reqnired 23-ketone (12) was prepared employing some dianion 

chemistry similar to that developed by Barrett in his total synthesis of milbemycin ps.6 The dianion derived 

from 5,5-dimethyl-2,4-hexadione’ and 2 mole equivalents of LDA was reacted with the lactone (2) in Thor 
at -78T (Scheme 3). Addition was essemtially quantitative, however difficulty in bringing about 

spitocyclisation was encountered. It was first necessary to remove the S-TBDMS prote&ng group with 

dilute hydrochIoric acid in THF. Spirocyclisation was flnaliy achieved by treatment with tofuene4sulfonic 

acid in dichlorornethane in the presence of 4A molecular sieves in low yield [25% overall yield fi-om (2)J. 

Oximc formation was then accomplished by reaction with the appropriately substituted hydroxylamine 

hytihloride in methanol to give (13). It was necessary to carry-out the oxime formation in the absence of 

sodium acetate in order to obtain a reasonable rate of reaction and under such conditions a 1: 1 mixture of 

oxime isomers was obtained which could be separnted by pmparative TLC. 

(2) 4Adwm (72) (13) 
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In conclusion we have shown that it is possible to convert the key l&one intermediate (2) or (3) via 

lithium acetylide chemistry and mercury catalysed hydration to a range of semi-synthetic milbemycins 

containing novel substituents at C23.24 and 25. Also using dianion chemistry the lactone (2) has been 

converted to the 23-oxo-24.25-didehydro milbemycin (12). The biological activity of these compounds will 

be reported in due course. 

We thank Analytical Services Unit at Great Burgh for all the spectral data. 
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One exception was for (7f) when Rr=Me and Rk-Bu where a mixture of both possible oxime 

isomers was obtained. 

a) All new compounds were character&d by mass-spectroscopy, *H n.m.r. and 13C n.m.r. 

b) Typical r3C n.m.r. for compound (lOa) 8, (de-Acetone) 172.5 (Cl), 154.2 (C23), 142.5 (Cl 1). 

141.6 (C8). 137.8 (C4 or Cl4), 137.6 (C4 or Cl4), 124.9 (ClO), 121.8 (Cl5). 121.0 (C9). 119.2 

(C3). 99.4 (C21). 81.6 (C6), 81.3 (C7). 76.7 (C25), 69.2 (Cl7). 68.7 (Cl9), 68.5 (CS), 68.3 (C27), 

61.2 (NOMe), 49.1 (Cl3). 46.7 (C2), 41.9 (C20). 36.8 (Cl8), 36.5 (C12). 36.0 (C22). 35.1 (C16). 

34.5 cMe3). 31.3 (C24), 26.1 (C&3), 22.7 (C28). 19.8 (C26) and 15.7 (C29). 

For compound (1 la) 5, (&-Acetone) 172.5 (Cl), 154.3 (C23), 142.5 (Cl 1). 141.6 (C8). 137.8 (C4 

or Cl4), 137.6 (C4 or Cl4). 124.8 (ClO), 121.8 (Cl5), 121.0 (CY), 119.2 (C3). 99.8 (C21), 81.6 

(C6). 81.3 (C7). 75.4 (C25), 69.3 (Cl7), 68.6 (C19), 68.5 (C5). 68.3 (C27). 61.3 (NOMe), 49.1 

(Cl3). 46.6 (C2). 41.9 (C20),41.4 (C22), 36.9 (Cl8), 36.5 (Cl2), 35.2 (Cl6), 34.6 GMeg). 26.1 

(Ck3), 25.7 (C24). 22.7 (C28), 19.8 (C26) and 15.7 (C29). 
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5,5DimethyL2,4_hexadione (b.p. 70-72°C at 24 mmHg) was prepared by the condensation of 

pinacolone with ethyl acetate employing sodium hydride as base. See Adams, J.T.; Hauser. CR. 

J. Amer. Chem. Sot., 1944.66, 1220-1222. 
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