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DiMichele, 

Abstract: The &velopment of novel, mild inversion chemistry which f~ilitates the preparation of the 13-epi- 

22,23-dihydroavemtectin 31 a&cone 1 is described. 

The avermectins and their aualogues anz highly functionalized natumlly occuning 16manbered lactones 

which am widely used as potent antipamstic agents. 1 These structurally unique avermectins have an 

oleandrosyloleandrose subunit attached at the Cl3 position which appears to contribute to its high potency. 

Newer analogues of ivermectin (22,23dihydroave1mectin B 1) have been pnpared by remrval of the oleaadmse 

substituent, providing 22,23dihydroavermectin Bl aglycone, and modification of the Cl3 position. Inversion 

of the stereochemistry at Cl3 has been found to improve the safety profile while maintaining good activity.2 

Consequently, considerable synthetic effort has been devoted to inverting the sterically congested Cl3 a-allyl- 

homoallylic hydroxy functionality of the avermectins.29 The efficient inversion of the 13-os-hydroxy group, 

however, has proved to be a difficult synthetic transformation, complicated by the highly sensitive chemical 

functional&s present in this molecule. We now wish to report a mild, efficient &version of the 13-position to 

prepare the 13-epi-22,23_dihydroavamctin Bl aglycone 1 with cesium carboxylates (Scheme 1). 

1 

The inversion of the Cl 3-hydroxy group has been prtviously repor@ by Mmzik~ and 

Jonesf. A major drawback with the procedures was the lability of the tosylate leaving group. Also, the 

inversion processes used expensive, unavailable reagents and wm not amenable to scale up. 
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Thetosylatewasmplaccdwiththemorestablemcsylatc3; nodisplacementby~waso~as 

with tosyl chloride. At first, treatment of the aglycone ti with tricthykmi&mesyl chloride at -10 “C gave a 

complex mixture of products, along with some 13-a-mesylate 3. By changing the base to 

diisopmpylethyIaminc a 65% yield of de&cd mksylate 3 was obtained after chmmatogmphy. Interestingly, 

addition of a pyridine base gave a sigtdficant &aoeemmtofthcmesylateforkuion.~Afteropdmi&onan 

effective pmccdum was dcvelopcd: compound 2 was treated with hWl, a pyxidine base (2,64utidinc, DMAP 

IX c&din& and dikqxopyletbykni~ (1X&3) ia dichlcmmetha~~ at -10 ‘C 16a 15 mio to produce 3in >98% 

yield. 

Scheme 1 

l)C!sOOC&H~/ 
18-C-6 / PhcH3 

Ti(OiPr~/HOiPr 

95 % 

4a: R=H; Rg=TBS; R2=Mc 
4b: R=TMS; RI-TBS; Rz=Mc 
4c: R=H; Rl=TBS; R3=Et 
4d: R=TMS; Rl=TRS; Rz=Et 

R=TMS; R1 =TBS 

1 

Cesium carboxylates pmved to bc the most effective reagents for the invqsion.~ ~anpound 3 was 

treatcdwithCsOAc/l8-Clown-6at80oCtoprovidea509bcombinedyieldofthe13-gacttoxycompoundsIr 

and 4b in addition to two major impurities (>2O%) 5 and 6, which wcm gcncratcd by epimcrization and 

isomcri&on,reqctMy,attheC!-2position.7 Sincethctmsicity’ofthcreagentwascausingtbcsidcxeWions 

a buffered reagent was employed. Tmarmcnt of compound 2 with cqaium propioaatemono propionic 

add8 (1.7 quivKl8-C-6 (1.0 c&v) in tolucne at 110 ‘C for 1.75 h pmduced the 13-~propionatcs 4c aad 4d 

withd%oftheC-2impuritiesgeneratcd. In~~toresilylatethe7-hydroxy~ofIcthe~rwcti~ 

mixture9 was subjected directly to trimcthylsilyl chloridc/Mdaxole ro give the 13-f&propionate Jd in 69% 

i8OhtCdyiCldaftercdumnC~ y. Toesmblishthebuff&geffectoftheacid,ancquivalcntofacctic 
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acidwasadded~Oectsiumacetatertactiop~cormmciallyavailablecesium~doesnotconcainfree 

acetic acid. Again, 6% of the C-2 impurities were formed. Due to the expense of commercially available 

cesium pmpionateqmqionic acid a new procedure, was developed: 4 equiv of propionic acid, 1.08 equiv of 

cesiumaubawe,andoneequivof 184pwn-6,~~~in~lolueneat105’Cfor2h~ffarm~~~ 

reagent. Themsylatc3wasthenaddedandthereactioo~~washeatedatllo~C,Thtctudeproductwas 

tmated with TMsQiia3idezole to flmtish the desired 13-gpropiow 4d in 68% yield?) 

5a: R= H; Rl=TRS 6a: R+ H; R1=TRS 
sb: R=TM$ Rl=TRS 6b: R=TMS; R1=TEU 

The hydrolysis of the 13-gcarboxyl group of 4d to the corresponding 13-phydroxyl compound 1 was 

a potential problem because of the sensitive functionality in the avemuctin molecule. With this in mind a mild 

transesterificationt 1 was developed that cleanly produced the 13-kalcohol 112. Deatment of compound 4d 

with three equiv of titanium isopmpoxide in isopmpanol gave the 13-balcoholl in 95% yield with no detectable 

epimerhnixation at the C-2 position. This 13-~&oh011 was mcrystalhxed fmm acetoniuileIwater (20~1) with 

8O%wovery. AsccondnopoflbroughtdrecombinedItcavgyof>99~%-plrematerialto>95%. 

This highly effective and novel inversion process involving alcohol activation, buffered-cesium 

carboxylate displacement, and titanium-&ted transesmrfication provides a non-chromatographi~ large-scale 

process for the preparation of the crystalline 13-e&22.23~dibydroavetmectin B1 aglyame 1 in -67% overall 

yield.13 The invekon twhodology described herein clearly offers a mild entry into the 13+analogues of the 

averme&tsaswellasotbastmcmmRycaupkxseco&ryalcohols. 

Acknowledgement. We would like to thank Raymond J. Cvetovich and Joseph S. Amato for supplying the 

S-GTBS-7-GTMS-22.23-dihydroavemwtin aglycone (2). 
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The C7 hydroxyl group of’compound ,2 was selectively protected as the trin&thylsilyl ether using a 

procedure developed by Raymond J. Cvetovich, Joseph S. Amato, Richard F. Shutnan, and Edward J. J. 

Grabowski, unpublished results. 

The trialkylaminapyridine combination is believed to operate through a different, hitherto, unexpected 

pathway. The mechanism of this mesylate formatkm is currently under investigation. 
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The sms of the C-2 impurities 5 and 6 were unambiguously cor&med using a combination of 1-D 

(lH, 13C, NOEDS) and 2-D (COSY, HETCOR) NMR techniques. 

The reagent was obtained from Aldrich Chemical Co.(cat.33,379-4) or Johnson Matthey Electronics ( cat. 

18865. Lot # H17D). Cesium pmpionate*pmpionic acid is less hygmscopk than cesium acetate. 

Thel8crownaiseasytoremavefnrmthereacti~~~bytheadditionofhexaneswhich~~~the 

18-crown+cesium pmpionate as a solid. The reaction mixture wasfihaedandthefihratewaswashedwith 

5% queous NaHCO3 resulting in 18-crown-&free product The lH-NMR studies indicate that the solid 

contains 18-cmwn-6msium propionate. 

No kpmvement was offered by alternative carboxylic acids: formic acid, methoxyacetic acid, vale& acid, 

decanoicacid$balzoicac&,4-metho be xy nzoicacidand4-nitrobenzoic~. 

a) The original procedure required 0.5 quiv of Ti(OR14 reagent However, three quiv of Ti(OiPr)4 was 

~~haeduetotheti~umoomplexationwith~oxygenspresantinthemd~.. 

b) Due to the acid-labile trimethylsilyloxy group, the work-up was changed from 1N HQ to 2% H3PO4; 

see Seebach, D.; Hungerbuher, E.; Naef, R.; Schnurrenberger, P.; Weidmann, B.; Zuger, M. Synthesis 
1982, 138. 

NMR Spectmscopy of 13-ep@2,23dihydrcavermecdn Bt aglycone 1: Samples were pmpared in 

CDC13.~and~-lfspectrawere~onaB~AM_400spectn>maer atafiquencyof 

400.13 and 100.61 MHz respectively. The chemical shifts are mported in ppm relative to msidual 

CHC13 for proton (8=7.27 ppm) and relative to CDC13 for carbon-13 (8=77.0 ppm). Coupling 

constants (J) were recorded in Hz: lH NMR, 8B 5.84 (dd, J=14.9, 11.5, HlO), 5.65 (dt, J=11.5,2.4, 

Hg). 5.47 (q, F1.6, H3), 5.33 (dd, J=14.9,9.9, Hll). 5.29 (om, Hl5), 4.79 (m, Hlg), 4.68 (dd, 

J=l4.3,2.4, C8aH), 4.57 (dd, Jcl4.3, 2.4, C8aH). 4.39 (m, H5), 3.80 (d, Jc5.2, Hg). 3.77 (d. J=9.9, 

H13), 3.62 (m, H17), 3.23 (q, J=2.4, H2). 3.17 (d, J=7.5, H25), 2.43-2.25 (om, Hu)aq, Hl2, Cl6H2). 

l-79 (s, c4aH3), 1.76 (om, Hl8q), 1.63-1.42 (on& H22, H23, H24, H26), 1.61 (s, Cl4aH3), 1.39 (m, 

C27H2). 1.17 (d. J=6.7, ClzB3). 0.94-0.84 (on& C28H3, H18art), 0.94 (s, (CH3)3C), 0.86 (d, J=6.7, 

C26aH3), 0.68 (m C24aH3). 0.140 (s, CH3Si). 0.137 (s, CH3Si), 0.12 (s, (CH3)3Si). 

All new compounds were charsctaized by lH, 13C. JR, and HR-MS or combustion analysis. 
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