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Abstract: Ivermectin CL, has been converted to several analogs in which a spacer unit has been inserted 
between the aglycone and the disaccharide. Analogs 2 and UT retain good bioactivity while analogs E5, 16, 
a, and y are substantially less active than 1. 

The avermectins are a family of naturally occurring macrocyclic lactones with important anthelmintic and 
pesticidal activity.1 Ivermectin (a),2a a semi-synthetic avetmectin analog, is widely used as an anthelmintic 

agent in human and animal health.lcld The economic importance of the avermectins has generated 
considerable interest in their chemical modification2 as well as total synthesis.3 The avermectins consist of 
an aglycone linked to a disaccharide and for some time we have been interested in modifying the connection 
between these substructures. We felt that altering the relative spatial orientation of the aglycone and the 
disaccharide or changing the strength of the link between them might have an interesting effect on biological 
activity. When we initially began work in the avermectin field such modifications were impractical. 

However, recent research on avermectin synthesis has resulted in the availability of the avermectin 
disaccharide (a2b*3b and activated disaccharides (a)3a,4a and (&.3b4d A ccess to these intermediates, 

coupled with recent advances in avermectin glycosylation, 3a~b enabled us to successfully complete the 
conversion of 1 to several analogs @, m, & u4, 25, and a in which various spacer units have been inserted 

between the aglycone and the disaccharide. 
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We chose analog 2 as our first target since the spacer is relatively small and is attached to the aglycone by a 

relatively stable ether linkage. We anticipated that the requisite intermediate 6 could be obtained via a 

procedure analogous to one previously used to prepare the 13-O-methyl analog.2c As expected, conversion of 

protected aglycone s2cd to the tosylate5a (3.8 eq. Ts~O,~~ 6.2 eq. (*Pr)2NEt, 5.9 eq. DMAF’,5C CHCl3, 23 
OC, 18 h) followed by reaction of the crude tosylate with ethylene glycol (HOCH2CH20H, 12.5 eq. KOAc, 
55 OC, 6.5 h) afforded hydroxyethyl analog &avb 

fluoride s4a (2.8 eq. 3, 1.2 eq. AgC104, 

(31% yield from a. Glycosylation of 6 with disaccharide- 

1.3 eq. SnC12, ether, 3A sieves, stirred vigorously, 0 OC, 1 h)3a 

afforded both the a-glycoside 1 (21%) and the p-glycoside & (23%) (separated by preparative TLC on silica 
gel). Subsequent removal of the TBDMSSd protecting groups (HF/pyridine/IliIF) from 2 and 8 afforded the 

desired “spacermectin” analogs $b (84%) and &b (59%), respectively. 
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We next turned our attention to the preparation of analogs fi and 16. In these derivatives the spacer is 
slightly longer than in 9 and the connection to the aglycone should be more easily broken than the ether 

linkage in 2. Reaction of 9 with CDISe in benzene (1.2 eq. CDI, benzene, 23 OC, 28 h) afforded the stable 

intermediate fi6b (77-838 chromatographed yield). Treatment of u with ethylene glycol in benzene (3.7 eq. 
HOCH2CH20H, 0.2 eq. DBU,5f benzene, 23 OC, 21 h) provided the hydroxyethyl-carbonate u (40-50%). 

As expected, glycosylation of JJ (2.4 eq. &4a 1.25 eq. AgC104, 1.2 eq. SnC12, ether, 3A sieves, stirred 

vigorously, 0 OC, 1.5 h)3a afforded both the a-glycoside u and the p-glycoside &$ which were deprotected 
(HF/pyridine/lXF) to afford the desired “spacennectin” analogs Ifi (14% from W and fi (10% from 12). 
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OR 

13 R = TBDMS 14 R = TBDMS 

15 R=H (14%) 16 R = H (10%) 

Finally, we selected analogs 21. and 22 as targets based on the expectation that they would be intermediate 
in stability relative to the previous analogs. Condensation of 5 with 2-acetoxyethoxymethyl bromide m7 (5 

eq. u, 13 eq. (‘F’r)2NEt, CH2C12, reflux, 31 h) afforded acetoxyethoxymethyl analog J& (60%). Treatment 
of m with ammonia-saturated methanol (23 OC, 5 h) then provided the requisite hydroxyethoxymethyl 

intermediate m (49%). Since the previous glycosylations using disaccharide-fluoride 9 had resulted in 
relatively low yields we decided to examine an alternative gl cos 

sb4c! 
lation method for the synthesis of 21. and 

22. Thus, reaction of m with the thiopyridyl-disaccharide 4 1 (1.5 eq. 4, 1.3 eq. AgOTf,5g CH3CN, 25 

OC 10 min.) afforded a 60:40 mixture of the a- and p- glycosides u and 211 (59%). The mixture was 

dedrotected (HF/pyridine/THF) to afford the desired analogs p (29%) and 22. (15%) (separated by preparative 
reverse phase HPLC). 

19 R=TBDMS 

21 R = H (29%) 

20 R = TBDMS 

22 R = H (15%) 
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The novel analogs were evaluated in a brine shrimp immobilization assay (Table I). 8 Although analogs 9 
and .@ were nearly as active as ivennectin, the other analogs were substantially less active. It appears that the 

activity of the analogs correlates directly with the stablity of the aglycone-disaccharide linkage. It is also 
interesting to note that with the possible exception of the carbonate analogs fi and &, the glycoside 
stereochemistry (a or 0) does not appear to have a significant effect on activity. 

I TABLE 

Bioactivity ef kvermectin Analoes 

A-a 

:omDound lqQQff 

I 430b 

e 1730 

111 1730 

15 >555OOc 

16 41650 

2 27800 

2 27800 

(a) Brine shrimp (A. sulina) data obtained as described in reference 8, average of 
2 assays unless otherwise noted; (b) average of 3 assays; (c) Highest level 
tested, ~100% activity. 
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