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bstract: Ring-closing olefin metathesis of acrylates derived from allylic and homo allylic alcohol

Ab s in
the presence of the Grubbb catalyst (10-15 mol%) and titanium isopropoxide (0.3-3 eqmv) provided

ready access to o, B-unsaturated y- and d-lactones and an important dipeptide isostere intermediate.
© 1998 Elsevier Science Ltd. All rights reserved.

Transition metal catalyzed ring-closing olefin metathesis has been the subject of much attention
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particularly notabie because of the remarkabie functional group tolerance, operational simplicity and
ready availability.> The immense synthetic potential of this catalytic process is already evident in
numerous recent syntheses of biologically important natural products with diverse functionalities as
well as varied ring sizes.>* We have recently reported the synthesis of novel macrocyclic urethanes
utilizing a ring closing strategy.> In our continuing efforts in the design and synthesis of nonpeptidyl
protease inhibitors, we required a convenient synthetic route to structurally diverse unsaturated y- and
d-lactones. The ring-closing metathesis of acrylates derived from allylic and homoallylic alcohols
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the strategy seems appealing, one possible caveat is the formation of unproductive stable six and
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seven-membered metal chelates with the ester carbonyl and the resulting carbene species which may
hinder olefin metathesis. However, Fiirstner and Langemann have shown that the presence of
titanium isopropoxide destabilizes such unproductive complexes and results in effective cyclization.®
Herein, we report the ring-closing metathesis of acrylates of allylic and homo allylic alcohols with the
Grubbs’ catalyst (10-15 mol%) in the presence of titanium isopropoxide (0.3-3 equiv). This method
provides convenient access to 0, B—unsaturated y- and 8-lactones in good to excellent yields. The
amino acid derived y-lactone can be converted to the hydroxyethylene isostere, a key intermediate for

potent and selective HIV protease inhibitors.
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As shown in Scheme 1, the reaction of aldehyde 1 with vinylmagnesium bromide in THF at 0
tn 710 O far 2 b affardad tha allul aleahal @ ac o mivtire (2-1) of i AN viald) 8
to 23° C for 3 I afiorded the allyl alConol 2 as a imixture {5:1) OI Giastereomers (/V% yicia), Reaction
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of 2 with acryloyl chloride (1.2 equiv) and Et;N (3 equiv) in the presence of a catalytic amount of
DMAP in CH.Cl, provided the acrylate ester 3 (65%). Reaction of aldehyde 1 with
allyltrimethylsilane in the presence of BF;.OEt, at -78°C and subsequent acylation of the resulting
homo allylic alcohol afforded the acrylate ester 6 as a single isomer.® The threo alcohol in entry 3

(Table 1) was prepared by reaction of BOC-phenylalaninal with excess vinyl zinc chloride in THF at
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-40° C for 2 h {(65%).” Treaiment
followed by dropwise addition of ailyitributyitin afforded the threo homo allylic aicohol for entry 4.'°
Various alcohols for entries 5-10 were prepared by addition of vinyl and allylmagnesium bromides to
the respective carbonyl derivative at -20° to 0°C (65-75%). The resulting allylic or homo allylic
alcohols were converted to their respective acrylate esters as described above.

Initial exposure of acrylate ester 3 to commercially available Grubbs’ catalyst 4 (10 mol%) in

CH,C1, (0.007 M solution) at 40°C for 15 h resulted in low conversion of lactone 5 (40% by 'H-
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eSis of 3 was carried out uiilizing Grubbs’ catalyst in the
, unsaturated y-lactone 5 was obtained in 72% yield (based on

Interestingly, when the olefir 1“1eta[
presence of Ti(OiPr), (3 equiv) at
18% recovered 3) after 15 h. Snmlarly, the reaction of 6 with Grubbs’ catalyst in the presence of
Ti(OiPr), (0.3 equiv) afforded the &-lactone 7 in 94% yield with complete consumption of starting
material within 2 h. The formation of six and seven-membered stable metal complexes such as 8 and

9 (Fizure 1) may account for the slow conversion rate. A similar unproductive metal chelate was

earlier hypothe esized by Fiirstner and Langemann durin_ their synthesis of macrocyclic lactones.®
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reaction in entry 4 underwent complete conversion providing the corresponding 6-lac
excellent yield. The amino acid derived y-lactone 11 (entry 3) was converted to hydroxyethylene
isostere 27 which is a versatile intermediate for the synthesis of numerous potent and selective HIV-1



Table 1. Synthesis of y- and 8-Lactones by Ring-Closing Olefin Metathesis®

Entry Diene Catmol% (eq LA) - or 8-Lactone Time/h % Yield®
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3All reactions are carried out at 40°C ; PYield refers to purified product; °Yield based on recovered
starting material (15-20%); 9Ratio of mixture 3:1 (The structure of the major diastereomer is shown).
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protease inhibitors.” Thus

stereoselective alkylation using lithium hexamethyldisilazide and benzyl iodide in THF at -78° C

catalytic hydrogenation of 11 over 10%Pd-C in EtOAc followed by
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afforded the lactone 26 in 77% yield (Scheme 2)."" The reaction of lactone 26 with benzylamine in

(8¢
the presence of trimethylaluminum in CH,Cl, furnished the hydroxyamide 27 in 72% yieid.'
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Scheme 2
In conclusion, we have demonstrated that the ring closing olefin metathesis reaction using
commercially available Grubbs’ catalyst is an efficient process for the synthesis of important five and
six membered lactones. Further applications of these lactones in the synthesis of novel protease
inhibitors are currently in progress. The following example is representative of this procedure.



Preparation of y-lactone 11: To a stirred solution of diene (312 mg, 0.94 mmol) in CH,Cl, (94 mL)
under argon was added Ti(OiPr), (84 pl 0.28 mmol) at 23°C. The resulting solution was refluxed at
40°C for 1 h and then Grubbs’ catalyst (77.5 mg, 0.094 mmol) in CH,Cl, (1 mL) was added. The
reaction mixture was stirred at reflux for an additional 15 h. The mixture was cooled to 23°C and
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46 mg of starting diene) as a white solid (m.p. 118-120°C). 'H-NMR (400 MHz): §, 7.43 (dd, 1H J=1.1,
5.7 Hz), 7.35-7.24 (m, 5H), 6.06 (dd, 1H, J=1.8, 5.7 Hz), 4.94 (d, 1H, J=1.3 Hz), 4.5 (d, 1H, J=8.1 Hz),
4.23-4.21 (m, 1H), 3.05-2.92 (m, 2H), 1.35 (s, 9H); "*C-NMR (100 MHz): d, 173.19, 155.22, 155.05,
136.69, 129.32, 128.76, 126.98, 121.45, 82.86, 79.95, 52.50, 38.65, 28.08. IR (neat): 3328, 2978, 1753,
1688, 1524,1166 cm™; MS, m/z: 303 (M").
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All new compounds gave satisfactory spectroscopic and analytical results.
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