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A NOVEL SWMESIS OF (+I-INTEGERRINKK ACID LACTONE FROH R-(+h3-CITRONELLOL 

James D. White* and Lalith R. Jayasinghe 

Department of Chemistry, Oregon State University 

Corvallis, Oregon 97331 

SUHHARY: A new route to (+I-integerrinecic acid, the necic acid component of the macrolactone 

pyrrolizidine alkaloid integerrimine, has been devised starting from the R enantiomer of 

8-citronellol and proceeding via S-lactone, 17. 

Syntheses of integerrimine (1) have utilized a cornnon strategy that assembles the dilac- 

tone moiety of this alkaloid from the natural dlol (+I-retronecine (2) and a derivative, eg 

19, of a dicarboxylic (integerrinecic) acid (3).1-3 In the course of our synthesis of 1,3 

(+I-lactone (191, prepared in 18 steps and 11% overall yield from methyl (RI-(-I-3-hydroxy-2- 

methylpropionate, was converted to 22 prjor to regioselective coupling to the 'I-hydroxyl func- 

tion of 9-t-butyldimethylsilyloxyretronecine. Although this route to the necic acid component 

of 1 afforded material of very high stereochemical purity, the need for HPLC separation at an 

early stage in the sequence presented serious logistical problems. Also, this approach could 

not be readily modified to accommodate other pyrrolizidine alkaloids, such as usaramine (4). 

1, R-CH, 2 3 

4, R-CH,CH 

A more flexible plan for synthesis of 20 and, prospectively, those necic acids that bear 

a 3R methyl substituent can be envisioned from (RI-(+I-B-citronellol (7). Controlled intro- 

duction of the second stereogenic center and adjustment of functionality, including truncation 

at the isopropylidene terminus, are required to reach 15 and hence 22 from 7. We now describe 

a sequence that accomplishes this goal. 

2139 



2140 

(vii) C 11, R=H (viii) C 
13. R=H 

12. R = 3.5DNB 14, R-3.5DNB 

(I) HCI (g). -5 OC: NaOH. tl(53%): (ii) UAIH,, EbO (97%)); (iii) Pyridinium chlorod~mmate, CH,CI, (70%); (iv) CH,$Me$, 

LDA. THF; Mel. MaOH; NaHCO, (aq), CH,CI, (76%); (v) NaBH, CeCI,, MeOH (95%); (vi) Cumene hydmperoxide. 
diisoprc+q4 (_)-tartrate (cat), TI(l-OPr), (cat) (69%); (vii) 3,5-(O,N),C,H,COCI, py, DMAP (87%). 

Although 7 can be obtained by hydroboration-oxidation of comnercial (RI-(-1-P 

citronellene, the optical purity of this monoterpene was unsatisfactory for our purpose. 

Consequently, 7 was prepared by a known route from (RI-(+I-pulegone (5) via 6-citronellic acid 

(61.4 After oxidation of 7 to citronella1 (81, the enolate was alkylated with Eschenmoser's 

salt and the resulting amine was quaternized with methyl iodide then treated with base to give 

9.5 Reduction of 9 in the presence of cerium trichloride6 gave the allylic alcohol 10 in an 

overall 50% yield from 6. 

It was expected that asymnetric epoxidation' of 10, catalyzed by diisopropyl 

(-l-tartrate,' would afford 11, but, in fact, a 3:l mixture of diastereomers 11 and 13 was 

obtained. The epoxides were separated as their 3,5_dinitrobenzoates (3,5-DNB) 12 and 14 by 

chromatography and crystalline 12 (mp 56.5-57 "Cl was reduced to diol 15. After protection as 

the bis-3,5-DN8 16, the olefin was cleaved oxidatively with ruthenium(IV)g and the esters were 

saponified. Acidification resulted in spontaneous lactonization to 17,1° the structure of 

which was confirmed by an x-ray crystallographic analysis." Oxidation of this alcohol'2 

afforded a carboxylic acid which was converted to methyl ester 18 with diazomethane.3 

Introduction of the E ethylidene substituent via aldol condensation of 18 with acetaldehyde 

and elimination of the derived B-acetoxy lactone follows Narasaka's route in the racemic 

series.13 Saponification of 19 produced (+I-integerrinecic acid lactone (2011' and esteri- 

fication of this acid with 2-(trimethylsi1yllethanol gave 21.' Hydrolytic opening of this 

S-lactone yielded a hydroxy acid which was protected as its t-butyldimethylsilyl ether 22. 

The latter was found to be identical in all respects to the substance prepared previously.3 

The epoxide mixture obtained from 10 could be-circumvented by employing the enantiorneric 

(+I-tartrate as catalyst,e which furnished 13 and 11 in a 96:4 ratio respectively. After 
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(iv) c I?, R=CH,OH 
W) 

19, R=CO,Ma 
16, R-co$e 

(W 
20. Ft=cO.g 
2 1, R - CO&H$,SiMe, 

I Wib (ix) 

22 

(I) UAIH,, THF (82%); (Ii) 3.5(O~N),C&COCL py. DMAP (87%); (iii) RuCI, (cat), NalO,; bCOa, MeOt+ 5% HCI, CHC4 (5996); 
(Iv) RuC4 (cat), H,lO,,; C&N, (53%); (v) CH,CHO, LDA. HMPA; &O, EbN; DBU (50%); (VI ) LIOH. THF-H&t (11). @C(QS%); 
(VU) Me,Si(CH#H. 2chloro-1-meU?ylpyrldinlum iodide, EGN (90%); (viii) LiiH. H202, THF-H,O (2:l) (57%); (ix) t-BuMe$iOSO&F,, 
2.&luddine. CH,CI, 0 “C: AcOH-THF-&O (3:3:1) (67%). 

protection of 13 as Its t-butyldiphenylsilyl (TBDPS) ether 23, the olefin was ozonized; oxida- 

tive work-up with Jones' reagent led to 24. Acid catalyzed opening of this epoxide was 

anchimerically assisted by the ester function'4 to give 25, in which clean inversion had 

occurred at the quaternary center. The primary alcohol of 25 was reduced to a methyl group 

via iodide 2615 and removal of the silyl blocking group from 27 then yielded 17. 

23 24 bTBDPS 

(I) Cumene hydroperoxide, dileopropyl (+)-tattrate (cat), TI(i-OPr), (cat) (81%); (ii) t-EuP$SiCI. DMF, lmldaxole (90%); 

(iii) 0, CH&I,, - 7eoC: CrO,, H,SO,, Me&O, 0 Oc; CH,N, (45%): (iv) CF,CO,H, CHCI,. -10 v (50%); (v) PbP. 4, imidaxcie, 
C,& (90%); (VI) n-SySnH, AISN: (vii) n-Bu,NF, THF (60% from 2 6 ). 

The stereoconvergent routes to integerrinecic acid lactone elaborated above demonstrate 

that (RI-B-citronellol is a valuable chiral synthon for a principal subunit of 1. Studies in 

progress will determine whether this stratagem is applicable to other necic acids. 

Acknowledgnents. We are indebted to Mr. Louis J. Todaro and Dr. John Blount, Hoffmann-LaRoche 

Inc., for the x-ray crystal structure of 17. Financial support was provided by the National 

Institute for Environmental Health Science (ES 03334). 
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