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Annonaceouh polyketldes charucrenzcd by tetr~ihLtirofLlran rungs and ;I butenolide moiety were isolated 

from Annonaceae species and attracted extensive attention in recent years because of their biological activities.’ 

Several total syntheses have been reported.‘,i PdO-mcdiatcd coupling of a terminal alkyne and a vInyI bromide 

was employed as an effective approach to the constructIor1 of thz carbon skeleton. 3h 

Densicomacin was isolated in our laboratory frcrm the \tem bark of Anno,~u rfensicoma as a mixture of 

two stereoisomers 1 and 2.4 Compounds 1 and 2 ekhlhlteci potent cytotoxicity to human tumor cell in culture 

and represented the first two examples of C-35 polyketidz\ with ;I tetrahydrofuran ring located between C(10) 

and C( 13). The complete atercochemistry of all sevc‘n c,lrhlnol center\ has been assigned by using tH chemical 

shift patterns of Mosher e\ter derivatives.5 The ccrnflguratlon of the carbinol center at C(l4) is S and R for 1 

and 2 respectively. We herein wish to report the tl)tal \ynthrsis oi (+J- 1 7, 14~rllreo-densicomacin (2). 

1. K=OII. R’=H,1.7,l-l-cr\riiri, 2. R=H. R’=OIl, 13, 14.rhreo 

The key intermediate E. E. E-trienol 10 was prepared V~U a multi-step process as shown in Scheme 1. 

Diyne 3 was treated with BuLi/(CH20jn and then the triple bonds were reduced to give E,E-diendiol 4.h 

Monosilylation of diol 4 was followed by converxlon of allyllc alcohol to allylic iodide 5. Compound 8 was 

synthsized via a four-step sequence: alkylation of propargyl alcohol 6 was followed by reduction of the 

propargyl alcohol derivative to allylic alcohol 7. displacement of the hydroxyl group with a phenylthio group 

was achieved viu an intermediate bromide. The couplin, 0 reaction of a-phenylthio carbanion with iodide 5 

yielded alcohol 9 after desilylation. The phenylthlo group wab removed by Li-NH37 to afford E,E,E-trienol 10 

without double bond isomerlzatlon and migration. An altematlve approach to 10 is also described in Scheme 5.8 



9302 

Scheme I 

3 4 
OH c , 

d I. Cl4”ZY 
e g,h 

OH -C H m 
14 29 SPh 

9 10 
a, 1) n-BuLi. -7X cl 10 -20 ‘l, I h: 2) (CH20),, -20 O, 2 h, 20 “, overnqhl, X0%; b, LlAIH4, THF, rctlux, I 
h. 78%; c, TBDMSCI, imldaadc, DMF, 20 <‘, o>ernqhL, 75%: d, Ph3P-12, Imdazolc, 0 (‘, 45 mm, 82%); 
e, I), n-BuLi, THF, -7X (I 10 -20 ‘I, I h; 2) Cl4HwgBr. HMPA, 20 <), ovcrmght, 95%; f, LiAIH4, THF, 3 
h, 20 *, 92% ; g, PBr3, cthcr. (I I’, I h. 91%: h. F?hSLI. THF-HMPA. 20 Ct. ? h. 92%; I, 1) BuLi. -20” I 
h. 9 2) 5 1 20 I’, ,.1 , TBAF 1 THF. 0 (‘, I h. X7% for 1 \rcl’\, 1, LI-NH3 /NnH. -15 (‘, 3 h, X6% 

The absolute stereochemistry of the five carb~nol centers at C( IO). C(13), C(13), C(17) and C(18) was 

established using Sharple\s a~ymmetrlc epoxidatlon and ‘asymmetric dihydroxylation methods. Asymmetric 

epoxidation9 of 10 followed bv tohylation ot’ the epoxyalcohol gave tosylate Il. Double asymmetric 

dihydroxylationl() of thr diene resulted in tetraol I2 The TtIF ring was formed in the presence of acid with 

concomitant epoxldr ring oprnlng to glvc J neu Ictr;iol 13 The v~clnai diol was acetonized and the 

corresponding tosylate ~3s converted to the cpox~dt: 14 by treatment with K2C03. Protection of the 
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a. TIf,OI-Pr)4. LDET. I-BuOOtl. (‘112C12, -70 “, (1 h Wi,. b. pTKI. P!rdlrrc, X0%, (I “, or<rnghl: c. AD-MIX-P, 
0 O. 24 h, 91%; d, CSA. (‘H2Cl2, 20 “, I h, 92%. c. ~tc~CcOLlc)~, 1 (‘SA, I h. 904: f, K,CO-,, M&H, I h, X9%; 
g, DHP. PPTS. 1 h. WV: h. I’Bu3. 160,‘. 66’;. I. RI?. <‘c‘Iq, 0 “. 0.5 h. 90”;: J, LDA,l-HF. -7X “, I h. X4%. 
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hydroxylgroup as a tetrahydropyranyl ether, followed by deoxygenation of the epoxide with PBu3”, afforded 

olefin 15. The alkene was converted to alkyne 16 by bromination and then dehydrobromination. 

Scheme 3 
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a. (I) NaN02, H2SO4. (II). BH! Shlc2, THF, (III). l’,(‘l. I’). (IV). Nal. B~I’LOIIC, rck~x; (v), K2CO3, McOH; h, I) 
TMSCzCH, BuLi, -7X (’ 15 “,I”. 2) BF~-OEI~, -7X ‘l. 17 ,,I,,,. 3) lx, 7X <I, O.? h: X3%: c. DHP, PPTS, 20 l’, 4 h, 92%: d, 
TBAF, THF, 0 O, I h, 90%. c. BujSnH/AIBN, IfG I), J h, XO’i, I, I, LDA, -7X (‘, 0.5 h; 2) 0-MTM-(S)-lactal, -7X O, 3 h; 
82%; g. MCI, NaHCOj. ac~me-H20, rctlux. ovcmght. X6’,< h. Hr? CClj. -10 (I, 0.5 h, 92%. 1, McSO2CI, EtjN. -20 (‘, _ 
0.5 h, lhcn DBU. 20 I’, 4 h. UC! 

The preparation of the butenolide 1s jhoun 11, Scheme !. t.-Glut,tmic acid was converted to epoxide 18 

by a five-step sequence according to the literature ‘2 Lithlurn tnmethvlsilylacetylide was treated with BF3.0Et2 

and epoxide 18, after protection of the hydroxyl group wrth DIIP as a THP ether, to afford 19. Desilylation 

gave a terminal alkyne, uhlch was converted to the \~nyltln compound 20 by reduction with n-Bu3SnH.13 

Lactone 21 was obtained hy aldol condensation betueen the enolate of 20 and methylthiomethyl protected (S)- 

lactal followed by the deprotection and lactonlfatlon 111 the presence of Mel/NaHCOj. Reaction of the 

compound 21 wfith hromlne afforded ~lnyl hromlde 22. The butenollde functionality was constructed by 

mesylation of the hydrorvl group and elimlnatlon to ;~llord \ in\ I bromldr 23,1J one of the coupling precursors. 

I6 
a, b 

- (‘,,H~,, “-2 

The carbon \kelcton ~$131. ion\tructrd by Pti~~-~n~d~;~tt~l couplln, (1 of the alkvne 16 and the vinyl bromide 

23, after selective hydrogen,ltion mediated I,! Il’llhin\c>li’\ cat.ily\t, lh. I5 to afford 24. Deprotection gave the 

title compound 2 The s\nthetlc compound 2 ;a~<~ ;~n R~~v,~luc and a ‘H NMR spectrum con~lstent with those 

from the authenrlc ~nplr The \pecll.ic rr~tatl~rr 01 \\ nlhetlc cc~mpound 2 wa:, [aI 2” =+20.3 (c=O.26, 
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MeOH)t6 which was lower than that of the natural densicomacin (as a mixture of 1 and 2) [aIt? =+26 

(c=(H)5 , MeOH)3. Thus. the asymmetric synthesis of densicomacin 2 was achieved. The further application of 

this methodology to the synthesis of densicomacin analogs for structure-activity relationship evaluation against 

human cell lines in culture is underway. 
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support. 

References and Notes: 
1. Fang, X.-p.; Rieser, M. J.: Gu. Z.-m.: Zhao, G.-x.: McLaughlin, J. L. Phytochem. Anal. 1993,4, 27-48. 
2. Koert, U. Synthesis 1995, I 15-132, and references cited therein. 

3. a) Naito, H.; Kawahara, E.; Maruta, K.: Maeda, M., Sasaki. S. J. Org. Chem. 1995, 60, 4419-27; b) 

Hoye, T. R.; Tan; L. Terrahedron Letr. 1995, ih, 198 l-4. and references cited therein. 

4. Yu, J. G.; Ho, D. K.: Caxsady: J. M; Xu. L..: (‘hang. C.-j. ./. Org. Chem. 1992,57, 6198-202. 

5. Hu. E. X.; Wang, T.-L.: Cassady. J. M. Manu\crtpt in preparation. 

6. Lennon. R.; Rosenblum. M. .I Am Chem Sot,. 1983. 105, 1333-41. 

7. Negishi, E.-i.; Rand, C. L.; Jadhav, K. P. .I. Org. C/tern. 1981. 40, 5041-4. 

8. An alternative approach to E.E.E-trienol 10: Bromide 25 from allylic alcohol 7 coupled with the anion of l- 

trimethylsilylpropyne (c)2% ), after desilyatton with TBAF (YS% J, to afford enyne 26. Compound 26 was 

treated with BULI and then ethyl chloroftormate to afiord ester 27 (93%). LAH reduction of the riple bond 

and ester (Y~%J, followed by bromination ( 02% 1. afforded allylic bromide 28. Repeating of steps b, c, d 

and e afforded E.E.E-trienol 10 in 72% overall yield. 

Scheme S 

a CttHzv v Rr 
h. c 

7 - CH I.l 2’) 
w- d* - 

2.5 26 

G?‘29 - 
c. a b, c, d, e 

= CO,Et - (:lJZU -Br * 10 
27 2x 

9. Hill, J. G.; Sharpless. K. B.: Exon. C. M.: Regenyev. R. Org. Synrh. 19X4, 63, 66-78. 
IO. Sharpless, K. B.; Amberg, W.: Bennani. Y. L.. Crispono, G. A.; Hartung, J.; Jeong, K.-S.; Kwong, H.- 

L.: Morikawa, K.: Wang, Z.-M.. Xu. D : Zhang. X.-L. .I 0~. Chem. 1992,57, 2768-71. 
I I. Bissing, D. E: Speztal. A. J. ./. Am. Chem. .S~U 1965. X7. 76X3-90 
12. Vigneron, J. P., Meric. R.; Larcheveque. M., Dehel. .A.; Kunesch, G.: Zagatti, P.; Gallows, M. Terruhedron 

Lerr. 1982, 33, 5051-3 
13. Chen, S.-M. L... Schault, R. E.; Grudztnskas, (‘. V. .I Org. Chem. 1978, 43, 3450-4. 

14. Zielger, F. E.: Kim, H. Tetrrzhedron Letr. 1993. .13. 7669-72. 
15. Ireland, R. E.: Bey, P. Org Synth. 198X, Co11. 1 ol. 8, 359-60. 

16. In CHCIS: synthetic sample 2. [aIt?’ =+I() (c=().?h): authentic sample, [all? =+7.8 (c=0.62). 

(Received in USA 25 September 199s: revised I2 October 1995; accepted 17 October 1995) 


