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Abstractz A general synthetic route to in&m alkaloti which are structurally simihr to castonosp?rmine and swainsonirk? is 
described llte &scrhi mute uses mod$ied pentcm sugars and chid reagents to control the absolute cqfiguration at each 
asymmetric center. 

I_ alkaloids iocludiag c%s~lle (1) and s waiosadi (2) have attmaed a considerable amount of attention 

due to their biological octivlty.1 llxxe cooopomds aad structurally related iodolhidiom act as glucosidase i&ii2 aod 

antican~~. Amollgtbestructmaldiffarnces tuwecnhKUUUfs1end2amtheepimaicc-8aceatefaudthe 

additional C-2a-l@oxyldSwaiasooiae. Asyatbetlcrouaiawhichthestlucauelfeaturesof~twoclasscsofinQlizidiaes 

couldbeannbiiandexamioed w=nguindtodevelop sattame VS. activity rf&hmbipSP We also required a synthesis ia 

Whichtbeabsolutcconfiguratiooof~asymme~ciccentacouldbemao~inapredinableandcontroUcdmanna. Toward 

this~asymmetricmlgemswexeduJsentoc4mtmlthe stereocbemicaoutcomeatatcachoewlyformedccnter. Wewouldliketo 

nportoureffut~~ginagmaelrooteformesyntbesisof~~~ofstruauraltype3. 

1 2 3 

l%esyntkdsofiodoBzidioe3 com~nced from aIdehyde 4 (Scheme 0. ‘llh incermediare ccntaias the Cd and C-7 

stenocentexs (in&~ riag olrmberillg) with the remaining functiooality in a suitably pm&cted form. Multigram quantities of 

aldehyde 4 wexe prepand ia six-steps usiog slight modif+& of Kishik facile route for the 2deoxypentaooic ackk5 

Asymoletficallylatioowasusedtoestabltshchec-8a mater, this traasformation was best canied out usiog Bmwa’s B- 

allylbis(4-isocaraa yl)bonme reagent to give lmmoallylic alcohol 5 ia 95% yield as a 78:g mixture of diastaeomen.6~7 Asymmetric 

induction was meastued by formation of the Moshe? esters of 5 sod integration of the axmspaldiog 19F-NMR (CDCl3KFCl3 0 

ppm, C+3F6 -162.9 ppm) signals at 6 -71.99 aod -72.26 ppm, mspecdvely. ‘hasfoonatiion of hcmoallylii akohol g into alcohol 6 

was accomplished by protech of the C& hydmxyl88 tk TBDMS-silyl ether, aad cahchg Sbaqkss asymmetric 

dibydroxylatim usiog tbe hydrosniniae 9-phemmthryl et& ligaakg This gave a4:l mixtme of C-2 diaskmomers which wem 

CdCdOlltOtbll&SQ?p. AcetoMe famatiat aad removal of the TBDMS-silyl e&es gave alcohol 6. The mqoisite hogen 

wasfntroduCcdhlo~l6byinvasionoftbcmesylabeatC-8awitbsadilnn~ ranovaloftbeacetonide&aodfommtlonof 

tbe@is)primarytosylatetogiveazide7. Azidc’I~ndocedwi(h~seatalysSandtbe~tamiaewascyclized1D 

iodoliidioe g by stirring in slightly basic e-tbrmol. ‘katmeot d 8 with DDQ’O followed by tid, hydrogenation 0, or strongly 

addicconditiooJ~resultedinrrmwaloftheMpMlgwpc0giveinddizidine 3. 

llIeiodoliidiaewasamvertedtotbe(bts)acemte9forNMRcharrtaizatioa. TEeanmectivityaodsubstimtialpatternof 

9 was assigaed by 13C, DEPT and HMQC wnelatioo. However. aa unambigaous coaclusioa coold not be reached as to the ozhtive 
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6 3be=Jw 
0 R+tpk,R MPM 

10 %=&=pdkA Wf’f.4 
sch6nnI: Flmgmt66nd RmowoncondMonr 

a. i. EtSH. mnc HCI, VCto RT. Ii. (Ui&C(OCH&. pTSA. iii. CEiuOK, DMSO. 0°C to RT. hr. LAH. THF, OW to IV. v. 
KH. MPM-Br. THF. OW. vi. h, Ne mcetotia. (40% owmll yield). b. kr&CH~ ether. -78% QS% yield 
(me dfmtomity). c. I. TSDMSU, DMF. Mbzob. ii. Hydroquinho 9-phrnanthtyi other. )GFo(CNb K&bO,- 
&I&, 96% ohm&al yWd (4: 1 daWm&&&). Iii. (Cl+&C(~, pTSA. iv. TSAF, THF. 90% ohemlcal yield 
over 4 stepa d i. M&l, EtsN, CH& il. N& DMF. Ui. Dowmx-60, M&H. 40%. iv. T&l. pyridina. 0%. 43% ykld 
owr4atepa. l . i. Hz, P~COspoimwdwith Pb, EtOH. il. K&Is EtOH. KPC. 8Wbover2stepcl. 1. WC, 
CH$l#+O (209). than MeOH 6 N HCI quanUtaUvo for 9. 

Unambisuau amfbmauonoftbcc-8aadc-2~~wascstablisbed bycuWatiuotothcc.arbon&mologueof 

&4hydmxy-tproUae. huamcdw dfolrl(scbfanclI)amta&sthcc-saalldC-2 stcmculmtbatwcrcilltroduadusiogcbifal 

wagults. Diet 11 waspaededasmcanisylideae~cc-8ani~~warintroduccQtheenisylideneselectivelyrrmoveaend 

cmveltedtotbcprimary~ylatctogivcearbamate12. Tbecarbnmw was cycttt and the 1.03~aid fimctionat may was 

deprotectcd to give trio1 13. ‘Ibe trio1 wm cleaved to the aIdehyde, ox&i&d to tbc add, and esterit% to give the protected cis-4 

hydfoxy-L+olhle calboil bano~oguc, mctbyl ester 14. 

PcVCaCOapokwdwWPb, EKIH. iv. CSZGI. N34COa, H& EtOAo, 0% c. I. 2O%qkOH, THF. ii. Ta-CL 
EtgN, cX+Q DMAP. (aa?4 yield over 13 etaps) d. I. A@, pyridino. DMAP. ii. Nat+. THF, r&x. iii: A@, pytfdlno, 
DMAP. (88% yield over 3 atopa) e. i. OCO, pH 7 buffer. Cl-&$& 0%. ii. p-TSA, MoOH. (25% yield over 2 8tep@ f. 
i. NelO4. MeOH, H&J. if. N&K& NaH#O4, H&l, ~-SUCH. 2-mathyC%butenr, 0%. iii. U-l& THF, i&O. 
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schamoIII: Fhgutts8nd 
a. C&Xl, Ne Ii@, EtOAe. 0% b. A@, pyridbw. (97% yield over 2 8top8) c. 1. iso-butyl 
chlord~. N-methylmorpholina. WC. ii. M Et&. iii. BzOAg, MeOH, WC. (80% ykkl). 

synthceisof hddlddiaet~aothc~dchinl~acogaraatetbegymmebiccartas~C-8aandC-2. 

AppinntIythecIdmInxtuwf 8ldehyde4did~tsigai&=ly~tbean~ disstercoaeleaivity (78~8) using the 

IcqBCIQC&CH2 tdIyIatiog m In &it&m, the dtita! tmtme of TBDMS-sIIy1 erSa 17 did not reverse the antidpated 

absoIutestenochcmicslootalmedudioI11. ~dihydroxylaPiaaottheazidelsl3~inalghtaodonin 

diwre~IectIvity1~ (52) xs unqared to the TBDMS-siIyI aba case. Use of tbe 1. pbthalazine @and 

dluing the asymmetric dihydroxyhtion of 17 also gave a Iowes dhwMkcMtyl4 GM). 

1. Burgess, K; Hen&non. I. Tamhedtvn 19B2.48.4045 xud referencg the&i. 

2. Elbeh. AD. Crit Rev. Rimhem. 1981,16.21. Buqcss,K.; C!ba@,D.IC; Heademn.1.; Pm. Y.T.: Elbcin,AD. J. 
org. chela 1992.57.1103. 

3. 

4. 

Ostrander. G.K.: Suibom,N.K.: Rohrschadda, L.R GbcerRes. 1988.48.1091. 

For an SAR of m polyhydmxyhd IudoIhidhes 8s enzyme Inhibitors see: Robinson, KM.; Rhinehart, B.L.; Ducep. 
J.-B.: Danzin, C. Drugs Future 199t. 17.705. 

5. P&, P-u.; Bmka, CA.: Johmo. B.F.: Kiskd, Y. 1 Am. Chtm Sot. 1967,109,6205. 

6. Allcmpomdsgaveappropriate8peUraldata[IRNMR(*H md13C),HRMS(EI)arLW%.FAB)arcolnbustioa 
malysisandap)wkrcappopriate]. shctedspcctmldatab@ewI: lH-NMR(3ODh4Hz,CDC13) 1.34ppm(3H.s), 
1.40 (3H, s), 272 (2H. dd, I= 2.2,5.4 Hz). 3.79 (3H. 8). 3.81(1H, dd, J= X4.7.9 Hz)), 3.94 (1H. dd, J= 5.6.11.6 Hz), 4.08 
(1H,ddQC56,6.3.7.9Hz).4.11(1H,dQC63.11.6Hz)).451(1~~C11.1Hz),4.56(1H,d.~ll.1~),6.81(~. 
7.23 (2H). HRMs(El) 294.1468(-0.1 mmu) Cl6H2203 talc 294.1467. IT-JR (oil) 2937 an-l, 1724,1515,1303,1073, 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

909,848.824.741. 5: ‘H-NMR (300 MH4 CDCl3) 1.33 (3M 8). 1.45 (3I-L 8). 1.60-1.74 (2H. m). 221 (2H, dt, I= 1.0,6.2 
J-Ix). 3.14 (1s be). 3.79 (3H. 8). 3.81- 3.92 (3H). 4.05 (19 ddd, J= 2.9.7.5, 14.2), 4.16 (lH, m). 4.55 (1H. d, &= 11 Hz), 
4.70 (1R d C 11 Hx), 5.05-5.18 0.5.93 (Hi. m), 6.89 (2H, m). 7.28 (2H.m). 13C-NMR (75 MHz, CDQ) 25.1.26.4, 

37.8.420.55-Z 65.9,69.4,726,78.0,782 109.2,113.9,117.5.129.7.129.9,134.7.159.4. [a]~&lqc=l.3%, 

CHU3). HRMSO 336.1941(-0.4 mmu) ClgH2805 talc 3361937. 6: k-NMR (300 MHZ, CJXl3) 1.35 (3H. s), 1.36 
(3H. s), 1.40 (3H. s),l.45 (3H, 8). 1.52-1.62 (2X-I). 1.66-1.74 (ZH), 3.48-3.55 (2H), 3.75 (1H. m). 3.80 (3H. s). 3.86-3.93 
(w). 4.05 (2H. dd k6.5 8.0 HxA 4.18 (2H. m), 4.55 (H-I, d, J=ll Hz). 4.65 (lH, d, &ll Hz), 6.87 (2H), 7.25 (2J-I). 13c. 
NMRcI5 MHz, CDCl3) 25.k25.2 25.8,26.4,26.9,38.6,40.4,55.3,65.9,68.2,69.6,72.4,74.6,78.1, 78.2.,109.2,113.8. 

113.9.129.6,129.7. HRMS(EI) 410.2316(-1.1 mmu) C22H34CQ cak 4102305. 8: lH-NMR (300 MHz, CDCl3) 1.47 
(lH, m), 1.71 (lH, m), 1.84 (lH, m), 2.06 (Hi, dd, b 1.0.11.9 Hz), 2.23 (lH, dd, k5.6.10.2 Hz). 2.37 (lH, m). 2.94 (lH, 
d C 10.3 Hz). 3.21 (lH, dd, J= 3.0,12.0 Hz), 3.35 (lH, m). 3.81 (3& s), 3.92 (2H. bs), 4.23 (1H. m). 4.53 (2H. m), 6.88 
(2H. m). 2.28 (2H. m). 13C-NMR (75 MHz, CDU3) 31.5,42.2,55.3,62.1,63.1,66.1,69.8,70.5.66.9, 113.9.129.4, 

130.3,159.3. HRMSO 293.1614(+1.3 mmu) C16Jf23NG4 talc 293.1627. 3: IH-NMR (300 MHz. CD3GD) 1.35 (lH, 
m). 1.56 (1R mX 1.75 (lH, m), 1.82 (1s m), 2.05 (1H. m), 2.17 (lH, dd, 1=1.5,12.0 Hz), 2.25-2.40 (ZI). 2.84 (1H. d, 
filO.1 Hz). 3.09 (1H. dd. b3211.9 H&3.55 (lH,m), 3.77 (lH, m). CgHlsNoJ 173 (hc+65%). 156 (45), 129 (100) 

cak 173. 9: 13C ppm (DEPT HMQC lH ppm, assigoment): 1713 (t&O). 171.1 (C!=Q 159.3 (Ar H), 130.2 (Ar H). 
129.3 (CH. 7.23, Ar I-I), 113.9 (CH, 6.86, Ar H). 75.7 (CH. 3.38, C-5 Ii), 72.8 (CH. 5.10. C-2 H), 70.1 (CH2.4.58.4.39, 
Al, Al?, 66.5 (CH, 5.37. C-8 H), 62.0 (CH, 1.91. C-8aH), 59.8 (CH2.3.04,234(11-3 H. C-3 H’), 55.3 (CH3.3.79, G- 
CH3), 53.6 (CH2.2.14.3.20. C-5 H. C-5 Ii’). 38.4 (CH2,2.37,1.58. C-l H, C-l H’). 32.1 (CH2. 1.91.1.78, C-8 H, C-8 
HX 21.5 (CH3.2.16, CO-CH3 at C-5). 21.2 (CH3.2.04, COcH3 at C-2) this was also amfirmed in the COSY and 
NOBSY qlecua. 

Brown, H.C.: Randad, RS.; Bbat, K.S.; Zakkwkz, M:, Rackrk U.S. J. Am Ckm Sot. 1990.112, 2389. other 
asymmetric allylation n?.agents (Rousb. WR; W&s, AE.; Hoong, L.K. 1. Am Chem Sot. 1985,207.8186) were also 
investigated in this system. Simple allylation of4 (CH2=CHCH2MgBr, -78oc) gave a 1:l mixture. of C-8a diastrreomen. 

D$ee$: Mask. H.S. J. Am Chem Sot. 1973.95.512. Dale, J.A.; Dull, D.L.; Mosber, H.S. 1. Org. Chem. 1969. 
. . 

Sharpless K.B.; Amber&W.; Bennani, Y.L.; Cri@m, G.A.; Hartmg. J.; Jeang. K-S.; Kwong, H-L.: Morikawa, L; 
Wang, Z-M.; XII, D.; Zbang, X-L. 1. Org. Chem 1992.57.2768 aud nfcreaces thaein. 

Treatment of 8 w&b DDQ produced the C.6-C.7 aaisylidene of 8 wbicb was removed uneventfully with acid. llks gave the 
bydmcbloridc salt of 3 directly. 

Coppola, GM; Schuster, HE. hpvnetric synthesis: Ckmstruction of Chid Mokcuks Using Amino Aci& Wiley 
In- New YaL, 1987 pp. 333-336. Ruegcs, H.; Bean, M.H. Hetenxyks 1982,19,23. 

Compoundl4existsasa3:2mixhueoffommetx atmantanpemtureinCDCl3.l&mtame&re..sonance~intbe 

lHand 13CNMRspectra coaksedat65°C. ‘Ibec&escedspeUraarereported 1H-NMR(300MHz,650ChCDC13) 
1.99 PP (1H. m), 204 (3H, 8). 2.33 (lH, ddd, J= 5.7,8.5,14.6 Hz), 3.10 (1H. m). 3.51 (lH, bd, J= 12.8 Hz), 3.65 (3H. s), 
3.74 (1H. M. P 5.4.12.8 Hz), 4.34 (H-I, m), 5.13 (29 s), 5.26 (lH, m). 7.30-7.35 (4H). 13~NMR (75 MHz, 68 C in 
cDc13) 21.0~s 36.4,39.1.51.4.52.5,53.8,67.1.72.9,127.9,128.0.128.5,136.7. 154.4.170.0,171.5. 14obtaincd 

from Sdteme II: [aID=-21fl” (e1.396, CHCl3). LRMS(0 M/Z 336 t’M+H, 100%). 292 (75%) Cl7H21NO6, talc 335 

14 obtaimtd from SC&me Ilk [alD3_27fl”(c=1.3%. CHCl3). HRMS@I) 335.1369(-0.0 mmu) C17H21t& talc 335.1369. 
comparkm of TLC b&avior in Bvc IlMeued &vent systems wa¶ idendcal. IT-JR was &mical. 

Cooversion of 5 to axide 18 is a more direct mute to 3, howeves a lower overall cbemiad yield was obtained when the azide 
was intmduced at tbis point in the synthesis and a similar sequent to Scheme I was executed. 

(Received in USA 2 March 1993; accepted 7 April 1993) 


