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The iridoii are a large family of natural produds which arc cbaracbtrizc4 by a bi@y oxygcnatt& fwcd 
cycl~yran ring sys&m.(l).2 Noid strut are conveniently gmqxd by the number rod 1-n 
of carbon atoms. Most iridoids belong to one of two groups:3 me gq has a &en carha nuckus whkh 
contains kmth C-10 and C-l 1 [represented by verbenalin (2)], while the other has a nine carbon nucleus 
which contains C-10 but lacks C-11 [represented by catalpol and catalposide (3a, 3b)]. Withii these 
groups, there is a great diversity in location, oxidation state, and stereochemistry of oxygen functionality. 
Most naturally occurring iridoids have a &non-reducing link to a sugar (often glucose) at Cl and a double 
bond at c3-C4, hid&s such as catalpol, which ,lack the electron wi~w~g group at C4, are often 
difficult to hydrolyze without decomposition due to the instability of this en01 acetal. 
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Certain i&l&s ftte central interme&ates in the biosynthesis of many of the important families of 
p~~~ved alkaloids, ln ad~tion, &at@ iridoids themselves possess interesting ~1~~ activities 
ranging from s&tIve to axttimicrobial to antileukemic effe~ts.~ &eciottin (4) is a recently discavenxt 
compound whi&‘has at$,raUed much intenst doe to its potent autSce&mt actltity against?he E!astcm spruce 
budwom, a’~ pest in North Am&ran fonzstOJ’ Even though spccfonin (4) may be m artifact of 
is&&n de&&i f&u th6 etiolysis of catalposide (3b)P its pot&t biological activity, comb&d with 
unc&&&es in its struchtral ~si~~~ has gtzimatd sumtial syn!bctic hem%. 

III Schemi ‘I, key elements to some of the most common strategic approaches to iridoids are 
summa&z&e wt past syntheses have c&p- on the syn!kti~ ecpivaltnce of the dlal&hyde (I) and 
the cysts @). This tninsformNi& (F -IX) is d&t& nlated to the accep@ p&hway for the 
biosy&e& ab f&S&ls i9twn iridodial? w methods to prepam &rivatives related te (I) include the 
axidative ‘&a&& of fused cyclopcntenes (path A, pion& by B&hit), cool [2+2] c~ti~- 
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aldol cleavage (path B, pioneered by BUchi and Tietze*), and the more recent Norrish I cleavage of 
norbornanones (path C, pioneered by Vandewalleg). Such methods bave proven to be very general, 
aloud not without fictions, Since the dialdehyde I is usually closed to II under ~~~~~ 
conditions, control of stereo&em&try at tbe anomeric position(s) may be limited. In addition, in the large 
class of iridoids whtnt dre C-l 1 ester is not present to facilitate en&&ion, format& of the sensitive enol 
acetal is not trivial.10 Several Diels-Alder based strategies also provide access to derivatives of II.11 
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The key elements of our new strategic approach to the iridoid family are outlined in Scheme 2. Our 
approach targets the less readily available class of iridoids which lack the stabilizing C-l 1 carbomethoxy 
group. OpticaUy active glycal i is readily available from n-xylal. Our recent combination Claisei 
~~gernen~i~le oxide cycloaddition method’2 provides an ideal sequence to Atse a highly 
~cti~~~ cyclopentane ring to the 8lycal i to provide Ii with rigorous controi of stereochemistry. 
Standard reduction of ti produces &ii. The development of a mild method to convert iii into the sensitive 
enol acetal Iv was one of the important goals of this research. 

Scheme 2 

i ii iif iv 

Results and Discussion 
Preliminary Studies: Earlier work12 had demonstrated the Claisen rearrangement/nitrile oxide 
~y~l~~ti~ m to be a useful, stereocontrolled ~tion proced& @ carbocyclic ring systems; it 
remained to ~~~~ the usefulness of this approach with betenxzyclic examples. The annulation of a 

cyclopentane ring onto an optically active, sugar-derived pyran ring was investigated as a model for the 
synthesis of compounds of the iridoid family (Scheme 3). 

Glycal Sa was md by Ferrier rearrangement of D-xylal*3 as &scribed by Fraser-Reid.14 The 
ratio of CX@ anomers was l/2.8. By HPI..C separation and ~u~b~ti~ of the undesired product, either 

anomer could be obtained in multigram quantities. For most of the work, the major B-anomer was 

employed. Ireland-Claisen rearrangement15 and methylation of Sap provided a 66% yield of 6a as a 
single stereoisomer. After DIBAL reduction (60%) of da to an aldehyde, Wofienberg homologationt6 
(81%) provided the nitro olefin 7a. IEis simple one flask sequence involves a Hemy reaction followed by 
ace~lation of the alcohol, e~tion, and conjugate reduction. After ~~olecul~ nitrile oxide 
cycloaddition 17 of 7a under Mukaiyama conditions18 (47%), Raney nickel reduction19 of the AZ- 
isoxazoliue 8a provided the B_hydroxy ketone 9a as the sole product in 82% yield 

WC. were now prepared to address the problem of formation of t@ enol acetal. Mesylation of 9a 

with metbanesulfonyl chloride gave the expected mesylate. Exposure of ‘this mcsylate to DBU first 
produced the ~,~-~a~~ ketone 1Oa in 87% yield. Upon coned exposurt to DBU in CHzClz 
(18 h, 25 ‘C), loo was smoothly deconjugated to the more stable p,~unsaturated ketone fla (> 95:5) in 
79% yield. The equilibration was followed with NMR by observing the disavce of the conjugated 
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enone proton at 6 6.28 ppm (C&j) and the appearance of the cnol ether protons at 4.73 and 6.07 ppm 
(C&Q). It was anticipated that 11 would be favored at equilibrium relative to 10 since, although enone 
resmmnw is lost, en01 a&al v is gamed and the strain accompanying tfic d&k bond exocyclic to 

the cycbqemane ring is removed. 20 Models indicated the trans-ring fused isomer of 11 to be much more 

SeaincdthanthaCiC. 
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This model study had shown that the Claisen marrange&teM/niVile oxide cycloawon seqUence 
WE, exceuent for annulation onto a sugar-derived ring, and that the B-hykoxy ketone was a useful 
precursor to the ~,~none. The rc maining Objective ~8s the introduction of a substituent at C-8 in the 

cyclopentane ring (Scheme 3). For this purpose, the propionate 5b was prep&d in 67% yield from the 

acetate Sa by standard ester enolate alkylation. 
The best stereosekctivity in the Ireland-Claisen rearrangement was obtained by generation of the 

E-ketenesilyl acetal (LiN(TMSh, TBSCI) and subsequent rearrangement. This proceeded with reasonable 
selectivity through a chair-like transition statez* to give 6b and its diastereoisomer in a 5:l ratio. The 
rearrangement of the Z-ketcnesilyl acetal derived from sb also provided 6b as the major isomer (now via 
a boat-like 1s) but the ratio was only 3:2.= In the actual synthetic sequence, the crude acid produced by 
desilylation (K$O3, MeO~/HzO) was directly reduced and oxidized to provide an aldehyde in 53% 
yield from 5b. The subsequent Wollenberg homologation (46%), nitrile oxide cycloaddition (60%), and 
reduction (88%) proce&d to give tht phydroxy ketone 9b. 

The synthesis of ethyl descarbomethoxy verbtnalol (1 lb) was completed by mesylation, 
Bclimination, and equilibration of the a&unsaturated intermediate lob with DBU. This produced a 
single deconjugated product llb which retained the cis-fitsion between the two rings. Evidtnce for this 
was provided by the magnitude of the coupling constant between the acetal proton and the adjacent ring 
fusion proton, Jt.9 = 2 Hz. From Dreidiug models it can be seen that, in the cis-fused compound, the b- 
ethoxy group must be in an axial-like position. The angle between these two protons approaches 90’. 
Models of the trans ring fusion isomer indicate a significantly larger dihedral angle. Both lla and llb 
rapidly decomposed on standing at room temperature over several days. For the purposes of 
characterization, llb was reduced with hydrogen gas in the presence of palladium on carbon to form 12b. 

Specioain (The original Structure): As the model studies were nearing completion, our attention 
was attracted to a report by Nakanishi and Chang on the isolation of specionin from the leaves of the 
cadpa spcciosa Warder tree&b The structure of specionin was initially assigned as depicted in 18 
(Scheme 4). These workers pmposed that specionin might be &rived from catalposick 3b as an artifact of 
the ethanol isolation.~ While the formation of the cyclic acetal and the ethyl acetal at Cl and C3 arc both 
reasonable and ptecedented possibilities, a simple method for the introduction of the CT7 &ethoxy group is 
not readily envisioned. Because of the interesting structure and biological activity of specionin, we 
selected structu~t 18 as a target to illustrate the utility of our synthetic strategy. Although specionin does 
not contain the en01 acetal, we planned to use this functionality to inhpduc~ the CT3 eth0~y group. 
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The synthesis began with the previously prepared Ireland-Claisen ngement product 6a. This 
methyl ester was sulfenylated with LDA and diphenyl disulfidt (-25 ‘C to 25 ‘C) in THF according to the 
procedure used by Trost .a After flash chromatography, a 1 :l diastereomeric mixture of 13f3 was isolated 
in 70% yield. The C8 stereogenic center was short-lived and the stereoisomeric mixtures did not pose a 
problem. Introduction of the nitroethyl group was achieved by addition of 13b to LDA at -78 ‘C, 
followed by addition of fke+ly distilled nitroethylene. 2L9 Thcnitrocompound14fI’wasobtaimdasa I.51 
diastereomeric mixture in 90% yield, Intramolecular nkile oxide cycloaddition of 14p with methyl 

isocyanate and triethylamine provided a diastereomeric ‘mixture of AZ-isoxazolines 15p in nearly 
quantitative yield. Oxidation of 15s with mCPBA at 0 ‘C went smoothly to give the presumed a-sulfmyl 

ester. Upon workup, the eliminated product 168, admixed with two diastereomers of the sulfmyl ester, 
was isolated. The above mixture was heated at 80 ‘C for 3 h to complete the elimination. This provided 
the tricyclic vinyl A%so~a~oline 16j3 as a single stereoisomer in 59% yield. 

A selective reduction of the Cl0 ester of the conjugated system of 168 was now needed. After 
several unsuccessful attempts, it was’found that when an ahuninate complex3 of DJBAL and n-butyl- 
lithium at -78 l C in THF was stirred with 168 for 1 h, the required alcohol was obtained in 83% yield. 

No reduction of the C’7-c8 double bond or the A24soxazoline ring was observed. The crude primary 

alcohol WAS directly silylated with TBSCl to afford 178 in 52% yield 

After the failure of a variety of catalytic osmylation procedures, the C7,C8 diol of the originally 
proposed structure of specionin 18 was introduced by stoichiometric osmylationz (Scheme 5). Cleavage 

of the osmate eser-pyridine complex with aqueous NazS@ and KHC@ in THF for 2 h gave the diol19 in 

80% yield. In an abortive attempt to protect the cis-diol, a useful transformation was discovered. 

Treatment of 19 with dimethylsilylditriflate and 2,Mutidine provided not the expected cyclic silyl 
derivative but instead 20 in rather low yield. This transformation involves acetal exchange and selective 
migration of the TBS group to the neighboring 3’-alcohol. ‘Ihis discovery SccmEd ideally suited for the 
planned subsequent transformations. Unfortunately, o@imized conditions (BFj*EtzO, CH2C12,O ‘C, 20 
min) provided 24 in only 30% yield. 

Scheme 5 
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Co&n&g &a synthesis, tk secondary alcohol of 28 was fifst rilylated. Next, Army nickel- 

catalyzed reduction, followed by the mesylatio&limination/deconjugaticn sequence described above, 
proceeded smoothly to give the p,prIWma ted kmne 21 in good overall yield. WC then began 

@iminaq experiments to solve thb final problems of the synthesis. It was first discovered that O- 

ethylation of the C7 hydroxyl group of 19 was possible (Meerwein’s saIf, CII2C12.9 days). FurtMmore, 
sodium borohydrick rcdctbn of 21 in THE/ethanol rea~lted in a 40% yield of NIX hydroxy compound 
22a as a single pm&et afkcr chromatography. Benxoylated product 22b was o&ined in 90% yield with 
benzoyl triflate and pyriditn? in methyleale chlori&. 27 Although the stenochemistry of the hydroxy group 

was not assigned, in retroqect (see Mow), it was probably a 

Specionin (The Correct Structure): At this point in the synthetic work, concerns about the validity 
of the st~ctural assignment of specionin were confirmed by Vandewaile and co-workcrs.~ This group 
prepared 18 via the norbomanone method and clearly showed that it was not identical to specionin. They 
also proposed the revised structure 4. At this juncture, the anomeric stereochemistry (at Cl and C3) of 
specionin was unclear. Since specionin was proposed to arise from catalpol by ethanolysis during 
isolation, we felt that it was likely (althongh not defmite) that it should be one of the most stable 
stereoisomers. In reviewing molecular models of the four possible diastereomers, we -&lt that two isomers 
were relatively unlikely. Assuming a chair-like conformation of die pyran ring, the a-Cl,a-C3 isomtr has 
both ethoxy groups axial while the the ~-Cl&C3 isomer has both ethoxy groups equatorial.29 The 

former suffers severe 1.3~dipole repulsion while the latter lacks anomeric stabilization.30 Either of the 
two trans isomers seemed reasonable at this point and it was difficult to select between the two since it was 
unclear which anomeric center had initially been assigned the incorrect stereochemistry in 18. 

Our synthetic strategy was sufficiently general so that one of our advanced intermediates, the 
A*-isoxazoline 17p, was ideal for the synthesis of the newly proposed structure of specionin 4 (anomeric 
stereochemistry unknown), as well as for the synthesis of ethyl catalpol. Since all our work had been in the 

P-Cl series, we elected first to prepare the fbCl,a-C3 isomer. Of course, equilibration to the most stable 
products might be accomplished at the end of the synthesis. Alterations in the synthetic plan involved 

epoxidation of the double bond of lv instead of osmylarion, and omission of the cyclixation step. 
Epoxidation of the AZ-isoxaxoline 178 with 3,5dinitroperoxybenoic acid (3,5DNBA),31 4,4- 

thiobis(2-r-butyl&methylphenol),32 and sodium phosphate (monobasic) buffer in methylene chloride 
proceeded in quantitative yield to give t& epoxy-isoxazoline 23s (Scheme 6). ‘Ihe direction of approach 
of the epoxidizing agent was dictated by the convex shape of the tricyclic isoxazoline. 

Scheme 6 
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boy, it was then found that Raney nickel reducti~ of the epoxy-isoxaxolinc 238 under 
standard candidoas resulted in &composition of the starting material. Other redutzion catalysts in&ding 

pailadium on carbon, platinum oxide, and rhodium on alumina (5%) under hydrogen atmosphere (boric 
acid, 5:l methanol/water) wen: surveyed.r9 Only reductin with rhodium on alumina sulccessfully 

tiordcd the de&cd fbhydmxy k&one 24$ (70% yield). 
contimring as before, the mosyktionMmination Mquenceprovided the a& unsatumtedketone25B 

in quantitative yield; however, am&er obstacle quickly arose. Deconjugation of 25g widr iIBW to the 
~,lr_uusaturaM ketone, which aocufnd so readily in mode1 systems, nsuhed only in ~tion+ The 
same result was obtained with a variety of other bases ineluding LDA, potassium f-butoxide, and 1,5- 
~~clo[43~~~-S~e (TX3N). A new method for generation of the eno1 acetal was te@n~L 

It was soon found that reduction of the cnone 258 to the a- or p-hydroxy epimer at C6 could be 
controlled by &t&e of reducing agent. The u-epimer 268 was the major pmduct (approximately 8:l) of 
reduction with sodium borohydride and cerium (III) chloride in methanol at 25 ‘C.33 Reduction of 25B 
with LAHM in ether at -78 l C provided predominantly the Bcpimer 27B (3:l). The a+pimer 26B was 
isolated as a crystallii solid and an x-ray sttuctum was ohtaint& confii ah steteochemistry up to 
this point. Doubk bond migration was now attempted employing transition metal catalysts. Treatment of 
the requisite epimcr 278 with dihydridotetmkis@iphenylphosphine)ruthenium (II) in ethanol provided 
the de&d en01 acetal28~ in 90% yield.~ 

Desilylation of 28s with ~~-~-bu~~oni~ fluoride in THF compkted a synthesis of the 
agtycone of catalpol(29B, ethyl catalpol) . AS far as we know, this is tile fast synthesis of any aglycone 
derivative of catalpol. This product was ma& in optically active form iu thirteen steps from 5s in 8% 
overall yield. 

The next step towards the synthesis of specionin was the p-benxyloxybenxoylation of the C6 
hydroxyl (Scheme 7). Dicyclohexylcarbodiimide @CC) coupling37 of Zsp with p-benxyloxybenzoic acid 
and catalytic amount of DMAP in methylene chloride provided 309 in quantitative yield. Among the 
various methods attempted to introduce the C3 ethoxy group, an oxymercurationkkner~on sequence 
was most succe~~ful.~* Ethoxymemuration of 30s with mercury (II) acetate in e&a& afforded a 1:I 
mixture of 318 and 32p in 60% total yield after reductive demercuration. Desilylation of the above 
mixture was effected with ~~a-~-buty~oni~ fluoride Ryder in THF, The isomers were 
separated by MPLC, and debenxylation over pa~dium on carbon afforded the two pun products 338, 
348 in 86% and 89% yield, respectively. Structural assignments of these two anomers could readily be 
made by coupling constant analysisP 

Scheme 7 
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Unfortunately, neither 338 nor 34B was identical with specionin. This convinced us that specionin 
must be 4. At this time, Professor Vandtwalle kindly informed us that he had compkted a synthesis of all 
four diastereomers of specionin, along with a set of four more (minor) diastere&ners epimeric at the 
epoxide-bearing carbons.39 In a synthetic and spectroscopic tour-de-force, t&e isomers where later 
separated and each structure was assigned. Our structures 338 and 34fl were identical with the 
a~~~ purified Ernst of the V~&w~ mixture. 

A p~~~~ experiment on possible ~~~b~on seemed en~u~g~g. Treatment of a sub- 
m.iQram quantity of 34B with BF3eOEt2 in ethanol (2 days) provided a mixture which was characterized 
only by analytical HFIC. The major product of this mixture cocluted with authentic specionin while the 
two minor products coeluted with 338 and 348. The presence of the fourth diastereomer was not 
obvious. We should emphasize that we have no evidence that the equilibration was actually complete; 
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however, similar results have bum mcctttly reported by VandewalIe and -workers in a careful study of 
this equilibrium.~ 

This experiment suggested that specioniu was i&dad t&e therm-c produe bowever, WC 
were far fium confident that we c&d claim a total synthesis. Since we had nearly exhausted all our 
synthetic inscxme&tes in the B-series, we were required to return to the beginning of the synthesis. We 
elcctcdtoreptattbes~a~Withe~rz~c~~Clisolrruuoobviastthcaa#dfar~~ti~andto 
provide rigorous proof of the structure of specionin. 

We have izcentIy communicaterl this total synthesis of (-)-specionin.~l ‘Starting with the a-anomer 
5au, (-)-specioniu was syntbe&ed by sequemzs anaIogous to those outlined in Schemes 4 (5aar - dux - 
14a - 15~ - 16~ - 17~5) aud 6 (170 - 23a - 24~ - 25~ - 27~ - 280). The most striking 
feature was found in the stenXmekctiYC introduction of 3cthoxy group (Scheme 8). BerKq&Xion of 2&s 
provided the precursor 36~. Upon ethoxymercuration of 3Ua (EtOH, Hg(OAck, 25 ‘C), a single 
intermediate mercury adduct wa$ obtained. Truman with 0.5 M sodium borohydride in 3 M 
NaOIP at -78 ‘C provided the desired 3&ethoxy compound 32a as a single stereoisomer in 70% yield. 
No evidence for the formation of even trace amounts of the la, 3a isomer was obtaimd. 

Scbeme 8 

28a 30a 32a 4 

If the rate-determining step in the oxymercuration is attack by the ethanol, p-attack should be 
favored since a-attack would develop dipole-dipole repulsions between the incoming C3 ethoxy gtwp and 
the axial-like Cl ethoxy group. The &Cl ethoxy isomer shows no stereoseleetivity in the ox~~n 
since its ethoxy group is dquatorially disposed. Another possible explanation for the stereoselective 
fotmation of 30a is based on the possibility that the oxymercuration is au equilibrium pn>cessPs The 
results for the two epimers parallel th: specioninequilibrium: the &Cl epimers are of comparabh: energy 
but one of the a-Cl epimers is of much lower energy than the other. 

0ttly deprotection was now required. After ~sily~tion of 32~ with TV-~-butyla~onium 
fluoride trihydrate in TIi.R at mom temperature, and palladium-catalyzed hydrogenolytic cleavage of the 
benzyl group, (-)-specionin (4) was isolated ti a clear oil in 90% yield. Our synthetic specionin was 
identical. in all respects (IN NMR, f3C NMR, IR, mass spectroscopy, analytical I-IPLC, TLC, optical 
rotation) with a sample kindly provided by Profasor Nakanishi via Professor Vandewalk. The optical 
rotation of specionin bad aptly not been reconied and we were able to measure that of both synthetic 
and natural samples (set: Experimental). Recently, Professor Vandewalle has also pnpared specionin 
from catalpol!.~ Ihus, the absohne stereochemistry of q&or&t is as depicted. 

In conclusion, this work should provide a general entry into a broad class of iridoid aglyconea which 
lack the s~bi~g Cl1 carbomethoxy group and contain a sensitive enol ace&I. Iu addition to the 
synthesis of specionin, both anomers of ethyl catalpol and fldesca&o=thoxy verbenaloi were prepared. 
It is easy to envision that the advanced intermediates prepared in this work might be applicable to the 
synthesis of &at& iridoids with differing oxygenation tquimments.~ The coupling of iridoid aglycones 
and sugars remains a chalkngiug probkm which has seen some important recent advancts.~~*r 

Experimeat#s 
Gcnerul: AU reactions wcrc NIP under a nitmgen smosphm unless noted. Teqcratms of- refer to bath 
umpmtum. Solvents were drkd as follows: THF, Et&I, and benzene, distilkd from Na/lmmphcam; toMtte, WN, 
diisapqylamim, CH$!l2. HMPA, diiqmpykthykminc, DMF? DMSO, and DMPU dist&d fmm C!aHz. Flash and 
ma3ium pzWsurc (MPH!) liquid chxmuqpphy wtn pC&?rmd with KiateIgel60 (23a-am m&l>* Medium pIGsme 
chmmtography was aIso done OR prc-prked EM Lobtr Liw SiM columns. Thin kycr cry was 
pcdbmaionMucksilicagcl(iop~~ AllqatcxiboiIingendmcltingpoinearcummmd, Tbttcmpmam 
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Wastbas~iato~mdwmntsdNI)ISOI.~Irr~~oepauaduddw:lqr#ruslryawasueucmdwirBctbtr 
Gw. m comb&d org=ic phasts WQt WaslIed with wr&r (lx), sammtal NaHcOj (lx). wwr (3M Md bria: (lx). fij& 
~~~~M~~,~~ ~29UI~aa’;~HNMRSatO(s,6H),0.92(r9tT),lJZ(t, 
3H), 2.76 (61. lH, J = 7.6 HzL 3.37-3.52 (m, 2I.Q 3.81 (dq, lW, 3.98 (&i, l&J = 13.7 Hz), 4.11 (t, U& J n 9.6 HZ), 
4.33 (d 1H, J = 6 Hz), 4.37 (d, 2H. J - 1 Hz), 4.72 (dt, 1Y J = 11.6 Hz), 6.43 (s, 1H); MS m/e 339 @I+), 293 (base), 
2829264,238, #)8; [a]% = -90.W (c = LO, CHCls). 

~4~-(4U~4t~~~,?M,7bQ)]-5-Ethoxf-4t,7,7r,7b-tctr~hydro-(_[(f-butyidimcth~lsiI~1)ox~]met&~l.~~. 
1,6-diox~-2-oncyclepcnt(cd)indcnc (1791). 
mp 110-111 oc; IR (neat): 2951, 1550, 1080, 835 cm- I; W NMR 6 6.38 (br s, lH), 4.72 (4 lH, J = 62 Hz). 4.63 
fm, lH), 4.48 fdd, Hi, J = 16.4, 1.6 Hz), 4.27 (dd, IH, J = 16.4, 0.9 Hz), 4.00 (t, I;H, J = 8.7 Hz), 3.91 (dd, 1~ J 1 

11.9.6.2 W, 3.74 (m, H-0, 3.52 (dd, IH, J - 11.9, 6.2 Hz), 3.36 {m, Hi’), 3.11 (I, lrt, 7.0 Hz), 1.16 (t, 3H, 7.0 HZ), 
0.93 (s, 9H), 0.09 (S, 6H); MS mlc 339 @VI, 324,293, 117,75 (base); MS c&d far C17)1~NCI,&i, 339.1866, found, 
3W1866; [a]~ = -31.6’ (c = 1.64, CHQ). 

A mixture of tk unsaturwd isoxazoline 178 (300 mg, 0.89 mtpol), 3.5dinia4wsoxyan acid (540 q, -70% 
~Kk 1.77 ml), 4,4’-thiobis(2-t-bu~l-6-methylphenol) (5 I@, 0.014 mm~l), and N&&PO4 (1.0 g, 7.08 mrnd) b 
mcihyltne Chkide (6.0 da) w8s stimxi fa 5 h tt 25’c. ‘i-he IW&XI mixture was pau& inm satui~& aluffnw.Nm 
and thy phases wcrt scpuatod Tbc quas Iap WBS CXWCH! with mxh~Itnt C~IOI+& (3x) ud the c~mbindd Mic 

phaaes~wwhadwilwmr(lx),NaH~(lx),wrta(3x),ladbrine(lx). AftcrdtyingoverN&$O4,thcreactkmwu 
coMxnwrcdtbplwiBc321 mgottkc&cpodact: IR2#23,2850,1710(wc&). 1460,1375.1100,8351~~-1; ~HNMR~ 
0.08 (J, 3H), 0.10 (5, 3H), 0.90 Is, 9H), 1.22 It, 3H), 2.54 (dd, lli, J = 5.3, 8.6 Hz), 3.36 (dd, lH, f * 5.5, 12.9 Hz}, 
3.50 (dq, lH), 3.73-3.86 (m, 2H), 3.91 (6 IH, J = 12.6 Hz), 3.91 (dd, H-i, J = 6.0, 12.8 Hz), 4.01 (s, lH), 4.16 (d, lH, 
J = 12.6 Hz), 4.59 (4 lH., J = 5.3 Hz), 4.73 (m, 1H); MS m/e (no lU2 310,298, 252,244 (base), 206,194, 182, 169; 
m c&d for C13H2$?O$i (M - I-Bu), 298.111 i; found, 298.11 f 1; [a] D = 63.6’ (c = 20, CHQ3). 

~~-(~,4aa,~,7ra,?ba~]-5-Etboxg~3,4r,7,7a,7b-penyrbydro-4~-[(CbutyldimethylsilgI)oxy)metby1- 
3,4-oxireno-1,6-dloxr-2-rzac~clopent(cd)indcne (23a). 
IR (neat) 2953, 1157, 1115.1063,831 cm-l; 1H NMR 6 5.03 (d, lH, J t 6.0 Hz), 4.83 (m, lH), 4.38 (4 IH, f = 6.0 HZ), 
3.87 (br s, WI, 3.66 I4 lH, J = 6.0 Hz), 3.66-3.36 (m, 5H), 2.88 (dd, lH, J = 9.2, 5.7 Hz), 1.19 ft, 3H, J =I 7.0 Hz), 
0.91 (s, 9H), 0.08 (s, 3I-GO.07 (s, 3H); MS mte 310,298,252, 145,75 (base); MS cakd for C13H@O5Si @I- tBu), 
298.1111; found, 293.1111. 

A solution of the cpoxyiso~line 238 (129 mg, 0.36 mmol) and boric acid (67 mg, 1.08 mmol) in nx@moVwatn (5: 1, 
1.5mL) was stirmd with rhodium (5% on alumina, spatula tip) under hyxW8en atmosphere a1 2.5’C for 1.5 h. The reaction 
mixture was filtued through Fia&il with m&an01 and amcaitratcd. The residue was then dissokcd in &a and again 
~~~u~~~~e~~~~n~~ Thtcnde~uct248(95mg)was~~~aapak~dl(749b 
crude yield): IR 3500 @KM), 2930,2855,1735 cm -1; 1H NMR 60.07 (s, 3H), 0.09 (s, 3l-Q 0.90 (s, 9H), I.23 (t+ 3H). 
2.85 (dd, Hi, J = 4.8, 7.8 Hz), 3.06 (t, IH, J = 7 Hz), 3.29 (t. lH, J = 10.5 Hz), 3.39, (s, IHI. 3.50 Idq, W, 3.85 (dq, 
lH, ), 3.89 (4 IH, J = 12.7 Hz), 3.94 (dd, 1H, J = 6.4, 11.0 Hz), 4.17 (m, lHj, 4.19 (d, IH, I = 12.7 Hz), 4.53 (4 lH, 
J = 4.8 Hz); *H NMR (C&6) 6-0.09 (s, 3H), 0.01 Is, 3I-Z). 0.90 (s, 9Hk 0.98 (t, 3HI. 2.65 (dd, 1% J = 4.6, 7.7 Hz), 
2.76 (t, lH, J = 7Hz), 3.06 (s, lH), 3.12 (dq. U-i), 3.23 (t, lH, J = 10 Hz), 3.52 (d, lH, J = 12.7 Hz), 3.58 (dq, W, 
3.84 (dd, lH, J = 6.2, 10.8 Hz), 3.85 (m, lH), 3.90 (d, lH, J = 12.6 Hz), 4.11 (m, 1H), 4.25 (d, lH, J = 4.7 HZ); MS 
mfc (no M+) 3O1.283 283,255 (base), 237,227,2#, 181; MS c&d for C13H@sSi M - f-Bu and Hz@, 283.1002; 
fMHi, 283.0095; [a] D (CWk) = -16.3’ (c = 1.0, CHCl$. 

[lS=(l~,4~,4na,6a,7aa)]-1-Ethoxy-3,4,4a,6,7r~pentahydro-4-hydroxy-7~-[(~~butyldimethylailyl)oxyl- 
metbyld,7-oxiirenocydopenta{c}pyron-S-(lH)-une (24011. 
IR (nea1): 3432,29S3, 1734, 1246, 1069, IOf I, 853 cm- 1; ‘H NMR 6 4.93 (d, 1H, J = 2.1 Hz), 4.24 (d, IH, J = 12.0 
Hz), 4.05 (d, lH, J = 11.1 Hz), 3.93-3.89 (m, IH), 3.64 (d, lY J = 12.0 Hz), 3.71-3.57 (m, 2H), 3.50-3.35 (m, 2H), 
324 (br s. lH), 3.04-3.02 (m, 2H), 1.16 (t, 3H. J - 6.6 Hz), 0.91 (s, 9HL 0.10 (s, 3H), 0.09 (s, 3H); MS tie (no M+> 
301,255,175,99 (base), 75; MS ~alcd for Cl3Hz1OgSi @I - t-&z), 301.1107; found 301.1106; IaIg - + 121.8’ fc = 
0.85, CHCI3). 

[1R-(Ia,6a,7aa))-l-Ethoxy-3,6,7a-trihydro-78-[(f-butyldimetbylailyl)oxy]metbyl~6,7-oxireno- 
cyclopent8(c)pyrrn-5(M)-one (2@), 

Me~~~fonyl eNor& (10.5 pL, 0.14 mmol) was added to the epoxy Bhydroxy ketone 24a (30 mg, OX!84 mmol) 
and uiethylamine (0.05O mL,, 0.36 mmol) in methylem chloride (1.0 mL) and the reaction was s&cd at 25’C for 30 min. 
The reaction wa$ washed with NaHSO4 (lx) and cxW with mcthylenc chloride (3x). The axnbincd organic phucs UQt 
washed with NaHC@ (lx), water (2x), and brine (lx), then dried over NazS04 and conccntmted. The cnxk product (35 
mg) was obtained ia rrlmwt quantitativt yield, XR 2950,2925,2875,28SO, 1725 (strcm8), 1650,1460,1435,~380.1350, 
1200, 1155, 1100, 1040, 1010. 835 cm- 1; ‘H NMR S 0.06 (s, 3H). O.O8 (s, 3H), 0.88 (sr 9HL 1.27 (t, 3H), 3.01 (m. 

IH), 357 (dq. lH), 3.59 (s, H-I), 3.98 (dq, H-I), 4.01 (d, lH, J = 12.5 Hz), 4.16 (d, lH, J = 12.5 Hz), 4.39 (6 lH, J = 
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7.4 Hz), 4.44 (t, lH, J - 3.2 Hz), “65#t, lH, J = 4.8, 19.5 Hz), 6.62 (dd, IH, J = 4.8.2.3 Hz); MS m/r (no M+), 253, 
237,209, 179, 153, 153, 135, 10.7; [@j)D (aude) = 4.64 (c = 1.1. c)fc13). 

~1S-(I$,~,7ra)]~l-Etbory-3,6,7r~tribydr~7~-[(l-butyldlmttbylrlIyl~oxyfnnt4yt-6,7-0rireaor 
cyclopenw~yP&lr-s~iff )4mt (2!5a). 
IR (neat) 2930, 1733, 1653, 1096,837 cm-*; ‘H NMR 6 6.69-6.67 (m, HI), 5.37 (d, lH, J = 3.7 Hz), 4.17 (at, 2H), 
4.41, 3.60 (both d, W, J - 12.0 Hz), 3.78355 (m, 2JQ, 3.44 (d, lH, J = 1.4 Hz). 3.W3,14 (m, WI, 1.18 (t, 3H, f = 
7.0 Hz), 0.92 {sv 9H), 0.11 (a, 3 
283.1002; found, 283.10023 a@! 

t 0.09 (s,3m MS m/e 283,23?,209,75 nuC); MS c&d fa! Ct$WIsSi @I - r-Bu), 
[ = + 98.8’ (c = 0.57, CIiCl3). 

[1R~(la,5a,6a,7xa)]-1.Etkoxy-3~,6,7a-tttr~bydro-S-hydroxy-76-r-butyldimttbylsilylosymttbyl-6,7= 
oxircnocgcloptalr(c)pyr~a (27B). 

To L.AH (5 mg, 0.13 mm&) at -WC was added dropwise via syringe a solutiott of 2!$ (22mg. 0.065 mmol) in +~rhrr 
(1.5 mL). After the addition was finished, the naction was quenched by sequential addition of wxter (5 &IL). 15% queous 
NaOH (5 pL), and water (15 pL). and the mixture was watmed to 25X Ibe mintrae was then filtaed through Fkkii, 
elutcd with ethyl acuatc. and cotlccaoload The product was putifkd by MPLC (45% ethyt suxW&WWmyitid 9mgof 
27a (41%), and 3 mg (14%) of 26& The data an fa 27fJ: IR 3571,2955,2930,2856,1742 (weak), 1472, 1462,1391, 
1377, 1350. 1285, 12S4, 1179, 1154, 1100. 1067, 1046, 1030, 1019,%7,940, 909 cm-‘; lH NMJk S 0.047 (s. 3H), 
0.058 (s, 3I-i). 0.88 (6, 9H), 1.26 (t, 3H). 2.33 (d, IH, J = 11.1 Hz), 2.83 (m, 1H). 3.52 (dq, lH), 3.79 fd, IH, J - 2.5 
Hz}, 3.98 (dq, Hi), 3.90 fd, 1H. J = 12.6 Hz), 4.01 (d, lb J = 12.7 Hz), 4.21 Idt, IH, J = 3.0, 17.0 Hz), 4.31 (d, 1Y J 
= 8.1 Hz), 4.42 (br 4 lH, J 3: 17.0 Hz), 4.53 (br d, lH, J = 10.5 Hz), 5.77 (d, lH, J = 2.6 Hz); MS m/e (DO M+), 285, 
267,251,239,211,193,181,165; MS calcd for C13H2105Si (M - t-B@, 285.1158; found, 285.1157; [a$ = -66.6’ (c = 
0.955, CHCl3). 

[lS-(l~,Sa,~,6a,7ra)]-1-ctboxy-3,5,6,7r-tttr&bydro~5-hyd~xy~7~~(~~butyld~mtthyls~lyl~oxymttbyl- 
6,7-orirtno-cycloptntr(cfpyraa (26a and 270). 
The dias- were not separable at this step: IR (neat) 3428,2955,1462, 1090.837 cm-‘; IH NMR 6 5.90,5.85* 
(both m, H-f), 5.33, 5.W (b& d. lH, f - 4.1 Hz), 4&P, 4.48 (both br 6 lH), 4.37 (d, IH, J = 11 Hz), 4.29-4.01 (m, 
2H). 3.84-3.54 (m, 2H), 3.51 (d, IH, J = llHz), 3.63*, 3.38 (both d, IH, J = 1.4 Hz), 3.02*, 2.84 (both m, lH), 2.28+, 
2.05 (both d, lH), 1.20 (t. 3H, J p 7.0 Hz), 0.94 (s, 9H), 0.1 (s, 3H), 0.08 (s, 3I-I). ‘Represents peak of the major 
product. 

fO-O-t~Butgldlmtthylsfiyl catalpol, /&cthyl acctrl (28~). 
Alcohol 278 (4 mg, 0.01 mmol) in ethanol (1 .O mLf was added to d~y~~~~~~ny~~~h~} ~~~~ (II) (4 

mg, 0.0035 mmol) under argon ktmospherc. 
Florisil with ethyl satate and colKxntrated. 

Ihe reaction mixture was heated at reflux (WC) for 5 h, then fikmd t.hrou@ 
The pwhrt Qbtained was purified by MFW (25% ethyl aceta@KWuW) yieiding 

3.6 mg of 288 (90%): IR (CC&) 3592, 3450 (broad), 2955, 2930,2884,2857, 1653, 1472, 1462, 1379, 1362, 1256, 
1225, 1215, 1148, 1115,1176, 1053, X030,990,962 cm-*; ‘H NMR 6 0.03 (s, 3H), 0.,04 (s. 3H), 0.88 Is, 9H), 1.26 (t, 
3W, 1.78 (d, lH, J = 10.0 Hz), 2.25-2.31 (m, H-I), 2.48 (dd, lH, J = 8.9 Hz), 3.54 (d, IH, J = 1.0 Hz), 3.57 (dq, IH), 
3.88 (br t, H-I, J = 8 &I, 4.0 (dq, lH), 4.02 (s, 1H). 4.43 (d, lH, I = 9 Hz), 5.04 (dd, IH, J = 4.5, 6.0 HZ), 6.32 (dd, 
Hi, J = 1.9,6.0 Hz); MS tie 342 &I+), 285,267,239,225,211; MS c&d for Ct3H2@5Si (M - t-Bu), 285.1158; f6wl, 
285.1151; [a]:= -67.50 (c = 0.36, CHCl3). 

10.O-I-Butyldimtthylsilyl cPtrlpol, a-ethyl acecal (2&z). 
The dkteromuk alcohols w= mdly separated at this stage: 28q mp 9697 ‘c; IR (neat) 3270,2857,f651,1102,1007, 
839 cur’; lH NMR 6 6.18 (dd, IH, J = 6.2, 1.8 Hz), S-17-5.13 (m, 2H), 4.20-4.13 (m, lH), 4.15 (d, lH, J = 12.0 Hz}, 
3.78-3-72 (m, lW, 3.57 (d, lH, J = 12.1 Hz), 3.50-3.44 (m, lH)* 3.36 (d, lH, J = 1.3 Hz), 2.81 (dd, lH, J = 8.2, 
3.4 Hz), 2.06-2.04 0x1, lW, I.61 (6 H-I., J = 10.3 Hz), 1.17 (t, 3H, J = 7.1 Hz), 0.92 (s, 9H), 0.10 (s. 3H), 0.08 (s, 3H); 
MS m/r: 285,267,239,81,76 @SC); MS cdcd for Ct3HztOsSi (M - r-B& 285.1158; found, 285.1157. 

Catilpol, I-ttbyl rctttl (298). 

An cxws of tetrabutylammonium fluoride was added to silyhtcd ethyl camlpoi 2@ (4 mg, 0.01 mmol) in THF (0.5 ‘ 
mU Tht reaction was stirred for 4 h at 25’C then poured into hexane and wattr. The htxane layer was separa& and the 
RAUCOUS layer was extracted with ethyl acetate (5x). The combined uganic pW WCIV dried over Mg!$Q, f&red, and 

concentrated. The crude ethyl catalpol12.5 mg) was ~UXWC& in oearly qua&tat&e y&k JR (neat): 3307,3347,2924, 
2853, 1713. 1651,1456, 1377, 1345, 1262, 1223, 1140, 1119,1088, 1055, 1017,980,9S6,905,770 cm-l; tH NMR 6 
1.30 (t, 3W, 226 On, lH), 2.61 (dd. H-i, J = 7.9, 9.3 Hz), 3.49 (s, Hi), 3.62 (dq, IH). 3.67 (d, H-i, J = 13.5 Hz), 3.90 
W. lw, J = 7.0 ZfEZ, 4.07 (dq, H-0.4.08 (d, lH, J = 13.5 Hz), 4.42 (d, lH, J = 9.67 Hz), 5.07 (dd, 1H, J = 4.5, 5.9 Hz), 
6.33 (dd IH, J = l-8,5.9 Hz); MS w& 228 (M+), 209, 195, 182, 177, 169, 162, 151, 131,123, Ill, 95,85: MS calcdfor 
Cl tH1605.228.0997; found, 228.0996. 

6-0-Bcntyl-10.O-l-butyldimctbylsilyl catrlposide, B &by1 WI (Me). 

S~ykd eihyl catdpd 286 (2 mg, cwO6 Itend) in mabyle.ne &&de was s&&i to 8 mixtufe d pbix@oxybuKoic 
acid (3 mg, 0.013 rmmol), DMAP Wtalytk amount), and dicyclohexyk @CC!) (2.5 mg, 0.012 mm@ attd tk 
r=ctionwasstirredunderargonaamsphuefor3days Afcwdropadwater~addedradtbc mixmmwasrtiWdfW 
4 h, then diluted with methytene chloride. The mixtum was washed v@h rmnrtal m NH@ (lx), trtusrttd ws 
NaHC03 (lx), water (3x1, and brEnc (1x1, and dried over &2=.$. The msuking rrsidat was qcatedly dissoiwd in et& 
andfrltmdthroughCeliutcl rtmocrcexm uma. -04l by MPU: (IO% tdlyl etatcbllllllt) &o&d 3.4 mg of the 
crystaUine henzoate; mp = 96-%.Yc; IR (neat) 3400 (broad), 2928.2857, 1713, 1651. 1607, 1511. 1455, 1252, 1169, 
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1151, 1107, 1063, 1015, 845, 735 cm-l; ‘H NMR 8 0.06 (s, 3H), 0.07 (s, 3H). 0.89 (s, 9H), 1.29 (t, 3H). 2.55 (dd, lH, 
J = 7.9, 9.4 Hz), 2.70 (m, lH), 3.61 (dq, Hi), 3.77 (s, H-I), 4.03 (dq, lH), 4.05 (s, 2Hh 4.53 (d, lH, 3 = 9.5 Hz), 4.94 

(dd, lH, 3 = 4.6 5.9 Hz), 5.08 (dd, lH, J = 0.9. 8.1 Hz), 5.13 {s, 2l-Q 4.33 (66 lH., J = 1.7, 6.0 Hz), 7.00 (& 2H, I = 
8.9 Hz), 7.24-7.44 (m, SH), 8.05 (d, 2H, J = 8.9 Hz); MS m/e (no M+), 495,4n, 449,395.324,309,2P4,267,211,91 
(baa& MS calal far CnH3tO$i (M- t-Bu), 995.1839; found, 495.1810; [a]: = -115.0’ (c = 0.4, CHCl3) 

6-O-Benzyl-IO-U-f-but~dimctlylsilyl crtrlpoaidt, a-ethyl rcetal {3OW. 
IR (neat) 2P28,17f5,1605,1254,1102, 1051 cm-‘; tH NMR 6 8.04 (d, 2H, J s 8.7 Hz), 7.46-7.35 (tn. 5H), 7.00 (d, 2H, 
J = 8.7 Hz), 620 (dd, lH, J = 6.2, 1.5 Hz), 5.33 (d, Hi, J = 8.1 Hz), 5.23 (d, H-I, J = 3.3 Hz), 5.14 (9, w), 5.06 (1, lH, 
J = 5.1 Hz), 4.22 kd, lH, J = 12.1 Hz), 3.80 (m, lH), 3.63 (s, lH), 3.58 (d, lH, J = 12.4 Hz), 3.55 (tn. IH). 2.89 (dd, 
lH, J = 8.3,3.3 Hz), 2.50 (m, lH), 1.22 {t, 3H. J = 7.1 Hz), 0.92 (s, PH), 0.11 (s, 3HL 0.09 (s, 3H); MS rrJc 552 W+), 
495, 309, 267, 211, 91 (base); MS o&d for CnH3107Si (M-r-Bu), 495.1839; found, 495.1838; [a]$ = -44.9’ 
(c = 0.63, CEICl3), 

l~,3a-Specionia (33n) and 1&3a-specioain (34@). 
A solution of the silylat& henzyl ethyl catzdpwidc 3# (8 mg, 0.014 mmol) in ethanol (035 mL) was added to EKWUIY 

(‘ID acetate (5 mg, 0.016 mm&) and the mixmn was stirred far 1 h at 25’C under argon atmosphere. The soknt was 
~emovcd under reduced p~ssttre, and the residue was dissolved in benzene (OS mL& Tri-n-butyhin hydride (5 p.L, 
0.02 mm@ WRS addai to this solution at WC, and the mixture was allowed to stand for 30 min, during which time mcnxry 
~d~~~~. ~C~W~~~~~~~~G~~~~~ Aftexpurifkation by 
hWl.C (12% ubyl aeon), a 1:1; mixture of pmducts 3@ and 328 (5 mg, 60%), which was nat ~~~~hk~y 
separabk, was obtained. A wlution of this mixture of ep&rs (5.5 mg, 0.009 mmol) in THF (0.5 mL) was stirred with tcua- 
~-bu~l~~ fltide trihydratc (6 mg, 0.019 -1) under argon SJIXB~~CIB for 30 min at EC. The &on mixhue 
was diluted with ethyl acttatc, filter& thmugh Florisil, and cwccntratcd. Afier p~~~tio~ by MPLC (45% ethyl 
acetaulhtxnnc), the pure lfL3acpimer (2.0 mg, 45%) and M,3&-cpii (22 mg, 49%) wem obuio6d: 1 p.30 Apia; tH 
NMR 6 1,23 0,3FQ, 1.30 (t, 3f-0, 2.41-2.53 (m,2H), 3.48-3.75 (m, 5H), 3.77 (s, 1HL 4.02-4.12 (m, 2tI), 4.73 (d, lH, 
J = 8.6 Hz), 5.01 (d, lH, J = 2.7 Hz), 5.13 (s, ZK), 5.57 (d, lH, J = 8.0 Hz), 6.99 (d, 2H. J = 9.0 Hz), 7.34-7.44 (m, 
SH), 8.02 (d, 2H, J = 9.0 Hz}; lp,3g epl ‘ma; 6 1.23 (t, 3I-Q 1,30 (t, 3i-Q 1.67-1.86 (m, 2H), 2.43-2.57 (m, ZH& 3.48- 
3.69 (m, 4H), 3.71 {s, lH), 3.94 (dq, H-Q, 4.OG4.12 (m, 2H), 4.51 (d, lH, J = 8.3 Hz), 4.66 @I, lH, J = 2.7.9.2 Hz), 
5.13 (s, 2H), 5.25 (d, lH, J = 8.0 Hz), 6.99 (d,2H), 7.31-7.45 (m, 5H), 8.01 (d, 2H). 

A mixnm: of the @,3a cpiroa (2.0 mg, 0.004 mmol) and ~~ on cartron (10% Rl, spatula tip) in ethanol (0.5 mL) 
ws Sin-cd under a hydmgen atmosphat for45 min. The reaction mixt~ was diluted with ethyl acetate, and fikcd through 
Flokil cluting with ethyl acetate. Crude 33a ( 1.4 mg) was rrcovcmd in a good state of purity in 86% yield; lR (neat): 3362 
(broad), 3030,2995,2928,2865. ‘1700, 1653, 1608, 1559. 1516, 1447, 1381, 1354, 1277, 1165, lOPP, 1022,9?8,914, 
851, 804, 771, 700 cm-‘; *H NMR 6 l.27 (1, 3l-Q 1.35 0, 3l.Q 1.78-1.88 (m, ZH), 2.39-2.59 (m, 3H). 3.44-3.68 (m, 
3l-0, 3.74 (dq, II-i’), 3.79 (s, lH), 4.00-4.14 (m, ZH), 4.78 (d, lH, J = 8.6). 5.06 (d, IH, J = 2.5 Hz), 5.62 (d, lH, J = 
8.0 Hz), 6.90 {d, 2HL 8.02 (d, 2H); MS nte (no M+), 349,303.267,251,236,230,2ll,lP9, 193, 164, 121 (base), 111, 
93.; MS &cd for CI&IO7 (M - OEt), 349.1287; found, 349.l286; [a$ = -140.7’ (c = 0.14, cmdc, CHQ3). 

Using the same prcccdus crude 34p (1.6 mg) was rccovcrcd in a good state of purity in 89% yield: IR (neat) 3370 
(broad), 2926,2865,1717, 1700, 1684,1653,1636, l609,1593,1559, 1539,1516, 1456.1379, 1277, 1165, ll15,1030, 
941,905, 851,804,788,689 cm -1; ‘H NMR 6 1.23 (t, 3H), 1.30 (t, 3H), 1.66-1.88 (m, 2H), 2.51 (m, 2H), 3.48-3.69 
(m, 3H), 3.72 (s, lH), 3.95 (dq, ll-l), 4.01-4.10 (tn. 2Hk4.51 (d, lH, J = 8.3 Hz), 4.66 (dd, 1H. J = 2.7 Hz, J = 9.0 Hz), 
5.26 (d, IH, J = 8.0 Hz), 6.87 (d, 2H), 797 (d, 2H); MS mfe (no M+), 349,317,267,251,236,230,211, 199, 193, 182, 
164,121 (base); MS calcdforCtgH2lOl @i -0Etk 349.1287; found, 349.1286; [a#= -1125’ (c = O,l6, crude. CHCl3) 

6-O-Bcnzyl-l0-O-t-butyldimtthylsilyl specionin (3290. 
To a solution of the okfin 3oa (6.2 mg, 0.011 mmol) in Et0H (4 mL) at mom ~~~ was added Hg(OAch (4.6 

mg, 0.014 mmol). The mixnm: was stirred for 30 miu, then cooled to -78 ‘C. Next, 3 M NaOH (10 @.,) and 0.5 M NaBHq 
(in 3 M NaOH, 28 pL) were added. After stirring for 1 h IK -78 ‘C, the reaction mixmrc was txcatcd with CH-$& (6 mL) and 
satumtcd NH&l (30 &iL), and fkrcd through a ~i~~~ pad. Rash fishy (8% Ek0Ac&mne) z&&d 5.9 
mg (70%) of pure product; lFt (neat) 2930, 17l3,1605,1252. llQ2,1026 cm- ‘; lH NMR 6 8.03 (d, 2H, J = 8.8 Hz), ?.46- 
7.35 {m, SH), 7.00 (d, 2H, J = 8.8 Hz), 5.37 (6 lH, J = 8.5 Hz), 5.13 (sr 2HL 5.12 (d, lH& 4.88 (dd, 1H. J = 7.0, 2.3 
Hz), 4.18 (d, lH, J = 11.9 Hz), 3.90-3.82 {m, 1Hk 3.60 (st lw), 3+55 (d, H-I, J = 11.8 HZ), 3.51-3.47 fm, In). 2.83 (dd, 
lH, J = 8.0,4.0 Hz), 2.44-2.40 (m, ll-l), 2.00-1.89 (m, lw), 1.89-1.82 (m, HI), 1.27-1.19 (2 overlapping t, 6l-Q 0.91 (s, 
9Hj, 0.10 (s, 3H), 0,07 (s., 3H). MS m/e 495,294,285,211,91 Chase); MS calcd for CnH3&Si m - r-Bu)], 495.1839; 
found, 495.1838; MS (ammonia CI) m/e 599 @i+H), 581,570,553 (base), 535,524.507,421,325+ 267,246.211,91; 

[ali! = -28.T (c = 0.15, cHc!l3). 

Specionin (4). 
To a solution of 32a (10 mg. 0.017 mmol) in THF (5 mL) was addaj Bu$W3H20 (6 mg, 0.019 mmol), The reaction 

~~~S~~~~~. After 20 min. the tx!action mixture was diluted with EtcWc, washed with water 
~~~~~~~~ Theaudepwiadwuamcco~anddissolvatinEtOH(5mL). 1~~~14.5rn~ 
wasaddedandtkmxtionmixmmwaspkcdundcraH~atmosphae. Aftcr3hutxkrH2,the ItXthllUiXam:WflSdihltcd 

With WAC and filmed thmugtt ~cdlafflaisil pad with EtUAc. Flssh chmmato8raphy (soa, EtOAcjhcxanc) afforded 5.9 

mg(~)~p~~ (4): lR(txat) 3353. 2926, 1711, 1609, 1593, 1277, 1235, 1165, 1121, 1071,974 cm-t; 
1H NMR 6 7.98 (d, 2H. J - 8.5 Hz), 6.87 (d, 2H, J = 8.6 Hz), 5.93 (br s, H-I), 5.38 (d. lH, J = 8.3 Hz), 5.07 (d. lH, J = 
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4.0 Hz). 4.90 (dd, lH, J = 6.7, 2.6 Hz), 4.03 (dd, lH, J = 12.5, 6.1 Hz), 3.9G3.72 (III, 3H), 3.79 (s. lH), 3.57-3.44 
Im, 2H), 2.82 (dd, lH, J = 8.2, 4-O Hz), 245 (m, lH), 2.08-1.95 (m. 1% 1.95-1.82 (m, lH), 1.~1.17 (‘zt, 6H); 
‘3C#?dR 6 15.1, 13.3, 29.1, 33.1, 40.3, 60.6, 61.2, 63.1, 63.9, 66.6, 79.0, 93.8, 96.1, 115.3, 122.2, 1322, 160.4, 
166.6; ‘3C NMR(cD#D) 6 15.5, 15.6, 30.3, 34.2.41.2, 61.2, 61.4, 64.0, 64.8, 67.3, 80.7, 94.9, 97.8, 116.2, 122.0, 
133.0,163.8,168.3; MS m/e 317,236,208, X05,91 (bar& MS cakd far CnH1106 [M - @OH + C&OH)], 317.1025; 
fowl& 317.1025; MS (alxmmb CJ) m/e 395 (M+H), 366,349 mm), 320,211, 193.164.l.21; TLC Rp 1.0 (in M&H), 
0.68 (in tthcz), 0.63 (io EQAC), 0.29 (in 50 96 EtWSbmc), identical Rf with natural sgtxia& [(Llg = -29.5’ (c i= 

0.295, CHClj);.[a]E =I -30.7’ (c = 0.075, CHCl3, mud spccimin). 

~~o~l~g~~; We wish to i&ink the Notional Institutes of Health (GM 31678) for funding of this 
work. We also wish to thank Professor M. VandewaJle for a friendly exchange of saniples, spectra, and 
~published results. 
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