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Abatrad-Exocyclic nitrones smoothly participate in intramolecular cycloaddition reactions to provide 
bridged and fused polycarbocycles. The exploitation of this methodology in the total syntheses of the 
sesquiterpenes (fb7.12-secoishwaran-12-01(44), (f)-hirsutene (56), ( f)-coriolin (68) is also presented. 

The pioneering effort by LeBel ’ led to a series of papers 
describing the limitations and considerable potential of 
intramolecular nitroneoletin cycloadditions’ in or- 
ganic synthesis. The ring constructive power of this 
reaction is now well appreciated and has been 
employed by numerous groups’ in the total synthesis of 
alkaloids and other nitrogen-containing natural 
products. Although the amino group is generally 
regarded as a ‘higher order” functionality, it can be 
easily manipulated into other functionalities4 We 
reasoned, therefore, that intramolecular nitrone-olefin 
cycloadditions might also be of service in the total 
synthesis of polycyclic terpenes5 Our preliminary 
studies6 to examine this possibility are described herein 
with full experimental detail. Moreover, this ap 
preach provides an effective solution to the total 
syntheses of three sesquiterpenes, ( f )-7,12- 
secoishwaran-12-01 (44),7 (f)-hirsutene (S6),8o and 
( f)-coriolin (68)ab. 

At the outset, we recognized that it would be most 
advantageous to employ exocyclic nitrones in the 
intramolecular cycloaddition since bicarbocyclic 
compounds would necessarily be obtained (Scheme 1). 
We were somewhat concerned, however, to note that 
exocyclic nitrones had not been utilized in cycload- 
dition reactions despite their initial preparation by 
Exner’ some 30 years ago. Furthermore, the standard 
protocol for generating nitrones, condensation of 
ketones or aldehydes with alkylhydroxylamines, would 
be expected to give rise to E, Z-nitrone isomers. In most 
cases, dipoleolefin orbital overlap is only accessible for 
the Z-nitrone(Scheme l), although the facile thermal E, 
Z equilibration r” of nitrones would appear to mitigate 
this concern. With these considerations in mind, we 
examined the viability of this methodology for the 
preparation of bridged bicycloalkanes (gheme 
k, m >, 1). 

1, 

Preparation of bridged bicycloalkunes 
The substrates chosen to test this methodology 

(cycloalkanones 1-13) are either known compounds or 
readily available. Indeed, this feature affirms the facility 
of this strategy. The versatility of this cycloaddition was 
proved by systematically varying the length and 
positioning of the alkenyl side chain. It can be readily 
seen that nitrones with 2-propenyl substrates (entries 
l-8) located j3 to the nitrone carbon cyclize most 
efficiently and at lower temperatures, typically in 
refluxing benzene. In all cases, a single diastereomer 
was isolated as evidenced by the corresponding “C- 
NMR spectrum and/or a clear AB pattern charac- 
teristic for the oxymethylene protons in the ‘H-NMR 
spectrum. The stereochemistry is assigned to IX exo 
based upon a structural proof for isoxaxolidine 14 (uide 
infra) and the expectation that endo transition states 
would be inaccessible. The yields are not appreciably 
affected by the nature of the alkyl group on the nitrone 
nitrogen atom or by the labile j?-hydroxyl in 
cycloalkenol6 (or the corresponding nitrone, entry 6). 
However, when serious 1,3 diaxial interactions are 
encountered in the transition state (entries 4 and S), 
higher temperatures are required to effect cyclixation 
and yields are severely attenuated. 

The cycloaddition is also successful for nitrones 
appended with 3-butenyl side chains in the /I position 
(entries 9-l 1). These reactions are also stereospecific 
and produce only the exo isomers (entries 9 and 10, aide 
info). The sensitivity of the exocyclic nitrone 
cycloaddition to steric and torsional parameters is 
further apparent in these examples. The yields are lower 
(for entries 9 and 10) and higher temperatures are 
required to effect cycloaddition, presumably reflecting 
destabilizing interactions encountered from a boat-like 
conformation of the bridging atoms. However, the 
conformationally restricted nitrone derived from 

Scheme 1. 
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ketone If. proceeds efficiently to isoxazohdine 24. It 
should be noted here that 1-aminoadamantane” is a 
known antiviral compound, and, consequently, this 
method may prove useful for the preparation of 
a~noad~antane analogs. 

Finally, two additional cycioaddition substrates 
were examined. If the /?-alkenyl side chain is lengthened 
by an additional methylene (entry 12), then the reaction 
fails completely. Entries 8 and 13 represent the only 
cases studied with y-alkenyl substituted nitrones. The 
cycloaddition proceeds in satisfactory yield (entry 13) 
although it is not competitive when cycloaddition with 
a fi-2-propenyl substituent is also possible (entry 8).12 

With the general success of this methodology now 
well assured, we concentrated on transforming the 
bridgehead nitrogen atom of isoxazolidine 14 into a 
hydrogen or hydroxy1 moiety. The motivation for this 
exercise rested, in part, upon the observation that 
natural products incorporating the bicyclo[3.2.1] 
octane substructural unit often occur in pairs differing 
only by the presence of a bridgehead hydroxyl or hy- 
drogen.13 Thus, the realization of this goal would set 
the stage for divergenti total syntheses of two bridged 
bicyclic natural products from a common inter- 
mediate. 

Table 1. Cyclizations of alkenylcycloalkanones mediated by ~kylhydroxylamjn~ 

Entry Temp R Yield 

5 b_ 18 

Me 84 
CHIPh 82 

CH,l% 94 

CH,Ph 8 

Me 66 
CH$lt 70 

CHaPh 37 
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Table 1 cont. 

Entry TOP R Yield 

8 

9 

10 

11 

12 

13 

oLLj- q3yhjr 
12 O- 

25 
0 

Q&-jb”R& 
0- 

13 26 

Me 15 

CHJ’h 90 

CHJ’h 41 

Me 46 

Me 81 

Me 0 

CHJ’h 40 

The introduction of the bridgehead hydroxyl or 
equivalent seemed the least problematical since two 
groups had employed White’s methodology4b for this 
purpose in the total syntheses of bridged bicyclic 
natural products.“’ To this end, scission of both the 
N-O and N-benzyl bonds in isoxaxolidine 14 
(Scheme 2) was accomplished by catalytic hydro- 
genation using Pearlman’s catalyst16 (Pd(OH),, 1 
atm H,) to provide the amino alcohol 27 (73% 
after recrystallization). The acetylation of 27 gave an 
acetoxy a&amide which was deaminated using the 
procedure of White& to provide the diaatate 28 in 
55% overall yield. 

The “hydrodeamination” of amino alcohol 27 with 
hydroxylamine-0-sulfonic acid in aqueous NaOH 
according to the protocol of Dolduras and 
Kollonitsch& afforded exo-alcohol 29 (92%). The 
stereochemical and structural integrity of 29 and, 
hence, of the parent isoxazolidine 14, was confirmed 
upon Sharpless” ruthenium tetraoxide catalyzed 
oxidation to the known exo-bicyclo[3.2.1]octane-G 
carboxylic acid (30).‘* Furthermore, treatment of the 
corresponding methyl ester 31 with LDA followed by 

pyridinium tosylate gave the endo ester 32 and 
recovered starting material in a ratio of 3 : 1. Separation 
(HPLC) and treatment of the endo ester 32 with 
NaOMe in MeOH at 90” in a resealable tube gave 
complete conversion to exo ester 31. In addition, the 
protons a to the carbomethoxy substituents exhibit 
coupling patterns and chemical shift ditTerences in the 
‘H-NMR spectra characteristic for similar endo and 
exo protons in bridged bicyclic systems.‘9 Finally, 
isoxazolidine 22 was similarly processed to exo- 
bicyclo[3.2.l]octane-2carboxylic acid (m.p. 47-49”) 
and the corresponding benzylamine salt (m.p. 139- 
140”) whose melting points were similar to those 
reported previously. *O Thus, all of the stereochemical 
assignments in Table 1 are secure. 

Having shown that the bridgehead nitrogen 
substituent can be easily exchanged for hydroxyl or 
hydrogen, we chose to briefly examine its potential for 
triggering rearrangement or fragmentation of the 
bridged bicycloalkanes to other carbocyclic systems. 
Indeed, this is an established tactic in organic 
synthesis” although fragmentation reactions wherein 
both bridgehead carbons participate in the cleavage 
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process are relatively rare,22 perhaps due to an 
in~~ibi~ty of substrates. Con~uen~y, N- 
methylisoxazolidine 19 was methylated (CH,I, 60%) 
and then reduced with zinc in acetic acid”* to provide 
the dimethylamino diol33 (Scheme 3,91x yield) which 
was further methylated to provide the quatemary 
ammonium salt 34 (67%). The desired Grob 
fragmentation was found to be easily effected by 
addition of 34 to excess sodium hydride in THF and 
refluxing the solution for 2 hr. After silica gel 
chromatography, the functionalized cycloheptanone 
35, in equilibrium with the cyclic hernia&al form (7 : 3), 
was isolated in a yield of 7004. The application of this net 
one carbon ring expansion sequence (cf. 6+3!i) in 
guaianolide2’ total synthesis now merits serious 
consideration. 

Total synthesis oj ( f )-7,12-seco;ishwaran-12-01(44) 
The application of this methodology in natural 

product synthesis was now of immediate interest. Our 
target for this objective was (12S)-7,1Zsecoishwaran- 
12-o1(44, Scheme 4), a sesquiterpene recently isolated 
by Pakrashi et al. from Aristolochia in&a Linn. 
(Artistolochiaeceae).7a*b This compound exhibits looo/, 
interceptive activity and 91.7% anti-implantation 
activity in mice at a single dose (100 mg kg- I).” 

The key step in the projected synthesis was the 
intramolecular nitrone-olefin cycloaddition of 39 to 
40. Based on the exo preference for cycloaddition in 
these systems, the meth~lyl su~titut~ decalone 39h 
appeared to be the ideal substrate for cyclization since 

C-12 of secoishwaranol(44) would be introduced with 
the correct relative asymmetry. However, our previous 
experimentation with 3-methallylcyc1ohexanone 
(entry 4, Table 1) strongly discouraged this choice. 
Instead, we opted for the ally1 substituted decalone 39a. 
It was felt that the resulting cycloadduct, 4Oa, would 
serve as a viable precursor to the exocyclic olefin 42 
which had previously been converted to secoishwa- 
ran01 (44).” 

A concise synthesis of cycloaddition substrate 
39a was our initial objective. The conjugate addition of 
an allylic metal reagent to the known enone 3@’ is 
obviously the simplest approach. However, 1,4- 
addition of diallyl cuprate would be expected to deliver 
the cisdecalone.2s Furthermore, the stereochemical 
result obtained upon subjection of 36 to the Sakurai 
conditions26 (~ylt~ethyls~~e, TiClJ is by no 
means clear. Nonetheless, we attempted the Sakurai 
reaction but only recovered the starting enone 36. We 
then turned to the known allene-36 photocycloadduct, 
37,2* as a precursor to decalone 39a. The net 
hydrogenation of the a-keto carbon-vinyl carbon 
sigma bond was easily accomplished in two steps. 
Photochemicallyinitiatedanti-Markovnikovaddition 
of HBr” to olefin 37 gave a mixture of bromides which 
was immediately subjected to reductive fragmentation 
by the agency of lithium in ammonia2s to provide the 
desired keto olefin (60% overall). 

The critical cyclization of 39a to 4th proceeded 
smoothly (8V/$, provided the r&one was formed in 
ethanol (8 hr, reflux) in the presence of a drying agent 

Hoyy-- Mel_ “yyy %$ o+!qL 
OH OH 

33 34 3s 

Scheme 3. 
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40a R=H 

40b R=Me 
398 R=H 

39b R=Me 

42 438 + 43b 

(B epoxldc) 
44 

Scheme 4. (a) akne, hv, hcxancs ; (b) HBr, hv, hexanes ; (c) Li/NH, ; (d) C6H5CHZNHOH, EtOH, NGO, ; (e) 
H,,P~(OH),,E~OH;(~)NH,OSO,H,OH~,~~%E~OH;(~)A~S~~,BU,P,THF,Q, ;(h)MCPBA.CHKlz. 

aq NaHCOp ; (i) LiAIH,, Et,O. 

(anhydrous Na,SO,). Refunctionalization of isoxa- 
zolidine 4Oa (m.p. 116”) proved uneventful. Thus, 
catalytic hydrogenation and subsequent “hydrodeami- 
nation” gave alcohol 41(65x) which was dehydrated 
using the technology of Grieco et 01.~~ (Ar!kCN, Bu,P, 
THF; 0,; 65%). 

Epoxidation of olefin 42 with mCPBA at 0” for 3 hr 
gave a mixture of epoxides (7.6: 1,90x). Although the 
isomeric mixture could be separated by HPLC, it was 
more convenient to directly submit the mixture to 
reduction (LiAlH,). After purification by HPLC, 
crystalline (f)-7.12~secoishwaran-12-01 (m.p. 116- 
117”, 71%) was obtained which was identical with 
an authentic sample (TLC, IR, 360 MHz ‘H-NMR, 
13C-NMR). 

Preparation of fused bicycloalkanes 
Totalsynthesis of( *)-hirsutene(S@fmd( +)-coriolin 

(68). The extension of the methodology discussed 
herein to the preparation offrcsed bicycloalkanes is also 
conceivable, namely, by intramolecular cycloaddition 
of an exocyclic nitrone with an a-appended olefinic side 
chain (cf. Scheme 1; m = 0, k, n 3 1). Indeed, Kakisawa 
and co-workers reported on the feasibility of this 
proposition, sd thereby obviating the necessity for our 
own preliminary studies. Consequently, we directed 
our attention to the construction of fused tricarbocyclic 
ring systems mediated by intramolecular nitrone 
cycloadditions with cycloalkenyl substituents (Scheme 
1, dotted lines). Upon examination of the various 

hypothetical cases, one can quickly surmise that the 
anti isomer shown in Scheme 1 should have a kinetic 
advantage toward cyclization. Furthermore, since the 
internal dipolarophile is connected to the nitrone a 
carbon, the syn and anti isomers should be capable of in 
situ base catalyzed interconversion. In essence, this 
strategy for polycycle construction would permit the 
joining of two cycloalkanes to create a central, third 
ring with important stereochemical consequences. 

Hirsutene (54&s a linearly fused tricyclopentanoid, 
represents an attractive target on which to formulate a 
test of this strategy. Thus, inspection of molecular 
models reveals that the intramolecular nitrone-olefin 
cycloaddition is impossible for the syn isomer 48 
(Scheme 5) but quite feasible for the anti isomer 49 
(molecular models also indicate that dipole 
dipolarophile overlap is more easily accommodated 
with the E-nitrone as shown rather than the Z-nitrone. 
Nevertheless, the same stereoisomer would be 
produced). Under basic conditions, the syn-nitrone 48 
should epimerize and also cyclize to the cycloadduct 50 
which possesses the correct relative stereochemistry 
and functionality useful for completion of the hirsutene 
(56) total synthesis. 

Our first investigation of this method commenced 
with the preparation of ketone 47a (Scheme 6) since it 
was felt that the corresponding nitrone 49a (R = H) 
would have the highest probability of cyclization vis-d- 
vb the more ste&ally encumbered nitrone 49b (R = Me). 
To that end, conjugate addition of allylsilane 46a3’ 
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However, concurrent experimentation in the methyl 
rendered the desired cycloaddition sub- series (e.g. 47h) warranted termination of this leas 

strate &a as a mixture ofdiastereomcrs (450/,, the yield 
could be substantiahy improved by modifying this 

appealing route. In part&alar, dropwise addition of 
~y~~~e~btoenone45~rnp~ex~~~~~~gavea 

procedure, G&z i@z), We ware gratified to discover 
that the cychnation of ketones 4% via intermediate 

mixture of ketones 4Tb (2: I according to the 
corresponding lJC-NMR spectrum, 36%). In addition, 

nitrones d8a and 49a (1.1 equiv MeNHOH * HCI, 3 another compound was isoiatwi (WA) which was 
equiv NaOEt, EtOH, toluene) proceeded sm~thly derived from conjugate edition of the initially formed 
f’?ff$$ to afford a single i~x~oIidin~ 5Oa. Yields were titanium en&ate of 47h to another equivalent of enone 
rn~k~~ysuppr~ wb~~stoic~omet~~quanti~~of 45. This troobi~omeside reaction could be eliminated 
NaOEt were used which suggests that excess base by inverse addition of enone 45 and TiCl, to excess 
promotes the desired ~~~~~t ~~ime~tion. ~y~silanea6b(f.jeq~v~CH~Cl, -?gO)~dp~~d~ 
The isoxazohdine %a was subjected to a sequence of the di~tereome~ 47b in good yield (71of. These 
metbylation (CH& and hydrogeuation(5% PdfC, H,) isomers were SParated by preparative HPLC! and each 
to furnish the hydroiodide of 3fn (68%). Collins was independently converted to the respective N- 
oxidation of this salt direct& provided the de- 
conjugated ketone 523” @?A). In principle, ketone 52 is 

methyl nitrone 48b/49b (I.1 equiv MeNHUH * HCI, 3 
equiv NaOEt, EtQH, toluene) and thence to the same 

a serviceabie inte~~iate enroute to birsutene (56). eyCroadduct SOB after 36 hr of reffux. when 

si 

i 
WtlPd 
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stoichiometric quantities of NaOEt were used, the 
major isomer led to intractable material upon 
continued heating, whereas the minor isomer rapidly 
cyclized. It must be deduced, therefore, that the major 
nitrone isomer is the undesired syn isomer 48b. 
Obviously, it was more convenient to submit the 
isomeric mixture of ketones 47h to the optimized 
reaction conditions. A 75% yield of isoxazolidine 5Ob 
was obtained after chromatography. 

In order to complete the hirsutene synthesis, C-l of 
isoxazolidine 50b must be stereospecifically hydro- 
deaminated and C-3 must be oxidized to arrive at the 
ketone 55 (norhirsutene) which has previously been 
converted to (f)-hirsutene 56.32 In the event, 
methylation (excess CH,I) of 50b and subsequent 
N-O scission (H,/Pd; NaOH) gave dimethylamino 
alcohol 51b (89% overall yield). Cope elimination+” of 
the derived amine oxide (MCPBA, CH&l,, aq 
NaHCO,, SO”, 48 hr, 90%) gave a single regioisomer, 
53, and none of the thermodynamically preferred 
elimination product31c with the double bond 
endocyclic to both rings (>98: 2 by i3C-NMR). 
Experiments are underway to uncover the factor(s) 
responsible for this surprising regiospeciticity. 
Nonetheless, oxidation of alcohol 53 furnished ketone 
54 which was stereospecifically hydrogenated to afford 
the known ketone 55 (65%) which was identical in all 
respects(IR,360MHzLH-NMR, 13C-NMR,m.p.)with 
an authentic sample and thereby constitutes a formal 
total synthesis of ( f)-hirsutene (56). 

We next turned our attention to converting alcohol 
53 to the antitumor, antibiotic coriolin (68) via one of 
several possible advanced intermediates prepared in 
previous coriolin synthesesab The olefin moiety in 53 
offers access to the C(11) a-hydroxyl and the cis-A,B 
ring fusion present in coriolin by a hydroboration, 
oxidation sequence. This strategy had not been 
exploited in the previous coriolin syntheses and, 
therefore, deserved investigation. It quickly became 
apparent that this operation was not straightforward 
(Scheme 7). Hydroboration of53(excess BH3, 60”, 1 hr) 
and standard oxidative workup gave a mixture of the 
three dials 57, 58, 59 in a ratio of 1:2:2, respectively. 

57 

I PCC 

Inspection of molecular models clearly reveals that the 
alkoxyborane moiety derived from 53 and 1 equiv of 
borane is positioned to sterically inhibit intermolecular 
attack by another equivalent of borane on the a face. 
Therefore,approach by borane on the fl face is preferred 
and ultimately gives rise to the diol 58 despite the 
formation of the strained pans-bicyclo[3.3.0]octane 
ring system. The formation of dio159 is most likely a 
consequence of an intramolecular hydroboration 
reaction involving the alkoxyboranederivative of53.33 
Indeed, when the alcohol 53 was added to 1 equiv of 
borane, the dio159 was the major product (57 : 58 : 59; 
1 : 1.3 : 4). The structural assignments for diols 57-59 
were confirmed by subjecting each to PCC in CH,Cl,. 
Diol57 afforded the diketone 60 and had a ‘H-NMR 
spectrum and m.p. similar to those previously reported 
by Mehta et al. in the context of their coriolin (68) total 
synthesis.34 Oxidation of dio158 gave the diketone 61 
which, upon treatment with catalytic NaOMe in 
MeOH, rapidly epimerized to the less strained diketone 
6O.The diol 59 provided the hydroxy ketone 62. A 
carbonyl stretch at 1716 cm- ’ in the infrared spectrum 
(in contrast to 1733 cm-’ for 60) and a resonance at 
6 4.5 in the NMR spectrum (which disappeared upon 
addition of D,O) are indicative of an intramolecular 
hydrogen bond3s which would not be possible for an 
isomer epimeric at the hydroxyl-bearing carbon. 

It was clear at this point that the problematical 
hydroxyl functionality of 53 must be removed and 
replaced with a much smaller group (i.e. H) in order to 
effect the desired facial selectivity as well as 
regioselectivity in the hydroboration reaction. To this 
end, we examined several methods for dehydrating 
alcohol 53 to the diene 63. The corresponding tosylate 
@Cl, Pyr) and epimeric bromide (Ph,PBr,, CH,Cl,) 
were resistant to elimination (DBU, toluene, reflux). 
However, diene 63 could be obtained in moderate yield 
by oxidation of alcohol 53 to ketone 54 (PCC, CH,Cl,) 
which was converted to the corresponding tosylhyd- 
razone and then treated with LDA (5 equiv, 38% 
overall). A much more satisfactory solution (Scheme 8) 
involved the preparation of a thionocarbonate from 
alcohol 53 and 0-3&dimethylphenyl chlorothiofor- 

9” ?” 

58 59 

1 
PCC 

I 
PCC 

)Iqj+& & 
H H 

I 
H 

60 61 62 
Scheme 7. 
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3.H>O+ 

mate( 1.2 equiv, Pyr)36 which was then pyrolyzed (220”) 
with collection of the volatile 63 in a cold trap (70% 
overall). The hydroboration of diene 63 with 
dicyclohexylborane (1.5 equiv, 25”) proceeded with 
complete chemo- and regioselectivity and high 
stereoselectivity to provide alcohols 64a,b (14: 1, 85%) 
after oxidation (H,Oz, NaOH). The isomers were 
separated by HPLC and the major isomer was assigned 
the /I configuration based on the expected preferential 
attack of CysBH on the convex face of the B, C ring 
system. Moreover, the resonance for the methine 
proton on the hydroxylated carbon for 64a and 64b 
appeared as a pentet and heptet, respectively. The 
analogous proton resonance for regioisomers would 
show a doublet of doublet or triplet pattern (cf. NMR 
spectrum of 53). It was more convenient to use the 
mixture directly since both stereoisomers are eventu- 
ally converted to the same intermediate (66, uide in@). 

We were gratified to discover that hydroboration 
(excess BH, 12 hr, 27”) of 64s,b proceeds both regio- 
and ster~s~ifica~y in the desired sense to deliver, 
after oxidation, the diols 65a,b (81%). Moreover, in a 
labor-saving preparation of 65, the sequential 
hydroboration reactions (i.e. 63 -+ 64 -+ 65) were 
performed in one pot using the crude pyrolysate from 
the thionocarbonate of 53 (35% overall from 53, see 
Experimental). Selective oxidation ofthe C(4) hydroxyl 
of diols 65a,b was easily realized through the agency of 
Fetizon’s reagentJ7 (8 equiv, 79”, 1.2 hr) to furnish 
hydroxy ketone 66 in excellent yield (94%). The corres- 
ponding diketone was observed (10%) only when ex- 
tended reaction periods were employed (4 hr). 

In order to complete a formal total synthesis of 
coriolin (aS), ketone 66 must be oxidized to enone 67. 
An analogous problem was recently encountered and 
solved by Greene et al. in their hirsutic acid total 
synthesis,3s namely, oxidation with a mixture of PdClz 
and Pd(OAc), in retluxing aqueous dioxane. 
Unfortunately, subjection of ketone 66 to these 
conditions gave not only the enone 6’7 (28% yield based 
on 75% conversion) but alsocompeting oxidation of the 
C( 11) hydroxyl(6% of the diketone derived from 66 and 

17% of the keto enone derived from 67). Consequently, 
the hydroxy ketone was converted to a mixture of A3** 
and A4*s -trirnethyl silyl enol ethers (1: 6, respectively ; 
5 equiv lithium tetramethylpiperdide, 10 equiv 
Me,SiCl) which was then subjected to the Saeguaa 
protocol for oxidation of silyl enol ethers [Pd(OAc)s, 
CH3CNlJ9 followed by hydrolysis of the extraneous 
trimethylsilyl ether to afford the enone 67 (50% yield 
overall, 54% based on recovered 66). Spectra(360 MHz 
‘H-NMR, IR) of our sample of 67 were identical to 
those kindly provided by Professor Koreeda** Enone 
67 has been previously converted to (+)-coriolin by 
Matsumoto and co-workers.41 

We have demonstrated that exocychc nitrones 
smoothly participate in intramolecular cycloadditions 
and are of considerable utility in the expeditious and 
stereospecific assemblage of bridged and fused 
polycarbocyclic frameworks. The isoxazolidine moiety 
of these cycioaddu~ can be efficiently sacrificed for 
other functionality present in various terpenes. The 
further development ofthis strategy and its application 
in natural product total synthesis is in progress. 

EXPERIMENTAL 

Genedmefkods. 60 MHz ‘H-NMR speotra were recorded 
on a Varian T-60,90 MHz ’ H-NMR spectra were recorded on 
a Varian EM 390,200 MHz ‘H-NMR spectra were recorded 
on a Varian XL200, and 360 MHz ‘H-NMR speotra were 
recorded on a Nicolet NMC 360. Data are reported as follows : 
chemical shifts, in parts per million downfield of internal TMS 
(number of protons, m~tipli~ty, coupling unstop). “C- 
NMRspectrawereobtainedoneitheraVarianXLiOO,XLMO 
oronaNicoletNMC36O.Cbemicalsbiftsarereferenoedtotbe 
central peak of the CDCls triplet (77.00 ppm). IR absorption 
spectra were obtained on a Perkin-Elmer model 283 and were 
referenced to ~ly(sty~e)( 1601 em- ‘). High resolution mass 
spectra were provided by the Midwest Center for Mass 
Spectrometry, University of Nebraska, Lincoln, Nebraska. 
Elemental analyses were provided by Galbraith Laboratories, 
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Inc., Knoxville, Tennessee. hips were determined in open Py- 
rex capillary tubes on a Thomas-Hoover Unimelt appar- 
atus. Mps and bps are uncorrected. Gas cbromato~aphy 
was performed on a Varian Aerograph model 920 with an 
8 A x l/4 in glass loo/, SE-30 on Chromosorb Q conditioned 
at 210” (Column A) or an 8 R x l/4 in glass l@A UCQ982 on 
Chromosorb 0 80/100 conditioned at 250” fC&Iumn Bk AI1 
high pressure liquid chromatography (HPLC) was performed 
on a Waters 590 pump quipped with an R401 differential 
refractometer and a UK6 injoetor. All chromatography was 
carried out on E. M. Reagents silica gel (400-230 mesh) 
according to the method of Still et al,‘z and all TLC on 
commercial silica gel plates, Analtech Silica HLF 250 m. 
Solvents were dried by distillation over an appropriate drying 
agent under a Ns atmosphere and stored under N, over 
Linde molecular sieves (4 A). All reactions involving 
organometallics, sir sensitive reagents, and nitrone cydoad- 
ditions werecarried out in apparatus that was flame dried and 
cooled under a stream ofdry N,. Evaporation of solvents was 
performed first at aspirator pressure on a Buchi rotoevapor- 
ator and then at cu 0.050 mm Hg at room temperature until a 
constant weight was obtained. 

N-Merhyl~oxazoli 14. 3-(2Propenyl)cyclohex- 
anone*& (I, 807 me,. 5.84 mmol) was dissolved in 10 ml drv 
1: 10 MeC%ben&e in a dry 25 ml flask. To this was addd 
freshly distilled methy~ydroxyl~nc43 (520 mg, 11.6 mmol). 
The H&l was amotropically removed and the reaction 
refluxed overnight. The solvent was removed and the product 
isolated by flash column chromato~aphy (75 g, 1: 3 EtOAc- 
pet. ether) yielding 821 ma (84X yield) of a colorless oil. IR 
(neat)293&2855, i450,13&1268~1103,1038,990cm-*; ‘H- 
NMR (90 MHz, CD&) 6 4.05 (lH, br dd, J = 8.4,8.1 Hz), S 
3.42 (IH, dd, J = 8.1,4.2 Hz), 2.83230 (2H, m), 2.53 (3H, s), 
2.07-1.03(10H,m);massspectrumm/e(re1intensity)167(M’, 
72.14). 1506.91L138(15.431,124~1~.~~.110~7.86~~f8.31~ 
87(1~~10),~9(8.~7~.E~actm’~s~cfor~~~H,~N0~’167~131~~ 
Found: 167.1314. 

- Eenzylisoxazolidine 14. 3 - (2 ” Propenyl)cycIo- 
he:mones” (1, 825 mg, 5.97 mmol) was dissolved in dry 
benzene (20 ml). N-Benzylhydroxylamine44 (809 mg, 6.57 
mmol) was added and the soln heated with azeotropic 
removal of water followed by an additional 3 hr of n&x. The 
solvent was removed and the material redissolved in twice its 
volumein 1: SEtGAc-pet.ether.Thesolnwasfiltered through 
silica gel and the solvent removed again to give a colorless 
oil (1.495 g, IWA). IR (neat) 3060, 3030, 2940, 1607, 1497, 
1454, 1347, 1272, 1010, 985, 717, and 695 cm’; *H- 
NMR (CDCI,, 90 MHz) 6 7.27 (SH, m), 39O(lH, dd, J = 8.3, 
7.SHz),3.75(2H,s),3.38(lH,dd,J =4.5,8.3Hz),2.S4(2H,m), 
2.17-1.11 (lOH, m); ‘%-NMR (25.1 MHz, CDCI,) S 138.49, 
128.49.128.07, 126.75,76.73,73.86,56.07,49.25,37.59,37.25, 
33.37, 31.54, 22.07. (Found: C, 78.72; H. 8.51. Calc for 
C,,Hs,NO: C, 78.91; H, 8.690/,.) 

N - Methylisoxrrzolidine IS. 3 - (2 - Propenyl)cyclohep 
tanone” (200 mg 1.31 mmol) was added to 10 ml benzene. 
Freshly distilled methylhydroxylamine43 was added and the 
water was ~tropi~ly-~o~~ followed by an ad~tion~ 
8 hr of reflux. The solvent was then removed and the resulting 
brown oil put-i&d via flash chromatography (20 g silica get 
1: 5 EtOAc-pet. ether) which gave 201 mg (84%) of a light 
yellow oil. IR (neat) 2920, 2850. 1450, 1260, 1055. 1003. 
and988cm-‘;‘H-NMR(9OMHz,CDC&)G3.87(lH;brdd; 
J = 7.S7.5 Hz). 3.4511H. dd. J = 7.5. 1.5 Hz). 2.8c2.27 12H. 
m), 2.5S (3H. s); 2.la‘l.la (12H, m); mass spectrum n/e(rel: 
intensity)181(M*,51.89),164(6.71),152(7.82),140(21.52),135 
(22.18), 124 (lOO.OO), 112 (21.16). 99 (18.46), 87 (16.OSk 70 
(23.20). Exact mass talc for C,,H,,NO: 181.1467. Found: 
181.1460. 

N-BenzyIisoxazol 16. A soln of3’*(348 mg, 1.81 mmol) 
and N-benzylhydroxylamine (243 mg, 1.99 mmol) in 10 ml of 
benzene was refluxed for 3 hr with azeotropic removal of 
water. Concentration in uaeuo followal by purification via 
gash column ~hromato~aphy on silica gel (I: 20 EtOAo- 
hexanes) provided a colorless oil (SO7 mg, 94%). IR (8hn)3060, 

3030,2920,2860,1495,1460,1445,1345,1175,985cn-’; ‘H- 
NMR (90 MHz, CDCl,) d 7.25 (SH, mA 3.88 (IH, d4 J = 9 
and 7 HZ), 3.75 (WI, br sj, 3.40 (lH, dd, i = 9 &d 4 HZ), 259 
(1H.dddd.J = iS.8.6and4~~2~l.0f17~m~:i3C-NMR 
(90.S MHz, CD&;) d 138.51% 129.515, 127.726, 126.082, 
74.216,55.966,48.427,47.227,47.087,42.123,38.553,29.821, 
29.679,29.294,29.082,26.635,24.084; mass spectrum m/e&cl 
intensity) 297 (99) [I@‘), 256 (Sk 240(S), 226 (19), 206 (6). 175 
(S), l&(7), 91 (l@, 79(7x 6S (8), 55 (5). Exa& mass talc for 
C,nH,,NO: 297.2092. Found : 297.2080. (Found : C. 80.61: 

_” -. 

H, 9.28. Calc for C,,H,,NO: C, 80.76; H,.9.15%.) ’ 
N-Methylisoxazolidin 13. Compound 6”6 (900 mg 5.84 

mmol) was dissolved in lOOml1: 10 MeGH-benzene followed 
by freshly distilled methy~ydroxyI~e43 (545 mg, 11.6 
mmol). The water was azeotropically removed and the 
mixture refluxed 7 hr. The solvent was then removed and the 
brown oil purified via flash chromatography (70 g silica gel, 
1: 5 MeGH-EtOAc) yietding 705 mg (66%) of a colorless oil. 
IR (neat) 3380 (broad), 2942.2860, 1448, 1334, 1268, 1123, 
1070,and 1000cm-‘;‘H-NMR(90MH~CDC1,)64.02(1H, 
dd,J = 7.O,lO.S~~4.3(lH,br~o~rlappin~3.~(lH, brdd, 
J = 4.5, 7.0 Hz), 2.48 (3H. s), 271-0.87 (IlH, m); mass 
spectrum m/e(rel intensity) 183(M+, loO.OO), 166(55.70), IS4 
(10.07). 140 (39.89). 124 (2S.OOk 100 (51.81). and 87 (65.19). 
Exact’~asscalcfo;C,oH;,NO~: 183.1258.Found: 183.1258. 

N-~~yl~oxazo~idi~ 20. Compound r7 (31.6 mg, 0.21 
mmol) was dissolved in 4 mt dry benzene in a 10 ml flask fitted 
with a Dean Stark trap and a condenser. Benzyl- 
hydroxylamineU (28.3 mg, 0.23 mmol) was added and the 
mixture was refIuxed for 14 hr. The solvent was evaporated 
and the crude product chromatographed on silica gel (3.5 : 5 
EtOAc-hexan& to yield 19.5 mg(3?/.) of a light yillow oil : 
TLC(EtOAc)R, = 0.45;1R(CCl.)3592(free0H),360&3100 
(bonded OH), 3052,3018,2931,1493,1450,1325,1267,722, 
700,692cm- * ; ‘H-NMR~2~MH~C~~)~7.~7.l(m,SH), 
5.37 (br s, 1 H), 4.37 (d, J = 14 Hz, lH), 4.23 (d, J = 14 Hq 1 H), 
3.84,3.78 (overlapp~g d, J cu 9 Ha, 2H), 2.3-1.1 (m, 9H) ; mass 
spectrum m/e (rel intensity) 257 (28.11) CM’], 240 (7.59), 228 
(55.93). 106 (17.14). 91 (lOO.CKh. 69 (16.19). 57 119.33). Exact 
mass &lc for C,,,H,sNG: 257:i416: Found: 257&l& 

N-E~zyl~oxazol~i~ 21. Cis- and truns-lP’ (352 mg, 1.98 
mmol)was weighed into a 10 ml round bottom flask Etted with 
a Dean Stark trap and a condenser. Dry benzene and 
beuzylhydroxylamineU (268 mg, 2.18 mmol) were added and 
the soln refluxed for 12 hr. The benzene was removed in sacuo 
and the product purified by chromatography (silica gel, 1: IO 
EtOAc-hexanes) to yield 509 mg (91%) of a light yellow oil : 
TLC (2: 3 EtOAc-hexanes) R, = 0.6: IR (neat) 3059, 3024. 
2932,2858,1639,1495,1453, i156,985,722,69S cm--‘; t Hi 
NMR (90 MHz., CDCl,) 6 7.47-7.07 (m, 5H), 5.97-5.47 (m, III), 
5.16-4.77 (m, 2H), 3.95 (dd, J = 8.S8.5 Hz, IH), 3.77 (s, 2H), 
3.38 (dd, J = 8.5.4 Hz, lH), 2.8-0.8(m, 13H); mass spectrum 
m/e (rel intensity) 283 fM+. 42.581200 (9.02). 192 fS.181. 175 
(6.32), 91 (100.&l), 79 (5.18), 65 (6.82). ‘Exaa mass ca& for 
C,,H,,NO: 283.1936. Found 283.1929. 

N - Benzylisoxazolidine 22. 3 - (3 - Butenyl)cyclopent- 
anone4s 9 (200 mg 1.61 mmol) was added to 10 ml of toluene 
followed by benzylhydroxyhunineU (257 mg, 2.09 mmol). 
The water was azeotropically removed and the reaction 
retIuxed for 48 hr. After removing the solvent, the brown 
oil was purified via Bash chromatography (18 g silica gel, 
1: 5 EtOAc-net. ether) which afforded 182 ma (47X) of a yellow 
oil. IR (neat) 3055,3025,2930,2865, 1494,-1451,1300; 1207, 
965,7x), and 688 cm _ ’ ; ‘H-NMR (90 MHz., CDCls) 6 7.27 
(SH,m~4.OS(lH,d~J= 6.0,7.5~~,3.80(2H,sA3.42(lH,dd, 
J = 6.0.10.5 Hz), 2.67-1.00 f12H. ml: *3C-NMR 190.5 MHz. 
CDCI,) 6 138.496, 129.220, ‘127.693: 126.105, 76.234,69.813; 
58.975,47X% 39.461. 35.249, 31.622, 27.292, 22470; mass 
spectrumm/e(rel intensity) 243(21.90) CM’], 214(33.89), 170 
(4.573, 91 (lOO), 65 (7.56). Exact mass talc for C,,H,,NO: 
243.1624. Found: 243.1618. 

N-Methyiisoxazolidin 23. Compound 1(r9 (152 m8 1 
mmo1) was added to 5 ml toluene followed by freshly distiiled 
methylhydroxylamine43 (94 mg, 2 mmol). The water was 
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azeotropically removed and the reaction reiluxed for 12 hr. 
The solvent was removed and the brown oil purified via flash 
chromatography (75 g silica gel, 1: 3 EtOAcpct. ether) which 
yielded 83 mg (46%) of a colorless oil. IR (neat) 2958,2930, 
1462,1260,1100,1028,1015,800 cm-‘; ‘H-NMR (90 MHz, 
CD(&)& 3.99(1H, dd, J = 7.5,7.5 Hz), 3.45 (lH, dd, J = 6.8, 
7.5Hz),2.53(3H,s),2.77-0.77(14H,m);massspectrumm/e(rel 
intensity) 181 (M*, 17.29), 152 (5.15), 138 (loO.oO), 126 (7.86), 
110(3.59), 99 (6.85), 79 (4.64). Exact masscalcfor C, ,H,,NO: 
181.1467. Found: 181.1462. 

N-Methylisoxarottibre 24. Ketone 11” (80 mg, 0.49 mmol) 
was added to a soln of MeNHOH - HCl(74 mg, 0.88 mmot) 
and NaOMe(48 mg, 0.88 mmol) in MeOH (3 ml). The mixture 
was refluxed until TLC analysis indicated the absence of 11 
(0.5 hr).Toluenewasadded(6ml)and themixture wasrdluxed 
using a Dean Stark trap to remove the MeOH. After 2 hr, the 
solvent was removed in uacuo and the residue chromato- 
graphed to provide 77 mg of a colorless oil (81%). IR (neat) 
?B&, 1450, iO90,and 970&-‘. ‘H-NMR (38a M-&sCHCl,, 
22”) S 4.1110.5H. t. J = 7.69 Hz). 3.92 (0.5 H. t. J = 7.28 Hz). 
3.7; (m, 14 25j (br s, 3H), 2.5&1.40 (a 14H). The chemi& 
shift nonequivalence of the oxymethylene protons (6 4.11 and 
3.92) is attributed to slow N inversioaJ The a&scene temp 
for these protons is 52” leading to an estimated free energy of 
activation AG* = 15.8 kcal mol-‘.S1” This value is 
comparable to the N inversion barrier determined for N- 
methylisoxo~olidine~‘* in CHCl, (As = 15.6 kcal mol-‘) 
and other isoxazolidines.5*‘*‘ Mass spectrum m/e (rel 
intensity) 193(M+, lGO.oO), 165(22.%), 136(97.00), 108(65.90), 
lO6(3O.01).ExactmasscalcforC,1H,gNO:193.1466.Found: 
193.1458. (Found: C, 73.26; H, 9.53. Calc for C,,H,,NO: C, 
72.88; H, 9.81x.) 

N-Benzylisoxazolidene 26. Compound 13’2 (100 mg, 0.73 
mmol) was added to 5 ml toluene followed by benzyl- 
hydroxyl~ine” (117 mg, 0.95 mmol). The water was 
~tropi~ly~ov~and~e~ture~flux~forl6hr.~e 
solvent was removed and the brown oil purified via flash 
chromatoaranhv (7 IT silica aei. 1: 7 EtOAc-pet. ether) which 
afforded 71 rng &$%$of a light yellow oil. IR (neat) 2953.2900, 
1440. 1407. 1255. 1015. and 798 cm-‘: ‘H-NMR (60 MHz. 
C~,)6~40(5&m),~.18(lH,dd,J =‘7.0,9.2Hx);3.85(2H; 
s), 3.61 (lH, dd, J = 7.0.10.0 Hz), 3.Wl.O0(12H, m). 

1 - Amino - 7 - exo - (hydroxy~thy9&icyclo[3.2.l]~t~~ 27. 
Compound 14 (440 mg, 2.22 mmol) was dissolved in 25 ml of 
95% EtOH.0.3equivofpalladium hydroxideoncarbon(20??) 
was added and the mixture was placed under an atmosphere of 
H2. After the H, uptake ceased, the mixture was filtered and 
the solvent removed. After recrystallization from pet. ether- 
EtOAc,270mg(739/,)ofa whitesolid was0btained.m.p. 74S- 
75.0”. IR (CHCI,) 3320 (broad), 2930,2850,1580,1445,1122, 
1025,890; and 825 cm-.‘; ‘H-NMR (90 MHz, DMSOdd 6 
3.48~2H.m~.2.80(3H.brs~.2.~l.10~12H.m~:m~s~~m 
m/e &cl intensityi 1Sj (1.s) CM’], l&3 (4.33); 125 (21551, 112 
(24.73). 96 (lOO.OO), 94 (5.49). Exact mass talc for C,H,,NO: 
155.1310. Found: 155.1309. (Found: C, 69.32; H, 10.86; N, 
8.89. Calc for CgH,,NO: C, 69.63; H, 11.04; N, 9.02x.) 

I- Acetoxy - 7 - uce~oxymethyfbicyclo[3.2.l]octane(28). The 
amino alcohol 27 (20 mg, 0.13 mmol) was dissolved in pyridine 
(1 ml) and Ac,O was added (0.3 ml, 3.2 mmol). After stirring 
for 4 hr. the mixture was diluted with water and then ether. 
The ether layer was separated and washed with 1 M HCl, 
sat NaHCO;, brine anb then dried (Na2SOI). Evaporation 
of the solvent gave N-(7-acetoxymethylbicyclo[3.2.1] 
octylacetamide as a solid (23 mg, 75%). M.p. l29-131”. ‘H- 
NMR 190 MHL CDCl,I d 4.8 fbr s. 1HL 3.9 (m. 2Ht. 2.7-1.0 
(m, 14I$, 2.0 (s; 3H1, 116 (s, 3H). The &de &ide’was dis- 
solved in Ccl, (1.5 ml) and added to a cold (O”) soln of 
CCl,(0.7ml)containingNaOAc(45mg,0.54mmol)andN,O, 
(558 gl of a 0.54 M soln in Ccl,, 0.3 mmol). The soln was 
warmed to room temp and stirred for 3 hr. The mixture was 
diluted with ether-hexanes (1: 1). washed with sat NaHCO,, 
brine and dried (Na,SOd. Evaporation of the solvent and 
chromatography (8 gsilica gel. EtOAc-hexanes, 5 : 95) gave 17 
mg (55% overall) of a colorless oil. IR (neat) 2920,1735,1453, 

1360,1245,1090,1032cm- ’ : ‘H-NMR (MO MHz CDCl,) 6 
4.05(lH,dd,J= 11,6),394(lH,dd,J: 11,8),2&(1H,&, 
2.21 IlH, ml. 2.1-1.2 (16H. ml, 201 (3H. sk 1.94 (3H. s): E. 1. 
m~~~~m/e(re~~te~si~~) 18Oi9~ i3~(i~~.i~(i~~ 110 
(9), 97 (93), 80(19), 69 (29x 55 (19); C.I. mass spectrum m/e(rcl 
intensity)241(28)[M+l], 181(91),149(l~~l33(4~ 121(13), 
103(53).C.I.exactmasscalcforC,sH,,O,:241.144O.Found: 
241.1431. 

exo-6-(Hydroxymethy[bicyclo[3.2.1]octane 29. To 27 (155 
mg, 1 mmol) was added 5 ml of 2.5 M NaOH which was 
warmed to 65”. To this soln was added 214 mg (1.0 mmol) of 
hydroxyl~ine-O-su~onic acid and stirred for 40 min. 
Appro~ately3~uivofhydroxyl~n~O-s~o~~~d(339 
mg, 3 mmol) was addal over the next 1.5 hr and the gas 
evolution was monitored with a gas buret. When the gas 
evolution was constant after further additions of the 
hydroxylamine-0-sulfonic acid, the mixture was acidified 
with 3 N HCl,extracted with ether (3 x 20ml).dricd (MgSO& 
and the solvent removed. Purification via flash chromato- 
graphy (15 g silica gel, 1:lO EtOAo-hexanes) alTorded a 
colorless oil (129 mg, 92%). IR (neat) 3350 (broad), 2935.2860, 
1265, 1035, 912, 805, and 737 cm-‘; ‘H-NMR (90 MHz, 
CDCl,) d 3.37 (2H, d, J = 7.50 Hz), 2.30-1.00 (13H, m); mass 
spectrum m/e (rel intensity) 122 (12.90) [M’-H,O], 109 
(100.00),93(19.16), 81(39.40), 67(84.03), 55(36.59). Exact mass 
talc for C,H,,: 122.1095. Found: 122.1099. 

exo-Bicyclo[3.2.l]ou~~~r~xyficocid(~). Alcohol 29 
(58 mg, 0.42 mmol) was oxidii to the carboxylic acid using 
theSha~le~“oxidationmethod~thRu~~~ordinR~mR 
(92%) of a white solid (m.p. 84-85’); IR (n&t) XXKl (broad); 
2920.2850.169s. 1455.1412.1298.and 1225cm-‘: ‘H-NMR 
(90 h;iHq &Cl;) 6 9.37 (lfi, br sj, 2.80-1.10(13H, m). 

Methyl endo- andexo - bicyclo[3.2.1 Joctane 6 - carboxylate 
(32 and 31). LDA (0.30 mmol) was prepared in the usual 
manner and was slowly added to Ihe exo ester 31(50 rn& 0.30 
mmol) in 3 ml dry THF at -70”. After the addition was 
complete, the inixture was stirred for 15 min and then 
quenched with 1 SO mg(0.60 mmol) ofpyridinium tosylate. The 
soln was then poured into 1.5 ml cold H,O and 0.5 ml cone 
HCI. The aqueous phase was extracted (2 x 10 ml) with ether, 
washed with sat NaHCO,, sat NaCl, and dried over MgSO,. 
Comparison of the areas for the exo and endo methyl proton 
r~nan~indi~t~a7~~~nve~ion to thee~oi~rn~.~e 
two esters were separated via prep HPLC (1:49 EtOAc- 
hexanes, 5 pm Si) and the endo isomer eluted first. Endo isomer 
32: ‘H-NMR (360 MHx,CDCl,), S 3.63 (3H, s), 2.93 (IH, br 
ddd,J = 11.7,6.2,6.0Hz),2.20-1.20(12H,m);’JC-NMR(90.5 
MHz,CDC1,)6 175.02,51.22,47.08,40.60,38.75,34.52,32.65, 
29.86, 28.92, 18.56. Exo isomer 31: ‘H-NMR (360 MHz, 
CD&) r5 3.60 (3H, s), 2.66 (lH, br dd, J = 9.0, 5.i Hz), 230- 
1.~~12H.m~:13C-NMR~~.5MH~C~~~~ 177.55.51.50. 
46.~,40.&!,‘~8.02,35.50, j3.12, 32.25,31.8<and 19.li. 

5 - N,N - Dimethylamino - 6 - (hydroxymethyl)bicyclo - 
[3,2l]octrme-l-ol33. N-Methylisoxazolidim 19 (597 mg, 3.26 
mmol) was dissolved in 5 ml dry ether and stirred overnight 
with 3Oequiv. (13.9 g, 97.8 mmol) of MeI. The methiodide was 
isolated via aravitv filtration and was washed with dry ether to 
afford a w&e solid (621 mg, WY& ‘H-NMR &O MHz, 
DMSOd~~.~5.2O~lH.brs~.4.5O~lH.dd.J = 8.4.9.3Hzk4.18 .,,, 
(1H.dd.J = 5.0,8.~H~),3.‘~(6~,~~2.~l.#(ilH,rn~.~ 
methiodide(l80 mg, 0.6 mmol) was reduced with activated Zn 
inAcOH toafford lOOmg(9l”/,)ofacolorlessoil.‘H-NMR(90 
MHz,CDCl,)S3.93(lH~brd,~ = 10.5Hz),3.90(2H, brs),3.45 
IlH. br d. J = 10.5 Hzk 2.27 (6H. s), 2.4r1.23 (1 IH, m). ~ 

3 - Meihylhydroxy 14 - &th&~cyclohe&wne 3%. The 
amino diol 33 (100.0 rn& 0.50 mmol) was methylated in 
relluxing THF (5 ml) containing Me1 (2.16 g, 15.2 mmol). 
Filtration and azeotropic removal of water with dry benzene 
gave a solid (117 mg, 67%) which was used immediately in the 
next step. To a dry flask was added 21.6 mgof NaH (WA min 
oil disp 0.45 mmol) which was washed (3 x 5 ml) with dry 
hexanes. DryTHF(l5ml)wasadded followed by H)mg(O.lS 
mmol) of the methiodide salt 34. tier heating 2 hr at 70” the 
reaction wasquenched with water,extracted withether(2 x 40 
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ml), and dried (MgSO.). The colored oil was purilied via Bash 
chromatography (1.0 g silica gel, 20% EtOAc-pet. ether) to 
give a colorless oil (16 mg, 70”/. IR (neat) 3400 (broad), 3070, 
~930,2860,1702,1640,i443,1063,102~-and 65 cm- ’ ; ‘H- 
NMR (90 MHz CDCl,) d 4.90 (0.7H, s), 4.80 (0.7H. br a), 4.62 
(0.6Hvbrs),4.18(0.3H,dd.J = 7.5,5.3Hz),3.60(1.7Hm),3.2- 
1.0(10H,m);massspectrumm/e(rel intensity) lS4(M+, 3.33), 
124 ~100.001. 109 125.43195 188X& 85 116.331. 79 (38.921 67 
(5l.i0), 55 (52.14): Exadi ma& adi for ‘C,H,~O,:‘154.&94. 
Found : 154.0986. Silyation (t-BuMe,SiCl, imidazole) gave a 
silyl ether whose ‘H-NMR spectrum was very similar to the 
spectrum of 35 in the 6 5-3 region except the resonances at 6 
4.62 and 4.18 were absent. 

Bromoketones 38. Anhyd HBr was bubbled through a soln 
of 37 (2.5 g, 11.5 mmol) in I 1 of freshly distilled hexanes while 
irradiating with a Hanovia 450 W medium-pressure mercury- 
vapor lamp. The reaction progress was monitored by ‘H- 
NMR until starting material had disappeared (1.5 hr). The 
resulting cloudy, brown soln was washed several times with sat 
sodium thiosulfate and dried over MgSO,. After concen- 
tration in uocu), the crude product was filtered through a plug 
of silica gel (1: 20 EtOAo-hexanes) to yield 2.5 g of a 2 : 1 
mixture of isomeric bromides (74%). This ratio was confirmed 
upon purification of a small amount of the crude mixture. 
Typically, the crude mixture was used in the next step without 
further purification. ‘H-NMR (90 MHz, CDCI,, major 
isomer)63+lO(lH,dd,J = 9,6Hz),3.2-1.0(16H,m),0.75(3H, 
d, J = 6 Hz), 0.72 (3H, s); ‘H-NMR (90 MHz, CDCl,, minor 
isomer)d3.40(2H,m),2.6-l.l(lSH,m),0.75(3H,d,J = 6Hz), 
0.65 (3H, s). 

trans - 4a.5 - Dimethyl - 8a - (2 - propenyl) - 2 - decalone 39a. 
Into a dry 500 ml 3-neck round bottom flask under N,, fitted 
withamechanicalstirrerandadry-iccacetonecondenserwas 
condensedapproximately 14Omlofammonia(freshlydistilled 
from Li). To the flask, cooled to - 78”, was added Li (192 mg, 
27.7 mmol) which was stirred and allowed to dissolve followed 
by the addition of 70 ml of dry THF. The crude mixture of 
bromides38(1.65g, 5.5mmol)in lOm1 ofdry THF was added 
over a 15 min period. The mixture was stirred at - 78” for 1 hr, 
quenched by the addition of NH&l, and the excess ammonia 
wasevaporated.Thesoln wasthendilutedwith 100mlofether 
and 40 ml of water. After separation of the two layers, the 
aqueous layer was extracted three times with SO ml of ether. 
The combined organics were washed with brine and dried over 
MgS04. Concentration in IXIIXO and purification by flash 
chromatography on silica gel (1: 7 EtOAc-hexanes) afforded 
1.0 g of a colorless oil (80%). IR (film) 3070,2925, 1710,1635 
cn-‘;‘H-NMR(9OMHz,CDCl,)65.65(1H,m),5.10(1H,br 
s),4.95(1H,d,J= lOHz),2.8-1.2(15H,m),1.10(3H,s),0.85 
(3H, d, J = 6 Hz); mass spectrum m/e (rel intensity) 220 (1) 
CM’], 179(100), 161(53), 121(40), 109(21),97(67),81(46),69 
(67), 55 (42). Exact mass talc for C, sH,,O : 220.1827. Found : 
220.1845. 

N-Benzylisoxozolidin 4Oa. To a soln of 39a (250 mg, 1.14 
mmol) in 10 ml of dry EtOH under N, was added 
benzylhydroxylamine (278 mg, 2.28 mmol) followed by the 
addition of anhyd Na,SO, (486 mg, 3.42 mmol). The flask was 
fitted with a reflux condenser and the soln heated at reflux until 
analysis by TLC indicated complete product formation (8 hr). 
Purification by flash column chromatography on silica gel 
(1: 20 EtOAc-hexanes) provided a white crystalline solid 
which was recrystallized from boiling ether to yield 297 mg 
(80%)(m.p. 116”).IR(KBrpellet)3070.3030,1600,14S0cm-1; 
‘H-NMR(9OMH~CDC1,)67.20(SH,m),3.95(1H,dd,J = 7 
and 3 Hz), 3.75 (2H, s). 3.40(1H, dd, J = 7 and 4 Hz), 2.45 (2H, 
m), 1.~1.0(14H,m),0.83(3H,s),0.75(3H.d,J = 6Hz); ‘“C 
NMR (90.5 MHs CDCl,) 6 138.434,128.565,128.154,126.843, 
74.111, 56.258,49.310,40.697, 38.475, 37.110, 35.273, 35.130, 
30.731,30.01423.237, 15.827, 13.509; mass spe&umm/e(rel 
intensity)325(32)[M+],268(17),226(9),200(10), 105(17),91 
(100). Exact mass talc for CZ2H,,NO: 32S.2406. Found: 
325.2424. (Found: C, 81.48; H, 9.35; N, 4.23. Calc for 
C,,H,,NO:C, 81.18; H,9.60; N,4.300/,.) 

1 - Amino - 4,s - dimethyl - 11 - (hydroxyrne~hyl)wicycfo- 

[7.2.1.~*9]dodec~.Toasolnof~(205mg,0.63mmol)in 10 
ml of 95% EtOH was added 0.3 equiv of 20% palladium 
hydroxide on carbon (Pearlman’s catalyst).‘6 This mixture 
was then pIa& under 1 atmosphere of H,. When TLC 
analysis indicated a complete reaction, the catalyst was 
removed by filtration and rinsed with EtOH. Removal of the 
solvent in wcuo, followed by azeotropic removal of water with 
dry benzene, yielded 149 mg of an off-white solid which was 
used in the following step without further purification (looo/. 
‘H-NMR(9OMHz.~CD&)d3.36(2H,mj,2.62(3H,brs),2.lS 
IIH. dd. J = 9 and 3 Hz). 2.04 (IH. dd. J = 9 and 3 Hz). 1.30 
i14fi, n$, 0.72 (3H, s). O.a7 (3H; d, i -6 Hz); mass spe&um 
m/e (rel intensity) 237 (39) [M ‘1,178 (99). 138 (la), 125 (33). 
108 (19). 96 (12). 82 (lo), 70 (38). 55 (16). Exact mass talc for 
C,,H,,NO: 237.2093. Found: 237.2094. M.p. decomposed 
above 150”. 

4.5 - Dimethyl - 11 - (hydroxymethyf)tricyclo- 
[7.2.1.04Qfodecone 41. To the crude amino alcohol from the 
previous step (52 mg, 0.22 mmol) was added 490 pl of a 1.8 M 
soln of NaOH in 68% EtOH. The soln was heated to 65” at 
which time hydroxylamine-O-sulfonic acid (HOS, 58 mg, 0.44 
mmol) was added. Stirring and heating were continued and 
after 45 min, 1 equiv of the NaOH aq (120 pl) was added 
followed by HOS (29 mg, 0.22 mmol). Similar additions were 
made three times over a 3 hr period. The evolution of N, was 
monitored through the course of the reaction by means of an 
inverted buret. It was noted that N, evolution ceased after 
addition of the last portion of HOS. The mixture was poured 
onto water and ether and the layers were separated. The 
aqueous layer was extracted with ether three times and the 
combined organic layers were washed with brine and dried 
over MgSO,. The solvent was removed in uacuo and the 
resulting oil was purified via flash chromatography on silica 
gel (1: 10 EtOAc-hexanes) to give 32 mg of a colorless oil 
(65%). IR (film) 3330,2920,2850,1460,1450,1380cm-’ ; ‘H- 
NMR(9OMHz,CDCl,)63.37(2H,d,J = 6Hz),2.3O(lH,dd, 
J = 8 and 3 Hz), 2.m.90 (17H, m), 0.84 (3H, s), 0.74 (3H, d. 
J = 8 Hz); mass spectrum m/e (rel intensity) 223 (7) TM+ + 11. 
222 (44) CM’], 141 (100). I83 (is), 149 (lij, 133 (25), 121(32j, 
107 1541.95 145). 93 192). 81199). 67 (48155 (58). Exact mass talc 
for c,$I,,b :222.i984. Fbuid: i22:i98i. (i’ound: C, 80.88; 
H, 11.82. Calc for C,,H,,O: C, 81.02; H, 11.790/,.) 

4,s - Dimethyl - 11 - methylenetricyclo[7.2.1.0’*9]dudecone 
42.Toastirredsolnof41(64mg,0.29mmol)ando-nitrophenyl 
selenocyanate (82 mg, 0.36 mmol) in dry THF was added 
dropwise tri-n-butylphosphine (73 mg, 0.36 mmol). The deep 
red soln was stirred at room temp for 2 hr at which time 
analysis by TLC indicated a small amount ofstartingmaterial. 
An additional portion of o-nitrophenylselenocyanate (66 mg, 
0.29 mmol) and tri-n-butylphosphine (59 mg, 0.29 mmol) were 
added, after 20 min the starting material had disappeared. 
Removal of solvent and filtration through a silica gel plug (I : 4 
ether-hexanes) yielded 135 mg of the crude selenide as a bright 
yellow oil (81%) which was oxidizaJ directly. 0, was bubbled 
throughasoln oftheselenide(47mg,O.l2mmol)in CH,Cl, at 
- 78” until a blue color was noted. The soln was then degas& 
with N, followed by the addition ofdiisopropylamine(24 mg, 
0.24 mmol). The mixture was allowed to warm to room temp 
and the soln was poured onto ether and water, the layers 
separated and the aqueous phase extracted twice with ether. 
The combined organic layers were dried over MgSO,. 
Filtration and evaporation of the solvent yielded an oil which 
was purified by flash chromatography on silica gel (hexanes) to 
give 44 mg (65%) of a colorless oil. IR (film) 3060.2920.2845. 
i655,145:;138ij, 870 cm-’ ; ‘H-NMR (360 MHz, CIjCl,) i 
4.75(2H.d.J = llHz),2.82(1H.d.J = 17Hd.2.55IlH.brs). 
1.84(lH,d.J = 17Hzj~1.8-i.O(i3i%m),0.88~~H,s);0.7~(3ti; 
d, J = 6 Hz) ; mass spectrum m/e (rel intensity) 204 (49) [M ‘1, 
189(100), 161(64), 147(34), 133(5S), 119(43), 105(73),91(72), 
79(53),67(25). Exact masscalcforC,,H,,: 204.1878. Found: 
204.1877. 

&oxides 43a and 43b. To a soln of 42 (20 mg, 0.1 mmol) in 3 
ml of CH,Cl, at 0” was added 1 ml of a sat NaHCO, aq 
followed by the addition of 80% m-chloroperbenzoic acid (I9 
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mg 0.15 mmol). After 3 hr at 0” the organic layer was washed 
successively with 10% Na,SO, aq and sat NaHC03 aq and 
dried over anhyd NalSO,. Evaporation of the solvent 
yielded 20 mg (WA) of a mixture of isomeric epoxides in a 
ratio of 7.6: 1 (HPLC; 10 mm I.D. x 25 cm 5 F ultrasphere 
Si: 5:95 Et0Ao-hexane-s; 5 ml mm-‘) which was utilized 
without purification. IR (film) 3020,2940,2860, 1450, 1385, 
760 cm-‘: ‘H-NMR (360 MHz CDCI,, major isomer, 
rttention&ne5.4min)d2.88(lH,d~J =4.7Hz),28O(lH,d,J 
=4.7Hz).2.40(1H.dd.J = 1.48and2.5Hzkl.82-1.13IlSH. 
m), 0.89 ($H, s), b.‘76(3H, d, J = 6.8 Hz); ‘H-NMR (360 M& 
CDCI1. minor isomer, retention time 4.6 min) 6 2.85 (lH, d, J 
= 5.3 Hz), 2.78(lH, d, J = 5.3 Ii& 214(1H, dd. J = 14.8 and 
3.4 Hz), 1.87-1.00 (lSH, m), 0.91 (3H, s), 0.78 (3H, d, J = 6.8 
Hz); mass spectrum m/e (rel intensity) 221(11) [M+ + 11,220 
(70) CM’], 205 (27). 177 (18), 163 (26), 149 (19), 135 (29), 122 
(lOO), 105 (56), 91(77), 81(75). Exact mass talc for C,sH,,O: 
220.1827. Found : 220.1830. 

(It )-7.12~Secoishwaran-12-ol. Reduction of the crude 
epoxides 43a and #II (14 mg 0.06 mmol) was ~rnpl~~ 
us~g~~~~~~hyd~de~4m~O.lO~ol)~d~eth~ 
according to the procedure reported by Pakrashi.’ Upon 
completion of the reaction, 100 pl of water, 100 4 of 25 M 
NaOH and 300 d of water were all added sequentially. The 
aqueous layer was extracted with ether and dried over 
Na,SO& The solvent was removed and the mixture purified 
via HPLC (5 @ ultrasphere Si/lO mm I.D. x 25 cm; 1:9 
EtOAohexanes; 5 ml mm-‘) to yield 10 mg of a white solid 
(retention time 10.2 min, 71%). Recrystallization from 
acetonitrile 8ave a highly crystalline material (m.p. = 119’) 
identical to an authentic sample of(lZS)-7, lZsecoishwaran- 
12-o& kindly provided by Dr Pakrashi. Approximately 1 mg of 
theC17epimer(retentiontime3.8min,~~)wasalsoobtained. 
IR (CH,Cl,) 3050,2920,2850, 1460, 1440, 1420, 1260,890 
~-1;‘H-NMR(3~MH~C~l~)~2.15(lH,dd,J= 14.6 
and 1.3 Hz), 1.75-1.45 (IOH, m), 1.35 (3H, s), 1.4-1.0 (6H, m), 
0.87 (3H, s), 0.74 (3H, d, J = 6.8 Hz); “C-NMR (90.5 MHz, 
CDCl,)G 13.48,15.47,24.10,24.12,24.59,30.68,32.02,35.51, 
37.61,38.63,38.79,47.98,48.26,49.79, 79.99; mass spectrum 
m/efrelintensitv)222f9)CM+l, 189(37). 164(87), 149(57), 133 
(38),‘125(50), 1@(67),93~67),81 (lod),67(56). Exact n&scale 
for C..H,,O: 222.1984. Found: 222.1983. ‘H-NMR (360 
MHz, CDCI,, C-12 epimer) 6 2.15 (lH, dd, J = 14.6 and 2.0 
Hz), 1.8-0.9 (19H, m), 0.88 (3H, s), 0.76 (3H. d, J = 6.8 Hz). 

2-Methylene+kfimethylcyclopentanone (4s). To a soln of 
2+osyloxymethyl)=4&dimethy1cyclopentan-l-o1 (4.62 8, 15.6 
mmol) in 30 ml ether at 0” was added DBU (2.80 ml, 18.7 
mmol). The white suspension was stirred 30 min at 0”. The 
mixture was diluted with Hz0 and pentane, the layers 
separated and the aqueous layer extracted three times with 
pentane. The combined organic extracts were washed with 
dilute AcOH, sat NaHCO, au, brine, dried over M&SO., and 
flhered. The &vent was r&&d by distillation. Distillation 
of the crude uroduct (48-W/5 mm) a5orded 1.75 a (90%) of a 
colorless oil.‘R, 0.56‘(EtOAo-hexa&s, 1: 19); IR (n&t)i948, 
2886.2861, 1728, 1638, 1464, 1436, 1409, 1388. 1371, 1308, 
1285,1262,1220,1147,1100.1088,970,943.918,906,899,749 
~~1;1H-NMR(~M~C~13)~5.~(m,lH~5.19(~lH), 
2.41 (t, J = 2 Hz, 2H), 2.15 (s, 2H), 1.10 (s, 6H). (Found: C, 
77.06; H, 9.96. Calc for CsH,,O: C, 77.38; H, 9.74%) 

Preparation of the aforementioned tosylate from methyl 2- 
oxo-4,4dimethylcyclopentanecarboxylatewasaccomptished 
as follows: (1) HOCH,CH,OH, H + ; (2) LiAlH*, ether; (3) 
H30+ ; (4) T&l, pyridinc (To”/. overall yield). 

2-Methvl-3~tr~~thvr~~fv~cvclo~nte~e (41%). To a mixture 
of N=hlo~osu~~~i~e (l6.35 gl22.4 mmol) in 100 ml dry 
CH,Cl, at 0” was added dropwise MezS (9.6 ml, 130.6 mmol). 
The mixture was cooled to -MC, and 2-methyl-2- 
cyclopenten-1-ol(8.0 g81.6 mmol) was added gradually over 
approximately2Omin.Thereactionwasallowedtowarm too” 
and stirred for 2 hr. The mixture was then poured into ice-cold 
brine and ether in a separatory funnel. The aqueous layer was 
extracted three times with ether. The combined organica were 
washed two times with iceaId brine, dried over MgSO,, and 

the solvent was removed by distillation. Distillation of the 
crudetmxhmt(46-5Oo/25mm)afforded6.86g(72~ofarather 
unstable yellovv liquid. ‘H-NMR (90 MHx, cDC&) d 5.59 (m, 
lHt.4.76fm. lH~.2.7~1.~(~4H~ 1.801br s.3HIAmixture 
of~g(2.~5~88.~~ol)~~~e3S~~(7.~~,~8.8.~ol~in~ 
ml dry THF was cooled to 0”. A soln of 3chloro-2-methyl 
cyclopentenc(6.86 g58.8 mmol) in 60 ml dry THF was added 
dropwise over 5 hr. The mixture was allowed to warm to room 
temp and stirred overnight. The mixture was cooled to 0” and 
quenched by the dropwise addition of HsO. The mixture was 
filtered and washed with pentane. The aqueous phase was 
extracted three times with pentane. The combined organic 
extracts were washed with HrO, brine, dried over MgSO, 
filtered, and the solvent was removed. Distillation of the crude 
material afforded 5.47 g (60%) of a colorless liquid (b.p. 156 
l6O”).iH-NMR(9OMHx,CDCl~)G5.25(m, lH),2.53-1.70(m, 
SH), 1.77 (br s, 3H), 0.18 (s, 9H). 

2 - [2 - Methyl - 1 - cyclopenteny&nethyfl - 4,4 - 
d~hylcyclo~nt~~ (47b). To a soln of 45 (698 mg, 5.63 
mmol) in 17 ml of dry CH,Cl, at - 78” was added dropwise 
TicI, (74lgl,6.75 mmol). The mixture turns from a deep red 
colortoa yeliowppt uponcompleteadditionoftheTi&.The 
mixture v&s stir&l 5 &n at -78’ and then transferred over a 
oeriod of 30 min via cannula to a soln of 46b (1.300 g, 8.44 
mmol)in 25 ml dry CH,Cl, at - 78” (internal temp did not rise 
above - 65”). The mixture turned to a deep purple color upon 
the addition of the first drop of complexed enone. The mixture 
was stirred a further 30 min at -78” and then quenched by 
pouring directly into a separatory funnel comainlng cold Ha0 
and ether. The aqueous layer was extracted three times with 
ether. The combined organics were washed with brine, dried 
over M&IO*, filtered, and the solvent was removed affording 
1.77 g of crude material. Flash chromatography (100 g silica 
gel,EtOAc-hexanes, 1: 19)gave821 mg(7l%)ofacolorlessoil. 
R, 0.57 (EtOAc-hexanes, 1:9); IR (neat) 3038.2955,2933, 
2863,2853,1741,1~3,1~5,1~,1371,1142,10~~-1;’H- 
NMR(360MHx,CDC13)G5.33(brs, lH),2.62(m, lH),234(m. 
1H),2.28-1.99(m,7H),1.69(brq3H),1.5f1.43(m,2H),1.18(s, 
3H), 1.13-1.03 (m, IH), 1.06 (s, 3H); mass spectrum m/e (rel 
intensity)206(3),125(8),112(24~95(100),81(~~79(42~67(9A 
55 (15). Exact mass c&c for C,4H220: 206.1671. Found: 
206.1660. The mixture of diastereomers (2.16: 1) could be 
separated only by HPLC(EtOA~hex~~ 1: 19, two ALTEX 
5 pm ultrasphere Si 10 mm I.D. x 25 cm columns, flow rate 3.0 
ml min- ‘). Major isomer (retention time 8.5 min): 13C-NMR 
(5OMHz,CDCI,)6 143.0,124.8,52.8,47.2,47.0,45.4,34.6,33.9, 
30.9, 30.7, 29.7, 27.7, 15.0; minor isomer (retention time 8.9 
min): 6 142.6, 124.7,53.0,46.7,45.9,44.3,34.6,34.1,30.6,29.8, 
29.5,27.9,14.6. 

N-Methyl isoxazolidine 5Ob. To a soln of NaOEt (14.56 
mmol) in 40 ml dry EtOH was added MeNHOH- HCI (876 
mg, 10.49 mmol) followed by 47b (1.08 g, 5.24 -01). The 
resultinacloudy mixture was refluxed for 24 hr. TLC analysis 
indicated no &art@ material present along with some 
product and nitrone. Most of the EtOH was distilled off and 
reolaced by toluene. The mixture was refluxed with a Dean 
St&k trap for 24 hr. TLC analysis showed no nitrone 
remaininn fR, = 0.26. GPrOH-CHCl,. 1: 19). The mixture 
was diluted Y;ifh ether and HrO, trans?erred to a separatory 
funnel and extracted three times with ether. The combined 
organics were washed with brine, dried over MgSO1, filtered, 
and the solvent was removed. Flash chromatography of the 
crude product (100 g silica gel, EtOAc-hcxanes, 3 : 17) gave 
921 mg(75%) of a colorless oil. R, 0.47 (EtOAc-hexanes, 1: 4). 
IR (neat) 2946, 2858, 1462, 1453, 1365, 1323,930. 911,734 
cm - ’ ; ‘H-NMR (360 MHz, CDCl,, 60”) d 4.17 (in, 1 H), 2.83 
(m, lH),2.~(~,3HA2.07(m, lH), 1.97-1.8O(m, 3H), 1.80-1.64 
(m,4H),l.58-1.43(m,2H),l.32(dd,J = 13.27and5.84Hx,lH), 
1.16 (s, 3H), 1.12 (s, 3H), 1.11 (s, 3H); 13CNMR (50 MHr 
CDCI,, 60’) 6 90.0, 52.6,46.0,44.2,44.2,37.8,37.7,31.8, 31.7, 
31.7,30.6,29.7,22.7,18.5;massspectrumm/e(re1intensity)235 
(14),220(9),202(38), l96(12), 178(17), 162(10), 154(38), 138 
(lOO), 125 (56), 110(39),93 (38), 84 (45), 77 (23), 68 (13), 55 (22). 
Exact mass talc for C, ,H,,NO : 235.1936. Found : 235.1938. 
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(Found: C,76.22;H, 10.59.CalcforC,,H,sNO:C,76.54; H, 
10.71%) 

N,N-Dimethyfomino&oJu~l Sib. To a soln of sob (850 mg, 
3.62 mmol) in I5 ml dry ether was added Mel (4.5 ml 72.3 
mmol). The soln was stirred at room temp for 48 hr. The 
mixture was filtered, the crude methicdide washed with ether, 
and dried under vacuum giving 1.24 g (91%) of a white solid 
melting at 146-147”. IR (CHCl,) 2957,2867,2426,1614,1461, 
1445,1236,66Ocm- ’ ; ‘H-NMR (360 MHx, CDCl,) d 4.73 (d, 
J = 5.79 Hz, lH), 3.85 (s, 3H), 3.69 (s, 3H), 3.26 (m, 1H). 2.56 
2.4O(m,2H),2.2g2.00(m,2H), 1.%1.86(m,2H), 1.85-1.62(m, 
4H), 1.45 (dd, J = 13.16 and 9.95 Hz, lH), 1.37 (s, 3H), 1.30(s, 
3H), 1.15 (s, 3H); “C-NMR (50 MHz, CDCI,) 6 102.7.93.2, 
67.1,55.3,51.8,51.0,49.1,45.0,42.8,38.0,33.8,31.4,30.2,30.1, 
28.0,21.9. 

To a soln of the N,Ndimethylisoxaxoklinium iodide (375 
mg, 0.99 mmol) in 5 ml EtOH was added 50 mg of 5% Pd on 
activated charcoal. The mixture was stirred under H2 at 
atmospheric pressure for 36 hr. The mixture was filtered and 
washed with EtOH. The solvent was removed giving the 
hydroiodide salt, which was taken up in CHrCl,, transferred 
to a separatory funnel, and washed with dil KOH aq. The 
layers were separated and the aqueous layer was extracted 
three times with ether. The combined organic extracts were 
washed with brine, dried over MgSO*, and filtered. The 
solvent was removed giving 244 mg (98y0) of a colorless oil 
which was used without further purification. An analytical 
sample was obtained by chromatography on silica gel, first 
eluting with EtOAc-hexanes (1: 4) and then with MeOH. R, 
0.18 (MeOH); IR (neat) 3200, 2950, 2865, 2828.2785, 1466, 
1386, 1367, 1104, 1020, 1004 cm-‘; ‘H-NMR (360 MHs 
CDC1,)64.04(d,J =6.21Hz,lH),2.69(dd,J= 11.27and9.32 
Hq lH), 2.352.13 (m, 2H), 2.28 (s, 6H), 2.04 (ddd, J = 13.17, 
11.22and 11.22 Hz. lH), 1.88 (dddd, J = 14.61.5.25.9.36,and 
1.14Hx,lH),1.83-1.62(m.6Hj,1.57(ddd,J = 13.18,9.94;and 
3.24Hx. lHI.1.45Idd.J = 1348and 1.50HzlH).l.l6(~.3H). 
1.09 (s, jH),‘6.97 (s, 3H); 13C-NMR (50 MHz, C’kll,);85.i; 
81.7,61.6,52.5,52.0,49.8.40.6,40.5,40.3,39.0,33.4,31.6,31.5, 
28.3.24.0;mas.s spectrum,m/e(relintensity),251(l1),249(18), 
236(19).219(10),206(8X192(58~178(16),162(22),152(100~ 
138(58), 124(22), 106(22),93(23~85(16).79(19~67(10).Exact 
mass talc for C.,H,.NO: 251.2249. Found: 251.2242. 

.” -- 

(Found:C,76.18;H,11.55.CaJcforC,,H,,NO:C,76.44;H, 
11.63x.) 

Ketone 52. To a soln of pyridine (1.23 ml, 15.2 mmol) in 7 ml 
CH,CII wasaddedCrO,(759mg,7.6mmol).Themixturewas 
stirred 15 min at room temp, and (300 mg, 1.3 mmol) of the 
hydroicdidesalt of 51s was added in one portion. The mixture 
was stirred 15 min at room temp, then diluted with CHCl, and 
1 M NaOH. The aqueous layer was continuously extracted 
with CHCI, for 24 hr. The layers were then separated and the 
solvent was removed. Flash chromatography (1: 5 EtOAc- 
hexanes) afforded 89 mg (57%) of a colorless oil. R, 0.35 (3 : 7 
EtOAc-hexanes),IR (neat)2952 2925.2866.1765.1463.1406, 
1371.1161.732 cm-‘; iH-NMR (360 MHZ, CD&) B 2.44 
1.75(m9H). 1.55-1.33fm.3H). 1.19fs. 3HI. 1.07Is. 3H):mass 
spe&mmjje(relinten&) l%(l), 126(4),‘i12(65j,97(51),% 
(lOO), 83 (35), 69 (16 55 (21). Exact mass talc for C,,H,,O: 
190.136. Found: 190.136. 

Alcohol 53. To a mixture of Slb (251 mg, 1.0 mmol) in a 
biphasic system of 3 ml CH,CI, and 3 ml sat NaHCO, aq at 0 
was added MCPBA (223 mg, 1.1 mmol). The mixture was 
stirred 2 hr at 0”. then warmed to ret&ix. After 48 hr, the 
mixture was transferred to a separatory funnel. The layers 
were separated and the aqueous layer was extracted three 
times with CH ,Cl,. The combined or~ganics were washed with 
sat NaHCO, aq, brine, and dried over MggOI. The mixture 
was filtered and the solvent was removed giving 185 mg (WA) 
of a colorless oil. IR (neat) 3450.3020.2948.2858.1455.1363. 
1321,1095,1076,1059,1d28,1&3,84il cm”; ‘H-NMR (360 
MHx,CDCl,)6 5.28(d, J = 2.73 Hx, lH), 3.75(1, J = 5.74H2, 
lH),3.17(m, lH),2.35(dd.J = 13.05and7.93Hz. IH), 1.95- 
1.80(m,3H),1.67(dd,J = 12.03and7.15Hx,1H),1.63-1.43(m, 
3H), 1.35-1.23(m. 2H), 1.17(s, 3H), 1.12(s, 3H), l.lO(s,3H); 

“C-NMR (50 MHz, CD&) 6 155.1, 132.6, 80.9, 54.9, 52.2, 
51.6,51.0,48.3,38.2,35.4,30.2,29.6,28.0,25.1 ;massspectrum 
m/e(relintensity)206(74), 191(38), 173(89), 162(70), lSS(lOO), 
131 (65), 119 (35), 106 (180). Exact mass talc for C,,H,,O: 
206.1671.Found:206.1674.fFound:C.81.67:H, 10.71.Calc 
for C,,HrsO: C, 81.50; H. 10.75%) 

Ketone 54. To a soln of 53 (38 mg 0.18 mmol) in 2 ml dry 
CHrCl, wasadded PCC(80mg,0.37mmol).Themixtute was 
stirred for 6 hr at room temp. The mixture was then filtered 
through a silica gel plug, rinsing with CH,Cl,. The solvent was 
removed giving 35 mg (93%) of a colorless oil. An analytical 
sample w& prepared-by HPLC (EtOAc-hexanes, 1:9). R, 
0.57 EtOAc-hexanes, 1:4); IR (neat) 3030,2948,2856,1742, 
1462, 1455, 1414, 1362, 1069 cm-‘; ‘H-NMR (360 MHz, 
CDCl,) 6 5.29 (d, J = 2.67 Hg lH), 3.15 (m, lH), 268 (dd, 
J = 15.26and7.70Hz,lH),2.37(t,J = 8.18Hx,2H),2.13(ddd, 
J = 13.33,12.33,and8.06Hz,lH),1.87(dd,J = 11.90and6.85 
Hx, 1H). 1.79(dd.J = 12.31 and7.32Hz, lH), 1.63(m,2H), 1.43 
(ddd, J = 11.69, 11.69. and 7.77 Hz, lH), 1.21 (s, 3H). 1.10 (s, 
3H), 1.03 (s, 3H); 13C-NMR (50 MHx, CDCl,) 6 220.1, 153.1, 
131.1,54.2,52.6,51.2,48.2,38.4,37.7,29.8,27.1,26.1,22,3;mass 
snectrumm/e(relintensitv)2O4(16~ 189(100). 171(61,161 (lo), 
lb5(17),133(40~119(7Xi65(12),9i(9),77(3j~Exa~ma~&~ic 
forC,,H,,0:204.1514.Found:204.1517.(Found:C,82.34; 
H. 9.78. Calc for C,,H,,O: C, 82.30; H, 9.87%) 

Ketone 55. To a soln of 10 mg (0.049 mmol) of 54 in 1 ml 
EtOAc was added Pd (5% on activated charcoal, 2 mg). The 
mixture was stirred under H, at atmospheric pressure for 2 hr, 
filtered, and the solvent removed giving a colorless oil which 
was purified by HPLC (EtOAc-hexanes, 1: 19) giving 7 mg 
(69”/,) of a white solid. M.D. 4143” (recrystallized from 
hex&s). IR (neat) 2948, 2927, 2862, 1738, l-464 cm-‘; ‘H- 
NMR(360 MHz, CDCI,) 6 28O(ddd, J = 10.69,8.64,and 8.64 
Hz, lH), 2.53 (dddd, J = 17.94, 8.97, 8.97, and 3.46 Hz, lH), 
2.46-2.34(m,2H),2.28(dddd,J = 17.38,8.69,and8.69HGlH), 
2.OO(m. 1H). 1.77-1.55(m.2H).1.48-1.36(m.2H).1.3@0.84(m. 
3H),i.fk(s:3H),0.95(s, 3H),0:91 (s, 3H);“sC-NMR(50 MI& 
CDCI,) 6 224.7,59.3,48.9,48.8,46.7,43.3,41.8,41.1,37.6,34.2, 
29.2, 26.5, 22.4, 17.3; mass spectrum m/e (rel intensity) 206 
(loo), 191(10X 178(10), 173(5), 162(55), 150(62), 149(54), 135 
(27). 123 (36) 107 (96), 97 (45), 94 (84), 79 (66), 67 (23). Exact 
mass talc for CllHz20: 206.1671. Found: 206.1681. 

Dials 57-59. To a soln of 53 (30 mg, 0.15 mmol) in 1 ml dry 
THF at 0” was added dropwise a soln of 1 M BH, *THF (0.58 
ml, 0.58 mmol). The mixture was then heated at a gentle retlux 
for 1 hr. The mixture was cooled to 0” and the excess borane 
quenched with H,O. The solvent was removed and replaced 
with DME. A 3 M soln of NaOH 10.25 ml) was added dromvise 
followed byW~H,0,(0.25ml)and themixturewas heaiedat 
a gentle reflux for 12 hr. The mixture was cooled, diluted with 
Hz0 and ether, transferred to a separatory funnel, and 
extracted three times with ether. The combined organic 
extracts were washed with brine, dried over MgSO*, filtered, 
and the solvent was removed. HPLC of the crude mixture 
(EtOAc-hexanes, 2: 3) gave a total of 23 mg (7 1%) of three 
products. The first compound to elute from the column (R, 
0.55, EtOAc-hexanes, 2:3, 9 mg, colorless oil, 28%) was 
assigned the structure 59 based on the following spectral data : 
IR (neat) 3270,2960,2863,1455,1382,1198,1153,1134,1087, 
1065, 1025, 1007.970,960,907 cm-‘; ‘H-NMR (360 MHz, 
CDCl,) 6 3.92 (d, J = 5.36 Hz, 1H). 2.66-2.57 (m, IH), 2.12- 
1.10(m,13H),1.18(s,3H),1.09(s,3H),0.92(s,3H).Thesecond 
compound toelutefrom thecolumn(R,0.38, EtOAc-hexanes, 
2 : 3 ; 9 mg, 28% ; m.p. 154-l 55”) was assigned the structure 58 
based on the following spectral data: IR (KBr pellet) 3314 
2940,2890,2852,1455,1373,1073,1067,1043,1002,944cm-‘; 
‘H-NMR(36OMH~CDC1,)64.17(d,J = 10.48Hz,lH),4.06 
(fJ = 5.67% 1H),2.35-2.15(m,2H),2.00-1.80(m,2H), 1.75- 
1.53 (m, 4H), 1.52-1.25 (m, 4H) 1.17 (s, 3H), l.lO-l.O4(m, lH), 
1.08 (s, 3H), 0.97 (s, 3H). The third compound to elute from the 
column (R, 0.24, EtOAc-hexanes, 2: 3 ; 5 mg, 15%; m.p. 160- 
162”) was assigned the structure 57 based on the following 
spectral data: IR (KBr pellet) 3Mo,2948,2928, 2898, 2855, 
1455,1380,1088,1011 cm-‘; ‘H-NMR(36OMHz,CDCl,)6 
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39O(t,J = 7.75HglH),3.56(d.J = 9.20Hx,lH),2.70-2.58(m, 
lH),2.4O(dd,J=11.52and9.2OHe,lH),2.17-2.O8(m,1H), 
2.031.93(m,IH),1.8O-l.SO(m,4H),1.46-1.25(m,3H).1.15(s, 
3H), l.lti.85 (m, 2H), 1.03 (s, 3H), 0.95 (s, 3H). 

&one 60. To a dn of 57 (4 mg, 0.018 mmol) in 0.5 ml dry 
CH,Cl, was added PCC (15 mg, 0.071 mmol). After stirring 1 
hr at room temp, the mixture was filtered through a silica gel 
plug Removal of the solvent and purification by HPLC 
(EtOAc-hexanes,1:4)gave2mgof60asawhitesolid,m.p.48- 
69” (lit.“* 65-66”). R, 0.56 (EtOAc-hexanes, 2:3); IR (KBr 
pellet) 2947,2937,2860, 1733, 1458, 1380, 1153 cm- * ; ‘H- 
NMR(3~MH~C~~~~2.95(~J = 8.SlH~lH),2.78(dd~ 
J = X02,8.01, and 8.01 Hx, HQ, 2.49-2.42 (m, 1I-Q 240 (dd, J 
=9.95and2.79Hx,lH),2.34-2.22(m,lH),2.17-2.04(m,lH), 
1.94(ddd, J = 13.00,8.02,and 1.01 Hx, lH), 1.87-1.76(m,2H), 
1.52-l.eO(m, lH), 1.39(dd, J = 12.83 and 10.49 Hz, lH), 1.035 
(s, 3H), 1.027 (s, 3H), 1.025 (s, 3H); mass spectrum m/e (rel 
intensity)220(28), 164(19), 149(S), 136(14), 135(8), 118(S), 111 
(7),94(23~93(40),92(14),91(12),81(10~80(100),79(32f,77 
(18~65(6),55(6),53(9~51(5).Exa~m~~cforC,~H~~~~: 
220.1463. Found : 220.1457. 

Diane 61. To a soln of 58 (4 mg, 0.018 mmol) in 0.5 ml dry 
CH,Cl, was added PCC (15 mg, 0.071 mmol). After stirring 1 
hr at room tcmp the mixture was filtered through a silica gel 
plug. Removal of the solvent gave 3 mg of 61 as an oil. R, 0.44 
(EtOAchexanes,2: 3);IR (neat)2947,2927,2858,1738,1458, 
1380,1202,ll~;‘H-NMR(3~MH~CD~s)~2.8~2.74(~ 
lH), 2.51-2.39 (mm. lH), 228 (dd, J = 18.78 and 9.70 Hz, IH), 
2.22jdd. J = 9.27and4.04Hx, lH),2.2@-2.06(m, 2H), 1.85(dd, 
J = 11.88 and 4.73 Hg lH), 1.80-1.72 (m, ZH), 1.68-1.60 (m, 
lH), 1.42-1.28 (m, lH), 1.33 (s, 3H), 1.11 (s, 3H), 1.02 (s, 3H). 
Treatment of a small sample (< 1 mg) of 61 with NaOMe in 
MeOH for 15 min at room temp gave a product which was 
identical to 60 by 360 MHz ‘H-NMR and TLC. 

~y&oxy~o~62.~C(l9m~O.~9~ol)w~add~ toa 
soln of59(5m~O.O~~oI)in 1 ml CH,Cl,. Afterstirring hr 
atroom temp, themixturewasfiltered throughasilicagetplug. 
Removal of the solvent gave 4 mg (80%) of a colorless oil. R, 
0.44 IEtOAo-hexanes, 1: 4); IR (neat) 3462,2940,2919,2857, 
1716; 1458, 1405, 1383, 1310, 1278, 1258, 1150, 1124 1091, 
1050.1012958.880.803cm- . ‘~‘H-NMR(36OMHzCDCl,)6 
4.45(brs, 1’Hj,&-2.24(m,3H),2.09-1.98(m, IH), 1:93(dd&J 
= 13.01, 8.38, and 1.35 Hx, lH), 1.76 (dddd, J = 12.87, 7.49, 
3.73, and 1.30 Hz, IH), 1.68-1.48 (m, 4H), 1X-1.12 (m, 2H), 
1.17 (s, 3H), 1.07 (s, 6H). 

Diene 63. To a soln of 53 (55 mg, 0.27 mmol) in 2 ml dry 
pyridine at room temp was added O-3,4dimethylphenyl 
chlorothioformate (0.065 ml) and the mixture was allowed to 
stirovemight. Waterwasaddedand themixturewasextracted 
three times with ether. The combined organic extracts were 
washed two times with lwk HCl, sat NaHCO, aq, brine, and 
dried over NasSO, Removal of the solvent and purification 
by flash chromatography (10 g silica gel, EtOAohexanes, 
2:98) gave 90 ma (91x1 of the thionocarbonate. Rr 0.48 
(EtOAbhexanes,i :i9j_‘H-NMR (90 MHt, CD&) 87.10- 
6.64@,3H),5.45(t,J = 3Hz,lH),5.11(d,J = 3HslH),3.40- 
3.05(m,lH),2.5S-U,75(m,9H),2.23(brs,6H),1.28(s,3H), 1.15 
(s, 3H), 1. I 1 (s, 3H). Pyrolysis at 220” for 3 hr at 0.3 Torr gave a 
mixtu~~~ll~t~ in a cold trap at -78”) which was taken up 
in pentane, washed with 1 M KOH, brine, and dried over 
Na,SO,. Removal of thesolvent gave35 mg(7O%overall)ofa 
colorless oil. R, 0.62 (hexanes); IR (next) 3034, 2940,2918, 
2848,1454,1360,1332,846,748 cm-‘; ‘H-NMR (200 MHz, 
CDCI,) 6 5.58 (m, lH), 5.32 (m, lH), SOO(d, J = 3 Hz, 1H). 
3.20-3.OO(m, lH),2.84-2.66(m, lH),2.60-2.44(m, lH),2.18- 
1.98 (m. lH), 1.81 (dd, J = 13 and 8 Hz, IH), 164(dd, J = 13 
and8H~lH),l.~l.lS(m,2H),l.l9(s,3H~l.~(s,3H),O.99 
(s, 3H); massspectrum m/e(rel intensity) 188(25), 174(14), 173 
(lOO), 147(11), 145(13), 137(15), 133(17), 131(16), 122(47X 121 
(22),119(23),117(10),109(11),107(33),105(42),95(60),93(70), 
91(30~83(10),81(39),79(25),77(28~71(13~69(21),67(11),67 
(17), 57 (22), 55 (25). Exact mass talc for C,,H,,: 188.1565. 
Found : 188.1565. 

was added dropwise to a soln of BH, * THF (1 M in THF, 0.60 
ml, 0.60 mmol) in 1 ml THF at 0”. After stirring 3 hr at o”, diene 
63(75mg,0.4Ommol)inO.5mlTHFwasaddaIdropwise.The 
mixture was warmed to room temp and stirred 4 hr. The 
mixture was cooled to 0” and 3 M NaOH (0.25 ml) was added 
droowise followed bv 30% H,O, (0.25 mll. The mixture was 
heaiedat refluxfor 12hr.kiter~&&ng,themixturewasdiluted 
with ether and H,O, transferred to a separatory funnel, and 
extracted three times with ether. The combined organic 
extracts were washed with brine, dried over MgSO, filtered, 
and the solvent was removed. Purification of the crude 
product by gash chromato~phy (20 g silica gel, EtOAc- 
hexanes, 1: 4) gave 69 mg(84%) of a colorless oil identified as a 
14: 1 mixture of the 4-p- and 4-a-isomers of 64, respectively, 
which could be separated by HPLC (EtOAtiexanes, 1: 4). R r 
0.38 (EtOAc-hexanes, 3 : 7). Major isomer: IR (neat) 3328, 
2943,2918,2849,1458,1360,1199,1127,1066,1041846cm-‘; 
‘H-NMR (360 MHs CDCI,) 6 S.GO(d. J = 2.56 Hz, lHA4.37 
(p,J=4.52Hx,1H),3.2&3.07(m,lH),2.57(dd,J= 16.22and 
8.05 Hz 1Ht. 1.97 fdddd. 13.30.8.93.4.15, and 1.95 Hz 1HX 
1.83 (dd; J =‘~1199and 7.04 Hr,.lH), i.8O(d, J = 5.5&, lHj, 
1.66 (dd, J = 4.14 and 2.01 Hz, lH), 1.64-1.56 (m, 3H), 1.31- 
1.19(m,lH),1.25(dd,J= 11.85and8.14Hx,1H),1.29(s,3H), 
1.09 (s, 3H), 1.03 (s, 3H); mass spectrum m/e(rel intensity) 206 
(10),192(14),191(100),189(11),173(20),161(12~147(18), 145 
(7),133(~),131(11),119(12),107(15),105(18~95(12~94(13~ 
93(83),91(18~81(11~79(12~77(11~69(8~55(12).Exactmass 
~1cforC,~H~~0:2~~1671.Found:2~.1671.M~ori~mer: 
~H-NMR(3~MH~C~~)~5.~(d, J = 214Hx, lHX4.16 
(h,J = S.l7Hx, lH),3.42-3.30(m, lH),2.30-2.16(m,W), 1.96 
1.81 (m. 2H), 1.67 (dd, J = 12.10 and 7.15 Hq lH), 1.58 (brs, 
lH), 1.48(dd, J = 12.01 and 10.09 Hx, IH), 1.41-l.OO(m, 3H). 
1.13(s, 3H), 1.09(s, 3H). 1.04(s, 3H);mass spectrum m/e(rel 
intensity)206(8), 188(26), 174(25), 173(100), 161(40), 148(19), 
147(27), 145(34), 133(22), 132(32), 131(42), 129(31), 119(25), 
117 (23), 109 (20). 107 (27x 105 (43). Exact mass talc for 
C,,H,,O: 206.1671. Found: 206.1672. 

Dial 65. To a soln of the above isomeric mixture of alcohols 
(68 mg, 0.33 mmol) in 1 ml THF at 0” was added dropwise 
BH,-THF(l MinTHF, 1.32ml, 1.32mmol).Themixturewas 
warmed to room temp and stirred for 12 hr. The mixture was 
cooled to 0” and 3 M NaOH (0.50 ml) was added dropwise 
followed by 3ak H,O, (OS0 ml]. The mixture was heated at 
reflux for 10 hr. After cooling, the mixture was diluted with 
ether and HsO, transferred to a separatory funnel, and 
extracted three times with ether. The combined organic 
extracts were washed with brine, dried over MgSO*. filtered, 
and the solvent was removed. Purification of the crude 
product by flash chromatography (10 g silica gel. EtOAc- 
hexanes, 7 : 3) gave 60 mg (8 1%) of a white solid. A sample was 
recrystallixed from hexanes-EtOAc to give the pure /I isomer 
(65a, m.p. 1 I l-l 13”). R, 0.27 (EtOAo-hexanes, 7 : 3) ; IR (KBr 
pellet) 3307, 2927, 2858, 1458, 1437, 1378, 1365, 1345, 1124, 
1086,1070,1058,1028 cm - 1 ; ‘H-NMR (360 MHz, CDCI,) S 
4.47 (m. 1H). 3.51 (d, J = 9.28 Hz, lH), 2.63-248 (m, lH), 222 
(ddd: J.= 15.27,7:58, and 3.19 Hz, lH), 2.07 (1, J = 9.55 Hx. 
lH1. 1.97 Mdd. J = 13.75.7.10, and 3.25 Hz 1Hk 1.90 (dd. J 

13.93 and 7.27 HZ., HI), k-1.77 (m. iH), 1.73 (dd, J 
1 12.87and9.01 Hz, lH), l.S8(dd,J = l3.~and3.~H~ lH), 
1.5&0.83(m, SH), 1.30(s, 3H), l.@J(s, 3H),0.87(s, 3H); mass 
spectrum m/e(rcl intensity) 224(9), 206(S), 193(8), 175 0,168 
(9X 161(13), 148(10), 135 (17). 133(12), 121(12), 119(15), 109 
(lOO), 95 (56),93 (52). 81(44), 79 (32), 72 (37), 69 (41), 57 (36), 55 
(43). Exact mass talc for CL1Hz402 : 224.1776. Found: 
224.1776. 

Direct conversion 0~~~0~~ 53 10 &o/65. To a soln of U (295 
me 1.43 mm011 in 5 ml pyridine at room temp was added Q 
3,&rnethylphenyl ch&othioformate (0.345 ml). After 
stirring 10 hr. Hz0 was added and the mixture was extracted 
three times with ether. The combined organic extracts were 
washed two times with 10% HCl, sat NaHCO, aq. brine, dried 
over Na,SO, and the solvent was removed. Puritkation by 
flashchromatography(SOgsiIica,EtOAc-hexanes,2:98)gave 
the thion~bonate as a light yellow oil. Pyrolysis of the 
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thionocarbonate at 220” for 3 hr at 0.05 Torr gave a mixture 
(collected in a cold trap at -78”) which was taken up in 
pentane, washed with 1 M KOH, brine, and dried over 
Na$O,. Most of the solvent was removed, and the die was 
taken up in 3 ml THF. This soln was addal dropwise to a 
mixture of dicyclohexylborane prepared from cyclohexene 
(304 mg, 3.70 mmol) and BHI * THF (1.85 ml, 1.85 mmol) in 3 
ml THF at 0”. The mixture was warmed to room temp and 
stirred for 4 hr. The mixture was cooled to 0”. and BH,*THF 
(4.94 ml, 4.94 mmol) was added dropwise. The mixture was 
warmed to room temp and stirred for 12 hr. ARer cooling to 0”, 
3 M NaOH (2.5 ml) was added dropwise followed by M”/. 
Hz02 (2.5 ml). The mixture was heated at reflux for 8 hr. 
cooled, diluted with H,O and ether, and extracted three times 
with ether. The combined organic extracts were washed with 
brine, dried over MgSO*, and the solvent was removed. 
Purification by flash chromatography (30 g silica, EtOAc- 
hexanes, 7: 3) gave 11 I mg of diol 65 as a white solid (35% 
overall from alcohol 53). 

Hydroxyketone66.Toasolnof65(57mg,0.25mmol)in7ml 
dry benzene was added Ag,CO, on Celite (1.16 g, 2.04 mmol). 
The mixture was retluxed for 75 min. Cooling, tiltration, and 
removal of the solvent mve 53 mg (94X) of a white solid (m.p. 
I l&I 15”). R, 0.55 (EtOic-hexan& 7:.$; IR (neat) 3435.2938, 
2927,2857,1734,1459,1405.1383,1368,1260,1177,1090,916, 
737cm-‘;‘H-NMR(36OMH&CDCl,)G3.53(d,J = 8.88Hz, 
lH), 2.78-265 (m, lH), 2.44 (dd, J = 18.48 and 7.02 Hz, IH), 
2.40-2.32(m, lH),2.24(t, J = 9.30, lH),2.15(d, J = 18.31 Hz, 
lH), 2.09 (9, 2H), 1.82 (dd, J = 12.78 and 8.99 Hz, lH), 1.66 
(ddd. J = 13.76,7.72,and 1.55 Hz, lH), 1.60-1.42(m,2H). 1.22 
(9, 3H), 1.08-0.98 (m, IH), 1.02 (9, 3H), 0.90 (s, 3H); mass 
spectrumm/e(relintensity)222(21),204(12), 191(34),161(29), 
151(28), 133(18), 126(47), 109(72), 107(53),97(68),93(100),84 
(53), 79 (47), 72 (57). 67 (42), 55 (47). 53 (36). Exact mass talc for 
C,,H,,O,: 222.1620. Found: 222.1617. 

Hydroxyenone 67. To a soln of 2,2,6,6_tetramethylpipe- 
ridine (0.114 ml. 0.68 mmoll in 1 ml drv THF at 0” was added 
dropwise n-B& (1.55 M in’hexane, O.i36 ml, 0.68 mmol). The 
mixture was stirred for 15 min at 0”. then cooled to -78”. 
Me&Cl (0.172 ml, 1.35 mmol) in 0.5 ml THF was added 
followed by the dropwise addition of a soln of 66 (30 mg, 0.14 
mmol) in 1 ml THF. After stirring 5 min at - 78”, Et,N (0.283 
ml, 2.03 mmol) was added and the mixture was allowed to 
slowly warm to room temp. Sat NaHCO, aq was added and 
the mixture was diluted with ether, transferred to a separatory 
funnel, and extracted three times with ether. The combined 
organic extracts were washed three times with H,O, brine, 
dried over Na,SO,, and the solvent was removed giving a 6: 1 
mixture of isomeric silyl enol ethers which was used without 
further purification. The vinyl proton for the major isomer 
appeared as a doublet (360 MHz, J = 1.32 Hz, 6 4.46) in the 
NMR spectrum whereas the corresponding proton for the 
minor isomer appeared as a broad singlet (S 4.52). Therefore, 
the major and minor isomers are the expected A**I and As** 
isomers, respectively. The mixture of silyl enol ethers in 
CH,CN (2 ml) was added dropwise to a mi&re of Pd(OAc), 
(34 mg, 0.15 mmol) in drv CHXN 12 ml). The mixture was _ , I 

stirred I2 hr at room temperature. The solvent was removed 
and the residue was taken up in ether and filtered through a 
silica gel plug. The solvent was removed and the remaining oil 
was dissolved in a saturated aqueous solution of THF. One 
drop of 3 N HCI was added and the mixture was stirred 1 hr at 
room temp. The mixture was diluted with ether and H,O, 
transferred to a separatory funnel, and extracted three times 
with ether. The combined organic extracts were washed with 
brine, dried over MgSO*, filtered, and the solvent was 
removed. Purification by HPLC (EtOAc-hexanes, 2 : 3) gave 
15mg(~~overallfrom66,54~ basedon 2mgrccovered66)a 
white solid (m.p. 117-l 18”. lit.” 12&121”), which was 
identical in all respects with stzectra (IR, 360 MHz ‘H-NMRl 
kindly furnished by Profess& Ko;eeda. R, 0.17 (EtOA& 
hexanes, 2: 3) ; IR (KBr pellet) 3370,2940,2932,2926, 2848, 
1695, 1625, 1466, 1431, 1414, 1371, 1365, 1309, 1279, 1258, 
1229,1120,1091,1073,1062,1038,850,825cm-’; ‘H-NMR 

(360 MHq CDCI,) 6 5.70(d, J = I .88 H& I H), 3.79 (d, J = 7.84 
Hz,lH),2.832.65(m,2H),2.46(d,J = 17.59Hz,lH),2.35(d,J 
= 17.66 Hz, lH), 225 (ddd, J = 14.54.8.59, and 1.78 Hs 1H). 
2.16 (dd, J = 11.76 and 8.35 Hz, IH), 1.92 (dd, J = 12.61 and 
7.68Hz IHL 1.30-1.20(m.2H11.23(s.3H11.08(s.3H10.95(s, 
3H); m& &ctrum m;e (rcl &&t~) 2% (89x iO5 (j8), 20i 
(7),187(16),177(16),159(17), 148(36), 135(47). 133(53), 121 
(17~119(19),11l(100),105(45),93(32),91(49~80(35),79(35), 
77 (28), 69 (24), 65 (16), 55 (28), 53 (18). Exact mass talc for 
C,4HZ002: 220.1463. Found: 220.1460. 

Hydroxyenone 67. To a soln of 66(24 mg, 0.11 mmol) in 1 ml 
40% aqueous dioxane was added PdC12 (27 mg, 0.15 mmol) 
and Pd(OAc), (27 mg, 0. I2 mmol). The mixture was heated at 
reflux for 6 hr. Additional PdClz and Pd(OAc), (27 mg each) 
were added and the mixture was retluxed for another I8 hr. 
The mixture was diluted with ether and H,O, extracted three 
times with ether, washed with brine, and dried over MgSO,. 
Removal of the solvent and purification by HPLC (EtOAc- 
hexanes, 2:3) gave 6 mg recovered starting material (75% 
conversion), 5 mg of the desired 67 (28% yield based on 
recovered 66), 3 mg of des-3-methylhirsut-5(6)ln4,1 ldione 
(17% yield based on recovered 66). R, 0.54 (EtOAc-hexanes, 
7 : 3); m.p. 112-l 14” ; IR (KBr pellet) 2964.2949.2920.2859, 
172h, 17b3, 1630, 1466, i450, i431;1416, 1381, 1361, 1313, 
1292.1258.1243.1195.11721115.1071.913.886.871.860.847. 
823 A - ’ f ‘H-NMR i200 MHq’CDCi,) 6’5.74 (d, j = i H; 
lH),3.16-2.94(m,2H),2.72(d.J = lOHz.lH).2.47(~,2H),2.34 
(dd,J = 14and8Hz, IH), 1.74(m, IH), 1.031.lO(m, lH), 1.07 
(s, 6H), 1.05 (s, 3H); and 1 mp, of des-3-methylhirsutane-4, I l- 
&one-(6% iield based on &covered 66), R, 0.59 (EtOAc- 
hexanes, 7 : 3) ; m.p. 97-99” ; IR (KBr pellet) 2942,289O. 2854, 
1732,1719,1465,1457,1400,1262,1160,1055,1009cn-‘;‘H- 
NMR (360 MHs CDCI,) 6 2.62-2.30 (m, 3H), 2.18 (d, J 
= 18.54 Hz 1HI. 2.03 Iddd. J = 13.13.8.74. and 2.21 Hz 1H). 
1.9O(d.J = i8.46Hslti),1:74(d,J = i3.tiH~IH),1.71-1.ti 
(m,2H),l&X(brd,J = l3.85H~1H),1.23-1.15(m,lH),l.l8(s, 
3H), 1.10 (s, 3H), 1.05 (s, 3H). 
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