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Abstract: Total syntheses of alkaloid 251F (1), a natural product detected from the skin extracts of the
dendrobatid frog species Minyobates bombetes, and its racemic 3-desmethyl derivative (2) are reported.
A Diels—Alder reaction initiated both syntheses and established four consecutive stereogenic centers.
Important to the synthesis of 2 was a first-generation ozonolysis/olefination/aldol strategy to convert a [2.2.1]
bicyclic acid to the [3.3.0]bicyclooctane diquinane 4b. Further elaboration to an appropriate keto azide
allowed for a key intramolecular Schmidt reaction to deliver the tricyclic core of the target molecule. In a
second-generation approach, a tandem ring-opening/ring-closing metathesis reaction effected an overall
[2.2.1] — [3.3.0] skeletal rearrangement to deliver diquinane 4a. In similar fashion, 4a was manipulated to
an appropriate keto azide, and an intramolecular Schmidt reaction generated the core cyclic architecture
of 251F.

Introduction in 19927 The skin extract fromM. bombetesaused severe

L . . locomotor difficulties, muscle spasms, and convulsions upon
For decades, amphibious sources have provided a rich array.

X : injection into mice? It is quite possible the observed biological
of natural product targets, particularly alkaloids, unprecedented ; - .
) i . . . ) effects were due to other alkaloids present in the skin extract,
in other biological systems.Most likely used in chemical

defense mechanisms, these alkaloids cover a wide spectrum of2 nothing is definitively known regarding the biological activity

structural complexity and biological activity. Daly and co- of 25_1':' . . . - . L
workers have shown the dendrobatid family of frogs to be a W'th undetermlned_ b|olog|cal activity and a hlghly Intriguing
highly prolific source of alkaloid$:3 To date, over 500 of these chemical structure |n_clud|ng three fused rings and seven
alkaloids have been detected in skin extracts of the dendrobatidSte.re(.)gen'C centers (six on contlguqus carbdf) - presents
frogs# and nearly two dozen structural classes of alkaloids have a distinct chal[enge for totgl synthe5|.s.. I.n 1995.’ Taber. and You
been identified. Some well-represented structural classes include reported _the f|rst_syntheS|s ac1F ut|||2|ng a highly diaste-
the batrachotoxins (the class of alkaloids used as dart poisons)’reosel_ectlve rhodium-catalyzed construction of a key cyclopen-
the histrionicotoxins and pumiliotoxin-A classes (a large family _tane |_ntermed|at_é. For over a decad_e, our !aboratory has
of bicyclic alkaloids), and the pyridine alkaloids (most notably, investigated the !ntramolecular Schmidt r(_aactlo_n asa method
epibatidine): Many of the individual dendrobatid alkaloids have OF the construction of heterocycles bearing nitrogen at ring
been found in multiple frog species. Thus, a single alkaloid may fusion po§|t|on§.~ However,' this reaction has only4 recently
be widely distributed among numerous species of dendrobatid been applied t°_ the synthesis of complex alkaléi'd.é. )
frogs. The cyclopentalquinolizidine alkaloids, however, have ~ Because of its structure and (as yet uncertain) potential
thus far been detected in only one species. Originally describedbiological activity, we identified alkaloi@51F as a target for
asDendrobates bombet&she taxonomic classification of this ~ tota! synthesis? Retrosynthetically, a key step would be the
small, poisonous Colombian frog species was then changed tolntramolegular Schmidt reaction that quld gntall the conversion
Minyobates bombete®1. bombetes® Alkaloid 251F (1) was of keto azides such &to the lactam derivative of the targkt
characterized as the major alkaloid of the skin extracMof _ ] _ _ _
bombetesand its structure was elucidated primarily via mass ng;’?‘f@; R on s S oy O P QL Pannell, L. K

spectroscopy and NMR studies as reported by Daly and Spande (8) Taber, D. F.; You, K. KJ. Am. Chem. S0d.995 117, 5757-5762.
P Py P y Laly P (9) Aubg J.; Milligan, G. L.J. Am. Chem. Sod.991 113 8965-8966.
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Scheme 1 Scheme 2
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4a, X = CH=CH, 5

4b, X = CH,OTIPS

(Scheme 1). However, the complexity of ketorsesould add
another challenging element to the proposed synthesis. This
paper fully discloses a set of studies of the problen2®fF
synthesis that not only provided advanced examples of the
intramolecular Schmidt reaction but also established a new route
to [3.3.0] bicyclic ketones related & In this work, two distinct
total syntheses were carried out, one leadingipdesmethyl
251F 2and the other affording in enantiomerically enriched
form.

B: exo: 2.4 keal/mol

A: endo: 0 keal/mol

Retrosynthetic Analysis Scheme 3

As noted above, the targeted intramolecular Schmidt reaction X
required the intermediacy of keto azid&sand3b, respectively. ”//X a'd°'/,HJ|/.,,4 ; /X
These intermediates were proposed to result from the appropriate {;Q " Mo 3Q<
derivatization of a bicyclic enonda or 4b (X represents a 6] CHg 32 Ho
hydroxymethylene equivalent). This sequence presents an 0
important stereochemical issue in that the two groups being y O7CH 8
=Y, 2

introduced onto the enone (an e&Xanethyl group and an endo

o azido side chain) must occupy the indicated trans relationship
relative to one another to complete the stereocontrolled instal- Sion of the acyloxazolidinone portion 8fto the corresponding
lation of the six consecutive stereocenters. Plenty of precedentMethyl ketone followed by oxidative cleavage (ozonolysis, for
suggested that conjugate addition would result in exo methy- €xample) of the endocyclic olefin would generate dialdehyde
lation of the diquinane; however, the stereochemical outcome /- An intramolecular aldol reaction of could in principle

of installing the adjacent azidobutyl side chain was less secure.Provide bicyclic enones. A variant of this ozonolysis/aldol
Although the desired product would result from placing this Strategy was previously explored by Sternbach et al. in an
group trans to the adjacent methyl group, doing so would force approach to hirsuted®and the total synthesis of silphinére

it onto the endo face of the [3.3.0] bicyclooctane system (which (Scheme 4).

is less favored relative to the exo orientation due to the cuplike N other work, Grubbs published a route for converting [2.2.1]-
ring system). To address this, MM2 calculations were performed bicycloheptene ring systems to the corresponding [3.2.0]heptane
on model substrates bearing substituents atthad centers ~ €nol ethers using titanocene alkylidene complexes (Scheme
with both cis and trans configurations (Scheme 2). Calculations 4)-'#*° This served as a key reaction in a synthesis toward
indicated that the energy of isomer B with both groups exo and capnellene. These titanium-mediated transformations are clearly
cis to one another was 2.4 kcal/mol greater than that of the related to the now-common ruthenium alkylidene-catalyzed
desired epimer A. Minimally, this suggested that thermodynam- Metathesis reactions. Several groups have utilized ring-opening/
ics might work in our favor even if a kinetic addition of the ring-closing versions of this latter transformation to carry out
desired group failed to afford the desired relative stereochem-skeletal rearrangements of the type needed Hefé.We

istry.

. N . 16) Sternbach, D. D.; Ensinger, C. . Org. Chem199Q 55, 2725-2736.
Ster_e059|eCt|Ve Syntheses of quUIn§46$) Were reqU|red ) El? Sternbach, D. D; Hughe%, J. W, Burcgi]i, D. F.; Banks, BJAAm. Chem.
to realize the above strategy. An attractive solution toward this __ Soc.1985 107, 2149-2153.
.. (18) stille, J. R.; Santarsiero, B. D.; Grubbs, R. H.Org. Chem.199Q 55,
problem was suggested by the recognition that the four 843-862.
i i i (19) stille, J. R.; Grubbs, R. H. Am. Chem. Sod986 108 855-856.
StereermC centers in compounﬁsould be dlreCtIy mapped (20) Zuercher, W. J.; Hashimoto, M.; Grubbs, R.HAm. Chem. S0d.996

onto 5 as shown (Scheme 3), coupled with the fact the latter
should be readily generated from a garden variety Biglsler
reaction of cyclopentadiene and a crotonic acid equivalent.
Key precedent for our approach to endheas found in the
literature of triquinane natural product synthesis. Thus, conver-
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(21) Minger, T. L.; Phillips, A. JTetrahedron Lett2002 43, 5357-5359.

(22) stragies, R.; Blechert, Synlett1998 169-170.

(23) Arjona, O.; Csaky, A. G.; Medel, R.; Plumet,J1.0rg. Chem2002 67,
1380-1383.

Hagiwara, H.; Katsumi, T.; Endou, S.; Hoshi, T.; SuzukiT&trahedron
2002 58, 6651-6654.

)
)
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)
) 118, 6634-6640.
)
)
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Scheme 4 Scheme 6
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acidification spontaneously lactonized to alcoh®. This

0o allowed for ready differentiation of the two alcohols. Subsequent
9 10 1 protection yielded lacton&4in 70% overall yield for the three-
step sequence frof Addition of varying methyl nucleophiles

investigated, and here compare, both aldol and metathesis(MeLi, MeMgBr, etc.) gave complex mixtures of products, so

approaches to the synthesis of the desired enones. an olefination of lactoné4 was planned to effect the homolo-
gation to the methyl ketone. Initial experiments focused on using
Synthesis of ( £)-3-Desmethyl 251F (2) the Tebbe reagetftto convertl4 to the analogous enol ether;

however, no positive results were obtained via this avenue.

To permit us to concentrate on the coupled problems of [3.3.0] Fortunately, Petasis’ reagdh{Cp,TiCly) in place of Tebbe's

bicyclooctane synthesis and relative stereocontrol about the ring . - . .
system, we chose to first prepate)(3-desmethyR51Flacking provided the desired enol ethEs. After some experimentation,

. A D it was discovered that carrying out the olefination according to
the isolated methyl group. Since all the remaining stereocenters .
. ' X : the procedure developed by Howglproved most effective.
were destined to arrive from relative stereocontrol techniques,

) . . . The resulting enol ether was subsequently hydrolyzed to
this allowed us to work in the racemic series at the outset. . . ; - .
. . o . hemiacetall6 and immediately oxidized with PCC to generate
Starting from a racemic derivative &f an extremely direct

int lecul Idol te talb briefly i tioated the aldol precursot7. A number of conditions were examined
Xc:;in:;ﬁu a(!le?ingzs r(OSucﬁeme 5;’\’\3;8 o”zeor?/izrler:jvfj I?g(ftﬁe to carry out the intramolecular aldol conversionlgfto 4b but
gg_, dialdehvdzo: h d yd't' failed to produce the aldol adduct in acceptable yields. Eventu-
Z?(gﬁ?ggg C'QSI d ;an iﬁtr);moiecag?\;?éblurgai:ic?r? b(ieoir;l dlulggz 0 ally, reasonably efficient conditions were uncovered. Thus, KOH
o . and BuNOH in refluxing THF/water (THF, tetrahydrofuran
afford 11. It is likely that the abundance of acidic protons and u 9 ( 4 )

. . o
subsequent retroaldol opportunities availabléOmendered the pr?r\;:dedhalﬁol adductb in 52d/0' ylgldr.] 6 afforded .
desired aldol process ineffective. A variety of epimerization ough the route presented in Scheme 6 afforded quantities

reactions may have also competed with the desired cyclization of 4bin excess of 2 g, numerous drgwbagks using this strategy
reaction. soon became apparent. The Petasis olefination prddists

Guided by the hypothesis that reduction of the extraneous obtained cleanly and could be used in subsequent transforma-

aldehyde irlOwould eliminate some of the untoward pathways, tions without purification (though some titanocene byproduct

. . "_'_could be seen in the NMR spectrum of the crude product).
a second attempt involved pursting an aldol precursor via a However, only after the aldol step could product be purified
lactone derivative of aci@ (Scheme 6). Ozonolysis of olefth » only P P P

followed by borohydride reduction gave dib, which upon chrqmatographlcally. The four-step sequence fiato 4b was .
routinely carried out with crude reaction mixtures, analyzing

(25) Weatherhead, G. S.; Ford, J. G.; Alexanian, E. J.; Schrock, R. R.; Hoveyda,

A. H. J. Am. Chem. SoQ00Q 122 1828-1829. (29) Tebbe, F. N.; Parshall, G. W.; Reddy, GJSAm. Chem. S0d.978 100
(26) Zuercher, W. J.; Scholl, M.; Grubbs, R. H.0rg. Chem1998 63, 4291~ 3611-3613.

4298. (30) Petasis, N. A.; Bzowej, E. 1. Am. Chem. S0d.99Q 112 6392-6394.
(27) Lee, D.; Sello, J. K.; Schreiber, S. Org. Lett.200Q 2, 709-712. (31) Dollinger, L. M.; Ndakala, A. J.; Hashemzadeh, M.; Wang, G.; Wang, Y.;
(28) Available in two steps (Weinreb amide formation then methyl Grignard Martinez, |.; Arcari, J. T.; Galluzzo, D. J.; Howell, A. R. Org. Chem.

addition) from acids. 1999 64, 7074-7080.
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Scheme 7 Scheme 8
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the intermediate products only withl NMR to ensure complete 23

selected NOEs confirming

reactant consumption. Overall, the seven-step sequencesfrom desired stereochemistry

could be carried out in 27% overall yield. At seven steps, this
sequence was sufficient for carrying out preliminary experi-
ments; however, more efficient means would ultimately be
sought to streamline the synthesis. The ozonolysis/olefination/
aldol strategy was certainly lengthier than the initially proposed
route, and we felt that a more rapid and efficient enone synthesis

would he"? engure a morle attractive synthesigbiF ip th? position (Scheme 7). The observed side chain stereochemistry
end. De§p|te t.h|s, we decm!ed touse enéb@btqmed v.|a this . can be rationalized in two ways. On one hand, the calculations
route to |nvest|gate the a_ddmon o_f the two remaining side chains described above suggested that thermodynamic protonation of
and the_ foII_owmg Schmidt reaction. . the intermediate enolat2@) would favor placing the side chain
_Considering the cup-shaped geometry of a cis-fused 5,5- 505 tg the existing adjacent methyl group. Alternatively, kinetic
bicyclic system, it was ex.pected that .methyl cuprate addltl_on protonation might favor quenching the enolate from the less
would occur from the desired exo position and that quenching pingered exo face. In practice, the dissolving metal reduction

the resultant enolate with an appropriate electrophile would ¢ 19 proceeded to yield a single diastereome2bfHowever,
stereoselectively install a precursor to the endo azido S|de_ chaing, o stereochemistry of this newly formed center was not verified
(trans to the methyl group; see Scheme 2). However, conjugate, | 4 |ater point in the synthesis due to the lack of diagnostic
addition of MeCulLi followed by quenching with 1-chloro-4-  \R evidence from1 itself.
iodobutan.e. resulted only in installation of a methyl group at Progress toward the azido ketone Schmidt precursor was made
the 5 position of the enone. Under a variety of conditions ;5 azigation of primary alcoha1 under Mitsunobu condi-
examined using even highly reactive alkyl halides such as ,,s2 1 yield azide22 in ca. 50% overall yield fron9 (2
iodomethane and allyl bromide as electrophiles, no successfulSteps Scheme 8). Wi22in hand, the stage was set for carrying
instances of incorporation ok substituents were observed. s the critical intramolecular Schmidt reaction. Thus, treatment
Attempts at th-pot sequences in which fheubstituted ketone of 22 with excess triflic acid (TfOH) smoothly converted the
was treated W,'th a variety of bz?\ses ar'ld subseguently treatedyzigo ketone to the ring-expanded lact@® while simulta-
with electrophiles resulted only in starting material. _ neously removing the TIPS group to reveal the primary alcohol
G_l\_/en these problems, we proposed that a ong-pot conjugate, 5ooy yield. At this time, extensive 2D NMR analysis was
addition/aldol strategy could serve as an effective means for saq 15 ‘corroborate the stereochemistry of all six stereogenic
introducing both.s_ubstltuent.s. Thus, to our delight, aldehydes qonters The most revealing piece of evidence came from the
proved to.be eff|C|en.t'coupI|ng parltners (Scheme 7). Accord- ,pqeryation of an NOE between the C10 methine proton and
ingly, conjugate addition of M€uLi from the most exposed 5 4djacent methyl group, indicating a cis orientation between
face of4b resulted in enolatds, V‘_'h'Ch' whe_n_qu_enched With  the two or, alternatively, a trans relationship between the methyl
4-benzyloxybutanal, led to a single olefinic isomer 18, group and side chain. Four other NOEs were observed and
Scheme 7 indicates tiistereochemistry for the aldol dehydra-  ther corroborated that the Schmidt product had stereochem-
tion, but it was not unt||lthe asymmetric synthes&éﬂFwaS istry corresponding to that of the natural product (Scheme 8).
completed that the olefin geometry was rigorously proved (see Completion of the 3-desmeth@51F synthesis required only

below)_. . ) . the reduction of the lactam to the corresponding tertiary amine.
The in situ dehydration of the aldol adduct to exocyclic enone

19 precluded the direct formation of the sixth consecutive (32) Viaud, M. C.; Rollin, P Synthesi€99Q 130-132.

stereocenter. However, this point was muted as it was recognized
that a dissolving metal reduction could serve two functions: (1)
cleavage of the benzyl ether 9 to the corresponding alcohol
and (2) reduction of the enone moiety to the saturated analogue
placing the azido side chain precursor in the desired endo

5478 J. AM. CHEM. SOC. = VOL. 126, NO. 17, 2004
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Thus, treatment 023 with LAH in ether afforded the desired
amine2 (confirmed from IR and MS data only due to isolation
difficulties; Scheme 8).

Asymmetric Total Synthesis of 251F (1)
Although the model synthesis 861Fhelped develop a great

deal of the chemistry needed to formulate a route toward the
natural product, a number of issues remained unresolved. First,
the issue of carrying out an asymmetric synthesis had to be
considered. This issue was readily addressed as numerous

efficient routes toward both enantiomers of abidhave been
developed by other workef3:3° A more pressing task,
however, was the desire to produce endhgor its equivalent,

in a more direct route. This goal ultimately found its realization
with the utilization of metathesis chemistry. In addition, the
3-methyl group had to be incorporated with the proper stereo-
chemistry. Finally, a major goal of this synthesis was to produce
meaningful (decigram) quantities of the dendrobatid natural
product.

Two of the above issues were resolved via the dual utilization
of a common chiral auxiliary to control the formation of five
of the seven stereogenic centers of alkal@llF. Thus, an
asymmetric Diels-Alder reaction usin@5 set the four consecu-
tive stereocenters of acklin both a relative and absolute sense
(Scheme 9). In addition, the same auxiliaryR®@S)-(+)-4-
methyl-5-phenyl-2-oxazolidinone, can be used to control the
outcome of an asymmetric alkylation reaction to set the C3
stereocenter (Scheme 9).

The synthesis of enantiopure aldehy&lcommenced with
conversion of auxiliary24 to 27 via deprotonation ri-butyl-
lithium, THF) and quenching with propionyl chloride. The
enolate of27 was generated with NaHMDS (sodium bis(tri-
methylsilyl)Jamide) and subsequently reacted with allyl iodide
to provide allylated28 as a white solid that could be recrystal-
lized to >295% diastereomeric purity. Cleavage of the chiral
auxiliary (LAH) afforded an enantiopure alcofdlvhich was
immediately benzylated to eth2®. Finally, oxidative cleavage
of the olefin afforded the desired aldehy@6 in 36% vyield
over the five-step sequence. Conversio@®fo 26 was effected
by treating a mixture oR5 and cyclopentadiene in methylene
chloride at—100 °C with diethyl aluminum chloride. Diets
Alder adduct26 was isolated in ca. 9395% diastereomeric
purity on a 2 gscale¥’

With protocols in hand for the asymmetric synthesis of acid
5 and provisions met for the stereocontrolled installation of the

3-methyl group, attention was then directed at retooling the route

toward the key bicyclic enone intermedia#d, previously

prepared via an ozonolysis/aldol method. As noted earlier, it
was felt that the use of metal alkylidene complexes (i.e.,
ruthenium-catalyzed ring-opening/ring-closing metathesis) could

(33) Vandewalle, M.; Van der Eycken, J.; Oppolzer, W.; Vullioud, C.
Tetrahedron1986 42, 4035-4043.

(34) Fukuzawa, S.; Matsuzawa, H.; Metoki, Bynlett2001, 709-711.

(35) Krotz, A.; Helmchen, GTetrahedron: Asymmetry99Q 1, 537-540.

(36) Evans, D. A.; Barnes, D. M.; Johnson, J. S.; Lectka, T.; von Matt, P.; Miller,
S. J.; Murry, J. A.; Norcross, R. D.; Shaughnessy, E. A.; Campos, K. R.
Am. Chem. Socd999 121, 7582-7594.

(37) Evans, D. A.; Chapman, K. T.; Bisaha,JJ.Am. Chem. S0d.988 110Q
1238-1256.

(38) Evans, D. A.; Miller, S. J.; Lectka, T. Am. Chem. S04993 115 6460-
6461.

(39) Evans, D. A.; Miller, S. J.; Lectka, T.; von Matt, B. Am. Chem. Soc.
1999 121, 7559-7573.

(40) Evans, D. A.; Bender, S. L.; Morris, J.Am. Chem. So4988 110 2506~
2526.
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36% (from 24, 5 steps) OW\OBn

Me
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be utilized to catalyze the desired [2.2:3] [3.3.0] skeletal
rearrangement. To examine this strategy it was recognized that
the acid portion ob would need to be converted to an olefinic
derivative.

In building this substrate, DietsAlder adduc26 was cleaved
to enantiomerically enriched acklwith LIOH/H 0.4 Thus,
conversion of5 to the Weinreb amid® followed by addition
of vinyl Grignard afforded31 in 85% vyield for the 2-step
sequence (Scheme 10). At this stage it became possible to
explore the use of Grubbs’s ruthenium catalysts to effect the
desired ring-opening/ring-closing metathesis reactions. Early
attempts using standard conditiéhafforded the desired enone
43, albeit in poor yield. Examination of these results suggested
that a good deal of the reaction products were oligomerized
materials. Though only a 30% yield of metathesis product was
isolated, it was felt that this yield could be increased with the
identification of more fitting conditions.

Remarkable increases in reaction efficiencies were realized,
however, when the tandem ring-opening/ring-closing metathesis
was carried out in ethylene-saturated methylene chloride kept
under an atmosphere of ethylefig# With a minimal amount

(41) Evans, D. A;; Britton, T. C.; Ellman, J. Aletrahedron Lett1987, 28,
6141-6144.

(42) Nahm, S.; Weinreb, S. Mletrahedron Lett1981, 22 3815-3818.

(43) Mori, M.; Sakakibara, N.; Kinoshita, Al. Org. Chem1998 63, 6082

6083.

(44) Giessert, A. J.; Brazis, N. J.; Diver, S.drg. Lett.2003 5, 3819-3822.
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using the ozonolysis/aldol strategy). Multigram quantitiedaf

of optimization, enondacould be isolated in 93% yield using  were readily produced with relative ease.
5 mol % ruthenium catalys?2 on multigram scale reactions.

Scheme 10 (path a) presents a possible blueprint for this
reaction. Metallocycloaddition &2 onto the endocyclic olefin As developed in the model study, it was envisioned that a
of 31 generates metallocyclobutar83, which upon retro- one-pot conjugate addition/aldol reaction would install the exo
cycloaddition provides alkylideng4. A second metallocycload-  methyl group and precursor to the azido side chain. However,
dition onto the enone olefin provides metallocyclobut&ae the aldehyde component of the aldol reaction now had to
which again undergoes retro-cycloaddition to provide the incorporate the 3-methyl substituent with the proper stereo-
targeted enonda. The yield of4ais better than tripled when  chemistry. Thus, enorgawas reacted with Mg£ulLi to afford
changing the saturation of the solvent and reaction atmosphereenolate40, which was quenched with chiral aldehy86 to
from argon to ethylene. Apparently having an excess of ethylene provide dehydrated aldol addudtl (Scheme 11). The aldol
present in the reaction allows for the recycling of unproductive adduct was isolated as a single olefinic isomer in 65% vyield.
intermediates (i.e., those leading to polymers or other byprod- The geometry of the newly formed olefin was investigated using
ucts). Scheme 10 (path b) provides an example of one untoward2D NMR techniques. With a NOESY experiment, it was found
possibility. In addition, dimeric or oligomeric materials can be that an NOE existed between the newly installed exo methyl
reverted back to monomeric alkylidene intermediates capablegroup and the allylic enone protons (Scheme 11). For these
of entering the pathway depicted in Scheme 10 en route to groups of protons to be within NOE proximity requires that
desiredda. This complex equilibrium of intermediates ultimately the exocyclic enone olefin have tleconfiguration shown.
proceeds toward what is likely the most thermodynamically  Following the protocol developed abov&l was converted
stable componenga to the azido ketone Schmidt precursé2 (Scheme 11). The

The successful incorporation of a tandem ring-opening/ring- multipurpose Na/Nkireduction converted1 to the correspond-
closing metathesis in place of an ozonolysis/aldol route proved ing reduced alcohol (not shown) as a ca. 4:1 mixture of
to increase the efficiency and ease of bicyclic enone synthesisinseparable diastereomers epimeric atdhposition. The major
tremendously. In only three stefswas converted tdain ca. isomer was presumed to be that derived from exo protonation,
80% overall yield (compared to seven steps, 27% overall yield placing the side chain in an endo orientation. A subsequent

Completion of Indolizidine 251F Synthesis
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Scheme 12 expanded Schmidt produet5 in 79% vyield (Scheme 12).
Me Me Lactam45 was crystallized, and X-ray analysis confirmed that

OH ol . : -
m/ TIOH OH the tricyclic structure and relative stereochemistry of this
—_—

N compound reflected those @b1F.
DCM,0°C g

M o Me Me Reduction of lactami5 to the corresponding amine repre-
° 79% X sented the final step of the synthetic sequence, and as expected,
Na 44 LAH, Et,0 45,X=0 LAH reduction generated alkaloitin 86—100% yield (Scheme
86-100% 1,X=Hp 12). Synthetic 251F was identical in all respects to published
spectrd.®

Summary

In conclusion, a study ending in a racemic synthesis of
3-desmethyR251F allowed for the development of chemistry
that ultimately culminated in an asymmetric total synthesis of
alkaloid251F Each synthesis was initiated with a stereoselective
b . - Diels—Alder reaction that established four consecutive stereo-

all and stick depiction of the X-ray structure . o

of lactam 45 showing selected protons genic centers. Integral to both syntheses was the efficient
construction of a key bicyclic enone intermediate. Preliminary
studies focused on an ozonolysis/olefination/aldol method, and
a more streamlined second-generation route was developed
utilizing a tandem metathesis strategy. At seven steps and 27%
overall yield, the ozonolysis/aldol strategy toward endime
proved satisfactory. However, replacing this route with a domino
metathesis strategy better than halved the number of steps (three
total) and tripled the yield (80%) in route to the analogous enone

lactam produhct vvla? detected. ced hvd o 42 In general, this skeletal rearrangement reaction could prove
Because the olefin was serving as a masked hydroxymeth-y, e "5 highly useful tool in the synthesis of substituted

ylene equivalent and given the earlier success in transformingdiquinane substrates from readily available [2.2.1] bicyclic

an—OTIPS protﬁcted analogue into the lactam (S(I:heme 8_)';: systems. Key to both syntheses was the use of an intramolecular
was proposed that conversion to its oxidized analogue mig L Schmidt reaction, which delivered the core tricyclic system, on

be mo(;e hgonszter:t f\’,v'tg a success:;ul 9§'d°'SChfm|'|dt re(‘;‘g"on'advanced intermediates. Overall, the asymmetric total synthesis
Toward this end, olefid2was reacted with ozone followed by ¢ 551 proceeded in 13 steps with an overall yield of ca.

dimethyl sulfide (DMS) to afford aldehyd&3 (ca. 70% yield). 5-8%. Approximately 100 mg of the natural product was

’S‘t this _junctﬁreh a fﬁw ext[))enments were glondur(]:te_zmng produced in this waythis amount is roughly equivalent to the
etermine whether this substrate was a viable Schmidt substrate, 1t that would have been isolated using current techniques

Treatment 01’43\ivith TfOH resulted in the deteqtion ofalact.am from 30000 frogs! Given this healthy supply @51F, the
pro'duct (H gnd 3C NMR); hgwever, the re.actlon fes“'te‘,’ Na ynknown biological properties of the alkaloid are currently under
variety of unidentified impurities, and attention was then directed delineation.
at carrying out the Schmidt reaction on alco#idl Caution was
exercised with this reduction, though, as od8avas produced, Acknowledgment. We thank the National Institutes of Health
three functional groups capable of undergoing reduction were (Grant GM-49093) for support of this research. A.W. addition-
present. Reduction of either the azide or ketone eliminates oneally thanks the American Chemical Society Division of Organic
of the functional groups necessary for the Schmidt reaction. Chemistry and Abbott Laboratories for support through a
Fortunately, addition of 1 equiv of NaBtHthemoselectively  graduate fellowship. We are grateful to the following scientists
reduced the aldehyde in the presence of both ketone and aziddor their constructive comments and suggestions during the
to afford alcohol4 (50—55% yield for the two-step ozonolysis/  course of this project: John Daly, Carol Ensinger, Robert
reduction sequence). In addition, conversion of the 4:1 diaster- Grubbs, and Amy Howell.
eomeric mixture of olefiM2 to alcohol44 allowed for facile
chromatographic separation of the diastereomers.

Once again, examination of the key intramolecular Schmidt
reaction, this time with alcohat4, commenced. Treatment of
44 with excess TfOH proceeded smoothly and yielded the ring- JA0320018

Mitsunobu reactiof? transformed the primary alcohol to the
corresponding azidé2 (50% vyield, two steps), here obtained
as an inseparable 4:1 mixture of diastereomers. With the
necessary functional groups in place, the key intramolecular
Schmidt reaction was then examined. Treating azido ket@ne
with either TfOH or TiC}, resulted only in apparent decomposi-
tion of the olefin functionality. None of the desired cyclized

Supporting Information Available: Experimental procedures
and compound characterizations (PDF and CIF). This material
is available free of charge via the Internet at http://pubs.acs.org.

J. AM. CHEM. SOC. = VOL. 126, NO. 17, 2004 5481



