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ABSTRACT
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Enyne metathesis has been used to prepare bridged azabicycles and applied in a short asymmetric synthesis of the tropane ferruginine. A
Grubbs first generation catalyst proved to be superior to the second generation catalyst in the enyne metathesis reaction.

Bridged azabicycles, like the well-known compound cocaine, (between the carbonyl oxygen and substituemtso the
show a broad range of neurochemical actiVigor example, nitrogeny will result in the diaxial conformer being favored.
both anatoxin and ferruginine have potential in the treatment
of the neurodegenerative disorder Alzheimer's disédgeir
biological activity coupled with an interesting architecture
has stimulated considerable synthetic activity, and aza- |
bicycles have acted as important vehicles for the development N

of new methods and strategieg\s a novel strategy, we A '\“E\?: © /, CO‘MQ
considered the possibility of carrying out RCM of a suitable OCOPh
precursor to assemble the bridged azabicycle. Although RCM (,}-fer,ugfﬁine 1 (#)-anatoxin-a 2 (-)-cocaine 3

has been widely employed to construct cyclic and fused
bicyclic compounds,the construction of bridged bicycles Figure 1.
is much less commoh.

For successful RCM, it is important that the substrate
should easily be able to adopt the conformation required for
cyclization. Thus, to construct bridged azabicycles, the
precursor must be able to adopt a conformation in which
the two substituents are diaxial. This can best be achieved_
using acyl or alkoxycarbonyl groups on nitrogen as #train
Scheme 1. Retrosynthetic Analysis of the Tropane Bicycle

Based on Ring-CIosing Metathesis

Indeed, during the course of our work, Martin described such
a strategy utilizing disconnection A (Scheme®1s we
wanted to access tropane alkaloids, e.g., ferrugiginee
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needed to be able to introduce functionality in the six-

membered ring, and clearly this could most easily be done
through disconnection B with suitably substituted alkenes.

Furthermore, unlike disconnection A, disconnection B would

enable us to easily access enantiomerically pure material as

4 could potentially be obtained frompyroglutamic acid.

Pyroglutamic acid was first converted into the known
aminal 6 in four steps. Treatment with BFOEt and
allyltrimethylsilane gave the requireis product as the major
diastereomer (Scheme 2).

Scheme 2. Preparation of Allyl-esteir2
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a (i) "PLEtN (1.2 equiv), BnBr (1.0 equiv), 0 to 55C, CH,Cl,,
5 h. (ii) BOGO (1.2 equiv), DMAP (0.1 equiv), 25C, MeCN, 3
h, 92% over two steps. (iii) LiEBH (1.2 equiv),—78 °C, THF, 2
h, 88%. (iv) MeOH,pTSA (0.1 equiv), 25°C, 5 h, 98%. (v)
BF3;.0E% (1.03 equiv), allyltrimethylsilane (4.5 equiv);78 to 25
°C, EtO, 15 h, 93% (80:20¢is:trans).

The ester was converted into the enol etBeby the
modified Takai procedufgScheme 3), but we were unable

(3) For reviews of RCM, see: (a) Grubbs, R. H.; Changl&rahedron
1998 54, 4413-4450. (b) Armstrong, S. KJ. Chem. Soc., Perkin Trans.
11998 371-388. (c) Phillips, A. J.; Abell, A. DAIldrichimica Actal999
32, 75-89. (d) Fustner, A.Angew. Chem., Int. EQ00Q 39, 3012-3043.
(e) Maier, M. E.Angew. Chem., Int. EQ00Q 39, 2073-2077. (f) Trnka,
T. M.; Grubbs, R. HAcc. Chem. Re001, 34, 18-29. (g) Semeril, D.;
Bruneau, C.; Dixneuf, P. HAdv. Synth. Catal2002 344, 585-595. (h)
Poulsen, C. S.; Madsen, Bynthesi®003 1, 1-18. (i) Hoveyda A. H.;
Gilingham D. G.; Van Veldhuizen J. J.; Kataoka O.; Garber S. B.;
Kingsbury J. S.; Harrity J. P. AOrg. Biomol. Chem2004 2, 8—23.

(4) Neipp, C. E.; Martin, S. R]. Org. Chem2003 68, 88678878 and
references therein.

(5) For a review, see: Hoffman, R. \€Chem. Re. 1989 89, 1841-
1860.

(6) Neipp, C. E.; Martin, S. FTetrahedron Lett2002 43, 1779-1782.

(7) Although this reaction has been described to furnish a @&%rans)

Scheme 3. Enol Ether Preparation and Attempts at RCM
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a(i) TiCl4 (4.0 equiv), TMEDA (8 equiv), Zn (9 equiv), PbgLl
(0.046 equiv), CHBr; (2.2 equiv), 25°C, 4.5 h, THF, 45%. (ii)
RCM .13

to effect RCM using the Ru and Mo cataly$ts Il ,° 11,1
andIV 12 (Figure 2)! Only unreacted starting material was
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Figure 2. Structures of the 1st, 2nd, and 3rd generation Grubbs
and Schrocks catalysts.

observed. To determine whether active catalyst was still
present, dimethyl diallymalonate was added to the reaction
mixture after 1 h. Rapid ring closure of the malonate proved
that the catalyst had not become deactivated by the enol ether
or other adventitious impurities.

To test whether the problem lay with enol ether metathesis
(which is known to be a more difficult cyclization than
simple diene metathesi8)or substrate conformation, we
prepared dien&0, and this time RCM occurred uneventfully

ratio of diastereomers we have not been able to reproduce this result (80:tg give the bridged azabicyclel in good yield (Scheme 4).

20, cistransobtained). See: (a) Shono, T.; Fujita, T.; MatsumuraCem.
Lett 1991 81-84. (b) Ma, D.; Yang, JJ. Am. Chem. SoQ001, 123
9706-9707. Other workers have also reported levels of selectivity similar
to our own. See: (c) Chiesa, M. V.; Manzoni, L.; Scalastico,Sgnlett
1996 441-443. (d) Beal, L. M.; Moeller, K. DTetrahedron Lett1998
39, 4639-4642. (e) Grossmith, C. E.; Senia, F.; WagneiSynlett1999
10, 1660-1662. (f) Mulzer, J.; Schulzchen, F.; Bats, J.-lietrahedron
200Q 56, 4289-4298. (g) Tong, Y.; Forbian, Y. M.; Wu, M.; Boyd, N.
D.; Moeller, K. D.J. Org. Chem200Q 65, 2484-2493. (h) Manzoni, L.;
Colombo, M.; May, E.; Scolastico, Getrahedror2001, 57, 249-255. (i)
Zhang, X.; Schmitt, A. C.; Jiang, Wletrahedron Lett2001, 42, 5335~
5338. (j) Kim, S.; Hayashi, K.; Kitano, Y.; Tada, M.; Chiba, ®rg. Lett
2002 4, 3735-3737. (k) Harris, P. W. R.; Brimble, M. A.; Gluckman, P.
D. Org. Lett 2003 5, 1847-1850.

(8) Takai, K.; Kataoka, Y.; Miyai, J.; Okazoe, T.; Oshima, K.; Utimoto,
K. Org. Synth 1996 73, 73—84.

(9) Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, RA#gew. Chem.,
Int. Ed. Engl.1995 34, 2039-2041.
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This showed that our strategy for controlling the diaxial
conformation had been successful, but to easily access the
enone required for the synthesis of ferruginine we needed a

(10) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Brg. Lett 1999 1,
953-956.

(11) Love, J. A.; Morgan, J. P.; Trnka, T. M.; Grubbs, R. Ahgew.
Chem., Int. Ed2002 41, 4035-4037.

(12) Murdzek, J. S.; Schrock, R. Rrganometallics1987, 6, 1373~
1374.

(13) Grubbs 1st, 2nd, and 3rd generation catalysts in either dichlo-
romethane or benzene, Schrocks catalyst in degassed pentane, at both room
temperature and reflux, with concentrations ranging from 0.005 to 0.1 M.

(14) (a) Louie, J.; Grubbs, R. Organometallic002 21, 2153-2164
and references therein. (b) Aggarwal, V. K.; Daly, A.Chem. Commun
2002 2490-2491.
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Scheme 4. Diene Preparation and RCM
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a (i) LIAIH 4 (2 equiv), 0°C, THF, 10 min., 78% (pureisisomer).
(i) Dess—Martin periodinane (2.1 equiv), 25, DCM, 30 min,
85%. (iii) CHsPPhBr (1.1 equiv),n-BuLi (1.1 equiv), 25°C, THF,
16 h, 93%. (iv) 2nd generation Grubbs(10 mol %), reflux, 0.005
M in CgHe, 90 min, 87%.

Scheme 6. Enyne RCM and Wacker Oxidatidn
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a(i) 1st generation Grubbt (10 mol %), reflux, 0.01 M in
CH.Cl,, 50°C, 10 h, 86%. (ii) PdGI(0.1 equiv), CuCGl (2.1 equiv),
H,0, 95°C, DMF, 6 h, 81%. (iii) TFA, 25°C, CHCl,, 3 h, then
KoCOs (aq) (1 M), 93%. (iv) CHO (5 equiv), NaCNBH (1.6
equiv), CHCN, 15 min, 97%.

differentially functionalized alkene. We therefore considered

the possibility of enyne metathesis, as this should generate

a diene. However, literature precedent for enyne metathesi
to furnish bridged bicycles was particularly rafeThe
required enynd.3 was prepared by reduction of the ester
to the aldehydel2 as described in Scheme 4 followed by
homologation using a modified version of the Gilbert
reagent® (Scheme 5).

Scheme 5. Enyne Preparation and Attempted REM
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a (i) CH3COCN,PO(OELt} (1.2 equiv), KCO; (2 equiv), 25°C,

MeOH, 1.5 h, 93%. (ii) Catalysts—IIl (10 mol %), CH=CH,
reflux, 0.01 M in CHCI, or CsHe.

We began our investigation using conditions that are
commonly used for ring closure of terminal enynes: the
Grubbs second generation cataliisunder an atmosphere
of ethylene!” However, under these conditions and employ-
ing any of the metathesis catalystslll , the major product
was trienel4 (Scheme 5). As ethylene was clearly becoming

incorporated, we decided to conduct the metathesis under

an inert atmosphere. Although we obtained clean conversion
by GC-MS to the desired tropan&5 (Scheme 6) with
catalystsll or Ill , our isolated yields were very low. To
determine whether the problem occurred during product
isolation (active catalyst present with product diene could
cause dimerization) or during the course of the reaction (e.g.
ring-opening polymerization/acyclic diene polymerization)
the reaction was monitored by GBS with an internal
standard. This clearly showed a buildup in the concentration
of the product to a steady-state level followed by a slow

(15) (a) Rodmyuez, J. R.; Castedo, L.; MascaasnJ. L.Chem. Eur. J.
2002 8, 2923-2930. (b) Neipp, C. E.; Martin, S. B. Org. Chem?2003
68, 88678878 and references therein.

(16) (a) Gilbert, J. C.; Weerasooriya, ll.Org. Chem1982 47, 1837
1845. (b) Ohira, SSynth. Communl989 19, 561-564. (c) Miler, S;
Liepold, B.; Roth, G. J.; Bestmann, H. Synlett1996 521-522.

(17) Mori, M.; Sakakibara, N.; Kinoshita, Al. Org. Chem1998 63, 3,
6082-6083. For a review of enyne metathesis see ref 3h.
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decline. Thus, the active metathesis catalyst was destroying
he product during the reactidAThis led us to test the less
active first generation Grubbs catalyst This time the
metathesis reaction resulted in clean buildup of the required
tropanel5in high isolated yield. Examples where the Grubbs
first generation catalyst is superior to the later generations
are rare. This important example of enyne metathesis adds
to this growing list®

Wacker oxidation of the terminal alkene gave methyl
ketone 16 (Scheme 6), which has been deprotected and
N-methylated in 90% yield? thus completing the synthesis
of ferrugininel1.

In summary, we have developed an efficient asymmetric
synthesis of ferruginine (12 steps and 29% overall y#éld)
using inexpensive-pyroglutamic acid. The key step involved
enyne metathesis, which required the first generation Grubbs
catalyst as the more active second generation catalyst caused
subsequent destruction of the diene. The synthesis was
completed with a Wacker oxidation giving the enob@

As enones are common motifs in bridged azabicycles and
many other natural products, this strategy could find wide
usage.
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