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In this paper we describe a highly regioselective ring-opening metathesis —cross metathesis (ROM —CM) process between methyl  N-Boc-7-
azabicyclo[2.2.1]hept-2-en-1-carboxylate, a bridgehead-substituted 7-azanorbornene system, and electron-poor olefins. The reaction opens t he
way to the synthesis of interesting  o-amino diacids and pyrrolizinone derivatives that incorporate quaternary stereocenters.

MEOQC

The metathesis reaction has appeared in recent times as &levertheless, in this context little is known about the use of
powerful tool for the construction of complex organic 7-azanorbornenes as starting materials. Indeed, we have only
moleculest This reaction allows the production of highly found four recent examples in the literatdre.

functionalized unsaturated polymers and small molecules. As a part of our research project on the chemistry of
The development of new, well-defined catalysts tolerant to azanorbornanéswe planned to apply the ROCM reaction
most functional groups has allowed this reaction to be carried to methyIN-Boc-7-azabicyclo[2.2.1]hept-2-en-1-carboxylate
out on new substratésin this sense, the ring-opening (6) to study the metathesis reaction in bridgehead-substituted
metathesiscross metathesis (ROMCM or ROCM) reac- systems to give interesting pyrrolidine derivatives. In par-
tion of norbornene or oxanorbornene derivatives has received
a great deal. of att?ntlon beca.use I I.S a powerful entry for 35, 411-412. (b) Arjona, O.; Cd¢/, A. G.; Murcia, M. C.; Plumet, JJ.
the synthesis of highly substituted five-membered rihgs. org. Chem.1999 64, 9739-9741. (c) Mayo, P.; Tam, WTetrahedron

When azanorbornenes are used in ROCM reactions with theﬁogzzfg’%;ilg—?%%&((?)KM?rgan, J.HP.;NMorriI. (’\ZA %rubbs,gr. Brg.

. . . ‘e . ett. , 67—70. (e) Katayama, H.; Nagao, M.; Ozawa, Brgano-
am tP synthesize polysubstltutgd pyrr(?“_dme& .pamCUIar metallics2003 22, 586-593. (f) Schrock, R. R.; Hoveyda, A. FAngew.
attention must be rendered on regioselectivity of this pratess. Chem., Int. Ed2003 42, 4592-4633.

(4) (a) Schneider, M. F.; Lucas, N.; Velder, J.; Blechert\Ggew. Chem.,
Int. Ed. Engl.1997, 36, 257—259. (b) Arjona, O.; Cday, A. G.; Plumet, J.

(3) (a) Schneider, M. F.; Blechert, 8ngew. Chem., Int. Ed. Endl996
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ticular, we became interested in the participation of electron-

From this compound2 and following a previously

poor olefins, such as methyl acrylate, in the cross metathesispublished protocét-that involves several steps, the corre-
process to obtain amino diacids with the pyrrolidine sub- sponding 7-azabicyclic system was obtained, which was
structure’,

In order to prepare compourtidon a multigram scale, we

protected with (Bog)O to obtain the new compoung.
Deprotection of thé&-acetyl group in derivativ8 with DBU,

designed a synthetic pathway (Scheme 1) starting from followed by oxidation with DessMartin periodinane gave

Scheme 1. Synthetic Route To Obtain Compouid

1. N-lodosuccinimide,
CH,Cl,, rt
2. TFA, THF-H,O, rt

the required ketond.

The enol triflate5 was obtained frord by treatment with
LHMDS as a base and Comins triflating reag&nin an
effort to obtain the required olefié, we tried the reduction
of the enol triflate with B4SnH in the presence of lithium

PF 3. Na,CO; EtOH, 1t chloride and palladium(0%¥ which gave the desired com-
MAO, 4. (B0, pound in good yield but accompanied by an excess of
CH,Cl, Na,CO;, Boc . .
COMe ~ THF-H,O,t N OAc organotin byproducts. We attempted to avoid the presence

)\NHAC 81%

81%

of these byproducts by carrying out the reduction using

MeO,C" NHAC  Meo,¢ H tributylammonium formate and Pd(OA¢PPh), in DMF.14
1 2 3 In this case compounf@l was obtained in good yield on a
1. DBU, MeOH, 1t. LHMDS, multigram scale (Scheme 1).
2 Periane, Boc 12N When6 was exposed to ROCM reaction conditions with

MeOH, rt N

90%
MeOZC

Eoc
o -78to0°C oTf
93% /

MeO,C

methyl acrylate (10 equiv) in dichloromethane using Grubbs
second generation catalyst, pyrrolidifia was exclusively
obtained but with a poor yield (Table 1, entry 1). Some

Boc
Pd(OAC),(PPhs), HCOH, N
NEus, DI, 60 °C Aj |

92% MeO,C Table 1. Highly Regio- and Stereoselective ROCM Process for
6 Compound6 and Methyl Acrylate
Eoc

ketone4, which was obtained by using an improved route Ru  MeOL{/ '\
based on our previously reported meth¢see Supporting _ S N e

. ==\ Boc
Information). '\"ec’zC6 Co,Me 2 Cco,Me

The synthesis of ketond started from commercially

available methyl 2-acetamidoacrylafg, (whose Diels-Alder entry catalyst® (equiv) solvent temp  time  yield (%)
reaptipn with 1,3-but§1diene to give gleanly compoﬁrwias 1 G (0.08) CH,Cl, 1t 6 days 15
optimized for a multigram scale using methylaluminoxane o G (0.08) CHCl; 55°C 48h 50
(MAO) instead of TiC} as a Lewis acid. In this sense, it is 3 G (0.04) PhCH; 80°C 24h 76
important to notice that MAO is not an usual Lewis acid for 4 H-G (0.04) PhCH; 80°C 4h 92

these processes;_ rather it Was found _to be an efficient aG: Grubbs second generation catalyst, H-G: Hoveyda-Grubbs second
cocatalyst for olefin polymerization reactioh3.o the best generation catalyst.

of our knowledge, only Yamamoto described its use as a
very strong and quite bulky Lewis acid in Dielélder

. CI:,Y ‘Ru= -
reactions® and recently, it has been used for the synthesis [Rul /'Tu=\Ph G C,/T“ H-G
of cyclobutanes by a formal [2 2] process? By 0

\(

b Reaction followed by GEMS and yield obtained from isolated product
after column chromatography.
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(5) (@) Weeresakare, G. M.; Liu, Z.; Rainier, J. Org. Lett.2004 6,
1625-1627. (b) Liu, Z.; Rainier, J. DOrg. Lett.2005 7, 131-133. (c)
Liu, Z.; Rainier, J. DOrg. Lett.2006 8, 459-462. (d) Bichert, M.; Meinke,
S.; Prenzel, A. H. G. P.; Deppermann, N.; Maison, @vg. Lett.2006 8,
5553-5556.

(6) (@) Avenoza, A.; Cativiela, C.; Busto, J. H.; Peregrina, J. M,;
Tetrahedron Lett1995 36, 7123-7126. (b) Avenoza, A.; Cativiela, C;
Busto, J. H.; Ferhadez-Recio, M. A.; Peregrina, J. M.; Rogluez, F.
Tetrahedror2001, 57, 545-548. (c) Avenoza, A.; Barriobero, J. |.; Busto,
J. H.; Cativiela, C.; Peregrina, J. Metrahedron: Asymmetr2002 13,
625-632. (d) Avenoza, A.; Barriobero, J. I.; Busto, J. H.; Peregrina, J. M.
J. Org. Chem2003 68, 2889-2894.

(7) (a) Ma, D.; Yang, JJ. Am. Chem. So@001, 123 9706-9707. (b)
Watanabe, H.; Okue, M.; Kobayashi, H.; Kitahara, Tetrahedron Lett.
2002 43, 861-864.

(8) (a) Avenoza, A.; Cativiela, C.; Femdez-Recio, M. A.; Peregrina,
J. M. Synlett1995 891-892. (b) Avenoza, A.; Cativiela, C.; FeEnmdez-
Recio, M. A.; Peregrina, J. MBynthesid997 165-167. (c) Avenoza, A.;
Cativiela, C.; Ferhadez-Recio, M. A.; Peregrina, J. Metrahedron: 106, 4630-4632.

Asymmetryl999 10, 3999-4007. (14) Cacchi, S.; Morera, E.; Ortar, Getrahedron Lett1984 25, 4821—

(9) Zurek, E.; Ziegler, TProg. Polym. Sci2004 29, 107—148. 4824.

changes of solvent, temperature, and equivalents of Grubbs
catalyst led to an increase in the yield of the ROCM reaction.
Indeed, the use of chloroform at 88 and toluene at 80C

(10) Akakura, M.; Yamamoto, HSynlett1997 277—278.

(11) Avenoza, A.; Busto, J. H.; Canal, N.; Peregrina, J. M.tePe
Fernaadez, M.Org. Lett.2005 7, 3597-3600.

(12) (a) Comins, D. L.; Dehghani, A.; Foti, C. J.; Joseph, SORy.
Synth.1997 74, 77—83. (b) Comins, D. L.; Dehghani, A.etrahedron Lett.
1992 33, 6299-6302.

(13) Scott, W. J.; Crisp, G. T.; Stille, J. K. Am. Chem. Sod. 984
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gave yields of 50% and 76%, respectively (Table 1, entries gave only a moderate yield of the metathesis product (Table
2 and 3). However, the best conditions involved the use of 2, entry 4).

Hoveyda-Grubbs catalyst® highly indicated for cross

Under the same reaction conditions, ketones such as

metathesis reaction with electron-poor olefins. Indeed, the methyl vinyl ketone and ethyl vinyl ketone and aldehydes

use of toluene and 4 mol % of catalyst gave a 92% vyield
(Table 1, entry 4).

In all conditions tested the reaction gave a single product.

However, theH NMR spectra are complex due the presence
of two conformers for theert-butoxycarbonyl group (Bocdf
When theH NMR spectra were recorded at different

as acrolein afforded poor yields of the required produictts (

h), probably due to their high reactivity (i.e., auto-cross
metathesis). To prevent these side reactions, fewer equiva-
lents (2 equiv) of electron-poor olefin and 8 mol % (instead
of 4 mol %) of catalyst were used, obtaining good yields
(Table 2, entries 57).

temperatures, we observed a single compound at 340 K Compound7aand related system3i§—h) are interesting

(Supporting Information). Therefore, it is important to notice

substrates to obtain amino diacids. Consequently, hydrogena-

that this reaction gave a single regio- and stereoisomer andtion with Pd-C as a catalyst, subsequent hydrolysis of the

the ) isomer was not detected. Although a few studies on
the effect of a remote substituent on the regioselectivity of

Boc group with TFA, and final acid hydrolysis of the methyl
ester group afforded an interesting amino acid with a

the ROCM reactions of unsymmetrical bicyclic systems have quaternary stereocenter at taearbon. Thisx-amino diacid

been reported;*c5ab.lg the best of our knowledge, this is
the second time that a substituent in an allylic position
induced a complete regioselectivity, since we have only
found a single case in the literature and it refers to
unpublished work cited in a revieff.
To expand the reactivity of compoudo other electron-

poor olefins, we examined the ROCM reaction with several
acrylates. Isobutyltert-butyl, and ethyl acrylates reacted

under the same conditions to give excellent yields of a single

stereoisomer (Table 2, entries-3), meaning that the size

Table 2. ROCM Reaction of Compouné with Electron-Poor
Olefins, Using Hoveyda-Grubbs Second Generation Catalyst

M N/_\NM
es es
ol
/RU—
a’t >:
O
Eoc \\(' O C\(Ti}
Me 73
=>= =¢: Boc’/_
MeO,C K o e}
6 7bh K
entry R (equiv) product time (h) yield (%)*
1 O'Bu (10) 7b 4 89
2 O'Bu (10)® Tc ! 90
3 OEt (10) 7d 4 93
4 OH (10)° Te 48 23
5 Me (2)° 7t 24 87
6 Et (2)¢ g 24 89
7 H (2) 7h 48 76

aYield obtained from isolated product after column chromatography.
b Equivalents of electron-poor olefin used in the conditions: toluene at 80
°C and 4 mol % of catalyst Another addition of 4 mol % was made.

of the ester group does not affect the regioselectivity of
ROCM reaction. Acrylic acid was also tested, but the reaction

(15) (a) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, AJH.
Am. Chem. Soc200Q 122 8168-8179. (b) Randl, S.; Gessler, S.;
Wakamatsu, H.; Blechert, Synlett2001, 3, 430-432.

(16) Avenoza, A.; Busto, J. H.; Corzana, F.; Jime-O$s, G.; Peregrina,
J. M. Tetrahedron2003 59, 5713-5718.
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8 is a “chimera” of natural amino acids proline and
2-aminosuberic acid (Scheme 2). Moreover, it is important

Scheme 2. Synthesis of Amino Diaci@®

1. Hy, PA(OH),/C
I 10%, MeOH, rt

l, COMe 2 TFACH,Clp it |, ,COH
; 3.3NHCI, H. /
BocN reflux cP W
\ - R
J' 89% J
MeOL™ HOC ¢

to note that compoun@ incorporates the substructure of
GABA,*8 an inhibitory neurotransmitter found in the nervous
system, with a limited flexibility due to the restriction

imposed by the five-membered ring.

B.y-Unsaturated amino acid derivatives have received a
great deal of attention since they are potential precursors to
new a-brancheda-amino acids as building blocks for de
novo peptide desigt. Moreover, they are also important
enzyme inhibitors? for example g-vinyl-a-amino acids are
known to inhibit amino acid decarboxylas&sTherefore,
given the stability of these compounds to racemization, in
order to apply a similar vinyl-triggering strategy to the
mechanism-based inactivation of amino acid decarboxylase
enzymes, quaternary,y-unsaturated amino acids become
attractive target® Given this background and the fact that
there are few methods available for the stereocontrolled

(17) Cuny, G. D.; Cao, J.; Shidu, A.; Hauske, J.TRtrahedron1999
55, 8169-8178.

(18) (a) GABA: Chebib, M.; Johnston, G. A. R. Med. Chem200Q
43, 1427-1447. (b) GABA-3-substituted: Bryans, J. S.; Wustrow, D. J.
Med. Res. Re 1999 19, 149-177.

(19) (a) Altmann, E.; Nebel, K.; Mutter, Mdelv. Chim. Actal991, 74,
800-806, and references cited therein. (b) Baldwin, J. E.; Haber, S. B.;
Hoskins, C.; Kruse, L. IJ. Org. Chem1977, 42, 1239-1241. (c) Rose,
N. G. W.; Blaskovich, M. A.; Wong, A.; Lajoie, G. ATetrahedron2001,

57, 1497-1507.

(20) (a) Rando, R. RBiochemistryl974 13, 3859-3863. (b) Metcalf,
B. W.; Jund, K.Tetrahedron Lett1977, 41, 3689-3692.

(21) (a) Maycock, A. L.; Aster, S. D.; Patchett, A. Dev. Biochem.
1979 6, 115-129. (b) Danzin, C.; Casara, P.; Claverie, N.; Metcalf, B. W.
J. Med. Chem1981, 24, 16—-20. (c) Tendler, S. J. B.; Threadgill, M. D.;
Tisdale, M. J.J. Chem. Soc., Perkin Trans.1B87 2617-2623.

1237



synthesis of quaternarg,y-unsaturated amino acidsthe || NENEGKGKGKGGNNGNGNEEE

unsaturated quaternary amino diacl® is particularly Scheme 4. Synthesis of Pyrrolizinone Core
attractive (Scheme 3). This compound is a proline-derived 1. H,, PA(OH),/C

10%, MeOH, rt
CO;Bu 2. TFAICH,CI,, rt

. . ) reagent, DIEA,
Scheme 3. Synthesis of Unsaturated Amino Diacl® acetonitrile,
|| : NBoc 70°Cto rt N" o
b, COMe o Hol )., )COH MeO,C ” 1% MeO,C ,/‘
RN 0°C_ pHyd e 3
95% H
) )
MeQ,C HO.C 4o this pyrrolizinone core is present in azabicyclo[3.3.0]octanone
TFA/CH,Cl,— 7a: R = Boc i i i i - ino-2- -1- i -
1.95% 2L 0 R=H amino acids, particularly in 3-amino-2-oxo-1-azabicyclo

[3.3.0]octane-8-carboxylic acid derivativ&which have
been used as restricted dipeptide surrogates in which the

a peptide backbone is constrained within a fused bicyclic
skeleton.

a-vinyl-a-amino acid, whose synthesis was achieved by
simple acid hydrolysis of compourij which was obtained . . . . .
from compound’a. Therefore, théert-butoxycarbonyl group In conclusion, we have achieved a highly r_egloselectlve
of 7awas removed using TFA to give compoufigwhose ROCM process between compouri a brldgehe_ad—
structure was confirmed by COSY, HSQC, and 2D-NOESY substituted 7-azanorbornene, and electron-poor olefins. The
experiments (see Supporting Info,rmation), reaction opens the way to obtain interesting quaternary amino

Hydrogenation of compoundc, using I;>d(OHyC as diacids and the pyrrolizidinone core. In future works, we
catalyst in MeOH, gave the corresponding saturated com-aim. to study the rolg of the.bridgehead methyl ester in the
pound. Selective hydrolysis of thert-butyl ester group of regiochemistry of this reaction.
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