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Primary amines react with keto-aldehyde functionality located in the side-chain of an n*-dienetricarbonyliron complex to provide the corresponding
pyrrolidines in excellent diastereoselectivity. Two of the pyrrolidine products, 1i and 1k, have been elaborated into pyrrolizidines using a
1,5-C-H insertion and radical cyclization strategy, respectively.

Unsymmetrically substituteg*-dienetricarbonyliron com-  complexes provides a paradigm. In these cases, the stereo-
plexes exhibit planar chirality and are readily prepared in chemical outcome of the reaction can be rationalized by
enantiomerically pure form. As a consequence, this class ofassuming nucleophilic addition proceeds opposite the bulky
organometallic has become an important chiral auxiliary for Fe(CO} group on the s-cis conformer of the ketdite.
stereoselective synthesighe steric blocking capability of Our interest in 2-dienyl-substituted nitrogen heterocycles
the Fe(COj unit ensures that an external reagent approachesfor potential application in natural product synthesis led us
a side-chain functional group in a predictable fashion, to propose a novel route to this framework usint
attacking the diastereotopic face that is remote from the iron dienetricarbonyliron complexes (Scheme! Btarting from

unit (Scheme 1). Providing the pendant functional group keto-aldehyde comple%, a first reductive amination on the
adopts a single reactive conformation, levels of diastereo- more electrophilic aldehyde would generate secondary amine
selectivity can be excellent. The reaction of nucleophiles with 3. Subsequent cyclization on to the proximal ketone, to afford

pendant ketone functionality ip*-diené—and related+—
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a second iminium specié&s followed by a second reductive
amination, would then generate the corresponding pyrrolidine
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s carrying out this reaction under a G@tmosphere led to a

Scheme 1. Retrosynthetic Analysis for 2-Dienyl-Substituted ~ Substantial increase in the rate of reactid®eaction of the
Pyrrolidines Employing a Double Reductive Amination and an  Grignard reagent prepared from commercially available
n*-Dienetricarbonyliron Complex as the Stereocontrolling 3-chloropropan-1-ot,with amide6, proceeded smoothly to

Element afford keto-alcohol7 in excellent yield, and thence keto-

//C/> aldehyde cyclization precursdrafter Swern oxidatiof.
R 0 Although double reductive amination strategies have been
e HQR\ . successfully employed in pyrrolidine ring synthesigelds

[ bulky Fe(CO)s group

blocks top face J //‘|\ 5“

of the desired product are often compromized by a competing
Paal-Knorr reaction, which provides the corresponding

s | I pyrrole5d:10 Thus when keto-aldehydé was treated with
BnNH; (1.2 equiv) in the presence of either NaCNBHor
NaBH(OAc)™ and AcOH (1 equiv), it was unsurprising to
||=e(00)3 (CO)GFT / find that the rather labile pyrrole product (60%) predomi-
7 _\\_(j — J\_@ nated, although the desired pyrrolidida was obtained in
1 HN s-trans N 21% vyield. Fortunately, by removing the acid, pyrrole
R 2 o R formation was efficiently suppressed, allowing the target

pyrrolidine 1a to be isolated in good yield. More signifi-
cantly, the stereoselectivity of the reaction was excellent with
only one diastereoisomer being observed upon analysis of
the crude reaction mixture by 300 MM NMR. THF and
Fe(CO)s Fe(CO)s . .

| | o 1,2-d.|chloroethane prqved gqually effect_l\{e solvents for the
/2R \_<_¥<: 7 —\\_<_\; reaction, and since similar yields of pyrrolidine were obtained

3 with NaCNBH; and NaBH(OACcj), the lower toxicity issues
+ RNH; =0 NHR associated with the latter, made NaBH(OAt)e reagent
of choice.
Extending this cascade double reductive amination to a
1 in one step. The dienetricarbonyliron group would not range of primary amines showed this route to be a general
only control the facial selectivity of the second reductive approach to 2-dienyl-substituted pyrrolidines (Table 1). In
amination in this cascade sequence, but also ensure that
reaction proceeds preferentially on a single conformer, which || NN NN
We pred_icteq i_n Fhis casg W_OUId be_ the s-trans conformer, Table 1. Diastereoselective Synthesis of Pyrrolidiries
since this minimizes steric interactions between the diene RNH,, NaBH(OAG)s Fe(CO
ligand and appended functionality (Scheme® 1)le now THF, 1t, 12 h? _/
report the successful realization of this strategy. \_(j
The synthesis of the keto-aldehyde complexs sum-

marized in Scheme 2. Treatment of ethyl sorbate with-[Fe

nucleophile attacks
opposite Fe(CO)3 group

entry RNH, Product  isolated %
1 yield”
1 PhCH,NH, a 75 (8)
Scheme 2. Synthesis of Cyclization Precursdr § p-MeOPhCH;NH, b 7717 ggd
(S)-o-methylbenzylamine ¢ ¢
o GOk A Fe(co) 4 MeNH, d 60° (6)
/WJ\ J 5 "BuNH, e 67 (8)
OEt  76% \—4 6 HOCH,CH,NH, f 707 (7)
7 propargylamine g 50 (7)‘j
CDI, H,NMe(OMe)Cl, CO, |:5 R= OH g allylamine h ;gg(so)
929% Brﬁ\(\NHz i ©

6 R=NMe(OMe)

(=)

TMS” Y NH, j 60 (0)

TMS” Ny NH, k 78(0)
Br

¢ ryNd
TBDMSO™ Y NHz ! 70°(2)

CIMg(CH2)3OMgBrl 96%
/ Swern 12
76%

2 The reaction is generally stirred overnight, although it is often complete
in 4—6 h.® Numbers in parentheses refer to the isolated % vyield of the
(CO)] in Et;0 generated the corresponding diene complex, corresponding pyrrole byproductl:1 mixture of diastereoisomers obtained.
and acids after saponlflcatlon Reaction &fwith carbonyl d The pyrrole product decomposed readfAcOH was used to reduce the
diimid le (CDI d Me(OMe)Cl f ished th g reaction pH to_ve.flsolated yield of the TBDMS-protected product (two
iimidazole (CDI) and kENMe(OMe)CI furnished the cor steps) 9 E/Z ratio ~ 5:1.
responding Weinreb amidgin excellent yield. Interestingly,

—_
—_
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all cases only one configuration at the newly formed
stereocenter was observed. Significantly, pyrrolidibeand

11, which were formed from enantiomerically pure amines,
(9-a-methylbenzylamine andS[-phenylalaninol, respec-
tively, were obtained as a 1:1 mixture of diastereoisomers,
which clearly shows that the planar chirality of the diene
complex overrides the chirality of the amine. The standard

same, and in line with our hypothesis that the second
reductive amination proceeds on the iminium intermediate
in an s-trans conformation, with “hydride” attack from the
face remote from the bulky tricarbonyliron group.

Having established an efficient and highly stereoselective
route to 2-dienyl-substituted pyrrolidines, we were keen to
explore the possibility of employing the vinyl bromide

reaction conditions proved suitable for all substrates apartfunctionality present inli and 1k as an entry into the

from particularly basic amines such as methylamine and
ethanolamine, where the high reaction pH1Q) led to
exclusive pyrrole formation. In these cases, reducing the
reaction pH to 6 solved this problem and allowed the desired
pyrrolidine (Ld, 1f) to be obtained in good yiel.It proved
impossible to access the free pyrrolidine directly: the use
of NH3 led to a complex mixture of products, and when NH
HCO, was employed, only the pyrrole was obtairtéd.
However the free pyrrolidind8 was readily accessed by
deallylation of1h (Scheme 3}3

Scheme 3. Deallylation of1h Followed by Acylation of the
Free Pyrrolidine Provided a Crystalline Product

[Pd,dbag],
thlgspapl)l?:yllc Fe(CO)s  p-NO,PhCOCI (CO
acid _/' |_\—(j EtsN _/- _\_(j
93% H N 88%
8

H
O,N 0

Confirmation of the stereochemical outcome of the cy-
clization reactions came from crystal structures (see the
Supporting Information) of the pyrrolidin&)-1i and amide
9, formed from1h after deallylation and acylation (Scheme

3). In both cases, the observed diastereoselectivity was the

(5) For some recent successful applications of this approach to pyrro-
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biologically important pyrrolizidine skeletoi.

In the case oflk, Cu(ll)-mediated decomplexation af-
forded pyrrolidinel0 in 70% yield!® While we expected a
vinyl radical formed from bromidel0 would cyclize
preferentially on to the pendant diene in a 5-exo-trig fashion,
the stereoselectivity of this cyclization and regioselectivity
in the subsequent H-abstraction step, could still afford a host
of isomeric products. It was therefore pleasing to observe
that reaction ofLO with BuzSnH in the presence of AIBN,
provided pyrrolizidinel3 as a>10:1 mixture of vinylsilane
stereoisomers. The fact that the stereochemistry of the
vinylsilane in the major product is opposite to that in the
starting material is in accord with the known configurational
instability of vinyl radicalst® The diastereoselectivity of the
reaction is consistent with cyclization proceeding on vinyl
radical11 through the transition state shown in Scheme 4.

Scheme 4. Formation of the Pyrrolizidine Skeleton through a

Radical Cyclization
M

N
BrH

Me,Si

BuzSnH
AIBN
PhMe
90 °C

50%

H’»

Et

{

SiMe3
13

major vinylsilane
stereocisomer

The position of the alkene in the side-chain can then be
rationalized by assuming H-abstraction proceeds on the less
hindered end of the resulting allyl radical intermediag

In an alternative elaboration strategy, we envisaged that
treating vinyl bromideli with base should afford a carbenoid

(14) Liddell, J. R.Nat. Prod. Rep2002 19, 773-781 and references
therein.

(15) Thompson, D. JJ. Organomet. Chen1976 108 381—-383.

(16) Vinyl radicals are known to be configurationally unstable. For a
pertinent example, see: Miura, K.; Itoh, D.; Hondo, T.; Hosomi, A.
Tetrahedron Lett1994 35, 9605-9608.
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intermediate, which would generate another pyrrolizidine
through a stereospecific 1,5-@ insertion reactiod’18

tentatively suggest that the improved regioselectivity ob-
served in the 1,5-insertion reaction involving diene complex

Since literature precedent suggested that this might occurli is a consequence of the Fe(GQroup generating a

regioselectively at the more substituted carb®ni? this
transformation would then provide a useful route into

sterically more crowded methine center than is present in
free diene 16. This should result in lengthening, and

challenging systems containing a defined quaternary stereo-concomitant weakening, of the methine-8 bond in the

genic center.

After some optimizatio? it was found that treatment of
1li with KHMDS in 1,4-dioxane at room temperature
provided a 3:1 mixture of insertion productgd and 15 in
55% combined yield (Scheme 5). The Fe(e@pup in both

Scheme 5. Formation of the Pyrrolizidine Skeleton through a
1,5-C—H Insertion

Fe(CO)g Fe(CO)

KHMDS |
- /LA \>€>3 1_/ \

Fe CO)3

/K Ve
Al

14 15
HOONaJ 91% HOONal 97% HOONalQQ%
H
J_\\_(j KHMDS
N ”
Brw\>H) 86%
16

14 and 15 was readily removed by treatment with basic
peroxidé! to afford the free diene4,7 and18, respectively,
in excellent yield (Scheme 5). Interestingly, when the 1,5-
C—H insertion was performed on the free dieb@ under
our optimized conditions, the yield of insertion produdis,
and18, improved to 86%. However, this was at the expense
of regioselectivity, which dropped to 1:1 (Scheme 5). We

(17) Gabaitsekgosi, R.; Hayes, CT&trahedron Lett1999 40, 7713
7716.

(18) (a) Gilbert, J. C.; Giamalva, D. H.; Baze, M. E.Org. Chem1985
50, 2557-2563. (b) Karpf, M.; Huguet, J.; Dreiding, A. $lelv. Chim.
Acta 1982 65, 13—25.

(19) Gilbert, J. C.; Giamalva, D. H.; Weerasooriya, U.Org. Chem
1983 48, 5251-5256.

(20) LDA, LIHMDS, NaHMDS, and KHMDS were investigated inEX,

diene complex favoring insertion into this bond. Anchimeric
assistance from the iron complex also electronically activat-
ing the methine center idi may also be a factor in the
improved regioselectivity associated with the iron compfex.

In summary, am*-dienetricarbonyliron complex contain-
ing a keto-aldehyde side-chain has been used in a cascade,
double reductive amination reaction to provide the corre-
sponding 2-substituted pyrrolidine in excellent diastereose-
lectivity. The Fe(CO) moiety plays a crucial role in the
reaction, controlling the facial selectivity of “hydride” attack
in the second reductive amination and ensuring reaction
proceeds on a single iminium ion conformation. Since diene
complexes bearing carboxylic acid functionality, suctbas
which is a key intermediate in our synthesis, are readily
prepared in enantiopure form, either by enzymatic resoléfion,
or through the use of chiral auxiliarié®; this approach
can also be used to access the corresponding enantiomerically
pure series oN-heterocycles. The pyrrolidine products are
ripe for elaboration into pyrrolizidines, which have been
accessed in a variety of ways. Of particular note here, the
Fe(CO} moiety affects the regioselectivity of a 1,5-Ei
insertion with reaction favoring the pyrrolizidine containing
a stereodefined quaternary stereogenic center. Future work
will focus on using the diene that is released upon decom-
plexation in the synthesis of more complex polycyclic
frameworks.
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