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ABSTRACT
7\ a) Li, (cat) DBB =
MeOZC/Q\COZMe MeOZC/EQ!\COZMe

b) BrCH,CH,Br
c) (-)-ephedrine

Boc

74% ee L
recrystallisation
>94% ee

The partial reduction of 2,5-pyrrole diester 1 followed by enantioselective protonation in situ to furnish synthetically useful building blocks is
described. An enantiomeric excess of up to 74% was achieved using (-)-ephedrine and related analogues as chiral proton sources. The
pyrroline product obtained could be recrystallized to give enantiomerically pure material.

Our research over the past few years has focused ontwo possible diastereomeric produ@swith the two ester
developing the partial reduction of heterocycles using Birch- groups adopting either @is or atransrelationship to each
type conditions. Partial reduction of an aromatic heterocycle other depending on the reaction conditions (Scheme 1).
is a particularly useful transformation (as opposed to Standard Birch conditions (i.e., sodium in liquid ammonia/
complete reduction) because it leaves an alkene unit intactTHF at —78 °C, quenching with NECI) gave selectivity in
for further elaboration. favor oftrans-2 (Scheme 1, condition &)the products were
When substituted heterocycles are reduced, one or moreformed in a 6:1 ratio. Conversely, employing “ammonia-
stereogenic centers are created and, therefore, a capacity foiree” Birch conditiongs* namely, lithium metal in THF with
stereocontrol (relative and absolute) during the reaction catalytic DBB (ditert-butylbiphenyl) at—78 °C before
would be a powerful tool. We chose to focus on reduction quenching with a bulky proton source (2,64dit-butylphe-
of compoundl (which can be made in good yield and in nol) furnishesmeso ci2 with a selectivity of>10:1 (Scheme
one step from commercially availabM-Boc pyrrolé) as 1, condition b).
this provides a useful building block for natural product  The compoundrans-2is a versatile starting material for
synthesis. Partial reduction dbffollowed by protonation gave  natural products synthesis and has already been used to
prepare (R,5R)-bis(hydroxymethyl)-(&,4R)-dihydroxypyr-
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Scheme 1. Control of Relative Stereochemistry During Partial Scheme 3. Using Ephedrine To Control Absolute
Reduction Stereochemistry
(a) Na/NHj3, isoprene, 4 > /Q\
m 78°C, then NH,Cl ~ MeO2C" 1, g‘ g CoMe — L, (cayyDBB,  Me02C ’E?: p CO2Me
OR 0C  ¢is-2 / then BrCH,CH,Br 0C
MeO,C™ "N~ COMe ——M 2112 trans-2
2 Boc 2™ ) Ui, (cat) DBB, then + MeO,C™ 'N” "COMe — 70 g +
) BrCH,CH,Br, -78 °C, then ﬂ\ Boc ] then H* (2.5 equiv.) =
2,6-di-fert-butylphenol MeO,C H [TI ) CO,Me MeO,C H N H COsMe
) Boc éoc
(a) 6:1 trans:cis (80%) (*)-trans-2 cis-2
. - A 0,
(b) 1:>10 trans: cis (80%) source of H* yield (%) trans/cis ee (%)*
diastereoisomer with enantioselectivity and envisaged that Ph - ]
this could be achieved using a chiral protonation strategy. {-)-ephedrine
This method, first pioneered by Duhamel, involves proto- 2y HO NH 52 1:1 66
nation using a chiral proton source that is able to discriminate pH
between the two faces of a prochiral enofafeo date we ()-norephedrine
have already had some success using this approach; pyrrole HO  NMe, 83 1 74
3 can be reduced and protonated in 68% ee uSiras a 3)
proton source (Scheme 2). Ph
(-)-N-methylephedrine
HO  NHMe .
| 9 ) oo
Scheme 2. Control of Absolute Stereochemistry During Ph ) .
Partial Reduction (-rpseudoephedrine
. o * ee determined by HPLC using a chiral column and in
78\ Li, DBB, BMEA, -78 °C @\ comparison with a racemic standard.
N CO,Me  then BrCH,CH,Brr, N b COoMe A recrystallisation from light petroleum:ether (73% yield).
Boc 3 thero15 Boc
o 51% 4 68% ee
5= OJKNH BMEA= (MeOCH,CH,),NH sign of the specific rotation with literature valudsans-2
Phe as obtained above is predominantly the (R,R) isdmer.
Ph ~pn Several ephedrine analogues were then examined as proton

sources in an attempt to increase the enantioselectivity and
also to gain some insight into the mechanism of the reaction.
In addition to controlling the enantioselectivity of forma- It would appear that thil-substituent does not greatly affect
tion of trans-2from the reduction ofl, the accompanying either the ee or the diastereomeric ratie:){orephedrine
issue of diastereoselectivity must be addressed to minimizeand (-)-N-methyl ephedrine (Scheme 3, entries 2 and 3) give
formation of themeso cis-diastereoisomer. results comparable to those observed with ephedrine. It would
The enantioselective reduction @fwas then examined appear that the absolute stereochemistry of the product is
utilizing a variety of chiral acids. Disappointing results were determined predominately by the carbon center bearing the
observed using oxazolidinones such Bsand therefore  hydroxyl group. Hence,)-pseudoephedrine, epimeric at
various alternative chiral proton sources were screened. Itthe center bearing the nitrogen, gives the same absolute
was found that 2.5 equiv of{()-ephedrine gave the best stereochemistry as (—)-ephedrine but with a lower enantio-
results, furnishing2 in 84% vyield as a 1:1 mixture of meric excess (Scheme 3, entry 4).
diastereoisomers (which were separable by flash column Next we sought to understand more about the structural

chromatography). Thé&ans diastereoisomer was found to  requirement for enantioselective protonation and performed
have an enantiomeric excess of 74% (Scheme 3). Moreoversome modifications to the ephedrine molecule.

it was also possible to r_ecrystallize this enantiome_ric_ally Ephedrine possesses two potentially acidic protons: the
enriched product from light petroleum/ether, furnishing hydroxyl proton and the secondary amine proton. It is

material with>94% ee (Scheme 3, entry 1). reasonable to assume that it is the acidic proton on the

The absolute stereochemistry of the product was proven pyqroxyl group that quenches the enolate; in support of this
by hydrogenation of the double bond and comparison of the rationale, whenN-methylephedrine (which possesses a

tertiary rather than a secondary amino group) was used, the
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1997,38, 7181. For reviews, see: Fehr, Magew. Chemint. Ed. Engl. (Scheme 3, entry 3).
1996,35, 2567. Eames, J.; Weerasooriya;ldtrahedron: Asymmet8001,
12, 1.
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Scheme 4. Probing the Ephedrine Structure
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(relatively) stable dianio\ (geometry not known). Upon
guenching, intermediata is then protonated twice to give
the product (1— A — B — 2).

. We decided to explore this pathway by forming dianion
To further demonstrate that this is the case,@hmethyl A and then quenching it with 1 equiv of-J-ephedrine

derivative of ephedrine was prepared and used as a prOtor1‘ollowed by the addition of ammonium chloride (Scheme

source (Scheme 4 entry 2).' AS be_fore thg product was 5). This should allow us to probe the selectivity of the first
formed as a 1:1 mixture of diastereoisomers; however, the

yield was significantly lower (35%) and the product was

racemic, implying that the amino NH is not sufficiently acidic _

(-)-ephedrine.1/2 H,O

to quench the enolate intermediate. We presume that the Scheme 5. Partial Quenching Experiments

bisenolate remains in solution until it is quenched by the ﬂ\ (2) Li. (cat) DBB, then ﬂ

addition of NH,CI (resulting in racemic product). MeO,C” N “CO,Me w% Me0,C” "N 1 COzMe
The importance of chelation between the nitrogen and the 1 Boc (tr):: Nﬁ;gf (T equiv.) Boc

oxygen of the proton source and a lithium counterion was Li (cat) DBB, then irzi?’zdz{;;:lé)

investigated when we prepared the quaternary salt of BrCH,CH,Br, 78 °C, then

ephedrine and used it as a proton source (Scheme 4, entry (-)-ephedrine (1 equiv.)

3). In this case the diastereomeric ratio was 1:1 and the then Mel.

product was again racemic; from this observation it is ﬂ ﬂ ﬂ

reasonable to assume that the bidentate nature of the protorMe0,C”/"N","COMe MeO2CY) N, [COMe MeOC' i N", -COMe

source plays an important role in coordinating to the lithium Boc * Boc * Boc

cation, making the transition state more rigid and resulting 2 29%, dr= 1:1, 326% 429%

) 2 trans-2 63%
in the selectivity observed. (trans °°)

It would also appear that the presence of water in the
reaction has little detrimental effect: use of ephedrine

hemihydrate as a proton source gave a slightly lower ee andgp g give us the selectivity of the first protonation.

yield, but a reasonably high level of selectivity was still Intriguingly, the result of this experiment gatrans-2with
observed (Scheme 4, entry 4). This has interesting ramifica- 4504, get0 Initially, we suspected that this was an indication
tions for the use of an _auxiliary proton source and catalytic ¢ 5 pathway that involved two stereoselective steps and
amounts of an ephedrirfe. resulted in chiral amplificatiodt However, a model that
The observed results can be further analyzed by consider-inyolves two stereoselective steps cannot predict both a high

ing the mechanism of reduction and the possibility of enantiomeric excess and a 1:1 mixture of diastereoisomers.
selectivity during each protonation (Figure 1). The reduction
involves the addition of two electrons tb to form a (10) Variation in time differences between the addition of ephedrine and

the NH,Cl quench made no difference to the outcome of this reaction. This

control was performed to check if anioB was formed with high
(9) See: Vedejs, E.; Lee, N. Am. Chem. S0d 995,117, 891. enantioselectivity and then racemizing; the results showed that it was not.

protonation step as the ee wwéns-2generated in this way
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To check that the 1 equiv of ephedrine reaction was ammonium chloride, does NOT give an insight into the facial
correct, we repeated the reduction Ibf quenched with 1 selectivity for the first protonation step, and this makes the
equiv of (—)-ephedrine, and then flooded the reaction with prospect of chiral amplification in the earlier system less
methyl iodide (previous experiments had shown that the likely.
dianionA could be completely dimethylated when reacted  We note that if either of the two protonation steps has
with Mel). The results of this experiment were a surprise as zero facial selectivity and the other 6.7:1 selectivity, then
they did not show complete monomethylation @Bf as the predicted outcome from the reaction with excess ephe-
expected from our model (Scheme 5). Instead, this experi- drine would be dr of 1:1 and an ee of 74%xactly what is
ment gave a mixture of botis- andtrans-2, dimethyl  observed. At present our intuition is that the reactive dianion
compound3, and monomethyl derivativd. The relative A would be the likely contender for an intermediate showing
amounts of the four products did not vary significantly when |ow facial selectivity, although our experiments do not allow
we changed the time intervals between addition of the two us to prove this.
electrophiles; the ee dfans-2was consistently 63%. To conclude, we have successfully developed a methodol-

The results of these experiments hint at a complex behaviorogy for the synthesis of useful precursors for natural product
of the dianionA under these partial quenching conditions. synthesis using modified Birch conditions followed by a
If 1 equiv of ephedrine had protonate once, then the  chiral protonation strategy. This uses cheap, readily available
outcome (after Mel quench) should be complete formation ephedrine as a proton source and furnishes material in high
of monomethyl compound. If, however, this dianion had  yjelds and high enantiomeric excess. The proton source is
reacted twice with the ephedrine (1 equiv), then we would ziso available as both enantiomers, allowing access to the
expectcis- andtrans-2 (50%, with trans-2 of 74% ee)  reduced pyrrole diester in both enantiomeric forms.
together with the dimethyl compour3(50%) derived from
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