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The catalytic asymmetric hydrogenation of prochiral double
bonds is a versatile method for preparing optically active com-
poundst By contrast, reports of highly enantioselective hydrogena-
tion of heteroaromatics by asymmetric catalysis have beer?rare,
although such a process holds the potential of providing chiral
heterocyclic skeletons with high efficiency. To date, a quinoxaine,
indoles?> quinolines®” pyridines®~1° and furan¥' have been

uents at their 2,3,5-positions, we directed our attention to the
reaction of 2,3,5-trisubstituted pyrroles. In order to evaluate the
substituents’ effect on the stereoselectivity, we conducted the
hydrogenations of three possible regioisom&bs-d of methyl
N-Boc-dimethylpyrrolecarboxylate in the presence of 2.5%Ru(
methallyl)(cod)—(S9-(RR)-PhTRAP catalyst for 24 h (Table 1,
entries 3). The reaction of 3,5-dimethylpyrrole-2-carboxylate

successfully hydrogenated with high enantiomeric excesses. Cata-afforded partly hydrogenated prodi@h with 75% ee as well as

lytic asymmetric hydrogenations of other heteroaromatics, however,

have remained an unsettled problem in organic chemistry. In

pyrrolidine 2b with 11% ee (entry 1). The ee values indicate that
the further hydrogenation of enami@®b took place with kinetic

particular, there has been a distinct lack of development regardingresolution. As a matter of fact, 73% of the substrate was
the stereoselective hydrogenation of pyrroles despite its potential converted intad2b with 26% ee or3b with 49% ee in the ratio of

usefulnes4? Such a hydrogenation would provide direct access to
optically active pyrrolidine skeletons, which are often present in

natural products and biologically active molecules. Here, we report
a highly enantioselective hydrogenation of pyrroles with a chiral

ruthenium catalyst, which gave optically active pyrrolidines or

dihydropyrroles with up to 99.7% ee.

Recently, we have developed a method for the asymmetric
hydrogenation of indoles, using the rhodium or ruthenium complex
equipped with the trans-chelating bisphosphine PhTRAR a
chiral ligand#*° As a test case, we attempted the reaction of pyrrole-
2-carboxylatela with hydrogen in the presence of the ruthenium
catalyst (1%) generated in situ fron$$-(RR)-PhTRAP and
Ru(@3-methallyl)(cod)4 (eq 1).

Ru(r-methallyl)(cod) (1.0%)
7\ <(R.R)- %
Q\COZMe (S,9)-(R,R)-PhTRAP (1.1%) QCOZMG 0

H, (50 atm), -PrOH
60°C, 24 h
with no base

with EtzN (10%)

1 |
Boc 1a Boc 2a
92%, 73% ee (S)

92%, 79% ee (S)

(S.5)-(R.R)-PhTRAP

(9-N-Boc-proline methyl estei2@) was obtained in 92% isolated
yield with 73% ee when the hydrogenation was conducted at 60
°C in 2-propanol under 50 atm of hydrogen gas. The selectivity

21:52 at 6 h. The virtual enantioselectivity in the transformation
of 1b into 3b can be estimated to be 28% ee from the above
results'® The hydrogenation of pyrroléc, whose ester group is
located at the 3-position, produced the desired pyrrolidioén
74% ee along with a small amount of monohydrogenation product
3c (entry 2). We were pleased to observe that substtdtevas
converted into 4,5-dimethylpyrrolidine-2-carboxyl&with 96%

ee (entry 3). The high level of asymmetric induction may be caused
by the size of the 2-carboxylate groupIdf. In the above reactions

of 1b—d, each fully saturated produ2twas obtained as a single
diastereomer, whose three substituents were located cis to one
another.

Various 2,3,5-trisubstituted pyrroles were then subjected to the
ruthenium-catalyzed asymmetric hydrogenation. The hydrogenation
of 4,5,6,7-tetrahydroindolge gave the monohydrogenation product
3ewith 95% ee §) (entry 4). The subsequent hydrogenation of the
dihydropyrrole proceeded with 89% de to give octahydroin@ele
in only 8% isolated yield; howeveBein hand could be converted
into (2S5 3&S,785)-2e with complete diastereoselectivity by hydro-
genation over Pd/C. The high degree of asymmetric induction did
not require the carboxylate functionality at the 2-positionldf
and le Pyrrole 1f, which has phenyl as the !Rgroup, was
transformed into chiral pyrrolidingf with high enantiomeric excess
(entry 5). Replacing 2- and 3-alkyl dff with aryl groups brought
about remarkable enhancement of the enantioselectivity. The
hydrogenation of triphenylpyrrolég afforded dihydropyrrole3g
with 99.7% ee (entry 6). No pyrrolidine was detected from the
reaction mixture. Although the methoxy group on the 5-aryl group
of 1i caused a slight decrease of the stereoselectivity, most

was improved by adding a catalytic amount of base, in this case triarylpyrroles were converted into the monohydrogenated products

triethylamine. The ruthenium-catalyzed hydrogenatioriafvas

then attempted using various chiral bisphosphine ligands other than

PhTRAP. In most cases, the prod@etwas obtained quantitatively
but in racemic fornt> Using a reduced hydrogen pressure (10 atm)

with over 99% ee (entries—710).

In the aforementioned hydrogenations of pyrrolesio regio-
isomers of dihydropyrrole3 were detected by théd NMR analysis
of the crude products. This observation suggests that the present

brought about a slight decrease in the enantiomeric excess as wellsymmetric hydrogenation &fto pyrrolidines2 proceeds stepwise

as in the yield of2a (87% yield, 70% ee).

As mentioned above, the PhTRARUthenium catalyst showed
high enantioselectivity for the hydrogenation of 2-substitiNeBloc-
indoles® Since indoles can be viewed as pyrroles bearing substit-
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through successive 1,2-additions of hydrogen to tweGCdouble
bond. The less hindered double bondlofeacts with hydrogen
first, followed by saturation of the remaining carberarbon double
bond of 3. In the asymmetric hydrogenation dfa, the first
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Table 1. Catalytic Asymmetric Hydrogenation of 2,3,5-Trisubstituted Pyrroles?@

R2 Ru(®-methallyl)(cod) (2.5%)

n (8,5)-(R,R)-PhTRAP (2.8%)
R3 R1

R2 R2
o D
RN TR Y RRTNTR

l}l EtzN (25%), Hy (50 atm) \ \
Boc 1 EtOAc, 80°C, 24 h Boc 2 Boc 3
entry R R2 R3 1 convn (%)° 2:3b yield (%)° ee (%)?
1 Me Me MeQC 1b 100 54:46 2b: 52,3hb: 42 2b: 11,3b: 75
2 Me MeQGC Me 1c 100 98:2 2c 91 2c. 74,3c. 43
3 MeQ,C Me Me 1d 100 100:0 2d: 85 2d: 96
4 MeO,C —(CHy)a— le 100 16:84 2e 8rf3e 70 2e 91,3e 95
5 Ph GH7 Me 1f 100 100:0 2f: 96 2f: 93
6 Ph Ph Ph 1g 100 0:100 3g >99 3g 99.7
7 p-FCsHa Ph Ph 1h 100 0:100 3h: 99 3h: 99.3
8 p-MeOGsH4 Ph Ph 1i 100 0:100 3i: 96 3i: 98
9 Ph Ph p-CRsCeHa 1j 100 0:100 3j: >99 3j: 99.6
10 Ph Ph p-MeOGsH4 1k 100 0:100 3k: 97 3k: 99.2

aReactions were conducted on a 0.2 mmol scale in 1.0 mL of EtOAc. The rafigRii]:PhTRAP:E{N was 40:1:1.1:10° Determined by'H NMR
analysis of crude product. In all cases, no side product was observed in the spisciieted yieldsd Determined by chiral GC or HPLC analysi&The

product2e was obtained as a mixture of two diastereomers (89% de).

Scheme 1
Ru—PhTHAP Hu -PhTRAP
[ I CO,Me [ H CO,Me
H2 Boc Ha Boc
3a (achiral) o
enantiodiscrimination
step
Scheme 2
cat. R2 cat. R2
[Rul-PhTRAP )y [Ru]-PhTRAP
1b—k 3 1 3 1
Ha R N R Ha R N R
Boc Boc
enantiodiscrimination  3b—k 2b-f

step (chiral)

hydrogenation would produce achiral intermedidagScheme 1).
The chiral center o2awould be created during the hydrogenation
of enamide3a.l® By contrast, 2,3,5-trisubstituted pyrrolés—k

are reduced enantiomerically to chiral enamides in the initial step
(Scheme 2). The stereoselectivity in the additional reductiod of
must be controlled by the chirality at the 5-position rather than the
chiral catalyst: if the stereoselectivity had been dictated by the chiral
catalyst, preferential formation tfans-2,5-substituted pyrrolidines
would have been observed in the reactiongtoff (Table 1, entries
1-5). The difference of the enantiodiscrimination step between the
hydrogenations ofla and others suggests that the PhTRAP
ruthenium catalyst is suitable for asymmetric hydrogenation of
pyrroles rather than for that of cyclic enamides.

In conclusion, we were successful in developing the highly
enantioselective hydrogenation NfBoc-pyrroles by using chiral
Ru(@z®-methallylp(cod)-(S9-(RR)-PhTRAP catalyst. In particular,
2,3,5-trisubstituted pyrroles bearing a large substituent at the
5-position were hydrogenated with high ee values to give chiral
4,5-dihydropyrroles3 or pyrrolidines2 in high yields. This is the
first successful enantioselective reduction of pyrroles. Of note is
the fact that the asymmetric hydrogenatioridfcreates three chiral
centers with high level of stereocontrol in a single process.
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