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Abstract
Axial chirality directed highly diastereoselectif@mation of a new stereogenic center in the
benzylic position of racemic and optically active[2}(carboxymethyl)-6-ethylphenyl]H-

pyrrole-2-carboxylic acid4) is reported as the very first example of effitiamtramolecular

asymmetric induction effect of the atropisomericphienylpyrrole skeleton containing
dicarboxylic acid on the metalation, alkylation ¢gan sequence. Configuration of a product
(R, S-7a8) was determined by single crystal X-ray diffraotioneasurements. In addition,
stereochemical stability of the new, two chiraliglements containing compounds was
demonstrated by selective, stepwise transformatighe carboxylic groups into ester and amide
functions, respectively.

Keywords: Atropisomer, diastereoselective metalation, asymmeinduction, chiral 1-
phenylpyrroles, stereoselective alkylation



Introduction

Generation of new chirality elements (central aaBxusing chiral catalysts or chiral auxiliaries
is the basis for asymmetric synthesis of enantiarally enriched chiral molecules. The
efficiency of the asymmetric induction or chiralihansfer is largely dependent on how tight the
interaction is between the chirality source andréaeting sité. Numerous examples have been
published for intermolecular asymmetric inductionkere a chiral catalyst determines the
configuration of the formed new stereogenic cesjeirf the product. Atropisomers, resulting
from highly sterically hindered rotation of one gl® bond have received great interest from
chemists due to their widespread appearance ificeiti chiral ligands for asymmetric
catalysis®> There are also examples in the literature for syph of chirality transfer, when the
axial chirality of the starting material is used kaild up a new stereogenic center of the
cyclization product. Efficient creation of new stereogenic centers basn accomplished by
Clayden and his co-workers in diastereoselectiaetiens starting from bulk-substituents
containing benzamides and naphthamide®irected lateral lithiation ofN,N-diisopropyl-2-
ethyl-naphtalene-1-carboxamide followed by ethyide quench yielded the-ethyl derivative
with a high degree of diastereoselectivity (98/2¢amti) due to the CIPE effect and the quasi
atropisomeric character of the naphtamide mdiefimpkins et al. also achieved high
diastereoselectivity in alkylation and aldol rean8 of an atropisomeric anilide in which the
nitrogen contained propanoyl and methoxyethoxymegngups and the rotation of the amido
moiety was controlled by the steric hindrance obgho tertbutyl group™®

In the last decade Clayden published numerousclesti on the behaviour and
diastereoselective reactions of benzamide derigmtihaving atropisomeric charactst?
Efficient intramolecular control of enantioseledtyv by atropisomeric remote amide
conformation has also been studied in Smédiated reductive coupling of aldehydes with the
crotonates possessing different 2-substituted Sioxgt1-naphthamide’s. Recent developments
in the field of intramolecular remote control oésgogenic center(s) formation using asymmetric
center or atropisomeric benzamide containing comgsinave also been review®d.

Recently a new class of atropisomeric biaryls, elgrthe family of 1-phenylpyrrole skeleton
containing chiral compounds has been developediiraboratory"’?° The very first member
((S)-1) (Scheme 1) of this group was prepared from Ird{R«dromethylphenyl)-H-pyrrole via
selective dimetalation carboxylation reaction seqee Racemic dicarboxylic acid was resolved
into the two stable atropisoméfs* and the pure enantiomers were used as startingriaiatof
the synthesis of optically active ligand§j¢2) (Scheme 15
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Scheme 1Optically active 1-phenylpyrrole derivatives.

Dimetalation and consecutive carboxylation of Je{Byl-6-methylphenyl)-#H-pyrrole Q)
has also provided an atropisomeric dicarboxyli@ gcac-4) which was separated into its two
enantiomers via diastereoisomeric salt formatiomgu®ptically active 1-methylbenzylamine
((R)-5, Scheme 23° Optically active4 contains a prochiral benzylic group and enantetile
introduction of a substituent into this positioruttbprovide us a new chiral building block with
both axial and central chirality elements. Howewecording to our best knowledge, nobody has
studied remote lateral metalation of atropisometiphenylpyrrole derivatives until now.
Therefore we aimed to investigate the asymmetrduction of axial chirality of4 on the
formation of the new stereogenic center in benzyasition and the enantioconservative
transformation of the formed product into ester amide derivatives.

Results and Discussion

Synthesis and optical resolution of the startingemal (4) was accomplished according to the
literature proceduf@ (Scheme 2).

U 1) BuLi/TMEDA @\COOH

i ki | B Roar 5| + (S>R)-4
~co. > (R-(O)-4.(R)~(+)-5] + (S>R)-4 4 souui
2) CO, COOH  EtOAC/EtOH (R)-(-)-4.(R)-(+) ( ) (in solution)
3) H'/H,0 l HCI/H,0
3 rac-4 (R)-(-)-4

Scheme 2Synthesis and resolution &c-4.

Then metalation alkylation reaction sequence wasliesd starting fromrac-4. The
dicarboxylic acid was reacted with three equivaeftpotassiuntert-butoxide activated lithium
diisopropylamide (LiDA-KOR) superbase in tetrahyfdran at —75 °C (Scheme 3). Clean
benzylic metalation occurred under these conditiand the organometallic intermediat® (
readily reacted with different electrophiles (iodettrane, isobutyl bromide, benzyl bromide and
benzaldehyde). The product§a{d) were isolated, after recrystallization, with goad



satisfactory yields (Table 1). It has to mentidmgttonly starting material was recovered when
dimethylformamide or benzophenone was added to oangs.
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7a E=-CH,
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7d E =-CH(OH)Ph

Scheme 3Preparation of compounds-d (M = K (or Li)).

Beside the axial chirality, compounds-d contain a new asymmetric carbon atom in
benzylic position, therefore two diastereoisomgrars should be formed from the racemic
starting materialrc-4). However, according to th#d-NMR spectra of compound&-d, only
one diastereoisomer was formed in each case. Coastly, the axial chirality of the starting
material (ac-4) completely determined the stereochemical outcofrtee metalation/alkylation
reaction sequence.

Table 1.Results of the consecutive metalation and alkyfatifrac-4

Entry Reagent Product Crude product Recrystallized ptBduc
7:4ratid  Yield Yield®
1 iodomethane 7a 100:0 84% 80%
2 isobutyl bromide 7b 87:13 79% 50%
3 benzyl bromide 7c 87:13 7% 53%
4 benzaldehyde 7d 81:19 80% 74%

3 Product distribution was determined from theNMR spectra of the crude produlfThe
crude product was purified by recrystallizationnfrethyl acetate’. Calculated to the amount of
the starting materiat.

In order to prove this supposition, the methylatreaction was repeated witR.}J-(-)-4 as
starting material. A single enantiomer was isolatedthe only product ((+ja) and it was
suitable to preparation of single crystals (growenf ethanol/diethyl ether mixture). Hence, X-
ray diffraction measurements were carried out terdene the absolute configuration of the new
asymmetric carbon atom in (¥g(Figure 1).



Figure 1. Final crystal structure ofR;,9-(+)-7a with 30% probability anisotropic displacement
ellipsoids for non-H atoms.

In previous studié8 we have determined the absolute configuratiorReE(-)-4. This axial
chirality did not change during the introductiontbé methyl group into the benzylic position. It
is also evident from the determined molecular $tm&; that the absolute configuration of the
new asymmetric carbon atom (C12 in Figure 1)SisThis high stereoselectivity can be
rationalised if one take into account that methyugp could only join to the benzylic carbon
atom from theSiface of the organometallic intermedi&ebecause the other side of the reaction
center was shadowed by the alkali carboxylate maennected to the-position of the pyrrole
ring like the proposed model struct@¢Scheme 4).
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(Ra)-(-)-4 - 8 - (R,,S)-7Ta

Scheme 4.Synthesis of R, S-(+)-7a (possible diisopropyl amine and THF ligands of thetal
cations (M) are not depicted i for clarity).

We suppose that structure®is stabilized by the Coulomb interactions amoregttino alkali
cations and the negatively charged oxygen atontheftwo carboxylate groups, respectively.
This way the axial chirality oft strictly determines the configuration of the nesyrametric
center.

Optically active R,,S-(+)-7a can serve as a useful intermediate of new chigahtls and
organocatalyst, therefore selective, stepwise toamstions of the two carboxylic groups were
also investigated. Highly selective  monoesterifmat of (§-1-[2-carboxy-6-



(trifluoromethyl)phenyl]-pyrrole-2-carboxylic acid((S-1) has been published by our
laboratory?? After stirring the dicarboxylic acid§-1 for 48 hours at room temperature in
methanol, in the presence of 7 equivalents thiambride, the carboxylic group connected to
the phenyl ring was selectively esterified. In tbase the effects of the electron withdrawing
trifluoromethyl group of the benzene ring and theceon donating effect of the pyrrole ring
toward the carbonyl group caused significant déifee between the reactivities of the two
carboxylic groups of)-1. As a consequence, the monoester could be prepalectively even

a large excess of thionyl chloride was used in aralic solution for esterificatioff.

The situation is different in the case &,0-(+)-7a because electron donating alkyl groups
are connected to the benzene ring and the berearlbon atom, respectively, which decrease the
reactivity of the connected carboxylic group in Iswsterification reaction. In order to test the
residual reactivity difference between the two oastic functions in (-)4 and (+)7a, both
optically active compounds were treated with anesgcof thionyl chloride in dry ethanol. In
principle, during the esterification process thpeeducts may be formed: two monoest&saitd
10) and the diesterl() (Scheme 5).

@COOH [—\)\COOH @COOEt @COF\?Et
R .
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‘ SOCl,
COOH COOEt COOH COOEt
(Rs,S)-(+)-Ta R=Me (R, S)-(+)-9a 10a Ra,S)-(+)-11a
(R)-)-4  R=H (Ro)-(-)-9b 10b (R,)-11b

Scheme 5Esterification of Ry)-(-)-4 and R,,9-(+)-7a, and the possible products.

When Ru)-(-)-4 dicarboxylic acid was esterified in presence ob taquivalents of thionyl
chloride with ethanol for 22 hours at room tempamat mainly the monoesterRy{)-(-)-9b) was
formed together with a small amount of diestéb. This selectivity decreased considerably
when R, 9-(+)-7awas used as starting material because, accorditigetchromatographic and
'H-NMR investigations, the crude product mixture taimed considerably more the diester
((Ra,9-(+)-118) together with the major produdR{S-(+)-9a. Decreasing of regioselectivity in
case of R, 9-(+)-7a may be explained by the above mentioned electreffiect of the methyl
group.

On the basis of these experimental findings, tvedhods have been developed for producing
pure Ra,9-(+)-9a selective hydrolysis ofR;,9-(+)-11a diester, and selective time-controlled
monoesterification ofR,, 9-(+)-7a (Scheme 6).

The diester derivative R, 9-(+)-118 formed easily by stirringRs,S-(+)-7a dicarboxylic
acid in ethanol solution with 7 equivalents amoahthionyl chloride, at room temperature.
Subsequently, the resultant diesté&,(H-(+)-118) was treated at room temperature with exactly
1 equivalent amount sodium hydroxide containingewathanol = 1/99 solution. After the



working-up procedure pureR{9-(+)-9a monoester was obtained without any loss of the

enantiomeric purity.
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Scheme 6Two highly selective methoder preparation of optically activé{,S-(+)-9a
monoester.

A simpler, but far more sensitive method for pragian of R,,9-(+)-9a monoester is the
direct esterification ofR,,9-(+)-7a by using 1.5 equivalents of thionyl chloride itatol. To
avoid diesterification, the progress of the eststfon reaction should be monitored by TLC or
other suitable methods. According to thd-NMR and *C-NMR spectra of the products
obtained after the selective hydrolysis and thectiele monoesterification, respectiveliR,S-
(+)-9a monoester formed in both cases. These experimeggalts may be rationalised if one
take into consideration that esterification is goeel by the acidity difference of the two
carboxylic groups while basic hydrolysis occurs eneasily on the sterically less hindered site of
the molecule.

In order to determine the exact structure R 9-(+)-9a, two dimensionatH, **C-HMBC
spectroscopic measurements were performed. Thessumeenents confirmed without doubt that
the ethoxycarbonyl group is connected to the cagtom of the benzylic -CH(CHt group.

The free carboxylic groups of the optically acthvaf esters R,,9-(+)-9a and Ru.)-(-)-9b were
converted into the corresponding optically actN/@&\-diethylamide (R.,9-(+)-12aand R)-(-)-
12b) derivatives (Scheme 7).
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Scheme 7Preparation of optically active amidé2aand12b.

The carboxylic groups of R,,S-(+)-9a and Ry)-(-)-9b were transformed into the
corresponding acid chlorides in toluene afCbefore the addition dfi,N-diethylamine and, in
spite of the applied high temperature, the prodwatse isolated without any loss of their
enantiomeric purities. The above mentioned expeariaiedata (half ester and amide formation
reactions) confirmed that the prepared new opticalitive compounds are stereochemically
stable, they axial and the central chirality reredimtact under the applied conditions.

Conclusions

Experimental results of the metalation alkylati@aation sequence of racemic and optically
active 1-[2-(carboxymethyl)-6-ethylphenylHipyrrole-2-carboxylic acid4) let us to conclude
that the chiral information of the atropisomeriplienylpyrrole skeleton containing dicarboxylic
acid can be completely transmitted to the intracwdbr benzylic position. Diastereoselectivity
of the metalation could be explained by the compiesmation of the pyrrole connected
carboxylate anion with the metal ion of the metdatarboxymethyl moiety of the molecule as
shown in structure3. Steric arrangement of this complex is strictlyedeined by the axial
chiraltity of the molecule, thus only one side isef for the reaction with the electrophilic
reagents. Single crystal X-ray diffraction measwrata have confirmed the above mentioned
model structure and provided us the absolute cordigpn of the new asymmetric carbon atom.
According to reactivity difference between the tearboxylic groups, two methods have also
been developed for selective monoestericicatiodicdrboxylic acids Ry)-(-)-4 and R.,9-(+)-

7a. The monoesters were transformed into the opyicadtive half ester-half amide derivatives
((Ry,9-(+)-12a and Ru)-(-)-12b). These reactions confirmed the supposed steraochke
stabilities of the investigated compounds. Consetiyiethe synthetized new optically active 1-
phenylpyrrole derivatives may be used as buildingcks of new chiral ligands and
organocatalysts.



Experimental Section

General. All commercial starting materials were purchasemnfrSigma—Aldrich Hungary and
Merck Hungary Kft. and were used without furtherifscation. Tetrahydrofuran was obtained
anhydrous by distillation from sodium wire, aftéxetcharacteristic blue colour of tie situ
generated sodium diphenylketyl had been found tsigte The organometallic reactions were
carried out in Schlenk flasks under a dry nitrogamosphere. Thin-layer chromatography (TLC)
was carried out on Kieselgel 6@sk(Merck) sheets (visualization of the products wesle by
exposing the plate to UV radiation or by stainibgith the aqueous solution of (NJdM070;4,
Ce(SQ),, and sulphuric acid. Routiréi NMR and**C NMR spectra were recorded in CRCI
solution or in DMSO-¢ on BRUKER AV 300 and DRX 500 spectrometers. Pratbemical
shifts are reported in ppm relative to the interstaindard tetramethylsilan&r(;s = 0 ppm) or
solvents §pmso = 2.50 ppm), and carbon chemical shifts are regoih ppm relative to the
solvents 6CDCI3 = 77.008pmso = 397)

Specific rotation power of the optically active sd@spwas determined on a Perkin—Elmer 245
MC polarimeter using a sodium lamp (589 nm). Mgtipoints were determined on a
Gallenkamp Melting Point Apparatus (in capillarieb)igh-resolution mass spectra (HRMS)
were recorded on Waters LCT Premier XE spectrometelectrospray ionization (ESI, 2.5 kV)
mode, using water (0.035% trifluoroacetic acid){angrile (0.035% trifluoroacetic acid) as
eluent in gradient elution (5%—95% acetonitrilgmples were made up in acetonitrile.

1-[2-(Carboxymethyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid (rac-4).>° Compound
rac-4 was prepared by condensation of 2-ethyl-6-methlyten and cis,trans
dimethoxytetrahydrofuran in glacial atidfollowed by consecutive dimetalation and
carboxylation of 1-(2-ethyl-6-methylphenyl)pyrraecording to the literature proceddfe.

Rac-4: colourless crystals from chloroform, yield 79%p 12-213 °C; IR \(nax CM*): 1667
and 1716 (C=0), 3448 (OH)H-NMR (500 MHz, DMSO#k): &y 0.97 (3H, t,J 7.6, CH-CHy),
2.10 (2H, qJ 7.6, CH-CHy), 2.98 (1H, dJ 16.2, -CHH), 3.28 (1H, d] 16.2, -CHH), 6.31 (1H, t
like m,J 2.7, H) 6.80 (1H, t like mJ 1.7, H), 7.00 (1H, g like mJ 1.5, H;), 7.30 (3H, m, Ph),
12.07 (2H, br s, OH)®*C-NMR (75 MHz, DMSO#d): 5c 172.1, 160.8, 141.1, 138.7, 132.9,
129.8, 128.2, 128.1, 127.2, 124.2, 117.5, 109.2%4,383.5, 14.9; UV/VIS (EtOHA[nm], g[M~
tem™)): 262, 25300; 215 (sh), 28700.

Resolution of rac-4. ?° The racemic dicarboxylic acidac-4) was resolved according to the
literature proceduf® in a mixture of ethyl acetate and dry ethanol %862 with half equivalent
amount of R)-1-methylbenzylamine(R)-5). From the crystalline saltR{)-(-)-4 was isolated,
yield: 108% (calculated to the (-)-enantiomer canhtef rac-4). [a] ¥ = -71.4 (c: 1.14, ethanol),
ee= 83.5%; From the filtrate the other isom&){(+)-4 was isolated, yield 88% (calculated to
the (+)-enantiomer content ofic-4). [0] > = +64.3 (c: 1.08, ethanolge = 75.2%. For

enantiomeric enrichment the resolution process nepeated. Repeated resolution was carried



out analogously, but the amount of the resolvingnagvas equivalent with the corresponding
enantiomer content of the starting optically acdv@he &)-(+)-4 isomer wadreated with -5
and R.)-(-)-4 was resolved again withr)-5.

Enantiomeric enrichment of (- > +)-4 via recrystalization from ethanol. ** A sample of
(- > +)4 (2.89 g, ee = 83.5%) was recrystallized from diharol (5.8 ml). The solid racemic
was filtered off (0.14 g,d] % = -10.1 (c: 0.99, EtOH)ee = 11.8%) and the filtrate was

concentratedh vacuoto give Ry)-(-)-4 (2.20 g, 76%,d] % = -84.4 (c: 0.92, EtOHge= 98.7%.

Metalation and derivatization of 4. General procedureDiisopropylamine (3.15 equiv.) and
1-[2-(carboxymethyl)-6-ethylphenyl]H-pyrrole-2-carboxylic acid4, 1.0 equiv.) were added at
—75 °C to a solution of potassiumrt-butoxide (3.0 equiv.) in dry tetrahydrofuran (20.mfter
stirring for 30 minutes at —75 °C a hexane solutbmutyllithium (1.59 mol/l, 3.0 equiv.) was
added dropwise. The orange coloured mixture wasedtifor further 4 hours at —75 °C before
being reacted with the electrophile (1 equiv.).eAftvarming up to room temperature distilled
water (15 ml) and diethyl ether (15 ml) were addbd, phases were separated and the aqueous
layer was washed with diethyl ether (2 x 15 ml)eTdgueous layer was acidified with a 15%
agueous citric acid solution to precipitate thedpit (7) as oil or as crystals.

1-[2-(1-Carboxyethyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid (7a). Rac7a and (+)7a
were prepared according to the general procedur®liasvs. Diisopropylamine (11.7 mmol,
1.20 g, 1.65 ml) and 1-[2-(carboxymethyl)-6-ethydplgl]-1H-pyrrole-2-carboxylic acidrac-4,

3.7 mmol, 1.00 g) were added at —75 °C to a soluibpotassiuntert-butoxide (11,0 mmol,
1,24 g) in dry tetrahydrofuran (20 ml). After sitg for 30 minutes at —75 °C a hexane solution
of butyllithium (1.59 mol/l, 11.3 mmol, 7.1 ml) waadded dropwise. The orange coloured
mixture was stirred for further 4 hours at —75 °€fdoe iodomethane was added (11.7 mmol,
1.66 g, 0.73 ml). After the working-up procedures tbolourless crystals precipitated were
filtered off, washed with ice-cold distilled watand dried to give 0.84 g Gf, yield 84%. The
crude product was purified by recrystallizatiorbgrselective precipitation.

a) Purification of7a by recrystallization: the crude product was disedlin hot ethyl acetate and
precipitated with a fourfold amount of hexane. Wieite crystals were filtered, washed with
cold hexane and dried.

b) Purification by selective precipitation: The deuproduct was dissolved in an equivalent
amount of 1M aqueous sodium hydroxide solution teefweing precipitated and filtered off in
several fractions by addition of 15% aqueous cig in small portions. NMR data cdic-7a
are identical with theR,,S-(+)-7a enantiomer.

(Ra,S)-(+)-1-[2-(1-Carboxyethyl)-6-ethylphenyl]-H-pyrrole-2-carboxylic acid ((Ra,S)-(+)-
7a). Compound R,,S-(+)-7awas prepared according to the general procedutssing R.)-(-)-
1-[2-(carboxymethyl)-6-ethylphenyl]H-pyrrole-2-carboxylic acid (3.7 mmol, 1 @]’ = -84.4



(c: 0.92, EtOH), ee = 98.7%R{)-(-)-4) as starting material. The product (Ag-was obtained as
colourless crystals, yield 84%, mp 164-166 °@2] = +53.1 (c: 0.966, EtOH}H-NMR (500
MHz, DMSO-s): 8y 1.01 (3H, t,J 8.0, CH-CHy), 1.21 (3H, dJ 7.5, CH), 2.17 (2H, m, Ch
CHy), 2.87 (1H, gJ 7.5 -CH-CH}), 6.32 (1H, t like m)) 4.0, Hy), 6.97 (1H, t like mJ 2.5, H;),
6.98 (1H, m, B, 7.24 (1H, dJ 7.5, Ph), 7.29 (1H, d} 7.5, Ph), 7.34 (1H, t 7.5, Ph), 11.96
(2H, br s, OH);**C-NMR (75 MHz, DMSO¢): 5c 174.7, 160.5, 141.2, 138.7, 137.8, 129.4,
128.3 (2C), 126.6, 124.7, 117.1, 109.0, 38.7, 23%9, 14.6; HRMS (EI): m/z H:1:NO,
[M+H] " calc. 288.1236; found 288.1237.

1-[2-(1-Carboxy-3-methylbutyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid (7b). Rac7b
was prepared according to the general procedungsinyg isobutyl bromide (8.78 mmol, 1.2 g,
0.96 ml, 1.2 equiv.) as electrophilic reagent. Thede product (1.90 g, 79%) was suspended in
ethyl acetate (6 ml) and filtered off to give 1@0f 7b as white crystals, yield 50%, mp 198-200
°C.'H-NMR (500 MHz, CDC}): &y 0.70 (3H, dJ 6.5, CH-CH), 0.74 (3H, dJ) 6.5, CH-CH),
1.06 (3H, t,J 7.5, CH-CH,), 1.37 (1H, sepJ 6.5, (CH).CH), 1.52 (1H, m, -CHH), 1.88 (1H,
quin,J 7.0, -CHH), 2.24 (2H, sep,7.5, CH-CH,), 2.97 (1H, tJ 7.5, Ph-CH(COOH)CH, 6.37
(1H, dd like mJ 2.5, 4.0, i), 6.70 (1H, m, i), 7.21 (1H, dJ 7.5, Ph), 7.25 (1H, m, §), 7.37
(1H, t, J 7.5, Ph), 7.49 (1H, d like nd 7.0, Ph), 12.26 (2H, br s, OH}*C-NMR (75 MHz,
CDCly): 6¢ 181.3, 165.9, 141.2, 138.2, 136.8, 130.3, 1290,7, 126.2, 124.4, 120.1, 110.3,
43.6, 43.3, 26.3, 24.3, 22.7, 22.4, 15.1; HRMS:(Eljz GgH»3NO4 [M+H]™ calc. 330.1705;
found 330.1712.

1-[2-(1-Carboxy-2-phenylethyl)-6-ethylphenyl]-H-pyrrole-2-carboxylic acid (7c). Rac7c
was prepared according to the general procedunesimg benzyl bromide (7.32 mmol, 1.25 g,
0.87 ml, 1.0 equiv.) as reagent. The crude profub g, 77%) was suspended in ethyl acetate
(10 ml) and filtered off to give 1.42 g @t as colourless crystals, yield 54%, mp 196-201 °C.
'H-NMR (500 MHz, CDC}): & 0.99 (3H, t,J 7.5, CH-CH;,), 2.09 (2H, sep) 7.5, CH-CH,),
2.96 (1H, ddJ 9.0, 12.5, -CHH-Ph), 3.05 (1H, ddi6.0, 9.0, -CH-COOH), 3.15 (1H, dd 6.0,
12.5, -CHH-Ph), 5.74 (1H, t like n3,2.0, H), 6.17 (1H, dd like mJ) 2.5, 4.0, H), 6.80 (2H, dd
like m,J 2.0, 7.0, Ph), 7.12 (3H, m, Ph 44 7.18 (2H, m, Ph), 7.40 (1H,1,7.5, Ph), 7.68 (1H,
d,J 7.5, Ph), 12.10 (2H, br s, OHYC-NMR (75 MHz, CDC}): 8¢ 180.0, 165.6, 141.2, 138.3,
138.2, 135.4, 130.5 (2C), 129.2, 128.8 (2C), 12823%.7, 126.6, 125.9, 123.5, 119.9, 109.7,
47.4, 40.3, 24.0, 14.9; HRMS (El): m/z28,:NO, [M+H]" calc. 364.1549; found 364.1537.

1-[2-(1-Carboxy-2-hydroxy-2-phenylethyl)-6-ethylpheyl]-1H-pyrrole-2-carboxylic acid
(7d). Rac7d was prepared according to the general proceduresing benzaldehyde (7.32
mmol, 0.78 g, 0.75 ml, 1 equiv.) as reagent. Thelemproduct (2.13 g, 80%) was suspended in
hot ethyl acetate (13 ml) and filtered off to gi’®8 g of7d as colourless crystals, yield 74%,
mp 218-221 °C*H-NMR (300 MHz, DMSOek): 81 0.84 (3H, tJ 7.5, CH-CHy), 1.91 (2H, q,)

7.5, CH-CHy), 2.89 (1H, dJ 10.2, -CH(COOH)Ph), 4.05 (1H, dd like th3.0, 10.2, -CH(OH)-



Ph), 4.99 (1H, br s, OH), 5.64 (1H, d like #53.9, Hy), 6.07 (1H, t like m)) 3.3, Hy), 6.90 (3H,
m, Ph + H,), 7.17 (4H, m, Ph), 7.38 (1H,3,7.5, Ph), 7.74 (1H, d} 7.5, Ph), 11.94 (2H, br s,
OH); BC-NMR (75 MHz, DMSOsdg): 6¢c 173.0, 160.4, 143.0, 140.7, 138.6, 133.6, 1283,8]
127.4 (2C), 127.1 (2C), 126.9 (2C), 126.5, 12515.9, 108.2, 75.6, 54.0, 22.4, 14.6; HRMS
(ED): m/z GH21NOs [M+H] " calc. 380.1498; found 380.1494.

(Ra)-(-)-1-[2-(Ethoxycarbonylmethyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid ((Ra)-(-)-
9b). Thionyl chloride (22.8 mmol, 2.71 g, 1.66 ml) waklad dropwise at 0 °C to a solution of (-
)-1-[2-(carboxymethyl)-6-ethylphenyl]H-pyrrole-2-carboxylic acid &)-(-)-4, 15.2 mmol,
4.15 g, 1] ¥ =-80.0 (c: 1.0, ethanol), ee = 93.6%) in absaroh (100 ml). The reaction mixture
was stirred at room temperature for 22 hours (Thé€xane/ethyl acetate 1:1). The solvent and
the excess of thionyl chloride were evaporategacuo To remove traces of thionyl chloride,
the residue was dissolved in ethanol (2 x 10 mt) again evaporated. The crude product (4.52
g, 99%, f] 2 = -63.6 (c: 1.12, ethanol)) was crystallized frethyl acetate to yield 4.14 g of
(Ra)-(-)-9b as colourless crystals, yield 90.4%, mp 90-92 [ = -73.8 (c: 1.0, ethanol).
'"H-NMR (300 MHz, CDC}): 84 1.04 (3H, tJ 7.5, CH-CH,), 1.14 (3H, tJ 6.9, CH-CH,-0),
2.18 (2H, m, -CHCHg), 3.16 (1H, dJ 15.9, -CHH), 3.26 (1H, d] 15.9, -CHH), 4.01 (2H, q]
6.9, -O-CH-CHs), 6.30 (1H, dd like mJ 2.4, 3.3, i), 6.77 (1H, t like mJ 1.8, H;), 7.19 (3H,

m, Ph + H), 7.32 (1H, tJ 7.5, Ph), 11.80 (1H, br s, OHYC-NMR (75 MHz, CDC)): 8¢
171.4, 165.3, 141.9, 138.4, 132.4, 131.1, 128.8,a2127.7, 123.1, 120.1, 109.9, 60.9, 37.1,
23.9,14.8, 14.2.

(Ra,S)-(+)-1-[2-(1-Ethoxycarbonylethyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid
((Ra,9)-(+)-9a) by selective esterificationThionyl chloride (1.05 mmol, 0.12 g, 0.076 ml) was
added dropwise at 0 °C during 15 minutes to a mwiudf (§-(+)-1-[2-(1-carboxyethyl)-6-
ethylphenyl]-H-pyrrole-2-carboxylic acid &,9-(+)-7a, 0.7 mmol, 0.2 g,d] 2 = +53.1 (c: 1.0,
ethanol), ee = 98.7%) in abs. ethanol (8 ml). Theture was stirred for 2 hours at 0 °C and for
additional 3 hours at room temperature until thertstg dicarboxylic acid consumed (TLC
control, eluent: hexane/ethyl acetate = 1/1). Tdleent and the excess of thionyl chloride were
evaporatedn vacuo To remove traces of thionyl chloride, the resigses dissolved in ethanol
(2 x 10 ml) and again evaporated. The crude progasttreated with active coal in ethyl acetate,
filtered through Celite and evaporatedvacuoto give 0.18 g of R,,9-(+)-9a as colourless
crystals, yield 82%, mp 95-96 °Gy][° = +77.5 (c: 1.0, ethanoljH-NMR (300 MHz, CDC):

oy 1.05 (3H, tJ 7.2, CH-CHy), 1.06 (3H, tJ 7.5, CH-CH,-O-), 1.30 (3H, dJ 7.2, CH-CH-),
2.22 (2H, sep) 7.2, CH-CHy), 3.01 (1H, qJ 7.2 -CH-CH,), 3.95 (2H, dqg, 1.8, 7.2 CH-CH,-

0), 6.35 (1H, dd like m} 2.7, 3.9, i), 6.73 (1H, t like mJ 2.1, K), 7.30 (4H, m, Ph + ),
11.82 (1H, br s, OH*C-NMR (75 MHz, CDCY): 5c 174.3, 164.3, 142.0, 138.8, 137.6, 130.2,
129.2,127.3,125.1, 124.3, 119.8, 110.1, 66.18,381.1, 15.5, 14.6, 14.0.



(Ra,S)-(+)-1-[2-(1-Ethoxycarbonylethyl)-6-ethylphenyl]-1H-pyrrole-2-carboxylic acid
((Ra,S)-(+)-9a) by selective hydrolysis ofRa,S)-(+)-11a diester.a) Preparation of ethyl (S)-
(+)-1-[2-(1-ethoxycarbonylethyl)-6-ethylphenyl]-1piarole-2-carboxylate (RS)-(+)-11a):
Thionyl chloride (7.35 mmol, 0.87 g, 0.53 ml) waikdad dropwise to a solution of (+)-1-[2-(1-
carboxyethyl)-6-ethylphenyl]H-pyrrole-2-carboxylic acid &,9-(+)-7a, 1.05 mmol, 0.3 g,
[o] 2 = +53.1 (c: 1.0, ethanol)) in abs. ethanol (12 alp °C. The dark blue mixture was stirred
for 2 days at room temperature (TLC control, eluetttyl acetate/methanol = 6/1). The solvent
and the excess of thionyl chloride were evaporatadicuo The residue (green oil) was treated
with active coal in ethyl acetate, filtered througklite and evaporatad vacuoto give 0.35 g
(97%) of R,,9-(+)-11adiester. The crude product (light yellow amorphonstals) was used in
the next step without further purification.

'"H-NMR (300 MHz, CDC}): 84 1.06 (6H, tJ 8.1, 2x CH-CH,), 1.24 (3H, tJ 7.2, CH-CHy),
1.31 (3H, dJ 7.2, -CH-CH), 2.23 (2H, sep) 7.2, CH-CH,), 3.02 (1H, qJ 7.2 -CH-CH), 3.72
(2H, 9,3 7.2, CH-CH»-0), 3.95 (2H, dgJ 2.7, 7.2 CH-CH»-0), 6.36 (1H, t like mJ 3.3, H),
6.73 (1H, m, i), 7.30 (4H, m, Ph + }.

b) Preparation of (RS)-(+)-9a from (R,,S-(+)-11a by selective hydrolysi€thyl (R,,S)-(+)-1-
[2-(ethoxycarbonylmethyl)-6-ethylphenylHtpyrrole-2-carboxylate  R,,9-(+)-11a  0.96
mmol, 0.34g) was dissolved in the previously predasolution of sodium hydroxide (0.96
mmol, 0.0385 g, 1 equiv.) in ethanol (10 ml) andexd0.1 ml). The solution was stirred at room
temperature for 2 days (TLC control, eluent: hexethgl acetate = 1/1). The mixture was
evaporatedin vacuq the residue was dissolved in water and acidifrdgth 5% aqueous
hydrochloric acid solution (0.96 mmol, 7ml). Theuaqus mixture was extracted with ethyl
acetate (2 x 15 ml). The collected organic sol#ivere washed with distilled water (15 ml) and
brine (15 ml). The organic phase was dried overusndulphate and concentratgdvacuoto
give 0.18 g (+)Pa as colourless crystals, yield 60%, mp 95-96 &2 = +78.2 (c: 1.016,

ethanol).

General method for the synthesis of acid amides 12ad 12b

Thionyl chloride (2 equiv.) was added dropwise at@ to a solution of the optical active
monoester {a or 7b, 1 equiv.) in dry toluene (15 ml), in the presermafe2-3 drop of dry
dimethylformamide. The mixture was stirred at 70f6€2 hours. The solvent and the excess of
thionyl chloride were evaporatéa vacuo To remove traces of thionyl chloride, the residuses
dissolved in toluene and again evaporated. Theduesicontaining the acid chloride was
dissolved in dry toluene (10 ml), and then a solubf diethylamine (3 equiv.) in dry toluene (5
ml) was added at 0 °C. The mixture was stirredoainr temperature (TLC control, eluent:
hexane/ethyl acetate = 1/1) for 30 minutes. Tolueag evaporateith vacuoand the residue was
dissolved in ethyl acetate (15 ml). The solutiors\aaidified with 5% aqueous hydrochloric acid
solution (15 ml). The phases were separated; tganor phase was washed with saturated
NaHCG;s-solution, water and brine. The organic phase wasddover sodium sulphate and
concentratedh vacuoto give thel2aor 12b amides.



(Ra,S)-(+)-N,N-Diethyl  1-[2-(1-ethoxycarbonylethyl)-6-ethylpheny]-1H-pyrrole-2-carbox-
amide (Ra,9-(+)-12a). Prepared from (+)-1-[2-(1-ethoxycarbonylethyl)-éndphenyl]-1H-
pyrrole-2-carboxylic acid R,9-(+)-9a) (1.68 mmol, 0.53 g,a] ¥ = +35.1 (c: 0.9, ethanol),
ee = 65.3%). The producR{9S-(+)-12a (0.55 g) was isolated as a yellow oil, yield 89 %,
[a] % = -78.8 (c: 0.7, ethanolfH-NMR (500 MHz, CDC}): 8y 1.16 (12H, m, 4 x CKHCH,),
1.30 (3H, dJ 7.0, -CH-CH), 2.35 (1H, quint] 7.5, -CHH), 2.47 (1H, quint] 7.5, -CHH), 3.15
(1H, q,J 7.0, -CH-CH), 3.39 (2H, m, CHCH>-N), 3.59 (2H, br s like m, CHCH,-N), 4.03
(2H, m, CH-CH»-0), 6.28 (1H, t like mJ 3.5, H), 6.56 (1H, m, ), 6.62 (1H, m, ), 7.23
(2H, m, Ph), 7.31 (1H, 11 7.5, Ph);}*C-NMR (125 MHz, CDGJ): 8:174.2, 162.1, 143.0, 138.6,
137.6, 128.7, 127.8, 126.6, 126.3, 124.6, 111.3,71060.6, 40.2, 37.5, 24.2, 23.8, 20.6, 14.9,
14.5, 14.2, 13.7. HRMS (EI): m/z&130N,03 [M+H] " calc. 371.2334; found 371.2321.

(Ra,S)-(-)-N,N-Diethyl  1-[2-(ethoxycarbonylmethyl)-6-ethylphenyl}1H-pyrrole-2-carbox-
amide (Ra,9)-(-)-12b). Prepared from (-)-1-[2-(ethoxycarbonylmethyl)-63dgthenyl]-1H-
pyrrole-2-carboxylic acid R, 9-(-)-9b) (4.41 mmol, 1.33 g,o] 2 = - 71.6 (c: 1.0, ethanol),
ee = 97.0%). The crude produ,S-(-)-12b (1.49 g, 95%, yellow oil) was purified by column
chromatography (hexane/ethyl acetate = 1/1) to §i48 g of R,,S-(-)-12b as yellow oil, yield
89%, [u] % = - 115.8 (c: 1.0, ethanofH-NMR (500 MHz, CDCY): &y 1.07 (3H, tJ 7.5, Ch-
CHy), 1.14 (6H, m like br s, 2 x -GHCH,-N), 1.19 (3H, tJ 7.5, CH-CH,-0), 2.21 (2H, q,
7.5, CH-CHy), 3.43 (4H, br s like m, CHCH, + CH;-CH,-N), 3.56 (2H, br s like m, CHCH,-
N), 4.06 (2H, gJ 7.5, CH-CH,-O), 6.24 (1H, t like mJ 2.5, H), 6.51 (1H, dd like mJ 1.5,
4.0, K), 6.67 (1H, t like m)J 2.0, H,), 7.19 (2H, dd like mJ 3.0, 8.0, Ph), 7.30 (1H, §,8.0,
Ph). ®C-NMR (75 MHz, CDC)): 6c 172.0, 162.5, 142.0, 138.7, 133.5, 128.7, 12827.5,
127.4, 126.8, 111.3, 107.7, 60.8, 37.7 (2C), 2381 (2C), 14.4 (3C). HRMS (EI): m/z
C,1H2aN>03 [M"‘H]+ calc. 357.2178; found 357.2164.

Single crystal X-ray diffraction measurement of R,,S)-(+)-7a

Crystal data: @Hi7/NO4 Fwt.: 287.31, colourless, prism, size: 0.45 x50 0.30 mm,
orthorhombic, space group 2; 2; 21, a = 8.1717(6)A,b = 8.9080(7)A,c = 21.0551(18)A,
a = 90.00, B = 90.00, y = 90.00, V = 1532.7(2) A T = 295(2) K,Z= 4, F(000) = 608Dy =
1.245 Mg/m, p = 0.090 mmi.

A crystal of R,,9-(+)-7a was mounted on a loop. Cell parameters were detedhby least-
squares using 15344 (3.8® < 25.67) reflections. Intensity data were collected on) &gaku
R-AXIS-RAPID diffractometer (monochromator M¢e. radiation,.. = 0.71075 A) at 295(2) K
in the range 3.0& 6 < 22.2F* A total of 21813 reflections were collected ofigth1935 were
unique R(int) =0.0423,R(c) =0.0235]; intensities of 1609 reflections wereaer than &(1).
Completeness t6 = 0.997. A numerical absorption correcfiomnvas applied to the data (the
minimum and maximum transmission factors were 0&&20.983).

The structure was solved by direct mettfdand subsequent difference syntheses). Anisotropic
full-matrix least-squares refineméhon F2 for all non-hydrogen atoms yield&d = 0.0415 and



wR = 0.1017 for 13321p20( 1)] andR; = 0.0511 anavR? = 0.1058 for all (1935) intensity data,
(number of parameters = 192, goodness-of-fit =(@,.8e maximum and mean shift/esd is 0.000
and 0.000). The maximum and minimum residual edecttensity in the final difference map
was 0.1 and -0.1 eA

The weighting scheme applied was: 1/[c*(F,*)+(0.063%)*+0.0176°] whereP = (F,*+2F)/3.
Hydrogen atomic positions were calculated from assligeometries H1O and H40. Hydrogen
atoms were included in structure factor calculatidut they were not refined. The isotropic
displacement parameters of the hydrogen atoms amymximated from th&l(eq) value of the
atom they were bonded to. ORTEP style molecularcgire diagram can be found in Figure 1,
further data are given in the supplement.

Crystallographic data (including structure factofg) the structure in this paper have been
deposited with the Cambridge Crystallographic Da&mtre as supplementary publication nos.
CCDC 1032325. The compound number in these fileBBEBO09. Copies of the data can be
obtained, free of charge, on application to CCDEZ Uhion Road, Cambridge CB2 1EZ, UK,
(fax: 144-(0)1223 336033 or e-madeposit@ccdc.cam.ac.uk
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