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Abstract: An alternative synthesis of a PDE5 inhibitor is reported
using a highly diastereosel ective Pictet—Spengler reaction.
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During the past few years, phosphodiesterase 5 (PDES)
inhibitors have been the focus of interest due to their
ability to enhance penile erection.! Indeed, thefirst market
introduction of aPDE5 inhibitor, Viagra® (sildenafil)? has
been a worldwide commercial success. Recently, several
other products, Levitra® (vardenafil)® and Cialis® (tadala-
fil),* have been developed. Eventually, new chemical
entities, such as the pyrrologuinolones, have emerged as
potent and selective inhibitors of PDES. Medicinal chem-
istsat Johnson & Johnson haveidentified RwWJ387273 as
apotent and selective PDE5 inhibitor (Figure 1).5 In order
to provide sufficient quantities of this new compound for
clinical trials, anovel synthesis has been devised.® In this
report, we present an aternative synthesis of the API
using a highly diastereosel ective Pictet—Spengler reaction
asthe key step.
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Figurel Potential PDES inhibitor

Inthe original route devel oped by the discovery chemists,
the B-tetrahydrocarboline 6 (Scheme 2) is obtained by a
racemic  Pictet-Spengler  condensation  between
tryptamine and the aromatic aldehyde 2. A chiral prepar-
ative liquid chromatography® or aresolution by diastereo-
meric salt formation’ enabled the separation of the two
enantiomers from the racemic mixture. Asymmetric Pict-
et—Spengler reactions have been reported using a chiral
auxiliary linked to the nitrogen atom of the tryptamine.®
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Scheme 1 Reagents and conditions: (i) 10 mol% PTSA, toluene,
Dean-Stark, 22 h, 73%.

Based upon the work of Cox and Cook,® it was decided to
use L-tryptophan derivatives as cheap sources of chiral
materials. Moreover, it was anticipated that Pictet—Spen-
gler cyclisation of 1 would give the desired trans product.

When the N-benzyl-L-tryptophan methyl ester (1) and a
stoichiometric amount of the aromatic aldehyde 2 are
refluxed in toluene in a Dean—Stark apparatus, in the
presence of a catalytic amount of PTSA (10 mol%), a
complete conversion to the B-tetrahydrocarboline 3 is
achieved after 22 hours. We were delighted to observe the
formation of the trans product 3 as a single diastereo-
isomer (as measured by NMR in the crude reaction
mixture).1%1115 Crystallisation from t-BuOMe affords
pure product 3 in a 73% yield (Scheme 1).

In order to obtain the key B-tetrahydrocarboline 5, the
ester function of compound 3 has to be removed
(Scheme 2). Initially, it is converted into the cyano func-
tion in three steps. saponification of the methyl ester in
alkaline media affords the corresponding carboxylic acid
intermediate (not shown). Then, without purification, the
amide derivative is formed by treatment with ammonium
carbonate and EEDQ as coupling agent.*? Finally, treat-
ment of the primary amide with POCI,;*® leads o its dehy-
dration and to the formation of the cyano derivative 4 in
50% yield (over three steps and after crystallisation from
t-BuOMe).® The cyano group is then substituted by a
hydride in an ethanol—pyridine mixture by treatment with
an excess of NaBH,.3141" The (R)-B-tetrahydrocarboline
5isisolated in 97% yield with an enantiomeric ratio (er)
of 95.7:4.3 as measured by chira HPLC. The benzyl
group is removed by hydrogenolysis in the presence of
catalytic amounts of palladium on charcoal. At room
temperature, the debenzylated product 6 is isolated in
82% yield without loss of enantiomeric purity.’® How-
ever, when the hydrogenolysisis performed at 50 °C, the
er dropsto 83.5:16.5 at complete conversion.
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Scheme 2 Reagents and conditions: (i) NaOH 15% w/w, MeOH-THF 1:1, 28 h, r.t.; (ii) (NH,),CO;, EEDQ, CH,Cl,, 16 h, r.t.; (iii) POCI,
DMF, 2 h, 0 °C, 50% from 3; (iv) 2 x 5 equiv NaBH,, pyridine-EtOH 1.2, 24 h, 70 °C, 97%; (v) H, (3 atm.), 5% w/w Pd/C 10%; cat. HCI,
MeOH, r.t., 82%; (vi) 1.1 equiv (CF,CO),, Et;N, 1 h, 0 °C, >95%; (vii) acetone, oxone®, NaHCO,, 0 °C then MCPBA, 60%.

The oxidation of the B-tetrahydrocarboline 6 into 9 has
aready been described using potassium superoxide.’
However, we have recently reported on the hazardous
behaviour of this oxidation especially on large scale.® The
oxidation of trifluoroacetamide 7*° by dimethyldioxirane,
generated in situ, followed by addition of MCPBA leads
to compound 8 in 60% vyield in a safe and scalable
manner.?°

Treatment of the nine-membered heterocycle 8 with two
equivaents of KOH in ethanol affords the N-deprotected
pyrroloquinolone 9 in 90% yield (Scheme 3).2* At that
stage, compound 9 could be enantioselectively enriched to
>99.5:0.5 either by chiral preparative HPLC or by enanti-
oselective crystallisation of the HCI salt.?? Finally the de-
sired PDE5 inhibitor RWJ387273 is obtained in 90%
yield by the coupling of the secondary amine 9 with 2-bro-
mopyridine under palladium catalysisin THF at 60 °C.%
Thetemperature range for the coupling isrelatively small:
(1) in refluxing THF or in higher boiling solvent such as
1,4-dioxane, epimerisation of the stereogenic centreis ob-
served; (2) below ca. 45 °C, the conversionis slow dueto
the poor solubility of the starting material. Crystallisation
of the methanesulfonate salt of RWJ387273 from metha-
nol leadsto final API in >99.5:0.5 er?* and 80.5% yield.

In conclusion, we have developed a scalable, safe and
highly enantioselective synthesis of RWJ387273 based
upon a diastereosel ective Pictet—Spengler reaction start-
ing from a cheap amino acid derivative. The synthesis
consists of a 12-step sequence and delivers the final
product with an enantiomeric ratio of >99.5:0.5.
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Scheme 3 Reagents and conditions: (i) 2 equiv KOH, EtOH, 16 h,
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Procedurefor Compound 3 (65 mmol scale).

In around-bottomed flask charged with toluene (6 L/mol),
N-benzyl-L-tryptophan methy! ester (1 equiv) and the
aromatic aldehyde 2 (1.05 equiv) were added at r.t. Finaly,
PTSA (0.1 equiv) was added and the reaction mixture was
refluxed in aDean-Stark apparatusfor 22 h. After cooling to
r.t., sat. aqg NaHCO; (0.2 L/mol) was added. After 15 min of
stirring and then separation of the two phases, the organic
solvent was evaporated under vacuum. The obtained crude
product was purified by crystallisation from t-BuOMe (3 L/
mol) to afford compound 3 in 73% yield. *H NMR (300
MHz, CDCly): § = 7.51-7.07 (m, 12H), 6.72(d,1H,J=8
Hz),5.39(s, 1H),4.53(t,2H, J=9Hz),3.94 (m, 1H), 3.80
(m,2H),3.61(s,3H),3.19(m, 2H), 3.13(t,2Hz, J = 9Hz).
BCNMR (75 MHz, CDCl,): 6 = 173.7, 160.0, 139.7, 136.5,
135.6,134.0,128.9,128.5,128.3,127.7,127.1, 127.0, 125.3,
1215, 119.3, 118.2, 110.8, 108.9, 71.4, 60.4, 56.1, 54.2,
51.3,29.6, 24.5. IR: 3388, 1732, 1601, 1488, 1451 cm™.
MS (El, 70eV): m/iz=438.3, 379.4, 347.1, 184.2.
Procedurefor Compound 4 (46 mmol scale).

Compound 3 (1 equiv) was dissolved in MeOH-THF (6 L/
mol; 1:1) at r.t. Then, ag NaOH (3 L/mol, 15% w/w) was
added in one portion. After 28 h of gtirring at r.t., the organic
mixture was acidified to pH 6-7 and extracted by CH,CI, (5
L/moal). *H NMR (300 MHz, CDCl;): § =8.20 (br s, 1 H),
7.60 (s, 1H), 7.43 (d, 1 H, J=8 Hz), 7.21-6.94 (m, 10 H),
6.58(d,1H,J=14Hz),5.22(s,1H),4.40(t,2H, J = 9H2z),
3.88(m, 1H), 3.85 (AB, 1H, J= 14 Hz), 3.74 (AB, 1 H,
J=14Hz),3.13(d,2H,J=5Hz),3.00 (t, 2H, J=9 H2).
Then, at r.t., (NH,),CO; (3 equiv) and EEDQ (1.1 equiv)
were added to the CH,CI, phase. After a16 h stirring period,
the organic phasewasfiltered over dicdite. Then theorganic
layer was washed with H,O (3 L/mol) and the organic
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(18)

(19)

(20)

solvent was evaporated under reduced pressure. *H NMR
(200 MHz, CDCl,): 8 =7.72—7.64 (m, 2H), 7.40-7.15(m, 8
H), 6.90-6.64 (m, 4 H), 5.60 (br s, 1 H), 4.90 (s, 1 H), 452
(t,2H,J=9Hz),3.90 (m, 1 H), 3.88 (AB, 1 H, J=4 H2),
3.66 (AB,1H,J=4Hz),3.15(m,2H),3.07(2H,J=9
Hz). The obtained primary amide (1 equiv) wasdissolved in
dry DMF (10 L/mol) at 0 °C. After addition of pyridine (0.7
L/mal), POClI; (1.2 equiv) was added dropwise to the
reaction mixture. After a2 h stirring period at 0 °C, the
reaction mixture was quenched with a CuSO, aq solution
and extracted with CH,CI,. After evaporation of the organic
solvent, the obtained solid was purified by crystallization
fromt-BuOMeto afford compound 4in50%yield. *H NMR
(200 MHz, CDCl,): 8 = 7.62—7.58 (m, 1 H), 7.47-7.16 (m,
11 H), 6.84(d, 1 H,J=11Hz),4.96 (s, 1 H), 4.76 (t, 2 H,
J=11Hz),4.19(AB,1H,J=18Hz),3.60(AB,1H,J=18
Hz), 3.46-3.20 (m, 2 H). 3C NMR (50 MHz, CDCl,): § =
160.4,137.4,136.4,134.3,131.4, 129.0, 128.6, 128.5, 128.1,
127.7, 126.6, 125.3, 121.9, 119.5, 118.1, 117.2, 110.9,
109.3, 104.8, 71.4, 61.9, 55.4, 48.4, 29.4,25.5. |R: 3388,
2848, 2219, 1612, 1489, 1467, 1453, 1302, 1234 cm™.
MS (El, 70 eV): m/z=404.4, 260.1, 233.1, 169.1, 91.5.
Procedure for Compound 5 (1.23 mmol scale).
Compound 4 (1 equiv) was dissolved in EtOH—pyridine (5
L/moal, 2:1) at r.t. Then, NaBH, (5 equiv) was added and the
reaction mixture was heated to 70 °C for 12 h. A second
portion of NaBH, (5 equiv) was added and the reaction
mixture was stirred for additional 12 h at 70 °C. After
completion, aqgNH,CI (5 L/mol) and CH,ClI, (5 L/mol) were
added. The organic layers were separated and the organic
solvent was evaporated under reduced pressure to afford
compound 5in 97% yield; er 95.7:4.3. *H NMR (200 MHz,
CDCl3): 8 =7.56-7.03 (m, 11 H), 6.81 (d, 1 H, J= 8 Hz),
4.64(t,3H,J=9Hz),3.92(AB, 1H,J=14Hz), 3.42 (AB,
1H,J=14Hz),3.35-3.19 (m, 3H), 3.00-2.61 (m, 3H). MS
(El, 70 eV): miz=1380.1, 355.1, 261.2, 260.1, 184.1, 91.0,
73.1. IR: 3406, 1614, 1488, 1307, 1241, 981 cm ™.,
Procedurefor Compound 6 (2.95 mmol scale).

See ref. 5f and 6b: *H NMR (200 MHz, CDCly): 6 = 7.63-
7.52 (m, 2 H), 7.25-7.02 (m, 5 Hz), 6.73 (d, 1 H, J = 8 HZ),
5.08 (s, 1H),4.55(t, 2H,J=8Hz),3.35(m, 1 H), 3.12 (1,
2H,J=8Hz),3.08 (m, 1H),2.85(m, 2H), 1.80 (s, 1 H).
Procedure for Compound 7 (69 mmol scale).

Compound 6 (1 equiv) was partially dissolved in CH,Cl, (5
L/moal) at r.t. After cooling at 0 °C, Et;N (1.5 equiv) was
added followed by the dropwise addition over 10 min of
(CF,CO)O (1.2 equiv) in CH,CI, (1 L/moal). After a0.5h
stirring period, the reaction mixture was quenched with sat.
NaHCO;. The organic layer was evaporated under reduced
pressure to afford compound 7 in >95% yield.'H NMR (300
MHz, CDCl,): § =7.90 (br s, 1H), 7.54 (d, 1 H, J = 7 Hz),
7.32—7.02 (m, 5H), 6.82 (s, 1 H), 6.69 (d, 1 H, J =8 Hz),
455 (t,2H, J=9Hz),4.08 (m, 1 H), 3.55 (m, 1 H), 3.13 (t,
2H,J=9Hz),2.98 (m, 2H). ¥C NMR (150 MHz, CDCl,):
8 =160.5, 136.3, 130.4, 130.3, 128.9, 127.8, 126.2, 125.6,
1225, 119.9, 118.2, 111.2, 109.4, 109.2, 71.5, 53.6, 45.9,
29.4,22.2. ®F NMR (300 MHz, CDCl,): § = —68.64.
Procedure for Compound 8 (44 mmol scale).

Confer ref. 6a, mixture of tautomers; *H NMR (600 MHz,
DMSO-dg): 6 =10.94 (s, 1 H, 90%), 10.68 (s, 1 H, 10%),
7.62 (m, 1 H), 7.43 (m, 2 H), 7.30 (m, 1 H), 7.06 (s, 1 H),
6.89 (d, 1H, J=8Hz), 6.73 (m, 1 H), 6.13 (s, 1 H, 90%),
6.02 (s, 1H,10%),4.51(t,2H,J = 9Hz),4.42(m, 1H), 3.55
(m, 1 H), 3.16 (m, 2 H), 3.02 (m, 1 H), 2.93 (m, 1 H). 3C
NMR (150 MHz, DM SO-dg): 8 =202.2, 168.4, 159.5, 137.9,
136.4, 132.5, 128.0, 127.6, 127.0, 126.7, 126.3, 125.4,
123.9, 108.6, 71.2, 61.8, 44.0, 43.3, 39.8, 39.6, 39.3, 3.09,
29.1.
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Procedurefor Compound 9 (12 mmol scale).

Compound 8 (1 equiv) was dissolved in EtOH (10 L/mol) at
r.t. Then, KOH (2 equiv) dissolved in H,O was added to the
reaction mixture. After a 16 h stirring period at r.t., sat.
NH,CI was added and the reaction mixture was extracted
with EtOAc. The evaporation of the organic layer under
reduced pressure afforded compound 9 in 90% yield. H
NMR (400 MHz, DMS0): § = 11.58 (s, 1 H), 8.13 (d, 1 H,
J=7.81Hz),7.61-7.53 (m, 2 H), 7.29 (ddd, 1 H, J = 8.12,
5.85,2.14 Hz), 7.17 (s, 1 H), 7.07 (dd, 1 H, J=8.31, 1.76
Hz),6.73(d, 1H,J=8.31Hz),5.38 (brs, 1 H), 4.50 (t, 2 H,
J=9.06 Hz), 4.18 (dd, 1 H, J=12.97, 2.90 Hz), 4.02 (dd, 1
H,J=12.97,1.38Hz),3.60 (brs, 1H),3.13(t,2H,J=8.69
Hz). ®*C NMR (100 MHz, DM S0): § = 173.5, 159.3, 153.9,
140.7, 134.5, 131.0, 127.6, 127.4, 125.2, 124.7, 124.3,
122.7, 118.4, 118.0, 108.6, 71.0, 66.3, 48.9, 29.0.
Enantioselective Enrichment of Compound 9 (33.35 mol
scale).

Compound 9 (1 equiv) wasdissolvedinH,O (2L/mol) at r.t.
Then, aq HCI 34.5% w/w (0.09 L/mol) was dropwise added
to the heterogeneous mixture. Afterwards, the reaction
mixture was heated at 60 °C and 2-PrOH (0.54 L/mol) was
added dropwise. After 30 min, the reaction mixture was
cooled down to r.t. and stirred overnight. The reaction
mixture was filtered and dried under reduced pressure. The
obtained HCI salt wasdissolved in EtOH (4 L/mol) at r.t. and
aq NH; 50.5% w/w (0.1 L/mol) was added dropwise. After
addition of H,O (2 L/mol) and seeding with compound 9, the
reaction mixture was stirred for 16 h at r.t. The desired
compound 9 was obtained by filtration with an er >99.5:0.5
in 59% yield.

Procedurefor RwWJ387273 (2.5 mol scale).

In degassed THF (10 L/mol) under inert atmosphere,
Pd,(dba), (0.04 equiv) was added followed by the addition
of (+)-BINAP (0.09 equiv) at r.t. After stirring for 30 min, 2-
bromopyridine (1.2 equiv) was added over 10 min. Finaly,
pyrroloquinolone 1 (1 equiv) and t-BuONa (2.5 equiv) were
added and the mixture was allowed to warm up to 60 °C and
kept at that temperature for 5 h. After cooling tor.t., dicalite
(20 g/mal) was added and the mixture wasfiltered. The cake
was washed with THF (2 L/mal). Then, H,O (8 L/mol) was
added to the organic mixture, followed by ag HCI 34.5%
w/w (0.275 L/mol). After stirring for 30 min at r.t., EtOAc
(4.3 L/mol) was added and the mixture was stirred for

Synlett 2007, No. 5, 709-712 © Thieme Stuttgart - New York
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another 15 min. The two layers were separated and the
organic layer was discarded. Then, EtOAc (5.4 L/mol) was
added to the aqueous layer, followed by the addition of aq
NH; 50% wi/w (0.26 L/mol). After stirring for 30 min, the
agueous layer was removed and the organic phase was
evaporated to dryness. The desired pyrroloquinolone 2
(yield = 135%) was obtained with a quality of 66.1%,
corresponding to an active yield of 89.2%. The ee of the
R-enantiomer was 99%. The product contained 2530 ppm of
residual Pd.

The obtained pyrrol ogquinolone was dissolved in MeOH (80
L/moal) at r.t. After heating to 60 °C, the mixture was stirred
for 1 h at thistemperature. Then, Norit A Supra (35 g/mal)
and dicalite (3.5 g/mol) were added. The mixture was stirred
for another 20 min and thereafter filtered. The cake was
washed with MeOH (1.7 L/mol). The solvent was reduced to
10%, at 50 °C. Subsequently, MsOH (1.02 equiv), dissolved
inMeOH (0.3 L/mol) was added over 10 min to the mixture.
Findly, the solution was cooled down to 20 °C and stirred
for 20 h. The mixture was filtered and the cake was washed
with MeOH (0.5 L/mal). After drying for 45 h, R290629
were obtained (yield 80.5%) with aHPL C quality of 100%
and >99.5:0.5 er. The amount of residual Pd was below 10
ppm.

Free base: 'H NMR (400 MHz, CD;0D): § =8.30 (d, 1 H,
J=9.3Hz),8.02(m, 1H), 7.35(m, 4H), 7.10 (m, 3H), 6.55
(m,2H),4.85(d, 1H,J=22.0Hz),4.54(d, 1H,J=22.0
Hz), 4.40(t,2H,J=9.5Hz),2.92 (t,2H, J= 9.5 Hz).
Analytical Method.

The progress of the reaction and the purity of the products
were measured by HPLC, employing (Method A: LCCOL/
209/01/01) a 10 cm Hypersil BDS column (4.0 mm1.D., 3
um spherical material, UV wavelength of 254 nm) atr.t. The
elution gradient was 5% MeCN/95% NH,OAc (0.5% in
H,0) ramping to 95% MeCN/5% NH,OAc (0.5% in H,O)
over 16 min, at aflow rate of 1.2 mL/min, then kept 95%
MeCN/5% NH,OAc (0.5% in H,O) for 3 min. Optical
purities were measured by Capillary Electrophoresis
employing (Method B: CEO 01/211/01/01) a57 cm
uncoated fused silicacolumn (75 um1.D., 375um O.D., UV
wavelength of 200 nm) at 20 °C. Themobile phase consisted
of a50 mM phosphate buffer, at pH 3.0; the chiral selector
of 10 mM DM-B-CD. Each run lasted 30 min.
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