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Tadalafil (Fig. I ,  CialisTM, Icos/Lilly),'-* which was approved in 2003 by the FDA for 
the treatment of male erectile dysfunction (MED), has elicited a great deal of interest in its 
analogues because of its decreased side-effects and significantly longer duration of action 
compared to Sildenafil (ViagraTM, P f i ~ e r ) . ~ ~ ~ . ~  

sildenafil Fig. 1 tadalafil 

The reported synthesis of tadalafil' is not without problematic steps. The ICOS route 
(Scheme 1)  which utilizes hifluoroacetic acid (TFA) to catalyze the Pictet-Spengler reaction not 

0 

a) Piperonal (1.04 equiv), TFA (2 equiv), CHzC12, +4"C, 5 d (41 %, 1.5: 1 cis:trans); b) CICOCH2CI 
(2.4 equiv), NaHC03 (1.2 equiv), CHCll(62%); c) MeNH2 (3.8 equiv), MeOH, 50°C 16 h (70%) 

Scheme 1 
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only involves the use of low temperature (4°C) and long reaction times (5  days) but only gives 
moderate yields (41 %) of the desired cis-diastereomer. 

Some modifications have been suggested to overcome the drawbacks of the original 
sequence. Jefferson et ~ 1 . ~  reported a method in which chloroacetyl chloride was used as the 
acylating reagent to promote the Pictet-Spengler of the N-acyliminium salt to 1 in step a. 
Although this modification has the advantage of eliminating the subsequent acylation step (step 
b), even lower reaction temperatures (-25°C) were required and produced the desired isomer in 
only modest yield (44%) and in poor diastereoselectivity (1.3: 1 &:trans). Orme et aL7 proposed 
that the diastereoselectivity could be improved if D-tryptophan methyl ester hydrochloride was 
refluxed with piperonal in  isopropyl alcohol. However, the relatively expensive isopropyl 
alcohol must be anhydrous and free from acetone. 

In our effort to obtain tadalafil analogs, we found that 0.25 equiv of conc. hydrochloric 
acid can be used instead of TFA (2 equiv) for the traditional Pictet-Spengler reaction (step a) 

with a significantly higher yield (86%) of the desired cis-diastereomer (Scheme 2). Thus, D-tryp- 
tophan methyl ester hydrochloride was refluxed with piperonal for 36 h under the catalysis of 

cis I 0’ 
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COOCH, 
p q x ‘  

cis 1 ‘0 J trans 1 ‘0’ 
0 

a) Piperonal (1.09 equiv), conc. HCI (0.25 equiv), methanol, reflux, 36 h, monitored by HPLC (85%, 
10: 1 cis:trans); b) ClCOCH&I (2.1 equiv), NaHC03 (2.4 equiv), H20/CH2C12 (78%); c) MeNH2 
(2.8 equiv), CHC13, reflux, 7 h (88%) 

Scheme 2 

methanolic hydrochloric acid (0.16 mow)  and the cis-isomer precipitated as its hydrochloride 
salt while the trans-salt remained in solution. Presumably, under these conditions, the methanolic 
hydrochloric acid effects the epimerization at the indole C- 1 by scission of the carbon-nitrogen 
bond,” and the different solubility in methanol between the isomer salts favors a more complete 
conversion to cis-isomer. In the second step, addition of a solution of chloroacetyl chloride in 
dichloromethane to an aqueous solution of cis- 1 gave the desired product which could be isolated 
easily and did not require further purification. The product thus obtained was reacted with 
methylamine in refluxing chloroform to afford tadalafil in a good yield (88%) (step c). 
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In summary, we report a facile and diastereoselective route for the synthesis of tadalafil. 
This procedure has the advantages of higher yields and greater diastereoselectivity, easier work- 
up, and shortened reaction times. 

EXPERIMENTAL SECTION 

Melting points were determined using a Biichi 510 melting point apparatus, and were not 
corrected. 'H NMR spectra were recorded on Varian Mercury Plus 400 MHz spectrometer. 
Microanalyses were carried out on a Leco CHN-200 elemental analyzer. 

Synthesis of cis-Tetrahydro-P-carboline Hydrochloride (cis-l).- D-Tryptophan methyl ester 
hydrochloride (100 g, 0.39 mol) and piperonal (64 g, 0.43 mol, 1.09 equiv) were dissolved in 
methanol (600 mL), and conc. hydrochloric acid (8 mL, 0.25 equiv) was added. The progress of 
the reaction was monitored by HPLC. After refluxing for 36 hr with mechanical stirring, the 
mixture was stored in the refrigerator overnight. The solid which preciptated was collected and 
washed with ether (2 x 100 mL), and dried to afford the cis-tetrahydro-P-carboline hydrochloride 
(130 g, 85%) as a white solid, mp. 2O8-21O0C, 1it.l 209-212°C. EMS: 350 (M+, 36%), 307, 149, 
70 (100%). 'H NMR (CDCI,): 6 7.52 (d, lH, J = 7.4), 7.50 ( s ,  IH), 7.21 (d, lH, J = 7.7), 7.12 
(m, 2H), 6.87 (d, lH, J = 7.9), 6.79 (m, 2H), 5.94 (s, 2H), 5.15 (s, IH), 3.94 (dd, lH, J, = 4.2, J2 
= 11.1), 3.80 ( s ,  3H), 3.20 (dd, lH, J ,  = 4.2, J 2 =  15.1), 2.97 (dd, IH, J ,  = 11.3, J2 = 15.1). 
HPLC details: Column: ZORBAX Elipse XDB-C 18,4 x 150 mm; MeCN/H,O gradient: MeCN 
0 min 15%, 20 min 85%; temperature: 25°C; flow rate: 0.6 mL/min; UV Det.: 285 nm; injection 
volume: 3 pL; retention Time: 17.5 min. 
Synthesis of N-Chloroacetylcarboline (2).- The cis-isomer obtained above (1 16 g, 0.30 mol) 
and NaHCO, (60 g, 0.71 mol) were added into a mixture of 650 mL of water and 700 mL of 
CH,Cl,. After stirring for 2 h, a solution of 29 mL of chloroacetyl chloride (0.63 mol) in 50 mL 
CH2C12 was added dropwise over 2 h with ice-bath cooling and agitation; stirring was continued 
overnight without temperature control. The precipitate was collected and dried to give 100 g 
(78%) of colorless solid, mp. 227-230°C, lit.' 233°C. 'H NMR (CDCI,): 6 7.75 (s, lH), 7.60 (d, 
lH, J = 7.4), 7.38 (d, 1H, J = 7.7), 7.19 (m, 2H), 6.90 (s, 1H), 6.84 (s, lH), 5.66 (m, 2H), 5.92 (s, 
2H), 4.94 (s, lH), 4.35 (d, lH, J = 12.1), 4.22 (d, lH, J = 12.4), 3.67 (d, lH, J = 16.1), 3.18 ( s ,  
3H), 3.18 (d, 1 H, J = 20.6). 
Synthesis of Tadalafil (3).- Intermediate 2 (100 g, 0.23 mol) was suspended in 1500 mL of 
CHCl, and 80 mL of an ethanolic methylamine solution (0.65 mol, 33% in ethanol) was added. 
The mixture was refluxed for 7 h, the solvent was removed, and the residue washed with 
aqueous ethanol (water-ethanol l:l), and dried under vacuum to afford 80 g (88%) of white 
solid, mp. 301-302"C, lit.' 302-303°C. [a]: = +71 (c = 1.05, CHCl,), Zit.' [a]: = + 71 (c = 1.00, 
CHCl,). EMS: 389 (M, loo%), 390, 262, 204. 'H NMR (CDCI,): 6 7.80 (s, lH), 7.61 (d, IH, 
J = 6.7), 7.28 (d, lH, J = 6.4), 7.17 (m, 2H), 6.87 (d, lH, J = 7.9), 6.71 (m, 2H), 6.16 (s, 1H), 
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5.58 (d, 2H, J = 9.6), 5.30 (s, lH), 4.32 (dd, lH, J ,  = 11.9, J2 = 5.0), 4.03 (m, 2H), 3.79 (dd, IH, 
J,=16.3J2=4.9),3.21(dd, 1H,J,=15.9J2=11.6),3.10(~,3H). 
Anal. Calcd for C,,H,,N,O,: C, 67.86; H, 4.92; N, 10.79. Found: C, 67.84; H, 4.66; N, 10.81 
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