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Abstract: A novel and simple solid phase synthesis of unsymmetrical secondary amines was developed.
he general methodology was applied to the synthesis of arylethanolamines and aryipropanolamines.
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Combinatorial chemistry has attracted widespread attention in recent years. Significant progress has
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been made in the development of solid phase and solution phase methodologies for the synthesis of larg

stepwise introduction of two substituents that can lead to differentially unsymmetrical secondary amines. Also,
many therapeutically important arylethanolamines and arylpropanolamines (Figure 1) contain unsymmetrical
secondary amines.” These chemotypes have a wide range of activities, including o, B-adrenoreceptor and
monamine reuptake binding affinities. Regulation of these sites have been sought in the treatment of high blood
pressure, asthma, diabetes, anxiety, depression etc. In spite of possessing these therapeutically important
activities, these compound classes have eluded the attention of combinatorial chemists. We report herein a
simple solid phase synthetic approach to prepare differentially substituted secondary amines and in particular,

arylethanolamines and arylpropanolamines (Figure 1).

An effort was initiated to establish a general method for the synthesis of unsymmetrical secondary
amines (Scheme 1). Thus, Fmoc deprotection of commercially available Fmoc-Knorr resin (0.8 mmol/g obtained
from Advanced ChemTech) (1) with piperidine-DMF (1:1) followed by reductive alkylation of the resin with 4-

4 1 i lat +
fluorobenzaldehyde gave the corresponding alkylated Knorr resin (2).” During this reaction, dialkylation was not
observed as cleavage (1:1-TFA:CH,Cl,) of the product resin provided only the benzyl amine and none of the

corresponding dibenzyl amine. Alkylation of the resin bound secondary amine with benzyl bromide was then
attempted under various conditions. The reaction was complete in DMF-acetone (1:1) as solvent at room

temperature in presence of 3.0 equivalents of alkylating agent and afforded resin (3). The resulting resin was
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then subjected to acidolysis (TFA-dichloromethane; 1:1) to furnish the trifiuoroacetate sait of amine (4

) in 66%

overall yield and 95% purity.

Scheme 1
1. Piperidine-DMF (1:1)
2. R,CHO, NaHB(OAc), ,  ArCH;Br, DIPEA
(D nrvm 1% AcOH -~ [ DMF-Acetone (1:1)
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R, = 4-Fluorophenyl

could be readily obtained by alkylation of a resin bound secondary amine with either $-haloacetophenones or y-
halopropionophenones followed by ketone reduction and final cleavage from the resin (Scheme 2).

Alkylation of the resin bound secondary amine (2) with 2-chloroacetophenone and 3-
chloropropionophenone was attempted using the conditions utilized for benzyl halides. However, the reaction
was incomplete when carried out at room temperature even in presence of a large excess of alkylating agent.
Furthermore, alkylation with the more activated 2-bromoacetophenone resulted in partial quaternary salt
formation. Ultimately, the reaction was successfully carried out using 3 equivalents of alkylating agent at 50°C

in DMF-acetone (1:1) as solvent. The resulting ketones (5 and 6) were reduced using sodium borohydride to
give the corresponding i“Si'] bound alcohols (7 and 8). This reaction was monitored by disappearance of the
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out using TFA—methylene chloride (1:1) to afford the final products 9 and 10 wi
respectively. The overall yield (for the 3 steps) was 45% and 56%, respectively. ~ 56

Next, the parallel synthesis of 24 compounds from four benzaldehydes, three 2-chloroacetophenones
and three 3-chloropropionophenones was carried out. The results of this synthetic run are as presented in the
Table. In general, the reaction sequence worked extremely well with the 2-chloroacetophenones. The average

yield and purity was 56% and 93%, respectively. In the case of the 3-chloropropionophenones, the yield and
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roducts derived from simple 3-chloropropionophenone and 4’ -fluoro-(3-chloro)-
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propionophenone were comparable to that obtained from the corresponding 2-chlor0acetophenones. However,
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1€ produ 20 and 32) ined from 4’-bromo-(3-chloro)-propionophenone required purification by
preparative HPLC. The main impurities in these samples were the corresponding benzy! amines derived from
incomplete alkylation of the resin (2).
Scheme 2
R,CHCH, I /\(\/ﬁ NaBH,, THF-EtOH
or :
@—NH » (BN "R, (1:1) -
P R,COCH,CH,CI -
e DMF-acetone (1:1) N
= S20=9
DIPEA, 50° 6n=1
OH OH
A TFA-CH,CL, (1:1) ey O
W—/ll‘ >~ R, - tﬁq R,
R; _Z n= 0 Rj ?An = 0‘
8§n=1 10n=1
Table
Compound # Ry Ry n % Yield % Purity
9,10 4-fluorophenyl phenyl 0,1 45 56b 96°. 92[’
11,12 4-fluoropheny! 4-fluorophenyl 0,1 58% 63" 94* 91°
13 4-fluorophenyl 3-methoxyphenyl 0 62 98
14 4-fluorophenyl 4-bromophenyl 1 39 98
15,16 | 2-chloro-4-fluorophenyl phenyl 0,1 732 64° 96 93°
17,18 2-chloro-4-fluorophenyl 4-fluorophenyl 0, 1 66° 57b 892 97b
19 2-chloro-4-fluoropheny!l 3-methoxyphenyl 0 59 4
20 2-chloro-4-fluorophenyl 4-bromophenyl 1 43%* 95°
21,22 2=c"anopuen"1 puen"l 01 6"3, 63b 903, ggb
23,24 2-cyanophenyi 4-fluorophenyl 0,1 62° 54° 93% 04°
25 2-cyanophenyl 3-methoxyphenyl 0 61 97
26 2-cyanophenyl 4-bromophenyl 1 32* 97¢
27,28 2-bromo-5- phenyl 0,1 592 65b 89° 91b
methoxyphenyl
29,30 2-bromo-5- 4-fluorophenyl 0,1 61% 58° 972 9¢°
methoxvnhenvl ? ’
....... oxypheny!
31 2-bromo-5- 3-methoxyphenyl 0 72 93
methoxyphenyl
32 2-bromo-5- 4-bromophenyl 1 30* 98¢
methoxyphenyl

®and °® denote n = 0 and n =1 respectively. * and “ denote yield and purity obtained after preparative HPLC.
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nes has been develcped Further exploitation of this methodology for the synthesis of other biologically

a) Hermekens, P. H. H.; Ottenheijm, H. C. J.; Rees, D. C. Tetrahedron, 1997, 53, 5643-78; b) Balkenhohl,
F.; Bussche-Hunnfeld, C,; Lansky, A.; Zechel, C. Angew. Chem. Int. Ed 1996, 35, 2288 and references cited
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Hoekstra, W. 1.; Greco, M. N.; Yabut, S. C,; Hulshizer, B. E.; Maryanoff, B. E. Tetrahedron Lett, 1997, 38,
2629; ¢) Morphy, R.; Rankovic, Z; Rees, D. Tetrahedron Lett, 1996, 37, 3209, d) Hauske, J. R.; Dorff, P
T etrahedron Lett., 1995 36, 1589.

a) In a 1995 survey, thirteen of the top 200 drugs ranked by prescription volume were ethanolamine based
compounds (source: Pharmacy Times, April 1996); b) Hieble, J. P.; Bond, R. A. Trends in Pharmacological
Sciences, 1994, 15, 397; c) Hieble, J. P.; Ruffolo, R. R..; Ruffolo, R. R. J Med. Chem. 1995, 38, 3415; d)

Ruffolo, R. R.; Ruffolo, R. R.; Hieble, J. P. J Med. Chem. 1995, 35, 3681.
Look, G. C; Murphy, M. M.; Campbell, D. A.; Gallop, M. A. Tetrahedron Lett, 1995, 36, 2937.

General F)menmenm] Procedure for 9 A qlmnenqmn of commercially available Fmoc-Knorr resin (150 mg,

0.132 mmol) in DMF-piperidine (1: 1) was vortexed for 30 minutes. The solvent was drained and the resin
was washed with DMF (3 X § mL) and then resuspended in a mixture of DMF-trimethyl orthoformate (5
mL, 1:1). 4-Fluorobenzaldehyde (20 mg, 0.16 mmol) and acetic acid (10 pL) were added and the resin was
allowed to vortex for 1 hour. Sodium triacetoxyborohydride (41 mg, 0.2 mmol) was added and the resulting
suspension was vortexed overnight. The resin was successively washed with DMF (3 X 5 mL),

s oy

dichloromethane (3 X 5 mL) and finally with methanol to afford resin 2. 2- Lmoroacetopnenone (60 mg, 0.4
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heated at 45°C for 10 rs. Thereupon the resin was washed with DMF (3 X 5 mL) and THF (2 X5 mL)
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mixture of THF-ethanol (8 1L, 1:1) and the mixture was vortexed for 4 hours. 'Fh 1 was successively

washed with THF 2 X5 mL), 10% acetic acid solution in THF (3 X 5 mL), THF (2 X 5 mL) and finally
methanol (2 X 5 mL), to give resin 7. Resin 7 was shaken in a mixture of TFA-dichloromethane (5 mL, 1:1)
for 3 hours and the resulting solution was filtered and concentrated to give a pale brown colored residue.
The residue was reconstituted in methanol and concentrated to give compound 9 as the trifluoroacetate salt

A -

{21.3 mg) in 45% overall yield {from Knorr resin).

1 A 1 A hy ETINAQ AIDT M
i1 COMPpOoUnaGs were anaiyzed oy Ciaivid and nrio

and 10 were also analyzed by 'H and °C NMR.
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