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Abstract

The chiral building block $)-N-benzylN-isopropyl-2,3-epoxypropylamine is obtained by means of chlorohy-
droxylation of allylamine, followed by Jacobsen’s hydrolytic kinetic resolution with water. A concise, divergent
five-step synthesis of threp-adrenergic blocking agents in high enantiomeric excess uSh{l-{enzylN-
isopropyl-2,3-epoxypropylamine as the key intermediate is described. © 1999 Published by Elsevier Science Ltd.
All rights reserved.

1. Introduction

The enantiomers of chiral drugs often show different pharmacological and metabolic characteristics.
The synthesis of homochiral drugs has become a key issue not only in academic research but also in
the pharmaceutical industtyB-Adrenergic blocking agents of the 3-(aryloxy)-2-hydraXyisopropyl-
propylamine, typel (Scheme 1), are such a group of drugs whose biological activity resides almost
exclusively in theSenantiomer. For instance, ag#@locker with longer plasma half-life, tHeisomer of
propranolollais 100-fold more potent than thieform.2

Many syntheses of the homochifadadrenergic blocking agenishave been published, mainly using
two strategies through the disconnection of bonds a or b (Scherfi€ Zhe disconnection mode a
of 1 gives the §-3-(aryloxy)-2-hydroxypropylamine€, which can be obtained from the enzymatic
resolution of intermediate compountissymmetric ring-opening of aryl glycidyl ethers with TMSN
catalysed by Salen (Cf)pr nitroaldol reactior?. With the disconnection mode b§)tarylglycidyl ether
3is obtained. Many methods have been adopted to prepare this chiral aryl glycidyB cibreexample,
Sharpless asymmetric epoxidatimnd asymmetric dihydroxylatidnor from enantiomerically pure
natural product§.
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ArOH [Blocker
/k la: a-Naphthol Propranolol
Aro/\i/\',“ 1b: Guaiacol
"o 1 : (2-Methoxyphenol) Moprolol
lc: m-Cresol
(3-Methylphenol) Toliprolol
Scheme 1.

By retrosynthetic analysis, we envisaged that the disconnection mode c is an alternative and convenient
strategy, which gives theS|-N-benzylN-isopropyl-2,3-epoxypropylaminé and phenols. According to
the Dictionary of Drugs® there are more than 30 kinds ffadrenergic blocking agents, which have
a similar structure. The substituent on the nitrogen atom is always the isopropyl group and they only
differ in the aryloxy group, such as propranotbd, moprolol 1b, toliprolol 1c. Gowther et al. have
synthesised 54 kinds of compounds of tyhevarying with different substituted phenoxy groups, to
scan the physiological activify. To synthesise this series pfblockers, we think the third strategy is a
more convenient and effective one, because we can open the epoxide ring of the general intermediate,
(S-N-benzylN-isopropyl-2,3-epoxypropylamind by using different phenols, to give a series of the
corresponding products.
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4

Scheme 2.

Obviously, the key step of the third strategy is how to synthesise the optically active epoxypropylamine
4. To the best of our knowledge, few methods have been reported in the literature that afford this three-
carbon chiral intermediate or its derivativesOur group reported the Pd-catalysed chlorohydroxylation
of allylamine and found that the products were easily converted into 2,3-epoxypropyldrhingsthe
asymmetric induction of an attempted asymmetric chlorohydroxylation from a chiral allylamine was
not very satisfactory. Recently, Jacobsen et®&P reported a convenient method to obtain optically
active terminal epoxides by an efficient hydrolytic kinetic resolution. Afterwards, this procedure was
adopted by other authors to synthesise chiral terminal epokidesTo date there has been no report
about the kinetic resolution of aminomethyl substituted epoxide. Herein we would like to disclose
the synthesis of the chiraBf-N-benzylN-isopropyl-2,3-epoxypropylaminé through the Pd-catalysed
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chlorohydroxylation of allylamines and the kinetic resolution of the reaction product with water
catalysed by $9)-(Salen)Co(lll)OAc!? and provide an example of its application as a chiral building
block in divergent protocol to prepafeadrenergic blocking agents. The synthesesSpip(opranolol

1a, (§-moprolol 1b, (S)-toliprolol 1ccan serve as the examples.

2. Results and discussion

By treatment ofN-benzylN-isopropylallylamine6 with water in the presence of ##dCl/CuCh at
—-10°C in DMF, followed by decomplexation of the CuGtom the chlorohydroxylation product with
excess NgS-9H,0,12 N-benzylN-isopropyl-2,3-epoxypropylamin8 was obtained directly with high
yield (Scheme 3). In this step, the reaction temperature was the most important factor. If the reaction was
operated at a higher temperature, for example, 40°C, only 30% yield &f-tenzylN-isopropyl-2,3-
epoxypropylamindg3 was obtained. At the same time, 65% yield of benzylisopropylarbiwas isolated
as a product by deallylation of allylamirge'*

Bn
I

H

1

r\LBn + \/\Br NaOH, DMF \rN\/\
93% yield

6
5
Li,PdCly (10%)
CuCl, (300%)
DMF. - 10°C

/L Na,S.9H,0 /I\ CuCl,
N .
I/\<c|) 'I‘J/Y\OH
Bh Bh Cl

8 7
83% yield from 6

Scheme 3.

The hydrolytic kinetic resolution of epoxypropylamiigewas very efficient (Scheme 4)\N-Benzyl-
N-isopropyl-2,3-epoxypropylamin® was treated with 0.55 equivalents of water catalysed by 0.01
equivalents of §9)-(Salen)Co(llI)OAc to provide §-N-benzylN-isopropyl-2,3-epoxypropylamind
with 40% yield (>99% ee) and the di®lwith 51% yield (90.6% ee)® The absolute configuration of
the diol9 was determined as} by transforming the ring-opened product to the known compdiuie
and thus the configuration of the epoxypropylamdnmust be §. We noted that if the benzylcarbonate
protective group (Cbz, COOCIdsH5) replaced the benzyl group (substituent of the nitrogen atom), the
hydrolytic kinetic resolution was not so good and only 45% yield of epoxypropylainas afforded
with 47.3% ee. This result means the amino group may play a role in this reaction.

The epoxide ring of the §)-N-benzylN-isopropyl-2,3-epoxypropylamind could not be opened
by the aryloxide mediated with Ti(OBs.16 We then mixed the epoxypropyl amideand phenol in
refluxing NEg; (9-3-(aryloxy)-2-hydroxy-1--benzylN-isopropyl)propylamined 1a— were obtained
with high yield (Scheme 5), and no regioisomers were detected. The enantiomeric excess of the ring-
opened products, for exampéc were equal to that of the epoxypropylamihédetermined by HPLC),
which showed that no racemisation had occurred in this step. Debenzylations 8j-8éafyloxy)-2-
hydroxy-1-(N-benzylN-isopropyl)propylamined 1a—c were performed by hydrogenolysis catalysed by
10% Pd/C in ethanol with quantitative yietd.
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Scheme 4.

Thus, B-adrenergic blocking agentsa—c were provided in 26.6%, 28.4% and 28.4% overall yields
and >99.0% ee, respectively, from benzylisopropylanna five steps. It should be pointed out that
the diol 9 obtained in the kinetic resolution procedure is also an important intermediate. It can be easily
transformed by simple manipulatibif to the R)-epoxypropylaminet, which could be used to prepare
other molecules of interest, for example, practéfohnother-adrenergic blocking agent with biological
activity residing in theR enantiomer.

a. ArOH= 1-Naphthol
86% yield

/L ArOH, NEt, reflux b. ArOH= 2-Methoxyphenol /L
N/\<I 3 rt Xyp /Y\

0,
Br'1 O 92% yield

4 11a-c
c. ArOH= 3-Methylphenol
92% yield

/I\ Q 1a.(S)-propranolol
/Y\ 26.6% overall yield (from 5)
10% lrdz/C EtOH )\ 1b.(S)-moprolol
T00% vield /ﬁﬂ 28.4% overall yield (from 5)
oye OMe

/L /@\ 1c.(S)-toliprolol
28.4% overall yield (from 5)
. Wy
H OH

Scheme 5.

In summary, we have developed a novel and facile method for the synthesis of the enantioenriched
(9-B-adrenergic blocking agents. It is noteworthy that water was the reagent used in the second and
third steps. This methodology is comparable, if not superior, to the existing repertoire and is attractive
on several accounts: it involves a short synthetic sequence, produces uniformly good overall yields, high
enantiomeric excess and all the reaction conditions are mild and convenient. No moisture-free, oxygen-
free manipulations and hazardous peroxide are involved. Moreover, the synthetic route described here is
a general, divergent procedure to a serief-afirenergic blocking agents.
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3. Experimental
3.1. General method

The commercially available reagents were used without further purificatioRdOl and (Salen)-
Co(ll) were prepared according to the literature proced®fe.’H NMR spectra were recorded on a
Bruker AMX-300 (300 MHz) spectrometer in CD£at room temperature and chemical shifts were
expressed in ppm from internal TMS. Mass spectra and high-resolution mass spectra were determined
on HP5989A and Finnigan MAT mass spectrometers, respectively. Elemental analyses were performed
on a Foss—Heraeus Vario EL instrument. Optical rotations were measured using a Perkin—Elmer 341
polarimeter (concentration c given as g/100 mL). The enantiomeric exceSsNflienzylN-isopropyl-
2,3-epoxypropylamind, the ®)-diol 9 and §)-1-(N-benzylN-isopropylamino)-3-(3-methylphenoxy)-
2-propanol11c were determined by chiral HPLC on a Chiralcel OJ column. Melting points were
uncorrected.

3.2. N-BenzyIN-isopropylallylamine6

To a solution of NaOH (2.4 g, 60 mmol) in DMF (10 mL), benzylisopropylantrg.51 g, 30 mmol)
was added, and the mixture was cooled in an ice-water bath. Allyl bromide (3.3 mL, 3.1 g, 40 mmol)
in DMF (5 mL) was added over 10 min. The mixture was warmed to room temperature and stirred for
1 h. It was then diluted with ether (100 mL), washed with bringZ8 mL) and the organic layer was
dried (Na&SQOy), concentrated under reduced pressure and purified by column chromatography over silica
gel to giveN-benzylN-isopropylallylamine6 (5.28 g, 93% yield)IH NMR (CDCL/TMS, 300 MHz)
o (ppm) 1.10 (d, 6.7 Hz, 6H), 3.02-3.15 (m, 3H), 3.63 (s, 2H), 5.11-5.29 (m, 2H), 5.86-5.95 (m, 1H),
7.26-7.45 (m, 5H). EI-M$n/z(%) 189 (M", 5.1), 174 (71), 91(100). Anal. calcd forH19N: C, 82.48;
H, 10.12; N, 7.40. Found: C, 82.46; H, 10.47; N, 7.30.

3.3. N-BenzyIN-isopropyl-2,3-epoxypropylamirt

To a solution of LyPdCL (524 mg, 2 mmol) and Cugl(8.07 g, 60 mmol) in DMF (100 mL), the
allylamine 6 (3.78 g, 20 mmol) was added at room temperature. After stirring for 15 min, the mixture
was cooled to —10°C and water (10 mL) was added in one portion, the@@BH was added to
adjust the reaction mixture to pH 4. After the reaction was complete as monitored by TLC, an excess
of NaS-9H,0O was added. The mixture was stirred at room temperature overnight, filtered through a
pad of Celite and the Celite pad was washed with ether (300 mL). The combined filtrate was washed
with brine (100 mLx3), dried over anhydrous N&0O,, and concentrated under vacuum. Purification by
flash chromatography provided thebenzylN-isopropyl-2,3-epoxypropylaming (3.42 g, 83% yield).
1H NMR (CDCIl/TMS, 300 MHz): 8§ (ppm) 1.05 (d, 6.6 Hz, 3H), 1.09 (d, 6.6 Hz, 3H), 2.41-2.43
(m, 1H), 2.54-2.69 (m, 3H), 2.94-2.99 (m, 1H), 3.09 (m, 6.6 Hz, 1H), 3.56, 3.77 (AB;1%.1 Hz,
2H), 7.24-7.27 (m, 5H). EI-M$/z(%) 205 (M+1, 5.3), 190 (52), 162 (37), 91 (100). Anal. calcd for
C13H19NO: C, 76.04; H, 9.33; N, 6.83. Found: C, 75.81; H, 9.46; N, 6.87.

3.4. Kinetic resolution

A mixture of (59)-(Salen)Co(I1$° (60.2 mg, 0.1 mmol) and acetic acid (12 mg, 0.2 mmol) in toluene
(2 mL) was stirred under air for 2 hours at room temperature. The solvent was removed under reduced
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pressure. TheN-benzylN-isopropyl-2,3-epoxypropylamin® (2.05 g, 10 mmol) was added in one
portion, and to the stirred mixture cooled in an ice-water bath, water (99 mg, 5.5 mmol) was slowly
added over 0.5 hour. Then the reaction was stirred at room temperature for 36 hours. The reaction mixture
was diluted with ethyl acetate (50 mL), dried over anhydrougsS@, and filtered through a pad of
activated carbon to remove the colour. The filtrate was concentrated and purified by flash chromatography
to give the §)-N-benzylN-isopropyl-2,3-epoxypropylaminé (0.826 g, 40% yield) and theRj-diol 9

(1.142 g, 51% vyield). Compountt [«]3’=+20.8 (c, 1.0, CHG)), >99.0% ee (HPLC). Compour@i'®
[«x]3"=+54.8 (c, 1.45, CHG), 90.6% ee (HPLC)!H NMR (CDCly/TMS, 300 MHz):§ (ppm) 1.01

(d, 6.6 Hz, 3H), 1.05 (d, 6.7 Hz, 3H), 2.43 (dd, 13.0 Hz, 4.3 Hz, 1H), 2.62 (dd, 13.0 Hz, 8.2 Hz, 1H),
2.92-3.01 (m, 1H), 3.41 (dd, 11.1 Hz, 4.1 Hz, 1H), 3.51-3.70 (m, 4H), 7.22-7.34 (m, 5H). EWXS

(%) 223 (M, 31), 162 (100), 91 (60).

3.5. Amino diol diacetaté0'

To a solution of amino dio9 (213 mg, 1 mmol) in pyridine (1 mL), A® (245 mg, 2.4 mmol) was
added, and the mixture was stirred for 30 minutes at 60°C. The reaction was diluted with ether (30 mL),
washed with 10% NaOH (10 mL), water (10 mL) and brine (10 mL), driedb@a) and concentrated.
Flash chromatography affordd® (283 mg, 92% yield)[ «]3’=-39.5 (c, 1.248, EtOH) (lit. x]3°=-39.8
(c, 1.25, EtOH=90% ee)*H NMR (CDCl3/TMS, 300 MHz):8 (ppm) 0.96 (d, 6.6 Hz, 3H), 0.99 (d, 6.6
Hz, 3H), 1.97 (s, 3H), 2.01 (s, 3H), 2.51 (dd, 5.6 Hz, 13.4 Hz, 1H), 2.61 (dd, 7.8 Hz, 13.4 Hz, 1H), 3.54
(d, 14.1 Hz, 1H), 3.65 (d, 14.1 Hz, 1H), 4.06 (dd, 6.0 Hz, 11.9 Hz, 1H), 4.28 (dd, 3.0 Hz, 11.9 Hz, 1H),
7.20-7.28 (m, 5H). EI-M$n/z(%) 308 (M+1, 11), 162 (100), 91 (55).

3.6. General procedure for ring-opening 0B){N-benzylN-isopropyl-2,3-epoxypropylaminé with
phenols

To a solution of §)-N-benzylN-isopropyl-2,3-epoxypropylaming(205 mg, 1 mmol) in NE£(5 mL),
phenol (1 mmol) was added, and the mixture was refluxed overnight. The solvent was removed under re-
duced pressure and the residue was purified by flash column chromatography to furnish the corresponding
productslla-c. Compoundlla?! (86% yield)[x]3’=+28.8 (c, 3.24, EtOH) (litf«]3°=+9.2 (c, 3.13,
EtOH, about 32% eefH NMR (CDCly/TMS, 300 MHz):5 (ppm) 1.08 (d, 6.6 Hz, 3H), 1.16 (d, 6.7 Hz,
3H), 2.78 (d, 6.4 Hz, 2H), 3.06-3.10 (m, 1H), 3.62, 3.82 (AR J13.6 Hz, 2H), 4.08-4.16 (m, 3H),
6.79 (dd, 0.9 Hz, 7.5 Hz, 1H), 7.26-7.51 (m, 9H), 7.80 (d, 7.0 Hz, 1H), 8.19 (d, 9.7 Hz, 1H). EM¥IS
(%) 350 (M+1, 3.3), 162 (100), 91 (69).

Compoundl11b: (92% yield) [x]3°=+35.7 (c, 2.12, EtOH)!H NMR (CDCl/TMS, 300 MHz): §
(ppm) 1.04 (d, 6.6 Hz, 3H), 1.09 (d, 6.7 Hz, 3H), 2.66-2.68 (m, 2H), 2.96-3.05 (m, 1H), 3.59, 3.73 (AB,
Jag=13.7 Hz, 2H), 3.84 (s, 4H), 3.99 (s, 2H), 6.89-6.94 (m, 4H), 7.25-7.33 (m, 5H). B ®0) 330
(M+1, 16.2), 162 (100), 91 (34). EI-HRMS calcd fopgElo7NO3: 329.1991; found: 329.1992.

Compoundllc (92% yield)[x]3’=+28.7 (c, 1.2, EtOH:H NMR (CDCL/TMS, 300 MHz):8 (ppm)
1.02 (d, 6.6 Hz, 3H), 1.07 (d, 6.7 Hz, 3H), 2.30 (s, 3H), 2.56-2.63 (m, 2H), 2.96-3.00 (m, 1H), 3.55, 3.70
(AB, Jag=13.7 Hz, 2H), 3.86-3.92 (m, 3H), 6.66—6.75 (m, 3H), 7.10-7.31 (m, 6H). ERVI%) 313
(M*, 10.0), 162 (100), 91 (85). EI-HRMS calcd fopgE27NO,: 313.2042; found: 313.2024.
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3.7. General procedure for debenzylation

A solution of (§)-3-(aryloxy)-2-hydroxy-1-K-benzylN-isopropyl)propylaminella— (1 mmol) and
10% Pd/C catalyst (40 mg) in ethanol (10 mL) was shaken in a Parr series 3900 hydrogenation apparatus
at 4 kg/cn® hydrogen pressure and 25°C for 24 h. The mixture was filtered through a pad of Celite and
concentrated under reduced pressure to provide the corresponding pradut00% yield).

Compoundla?? [«x]3"=-9.9 (c, 0.5, EtOH) (litf ¢ ]3"=-10.2 (c, EtOH)); mp: 72—73°C (lit. 72—73°C);

IH NMR (CDCI/TMS, 300 MHz):8 (ppm) 1.07 (d, 6.0 Hz, 6H), 2.82—2.94 (m, 4H), 4.10-4.18 (m, 3H),
6.80 (d, 7.4 Hz, 1H), 7.34-7.48 (m, 4H), 7.77-7.80 (m, 1H), 8.23-8.26 (m, 1H). Eit$%) 260
(M+1, 48.7), 72 (100).

Compoundib:?® [x]3=-5.6 (c, 4.5, EtOH) (lit[«]3’=-5.3-5.7 (c, 5.0, EtOH)); mp: 80-81°C (lit.
82-83°C);H NMR (CDCL/TMS, 300 MHz):§ (ppm) 1.06 (d, 1.1 Hz, 3H), 1.09 (d, 1.1 Hz, 3H),
1.80-2.87 (m, 5H), 3.85 (s, 3H), 3.98-4.07 (m, 3H), 6.89-6.98 (m, 4H). ErY¥$%) 240 (M+1, 100),

72 (77.7).

Compoundlc?* [x]3=-9.9 (c, 0.83, EtOH) (lit[«x]3’=-9.9 (c, 0.99, EtOH); mp: 76-78°C (lit.
76-77°C);'H NMR (CDCI3/TMS, 300 MHz):8 (ppm) 1.09 (d, 6.3 Hz, 6H), 2.32 (s, 3H), 2.68-3.20 (m,
5H), 3.90-4.03 (m, 3H), 6.71-6.79 (m, 3H), 7.13-7.18 (m, 1H). EI+W3(%) 223 (M', 31), 72 (100).
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