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Eﬂ‘icieg’]t Asymmetric Hydrogenation of x-Amino Ketone Derivatives.
A Highly Enantioselective Synthesis of Phenylephrine, Levamisole,

Carnitine and Propranolol !’

Shunji JAKURABA. Hisashi TakaHasHI. Hideo TAKEDA. and Kazuo ACHiwa*
School Q/Ehannacewical Sciences, University of Shizuoka. 52-1 Yada. Shizuoka 422, Japan.
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i The complexes of pyrrolidine bisphosphine'ligands (CPMs) with rhodium (1) were found to be efficient catalysts
for asyvmmetric hydrogenation of a-amino ketone hydrochloride derivatives, Utilizing this methodology, we have
eveloped efficient asymmetric svntheses of the optically active f-amino alcohols, phenvlephrine. levamisole. carnitine

Tnd propranolol.

Key words  catalytic asymmetric hydrogenation: rhodium complex: chiral bisphosphine: x-amino ketone

1

Optically active secondary amino alcohols are im-
portant intermediates for chiral synthesis of biologically
active substances such as adrenergic agents. anthelmintics,
B-blocke[s and antidepressants. One of the most efRicient
rm:thodsf-for the synthesis of optically active amino
Jdcohols|is a catalytic asymmetric hydrogenation of
prochiral' amino ketone catalyzed by a chiral phosphine
ligand-rhodium(l) complex. Although several attempts
have beén made 1o achieve homogeneous asymmetric
hydroger‘mtion of x-aminoacetophenone derivatives with
chiral bisphosphine-rhodium catalysts, no practical cat-
alyst haF been developed.**' In our recent studies on
the development of efficient chiral bisphosphine ligands
for asyn’nmelric hydrogenations. we prepared several
efficient ligands on the basis of our design concepl. Among
them. Vlsubstituted 4-(dicyciohexyiphosphino)-2-[(diphe-
nylphosphinoimethyl]pyrrolidines (CPMs) (3—6) showed
high endmioselectivity in the rhodium(l)-catalyzed asym-
metric ﬁ_\'drogenations of a varjety of z-amino ketone
derivatives. and the hydrogenation products could be

“easily pn'xriﬁed as optically pure forms. In this paper we

use in asymmetric hvdrogenation of x-amino ketone
derivatives. leading to practical synthesis of (S)-(—)-
levamisole (27), (R)-(~)-phenylephrine hydrochloride
(28). (R)-(~)-carnitine (32) and (S)-propranoclol hvdro-
chloride (37a).

We have proposed a design concept. named the “‘re-
spective control concept.” for developing chiral bisphos-
phine catalysts that are highly efficient in terms of both
enantioselectivity and catalytic activity. This concept
is based on the idea that one phosphino group of the
bisphosphine ligands oriented cis to the prochiral group
of the substrates controls the enantioselectivity and the
other oriented rrans controls the catalytic activity.*’ On
the basis of this concept. we designed and synthesized
N-substituted pyrrolidinebisphosphines (3—6)% bearing
a dicyclohexylphosphino group.at C, of the pyrrolidine
ring and a diphenylphosphino group at C,-methylene.
N-Substituted pyrrolidine bisphosphines (3—6) were
prepared by the reaction of the pyrrolidine bisphosphine
(2) with the corresponding chloroformate or dicarbonate.
isocyanate or acyl chloride. respectively (Fig. 1). Furlher.

report the development of N-substituted CPMs and their  we synthesized (25.48)-N-(methylcarbamoyl)-4-(dicyclo-
Q
sz . QZP } sz
z—yo HSICl3-El3N ?‘y (ter-BuOCO),0-El3N 2-%
NT PPhz  CHyCN N PP  CHyCly N PP
v H COOC(CH3)3
1 2 (25,45)-BCPM (3)
CICOOR-Et3N/benzene
RCOC!-Et3N/benzene
RNCO/CH,Cl,

o
PPh,

COOR

N

(28. 45)-PCPM (4b): R=Ph

| (25. 45)-BCCPM (5¢): R=C(CHa);

|

* To wHom correspondence should he addressed.
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(25, 45)-MCCPM (5a): R=CH,
(25. 45)-PCCPM (Sb: R=Ph

.
PPh,

CONHR : CoR

(28, 45)-ACPM (6a): R:CH3
(25, 45)-BZCPM (6b): R=Ph
{25, 45)-PVCPM (6¢):. R=C(CH5);

Fig. | R
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DCA‘OH a ‘COOEl b A e
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H { H oHCI SO,CHy
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Q
HO CYaPe, CyoPa,_
2 ? CH,OH e 9 ( 5
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Nl ——— }\Pphz | —— N pphz
\ — N \
S 2CH3 H ' CONHCHa
11 12 (2R, 4A)-MCCPM (13)
' reagents,

153

a) )ACOH-AC,0 / HCI, iDACCI, EtOH b} methanesulfonyi chioride, pyridine ¢) tetramethylammonium

acetate, benzene d) LiAiH,, THF e) ref. Sc. f) HSICl3-Et3N, CH4CN, then CH3NCO, CH,Cl,

d
e e

Chart !
X P
HO OYZP/,,‘ Cyz 4,
2 ! CH,0H a G [ 5,.\\\
R\a ! S R}y
N * T———— N s \‘pAfz —-—b‘_—-—’ PAfz
[ —————————eee )
SO,CH, M CONHCH;
n 14 (2R, 4R-MCCXM (15)
CHg CH3
Arz-Q Ar= <:§
CH3 ) CH3
reagents, ‘
a)ref. 5¢ b} HSICly-EtaN, CH3CN, then CHaNCO, CH,Cl,
Chart 2
: ! i
: Table |.  Asvmmetric Hydrogenations of z-Aminoacetophenone Hydrochloride Derivatives Catalvzed by Neutral Rhodium Complexes of (25.45)-
N-Substituted CPM @ '
% | R H, R
’ N — XN
| o “r2  [Rh(CODYCl)y/chiral ligand HOH ‘g
‘ « HCI * HCI
16a—e 17a—e
=2 I
, Substrate Conditions® Product®
Eniry Ligand
‘ R R? [SIIC)  H,(am) ()3 %ee” (confign.)
ol e H H 3 1000 20 17a +35.5° 811(5)
2 16b Me H 3 1000 20 17b +42.7° 81 (S)
3 16¢c Me Bn 3 1000 20 17¢ +50.9° 85 (S}
4 16¢c Me Bn Sa 1000 20 17¢ +54.2° 90 (S
S 16¢c Me Bn Sa 1000 S 17¢ +54.8° 91 (8)
6 16¢ Me Bn Sa 10000 20 17c +53.0° 88 (S)
7 16d H Bn 3 1000 20 17d +24.1¢ 87(S)
8 164 H Bn 5a 1000 2 17d +25.9° 93 (8)
9 16d H Bn 53 10000 20 17d +25.2° 91 (S)
10 16e Et Et 3 1000 20 17e +60.2° 931(8)
I 16e Et Et Sa 1000 20 17e +62.5° 97(S)
13 16e Et Et Sa 10000 20 17e +61.8° 96 (S)

«b All hhdrogenanons were carried out with substrate (5.0 mmol) and incthylamine (0.028 mmol) in methano! (10ml7 at $0°C for 20h. h The chemical viclds
tne. The comversions were 100%. us determined by TLC analysis. ¢) Calculaied on the basis of the maximum oplicul rotations of pure enantiomers
IS)-(*I-I7:T¢: [RUR*[205" te=5.0. H,Ox H. H. 437 Me. H. + 527 H. Bn. +27.8% Me. Bn, +60.1 ; Et. El. +646 ]

were quantit
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: (Tab!es

“selectivity

Lusing (25.43) MCPM (4a)- or (25.45)-MCCPM (5a) as

‘a ligand’ (entries 7 and 8). The synthesis of the substrate
(18) 1s shown in Chart 3.
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hexylpho!sphino)-2~[(diphenylphosphino)methyl]pyr-
rolidine ((25,45)-MCCPM) (13), the antipode of 5a, and
(2R.A4R)- N (methylcarbamoyl)-4-(dicyclohexylphosphino)-
SI—xylylphosphmo)methyI]pyrrohdme ((2R4R)-
MCCXNJ) (15). The synthetic routes to 13 and 15 from
N-(methylsulfonyl)-4-hydroxy-D-prolinol (11)® are illus-
trated in Charts | and 2.

Phenylephrine (28) and a precursor of levamisole (25)
have a |f-amino-z-arylethanol skeleton. Initially we
txamine% the asymmetric hydrogenation of x-amingaceto-

. phenone| hydrochloride derivatives (16 and 18) with

neutral {25.45)-N-substituted CPM-rhodium catalysts
and 2)."" All asymmetric hydrogenations of 16
7and 18 proceeded smoothly in the presence of 0.1—0.001

mol% of a neutral rhodium catalyst and triethylamine in

i ‘methanol at 50°C for 20 h under an initial hydrogen pres-
;}sure of 20 atm. In Table 1, (25,45)- N-(ter1-butoxycarbonyl)-
"4 (dxc»cl'ohcxylphosphmo) 2-[(diphenylphosphino)meth-

yl}pyrro:hdmc ((25.45)-BCPM) (3} and MCCPM (5a)-
rhodiumi(l) complexes were found to give B-amino-a-

) ‘henylethanol derivatives with high enantioselectivity

8I——97% ee) as well as hlgh catalytic activities. In Table
2, the N-substituent effects of CPM ligands on the en-
antioselectivity are summarized. The highest enantio-
favoring (S)-(+)-19 (85% ee) was achieved by

The dsymmetric synthesis of (S)-{ = )-levamisole (27)®

“is shown in Chart 4. 2-Bromoacetophenone (23) was
: convertI d to 2-[N-(2-chloroethyl)]Jaminoacetophenone

PhCH,0

l_—M@Y_—’@f

Z’O
0 21

reagent,

| 5%
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\/ . .
hydrochioride (24) with 2-chloroethylamine. (S)-f-Amino

alcohol hydrochloride (25} was obtained' by the asym-
metric hydrogenation of 24 carried out in methanol at

Table 2. Asymmetric Hvdrogenation of 3-Benzyloxy-2-(N-benzyl-N-
methyl)aminoacetophenone Hydrochlonde Catalyzed by (25.4S)-N-Sub-
stituted CPM-Rhodium Complexes*

OBn OBn
/Bﬂ H:. N/Bn
& ey, [RRCODICl]ychiral ligand HOH cp,
«HC1 s HCI
18 19
Product®
Entry Ligand (2]}
1) [ '3l
(c=20. H,00 Yot Confign.

] 3 +33.8° 75 N
2 Sc +34.5° 76 A
k! 6c +34.1¢ 15 S
4 b £32.4° 7 S
S Sb +33.6° 74 S
6 6b +34.1° 75 )
7 43 +138.2° 8s S
8 Sa +38.8° 83 S
9 62 +35.5° 79 A

a) All asymmeinic hydrogenauions were carnied out with substrute (3.0 mmol),
tncthylamine (0.03 mmol), [RhMCOD)C!], (0.001 S mmol) and ligand (0.0039 mmol}
in methanot (10 mt) at $0°C for 20h under an initial hydrogen pressure of 20atm.
b) The chemical vields were quanutative. The conversions were 100%. ¢} Mea-
sured after debefzvlauon. d) Calculated on the basis of the maximum opticul
rotation of pure (R}-{ ~ )-phenvicphrine hydrochioride: {2)3} —45.2° (c=2.0. H,0).

NeH,
« HC!
22 18

a) PhCH,Cl, NaOEt b) Br,, CaCQj ¢) i) PhCH,NH(Me) i) HCi gas

Chart 3

©\(\N/\/Cl < o
H OH

H YOH H

» HC!
25 26

reagents and conditions,
d) ref. 8a.

i

|

I

|

l
_!__571426A__I_>
|

—— OO0

* HEl (S)-(-)-levamisale {27)

a} 2-chloroethylamine hydrochioride, sodium hydroxide, benzene, 20,°C, 22 h, 43%. b} (28, 45)-MCCPM-
Rh(l) complex, tnethylamine, Hy, methanol, 96%. ¢} potasswm thiocyanate, ethanol, H,0, reflux, 30 h, 90%.

Chart 4
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50°C for ZiOh under 20atm of hydfogen pressure in the
presence of triethylamine using the neutral rhodium
complcx or (25.45)-MCCPM. The f-amino alcohol (25)
was a!lowed to react with potassium thiocyanate. affording
342- hvdrqu 2-phenylethyl)-2-iminothiazolidine hydro-
chloride (26) in 90% ee. Thus. a formal synthesis of (S)-
(=)-levaniisole (27) has been achieved by using 25 as the
kev intermediate.
;AThe asjymmcmc synthesxs of phenylephrme—hydro—
: rac (28)° xs shown m Chart STFor the synthe51s of
bialogically active ) (= ) phenylephnne hydrochlonde
ﬁm')”(r-) 19 we_used _(2R4R):MCCPM_(13) ~the
o 52 The R -B-amino “alcohdT Rydrochloride
: 19Ws cadily avax]able by the"@symmetnc_hydrogend-
{18 R 2 quantitative yxé‘ld ﬂ)ebmw
FAve 28 ds crystals. Optically pure 28 was obtained by a
‘single rcirystalhzauoq,_{rp_gyw 2:propanol.
(R)-Carnitine (32)'' ~'*)is known to be abundant in the
human bpdy and 10 be involved in the human metabolism
e and tranisport of long-chain fatty acids. The asymmetric
i " “drogenation of ethyl 4-(dimethylamino)-3-oxobutanone
‘ '}zw J) gave (R)-(—)-norcarnitine (31). By reaction with
methyl ibdide, 31 was readily converted into (R)-(—)-
carnitine (32) (3-hydroxy-4-(trimethylammonio)butyrate)
(Chart 6f) The results of asymmetric hydrogenation of 30
are sumfmanzed in Table 3.'% (25.45)-MCCPM (5a) and
(25.45) ‘M,CCXMv—rhodmmacomplexes were found to

;have not only higher catalyuc activity, but also higher
" Py - . - i, i m i N '\‘." b

i ! CHy

K
|
j' o} H
|
|

OH
7/
N
HO H \CH3
« HC!

(A)-phenyiephrine hydrochionde (28)

reagems and conditons,
a) (2R, 4R)-MCCPM-RR(l) complex, triethyiamine, Hp, methanol.
) % {(wrw) Pd/C, H, (10 atm), 3 h, BE% from 18.

NG
\{T(\N< a anW\N< b

o ©O

’29 30

reagents,

|
l
g ¢) CHgl; HCI.
H
|

OCID: <XR___571426A_|_»
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When the MCCXM-rhodium complex was used. 82—
85% ee was obtained with quantitative chemical yield.
The synthesis of (S)-propranolol hydrochloride
(37a)!¢" '8 is shown in Chart 7. After conversion of
1-naphthol (33) 1o the allyl naphthyl ether (34). oxidative
bromination of the olefinic part of 34 with excess sodium
bromite in aqueous acetic acid’®' gave the a-bromo ketone
(35). Amination of 35 with isopropylamine was followed
by treatment with hydrogen chloride gas?® to give N-
isopropyl-3-(naphthyloxy)-2-oxo-1-propylamine hydro-
chloride (36a). Asymmetric hydrogenation of 36a pro-
ceeded smoothly in the presence of 0.01 mol% of (25.45)-
MCCPM-rhodium(l) complex and 0.25mmol of trnieth-
ylamine in methanol at 50 °C for 20 h under an initial hy-
drogen pressure of 20atm.?" Usual work-up gave color-
less crystals of (S)-propranolol hydrochloride (37a). Op-
tically pure 37a was obtained by single recrystallization
from methanol-—ether. Asymmetric hydrogenation of a ser-
ies of 3-(aryloxy)-2-oxo-1-propylamine derivatives (36a—
e) catalyzed by (25,45)-MCCPM-rhodium(I) complex
smoothly gave (§)-methoprorol hydrochloride (37b) and
the synthetic intermediates 37d and 37e for 5-[(aryloxy)-
methyl]-2-oxazolidinones (centrally acting muscle relax-
ants) such as (S)-mephenoxalone and (S)-metaxalone
(Table 4).2% The synthesis of the substrates 36a—e is

Table 3. Asymmetric Hydrogenation of Ethyl 4-(Dimethylamino)-3-
oxobutanoate”

E:O ’ , H, E:0 /

I} H OH

. HCI « HCI

30 k1)

. , Convn. . o :

Ligand (S1:(C) (%M ce%”  Confign.
(25.45»-MCCXM 100 100 85.0 A)
_ 1000 100 82.0 S
(25.45)-MCCPM 100 100 827 S
. 1000 100 78.6 S
{25.45)-BPPM (41) 100 100 414 R

1000 0 —

a) All asymmetric hydrogenalions were carricd oul in the presence of |—
0.1 mol% of a neutral rhodium calalyst prepured in sirv by muxing [RCODICI],
and the chiral ligand n a rauo of 1:2.4 H, 20a1m:30°C/20h. 0.5 s 0 ethanol.
[Subst.J/{Et,NT=200. &) Determined by 'H-NMR analysis. ¢} The hydrogen-
ation product was converted into 32 und then its ee% was culculuted on the basi
of the maximum rotation of pure t-carnitine hydrochlonde: (2}, —22.0° (¢=1.0.
H,0M.

Ph.P

N PP 25.451-BPPM (41)

COOC(CH)

10 /
T TS

oHO™H

{R)-norcamitine (31) (R)-carnitine (32)

a} i) NaH. (Et0),CO. b) (2R, 4R)-MCCXM-Rh (1) camplex, tnethylamine, Hy, methanol.

Chart 6

T g ey

s
!
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36a

reagents and conditions,
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O O/I(\Br

35

« HCI
(8)-propranoiol hydrochionde (37a)

|

a) NaH, KI, aliyi bromide, N, A-dimethylformamide, 0~-25 °C.6h, 91%, b) 5 equiv. of sodium bromite,
AcOH-H,0, 0-25 °C, argon, 6 1, 62%. ¢) (CH3),CHNH,, (CH3),CHOH-H,0, 40 °C, 1 h; then HCl gas,
0°C. 51%. a) H, (20 atm), (Rh(COD)CH,, (28, 45)-MCCPM, EyyN, metnanol, 50°C, 20 h, 98% (90.8%ee);
then recrystallization from methanat-ether, 92% (ca. 100%ee).

Chart 7
1]

Table 4. ‘Asymmem’c Hydrogenation of 3-(Aryloxy}-2-0xo0-1-propylamine Derivatives Catalyzed by the (25.45)-MCCPM-Rhodium (1) Complex*

H,

LR IR(RNCODICI, + (25, 45)-MCCPM
A0 Y TN .

R

20 atm. 50°C. 20 h in methanol

- A0 ¢ N’
HO'H

0 H
«HCI  ISubst.)/[Rh]=10", {Et;N)/{Subst.]=5x 10" « HC}
36a—e 32—
] Substrate PrOdUCl,
E“T-" Ar- R- Convn. (%} (25! Yoee Confign.* ;
' o {c=1.1. ethanol} : :
J ;
36a OO (CH,),CH- 100 ~23.2¢ 90.8 s
{ 36b CH,O(CHQ:—@— (CH,),CH- 100 -19.0° 93.1 s
36¢ Q_ (CH,),CH- 100 ~23.5° 86.6 s e
1{ OCH;
"4 364 @— Bn- 100 —14.0° 914 S :
H.C
5 36e D_ Bn- 100 —19.2¢ 94.9 S
;

a) '}hc reaction was carried out by using 0.01 mol%s rhodium catalyst. The chemical yields were quantitative.
) g

by HPLC analysis of the free amines with 2 chiral column (Chiralcel OD). d) Ass

showf in Chart 8.

Efficient asymmetric syntheses of biologically active
substﬁnces which have a f-amino alcohol skeleton. such
as (S)-levamisole. (R)-phenylephrine hydrochloride, (R)-
carnitine and (S)-propranolol hydrochlonide. were achiev-
ed using the catalytic asymmetric hydrogenation of «-
aminl ketone derivatives with the rhodium(I) compiex

NSDOCID: <>p= 571426A_1_>

b) Determined by 'H-NMR analysis. ¢) Determined

1gnment based on the optical rotations of authentic samples prepared from (28)glycidy)
tosylatey M. Klunder J.. Ko S. Y., Sharpless K. B.. /. Org. Chem.. 51, 3710 (1986).

of a chiral bisphosphine. N-substituted CPM. as the key
step. Our method has provided a new efficient procedure
for synthesizing several types of optically pure B-amino
alcohols.

Experimental
General Procedures All melting points were determined with > &
micro-melting point apparatus (Yazawa) and are uncorrected. Opucal b




ratavons w{uc measured on a JASCO DIP-140 digital polurimeter.
“Infrared (IR) spectra were measured on a JASCO A-202 or [R-810 IR
ipeciropholometer. Proton nuclear magnetic resonance ('H-NMR)
specira wede recorded on JEOL JNM-FX 90Q. INM-GX 270 spec-
irometers ysing tetramethylsilane (TMS) as an internal standard. and
the chemicdl shifts are given in d values. Column chromatography wus
carned outjon Silica gel 60 (70—230 mesh. Merck).
(25.45)-NV-(tert-Butoxycarbonyl)-4-(dicyciohexylphosphino)-2-[ (di-
nhenvlphosphino)methyi]pyrrotidine: (25.45)-BCPM (3) (25.45)-4-(Di-
lohexviphosphinyvl)-2-[(diphenylphosphinylimethyl}pyrrolidine (1)
cas prepared {rom  4-hydroxy-L-proline ethyl ester hydrochloride
according Lo the reported procedure (rel. 5¢). Under an argon almo-
sphere. inchlorosilune (42.7 g2.0.294 mol} was added dropwise to a stirred
mixture ofl 1 (43.8 g, 0.084 mol). tricthylamine {34.0¢. 0.336 mol} und
degassed atetonnle (2200 ml} at 8*C. The mixture was refluxed for 3 h.
then coolccﬁ with ice. and degassed benzene (2000 mi) und degassed 30%
:NuOH 89b ml) were added. The whole was healed to 60 “C with stirring
sunder an ‘xraon atmosphere for 30 min. The organjc layer was separated
Lund wsherd with degassed H,O. degassed saturated aqueous NaHCO,
- und dcgasﬁcd saturated aqucous NaCl. then dried over anhydrous MgSO,
evapdrated. The residue and triethylamine (8.5 g. 0.084 moh were
'lssolvcdjn degassed CH,Cl, (400ml). To this solution. di-reri-butyl
- dicurbonate 120.1 ¢, 0.092mol} was added dropwise ut 0“C under an
argon ulrrtosphcrc, The mixture was stirred a1 room temperature for 2h
under an urgon atmosphere. then concentrated under reduced pressure.
“und the solid residue was recrystallized from degassed ethunol 1o give 3
- us white crystals (39.4 2. 83%). mp 180—183° *C. (215" =39.7" {c=1.00.
: benzeney | IR (KBr) 1685 (C=0)em™'. 'H-NMR o (CDCl,): 1.02—
1.89 (22H. m. P(C,H,);). 1.43 (9H. s. C(CH,),). 1.98-—2.35 (IH. m.
. CCH,C. &-l, of CH,P). 2.88—13.20 (2H. m. H, of CH,P. PCH). 3.61—
398 (3H.jm, CH,NCH). 7.26—7.61 (10H. m. P(C,H,)s). Anal. Calcd for
C,,H.quO:P_‘: C. 72190 H. 8.73: N, 2.48. Found: C, 72.09: H. 8.71: N,

w

.43
(25.45)- N-(Alkoxycarbonyl)-4-(dicyclohexylphosphino)-2-[{diphenyl-
E phosphm&)methyl]p)rrohdme {4a—b) A Typical Procedure is Given for
the Prcp'dmuon of (25.45)-N-(Methoxvearbonyl)-4-(dicvelohexylpho-
sphina)- i [(diphenviphosphinoymethyl]pvrrolidine: (25.45)-MCPM
(42a); Phdsphmc oxide reducing product (2) was prepared by means of
the same! procedure as for the preparation of (25.45}-BCPM (3) using
1(300 m;l 0.60 mmol). tnethylamine (268 mg, 2.47 mmol}, trichloresilane
(326 mg.LfAl mmol} and acetonitrile {30 ml). The reaction product and
tricthylapine (146 mg. 1.39 mmol) were dissolved in degassed benzene
(8 ml). To this solution. methyl chioroformate (68 mg. 0.66 mmol} was
added d‘opwse at 0-C under an argon atmosphere. The muxture was
stirred af room temperature for 2h under an argon atmosphere. washed
with depassed sawurated aqueous NaHCO,, dried over anhvdrous
MgSO, land evaporated. The residue was recrystallized from degassed
methanol. affording 4a as white crysials (285mg, 91% ). mp 149—151°C.
[alg' —152.8 (¢=0.50. benzene). IR (KBr): 1694 (C=0)em™"' 'H-
NMR 3(CDCl,):0.84—2.53(25H. m. P(CH,,);. CCH,C. H, of CH,P).
172—=316 (2H. m. H, of CH,P. PCH). 3.64 (3H. 5. OCH,), 3.45—4.14
(3H. m! CH.NCH). 7.15~—7.60 (10H. m. P(C,H,);}. 4nal. Culed for
CyHNO.P,: Co71.11: H. 8.28: N, 2.67. Faund: C. 70.84: H, X3 N,
267,
(25.45)-N(Phenoxvcarbonyl)-4-(dicyclohexylphosphino)-2-[(di-
phenyviphosphinoimethvilpyrrohidine: (25.45)-PCPM (4b); 72% vicld.
mp 120 C ideco [2}5' =345 (¢=0.482. benzener IR (KBri: 1719
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1) MeONa/EtOH 5 / 2 ArQ N
. ) MeONa/EtO . ArO/\‘(]O RNH,-H,0 _ ArO’Y\N\ 1) PCC-Al,O3/benzene N /\‘O(\ \H
2) & /\{]O R=(CHy),CH- or PhCH- HO H  2)HCl gasrether ha
(PCC: pyndinium chiorochromaie)
3Ba-¢ l 39a—e 40a—e > 36a-e
a: Ar=1-ndpnthy! a: Ar=1-naphthyl, R=(CHs),CH
- - R=(CH)y
AR b: Ar=CH30(CH,),CeHe, Re(CHa),CH
d: Ar;2-GC 3oceH4 C: Ar=CgHs. R=(CHy),CH
e Ar=3, d: Ar=2-CH;30C¢H,, R=Bn

! e: Ar=3, 5-(CH3),CgH3, R=Bn

Chart &

(C=0tem™' 'H-NMR & (CDCl,): 0.81—2.58 125H. m, PIC,H, 1,.
CCH.C. H, of CH,P). 2.80—3.51 (2H. m. H, of CH,P. PCH), 1.84—
4.26 (3H. m. CH,NCH). 6.76—7.72 (15H. m. P(C H},. OC . H) Anal.
Caled for Cy H (NO,P.. C. 77.82: H. 7.74: N, 2.39. Found: C. 77.99:
H. 7.73: N. 231,
(25.45)-N-(Carbamoyi)-4-(dicyciohexyiphosphine)-2-[(diphenvl-
phosphinojmethyi]pyerolidine (5a—c) A Typical Procedure 1s Given for
the Preparaton of (25.45)- V-(Mcethyicarbamovl)-4-(dicyclohexylphos-
phino}-2-((diphenviphosphinoimethyl]pyrrolidine: (25.45)-MCCPM
{5a): Phosphine oxide reducing product (2) was prepared by means of
the same procedure as for the preparation of (25.45)-BCPM (3) using
t (300 mg. 0.60 mmol). tricthviamine (268 mg. 2.47 mmol). tnchlorositane
{326 mg. 2.41 mmol} und acctonitrile (30ml). The reuction product wiis
dissolved in degussed CH,Cl, (8§ mi). To this solution. methyl isocyanute
(38 mg. 0.66 mmol} was added dropwisc at 0°C under an argon atmo-
sphere. The mixture was stirred at room temperature for 2h under an
argon atmosphere. then concentrated in vacuo. and the residue was
recrystatlized {rom degassed methanol. affording 5a us white crystaly
(292 mg. 96%). mp 142144 "C. [2]3° - 19.8" (¢=0.60. henzenel. IR
(KBr): 3320 (NH). 1625(C=01ecm ™", "H-NMR 4 (CDCly): 0.75—2.47
(2SH. m, P(C,H,,),. CCH.C. H, of CH,P). 2.72 (3H. d. J=4.2Hz.
CH,) 277 (1H. s. NH), 2.90—131 (2H. m. H,, of CH,P. PCHI. 346
4.09 (3H. m. CH,NCH1. 7.15—=770 t10H. m. P(C . H 1), Anal. Culed
for C, H N.OP,: C.71.24: H. 8.49: N, 5.36. Found: C. 71.U2: H. § 45
N, £.30.
(25.451-N-(Phenvicarbamoyl)-4-(dicveiohexviphosphinos-2-(1d-
phenyiphosphinoimethyl]pyverohdine: (25.45)-PCCPM (5b): 82%6 vicld
mp 183—I84'C. {2]3' ~305 (c=1.00. benzenc). IR (KBr). 1280
(NH)YL 1643 (C=0)m ™' 'H-NMR 4 (CDCl,): 0.84—1.9% (22H. m.
PIC H ;1) 2.00—225 (3H. m, CCH,C. H, of CH,P). 282—301
{IH. m. PCH). 3.03—4.29 (4H. m. H, of CH,P. CH,NCH). £.79—a.0u
(HH. m. NH). 6.90—7.68 (1SH. m. PIC H),. NC H,\. 4nal. Caled lor
CuwHGNLOP, C7205 HU 7930 N, 479, Found: €. 73.86: H. 295 N
469
{2545 1-M-(rert-Butvicarbamoyh-4-(dicyclohexyviphosphino)-2-(1di-
phensiphosphmoimetbyvilpyrrolidine: (25.45)-BCCPM (5¢): 71% vieid
mp 160—161"C. [2]3° =156 (¢=1.00, benzene). 1R (KBr1 3450
(NH1 1643 (C=0Olcm ', '"H-NMR J§ (CDCl,): 0.93—2.4%8 {25H. m.
PIC.H,,).. CCH.C. H, of CH.P). 1.28 (YH. 5. C(CHy1y). 2.69—3 31
(2H. m. H, of CH,P. PCH}. 3.4% (1H. brs. NH). 1.59—4.67 3H. m.
CH,NCH). 7.15—7.60 (10H. m. P(C H,),). 4nal. Culed for C H.,-
N.OP,: C. 72,21: H. 8.92: N. 4.96. Found: C. 72.38: H. 8.94. N\, 430,
(25.45)-N-(Acyl)<d-(dicyclohexylphosphino)-2-[ (diphenylphosphino)-
methyl]pyrrolidine (ba—c) A Typical Procedure is Given for the Prep-
aration of (25.45)-N-(Acetvli-d-(dicyclohexyiphosphino)-2-[(diphenyl-
phosphinaymethyvl}pyrrolidine; (25.45)-ACPM (6a): Phosphine oxide
reducing product (2) was prepared by meuns of the same procedure us
for the preparation of (25.451-BCPM (3) using 1 (300 mg. 0.60 mmol).
tniethyiamine {268 mg, 2.65mmoll. trichiorosilune (326 mg. 2.4! mmaol)
and acetonitrile (30 ml). The reaction product was dissolved in degussed
benzene {8 ml). To this solution. acetvt chloride (52 mg. 0.66 mmol) was
added dropwisc at 0 C under an argon atmosphere. The mixture was
stirred at room temperature under ian argon satmosphere for 2 h, washed
with degassed saturated aqueous NaHCO,. dried over unhvdrous
MgSO, and evaporated. The residue was recrvstallized from degassed
methanol. sffording 63 as needles 1263 me. N7%1 mp 169—i72 C
[2]3* ~16.3 (¢=040. benzene). IR (KBr): 1642 (C=O0)em + 'H-
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NMR $(CDCl,). 0.80—2.66 (25H. m. PICH, ), CCH,C, H, of CH,P).
195 (3H1s. CH,). 3.00—3.43 (2H. m. H, of CH,P. PCH). 3.47—4.35
(3H. m. CH,NCH). 7.20—7.77 {I10H. m, P(CHy)s). Anal. Caicd for
Gy HNOP,. €. 73.35: H. 8.54: N. 274, Found: C. 73.00: H. §.53: N.
RINE
(15.45 -/\'-(Bcnzo_vl)-4-(dicyclohcxylphosphino)-2-[(d»phcnylphos-
phinolmethyilpyrrolidine: (25.45)-BZCPM (6b): 82% vield, mp 123~
224 C.{1]5° =745 (c=0.50. benzene). IR (KBry: 1620 (IC=0)em™".
"H-NMR! 4 {CDCl,): 0.78—2.55 (2SH. m, PC4H,,),. CCH,C, H,
of CH,P). 2.94—4.66 (SH. m. H, of CH.P. PCH. CH,NCRH), 7.20—
7.84 (15H. m. P(CH,),. CCH. ). Anal. Calced for CyeH4sNOP,: C.
75.35: H.[7.96: N. 2.46. Found: C. 75.64; H, 8.05: N. 2.44. (25.485)-N-
(Pi\-uloyl)‘-‘.-(dic_vclohcxylphosphino]-2-[(dxphcnylphosphino)melhyl}-
pyrroliding: (25,45 )-PVCPM (6¢c): §2% vield. mp 201—203°C. (]
=55 (c+0.62. benzene). IR (KBri; 1617 (C=0)em- ", 'H-NMR §
(CDCl, @s-m (3SH. m. PIC,H,,),. CCH,C. H, of CH,P). 1.17
(9H. s. CICH,),). 2.78—1.78 (2H. m. H, of CH,P. PCH). 3.87—4.52
(3H. m, GH,NCH), 7.23—7.72 (I0H. m. P(C4H),). Anal. Caled for
CraHNOP,: C.74.29: H, 8.98: N. 2.55. Found: C, 73.81: H. 9.01: N.
2.59.
(ZRARYH-Hydroxyproline Ethy! Ester Hydrochioride (8) A solution
of 4-hydroky-L-proline (7) (26.2 £.0.2mol) in glacial acetic acid (300 ml)
and uceuc fanhydride (102 g, 2 mol) was refluxed for 6 h. After evapora-
tion, the rdsidue was dissolved in 2~ HCJ (400 ml) and refiuxed for 3 h.
The mixtuge was decolorized with activated carbon powder and evapo-
rated to give a crysialline residue. The residue was added 10 a solution
of acetyi chlonde (31.4g, 0.4 mol) in ethanol (200 ml). and the mixture
was stirred at S0°C for 30 min"and then refluxed for 2h. After cooling
1o 5°C, the precipitate was separated by filtration and washed with
ice-cold eth2nol. Vacuum drying of the precipitate gave 8 as white crystals
(36.1.78%). mp 160—163*C. [a]20 + 59.8" (Freeamine. c= 1.0, H,0).
(2R.45)-f\’-(Methylsulfonyl)#-(ace(ox)')pyrrolidinccarboxylic Acid
Ethyl Ester (10) Methanesulfonyl chloride (42.96g, 0.375mol) was
added droppwise 10 a solution of 8 (29.35g. 0.15mol) in pyridine (225 ml)
at 5-C, and the mixture was stirred at room temperature for Sh. After
standing at room temperature for a day. the reaction mixture was
evaporated. The residue was acidified 1o pH 2 by addition of 2x HCI
and extracigd with ethyl acetate. The combined extracts were washed
with saturated uqueous NaCl. and dried over anhydrous MgSO,.
Evaporation of the solvent gave 9. which was used without further
pun’ﬁcunon‘g (47.5¢). A solution of tetraethvlammonium acetate
tetrahydratd (41g. 0.157mol) in benzene (350 ml) was refluxed with
azeotropic removat of water in a Dean-Stark trap for 4 h. After cooling
of the mixtdre 10 room temperature, a dolution of 9 (47.5g) 1n benzene
(50mh was|added and the whole was refluxed for 1h. H,0 (30mi)
and ethyl adetate (150ml) were added to the mixture, then the organic
layer was sdparaled and washed with saturated aqueous NaCl. After
evaporationjof the solvent, the residue was purified by column chro-
mulogruph};]on silica gel with ethyl acetale-benzene (t:4) a5 the cluent
10 give 10 {344 g, 74%),
(2R.4S)~,’\'—(:\1eth)‘lsulfon)'l)-4-(h}'drox)')-2~[(h)'drox_")me(h_\'l]pyr-
rolidine (11} A soluton of 10 (11.74g. 42mmol} 1n anhydrous
tetrishydrofuran (THF) (150 ml) was added dropwise to a stirred and
ice-caoled suspension of lithium aluminum hydride (4.0 g. 105 mmol) in
THF (300mi). The mixture was stirred al 0°C for 1 h and- at room
temperature for 3h. and then a small amount of water was added with
cooling 1 ar 1ce bath. Filtration through Celite and evaporation of the
fitrate undes reduced pressure gave 11 (7.72 3. 94%), which was uscd
without further punfication. 'H-NMR § (CDCl,y% 1.57—2.33 (IH. br.
OH}. 1.87—1.16 (2H. m. CCH,C). 2.96 (3H. s. CH;). 3.52 (1H. br. OR).
143—4.11 (3H. m. CH,NCHCH,0), 4.45 (1H. br. OCH).
(2R.4R)—-t-(Dic_vclohexylphosphinyl)-Z-[(diphenylphosphinyl)methyl]-
pyrrolidine (12) The title compound was prepared from 11 by using the
same procedure as for the preparation of (25.45)-BCPM (ref. 5c).
'H-NMR 4 (CDCl,): 0.96—3.63 (31H. m. P(C,H,,};. CCH,C. CH,P.
PCH. CH,NCH. CH,CH,OH). .23 (3H. 1. /=7.08 Hz. CH,;CH,OH).
214 (1H. s, NH). 382 (2H. q. /=7.08 Hz., CH,CH,0H), 7.36—~17.97
{HOH. m, Ar-H).
(2R.4R)-!\-(Meth_\'lcarbamoyl)-4-(dicyclohexylphosphino)«l-[(di-
phenyiphosphino)methvi]pyrrolidine; (ZRA4R)}-MCCPM (13) The utle
compound wis prepared from 12 by using the same procedure us for
the preparatign of (25.45)-MCCPM (5a). mp J44—146 -C. (a)3° +27.8°
(c=06. benzénc).
(RRARY=- Dicyclohex}lphosphinyl)~2-[(di-3.5-xylphosphin_\'l)methyl]-
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pyrrolidine (14) The iitle compound was prepared fram 11 according
to the reported procedure (ref. S¢1. '"H-NMR 4 {DMSO-d,): 0.92— 254
{26H.m. P(C(H,,),. CCH,C. CH,PL. 236 (12H. 5. CH, x 4). 3 0t 43
t4H. m. CH,NCH. PCH). 7.10—7.60 (6H. m. Ar-H),

(ZRAR)-/\'-(Me(hylcarhamo_\'l)-4-(dicyc]ohex)‘Iphosphino)-Z-[(di-J.S-
xylphosphino)methyi]pyrrolidine: (2RAR)-MCCXM (18) The title com.
pound was prepared from 14 by using the samc procedure as for the
preparation of (25,45)-MCCPM (Sa. (2)3* ~10.5° (+=0.5. benzenc).
'"H-NMR ¢ (CDCly1: 0.88—2.51 (25H. m. P(C.H,,);. CCH,C. H, of
CH,P) 2.28 (6H. s. PhCH, x 1), 2.72 {3H. d. NHCH,). 277 (IH. ».
NH). 2.90—3.32 (2H, m. H, of CH,P. PCH). 3.56—.00 (3H. m.
CH,NCH). 6.92—7.52 (6H. m. Ar-H).

3'-Benzyloxyacetophenane (21) m-Hyvdroxy acetophenone (20) (28g.
0.184moi) was added to a solution of sodium (4.3 g. 0.19 mol} in cthunol
{66 ml). Then benzy! chioride {23.15g. 0.184mol) was added. and the
mixture was refluxed for Sh. Afier cooling to room temperature. the
reaction mixture was filtered. The filtraie was concentrated and disulled
under reduced pressure (o give 21 {3288, 79%). bp 152—154 C (0.27
mm Hg). '"H-NMR 4 (CDCly): 2.58 (GH. s. CH,). 5.12 (2H. 5. PhCH. .
7.10—7.65 (9H. m. Ar-H).

¥'-Benzyloxy-2-bromoacetophenone (22) Br, (16g. 0.l mol) was
added to a mixture of 21 (22.6¢, 0.1 mdl). CaCO, (10¢. 0.1 mol) and
CHCl; (100ml) at $*C. The mixture was stirred al 10°C for i h. then
poured inta ice water {100 ml), and the organic laver was separated. The
organic layer was dried over anhydrous MgSO, and cvaporated. The
residue was crystallized from ethanol 1o give 22 as white crystals (21.0 .
69%). mp 59—63°C. 'H-NMR ¢ (CDCl,): 4.46 (3H. 5. CH.Br). 5.17
{2H. 5. CH,Ph), 7.28—7.70 (9H. m. A¢-H).

3‘-Benzyloxy-2~(N-benzyl-/\’-methyl)aminoace(ophenone Hydrochloride -

(18) Asolutionof 22(21.0g. 68.8 mmol} in benzene (450 ml) was added
to a solution of N-benzylmethylamine (16,7 g. 138 mmol) in benzenc
(50ml) at 40 “C, und the mixture was stirred at 50*C for 4 h. then cooled
in an ice bath. The precipitate was fltered off. The filtrate was washed
with H,0 (200 mh) and the orgamic laver was acidified with 4~ HCI
(138 ml). The acid laver was separated und further extraction of the
organic laver with 4N HCI was carried out, The combined acid layer
was made alkaline with 4 ¥ NaOH (70 ml), and extracted with benzenc.
The combined extracts were washed with H,0. dried over anhvdrous
MgSO, and evaporated. The residue was purified by column chro-
matography on silica gel with benzene-ethanol (50: 1) as the eluent (o
give an oil. This o1l was dissolved 1n ether und acidified with hydrogen
chloride gas. The precipitate was collected o give 18 (12.7g, 479,
'H-NMR §(CDCl,): 312 (3H. d. /= S He, NCH,).4.50 QM. d. /= S Hz,
NCH,Ph), 4.64 (3H. d. J=5Hz. COICH,N), 314 (2H. 5. OCH,Ph),
7.32—7.84 (14H. m. Ar-H).
R)—!-(m-Hydroxyphen_yl_)-}-meth:vlarpquelh_:_xgol Hydrochloride: (R}t
(= :Ph’e?f:ﬂepﬁfine:_ii;jd'r'ochlt_)ﬁ@e;(28) LA mixture_ of, [RA(( ODICY

1.5 mg. 3% 10 fimol), (2R4R)-MCCPM (2,04 mg, 3.9 x 10" mmoi)

and degassed methanol (10 mi) was stirred alroom temperature 107 Sipin
This _cila'fyll_nc sdlu_ﬁg;p:_\?é§Padded419‘;|"sc_)lngon.o(,l8,12,3_‘g.,6 mmol)-and
t'ﬁelh))lamme {(3mg. 0.03mmol) in degassed methanol (total {5 mll.r'['hc!
mixture was placed ifi 4n Hutoclave, ;;re?;'ﬁdﬁﬂed:wﬂif b hydfogen 162044 i
and stirred for 20h a1 S ClTo.this solution=a"mixtiuresof202%. B¢
(0:72) and ethianol (10 ml) was added. This mixture was placed in uf
auloclave, and 'Ej_i_'_qsq_gjéglclfornl h,under.un;iniliul,hydrogen.,.prcssur‘
of 10atm. H.0 (20 mh) and_ucuve_,carb,on'poyv_gg;-();,,g)&g{g_ad‘q;g.,mcni
the whole was stirred at room temperature for 30 min._ After fluaugp
and evaporalion. the residue was“crystailized from benzenc 10_give 28
a?i'ﬁh'nc'c’rysxals_’(i}:O?_g:_:_KS"’/ol.-'[e_z]f,"'“—*38.’3“‘(?’:‘2.0;‘H'§O’)7 O'ﬁi’icull\’
pure 28 was obiained by recrystallization from 2-propanal. [2)3% <4372
% rome]

(c=20°H:0). "H-NMR 5(DMSOW,573.60 (3H. s. NCH, ). 304 (2H.

mCH:N). 4.8 (1. " CHIOH))’ 6 602730 T4 T Ar )~ !

"z'-[N-(zlcmomem‘_vl)]a'minbabe:‘OPhénone Hydrochloride (24) 2.
Chloroethylamine hydrochloride (6.05g. $2.2mmol) and 28% NaOH
(H1.4ml, 105 mmol) were added 10 3 solution of 2-bromoucetophenone
(23) (9.44 2. 0.05 mol) in benzene (140ml) at 0-C. then the mixture was
stirred at room temperature for 18 h. It wis diluted with benzene (100 m}).
and the organic layer was washed with I N NaOH and cxiracted with
I'n HCL The acid laver was made alkaline 1o pH 14 bv addition of | »
NaOH and extracted with benzene. The organic laver was washed with
saturaled aqueous NaCl and dried over anhydrous Na.SO, Afier
extraction with I~ HCL the acid layer wus concentrated m vacuo The
residue was crvsiallized from cthanol {0 give 24 us white crvstals (4.79 ¢,
4% mp 187—189 C. IR (KBry: 1700 (C=0tem ™', 'H-NMR o
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{5)-1-Phenyl-2

hressunized with
Foaction misture

(2H. . NHCCH,Cl), 4.02 (2H. t. NCH,CCh. 4386

,[7.50-—8.20 (5H. m. Ar-H). 9.80 (1H. brs. NH).

[N-(2<chloroethyl)Jaminoethanol Hydrochloride (25)

mixture of [Rh(COD)CL], (4.93mg. 0.0t mmob), (25.45)-MCCPM

mol) and degassed methanol (15 ml) was stirred at room
3min. This catalylic solution was udded to a solution
)mmol) and tnethvlamine (49mg. 0.088 mmol) in
| (1otal 30 m)). The mixture was placed in an autoclave.
hvdrogen to 20atm and stirred for 20h at 50 'C. The
was evaperated and the residuc was dissolved in H,0.

cuve carbon powder (1 g) was added to this solution. then the mixture

20 mi)-was add

ce bath. 28 HC
emperature for

NCCH.$). 3.73
CH(OH). 6.07¢
brs. NH).
(85)-2.3.5.6-Te
27y Thionyl ¢

room temperatu
desalting with s

was-dissotved in
{0.69¢. Smmol)
CH,Cl. und the
dricd-over anhy
by calumn chro
to give 27 us v
=490 «=1.0
SCH.CH.N. P
Ar-H

-aminoacetone (

Zivicarbonate
for2h. then allg
acid {2.63¢. 4
evaporiation of
pH 5.5 by addi
faver was made
witheethyvl sorcta
MgSO, und ev
L (2335 T3%). b

(R)=+-Dime1h
{31) A mixtu
L MCCPM (4.84
b stirred ut room
. [0 u miNture 0
aad (1.59¢.

und the selutid
then ‘extracied
unhvdrous Mg
Y6¢y) bp "1

100’ ml). then the

Ethyl 4-(Diméthviamino)-3-oxobutanone {30)

s strred al rogm lemperature for 20 min. After filtration. the fiitrate
s evaporated 4nd the residue was crystallized {rom benzene (50,ml)
o give 25 as whitk crystals (4.51 g, 96%). mp 145—147 C. (213" +37.2°
1.0-H,0). 'H-NMR 4 (DMSO-4,): 3.12 (2H. d. CCH.N). 3.41 (2H.

57 (2H. . NCH,CCl. 5.05 (1H. dd. CH(OH). 623

5. CHIOM)). 7.38 (SH. 5. Ar-H). 9.46 {IH. brs. NH).
($):3:(2-Hydrg
26} A solution] of potassium thiocvanate {1.69g. i7.4mmol} in H.O

Ax_\'-2»phenylelhyl)-Z’iminothiazolidine Hydrochloride

d to 4 solution of 26 (2.74g. 11.6 mmol) in ethanol
mixture was refluxed for 30 min. It was cooled in an
(15 ml) was added. and the whole was stirred at room

2 h. then evaporated. The residue was decolorized by

tirririg 3n u mixture of uctive carbon powder and ethanol. The mixture

he flirate was evaporated. The residue was crystallized
rive 26 as white crystals (2.50 ¢. 83%). mp 198201 °C.

© (d=2.0. H.0). 'H-NMR & (DMSO-d/,): 345 (2H. (.

2H. d. CCH,N). 4.06 (2H. L. NCH,CS). 4.93 (IH. d.
H. brs. CH(OH)). 7.26—7.60 (SH. m. Ar-H). 9.88 (1H.

rahydro-6-phenylimidazo(2.1-b)-thiazole; Levamisole
loride (510 mg. 4.3 mmol) was added to a suspension

ol 27 (1.042. 4 mmol) in CH,Cl, (Sml}, then the mixture was stirred at

fe for 2h and evaporated. The residue was crystallized

from.cthanol to give white crystals (1.03 g) hydrochloride salt. After

aturated aqueous K.CO,. a solution of the HCl-free

product in cthanol was refluxed for | h and then evaporuted. The residue

H.0 und to this solution was added 4 sotution of K ,CO,
in H.Q (Smh. The aqueous laver was extracted with
organic layer was washed with suturaled aqueous NaCl.
drous MeSO, and cvaporaled. The residue was purified
matography on silica gel with ethyl acetate as the eluent
hite crystals (637 mg. 78%), mp 55.5—36.5°C. [1)3°
CHCl,). 'H-NMR 4 (CDCl,): 2.88—3.76 (6H. m,
CCH.N), 545 {IH. . PACHCN), 7.28—7.39 (5H. m.

A solution of dimethyl-
29} (2.0l ¢. 19.9mmol) in 1.2-dimethoxvethane {10ml)
pwise 10 8 mixture of 1. 2-dimethoxyethane (10ml),
(2.11¢g of a 50% dispersion in oil. 44 mmol) and di-
(4.81 g. 40.8 mmol) at 85°C. The mixture was refluxcd
wed 10 cool Lo room temperature und a mixture of acetic
R &mmol) und H.O (20ml) was added to it. After
the 1. 2-dimethoxyethane. the residuc was acidified to
tion of acetic acid and exiracted with hexane. The acid
hikaline to pH 8.0 by addition of 2~ NaOH und extracted
¢. The combined organic laver was dried over anhydrous
Lporated. The residue was distilled 1o give 30 as an oil
n $5—65 C (0.6 mmHg). 'H-NMR 4 (CDCly): 1.27 (3H.

L . OCH.CH,). 2.3 (6H.s. N(CH ;). 3.23 (2H. 5. C(OYCH,N). 3.47 (CH.
L 5. C{OICH.C(OY). 4.18 (2H. q. OCH.CH,).

viamino-3-hydroxybutyric Acid Ethyl Ester: Norcarnitine
¢ of [RRICODICL); (1.7 mg. 3.5 1073 mmol). (2R.4R)-
me. § 4x 107> mmol) and degassed cthano! (Sml) was
temperature for § min. This catalytic solution was added
30 (1.45 g. 8.4 mmol). ethanol (10 mi)., p-toluenesutfonic
4mmoll and tricthvlamine (3.Smg. 0.033mmol). The

mixture was pliced in an sutoclave. pressurized with hydrogen to 20 atm
and surred for 20 h at 50 -C. The reaction mixture was brought to ambient
temperaiure. and evaporated. The residue was dissolved in H,0 (20 ml)

n was neutralized 10 pH §—9 by addition of 2~ NaOH.
with cthyl acetate. The orgamic layer was dried over
SO,. evaporated and distilied to give 31 as an oil (1.4¢e.
C 0immie) 'H-NMR & (CDCL) 128 (3H. o

OCID: <XP. ST1426A_1 >

OCH.CH,). 2.30 (6H. s N(CH),). 2.20—2.55 (4H. C(O)CH,CCH, N
3.50 (1H. s. OH). 4.16 (2H. q. OCH,CH ).
(R)-3-Hydroxy-4-(trimethylammonio}butyrate: (R)-Carnitine (32}
lodomethane (950 mg. 6.7 mmol) was added 1o u solution of 31 (500 me.
2.85mmol} in acetone (10mb. und the mixture was stirred at room
temperature for 18h. After cvaporation under reduced pressure. 5%
methanoliH,O and silvertt) oxide (632my. 2.85mg) were added to the
residue and the mixture was stirred at room temperature for 18h. [t was
filtered and the filtrate was evaporated. then 65 HCI (4mb and H.O
(10ml) were added to the residue and the mixture was stirred 4t 60 C
for 30min. coaled 1o room temperature and filtered. The filtrate was
evaporated to give 32 as crystals (540 mg. 100%). These crystals 1500 mg)
were recrystallized from cthanol to give 32 as white crystals (340 mg).
mp 142°C (dec.). IR (KBr): 1300 (OHY. 1730 (C=0)em ™' (a)d" -22.0
(c=1.0.H,0). "H-NMR 6 (DMSO-d,): 2.50(2H.d. J=6Hz. CH,CO.\.
323 (9H.s. CH, x 3). 3.45 (2H. d. /=6 Hz. CH,N). 4.12—4.67 (1H. m.
CH(OH).
3{Aryloxy)-2-oxo-t-propylamine Hydrochloride Derivatives (36a—e)
A Tvpical Procedure is Given for the Preparation of N-tsopropyi-3-
naphthyloxy-2-oxo-1-propylamine Hydrochloride (36a): 1-Naphthoi
(38a) (4.33 g. 30mmol) was added to a solution of sodium methoxide
(1.78 2. 33mmot) in methanol (60m!) und the mixture was surred ai
room temperature for 30min under an argom atmosphere. Epi-
chlorohydrine (2.78 g. 3.0 mmol} was added. and the whole was refluxcd
for 8 h. then concentrated in vacuo. The residuc was treated with H,0
{30 ml) and extracted with ether. The combined organic layer was washed
with saturated aqueous NaCl. dned over anhydrous MgSO, and
evaporated to give 39a. Isopropylamine (15mi) and H,0 (1 ml) were
added 10 392, and the mixture was refluxed in a sealed tube for 3h. then
evaporaled to give 40a as a slightly vellow solid. PCC-AILO, (50 g) was
added 10 a solution of 40a in benzene (100ml). and the mixture was
vigorously stirred at 40“C for 18h under an argon atmospherc.
PCC-Al, 0, was filtered off and the hitrute was evaporated. The residue
was dissolved in cther (100 ml) and acidificd with hydrogen chionide gas
“under ice cooling. The precipitate was sepurated by filtration und
dissolved in ice-cold | N NaOH. Extraction with ether was carried oul.
then the organic layer was washed with saturated aqueous NaCl und
dried over anhvdrous K.CO,. After filtration. the filtrate was acidified
with hydrogen chloride gas at 0°C. Thg precipitate was separated by
fltration and recrystallized [rom methanol-ether three tumes 10 give 36a
as white crystals (1.35g, 15%). mp 250 C {dec.). IR (KBrk 3350 (NH).
1710{C=0}cm™ ‘. "H-NMR § (CD,0D): 1.05 (3H.d. J=6.5 Hz. CH ..
|14 (3H. d. J= 6.5 Hz. CH,). 2.78=3.00 (1H. m. CH). .29 (2H. 5. NH.
HCI). 4.68 (2H. s. CH.N). 489 {2H. s, OCH,). 6.61—6.84. 7.00—7.74.
8.01—8.34 (TH. m. Ar-H). 4nal. Caled for C, 1 NO, - HCL C. 63.41:
H. 6.68: N.4.77. Found: C. 65.15: H. 6.66: N, 4.56.
N-Isopropyl-l-[[4'-(3"-mckhox_\'elh}'l)phcnyl]oxy]-'_“oxml‘propy)-
amine Hvdrochloride (36b): 25% yield. mp 257—260°C (dec.): IR (KBrY¥
3340 (NH). 1720 (C=0)em™'. *H-NMR & (CD,0D): [.04 (3H. d.
J=65Hz CH,). .14 (3H.d. J=6.5Hz, CH ). 2.80—3.12 (3H. m. CH.
CH.-Ar). 4.55 (3H. s, OCH,). 470 (2H. s, CH,N), 493 (2H.s. OCH ;1.
489—5.11 {2H. m. OCH,CH,. 5.89 (2H, brs: NH. HC). 6.80 (2H. d.
J=83Hz Ar-H). 7.25 (2H. d. J=8.1Hz. Ar-H). Anal Caled for
C,,H,,NO, - HCL: C, 59.69: H. 7.68: N. 4.64. Found: C. 59.39: H. 7.56.
N, 4.58. '
N-isoprop_vl-2-oxo-3-phcnyloxy-l-propylamine Hydrochloride (36cy
14%5 vield. mp 228°C (dec.). IR (KBr): 3340 (NH), 1724 (C=0)em ™!
'H-NMR § (CD,OD): 1.05 (3H. d. J=65Hz. CH,) 117 (3H. 4.
J=65Hz2. CH,). 2.81—301 (1H. m. CH). 4.60 (2H. s. CH.N), 5.00
{2H. s. OCH,). 6.12°(2H. brs. NH. HCD. 6.65—7.21 (SH. m. Ar-H
Anal. Caled for C,;H,-NO, - HCl: C. §9.14: H. 7.44 N. 5.75. Found:
C.59.33, H. 7.3%: N, 5.61. -
N-Benzyl-3-(2-methoxyphenyloxy)-2-oxo-1-propylamine Hyvdro-
chloride (36d): 24% yield. IR (KBr): 3300 (NH). {705 (C=0)em ™"
TH.-NMR § (CD,0OD): 3.80 (3H. s, CH,). 4.20 (2H. s. CH.-Arn. 4.30
(2H. 5. CH,N). 4.74 (2H. s, OCH ;). 4.89 (2H. 5. NH. HCH. 6.83 {4H.
brs. Ar-H). 7.39 (SH. brs. Ar-H). Anal. Culed for C,1H (NO; - HCE
C. 63.4% H. 6.25; N, 4.35. Found: C. 63.07: H. 6.11: N. 4.29.
!\‘-Bcnzy!~3-(3',5"dimclhylphcnylox_\')-2-oxo~I-prop_vluminc Hvdro-
chloride (36e): 24% vield. IR (KBr): 3330 (NH) 1710 (C=0rem ™!
SH-NMR & (CD,0D: 225 3H. s, Ar-CH 1 238 (3H. 5 Ar-CH ). 3.00
(2H.s. CH-Ar). 4.29 (2H. 5. CH.N), 478 (2H. s OCH,J. S.01 (ZH. s,
NH. HCl). 6.56 (3H, brs. Ar-H). 741 (SH. brs, Ar-H). Anal. Caled for
C,H. NO, - HCL C. 67.60: H. 6.93: N, 4.38. Found: C. 67.21: H. 6 74
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N, 4.33
Asymmelrﬁc Hydrogenation of 3-Aryloxy-2-0x0-1-propylamine Hydro-

- chioride (363—e) {General Procedure) A mixiure of [Rh(COD)Ci],
4.9mg. 1.0 x 107" mmol), (25.45)-MCCPM (12.5mg. 2.4 x 10~ * mmol)
and dcgussei methanol 110 ml) was stirred at room temperature under
an argon ulTospherc for Smin. Triethvlamine (10.1 my. 10 mmoli was
dissolved in degassed methanol (10mi). The catalytic soluuon (1.0ml)
and mcxh_\'leinc solution (1.0ml) werc added to a solution of
3-ar)'lox_\'v2-c$.\0~|~pr0pyluminc hydrochloride {36a—e) (20.0mmol) in
degassed methanol (total 20 ml). The mixture was placed in an autoclave,
pressunzed with hvdrogen to 20atm and stirred for 20h at S0 ‘C. The
reaction mixfure was evapordted. then H.O (20m!) and acuve carbon
powder (0.5g) were udded 1o the residue. After surring at room
temperature for 30min and filtration through Celite. the fltrate was
evaporaled aL the benzene azeotrope 1o give 37Ta—e quantitatively. Part
of the produdL wus dissolved 1n 0.5~ NaOH at 0°C and cxtracted with
ether. The combined cxtructs were washed with saturated aqueous NaCl.
and dried over anhydrous K,CO,. This ether solution was analyzed by

HPLC 10 determine the cnantiomeric purity (Duicel Chiralcel OD.

n-hexane : 2-pgropanol=9: |},

Allyl 1-Naghthy! Ether (34)  Under an argon atmosphere. I-naphthol
£33} (7.57 ¢. 32.5mmol) was added 10 4 suspension of sodium hydride
12202 of 4 60% dispersion 1n oil: $$ mmol: oil removed with s-hexane)

m dimethylfarmamide (DMF) (80ml) at 0°C. then the mixture was

stirred at rogm temperature for 1Smin. A solution of allyl bromide

(6.65 2. S0 mmol) in DMF (80 ml) and potassium iodide (8.3 g¢. 50 mmol)

¢re added. and the whole was surred at room lemperature for 6 h. then

aporated. The residue was takeh up in H,O (200ml) und exiracted
with ether. Th organic laver was washed with 0.5~ NaOH and saturstled
aqueous NaCl. dried over anhvdrous MgS0,. und concentrated 1o give
34 us a viscous oil (8.38 g, 91%,). which was confirmed 1o he almost pure
by GLC. and Was used withoul further purification. '"H-NMR §{CDCl,}:
392 (2H. ddi OCH,). 4.93—5.43. 557—6.22 (3H. m. CH =CH,J.
6.59—6 84. 7.01—7.72. 7.99—8.32 (TH. m. Ar-H).

3-Naphthyloxy-2-0x0-1-propy] Bromide (35} Sodium bromite (20.23 g.
150 mmol) was added 1o a solution of 35 (5.53 2. 30 mmol) in 80% acetic
acid (150ml) 31 0°C and the mixture was stirred at room temperature
under un argon atmosphere for 6 h. poured into ice-cold H,0 (500 ml)
and neutralized with sodium hydrogen carbonale. After filtration through
Celite. the filtrjue was extracied with CH,Cl,. und the combined exiracts
were washed With saturated aqueous NaHCO, and saturated agucous

NaCl. dried o}er anhvdrous MgSO,. and evaporated. The residuc was

purified by column chromatography on silica ge! with CHCly-n-hexane

(2:1yastheeldentto give 35 (5,19 2. 62%). IR (neat): 1710 (C=0)em~".
"H-NMR § (CGDCl,): 4.78 {2H. . CH,). 491 (2H. 5. CH,), 6.63—6.88.
6.99-7.67. 749~R.30 (7H. m. Ar-H). Ana/ Cuicd for C,yH,,BrO;: C.
55.94. H. 3.97{ Found: C. 56.37. H. 3.71.

:‘\'-lsoprnp.vl-B-naphlhylox_v-Z-oxo-l-propylamine Hydrochlotide (36a)
A solution of 35 (4.19¢. 15mmol) in 2-propanol (20 ml) was added ta
a mixture of 40% 1sopropylamine (3Iml) and 2-propanol (20ml) at  -C.

*d the mixiure was stirred at 40 -C under an argon atmosphere for | h.
-a¢ reaction mixiure was acidified with hvdrogen chloride gas under
ice cooling. unfl acctone {80 ml) was added. The whole was aliowed (o
stand under urfargon almosphere at room temperature for a dav. The
preaipiiate was separated by filtration and recrystallized from ethanol-
ether 10 give 36a as white needles (2.25 g. S19%).

{$)+ ~)-Propranolol Hydrochloride (37a) Asymmetric hvdrogena-
lion was carried out by means of the same procedure as far the prepara-
tion of 37a—e using 362 (2.00g. 6.8 mmol). Wark-up gave 37a as white
crystals (1.97g{ 98%). [2]3° ~23.2" (¢ =1.08. ethanol). Optically pure
37a was obtairicd by recrysiallization from melhanol—cther. mp 199

202°C. [2]3* +28.9° (c=1.06. ethanol). IR (KBr): 3400 (NH). 3240 ,

(OH)em ™', "H-NMR § (CD,OD): 1.12 (3H. d. /=6.5Hz. CH,). 123
(AH. d. J=6.5Hz. CH,). 313 (2H. dd. /=4, i3 Hz. CH,N). 310134
(ZH. m. NCH. OCH). 4.05 (2H. dd. /=4. | | Hz. OCH,). 4.67 (3H. brs.
NH. OH. HC 6.70—6.82. 6.98—7.70. 7.75—8.10 (PH.m. Ar-H). 4nal.
Caled for € H,.CINO,: C. 64.95; H. 7.50: N. 4.74. Found: C. 64.98:
H. 743 N 474
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‘%Apoderado: Emilio Ferrero Oficio:

!
;REFERENCIA: Radicacion No. 0-3108

| Tramite 002

| Evento 001

i Actuacion 430
Folios

| ‘
(pomo resultado del examen de fondo, realizado con fundamento en el articulo 45
ﬁie la decision 486 de la Comision de la Comunidad Andina, se le comunica:

. Documentos estudiados:

@ Capitulo descriptivo, folios 2 a 67;
Capitulo reivindicatorio, folios 87 a 89;
01° examen de forma folios 34 y 35;

P Respuesta técnica al primer examen de forma, folios 75 a 77,
i Solicitud de la cual se reivindica prioridad, folios 38 a3
0'2° examen de forma folio 92;

OSollmtud del examen de patentabilidad, folios 94 y 95;
OExamen de patentabilidad Art-46, folios 150 a 152;
ORespuesta al examen de patentabilidad, folios 153 a 163.

|
i

2, Objeto de la invencién:
1

La presente solicitud cuyo titulo es “PROCEDIMIENTO PARA LA PREPARACION
DE HIDROCLORURO DE FENILEFRINA” |
i

El objeto de la solicitud es un proceso de obtencion de clorhidrato de fenilefrina.
!

EI’objeto de la invencién se puede clasificar segtn la cIaSIf icacion internacional
cor'no AB61K 31/13




! /53//65/

Determinacion del estado de la técnica:

El articulo 16 de la Decision 486 de la Comisién establece: “El estado de la
técnica comprendera todo lo que haya sido accesible al publico por
una descripcion escrita u oral, utilizacién, comercializacién o cualquier
| otro medio antes de la fecha de presentacién de la solicitud de
patente o, en su caso, de la prioridad reconocida.

Solo para el efecto de la determinacién de la novedad, también se
considerara dentro del estado de la técnica, el contenido de una
solicitud de patente en tramite ante la oficina nacional competente,
cuya fecha de presentacion o de prioridad fuese anterior a la fecha de
presentacion o de prioridad de la solicitud de patente que se estuviese
examinando, siempre que dicho contenido esté incluido en la solicitud
de fecha anterior cuando ella se publique o hubiese transcurrido el
plazo previsto en el articulo 40.”

No | Documento No. Titulo ' Fecha de Publicacion

D1 |Chemical and |Efficient asymmetric hidrogenation of | 01-may-1995
| Pharmaceutical | alpha-amino ketone derivatives a highly

Bulletin, JP, | enantioselectivo, synthsis of

Pharmaceutical | phenylefrine, levamisol, carnitine and
? Society of | propanolol.

Japan.

Evaluacién de los requisitos de patentabilidad:

El articulo 14 de la Decision 486 de la Comisién de la Comunidad Andina
establece: “LOS Paises Miembros otorgaran patentes para las invenciones,
sean de producto o de procedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean
, susceptibles de aplicacién industrial.”

En cumplimiento de este articulo, se procedi6 a evaluar los requisitos de novedad,

nivel inventivo y aplicacién industrial con el fin de establecer la patentabilidad de la
invencion reivindicada en la solicitud en estudio.

|
Evaluacién de la Novedad:

i El art.16 de la Decision 486 de la Comisién de la Comunidad Andina establece:




. w yi3
“Una invencion se considerara nueva cuando no esta comprendida en
\el estado de Ia técnica.” “El estado de la téchica comprendera todo lo
%que haya sido accesible al publico por una descripcion escrita u oral,
\utilizacién, comercializacién o cualquier otro medio antes de la fecha

Ide presentacion de la solicitud de patente o, en su caso, de la prioridad
"reconocida »

l

;La solicitud en estudio se refiere a diferentes objetos, tales como un método para
Epreparar una amina de la férmulaVila; un método para preparar un epoxido de
formula (la), un método para preparar un compuesto llla, un método para elaborar
] un compuesto de formula VI a, un metodo para elaborar un derivado morfolino,
'un cpmpuesto de férmula llla, un compuesto de formula IV a, un compuesto de
{f()rmula IV, un compuesto de férmula Va un compuesto de formula V.

La anterioridad D1 describe un proceso par ala obtencion del clorhidrato de L-
;knilefrina el cual cumple los pasos de:

OBn

I
| OBn
, OH
i
l\ - Bn a _Bn
i N N N N A
i \

0 CH HO" W Ty HO” Mg\
1 ? CH,
Nt ” *HCl *HCl

(R)clorhidrato de fenilefrina.

5

Parte de un compuesto 8 ceto amino, sobre el cual se hace una hidrogenacion
%simetrica selctiva, luego se hace una desbencilacion reductiva con paladio he
hidrégeno, para obtener la correspondiente (R) clorhidrato de fenilefrina. Esta
eprIicitamente descrito en el folio 157 (pag 741), columna de la izquierda, y folio
%60 (pag 744) penultimo parrafo, de D1. Cuando se comparan los dos proceso
sllon iguales entre si, porque parten de los mismos derivados 8 ceto amino, con las

i

rgismas etapas y los mismos catalizadores, para obtener el (R)clorhidrato de
f, nilefrina , por lo tanto se considera que la solicitud en estudio no tiene novedad.
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En cumplimiento del articulo 45 de la decisién 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de la notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a pesar

| 1
de la respuesta subsistieran los impedimentos para la concesion, se denegara la |
patente. ‘

Notifiquese conforme alo di

uesto en el numeral 5.2, literal e), del capitulo 5° del
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