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Selective Synthesis of E and Z Isomers of Oximes

Hashem Sharghi,” Mona Hosseini Sarvari
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Abstract: The highly stereoselective conversion of aldebydes and
ketones to their corresponding oximes with hydroxylamin hydro-
chloride are catalyzed by CuSO, and K,CO;.This method occurs
under mild reaction conditions with high yields.

Key words: E and Z Isomers, oxime, hydroxylamine hyd.roch]o—
nde CuS0,, K,CO, .

The addition of hydroxylamine hydrochloride to carbon-
yls to yield oximes is not only one of the best understood
examples of a nonenzymatic addition-elimination
reaction' but also an important reaction in organic syn-
thesis.? Except in the case of symmeirical ketones, both
isomeri¢ oximes (Z and E) are usually. produced which
have different physical properties and bielogical
activities® and should be separated by chromatography or
recrystallization techniques.

Very few methods are available for the synthesis of E and
Z isomer of oximes.**-In mauy cases, E isomers were ob-
tained from the Z forms by either the hydrochioride
methodS or purified by column chromatography.” The re-

agents which have been used for oximation of aldehydegoses

and ketones, also catalyze the interconvertion of Z and £
isomers. The rate of equilibration of a mixture of Zand E
isomers and the position of the equilibrium is temperature
dependent,? therefore, temperature control of the experi-
ment is ctitical,

Having the above facts in mind, we wish to report a con-
venient method for controlling the stereochemistry of the
reaction of hydroxylamine hydrochloride with aldehydes
or ketones in solid state.

In order to find a simple and suitable catalyst for control-
ling the stereochemistry of oximes, the reaction of 4-chlo-
robenzaldehyde (1) with hydroxylamine hydrochloride
(2) was chosen as a model and its behavior was studied
under a variety of conditions via TLC and "H NMR spec-
troscopy (Scheme 1, Table 1).

0
H Catalyst
+ NHZOH HCA ""‘_"""
Cl
1 2
Scheme 1

Table 1 Reaction-of (1) with (2) in the presence of different

catalysts, ‘

Entry Catalyst Time Ratio of product®  Yields based on
{min) ®H: @ NMR & TLC(%)

1 5i0 30 1:1 100

2 MgO 30 1:4 ’ 100

3 AI;O; 30 1:2 100

4 CaD'® 5 1:4 100

5 CuCO; 30 1:4 100

[i] NazS04 .30 1:4 100

7 K.CO3 60 0:1 100

8 CnSQO, 60 1:0 100

a) Ratio of products was determined by 'H NMR.

As shown in Table 1 (Entries 1-6), a mixture of Z and F
isomer of 4-chlorobenzaldoxime was obtained by the use
of various types of catalysts. In the comparison, the reac-
tion proceeded rapidly to give exclusively the correspond-
ing Z/E isomer of 4-chlorobenzaldoxime (3,4) in excellent
yields when K,COQ, / CuSO, were employed (Table 1, En-
tries 7,8). Similarly;-ds shown in Scheme 2 and in Tables
.2 and 3, the reactions of hydroxylamine hydrochloride
with different aldehydes and ketones, including those with
electron-withdrawing and donating substituents in the
presence of these new catalysts, gave oximes in high
yields and stercoselectivity,

~ OH
o] N

Py , N0 HC

] R R
R 90°C . Cat,

gl
Cat =Cus0,. KoCO4

Scheme 2

As shown in Table 2, various types of aromatic aldehydes
with electron donating and withdrawing groups were
cleanly and rapidly condensed with hydroxylamine hy-
drochloride at 90 °C, giving the corresponding E-isomer
of oximes (OH anti to aryl) in excellent yields in the pres-
ence of CuSQ, (Entries 1-12). However, aromatic ketones
such as benzophenone and others did not afford the corre-
sponding oximes under these conditions. In order to show
the chemoselectivity of the presented reagent toward the
condensation of different carbonyl groups, a mixture of
benzophenone and benzaldehyde was treated with hy-
droxylamine hydrochloride in the presence of CuSQ, at
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Table 2 Convertion of aldehydes and ketones to E-isomer oximes
using CuSO,.

~OH
XL
Rl H'A

Entry R' R? Time Mp.(it) "H Chemical  Yields

. . {min.) shifts of Hy, (%)

1 pCICHe H 60 110010*9 197 80

2 pHOGH, H 30 1120112 7.81 70

3 pONCH, H 30 120031') 748 90

4 pMeCgH, H 30 110010'%) 727 90

5 pMeOCH, H 30 63-64(65°12) 697 0

6 mCOCH, H 30 80(71-12'% 775 95

7 m-{,NCH, H 15 120(124%) 7.64 95

g mMeCH, H 30 358(60') 7.41 90

9 m-MeOCsH, H 30 40(40') 7.19 90

10 mHOCH, H 30 700889 7.12 70

1 Ph H 60 32@0° 35 7.40 90

12 j—\/( H 120 110(113'% 7.32 85
S

13 Ph Me 360 no reaction

14 (17 Me 360 no reaction
5\

15 ﬁ Me 360 no reaction
v

16 p-CICgH, Pt 360 no reaction

2)'H NMR yields.

Table 3 Convertion of aldehydes and ketones o Z-isomer oxifiies
using K,CO,.

~0OH
N
HA)J\RZ
Entry R' R? Time Mp.(it) 'HChemical Yields"
{min.) shifts of Ha (%)
1 H pMeCH, 60 72(809 8.49 %0
2 H mMeCeHy 60 56(60') 8.13 %0
4 H pHOGH, . 60 94(72'% 8.07 85
5 'H mHOCH: 120 90(90" 8.09 90
6 H oBOCH, 15 63(63"9 8.22 50
7 H pONGH, 120 100(129'% 8.21 80
8 H pCICH, 120 146 (145%) 812 35
9 H mCiGH, 120 100(118' 8.11 85
10 H o-QCH 300 103 (100" 8.57 )
I H pMeOCH, 60 132033*% 300 %0
12 H mMeOCH, 15 110(112'% .10 85
13 H Ph 60 120(128%) 8.17 %0
14 H 26d-CiCeH; 300 132 (1507 8.40 90
15 H_ /X 15 13033’y 1713 20
(-
16 Me [ 15 114114y L 90
Gk
17 Me A 60 142(132%,130')...... 85
1
N
18 Ph Me 300 140(144“‘) ...... 80
a) 'H NMR yields.

2iosmarzy

90 °C for 30 min. The E-benzaldoxime was obtained
85% yield and benzophenone was recovered unchanged.

Table 3 also shows that various types of aromatic alde-
hydes and ketones with electron-donating and electron-
withdrawing groups were cleanly and rapidly condensed
with hydroxylamine hydrochloride at 90 °C, giving their
corresponding Z oximes (OH cis to aryl) in high yields in
the presence of K,CO; (Entries 1-18).

The advantages of the presented methods may be summa-
rized as: use of commercial and available catalysts, mild
reaction conditions, and high stereoselectivities - good
yields of the desired products.

General Procedure for preparation of E isomer of aldoximes in
the presence of CuSO,:

Hydroxylamine hydrochloride (0.6 g, 8.6 mmol) was added to a
stitred mixture of CuSQ, (1 g) and aldehydes (1 mmol) at 90 °C in
an oil bath. The progress of reaction was monitored by TLC. After
complete disappearance of the starting material, the reaction mix-~
ture was cooled, and washed with cold diethyl ether and filtered to
remove CuSQ,. Then the mixture was poured into ice-water and ex~
tract with cold diethyl ether (2 x 25 mL).The organic solution was
dried over Na,80, and evaporated over ice to give the crude E
oximes. The process of work-up was carried out at ¢ °C, otherwise,
the Z isomer was obtained.

Synletr 2001, No. 1, 99-101

General procedure for preparation of Z isomer of aldoximes
and ketoximes in the presence of K,CO;:

Hydroxylamine hydrochloride (0.6 g 8.6 mmol) was added to a
stirred mixture of K,CO; (1 g) and aldehydes or ketones (1 mmol)
in an oil bath at 90 °C for the periods of time reported in Table 3.
Then, the reaction mixture was washed with CH,Cl, (2 x 10 mL)
and water (2 x 50 mL). The organic layer was dried over Na.SQ,
and evaporated to give the crude Z isomer of oxime. The products
were identified by comparison of their physical data with those pre~
pared in accordance with the literature procedures.
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Practical chemoenzymatic synthesis of a 3-pyridylethanolamino
B3 adrenergic receptor agonist
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Abstract

A chemoenzymatic synthesis of B3 agonist 1 suitable for large scale preparation is described. The key chiral 3-
pyridylethanolamine intermediate (R)-7 was prepared via an improved Neber rearrangement and a yeast-mediated
asymmetric reduction. The tetrazolone fragment of the molecule was constructed via a dipolar cycloaddition
between 1-(cyclopentyl)-3-propylazide and p-chlorosulfonyl phenylisocyanate. Sulfonamide coupling of these two
intermediates under Shotten—Baumann conditions, followed by a borane reduction of the amide afforded 1 in
20-32% overall yield from 3-acetylpyridine. © 1999 Elsevier Science Ltd. All rights reserved.

Obesity affects approximately 30% of the adult population, and is closely associated with the de-
' . velopment of type II diabetes, coronary artery diseases, and hypertension. The morbidities associated
' with these diseases are sometimes reversed by weight loss.! Compound 1 is proposed to act by a
novel mechanism elevating metabolic rate through thermogenesis resulting from the stimulation of B4
adrenergic receptors (AR) in brown adipose tissue.? The elevation of metabolic rate, in the absence of
increased food intake, will lead to weight loss over time. B3 AR agonists have also demonstrated a
direct improvement on glucose tolerance and therefore may be very important in the treatment of type
11 diabetes.! In order to camry out further studies with this compound, we required a practical chiral
synthesis. This paper describes the process used to provide kilogram quantities of compound 1, a potent,
selective 3 AR agonist.’

* Corresponding authors, Fax: 732 594-6703; e-mail; john_chung @ merck.com

0040-4039/99/% - see front marter © 1999 Elsevier Science Ltd. All rights reserved.
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Compound i consists of a chiral N-alkylated 3-pyridylethanolamine fragment and a tetrazolone
sulfonyl fragment connected through a sulfonamide bond. Previous synthesis of the pyridyl ethanolamine
portion involved a (—=)-DIP-CI asymmetric reduction of 3-pyridyl chloromethyl ketone, followed by
epoxide formatjon of the resuliing chlorohydrin, and then opening of the epoxide with the appropriate
amine.? For oul synthesis, we took a different approach where the amine moiety was incorporated in
the form of amide early in the synthesis prior to introduction of the chiral alcohol. The synthesis of 7 is
outlined in Sch¢me 1.

o EtO OEt Et gitH
N
- S
Tl e T
93% 2HCI NO

1
di-HCl sait

N nN® 2 82% N 4 2
“ezonz2
o 0
{ LH
YO, ——— - T T L
p 0 = o]
93% N g NO: sors%  o3% N g oo, R
{2-steps) >99% oo 7. R=NH;

Scheme ). a. 1. NH;OH-HCL; 2. TsC), pyr: b. 1. EtOK, EtOH; 2. HCl, MTBE:; ¢. EDC, THF, H; O, pH 5.5, p-nitropheny! acetic
acid; d. aq. HCI; e.|yeast-mediated bioreduction; f. H2, Pd/C, MeOH, NH,OH

We have improved significantly upon an organic synthesis procedure® for the preparation of 3-pyridyl-
aminomethy! ketal 3 via a Neber rearrangement reaction, and also noted some safety issues.> Compound
3 was prepared in 76% overall yield from 3-acetylpyridine in three steps via tosyl oxime 2. The oxime
formation and the tosylation steps® (93% overall yield) were carried out in} a one-pot fashion using
pyridine as the|solvent. Under such conditions, the E-isomer of oxime predominates (>97:3). Water
was removed by azeotropic distillation prior to the tosylation. Tosyl oxime 2 was crystallized from the
by addition of water, and the wet cake was used directly in|the Neber rearrangement
to a mixture of 2 in EtOH at 10-30°C. After removal of the TsOK salt,® the filtrate
gasesous HCl (final pH 1-2) to precipitate the amino keta! di-HCI salt 3 (82%). A
ediated coupling of 3 with p-nitrophenylacetic acid in THF/H30 followed by a selective
resultmg amide-ketal 4 with concomitant removal of ethanol|afforded pyridyl ketone 5
steps).!
in hand, we screened methods for the key asymmetric redugtion of the ketone to the
chiral alcohol. Unfortunately, preliminary results from most known methods gave poor enantioselectivity
and in some cpses reduction of pyridine ring was observed (e.g. asymmetric hydrogenation with
(5)-tol-BiNAP-RuCl-EtsN complex afforded the reduced pyridine vinylogtmus amide as the major
product, with 6 as the minor product in only 6% ec). Altemmatively, initial results using Baker's yeast
(Saccharomyces cerevisiae) were encouraging,” which provided product in 70-80% ee. Subsequently, a
microbial screen identified the yeast Candida sorbophila as a suitable biocam’yst,B which furnished the

With ketone
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chiral alcohol 6'2 in ~98% ee and 70-90% conversion after incubation for 2 days at 28°C. The material
was routely isolated in ~75% yield and >99.5% ee.® The absolute configuration of the secondary alcohol
produced in the yeast-mediated reduction of ketone 5 was determined to be the desired R-enantiomer
by NMR analysis of the (S)-methoxyphenylacetate esters based on Trost's method!? and by comparision
with materials derived from Shih’s synthesis using (~)-DIP-CL.2 As shown below, the chemical shifts of
the pyridyl protons of the R-isomer was shielded by the mandelate phenyl ring by 0.11-0.25 ppm relative

to the S-isomer (at +20°C).

The optical purities of the crude 6 in the fermentation broth and the isolated 6 were determined to be
»97.5% ee and >99.5% ee, respectively, by chiral HPLC using Chiracel OD-H (20/80 [PA/hexanes, 0.8

mL/min, 254 nm; or SFC, 300 bar CO3, 16% MeOH (20 mM {PrNH>), 1.0 mL/min, 35°C).

NO;

58.41
(o) H
o O

]

Meo)/‘ki‘ """" @

o \/
HPh/-

W p,}‘_ A H\- §3.54 (HN 5827
5543
8854 N /5852 56.15
' ' ’ Desired NO, |

Nitro compound 6 was hydrogenated (20 psi Hz) over 5% Pd/C (4 wi%) in methanol with 1.7 equiv.
NH4OH, conditions which minimized impurities derived from the intermediary nitroso compound. The
reaction was run at 40°C for ~3 h until the uptake of H; had stopped. Aniline 7 was crystallized in high

yield (96-97%) and purity (>99 A%).1?

The southern half of the molecule was constructed as shown in Scheme 2. The cycloaddition between

azide 13 and isocyanate 15 took place at 125°C to provide the tetrazolone 8 in 84% yield. I

o)
1. BHy - SMey
OH 2. Maly, EtaN g\/\R
1" WTRE; NaN,. 12 R=0H S0,C1
DMS0 13 R=N, Octape o) U
125
0% x 99% 2

-] O/\/\N)LN
b NN

. Scheme 2,

Subsequent coupling of aniline 7 and sulfony! chloride 8 under Schotten-Baumann conditions afforded
the penultimate amide 9 in 94% yield (Scheme 3). Selective reduction of the amide with BH3-SMe; (7
equiv.) at +20°C followed by 1 M H2504 work up at +50°C to break up the borane complexes afforded
the crude 1 free base in 82% yield after neutralization. This material was purified to >99% pure by
crystallization of the comresponding phosphate salt (93%) followed by free basing (98%), since the di-
HCl salt gave poor rejection of the impurities. Finally, the di-HC] salt was prepared from ethanolic HCI

in 92% yield.'2

In summary, we have developed a practical synthesis of B3 AR agonists 1 and have demonstrated
it on kilogram scale. The key chiral pyridyl alcohol intermediate (R)-7 was prepared via an improved
Neber rearrangement and a yeast-mediated asymmetric reduction. The key dipolar cycloaddition between
azide 15 and isocyanate 17 provided an efficient one-step synthesis of the tetrazolone sulfonyl chloride.
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Coupling of th{e aniline and the suifonyl chloride followed by borane reducti
the synthesis of 1 in 20-32% overall yield from 3-acetylpyridine.

Et0AC (j/k/ “/@\ 1. BHy * SMaz, THF;
$0;

pog|mimen N or B
or di-HC! salt
)L 2. purily via phosphate
G/\/\N N salt, then tren base aversll ylakd
N=N B2% x 53% x 90% = 756% # 20-32%
Scheme 3.

n of the amide completed
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All the new gompounds were well characterized by 'H NMR, *C NMR and elemental analysis. Data for compounds 3,
5.7.8, and 1 are listed below. For compounds 2, 4, 6, and 9 data are readily available upon request. Amino ketal 3: 'H
NMR (CD;0D) 8 9.07 (d, J=1.9 Hz, 1H), 8.99 (d, }=6.0 Hz, 1H), 8.83 (d1, }=8.3, 1.6 Hz, 1H), 8.26 (dd, J=8.3, 6.0, 1 H),
3.61 (m, 2H), 3.59 (brs, 2H), 3.46 (m, ZH), 1.30 (1, J=7 Hz, 6H); 1?C NMR (CD;OD) 5 147.1, 143.8, 142.5, 139.9, 129.3,
99.9, 59.2, 44.5, 15.0. Anal. caled for Cy HCl3N20,+3/4 KCL: C, 38.96; H, 5.94; N, 8.26. Found: C, 38.81; H, 5.83; N,
8.00. Keto-arhide §: 'H NMR (CDChL) 5 9.17 (4, }=1.7 Hz, 1H), 8.84 (dd, }=4.8, 1.7 Hz, iH), 8.22 (d, }=8.7 Hz, 2H), 8.23
(m, 1H), 7.52 (d, J=8.7 Hz, 2H), 7.47 (m, 1H), 6.60 (brs, NH), 4.78 (d, J=4.4 Hz, 2H), 3.78 (s, 2H); *C NMR (CDCl;)
5 193.1, 1693, 154.7, 149.3, 147.3, 141.8, 135.2, 130.3, 129.7, 124.0, 123.9, 46.7, 43.0.|Anal. caled for C;sH)3N30,: C
60.20; H, 4.38; N, 14.04, Found: C, 59.82; H, 4.24; N, 13.83, Aniline-alcoho) 7: '"H NMR (CD,0D) § 8.49 (d, }=2.0 Hz,
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1H), 8.40 (dd, J=4.9, 1.6 Hz, 1H), 7.72 (d1, )=8.0, 1.6 Hz, 1H), 7.34 (dd, J=7.8, 5.0 Hz, 1H), 6.94 (d, 1=8.4 Hz, 2H), 6.66
(d, J=8.4 Hz, 2H), 4,78 (1, J=6.1 Hz, 1H), 3.42 (d, J=6.1 Hz. 2H), 3.31 (s, 2H); '*C NMR (CD;0D) 6 175.2, 149.1. 148.3,
147.7, 140.2, 136.3, 130.8, 125.9, 125.1, 116.8, 71.1, 47.5, 43.1. Anal. caled for CisH ;N304 C, 66.40; H, 6.32; N, 15.49.
Found: C, 66.07; H, 6.35; N, 15.29. Tetrazole sulfony! chloride 8: 'H NMR (CDCly) & 8.35 (d, J=9.1 Hz, 2H), 8.16 (d,
J=9.1 Hz, 2H), 4.03 (1, J=7.2 Hz, 2H), 1.90 (m, ZH), 1.85-1.70 (m, 3H), 1.65-1.45 (m, 4H), 1.40 (m, 2H), 1.08 (m, ZH);
BC NMR (CDCh) 5 148.7, 142.2, 1399, 128.7, 118.8, 45.6, 39.5, 32,7, 32.6, 27.6, 25.1. Anal. calcd for C,sH,sCINO,S:
C,48.58; H, 5.16; C1,9.56: N, 15.11. Found: C, 48.87; H, 5.21; CI, 9.29; N, 14.90. 1 - 2HCI: '"H NMR (CD,OD) 8 9.01 (d,
1=1.2 Hz, 1H), 8.86 (d, }=5.6 Hz, 1H), 8.76 (dt, J=8.1, 1.5 Hz, 1H), 8.14 (dd, }=8.1, 5.6 Hz. 1H), 8.06 (d. }=8.9 Hz, 2H),
7.88 (d, J=8.9 Hz, 2H), 7.19 (d, }J=8.6 Hz, 2H), 7.10 (d, }=8.6 Hz, 2H), 5.37 (dd, J=9.8, 3.1 Hz, 1H), 4.00 (1, J=7.] Hz,
2H), 3.49 (dd, J=12.8, 3.3 Hz, 1H), 3.35-3.20 (m, 3H), 3.00 (m, 2H), 1.92-1.70 (m, 5H), 1.70-1.45 (m, 4H), 1.45-1.30
(m, 2H), 1.10 (m, 2H); BC NMR (CD,0D) 5 150.1, 145.9, 143.3, 142.5, 141.1,139.7, 139.4, 137.8, 1344, 130.7, 129.7,
128.7, 122.8, 120.0, 66.9. 53.7, 50.0, 46.4, 40.9, 33.9, 33.6, 32.4, 28.6, 26.1. Anal. calcd for C3yH1Ci2N70,5: C, 54.21;
H,591.Cl, 10.67; N, 14.75: §, 4.82. Found: C, 54.35; H, 5.90; C), 10.78; N, 14.64; S, 4 87.

226926864 | =



