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Highlights from the Patents

A Review of U.S. Patents in the Field of Organic Process Development
Published during November and December 2004

Summary involving the production of tens if not hundreds of kilograms,
The selection of 20 patents summarised in this review is @nd it can be surmised that such processes are in advanced

from an original list of 223 that fitted the original criteria, Stages of development. The advantages listed for any patent

and it is hoped that there is something to stimulate readers.2r€ those claimed by the assignees unless this reviewer has

The control of exothermic reactions is critical in improving Prior knowledge.

the selectivity in many reactions. The rate of removal of heat

is the key factor yet is often a limitation on a plant scale Patent No. U.S. 6,812,354

and can be forgotten by chemists in the laboratory. This can ‘ASsignee: Eastman Kodak Company,

be done by a number of methods, and there are two patentsK{”gs’mr t, tennessee, U.5.A. )

in this selection that address this issue. One uses a solventnﬂe or Subject: Process for Preparing

as a heat sink in the synthesis of an intermediate for 3-Methyltetrahydrofuran . . .

salmeterol. The second solves the problem by changing the . 3_-Methy|tetrahydrofuranZ,_ 'S a solven_t with properties

order of addition of the reactants in the preparation of a f'm"?r to those Of_ THF but is Ie_ss volatile and boils at 86

neurokinin-1 receptor antagonist. An improved process for .C' 2is also used in the prodL_Jctlon of elgstomers, and th_ere

the stereoselective formation of 1,3-diols by catalytic hy- Ihs a range of [I)rogesses fqr ts (groducﬂon, some of which

drogenation of ketones is described that simply involves the ave previously been reviewe@ig. Process Res. De

> . o 2004 8, 311). The current patent describes a process in-
addition of magnesium salts to the catalyst. This improves . .
. . - volving a hydrogen transfer reaction. The method starts from
conversion and the ratio afynand anti isomers. A novel

: 1 or 3 and asec-alcohol in the presence of a hydrous zirconia
range of seleno compounds that are prepared from nitrones

. . . . . lystin an inert atmosphere. The r hown in Schem
is described that could be useful in treating brain cell decay. catalyst in an inert atmosphere. The route, sho Scheme

Fluorinated derivatives are important intermediates in man 1, usesi-PrOH; although cyclohexanol is also said to be

uort d v tl)v ¢ It pt ! h ! ! d Y suitable, there are no examples in the patent. Both batch
areas, and a nNumber of patents cover such compounas. A,,q continyous flow experiments are described with the
novel process for preparing an intermediate for liquid crystals

h . i d ibed. Previ il best conversion being 62.5% at a selectivity of 74.7%
that contains a GRgroup is described. Previous commercia to 2. The patent describes how to prepare the catalysts,

routes did not use fI_uorlna_ted starting materials, but the NeW aithough all of the examples use commercially available
method uses a readily available compound already containing,, -+arials

the CR group. One patent claims a method for making
fluorinated ketones using TFA, but it is carried=a280°C

and hence is limited to relatively low-molecular-weight, OH ==0
thermally stable compounds. A method of preparing fluoro- i-PrOH, Zr0, £PrOH, Zr0,
isocyanates from the chloro derivatives using HF is described <

. . . N,, 350 °C, 6h °
although the actual fluorination appears to proceed via ’ © Nz 3507C.6h 0
carbamoyl fluorides. These are formed as intermediates in 2 3
the reaction. The production of flavours and fragrances is pdvantages

an important industry, and one patent reports on animproved  The process uses commercially available starting materials

method for making carvone and carveol by selective rear- and uses a single step compared to alternative methods that
rangement of limonene oxide using metal oxides and yse multistep routes.

phenolic activators. As older male readers will be aware,

the incidence of prostate problems increases with age. HencePatent No. U.S. 6,812,368

these readers may be interested in an improved method for Assignee: Solvias AG, Basel, Switzerland

the production of tamulosin, a drug used in treating enlarged Title or Subject: Diastereoselective Hydrogenation

prostate. Some of the patents describe improvements or new of 1,3-Hydroxyketones

methods for making established drugs often because the The production of 1,3-diols stereoselectively from 1,3-
original patents have expired. However, the inclusion of a hydroxyketones is a synthetically useful reaction. There are
patent in this review does not imply any legal or commercial enzymatic routes; however, industrially these are not usually
significance. It is worth reiterating that patents do contain suitable, and most methods use standard platinum group
physical property and spectroscopic data that may not bemetal hydrogenation catalysts. When using homogeneous
published elsewhere. Some patents describe experimentgatalysts there can be difficulties with product recovery and

Scheme 1

10.1021/0p050031k CCC: $30.25 © 2005 American Chemical Society Vol. 9, No. 3, 2005 / Organic Process Research & Development o 235
Published on Web 04/05/2005



separation from the catalysts. This patent provides a methodand begins by bromination & followed by formation of
using heterogeneous catalysts that are easily removed fronthe Grignardl0. The next step is coupling @0 with Ac,O
the reaction mixture and that are active at room temperature.to give 12 by adding10 to Ac;O. It is stated that it is
The key finding is that the diastereoselectivity of the surprising that there is little by-product formed when the
hydrogenation of 1,3-hydroxyketones using conventional Pt addition is carried out in this way and yields &R are
catalysts can be significantly improved by the use of 85—90% are obtained. The key feature is to maintain an
additives. The first improvement is made by the addition of excess of AgO over the Grignard reagent, and this is
Mg salts to the catalyst system. The patent also claims achieved by addind2 to the solution of AgO in THF. Close
that further improvements in the selectivity are seen control over the temperature is important in this step. In the
when catalytic amounts of oxidants such agOFlare also final stepllis obtained by hydrolysing2, extracting with
added. The overall process improvement is said to be MTBE followed by vacuum distillation. The examples in
particularly effective in the reaction of acyl derivatives such the patent describe the preparationldfin a 1500-L re-
as4. The patent describes how 83%4€tan be converted actor thus indicating the advanced stage of the process
to the diol5 that contains ayn:antiratio of 6.5:1 as shown  development.
in Scheme 2. When the reaction is carried out without the ~ Scheme 4
Mg salt, the ratio osyn:antifell to 1:6, and conversion of
4to 5was only 18%. Examples are also given in whiciOkx Fac _ Fac i
9 \© DBH. 15 °C \Q/ 10
CF3 CFj
7.2:1.
EtMgBr
THF, 30"&
(o}

OoH O o PYC. H, OH OH O Fal | ACLOTHE, 8¢ FaC MgBr

wo/ “BY MeOH, Mg(OAG), )\Mo/ ve s \©/
"

was added to the reaction with the Mg salt to improve the
Scheme 2
3.60°C, 30 min

conversion of4 to about 95% and thsyn:antiratio of 5 to
4. Extract MTBE CF3 12

4 5

DBH = 1,3-dibromo-5, 5-dimethylhydantoin

In a similar manner, the mixture of diofs(syn:antiratio
of 70:30) is formed fromB, and then treatment af with
TFA gives the hydroxylacton® containing a mixture of
syn:antiin the ratio 30:70 (Scheme 3). The patent provides
extensive'H and 3C NMR data for the wide range of
compounds that are prepared.

Advantages
The new process is claimed to be safer and gives higher
yields than alternative procedures.

Scheme 3 Patent No. U.S. 6,815,459
Assignee: Sam-Sung Electronics Co., Ltd.,
o OoH PYC, H, OH O Suwon, Korea
M - /k/kco Title or Subject: The Preparation of Seleno Compounds
COzEL MeOH, Mg(OAc), 2 Containing Nitrone Moiety and Their Therapeutic Uses
6 7 Antioxidants are said to have several health benefits. This
o ;gAC patent describes a range of novel compounds sudb tsat
can trap free radicals and may be candidates for treating a
o .OH range of diseases that cause the death of brain cells. Scheme
5 shows the basic reaction used to preddréy reaction of
8 the nitronel3 with the selenenyl chloridé4a.
Scheme 5
Advantages
The procedure gives a simple improvement on a known i
method of preparing 1,3-diols. Oﬁkm o
s Et;NIDCM (:EK
Patent No. U.S. 6,814,895 fs o SgN4< > AV
Assignee: Merck & Co., Inc., - J
Rahway, New Jersey, U.S.A. ”2”@j\w_i_m
Title or Subject: Process for the Synthesis J

14a

of 1-(3,5-Bis(trifluoromethyl)phenyl)ethan-1-one

The ketonell is an intermediate in the preparation of The patent also describes a route used to prel@i@m
neurokinin-1 receptor antagonists that are used to treatthe protected aminoaldehydé, and this is shown in Scheme
inflammatory diseases, psychiatric disorders and emesis.6. The first step is protection of the amino groupliéa to
Alternative processes for preparinfl are said to be  give 16b, and this is reacted with nitropropane in Zn/HOAc
exothermic and give low and inconsistent yields of product. to give the Boc-protected nitrorietb. Removal of the Boc
The process disclosed in this patent is shown in Scheme 4group by using TFA gived4a.
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Scheme 6 19b is reduced with NaBREtOH to give initially 21, and
this is easily hydrolysed by using an inorganic acid to give

i f 20 that is purified by vacuum distillation.
Boc,O DIBALH
— 16b:R=Bo¢ ——
noee DCM, 78 °C Advantages
RHN , RN Y The process uses cheaper raw materials than alternative
16a:R=H - one 102 methods to maké&9aand allows the production of the diol
E1oH 20 without the need to protect the OH groupiBa.

1. TFA/DCM, 0 °C
14a:R=H =———— RHN \
2 ten C Ne—i-Pr Patent No. U.S. 6,818,778

bR =80 Assignee: Rstech Co. Ltd., Daejon, Korea
Title or Subject: Process for Preparing an

The patent also describes the synthesis of a wide range 78.crown-tetracarboxylic Acid and Its Use in the
of similar nitrones and provides much data for them. For gesgfution of Racemic Compounds

example, water solubility antH and'*C NMR data are given

for all intermediates shown in the two schemes and for = The patent describes a process for preparing the crown
related compounds. Also included are activity data of the compound26 and its use in preparing a chiral stationary
compounds in the inhibition of lipid peroxidation and cell phase for the resolution of enantiomers of compounds such
protection information. Toxicity studies are included, and as29aand29b. The (+)-isomer of26 has previously been
these show that some of the compounds are less toxic tharreported and used in resolutions, but this is the first report
reference compounds including ebselen that is currently of the preparation and use of the-)tisomer. Scheme 8

undergoing phase 1l clinical trials. shows the route td6 via the formation of the tetra-
carboxamide24; also shown is the formation of the
Advantages dianhydride25 that is used to prepare the chiral stationary

The novel compounds are said to be more effective and phases.24 is formed by condensation of the-tartar-
less toxic than other selenium antioxidants that are in advanceamide23 with the glycol ether ditosylatg4 in DMF in the

clinical trials. presence of NaH. Hydrolysis &4 with concentrated HCI
gives26, and this can be acetylated to give the dianhydride
Patent No. U.S. 6,815,559 25.
Assignee: Central Glass Company, Limited, Scheme 8
Yamaguchi, Japan
Title or Subject: Process for Producing f
3,3,3-Trifluoro-2-hydroxypropionic Acid and Its Ho .-»~“J\NMeZ .
Derivatives jﬁ(NMez MeNOC & 4 .conue,
The subject of this patent9a, is an intermediate in the ™ "

1. NaH/DMF, 0 °C
production of liquid crystals and medicines. Previously 2 ° : 2.80°C,8h o Noc™ O 07 Neonne,
known processes starting from compounds containinga CF o °
group are said to be commercially unavailable. Hence, theTso/\/ o u
patent describes a method for producii@afrom 18that is = .
industrially available at low cost and is shown in Scheme 7. 80°C,24h
The reaction is carried out using the trinydratel8fthat is

reacted with a strong base at a pH.2. Below this pH the 0 ﬁo/ﬁ o (\o/ﬁ
conversion ofl8 and selectivity tal9a both fall. o o [ e HOLR_O O wCO02H
Scheme 7 o 0~ — |
o 0 Ho,cY O 07 co,H
o 1. 30% NaOH/H,0, <25 °C, 1h HO o] k/oy o] K/o\)
cl 2. 37% HCI/H,0, 256 °C )\ 19a: R=H
FaC Foe” SCOR % 2
& 3.H,0
4. Extract EtOA . . . . .
18 e Fon The chiral stationary phas28 is used in the resolution
2¥ 4 . . . . .
of a range of racemic mixtures including the quinolo28a
Ot 19b: R = Et and ZE?b.
OH / Quinolones
)\ MeOH/0%H, S0, B 1. EtOH/NaBH,
FiC -— 2. 10% HCIH,0
o refux24h 9 o
3 F COH F COoH
AN
zo : S se;
N N N N/ N
Scheme 7 also shows hol®a can be converted to the L A A
ethyl esterl9b by conventional esterification and then to o N
the diol20via the cycloboran@1. In the latter step the ester 29 206
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28 is made by reaction of the dianhydri@® with the Patent No. U.S. 6,822,121
aminated silica ge27 in DCM containing MgN (Scheme Assignee: Takasago International Corporation,
9). Tokyo, Japan
Scheme 9 Title or Subject: Production Process of Cyclohexenyl
Ketones

HOLC (\O/w The comp_ounds of_ interest in this pateﬁ4, 35, or 36
0 O wCOH are used as intermediates in the preparation of damascones
NH, o \[ j\ that are perfumery products. The three ketones are prepared
Me,N/DCM \] o S by isomerisation o83 that is synthesised by DietsAlder
T’ NH k/o\) reaction of 31 and 32 (Scheme 11). The isomerisation
reaction of33 to give the ketones is claimed to be a novel
IO H/ reaction that has not previously been reported. The main
‘ product, 34, is obtained as 65% or more of the reaction
- N\{\/SL‘;\N 28 mixtur_e. Alternative routes t§4 start from more expensive
materials. The patent describes experiments using a range
of catalysts for the isomerisation reaction. Examples include
strong bases such as KOBuwacids such as PTSA, or
transition metal compounds such as RhGlowever, the
claims focus on the use of basic catalysts. The patent provides
'H NMR and MS data for the ketones.
Scheme 11

A

ANNNANNAN

Advantages

The crown ethers are novel compounds and are useful
for obtaining (—) isomers from racemic mixtures that may
be unobtainable by other means.

Patent No. U.S. 6,818,796
Assignee: Rhodia Chimie, Gedex, France

(o]
Title or Subject: Method for Preparing Fluorinated M \ / o
33

Ketones 31 1. AICI3/PhMe, 5 °C

—_—

2.40°C, 3h

. . . . EtOH/RNCI,, 90 °C, 24 h
Fluorinated compounds are useful chemical intermediates, ’

and there are many methods of preparing them. The main I =z
subject of this patent is the preparation3ff. One method 32
used to prepare fluorinated ketones involves the use of TFA

i X ) ) ; o

or its esters in a multistep process that is said to have a

number of disadvantages and is difficult to transfer to an N .
35

or ButOK/DMSO, 100 °C, 4 h

industrial scale. An example of the process disclosed in this
patent to give30 is carried out in the gas phase at around 2
280°C by passing TFA and HOAc over a catalyst containing
a rare earth metal oxide (Scheme 10). There are a nhumbe
of examples given, and the yield 80 can be as high as _ ) _
70% even with recycled catalyst. When an alumina catalyst The patent provides a novel rou'Fe to useful intermediates
is used, the yield drops to 5% and instead of HOAc it is that may be cheaper than alternative processes.

possible to use A©.

rl\dvantages

Scheme 10 Patent No. U.S. 6,825,218
Assignee: Aventis Pharma S.A., Antony Cedex, France
MeCOH Ce0,/Tho, Title or Subject: Preparation and Use of Spherical
>80T' © Agglomerates of Telithromycin
F,CCO,H FaC The title compound is an antibiotic used to treat bronchitis,

30 . . . . . L .
pneumonia, and sinus infections. Telithromycin is a ketolide

The patent mentions that the process proceeds via aantibiotic that is Usua”y administered by oral means, but it
ketonisation reaction. This probably goes via the mixed has an unpleasant taste. Micro-encapsulation is a method used
anhydride of TFA and HOAc and thus will generate £O  to prepare forms of the drug that are coated with a material
Since the process is carried out in the gas phase with a carriethat masks the taste without hindering the bioavailability.
gas, this is unlikely to lead to the same type of process Such forms require spherical particles to be used and it is
problems that gas production from a liquid phase would the production of such particles that is the subject of this

cause. patent. The process by which the desired spherical particles
are formed is the crystallisation of an acetone solution of
Advantages telithromycin. The procedure involves addition of a suspen-

Although the reaction is a single-stage process and hassion of telithromycin in isopropyl ether and the use of
good selectivity, it probably has limited application for low- sonication to suspend the seeds while initiating the crystal-
molecular-weight trifluoroketones because of the conditions lisation. The particles so obtained are then used to prepare
used. microcapsules by direct spraying with a suitable polymer.
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Advantages and nitro-compounds. The second patent covers aryl and
The process allows the controlled production of spherical cycloalkyl compounds that are made from lactones and
particles that can be formulated into pharmaceutically arylamines. Scheme 13 shows the formatiorbfand 42

acceptable forms. from both routes: the reductive amination4tfusing either
PhNG, or PhNH; over a Pt/C catalyst. The reaction condi-

Patent No. U.S. 6,825,384 tions are quite severe, and unless there is a misprint in both
Assignee: The Nutrasweet Company, patents, the procedure requires 50 g of catalyst Wit of
Chicago. Hlinois, U.S.A. the reaction solution. However, since the reactor volume is
Title or Subject: Bromine-Free TEMPO Catalyst System stated as only 5 mL, one would hope that the quantity of
for Oxidation of Primary and Secondary Alcohols Using catalyst used is incorrect. Under the reactions conditions the
NaOCI as an Oxidant nitro compound will be converted to the amine, and the aryl

Oxidation reactions with TEMPO derivatives such3®s  droup is also hydrogenated to the cyclohexyl group so that
are widely used and are carried out using bromide cocata-42 is formed.
lysts. However, there are environmental concerns over the Scheme 13
disposal of the bromine-containing wastes. This patent puo, ioxane
describes a procedure for oxidising alcohols to aldehydes PHC, Hy 5.52 MPa
that does not use such cocatalysts and instead us8s®ia 225°C, 4 h
with NaOCI as oxidant. The main focus of the patent shown
in Scheme 12 is the production 88, but there are examples \[j\
of the preparation of other aldehydes by the same procedure. 0”7 o

The reaction can proceed without the use of solvent, but if 40 I |
the alcohol is a solid, then solvents such as heptane, PhMe, M Ph Cy
or EtOAc will be required. 150°C, 4 h “ 2
Scheme 12 PhNH, /Dioxane Cy = cyclohexyl
The patent also describes the formation of other com-
></\OH pounds using a variety of supported precious metal catalysts.

For example, PrN@is used to prepare propyl derivatives,

37
: NaHCO,/Na,B,0,/H,0 and other catalysts used include Rh/C, Ru/C, and Ir/C.
></\O
MeOAc, 0 °C, pH 8.4

18 Advantages
OMe The process is claimed to be efficient and low in cost
since it can start from the nitro compound. However, if the
use of such large quantities of catalyst is correct, then it
39 cannot be said to be particularly cheap or efficient.

Examples are described in which the yield38 is in Patent No. U.S. 6,828,461
excess of 90% over 60 min, and this can be increased to Assjgnee: Mitsui Chemicals Inc., Tokyo, Japan
99% after 90 min. The patent also describes the use of other rjtie or Subject: Process for Producing
oxidants including ZrOAgthat also gives high yields &8. 1,5-Diaminonaphthalene

The title compound5is used to produce a range of resins

Advantages and polyurethanes, and there are various processes for its
The novel process gives high selectivity to the desired preparation. An objective of this patent is to avoid production
product while avoiding the use of bromine salts that can of nitro-imines or -enamines that are relatively unstable and

cause disposal problems. said to be difficult to handle on an industrial scale. Some
methods involve substitution of naphthalene, and these
Patents No. U.S. 6,828,277 and No. U.S. 6,828,278 invariably form a range of isomers that are difficult to
Assignee: E.l. Du Pont De Nemours and Company, separate. Other processes begin with a substituted benzene
Wilmington, Delaware, U.S.A. that undergoes a ring-closure reaction, and an example was
Title or Subject: Production of N-Aryl-2-lactam, reviewed previously@rg. Process Res. De2004,8, 553).
N-Cycloalkyl-2-lactam, and N-Alkyl-2-lactam by The current patent starts from the tetraldiéeand the patent
Reductive Amination of Lactones describes three methods for the conversiod®to 45 as

These two patents describe the production of a range ofshown in Scheme 14.
2-lactam compounds that are versatile compounds used ina One method proceeds via the dehydrogenatiodtofo
variety of applications. The patent includes examples that give 43 that is reduced to the amirgl and then converted
cover the formulation of a number of end products, contain- to 45 by amination. The second route also convé@so 43
ing the lactams, that range from cleaning compositions to that is aminated to givd7 followed by hydrogenation to
antifungal creams. The first patent focuses on aryl- and alkyl- give 46. The third method begins by reducid® to the
substituted lactam compounds that are made from lactonesaminotetralonel8, and this is converted #5 via 44.
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Scheme 14

OH OH NH,
.
NO, 43 NHy 44 NH, 45

T (c)
(@)

Scheme 15

Et— o

. O CHO
Heat o
0o OR4
49 Ar o]
N MeOCOCI

S CH
/[ j/ $ta: R, =H PyIDCM
HO S 50 -25°C, Ar

51b: R, = MeOCO-

o] NHp
NHAC
DCM/Me,Sil K\r
(c) (b Et 1t, 100 min |
_— 43 — ~0 = NHR- HN N
e} N / DCM/2,6-Lu Y
o N TMS-triflate o 53
NO, 46 NO, 47 s
o]
(a)\‘ o 52a: R, =Ac

EtOH/TFA
reflux

HO = NH,
A C R 190 min EtOH/NaBH, \\(o N I/\l
— 3
52b: R, =H 0 °C, 150 min SJ’ \7]/
6 54

The patent describes the preparation of several compounds
analogous t®4 in which 53 is replaced by other purine or

In practice there are only three basic reactions indi- PY/imidine bases. There are also variations on the route
cated in the scheme, and mixtures of products are ob-Shown in Scheme 15 that use alternative protecting group
tained. For example the dehydrogenatiod6tjives43, 44 strategies in the synthesis. A key feature of the method shown

and48; the relative amounts of each depends on the catalyst2P0Ve is that it gives a highers:transratio (10:1 or more)
and conditions that are used. All catalysts are supported!n the formation of52a.

platinum group metals, and the dehydrogenation reaction

is usuglly carried out at about 13€ in solvents ;uch as  pdvantages

DMF, i-PrOH, PhMe, MIBK, or diglyme. The aminations ) . )

are carried out using aqueous (NSO, solution con- The process is a novel route to a range of intermediates
taining NHs, and the reductions are catalysed by Pd/C in that are formed with a high selectivity to the desirs-
i-PrOH/H,0. ISOMETS.

NH, 48

(a) hydrogenation of NO, to NH,
{b) amination of OH to NH,
{c) dehydrogenation of cyclohexyl group and hydrogenation of ketone

Advantages Patent No. U.S. 6,833,452

The process allows the formation of the desired product Assignee: Ranbaxy Laboratories Limited,
without the formation of positional isomers that are difficult  New Delhi, India
to separate. It also avoids the formation of unstable imines Title or Subject: Process for the Preparation of
or enamines that can give rise to safety handling issues.  Highly Pure Crystalline (R,S)-Cefuroxime Axetil

The subject of this pateBbbis a cephalosporin antibiotic
with broad spectrum of activity against Gram-positive and
-negative microorganisms. The patent describes a single-step

Title or Subject: Processes for Preparing Substituted method for converting the acid form (cefuroximgya to
1,3-0Oxathiolanes with Antiviral Properties the acetoxyethyl ester compouBBb that is the active form

This comprehensive patent covers the production of a Of the drug. The method involves the preparation an amine
range of compounds such éthat have antiviral properties ~ Salt of the acid55a by reaction with dicyclohexylamine
without being toxic. Scheme 15 shows a routestbfrom followed by esterification wittb6 to give 55b (Scheme 16).
5lathat is made by simply heatirtp and50 together and ~ The process uses racendi6, and the product is the racemic
then subjecting the crude mixture to flash chromatography. mixture that is obtained by recrystallisation. The mixture is
This gives a mixture of the C-5 epimers Blathat are ~ approximately 1. R,Sisomers and is generalty96% pure.
converted to methoxycarbonyl derivati#db by reaction No attempt at resolving the mixture is described, although
with MeOCOCI at—25 °C in pyridine (Py) and ChkCl, references to earlier methods are given. The patent states
(DCM). Reaction ob1bwith N-acetylcytosiné3 gives52a, that the amorphous form d#5b is more active than the
and this is converted to the amino compo&2th by reaction crystalline form, and the product made by this route is of a
with TFA. In the final step the hydroxyl group is formed by high purity that is suitable for producing the amorphous
reduction with NaBH. material.

Patent No. U.S. 6,831,174
Assignee: Shire BioChem Inc., Quebec, Canada
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Scheme 16 Scheme 18

Y
HF, 25 °C °
NH2 5§7a: X=Cl — = ‘ —-120 © 57b: X=F
N
F/KO

55a: R=H OR 11% 58a: X =
71.5% 58b: X
9.8% 58c: X =

=Z=F 79% CF, compounds
YY _F Z= ?[ 20% CF,Cl compounds
Z; 0.5% CFCI, compounds

Y=2
F

Z=
Cl

Cy,NH/DMAG 2% 58d: X =Y = -

10°C 0% CCl, compounds
20 There are reports of other methods that proceed via the
45 min carbamoyl fluorides, but these require large excess of HF

and can produce fluorophosgene which is even more danger-

55b: R = MeOCOCH(Me)- ous than phosgene. The patent also reports that Lewis acids
such as SnGJ TiCly, or SnC}, can be used to increase the
conversion in the second stage of the reaction.

Advantages
. . . _ Advantages
This is a new commercially suitable process for producing  The process does not require the use of excessive amounts
an established drug in high purity. of HF, and it produces perfluorinated products more ef-

ficiently than alternative procedures.

Patent No. U.S. 6,833,476
Assignee: Rhodia Chimie, Boulogne Billancourt, France ~ Patent No. U.S. 6,835,686 _
Title or Subject: Method for Using a Carbamoyl Assignee: Millennium Specialty Chemicals,

Fluoride as a Fluorinating Agent Jacksonville, Florida, U.S.A.
Title or Subject: Catalytic Process for the

Fluorinated derivatives are particularly useful in the Rearrangement of Epoxides to Allylic Alcohols

synthesis of agrochemical and pharmaceutical products. This The examples in this patent are mainly aimed at the
patent is particularly aimed at the preparation of the conversion of limonene oxidg9 to carveol60 or carvone
isocyanates7b from the corresponding trichloro derivative 63that is used in flavours and fragrances. The actual claims
57a. The isocyanate used can be prepared from the correin the patent all cover a catalyst system for the conversion.
sponding amine, and the patent does suggest that thelhis conversion can be carried out by a number of methods
isocyanate is used as an amine protective group so that théncluding the use of strong bases, heterogeneous metal
desired end product may be a perfluoroalkylaniline. The Oxides, or homogeneous metal alkoxides. All of these

reaction is carried out by treating the subst@awith HF ~ Methods are said to give relatively low selectivity@ or

in PhCl initially at 25°C and then at 126C as shown in 63, and the main products are shown in Scheme 19. Some

Scheme 17. of these compounds result from Oppenauer oxidation reac-
Scheme 17 tions that occur under the conditions of the rearrangement

of 59. The catalyst system employed is a metal oxide
combined with a phenolic compound as an activator. One

3 BEEnCL 0%C catalyst system is CaO and isopropy! salicylate that gave a
X = 5Tb:X=F selectivity of 83% t060.
X i (1)2(?1’(1:,66hh Scheme 19

OCN
57a: X=CI

The reaction proceeds in two stages, and during the first i/ f
stage, that takes place at or below 25, the carbamoyl
compoundsb8a—d are formed. It is suggested that these
compounds are the fluorinating agents in the reaction and
are in equilibrium with HF and the isocyanate. Scheme 18
shows the relative amounts of the four compounds as
analysed by GC. The relative proportion of the carbamoyl
fluorides to isocyanates at this stage is 24:1. After reaction
at 120°C the relative proportion of carbamoyl fluorides to
isocyanates is 77:21 with the relative amounts of the products  The patent also describes how to selectively prodike
shown in Scheme 18. in a one-pot process that involves rearrangemera9adnd
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Oppenauer oxidation @0. This reaction can be carried out Advantages
at 95% conversion by heatirg with ZnCGO; and 2-nitro-
phenol. The product was obtained in 99.6% purity by
distillation. The patent contains over 60 examples that are
primarily concerned with the rearrangement 59. The
reactions are stereoselective WRK9 giving R-60 andR-63.

The patent has an improved method for a key reduction
step in the synthesis that improves productivity and gives a
cleaner work-up procedure.

Patent No. U.S. 6,835,853
Assignee: Synthon BV, Nijmegen, Netherlands
Title or Subject: Process for the Resolution of

_ The process provides a facile one-pot method of selec- ramylgsin and Associated Compounds, Compositions,
tively preparing either the allylic alcohol or the unsaturated p4 Processes

ketone.

Advantages

Tamulosin72 is in a class of drugs called-adrenergic
Patent No. U.S. 6,835,841 blockers that cause the blood vessels to relax gnd expand so
that blood passes through them more easily. TRg (
enantiomer is available as flomax and is used to treat benign
prostatic hyperplasia or enlarged prostate, a problem found
increasingly in middle-aged men. One route that has been
used to mak&2is from70and71 and is shown in Scheme
21. However, it is said that the original patents did not
indicate how to prepare either of the reactants, and the
product was the racemate of the HCI salZ@fthat was not
resolved. This patent provides a route 7 including its
resolution; also disclosed is a method of prepari@gand
71. The preparation of racemi2 proceeds via the HCI salt,
and this is made by reductive amination &0 with 71 in
Jhe presence of Pd/C under a pressure of hydrogen. The HCI
salt is converted to the free base by refluxing with MeOH/
NaOH.

Scheme 21

Assignee: Bristol-Myers Squibhb Company, Princeton,
New Jersey, U.S.A.

Title or Subject: Asymmetric Catalytic Hydrogenation
Process for Preparing Chiral Cyclic [3-Aminoesters

The title compounds such &8 are used as intermediates
for the synthesis of inhibitors of matrix metalloproteinase
and TNF-oconverting enzymes that give rise to inflamma-
tory diseases such as arthritis. Alternative routes to these
compounds are said to give low yields of the desired
stereoisomer. The particular focus of this patent is the
reduction of the €&C bond as shown in Scheme 20. This is
often carried out using borohydrides and gives low yields.
The novel procedure described here uses a catalytic metho
using PtQ catalyst in the presence of HOAc. This gives an
improved production rate and facilitates the recovery pro-
cedure by removing the need for aqueous work-up methods.

The reduction 066 gives67 plus three diastereoisomers of HeOHNaOMe

67; the diastereomeric ratio (dr) for this step is claimed t0 wmeso,HN  © — 70

be at least 85%. The next step is formation of a hydrobromide MeSOsfta HN 0
salt 69 that is obtained in 98.9% dr as a crystalline solid. . E© oo So
The final stage is hydrogenolysis 68 to give the sal68 ) 0
using Pd/C catalyst in MeOH. This reaction gives two ;: E:I’gr ;‘ﬁga;:\;';a 55°C \©\)‘\
diastereoisomers 068, and the dr is said to be 85% 3.Conc. HCI »
although there is no explanatory detail as to how this is

0]
_ ? expanatory cetar as i ! ra—do
achieved. The enantiomeric ratio of this step is also claimed N O HCl
to be >85%. The patent gives detailé#i and 3C NMR MeO /
Etd 1. MeOH/NaOH, reflux

and IR data for all compounds and includes examples for 2.H,0,10°C
the preparation of a number of compounds simila68 72HCl \”i'ter
Scheme 20 72

The crude free basé2 was then recrystallised by two

PR NH F’h/\'gH different methods to give two racemic polymorphs designated
Ny COMe A COaMe Form 1 and Form 2. Form 1 was obtained by dissolving crude
THF/MeOH/HOAC + 3 isomers . . .
- . O o 72 in refluxing EtOAc/MeOH and then cooling to ¥20
° S ° °C to obtain crystals. Form 2 was obtained by refluxing a
66 li—PrOAc/HBr solution of crude72 in MeOH/H,O, followed by addition
HOAceptane of concentrated HCI and then treatment with NaOH. The
: DSC and XRD spectra of both forms are given pidsand
NH, HBr Ph  NH-HEr 13C NMR spectra. The racemic mixture @2 was resolved
; CO,Me B wCO:Me and the (R)-enantiomer obtained by conversion to the (
O Meo:,z"‘zdc’g?bar O camphor-10-sulphonic acid salt.
o ) The patent describes how to prepare ba@fand71, and
68 69 the basic methods are shown in Scheme 22.
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Scheme 22

MeO 1. CISO,H, <5 °C
9] 2.1t,2h

—_— = 7
3.HO,0°C
4. AQNH,, -5°C

be controlled. The improvement disclosed in this patent is
to use toluene as a diluent and to atlto a mixture of74

in the same diluent containing powdered KOH plus the phase
transfer catalyst. After the addition step, water is added to
the mixture, and the product is obtained from the organic

phase and purified by vacuum distillation.

HO NC_ O
1.K,CO/Me,CO > D Scheme 23
=,
2. CICH,CN OH
E0 2 Et0 N N ey 7
PhMe, 40 °C +
oA Raney Co +  PhMe solid KOH/n-Bu,NHSO,/PhMe
17 MPa, 1h 7
70HSOMe ~————— 7
MeSO,H, 25 °C

25°C

o\/\/\/\
oy~ g
75

In a comparative example that did not use a diluent, the
temperature of the reaction mixture could not be controlled,
and it became too lumpy to stir. It is good practice to use a
solvent to control exothermic reactions, and it is surprising
to this author that such a procedure has not been examined

Patent No. U.S. 6,835,857 before now.
Assignee: Boehringer Ingelheim Pharma GmbH & Co.

KG, Ingelheim, Germany

Title or Subject: Process for the Manufacture of
4-(6-Bromohexyloxy)butylbenzene
The title compound5is an intermediate in the production

of salmeterol, a bronchodilator used to treat asthma and
chronic bronchitis. The route generally used to prepédre

is from73and74, but it is claimed that alternative procedures
involve dangerous materials or procedures. For example, one
method uses NaH dispersions that are said to be unsafe in
large-scale operations. Another carries out the reaction
without solvents, and the exothermic temperature rise cannot OP050031K

The reason for making the methanesulphonate sal0of
and then decomposing it is not mentioned in the patent, but
it may be unstable in the free amine form.

Advantages

The process allows the production of new polymorphs
of the drug and an improved synthetic route that gives pure
enantiomers after resolution. The patent also provides
syntheses of the two starting materials.

Advantages

The process gives better control over the exothermic
nature of the reaction and enables higher yields of products
to be obtained.

Keith Turner

Kappa Tau Consulting, 12 The Avenue, Fairfield,
Stockton-on-Tees, TS19 7EY, Telephone/fax:
+44 (0)1642 653484.
E-mail: keith@kappa-tau.co.uk

Vol. 9, No. 3, 2005 / Organic Process Research & Development o 243





