Organic Process Research & Development 2004, 8, 823-833

Highlights from the Patents

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

Summary hibitors for mutant strains of HIV-1. The route shown in
The current selection of 20 patents was chosen from anScheme 1 begins with a Pd-catalysed coupling of the bromo

initial list of 225, and it is hoped readers will find something compoundl with a malonate derivative such &sto give

of interest. Polymorphs of known drugs continue to be dis- the novel compound8. This is then hydrolysed with aqueous

covered, and new forms of clopidogrel have been described.base to give the novel act Experimental details are given

There are three patents covering paclitaxels that are foundfor these two steps, and NMR data fband5 are provided.

in yew trees and can be used to treat various cancers. Im-However, experimental details for the conversiorbdb 4

proved methods of extracting the materials as well as new are not given, although a borane is suggested as being suitable.
synthetic routes are described. The high stereoselectivity of  Scheme 1

enzyme-catalysed reactions is described in three different

patents. One describes a dehydrogenation step to prepare aza- /
androstane, another covers an ester hydrolysis, and the th|r \ NaH/PhMe, PPh, \
is a cyanide addition reaction to=€D bonds. Although the Pd(OAC N, 60°C /

reaction selectivity can be high, the reactions are often carned

out in dilute solution making product recovery difficult. Two 3a: R, = CN, R, = CO,iPr
patents from the same company describe the use of citronellal ! Coz, Pr

in the manufacture of various aroma chemicals. In one of 2 .

these, sterically hindered aluminate complexes are used as ;ﬁ LZ?:,HZO

novel cyclisation catalysts to prepare isopulegol. New routes

to statin drugs continue to appear, and a new method of mak- \N P
ing the Ca salts of statins is described. This involves the V N\ ] N
direct use of Ca(OH)rather than the conventional route that U\\ | OH =~ / COOH
goes via formation of Na salts. A novel method of forming =N “ll N . N s
Et

a hydroxylamine during the synthesis of aminopyrrolidinones

has been reported. The reaction involves the use of a chloro- - The patent also describes a number of compounds similar
nitrosocyclopentane as an aminating reagent. The productionyg, 3 that are produced from substituted malonates or so-called
of fluorosubstituents is described in two patents. One is qai0nate surrogates. Examples are shown in Scheme 2 in
specifically for trifluorocarbinols in which GF anions can which 2 is replaced by6, 7, 8, or 9 in the reaction witht

be generated from GFin the presence of an electron-rich giving the corresponding analogu@b to 3e respectively.

2l>e\flar]rsl(?r?(\a/v?et()lat)ci?nsetr:?g? ;'egt%?nnsgbaggr;tn' ;r\'/ee:)tk;i;gr?;ievr:The reaction conditions are broadly similar, although alterna-
P y y tive Pd compounds can be used. In the conversion of com-

range of compounds usingdFThe production of Boc-pro-
tected hydantoins and dihydrouracils on solid Merrifield res- pound§3d or3eto 5 the sulphon.yl or phosphonyl groups
must first be removed by reductive cleavage. No details of

ins is described, and a large number of such compounds i |sh thouah R Ni ted as b itabl
presented. Several patents provide IR and NMR data for thethis are given, although Raney Ni is suggested as being suitable.

identity of compounds produced, and another patent provides Scheme 2

only C, H, and N analysis plus an/evalue as proof of the CN U amemcen
identity of several compounds. There are examples of multi- NG 6 FRiER,
kilogram quantities of materials being made, and so an ookt 1

advanced stage of development is indicated. There is no legal
or commercial significance in the selection, and the advan- F©°C 7
tages listed are those claimed by the assignees unless this

——  3¢:R,=R,=CO,Et

b SO,Ph 1

author has personal knowledge of the subject. 2 ——  3d:R, =CO,Me, R, = SO,Ph
MeOOC 8 ! z 2T

Patent No. U.S. 6,759,533 PO(OEt), 1

Assignee: Boehringer Ingelheim Pharmaceuticals, Inc., ;.00 T 3e:R,=COMe. R, = (E0),P=0

Ridgefield, Gonnecticut, U.S.A.

Title or Subject: Process and Intermediates for Making Advantages

Non-Nucleoside HIV-1 Reverse Transcriptase Inhibitors The process provides an alternative route and novel
This patent provides a new route for making intermediates intermediates that can be used to produce important HIV-1

such agt that can be used to make reverse transcriptase in-drugs.
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Patent No. U.S. 6,759,539 Patent No. U.S. 6,765,015

Assignee: Chaichem Pharmaceuticals International, Assignee: Xechem International Inc.,

Laval, Ganada New Brunswick, New Jersey, U.S.A.

Title or Subject: Process for Isolation and Purification Title or Subject: Halogenated Paclitaxel Derivatives

of Paclitaxel from Natural Sources The second patent on derivatives and analogues of

This is the first of three patents covering paclitaiéh paclitaxels such a%0ais a comprehensive piece of work
that is a naturally occurring compound found in the bark of that describes an extremely wide range of compounds. The
yew trees and has been shown to be useful in treating variougpatent describes a range of derivatives in which there are 95
cancer tumours. The amount bdaobtained from the bark  different types of the halogenated Bubstituents ilOain
is low, and hence, large amounts of biomass and solventswhich Reis H or Ac. Not surprisingly, experimental details
are needed to obtain reasonable quantities. Synthetic proceare not described for many types. In view of the large number
dures are under investigation and have been revie@egl (  0f compounds involved, this review only covers two
Process Res. De 2003,7, 459). This patent, coverintpa examples that are shown in Scheme 3. The chemistry is quite
and its derivatives, describes an improved process to extracStraightforward and involves condensation reactions of
10afrom twigs and needles of coniferous trees of the genus amines and bromine contalnllng.acy'l or aroyl chlorldes. For
Taxus An earlier process from the same company to extract €X@mPple, the bromo-acyl derivatii is formed by reaction

10ainvolves several chromatography stages and recrystaI-OL 10b| Withbll mtéze. presznce dObeN’ an? thecﬁc(i)ibrorpho—
lisations, and it is not particularly amenable to large-scale phenyl carbamatas IS produced by reaction awl

production. The new procedure involves an initial aqueous 13. The substraté3 is made froml5 using triphosgene as

. ) - the source of COGI
extraction step to remove soluble impurities from the Scheme 3
biomass. This is then followed by extraction bda with
methanol, followed by its isolation by chromatography and o

. . [0}
crystallisation.
. . Cl
The various stages of the process are summarised below: ’?HZ Q '

: NH o
A porous bag containing twigs and needles of the tree is Ph&/u\ox B M Br A)k _
immersed in distilled water for 3 h at room temperature, o N T ox
the water is drained from the bag of biomass, and MeOH .. » =R,=H glileocHécl o HO
=™ ts L0°

is added to the biomass in the tank at room temperature,
the extract is collected and the solution concentrated by
distilling off the MeOH,

CICH,CH,CI, 0 °C

10a: I}
the crude solid is precipitated by addition of aqueous NaCl ; )k
. . . . Br
solution, collected by filtration, and then dried, o7 TNH o
_ the solid is dissolved in M€O, leaving resins and ° o Br Phw_kox
pigments, Br S
hexane is added to the solution to produce an oil that is Rt 1 °
collected and purified by low-pressure column chromatog-
raphy at least once, o)
the purified oil is dissolved in acetone and cooled to give B CICH,CH.C, 0°C
crystals of10a, and these may be recrystallised to improve o
the purity.
Br
15
Ac— .
9 O oH The patent also covers the formation of compounds called
R cephalomannine$6 by similar methods to those used for
1\NH o the paclitaxels. The patent again claims a very large number
/\)k o of derivatives in which Rand R, are halogenated groups.
Ph o :
; cO AcO O  OH
_© OH Scopn
Ry
10a: paclitaxel
R, = PhCO-, R, =H
Advantages
The process is claimed to be an improvement on the _
earlier procedure and involves handling smaller quantities 16: Cephalomannines

R, = halogenated acyl, R, = H or Me

of biomass and solvents to achieve the same yield. AlthoughAdvantages
it still involves a chromatographic step, the volumes of  The process allows the production of these synthetic
solvents used are less than those used in previous methodpaclitaxels using naturally occurring material as the source
since many impurities are removed early in the procedure. of starting materials.
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Patent No. 6,768,012 The patent also describes experiments to prefifae

Assignee: Indena S.p.A., Milan, Italy starting from deacetylbaccatin 1I7¢c (R; = R, = H). This
Title or Subject: Process for the Preparation of proceeds via a similar route with initial formation of the bis-
Paclitaxel trichloroacetyl estefl7d (R, = R, = CI3CCO).

This third patent on the subject of paclitaxels describesa  The epoxy acids folrmed in these reactions are novel
synthetic route td.0afrom baccatin Ill,17a(R, = H, R, = compounds, anéH and**C NMR data are given for these

Ac). This conversion has been examined previously and and other compounds.
hinges on being able to protect the hydroxyl groups on the
diterpene moiety. The focus of this work is to protect either Advantages
the 7- or both the 7- and 10-hydroxy groups ifa by This process uses a good method of protection of the
formation of esters. Scheme 4 shows the formation of the hydroxyl groups and provides higher overall yields than
esterl7b (R; = Cl;:CCO, R = Ac) from 17aand CLCCOCI. alternative methods.
The ested 7bis then converted to thE9 using the epoxyacid
18. Patent No. U.S. 6,762,302

Scheme 4 Assignee: Gedeon Richter Ltd., Budapest, Hungary

Title or Subject: Process for Dehydrogenation of

RO O OoR, a,ec0 17b: R, = CL,CCO, R, = Ac Azaandrostane Compounds
pyW This patent covers an enzymatic process for producing
H . Ph 4-azasteroids that are known to be specific inhibitors of the
g : \ DMAP & testosteroned-reductase enzyme. Inhibition of this enzyme
HO™ H (] PTSA - ‘
by i A COOH has become a pharmacological strategy for the design and

ACOPh

synthesis of new antiandrogenic drugs. Suitable compounds
17a: R, = H, R, = Ac; Baccatin Il are used for the treatment of androgen dependent diseases
such as hirsutism, androgenic alopecia, benign prostatic
hyperplasia, and prostate cancer.

It has been found that the activity of 4-azasteroids such
as22 can be increased by introducing a double bond at the
C-1,2 position of the molecule to gi8 (Scheme 6). There
are both chemical and biochemical methods for performing
this reaction, but it is claimed that the chemical procedure
requires aggressive conditions. The biochemical processes

The final stages tdl0a are shown in Scheme 5 and give low yields and are not suitable for operation on a
begin with the opening of the epoxide I® using NaN. commercial scale. _ _ _
At the same time the protecting group at C-7 is removed, The patent describes a process using a biocatalyst having

and the azide20 is produced. The subsequent reduction Stéroid -A-dehydrogenase activity, and this activity is

of the azide group in20 using PPHH.O in CH.Cl, proc_h_Jced by agd|ng an inducer, §l_Jch as hydrogortlsone In
(DCM) gives the amine2l. Finally, 10a is formed in a addition to the inducer, other additives are required such as
Schotten—Bauman by reaction betweziand PhCOCI in an electron carrier, a stabiliser, and a complexing agent. The
the presence of a biphasic mixture of EtOAc and aqueous'atter compound is required to promote continuous dissolu-

NaHCO. tion of the substrate, and examples are cyclodextrins.
Scheme 5 Stabilisers are ext_amplified by a _13-ethy|-1(mc1ihydro_xy-

gon-4-ene-3,17-dione, and suitable electron carriers are

ACO 0 on naphthoquinones. The reaction is carried out by preparing a

culture of the biocatalyst and then adding the various
additives and substrate. The biocatalyst used is a bacterium

MeOH/H,0 such asArthrobacter simplex, and the incubation takes at
19 HCOMelNaN, /\/[L least 24 h. One experiment gave a 94.4% conversion (by
eeNs ph HPLC), and from a mixture with a total volume of about 5
20 L, 755 mg of23 was obtained.
Scheme 6
H,O/PPh,
HoN DCM

/\/U\ \ EtOAG/NaHCO,
W

biocatalyst
+ additives N~ =
/ - | H
H
17¢ — 17¢
R,=R,=H R, =R, =Cl,CCO 23
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Advantages

The process is said to be suitable for commercial
operation. Although it gives good yields of the desired
product, it does not look to be an attractive process.

Patent No. U.S. 6,767,913

Assignee: Teva Pharmaceutical Industries Ltd.,

Petah Tigva, Israel

Title or Subject: Preparation of New Polymorphic
Forms of Clopidogrel Hydrogensulphate

The hydrogensulphate salt of the base clopidog#eis
known as plavix, and it is used in the treatment of

atherosclerosis. This patent describes the preparation of three

new crystalline forms designated Ill, 1V, and V plus an
amorphous form and also discloses a method of preparing
form I. A summary of the methods used to obtain the various
forms is shown in Scheme 7. These simply involve the
production of acid solutions in different solvents followed
by crystallisation. The patent contains X-ray and FTIR
spectroscopic details as well as thermogravimetric data for
the various forms. A new method for the production of the
known polymorph form | is also described. This involves
dissolving the amorphous form in MeOH and precipitation
of form | using EtO. The patent also describes drug
compositions using the new forms.
Scheme 7

1. Me,CO
2. 20% H,80,
3.reflux2 h
4. Cool
1. 2-BuOH
2. 98% H,SO,

24-HS0,: amorphous

o}

N

24: Base

OMe

24-HSO,: FormV
3.reflux2h

4. cool and evaporate

5. Wash in MTBE

_ 1. 1-BuOH
;' gg;o: SO, 2. 80% H,50,

DNt 3.reflux2 h 24-HSO,: Form Il
3. reflux 2 h 4

4. cool and evaporate
4. Cool P

24-H8O,: Form IV

Advantages

The patent provides simple procedures for the preparation
of new forms of a widely used drug.

Patent No. U.S. 6,770,463

Assignee: BASF AG, Ludwigshafen, Germany

Title or Subject: Process for the Preparation of Chiral
Diarylfluorobut-2-enes

are given except to mention the use of chromatographic
methods.
Scheme 8

TsCl/collidine

R

170°C,2h

Cl

25a:R=R,=H

The patent describes a multistep synthesis for the prepara-
tion of 25a from the racemic este27 beginning with the
enzymatic hydroysis with horse liver esterase. This is shown
in Scheme 9, an@7 gives the nonhydrolyse8-ester27a
and theR-acid 28a These compounds are recovered and
separately converted to tl& andR-alcohols29a and 29b
by reduction. The alcohols are then converted by conven-
tional chain extension reactions to give a methyl ester so that
30ais obtained fron29a; 29b reacts similarly to give30b.

Scheme 9

horse liver q//
esterase
CO;Me — /—COzMe + COH

A NaOH/H,0 A A
f 2 1 27a " 28a
\BH3~THF

27
/D]BAL
<g_/OH
Arq 29b
<g—<F

A]’1 COzMe
30b

1. TsCI/Et,N/CH,CI,
2. NaCN/DMSO

3. 10% NaOH

4. Conc. HCI

5. MeOH/HCI {gas)

Cl 6. LDA/(PhSO,),NF

Ar

Arq COzMe

30a

The base-catalyzed coupling &0a with 31 gives a
mixture of four diastereoisomers of the hydroxyl-es28b
(Scheme 10). This mixture may be separated by chromato-

This patent discloses a process for preparing com- graphic methods, and the diastereoisomers then undergo
pounds that are used as insecticides in plant protection.acylation. The acylation step appears to be used to allow
The compounds are exemplified 86a that is made  separation of pure chiral diastereomeric esters. TREb,
by heating 25a with TsCI in collidine. The reaction gives the dieste25c,and this is converted to puba. There
shown in Scheme 8 refers to a single diastereoisomer, andare also examples for other diastereoisomers and mixtures
examples are given, starting from the different diastereomersand although the patent is not exactly clear on the stereo-
of 25a or mixtures that form th& or Z isomers of26a. No chemistry. It appears that, if pure isomers are used, then the
specific details of separating the diasteroisomeric mixtures reactions proceed stereospecifically.
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Advantages Patent No. U.S. 6,770,763
The process is said to be a useful method of making the Assignee: Bristol-Myers Squibb Company,

desired chiral intermediates. Princeton, New Jersey, U.S.A.
Scheme 10 Title or Subject: Asymmetric Synthesis of
Aminopyrrolidinones
<] F The aminopyrrolidinones such ava and 47b are of
3 F interest as MMP and TACE inhibitors for use in treating
/—< LDA/THE OHC\/©iO/© rheumatoid arthritis. The claims of the patent cover the novel
Ary COoMe intermediate44 and its production by the route shown in
30a 31 Scheme 12. The preparation4 starts with the ozonolysis
of 38to give aldehyd&9, and this is converted to the lactam
25b: R=H, R, = Me 40. This conversion is achieved in two stages by reaction of
ACZO,DMAP,DCMl 39 with the enaminoestedl under reductive amination
10% NaOH conditions followed by hydrolysis of the methyl ester
25¢: R = COMe, R, = Me i 252:R=R,=H group with the use of LiOH. The conversion 40 to 44
MeOH/THF involves initial deprotonation o0 usingn-BuLi followed
by treatment with the nitroso compourt® to give the
Patent No. U.S. 6,770,618 hydroxylamine43 and then reduction. The reaction 44
Assignee: Takasago International Corp., Tokyo, Japan is described as a novel use of this reagent, but this is
Title or Subject: Process for Making arguable.
2,2,6-Trimethylcyclohexylmethyl Ketones Scheme 12
The title compounds have been found to have potential
for use in perfumes and they possess eucalyptus and mint- 0 o8n o oBn
like odour. The patent discloses a method of producing the
two trans-isomers in 98%e. The pure isomers are said to Me© 1.04Et0Ac  MeO 39
be expensive and although there are alternative syntheses 5 Z0/HOAG
they are said to be unsuitable for commercial use. The route | e ol

developed is shown in Scheme 11 and starts frBm NaBH(OAC),
citronellal32that is treated with MeMgCl to give the alcohol DEM/DIPEA
33. This is oxidised using Jones reagent to give the ketone
34 that on reaction witt85 produces37 as a mixture of enol

o]
acetates. These are not separated but cyclised usir@yH HO / N2 HC
to produce thelR, 6Sisomer36. The opposite enantiomer N o8n ° u
was similarly prepared frorR-citronellal. 40 O
Scheme 11 n-BuLi

LiCl/THF
o cl N MTBE i;\
CHO  MeMgCl Jones reagent o o
g( =00 O d%
34

PTSA

90 /\rOAC H /PAIC/MeOH OB”
s 2. MeSO,H
T OAc
ii\J\ 85% H,PO,/PhMe “ Z é/

-

100 °C, 32 h

36 37
OH

The key aspect of this synthesis is the production of the
novel enol acetat87 that is a mixture of three isomers but
there is no need to separate them to proddge

The production of the sat7a-HCI from44 is shown in
Scheme 13 and proceeds via formation of the intermediate
imine from45 and44. This is not isolated but treated with
46 in MeCN followed by HCI to give thel7 as a hydro-
Advantages chloride salt; this is converted td7b by reaction with

These compounds have not previously been used forNH,OH/MeOH/NaOMe. An example is described to produce
perfume manufacture, and the synthesis opens up this new>20 kg of47b, indicating the advanced development status
opportunity. of this process.
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Scheme 13 does involve the use of thiophosgene to prepare a key
intermediate. This is going to be a potentially problematic

44 procedure.
FPrOAc MeCN K o
??‘OCK 500/ ueson . Patent No. U.S. 6,770,789
BN emre 6_»'42 Hel Assignee: University of Florida Research Foundation,
O y

GoHo Gainesville, Florida, U.S.A.
o Title or Subject: Process for Trifluoromethylation of
= ) o Sulphates
"N NHLOH TN\ The introduction of CEgroups into pharmaceutical and
N / NaOMe N agrochemical compounds is of great interest, and improved
“ MeOH methods are continually being sought. This patent discloses
46 a method of preparing trifluoromethyl carbinols suchb8s
472HCL: R = MeO from sulphates. It is claimed that cyclic or acyclic sulphates
47b: R = NHOH can be used although no experimental examples are given
for any acyclic compounds. The process to ma&e shown
Advantages in Scheme 15 and is based on the finding thag Ckhions
This is a novel process that is potentially capable of being can be generated from @Fin the presence ob7, an
carried out on a commercial scale. electron-rich olefin, that is known as a strong reductant. The

1,2-diol 54 is initially heated with SOGIlin CCl, to form
the intermediaté5. It would seem thab5 is not isolated
but directly oxidised t®6 in 97% yield using Nal@in the
presence of Ru@lThe sulphat&6is then reacted with GF
at —20 °C in the presence 0b7; the mixture A that is

This patent is specifically aimed at producing the meta hiained is acidified and left overnight. The product is a
acid51, and it also claims that the corresponding para acid iy re of 58 and59 with a high selectivity for the former.
can be made by using the same procedure, although no Scheme 15

example is given. The route is shown in Scheme 14 and

Patent No. U.S. 6,770,781

Assignee: Dompe S.p.A., L’Aquila, Italy

Title or Subject: Process for the Preparation of
a-Arylalkanoic Acids

begins by forming the-hydroxy ested9 by simultaneous o o
esterifjcation and hydroly§is aB. The use ofl9as a starting o O socical /g\ NalORu, g¢o
material for preparing acids such%kis common, but such T o7 o 0" Mo
routes are said to have many difficulties because they require 60°C.1h )—/ MeCN/H,0 )_/
expensive reagents and have a low selecti4i®is converted 53 54 55

to the thiocarbamyl compourD by reaction with MeNCSCI

in the presence of a base at room temperature. An alternative CF JITHF. -20°C / Me,N NMe,

reagent for this conversion is said to be CSélthough no

examples are given. This patent does not describe how o e Fac OH  20% LSO MeoN NMe,
Me,NCSCI is prepared, but it is likely to involve CSCI : + ’ T dure A 56
Thermal rearrangement &0 gives 53, and the carbamyl > B0, 1t 16 h

group is removed by hydrogenation using Raney Ni to give 5 s

52 that, on base hydrolysis, affords the a&itl. 55% 1%

Scheme 14 The patent claims also cover the use of the alternative

cou come coute reagent consisting of HGIPMF and (MeSi)sN/MeyNF, but
2 : s no examples are provided.
OA OH
C MeOH Me,CO/K,CO, Mo Advantages
50, e . . -
o O MeNCSCI coph _ The process gives a good selectlvn_y toa spemﬁc type of
o b trifluorocarbinol if the precursor 1,2-diol is available.

48 49 50
210°C Patent No. U.S. 6,774,231
Jz h Assignee: Pharmacia & Upjohn Company,
CoH COpMe COpMe Kalamazoo, Missouri, U.S.A.
< \{0 Title or Subject: Method for the Preparation of
MeOH R Me,CO/H,0 = NMe, Oxazolidinones
0 NaOHH,0 | = O  RaneyNi A comn The main clgim of this patent covers the pr.eparation of
L L 63 by the reaction of the bis-vinyl sulphoré® with 61 as
51 52 53 shown in Scheme 16. However, the patent also describes
Advantages the use o063 in the preparation of the oxazolidinog& that
The process is said to give higher selectivities and useis an antibacterial agent with wide-ranging activity. The
cheaper reagents than alternative processes. However, if ipreparation 063is a double-Michael addition that is carried
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out by heating the reactants in PhCI with AICIThis
produces the intermediaté2a and 62b. Samples of these
intermediates were isolated and purified, &ddNMR data
are given foi62a 62b, and63. This double-Michael addition

Advantages

This patent provides an efficient process for preparing
the desired product by using an improved double-Michael
addition reaction.

proceeds at a much faster rate than similar reported reactions,

and this is attributed to the use of the AdChtalyst. Without

the catalyst, previous reports of similar reactions are said to
be very sluggish and require an excess of the amine reactant.

Scheme 16
o
ﬁ F o>8/\ F
O
\z/\\ rN AlCI, ) AN
. T,
N\ . PhCI, 110 °C 622 .
60 61

o
Il
[

Sl

The next stage of the process is the conversiof3ao
the amine64b via 64a (Scheme 17). The nitration &3 is
carried out using HOAc/HN@at room temperature over 18
h, and the reduction o64a uses Raney Ni catalyst. The
amine64bis converted to the carbamai8 by reaction with
chloroformate65in the presence of ¥CO; in THF. The final
reaction step to make6 is betweerb7 and theS-acetamide
66 in the presence of a strong base sucht-&uOLi.
Extraction of the mixture into gives a 79% yield 68.
Experiments are described in whiet® kg of 68is prepared,
indicating the advanced nature of the process.

Scheme 17

63

o}
\
o:S/ﬁ
HOAc Raney Ni/H,
63 N — =  B4b:R=NH,
HNO, THF, 40 °C
18h, 1t
F R 1. aq K,CO,/THF
64a: R = NO,

0o
o \
A ozs/\
T’SANHJ\) b“j@ 0
66
cl \\\ // F NHJLC[’
I

67 -Bu

[tBuOLi
i-octane
DMF/MeOH

o}

A A

0
68 \\<\ >:O
NH

Patent No. U.S. 6,774,240

Assignee: The Queen’s University of Belfast,
Belfast, United Kingdom

Title or Subject: Process for Preparing Ambient
Temperature lonic Liquids

lonic liquids have received much interest in recent years
as solvents for a range of reactions and also as catalytic
materials. Some types are very sensitive to moisture and air,
and others can contain halides or metal salts. These systems
are extremely corrosive and require expensive corrosion-
resistant equipment. Other systems are only liquid at elevated
temperatures and hence not as useful for low- and moderate-
temperature reactions. This patent describes ionic liquids
based on fluorinated counterions such7ashat are stable
liquids at room temperature and are not corrosive. Scheme
18 shows the method for prepariif@a by an alkylation
reaction carried out by heatirg® and 70 in a sealed tube
for 5 days. The production of theBu salt72is carried out
similarly but does not take as long. Treatment/dg with
HBF, or HPF; produced the respective salt4b and 71c
via a metathesis reaction. This step is efficient and relies on
using a less volatile acid than gEFO.H that is released and
hence easily removed.

Scheme 18
i C i PAN !
MeCN
RO SPGLT Ll e TN (P
\:/ F3C (9] 70°C, 5 days
69 70 Ta
l HX
MeSO,Bu _ _
100 °C, 48 h
O
R
71b: X = BF,
71¢: X = PFg

72

The patent admits that although using fluorinated com-
pounds is expensive it is desirable. The fluorinated ester
activates the molecule for the alkylation step and produces
a more volatile product than would be obtained from
nonfluorinated esters. In addition the patent claims that the
CRCO.H that is released can be recycled and used to make
the ester70. However, there are no examples showing that
this has been demonstrated. The melting points of the
products are not given althougi? is described as a low-
melting solid.

Advantages

The method is simple and avoids the use of corrosive
halides, although the reaction times are extended. By
recycling the CECO:H the process efficiency is significantly
improved.
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Patent No. U.S. 6,774,242

Assignee: Goedecke GmbH, Freiburg, Germany

Title or Subject: Arylation of Azaheterocycles with
Activated Aromatics Using Cesium Carbonate

also uses a number of similar Al compounds that are prepared
from 2,6-diarylphenols. The process is highly selective, and
84 is obtained in>99.3% selectivity and in a yield of 82%.
Other phenols were not nearly as effective. Phenol and

The patent describes a process for the nucleophilic 2-phenylphenol gave low yields and the highly sterically

substitution of activated aromatics such @3 at room
temperature in the presence of CsC@® very wide range

hindered compound 2,6-di-tibutylphenol, did not give any
formation of 84. The method is an improvement over a

of nucleophiles is used, and 49 examples of the reaction areprocess that uses ZnBas catalyst (which was previously
included in the patent. Scheme 19 shows a selection of thedeveloped at Takasago) and gave yields<df0% with

reactions of some of these witl3. The reactions are carried

selectivity of 93%.

out by stirring the reactants at room temperature with GsCO  Scheme 20
in DMF, and they take between 24 and 64 h to complete.
This is followed by addition of water and extraction of the o N
product with EtOAc. Yields of 98% were found in some ™" P e . i _OH
cases. The use of CsG@s a coupling catalyst alone is e NO-AY, Me.18C
claimed to be novel. Although the reagent has been used in PhMe &3
similar reactions, these require additional catalysts such as  82: Ar-CH
Pd and are carried out at higher temperatures. There are also CHO
examples in the patent of using 4-fluoronitrobenzene and 2- 84
or 4-fluorobenzonitrile derivatives.
Scheme 19
32
e % advant
o vantages
74 N\// L/_ — The catalysts give the desired product in a reaction that
™ is more highly selective than alternative processes.
b NO,
o, o Ny O Patent No. U.S. 6,777,552 .
_ 76 PSOM T en Assignee: Teva Pharmaceutical Industries Ltd.,
P oy Petach Tiqva, Israel

73 OEt
78 0\/\(05
OEt

Advantages

Title or Subject: Processes for Preparing Calcium Salt
Forms of Statins

The statin drugs are widely used to treat cardiovascular
disease by reducing low-density lipoproteins, and patents on
these compounds have previously been reviewed (Org.
Process Res. De 2004, 8, 311). Some of the statins are
administered in the lactone form, others as the Na salt and
some as the Ca salt. This patent describes how to prepare
Ca salts from Ca(OH)and an ester or protected ester such
as a lactone. The general reaction is shown in Scheme 21
and the patent covers the Ca salts of the statins atorvastatin
87, simvastatin, lovastatin, rosuvastatin, and pitavastatin. The
patent examples only describe the productio@bfnd the
latter two statins that are relatively new and described as

The process gives high yields at moderate conditions, butsuperstatins in the patent.

the long reaction times may be acceptable at modest

production volumes.

Patent No. U.S. 6,774,269
Assignee: Takasago International Corporation,
Tokyo, Japan

Scheme 21

OH OH o]
R1WR

) OH OH ©
Ca(OH), )\)\/U\ Ca?*
or - Ry o

2

HO 0]
Title or Subject: Process for Producing Isopulegol
This patent is the second from this company on the use o
of 32 as a feedstock and the product in this case, isopulegol
84, is used to make a range of aroma chemicals. The
cyclisation reaction to conveB2 to 84 is well-known and The standard method of producing Ca salts of acids is
catalysed by a range of acidic compounds. The patentvia the Na salt; not needing to prepare the Na salt means
discloses an improved process that uses the aluminate catalyghat the final product can be obtained in higher purity. It is
83that is prepared from the pher& and AlEg. This patent also claimed that the amount of Ca(QHfat is used does

R+
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not have to be so carefully controlled; this should mean that Scheme 23
the process is more robust.
Scheme 22 summarises the method for the preparation i~
of the Ca sal87 from the dioxane este85. The first stage 88 Py, -10°C 2
of the reaction is hydrolysis of the dioxane ester group to >—> FSC)K/AO/H 89
give the diol esteB6; this is followed by formation of the ;
TFAA/MTBE | o

Ca salt without purification 086. The second step to form /
the salt is carried out using BuRIr as phase transfer reagent. . OE‘)”\CA,FZh y— N A\/ko P
Scheme 22 . ] e |
M R ’
F F3C e}
1. 80% aq HOAc O\t Bu 91~ | 1. NH,OAc, 1.5 h

N

86 l 2.H,0
3. Extract PhMe
o
1o Bu,NBr/EtOH
Ph— N Ca(OH)2 R
o o 45°C,24h 1. 25% aq NaOH/EtOH, reflux, 7h = ‘ 0"
Y

t, 20 h
2. Evaporate

N 2. Add to ice

y 92b:R=H EaC
Ph Y _ i} 3.Wash with GH,CI, 3
85 i 4. AqHCI

5. Filter and dry solid 92a:R=Et

The yields of the two main steps are in excess of 94%

OH . . and the final purity by GC was 99%. The examples involve
Ph_ Nw a0 the production of> 2kg of 92b, indicating the stage of the
s 0z development of this process.
Ph/ Pe)
A 1, Advantages
87 The high yield of the process and the use of readily

The claim that the use of Ca(OHp hydrolyse esters is available materials are improvements over alternative routes.

novel may be surprising to many readers who may consider
it obvious. However, the patent does cite several literature
sources that claim that Ca(Oftannot be used to hydrolyse
esters; any readers interested in this subject are encourage
to read the patent and the references therein.

Patent No. U.S. 6,780,878
Assignee: Eli Lilly and Company,
J;:dianapalis, Indiana, U.S.A.
itle or Subject: Antithrombotic Amides as Factor Xa
Inhibitors

Advantages Factor Xa is a protease that is involved in the coagula-

The process provides a commercially suitable method of tion of blood that can lead to thrombosis; consequently,

making high-purity Ca salts of a number of statins without there is wide interest in compounds that inhib[t this
the need to proceed via Na salts. process (Org. Process Res. D2004,8, 697). The amides

93a 93b, 948 and 94b are such inhibitors and are typ-

Patent No. U.S. 6.777.556 ical of the compounds covered by this patent, although there
Assignee.: B.aj./er’b‘he;nicals AG, Leverkusen, Germany are also several others for which experimental details are
Title or Subject: Process for Preparing given.
2-Trifluoromethyl Nicotinic Acids Amides

The main subject of this paten®2b, is useful in the

production of APIs or agrochemicals. Processes are known R R
for preparing this and similar compounds, but they are o o

claimed to involve the use of more expensive reagents such

as enaminonitriles gf-acetylvinylamines. Hence, the pro- M
cesses are uneconomic; as a result, this patent describes C[ ‘
new process using more readily available reagents. The NYT

NH
NH
procedure shown in Scheme 23 is a two-stage process that
begins with coupling of the enaminoes& with the enol
ether89 by heating in DMF. The patent describes how to N N
prepare89 from 88 and TFAA. The final cyclisation step to O O
give 92ais carried out by reactin§1 with NH,OAc that is © ©

not a commonly used reagent for this step. The &&dis 93a: R, =c %4a:R, = Cl
then obtained by basic hydrolysis 82a. 936: R = MeO 94b: R, = MeO
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The synthesis d®3bis shown in Scheme 24 and involves Scheme 25
the preparation of the benzonitri@7a in 60% yield by
reaction of95 with 96 in the presence of KF on alumina.
97ais then hydrolyzed to give a 99% yield of the a&idb;
this is then reduced to the benzyl alco®@lcin 18% yield. ¢
Treatment oB7cwith COCL gives the chlorid®7d that is

used to alkylate the amine group98to give 93b. The yield

in the last step was reported as 14%. The other amides are
made by similar procedures and several of the intermediates
are novel compounds. The only analytical data that are given

Cl OH

pd

99

Cl OH

1. conc HCI, 63°C, 24 h

2. H,O/MTBE COzH

100: crude

1. Xylene, 100 °C
2.Coolto 21 °C
3. Filter after 16 h

are elemental analyses ande values from FD-MS. The
patent also describes the preparation of the HCI saléglaf
and 94b and mentions clinical tests to indicate the antico-
agulant activity without mentioning any specific compound
in the tests.

Scheme 24

Rz

CN H
N DMSO 1. aq KOH/dioxane
37%KF/AILO, reflux, 96 h
+ —_— —————— 97b:R,=CO,H
150 °C,5h N 2. Hso" , filter
o [ j o
F 96 o 1. CICO,Et [ j
o5 2. NaBH, N
97a: R, =CN 3. MeOH
4. Aq HOAC |

o
o
97c: R, = CH,OH
1. PYICH,Cl,

2. EiOAc COCI,/PhMe

97d: R, = CH,Cl

93b

Advantages

The patent discloses details of a range of novel com-
pounds that are claimed to be effective Factor Xa inhibi-
tors.

Patent No. U.S. 6,781,012

Assignee: DSM Fine Chemicals Austria NFG GmbH & Co
KG, Linz, Austria

Title or Subject: Process for Preparation of Optically
and Chemically Pure (R)- or (S)-o.-Hydroxycarboxylic
Acids

The patent specifically relates to the production of
hydroxy acids that are prepared from cyanohydrins by

4. Wash in xylene
5.dry at 60 °C

100: 99.05 % R

The 99 that is used is made by adding HCN to 2-chlor-
benzaldehyde in the presence Rfoxynitrilase. The hy-
drolysis reaction is known not to cause racemisation; thus,
optically pure nitriles can be assured of producing optically
pure acids.

Advantages

This patent improves the recovery and purity of the
product in a specific application.

Patent No. U.S. 6,784,293

Assignee: the Procter & Gamble Company,

Cincinnatti, Ohio, U.S.A.

Title or Subject: Process for Making Boc-Protected
Hydantoins and Dihydrouracils

The title compounds are useful chemical intermediates
for pharmaceuticals and agrochemicals. The 3-amino deriva-
tives are said to be useful anticonvulsants, antibacterials,
diuretics, and pesticides. Alternative routes to these com-
pounds are said to require multiple steps, use harsh condi-
tions, and give low yields. A large number of references is
given to such procedures. The patent describes a one-pot
solution-phase process and a so-called solid-phase process
using supported Merrifield resins. Scheme 26 shows the route
to making106by a process that is described as a solid-phase
reaction that is carried out on the functionalised Merrifield
resin102 suspended in DMF. The preparation1di2 is by
reaction of the chloromethylated resi@1 with 103in the
presence of disiopropylcarbodiimide and DMAP in DCM.
Reaction ofL01with the aminopyridinel03in DMF affords
the supported resin compoud@6, and this is reacted with
the hydrazine compountD5in DMF to producel07. Upon

enzyme-catalysed cyanide addition to aldehydes or ketonesheating107 in DMF, 108 is formed which is recovered in

Specifically the examples in the patent all relate to the
production ofL00from 99. The procedure shown in Scheme
25 is to heat the nitril®9 with concentrated HCI and then

recrystallise the crude product from an aromatic hydro-

63% vyield.

An alternative route to some of the desired products is
shown in Scheme 27. This summarises a solution-phase
process to prepatEl2from Boc-carbazat&09and110 The

carbon such as xylene. The pure product is then obtainedreaction is carried out by stirring the two compounds

by cooling and crystallisation. It was also shown that by using
different solvents during the purification of the crude product

in dioxane solution and then heating witil An 80%
yield of 112 was obtained. The claims of the patent only

the ee could be increased. Thus, when using xylene/THFcover the solution-phase process although there are several
the ee increased to 99.9%. There were no examples ofexperiments describing both approaches. The patent lists

preparing the$)-isomer although the patent claims do cover
this.
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Scheme 26 describes how I§can be used to fluorinate compounds that
contain a wide range of functional groups. The basis of the
process is to react the compound with ifr the presence of
a salt that is molten at room temperature; an example of such
a salt is EfNHF. The process is carried out in a solvent,
— and Scheme 27 shows some of the compounds that may be
DMF \ / prepared using this technique.
N Scheme 28

OH
o
IF/Et, NHF
Cl
S
106 — ™~ Heptane
—_—
IF /Et NHF
ﬂ |
)& s
~ DMF O/[k/ ~ ©/u}/
~. B5°C,8h Heptane
5 IF/Et,NHF

c’NH‘N)kNﬂ/O >< DCM F><

107 N s
IF/Et,NHF

/
Advantages
These processes are said to be suitable for preparing
a wide range of compounds having a variety of N-1 sub- Eto,c IF /Et NHF  Et0,C

stituents in high yields from readily available starting

. o) o)
materials. M 2
Scheme 27 o~ _

IF4/Et,NHF

PPN=C=NPr

DCM/DMAP
rt, 24 h

C

F

109 NH

“NH
goc” 2

' )|\ The reactions shown are carried out at room temperature
N %ﬁaﬂe ) NN by adding the substrate to a solution of/Et;N-3HF in the
El? 60°C,4h  BOC \_</\® appropriate solvent. After completion of the reaction, the
>/7N =N / 4 mixture is neutralised with N&O; and reduced with
d = 112 N&S,0; solution. The reducing agent is added to reduce
110 EtOC those organic compounds that were overoxidised and to
NH reduce the IE The product is extracted with £ and

Ph purified by column chromatographit and°F NMR and
IR data are given for many compounds.

111

Patent No. U.S. 6,784,327

Assignee: Daikin Industries Ltd., Osaka, Japan Advantages _ _ _
Title or Subject: Process for Fluorinated Organic The procedure is applicable to a very wide range of
Compounds Using IF5 as Fluorinating Agent compounds and takes place under mild conditions using a

Fluorinated organic compounds are very widely used in "€@gent that is easy to handle.
pharmaceuticals and agrochemicals, and so there is consider-

able interest in improved methods of fluorination. Many Keith Turner

fluorinating agents are difficult to handle or have low Kappa Tau Consulting, 12 The Avenue, Fairfield,
reactivity, thus limiting their uses. s nonexplosive, melts Stockton-on-Tees, TS19 7EY, UK.
at 9.4°C, and boils at 100.5C thereby demonstrating that Telephone/fax:+44 (0)1642 653484.
it has a widely usable temperature range. A drawback in its E-mail: keith@kappa-tau.co.uk
use is said to be its high oxidising power. The current patent OP049814G
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