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Highlights from the Literature

Some Items of Interest to Process R&D Chemists and Engineers as Selected by
Trevor Laird and Stephen A. Hermitage

Many industrially important, enantiomerically pure com- Fuchikami and co-workers from the Sagami Chemical
pounds are still produced via the kinetic resolution of Research centre have report@@ttahedron Lett2001,42,
racemates, despite recent advances in asymmetric synthese2149) the use of ruthenium catalysts in the hydrosilation of
To obtain yields of>50%, the unwanted enantiomer must esters to the corresponding alkyl silyl acetals in moderate to
be racemised, providing further feedstock into the resolution good yields which are readily converted to aldehydes by

procedure. Beller et al. have reportesly(lett2001,1, 25)

an improved procedure for the mild racemisatiorNe&cyl
a-amino acids using Pd(PRheither as a preformed complex
or by its in situ formation from Pd(OAg)r Pd(dba)y and
PPh (Scheme 1). The concentration of the palladium
complex catalyst required for effective racemisation is 1 mol
%.
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hydrolysis. A variety of alkyl silanes were used in the
reduction reaction as shown in Scheme 4.
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DeSimone and Wells have published a review titled 5CO
Technology Platform: An Important Tool for Environmental
Problem Solving” inAngew. Chem., Int. EQ001,40, 518.
They describe how COis a good solvent for many
substances when compressed into its liquid or supercritical
fluid state. Above critical temperature and pressure=t

Palladium has also been used by Xiao and co-workers at31 °C, P, = 73.8 bar) CQ has both gaslike viscosities and

the Leverhulme Centre for Innovative Catalysis at Liverpool
University (Org. Lett.2001,3, 295) to catalyse the regio-
selective arylation of butyl vinyl ether and aryl halides in
the ionic liquid 1-butyl-3-methylimidazolium tetrafluoro-
borate ([omim][BF]) (Scheme 2). The reaction proceeds with
high efficiency and remarkable regioselectivity. The authors

liquidlike densities, allowing it to be used safely within
commercial and laboratory environments. Small changes in
temperature and pressure cause dramatic changes in the
density, viscosity, and dielectric properties of £@aking

it a “tunable” solvent that can be tailored for a variety of
applications. Jessop and co-workefsAm. Chem. So2001,

suggest that the key to the success of this chemistry probably123, 1254) have combined the use of supercritical, CO

lies in the accelerating effect of the ionic liquid on the ionic
pathway of the Heck reaction.
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Continuing the palladium theme, Seki and Shimizu from
the Tanabe Seiyaku Co. have describ&dt(ahedron Lett.
2001, 42, 429) how Pd/C can be used to catalyse the
“Fukuyama” coupling reaction between thiol esters with zinc
reagents in the presence of DMF to provide a variety of
functionalised ketones in good yields under mild reaction

conditions (Scheme 3). The reaction was also applied to

cyclic thiol esters (thiolactones).
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(scCQ) with ionic liquids for chemical separations. They
describe how tiglic acid could be hydrogenated using
Ru(O,CMe)((R)-tolBINAP) with good enantioselectivity
(>85% ee) and excellent yield (>97%) in the ionic liquid
[bmim]PFs and subsequently extracted with scGScheme
5). Interestingly, the catalyst remained in the ionic liquid
and could be used in a further four runs without loss of yield
or enantioselectivity.

Scheme 5
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Carreira has recently reporte@rg. Lett.2000,2, 4233)
the enantioselective addition of inexpensive 2-methyl-3-
butyn-2-ol to aldehydes (Scheme 6) in the presence of
Zn(OTf),, E&N and R)- or (S)-N-methylephedrine. The
isolated adducts undergo subsequent fragmentation to give
propargylic alcohols in excellent yields and up to 99% ee
which provide useful and versatile chiral terminal acetylene
building blocks for further synthesis.

10.1021/0p010033e CCC: $20.00 © 2001 American Chemical Society and The Royal Society of Chemistry



Scheme 6 oxidised to the ene-acid using NaGlth a toluene/phos-

o Qptimetry pnecne on phoric acid buffer with the addition of 4D, to scavenge
A e M e : HOCI. Activation of the acid to the acyl chloride and
R™ "H e 22 . _ R .
\ﬁe H\ﬁm \H susequent reaction with 4-[N-methyl-N-(tetrahydropyran-4-
ve yl)aminomethyl]aniline gave the amide precursor to TAK-

Ashford and Grega from Pharmacia have descriked ( 7. Methyla_ltion of the tertiary gmint_e to generate TAK'
Org. Chem 2001,66, 1523) the oxidative cleavage of 1,3- 779 was achieved (Scheme 9) using trimethyl phosphite and

dicarbonyls to carboxylic acids with oxone. After attempting N-chlorosuccinimide followed by the addition of HCI in
a number of synthetic alternatives for the direct conversion €Xcellent yield without requiring chromatography.
of a methyl ketone to a carboxylic acid, Scheme 7 describes Scheme 9

the series of transformations to convert progesterone to
androst-4-ene-1pB-carboxylic acid using their key reaction. ArH FOMe) /NGS
N then HCI 4 H
o

The group report this method to be complementary to -/ . P
existing synthetic methods and in general to be a milder Q , Q e
alternative to the haloform reaction. N N
Q “ )
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th
methyl ketone 1. Diethyl oxalate, NaOMe

MeOH, toluene Ripin and co-workers at Pfizer Research and Development
have reported oxidation of carbamate-protected alkyl hydra-
carboxylieacid O -COMe zines to the corresponding hydrazones under Swern condi-
Oxons/NaHGO, OH tions in good yields (7687%) (Tetrahedron Lett2001, 42,
acetone / water 1453). The reactions were performed using 2:1 DCM:DMSO
— as solvent and 2 equiv of TFAA at10 °C followed by
o ° triethylamine (Scheme 10).
Ikemoto and co-workers have described their synthesis S¢1eme 10
of TAK-779, a nonpeptide CCR5 antagonidtefrahedron bh. W 22aTEARSOSCINT e o
2001,57, 1525) (Figure 1). DN/ EtN WNT
“NHCBZ “NHCBZ

87%

Retrosynthetic analysis of organic molecules can often
lead to many possibilities for forward synthesis with some
approaches being more attractive than others either from a

TAK-779 Me cost, robustness, ease or environmental point of view.
Me/N ) 2-Oxazolidinones are often “disconnected” back to the amino
cl 0 alcohols and, in the forward synthesis, prepared by reaction
Figure 1. with a carbonyl equivalent such as carbonyl diimidazole,

ethyl chloroformate, or diethyl carbonate. Hu and co-workers
Their synthesis (Scheme 8) starts with a dialkoxymeth- have reported (Tetrahedron Lef001,42, 1449) a facile
synthesis of 2-oxazolidinones via Hofmann rearrangement
mediated by bis(trifluoroacetoxy)iodobenzene and intramo-

> O. Hom, | )i:@ iy lecular cyclisation of the intermediate isocyanate in excellent
Ar
4 CH(OR), CHO

oL yield (Scheme 11).

o THF, ~10°C
J el Scheme 11

toluena, aq NaH,PO,
O (COCI),, cat DMF, THF then (PH=2) o
Ar 4-[M-methyl-A-{tetrahyds -4-y . . N
' R oo 44D bis(trifluoroacetoxy)iodobenzene (BTI) H
o D O NH acetonitrile, room temperature N
Ar 2
/ CO,H =0
N
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Q A versatile and efficient synthesis of monosubstituted
ylation reaction using 6 equiv of carbenium ion prepared ureas is described by Tor and co-workeFsttahedron Lett.
from methyl orthoformate. Subsequent reduction, hydrolysis, 2001, 42, 1445) by the reaction of amines with 4-nitrophenyl-
and elimination gave the ene-aldehyde which could be N-benzyl carbamate followed by hydrogenolysis (Scheme

Scheme 8
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12). 4-NitrophenyN-benzyl carbamate was prepared in high Scheme 15
yield from benzylamine and 4-nitrophenyl-chloroformate. In  meo.__ome

particular this approach was used by the group to function- COM  ZnCl,/SOCI/ THF O°C o
alise water-solublepolyamines when other reagents (such wesz 0 \N>/O
as benzylisocyanate) failed to give significant amounts of P
product.

Scheme 12 H

OﬁNHz Oﬂu NH, Me/Né({N\Q
2. H,/Pd
BIRT-377
The reaction of amides with hydrosilanes can be catalysed ] ) ) ] )
using a variety of transition metal complexes in the presence gnd selective ORL1 antagonist. Their retrosynthetic analysis

or absence of halides as cocatalysts to afford the correspondiS Shown in Scheme 16 and involves a coupling between
ing amines in good yields according to a recent report by aminel and 2-fluoronitrobenzene. Amink was prepared

Igarashi and FuchikamiTetrahedron Lett2001,42, 1945) I @ number of steps from the cyclooctane aldehyde and
(Scheme 13)dlso compare to Schemg Zhe reaction works amine2.

for a variety of amides including cyclic and acyclic tertiary scheme 16

amides. Q
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~ HN N
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O 113397 U
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o NH OHC\O
Continuing the theme of reduction using silanesSEHt £,
has been used by Gevorgyan et al. (J. Org. C20081,66, :
1672) t_o reduce aaliphatic carboxylic group to a methyl A short and efficient route to thdesC,D vitamin D;
group in the presence of catalytic amounts of s derivative (Ro 65-2299, Scheme 17), a potential antipsoriatic,

(Scheme 14). Although this removal of functionality may has been developed by workers at Hoffmann-La Roche
seem wasteful, this trivial functional group manipulation may (Tetrahedror2001,57, 681). The route features an assembly
open up alternative opportunities during the planning stagesstrategy thus far unexplored in vitamin D chemistry, involv-
In new route investigations. ing a modified Julia olefination of ketorand 2-benzothi-

Scheme 14 azolyl sulphonet.

)OJ\ 3 g HSiEt, / 5mol% B(CeFs), Scheme 17
———————— __Me

R X R

carboxylic acid derivative ——— alkane

X=H, OR, Hal

An improved synthesis of chirafx-(4-bromobenzyl)-
alanine ethyl ester and its application to the synthesis of
LFA-1 antagonist BIRT-377 has been described by Kapadia
and co-workers from Boehringer Ingelheim Pharmaceuticals
(J. Org. Chem2001, 66, 1903). In their method (Scheme HO™

15) Cbz-protected alanine is reacted with 1 equiv of thionyl Ro 65-2299 :
chloride and benzaldehyde dimethyl acetal in the presence
of ZnCl, to give thecis product in>15:1 selectivity. This Karpf and Trussardi from Hoffman-La Roche have

protocol gave the key chiral oxazolidinone which was recently disclosed (J. Org. Cher3001, 66, 2044) a new
alkylated (with self-regeneration of stereocentres) and furtherazide-free transformation of epoxides into 1,2-diamino
manipulated to give BIRT-377. compounds with application to the synthesis of the anti-
A group from the Banyu Tsukubu research institute in influenza neuraminidase inhibitor oseltamivir phosphate
collaboration with Merck have recently discloséde{rahe- (Tamiflu). In their synthesis (Scheme 18) catalytic MgBIEL
dron 2001, 57, 981) their synthesis of J-113397, a potent was used to effect epoxide ring-opening with allylamine to
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generateb. Deallylation of5 gave the amin& which was Scheme 19
further converted to diamin€& through imine protection, o
mesylation of the secondary alcohol, deprotection of the en. . ocoet it
imine with allylamine, internal SN2 inversion of the mesy-

late, and allylamine opening of the aziridine. Interestingly,

the overall yield of this Tamiflu synthesis exceeds the azide
route and does not require any chromatographic purifications.

_ Pho~_N O + EOH + CO,
Pd(OAC),-TPPTS —

FTPPTS = P(m-CgH4SO;Na);

Scheme 18

o°
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The yield of any chemical process is dependent not only
on the efficiency of the chemical reaction but also on the
ease of isolation of the product. A relatively new technique
which is designed to improve the separation of products from
reagents/catalysts is fluorous phase chemistry, which allows

ZN\/\ simple 2- or 3-phase liquid—liquid extraction techniques to
J i NoR o be used. Alternatively, fluorous chromatography can be used.
S 1w suove (0) 5o 0 One of the pioneers in the.field is Denis Curran of'Urlliversity
o., COgEt o /;/NHE S of Pittsburgh, and a special feature on his work is included
/Ej/ ~ o, COEt in the latest issue ofsreen ChemistryFebruary, 2001, p
e ARG o HO»Q/ G3). One area which may be of interest to process chemists
; NH, is the use of fluorous tin hydrides in radical cyclisation.
H s Depending on the alkyl chain length, the degree of fluorina-
tion in the chain, and the solvent fluorine content, reactions
/\;\ o can be designed where the tin reagent is easily removed from
/@ : the product during work-up and has the potential for
AcHNT > HpPO, recycling (Curran, D. P. et al. Am. Chem. S0d999,121,
NH, 6607;1996,118, 2531).
Tamitly A new company, Fluorous Technologies Inc., has been

set up and has licensed from the University of Pittsburgh

Significant progress has been made in demonstrating theseyeral patents on the use of fluorous organic chemistry (see
speed and economic advantage of a combinatorial approachhttp:/mwww.fluorous.com for further information). It should
to heterogeneous catalysis, where new materials have beegome as no surprise that the Chairman of the Scientific
discovered in a matter of days (sometimes even hours). A Advisory Board for the new company is Denis Curran.
very readable review on this topic has recently appeared The introduction of the fluorine atom into organic
(Senkan, SAngew. Chem., Int. E®001,40, 313). Inthe  molecules continues to be of interest. Whereas fluoro
same issue, the use of combinatorial and evolution-basedgesilyation has been used for aryl-trimethylsilanes, it has not
methods in the creation of enantioselective catalysts is alsopeen used to make fluoro alkenes (although the other halides
reviewed (Reetz, M. TAngew. Chem., Int. Ec2001, 40 can replace silyl groups to make haloalkenes. Use of
285). This review spends a considerable portion examining Selectfluor, however, has now been shown to give efficient
assay methods such as UV/visible methods, fluorescencereplacement of SiMgby F in a variety of alkenes (Greedy,

based systems, IR thermography, CD, chromatographyB. et al. Chem. Commur2001, 233)—see Scheme 20.
methods, electrophoresis, MS methods, and radioactivity

assays. The availability of improved screening methods Scheme 20

should now open up this field since large libraries of catalysts 1eq @NtCHzm
can now be rapidly screened. A

Most heterogeneous catalysts designed for use in fine ™ “sime, F 28R4 P OF
chemical manufacture are usually supported on inorganics CH,CN
(SiO,, C) or organic synthetic polymers. About 10 years ago 250 reagent 120 excess reagent
supported aqueous phase catalysts were developed; this 5 days gon, rt
technique takes advantage of the hydrophilicity and high
specific surface area of any inorganic support. The catalyst RO, F H3COCHN F
is usually in the water film which remains attached to the F "

catalyst surface (usually silica). Mesoporous glass beads of
controlled pore size distribution are the favourite support in
this type of process. The first example of a catalyst supported

Me 75%

45%

70%

in an aqueous film on an organic support, cellulose, is now  Whilst the reduction of nitro compounds to amines is a

reported (Quignard, F. et a&Chem. Commur2001, 21). The
water-soluble catalyst precursor (Pd(OAETPPTS is im-

widely used process, the oxidation of amines to nitro
compounds is difficult to achieve. In a study aimed at looking

mobiled on silica and used as shown in Scheme 19. No at the reactions of superoxide ion £Q, which plays an

leaching of Pd from the catalyst occurs.

important role biologically, Indian workers have found an
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exceptionally stable titanium superoxide radical ion which
is an excellent heterogeneous catalyst for,Nitidation
(Sudalai, A. et alAngew. Chem.nt. Ed. 2001,40, 405).
The catalyst is prepared by action of 50%C04 on Ti(OR),

in anlydrous methanol at 23C. For the oxidations, the
catalyst is used in methanol with,8, as oxidant (Scheme
21). Aliphatic amines are oxidised to oximes.

Scheme 21
- .
HGQ 0-0 OH
/Ti—O—'ll'i—O
OH, OH, |n
ArNH, ArNO, + ANO + ArN=NAr
H,0,, MeOH .
25°, 0.5h 82-98% * A=NAr
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R?H_NHZ e —— R?H:NOH + RR'CO
R' R
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The efficient reaction of alkenes with simple allyl
compounds to afford 1,4-dienes has remained a difficult

process to achieve efficiently with simple substrates. It has

now been found that rhodium catalysts in dioxane can

catalyse the desired reaction (Scheme 22) and works bes

with electron-richer alkenes (Tsukuda, N. et @hem.
Commun2001, 237).

Scheme 22

Rh(nbd),(MeCN),PFs
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2eq 17%
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Ph Ph

80%

We normally think of a reaction between a diene and an
olefin as leading to cycloaddition via a Dielglder reaction.
An alternative process, and one with potential industrial
utility for C—C bond formation, is hydrovinylation, and this
type of reaction is used in the copolymerisation of ethylene

and 1,3-butadiene on an industrial scale by Dupont, the XOB, +  PhBOM
resulting hexadiene being transformed into synthetic rubber

and other unsaturated polymers. A new catalyst for 1,4-
hydrovinylation has recently been reported (Hilt, G. et al.
Angew. Chem.nt. Ed. 2001,40, 387) which allows high
yields of products to be obtained (see Scheme 23).

Scheme 23

7

5 mol% CoBr, dppe/
Znly / BuyNBH,
40 °C, CHyCl,

P X >:%X
66-98%

X=COyR, OR, alkyl, aryi

Modified guidelines have been found to effectively

24). This simple process allows recovery of the expensive
chiral guanidine and separation of product (Isobe, T. et al.
Chem. Commur2001, 243). The following paper describes
the asymmetric Michael addition of glycine imines to
acrylates (Ishikawa, T. et aChem. Commur2001, 245).

Scheme 24

TIPSCI
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o
79% 58% ee
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Ph,C=N-CH,CO,But THF PhZC=N-(|:HC028u'
+ CHy=CH,R 20°C CH,CH,R
(G)

55-97% ee

2-Amidopyrazine (pyrazinamide) is an important anti-
tubercular drug. Its usual method of synthesis involves
reaction of glyoxal with 1,2-propylene diamine, but this
generates a lot of waste products. A more recent and
environmentally attractive method involves catalytic am-
moxidation of 2-methylpyrazine to 2-cyanopyrazine followed
py hydrolysis. An article from workers at the Indian Institute
of Technology (Rao, K. N. et aGreen Chem2001,3, 20)
describes the use of a new catalyst (12-molybdophosphoric
acid, prepared “in situ”) which is highly selective for the
desired ammoxidation (see Scheme 25).

Scheme 25
[N\l — [N\l " [Nj * 00+ HO
2 + Hy
N Me NHs N7 eN N

Interest in the Suzuki reaction continues, and new catalysts
are constantly being developed. A highly active palladacyclic
phosphinite complex seems to work well even with hindered
and electronically deactivated aryl halides (Bedford, R. B.
et al. Chem. Commur2001, 129)—see Scheme 26. These
are the highest activities yet reported for a Suzuki reaction.

Scheme 26
K,COq

toluene
_

130°C, 18h
R

0-R
R? E@
2

TON 290-910,000

Qph

Me

A0

20-90%
X =COCHj3;, OMe

R'=ph, ipr

R?=1Bu, H

QBr +  PhBO,H

Me

RZ

100% (TON 100)

Enantioselective protonation of prochiral enolates has
always seemed an attractive way to generate enantiomers
(for reviews, see Fehr, @ngew. Chemint. Ed. 1996,35,
2566; Yanagisawa, A. et abynlett1997, 411). Recently, a

mediate asymmetric silylation of secondary alcohols (Schemecatalytic enantioselective protonation of lithium ester eno-
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lates, generated by conjugate addition of thiols to enoates,stoichiometric amounts of Zr(OiRP¥)PrOH were used in the
has been achieved (Nishimura, K. etAhgew. Chem., Int.  presence of di-isopropyltartrate. In the latter case 3 equiv of
Ed. 2001, 40, 440). The results are shown in Scheme 27, oxidising agent were used, and some overoxidation (21%)
and the process has been used to make chiral drugs such aasccounts for the low yield. Enhancement of the ee of the
naproxen. However, this seems an expensive way to do anmono epoxide, however, is expected to change with increased
asymmetric reduction. The value appears in the first step, conversion. After 24 h, the ee was only 82%. Attempts to
and attempts to make drugs with sulphur in (captopril, employ substoichiometric amounts of zirconium alkoxide
nelfinavir) might have better demonstrated the utility of the have not been successful.

reaction.
Scheme 29
Scheme 27 CN t-BuOOH CN
A Me Me CH,Cly Me Me
/F\I'\ 1) ArSLi W R Raney Ni W R ) i )
P “ —_— 51 D()DIPT 5H 5
COMe  pn,  ph K<002Me Me” >COMe ZHOPLPrOH OH 70
MeN' O SAr 20°C, 3d 76% yield
0,
" OD 93-99% yield 94-99% yield 92% ee
e 80-92% ee 59-99% ee
60°Cto-78 °C
05-16h
2) ArSH %70 oN OJ( *o OJ(
o 0 o) §V 6

OH

1891

Although the dynamic kinetic resolution ofsubstituted e

[-ketoesters by chemical or biocatalytic reduction is well-
known, the corresponding asymmetric reduction of 1,3-
diketones has proved more difficult. The method is attractive
since it allows the simultaneous introduction of two stereo-  Kinetic resolution of epoxides is efficiently carried out
genic centres usually in a high yield. By using isolated by aqueous hydrolysis using organometallic catalysts (e.g.
enzymes, however, this difficult transformation has been the Jacobsen approach which has been commercialised by
achieved (Ji, A. et alChem. Commur001, 57). Recom-  Rhodia-Chirex). An alternative approach is to use microbial
binant alcohol dehydrogenase fra#actobacillus breviss epoxide hydrolase enzymes. (Genzel, Y. edaDrg. Chem

used in combination with 2-propanol as reducing agent 2001,66, 538). If the enzyme can be obtained at low cost,
(Scheme 28). this method may be industrially attractive, although 10 g/L
is still rather dilute. Comparison with chemical methods is
given in the article (see Scheme 30).

44% yield
95% ee

Scheme 28
(o]

| .

~ recLBADH
'PrOH (200 mM)

Scheme 30

enzyme extract OH

OH

Q

.
LA

27% 99% ee

from Aspergiltus Niger

<

55% 36% ee

OoH O O

OBu'

Ve NADP* (1mM) Ne  66% The Baylis—Hillman reaction continues to attract a lot
;’;‘:i of attention to try to overcome its shortcomings (slow

reaction, limited range of substrates). In the presence of
titanium tetrachloride and quaternary ammonium bromides
or iodides, two types of products are produced wheip-
unsaturated ketones are the subtrates (Shi, M. ét &rg.
Chem.2001,66, 406)—see Scheme 31. If the temperature is
raised to room temperature, a third product is formed. The
reaction is sensitive to the relative amounts of Ti&@hd
The group of Spivey at the University of Sheffield have R4NX (and its structure) so that it is easy to find conditions
discovered a useful modification of the Sharpless asymmetricin which the normal BaylisHillman product is reduced to
epoxidation (AE) reaction conditions which may prove useful low levels. The reaction is successful for a variety of
for tertiary alcohols and other hindered substrates (Spivey, aldehydes, although as expected, aromatics are more suc-

l l 60% 2 steps

7

Me

A. C. et al. Angew. Chem., Int. EQ001,40, 769). Under
standard AE conditions the allylic alcohol (see Scheme 29)
gave product in up to 70% vyield but only +Q20% ee.
Known variations including changing the ligand or adding
CaH/silica failed to improve the situation. It was reasoned
that replacement of titanium by zirconium would lead to
better complex formation (increased-ZD bond strength).

cessful than aliphatics.

Pyridine bisoxazoline ligands (pybox) have been used in
a variety of asymmetric catalytic processes, and thus it is
desirable to have a safe and scaleable process for large-scale
preparation. Workers from the ProseR & D Department
at Bristol Myers Squibb suggest that previously described
processesincluding one from Merck’s Process Department

As a result, increased ee’s of up to 92% resulted when have disadvantages, and they have proposed an alternative
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Scheme 31 water-tolerant Lewis acids to catalyse these reactions. A

At H oo o o recent publication (Fringuelli, F. et alletrahedron Lett.
OZN@CHO ° °2”w . OZNW 2001,.42, 1131) indicates that alum|n|um trlchl_orlde is al_so
v o effective. For example, the sodium azide-induced ring
CH,Ch, 78°C —— minor prociet opening of epoxides is enhanced in water by Al@fter
extraction of the product, the aqueous solution containing
o the hydrated aluminium species could be reused (Scheme
-t . OZNW 34).
C
I Scheme 34
method (Totle'ben, M. J.' et al. Org. Chem2001, 66, 1057). . COM NeN, " C?sz n §O
The process is shown in Scheme 32. } j‘ + i
Me Hz0 Me™ “OH Me™ VNg
Scheme 32
x Vilsmaier reagent e X .
| ) ‘ ) catalyst : none 50 50 (25% conversion)
HOZCQ\COZH S CIOCJ\/Nj\COCI AICI, < 500 (39% conversion)
L-valinol
‘ Catalytic semihydrogenation of alkynes to 2-alkenes is
an important process. The most often used catalysts are
“ 1 Vilsmaier “ Lindlar palladium and P-2-nickel in the presence of ethyl-
o L o 7. Holnm/@\mniww engdiamine, althoggh numerous other catalysts (e.g.,.n.ickel
N NJ T covemtocange ° 0 AL boride) work well in some situations. A group from Sicily
oo D o orm heptane (Gruttadauria, et alTetrahedron Lett2001,42, 2015) have

53-63% overall

been investigating the use of palladium on pumice with metal
loadings as low as 0.5%. High selectivities and excellent
steroselectivity £99%) have been achieved, and in the
presence of a catalytic amount of base, the semihydrogena-
tion is self-terminating. The palladium-on-pumice catalysts
do not need any pretreatment and are stable to oxygen. The
major disadvantage for industrial users is that the catalysts
have to be prepared, and a method is given in the article
(from palladium diallyl). Perhaps they will soon be com-
mercially available. | wonder if the source of pumice is a
key factor—presumably the Sicilian chemists get theirs from
Mount Etna!

The conversion of amides to amines can be a difficult
6%ransformation. Simple catalytic hydrogenation requires
elevated temperature and pressure, and thus stoichimetric
reductions with metal hydride complexes are used, but these
gan be problematical on scale. Recently rhodium-catalysed
Silane reductions have been reported using aryl dihydro and
trihydrosilanes. It has now been found (Igarashi, M. et al.
Tetrahedron Lett2001,42, 2001) that a number of transition

Simple transformations are always of interest to the
process R & Dchemist. A recent note from Taiwan
(Talukdar, S. et alTetrahedron Lett2001, 42, 1103) reports
the conversion of aldehydes to nitriles by treatment with
iodine in agueous ammonia in THF at room temperature.
The reaction works well for aliphatic, aromatic, heterocyclic,
anda—p-unsataurated aldehydes, usually in greater than 90%
yield. The method is ideal for water-soluble substrates such
as carbohydrates. It is pointed out that excess iodine should
be avoided since this may lead to the explosiveg:NHs.
Thus, iodine should be added to the aldehyde in excess
agueous ammonia. The reaction is envisaged to proceed vi
the N-iodoimine followed by loss of HI.

The group of Kotsuki in Japan have recently announced
a novel method for nucleophilic aromatic alkylation of ortho-
and para-substituted aromatic esters, using Grignard reagent
(Kojima, T. et al. Tetrahedron Lett.2001, 42, 1709).
Examples are shown in Scheme 33.

Scheme 33 metals will catalyse the reduction of amides to amines with
OMe ReMBr R triethylsilane in toluene at 10TC. The presence of an amine
“/COZR1 20eq “/COZR1 (e.g., EtNH) and an alkylating agent (e.g., Etl) at 5 mol %
OO Tene’ OO level is sometimes beneficial. Yields are usually above 90%
0°C,25h 89-98% when osmium or ruthenium carbonyl derivatives are used.

A novel method for the monoamidation of diesters has
been published by a group from Bristol-Myers Squibb (Guo,

OMe R? Z. et al. Tetrahedron Lett2001, 42, 1843). This simple
MeO OMe ReMgBr MeO OMe process uses 0.5 equiv of a magnesium halide in THF to
catalyse the process (see Scheme 35). Waitramines are
CO,R" CO.R' used with MgC} as catalyst, the reaction is very slow, but

use of MgBg speeds up the process. Changing the solvent
to acetonitrile also improves the process.

There is much current interest in the reactions of organic  The latest issue o€hemical Innovatiorcontains a very
compounds in water, since a surprising number of processegeadable account of the progress made at the University of
can take place. Lanthanide triflates are the most commonAachen, Germany, on devising a green route to caprolactam,

57-90%
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Scheme 35
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A comprehensive review on “functionalised polymers,
emerging versatile tools for solution-phase chemistry and

MeO,C B 0.5eqMgX, Meozcﬁ automated parallel synthesis” has appeared (Kirschning, A.
N7 CoMe THE it lN/ CONR'R? et al. Angew. Chem., Int. E®001, 40, 650). The review
X 03.99% focuses on the reactions which can be carried-ouidations,
reductions, halogenations~C coupling, nucleophilic sub-
stitution, as well as purification methodology. The outlook
COMe . COMe for large-scale work is far from ideal, owing to the need for
\-COo,Me N, -CONR'R? improved polymer supports with higher loading capacity, but

N
H

90-98%

miniaturisation techniques and microreactor technology may
hold out promise for the future.

High-speed experimentation techniques have been used
precursor of Nylon-6 (Hoelderich, W. F. et aChem. o optimise a catalyst used in the epoxidation of I-octene by
Innovation February, 2001, p 29). The focus is on the last tert-putyl hydroperoxide. The silsesquioxanes, (RS)O—
step, the Beckmann rearrangement of cyclohexanone oxime(,0), ., where R is organic and = |, b > 0, are obtained
to caprolactam. In the old, fuming sulphuric acid-mediated by slow hydrolysis of RiSi% and complexed with Ti(OiPy)

process, 2 tonnes of ammonium sulphate is produced perrye ronot carried out experiments varying composition, R
tonne of caprolactam. The new process uses a zeolite catalystgroup and solvent, measuring the activity of each (Pescar-

and the paper describes the fine-tuning and optimisation mona, P. P. et aAngew. Chem., Int. E@001,40, 740). In

\t'(\goglé' cre?siccatgroi??g%r:gdr\ g:oocneoséigaﬁ\l/ el\zgg;gmrc\;\ggz \zzgsome cases mixtures of silanes yield more active catalysts
y P than when a single silane is usethis would have been

achieved. . . . . difficult to identify without using a combinatorial approach.
A novel approach to amino acid amides involves a one- . . e
o . A novel method for rapid chiral quantification at low ee
pot double carbohydroamination reaction catalysed by pal- . ) :
values by a mass spectometric technique has been described

ladium (Lin, Y.-S. et alAngew. Chem., Int. EQ2001,40, b Purdue Uni ity (Tao. W. A et Ah
779). The group of Alper at Ottawa, Canada, has already y a group at Purdue University (Tao, W. A. et Angew.
Chem., Int. Ed 2001, 40, 757). The gas-phase method

carried out extensive work on double carbonylation reactions, | ! ;

which have proved synthetically useful. Now they have involves two parallel ion—molecule reactions followed by

extended the scope to a “domino” reaction, combining double /0W-€nergy dissociations. High selectivity is not required to

carbonylation, amine condensation, and hydrogenation in oneduantify enantiomers at low ee values. The experiments are

step (Scheme 36). The by-product is the simple arylamide. C"’_‘”'ed out by mlxmg_the compound to be analy_sed/(g)

We await the asymmetric version of this reaction. with CuCh and a chiral reference compound in aqueous
methanol. In the MS, the solution is transformed into gas-

Scheme 36 phase cluster ions of [G(A,)(ref,—H]* and [CU (As)(ref)—
CPg//gz H]* through electrospray ionisation. Each cluster undergoes
Al -+ CyNH, TR Aer;gSNHCV dissociation, and the relative abundances in the MS can be
4A ol sieve s0.68% measured. The method has been used in the peptide field.

Two articles from GlaxoSmithKline on environmental
Sulphonylation of aromatic molecules under Friedel issues make interesting reading. The firstis entitled “So You
Crafts (FC) conditions is problematical because the product Think Your Process Is Green; How Do You Know? Using
sulphone forms a complex with traditional catalysts (AICI Principles of Sustainability To Determine What Is Green
or Fe C}), but Brgnsted acids, which work well in acylation, A Corporate Perspective” (Curzons, A. D. et@een Chem
poorly catalyse sulphonylation of arenes. A number of 2001, 3, 1). This is an attempt to quantitatively and
solutions to this problem have been suggested, but manysystematically evaluate organic reactions and processes on
require prolonged heating or large amounts of sometimes*“green” principles. Close attention to effective use and reuse
expensive catalyst. On the basis of recent successes witlof solvents gives the largest gains for reducing life-cycle
F—C acylation under microwave conditions in the absence impact in batch chemical processes.
of solvent, a similar procedure is suggested for sulphonyla-  |n the following article entitled “Green Chemistry Mea-
tion, using FeGlas catalyst (Marquié, J. et dl.Org. Chem.  sures for Process R & D”, a set of metrics is described which
2001 66, 421). Results are shown in Scheme 37. The authors,enables a simple assessment of batch/semibatch processes
some of whom work at Rhodia Fine Chemicals, SuggeSt the in terms of Waste, energy usage, and Chemistry efﬁciency
method has industrial potential. (Constable, D. F. C. et aGreen Chem2001,3, 7).
One way to minimise waste in a chemical synthesis is to
not to isolate intermediates (particularly if they are highly
" OsozAr toxic) and to telescope reactions. These principles are
MW irradiation 110 °C \_/ evaluated in an article on the synthesigegulphonylvinyl-
omin 05% indoles (Orita, A. et al.Green Chem2001, 3, 13)—see
omp = 34759 Scheme 38. The toxic vinylsulphonylbenzene is not isolated,

Scheme 37
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just generated “in situ” and subjected immediately to a Heck the finished product, and pressure rise data which could be
reaction. used to size emergency venting equipment.
None of these recommendations were carried out! Instead,

Scheme 38 a batch process was conducted to minimise worker exposure
phso, O (F000 Phsoz/\} to 0-NCB. Both 0-NCB and 2-EHA were added to the
BN, DMF reactor, heat was applied to initiate the reaction followed by

cooling (if necessary) to control the exotherm.
Production started on this batch process in September,
Pa(ORc) 1990, on 1000-gal (3800-L) scale with theNCB charged
as a melt, then 2-EHA was added, heating t& @0initiate
with further heating to 150—153C. The Morton staff had

N

Me

I

PhSO; indicated that they thought this process safe if the procedure
vm N was correctly followed. They did not carry out a preliminary
Ho me hazard assessment as recommended by the Centre for

Chemical Process Safety’s publications.

And finally, I was intrigued by a report which suggested  Batch records for runs 3 and 5 contained operator
that CDs Could be Used as mobi|e-phase additives to enhanc%omments Stating that the reaction temperature was over-
enantioselectivity in capillary electrophoresis analysis. As | rynning and that cooling was inadequate or not controlling
read on, | realised that CD stood for cyclodextrin not compact the temperature. In runs 14, 15, and 18, the temperature was
disc! The high efficiency of these resolutions should be - 150°C (although the recording charts could only measure
attractive for industry (Valoti, E. et all. Org. Chem2001, up to 150°C!)

66, 1018). In 1995 a process hazard analysis was eventually carried
out using the “what if” approach which analysed all of the
equipment and the chemical reaction. Although the failure
of the heating system was considered, the consequences of
inadequate cooling were not. The answer to the question

Special Highlight on Safety

| wish to bring to the attention of all proce® & D and
production chemists and engineers an explosion and fire
which took place at Morton Specialty Chemicals (now Rohm «ppat it runaway occurs?” was “Not applicable”.

and Haas) in Paterson, New Jersey, U.S.A,, on April 8, 1998. 14 make matters worse, the batch size was increased in

This incident has been the subject of an investigation by the 1996 by 9% and a 2000-gal (7600-L) vessel was used, despite

U.S. Chemical Safety and Hazard Investigation Board, and ,q ¢t that 209 of batches at the 1000-gal scale had shown
their full report has been published on the web (http://www. temperature excursions. The result of the scale-up was to

chemsafety.gov/reports/2000/morton/index.tm#TOC). We 0,00 1y a further 10% the available heat transfer area per

tcr?'n all Ie?r_n (fjr_om thedmk;stlakes ogo:h$rs, and this is why unit volume. It should not be a surprise, therefore, that 50%
IS report IS discussed below on detail. . of batches run at 2000-gal scale showed temperature excur-
Work began on the chemistry shown in Scheme 39 in _.
the UK in the 1980s, and a process to make the preduct sions. . . .
K Aut i ’Y llow 96 Dve— developed Despite the warning signs in batches 28, 30, and 31, where
nown as Automate Yellow ye—was developed. the temperature was off-scale for 3—45 min, batch 32 was

Scheme 39 started on April 8, 1998. Once the exotherms had been
Et et initiated, it was found difficult to control, and cooling was
cl HzN\/L«Bu H\/L‘Bu applied at 100°C. Two minutes later the temperature was
@[Noz 7;;)__’ @iNOZ off-scale (>150°C). The reactor began to vibrate, vapour
no solvent appeared in the condenser, and the bursting disk ruptured at
o-NCB Automate Yellow 96

180—190°C. The temperature continued to rise, the reactor

(The dye is used to tint petroleum fuel products). This was began to rumble and shake violently, and eventually the
a semibatch process involving addition—in four equal operators decided to run for it.

portions—of the o-nitrochlorobenzene (ONCB) (a low- The manway blew off, and the reactor contents were
melting solid) to the neat 2-ethylhexylamine (bp 183). ejected and blown through the next floor and roof and ignited.
The dosing was carried out to control the exothermic process.Nine employees were injured, two seriously, and potentially
The process was then transferred to the Paterson, New Jerseyjazardous materials were released into the community.
U.S.A., site with a number of recommendations regarding  The above catalogue of errors and omissions is hard to

reaction control and safety. believe. In subsequent safety evaluation, it was found that
The recommendations included: the reaction onset was 3& not 75°C as the operators
« running the process in semibatch mode with cooling to believed. Product decomposition occurred at 295 al-
control the exotherm though the operators were not told of any decomposition

« in view of the highly exothermic nature of the process reaction. The vent size should have been twice the diameter
and the decomposition of the product above2@y DSC), of the one fitted.
ARC tests should be run to determine the rate of reaction  There are a number of lessons which all of us can learn
under worst-case conditions, the rate of decomposition of from this.
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Every time there is a process transfer from one part of an process validation, normally considered as quality assurance
organisation to another, or from one company to another, principles, have great value in “safety assurance” and some
there is the possibility of loss of information. Management of the principles could usefully be applied by safety
practices should ensure that this information loss (which more management in nonpharmaceutical companies. The incident
often leads to quality issues rather than safety issues) shouldn Germany at Bayer a couple of years ago, when an operator
be dept to a minimum. One way to do this is to have the charged potassium hydroxide instead of potassium carbonate
minimum number of process/technical transfers betweento a reactor containing a nitro compound and DMSO, would
research and manufacture. This has implications for out- probably have been prevented if the process had been
sourcing! operating under GMP conditions.

There is a need for adequate training in thermal hazard | urge you to read the CSB report on Automate Yellow
evaluation for all chemists and engineers involved in scale- in full—it is a very readable account of what can go wrong.
up and for all companies to have a procedure in placel( The only omission from the report is the cost to Morton/

to follow that procedure) for process hazard analysis. Rohm and Haas of the incident.

Pressure relief requirements need to be evaluated accord-
ing to the Design Institute for Emergency Relief Systems Trevor Laird
(DIERS) methodology and to be tested accordingly. Editor

Companies need to have a programme that ensures that
deviations from normal operational limits for reactive chemi-

cal processes are documented, investigated, and that action Stephen A. Hermitage

is taken, where required, to modify the process. In the GlaxoSmithKline, Gunnels Wood Road, Stevenage,
pharmaceutical industry, this will be done for quality reasons Hertfordshire, SG1 2NY, UK
as well as for safety under GMP guidelines. GMP and OP010033E
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