Organic Process Research & Development 1998, 2, 282286

Highlights from the Literature

Some Items of Interest to Process R&D Chemists and Engineers, Selected by
the Editor

| mentioned automation in process development in a (Tetrahedron Lett.1998, 39 (36), 6441) report that the
previous editorial. | predict that this hot topic will start a Negishi method—the cross coupling of aryl zincs with aryl
revolution in the way we carry out process R&D in the future. chlorides—works well with a Ni(acac) and bis(diphenylphos-
A recent article (Studt, R&D Mag. 1997,39 (12, Nov), phino)ferrocene (dppf) catalyst to give unsymmetrical biaryls
p38) is entitled “Combinatorial chemistry successes createin 63—89% vyield, mostly above 80%. The conditions are
new process demands”, and it essentially seeks the views ofsuitable for a wide variety of functionalities (nitrile, ketone,
senior process chemists in companies such as Pfizer ancester, etc.) which would normally react under Grignard-type
Zeneca about this new area, coupled with an overview of conditions, and the process works with unactivated chlorides.
equipment and techniques (most of which were presented atCl,Pd(dppf)CHCI, is also an effective catalyst, but f#hand
a UK meeting on this topic in 1997—a further meeting on racemic BINAP are not. An example of two alternative
automation in process development will take place in approaches to a simple biphenyl is shown in Scheme 3. The
November 1998 in Chester, UK). This is a good overview organozinc compounds can be made from aryl bromides
of this fascinating area. using activated zinc or by transmetalation of Li or Mg
There have been a number of excellent reviews from compounds.
Organon chemists on combinatorial chemistry (Hermkens, Barry Trost et al. Tetrahedron Lett1998,39 (36), 6445)
P. H. H.; et al.Tetrahedrornl 997, 53, 5643;1996 52, 4527), have discovered that terminal alkynes add to acceptor alkynes
and their latest review of solid-phase synthesis (Brown, A. under palladium catalysis to yiel#-enynes which can be
R.; et al.SynLett1998 No. 8, 817) is up to the same standard. converted t&-enynes using phenyl selenyl radicals. Enynes
For those chemists and engineers interested in automationwith ester groups could then be convertedzi@nediynes
the earlierTetrahedronreports provided a table of com- (Scheme 4).
mercially available equipment for solid-phase organic chem- | have often isolated byproducts from reactions in di-
istry in the high price category>$125,000), whereas the chloromethane, where the solvent has participated in alterna-
latest paper inSynLetttabulates low-budget (<$30,000) tive processes. It comes as no surprise, then, to find that
equipment. Many of the companies mentioned in the report reaction of m-CPBA in dichloromethane can lead to chlori-
can also provide equipment on a much larger scale, morenation of dichlorovinyl ethers. Normally reaction of m-
suitable for process chemists. CPBA with olefins is faster than reaction with dichlorometh-
The generation of,3-acetylenic aldehydes directly from  ane to give chlorine, so chlorinated products are observed
acetylides is not normally a high yielding process, since only when slow reacting vinyl ethers are used (Lakhrissi,
overaddition to a secondary alcohol takes place. Michel M.; et al. Tetrahedron Lett1998, 39 (36), 6453). In the
Journet et al. at Merck Process R&D in Rahway, NJ same issue (p 6515), Chinese workers mention that the stand-
(Tetrahedron Lett1998,39 (36), 6427) have overcome this ard peptide-coupling reagents hydroxybenzotriazole (HOB),
by simply reacting the lithium acetylide with DMF and then 3-hydroxy-4-oxo-3,4-dihydro-1,2,3 benzotriazole (HOOBY),
quenching the intermediatel)( into aqueous potassium andN-hydroxy-succinimide (HOSu) also react with dichlo-
phosphate (Scheme 1). The quench is the key to the highromethane and dichloroethane in the presence of triethyl-
yield, since byproducts (2—4) can arise from release of amine. At room temperature the reactions were slow, but
dimethylamine, which adds to the3-acetylenic aldehyde  at elevated temperature good yields of mono and bis adducts
product (5). By addition of the intermediate to a phosphate could be obtained. HOSu in dichlormethane did not react
buffer (10% aqueous KiPQ,, 4 equiv), 94—98% vyields  at room temperature, so it may be the best reagent (and least
could be obtained. The mild conditions of the quench (pH expensive?) for larger scale work if chlorinated solvents must
4.1-6.7) are compatible with acid-sensitive protection groups be used.
(Scheme 2). Aldehyde-oximes (aldoximes) are reported to be easily
The cost-effective production of biaryl-containing com- oxidised to nitriles using potassium peroxymonosulphate, and
pounds is becoming increasingly important, since thesethese reactions work well in the absence of solvent under
structural units occur in pharmaceuticals, liquid crystals, etc., microwave activation. (Bose, D. B.; et dletrahedron Lett.
and in previous highlights | have mentioned the coupling of 1998 39 (36), 6533). Aldehydes can now be easily protected
aryl chlorides in the Heck and Suzuki methods. Joseph as their acylals, [RCH(OAg), by reaction with acetic
Miller and Robert Farrell from Catalytica Pharmaceuticals anhydride in the presence of scandium triflate (2 mol %).
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Scheme 5 in methanol gives a similar reaction in lower yield, but the
1 ~ reaction is much faster. In a paper in the same issue (p 873),
R 0" ™o
N (CH0), French workers recommend Zn/TMSCI in MeCN as the
h2 “TaCis0, R! g2 preferred reagent, giving 97% vyields of a 50:50 mixture of
X no solvent X diamines. They suggest that this method works well on

(Aggarwal, V.; et alSynLett1998 No. 8, 849). Deprotection
is by using the same catalyst in the presence of water.

larger scale, though the work up involves a very exothermic
NH4CI/NH4,OH quench which may be difficult to control on
a kilogram scale. The following paper describes how the

Microwave activation of the Prins reaction between mixture of diamines can be converted to thesymmetrical
styrene derivatives and paraformaldehyde in the presence ofsomer by isomerisation of the meso with lithium and
TaCk—SiO, catalyst (Scheme 5) reduces the reaction time isoprene (Scheme 6).

from 10—12 h (refluxing dioxan, 116C) to 3—5 min (no

Zinc is also suggested as the catalyst for reaction of acid

solvent, solid phase on silica). (Chandrasekhar, S.; et al.chlorides with thiols to give thiolesters (ibid., p 877).

SynLett1998, No. 8, 851). With the availability of larger

The HIV protease inhibitors (Chart 1) have come onto

scale microwave reactors, these methods may soon behe market over the last 3 years for the treatment of AIDS,

common in the fine chemical industries.
M. P. Dutta SynLett1998, No. 8, 857) reports that

and some of these drugs are made on the-Z0D tonnes/
annum scale. They are high-dose drugs, some requiring a

reductive coupling of aldimines to vicinal diamines takes patient to take 1 kg per year, so there is a need to bring the
place using zinc powder and 10% aqueous sodium hydroxidecost per kilogram down to low levels, if third world countries,
in the absence of organic solvents. Alternatively, magnesium where AIDS is on the increase, are to be able to afford them.
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Scheme 6
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Chart 1. The leading HIV protease inhibitors this approach has been an efficient synthesis of the precursor

(7) (Scheme 7).
It has been reported (Rossen, K.; etTa@trahedron Lett.

N H 9 EO:TH(BU) 1998, 38, 6823) that reaction of Boc-protected ethylene-
N N\_)LN N diamine with dichloroacetaldehydert-butylisocyanide, and
o " on (:D formic acid in an Ugi reaction yields an adduct, which on
CONH; H elimination of HCI gives a single isomer of the vinyl chloride
Ro 3;;?5?‘ (Roche) (8). This can be cyclised to the desired doubly protected
(INVIRASE) tetrahydropyrazine (9) and reduced asymmetrically to the

intermediate (10). For the cyclisation step, the choice of
base was crucial, with amine bases, LDA or BuLi proving
j:'r o useless and alkoxides best (KOBaetter than Na and Li
salts), and the amount of base, concentration (0.05 M!), and
>_</ j/\ V\I/\ 0/\|’J solvent (THF) critical parameters. In the deprotection step,
CH; H O H most reagents (e.g., NaOH) which removed the aldehyde
ABT 538 (Abbott) caused race'misation., but aqueous hydrazine gave the required
Ritonavir product (6) in 91% yield and 98% ee (Scheme 7). Whether
S . this new process is competitive with the original cyanopy-
Ph EONH( Bu) razine process remains to be se#ime new process is novel

CH; O
HO. NL'/\N but is rather atom inefficient, not as robust, and at present,
Ho O CD has a low space—time vyield.
In the same issueTétrahedron Lett1998, 39, 6845),
AG 1343 (Agouron) Workers at Seprgcor (QSA) have used_ paI.Iadlum-cataIysed
Nelfinavir ammauon, mentlongd m_Iast month’s highlights, as the key
step in the synthesis of itraconazole (Sporargy), and its
active metabolite hydroxyitraconazole (12), well-known anti-
fungal agents. The amination reaction (Scheme 8) to give
the required compound.8, 81%) is accompanied by a Heck
reaction leading to the byproduct4, 4%). Deprotection
with tetrabutylammonium fluoride gives hydroxy-itracona-
MK 639 (Merck) . 0 . 0
,Bu ((l:ﬁmm) zole (12) in 9_1/0 yield (_99.8/0 ee). _
The selective reduction af,f-unsaturated aldehydes is
In Merck’s production scale synthesis of Indinavir (Crixivan), an important industrial process particularly in fragrance,
the piperazinef) is the key intermediate, being made from flavour, and vitamin manufacture. The most successful two-
cyanopyrazine by a sequence involving a Ritter reaction, phase processes use ruthenium catalysts with sulphonated
hydrogenation of the ring, a relatively efficient resolution, phosphane ligands as (pre)catalysts. A recent paper (Joo,
and Boc protection. Enantioselective hydrogenation of a F.; et al.Angew. Chem., Int. EA.998,37 (7), 968) from the
tetrahydropyrazine (7) is an attractive alternative to this, Hungarian Academy of Sciences discusses the influence of
though it does require double protection on each nitrogen, pH on the selectivity of hydrogenation. At pH above 6,
one group of which is hydrogenolysed. The difficulty with cinnamaldehyde is reduced to the alcohol, whereas below
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Scheme 7
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pH 5, carbonyl reduction is suppressed and slow double bondProviding constant pH conditions in these hydrogenations
hydrogenation occurs. The results are explained by invokingis vital for selectivity and affects the rates of reactions

a pH-dependent equilibrium between different Ru catalysts. markedly.
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The study of heterogeneous catalytic processes is some-of articles | have missed!). | enjoyed reading an excellent
times hindered by the inability to monitor the mechanistic review on the Morita-Baylis—Hillman reaction (Ciganek,
details under typical reaction conditions. A new NMR E_: Org. React1997,51, 201) and was interested to note a
technique, involving monitoring reactions by solid-st&&  \arning from the author that some reaction products (e.g.,
magic angle spinning NMR spectra, has been reporteq (Haw,om reaction of formaldehyde with methyl acylate and of
J. F etalAngew. Chem., Int. E1998,37 (_7)’ 948), which aldehydes with aryl acrylates) have given rise to SEVERE
relies on a novel pulse quench catalytic reacto_r to cool CONTACT DERMITITIS. Nevertheless, this reaction (now
samples quickly for NMR evaluation. The catalystis cooled correctly attributed to the discoverer Morita as well as Baylis

by 150 K in the first 170 ms of a quench; for a reaction ) i ) o 4
carried out at 623 K on a zeolite-catalysed process, it takes@nd Hillman) is of industrial importance and can be carried

only 1 s to bring the temperature to ambient, and spectra Out neat or in a wide range of solvents (including water); it
are recorded soon after at 77 K. The technique allows is also accelerated under microwave conditions.

mechanistic studies on fast reactions to be followed. Trevor Laird
This part of the journal is always a useful section in Editor

which to highlight safety issues which have come to my

attention during my reading (please feel free to inform me OP980070E
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