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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

Suzuki couplings which form aryl carbertarbon bonds  Scheme 3

have received much attention in the organic chemistry CO,Me CO.Me
community. Bruce Lipshutz and his group at the University . ) ’ - .
of California (Tetrahedron2000,56, 2139) have reported N _HC,R TsHN™ R

the biaryl coupling between aryl chlorides and boronic acids g_ e ey, gy, cH,Ph
in good isolated yields using the heterogeneous catalyst

. . AN

nickel on charcoal (Scheme 1). The catalyst is prepared by OH \/\O
= X
Scheme 1 /jV\ /j//\
R TsHN” “R TSN~ R
B(OH o]
@/ (OH), @r Ni/C ‘ |
] . (>
R RuCl,(PCy;),=CHPh, CHCl,,

~—

20°C, 2h, 74-87%, 92%de

impregnating Ni(NG@), onto charcoal followed by reduction o
by stirring with PPBand BulLi in dioxane. The group report N /)
little nickel is released from the charcoal as established by 5
ICP experiments. ;\JS ‘R

Jin et al. at the DuPont Pharmaceuticals company have

discovered (Tetrahedron Le2000,41, 3271) an efficient | ahoratories . Org. Chem2000,65, 2583). Their method
cyanation reaction of aryl chlorides which employs(&tday, (Scheme 4) to achieve radical deoxygenation on an eryth-

dppf, and zinc as the catalyst and Zn(GMNy the cyanide  romycin derivative involves treatment of an imidazole
source (Scheme 2). Both electron-rich and electron-deficient

Scheme 4
Scheme 2 Me y
e
Zn(CN), (0.6 eq) /\/4\ N COH
F,C Pd,(dba); (2 mol%) F.C HO,C N N
dppf (4 mol%) 8 CN
N/ \ o Zn (12 mol%) 7\ o ! ,
N N,N-dimethylacetamide N
N \ / 120°C, 4 h, 95% N \ ) Phase transfer agent
NaH,PO,
Solvent
—_—
Cl CN
F F

aryl chlorides are effectively cyanated under these conditions.

Ring-closing metathesis (RCM) has evolved recently to
become a major tool for synthetic organic chemists. In
particular this has been used by a group at Merck to effect
a stereoselective double ring-closure generating spirocycles
(Tetrahedron Lett2000, 41, 2027) for use in their NK-1
receptor antagonist programme. The metathesis precursors
were prepared from commercially available amino acid esters
(Scheme 3) and subjected to the key RCM reaction using
5—7 mol % Grubbs catalyst to generate the spirocycles in
good vyield.

An efficient large-scale deoxygenation reaction has been
reported by the process development group at Abbott

Me

Me’ “OMe
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thionocarbamate with 44zobis(4-cyanovaleric acid) (ACVA)  Scheme 7

(a water-soluble free radical initiator) in a solvent (EtOH, CHO NC_ _NHBn
PrOH, iPrOH, 2ME [2-methoxyethanol]) with NaPO, and NaCN, BnNH,, Na,S,0s.
phase-transfer agent (e.qg., tetrabutyl ammonium hydroxide). agMeOH
The method demonstrates a sensitive functional group
manipulation on a complex molecule on large scale (15 kg, R R
17.2 mol input).
The challenges of process scale up R&D are plentiful, K,COs, H,0,
one of which is the discovery of mild methods for functional DMSO
group manipulation. Wu et al. have reportéite{rahedron o
Lett. 2000,41, 2847) ZnBs in DCM as a mild reagent for HO.C.  NH NHBN
the deprotection ofert-butyl esters and ethers (Scheme 5). 2 2 H,N
Scheme 5
(@] 0 R R
I — L
R™ 0 R” "OH addition of benzoyl peroxide was required to effect reaction
ZnBr,, DCM (Scheme 8). A general, simple practical method is described
H/\O/Q s A on Scheme 8

o Zn, BrCH,CO,R’
J\ BF,.OEt,, aq THF OH
: . : . —_— )\/cozﬁ‘
Interestingly anN-BOC-protecting group survives intact R™ H R
under the reaction conditions. (if R =Ar, Bz,0, added)
A group at Novartis have disclosed a mild and regio-

selective oxidative bromination of anilines using potassium g 0.03 mol scale.

bromide and sodium perboratégtrahedron Lett2000,41, Caron et al. from Pfizer report the preparation of tertiary

2083). The use of ammonium molybdate as catalyst acceler-henzylic nitriles from aryl fluorides in a recent communica-

ates the rate of reaction but was found not essential to obtaintion (3. Am. Chem. So200Q 122, 712). The use of KHMDS

good yields and high selectivities. (Scheme 6). Strong paraas base in either toluene or THF to promote SNAr reaction
of aryl fluorides with secondary nitriles is described on a

Scheme 6 variety of substrates (Scheme 9).

NH NH Scheme 9
‘Br+', AcOH, rt

G T A
CN 4eq

Br

OMe OMe
base, solvent

direction is observed, and in the case where the para position CN
is blocked strong ortho direction is observed. In most cases

the yields are high, and small amounts of dibromination is  sjmple chemical transformations when telescoped together

observed. can be powerful tools in organic synthesis which are
A convenient scalable process for the preparation of exemplified by the following two examples.

substituted phenyl glycines has been reported by a group at  Macor et al. at Bristol-Myers Squibb have reported

Merck (Synth. Commur2000, 30, 1095) using a modified  (Tetrahedron Lett2000,41, 2777) the direct displacement

Strecker reaction (Scheme 7). In particular the bisulphite of —OH from 4- and 5-hydroxymethylimidazoles by simply

mediated addition of benzylamine and cyanide anion to heating with the appropriate nucleophile in refluxing basic

substituted benzaldehydes gave aminonitriles which werewater. The postulated mechanism is shown in Scheme 10,

hydrolysed to the N-protected amino acids. These improve-

ments prevented the troublesome “retro”-Strecker reaction Scheme 10

and were performed on kg-scale. OH Nu
A practical method for the Reformatsky reaction has been N/\g ~ base N/%, Nu N
reported by Chattopadhyay and Salaskaynthesi2000, )LN R — )|\ )R )’\\ R’
561). In their report Reformatsky reaction afiphatic H R™ "N RN
aldehydes was performed successfully by the addition of

BFs-OE® to a stirred suspension of aldehyde, bromoester, and the synthetic versatility of this substitution reaction relies
and Zn dust in aqueous THF. For aromatic aldehydes, on the vinylogous iminium intermediate being captured by
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a nucleophile. To date the group have successfully usedequilibrium mixtures ofE/Z chalcones andis/trans-chro-

nitrogen nucleophiles in this reaction generally in high yield. man-4-ones. Theis/trans mixtures could be effectively
In a recent communication from our labs at Glaxo isomerised in situ by the addition of DBU and the products

Wellcome we have converted oxazolines to oxazoles in aisolated by simple filtration (Scheme 13). In particular the

one-pot method, transferring oxidation state through a

molecular framework (Tetrahedron Le®000,41, 4239).  Scheme 13

The method, outlined in Scheme 11, circumvents the need 0
R
Scheme 11 base, R'CHO
CO,Me X OH
N MeOH / NaOMe 0 0
© R R
CO,Me Cco,Me X OH "R’ X o~ R

/%OMQ cat CSA, /g
toluene 70°C . . . . .
\)\ \)\ group have been interested in applying this chemistry towards
the synthesis of Sch 57050, an anti-estrogenic compound

for environmentally unacceptable metals, solvents, and (Scheme 14).

reagents generally employed in the oxazoline-to-oxazole g.pome 14
conversion.

The DuPont Pharmaceutical company have reported
(Tetrahedron Lett200Q 41, 3015) the synthesis of DPC961,
a second generation HIV non-nucleoside reverse transcriptase
inhibitor. Their approach starts with the reaction between THpo
the hydrate hydrochloride keto-aniline and isocyanate in
aqueous acid/THF as shown in Scheme 12. Careful control
of the reaction temperature and the use of 2 equiv of the
isocyanate (as 1 mol equiv is hydrolysed under the reaction
conditions) gave the hemiaminal. Reaction conditions to
promote conversion of the hemiaminal to the 2(3H)-
quinazolinone were established, and subsequent stereoselec-
tive organometallic addition furnished the dihydroquinazoli-
none in~92% ee and good yield. Acid deprotection gave

DPC961 in excellent yield. Sch 57050
A group at Schering-Plough have described the piperidine
catalysed Knoevenagel condensation ofal/l/alkyl-2- Only a few efficient methods for the large-scale prepara-

hydroxyacetophenones and aryl/alkylaldehydes in refluxing tion of 1,6-anhydro-2,4-dideoxyhexopyranoses exist, until a
isopropy! alcohol with azeotropic removal of water to give recent report]. Org. Chem2000, 65, 2588) by the process

Scheme 12

Ve [ 60°C, 1hr L

g HO_ OH
HO_ OH O==N Cl FiC. o Me
cl oF CF, o] 5 5
3 2eq N
NH, THF, 1M HCI jil : + N/&O
HCI o N/\© H
H
SOCl,
f f TEA, PhMe
FC // F,C // Me CF,
cl N TFA/H,0  Cl e
NH 18°C 1 hr CIMg
L= A @
N Yo or N® "0 THF. -50°C

H HCO,H 60°C 2-3hr H
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research group at Merck. They describe a “chromatographic Scheme 17

free” process for the conversion of 1,6-anhydrgiucose CCl3COH oM

to 1,6-anhydro-2,4-dideox§-D-glycero-hexopyranos-3-ulose RCHO | Couooe | R)\CCI3

(Scheme 15) amenable to multi-kg scale preparation. This M 2o C e

key fragment was required in the synthesis of the potent TEA / DABCO

5-lipoxygenase inhibitor shown in Scheme 15. A general St
75-91%

Scheme 15 H

4.5 eq MeLi OTs
R-C=C-ClI o |
OH R)\/ THE R)\CCI:;

) Q
Q — H& cl 10°C
=
o © 1

O OH
H;0*
o ~ | [R—CECALi ] R-C=C-H
SN o OO CN 81-98%

OH
© often have low autoignition temperatures), low atom ef-
_ ficiency of the process, and the reagent excesses (e.g., 4.5
5 y/ equiv of methyl lithium). However, the process has general
applicability and may be better than any of the alternatives.
A synthetic method for specific para-hydroxylation of

nitroarenes has been developed by a group at Boehringer
Ingelheim, U.S.A. (Zhu, L. et alTetrahedron Lett2000,

5-lipoxygenase inhibitor

method for the oxidation of electron-poor pyridines to their
N-oxides (Scheme 16) using commercially available urea

Scheme 16 41, 3519). Treatment of naphthalenes with cumene hydro-
o- peroxide in aqueous alkaline DMSO leads to regiospecific
N UHP (2.1 eq) ,ll», introduction of the hydroxy group into the para position. The
@ M | = product ratio is sensitive to the DMS@vater ratio, a 75:25
" Z Solvent = mixture giving the best selectivity. The reaction was carried

out on a molar scale to give80% yield of nitronaphthols.

) ) ) The selective formation af-enynes from acetylenic vinyl
hydrogen peroxide complex (UHP) and trifluoroacetic an- gicohols has been shown to proceed cleanly in the presence
hydride (TFAA) has been reported by Caron et al. at Pfizer of gy, at room temperature (Chou, S.-Y. et Bétrahedron
(Tetrahedron Lett.2000, 41, 2299). The method was | et 200Q 41, 3895). The products are useful in the synthesis

performed in DCM or MeCN and proved successful on f antifungal agents such as terbinafine (Scheme 18).
substrates containing a variety of functional groups.

Cyclopropylacetylene is a key raw material in the Scheme 18

synthesis of Efavirenz (Sustiva), a marketed non-nucleoside o 8Cl, o
reverse transcriptase inhibitor for the treatment of AIDS, and = \— n>hexane' = \ CHC

Highlights in OPRD). The group at DuPont Pharmaceuticals

(Wang, Z. et alJ. Org. Chem?2000,65, 1889) suggest that

standard ways of converting cyclopropyl carboxaldehyde to
cyclopropylacetyleneCorey-Fuchs, Wittig/Horner-Em-

mons methods, eteare unsuitable for large-scale work X
because the phosphorus reagents required have toxicity, Terbinafine “
environmental, and exothermicity problems. An alternative OO

method, involving addition of a dihalomethyl lithium fol-
lowed by sulphonation and elimination, was reported last  Transformation of nitriles to carboxamides can be a tricky

a number of syntheses have been reported (see Patent l

year (Wang, Z. et alJ. Org. Chem.1999, 64, 6918). reaction to control selectivity. A new protocol involves
However, this method requires the handling of a thermolabile treating the nitrile with lithium, sodium, or potassium
and moisture-sensitive species, dihalomethyl lithium; a8 trimethylsilanolate in THF or toluene. The intermediate salt

°C, for good vyields. They now report that trichloromethyl precipitates and is filtered off and hydrolysed to the amide
anion—generated from trichloroacetic acidill react with (Merchant, K. J.Tetrahedron Lett2000, 41, 3747). The
aldehydes and the resultant alcohols can be converted tgorocess is reminiscent of the conversion of benzonitriles to
acetylenes according to Scheme 17. The process works wellmides using lithium bis(trimethylsilyl) amide. The reaction
on 300-400 g scale, in approximately 80% overall yield. My works best with aromatic and heteroaromatic nitriles and is
concerns for the future scale up of the process would be theless successful with aliphatic nitriles, although cinnamonitrile
potential hazards of the chloroacetylene intermediates (whichand phenylacetonitrile gave 68—69% yields (Scheme 19).
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Scheme 19

o

NK

©/u\OTMS

An interesting cyclisation is the one shown in Scheme
20 for the conversion of aryl dimethylaminesNiemethyli-

KOTMS H,O

(o]
o

78-83%

THF
or toluene

Scheme 20
Me
/©/NM62 (COCl), N
e —— o
M 4-PyNMeCHO X/CQ:

o)

(coci), 35-52%

2-PyNMeCHO

Me

satins, reported by a collaborative effort from China and UK
(Cheng, Y.Tetrahedron Lett2000,41, 3475). The mecha-
nism of this unique reaction is open to speculation. The
corresponding 2-pyridyN-methyl formamides reacted under
similar conditions to give diazocines.

A new synthesis of thiazolines has been reported (Fernan-

dez, X. et al.Tetrahedron Lett2000,41, 3819). The key
step is the ruthenium-catalysed oxidation, using TBHP, of
the easy-to-prepare thiazolidines (Scheme 21).

Scheme 21

SH S

Ry
N><H
H

KOAc RuCl,(PPhg),

C

[zf>‘R2

Ry NHa.HCI R,CHO Ry TBHP Ry

60-81%

The rapid and efficient construction of bonds should be

but this was later extended to include cyclisation of a variety
of compounds, easily made from the reaction of phenyliso-
cyanates and isothiocyanates with allylic alcohols and
amines.

In the following paper (p 6250), the reactions of similar
substrates with the closely related reagent 1BX were studied,
but a completely different cyclisation occurred. The reactions
are envisaged to proceed via radical processes, but are robust
processes proceeding in the presence of air or water (Scheme
23).

Scheme 23
HO\ro-
@:«‘o (IBX) Me
MNHAr 0 QN_N
o]

90 °C, DMSO:THF o

(10:1) ~80%

H
e
=0
=N
HPh
Me

IBX

(o) NHAr
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(o]

Me

OH
Q:NHPh
Me
The Ugi reaction and variants of the 3-, 4-, and 5-com-
ponent coupling reactions look like potentially interesting

convergent approaches to a variety of molecules. Scheme
24 here shows a summary of what can be achieved in the

Scheme 24

MeOH
co,
R,CHO

o Ry

- . PR NHR;
MeO 171

R, O

RoNH,
R3NC

R, R
N 1
— o< 1
N"So
R3

synthesis, in remarkably good vyield, of heterocyclic com-
pounds using a five-component reaction of simple materials

the aim of any industrial synthesis, and a new method from (Hulme, C. et al Tetrahedron Lett2000,41, 1889).

the group of Nicolau (Angew. Chem., Int. 2600,39, 622)
opens up lots of possibilities for the synthesis of ring
compounds. The method was discovered by chaibce

All process development chemists would like to be able
to obtain single enantiomers from racemic mixtures without
using expensive resolving agents. A recent report (Tamaka,

chance favours the prepared mind! The original discovery K. Chem. Commur2000, 413) indicates that recrystallising

was that simple anilides react with Dedgartin periodinane
reagent (DMP) to give polycyclic compounds (Scheme 22),

(o}
AP >
R oy

52%

(0]
>0
@N i,.nH
A >
R oy

Vol. 4, No. 4, 2000 / Organic Process Research & Development

Scheme 22

H
(T D
R// o

DMP

80 °C, benzene

SRae

240 .

the chiral olefin in Scheme 25 from certain solvents gives

Br. ‘ l Br
|
Br O O Br

1:1 inclusion crystals which are “conglomerates” with
p-xylene, acetone, dioxan, and benzene but are true racemates
with cyclohexanone, THF (a 1:2 crystal was found here),
B-picoline and toluene. When exposedpexylene vapour

at room temperature for 24 hours, however, the racemic form

Scheme 25



was converted to the chiral crystalline complex. Interestingly, Scheme 27
gas—solid interaction of the racemate with solvents which, ch

X
in the liquid phase, gave racemic crystals also gave the ‘ ;\/\/K
conglomerate form (THF, B-picoline), whereas acetone, “ N
which gave chiral crystals in the liquid phase, did not give N ::gF ;\M>\)\
an inclusion complex in the gas phase. e ’
When the complexes were heated under reduced pressure el I oH
the solvent was removed but the desolvated crystals still e TNz ~ Koo
retained the chiral space group. foluene j@
My (T.L.) experience in the scale up of two-phase reacting

processes such as phase-transfer catalysed (PTC) reactions,

is that they can be sensitive to the position of the agitator in ™
relation to the interface, and to the agitation speed. Normally, o _ o — M\
one could expect that fast agitation would be best. A word 2 OH T

of warning, however, comes from Mark Halpern in his Vitamin £

latest PTC communications (Vol. 13, p 2, see http://www.

phasetransfer.com) in which he describes PTC examplesSelectivity to give terminal aldehyde products is crucial and
where one of the components in the reaction is sensitive to complete conversion of all isomers present is also important,

hydrolysis (e.g., an acid chloride or anhydride). At low C€an c_)nly be qqrried out With cobalt catalysis under severe
agitation, the non-PTC-catalysed hydrolysis is negligible but "€@ction conditions. Rhodium catalysts have been shown to
at higher agitation rates it may be significant, and substantial P& Uuseful for conversion of terminal olefins but not for
amounts of by-product may ensue. The recommendation isiNtérnal olefins. A recent report (Solent, D. et @ngew.
that every PTC-catalysed process should be examined, prioChem.. Int. Ed2000,39, 1639) indicates that variation of
to scale up, to look at the effect of agitator speed on the rateN€ ligand on rhodium can give good results even with mixed
and selectivity of product and by-product formation. Often Cl€fins under relatively mild conditions (Scheme 28).

the curves shown in Scheme 26 are obtained.

OH

Scheme 28
/\/\/\/
Scheme 26 Z
. . +
desired reaction PN CO/H, PPN
Rh(acac)CoD CHO
P ligand
rate : = :
N~ 120 °C, 50 bar CHO
toluene /W\/l\
T undesired reaction H n:150 1.57; 98% yield
(hydrolysis) P o
- NNNF

I I | |
500 1000 1500 2000

pm P ligand =

The importance of organometallic chemistry in modern
production of organic compounds is highlighted in Rhone  1q group of Herrmann at Munich continues to produce

Poulenc’s new synthesis of vitamin Bifa-tocopherol),  oroanometallic catalysts which are often of potential indus-
which has a world-wide annual production of over 10 000 5| importance. Their latest publication (Bohm, V. P. W,
tonnes—it is used as a food additive. The usual synthetic o, al. Angew. Chem., Int. E®000,39, 1602) demonstrates

process relies on FriedeCrafts alkylation of trimethyl- 4 nickel catalysed cross coupling between aryl chiorides
hydroquinone (TMHQ) with isophytol followed by ring  anq aryl Grignard reagents can occur at room temperature

closure. However, isophytol may take-8 synthetic steps 4 the presence of nickel catalysts (see Scheme 29). In
to make. A more convergent and atom economical synthesis

has now been discovered by the R-P/Rhodia workers Scheme 29

(Bienaymé, H. et alTetrahedron Lett2000,41, 41, 3339). 3 mol % Ni(acac), .
Myrcene—a cheap raw material derived frgpinene—is @C' N XMQO 3 mol % ligand @—@ + Mgxcl
reacted with chlorine and in a separate process with HCl/ g’ Y THE. rt R Y

CuCl. The two products are then combined and reacted with 70-99%

TMHQ as shown in Scheme 27.
Hydroformylation (oxo synthesis) is one of the most ..

useful industrial processes carried out using homogeneous —
. . - NON X /) .
catalysis with over 6 million tonnes per annum of products (LBULP ~ _ NEN X
being produced, mostly for the plasticiser industry. Hydro- '
formylation of octene isomers, for which control of regio-
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general, the catalysts are less sensitive to steric bulk on thethe catalysts are very active for polymer systems and, whilst

Grignard than on the aryl chloride. Minor amounts1@6) not immediately practical, may show promise for the future.

of by products such as terphenyls occur, suggesting radical One often learns more from failures than from successes.

side reactions as in other nickel-catalysed cross-couplingin this respect, it was refreshing to see an article entitled

reactions. “Dead Ends and Detours En Route to Total Synthesis of the
Aqueous biphasic hydroformylation is an important 1990s” (Sierra, M. A. et alAngew Chem, Int. E®000,39,

industrial process (seéqueous Phase Organometallic 1539). Such headings include:

CataIySiS; Cornils, B. and Herrmann, W. A. VCH: Wein- ° Working models that do not work

heim, 1999). Most of the catalysts used to date have been , Troublesome protecting groups

rhodium complexes of sulphonated phosphines, sugars, or , The unexpected influence of remote substituents

water-soluble polymers. It has now been shown that biopoly- , The trivial functional group transformation

mers, formed from Rh(CQ)(acac) and human serum « Reluctant ring closures

albumin are effective in the hydroformylation of a variety if

olefins under mild conditions (Marchetti, M. et dletrahe-

dron Lett. 2000, 41, 3717). Yields are high with styrene,

isobutene, 1-octene, etc., but the catalyst does not work with

bulky olefins such as 1,1-diphenylethene.

Development chemists will have met most of these.

Supercritical fluids (SCF) are being studied as alternative
reaction solvents for conventional organic reactions, and a
couple of good reviews of the topic appeared last year

The reducti ¢ tic di . ds 1o th (Chemical Synthesis using Supercritical Flyidgssop, P.
€ reduction or aromalic diazonlum compounds 1o e | ) ainer W, Eds.; Wiley-VCH: Weinheim, 1999, and

corresponding unsubstituted arene is a useful process, bu5essop P. G. et alChem. Rey.1999, 99, 475). The

many of the_ currently used re_agents are nqt general and glVeadvantages of SCF include the high solubility of gaseous
moderate yields for electron-rich olefins. It is now suggested

. . . . . reactants, rapid diffusion of solutes, easy separation of
that trichlorosilane is a versatile reagent for this transforma- . .
: . . . : . . products, and recycling of the solvent. Disadvantages, of
tion and is compatible with a wide variety of functional

groups (Lormann, M. et aletrahedron Let200Q 41, 3813) course, are the use of pressure and therefore specialised
see Scheme 30 T ' equipment, which has hindered the general use on-scale,

although specialist companies such as Thomas Swan in the

Scheme 30 UK have invested heavily in this area. Although g&often
NH, Ny X H the preferred solvent, others can be used. A recent report
N AN HSICly N (Jeong, N. et alAngew. Chem., Int. EQRO0O, 39, 636)
R@ - R@ CHaCh Q indicates that the Pause#(hand reaction occurs in super-
32°C, 15 min critical ethylene (as reactant) to give cyclopentanones in high

. o . yield, Scheme 31.
Although asymmetric catalysis is used widely for the

synthesis of optically active compounds on small scale, large-

scale industrial applications are still rare. One of the reasonsSCheme 31

is the high catalyst (both metal and ligand) cost and the R Co(COY. JP(OPh): o
difficulty of recycling homogeneous catalysts effectively A || | P —— d R
number of attempts to heterogenise catalysts by attaching Ry 110-210 atm R»

ligands to polymers have been carried out. A new approach
is to incorporate the ligand in the polymer, thus giving a
molecule with backbone chirality (ter Haller et dletrahe- i . )
dron Lett. 2000, 41, 6431). Polymers of BINAP, named tromethane, useful in the explosives industry has been
POLYNAP when complexed with ruthenium, are effective repor.ted. (Lan-glet, A. et at.eFrahedrc.)n L?IQOOQ 41’_ 201?')'
hydrogenation catalysts at loadings as low as 0.1 mol %. Barb|t_ur|c acid can bg dinitrated in mtmsu_lp_hurlc acid,
The catalyst could be reused, but activity falls off. and ring cleavage with water leads to dinitroacetylurea.
Interest in supported homogenenous catalysts is high’Fyr_ther, more vigorous hydrolysis in base leads to salts of
owing to the need to recycle complex ligands and precious dinitromethane (Scheme 32).
metals and to ease product separation from catalyst and
product contamination by the catalyst. Two groups in Ottawa, Scheme 32

An efficient and safe method of making salts of dini-

Canada, in collaboration with DuPont have investigated the o o QN NOy SN NO,

scope of dendritic multivalent ligands, anchored onto beads m HNO, H20 H

for heterogeneous catalysts (Arya, P. etlalOrg. Chem g Hso, iy PN e
(0] o o

2000, 65, 1881). These catalysts, when complexed with
rhodium, can give>99% conversion of styrene phenylpro-
pionaldehyde with high selectivity. The conversion remains
high when the catalysts are recycled four times but drops to o)

78% on the fifth and 47% on the sixth recycle. However, HZNJ\NHZ +  K'CH(NOy),

242« Vol. 4, No. 4, 2000 / Organic Process Research & Development



Many of these dinitro compounds are, surprisingly, However, the disadvantage is the unfavourable thermody-
thermally stable. The paper, however, points out, that all nitro namics in water, and use of organic solvents or aqueous
compounds are potential explosives and must be handled withorganic media leads to low enzyme activity. A number of
appropriate precautions. methods have been investigated to try to overcome these

High-nitrogen compounds form a unique class of energetic difficulties, but a recent publication (Basso, A. et@hem.
materials, deriving most of their energy from their very high  Commun2000, 467) indicates that a very simple procedure
positive heats of formation rather than from oxidation of the can give good results, and scale up of the method looks
carbon skeleton, as with traditional energetic materials. TheseSimple. The method exploits the ability of Celite R-640 rods
high nitrogen compounds are used in propellants, explosives,to absorb large amounts of waterq0% of its weight). The
and pyrotechnic applications. 3,3-Azobis (6-amino-1,2,4,5- concentrated aqueous solution of the enzyme is added to a
tetrazine has been synthesised for the first time (see Scheméoluene suspension of Celite R-640 leading to a uniform
33) and has shown to be thermally stable (to 26despite coating of the enzyme around the Celite. The suspension of
a very high heat of formation of 862 kJ mol. It is also the enzyme/suppqrt in tpluene is then used. in the reaction
surprisingly stable to impact and to ignition by sparks or ©f e-protected amino acid ester and the amino group of an
friction (Chavez, D. E. et alAngew. Chem., Int. EQ000, amino acid ester giving conversion of 9&nDash98% in

39, 1791). In the presence of oxidising agents, however, the24_144 hat 30C. EQUimO_'af amounts of.each rgaggnt are
energy may be released—do not try this at home! used. The method is suitable for the immobilisation of

thermolysina-chymotrypsin, and penicillin G amidase. The

Scheme 33 disadvantage of the metho.d is.the long reaction time ma?nly
caused by the very slow kinetics at the end of the reaction,
N N—N N N—-N i i
TN N NN “N Yn when the concentratlop of reactants are low. Using of a tvyo
NENONEN T N=N fold excess of the amino component shortens the reaction
2 time, but the purification of the product is much more

l difficult. When 1 mol of each reagent is used, the high
conversion means that product isolation is very simple
N NN (extraction into MeCN, filtration, evaporation), and products
I<N%/N:N\>‘NH of >98% are obtained directly.
&r There has been much debate over the mechanism of the
JacobsenKatsuki epoxidation reaction, which is potentially
a useful reaction in large-scale chemistry. Recent calculations

: . from the group of a different Jacobsen (Cavello, L. and
Int. Ed. 2000,39, 636) warns that highly purified catalysts Jacobsen, HAngew. Chem., Int. ER00Q 39, 589) confirm

Co(CO} and Ca(CO). can spontaneously ignite on contact that the epoxidation occurs by direct attack of the olefin on

with air and that the authors preferred to use the more stablethe ox0 ligand of the manaanese catalvst and that radical
Coy(CO);—P(OPh) to avoid any potential danger. 9 g y

s : . . intermediates are most likely involved (Scheme 34). A
Racemisation is an important industrial process, necessary

for the recycling of unwanted materials produced in resolu- scheme 34
tion or kinetic resolution processes. Usually this is carried R,

N-N N-N
HN—C  HS—N=N—¢ H—NH,
N=N N=N

2

A footnote in an article (Jeong, V. et éingew. Chem.,

R2

out by heating in the presence of bases or occasionally acids. RQ\, R r \g/
The group of Beller at Rostock in Germany have recently 0 R 01)—{ o
demonstrated what they claim is the first transition metal- Mn M —3
catalysed racemisation M-acyl a-amino acids (Hateley, R\W R
M. J. et al. Tetrahedron Lett2000, 41, 3821). The best ‘ o
catalyst appears to be [Rh(cod)glh the presence of

tricyclohexylphosphine. As yet, the racemisations are slow 0 [R1 . ('):Em

taking over 48 h at 60C, but, no doubt, more active catalysts Mn R M—Ng,

will be discovered in the future. The results are significant

not only for kinetic resolutions but also for asymmetric pathway via an oxametallacycle was excluded for energy
hydrogenation where similar catalysts may cause racemisaregsons.
tions, particularly under low-pressure conditions, at the end  Asymmetric reduction of nitrones, using an iridium
of the reaction where product concentrations are highest. complex generated from IrCl(cog)(S)-BINAP and BuN

An efficient method for the synthesis of peptide bonds is + BH,~ gives the corresponding hydroxylamines, generating
what many companies are searching for. Chemical methodsa new chiral centre; ee’s of up to 86% are obtained.
often require expensive activating agents and enymatic (Muraheshi, S.-TChem. Commur2000, 409)
methods would offer useful alternatives, since processes The treatment of tertiary amines, containing one or more
effect peptide bond formation under mild conditions with N-benzyl-protecting groups with aqueous ceric ammonium
minimum side-chain protection and with no racemisation. nitrate results in clean debenzylation to give the correspond-
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ing secondary amine (Bull, S. D. et @hem. Commur200Q
237). As example is shown in Scheme 35.

resultant new catalyst results in amplification of the enan-
tiomeric excess of the product. Use of a more bulky silane
improves the diastereomeric ratio. Perhaps we should all be

Scheme 35 more conscious of the importance of the rate of addition of
: )Ph : reagents which may affect the enantiomeric purity of
Ph/\l;l 0 CAN (2.1 eq) PR NH O products, particularly in catalytic processes (Scheme 37).
Me OR MeCN-H,0 Me™ OR
85% yield Scheme 37
. . . . . RCHO H OH
An intriguing essay entitled “How long have non-linear MeSSi\@ R-BINOL O:C?/LR
effects been known in the field of catalysis” has appeared L/ Ti(OiPr),

from Heller's group at RostockAhgew. Chem., Int. Ed.
200Q 39, 495). The work of Langenbeck (also from Rostock)
in 1936 was the first example of non-linear effects and it is
clear that Langenbeekin some farsighted researeh

-20 °C, 2-6h
Et,0 X
70 - 99% yield
mixture of diastereomers

ee of each diastereomer
60 - 96%

understood the process quite well. The Heller essay analyses

Langenbeck’s work and more recent examples. It folows  The group of Fehr at the Swiss fragrance company

on from Kagan’s reviewAngew. Chem., Int. Ed. Endl99§ Firmenich have produced some novel methodologies in the

37, 2923) which gives more comprehensive coverage of thearea of asymmetric protonation in the past 10—-15 years. A

literature and was highlighted on these pages. recent publication from the group demonstrates a useful
In the same issue the non-linearity of effects of temper- variation of the IrelanetClaisen rearrangement of ortho

ature on diastereo- or enantioselectivity has been examinecesters which gets around the industrial disadvantages:

(Cainelli, G. et al.Angew. Chem., Int. E®000, 39, 523). » Excess ortho ester

In the reaction of alkyl lithiums with (silyloxy aldehydes in » Unsuitability for methyl esters since trimethyl ortho-

hexane or THF, the inversion temperature (where the non-acetate boils at 105-110°

linearity occurs) correlates with a change in solvatiais e The need for later transesterification if a methyl ester

shown by NMR spectroscopyas the temperature changes. s required.

The inversion temperature is, of course, different in different ~ The new version uses TMetene acetals in the reaction

solvents, and this emphasises the need to study more closelgllowing a lower temperature rearrangement, and this enables

solvent effects and concentration effects (which affect excellent chirality transfer to occur (Fehr, C. et Ahgew.

aggregation) in the scale up of diastereoselective processeschem., Int. Ed2000,39, 569), Scheme 38. The process is

The addition of alkyl lithiums to substituted aldehydes is a used to make jasmone derivatives.

common process in the manufacture of diols and amino

alcohols. Schemeo38 -~

The group of Shibasaki at the University of Tokyo have ) )
reported (Angew. Chem., Int. EQ000, 39, 1650) an OJ\/ CoR _WNaRTHF 0)\/ COR
improved asymmetric Strecker reaction which works for R >"r 2) TMSCI RN R
aliphatic as well as aromatic imines (Scheme 36). The 50-58 °C
presence of phenol accelerates the reaction possibly via 3-8h
formation of TMSOPh, but the reaction is mechanistically THF or DME
quite complex and sensitive to changes in reaction conditions. oTMS

CO,R? NMP-H,0 o CO,R?
Scheme 36 A):
RN NacCl RN

TMSCN PhOH, HCN

Ph,OP 0
an|
PhZOP
70 - 95% ee 92% ee

CHzClz, -40 °C 66 - 97% yield

140 °C, 30 min
(¢] OH
é/R @/R rearrangement R
LCO;Me

And finally, one us (T.L.) recently heard an outstanding
The first catalytic asymmetric autoinductive aldol reaction lecture from David MacMillan (of University of California
has been reported by a group from Paris (Szlosek, M. et al.at Berkeley) at a Chiral Conference, in which he showed
Angew. Chem., Int. ER000,39, 1799). The enantiomeric how organic catalysts could be used for a variety of
excess and yield of the aldol reaction of silyloxy-furans with enantioselective processes. Some of this work has already
a variety of aromatic and aliphatic aldehydes is dependentbeen published (Ahreddt, K. A. et al. Am. Chem. Soc
on the mode of addition. A stepwise addition of a mixture 200Q 122 4243). In the published paper, the organic catalyst
of the reagents to the catalyst (e-BIN©Stitanium isopro- (A) was shown to catalyse the addition of acrolein or
poxide) results in a modification of the asymmetric catalyst crotonaldehyde to dienes with high selectivity under mild
by incorporation of the product itself in the catalyst. The conditions. The reactions clearly proceed via transient
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iminium ion species. This area promises to revolutionise of air and water—in fact water sometimes enhances the
organic chemistry and is of great interest to industrial selectivity end rate.

chemists, both for combinatorial studies and for scale up Trevor Laird*

(Scheme 39). Reactions can be carried out in the presence Editor
Scheme 39 ]
H o Stephen A. Hermitage
R/\/&o CHO Glaxo Wellcome Medicines Research Centre,
7 N\ ) Gunnels Wood Road, Stevenage,
x Y Nowe x Hertfordshire, SG1 2NY, UK
N~ Me
" " Hel 20 mol%
23°C (20 mol%) OP000064U
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