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Highlights from the Literature

Some Items of Interest to Process R&D Chemists and Engineers
Asymmetric Synthesis of a y-Secretase Inhibitor Efficient Synthesis of an H; Antagonist
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A practical asymmetric synthesis of thesecretase ABT-239

inhibitor (—)-1is described by Scott, Oliver, and co-workers  Ap efficient process for the preparation of a potent and
at Merck Q. Org. Chem2006,71, 3086—3092). Asthe key  selective H receptor antagonist, ABT-239, is reported by
transformation, a highly diastereoselective intramolecular Ky and co-workers at Abbotfetrahedror2006 62, 4584~
nitrile oxide cycloaddition forms the hexahydrobenzisoxazole 4589). A key step in the synthesis is the tandem Sonogashira
core of 3 in four operations. Other aspects of the route gjkynylation/cyclization reaction of 1-but-3-ynyl-RY-
include a highly stereoselective reduction of an isoxazole to methylpyrrolidine with 4hydroxy-3-iodo-biphenyl-4-carbo-
form acis-y-amino alcohol, an efficient chemical resolution, pitrile to generate the benzofuran in ABT-239. Conducted
a dianion cyclization to construct a sultam ring, and the g5 5 one-pot process, in the presence of 1% REER),
a-alkylation of a sultam with excellent diastereoselectivity. ang 6 mol % Cul, this key step proceeds at room temperature
In each instance, the relative stereochemistry was evolvedin g5 yield. A further interesting aspect of this work is the
by way of substrate-based induction wit96% ds. Kilogram  development of an effective preparation of the requisite chiral
quantities of the targeted drug candidaig-( were obtained,  amine 2-(R)-methylpyrrolidine. Of particular note is the
without recourse to chromatography, by way of 10 isolated reduction of a primary iodoalkane to a methyl group under

intermediates and in 13% overall yield. simple catalytic hydrogenation conditions. Overall, the
chromatography-free process is highlighted by several simple
Controlling Olefin Geometry with Pd Catalysis work-up and purification procedures and is amenable to the
E0,C large-scale preparation of ABT-239.
EtO,C.} NHR N ) ) )
OCO,E OCO,Et RHNGH(CO,EY Enantioselective Monoalkylation of a Glycine Ester
| o — e, | under Mild Phase-Transfer Conditions
Ph % pn X [Pd;”pyel)cuz X 1. RX, Chiral PTC
NaH, DMF B Cl toluene/ag. KOH
R NaBoa \©\¢ch025¢ 0c il g C0aBY
2. 1M HCI, THF H R
The palladium-catalyzed formation &-olefins from
allylic carbonates and a variety of protected dialkyl amino- T -
malonates is reported by Steinhuebel and co-workers at O Br
Merck (J. Org. Chem2006,71, 3282—3284). Following a O F OO
study of various reaction parameters (including Pd source, . ®
ligand, and solvent), the combination of [Pd(allyl)ORith Chiral PTC = N
1,2-bis(diphenylphosphino)ethane and NaH as base proved OO E OO
optimal, affording a 13:1 ratio of:E products in 80% assay O
yield. Further investigation revealed acetyl, Boc, or formyl F
to be suitableéN-protecting groups. Th&-olefin product can F
be formed regardless of whether tgeor Z-allylic carbonate The selective monoalkylation of thpechlorobenzaldehyde
is used as starting material. imine of glycinetert-butyl ester is reported by Maruoka and
10.1021/0p060120c CCC: $33.50 © 2006 American Chemical Society Vol. 10, No. 4, 2006 / Organic Process Research & Development e« 687
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co-workers (Tetrahedron Asymme2006,17, 603—606). 95% ee. The hydrogenations of 3-substitutetbsylindoles
p-Chlorobenzaldehyde is less expensive than the moreyielded indolines possessing a stereogenic center at the
commonly used benzophenone; however, imines derived3-position with high enantiomeric excesses (up to 98% ee).
from the former normally lead to dialkylated products under In this work, best results were obtained when the indole
typical phase-transfer conditions. In contrast, the binaphthyl- nitrogen atom was protected with an acetyl or tosyl group.
derived chiral quaternary ammonium bromide phase-transferFurther work in the group is directed towards improving
catalyst, developed in the Maruoka group, gives high conditions to include the synthetically more useful Boc group

chemical yields of monoalkylated products in excellent
enantioselectivity under mild liquidliquid phase-transfer
conditions. The-chlorobenzaldehyde can be recovered from

(seeOrg. Lett.2006,8, 2653—2655).

Mg—Br Exchange of 5-Bromo-2-picoline under

the PTC alkylation reaction and reused. The authors commentNoncryogenic Conditions

that this methodology should be useful for the industrial
production of various natural and unnatusabmino acids.

One-Pot Synthesis of Trisubstituted Conjugated Dienes

1N BFK
Cs,C0;3 (3 equiv) 2
Br 223 R
17 LN
Br . 3K (1.1 equiv) R3

Cs,CO05 (3 equiv)
Pd(PPhj),

82-91%

The sequential, stereoselective disubstitution of 1,1-
dibromoalkenes using a variety of alkenyltrifluoroborates
followed by alkyltrifluoroborates in the presence of Pd(BPh
is described by Molander and co-workeds Org. Chem.
2006, 71, 2493—2498). This synthetic method proceeds
smoothly in one pot under mild reaction conditions to provide

the corresponding trisubstituted, conjugated dienes in excel-

Ni(0)-Catalyzed  Suzuki

lent yield. Moreover, the method is operationally very simple
because the organotrifluoroborates are stable in air, and th

byproducts are innocuous inorganic salts. A potential draw-

back of this method is the use of £&; as the base,

although results from a previous study by the same group

indicate that significantly lower yields are obtained when

this base is replaced with alternative bases, both organic and

inorganic.

Catalytic Asymmetric Hydrogenation of Indoles

2
R R Hy (50 atm) RB\ i
mR‘ [Rh{nbd),]SbFg (1.0 mol%) [ o .
Z N Z N
bg  (SSHRRIPhTRAP (1.06 mol%) \

Cs,C0O4 (10 mol%)
2-propanol, 60 °C

Highly enantioselective hydrogenation of-protected
indoles is reported by Kuwano and co-workefBetfa-
hedron: Asymmetrn2006, 17, 521—535). The use of a
rhodium catalyst generated in situ from [Rh(nj8pF and

gr 1. "BuyPrMgLi E
| = (0.5 equiv) | =
o e o
N THF, -10 °C N
2. E*

57-93%

Kii, Akao, and co-workers at Banyu report on a noncryo-
genic method for the Mg—Br exchange of 5-bromo-2-
picoline (Tetrahedron Lett2006, 47, 1877—1879). The
organomagnesium complexBu,i-PrMgLi, readily prepared
from n-BuLi and i-PrMgCl (2:1), is efficient for the
bromine—magnesium exchange of 5-bromo-2-picoline at
—10 °C. The prepared picolylmagnesium complex reacts
smoothly with various electrophiles. The authors note that
attempts to conduct Mg—Br exchange usingBulLi or
i-PrMgCl or i-Pr,Mg were unsuccessful, owing to side-
reactions such as deprotonation of the methyl group. The
use of thei-PrMgCI-LiCl reagent recently reported by
Knochel was apparently not tested in this case.

Cross-Couplings Using Aryl
Chlorides

4% Ni(COD),/8% PPh;
or Ni(PPh3)Cly/n-BulLi

Ar-Ar'
0-98%

ACl + ArB(OH),
THF, rt, 30 min

Room-temperature Ni(0)-catalyzed cross-coupling reac-
tions of aryl chlorides with arylboronic acids using tri-
phenylphosphine as a ligand are reported by Hu and
co-workers (J. Org. Chem2006, 71, 2167—2169). The
ability to conduct Suzuki cross-couplings with aryl chlorides
using such simple catalytic systems is noteworthy since
typical conditions for this reaction involve more specialized/
activated catalysts. In the current study, the scope of
arylboronic acids is very limited, most examples using
phenylboronic acid. Nonetheless, the biaryl products are
obtained in good to excellent yields. Airstable Ni(BRGI,
was also established as catalyst precursor; the most active
nickel catalysts were obtained when the reduction of
Ni(PPh).Cl, with n-BuLi was carried out in the presence

the trans-chelating chiral bisphosphine, PATRAP, led to the of an aryl chloride.

target 2- and 3-substituted indolines in good vyield and

enantioselectivity. The use of alternative chiral ligands, such Regioselective Synthesis of Benzazepinones

as BINAP, Chiraphos, DIOP, and DuPhos, gave very low
enantioselectivity. The PhTRARhodium system required
catalytic amounts of base (e.g., C€s) to achieve high
enantioselectivity. Various 2-substitutiebcetylindoles were
converted into the corresponding chiral indolines with up to
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Synthesis of 3-benzazepinones by palladium-catalyzedDevelopment of Nonproprietry Phosphine Ligands for
intramolecular addition of amides to alkynes is reported by Pd-Catalyzed Amination
Mitchell and co-workers at Lilly Tetrahedron Lett2006,
47, 3811—3814). Phenyl acetylenes substituted in the ortho R arine R
position with tethered amide functionality were prepared in l P O\
a few steps from readily available starting materials. It was NR
found that 5% Pd(OAgjPPh), and KOH most effectively
promoted cyclization. When the tethered group is an acet-
amide and an alkyl substituent is on the acetylene unit,
regioselective 3-benzazepinone synthesis could be achieved ligand =

in good yields.

x catalystligand/base

Synthesis of Lactams via Reductive Cyclization

CoCl, (1 mol%) NH
(0]

NaBH, (4 equiv) Over the past decade, a considerable effort has been

DMF-EtOH (1:1) focused on the development of new ligands for expanding
i, 24 h 84% the applications of Pd-catalyzed reactions. In the pharma-
ceutical industry, we frequently rely upon Pd-catalyzed

NN0Ft
NN o CoCly (1 moi%) NH processes for carrying out key bond formations. A number
“ NaBH, (4 equiv) yine y ( 1S.
OEt o) of research groups in both academia and industry have
F

bisoxazoline X .
DMFEOH (1:1) F pursued the _dev_elopmen_t of suitable ligands _fo_r the P_d-
i, 24 h 99% yield catalyzed amination reaction. However, the majority of this
86% ee work has been patented, which often hinders freedom to

operate in this area. In this regard, a new family of pyrazole
The synthesis of lactams via reductive cyclization is ang pipyrazole phosphine ligands are reported by Singer and
reported by Sudalai and co-worker$efrahedron2006 co-workers at PfizerTetrahedron Lett2006 47, 3727
62, 4907-4916). Sodium borohydride in combination 3731) Of several ligands prepared and screehéutepared
with a catalytic amount (1 mol %) of Coglvas found g g high-yielding four-step route) emerged as the most
to be effective for reductive cyclizations of suitably sub-  compatible for amination reactions and is effective for both
stituted azido and cyano groups af-unsaturated  hiimary and secondary amines with typical yields of-84

esters to affordy- and o-lactams in high yields. In con- 9904 The authors comment that this technology is in the
junction with bisoxazoline ligands, the process can be public domain.

conducted in asymmetric fashion with decent levels of
enantiocontrol. The method was demonstrated in enantio-

selective syntheses oR}-baclofen, (R) rolipram, andr}- Resolution of o-Amino Acids Using Liquid—Liquid

4-fluorophenylpiperidinone, a key intermediate for){ Extraction
paroxetine. Enantiomeric separation of hydrophilic substrates by
liquid—liquid extraction involves the extraction of one
Pd-Catalyzed Asymmetric Hydroamination enantiomer into an organic phase by selective coordination
to a hydrophobic selector. Gennari, Piarulli, and co-workers
R o et PAOVBZOH xR recently report-ed the resolutioq Nf-ben.zy.lta-amino gcids
A XH PPh, L:\V/’,]/i\x(V in excellent yields and enantioselectivities by using the
_ liphophilic chiral salen-cobalt (lll) complexl (Angew.
K= be. 0. cony, b, s ree Chem., Int. Ed2006,45, 2449—2453). A solution of (1
(R.R)-RENORPHOS equiv) in CHCI, was stirred with an aqueous solution of

N-benzyl-alanine (2 equiv). The complédx(R)-N-Bn-Ala

A conceptually novel approach for asymmetric intra- Was isolated with 99% yield from the organic phase and
molecular hydroamination, hydroalkoxylation, and hydro- characterized bjH NMR, ESI-MS, and IR, while the ee of
carbonation of alkynes using chiral palladium catalysts is the free (S)-amino acid was determined by HPLC (93% ee).
reported by Yamamoto and co-workeds Qrg. Chem2006 The bound R)-N-Bn-Ala was cleaved from the complex by
71, 4270-4279). The reactions of the aminoalkynes, alkynols, treatment of the CkCl, solution with aqueous sodium
and alkynylmethines in the presence of(@tay-CHCIy/ dithionite (10 equiv) and was recovered in quantitative
BzOH/RENORPHOS in benzene (or benzehexane) at  Yield with an ee that mirrored the ee of thg){enantiomer.
100°C gave the corresponding cyclization products (nitrogen The reduced Co(ll) complex resulting from this procedure
heterocycles, oxygen heterocycles, and carbocycles) in goodvas isolated by triturating with MeOH and filtration (78%
yields with good enantioselectivities. The origins of enantio- yield). The complex was reused without loss of activity or
selectivities in the hydroamination reaction are discussed onselectivity following oxidation with air in the presence of
the basis of DFT computations. AcOH.
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Q conditions (1 mol/L, DMF 80°C, 2.5%2), reaction of a
variety of allyl isobutyl carbonates with the pronucleophile

Ho HNBn _N;Cc,(N* OO typically malonic esters, but also-ketoesters or
J—  + tBu 0 ‘OAO tBu — ——— malonitriles—afforded the desired product in 792% yield
o M +Bu ¢ fau e and a ratio favoring branched produ@&g98:2 to 87:13.

Substitution on the allyl carbonate led to longer reaction
times and lower yields (5378%) but had no effect on the
regioselectivity. The fact that the new-C bond is formed

on the atom bearing the leaving group in the reactants rules

HNBn _N ( NeiS0,  HO_ HNBn out ann3_-_allyl intermediate. The author proposes a double
*EBu B oo Tt d w Sv2' addition both of the metal and the nucleophile to account
2% 127112 .
tBu £Bu © for the selectivity observed.
NBn
2. | % F .
O Me R\ 0.0  coMe ZEZ[ % Pi;at
Rzi . o 3
. . . . . . . . . Oi-Bu CO,M o
Catalytic Kinetic Resolution ofa-Amino Acid Derivatives , 2Vl DMF, 80°C,24h
. . R
Notte and Sammakia described the use wffetoxy)- . Fe catalyst:
.. . . . . R =H, Me [BugN][Fe(CO)3NO]
oxazolidinethioneX) as the catalyst for the kinetic resolution  g2_ ' yie pn

of N-trifluoroacetyl-protectedi-amino acids J. Am. Chem. R®=H, Me, Ph

Soc.2006, 128, 4230—4231). Following the activation of DT
the carboxylic acid as the oxazolidinethione imide, its o . CO:Me
reaction with 5-10% catalyst and 30 equiv of MeOH in o . j
toluene provides the recovered starting material in ee’s R1 R

93%. The kinetic resolution affords excellent selectivities 71-92% yield

for both cyclic and acyclic amino acids, and the preparation >9281:2

of the catalyst is simple. Importantly, the recovered and
already activatedx-amino acids can be used directly as
substrates in peptide-coupling reactions using standar
conditions (DIPEA/HOBt). Mechanistic studies support the
existence of an acyl-catalyst intermedia®that undergoes -
methanolysis in the turnover-limiting step. Most probably, that are similar to those of the analogous malonategéw.

the hydroxy group of the catalyst attacks the activated CNem- Int. Ed2006,45, 2466—2469). The catalyst for the
a-amino acid in a selectivity-determining step, assisted by &!lylic alkylation was prepared by reaction off{Cod)Cl}]
the benzylic amine. with the phosphorus amidite ligands introduced by Feringa

and Alexakis (Acc. Chem. Re8000, 33, 346—353;0rg.

Enolates of malonic esters are common nucleophiles for
dallyllc alkylations catalyzed by transition metals. Recently,

Schelwies, Dibon, and Helmchen reported that the enolate
of the Weinreb amidé& gives reactivities and selectivities

Me Lett. 2005,7, 1621—1624). The conversion was complete
NMe, in a few hours, and the products were obtained as 1:1
~ OH R ~ mixtures of diastereomers. Using a three-step sequence, the
o 1 CR "y o authors converted directly the mixtures ®fnd4 into 4-
S X (S X [ OM . . .
N S N N ¢ and 2,4- substituted cyclopentenones in 50% overall yield.
F3c’J§ X = ;\ F3c’g ° F3C/&O °
oMo
conv 52-58% o o
\ ee recov sm 93 to >99% MeOM n-OMe MeO,C .OMe MeO,C .OMe
+ Me 2%I[IL*Ly], Cul N . N
o YO THF, rt R |Me Me
NMEZ; \’l X OMe 3 4R
O A i 62-89% yield
N R >83:17 3:4
CFy O O)\CFS R = Me, Ph, n-Octyl 2050 en 3
: (T ke M
Allylic Alkylation Reactions OO )‘Me

Plietker reported the regioselective iron-catalyzed allyl-
ation of p-diesters and related compounds using allyl
carbonates (Angew. Chem., Int. R006,45, 1469—1473).
The need of a toxic CO atmosphere to suppress deactivation CoMe
of the catalyst was circumvented by using PRIs an s . @ W
additive. In addition, no deprotonation of the nucleophile nOcty[ “n-Octyl
was required, allowing a salt-free procedure. In the optimized (HS)5 TEI-9826

Lq; Ar=Ph
Lo; Ar = 2-(CMe)-CgHy

690 e« Vol 10, No. 4, 2006 / Organic Process Research & Development



A prostaglandin analogue active against cisplatin-resistant
tumors (TEI-9826) was readily prepared from cyclopenten-
one (S)-5.

Yet another example of allylic alkylations is presented
by Ibrahem and Cordova by merging transition-metal and
enamine catalysis (Angew. Chem., Int. E@006,45, 1952—
1956). In this case, the reaction substrates were aldehydes
or cyclic ketones. The strategy enables simultaneous elec-
trophilic and nucleophilic activation: the catalytic enamine
formed in situ by reaction of the carbonyl compound with a
secondary amine reacts with the catalytic palladiciallyl
species. Reductive elimination and hydrolysis of the enamine
regenerate Pd(0) and amine catalysts, respectively, to yield
thea-allyl alkylated products in good yields after purification Heterocyclic Carbenes as Organocatalysts
(70—95%). The aldehydes were reduced with excess NaBH  The research program of K. A. Scheidt at Northwestern
to give the corresponding alcohols. General conditions University is making admirable progress towards the devel-
involve the use of pyrrolidine (630 mol %) and Pd(PRJy opment of new catalytic strategies based on the use of
(5 mol %) in DMSO at room temperature. When substituted carbonyl anionsumpolungspecies—generated by the in-
acetates (i.e., cinnamates) were used as the alkylating agentgeraction ofN-heterocyclic carbenes (NHCs) with aldehydes.
the reaction took place exclusively at the nonsubstituted For example, the treatment of an aromati&eto ester with

carbon of the allyl complex. 10—15 mol % of a triazolium salt and DBU in the presence
of benzaldehyde in MeOH as solvent affords the correspond-

OH ing hydroxy esters in good yields. Remarkably, the use of

R S"0ac  5mol % i it R® dichloromethane as solvent results in acylation of the
s Pa(PPha)s Ho|_ NeBra intermediate hydroxy esters. Overall, this second transforma-

e 10 mol % | ""501“0' ECMSO o tion constitutes a hydroacylation of the activated ketone.
D R 6 Labeling experiments support the mechanism depicted below

R'=H,Ph N L and indicate that the reduction and acylation steps are
R®= CH,Ph, alkyl oSO 63;5’334;:;" independent even though the same NHC catalyst is respon-

sible for the two key transformations. Mechanistic nuances
and the scope of the reaction are detailed in the original

o 5 mol % o communication:J. Am. Chem. So2006 128 4558-4559.
Pd(PPh3), R
R"oac t 30 mol % Me
pyrrolidine rN\
R? R? [@69[\} N
DMSO, rt 7 Nz )
R2= H, alkyl, OCH,CH,0 70-95% yield 2 . 9 Me oH QCOAr
, ) 2CHy Ar1/U\H Arz)H]/OMe m»Arz)\[(OMe +Ar2)\(0Me
. . o] DBU, solvent [e] o]
Triazabicyclodecene as an Acyl Transfer Organocatalyst
In a collaborative work between industry and academia, MeOH 96% not observed
groups at IBM and Stanford University investigated the CHyCl, ot observed %

catalytic activity of commercially available guanidine tri-
azabicyclodecene (TBD) in transesterification reactions and

ring-opening polymerizationd (Am. Chem. So2006 128 . g?ne 1)OJ\
4556—4557). TBD catalyzes the ring-opening polymeriza- Nr\,,N \C' :
tions ofL-lactide andd-valerolactone with catalyst loadings e addition
of 0.1-0.5% relative to monomer. The desired polymers o© Me
were obtained in minutes, with conversion80%, narrow AH/L\TN\N
polydispersities, and controllable molecular weights. Studies N-7

on the transesterification of vinyl acetate with benzyl alcohol
revealed that TBD mediates the acyl transfer by undergoing
acylation to give an intermediablé-acetyl TBD. Mechanistic or oMe Tvdride i OMe
considerations suggest that TBD simultaneously activates A’ZJY franster A‘Z)Hf

both the carbonyl of the monomer by nucleophilic attack

and the initiator alcohol through hydrogen bonding. As an  Scheidt and co-workers employed a related thiazolium
organocatalyst, TBD challenges the activity of the most NHC to promote the nucleophilic acylation of nitroalkenes
active ring-opening polymerization metal catalysts known (J. Am. Chem. SoQ006, 128, 4932—4933). In this case,
to date. the carbonyl anion equivalent was generated stoichiomet-
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rically by addition of a fluoride source (e.g,. tetramethyl- nitrosation of the silyl ketene acetal of a Dielalder adduct
ammonium fluoride, TMAF) to an aromatic silylated thia- (e.g., 1) with TiCl/isoamyl nitrite in the presence of a
zolium carbinol. This species undergoes addition to a variety substoichiometric amount of base (i.e., 2,6-di-tert-butyl-4-
of nitroalkenes in the presence of commercially available methylpyridine) to prevent cleavage of the silyl ketene. This
thiocarbanilide, (PhNHELS, as an additive. The scope of process occurs readily at low temperatures to generate an
this transformation is general, and even quaternary centersintermediate nitroso ester that undergoes a [3,3]-sigmatropic
can be generated by conjugate additiof$ j6-disubstituted rearrangement. Isolated yields range between 50 and 80%
nitroalkenes. Preliminary investigations indicate that the use for the complete stereoselective transformation.

of a chiral thiourea derived from quinine (i.4), can afford

[-nitro ketones in a stereoselective fashion and suggest the
base, TMSCI -TMSX

existence of a crucial interaction between the nitroalkene and 7 4 L e
the urea during the carbonyl addition. dome O X OMe
; 2Me TMSO
OS[Et3 4ClPh 0O
H.
4Cl-Ph \kMe + O/\/NOZ ch[ral urea1 (jI/NOZ H CO,Me
oHich L2 come| — LN
78°C 67% yield, 74% ee N 4o
o
71%
N\
P Synthesis of Bispropionates via  Oxonia-Cope
S(CFa)P J\H Rearrangements
H H st = Polyprop|onates_ (e_.gZ) are ublq_wtou_s subs_tr_u_ctures in
H natural products with interesting biological activities. Chen

1 . N ..
and McDonald report an ingenious entry to these moieties

Liu and Rovis (Colorado State University) exploit the using a stereospecific 2-oxonia-[3,3]-sigmatropic rearrange-
concept of reactivity umpolung to achieve the asymmetric ment J. Am. Chem. So2006 128 4568). Readily available
synthesis of hydrobenzofuranones via desymmetrization of alcohol1 undergoes stereospecific propionate transfer to a
cyclohexadienones using the intramolecular Stetter reaction,variety of aldehydes in the presence of 10 mol % TMSOTHf,
the nucleophile-catalyzed addition of an aldehyde to a 0.6 equiv SnCj), and 2 equiv AgCQs. Typically, yields and
Michael acceptorJ. Am. Chem. So®006, 128, 2552— stereoselectivities are high, and the use of chiral aldehydes
2553). In a representative experiment, the treatment of aaffords good diastereoselectivities. The reaction sequence
dienone aldehyde (2) with 10 mol % of chiral triazolium involves the initial formation of a cyclic acetal followed by
salt3 and 10 mol % KHMDS leads to the desired hexahydro- Lewis acid-promoted allylic rearrangement. The authors
benzofuranones in excellent yields and enantioselectivities.illustrate the power of this transformation with a short
When applied to polysubstituted cyclohexanediones, the synthesis of {)-invictolide, a component of the recognition
conjugate addition generates quaternary and contiguouspheromone of the imported red fire ant que&olénopsis

stereocenters with superb stereoselectivities. invicta).
e} Me
10 mol% 3 Me, CO,Me
me /2 1o TMSOT! LA E=C ~Me
0, K e ~H T R
- gs  10mol% KADS Hon 5 T
rT N0 ScHo  toluene, 23°C TBSO ; O—(‘H O-LA
R
2 60-94% yield E = COMe
82-99% ee
BF4@ >95:5 dr e Me Me
N e Me
O =N b
J\/D/I\I\//NGD Me0,C~ R e
OMe o2 o

7 OH Me”
3 o}
2; 67% yield, 83% ee (-)-invictolide

Synthesis of Oxazines via a 1,2-Oxaza-Cope [3,3]-Rearrangements of Phosphonium Ylides
Rearrangement Mapp and co-workers at the University of Michigan
For the synthesis of oxazines, Zakarian and Lu reported explored the synthesis of phosphonates via [3,3]-sigmatropic
a concise method based on a new hetero-Cope rearrangememearrangements of phosphonium ylidds Am. Chem. Soc.
involving a nitroso group (J. Am. Chem. S@Q06, 128, 2006,128, 4576-4577). The reaction provides phosphonates
5356-5357). Although oxazines are heterocycles present in with a variety ofa-andS-substituents through a process that
bioactive natural products and substrates susceptible ofinvolves the concomitant construction of newC and P=O
further synthetic manipulation, the existing methods for their bonds. The ylide intermediates are prepared under mild
synthesis are limited. The one-pot sequence starts with theconditions in a multicomponent sequence. Thus, activated
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phosphorus(lll) species, phosphines and phosphites, reactnolecular binding to a variety of disparate receptors.
with a 3-buten-2-ol derivative in the presence of carbenes 2-Arylpyrrolidines were obtained in high yields and enan-
that are generated by treatment of ethyl diazoacetate with 1tiomeric ratios by asymmetric deprotonation BFBoc-
mol % of iron(lll) complex CIFeTPP. Using secondary pyrrolidine with s-BuLi/(—)-sparteine, followed by trans-
alcohols as reactants {R alkyl) affords products with only ~ metalation with substoichiometric amounts of Zp@hd

E configuration on the olefin. Interestingly, the resulting subsequent Pd-catalyzed Negishi coupling with a variety of
phosphonates can be transformed into 1,4-dienes by Herner aryl bromides (J. Am. Chem. S&906,128, 3538—3539).
Wadsworth-Emmons olefination, or can be submitted to . )

amination to providex-aminophosphonic esters of pharma- 1) s-Bull, ¢)-sparteine

N /\—> 2) ZnCly
ceutical interest. { X\Ar

N 3) cat. Pd(OAC), N
Boc £BugP-HBF, ArX Boc

W 60-87% yield
N, RS >96:4 er
+ 2
R* R® Me

O Br.
R ~ Br
\ 4 Hel Br X g N
R Me O R*R®

1
O ' . . . .
Otl} €l _,| 70100 % 1§0 o ofﬁNRZ Highly Active Water-Soluble Olefin Metathesis Catalyst
MeJ;C‘) o R O Among the many problems to be solved in the field of

Me 62-90% aqueous organometallic chemistry, the discovery of water-
. soluble catalysts that are highly active and stable in water is
Pd-Catalyzed 2-Arylation of Indoles still prominent. Hong and Grubbs describe the synthesis and

The development of a mild methodology for the direct g pjications of a water-soluble metathesis catalg}ttifat
arylation of the 2-position of unprotected indoles has been ghows unprecedented activity in ROMP, RCM, and CM in
an elusive task for many years. Typical limitations of the aqueous media (J. Am. Chem. S2@06,128, 3508—3509).
existing methods are the requirement of strong bases, erodegpo strategy for the solubilization of catalysinvolves the
selectivities due to the nucleophilicity at the 3-position, attachment of poly(ethylene glycol) (PEG) to the nondisso-
moderate scope, and limited functional group tolerance. Theciating N-heterocyclic carbene portion of the original 1,3-
group of Sanford at the University of_Michigan reported a dimesityl-4,5-dihydroimidazol-2-ylidene @Mes) ligand.
new approach based on 'Pd catalysis that successfully  catalystl is soluble in water, as well as in dichloromethane
affords 2-arylindoles in high yields at room temperature (J. anq toluene. Moreover, structural studies in solution indicate
Am. Chem. S0c2006, 128, 4972—4973). The use of an  nat it may form micelle aggregates in water due to the
electron-deficient Pticatalyst (€.g., IMesPd(OAg)IMes = hydrophilic nature of the PEG chain and the hydrophobic
1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene) is the key - character of the Ru center. Interestinglyshows unprec-
to afford ao-indole Pd complex that undergoes subsequent ggented RCM activity with water-soluble,y-dienes (i.e.,
oxidative arylation with a'f reagent (e.g., (Ar—1—An)BE) 2) affording five- and six-membered rings in high yields.
via an intermediate P4 species. A variety of arylating Moreover, homogeneous CM of allyl alcohd)(using 1

reagents can be prepared in situ by reaction of Arl(QAC) resylted in excellent yields of homodimerization.
with commercially available arylboronic acids. The success-

ful extension to the arylation of pyrrole derivatives under c©
analogous conditions demonstrates the wide scope of this g~ 5o+ H% OPEG-Me
transformation. N~ O MesN.  NMes
5 mol% 2 >95% conversion CI;Q:_
IMesPd"(OAc), cI
N 25° 1524n N "OAc _~_OH Smol%1 _/JOH \
3 HO
>95% conversion
N\ \J:d[V_ e ®Ar Ar = Ph, p-hal-Ph Antimalarial Drugs
” Ar\OAc E yields >66% Artemisinin (1), the active compound isolated from the
herbArtemisia annua, is the parent drug of the arteminsins
Pd-Catalyzed o-Arylation of N-Boc-pyrrolidine family, the most potent antimalarial drugs. Its ester deriva-

Campos and co-workers in the process research group atives3—5 are quickly metabolized in vivo to the less active
Merck Research Laboratories (Rahway, NJ) developed adihydroartemisir2, and large doses dfare administered in
novel enantioselective arylation df-Boc pyrrolidine. The conjunction with other drugs (i.e., lumifantrine) to increase
transformation is of major interest to pharmaceutical chemists their half-life. Roughly, 120 tons df are required annually
since 2-arylpyrrolidines are privileged structures that promote to prepare enoughto treat the 120 million patients infected
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with the disease. With the objective of finding a more potent The sulfides are more reactive than sulfoxides, giving
derivative with suitable pharmacokinetic properties, Hayneas sulfilimines preferentially. Interestingly sulfoxides retain their

and co-workers reported the synthesis and evaluation ofstereochemistry in the formation of sulfoximines. Aliphatic

artemisinin derivatives prepared frdsi{Angew. Chem., Int.  and aromatic sulfides and sulfoxides are equally reactive.
Ed.2006,45, 2082—2088). Desirable characteristics for the The N-protecting group (nosyl) can easily be removed with

compound were: (1) slow metabolism and excretion; (2) low the reaction of thiopenol to generate free NH sulfoximines.
lipophilicity, as this property is associated with the neuro-

toxicity of artemisinines; and (3) production cost comparable Functionalized Furan Derivatives

to the cost of2—4, which are prepared in three steps from | aqgition to being natural products, furans and fused
5 (60—65% yield). Reactions were carried outin multigram gy and hetereroaryl furans are know to have important
or multikilogram scale, and the products were isolated by pig|ogical activities. Usually such compounds are synthesized
crystallization as air-stable, enantiomerically pure, crystalline 1,y Itistep synthetic schemes. Tanimori et al devised a
solids. After a thorough pharmacological evaluation, artemi- gcheme that utilizes a sequentia-C and G-O bond

sone €) emerged as the potential clinical candidate. Deriva- 5rmation mediated by palladium-phosphine catalyst. (Tani-
tive 6 showed higher activity againgtlasmodium falcari- 51 - Kato, Y.; Kirihata, M.Synthesi<2006, 5, 865—

parumthan chloroquine and artesunate, and the neurotoxic ggg) |nteresting mono-, di-, and tri-cyclic furans are prepared
activity and pharmacokinetic properties were adequate for aj, moderate yields. Assembling complex structures is
drug candidate. In the current synthesis, artemisinone ISyelatively easy by using this method; therefore, it should be

obtained from artemisinin in three steps. Process chemistsseful in medicinal chemistry, for example, to generate
should seize the moment to look for ways to make this compound libraries.

endoperoxide in a safe manner.
i I/<i>\
AcO ot

[PAP-G;Hs)Cl
o PPh K0, THE
n,25h

Catalytic Hydrogenations with Platinum Oxides in
Polyethylene Glycol 400 (PEG)

PEG has been found to be a superior solvent for a variety
of metal-catalyzed reductions and coupling reactions, over

3 R = B-OCOCH,CHaCOSH [ﬁ\j traditional solvents as well as not so traditional solvents such

4, R = a-Me, artemether S as ionic liquids and fluorous solvents. PEG, due to its

5. R = o-Et, arteether 6 immiscibility with organic solvents, not only extracts reaction
Synthesis of Sulfoximines and Sulfilimines products conveniently but is also recyclable. Chandrasekhar

g etal(Chandrasekhar, S.; Prakash, S. J.; Rao, Q. Org.
Chem.2006,77, 2196—2199) hydrogenated isolated double
dbonds as well as,f unsaturated -ketones and -esters with
While variety of N-protected sulfoximines and sulfilimines PtO; V.V'th hydrogen in PEG at room temperature at atmo-
can be prepared, removal of protecting groups on the nitrogenSphe”C pressure. The recyclability of both PEG and cgtalyst
is still a problem. Mancheno and Bolm reported a practical was demonstrated for 10 runs, and no cross contamination

procedure for synthesis of these compounds from sulfoxidesVaS fqund desp!te changes in the sub;trate for four t.'”.“es-
and sulfides with the help of iron cataly$t-nosylamide Selective reduction can be observed with electron-deficient

(NsNH,) and an oxidizing agent such as iodosylbenzene olefins over that' of N—Bz groups. Nitro groups can also be
(Mancheno, O. G.: Bolm, @rg. Lett.2006,8, 2349-2352).  'educed with this system.

Although sulfoximines and sulfilimines have gaine
importance in medicinal chemistry, convenient synthetic
methods for these compounds have not been well develope

o .o EtOy
N\ / = Q
S\ 1. Fe(acac)3, PhI=O PO, Hy, PEG, 1t
CHs  NeNH,, CHLON, 1t o
N3 RN
o NHNs NH Q
Y4 N/ _

IZ

PhSH, Cs,CO;, $ S
O/S\CHB — \CHG \ O/k
_— > N
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Cyclopropanation of Enamines dihydroperoxides, but yields are dependent on the electronic

Cyclopropanation of olefins with copper or zinc catalysts nature of the substituents.

is a practical process, whereas cyclopropanation of enamines

is not. Yan et al (Tsai, C.-C.; Hsieh, I.-L.; Cheng, T.-T.; o
Tsali, P.-K.; Lin, K.-W.; Yan, T.-HOrg. Lett.2006,8, 2261~ 3eq HO,/0.1eq] OOH (OMe)
2263) accomplished cyclopropanation of enamines with
TiCl,—Mg bimetallic complex in CHCI,. This process
appears to proceed via an electrophilic Fischer-type carbene
complex. In this reaction 15 mol % of TiCls needed to

get the best yield unlike other metals which are required in Inexpensive and Efficient Ligands for Heck Reaction
quantities of one or more equivalents. This reaction exhibits  The palladium-catalyzed cross-coupling of olefins with
stereo- and chemoselective cyclopropanation with enaminesaryl halides normally requires phosphine ligands. This highly
in the presence of isolated double bonds. THF is the preferreduseful synthetic process is plagued by contamination of
solvent. Steric hindrance at tleposition of enamine does  phosphine impurities in finished products. This limits the
not inhibit the reaction and provides a methylene group syn application of Heck reactions in the pharmaceutical industry.
to thea-substitution. This reaction, due to its simplicity and Liu, Guo, and co-workers developed phosphine-free ligands,
inexpensive nature, should find application in large-scale N,O-bidentate ligands, e.d\,N-dimethyl-S-alanine, which
synthesis. provide high turnover of expensive catalyst. (Cui, X.; Li,

Z.; Tao, C.-Z.; Xu, Y.; Li, J.; Liu, L.; Guo, Q.-XOrg. Lett.
PhCH;,/CD;CT, (3 oq)
O TiCly/Mg/THF
CH,

2006 8, 24672470). Cross-coupling with a variety of Heck-
Preparation of Glycosyl Isothiocyanates

CH;CN or MeOH

type olefins required only 0.1 mol % of palladium to give
very high yields. In this reaction aryl chlorides are not active
unless the aryl groups are activated with electron-withdraw-
ing substituents. Nevertheless, these ligands have potential
advantages, such as chemical stability and low cost, to be
useful in industrial processes.

Sugar isothiocyanates are very important intermediates Br
for protein ligation and other biochemical reactions. Although L P Ncopr PO, ©1mdl %), 2 K00,
isothiocyantes are prepared by a variety of methods, usually 3\'@% 0.1 mol %
they require two or more steps (via bromides). Kune et al. ™
(Kuhne, M.; Guorgydeak, Z.; Lindhorst, T. KSynthesis
2006, 6, 949—951) developed a method which utilizes BT
peracetylated sugar derivatives and tin tetrachloride and TMS
isothiocyanate at room temperature. Interestingly sugar
bromides give opposite (o)) anomeric isothiocyanates.

o
NMP, 130°C, 10h

Hy

(£)-Paroxetine via Heck Reaction

CAc OAc
There is a continuous search for cheaper and more
SnCly, TMSNCS fe} - .
RV e ————— NS efficient processes to produce APIs. In this arena Pastre and
G rt — Correia (Org. Lett.2006, 8, 1657) recently described an
OAc

elegant protocol to producetj-paroxetine involving the
Heck reaction between the aryldiazonium da#tnd piperi-
Conversion of Ketones to gem-Dihydroperoxides dine 2. Final steps involved magnesium reduction, isomer-
In recent years, organic peroxides as antimalarial drugs Zation, reduction, mesylation, and,& displacement with
have received particular attention. Most of these compoundsS&Samol.
are synthesized via dihyroperoxides as intermediates. Current
synthetic methods for hydroperoxides involve ozonolysis.
Iskra et al (Zmitek, K.; Zupan, M.; Stavber, S.; IskraQig.
Lett. 2006,8, 2491—2494) developed selective dihydroper- F
oxidation of ketones with aqueous hydrogen peroxide in the

presence of a catalytic amount of iodine. Yields are generally X ot

high. Acetonitrile is the preferred solvent. Where solubility - - COMe
problems arise with ketones, the corresponding dimethoxy . N , ‘ s

ketals can be used. Cyclic and acyclic ketones react equally NBE FL

well, giving high yields. Interestingly aromatic aldehydes T i%zggzll\ff
can also be converted into the correspondiggm R 2
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F F
Mg KOH
MeOH MeOH
COMe —» COMe ———
ultrasound
3
‘ A 4a cis
N N 4b trans
cis/trans 75/25
CO,Me CO,Me
F E
1) H3B:SMe,
2) MsCl
KOH 3) sesamol
H,0 4) KOH
—_— —_—
\\\\\\\\COQMe \\\\\\\\COQH
5
4b
T N
COMe CO,Me

F

O"’\
o]
A\
\\\\\\\\ \O
{+/—-)-paroxetine
T

What is very encouraging about the enantioselective

process is that the carboxymethyl intermediate (+)iglb
suitable to be submitted to resolution with lipases.

Indol Syntheses
Yue, Yao, and LarockJ Org. Chem.2006, 71, 62)

series of biologically relevant compounds such as lescol and
indomethacin.

CO,Na

CO,H

Lescol Me

\ Indomethacin
Me

N
O
O
The production of 2-substituted-indoles by a similar
protocol was disclosed by Srinivasan’s grodgtfahedron
2006,62, 5109).
So a Sonogashira-type coupling followed by a &

coupling catalyzed by Pd(OAgckllows the production of
the derived 2-substituted-indoles.

Me | N

= Ph \
—_—
Pd(OAc), Ph
ultrasound or N
NHTs thermal \

Sonogashira Goupling under Ultrasound

Still in Sonogashira coupling Srinivasan’s group have
earlier reported encouraging results on a ligand-free Sono-
gashira reaction catalyzed by Pd(0) nanoparticles under
ultrasound irradiation in ionic liquids (or acetone). The
noninnocent behavior of ionic liquids was claimed to
generate Pd carbene species. Very high reaction yields were

developed a straightforward process for the production of obtained in ionic liquids with a very narrow nanoparticle

(2-substituted)-3-iodoindoles.

Ry

| /
[ \ ES R [ \
" gl o
Pd/C
Z NMe ! F NMe
R, Ry

I
O
N
\
R

distribution. The very short reaction times (2 h) make this
protocol very attractive.

Ry

x 7

|

Ry R

X=ClBr1

Good yields were obtained with bromo- or iodoarenes,
while chloroarenes showed inertness.

Microwave-Promoted Heck Goupling
Arvela and Leadbeated(Org. Chem2005,70, 1786)

The process involves a Sonogashira coupling of appropri- disclosed a nice protocol to carry out the Heck reaction under
ate acetylene followed by iodine-mediated cyclization. These MW irradiation. Very low loadings of catalyst were needed
(2-substituted)-3-iodoindoles are useful intermediates for a (as low as 0.9 mmol %). Reactions proceeded well and gave
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rise to very high yields (about 80%). Using styrene as

starting materials a series of iodo- and bromoarenes were
used as substrates. Very low yields were obtained with

chloroarenes.

AN\

Ph
Pd(OAC),

—_—
MW 70 to 100 W
TBAB, K,CO;

X

jond
MeQ

lonic Liquids Coupled with Super Critical CO, Extraction
Since the first reports on the use of ionic liquids as

1Bu Bu

Si
Bu NN
0 O
\O

TIPSOV
1

B Si\\o
o

TIPSO
ZnCl

hypothetical

Pd,(dba);
—_—
NHBOC

CCOtBu

reaction media, one of the greatest drawbacks for industrial

use was product extraction. Very early in this arena the Reetz

group (Chem. Commu2002, 992) used supercritical GO
extraction for lipase-mediated reactions on ionic liquids.
Quite recently, Yoon et allifd. Eng. Chem. Re2006,

45, 4433) reported an application of such a protocol on Heck

reactions catalyzed by recyclable Pg@ ionic liquids, in
which the effects of water levels were studied.

First, it has been observed that there is a dramatic

relationship of catalytic activity with water levels (the higher
the water level, the lower the activity) that is probably related
to HF generation whenever PFis present.

Extraction with scC@ proceeded well, and in general,
extraction was not affected by the water content up to 0.69%
and the PdGl-ionic liquid system could be recycled.

Colloidal Gold

Colloidal gold nanoparticles showed to be suitable
catalysts for C—C homocoupling using phenylboronic acid
under aerobic conditions (Tsunoyana etlalngmuir2004,
20, 11293).

A beautiful description of the nanoparticles [stabilized
with poly(vinyl pirrolidone ) (PVP)] and production and

Transformation ofC-glucoside2 into a more suitable
derivativep-(C-glucopyranosyl--phenyl alanine was carried
out in five steps.

The synthesis of this compound opens a new way to
synthesize (stable) glycopeptides.

'Directed Evolution

The idea of directed evolution was successfully applied
to the microbial BaeyerVilliger oxidation by Mihovilovic
et al. Org. Lett.2006,8, 1221). Random mutants of cyclo-
hexanone monooxygenase frakginetobactersp. NCIMB
9871 were screened against a number of different ketones.
Consequently, it has been made possible to select different
strains carrying the necessary mutations to improve enantio-
selectivities and conversions.

It has been discovered what mutation appears to be more

characterization was disclosed as well as the generalSignificant to improve general enantioselectivity.

procedure for C—C homocoupling.
Although yields are not so high, this protocol opens a

new access to C—C bond formation.
B(OH)2  Au nanoparticles ‘
PVP
_—
K,CO4

C-Glycosylated Amino Acids

A French group (Ousmer et atpr. J. Chem2006 1216)
disclosed a gram-scale preparation procedure pgfqC-
glucopyranosyl)--phenylalanine derivative via a Negishi
cross-coupling reaction.

Protected sugat was metalated with zinc (two steps)
and submitted to €C coupling with 4-iodo=-phenylalanine
producingC-glucoside2. The right choice of the amino acid
derivative (BOC protected) allowed yields as high as 90%.

mutant

my( (+)-lactone
C

To Catalyze or Not to Catalyze? Direct Amide Bond
Formation

Whiting, A. et al. @dv. Synth. Catal2006, 348, 813)
have studied in detail the amide bond formation from amines
and free carboxylic acids under thermal and catalyzed
conditions. The kinetic study shows that the direct formation
of amides from amines and carboxylic acids does occur under
relatively low temperature (reflux toluene) but is highly
substrate dependent. Boric acid- and boronic acid-based
catalysts improve the reaction, especially for less reactive
acids, and the bifunctional tertiary amine boronic adijl (
was found to have the greatest potential. The catalyst loading
was 1 mol % in boiling toluene and 10 mol % in boiling
fluorobenzene. In all cases molecular sieves where used to

Cluwmn

{-)-lactone
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bifunctional mechanism, the exact nature is although not yet
clear. However, for more difficult amidations this catalyst R R Ne H

OH
1
is superior to other boronic acid catalysts. R-—7OH @B\OH eocly,  r-7 0
+ + I'_! _— /B
R OH CHO 5 4AMS R" 0
- N,

remove water. The catalydt was found to act through a /@
H

QH 5 min. R™
B oH
Mild and Direct Conversion of Quinoline A-Oxides to
N(Pr-i), 2-Amidoquinolines
1 The process group from Pfizer in Groton describes a
simple one-pot procedure for the direct conversion of
Highly  Enantioselective @ Access to Primary quinoline N-oxides to 2-amidoquinolines with primary
Propargylamines:  4-Piperidone as a Convenient amides (Couturier, M. et aDrg. Lett.2006,8, 1929). This
Protecting Group for Primary Amines methodology is complementary to the Abramovich reaction,

Carreira, E. et al.@rg. Lett. 2006, 8, 2437) have de- which is limited to the introduction of secondary amides via

veloped a highly enantioselective, catalytic three-componentiMidoyl chlorides. Although reaction conditions are almost
coupling of aldehydes, alkynes, and 4-piperidone hydrochlo- th_e same, omission of the base is key for successful reaction
ride hydrate using PINAP ligand and CuBr. The desired With primary amides. The reaction proceeds through the
tertiary propargylamines were isolated in good to high yields intermediacy of an acyl isocyanate.

and high enantioselectivities. The use of 4-piperidone as the

amine component not only provides access to the primary al @ “ -
propargylamines, which are useful building blocks, but also ©/‘\\N'R & . @ ©)OLNJ|\/N:©
eliminates the necessity to use Pd catalysis for the depro- "“ﬁr“” R
tection as witiN,N-dibenzyl orN,N-diallyl protecting groups. Ph
The tertiary amine adducts from the piperidine undergo rewe| $or
deprotection when treated with ammonia in ethanol as well o
as polymer-supported amine scavenger. @ANHR (00Ch: 261 @CN
H——R 0 R=H J (coch,
o HO OH 5 mol % CuBr

S
o
N N
R H + s, 70 \\\O [} bz-n” "N
1.1 eq. NEt, N NH,, EtOH ©/‘\N _— %é

N'cH 4 Ams, DcM > 90°C, 14 h J
/\R'
up to 92 % yield Critical Assessment of Pharmaceutical Processes: A
up to 96 % ee H Rationale for Changing the Synthetic Route
: ? Researchers from AstraZeneca in Bristol, GSK in Ton-
R\ i bridge and Pfizer in Sandwich have written a comprehensive
/\ R review over the criteria for rejecting a synthetic route during
HN" "Ph scale-up and thus triggering the search for a viable route
SN (Chem. Rew., published online March 8, 2006, http://
2N dx.doi.org/10.1021/cr050982w). Given the current pressures

PINAP = on the pharmaceutical industry, process chemists are facing

PPh,

OO ’ increasingly tough economic and regulatory hurdles and have
less time with which to develop the commercial process for

a drug candidate. The review provides a uniform set of

. ] . . criteria (SELECT), which represent the different drivers for

Slm!)le Pro_tocol for NMR Analysis of the Enantiomeric changing a synthetic route. The acronym SELECT stands

Purity of Diols for safety, environmental, legal, economics, control, and

A practical simple three-component chiral derivatization throughput.

protocol for determining the enantiopurity of chiral 1,2-, 1,3-,

and 1,4-diols by*H NMR spectroscopic analysis has been Boron Reagents in Process Chemistry: Excellent Tools

developed by Bull, S. D. et alQfg. Lett.2006,8, 1971). for Selective Reductions

The method involves treatment with 2-formylphenylboronic Matos, K.; Burkhardt, E. RGhem. Re., published online

acid and enantiopure--methylbenzylamine to afford a  March 15, 2006, http://dx.doi.org/10.1021/cr0406918) have

mixture of diastereoisomeric iminoboronate esters whose reviewed the use of boron reagents for selective reductions.

ratio is an accurate reflection of the enantiopurity of the The importance of borane and borohydride reagents in the

parent diol. synthesis of intermediates in the pharmaceutical industry has

1
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been demonstrated in a vast number of examples. The futurdive and tool for determining the optimal temperature (or
of these reagents for use in large-scale synthesis is promisingsupersaturation) profile for a seeded batch crystallization.
due to their excellent selectivity, mild reaction conditions, Even though this topic has been under investigation for more
high yields, and commercial availability. The authors have than three decades, several “optimal” cooling protocols were
included many examples were the reagents have been usegetermined. A majority of researchers found that the optimal
on multikilogram scale. temperature trajectory is that which leads to an increase in
supersaturation near the end of the batch (also termed “late
growth”). A significant minority of investigators found the

reviewed the use of Pd/C as a new catalyst for the Suzuki qpt|mal tgmperatur_e profll_e _|n SQCh seeded bat(_:h crystal-
Miyaura coupling. The Pd/C-catalyzed cross coupling rep- lizations is that which exhibits high supersaturation at the

resents a valuable heterogeneous alternative to homogeneod®€9inning of the batch (*early growth”). Last but not least,
conditions. other crystallization researchers recommend the use of

Pd/C has many salient advantages: (1) it is an inexpensiveconstant supersaturation during crystallization. An interesting
source of palladium, (2) it is easily separated from the review of the results published in the past thirty years by 12
reaction mixture by filtration, (3) it can sometimes be authors is included in this paper. Ward et al. suggest an
recycled and good yields maintained, (4) it can be used approach aimed at reconciling the apparently conflicting
without ligands, (5) although catalytically less active, it is cooling protocols using the objective functions selected for
compatible with a large variety of substrates, including aryl optimization. The authors point out carefully the great deal
chlorides. For these reasons along with recent discoveriesof subtleties associated with the definition of such objective
exemplifying the versatility of the catalyst, it will not be  functions (“mathematical’ vs the word “objectives”). The
surprising to find Pd/C-catalyzed Suzui¥liyaura couplings  aythors conclude that the constant supersaturation approach
as one of the preferred methods in the future. remains to be a very reasonable policy (with the occasional
practical challenge of monitoring the supersaturation). In
Productivity in the Pharmaceutical Industry addition, the authors indicate that because such cooling

Delaney and co-worker<Chem. Rew., published online _profile_s are compound dep_endent, ear_ly trial-and-error
May 27, 2006, http://dx.doi.org/10.1021/cr040674i) have |nv_est|_gat|0ns are used to refine the cooling protocol, and
summed up the increasing impact of emerging technologies Shift” it, as needed, to “early” or “late” growth modes.
within chemical process R&D departments within the
pharmaceutical industry. The authors describe the develop-Modeling of Mass Transfer in Combination with a
ment of automated parallel reaction tools and their usefulnessHomogeneously Catalyzed Reaction
together with design of experiment (DoE) for the fast
screening of reactions, workups, and crystallizations. In this

area they also point to the large need for software and dd hei . ¢ fer with .
hardware standardization. Integration of the technologies that2551) addresses the Interaction of mass transfer with reaction

make up the workflows is crucial to keep up a fast pace for kinetics in the case of homogeneously catalyzed processes,
development. such as hydrogenations. Despite the frequent occurrence of

Another topic which is discussed is the developments in such processes in industl’y, the interaction between reaction
analytical chemistry for impurity profiling and on-line kinetics and mass transfer, especially for the case of mass-

Pd/C: an Old Catalyst for New Applications

Felpin, F.-X., et al.Eur. J. Org. Chem2006 2679) have

Emerging Technologies Increasing Impact on

A collaboration between DSM Research and the Univer-
sity of Twente (Hoorn, J. A. A. et aAIChE J.2006,52(7),

analysis. transfer limited processes, has not been extensively addressed
The developments of kinetic analysis and reaction model- in the open literature. The practical small-scale applications
ing are also mentioned. are often simplified by avoiding mass-transfer limitations.

The final topic in the article is continuous processing/ In plant reactors, because of nonideal mixing conditions,
process intensification. Process intensification is a generalmass-transfer limitations are often encountered. Hence,
term used to describe the work done aimed toward dramati-“typical” kinetic observations may be the result of the overlap
cally reducing processing, cost, time, waste, equipment size,of actual reaction kinetics with mass transfer. This paper
or land use while maximizing overall efficiency. evaluates the mass-transfer rates for gaseous reactant into a

Aks the aﬂvaTtages and limitations of slpecmc reactor and |iq iq where homogeneously catalyzed reactions take place.
workup technologies become more widely recognized, one The evaluation is executed by obtaining the numerical

could readily predict that specific types of reactions will be solution of the diffusion-reaction equations according to

designed in an integrated manner with the safest and mOStHi bie’s penetration theory. Simplified versions of the model
economically advantageous physical means to carry them 9 P Y P . .
were also tested. Inclusion of reversible steps in the model

out on-scale. . . N
complicates the study, as expected. It is fascinating that a

Choosing an Operating Policy for Seeded Batch catalytic cycle of a reaction network comprising two
Crystallization equilibria and one irreversible reaction can still present

A group from Professor Doherty’s lab (Ward, J. D. et al. challenges for a fundamental understanding of the impact
AIChE J1 2006 52(6), 2046) proposes an additional perspec- of mass transfer on such processes.
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Ketoprofen Nanoparticle Gels Formed by Evaporative mannitol, BSA, sucrose) were accelerated due to ice-phase

Precipitation into Aqueous Solution morphological modifications induced by the ultrasound
An extensive intramural collaboration from the University control system. (Nakagawa, et @hem. Eng. Proces2006,

of Texas at Austin together with Kos Pharmaceutical (Chen, 45(9) 783—791).

X. et al. AIChE J.2006,52(7), 2428) reports the production

of aqueous nanoparticle gels of ketoprofen (a poorly water- Enzyme-Responsive Smart Biomaterials

soluble drug) by evaporative precipitation into aqueous  Enzyme-responsive materials (ERMs) are a new class of

solution (EPAS). Whereas EPAS was previously reported smart materials that undergo macroscopic transitions when

to produce micrometer-sized crystalline particles, the objec- triggered by selective catalytic actions of enzymes. The use

tive of this work was to produce stable nanosized particles, of enzymes as stimuli to trigger mechanical responses in

exhibiting high water solubility. Stable 135-nm amorphous materials opens up a number of possible applications in

ketoprofen particles were obtained using only 0.1% w/v biology and medicine. Three different classes of ERMs are

poloxamer 407 (a poly(ethylene oxide)poly(propylene described, based on supramolecular assemblies, chemically

oxide)-poly(ethylene oxide) triblock copolymer. At 5% w/v  cross-linked gels and (nanoparticle) surfaces. Potential ap-

poloxamer 407, a gel comprising 50-nm particles was plications in regenerative medicine, diagnostics, and drug

obtained. A high dissolution rate was observed for the delivery are discussed. (Ulijn, R. \J. Mater. Chem2006,

ketoprofen in the gel nanoparticles: 98% in 2 min. The gel 16, 2217—2225).

exhibits relatively low viscosity and acceptable one month

stability. The process involves using an organic solution of Gohalt Ferrite Magnetic Nanoparticles as Catalysts

ketoprofen with surfactant, which is atomized through an  cqopgajt ferrite nanoparticles, Cof, are one of the

elliptical conical nozzle into hot water at a flow rate of 1 important spinel ferrites due to their high cubic magneto-

mL/min and a pressure drop of 23—34 MPa. crystalline anisotropy, high coercivity, and moderate satura-
tion magnetization. CoR,®, nanoparticles have been known

Supercritical Fluid Extraction: Phase Separation and to be a photomagnetic material which shows an interesting

Product Recovery light-induced coercivity change. Various preparation tech-

Supercritical fluid extraction processes (SFE), especially niques were used by a group from Egypt to produce cobalt
using carbon dioxide, have come a long way as methods forferrite nanopatrticles, namely (i) ball milling of a homoge-
obtaining highly valuable products. A lot of scientific effort neous mixture of cobalt(ll) acetate and iron(lll) acetate
has been dedicated specially for demonstrating the advan{basic) treated by a novel self-flash combustion, (ii) pre-
tages of SFE with respect to the enhanced nutritional value cipitation of cobalt(ll) chloride (CoGi6H,O) and iron(lll)
of the natural extracts obtained. Although thermodynamically chloride (FeGJ), and (iii) ceramic method by firing of cobalt
consistent, scale-up of such concepts often fails due to a lackoxide (CoO) and iron oxide (F83). These techniques help
of technically and economically feasible solutions. Technical to obtain particle sizes ranging from a few micrometers to
aspects of phase separation and product recovery as about 20 nm. Thermal analysis (TGA and DTA), X-ray
decisive process step in laboratory-, pilot-, and industrial- diffraction, SEM, TEM, magnetic and surface area measure-
scale extraction of solids and liquids is critically evaluated ments have been used for characterization of the prepared
by Zacchi and collaborator€Chem. Eng. Proces006, samples. The effect of different nanosizes on the total pore
45(9) 728-733.). Different methods of liquid level detection  volume, adsorption energy, average pore diameter, micropore
are presented as a way of controlling extract separationvolume, have been studied. Nanocrystalline GeFshowed
automatically. The results are discussed in view of guidelinesa catalytic activity towards COdecomposition with the
for finding appropriate solutions to the specific separation formation of carbon nanotubes. (Khedr, M. H. et@blloids

problem. Surf. A: Physicochem. Eng. Aspe2@06 281(1—3), 8—14)
Ultrasound Effect on Ice Morphology of Frozen Hydroxyalkylation of Aniline and Phenol
Formulations for Pharmaceutical Proteins Freeze-Drying Bisphenol manufacture is challenging in terms of catalyst

Ultrasound has been investigated in several reactions overactivity and selectivity, and there is a continuous search to
the years, and its effect in unit operations is commercially devise new methods, catalysts, and reactors. lon-exchange
exploited. To optimize industrial freeze-drying processes of resins and supported heteropolyacids are already well-known
pharmaceutical proteins in vials, a recent paper discusses ams catalysts for this process. Now a process is reported for
ultrasound system to control the freezing step. During hydroxalkylation of phenol with acetone to produce bisphenol
supercooling, nucleation temperatures of the sample couldA. Amorphous aluminosilicates with controlled porosity in
be controlled at selected values below the equilibrium the region of micropores (ERS-8, SA) and mesopores
freezing temperature. Because the main freezing elementary MCM-41, HMS, and MSA) have been compared as catalysts
phenomena such as nucleation and ice crystal growth arein the hydroxyalkylation of phenol with acetone and of
strongly related with ice crystal morphology parameters, the aniline with formaldehyde. The comparison has also included
controlled nucleation by ultrasound effectively modified two commercial silica—alumina gels and H-Beta. In the
notably the primary drying duration. The primary drying rates hydroxylakylation of phenol with acetone to bisphenol A
during freeze-drying of pharmaceutical formulations (i.e., (BPA), the catalysts have been compared by batch test in
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terms of activity and selectivity. In the hydroxylakylation
of aniline with formaldehyde, also the catalyst life has been

investigated. As their general behavior, mesoporous alumino-

silicates have evidenced better catalytic activity, selectivity,
and longer catalyst life than both microporous ones and
commercial silica—alumina gels. In the hydroxyalkylation
of aniline to methylenedianiline (MDA), mesoporous MSA
have shown performances similar to that of H-Beta in terms
of MDA vyields but demonstrates lower catalyst life. (Perego,
C. et al.Appl. Cat. A: Gen2006,307(1) 128—136).

Microwave-Assisted Synthesis and Crystal Structures of
2-Imidazolines and Imidazoles

A series of 2-imidazolines and imidazoles has been

the course of the total oxidation of benzene as a model
molecule for dioxin. The catalysts consisted of 10 different
transition metal oxides (CrQ MnO,, VO, SnQ, WO,
NbQ,, TaQ, MoO,, ZrOy, and BiQ) supported on four
different supports (two kinds of Ti©and ALOz; and SiQ).

A theoretical coverage of 0.75 monolayer of active phase
was chosen to minimize the formation of crystallites. XPS
and XRD characterizations demonstrated the better spreading
as monolayer of the active phases at the surface of titania
than at those of AD; and SiQ. The latter induces a poor
dispersion of almost all the active phases as crystallites. The
variation of spreading of the active phases on the different
supports is governed by the difference in surface free energy
and is fully explained by the “solidsolid wetting” concept.

synthesized using green synthetic methodologies. The prepafor almost all active phases, the conversion of benzene

ration of 2-imidazolines was performed by cyclization of
nitriles with ethylenediamine. The use of microwave irradia-
tion in solvent-free conditions enabled 2-imidazolines to be
obtained in high yields within short reaction times. Aroma-
tization of imidazoles was performed under microwave
irradiation in toluene and using Magtrieve as the oxidant.
The X-ray structures for five of these derivatives are
provided. (de la Hoz, A. et alletrahedron2006, 62(25),
5868—5874).

Supercritical Antisolvent Process for Sustained Drug
Delivery

Supercritical processes for drug-delivery system design
have attracted considerable attention recently. The applicatio
of a supercritical antisolvent coating process for controlled
drug-release design is discuss@tlang, Y. et al.Powder
Technol.2006,164(2) 94—102). Hydrocortisone as the host
drug particles and poly(lactides-glycolide) (PLGA) as the

polymer carrier were selected as the model system for this
purpose. In this research the drug particles were suspendeé1

in a polymer solution of dichloromethane. The suspension
was then sprayed into supercritical €85 an antisolvent. A
parallel study of coprecipitation of the drug and polymer

using the same supercritical antisolvent process at the sameeBl

operating conditions was performed for comparison with the

progressively improves when the support is changed from
SiO, to Al,O3 and, finally, titanias. The performances of the
active phases exhibiting this behavior are clearly dictated
by their presence as well-dispersed monolayers at the surface
of the support. The screening revealed ENDy, and MnQ

as the most active phases. The first two exhibit their best
activity when spread as monolayer at the surface of,TiO
based supports (classical behavior). At the opposite, MnO
works best when present in the form of M crystallites

on the SiQ support. The effects of the additions of secondary
phases on the activity of ViIiO,-based catalysts in the
course of the total oxidation of benzene and chlorobenzene
as model molecules for dioxins were studied systematically.
The investigation of the effects of different ratios of WO

nVOX and MoQ/VOy on the total oxidation of chlorobenzene

was performed on binary formulations supported on classical
TiO, or on sulfated TiQ. The activation effects brought by
WOy, MoO,, and sulfated Ti@are linked to the increase of
the number of Brgnsted acid sites as proven by FTIR with
dsorbed pyridine. Moreover, the strong Lewis sites present
on the sulfated Ti@ promote the dispersion of the active
and secondary phases. The importance of the presence of
Brgnsted sites for the adsorption of VOCs and-€DCs
romatics is brought out. (Bertinchamps, F. etfgdpl.Cat.

. Environ. 2006,66(1—2) 1—-9 and 10—22).

coating process. SEM images were used to characterize thgyse of lonic Liquids as Media for the Biocatalytic
drug particles before and after, and the assay analysis waspreparation of Flavonoid Derivatives with Antioxidant

carried out using HPLC. The coated particles and copre-

cipitated particles were evaluated in terms of encapsulation

efficiency and drug-release profiles. The major advantage
of this new approach is the ability to physically coat very
fine (<30um) particles without having to dissolve them in
an organic solvent. It was found that higher polymer-to-drug

Potency

Reported in this paper is biocatalytic preparation of
acylated derivatives of flavonoid glycosides by using
various immobilized lipases in two different ionic liquids,
namely, 1-butyl-3-methylimidazolium tetrafluoroborate
([bmim]BF4) and 1-butyl-3-methylimidazolium hexafluoro-

ratios produced higher_encapsulation_ efficiencies, and thephosphate ([bmim]P§. The influence of various reaction
coated drug particles did show sustained release behaV'Orparameters on the performance and the regioselectivity of

The coprecipitation of the drug and polymer (at the same
operating conditions), however, did not exhibit any sustained
release.

Catalytic Oxidative Elimination of (Chloro)aromatics

A series of two articles has appeared in a systematic
investigation of the catalytic activity of 40 different formula-

the biocatalytic process was pointed out, using as model
reaction the acylation of naringin and rutin with vinyl
butyrate, catalyzed by immobilizégandida antarcticdipase

at 60°C. The biocatalytic modification of flavonoids strongly
depended on the ionic liquid used, the molar ratio of
substrates, and the acyl donor chain length. The highest
conversion yield (about 65% after 96 h of incubation) was

tions of transition metal oxides-based supported catalysts inobtained with short-chain acyl donors (up to four carbon
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atoms), at a relatively high molar ratio (Q5) in both ionic Mark McLaughlin

liquids used. The amount of monoacylated flavonoid deriva- Merck & Co. Inc., Rahway, New Jersey 07065, U.S.A.
tives produced in a single-step biocatalytic process in E-mail: mark_mclaughlin@merck.com
[bmim]BF, was up to 5.5 g/L for monoacylated rutin and

30 g/L for monoacylated naringin. The regioselectivity of

the process was higher in [omim]BExan in [omim]Pk or Silvina Garcia Rubio
organic solvents. Reaction rates observed in ionic liquids Albany Molecular Research Inc., Syracuse Research
were up to 4 times higher than those reported for organic Center, 7001 Performance Drive, North Syracuse,
media. The acylation of the sugar moiety of rutin with various New York 13212, U.S.A.
acyl donors affected its antioxidant potential towards both E-mail: silvina.garcia@albmolecular.com

isolated LDL and total serum model in vitro. A significant
increase of antioxidant activity was observed for rutin-4""-

O-oleate (Katsoura, M. HI. Biotechnol2006 1234) 491— Ramaiah Muthyala

503). Center for Orphan Drug Deelopment, Department of
Medicinal Chemistry, University of Minnesota,

Granular Sludge in Full-Scale Anaerohic Bioreactors: MTRF 4-210, 2001 6th Street, S.E.,

Minneapolis Minnesota 55455, U.S.A.

Trace Element Content and Deficiencies E-mail: muthy003@umn edu

The likelihood of the presence of trace elements in
methanogenic granular sludge from full-scale anaerobic
bioreactors was systematically studied by Dutch workers. Octavio Augusto Ceva Antunes
Four different anaerobic granular sludges (Nedalco, Eerbeek,Departamento de Quimica Inorganica, Instituto de
Hoogeveen, and Heineken) were screened for their metalgyimica, UFRJ, CT Bloco A, Lab. 641, Cidade
content and their response to the addition of a metal cocktail Universitaria, Rio de Janeiro, RJ 21949-900, Brazil
and more specifically to cobalt. Three different methanogenic E-mail: octavio@iq.ufrj.br
substrates (methanol, acetate, anddd,) were used, and
the response to trace metal addition was monitored by on-
line measurement of the changes in the specific methanogenic UIf Tilstam
activity (SMA) of the sludge. A significant increase of the Deyelopment Centre S.A., Parc Scientifique de
SMA due to trace metal addition was observed only with Louvain-la-Neurve, Rue Granbonpre 11, B-1348
the substrate methanol; addition of only cobalt had an Mont-Saint-Guibert, Belgium
especcially great effect: the SMA with methanol of the E-mail: tilstam_ulf@lilly.com
Nedalco and Hoogeveen sludge increased from, respectively,
306 and 155 mg of CIHCOD g VSS~ d~! to 535 and 334

mg CH-COD g VSS~ d! upon the addition of solely 5 Andrei Zlota
uM cobalt. In the Heineken sludge, a limitation for another Chemical R&D, Sepracor Inc., 84 Waterford Dej
element was present as well. The cobalt concentrations in Marlborough, Massachusetts 01752, U.S.A.
the sludges were low compared to those of the other trace E-mail: andrei.zlota@sepracor.com

elements and could not be directly related to the response

of the SMA. With acetate as the substrate and in the presence )

of cobalt (5uM) a reduction of the lag-phase was observed Ganapati D. Yadav
for the Nedalco and was more pronounced for the Heineken Department of Chemical Engineering, University Institute
sludge. This indicates that cobalt is also important for the of Chemical Technology, University of Mumbai,
onset of the activity/growth of the acetotrophic methanogenic . Matunga, Mumbai - 400 019, India
population. Screening of the trace metal content of anaerobic E-mail: gdyadav@yahoo.com; gdyadav@udct.org
granular sludge in combination with the response of the SMA
to trace metal addition is therefore a valuable tool to prevent
and foresee trace metal limitation in anaerobic bioreactors. ]
(Zandvoort, M. H. et alEnzyme Microb. TechnoR00§ Editor
39(2), 337—346). OP060120C

Trevor Laird
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