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Introduction

The past decade has witnessed tremendous advances in the synthetic methods for C-C
bond formation. The source of these advances is due to several factors including the
development and commercialization of powerful catalyst/ligand combinations, the creation
of robust and reliable protocols for cross-coupling, the ready accessibility to an ever-
expanding toolbox of organometallic reagents, and the improvement of stoichiometric
C—C bond-forming reagents such as chiral auxiliaries.

This edition of Chemfiles describes new reagents and their applications within the field

of C-C bond formation. Sigma-Aldrich is proud to provide cutting-edge catalysts, ligands,
organometallic reagents, and other synthetic reagents for the rapid and successful
construction of complex chemical architectures. In most cases, the methodologies
illustrated herein exhibit high levels of chemo-, regio-, and stereoselectivity. For a complete
listing of products related to chemical synthesis, please visit us at our Web site at
sigma-aldrich.com/chemicalsynthesis.

At Sigma-Aldrich, we are committed to being the preferred supplier for reagents and
building blocks used in C—C bond formation. If you are unable to find a product for your
research in organic synthesis or drug discovery, we welcome your input. “Please Bother
Us” with your suggestions at nwallock@sial.com or contact your local Sigma-Aldrich
office.
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The cover graphic depicts the structure of a proline-derived ligand developed by the

Trost group at Stanford University. Hydrogen atoms have been omitted for clarity.
Exposure of this ligand to diethylzinc results in the generation of a powerful catalyst
capable of performing a variety of synthetically useful C—C bond forming reactions in an
asymmetric fashion. This system efficiently catalyzes aldol condensations, Henry reactions,
alkynylations, Mannich-type reactions, and desymmetrizations.
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Catalysts

Gold Catalysts

Prior to the 1980s, gold was regarded as having little catalytic
activity. Recent advancements, spearheaded by F. Dean Toste
(University of California, Berkeley) and others, have propelled

gold into the forefront of transition metal catalysis. In particular,
phosphine-ligated gold(l) complexes have recently emerged as
powerful C—C bond forming catalysts, capable of performing a
variety of reactions under mild conditions. The list of useful C—C
bond construction methods includes cyclopropanations, enyne
isomerizations, Rautenstrauch rearrangements, ene reactions, and
ring expansions. Typically, the catalyst system relies on a phosphine
gold(l) chloride complex in combination with a silver salt co-catalyst
to generate the active species in situ (Scheme 1).

Cyclopropanation

Toste and co-workers successfully demonstrated that a variety of
olefins undergo stereoselective cyclopropanation with propargyl
esters in the presence of Ph;PAUSbF, (generated in situ from
PPh;AuCl and AgSbF,, Scheme 2)." This reaction shows a
preference for cis-selectivity and therefore complements the trans-
selectivity observed in transition metal-catalyzed cyclopropanation
of olefins using o-diazoacetates. A diverse set of complex
vinylcyclopropanes was synthesized using this methodology
(Figure 1).

Isomerization of 1,5-Enynes

In the presence of gold(l), a range of 1,5-enynes rearrange to give
bicyclo[3.1.0]hexenes in a high-yielding, stereocontrolled fashion.?
The isomerization conditions accommodate diverse substitution
patterns about the enyne, and moreover, can be conducted under
“open-flask” conditions. The catalyst system utilizes Ph;PAUCH in
combination with AgBF,, AgPF,, or AgSbFg co-catalysts. While

this method allows for access to simple bicyclic hydrocarbons
(Scheme 3), complex heteroatom-rich cyclopropanes can also

be prepared in high-yield and with superb diastereocontrol
(Scheme 4). This latter example also illustrates the efficient chirality
transfer that takes place in the isomerization process.

Rautenstrauch Rearrangement

The Rautenstrauch rearrangement of 1,4-enynes provides efficient
access to a diverse portfolio of functionalized cyclopentenones.
Historically, the Pd-catalyzed reaction was limited to the
preparation of achiral cyclopentenones, substituted at the 2

and 3 positions. Recent advances in gold(l) catalysis by Toste

and co-workers have significantly broadened the scope of this
synthetically useful rearrangement.® For example, chiral 1-ethynyl-
2-propenyl pivalates efficiently rearrange in an enantioselective
fashion and under mild conditions (Scheme 5). For optically

pure pivalates, the in situ-generated catalyst Ph;PAUSbF is most
effective for transfer of the resident substrate chirality to the
cyclopentenone product. Ph;PAUOTS (also generated in situ) is
adequate for Rautenstrauch rearrangement of racemic pivalates.

Conia-Ene Reactions

The thermal cyclization of g-acetylenic carbonyl compounds
(Conia-ene reaction) provides access to methylenecyclopentanes
without the need for deprotonation. However, the synthetic
utility of this reaction is limited due to the high temperatures
required. Toste has reported a mild catalytic version of this
reaction that proceeds under neutral conditions at ambient
temperatures.* The treatment of B-ketoesters containing tethered
alkynes with Ph,PAUOTf rapidly provides the corresponding
vinylidenecyclopentanes in excellent conversion (Scheme 6,
Table 1). This isomerization can also be performed at reduced

uss$

AgX

RsP-Au—Cl —————————————= AgCl + RsP—Au—X
X =TfO", ClOy, BF4, active species
PFg’, SbFg"
Scheme 1
Rs PhgPAUCI (5 mol %), Ro
R‘% AgSbFg (5 mol %) Ry Y
- .
MeNO, rt Ry OR
Ry
R =Piv, Ac, Bz
Scheme 2
H H
=
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Figure 1
H
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\/Gn Pr Ph3PAUSbFg (1 mol %) ﬂ
Ph Ph H
S CHoCly, 1t
98%, >99:1 dr
Scheme 3
OTIPS oTIPS
PhaPAUPF (3 mol %)
e,
CH,Cly, 1t
OMe o

97% ee, >98:2 dr

99%, 91% ee, >99:1 dr

Scheme 4
OP'V PhsPAUSHF (5 M0l %) O
o]
CHSCN -20°C, 12h
H
98% ee 88%, 96% ee
Scheme 5
o)
Condmons MeO
Me
o
Scheme 6

Entry Conditions Temp (°C)
1 Ph,PAuCI 60
(10 mol %)
2 Ph,PAUOTE 23
(10 mol %)
3 [(Ph;PAu);0]BF, 60
(1 mol %)
4 [(PhyPAU),0IBF, 23
(1 mol %),
5% TfOH

Time Conversion (%)
6h 0
<15 min >95
1h 0
<15 min >95

Table 1

Ready to scale up? For competitive quotes on larger quantities or custom synthesis,
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com.
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catalyst loadings by using the oxonium catalyst, [(Ph;PAu);O]BF,,
in the presence of acid. This methodology was applied to the
synthesis of a variety of architecturally intriguing cyclopentanes
(Scheme 7).

5-endo-dig Carbocyclizations

While the gold(l)-catalyzed Conia-ene cycloisomerization is limited
to terminal e-alkynes, the related 5-endo-dig reaction allows for
cyclization onto nonterminal 8-alkynes providing cyclopentene
derivatives.®> While this synthetic methodology can be applied to

PPthUOTf(1 mol %)
CH2C|2 rt, 5 min

PPthUOTf(1 mol %)
CH2C|2 rt, 50 min

She
o
bl .

o
COzMe
99%

H

(0]
MeO
Me:ﬂ% 95%, 89% de

[e]
simple bicyclic molecules, it can also be used in the preparation of =
N-heterocycles and halogenated cyclopentenes (Scheme 8).
COMe
Propargyl Claisen Rearrangement PPhSAUOT? (1 mol %) § !
The Claisen rearrangement is one of the most powerful methods T CHCieh 8%
for C-C bond formation in the organic chemist’s toolbox. The H Scheme 7
isolable oxonium gold catalyst, [(Ph;PAu);0]BF,, provides access
to a variety of homoallenic alcohols via a rapid two-step, one-pot
sequence of a Claisen rearrangement of a propargyl vinyl ether, o
followed by reduction of the aldehyde functionality (Scheme 9, ©\/\&CO v PROAOTICTA%) coatte
Table 2).° The reactions are generally high-yielding, and o TG teh N oo
additionally, the catalyst system also shows a good ability to relay
resident substrate chirality into the allene products (Scheme 10).
Other Gold-Catalyzed Reactions GoaMe
The facile and high-yielding ring expansion of 1-alkynylcycloalkanols coae _PPhsAUOTY (1 mol %) 3%
to the corresponding 2-alkylidenecycloalkanones is catalyzed by T CHOkn I
several gold catalysts, including in situ-generated Ph;PAUSDF;. Scheme 8
Treatment of 1-(phenylethynyl)cyclopropanol with PhsPAUSbF,
gives exclusively the (E)-benzylidenecyclobutanone in high yield
(Scheme 11).” Using the same catalyst, pyrroles can be prepared 07N (PRPAUSOIBE, (011 mol ) R
by an intramolecular acetylenic Schmidt reaction of homopropargyl N 2Na;m. MeéH. " R‘)\/\/OH
azides (Scheme 12).2 R R®
Scheme 9
R’ R? R? Time Yield (%)
1 Ph H (CH,);0TBS 0.5h 89%
2 2-Br-CgH, H n-C,H, 6.5h 96%
3 Ph(CH,), CH, CH, Th 91%
4 —(CH,)s— (CH,)sPh Th 61%
Table 2
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[(PhgPAU)SOIBF (1 mol %)
CHyCl, rt;

)
NaBH,, MeOH, rt

4

T™S

Ph’\/\/OH 98%, 92% ee

™S

Scheme 10
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pZ PhsPAUSbFg (1 mol %) 0 Ph
HO_Z TSmO 7 )
CH,Cly, rt H\ 9%
Scheme 11
£
[e]
v
. rBu~ N PhsPAUSbFg (5 mol %)
< _hTPEPTe MO R R 72%
°= v K CH,Cly, 35 °C "'Bu/?\'*B“
U o n-Bu
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o - Scheme 12
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<@ o TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
@ | call 1-800-325-3010 (USA), or visit sigma-aldrich.com.



Tris(triphenylphosphinegold(l))oxonium ENEW )
tetrafluoroborate
CsHasAUSBF,OP; o
FW: 1480.56 o
b B

Phap \A“‘PPh3
665142-250MG 250 mg 45.00
665142-1G 19 140.00
Chloro(triphenylphosphine)gold(l), 99.9+%
CigH16AUCIP
FW: 495.71 o
[14243-64-2] o
254037-500MG 500 mg 111.50
254037-5G 59 449.00
Silver trifluoromethanesulfonate, >99%
CAQF,055
FW: 256.94 A 0L
[2923-28-6] )
176435-1G 19 18.90
176435-10G 109 64.50
176435-25G 25¢ 138.00

uss$

Silver tetrafluoroborate, 98%

AgBF,
FW: 194.67 o b
[14104-20-2] oy
208361-1G 19 18.50
208361-10G 109 75.80
208361-50G 50 g 272.00
Silver hexafluorophosphate, 98%

AgFgP .

FW: 252.83 A b
[26042-63-7) " 1
227722-1G 19 36.80
227722-10G 109 189.00
227722-50G 50 g 729.00
Silver hexafluoroantimonate(V), 98%

AgFcSb .

FW: 343.62 o e
[26042-64-8] o 1
227730-1G 19 15.80
227730-5G 59 41.70
227730-25G 25¢ 169.50

Fluorinating Reagents from Sigma-Aldrich

The importance of selectively fluorinating compounds in medicinal chemistry, biology, and organic synthesis is well appreciated and provides a major
impetus to the discovery of new and mild fluorinating agents that can operate safely and efficiently. Elemental fluorine and many electrophilic
fluorinating agents have been used in synthesis; however, most of these fluorinating agents are highly aggressive, unstable, and require special
equipment and care for safe handling. Sigma-Aldrich is pleased to offer the following alternatives, which lack these drawbacks.

CED» 4-lodotoluene Difluoride (Tol-IF,)

4-lodotoluene difluoride (Tol-IF,) is easy to handle and less toxic than many fluorinating
agents. Selective monofluorination of B-keto esters, B-keto amides, and B-diketones
takes place under mild conditions without the use of HF—amine complexes.' A new
methodology for the synthesis of fluorinated cyclic ethers was recently reported, which
utilized Tol-IF, to achieve a fluorinative ring-expansion of four-, five-, and six-membered
rings.? When one equivalent of Tol-IF, is reacted with phenylsulfanylated esters, the o-
fluoro sulfide results through a fluoro-Pummerer reaction.® When phenylsulfanylated
lactams were treated with two equivalents of Tol-IF,, the lactams were fluorinated in
the oe and B positions, resulting in diastereomeric difluorides.*

79 CsHiia O

N
HMX 7% CoHrime L‘
X =R, OR', NR';

ot
@Swﬁm/

s -CHs
or e
, PhS s
e
4-lodotoluene difluoride

HaC

o
)n

2 QN‘CHS
F

X

CH,CeH,lF, .
FW: 256.03 S
[371-11-9] EN

651117-1G 19 $32.80
651117-5G 59 112.50

Selectfluor™ Fluorinating Reagent (F-TEDA)

Selectfluor™ fluorinating reagent [(1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]
octane bis(tetrafluoroborate), or F-TEDA)] is a user friendly, mild, air- and moisture-
stable, non-volatile reagent for electrophilic fluorination. Selectfluor™ is capable of
introducing fluorine into organic substrates in one step, with a remarkably broad
scope of reactivity, often with excellent regioselectivity.” For example, allylic fluorides
can be prepared using Selectfluor™ via a sequential cross-metathesis—electrophilic
fluorodesilylation route. This route avoids the formation of byproducts that result
from allylic transposition, which is observed when nucleophilic displacement or
ring-opening reaction with DAST is attempted.®

TS
cross-metathesis

Selectfluor™
CH4CN, 1t, 48 h

R~ Fys

F

R, TMS

References: (1) Yoshida, M. et al. Arkivoc [Online] 2003(vi), 36. (2) Inagaki, T. et al. Tetrahedron
Lett. 2003, 44, 4117. (3) Motherwell, W. B. et al. J. Chem. Soc., Perkin Trans. 1 2002, 2809.
(4) Greaney, M. F. et al. Tetrahedron Lett. 2001, 42, 8523. (5) For a review, see Singh, R. P;
Shreeve, J. M. Acc. Chem. Res. 2004, 37, 31. (6) Thibaudeau, S.; Gouverneur, V. Org. Lett.
2003, 5, 4891.

Selectfluor™ fluorinating reagent

C;H14B,CIRN, CHCl

FW: 354.26 IS 2eFs
[140681-55-6] F
439479-5G 59 $20.50
439479-25G 25g 82.00

Ready to scale up? For competitive quotes on larger quantities or custom synthesis,
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com.
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Dinuclear Zinc Catalysts

The aldol reaction is arguably one of the most important C-C
bond forming reactions in the synthesis of complex molecules.
While the classical version is highly atom economical, it suffers
from chemo- and regioselectivity problems. In the case of more
selective, contemporary versions, nearly all of the reactions
require pre-formation of an enolate, enol, or an equivalent
thereof (e.g., silyl enol ethers in the Mukaiyama protocol).
Generation of these species requires stoichiometric amounts of
an adjunct reagent, decreasing from the overall atom efficiency
of the process. Barry Trost and co-workers at Stanford University
have developed a powerful catalyst technology that eliminates
the requirement for pre-formation of a nucleophilic species.

Ph__oH

=
N

Ho. Ph

:EPh
~
OH N

Et
Ph
}

o
oo _o_ Ph
Ph 74 "zn~O~¢ph
-/ s
N & N

Moreover, aldol condensations, and variants thereof, can be
performed in a highly asymmetric fashion. The catalyst system
utilizes a proline-derived ligand in combination with Et,Zn

(2 equivalents) to generate an active dinuclear zinc species in situ
(Scheme 13).

The first demonstration of this catalyst was in the condensation
of aryl methyl ketones with aldehydes.® For example, the aldol
product between isobutyraldehyde and acetophenone was
obtained in good yield and in excellent optical purity

(Scheme 14).

YA

2 EtyZn
-3 CoHg
(8,9)-ligand active species
Scheme 13
o (8,5)-ligand (5 mol %), OH O

Et,Zn (10 mol %)

Ph3P=S (15 mol %),
4AMS, THF, 5°C

62%, 98% ee

Scheme 14

In a similar fashion, use of acetone as the nucleophilic aldol
component provides access to a variety of chiral
B-hydroxyacetones (Scheme 15)."°

(8,8)-ligand (10 mol %), oH o
Trost's catalytic asymmetric aldol reaction is applicable to O/CHO )OJ\ _ Euzn(@omow) O/QK
a-hydroxyketone donors, giving synthetically useful ! 4AMS, THE, 5°C
polyoxygenated products in a stereocontrolled fashion. The 85%, 93% ee
reactions proceed at room temperature in high-yield with
good diastereoselectivity in favor of the syn-diol Scheme 15
adduct.” This methodology was utilized in the
synthesis of the natural product (+)-boronolide
(Scheme 16).?
Similarly, a-hydroxyketones undergo imine addition o
in the presence of the dinuclear zinc catalyst. This - OH  (AA-ligand 5 mol %) o OAc OAc
Mannich-type reaction is highly diastereo- and o Et;Zn (10 mol %) W — [
enantioselective, giving syn-1,2-amino alcohols o *  4AMSTHE.as'C N0 OH — 0 o
in very good yield." Both glyoxalate imines and NN 78%,97% ee O (+)boronolide
aldimines are active substrates in the imine aldol
reaction (Scheme 17).
Despite tremendous potential, the instability of Scheme 16
methyl vinyl ketone and its aldol adducts has
hampered its use in synthesis. Recently, the Trost
group reported the general catalytic asymmetric
aldol reaction using methyl vinyl ketone in Moo MeO
combination with the dinuclear zinc catalyst ]@ N]@ N-PMP s
(Scheme 18).™ o A § o g g
Ph Ph . Ph)J\/OH _ BOC | en CO,E
Of el aiCmol 0y 4 A Eon Gy 4 AW o
66%, dr>15:1, 599% ee -~ THF, -5°C ' THF, -5 °C " 79%, dr = 8:1, >98% ee
Scheme 17
€ 0
o o Ps OH O
v A R H N =
_C' (S.9)-ligand (10 mol %),
° Et,Zn (20 mol %), 4 A MS, THF or up to 66%, 98% ee
= i toluene, -5 °C to -35 °C
1
: - Scheme 18
=1E
<@ i TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
@ - call 1-800-325-3010 (USA), or visit sigma-aldrich.com.
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Until the recent development of the zinc
catalyst system, the use of methyl ynones in

aldol additions was also virtually unknown. ?

Addition of methyl ynones to a-ketal aldehydes A oo Me)\TES R;i)o\

occurs sm_oqthly to give highly functionalized e ot EE Y re—. adon N

alkyne building blocks (Scheme 19)." EteZn (10 mol %), 4 A NS, o

This strategy was used to install the C9 ’ Up to 84%, >98% e
stereochemistry in the formal synthesis of the Scheme 19

cytotoxic phosphate ester fostriecin (Figure 2).'®

The nitroaldol (Henry) reaction is an atom o
economical approach to B-hydroxynitroalkanes
that are useful intermediates in the preparation 5
of nitrogen-containing natural products. The oH
asymmetric synthesis of both (-)-denopamine fostriecin
and (-)-arbutamine relied on the dinuclear
zinc-catalyzed addition of nitromethane to
benzaldehyde derivatives (Scheme 20)."’

Figure 2

Chiral propargylic alcohols are easily accessed in H
high enantiomeric excess by Zn-catalyzed addition
\/\/\@\OH

of terminal alkynes to unsaturated aldehydes. __ ,
This reaction tolerates a variety of alkyne g " O (amuamine

CHO m.n)-ngca'l%Ng 0 mol %), N
substituents (e.g., Ph, TMS, CO,Et, and CH(OEt),), Q/ _ EZn@mol%)
R! 4AMS, THF,-35°C  R'

as well as both aryl- and a,B-unsaturated R R — OH

. H
aldehydes (Scheme 21)."® In this case, a s0.655. 85.67% oo = /@)\/N\/\C[OME
third equivalent of Et,Zn is neccessary for the ' HO OMe
formation of the zinc acetylide nucleophile. ()-denopamine
Finally, the Trost catalyst system efficiently Scheme 20

desymmetrizes meso-2-arylpropane-1,3-
diols in high-yield with an excellent degree
of stereodiscrimination.'® Of the derivatizing

agents explored, vinyl benzoate proved most OCH,
. . . . . CHO Br CHO
effective in the desymmetrization reaction :[
(Scheme 22). OCHs Ph”H
HsCO OH . . OH
. . . (S,9)-ligand (10 mol %), T™MS (8,S)-ligand (10 mol %),
Sigma-Aldrich is pleased to announce an N EtoZn (30 mol %) EtZn (30 mol %) Br N
agreement with Professor Barry Trost to ocH, ™S toluene, 4 °C l“ toluene, 4 °C Py TMS o
2 . Lo b -
dlstr!bute th|§ versatile _I|gand for resea_rch 76%, 97% co 68%, 95% ce e
applications in Zn-mediated asymmetric C—C °
bond forming reactions (Scheme 23). Scheme 21 -
®
(R.R)-2,6-Bis((2-(hydroxydiphenylmethyl)-1- CNEW ) i ©
T . Ph” 07 e
pyrrolidinyl)methyl)-4-methylphenol oH (6,igand (5 mol %) 0COPh .
,S)-ligan mol %),
Ca3HagN,O5 oM on oSy OH !?t)zz% (10 mol E3/0) OH :
FW: 638.84 S Pap— @
w
85%, 74%
K@) * Scheme 22 2
o
667625-1G 19 20.50 4
667625-5G 59 81.20 o
v,H o n
(S,5)-2,6-Bis((2-(hydroxydiphenylmethyl)-1- L NEW ] R'j\'(lnz f
pyrrolidinyl)methyl)-4-methylphenol z by
CusHaeN2 05 PR OH  po P o o
FW: 638.84 A Ko lyigsne i
z Y =NAr, Z=0H o
¥ z
668370-1G 19 20.50 R‘kH g
668370-5G 5g 81.20 W R ey CHaNO, -
vH Y=0 k H .
. Y [
R‘J\Rs R‘)\*/No2 g Ee
Scheme 23 N |E
-
- | A
00 |
Ready to scale up? For competitive quotes on larger quantities or custom synthesis, w E
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com. N




Cycloaddition Reagents

1-(2-Methoxyethoxy)-1-vinycyclopropane

Vinylcyclopropanes (VCPs) are excellent scaffolds for construction
of seven-membered and bicyclic ring systems. Paul Wender, of

O/_\O*
B

Fi 3
Stanford University, has developed a simple but versatile VCP gure
reagent (1-(2-methoxyethoxy)-1-vinycyclopropane,
Figure 3) capable of participating in a variety of rhodium- —
catalyzed cycloaddition reactions. " 2_\\07 .
Exposure of the VCP reagent to alkynes ilnlthe presence of I —Frconcn s me OQHZ
catalytic [Rh(CO),Cl], results in the expeditious formation of R? DCE, 80 °C; H*
substituted cycloheptenones via [5+2] cycloaddition (Scheme 24, Scheme 24
Table 3).2° The reaction is tolerant to a variety of functional

cwn groups (OH, NHTs, CO,H), as well as both mono- and : -

= disubstituted acetylenes. The combination of rapid reaction Entry R’ R? Time Yield (%)

=0 times, low catalyst loadings, and the ability to perform the 1 H H 2h 75%

© 9 reaction on a significant scale (100 mmol), make this method of - .

'g o cycloheptenone formation extraordinarily cost-effective. 2 H CO,Me 10 min 84%

_‘ Using similar conditions, Wender expanded the scope of 3 COEt COEt Th 96%

> this methodology to perform three-component [5+2+1] 4 CH,0H 25 min 82%

(@) cycloadditions by performing the reaction under mild CO . 0
pressure.?’ With the presence of CO, an intermediate > H CH,NPhth 11 min 7%
cyclooctadienone is formed by CO insertion. This species rapidly 6 H 1-cyclohexenyl 7h(r) 85%
undergoes transannular closure. Subsequent hydrolysis of

i . the enol ether furnishes the observed bicyclo[3.3.0loctenone Table 3
| (Scheme 25). This general method was used to prepare an array
of bicyclooctenes in good to excellent yield (Table 4). Notably, d oo
the cycloaddition occurs with complete regioselectivity and with R @—\ o Rl
tolerance of heteroatom-containing functional groups. P — [?\an —
A final elaboration of this methodology was achieved by use A gorc.coti-zamin o
of phenylacetylenes in a non-polar solvent system to give
hydroxyindanones (Scheme 26).22 With this relatively simple (7 9H - .y
change, a two-fold CO insertion occurs, resulting in a net A~ %:QR‘ —_— %:I:%R‘
four-component [5+1+2+1] cycloaddition! OH e OH g2 Scheme 25
Lastly, the scope of this general class of reactions was broadened
to include other mt-systems. Specifically, allenes participate in » 5 . - .
intermolecular [5+2] cycloadditions with the VCP reagent to give Entry R R Time Yield (%)
cycloheptanone derivatives (Scheme 27).% 1 C(0)CH, Et 20 h 97%
. 2 C(O)NH, Ph 40 h 96%
1-(2-Methoxyethoxy)-1-vinycyclopropane <D
CH1s0, 3 CHO Ph 26 h 69%
VAR
FW: 142.20 3{‘ 4 CO,Et ™S 26h 67%
[278603-80-8]
Table 4
666246-1G 19 65.00
w—Dichlorotetracarbonyldirhodium(l), 97 % o o— o 0
C4C|ZO4Rh2 oc. el co \“ a—\ é é
. N N Ar — Ar
FW: 388.76 LWL Ar [R(CO),CI]; (2.5 mol %), toluene- [ [
[14523-22-9] oc” o’ ‘o decane, 60 °C, CO (1 atm); H* o o o OH
209031-250MG 250 mg 53.50 ° °
209031-1G 1g 180.50 °m°§m g“’ o
OH OH
Scheme 26
£
o
U. Me :Me O/_\O—
= | <N e
= =3 et [Rh(CO),Cll (1 mol %), NP w9
H _; " = DCE, 80 °C; H* o
E - Scheme 27
o | o
£
<@ o TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
@ | call 1-800-325-3010 (USA), or visit sigma-aldrich.com.
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MacMillan Imidazolidinone OrganoCatalysts™

Metal-Free Asymmetric Catalysis

Product Highlights

e Superior enantiocontrol in numerous
transformations

e High activities at low catalyst loadings
e Extraordinary functional group tolerance

e Asymmetric a-fluorination employed in natural
product synthesis

M acMillan and co-workers have created chiral imidazolidinone organo-catalysts that function as the linchpin in a variety of directed
enantioselective organic reactions, including the enamine-catalyzed a-chlorination and 1,3-dipolar cycloaddition of aldehydes. Sigma-Aldrich
is pleased to offer six imidazolidinone organocatalysts in our collaboration with Materia, Inc. that mediate rapid and enantiocontrolled C—F and C-H
bond formation. In the former process, catalyst 1 was utilized in low (5 mol %) loadings in the first example of organocatalytic advanced
enantioselective a-fluorination of aldehydes to afford a broad spectrum of highly enantioenriched alcohols.

o) MeM Bn, o Me
N_Me ) '
P<M N= N>;Me Bn, Bn,
0 e N e . o N Me N-O N-O
I T (D 4 0 ‘DCA _ Ho Y H-Hol A\ Me Ar “Me
H Ph N % 10 Cl
b 5 mol %, =10 °C, THF, F * 20 mol %, +4 °C, CHO CHO
i-PrOH, NaBH,, CHoClo ee range S CH3NO,, H,O
91-99% Me™ X" 78%, endo:exo 92:8, 95% ee (endo)

References: (a) MacMillan, D. W. et al. J. Am. Chem. Soc. 2000, 722, 9874. (b) MacMillan, D. W. et al. J. Am. Chem. Soc. 2005, 127, 8826.

(25,5S5)-(-)-2-tert-Butyl-3-methyl- L NEW ] (55)-2,2,3-Trimethyl-5-benzyl-4- L NEW ] (55)-2,2,3-trimethyl-5-phenyl- CNEW )
5-benzyl-4-imidazolidinone, 97% imidazolidinone dichloroacetic acid methyl-4-imidazolidinone mono-
(25,55)-2-tert-Butyl-3-methyl-5-phenylmethyl-4- Cy5H50C1LN,0; hydrochloride, 97%
imidazolidinone Me FW: 347.24 o. NMeMe Cy5H4gN,0 - HCI o M
FW: 246.35 N Me N COLHCOOH [278173-23-2] N Me

H = CClo H
[346440-54-8] “HCI
663107-500MG 500 mg $60.00 663085-500MG 500 mg $55.00 569763-500MG 500 mg $30.00
663107-1G 149 95.00 663085-2G 2g 150.00 569763-2G 29 80.00
(2R,5R)-(-)-2-tert-Butyl-3-methyl- L NEW (5R)-2,2,3-Trimethyl-5-benzyl-4- L NEW (5R)-2,2,3-trimethyl-5-phenylmethyl- L NEW )
5-benzyl-4-imidazolidinone, 97 % imidazolidinone dichloroacetic acid 4-imidazolidinone monohydrochloride, 97%
CysH,N,O Me C15H,0CILN, 04 o Me Cy5HN,O - HCI o Me
FW: 246.35 Ogp N Me FW: 347.24 N Me FW: 254.76 N, Me
[390766-89-9] @i,f we Q\\IN% Me [323196-43-6] @miﬁ‘ Me

H H . celHCo0H H.Hol
663093-500MG 500 mg $60.00 663077-500MG 500 mg $55.00 663069-500MG 500 mg $30.00
663093-1G 19 95.00 663077-2G 29 150.00 663069-2G 29 80.00

For more information, please visit us at sigma-aldrich.com/catalysis.

@
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Suzuki Coupling

Boronate Esters

C-C bond formation via the Suzuki-Miyaura reaction is one

of the most powerful and thoroughly explored facets of Pd-
catalyzed cross-coupling. The boron-based nucleophiles utilized in
this reaction offer distinct advantages over other organometallic
coupling reagents. Both boronic acids and boronate esters are
highly nucleophilic, exhibit a broad range of functional group
tolerance, and are substantially less toxic than heavy metal
organometallic reagents such as organotins.

Benzylboronic acid pinacol ester, 96%

C13H‘\QBOZ

FW: 218.10 8- CHs
[87100-28-5] ©AH°Z§C )
659207-1G 19 35.00
659207-10G 1049 200.00
4-Methylbenzylboronic acid pinacol ester, 97% LN
C14H21802 /()ﬁ o o
FW: 232.13 80
[356570-52-0] o S
663298-1G 19 38.00
663298-5G 59 125.00
4-(Trifluoromethoxy)benzylboronic acid pinacol L NEW )

ester, 97%

C,,4H,BF;0, 0.
FW: 302.10 oA
[475250-46-5] e ot
662879-5G 59 125.00
Cyclopropylboronic acid pinacol ester, 96%
CgH,,BO, oy
FW: 168.04 s
[126689-01-8] o
659851-1G 19 67.50
659851-5G 59 225.00
Isopropenylboronic acid pinacol ester, 95% <D
CqH,,BO,
FW: 168.04 2o o
[126726-62-3] &) CHs
HaC CHg

663212-5G 5g 75.00
trans-2-Cyclopropylvinylboronic acid pinacol ester, 96%
CHH‘\QBOZ
FW: 194.08 A o

0. I3
[849061-99-0] e
653942-1G 19 29.50
653942-5G 59 98.30
trans-1-Pentenylboronic acid pinacol ester, 97 %
CHHZWBOZ
FW: 196.09 M %)
[161395-96-6] HaG CHy
665169-1G 19 36.00
665169-5G 59 120.00

Sigma-Aldrich is pleased to offer the following boronate esters

as part of our growing portfolio of reagents used in the Suzuki
coupling reaction. Included in this listing are five novel 2-
pyridylboronate esters. While most pyridylboronate esters readily
undergo hydrolysis, those ligated to N-phenyldiethanolamine are
stable reagents amenable to long-term storage. Most importantly,
they exhibit high activity in cross-coupling reactions.?*

trans-5-Chloro-1-penteneboronic acid pinacol ester, 97%
C,,H,,BCIO,

"N -0 CH

FW: 230.54 b%cm
[154820-95-8] HiC CHy
652067-5G 59 47.80
652067-25G 25¢9 166.50
trans-1-Hexenylboronic acid pinacol ester, 97% <D
Cy2H,3BO, S0 CHs
FW: 210.12 e § o
[126688-97-9] HaC CHo
663743-1G 19 36.00
663743-5G 59 120.00
trans-1-Heptenylboronic acid pinacol ester, 97% <D
CBHZSBOZ
FW: 224.15 HiC 7 ~5-0_ CHy
[7169339-75-7] o Ot
HaC CHa
662992-5G 59 100.00
trans-1-Octenylboronic acid pinacol ester, 95% <D
C14H27BOZ
FW: 238.17 e g0 o
[83947-55-1] wore
663050-1G 19 40.00
663050-10G 109 225.00
1-Phenylvinylboronic acid pinacol ester, 96%
C,,H,BO, HG  cHy
FW: 230.11 e
[78782-27-1] o0
659193-1G 19 37.50
trans-2-(4-Ethylphenyl)vinylboronic acid pinacol ester, 97% <«&E»
CW6HZBBOZ HaC_ CHs
FW: 258.16 07 drs
"0 CHg
H3Cv©/\/
662798-1G 19 90.00
662798-5G 59 300.00
trans-2-(3-Chlorophenyl)vinylboronic acid pinacol ester, 97%
C14H1SBCIOZ HaC_ CHs
FW: 264.56 o 0t
[871125-84-7] e
665533-1G 19 90.00
665533-5G 59 300.00

TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
call 1-800-325-3010 (USA), or visit sigma-aldrich.com.
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trans-2-(2,4-Difluorophenyl)vinylboronic acid pinacol CNEW) 2-Pyridineboronic acid N-phenyldiethanolamine ester
ester, 96% CisH1,BN,0, )
|
C1aH,,BF,0, Ho, o FW: 268.12 @Eé’}
FW: 266.09 F 0 5o [662138-96-7] o
[736987-78-3] o
F 647284-1G 19 19.70
664871-1G 19 50.00 647284-5G 59 77.90
664871-5G 59 190.00 647284-10G 109 140.50
1,4-Benzenediboronic acid dipinacol ester, 97% PNEW S 4-Methyl-2-pyridineboronic acid N-phenyldiethanolamine ester
C‘\SHZSBZOA HaC_CHa C16H1QBNZOZ CHg
FW: 330.03 ° ot FW: 282.15 5 o
o e A
[99770-93-1] v O‘BQ [849100-03-4] N O&N\Ph
et 648841-5G 5g 68.90
663816-5G 59 87.50 5-Methyl-2-pyridineboronic acid N-phenyldiethanolamine ester g
. . Ly Ci6H19BN, O N
6-Chloropyridine-3-boronic acid pinacol ester, 97% F\}\(;: 12982.21 52 Hacﬁo c
C1;HsBCINO, i o VoE =
FW: 239.51 o o, = A
> °0" CHy
[444120-94-9] LT 648825-1G 1g 47.80 g
659843-1G 19 7500 648825-5G 59 188.00 -g
659843-5G 59 250.00 6-Methyl-2-pyridineboronic acid N-phenyldiethanolamine ester ‘g
7-Chloroquinoline-4-boronic acid pinacol ester, 90% C16H1sBN,O, )@Lg@
FW: 282.15 HC™ N 0B
CysH4,BCINO, HG%_gZSH o jen
. HiC I3
Fgﬁggg@ 6] Og° 648817-1G 19 18.00
et Q 648817-5G 59 72.10
Cl \N
6-Methoxy-2-pyridineboronic acid-N-phenyldiethanolamine
658596-1G 19 114.50 e
1-(Phenylsulfonyl)-3-indoleboronic acid pinacol ester, 97% E\}\G/H;gg’\lz]% . CO@;‘;
CyoH2,BNO,S o + 298. oo
FW: 383.27 649155-1G 1g 47.50
870717-93-4] ©8 649155-5G 59 187.50
50,Ph [e]
654280-1G 19 75.00 by
654280-5G 59 250.00 -
: : ®
Ch emina rSTM ng”]a‘:q-"d”'(:h s N'EW WEb‘BHSEd g
Chemistry Seminars w
&
w
o
Cheminars™ °
Py
= Featuring the latest innovative chemical synthesis technologies 3
and products Z
o
» Access directly via your desktop browser -
1%
« Convenient navigation :
<
* Highly interactive o
To check out Sigma-Aldrich’s new Web-based chemistry seminar series, 16>
please visit sigma-aldrich.com/cheminars. A
=
o |3
Ready to scale up? For competitive quotes on larger quantities or custom synthesis, w E
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com. N
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Potassium Organotrifluoroborates

Boronic acids, boronate esters, and organoboranes have typically
been the boron-based reagents of choice in Suzuki-Miyaura cross-
coupling reactions. While in many instances these reagents provide
suitable results, each has inherent limitations. Organoboranes

are limited by their hydroboration method of preparation, and
hence suffer from functional group incompatibility. Boronic

acids may have indeterminate stoichiometry as a result of partial
cyclodehydration, and moreover can be difficult to purify. While
boronate esters don‘t suffer these drawbacks, they lack atom
economy and are more costly.

Potassium organotrifluoroborates are an attractive alternative to
other boron-based reagents. The air- and moisture-stable salts

are readily accessible by a variety of high-yielding methods. The
tractable, crystalline solids are suitable for storage for extended
periods of time. The post-reaction byproducts (salts) are readily
separated from the desired product. Most importantly, these

novel nucleophiles perform as well as boronic acids and esters in
cross-coupling and other important reactions. Additionally, the
BF;K moiety is compatible with sensitive functional groups and

is tolerant to “hostile” reaction conditions such as epoxidation,?
ozonolysis,?® osmylation,?® and metal-halogen exchange

(Scheme 28).2° Sigma-Aldrich has partnered with Gary Molander at
the University of Pennsylvania in a collaborative effort to provide an
array of potassium organotrifluoroborates, thereby expanding the
toolbox of available boron reagents.

Potassium organotrifluoroborates exhibit superb behavior in

the Suzuki-Miyaura reaction and provide a powerful method

for the construction of important structural motifs including
functionalized alkenes and arenes; 1,3-dienes; styrenes; biaryls; and
complex heterocyclic natural products.

The Molander group successfully demonstrated facile bond
formation between alkyltrifluoroborates and alkenyl triflates
(Scheme 29).%’ Presence of water was found to be essential, and
use of Cs,CO; was more effective than other bases (e.g., K,CO;,
K;PO,, CsOH, NaOAc, or KOH).

Application of these conditions to the cross-coupling of
alkyltrifluoroborates and aryl bromides or triflates gave excellent
results, providing access to a myriad of functionalized arenes
(Scheme 30)."%®

The stereospecificity of this reaction is illustrated by cross-coupling
of alkene partners, giving synthetically versatile 1,3-dienes
(Scheme 31).% Access to any one of the four possible geometrical
isomers is achieved simply by choosing the appropriate
trifluoroborate nucleophile and alkenyl bromide.

Vinylation of arenes by alkenyltrifluoroborates has proven to be

a very general reaction. Aryl bromides, iodides, and triflates all
perform well, giving functionalized styrene derivatives in good-to-
excellent yields (Scheme 32).3%3

Until recently, biaryl coupling of trifluoroborates was limited to
the use of more reactive aryl coupling partners: aryl triflates,
iodides, and bromides.?*3* Buchwald et al. were able to assemble
sterically-conjested biphenyls using ordinarily unreactive aryl
chlorides (Scheme 33).3° This was achieved by the use of S-Phos
as a ligand additive to the reaction mixture.

RPN BFK
R2

0-0 .
)& (1.2 equiv) o
H‘/ﬂ/BFaK 70-85%
acetone R2
1) O3, ~78 °C /\/L
2) MesS KF4B o 5%

BF3K
\/©/

Q/ BFsK
Br 2)

0s0y (cat.), NMO
acetone, +-BuOH, H,O

BFgK
68%
HO'

OH

1) n-BuLi, THF, 78 °C

BFaK
- 5 70%
CHO
CF oH

Scheme 28
COEt COzEt
PdClx(dppf)*CH,Cl (cat.)
Bn—BFK + TfO Bn 89%
CspC03, aq. THF °
Scheme 29
CFq CFy

Br
HsC-BFsK  +
ON

2l

PdCly(dppf)*CHCl, (cat.)
it ditthatin A

Cs,CO3, aq. THF
2!

CHa
83%
N

Scheme 30
BFgK
Ph w2 Pd(OAc); (cat.), PPhg
. IS o i N
Cs,CO3, aq. THF
nf""\/\/\
Br cl
’ 86%, E, E Stereospecific
88%, E, Z synthesis of four
85%, Z, E geometrical isomers
86%, Z, Z
Scheme 31
A BRK
+ PdClo(dppf)*CH.Cl, (cat.) = 95%, X = OTf
X 90%, X = Br (MeOH)
EtN, n-PrOH Ac 73% X=1
Ac
Scheme 32
Me Me Pd(OAc); (cat.) MeMe
S-Phos
BFsK + Gl O O 92%
KoCOg, ROH
Mé Me
S-Phos = O poy
MeO. O OMe
Scheme 33

TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
call 1-800-325-3010 (USA), or visit sigma-aldrich.com.



Kabalka and co-workers have also made headway in the field
of biaryl coupling by employing microwave synthesis.*® Use of
microwaves dramatically reduced reaction times relative to the
thermal reaction. Aryl iodides containing electron-withdrawing
groups or electron-donating groups worked equally well
(Scheme 34).

Lastly, the Molander group demonstrated the generality

of potassium organotrifluoroborate cross-coupling in the
preparation of the salicylate enamide natural product

oximidine Il (Scheme 35).%” The key ring-closure step utilized

an intramolecular C—C bond formation between a potassium
styryltrifluoroborate and a 1-bromo-1,3-diene to give the desired
macrolide framework.

In addition to Suzuki-Miyaura cross-coupling, potassium
organotrifluoroborates participate in other synthetically useful
reactions such as 1,2-addition to aldehydes® and sulfinimines;*
conjugate addition to enones;***° C-N bond formation;*'
halogenation;* and allylation** (Scheme 36).

For further information about potassium organotrifluoroborates,
please view our Cheminars™ at sigma-aldrich.com/cheminars.

Potassium hydrogenfluoride solution, 3 M in water <D
HF,K

FW: 78.10 "
[7789-29-9] ’
663883-25ML 25 mL 12.50
663883-100ML 100 mL 19.00
663883-500ML 500 mL 38.00
Potassium methyltrifluoroborate <D
CH;BF;K

FW: 121.94

637890-1G 19 35.00
637890-5G 59 110.00
Potassium butyltrifluoroborate, 95% CNEW S
C4HoBF-K

FW: 164.02 HeC™ " BRK
[444343-55-9]

660094-1G 19 18.50
660094-5G 59 62.50
Potassium benzyltrifluoroborate, 95%

C,H,BF;K

FW: 198.03 BFgK
[329976-73-0]
563056-1G 19 65.00
563056-5G 59 220.00

uss$

PdCly(dppf)»CH,Cl, (cat.)

BFgK |
SEAING
MeO

Hiinig's Base, aq. i-PrOH
100 °C, 10 min, MW

MeO’

Scheme 34

OBn
OH O Pd(PPhg); (cat.),
0P OMOM Cs,C04
i N
AN aq. THF
| Br

BF3K

oximidine Il

Scheme 35
OH
R')\R
-
OH " 5
A — g Hy S0
R ~ R—CHO NI/S\\O R‘)\R
R')\H
R—CHO
R= Ao R-BFaK o
Chlo’;‘aan):iyne-T R'—NH; 2
. or :)kk
R—OH N Ng
H
R—N or R—O-R
R
Scheme 36
Potassium vinyltrifluoroborate, 95% CNEW S
C,H;BF;K
FW: 133.95 P
[13682-77-4]
655228-1G 19 25.00
655228-5G 59 83.20
Potassium trans-1-decenyltrifluoroborate, 95%
CioHq9BF5K
FW: 246.16 HaC™ NS BRK
[479678-72-3]
637882-1G 19 35.00
637882-5G 59 110.00
Potassium trans-styryltrifluoroborate
CgH,BF;K
FW: 210.05 N BFK
[201852-49-5]
576158-1G 19 38.20
576158-5G 59 120.00
Potassium phenyltrifluoroborate, 95%
CgHsBF;K
FW: 184.01 BFSK
[153766-81-5] ©/
563951-1G 19 33.10
563951-5G 59 105.00

Ready to scale up? For competitive quotes on larger quantities or custom synthesis,
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com.
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Potassium p-tolyltrifluoroborate
C,H,BF;K

FW: 198.03

[216434-82-1]

o
HeC

571555-1G 19 39.70
571555-5G 5¢ 125.00
Potassium 4-acetylphenyltrifluoroborate, 97%

CgH,BF;KO

FW: 226.05

BF3K
-

CHy

[252726-24-2]

657050-1G 19 25.00
657050-5G 59 83.20
Potassium 4-carboxyphenyltrifluoroborate, 97%

C,HsBF;KO,

FW: 228.02

o
HO,C

[850623-38-0]

657069-1G 19 24.00
657069-5G 5¢ 80.00
Potassium 4-(trifluoromethyl)phenyltrifluoroborate, 96 %
C,H,BFK

FW: 252.01

FsC

af

[166328-08-1]

576131-1G 19 39.70
576131-5G 59 125.00
Potassium 3-hydroxyphenyltrifluoroborate, 96 %

C.HsBF;KO

FW: 200.01

[871231-45-7]

HO\©/BF3K

24.00
80.00

659746-1G 19
659746-5G 59

Potassium 3-fluorophenyltrifluoroborate, 96 %
CeH,BF,K

FW: 202.00

[267006-24-6]

659770-1G 19
659770-5G 59

F\©/ BFgK

24.00
80.00

Potassium 2,4-difluorophenyltrifluoroborate, 95%

CH3BFK .
F/C[F

FW: 219.99
[871231-41-3]

656992-1G 19
656992-5G 59

28.10
93.60

Potassium 4-bromophenyltrifluoroborate
C.H,BBrF:K

FW: 262.90

[374564-35-9]

571547-1G 19
571547-5G 59

Br

38.20
120.00

Potassium 2-naphthalenetrifluoroborate
CyoH;BF5K

FW: 234.07

[668984-08-5]

657018-1G 1g
657018-5G 59

EFgK

28.10
93.60

Potassium 3,4-(methylenedioxy)phenyltrifluoroborate, 97%
C,HsBF;KO,

FW: 228.02 <°ij
[871231-46-8] ©

659754-1G 1g 24.00
659754-5G 59 80.00
Potassium 5-methyl-2-thiophenetrifluoroborate, 95%
CsHBF,KS

FW: 204.06 wo L arx
[871231-40-2]

654949-1G 1g 28.10
654949-5G 59 93.60

Stabilized 2-lodoxybenzoic Acid (SIBX)

Since 1994, 2-iodoxybenzoic acid (IBX) has been well recognized as a very powerful and selective oxidizing agent. Similar to the Dess—Martin
periodinane, IBX is an environmentally benign alternative to metal-based oxidizing agents. However, IBX is not often used due to the fact that
it is an impact-sensitive explosive material, which prevents its shipping and transport, as well as its application in industry.? Sigma-Aldrich is
pleased to introduce a stabilized formulation of IBX (SIBX) that displays none of the explosive properties of IBX, while maintaining excellent
reactivity and selectivity.

SIBX has demonstrated use in the:
 Oxidation of alcohols to carbonyl compounds.?

* Oxidative demethylation of 2-methoxyphenols.?

 Oxidative dearomatization of 2-alkylphenols into orthoquinols (alternative to Barton or Adler oxidations).*

2-lodoxybenzoic acid, stabilized (45 wt. % IBX)
C,Hs10,
FW: 280.02

o]
uﬁo
[61717-82-6] ZI

X
HO

661384-1G 19
661384-10G 109

27.50
195.00

(1) Frigerio, M.; Santagostino, M. Tetrahedron Lett. 1994, 35, 8019. (2)
Plumb, J. B.; Harper, D. J. Chem. Eng. News 1990, 68, 3. (3) Ozanne, A. et
al. Org. Lett. 2003, 5, 2903. (4) Quideau, S. et al. Arkivoc, 2003, 6, 106.

TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
call 1-800-325-3010 (USA), or visit sigma-aldrich.com.
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Other Reagents

Diazald®

Diazomethane is an extremely versatile reagent for the
preparation of both C-0 and C-C bonds.* It is one of the most
common methylating reagents for carboxylic acids and has
found extensive application in the alkylation of phenols, enols,
and heteroatoms, such as nitrogen and sulfur. Diazomethane
has also been used in cycloalkanone ring expansion, preparation
of a-diazo ketones from carboxylic acid halides, and pyrazoline
formation (Scheme 37).

Due to the toxicity and unstable nature of diazomethane, all
reactions involving its preparation and use should be carried
out using proper precautions.* Sigma-Aldrich is pleased to
offer Diazald® as the preferred diazomethane precursor, as well
as a variety of specialized glassware for safe generation of this
versatile reagent. Diazomethane can be conveniently prepared
and purified as a solution in a variety of scales (1 to 300 mmol),
depending on the glassware kit chosen.

Diazald®, 99%

CaHyoN,055 o

FW: 214.24 S NO
[80-11-5] HBCQ Gt
D28000-25G 25¢ 14.00
Diazald® Kit with Clear-Seal® joints

Z100250-1KT 564.00
Diazald® Kit with System 45° compatible connections
Z7419761-1SET 635.00
Mini Diazald® Kit with ST/NS 19/22 Clear-Seal® joints
Z108898-1EA 267.50

Diethyl Azodicarboxylate (DEAD)

Due to stricter safety regulations, shipment of diethyl
azodicarboxylate (DEAD, Figure 4) as a dry reagent is prohibited
in the United States. Sigma-Aldrich has achieved full compliance
with UN and U.S. DOT safety regulations, and is pleased to offer
this extremely versatile reagent as a stable and safe 40% solution
in toluene.

The most widespread application of DEAD is as an activating
reagent in the Mitsunobo reaction. Under the Mitsunobo
protocol, numerous transformations are possible including
stereochemical inversion of secondary alcohols, aminations, and
macrolactonizations. For example, Flrstner’s total synthesis of
(-)-balanol relied on the preparation of a chiral azide
intermediate available from the corresponding stereoinverted
alcohol (Scheme 38).%

Keck utilized the DEAD-assisted Mitsunobo esterification to
prepare a crucial intermediate in the synthesis of the antiviral
alkaloid, 7-deoxypancratistatin (Scheme 39).%

uss$

o
J\OCHg
o
R)LOH
o
A g
o / H
JNe —— o, | —————
R o
RJ\CI
R' R?
RS R
R R?

R® R*
.N

N
Scheme 37

Mini Diazald® Kit with ST/NS 19/26 Clear-Seal® joints

7202509-1EA 268.50
Macro Diazald® Kit with ST/NS 24/40 Clear-Seal® joints
Z108510-1KT 854.00
Macro Diazald® Kit with ST/NS 29/32 Clear-Seal® joints
7203076-1KT 1155.00
o
EtoTrN\\N)koa
o
Figure 4
OBn OBn
OH N3
@ (PhO),P(O)N3, PPhs, DEAD @ o1
N THF, 1t N
\BQC \BQC
Scheme 38
0 OH
0 omoMm <oj©q o omOMm
-0 o -0,
| THF, 1t Br J
“0Bn “OBn
Scheme 39

Ready to scale up? For competitive quotes on larger quantities or custom synthesis,
contact SAFC™ at 1-800-244-1173 (USA), or visit www.safcglobal.com.
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The azo-linkage in DEAD is also an active Michael acceptor. In
the presence of a copper(ll) salicylaldehydate catalyst,
B-ketoesters add cleanly to DEAD, giving the corresponding

hydrazine derivative (Scheme 40).® In a similar fashion, @i oeno.cuth A
copper(ll) salts also catalyze the addition of boronic acids to é)koa Tomenernt e e
DEAD in essentially quantitative yield.* E10,C Jo=
In addition to C-O and C-N bond formation, DEAD can be
used in the construction of C—C bonds. Optically active 3-aryl-3- ©
substituted propanoic acids can be readily prepared in excellent @B‘OH’Z pEAD.Cuth L f e
enantiomeric excess from chiral secondary benzylic alcohols THF, 1t \rof N oR
(Scheme 41).°°
Scheme 40

Diethyl azodicarboxylate solution, 40 wt. % in toluene
CeHioNO, o
FW: 174.15 go_n,
[1972-28-7] e
563110-100G 100 g 98.80 OH  HO(CO:E, G(COZENs 1) OH™ ICOZH

AR DEAD, PRy Ar R 2) H Ar R
Diethyl azodicarboxylate, polymer-bound P 10 90%, 99% ce
561851-1G 19 60.00
561851-5G 5¢g 200.00 Scheme 41
561851-25G 25¢ 900.00
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Catalysis Screening Kits

Accelerate Methodology Discovery
and Process Optimization

e Rapid Screening
e Sampler Format
e Cost Savings

ccelerate methodology discovery and process optimization with

Sigma-Aldrich’s new chemistry kits for catalysis screening. Kits
contain sets of related catalysts, ligands, and scavengers with varying
steric and electronic properties useful for rapid screening of catalysis !
conditions. Now available in sampler format with individual components 5
packaged for multiple experiments and mini scale-up. Cost of kit less than '“\“'
total cost of individual components.

NEW!

Buchwald Ligands I NHC Ligands | QuadraPure™ Scavengers
‘/§ PC O PC N/ZB—\N\@ NN )SL
_—PCy, Ve & & \( —CO,H
| BF, Y BF, d” NH, C)”N¥
_N /‘ MeO. OMe CO.H
S O m D OH
® @
O P orvte O
PCy, P(tBu), e} N

. o 200
c' Dy Dy
H \—/ H

O P(LB0)s 662232-1KT  1-g bottles ~ $197.00 659428-1KT  5-g bottles  $290.00

659932-1KT  1-gbottles  $234.50

Other Catalysis Kits from Sigma-Aldrich

Homogeneous Pd Catalysts | Phosphine Ligands |

PdCl, e Pd(OAC), ® Pd,(dba); ® Pd(PPh,),Cl, ® PPh; e PCy, ® P(t-Bu);H-BF, ® P(o-tolyl); ®

Pd(PPh,),  [Pd(ally)Cl], ® Pd(dppf)Cl, P(2-furyl); » dppp ® dppf

659975-1KT 1-g bottles $296.00 659940-1KT 1-g bottles $184.00

Heterogeneous Pd Catalysts | Pd EnCat™

Palladium, 10 wt. % on activated carbon e Palladium, Pd EnCat™ 30 @ Pd EnCat™ 40 e Pd EnCat™ TPP30 Request your free copy
10 wt. % (dry) on activated carbon e Palladium, 10 wt. % Pd EnCat™ TOTP30 * Pd EnCat™ BINAP30 e Pd EnCat™ 30 NP of the latest catalysis
on Al,O; e Palladium, 5 wt. % on BaSO, e Palladium, 659959-1KT 1-g bottles $326.00 product guide.

5 wt. % on CaCO;,, lead-poisoned (Lindlar catalyst) e

Palladium hydroxide, 20 wt. % palladium on carbon Visit sigma-aldrich.com/

chemfiles.
659967-1KT 1-g bottles $82.50
A .
|sigma-aldrich.com‘ LEADERSHIP IN LIFE SCIENCE, HIGH TECHNOLOGY AND SERVICE '@ALDRICH
ALDRICH ¢ BOX 355 « MILWAUKEE ¢ WISCONSIN * USA Advancing Science

EnCat and QuadraPure are trademarks of Reaxa Ltd.
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«&» Solvias® Chiral Phosphine Ligands
The Ultimate Toolkit for Asymmetric Catalysis

80 air-stable, non-hygroscopic
ligands and catalysts

Modular and tunable ligand design
Industrially proven applications

CD-ROM including CoA's and MSDS
for each product

All in one convenient kit!

Sigma-Aldrich, in collaboration with Solvias, is proud to present the Chiral Ligands Kit—
the ultimate toolkit for asymmetric catalysis!

The Solvias Chiral Ligands Kit is designed to allow rapid screening of chiral catalysts
and contains sets of the well-known Solvias ligand families below.

--\".r L~ E
"BF OFF B 0B S &

Josiphos Walphos Mandyphos Taniaphos Naud Butiphane Solphos

All products in the kit are 100-mg sample sizes and available in both enantiomeric forms
giving you access to a total of 80 products.

Easy Reordering
All 80 ligands are available from Sigma-Aldrich individually in 100-mg, 500-mg, 1-g,
and 5-g package sizes for easy reordering.

Solvias® Chiral Ligands Kit

12000-1KT 1 Kit $3,750.00

For detailed information about the ligand kit and individual components,
please visit sigma-aldrich.com/solviasligands.

LEADERSHIP IN LIFE SCIENCE, HIGH TECHNOLOGY AND SERVICE
ALDRICH * BOX 355 * MILWAUKEE » WISCONSIN  USA Advancmg Science

| sigma-aldrich.com

Solvias is a registered trademark of Solvias AG.
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More Innovative Products from Sigma-Aldrich

Sigma-Aldrich is pleased to offer the following building blocks for chemical synthesis, expanding
your world of research possibilities.

4-lodobiphenyl
CioHsl

FW: 280.10
[1591-31-7]

637769-5G 5¢
637769-25G 25¢

3-Bromophenethyl bromide, 97 %
CeH:Br,

FW: 263.96

[40422-70-6]

653802-1G 19
653802-10G 109

5-Bromo-6-bromomethyl-1,3-benzodioxole, 96 %
CgHgBr,0,

FW: 293.94

[5434-47-9]

653748-5G 5g
653748-25G 25g

4-Methylphenethyl bromide, 97%
CoH,Br

FW: 199.09

[6529-51-7]

653810-1G 19
653810-5G 59

3-Bromo-4-nitrobenzoic acid, 97%
C,H,BrNO,

FW: 246.01

[101420-81-9]

659304-1G 1g
659304-5G 5g

4-Bromo-3-iodotoluene, 97%
C,HgBrl
FW: 296.93

659312-1G 19
659312-5G 59

3-lodo-4-nitrotoluene, 97 %
C,HgINO,

FW: 263.03

[52488-29-6]

659320-5G 5g
659320-25G 259

3-lodo-4-methoxybenzyl alcohol, 97%
CgHqlO,
FW: 264.06

659339-1G 19
659339-10G 1049

2. ALDRICH'

Advancing Science

$87.40
327.50

Br\©/\/ Br

$20.00
110.00

Br o
o LI
o

$30.70
109.00

"
HaC

af

$22.50
75.00

HOQC\@Er
NO.

$52.50
186.00

2

"
B

$26.50
92.60

r

O
NO,

$55.60
195.00

X,
OCHy

$20.30
109.00

Methyl 2-bromo-5-methoxybenzoate, 97%
CoHyBrO;

FW: 245.07

[35450-36-3]

659290-5G 5¢
659290-25G 25¢

2-Bromo-2',6’-diisopropoxy-1,1'-biphenyl, 95%
CigH,1BrO,

FW: 349.26

[870703-70-1]

660221-5G 59
660221-25G 25¢

2-Fluoro-5-iodopyridine, 97 %
CsHSFIN

FW: 222.99

[171197-80-1]

660043-1G 19
660043-10G 109

5-Bromo-2-(trifluoromethyl)pyridine, 97 %
CgH,BIFsN

FW: 225.99

[436799-32-5]

661104-500MG 500 mg

3-Bromo-5-(trifluoromethyl)pyridine, 97%
CgH5BrFsN

FW: 225.99

[436799-33-6]

661112-500MG 500 mg

2-Bromo-6-(trifluoromethyl)pyridine, 97%
CgH5BrFsN

FW: 225.99

[189278-27-1]

661147-500MG 500 mg
2-Bromo-5-(trifluoromethyl)pyridine, 97%
CeH3BrisN

FW: 225.99

[50488-42-1]

661120-1G 1g

5-Bromo-3-nitropyridine-2-carbonitrile, 95%

CeH,BrN;0,

FW: 228.00

[573675-25-9]

662968-5G 59
662968-25G 25¢

TO ORDER: Contact your local Sigma-Aldrich office (see back cover),
call 1-800-325-3010 (USA), or visit sigma-aldrich.com.

Br
cho( I OCHg

o

$43.20
151.00

O Br,

$31.80
106.00

FiCo_~_Br

N

$52.00

=

FiC” N7 Br

$54.50

FsC_~

$38.00

0N~ Br

NC™ 'N

$45.00
152.50
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Argentina

SIGMA-ALDRICH DE ARGENTINA, S.A.
Tel: 54 11 4556 1472

Fax: 54 11 4552 1698

Australia

SIGMA-ALDRICH PTY., LIMITED
Free Tel: 1800 800 097

Free Fax: 1800 800 096

Tel: 612 9841 0555

Fax: 612 9841 0500

Austria

SIGMA-ALDRICH HANDELS GmbH
Tel: 43 1 605 81 10

Fax: 43 1 605 81 20

Belgium
SIGMA-ALDRICH NV/SA.
Free Tel: 0800-14747
Free Fax: 0800-14745
Tel: 03 899 13 01

Fax: 03 899 13 11

Brazil

SIGMA-ALDRICH BRASIL LTDA.
Tel: 55 11 3732-3100

Fax: 55 11 3733-5151

Canada

SIGMA-ALDRICH CANADA LTD.
Free Tel: 800-565-1400

Free Fax: 800-265-3858

Tel: 905-829-9500

Fax: 905-829-9292

China

SIGMA-ALDRICH CHINA INC.
Tel: 86-21-6386 2766

Fax: 86-21-6386 3966

Czech Republic

SIGMA-ALDRICH S.R.0.
Tel: +420 246 003 200
Fax: +420 246 003 291

Denmark

SIGMA-ALDRICH DENMARK A/S
Tel: 43 56 59 10

Fax: 43 56 59 05

Finland
SIGMA-ALDRICH FINLAND
Tel: (09) 350 9250

Fax: (09) 350 92555

ALDRICH’

P.O. Box 355
Milwaukee, WI 53201
USA

Return Service Requested

France

SIGMA-ALDRICH CHIMIE S.a.r.l.
Tel appel gratuit: 0800 211 408
Fax appel gratuit: 0800 031 052

Germany

SIGMA-ALDRICH CHEMIE GmbH
Free Tel: 0800-51 55 000

Free Fax: 0800-649 00 00

Greece

SIGMA-ALDRICH (0.M.) LTD
Tel: 30 210 9948010

Fax: 30 210 9943831

Hungary

SIGMA-ALDRICH Kft

Tel: 06-1-235-9054

Fax: 06-1-269-6470

Ingyenes zold telefon: 06-80-355-355
Ingyenes zold fax: 06-80-344-344

India

SIGMA-ALDRICH CHEMICALS
PRIVATE LIMITED

Telephone

Bangalore: 91-80-4112-7272
New Delhi: 91-11-4165-4255
Mumbai: 91-22-2570-2364
Hyderabad: 91-40-5584-5488
Fax

Bangalore: 91-80-4112-7473
New Delhi: 91-11-4165-4266
Mumbai: 91-22-2579-7589
Hyderabad: 91-40-5584-5466

Ireland

SIGMA-ALDRICH IRELAND LTD.
Free Tel: 1800 200 888

Free Fax: 1800 600 222

Tel: 353 1 4041900

Fax: 353 1 4041910

Israel

SIGMA-ALDRICH ISRAEL LTD.
Free Tel: 1-800-70-2222

Tel: 08-948-4100

Fax: 08-948-4200

Italy

SIGMA-ALDRICH S.r.l.
Telefono: 02 33417310
Fax: 02 38010737

Numero Verde: 800-827018

Japan

SIGMA-ALDRICH JAPAN K.K.
Tokyo Tel: 03 5796 7300
Tokyo Fax: 03 5796 7315

Korea

SIGMA-ALDRICH KOREA
Tel: 031-329-9000

Fax: 031-329-9090

Malaysia

SIGMA-ALDRICH (M) SDN. BHD
Tel: 603-56353321

Fax: 603-56354116

Mexico

SIGMA-ALDRICH QUIMICA, S.A. de C.V.
Free Tel: 01-800-007-5300

Free Fax: 01-800-712-9920

The Netherlands
SIGMA-ALDRICH CHEMIE BV
Tel Gratis: 0800-0229088
Fax Gratis: 0800-0229089
Tel: 078-6205411

Fax: 078-6205421

New Zealand
SIGMA-ALDRICH PTY., LIMITED
Free Tel: 0800 936 666

Free Fax: 0800 937 777

Tel: 6129841 0500

Fax: 612 9841 0500

Norway

SIGMA-ALDRICH NORWAY AS
Tel: 23 17 60 60

Fax: 23 17 60 50

Poland

SIGMA-ALDRICH Sp. z 0.0.
Tel: 061 829 01 00

Fax: 061 829 01 20

Portugal

SIGMA-ALDRICH QUIMICA, S.A.
Free Tel: 800 202180

Free Fax: 800 202178

Tel: 21 9242555

Fax: 21 9242610

Russia

SIGMA-ALDRICH RUS, LLC
Tel: +7 (095) 621-5828/6037
Fax: +7 (095) 975-4792

Singapore
SIGMA-ALDRICH PTE. LTD.
Tel: 65-67791200

Fax: 65-67791822

South Africa
SIGMA-ALDRICH

SOUTH AFRICA (PTY) LTD.
Free Tel: 0800 1100 75
Free Fax: 0800 1100 79
Tel: 27 11 979 1188

Fax: 27 11 979 1119

Spain

SIGMA-ALDRICH QUIMICA S.A.
Free Tel: 900 101376

Free Fax: 900 102028

Tel: 91 661 99 77

Fax: 91 661 96 42

Sweden

SIGMA-ALDRICH SWEDEN AB

Tel: 020-350510

Fax: 020-352522

Outside Sweden Tel: +46 8 7424200
Outside Sweden Fax: +46 8 7424243

Switzerland

SIGMA-ALDRICH CHEMIE GmbH
Swiss Free Call: 0800 80 00 80
Tel: +41 81 755 2828

Fax: +41 81 755 2815

United Kingdom
SIGMA-ALDRICH COMPANY LTD.
Free Tel: 0800 717181

Free Fax: 0800 378785

Tel: 01747 833000

Fax: 01747 833313

SAFC (UK): 01202 712305

United States
SIGMA-ALDRICH

P.0. Box 14508

St. Louis, Missouri 63178
Toll-free: 800-325-3010
Call Collect: 314-771-5750
Toll-Free Fax: 800-325-5052
Tel: 314-771-5765

Fax: 314-771-5757

Internet
sigma-aldrich.com
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Order/Customer Service 1-800-325-3010 e Fax 1-800-325-5052

Technical Service 1-800-325-5832 e sigma-aldrich.com/techservice
Development/Bulk Manufacturing Inquiries SARC™ 1-800-244-1173
World Headquarters ¢ 3050 Spruce St., St. Louis, MO 63103 ¢ (314) 771-5765
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