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Crystallographic structure determinations were performed on a Bruker

SMART Apex CCD diffractometer using Moy, radiation (A=

0.71073 A). The structures were solved with Patterson methods and

extended by direct methods applied to difference structure factors.

Crystallographic data for 2: CgH,00AlB,NOg- (CeHg), M, =1309.91,

monoclinic, space group P2,/n, a=13.8868(6), b=25.188(1), c=

23346(1) A, p=106.805(1), V=78172(6)A3, Z=4, poau=

1113 gem ™3, u=11cm™, T=110K. A final refinement on F? con-

verged at wR(F?) =0.1789 for 13782 reflections and R(F)=0.0733 for

7505 reflections with F, > 40(F,) and 857 parameters. Crystallographic

data for 3: [C,sH, SZr][CysH;;ALB4Og] - (C;Hg), 5, M, =1770.83, mon-

oclinic, space group P2,/c, a=20.6291(8), b=20.3125(8), c¢=

26301(1) A, B=110155(1)°, V=10346.0(7) A3, Z=4, p=

1137 gem™3, u=211cm™!, T=110K. A final refinement on F?

converged at wR(F?)=0.2289 for 18278 reflections and R(F)=

0.0808 for 11143 reflections with F,>40(F,) and 1145 parameters

and 16 restraints. One of the toluene molecules in the lattice shows

extensive orientational disorder, resulting in unrealistic displacement
parameters when allowed to vary anisotropically. The other toluene

molecule is disordered over an inversion center, and was described as a

single molecule with 0.5 occupancy with geometrical restraints. CCDC-

177577 (2) and CCDC-177576 (3) contain the supplementary crystallo-

graphic data for this paper. These data can be obtained free of charge

via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge

Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ,
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BuMgNiPr,: A New Base for Stoichiometric,
Position-Selective Deprotonation of
Cyclopropane Carboxamides and Other Weak
CH Acids**

Mao-Xi Zhang and Philip E. Eaton*

Organolithium (RLi) and -magnesium (R,Mg) compounds
are kinetically poor bases for proton removal from weak
carbon acids. If an amine like N,N,N',N'-tetramethylethylendi-
amine (TMEDA) is added, the barrier is sometimes lowered,
but the nucleophility of the organometallic compound re-
mains a problem. This can be ameliorated by using metal
amides like lithium diisopropylamide (LDA) and bis(diiso-
propylamido)magnesium (DA,Mg). These poor nucleophiles
are still kinetically effective bases for deprotonation of weakly
acidic CH groups (pK, ~30-35).[l1 However, as the pK, of the
liberated amine and that of the CH acid (e.g. 1) are similar,
such deprotonations are nowhere near stoichiometric (e.g.
Scheme 121). This is unsatisfactory.

CON/Pr, CON; Pry

Scheme 1. The equilibrium reaction of LDA with amide 1.

We now introduce alkylmagnesium amides, here specifi-
cally BuMgNiPr,, denoted hereafter as BuMgDA, as an
effective solution to this problem.Pl We prepare BuMgDA
simply by adding 1.0 equivalent of anhydrous diisopropyl-
amine (DAH) to commercial® dibutylmagnesium in heptane
(ca. 1.0m) at room temperature and then stirring the solution
for five minutes at 50°C. BuMgDAP in heptane is quite
reactive. Replacing heptane, all or in part, with THF (after the
base has been formed) increases this usefully. Unlike Bu,Mg
and many organolithium bases, BuMgDA is stable even in
refluxing THF for many hours. BuMgDA, like DA,Mg,
deprotonates/metalates amide-activated® cyclopropyl-CH
(a, B, or beyond) and cubyl-CH (ortho),’® but the BuMgDA
deprotonations are driven to completion by irreversible
formation of butane.

It is instructive to compare the metalation of the cyclo-
propylcarboxamide 2 using Bu,Mg solutions in heptane
treated first with 0, 0.5, or 1.0 equivalent of DAH. Bu,Mg
itself reacted only slowly;” mostly starting material was
recovered. In the other two cases, when at least some
BuMgDAP®! was present, the overall deprotonation/metal-
ation/carboxylation proceeded in high yield, but the final
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outcome (Scheme 2) depended importantly on the ratio of
DAH to Bu,Mg. When this was 0.5:1.0, o metalation
predominated; when it was 1:1, f metalation was favored
instead. Looked at simply: when there is an excess of Bu,Mg it
scavengers the DAH generated by the initial o deprotonation;

BuMgDAH —Mg H Hooc f
105 ? <H 02 H
Z
H M ELN” O EtN” O
v <H 3
N S0
2! \\\\ H H oo, H
BuyMg/DAH <‘7 \, — COOH
11 Ca M- Cs
Et,N" O Et,N” O
4

Scheme 2. Predominant position of magnesiation of 2 as a function of
Bu,Mg to DAH ratio. Standard conditions: heptane/THF (1:1); RT; two
days; analysis after carboxylation at —78 —0°C.

when there is no excess of Bu,Mg, free DAH remains and
equilibration can occur. Ultimately, equilibration leads mostly
to the thermodynamically favored, amide-stabilized S-mag-
nesium compound. Sooner or later, and irreversibly in both
cases, butane is formed, all the DAH is consumed, and
essentially stoichiometric metalation is achieved.

Whereas the a-lithiated analogues of cyclopropane carbon-
yl derivatives are excessively nucleophilic and often self-
destruct before they can be trapped usefully,’® the a-amido-
Grignard species 31°°! provides a convenient and dependable
route to a-substituted cyclopropane diethylcarboxamides. We
made this amido-Grignard by treating 2 (ca. 0.5M in 1:1
heptane/THF) with the mixture of bases (BuMgDA +
Bu,Mg)P! resulting from reaction of 0.5 equivalent of DAH
with 1.05 equivalents® of Bu,Mg. a-Metalation was optimum
after 48 h at room temperature (longer times, higher temper-
ature, or more THF led to some 8 metalation). The a-carboxy
(85 % yield of isolated product), a-iodo (70 % ), and a-methyl
(76 %) compounds were obtained from 3 by reaction with
CO,, I,, and CH3], respectively.

Treatment of the diethylamide 2 (ca. 0.5M) with 1.05 equiv-
alents” of BuMgDA in THF gave in due course mostly the 3-
metalated material 4, but optimum conversion required
reaction for 8 h at 60°C. On the other hand, f metalation
occurred almost immediately, even at room temperature,
when the N,N-diisopropylcarboxamide 1 was used instead.
Probably the larger bulk of the isopropyl group(s) favors an
amide conformation with the carbonyl oxygen atom prox-
imate to a f3-site.

The reactions of the f-metalated compounds (ca. 0.5M)
shown in Scheme 3 were all carried out at room temperature
or below, and required 1 to 24 h for completion. The addition
of 20 mol % Cul or PhSCu was needed to obtain reasonable
rates in the alkylations. When R was ethyl, less than 10% of
the product resulted from o substitution; when R was
isopropyl, less than 5%, often much less. No other base
provides such high discrimination for § substitution on a
cyclopropane carboxamide having an a proton.

2170 © WILEY-VCH Verlag GmbH, 69451 Weinheim, Germany, 2002
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Scheme 3. f Substitutions on cyclopropylamides by BuMgDA metalation.
For a, R =ethyl; for b, R =isopropyl. Yields of isolated products: 5b: 46 %
(single run, 84 % based on unreacted 2); 6a: 76 %; 6b: 66 %; Ta: 76 %; 7b:
89%; 8a: 43% (single run); 9a: 81%; 9b: 88%; 10a: 70%; 10b: 80 %.

These reactions produce stereospecifically the cis-to-the-
amide isomers.'’! The more favored trans isomer can be
obtained by purposeful epimerization with base; BuMgDA
works well.['!

Of course, 8 substitution can also be achieved if the o
position is blocked; cis-f’ substitution can be done as well
(Scheme 4, 66 % overall yield).

CHj 1. BuMgDA CHg
< 2. CHgl/Cul /A<
//C_NEtQ CHs /?—NEtz

O
/repeat
CHg

{
CH3CH3 O/P—NEtz

Scheme 4. The $ and ' methylations of the a-methyl derivative of 2 by
magnesiation with BuMgDA.

The ability to introduce numerous substituents in con-
trolled fashion onto a readily available cyclopropane provides
a new paradigm for the synthesis of complex cyclopropanes,
one requiring neither carbene addition nor intramolecular
cyclization.

Milnacipran (11), a clinically useful antidepressant, is
presently prepared from reaction of epichlorohydrin with
benzyl cyanide anion followed by an intramolecular displace-
ment to close the cyclopropane ring, then functional group
manipulation.') We present here an entirely different strat-
egy (Scheme 5) proceeding from cyclopropane carboxylic
acid, available in bulk cheaply. a Magnesiation of its
diethylcarboxamide 2 with BuMgDA/Bu,Mg followed by
phenylation with iodobenzene and 5 mol% Cul gave 12 in
53% vyield (82% based on recovered 2). Further magnesia-
tion, now using stoichiometric BuMgDA, occurred at the 3
position. The resulting amido-Grignard reacted easily with

1433-7851/02/4112-2170 $ 20.00+.50/0 Angew. Chem. Int. Ed. 2002, 41, No. 12



COMMUNICATIONS

1. BuMgDA
BuzMg A{h
—_——
- 2. Phl/Cul —
2 //C NEt, 12 //C NEt>
(6]
1. BuMgDA
2. HCO,Et
A~ Ph N Ph
NH,CH» ,/C—NEtg CHO //C—NEtz
(0] (0]
1 13

Scheme 5. A new approach to the synthesis of Milnacipran (11).

ethyl formate to give 13 (73 % yield of isolated product), a
known Milnacipran precursor.['”

Aromatic and benzyl CH groups are more acidic than those
of cyclopropanes and cubanes, so it is not surprising that
BuMgDA stoichiometrically metalates an amide-activated
CH group appropriately positioned thereupon. What if the
CH group is less acidic? Cyclobutane CH is kinetically 2500
times more weakly acidic than cyclopropane CH.['¥l Under
conditions as harsh as most base/solvent combinations can
withstand (e.g. LITMP/THF or LiITMP + Hg(TMP),/THF at
0° C (TMP =2,2,6,6-tetramethylpiperidine) or LDA/THF at
reflux), there is no observed metalation of 14. However, under
the conditions of our preliminary trials, reaction of 14 with
excess BuMgDA in THF at reflux for 5h gave about 20 %
conversion!'"¥ to the cis-f-metalated compound 15, identified
by formation of ester 161! (17% yield of isolated product,
Scheme 6). Although still to be optimized, this  deprotona-
tion/metalation of a cyclobutane amide is extraordinary and
unprecedented.

Cizg BuMgDA CHj
PPN, iPrQN’<O_.-'Mg_
14 s

1.C0,
2. CHaN,
CHg
iPer/ZO cj OOCH;
16

Scheme 6. Deprotonation/magnesiation of an amide-activated cyclo-
butane using BuMgDA.
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New Methods for Proteomic Research:
Preparation of Proteins with N-Terminal
Cysteines for Labeling and Conjugation**

Thomas J. Tolbert and Chi-Huey Wong*

In memory of Sun Fong

Proteins with N-terminal cysteines are useful in a wide
range of biotechnological applications ranging from protein
semi-synthesis to site-specific N-terminal labeling. Peptides
and proteins with N-terminal cysteines undergo native
chemical ligation and expressed protein ligation reactions
with thioesters to form native peptide bonds.'? These
reactions have been used to extend the size of proteins that
can be synthesized chemically and to incorporate synthetic
peptides with modifications and labels into expressed pro-
teins.’-% In addition, proteins with N-terminal cysteines also
react chemoselectively with aldehydes to form thiazolidines,
and this reaction has been utilized to label and immobilize
peptides and proteins.’"'2 Here we present a novel method
(Figure 1) to produce proteins with N-terminal cysteines by
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