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Ligand Effects in Diastereoselective Additions
of Organocerium Reagents to Carbonyl
Substrates**

Carmen Alcaraz and Ulrich Groth*

One of the most important contributions of lanthanide
reagents to synthetic organic chemistry is the application of
organocerium reagents in carbonyl addition reactions.'* Owing
to their low basicity and high nucleophilicity, organocerium
reagents afford much higher yields of addition products with
highly enolizable substrates than the corresponding organolithi-
um or organomagnesium reagents from which they can be gen-
erated in situ. Furthermore, the steric bulk of organocerium
reagents should make them suitable candidates for achieving
high diastereoselectivity in additions to carbonyl derivatives.[?]
The nature of the ligands determines the direction and extent of
stereoselectivity in many carbonyl addition reactions,’ but the
sense and magnitude of diastereoselectivity achievable in the
addition of organocerium reagents to chiral carbonyl substrates
has to date not been explored in a systematic fashion.

We report here on the synthesis of new alkoxy- and
amidocerium compounds of the general formula ClCe(OR),,
Ce(OR);, and Ce(NR,),. Certum(i) trialkoxides were pre-
pared by ligand exchange reactions of the known Ce(QiPr), 34
with the appropriate alcohols'™! [Eq. (a)]; cerium(ur) chloride
dialkoxides were obtained by reaction of the relevant cerium(irr)
trialkoxides with one equivalent of acetyl chloride!®! [Eq. (b)];
amidocerium compounds were synthesized by reaction of the
CeCl,- THF complex with three equivalents of lithium amides!”)
[Eq. (c)]. All these alkoxy- and amidocerium compounds were

CeHs

used without further purification; however, X-ray structures
have not yet been obtained because of the low tendency of these
compounds to form crystals.

For the addition reaction the cyclopentanone derivative rac-1
was used as a substrate since it is well known that diastereoselec-
tivities in the addition of organometallic reagents to cyclopen-
tanones are lower than that to cyclohexanones. The yields are
also lower because of the high tendency of cyclopentanone
derivatives to undergo enolization. The organocerium reagents
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Ce(OPr); + 3ROH Ce(OR); @)
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R = tBu, CHPr,
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were formed in situ by treatment of the cerium compounds (see
[Egs. {a)—(c)]) with organolithium reagents at —78°C for 1 h.
Then 2-methyl-3-vinylcyclopentanone (rac-1)'®¥ was added to
afford the addition products rac-2 and rac-3. The results are

o
Me RLi / cerium reagent
-
/ THF, -78°C, 30 min
rac-1
R, JOH HQ, R
‘s, K)
Me Me
+

A A
“, “,
. 2

! I

rac-3
minor diastereomer

—

rac-2
major diastereomer

given in Table 1. The nature of these organocerium species is
unknown and has proved resistant to study,’® but most proba-
bly organocerium species derived from cerium chloride dialkox-
ides are neutral species of the type RCe(OR’), and those derived
from cerium trialkoxides are ate-complexes of the type
Li[CeR(OR"),].

Table 1. Stereoselective additions of organocerium reagents to 2-methyl-3-vinyl-
cyclopentanone {rac-1)[12].

Entry Reagent de[%][a] Yield[%] Enolization[%)]

o1 MelLi 10 65 22
2 MeLi/CeCl, 68 91 -
3 MeLi/Ce(NEt,); 78 55 25
4 MeLi/Ce(NiPr,), 79 50 36
S MeLi/Ce(OiPr), 83 95 -
6 MeLi/Ce(OiPr), [b] 86 93 -
7 MeLi/Ce(OiPr),[c] 74 90 -
8 MeLi/ClCe(O¢Bu), 77 85 -
9 MeLi/CICe(OCHPr,), 87 89 -

10 nBuLi 49 56 36
11 nBuLifCICe(OCHIPr,), 89 90 -
12 tBulLi 77 35 57
13 {BuLi/ClCe(OCHIPr,), 90 80 -
14 PhLi 85 70 24
15 PhLi/CICe(OCHiPr,), 94 95 -

[a] Determined by GC analysis. [b] Addition at —98°C. [¢] In Et,0.

Enolization of the starting ketone was only observed with
organocerium reagents derived from cerium triamides (Table 1,
entries 3 and 4). The ligands have a pronounced influence on the
stereoselectivity of the addition reactions. As expected, increas-
ing steric hindrance led to increased diastereoselectivity. Unfor-
tunately, no addition took place with the sterically most de-
manding compounds Li[CeMe(OrBu),] and Li[CeMe(OCHi-
Pr,);]. Lowering the temperature (— 98 °C) slighty improved
the diastereoselectivity (entry 6) but carrying out the additions
at —78°C is more convenient. In Et,O the diastereoselectivity
obtained was lower than in THF (entry 7). The best results were
achieved with RCe(OCHiPr,), in THF. Its addition to the
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cyclopentanone derivative rac-1 (entries 9, 11, 13 and 15)
proceeds with good to very good diastereoselectivities (87—
94% de), which are among the best reported for the addition of
organometallic reagents to simple cyclopentanones.!*® 111

In order to establish the width of application of the new
cerium derivatives in carbonyl addition reactions, the addition
of organocerium reagents derived from ClCe(OCH/Pr,), and
Ce(OCHiPr,), to 2-methylcyclohexanone, 4-tert-butylcyclohex-
anone, and 2-phenylpropionaldehyde was investigated (Table 2).

Table 2. Stereoselective addition of organocerium reagents to selected carbonyl
substrates.

© WILEY-VCH Veriag GmbH, D-69451 Weinheim, 1997

Carbonyl derivative Reagent de[%][a] Yield[%]
2-methylcyclohexanone MeLi 63 74
2-methylcyclohexanone MeCeCl, 88 89
2-methylcyclohexanone MeCe(OCHiPr,), 97 91
2-methylcyclohexanone Li[CeMe(OCHIPr,),] - -[b]
2-methylcyclohexanone nBuLi 78 80
2-methylcyclohexanone »#BuCeCl, 94 92
2-methylcyclohexanone nBuCe(OCHiPr,), 98 38
4-tert-butylcyclohexanone MeLi 24 50
4-tert-butylcyclohexanone MeCeCl, 36 93
4-tert-butylcyclohexanone LijCeMe(OCHiPr,),) 68 88
2-phenylpropionaldehyde MelLi 82 57
2-phenylpropionaldehyde MeCeCl, 84 85
2-phenylpropionaldehyde Li[CeMe(OCHiPr,),] 50 89

[a) Determined by GC analysis. [b] No addition took place, probably because of the
bulky ligands.

As in the case of 2-methyl-3-vinylcyclopentanone (rac-1), no
reaction took place in the addition of LiiMeCe(OCHiPr,),] to
2-methylcyclohexanone. In contrast, the addition of MeCe-
(OCHiPr,), and nBuCe(OCHiPr,), to 2-methylcyclohexanone
gave the corresponding alcohols with diastereoselectivities of 97
and 98% de, by using the sterically less demanding organo-
cerium compounds MeCeCl, and nBuCeCl, the selectivities
dropped to 88 and 94 % de, respectively. In the case of 4-tert-
butylcyclohexanone and 2-phenylpropionaldehyde the addition
reactions could be performed with the sterically most demand-
ing compound Li[MeCe(OCHiPr,),] and gave yields between
88 and 89%. With 4-fert-butylcyclohexanone an increase
of diastereoselectivity from 36% (MeCeCl,) to 68% de
(LiiMeCe(OCHiPr,),;]) was established. The addition of
Li[MeCe(OCHiPr,);] to Cram’s aldehyde (2-phenylpropion-
aldehyde) led to the corresponding alcohol with a diastereose-
lectivity of 90 % de. In constrast the use of MeCeCl, (84 % de)
or MeLi (82% de) gave considerably lower selectivities. The
application of these new organocerium reagents in natural
product synthesis, for example for the enantioselective synthesis
of the antifungal chokols,!'% '3 is currently under investigation.

Experimental Section

All reactions were performed with rigorous exclusion of oxygen and water under a
dry nitrogen atmosphere, using Schlenk, vacuum-line, and glovebox techniques.

Preparation of cerium trialkoxides: To a solution of Ce(O:Pr); (6.0 mmol) in ben-
zene (10 mL), the appropriate alcohol (20 mL) was added and the mixture was
heated under reflux overnight. It was then cocled to room temperature and the
solvent removed in vacuo (20 °C, 0.005 Torr) to afford the corresponding cerium
trialkoxide in 90-95% yield.

Preparation of cerium chloride dialkoxides: Acetyl chloride (2.0 mmol) was added
to a solution of the appropriate cerium trialkoxide (2.0 mmol) in benzene (20 mL),
and a pale brown solid precipitated immediately. The mixture was heated to reflux
for 2 h, cooled to room temperature, and the solvent removed by cannula. The solid
was dried in vacuo (20 °C, 0.005 Torr) to afford the cerium chloride dialkoxide in
80-90% yield.

0570-0833/97/3622-2481 $ 17.50 +.50;0 2481
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Carbonyl addition reactions: To a solution of the cerium compound (1.5 mmol) in
THF (5 mL) cooled to — 78 °C, methyllithium (1.2 mmol, 0.75 mL of a 1.6~ solu-
tion in diethyl ether) was added. After 1h the appropriate carbonyl derivative
(1.0 mmol) was added slowly and the mixture was stirred at —78 °C for 30 min.
Then, a saturated aqueous NH,Cl solution (10 mL) was added, solid material was
removed through a short pad of Celite, the Celite was rinsed with diethyl ether, and
the ethereal solution was dried with MgSO, . The solvent was removed in vacuo and
the residue purified by flash chromatography.
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The “synthesis of properties” ) is a professed goal in supra-
molecular chemistry. There are a large number of naturally
occurring iron oxide minerals with complex structures' that
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serve as model compounds. Additionally, the iron-storage
protein ferritin, which is the biological prototype of these inor-
ganic systems,”>* has been investigated comprehensively. Fur-
thermore, discrete clusters with up to nineteen oxygen-bridged
iron atoms have been synthesized and unequivocally character-
ized.P®! For better understanding of electron transfer processes
and of magnetic properties of polynuclear iron, ! man-
ganese,[®! and nickel complexes!”! further studies on compounds
of this type are necessary. The same is true for the recently
described cyclic ferrocene heptamer!® and for metallacrown
ethers with an enclosed cation!® 1% or anion.[' ' With respect to
potential applications, iron(1r) compounds certainly play a cen-
tral role.

Our investigations have revealed that parallel to the family of
classical crown ethers, cryptands, and their complexes there ex-
ists a class of topomerically analogous metallacrown ethers, 1%
metallacryptands,i'? 13 and their inclusion compounds. In all
these cases, bisbidentate ligands act as ditopic bridges. In addi-
tion we have studied the formation of one- (1D), two- (2D), and
three-dimensional (3D) coordination polymers using coordina-
tively unsaturated, effectively linear bidentate dinitrile mono-
mers.[!* Through a combination of both methods, we planned
to construct novel adamantanoid tetranuclear chelate complex-
es 1. Following the strategy for the synthesis of the tetranuclear

R
A w@o@«@

2

chelate complexes [M =Fe,LL][*2% and of 1D coordination
polymers ![NaL?(pmedta)] (pmedta = pentamethyldiethyl-
enctriamine),!*#*! this objective should be accomplished by reac-
tion of four equivalents of a tripodal metal template and six
equivalents of a a,w-dinitrile. Evidently, 1,1,1-tris(diphenyl-
phosphinomethyl)ethane (triphos) used by Huttner et al."> was
better suited for this purpose than the ligands triethanolamine 2
and N-methyldiethanolamine (6) that we have used.

Contrary to what was expected, treatment of triethanolamine
2 with sodium hydride, iron(1) chloride, and fumaric acid di-
nitrile in THF afforded the yellow solid 3, in which the iron-to-
ligand ratio was 1:1, instead of a tetranuclear chelate complex
of type 1. However, even when no dinitrile was used the same
result was obtained. Since the 'H and !3C NMR spectra of
product 3 do not allow an unequivocal characterization of its

1. MH
2. FeCl,
J/J ———» [McFeN(CH,CH,0)}IC!
HO"HO™ “on THF
3:M=Na
2 &M=L

molecular structure, we carried out an X-ray crystallographic
structure analysis.!'® According to this analysis, 3 is present in
the crystal as a cyclic iron(mr) complex with a [12]metallacrown-
6 structure, in which a sodium ion is encapsulated in the center,
and chloride is the counterion (Figure 1). The six crystallo-
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