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15-C-5 gave the best result. (iii) For RMgX, kryptofixes such
as K-21, K-22, K-211, K-221, and K-222 were effective. (iv) The
selectivity inversion was observed with cuprate—crown reagents,
and both kryptofixes and simple crown ethers were effective for
achieving the anti-Cram selectivity.

To make sure that the isomer ratio is based on kinetic control,
the reactions were quenched (i) immediately after addition of
2-phenylpropionaldehyde at —78 °C, (ii) at =20 °C, and (iii) after
2 days at room temperature. With BuLi-15-C-5, the conversion
was low at =78 °C, but the ratio was essentially identical under
of BuLi-crown reagents were used in Table I, use of an equivalent
amount of the reagent produced the alcohol in high yield under
a prolonged reaction period, normally 18 h, at room temperature.
The reaction of Bu,CuLi-18-C-6 was also quenched under the
three different conditions. The reaction was more rapid than that
of BuLi-15-C-5. Here again, the same isomer ratio was obtained
at the four different conditions (i-iii and entry 18).

The enhanced Cram selectivity with RLi-crown and Grig-
nard—crown reagents is in good agreement with a prediction made
by Anh.> The complexation of M* by crown-type compounds
must diminish the electrophilic assistance of M* toward carbonyl
group, leading to an increased Cram selectivity irrespective of
perpendicular (1)¢ or nonperpendicular (2) attack. In fact, the
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enhanced Cram selectivity (8:1) of Et,Mg in comparison with the
selectivity (4:1) of EtMgBr clearly indicates an important role
of the complexation; it can be easily presumed from the Lewis
acidity that the electrophilic assistance of RMgX is greater than
that of R,Mg. Besides, the crown presumably assists in increasing
the state of aggregation.” This hypothesis is supported by an
observation that the reactivity of the organometallic-crown
reagents decreased markedly in comparison with the uncomplexed
reagents. Consequently, both loss of the complexation and increase
of the state of aggregation operate to enhance the Cram selectivity.

The anti-Cram selectivity with cuprate—crown reagents suggests
the intervention of a radical mechanism.® Accordingly, we ex-
amined the reaction of Bu,CuLi-18-C-6 with cyclopropylcarbonyl
compounds (4) (eq 3). With 4a, both Bu,Culi and
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Bu,CuLi-18-C-6 gave the butylated alcohol Sa in an essentially
quantitative yield. With 4b, both reagents afforded 5b in 75-82%
yield along with 6b (1%) and the self-condensed aldol product
(8-15%). A marked difference between both the reagents was
not observed. However, the ring-opening product 7 was obtained
in the reaction of 4¢ with Bu,CuLi-18-C-6: 7 (39%), 6¢ (39%),
5¢ (10%), and the recovered 4¢ (12%). With Bu,CulLi, 7 was not
produced: 5S¢ (89%), 6¢ (1%), and the recovered 4¢ (10%).

Formation of 7 evidently indicates the intervention of an
electron-transfer process. Increase of the reduction product 6¢
also supports the participation of a radical mechanism. With 4a
and 4b, the transfer of the Bu group to an intermediate (anion
radical) must be rapid, preventing the ring cleavage. Taken
together, R,CuLicrown (presumably R,Cu™Li*Ccrown) possesses
greater ability to transer electrons than R,CulLi itself.

The anti-Cram selectivity can be explained as follows, though
it is highly speculative. If an electron-transfer mechanism is
involved, 1-3 put more negative charge on oxygen than the normal
transition state for a nucleophilic addition. It is therefore felt that
the oxygen is, in effect, made larger, destabilizing the conformation
1 (and 2) by increasing the CH;~O" interaction. Further, the
directionality of R* attack must change in the radical mechanism.
In fact, a perpendicular attack is proposed for a radical reaction
of propene.l® If the perpendicular attack is involved in the present
reaction, 3 is more stable than 1 owing to the CH,—~O" interaction,
leading to the predominant formation of the anti-Cram isomer.
We are now studying the related reactions of various organo-
metallic—crown and enolate—crown reagents and will report these
works shortly.
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It has been suggested that metal nuclide chemical shifts will
vary in a linear progression in cation—solvent systems where a single
species first solvation sphere is replaced in a stepwise manner by
a different solvent, i.e., MXy = MX;Y — MX,Y, - MXY, —
MY,'? Assumption of the generality of such trends has led to
the development of powerful metal nuclide NMR chemical shift
methods for evaluation of solvation sphere composition (e.g.,
preferential solvation) in mixed-solvent systems.>”* Here, under
conditions of rapid chemical exchange, the single observed
chemical shift is taken to be the average of the chemical shifts
in the pure solvents weighted according to the mole fraction of
each solvent in the contact solvation shell.!

The competitive or preferential solvation problem is equivalent
to the ligand displacement problem* and some precedent for such
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Figure 1. '3Cd NMR spectra taken at 25 (top panel) and -80 °C
(bottom panel) of a water-in-oil emulsion whose aqueous component
contained 0.01 M '3Cd(NO,),, 0.018 M Nal, and 8 M LiNO,. Spectra
were obtained on a Bruker WH-360 NMR spectrometer operating at
79.89 MHz with a 20-mm probe. Acquisition parameters: 50-KHz
bandwidth; 8192 data points; 10-us pulse width (~10° flip angle); 0.3-s
pulse repetition period. The top spectrum represents 70 min of data
collection while the bottom spectrum represents 8 h 40 min. ''3Cd
chemical shifts are referenced to a room temperature aqueous solution
of 5 mM Cd(ClO,), as 0.0 ppm using the [IUPAC convention,!® shifts
to increasing frequency are more positive chemical shifts. Minor sus-
ceptibility and static field corrections were made by referencing to the
H,0 'H chemical shift.!” Chemical shifts were assigned as follows
through I~ titration:'> (A) CdI;, 122 ppm; (B) CdI,>, 101 ppm; (C)
CdI,, 43 ppm; (D) CdI*, 20 ppm; E, Cd**, -86 ppm (although the role
of H,0 and NO;™ is not specified, resonance E is likely representative
of a cadmium nitrate ion pair).

chemical shift behavior can be found in the !3C, 1'9Sn, and 1°°Pt
chemical shift progressions of carbon, tin, and platinum halide
complexes.®® However, because of the often rapid chemical
exchange present among different coexisting metal-ligand com-
plexes, such assumed linear trends of metal nuclide chemical shifts
are generally difficult to document. Furthermore, in instances
where ion-pair formation or changes in symmetry and/or coor-
dination number (e.g., octahedral MX¢ — tetrahedral MY,) are
unavoidable, chemical shift trends predicted in the absence of such
potentially significant shielding perturbations may be markedly
altered. For example, because of ion-pair interactions and effects
of heteroselective solvation in the AgNO;/H,0/CH;CN system
the stepwise variation of solvent composition from pure H,O to
pure CH;CN does not lead to a monotonic change in °Ag
chemical shift,” which would be expected for a shift progression
that was linear in solvent coordination sphere composition.
We have previously demonstrated that the use of supercooled
aqueous solutions can be employed to markedly reduce chemical
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exchange rates, thus imposing the NMR slow exchange regime
on normally rapidly exchanging species.l® Supercooling is fa-
cilitated by preparation of the aqueous solution in the form of
noncommunicating microdroplets (diameter ca. 1-10 um) as a
water-in-oil emulsion.!! Depending on aqueous solution com-
position, solution-state temperatures in the range ca. —40 to —100
°C are obtainable. This approach has been used herein to directly
delineate the species specific 1'*Cd chemical shifts of the cad-
mium-iodide system. Figure | illustrates the effect of supercooling
an aqueous solution of 0.01 M Cd?**/0.018 M I-/8 M LiNO; upon
the '3Cd NMR spectrum (experimental details are given in the
figure caption). The top panel shows a room temperature spectrum
where rapid chemical exchange results in a single 11*Cd resonance
despite the presence of five Cd?* species (Cd?*, CdI*, Cdl,, Cdl;,
CdI*; role of H,0 and NO,™ not specified). Supercooling the
same solution to =80 °C imposes the slow exchange regime and
results in chemical shift resolution of all Cd?* species as shown
in the lower panel. To our knowledge this is the first time an entire
cadmium-halide system has been chemical shift resolved in the
solution state. Taken together with our earlier study of the
cadmium-glycine system' this suggests that such a supercooling
approach toward imposition of the slow exchange regime has
considerable generality of applicability.

13Cd chemical shift assignments can be made by I- titration
of the various cadmium—iodide species. Completion of such a
titration (data not shown!?) clearly demonstrates that the cadmium
species can be listed in order of increased shielding (decreasing
chemical shift) as Cdl;~ < CdI> < CdI, < CdI* < Cd**. This
nonmonotonic shielding progression is the same as that predicted
earlier by Drakenberg et al.!’ and Ackerman et al.!* from room
temperature NMR studies in which the solution composition was
modeled based on known equilibrium constants and the species
specific "'>Cd chemical shifts determined indirectly through
least-squares analysis of data obtained under rapid-exchange
conditions. However, because of the indirect nature of such
chemical shift determinations, the findings are equivocal (e.g.,
it was not possible to accurately determine the chemical shift of
CdI, because of its very small mole fraction relative to the other
cadmium—iodide complexes). Our directly measured (low tem-
perature) shifts provide support for these earlier '13Cd room
temperature chemical shift assignments.!!% Based on thermo-
dynamic analysis of the stepwise formation of metal-ion complexes
in aqueous solution, Ahrland has suggested that the change from
octahedral to tetrahedral geometry occurs upon formation of the
Cdl; species (where H,O occupies the fourth coordination site).!?
This substantial symmetry change mays, in fact, be reflected in
the “unexpected” jump to lowest shielding of the CdI;™ resonance.

These results argue for caution in the use of NMR metho-
dologies that examine solvent or ligand displacement predicted
on presumed but unsubstantiated linear chemical shift trends. A
complete description of this work is in preparation.
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