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have been isolated and crystallographically characterized on three 

occasions (viz [(PhCHj)2NLi]3, [(Me3Si)2NLi]3, and [Me2O 

(CH2)3CMe2NLi]4), they are all void of coordinating solvents. 
In contrast, the etherates of (PhCH2)2NLi and (Me3Si)2NLi 
crystallize as disolvated cyclic dimers4,5 (as do other related lithium 

i i 

amide derivatives) while an etherate of Me2C(CH2)3CMe2NLi 
remains uncharacterized.2,3'6 By noting the symmetry of ster­
eoisomers trimers i and ii, further arguments can be made sup-
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porting dimers rather than trimers (or higher oligomers) as the 
predominant forms of LICA in THF solution. The 15N-6Li 
coupling patterns of i and ii would exhibit as many as three 6Li 
resonances, three 15N resonances, and three separate resonances 
for each carbon atom in the skeleton. Such spectral complexities 
were not detected by three quite different forms of NMR spec­
troscopy. Thus, we concur with Snaith and co-workers19 that the 
higher order cyclic oligomers are probably restricted to ligand-free 
lithium amides and, in turn, assign the observed aggregates of 
LICA as cis- and trans-1. 

The invariance of the 6Li shift of LICA over THF concen­
trations spanning 0.2-12.0 M, taken in conjunction with crys-
tallographic studies of N-lithiated species solvated by simple 
monodentate donors, is consistent with a single coordinated THF 
per lithium in dimers cis- and trans-1. However, Seebach and 
co-workers have crystallographically characterized an unsym-
metrical trisolvated dimer of a related N-lithiated species.66 In 
addition, solution structural studies of lithium diphenylamide dimer 
and the corresponding lithium diphenylamide-lithium bromide 
mixed dimer in THF/hydrocarbon solutions uncovered evidence 
of higher degrees of solvation.1* Thus, the solution solvation states 
of ci'j-1 and trans-1 are not evident at this time. 

As evidence of the relative importance of aggregated, mixed 
aggregated, and monomeric forms of lithium dialkylamides in 
determining reactivity and selectivity begins to accumulate,20 

detailed solution structural information will become an increasingly 
important component of predictive models. 
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Magnesiate ions, formed by equilibria such as that in eq 1 but 
in amounts too small to detect by NMR spectroscopy, were 

3R2Mg + 15-C-5 *± RMg(15-C-5)+ + R5Mg2" (1) 

suggested as being the species responsible for the striking chemical 
behavior of solutions resulting from addition of 15-crown-5 to 
EtOEt or THF solutions of dialkylmagnesium compounds.1 

Subsequent studies showed that appropriate cryptands, far more 
effective than crown ethers as coordinating agents for Mg, form 
substantial amounts of such ions. Structures of solid NpMg-
(2,l,l-cryptand)+Np3Mg~ (Np = neopentyl) and [EtMg(2,2,l-
cryptand)+]2Et6Mg2

2~ were determined,2 and 1H NMR spectra 
of solutions prepared from several diorganomagnesium compounds 
showed absorptions attributed to similar species.2"5 This com­
munication now reports direct observations of the species in eq 
1. 

Crystals (mp 129 0C) suitable for X-ray analysis slowly formed 
when an EtOEt solution of Me2Mg (2 mL, 1.5 M) was layered 
over a benzene solution of 15-crown-5 (2 mL, 0.5 M). X-ray 
analysis6 revealed MeMg(15-crown-5)+ units and (Me5Mg2^)n 
chains, presumably having the indicated charges. As shown in 
Figure 1, the Mg of the cation is bonded in an equatorial fashion 
to all crown ether oxygens and lies just 0.42 A out of their mean 
plane. This Mg also is bonded to an apical methyl group (Mg-C 
2.140 (7) A). The other apical position is occupied by one methyl 
group of the anionic polymer chain, though at a Mg-C distance 
of 3.28 A.7 Within the four-membered ring, bond angles are 
similar to and bond lengths slightly longer than those in the 
Me2Mg structure, which has adjoining Mg's linked by two bridging 
methyl groups.8 

Solutions now have been prepared, many of which are stable 
for days or weeks at room temperature, whose 1H NMR spectra 
indicate the presence of significant amounts of RMg(crown)+ and 
magnesiate ions. The spectrum in Figure 2, of a benzene solution 
containing approximately 5.2 Np groups per 15-crown-5 residue, 
is a convenient example to consider. This spectrum shows two 
crown ether absorptions (A, d 2.99; C, d 3.31) and two sets of 
Np absorptions (A, d -0.40 for the CH2 and d 1.22 for the CH3's; 
B, d 0.34 for the CH2 and d 1.54 for the CH3's). For several 
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10.736 (2) A, /3 = 18.454 (3) A, c = 11.923 (3) A; V= 2362 (2) A3, Z -
4, Ocacd = 1078 g cm"3; space group Pna2u R = 0.077 for 1470 reflections 
with / > 3ir(/) measured on an Enraf-Nonius CAD-4 diffractometer by using 
graphite-monochromatized Mo Ka radiation, the u>/20 scan method, and 
variable scan speed. The structure was solved by direct methods and refined 
by full-matrix least-squares calculations. 

(7) The positions of the H's are not revealed by the analyis so it is not 
evident if this can be regarded as a particularly feeble Me-C bond or if H's 
of the methyl group lie between the C and the Mg. 

(8) Weiss, E. / . Organomet. Chem. 1964, 2, 314. In polymeric Me2Mg, 
C-Mg-C is 105 (2)°, Mg-C-Mg is 75 (2)°, Mg-C is 2.24 (3) A, and Mg-
Mg is 2.72 (2) A. 
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Figure 1. ORTEP drawing of the crystal packing of MeMg(15-crown-5)+ 

units and (Me5Mg2") chains. For clarity, atoms of the crown ether are 
assigned arbitrary radii; other atoms are shown with 50% probability 
thermal ellipsoids. The crown ether is disordered over two essentially 
identical sites, both of which are shown. In the polymeric anion bond 
lengths are as follows: Mg(2)-C(2) 2.170 (6), Mg(2)-C(3) 2.302 (9), 
Mg(2)-C(4) 2.334 (11), Mg(2)-C(5)' 2.258 (6), Mg(3)-C(3) 2.251 (9), 
Mg(3)-C(4) 2.309 (11), Mg(3)-C(5) 2.395 (6), and Mg(3)-C(6) 2.170 
(6) (Mg(2)-Mg(3) 2.811 (2) A). Bond angles are as follows: C(2)-
Mg(2)-C(3) 110.9 (4), C(2)-Mg(2)-C(4) 109.3 (4), C(2)-Mg(2)-C(5)' 
114.0 (4), C(3)-Mg(2)-C(4) 103.3 (3), C(3)-Mg(2)-C(5)' 112.9 (4), 
C(4)-Mg(2)-C(S)' 105.7 (4), Mg(2)-C(3)-Mg(3) 76.2 (3), Mg(2)-C-
(4)-Mg(3) 74.5 (3), C(3)-Mg(3)-C(4) 105.7 (3), C(3)-Mg(3)-C(5) 
110.0 (4), C(3)-Mg(3)-C(6) 115.2 (4), C(4)-Mg(3)-C(5) 103.7 (4), 
C(4)-Mg(3)-C(6) 114.3 (5), C(5)-Mg(3)-C(6) 107.4 (2), and Mg-
(2)-C(5)'-Mg(3)' 174.1 (3)°. (Primed atoms are related to unprimed 
atoms by the symmetry 1/2 + x, 1/2 - v, z.). 
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Figure 2. The 200 MHz 'H NMR spectrum in benzene-rf6 of a solution 
formed from Np2Mg and 15-crown-5. Chemical shifts are relative to 
benzene-d5 (3 7.15). The absorptions labeled A are assigned to 
NpMg( 15-crown-5)+. 

reasons we attribute the absorptions labeled A to NpMg(15-
crown-5)+, having a structure like that of the cation in Figure 1: 
(1) absorption areas have the appropriate ratios; (2) absorption 
positions are relatively insensitive to the solution composition; (3) 
absorptions of the a-H's (average d -0.41) and the ligand H's 
(average d 3.02) are shifted upfield, as in spectra of RMg(cryp-
tand)+ ions; (4) the crown ether absorption is an AA'BB' multiplet, 
as expected for a crown ether with different faces.9 

The absorptions labeled B are due to Np groups, interchanging 
rapidly on the NMR time scale, of magnesiate ions, and we think 
also of a species Np2Mg(15-crown-5), to which we assign the 
crown ether absorption labeled C. At Np to crown ether ratios 
between 0 and nearly 2, the single crown ether absorption shifts 
in position from that (3 3.51) characteristic of free crown ether 
to that (d 3.31) of C in Figure 2; throughout that range, however, 
the position of the single Np CH2 absorption is relatively constant 
(3 0.09),10 suggesting that the Np groups are in a single species. 
NpMg(15-crown-5)+ absorptions first are seen as the ratio ap­
proaches 2; between ratios of approximately 2 and 6, the position 
of the original crown ether absorption now is constant (3 3.32 ± 
0.01), consistent with all crown ethers responsible for it residing 
in a single species. By contrast, between these ratios, the original 
Np CH2 absorption shifts steadily, consistent with its being due 
to Np groups of both Np2Mg(15-crown-5) and magnesiate anions. 
Np2Mg(15-crown-5) may have the "threaded" structure suggested3 

for Ar2Mg(crown) species, in which the crown ether oxygens 
surround the Mg in an equatorial fashion and the organic groups 
occupy apical positions." 

At Np to crown ether ratios above about 6, only the crown ether 
absorption attributed to NpMg(15-crown-5)+ remains. With an 
excess of crown ether, the ratio of Np absorptions B to those (A) 
for Np in NpMg(15-crown-5)+ falls to but never drops below 5. 
Although solutions with a ratio of 5 might contain equilibrating 
mixtures of Np3Mg", other magnesiate anions, and Np2Mg, the 
major species probably are magnesiate ions of composition 
Np5Mg2

-. In spectra of solutions of various R2Mg's with 15-
crown-5 or 2,2,1-cryptand (a less than optimal cryptand), the ratio 
5 has been observed frequently but also has been the lowest 
observed. R5Mg2" must have sufficient stability that its conversion 
to (R3Mg")„ and RMgC+ ordinarily requires a more effective 
coordinating agent than 15-crown-5. 

Other R2Mg's (R = ethyl, hexyl, sec-butyl, tert-butyl) form 
solutions that exhibit RMg(crown)+ 1H NMR absorptions, but 
equilibrium constants and equilibration rates vary.4'5,12 Some 
(hexyl)Mg(15-crown-5)+ is evident, for example, even at hexyl 
to crown ratios near 0. 

1H NMR absorptions due to RMg(15-crown-5)+ were not 
noted in our initial work because the solvent always was an ether. 
We have now observed that addition of some EtOEt or THF to 
benzene solutions prepared from Np2Mg and 15-crown-5 reduces 
NpMg(15-crown-5)+ absorptions. In fact, EtMg(15-crown-5)+ 

absorptions are not detected in solutions of Et2Mg and 15-crown-5 
in pure EtOEt-^10. 
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(9) For a particular solution with a Np to crown ratio of 3.5, dA = 3.033, 
dB = 3.069, yAB » 7A.B. = 4.1 Hz (gem), /AA. = 6.3 Hz (cis), JBW = 6.2 Hz 
(cis), and 7AB> = /A.B = -9.9 Hz (trans). This absorption changes in ap­
pearance from solution to solution, often looking like a singlet. These dif­
ferences apparently are due to small changes in dA and dB, particularly as 
concentrations change, rather than to exchange processes. Note that the 
spectra would be more complicated if the ring did not retain conformational 
mobility. 

(10) A slight variation (d ± 0.03) is noted but at least in part is related 
to concentration level. 

(11) Results obtained from NOE difference spectroscopy, although not 
definitive, also are consistent with this structure. Irradiation of the crown ether 
absorption enhanced (34.3%) the Np CH2 absorption, indicating that the Np 
CH2 is in close proximity to the crown ether. An enhancement involving R 
and the crown ether is noted in other situations where a threaded species seems 
likely (e.g., ref 3) but not observed in other situations where such a structure 
is unlikely, for example, for solutions of Np2Mg and 12-crown-4. 
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Synthetic manipulations of carbohydrate derivatives rely on 
efficient differential protecting group strategies, and excellent 
protocols have been developed which discriminate between various 
hydroxyl groups on the basis of their steric, electronic, or reactivity 
demands.2 In this context, the anomeric center is particularly 
important, since it usually plays a key role in the syntheses, whether 
the sugar is used as a building block for oligosaccharides3 or as 
a chiron4 for natural products.4'5 Therefore, a procedure for 
chemospecific liberation of the glycosidic oxygen would be ad­
vantageous, and in this manuscript, we describe such a reaction. 

Our approach to this problem grew out of the serendipitous 
finding6 that reaction of the dipyranoside 1 with NBS/ 
CH3CN/H20 led not to the expected bromohydrin but to the 
bromomethyl tetrahydrofuran 26 (Scheme Ia). We had failed 
in attempts to open the dipyranoside directly or indirectly (i.e., 
1 —• 3) by use of protic or Lewis acid protocols. Hence, the ready 
formation of 2 was welcomed, particularly since reduction with 
zinc led readily to 3.6 With respect to the key step, a mechanistic 
rationale, summarized by the arrows in 1, implied a unique case 
of "R05 participation"7 by the ring oxygen8 in the opening of the 
putative cyclic bromonium ion. 

The mechanistic proposition can be fleshed out by using the 
generalized structural element 4 (Scheme Ib). Thus, the process 
is driven by a cascade of ionic intermediates 5, 6, and 8, which 
requires involvement of both oxygens. In effect, the overall 
transformation, 4 —• 8,9 suggests a generalized protocol for 
"hydrolysis" of an acetal without the use of an acid, as is the 
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Table I. Deglycosidation of Protected /i-Pentenyl 
a,/?-D-Glucopyranosides with NBS0 

entry 

i 
ii 

iii 
iv 
V 

vi 
vii 
viii 

substrate 

12 
14a 

14b 
14c 
14d 
14e 
14f 
14g 

product 

11 
15a 

15b 
15c 
15d 
15e 
15f 
15g 

reaction 
time (h) 

3 

16 
7 
6 
6 

36 
9 

yield (%) 

85 
complex 

mixture 
63 
90 
70 
68 
62* 

72» 
"For experimental conditions, see footnote 12. 'These yields were 

not optimized. The reactions were stopped at ~50% completion, and 
the yields are based on recovered starting material. 

customary requirement. The promise for sugar chemistry, 
therefore, was the possibility to cleave specifically the glycosidic 
oxygen under conditions that would leave a wide array of com­
monly used protecting groups unaffected. 

Accordingly, the perbenzylated n-pentenyl glycoside 1210 was 
prepared by Fischer glycosidation of ll11 (Scheme II). 

(1) Reaction either the a or /3 anomer of 12 with NBS in wet 
acetonitrile12 regenerated H cleanly in 85% yield (Table I, entry 
i). 

In order to examine a more discriminating substrate, the 
benzylidene derivative 14a was prepared via 13 and converted into 
various diprotected derivatives, 14b —• 14g.10 

(2) Reaction of 14a itself did not give high yields of 15a, owing 
to complex side reactions. 

(10) All new compounds were characterized by 300 MHz 1H NMR and 
by HRMS and/or elemental analysis. 

(11) Schmidt, O. T.; Auer, T.; Schmadel, H. Chem. Ber. 1960, 93, 556. 
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