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solvated analogue), which, in the absence of other reactants, 
recombines with CO or dimerizes via very rapid reactions. In the 
presence of added PPh3, ethylene, or dihydrogen, adducts of I are 
formed. Rates of addition of the former two are quite rapid while 
dihydrogen addition occurs with a rate significantly slower. In 
all cases, however, the initial adducts formed react eventually with 
the photolabilized CO to reform the more stable starting complex 
RhCl(CO)(PPh3)2. These observations are consistent with a 
previous continuous photolysis investigation which reported no 
net photochemistry of this species in the absence of oxygen.11 

Preliminary flash photolysis studies12 of the iridium analogue 
Vaska's complex IrCl(CO)(PPh3)2 demonstrate the formation of 
a transient analogous to I although the subsequent reactions display 
significant differences. 
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Crown ethers have been utilized as multidentate ligands to form 
unusual or unique coordination states for numerous metals.1 One 
particularly fruitful area has been the reaction between crown 
ethers and ML2 species, resulting in a number of modes of com-
plexation involving both direct M-O interaction and L- • -O hy­
drogen bonding.2"11 A general condition for the former to occur, 
as reported by Christensen et al.,12 is that the ratio (R) of the metal 
ion diameter to the crown cavity diameter be between 0.75 and 
0.90.13 Within this range, however, two types of complex can 
exist—those in which the metal and oxygens are coplanar, resulting 
in a bipyramidal structure having L axial, and those in which cis 
sites are occupied by L, leaving the metal lying out of the plane 
of the oxygens. Which mode occurs is again largely dependent 
on R, lower values leading to the "included" metal (e.g., Ca-
(NCS)2-benzo-15-crown-5-S (S = H2O, CH3OH)6 has the calcium 
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Figure 1. [AlCl2-benzo-15-crown-5] + cation. The Cl-Al-Cl angle is 
169° and the lengths involving Al(I) are Al(I)-O(I) = 2.28 (1), Al-
( l ) -0(2) = 2.03 (1), Al(l)-0(3) = 2.06 (1), Al(l)-0(4) = 2.08 (1), 
Al(I)-O(S) = 2.30 (1), Al(I)-Cl(I) = 2.202 (5), and A1(1)-C1(2) = 
2.197 (7) A. 

lying 1.22 A out of plane, R = 1.01-1.31, whereas Ca(NCS)2-
18-crown-63 contains the calcium coplanar with the oxygens, R 
= 0.70-0.86). 

Reaction of EtAlCl2 with 12-crown-4 and 18-crown-6 produces 
cationic complexes of aluminum coordinated to four oxygens and 
two cis chlorines. The diameter of Al3+ is 1.34 A, and this gives 
a value for R of 0.90-1.10 for these complexes.14 Thus by analogy 
with the calcium series, reaction of EtAlCl2 with benzo-15-crown-5 
(R = 0.61-0.79) produces the title compound, corresponding to 
the 2:1 complex of AlCl3 with the same crown.15 The X-ray 
investigation revealed that the cation consists of the first struc­
turally characterized seven-coordinate aluminum,16,17 the coor­
dination polyhedron being a pentagonal bipyramid with five 
equatorial oxygens and two axial chlorines (Figure 1). 

The aluminum is coplanar with the oxygens and is displaced 
away from the aromatic group. Thus the Al-O distances for 0(2), 
0(3), and 0(4) are much shorter than those for the two oxygens 
adjacent to the benzo group. The latter two distances are among 
the longest Al-O lengths so far reported,18 but justification for 
referring to them as bonds arises from both the near ideality of 
the pentagonal-bipyramidal geometry19 combined with the definite 
bonding distances to the other three oxygens and the elongated 
Al-Cl distances (2.200 (3) A compared to 2.143 (6) A in the 
anion). 
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Three structurally similar complexes have been investigated: 
Mg(NCS)2-benzc-15-crown-5,6 Co(H20)2-benzo-15-crown-5,9 and 
CuCl2'benzo-15-crown-5'CHCl3.

10 A comparison of the structural 
data shows little variation for the conformation of the crown ether 
(e.g., Mg complex torsion angles vary less than 6% compared with 
those for the aluminum complex). However, the disparity in the 
Al-O distances for the title complex is not evident for any of the 
metal-oxygen lengths in the related complexes. This can be 
explained by both the increased charge and the smaller diameter 
of the aluminum cation (̂ Mg2+ = 1-84 A, ^Cu2+ = 1 -88 A, rfCo

2+ 

= 1.84 A, all values corrected for seven-coordination using the 
method of Pauling,20 whereas the corrected value for Al3+ = 1.44 
A). Thus the lesser donor capability of the "benzo" oxygens 
reported for [Tl(CH3)2-dibenzo-18-crown-6] + 21 becomes more 
evident for the smaller cation. The bonding system is an extension 
to that in SF6 or PF5, the ability of the oxygens to lie in a plane 
and the electronegativity of the chlorines combining to stabilize 
the filling of four bonding and three nonbonding orbitals. As only 
three of the former are bonding with respect to aluminum and 
oxygen, a six-electron ten-center pattern is formed, which is in 
agreement with the "eight-electron" rule and leads to the observed 
long and irregular bonding distances.22 
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Intramolecular Michael Addition of O -Carbamates to 
a,/3-Unsaturated Esters. A New Diastereoselective 
Animation in an Acyclic System+1 

Table I. Diastereoselective Intramolecular Michael Addition of 
Allylic O-Carbamates 1 

entry 

1 
2 
3 
4 

5 

substrate 

R 

la, Me 
lb, Ph 
lb, Ph 
Ic, Ph 

H'" TlCONH2 

2,3 
double 
bond 

E 
E 
E 
Z 

E 

25 
30 
1.5 
30 

30 

conditions" 

min or 
min 
equiv, 

min 

min 

3 s 

30 min 

prod 

ratio4 

2:3 

5:1 
12:1 
7:1 

>100:1 

>20:1 

UCt 

% 
yield' 

66 
85 
68 
75 

79 

"Carried out in an anhydrous THF and quenched with saturated 
aqueous NH4Cl or pulverized NH4Cl (1 equiv); 1.0 equiv of KO-Z-Bu 
(0 0C) was used, unless otherwise indicated. 'Product diastereomer 
ratio determined by 200-MHz 1H NMR spectroscopy. 'Yield of iso­
lated mixture of 2 and 3. 

advantage that enantiomerically pure materials are readily ac­
cessible.4,5 Compared with the two-step procedure, asymmetric 
epoxidation of allylic alcohols5 and subsequent addition of nitrogen 
nucleophiles,6 the direct addition of a nitrogen functionality to 
an unsaturated alcohol system has not generally been so stereo­
selective.1,7 We disclose here a new aspect of carbamate-mediated 
functionalization8 useful for diastereoselective introduction of a 
nitrogen functionality directly in the /3-position of y- and 5-hy-
droxy-a,/3-unsaturated esters. 

When allylic carbamate esters 1. were stirred with 1.0 equiv 
of KO-f-Bu (THF, 0 0C) under an argon atmosphere, a rapid 
cyclization via nitrogen occurred1 producing mainly the trans-
oxazolidinones 2, equal to \,2-syn amino alcohols (eq 1, Table 

o 
O NH 

+ 

O 

A 
O NH 

H«i_t»H (D 

j) 9,10 J j 1 6 r a t j 0 0f 2:3 w a s not affected by changing the reaction 
time (entry 1), while it was diminished by excess KO-r-Bu (entries 
2, 3). Other bases such as NaH (1.5 equiv, room temperature) 
resulted in the similar stereoselectivity with somewhat slower 
reaction rate. Higher 1,2-asymmetric induction was observed in 
the compounds with more sterically demanding R groups (entries 

Masahiro Hirama,* Takeo Shigemoto, Yutaka Yamazaki, 
and Sho Ito* 

Department of Chemistry, Tohoku University 
Sendai 980, Japan 

Received October 5, 1984 

The synthesis of biologically important amino sugars from 
noncarbohydrate precursors is currently receiving considerable 
attention.2 A challenging aspect of the effort is the stereo-
controlled functionalization of acyclic olefinic systems. Though 
highly stereoselective oxygenation of double bonds of unsaturated 
amine derivatives has recently been reported,3 alternative ap­
proaches starting from unsaturated alcohols have one obvious 
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