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significantly different organometallic monomer structures are 
under active investigation in our group. 
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We have previously shown that nitrile carbons are susceptible 
to nucleophilic attacks by polyhedral borane anions and that these 
reactions can result in either CN or monocarbon cage-insertion 
products in high yields.2 For example, the reaction of ara-
cA/i0-6,8-C2B7H|2~ with acetonitrile was found to produce the new 
tricarbon carborane m'</o-6-CHj-5,6,9-C3B7H9". We have now 
found that the reaction of acetonitrile with the isomeric carborane 
anion 0/-OcZmCHl1S-C2B7H12" proceeds in a different fashion to form 
the new carborane anion /i/(fo-4,5-C2B6H9~ in high yields.3 

arac/mo-4,5-C2B7H12- + CH3CN -^-
/1/(/0-4,5-C2B6H9- + VjEt3B3N3H3 (1) 

In a typical reaction, a/,acA/io-4,5-C2B7H|3'' was deprotonated 
with KH in THF at -50 0C. An excess of dry CH3CN was then 
added, and the solution was refluxed for ~ 1 day. Removal of 
the volatiles left a slightly air-sensitive off-white solid, K*nido-
4,5-C2B6H9" (I"), in essentially quantitative yield.5 Fractionation 
of the volatile materials also gave an equivalent amount of AT,-
/V./V-triethylborazine. 

The <wac/mo-4,5-C2B7H]2- anion, unlike the arachno-6,%-
C2B7Hi2" isomer, contains a BH2 structural unit.4* Thus, the 
differences observed in the reactivity of these two carborane anions 
with acetonitrile undoubtedly arise because of the base-induced 
cleavage of a BH3 group6 from the 4,5-isomer with subsequent 
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Figure I. ORTEP drawing of the cage structure of Bu4N*/ii'</o-4.5-
C B 6 H , ( 1 ) . Selected bond distances (A): B1-B2, 1.749 (7); B1-B3, 
1.794 (7); B1-C4, 1.687 (7); BI -C5 . 1.686 (6); B1-B6, 1.805 (7); B2-
B3. 1.792 (7); B2-B6, 1.833 (7); B2-B7, 1.715 (6); B2-B8, 1.710 (7); 
B3-C4. 1.566 (7); B3-B8, 1.699 (7); C4-C5. 1.400 (7); C5-B6, 1.562 
(7); B6-B7. I 709 (7); B7-B8. 1.666 (7); B7-H78. 1.219 (35); B8-H78, 
1.294 (35). 
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Figure 2. Possible structures for n/(/o-4,5-C2B6H|0: HF/3-21G optim­
ized geometries" x for the asymmetric (1») and symmetric (lb) isomers. 
Terminal hydrogens have been omitted from the figure for clarity. 

rearrangement of the resulting CH3CN-BH3 adduct to 1,3,5-
Et3B3N3H3.-

The new carborane 0/(/0-4,5-C2B6Hi0 (1) was obtained by 
protonation of a dry CH2Cl2 suspension of K*nido-4,5-C2B6H9' 
with gaseous HCl at -78 °C. Unoptimized, isolated yields of 
>60% of this colorless air-sensitive liquid that slowly decomposes 
at room temperature were obtained using standard vacuum 
fractionation techniques at a -50 0C trap.8 

CH2Cl; 

K+ZiMo-^S-C2B6H,- + HCI - ^ * /1/(/0-4,5-C2B6Hi0 + KCI 

(2) 

The carbons apart isomer of this carborane, 4,7-C2B6Hi0, was 
first isolated in 1973 by Williams' in <5% yields, and later by 
Burg10 in 37% yields, from the reactions of closo-l,5-C2B3H5 and 
diborane. The two C2B6H ,„ carboranes are examples of 8-vertex, 
20 skeletal electron, nido cluster systems and, on the basis of 
skeletal electron counting rules," would be expected to adopt 
open-cage structures based on a tricapped trigonal prism missing 
one high coordination vertex. However, the only structurally 
characterized 8-vertex nido cluster with this geometry is nido-
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(77-C5Hs)2Co2SB5H7.
12 Other isoelectronic clusters, such as 

WWo-B8H12,
13 /jtfo-(»76-(CH3)6C6)FeMe4C4B3H3,

14 and nido-(v-
C5H5)CoPh4C4B3H3,

15 have been shown to adopt structures based 
on a 10-vertex bicapped square antiprism missing two vertices, 
which is the same geometry expected for 8-vertex arachno clus­
ters.1 ' Thus, the question of which is the preferred geometry for 
8-vertex nido cages has been a longstanding problem in cluster 
chemistry.lle,f 

The NMR spectra obtained for 4,7-C2B6H10 were originally 
interpreted as consistent with either static arachno or fluxional 
nido structures in solution. A recent ab initio/IGLO/NMR 
study16 strongly favors the static structure for 4,7-C2B6H10; 
however, its structure has not yet been crystallographically con­
firmed. 

A single-crystal X-ray study of Bu4N
+«/do-4,5-C2B6H9~ con­

firmed the arachno-type structure shown in Figure I,17 and it is 
thus the first structural confirmation of this geometry for the 
parent carborane system. The carbon atoms occupy adjacent 
positions on the puckered six-membered open face with the single 
bridge hydrogen located at the B3-B6 edge, across from the 
carbons. 

Ab initio18/IGL019/NMR calculations20 likewise favor an 
arachno-type geometry for ratfo-4,5-C2B6H10, with the asymmetric 
placement of hydrogens in structure la (C1 symmetry) being 
favored over the symmetric arrangement in lb (Cs) (Figure 2). 
The 160.5-MHz 11B NMR spectra4'7 of K+wV/o-4,5-C2B6H<r and 
w'rfo-4,5-C2B6H10 both display a 2:1:2:1 ratio of resonances 
suggesting similar cage geometries, but also suggest a symmetric 
(lb) rather than asymmetric (la) arrangement of bridging protons 
in the parent. However, the broad appearance of the B3,6 res­
onance in the spectrum of 1 suggests dynamic behavior. Indeed, 
rapid bridge-proton rearrangements across the B3-B8, B7-B8, 
and B6-B7 edges in 1 could account for both the apparent mirror 
symmetry present in the 11B NMR spectrum and the broad nature 
of the B3-B6 resonance. 
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The ketene-imine cycloaddition reaction is one of the most 
widely used methods in the synthesis of the /3-lactamic rings.1,2 

In 1907, Staudinger3 reported the first synthesis of a /S-lactam 
by a [2 + 2] cycloaddition of diphenylketene with benzylidene-
aniline at 200 0C. The Staudinger reaction is now widely em­
ployed in the preparation of /3-lactams, because it provides direct 
access to these compounds from simple precursors; in addition, 
there is increasing interest in the problem of control of the in­
duction of asymmetry in the reaction.4 

Nevertheless, despite the synthetic interest, the actual mech­
anism of the Staudinger reaction is still unclear.1 The most widely 
accepted mechanism involves the participation of a ketene gen­
erated from an acid halide precursor under basic conditions;5 the 
ketene generated in situ will cycloadd to the imine, leading to the 
/3-lactam derivative (see Figure 1). According to the experimental 
results of Moore and co-workers,6 the cycloaddition of the ketene 
to the imine is a two-step zwitterionic process rather than a 
concerted one (Figure 1). This mechanistic proposal is supported 
by the detection of the zwitterionic intermediate by infrared 
spectroscopy in thermal reactions of ketenes with imines7a and 
by a detailed kinetic analysis with low-temperature FT-IR 
spectroscopy.7b 

The related reaction of ketene with alkenes has been studied 
theoretically by Burke,8 by Bernardi and co-workers,9 and by 
Wang and Houk.10 The results of these calculations show that 
this reaction has a very asynchronic transition structure, with an 
appreciable charge separation, but no intermediates were located. 

In this communication we report the first ab initio study on 
the mechanism of the Staudinger reaction." Ketene plus form-
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