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the input parameters were estimated by comparing the theoretical 
results obtained by a rough grid search16 to experimental data. 
The results of our model calculations, included in Figure 1, suggest 
that large variations in interglycosidic torsional angles are re
sponsible for the observed variation of r\w for both the Hlg-H4f 
and HIg-HIf interactions. It is important to note that the 
NOE-derived distances measured in this study do not correspond 
to statistical averages, as it often assumed117 but to the motionally 
averaged values.18a_e 

In summary, we have conclusively demonstrated the internal 
flexibility of sucrose in solution from interresidual, laboratory-
frame cross-relaxation rates (a11), a parameter that gives unique 
information about intramolecular dynamics.18a,19a_d'20 In contrast, 
rotating-frame cross-relaxation rates as well as intraresidual, 
laboratory-frame cross-relaxation rates, like 13C relaxation 
times,3a_d appeared virtually insensitive to this type of internal 
motion for a fast-tumbling molecule in solution. Paradoxically, 
it appeared that, for OJTC ~ 1 , interresidue cross-relaxation rates 
measured from the laboratory frame of reference reflected internal 
molecular motions, i.e., they gave insight into a frame of reference 
corresponding to the viewpoint of an individual molecule. 
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Jn = S2 + {(r-6) - S2) T-
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y2m(fi) are spherical harmonics functions with r and ft corresponding to the 
distance and polar angle of a given proton pair in the molecular frame, (••• > 
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To.i = Am expl 

R is the gas constant, T is temperature, and A0 j and £0ii are adjustable 
parameters. For the Hlg-H4f interaction measured in the temperature range 
from 263 to 330 K at 500 MHz, and at two temperatures (272 and 285 K) 
at four different magnetic fields (250, 400, 500, and 600 MHz), we obtained 
the following set of parameters: populations (pA, pB, pc) = (0.38, 0.38, 0.24), 
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= 2 fs, E; = 16 kJ/mol, A{ = 11 fs. Almost the same parameters E0 and A0 
were obtained from the temperature dependence of T0 calculated from 
cross-relaxation rates for the Hlg-H2g proton pair. 
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The chemistry of carbenes substituted with electron-donating 
groups is an old and rich one, with all manner of substituents well 
explored.2 The chemistry of carbenes substituted with electro
positive elements is so far restricted to theoretical studies. In 
particular, there is no example of a boron-substituted carbene 
outside of a computer. Only a few potential precursors are known,3 

although some beautiful new diazo compounds have recently been 
made by the group of Bertrand.4 Here we describe the synthesis 
of l,2-dimethyl-3-(diazomethyl)-o-carborane (1) and the first 
reactions of the carbene derived from it, 2. 

CH3 CH3 CH3 OH3 

y^^&^CHNa JfS^L^ZH l n t n e s e f i 9 u r e s t n e d o t s represent 
/ r j > N | N \ hv / f j £ ^ i rA carbons and all other vertices are 
\ Y j > i l 7 y *" W N ^ r e ? borons. There is a hydrogen at each 
\ 2 £ < S / \j£Q/ unoccupied vertex. The boron 

shown as a "B" is at the 3 position. 
1 2 

Boron-substituted carbenes have received substantial theoretical 
attention and are species of considerable interest. As with many 
carbenes, an issue of importance is the presence of two low-lying 
spin states, the singlet and triplet. In simple species such as 
H2B-CH, the boron acts to stabilize the singlet state through 
overlap of its empty 2p orbital with the filled orbital of the carbene 
containing the two nonbonding electrons. At the same time, the 
relatively electropositive boron atom acts through the a system 
to stabilize the triplet. Calculations agree that this balancing act 
yields a pair of spin states quite close in energy.5 In the case of 
2, in which there is not expected to be good connection between 
extracage and cage orbitals,6 it is as if the singlet stabilization 
had been turned off. Accordingly, one might expect enhanced 
triplet activity. 

Tosylhydrazone 3 was made by insertion of a vinyl-substituted 
boron into Li2B9C2Hn,

7 methylation of the two cage carbons, 
ozonolysis, and reaction with tosylhydrazine. Heating the sodium 
salt under vacuum (120 °C/0.02 Torr) led to the diazo compound 
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1 in 82% yield. Compound 1 appears stable, but should be treated 
with caution in view of the possible explosion hazard. 

Irradiation of 1 in 2,3-dimethyl-2-butene through Pyrex with 
a 450-W Hanovia medium-pressure mercury arc led to four 
products in 60% yield. Intramolecular insertion gave 4, which 
is the first compound reported that contains a two-carbon car
bon-to-boron bridge.8 Addition to the double bond gives 5, and 
formal insertion into an allylic carbon-hydrogen bond produces 
6. Most unusual is the formation of 1,2,3-trimethyl-o-carborane 
(7), a major product and the apparent result of a double ab
straction by carbene 2.9 

6,38% 7,29% 

The substantial formation of 7 is unusual, and a likely origin 
is double abstraction of hydrogen by triplet 2. Compound 4 does 
not give 7 either photochemically or on heating at the temperature 
of the photolysis of 1 (ca. 35 0C). As 7 is formed in solution, 
there is no reason to suspect rearrangements of "hot" molecules. 

However, analysis of the products of reaction with cis- and 
fra/w-2-butene shows that the cycloaddition reaction is largely 
stereospecific. This indicates substantial singlet reactivity. In 
these reactions, 4 and products of carbon-hydrogen insertion are 
still formed, and compound 7 remains a major product.10 The 
most economical explanation is that both spin states of carbene 
are present, with the singlet leading to most of the cyclopropanes 
and the triplet to most of the products of hydrogen abstraction 
as well as, presumably, the small amounts of cyclopropanes formed 
with loss of the stereochemistry present in the original olefins. 

8 9 10 

\ = / 
• . 4, 9% + 7, 28% + 8, 5% + 9, 34% + 10, 8% 

+ 16%" insertion" 
hv 

S 
^ 4, 4% + 7, 23% + 8, 30% + 9, 3% 

+ 40% "insertion" 
hv 
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This behavior contrasts both with reactions of l-o-
carboranylcarbene1' and with those of the two-dimensionally 
aromatic phenylcarbene.12 For neither of these carbenes are 
reactions of the triplet detectable, even though the triplet is the 
ground state in each case.6'13 Thus, preliminary results bear out 
the expectation that carbene 2 should show enhanced triplet ac
tivity. 

Supplementary Material Available: NMR, IR, and mass 
spectral data of compounds 1, 4, 5, and 7-10 and experimental 
details for the synthesis and photolysis of 1 (3 pages). Ordering 
information is given on any current masthead page. 
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in the following: Wu, S.-h. Ph.D. Dissertation, Princeton University, 1989. 

(9) All new compounds have been characterized by NMR and IR spec
troscopy and analyzed by either combustion analysis or precise mass spec
trometry. 
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Monomeric titanium and zirconium complexes with multiple 
bonds to oxygen,2 sulfur,3 and nitrogen4 have attracted considerable 
attention due to their novel structural features and interesting 
reactivity.2"5 Recently, we have initiated a research program that 
is designed to prepare models for complexes involved in chemical 
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