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The dark green crystals of 3 were sensitive to moisture but were 
stable up to 240 0C under argon. Their mass spectrum (EI, 373 
K) confirmed the presence of NPMe3 ligands, showing a pattern 
of peaks consistent with isotope distributions as calculated for 
tetrameric units and their fragment ions. Therefore ^3-NPMe3 
units and a cubane-type molecular structure with Ni and N atoms 
in alternating corners are the most likely. 

Formation of phosphorane-imido ligand under photochemical 
conditions suggests the existence of a nitrene intermediate. Such 
a reaction has been previously proposed to explain the photo
chemical reactivity of azido complexes.17,18 Thus the chemistry 
of this azido Ni complex presents an interesting parallel with the 
chemistry of the related diazo complex. In both cases, there is 
formation of an electrophilic species: a carbene or nitrene, which 
reacts with PMe3 giving rise to ylide-type adducts. 

These results could be indicative of an interesting parallel 
between the chemistry of this low-valent-metal nitrene and that 
of the related carbene. Work is now in progress in that direction. 
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Thermal rearrangement of a 2,2'-linked di(methylenecyclo-
propyl) to a 1,4-dimethylenecyclohex-2-ene presents subtle 
problems in the description of the covalency changes. Do the two 
rings cleave simultaneously or sequentially? Is a disjoint1 2,5-
dimethylenecyclohept-3-ene-l,6-diyl biradical an intermediate? 
This paper reports a rare example2 of this rearrangement and the 
first examination of the mechanistic questions by the use of a 
stereochemical probe. 

The tricyclic 2,2'-linked di(methylenecyclopropyl) 1 was syn
thesized in five steps from the known3 6-chloro-6-methyl-
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bicyclo[3.1.0]hexan-2-one. Heating 1 in the gas phase4 caused 
clean rearrangement to 2,5-dimethylene-3-ethylbicyclo[4.1.0]-
hept-3-ene (2). An Arrhenius treatment of the first-order rate 
constants (Ie) determined at seven temperatures spanning the range 
132-180 0C gave the equation log [k in s"1) = (13.9 ± 0.4) -
(35900 ± S00)/2.3RT cal/mol.5-6 

Plausibly, one might postulate the vinylogous tetra-
methyleneethane 3 as the key intermediate in the rearrangement. 
A test for such an achiral species would employ enantiomerically 
enriched I7"9 as the reactant, from which product 2, although 
chiral, necessarily would be racemic if formed via 3. Reaction 
mixtures from separate pyrolyses of either enantiomer of 1 (85.6% 
ee in one enantiomer and 79.3% in the other) were analyzed 
enantiospecifically on a 50-m 2,3,6-tri-Omethyl-/3-cyclodextrin 
(10% in OV-1701) fused silica capillary gas chromatography (GC) 
column.10 Recovered from partial conversion, reactant 1 had 
essentially undiminished ee. Product 2 was partially but incom
pletely racemized. The ee of the product was independent of the 
duration of pyrolysis but varied monotonically with reaction 
temperature. Temperatures (and percentage of original reactant 
ee retained) were as follows: 115.0 0C (54.6%); 140.3 0C (52.4%); 
159.7 0C (50.4%); 177.0 0C (48.6%); 195.6 0C (46.0%); 208.0 
0C (43.8%). The slope of an Arrhenius plot of the ratio of the 
rate constants ^1 and fc2 for the competitive formation of the two 
product enantiomers gives the value of 1120 ± 230 cal/mol for 
the difference in activation enthalpy between these two processes. 

These results rule out any mechanistic pathway passing ex
clusively through an equilibrated achiral intermediate such as 3. 
Attempts to gain access to this species by heating product 2 at 
higher temperatures did result in slow racemization, but the rates 
were erratic due to surface effects. From these data, a lower limit 
of 42 kcal/mol may be assigned to AG* for this reaction. 

Bond additivity" and strain energy12 estimates suggest that 
product 2 is thermodynamically more stable than reactant 1 by 
~45 kcal/mol, whereas biradical 3 lies ~33 kcal/mol above 2 
but ~12 kcal/mol below 1. In view of the behavior of the 
analogous cases of 6-methylenebicyclo[3.1.0]hex-2-ene pyrolyses 
(4 —• 6),3 where rearrangement occurs exclusively through a 
metastable biradical intermediate 5, it is remarkable that the 
reaction pathway descending from the 1 —* 2 transition state avoids 
the deep energy hole in the region of biradical 3. We suggest that 
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two mutually reinforcing factors produce the contrast in rear
rangement mechanisms of 4 and 1. 

W 
The first is that in the hypothetical "half-planar" geometry 

resulting from opening of one of the methylenecyclopropane units 
of 1, the orbitals of the trimethylenemethane (TMM) are out of 
alignment with the canted orbitals of the remaining bridge bond. 
Not until the exocyclic CH2 group of the TMM unit has passed 
through the plane of the six-membered ring, giving a syn geometry, 
does overlap of the reacting orbitals become favorable. From 4, 
however, formation of the TMM 5 directly generates a fully planar 
carbon skeleton with good overlap of the p orbitals. 

The second is that the geometry of 1 holds the bent bridge bond 
orbitals in a nearly perpendicular relationship conducive to an 
orbital symmetry allowed (ah + O2SL) cycloaddition, which would 
produce the observed cis fusion of the rings and a cis endocyclic 
double bond in the product 2 (Scheme I). For this mechanism, 
two competing allowed (<r2s + <r2a) reactions passing over dia-
stereomeric transition states to enantiomeric products are expected, 
in accord with the observed partially racemized 2. Which (T-bond 
prefers to participate antarafacially will determine the dominant 
enantiomeric configuration of 2 in the product. 

Alternatively, double epimerizations of reactant 1 at the two 
bridge bond sites could give the enantiomers of the (at present 
unknown) syn tricyclic compound 7 at unequal rates, which 
eventually in formally forbidden ((T2S + ah) reactions would give 
the enantiomers of 2 in unequal amounts.13 
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(13) A subtly different pathway would involve conversion of the syn bi-
radical derived from 1 directly to 2 before cyclization to 7. The formal 
reaction 7 — 2 might also proceed through the same biradical. Note that a 
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This communication presents a novel combination of the use 
of isotope labels, heteronuclear NMR1 correlation spectroscopy, 
and heteronuclear editing2"4 for structure determinations5 of re
ceptor-bound bioactive molecules. The new experiment com
plements homonuclear 2D 1H NMR with an X(w!,w2)-double-
half-filter (X is usually 13C or 15N) that yields subspectra con
taining exclusively intramolecular cross peaks between different 
hydrogen atoms of the isotope-labeled ligand molecule in the 
complex or the unlabeled receptor molecule, respectively.2'4,6 

Limitations for the use of the latter, homonuclear 2D NMR 
experiment may arise with increasing size of the individual 
molecules in the complex, when there is spectral overlap even in 
the edited subspectra. The presently introduced heteronuclear-
resolved half-filter experiment alleviates the aforementioned 
limitations for the isotope-labeled component in the complex. A 
practical application is described with studies of fully 13C labeled 
cyclosporin A (CsA) (MW 1265) bound to unlabeled cyclophilin 
(MW 17900). CsA is an immunosuppressive cyclic undecapeptide 
that has found widespread use in the treatment of allograft re
jection following organ transplantations.7 The protein cyclophilin 
is the presumed cellular receptor of CsA.8 

The presently used heteronuclear-resolved half-filter experiment 
consists of a 1H NOE relayed [13C1H] COSY measurement 
recorded with a 13C(w2)-half-filter (Figure 1). The delay T1 for 
coherence transfer is chosen as T1 = 1/(2['/(13C1H)]I or slightly 
shorter, and the delay T2 in the half-filter element2 is set to T2 = 
1/[1J(13C1

1H)]. The IT pulses are always in the middle of the 
respective time period. The Tr(1H) pulse in the middle of the 
mixing time prevents the unwanted evolution of heteronuclear 
antiphase magnetization present at the beginning of the mixing 
time into in-phase magnetization. Two data sets are recorded with 
and without application of the Tr(13C) editing pulse. The spectrum 
obtained as the difference of these two recordings (liC-selected 
subspectrum) contains exclusively NOEs between different r e 
bound protons. The sum spectrum (nC-filtered subspectrum) 
exhibits only NOEs between 13C-bound and 12C-bound protons. 

We applied the experiment of Figure 1 to a complex containing 
one molecule each of 99% 13C-labeled CsA and unlabeled cy
clophilin. To collect the data for a three-dimensional structure 
determination of CsA bound to cyclophilin,' we used primarily 
2D [1H1

1H] NOESY with a l3C-double-half-filter.6 In the sub
spectrum that contains the intramolecular 1H-1H NOEs of the 
13C-labeled CsA, some of these NOEs could not be unambiguously 

(1) Abbreviations and symbols used: NMR, nuclear magnetic resonance; 
NOE, nuclear Overhauser enhancement; 2D, two-dimensional; 3D, three-
dimensional; NOESY, 2D NOE spectroscopy; COSY, 2D correlated spec
troscopy; ppm, parts per million; CsA, cyclosporin A; MeVaI, N-methylvaline; 
MeLeu, A'-methylleucine. 
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