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Bis(propyny1)zirconocene was treated with B(C6F.5)3 and then 
with two equivalents of tert-butyl isocyanide to yield the or- 
ganometallic three-membered ring product 8. Subsequent 
hydrolysis gives the substituted (2-iminioethy1idene)cyclo- 
propeneborate betaine system 9 that exhibits a pronounced 
cyclopropenylioborate betaine character. This follows from 
its characteristic structural features (X-ray crystal-structure 

analysis of the isomer cis-9) and its chemical features. Com- 
plex 9 undergoes a very facile cislfrans isomerization by for- 
mal rotation around the exocyclic partial CC-double bond 
(AGrfp,,, = 17 kcal mo1-I). Compound 9 reacts cleanly in me- 
thanol solution with fert-butyl isocyanide by insertion and 
ring enlargement to form the four-membered ring system 12. 
Compound 12 was also characterized by X-ray diffraction. 

Introduction 

Cyclopropenylium cations 1 are very interesting sub- 
strates as they constitute the smallest aromatic ring sys- 
tems"]. Of course, their chemistry is dominated to some ex- 
tent by their positive charge. Therefore, it would be advan- 
tageous to have a variety of systems available to study their 
non-benzenoid aromatic character that exhibit cyclopro- 
penylium character but are not ionic. With some limitations 
such features can be approached with the chemistry of e.g. 
the cyclopropenones[21 or the calicene~[~]. It would, however, 
be even more favourable to construct a cyclopropenylium 
system, such as 2, that has the necessary counterion coval- 
ently bonded. Such a system would be a neutral, albeit po- 
lar molecule, that might exhibit a variety of the typical fea- 
tures of an aromatic carbocyclic three-membered ring sys- 
tem without actually having the chemical influences of a 
charged species. 

R A;Q RA R 

1 2 

We have recently found a simple synthetic entry to a sys- 
tem that may bear some of the characteristics that are ex- 
pected of a cyclopropenylium betaine system such as 2. We 
had treated bis(propyny1)zirconocene (3)141 with the or- 
ganometallic Lewis acid tri~(pentafluorophenyl)borane[~J. 
This led to coupling of the propynyl ligands and addition 
of the B(C6F& group to yield 4r61. This product appears to 
be in an (endothermic) equilibrium with a highly reactive 

metallated methylenecyclopropene system (5) by means of 
an intramolecular alkyne insertion into the irconium car- 
bon o-bond, although 5 cannot be observed directly due to 
its high cnergy content. However, subsequent treatment 
with suitable insertion reagents traps 5 selectively from the 
equilibrium. Thus, the addition of e.g. phenylcyanide yields 
6r71, whose hydrolysis leads to the formation of the com- 
pound 7, for which we have shown a structural partici- 
pation of a cyclopropenylioborate betaine I'orm (see Scheme 
l)tsl. Similarly, treatment of the 4 * 5 equilibrium system 
with an isonitrile CN-R leads to the formation of the anal- 
ogous (q'-iminoacy1)zirconium-substituted methylenecyclo- 
propenc systems 8, two examples of which [R = teut-butyl 
(8a)l9], R = 2,6-dimethylphenyl (8b)]L6I were characterized 
by X-ray diffraction. We have now carried out the hydro- 
lytic denietallation reaction of 8a and obtained a N-substi- 
tuted analogue of 7 that exhibits some typical structural 
and chemical features that would be expected from a neu- 
tral betaine system exhibiting a rather pronounced cyclo- 
propenyliuni character. Details of this study are presented 
in this article. 

Results and Discussion 

The starting material used in this study was synthesized 
as previously described by us in detail. Trealment of zir- 
conocene dichloride with two molar equivalents of propyn- 
yllithium gave the complex bis(propyny1)zirconocene (3) 
that was subsequently treated with one molar equivalent of 
B(C6FS)i to yield 4. This then in turn was reacted with an 
excess of tert-butyl isocyanide to yield the product 8a (R 
= CMe3, see Scheme 1). Compound 8a was unequivocally 
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Scheme I 
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There arc two independent molecules of 9 in the crystal 
that are practically identical with regard to their structural 
fcaturcs. Thus. in the text averaged bond angles and bond 
lengths are provided, whereas the legend of Figure I pro- 
vides the values of the individual molcculcs 1 (numbers 
101 -) and 2 (numbers 201 -). The crystal structure aiialysis 
shows that treatment of 8a with methanol has resulted in 
a clean removal of the zirconocene moiety. The B(C6Fs), 
substituent is retained, however. The B -C6F5 structural 
features are unexceptional, they are as found in many other 
tris(pentafluoropheny1)borate The B07-C06 bond 
length is 1.61 l(6) A. 
Figure 1. Molecular geometry of Y with (unsystematic atom num- 
bering scheme, only one of the crystallographically inde endent but 

chemically identical molecules is depicted)lay 
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identified and characterized by an X-ray crystal structure 
analysis191. It contains a central methylenecyclopropene 
unit"'] that exhibits a slight tendency towards a cyclopro- 
penylium-type structure inside the overall organometallic 
metallocene-~-organyl-borate betaiiie arrangement 
[characteristic bond lengths are C1 -C2 1.326(10). C2-C3 
1.392(10), CI-C3 1.417(10), C3-C4 1.389(10), and 
C4-CS 1.426(10) A]. The X-ray crystal structure analysis 
clearly shows the presence of a single isomer, that is charac- 
terized by an ( E )  arrangement of the pair of methyl groups 
at the planar central methylenecyclopropene unit (CH1 
groups bonded to C2 and C4, respectivcly. atom nuinbcring 
scheme as used in Scheme 2). The iminoacyl functional 
group is q2-coordinated to zirconium and there is an ad- 
ditional stabilizing tert-but41 isocyanide ligand coordinated 
to the electrophilic metal center['.' ' I .  

We have now employed this material 8a in a demetal- 
lation reaction. For this purpose the complex 8a was sus- 
pended in toluene and treated with a large excess or meth- 
anol at 50-70°C for several minutes. This leads to a clean 
cleavage of the zirconium-to-carbon bond of 8a. presum- 
ably w ilh concomitant generation of dimethoxyzirconocene, 
and the formation of 9. The product 9 was isolated in ca. 
60% yield. An aliquot ol' the thus obtained material was 
dissolved in toluene, and pentane was allowed to slowly dif- 
fuse onto this solution in a closed system of connected 
Schlenk-flasks over a period of 3 days at ambient tempera- 
ture. This gave single crystals that were suited for an X-ray 
crystal structure analysis. 

Selected bond lengths [A] and angles ["I of both individual molc- 
cules (molecule 1: 101-: molecule 2: 201 -): C l l l  -NlOl  1.484(6), 
C211kN201 1.47716). NlOl-Cl02 l.316(5). N201-CZ02 1.326(6). 
C102-ClO3 1.382(6). C?O?-C203 1.370(6), C103-CI04 1.387(6). 
C203pC204 1395(6). C103-CI31 I 501(6). C203-C231 I510(6), 
C104-CI05 1.383(6). C204-C205 1.373(6), C104-CI06 1.415(5). 
C204-C206 1.399(6). C105-CI06 1 350(6), C205-C206 I .156(6), 
C105-CI51 1 471(6). C20S-C251 1.48117). C106-RI07 1.61 116). 
c206-c207 1.610&'), ~ 1 0 7 - c ~ ~ ~ ~  1.644(6j, ~207-c,,,, I .642(6); 
C111 -NlOl -Cl02 125.9(4), C211 -N201-C202 125.3(4), 
N101-CIO2-ClO3 125.8(4). N201-C202-C203 126.3(4), 
C102-ClO3-CIO4 116 114'1. C202-C203-C204 116.5(4'1. 
C103-C104-C105 153 O(4). C203-C204-C205 152.3(4), 
C I03 - C 104- C I06 l49.1(41, C203 - C204- C206 149.2(4). 
C105-C104-C106 57 7(3), C205-C204-C206 58.6(3). 
C104-Cl05-Cl06 62.413). C204-C205-C206 61.7(31. 
C 104 - C 106 - C 105 60.0(3), C204- C206- C205 59.7(3). 
C104-C106-B107 145 3(4), C204-C206-B207 147 1(4), 
C105-CI06-Bl07 153 5(4), C205-C206-B207 152 O(4) 

The central three-nicmbcrcd ring structure has been re- 
tained, but it clearly exhibits a strong tendency towards a 
cyclopropenyhum-type struct Ltrell'l. This becomes evident 
by a comparison of the bond lengths inside the three-meni- 
bered ring of 9 [C05-C06 1.353(6), COS-C04 1.378(6), 
CO4-CO6 1.407(6) A] with those of 8a (see above) and 7 

The equivalent contributions of the cyclopropenylioborate 
betaine and the (2-imiiiioethy1idene)cyclopropeneborate 
betaine mesomeric structures ol' 8a is further supported by 
the fact thal thc C04-C03 [1.391(6) A] and CO3-CO2 
[1.376(6) A] bonds are almost identical [as in 7: C3-C4 

[Cl-C2 1.341(3), C2-C3 1.372(3), C1-C3 1.399(3) A]. 
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Scheme 2 

trans-9 

1.396(3), C4-C5 1.383(3) A]. The adjacent N01-C02 bond 
length in 9 is 1.321(5) A. 

It is most noteworthy that the stereochemistry of the iso- 
mer of 9 (i.e. cis-9) found in the crystal is in two of its 
characteristic stereochemical descriptors inverted relative to 
its direct organometallic precursor 8a. In 9 as in 8a the 
substituents at the N-C linkage are oriented coplanarly. In 
9 the carbon substituents at the partial N-C bond are 
ti-nns-oriented, whereas in 8a they are forced into a cis-re- 
lationship by the organoinetallic framework at the bent me- 
tallocene moiety. 

More importantly, in 8a the methyl substituents at the 
central methylenecyclopropene moiety are arrangcd in an 
(E, configuration. In 9, as it is observed in the crystal, the 
methyl groups at the central planar methylenecyclopropene- 
type framework are (Z)-oriented. Apparently. the struclural 
skeleton of 9 is electronically set up in such a way that a 
facile rotation around both the N01-C02 and the 
C03-CO4 vectors is feasible thereby allowing two isomeric 
equilibrations to occur with a reasonable rate. This allows 
the system in all its stable isomers to attain the preferred 
rruns-aldimine orientation that brings the bulky CMe3 
group at the sp'-hybridized nitrogen atom and the 
C02- C03 vector in the energetically favourable trnns-ar- 
rangement. Secondly, the rotation around the C03 -C04 
vector leads to the formation of cis- and trans-isomers of 9 
(see Scheme 2). These are not expected to be isoenergetic, 
but they should probably be not too far apart from each 
other thermodynamically, so that both isomers might be- 
come observable in solution. From this equilibrium one iso- 
mer could just have been removed by the rather slow crys- 
tallization process and thus have become the isomer of 9 
that was observed and characterized in the crystal struc- 
ture analysis. 

This situation has turned out to be true. The NMR 
analysis of the product as it is obtained from the meth- 
anolysis reaction (see above) has revealed thc presence of a 

mixture of two isomeric compounds. The same mixture or 
isomers is obtained when the single crystals, obtained by 
diffusion method as described above, are dissolved and ana- 
lyzed by NMR methods in solution. Both isomers have 
been shown by 'H-NMR NOE measurements to feature the 
tert-butyl group at nitrogen and the aldimine CH-NR hy- 
drogen in a cis orientation to each other. We thus coiiclude 
that both isomers contain (E)-configurated aldiminium 
moieties. They are apparently the expected isomers of 9 [i.e. 
cis-9 and truns-91. Which of the two corresponds to the ob- 
served isomer in the crystal has not been established un- 
equivocally; tentatively we would ascribe the major isomer, 
observed in solution, the cis structure. The isomers are 
clearly distinguished by a number of pairs of 'H-NMR and 
13C-NMR signals (for dctails see the Experimental Section). 
The mixture, however, only exhibits one set of B(C6F& 
*'F-NMR resonances at 6 = - 133.0 (ortho), - 158.9 (para), 
and -164.1 (nzetrr-F). Also, a single "B-NMR signal is ob- 
served (in [D6]benzene at 6 -18.3). As expected, the two 
isomers show slightly differentiated N-H bands in the IR 
spectrum (in KBr at 5 = 3407 and 3397 cm-l) but only a 
single N = C  band (1621 cm-I). 

The overall observed properties of the betaine 9 with re- 
gard to its (EIZ) isonierization must lead to the assumption 
that the thermally induced rotation around the CO3-CO4 
vector is taking place rather rapidly in solution. We have 
consequently searched for indications of this isomerization 
to be observed in solution and have found some coalescence 
phenomena pointing to this equilibration becoming rapid 
on the 'H-NMK time scale at high temperatures. In 
[D5]bromobenzene solution at 300 K the isomers of 9 show 
a ca. 20:80 pair of singlets of the C31 methyl group (num- 
bering as in Figure 1) at 6 = 2.22 and 2.15. Analogously, 
the NC(CH3)3 resonance is split into two singlets at 6 = 

0.97 and 0.90 with an equal intensity ratio. Upon raising 
the temperature of the 'H-NMR spectrometer probe step- 
wise from 300 to 360 K one observes an (unfortunate) con- 
tinuous decrease of these two shift differences combined 
with a coalescence phenomenon that becomes clearly ap- 
parent by the fact that both the signals of thc major isomer 
become broad and then sharp again. DNMRS simu- 
lation[l4I provided us with an estimate of the rate of this 
cxchange process["]. From these data an activation energy 
of this cis-9 $ truzlns-9 isomerization of AG* (300 K) = 17 
_+ 1 kcal/inol-l was derived. The cis-9/truns-9 isomer ratio 
was determined in a variety of solvents of different solvent 
polarities by 'H NMR at ambient temperature. There seems 
to be a tendency that leads to slightly increased amounts of 
the minor isomer with increasing solvent polarities (cLr-9/ 
trcms-9 = 88:12 in [D6]benzene, 85:15 in CDC13, 82:18 in 
CD2C12, 8 I : 19 in [D5]bromobenzene, 8 1: 19 in [D8]toluene/ 
[D4]methanol (3: 1): 7327 in [D,]methanol). 

Thus, the rather facile truns-9 + cis-9 isomerization sup- 
ports the interpretation that this neutral betaine compound 
exhibits a rather pronounced cyclopropenylium character. 
This is further supported by the observation of a very typi- 
cal isonitrile insertion reaction that leads to a ring enlarged 
four-membered product. This reaction (see below) is remi- 
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niscent to a variety of typical reactions of carbenium ion 
type substrates with isonitriles, such as they occur as single 
steps e.g. in the Passerini or the Ugi reaction[l6I. In its 
characteristics it is related to the ring enlargement of  cyclo- 
propenoncs (c.g 10) upon treatment with isonitrile re- 
agent~[’~]. 

10 11 

Complex 9 (cidtruns mixture) reacts slowly in methanol 
(or toluene/methanol mixtures), that contains an excess of 
tert-butyl isocyanide, with insertion of one equivalent of the 
isonitrile reagent into the three-membered ring to form the 
four-membered insertion product 12 (see Scheme 3). On a 
preparative scale the product 12 can very conveniently be 
prepared directly from the organometallic complex 8a with- 
out isolating the intermediate 9 by a prolonged treatment 
with an excess of tert-butyl isonitrile in a toluenehethanol 
solvent mixture. 

Under these conditions the yellow product 12 was ob- 
tained on a preparative scale in ca. 75% yield. The product 
contains a single isomer. It is characteriLed by ‘H-NMR 
signals (in [D,]THF) at 6 = 2.10 and 1.74 (s, each 3H, 
CH3), 1.44 and 1.35 (s, each 9H, tert-butyl), an aldimine 
N=CH singlet at 6 = 10.6 and a NH resonance at 6 = 10.0. 
Scheme 3 

M~~c,@,H M4, /H 

9 13 

H 

CH3 
12 

The connectivity of the framework of compound 12 was 
determined by ‘H/13C NMR correlation, and was also se- 
cured by an X-ray crystal structure analysis. 

Compound 12 exhibits a planar four-membered ring con- 
taining sp2-hybridized carbon atoms. It c?ntains a car- 
bon-carbon double bond [Cl -C2 1.383(3) A] to which the 
borato substituent [Cl-B 1.631(3) A] and a methyl group 
are bonded [C2-C27 1.492(3) A]. On the other hand the 
cyclobutene-moiety is at the same time part of a conjugated 
RN= C-C=C - C=NHR+vinylenebiscarbaldiminium sys- 
tern. 

The n-systeni is alternating with typical bond lengths 

1.475(3) (C5-C6), and 1.265(3) A (C6-Nl)”’I. l’he nitro- 
1.290(3) (N2-C3), 1.481 (3) (C3-C4), 1.340(3) (C4-C5), 

W. Ahlers, G. Erker, R. Friihlich. E Z h e l  

Figure 2. Molecular geometry of 12 in the crystal[”1 

‘’1 Selected bond lengths [A] and angles [“I: B-C,, 1.653(3). B-C1 
1.631(3), Cl-C2 1.383(3). C1-C4 1.506(3), 52-C3 1.454(3), 
C2 C27 1492(3), C3-N2 1.290(3), C3-C4 1.481(3), N2-C8 
1.494(3), C4-C5 1.340(3), C5-C6 1.475(3), C5-C51 1.505(3), 
C6 N1 1.265(3). N I  -C10 1.490(3); R-Cl-C2 132.9(2), 
B-Cl-C4 134 6(2). CI -C2-C3 92.2(21. Cl-C4-C3 86.4(21. 
C2 C l b C 4  91 5(2). C2-C3-C4 89 X(2), C2-C3-N2 140 6(2), 
C3-N2-C8 128.3(2), C1 -C4-C5 138.3(2), C3-C4-C5 135.2(2), 
C4-C5-C6 124.4(2), C5FC6-Nl 127.1(2), C6-Nl -C10 
1 2 1.3(2) 

gen atoms N2 and N1 are connected by means of a hydro- 
gen bridge (N2-H 0.94, H...Nl 1.81 A, angle N2-H...NI 
162.2”) that closes the seven-membered heterocyclic sub- 
structure of this section of the molecule. The remaining two 
carbon-carbon bonds inside the central four-membered 
ring are long, with 1.454(3) A (C2-C3) and 1.506(3) A 
(C1 -C4) clearly being in the range of C(sp2)-C(sp2) single 
bondsl19J. Thus, the central structural framework represents 
a methylenecyclobutenone - imine system. 

Conclusion 

From its structural parameters, the dynamic features and 
its chemical behavior one must conclude that compound 9 
is not adequately described by a limiting [3-(cyclopropenyli- 
dene)-2-butylidene]ammoniuni-type structurerZo1. The sub- 
stantially reduced n-bond alternation together with the fac- 
ile cis $ trans isomerization reactions (see Schemes 1 and 
2) clearly indicate that 9 exhibits a rather pronounced cyclo- 
propenylium character. Consequently, this neutral but, of 
course, polar compound cleanly undergoes a reaction, na- 
mely isonitrile insertion with ring enlargement to yield 12, 
that is typical of such cyclopropenylium-type compounds 
(see equation (1) for a cornparis~n[’~1). It thus seems that 
compound 9 and its relatives that are readily available by 
our organonietallic zirconoceiie template r o ~ t e [ ~ - ~ ]  indeed 
constitute first examples of neutral cyclopropenylioborate 
betaine compounds, i.c. may be regarded as systems exhibit- 
ing the character of cyclopropenylium cations that bear 
their borate counteranion covalently bonded with them. 
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Experimental Section 
All rcactions with organometallic substrates were carried out in 

an inert atmosphere (argon) using Schlenk type glassware or in a 
glovebox. Solvents (including deutcrated solvents used for NMR 
spectroscopic characterization and for performing reactions under 
a direct NMR control) were dried and distilled under argon prior 
to use. For additional general information including a list of spec- 
trometers used see ref.[b!. The tert-butyl isocyanide insertion prod- 
uct 8a was prepared as recently 

Hydrolysis of8a und Preparcition ($9: Complex 8a (500 mg. 467 
pmol) was suspended in 15 ml of toluene. Methanol ( 5  ml, 3.9 g, 
126 mmol) was added and the mixture heated to ca. 50-70°C with 
stirring (higher temperatures lead to a rapid decomposition). After 
5-  15 min, a clear solution was obtained. The solution was cooled 
to room temperature and then stirred overnight. Solvent and all 
volatile materials were then removed in vacuo. The oily residue was 
solidified by stirring with pentane. The pentane phase was decanted 
and discarded. The resulting solid residue was treated with toluene 
and the organometallic precipitate removed by filtration. Toluene 
was removed from the clear filtrate in V~CLIO and the residue solidi- 
fied by treatment with pentane to give 192 mg (61%) of a mixture 
of cis-9 and trans-9 (ratio 88: 12 to 73:27. depending on the solvent 
used for the NMR characterization. for details see text), m.p. 
150°C. - IH NMR ([D6]benzene. numbering scheme used as in 
Scheme 2), major isomer: CS = 7.32 (d, ' J  = 15.3 Hz, IH. 
-CH=N). 4.54 (br. d, ' J  = 15.3 Hz, lH, NH), 1.76 (s, 3H, 2- 
CH3), 1.13 (s, 3H. 4-CH3), 0.61 (s, 9H, tert-butyl); minor isomer: 6 
= 6.78 (d, 3J = 15.3 Hz, IH, -CH=N), 4.49 (br. d, 3J = 15 Hz. 

terf-butyl). NOE difference spectrum (irradiated signalfresulting 
signal of enhanced intensity): C(CH3)?/NH (4Y'o). 5-H (8%));  dy- 
namic 'H-NMR spectra (DNMRS simulation), 300 K: k,,,,, = 4 
S - I / A G + ~ ~ . ~ ~  = 16.7 kcal mol-', 305 K: Y16.9; 310 K: 6117.1; 320 
K: lU16.9, 330 K: 22/17.4; 340 K: 32/17.7; 350 K: 50/17.9; 360 K: 
60/18.3, average (all values): AG*rrarr = 17.4 kcal m0l-l. - I3C 
NMR ([D,]benzene, numbering scheme used as in Scheme 2). 
major isomer: S = 175.0 (lJCB = 54 Hz, Cl). 165.2 (C3), 155.7 

1H: NH), 1.72 (s ,  3H, 2-CI13), 1.36 ( s ,  3H, 4-CH3), 0.59 (s, 9H, 

(C2); 155.5 (--CH=N), 148.6 ('JC- = 239 Hz), 139.9 ('JcF = 250 
Hz), 137.7 ( I J C F  = 245 Hz, 0-, p- ,  m-CF of C6Fj), 119.7 ( ip~0-C of 
C6F5), 87.4 (C4), 53.5 ( m e 3 ) ,  28.9 [C(C'€f3)3], 11.2 (4-CH3), 9.6 
(2-CH3); minor isomer: 6 = 153.3 (-CH=N): 89.0 (C4), 29.1 
[C(CH&], 10.2 (4-CH3), remaining signals identical with major 
isomer. - '9F NMR (.[D6]benzene): S = -133.0. -158.9, -164.1 
(0-, p - ,  m-C,F,). - IIB NMR ([D6]benzene): 6 = -18.3. - UV/ 
Vis (c = 7 nig/100 ml in dichloromethane): h,,,,, = 229 (6 103501, 
305 ( F  27860). - IR (KBr): S = 3407,3397 (NH), 3884,2935; 1822, 
1643, 1621 (<:=N, tentative assignment), 1515, 1484, 1465, 1375, 
1327, 1313, 1282, 1235; 1199, 1094,982, 803,688 cm-I. - MS (El, 
70 eV): F ~ Z  (YO) = 675 (45) [M+], 660 (41) [M+ - CH3], 619 (54), 
603 (44), 436 (441, 304 (38), 274 (SO), 194 (559, 181 (49), 126 (47). 
106 (57), 65 (51), 58 (75), 57 (100). - Elemental analysis, calcd. for 

2.80, N 2.48. 
C29HiTBFIjN (675.3): C 51.57. H 2.52, N 2.07; fou11d C 51.71, H 

X-ray Crystal-Structure Analysis of cis-9: Single crystals were ob- 
tained by the diffusion method starting from a solution of 9 (mix- 
ture of isomers) in dichloroniethaae. Diffusion of pentane into this 
solution over a period of 3 d at ambient temperature gave the singlc 
crystals of cis-9 that were used for the X-ray crystal structure analy- 

sis. Formula C29H~7BFilSN, M = 675.25. 0.30 X 0.30 X 0.10 mm, 
= 10.160(1), b = 15.870(2), c = 19.207j2) A, CL = 112.04(1), f i  = 

100.85(1), y = 90.12(1)O, V = 2810.3(5) A3, pcalcd. = 1.596 g cm-3, 
p = 14.66 cm-I, empirical absorption correction via W-scan data 
(0.928 C =s 0.999), Z = 4, triclinic, space group Pi (No. 2), h 
= 1.54178 A, T = 223 K ,  w/2H scans, 11889 reflections collected 
(kh, t lc ,  ?Z), [sin 8/h],,,,, = 0.62 11455 independent and 71 88 
obscrved rcflections [ I  2 2~(1)], 846 refined parameters, R = 0.065. 
wR2 = 0.184. inax. residual clectron density 0.37 (-0.31) e A 3, 

hydrogens calculated and riding. 

Rencfion oJ 9 with tert- Bulyl Lsocyiriide. - Prepciratiim (if 12: 
Compound 12 was prepared by tmo different protocols either start- 
ing from 9 or directly from Sa, the latter procedure employs 9 gen- 
erated in situ. 

Synthesis Starting,from 9: 100 mg (148 pmol) of 9 (mixture of 
isomers) was dissolved in a mixture of 3 ml of toluene and 3 ml of 
methanol. tert-Butyl isocyanide ( 2  ml) was added and the mixture 
stirred for 3 d at room tcmpcrature. Solvent was then removed in 
vacuo from the intensely yellow colored solution and the residue 
washed twice with a little pentane to give 81 mg (57%) of 12. 

Syntlzesis Starting f rom Xc: 400 mg (409 pmol) of the complex 
8a was suspended in toluene. Methanol (1 ml) and terf-butyl isocy- 
anide (1 ml) were added and the mixturc was then briefly heated 
to 80°C ( 5  min). Thc resulting clcar solution was stirred for 12 h at 
room tcniperature. Volatiles were removed in vacuo and the residue 
solified by treatment with pentane. The solid was extracted with 
toluene to remove the organometallic methanolysis products. After 
filtration a clear yellow-orange colored solution was obtained. Sol- 
vent was removed in vacuo and the residue trcatcd with a small 
amount of pentane to give 233 mg (75%) of 12 as a bright yellow 
solid. m.p. 182°C (decomp.). - IH NMR (CDCI,), numbering 
scheme used as in Fig. 2: 6 = 7.45 (br. s, 1H. -CH=N), 1.96 (s, 
3H, 2-CH3). 1.7X (s, 3H: 4-CH3), 1.55 (s, 9H. fert-butyl), 1.29 (s, 
9H, fert-butyl), NH not observed. - l lB NMR (CD2CI2): 6 = 
-17.0. - 13C NMR ([DBITHF. 233 K, 150.8 MHz): 6 = 181.2 
(C4), 176.1 (C3) ,  164.3 (C6). 161.7 (C2), 148.3 ( ' JCF = 242 Hz). 
139.7 ('Jcr = 249 Hz), 137.1 (lJCF = 240 Hz, o-, p - ,  rn-C,F,), 
124.0 (@so-C of C6F,), 112.4 (CS). 60.0. 54.5 ( M e ? ) ,  32.1, 28.1 
[C(CH3)3], 17.9 (2-CH1). 11.0 (4-CH3), C1 not observed. - 

164.3/10.65 (C6/6-H), 32.1/1.35 (tert-butyl), 28.111.44 (tcrt-butyl), 

NMR[*'] ([D,]THF. 233 K, 150.8 MHz/600 MHz): S = 181.2/1.74 

2.10 (C2/2-CH3), 112.4/1.74 (C4/4-CH3), 59.96/1.44 and 54.46/1.35 
(rert-butyl); - "F NMR (CDCI,, 233 K): 6 = -131.7, -133.4, 
- 135.1, - 136.5, - 136.6. - 138.1 (o-C~F,), -163.1, - 163.7, 
-163.9 (y-C,Fs), -167.5. -167.8, -168.8, -169.0, -169.25, 

GHSQC-NMR["l ([DSITHF. 233 K, 150.8 MHd600 MHz): 6 = 

17.9/2.10 (2-CH3/2-CH3), 11.0/1.75 (4-CH3I4-CH3). - GHMBC- 

(C4/4-CH3), 176.1/2.10 (C3/2-CH3), 164.3/1.74 (C6/4-CH3), 161.71 

- 169.29 (m-C,F,). - UV/Vis (dichloromethane): h,,, = 232 ( E  = 
17700), 258 (shoulder, c ca. IOOOO), 300 ( E  llOOO), 345 (t: 5500). - 
1R (KBr): P = 2979, 2927. 28611 1701 (C=C). 1634, 1612 and 1598 
(C=N, tentative assignments), 1515, 1462: 1370, 1262, 1206. 1093, 
979, SO5 cm--'. - MS (EI, 70 eV): m/z (%) = 758 (3) [M+], 701 
(18), 687 (12). 645 (9). 631 (12), 536 (11). 479 (20); 284 (23). 168 
( S ) ,  133 (12) 83 (12), 58 (16), 57 (100). - HRMS, calcd. for 
C,4H26BFI jN2: 758. 1956, found 758.1981. 

X-ray Cr,ystal-Struclure Anuljsis of 12: Single crystals were ob- 
tained from a sample that contained both 9 and 12 in toluene solu- 
tion. Slow diffusion of pentane into this solution over a period of 
I week at room temperature selectively gave clear yellow crystals 
of 12 that were used for the structure determination. Fortnula 
C33H26BF15N2, M = 758.38, 0.50 X 0.20 X 0.20 mm, a = 
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12.031(1), b = 12.253(1), c = 12.322(1) A. CI = 103.52(1), p = 

92.96(1), y = 105.11(1)". V = 3692.8(2) A3. pcalcd. = 1.488 g ~ m - ~ ,  
p = 1.45 cin-l, empirical absorption correction via y-scan data 
(0.946 c C < 0.9991, 2 = 2. triclinic, space group P i  (No. 2), I .  
= 0.71073 A, 7 = 223 K, a120 scans, 7154 rekctions collected 
(+h, -k, ?I), [sin 13/?L],,,, = 0.62 A-', 6821 independent and 4265 
observed reflections [I 2 20(1)], 480 refined parameters, R = 0.041, 
i iR2 = 0.098, max. residual electron density 0.25 (-0.21) e A-3. 
hydrogens calculated and riding. All data sets were collected with 
an Enraf Nonius CAD4 diffractometer. Programs used: data re- 
duction MolEN, structure solution SHELXS-X6, structure refine- 
ment SHELXL-93, graphics SCHAKAL-92. Crystallographic data 
(excluding structure factors) for the structures reported in this 
paper bavc been deposited with the Cambridge Crystallographic 
Data Ceiitrc as supplcmcntary publication no. CCDC-I 00395. 
Copies of the data can be obtained free of charge on application 
to The Director, CCDC, 12 Union Road, Cambridge CB2 IEZ. 
UK [fax: int. code +44(1223)336-033, e-mail: deposit@cheincrys. 
cam. ac.uk]. 
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