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this synthetic method and to investigate the reaction
mechanism. :

Experimental Section

The general experimental procedure is as follows.

A. A Stoichiometric Reaction of Diaminocarbene Pd(II)
Complex (1) with Ag,0. A heterogeneous mixture of complex 1°
(1 mmol) and AgsO (1 mmol) in benzene (10 ml) was stirred at
room temperature for 2-4 hr. The reaction mixture was worked up
by filtration to remove insoluble inorganic materials and solvent
distillation in vacuo, leaving the desired carbodiimide as a sole
product (76-96% yields) (Table I).

B. A Pd(IT)Clz-Catalyzed Reaction of Amine and Isonitrile
with Ag,0. A heterogeneous mixture of primary amine (5 mmol),
isonitrile (6 mmol), and AgsO (5 mmol) in benzene (10 ml) was
stirred in the presence of Pd(II)Cl (0.5 mmol) and molecular sieve
(1.5 g) or anhydrous NasSO, (1.5 mmol) at room temperature or an
elevated temperature. The reaction mixture was filtered to remove
inorganic materials, and then distilled in vacuo to give the corre-
sponding carbodiimide in good yield (Table II).

Registry No.—Ag20, 20667-12-3.
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Recently, various transannular reactions producing a va-
riety of bridged dibenzsuberans have been reported.!-3
During the course of our investigation into the reactions of
dibenzocycloheptenone (1) we discovered an interesting
and, what we believe to be, novel reaction.
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When 1 was treated with anhydrous hydrazine at elevat-
ed temperature, a stable product was isolated whose in-
frared spectrum lacked a carbonyl absorption and elemen-

Notes

tal composition indicated an addition of hydrazine without
concomitant loss of water.

Four possible structures can be postulated for such a
product (2a-Ba). Structure 2 can be ruled out because of
the unlikelihood of its stability and the distinct absence of
the olefinic proton signal in the NMR.
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H
OCH,
H
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We attempted to elucidate the structure of the adduct by
further functionalizing the compound on the hydrazino
group. It was found that treatment of the adduct with vari-
ous aldehydes produced corresponding hydrazones in good
yields (R = b and c¢).4 Disappointingly, no firm structure
proof was obtained as not even the use of shift reagents in
proton NMR led to a clear conclusion.

Therefore, it was then necessary to compare the NMR
spectra of all the compounds to that of a known model® 6.
A noticeable difference was observed in the shift of the
low-field H, doublet of AMX spin system of 6 in compari-
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son to our adduct. Upon conversion of the adduct to the
benzylidene derivatives, H, is drastically shifted, ap-
pearing close to that of the model compound 6. The respec-
tive chemical shift values of H, are 5.55 ppm for compound
6, 5.36 ppm for b, 5.26 ppm for ¢, and 4.38 ppm for a.

The large shift difference noticed when the benzylidene
derivative (R = b, ¢) and model compound 6 are compared
to the adduct where R = Hy can be rationalized by two pos-
sible explanations: (1) introduction of the benzylidene
function into the substrate causes a rearrangement from
the N-bridged structure 3 or 5 to the O-bridged structure 4,
or (2) the benzylidene function is directly added to the
N-NH, bridge in structure 5a.

To distinguish between these two possibilities the struc-
ture elucidation was continued with the help of 13C NMR
spectroscopy. Should the first explanation be correct, a



Notes

downfield shift of the bridgehead carbon atom at position
10 would be expected because of the replacement of the ni-
trogen (bonded to this carbon) with the more strongly de-
shielding oxygen. If the second explanation is correct, car-
bon atom 10 would receive an additional vy carbon and
therefore experience an upfield shift owing to the vy effect.
It was found that introduction of the benzylidene function
caused an upfield shift of the C-10 doublet from 63 to 59
ppm, indicating that 5a is the most probable structure.

It was also observed that the proton and carbon spectra
of 5a were broadened at room temperature. Quantitative
work on temperature dependence was not performed, but
sharp spectra were obtained at 80-120°. The origin of
broadening may be either slow flipping of the seven-mem-
bered carbocyclic ring® or a slow pyramidal inversion of the
bridge nitrogen. Formation of the benzalhydrazone deriva-
tive would be expected to flatten the nitrogen by conjuga-
tion, but encumber ring flipping somewhat. The fact that
sharp spectra on the hydrazones were obtained at room
temperature suggests that in their precursors slow pyrim-
idal inversion rather than slow ring flipping was responsi-
ble for broadening.

Experimental Section?

Melting points were determined on a Thomas-Hoover Unimelt
apparatus and are uncorrected. The infrared spectra were recorded
on Perkin-Elmer Model 237 and 457 spectrophotometers. All pure
materials were run as Nujol or halocarbon mulls. Nuclear magnetic
resonance spectra were determined on Varian A-60 and T-60 spec-
trophotometers using tetramethylsilane as an internal reference.
13C NMR spectra were determined on a Varian XL-100.spectro-
photometer. Mass spectra were recorded on an LKB 9000 spec-
trometer.

Interpretation of NMR data: 4, chemical shift in parts per mil-
lion (multiplicity, number of protons, coupling constant, proton
assignment); s = singlet, d = doublet, t = triplet, q = quartet and
m = multiplet.

12-Amino-10,11-dihydre-5,10-imino-5H-dibenzol[ a,d]cyclo-
hepten-5-0l (5a). A suspension of 30.0 g of 1 in 150 ml of anhy-
drous hydrazine was refluxed for 4 hr. The excess hydrazine was
removed under reduced pressure and methylene chloride was
added to the residue. The resulting solid was filtered, washed twice
with ethanol and then with ether to yield 26.8 g (77%) of Ba, mp
191-194°. An analytical sample was recrystallized from methanol:
mp 192-194°; NMR (MegSO) 6 7.8-6.5 (m, 8), 4.4 (d, 1, J = 5 Hz,
NCH), 34 (q, 1, J = 5 Hz, 17, CHH’), 3.5 (s, broad, 3, OH, NHo),
2.4 (d, 1, J = 17 Hz, CHH"); 13C NMR (Me2SO) 5 62.8 (CH), 28.1
(CHy).

Anal. Calcd for Cl5H14N20
75.2; H,6.3; N, 12.0.

12- Benzylldeneammo-lo 11-dihydro-5,10-imino- 5H-d1ben-
zo[ a,d]cyclohepten-5-0l (5b). To a hot solution of 0.5 g of 5a in
30 ml of methanol was added 1.0 ml of benzaldehyde. The solution
was refluxed for 5 min. Upon cooling, a crystalline precipitate
formed and was filtered and washed twice with ethanol and then
with ether to yield 0.55 g (81%) of 5b: mp 158-161°; NMR
(MeS0) 6 8.3 (s, 1, N=CH), 7.9-6.7 (m, 13), 5.4 (d, 1, J = 4 Hz,
NCH), 3.5 (m, 1,J = 4,17 Hz, CHH'), 3.4 (s, 1,0H), 25 (d,1,J =
17 Hz, CHH); 13C NMR (Me3S0) 6 59.8 (CH), 27.9 (CHy).

Anal. Caled for CgoHygN2O: C, 81.0; H, 5.6; N, 8.6. Found: C,
81.1; H,5.7; N, 8.4.

12-(3,4-Dimethoxybenzylidene)amino-10,11-dihydro-5,10-
imino-5H—dibenzo[a,d] cyclohepten-5-0l (5¢). To a hot solution
of 10.0 g of 5a in 400 ml of methanol was added 5.0 g of 3,4-dime-
thoxybenzaldehyde. The solution was refluxed for 6 hr (after lhra
precipitate forms). Upon cooling, the solid was filtered and washed
twice with methanol and then with ether to yield 9.0 g (56%) of 5e:
mp 152-155°; NMR (Me2SO) § 8.2 (s, 1, N=CH), 7.9-6.8 (m, 11),
5.3 (d, 1, J = 4 Hz, NCH), 3.7 (s, 6, OCHjy), 3.4 (s, 1, OH), 3.35 (q,
1,J =4,17Hz, CHH"), 24 (d, 1, J = 17 Hz, CHH),

Anal. Caled for Co4H9oNoOg: C, 74.6; H, 5.7; N, 7.8. Found: C,
75.0; H,5.9; N, 7.3.

>, 75.6; H, 5.9; N, 11.8. Found: C,
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Numerous papers and several reviews have been pub-
lished on the metathesis of olefing.!~7 This reaction has also
been called olefin “dismutation” or “disproportionation”,
and involves breaking carbon double bonds and rejoining
the fragments: 2RCH=CHR’ = RCH=CHR +
R/’CH=CHR’. We have observed a new phenomenon in ca-
talysis of this kind: the transformation of a metathesizing
system into a dimerizing system simply by increasing the
amount of aluminum component in the catalyst. Ligands
also play an important role in such processes, completely
changing the course of the reaction.

Table I shows the importance of the order in which re-
agents are combined in this metathesizing system.

Table L
Metathesis of Mixed 2-Pentenes
(0.2 mM WClg, 10 mM olefin, 0.3 mM PhNH,,
0.3 mM Et3zAl2Cls)

Injection order® 1 2 3 4
Conversion, % 55 51 50 61
Selectivity to 3~hexene, mol % 46 50 53 41
Selectivity to 2-butene, mol % 36 40 44 28

Total selectivity, % 82 90 97 69
2-Pentene, tvans-/cis’ 49 56 5.2 6.1
2-Butene, frans-/cis~ 25 2.0 20 28

2 Injection order: 1, W + 2-pentenes (2-P) + aniline (PhNHo,)
+ Al; 2, W + PhNH; + 2-P + Al; 3, W + PhNH; + Al + 2-P; 4,
W + Al + PhNH. + 2-P. ? Initial trans/cis ratio of Z-pentene was
0.59.

Most critical is the interaction of WCl; and the aniline li-
gand: nearest approach to theoretical equilibration was at-
tained when this interaction was most direct, as in injection
orders 2 and 3. The poorest selectivity was observed in
order 4, where Et3Al1oCl; had reacted with WClg before ani-



