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Ahstrati---The reaction of the 1,2_diphenylcyclo propenium ion (5) with benzhydrylmagnesium bromide 
exclusively affords I2-diphenyl-3-benthydrylcyclo propene (4), though the reaction of 5 with 
benzhydryllithium m the presence of lithium chloride yields no cyclopropene 4 but I$-diphenyl-I 
benzhydrylcyclopropene (6) I;ia the intermediate formation of 1,2diphenyL3chlorocyclopropene (7). The 
hydride abstraction from the cyclopropene 4 followed by deprotonation gives tetraphenyltriafulvene (2) as 
dark red crystals. The 13C NMR spectrum, as well as a bathochromic shift of the longest-wavelength 
absorption in the electronic spectrum with decrease in solvent polarity, indicates a considerable contribution 
of the dipolar structure at the ground state of 2. The cyclic voltammetry on 2 reveals that 2 can be readily 
oxidized to a stable cation radical and a less stable dication. The cation radical was also generated by 
chemical oxidation with silver tetrafluoroborate or antimony pentafluoride, and was investigated by ESR 
spectroscopy. 

The smallest ring homolog of cross-conjugated cyclic 
n-systems, triafulvene (methyienecyclopropene; I), 
has long been of particular interest to both theoretical 
and synthetic chemists, since it has been anticipated to 
possess special stability, in spite of its highly strained 
structure,+ due to the contribution of a dipolar 
structure (la) associated with Hiickel aromaticity. 
Although various derivatives of triafulvenes have 
already been reported,‘.’ most of them bear electron- 
withdrawing substituents on the exocyclic methylene 
carbon’ to reinforce the molecular polarization in 
favor of the form la, and therefore do not seem quite 
partinent as models for investigating the intrinsic 
electronic property of the triafulvene x-system itself. 

While an attempt to prepare the parent compound 1 
was reported to be unsuccessful,’ there have so far been 
two reports on the syntheses of triafulvene carrying 
only alkyl groups on the exocyclic methylene carbon.’ 

tTbe strain energy has been calculated as 58.1 kcal/mol; N. 
C. Baird and M. J. S. Dewar. J. Am. Chem. Sot. 89, 3966 
(1967). 

tit has also been reported that the triafulvene 2 is formed in 
situ by the reaction of 2,3diphenylcyclopropZenyl- 
(triphenyl)phosphonium bromide with benzophenone in the 
presence of t-BuOK and is converted to the cyclopropenium 
ion 3 upon acidification: S. V. Krivun, N. S. Semenov, S. N. 
Baranov, and V. I. Dulenko, Zh. Obschch. Khim. 40, 1904 
(1970). However, no property of 2 has been described, and our 
reexamination on the reported reaction did not give any 
indication for the formation of 2. 

tThe simple HMO calculation on the l,2-diphenylcyclo- 
propenium ion (5) indicated the following charge 
distribution: C-1,2. +0.2611: C-3, +0.2941; ipso-c, 
-0.0210; orrho-C, +0.0408; mero-C, -0.0014; paw-C, 
+ 0.0342. 

However, these are unfortunately too unstable to be 
isolated, and allowed only spectroscopic observation 
in solution at low temperatures. On the other hand, the 
phenyl group, unlike the alkyl, can conjugatively 
stabilize the unsaturated system, and yet exerts only 
little inductive perturbation. Thus, the triafulvene 
having the phenyl substituents both at the exocyclic 
methylene and at the three-membered ring, i.e. 
tetraphenyltriafulvene (2), is expected to be a suitable 
model with enough stability for detailed investigation 
on the inherent property and chemistry of the 
triafulvene x-system. In the literature, there appeared 
at least two attempts4 for the synthesis of 2,t but they 
were unsuccessful resulting in unexpected rearrange- 
ments. In connection with our previous study on 
another phenyl-substituted cross-conjugated system, 
phenylheptafulvenes,5 we have synthesized and 
examined some properties of the triafulvene 2, the 
results of which will be described in this paper. 

Synthesis 

As an unambiguous synthetic route to the 
triafulvene 2, abstraction of the a-proton from 1,2- 
diphenyl-3-benzhydrylcyclopropenium ion (3) ap 
peared promising based on our previous success in the 
synthesis of phenyl-substituted heptafulvenesS and on 
the reported synthesis of 1,2-diphenyl&carboethoxy- 
triafulvene. ” As the precurs or for the cation 3, 1,2- 
diphenyl-3-benzhydrylcyclopropene (4) was expected 
to be readily obtainable by the cation-anion 
combination reaction of the l,Zdiphenylcyclo- 
propenium ion (5) and the benzhydryl anion. 
According to the observation of Breslow ei al. that 
nucleophilic attack occurs preferentially on the carbon 
atom of the cyclopropenium ion which is best able to 
localize the positive charge,’ the reaction of St with 
carbanionic reagents should afford l,tdiphenyl-3- 
substituted cyclopropenes as the major product; this 
has been verified experimentally by Padwa et al. for the 
reaction with some Grignard reagents.’ 

Since the Grignard reagent cannot be prepared 
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directly from benzhydryl halides, the reaction with 
~nzhyd~lli thium was examined first. When the cation 
5 was allowed to react at - 60” with ~~~d~~~~t~i~ 
prepared from benzhydryl chloride and lithium metal 
in THF, the only hydrocarbon product containing the 
cyclopropene structure was, unexpectedly, 1,3- 
diphenyl-3-benzhydrylcyclopropene (6) (47 % yield), 
and even a trace amount of4 was not obtained. At first 
sight, this highly re~os~~~~ addition of the 
benzhydryl anion to the rather sterically hindered C 
atom appeared quite unusual. However, since the 
chloride anion formed during the preparation of 
benzhydryllithium was inevitably present in the system, 
the fo~atio~ of 6 could be inrerpreted as the 
nu~leo~hili~ substitution of an S, 2’ type on the 
~y~lo~ro~ny~ chloride 7, first formed from 5 and the 
chloride anion, as is shown in Scheme 1. Actually, a 
control experiment indicated the smooth formation of 
the covalent chloride 7 from 5 and lithium chloride in 

. Melloni and Ciabat~oni have reported a similar 
of reaction between 1,2~phe~yl~3,3-di~hloro- 

cyclopropeneand benzhydryilithium, but thesupposed 
product, the chlorocyclopropene, has not been isolated 
due to the subsequent rearrangemenk4’ 

In contrast to this result, when benzhydryl- 
magn~ium bromide was prepared from halide-free 
~~hyd~lli~~i~rn, which had been obtained from 
diph~ylmetha~e and butyllithium,’ and was allow 
to react with the cation 5 in ethyl ether, the 
cyclopropene 4 was isolated in 6% yield with no 
detectable amount of 6 (Scheme 2). Although the yield 
was poor, no other hydr~arbo~ compounds were 
obtained except diphenylm~thane from the uncha~g~ 
benzhydryl anion and 1,1,2,2_tetra~henylethane which 

haid already been present as an impurity in the 
benzhydryl anion reagent. 

The structures of ~~~lopro~nes 4 and 6 were 
assigned based on the spectral data given in Table 1, 
Both 4 and 6 were catalytically hydrogenated to give 
the corresponding cyclopropane derivatives in a 
quantitative yield. For the definitive confirmation of 
their structures, xhe compounds 4 and 6 were also 
prepared by the independent synthetic routes 
involving carbene addition to olefins and subsequent 
dehydrochlorination, as shown in Scheme 3. 
Especially for the preparative purpose of 4. this route 
was found to be more practical than the afore- 
mentioned cation-anion reaction. 

The ~y~lopro~ne 4 was readily tra~s~orrned to the 
cation 3 in 957” yield by hydride a 
triphenylmethyl cation in dichloromethane. The 
tetrafluoroborate salt 3 - BF, is an air stable white 
powder, and ischaracterized by strong IR absorptions 
at 1420and IMClcm- ’ due to the cy~l~propenium ring 
vibration and BF; anion, re$pe~~~v~Iy. Other spectral 
properties shown in Table 1 also support its structure. 
The salt 3. BF, is soluble only in polar solvents such 
as acelonitrile and dichloromethane, and exhibits 
considerable acidity in aqueous acetonitrile or 
ethanol. The Sp~trophotometriG titration of3 in 50”; 
aqueous ac~t~nitrile exhibited its pK, to be I.6 &- 0.1 
at 25”. and demonstrated that 3 can be reversibly 
transformed to a neutral species having a long- 
wavelength absorption at 450 nm, as shown in Fig. 1. 
This observation suggests that the r-proton of the 
~~hydryl group in 3 is readily removed upon 
basi~~t~on to give the expected triafu~vene 2 in 
solution. This supposition was further substantiated 

Ph@tCI * 2 Li -+ Ph#lLi + LiCl 
-THF 

CHPh* . 
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by the disappearance of the methine proton and a 
~o~~omi~ant upfield shift of the ~heny~ protons 
observed in the ‘I-J NMR spectrum when an equivalent 
amount oftriethylamine was added, as shown in Fig. 2. 

In accord with these observations, the eation 3, 
when treated with equimolar triethylamine in 
dichloromethane~ gave a dark red solution, which 
afforded a quantitative yield of the tria~~~v~~e 2 as 
dark red crystals after the usual work-up. The 
triafulvene 2 is unexpectedly stable in the air, though 

gradual decomposition was observed in a few hours for 
a h~gb~y diluted solution ( < lo-’ Mf, 

Properties 

The triafulvene 2 exhibited the spectral properties 
shown in Table 1. While the ’ H NMR spectrum 
showed only the phenyl proton signals, the more 
positive proof for the structure was given by the fR 
spectrum, which exhibited both the absorptions due to 

Spectrum pH 

1 0.05 

2 0*61 

3 1.20 

4 1.51 

5 1.61 

6 1.80 

7 2.06 

8 4.65 

Wavelength, nm 
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Fig. 2. The ‘H NMR spectra of (a) the cyclopropenium ion 3 in CDCIJ, and (b) the triafulvene 2 and 
Et,NH’ obtained by addition of one molar equivalent of Et,N lo the solution (a). 

endocyclic (1850 and 1820cm - ‘7) and exocyclic 
double bonds (156Ocm-‘). In accord with this, the 
catalytic hydrogenation of 2 required two molar 
equivalents of hydrogen, and afforded the cyclo- 
propane derivative identical to the sample similarly 
obtained from the cyclopropene 4. 

Another structural evidence was given by the mass 
spectrum, which exhibited the molecular ion peak at 
m/e356 (M’, 62x), together with the M + 1 and 
M + 2 ion peaks in intensities corresponding to the 
calculated values based on natural isotopic abundance 
for CZ8HZ,-,. Furthermore, the base peak at 178, which 
seemingly corresponds to M/2 (cleavage to 
diphenylacetylene moiety), is partly attributable to 
m/2e (thedipositive ion, M”)since the (M -t I)/2 ion 
peak is clearly observed at 178.5 (4.4%). This 
observation clearly indicates the formation of the 
dicationic species 2* + in the gas phase, and is in 
qualitative accordance with the results of electro- 
chemical oxidation (c;i& in/ra), which exhibited 
smooth formation of 2” in solution. 

Compared with triafulvene derivatives reported so 
far. the triafulvene 2 has the absorption maximum in 
the electronic spectrum at a considerably longer 
wavelength, i.e. 462nm in acetonitrile, as a result of 
electronic interaction of the cross-conjugated diene 
system with the four phenyl substituents. In contrast, a 
linearly conjugated diene system similarly substituted 
with four phenyl groups such as 8 absorbs only at 

tit has been reported that the absorption due to the 
cyclopropene double bond splits into a doublet (1860 and 
1828 cm - I ) also in 1,2,3.4-lelrachloro-5,6-diphenyltriapenta- 
fulvalene; M. Ueno, I. Murata, and Y. Kitahara, Tetrahedron 
Lerfers 2967 (1965); E. D. Bergmann and 1. Agranat, 
Terrahedron 22, 1275 ( 1966). 

jPh 
PhCH=C, ,J’h 

4 
c=c, 

Ph 

328nm in cyclohexane.’ The longest wavelength 
absorptionof2exhibitsadistinctivebath~hromicshift 
upon decreasing the solvent polarity, as follows; 
462nm (loge, 3.69) in acetonitrile, 467 nm (3.69) in 
acetone, 469 nm (3.65) in chloroform, 475 nm (3.~8) in 
benzene, and 477nm (3.59) in cyclohexane. This 
solvent effect serves as clear evidence for a larger 
contribution of the ionic dipolar structure such as la at 
the ground state than at theexcited state,” despite the 
absence of any polar substituent in 2. 

In order to obtain more precise information on the 
possible charge separation in 2, the 13CNMR 
spectrum was examined next. The observed spectrum 
of 2 consisting of 11 peaks is schematically shown in 
Fig. 3, together with those of the cyclopropene 4 and 
the cation 3 for comparison. The assignment of 
individual peaks was made on the basis of the peak 
intensity measured under the long enough pulse 
interval, the peak multiplicity observed in the fully and 
partially proton-coupled spectra, and the nuclear 
Overhauser effect, as follows. The two weakest signals 
with unit intensity (singlet in an off-resonance 
spectrum) at 120.4 and 96.9 ppm were obviously 
assigned to the carbons, C-2 and C-3, of the exocyclic 
double bond. Between these two, one at 120.4ppm 
with the less nuclear Overhauser enhancement appears 
as a distinctively sharp singlet in a fully coupled 
spectrum, and thus was assigned to the inner carbon, 
C-2. Similarly, among three double-intensity signals 
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Fig. 3. Schematic presentation of the 13C NMR spectra (proton-decoupled) of the cyclopropene4 (CDC13), 
the cyclopropenium ion 3 (CD,CN), and the triafulvene 2 (CDCIJ). 

(singlet) at 143.8, 131.8, and 126.0ppm, the one 
appearing at 131.8 ppm was tentatively assigned to the 
C-l carbon, since it exhibited the least nuclear 
Overhauser enhancement. The assignment of the rest 
of signals to individual phenyl carbons was made 
based on similar consideration and on comparison 
with the charge densities obtained by simple HMO 
calculations. The results of the assignment are shown 
in Table 2, together with the calculated charge 
densities. It is noteworthy that the signals for carbons 
of triafulvene framework are distributed over a 
considerably wide chemical shift range (i.e. 13 1.8, 
120.4, and 96.9ppm) for spz carbons in a neutral 
hydrocarbon n-system. A remarkable upfield shift 
(96.9ppm) of the exocyclic methylene carbon, C-3, 

Table 2. The 13C NMR chemical shifts and calculated charge 
densities for the triafulvene 2. 

-- _- 

Carhon ’ 6 (CDCl3) . ppm b 
Charge density’ 

A 

9 

10 

11 
_ -- - _--__ 
“Nunbcring: 

131.8 (s) +O. 1760 

120.4 (s) +0.1467 

96.9 (5) -0.2619 

143.8 (s) +0.0078 

127.9 (d) -0.0586 

‘29.7 (d) +n.floo7 

124.7 (d) -0.0557 

126.0 (s) -0.0171 

131.9 (d) l 0.0233 

128.9 (J) -0.0011 

130.6 (d) +0.0180 
___~ _ ---- - 

I’eak multiplicity observed in the proton- 
coupled spectrum is shown in the pnrcnthcscs. 

‘Calculated bv the simple IIMO method assuming 
the coplanarity of phcnyl groups with the 
triafulvcne frnmcwork. 

indicates the polarization with a negative end at the 
exocyclic methylene carbon, as has been suggested by 
the solvent effect on the electronic spectrum. This is in 
contrast to the case of 8,8-diphenylheptafuIvene, in 
which only small charge separation was detected on 
the basis of both ‘%NMR and electronic spectral 
data.’ 

One-electron oxidation 

Another charactefistic feature in the electronic state 
of the triafulvene 2 predicted by the HMO calculation 
is a very high energy level for the highest occupied MO 
(r + O.l411j? for a planar model), implying ready 
oxidation of 2 to its cation radical and dication by the 
sequential removal of a n-electron. To test this 
prediction, the behavior of 2 under electrochemical 
oxidation was examined by means of cyclic 
voltammetry in dichloromethane. 

The voltammogram of 2 is shown in Fig. 4(a). Two 
anodic peaks at +0.74 and + 1.24 V vs SCE and the 

* 
I 1 1 1 1 I 

l 1.4 +1.2 +l.O +0.8 + 0.6 l 0.4 
v vs SCE 

Fig. 4. Cyclic voltammograms of the tridfulvene 2 (1 mM) 
with Bu,N CIO., (0.1 M) as the supportmg electrolyte in 

CH,C12. 
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Scheme 4 

corresponding two cathodic peaks at +0.64 and 
+ 1.16 V were observed at a scan rate of 0.1 vjsec. The 
first anodic wave was shown to correspond to the 
exchange of one electron per molecule by comparison 
of the peak current with that of ferrocene determined 
under the identical conditions.? By increasing the scan 
rate, the second anodic peak became larger 
approaching to the intensity comparable to the first 
one. These observations suggest that these two redox 
waves are due to two discrete one-electron transfer 
steps corresponding to the consecutive formation of 
the cation radical 2: and the dication 2’+ (Scheme 4). 

When the whole voltammogram was separated into 
two individual redox waves (Fig. 4b), the first wave 
exhibited good reversibility as was shown by the peak 
current ratio of the cathodic and anodic peaks 
reaching unity at the scan rate greater than 0.25 V/set, 
as well as by the difference in the peak potential 
between the cathodic and anodic peaks approaching 
to the theoretical value of 0.06 V ’ ’ at slower scan rates. 
These data are shown in Table 3. Thus, the first formed 
cation radical 2t is supposed to have enough stability 
to be reduced back to 2 at higher scan rates. In 
contrast, the second anodic peak exhibited very poor 
reversibility indicating that the secondly formed 
dication 2’ + is relatively much less stable, and is 
consumed by rapid follow-up reactions. 

Based on these findings, it was examined next to 
oxidize the triafulvene 2 to its cation radical 2? by 

chemical means. Various reagents (SbCI,, AgBF,, 
AgC104/12, AIC13, and Pb(OAc), in CHZCI,, CS2, 
and CH,NO,), which are known to generate cation 
radicals,‘* all decolorized the deep red solution of 2 
immediately after mixing, but only the following two 
reagents gave clear evidence for the formation of 2T. 
When antimony pentafluoride was added to 2 in 
dichloromethane or in carbon disulfide, the resultant 
yellow-brown solution exhibited a strong ESR signal 
of a broad single line. Evaporation of the solvent 
afforded a yellowish brown solid, which showed the IR 
spectrum quite similar to that for the cation salt 
3 - BF,, except that the absorptions due to the 
aliphatic C-H stretching and the tetrafluoroborate 
anion were absent. On the other hand, when silver 
tetrafluoroborate was added to a dilute solution of 2 in 
dichloromethane, there resulted a mixture of a pale 
green solution and gray powder. The solution showed 
an ESR signal consisting of a strong hyperfine 
structure with a g-value of 2.002616 typical for 
hydrocarbon cation radicals,‘*’ as shown in Fig. 5. 
This signal persisted at room temperature for one day, 
demonstrating the stability of the radical species. The 
good symmetry of the signal indicates the presence of a 
single paramagnetic species. The observed spectral 
width and number of splitted peaks (ca 160 lines 
observable) suggest that this spectrum is due to the 
cation radical 2- with the unpaired electron fully 
delocalized to all the four phenyl rings.t 

Table 3. The peak potential (E,) and peak current (i,) data for the first and second redox waves observed 
separately by cychc voltammetry of the trial’ulvene 2 in CH,C12. 

-_- _-. _ -. ..- _. ..~__ __ --. 
Scat1 ratr I he :st ,ri,vc (I 1 The 2nd uavc (I I) 

~.. _- .--_ .---- 
L I. pa pc ip;l i t: 1: i 

PC rn PC Ipn pc 

\‘/scc \’ vs sc1: cl v v5 sc1: D !I 
-_--. - ..__ ~__ _._ _____ __ _ _ -- 

0.05 0.72 0.65 33 23 1.24 1.16 4 0 . 5 

0.10 0.74 0.64 12 34 1.24 1.16 in I 
(I.25 Il. 76 0.63 54 54 I .?S 1.16 13 ? 

o.sn 0.78 0.62 72 71 1.28 1.17 27 3 

0.75 n.:n 0.62 X6 86 1. ?!_I 1.14 36 5 

57 
Lonccnt rat ion : z, IdI; supporting clcctrolytc (Ru4SC104), 0.181. 

tThe same method has been used to demonstrate the 
t-emoval of one electron per molecule upon electrochemical 
oxidation of 4,4’-dimethoxystilbene; E. Steckhan, J. Am. 
C-hem. Sot. 100, 3526 (1978). 

tAlthough a completely matching spectrum has not yet 
been obtained, the results of computer simulation 
experiments suggested that contribution of four sets of four 
equivalent protons (ortho- and mera-protons of two pairs of 
phenyl groups) and two sets of two equivalent protons (para- 
protons of two pairs of phenyl groups) must be taken into 
account lo explain the observed spectrum. 
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Fig. 5. The ESR spectrum of the cation radical 2’ generated by oxidation of 2 with AgBF, in CHLC12. 

Previously, the diphenylfulvene anion radical has 
been reported as a new “triarylmethyl” having a 
cyclopentadienide anion.13 Analogously, the present 

cation radical 2: can be formally represented as a 
cationic homolog of the classical “triarylmethyf”, in 
which one of the aryl group is replaced by the non- 
bentenoid aromatic three;membered ring, though 
unfortunately the exact data on spin delocalization is 
not available at present due to the difficulty in 
complete assignment of all the coupling constants 
arising from al1 the interacting protons of the two pairs 
of phenyl groups. 

EXPERIMENTAL 

Grnerul. M.ps are uncorrected. Elemental analyses were 
performed by Microanalytical Center, Kyoto University. 
Kyoto. IR and UV-Vis spectra were recorded with a Hitachi 
215 and a Hitachi 20@10 spectrophotometers., respectively. 
‘HNMR spectra (6OMHz) were taken on a Hitachi R-24 
spectrometer with Me,Si as an Internal standard. “CNMR 
spectra (25 MHz) were obtained on a JEOL FX-100 spectro- 
meter operated in the pulse Fourier transform mode. Mass 
spectra were recorded with a JEOL JMS~ISG spectrometer. 

All reagents were of a reagent-grade quality unless 
otherwise noted. CH3CN and CH2CI, were refluxed and 
distilled over PZO,. and THF was distilled over LAH. prior to 
use. Merck SiOZ type GF2,4 and type PF,,, were used for 
analytical and preparative tic, respectively. 

l,2-Diphenykyclopropenium tetrufJuoroborate (5 BFi ). A 
soln of triphenylmethyt tetrafluoroborate’4 (8.01 g. 
24.3mmol) in CH,CN (45ml) was added dropwise to a 
stirred suspension of 715 (5.58g. 24.6mmol) in CHJCN 
(IOml) at room temp. After stirring for 0.5 hr. dry ether 
(300ml) was added with ice cooling to cause the formation of 
a white ppt, which was filtered off, washed with dry ether, and 
dried under reduced pressure to give 5 BF; (6.18 g, 91.5 u;,) 
as fluffy OR-white needles; mp 160-161.3 (dec) (lit.lh mp 
IS8 1. (Found: C. 64.99: H. 4.25”,,. Calc. for CISH,, BF,: C. 
64.79;H,3.99”,,);“CNMRd(CD,CN)163.8(s,C-I. 2), 155.3 
(d, C-3). 140.2 (d.para-C), 137.6 (d,ortho-C), 131.3(d,nzrfa-C), 
120.0 (s, ipso-C). From the filtrate was obtamed 
triphenylmethyl chloride (4.6Og. 68.0”;,) after recrystalliza- 
tion from benzene; mp 106-108” (lit.” I10.5”). 

Reuction oj 5 BF; wth benzhydryllithium in the presence o/ 
LiCI. A soln of benzhydryllithium in THF was prepared by 
adding a soln of benzhydryl chloride (1.7Og, 8.38 mmol) in 
THF (IOml), dropwise. to a stirred suspension of Li chips 

tThese properties were in complete agreement with those 
of the chlorocyclopropene 7 obtained by the method of 
Padwa and Eastman: Ref. 15. 

(0.3Og. 43mmol) m THF (16ml) and stirring the mixture 
overnight. Then, the benzhydryllithium soln (24ml) was 
added dropwise to a stirred suspension of S BF; (l.24g, 
4.45mmol) in THF (4Oml) cooled at -60’. by the use of a 
syringe over a period of 4 hr. The temp was slowly raised to 0 
during 2 hr. The mixture was hydrolysed with 5 U; HCI (40 ml) 
and extracted with ether (6Oml x 3). The ethereal soln was 
washed with IO”:, NaCl (15Oml x 3). dried (MgS04), and 
evaporated in racuo to give 2.3 I g of the crude product, which 
exhibited four main spots at R, 0.70.0.40.0.25. and 0.0 on an 
analytical tic plate developed with benzene-hexane (I :9). By 
the use of preparative tic developed under the same 
conditions, the fraction with R, 0.40 afforded 6 (0.749g, 
47.0:;,) as white crystals, identified on the basis of spectral 
data shown in Table I; m.p. 124-126” (hexane). (Found: C, 
93.74; H. 6.42%. Calc. for CZRHZ1: C, 93.81; H, 6.19’,:;). 
Similarly, diphenylmethane and 1,1,2,2_tetraphenylethane 
were isolated from the fractions with R, 0.70 and 0.25, 
respectively, and Identified by comparison of their IR and 
NMR spectra with those of the authentic samples. 

In a control experiment. LiCl (0.0886g. 2.09mmol) was 
added to a stirred suspension of 5 * BF; (0.478 g. 1.72 mmol) 
in THF (25ml). causmg immediate dissolution of 5. After 
stirrmg for 0.5 hr. the solvent was evaporated in ULICUO, and the 
residue was extracted with dry benzene. Recrystallization of 
the crude extract from hexane-ether afforded white crystals 
(0.371 g. 95.2?;), whrch were Identified as 7 on the basis of 
following properties:+ m.p. 79.5.-81 , IR 1’ (KBr) 3060~. 
292Ow, 1820~. 1570m. 1495m. 1480m, 1440s. 133Om, 
1240m, ll4Om. IlOSm, IOWm. 1020s. 92Ow, 760s. 
680scm- . ‘.‘HNMR6(CDCIJ)7.90-7.42(m. lOH,Ph),4.97 
(s. I H. -CHCI-). 

The chlorocyclopropene 7 thus obtained was allowed to 
react with benzhydryllithium exactly in the same way as 
described above. Recrystallization of the crude product from 
hexane afforded the cyclopropene 6 m 30 1; yield. 

Reaction o/ 5. BF, ~~itll ben:hydrylmagnesirrm hromide. A 
soln of benzhydryllithium was prepared by addition of l.6N 
n-BuLi in hexane (Z.Oml, 3.2mmol) to a soln of freshly distilled 
diphenylmethane (0.51 g. 3.0mmol) in dry ether (6ml) and 
refluxing overnight under N,.” In order to prepare the 
Grignard reagent. this soln was added. by the use ofa syringe. 
to a stirred soln of anhyd MgBr,, which had been freshly 
prepared from Mg (O.O8Og, 3.3mmol) and Br, (0.48g. 
3.0 mmol) in dry ether (8 ml), under N,. To the stirred soln of 
benzhydrylmagnesium bromide thus prepared and cooled at 
-20.. there was added 5. BF; (0.5578. 2,OOmmol) in one 
portion. After stirring at -20’ for I hr and at room temp for 
1 hr. the mixture was hydrolysed and worked up to give 1.04 g 
of the crude product, which showed four main spots at R, 
0.75, 0.5QO.28. and 0.0 on an analytical tic plate developed 
with benzene-hexane (I :4). Separation of the products by the 
use of preparative tic afforded diphenylmethane (R, 0.75), 
1.1,2,2-tetraphenylethane (R, 0.28). and 4 (0.0416 g, 5.8 %) 
(R, 0.50) as white crystals, identified on the basis of the 
spectral data shown in Table I; m.p. 183-184’ 
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(hexane-benzene); ‘3CNMR16 (CDCI,) 118.2(s,C-1),27.3 
(d, C-2), 58.9 (d, C-3), 146.5 (s, C-4). 130.0 (s, C-S), 130.0 and 
126.0 (d, par&Z), 129.9, 128,7, I28,6 and 128.3 (d, or&o- and 
mere-C}. {Found: C, 93.62; H, 6.11::,. Calc. for CzrrHzl : C. 
93.8 I : H. 6.19 “J,,. 

Alrernurice synthesis of’ 1,3-diphenyl-3-benzhydr)ll- 

cyclopropene (6). A soln of 2,3,3&phenylpropene (O.OSSSg, 
0.205mmol), which was prepared by the method of Russell 
and Becker,’ ’ and phenylchforodiazirine” ’ (0.231 gV 
1.Sf rnrn~~~~~ dry benzene (4ml) was heated to rtflux for4 hr. 
Evapration of the solvent in UOL’UO afforded 0.261 g of the 
crude product, which exhibited five main spots at R, 0.64, 
0,48, 0.33,0.25, and 0.09 on an analytical tic plate developed 
with tKnzene hexane ( I :4). By the use of preparative tic, the 
unchanged 2,3,3-ttiphenylpropene (0.0265 gf was recovered 
from the fraction with Rf 0.48, while the fraction with RI 0.25 
afforded crude 1.2-diphenyl-l-~hloro-2-benzhydryl- 
cyclopropane (0.0218g). which was used in the following 
reaction without further purification. t-BuOK (Merck) 
(0.030 g, 0.7 I mmol) was added ta a stirred soln of the crude 
chlorocyclopropane in THF (2ml) under N2. After stirring 
for 24 hr, the mixture was hydroly~d and worked up to give 
0.0 19 I g of the crude product, which showed three main spots 
at i$O.77,0.3 1, and 0.08 on an analytical tic plate developed 
with benzene-hexane (1:4). From the fraction with RI 0.31 
was obtained, by the use of preparative tic, white crystals 
(0.0059 g, 15 Y% based on the consumed triphenylpropene) 
identified as the cyclopropene 6 by comparison of the IR and 
NMR spectra with those of the sample obtains by the 
cation-anion reaction described atrove. 

Aknariw synthrsis aj 1.2-diphen~l-3-hen~h~dryl cycir>- 

propene (4). A soln of 1,3,3Uphenylpropene (1_08g, 
4.OOmmol). which was prepared by dehydration of t,3,3- 
triphenylpropan- l-01 according to the method of Burkhalter 
and Johnso~,‘~ and phenyl~hlorodiazirjne (~.67~ g, 
4.39 mmol) in dry benzene (~rnj) was heated to refiux for 
2 hr. After evaporation of the solvent in cacuu, the product 
mixture was separated by the use of preparative tic developed 
with benzene-hexane (1:4). While the fraction with 1A; 0.52 
afforded 0.576 g of the unchanged l&3-triphenylpropene, the 
fraction with R, 0.28 gave 1,2diphenyl- I -chloro-b 
~nzhydryl~yc~opro~ane 10.529 & 33.5 %) as pale yellow 
viscous oil ; ” W NMR i& (Ccl& 7-336.95 (m, 20 H, Ph), 4,49 
(d,J =9Hz,lH,C~Ph,),2.70(d,J = 8_5Hz,l H,-Cfi!Ph-), 
2.47 (dd, 1 H, CH(CHPhz)-). To a stirred soln of the 
chlorocyclopropane ( I .43 g, 3.6 I mmol) in THF (50 ml) was 
added t-BuOK (Merck) (2.03g, 18.1 mmol) in one portion. 
After stirring for 18hr under Nz, the mixture was hydrolysed 
and worked up to; give 1.289 g of the crude pro&et, which was 
shown to cont~j~ cu Ct.8 g of4 besides the unchanged starting 
material, by the NMR analysis. Recrystallization of the crude 
product from hexane-CCI, (I: I) (30ml) afforded white 
crystals (0.608g. 47.0”/,). which was identical to the 
cyclopropene 4 In all the physical and spectral properties. 

~u~~~~i~~ h~dr~~~nu~~a~ uj the ~~~~~~r~~~~~s 6 ati 4, The 
cy~lopro~~e 6 (0.118g. 0.330 mm~l) was dissolved in dry 
benzene-THE ( 1: 1) (6 ml) and catalytically hydrogenated 
over 5 “,, Pd-C (0. IO g). After 1 hr, when 7.5 ml (0.33 mmol} of 
Hz had been absorbed, the catalyst was filtered off and the 
filtrate evaporated m cucuu to give 0.116g of the crude 
product. Purification with preparative tic developed with 
~~2ene -hexane ( t :3) afforded ~,2diphenyj-l-~~2hydryl- 
~y~lopropane (0.~977 g, 82.2”$) as colortess viscous 011; 
‘H NMR d (CDCIJ) 7.3&6.85 (m, 20H. Ph), 3.73 (s. I H. 
CWPh,),2X(dd, 1 H.-CuPh-E, 1.52, l.H)ld x 2.5 = 7and 
9 Hz respectively, 2 H, -CHI- ). 

In the same way, 4 was catalytically hydrogenated to give 
~~2-diphenyl-3-~~zhydrylcy~lopropane as white crystals in 
82.6~~ yield after absorption of ane molar equivalent of 
hydrogen; “H NMR 6 (CDCI,) 7.30-6.81 (m. 2OW, Ph). 3.99 

tThe numbering system is same as that shown in the 
footnote a tn Table 2. 

(d, J = IOHz, 1 H, CuPh2), 2.9-2.0 (m, 3 H, -CHPh- 
+ -CY(CHPh,)-). 

I ,2-DiphPnj?l-3-Senzh~dr~lsq’ctopropenium fe~r~~~~r~- 
borcrte (3 * SF, ). Triphe~yjmethyl tetra~~oro~rate (I,35 g, 
4.09mmol) was added to a stirred soln of4 (1.31 g, 3.66mmol) 
in CHICI, (30 ml), and the mixture heated to reflux for 5 hr, 
Addition of dry ether (110ml) to the mixture with ice cooling 
caused the formation of a white ppt, which were filtered, 
washed with dry ether, and dried under reduced pressure to 
give 3. BF; f f 55 g, 95-4 %) as white crystals with pink tinge; 
mp 248-249” (dec) (CH,CN): i3C NMRt d (CDJCN) 162,7 
(s,C-1). 167.2 (s, C-2). 52.4 (d, C-3). 138.4 (s, C-4), 129.6 (61, C- 
5). 130.7 (d, C-6), 129.8 {d, C-7), 120.4 (s, C-8), 137.4 (d, C-9), 
131.2 (d, C-10), 139.7 (d, C-l I). (Found: C, 75.71; H, 4.88 y;. 
Calc. fot Cz8HI, BF&: C, 75.70; H, 4.76$;,}. 

~e~er~i~utju~ of plc, Jtir the mutton J. A stock soln was 
prepared by diss~fv~~~ 3. BF; (0.0015 g, ~.~34mmol) in 
CHjCN {6Oml), Each 5-ml portion of the stock soln was 
pipetted out and made up to IO ml by adding aqueous solns sf 
slightly different acidities prepared from di1 HCI (pH < 2) or 
from the citrate-phosphate bufferzO (pH r 2). Immediately 
after r~rdi~g the UV spectrum, pH ofeach sample soln was 
determined on a Horiba Model H pH meter, which had been 
calibrated with standard bugers before use. The observed 
absorbance at the maximum absorption wavelength (310 nm) 
of the cation was plotted against the pH to give a classical 
titration curve. whose midpoint (pH 1.6, uncertainty limit 
+&I) was taken as the p&. 

~erruphurr~frri~~r~~~ (2). Triethy~~mine (O.~~rnl~ 
0.~~ 0.459 mmol) was added, by the use of a 
microsyringe, to a stirred soln of3. BF; (0.201 g, 0.452 mmol) 
in CH,CIz (8 ml). The resultant dark red soln was stirred for 
2 min, and then briefly washedwith Hz0 (10 ml). After drying 
over MgS04. for Zmin, the solvent was removed m vacua to 
give 2 (O.l55g, %.2%) as a dark red solid, which was 
characterized by the spectral properties shown in Table 1. 
R~c~stajli~atio~ from CHzCIl at -18 ’ gave dark red 
crystals; however, the correct analysis was not obtained 
probably due to some instability towards gradual air 
oxidation: mp 182 183.5”. (Found: C, 93.38; H. 5.967;. Calc. 
for Cr(rHLo: C, 94.34; H, 5_66”,). 

The tr~af~lvene 2 (0.155 g, 0.435 mmol f was found to absorb 
19.Oml ~~~~8 mmol) of hydrogen over 5 “/a Pd-C (~.20~) in 
benzene (10ml) in 2 hr to give 0.157 g of the crude product, 
from which was isolated, by recrystallization from pentane. 
white crystals with the same spectral properties as 1.2- 
diphenyl-3-benzhydrylcyclo propane similarly obtained 
from 4. 

Cyclic ~~~~~~~e~~~. The measurements were carried out 
with a Hokuto-~enk~ Model HA 104 potenliostat equipped 
with a Hokuto-Denko Model HB 107A function generator, A 
three-etectrode cell was used, consisting of Pt wire working 
and auxiliary electrodes and a saturated calomel reference 
electrode. The reference electrode was connected to the bulk 
of the sample soln by a capillary salt bridge filled with the 
sample sold. The soln was I mhl in 2 and 0. I M in Bu,NCK14 
as a supporting elcctrollyte in CHzC12 + The voltammograms 
were recorded on a Hitachi Model 057 X-Y recorder. 

(a) With Sbfl,. By the use of a syringe,, a sotn of SbCl$ in 
dry CSz (0,187 M) was added dropwise to a stirred soln of 2 
(0.0293 g. 0.0823 mmol) in CSz f 1 m!) under N2. When 0.47 ml 
(0.088 mmol) of the SbC15 soln was added, the color of the 
mixturechanged from dark red to yellow brown. Evaporation 
of the solvent in UC~CUU afforded a dark green-brown solid 
(0.0553g); IR v (KBr) 306Ow, 1840~. 1595s. IHx)s, 145Om. 
1420br vs. 1350~. 1180m. 1080~. 1035~. IOOOw, 9fOw, 
765s, 73Xtm, XVs, 680scm-‘. 

in a repeated run carried out m the same way, a part of the 
mixture was transfered to an ESR sample tube. After dry Nz 
was bubbled in for a few min through a fine capillary, the tube 
was seated and the ESR spectrum recorded at room temp to 
exhibit a broad single line with a peak-to-peak width 5G. 
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(b) Wirh AgBF,. In an ESR sample tube with a side arm, a 
soln of 2 (0.001 g, 0.003mmol) in CHICll (1 ml) and AgBF, 
(0.003 g, 0.015 mmol) were charged separately. After the soln 
was degassed with the freeze-and-thaw technique, the whole 
system was sealed under vacuum. Then, AgBF, was mixed 
with the soln of 2 by shaking the tube at room temp, resulting 
in the color change of the soln to greenish yellow. The 
supernatent soln exhibited the ESR spectrum shown in Fig. 5 
at room temp. 
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