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BIHf + HnO H,O+ + B &H+ + HpO Defining 

(20) 

we obtain eq. 21. An example of this type of tauto- 

meric equilibrium is the ionization of a 4-substituted 
pyrimidine. We hope to discuss this system in a 

CB,E+ 
KT = CB,a+ Now 

CE~O+CB pKPl,x E (-1) log '-; pK,..x e (-1) log - G.H+ 
(18) log KT ( a n  - O ~ ) ~ I X  + (Pn - PI)#= (21) 

Then 
C B ~ H  + 
CB*H log -+ = (a1 - a n ) # I X  f (a1 - Pn)(lRX (19) following paper. 
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The hydrolysis of the imino bond in a group of 1-( 3-silylpropyl)-2-imidaaolines was shown to be first order in 
imidazoline in aqueous alkaline solution. With one exception, the series gave a pseudo-first-order rate conatant, 
k&J = k*[OH] /( 1 + K[OH] ). One example, 1-(3-trimethylsilylpropyl)-2-imidazoline (V), gave kobsd = 
( k ~ [ o H ]  + k ~ [ o H ] ~ ) / ( l  + K[OH]). This waa interpreted as a neighboring-group interaction with the silyl 
group of V which assists direct attack of the nucleophile on the free base of V. 

Participation of the trimethylsilyl group in the tran- 
sition state has been invoked to explain the enhanced 
rate of displacement of chloride from chloromethyl- 
trimethylsilane.' The importance of such effects for 
other organofunctional silicon compounds is largely 
unknown. The synthesis of 1-(3-silylalky1)-2-imid- 
azolines provided an opportunity to search for effects 
of the silyl group during hydrolysis of an imidazoline 
ring according to eq. 1. The rate-controlling step 

n OX' R N  N + KO __c 
'CP 
H 

RNHCH,CH,NH(CHO) + RN(CHO)CHzCH~NHz (1) 
A B 

for similar reactions in alkaline solution has been 
pictured as an attack of hydroxide ion on the proto- 
nated imino group.2 Any interactions between the 
imidazoline ring and silicon which might facilitate the 
attack of the nucleophile would then be apparent in 
the kinetics of the system. 

2-Imidazolines were prepared according to eq. 2.a 
The products of hydrolysis of compounds I1 and I11 
were isolated and identified as being mostly A, R = 
h4esSi(CH& and Oo.8MezSiCHzCHMeCHz, respec- 
tively. The other 2-imidazolines were assumed to 
give analogous products. 

RNHCH~CHZNH~ 4- HC(0Me)s --c RYny N + 3MeOH(2) 
n 

fi 
(1) C. Eaborn, "Organosilioon Compounds," Butterworth and Co. (Pub- 

(2) E. H. Cordea and W. P. Jenoks, J .  Am.  Chem. Sac., 86, 2843 (1963). 
(3) A. J. Hill and J.  V. Johnston, ibid., 76, 922 (1954). 

lishers) Ltd., London, 1960, p. 433. 

Experimental Section 
1-( 3-Silylalkyl)S-imidazolines were prepared by a modifica- 

tion of the method reported by Hill and Johnston.* A mixture of 
the N-propyl- or N-(silylpropyl)-l,2-ethylenediamine and a 
5-1OoJo molar excess of methyl orthoformate w a  heated in a 
stainless steel bomb a t  180-200" until no further increase in 
pressure was noted. About 1.5-3 hr. were required to reach a 
maximum pressure of about 20 atm. In  certain cases the re- 
action became noticeably exothermic (see Table I )  before a 
temperature of 200" was reached. In  these examples, although 
the external heating was discontinued as soon as an exothermic 
reaction was observed, the temperatures rose well beyond 200". 
The products were isolated by vacuum distillation. The results 
are summarized in Table I. Physical properties and analyses 
are given in Table 11. The infrared spectra of the 2-imidazolines 
showed a strong absorption a t  6.1-6.2 p (in CCla solution) char- 
acteristic of C-N stretching.4 They all showed the strong 
absorption at 229-234 mp (in isooctane) in the ultraviolet char- 
acteristic of 2-imidazolines .6 

Hydrolysis of 1 -( 3-Trimethylsilylpropyl)-2-imidazoline - 
A mixture 10 g. of 1-( 3-trimethylsilylpropyl)-2-imidazoline (11) 
and 10 g. of water was saturated with potasaium carbonate. 
Two layers separated. The aqueous phase was extracted with 
ether and the extracts were combined with the organic phase. 
The solution was evaporated. The residue was kept in a vacuum 
at room temperature for 96 hr. A 93% yield, 10.7 g., of N- 
[2-( 3-trimethylsilylpropylamino)ethyl]formamide [A, R = Mes- 
Si(CH&] hydrated with 0.5 mole of water resulted. 

The infrared spectrum (in dilute CCld solution) showed a 
broad single absorption a t  3.01, a strong absorption a t  5.94 for 
carbonyl, and a single sharp absorption a t  8.01 p for methyl on 
silicon. The lack of a doublet in the 3-/r region and the absence 
of significant absorption in the 6.0-6.3-p region indicated the 
absence of significant amounts of primary amine B. 

Anal. Calcd. for COH18Nn01.6Si: neut. equiv., 211. Found: 
neut.equiv.,211.8. 

The above formamide (3.22 9.) was treated with 2.46 g. 
phenylisothiocyanate in 25 ml. of benzene. The benzene solu- 
tion was mixed with 50 ml. of pentane and the resulting crystals, 
3.12 g., 56% yield, were filtered. Recrystallization of the solid 
from ethanol water and drying gave the phenylthiourea deriva- 
tive of A [R = Me8Si(CHz)s], m.p. 116.5-118.0". 

(4) F. H. Suydam, Anal. Chem., 86, 193 (1963). The absorption was 
shifted by about 30 om.-' to lower frequencies than those reported above. 
This was attributed to the strain in the five-membered ring system. 

(5) G. H. Daub, J. L. Riebsomer, R. J. Ferm, and E.  L. Martin, J .  O w .  
Chem., 18, 643 (1953). 
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TABLE I 

THE PREPARATION OF RN--CH=NCH,CHz BY EQ. 2 
r 1 

Max. 
Diamine, Ortho eater, temp., Time, 

Compd. R moles moles OC. hr. 

I CHaCHzCHz 0 . 5  0.55 2400 1 . 0  
I1 MeaSiCH2CH2CHz 1 .o 1 . 1  210 3 
I11 ( MeO)MezSiCHtCHMeCHe 1 . 0  1 . 1  200 3 
I V  ( MeO)zMeSiCH2CHMeCHz 5.0 5 . 5  260a 1 . 5  
V (MeO)aSiCH&H,CH2 5 . 0  5 . 5  225 3 

a The reaction waa exothermic. 
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% 
yield 

70 
75 
92 
83 
79 

TABLE I1 
PROPERTIES OF 1-( SILYLALKYL)-2-IMIpAZOLINES 

B.p., OC. -RD- -Si, %- -Neut. e q u i v . 7  
Compd. b" d s  nZ6D Calcd.0 Found Calcd. Found Calcd. Found 

I 114 (72) 0.9185 1.4690 0.304 0.303 b 112 110.8 
I1 129 (16) 0.8939 1.4698 0.312 0.312 15.21 15.11 184.0 185.7 
I11 124 (4) 0.9516 1.4687 0.294 0.292 13.09 13.13 214 214.3 
IV 210 (100) 1.004 1 .4642 0,277 0,275 12.17 12.10 230 226.0 
V 160 (12) 1,065 1,4575 0.258 0,256 12.06 12.15 232 231.3 

a The bond refractions were based on A. I. Vogel, W. T. Cresswell, G. H. Jeffrey, and J. Leicester, J .  Chem. floc., 514 (1952). * Anal. 
Calcd. for CBH12Nz: C, 64.30; H, 10.71. Found: C, 63.95; H, 10.61. 

Anal. Calcd. for CleHzlNaOSSi: C, 56.99; H, 8.01; N, 
12.46; Si, 8.32. Found: C, 56.92; H, 8.49; N, 12.15; Si, 
8.42. 

The filtered solution of benzene and pentane was evaporated 
and the resulting oil was redissolved in ethanol. Addition of a 
small amount of water caused the precipitation of a semisolid 
material. This solidified after washing with ether; obtained 
was 0.32 g., (6% yield) of another crystalline form of the phenyl- 
thiourea of A [R = MeaSi(CH,),]. Two recrystallizations from 
hexane-benzene gave the pure derivative, m.p. 136.5-138.5'. 
The melting point was 116.5-137' when mixed with the pre- 
viously isolated form. Cooling the mixture gave a solid which 
melted a t  133-137'. 

Anal. Calcd.for C1~H27N30SSi: C, 56.99; HI  8.01; N, 12.46. 
Found: C,Fy6.86; H,8.41; N, 12.17. 

Hydrolysis of 1 -( 3-dimethylmethoxysilyl-2-methylpropyl)-2- 
imidazoline was accomplished by mixing 55.6 g. of the 2-imid- 
azoline with 14.0 ml. of water. The reaction was exothermic. 
The excess water was removed in a vacuum a t  room temperature. 
This gave 72.4 g. of the hydrated amide A (R = Oo.sMezSiCHz- 
CHMeCHz). The remaining water was removed from a 31-g. 
portion of the above mixture a t  1.0 mm. a t  room temperature 
over a period of 45 hr.: n% 1.4875; dz6 1.013; Rn 0.284 (calcd. 
RD 0.285). 

Anal. Calcd. for C18H42NIOaSi2: Si, 13.40; neut. equiv., 
209. Found: Si, 13.36; neut. equiv., 209. 

The infrared spectrum (in dilute CCL solution) showed ab- 
sorptions a t  3.05 for SiOH, 5.95 for (2-0, 7.97 for Me-Si, a 
broad absorption a t  9.5 for SiOSi, and a weak absorption at  
11.55 p (weak) for SiOH. The lack of a doublet in the 3-p 
region and the absence of significant absorption in the 6.0- 
6.3-p region indicated that the primary amine B was essentially 
absent. 

Kinetic Runs.-The 2-imidazolines were freshly distilled prior 
to  use. Spectroquality isopropyl alcohol was obtained from 
Matheson Coleman and Bell Co. Buffers in the pH range 8-10 
were prepared by addition of 0.1 M HC1 or NaOH to 0.1 M 
disodium phosphate and for the pH range 10-12 by the addition 
of 0.1 M HCI to 0.1 M trisodium phosphate. The ionic strength 
of the buffer solutions was adjusted to  0.30 with sodium chloride. 
For certain experiments the buffered solutions were lo-' M 
in methyltrimethoxysilane. At M all of the imidazolines 
and methyltrimethoxysilane gave clear solutions in the buffer. 

The hydrolyses were carried out in the cells of a Cary 14 
recording spectrophotometer. The reaction was followed by 
measuring the decrease of the absorption of the particular imid- 
azoline in the phosphate buffer solution. Beer's law held over 
the concentration range studied. The values of are given 
in Table 111. The maximum absorbance of product during the 

TABLE I11 
ULTRAVIOLET SPECTRA OF RN-C=NCH2CH2 IN 

AQUEOUS ALKALINE SOLUTION 
Maximum 

absorption, 
R mr Cmsx 

CHaCHzCHa 234 6460 
M~~S~CHZCHZCHZ 237 6300 
(MeO)Me2SiCH2CHMeCHz 235 7590 
( MeO)2MeSiCH&HMeCH2 234.5 7700 
( MeO)sMeSiCH2CH2CHz 237.5 7860 

first half life a t  230-240 mp amounted to 1-3% of the total 
absorbance and was neglected. The absorbance of the buffer 
was automatically compensated in the double-beam instrument. 
All runs were carried out a t  25.5'. 

From 15-40 p1. of a 0.01 M solution of the imidazoline in 
isopropyl alcohol was injected into a 3.03-ml. cell containing 
the buffer a t  25.5". The cell had been previously rinsed several 
times with the buffer solution. The cell and contents were 
vigorously shaken and placed in the instrument which had been 
previously set a t  the maximum absorbance for the particular 
imidazoline. The absorbance was then measured at various 
intervals from the time of mixing. The initial concentrations 
varied from 5 x M and the absorbance a t  
time zero was estimated by extrapolation. The calculations 
were based on the first 70% of the reaction during which there 
was no detectable change in pH. 

M to 1.3 X 

Results 

In  aqueous alkaline solution at  constant pH the dis- 
appearance of imidazoline by eq. 1 was first order. 
Plots of log absorbance vs. time were linear for at  least 
70% of the reaction for all examples, and the value of 
the pseudo-first-order rate constant, kobsd, was inde- 
pendent of the initial concentration of the substrate. 
The value of kobsd was also independent of the total 
buffer concentration. This can be seen from Figure 1, 
which is an amplification of the dependence of kobed 
on OH- in the lower extreme of the pH range studied. 
The absence of significant intercepts indicated that the 
reaction was specifically catalyzed by hydroxide ion. 
In acidic solutions there was no detectable hydrolysis. 
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[OH-], M x 106. 
Figure 1.-The dependence of kobsd on OH- at the lower extreme of OH- concentration: [OH-] = ~ O P H  -14. 

I I I 1 t 
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[OH-], M X 104. 

Figure 2.-The dependence of k o b d  on OH-: -@-, R = 
( MeO)2MeSiCHzCHMeCH, (IV) ; - 0-, R = (Me0)aSiCHr 
CHICHn (V); [OH-] = lOpH -14. The data is fitted to eq. 1 
for compound IV and to eq. 2 for compound V. 

The dependence of kobsd on OH- concentration for 
compound V [R = (MeO)rSi(CHz)8] was not typical 
of the other species which showed a dependence re- 
sembling that reported by Martin and Parcell for 2- 
methyl-2-imida~oline.~ Figure 2 shows vs. OH- 
concentration for compounds IV  and V over the pH 
range 8.7-11.7. The dependence of kobed on OH- for 
the remaining compounds is shown in Figure 3. With 
the exception of compound V, kobed for the hydrolysis 
of the various l-(3-silylpropyl)-2-imidazolines was best 
correlated with hydroxide concentration by 

kobsd = ~ A [ O H ] / ( ~  + K[OHI) (3) 

where kA and K are empirical constants. The curve 
in Figures 2 and 3 are fits of eq. 3 to the data from all 
compounds but V. Equimolar amounts of methyl- 

(6) R. B. Martin and A. Paroell, J .  Am. Chsm. SOC., 88, 4830 (1961). 

VOL. 30 

trimethoxysilane had little or no effect on the rate of 
hydrolysis of compound I1 at  several different hy- 
droxide concentrations. This indicated the unique 
behavior of compound V, l-(3-trimethoxysilylpropyl)- 
2-imidazoline1 was probably due to intramolecular 
interactions of the hydrolyzed trimethoxysilyl group 
and the imidazoline ring. The constants from eq. 
3 for the imidazolines I-IV are given in Table IV and 
show little variation with R. 

TABLE IV 
RATE CONSTANTS FROM Ea. 3 FOR THE 

HYDROLYSIS OF COMPOUNDS I-IV AT 25.5' 
k A  X 10-r 
M-' K x 10-2 

Compd. R m h - 1  M 

I n-Pr 2 . 9  6 . 8  
I1 Me&iCHaCHzCHz 2 . 3  6 . 3  
I11 ( MeO)M&iCHzCHMeCH2 2 . 8  8 . 7  
IV (MeO)rMeSiCHZCHMeCH2 3 . 5  12 .0  

Instead of approaching a plateau at higher pH as in 
the other examples, the value of kobed for compound V 
continued to increase with increasing hydroxide con- 
centration in a more or less linear fashion. This unique 
dependence of kobsd on OH- was described by eq. 4, 
whose fit is the curve shown in Figure 2 for compound 
V. The values of the empirical constants in eq. 4 at 

25.5' are kA = 2.2 X lo2 M-I min.-l, k B  = 2.6 X 
106 M-zmin.-l, and K = 12.0 X lo2 M-l. 

In examples 111, IV, and V the methoxysilyl groups 
are almost instantly hydrolyzed in dilute aqueous solu- 
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tion? and are undoubtedly in the form of silanols and 
low molecular weight siloxanes during the hydrolysis of 
the >C=N- group. 

With the exception of compound V, the dependence 
of kobad on OH- resembles that noted by Cordes and 
Jencks2 for the alkaline hydrolysis of certain aliphatic 
Schiff bases and can be interpreted in similar terms. 
The rate-determining attack of hydroxide ion on the 
protonated imidazoline, AH+ (reaction 5), gives rise 
to an increasing value of kobsd with increasing hy- 
droxide ion concentration. When further increase in 
hydroxide ion causes a corresponding decrease in the 
concentration of AH+ through the acid-base equi- 
librium given by Kb, kobsd becomes independent of hy- 
droxide ion. This is seen at  pH >11 for compounds 
I-IV in Figures 2 and 3. The unusual continuing de- 
pendence of kobad on hydroxide ion concentration in 
this region is explained by a direct attack of hydroxide 
ion on the unprotonated form of V (reaction 6) in addi- 
tion to the usual mode of attack by reaction 5. In- 
stead of forming an anionic form of B, reaction 6 is 
pictured as giving the carbinolamine directly. This 
is plausible if the imino nitrogen of A is associated 
with the solvent through hydrogen bonding. 

AH+ 

RN NH 
\rl' 

H / ~ \ O H  
B 

It is postulated that the carbinolamine (B) achieves 
a steady state. The observed total imidazoline con- 
centration is given by [Im] = [AH+] + [A] and the 
constant K b  = [AH+][OH-]/[A]. The rate of dis- 
appearance of V is then given by 

In analogous alkaline hydrolysis of aliphatic Schiff 
bases, the step corresponding to the reverse-of reaction 
5 is negligible compared with the corresponding product- 
forming step, reaction 7.* On this basis it is assumed 
that k7 >> If it is further assumed that k7 >> 
k-6, eq. 8 simplifies to 

-__ d[Iml = (kdOH3 f k&b-l[OHle)[Iml (9) 

This agrees with eq. 4 observed for compound V if 
kA = k6, kB = k,&b-', and K = K b - l .  The rate of 
attack of hydroxide ion on the protonated imidazoline 
AH+ relative to the unprotonated form A would then 
be given by k5/k6 = K ( ~ A / ~ B )  = 1.1 and indicates 
that, for compound V, reactions 5 and 6 proceed 
at nearly equivalent rates. For the remaining com- 
pounds, the nucleophile attacks only AH+ and k6 = 
0. 

(10) - d __ [Iml = __._ k@H]IImI- 

dt 1 + Kb-' [OH] 

Equation 9 then reduces to 

dt (1 -k Kb-')[OHI 
(7) H. Reuther, 2. anow. oZZgem. Chem., 479, 122 (1953). 
(8 )  R. B.  Martin, J .  Phya. Chem., 68,  1369 (1964). 

30 P 
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[OH-], M x 10'. 

Figure 3.-The dependence of kobrd on OH-: -0-, R = 
CHaCH&H* (I); -e, R = MeoSiCH2CHICH2 (IT); - -, 
I1 with (MeO)aSiMe added; -0-, R = (MeO)Me2SiCHI- 
CHMeCHz; [OH] = 10pH --I4. Data is fitted to eq. 2. 

This agrees with eq. 3 if k~ = ks and Kb-l = K .  
Unfortunately comparisons of K from eq. 3 and 4 with 
the values of K b - l  determined by titration in aqueous 
solution are misleading owing to simultaneous hydrolysis 
of the imidazolines during the titration. Values of 
K b - l  determined by titration differed by factors of as 
much as 0.25-0.05 of those found for K. 

Conclusions 

There appears to be little effect from the presence of 
silylalkyl groups in examples I-IV and k6 = 0. How- 
ever, with the 3-trimethoxysilylpropyl group present 
in compound V, the rate of attack of hydroxide on the 
free base A is appreciable. This phenomena un- 
doubtedly arises from intramolecular interactions of 
the hydrolyzed trimethoxysilyl group with the imid- 
aaoline ring. Such interactions could lead to sufficient 
reduction of the electron density about the center of 
reaction to allow for direct attack by hydroxyl ion. 
This effect could be pictured in the transition state as 
coordination of the nitrogen of the imidazoline ring 
with the vacant 3d orbitals of the silicon in the hy- 
drolyzed trimethoxysilyl group. The nitrogen atoms 
in such a system are pictured as being solvated through 
hydrogen bonding. Considerations of models show 
that a conformation such as that shown in VI is nearly 
strainless. 

A sufficiently strong coordination with the silicon 
could lead to a system with an electron density a t  the 
center of reaction comparable with that of the transition 
state of the conjugate acid AH+. Coordination of 
nickel and copper ions with imino compounds has been 
demonstrated to dramatically enhance their rates of 
hydrolysis owing to similar reductions of electron den- 

(9) G. L. Eiohorn and I. M. Trachtenberg, J .  Am. Chem. Soc., 76, 5183 
(1954). 
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~ i t y . ~  Since the tendency of amino compounds to form 
complexes with silyl groups with less than three Si-0 
bonds is negligible,lO the effects seen here would be ex- 
pected only in the case when R = (MeO)aSiCH2- 

Other possible interactions could involve intra- 
molecular hydrogen bonding with the imino nitrogen 
and a silanol as in VI1 or silicon-oxygen bond forma- 
tion with the 2-carbon atom of the ring (VIII). In  
the latter case the intermediate B would result after 
hydrolysis of the silicon-oxygen-carbon bond. These 
intermediates resemble those advanced to explain the 
enhanced rates of hydrolysis for certain a-keto phos- 

CHzCHz. 

(10) See, for example. C. Frye. G. E. Vogel, and J. A. Hall, J .  A m ,  Chem. 
6”. , 88, 9913(1981). 

- Sl 
VI1 VI11 

phate esters“ and p-nitrophenyl salicylates.12 How- 
ever, with such interactions all of the methoxysilanes 
studied should show effects similar to V unless an 
unusual acidity for the corresponding silanol of V is 
postulated to explain its unique behavior. 

(11) F. Ramirea, B.  Hansen, and N. B. Desai, ibid., 84, 4588 (1982). 
(12) ‘M. L. Bender, F. J. Kezdy. and B. Zerner, ibid., 86, 3017 (1983). 
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Six additional representatives of the class of colored compounds, the bistetraphenylcyclopentadienones 
( l ) ,  have been prepared linked by (CHZ)~ ,  (CHZ),, (CHZ)4, (CHZ)~ ,  and (CH& respectively, and one in which 
one of the phenyl groups links two cyclopentadienone rings. New intermediates for their syntheses have been 
described including the required bisdeoxybenzoins and bisbenzils. Analogs of hexaphenylbenzene, melting 
in the range 337-470”, were prepared from each bistetraphenylcyclopentadienone by reaction with tolan. The 
absorption spectra of bistetracyclones and bishexaphenylbenzenes have been discussed based on tetracyclone 
and hexaphenylbenzene as models. 

A previous paper3 discussed the syntheses and ab- 
sorption spectra of the first four representatives of 
this new class of colored compounds, the bistetraphen- 
ylcyclopentadienones (1), in which the two tetraphenyl- 
cyclopentadienone moieties are linked directly by CH2, 
0, and SI respectively. In  the present paper we wish 
to report on the syntheses and absorption spectra of six 
additional bistetracyclones (1) and their corresponding 
bishexaphenylbenzenes (4). 

Syntheses.-As outlined in our previous paper3 the 
route chosen to prepare the bistetraphenylcyclopenta- 
dienones consisted of the condensation of 2 moles of 
benzyl ketone with an appropriate bisbenzil. Charts 
I and I1 outline the paths selected. 

Bibenzyl reacted with 2 moles of phenylacetyl 
chloride as described in the literature4 to give the 
bisdeoxybenzoin (Ze) . 1,3-DiphenyIpropane, 1,4-di- 
phenylbutane, 1,5-diphenylpentane, and 1,6-diphenyl- 
hexane also reacted with 2 moles of phenylacetyl 
chloride to give the bisdeoxybenzoins (Zf-i) without 
exceptional difficulty. However, the bisphenylacetyl 
derivative of benzene could not be prepared this way; 
instead, it was prepared by the addition of a large 
excess of benzylmagnesium chloride (8 moles/nitrile 
group) to terephthalonitrile, followed by acid hy- 

(1) Taken from part of the dissertation submitted to the Faculty of the 
Polytechnic Institute of Brooklyn in partial fulfillment of the requirementa 
for the degree of Doctor of Philosophy, June 1965. 

(2) To whom inquiries should be sent at the University of Massachusette- 
Boston, Boston, Mass. 02116. 

(3) M. A. Ogliaruso. L. A. Shadoff, and E. I. Becker, J .  0 ~ g .  Chem., 
28, 2725 (1963); see also L. F. Fieser and M. Fieser, “Current Topics in 
Organic Chemistry,” Reinhold Publishing Corp., New York, N.  Y., 1984, 
p. 50. 

(4) Ng. Ph. Buu-Hol, Ng. Hoan, and P. Jacquignon, J .  Chem. Soc., 1381 
(1951). 

drolysis, which gave the bisdeoxybenzoin (2j) in 28% 
yield. 

Conversion of compounds 2e-j to the bisbenzils 
3e-j was effected via condensation with p-nitrosodi- 
ethylaniline followed by acid hydrolysis in 25-63% 
yield. 

Potassium hydroxide catalyzed condensation of 
compounds 3e-i with benzyl ketone proceeded without 
particular difficulty to give the bistetracyclones, 
le-i. However, compound 3j did not condense with 
benzyl ketone under these conditions, but was con- 
verted to the bistetracyclone l j  using n-butyl alcohol 
as solvent and Triton B @enzyltrimethylammonium 
hydroxide) as the base in 46% yield. 

For derivative purposes the bistetracyclones were 
converted to the hexaphenylbenzene analogs by re- 
action with diphenylacetylene. As with the previously 
reported bistetracyclones, the melting points of the 
diphenylacetylene derivatives of this series of bis- 
tetracyclones are unusually high. The observed melt- 
ing points range from 4h, m.p. 337-340’ dec., to 4j, 
m.p. 468-470’ (lit.6 m.p. 462-463’ uncor.). 

To complete the family of bishexaphenylbenzene 
analogs prepared, the missing member, 2’,3’,5’,6’,- 
2”,3”,5”,6”-octaphenylquaterphenyl (4k) was pre- 
pared by treating 2 moles of tetracyclone with 1 mole 
of diphenyldiacetylene. 

The diphenyldiacetylene required was prepared by 
the Fieser modification6 of the Glaser reaction of 
phenylacetylene as reported in the literature.’ 

Chart I11 outlines the path. 

(5 )  W. Reid and K.  H. Bbnninghausen, Chem. Ber., OS, 1769 (1960). 
(8) L. Fieser, “Organic Experiments,” D. C. Heath and Co., Boston, 

(7) G .  M. Mkryan and N.  A. Papazyan, Doki. Akad. Nauk Arm. S S R ,  91, 
Mass., 1964, p. 80. 

107 (1955). 


