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Summary 

Reduction (80”) and reductive methylation (160-175’) of some geminal 
diphenyl-substituted oleflns and conjugated dienes by sodium his(2-methosy- 
ethosy)aluminium hydride are described. l,l-Diphenylethylene was reduced to 
give l,l-diphenylethane as a sole product, while reductive methylation gave 
2,2-diphenylpropane in high yield. Similarly, 1,2,24riphenylpropane was ob- 
tained from 1,1,2_triphenylethylene. Reductive methylation of cyclohexyli- 
dene diphenylmethane took place with partial rearrangement of the esocyclic 
double bond to give l-( 1-cyclohesenyl)-l,l-diphenylethane as the main product, 
which was accompanied by cyclohesyldiphenylmethane and 1-cyclohexyl-l,l-dl- 
phenylethane. 1,1,4,4-Tetraphenyl-1,3-butadiene at 175” underwent a new 
type of a reductive C-C bond cleavage leading to a 88/12 mixture of 2,2-diphenyl- 
propane and 2,2diphenylbutane, both formed by methylation of cleavage frag- 
ments. The reduction of 6,6-diphenylfulvene afforded a mixture of isomers, which 
from the NMR and mass spectra, were identified as 1-(diphenylmethyl)-1,3-cyclo- 
pentadiene (47%), 2-(:liphenylmethyl)-1,3-cyclopentadiene (47%) and 5-(di- 
phenylmekhyl)-1,3-cyclopentadiene (6%). Reductive methylation of this mixture 
or of 6,6_diphenylfulvene alone gave a mixture of l-(1,3-cyclopentadien-l-yl)-l,l- 
diphenylethane, l-( 1,3-cyclopentadien-2-yl)-1,ldiphenylethane and l-( 1,3-cyclo- 
pentadien-5-yl)-l,l-diphenylethane in a similar ratio. When 9-hydroxy-g-methyl- 
fluorene was used in place of biphenylene ethylene, hydrogenolytic methylation 
by the hydride afforded 9,9_dimethylfluorene in high yield. In all cases the methy- 

lation reaction is regioselective, and takes place exclusively at the phenyl-activated 
benzylic carbon atom of acidic hydrocarbons. 

* For part IV see ref. 1. 

l * fiesenled in pan at rbe 2nd Hydride Svmpouum. Clauslhd/ZeUerIcld. FRG. hlay 1974. 
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Introduction 

We recently described the products obtained from the reaction of some 
diary1 ketones, polycyclic aromatic ketones, polycyclic quinones, or polycyclic 
aromatic hydrocarbons with sodium bis(2-methosyethoxy)aIuminium hydride, 
NaAIH2(0CH2CH20CH3)z, at elevated temperatures. In a one-step reaction of 
benzophenone with the hydride, 2,Sdiphenylpropane was formed in high yield, 
in addition to l,l-diphenylcyclopropane [ 2,3 1; benzhydrol, diphenylmethane, 
1,1,2,3-tetraphenylethane and 1,1-diphenylethane were found as intermediates 
in this reaction [3]. Similar reactions involving anthracene, 9,10-dihydroanthra- 
cene, or anthraqumone gave 9,9,10,10-tetramethyl-9,10-dihydroanthracene as 
the main product along with Spiro-cyclopropane-1,9’-9’,10’-dihyclroanthmcene 
and s~iro-cyclopropane-l,9’-1O’-methyl-9’,1O’-dihydroanthracene [ 1].9-Fluoren- 
one gave a high yield of 9,9-dimethylfiuorene, but instead of the expected spiro- 
cyclopropane derivative, 9-ethyl-9-methylfluorene was obtained as a by-product 
IS]. It is thought that methyl and 2-ouyethosy radicals (generated by a ther- 
mally initiated cleavage of CH3-0 bond of the 2methoxyethoxy group of the 
hydride molecule) and the corresponding intermediate aryl-act,ivated benzylic 
anions partrcipate in the formation of these methylated, cyclopropylated, or 
ethylated products[3]. The facile reduction of anthracene by sodium bis(2- 
methoxyethosy)aluminium hydride, which takes place, as shown by the elec- 
tronic spectra, via the formation of the corresponding radical anions, dianions, 
and finally 9-hydroanthracene anions [ 1 ] stimulated us to study the reactions 
of aromatic olefins with this hydride. We now report on the reduction and 
reductive methylation of geminal diphenyl-substituted olefins and conjugated 
diolefins, l,l-diphenylethylene, 1,l ,2- triphenylethylene, cyclohevylidene di- 
phenylmethane, 1,1,4,4-tetraphenyl-1,3-butadiene, and 6,6-diphenylfulvene 
with sodium bis( 2-methosyethoxy)aluminium hydride. 

Results and discussion 

Rapid and quantitative reaction of l.l-diphenylethylene (I) occurs with 
sodium bis(2-methosyethosy)aluminium hydride to give l,l-diphenylethane (II) 
(eqn. 1); the reaction conducted in refIuxing benzene (80”, 1.5 h) to complete 
consumption of the olefin is analogous to that between I and diisobutylalumini- 
urn hydride (114”, 6h) [4]. In the reaction of I with sodium bis(2-methoxyethoxy)- 
aluminium hydride at 160”(eqn . 2), however, II was formed as an intermediate 
and was methytated by the hydride exclusively at the phenyl-activated benzylic 
carbon atom to give 2,2-diphenylpropane (III) as the final product, isolated in 90% 
yield. In contrast to the methylation of diphenylmethane by the hydride which 
always gave, along wrth III and l,l-diphenylcyclopropane, a certain amount of 
the corresponding dimer, i.e., sym-tetraphenylettane [2], reductive methylatlon of 
I gave no dimeric product, 1,1,4,4Getraphenylbutane. The stepwise character of 
both the reduction and the methylation reaction, which presumably proceed 
through the intermediate state A, is clearly demonstrated by the time-concentra- 
tion dependence of I, II and III during the early stages of the transformation of 
I. (Fig. 1). Simrlar course w&s observed with the reductive methylation of 1,1,2- 
triphenytethylene (IV), which proceeded under the same conditions but at a 
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Time (mln) 

FIN. 1. Dependence on tune of the concentmtlon of I.l-diphen~lethylene (A). 1.1.diphenylethane (b) and 
2.2~dipbenylpropane (c) m rbe early slages of Lhe reduruvr melhylarlon of 1.1~d~phenylelbylene by 

sobum br,(l-metboxselhouk )dutnuuum hydride (113 mole ratio) m n-prop!lbenzene at 160’. 

somewhat lower rate, to give 1,2,2-triphenylpropane (VI} in 75% yield, along 
with the intermediate 1,1,2-triphenylethane r:V) (10%). 

(C6H5)2C=CHR - P(C6H5)z%CHR 

(I, R = H) 

(C6Hj)2CHCH?R 
160” 

)(C6Hj)2C(CH3)CHzR 

(II, R = H) (III, R = H) 

(V, R = C6H5) (VI, R = C,H,) 

Cyclohe?cylidene diphenylmethane (VII), for which, in contrast to I or IV, 
a C=C bond shift is possible, reacts in the presence of sodium bis(%methoxy- 
ethosy)aiuminium hydride by two concurrent pathways. When the reaction in 
refluxing p-cymene was stopped at 97 % conversion of VII and the products were 
analyzed by GLC-mass spectrometry, there was obtained, in addition to the es- 
petted cyclohe?ryldiphenylmethane (VIII) (31%) and l-cyclohekyl-l,l-diphenyI- 
ethane (IX) (‘is), (eqn. 3), a 42% yield of a new compound, which on the basis of 
the mass, NMR, and IR spectra, was identified as l-(l-cyclohexenyl)-l,l-diphenyl- 
ethane (X). Both the hydrocarbons VIII and X were isolated by preparative GLC 
from the product mixture. There is no doubt that (l-cyclohesenyl)diphenyl- 
methane (XI), although not detected in the product mixture, is the precursor of 
X, and thus rearrangement, of the esocyclic C=C bond takes place (eqn. 4) along 
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(XI) 

with the expected reduction of the C=C bond in the early stage of the transfor- 
mation of VII”. 

The possibility that all of the VII is rearranged to XI, and the saturated 
hydrocarbon VIII is formed by subsequent reduction of XI, can be ruled out 

because of the known resistance of the isolated C=C bond to reduction by sodium 
bis(2-methosyethosy)aluminium hydride 151. On the contrary, the fact that the 
amount of X is approximately equal to that of VIII plus IX indicates that the 
reduction of VII to Viii and the rearrangement of VII to XI are equally favoured. 

The absence of XI from the product mixture, which contains 3% of the 
starting material VII, and the formation of IX and X, rule out. the possibility that 
the rearrangement of VII to Xl occurs upon hydrolysis of the reaction mixture; 
such a rearrangement was observed during rhe hydrolysis of product mkture re- 
suiting from the reaction of certain aryl olefins with diisobutylaluminium hydride 
[41. 

Carbinols are frequently used as starting materials for the preparation of 
the corresponding arylolefins and so an attempt was made to obtain 9,9-dimethyl- 
fluorene (XII) directly by interaction of sodium bis(Smethosyethoxy)aluminium 
hydride with 9-hydroxy-9-methylfluorene, (XIII) (eqn. 5), rather than with bi- 
phenylene ethylene (XIV). The reaction proceeded via hydrogenoiysis of Xl11 
and subsequent methylation of the intermediate 9-methylfluorene (XV); pure 
XII was Isolated in 84% yield. 

An unexpected course of reaction was observed when 1,1,4,4_tetraphenyl- 
1,3-butadiene (XVI) was allowed to react with sodium bis(2-methoxyethoxy)alu- 
minium hydride in reflusing p-cymene. Instead of the expected reductive methyla- 
tion of XVI to 2,2,5,5_tetraphenylhe?tane (XVII) or possibly to 2,2,5,%etraphenyl- 

’ Whde thrs work was in progress. Cold and Babad reporicd a simdar C=C bond rearrangement: bearing 
of $-methylsrvrene wtlh sodwm bi5(2-methoxyetho~y)~u-um hydride in reDu.xiog ~olurne gave 
allvlbenzene[ 51. 
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hex-3-ene (XVIII) there occurred a new type of reductive cleavage of the 1,3-diene 
system with simultaneous methylation of fragments, leading to a 88/12 mixture 
of III (50% yield) and 2,2-diphenylbutane (XIX) (6% yield) (eqn. 6). Approxima- 
tely 50% of XVI was converted into undistillable polymeric products. Both III 
and XIX were isolated from the mixture by preparative GLC and unambiguously 
identified by GLC and IR spectra. Definite conclusions about the mechanism of 
the reaction of XVI with the hydride cannot yet be drawn, but by analogy to 
the other reactions considered above it can be assumed that the reduction of C=C 

(C6H5)2C=CHCH=C(C6Hj)7_ 3 (C6Hj)&(CH,Iz + (C,H,)&(CH3)CIHj (6) 

(XVI) (III) (XIX) 

(C6H&y(CH,),y(C,Hj), (C6H&~CH=CHF(C6Hj)Z 

CH3 CH3 CH, CH3 

(XVII) (XVIII) 

bonds is the initial step, and that 1,1,4,4-tetraphenylbutane (XX) is the inter- 
mediate undergoing the cleavage reaction. Thus XIX seems to arise from met.hyla- 
tion of the fragment which is split off during the cleavage of the &-CA bond of 
X,Y, while III appears to be formed by C2-C3 bond cleavage of XX and subse- 
quent methyiation of the fragment; another source of III must be methylation 
of the diphenylmethine group [ 2, 31 resulting from the cleavage of the C3-CJ 
bond. The formatIon of III as the main product confirms the preferential cleavage 
of the C,--C, bond. 

If during the reaction of XVI with the hydride, 1,1,4,4-tetraphenyl-2-bu- 
tene (XXI) were also formed. 3,3-diphenyl-1-propene (XXII) should also have 
been present among the intermediate products of its reductive cleavage; the 
methylation of XXII should then, by analogy to the formation of X from VII, 
give 3,3-diphenyl-1-butene (XXIII) as one of the cleavage products. However, 

(C6H&CH(CH&CH(C6H5)2 (C,H,),CHCH=CHCH(C,H,)z 

(Xw (XXI) 

(CGH&CHCH=CH7 (CaH&yCH=CH, 

CH3 

(x=1) (XXIII) 
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XXIII has not been detected in the product mixture, and this suggests that XX is 
the sole product of the reduction in the early stages of the reaction of XVI with 
the hydride. 

The smooth reduction of the esocyclic C=C bond in 6,6-diphenylfulvene 
(XXIV) (eqn. 7) by sodium bis(2-metho?cyethosy)aluminium hydride in reflting 
benzene agrees well with the similar reaction of fulvene hydrocarbons with lithium 
aiuminium hydride[6-81, dlrsobutylaiuminium hyd_ride[9] or sodium trimethoxy- 
borohydride [ lo]. However, the melting point of our product (155.0-155.5”) 
differed significantly from that given for the compound (i) (m.p. 36.5”) prepared 
by the action of ethanol on 1,3-cyclopentadienylsodium [ 11 J, the compound (ii) 
(m.p. 36-38”) obtained by interaction of 1,3-cyclopentadienylsodium with di- 
phenylmethyl bromide[l2] and the compound (iii) (m-p. 124”) obtained by 
treatment of phenylnitromethylsodium with methiodide of N,N-dimethylamino- 
methytferrocene [ 131. AU the compounds (i), (ii) and (iii) were described in the 
literature as 5-(diphenylmethyl)-1,3-cyclopentadiene (XXV). The GLC of ou 
product gave a single unsymmetrical peak and the mass spectrum (W = 232 m/e) 
confirmed the reduction of the esocyclic C=C bond in XXIV. The NMR spec- 
trum of our reduction product showed the presence of 10 aromatic, 1 methine 
and 5 cyclopentadienyl protons; the latter gave peaks at about 7 8.92, 7.22, 5.82 
and 3.97, revealing the fluional behaviour of the conjugated carbon-carbon 
double bond system in the substituted cyclopentadienes [ 141. By comparison of 
the NMR spectrum with that of methylcyclopentadienes [ 151 our product is 
considered to be a mixture of three isomers differing in the position of the C=C 
bonds in the cyclopentadiene ring. The NMR spectrum indicates that l-(diphe- 

- a 809 15h 
1 CG H&C - (7) 

(X’XIVI 

(‘+H&CH 

(XXVI) 

+ 

(C&&C f-l 
175‘=, 6n 

b 
(81 

- 
(C6H5 )27 -cl 

CH3 - 

(XXX) 

nylmethyI)-1,3_cyclopentadiene (XXVl), 2-(diphenylmethyl)-1,3cyclopentadiene 
(XXVII) and XXV are present in a ratio of 47/47/6. The vinylic isomers XXVI 
and XXVII present in a l/l ratio thus predominate, and the content of the ther- 
modynamically unstable XXV does not exceed a few percent. A closely similar 
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ratio of analogous isomers was found in the equilibrated mixture of methylcy- 
clopentadienes [ 14-171. 

When the fulvene XXIV or the product mixture containing XXV-XXVII 
was subjected to methylation by the hydride in refiuxing p-cymene (eqn. 8), a 
relatively unstable oily product was formed in 94% yield. The mass (W = 246 r)z/e) 
and NMR spectra indicated that there was a misture of isomers, identified as 
l-(1,3-cyclopentadien-1-yl)-l,l-diphenylethane (XXVIII), l-(1,3-cyclopentadien- 
2-yl)-l,l-diphenylethane (XXIX), and l-( I,%cyclopentadien-5-yI)-l,l-diphenyl- 
ethane (XSX). The relative amounts of these isomers in the product of the 
methylation reaction, as indicated by the NMR spectrum, were approximately 
the same as those of the corresponding compounds XXV-XXVII in the pro- 
duct mixture resulting from reduction of XXIV by the hydride at 80” (eqn. 7). 

The results discussed above show (a) a significant dependence of the course 
of the reduction by sodium bis(%methosyethosy)aluminium hydride on the 
structure of the olefin or the conjugated diene hydrocarbons; (b) the high selec- 
tivity of the methylation reaction, leading in all cases to products esclusively 
methylated at the aryl-activated benzylic carbon atom. 

The formation of s-butylbenzene and p-ethylisopropylbenzene from the 
n-propylbenzene and p-cymene, used as solvents in the reductive methylation 
reaction provides additional support for the previously proposed [ l-3] homolytic 
character of the methylation reactions. The isolation of ethylene glycol from the 
products is in accordance with the espected cleavage of the CH3-0 bond of the 
2-methoxyethosy group of the hydride molecule in these reactions [ 31. 

Experimental 

General comments 
The solutions of sodium bis(2-methoxyethoxy)aluminium hydride in n- 

propylbenzene and p-cymene were prepared from commercial benzene solution 
of the hydride (70%) (VCHZ-Synthesia, Kolin, Czechoslovakia) as previously 
described [3]. Hydrocarbon solvents were thoroughly dried over sodium wire and 
distilled immediately before use. The starting compounds I [ 181, IV [ 191, XVI 
[ 201, Vii [ 21, 221 (NMR spectrum: CC14, HMDS reference: T 2.64, lOH, phenyl 
protons; 7 7.52, 4H, (CH:)& = ; T S.l7,6H, -CH,-), XXIV 1231, and XIII [24], 
as well as IZ[3], III [3] and XIX[2] used as standards for GLC were synthesized 
by the published methods. The purity of all starting compounds, standards, and 
isolated products was checked by GLC. Infrared spectra were obtained on a 
Zeiss UR-20 spectrophotometer to an accuracy of i 2 cm-‘. The NMR spectrum 
of X was measured on a Varian HA-100 instrument and the NMR spectra of 
other compounds on a Tesla BS 477 Model (60 MHz). Mass spectra were recorded 
on a MCH-1303 spectrometer. The product misture from the reaction of VIZ 
with the hydride, as well as the n-propylbenzenels-butylbenzene (2-3s) and 
p-cymenelp-ethylisopropylbenzene (2--4%) mixtures were analyzed on a Pye 104 
Chromatograph (SE-30 columns) combined with an AEI M3902 mass spectro- 
meter. Melting points were determined with a Kofler hot plate microscope, and 
are uncorrected. 



General procedllre for redlxtion arzd reductroe nzethylatiolr with sodium 
bis(2-nzethoxyett2o.ry)allLminiurn 12ydride 

The olefin dissolved in a minimum amount of benzene, n-propylbenzene, 
or p-cymene was added in one portion to a solution of the hydride in the same 
solvent, and the homogeneous mL.ture was heated under reflus in an atmosphere 
of nitrogen for 6-26 h. The reactions were accompanied by hydrogen evolution. 
The ensuing red mixture WZE cooled to Q: and the escess of the hydride destroyed 
by addition of 20% sulphurlc acid \\qth cooling. The aqueous layer was estracted 
Mth several portions of ether and the extracts \vere combined with the organic 
layer, which was then washed lvith an aqueous solution of sodium bicarbonate and 
then with water, and dried over sodium sulphate. The solvents were removed by 
distillation, and the products isolated by fractionation of the residue under vac- 
uum or by crystallization. The optimum reaction time was determined in preli- 
minary experiments, which were monitored by GLC analyses of aliquots 
(1 -2 ml) taken at appropnate time intervals and treated as above. The GLC 
analysis and mass spectra showed that the reactions of the oleflns with the hydride 
in n-propylbenzene as solvent were accompanied by formation of Z--3% s-butyl- 
benzene; the peak for this compound hvas detected after 2-3 h reaction. With 
p-cymene as soIvent, formation of p-ethylisopropylbenzene (F-4%) was 
similarly demonstrated. 

Preparation of I,l-dlphenyletharze (IL) 
The olefin I (2.7 g, 15 mmo!) was added to a 70% solution of the hydride 

(6.06 g, 30 mmol) in benzene. After 1.5 h reflusing, the mixture was free of I 
(GLC; Apiezon L 25% on Celite, 200”). The usual work-up followed by distilla- 
tion under reduced pressure gave a colourless oily product (2.4 g), b.p. 135.0 

-136.5”/12 mm (lit. [25j b.p. 136”/12 mm): whose NMR spectrum (neat; 
r 2.85 s, lOH, aromatic protons; ;r 8.45 d (J = i.26Hz), 3H, CHJ; 7 5.81 q (J = 
‘7.13 Hz), lH, CH) (lit. [ 31’; 2.86 s, 8.47 d and 5.80 q) and elemental analysis 
(found:C, 92.10; H, 7.70. C14H14 c&d.: C, 92.26; H, 7.74%) correspond to 
pure II (88% yield). 

Freparatior2 of %,2-c’iplaen~llproparre (i/i) 

The reaction between I (5.4 g, 0.03 mol) and the hydride (18.2 g, 0.09 mol) 
m 32.5 g n-propylbenzene at the reflus temperature gave a dark red solution. 
GLC analysis (Aplezon L 30000 on Cellte, 130”), showed that olefin was absent 
after 25 rnin and the intermediate II after 6 h. Work-up and distillation gave an 
oil (5.3 g), b.p. 132---134”/12 mm, which WE identified as pure III (lit,. [26] b.p. 
115-117”/2 mm) by GLC, IR [27], NMR (CDC13, ThIS reference: 7 8.31 s, 
6H, CH,; 7 2.80 s, lcH, aromatic protons; lit. [ 281 T 8.32, CH3; 7 2.80, aromatic 
protons), and mass spectra (nz/e) (A1- 196, 181 (loo%), 166, 165, 103, 91, and 
77). 

GLC analysis of the aqueous layer on hydrolysis of the reaction misture 
svltn 20% sulphuric acid revealed, along tith 2-methosyethanol, ethylene glycol, 
formed to an estent of approximately 1X0%, lvith respect to the !X,%diphenyl- 
propane. 
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Freparatlotz of 1, .Z, Z-triphetzylpropane (VI) 
The olefin IV (2.56 g, 0.01 mol) was added to a solution of the hydride 

(6.1 g. 0.03 mol) in 18.3 g n-propylbenzene. The misture was heated under te- 
flus. The deep red misture was free from olefin after 1 h (GLC; Apiezon L, 
10% on Celite, 220”); the reaction was stopped when the conversion of V (GE) 
reached 90% (6 h). The mixture was worked up as usual and the solvents were re- 
moved under reduced pressure; crystallization of the resulting mass from ethanol 
gave hvhite crystals (1.93 gj of pure VI (GLC), m.p. 116-117” (lit. [29] m.p. 116- 
117”). 

Heating of the olefin (1.28 g, 5 mmol) with the glassy hydride (3.05 g, 
15 mmol) without solvent for 6 h gave (GLC) the same result. 

The infrared spectrum of VI in tetrachloromet.hane and carbon disulphide 
showed absorptions (bands are ordered according to descending intensity) at 
699; triplet at 756, 772, and 746; 1398, 1030; a doublet at 14-15 and 1355; 
3031,3064, 577,3088,2977, 559,537,629,2939,1601,1374; a doublet at 
2864 and 2877; 1945, 1803; a triplet at 1074, 1083, and 1061 cm-‘. 

Reactiotz of cyclohesylidene diphetrylmethane (VII) with sodium bis(2-methoxy- 
ethoxy)aIrcrniniLIt11 hydride 

The olefin VII (2.3 g, 0.01 mol) was added to a solution of the hydride 
(7.4 g, 0.037 mol) in p-cymene (14.4 g) and the mixture wzs reflused for 18 h. 
Another quantity of the hydride (4.7 g, 0.023 mol) in p-cymene (9.1 g) was 
added, and the heating was continued for 8 h. The mixture was worked up as 
above, the solvents were evaporated, and the residue distilled to give an oily 
fraction 2.12 g), b.p. 115-122”/0.4-0.25 mm. A sample of this fraction was 
subjected to GLC (OV 17 on Diatomite Gas-Chrom Q (100-120 mesh), 180’, 
1.5 m X 4 mm) combined \vith mass spectrometry, which showed, besides the 
starting compound VII (3%) (Al’ 248 (bse peak). principal ions at m/e 205, 180, 
91, 77). the presence (in the order of increasing retention times) of VIII (31%) 
(W250, base peak 167, prmcipal ions at m/e 168, 165,91, 77), of an unknown 
compound (a) (42%) (MT262 (base peak), principal ions at m/c 247, 219, 205. 
181, 117, 103,91, 77), and of IX (7%) (M’26<, base peak 147, principal ions 
at m/e 249, 117, 91, 77). Another sample of the fraction was separated by pre- 
parative GLC (Silicone Elastomer 350, 3% on ground unglazed tiles (0.2-0.3 mm), 
2.4 m X 6 mm, 210”) into a lower and h!gher boiling product. The lower boiling 
product solidified on standing and was recrystallized from methanol to @ve 
white crystals, m.p. 5Ei”, the mass spectrum of which (vide supra) and NMR 
spectrum (CC14, HMDS reference: f 2.93 s, lOH, phenyl protons; T 6.65 d (J = 
10.7 Hz), lH, CH; 7 8.5 m, llH, cyclohexyl protons) corresponded to VIII 
(lit. [ 301 m.p. 56.5”). The mass spectrum of the higher boiling oroduct (viscous 
oil) was identical with that of the above compound (a); from the mass, NMR 
(CDC13, TMS reference: 7 8.17 s, 3H, CH3 on tert. C; 7 4.81 m, lH, trisubsti- 
tuted double bond; 7 3.1-2.5, IOH, phenyl protons), and IR spectra [liquid 
film between KBr plates: 3100-3000 (4 bands: aromatic and olefinic = C-H), 
2927 s (chain of (CH,), for n > 2), 1598 m and 708 vs (phenyl groups), and 
1376 m cm-’ (CH,-C); the absence of a band near 1650 cm-’ and the presence 
of an olefinic =C-H stretching band above 3000 cm-’ confirm the presence of 
lx-i- or tetra-substituted C=C bond; a great number of sharp medium bands be- 
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tween 1300 and 900 cm-’ indicates the presence of an alicyclic group], the 
compound (a) was identified as l-(I-cyclohenenylj-l,l-diphenylethane (X) (nc). 

Preparation of 9,9-dirnethylfluorene (XI/) 
To a solution of the hydride (24.08 g, 73 mmol) in p-cymene (25.9 g) the 

carbinoi XIII (3.92 g, 20 mmol) was added and the mixture was heated under 
reflux. After lh, GLC analysis (4piezon L, 10% on Chromosorb W; 200^) 
showed that the dark red mixture contained 29 wt. % of XIII, 57 wt. % of XV, 
and 14 wt. m 10 of XII. Heating for a further 14 h led to complete disappearance 
of XlIi and the formation of 96 wt. % of XII and 4 wt. % of XV (GLC). The 
mkture was cooled to 0” and worked up as above; after removal of solvents, 
distiiIation of the residue gave an oily fraction, b.p. 75-80”/0.2 mm, which 
was dissolved in cold ethanol. A crystalline mass formed on standing, and the 
crude product was filtered off and recrystallised from aqueous ethanol to give 
3.25 g of white crystals (81% yield), m.p. 94” (lit. [31] m-p. 95-96”); the ele- 
mental analysis (found: C, 92.80; H, 7.23. C,,H,, calcd.: C, 92.73: H, 7.26%) 
and IR spectrum 1311 corresponded to pure XII. 

Reaction of 1.1.4.4tetraphenyf-1,3-butadiene (XVI) with sodium bls(%methosy- 
ethoxy)aluminium hydride 

XVI (1.79 g, 5 mmol) was heated under refhxs with a solution of the 
hydride (6.1 g, 30 mmol) in 14.2 g p-cymene. After 8 h, the GLC analysis (Sili- 
cone Elastomer 350, 10.2% on ground unglazed tiles, 220”) showed the absence 
of XVI and formation of a higher boiling (b) ( 12 wt. %) and a lower boiling (c) 
(88 wt. %) product. After work-up of the dark red reaction mixture and removal 
of so!vents, distillation gave an oily fraction, b-p. 120-140”/10 mm and an un- 
distillable polymeric residue (0.89 g). The oil :Z fraction was separated by prep- 
arative GLC (6 m X 8 mm column; AK 5OOOC!, 6% on Chromosorb CV; 145”) and 
two products (b) and (c) were obtained. Product (6) (6% yield) was found to be 
XIX by comparison of its GLC retention time to an authentic sample and by IR 
spectra [32]; product (c) (50% yield) was identified as III by GLC analysis and 
its IR spectrum 1271. 

Reduction of 6,6-dlphenylfitloene (XX/V) wrttr sodium bis(2-methoayethoxy)- 
aluminirf m 1!2ydride 

A solution of XXIV (23 g, 0.1 mol) in 100 ml benzene was added during 
5 min to a 70% solution of the hydride (38.9 g, 0.194 mol) in benzene and the 
misture was heated under refIux for 1.5 h. GLC analysis (Silicone Elastomer 
E 302, 11.5% on Chromosorb NJ, 205”) of the misture revealed it to be essenti- 
ally free of XXIV and to contain a new component giving an unsymmetrical peak 
with lower retention time. The misture was worked up as above, solvents were 
removed, and the residue was treated with petroleum ether; an insoluble and 
viscous oil was discarded, the petroleum ether solution was freed of solvent, and 
the residue subjected to a trap-to-trap distillation (105” to 138”/0.25 mm) to 
give 16.7 g (72%) of a crude product. This was dissolved in hot ethanol and on 
cooling gave white crystals; r~crystailisation from ethanol gave a product mel- 
ti-ng at 155.0”--155.5”. (Found: C, 93.28; H, 7.03. CI,H,, calcd.: C, 93.06; 
h, 6.94%). Mass spectrum: II? r 232 (base peak), IMe (principal peaks in the order 
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of decreasing abundance) 167, 91, 165, 152, 153, 128, 141, 115, 154, 191, 155. 
NMR spectrum (C&, HMDS reference): r 2.88 m, lOH, phenyl protons; 7 8.27 
m, lH, diphenylmethine proton; r 8.92 m, < 1H on Cs of XXV; i 7.22 rn and 
T 5.82 m, > 2H on Cz-C3 of XSVI or on CI-C2 of XXV; 7 3.97 m, > 2H on 
C,-C, of XXVII or on C,-CJ of XXV. The total integral thus corresponds to 
the presence of 10 phenyl protons, 1 methine proton, and 5 cyclopentadienyl 
protons. According to the NMR spect.rum the product was a 47/47/6 misture 
of XXVI, XXVII and XXV. 

Reductive methylatiotl of 6,6-dlpher~ylfllioer~e (XXIV) with sodium 
bis(2-methoxyetho.ry)alumini~~m hydride 

To a solution of the hydride (16.4 g, 0.081 mol) in 35.4 g p-cymene the 
fulvene XXiV (4.6 g, 0.02 mol) was added, and the mixture was heated under 
reflus for 6.5 h. The GLC (Silicone Elastomer 302, 11.5% on Chromosorb W, 
205”) of the mixture indicated the absence of the starting XXIV and the for- 
mation of a product (94 wt. %,) with a higher retention time, accompanied by 
small amounts of two other qmpounds (4 and 2 wt. %). The misture was 
worked up as above, the solvents were evaporated, and the residue was distilled 
(114-122”/0.3 mm) to give 3.6 g of an oil, which was purified by preparative 
GLC (Silicone Elastomer 350. 3% on ground unglazed tiles (r).Z-0.3 mm), 
2.4 m X 6 mm, 205”). blass spectrum: AI’ 246 (base peak), principal peaks at 
m/e 231, 181, 165; NMR spectrum: CCIJ, HMDS reference: r 2.80 m, 10 H, 
phenyl protons: 7 8.30 d, 3H, methyl protons: si,&s at 7 8.85, 7.35, 5.75, 
and 3.76 were muitiplets (5H) corresponding to different positions of C=C 
bonds in the cyclopentadiene ring, approsimately in the same Integral relations 
as for the unmethylated derivatives. From its mass and NMR spectra, the prod- 
uct is thought to be a mixture of the isomers XSVIII (nc), XXIX (nc), and XXS 
(nc). The reaction of the product mixture XXV-XXVII with the hydride under 
these conditions gave the same result. 
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