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1,1-Diphenylethane, 1,1-diphenylpropane and tr iphenylmethane were methylated with s o d i u m 
bis (2-methoxyethoxy)aluminum hydride at 162—183°C to give 2 ,2-diphenylpropane, 2,2-di-
phenylbutane and 1,1,1-triphenylethane, respectively, in essentially quantitative yields. D ipheny l -
methane reacted with sod ium bis (2-methoxyethoxy)a luminum hydride under format ion of 1,1-di-
phenylcyclopropane, 1,1,2,2-tetraphenylethane and 2,2-diphenylpropane as the main product; 
fluorene gave 9,9-dimethylfluorene and l ,2-bis(9-methyl-9-f luorenyl)ethane. Sod ium bis(2-ethoxy-
e thoxy)a luminum hydride, which did not react with diaryl-substituted methine group, converted 
diphenylmethane to 1,1-diphenylcyclopropane as the main product and to 1,1-diphenylpropane. 
Sod ium bis (2-n-propoxyethoxy)aluminum hydride and s o d i u m bis (2-n-butoxyethoxy)a luminum 
hydride reacted with diphenylmethane in a similar way. 

In previous works of this series it has been established that diaryl ketones , aromat ic cyclic ketones 
and quinones react with sod ium bis (2-methoxyethoxy)a luminum hydride at elevated temperatures 
to give corresponding dimethyl derivatives and gem-diarylcyclopropanes or the monoethy la ted 
products* Corresponding diarylmethanes or condensed aromatic hydrocarbons with activated 
methylene group, such as fluorene or 9,10-dihydroanthracene, and their monomethy la ted deriva
tives were intermediates of these reactions. Hydrogenolys i s and alkylat ion of the hydrogenolyt ic 
products proceed as consecutive reactions. It was therefore of interest to examine the course 
of the alkylation of diarylmethanes and of the above-ment ioned condensed aromat ic hydro
carbons with sod ium bis (2-a lkoxyethoxy)aluminum hydrides separately from the hydrogenolyt ic 
reaction. In addit ion t o this, the results of the alkylat ion of gem-diaryl olefins* have offered the 
possibility to obtain the monomethy la ted products with high selectivity by the reaction of 1,1-di-
arylalkanes o f the type R j C H R ' ( R = aryl, R ' = alkyl) with s o d i u m bis(2-methoxyethoxy)alu-
minum hydride. A l s o the reactivity o f the hydrides N a A l H 2 ( O C H 2 C H 2 0 R ) 2 , where R is an alkyl 
group other than methyl, has not yet been examined in these reactions. A s preliminary experiments 
have indicated, the reactions of 1,1-diarylmethanes with sod ium bis (2-ethoxyethoxy)a luminum 
hydride* produce cyc lopropanes in higher yields than the ana logous reactions with sod ium 
bis (2-methoxyethoxy)a luminum hydride. It seemed therefore useful to get more detailed informa
tion about the condi t ions of this novel reaction that leads to format ion of diaryl-substituted 

* Part VI in the series React ions of S o d i u m Bis (2-a lkoxyethoxy)a luminum Hydrides; Part V: 
J. Organometal . Chem. 84, 139 (1975). 
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cyclopropanes and to compare this reaction with the k n o w n syntheses of cyc lopropane deriva
tives. In addit ion to the wel l -known S immons-Smith r e a c t i o n ^ c y c l o p r o p a n e s have been syn-
thesised by reactions of allyl alkyl ethers with dia lkylaluminum hydride^, allyl a lcohols with tri-
alkylaluminum^ and l ithium a luminum hydride^, by reduction of aromatic a ,3-unsaturated esters 
with l ithium a luminum h y d r i d e * ° ~ * ^ and generally by reduction of aromatic a,P-unsaturated 
carbonyl c o m p o u n d s with this hydride**'*^. Format ion of 1 ,1-diphenylcyclopropane in small 
amounts has been observed in the reactions of benzophenone and 1,1-diphenylethyIene with a me-
thylsulphonyl carbanion*^'*^. A cyc lopropane derivative is also the product of y-el imination 
reactions of s o m e quarternary a m m o n i u m salts*^'*^ or 3-phenylpropyl halogenides*^; a lso 
thermolysis of pyrazolines^° and the reaction of azines of s o m e ketones with tr imethylsulpho-
x o n i u m iodide^* leads to cyclopropanes . 

In this paper we summarize the results of the study of the reactions of diphenyl-
methane, 1,1-diphenylpropane, triphenylmethane, 1,1,2,2-tetraphenylethane, fluorene 
and indene with sodium bis(2-methoxyethoxy)aluminum hydride, N a A l H 2 ( O C H 2 . 

. C H 2 0 C H 3 ) 2 . With the aim to determine the reactivity of this hydride toward the 
monoarylalkanes used as solvents in these reactions, also the alkylation of n-butyl-
benzene at elevated temperatures has been investigated. The alkylation ability of 
sodium bis(2-ethoxyethoxy)aluminum hydride, N a A l H 2 ( O C H 2 C H 2 0 C 2 H 5 ) 2 , sodium 
bis(2-n-propoxyethoxy)aluminum hydride, N a A l H 2 ( O C H 2 C H 2 0 C 3 H 7 - n ) 2 and so
dium bis(2-n-butoxyethoxy)aluminum hydride, N a A l H 2 ( O C H 2 C H 2 0 C 4 H 9 - n ) 2 , and 
formation of cyclopropanes have been studied in the reaction of these hydrides with 
diphenylmethane and 1,1-diphenyJpropane. In order to elucidate further the mecha
nism of the alkylation and cyclisation reactions of hydrocarbons with the hydrides 
we have examined also the reactions of diphenylmethane with aluminum sesqui-
(2-methoxyethoxy) hydride^^'^^, A l 2 H 3 ( O C H 2 C H 2 0 C H 3 ) 2 , sodium aluminum 
2-methoxyethoxide^'^, N a A l ( O C H 2 C H 2 0 C H 3 ) 4 , and aluminum 2-methoxyetho-
xidef"'"*, A l ( O C H 2 C H 2 0 C H 3 ) 3 . 

E X P E R I M E N T A L 

Compounds used. Solut ions of the hydrides and 2-methoxyethoxides in aromatic hydrocarbons 
(25 — 45%) were prepared by evaporating benzene solut ions of s o d i u m bis(2-rrethoxyethoxy)-
a luminum hydride (VCHZ-Synthes ia , Kol in ) , s o d i u m bis (2-ethoxyethoxy)aluminum hydride, 
sod ium bis (2-n-propoxyethoxy)aluminum hydride, s o d i u m bis (2-n-butoxyethoxy)a luminum 
hydride, a luminum sesqui(2-methoxyethoxy) hydride, a luminum 2-methoxyethoxide and s o d i u m 
a luminum 2-methoxyethoxide (all supplied by the Institute of Inorganic Chemistry, Prague-
-Rez) in vacuo ( 1 0 — 1 5 Torr; bath temperature 60—80°C) and mixing the distil lation residue 
with n-propylbenzene (b.p. 162°C), meSitylene (b.p. 164°d) , /7-cymene (b.p. 177°C) or n-butyl-
benzene (b.p. 182°C) (Fluka A.G. ) .So lut ions of s o d i u m bis (2-methoxyethoxy)a luminium hydride 
in n-butylbenzene were h o m o g e n e o u s only at the boil ing point of this hydrocarbon. F luorene 
(Koch-Light , Co. ) , m.p. 1 1 6 - 1 1 7 ° C (ref.^^ m.p. 1 1 6 - 1 1 7 ° C ) , was used without further purifi
cat ion. Indene ( V U O S Rybitvi) was fractionated under nitrogen and the fraction boil ing at 182-0 — 
182-5°C (ref.^^ b.p. 182-2—182-5°C) was used. 1 ,1-Diphenylethane, 2 ,2-diphenylpropane, 1,1-di
phenylcyclopropane and 9,9-dimethylfluorene, all used to identify the products and react ion 
intermediates by comparing gas chromatographic retention t imes, were of chromatographic 
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purity; their synthesis was reported in previous worlcs of this series*'^. 5;;n7-Tetraphenylethane, 
used in mixed melt ing point determinations, was of the same provenience. Diphenylmethane^^ 
(m.p. 2 4 - 2 5 ° C , b.p. 137°C/16 Torr), l,l-diphenylpropane2^"^° (b .p. 138°C/10 Torr) and tri
phenylmethane^* (b.p. 1 8 8 ° C / 1 0 T o r r , m.p. 9 3 - 5 - 9 4 ° C ) were prepared by reported procedures 
and their purity was checked by gas chromatography. Melt ing points were determined with 
a Kofler hot stage microscope and are uncorrected. 

Analytical methods. The purity of the starting c o m p o u n d s and solvents as well as the running 
and final compos i t ions of the reaction mixtures were determined with the aid of Chrom I and 
Chrom II gas chromatographs equipped with f lame-ionisation detector. Preparative gas chromato
graphy was made o n a chromatograph (Vyvojove dilny, C S A V , Prague) equipped with a thermal 
conductivity detector. The IR spectra were measured with Zeiss, Model U R 20, spectrophoto
meter (Jena), the mass spectra were recorded with M C H — 1303 spectrometer, and the N M R 
spectra were recorded with Tesla BS 477 (modified model ) and Varian H A 100 instruments. 
The intermediate products and the final products of the alkylation of fluorene and indene with 
the hydride were identified with the aid of Pye 104 chromatograph (flame ionisat ion detector) 
connected with A E I , Type M S 902, mass spectrometer. Thermal stabilities of the hydrides were 
measured by a thermogravimetric method o n quartz McBain-Baker torsion balances. 

General procedure. A solut ion of the hydrides (25 — 45% wt.) in n-propylbenzene. mesitylene, 
/7-cymene or n-butylbenzene was mixed at r o o m temperature in an appropriate ratio with the 
hydrocarbon substrate and the mixture was heated under nitrogen to the boil ing point; in all 
cases, except the reaction of n-butylbenzene' with s o d i u m bis (2-methoxyethoxy)a luminum 
hydride, the outset of the reaction was accompanied by intense red colourat ion of the reaction 
mixture (on mixing triphenylmethane with s o d i u m bis (2-methoxyethoxy)a luminium hydride 
the so lut ion has turned blood-red already at r o o m temperature) and by hydrogen evolut ion. 
In parallel experiments by which the o p t i m u m reaction temperature and the hydride to sub
strate molar ratio were sought for and in which the concentrat ion changes of the starting c o m 
pounds , intermediates and products were fo l lowed, samples o f the h o m o g e n e o u s reaction mix
ture were taken by a hypodermic syringe (1 ml) at fixed t ime intervals, decomposed with 20% 
sulphuric acid, and the organic layer was analysed by gas chromatography. After comple t ion 
of the reaction, the reaction mixture was coo led to 0°C and decomposed with 20% sulphuric 
acid-ice mixture, the aqueous layer was extracted with ether, the extract combined with the organic 
layer, washed successively with 10% s o d i u m hydrogen carbonate solut ion and water, and then 
dried with s o d i u m sulphate. The solvents were removed by distillation under reduced pressure 
and the products were isolated from the distillation residue by the procedures described below. 

2,2-Diphenylpropane and 1,1-diphenylcyclopropane. In samples of the reaction mixture taken 
during the reaction of diphenylmethane (5 04 g, 30 mmol ) with sod ium bis(2-methoxyethoxy)alu-
minum hydride (19-5 g, 96 mmol ) in n-propyibenzene, the presence of 1,1-diphenylethane, 2,2-di
phenylpropane and 1,1-diphenylcyclopropane was confirmed by gas chromatographic analysis 
( A K 30000 , 140°C, nitrogen as a carrier gas) and by compar i son their retention times with those 
of authentic samples . The work-up of the final reaction mixture afforded a fraction (5-44 g), 
b.p. 139— 142°C/lO-5 Torr, which was subjected to preparative gas chromatography (3 m x 6 m m 
co lumn, Apiezon L 25% on Cellite, 200°C, nitrogen as a carrier gas) to yield t w o products. 
2 ,2-Diphenylpropane: N M R spectrum (in CDCI3 , tetramethylsi lane as a reference compd. ) : 
CH3(s) , 6 H, 8-33T; C g H j (s), 10 H, 2-76r (ref.^^ N M R spectrum: C H 3 (s), 8-32T; C g H j (s), 2-8T). 
Mass spectrum: M + 196 (30-5%), m/e 181 (100%), 166 (17-5%), 165 (14-5%), 103 (24-5%), 91 (12%), 
77 (15%) (ref.^^ M + 196, m/e 1 8 1 , 1 6 6 , 119, 103, 91 , 77). The IR spectrum was identical with that 
reported in the literature^*. 1,1-Di phenyl cyclopropane: N M R spectrum (in CCI4, hexamethyldisi l-
oxane as a reference compd. ) : CgHg (s), 10 H, 2-94T; cyc lopropane protons (s), 4 H, 8-81T; (ref.*^ 



122 Cerny, Malek ; 

Collect ion Czechos lov . Chem. Commun. [Vol, 41] [1976] 

N M R spectrum: C g H j (S),2-87T; cyc lopropane protons (S),8-78T). Mass spectrum: M"^ 194(100%), 
m/e 151 (45%), 178 (32%), 179 (31%), 165 (28%), 116 (27%), 117 (15%). In parallel experiments 
in which the react ion of diphenylmethane with s o d i u m bis (2-methoxyethoxy)a luminum hydride 
(162°C) was s topped after 20 min, the work-up of the reaction mixture and the solvent removal 
by distil lation afforded a white crystalline product (2-4%) which precipitated from the distilla
t ion residue and after recrystallisation from ethanol it had m.p. 213 —214°C. On the basis of its 
IR^^ and mass spectrum (fragments at m/e 167) it was assigned the structure of 1,1,2,2-tetra
phenylethane (ref.''^. mp . 214—215°C) . 9 ,10-Diphenylanthracene*'^ was not found a m o n g 
the reaction products . A similar product distribution was obtained in the react ion of diphenyl
methane with the hydride, i.e. in the absence o f benzene hydrocarbons as solvents . The products 
of the reaction of 1,1,2,2-tetraphenylethane (1-67 g, 5 m m o l ) with sod ium bis(2-methoxyethoxy)-
a luminum hydride ( 4 0 4 g, 20 mmol ) carried out in a n-butylbenzene-n-propylbenzene mixture 
were identified by gas chromatography in a similar way. 

\,l-Diphenylcyclopropane and 1,1-diphenylpropane. A gas chromatographic analysis (4% 
A p i e z o n L o n porous ground unglazed tiles, 170°C, nitrogen as a carrier gas) showed that the 
distil lation residue ( 5 - 1 8 g ) obtained by the work-up of the reaction product of d iphenylmethane 
(5-32 g, 31-6 mmol ) with sod ium bis (2-ethoxyethoxy)a luminum hydride (21-80 g, 94-8 m m o l ) 
in bo i l ing /7-cymene (51-6 g) contained (in the sequence of their increasing retention times) the 
unreacted diphenylmethane (1-5%), an unidentified substance (6%), 1,1-diphenylpropane (34%) 
and 1,1-diphenylcyclopropane (58%). Pure 1,1-diphenylcyclopropane was isolated by prepara
tive gas chromatography (4 m x 6 m m co lumn, A p i e z o n L 20% on Rysorb B L K ( 0 - 2 - 0 - 3 m m ) , 
190°C, nitrogen as a carrier gas). Its N M R and mass spectra agreed with the above-ment ioned 
data. The IR spectrum was identical with that reported in the literature"^^. For (194-3) 
calculated: 92-74% C, 7-26% H; found: 92-66% C, 7-21% H. The second product was 1,1-di
phenylpropane: N M R spectrum (in CCI4, tetramethylsi lane as a reference compd. : C H 3 , triplet 
centered at 910T, (3 H); C H , triplet centered at 6-25T, (1 H); CKj, quintet centered at 7-95T, 
( 2 H ) ; aromatic protons , 2-90T, (10 H ) (ref.^^ N M R spectrum: 9 1 IT (t), 6-29T (t), 7-97T (q), 
2-89T). Mass spectrum: M"^ 196 and m/e at 167 ( — C g H j ) . F o r C ^ g H i g (196-3) calculated: 
91-78% C, 8-22% H; found: 91-69% C, 8-18% H. The same products were obtained by the reac
t ions of d iphenylmethane with sod ium bis (2-n-propoxyethoxy)a luminum hydride and s o d i u m 
bis (2-n-butoxyethoxy)aluminum hydride and were identified in a similar way. 

2,2-Diphenylbutane. The product (2-4 g) . b.p. 145—146°C/11 Torr, obtained by the reaction 
of 1,1-diphenylpropane (2-6 g, 13-2 m m o l ) with s o d i u m bis (2-methoxyethoxy)a luminum hydride 
(8-1 g, 40 mmol ) in n-propylbenzene (19-5 g) at 162°C was freed of the starting 1,1-diphenyl
propane (6%) by preparative gas chromatography (6 m X 8 m m co lumn, A K 30000 , 180°C, 
nitrogen as a carrier gas) and 2,2-diphenylbutane was isolated as a sole product. N M R spectrum 
(neat, hexamethyldis i loxane as a reference compd. ) : CgHg (s), 10 H , 3-04T; C H 3 C H 2 (quadruplet) , 
2 H , 8-04T; C H 3 (s), 3 H, 8-61T; C H 3 C H 2 (t), 3 H, 9-42T (ref.^^ N M R spectrum: 8 -0 lT(q) , 
8-47T(S), 9-30T(t)). Mass spectrum: M + 210 and mje at 181 ( — C 2 H 5 ) . F o r C i g H i g (210-3) 
calculated: 91-37% C, 8-63% H; found: 91-30% C, 8-69% H. 

\,\,\-Triphenylethane. T h e reaction mixture obtained by the methylat ion of tr iphenylmethane 
(3-7 g, 15 m m o l ) with s o d i u m bis (2-methoxyethoxy)a luminum hydride (6-1 g, 30 m m o l ) in ;7-cy-
mene (14-1 g) was decomposed by water and the aqueous layer was extracted with ether. A c 
cording to gas chromatographic analysis (Tween 9-2% — Poropak, 175°C, nitrogen as a car
rier gas and 1,4-butandiol as an internal standard), the extract of the aqueous layer contained 
2-70 g of 2-methoxyethanol and 1-175 g ( 0 0 1 9 mol) of ethylene glycol , which corresponds to for
mat ion of l - 2 6 e q u i v . of ethylene glycol with respect t o tr iphenylmethane and 0-83 equiv. with 
respect t o the hydride used, provided that only one of the t w o 2 -methoxyethoxy groups of the 
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hydride molecule participated in the methylat ion reaction^. The organic layer obtained by de
compos i t ion of the reaction mixture was worked-up in the usual way and the distillation residue 
was crystallised from ethanol to give the chromatographical ly pure (Apiezon L 4% o n porous 
ground unglazed tiles (0-6 mm) , 210°C, nitrogen as a carrier gas) 1,1,1-triphenylethane (3-8 h, 
98%), m.p. 9 4 - 9 5 ° (ref.*° m.p. 95°C), b.p. 1 1 3 - 114°C/0- l Torr; v(CH3): 1 376 c m ~ * . 

2-Phenylpentane. n-Butylbenzene (18-4 g, 110 m m o l ) was heated in a nitrogen atmosphere 
with sod ium bis (2-methoxyethoxy)aluminum hydride (6-4 g, 32 mmol ) under reflux for 14 h, 
then 5-4 g (27 mmol ) of the hydride were added and the mixture was refluxed for 23 h. Preparative 
gas chromatography of the product (6 m x 6 m m , Apiezon L 25% on Celite, 160°C, nitrogen 
as a carrier gas) gave the pure 2-phenylpentane: N M R spectrum (in CS2, hexamethyldis i loxane 
as a reference compd. ) : C g H j (s), 5 H , 2-98T; C H C H 3 , 1 H , quintet in the region 7-71 —7-24T; 
C H C H 3 , 3 H , two singlets at 8-78 and 8-89T; p - C H j . 2 H , unresolved multiplet centered at 8-30r; 
Y-CH2, 2 H , unresolved multiplet centered at 9 1 0 r . I R spectrum (700 c m ~ * (CgHg); 760 c m " * 
( — C H 2 C H 2 — ) ; one band at 1 380 c m ~ * (a -CH3)) agreed with the reported spectra of 2-phenyl
pentane**'*^. Parallel experiments showed that mesitylene does not undergo alkylation by the 
hydride in contrast to n-butylbenzene, n-propylbenzene and jp-cymene. 

Products of the alkylation of indene. Indene (3-55 g, 31 mmol ) was added to a solut ion of so 
dium bis (2-methoxyethoxy)aluminum hydride (19-85 g, 98 mmol ) in /?-cymene (35-5 g) and the 
mixture, which became gradually h o m o g e n e o u s and turned brown-red, was refluxed under 
nitrogen. After 10 h, when about 50% of indene was converted to higher boil ing products (by gas 
chromatography on 2 0 M Carbowax, 110°C, nitrogen as a carrier gas), the reaction mixture 
was coo led to 0°C and worked-up in the usual way. The residue obtained by distilling off" the 
solvent was freed of traces of polymeric substances by trap-to-trap distil lation and the distillate 
was analysed by a gas chromatograph (Sil icone e lastomer SE-30) connected with a mass spectro
meter. The product contained 1,1-dimethylindane (9% yield) (M"*" 146, base peak 145, mje 115, 
116, 91) 1,1,2- or 1,1,3-trimethylindane (11%) ( M + 160, base peak 145, mje 117), 1,1,2-or 
1,1,3-trimethylindene (9%) (M"*" 158, base peak 143, mje 115) and presumably also spiro(cyclc-
propane- l , l ' ,3 ' ,3 ' -d imethyl indane) (7%) (M"^ 172, base peak 144, mje 157, 129), a long with three 
unidentified substances (2 — 4%) (M"*" 158; M"^ 172; M"^ 186). In />-cymene as a solvent, />-ethyl-
isopropylbenzene was formed (with respect to / ) -cymene) in about 2% (M"*" 148, base peak 133, 
w / e 119, 117, 115, 105). 

9,9-Dimethylfluorene and l,2-bis(9-methyl-9-fiuorenyl)ethane. The product o f the reaction 
of fluorene (6-65 g, 40 mmol ) with sod ium bis (2-methoxyethoxy)a luminum hydride (24-3 g, 
120 mmol ) in n-propylbenzene (56 g) was worked up as usually, freed of the solvents at 100°C/12 
Torr and the residue was mixed with 50 ml of ethanol; after standing for 3 days, the white crystal
line product ( 2 1 2 g) was recrystallised from ethanol and light petroleum; m.p. 199-0—199-5°C. 
N M R spectrum (in CDCI3 , hexamethyldis i loxane as a reference compd. ) : aromatic protons , 
16 H, unresolved multiplet at 2 - 1 6 - 3 - 2 1 T , C H 3 (S), 6 H , 8-96T; C H 2 C H 2 (s), 4 H , 8-83T. I R 
spectrum (KBr): the t w o absorption bands at 3 0 0 0 — 2 9 0 0 c m ~ * were taken as indicative of the 
presence of methyl and methylene groups, the latter forming the chain — C H 2 C H 2 — . The ab
sence of a doublet around 1380 c m " * indicates that the methyl groups are not geminal. One 
C H 3 band was found at 3 0 0 0 — 2 9 0 0 c m ~ * . T h e substance was assigned the structure of 1,2-bis-
(9-methyl-9-fluorenyl)ethane ( M ^ 386) (ref.*^ m.p. 194—195°C) . A brown oil remaining after 
crystallisation of this c o m p o u n d and free of 9-methylfluorene (Carbowax M 20 20% o n C h r o m o 
sorb, 190°C, nitrogen as a carrier gas) was distilled and the fraction with b.p. 77— 110°C/0-2 Torr 
was collected; preparative gas chromatography of the distillate gave 9,9'dimethylfluorene which 
after crystallisation from ethanol had m.p. 94-5 —95-0°C (ref.** m.p. 95 —96°C); N M R spectrum 
(in CCI4, hexamethyldis i loxane as a reference compd. ) : aromatic protons , 8 H, unresolved 
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doublet at 2 - 5 6 - 3 1 3 T ; gem-(CH3)2 (s), 6 H , 8-59T (ref."^^ N M R spectrum ( C D C I 3 ) : CH3 (s), 
8-55T). The IR spectrum was identical with that of 9,9-dimethylfluorene''''*; the better resolved 
bands at 1 200— 1 100 c m " * indicate a higher purity of our product. 

R E S U L T S A N D D I S C U S S I O N 

Diphenylmethane reacts with sodium bis(2-methoxyethoxy)aluminum hydride (/) 
at elevated temperatures in benzene hydrocarbons as solvents to give 2,2-diphenyl
propane as the main product, 1,1-diphenylcyclopropane and a small amount of 
1,1,2,2-tetraphenylethane. The reaction in the absence of solvents proceeds in the 
same way. The reaction is typical by evolution of hydrogen from the very beginning 
of the reaction and by formation of intense red coloured solutions which are characte
ristic of diphenylmethyl carbanions and differs thus from the hydrogenolytic alkyla
tion of benzophenone with the hydride / (refs* only by the absence of 9,10-diphenyl-
anthracene among the reaction products. In contrast to 1,1-diphenylethane whose 
concentration passes through a maximum (Fig. 1), the concentration of 1,1,2,2-tetra
phenylethane acquires a value of 2 —4% which is essentially constant throughout the 

F I G . 1 

Time Dependence of Diphenylmethane 1, 
1,1-Diphenylethane, 2, 2 ,2-Diphenylpropane 
3 and 1,1-Diphenylcyclopropane 4 Concen
trations in the React ion of Diphenylmethane 
with Sod ium Bis(2-methoxy)aluminum Hy
dride (1 : 3-2 initial molar ratio) in n-Propyl 
benzene at 162°C 

The formation and changes in the concen
tration of 1,1,2,2-tetraphenylethane (2—4%) 
are not depicted. 

F I G . 2 

T ime Dependence of 1,1,1-Triphenylethane 1 
and 2 ,2-Diphenylbutane 3 Concentrations 
in the Selective Methylat ion of Triphenyl
methane 2 and 1,1-Diphenylpropane 4 with 
Sod ium Bis (2-methoxyethoxy)a luminum Hy
dride (1 : 3 initial molar ratio) in / j -Cymene 
at 177°C or in n-Butylbenzene at 183°C 
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reaction. 1,1,2,2-TetraplienyIetliane reacts witii the hydride / similarly as does diphe
nylmethane, but at a substantially slower rate and with lower selectivity; the side 
product of the reaction is also 2,2-diphenylbutane which is formed by additional 
methylation of 1,1-diphenylpropane (see later). The alkylation reaction and formation 
of the cyclopropane ring seem to be preceded in this case by the cleavage of the central 
C—C bond of 1,1,2,2-tetraphenylethane. The cleavage of this hydrocarbon was effect
ed earlier with lithium biphenylide and the intermediate diphenylmethyllithium was 
trapped in the form of diphenylacetic acid"*^. Reasoning by analogy with a similar 
cleavage of l,2-di(a-naphthyl)ethane by sodium biphenylide"^^, we believe that also 
in our case the reaction intermediate is the corresponding dianion, [ ( C 6 H 5 ) 2 C — 

—C{C^Il^)2Y~, which decomposes in the rate-determining step of the reaction to 
give diphenylmethyl anions. These anions are most likely the key intermediates 
undergoing methylation with the hydride / to give 1,1-diphenylethane, rather than 
diphenylmethyl radical-anions^ which are unstable at higher temperatures'*^. 1,1-
-Diphenylethyl anion would then react analogously, giving 2,2-diphenylpropane. 
The absence of the corresponding dimer, 2,2,3,3-tetraphenylbutane, in the reaction 
of 1,1-diphenylethane with the hydride / was explained in a previous work^. On the 
other hand, the formation of 1,1,2,2-tetraphenylethane in small amounts during the 
methylation of diphenylmethane with the hydride / speaks for a certain, but limited, 
existence of diphenylmethyl radical-anions as the intermediate products of this reac
tion. The hydride / acts in this reaction not only as an alkylating agent but also as 
a nucleophile which is able to abstract the acidic hydrogen from gem-diarylalkanes, 
condensed aromatic^ or condensed hydroaromatic hydrocarbons^ as well as to cleave 
polyarylalkanes of the 1,1,2,2-tetraphenylethane type. The presence of sodium and 
hydrogen atoms in the molecule of this hydride is a prerequisite. This conclusion is 
supported by our finding that diphenylmethane is recovered unchanged after pro
longed heating at 140 —177°C in the presence of aluminum sesqui(2-methoxyethoxy) 
hydride, sodium aluminum 2-methoxyethoxide or aluminum 2-methoxyethoxide. 
The above results give support to the reaction scheme proposed in the previous work 
for the hydrogenolytic alkylation of benzophenone and the methylation and cyclo-
propylation of diphenylmethane by the hydride/* '^ . 

Fluorene radical-anions, which are relatively stable at temperatures around — 70°C, 
decompose at higher temperatures to fluorenyl anions'*^*^°. It can be therefore assumed 
that also in our case the fluorenyl anion is the intermediate which reacts with the 
hydride / to form alkylated derivatives. Similar to the hydrogenolytic alkylation of 
9-fluorenone^, the main product of this reaction is 9,9-dimethylfluorene; however, 
instead of 9,9'-bifluorenyl, l,2-bis(9-methyl-9-fluorenyl)ethane was isolated from the 
reaction mixture in relatively high yield, this substance being the product of the 
intermediate l,2-di(9-fluorenyl)ethane. Contrary to diphenylmethane and fluorene 
whose alkylation took place exclusively on the methene group, i.e. on the site of the 
highest electron density, the reaction of indene with the hydride / showed only low 
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selectivity; as confirmed by mass spectrometric analysis, the reaction mixture con
tained the indanes and indenes methylated and ethylated in the 1-, 2- and 3-positions 
of the five-membered ring, along with the methyl and ethyl derivatives of spirocyclo-
propane ( l , r ) i ndane . Of all the benzene hydrocarbons used as solvents, only xylenes^ 
and mesitylene resist alkylation with the hydride / . In the other cases p-ethyliso-
propylbenzene and sec-butylbenzene were formed in 2—4% from p-cymene, and from 
n-propylbenzene, as confirmed by mass spectra. Prolonged heating of n-butylbenzene 
with the hydride / leads to formation of 2-phenylpentane in 30% yield. The hydride / 
is thus capable, even though to a limited extent, to abstract protons from the benzylic 
group nonactivated by aryl group. As to the basicity of the hydride / it lies between 
sodium anthracenide, which catalyses also alkylation of toluene^*, and sodium biphe-
nylide, which abstracts the acidic hydrogen from triphenylmethane quantitatively 
but does not react with toluene^^. 

High selectivity was observed in the reaction of the hydride / with hydrocarbons 
containing the diaryl-activated methine group; the reaction of 1,1-diphenylpropane 
with the hydride / gave 2,2-diphenylbutane as a sole product (Fig. 2). 1,1,1-Triphe-
nylethane was obtained similarly from triphenylmethane in essentially quantitative 
yield; the highest reaction rate was observed in this case, obviously owing to the rela
tively high acidity of the methine proton (pK^ 28 — 33)'^^, Ethylene glycol was isolated 
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cyclization and ethylation reactions. Also closely related to the mechanism of the re
action is the fact that the hydride / / reacts only with hydrocarbons containing the 
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to the reaction with the hydride / / . 
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