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In previous work [1-3] we prepared some mixed tricyclic hydrocarbons of the type (CgHyy)2(CgHs)CR, where
R=Cy, C4~g » Cq, ~C—(C), —C—(C)y, by selective hydrogenation of the corresponding triphenylalkylmethanes over
Raney nickel,under a pressure of H,, at temperatures of 100-140°, No hydrocarbons of the series(CgHs)(CqHy)CR or
(CsHy1)lCR were formed under these conditions. The presence of two cyclohexyl rings at one carbon atom in the
molecule apparently creates definite steric hindrance to the hydrogenation of the third ring. In the present investiga-
tion we continued the synthesis of di- and triphenyl alkanes, but mainly of a different type with the phenyl rings
distributed along the chain, and platinum oxide was used as the hydrogenation catalyst. We prepared 1,7 -diphenyl-4-(3 -
phenylpropyl)heptane, 1,1,1-ritolytheptane, and 1,7-diphenyl-4-(2-cyclohexylethyl)heptane by organomagnesium
synthesis. The properties of all the hydrocarbons are given in the table.

The hydrogenation of the first two hydrocarbons over Raney nickel at 170-180° under a pressure of Hy yielded
1,7-dicyclohexyl-4-(3-cyclohexylpropyl)-heptane and 1,1,1~trimethylcyclohexylheptane, which have not been des-
cribed in the literature, Under the same conditions, 1,1,4,4-tetraphenylbutane and 1,1,6,6-tetraphenylhexane yielded
1,1,4,4-tetracyclohexylbutane and 1,1,6,6-tetracyclohexylhexane, respectively, which have not been described in
the literature previously, The following hydrocarbons, some of which were synthesjzed for the first time and others
previously, were hydrogenated over platinum oxide prepared by Adams® method [4]: 1,1,1-triphenylheptane, 1-phenyl-~
3-(2-phenylethyl)tridecane, 1,7-diphenyl-4-(2-phenylethyl)heptane, 1,5-diphenyl-3-(2-phenylethyl)pentane, 1,7-
diphenyl-4-cyclohexylheptane, 1-phenyl-4-(3-phenylpropyl)decane, 1,1,4,4~tetraphenylbutane, and 1,1,6,6-tetra-
phenylhexane, It was found that 1,1,1-triphenylheptane, 1,1,1-tritolylheptane, 1,1,4,4-tetraphenylbutane, and
1,1,6,6-tetraphenylhexane do not add hydrogen at room temperature over platinum oxide. The other hydrocarbons
added sufficient hydrogen for the hydrogenation of one ring and we obtained the following hydrocarbons with cyclo-
hexyl and phenyl rings in the molecule which have not been described in the literature previously: 1,7-diphenyl-4-
{3-cyclohexylpropyDheptane, 1,5-diphenyl-3-(2-cyclohexylethyl)pentane, 1-phenyl-4,7-dicyclohexylheptane,
1-phenyl-4~(3-cyclohexylpropyl)decane, 1-cyclohexyl-4-(3-cyclohexylpropyl)decane, 1-phenyl-3-(2-cyclohexyl-
ethyl)iridecane, 1-phenyl-4-(2-phenylethyl)-T-cyclohexylheptane,

Most of these hydrocarbons were purified by chromatography on a two-stage column with a lower section 56.5
cm in height and 1.0 in diameter and an upper section 42,0 cm in height and 2,2 cm in diameter, The column was
packed with 150 g of ASM grade silica gel., On comparing the properties of the hydrocarbons given in the table both
with each other and with the properties of hydrocarbons prepared previously [1-3], one finds a series of new examples
of changes in the properties of hydrocarbons as a result of changes in their structures,  1,1,1-Triphenylheptane, which
was obtained previously, melted at 76,5°, while 1,1,1-tritolylheptane melted at 23°, 1,1,1-Triphenyldecane, which
has the same molecular weight as the latter hydrocarbon, melted at 30°, The viscosity of 1,1,1-tritolylheptane was
considerably greater than the viscosities of the other two hydrocarbons given, The product of complete hydrogena-
tion of 1,1,1-tritolylheptane had a lower viscosity than the starting aromatic hydrocarbon. This is the first case of
a fall in viscosity with a change from aromatic hydrocarbons to naphthenes among three-ring alkanes. The change
to naphthenes is normally accompanied by a considerable increase in viscosity.

The 1,7-diphenyl-4-(3-phenylpropyl)heptane obtained in the present work melted at 5°, while a series of tri-
phenylalkanes of similar structure, namely, 1,4,7-triphenylheptane, 1,7-diphenyl-4-benzylheptane, etc., [3] melted
within the range of —25 to —35°, The viscosity of 1,7-diphenyl-4-(3~phenylpropyl)heptane was also greater than

270



*386-POILINOTED ‘G 08E 1M “TOW 4 4
) *0P IV a

06'27 |6L°98 speasko | -
— |- — — |ep‘eTie8te8 %6211 08'98 | — e — — XA - vapy0sny| 2(TOn) HOPHOPHDHOPHOHD! (FFHD)| %1
$6°21 | 16°98 ste1sfio
- |- — — |Lo‘erle6‘98] g0 eT | €698 — - — - f0g— — i & Lo ::mwumwmwfufumux:m@uv g1
HYD
| 18:€1|€1:98 62 €11 (¥T €TY| 097" 2898°0 sser8 v ) |
L0'Z (72°G [89°TT {1£'9% [26°€T|10°98 mm,m@ ow,mw .mmm (1)z67 S9! TP HDPHOPHOHDPHDPHOPHOM HD| 21
9G'T1 2988 ssel
€0'% [09°CTiLY L9712 099Z18L 0V|L2 63 Mm,m« 6%°88 10V ¢2T{LE 22T 0888 T] 1696°0 ,Sm (e‘0)etz—eT12 | "H D[ TH D HOPH P HOH D (CHOFHDPH D HD) 11
_ 1'e1{21'L8 ) s5e[
GE'S 1160788 S¥6j0' 05.L8{1G €167 98| 8T €1 m@,ww 6%y 0'y2l] 0208y 16260, ‘O g @)v7e 335 Llie) HDA(CHDPHD*HDMTH®D) o)
0171 {6818 §5%]
6L |00°6 |7S'1E118°016€|0S €T|0G 08| 0821 | S8 * L8 106 #2T{LS 31| 0808 1| €gz6‘ol  ‘o— (8 0)291—0971 [**H%%D iﬁm%wuﬁfusmdv 6
)
Ly'Tr(€9°.8 . s5218 |
LV'T 297 (a8t 184197 (%S TTio% L8l 8 gl | LL L8 60 TET{8T TT| 086% T| 6888°0] ‘08— (1)80z—102 |**H**D TP HOPHOHDPHOPHO H®D| 8
) ) FDPHOHD
) 12401 | 6868 ) sser8 ,
78T |98'9 |88'6% (8L 88%I09° 01|07 68| €€ 01 | 8568 |67 LII|1C LTT| G68S'T| 9B96 ‘0] ‘€T— (g*0)esy RS Cle) mmcufu“muuauﬂ:ufuﬁufuf@o L
HYD*HDHD
08‘01 (€€ 68 , ssv13 _
607 |99°% 18G°0Z | 0°69 [09°0T|0% 68| L 01 | 72 68 |67 L1V|EC LVT| 8VEG T| LLS6°0] ‘08— (2222522 |*®*H%D :meufufuw%%ufufufufwu 9
o)
ARAR R , sse18 ] [
127 882 (L% 0T [9%‘89 [6E 2|19 L8] VI CT {06 L8 (G  VIT{LL FTY] OL6%'T| ¥968°0] ‘09— (1)S61—%61 |FTHHD :mﬁoiufummumu..mufufufwo g
HYD
8L'11182°18 sse18 |
19T [€0°% 1L8%CT |91 0LV[SR TTIST 88] 8L TV | L2 L8 |08 607(2C 60T OFIG T| L6860 ,Nmm (N¥e1—E67 [OPH%ED) TTHPDPHDPHO HOHOPHO HDPHOH®) | ¥
€26 |TL06 ssel
gh's |51 0ea verT]l — [32°6 |FLi0E mﬁm CL06 | L'OTF S°TI=0128 Y].26660 .mwm (1)zrz—1%g (¥HD STHODDF(EHO™H))| €
€2'6 7L°06 ssef
g6 ILrienivLieLtl — TY6 {PL'06|Sr6 [ 0L 061 L0ZT) LU6TT) OTLCY S910°T ‘¢ q {2)797—037 ("1 HOPCHDPHDPHDHD) ¢
0L°07 |6z 68 SSEY
212 1 96 [6G'TT |8L° 201D 0T IPL 68| 08* 01 | 0€ 68 {27 80T{69 ‘80| OVES'T| 90%6°0] ‘ge— (Nz1z—01g | 1u%o TSRO HOHDP(CHDPHO* H™D) ¥
= %]
o081 | o001 | o0§ W08 | H 0 H 0 *01®0| punoy Do (8 wnw m fm
— Gu| v |%duoneo = 10qrecoIpLH &
€ . n& -Q. .Y
$ONOISTIUDD * K1TSOOSTA % “PVEl ofy ‘pumOg aw HIPHOS )0, " .m

-no7eD

271



the viscosities of the other hydrocarbons given. On the basis of the latter circumstance we first assumed that the
dehydration of the corresponding alcohol, namely, 1,7-diphenyl-4-(3-phenylpropyl)heptanol -4 resulted in the for~
mation of a hydrindan ring in the molecule, the more so as this alcohol required considerably more drastic condi-
tions for dehydration than alcohols of similar structure, However, the ultraviolet spectrum of the hydrocarbon in-
dicated that the molecule contained only benzene rings, The increase in viscosity and the rise in solidification
point are apparently explained solely by the higher symmetry of the molecule (CgHs—CH,CH,GHy),CH, The small
rule holds for the products of complete hydrogenation of the hydrocarbons given, An increase in the side chain from
CgHyy to CHCH,CgHyy lowered the solidification point from —20 to —25° and the viscosity from 423 to 279 centi-
stokes at 20° and from 49 to 35 centistokes at 50°, A further increase in the side chain to CH,CHyGHyGgHyy raised
the solidification point to 0° and the viscosity to 8750 centistokes at 20° and 945 centistokes at 50° and this can also
be explained by the higher symmetry of the molecule (CgHy CH,CH,CH,),CH,
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With the naphthene— aromatic hydrocarbons we obtained, the solidification point was often lower and the
viscosity higher than in the case of the starting aromatic hydrocarbons. The viscosities of the complete hydrogena-
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tion products were even higher, Thus, for example, 1,5-diphenyl-3-(2-phenylethyl}pentane solidified at —32° [5]
and the corresponding naphthene melted at 41° [5], while 1,5-diphenyl-3-(2-cyclohexylethyl)pentane solidified at
—35°, In exactly the same way, 1-phenyl-4,7-dicyclohexyiheptane solidified at a lower temperature than 1,4,7-
triphenyl- and 1,4,7-tricyclohexylheptanes [3],
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We consider that in the hydrogenation of 1,7-diphenyl-(2-phenylethyl)heptane, the ring farthest from the cen-
ter of the molecnle was hydrogenated. This was confirmed to some extent by the difference in the properties of this
hydrocarbon and those of 1,7-diphenyl-4-(2-cyclohexylethylyheptane, which we synthesized (Table No, 6 and 7),
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We plotted the infrared spectra of all the hydrocarbons we obtained and the ultraviolet spectrum of
(CgH;CHyGH,CH,)CH, The infrafred spectra of (CgHyCH;);C —CgHyy and (CgHyCHy)sC —CgHyg contained bands with
frequencies of 850, 1070, 1080, 1500, 1500, and 1110 cm™! in the first case and 906 and 1250 cm ™! in the second
case, which correspond to disubstituted aromatic and naphthene hydrocarbons. The spectral data are given as curves

in Figs, 1-12.
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EXPERIMENTAL"

1,7-Diphenyl-4-(3-phenylpropyl)heptane. From CgllzCH,CH,CH MgBr (320 g of phenylpropyl bromide) and
118 g of ethyl phenylbutyrate we obtained 168 g (71% yield) of 1,7-diphenyl-4-(3-phenylpropyl)heptanol-4 with
b. p. 233° (1 mm); d2¢, 1.0137; n?°D 1,5660; MR found 123,68; MR calculated MR 123,26, Found: C 87.70; H 9.14;
OH 4,83%, CggHyO. Calculated: C 86,98; H 8.88; OH 4.40%,
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The alcohol obtained was dehydrated by the method in [6] to yleld 78 g (49%) of 1,7-diphenyl-4-(3-phenyl-
propyl)heptene-4 with b, p, 234° (1 mm), solidification p, —6° %, 1,0208; P*°D 1,5750; MR found 119,23; MR cal-
culated 120,23, Found: C 90.96; H 9,00%. Calculated: C 91,23; H 8,77%, Viscosity in centistokes: p20 1067,2:
p5077.24; »1% g 30, 190 3,12,

The unsaturated hydrocarbon was hydrogenated under a pressure of H, in an autoclave at 40-50° with Raney
nickel, We obtained 68 g of 1,7-diphenyl-4-(3-phenylpropyl)heptane, A 26-g sample of the latter was hydro-
genated over 0,22 g of PtO, in 76 m1 of acetic acid. The amount of hydrogen added was 4.1  liters (theoretical
4,7 liters), Chromatography twice yielded § g of (CGH5CH2CH2CH2)2CHCH2CH2CH2C5H11.

1,1,1-Tritolylheptane, From MgBrCgHy; (83 g, 0.5 mole of hexyl bromide) and 75 g (0,23 mole) of (CgHyCHz )sCCl1
we obtained 26 g of the hydrocarbon, whose properties are given in the table, An 11-g sample of 1,1,1-tritolythep-
tane was hydrogenated under a pressure of Hp in an autoclave at 180-200° over Raney nickel (3 g ) for 20 hr, We ob-
tained 6 g of 1,1,1-trimethylcyclohexylheptane,

1,7-Diphenyl-4-(2-cyclohexylethyl)heptane, From CgHzCH;CHyCHyMgBr (42 g of CgHyCHaCHRCH,Br) and
18,5 g of ethyl cyclohexylpropionate we obtained 17 g of a product with b, p, 200-235° (1 mm), which was a mix-
ture of 1,7-diphenyl-4-(2-cyclohexylethyl)-heptanol-4 and the corresponding olefins and 3 g of pure alcohol with
b, p. 245° (1 mm); d*% 0.9988; £°D 1.5410; MR found 119,05; MR calculated 119,01, Found: C 85,42; H 10,27T;
OH 5,85%, CgqligeO. Calculated: C 85,62; H 10,15; OH 4,54%,

* Laboratory assistant V, P. Krukhtanova helped with the experimental work,
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Without preliminary separation, the mixture of alcohol and olefin was dehydrated by the method in {6]. The
olefins obtained had b, p, 212-220° (1 mm); d2%, 6,9826; *°D 1,5490; MR found 116,67; MR calculated 117,01, A
10,6 g sample of the mixture of olefins was hydrogenated in 20 mi of acetic acid over 0.08 g of PtO, at ~20°, The
amount of hydrogen required for the hydrogenation of one double bond (620 ml) was added, The hydrocarbon, which
had a bromine number of zero, was chromatographed,

1,5-Diphenyl-3-(2-cyclohexylethyl)pentane, From CgHzCHp,CHyMgBr (185 g of CgHsCHZCH,Br) and 89 g of
ethyl hydrocinnamate we obtained 124 g of 1,5-diphenyl-3-(2 - phenylethyl)pentancl-3; the latter was dehydrated by
the method in [6] to yield 100 g of 1,5-diphenyl~3-(2~phenyletliyl)pentene-3 with b, p, 205° (2 mm); %D 1,5860,
Literature data [5): b, p. 210,5° (1 mm); d% 1,0159; r*°D 1,5816, A 29 g sample of the latter was hydrogenated in
70 ml of acetic acid over 0,23 g of PtO,, The amount of hydrogen absorbed was 6.2 liters, The amount of hydrogen
required for the hydrogenation of one phenyl ring ard one double bond was 8.3 liters, Chromatography twice yielded
14 g of 1,5-diphenyi-3-(2~phenylethyl)pentane and 10 g of 1,5-diphenyl-3-(2-cyclohexylethyl)pentane,

1-Phenyi-4,7-dicyclohexylheptane, A 12-g sample of 1,7-diphenyl-4-cyclohexylheptene-4 was hydrogenated
over 0,1 g of PtO, in 30 ml of acetic acid, The amount of hydrogen absorbed was 2,73 liters, while the amount of
hydrogen required for the hydrogenation of one double bond and one ring was 3,17 liters, We obtained 8,3 g of a
product, The experiment was repeated with 8 g of 1,7-diphenyl-4-cyclohexylheptane, 0.0949 g of PtO,, and 23 ml
of acetic acid, We obtained 5.5 g of product, The two incomplete hydrogenation products were mixed and chro-
matographed twice, We obtained 6,4 g of 1~phenyl-4,7-dicyclohexylheptane,

1~Phenyl-4-(3~cyclohexylpropyl)decane, A 20 g sample of 1-phenyi-4-(3-phenylpropyl)decane was hydro-
genated in 50 ml of acetic acid over 0,18 g of PtO, at 20°, The amount of hydrogen required for the hydrogenation
of one ring was 4.0 liters and 4.5 liters of hydrogen was actually absorbed, Chromatography twice yielded 8 g of
1-phenyl~-4-(3-cyclohexylpropyl)decane and 4,7 g of 1-cyclohexyl-4-(3-cyclohexylpropyl)decane,

1-Phenyl-3-(2-cyclohexylethyl)tridecane, A 4~g sample of 1-phenyl-3-(2-phenylethyl)tridecane was hydro-
genated in 10 ml of acetic acid over 0,03 g of PtO, at ~20°% The amount of hydrogen required for the hydrogena-
tion of one ring was 0,73 liter and 0,71 titer of hydrogen was absorbed, We obtained 2,9 g of the hydrocarbon,

1-Phenyl-4-(2-phenylethyl)-7-cyclohexylheptane, An 8,5-g sample of 1,7-diphenyl-4-(2-phenylethyl}heptane
was hydrogenated over 0,12 g of PtO, in 40 ml of acetic acid. The amount of hydrogen required for the hydrogena~
tion of one ring was 0,73 liter and 0,71 liter was absorbed. Chromatography twice yielded 5.6 g of the hydrocarbon,

In conclusion, the authors would like to thank Yu, P. Egorov and E, Lubush for plotting the spectra,

SUMMARY

1, 1,7-Diphenyl~4-(3-phenylpropyl)heptane, 1,7-dicyclohexyl-4-(3~cyclohexylpropyl)heptane, 1,1,1-tritolyl-
heptane, 1,1,1-tricyclohexylheptane, and 1,7-diphenyl-4-(2-cyclohexylethyl)heptane were prepared for the first
time by organomagnesium synthesis,

2. The following hydrocarbons were obtained by selective hydrogenation of the corresponding triphenylalkanes
over PtOy: 1,7-diphenyl-4-(3-cyclohexylpropyl)heptane, 1,5-diphenyl-3-(2-cyclohexylethyl)pentane, 1-phenyl-
4,7-dicyclohexyltheptane, 1-phenyl-4-(2-cyclohexylpropyl)decane, 1-cyclohexyl-4-(3~cyclohexylpropyl)decane,
1-phenyl-3-(2 ~cyclohexylethyl)tridecane, and 1-phenyl-4-(2-phenylethyl)-7-cyclohexylheptane,
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