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In a ser ies  of 1,4-dialkylcyciohexanes we studied the vibrational spect ra  of compounds with great ly  
differing conformational  volumes of the radicals  [1, 2], as well as compounds with the same hydrocarbon 
radicals  [3]. In the vibrational  spec t ra  of all the c i s - l -me thy l -4 -a lky lcyc lohexanes  studied, there  is a 
compara t ive ly  intense IR band at Raman line in the region of 600-650 cm -1. In the spec t ra  of the t r a n s -  
i somers  these  bands and lines ei ther  are  absent entirety, or  are very  weak. This agrees  with the fact that 
in the la t ter  hydrocarbons ,  both radicals  are  in a diequatorial position, since thei r  diaxial a r rangement  is 
too energet ical ly  unprofitable. 

In the spec t ra  of the symmet r i ca l  1,4-dialkylcyclohexanes studied [3], s imi lar  pat terns were ob- 
served.  Only in the IR spec t ra  of s t e r eo i somer i c  bis- (1-ethylpropyl)-  and bis- (1-propyibutyl ) -cyclohex-  
anes is a deviation detected: for the s t e r eo i somer s  that are  recognized as t r a n s - f o r m s  according to the 
Raman spectra ,  weak IR bands in the interval charac te r i s t i c  of the c i s - fo rms  were  also observed.  In view 
of this, an investigation of the spec t ra  of s t e r e o i s o m e r s  of 1-methyI-4-(1-e thylpropyi) -cyclohexane (I), 
synthesized for  the f irst  t ime, the ethylpropyl radical  which most likely occupies an equatorial  position, 
was of special interest .  The pecul iar i t ies  of the spec t ra  of these c i s -  and t r a n s - i s o m e r s  could be used to 
consider  the nature of the deviation f rom the general  principle observed in [3]. 

We also studied the vibrational spec t ra  of two more  pairs  of newly synthesized s t e reo i somer ic  dial-  
kylcyclohexanes:  1-n-propyl -4- i sopropyl - ( I I )  and 1-n-buty l -4- te r t -buty lcyclohexanes  (liD. 

E X P E R I M E N T A L  S E C T I O N  

The conditions of obtaining the spec t ra  were  the same as in [4, 5]. 

TABLE 1. Frequencies  (cm -1) of 
the Charac te r i s t ic  Lines and Bands 
in the Spectra of 1 ,4-Dialkylcyclo-  
hexanes 

corn- cis 

pound IR 

II 
III 

632 m 

649 m 
63t rn 
626 m 

t r ans  

Raman IR Raman 

63O O8) 
629 m 608 (3) 

648 (9) 
631 (26) - -  602 (t) 
62t (21) 624 (t) 

The IR absorption spect ra  in the region of 450-3100 cm -I 
a re  cited in Figs. 1 and 2, while the frequencies and intensities of 
the Raman spec t ra  are  given in the text. 

All the hydrocarbons  studied, just like those descr ibed in 
our  previous communication [2], were  synthesized by hydrogena-  
tion of the corresponding dialkyibenzenes, while the mixture of 
s t e r e o i s o m e r s  obtained was separated ei ther  by prec i se  fractional 
distil lation or  by the new thiourea method [6, 7], permit t ing the 
separat ion of s t e reo i somers  even if they both form adducts with 
thiourea.  The constants are given for each hydrocarbon; the boil- 
ing points under vacuum are  experimental ,  while the values ca l -  
culated f rom the experimental  data with the aid of the Dreisbach 
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Fig. 1. TIR spectra of cis-isomers: a) 1-methyl-4-(l-ethylpropyl)- 
cyelohexane: b) 1-n-propyl-4-isopropylcyclohexane; c) 1-n-butyl-4- 
te r t -buty teyetohexane .  

tables  [8] a re  cited for 760 mm. At all stages of the synthesis  and separation,  measures  were  taken so 
that the puri ty  of the prepara t ions  was as high as possible.  

c i s - l -Methy l -4 - (1 -e thy tp ropy l ) -cyc tohexane .  Produced f rom p-(1-ethylpropyl)- to luene [9] by hydro-  
genation on P t - cha rcoa l  (20% Pt) in a flow-type sys tem with a volume veloci ty 0.2 h -1 in a s t r eam of hydro-  
gen at a tmospher ic  p r e s s u r e  and 150 ~ The mixture  of s t e r eo i somer s  obtained, a f te r  f ree ing f rom the r e -  
mains of the aromat ic  hydrocarbon by chromatography on s i l ica  gel, was separa ted  by continuous mult i -  
day round- the-c lock  dist i l lat ion on a column with an eff iciency of 100 theoret ica l  plates.  The disti l lation 
was conducted under a vacuum of 7-10 mm with a ref lux rat io 200-250; the dist i l late was col lected in por -  
tions of 3-4 g; a total of 42 fract ions were  collected.  The fract ions were  analyzed on a capi l lary  chroma-  
tograph, and those possess ing  a degree  of pur i ty  no lower than 99.0% were  combined. P rope r t i e s  [9]: bp 
96.45 ~ (17.5 mm); 214.1 ~ (760 mm); n~ 1.4540; d~ ~ 0.8276; degree  of puri ty ~99.8%. 

Raman spec t rum* (Au, cm-1): 184(7), 202(1), 216(5), 245(3), 262(1), 282(3), 307(10, br), 335(2), 354(2), 
371(5, d), 377(4), 407(1), 426(2), 444(6), 461(5), 479(3), 491(1), 504(2), 547(3, br),  572(4, br), 599(3), 630(13), 
648(9), 670(2), 706(3), 728(1), 747(2), 764(43), 778(20), 809(8), 825(3), 838(12), 854(10), 875(1), 907(12, br), 
925(4), 945(6), 963(5), 974(17), 982(3), 1008(7), 1028(12), 1039(20, br), 1058(30), 1088(15, d, br), 1103(12, d, 
b), 1119(10, d), 1128(7, d), 1151{17, br), 1171(14), 1192(17), 1207(11), 1232(9), 1247(3, d), 1263(28, br), 
1288(8, d), 1302(4, d), 1318(13), 1344(15), 1363(10), 1437(60), 1447(30, d, b), 1465(50, b), 2848(230, b), 
2873(210, b), 2903(230, b), 2931(280, b), 2960(180, b). 

t r ans - l -Methy l -4 - (1 -e thy lp ropy l ) -cyc lohexane .  Produced together  with the c i s - i s o m e r  and sepa-  
ra ted  f rom it by fract ional  dist i l lat ion on a column (see above). P roper t i e s  [9]: bp 95.55 ~ (17.5 mm); 213.0 ~ 
(760 mm); n~ 1.4478; d~ ~ 0.8133; degree  of puri ty  99.8%. 

Raman spec t rum (AU, cm-l).. 186(1), 216(0), 230(1), 246(2), 269(4, d), 286(7, d), 300(10, d), 381(3, d), 
392(0), 425(1), 443(11), 466(9), 477(10), 486(1), 498(2), 513(5), 547(2), 592(1), 629(2), 653(0), 742(29), 747(6), 
766(19), 777(20, br), 801(1), 823(2), 836(2), 860(6), 886(5), 901(4), 911(10), 942(5), 957(3), 994(9, b), 1005(8, 
b), 1019(3, d, b), 1038(25), 1066(26), 1074(15), 1099(6), 1153(22), 1172(26), 1222(3), 1236(5), 1250(26), 1261 
(4), 1287(3), 1304(12), 1316(3), 1346(24), 1359(15), 1378(2), 1442(33, br),  1455(60), 2843(200, b), 2871(230, br, 
b), 2910(200, d, b), 2926(280, br ,  b), 2955(160, d, b). 

C[s - l -n -Propy l -4 - i sopropy lcyc lohexane .  Produced by the hydrogenation of 1 -n -p ropy l -4 - i sop ropy l -  
benzene [9] under  the same conditions as those used for the production of the i somers  of (I) (see above). 

*Notations of the 1Raman lines: br  - broad; v. br  - ve ry  broad; d - diffuse; s - sharp; b - the line is situated 
against a background of substantial  intensity.  
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Fig. 2. IR absorption spectra of t rans- isomers  (the names of the 
hydrocarbons and notations are the same as in Fig. 1). 

After freeing from residues of aromatic hydrocarbon by chromatography on silica gel, the s te reo isomers  
were separated by the thiourea method. Propert ies  [9]: bp 95.2 ~ (16 mm); 216.1 ~ (760 mm); n~ 1.4502; d42~ 
0.8190; degree of purity > 99%. 

Raman spectrum (AV, em-1): 191(2), 240(3), 276(1), 294(3), 312(4), 345(5), 352(2), 387(4), 398(2), 
408(3), 429(2), 444(4), 473(6), 500(3), 537(1), 586(0), 631(26), 675(3), 722(3), 737(5), 783(23), 794(28), 813(3), 
832(2), 847(12), 854(7), 889(10), 904(5), 922(3), 935(10), 951(13), 968(4), 981(2), 993(3), 1010(15 v.br. band), 
1021(17 v. br), 1033(18v.br band), 1053(15v. br band), 1067(12v. br band), 1106(11,d), 1118(14, d), 1134(5), 
1154(15), 1168(20), 1194(17), 1221(5), 1242(8), 1266(30), 1295(20), 1323(10, d), 1349(13, d), 1363(5, d), 1442 
(78), 1461(60), 2848(260, br, b), 2866(320, b), 2908(300, d, b), 2935(320, d, br, b), 2963(220, br, b). 

t rans-l-n-Propyl-4-isopropylcyclohexane.  Produced together with the c is - i somer  and separated 
from it by the thiourea method. Propert ies  [9]: bp 95.3 ~ (16 mm); 216.3 ~ (760 mm); n~ 1.4458; d~ ~ 0.8080; 
degree of purity > 99%. 

Raman spectrum (Av, cm-1): 200(5, br), 223(3), 234(10), 255(15), 293(1, b), 321(0), 367(2, br), 407(2), 
438(5), 458(2, b), 477(12), 498(8), 537(0), 585(0), 602(1), 721(1), 738(8), 766(30), 776(25), 784(17), 813(6, d), 
828(2, d), 852(7), 867(5), 888(9), 900(3, d), 916(2, d), 956(6, d), 973(2, d), 989(3, d), 1018(15, br), 1032(23, br), 1059 
(12, d), 1069(18, b), 1080(15, d), 1103(7, d), 1119(6, d), 1149(1, d), 1159(22), 1169(27, 1192(1, d), 1213(3, d), 
1249(30), 1270(10), 1296(17), 1318(7), 1336(12), 1359(23), 1440(52), 1461(45), 2843(250, b), 2871(230, b), 
2937(230, b), 2963(160, b). 

c is- l-n-Butyl-4-ter t-butyleyelohexane.  Produced from 1-n-butyl-4-tert-butylbenzene [10] by hydro- 
genation, just as in the case of 1-ethyl-4-tert-butylcycIohexanes [2]. A mixture of the s tereoisomers,  
freed of residues of aromatic hydrocarbon by chromatography on silica gel, was separated by the thiourea 
method. Since the c i s - i somer  contains not only a small amount of the t rans- isomer ,  but also 2.5% of an 
extraneous impurity, it was additionally redistilled on a column with an efficiency of 25 theoretical plates 
with a reflux ratio of 50. Propert ies  [10]: bp 116.6 ~ (12 ram); 250.5 ~ (760 ram); freezing point -34.6~ n~ 
1.4556; d~ ~ 0.8281; degree of purity 98.5% (the only impurity is the t rans- isomer) .  

Raman spectrum (Av, cm'l):  204(3, d), 278(6, d, br), 340(15), 355(9, d), 382(3), 414(1), 444(9), 482(3, 
br), 524(14), 625(21), 724(1), 736(1), 755(25, s), 766(9), 783(10), 815(15), 822(13), 830(11), 869(8), 887(6), 
904(9), 917(8), 927(26), 950(10), 982(4), 1013(12), 1037(28), 1059(12), 1064(15), 1086(11, b), 1099(8, d, b), 
1130(10), 1157(7, d), 1172(5, b), 1183(11, b), 1205(3), 1223(22), 1233(22), 1250(1), 1272(24, s), 1304(16), 
1339(14), 1346(17), 1361(3), 1436(50), 1451(15, b), 1464(42), 2852(190), 2872(170, b), 2899(130, b), 2905(250, 
b), 2938(220, b), 2961(200, b). 
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t r a n s - l - n - B u t y l - 4 - t e r t - b u t y l e y e l o h e x a n e .  Produced toge ther  with the c i s - i s o m e r  and separa ted  
f rom it by the th iourea  method. P r o p e r t i e s  [10]: bp 118.8 ~ (12 mm);  252.0 ~ (760 mm); f reez ing  point -35.1~ 
n~  1.4521; d 2~ 0.8191; degree  of pur i ty  99.3%. 

l laman s p e c t r u m  (Au, era-l):  221(24, br), 238(8), 274(5), 300(3), 315(4), 347(10), 391(3), 419(4), 447(4), 
477(10), 517(11, br) ,  526(3), 565(1), 587(14), 624(1), 715(1), 726(3), 735(2), 756(74), 773(8), 786(7), 798(10), 
827(3), 845(9), 867(8), 896(8), 914(9), 929(30), 944(5), 962(1), 985(5), 1041(40), 1061(11), 1087(15), 1103(12), 
1141(11, br) ,  1175(9), 1185(11), 1209(15), 1235(35), 1267(26), 1285(5), 1301(14), 1317(7), 1342(11), 1358(24), 
1440(58), 1464(47, d), 2844(250), 2853(170, b), 2869(120, b), 2893(150, b), 2910(220, b), 2940(220, b), 2964 
(180 b). 

D I S C U S S I O N  

Table  1 p r e sen t s  the f requencies  of the IR bands and l laman t ines,  observed  in the interval  600-650 
cm -1 of the spec t r a  that we studied. Just  as before  [1-3], all the s t e r e o i s o m e r s  can be divided into two 
groups: in the s p e c t r a  of one of them the re  a re  compara t ive ly  intense lines and bands in the indicated r e -  
gion, s o m e t i m e s  double (see Fig. 1), while in mos t  of the s p e c t r a  of the second group they a re  absent  or  
weak (see Fig. 2). We asc r ibed  a e i s -conf igura t ion  to all the s t e r e o i s o m e r s  of the f i r s t  group, in accord  
with the e a r l i e r  conclusions,  and a t r ans -eonf igura t ion  to the s t e r e o i s o m e r s  of the second group. 

An exception is the Ill spec t rum of the i s o m e r  of (1) to which we ascr ibed  a t r a n s - f o r m  on the bas i s  
of the Haman l ines.  It contains a band at 629 em -1 of medium intensity.  Its posi t ion is c lose to one of the 
two bands in the s pec t rum  of the e i s - i s o m e r  (see Table 1). These  bands may be assoc ia ted  with v ibra t ions  
of the equator ia l  l - e thy lp ropy l  rad ica l  in both i s o m e r s .  As has a l ready been stated above, the s a m e  devia-  
t ions also exis t  in the IR s pec t r a  of b i s - l , 4 - ( l - e t h y l p r o p y [ ) -  and b i s - l , 4 - ( l - p r o p y l b u t y l ) - c y e l o h e x a n e s  [3]. 
The re fo re ,  the poss ibi l i ty  r ema ins  that the bands under d iscuss ion  in the Ill s pec t r a  of the i r  t r a n s - i s o m e r s  
a r e  also due to the v ibra t ions  of the equator ia l  rad ica l s .  The following evidence may be cited in support  of 
these  hypotheses:  in the s a m e  c h a r a c t e r i s t i c  region of the spec t rum of ( l -e thy lpropyl ) -cyc tohexane  the re  
is an Ill band at 616 cm -1 and a l laman line 608 cm-1, * which a re  cons iderably  m o r e  intense than in the 
spec t r a  of the o ther  known monoalkytcyclohexanes  [11]. 

Since the concentra t ion of a - c o n f o r m a t i o n  in methylcyelohexane is negligible [12], for  the 1-e thy l -  
propyl  radical ,  which has a fa r  g r e a t e r  eonformat ional  volume, this conformation,  all the more ,  can be ne-  
gleeted.  Thus,  the grea t  intensi ty of the band under d iscuss ion  is probably  assoc ia ted  with the v ibra t ion  
cha rac t e r i s t i c  of the l - e thy[p ropy l  radical .  

C O N C L U S I O N S  

1. The p r inc ip les  found ea r l i e r ,  cha rac t e r i z ing  the c i s -  and t r a n s - i s o m e r s  of 1 ,4-dta lky[cyclohex-  
anes,  have been conf i rmed  on t h r ee  pa i r s  of new r ep re sen t a t i ve s  of this s e r i e s .  

2. The Ill and Haman s pec t r a  of c i s -  and t r a n s - i s o m e r s  of 1 -me thy | -4 - (1 - e thy lp ropy t ) - ,  1 -n -p ropy l -  
4 - i sop ropy l - ,  and 1 -n -bu ty l -4 - t e r t -bu ty l cyc lohexanes  a r e  published for the f i r s t  t ime .  
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