
AUGUST 1960 ISFILLRED SPECTRA OF LABELED COMPOUNDS 1409 

[CONTRIBUTIOS FROM THE COXVERSE MEMORIAL LABOR.4TORY O F  HARVARD CNIVERSITY] 

Infrared Spectra of Isotopically Labeled Compounds. 1I.l Compounds 
Possessing the 2,4-Dimethyl-3-pentyl Skeleton 

GERASIMOS J. KARABATSOS2 

Received January 7 ,  1960 

The infrared spectra of some C13 and deuterium labeled diisopropylcarbinols, diisopropylmethanes, 1, l-diisopropylethyl- 
enes, diisopropyl ketoximes, and diisopropylcarbinylamines were investigated. The 1236 cm. -1 frequency of diisopropyl- 
carbinol is shown to be an 0-H deformation and the 1096 cm. -'frequency a skeletal vibration. The 1115 em.-' frequency of 
hydrocarbons is a skeletal vibration and the 920 cm.? a methyl rocking mode. The shifts observed upon 0-deuteration of 
alcohols and oximes are in better agreement with calculations based on the reduced masses of (0-H) and (0-D) than on (H) 
and (D). The C=N stretch of oximes is less pure than either the C=O stretch of ketones and acids or the C=C stretch of ethyl- 
enes. The C--N stretch of aliphatic amines is much less coupled Kith other vibrations than the C-0 stretch of alcohols, and 
quite different from the C--S stretch of anilines. Examples of displacements to higher wave numbers upon substitution with 
heavier isotopes are reported. 

The infrared spectra of isotopically labeled di- 
isopropyl ketones were reported in the first paper of 
this series. Evidence was presented there indicat- 
ing that the 1024 cm.-l frequency of diisopropyl 
ketone is an uncoupled vibration. Furthermore, 
it was shown that useful information could be 
obtained by examining the spectra of compounds 
isotopically labeled at  various atoms. These facts 
prompted the examination of the infrared spectra of 
compounds derived from diisopropyl ketone. 

This paper reports the spectra of isotopically 
labeled diisopropylcarbiiiols, diisopropylmethanes, 
1,l-diisopropylethylenes, diisopropyl ketoximes, 
and diisopropylcarbiiiylamines. As in the case of 
diisopropyl ketones the purity of the samples used 
for infrared analysis was ascertained by vapor 
phase chromatography. The procedure followed 
in obtaining the spectra and analyzing them was 
the same as the one used for the ketones. 

The pertinent spectral frequencies, the experi- 
mental frequency differences (Ap) ,  and some cal- 
culated A" values of the investigated compounds 
are presented in Tables I-V. The frequencies of 
diisopropylcarbinols (Table I) and diisopropyl 
ketoximes (\Table IY) were determined in carbon 
disulfide. All other frequencies were determined in 
solutions of carbon tetrachloride, with the excep- 
tion of the frequencies of the amines in the region 
of 800 em.--' which were determined in carbon di- 
~u l f ide .~  Each spectrum was taken in various con- 
centrations, the range being from 3y0 to 12%. 

DISCCSSIOS 

Diisopropylcarbinols. The infrared spectra of 
alcohols have been the subject of frequent discus- 
sion in the l i terat~re ,~- l '  due to the uncertainty of 

(1) Part 1. G. J. Karabatsos, J .  Org. Chem., 25,315 (1960). 
(2)  Present address: Departmrnt of Chemistry, Michigan 

State University, East Lansing, Rlich. 
(3) Due to the reactivity of diisopropylcarbinylanliIle with 

carbon disulfide the frequencies in the 800 cm. -1 region were 
determined irnmediately after solution of the amine in car- 
bon disulfide. 

band assignment in the 1500-1000 em. -l region. 
The most controversial frequencies are the ones in 
the 1250 cm.-l and 1100 em.-' regions, assigned 
either to 0-H deformations or to the coupled 
C-0 and C-C stretchings. It appeared reasonable 
that the spectra of isotopically labeled diisopropyl- 
carbinols might shed some light on the controversy. 

The data of Table I show that five frequencies 
are strongly affected by 0-deuteration and un- 
affected by either C13 substitution or C-deuteration. 
Two of these frequencies, 3610 em.-' and 3470 
cm.-l, are the well known 0-H stretches of the 
monomer and its hydrogen bonded complex, 
respectively.12 The other three frequencies, 1380 
em.-', 1236 cm.-l, and I l l 7  cm.-', are 0-€1 
deformations with one of then1 perhaps due to  the 
hydrogen bonded complex. 

The 1096 cm.-l frequency (1100 cm.-l region 
frequency of alcohols) is not an 0-H deformation 
as some investigators have suggested. Keither is it 
a simple C-0 stretch or the result of only C-0 
and C-C coupled stretches. The magnitude and 
nature of its shifts upon isotopic substitution, 2 
cm.-l upon CI3 substitution, 31 cm.-l upon 2,1- 

(4) H. H. Zeiss and 11. Tsutsui, J .  dnz. Chem. Soc., 75, 

(5)  M. Davies, J .  Chem. Phys., 16, 267 (1948). 
(6 )  H. I>. Soether, J .  Chem. Phys., 10, 693 (1942). 
(7)  A. Borden and E. F. Barker, J .  Chem. Phys., 6 ,  553 

( 8 )  E. F. Barker and 1'. Bosschleter, J .  C'heni. Phys., 

897 (19.53). 

(1938). 

6,563 (1938). 
19) A. V. Stuart and G. B. B. %I. Sutherland. J .  Chem. 

PI&., 24, 559 (1956). 
( I O )  P. Tarte and R. Deponthiere, Bull. Soc. Chim. Belg., 

66,525 (1957). 
(11) E. L. Eliel, C. C. Price, R. J. Convery, T. J. Prosser, 

Spectrochini. Acta, 10, 423 (1958). 
(12)  It, is intercPting to not,e that  the cxperiincrital shifts 

of both 3ti10 cm.-I and 3740 cm.-l frequcncirs, 950 r n r l  
anti 886 mi. -l, respectively, are in better agrernient with 
thc shifts calculated from the reduced masses of (0-H) and 
(0-D), than they are with the shifts calculated from thc re- 
duced niasses of (H) and (D). It appears that the hydrogen is 
vibrating against the effective mass of the oxygen, and not 
against the effectively infinite mass of the vhole molecule. 
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TABLE I 
INFRARED SPECTRAL FREQUENCIES OF DIISOPROPYLCARBINOLS~ 

Compound Wave Number (Cm.-l) (P2/P*)"Zb 

2,4Dimethyl-3-pentanol 3610 3470 1380 1236 1152 1117 1096 993 977 848 
2,4-Dirnethyl-3-pentanol-3-C13 3610 3470 1380 1236 1147 I l l 7  1094 982 966 844 
A" ExperimentalC 5 2 11 11 4 
A, Calcd. from (pc-0)  and (pCl3-0) 25 24 22 22 19 1.028 

Av Experimentalc 950 886 380 321 9 310 -9 -5 5 

A, Calod, from ( ~ c - c )  and (pC1r-c) 23 21 19 19 17 1.020 
2.4-Dimethyl-3-pentanol-0-d 2660 2584 1000 915 1143 807 1105 993 982 843 

A, Calrd. from ( p ~  J and ( p ~ )  1055 1016 1.414 
A" Calcd. from ( p o - ~ )  and (p0-11) 983 944 I .  374 
2,4-Dimethyl-3-pentanol 1152 1096 977 848 
2, +Dimethyl-3-pentanol-3-d 1145 1097 926 844 
A, ExperimentalC 7 -1 51 4 
2,4-Dimethyl-3-pentanol-2,4- d? 1065 941 
A, ExperimentalC 31 36 

Determined in carbon disulfide solutions. ' pl is the reduced mass calculated from the unlabeled alcohol and p2 the reduced 
mass ctilculated from the labeled alcohol. Difference between the frequencies of the labeled compound and the correspond- 
ing frequencies of 3,4-dimethyl-3-pentanol. The Au's between the frequencies of 2,4dimethyl-3-pentanol-3-C13 and 2,4di- 
methyl-3-pentanol-O-d-3-C13 were identical with the Av's between the frequencies of 2,4-dimethyl-3-pentanol and 2,4-di- 
methyl-3-pentanol-0-d. 

dideuteration, and displacement to  higher fre- 
quencies (1105 cm. -') upon 0-deuteration, sug- 
gest that it is a complex skeletal vibration char- 
acteristic of alcohols. The 1152 cm.-l and 848 
cm. frequencies are also skeletal vibrations, 
the latter being equivalent to  the 858 cm.-l 
frequency of diisopropyl ketone. 

The spectrum of diisopropylcarbinol shows two 
strong bands at 993 em.-' and 977 cm.-' The 
data of Table I suggest that the 993 cm.-' fre- 
quency is a skeletal vibration with no contribu- 
tion from a C-H mode of either the tertiary or the 
secondary hydrogens. The 977 cm.-l frequency, 
having strong C-H contributions, behaves upon 
0-deuteration like the 1096 cm. -I frequency. 
Since either one or two strong bands appear in the 
spectra of many aliphatic alcohols in this region, 
the possibility of the usefulness of these bands as 
diagnostic tools, in conjunction with the 1100 
cm. -l frequency, is under examination. 

Diisopropylmethanes. In  the infrared spectra of 
saturated hydrocarbons the assignment of the 1115 
cm.-' and 920 cm.-l frequencies to  specific vibra- 
tions has been rather difficult, and a great deal of 
controversy exist in the literature as to  which fre- 
quency is the skeletal C-C stretch and which is the 
C-C& rocking vibration. 13-17 The data presented 
in Table I1 suggest that the 1164 cm.-l frequency 
of diisopropylmethane (1 115 cm. region) , shifted 
to  1156 em.-' upon C13 substitution, is a skeletal 
vibration rather than a methyl rocking mode. 

(13) N. Sheppard and D. M. Simpson, Quart. Revs. (Lon- 

(14) IC W. F. Kohlrausch and F. Koppl, 2. Phys. Chem., 

(15) F. T. Wall and C. R. Eddy, J. Chem. Phys., 6,107 

('16) S. Silver, J .  Cheni. Phys.. 8 ,  919 (1940). 
(17) N. Sheppard and TI hI Simpson, J .  Chem. Phys., 

-__ 

d o n ) ,  7, 19 (1953). 

B26,209 (1934). 

(19;38) 

23,582 (1955) 

On the other hand, the 916 em.-' frequency (920 
cm.-l region) is unaffected by C13, which is com- 
patible with the methyl rocking mode. 

TABLE 11 
INFRARED SPECTRAL FREQUENCIES OF DIISOPROPYL- 

Compound Wave Number (Cm.-I) ( , ~ / p l ) ' ' ~  

METH.4NESu 

2,4-Dimethylpentane 1164 982 916 867 
2,4-Dimethylpentane- 

3-Cl3 1156 972 916 862 
A" Experimental 8 8  5 
A" Calcd. from ( ~ c - c )  

and (ur13-r) 23 I9 18 17 1.020 

Determined in carbon tetrachloride solutions 

TABLE I11 
ISFRARED SPECTRAL FREQUEXCIES O F  DIISOPROPYL- 

ETHYLENES~ 

Compound Wave Tiumber (Cm. -1) (p2 /p1 ) ' /~  

1,l-Diisopropyl- 
ethylene 1639 1101 1036 891 

1,l-Diisopropyl- 
ethylene- 1-C 1608 1097 1035 891 

Av Experimental 31 4 1 0  
A" Calcd. from ( ~ c - c )  

and (pc1a-c) 32 22 20 18 1.020 
~~~~ ~ ~ 

Determined in carbon tetrachloride solutions 

The 982 cni.-l and 867 cm.-l frequencies are 
assigned to  skeletal vibrations, the latter being 
equivalent to  the 858 cm.-l and 848 cm.-' fre- 
quencies of diisopropyl ketone and diisopropyl- 
carbinol, respectively. 

1,l-Diisopropylethylenes. The infrared spectrum of 
1,l - diisopropylethylene - 1 - Cla exhibits few 
differences from that of 1,l-diisopropylethylene. 
The 1639 cm.-' frequency, the C=C stretch, is 
lowered upon CI3 substitution to  1608 cm.-l, a 
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TABLE 1V 
INFRARED SPECTRAL FREQUENCIES OF DIISOPROPYL KETOXIMES~ 

ComDound Wave Xumber (Cm.-') ( f l 2 / P L P  

2,4-Dimethyl-3-pentanone 

2.4-Dimethyl-3-pen tanonp-3- 
oxime 3571 3257 1656 1314 1233 1221 1163 1153 1062 1023 941 865 

0 3  oxime 3,571 3257 1629 1309 1282 1211 1151 115'2 1050 1015 941 863 
a, Experimenl a1 27 5 1 -  , 12 I 12 8 2 
A v  Calcd from \ and 

Av Calcd. from (pic-, I and 

2,4-Dimethyl-3-oen tanonr 
oxime-0-d 2602 2387 1642 1074 990 

Av Experimental 969 870 14 240 243 
A, Calcd. from ( P H )  and (PD) 1046 954 1 414 
A, Calcd. from (PO-=)  and 

(PO-D)  972 887 I. 374 

a htprmincd in carbon disulfidp solutions. 

PClS-h 3 6 25 L ' i  1 022 

P C S 3 - C )  32 20 1.020 

shift of 31 (3m-I. Calculations based on the re- 
duced masses of (C=C) and (C13=C) predict a 
shift of 32 em-'. However, as in the case of di- 
isopropyl ketone, one cannot ascertain the degree 
of coupling between C=C and C-C without the 
aid of the spectrum of 1,l-diisopropylethylene-2- 
C'3. 

The 891 cm.-l frequency, the =CH2 bending, 
behaves upon C13 substitution as expected. 

Diisopropyl ketoximes. Examination of the data 
of Table IT' reveals that the C=N stretch (1656 
cm. -l) of diisopropylketone oxime has stronger 
contributions from other vibrations than either the 
C=O or C==C stretches of diisopropyl ketone and 
1, l-diisopropylethylene; upon C13 substitution 
it is lowered to  1629 cm.-l, or shift of 27 cm.-l, as 
compared to 36 cm.-' calculated from the reduced 
masses of (C=K) and (CI3=N). Furthermore, 
upon O-deuteration it is shifted to 1642 cm-l. 

O-deuteration strongly affects five frequencies. 
The 3571 om.-' and 3257 cm.-l frequencies are 
the O-H stretchings of the monomer and its 
hydrogen bonded complex, respectively. l8 It is 
interesting to note that two of the O-H deforma- 
t i o n ~ , ~ ~  1314 cm.-l and 1233 cm.-l, seem to be 
coupled with other vibrations, as shown by their 
shifts, 5 cm.-l and 1 cm.-l respectively, upon C13 
substitution. It should be further noticed that the 
magnitude of their shifts upon O-deuteration is 
much smaller than expected. 

The PI;-0 stretch of the oximes is supposed to 
occur in the 950 cm.-l region.l8 The 941 cm.-' 
frequency of diisopropyl ketoxime, a very strong 
band, is most likely the N-0 stretch. It should be 

(18) As in 1,he case of diisopropylcarbinol the experimental 
shifts are in much better agreement with calculations based 
on the reduced masses of (O-H) and (O-D) than (H)  and 
(D).  

(19) A. Palm and H. Werbin, Can. J. Chem., 32,858 (1954) 
have assigned the 1265 cm.-' frequency of a-benzaloximes 
to the O-H bending. 

noticed that it is unaffected by either GI3 suhsti- 
tution or O-deuteration. 

Although certain other frequency changes are 
observed upon isotopic substitution, assigning of 
the affected frequencies is not possible from the 
available data.20 
Diisopropylcarbinylamines. The C--l\$ stretch 

of aliphatic amines has not been definitely identi- 
fied. Colthup21 suggests that absorptions of ali- 
phatic amines in the 1220-1020 cm.-' region cor- 
respond to C-n- stretches. In  the spectrum of 
diisopropylcarbinylamine (Table V) the only 
frequency strongly affected by C13 substitution, 
and the only strong band in the 1220-1020 cm.-' 
region, is the 1117 cm.-l The experimental shift, 
22 cm.-', is in fair agreement with the 24 cm.-' 
shift calculated from the reduced masses of (C-N) 
and (C13-N).22 The extent to which the C--?; 
stretch may be coupled with C-C vibrations can- 
not be ascertained from the present data. The fact 
that it is unaffected by either N,N-dideuteration or 
C-deuteration at  carbon three, indicates that it 
is not coupled with either N-H vibrations or 
C-H vibrations of carbon three. 

In  an attempt to compare the C--N stretch of 
aliphatic amines with the corresponding stretch 
of anilines, the spectrum of aniline-N16 (a sample of 
the labeled aniline was kindly provided by Profes- 

(20) The 1163 cm.? frequency has the same shape as, 
but it is weaker than, the 1203 cm.? frequency of diiso- 
propyl ketone. Since both frequencies show the same shift, 
12 cm.? and 13 em.-' respectively, upon C13 substitution, 
i t  is possible that the 1163 cm.-' is the asymmetric C=N 
stretch. The 865 cm.-' frequency is the same band found 
in the spectra of diisopropyl ketone (858 cm.-l), diiso- 
propylcarbinol (848 cm.-l) and diisopropylmethane (867 
cm.-l). Evidently, it is characteristic of the 2,4-dimethyl 
3-pentyl group. 

(21) N. B. Colthup, J .  Opt .  SOC. Am., 40, 397 (1950). 
(22) I t  is interesting to note that the C-0 stretch of 

diisopropylcarbinol(lO96 cm.-1) is coupled with other vibra- 
tions to a much larger extent than the C-N stretch of 
diisopropylcarbinylamine. 
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TABLE 5' 
ISFRAREU SPECTRAL FREQTENCIES O F  ~ ) I I S O P R O P Y L C A R B I N Y L . 4 ~ l I S E ~ ~  

Compound 

2,4-L)imethyl-Li-pentS lamine 
2,4-I)imethyl-3-pentylamine-3-C13 
&Experimental 
A" Calcd. from (,u(c-v) and (pc1a-N) 
2,4-r)imethvl-3-~ent?lamine-~~~~S-d-. 
Ap Experimental 
2,4-1 )imethyl-3-pentylamine-3-d 
& Experimental 

Wave Sumber (Cm. -1) (FL? /Pll' ' 2  

1613 1348 1258 1117 919 807b 
1613 1258 1095 919 804b 

22 3 
24 1.022 

1118 1348 1258 1117 803b 
195 1 

1613 1251 1258 1117 919 
94 

a Determined in carbon tetrachloride solutions. Determined in carbon disulfide. 

sor E. L. Eliel) was examined. The only frequency 
of aniline affected by S I 6  substitution is a strong 
band at 1271 cm. -l (carbon tetrachloride solution) 
which is shifted to 1267 cm.-l The magnitude of the 
shift, only 4 cm.-', suggested that the C-N 
stretch of aniline is strongly coupled with other 
vibrations. Examination of the spectra of aniline- 
K, N-d2 and aniline-N, K-d2-?J15 showed a displace- 
ment of the C-N stretch to 1302 cm.-' and 1298 
cm.-l, respectively. Such displacements to higher 
wave numbers upon heavier isotope substitution 
were observed in the spectrum of diisopropyl- 
carbinol upon 0-deuteration (frequencies 1096 
em. --I and 977 cm. -l, Table I). That this displace- 
ment is common in the spectra of N,N-dideuterated 
anilines is shown by Table TI. 

TABLE VI 
CARBON-NITROGES STRETCH OF ASILISES A N D  ANILINES- 

K,N-d> 

Undeut. Deut. 
Compound Compound 

Compound (Cm. -I) (Cm. -1) A,( Cm. -1) 

Aniline 
Aniline-Sls 
2-Bromoaniline 
4-Bromoaniline 
2,4,6-Tribromoaniline 
2-Methylaniline 
3-Methylaniline 
$-Met hylaniline 
2-Methoxyaniline 

1271 
1267 
1307 
1274 
1271 
1269 
1292 
1271 
1271 

1302 
1298 
1326 
1304 
1284 
1307 
1314 
1302 
1307 

31 
31 
19 
30 
13 
38 
22 
31 
36 

One could explain these results by invoking the 
noncrossing over rule of two vibrations possessing 
the same symmetry properties. (In the case of 
anilines the vibrations would be the N-H de- 
formation around 1600 cm.-' and the C-N 
stretch.) Calculations which would either confirm 
or refute the above suggestion are under considera- 
tion. 

ml.) with constant stirring. The product was heated a t  re- 
flux for 1 additional hr. Cold water (1 ml.), followed by 
10% aqueous sodium hydroxide (0.5 ml.), was added and the 
mixture was allowed to stand overnight. The ether solution 
was filtered through anhydrous sodium sulfate, the ether 
evaporated, and the residue (about 2 g.) vas  vapor phase 
chromatographed. 

8,4-Dimethy/-6pentanol-O-d. A solution of 2,4-dimethyl- 
3-pentanol (0.2 g.) in anhydrous ether ( 5  ml.) was shaken 
for 15 hr. with heavy water (5 g.). The ether layer was 
separated, dried over anhydrous sodium sulfate, the ether 
was evaporated, and the residue was vapor phase chroma- 
tographed. 2,4-Dimethyl-3-pentan0l-O-d-3-C'~ was pre- 
pared from 2,4-dimethy1-3-pentan01-3-C~~. 
8,4-Dimethyl-3-pentanol-S-d was prepared by reduction 

of the ketone with lithium aluminum hydride. 
2,Q-Dimethyl-3-pentano1-2,4-dn was prepared by reduction 

of the dideuterated ketone with lithium aluminum hydride. 
d,4-Dimethylpentane-S-C'3. Preparation of this hydrocar- 

bon \Till be described elseivhere. 
I,l-Diisopropylethylene. Preparation of 1,l-diisopropyl- 

ethylene was achieved by application of the Wittig reaction.23 
Triphenylmethylphosphonium iodide (5 g.)24 was added to 
a solution of phenyllithium (1.1 g.) in ether (100 ml.). Stir- 
ring \vas continued for 3 hr. the color of the reaction mixture 
turning orange-brown. Slow addition of a solution of 2,4- 
dimethyl-3-pentanone (1.4 g.) in ether (10 ml.) resulted 
in the discharge of the orange color and the formation of a 
fine gray-white precipitate. Stirring was continued for 1 
additional hr. a t  room temperature, followed by 3 hr. of 
steam reflux. The ether layer was separated, washed with 
5% aqueous hydrochloric acid, 10 yo aqueous sodium bicar- 
bonate, and B-ater, and dried over anhydrous magnesium 
sulfate. The ether was driven off and the residue was vapor 
phase chromatographed. The yields of 1,l-diisopropylethyl- 
ene did not exceed 35%. l,l-Diis~propylethylene-l-C'~ was 
prepared by using 2,4-dimethyl-3-pentanone-3-C 13. 

Preparation of the oximes was accomplished by use of 
standard methods. Preparation of the amines was achieved 
by reduction of the corresponding oximes with lithium 
aluminum hydride (deuteride).*s 
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EXPERIMENTAL 

2,4-DimethyLS-pentanol-3-C1a. A solution of 2,kdimethyl- 
3-pentanone-3-C1* (2 g . )  in anhydrous ether (20 ml.) was 
slowly added, a t  room temperature, to a dispersion of 
lithium aluminum hydride (0.5 g.) in anhydrous ether (55 

(23) G. Wittig and V. Schollkopf, Chem. Ber., 87, 1318 

(24) A. Michaelis and H. V. Soden, Ann. Chem., 229, 

(25) C. R. Walter, Jr., J .  Am. Chem. SOC., 74, 5185 

(1954). 

310 (1885). 

(1952). 


