
Tetrahedron Lettera, No. 13, pp. 4-10, 1959. Pergamon Prees Ltd. Printed in 
Great Britain. 

DOUBLET CHARACTER OF O-E ABSORPTION IN SATURATED ALCOHOIS* 

*+ 
R. Piooolini and S. Winmtein 

Dept. of Chemistry, University of California, Loe Angeles, California 

(Received 3 Auguet 1959) 

CONSIDERABLE attention haa been directed recently to the doublet character 

of the O-H stretching absorption of monomeric unraturated alcohols. ' The 

two abeorption bands can be ascribed to different epeciee containing free 

and x-hydrogen bonded hydroxyl groups, rerpeotively. It seema to be not as 

well recognized, however, that doublet O-H absorption can be displayed by 

saturated alcohols as well. 
2 
For example, this wan observed in the second 

overtone region for several primary alcohols by Badger, 
2a 

and by Tuomikoeki 

and Toivonengb for ethanol, borne01 and the epimeric fenchols. 
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In the present work, some aeventy saturated aloohola were inveatigated 

conveniently in dilute aolution in carbon tetrachloride, naing 10 cm 

matched quarta cella on the Cary Model 14 apectrophotometer in the firat 

overtone 1.4~ region, where the aeparation between component bande ia 

relatively large and banda aeaociated with strong intermolecular hydrogen 

bonds are absent. 

Most of the compounds exhibited hydroxyl absorption of the general 

type illuatrated in Fig. 1, the component benda being separated graphically 

and the relative intenaitiea of abaorption (relative areaa, B /B -1 4 
) 

approximated without correotion for the band wings. Some exemplea are 

aummariaed in Table 1. In representative caeea, e.g., 2-propanol, 3-pentanol 

and 3-phenylpropanol-1, it naa demonatrated that the relative bend intenai- 

tiea were independent of concentration from that commonly employed, O.Ol- 

0.02 M, down to 0.001 Y. Deuterated 2-propanol-d exhibited an abaorption 

doublet eimilar to that of 2-propanol in the corresponding 1.9~ region. 

With ethanol, 2-butenol, 2-pentanol, 3-pentanol and t-butyl alcohol, it wae 

observed that the O-E absorption pattern in the second overtone O.gr region 

raa analogous to that at 1.4~. 

FIG. 1. Schematic illuetration of O-H abaorption band. 
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TABLE 1. Infrared abeorption of come l looholo (oa. 0.01 Y) 

in Ccl. 8olution in tho fir&. overtone 

14042 - 

Mg61 14130 

14110 14179 

14157 - 

lw96 19081 

1406ab 14132” 

14110 14194 

14110 14190 

14100 14204 

14083 14140 

14080 14130 

-’ 

14227 

14209 

7.92 

7.56 

1.85 

0.135 

5.64 

5.84 

5.86 

9.16 

1.41 

24.5 

33 

23 

32 

42 

- 40 

52 

0.462 28.5.72 

0.934 24, 64.5 

The mo8t obvioru oauee of the 8plitting observed for the raturated 

alcoho182a i8 oonformational heterogeneity. In the eerier, YeOH, EtOH, 

I-PrOH and t.-BuOE, thi8 depend8 8olely on rotation about the C-O bond aud 

ir thu8 ab8ent in the 8ymetrical member8 of the 8eriee, MeOH aud t-BuOE. 

With EtOH and I-ProII, two conformationr are expeotad, there being illU8trat8d 

for EtOH, Corre8pondiugly, UeOH and t-BuOH ehor 8inglet O-H abeorption, 

rhil8 EtOH and I-PrOH dilplay a doublet (Table 1). 
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Trifluoroethauol dieplaye doublet absorption analogous to that of 

ethanol except for a reveres1 of relative band inteneitier (Table 1). 

Other primary elcohole, e.g., 1-propanol, ieobutyl alcohol, l-octanol 

-1 
and neopentyl alcohol, are analogous to ethanol, Au being ca. 25 cm . 

Secondary elcoholr in general nhor doublet ebrorption aa does 2-propanol, 

but the AV ie quite variable, the largest value eo far observed being 

-' the 52 am displayed by Fpentanol (Table 1). 

It is not yet clear just when the possibility of conformational 

heterogeneity c8n be expected to lead to doublet O-E absorption. For 

example, in the eeriee, (crq),c(0IW singlet abeorption ie obeerved for 

&ET, juet ae for Me, but a doublet ie preeent for R-I-Pr. Aleo, methyl- 

cyclobutylcarbinol ehowe singlet absorption, even though methyliaopropyl- 

carbinol ehowe a doublet. Finally, cyclopentanol rhowa a single band, 

whereae cyclohexanol and cyolodeoanol display doublet absorption. Further, 

it ie not clear whether conformational heterogeneity of eaturated elcohole 

will lead to still greater multiplicity of O-H absorption bande, eince no 

clear caee of thie har been observed. 

The indicatione are that there will be sufficient regularity of 

behavior of alicyclic and bicyalic alooholr to make the doublet character 

of the O-E absorption useful for diagnosis of configuration and conformation. 
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Thus in oyclohexanola which are relatively homogeneous with respect to the 

conformational disposition of the oxygen atom3, those with an esuatorial 

hydroxyl group, e%g., tran&2+nethylcyclohexanol, trana-4-t-butylcyolohexanol, 

38-oholeetanol and menthol, ehow doublet O-H absorption. On the other hand, 

thoae with an axial hydroxyl group, e.g., &-2-cyclohexyloyclohexanol, 

neomenthol and cir-4-t-butylcyolohexanol, - exhibit a single absorption band. 

With bicyclic compounde, those closely related to exo-2-norborneol (I, 114, - 

1115, IV5, V6, VI*, VI16) all show only eingle bands. Similarly, 7-norborneol 

(VIII) exhibits a single O-E absorption. However, those oompounds related 

to endo-2-norborneol (IX, X5, XI*, XII6 , XII& XIV6) all exhibit doublets. 

There are, however, limitations to the above generalizations, in that 

increased aterio congeetion in the axial-cyolohexanols oan convert ths 

singlet to a doublet, e.g., in cir-2-t-butyloyclohexauol. Similarly, vioinal 

methyl substitution on exo-2-norborneol induces doublet character in the O-H - 

absorption, e.g., in a-oamphenilol 
6 
(XV), The behavior of the epimeric 

bicyclo[3.2.0.]heptan-2-ol~7 (XVI and XVII) may be considered analogous, 

the tram-epimer XVI showing einglet, the air-epimer XVII exhibiting doublet 

absorption. Distortion of the exo-2-norborneol structure can alao convert 

singlet to doublet absorption, an in the case of the half-cage 

With alcohols in which intramolecular hydrogen bonding ie 

alcohol %VIII. 
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three componente to the monomeric O-8 absorption are often obeerved.' An 

eremple ie ethylene chlorobydrin9 (Table l), two of the bat& being analogone 

OH OH 

& $ 
XE m 

b OH 

xm 

8 
IL Piccolini and J. Sonnenberg, unpubliehed work. 
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to thoee of etheuol and the third at higher wavelength being due to thore 

of the oonformatione which are pauohe with reepecf to rotation about both 

the C-C and C-O bond8 which have 1p1? chlorine end hydroxyl hydrogen atome 

for hydrogen bonding. The oaee of 2-phenylethano18 ie quite aualogoue 

(Table 1). 

The demonrtration that doublet charaoter of the O-E abrorption ie quite 

general for saturated aloohole hae obvioue implicatione for the interpre- 

tation of the epectra of umaturated alcohole,8 e.g., benzyl alcohol lb,10 

or ally1 alcohol, 
lb 

which rhor doublet abrorption, l inoe neither of the two 

ban& need neaerrarily be aeeociated with au attractive hydrogen bonding 

interaction. Other criteria for intramoleoular hydrogen bonding, berider 

doublet character of the 0-E abmorption, aauf be employed.8 

lo J. J. Fox and A. E. Martin, Tram. Faraday Sot, & 697 (19aO). 


