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Anal. Calcd. for C24H34O4: C, 74.58; H, 8.87; O, 
16.55. Found: C, 74.28; H, 8.89; O, 17.04. 

The above enol ether X I I I (1.0 g.) in 25 cc. of dioxane 
was added to 0.5 g. of calcium in 250 cc. of liquid ammonia 
and after stirring for 30 min., 4.0 g. of ammonium chloride 
was added and the product isolated in the usual manner. 

In preceding papers2'3 it has been shown that 
many of the prominent bands occurring between 
1350 and 650 cm. - 1 in the infrared spectra of steroid 
ketones and acetates depend specifically on the po
sition and stereochemical arrangement of the func
tional group. Where the steroid contains two or 
more functional groups it is often possible to dis
tinguish bands characteristic of each group. This 
applies most generally where the functional groups 
are well separated so that interaction effects are 
reduced. Examples have been given where one 
functional group is at C (3) and the other at C (17) or 
C (20). 

The spectra of a large number of steroid alcohols 
have now been surveyed in a similar fashion, and 
for these compounds also many of the infrared ab
sorption bands in the 1350-650 cm. - 1 range are ob
served to fall within narrow frequency ranges for 
steroids containing the same hydroxy substituent. 

Experimental Methods and Results 
The spectra were measured on Perkin-Elmer model 112 

and model 21 spectrometers using sodium chloride prisms. 
The bands common to the various compounds of the same 
type are listed in Table I and the frequency ranges of the 
bands common to the compounds of the same type are sum
marized in Table I I . A representative spectrum of each 
type of steroid alcohol is illustrated in Figs. 1-11. The 
common bands are cross-referenced between figures and 
tables by the letters A, B, etc., but it must be emphasized 
that these letters are assigned for identification purposes 
only, and no relationship is implied between bands carrying 
the same letter on different figures. 

The bands are classified in Tables I and II into categories 
I, II and I I I . The basis of this classification was discussed 
in connection with ketone spectra.2 Category I bands 
provide the main functional group identification; category 
II bands usually stand out in the spectra and are useful 
for secondary confirmation of the structure. The category 
I I I bands are generally weaker and tend to be obscured by 
other absorption in the spectra of steroids containing more 
than one functional group. 

Most of the spectra were measured in carbon disulfide 
solution, but, because of the low solubility of many hy
droxy steroids in this solvent, data for chloroform solutions 
at 1 mm. path length and for potassium bromide disper-
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sions also are included in Table I . The spectra of some 
hydroxysteroids in potassium bromide disks have been 
shown to be sensitive to the conditions under which the 
disk is prepared4; therefore the frequency ranges given in 
Table II are based only on measurements in carbon disulfide 
solution. 

The majority of the spectra discussed in this paper have 
been published in an atlasB>6 and in the right hand column of 
Table I references are given to the corresponding atlas chart 
numbers. In some instances the band positions given in 
Table I are taken from measurements made with the model 
112 spectrometer under higher resolution than the curves 
published in the atlas; this accounts for small frequency 
differences of the order of ± 3 c m . - 1 between the band posi
tions listed in Table I and those which would be interpolated 
from the atlas charts for the same compounds. 

Discussion 
3-Hydroxysteroids.—The most prominent band 

in the spectra of 3-hydroxysteroids occurs between 
1056 and 999 cm. -1 . This band is outstandingly in
tense with C^lx in the range 160-220. The corre
sponding bands in steroids hydroxylated at C(17) or 
C(20) have e£>x in the range 60-120. 

This band is presumed to involve principally a 
C-O stretching motion, and, in accordance with this, 
it is observed that the band position is affected only 
slightly by replacement of the hydroxy hydrogen 
atom with deuterium.7 The position of the band 
within the range depends on the stereochemistry 
at C(3) and C(5).8-10 The ranges previously as
signed to this band in the various conformational 
isomers of 3-hydroxy steroids have been revised 
slightly as a result of the present investigation, and 
the new values are summarized in the second col
umn of Table III. 

3-Hydroxysteroids also exhibit several bands be
tween 1015 and 890 cm. - 1 ; these, though weak, are 
usually sharp and can be useful as confirmatory 
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Characteristic absorption bands in the range 1350-650 c m . - 1 are reported for steroids hydroxylated at C(3), C(17) and 
C(20). The bands are observed in the monohydroxy compounds and in steroids containing additional hydroxy, acetoxy and 
ketonic groups, provided the functional groups are well separated. The general implications of these and similar bands 
in the spectra of ketones and acetates also are considered. 
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TABLE I.—-CHARACTERISTIC GROUP FREQUBNXIES IN THE 

Compound Solvent 

Androstaii-3a-ol (Fig. 1) CSs 
Allopregnan-3«-ol CSs 
Cholestan-3a-ol CS, 
A16-Androsten-3a-ol CS2 

Androstan-3a-ol-17-one CS, 
Allopregnan-3a-ol-20-one CS2 

Androstane-3a,17/3-diol 17-acetate CS2 

Allopregnane-3a,20a-diol 20-aeetute CS2 

Androstane-3a,17/3-diol CHCls/KBr' 
Allopregnane-3a,20a-diol KBr 

Androstan-3/3-ol (Fig. 2) CS2 

Allopregnan-3(3-ol CvS2 

Cholestan-30-ol CSs 
Ergostan-3/3-ol CS2 

A22-Stigmasten-3/3-ol CSs 
Androstan-3/3-ol-17-one CS2 

Allopregnan-3/3-ol-20-oue CSs 
Androstane-3/3,17a-diol CHCls/KBr* 
Androstane-3/3,17/3-diol CHCl3 

Allopregnane-3/3,20a-diol CHCl 3 /KBr i 

Etiocholan-3a-ol (Fig. 3) CS2 

Pregnan-3o;-ol CS2 

Coprostan-3a-ol C.Ss 
A16-Etiocholen-3a-ol CS2 

Etiocholan-3a-ol-17-one CS2 

Pregnan-3a-ol-20-one CS2 
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Etiocholane-3a,17/3-diol CHCl3/KBr' ' 
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Etiocliolau-3/5-ol (Fig. 4) CSs 
Pregnan-3/3-ol CS2 

Coprostan-3/3-ol CS2 

AW-Etiocholen-S^-ol CS2 
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Cuiiipuiuul .Solvent 
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3|3-Hydroxy-A5-cholenie acid methyl ester CS2 
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INFRARED SPECTRA OF HYDROXVSTEROIDS BELOW 1350 CM. 
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Audrostan-17/3-ol (Fig. 6) 
Androstan-17/3-ol-3-one 
A'-Androsten-lTiS-ol-S-one 
Androslane-3a,17|3-diol 
Androstane-3/3,170-diol 
Audrost;u]e-0/3,17/3-diol 

Etioeholan-17/3-ol (Fig. 7) 
Etiocholan-17j3-ol-3-one 
Etiocholane-3a,17/3-diol 

A4-Androsteu-17/3-ol-3-oue 
Al'4-Androstadien-17|8-ol-3-one 
A6-Aiidrostene-3,3,17/3-dioI 

Allopregnan-20a-ol (Fig. 8) 
Allopregnan-20a-ol-3-one 
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Allopregnane-3/3,20a-diol 
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Pregnan-20a-ol (Fig. 10) 
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a !'"or significance of categories see text. 6 Broad band. c Inflection. d The absorption in this region was not measured, 
tion obscured by the strong band associated with the unsaturated group. * Band not observed. * Figures for measure-
associated with the 3-ketone group.2 l Also associated with the 17-ketone group.2 "' Also associated with the 20-ketouc 
with the 20-acetoxy group.3 5 Also associated with the 3-hydroxv group (see this table, sections I-V). ' Also associated 
sections I X - X I I ) . 

evidence for the stereochemistry a t C (3) and C (5). 
Some of these bands have been noted previously by 
Rosenkrantz and Skogstrom, and they are summa
rized in the columns to the right of Table I I I . The 
A5-3/3-hydroxysteroids also have characteristic 
bands between 850 and 790 c m . - 1 associated with 
the unsatura ted linkage.11 

17-Hydroxysteroids.—Our observations on ster
oids hydroxylated a t C(17) are restricted to the 
17/3-hydroxy compounds of the Ci9-series. The 
spectra of androstan-17/3-ol and etiocholan-17/3-ol 
are shown in Figs. 6 and 7. All the 17/3-hydroxy 
compounds have a medium-strong band between 
1059 and 1046 cm." 1 (band D of Fig. 6 and band H 

( U ) II . l l i r s c k m a n n , T i n s J O U R N A L , 74 , 5357 (1U52). 

of Fig. 7); this is probably a "C--O stretching band" 
and is useful for differentiating these conipouiuls 
from those hydroxylated at C(3). The position of 
this band is not significantly different in compounds 
of the 5a- and 5/3-series, or in compounds containing 
a A4- or A6-bond. The spectra shown in Figs. G and 
7 are readily distinguished, but the differences be
tween them depend mainly on small frequency 
shifts and intensity changes and are not consistent 
when other functional groups are also present. The 
infrared spectrum therefore does not provide a satis
factory means for differentiating between 17/3-hy
droxy compounds of the 5 a- and 5/3-series. 

20-Hydroxysteroids.—The spectra of the 20/3-
hydroxysteroids we have examined are dis-
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" The absorption in this region was obscured by the solvent, f Absorption obscured by the strong ester band. ' Absorp-
ments made on KBr disks are italicized. ' This band was not resolved in the curve shown in the "Steroid Atlas."6-6 * Also 
group.2 "Also associated with the 3-acetoxy group.3 "Also associated with the 17-acetoxy group.8 " Also associated 
with the 17-hydroxy group (see this table, sections VI-VII I ) . • Also associated with the 20-hydroxy group (see this table, 

tinguished by the medium-strong band at 1100-
1090 cm. - 1 ; these show predominantly in the spec
tra of the mono-alcohols (band F of Fig. 9 and 
band D of Fig. 11). The 20a-hydroxy steroids 
have no comparable band in this part of the spec
trum and their strongest band appears at 1016-
1008 cm.-1 (band I of Fig. 8 and band J of Fig. 10). 
The 20a-hydroxysteroids of both the 5a- and 5/3-
series have a characteristic band at 957-952 cm. - 1 

(band L of Figs. 8 and 10). The 20/3-hydroxyster-
oids of the 5a-series have a strong band at 965-962 
cm. - 1 (band K of Fig. 9), but in the 5/3-series this 
band is not so prominent (band I of Fig. 11). 
These differences in the spectra of 20a- and 20/3-hy-

droxysteroids between 970 and 950 cm. - 1 have been 
noted also by Wiggins and Klyne.12 

No systematic differences are observed between 
the spectra of 20a-hydroxysteroids of the 5 a- and 
5(3-series and the situation is similar to that of the 
17/3-hydroxy compounds discussed above. The 
spectra of the 20/3-hydroxysteroids of the 5 a- and 
5,3-series show more pronounced differences, no
tably between 1050 and 900 cm. - 1 where the 5/3-com-
pound shows a series of sharp peaks (bands F -
H, J, K of Fig. 11). The spectra of the 20/3-hy-
droxysteroids therefore appear to be more sensitive 
to the stereochemistry at C (5) than do either the 

(12) H. S. Wiggins and W. Klyne, 
(1933). 

Chemistry &* Industry, 1448 
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1014-1007,952-943,920-908,900-893 

986-980,962-959,916-908 

1025-1019, 989-978, 958-953, 841-838, 

812-805,800-796 

20a-hydroxy or 17/?-hydroxy compounds. This is 
notable in view of the large distance separating the 
hydroxy groups from the center of stereoisomeric 
change. 

General Conclusions 
It is extremely unlikely that the complex spectra 

of such large molecules will ever be fully interpreted 
by the application of the conventional methods of 
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molecular vibrational analysis which were developed 
to deal with small polyatomic molecules. The 
characteristic frequencies tabulated for the various 
types of steroid alcohols, ketones and acetates in 
this and the two earlier papers2'3 were derived by 
a purely empirical method of surveying the spectra 
of a large number of steroids of related structure 
and selecting the bands that appeared consistently 
within narrow frequency ranges. 

The steroids of the types considered in these 
papers can be regarded as derived from androstane 
and etiocholane by substitution in the ring system, 
or by addition of a side chain at C (17). In a like 
manner their spectra can be regarded as derived 
from the spectra of these hydrocarbons by a modu

lating effect of the substituent. Expressed in these 
terms the problem is to determine the extent to 
which this modulation conforms to a standard pat
tern for a given type of substituent and also to 
determine the extent to which the modulation 
following the introduction of two or more substit-
uents can be treated as the sum of the effects pro
duced by each substituent acting separately. 
These concepts will be examined in more detail 
elsewhere. 

The empirical band analyses reported in these 
papers enable us to look at steroid spectra in a little 
more rational manner than heretofore. I t is clear 
that the various types of functional groups exercise 
their principal effects on different regions of the spec-
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trum. In saturated 6-membered ring ketones and 
linear ketones the main effects of the substituents, 
which produce the bands of categories I and II, are 
observed in the 1300-1150 cm. - 1 region and also be
low 850 cm. - 1 . The absorption in the higher fre
quency range probably involves skeletal vibration 
of the carbonyl, group and of the carbon atoms at
tached directly to it; the weaker absorption below 
850 cm. - 1 probably is associated with C-H bend
ing vibrations of the a-methylene groups.13 In 17-
ketosteroids the strong skeletal modes are displaced 
to the 1100-1000 cm. - 1 region. In steroid acetates 
the main absorption bands occur near 1240 cm. - 1 

(13) R. N. Jones, B. Nolin and G. Roberts, T H I S JOURNAL, 77, 6331 
(IM;-)). 

and between 1100 and 1000 cm. - 1 and both prob
ably involve stretching motions of the strongly po
larized C-O bonds of the ester groups. The princi
pal effect of the hydroxyl group also occurs between 
1100 and 1000 cm. - 1 with pronounced secondary 
effects between 1000 and 900 cm. - 1 . Where the 
functional groups are conjugated with ethylenic 
double bonds additional characteristic absorption 
appears below 900 cm. - 1 probably associated with 
the out-of-plane C-H deformation motions of the 
ethylenic hydrogen atoms. 

The above generalization covers practically all of 
the prominent bands of ketones, alcohols and ace
tates that have been classified into categories I or 
II as being of practical use for purposes of struc-
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tural identification. There remain in addition 
the numerous weaker bands that we have put into 
category III. These are observed persistently in 
the various types of substituted steroids; their in
tensity is more variable and for the most part they 
fall outside of the frequency ranges discussed in the 
preceding paragraph. Very probably some of these 
bands are associated with vibrations localized in 
the neighborhood of the functional groups and are 
essentially similar to the bands of categories I and 
II . I t is notable, however, that some of these 
bands appear in the same spectral region of steroids 
containing different functional groups; thus, for 
example, many types of steroids exhibit absorption 
near 1170 cm. ~l and in the ranges 980-950 and 910-

890 cm. - 1 . These are the regions of strongest ab
sorption below 1350 cm. - 1 in the spectra of andros-
tane and etiocholane. They may be associated 
with vibrations that are characteristic of the ring 
system and persist in the spectra of the simpler 
mono- and disubstituted steroids because they 
arise from centers in the molecule that are remote 
from the positions of substitution with which we 
have been concerned in these papers, such as the 
angular methyl groups. The category III bands, 
together with other weak bands in the spectra of 
these compounds, are at present being examined 
from this point of view, and in a later paper we 
hope to discuss both their position and intensity in 
more detail. 
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Flue-cured Tobacco. III. Solanachromene and a-Tocopherol 

BY R. L. ROWLAND 

RECEIVED APRIL 7, 1958 

A high molecular weight phenol, solanachromene, has been isolated from aged flue-cured tobacco leaf in 0.05% of the dry 
weight of the leaf. Structural studies indicate that solanachromene is 2,7,8-trimethyl-6-hydroxy-2(4',8',12',16',20',24',-
28',32',36'-nonamethyl-3',7',ll ' ,15',19',23',27',31',35'-heptatriacontanonenyl)-l,2-benzopyran (V, Ri = R2 = CH3, R3 = 
H). a-Tocopherol was isolated from aged tobacco leaf in an amount 0.01-0.02% of the dry weight of the leaf. 

In a study of the ether-soluble compounds 
extracted from aged flue-cured tobacco, we have 
recently reported the isolation of solanesol1 and 
neophytadiene.2 We now wish to report the iso
lation of two phenol fractions, a-tocopherol and a 
high molecular weight unsaturated phenol to 
which we have given the name solanachromene. 

(1) R. L. Rowland, P. H. Latimer and J. A. Giles, T H I S JOURNAL, 78, 
4680 (1956). 

(2) R. L. Rowland, ibid., 79, 5007 (1957). 

Isolation of these two compounds was accomplished 
by repeated chromatography using silicic acid. 

Solanachromene, which constituted about 0.05% 
of the dry weight of the tobacco leaf, is a colorless 
oil which, after solidification at reduced tempera
ture, melted at 16-19°. The infrared absorption 
is shown in Fig. 1. Absorption at 3 M indicated the 
presence of a hydroxyl group, absorption at 6 /* 
indicated unconjugated double bonds of the type 
present in solanesol and absorption at 6.3 n sug-


