H662

R_Norman Jones, A, R, H. Corr anp B. Norin

Vol. 74

[CoNTRIRUTION FROM THE DIvisioN or Purr CneMIsSTRY oF THE NATIONAL RESEARCH COUNCIL oF CANADA]

The Characterization of Methyl and Methylene Groups in Steroids by Infrared
Spectrometry. II. Methyl and Methylene Bending Frequencies in Steroids Labeled
: with Deuterium!
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It has heen shown previously that the major absorption bands between 1350 and 1500 cm.~! in the infrared spectra of

steroids can be associated with the presence of specific methyl and methylene groups in the molecule.
prepared in which CH, and CHj; groups at selected positions have been replaced by CD; and CD; groups.

Steroids have been
1t is observed

that the ahsorption bands which have been assigned to specific methyl and methylene groups disappear when these groups
are deuterized but there are no other significant changes produced in this region of the spectrum. These effects are inter-
preted as confirming the assignment of these bands to C~H bending vibrations which are localized in the methyl and methyl-
ene groups in question and which exhibit negligible coupling with methyl and methylene groups at neighboring positions, or
with the skeletal vibrations of the ring system. The eflects of introducing deuterium on the absorption of steroids in other

regions of the infrared spectrum are also noted.

From a normal codrdinate vibration analysis of
frans-n-butane and other simple aliphatic lLivdro-
carbons it has been established® that the C-H
bending vibrations of methvl and methylene groups
nccur between 1350 and 1475 cm.~'. In the
preceding paper* all the prominent absorption
bands in this region of the spectra of steroids have
beent attributed to such methyl and methylene
group vibrations, and it has been assumed tacitly
that the bending vibrations of each methyl and
methylene group in the steroid molecule is inde-
pendent of the bending vibrations of similar neigh-
boring groups.

This hypothesis appears to fit the experimental
facts well, but such absence of coupling between the
C-H vibrations of adjacent groups was hardly to
be anticipated on the busis of molecular vibrational
theory. 1t was therefore considered advisable to
attempt to obtain more direct experimmental evi-
dence for the localization of these vibrations in
specific groups. This has been done by study of
the spectra of steroids in which the CH, and CH;
groups postulated to give rise to specific absorption
bands have been selectively deuterized.

Previous investigators have prepared steroids
enriched in deuteritin by catalytic exchange,™”
by direct reduction with deuterium on a platinum
catalyst® ! and by reduction of bromosteroids and
steroid ethylene mercaptols with deuterized Raney
iickel.!* These reactions were undertaken with
the object of introducing deuterium into tightly
bound positions to serve uas lahels in studies of
steroid metabolisim.

t1) Presented, in part, at a Symposinmn on tlie lufraresl Spectro-
scopy of Large Molecitles, Division of Physical and Tnorganic Clienis-
1iry, American Chemical Society, Boston, Mass., April drd, 1951,
Tublished as Contribimion No. 2858 from the Labwrainries of The Na-
1ivmal Research Council of Canada.

(23 National Research Council Pnstdoctorate Fellpw.

(3) Fpr a review and discussion af this subject see J. K. Brown, N.
Shieppard ansl 1), M. Simpson, Discusiions of the Fuimbny Sor, 9, 2061
(11150).

(4) R.N. Joues and A. R. H. Cole, THis JourNawr, T4, 5648 (11152).

i5) K. Bloch aud D. Ritienberg, J. Biol. Chem., 149, 505 (1943).

() H.S. Anker and K. Blpch, THis Jour~NaAL, 66, 1752 (1044,,

:7) D. K. Fukushima and T. V. Gallagher, J. Binl. Chem., in press.

{8) W. H. Pearlman, M. R. J. PPearlman and S. Elsey, THIs Jours
~NaL, 71, 4126 (1949).

{9) W. H. Pearlman and M. R. J. Pearlman, ibid., 72, 1,781 (1950).

(10) B. A. Koechlin, T. H. Kritclievsky and ‘I'. I*. Gallagler, J.
Biol. Chem., 184, 393 (1050).

(1) D, K. Fukusliima, S, Lieberman mul B Praerz, Trrs JoorNaL,
72, 5205 (1150).

In the work to be described in this paper deu-
ternnn atoms were introduced, for the most part,
at relatively labile positions either by specific
cheinical reactions or by enolization in alkaline
solution. When the spectra of the normal and
deuterized steroids were compared it was observed
that certain bands present in the spectra of the
normal steroids disappeared on deuteration. In
all cases the bands which disappeared were those
which had been assigned to vibrations localized in
the methyl or methylene groups which had been
specifically deuterized.

Experimental

The spectra were measured under conditions identical
with those described in the preceding publication.t The
methods employed for the preparation of the deuterized
compounds will be briefly noted in the course of the discus-
sion. Details of their preparation, and evidence of strue-
ture will be published elsewhere.!?

Results and Discussion

‘Steroid Acetates.—The effect of introducing
deuterium into the acetoxy group of steroid ace-
tates was selected for a preliminary study, in view
of the ease with which such compounds can be
prepared by acetylation of the steroid alcohol with
acetic anhydride-ds.

In the normal acetates!® the two strong bands
which occur near 1375 and 1365 cm.~! (bands L
and N)!3 have been attributed to vibrations of the
acetoxy methyl group. In Figs. 1 and 2 the spectra
of the normul and trideuteroacetates of cyclo-
hiexanol, androstanol-3e, androstanol-178 and preg-
nanol-20a are shown. In each case the spectrum
of the trideuteroacetate lacks the strong bands
near 1365 and 1373 em. ™! but otherwise resembles
the spectruin of the normal acetate very closely.
In Figs. |D and 2B the absorption bands assigned
to the two angular methyl groups (bands I and K)
are clearly observed in the spectra of the trideutero-
acetates and may be compared with the spectrum
of androstane in Fig. 1C of the preceding paper.

In the case of pregnanol-20a (Fig. 2C,D) the
angular methyl absorption bands are not resolved
(12) B. Nolin and R. N. Jones, Can. J. Chemistry, 80, 727 (1952).
(13) In this paper bands characteristic of specific methylene aut
methyl gronps will beslesignated Ly the letters A-O in accordance witlh
Table fl of (lie preceding paper. The word **normal’’ designates

sternisls o1 enriehed jn slenteriam and has no stereochemical implica-
tipn,
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Fig. l.—Infrared curves illustrating disappearance of bands L and N from the spectra of trideuteroacetates: A, cyclohexanol
acetate; B, cyclohexanol acetate-d;; C, androstanol-3a acetate; D, androstanol-3a acetate-d;.
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androstanol-178 acetate-d;; C, pregnanol-20a acetate: D,

pregnanol-20« acetate-d;.

in the spectrum of the trideuteroacetate since the
Cux methyl group is most probably contributing to
this absorption also, paralleling the behavior of
compounds containing the ~-CH,~CH; and -CH-
(OH)-CH; side chains.*

The spectra of the normal and trideuteroacetates
of several other steroid alcohols have also been
compared with similar results (Table I).

The Pregnanone-20 Side Chain.—In the spectra
of Ca-steroids containing a —CO-CHj side chain
there is a strong band at 1357 cm.~! (band O),
which has been assigned to the symmetrical bending
vibration of the Cs-methyl group, adjacent to the
carbonyl group.

This assignment has been confirmed by a com-
parison of the spectrum of AS-pregnenol-38-one-20
(I) and its normal acetate (II) with the spectra of
the deuterized derivatives ITI-VI.!4

(14) The Cerrds group was introduced by exchange of I with CH1OD
and NaOD in D;O and also by synthesis from AS-38-acetoxyetiocholenic

The spectra of comipounds I-VI are shown in Figs.
3A—4B, and the position of the band maxima are
analyzed in section C of Table I. A study of the
curves and table shows that the assignment of
band 0 to the CHsj group at C, is substantiated,
since it disappears in the derivatives in which this
group is deuterized (III, IV, VI), Bands L and N
are absent in the derivatives containing the tri-
deuteroacetate group at C; (V, VI) and the only
methyl absorption remaining in IIT and VI is the
band at 1387 cm.=! assigned to the absorption of
the angular methyl groups. In all the spectra the
methylene absorption bands above 1400 cm.-!
are not significantly affected by deuterium enrich-
ment.

These curves illustrate very effectively how, in
acid chloride and dimethylecadmium:.ds. 1ln I11 and VI the Ci»
hydrogen atom is also unavoidably deuterized in the course of the hy:

drolysis of the 3 acetate group but this has no effect on the infrared
absorption in the methyl~methylene bending region.
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COMPARISON OF INFRAREN SPECTRA 0F NURMAL AND DEUTERIUM ENRICNED STERUIDS HETWEEN 1330 axp 1300 Car !
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Bamlsh -
K

M N

Componnd* 2§ ! Other bands
A Acetales
Cyclohexanol acetate 1167 R 1478 1365 1434
Cyclohexanol acetate-d 1467 LE52 Abs, Abs 1434"
Aundrostanol-3e acetate 1474 1454, 1418 1385 LI7G 1376 1362 1434
Androstanol:3a acetate-d: 1474 1454, 1148 13585 137 Abs. Abs, 14347
Androstanol-33 acetate 1471 1452 1387 478 1378 L1:366
Androstanol-J8 acetate-s. 1474 IS 1387 1378 . b,
Aundrostanol: 178 acetate 1474, 1469 1432, 1441 138K 1380 1372 1360
Androstanol-178 acetate-is 1474, /469 2482, 144D .. 1388 . 1380 Abs. Abs. .
A% Cholestenol-38-acetate 1468 1153 11tl 1383 1375 137h 1875 1366 1368 /436
AS-Cholestenol-38 acetate-d: 1468 IBER 1141 1383 1878 1378 . 1368 . 1358%
Aé68.Cholestadienol-38 acetate 1470 15t 1147 137D 1870 13700 1869 1300 1361 1128¢
A6r8_Cholestadienol-33 ucetate-i» 1470 1154 1147 137 1379 13790 . 1366 . 14287
Iirgostanol-38 acetate LHGG 1453, 1118 138G 1378 1378 1378 U368 1362
Ergostanol-33.acetate-dy . L1466 1443, 1418 1387 1357 1376 . 1467 Abs.
A?% 5-Isoergostenol-3a acetate 1465 1400 1450 1380137y 13Y0 13T 1372 1365
A, 3. Isoergostenol-3a acetate-sls 1463 1403, 1450 1384 1870 13748 1372 Abs. L
Estrone acetate L1474, 1468 1456 1437 1408 1376 13687 14ud,7, 1422
Iistrone acetate-ds 1475, 1468 1456 1437 1408 1377 Abs. 1495, 1422
Avis Estratrienol-178 ucetate 1474 1D LT 1587 1372 1360 1485,/ 1461, 1417, 1352
Aw8 Estratrienol-178 acetate-ds 1474 L300 1487 1387 L. Jdbs. 14857 1461, 1417, 1352
. Kcetones
S s e e - Dhamsls - R e e B
A B 0 I I G IS 1 T K AL 0 Other bands
Androstanone-3 1472 1102, 1448 [RESEE-1 1386 1370 1364, 1353%
Androstanone-3-di-2,1 1172 1152, 1148 A b 1388 . 1379 .. 1364,% 134 7%
Cholestanone-3 [BE 1ils 1425, 141 1385 1477 1877 1368 1352
Cholestanone: 3-ds-2,4 @K 1444 R 138 LITT 1377 1308 11348%
A%l Trgostenone-3 1464 1455 1437 420 1420 1380 1380 1380 1369
A% 1k Ergostenone-3:de | 1464 1455 1438 Abs s 1482 1382 1382 1370 .. .
Cholestanone-7 1469 450 1133 1384 1384 1377 1368 . 356%
Cholestanone-7-cla-6{ ?1¢ 1469 1450 Albs . 1384 1384 1378 1368 .. 1356
Androstanone: 17 1470 1455, 1448 1410 1350 1374 .. . 1354%
Androstanone-17-dz-16 1470 1435, 1448 Jdbso 1389 1371 124"
C.  A%-Pregnenolone Derivatives
-— - s s s e Banls - - — e e e e
A [OR G 1 I IS 1. N [¥] Other bands
Aé-Pregnencl-33-one-20 (1; L17h L1t VA2 1137 thaT PNy 1350
A*-Pregnenol 38-ver 20-dg- 17,2
D 1470 P, LEas sy R TN Tt Ahs,
A% Pregnenol-38-pyne-20 acctate
[gEs] Li75, 169 S Pl 1387 . Ly 135 1350 1435"
Ad-Pregnenol-35-one-2t) acetate-
di (V) | 75, 1460 1153 14400 1387 LART dbs. by, Bt 14357 13717
As-Pregnenol: 33 one 20-74: 17,21
acetate (1V) 1472, 1464 1151 11l 1387 148T 1375 1367 Abrs. 1436¢
As-Pregnenol-38-one-20-d4- 17,21
acetate-ds (VI) 1472, 146 1153 1141 1387 1387 Abs. Abs. Abs. 1436,° 1370%

@ For sources of compounds see Table 1 of preceding puper (reference 4).
paper (reference 4); points of inflection are indicated in italics.
vibration. ¢ Phenolic acetate methyl group vibration.

b For band assigminents see Table II of preceding
¢ Probubly acetate group vibration. ¢ A%8-Diene group
7 Aromrmatic ring vibration. ¢ May contain some deuterium also

at Cs. ¥ Weak band.

the spectrum of II the four methyl groups at C,
Cus, Cu and in the acetoxy radical all undergo
characteristic bending vibrations in a narrow range
of frequency without exhibiting any effects of
mutual interaction (Fig. 4b).

3-Ketones and 7-Ketones.—The presernce of a
ketone group at C; is associated with absorption
near 1420 cin.~! in steroids in which there is mnethyl-
ene group at C, or C4, and this peak (band G)
has been attributed to the bending vibration of the
a-methylene groups perturbed from 1450 cni. !,
the normal position in a six-inembered ring, by the
effect of the carbonyl group.

The spectra of cholestanone-3 and androstanone-
5 oare cottipared in Figs. 4CD and 6 with the curves

of the compounds deuterized at C, aud C; by ex-
change with CH;0D and D,O in alkaline solution.
Both deuterized compounds lack the band at 1420
cnt.! and a similar result has been observed also
for AS:!*-ergostenone-3 (Table I).!"

In 7-ketones there is a peak at 1433 cm.™!
(band F) which disappears in the spectrum of
cholestanone-7 after exchange with CH;0D and

(15} 1t has been observed in the preceding communication that
the 1420 cin. ~! band in 3-ketones exhibits an asymmetry on the high
frequeency side, and this has been tentatively attributed iy a sliffer-
cice between the frequencies of the bending vibrations of the methyl-
ene groups at Cs amsl Cso. Since these deaterized Ci-ketones ormtained
WS alearerinm atomis per mple fsce reference 7) botl methylene
proups must be exchanged and the spmplpts disappearance »f this tund
i i geent b wich i faterprstotion
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Fig. 3A.—AS-pregnenol-38-one-20; B, AS-pregnenol-38-one-20-d4-17,21;

pregnenol-38-one-20-d;-21 acetate.

C, A’-pregnenol-38-one-20 acetate; D, Ad-

Curves B and D illustrate disappearance of band O on introduction of Cy-d; group.
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Fig. 4—A, A%-Preguenol-33-one-20 acetate-ds;

B, Ab-pregnenol-38-one-20-d:-17,21 acetate-ds.
illustrate disappearance of bands L, N and O on deuteration simultaneously at Cy and in the acetate group:

Figures 4A and 4B
C, cholestan-

one-3; D, cholestanone: 3-d.-2,4, illustrating disappearance of band G on deuteration at C; and Cs.

D,0 in alkaline solution (Fig. 5AB), in accord with
the assignment of this band to a bending vibration
of the Cg-methylene group.

17-Ketones.—The 17-ketone provides perhaps
the most striking exainple of the effect of deuterium
exchange in alkaline solution on the infrared spectra
of ketosteroids. In the normal compounds the
peak at 1410 cm.~! (band H) is assigned to the
Cie-methylene group. The spectrum of andro-
stanone-17-dy-16 lacks this band completely, al-
though, as shown in Fig. 5CD, the remainder of
the spectrum in the methyl-methylene bending
region is superiimposable on that of the normal
compound,

Effects of Deuteration on Other Regions of the
Spectrum

The infrared spectra of the deuterized steroids
discussed in this paper have been measured over

the whole frequency range from 3700 to 650 cm. !,
A detailed discussion of these spectra will be
deferred but certain features of interest may be
noted.

C-D Stretching Bands.—Absorption associated
with the C-D stretching vibrations occurs between
2100 and 2300 cm.—! and this region of the spec-
trum has been used to identify metabolites of
deuterium labeled steroids.!®* The positions of the
absorption bands are given in Table II, and a
typical example (androstanone-3-d,-2,4) is shown in
Fig. 6. The apparent molecular extinction co-
efficients!” are only approximate values, but serve
to indicate the order of the intensity of these

(16) K. Dpbriner, T. H. Kritchevsky, D. F, Fukushima, S. Lieber:
man, T. F. Gallagher, J. D. Hardy, R. N. Jones and G. Cilento,
Science, 109, 260 (1949).

(17) R. N. Jones, D. A. Ramsay, D. 8. Keir and K. Dpbriner, This
JournaL, T4, 80 (1952).



5606
(I;H; CI,
, i
Cco Co
Q[{L__H CU"‘---H
N NN
i i . ] :
CH, | L____l CH| ﬁml
. ./\I/ ./\"/\,/
e i LY
HO/& N CH o0 VY
i
(l,‘l)g Chy
| i
CcO COy
CH;| Clyy!
/,\‘7 3 i) PANraN 11
|
ClI, ‘ l Clly) }I
NN SN
e o
A ClL-Co.07 VY
11 v
(I:I[a (-i:l)a
Co co
CHif g Cl| __,
¢ 4 /\l
il Clb L
A

) A
}/ N hv

Cly-co0” VN ChyCOo07 N
v Vi
Fig. 3.

bands. The data suggest that bands at 2215 and
2140 cm.~! are assoctated with CD; groups ad-
jacent to carbonyl groups$ at C; or Cy;, and bands
at 2255 and 2220 cm.~! to the Cy—CDj group next
to the Cy-ketone. The Cs-ketones possess an addi-
tional band at 2105 can.—!, In these compounds
the deuterimm enriclhiment corresponds to about
009, of the theoretical, based on the proposed
structures'? and the possibility that some of the
absorption in this region is due to C-D stretching
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Tasre II
C-D STRETCHING VIBRATIONS IN DEUTERIUM INRICHED
STEROIDS
~—Bands——
App.
molec.¢
Position extinc.
Compound® cm, "1 eoeff.
Androstanone-3-d42,4 2215 14.5
2145 8.5
2105 8.5
Cliolestanone-3-d4-2,4 2215 15.0
2145 9.0
2105 9.0
A% [irgostenone-3-d¢-2 .4 2215 13.0
2145 7.5
2105 7.5
Cholestanone-7-dy-6 2220
2120 .
Androstanone-17-ds-16 2215 4.0
2140 3.1
AS-Preguanol-38-one-20 acctate 2260° 1.5
2145° 3.0
Ab-Pregilanol-38-one-20 acetate-d; 2275 4.0
2235 3.0
2145" 3.0
AS-Pregnanol-38-one-20-d;-21 acetate 2255 9.0
2220 5.5
A%-Dregnanol-38-one-20-d-17,21 acetate-ds 2255 9.5
2220 6.0

carbon tetrachloride solution.
¢ Sce refercnce

* All easurements in
b Attributed to acetate overtone vibration.

vibrations in CHD groups cannot be entirely
discounted.

In the acetoxy-d; group the C-D stretching bands
are exceptionally weak, with apparent molecular
extinction coefficients of between 3 and 4. Ace-
tates show overtone absorption bands in this region
with apparent extinction coefficients of about 2
and when superimposed on this absorption the CD;
stretching bands are hardly to be distinguished.
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Iig. 6.—Curves illustrating disappearance of band F on deuteration of 7-ketosteroid at Cg and disappearance of band H on

deuteration of 17-kctosteroid at Cs: A, cholestanone7;
17 -do- 10

B, cholestitunie-7ds-0;

C, audrostanone-17; D, androstanone-
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Fig. 6.—8pectra of androstanone-3 (—) and androstanone-3-d«2,4 (----- ) between 1300 and 3400 cm.~!. CakF, prism;

carbon tetrachloride solution; 1 mm. cell,

Francis,!® in a systematic study of the intensities
of C-H stretching vibrations has noted the weak-
ness of the acetoxy CH; group, and this observa-
tion is in agreement with the above results for the
deuterized acetoxy group.

C=0 Stretching Bands.—As might be antici-
pated, with the increase in mass resulting from deu-
teration of the a-methylene or methyl group, small

TABLE III
C=0 STRETCHING VIBRATIONS IN DEUTERIUM ENRICHED
STEROIDS
All measurements in carbon tetrachloride solution
C=0 band
;_:osnxons
in corre-
sponding
C==0 band normal
positions, steroid,
Compound cm, -1 cm, !
Androstanone-3-d4-2,4 1711 1714
Cholestanone-3-ds-2,4 1712 1715
A% 14-Ergostenone-3-ds-2,4 1714 1716
Cholestanone-7-ds-6 1707 1709
Androstanone-17-d.-16 1741 1743
A%-Pregnanol-38-one-20-d4-17,21 1701 1705
AS-Pregnenol-38-one-20 acetate-d; 1730, 1706 1734, 1706
Ab-Pregnenol-38-one-20-d-17,21
acetate 1732,1702 1734,1706
AS-Pregnenol-38-one-20-d4-17,21
acetate-d; 1732,1702 1734, 1706
Cyclohexanol dcetate 1728 1732
Androstanol-3a acetate-d; 1731 1734
Androstanol-33 acetate-d; 1727 1732
Androstanol-173 acetate-ds 1732 1734
A%-Cholestenol-38 acetate-ds 1729 1732
A%8_Cholestadienol-33 acetate-d; 1734 1735
Ergostanol-33 acetate-ds 1730 1733
A?2.5-Isoergostenol-33 acetate-d, 1732 1735
AS79_Estratrienol-178 acetate-d; 1735 1738

1764, 1745 1768, 1745

(18) S. A, Francis, J. Chem. Phys., 19, 942 (1951).

Estrone acetate-d,

changes can be detected in the position of the maxi-
mum of the carbonyl stretching band (Table III).

In both the deuterized ketones and the trideu-
teroacetates the C=O0O band is displaced to lower
frequency by 1-5 em.~!.  Although small, such dis-
placements are quite significant since the peak
frequencies can be measured with a reproducibility
of better than 1 cm.~! with a calcium fluoride prism.

Absorption Below 1350 cm.—!—At lower fre-
querncies the steroid spectra are changed very
considerably by the introduction of deuterium,
This region is at present being subject to a system-
atic study: the curve of androstanone-3, shown in
Fig. 7, serves to illustrate the comiplexity of the
effects produced. In the trideuteroacetates the
strong band near 1250 cm.—!, attributed to a C-O
stretching vibration, is displaced by about 12 cm.—!
to higher frequency. This is in line with the
general observation that factors which displace the
C=0 stretching bands of acetates to lower fre-
quencies tend to displace the C-O band in the op-
posite direction.

Methyl and Methylene Group Frequencies in
Other Types of Organic Compounds

In view of their great variety, the steroids provide
an exceptionally favorable group of compounds with
which to evaluate the factors limiting the specificity
of group vibrations, but it is self-evident that such
correlations must, under appropriate -circum-
stances be capable of generalization to other classes
of organic compounds. Insofar as the methyl-
methylene region is concerned this is clearly demon-
strated by the work of other investigators, particu-
larly by qualitative® and quantitative!® studies
of the spectra of simple esters and ketones. The
manner in which the spectra of 8-methylhydrinda-
none-1 and 9-methyldecalone-1 tie in with the
steroid correlations may also be noted.*

(19) H, W, Thompson and P. Torkington, J., Chem. Snuc., 640
(1945).



5668 K. NorMaN Jones, A, R. H. Core aNp B, NoLIN Vol 74
! ' [ ’ l ! I ' I ‘ I ! I

80— —
z . i _
o H
-
& 60—
< —]
72}
©
L= - -
= N

- H

u 40 —
x
w
o -

20—

| ] | ! J I [ I | 1 |
1300 1200 1100 1000 900 800 700
WAVE NUMBER CM. ',
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‘[he use of the deuterium labeling technique for
distinguishing methyl and methylene group vibra-
tions is being extended to simpler compounds.
From a study of the spectra of selectively deuter-
ized diethyl ketones (VII-X) it has been possible
to identify absorption at 1415 em.~! with the a-
methylene group, and absorption at 1380 cm.~!

VII, CH; CH,-CO-CH, CH;
VI, CH-CD.-CO-CDy-CH;
1IN, CD:CH.-CO-CH, CDs
N, CDy-CDCO-CD,-CDy

with the methyl group, paralleling exactly the be-
havior of similarly located groups in steroids. In
diethyl ketone, however, there is a band at 1462
cm. ~lidentified with the methyl groups, and a band
at 1357 cm. ! identified with the methylene group.
It imust therefore be emphasized that although there
muy be good reasous to anticipate that characteris-
tic group frequencies of general application may
ultiiately be established for this region of the spec-
trun, circunspection must be exercised in extend-
g to other classes of compounds the correlations
established in these papers for steroids; particu-
larly must this be so where widely different ratios of
methyl to methyletic groups in the molecule ure
encountered, and where elements other than oxy-
gen, livdrogen and carbon are present.

In more recent studies of the spectra of both
steroids and simpler compounds greater attention
is being given to the accurate control of sample con-
centration, cell thickness and effective slit width, so
that the curves may be computed as apparent mo-
lecular extinction coeflicients. This makes possible
a more rigorous interpretation of the absorption,
especially in regions such as the A, B, C, C’ and
I, J, K, band groups where, because of overlapping
absorption, the assignment of bands to individual

methyl and methylene groups must be somewhat
arbitrary when based solely on the positions of the
maxima and a rough comparison of relative band
intensities.

Lord® has observed that caution must be exer-
cized in the comparison of the infrared spectra of
normal and deuterized organic compounds, as the
lowering of the C-H stretching and bending fre-
quericies which occur on deuterations may cause
changes in coupling with skeletal and other vibra-
tions, leading to changes in the spectra which can-
not be related in a simple fushion to the C--H bond
directly involved.

In the work discussed in this paper complica-
tions of this kind are improbable, since the interpre-
tations are based solely on the disappearance of C-H
vibrations and not on the assignment of new bands in
the deuterized compounds to CD; or CD; groups.
Furthermore, it is unlikely that any fundamental
C—C skeletal vibratious occur at frequencies suffi-
ciently high to interfere in thisregion of the spectruin.
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