5648

The ketonic fraction (4 g., 409,) was shown to be 2-keto-
bicyclo-(2,2,1)-heptane (VI) by its conversion into the 2 4-
dinitrophenylhydrazone of VI; m.p. and mixed m.p. with
an authentic sample was 130-131°.

The tertiary amine VII (3 g., 279, yield) was distilled;
b.p. 165-180°.

Anal. Caled. for C,H,N: C, 77.71; H, 12.2.
C,78.21; H, 12.3.

The methiodide of this amine melted at 292° with decom-
position. The identity of this product to that obtained by
the reduction of III has already been noted. -

The Hofmann Degradation of the Methiodide of endo-5-
Dimethylaminobicyclo-(2,2,1)-heptene-2 (III).—A solution
of the methiodide (5.4 g.) in 100 ml. of 159, potassium hy-
droxide was distilled in an atmosphere of nitrogen. The
exhaust gases were passed through a solution of picric acid.
Decomposition occurred when about 85 ml. of water had
distilled; however, no trimethylamine was formed. The
picrate of the product melted at 190-194° (dec.) and a mixed
nielting point of this picrate with an authentic sample of
the picrate of endo-5-dimethylaminobicyclo-(2,2,1)-heptene-
2(111), m.p. 190-195° (dec. ), was 190-194°.

A solution of the methiodide (21 g.) in methanol (300 1ul.)
was treated with silver oxide (9.25 g.), and the solution of
methohydroxide was distilled at atmospheric pressure. The
residue decomposed at 100-180°; however, no trimethyl-
amine was observed. The product was III.

Methylation of d-dimethyl-(8-phenylisopropyl)-amine
(X) with formaldehyde and formic acid gave d-dimethyl-( 8-
plenylisopropyl)-amine (XI), b.p. 68~72° (2.5 mm.), 669,
yield, [a]%Dp +5.11° (absolute ethanol).

Anal. Caled. for CpHpN: C, 80.92; H, 10.50; X,
8.58. Found: C, 81.06; H, 10.59; N, 8.78.

Conversion of XI to XII was effected by reaction of XI with
methyliodide in ether. The product wasrecrystallized from
ethanol; m.p. 196-197°, [a]%®p —4.81° (distilled H,0).

Found:

R. NorMaAN JoNES aAND A, R. H. CoLg

Vol. 74

Anal. Caled. for Ci2HyNI: C, 47.2; H, 6.56. Found:
C,47.6; H, 6.98.

Methylation of d-(5-Phenylisopropyl)-amine with Methyl
Iodide.—A mixture of 250 ml. of water, 25 g. of sodium car-
bonate, 11.2 g. of X and 30 g. of methyl iodide was heated
at the reflux temperature for nine hours. The reaction mix-
ture was cooled and the crystals filtered, washed with ether,
and dried. The product weighed 18.2 g. (729, yield) and
was the methiodide of XI. A sample of the product was
recrystallized from ethanol. The m.p. and mixed m.p.
with the product described in the preceding experiment
was 196-197°; [«]%Dp —4.83° (distilled H,O).

The decomposition of bicyclo-(2,2,1)-2-heptene-5 acetate?
was carried out by allowing the ester to pass (25 g./hr.)
through a hot tube (580°) in an atmosphere of nitrogen. A
material balaunce was not obtained; however, the following
products were isolated: (a) acetylene (in exhaust gas), (b)
acetic acid, (c) cyclopentadiene (m.p. and mixed m.p. of
dibromo derivative® was 45-46°) and (d) vinyl acetate.

The Decomposition of the Methyl Xanthogenate of ¢ndo-
5-Hydroxybicyclo-(2,2,1)-heptene-2 (XIIb).—The  crude
xanthogenate® (b.p. 120-126° (10 1inm.)) was decoinposed
at 250° in an atmosphere of nitrogenn. A small amount of
volatile oil {ca. 59%) boiling at 40-70° was obtained. This
product reacted with phenylazide in ether to give a crystal-
line product (dec. 200°) which was insoluble in ether, ben-
zene, alcohol and chloroform. The light tan ncedles were
washed with alcohol and ether.

Anal. Caled. for C,sHis04: C, 69.08; H, 5.49. Found:
C. 69.03; H, 5.81.

(7) K. Alder and H. Rickert  ¢bid. 543, 15 (193Y).
(8) E. Farmer and W. Scott, J. Chem. Soc., 177 (1929).
19) Whitmore aud Simpson, THIS JournaL, 55, 3809 (1133).
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The Characterization of Methyl and Methylene Groups in Steroids by Infrared
Spectrometry. I. Correlations of Bending Frequencies with Molecular Structure!

By R. NorMAN JonNEs aND A. R. H. CoLg?
RECEIVED ApRIL 11, 1952

The major absorption bands between 1350 and 1500 cm.~! in the spectra of steroids can be assigned to vibrations of
methyl and methylene groups in the molecule. These vibrations appear to be localized in individual methyl and methylene
groups, and the following correlations between molccular structure and infrared spectra have been established for this region
of the spectruin. (a) The cyclic methylene groups of the steroid ring system absorb at a different frequency from the linear
niethylene groups in the side chain. (b) Methylene groups adjacent to carbonyl groups and to ethylenic linkages absorb
at characteristic positions. In steroids containing the group ~CH,~CO- the frequency of the a-methylene bending vibra-
tions is determined by the location of the carbonyl group and serves to supplement the C=O0 stretching frequency for the
characterization of the carbonyl position. (c) The angular methyl groups, the terminal side chain methyl groups, and the
niethyl group in the acetoxy radical of steroid acetates, absorb at different positions and can be distinguished. The band
positions associated with these various types of methyl and methylene groups are listed in tables, and examples are given

to illustrate the application of these correlations to the elucidation of molecular structure.

The infrared absorption bands of large organic
molecules may be classified into three principal
types; (i) a relatively small number of bands due
to stretching vibrations of specific groups, notably
0O-H, C-H, C=0, and C=C in the higher fre-
quency region (1575-3650 cm.™!); (ii) C-H bend-
ing bands of methyl and methylene groups be-
tween 1350 and 1500 cm.™!; (iii) a complicated
pattern of overlapping bands due to skeletal stretch-
ing vibrations and C-H deformation vibrations
below 1350 cm.~!. The latter absorption is most
sensible to small changes in molecular structure and

(1) Presented, in part, at a Symposium on Molecular Spectroscopy
held at the Ohio State University, Columbus, Ohio, June, 1950,
and published as Contribution No. 2857 from thc Laboratories of The
National Research Council of Canada.

{Z) National Research” Council Postdoctorate Fellow.

has been aptly described as the “fingerprint” region.

An extensive study of the bands due to specific
O-H, C=0 and C==C stretching vibrations in
steroids has enabled a set of correlations to be es-
tablished between band position and molecular
structure,®—% and these correlations have proved
useful in determining the structure of newly iso-
lated steroids.

From studies of the infrared spectra of simple ali-

(3) R. N. Jones and K. Dobriner, Viiamins and Hormones, T, 293
(1949).

(4) R. N. Jones, P, Humphries, . Packuard and K. Dobriner, THis
Jourwan, T1, 241 (1949).

(37 R. N. Jones, I'. Humnplries and K. Dobriner, ibid., T2, 956
{1950).

(6) V. Bladon, J. M. FPabian, H. B. Henbest, H. P. Koch and G. W.
Waoaod, J. Chem, Soc., 2402 {1051,



Compound®

Cyclohexane
Methylcyclohexatie
Methylcyclopeutane
Androstane
Etiocholane*
Allopregnane*
Pregnane
Cholestane
Ergostane

Cyclohexene
A5-Cholestene
A8 Ergostene*
Al'-Ergostene
A?2-Ergostene

Estranol-178
Androstanol-3a
Androstanol-38
Pregnanol-20«
Ergostanol-38
AS-Androstenol-38
A5-Cholestenol-38
A87-Cholestadienol-38
A8-8-Cholestadienol-38
A8-5-Methyl-19-norcholestene-
diol-38-6 (Westphalen’s diol)
A3-Ergostenol-38
A% 4. Ergostenol-38
Al4_Ergostenol-38
A?2-5-Tsoergostenol-3a
B-Sitosterol (AS-Stigmastenol)
A?2-Stigmastenol-38
A?2.5-Tsostigmastenol-3a
a-Spinasterol
(A™22-stigmastadienol-38)
Fucosterol
Lumisterol,*
Vitamin D,*
Vitamin D;

Sourceb

19
19
19
19

2
11

11
11
11

2

20
20
15
11
20

RO D = DN DO DD Do

[\

22
11
14

TaABLE I
ABSORPTION MAXIMA BETWEEN 1350 aND 1500 CM.~! 1N THE SPECTRA OF STEROIDS AND CYCLOHEXANE ANALOGS IN CARBON TETRACHLORIDE SOLUTION

A

1472, 1466
1466
1468

1471, 1464

1471, 1466
1473
1474, 1466
1475, 1466

1472

1471

B

1469
1466

1469
1469
1466
Abs.

1466
1468
1469
1469

1468
1465
1469
1466
Abs.
1468
1463
1464

1463
1467

1470

ce

1451
1456, 1449
1462, 1453
1453, 1448

1452

1451

1451
1454, 1448

1448

1449

1446

1455
1457, 1449
1459, 1448

1455, 1448
1452, 1448
1452
1451
1448
1457
1448
1462, 1450
1456

1460
1455
1454
1456, 1450
1456, 1451
1446
1452, 1448
1451

1455, 1447
1448
1460
1462
1462

D

I

E ¥
Hydrocarbons
1384
1378
1386
1377
1385
.. 1386
1439 ..
1438 1384
1440 1385
Abs. 1386
Abs. 1384
II. Alcohols
Abs.
1383
1385
1378
- 1386
1440 1380
1438 1383
1434 1385
1444 1384
1444 1382
1436 1385
1438 1384
Abs. 1381
Abs. 1386
1438 1385
Abs. 1386
Abs. 1385
1436 1383
1438 1381
1440 1382
1445 1378
1442 1378

Absorl)tion.bands (See Tabel 11)
G H 1 J

1379
1382

1381
1378
1380
1384

1381
1383
1379
1378

1382
1378
1378
1381
1378
1379
1380
1377

1383
1377
1374
1378
1378

1376
1376
1378
1378
1378
1377
1379

1377

1376
1375
1380
1374

1378
1378
1378
1378
1377
1380
1376
1379
1378

1382
1378
1378
1381
1372
1375
1380
1377

1383
1377
1374
1378
1378

L

M

1367
1368

1368
1368
1369
1370

1368
1368
1369
1367

1367
1368
1367
1369
1368
1369
1370
1369

1368
1365
1368
1368
1368

N

(o}

Other bands

1363"
1350”
1354°
1358°
1366"
1357%
1354°
1358°
13647, 1355°

13967
1432,™ 13707

1428™°

1428,” 1360"

1422™
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Compound?

Cyclohexanol acetate
Androstanol-3a acetate
Androstanol-38 acetate
Androstanol-178 acetate

Androstanediol-3a,178-diacetate

Pregnanetriol-3a.12a-203
monoacetate-12
Pregnanol-20« acetate
Pregnanetriol-3a,124,203-
diacetate-3,12
Pregnanetriol-3a.12a,203-
diacetate-3,20
Pregnanetriol-3a,124,203
triacetate
Cholestanol-38 acetate™
Ergostanol-38 acetate
Stigmastanol-38 acetate
(fucostanol acetate)
AS-Androstenediol-33,173-
acetate-17
A5-Cholestenol-38 acetate
As8_-Cholestadienol-38 acetate
Zymosterol acetate
A”-Ergostenol-38 acetate
A% 14.Ergostenol-38 acetate
AM-Ergostenol-38 acetate
A22-5-Isoergostenol-3a acetate
Lumisterol, acetate™®
a-Spinasterol acetate
Fucosterol acetate

All-3a-Hydroxybisnorcholenic
acid methyl ester

AlL3q-Hydroxynorcholenic acid

methyl ester
Alt-3a-Hydroxycholenic acid

methyl ester
AS_-Cholestenol-38 formate
Cholestanol-38 acetoacetate
Ab-Cholestenol-38 acetoacetate

Sourceb

16

16. 23

23

TABLE I (Continued)

A

1467
1474
1474
1472, 1469
1475

1464
1471, 1464

1468
1468

1468

1470

1485

4

1468
1466

1467

1468
1470
1468
1468
1465
1466

1462
1468

1468
1468
14638

c,c’

1452
1454, 1448
1452
1449
1455

1451
1432, 1447

1452
1450

1450
1452
1453, 1448

1453, 1448

1455
1455
1454
1453, 1446
1450
1452
1456, 1450
1455, 1450
1458
1448
1458, 1446

1454
1455, 1450
1455
1458

1450
1448

D E F
III. Acetates

1442
1441
1435
1435°
1436
Abs.

Abs.
1440

>
1442
IV. Other Esters
1433

1438

1438

Absorption bands (Sce Talle 11
G H 1 J

1385
1387
1388
1385

1375
1378

1382
1378

1382
1382
1386

1386

1388
1383
1379
1378
1378
1380
1386
1384
1382
1384
1381

1375
1380
1375
1382

1385
1382

1382
1378

1379

1382
1376
1382

1376
1378
1380
1380

1375
1378

1378

1376
1382
1378

1375
1375
1379
1378
1378
1380
1378
1379

1374

1377
1375

1375
1375
1375
1382

1376
1382

1379
1376
1378
1372
1373

1375
1374

1376

1370

1376
1382
1378

1379

1375
1375
1369
1373
1378
1380
1378
1379
1374
1377
1375

M

1367
1367

1368

1366
1369
1365
1368
1370
1372
1374

1366
1366

1368
1365
1368

1365
1362
1366
1360
1369

1370
1365

1365

1365
1367
1360

1362

1365
1366
1361
1361
1365
1368
1365
1363
1362
1366
1366

Other bands

1434"*
1433™-*
1428"
1433*

1430, 1402
1440
1434

1428*

1436, 13577
1447™ 1428™-°

1418

1460°, 1394°
13657
1460,° 1393°
1365, 13557
1460°, 1393°
13657

1417™9
1412m™.¢
1359

0899
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Compound®
B-Sitosterol acetoacetate
A%?2-Stigmastadienol-38

acetoacetate

8-Methyl-trans-hydrindanone-1
8-Methyl-css-hydrindanone-1
9-Methyl-cis-decalone-1
Androstanone-3
Androstanol-178-one-3
Etiocholanol-178-one-3
Cholestanone-3
2,2-Dibromocholestanone-3*
Coprostanone-3
Cholestanone-4
3-Bromocholestanone-6
i-Cholestanone-6

Pregnanone-7*
Cholestanone-7

Pregnanone-12*

Androstanone-17
Androstanol-3a-one-17
Androstanol-38-one-17
Etiocholanol-3a-one-17
Etiocholanol-38-one-17
i-Androstanol-6-one-17

Pregnanol-3a-one-20

A*-Androstenone-3*
A*-Androstenol-178-one-3*
(Testosterone)
A4-17-Methylandrostcuol-178-
one-3*
A*-17-Vinylandrostenol-178-
one-3*
At-2-Bromocholestanone-3*
A%6-Cholestadiene-one-3*
A8-14_Ergostenone-3
A?2.Ergostenone-3
A”22_Ergostadiene-one-3
Av22_Ergostadiene-one-3

Sourceb

1
1

13
13
13

20
20

11

17
10
10

19
11

19
20

20

ENES N

20
12,20
20

20

NN

TABLE 1 (Continued)

1468
1462
1460

1472
1473

1464
1464
1470
1470
1470
1472

1479
1474

1472
1472

1470
1468

1472

1468

B
1467
1466

1469
1470
1469
1468
1468
1470

1469

1468
1470
1464

c,e
1450
1450

B
?
1345

¥

V. Monoketoics and Hydroxyketones

1454
1446
1450

1452, 1448
1454, 1449
1455, 1448
1448
1449
1456, 1447
1455, 1446
1446
1464, 1454

1454
1450
1452
1455, 1448
1455, 1448
1454
1454
1454, 1450
1456

1452

1455
1454
1452

1454
1453
1450
1453
1460, 1450
1460
1456

1440
1438
1438

1438
1440
Abs.
1437
Abs.
1438

14287

1430
1428
1437

1433
1434

1425, 1418
1426, 1420
1422
1425, 1419
1426
1424

1423
1422
1422

1420
Abs.
1420
1424, 1420
1422
1425, 1420
1426, 1420

1406°
1408°

1410
1409
1409
1409
1408
1408

Absorption bands (See Table 11)
G H I J

1386
1385

13787
1386
1382
1378
1385
1384
1384
1384
1388
1385

1380
1384
1379
1380
1385
1385
1384
1385
1376

1386
1380

1378
1377

1380
1386
1382
1384
1386
1380
1383

1378
1379

1377
1378
1380
1384
1382
1377

1384

1378
1382
1380
1374
1374
1383

K

1378
1379

1372°¢
1372°
1379
1382
1378
1377
1378
1380
1378
1374
1377

1380
1377
1379
1374
1372
1375
1374
1375
1376

1378
1380

1378
1377

1380
1378
1382
1380
1374
1374
1372

1368
1368

1368
1368
1368
1368
1367
1368

1368

1368
1368
1369
1374
1374
1372

O

Other bands

. 1415™7 1360**

1358

1415™¢
1360"*

13647, 1353°
1395°

1352°
1355™
1487°
1433™*
1412™-*

1392°
1356”

1365°
1434°
1445

1436™ F
1404™F
1420%

1355™

1353™

1352™
1356,™ 1350™
1354°

1355

1358"
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Compound* Souree®
A*Audrostetione-17* 15
A%-Androstenol-38-one-17 20

A*-Pregnenol-38-one-20
A%-16,17-Methylenepreguenol-
38-one-20

Androstanedione-3,17
I¢tiocholanedione-3,17

17-Methyl-p-homoandrostancirione-

(““Uranetrione”)
Allopregnanedion¢-3,20
Pregnanedione-3,20
Pregnanol-3a-dione-11,20*
Pregnanetrione-3,11,20
Cholestanedione-3,7
Af-Androstenedione-3,17*
Al-Androstenedione-3,17
A%t Androstadienedione-3,17
A'-19-Norandrostenedione 3,17
At-Pregnenedione-3,20

( Progesterone)

A+ 19-Norpreguenediotie-3,20

Androstanol-3e-onc-17 accrate

2 9 Dibroinoandrostanol -1 78-on¢
3 acetate

2 [odo-4-bromoandrostanal-173-
vne-3 acetate

Allopregnanol-38-one-20 acctarc®

Pregnanol-38-one-20 acetate

I'regnanediol-3e,17 a-one-20-
formate-3

Pregnanediol-38,17 a-oite-2()-
dcctate-3

Allopregnanediol-38,17 a-one-2(1-
acetate-3

VPregnanediol-38,21-one-20-
acetate-21

9 4-Dibromo-3-ketoetioallocliolanic
acid methyl ester

3a,9a-Epoxy-11-ketonorcholanic
acid methyl ester

3

12 1475, 1464

,14_11

-
B TR el Y

—
pieg

g 12
oo el

—
[N )

1473
1472

1465

1472
1470
1470
1475
1472
1475
1475
1474
1472
1470
1472

1475
1475

1473
1470
1472
1474
1474
1467
1474
1470

1476

B

1467

e

1

TaBLE | (Continued )

c.Cr 8] ¥

1457, 1449 1438 1408 1382
1456 1438 1408 1386
1452 1437 1387
1455 . 1437 .. .. . 1378
V1. Di-oand Polyketones und Ilvdroxyketones

1454, 1448 1425,1418 1409 1386
1456 1422 1400 1380
1454 1430 1420 138%
1450 1422 1387
1451 .. 1425 1386
1454 1435 . 1390

1461, 1450 1433 1420 1390 ..
1455 1438 1422 . 1384 1377
{452 A4bs. 1415 1409 1378
1454 1436 1422 1408 1376
1456 1445 Abs. 1404 1374
1454 1432 1422 1409 1375
1454 1438 1423 1387
1452 1432 1422 1387

Vi1, Ketoesiers

1434 1400 1387
1449 1424 1392

1454, 1449 Abs. 1392
1450 1385
1450 138G
1452 1385

1434, 1156 1383
1450 1386
1452 1386
1452 1438 .. Abs 1384

11588, 1430 1438 1426 1387

- Absorption bands (Sce Table 11;--
H H 1 L]

K
1376
1374
1376

1378

1376
1374

1378
1387
1380
1378
1380
1377
1378
1376
1374
Abs.

1377
Abs.

I

1378

1372

M

1367

N

1365
1362
1362

1365
13345

1365

1365

omys

136617

1357
1358
1358
1358

1359
1347

1358

1357

1357

1357

Ocher band-

1392’

1362

1436°

1398™

1355™

13587

14374¢

1437

1437
14377ﬂ_1:
14427, 1412

1358™7
14687, 1338™"

acoHe
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TasLe 1 (Continued)

- e ——Absorption bands (See Table {1}— - — - — -
G H i J

Compound® Source® A B C,C’ D E F K 1. M N (o] Other bands

Ja,%9a-Epoxy-11-ketocholanic 23 S e 1458, 1452 1438 .. 1426 .. .. 1387 .. 1376 .. .. .. . 1468°, 1358°7

acid methyl ester
AS-Androsteol-38-one-17 acetate 15 1468 .. 1453 .. 1439 .. .. 1408 1382 .. 1372 1372 .. 1363
Ad-Androstenol-38-one-17

acetoacetate 1 1470 .. 1454, 1450 .. 1442 .. .. 1410 1376 .. 1576 .. .. .. .. 14157, 1358*
Al-3-Kctoetioallocholenic acid

methyl ester (¢ 1472 .. 1452 1438 .. .. 1418 - 1384 .. 1374 .. .. . .. 13587
Ari-3-Ketoetioallocholadienic

acid methyl ester 6 1472 .. 1454 1440 1440 .. Abs. .. 1386 .. 1372 .. .. .. .. 1403, 13587
A*-2-Bromo-3-ketoctioallocholenic

acid methyl ester 6 1468 .- 1455 1440 1440 .. Abs. .. 1386 .. 1378 .. .. .. .. 13587
A%-Pregnenol-38-one-20 acetate 20° 1472, 1469 .. 1453 .. 1441 .. .. .. 1387 .. 1376 1376 - 1366 1359  1436G*
A*-Pregnenol-21-dione-3,20 acetate

(Desoxycorticosterone acetate) 20 1473 .. 1452 .. 1437 .. 1422 .. 1388 .. 1374 1374 .. .. Abs. 1415°
A4-2-Carbomethoxycholestenone-3 10 .. 1468 1450 1438 1438 .. Abs. .. 1382 1378 1378 .. 1365 .. .. 13567
A*-4-carbomethoxycholestenone-3 10 .. 1468 1452 1435 1435 .. 1421 .. 1384 1377 1377 .. 1365 .. .. 1358
A3-27-Norcholestenol-38-one-25

acetate 12 .. 1468 1456 .. 1441 .. .. .. 1382 1375 1375 1374 .. 1365 . 14127, 13567

Vil Steroids Containing Aromatic Rings

Estradiol diacetate 7 1475 . 1455, 1450 . 1435 .. . .. .. . 1385 1370 . . . 14957
Estrone methyl ether 13 1465 .. 1458 .. 1438 .. .. 1408 .. .. 1375 .. . .. . 15027
Estrone acetate 12¢ 1475, 1468 .. 1456 . 1437 . . 1408 .. .. 1376 . .. 1368 .. 14957, 1422
13-Isoestrone methyl ether 13 .. .. 1453 .. 1437 .. .. 1411 .. .. 1376 .. . . . 15037, 1467

(Lumiestrone methyl ether) 1428, 1353
A®T9_Fstratrienol-178 15 1474 .. 1452 . 1438 .. .. . .. .. 1376 .. .. .. . 14857, 1462,

1417, 1398, 1350
AST9_Fstratrienol-178 acetate 15% 1474 .. 1450 .. 1437 .. . .. .. .. 1387 1372 .. 1360° .. 1485, 1461
1417, 1353

dl-Equilenin methyl ether* 13 1465 .. 145& .. 1438 . . 1410 . . 1376 .. .. .. .. 1488, 1352
Cholestanol-48-benzoate 2 .. 1469 1453, 1448 .. .. .. .. .. 1386 1386 1376 .. 1368 ..
Fucosterol benzoate 11,22 .. 1470 1454 .. 1440 L. .. oo 1382 1382 1376 .. 1364 . -
Estrone benzoate 9 1472 .. 1454 .. 1437 .. . 1410 .. .. 1374 .. .. .. .. 14957, 1422
Equilin benzoate I¢] 1472 .. 1454 .. 1430 .. .. 1410 .. . 1374 .. .. .. .. 14957
Equilenin benzoate 9 .. . 1458, 1453 . 1438 .. .. 1410 . .. 1374 .. .. . . 14807
A5-Cholestanol-38 benzoylacetatce 1 .. 1469 1455 .. 1440 .. .. - 1380 1380 1380 - 1368 - . 149%7, 1416°
I'ncosterol 3,5-dinitrobenzoate 11 .. 1468 1460 .. 1440 . .. .. 1382 1382 1372 . 1360 .. .. 1348°

* Compounds are arranged in onler of increasing skelctal chain length, with unsaturated componnds listed apart from sainrated compomids.  The configuration of the 17-hydroxyl
group is designated 8 when it is the same as in testosterone.  Ifigures in parcntheses indicate points of inflection . 4bs. in a colutn of band positions indicates that the absence
of the baud is of specific strnctural significance.  An asterisk following the name of the compound indicates the nieasureimments were made with a sodimn chloride prism. ? (1)
A. R. Bader, Pittsburgh Plate Glass Co., Milwankee, Wis.; (2) D. H. R. Barton, Imperial College, [.ondon, England; (3) H. M. Crooks, Parke, Davis and Co., Detroit, Mich.;
(4) E. Dingemanse, University of Ainsterdam, [{olland, and N. Fuson, Fisk University, Nashville, Tenn.; (5) C. Djerassi and G. Rosenkranz, Syntex S. A. Mecexico City, Mexico:
(6) C. Djerassi and C. R. Scholz, Ciba Pharmacentical Products, ITuc., Summit, N. J.; (7) K. Dobriucr, Sloan ‘Kettering Institute, New York, N. Y.; (8) T. F. Gallagher, Sloan-
Kcttering lustitute, New York, N. Y.; (9) G. A. Grant, Ayerst, McKenua and Harrisoit Ltd., Montreal, P. Q.; (10) R. D. H. Heard, McGill University, Montreal, P. Q.; (11)
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Sir I. M., Heilbron, Inpcrial College, London, England; (12)
E. B. Hershberg, The Schering Corp., Bloomfield, N. J.; (13)
W. S. Johnson, University of Wisconsin, Madison, Wis.; (14)
. R. H. Jones, University of Manchester, Manchester,
England; (15) O. Kamm, Parke, Davis and Co., Detroit,
Mich.; (16) E. C. Kendall, The Mayo Clinic, Rochester,
Minn.; (17) W. Klyue, Postgraduate Med. School, London,
England; (18) R. E. Marker, Pennsylvania State College,
State College, Penna.; {19) T. Reichstein, University, Basel,
Switzerland; (20) C. R. Scholz, Ciba Pharmaceutical Prod-
nets Inc,, Summit, N. J.; (21) M. L, Tainter, Sterling—Win-
throp Research Inst., Renssclacr, N. Y.; (22) D. Thorn, Mi.
Allison University, Sackville, N. B.; (23) R. Turner, Harvard
University, Cambridge, Mass. ¢ A%%-Dienc system. ¢ Com-
pound acetylated in our own laboratory by Dr. B. Nolin.
¢ The 1460-1470 cm.™ ! region in the spectra of carbomethioxy
esters is being further investigated. 7 A band at 1355-1360
cin.~1is frequently observed in the spectra of carbomethoxy
csters and may be associated with the cster mcthyl group.
9 Acetoacctate methylene group absorption. * Acctoacetate
acetoxy mnethyl group absorption. * These tethylhydrin-
danone stercoisonicrs may be regarded as models for the C
and D steroid ring system and the bands at 1406 cin.~ ! and
1375 cm.~1 are assigned on this basis. 7 Model for the A
and B ring system (see 7). # Thesc bands at 1436-1433 and
1412-1404 cm.~! may be characteristic of i-steroids. ¢ The
displacement of band H to higher frequency by 10 cin,~! may
be caused by the 16,17-mcthylenc group. ™ Medium strength
band. " May be attributed to the 17a-methyl group. © At-
tributed to Cyy-methylene group. 7 Attributed to Cos-incth-
ylene group. 2 Attributed to Cy-methyl group. " Aromatic
ring absorption. * Strong band. ¢ Phenolic acetate incthyl
group. * Probably associated with the acetatec group.
? Weak band.

phatic hyvdrocarbons it lias been shown’ that the
principal absorption bands between 1350 and 1500
cm.~! are associated with vibrations of methyl and
methylene groups.

This region has tended to be overlooked in the
investigation of steroid solution spectra since it is
opaque in carbon disulfide solution and in Nujol
suspensions. It may be investigated conveniently
in carbon tetrachloride solution at path lengths up
to 3 mut. and many steroids show good solubility
in this solvent.

The present paper is concerned with the identifi-
cation of bands characteristic of specific methyl
and methylene groups from the comparative study
of the spectra of a large number of steroids of estab-
lislied structure. In the following paper® evidence
is presented in support of these assignments based
on a study of the spectra of steroids in which se-
lected CH, and CHj groups have been replaced by
CDg and CDj groups.

Experimental

Ilie spectra were measured on a Perkin-Elmer Model
12c single beam spectrometer equipped with a calciuni fluo-
ride prism. Some earlier measurements made with a scdium
chloride prism are also included and are indicated by an as-
terisk in Table I. The spectra were plotted as percentage
absorption against wave number, corrections for water vapor
absorption being obtaitied froin a solvent control spectrum
determined immediately before or after the experimental
run, using the saine absorption cell. A rapid stream of dry
nitrogen was passed tlirough the spectromcter during thce
ineasurement to reduce water vapor absorption.

All compounds were dissolved in carbon tetrachloride,
usually at a concentration of about 0.035 molar, in a cell of
1 mm. thickness. A few substances of limited solubility
were examined in a 3 mni. cell. The sources of the com-
pounds are indicated in Table I.

(7) Ror a review see J. K. Brown, N. Sheppard and D, 3. Simipson,
Discussions of the Faraday Soc.. 8, 261 (1830).

{81 R. N. Jones, A. R. II. Cole and B, Notin, ‘This JOUrRNAL, T4,
5602 (1952).
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Results

The positions of all absorption maxima between
1350 and 1500 cm.™! in the spectra of some 150
steroids and related compounds included in this
survey are given in Table I. The majority of the
bands, which are identified by the letters A-O in
Tables 1 and I1, are assigned to vibrations of specific
methyl and methylene groups in accordance with
the structural correlations summarized in Table II,
Tliese correlations are discussed in detail below and
also in the following paper.® In some instances one
absorptionn band has been assigned to two or more
vibrations wliere there is reason to believe that two
or more overlapping bauds are actually present.
Some unassigned bands of medium or weak inten-
sity were also observed, and these are listed in the
right hand column of Table 1.

Discussion

Tlie bending vibration of the C-H bonds (I) is
one of the characteristic modes of vibration of the
methylene group. It occurs near 1450 cm.~! and
1s illustrated in the spectrum of cyclohexane in Fig.
1A, The symmetrical “breathing” vibratiou of
the C-H bonds of the wrethyl group (II) gives rise
to a band near 1375 ci.7! and is seen in the spec-
trumn of methyleyclohexane in Fig, 1B.

I 11

Angular Methyl Group Vibrations. Bands I
and K.—The spectrum of the simple steroid hydro-
carbon androstane (III) is shown in Fig. 1C.
The bands at 1384 and 1378 cur.—! can be assigned
to vibrations of the angular niethyl groups, and
sitilar bands are observed in the spectra of all
steroids containing two angular methyl groups.
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TaBLE 11
SuMMARY OF CHARACTERISTIC GROUP VIBRATION FREQUENCIES BETWEEN 1502 AnND 1350 CM.~! 1N STEROID SFECTRA

Frequency,s 1n-
Band cm, ! tensity? Structure assignment
(1502 —~ 1480) s Aromatic A or Bring. Not shown by benzoate esters of non-aromatic steroids

A 1470 (1475 — 1464) m Attributed tentatively to “‘unperturbed’ methylene groups in C;s and C,; steroids

B 1468 (1470 — 1462) s Unperturbed side chain methylene groups in Cus, Cys and Cyg steroids, Dis-
tinguished from A by intensity which is equal to or greater than that of the
C,C’ bands

C,C’ 1453, 1448 (1464 — 1446) s One or more strong bands in all steroid spectra. Assigned to unperturbed methyl-
ene groups of the ring system. The contour of this complex band group varies
considerably; several overlapping bands are involved, possibly inchiding weak
methyl group vibrations

D 1438 (1440 — 1435) m-s Carbomethoxy ester., Does not require an unsubstituted a-methylene group

.. (1440 — 1430) w-m Band in many, but not all acetates

E 1438 (1445 — 1432) w-m Unsubstituted methylene group adjacent to a double bond or to ait aromatic
ring. Very weak in A’-steroids and not observed in A'‘-steroids

F 1434 (1438 — 1426) w-m Ketosteroids with a free a-methylene group next to a carbonyl group at Cs, Cs,
C7, C“ and C;z

G 1422 (1426 — 1415) m 3-Ketosteroid with free a-methylene group at C; or C,

.. (1415 — 1412) w 21-Acetoxy-20-ketone; probably C,, methylene group absorption

H 1408 (1411 — 1404) m 17-Ketosteroid with free a-methylene group at Ci;

1 1385 (1392 — 1374) m Angular methyl group (C;s ?)

J 1380 (1386 — 1374) m Side chain methyl groups at Cs; and Cys

K 1377 (1383 — 1372) 1t Angunlar methyl group (Cis ?). Bands I, J, and K overlap and are rarely resolved
when all three types of methyl group are present. The exact positions and in-
tensities probably depend on structural and stereochemical factors which re-
main to be elucidated

L 1375 (1382 — 1369) s Acetate methyl group; given by phenolic as well as 3-, 12-, 17- and 20-acyl
acetates

M 1368 (1374 — 1360) m In Cy, Cys and Cyy steroids; attributed to terminal gem dimethyl group of side
chain, Tends to occur above 1368 cm.”! in ergostane and stigmastaile de-
rivatives and below 1368 cm.™1 in cholestane derivatives

N 1365 (1370 — 1360) s Acetate methyl group in 3- and 17-steroid acetates

0O 1357 (1359 — 1336) S Cy methyl vibration of 20-keto-21-methyl group

(1365 — 1356) m Band in many carbomethoxy esters; possibly methyl group vibration

@ The figure in the left column is the band position as determined from compounds in which there is no appreciable over-
lap with neighboring absorption bands. The figures in parentheses indicate the extreme range of absorption attributed to
the group vibration in Table I, and includes cases where the band may be reduced to an inflection by overlap. * The rough
indication of the intensity ranges of these bands is based on comparison with the C,C’ band group. Bands which, iu the
majority of compounds are of equal or greater intensity than the C,C’ bands are classed as s (strong); m (medium) bands
are at least half this intensity on a 9)-absorption scale, and the remainder are classed as w (weak).

100
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Fig. 1.—Infrared spectra in methyl-methylene bending region: A, cyclohexane; B, methylcyclohexane; C, androstane.
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In Table I, 13 compounds are included which
lack the angular methyl group at the A/B ring
junction.”  In the spectra of these compounds ouly
onte band is observed iu tlis region, and it may be
inferred that each ol the two bands in the spectra
of the Cye-steroids is to be attributed to a vibration
of an individual methyl group. In teu of the 19-
norsteroids the methyl baud occurs between 1375
and 1378 cmi.~!, which would suggest that it is
band K which is associated with the Cis angular
methyl group at the C/D ring junction, and band I,
at a somewhat higher frequency, with the Cig-
methyl group. In tlus connection it may also be
significant that in the cis and trans isomers of S-
methylhydrindanone-1 (IV, V) the angular methyl
group absorbs at a lower frequency (1372 cm.™)
than in c¢is-9-methyldecalone-1 (VI) (1378 cin. ™).

In tlie present state of our knowledge, too much
emphasis caniot be placed on the exact positions of
these methyl bands, since in three of the 19-norster-
oids (A*19-norpregnenedione-3,20 (VII), estradiol
diacetate, A%7Y-estratrienol-173 acetate) the Cys
aungular methyl vibration appears to be located
tear 1387 cut.~!, and it seeins probable that the ex-
act positions and relative inteusities of these angu-
lar metliyl vibrations are subject to the influence of
neighboring groups or stereochemical factors.

In pregnane and allopreguane derivatives in
which there is a ~CH.-CH; or a -CH(OH)-CH,
side chain, only one band is usually resolved in this
region. It is probable that the Cy-methvl group is
also contributing to the absorption, and the super-
imposed bands of the three methvl groups overlap
too closelv to be separated.

Cyclic Methylene Group Vibrations, Bands
A,C,C'.—All steroid spectra possess a group of
strong absorption bands near 1450 cn.”', and by
attalogy with the spectrumr of cvelohexane this ab-
sorption may be attributed to the C-H bending vi-
brations of the methvlene groups in the steroid ring
system. In many instances (e.g., androstane, Fig.
1C ), this absorption may be resolved into two peaks
{C.CN near 1448 and 1453 e and in addition
there is usually weaker absorption near 1470 cm.=!
thand Aj.

A number of reasons may be advanced in expla-
nation of the complex character of this absorption.
Chains or riugs of methylene groups mav be ex-
pected to produce multiple bauds due to in-phase
and otit-of-pliase couplings between the vibrations
of ueighboring groups. Small differences might
also be expected between the beuding {requencies of
niethyvlene groups in different niolecular environ-
ments,'”  Thirdly, there is alsq an unsymnietrical

43 Rstranot-173; 1%-norandrastanedione-3.17; Ai-l19-norpregnene
cHone-3,20;  estradiol diacetate; estrone methvl ether: es(rone
| 3-iscestrone methyt ether; A-%%.estratriencl-173; A»7d.estra-
trienst-15753 acérate; i-eynilenin merhyl ether: esirone henzoate, equi
sin benzoute: egnilenin henzoate.

10 The possibility has béen considered that the weak absorp(ion
near 1170 cm. b hand Ay arises from bending vibra(ions of the
methyvlene groups in the live-memhered ring.  ‘Fhis is tiscounted by
the smsbservation that a similar weak bantd ocecurs in the spectrim of
2Ta-methyl-b-homoandrostenetrione-3, 11,17 {V111H, where ring D is
sx-memhiered, “nraunetriane’’  was prepared hy
Marker, Kuam, (kaoad, Wittle aud Luwson {Tirs Jarryan, 60,
G CE3%r and assigued the stenciure 8 isopregnanetrione-2,11,20.

The 17-methyl--homadrss(ane(rione  structure
recent work of Klvne - Varnoe, 166, 556 (10500

ace-

tate;
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The specirnm of

R. NorMaN Jonrs anD AL R. H. Corr

Vol. 74

C-H bending vibration of the methyl group ob-
served 1ear 1460 ecm.—! in the spectra of many sim-
ple hiydrocarbons, esters and ketones, and this also
may he coutributing to the absorption in this re-
gion.

Although the evidence at present available does
not allow the uature of this group vibration to be
defined precisely, it will sullice for present purposes
to assign it to predominant vibrations of “unper-
turbed " methvlene groups in the ring systen and to
differentiate it from absorption below 1440 cm. ™!
it steroids coutaining carbonyl groups or double
bouds, anud frow strong absorption above 1462 cm. !
i steroids containing aliphatic side chains,

O
CH. |

(r)*-\/,»/'\‘//'\ o
i 1

CH;

()«’/\\/IE{\'\//
VIIT

Methyl and Methylene Absorptions of Steroid
Side Chains, Bands B, J, M.—The aliphatic side
chains of cholestane (IX), ergostane (X) and
sitostane (XI) derivatives give rise to additional
methyl and methylene bands (Figs. 24, 2B). In
the methyl bending region a band occurs at 1368
cm. ™! (band M} and there is also additional absorp-
tion superimposed ou the angular methvl bands
near 1380 em.~! (band J). It is probable that the
band at 1368 ci1, ! is associated with the terminal

CH; CH;
1, /
CH—CH,—CH,—CH,—CH
AN CH;
/ : IX
21 28 27
CH CH, CH;
20 22 23 24; EN
CH—CH,—CHs—-CH—CF
CH, ! N
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CH, CH. CH,
i ‘ //
CH—CHp-CH,—CH—CH
CH@ \\\
AN /"’\’ CH,
. X1
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CH—-CH~CH—CH—-CH
CH; ! "~
'\"/\ CH;
i
P XII

‘"nranetrione’”’ does nat show the strong alisorption at 1337 cm. !
{band O) assocliated with the 20-keto-21-methyl sidte chain, and this
supports Klyne's formutation for the uranes.
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Fig. 2.—Infrared spectra illustrating bands B, J and M associated with side chain group: A, cholestane; B, ergostane;

C, A2.ergostene,

gem-dimethyl group and the additional absorption
at 1380 cm.~! with the methyl groups at Cs and
Css, but this remains to be confirmed.

The linear methylene groups in steroid side chains
give rise to a prominent maximum at 1466-1469
cm. ! (band B) (Figs. 24, 2B) on the high frequency
side of the bands assigned to the cyclic methylene
groups (1448-1456 cm.~!). This linear methylene
band is more intense in cholestane derivatives~
(Fig. 2A) which possess three linear methylene
groups than in ergostane derivatives (Fig. 2B)
where only two occur. In A%»-ergostene com-
pounds (XII), where there are no methylene groups
in the side chain, this band is absent (Fig. 2C).

Effects of Introducing Carbonyl Groups. Ring
Ketosteroids, Bands F, G, and H.—In steroids
containing the group ~CHy~CO- additional absorp-,
tion bands occur between 1400 and 1440 cm.~l.
In the spectrum of androstanone-3, shown in Fig.
3A a band is observed at 1418 cm. ! in addition to
the methyl and methylene absorption bands pos-
sessed by androstane (¢f. Fig. 1C). A band near
1418 cm.™! is observed in many other 3-ketones
(Table I) (band G) and appears whenever there is

100— —

@
(=]
i

PERCENT ABSORPTION.
P
(=}
14

20—

1450 13560 1500

WAVE NUMBER CM.’,
Fig. 3.—Infrared spectra illustrating effect of carbonyl
groups on methylene and methyl absorption (bands G and
H): A, androstanone-3; B, androstanone-17.

1400

CH; | CH, | CHs: gt least one unsubstituted methylene group at either
H.C /\/ (\] / Brzc/\/\/ C. or Cy. Thus it occurs in the spectra of A%-3-
Cl \ & C\: ketones (XIII), A'-3-ketones (XIV) and 2,2-di-
o NN\ o” "N o "CN\S bromo-3-ketones (XV), but is absent from the
e He spectra of Al*-diene-3-ketones (XVI), A%-2-bromo-
NI XIv XV 3-ketones (XVII) and 2-iodo-4-bromo-3-ketones
CH;: CH, | CH, (XVTIIT). Itissuggested that this band arises from

Br, I , . . 5
NN SN NN the bending vibration of a methylene group at Cyand
o ’ " }\)‘ i i %)34 lowered ff)om thf(;: nornil!al, 1'Ifositéon (1450 e{)n(“‘)1
N S a perturbing effect of the adjacent carbony
07NN 07NN O/Y\/ glyoup,pand add%tional evidence in support of this
Br interpretation is provided by the studies on deuter-
XVI XVIT XVIII ated compounds discussed in the following paper.®



In many 3-ketosteroids in which the methylene
groups both at C, and C4 are unsubstituted, this
band exhibits au iuflection on the high frequency
side near 1425 cin. =, which may iudicate a simall
difference in tlie vibration frequencies of the metlh-
ylene groups at C; and C.

In steroids containing carbonyl groups at posi-
tions 4, 6, 7, 11 or 12 a similar band occurs near
1434 cm.! (band ) (Fig. 7B) and in 17-ketoster-
oids there is a characteristic band at 1408-1410
cm. ™! (band H) (Fig. 3B). These bands are also
attributed to vibrations of the niethylene groups ad-
jacent to the respective carbonyls.

The 20-Ketone Side Chain, Band O.—Steroids
containing the 20-keto-21-methyl side chain (XIX)
have no a-niethylene group and there are no
absorption bands between 1400 and 1435 cmi. ™!
associated with this group. There is however a
strong band at 1356 cmm.~! (Fig. 4A) which miay be
assigned to the bending vibration of the Cy-
methyl perturbed by the Cy carbouyl (baud O),

A 8 T
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WAVE NIMBFR CM7}
Fig. 4. —Infrared spectra illustrating effects of unsatura-

tion (band E) and of the 20-ketoue group (baud O): A,

Ad-pregnenol-38-one-20; B, A’-cholestenol-33.

1400

This band is lacking from the spectra of steroids
containing the -CH,-CHj side chain (pregnane, al-
lopregnane) and from 21-acetoxy-20-ketoies (XX)
in which there is no nmiethyl group at Cy;.  The 21-
acetoxy-20-ketones possess a weak band at 1414
cnt.~! which may be a bending vibration band of
thie Cy-methylene group.!!

CH, CH»0-CO-CH,

Co Co
CH, | CH, |

NN SN
| H
| .
P
XIX X

(11> The 1358 cm. “! band should be lacking also from the spectra of
21-hydroxy-20-ketones, which might show a methytene hand between
1400 and 1435 em.~1. The low solubility of 21-hydroxy-20-ketoster-
olds in carbon tetrachloride has precluded their examination. The
region 1350-1410 cm. ~1is accessible to study in chloroform salution at
1 mm. path length, but whether or not the polarity of this solvent will
affect the characteristic band pasitions awaits future investigation.
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Steroid Alcohols and Ethers.—In the spectra of
hydroxy-steroids no bands are observed in these
regions wlhich can be related either directly to the
hrydroxyl group or to its influences on neighboring
methyl or methylene groups; the saine holds true
also for the ether groups of inethoxy steroids aud
steroid 3,9-epoxides.

Steroid Esters.—In steroid acyl acetates, strong
bands occur in the methyl region. 3-Acetates and
17-acetates possess two well resolved bands at
1375 and 1365 c¢m, ™! (bands L and N) (Figs. 5B,
5C). Two siuilar bands occur also in the spectruimn
of cyclohexanol acetate (Fig. 5A). In 20-acetates
only one acetate methyl band is resolved. The
preserce of two methyl absorption in the - and 17-
acetate spectra may be dependent ou stereocheini-
cal factors, and it recalls the splitting of the C-O
stretching band (near 1240 cni.™') which is verv
pronounced in the spectra of certain types of 3-
acetoxy steroids.!” A weak band near 1437 cni. !
is also noted in the spectra of some acetates (includ-
ing cyclohexanol acetate) but it is absent fromn oth-
ers. In phenolic steroid acetates (e.g. estrone ace-
tate)!® there is a single acetate methyl band at
1372-1374 cm.—t. Ayl formates and acyl benzo-
ates shiow no cliaracteristic absorptiou between 1350
and 1500 em. =Y acyl 3,5-dinitrobenzoates possess a
very strong band at 1344 em.™!; acvl acetoacetate
esters and acyl benzoylacetate esters absorh strongly
at 1412-1417 cm. L,

In steroid carbomethoxy esters, there is a moder-
ately intense band at 1438-1440 cni.~! (band D).
The obvious assignment of this to the perturbing
influence of the carbometlioxy group oun an adja-

CH,
CH--COOCH, COOCH,

CH, | CHy | CH@
SN SN SN v
9 i k/x )

//\// / ()/
XXI XXII XXI1I

cent methylene group must be discounted, since the
band occurs in methyl esters of bisnorcholanic aci<

“(XXI) and etiocholanic acid (XXII) where there is

no a-methylene group present. Most carbometh-
oxy esters also absorb at 1356-1360 cm.~! and sotue
show a weak band near 1420 cm.~!.  Similar bands
are observed also in the spectra of methyl esters ol

- fatty acids and are at present tlie subject of more

detailed investigation.
Unsaturated Steroids.—In manv unsaturated

‘steroids an absorption band occurs near 1438

cut. 7! (band E). A band at the same position is
seen also in the spectrum of cyclohexeue and seems
to require the presence of a methylene group in a
six-meinbered ring adjacent to au uusaturated
linkage. The band is strong in A®-steroids (Figs.
44, 4B) and in A%, A%:?® and A¥'%-steroids, but it is
verv weak in A’-steroids. It is not observed in

(12) R. N. Jones, P. Humphries, I
JournarL, 73, 3215 (19431).

(13) Steroids counlaining uromatic A ar B rings possess strong
absarption hands between H7G aud 1500 cm. =1, these are nrobably

due to vibrations of (he henzeue cing aud dis not favalve me(hyl ar
me(bylene groups.

Herling and K. Dabriner, Tais
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Fig. 5.—Infrared spectra illustrating absorption characteristic of the acetate group (bands L and N): A, cyclohexanol
acetate; B, androstanol-38 acetate; C, androstanol-173 acetate.

Al.ergostenol where the only methylene group ad-
jacent to the double bond is in the 5-membered
ring, nor does it occur in A?*-ergostene derivatives
(X1I) where there are no a-methylene groups.

The same band is observed also in «B8-unsatu-
rated ketones, provided the necessary conditions
aremet. Thusitoccursin A*3-ketones (XIII) and
Ald-diene-3-ketones (XVI) which have a free meth-
ylene group at Cs but not in A'-3-ketones (XIV) nor
in A*8-diene-3-ketones (XXIII). A band at 1435-
1440 cm. ! is observed also in the spectra of steroid
estrogens and other steroids in which rings A or B
are aromatic, and in A%%- and A%7-dienes.!?

It seems plausible to attribute these bands to the
bending vibration of the a-methylene group, per-
turbed by the adjacent unsaturated linkage, but
this interpretation has not yet been checked by ob-
servations on suitable deuterated compounds.

Applications to Determinations of Structure.—
The value of this region of the spectrum in the
elucidation of molecular structure is potentially
considerable, and it is enhanced by the fact that
the specific methyl and methylene band positions
are retained when two or more functional groups
are present. Thus in androstanedione-3,17 bands
occur both at 1408 and 1420 cm.~! characterizing
the methylene groups at Cys and at Cy and C4, re-
spectively.

An excellent illustration of the independence of
these vibrations is provided by the spectrum of
A*19-norpregnenedione-3,20 (VII) shown in Fig. 6.
The six bands which occur between 1350 and 1500
cm. ~! are cross referenced by the letters A, C, E, G,
K, O to the characteristic band positions listed in
Table II. Bands A and C can be assigned to the

(14) Ats-Dienes also possess a band at 1428 cm.~!. The inter-

pretation of the methylene region in the spectra af conyugated dienesis
still unclear and merits further investigation.

six unperturbed cyclic methylenes at C,, C;, Cy,
Cy2, Cu and Cys; band E to the methylene at Cs
adjacent to the A*double bond; band G to the C,
methylene adjacent to the Cs-carbonyl; band K to
the angular methyl group at Cy3 and band O to the
Cyi-methyl group next to the Cy-carbonyl. From
the C=0 and C=C stretching regions shown also in
Fig. 6 the 20-ketone group, the A-3-ketone groupand
the A*-double bond are characterized by the position
of bands «, and v. Thus an analysis of these two
regions of the spectrum provided a fairly complete
interpretation of the whole structure of this steroid.

T
A B
100— '(PH3 -~
C=0 J
80— 8 -~
; 0
g | : ]
=
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< i
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- !
z !
8 |
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WAVE NUMBER CM. "

Fig. 6.—Infrared spectrum of A*19-norpregnenedione-
3,20: A, C=0 and C=C stretching regions; B, methyl-
methylene bending region; letters on structural formula
relate to band assignments (see text).
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Fig. 7.—Infrared spectra of cholestanone-3 and cholestanone-7 illustrating the use of bands F and G to differentiate between
the carhonyl positions.

Absorption in the methyl-methylene region has
also proved useful in determining the location of car-
bonyl groups in steroids. From observation of the
position of C=0 stretching bands it is not possible
to distinguish unequivocally among steroids con-
taining non-conjugated carbonyl groups at Cs, C,,
Ce, Cr, Cu, Gy or Cy, since these groups give

=0 stretching bands in overlapping ranges be-
tween 1706 and 1719 ecm.—! in carbon disulfide or
carbon tetrachloride solution.®*® However, the
methylene groups «- to the 3-ketone absorb at
1419 em.™! and can be easily distinguished from
the corresponding band at 1434 cm.~'in 4, 7, 11 or
12-ketones; an example illustrating this is shown in
Fig. 7. In 20-ketones in which there is a methyl
group at Cy there is tlie characteristic methyl ab-
sorption at 1356 cm. .

The necessity of a free a-methylene group for ab-
sorption between 1400 and 1435 cm. = way also be
useful in distinguishing anmong substituted ketoster-
oids. The spectra of A*-2-carbomethoxycholesten-
one-3 (XXI1V) and A*-4-carbomethoxycholesten-
one-3 (XXVj are shown in Fig. 8. In XXV which
contains a free methvlene at C, the expected band

CsH- CyH,:
CH; | CH; !
SN "\.‘ AN /’/\\
‘ : ;
. CH;| CH,,
HgCOOC\/\I/\‘/. H,Cl/\v/\\
! ; -
s )/’L NS o/
NXIV ’ ! XXV
COOCH,

at 1421 cm.~!'is observed, while in XXIV where the
carbomethoxy group is introduced at C, this band is
missing.

Finally, it may also be pointed out that this re-
gion of the spectrum can be particularly valuable
for distinguishing among steroid homologs contain-
ing the same functional groups. In Fig. 9 are
shown the spectra of A**-3-isoergostenol-3«a (XXVT)
and A*%-H-isostigmastenol-3a (XXVID), two ster-
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Tig. 8. —Iufrared spectra illustrating use of band G to
differentiate hetween 2-substituted and 4-substituted A*-3-
ketones,

oids which differ only in the presernce of a methyl or
an ethyl group at Cos.  In the regions accessible to
study in carbon disulfide solution these curves are
alnost ideutical, and might reasonably be mis-
taken for the spectra of the same compound. In
the metlivl bending region the spectra of XXVI and
XXVII differ quite significantly, XXVI possessing
two resolved maxima and two inflections wlile
XXVIT possesses three resolved peaks.

CH, R CH,
! s
i /
CH-—CH,—CH,—CH--CH
CH, .
/\/\ CH;
CH;p ¢
N ST XXVI, R = CH;
NXVIL R = CH,
1o VN
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Fig. 9.—Infrared absorption spectra illustrating use of methyl-methylene region to differentiate between steroid homologs:
A, A2 5.isoergostenol-3«; B, A22-5-isostigmastenol-3a.

Discussion of the more general aspects of this in-
vestigation will be deferred for consideration in the
following paper.
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