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SUMMARY

Qualitative and quantitative effects of classical reactions on steroids observed
by gas-liquid chromatography (GLC} under standardized conditions, inciuding the
double internal standard technique are reported. Simple procedures applicable to
pancgram amounts of reactants are described. Reactions studied include the con-
version of keto groups to hvdroxyl groups by NaBH,, and to dioxolone derivatives
by 1,2-diethanoi; 17a-hydroxylatior of C20-ketosteroids; the conversion of hydroxyl
groups to trimethylsilyl (TMS) ethers by hexamethyldisilazane; the hydrolysis of
dioxolone and TMS derivatives by H*. Effects of the Wolff-Kishner reagents, and
CrQ; were also studied. GLC chromatograms of reaction mixtures of single- and
mulfistep reactions readily provide informaton on effects on functional groups at
positions 3, 17, 20, and 2! in the pregnane series, and the retention times of many
steroids unavailable from commercial and other sources. GLC data analysis provides
relationships between steroid structure and retention time from which methods for
the computation of retention times and for steroid identification are designed. The
accuracy of the computation methods is demonstrated.

INTRODUCTION

The fourth of a series of communications!™ dealing with reactions and
structurally dependent chromatographic properties of steroids, the present article
concerns groups of steroids substituted in the pregnane side-chain. These com-
pounds, which feature a 20-keto or & 20¢- or 208-hydroxyl group alone or in con-
junction with a 17«- or 21-hydroxy!l group. or both, include hormones and metabolites
of considerable importance to studies of animal reproduction.

As the present data show, steroids of these groups are essentially Gg-normal®?,

i.e., their Gy value defined as .
Gp =Ly — Mg (eqn. 9 in ref. I}

* Contribution No. 582 of the Animal Research Institute.
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TABLE
AMx VALUES AND SOURCES OF AM-STEROIDS OF THE PREGNANE SERIES®
Steraid Saurce
A Abbraeviasion Mg
i 58P 2113 ©  P3T0S
H 3P 2150 PISOO .
I 353P33 2402 Prepared; WK-33P36(20)
IV SaP3e 2401 . Calculated; Mz SeA3e"™ + 226°7° = 2401
vV 53P(3) 2412 Calcutated: Afg SBA(3)"" - 226" = 2412
VI 358P3e 2421 P7800
VII 35aP(3) 2453 P4200
VIIE 4P38 2483 Cazlculated; 2, £4A38™" + 226°7" = 2483
IX A4SP3f 2487 Q5350
X 5qP38 2505 P3450
XI A4P(3) 2531 Caiculated; Mg A4A(3)" + 226°°" = 2531

T Cf. ref. |, Table I, and ref. 2, Table IV,
“* For My values, of. ref. I, Table L.
*** Cf. ref. 1, eqn. 17.

is a constant characteristic of the group. Hence their £, value, defined by

Egp = 10° X logt'ye (egn. 6 in ref. 1}*
and, consequently, their retention time ¢’y under standardized conditions! is readily
obtained by

Lg = lif'_q + Gg (eqﬂ. 8 f..n fEf. !)
with 3 taken from Table L

One purpose of the present article is to show that for M-corresponding
steroids’ of two groups, a and b, the general refationship

Lr(a) = Lg(®} + 4G(a,b) (eqn. 15 in ref. 1)
holds. Hence, L{3), the L, value of any steroid in one group, can be accurately
calcuiated from Ex(b), the Ly value of the Af-corresponding staroid in another group,
and the AGg(a,b) value of the group pair. Simple methods for obtaining the Gp and
AGp values given in Table XIV bave been described®.

Detailed definitions of other symbols and abbreviations used in the present
article are found in ref. 1.

The gas-liquid chromatographic (GLC) properties of steroids of groups P(20),
P203, P20a, P17a(20), P172203. P17c¢20a, P21(20), P20521, P20«2i, PI72042! and
P17220a21, listed in Tables ITI-XIIT, respectively, were obtained with trimethylsilyl
ethers (TMS) of commercially available standards™, gifts from the Steroid Reference
Collection™*, or steroids synthesized in this laboratory.

Although most of the synthesized compounds were cbtained through con-
version of keto groups to hydroxyl groups by NaBH, (RD reaction) (Table II) aad
substitution of P(20)-ster oidsby 17a-hydroxyl {Diagrams 1-3), effects of various other

* The £, value shown here is defined in ref. [ as the logarithmic expression of "yvz and as such
should includs the Iog sign as shown above. Unfortunately, this sign was left out from eqns. 6 and 7
inref I,
" In the wbles. under Source, a letter followed by four digits indicates catalogue number of
Steralcids fnc., P.O. Box 127, Pawling, N.Y. 12564, US.A.
“** Indicated by SRC under Source in the tables; see Acknowledgements.
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TABLEIT
REDUCTION BY NaBH((2 h) GF 20-KRETONES
starting material Normaf products®
{hbreviation Source GLC properties 20a({208 ratic GEC praperties
gPL7e{20) Cf. Diagram |, A Cf. Table VI 36/6% Cf. Tables VII(g} and Viil(a
Pt 7a(20) Cf. Diagram [, R (P17a(20) group) 36}54 & ?
3P38172(20)  P68I0; ¢f. Diagram 2, A 36/61
8P17a(3,26) P3090 40/60
BP3al 7a(20} P6570; ¢f. Diagram 2, B 36/6+
3P3ZLT7a(20) Cf. Diagram 3, B 38/62
.eP38tTa(20) P2490; ¢f. Diagram 3, A 36/64
14P17c(3,20) Q3360 40/60
5&_’?2!(3,20) P8129 Cf. Table IX Cf. Text Cf. Tables X(f) and Xi(a}
38P3a21(20) P6%23, SRC (P2§(20} group) 13/87
5¢P21(3,20} P3750 15/85
A5P3£21(20) P£78C¢, SRC i5/85
S4P21(3.20) Q3460 E7/83
5pPITa21(20) SRC Decomposes 24/76 Cf. Tables XIKg)y and XIfl(«)
SpPi7221(3,20) P6300 (P2 7a21(20) group) Cf. text
SePl7a21(3,20y P232§ 23/77
A4P1T7a2i(3,20) Ql6l0 19/81

* While the RD reduction of (20} invariably produces both 20 and 203 isomers, that of ¢3) yields almost ex-
clusively 3a with a 58 compound and 38 with 2 S compound. Minor products are discussed in the text.

reactions previously described!'? have been studied at the submicrogram level. The
results are discussed with regard to possible uses of these reactions in steroid identi-
fication.

EXPERIMENTAL

Reactions

Procedures used for the reduction of keto groups by sodium borohydride
(RD), their reducrive removal by the Wolfi-Kishner reaction (WK), their formation
from hydroxyl groups by oxidation using chromium trioxide (OX}, the TMS deriva-
tization of hydroxyl groups, and the hydrolysis of TMS and dioxolone derivatives
have been described in detail’.

The procedure described! for the preparation of dioxolone (DO) derivatives
of ketones was modified: only 0.1 mg of p-toluenesulfonic acid (PTSA) was used,
and the reaction time extended to 7 h, with hourly addition of toluene (see Discussion).

The procedure used for the 17e-substitution of P(20)-steroids included three
steps (¢f. Fig. ).

Step [ (Ac.Q[PTSA)

From O to | mg of steroid placed in a I-ml tube was dissolved in 100 ¢l of 2
solution of p-toluenesulfonic acid in acetic anhydride (0.6 g PTSA in 50 ml Ac,O).
The tube was placed in the stainless-steel pressure vessel described in ref. I p. 77,
together with a 5-ml vial containing 4 ml Ac,O. The vessel was filled with nitrogen,
closed (cf. ref. I, p. 78). placed in an oven, heatad to 142° for 4 h, and ailowed to cool
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Me

H

Fiz. 1. Introduction of the 17e-hydroxyi group in 20-ketosteroids by the method of Kritchevsky and
Gallagher® as modified by Oliveto and Hershberg®.

to room temperature. The Ac,O was removed from the reaction mixture under
vacuum, and 330 u! of benzene were stirred with the residue. The solution was washed
by stirring with 330 ul of warter. Most of the solvent was evaporated under nitrogen
{56°), and the residue dried over B,O5 under vacuum for 2 h.

Step 2 (AcOL,H)
One hundred microliters of 2 solution of peracatic acid in benzene (S mti

TABLE IIE
VALUES OF Lg AND Gz, AND SOURCES OF STEROIDS OF GRQUP P(20)

Steroid Source

Af Abbreviacion t’yg Lg Gg

A4P36(20) 52F  Z7IT 234 Calculated; Mg J4P3F™7 + 2347
ASP33{20y ~ 535 2728 231 Q5300
3eP32(20) 554 2743 232 P3330
A4P(3,20) 582 X765 233 Q2600

" Average Gp-normal = G P(20) = 23.L,
" For Afg value, of. Tablel.

I SAPCO) 221 2344 231 SRC

I 52PC0) 342 238¢ 234 SRC

i 58P38(20) 435 2638 23§ PRIZG

IV 5¢P3c{28) 434 32637 235 Calculated; Afp 5aP3a™" ~ 234"
V¥ SAP(3,20) 439 2843 231 P7158

VI S$ZP3c{20) 455 2658 237 PgI50

VII 5eF{3,20) 490 2530 237 2750

VI

1274

Xi
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TABLE IV .

YALUES OF Lg-AND Gi, AND SCGURCES OF STEROIDS OF GROUP P208
Steraid Saurce
M Abbreviation t'xg Er Ge”™
I 58P205 290 2483 350 Prepared; RD (2 k)" 583P(20)1
H 5aP208 317 2502 352 SRC
I SAP38208 566 2753 353 P6140
IV 5aP3a203 573 2758 354 B2000
V 58P205(3) 572 2757 345 SRC
VI 5895208 585 2767 346" P6OSC
YIL 5aP208(3) 642 32807 354 P40GC
VIIL 44P33208 686 2836 353 Q1490
IX ASP38208 70% 2851 354 Q4490
X 5eP38203 738 2862 336 P210G
XiI A4P205(3) 773 2888 5357 Q3630

* Average Gr-normal = Gg P20§ = 353.5.
** Gg-add steroid.
“€* Cf. ref. 2, Table L.
§ Cf. Table HI.

AcO,H + 25 ml C;Hy) were stirred with the enol acetate and the stoppsared tube left
at room temperature for 2.5 h. Thirty microliters of Na,SQj; solution (40 g Na,SC; -
150 ml water) and 230 pl CsH,; were stirred with the reaction mixture. After adding
300 pl water, stirring and centrifuging, the benzene layer was removed and washed
twice with 300 gl of water. The solvent was evaporated under nitrogen (56°).

Step 3 (OH™)
Saponification of the residue was achieved by heating (36°) for 36 min with
100 gl of methanoiic NaOH (I g NaOH, 10 m! water, 90 m! methanol), evaporating

TABLE V
VALUES OF L; AND Ge, AND SOURCES OF STEROIDS OF GRCUP P20c
Steraid Source
M Adbbreviation t'xg Er Gr'
[ 358P20c 31 2493 380 Prepared: RD (2 h)**58P(20)"~"
I 35aP20c 138 2529 379 SRC
HI 58P3320¢ - 606 2782 380 P6i0Q
IV  5aP3c%0a 6ii 2786 384 P1950
vV 58P20a(3: 617 2790 378 SRC
VI 5BP3«20c 634 2802 1381 P60600
VII 5cP20a(3} 681 2833 380 SRC . cer
VIOl A4P3520« 725 2860 377 Prepared; RD (2 h)™* 14P(3,20})
IX A5P3820x 748 2874 377 Q4460

X  5aP3820c 770 2886 380 B2050
XI A4P202(3) 820 2913 382 Q3600

* Average Ge-normal = G P20g = 380.
"* Cf. ref. 2, Table .
*** Cf. Table III.
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TABLE Vi
VALUES OF Lz AND G, AND SOURCES OF STEROIDS OF GROUP P17e(20)

Sreroid _ Saurce

Af  AEbreviation t've Lg Gg°

I 38PL7<(20} 317 . 2501 38% Prepared; of. Diagram i, A
1 SePi7c(Z20} 350 2548 394 Prepared; ¢f. Diagram {, B
IIT 58P3817a(20) 697 2783 381"  P68IC; prepared: ¢f. Diagram 2, A
IV SaPF3eli7a(20) 617 2730 389 Calcuiated; Lg 5aP3a(20)""" -+ AGg*
¥  5AFiTal3,20) 635 2798 386 PRGOS
VI 53P3aiTai20) 618  273% 376"  PS570; prepared; of. Diagram 2, B
ViL  3aPiT7a(3,20} 695 2842 389 Czlcutared; £g 52P(3,20)""" — AGg*
VIIT 44P33172(20) 746 2872 389 Czlculated: Lg 14P32820)" " + AG.*t
I ASP3FiT«(20) 770 2886 3R%¢% Calculated; £z ASP3A(I0)* ™" + AGgt
X S5eP3817c(20y 790 3897 391 P2490; prepared; ¢f. Diagram 3, A
XI 24P17e(3,20) 85% 2934 463 Q3360

* Average Gg-normal vzlue = Gr P17a{20) = 389.
"* Gr-0dd steroid.
"** For Lp value, see Table Iil.
t For J4Gg value, see Table XIV.

under nitrogen (56°), stirring the residue with 500 gl CHCI;, removing the extract,
evaporating most of the CHCI, under nitrogen (56°), and drying over P,Q; in vacuo.

Gas-liguid and thin-layer chromatography

Both gas-liquid and thin-layer chromatographic (TLC) methods were used as
previously described!'2. All ¢y, values were obtained with steroids or steroid mixtures
submitted to the TMS derivatization procedure.

TABLE VIE
VALUES OF Lg AND Gg. AND SCURCES OF STEROIDS OF GROUP Pi7c203
Steroid Saurce
Af Absreviation t'se Lz <
1 356P17a208 438 2641 526 Prepared; ¢f. Table [T
I 5aPi7a203 475 2677 527 Prepared; ¢f. Table I

LI 58P38172208 837 2923 521°°  Prepared; of. Table If
IV  5aP3el 72203 861 2935 53¢ PS0GG
V  58P17a203(3) 855 1932 s510°° leulared; £, S8P20SQRY™"" + 4Gt
Vi  55P3ai7a208 853 2931 S10*°  PO480; prepared; of. Table It
VIl 5aPET208(3) 980 2982 529 Calculatad; Lg SaPI0B(G)Y" ™" + AGRE
VITE A4P33172203 1024 3010 527 Prepared; of. Table IT
IX _15P38i72207 1857 3028 527 QSS90 % prepared; of. Table I
X 5aP3817¢208  108% 3037 53t Prepared; ¢f. Table II
XI _f4P17<208¢3) 1154 3082 S32 Q1850

* Average Gg-normal value = G P17¢203 = $30.
** Gr-odd steroid.
“** For L; valus, see Tabhle iV.
£ For G value, see Table XIV.
% Designared 15P3817e20a in Steraloids catalogue: J5P3817a20c obtained from SRC (cf
Table VI had the expecied retention time.
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TABLE VIIX
VAILUES OF Lp AND Gg, AND SOURCES OF STEROIDS OF GROUP Pl7e¢20x
Steroid Source
M Abbreviation  t'yx Lx Gg"
I 56P17a20c 463 2666 552 Prepared; ¢f. Table [L
II 5aPi7a20a 503 2702 552 Prepared; ¢f. Table [
LI 58P3F17a20a 904 2956 554  Prepared; cf. Table f[
IV ScP3cl7a20ca 2i0 2959 552 P49s50
V  58P17a20a(3} 921 2964 552 Calculated; Lg SAPI0a(3}"" +~ AG™""
VI 58P3al7a20c 939 2973 552 PS8450; prepared; cf. Tabl= II
VH  5cPl7«20«(3} 1012 3005 552 Calculated; Lg 5aP20c(3) — AG"""
VIIL A4P3817¢20c 1079 3033 550 Prepared; cf. Table I
IX 4A5P3f1Tc20a 1116 3048 55! SRC: prepared: of. Table [T
X 3aP38iTa20c 1150 3060 554 Prepared; ¢f. Table Ff
Xi 44P17c20a(3) 1226 3088 5S7 Q1820

* Average Gg-normal value = Gr PI7a20e = 554.
** For Ly value, see Table V.
“** For AGg value, see Table XIV.

DISCUSSION

Reactians

RD. Reduction by NaBH, aiways produced both the 208- and 20a-isomers as
major products (Table II) in proportions characteristic of the group involved.
Assignments for GLC peaks of reduction products could be made readily since a
number of standard 20e- and/for 203-isomers were available in all groups (¢f. Tables
IH-XIII). The 20a/207 ratio of the products was highest (average: 37/63) with
P17a{20)-steroids as starting materials, lowest (average: 15/85) with P2i(20)- and

TABLE IX
VALUES OF L2 AND G., AND SOURCES OF STEROIDS OF GROUP P31(20}
Steroid Source
M Abbreviation t've L Gr"*
I 5AP21(20) 493 2698 585 Calculated: Lp 58P(20)" " £+ AG*
i 5aP21(20) 547 3738 588 Calculated; £q Sa?(ZO)": + 4Gt
L 55P3221(20) 982 2992 590 Calculated; Lz SAP38(20)"™" + SGg?

5aP3a21Q26) 980 299t 590 Calculated; Lg 5a¢P3a(20)""" + 4Gt
SAP21(3,20) 958 298{ 569" PEI20

S8P3c21(20) 953 13979 558°° P6920 and SRC

5aP21(3,20} 1103 3042 589 P3750

A4P3521(20) 1178 307t 588 Calculated; Lg 44P35(20}°"" + AGg®
ASP3A2I(20} 1221 3086 3589 P4780 and SRC . .
SaP3821(20) £247 3096 5S¢ Calcuwlated; Lg 5aP38(20)""" + AGg¥
A4P31(3,20) - Decomposes Q3460

* Average Gg-normal value = Gz P2I(20) = 38%.
“* Gg-odd steroid.
*"* For Lg value, see Table IIL.
£ For A£Gy value, see Tabie XIV.

EPEEREEPY
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TABLE X )
VALUES OF Lz AND Gg, AND SOURCES OF STEROIDS OF GROUP P20321

Steroid Saurce

A Ab&reviation t'xx L= GK‘

I 38P20521 617 27 77 Calcnlateds Lo-S8P0R™" 4 AGRe®

I 3«P30321 672 3827 677 SRC
I 55258208321 1203 3080 678 Calculated; L. SEP3R265°°" + AGg*
IV  S5aP3a2052% 1217 3035 68¢ Calculated; L 5cP3c3058™ " + 4G
V  S8B20321(3) 1214 308% 672" Calculatad; Lg SAP203(3)"°7 + AGz*
Vi 53P3220821 1203 3080 6597  Prepared: of. Table I

Vil S5cPIGS21(5) 1381 3134 68t Calculated; Lz 5aP203(3)" ™" + AGe*

VIif . 14P352082¢ 1460 3164 682 Prepared: ¢f. Table I

IX A5P33203521 £507 3178 681 Prepared; ¢f. Table IT

X SaP3g2032: i530 3160 634 Prepared; ¢f. Table IT
XTI 14P23321(3) 1640 3215 68L Q1970

T Average Gzrormzl value = G P20321 = 681.
"% Ggr-odd steroid.
"7 For Lz value, sce Fabie [V.
¢ For £Gg vaiue, see Table XIV.

intermediate (average: 22/78) with P17¢2{{20)-compounds. On the other hand, reten-
tion times were higher for P17¢20a- than for PI7«208-isomers {c¢f. Tables VH and
VII} as indeed they were for P20a-tsomers (¢f. Tables IV and V), while those of
P20e21 and Pi7e¢20e21 were shorter than those of their 20p-counterparts (¢f. Tables X
and XI, and Tables XII and XI). Iz contrast to previous observations®3 on the
TLC behaviour of other 20c- and 20p-isomers, P17a208- and P17c20821-steroids
migrated faster in the present TLC system, ie., were less polar, than their 20c-
counterparts.

TABLE XI
VALUES OF Lp AND Gz, AND SOURCES OF STEROIDS OF GRQUP P20e21
Stercicd Saurez
hia AGbreviation t'_\-g Lg Gg‘.
I 58P20221 592 2772 659 Calculared; L 58P20c™*" = 1GR*
I 5c220a21 638 2805 655 SRC
Oi  353P3820e21 1151 3051 659 Celculated; Lr 58P3320a" " + 4GRS

IV S5aP3a20c2! 1162 30365 664 Calculated; Ly 5aP32202""" + AGgf
V  58P28c21(3) 1173 3069 657 Caleulated; £ 58P20a{3)"" + dGRtE
VI 358P3c20x2i 1203 3080 659 Prepared; cf. Table It
VII 5aP20x2:{3) 1395 3112 658 Calculated; Ly 5aP20al3)""" + AGe!
Vit A4P3833a28 i376¢ 3139 636 Prepared; ¢f. Table IT
IX  A3P3£20a2! 1431 3156 655 Prepared; of. Table IL
X 5eP3520a21 1465 3165 650 . Prepared; ¢f. Table IT
X! A4P2Qa21(3) 1556 3192 661 Calculated; £, A4P20a(3)" " + AGaE

© Average Gg-normal valus = Gg P20c3t = 658.
"7 Gr-odd steroid.
""" For Lp value. see Tzble V.
¢ For A{Gr value, see Tahle IV,
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TABLE XII
VALUES OF L AND Gz. AND SOURCES OF STEROIDS OF GROUP Pi7220821
Steroid Source
M Abbreviation t’yg Er GR*
I 35BPL7ac20321 890 2949 836 Prepared; ¢f. Table IF
If 5¢P17a2032% 963 2984 834 SRC
I 53P331Ta20321 1702 3231 829" Calculated: fp 55?35[7&.03'" AGE
IV SaP3ci7a20831 (748 3241 240 Calculated: I, 52P3cl7e208"*" — 4Ge*
V  58P1Te20721{3) E738 3240 828"  Calculated; Ly SBPITa208(3)" " +~ 1GR*S

¥YI 5/P3cl7a20821 1728 3237 816"  Prepared; ¢f. Table If

S«PE7a20821(2) 1951 3290 837 Calculated: Lg 5eP17a208(3) """ + 45g¢
£4P3817220621 2079 3318 833 SRC; Prepared; cf. Table i
A5P331722032F 2150 3332 835 Caleulated; Lg A5P3817c208""" ~ {GR*
S5aP3517a20321 2220 3346 840 Prepared ¢f. Tabie [T

4P17c20321(3) 2346 3370 839 Calculated; Lg A4P17¢203(3)°"" 4 SGr®

* Average Gr-normazl value = G P17220821 = 836.
** Gr-add steroid.
“** For Lg value, see Table VII.
t For 4Gy value, see Table XIV.

ﬁx%éé

In short, the 17e- and 21-hydroxyl groups had opposite effects on the low
202/208 ratio of products in the RD reduction of (29). In addition, the polarity of
the Z0a-~ vs. the 208-isomer was higher in the presence of [7¢, and its retention time
was shorter in the presence of 21-hydroxyl.

BO. Steroids of groups P17a(20), P21(20), and 17221(20) reacted abnormally
in the presence of a large excess of PTSA catalyst such as was used in previousiy
described dioxofone syntheses {c¢f. refs. 1-3). GLC analysis of the reaction mixtures
indicated the formation of thermaily unstable products leading to very numerous
compounds both of high and low molecular weight, which included little or none of

TABLE XIIT
VALUES OF Lp AND Ggr, AND SOURCES OF STEROIDS OF GROUP P17c20¢2!
Steroid Source
M Abbreviation txe Le Gr*
I SAPi7220c2% 846 2927 B&i4 Prepared; ¢f. Table Tt
IE S5aPl17c20clf g24 2965 Si5 SRC . .
HI 53P37817220a21 t6SE 3217 815 Calculated; Lg 5pP3817¢20a™"" + 4Gk
IV  5¢P3al7ad0c2l 1660 3220 819 Calculated: Lz SeP3aiTa20c"™ AGR'
V  58P17c20a21(3) 1680 3235 8IS Calculated; Le 55P17a20a(3)"" + AGe™""
VI 58P3c17220c21 1728 3236 815 Prepared; of. Table I . o
VIL 5aP17a20e21(3) (845 3266 813 Calculated; Lg SaPIT7a20a(3)"" + JGR
VI A4P3F817a20a21 1980 3297 814 Prepared; of. Table IL
IN _45P3B817c20a31 304t 3310 813 SRC

X S5aP3f17a20a2! 2094 3321 815 Prepared; ¢f. Table II .. -
XI A4PITa20a31(3) 2235 3349 8i8 Calculated; Lg A4P17a20a{3) AGe

P ]

* Average Gr-normal value = Gy PI7e30c2l = 815.
** For Er value, sec Table VIII.
T** Far 4Gx value, see Table XEV.
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the expected DC derivatives. Lowering the amount of PTSA to 0.1 mg considerably
minimized this effect and led to at least 80 % vields of expected dioxclones; the balance
consisted mostly of unreacted material.

Shifts of Ly values resulting from DO deﬁvatization, ie., 4D0O0} and
ADO(3,20) values'3, were recorded. The averages v.cre 282 = 2 and 475 £ 3L,
units for steroids of the P17a{20)} group, and 195 £ 2 and 393 + 2 units for the
steroids of the P21(28) group, respectively. Ob;amcd as a difference between average
AD0(3,20) and ADO20) valiues?3, the ADO(3) values were 193 and 197 for groups
P17a(20) and P2i(20), respectively. )

Decomposition of 17221(20)-steroids prevented a direct determination of 4DG
values. However, the formation of thermally stable dioxolone derivatives was ob-
served: for example, in the case of 58P17221(3.20), the DO(3) and DO(3,20) deriva-
tives were obtained in equal amounts and the following L, values were recorded:
58P1721(20)DO(3): 3530 and 58P17221D0(3,20): 3785. Hence the ADO(20) value,
235, was obtained by difference. Identification of these derivatives was obtained by
RD reduction (2 k) of the reaction mixture which yielded the unaffected DO(3,20}
derivative easily separable by TLC from more polar 203~ and 20e-reduction products
of the DO(3) dioxolone. Isolated TLC fractions were hydrolyzed yielding the original
product from the DO(3,20) derivative and 53P17«203(3) and 58P17¢20a(3) from the
reduced DO(3) derivative. The 4ADQ(3) values of the 208 and 20« compounds were
197 and 200, respeciively.

Evidently, the specificity of ADO values in the presence of other functional
groups!—>, and consequently, their usefulness in steroid identificarion'— were con~
firmed by these data.

Enol aceiare. Aside from unreacted P(20)-steroid, or its acetate when a 3e-
or 3p-hydrogyl group was present, two major products ware invariably obtained
(cf. Diagrams 1-3), i.e.. the two conformational isomeric enol acetates I and I (¢f.
below) in approximately 3/2 ratic, with enol If having the longest retention time. The
Ly shift calculated from the Lg value of the initial material or, when a2 3e- or 38-
hydroxyi group was present, of its acetare, was consistently 177 + I L, units for
enoi Ei The Ly shift corresponding to enol I was 139 4 1 for 58P steroids. and

145 + 2 units for all others. These rufes zalso applied to m'oducts from 58P(3,20) and
Reazticn A B
355¢20) SaB{20y
291 (2346) 242 (2384)
Ac:0 2 18 30 33 51 27
(PTSA; 53520 I n 3F(2) t 5]
21 (2246) 20342828 33 (232 242 (2380 338 (35I%) S63 {2580}
ACG:H 0 5] 5
then
o 5P(20) 55217a(20} 5B £2P17=(20}
251 (2245} 317 (2501) 24242324 330 (284%)
BD 13 3 ) 3 ) 5 ) a3
(1:3.11 5:7003 S5FCCe 5P17a203 322172702 SaP00 52P20a 5ePE72205 52P17220
250 (2433) 311 (2533 425(232%) 453 (2888) 317 (2203 238 (2529; 475 (2677y 503 (2702} "

Diagram 1. Synthesis of 55P17¢{20) (A) and 5eP17e(20} (B). Differencss in Lg values from starting
material t¢c compounds I aad II in the frst step are 138 and 176 (sequence A) znd 139 and 178
{seguence B), respectivaly.
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Reaction A B
SIE3(20} 52P3a(20)
£35 ¢2635) 435 (2558}
1¢c.0
Ac: 20 50 3¢ ) 15 33
PTSA epm
FISY sspaszo i it 54P32(20) I 1
{acemaze} (acetate)
545 (2737} 753 (2876} 822 (29135) 558 (2755) 783 (2594) 83 (2931)
AcO;H 20 £0 17 83
then
aH 32P32(20} S2P3:17e{70s S2P3e{2) 36Blx17e (7C)
435 (2638} €07 (2783) 453 {2€38) 618 (2781)
R 7 3 3 a5 s 3 3s 37
(28} 5:P23208 5IBCi%0a SSP23172202  SaP331Ta20e  55P53e203 50P2220x 50B3:172203  5:P3217220J
566 (2752) 604G (=752 83T (T=23) 901 (2S35) 38 (2767) 63+% (2502) 853 (2931) 939 (2973)

Dizgram 2. Synthesis of 55P3£17¢(20} (A) and 58P3a!7c{20) (B). The acetate of the siarting material
produced in the first step differs in Lz value from enol acetates | and I by 139 and 178 units in

sequence A, and 139 and 176 units in sequence B, respectively. Increases in Lg value resulting from
acetylation of the starting material are 99 and 98 units, respectively.

5¢P(3,20). The L, shift due to acetylation of 3e or 338 was 73 = 1 units for 53P-
steroids (Diagram 2}, and 99 = 1 units for 5eP- or 45P-compound (Diagram 3).

Because P17a(20)-steroids (¢f. Diagrams 1-3) were obtained in the expected
yield from compounds [ and II, these were probably the two isomeric enol acetates
predicted from Dreiding models. In these models, the 13, 16, 17, 20, and 21 carbon
atoms, and the 20-enol oxygen are coplanar, and the C2l-methyl group is either cis
or frans in relation to C-16. Presumably, the most compact (lowest energy) isomer
was that corresponding to the lowest retention time and highest yield, f.e.. com-
pound I. The L differences observed were not very large. nor clearly predictable
from the models.

In any event, the predictability of the L, shifts for the twin peaks of enol
acetates makes this simple reaction valuable for the identification of P{20)-steroids.

Canversion of enof acetates to [7c-fiydroxy(20)-steroids. Treatment of enotl
acetate mixtures with peracstic acid, followed by saponification of all acetyl groups

Razciian LY B
5eP3(20) A5P3120)
534€2743) $35(2728)
Ac:0 16 5 ) 30 ) 30
(FTSA)  z.psrc20) £ n 15P3.(20) 1 It
(acstate) acetate)
855 (2516) 913 (2961) 934 (2933) §32(2202)  §91(2949)  957(2980)
s B a3 5 2 35 iz
then N ;
O~ Sa P2 (20} Z2P2.172(20) A5PZHZ0y 7 ?
552(2743) 720 (2897) 533¢2728) 735(2866) 1023 {2010)
RD 5q 3 50 37
Zm 5.B3370:  52P3220c  50D331Ta205  30P3ilTel0s

723 {2862y ‘L’FO (2835} 10892 (3037 11£Q(2050)
Dizgram 3. Synthesis of 5aP3f17a(20) (A). Attempted synthesis of AA5P3317a(20) (B). Tl:le Lg valuz
of the acetzte of the starting material in the first step and that of compound_§ [and [l ara:in sequence
A, 145 and 177; in sequence B, 147 and 178 Lp units, rcspcctively._Increasirs in Lg value Fau[tmg from
acatylation of the starting material are 73 and 74 units, respectively. Final products in sequence B
- & discussed in the text.
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(Diagra:ms 1—-3) yielded the expected P17¢(20)-steroids as major products besides
unmodified initial P(20)-compound, except in the case of ASP34(20) (Diagram 3) and
3-keto steroids (not shown): Although normal enol acetates were produced in these
cases (cf. above), the final products had abnormal retention times. The identity of
norme.L{ pr?ducts of these reactions (Diagrams 1-3) were confirmed by their known
retention times (Tables III and IV} and that of their RD reduction products (Tables
IV, V, VII, and VIII).

"~ OX. Ocxidation by CrOj; under conditions described in ref. | left steroids of
‘group P17a(20) largely intact. Aside from unreacted starting material, insignificant
amounts of SeA3A(17) and 5¢A(3,17) were observed by GLC analysis of oxidation
products of 5¢A3717a(20), for example.

P21(20)-steroids were completely modified. However, the only peaks cbserved
in the chromatograms cerresponded to about 3% of the original material converted
to the 17-keto androstane. The main oxidation products, presumably the 20-carbox-
ylic acids, were thermally unstable.

Partial oxidative degradation of the dihydroxyacetone side-chain was observed
with P17a-21(20)-steroids. Thus 24 %, conversion to 58A(3,17) was obtained with
58P17¢21(3,20). The thermally unstable, unconverted material would not appear in
the chromatograms.

These effects were obviously similar to those discussed in ref. 6 obtained with
other oxidaats.

WK. The effects of WK reagents on P17¢(20)-, P21(20)-, and P1722I{20)-
steroids were similar in one respect only when observed by GLC: Neither a product
corresponding to the simple removal of (20), nor unreacted material could be detected
in substantial amounts.

With P17a(20}-steroids, the reaction products arose from the removal of the
pregnane side-chain except for minor amounts of fully reduced starting material.
With 58P3517a(20), for example, the main products were 5§A37317a, 5pA33(IT),
58A33175, and a2 compound tentatively identified as 116, S8A33175. Conversion to
5pP3817« was 39 only.

Steroids of group P21(20) kept the pregnane side-chain but lost the 21-hydroxyl
group. Products obtained from 5«P21(3,20), for example, were: 5¢P, 28.5%;; 5¢P(20),
27.5%; 5aP2083, 29%,; 5¢P20c, 9.6%: 5zP33203, 3.6%; and 5cP3520«, 1.89%. No
peak corresponded to 5¢P2!. Not surprisingly, the products of 5P3a21{20} were
58P3a, 58P32208, and 53P320c. Again, no 58P3e21 was formed.

TMS. A comparison of retention times for derivatized and non-derivatized
Pi7a(20)-steroids showed that derivatization of 17¢, in 58P17¢(3,20) for example,
decreased the retention time. Peaks of derivatized or non-derivatized P17a(20)
steroids were fairly symmetrical although unusually broad-based, having about 1.7
times the expected width. The TMS derivatives of the 20e- and 2043-reduction products
had normal peaks.

Steroids which featured the 2lI-hydroxyl group decomposed in the GL.C
chromatograph unless derivatized; those featuring the dihydroxyacetone side-chain
decomposed as derivatives: If enough material was injected, e.g., 200 ng, a bf‘{ad
shallow elevaticn of the base line would resuit with a few very broad peaks dommat_mg
this background; the totai area represented only a fraction of the original material;
there was no significant response with 20 ng. However, even low levels of the TMS
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derivatives of the 20a- and 208-reduction products (Tables I, XII, and XIH) gave
normal GLC peaks.

HY. Hydrolysia! of TMS or dioxolone derivatives was straxehuorward

G and AG, data (see Table XIV). Ail P(20) stervids (Table III) and all steroids
featunng 20a (Tables V, VIII, XI, and XIII} were Ge-normal. Ge-oddity affected all

58P(3)- and 55P3c-steroids featuring 204 {Tables IV, VI, X, and XII), and 55P3a-
steroids featurinz (20} (Tables VI and [X}. In addition, 55P34-steroids featuring i7a
were Gr-odd steroids (Tables VI, VII, and XiI) unless they featured 20c also. The
13 cases of Gg-cddity found amcng 121 steroids were much fewer than those previ-
ously observed with 1i-substituted steroids!=>.

The L, values of all Gp-normal stercids were readily calculated by adding My,
taken from Table L. to the G, value of the corresponding group. Most calculated
values listed in Tables IFF-XIII were obtained in this way. Calculated and observed
values differed hut listlie even when the Gy values of 5¢P3S-steroids were used instead.
Fortunately, the SeP3g-steroids ware either commercially availabie or readily pre-
pared by RD reduction {(Table II). Errors arising from this convenient procedure
refiected small deviations of the G, values of SeP33-steroids from that of the carre-
sponding groups.

Gr values of SeP3j-steroids were also used to determine 4Gy values shown in
parentheses in Table XIV. Gbviously, these did not differ considerably from 4Gy
values obtained as differences of G values of group pairs.

As indicated in footnotes™ and ™ of Table XIV, the relevant AG, values
represented contributions to L, values of functional groups {7« and 21-GH. These
contributions varied, often markedly, with the presence of other functional groups
in the molecule. The contribution of 2i-OH, for example, was 355, 327, 278. 306,
and 261 L, units for P21{20), P205321, P20c21,P17a20821,and PI17¢20a21, respectively.

With Gy values shown in Table X1V, any Ly value listed in Tables IHI-XIIE
could be calculated from the Lz value of any Af-corresponding steroid. Table XII in
ref. 3 exemplified this type of operation and demonstrated the precision attainable by
the 4G, method of calculation. Its application to the present case again demon-
strated its reliability, versacility, and practical value in steroid identification.

As previously demonstrated! 3, the A G, method of calculation applied equally
well to Gr-normal and Gp-0dd steroids unless either the calculated L, value, or the
reference Ly value was affected by excess oddity. The few cases reported in previous
communications were 58A3el 18173%, 58P3el18203%, and 38A3cllal75%. Remark-
ably, cases found in the present data: 58P3al7a203, 55P3a20821, 58P3c17a20321.
5pP3al7¢(2Q), and 35P3c21(20), involved $3P3c-steroids also.

The reversal of peak position for 30c- and 208-iscm=rs due to the presence of
a 2i-hydroxyl group {¢f. above) on the one hand, and excess oddity in 53P3220521
and 38P3ei7¢2052!, on the other hand, explain the exceptional closeness of Ly values
observed for the 20c¢- and 20f8-isomers in both cases (compare values in Tables X
and kI, and X¥f and X!, respectively). Asshown in Table XIV, the normal difference
was zbout 24 L, units in absolute value.
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