
GAS-‘d_QULD CHROMATOGRAPHld STC’D~ OF REACTIONS A%D 
STRUCTl&AL RELATIONSHIPS OF STEROIDS 

IV.3’~BSTtTUl-ION iN TEE PREGNANE SIDE-CHAIN’ 

Quditativc and quantitative effects of cfassicat reactions on steroids observed 
by gas-liquid chromato_mphy (GLC) under standardized conditions, including the 
double internal standard technique are reported. Simple procedures applicable to 
o~~cgram ~IIIOUII~S of reactants are described. Reactions srudied include the COZI- 
version of keto groups to-hydroxyi groups by IGaB&, and to dioxolone derivatives 
by 1,2-diethanol; lSa-hydro.xyiatiop OF C20-ketosteroids; the conversion of hydroxyl 
groups to trimethyIsiIy1 @MS) erhers by hexamethytdisiiazane; the hydrolysis of 
dioxolone and TMS derivatives by HA_ Effects oF t&e WofE-Kishner reagents, and 
CrOs were also studied. GLC chromatograms cf reaction miut~~es of singe- and 
multistep reactions readily provide information on etfects on functionat groups- at 
positions 3, 17, 20, and 21 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 
t&e computation of retention rimes and for steroid identification are designed. The 
zccumLy of-the computation m&hods is demonstrated. 

The fourth of a series of commuticationsL-’ deaiing with reactions and 
structma.lly dependent chromato_~pbic properties of steroids, the present articie 
conce~s groups of steroids substituted in the prcgnane side-chain. These com- 
pounds; which feature a ZO-keto or a 2Oa- or 20/M@roxyl group alone or in con- 
junction with a !7a- or 2I-hydroxyl group. or both, include hormones and metabotites 
of considerable importance to studies of animal reproduction. 

As the present data show, steroids of these goups are essentidiy G,-IIGM&~~“, 

Le., their GR value defined as 
GR=LR-.MR (eqn. 9 in ref. I) 

= Contribution No. 585 of the Animal Research Institute. 
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TABLE I 

nf, VALUES am SOURCES OF M-STEROIDS OF THE PEEGN~ aces’ 
_--- 

SkTOid Sf7wce 

&f Abbin&i.m _WR 
. 

1 %= 2113 - PSiioo 
11 5aP 2150 FI8rn 

Ei gEJ3/? 2GO2 Prepxed f kiK-S@?3fl(2W 
tv saP3cz 2401 . ~cuIzt&; xi, 5cLKia” + 2.26~” = 253: 
v 5&P(3) 2412 c&c&t& Af, 5/M(3)” 2 226’“’ = 2412 

51 $P3c. 242 I P2300 
WI 5aIq) 2453 P-?mo 

VIII d4P38 2s3 C&&&d; .‘.G &$&I” + 2%“’ = 2483 
tx AFq3 x54 Q5350 . 
X SaP3@ 25% PX50 

XT d4P(3) 253 I C&l&tted; AiR d&4(3)” f 2226’” = 2531 
~- 

- Cx reF_ I, Table 0, snd ref. 2, Tzbie N. 
l * For MR values, c_K ref. 1, Table 1. 

l *- Cf ref. I, eqn. 17. 

is s? constant ch-acteristic of the group. Hence their Lp. va!ue, defiwd by 
LR = loj x log t’yR (cqn. 6 in ref. I)” 

and, coasequently, their retention time t INR under standardized conditions’ is readiily 
obtaked by 

iR = LWx + GR (eqn. 8 In ref. 1) 
with MR taken from Table I. 

tie purpose of the present a&k is to show that for M-corresponding 
steroids’ of two groups: a and b, the genera1 reIationstip 

-C&9 = L,(b) -!- dGg(a,b) (eqn. 15 in ref. t) 
ho!ds. Hence, L,(a), the LR value of acy steroid in one group, cm be accurately 
calct;lated from L,(b), the LR value of the M-corresponding steroid in another group, 
and ‘&e dG,(e,b) va!ue of the group pair. SimpIe methods for obtaking the G, and 
bGR values gZven in Table XW have beerr described’. 

Detziled dtfinitiors of other symbols and abbreviations used in the present 
article 8re feud in ref. 1. 

The gas-liquid chromatographic (GLC) properties of steroids of groups P(20), 
P20$, P2Oa, P 17420), P I7c20/% PI 7ccZOc, P21(20), P20$21, P20a21, Pf7a20/?21 and 
PI7a20a21, listed in Fables Ifli-XIII, nspectivety, were obtained with trimethykityl 
e-hers (TMS) of commercially available standards-, gifts from the Steroid Reference 
Collection-*, or steroids synthesized in this Iaboracory. 

Although most of the synthesized comporrnds were obtained through con- 
version of k~:o gsolr~s to Sydroql groups by NaBEi, (RD reaction) fr;abIe IT-aad 
scbstitution of P(20)-ster oidsby 17c-hydroxyf (Diagrams l-3), efEcts of vtious other 
___- 

W The LR v&r ShoWa here ti deEn& ti ref. I zs the Iogar$hmic exgression or’ tiYR a.& s such 
&oldd irrclude the log S&EI as shown aisov~. Lmfortun2te!y, this sipI was Ieft out from -9m. 6 uld 7 
kl ref. 1. 

Cc ti the KZ&S. under Sourer, L ietter FoLZowzd by four d&its in&cats adog~e number of 
%sxicids TIC.. !?.o. %u 127, Pawlin~, N.Y. iZXj$, U.S.A. 

l =* Indksted by SRC wder Source in the tabk; see Ac~ov&dgem~ta 



Tfarfing material Xormrl producfs’ 
--- 

i66r2tiaf~on Source GLC properties 330afX~ rafio GLC properfies 

$PSPf7iZO) C-f: Diagram L, A cf- TabIe VI 
aF17a(20) Cf. Diagram [, B 

36,‘64 CJ Tzbks VII@) and l’lSr(c$ 

3P3ja7420) P6810: cf- D&-am 2, A 
(P 170(70) group) 36164 

,t?PI?a(3,2Gj P8090 
36/a 

/?P3aI7c(20) 
3o.M 

F6570; cx Dia_g-zm 2, 6 
: m3fl I 7a(ZO) Cf. Dia_gam 3, B 

3616: 

_ cP3@ [ 7a/ZO) PZ49O; cf. Dixgam 3, A 
38162 
36’64 

14P17c520) 43360 al;60 

$P2~(3,20) PSI20 Cf. Table fX Cf. Text 
$P3atI(20) P6920, SRC 

Cf. Tabks XC& and Xl(cr\ 
(P21(20) group) t 3187 

5cfP21(3,20) P3750 IS/85 
J5P3~i(20) F4780, SRC I5lS.s 
-f-tP21(3.20) 43460 Ii/83 

5p’P I7a2 i(20) SRC Dccompo_se-s 2,YT6 CJ Tabks XK(,?) and XIII(u) 
s#P17a21(3,20) P6300 (?r7cr2l(20) group) Cf. text 
kPt_ia2l(3,20) P231G 13177 
dfP17Q21(3,20) QldlO 19/81 

* White the RD reduction of (20) invariably produces both 20~ 2nd 708 isomers, that of (3) yields aIrnest ex- 
c!tivdy 3~ with a S/Z compound znd 38 with 2. Sa compoad. Minor products are discussed in the test. 

reactions previousfy described’*’ have keen studied at the submicrogram fevel. The 
resuIts are discussed with regard to possible uses of these reactions in steroid identi- 
fkitiou. 

EXPERiMJZN-FAf. 

Reactions 
Procedures used for rhe reduction of keto groups by sodium borohydride 

(RD), their reductive removal by the WoWECishner reaction (WC), their formation 
from hydroxyf groups by oxidation usin, = chromium trio.xide (OX), the TMS deriva- 
titian of hydrosyl groups, and the hydroIysis of TMS and dioxotone derivatives 
have been described in detaiil. 

The procedure described1 for the preparation of dioxolone (DO) derivatives 
of ketones was modified: oniy 0.1 m, = of p-toluenesliIfonk acid (PTSA) was used, 
and the reaction time extended to 7 h, with hourly addition of toluene (see Discussion). 

The procedw used for the lira-substitution of P(Xlf-steroids inciuded three 
steps (c$ Fig. 1). 

- 

Srep i (Xc,OjPTSA) 
From 0 ~0 [ mg of steroid pIaced in a I-ml tube was dissoived in 100 pi of a 

solution of p-to!uenesuTfonic acid in acetic anhydride (0.6 g PTSA in 50 mf A@). 
The tube was placed in the stainless-steet pressure vessel described in ref. I p- 57, 
together with a 5mf via! contain& G 4 ml Ac,O. The vessel was filled with nitrogen, 

closed (cf. ref. I, p_ 78). placed in an oven, heated to 142” for 4 h, and afiowed to COO[ 



F&I. 1. h~~oduaioa af the 17c-bydroxyi group in 204etasteroicis by the method of Kritchevsky 2nd 
G-zdaghefl as mtied by Oliveto znd I-Cersh6srg5. 

to room temperature. 732 AC&D was removed from t!ie reaction mixture under 
sacuum, and 350 pc[ of benzez~e were stirred witi the residue. The solution was wasshed 
by stirring with 350 ~1 of water. M&E of the ~oluent was evaporated under nitrogen 
(W), and the r&&e dried over P,Q, under vacwm for 2 h. 

One hundred micro!i.tzrs of a solution of perzmtic acid in benzene (5 ml 
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TABLELV‘- 

VALUES OF L-AM3 Gc. AhD SOURCES OF STJZROIDS OF GROL! ~20.8 

Sreroid Sowce 

M A5braftztion t’x, En G?* 

f 5Bp1Loj. ‘190 2ti3 350 Prepared; RD 
.5QEO$ 

(2 EEj-• 
EI: 317 

s$P(zO): 
2502 352 SRC 

Iff 5/l?P3@0/3 566 2753 353 P6Ia 
IV 5QP3a2OB 573 27% 354 P2OQO 
v 5@20/3(3) 572 2757 345” SRC 

VI S~P3cz’O$ 555 2767 3X?= P6G50 
WI 5aP20/3(3) 6XZ 2807 354 

V-In 64P382OB 686 2836 353 &YE 
Ix dsP3gzog 709 285l 354 w90 
x 5aP3fi’O$ 728 2862 356 PSLOQ 

XI &Pz3@(3) 773 18% 357 43630 

* Average GE-normzl = CR PtOg = 353.5. 
l - Ga-add steroid. 

*** Cf ref. 2, Table I. 
B Cf_ TabIz XII. 

AcUrH _t 25 ml C&) were stirred with the enoi acetate and the stoppered tube teft 
at room temperature for 7.5 h. TWrty microliters of Na,SO, solution (40 g Na2S03 -+ 

I50 ml water) ad 2 X ~1 C&I, were stized wZth the reaction mixture. After adding 
300 ,uI water, stirring and centrifuging, the benzene layer was removed and washed 
twice with 330 ~1 of water. The solvent was evaporated under nitrogen (56”). 

Saponifkation of the residue was achieved by fieaf.ing (56;) for 30 min with 
100 pl of methanoiic NaOH (I g NaOH, 10 ml water, 90 ml methanol), evapor&ing 

TABLE v 

VALUES OF L, AMY G,, AND SOURCES OF STEJXOIBS OF GROUP EOQ 

StCRGi Sonrce 

M Abhreviarfoon t’,, .&R GR* 

f 5@20a 311 X93 380 Prepared: RD (2 h)“S@P(20)*” 
E 5aP2Ocz 538 2529 379 SRC 

m 5@3i32OQ 606 2782 350 P6100 
IV 5aP3a2& 611 2786 38-t Pi950 
V 5BpZOa(3:! 617 2790 378 SRC 

w S~P3Q2Or- 63$ 2SO2 351 P6000 
Vn sdxo~3j 651 x33 3m SRC 

VIII &P3$20~ 725 286i? 377 prep=&; RD (2 k)” ~@(3,7-0)“’ 
IX ‘ASPS@lOir 74s 2874 377 Q446Cl 
x scF5ph 770 X86 380 P2050 

XI 44P20&) 820 2913 382 43600 

w -4verage G.=no:maI = GR P?O$ = 350. 
I* Cf- ref. 2, Table I. 

*WC Cf; Tabk LK 



TABLE VI 

VALUES OF tn AND Glt. AND SOURCES OF S?TEROiDS OF GROUP P17oi20> 

SftTOid SOKKY- 

‘5f Atbr2r-k7.'iotz f.UR LR GS’ 
- 

F 5jTPL7cQO: 3t7 2501 368 Prepa&: cf Diapnm i, A 
II SnP17c(ZO\ 350 2% 394 Prepared; CL Diagram I, I.3 

iI1 sp3p17420) 6-005 2183 3SL -= F%S8IC; prepared: cfi Diagram 2, A 
IV SaF3a17aCIO) 017 2730 389 Caktiated; Ln 5~P3&0}*” f JGR' 

v 5BPi743.20) 629 279s 386 F%.BQ 
VI SPP3cz174’20) 618 1791 370” F5570; prepared; cf- Diagram 2, B 

Vfl SaFI:ci3,20) 696 2S.Z 389 Cakx!aced; iR 5~~(3,20)“’ - jGRC 
Wi .N?3@tSa(20) 746 2672 389 Cakuldted: LR J4P3$(20)” f dGhz’ 

!X %P3/?17a(20) 770 2S86 3S9 Cakulated: tK dSP3~(20)” f L~GR’ 
X ScP33B17c(20) 7% 2847 391 P2490; prepared; cJ Diagram 3, A 

XI &%PI743.‘0) 859 2934 :03 Q3360 

+ Average GR-norm& value = GR Pi’ia(20) = 339. 
** GK-odd steroid. 

*** For L, value, see Tabte Iii. 
E For dGR value. see Table XIV. 

under nitrogen (56”). srhin_e the lsidue with 500 ~1 CHC13, removing the extract, 
evaporating most of the CHCll under nitrogen (W), 2nd drying over Pz05 in vacua. 

Gas-tfquid and thin-layer chrmatography 
Both gas-iiqtid and thin-Iayer chromatographic (TLC) methods were used as 

previol-lsly described’.‘. AU fpSR vah=s were obtained with steroids or steroid mixtures 
submitted to the TMS derivatization procedure. 

VALUES OF LR Ah! GE. AXD SOURCES OF SITROUX OF GROUP P17cZO$ 
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TABLE Vm 

VALUES OF LR AND GR, AND SOURCES OF STEROIDS OF GROW p17doa 

Steroid source 

II4 Abbrhzrion trKR LR CRC 

I sBp17a2oQ 463 2666 sst 
if SaPl7a2Oa 

Prepared; cf. Tzbte It 
503 2702 552 

LLI SBp3~17azOa 
Prepared; cf- Table II 

904 2956 553 Prepared; c,F. TabIe 11 
LV 5aP3atla2Oa 9iO 2959 552 P-t950 
V 5@Pr 7c~2oa(3) 9r!L1 2964 552 

K 5$P3aI?a2Oa 
Caictited; Lx 5/?P20a(3)” + dGR*** 

939 2973 552 P9450; prepared; c5 TabIt II 

\TI 5QP L 7azOc43) IOl2 3005 552 
VW d4P3@ f7dUa 

CarcuIated; Ln 5uP2043j ?_ dGR”’ 
1079 3033 550 Prepued; CA Table IT 

M 1(9?3~17a20a III6 3048 551 SRC: prepared: cJ Table It 
X 5ai?3$ I7alOa 1150 3060 554 Prcpzred; cf- Tabk If 

XI dlP17aZOa(3) l226 3058 557 QiS2O 
-_______ 

l Average GR-nornul v&e = Gn PITalOc = 55-l. 
*= For .& value. see Table Y. 

*** For dGn v&e, see Table XIV. 

DLSCUSSION 

RD. Reduction by NaBH, aiways produced both the 20/Z- and 20a-isomers as 

major products (Table It) in proportions characteristic of the grotip involved. 
Assignments for GLC peaks of reduction products could be made readily since a 
number of standard ZUa- and/or 20&isomers were avaiiable ir; all groups (cJ Tabies 
III-XIII). The 2Ocq‘20$ ratio of the products was highest (average: 37/63) with 
PI7cz(20)-steroids as starting materials, Iowest (average: L5/85) with P2i(20)- and 

VALUES 0% Ln AND Gn. AND SOURCES OF STEROIDS OF GROUP P2!(2@) - 
Sleroid SOKK!t? 

A4 Abbrcsici?ibn trxR Lx CR* 

I S~X(2Qo) 498 2698 555 c2Iculatd: Ln SBP(20)” A- ilc,* 

Ii 5&31(70) 547 2738 %S Cahilated; LR kP(20)“’ f -1GR f 
III 5p3&?1(20) 9s2 2992 590 Cakulered; La 5$P3B(20)“’ + -~GIz o 
A’ 5~P3cf21(20) 9so 299t 590 &hdi3teC; LR 5&3a(20)” I >GR o 
V 5,@21(3,20) 955 2981 569” P8120 

VI S~P3ozI(20) 953 2979 558” P6920 and SRC 
Vi-I 5aP21(3,20) II03 30x! 589 P3750 

nII LfL(P3/32i(20) I178 3071 588 C&i.tlated; LR d4P3$(20)“’ t -I~GR’ 
Ix dsp3p2 raoj 1221 386 5e9 P47SO and SRC 
x 5aP3p(20) L247 3096 590 C&dared; LR 5oP3$(20)“’ i- AG,: 

XI. Lm2n,lC3,20) - Decomposes Q346O ---~ - 
* Average GR-normal vahe = GR PZ(20) = 589. 

l * CR-odd steroid. 



intermediate javera~e: 22178) with P17a2Ef20)-compoSmds. On the other hand, men- 
tion tkxs were higher for P17c2Oc- than for FL7Cr20/%isomers (CJ Tables vu end 
VIII) BS indeed the3 nere for EC&z-isomers (c$ Tables IV and ‘J), while those of 
P20021 and FE7c20~2I were shorter ~htrn EhOSc of their 20#-counterparts (cf- Tables X 
end XE, and Tables HI 2nd XIE). In contrast to px~rous observations’~3 on the 
TLC bebaviour of other 2&z- 2nd X$-isomers, FI7a20& and Pl7cz2O,d2I-steroids 
m&am3 faster in the present TLC system, i.e., were Iess polar, than their 2&z- 
counterpaftc. 
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TiWLE XfL 

VALUES OF LR AND GR. AND SUIjRCES OF STERMDS OF GROUP Pf7~20@,1 

smoid SorrttX? 

M Ab6reviatian l’.VR LR GQ 
l 

I SpPLido~zI 890 2949 836 
JI 5CPIiQ2?~11 

Prepared; cf- Tabtz !J 
963 z9s4 834 SRC 

En short, the 17~ and ‘I-hydroxyl groups had opposite effects on the low 
204203 L-&O of products in the RI3 reduction of (20). In addition, the polarity of 
the f&z- vs. the 2O@-iS0mei w2s Eghzr irz the presence of ITa, and its retention time 
was shorter in the presence of 2I-hydroxyl. 

DO. Steroids of groups P17c(20), P21(20), and 17~21(20) reacted abnormally 
in the presence of a large excess of PTSA catalyst such as was used in pn%iousiy 
described dioxolone syntheses fcf- refs. 1-3). GLC anaiysis of the reaction mixtwes 
indicated the formation of thermal& unstabIe products leading to very numerous 
compounds both of high and low moIecu!ar weight, which included littte or none of 

VALUES OF LR AND I&, AND SOURCES OF STEROIDS OF GROUP PI7~204i 

Steroid Source 

Jf A66reviation t’.,, LR CR* 

I 5Bpf7Q20&1 846 2927 814 Prepared: c$Y TabIe il 
lx 5oP17azlcf2f 924 1965 St5 SRC 

m 5$?3/317Q2Oax 16.51 3217 815 C&&ted; ,& 5/3P3@7tiOa” + AGR-- 

N 5&3Ql7a2Oa21 1660 3220 819 Calculated: & 5CP3Q17Q20CI” T dGR 

v 5BP17c2Oa21(3) 1650 3225 815 c~kdatd; Ln $Pi7aZOz(3)” f AGn”’ 

VI S$P3a17cqOax 1723 3236 515 Prepaxd; CJ? TabIe 11 

VfI: SccPl Tczmz2 i(3) fti5 3266 813 Czhiated; & 5czP17atOat3)- + LJGn”’ 
m A4P3~t7a20a2.f 19SO 3297 Sl4 Prepared; cf Tabte lI 

IX -ISP3/lI7a2Oa2E 2041 33fO 813 SRC 

x 5~P3~iTa2Oa2I to94 3321 SL5 Prepared; CJ Table n 

XI .!MP17u!2Oax(3) 2235 3349 St8 acdated; Lo d4P17cZO43)” 7 AGREE* 

* Avenge ~~_nod due = GR PII&Osl = 815. 
** For LR value, se Table VIII. 

VP= Far ilGR vahe, see Table XXV. 
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the exnscted DO derivatives. Lowering the amount of FTSA to 0.1 mg considera% 
mini&& this efkt and Ied to at least 80% yields ofexpected dioxclones; the b&ace 
consisted most!y of unreacted material. 

Shifs of .L~ values resukiing from DO derivatizadon, i.e., ADO(2Oj and 
Ll D0(3,20) va!uesL-j, were recorded. The averages were 282 P 2 and 475 + 3 5~ 
uuits for steroids cf the Pt7a(20) gasp, and 196 + 2 and 393 & 2 uaits for the 
steroids of the P21(20) goup, respectively. Obtained as a diKerence between average 
ADO(3,20) and AD0(2O) vab_K+3, the dDO(3) values were 193 and 597 far groups _ 
P17a(20) aGd Par(20), req?ectiYely. 

Decomposition of t7a21(20)-steroids prevented a direcr determination 0fdDO 
va!ues. However, the formation of tizermatfy s!able dioxoione derivatives was ob- 
served: for example, in the case of 5$P17c21(3.20), the DO(S) and D0(3,20) deriva- 
tives we_re obtained in equal amounts and the following LR values were recorded: 
5/R?17a21(2O)D0(3): 3553 a~! 3,8PI7cZ1D0(3,20): 3785. Hence the dDO(20) vriiue, 
233, was obtained by difference. Identific&ion of these derivatives was obtained by 
RD reduction (2 f;) of the reaction mixture which yielded the unaf%cced D0(3,20) 
derivative easily separable by TLC from more polar 20/3- and 2Oo-reduction products 
of the 0013) dioxotone. Isolated TLC fractions were hydrolyzed yietdkg the originai 
product from the D0(3,20) derivative and 5bP1ia20$(3) and 5~P17cz2Oa(3) from rhe 
reduced D0(3) derivative. The dDO(3) values of the 20s and 20~: compounds were 
197 and 200, respectively. 

Evidently, the speci~city of ADO values in the presence OF other functional 
group+s, and consequently, their usefulness in steroid iden~ificaEionL-3 were con- 
firmed by these data. 

.&no/ aceiare. Aside from unreacted P(20)-steroid, or its acetate when a 3a- 
or 3$-hydroxyi group was preseat, two major products weEe invariably obtaked 
(CL Diagrams 1-S), Le.. ehe two conformational isomeric enoi acetates I and II (cf- 
below) in approtimate!y 3j2 ratio, with eno! 11 having the longest retention time. The 
t, shift calculated from the LR value of the initial mat&11 or, when a 3a- or 3#.L 
Eydroxyl group was present, of its acetate, was consistentIy 177 + I I.~ units for 
enoi EI. The LX shift corresponding to enol 6 was !39 2 l for 5pP steroids. and 
145 i 2 units for a!! others. These ruIes also applied to products from j$P(3,20) and 
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ScP(3,2G). The LR shift due to acetyiation of 3c or 38 was 73 + t units for jbP- 
steroids (Diagram 2), and 99 + i units for 5cP- or ASP-compound (Diagram 3). 

Because P17u(X)-steroids (cf. Diagrams l-3) were obtained in the expected 
yield from compounds I and II, these were pmbabiy the two isomeric enol acetates 
predicted from D&ding modeis. In these models, the 13, 16, 17, 20, and 31 carbon 
atoms, and the 20-enol oxygen are copfanar, and the C21-methyl group is either cis 
or frans in relatiou to C-16. Presumably, the most compact (lowest energy) isomer 
was that corresponding to the Iowcst retention time and highest yield, i.e.. com- 
pound f. The L, differences observed were not very large. nor clearly predictable 
from the modeIs. 

In any event, the predictability of the LR shifts for the twin peaks of enol 
acetates makes this simple reaction valuable for the identifi.cation of P(X)-steroids. 

Cutzversiott of enol acemates to i7a-h~dro.r_3:(~0)-seeroids. Treatment of enol 
acetate mixtures with peracetic acid, foiiowed by saponification of ail ace&I groups 
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@i2-F2ms l-3) yield& the expected P17a(20)-steroids as major products besides 
mmodsed StiaI P(2O)-compotmd, except in the case of d5P3$(20) @iaram 3) and 
3-keto steroids (not shz=nj: Aithough normal eaof acetates were produced in these 
Cases (Cl above), the f?nal products had abnormaE retention times_ The ideptitly of 
normal products of these reactions (Diagrams i-3) were con&-med by eek known 
retention &es (Tables 111 and Iv; and ‘&at of their RD reduction products (TabIes 
Iv, V, VII, and VIE). 

ox- Oddon by (3~0~ under conditions described in ref I tefi steroids of 
group P17@(2Oj IargeIY i.m.~% Aside from unreacted starting materiat, insignifiant 
amounts of =a-438(17) and 5cA(3,f7) were observed by GLC anaIYsis of oxidation 
products of 5n_43~17a(20), for example. 

P%?Q-steroids were compIeteIy modified. However, the only peaks observed 
in the chromatogmms corresponded to about 3 0A of the original material converted 
to thhe 17-k&o androstzne. The main oxidation products, presumably the 2O--carbox- 
yfic acids, were thermally unstabIe. 

Partial oxidative degradation of the dihydroxyacetone side-chain was observed 
with P17a-21(X&steroids. Thus 24o/O conversion to 5$A(3,17) was obtained with 
5BPE7~21(3,20). The thermaUy unstabk, unconverted material would not appear in 
the chromatograms. 

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

FZTK. Tfie effects of WK reagents on P17a(20)-, P21(20)-, and Pi7cZI(20)- 
steroids were similar in one respect on& when observed by GLC: Neither a product 
corresponding to the simple removal of (20), nor unreacted materiai could be detected 
in substantial amounts. 

With PI7a(20)-steroids, the reaction products arose from the removal of the 
pregnane side-chain except for minor amounts of fully reduced starting material. 
With 5BP3$17a(20), for exampie, the main products were 5PA3pI7q 5@A3p(f7), 
5&43BL7~, and a compound tentatively identified as J 16, .Q?A3~17~. Conversion to 
5$P3$17a was 3 “/; only. 

Steroids of group P21(20) kept the pregnane side-chain but lost the 2I-hydroxyl 
group. Products obtained from 5crP21(3,20), for exampie, w&e: 5cP, 28.5%; 5aP(2Ot, 
27.5 “/,; 5oP20@, 29 %; SnP,Oo, 9.6%: SoP3$20?, 3.6%; and 5cP382Oa, 1.8 %- No 
peak corresponded to 5aP2!. Not surprisingly, the products of 5@P3a21(20) were 
5BP3a, 5@P3a20b, and 5$P3a2Oa. Again, no 5/?P3a21 ws formed. 

TMS. A comp-i~on OF retention times for derivatized and non-derivatized 
PI7a(20)-steroids showed that derivatization of 17q in 56PI7a(3,2@ for exampie, 
dareas& the xtention time. Peaks of derivatized or non-de&atked P17a(20) 
steroids were fairIY symmetrica although unusually broad-based, having about I-7 
t&es the expected wi&h. The TMS derivatives of the 2&-c- and IOir-reduction products 
had normal peaks. 

Steroid; which f&cured the 21-hydroxyl group decomposed in the GK 
chromatograph unless derivatized; those featurin, m the difrydroxyacetone side-chain 

dsomposed 2s &j\raGves: v enou& material was injected, e.g., 2X) W, a broad 
shauow elevzticn ofrhe base line wou!d resuIt with a few very broad Paks dominating 
this backpound; the tota; area represented on1Y a fraction of the or&Zal mateed; 
there was no si_@fianr response with 20 ng. However, ew% low tevek of the TMS 



derivadv& of the 2&- and 20,Sreduction prodccts (Tabies 1, XI$ and XIII) !GYe 
normal GLC peaks. -. 

EY. Hydrofysi? of TMS or dioxoione derivatives was straightfo~rd- 

GR LE-z?AS~ dtmfsee Tabte Xi\?. Ail P(20) steroids fTabIe lW and all steroids 
featting 2OrC (‘;-Z&S YY VfII, ;\cI, and XHlJ were G,-normal. G,-oddWaEeczed ali 
S,%‘(3)- arid S@P3cc-steroids fezmiring 308 (Tables IV, VIT, X, and XIQ, and %?=a- 
steroids fez&u&z (20) (Tabf~ VT and IX). IQ addition, S/N?-steroids fatting 17a 
were G,-odd sxeroids (Tables VI, WI9 and XII) unkss ‘they feakm%i 20~~ also. The 
I5 cases of G,-oddity fomG among 121 steroids were much fewer than those p=+ 
ously obsemed with I E-substituted steroidsI_j. 

The L, values of all C&-normal steroids were readily calculated by add@ MR~ 

taken from Tabfie 1. co the GR vake of t&e corresponding group. Most cakxlated 
v&es Iisted ig Tab!es TSXffI were obtained in this way. Calculated and observed 
values difFered but little even when the GR va!ues of5aP3/?-steroids were used instead. 
Fortmateiy, the %P$%steroids were either commercialiy avaiiabie or readily pre- 
pled by m reduction (Table II). Errors arising from this convenient procedure 
reSected sma!i Geviations of the ~~ uaIr?es of ScP+teroids fiem that of the corre- 
spondlng groups. 

GR values of ScPS,&steroids were als5 used to dererrnine LiGR values shown in 
parentheses in Table XIV. Obviously, these did nor differ considerably from AGR 
values oS;t.&ed as difTerences of G, values of group pairs. 

As indicated irz foo’motes” and - of Table XIV, the releuent 4GR values 
represented contributions to LR values of functional groups f7cc and 2Z-OH. These 
conxibudons v%ried, often markedly, with the presence of other functiona groups 
in the molecxIe_ The contribution of 21-W!, for example, was 355, 327, 278. 306, 
ad 26 1 LR mits for P2I f20), P28$2I, PZOEZ, P17a20~2 I, and P17~20a2~,respective~y_ 

With AGR values shown In Table XIV, any LR vaEuz &ted in Tables III-XTLL 
could be cakuked from the LR v&e of any _&~-corresponding steroid. Table XII in 
ref. 3 exempiiEed this qpe of operation and demonsmted the precision attainabk by 
the dG, method of calculation. Its appkation to the present case again denon- 
strated its rc:[iabiIity, versatility, and practicaf vatue in steroid identification. 

As previously demonst_med’-S, the dG, method of cafculation applied equaIIy 
we!: to G,-E!OFIIE~ and G,-odd steroids tiess either the c&uIated LR value, or the 
referemx LR v&e wzs a&ted by excess oddity. The few cases reported in previous 
comQutitati5as were SbA3cl IPE7gr, 5$P3a-1 l?lQY, and j@AkI Ic;17p3. Remark- 
ably_ cases f~unti irr the present data: 5~3cc17cu)~, 5~3nZO@~, S$P3a17a20@21, 
5$P3ai7cr(ZO), and 5/3P3~2I(Xl)), invokd &3P3c+s~eroids also. 

The reverse! of peat position for 2Oc- and ZQ#?-isoor~~ dmz to the presence of 
a 2l-hydroxyi goup (4 zbove) on &he one hand, and excess cd&& in j~p&~20$2f 
and 3$P3al7a20$21, ot the other hand, explain the exceptiooa[ close=ess ofL, values 
observed f5f the 2&- and 2Ob-isomers ti both cases (compare vaI=o in Tables X 
SndXI, aud~andXfif.~p~tively). A~showninTabIeXIFr,thenorma~d~e~n~ 

was about 24 .LR units in absolute Wire. 

The technic4 ttsskfance of Mr. R. D. Cochrane was highly appreciated. We 
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are veti gratefid to Dr. D. F. Johnson, National Institute of Health, Bethesda, Md., 
U.S.A., and to Professor W. KIyne, and Dr. 0. N. Kirk of Westie:d College, Loudon, 
Great Biitin, for numerous samples from the Steroid Reference Collection. 
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