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GAS-LIQUID CHROMATOGRAPHIC STUDIES OF REACTIONS AND 
STRUCTURAL RELATIONSHIPS OF STEROIDS 

PART I. POSITIONS 3. I! AND 17 IN THE ANDROSTANE SERIES’ 

SUhIXL-\RY 

Quttlitativt’ and quantitative ctfccts of classical reactions oil steroids obsrrvcd 
by gas-liquid chr~m3to~rapfi~ (GLC) under standardized conditions_ including the 
double internal standard technique, art reportrd. SimpIc procrdurrs. applicabk to 
nanog-am amounts of t-mxtnts. that afford excellent yields of the major products are 
described. Reactions studied include the WoIK-Kishner removal of keto groups 
(WK). their conversion into hydrosyl groups with sodium borohydridr and into 
diosolonc derivatives \vith eth_vlene _ &x~lr the conversion o,f hydrosyl into kcto 
*vottps \vith chromium tri&ide 2 and into trimethylsily! (TMS) ethers with hexa- 
meth~ldisiltt~~tli~: and the hydrolysis of diosolone and TMS drrivativcs \.vith H + _ 
Gas-liquid cht-omatograms of reaction mixtures of single and multi-step t-actions 
nxtdily provide information on the rllkts on functional groups at positions 3_ I 1 
and 17 in the androstant series _ and the retention times of rnt~ny steroids unavailable 
tioni conmw-cial or other soutxx’s. G LC data analysis provides relationships bet\vcen 
steroid structure and retention times. from lvhich methods for the e~lculation of re- 
tcntian times and tbt- steroid idrntifica&m at-c dcsigncd. The xcuracy of the calcu- 
lation methods is demonstrated and conditions t;x- their &icient application at-e 
discussed. 

For ;I number of years_ gas-liquid chronxttogrmns of steroid hortnonrs and 
nwtabolites rstracted from animal tissues and body fuids have been routinely ob- 
tained in this lnborrttory by the application of an improved thin-layer cht-onxmxgtt- 
phic-gas-liquid chrotnatographic (TLC-GLC) nwthod1-~3. The patterns and retention 
times of the nunwrous peaks in chronxttograms obtained after extensive TLC tiac- 
tionation werr‘ chttrttcteristic of the animal species and sex in ;t particular physio- 

__..-.. ~_ 
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iogical situation_ 21s w&l :1s the tissue from which \he snmple originated_ For esample_ 
the change in plasmr~‘cconcentration of individual steroids in ewes at diikrent stages 
of gestarion could be readily followed from start to parturition_ The method gave 
;~ccess to data on the free and conjugared steroids of neutral and phenolic fractions 
derived from the same stlmple: a simple nwdification of hydrolytic conditions rlf- 
forded data on either total conjugates or glucuronides only, and on sulphates by dif- 
tkrence. As this information could be obtained in a relatively short time at low cost, 
the tiierbod appeared to be potentially \~luable to biochemical and physiological 
studies relewnt to animtil reproduction as either a fact-linding or a nwnitoring device. 
The detailed identification of the GLC peaks was_ ho\vever. an absolute prerequisite 
of- such :iFplications_ 

The choice of a peak identification procedure was lar&y dictated by the 
!~~llo~~-ing chnrsctcrisrics of the separation method and the resulting GLC data: 
nxmipulations were !ktest_ nxm convenient and most clktive at low smnplc levels: 
peaks in =. c=-Is-liquid chromatogrrms \vere clcarlv distinct and their retention times \vere 
highly reproducible- Ho\\ever_ partial overlap of peaks corresponding to the O-5 11s 
range of steroids NX of frequent occurrence: thus the G LC-nx~s spectromctric 
n;ethod of peak idenritication could not be used e!?>cti~cl;_ UI~SS pt~~k sepilrittions 
and sample levels were increased fo the point at \vhich importmt clw-xteriuics of the 
simpler separation method. riz.. speed and Iow cost_ \wre no longer retained. 

On the other hand_ the remr~rlable consistency of peak rctcntion times &tain- 
cd by the double internal standard technique (L:J:, re!_ 4: see :tIso b&w). i.c*., :I. 0.01 
min over a period of several years_ strongly suggested that a ~mAwd of idcnriiicarion 
based on this reliable tkature might be success!“ul. hiany of the 100-150 peaks in 
neutral steroid fractions had retention times that mat&cd that ~f~ne_ and occasiumtl- 
I?; ;w~ or thrrw_ commercially ttvrrilable stsndards. In general, multipie solutions could 
be reduced to a single solution by making use of the TLC data. in*._ the locntion of 
the rele~~iint fraction in the TLC plate’. 

Undoubtedly. some 300 steroid standards availabic Ii-om commercial sources 
included :I large number of compounds relevant to animal tissue_ Ho~c\-cr_ the un- 
avaiiability of many presamably wlevztnt steroids c:lst consid~rahlcdoubt on rhr\aliC- 
ity of idenrificrrltions based on :I cclmparison of retention times with thost‘ of:l\aililbk 
stitndurds. 

In x-iew of this problem- \vr‘ have made an extensive invcstip:ltic>n of strl~CILlr;~I 
relationships \vhereby retenrion rimes, includin g those of unavailable steroids_ could 

be calculated. Earlier investigations’ had SII gsested thar steroid retention times ccwld 
be derived from the sum of lo~_arithmic increments clwracteristic of fwlctianal goups_ 
Further studies sho\ved. however, that this rule ~1s not of general application, as 
incremental values for groups such as I lc: and 1 If; varied axording to the other 
groups that were present in the molecule (c:f:_ ref. 4_ Table S)_ Ho\vever_ GLCdata on 
a much larger number cl!- steroids have provided the simple structural relationships 
described in this paper: the = ~~eneral applicabilitv of these rules and the accuracy of 
czrlculaticws based upon rhem have been unequivocally demonstrtlted_ 

Although retention times of naturally occurrin g steroids could then be com- 
pared with a set of‘ retention times that included those of un~~~:~il~~ble steroids. posi- 
tive identification of an; of the structures sussested by this comparison still required 
independent data supplied by TLC and other discrin~inatory tests. 
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Many of the steroids used in this investigation \vere synthesized in this labo- 
ratory from available standards by win g simplified procedures of- classical reactions 
standardized for amounts of steroid betwwn 0 and I rn~~ ~. and adapted to G!_C- :tn:!l- 
ysis of reaction mixtures. The simple procedures affix-ded excellent yields of nmjor 
products and gave access to GLC data 01: key steroids in a matter of hours. As such. 
these procedures could be used efkiently not only to gencr~m predictable steroids 
from +wi structarcs_ but :t!so to identify structures from their reaction products- 
Thus. ctl‘ects readily observed b; GLC of specific reactions on steroids under 
investigation led to the unequivocal tissignmcnt of the correct structures from those 
original!_v sugcsted by the retention time. 

A paper dealing with the systematic USC of tlwse effects in steroid identifiwtian 
kvi!! follow the publication of- the present series- 

The present series of paFers is concerned mainl_v \\-ith the establishment of 
structural relationships of steroid retention tinles and the demonstration of- simple 
nlet!l&s ofcnlculation txsed on them. As it is based to :i large estent on the retention 
times of-synthesized steroids_ the preparation of-thesecompounds isdescribed:tl>d their 
anthenticit~ demonstrated. For conwniencc in presenting and discussing data rek- 
\:ant to hundrkds of- compounds. eac!~ pulper in this series \vi!! be confined to groups 
of swroids chrtractcriztd h>- functional _ *Troups occupving specific positions. 

This introductory paper is concerned \vith steroids o f the nndrostane seric?;_ 
which fcriture the follo~vin g functional gro~qx alone or in a!! possible combinations: 
&:_ 3$_ 3-kctor 1 Ifi. 1 I-ho: 17p’and 17-kcto. In addition. it describes the prcptn-ativc 
procedures. GLC conditions. methods of data antllgis. non~encktture and abbrevi- 
ations used throughout the present series. 

CcmIlzorz SfL’JX From 0 to I 111= ‘7 of steroid or steroid mistwe was introduced 
into a micro-tlask either by wsig-hing or by evapomtin, ‘3 under nitrogen the required 
voi~une of solution_ Except in the cast of-TMS dcrivruization. the work-up of-reaction 
products in\-olvcd neutralization ~\~llowed by em-action \vith chloroforn~. The chlora- 
form extract WK \v:ts!xd \\-ith \vater and cviipc>Ktted under :i strtxum of nitroget: in 
order to reniovc moisture. The residue. dried in IYICWO over phosphorus penrosidc. 
\V;IS taken up in chloroform and a portion of this solution uxs evaporated to dryness 
and used for GLC ana!:sis. 

Chloroform and aqueous phases \vcre mixed \vith a vibrator. separated in :L 
clinical centrifuge and transkx-ed or removed \vith syringes. Solvent evaporations 
wrr carried out under ;I stream of- nitrogen in a manifold cvnpor:ltar described 
elsewhere (ret 1. Fig. 2). A!! solvents and liquid reagents \vcre caref-ully redisrillrd. 

Reck-rim qf ccrrbo~t_rJ y-orrJ~~ u-irh sodirrrn horoJ~_rdritk f R D) _ Ten nl illigrams of 
sodium borohydridc and 150 ,rll of SO p.:, aqueous tcm_-butnnol were added to the micro- 

fask (ref_ 5, Fig_ 1) containing the steroid. The misture uxs stirred until clear and al- 
!o\ved to stand iit roonl temperature for eit!ler 2 !I (gcncral method) or 0.5 !I (partial 
redt:ction of 1 I-keto groups) and then transferred by rinsin, 0 with four successive X0- 
it1 volumes ofchioroform into a 15ml centrifuge tube: 1 ml of025 h; acetic acid was 

added tind tlw contetlts were stirred. Tllo chloro!~orm law- ~1s removed after ccntrif- 



u~ation. and the aqueous phase extracted twice with 250~~1 of chlorof~~rm. The total 
chloroform extract ~~-as washed with 250 ;(I of 1 I\’ sodium carbonate solution. euap- 
orated_ and the residue placed for 2 h in a wctwn desiccator over phosphorus pent- 
aside_ 

I f--o&f-Kislrner remol-al qf r-urbor~_~-1 groups ( IVh’,J _ The rezleents used were (A) 
5:;. (l-j\-) of 99-lCO:>: hydrazine hydrate (J. T. Baker. PhilIipsburgh. N-J__ U_S_A_r 
N-364) in tlbsolute cthtmol and (B) 72 g of sodium ethoside in 35 g of absolute 
ethanol.Thcse reagents were kept in stoppered bottles at room tempemture in the dark. 

Reagent A (50irl) and reqent B (20yl) were added successively to a micro- 
tubs containin_r the steroid. For amounts of steroid over 500 ,~g_ these voIumes \vere 
multiplied by the number ofcarbonyl groups in the molecule_ Up to six micra-tubes 
couId Ix pktccd in a reaction vessel (see Appendix, Fig_ 5) around a S-ml fiat-bottomed 
tube containing 4 ml of absolute ethanol. With the cowr scre\\-ed on about one tenth 
of a turn only. the vessel was placed in a 160~mm dittmetcr vxuum desiccator which 
wets t’llled with nitrogen (& Appendix). The cover \vas then tightened quickly by 
hand and the vessel placed for 5-5 h in an oven kept at 190 and then on an aluminium 
block to cool to room temperature. The reaction mixture \vas neutralized with 0.X S 
hydrochloric acid and cxtrrtcted twice \vith 250,~l of chIoroforrn_ The ext~tcf lv;ts 
processed as described under Cor~rlro~~ s;rcyx 

Diosoloue (keral,~ tferil-atires qfc-m-ho& groups (DO/ _ To a 1 -ml tube contnin- 
ing the dr\- steroid were added in succession lOftI of ethylene ~lycol. I nlg 01‘ p- 
toluenesulphonic acid and 750:d oftoluene. The tube K;~S placed in the heating black 
of the evaporator (ref_ 3. Fig 2)_ which was maintained at about I I3 for 6 h. A fine 
stream of nitrogen dircctcd tit the liquid surface \v:ls adjusted so as to evaporate about 
500 irl oftoluene per hour_ At ths end of each hour_ 500 ftl of toluenc uxs added to the 
tube_ During thr sixth hour. the ftow of nitrogen was incrcascd in order to rcmoye 
:a much toluene as possible After cooling. 250 !tl of 0.025 X: sodium hydrosidc‘ 
soltttio;l and 230 ;[I of chloroform \vere stirred with the reaction mixture_ The chloro- 
form c.r;tract was processed as described under CO~HIHC~II stqw. 

Cln-onrirm irioside osidmiorr qf Ir_nii-o_v_d .yroups (0-Y) _ The reagent according 
to Cornforth et crlmh was prepared as iblIo\vs_ Five grams of chromium triusidc wcrt‘ 
dissolved in 5 ml of water and the solution was poured into 50 ml of pyridine. \vhich 
\\-a~ cooted by sxvirling in ice-\vater_ The reagent was kept in the dark at 2 and \V:K 
renewed monthly or whenever a dark precipitate started to form_ 

The oxidation procedure was as follows. Fifty microIitres of reagent \vcre 
added to a I- to l-ml tube containing the steroid: the mixture \V;LS stirred xnd allo\ved 
to stand at room temperature_ After 5 h. 5OO;cI of chlorof~x-m and 25OffI of wrltcr 
were added: and the mixture was stirred and centrifuged_ The chloroform laker \vas 

washed three times with 250;rl of water and further processed as described under 
Conlnrorz steps. 

Trimerlg-i_ri!l_l (Ti\,fS) ethers’-‘_ To the steroid contained in a micro-flask 
(ref- 5_ Fig_ 2) were added_ in the following order. 25 ,uI of redistilled hestm~ethyl- 
disilazane and 23itI of freshly prepared 107: (v/v) redistilled triri~eth_vlchlorosilauc 
in chloroform_ The stoppered flask was allowed to stand overnight at room temper- 
aturc.. The contents xere evaporated to dryness (15 min) in a manifold evaporator 
described elsewhere (ref. I, Fi_r. 2) and the required volume of internal standard 
solution in carbon disulphide wts added and the mixture stirred. 
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Hdro/j-sis oJ‘D0 nml TMS ckriwtiws (H Y) _ The dry steroid was srirrcd \vith 
100,~i ofabsolute ethanol for 2 min, then 100,~l of 0.5 N hydrochloric acid was added 
and the misrure was stirred. The mixture WIS allowed to stand overnight at room 
remperarut-e in the stoppered micro-tube_ After neutralization with 100,~l of 0.5 N 
sodium hydroxide solution. it was extracted twice with 250 prl of cl~lorofortn_ The 
chloroform extract wts \\aslwd three times with 250 itI of water and further processed 
as described under Cotntttott steps- Comparable results wet-e obtained by hydrolysis 
at SO” for 1 Ii with occasional stirring. 

GL_C tethttiqttc~s 
A Perkin-Elmer 900 chromato~rttph equipped \vith dual llrtnw ionization dc- 

tcctors \v;ts used isotherrnall~_ The 9 ft. ._. l/S in. 0-D. stainless-steel columns \vst-e 
packed with 3 I:,L JSR (dimethylpol~siios3ne) on 100-I 20 mesh Gas-Cht-om Q and 

condirioncd as dcscribcd prsviousIy’_ 
Deriv-atized or non-dcriwtized steroids or steroid tnisturcs \vcrc injected in 

standard carbon disulphidc solution containin, 17 thr TkMS derivatives of t\vo internal 
standards: S I_ ~~-1~~drosy-5~c-atldrost~~tle (A 1 I SO)*. and SZ. 3c:-coprostanol (C 
5050)’ in concentrations of 3-75 and 12.3 n$,ul_ respecti\-el;_ obtained by -IO-fold 
dilution of stock solutions in carbon disulphidc. Standttrd and stock solutions \vere 
stored as described pm\-iottsly (rcf_ 1. p_ 4-H). 

Norm:tl conditions under \vhich all mcasurcmcnts wcrc made \vcrt‘ established 

:ts t~~llo~vs_ \Vith the ovt’n ~cmpcraturc and rhc helium fa\v-rate set :tt :ippt-osimatcl> 
230 and 60 ml~~min. rcspcctivel_v_ 2ctl of standard solution NXS injected. and the t-cl- 
:ttivc retention time_ R,. of SZ wtwts SI was dcterminsd. Ths ov’r3n tcmperztture was 
then adjusted fo bring R, between 6.700 and 6.6-W. :I?; close as possible to R,.s -: 6-67-l. 
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This was achieved by trial and error_ makin, 0 use of the ikt that R, increased by 0.006 
for a decrease of O-1 observed on a precision thermometer (Fig. I). The carrier gas 
flow-rare was then adjusted to brin, 0 the retention times of internal standards SI and 
SZ as close as possible to A = 190 :-: lo-’ min and B = 1265 :C IO-’ min. respec- 
tively, A and B beins defined ideal normal conditions for which all retention times 
were normalized by applyin g the following procedure_ 

Rr~m:ion mime t-orrtwiorrx FoI1owir.g the injection of a sample. both the timer 
and recorder chart drive were styitched on by actuating a comnion switch at the precise 
moment that the pen carriage moved up-scale: retention times being measured from 
this moment were “corrected retention times”_ I,‘_ The first observable decrease 
from the maximum peak height NXS taken to pinpoint the retention time. 

Observed tK’ values were further corrected for deviation from normal condi- 

tions indicated by differences from nominal il and B values of observed d’ and B’ 
values of standard retention times as follows. Let 

[R 
,, 

=z r,‘B/B’ 

Provided that 

- O_OX -: B’;_q’ - 6.074 i 

(1) 

(3) 

0.026 (4) 

the corrected retention time. r;ti. given by 

is within f 1 - lo-’ min of the retention time under ideal normal conditions. 
The _lil term in eqn. 5 can be neglecred whrtn _ 1-4 is \vithin =I O-5_ 
The oven thermometer served primarily to adjust R,. Its eflkctiueness ~1s 

gcatest when effects of draughts and chanses in room tempcr:tture on the enxrgent 
stem (Fig 1) were minimized_ Under these conditions. the oven temperature could 

be accurately determined from thermometer readings after i/z sirlr calibration described 
in ref. 4 (p_ 440)_ 

Cccasional interference of stttndttrd peaks Si or SZ with the ~‘i‘nks of other 
steroids was encountered. Replacement of S I _ S2_ or both, by non-interferinz steroids 
required a careful determination of the corrected retention times of the new standards 
under normal conditions: tte new _-I. B_ and RI.\- dues \vere then used both in ad- 
justing normal conditions and in eqns. l-5. 

All retention times \sere constant minimum retention times. C:\Zt. detined in 
ref- 2. p_ 3_ SufEcient amounts of steroids \vere injected to obtain CMr. if ncccssar_v 
by increasing the test solutioli concentration_ by injectin g largx volumes, or both. 
Application of this procedure was particularly relevant to unsaturated components 
(ref_ 2, p_ 3)_ 
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TABLE I 

M, VALUES AND SOURCES OF &l-STEROIDS OF THE ANDROSTANE SERIES 

- cf.. Table x. 
-- Cf.. Table IS. 

A 3000 
A 700 
A 3400 
A 2150 
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TABLE 111 

oh. -AND Gm VALUES XND SOURCES OF STEROIDS OF GROUP (.(I) 

I 

II 
III 
IV 
v 

VI 
VI! 

VIII 
IX 

X 
XI 

151 
152 
116” 

.- 

then tested for fit in t-unctions csprr--ssin g simple rrlationships that provided the basis 

f-or retention time cafcitlations. 
The basic concept considers two distinct sets ofstrucrurrtl tk~tures in the steroid 

molcculrr M-features. which atkt the structure of ring A. and G-fcaturcs. which 
afl-ect the remainder of the moiecttle. Steroids with identical G-t-eaturcs form distinct 
groups. the members of which diikr in respect of M-features only ($. Tr~blcs I-S). 

Steroids devoid of G-features. the M-steroids of the androstme and the prcgnanc- 

series. m-e listed in Tables I and II. respectively. 

T.ABLE IV 

LK AXD GK VALUES XKD SOURCES OF STEROlDS OF GROUP t!j; 

Sri*roid smi-c-c- 

_\I _-fhhrcGm%n LK c-i, - 

I * SjA I 1;; zoo’)7 210” Prepared: cf-. Diagran 13 
I! 5r4 1 tp ‘1-B 211 Prepared: c-f-. Diagram 7 

II! 5[;_43i< ! I [; 2390 _ - 715’. Calcuht~d: Lx 5,GPZ;;! I.5 ICiK--- 
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TABLE V 

Lh’ AND (i-K VALUES AND SOURCES OF STEROIDS OF GROUP (1 l,l7? 

df 

1 
II 

111 
tv 
v 

VI 
VI1 

VIII 
IS 
x 

-Xl 

G,’ 

TXBLE \‘I 

lllS 
2x7 
2535 
2534 
2526 
2541 
257s 
259’) 
2627 
7643 
‘619 

-11 .-thhr~.~-i~~ril~t~ 

5$X1 1st 17) 
5rAllj;tl7) 
5;;x3;;1 rr;t i7) 
5UMf!l I/;( 17) 
5;r.a 1 I [;( 3.17 ) 
5$43f<l lF;(l7) 
5U.41 lfi(3.17) 
_ 13_~3,-a l/q 17) 
15x3;;1 1 j;c 17) 

5rcxf;l l$( 17) 
. I-ml 1[;(3.17) 

361 
363 
361 
350 
342 

. . 

a-- 31b 
350- - 
342” 
35s 
361 
32-l-- 

Prepared: cf_. Diagmn 16 
Prepnred: C-. Dhgrams 7 and 12 
calclll:~ted; df~ 5r’LU;i -- G,(l1.17)‘ 
A zzso 
‘A 4010 
A 3460 
Preptlredr c/I_ Diagram 11 
cllclIltlted: Lh. l-L~3j;l7~:(11) -- .IG,--- 

SRC 
_ Prcpscdr OX (1 II) 5rA3[;1 l$(i7)$ 

CalculatCzd~ LK _I4xl7j;Ii.l I) - - IG,“’ 

XSD SOURCES OF STEROIDS OF GROUP I lji(l7) 

‘;W -_- 
399 

7613 
263-l 
26-l-I 
2645 
1704 
‘770 
2736 
,757 
2779 

(I-h. 
. 

463” 
175 
-l6S-- 
45Y” 
460’. 
451” 
476 
363’. 
477 
175 
474 

A ,360 
Calculated: L, l-IX;~l lfil7$ -- lCHP 
Calculntcd: LK. 15;\3,Gl l,i:17$ ~- I<;,’ 
A 1500 
A 6630 
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T_4BLE VII 

LK AND GK VALUES AND SOURCES OF STEROIDS OF GROUP Ii’[;( I I) 

Strruid 

:tr _-lbbrtviuhm 

I 5y;417/;‘(11) 
II 5w.4 I 7L.q I 1) 

III 5/;;\3fi17Ji(II) 
IV 5rcA3rcl7~‘lll) 
\* 5,%A17fiL3.1 I) 

VI 5$.13rc17$t I I) 
VII SrrAIii;f3.1 I) 

VIII faA3[;171;t I I) 
IX : 15;\3fi17$( I I) 
X 5t.43/:17/?:( I I) 

XI _ 14AI7$3,11) 

LK 

2395 50s 
2432 50s 
76SZ 507 
‘68 I 506 
2668 351” 
2671 47s” 
1771 393.. 
7,746 1SY” 
1775 506 
1757 50s 
1776 471” 

SUIU-CC 

c;,’ 

CaIcuIated: LK 5,‘iA(I 1.17) : _ IGs--- 
Prepared: r-. Diagrmn 12 
Cakulatcd: dfK 5fiA3[i --~ G-M 17$( 1 I )- 
Prepared; cf-. Diagram 3 
Calcuhred; LR 5fiAt3.11.17) . IG;r-m’ 
Prepared: cf-. Diagram 4 
Calculated: Lx 5aAt3.11.17) -- IG,“‘ 
Prepared: c-J. Diagram 6 
Prepared: O-5 11 RD of. 15.43$tI 1.17) 
Prepared: 0.5 h RD of 5~43:t I I _ 17) 
SRC 

- Average GK-not-mill value 7: G, 17fi( I I) =- 507. 
-- G,-odd steroid. 

The lo_ezlrithmic esprcssion. LR_ of rett‘nlion tit-m. I;.,- IO-’ min. is dctincd 

by= 

L, --: Iv-f,, (6) 

For the retention time_ I;,,, of M-steroids_ tflis expression is 

(7) 

L, may be considered to result from ;1 modification of ~11, bx G-fC’atureS_ Let 
G, be the G-feature contribution: then_ 

T_4BLE VIII 

L, AND C, VALUES XXD SOURCES OF STEROIDS OF GROUP t 1;:17,:: 

5;;_4 I I[l I 7,i; 
5r:A 1 I ,< I 7$ 
5[%31: 1 I[! I 7$ 
5r:.a3:1 Ipl7p 

5f%lI IfiI7fi(3) 
5fiA3wI IfiI7i; 
5&I IfiI7fi(3) 

- M.41 IfiI7ii’(3) 

24332 5-s” 
?a7 563 
272s 54: - - 
7729 55-%-- 
2735 551” 
2714 521” 
2795 567 
x11 _55*-- 
1s37 560 
2g.50 571 
2570 565 

Sorri-cc 

Prepared: c$. Dirtgram 16 
Prep&red: cf:. Diagram 7 
Crtleulnted: l-1; 5[;P3i;l I~iZOi; - 21-t (see test) 
A 27so 

Calculatrd: Lfi ?$;A1 lfi(3.17) -.- _lc;,--- 
A 3910 
Calculated: L, 5~41 Iyi(3_17) .-- _ IC,“’ 
Prepared: cX_ Diagram 6 
Prepared; 0.5 h RD of _ 15_A3$( I I _ t 7) 
A 2800: also SRC 
Calculated; LK. IJXI I[;(_;.1 1) -. 1~7~“~ 

._ 
. Average GK-norm&I value -2 G, 11$17[; == 56s. 

-* CR-odd steroid_ 
--- For La value, see appropriate TabIe: for appropriate IGK Mue, sty Table XII. 
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TABLE IX 

LK AND GK VALUES AND SOURCES OF STEROIDS OF GROUP (17) 

261 
263 
266 
264 
261 
267 
261 
263 
259 
‘63 
161 

Prepared: OX 5fi_A17fi 
SRC 
X 3670 
A Z?ZO 
.a 3270 
A 3610 
A 1630 
Calculated: XI,2 .14A3[i .- G1(( 17)’ 
X 5500 
x 2490 
A so70 

TABLE X 

Lx AED GH VALUES AND SOURCES OF STEROIDS OF GROUP 17/5 

Stiwiil SrJttt-c~ 

II .-lhhrr,~t~ttrt~Jtt L (1-R 
. 

A 3430 
A 1250 

A 3060 
A 1170 
A 3730 
x 3030 
A 7570 
A 560 
A 7s30 
A 1zx 
A 6950 
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Hence. the G, vaIue oT a steroid can also be obtained as IO3 times the logarithm of 
its reiative retention time w-sus the corresponding M-steroid. 

Eqn. S suggests a simple test for G;( \-alues of steroids of the same group. A 
plot of L, wrms .lZK vA.~cs_ the Lbl plot. yields a straight line of45-’ slope for ai1 
steroids of ;L group with the same GR value: the intercept \vith the LR axis (XK ::-. 0) 
gives ths- Gx value of the group. Somt x groups yield LA1 lines fitted by all members;. In 
general, ho\\-ever, a croup includes members that fit. the C,-normal steroids_ and the 

G,-odd steroids which have ;1 variable GK value considerably below the GH value of 

thr group_ 
It !~ollo~~ from the above that the G, value or ;1 group c;fn also be obtained 

through syn. 9 or 10 as the G, value ofany G,-normal steroid ofthe group_ Converse- 
Iy_ the LR vah.~c of any G‘,-normal steroid can be calculated from the G, value of the 

goup. 
Given steroids a and b in different groups. 

lG,(a_b) m:~ G,(a) - G,(b) 

For M-corresponding members of two groups: 

(II) 

IG&i_b) - L,(a) - L,Jb) (13) 

or.. from eyn. 6 

’ &,(a) i _ I&-,(a,b) -- i05-log (-,-----I 
f_\.Jb) ! 

Also_ from c\qn_ 13 

L.d:l) L,(b) - IGJ3.b) (15) 

When _ IGN(zr,b) defined by eqn. 13 is the same for all pairs of all-correspondin_ 
members of two groups. thr groups are related and the unique IG,(LI,LJ) vaIue is the 
_ lc‘, value of the groups. In this instance a plot of L,(a) rer~~rs L,(b). the LL plot. 
yields :I straight line of45 slope titted by both G,-normal and GR-odd steroids. The 
intercept of the LL piot is the. IG, value ofthe groups. Three othsr ways ofobtainin~ 

_ IG, are sugestedr from eqn. I 1. as the difkence bet\veen the G, values of the 
groups: from eqn. 13, as the ditkence betkveen the L, values of two M-corresponding 
members of the groups: and from eqn. 14, as IO3 times the logarithm of the relative 
retention time of a member of one group WI-HIS the M-corresponding member in tht 
other group. Conversely, the _ IG, value of two related groups atlixds several \va_vs in 
which the LK value of members of such groups can be c;tlculated. 
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The abbreviations used in this series of papers begin with 5~. 5i;_ 14 or ~15 
followed by A (androstane) or P (pregnane). Next come the hydrosyl groups followed 
by the carbonyl groups in parentheses_ For example: _ 

5itA3p* dcsigmtes 3$-hydrosy-St:-androstane 
5i;A3$ I i [; designates 3i_i. 1 I~-dihydrosy-~iS-androstltnr 
MAI lfl(3.17) designates 1 I ~-hydrosyandrost-4-ene-3. I7-dione 

.15P$;17tr(20) designates 3& I7cr-dihydrosypregn-5-ene-‘O-one 
5uP 17~2 l(3. I I 20) dcsigiatcs 17cc.2 I -dihydrosy-Scc-preSn3lle-3,1 1 .X- 

trione. 

In the figures_ M-Features of steroids are indicated by the corresponding reman 
nunitt-als. 

Dkgrams 1-16 describe preparations of steroids starting From available 
standards_ The reaction used on the \vholr misturc of products from the preceding 
step is indicated on the left by t\vo capital letters. SLICII as iiD or OX (&. Srcv-aid 

~‘r-~~/)cn-~~rion). Pcrccnt:t~es of all compounds il: the reaction misturc are indicated in 
bold type: component derivtltion from products of the preceding step. atid retention 
times in IO-’ min, arc afso indicated. Rctcntion timrs correspond to derivatizrd 
misturcs. D. In ;t fe\v instances. ~_g.. in Dia~rmis I, -. T 7. I5 and 16. retention times 
fbr the non-dcrivatized mistures. N _ xe eivm also in order to iIIustr:lte a point in the 
Discussion. For similar reasons. retention times at-e occasionally fhllwved by the 
corrcspondin, ‘3 LK value- in parcntlieses, e.g.. in Diagam 16. 

LR \-al~les in Tables I-S um-e obtained from compounds \vhich, as SLICIL or as 
components of ;t reaction niisturc_ had brcn submitted to ?-MS derivatization. Es- 
ccpt 11x I I$ (c$ Discussion)_ all hydrosyl groups NW-~ derivatized in the process. 

CYK \-ai~~es indicated for each steroid in Tables 111-S u;rre obtnincd from the 
L, values by subtracting the correspondin g Jl, V~ILIS (rqn. 9) takeI; from Table I. 
The origin of each compound is indicated under source(s): :k capital letter follked by 
!-our digits indicates thr ctttaloge number of Stcraloids inc.. from whom the steroid 
was purchased: SRC indicates ;I sift from thr Steroid Rcferencc Collrction: prrpar~d 
indicates :L compound prepared in this laboratory_ and in this case rcfercnce to the 
method of prepartltion is given: calculated indicates an L, vrtlue computed by one 
of the nlethods described under GLC c/mu ona/~-sis- (the method is identified). 

Table XI gives a list of standard compounds from which the L, values of SS 
steroids listed in Tables III-_X cm1 be derived_ Table XI gives the retention times. L, 
valises. source(s) and TLC R, valurs of the standard compounds. 

In Table ,X1 I_ espcrimental G, and ._IG, v&~es are sl~own in parenthews above 
the corresponding GK and _ IG, valises from tbc standards listed in Table XI. The 
derived G;, and _ IG, values were used in order to calculate L, values for the steroids 
listed in Tables 111-X. A comparison of the calculated and esprrinlrn~al LR values 
indicated errors: Table XIII sho~vs thesr errors espressrd in seconds of rettlntion 
time. 
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Reaction 

\VK 
90 
5px;I; 
D 149-5 

OX 
90 
5ga3) 
D.N 153 

WK 
91 
5+X3lC 
D I56 

OS 
88 
5&u3) 
D,N 153 

Raction 

RD 
(0.5 h) 35 65 

5ctX3rt17j-;( I 1) 51:X.irtI I[ili;; 

D SSO D 534 

Reaction 

RD 
(0.5 h) I 

5$X3rr( I l-17) 
D 311 

Diagram 1. Synthesis of 5j;A3u17[;I I I ). 

5fiA3& 17) 
D 276 

10 
5$A(3_17) 
D.N tS0 

9 
51a3u I 71; 

D 337 

12 
5pu3.17) 
D.i\: 2SO 

5;;AL3.11.17) 
N-D 332 

5.4 93 

5~.~3Ccr7;:( 1 I) 5~ih3f,l 1;;17;; 

D 46s D 51s 



GLC STUDIES OF STEROIDS. I. 61 

Reaction 

RD 

(2 h) 

Diagmn 5. Synthcris of 5[fA3~1 l[jl7@. 

.14A(3,11.17) 

Reaction N.D 431 

RI) 

(0.3 h) 1.7 5.1 45 6.7 36 5.6 
I-LUj:( 11.17) 5~~i:A3rr17j:(l I) llA;fil7,r!( t I) 5rcA\;l:t7~:(11) l;rA3f:ll/~I7$ 5uA3fill[;l7[~ 

D 10-Z D 467 D 5% D 611 DM7 D 709 

Diagrttnl 6. Synthesis OF. t&A3~;17[~( 11) rtnd ..t4A3[;1 lB17[i. 

5t.41 li;tZ.t7) 

Redon I D 506. 

WI 
94 5 I 

5lfA 1 I$ 5rcAl li;l7$ fwA3fil lQ17p 

D 13Y.5 D 307 .D 705 

N 139.5 N 26s x 612 

OS 

91 5 0.5 

5ct.w 11) SKAtll.t7) SctA(.:.tt.t7) 

D tlY D 1Y-I D 375) 

N 119 N IV1 N 37Y 

Diagr,m~ 7. Synrhesis of 5:.-U t 1). 5thl I[;_ SrcX( 11.17) and 5crXl l$t7/;_ 
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TABLE Xl 

RETENTION TIMES (r’r,). L H. c;I AND Rr VALUES. AND SOURCES OF STANDARD 

A 5tA3/i( 11) 270 

5rrAZfi1 lfi 31s 

5fzA3f:l If) 34s 
.14A3fi17fi 401 
5f<.A3fi( 11.17) WI 
5rcA3fil ii;(17) 571 
%:A3~17filll) 612 
.15A3~11~17~; 6SS 

H 5/&l 16 115 

5&A(3.11.171 336 
5~c.-xt3.11.17) 37s 

5~CX3~Cl Ifill7) 431 
.1&~17jx(3.11) 597 
.13Aii;l lp17[; 647 

c S[iA3rclll I 212 

5~;X.;fr17[; 337 
5/;..\3rt1 I;i17[; 517 

5flAl7[W) 333 

2431.3 152.6 0.693 

2502.4 223.7 0.512 

2541.5 252.8 0.720 
2603.1 347.1 0.480 
2643.4 365.0 0.615 
2756.6 477-Y 0.405 
2786.7 508-O 0.190 
2837.5 568.5 0.090 

2097.0 0.975 

2576.1 OS75 
2578-O 0.91s 

%%I=1 
7;6_0 

0.4s 
0.437 

2s11.0 0.092 

7376 i -__ __ 0.745 

7391.7 0.650 

2527.0 0.405 
2712.5 0.09 3 

2522.4 tx73-I 

- XII compounds obtained through prepnmtions \vere purified by TLC: all preparations were 
completed in S \vorking days. Concentrations of mixture components were adjusted proportionally 
to retention time so as to obtain ztppro?timatcly uniform penk heights_ Amount injected was such as to 
obtain CMr (see GLC rcclmiques) of unsztturated steroids. 

-- For source of starting nwteritll in preparations. see Table V or VI. 
--. Y5y{, 5~tA3~(11.17). 5:; 5~tA(3.11.17). 

z 95r;; 5rtA13.11.17). spt 5~CX3~(11.17)_ 

_-- 
SaUrCCt’-* 

Prepared: OX-\VK&~3/Jl l/$17); rf-, 
Diagram 10 

Prepared: WK-%tA3[!1 lfi(17); CA. 
Diagram 10 

A 2490 
A 5600 
Prepared: OX (I 11) kA3/f1 lfil17)“’ 
x 1500 
Prepared: O-5 h RD-SwA?i;t 11.17) 
Preptired: 2 h RD-. 15A3/1111.17) 

Prepared: WK-5[;Al3.11.17): cx. 
Diagriim 13 

A 4010 
Prepared: OX-5~tA3tcll1.171~: also 

Diagmm 12 
A 1330 
SRC 
Prepared; 0.5 h RD--15.~13.11.17): cf.. 

Diagram 6 

Prepared: WK-SfiA3fd 11.17): cf., 
Diagram 13 

Prepnrcd: WKJ~A3~~11fi~17): cf.. 

Diagram 14 
A 3030 
A 3940 

A 3730 

DISCUSSION 

Steroid jmym-atiott 

The simplicity of the preparative procedures described under Methods allwvs 
a number of samples to be handled serially: identification by GLC of products ob- 
tainable in :I few hours i$ facilitated by their high yields and predictability. 

Most of the observations recorded below on etkcts of the classical reactions 
upon functional groups at positions 3, 1 I and 17 were made in the course of a pre- 
liminary standardization of the preparative procedures with the help of structurally 
simple steroids. Application of the standardized procedures to the more complex 
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TABLE X11 

c;, AND .IG, VALUES 

(Iii (11.17) 
I 

(150.5) (11) 
15Lti 

(361.0) (11.17) i tzi0:5, 
365-O 1 713.5 

( 507.0) 17f;( I I) (356.5) (146.0) 
SOS-0 355.3 143.0 

(ZZO) Ilr; (71.5) ( 13Y_0) 
213-7 71.1 141.3 

(477.0) 
4i7.Y 

(56S.O) 
568.5 

(17) (I 1’2) 
i 10.2 

17[; t 196-O) 
193.5 

t 116.0) 
1lZ.Y 

(~07_0) 
‘03.5 

(99.3) 
1032 
(14.5) 

13-Y 

(Gi.2, 
255.0 

(316.0) 
3-M-s 

ijo_,, 
39.1 

t 1~4.5) 
I ‘5.-? 

t 9 1 _I)) 567.5 
YO.6 

(215.3) - t 305.3 ) 
115.1 305-7 

( 130s) (‘71_5) 
130.5, 2’1.4 

(762.7) m-l.3 
262.5 2-s.2 

(346.5) t t60.5) 
34i. I 160.9 

_ (;K values in parenthews, cohu-nn 1. are averages of GR-nornxtl vrtlur~ for each group indicated 
in colunm 2_ as shown in footnotc _ in Tables 111-X: GK value just below thrsc \verr derived from 
standard compounds in Mixture X (c-J. Table XI. column 4 and te.xtk 

__ _ lG, \-&es were obtained for aI1 possible group pairs b>- using the Gh. vaturx :-ram colllrnll 1 
t(-/-. footnote -1: the. ICY, vaiues in parenthtwx correspond to the GH \-alues in prtrenthr~es. Each of 
the two franed sets of. fGK \-ahxz correspond to related groups: the t 1 I I-fcaturing and I l+fcaturing 
groups_ respectively_ 

I_- For definition of ZGh. SW test_ 

1 I{;( 17) (316.5) 
325.3 

1 i$I7i; (41x5) 
415-Y 

413.7 

4YS.6 

(‘S5.0) 
284.3 

(30.0) 
30. I 

(61.0) 
605 

4w.7 

ERRORS Ix SECONDS OF RETExT109 TIhlE OBSERVED IN L, VALUES CALCUL:\TED 
FROM GLC D-AT.1 OBTAINED WITH STABDARD STEROIDS LISTED IK TABLE XI 

Differenctzr obscned between calcuhted Z_, xtlutz and LK vrtlut~ listrd in Tables III-X \vere ohtaincd 
in Lx units_ One Lx unit corresponds to 0.2333; of the retention time. I*.\.~. orO.14 - r’_,,s~c~~hen 
r’.%, isexpressed in minutes. No error is given for nineteen compounds used us stnndards. indicated 
by S. nor for sis 5;iA3fi-steroids not cAx.datcd from the Ge data in Tzbie XI (see test). 

0 ~- O-5 - 0.7 
o- S- -~ 2.0’ 
S‘ --- 1-O‘ -. 3.0’ 

- l-4’ S’ 0’ 
- IS’ -. 3.0’ ; 1.9’ 
- 0.5 ._ j-5 ._ t-5 

S S S 
0’ -- 2.0’ S’ 

1-Y’ 

- 1.4’ 
S‘ 

- o-5 
- 0.4’ 

~-. 0.8 
S 

- 1.6 

S’ 
_I 

- 1.4’ 
: %I 
- 0.3 - 

-- o_s 
S 

- 3.0 

24‘ 
-3-5’ 

S’ 
. 1.1 

S‘ 
S 

-2.5 
._ 2-9 

II71 171; 

- o.z! - 0.s 
0 . 02 

0.6 - 0.1 
-- 0.2 - 0-s 
- O-6 S‘ 

~. .7.0 S’ 
- 0.s - 03 

0 S 
.- 1.6 I_0 

S t-5 
- 1.0 0 

- Indicates G,-odd steroid. 
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cases described in Di:~grmns 1-16 contimed and completed these observations, 
which can be summarized as follows_ 

RD_ The reduction with sodium borohydride of (3) and (17) to hydrosvf 
_groups was completed in 0.5 II: the complete reduction of ( 1 I ) required 2 h. Tliis 
unique peculiarity of ( 1 1) was used to synthesize ( 1 I )-containing steroids: it was also 
useful in the identitication of these steroids2_ RD reduction favoured almost es- 
cfusivefy the formation of one stereoisomer _ as follows: %(3) --.- 5r<3+: 5(-i(3) -.- 5$3x: 
.-M(3) ‘- ;I4 3pr (1 I) ‘- 1 IljI (17) -e- 17i;_ 

With the sole csception of (3) in 5$(j)_ a11 carbony groups Lucre reduced to 
if-hydrosyf goups_ The proportion of 174 isomer formed \v;ts very small, being 0-S. 
l-5 and 0-S ‘.I,:, for 5yiA3rc( 17). 5t:A3cc( 17) and _ 15A3i;( 17). respectively. in the reduction 
of (.3) and ( 1 I). the proportion of minor isomer \v;is even smaller. A significant frac- 
tion of conjugated _ 14(3) LV;IS usually reduced to 5c:3ff and 5153~. as csempfitied in Dia- 
gram 6: neither _ I&Q-i nor . 15A3$ xerc aft;-ctrd. 

If/K. In the one-step procedure used for the WofKKisfmer re;tctiolls-lo_ the 
hydrazone w:‘;~s formed and decomposed in a single oper:nion. The usual side-reaction 
leading from the carbony fo the hydrosyl group ;vas limited by the use of excess of 

bydrazine”. Wflife over go’,:;; removal of (3) and ( 17) was observed. that fraction of 
(11) \vhich reacted did so entirely through the side-reaction. wflich in all instances 
followed the pattern of the RD reduction_ as followsr k(3) -.- 5c:jfi: 5fi(3) -:- 5$3rc: 
(1 I) -:- 1 I[;: (17) -.-.- 17[j. 

Double bonds in _ ilrA$’ and 15A3f; \vcre unall;-cted: the abnormal befwviour 
of. 14A(3) is not discussed in this paper. 

DO. Conversion of car-bony1 groups to diosofone (Leta!) derivatives proceeded 
smootfify in excellent yield for (3) and (17). A snx~ll proportion of (1 1) reacted (c$. 

Diagmm fh)_ The itb~~ormi~f conversion of f+(3) into 15 ketal derivatives was not 
used in the present prepxntions. Replacement of I’-toluenesufpf~o~~ic acid by 1 mg 
of adipic acid” led to poor yields in all insrances, although a maximum yield of 75 ‘1;; 
W:IS obtained with 10 nig of adipic acid. 

DO derivatives that are untlKected in RD. WK OX and TMS reactions \vere 
used to protect carbanyf groups in reaction scqucnces. Their usefulness in steroid 
identification is bricfy discussed belo\\-. 

O_\-. Oxidation of hydrosyf groups at positions 3. 11 and 17 with chromium 
trioside u~u~ffy proceeded smoothf_v to completion in 5 h: occ&oni~lly. 3~ nnd 3~; 
hydrosyf Proups were not completely oxidized (Diagrams IO. 13. 14 itnd 16). The 
extent of oxidation \v:~s readily adjustable by n~odilici~tiol~ of the reaction time (qf:. 
footnote*_ Table V, and footnote ***_ Table XI). 

;T.\IS_ The formation of TMS derivatives was complete under the present con- 

ditions for all hydrosyf groups except 1 I$_ \\hich remained unalkcted (($1. D:N 
retention time data in Diagrams l-16)_ 

While the retention time shift due to TMS deriwtizarion \vas positive in all 
insta!ices relevant to this paper_ the extent of this shift \;YIS not precisely predictable 
even for closely related compounds_ This is undoubtedly due to the fact that complex 
inrramolecular inttrrtctions in non-drrivatized hydrosyfated steroids fad to subtle 
structural changes that aff>ct retention times_ Complex steroid-polar column inter- 
actioris similarly espltiin why steroid retention times on polar columns cannot be 
predicted i~ccur;ttely. 
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The t-avourable etkt ofTMS deriwtization on the thermal stability of steroids 
has been repeatedly confirmed throughout this work_ Many non-derivatized steroids 
were altered or decomposed to ;t variable extent on both polar and non-polar columns- 

HI’_ Hydrolysis of- TMS and DO derivatives always proceeded smoothly to 
compktion. 

Diasrans l-16 demonstrttte the general ctkctiveness of simple procedures in 
generating predictable steroids from compounds of known structure_ MOSt important, 

tfley also indicate many possible ways in which these procedures can produce struc- 
tural evidence complementary to that afforded by direct GLC anafysis of natural 
steroids in fractions obtained by preliminary TLC septlration. Indeed. the strategy 
adopted in this case paralfek that used in identifying products in preparations dc- 
scribed bp Diagrams I- 16. 

In one-step preparations. the major and minor products could be presumed 
from the above observations on the reaction course. Eacfl of the presumed structures 
had corresponding 31, L -md G, values from which L, vaIues could be calculated through 
eqn. S_ A comparison of calculated and observed values readily confirmed the pre- 
sumed identity_ Additional evidence could often be obtained from a comparison \vitfl 
L, values calculated through eqn_ 15: in this case, L, values of M-corresponding mcm- 
bers in related groups and IG, \-ztlues of the relevttnt groups were used_ 

In multi-step preparations. positi\-ely identified products of the first reaction 
each led to similarly predictable and identifiable products in the second step. and so 
on to the last step. Correspondins percentages in consecutive reaction mixtures xere 
important clues to the correct derivation of products from those in the preceding re- 
action. In addition. the fact that many minor products in a given sequence had re- 
tention times idsntieal with those of steroid standards or those of positively identitied 
major products in one-step preparations provided further evidence of identity_ 

Further information was derived from a number of tests_ including a compari- 
son of retention times in non-dcrivatized (N) mixtures \vith those in derivatized (D) 
mixtures: for instance, a retention time shift following TMS derivatization al\~ays 
characterized the presence of hydrosyl groups other than I lfi_ A comparison of TMS- 
derivatized \vith DO-derivatized materirtl revealed large retention time shifts. the 
magnitude of which indicated specitic structures: the (17) -:- DO( 17) conversion. for 
instance. corresponded to an increase of about 150 LK units when (I I) was presenf 
in the mofecufe_ but only 110 LK units ivith I ir; (Dirlgrams 12 and 16). 

L Ic_ itl, amf G, rafai’.) 

Table I gives :\I, values of the androstane series. at1 but t\vo of \vhich \vere 
derived from authentic specimens. Values for _ 13A3fi and k&A(3) \verc calculated 
from the L, values of _ 14A3i;( 17) and _ l4A(3.17)_ respectively_ using the Gh. vdutz 

of group ( 17) and a variant of eqn_ S_ namely_ 

:\I, ::= L, - G, (16) 

Ttrble II demonstrates the perfect correspondance of JI, values in the andros- 
tttne and pregnane series_ expressed by 

(17) 
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In fact. the two groups can be regarded ;is related. with LIG~ = 326: in the present 
system, 226 is also the L, increment for two additional rnethylene groups. 

Each of the groups in Tables I1 I-X features a number of G,-odd steroids charx- 
terized by a GR vaIue considerably below that of CR-normal compounds. This fact is 

clearly apparent in i_M plots (Fig_ 2)_ 

The number of G,-odd steroids vxies from group to group. Vhile goup (17) 
htis none_ group 17fi includes t\vo: cnch of the three (1 I)-lktturin~~ groups includes 
live. tend Erich of the I I$-featurin, cx groups includes sis C&-odd steroids_ As sho~11 in 
T:ible XII 1. G,-odd steroids in ~111 three ( 1 1 )-featurin g Eroups correspond to the same _ 
M-features: similtlrly, the GR-odd steroids in the three 1 l+fettturing groups corre- 
spond to the same M-ftitures: 5$(3). SF3 lc :md J4A3$ are the only M-features that 
correspond to CR-odd steroids in both sets ofgroups. The only M-features th;lt corre- 
spond to G,-norms1 steroids in nil groups are %A, _ 15A3fi and 5ccA3fi. 

G, vah.~rs of multi-functional steroids (Table SII, tirst and laa columns) do 
not necessarily equrtl the sum. 2’ G,, of GK vnl~~es of the component fmictions when 
present alone. Only GRI Ijil7@ equals ZG,l lifl7p = Gl,l l/3+GK17p’: GI;l lj-4 17) is 
smaller tend G, 17yi( 11) larger than the corresponding j ‘-GK vslue; GR( I I. 17) is much 
smaller t hltn _YG,( 1 I. 17). 

Ignorance of the above complexities. which is undrrstandrtble in view of the 
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paucity of steroid standards, made the prediction of retention times on the basis of 
structure very hazardous prior to the present study. The finding of group-specific 
GR-normal and G,-odd steroid patterns immediately afforded a simple procedure for 
the accurate calculation of L, values for G,-normal steroids_ Because the G, value of 
a11 G,-norma steroids in a group is very cIose to the GK value of the group. the G, 
vzluc of ;t single G,-normal steroid in the group could be used in eqn_ S with 111, 
values taken from Table I in order to calculate the GR value of al1 G,-normal steroids 
in the group. One \v:ly to obtain quickly G, values for all groups was to chromato- 
graph simukaneousiy the TMS dcriwtives of G,-normal steroids representative of 
a11 groups, c’._g., Mixture A in Table XI. As the internal standard Sl, 5r:A3p’. is in- 
cluded in a11 test solutions (cJ_ GL.C fsdzttiqtt~~s). it \vas convenient to include in Mis- 
ture A as many 5:A3fi compounds as possibie so as to find the corresponding G, 
values through eqn_ IO_ by the method of rekltive retention time (crf: GLC dara CIIZCI/- 

_r_rix). The G, values of components 14A3$17@ and 15A3fil Ifi1 7fi were determked 
throu$i eqn_ 9_ using ill, values taken from Table I_ The calculated G, values are 
given in Table XII_ column I_ under the corresponding csperimentally detcrmincd 
G, vtdutr of the groups shown in parentheses_ 

Application of eqn. S using the calculated G, vrdues and n1, vaiues taken 
from TabIc I aff-orded calculated LK vaIues for 45 G,-normal steroids. The calculrwd 
values were compared with the experimental values listed in Tables I I I-X. Dilkences 
or calculation errors expressed in seconds of retention time are listed in Table XIII. 

LL plots (Fig. 3) cIearIy indicated a close relationship bet\veen groups featuring 
( 1 I ). and simiIttrIy_ betxcen groups featuril 10, 1 I[;: such relationships \vere. niorcover. _ 
suggested by the t\vo sets of groups each havin g a characteristic pattern of G,-odd 
and CR-normal steroids (Table XII I )_ The key to such rekaionships :md the basis for 
accurate calculations of L, ~tllues is the _ IG, value of related groups. Eqns_ I I_ 13 
and 14_ as weII as LL piots (see Gf Crktta mza[rsri-1 alkrded several \vayr ofc:lIcuIating 
_ lG, values; eqn. 15 enabled accurate calcultltions of L, values to be made for both 
G-,-odd and CR-normal steroids_ 

The first column in T:lb!e XII sho\vs G, v:dues derived from Misture A as 
described above: The values in parentheses are the G, valurs of groups shown in 
Tables I I I-X. The two sets of _ IG, values shown in Table XI I \vt‘re obtained by using 
eqn. 11 and pairs of GR values in a11 possible combinations: c IG, values in parentheses 
are derived from esperimcntai Gh’ values. As seen from Table XII, discrepancies be- 
tween the two sets of. lGR values are generally smr:II. The reason for this is that de- 
partures from strict normalcy such as oddity and, in the case of G,-normal steroids. 
small deviations from the GK value of the group. are similar for M-corresponding 
members of related _eroupsr as _ IGR values are obtained ~1s difkences between L, 

\-alues (eqn. 13) of M-corresponding steroids or. as in the present case. as differences 
be:ween C, values (cqn_ 11). deviations that an‘ect L, and G, vrtlues arc canccllcd to 
a large extent in _-.IG, values of related groups_ 

Although a single chromatogram of Mixture A sives a11 G, and _ IG, values 
required for the calculations. calculation of LR values throu_eh eqn. IS still requires 
the L, values of IM-correspondin g steroids_ The sis compounds in Misture B. Table 
XI, and the first two compounds listed in Mixture C served this purpose. L, values 
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L, ScrA3xl I[; -: L, 5cA3c:I I& 17) - ICI-, I Ilf( 17)jl I/: 
-- 7634.2 - 255 
-- 2379 (found l3S5. Table IV) 

:md 

=Y 2634.1 -f- 90.6 

* 2715 (found 1720, Table VI I I )_ 

Usually. one G,-odd steroid \vill give the L, value of t\vo others. In some in- 

stmccs. which arc rcadilp disco\-crud from Lf plots_ ill-corrtlsponding steroids that 
do not brIorlg to related groups have approsimtttely the sarnc degree of oddity. This 
occurs for the S@(3)-compounds featuring ( 1 I ) or I I+ and the ILCr23l‘;-compoulids 
of the s;mr‘ sis groups. III cnch instance. : I single M-correspondin, ‘1 steroid sutiices to 
calculate the LK values of five others. III all, the L, WILIL’S of21 CR-odd steroids were 
calculated by the above method. The diftkrences with L, values listed in Tables III- 
VIII. cspressed in seconds of retention time. were entered in Table XIII. 
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The LR value of three compounds couId not be calcultlted by the above meth- 
ods: G,-odd steroids 5fiA3~17fi and SfiAI7fl(3). which have no correspondence in 

other groups. must be ttvailable as standards (Table XI). The case of 5/IA3aI 16517fi 
is unique: ;ls shown by f i_ plots (e-x_. plot e. Fig. 3). the oddity of this compound far 
escceds that of parent compounds in related groups. ConsequentIy_ it also must be 
ttvailable as a standard (Table XI)_ 

The unrtvrtilability of standards for SjSA3$-steroids featuring either ( 1 1) or 
1 ifi did not prevent a reliable calculation oFL, vtilucs to be made for these compounds. 
AS will be described in a later paper. the folIo\vins sets oferoups in the prcgnane (P) 
and androstane (A) series 

P (11):(11_20):20y;(11) P 1 I$: I lfJy20): I I[;‘o[; 
A(ll)1(11_17): 17ii’(ll) A I l/-j: I I$( 17): 1 l/517$ 

arr’ closely related (crf:_ Fig_ 1)_ As in all comparable instances the patterns of odd- 
steroids and the degree of oddity were identical_ it was possible to establish that 
5@A3+steroids featuring ( I I ) in t h c androstane series wre G,-normal. and those 
featuring 1 I/i were G,-odd steroids (Tahlc XIII). Calculations of LR v;~lues for the 
5&43+steroids of the andrortane series could then he mtldc through cqn. 15 using 
the LK values of the pregnant counterparts and appropriate. IG, values (Tables III- 

Fig_ 1_ Plor f illustrates rehtodntxs of groups ot‘the andmstanc and pregnane scrics containing (11). 

G~OLIPS fectturing I IF arc abo rehtrd, cf_. plot g and Discussion_ 
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VIII). Thus. given a single CR-normal steroid standard for each of the sis groups in 
the prcgnnne series. :-lG, values relatin g corresponding groups of the androstane and 

pregnane series can be derived ; hence. ‘ -111 L, values for 66 compounds of the pregnane 
groups can br calculated through eqn_ 15 from the L, values of M-corresponding an- 
drostane steroids. As other groups_ in both the androstane and the pregnane series. 
are related to the above, the relatively small number of standards listed in Table Xi 
will give calculated L, values for a very large number of steroids. 

A nlultiplicity of related groups implies a multiplicity of M-correspondins 
members. Given the approprintr :lG, values, any M-corresponding steroid will lead 
to the LH values of all others. In this flesible system, one can use whatever available 
standard is suitable, check the result of a calcultltion by using a different approach. 
and obtain a refined value from the averri~e of t\vo or three solutions. In this regard. 
it should be noted that the L, value of R G,-normal steroid can be calculated not only 
by rhe G, method (eqns. 9 and IO). but also by the. lG, method when the L, WILI~ 
of an M-correspondin, cr member of a related group is r~vailsbk 

Coi~tliriom jbr q&-riwiwss 
The numbtx- of steroid hormones and metabolitcs in extracts from animal tis- 

sues and body fluids is very large. Gas-liquid chromatograms of plasma neutral SW- 
raids. fM example. contain so many peaks that most of them overlap to form 3 heavy 
background from which a few emerge. This situation obrains regardless of the type 
of column used. Hwvever, ;t detailed. precise measurement of peak retention-times 
bccomcs possible \vhen a preliminary fractionation. by TLC for instmcc. is pcrforrn- 
ed’.‘_ 

Non-polar columns yield predictabie rrtcntion times (see above)_ Optimal 
separation on such columns is achieved when the prelimintlry TLC fractionation is 
carried out on the basis of ditkences in polarity’-‘_ Under thcsc condirions. a suffi- 
cient degree of peak separation is reached for the elEcti\-e application of the present 
method ~4-hen rhin-layer chramatograms of neutral steroids are divided in S-IO zones 
and the correspondin, (v estrxts are cliromatc~~rtiplicd on high-efiicirncy non-poltu- 
columns of 4.500-6,000 theoretical pIat&J_ 

With kw cscrptions, sicroid conct’ntrations in pltlsma are low. yet nitmy have 
important biological signiticancc. Therefore_ it is necessary that frxti&iation steps 
be designed in order to avoid interfering contaminarion by non-steroidal mnterinl 
originating from plasma as \\-rll as from solvents. reagents. $tlss~~e. etc._ and by 
sstrroidtll and other material derived from the experimenter‘s skin_ Blank ass~~ys carried 
through the complete procedure used in this laboratory have shown that interfering 
contamination can be reduced to insi&icant proportions by the tlpplicarion ofsimple 
precautionary measures. and this will be described in ;t later paper. 

Undtrstandtlbly_ when the number of structures rhat may possibly correspond 
to a given peak is small_ subsequent peak idsntitication is faster and simpler. On the 
other hand_ this number increases with incretlsing uncertainty as regards the accuracy 
ofealculated L, values_ Low ctdculation errors and ;1 knowledge of the limits of error 
tire therefore desirable. 

Of the 63 errors observed fk c:dculations (Table X111) based on data listed in 
Table XI, SO”/:, were -< 2 sec. 97 >;, were 5; 3 set: the two largest errors, 3.5 sec. 
were npprosimately I yi of the retention time in each insttuicr. 
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The relatively large errors correspondin g to SySA(3)-compounds of 1 Ifi- 
featuring groups_ and to _ 13A3/!-compounds of( I 1 )-featuring groups_ should be noted 
in TabIr XIII. In each instance_ the L, value of a single standard steroid \vas used to 
c&ulate L, values in both sets of groups. Because the two sets of steroids httvc oddi- 
ties which differ by about 3 LK units_ errors were larger in the set not related to the 
standard: indeed. the accuracy of calculations by the _ lG, method depends on the 
reference steroids being closely related to those for which L, values arc sought. Note 
ako the large error correspondin, n to G,-normal _ 15A3i;( I 1.17): the C, value of this 
steroid_ 35% is 6 LR units smaller than that of SctA3@( I 1.17) which was used as a stan- 
dard (+ Table V). It is evident that a bias can bc introduced in calculations made 
through the GR method by the standard selected for this purpose. In this example. 
the preferred standard would be 5p’A( 11_17)_ 3s the C, v~luc of this steroid, 361, is 
aIso the average G,-normal value of the group_ 

Calculations by the present mrthod amount essentially to simple algebraic 
summations of experimental L, \-alues. Errors on these values \vill all_cct the ac- 
curacy of ctdcuiationsr they can be minimized by a strict adhcrcncc to normal con- 

ditions and the tipplication of retention time corrcrctionr described under GLC frc-/I- 
niqrwx 

It is possible to apply the present method ofc&x~l;~tion to data obtained \vith 
diflkent internzli standards_ tr-mprratures and flow-rates. Internal standards S 1 :md 
SZ used in the pressnt study were selected because peaks of most n:itur:ilIy occurring 
srcroids appeared berwryn those 4-S I and 52: thr TMS d rriv.ativ.rs of these standards 
were chromatographically very stabler their solutions in carbon disulphide had es- 
&lent keeping properties (ref_ 4. p_ 456). and the ratio R,, ~2s ssnsitive to chances 

in temperature_ By bringing thr rctcntion times of SI and SZ to I -SO and IUS min_ 

respecti\.eIy_ most chromatograms wwc camplcted within 13 min. Ho\~cver. modifi- 
cations 10 rhe above conditions which did brings changes to .\I,_ Lx_ G, al:d _ IG, 
values did not alter rhr pzlrtcrns of CR-odd steroids :tnd related groups_ Hence the 
basic equations and cakulation methods still applied_ 

Data obtained with other meth~lpol~silnsanc stationary phases on Gas- 
Chrom Q_ such as SE-30 and OV-I. displrtycd the same patterns. Although L, alid 
G‘, \-atues were numerically diKerent_ the present c:kulttticm methods rcmaincd valid. 

Normal conditions tire readily mainttlincd within limits dclincd under GLC 
rt4n~iqut~s with GLC equipment tkaturing precision control of oven tcmptxatures and 
carrier gas flow-rates. In this laboratory_ temperature and tlow-rats r+:tdjustments 

were seldom required for periods of up to Z weeks of unintcrruptcd operation \vith 
onlv the detector turned olT overnight_ 

On the other hand. a few hours \vere usu:~lIy rcquircd in order to establish 
normal conditions from the moment the chronxltograph \vas switched on: first, to 
410~ the system to reach complete thermal equilibrium, then to make appropriate 
adjustments. 

To bring thr f& value within the required limits. chtlng~s as sn1t111 3s 0.2 _ 

corresponding to wry small angular displacements of the temperature adjustment knob. 
were necessary. This was best accomplished by tapping the knob tangentially on the 
appropriate side while observing the thermometer_ The proposed retention timecorrec- 
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tions were valid only within the prescribed R,, limits (eqn. 4). i.e.: within a small 
temperature interval. because the retention times of different steroids varied dif- 
ferently with the temperature (c$, ref. 2. p_ 6)_ 

The maintenance of normal conditions within the prescribed limits, and the 
application of retention time corrections designed to compensate for small fluctu- 
ations of temperature and flow-rate within these limits. afforded the reproduction of 
retention times of all steroids within + I - IO-’ min for the last S years. After 4 years 
of continuous use. the first column pair still yielded the same L, values although the 
number of theoretical plates, and the temperature corresponding to normal condi- 
tions. had decreased slowly by 30”/, and 2”. respectively- 

Columns packed with Z-6”/* stationary phase on Gas-Chrom Q yielded iden- 
tical L, values when used under the same normal conditions_ 

The above observations clearly suggest that the adoption by laboratories of 
a common combination of normal conditions and column type would make possible 
the production and o,neral USC of GLC data of unprecedented precision. 
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Fig. 5. St&less-steel pressure vessel. Section. dimensions in millimr‘rrt~. Lid X screws on to body 
(C)r tightness is ensured by ring B, machined from a PTFE bar. swted in groove D and pressed by 
ridge tl when the lid is tightened. The sides (F) of the lid and (G) of the body are knurled for a better 
grip when tightming. which must be done by hsnd. The thread (E) (1.5 mm per turn, 7 mm deep) 
must be \vorkrd-in with dv Molykote. Type Z (Alpha Molykore Corp.. Stamford. Conn.. U.S.A.) 
so as IO ensure smooth. seizure-frrr operation. 
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APPENDIX 

The small stainless-steel vessel shown in Fig. 5 aliowed the heating at 190.’ 
for several hours. under nitrogen, of very small volumes of reaction mixture without 
ttppreciable loss of ethanol. The system was found to be much more convenient than 

the use of sealed tubes. The micro-reaction tubes were simply filled with the required 
amounts of reagents (cj:. Sreroid prepmtiou) and placed in the vessel around a 
tube containing 4 ml of ethanol_ \vhich maintained a solvent-saturated atmosphere 
at a11 times during the heating period. Durin g the cooling period. most of this ethanol 
condensed on the vessel wails and was found at the bottom_ No significant loss of 
so!vent occurred from reaction mixtures either from heating or during the prelim- 
inary filling with nitrogen_ This LV;LS done by connecting the desiccator in which the 
metal vessel \~as placed ((j:. Srerokl p-epm-miou). through a three-way vtlcuunl valve 
alternately to a rotary vacuum pump (protected by a dry ice-ethtlnol-cooled trap)_ and 
to a nitrogen line under 30 lb. pressure_ Thr desicmtor was directly connected to ;I SUO- 

mm long. mercury-fikd. U-tube manometer whereby either vacuum ( -:: 3 mm) or pres- 
sure (-< I aim) could be monitored at all times. Each cycle of evacuating and filling 
took about 4 min: two consecutive cycles were applied. 
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