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2
’ ’ (2
C-3, C-5, C-17, C-18, C-20, C-21 (2
) (Trimethylsilyl,
™S, (14,251 , GCMS
3
(D erivatization)
(16,171 ’ ’ ’ ’
, ( ). : (1) a-
; (2) , ,
[18,19]
31 - ( Enolisation-Silylation)
- (Enol-silyl-derivatives) (1) , (Androsterone)
- (Enol-T S-derivatives)
H, CH, /O H, CH ;)TMS
nc/c\l/c\ HC/C\!‘/L
H, cH| | cH, et o H, CH,| | CH
[]ﬁ/c\+/u—l\c‘]f( H\(l—i/ Derivﬂﬂiﬁiﬁ)ﬁi@ggem - H:C/( \(L/LH\CIH/(H\ICL/ (1)
HO/CH\E[/CH\C/CHQ TMS()/C \C/CH\C/C“Z
2 H, H, H,
311
a - , a- ,
[18,19] (2) [18]
1 a - t 1
a- , [18]
H O—H
—C—C— SC=C— (2)
[17 19]
312 -
N - N - (N methylN - ( trimethylsi-
lyl) trifluoroacetanide, M STFA) , (Trimethyliodosilane, ™ 1S) , (Ammo-

nium iodide, NH, I) , , o
(Dithioerythreitol, DTE) , ( Ethanethiol) , 1- (1-propanethiol)  2- (2mergo-
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toethanol) , ,
, , N,O- (N, O-bistrimethylsilyl-acetamide BSA)
DTE 210002 20 (2 5)(
/ / VIV (w) fw)
313 - )
: Fuh ™ MSTFA /M ISIDTE 1% - (17 -Hydroxylp rogestemne)
, GC-ITMS 01 04y g/kg, ™IS
Harman '
, M STFA /™ IS/DTE (1000 2 2, VIV iw) , GCMS
10 , 1 -
1 \

Table 1 Application of enolisation-silylation derivatization technology

Derivatiz- . . .
: h Reducing Reaction D etection
Analytes M atrixs ) atlonts Catalysts agents conditions methods LOD Ref
. 60 ,
Norandrosterone Urine M STFA NH, 1 1-Propanethiol 15 min GCCMSMS 5 ng/L [21]
' 60 )
Corticoids Senm., MSTFA NH,4 | DTE 15 min GCMS 1-3J g/L [22]
Urine
. NH, lor 60 ,
%c-.;rr%?]es M eat MSTFA ™IS DTE 30 min GCMS - [23]
1a- 60 01 04
:é;&g -Hydroxylp rogesteme, M eat MSTFA ™IS DTE 20 min GC-ITMS W g/kg [20]
Androgens Urine MSTFA NH,4 | Ethanethiol - GCMS - [24]
60 , 002 01
Steroid homones M eat MSTFA ™IS DTE 15 min GCMS M g/kg (5]
60 ,
Steid homones Hair MSTFA ™IS DTE 30 min GCMS 40 200 ng/g [25]
60 ,
M esterolone Urine MSTFA NH, | DTE 15 min GCMS ) [26]
. 80 ,
Androsterone Urine MSTRA NH, | Ethanethiol 30 min GCMS ) (6]
80 ,
Steroid hommones Serum MSTFA ™IS DTE 35min GeMS a1ugl [27]
60 , =
Steroid homones M eat MSTFA ™IS DTE 40 min GCMS 5-100 ng/kg [28]
' 2-Meragpt- 60
- MSTFA NH,4 | o GCMS 34 g/lL [29]
Gestrinone, Trenbolone, etc oetharol 30 min
Andro- . 65 , 008 512
genic steroids M eat MSTFA NH, | Ethanethiol 30 min GeMS U g/kg [30]
Steroid homones - MSTFA ™IS DTE - GCMS - [1]
60 ,
Steroid homones Plasna MSTFA ™IS DTE 30 min GCMSMS . [31]
60 , 01 02
Steroid homones Hair MSTFA ™IS DTE 30 min GCMSMS pg/mg [32]
80 , 01 04
Tesosterone, etc M eat MSTFA NH, | DTE 20 min GeMS M g/kg (4]
10 - 60
gc:( M ethyltesiosterone, Urine M STFA NH, | DTE 15 min GCMS - [33]

MSTFA: N-methyl-N - ( trimthylsilyl) trifluoroacetamide; ™™ IS trimethyliodosilang; DTE: dithioerythreitol
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Fig 1 Trenbolone and its enolisation ismerd®!
A. (Trenbolone) ; B, C,D. (Enolisation isimers)
, M eunier-Solére
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, MS , :
32 - (Oxmation-Silylation)
(Oxime)
, [17 19]
- (5) ™
3 H,C—O—~y
0, H‘C/O\N\ H,C—Si—R
(6]
he” w4 &95 . o, (5)
HO o (CH,),Si
321 -
[17 19]
T[ b b L
[17,18] (6)
\C/
+ INHOR —p |—C—NHOR 3 Nc—NO—R+HO (6)
” 2 | - 2
o) OH
1 L] pH )
[17 19]
322 -
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l_
323
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Suzuki
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Mase '*
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[19]
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[35]
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[OCH; | (el J[M-31]" MOX
- : -(2,3,4,5,6- )
(0-(2, 3, 4,5, 6-pentafluorobenzyl) hydroxylanines PBBHA) ~ Sebok "
(Cholic acids) , (Hexamethyldisilazane, HMD S) (Trifluoroacetic
acid, TFA) : — Nanbara '** PFBHA
, PEBHA , (E-
lectron Capture Detector, ECD) , PABHA
[39,40]
, M atsuzaki
(dehydmepiandrosterone, DHEA) , MOX 3 ,MOX
(MM SI) MO-TM S , MOX
(D imethylethylsilylimidazole, DM ESI) MO-DM ES MOX (D imeth-
ylispropylsilylimidazole, DM IPSI) MO-DM IPS 1 2 -
2 -
Table 2 Application of oximation-silylation derivatization technology
Oximation Reaction Trislylation Reaction Detection
Analytes reagents conditions deriva)t/ization Catalysts conditions methods LOD Ret
reagents
60 70 , 60 , 25 250 35
Corticosteroid, etc MOX 30 min BSA 120 min GeMs pghi L {42%
Gestri- 60 , 60 , 3 400 25
none, Trenbolone, MOX 60 min MSTFA ™Sl 30 min GeMs ng/g { 29%
etc
28 37 , 37,
Steroid homones MOX 120min~  MSTFA 30 min ceMms [43]
80 60 100 36
Tesosterone, etc MOX 05 8h ™Sl 30 180 min GeMs 2 4u gl {44%
) 60 ™SI or 60
I?Oﬁéydg(e:plandroste- MOX 60 min DS/IME"SDISLIW 20 min GCMS 1 2pg/mL [41]
Hydroxylanine 70 70
Cholic acids hydiochloride. 60 min HMD3 TFA 90 min GCMS [37]

MOX: M ethoxyanine hydrochloride, HMDS Heeanethyldisilazane;
DM IPSI: D imethyliopropylsilylmidamle, TFA: Trifluoracetic acid

TMSI Trimethylsilyl-imidazole; DM ESI: D amethylethylsilylmidazole;

324 - ’ [22,29,35,42]
' , . (9yn, anti)
(n ™
OH ~__ ..
Sl 2, 2
,Choi ' MO-MS ,
Suzukit®™  Furutd® - ,
, Sep-Pak ;Matwzaki ' , -
Sephadex H-20 ,

(MS, ECD) ,
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33
, (Hydrazone)
(Hydrazine)
[17 19] (8) [45] . , ,
XHN__ XHN__
~H TH ﬁ
X—N—N + Ra—C—Ro
H OH (|)| 3 Ra_?_Rb — > R—C—Ry, T+ H,0 (8)
OH
, 2, 4- (2, 4-dinitrophenylhydrazine, DNPH) ,
( Pentafluorophenylhydrazine, PFPH) DNPH ,
) - DNPH
Stashenko  !**! PFPH , ,
Weisenberg " , (LAH,)
(8 Alono (Nickel (0) nanoparticles) , , ,
4
- - , ( )
1 ( ) 1
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Progress on Keto GroupsD er ivatization of Steroid Hormones in
Gas Chramatography-M ass Spectran etr ic Analysis

FANG Kai, PAN Xue-Jun' , HUANGBIn, L IU Jingi iang, WANG Yu, GAO Jian-Pei
(Faculty of Enviroomental Science and Engineering, Kurming U niversity of Science and Technology, Kurmming 650093)

Abstract Sterid homones have poor detection sensitivity and chromatogrgphy peaks because of their polar
functional groups such as keto groups and hydroxyl groups S these groups need to trandom into derivatives
which have lover polar, more wolatile and higher themal stability © suitable for the trace GCM S analysis

The derivatization technology of hydroxyl groups and other functionswhich containing active hydrogen atom has
been greatly developed, but it is still necessary to do systamatic research on the keto group derivatization In
this article, keto groups derivatization of steroid homoneswere revieved, including reaction principle, gopli-
cation status of enolisation-silylation, oximation-silylation derivatization technology etc The problens and
research direction were al® discussed

Keywords Steroid homones Ket groups Derivatization; Gas chramatography-mass pectrometry; Reviev
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