No. 6 611

{%AKU&KU *‘%Assfﬁ] | UDC 547.689.6.06
o1 (6) 611 — 617 (1971)
ZF 04 EOSHLFHHE (8 45 #Y) Androst-4-ene-3,6,17-
trione OAR—F Q45T THIEEH>

WO REAI
JEMEE T B FRBATT,® ALK F R s D

Analytical Chemical Studies on Steroids. XLV.» Polarographic
" Behaviors of Androst-4-ene-3,6,17-trione®

Narik0o SHINRIKI*® and Tosnio NAMBARA®Y

Government Industrial Development Laboratovy, Hokkaido®® and
Pharmaceutical Institute, Tohoku University®®

(Received December 3, 1970)

Polarographic behaviors of androst-4-ene-3,6,17-trione (I) in aqueous dimethylform-
amide and acetonitrile containing 0.1 m LiCl as a supporting electrolyte were examined.
In 509 acetonitrile solution, I showed one reduction wave corresponding to two electrons
at —0.75, V vs. S.C.E., whereas in 509, dimethylformamide solution, two reduction waves
appeared, involving two electrons in all at —0.81, and —1.48; V vs. S.C.E. In the case
of aqueous dimethylformamide, the total limiting current was constant and the height
ratio of the lst wave to the 2nd was dependent on dimethylformamide concentration.
The controlled potential electrolysis of I in aqueous dimethylformamide resulted in the
formation of 5«-androstane-3,6,17-trione (IX). These results together with the ultra-
violet spectral data revealed that in dimethylformamide solution, 1 exists in the keto-enol
equilibrated state, and the 1st and 2nd waves are ascribable to the reduction of keto and
6-enol forms, respectively.

XXCEHELIRENY P AT el FOHE~F v V57 4 —wBs LEREL (Eye) LfEE & ORGRR LU
BICEBEOMBEY & 2 AH 2709 5%, FDOEE androsten-3-one {0 5 + androst-4-ene-3,6,17-trione (I) D ZpE
BB~ w7 7[NEBERTIEERED. SRZOEF MR L, oAF B AT 3 F (DMF)
B I A keto—enol OFHFRETCHET H LWL L L, FIBIREALHI U CGRITERY R
FTHELENTELOTHRET 5. '
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1. DMF-kXRICElTZR—FA5F 71— :

50% DMF i I VR348~ 7r 75 7 OME % androsta-1,4-diene-3,17-dione (II) 7z 5 0%iC androsta-4,
- 6-diene-3,17-dione (III) Z xR E LT Table I @hhiffz. ThBEDE—~F 2 77 AXWTFh IEH TH -7z
2, 1L I 08 L 0 Eye BFRFR —1.54,, —1.37, V TH 5013 L, 11k —1.48, V Dighic —0.81,
V L & bOCHBMCETLIE AR L. BICEOMEEEKRE & OBIRe b OCRERE X » IKEXETH S C
LAVHEIEE Lic. 513, 2 WOKKERER (Io) 2 FhFh 1.66, 0.30 THh, ZoOFE II X0 III O
13D Ig O 2 fECHY L. BEEEMBMRCHNT I 0F 1 BORTRESTA2ETH () 218X £ 1T
50T, TOFE 1, 2HEOBBTFRIRIE 2 Th-7c. Tabb 1L, 11 23 50% DMF &1 ET 2
BIETH B L, LIRKECE 2 EFEHYST 52, £ 18, 2FEOWERHIEFI £ 1:02 ThH 7.

1) # 44 # : T. Nambara, Y. Matsuki, Y. Kawarada, Chem. Pharm. Bull. (Tokyo), 19, 844 (1971).
2) BAMELH 90 FETRE, A, 197047 A,

3) Location: a) 41-2 Higashi-Tsukisamu, Sappovo; b) Aobayama, Sendai.
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TasLe 1. Polarographlc Properties of Androsten-3-ones
o 0 o
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Compounds |/ \Il/\|/ I/\’/ \l/ |/ \Il/\l/
0NN 0NN 0NN
0O I ‘ I m
—E13, Vus. S.C.E. 0.810 1.485 1.54, 1.37%
Ig (iafc-m*3.£1/%) 1.66 0.30 1.00 0.95
u um 0.18 0.02 0.02 0.05
Temp. depend.,® 9, deg.™? 1.9 2.1 2.0 1.9
i/Vk, h=79.8cm 0.564 0.125 0.447 0.420
h=69.8 cm. 0.578 0.115 0.446 0.417
A=59.8 cm 0.571 0.101 0.458 0.415
n 1.80 0.87 —
(ca‘chode potentldl Vs, S.C.E.) (=17 (=1.7)

Condltlons 3—4 mm sample, 50%, DMF, 0.1 m L1C1 0 01% gelatine, 25°

a) . with respect to the 25° value

b) number of electron transferred, found by controlled potential electrolysis
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Fig. 1. Polarograms of Androst-4-ene-3,6,17-tri-
one at Various DMF Concentrations
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Conditions: 1.66 mm sample, 0.1 m LiCl, 0.01% gela-
tine, aqueous DMF solution, 25°
a) vs. Hg pool, no gelatine
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Fig. 2. Effect of DMF Concentration on Half-Wave

Potential

conditions: 1.6—3.3 mum sample, 0.1 s LiCl, 0,019, gelatine,
25°

% =T DMF BEOFE > CRE L (Fig. 1).
10—70% DMF ik I RIEERER LR L2, 80
% TR 1, 2L DREFRFR 2 BIC LB ERA
#RL, DMF JEIEIT5 & & OIS Sico
I ot 1P, 2D Ey: 13X DMF BEER I
S TELKREBRTS 2 E3ieh - 7 (Fig. 2) 2%, ¥E
LI FE L Fig. 3 Rt X 5 b L.
7£d>H 50% DME i CiX 1 ¥, 2 oS

1:02 TH %, DMF REOHINC U 72t T 1
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0.8 /
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Fig. 3. Effect of DMF Concentration on Limit-

ing Current®

conditions: 1 mm sample, 0.1 M LiCl, 0.019%, gelatme,
25°
a) corrected with relative viscosity$?
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Tapie II. Effect of DMF Concentration on Peak Height of AC Polarogram

AC polarography DC polarography

DMF 1T [mm #A[mMm

0/ N~ PPN N
° 1st ond 1st 2nd

100 67.5 4.5 1.23 1.23
90 68.9 14.7 1.16 0.98
80 79.8 6.8 1.30 0.49
50 122 14.7 1.57 0.31
20 219 10.3 2-13 0.23
10 308 10.8 2.54 0.15

WL, 82 PR A L, 100% DMF dh iz 1:1 k7sofe. ¥/ DMF BEOHEAC 7 - T
5509 WA, £ 1 WAL, KEEHTIZE 1 o s LRI IR, & & TREERBE—E
TH otedd, XFRANEL 5 IE 509% DME s kit 2 EBMEMOMER » 112 TH v, RIPEIL DMF &
BBk 2 BFeEM T LEmSIhi.

DMF @k 5 ikl Vs HX—7r 27757 4 —CBW UL 1 BFETC X VAL ST v h A3 5~k
KIE,® $AWE7 e b YAMRIE? 25 2L X081, 2 BOBELAEKEC L - TEbH 5 2 L&A
CREINTLE. FoCIOBAE LWOBITLTT O ADERNRALN LB Y ¥ TRE Lic. 100% DMF
RIS 1 OB LIE L, KEMC X » TRMsBAT 5 (Table I) & & 55, 7 oh AR TR
WERRI X A, BRETACVIEE (ESR) A7 P AORPERC B THThHBRD b iRd »k. 22T

DMT R X b §dE o+ 5 B oL F o453

5 0 HBIHREXEL, UTORNZT - 7.
o 2. 7= MVAL-KRIECEHESTFTDIAR—FO5FT 14—
e WL LTCTm b vlko =27 — A ERFVD Z LR
7205, TI3BESTH o otzd, DMEF X hdE7 = b vHEDFH
< 2.5 74 b= b Y (AN) RCHRE Lic. AN-KRTIL AN RE
= 2 60% L ETRTECAMT 510, 10—50% DORECEs
i WTHER AT - 7. TIRLFho AN BE I 5 0 ChIEH
ol T WE TABREDR 2 Wk —1.4V I RLEC. 8
1
5 0.8} o 5
n __P,_—o—"O"—O"‘
> 0.6}
i 10 30 507, v v .
Concentration of acetonitrile — . - + 0.8 pA
Fig. 4. Effect of Acetonitrile Concen- —0.6 —0.6 Vies.S.C.E. oLy
tration on Half-Wave Potential and Fig. 5. Polarograms of Androst-4-ene-3,6,17-tri-
Limiting Current one in 0.1 ~ NaOH
conditions: 1 mm sample, 0.1 m LiCl, conditions: 1.66 mMm sample, 1 509 acetonitrile, 2
0.019% gelatine, 25° 50%, DMF, 25°

6) a) K. Umemoto, Bull. Chem. Soc. Japan, 40, 1058 (1967); b) gk K—k, FEEAHE, BEEZN,
FEHE, SEMA, B b, 89, 105 (1968).
7) ZEp—k, WOETF, AELR, Ak, 89,663 (1968).
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S 3.0p | L JD By e HONCER & AN 1 & OBIRIL Fig.
\o\o . - 1st AERTEBYITHS. BROUEIZIE & KBRIE L
<15l ‘o\ DGR b OWTIRERE L 0 ILEHCEES & #5 3 X R e,
= o : Ia 1% 50% AN w1 3.28 T % 724t 50% DMF
~ ./. o ——————0-= 2 nd D Ig %KX 2 HAHEESY CHIE X helE s
0 Il HOTRDTHRBE, B 1E, 2 FOFUT 8.12 &t
s D, 50% AN o Lo idiE—HF5. T bbbk
8 \°‘°v~°\o\o_ 5 nd AfL7c AN REETIRE | FohiaiE 2 BT WEC Y
O L, Tt AEE 1 BelY T30 TEE LCEE
o L3k B LA L.
. 0.9¢ e DMF ¥ & AN BT 36 1 5 % B0 LRI 7
T o 1st DEBHRCERT S L E 2 RS, Fibb DMF
LI;J 0.7 ) 1% @ dipolar aprotic solvent & LToOME S, I
‘ 0 80 120 160 200 min EHEC enol fEL, 552 WCARNT B BRTAE T
13\‘2 T ‘121'0 : 11‘.4' : 10].6 : o D enol KTHBHEHEECEND. TOEPHERTLE
12.6 DD MDA AT 5 RN DU THRE A %
Fig. 6. Half-Wave Potential and Limiting Cur- foo
rent at Various pH 3. Keto-Enol i
ggroxditions: 1 mm sample, 0.1 ¥ NaOH in 50% DMF, #3° DMF, AN (%E"f%%}h%é’b 50% L, 01N

, NaOH BWPIcisit s | O%EaHE Lie. BEhE
WIFEEXEL, 1, 2D Eye 1X 0.1v LiCl > FFHE L LIcBE L BIER—TH o722, 5 2 Wowns
HEOTFHOBEIH AL (Fig. 5). AN BFKFCEIBEE O B 21X Abhind - 203, DMF B OBAL
DMF 237 42 Y 2B L pH BREICET T 5720, KHEE &b kL7 (Fig. 6).

x m:':hra@géj%:ﬁg%&m (UV) A7 b2 TH#HE Lz 1k 0.1 5 NaOH-509% DMF | iR
L EB T 384 mu i Amex %N TAY, PH OET & & biild L, pH 12 (55 CH /2 e BURAE (Amax 313 mp)
HETB. 2k 0.1 8§ HC-50% DMF 7 500 50% DMF e bbb A</ bt —3 Ui (Fig. 7,9).
0.1 ¥ NaOH-509% AN I8\ T% 380 mu & Amax 23% H I 528, 0.1~ HCI-50% AN T L, 509%
AN 8l 5H A7 bk —FK L7z (Fig. 8,10). DMF, AN BKWTFhoBEE 740 ) CHIL LA 2
L, WM 5 A7 b VOBMLICITBRMER AL .. ThbDHJUL e keto—enol HZEMAE % 2 &
ETNCTFBERLSHAT L L TES.

1.0 1.0
0.8} 0.8/
\
s : “
£ 0.6 0.6/ \
gs 2
=4 [=
20.4 20.4
< =
0.2 0.2
0%0 280 310 340 370 400 my 0200 7270 300 330 360 30 mu
Fig. 7. UV Spectra of Androst-4-ene-3,6,17- Fig. 8. UV Spectra of Androst-4-ene-3,6,17-
trione trione
1: 0.1 v NaOH in 509 DMF (24.1 pg/ml), Amax: 1: 0.1~ NaOH in 50% acetonitrile (14.9 ug/ml),
260, 384 mu ' Zmax: 260, 380 my
2: 0.1~ HCl in 50% DMF (24.6 pug/ml), Amax: 256, 2: 0.1 ¥ HCl in 509% acetonitrile (24.5 ug/ml),
314 mpu Amax: 2563 mu
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UV Spectra of Androst-4-ene-3,6,17-

Fig. 9.
trione

1: BtOH (29.0 pg/ml), Amax: 250.5, 312.5 mp
2: 509 DMF (30.2 pg/ml), Amex: 256.5, 313 mp
3: DMF (30.2 g/ml), Amax: 265.5, 309.5 mpu

Absorbance

0520 250 280 310

340 mpu
Fig. 10. UV Spectra of Androst-4-ene-3,6-
17-trione '

1: BtOH (29.0 ug/ml), Amax: 250.5, 312.5 mu
2: 509, acetonitrile (29.7 ug/ml), Amax: 253.5 mpy
3: acetonitrile (29.7 pg/ml), Arax: 249.0 mu

4. DMF #HEplCiT 2 ETHE

T 12 50% DMF rh 256.5 72 50N 313 mu & Amex %53 (Fig. 9) & & 22 BATHL keto B, #3%1% enol il
Cd LSRR EHEES RS, T @ enol ik 6-enol (IV), 3-enol (V) % X% 8,6-diencl (VI) o 3 FHHE X
S5 (Chart 1) 2%, 1 &EERMEDFAET 7 4= — A L BT 5 & X 6-cnol alkyl ether 28 RT 5% (LSRG
/]&7%6]’%1_,’( ZRBD 5% 6-enol hEHERIEN 5. ¥ Az, Z @ chromophore (& TFieser—Fieser fI|9 % @MH L
Th &k Amax DFHEAE L EREL L GEBPILTOVS.

(|) O O
Yy M N
Yy o
O/,\/\l/ HO/\/\“/ HO/\/\;/
OH O OH
v v M
O 0O
f ¢
(@) 0
AN -Ceensen-c-C ) AN T
ol 1] . ]
N 0NN
(')CHa H(”)
VI X
Chart 1

O HE—F e ST TREBETE I T A TEE OBFELEE L TH B, I © AN B 250 mp {1 D
‘&UV&Mﬁ&BhG®Jm,%h?mfiA%ﬁ&hE%IW@&T%ok:&#%%lﬁmkaoﬁ@ﬁ
ﬁﬁ%&d<%@f%0,ik%ZﬁMDMF@%¢K%H%UVx&iF»&£~7nf§A®%%#B%

8) A. Windaus, Ber., 39, 2249 (1906); idem, ibid., 40, 257 (1907).
-9) R.M. Silverstein, G. C. Bassler ‘‘Spectrometric Identification of Organic Compounds,” John Wiley &
Sons, Inc., New York, 1967, pp. 157—161. »-OH 2 X % W% 30—50 my shift & RKE L.
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LT 6-enol {5 (IV) OBILIC X B &4 Lic. 2Dz liz =/ —ABa L gL dibenzoylethylene (VIII)
DT —05V (vs. NCE) Ll hEEMT=F L VEEOBTEY 50 ¥4 IV LB oBEA, 4o
III, 6-methoxyandrosta-4,6-diene-3,17-dione (VII) @ Ei NrhEh —1.37, —1.39V Z A bR 3 HEN S
bXEEhD. ‘

DECERMEMECL D 50% DMF i 1) 5 RITKMAEOBBC OWTRF L. 8 1 HEb00H 2 1
DEFHERBC T THBELEBM L RE L CEMELITL, BRI SEESPRE L 8 722, WRAR LI
i & HBRDOERBILERERI VT OEE L 5a-androstane-3,6,17-trione (IX) TH 5 = & 2R I ht. L
3o CH 2 WOEHBRMCEMEMEZRE LIHE, HEFT5 keto fhic HONT enol i B Ic BB ST
F—EITHRERE IX R E2kdbDEELORS. 1 i&@% EMMTREM LICEE, BERMAGLELT X0
ZHFR S hie & L1k enol ths keto ﬁk%ﬁf;ﬁ‘ﬁ:%hk%@&iﬂﬁﬂ?%ﬁh% O L REBCRRMAEL
Tl bbXEShS. |

PAEBGS DAER T 12 AN 3% 3,6-diketone {ACH7ET 5 23, dipolar aprotic solvent ¢h 5 DMF B
HTIX 6-enol fh & OPHERIBICH 5 & L FFH S hic. S 5ic 3,6-diketone ff, 6-enol kS TRED Eij %85
BN L, keto-enol SEfgE 5 < ToTTEIEC X DIRIE2Y 2 BT AENS 5 2 B O E B 2L F B < 3
Blahic. FroBTRERN 4* OfMX R Sa-androstane-3,6,17-trione T % = & PRER I NI

£ B o 8

1. Androst-4-ene-3,6,17-trione D& Dehydroepiandrosterone 5g % 7 &+ v 500ml & 2L, 0°
s oo kiliani 7 = ABEK™ 15ml %z 1hr B35, BEO 7 = A% 5% NaHSO, t/HfL,
== 7B OKYE, BKBEEZR. RAYWELPEON Vv E v REMRL, ALO, 7 e~ 735 7 4 — o3
N vy (150 ml) AEHESE MeOH X v L L, BEORER L 2E5. Anal. Caled.
CyoHp 040 C, 75.97; H, 8.05. TFound: C, 76.08; H, 8.05.

2. BE DMF QBRILA~ 2 b A% 8K NaSO, Thik# N, KUHMERR L b 0%, F/ AN,
LiCl 245 MR x T 0 % % # A, _

3. REHIUIEE () R=5r 73574 —— MRS VEHGERHE—-T v s 57 1028 % # H. KEH
THEERL A B o 2@EBELEM L. A 50% DMF JE®KH, —1.3V (vs. S.CE) ok W THKEREOE X
h=69.8cm © & & m=0.693 mg/sec, t=3.24sec, B 13 2=63.4cm 0 & ¥ m=1.115 mg/sec, t=2.94 sec O
EMERFELR L. B % Fig. 4,5,6 0KRICH OB LA, B sfE - 5 BH & L, 1009% DMF ¢
RS AEFEA L. BIEREEY 4ml 2L, H iﬁlt/v&ﬁ?bfcbi, FIERABE B 15 min, N, » A
Tl U, 2620.1° CHIE L. JIEWERBIEE 1.5—3.5mM, %L L DMF % I 08 AN, ¥
LT 0.1Mm LiCl % v, @AEMEIFIE 001% €55 v &Lt pH Wy HRL pH »x —~ 2 — M-3 #
X oiedy, AREHBLEZT RN pH <TH 5.

(2) UV 2=z p 2 HILHFEAHRER EPS-2 #% .

(3) ESR A<zt HA®%EF JES-ME-3X % f#f§. #&Kk DMF dﬂi%ﬁiiﬁh 0.1 M Et,NT % Fi v 3kHE
Bx 1072—107%m, REEMEY —1.5V (vs. SCE.) &L, HEBBMET ESR %JE L7, 705 A%
THIERTERh oI, ZOFAR, O LDHKAEBEACT OB 1LY, 2%0 Eip HFATH
—1.16, —2.08 V (vs. S.CE.) ThH 5 &, Floifhe LICl 2 A7 BA L Eys KENLWC LRI DT,

(4) EEABH—EALCBBERLCC A IZFHY LRAKETHS. | OFBREEMC X X725 509 DMEF,
0.1 LiCl o &#HICHE LA L 5, BBEERBEC, BREEI 745 )ik ok. —1.1V (s. S.CE)
RELCHA, 7—8hr OBETHEZED pH 3k X% 10, —1.7V (v5. SCE) B RE L =84, 2hr 0FET
BEEDO pH Bk X% 115 Thote. o pHRIEB T2 I © Eip 3 1< —0.7——08V, # 2 KT
~14——15V THbh, —HFHE 1R, 2 WOWEHWI 1:02—1:04 THole. Lichio TEMOETIC L
THEERFELS 7 A2 VR EL 22, B1F>WT —11V &, 82 ¥cowT —1.7V CEBAMBET
HCERMLXBIR. 1TV CBAEZREL, 620 LOBRBRELCEABE CEEBRIMEOA L & 225
T, 1#) 9mg # EUBRMBABMK 4ml 2 M BMELT Rl BREL7 LA VDD I 2 BT 5 &7
RHLRREEET 55, EdRWHEL, 3 1hr CEMEKT LA, A —1.1V cBE2SF L, 14
12mg 2B ML/ T—8hr O FEBEHBOANMEELALE A TERLEI L.

4 EBMERERPORE =17V R 2EBRLEREE, =— 7 L CHE LECEREYE L B,

Zhk Silica gel G % M\ 5 preparative TLC (N v & v—=— 5 (1:1) ©ff L, BIEE—0DA+XY F B2 H

10) R. Pasternak, Helv. Chim. Acta, 31, 753 (1948).
11) R, KRAbEW, 33k, 84, 390 (1964).
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B, Bl E T € b v-~F v (1:4) X b s L mp 190—191° DGR REEY B . TRIhIEILKE
hoBERENRARL, BUMRR, IR 27 b, TLC, A7 r~ P77 7 4~ 4 5 HE oER ba-
androstane-3,6,17-trione (IX) ThH sz xR L. Tk, —1L1V BT LEMBEIC S W LRBAEL,
BEREE, IX THDH T ERFEH L.

W APECBLCRELERESS SheSRER SR RFET HREE WL KRo —BChT

ShiEdekSEEE #iE ZRCEHLET. Th ESR JEOMEZE, » TWHIK Wi BARBETHRRAS
HREPIREE OB RICHLE LET E7.
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