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Efficient Synthesis of 6-Substitued-3-aminoestrogens
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Abstract 3-Aminoestrogens are promising estrogen drugs. Traditional synthesis of the estrogens used estrone as a raw mate-
rial, however, was not suitable for diversity-oriented synthesis. Herein, an efficient synthesis of 6-substitued-3-aminoestrogens
from easily available 19-hydroxy-androst-4-ene-3,17-dione via a tandem retro-aldol aromatization/intermolecular nucleophilic
addition is presented. The method featured easily available reagents, simple operation and introduction of two substituents in

one step.

Keywords estrogen; enamination; aromatization; intramolecular nucleophilic addition

£ 1 ME W3R SR 25 LA T2 0 A B 1 A0 24 A
B, KIAR S| T 2591k % K DU g BR il g AT 25 M v it
KZHMEM R A AT FWRIN TR, 3 A0 BA
— MR dk. 3-MEEMERCR 2 EATR A S A,
YRR AR S R MEBCER 259 O TR TR S e« 3L
fideE ORI T G 15 TG Bk R B S
FE: B B IX AL G W2 R N IEAT 25 Ak 00T 5 1 T
P2, HAT 3-Mc B METER A R AT 5 FH M JR 1y Ak
(Scheme 1) i@ it 437 P f Smiles /2 122 al i
AL C—N RIS NP 2 N 3 AL S, (X 2 )y
RARAE A8 BREAC RAIE Y T8 1 i) 2, Hf DA
P AL S,

fEHEA 4-8-3-T 251 1 S b S8 5k, 18

I 475 Ak 5 T 55 R AL S st T A i 3- M i E R
(Scheme 2), 20 fHhZd 50~60 EARH A H <] TR iEP).
Z AN TR PR A LM R R A AT AL, JERE A
ZREVEG A, T EERR R Ak, AR X, R T
IX — S 1) L.

19-$8 5 -4-475-3,17- R e 855 2 — P 1k 1) 868 44
HraR, RATRE T DLtk & R, 3@ id retro-
aldol i #A 75 #4 Ab S B BRSSO — RO vEY. |
T ARH) 445 3-BR S W AR H R S T A4k, AT & s
P2 REVER S A MES R, B, T4l R BR R 1
EEALRF, —SE T 3 MRS R, B8
SAETT HIACHT R A W et B nlRe—0 3RS 3 frfefb )
HEW R (Scheme 3).
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Scheme 1 Synthesis of 3-aminoestrogens from estrone
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Scheme 2 Synthesis of 3-aminoestrogens from 4-en-3-one steroids
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Scheme 3  Synthesis of 3-aminoestrogens from 19-hydroxy steroid

1 &R51TR

AT 5 AR [ 5 VE S R T R A 2. e
— Sl R AR AL %A PR T AR S R 2 1R
2, AE R A MO MERY B 1. R AR, AMZFH A
JERE BT 19 BB ANE 3 LBk, T B MR AL T B
RAT retro-aldol FiHAK S L. SIS B il iz,
IR RN, RS TR 3, (A
FeMERYAR 135 1, Entry 1). {3 H E AR E I BE ORI 19
PrFRIEmy, SNH]RALE, MAeh) 3 10 AT I R 5t
e, AT KR ERY AR Y (Entry 2). FRATIHE AR H BETE B
PESRAT TR SR ), S BUEM AL AT A A
FiRA, SR JE R A% BE 77 BT PRV TRIAT T et e iX — il
AR IR RN IR, N W] R AR, HX
JLGE PR IAT K KSR (Entries 3, 4). BAMUE, fEH
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TH I A(DMSO) NIE IR, EEE RN KRR
(Entry 5), #ZHEHT RS2 — X SRR RE A, T
M)A HRAT 5Kk, B EA RS GE 5, (H29R
FEAE— R S5 0. R IO S AR o ki o i =
Sy, I E 2 RS R AR T I N R AR Al
da, BT EATHE(E D), BN 6 MR LR
3-JEFEFEY). R ARTE =R A A AR, WK
{RAETAS K A 22 ) Sk, B mtfe R B, 1 /K
P BH B RE 77, AT DA R — =4, T HR R
F R (Entries 6, 7). &It R, LL 70%H1 7= 23815 6-
LT3 FEMERR (4, Entry 8). 95230 FH HoAth— e
iz, In— 2. PR RG . MR BLAR LS, (BRI 1
OG5 R E A4 DR DA RS S VS Qi - A
BB O R, KK TG R AR s A S
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Table 1 Optimization of reaction conditions

O o) o
AcO, 1o CNH
—_— + +
3 N O\l
o Ho <\) 3
2 1

NOTE
O

oo
4
. ) s . . ‘ FEERY%
Entry ML 45t /equiv. ol WEEIC HF A]/h " ﬁf . 7 Hefb 2R b/
1 2 MeOH 60 4 60 26 — 100
2 2° MeOH 60 20 24 31 98
3 2 Benzene 80 16 21 25 — 50
4 2 Dioxane 100 12 — 8 7 40
5 2 DMSO 100 12 — 8 44 55
6 2 EtOH 80 7 8 14 29 95
7 16 i-PrOH 80 16 — 10 63 100
8 4 i-PrOH 100 25 — — 70 100
“ JFEH0.5 mmol), IS mL); * 2> BIUCER; © 19 fr B SEARY L = F A LI (Piv).
6] 6]
AcO
<
=0

1 La 4a 105 ALK (6-0- A1)

Figure 1 Crystal structure of compound 4a (6-a-isomer)

DL EgE BB, B 7 AT IR B P [FIY retro-aldol
F5 LR R S gt O BLAECE R, F5 Ak BT 4
AT, WTREMINLER W, EYEPEIERIT, 3 frkIk S ik
ST B Y, SR 5 R A5 T I IISERZ L, S50 19
PEERARA LR 2] 6 P, RIS &R T Mtk OB X
03T NI RSN A& SEAR T — PR ), (HA BT 05 3R
IRIESLFE TR GAE R, 6 Atk o KA R, L 2R
FEAE T, IZA5 3 AR 5 )(Scheme 4).

TE SR 6 A7 7 NBUAREE, W] IR 25 o502 SR 25 1)
TETE. WL 6 A EUR B SR Z Y E B2 exemestane
(MK VG 3E4H) F1iBEZ2 24 megestrol(FF ML ZAfH). & B ATl it
Vilsmeier % 8% Mannich 2 W.7E C-6 £i7 5| NIK H 2, 7
BE— B A PAFO, ER LR AT RSN,
WA, FRTTE R B &N, X R NEY) 19
AL RAP B AT 8T 5 B 4 it o] LA NS PSS R 1) 6 AL
AT, Of I L8 AR B AT ] B AT AR AR P PR 7 —
A 3-fii -6 BUR ISR . NIRRT AR T — &R 5119
RLAS [F B B OR PP B A, B8 T ROV IEPE (R 2).
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BR 4 Gk 3-ek: 6-Bh IR rIpaE
Scheme 4 Proposed mechanism of synthesis of 3-amino-6-acyl-
estrogens

F RS 25 S B, 2 B B M B (Entry 1), &
HINE T BE LR AF I 45 R 5 W3 25U (Entries 3~8), &
BT AR C-6 B, Hi= R, MEURE vEE
IR EEFE I (Entry 9), [N 22 h AR #EAb 524, HIG 6-HL
R, ATRE M TALBHE K, MUK > F Nk
BUACHTEL MR 2R % 2B (Entries 10, 11), 5SS
VS, HREA S EEE B, Rk e
SONHRAY, AT REAE BT P BRI 51 A R S B
. AR IR BRFREE N (Entry 12), SN A] A & 4=,
R3] 6 AL —ANBRIE T B P24, A8 O B BE OR 4 ks
(Entries 13, 14), FIFE3RMG T HA=4, (H2 T 055Xt
PREEVEIER, RBEATRNS, Hi=RE.
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Table 2 Scope of the substrates
(@)
0 H O
N
J R
—_ +
RO
N
O OH Q
1a~1o 2 4a~4o

Entry Compd. R t/h  Yield’/% (Conv./%)
1 la Ac 8 70
2 1b CHO 20 —
3 1c C,HsCO 22 52
4 1d CH;(CH,),CO 22 50
5 le (CH;),CHCO 22 51
6 1f CH;(CH,);CO 22 59
7 1g (CH;),CHCH,CO 22 52
8 1h CH;(CH,)sCO 22 59

9 1i Piv 22 0@41)
10 1j CH,=CHCO 22 —
11 1k PhCH=CHCO 22 —
12 11 MeOCO 7 48
13 Im Bz 32 40
14 1n 1-Naphthoyl 22 25 (87)

“ Substrate (0.5 mmol), pyrrolidine (2 mmol), i-PrOH (5 mL), 100 °C; ® iso-
lated yield.

2 g

Rft T —FLL 19 ik S EYON R, )
157 K A S v R B 6T AR -3- i B MR 1) 7 ik
GITEBRAE R, JRRSE, —WAE 3 L5 ARG
6 PrSINBEEE. (G —4RAZ, MR 19 (LA iRy 5
R AT CApR 5 il 2 i 6 RLEUARHI 1, AIXKEA
A ERE PR R SR 2 R A AR I T i
1. VAL ARy 5EAE, )5 4k ORT A A AT AP 1 Il O
FEEAT .

3 SWES

31 X5

'H NMR f *C NMR Hi Bruker-AM 400 75§
Bruker-AM 300 BYRREILIRACIE, & ICFENEN], 1
PL CDCl; fE# 5, TMS NWAR; ESI-LRMS K3 H
Agilent 1100LCMSD SL & AH € i — it 1% B¢ A {3 #n
Agilent 1200/G6100A & /53 5 FH A3 & ; ESI-HRMS i
Bruker Daltonics FTMS-7 Jii #4347 2 .

JERE 19-F2 FEME (6 -4-975-3,17- ity LAl B i1 24
HIRA AR 1,4-205-3 Btk &4 1a~10 $23CHk
(418 B 7R A k. A2 aith. #)Z @ (TLC)SR
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F GF254 i3k, @ Ry AT RS . M i (Bl
10% M 4H R LIV, 2T AR H (200~300 E)E
T TE AH.

3.2 BUK-3-BREMERSER 3, 4a~40 ISR

0.5 mmol L&A T 5 mL /KRS, G R
T, IINT/KAE S %E(1.7 mL, 2 mmol), 100 CHidk,
JE S (TLO) W s B, B &5 BRI ek Bk 23 77, )
RV E AL E T 7 B A2 .

3- PO & FE-1,3,5(10)- = %5 - 17-Td - Mt §55 (3): m.p.
162~163 C; [a]> +55.6 (c 0.5, CHCl;); '"H NMR (400
MHz, CDCLy) d: 7.16 (d, J=8.5 Hz, 1H), 6.43 (dd, J=
8.4,2.2 Hz, 1H), 6.33 (s, 1H), 3.26 (t, J=6.4 Hz, 4H), 2.89
(d, J=5.1 Hz, 2H), 0.90 (s, 3H); “C NMR (101 MHz,
CDCly) 6: 221.3, 146.3, 137.0, 126.8, 126.0, 111.8, 109.8,
77.3, 77.0, 76.7, 50.4, 48.1, 47.7, 43.9, 38.7, 35.9, 31.6,
29.9, 26.8, 26.0, 25.4, 21.6, 13.9; ESI-HRMS calcd for
C2H3oNO 324.2322, found 324.2320.

6- ZL Tk -3- DY S s - 1,3,5(10)- =S 1 7- - 45
(4a): 3:7 WEW, HEOFEK; '"H NMR (400 MHz,
CDCly) 0: 7.21 (d, J=8.6 Hz, 1H), 6.51 (dd, J=8.5, 2.1
Hz, 1H), 6.20 (d, J=2.2 Hz, 0.3H), 6.17 (d, J=2.0 Hz,
0.7H), 3.93 (t, J=8.5 Hz, 0.7H), 3.86 (d, J=5.6 Hz,
0.3H), 3.24~3.21 (m, 4H), 0.90 (s, 0.9H), 0.88 (s, 2.1H);
ESI-HRMS caled for C,4H;NO, 366.2428, found
366.2420.

4a: 6-o- MK, LA, mp. 157~158 C;
[a]? +222.5 (¢ 1.00, CHCL); 'H NMR (400 MHz,
CDCly) 0: 7.21 (d, J=8.6 Hz, 1H), 6.50 (dd, J=8.6, 2.5
Hz, 1H), 6.16 (d, J=2.3 Hz, 1H), 3.92 (t, J=8.6 Hz, 1H),
3.23 (t, J=6.5 Hz, 4H), 2.03 (s, 3H), 0.88 (s, 3H); "°C
NMR (101 MHz, CDCLy) d: 220.6, 211.0, 146.5, 133.4,
127.0, 126.4, 111.2, 111.1, 77.4, 77.0, 76.7, 55.5, 50.3,
48.0, 47.7, 43.0, 37.4, 35.8, 31.3, 29.7, 26.0, 25.8, 25.4,
21.6,13.7.

6- P9 ik e -3- DU SNtk s 3 -1,3,5(10)- = #i5- 1 7- i — ik 5
(4e): 317 IREW, EEEMHEE; '"H NMR (400 MHz,
CDCly) d: 7.20 (d, J=8.6 Hz, 1H), 6.49 (dd, J=8.6, 2.2
Hz, 1H), 6.19 (d, J=2.4 Hz, 0.3H), 6.14 (d, J=2.3 Hz,
0.7H), 3.96 (t, J=8.5 Hz, 0.7H), 3.87 (d, J=6.6 Hz,
0.3H), 3.31~3.14 (m, 4H), 1.07 (t, J=7.2 Hz, 0.9H), 1.01
(t, J=7.3 Hz, 2.1H), 0.90 (s, 0.9H), 0.88 (s, 2.1H);
ESI-HRMS caled for C,sHiuNO, 380.2584, found
380.2582.

6- 1 Tk -3- DY AU 6 JE - 1,3,5(10)- = Ji-17- - 45
(4d): 37 REY, ke A, '"H NMR (400 MHz,

Chin. J. Org. Chem. 2017, 37, 767~772
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CDCly) d: 7.20 (d, J=8.6 Hz, 1H), 6.50 (dd, J=8.5, 2.0
Hz, 1H), 6.17 (d, J=2.2 Hz, 0.3H), 6.15 (d, J=2.1 Hz,
0.7H), 3.95 (t, J=8.3 Hz, 0.7H), 3.87 (d, J=6.4 Hz,
0.3H), 3.30 ~3.15 (m, 4H), 0.93 ~ 0.83 (m, 6H);
ESI-HRMS caled for C,sH3;¢NO, 394.2741, found
394.2737.

6- 7 T Mt J-3- DY Sk i J-1,3,5(10)- = M- 1 7- i -
$(de): 31 TIREW, REAREA; 'H NMR (400 MHz,
CDCly) 8: 7.19 (d, J=8.5 Hz, 1H), 6.48 (dd, J=8.5, 2.1
Hz, 1H), 6.15 (d, J=2.1 Hz, 0.7H), 6.13 (d, J=2.2 Hz,
0.3H), 4.09~4.04 (m, 1H), 3.30~3.13 (m, 4H), 1.97 (s,
6H), 1.16 (d, J=6.9 Hz, 0.9H), 1.15 (dd, J=9.9, 6.8 Hz,
2H), 1.07 (dd, J=12.5, 6.8 Hz, 4H), 1.05 (d, J=6.7 Hz,
2.1H), 0.90 (s, 0.9H), 0.88 (s, 2.1H); ESI-HRMS calcd for
CaH3eNO, 394.2741, found 394.2740.

6- 1% ok 5 -3- DU S nE g6 3 - 1,3,5(10)- = 475 - 17- T - {55
@h: 3.7 WEW, REEEMA; '"H NMR (400 MHz,
CDCl3) 8: 7.20 (d, J=8.6 Hz, 1H), 6.49 (dd, J=8.5, 2.2
Hz, 1H), 6.17 (d, J=2.4 Hz, 0.3H), 6.14 (d, J=2.3 Hz,
0.7H), 3.95 (t, J=8.4 Hz, 0.7H), 3.87 (d, J=6.5 Hz,
0.3H), 3.31 ~3.14 (m, 4H), 0.96 ~ 0.80 (m, 6H);
ESI-HRMS caled for C,;HiNO, 408.2897, found
408.2894.

6~ I 2 -3- DU L s 3 -1,3,5(10)- — 4~ 1 7- i - M
$(dg): 31 7TIRAW, REARE Ak, 'TH NMR (400 MHz,
CDCly) 6: 7.11 (d, J=8.6 Hz, 1H), 6.41 (dd, J=8.5, 2.0
Hz, 1H), 6.07 (d, J=2.4 Hz, 1H), 3.86 (t, J=8.3 Hz
0.7H), 3.78 (d, J=6.4 Hz, 0.3H), 3.33~3.07 (m, 4H),
0.88~0.70 (m, 9H); ESI-HRMS caled for C,;H3sNO,
408.2897, found 408.2893.

6- STk He-3- DU SN g - 1,3,5(10)- = 4785~ 1 7- il -k 55
(4h): 317 WREY, EEE@RE A, 'TH NMR (400 MHz,
CDCly) d: 7.20 (d, J=8.6 Hz, 1H), 6.49 (dd, J=8.5, 1.9
Hz, 1H), 6.17 (d, J=2.3 Hz, 0.3H), 6.14 (d, J=2.3 Hz,
0.7H), 3.95 (t, J=8.4 Hz, 0.7H), 3.87 (d, J=6.4 Hz,
0.3H), 3.31~3.15 (m, 4H), 1.33~1.13 (m, 12H), 0.94~
0.82 (m, 6H); ESI-HRMS calcd for Cs,H,sNO, 478.3880,
found 478.3668.

6- H AL It 2 -3- DY S Mk g 21,3, 5(10)- = M- 1 7- i -
§@n: 1:1REY, EeaE A, '"H NMR (400 MHz,
CDCly) &: 7.18 (t, J=8.0 Hz, 1H), 6.55~6.44 (m, 2H),
6.36 (s, 0.5H), 4.00 (dd, J=10.8, 7.0 Hz, 0.5H), 3.89 (d,
J=6.4 Hz, 0.5H), 3.73 (s, 1.5H), 3.71 (s, 1.5H), 3.32~
3.15 (m, 4H), 0.92 (s, 1.5H), 0.88 (s, 1.5H); ESI-HRMS
caled for C,4H3,NO; 382.2377, found 382.2370.
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6- 7% FF I JE-3- DU S e s 3E-1,3,5(10)- = Jei- 1 7- il —
$4m): 1 2BAEY), HEtEA; 'TH NMR (400 MHz,
CDCl;) d: 8.10~8.01 (m, 0.66H), 7.90 (d, J=7.3 Hz,
1.33H), 7.62 (t, J=7.4 Hz, 0.33H), 7.53 (dt, J=7.3, 2.4
Hz, 1.33H), 7.43 (t, J=7.6 Hz, 1.33H), 7.25~7.19 (m,
1H), 6.49 (td, J=8.4, 2.5 Hz, 1H), 6.13 (d, J=2.2 Hz,
0.66H), 6.08 (d, J=2.4 Hz, 0.33H), 4.92 (d, J=7.0 Hz,
0.33H), 4.79 (dd, J=10.6, 7.0 Hz, 0.66H), 3.20~3.05 (m,
4H), 0.91 (s, 2.0H), 0.89 (s, 1.0H); ESI-HRMS calcd for
CaoH3,NO, 428. 2584, found 428. 2577.

6- %% F I i -3- U S A % 3 -1,3,5(10)- = 45 - 1 7- i - M
$dn): 1 1REY, Re@lE4k; "H NMR (400 MHz,
CDCl;) 6: 8.41~8.30 (m, 0.5H), 8.23~8.14 (m, 0.5H),
7.97 (dd, J=8.2, 2.5 Hz, 1H), 7.93~7.85 (m, 1H), 7.74 (t,
J=7.0 Hz, 1H), 7.61~7.43 (m, 3H), 7.25~7.19 (m, 1H),
6.53 (dd, J=8.6, 2.5 Hz, 0.5H), 6.48 (dd, J=8.6, 2.4 Hz,
0.5H), 6.29~6.20 (m, 1H), 4.89 (dd, J=10.6, 7.2 Hz,
0.5H), 4.75 (d, J=6.9 Hz, 0.5H), 3.23~2.96 (m, 4H), 0.88
(s, 1.5H), 0.81 (s, 1.5H); ESI-HRMS calcd for C33H36NO,
478.2735, found 478.2741.

$#H B#1 kL (Supporting Information) {LA&%) 3, 4a~4n
1) A% B L % P ol . 3 L8 b4 RE AT L A B A T R 3
(http://sioc-journal.cn/) I N #k.
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