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Jﬁ@ % P L% (Rocuronium  Bromide) & 7 I AHT 1) BERIUAA 24, FLaz NG Rk A5 301 PRAFE 70R R F 1R E
HE£55-3,17- R Q)R A3 e PR (0 OB P I . U IR S5 (2030 S, 16)-2,3-FR AU HE-16-(1-THE %) -1 7- 4 AU
<<<r*(2) SR TE BRI K Hh [ A ER AR T ER H?Wﬁ“‘ -3,17-[#(1). #i4 % TOF-MS il 'TH NMR, °C NMR, 'H-'H
COSY, HSQC, DEPT, HMBC, 2D NOESY Z5 % i Hu R il R AL AN L o0 T, I FLAI S Al s 7 4§55 -3,17- 1 1 (1
MR, A T B AL AR B A S - 3,17;@;(1)(1@1%@@ XM AT A s 50 2 B U S 1% S AR o A5 T
BRTE—8, B, A RRESS-3,17- B (DN T 8514 2 (28,30,50,16,178)-2-(4- MBIk ) - 16-(1-ME s ) I 55 -3,17- B,
FEATAAHE) 20 55 50 PR Y54 (V) S AR ) 20—
KRR MRS R BRI ERILIRES, LAY, ke

Studies of Molecular Structures of 3,17-Androstandiol Derivative

Fang, Mingfeng™“ Chu, Gang” Li, Xin" Lu, Guo-Yuan*“*
(“ College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037)
(% Sanhome Pharmaceutical Co., Ltd., Nanjing 210038)

(° Department of Chemistry, Nanjing University, Nanjing 210093)

Abstract Rocuronium bromide is a new neuromuscular blocking agent in clinical intervention. Its potency, specificity of
action and little side effect have been confirmed. The 3,17-androstandiol (1) is a key intermediate for the preparation of ro-
curonium bromide. In this paper, The 3,17-androstandiol (1) was synthesized from (2a,3a,50,165)-2,3-epoxy-16-
(1-pyrrolidinyl)-17-oxoandrostane by a reduction with sodium borohydride in methanol and then an epoxy ring opening reac-
tion in morpholine and water. The molecular constitution was confirmed by 'H NMR, *C NMR, 'H-'H COSY, DEPT,
HSQC,HMBC, 2D NOESY and TOF-MS spectra. The single crystal of 3,17-androstandiol (1) was prepared by crystallized
from 2-MeTHF and then was subjected to X-ray crystallography analysis that confirmed the stereo configuration of compound
1. And studies of X-ray powder diffractive analysis indicate that the diffractive spectrum of the sample compound 1 is consis-
tent with the diffractive spectrum calculated on the crystal data. Therefore, the compound is (25,30,50,164,175)-
2-(4-morpholinyl)-16-(1-pyrrolidinyl)androstan-3,17-diol and its stereochemistry is accordant with that of rocuronium bro-
mide.

Keywords androstandiol; rocuronium bromide; NMR spectra; configuration; crystal structure
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(1R S AR S R T A 1), SRR RS R A A 1
20 17-F23k AR RS A U5 1 B0 A 15 21 2 3
TREL (B 1), DRI HS Wt R PR YR A R S B )
PR AT & o TR SR AN AT BE R T4k
JR RTINS 2 P B 1) o i 28 R L. (HUE SCHRIE A
AT S W S IRE. DRI A SO R R 1%
A X BN AT SR VR A TS AR BT 5 AT 2 S —
BErP AR 1 RISZAREE K.

T 655 — P ¢ 1
B PR Ik 1 4

Figure 1 Structures of rocuronium bromide and androstandiol
intermediate

1 Z&R51H
1.1 S ZEEHEK 1 EK

TS WP R 1 A R R S P R, AR
SCHR A SCRR[11, 12170 I & 2k 18 77 ¥ A 1% (Scheme  1).
(Qa,30,50,16)-2,3- F1 48, 3 - 16-(1- ML 145 )-17- 58 A A §55 e
Q)T 17 PERIEAE S e TR S v 7 el AL
AN J5 A S, AR I AE R BRI /D 5 7K [ 38 T 2R s
AL A 1. DD =500 60.1%F1 55.2%.

Reagents and conditions: (a) NaBH,, CH,Cl,/CH;0H, 0 C, 6 h;
60.1%. (b) morpholine/H,0, refluxed, 48 h; 55.2%

Scheme 1

2120 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

1.2 S ZEEMR 1 B9 LR CIE R AT

TS —mER A 1 ARG IR B A R LR 1.
TS ZlE P R AR Ay IR 27 AN, BT A I ER
H Cys Fl Cog, Cog F1 Cpyy WEIRIRFT Cyy FT Cyy, Cog A Cos
SELENR, FTLL PC NMR % 8on AT 23 M 5k, 5
WA EN B ECH 2. DEPT #%F1 HSQC i &
TN 2 MR, 11 AR, 8 ANEUER, 2 AN ZtR s S,
UEB DRI H AL A0 AT & HSQC 1 b, {f1k
{55 6 12.9, 16.7 N IR AAIEE 5 & 6 0.70 (s,
3H), 0.88 (s, 3H), S8R EATTn @ A S8 B> £y R
{550 HSQC b (s 5 0 49.1 F1 67.5 AN
2RI 53 ) I 6 2.43~2.45 (m, 2H)A1 2.63~2.67 (m,
2H), 3.69~3.74 (m, 4H), 'H-'H COSY i B ~e A1 H A
G, P LU & A kIR 4 AN RS (5 i,
HSQC 1 AMRR(E S 6 23.4 A1 53.0 AN (R EEAL A7
B ilie 6 1.74~1.77 (m, 4H), 2.54~2.56 (m, 2H)Fl
2.76~2.79 (m, 2H), 'H-'H COSY i B &A1 A &,
DAL ] LU i i 2R | 4 AN FE 4 S5 1. HSQC
W C 159 6 65.2 1 63.9 HHN (R EIGAL 22 A1 7 43 7
J&E 0 2.52~2.53 (m, 1H) £ 3.88~3.90 (m, 1H), 'H-'H
COSY it R e M HMMEA. B CIE'S 563.4 F179.2 #
N A E AR ot 6 2.93~2.95 (m, 1H)FI
3.38~3.40 (m, 1H), 'H-'H COSY i @ e AT HAE &,
R AT 20 0l SRR 4 23R, PUAEE R 75
SRS BB R 5 5. 6 21.0, 28.2, 29.3, 31.8,
32.7,34.4, 38.5 MM HEEHZ b 7 AN ST 5,
6 34.7, 38.6, 48.5, 56.1 A MESHE LI G 1 AHIE
BUBAT 516, 6 36.0 Fl 43.6 I iS5 e REAZ L /W N2k
G5 g, R HMBC 5 nT DLEE— DAl (S B8 i
ZREAJEEE 1). M 2D NOESY # n] LIHERTiZ Ak &4
IR, AR BEARZ M I Cig Bl Co Y9 B 7.
NOESY #r1, Hs 5 Hig A1, w1 Hy A g AL, B G,
BRI o 7Y, Hs 5WERIR ) Hy,, Hos AHZE, W41
Hy oW o #2, RO IRER AR 15 838 Co 42 B AL
[, SSAABIZ T Hig b o #78, NOESY 15, Hyy 5 Hig
AHSE, AIAN Hig A o R, R DY 0N A %0 1 15§ 3
CieiEHE p WAL IEH Hig 5 Hyp AHG, If3H Hyy
Mok, B Cyy LIFRIE N gAY, of b ATk A it
Hs e S R AR 1 AR &
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Table 1 NMR data of androstandiol intermediate 1

; AN "TH NMR & 'H-"H M%) & WA T 0
13 P il |
CNMR o ZA(DEPT) = (HSQC) (H-'H COSY) (HMBC)
12.9 ff1C Cis 0.70 (s, 3H) — 1.1, 1.91
16.7 [ENe Cio 0.88 (s, 3H) — 1.45
1.34~1.35 (m, 1H), 0.71. 1.11
<44 1, 1
21.0 e I Cy 1.53~1.55 (m, 1H) 071 111 0.71,1.11, 1.91
23.4 fifrC Cas, Cag 1.74~1.77 (m, 4H) 2.54,2.76 2.54,2.76
1.17~1.19 (m, 1H), 0.86, 1.67
282 firC i C 1.39~1.41 (m, 1H) 0.86, 1.67 1.56, 1.67
» 1.29~1.31 (m, 1H), 0.79,2.93
29.3 firC M Cis 181~1.82 (m, 1H) 0.79, 2.93 0.79
0.86~0.87 (m, 1H), 1.17,1.39
31.8 firC HA ¢ 1.67~1.69 (m, 1H) 1.17, 1.39 1.17, 1.39
32.7 ff C 83K ¢y 1.45~1.47 (m, 2H) 2.52 0.88, 2.52
1.48~1.49 (m, 1H), 1.56,3.88
34.4 firC i Cy 1.81~1.82 (m, 1H) 1.56, 3.88 1.56,2.52
34.7 B C HIER C 1.35~1.36 (m, 1H) 0.71,0.79 0.71, 0.86, 1.67
36.0 ZFC IR Cyo — — 0.88
1.11~1.12 (m, 1H), 1.34,1.53
38.5 firc HAC2 1.91~1.95 (m, 1H) 1.34,1.53 0.70, 1.34, 1.53
38.6 B C H2K Cs 1.56~1.58 (m, 1H) 1.17,1.39 0.88,1.17, 1.48
43.6 ZFC M Chs — — 0.70
48.5 B C B3K Cyy 0.79~0.80 (m, 1H) 1.29,1.81 0.70, 1.35, 1.81
2.43~2.45 (m, 2H), 3.69
49.1 firC Ca0, Cos 2.63~2.67 (m, 2H) 3.69 3.69
2.54~2.56 (m, 2H), 1.74
53.0 firC Ca4, Cy 2.76~2.79 (m, 2H) 1.74 1.74
56.1 BC {1 Cy 0.71~~0.72 (m, 1H) 1.35,1.53 0.88,1.35, 1.53
63.4 M {12 Cue 2.93~2.95 (m, 1H) 1.29,1.81,3.38 1.29,1.81,3.38
63.9 B C B3R Cy 3.88~~3.90 (m, 1H) 1.48,1.81,2.52 1.48,1.81,2.52
65.2 B C 83K ¢, 2.52~~2.53 (m, 1H) 1.45,3.88 1.45,3.88
67.5 fifrC Ca1, Coo 3.69~3.74 (m, 4H) 2.43,2.63 2.43,2.63
79.2 B C $3K Cyy 3.38~3.40 (m, 1H) 2.93 0.70, 2.93
1.3 IEETEEEMK 1 BRIKEH o o ’618/1303 o5
. N . C11
B e AL 11 2- P DY 050 (2-Me THEF ) ¥ T/ Nocw e l—*- w/l‘gg“/ 26
BAE S 1 1 4 A VA9 £(0.32 mm X 0.30 mm X N Cl R P s
LR i C8
0.13 mm) YU 3 . R ATAT B Bruker APEX SNz | |7
DUO CCD gt fT5H%(Cu Ko , A=1.54178 A)R4E. # e,
mn 45 BRI 25 B IEEdE 71 138 2. ar Ot

Bl 2 S Eh AR L. T DUR A L R ZU s A I
AU C,, 55 DUZIENE U T AHIE R C o6 IIAERTHE
T IE S-F T, B PR AR AH I 1 1S R U C5 R Cyy
(L5 F B oy 50l 2 S-R R R-A L. BfL &4 1 2
(2B,30,50,16B,17B)-2-(4- " Wbk K )-16-(1- 1k 15 ) 2k §45 -3,17-
-t
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B2 MEHS R A 1R S
Figure 2 Crystal data and structure of the androstandiol inter-
mediate 1
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Table 2 Crystal data and structure refinement for androstandiol
intermediate 1

Empirical formula Cy7Hy6N, 05
Formula weight 446.66
Temperature 173.15 K
Radiation type CuKa
Wavelength 1.54178 A

Crystal system,
space group

Monoclinic, P2,

4=5.99500(10) A
b=18.5747(4) A
=11.4593(3) A

Unit cell dimensions

a=90°
$=95.7560(10)°
y=90°
Volume 1269.62(5) A°
Z, Calculated density 2,1.168 kg/m®
Absorption coefficient 0.585 mm

F(000) 492.0

Crystal size 0.32 mm X 0.3 mmX0.13 mm

Theta range for data

. 3.88° t0 65.99°
collection

Limiting indices TTShS6, —21k<20,
gmd —13<I<13

Reflections collected/ 6039/3320 [R(int)=0.0475]

unique

Completeness 94.2%

Refinement method Full-matrix least-squares on F*
Data/restraints/parameters 3320/1/294

Goodness-of-fit on 2 1.053

Final R indices [/>20(])] R,=0.0756, wR,=0.1849
Absolute structure Flack 0.27(17)

0.56 and —0.53 e*A "’

Bl 3 5 H it (R PR HE R S b TR 13

7T O3)—H@B) - 0Q2) (2.865 A)Fil OQ2)—
H(2):**N(2) (2.803 A)JE i IR 45 #).

Largest diff. peak and hole

= =
R S
2 A
= \*\‘i‘“ \
= =
B3 S b A 1R S T A A HE AR

Figure 3 Crystal packing of the androstandiol intermediate 1
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MESS —HREF 4R 1 R S cif SO/ (CCDC
996248) LR A7 1E &1 My K 2% s A4 v [www.cede.cam.ac.
uk/conts/retrieving.html (or from the Cambridge Crystal-
lographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; Fax: +44(0)1223-336033; Email: deposit@
ccde.cam.ac.uk)].

1.4 S "B ER 1 B X MROTSIE

MES AR 1 SRR XSSk R AT 1 T
EMPYREAN M X S AR AT (S S A AU 3 A1 4
T 26 2 30~40°. [ 32L& 11 X S8 R AT
S, B 3(b)RARAEAL S 1 SR B T A
R ERIR AT S, nT LA B 2 10 S AT 5 A (20)
A, WL P& AT SIS 1 f 4l i g
(A AETEA L S 2R AL S (28,3 0,50, 168,17 8)-2-(4-
N bR 3 )-16-(1-MEE gt ) I 55 -3,17- 2.

2000
i
2 15000 T ‘ ‘ ‘ L
c
3 3 \
8 10000 —\JJM‘MW Voo _a |
>
2
& 5000 F |
E . |\ il
”“ I\ ‘\ \‘M J‘\J'\\‘u m“ N b
0 T ‘4) \\l‘ = — \'v4IQ‘JWL"MM“\KrM'/&AW\lM J‘I‘/\—A T —
5 10 15 20 25 30 35 40
26/(%)
B4 e R mAA 1 RSIAT XOR AR AT

Figure 4 XRPD spectra of androstandiol intermediate 1 crystal
(a) Sample, (b) theoretic spectrum

2 Hig

(Qa,3a,50,168)-2,3- I - 16-(1-HE I )-17- 58 AR 55
Fe () 2B A AL 5L, AR 5 7 WS IR 7K o [m] A B A
TP B £5-3,17- (1), &> TOF-MS JiiEF 'H
NMR, "CNMR, 'H-'H COSY, HSQC ,DEPT,HMBC, 2D
NOESY “5#Z b IL il RAEMIA L T HiE. JF FLfl#%
AGE T HER-3,17- ~BEQO R 454, Bk T e ML
PR, S -3,17-ZRECDIRE L IR XKy RAT5 2 ik
FUAR M SLAT I 1 5 AR 0 A B o B ) B i — 3
U, A O HE RS -3,17- SBE Q) K T AR
(2ﬁ3a 50,16,17f8)-2-(4- "5 ik 3 )-16-(1- ML 1 ) A 55 -3,17-
TN, ST ARK Y 5 B YRR I S AR R — B

3 ZEIH
31 NFEHIRHA

Y5 SGW X4 BH »SAGsE. "H NMR 1
C NMR i3 /1] Bruker AM 500 MHz (Germany)#% i 3%
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A 2 (CDCLy ¥, TMS A INAR). w20 i 1)
MAT 95 XP JiRil{X(LCQ, Finnigan)Jl 5. H {45 45 k) i
Bruker APEX DUO CCD #4733 (Cu Ko, A=1.54178
AYIE. X S E ARATHE H EMPYREAN Y X S 4647
S (Panalytical 22 7))l . LG40 2 MG rd i fli = 25}
Fo w5, A G4 3 MR SCERI1 L, 12088 bk i 7 vk
AR R R T Hr el A Al ), Rk —bal
. R S JE K A ER e 1 7 VR

3.2 (20a,3a,5a,16B,17B)-2,3- IR & & -16-(1-ML 1% )-17-
FBEIE S T(3)8H &

¥ 3.7 g (10 mmo)fL &) 2 ¥ fi# T~ 30 mL 5 H¢
120 mL FIESRAERIT, IKEAREIZR 0 C. fEHHT
SHHEIIN 3.0 g AN, SRIGAEAREERIHE Y. 6 h. %
NS, N 30 mL 7K, $idE 10 min. 2 HAHLUZ,
ToKBR IR, ARG U R 28 2505500, F S I B 45 i 5
FMLAEY 3 (2.6 g, 6.2 mmol), FHEFEA, mp. 168~170
‘C, 7% 60.1%. '"H NMR (500 MHz, CDCl;) d: 0.70 (s,
3H), 0.71~0.73 (m, 1H), 0.78~0.79 (m, 1H), 0.85~0.86
(m, 1H), 0.88 (s, 3H), 1.11~1.17 (m, 2H), 1.28~1.30 (m,
1H), 1.34~1.39 (m, 3H), 1.44~1.47 (m, 2H), 1.53~1.57
(m, 2H), 1.67~1.69 (m, 2H), 1.74~1.79 (m, 4H), 1.81~
1.83 (m, 2H), 1.90~1.92 (m, 1H), 2.52~2.58 (m, 4H),
2.92~2.95 (m, 1H), 3.37~3.40 (m, 1H), 3.78~3.88 (m,
2H); MS (ESI) m/z: 360.3 [M+H]".

3.3 (2B,3a,5a,16B,178)-2-(4- 15 Mk %5 )-16-(1- Al 1% ) 1
§-3,17-ZE(1)80 %I &

# 3.6 g (10 mmol)fL54) 3 Wi T 40 mL MEHBHLAN
4mL K, HEREINAEIR Y. 40 he [NV ESHR G, Bk
AEWA, HANELSSER0EY 1 (248 g, 5.5
mmol), =% 552%, HEFEAK. mp. 212~216 C;
[aly =88.1 (¢ 0.1, CHCL)[ CHR{E"! m.p. 212~219 C;
[a]? =87.9 (¢ 0.1, CHCL;)]. "H NMR #1 *C NMR >tii %
P& W% 1. HRMS caled for C,;HyN,O; [M+H] '
447.3508, found 447.3589,.

3.4 ifEE _EEHEK 1 BEBFI &FENE
B ME (S R AR 1 AR T 2- R DY R
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(2-MeTHF) 1, 18 18 4% J S Wb Hr Hh 7 381 JROIR B %
(0.32 mmX 0.3 mmX0.13 mm). A7 $0dE 7E Bruker
APEX DUO CCD H @ fiT 4% (Cu Ka , 2=1.54178 A)K
4. Bruker SHELXS-97 F2 74T . dib &5 44).
3.5 M EEhER 1 89 X STEMKRITEINE

X S8k KA (XRPD)fi ] EMPYREAN %Y X 5ff
£ (Cu, ka)FT5F 1% (Panalytical 2% &)l & . K F B (0, 2%
(Focusing X-ray Mirror)iE£EF 1420, FIHEMH 3°~
40° (20), P K 0.013° (20), FAHEENE 2.5 (°)/min.

4HBh A%l (Supporting Information) 154 1 1 =4 9
Jii%(HRMS) & 'THNMR, *C NMR, 'H-'H COSY, HSQC,
DEPT, HMBC, 2D NOESY Z5AZ i i, X Lepprln]
DL A 3% AT 199 38 (http://sioc-journal.cn/) | R 4.
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Fig. S1 High resolution ESI-MS for 1
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Fig. $3 '°C NMR spectrum of 1(125 MHz , CDCl,)
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Fig. S4 'H-1H COSY spectrum of 1
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Fig. S5 DEPT spectrum of 1
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Fig. S6 HSQC spectrum of 1
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Fig. S7 HMBC spectrum of 1
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Fig. S8 NOESY spectrum of 1
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