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Application of Micro-droplet Technology in the Preparation of Functionalized Nanocarriers
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Comparison of H Membrane Prepared by HHL Method and Spray Coating Membrane

Contents H membrane Spray coating membrane

. . . The permeation rule was consistent. The osmotic water permeation volume
Properties and permeation rule of the membrane (custom-designed . . . .
was inversely proportional to the membrane thickness, and proportional to
the content of porogen.
Chemical structure The chemical structure was identical. There were no chemical reactions
(infrared spectrum analysis)

osmotic water permeation volume measuring device)

during the mechanical and physical blending preparation process.
Microstructure Surface Smooth and flat Uneven and rough
(SEM) Cross section Gully-shape Sponge-like honeycomb

Notes: "HHL Method" refers to Hot melt extrusion of membrane - Heat skin coating - Laser melt cutting (abbreviated as HHL)

o

ethylene glycol,
H,S04

OAc

ﬁ&?
OAc

AO K,CO;  HCI

TMSOT, NaHCO5 AcOH

amrubicin hydrochloride

Amrubicin hydrochloride was synthesized with a purity of 99.8% and an overall yield E
of 39.5%. The optimized process was suitable for industrial production. H
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E Palbociclib was prepared with a total yield of 46%, and a purity of 99.7%,
! and the synthetic method of 5 has not yet been reported in literature.
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The chlorination of sulfur oxychloride was placed in the first step, which could avoid the degradation and isomerization of the product.
The reaction conditions of 4 were optimized. Under the optimal conditions, the (Z) -isomer ratio of 4 was high (Z:E=8:1).
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The site-specific integration method with Crispr/Cas9 technology can construct more stable and

higher expression cell lines with less time than the random integration method.
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Characterization of Liposomes § 100
particle size (110+5) nm H | é
£ potential (-17.6+1) mV 5 37.20 37.78
loading efficiency (9343) % SN-38 g
< - A3

Control

irinotecan N-38
(10 mg/kg) (5 mg/kg)
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#ﬁﬁ% : AR ERA X LR G R T2 . (R) -2- ZEE -2- LB -5,8- —HHIE -1,2,3,4- TUE % (2) 548
TR - SRS, B DL 4 S REONVE R T AR, FREOGILIN G 15 (4S,148) - (+) -4-[1,1- (7. 23 50 ) -

Z% 1-4,5- & -6,13- R HE -4.14- W HEE -2- WL -14H- B [3,2+1(1,3] BERY 3£ 1A -7,12- . 285 RAEIRIR / L1

TR B TR E M FREAT AR (+) -9- S -4- 26 FAUHE -9- BSR40 B R, S BLIRLE H 80 CRAMIKE 50 ~ 55 °C,

SN 30 h 456 A 4 he SR =5 BRI = L RERR (TMSOT) AREM B I = F PRI, HA 1,3,4- = -0- 4k

B -2- A -B-D- MERERBEEEATHEE AL RN, AR T AR AR . SRS IR I I RE . dh RN, IR T2 (RN

MS% pH 1.3 ~ 1.8, Hrimffal >3 h) 153 H AR SV R0 e PEACF I B- db 2o IRAKJS I L HRAEIE, S S [H)
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Improved Synthetic Method of Amrubicin Hydrochloride

ZHANG Naihua, WU Suzhen, BAO Guanglong, LIN Lin, ZHANG Guimin*
(National Engineering and Technology Research Center of Chirality Pharmaceutical, Lunan Pharmaceutical Group Co., Ltd., Linyi 273400)

ABSTRACT: An improved synthetic process of amrubicin hydrochloride was developed. (45,14S)-(+)-4-[1,1-
(Ethylenedioxy) ethyl]-4,5-dihydro-6,13-dihydroxy-4,14-methano-2-methyl-14H-anthra[ 3,2-f1 [1,3] oxazocine-7,12-
dione was obtained from (R)-2-acetyl-2-acetamido-5,8-dimethoxy-1,2,3,4-tetrahydronaphthalene (2) through Friedel-
Crafts acylation with phthalic anhydride, followed by ketalization in ethylene glycol, and photochemical cyclization
with N-bromosuccinimide. Then (+)-9-amino-4-demethoxy-9-deoxydaunomycinone was prepared via a deprotection
with hydrobromic acid/acetic acid instead of dilute sulfuric acid. The reaction temperature was reduced from 80 ‘C to
50-55 C, and the reaction time was shortened from 30 h to 4 h. Then it was subjected to glycosidation with 1,3,4-tri-O-
acetyl-2-deoxy-f-D-pentopyranose in the presence of trimethylsilyl triftuoromethanesulfonate, which was followed by a
deacetylation and salification to afford the target compound. The B-crystalline form with good thermodynamic stability
was obtained by keeping the pH of salification system to a value of 1.3-1.8, and the crystallization time more than 3 h. The
optimized process was simple and time-saving, and the total yield was 39.5% (based on compound 2) . It is more suitable
for industrial production.

Key Words: amrubicin hydrochloride; antineoplastic agent; improved process
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TR B A R R PUER MR 21 . S5 RIR K
Y% F R EAALRIBE A AN, 1 R A
F LB (amrubicinol) = 2 ik #1411
FIETE, B&SEDNA KB, M) e 4n
MUdE . AT 2002 FE7E HAEM LT, #E A
4 Calsed (L) , s AR H T-AE /40 i it (NSCLC)
o/l (SCLC) mavayy 2,

HAT 14 Rk B Sk ik e ok
2 g R HR o T DL 5,8 THVEIE 2- 250
i AR AE FRL, K IKZ Bucherer-Bergs KN . A4
WHUKRE. HEs. D-(-) - mkEYRy 5 H&
WIRAG & B/ SEANIE TR DL S A SR il 15
(R) -2- LIk -2- LD, -5,8- —HI%(JE -1,2,3,4-
DU ZE (2). 2 AR 28 — HRR BT &4 - stk
M43 (R)-9- 2 BEFE -9- Z kit 3 -6,11- —$2 3k -
7,8,9,10- DUAL - FF:PUZK -5,12- —{ (3), 3 fEXTHIZR
MEPRAEH T 4 & BRI IETS (R) - () -9- LIk %
H-9-[1,1-( o HTAHIE) o5 ]-6,11- M-
7,8,9,10- DU - JEPUZE -5,12- —fi (4), 4 5 1,3- =
R -5,5- “HIEEZ AR (DDH) 8¢ N- 48T 1%
TfZ (NBS) fEGHRAE A4 (48,148) - (4) -
4-[1,1- (L LH—HHE) o7 ]-45- —5-6,13- 5
HE-4,14- WHIE -2- HIE -14H- B9t [3,2-/1[1,3] T&
W B -7,12- —fid (5)7, 5 ERERAIRRYE S A /K
LR ORA 1S (4) -9- 2Kk -4- EHEIE -9- &
ARAEZRM (6). Moh, 1,3,4- = -0- LFHEE -2-
J 48 -B-D- ML AZ A (8) 28— FILIRAERE RIS 1-
RrEACHE, PR = R A T 5 OGS v m) 44
6 2 HUAR S B AR BRRE Y, AR5 1E TS 7K B R A i
AT R R B SR S R E (10),
MUE 44% (LL21F) . Ja 10 £ sk I b i) 15
HAR o 15 kg K, IR A R At
SR TRERR AR By, ANIE TBORAE

AHE ST AT ML 5 1910 2 A df sk, S B8 SOk
Ty AR SL N 8 817, FERtA R L Zk AT
ot (B D .

O % 4 B, BHHERH 2 =R T Ck
W EEPEEOR I R ORAE ) R R, AR R R A B

FEZE25 Tk 24 Chinese Journal of Pharmaceuticals 2019, 50 (2)

X FHORB IR, o I iR BE PR O B 0L B (K 52 80 ~
85 °C, RMIFIAIE 4 h 4% 9 3 h, [FIRFUSCEE L Hy
88.0% #Efm A 91.4% . Ak, fERMAKRRFIA 4A
BRI R K, 38 7 0 KSR A, S i
AE A 5 6T 46

@il 4% 6 i, JEHESCRA /KRR E R (80 °C ) .
SBLE (A K (30 h) o AW AR HAIRIR / LR
WA PR R VE AR, I B PR AR & 50 ~
55°C, MNEEZE5E 4h, RMECRMHY.

@E 9 I, ZESCERTT VA S = 96 TR TR =
HEAE e (TMSOTS) AAEAN B3 i = 5 H R PR AR 4
A, BRR T AP s RN SR AR RN
ARG T, T AR BE

@FER 10 B, BB RE S HAm 9 #HAT
IK AR RS SONE, S S R -5 CHEm A4 15 °C,
SN TE Y 18 h 4459 2 he JE ARFRNFEE 10 BFLR
KH DMF/DCM 458, AR T 10 H it 5
F6(<0.1% ). RIS 11(<0.1% ) K%
FeR12(<0.1% ) W (RS ILE 2) .

O JE B SR AR ARTE H b= i 1185 7%
W 503 B A AF N B4R 72 b R 3R ) SR e T
ZH) o- 8 i dh BURIR AR 1 d, & 44 i
12 58 >0.1% ), M) 55008 PR B-
A AR AAE R E AR S I, S )
A& pHA (1.3 ~ 1.8), PALKHTMETE] (>3 h), A
13BN A TR 1 B- Y, 5 ORI A Y
— 3 U ARALE TSR R, A A R
ik, SWLE 39.5% (BL2k), F2a4lifE 99.8%,
A TR,

(R)-9- ZEL £ -9- ZER PR & -6,11- — 2 £ -
7,8,9,10- IS - HUEK -5,12- —Ff (3)

BRARY T, Bihaswalmtes (L)
AR AT, 99%, 874.0 g, 3.00 mol]. A%
— WK (666.5 g, 4.50 mol) . SN (204.5 g,
3.50 mol) FJG/K =& fL5E (4.0 kg, 30.0 mol) hi=
WHF- B e N5 (Bl B RN EZA R AR ) +,
R E TG, R RIBE N E 130 ~
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5 6 OAc 9
CH CH;
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135 °C, WklKE UG 4k S0P OB 40 min. KB
BRI EEER (11.0 kg, 122.2 mol) 7K (100 L)
TR, B E AN H, iR 50 ~ 60 CHi
PTG 1~ 2 he 138, BEPFA4ifLK (10 Lx2) ¥
W T35 ~ 40 C Uk T 45 0 R ACIR [ 14 3
(1.0 kg, 84.7% ) . mp>300 °C; [a]2'-109.7 (¢ 0.01,
CHCL) [ ik “:mp >300 ‘C, [l ~110.0(c 0.01,

CHCL,) ] ; ESI-MS (m/z) : 394[M+H]",

(R)-(-)-9- ZEpeHE -9-[1,1- (L EZFE )-
ZE 1-6,11- —#2% -7,8,9,10- U5 - HPUK -5,12-
ZFR (4)

4 3(983.5 g, 25 mol) . fifig (260.0 g, 2.6 mol)
HT4A BURIR S 797 (1.0 kg) IN&E Z 8 (30 L)
H, T80 ~85 CxM3hjE, i, HIERMBIA
aifk/k (50 L)/, AR EE AN, dkEsiis:
Prem 1 ~2he 38, IEUHKKHALK (3 Lx2) .
0.75 mol/L BRERENVATR (3 Lx2) A4tk (3 Lx2)
Ve, T35 ~ 40 CIUE T15A5 5 (b 44 4 (1.0 kg,
91.4% ). mp 278 ~ 280 C ; [alp' -291.4 *(c 0.01,
CHCL) [ 3k ™ : mp 279 ~ 280 °C, [l -291.7°
(c0.01, CHCl,)] ; ESI-MS (m/z) : 438[M+H]".

(45,148)-(+) -4-[1,1- (T ZE—FH ) & |-
4,5- =5 -6,13- —§2H -4,14- THE -2- HE -14H-
BH (3,2-1[1,3] BEAY=EE -7,12- ZEfF (5)
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BAMHEP T, ¥ 4(218.7 g, 0.5mol)
NBS (92.56 g, 0.52 mol) JIZZ45> 1 T &0
(3.5L) o, n#EENR, ETEERIT (500 W,
5 GY-1KW, JbRt R Bk E G a8 PR A #] )
RS 20 mine S SR T VAR R BN K I
W (2 L), 0.65 mol/L fARERER AN /KA (2 L) A
40 ~ 45 CHI#IK (2 L) Pk, H 3.0 mol/L 3R
(1Lx3) 20 $RJZEIH, HEAN (1Lx3) ZHL
HAhE A IR R4tk (400 ml) Fi RO B R
B (500 ml) Pk, FHC/KBREREN T4, TiE,
IR IRGE 2T f5, INHSERUT 5% (MTBE,
4L), AREAEEENTH, REEHPENTS 1~ 2 he
it yE, JEYEH MTBE (1 Lx2) #gk, T35~40 C
JRE TR SRS £ (o [ 4K 5(179.6 g, 82.5% ). mp
196 ~ 198 °C; [o] 7 +407.0 “ (¢ 0.29, CHCL,) [ Cifik ™'
mp 195 ~ 197 °C, [aly +407.2°(c 0.29, CHCI,y) ] ;
ESI-MS (m/z) : 436[M+H]".

(+)-9-5& -4- EREE -9- EERLEZ
(6)

¥ 5(304.8 g, 0.7 mol) Fl 6.0% L - £
BRI ORI TH AR, 5.6kg) &
THE (6 L) 1, 50 ~ 55 ‘C/MN 4 ho fnAZifkK
(12L), 4B 4.1 (3 Lx2) #HL, A LR LEEZ,
KEEH. LRLERERZiK (500 mix2) Y,
A KR4 355 H 3.0 mol/L HA A A AM I i i =
Y1 pH 4.5, FH DCM (3.5 Lx3) #£H. FRKZE
BT FREA /K 22 pH 8 ~ 9, FfH DCM
(500 mIx3) ZHL. &FfA DCM =, KK HAI
BREREAKIE (1 L) 4tk (1 L) FatE RIS L
W (1 L) P, ATOKRBRAT R, g, JE)
WIEW 4G 2T, T 35 ~ 40 CIRJE T 1R1585 0 FH
4 6(235.5 g, 91.6% ). mp 157 ~ 159 C; [alp
+207.3 (¢ 0.1, CHCL) [ ik “' : mp 158 ~ 159 °C,
[a] 37 +207.0 (¢ 0.1, CHCI,) ] ; ESI-MS (m/z) :
368[M+H]" ; 'H NMR (400 MHz, CDCl,) §: 8.33 ~
8.38 (m, 2H), 7.83 ~ 7.86 (m, 2H), 5.22 ~ 5.23 (m,
1H), 3.24(d, J=18.0 Hz, 1H), 2.43 (s, 3H), 2.0(d,
J=18.0 Hz, 1H), 1.95 ~2.21 (m, 2H) ; "C NMR
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(101 MHz, DMSO-d,) §: 212.86, 186.18, 156.74,
156.19, 139.11, 135.57, 135.41, 135.25, 133.61,
133.28, 127.05, 110.87, 110.57, 76.50, 44.28, 34.83,
33.16, 24.88.

1,3,4- = -0- Z B £ -2- Bt & -p-D- MiLIt%E (8)

W 2- i % -B-D- wb iR AZ BE (7, b 5 Fi R 2
EMFEARGIR AT, 99%, 200.0 g, 1.49 mol) #
4- —HFLIEE (DMAP, 5.0 g, 40.98 mmol) JiIl
2w (600 ml) 1, #EO0~5C, WL
fif (500 ml) . 5, FHERZE 20 ~ 25 CYkZE =W
25 ho JAANDCM (1.5 L) F14fifbsK (800 ml), #i
0.5 h 5. AHUHEMKIKA 1.0 mol/L 1)L &
(800 mlx2) . #iift,7K (800 ml) #10.6 mol/L [{IHRME
AN (800 ml) Bewk, FL/KEREREN T 4. Hh
V&, UEMIRURIRAE T, T35 ~ 40 CHUE TR
[ 1k 8 (295.03 g, 76.0% ). mp 96 ~ 98 C ;
(0] 2~171.5 "(c 0.56, CHCL) [ ik " : mp 98 C,
[a]2-171.8 “(¢ 0.56, CHCI,) ] ; ESI-MS (m/2) :
368 [M+H]",

(+)-(7S5,98) -9- Bt & -9- & -7-[ (3,4- = -
O- Z Bk -2- i -B-D- 7nBY - Mt iE & ) |5 1 -
7,8,9,10- FUS -6,11- —$32 % -5,12- FH UK _HER (9)

EARTT ¥ 6(100.0 g,0.27 mol) .8(160.0 g,
0.61 mol) . BREREMN (95.0 g, 1.13 mol) JIZE DCM
(4.5 L) f1 MTBE (5.4 L) fiRAER, HiPE2)
Ja, i -20~-15C, ¥ TMSOTf(196.0 g,
0.88 mol) . Ve, FEHIEE —15 ~ —10 C4kLL R M
5he BEyE, FIERH AR K (2 L) F10.6 mol/L
IR W (1 L) o BB R E] 15 ~
25 °C, 4. 7KHIF DCM (800 mlx2) ZHL, AL
FHE G T 35 ~ 40 CHUR IR bR 2 K7 )a
AN 0.5 mol/L (J£EEE (1 L) F7 A EE (500 ml),
$iEFE 1 h 550 s B LA 0.5 mol/L #5F& (500 mlx
2) XHL, KAHEIIE 0.6 mol/L BRIREANTE R
W& pH 7~ 8, FA DCM (800 mlx2) #HL, HHL
A IF G KRB T 1% #hUE, JEUFH DCM
(200 m1x2) #kk, JETHT 35 ~ 40 CIRJEIKRGE G
TR 9, A&dith, HEHT T
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o 181 -

W N

KXLLE (10)

¥ LR FT43 9 Mz Jo/K HEE (20 L) A1 DCM
(15L) MRG &R, #4100 min 5, BEZE
12 ~ 17 °C, Fr#tmAGKEEH (188.0 g, 1.36 mol),
Inse, 4 12 ~ 17 CHiPE &M 2 he IAglifhK
(50 L), #ii#:0.5 h 50, sEAHAH, KAEH
0.5 mol/L [ EhFR I =4 pH 2.5, Wb A K&
AIEREH . KA DCM (15 Lx3) ¥l HHAHZE
2%, KM THF (9 L), BL 5.0 % BB SN A W
2 pH 7~ 8, GEAEE AN H, kS8
1 ~2h, $hjE, BEGHHLIILK (5 L) 1 THF (5 Lx
2) Ve AT 30 ~ 35 CHJE THREBGREE. ¥
FIRFEAFF DMF @ DCM (15 © 1) &4 5 Es
K 10(92.5 g), UK 70.9% (LL6 it ), 4ifE
99.86% [HPLC J4—4tik : &3E42 YMC Triart-C g A3
(6.0 mmx150 mm, 5.0 um) ; AzH48 A : 5.0 mmol/L
Wil — SN (pH 2.5) - 2 (5 1 2), B:
2, BEEEBEML (0—15 min: B 10%—35% , 15—
30 min: B 35%—55% , 30—40 min: B 55%—15% ) ;
kK 220 nm ; A£E 25 C; Ak 1.0 ml/min ;
#HAEE 10 ulle. mp 170 ~ 173 °C; [olg +118.8°
(c 0.02, CHCly [ 3 #t " : mp 172 ~ 174 C,
[a] 2 +119.0 (¢ 0.02, CHCL)] ; ESI-HRMS (m/2) :
484.161 3[M+H]". 'H NMR (400 MHz, DMSO-d,+
D,0)5: 8.14 ~ 8.35(m, 2H), 7.82 ~ 8.03 (m, 2H),
4.86 ~ 4.88 (m, 1H), 3.99(dd, /=3.0. 12.0 Hz, 1H),
3.75 ~3.77(m, 1H), 3.62 ~ 3.77 (m, 2H), 3.00 (s,
2H), 2.30(s, 3H), 2.19(dd, J=3.0. 16.0 Hz, 1H),
2.02(dd, J=5.0. 16.0 Hz, 1H), 1.88 ~ 1.91 (m, 1H),
1.53 ~ 1.55(m, 1H) ; *C NMR (101 MHz, DMSO-
ds+D,0) 8: 212.90, 186.40, 155.05, 154.00, 138.62,
134.90, 134.65, 133.86, 128.11, 112.49, 110.56, 98.02,
71.03, 69.77, 69.46, 66.83, 59.05, 36.41, 35.96, 33.28,
24.38.

HRREERLE (1

#10(48.3 g, 0.1 mol) fn#E4ifk/K (350 ml)
AR (350 ml) RS A, BEEE S ~ 10 C,

BN 1.0 mol/L 2% (126 ml), % pH 1.3 ~ 1.8,
o W] A4 A S0V R S, U, el E R T
(28 L), Wb # G g R . e, 5~
10 CARR AR SEHFENT 5 3 ~ 4 h. JhiE, JEUHHN
fil (700 m1x3) ¥eiF)a T 30 ~ 35 CIETHRGHE
A 1(49.5 g, 95.2% ), 4iF >99.8% ({ilisk
41 10, 1 AR EE IS N 7.619 min, ikEIEAR 7 6
51 AR EE T Y 1.21, 58 <0.1% ; B
7 11 5 1 AERHOR B ) 1.64, & <0.1% ;
Jit 2 2 i BT 12 5 1 (R R 6 £ B I R] R 3,93,
B <0.1% ; HARI <0.1%, M <0.2% ; %
BRI < 0.05%, HAEFREAREE ). X4
LR ARATH AT RN, FES 1 T IR E 1)
-, Sk SR —-E Y mp 145 ~ 150 °C
(St 145 ~ 151 °C) 5 [als’ +95.0 “(c 0.2,
H,0) [ ik " ¢ [a]2® +95.1 “(¢ 0.2, H,0)] ; ESI-
HRMS (m/z) : 484.160 9[M-HCI+H]".
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2H), 2.50(s, 3H), 2.11(q, J=7.5 Hz, 2H), 0.85(t,
J=7.5Hz, 3H) ; MS-ESI (m/z): 371 [M+H] ",

ME3mEHR (1)

¥ 8(700 g, 1.9 mol) FITE/KZEE (3.5 ml) Jil
RN, BEEIHAE 65 °C, hi 0.6 mol/L )
SEMNZEEE 3.5, 2.1 mol), ffiE M 1 h,
ZWEEAES C, HiEE1h, HRKEAGOBE KN
W, e, JEDEH 2B (700 ml) PR, T 70 CH
HNTFEShfE, BT 150 CHATE 3 h 15 5 fffi g
1(66.7 g, 90% ), #iifF 99.98% (HPLC %14[7 7, 1
{5 B4 [A] 22.6 min) . DSC MIFEHIIEAE H 272.48 °C
(3zik 2 2731 °C) 5 XFERATH (XRD) 23 Hrill
020 F M 2 5.7 974 11.2 A 14.7(SCiik @ : 5.6,
9.6, 11.0 A1 14.5°) ; MS-ESI (m/z) : 371 [ M+2H-
Na]™; '"H NMR (500 MHz, DMSO-d,) §: 7.78 (d, J=
8.7 Hz, 2H), 7.43 ~ 7.48 (m, 5H), 7.36 (d, /=8.7 Hz,
2H), 2.46 (s, 3H), 1.97(q, J=7.5 Hz, 2H), 0.89(t,
J=7.5Hz, 3H) .
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