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Synthesis and Characterization of Anamorelin Intermediate

CHEN Chujun' ,FENG Jinjin’,ZHANG Qin’,QI Shiwei’, HUANG Qimao™
School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China ;
2. School of Chemical Engneering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: The present work introduced one synthetic method for the medicine intermediate of anamorelin.
3-piperidine ethyl formate was firstly synthesized with 3-pipecolinic acid and ethanol as raw materials through
esterification reaction. Then the addition reaction the 3-piperidine ethyl formate with di-tert—butyl pyrocarbonate
was conducted under the alkaline condition. The 1-tert-butoxycarbonyl -3-benzyl -3-formic acid piperidine was
obtained through hydrolysis with lithium hydroxide hydrate. Finally, the target product was purified via a
resolution by employing R—(+)—a-methylbenzylamine as resolving agent. The compounds were characterized by
'H nuclear magnetic resonance spectroscopy and mass spectroscopy. The process optimization results found that
the sodium carbonate demonstrated excellent catalytic performance for the reaction. The yield was highest with
1: 4: 4 mole ration of 1-tert-butyloxycarbonyl-3-benzyl-3-ethyl formate peridine/lithium hydroxide hydrate/
ethanol and with sodium carbonate as alkali. The present synthetic method is suitable in industry application
with its simple operation and high yield.

Keywords: anamorelin; intermediate synthesis; chiral separation; process optimization
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Fig. 1 Structure of (a)anamorelin and (b)target compound, (c)synthetic route of RBPA

1 SEIGERS

1.1 A5
3-WR B HH R (3-piperidine ethyl formate, NPA) ;
B (ethanol , EtOH ) ; — S AR ; — A 2 — KU T iR

[ di-tert-butyl pyrocarbonate, (Boc).0] ; & MR £ BE
(Ethyl acetate, EA) ; £71 /1 fif (petroleum ether, PE) ;
FH % (methanol, MeOH ) ; — G H %5 ( methylene chlo-
ride, DCM) ; = Z, i ( triethylamine , Et;N ) s R TR 24N
(sodium bicarbonate, NaHCO3) ; i /2 4N (sodium bi-
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carbonate, Na,CO;) ; 5 1t 4 (Sodium chloride, Na-
Cl) ; JC /K %% W2 &M ; DU &k iR (Tetrahydrofuran,
THF) ; 1E T 281, — R e ; 0K IR LR (Benzyl
bromide, BBD) ; & L84 ; (R)—(+) — o — FF FEF T
1F & % ; i R A 8N (Sodium bisulfate, NaHSO,) ; &
A AL 41 K A ¥ (Lithium hydroxide hydrate, LiOH -
H,0) o JIT I 300 B2 as 300 34 o A 2 2 5 40 Ay 4,
o THF 284 @ 44 18] 3 82 25 A0 3L, DCM 28 T 7K i iR
TR AL

RY-1JE AL CR B R AT BT A AR ) 5 e e
HRRAC B W@ AALER ) s TEAR K2 B
% SHB-TTA ( B B SR R A IR A A 5
DF-1028 £ $A X HE IR A ) i 4% (R ST 74
IR A BR DR T ) 5 JJ-10KE % 15 ) o gl B 4%
(45 2 TIT 308 76 0 0 52 0 A 85 T ) 5 85-2 1L IR 7 ) ik
PR (4 32Tl G A8 il 3 A PR ) 5 CGA-20 1%
T V3 HOG I (ST T AR A IR TR A ]
101-3AB U A g KT A COR T 28 R A 28 A
RS F]) 5 2XZ(S) -4 B e F 3 28 2 (1 ifg il T
25 BB 25 AT BR AN W) 5 i 700 F b (e s T Aok
Y7 AL AT BRZA 1) 5 JAS0038 HL 1~ K- (L i ik
SERL AL g A BR A F] ) s HK3300 4 75 I i ve o (1
WAL AR BR S | ) s ZF-20C B4 2R 41
BT 52 L BURS L EAER T) «
12 BHRUEUHNER
1.2.1 39?2 WL LB 894 [1] 500 mL = 4%
M A 51.6 g(0.4 mol) NPA F1 205 mL EtOH, 5
TR ) FE P 2 12 A 71.4 g(0.6 mol) E AL,
R RS 5 85 CII KL 3 h~5 h, )2
oI S 7 AR R IFFILA VA P ) : VO %) =
5:1] & RN SER, WEES , A 205 mL EtOH -1 i
%o Bl AR A HUNE T =R R R4S A 3-
Wk iE B R £ B (3-piperidine ethyl formate, ENT) H
A T1.8 g, 7= %8 92.78%,
122 1-®TAHKKI-FTIRTERTHER
2 L = B fin A 134.8 ¢ (0.94 mol) ENT,
298.9 g Na,CO0:(2.82 mol) 1 600 m1. EtOH, fif $ fii
HOR IR A5 o IR BE A 30 CLAT
Tia) L H 8 5 i 226.1 ¢(1.03 mol) ) (Boc )0, %
T T HEFEE R SRS ARSIV 5 h~ 7 h, 2 A
I s R FE AR [ R FF ] V(PE) : V(EA)=10:1) | &
SN 5E R, AR BOH A 650 mL EA JEAT i B Kt
BT UK ER VA T 4R S WO B AE 20 CLLE, 1)
VTR P OMAGE S ER BRI pH = 6 ~ 7 )5, A LA
FARFLEE 4 302 A4 FT NaHCOs A1 NaCl R & 78 TR

AP IR, A5 2 B A AL TSR R R T4 RS
JBE %, 18 Hoh A 15 mL~20 mL PE, A SR 5+, 15
1-40 T &R 3 -3- H /R £ 15 R BE (1-tert-butoxicar-
bonyl-3-ethyl formate piperidine, TPF) ¥ i 240 ¢, 7
FN95%.

123 1-RTA#A3-F A3 TR LB L
A% 8] 500 mL = B A 27.4 ¢(0.28 mmol)
TSI (16 ¢(0.25 mol) 1IE T FE4E (160 mL THF,
PP L i IR G 395 o R T K EtOH 42 1l
VA VBB UL B A ~60 C AR, LA RR B 105 F A9 06
PE R BE R Bk RS S A IR RS TR B Rk S
30 min J& , 121255 A 64 ¢(0.25 mol) TPF , FR- K i $F
S 30 min Ji5 , 12 12 75 /N 42.75 ¢(0.25 mol) BBD,
SN 30 min Ji 28 18 T & =R 4k 220 FE O ot
o T2 TSR I 2 R e A [ BT R V(PE)
V(EA)=10: 1], p) i v fim A 180 mL 1 Fl NH,C1
WV K, 236 T e b im A 200 mL EA #4728
B, 2 g R K AE TS 4 J5 FH DCM P 2E B —
WA IEA N, TSR RR T4, SR i &=
BF L R V(PE) : V(EA)=10: 1 &Y He 49l 1f)
T 459 46 ) B N A PE FEA TR A VA W 25 mL k4T
HZE AL A BT AR -3 5L 3- T IR T
WRIE (1-tert-butyloxycarbonyl-3-benzyl-3-ethyl formate
peridine,, BPF) [ {K 72.52 g, 7R} 83.6% .

1.2.4  1-8 T RHE A -3-FH-3-F BR ok v 49 & %,
] 500 mL = 1) 7 fim A 30 ¢(0.086 mol) BPF,
14.52 g(0.346 mol) LiOH - H,0, 120 mL [ EtOH £l
120 mL ZE K PR A ORI G 2850 iR
W THR 2 105 CIRIE N S h~ 7 h, 82 6535 46 0
[RTIFH):V(PE) : V(EA)=5:11% W 58 UG ¥ 41,
JITA 30 mL EA 2= U UK, >R FH UK ER 1 45 1 v W T
BEAE 20 CLAR , ) Forpofin A $h R 98 15 pH % 3, 4
UEAS AR 5 2R AE Z AT [VERR A V(PE):
V(EA)=10:1],[¥EMBEFI A: V(PE): V(EA)=5:1]H1
[VEMEF A V(PE) : V(EA)=1: 14308 1 Uk, i 4
PEAAEZL A 10T AU Pk -3 JE-3- H R R g
(1-tert-butyl oxycarbonyl -3-benzyl -3-formate piperi-
dine, BPA) [#{422.68 g, /= % h 82.2%,

1.2.5 (R)-1-# T A B -3-F HL-3-F BR 9k o2 49 4%,
] 500 mL = A 5 ¢(0.016 mol) BPA |
198 mL EA .2 mL(0.094 mol) R—(+) —a—FI JEE iz |
1.62 ¢ EtN(0.016 mol) fil 2 mL H,0, % i F it £ %
NS o W T A I S 1 i AR (A V(PE) -
V(EA)=10:1) % [ I 56 B i U8 , 23 1 BT 45 DT
FAPRFLEE M 1:2 A9 NaHSOL 35 T (5 43 50N 10% )
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5 EA MRS WA . KIZH 3 mL EAFH, &
IFA5 2 B A PLAH A R K U 6, 535 T S K B R 64
TR B T, Z G 3 mLARB 12101
EA FIIE C %8 13 TR B 45 &, 75 H AR 7 (R)-1-80T
SR -3 L -3-HT R R BE [ (R)-1-tert-butyl oxycar-
bonyl-3-benzyl -3-formate piperidine, RBPA | &
A 1.9 g, 77 %58 48.6% , 47 W1 B IR A
29.4%

2 @RS

2.1 WEMRIE

b & % TPF: 1 [ & , H'NMR 41 & 2 (a)
(400 MHz, CDCL;)6:1.214(s,3H, CH;) , 1.418 (m,
9H, 3*CH:) , 1.677-1.644 (i, 2H, CH.CH,) ,
2.018-2.008 (t, 2H, CH.N) , 2.931-2.764 (1, 2H,
CH,CH.N) , 4.013-3.856 (t, 4H, CH,CCOCH,) 7.246
(s,1H,CH,CHCOCH,)

4P RBPA : 8 & 4, H'NMR 4nFff 141 2(b)
(400 MHz, CDCL) &: 1.527-1.348 (s, 9H, 3*CH,) ,
1.534(m, 1H,CH) , 1.764-1.748 (s, 1H, CH) , 2.475
(s,2H,CH,),2.650(m, 1H,CHCH),2.796(m, IH,
CHCH) ,2.806(m,2H, CH,) , 3.382(m, 2H, CH,) ,
3.751(m, 1H,CH) ,3.878 (m,2H, CH,) , 7.111 (m,
1H,0H) ,7.225-7.208 (s, 2H, NHCH,C) ; LC-MS 40l
B 2(c) ,m/s:321.18{ [ M+2H]*, 1001 ,
22 WEWBPFIER KPR IIEFEFEERKR
MM

TPF A= i BPF 114 J52 7 A2 2 H BCHG S I, 5% i)
SAREREER N R BT T2 3] C-3 L L AR
FE 11 23 [R] A7 BH 52 ), PR B A R 1 A Sk ik £ g T AR
ME T HE R BE C-3 47 L1 HIE iy B, o T RERE
REA I TR AL, R RTERE LEY
BPF 1 & iU 2258 44 J5 7 A Be 4t C-3 1 H LA, i
H 6 IR B AE 60 CLLF , AT AR 471 AR
SR Al R SRR L U = 1 e SR &
% oA RER R A S e, & =%
W FNIE T 3485 B LDA , — 77 17, LDA A 1R 58 1 i
A 5 o — T, A DN N S Y 55 m v T IRAER
RZE 5 R £ VA8 i 5 88 1, AR Je e T B F
FA) B H oy F R BE A C-3 6 L I AT F, &L 1%
%, C—H 8 W 248 R AL Z/N o0, RN AE 3 47
13501645 ) BPF,
23 ARFEHRIERE
2.3.1 TPF# & M4 TPFREFEMMESME T, H
ENT F1(Boc).0 Jl & & 8 TPF. #4 (Boc).0 /£ N

FIERY T, LA Boe FE F & —F b B i B 25
LV, 7= 00 Jy B 4 Al 45 22 A LA 2 R Y
SER AR RN A ), 1000 1) 356 5 % 7 4 1 ISR A A

SO, TE AR IE A 2 A R AR (G L, FRATT8 T
R R AR RS, B EE T AR R A [
= Fh ¥ i NaOH , Na,COs, EtN 38 BF 58 H X hn s e
o W3 DL B 7= iy e AR s ), LR AR A R AN < BR
B 112.8 g NaOH, [] 2 L = B R A 134.8 g
(0.94 mol ) ENT H1 600 mL EtOH, i 4 {f F % i o
RAYE) BEIEREETE30 CUUT, e
2 5% i 226.1 ¢(1.03 mol) 1 (Boc )0, % i it $F
R, IR JE R SE IV 5~ 7 he TLC 6 sz o7 i i
(BIFH: V(PE) : V(EA)=10: 1) 2 IV 58 WL, [6] 7
WA 650 mL EA #EATRG B, K be i B T ok
T 4 I WO EE AE 20°C AR, 1) IR TR R o AT
R TRV pH & 6 ~ 75 , A DL AR B L K
3:2 [ AR AT NaHCO, : NaCl VR & 1 TR AR BB UK, 15 5]
(1945 HLAH F JE K B R T 44, SR 5 JBE S, 1 G v o
A 15 mL~20 mL PE, A 28 B, 45 TPF #L i .
U 2R A RS, HB 580 M 55 A4 N AS[W] TPF
1773, HRBRAEAE , (OR g Fh S Bl s A
B PE AN A A9 420.18 g EuN . 298.9 g Na,CO;
(2.82 mol) 4351 52 B I 5 # A NaOH SR X BE
gL,

*F 1 FXT(Boc),0 MR & B B 820
Tab. 1  Effect of alkali on yield in

addition reaction of (Boc),0

ETRs FRL 5 7 PR %
1 NaOH TR B PR E & 81.6
2 EtN FL A A 84.9
3 Na.COs H A BB R 92.7

i 2% 1 A0, & NanCO, 2 5 il i )2 7, TPF
P WAL > e v, T L AT DAAS B MR OE R = . A
I, % Na,COs 2 5 (Boc )0 M S B, 56 i )
T2 R AT
232 EROOKAR — KA SN A A R T
A TR HEAT , BEBE H — AN B 38 1 K i S5 A X
3B ICR IR BPA M ZE i 2 0B, il REr
SCH L EHEKRR T — Ml B Y, LA LiOH -
H,O E°5 BPF 7K 457 . LiOH - H,O $ Bkt L
191 R /N XGF 77 ) FR M3 A A RS i) 7 Dk H A 5%
PEARZE RN LT A1 PR R AR S, B AR Tk
% LiOH - H,O F1 EtOH 1Y 88} & R W58 Hoxd BPF (1)
KA BN 5, 25 L L3R 2.
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Fig.2  H'NMR spectra of (a) TPF and (b)RBPA ,and (¢)LC-MS spectrum of RBPA
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R2 LiOH-H.0 &t BPF 7K fi# K R B9 #0
Tab. 2 Effect of LiOH-H,0 feeding dosage on
hydrolysis reaction of BPF

%3 n(BPF):n(LiOH-H,0) :n(EtOH) 7231 %
1 1:2:2 71.1
2 1:3:3.5 75.8
3 1:4:4 82.3
3 & iE

J I LA NPA Ry JFORL, 280 C-3 7 ¥ SE g L 15
F|ENT, 8 13 (Boc )0 Sl 4 i i A= 5L TP, A 38 Ji
J& , 5 BBD FR ki s 45 2 BPF, 28 LiOH - H,0 7K i,
fifi A= BB BPA 3 3 R—(+) — oo = FF L8 iz 19 F- Pk
434% RBPA, AR SCE i T H A% 7”9 RBPA 1 & B
I AR T A LA TPF % 4% B¢ BPF 19 1] g
Je AL o S BT LAk B T AR R s S
(Boc )-0 MBS B P 25 4424 NayCOs, I HLARF T —
BT 1Y BPF /K f# J5R LiOH - HLO , FI M 3R 43 25 71
R-(+)— o —H L8 e A9 2] TR R, 2 4
W E BRI o BT AS 7™ i 2 A2 i 2 i S A 2k
fiE o A S I i 3R J5 vk B 6 L L 201 A 1A
R 15 AR AL IR AT AR 7 R AR
SLEA T RE T AR AT 5
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