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Synthesis of Oseltamivir Derivatives with Anti-Alzheimer Activity
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ABSTRACT

Three new derivatives of Oseltamivir were synthesized for anti- Alzheimer activity. The process
started by using Epoxide 1 as the mediator to synthesize Oseltamivir phosphate. The compound 3
was from the Sy2 reaction (Nucleophilic substitution) with Epoxide 1 using NaN, (Sodium azide) and
the reduction reaction using Zn, respectively. The compound 5 was from the S 2 reaction, the esterification
reaction using Acetic anhydride (which was called “Acetylation reaction”), and the reduction reaction
using Zn respectively. The compound 6 was from two different methods. The first method was the use of
compound 3 in the esterification reaction with Acetic anhydride. The second method was the use of
compound 5 in the esterification reaction with Acetic anhydride. After three compounds were synthesized,
they were tested for Alzheimer’s inhibition. The results of this study showed that the compound

3 exhibited potent anti-Alzheimer activity (ICs, = 91.14 pM) with 56.99% when compared to

Galantamine 100.98%.
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aza1y CDCI, Faluniae (8, ppm), FTIR U84
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MINANTIZY (3R, 4S, 5R)-ethyl 5-azido-
4-hydroxy-3-(pentan-3-yloxy)cyclohex-1-
enecarboxylate 2
111 Epoxide 1 (0.3085 g, 1.18 mmol) azane
Tu EtOH 15 ml vi1 Tvhmsnau (stir) nazaaunu

QT 70°C 1fY NaN, (0.2317 g, 3.54 mmol)
uAzIAN NH,C1 (0.1275 g, 2.36 mmol) 1da1laoe
Tvinlgnsenilunatszunm 30 . iy
1i111szive EtOH sonudniimiananie
EtOAc (3x10 ml) fuih udrsiusu organic
1h§atidae anh.Na,50, u§an304 anh,
Na,S0, 900 uagsziieaiazatgoon i ld
u?qﬂ%(ﬁ’mmim column chromatography Tag
19 siliga gel tazldiazared)y (Hexane-
EtOAc, (5:1))

MIFUATIZHI (3R, 4S,5R)-ethyl 5-amino-
4-hydroxy-3-(pentan-3-yloxy)cyclohex-1-
enecarboxylate 3

1AIRNEAY 2 (0.2441 g, 0821 mmol)
azately EtOH : H,0, (4:1) 1 ldvihasau
(stir)ﬁqmwgﬁﬁ@a 1AL NH,C1(0.1 g,2.05 mmol)
ael1 uagld zn dudnsalfaser 0.268 g,
4.105 mmol) stir #4011/ 6 $2Tu3 figainginos
demalfisoauysal vealfRzedaemaii
l1/seivie EtOH aaﬂﬁ’umﬁm i
asadn Et0Ac (3x10 ml) AUt udrsiuau
organic 1Nf3ATAI6 anh.Na,S0, 1dInT04
anh.Na,SO, 081 ssmaﬁ’aﬁmzmaﬁﬂﬁ'ﬁqm%
#18n15ad column chromatography Taely siliga
gel nazlddrriazarendly (EtOAc-Methanol,

(5:1)
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uazszmﬂﬁaﬁwazawﬁﬂﬁ'ﬁqm%ﬁ’wmim
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(stir)ﬁqmwgﬁﬁ'ea 1AL NH,C1(0.1 g, 3.78 mmol)
ad'lyl uazle zn Wudnsalfizen (025 g, 3.78
mmol) stir #0'11) 6 $2Tus flmmgiifes deas
maauysal Mnnasags BOAc Gx10
m) furh ndhs s organic vnmsarhdae
anh.Na,SO, mmi”uﬂim anh.Na,SO, 990 Lag
sz hazae MRS anTeaensas column
chromatography Tagld siliga gel waz 1@
azanailu (EtOAc)
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avl1) wazi@y Et;N (0.1 ml, 0.766 mmol)
14 DMAP 1fluds1lfazer 0.01 g, 0.0766
mmol) stir #0'11) 1 $2 733 flommgiifes deas
maauysal Mnnnasags BOAc Gx10
m) furh 1dasus organic unmsarhdae
anh.Na,SO, %Wﬂﬁuﬂiﬂi anh.Na,SO, 990 Lag
sumeRhazaei S gn§emsag column
chromatography Tagld siliga gel wazl¥da1h
azaniu (Hexane-EtOAc, (1:1))
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@13 (3R, 45, 5R)-ethyl 5-azido-4-
hydroxy-3-(pentan-3-yloxy)cyclohex-1-
enecarboxylate 2

asianvazduiumlaluia 2
(0.2773 g, 79%) A1 Rf chromatogram = 0.69
(Hexane-EtOAc, 5:1) uazﬁwmiﬁllﬁ"lﬂ run
'H-NMR, *C-NMR, FTIR ttag LC-HRMS @ 4

"H-NMR (CDCl,): (8, ppm): 0.91
(t,J=4.377Hz,3H, (-C(CH,CHj,)), 0.94(t, /~4.483

Hz, 3H, (-C(CH,CH,)), 1.3(t, J=7.13 Hz, 3H,
(-0-CH,CHS,)),1.47-1.63(m,4H,(-C(CH,CH,),)),
2.26(ddt, J,=18 Hz,J,=7.07 Hz, J,=1.345 Hz, 1H,
-CH,-), 2.7(br-s, 1H, -OH), 2.84(ddt, J,=18 Hz,
J,=5.16 Hz, J,;=1.507 Hz, 1H,-CH,-), 3.44(quin,
J=5.809, 1H, (-CH(CH,CH,),), 3.77(q, J,=18 Hz,
J,=4.283 Hz, 1H, (-CH-OH)), 3.83-3.92(m, 1H,
(-CH-N,), 4.13(t, J=4.124 Hz, 1H, (-CH-O-),
4.22(q,/=7.123 Hz, 2H, (-CH,CH,)), 6.85(m, 1H,
(-CH=C-)); "*C-NMR (CDCl,) (8, ppm):
9.52(-C(CH,CH,),), 9.64(-C(CH,CH,),),
14.2(-0-CH,CH,), 26.12(-C(CH,CH,),),
26.50(-C(CH,CHj,),), 28.21(-CH,-), 58.8(-CH-N,),
61.0(-0-CH,CH,), 70.27(-CH-0-), 71.11(-CH-OH),
81.97(-CH(CH,CH,),), 130.08(-CH=C-), 135.11
(-CH=C-), 165.97(-C=0); FTIR, cm™: 3530
(-OH), 2968(C=C-H), 2108(-N,), 1717(C=0),
1247, 1099, 1053(C-0); LC-HRMS m/z il
[M+Na]” C,,H,;N;0,Na = 320.1586 A339N1
320.1579
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1& W1 "H-NMR 01 & = 2.7 (br-s, 1H, (-OH))
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917151029 epoxide 1 1tz & = 3.77 uag
3.83-3.92 Y04 1H @MW 4 1Ay 5 UN51aeu
1 d' = 3 g’; 9y é o 1
VDI & INOINIUNVAITAIAUFIANUL &
Y99 'H A uHde 4 18 5 5A1 8 = 3.50 uag FTIR
I I AA @ F A s [}
uazturangudulain 1 3512 cm™ Uny
laasod (-OH), uag cm™ 2108 Hriyjie lad (-N)
a zg a 9 d' o o
NAYUSY gatediouans 11 LC-HRMS
m/z AR [M+Na]” C,,H,,N;0,Na = 320.1586
I~ = - A ] Y
ANV 320.1579 Wumsauauinilulasaasne
ATNYAY 2 YNABII
@15 (3R,4S5,5R)-ethyl 5-amino-4-
hydroxy-3-(pentan-3-yloxy)cyclohex-1-

enecarboxylate 3

anstianmazdhnislahind 3 00737 g,
33 %) A1 Rf chromatogram = 0.23 (EtOAc
-Methanol, 5:1) uazﬁmﬁﬁ"l@ﬂﬂ run 'H-NMR,
BC-NMR, FTIR 8% LC-HRMS ﬁ’qﬁ

'"H-NMR (CDCL,) (8, ppm 0.88(t, /=7.409
Hz, 3H, (-C(CHZCH3)), 0.93(t, J=8.18 Hz, 3H,
(-C(CHZCH3)), 1.30(t, J= 7.13 Hz,3H,
(-O-CH,CH,)), 1.44-1.67(m,4H, (-C(CH,CH,),)),
2.07(dd, J,= 17.91 Hz, J,=8.915 Hz, 1H, (-CH,"),
2.86(dd,J,=18.107 Hz,.J,=5.362 Hz, 1H, (-CH,"),

3.18(q,J= 7.2 Hz, 1H,(-CH-NH,), 3.45(quin,
J=5.773 Hz, 1H, (-CH(CH,CH,),), 3.52(dd,
J,=9.471 Hz, J,=4.427 Hz, 1H, (-CH-OH)), 4.12
(t, J=4.426 Hz, 1H, (-CH-0-)), 4.21(q, J= 7.181
Hz 2H,(-O-CH,CH,)), 6.88(m, 1H, (-CH=C-));
PC-NMR (CDCL,) (8, ppm): 9.52(-C(CH,CH,),),
9.7(-C(CH,CH;),), 14.22(-0-CH,CH,),
26.11(-C(CH,CH,),), 26.26(-C(CH,CH,),),
32.49(-CH,-), 48.46(-CH-NH,), 60.87
(-0-CH,CHj,), 71.20(-CH-0-), 73.30(-CH-OH),
81.82(-CH(CH,CH;),), 131.66(-CH=C-),
134.92(-CH=C-), 166.52(-C=0); FTIR, cm™":
3363(-NH,), 2966(C=C-H), 1715(C=0), 1250,
1099(C-0) ); LC-HRMS m/z AuIa [M+H]"
C,,H,NO,=272.1862 A579N1 272.1861

Y A A o v A

Yoyana s 0auduInT eI He 99N
WUAMIMUIVDI ' H-NMR 01 § = 3.77 90 shift
l1ogh & = 3.51(m, 1H, (-CH-NH,) nazi
§=3.83-3.92 ¥4 1H dun1ia 4 gn shift Tiloghn
8 =3.52(dd, J,= 9.471 Hz, J,=4.427 Hz, 1H,

' < AA o oY P

(-CH-OH)) uaz FTIR Wazilunaniudulain
A I ] A o o
3363 1Wuny (-NH,) naziieriians liin
LC-HRMS m/z Mual [M+H]" C ,H,NO, =
272.1862 A329NY 272.1861 1Hlumsdudu
< 9 Y a
Aulnseainasnugmy 3 gnaveas

@13 (3R,4S,5R)-ethyl 4-acetoxy-5-azido-
3-(pentan-3-yloxy)cyclohex-1-enecarboxylate 4

o, 2
4, 1 O /\
AcO 4 Y 6
N3
4
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anstianmahn i lalinid 402565 g,
89%) A1 Rf chromatogram = 0.24 (Hexane-
EtOAc, 4:1) waztha1si 1l run "H-NMR,
BC-NMR, FTIR 8% LC-HRMS ﬁ’qﬁ

'"H-NMR (CDCl,): (8, ppm): 0.88
(t, J=7.422 Hz, 3H, (-C(CH,CH,)), 0.94(t, J=
7.428 Hz, 3H, (-C(CH,CH,)), 1.31(t,J=7.141 Hz,
3H, (-O-CH,CH,)), 1.45-1.59(m, 4H, (-C(CH,
CH,),)), 2.16(s, 3H, (CH,-CO-0O-CH-)), 2.25
(ddt, J,=18.362 Hz, J,=8.442 Hz, J,=1.04 Hz,
1H, -CH,-), 2.89(dd, .J,=18.404 Hz, .J,=5.858 Hz,
1H,-CH,-), 3.29(quin, J= 5.748 Hz, 1H, (-CH
(CH,CH,),), 4.11(td, J,=8.707 Hz, J,=8.707 Hz,
J,=6.044 Hz, 1H, (-CH-N,), 4.23(q, /= 7.137, 1H,
(-O-CH,CH,)), 4.28(t, J=4.202 Hz IH, (-CH-O-),
4.98(dd, J,=9.732 Hz, J,=3.922 Hz, 1H, (CH,-CO-
O-CH-)), 6.58(m, 1H, (-CH=C-)); *C-NMR
(CDCl,) (8, ppm): 9.52(-C(CH,CH,),), 9.90
(-C(CH,CH,),), 14.21(-0-CH,CH,), 20.98
(CH,-CO-0-CH-)), 26.29(-C(CH,CH,),),
26.40(-C(CH,CH,),), 29.60(-CH,-), 55.72
(-CH-N,), 61.09(-0-CH,CH,), 69.49(-CH-O-),
73.56(CH,-CO-O-CH-)), 82.53(-CH(CH,CH,),),
129.74(-CH=C-), 135.29(-CH=C-), 165.76
(0=C-OCH,CHj,), 170.42(0=C-CH,); FTIR,
cm’': 2966(C=C-H), 1250, 1099(C-0O), 1743.68
(0=C-CH,), 2108 (-N,), 1717(0=C-OCH,CH,) );
LC-HRMS m/z MU [M+Na]” C, H,,N,0;
Na=362.1692 A529NL 362.1691

Foyaiiannsatudulasadia iilesnn
WUA MDY HNMR # 8 =4.91(s, 3H, (CH,-
CO-0-) Lﬁﬂ%uuﬁma'wﬁmqjﬂzmamﬁwﬁuﬁq
waz1§8ududas °C NMR i 73.56 (CH,-CO-O-
CH-)), 20.98 (CH,-CO-O-CH-)), 170.42 (O=C-

CH,) WSounudeyauoq FTIR, cm™ 91 1743.68
(O:C-CH3), 2108 (-N3), 1717 (O:C-OCHZCH3)
AEIRY gan1971 LC-HRMS m/z fuim
[M+Na]" C, H,;N,0,Na = 362.1692 A579NW1
I A o ] A
362.1691 1lumssuguintulaseasieas
WUGIAY 4 YNABII
@13 (3R,4S5,5R)-ethyl 4-acetoxy-5-
amino-3-(pentan-3-yloxy)cyclohex-1-
enecarboxylate 5
A o I 2 o
anstanpazdiuiula 5(0.1419 g, 60%)
A1 Rf chromatogram = 0.67 (EtOAc) wagians
181 run 'H-NMR, *C-NMR, FTIR 1ag LC-
HRMS f41)

0, =2
. “No N
AcO 4] 6
NH,
5

"H-NMR (CDCL,): (8, ppm): 0.88(t, J=
7.464 Hz, 3H, (-C(CH,CHS,)) , 0.94(t, /~7.402 Hz,
3H, (-C(CH,CH,)), 1.29(t, J= 7.105 Hz, 3H,
(-0-CH,CH,)), 1.43-1.65(m, 4H,(-C(CH,CH,),)),
2.01(s, 3H, (CH;-CO-0-CH-)), 2.07(dd, J,=
17.2825 Hz, J,=8.015 Hz, 1H, -CH,-), 2.88 (br-s,
1H, -NH,), 3.3(dd, J,=18.049 Hz, J,=5.427 Hz,
1H, -CH,-), 3.46(quint, J= 5.818 Hz, 1H, (-CH
(CH,CHS,),), 3.64(d, J=8.192 Hz, 1H, (-CH-NH,),
4.07(t,J=4.376 Hz 1H, (-CH-0-), 4.20(q, /= 7.08,
1H, (-0-CH,CH,)), 5.95(d, J=6.927 Hz, 1H,
(CH,-CO-0-CH-)), 6.88(m, 1H, (-CH=C-));
PC-NMR (CDCL,) (3, ppm): 9.35(-C(CH,CH,),),
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9.63(-C(CH,CH,),), 14.07(-0-CH,CH,),
23.07(QH3-CO-O-CH-)), 26.08(-C(QH2CH3)2),
26.45(-C(CH,CH,),), 30.04(-CH,-), 47.24(-CH-
NH,), 60.86(-0-CH,CH,), 70.96(-CH-0-),
71.32(CH3-CO-O-QH-)), 82.07('QH(CH2CH3)2),
130.95(-CH=C-), 135.22(-CH=C-), 166.19(0O=C-
OCH,CH,), 171.43(0=C-CH,); FTIR, cm":
2965(C=C-H), 1244, 1100(C-0), 3294(-NH,),
1714(O:C-OCH2CH3)); LC-HRMS m/z fi1uI%
[M+Na]" C,H,,NO,Na = 336.1787 #5291
336.1781

Foyaiicnnsatudulassadie ilesnn
WUFHUIUD9 'H-NMR i = 2.88(br-s, 21,
“NH,), uag FTIR, cm’ #i 3294(-NH,) 111
mstududsmanleuainnyo ladTiduny
oz Tuaziionians 11y LC-HRMS m/z s
[M+Na]" C,H,,NO,Na = 336.1787 #5291
336.1781 Hunmsuduiniulnseadams
WUBIAY 5 YNADIDI

@13 (3R,4S,5R)-ethyl 5-acetamido-4-
acetoxy-3-(pentan-3-yloxy)cyclohex-1-

enecarboxylate 6

o, 2
. / o/\
AcO 4] 6
NHAc
6

asidnvaziluiuiumiessenla s
(0.1 g, 81%) A1 Rf chromatogram = 0.58
(Hexane-EtOAc, 4:1) uazﬁmﬁ‘ﬁ”lﬁ'"lﬂ run
'H-NMR, *C-NMR, FTIR 8¢ LC-HRMS fail

'H-NMR (CDCL,): (8, ppm): 0.88(t, J=
7.361 Hz, 3H, (-C(CH,CH,)), 0.94(t, /=7.329 Hz,
3H, (-C(CH,CH,)), 1.29(t, J= 7.114 Hz, 3H,
(-0-CH,CH,)), 1.51(quint, J=7.272, 4H,
(-C(CH,CH,),)), 1.95(s, 3H, (CH,-CO-O-CH-)),
2.11(s, 3H, (CH,-CO-NH-CH-)), 2.15 (dd, J,=
17.5815 Hz, J,=8.963 Hz, 1H, (-CH,-), 2.98
(dd, J,=18.198 Hz, J,=5.817 Hz, 1H, -CH,-),
3.34(quin, J= 5.774 Hz, 1H, (-CH(CH,CH,),),
4.17(t,J=4.106 Hz 1H, (-CH-0-), 4.2(q, /= 7.057,
1H,(-0-CH,CH,)),4.58(td,J,=8.707Hz,.J,=8.707
Hz, J,;=6.044 Hz, 1H, (-CH-NH-), 4.97(dd, J,=
10.519 Hz, J,=3.879 Hz, 1H, (CH,-CO-0O-CH-)),
6.04(d, J= 8.374 Hz, 1H, (-NH-) , 6.85(m, 1H,
(-CH=C-)); ’C-NMR (CDCI,) (8, ppm):
9.14(-C(CH,CH,),), 9.75(-C(CH,CH,),),
14.08(-0-CH,CHj,), 20.90(CH,-CO-0-CH-)),
23.12(CH,-CO-NH-CH-)), 26.21(-C(CH,CH,),),
26.40(-C(CH,CH,),), 30.85(-CH,-), 44.65(-CH-
NH-), 60.87(-0-CH,CH,), 69.87(-CH-0-),
72.32(CH;-CO-0-CH-)), 82.55(-CH(CH,CH,),),
130.62(-CH=C-), 135.00(-CH=C-), 165.97
(0=C-OCH,CH,), 170.04(-NH-C=0), 171.29
(0O=C-CH,); FTIR, em™": 2966(C=C-H), 1242,
1063(C-0), 1740(0=C-CH,), 3281(-NH),
1716(0=C-OCH,CH,) ); LC-HRMS m/z i1l a4
[M+Na]* C (H,,NONa = 378.1893 539Ny
378.1894



220 NIEATIVGUHIINGDeNA U 1ags1BUIAAATIFY 10(2) : 210-222 (2561)

] A A o ] A
doyanasoouduInsaaing teann
WUAINUIVDY 'H NMR 91 & = 4.97(s, 3H,
(CH,-CO-0-) ttazh O = 4.57(s, 3H, (CH,-CO-
NH-) 1Aa3uuaaInivnyozisaanayuag
2 vy nazdaldgududie °c NMR @1 20.90
(CH,-CO-0-CH-)), 23.12(CH,-CO-NH-CH-)
wiounudoyaues FTIR, cm™ 71 11 3281(-NH)
AUAIRY AR08 LC-HRMS m/z Auia
[M+Na]" C,{H,,NO Na = 378.1893 43291

I A o [ Y
378.1894 1umssuguinilulasaaiieans

Y a
UHWLAV 6 GNADIVI

$ (Y] :’J (Y] d
2. HANATOUNTO0NNEMITVEIDA | BI1M05
Q3 a &
guranInaasuua IC,, Fuiu
v Y
MnngasnInNuaIsa lumsduainsiau
. Y Y 9
VB4 Acetylcholinesterase AIYANNLVNUVULDY
] v
namuzaulumsinlgisenvesaisasdu
o /e a ¥ £
nueu leiason 13 arwisontla laons

o a ' I 4 o &
“LHiJ'ILGUEJ“L!ﬂ51ﬂ5$ﬂ31ﬂﬂ@ﬂ°ﬁu@ﬂWiEJllEN

(Inhibition%) AVANWITUTUVRIE1TN 14
NAFOU B 1387 15-30 U LAAIAT A15199 1
VINHANIINAABIYDIE15NGIv0 1A
o P Y o £
nsdunsiginag ldiias lunaaeugns
@ §’, [ (qy = I Av Ao A
M3dudda lomeit Fuiluauidendalul
Y
Alas1eaumMsnagoUNINe U WUNAINTIUET
(%Inhibition) ¥oIA15AIN 3 AN 56.99%
4 @ . a I
Lﬁﬂl‘ﬁ&l‘Uﬂu Galantamine ALY 100% LA
<3 1 1 a a
Triuay leasenda (-OH) tazdines lomdl
o oA 9 o A dyd
voamumruan 4 luTaseasavesasadi 3 dilu
[ T A o @ [ Y A w g’;
aumuanianudinylunmsiwiinduds
v
137191 Anti-Acetylcholinesterase A41U
Y
AT NN IDIUSUNAREMITUEINT T
Anti-Acetylcholinesterase Tagmsdsulasu
Wya1e Auenmilevinnylaasenda 1yu
] a A ld’ d‘ 1
vyosi Ty (-NH,) W3on3jauq tioazili
AANINA NS @103 Tonll W3 AYDINY
nlSulasuae 'l

! 4
M1 HANITNATDUENTN1YT Anti-Acetylcholinesterase Activity

ag é’hﬁ Nan1s maauq‘némem (Anti—Acetylcholinesterase Activity)
IC,, (uM) % Inhibition
Galantamine 1.45+0.04 100
3 91.14+2.36 56.99
5 inactive 8.49
6 inactive 11.92
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3%
asiwamsId
ya o Y o [ 4 o 4
Aaveldvimsdunsizioywusves
.. 3 o 4 I o [
Oseltamivir INHUA 3 A2 Lﬁ@Lﬂu’dﬁ@]’ﬂﬂM‘]
! Lo 2 o s 2
Neengnidudilsnoalmues lasisuainas
Yy . & g o Aq Yo 7
A9AU Epoxide 1 Fuiluasanansnlsdunsied
81 Oseltamivir phosphate 150290 3 1NAN
msvingasenmunuuy tasingnse reduction
MUY, 313090 5 NANMIIURATeNUN
Y Y ann . . o Ana
HaINAB1N381 Esterification ttazinlgnzen
reduction MUANY aza13AIN 6 A3130918
aanad a o wd o iama
295950 1InAnnMshasaIn 3 uilgnaen
Esterification @21359 2 1NAINMIHIATAIN 5
' Y
W3 e Esterification ie lda1513 3 Aauda
= o < o & o s
v lnageugninemsdudalsasa lawes
1 o A = ng g’; [ 14
uazallsngMansaan 3 gnsousilinoa lawes
v Y
laanga (IC,, = 91.14 uM) taz AW1505VE
Y2 A A o Aq ¥
1494 56.99 % ilofeunuasinasgun Ianiu
81 Galantamine 100.98%

nadAnssnlszma
YDUDUAMNUYANYUITIE M T VD115
wasd i3 amsAneszaUSyaen 11nneanu
Iy nazaiNasIANNZINGINANS WHIINIRD
Aa1lns uazvevo U 0.05.01UA DENTTE
MINMAIFUANABE ININART UM INGAOY TN
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