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Abstract

Oseltamivir phosphate or Tamiffl 1, oseltamivir2 and three new oseltamivir derivativdd-13 were
synthesized starting from (-)-shikimic a@d The title compounds were evaluated for their-ai@ipes simplex
virus type-1anti-alzheimeranti-tyrosinase activity and cytotoxicity. Compaout® exhibitedinhibitory acitivity
of HSV-1, AChE, tyrosinasand revealed cytotoxicity against small-cell lwagncer (NCI-H187) cells and Vero
cells (African green monkey kidney).

Keywords: shikimic acid, epoxide ring opening, influenza, ltsmivir, oseltamivir phosphate, Tamiflanti-
Herpes simplex virus type-1, anti-alzheirrenti-tyrosinase activity and cytotoxicity.

1. Introduction

Oseltamivir phosphate or Tamifli 1 is a potent and selective inhibitor of neuramis&lanzyme of
influenza type A and B virus [1-5]. To the presdate many syntheses of oseltamivir phosphatave
been documented [6-8, 10-16, 21-23]. While workfog development for better synthetic route for
oseltamivir phosphate, we also interested in evialnaf other biological activity of oseltamivir pephate
and its derivativedDue to availability of a simple, rapid, and sensitscreening methods, oseltamivir
phosphatel and itsderivatives2, 11-13 (scheme ) were evaluated for their anti-Herpes simplex siru
type-1,anti-alzheimer, anti-tyrosinase activity and cyiatay[9].
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Scheme 1. Oseltamivir phosphate 1 oseltamivir 2 and oseltamivir derivatives 11-13

2. Materials and methods

The following analytical methods were employed ssleotherwise indicated. Melting points were
determined on a Stuart Scientific Melting Point agus (Bibby Sterlin Ltd., UK) and are uncorrectedi-IR
spectra were recorded on a Perkin-Elmer FT-IR $pecRXI spectrometer (Perkin Elmer Instruments LLC.
USA). Solutions of samples in dichloromethane bylkeacetate were dropped onto a potassium bromigstat
cell. '"H NMR and™C NMR spectra were obtained on a Varian Mercury N&fiectrometer operated at 400.00
MHz for *H and 100.00 MHz fot°C (Varian Company, USA) using samples dissolve@WCl; or D,O. Mass
spectra were recorded on a Waters Micromass Qoatto APl ESCi (Waters, USA).

3. Results and discussions

The keyintermediate 5-azido-4-hydroxy-3-pentyloQyrequired for synthesis of oseltamivir phosphhite
its derivatives2 and11-13 was synthesized from commercially available ikisnic acid 3 by modification of
known methods [6-8] as shown3theme 2

30



Chemistry and Materials Research www.iiste.org

ISSN 22243224 (Print) ISSN 2225956 (Online) lL,i,!.
Vol.6 No.2, 2014 “s E
HOy, CO,H ‘ HOu, CO,LEL o4, CO,Et 0y, CO,Et

W RS W —— .
HO HO o N Y K
oH OH OH oMs
3 4 5 6

~r s >

0y, CO,EL O,IIG/COZB ou, CO,Et
iv 8 “
—>  uo" — = B — Y e HO'

K
]

OMs N
a8
9

Reagents:i:SOCL, EtOH, heated to reflux, 3.0 h, ii: 3-pentanonfQH, rt, 3.0 h, iii: MsCI, E4N, EtOAc,
rt, 6.0 h, iv: ESiH, AlICls, CH,Cl,, 0°C, 5.0 h, v: ag.NaHCg EtOH-H,0, 60°C, 3.0 h, vi: Nal, NH,CI,
EtOH, 70-75C, 18.0 h.

Scheme 2Synthesis of intermediatazide 9.

Esterification of (-)-shikimic aci@® with ethanol and thionyl chloride gave ethyl shikite4 in quantitative
yield. Protection ofcis-dihydroxyl group with 3-pentanone in the presenéerifluoromethansulfonic acid
afforded pentylidene ketdd in 83% vyield. The hydroxyl group iB was protected using methanesulfonyl
chloride and triethylamine to provide the kefiah 89% yield. The resulting ketal was regioselesli reduced
to give the hydroxyl ether in 75% vyield by modification of known method {EtH and TiC} in CH,CI, at -32
°C to 0°C]. Much cheaper and more easily handled Al@is used in place of Ticand the reaction was carreid
out at 0°C. The epoxid@ was obtained in quantitative yield from reactidrv avith aq. NaHCQ@ in EtOH/H,0,
at 60°C. Ring opening of the epoxidewith NaN;, NH,CI in EtOH-H,0O at 70-75°C gave the key intermediate
hydroxyl azide9 in 55 % yield.

Acetylation of the hydroxyl azid® with acetyl chloride in pyridine, followed by kfhreduction of the
acetylated azide provided new oseltamivir derivatiVin 70 yield after purification by column chromataghy.
The oseltamivir derivativd2 was obtained in 82% yield after purified by coluetmromatography from RBR
reduction of the azido group & The new diacetylated compourd® was obtained in 91% yield from
acetylations ofLl2 with AcCl and pyridine. To obtain the acethylateide14, the azided wasreduced with PiP
followed by ring opening ofn situ formed aziridine with NalNH,CI. The resulting amino azide was then
acetylated with AgD and E{N to furnish theazidel14 in 36 %yield after column chromatography. Reductién
azide 14 with PhP in CHCN-H,O followed by acidification with KPO, gave oseltamivir phosphate 55%
yield (2 steps). Oseltamivir phosphdtenvas neutralized by shaking with saturated NaH@@vide the free
base of oseltamivi2 in quantitative yield. §cheme 3) The structures of oseltamivir and its derivativeere
confirmed by their spectroscopic and analyticahdat
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Reagents:i: AcCl, pyridine, CHCI,, reflux, 3.0 h, ii: PEP, CHCN-H,O, rt, 3.0 h, iii: PBP, CHCN-H,0, rt, 3.0
h, iv: AcCl, pyridine, CHCI,, reflux, 3.0 h, v: a. PR, DMF, rt, 6.0 h, b. Naj\l NH,CI, DMF, 70-75°C, 18-20 h,
c. A0, EgN, CH.CIy, rt, 2.0 h, vi: PEP, CHCN-H,0, rt, 3.0 h, vii: HPO,, EtOH, rt, viii: sat. NaHCQ CH,Cl,
5 min.

Scheme 3Conversion of the azid@to oseltamivir phosphatk oseltamivir2 and its derivative41-13

4. Biological Activity Screening
4.1 Anti-Herpes smplex virus type 1 (anti-HSV-1)

Antiviral activity was determined by usintpe green fluorescent protein (GFP)-based assay [24
Herpes simplex virus type 1 (HSV-1) was maintaiired Vero cell line (kidney fibroblasts of an Afaic
green monkey), which was cultured in Eagle’s minimessential medium (MEM) with the addition of
10% heat inactivated fetal bovine serum (FBS) antibmtics. Acyclovir was used as the reference
compoundNone of Oseltamivir and its derivativesowedHSV-1inhibition.

4.2 Anti-alzheimer activity

Oseltamivir and its derivatives were tested forirthacetylcholinesterase inhibitoryactivity.
Acetylcholinesterase inhibition was determined bydifying the method of Ellman [25] using
acetylthiocholine as substrate. Galanthamine wead as a reference standard. Every experimentioes
in triplicate. Among the test compounds, it is ie&ing to note that compouri® exhibited potent anti-
alzheimer activity (1Gy value of 91.14+2.36 uM) with 56.99 % when comp@arésalantamine 100.98 %).The
results shown imable 1
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Table 1: Acetylcholinesterase Inhibitory Activity of osaihivir phosphaté, oseltamivir2 and its derivativel-
13

Compounds Structure Anti-Acetylcholinesterase Actiity
%Inhibition IC 50 (UM)
Galantaminé® & 100.98 1.450.04
N—
L
g
1 e 20.59 Inactive
2 N 14.43 Inactiv®
11 N 8.49 Inactiv@
12 2008 56.99 91.14:2.36
HO" ;NH?
13 N 11.92 Inactiv®
O, ; CO,Et

2 Reference Drud:Inactive at 0.1 mg/mL.

4.3 Anti-tyrosinase Activity

Tyrosinase-inhibition activity was determined by tmodified dopachrome method using L-DOPA as
a substrate [26-27The 1G;, defined as the concentration of inhibitors regiii@ inhibit tyrosinase activity
by 50%, was determined. Kojic acid was used asfexerece standard. Every experiment was done in
triplicate. Inbitory activity evaluation obseltamivir phosphatd, oseltamivir 2 and its derivativesl1-13
indicated that compount? is more potent than compoudd, however the degree of inhibition is not as
good as the reference compound. The results astridted irtable 2
Table 2: Anti-tyrosinase Activity ofoseltamivir phosphatg, oseltamivir2 and its derivative41-13

Compounds Structure Anti-tyrosinase Activity
% Inhibition IC 50 (UM)
Kojic acid? reference drug 84.06 80.30+0.56
1 N 0.66 Inactive
Oy, COOEt
AcHN’©/
NH,HPO,
2 N 3.29 Inactiv@
Oy, : _COOEt
AcHN H
11 /ﬁo/\ oo 58.55 297.25+4.79
12 /\A 67.09 145.22+1.35
13 /T\ A . 1.32 Inactivd
Aco NHAc

2 Reference Drud’Inactive at 0.1 mg/mL.
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4.4 Cytotoxicity

Oseltamivir phosphaté, oseltamivir 2 and compound.2 were tested for cytotoxicity. The cytotoxicity
assays against small-cell lung cancer (NCI-H18Ts,cevere performed using the resazurin micropkssay,
which was modified for mammalian cell cytotoxic[88] and the cytotoxicity assays against Vero cellsi¢afn
green monkey kidney), were performed using thergfemrescent protein (GFP)-based assay [24]. fidiipe
was included as the reference drugs. Compdiihshowed cytotoxicity (16, value of 25.81 and 33.65g/mL
respectively) the results showedéble 3.

Table 3: Cytotoxicity of oseltamivir phosphafle oseltamivir2 and its derivative42.

Compounds Structure Cytotoxicity ICs¢ (Ug/mL)
Vero cell$ NCI-H187"
Ellipticine © reference drug 0.558 0.714
1 N Non-toxic Inactivé
0O, : _COOEt
e I%IH2~H3PO4
2 N Non-toxic” Inactivé
O,

i, : _COOEt
AcHNT
NH,

COOEt

12 25.81 33.65

HOW™
NH,

2 African green monkey kidney celfsSmall cell lung cancer cell;

3

® Inactive at 50 pg/mL; “Non-cytotoxic at 50 pg/mL® Reference Drugs.
5. Conclusion

Oseltamivir phosphatg, oseltamivir2 and three new oseltamivir derivatives-13were synthesized in this
work, all in high yield.The synthezised compounds were evaluated for pakémtibitors of HSV-1, AChE and
tyrosinase.The cytotoxicity assays against small-cell lung cean(NCI-H187) cells and Vero cells (African
green monkey kidney) ofompoundsl, 2 and 12 were also performed. Among the test compounds, the
derivative12 showsAChE and tyrosinase inhibition araiso cytotoxicitylt could be noted that the 4-hydroxyl
group on the core structure of oseltamivir is intaot for the bioactivities.
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Experimental Section

Synthesis of ethyl (R,4S5,5R)-3,4,5-trihydroxy-1-cyclohexene-1-carboxylate (el shikimate) 4

Thionyl chloride (0.42 g, 5.75 mmol) was added dvize over to the stirring and ice-cooled solutidrg-p-
shikimic acid3 (2.00 g, 11.50 mmol) in ethanol (10 mL) for 15 miithe reaction was refluxed for 3.0 h, then
cooled to room temperature and concentrated inovégugive the brown oil oéthyl shikimate4 (3.50 g,
quantitative yield), Ron TLC chromatogram = 0.125 (50% ethyl acetateahex'H NMR (CDCL) (3, ppm):
1.20 (t,J=6.2 Hz, 3H, -CH)), 2.11(m, 1H, -Ck), 2.75 (m, 1H, -Cht), 3.61 (t,J=6.3 Hz, 1H, -CH-OH), 3.96
(br-s, 1H, -CH-OH), 4.10 (m, 2H, -GHCH,), 4.35 (br-s, 1H, -CH-OH), 5.48 (br-s, -OH), 6 (A3, 1H, -CH=C-);
3C NMR (CDC}) (5, ppm): 14.1 (-CHCHs), 18.1 (-CH-), 31.9  (-CH-OH), 61.2 (-C}Hs), 66.1 (-CH-OH),
66.7 (-CH-OH), 130.6 (-CH=C-), 136.0 (-CH=C-), 186:C=0); IR (neat, cf): 3360 (-OH), 2910 (-C=C-H),
1701 (C=0), 1380, 1253 (C=C), 1081(C-0).

Synthesis of ethyl (3R,7R,7aS)-2,2-diethyl-7-hydroxy-3a,6,7,7a-tetrahydrobenzo[B]dioxole-5-
carboxylate (ethyl 3,40-isopentylidene-5-hydroxy shikimate) 5

Trifluoromethane sulfonic acid (0.70 mL, 0.74 mmefis added dropwise with syringe to the stirrind an
ice-cooled solution of (-)-ethyl shikima#ie(3.00 g, 14.85 mmol) in 3-pentanone (50 mL). Af#rring for 3.0 h
at room temperature, unreacted 3-pentanone waledigiff with hexane as azeotropic 2:1 mixturegive the
brown oil, which was redissolved in GEl, (25 mL), washed with water (2x25 mL), saturateddiS8&; solution
(25 mL), and dried over anhydrous JS&. The filtered solution was then concentrated iougato provide the
brown oil5 (2.24 g, 83 %), Ron TLC chromatogram = 0.50 (50% ethyl acetate:hexaH NMR (CDCk) (3,
ppm): 0.88 (t,J=7.0 Hz, 3H, -C(CHCHjy),), 0.92 (t,J=7.8 Hz, 3H, -C(CHCHxs),), 1.30 (t,J=7.0 Hz, 3H, -
CH,CHzy), 1.74 (m, 4H, -C(CkCHa),), 2.24 (dd,J;=8.6 Hz,J,=17.2 Hz, 1H, -CH}), 2.78 (ddJ;=4.9 Hz, 1H, -
CHy-), 3.91(m, 1H, -CH-OH), 4.11 (8=7.0 Hz, 1H, -CH-0O-), 4.22 (g1=14.9, 2H, -CHCH,), 4.76 (m, 1H, -
CH-O-), 6.93 (m, 1H, -CH=C-)*C NMR (CDC}) (5, ppm): 7.8 (-C(CHCHs),, 8.5 (-C(CHCHs),, 14.1 (-
CH,CHj), 29.0 (-CH-), 29.2 (-C(CHCHa),, 29.6 (-C(GiE&Hs3),, 61.0 (-CHCHjy), 68.6 (-CH-OH),
72.2 (-CH-0O-), 77.6 (-CH-0-), 113.5 (-C(GEH,),, 130.2 (-CH=C-), 134.1 (-CH=C-), 166.2 (-C=0); (feat,
cm): 3468 (-OH), 2976, 2932 (-C=C-H), 1712, 1650 (§=D160, 1246 (C=C), 1067 (C-O).

Synthesis of ethyl (3R,7R,7aR)-2,2-diethyl-7-methanesulphonyl-3a,6,7,7a-tetrahydbenzo[1,3]dioxole-5-
carboxylate (ethyl 3,40-isopentylidene-5-methanesulphonyl-shikimate) 6

Methanesulfonylchloride (0.86 mL, 11.11 mmol) wakled dropwise to the stirring solution {2.00 g.
7.40 mmol) in EtOAc (10 mL). The reaction was sfifrfor 15 minutes and then addedNe{2.00 mL, 14.8
mmol). After stirring at room temperature for 6.6us, the solution was filtered and washed wit©H2x10
mL), with 1 M NaHCQ (2x10 mL), dried over anhydrous sodium sulfatkefed and concentrated in vacuo to
give the brown oib (2.30 g, 89% yield), Ron TLC chromatogram = 0.65 (50% ethyl acetate:hexaH NMR
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(CDCL) (3, ppm): 0.83 (tJ=5.5 Hz, 3H, (-C(CHCHs),), 0.85 (1,J=7.0 Hz, 3H, (-C(CHCH),), 1.24 (t,J=7.0
Hz, 3H, (-CHCH)), 1.62 (m, 4H, (-C(ChCHs),), 2.43 (dd J,;=8.6 Hz,J,=17.2 Hz, 1H, -Ch), 2.91 (dd J;=4.7
Hz, J,=17.2, 1H, -CH), 3.05(s, 3H, -OMs), 4.16 (dz=7.0 Hz, 2H, (-CHCHs)), 4.25 (t,J=7.0, 1H, (-CH-0O-)),
4.75 (m, 2H, (-CH-O-), -CH-OMSs), 6.90 (m, 1H, -CH3C™C NMR (CDC}) (5, ppm): 7.8 (-C(CHCHy),, 8.6
(-C(CH,CHa), 14.2 (-CHCHs), 27.9 (-CH-), 28.9 (-C(CHCH),, 29.6 (-C(CHCHs),, 38.7 (-O-SG-O-CHy),
61.2 (-CH-OH), 72.3 (-CH-O-), 75.0_(-CH-O-), 79-LH-0-), 114.4 (-C(ChCHs),, 129.3 (-CH=C-), 134.0 (-
CH=C-), 165.3 (-C=0).

Synthesis of ethyl (R,4R,5R)-3-(1-ethyl-propoxy)-4-hydroxy-5-methanesulfonyloy-1-cyclohexene-1-
carboxylate 7

Compoundb (2.00 g, 5.75 mmol) in C}€l, (5 mL) was added to the stirring, ice-cooled migtof AICI;
(0.92 g, 6.90 mmol) in C§Ll, (30 mL) followed by an addition of E8iH (1.37 mL, 8.62 mmol). The reaction
was left at 0°C for 5.0 h and then quenched by pouring into is@der. The organic layer was separated and
washed with aqueous NaHGQIried over anhydrous sodium sulfate, filtered andcentrated in vacuo. The
obtained brown oil was purified by silica gel colurmhromatography, eluting with 10% ethyl acetateahe to
provide the ethyl 4-hydroxy-5-methansulfonyl-3-pdidieneketal-1-cyclohexene-1-carboxylat€1.50 g, 75%),
Rf on TLC chromatogram = 0.60 (50% ethyl acetate:hexaH NMR (CDCk) (5, ppm): 0.86 (t)J=7.0 Hz, 3H,
(-C(CH,CHjy),), 0.90 (t,J=7.8 Hz, 3H, (-C(CHCHs),), 1.27 (t,J=7.0 Hz, 3H, (-CHCHy)), 1.52 (m, 4H, (-
C(CH,CHs),), 2.49 (ddJ;=6.2 Hz,J,=18.3 Hz, 1H, -CH), 2.97 (dd,J;=5.5 Hz,J,=17.9 Hz, 1H, -CH), 3.08(s,
3H, -OMs), 3.41(quintJ=5.5 Hz, 1H, (-CH(CHCH,),), 3.91(m, 1H, -CH-O-), 4.19 (m, 2H, (-GEH,)), 4.94
(m, 2H, -CH-OMs, -CH-OH), 6.82 (m, 1H, -CH=C}{C NMR (CDC}) (5, ppm): 9.4 (-C(CHCHs),, 9.6 (-
C(CH,CHa),, 14.2 (-CHCHjy), 26.1 (-C(CHCHa),, 26.4 (-C(CHCHa),, 29.3 (-CH-), 38.7 (-O-SG-O-CHy),
61.2 (-CH-OH), 68.6 (-CH-OH), 70.0_(-CH-O-), 71-:ZH-OMs), 82.1 (-CH(CHCH,),, 129.2 (-CH=C-), 135.0
(-CH=C-), 165.7 (-C=0).

Synthesis of ethyl (R,4R,559)-4,5-epoxy-3-(1-ethyl-propoxy)-1-cyclohexene-1-choxylate 8

A mixture of the brown oil of ethyl 5-mesyl-4-hydwp5-pentylidene ketal compound (1.00 g, 2.86
mmol), EtOH (20 mL) and 7.5% NaHGG@®olution, was heated at 8D for 3.0 hours. The reaction mixture was
extracted with n-hexane (4x20 mL), washed with wé2® mL), dried over anhydrous sodium sulfatdefiéd
and concentrated in vacuo to light yellow oil. Tlesidue was purified by recrystalization with hexat 0°C to
give the white crystalline solil (0.70 g, 96.4%), fon TLC chromatogram = 0.63 (50% ethyl acetate:heka
'H NMR (CDCk) (3, ppm): 0.94 (t)=7.8 Hz, 3H, (-C(CHCHs),), 0.96 (t,J=7.8 Hz, 3H, (-C(CHCHs),), 1.26 (t,
J=7.0 Hz, 3H, (-CHCHg)), 1.57 (m, 4H, (-C(CkCHs),)), 2.40 (dd J;=6.2 Hz,J,=19.5 Hz, 1H, -CH), 3.04 (d,
J=19.5 Hz, 1H, -CH), 3.46 (m, 3H, 2-CH-O-, (-CH(C}€H;),), 4.17 (m, 2H, (-CECHj)), 4.36 (m, 1H, -CH-
0-), 6.69 (M, 1H, (-CH=C-)}**C NMR (CDCE) (5, ppm): 9.6 (2x-C(CKCH),), 14.2 (-CHCH;), 24.5 (-CH-),
26.5 (2x-C(CHCHy),, 50.7 (-CH-O-), 53.4 (-CH-0O-), 60.8_(-GEHs;), 71.3 (-CH-O-), 81.6 (-CH(C}CHs),,
126.9 (-CH=C-), 135.5 (-CH=C-), 166.1 (-C=0).

Synthesis of ethyl (R,4S,5R)-5-azido-4-hydroxy-3-(1-ethyl-propoxy)-1-cyclohexee-1-carboxylate 9

A solution of epoxide3 (0.78 g, 3.07 mmol) in EtOH (3 mL) was added drizgwo the mixture of sodium
azide (0.40 g, 6.14 mmol), ammonium chloride (0.8§2%.14 mmol), water (2 mL) and EtOH (10 mL). The
reaction mixture was heated at ¥Dfor 18 hours. The residue was extracted with Et@20 mL), washed with
sodium bicarbonate (10 mL), water (2x10 mL), drieer anhydrous sodium sulfate, filtered and conegsd in
vacuo. The resulting brown oil was purified by aolu chromatography on silica gel, eluting with 108byé
acetate—hexane to provide the ethyl 5-azido-4-hgdBspentylidene ketal compour@(0.84 g, 92.72 %), fon
TLC chromatogram = 0.75 (50% ethyl acetate:hexalte)NMR (CDCL) (5, ppm): 0.88 (tJ=7.8 Hz, 3H, (-
C(CH,CHy),), 0.92 (t,J=7.8 Hz, 3H, (-C(CHCHas),)), 1.28 (t,J=7.0 Hz, 3H, (-CHCHy)), 1.54 (m, 4H, (-
C(CHCHa),), 2.24 (dd,J:=7.0 Hz,J,=18.7 Hz, 1H, -Ch), 2.74 (br-s, 1H, -OH), 2.87 (dd;=5.5 Hz,J,=17.9
Hz, 1H, -CH-), 3.42 (quint,J=5.5 Hz, 1H, (-CH(CHCH,),)), 3.74 (m, 1H, -CH-}), 3.85 (g,J=7.0, 1H, -CH-
OH), 4.11 (m, 1H, -CH-O-), 4.20 (4=7.0 Hz, 2H, (-CHCH,)), 6.82 (m, 1H, (-CH=C-))}*C NMR (CDC}) (5,
ppm): 9.6 (2x-C(CHCHa),), 14.2 (-CHCH,), 26.0 (-C(CHCH,),), 26.5 (-C(CHCH,),), 28.2 (-CH-), 58.8 (-
CH-N3), 61.0 (-CHCH;), 70.3 (-CH-OH), 71.0 (-CH-O-), 81.8 _(-CH(GEH3),)), 130.3 (-CH=C-), 135.0 (-
CH=C-), 165.9 (-C=0).

Synthesis of ethyl (R,4S,5R)-5-azido-4-acetyloxy-3-(1-ethyl-propoxy)-1-cyclohene-1-carboxylate 10

A mixture of compoun® (0.20 g, 0.67 mmol), acetyl chloride (2 mL) andigiyne (0.5 mL) was refluxed
for 3.0 hours. The reaction mixture was extracted CHCI, (5 mL) and dried the organic layer over anhydrous
sodium sulfate, filtered and concentrated in vaimugive the brown oil 010 (0.25 g, quantitative yield),:Rn
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TLC chromatogram = 0.71 (50% ethyl acetate:hexdheNMR (CDCE) (5, ppm): 0.81 (tJ=7.0 Hz, 3H, (-
C(CH,CHs),), 0.87 (t,J=7.0 Hz, 3H, (-C(CHCHa),), 1.23 (t,J=7.0 Hz, 3H , (-CHCH3)), 1.44 (m, 4H, (-
C(CH,CHa),)), 2.09 (s, 3H, -C(O)Ck), 2.18 (dd,J;=4.4 Hz, J,=20.0 Hz, 1H, -CH), 2.82 (dd,J;=5.5 Hz,
J,=18.7 Hz, 1H, -CH), 3.22 (quintJ=6.2 Hz, 1H, (-CH(CHCHs),)), 4.00 (g,J=9.3 Hz, 1H, -CH-N), 4.15 (q,
J=7.0 Hz, 2H, (-CHCHjy)), 4.20 (m, 1H, CH-O-), 4.84 (dd;=4.0 Hz,J,=9.4 Hz, 1H, -CH-OAc), 6.78 (m, 1H, -
CH=C-); **C NMR (CDC}) (3, ppm): 9.1 (-C(CHCHs),), 9.8 (-C(CHCHs),), 14.2 (-CHCH), 21.1 (-(CO)-
CHa), 24.2 (2x-C(CHCHa),), 29.6 (-CH-), 55.6 (-CH-N), 61.0 (-CHCH,), 69.3 (-CH-0O-), 73.2 (-CH-O(C=0)-
CHa), 83.0 (-CH(CHCHjy),)), 129.6 (-CH=C-), 135.2 (-CH=C-), 165.6 (-CH-O(@)}CH;), 170.5 (-C=0).

Synthesis of ethyl (R,4S,5R)-5-amino-4-acetyloxy-3-(1-ethyl-propoxy)-1-cyclohesne-1-carboxylate 11

Compound10 (0.20 g, 0.588 mmol) in C&N (1 mL) was added dropwise over to the stirring &ce—
cooled solution of triphenyl phosphine (0.30 g,82.8nmol) in CHCN-H,O (5:1) (6 mL) and stirred the mixture
for 15 minutes, and then at room temperature foth8urs. The reaction mixture was evaporated tgCDHand
then added EtOAc (10 mL). The mixture was washati water and saturated sodium chloride solutioreddr
over anhydrous sodium sulfate, filtered and core¢edl in vacuo. The residue was purified by column
chromatography through siliga gel using MeOH-EtGA®) as eluent to give a yellow oil compouht (0.14
g, 70%), Ron TLC chromatogram = 0.10 (50% ethyl acetate:hexaH NMR (CDCk) (5, ppm): 0.87 (tJ=7.0
Hz, 3H, (-C(CHCHa),), 0.94 (t,J=7.0 Hz, 3H, (-C(CHCHy),), 1.28 (t,J=7.0 Hz, 3H, (-CHCHj3)), 1.47-1.60 (m,
4H, (-C(CHCHa),)), 2.02 (s, 3H, -C(O)C}H, 2.06 (d,J=8.58 Hz, 1H, (-CH), 3.04 (dd,J;=4.7 Hz,J,=18.0 Hz,
1H, -CH>-), 3.44 (quintJ=5.5 Hz, 1H, (-CH(CHKCHj3),), 3.63 (m, 1H, -CH-Nk), 4.06 (m, 1H, (-CH-O(C=0)-
CHy)), 4.17-4.24 (m, 3H, (-C}CHs), -CH-OAC), 5.80 (m, 1H, (-NH-(C=0)-C}), 6.88 (m, 1H, -CH=C-)**C
NMR (CDCk) (3, ppm): 9.1 (-C(CHCHs),), 9.8 (-C(CHCHy),), 14.2 (-CHCHjy), 21.1 (-(CO)-CH), 24.2 (2x-
C(CH,CHs),), 29.6 (-CH-), 55.6 (-CH-N), 61.0 (-CHCHj3), 69.3 (-CH-O-), 73.2 (-CH-O(C=0)-G} 83.0 (-
CH(CH,CHa),)), 129.6 (-CH=C-), 135.2 (-CH=C-), 165.6 (-CH-O@)CH), 170.5 (-C=0).

Synthesis of ethyl (R,4S,5R)-5-amino-4-hydroxy-3-(1-ethyl-propoxy)-1-cyclohexee-1-carboxylate 12

Compound9 (0.10 g, 0.337mmol)n CH,CN (1 mL) was added dropwise over to the stirrimgl &ce—
cooled solution of triphenyl phosphine (0.11g, @.40mol) in CHCN-H,O (3:1) (4 mL) and stirred the mixture
for 15 minutes, and then at room temperature foods, the reaction mixture was remove;CN to give the
aqueous solution and then EtOAc (5 mL) was addedntixture was washed with water and saturatedusodi
chloride solution, dried over anhydrous sodium atelf Filtered and concentrated in vacuo and thduesvas
purified by column chromatography through siligd gging MeOH-EtOAc (1:9) as eluent to give a yelloiv
compound12 (0.75 g, 82%), Ron TLC chromatogram = 0.28 (9:1 ethyl acetate:M&GH NMR (CDCk) (3,
ppm): 0.78 (tJ=7.0 Hz, 3H, (-C(CHCHs3),), 0.82 (t,J=7.8 Hz, 3H, (-C(CHCHs),), 1.20 (t,J=7.0 Hz, 3H, (-
CH,CHy)), 1.44 (m, 4H, (-C(CkKCHsy),), 2.37 (m, 1H, (-CH')), 3.01 (ddJ;=4.7 Hz,3,=17.9 Hz, 1H, (-CH)),
3.37 (quintJ=4.5 Hz, 1H, (-CH(CHCHa),), 3.46 (m, 1H, (-CH-NK)), 3.87 (m, 1H, (-CH-OH)), 4.05 (m, 1H, (-
CH-0-)), 4.12 (q,J=7.0 Hz, 2H, (-CHCH3)), 6.82 (m, 1H, (-CH=C-))**C NMR (CDCL) (3, ppm): 9.6 (2x-
C(CH,CHs),), 14.2 (-CHCHj3), 26.0 (2x-C(CHCH,),), 26.5 (-CH-), 48.5 (-CH-NB), 61.2 (-CHCHj3), 65.0 (-
CH-OH), 66.0 (-CH-OH), 82.0 (-CH(C}&Hs),)), 131.0 (-CH=C-), 135.0 (-CH=C-), 166.0 (-C=@)S (EIl)
[M+H]* = 272.367.

Synthesis of ethyl (R,4S,5R)-5-acetamido-4-acetyloxy-3-(1-ethyl-propoxy)-1-cyehexene-1-carboxylate 13

A mixture of compoundl2 (0.05 g, 0.184 mmol), acytyl chloride (2 mL) angrigine (0.5 mL) was
refluxed for 3.0 hours. The reaction mixture wasaoted into CHCl, (5 mL), and dried the organic layer over
anhydrous sodium sulfate, filtered and concentratagcuo to give the brown dll3 (0.60 g, 91%), Ron TLC
chromatogram = 0.70 (50% ethyl acetate:hexaftd) NMR (CDCL) (5, ppm): 0.87 (t,J=7.0 Hz, 3H, (-
C(CH,CHy)), 0.93 (t,J=7.0 Hz, 3H, (-C(CHCHsy),), 1.27 (t,J=7.8 Hz, 3H, (-CHCHj3)), 1.50 (quintJ=7.0 Hz,
4H, (-C(CHCHs),), 1.94 (s, 3H, (-C(O)CH), 2.10 (s, 3H, (-C(O)CH), 2.10 (m, 1H, (-CH')), 3.00 (dd J;=5.5
Hz, J,=18.3 Hz, 1H, (-CH)), 3.33 (quint,J=5.5 Hz, 1H, (-CH(CHCH,),), 4.13 (m, 1H, (-CH-O-)), 4.18(q,
J=6.2 Hz, 2H, (-CHCHy)), 4.57 (quint,J=7.0 Hz, 1H, (-CH-NHAC)), 4.95 (dd};=3.1 Hz,J,=11.3 Hz, 1H, (-
CH-OAC)), 5.68(dJ=9.4 Hz, 1H, (-NH-(C=0)-CHh)), 6.83 (m, 1H, (-CH=C-))**C NMR (CDC}) (3, ppm): 9.3
(-C(CH,CHj3),), 10.0 (-C(CHCHgy),), 14.2 (-CHCHa), 21.3 (-O-(CO)-CH), 23.5 (-NH-(CO)-CH), 26.5 (2x-
C(CH,CHy),), 31.4 (-CH-), 44.9 (-CH-0O-), 61.0 (-CKCHs), 70.0 (-CH-O-(C=0)-CH), 72.5 (-CH-NH-(C=0)-
CH;3), 83.0 (-CH(CHCHjy),), 130.8 (-CH=C-), 135.0 (-CH=C-), 165.9 (-C=0),6918 (-CH-O-(C=0)-CH),
171.7 (-CH-NH-(C=0)-CH), MS (EI) [M+H+NaJ = 378.50.
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Synthesis of ethyl (R,4R,5S)-4-acetamido-5-azido-3-(1-ethyl-propoxy)-1-cyclohene-1-carboxylate 14

A solution of ethyl-5-azido-4-hydroxy-3-pentylideketal compoun® (1.70 g. 5.70 mol) in DMF (5 mL)
was added dropwise to the triphenylphosphin (1.78.¢0 mol) in CHCN (2 mL). The mixture was heated at
reflux for 6.0 hours, then concentrated in vacudadk brown oil and then the solution of crude MP( 2 mL)
was added dropwise to the mixture of sodium azldé((g. 5.70 mol), ammonium chloride (1.70 g. 51d) in
DMF (2 mL), the reaction mixture was heated at %80 for 18.0 hours, acetic anhydride (2 mL) and
triethylamine (2 mL) in CHCI, (5 mL) were added to the reaction and then refluxe 3.0 hours. The reaction
mixture was extracted with GBI, (10 mL), dried over anhydrous sodium sulfateeféd and concentrated in
vacuo to give the brown oil, and purified by columiromatography on silica gel, eluting with 10% y&th
acetate—hexane to provide the acetamido azide aomagia! (0.691 g, 36%), Ron TLC chromatogram = 0.70
(50% ethyl acetate:hexan&) NMR (CDCL) (5, ppm): 0.92 (tJ=7.3 Hz, 3H, (-C(CHCHs),), 0.93 (t,J=7.3
Hz, 3H, (-C(CHCHsy),), 1.32 (t,J=7.1 Hz, 3H, (-CHCHj3)), 1.47-1.59 (m, 4H, (-C(C}H,),), 2.06 (s, 3H, (-
C(O)CHy)), 2.10-2.31 (m, 1H, (-CH)), 2.88 (dd,J;=5.7 Hz, J,=17.1 Hz, 1H, (-CH)), 3.40 (m, 2H, (-
CH(CH,CHz),, (-CH-0-)), 4.23 (qJ=7.1 Hz, 2H, (-CHCHz)), 4.27-4.34 (m, 1H, (-CH-Y), 4.57-4.60 (m, 1H,
(-CH-NHAC)), 6.01 (dJ=7.4 Hz, 1H, (-NH-(C=0)-CH), 6.81 (ddJ;=2.2 Hz,J,=2.3 Hz, 1H, (-CH=C-)).

Synthesis of ethyl (®,4R,59)-4-N-acetamido-5-amino-3-(1-ethyl-propoxy)-1-cyclohexarl-carboxylate
phosphate (oseltamivir phosphate) 1

A solution of azido compound4 (0.69 g. 2.04 mmol) in C¥N (5 mL) was added dropwise to the
triphenylphosphine (0.532 g, 2.04 mmol) in £M-H,O (3:1) (12 mL) and stirring was continued for 15
minutes. After the reaction mixture was stirredhet room temperature for 3.0 hours, the reactioxtureé was
evaporated to C}N and then added EtOAc (10 mL). The mixture washed with water and saturated
sodium chloride solution, dried over anhydrous godsulfate, filtered and concentrated in vacuo. fdsdue
was purified by column chromatography through siligel using MeOH-EtOAc (1:9) as eluent to give koye
oil compound2 and dissolve in abs.EtOH (10 mL) and added 85f#Q4 (1 mL). Crystallization commenced
immediately and after cooling to°C for 12 hours the precipitate was collected hiydilon to afford tamiflul
(0.462 g, 55%) [ ], Ron TLC chromatogram = 0.15 (9:1 ethyl acetate:M&OH NMR (CDCL) (5, ppm):
0.65 (t,J=7.0 Hz, 3H, (-C(CHCHy),), 0.69 (t,J=7.8 Hz, 3H, (-C(CHCHs),), 1.10 (t,J=7.0 Hz, 3H, (-CHCHjy)),
1.24-1.43 (m, 4H, (-C(CKCHs3),), 1.89 (s, 3H, (-NH-C(O)CH)), 2.32 (m, 1H, (-CH)), 2.77 (dd,J;=6.2 Hz,
J,=16.8 Hz, 1H, (-CH)), 3.35 (m, 2H, (-CH(CBKCHs),), (-CH-NH,.H;PQOy)), 3.86 (t,J=10.1 Hz, 1H, (-CH-
NHAC)), 4.06 (q,J=6.2 Hz, 2H, (-CHCH;)), 4.14 (d,J=9.4 Hz, 1H, (-CH-0-)), 6.83 (m, 1H, (-CH=C-)}jC
NMR (CDCL) (3, ppm): 8.4 (-C(CHCHs),), 8.5 (-C(CHCHsy),), 13.3 (-CHCHjy), 22.4 (-O-(CO)-CH), 25.0 (-
C(CH,CHa),), 25.4 (-C(CECHa),), 28.1 (-CH-), 49.1 (-CH-NH.H3PQOy), 52.6 (-CH-O-), 62.4 (-CHCHs),
75.1 (-CH-NH-(C=0)-CH), 84.3 (-CH(CHCHz),), 127.6 (-CH=C-), 137.9 (-CH=C-), 165.0 (-C=0),610 (-
CH-NH-(C=0)-CH), MS (El) M" = 313.397.

Synthesis of ethyl (R&,4R,5S)-5-amino-4-acetamido-3-(1-ethyl-propoxy)-1-cyclohesne-1-carboxylate
(oseltamivir) 2

Oseltamivir phosphaté& (0.010 g, 0.238 mmol) dissolved in gH, (1 mL) was neutralized by shaking
with saturated NaHC{(3 mL) for 5 min. The organic layer was dried oamhydrous sodium sulfate, filtered
and concentrated in vacuo to give the free bassetamivir2 in quantitative yield. Ron TLC chromatogram =
0.12 (1:4 ethyl acetate:MeOHJH NMR (CDCL) (5, ppm): 0.88 (tJ=7.8 Hz, 3H, (-C(CHCHs),), 0.89 (t,J=7.0
Hz, 3H, (-C(CHCHy),), 1.28 (t,J=7.0 Hz, 3H, (-CHCHsy)), 1.46-1.54 (m, 4H, (-C(Ci€Hy),)), 2.03 (s, 3H, (-
NH-C(O)CH;)), 2.11-2.18 (m, 1H, (-CH)), 2.74 (dd,J;=5.5 Hz,J,=17.6 Hz, 1H, (-CH')), 3.22 (m, 1H, (-CH-
NH,)), 3.33 (quintJ=5.5 Hz, 1H, (-CH(CHCHa),), 3.53 (q,J=9.36 Hz, 1H, (-CH-NHAC)), 4.19 (g}=7.0 Hz,
2H, (-CH,CHj)), 5.78 (d,J=7.8 Hz, 1H, (-NH-(C=0)-CH)), 6.77 (s, 1H, (-CH=C-)FFTIR, cm’: 3282 (-NH),
2954 (C=C-H), 1716 (C=0), 1259, 1095 (C-0), MS)[®+H] " = 313.397.

Anti-acetylcholinesterase activity

Materials. Electric-eel AChE (EC 3.1.1.7), acetylthiocholiioglide (ATCI), 5,%-dithiobis[2-nitrobenzoic acid]
(DTNB) and galanthamine were purchased from Sigrtai¢h Co. (St. Louis, MO, U.S.A.). All chemicalsid
solvents used were purchased from E. Merck, Flakd,Sigma & Aldrich Co., unless stated otherwise.
Acetylcholinesterase inhibition was determined spghotometrically using acetylthiocholine as stdust by
modifying the method of Ellman[24]. Briefly, in tH#6-well plates, 140 pl of 10 mM sodium phosphaiéfdn
(pH 8.0), 20 pl of a solution of AChE (0.2 U/mL1® mM sodium phosphate buffer, pH 8.0) and 20 ptesf
compound solution dissolved in 80% methanol (al fowencentration of 0.1 mg/mL) were mixed and incela
at room temperature for 15 min. The reaction watedtby adding 20 ul of mixture solution of 5 mM BB in

10 mM sodium phosphate buffer (pH 8.0), contairtitpo bovine serum albumin (BSA) and 5 mM ATCI in 10
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mM sodium phosphate buffer, pH 8.0 (5:1). The hiydie of acetylthiocholine was determined by moriitg

the formation of the yellow 5-thio-2-nitrobenzoaaion as result of reaction with DTNB and thioches,
catalyzed by enzymes at a wavelength of 405 nm dWiaotiter plate reader (Sunrise, Tecan) and the
absorbance was measured after 2 minutes of incubati room temperature. Percentage of inhibitiors wa
calculated by comparing the rate of enzymatic hiydis of ATCI for the sample to that of the blar0¢6
methanol in buffer). Galanthamine was used asaaepte standard. Every experiment was done inictiil.
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