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CHAPTER 1
INTRODUCTION

Skin whitening, skin lightening, and skin bleaching refer to the practice of using
chemical substances in an attempt to lighten skin tone or provide an even skin complexion
by reducing thenelaninconcentration in the skin. Several chemicals have pessento
be effective in skin whitening, while some have proven to be toxic or have questionable
safety profiles, adding to the controversy surrounding their use and impacts on certain
ethnicgroups[1-3].

Melanin is a broad term for a group of natural pigments found in most organisms.
It pigmentation is able to shield from UV radiation, inhibit photocarcinogenesis aul aff
the synthesis of vitamin D3In contrast, the abnormal pigmentation, such as senile
lentigines, freckles, melasma, and other forms of melanin hyperpigmentation, causes
serious esthetic problerithe oxidative reactions of the tyrosine catalyzed by tyrosinase
mainly contributes to theelanin biosynthesis. Tyrosinase inhibitors such as arbutin, kojic
acid, aloesin, glabridin and hydroquinon@sgure 1) have been used as whitening or
antihyperpigment agents becausehdir ability to suppress dermalelanin production.
However, arbuti and kojic acid hardly showed inhibitory activity against pigmentation in
intact melanocytes or in a clinical trial, and hydroquinones are considered to be cytotoxic
to melanocytes and potentially mutagenic to mammalian cells. Therefore, it remains

necesary to search for new tyrosinase inhibitors without side effde1g)].

OH Glu
o HO o CH,
OH OH |
=4 m ’
HO HO
HO o CH;0
OH o
arbutin kojic acid aloesin

glabridin hydroquinones

Figure 1: Compounds oTyrosinase inhibitar


https://en.wikipedia.org/wiki/Melanin

Oseltamivirphosphatevhich marketed under the trade name Tanffiisiantiviral
medication used to treat influenza A andB#d flu). It is aneuraminidase inhibitdrl1].
To thepresent date many synthesessltamivir deivatives have been documentedisé
interested in evaluation of other biological activity of their derivatives. Oseltamivir
derivatives were synthesized by precursor epoXiflgL@] obtained from+)-shikimic acid
(Figure 2).

(0]
9 Y 9 Y
o, 0 0 HO.. oH
OEt OEt ’%@)Lom
AcHN” ™ AcHN” > : HO"
H H e OH

NH,* H;PO, NH, 0)
(-)-Shikimic acid

Tamiflu Oseltamivir ™

Figure 2: Structureof Tamiflu, Oseltamivir, epoxidd() and shikimic acid.

In 2012 publication ofCharlotteD'Souzg13] and ceworkers reportedseltamivir
derivatives New derivatives obseltamivir were prepared by modifying the amino group
with glycyl, acetyl, benzyl and prolyioieties.Based on this suggestiothey have
preparederivatives of oseltamir (GS-4104) (OS) with varyingharge and lipophilicity,
by substituting glycyl (OSly), acetyl (OSac),benzyl (OSbz) and prolyl (OSpro) groups
at the amino group afseltamivir.

In the synthetic studiespreparation ofOS-gly and OSpro (Scheme 1 of
nucleophilic substitutiorbetween oseltamivirand BOC-glycine or BOGproline and
deprodection oBOC providedOS-gly or OS-pro. Oseltamivirwas convented t@S-ac or

OS-bz by nucleophilic substitution withcetylchloride or benzoyl chloride.


https://en.wikipedia.org/wiki/Neuraminidase_inhibitor
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNucleophilic_substitution&ei=mWpYVYTUO9ChugSQyYG4Cw&usg=AFQjCNEY3Bq8FP-I182JOECXixsLvOghuA&sig2=iH2d-5lxXT4mLMH9508tVw&bvm=bv.93564037,d.c2E
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FNucleophilic_substitution&ei=mWpYVYTUO9ChugSQyYG4Cw&usg=AFQjCNEY3Bq8FP-I182JOECXixsLvOghuA&sig2=iH2d-5lxXT4mLMH9508tVw&bvm=bv.93564037,d.c2E
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SChelma/nthesis oDSgly, 0S-ac OSbz andOS-pro

In 2013 publication of Pal John Pal Adabalfl4] and ceworkers reported
oseltamivir derivatives. They have successfully synthesiz€46 triazolefunctionalized
Tamiflu derivativesas secondjeneration candidatassing an azidation reaction on the
cyclic Baylig Hillman derivativell via allylic azide[3,3]-sigmatropic rearrangemeaind

coppercatalyzedazida alkyne cycloaddition as keyactions.

0 0
/j)A 1.RuCly, NalO,,, CeCly QHM SO,Cly, Py,

MeO CH,CN, EtOAc, 0 MeO Y CH,Cl,, -25°C,
“NHAC 5 Ac,0, Py, 48 h, 60% AcO” “NHAc  2h,76%
N3 N;
7 8 9
o YT SO,CL Py,
0o CH;CN, -25°C,
Meo 12h, 86%
N3 “’NHAc
TMSN,, t-BUOH,
NHBoc 3 O | pphy THE-H,0. 0 YT
80-85°C, 6 days (o) 50°C. 3h 0
12 - MeO s MeO
+ . B . ,
46% of 12 AcO" “NHAc ~ 2.BocO,EtN,  AcO™ "NHAc
O NS ad 12 NHBoc CH,Cl, N,
o " 12, 36%
MeO 10
“NHAc
NHBoc

12a

SChemﬁlnthesis otompoundd.2.



In Scheme 2treatmentbof unsaturated est@rwith a catalytic amount of Ru€in
the presence of CeflNalOsin a mixed solvent systefEtOAc/CHCN/H20, 3/3/1) at 0
°Cpr ov i ddiodlanchaetylaiion of the resulting diol in the presence of@®y gave
the monoacetat8 in 60% overall yield Eliminations of the alcohol function in 8 with
variousreagents such as Martin sulfuraBeirgess reagendyilsmeier reagenand other
classical methods (PO£ISOCb, OTf elimination)were unsuccessful or were vdow
yielding. The elimination reaction was finally achieved with sulfuryl chloride. Initial
experiments with SECI» in the presence of pyridine in GEl. furnished the chlorosulfate
9, which was used for the preparation of olefthusing basic conditions or by heating.
Subsequently, the elimination reaction was accomplished usin@iClds solvent with
SOCl2 in the pesence of pyridine. Owing to the residual sulfur products in olin
Reduction of the azideEOwith PPhin THF H20 at 50 °C provided the corresponding free
amine, which on treatment with tertbutylpyrocarbonatéiatylpyrocarbonate afforded
the Boeprotected amind 1 (Scheme 2 Therefore the crucial nucleophilic substitution
was examined usintpe allylic acetatd1 (Scheme 2, a cyclic Baylis Hillman derivative.
Initial attempts at substitution reactions with sodium azide in different polamssliesl
to a complex mixture of products. Finally, the desired atRieasobtained in 46% yield
by treatment ofl1l with TMSNs in t-BuOH, a side produci?a also being formed.
Controlling the regioselectivity of this reaction under various reaction condiproved
to be difficult and depended on the neighboring substituents and nature of the leaving

groups.
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Scheme 3Synthesis otompoundb.

In Scheme 3the coppeicatalyzedazidg alkyne cycloaddition reactionith azide
12 and Xpentyn3-ol using the standard protocol provided the triaZd@en 71% vyield.
Hydrolysis of the methyl este&d3 was performed using 1 M KOH in THF. The desired
carboxylic acidl4 was precipitated by the addition of EtOAc to twdumnpurified acid.
The NHBoc deprotection of acid4 with TFA furnished the targebbmpound5 in 88%

yield.
0 /\(\ o /\(\

MeO O TFA.CHCL  MeO 0
N 3h, 62% N
NN NHAe o NNy "NHAc
/\g)k/ NHBoc /\g)i/ ®NH;
| S - CF,C00

1.Amberlyst, A26,

15 MeOH, 30 mins, 87%

2.HgCly, Et;N, DMF,

Ss_ NHBoc
Y

NHBoc

o YT o YT

O (0]
MeO TFA. CH,Cl, MeO
N ~,N\N “NHAc  3h, 96% N._N‘N "NHAc

= HN_ NH, = HN_ NHBoc

OH D NH OH NBoc
CF,C005
17 16
)
o U\ e
HO P
. BocN™ "NHBoc N
NNy “NHAC N=" "NHAG
A;/&/ @NH3 1. Et;N,MeOH, /\i/\Q/ HN\n/NHQ
y 2. TFA/CH,CI )
oH 5 CFsCOOH 2Cly OH NH, ®

6 ©
CF4C00

Scheme 4Synthesis otompounds$ and14.



In Scheme 4 Boc deprotection of carbamal8 under acidic conditions followed
by treatment withbasic Amberlyst A26 resin gave the free amine, which was then
converted into the Beprotected guanidine derivatii® using Boeprotected thiourea and
HgCl, and the Boc groups were removed to divevith TFA , asshown inScheme 4
The targeguanidinium sal6 was obtained fially in modesyield from5 by introduction
of the Boeprotected guanidingroup using Bogrotected 1kpyrazolel-carboxamidine
andsubsequent Bocaghrotection with TFA

In 2013, publication oDennisSchade[15] andco-workers reporteaseltamivir
derivatives. Starting frorh, the acetamidine group was installed us(@-naphtylmethyl
thioacetimidate and afforded the amidine ester pro8im@5% yield.Alkaline hydrolysis
of 8 furnished the amidine carboxylate driég&8%). For the synthesis of amidoxitype
of prodrugs,they used freshly prepared acetohydroximoyl chloride as a reagent, and

amidoxime9 was readily accessible in good yields¥?)(Schene 5).

/\/\ 1)
o O OEt
S-(2-naphthylmethyl)thioacetimidate NH, Acetohydroximoylchloride,
hydrobromide 1 DIPEA,CH,Cl,
85% 70%
M 0
0, TS o
o ™ OEt o,
)L o " OEt
N7
H N M )LN S N-OH
\ﬁ H HN\</
8
9
KOH, MeOH
88%
/\/\ 10)

0 O’:’@)J\OH
Ay
H

NH

H;I\{

6

Scheme 5Synthesis oEompound$ and9.



In 2014, publication o¥uanchaoXig16] and ceworkers reported-Subsituted
oseltamivir erivatives Commercial oseltamivir phosphate was the primary starting
material. INScheme §compoun® was synthesized using a thv&tep route that included
guanylation, hydrolysis, and NBoc deprotection and waslasi to the reported method.
The guanylation reaction was performed with Npié(tertbutoxycarbonyl) thiouse
(SC(NHBoc}))/HgCl. Treatment of compoun8 with a solution of NHOK in CHsOH
gave intermediatd 0. Compoundl3 was synthesized by the same method from-Boc
protected oseltamivirl2. The target compound&l and 14 were all prepared as
hydrochlorides with 3 M HCI/EtOAc.

/\/\ o /\/\ | NHLOK. CH.OH /\/\ o
o, o,, 2 3 0, OH
0 OEt SC(NHBoc), o - g
)LN N 2. HCI/EtOAc, tt; )L N7
H H H px
NH2 HN._NHBoc HNTNHZ
H;PO, 8 NBoc NH
Oseltamivir phosphate "
1.(Boc),0, Et;N, 1. hydrolysis,
CH,Cl, 2. NBoc deprotection
2.NH,OK, CH;0H
3. HCI/EtOAc, rt; /\O(\
o OH
/\(\ o )J\N
' HN__NHBoc

Scheme 6Synthesis otompound®, 11 and14.

In Scheme 7and 8, oseltamivirphosphate was reacted with a range of different

aldehydes in the presence of Nafgill to afford the key intermedialé. The synthesis of

compoundl1l?7 was achieved in three steps indudigganylation, hydrolysis, and Boc

deprotection. CompourzD was also synthesized direct hydrolysis of intermedi&t&ith

NaOH. Because the Rgroups ofcompound20 a-m were all hydrophobicthey further

designed compoun@3, which contained one NHat the end of the substituent. The

structure and its synthetic route are show8chemes.
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_—

N7 ™ N™ o
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;O

HaPO,

3. CF3COOH, CH,Cly, rt.
. 2 23
Oseltamivir phosphate NHBoc

Scheme8: Synthesis oEompound3.

In Scheme 9They continued to synthesize another five derivatives, compounds
30132 The two 2-alkoxyberzaldehydes wereprepared by reaction of2-
hydroxylbenzaldehyde with-2bromomethyl)furan and3-bromopropl-ene and were
usedfor the synthesis of compoun8@88aand30b. A Suzuki reactiorof the aryl bromides
with boronic acid gave another thralelehydeghat were used in synthesizingmpounds
3land32

Ry
CHO RaCH,Br CHO ( O)‘\

acetone, K,COs3, é
reflux
24 25 30a-b
/\(\ o
o//,
o OH
HCHO > Oseltamivir ———> )k
THF, HZO K,CO3, NH
Pd(PPha)s, reflux. 31a-b
R4
. /\(\ o
0O,
o OH
é o X,
S
THF, H,0, K,COs3, H o NH

PA(PPhg)s, reflux. 29 _ E\>_®_/ 32
s
e
30a U 30b rx,  3Ma 31b CI

SChemﬁjnthesis otompounds0ab, 31ab and32



CHAPTER 2
EXPERIMENTAL

General methods

Nuclear magnetic resonance (NMR) spectra vadrtained in CDGlon a
300 MHz Bruker spectrometer. Chemical shi
as an internal standard. Mass spectra wecerded on a Bruker DaltonicsicrOTOF -
benchtop ESTOF MS. Infared spectra were recorded as NaClaei PerkinElmer GX
FT-IR spectrophotometer. Reagents were purchased from Siginah and Fluka.
Ultraviolet (UV) active compounds were visualized with UV a light at 254 nm and vanillin
stain. Column chromatography was performed using silica gel 804@ mesh.
Mushroom tyrosinase (EC.1.14.18.1) andg33+dihydroxyphenyhL-alanine (LDOPA)
were purchased from Sigafddrich Co. (St. Louis, MO, U.S.A)). Kojic acid was
purchased from Tokyo Chemical Industry Co., LTD. (Tokyo, Japan). All chemical and
sdvents used were purchased from E. Merk, Fluka, and Sigma & Alfrich Co., unless stated

otherwise.

Synthesis of Oseltamivir Derivativeq?2), (3b), (3¢), (3d), (4b), (4c) and @d)

(B3R,4S5R)-ethyl 4,5-dihydroxy-3-(pentan3-yloxy)cyclohex1-enecarboxylaté?)

Sulfuric acid 0.5mL) was added dropwise over 5 miina solution okepoxide(1)
(1.0198 g, 0.21 mmpin ethanol (5 mL). The mixture was stirred at room temperature for
24 h. The solution extacted with dichloromethane (3x1fnL). The combined
dichloromethane extracts were dried anhydrous sodium sulfate, and the solvent was

evaporated to give crude oil wh was purified byColumnchromatography 1

10
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hexane/EtOAL to afford diol (2) as acolorless oil (6802 g, 53%) R0.34 (2:1
hexane/EtOAC).

H NMR (300 MHz, CDCJ) 6.86 (m, 1H); 4.20 (m, 3H); 3.96 (ddil =J2=8.3 Hz,
J3 = 5.4 Hz, 1H); 3.62 (dd1= 8.8 HzJ2 = 4.6 Hz, 1H); 3.43 (quid,= 5.7 Hz, 1H); 2.90
(dd, J1=18.0 HzJ2 = 5.3 Hz, 1H); 2.61 (s, 2H); 2.20 (d4 = 18.1 Hz,J2 = 7.8 Hz, 1H);
1.421.69 (m, 4H); 1.30 (t) = 7.1 Hz, 3H); 0.830.98 (m, 6H)ppn *°C NMR (75 MHz,
CDClk) U0 13.8,13D.9,81.8,72.2,71.3,67.7,30.9, 31.2, 26.6, 26.0, 14.2, 9.6, 9.5
ppm;FTIR (NaCI-f i | m) 1) :1064,(1244 1383, 1463,1651, 1715, 2968, 34
LC-HRMS m/z calculated for [M+Na C14H240sNa= 295.1521 found 295.1525

(3RAS,5R)-ethyl 5azido4-hydroxy-3-(pentan3-yloxy)cyclohex1-enecarboxylaté3)
Epoxide(1) (1.0046 g, 3.95 mmol) was dissolved in EtOH (10 mL). To this solution
was added sodium azide (0.3848 g, 5.92 maontl ammonium chloride (0.3137 g, 5.92
mmol). The reaction mixture was heatedeflux and stirred for 24 h. The reaction mixture
was then filtrated and was evaporated to gave brown oil. Water was added to aqueous
residue and extracted with ethyl aceté® x 10 ml). The combine extracted was dried over
anhydrous sodium sulfate. Filtration and evaporation afforded alcohol(&8mlodazido
alcohol (4) as a brown oilAn analytical sample o&zido alcohol(3) was prepared by
column chromatographp:1 hexane/EtOAc) as a pale yellow oil (0.8890g, 75%0).B4
(4:1 hexane/EtOAc
'HNMR (300 MHz,CDCJ) U 6. 84 ( nd=7.1H%)2H)); 38.86Zdad ( q ,
J1=J2 =7.9 HzJ3=5.4 Hz, 1H); 3.77 (dd)1 = 8.2 Hz J2 = 4.2 Hz, 1H); 3.44 (quid,=
5.8 Hz, H); 2.84 (dd J1 = 18.3 HzJ2= 5.1 Hz, 1H); 2.26 (ddJ1 = 18.3 Hz,J2 = 6.9 Hz,
1H); 1.441.67 (m, 4H); 1.30 (1) = 7.1 Hz, 3H); 0.93 (1) = 7.3 Hz, 3H); 0.91 ()= 7.3
Hz, 3H) ppm;**C NMR (75 MHz, CDCJ) 165.9, 135.1, 130.0, 81.9, 71.1, 7062,0,
58.9, 28.2, 26.5, 26.1, 14.2, 9.6, 9.5 ppm; FINRCI-f i | m) 1): 1@p9, 105311099,



12

1182, 1247, 1367, 1463, 1655, 1717, 2108, 2504, 2878, 2935, 2968, 35300:MRMS
m/z calculated for [M+Nd]C14H23N30sNa= 320.1586 found 320.1579

(3R,4S,5R)-ethyl 4-acetoxy5-azido-3-(pentan3-yloxy)cyclohex1-enecarboxylat€3a)

To solution of azido alcohdB) (0.3746 g, 1.26 mmol) in dichloromethane (5 mL)
was added acetic anhydride (0.17 mL, 1.89 mraod DMAP (0.0146 g, 0.1&hmol).
Triethylamine (0.26 mL, 1.89 mmol) was then dropwise added over 5 min. The reaction
mixture was further stirred at room temperature for 1h. The mixture was then partitioned
between dichloromethane (5 mL) and water (10 rithg organic phase was separated and
dried over anhydrous sodium sulfate. The organic solution was filtrated and concentrated
under vacuum to produce a crude oil which was purified by chromatography (5:1
hexane/EtOAC, )to give acetoxy3a) as apaleyellow oil (0.3866 g, 90%): 0.86 (4:1
hexane/EtOAC).

'HNMR (300 MHz,CDCJ) U 6. 85 ( mJl=DRAMzJI2=439H1, (dd
1H); 4.28 {, J = 4.2 Hz, 2H); 4.22 (q) = 7.1 Hz, 2H); 4.12 (ddd)1 = 14.6 HzJ2 = 8.7
Hz, J3 = 6.0 Hz, 1H); 3.44 (quinl = 5.7 Hz, 1H); 2.89 (ddJ 1= 18.4 Hz,J2 = 5.8 Hz,
1H); 2.25 (ddtJ1 = 18.3 HzJ2 = 8.4 Hz,J3 = 1.0 Hz, 1H); 2.15 (s, 3H); 1.4658 (m,
4H); 1.30 (t,J = 7.1 Hz, 3H); 0.94 (t) = 7.4 Hz, 3H); 0.88 (t) = 7.4 Hz, 3H) ppm*3C
NMR (75 MHz, CDC}) 1u0.4, 165.2, 135.2, 129.6, 82.9, 73.2, 69.4, 61.0, 55.6, 29.5,
26.3,26.2,20.9, 14.1,9.8, 9.1 pdATIR (NaCl-f i | m) 1) :1914,(106rén1103, 1170,
1239, 1368, 1463, 1655, 1717, 1743, 2108, 2878, 2936, 2969, 3055 CAHRMS m/z
calculated for[M+Na]" Ci6H2sN30sNa = 362.169ZFound 362.1691
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3b

(3R,4S,5R)-ethyl 4-acetoxys-amina 3-(pentan3-yloxy)cyclohex1-enecarboxylate3p)
Acetoxy (3a) (0.3305 g, 0.97 mmol) was dissolved in EtObH(4:1 mL).
Ammonium chloride (0.1028 g, 1.94 mmol) and Zinc dust (0.1274 g, 1.94 mmol) were

added in taa solution. The mixture was stirred abom temperaturéor 6 h. The reaction
was filtrated and conograted under vacuum to remouaanol. The resideiwas extracted
with ethyl acetate (3x8 mL). The combined organic layers were dried with anhydrous
sodium sulfate, concentrated and the residue was purified by column chromatography
(EtOAC) to give aminé3b) asapaleyellow oil (0.1991 g, 65%inp 9799°CR; 0.27 (2:1
EtOAc/hexane)

'H NMR (300 MHz, CDC4) 6.83 (m, 1H); 5.83 (d] = 6.7 Hz, 1H); 4.21 (m, 3H);
4.01 (t,J = 4.2 Hz, 1H); 3.65 (ddJ 1= 9.9 Hz,J2 = 4.2 Hz, 1H); 3.46 (quinl = 5.7 Hz,
1H); 3.05 (dgdJ 1= 18.0 HzJ2 = 5.3 Hz, 1H); 2.29 (hriH); 2.15 (m, 1H); 2.02.25 (m,
1H); 2.03 (s, 3H); 1.42.63 (m, 4H); 1.30 () = 7.4 Hz, 3H); 0.95 (t) = 7.4 Hz, 3H);
0.84 (t,J = 7.4 Hz, 3H) ppm*C NMR (75 MHz, CDCJ) 1%1.4, 166.1, 135.2, 130.9,
82.0,71.3,70.9, 60.8, 47.2, 30.0, 26.4, 2830, 14.0, 9.6, 9.3, ppmATIR (NaCl- film),
g (Yc:mil00, 1244, 1372, 1463, 1549, 1625, 1714, 2849, 2923, 2961, 3294.¢m
HRMS m/z calculated for [M+N&]Ci1eH27NOsNa= 336.1787 found 336.1781

NH,
3¢

(BR,4S5R)-ethyl 5amina4-hydroxy-3-(pentan3-yloxy)cyclohex1-enecarboxylate3t)
To a solution of azido alcoh¢8) (0.3403 g, 1.15 mmol) itetrahydrofurar{S mL)
was addedriphenylphosphing0.3602 g, 1.37 mmol). The mixture was stirred for 3 h.

Tetrahydrofuranwas removecdby vacuum distillation. Waterl) mL) was added and
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extracted with ethyl aceta{8x7 mL). The organic layer was combined, dried anhydrous
sodium sulfate, and concentrated in vacuo. The crude product was purified by
chromatography (10:1 EtOAc/MeOH) to affoamino(3c) as a pale yellow 0{0.2997 g,
96%) R 0.31 (4:1 EtOAc/MeOH).

'HNMR (300 MHz,CDC}) U 6. 88 ( nm=7.1Hz)2P,443RE ( q,
4.4 Hz, 1H); 3.51 (ddJ1 = 9.4 Hz,J2 = 4.4 Hz, 1H); 3.44 (quin] = 5.7 Hz, 1H); 3.19
(ddd, J1=J2 = 9.1 HzJ3 = 5.5 Hz, 1H), 2.86 (ddi1 = 18.1 Hz,J2= 5.3 Hz, 1H); 2.50 (br,
1H); 2.08 (dd J1 = 17.9 Hz,J2 = 8.9 Hz, 1H); 1.44.67 (m, 4H); 1.29 () = 7.3 Hz, 3H);
0.93 (t,J= 7.4 Hz, 3H); 0.88 () = 7.4 Hz, 3H) ppm**C NMR (75 MHz, CDC}) 166.5,
134.9,131.6,81.8,73.3,71.2,60.8, 48.4, 32.4, 26.6, 26.1, 14.2, 9.7, 9.5 pRrt\aCl
-f i I m)Y:1056,0083n1183, 1254, 1305, 1383, 1438, 1660, 1714, 2876, 2926, 2966,
3267 cmt; LC-HRMS m/z calculated for [M+H]C14H26NO4 = 272.1%2 found 272.1861

(3R,4S,5R)-ethyl 5acetamided-acetaxy-3-(pentan3-yloxy)cyclohex1 enecarboxylate
(3d)

Triethylamine (0.46 mL, 3.33 mmol) was added dropwise, over 5 min, to a solution
of amino(3c¢) (0.2997 g, 1.1Immol) in dichloromethane (5 mL), acetic anhydride (0.21
ml, 2.22 mmol), and DMAP (0.0135 g, 0.11 mmol), at room temperature for 1h. Water
(10 mL) wasadded and the aqueous solution extragtgd dichloromethane (3x5 mL).
The combined dichloromethane edts were dried anhydrous sodium sulfate, and the
solvent was evaporated to give crude oil which was purified by chromatography (3:1
EtOAc/hexane)to affordacetamidd3d) as a white crystal soli(D.3168 g, 80%) R0.45
(3:1 EtOAc/hexanemp 7%79°C.

H NMR (300 MHz, CDCY4) 6.84 (m, 1H); 6.04 (d] = 8.3 Hz, 1H); 4.97 (ddJ 1=
10.5 Hz,J2 = 3.8 Hz,1H); 4.57 (dddJ1 = 18.5 Hz,J2 = 8.8 HzJ3 = 5.8 Hz, 1H); 4.2 (q,
J= 7.0 Hz, 1H), 3.34 (quin] = 5.7 Hz, 1H); 2.98 (ddJ 1= 18.1 HzJ2 = 5.8 Hz, 1H);
2.14 (ddd J1 = 18.3 HzJ2 = 8.9 Hz,J3 = 1.4 Hz, 1H); 2.11 (s, 3H); 1.95 (s, 3H); 1.45
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1.59 (m, 4H); 1.29 (1) = 7.1 Hz, 3H); 0.94 (t) = 7.3 Hz, 3H); 0.88 (tJ = 7.3 Hz, 3H)

ppm; *C NMR (75 MHz, CDCJ) 1u1.2, 170.0, 165.9, 135.0, 130.6, 82.8,3759.8,

60.8, 44.6, 30.8, 26.3, 26.2, 23.1, 20.9, 14.0, 9.7,9.1 @R (NaCl-f i | m) 1) g (
11063, 1242, 1370,1463, 1553, 1652, 1716, 2243, 2920, 3074, 3281.CAHRMS m/z
calculated for [M+Na] C1gH20NOeNa = 378.1893 found 378.1894

(BR,4R 59)-ethyl 4azido5-hydroxy-3-(pentan3-yloxy)cyclohex1-enecarboxylated)

Epoxide(1) (1.0046 g, 3.95 mmol) was dissolved in ethanol (10 mL). To solution
was added sodium azide (0.3848 @25mmo) and ammonium chlorid@.3137 g, 5.92
mmol). The reaction mixture was heated to reflux and stirred for 24 h. The reaction mixture
was filtratel. Ethanolwas removed by vacuum distillation to gdwewn oil. Water was
added to aqueous residue and extracted with ethyl acetate (3 x 10 ml). The organic phase
was combine to extracted and was dried over anhydrous sodium sulfate, and then
concentrated under vacuum to afford alcohol atBjandazido atohol (4) as a brown
oil. An analytical sample of azido alcoh@l) was prepared by column chromatography
(5:1 hexane/EtOAc) as a pale yellow oil (0.0811g, 7%0.R2 (4:1 hexane/EtOAahp
67-69°C.

'H NMR (300 MHz, CDCJ) u ) ;J=539 A% 1H]; 21 (9, = 7.0 Hz, 2H);
3.984.06 (m, 1H);3.69 (ddd J1=J2 = 10.2 Hz,J3 = 5.9 Hz, 1H); 3.39351 (m, 2H); 2.86
(dd, 31 = 17.7 HzJ2 = 5.8 Hz, 1H); 2.30 (ddt)l = 17.7 HzJ2 = 9.5 Hz,J3 = 3.4 Hz,
1H); 1.431.73 (m, 4H); 1.29 (t) = 7.1 Hz, 3H); 0.849..00 (m, 6H); ppmM*C NMR (75
MHz, CDCk) 16b6.9, 136.2, 128.6, 81.9, 76.2, 69.0, 68.2, 61.0, 31.9, 26.2, 25.4,14.1, 9.4,
9.3 ppm;FTIR (NaCl-f i | m) ) :1@16, 109611248, 1370, 1463, 1654, 1716, 2108,
2878, 2919, 2967, 3&%4cnt!; LC-HRMS m/z calculated for [M+N&]C14H23N304Na =
320.1586 found 320.1589
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(BR4R 59)-ethyl 5acetoxy4-azido3-(pentan3-yloxy)cyclohex1-enecarboxylatéda)

Toasolution of azido alcohd¥) (0.0699 g, 0.281mol) in dichloromethane (5 mL)
was aded acetic anhydride (0.03 mL, 0.35 mmol) and DMAP (0.06)2802 mmol).
Triethylamine (0.05 mL, 0.35 mmol) was dropwise added over 5 min. The reaction mixture
was stirred at room temperature for 1h. The mixtureduased with dichloromethane (5
mL) and the aqueous layer was extracted with dichloromethane (3 x 5 mL). The combined
organics were dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo to
produce a crude oil which was purified byrematography (4:1 hexane/EtOAdo give
acetoxy(4a) as a pale yellow 0i[0.0696 g, 91%). F0.87 (4:1 hexane/EtOAcC).

'H NMR (300 MHz, CDCY) U 6J1 7231 Hg, tlH); 4.95 (dddil = 10.9 Hz,
J2=9.8HzJ3=6.0 Hz 1H); 4.21q,J= 7.1 Hz, 2H); 4.22q,J=7.1 Hz, 2H); 4.12 (ddd
J1=14.6 HzJ2 =8.7 HzJ3 = 6.0 Hz, 1H); 3.94.10 (m, 1H); 3.62 (dd)1=10.9HzJ2
= 8.3 Hz, 1H); 3.46 (quin] = 5.7 Hz, 1H); 2.95 (ddJ 1=17.3 HzJ2 = 6.0 Hz, 1H); 2.30
(ddt J1 = 17.4 HzJ2 = 9.8 Hz,J3 = 3.0 Hz, 1H); 2.15 (s, 3H); 1.4766 (m, 4H); 1.29 (t,
J=7.1Hz, 3H); 0.94 (g] = 7.3 Hz, 6H); ppm!*C NMR (75 MHz, CDCJ) 170.0, 165.2,
136.8,128.0,82.6, 75.9, 70.2, 66.1, 61.2, 29.9, 26.3, 25.7, 20.9, 14.1, 9HTpRr{NaCl
-f i | m) 7):1088, 1283n1369, 1463, 1659, 1715, 1748, 2109, 2969 cBHRMS
m/z calculated for [M+Nd]C16H2sN30sNa = 362.169Found 362.1695
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(BR,4R,59)-ethyl 5acetoxy4-amina 3-(pentan3-yloxy)cyclohex1-enecarboxylatedp)
Acetoxy (4a) (0.0348 g, 0.10 mmol) was dissolved in EtOBCH(4:1 mL).
Ammonium chloride (0.0106 g, 0.2 mmol) and Zinc dust (0.0130 g, 0.2 mmol) were added

in to solution.The mixture was stirred abom temperaturéor 6 h. The reaction solution
was filtrated and conoérated under vacuum to removiaanol. The residue was diluted
with ethyl acetate and water. The aqueous layer was extracted with ethyl acetate (3x8 mL).
The combined organic layers were dried over anhydrodgis sulfate. Filtration and
evaporation affordedrude oil which was purified by column chromatography (EtOAc) to
give aming(4b) asa pale yellow 0i(0.0118 g, 35%inp 9799°CRs 0.30 (EtOAC).

'H NMR (300 MHz, CDCH4) 6.79 (s 1H); 5.98 (d] = 6.8 Hz, 1H); 4.22 (q]= 7.1
Hz, 1H); 4.13 (m, 1H); 4.00 (dd 1= 9.1 Hz,J2 = 5.5 Hz, 1H); 3.82 (g1 = 7.4 Hz, 1H);
3.39 (quin,Jd = 4.5 Hz, 1H); 3.00 (br, 2H); 2.80 (dd1= 18.1 HzJ2 = 5.4 Hz, 1H); 2.39
(ddt J1 = 17.9 HzJ2 = 8.1 Hz,J3 = 2.6Hz, 1H); 2.06 (s, 3H); 1.41.62 (m, 4H); 1.30 (t,
J=7.0 Hz, 3H); 0.95 (t) = 7.3 Hz, 6H); ppm'3C NMR (75 MHz, CDC{) 112.2, 166.3,
136.7, 129.2, 81.9, 74.9, 67.9, 60.9, 57.3, 32.9, 26.2, 25.7, 23.5, 14.1, 9.5, 9.BTHpm;
(NaCl-f i | m) ;b :1012(16060, 1130, 1249, 1372, 1463, 1554, 1647, 1714, 2849,
2879, 2918, 3296 ci LC-HRMS m/z calculated for [M+N&]C16H27NOsNa= 336.1787
found 336.1782
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(3R,4R,59)-ethyl 4-amina5-hydroxy-3-(pentan3-yloxy)cyclohex1-enecarboxylate4g)

To a solution of alcohol azid8) (0.0762 g, 0.25 mmolp tetrahydrofurar{5 mL).
Triphenylphosphing€0.0806 g, 0.3Gnmol) was added to solution. The mixture was stirred
at rt for 3 h.Tetrahydrofurarwas removedy vacuum distillation. WaterlQ mL) was
added and extracted with ethyl acetate (3x7 mL). The organic layer was combined, dried
anhydrous sodium sulfate, andncentrated in vacuo. The crude product was purified by
chromatography (8:1 EtOAc/MeOH) affordamino(4c) as a pale yellow 0i{0.0568 g,
81%) R 0.46 (4:1 EtOAc/MeOH)mp 99101°C

'HNMR (300MHz,CDCY) UG 6. 79 ( 3=7.1H4PH);3.943.929(m, ( q,
1H); 3.75 (ddd J1=J2 10.0 Hz,J3= 5.8 Hz, 1H); 3.59 (br, 3H); 3.39 (quih~= 6.4 Hz,
1H); 2.782.94 (m, 2H); 2.27 (ddtil= 17.1 HzJ2 = 9.7 Hz,J3 = 3.0 Hz, 1H), 1.44.70
(m, 4H); 1.29 (tJ = 7.1 Hz, 3H); 0.88.99 (m, 6H); ppm**C NMR (75 MHz, CDC}) U
166.4, 137.0, 129.1, 81.0, 78.2, 69.0, 60.8, 58.1, 32.8, 26.4, 25.7, 14.2, 9.7, FA [ipm;
(NaCl-f i | m) 1):1059, 024501368, 1463, 1569, 1651, 1716, 2887, 2938, 2967, 3364
cml; LC-HRMS m/z calculated for [M+H]C14H27NO4 = 272.1862 found 272.1865

M o

O//,
. OEt
AcHN 7

6Ac
4d

(BR,4R,59)-ethyl 4acetamideb-acetxy-3-(pentan3-yloxy)cyclohex1-enecarboxylate
(4d)

Triethylamine (0.08 mL, 0.63 mmol) was added dropwise, over 5 min, to a solution
of amino(4c¢) (0.0568 g, 0.21 mmol) in dichloromethane (5 mL), acetic anhydride (0.04
ml, 042 mmol),and DMAP (0.0025 g, 0.02 mmolJhe mixture was stirred at room
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temperature for 1h. The mixture was diluted with water. The aqueous solution extracted
with dichloromehane (3x5 mL). The combined dichloromethane extracts were dried
anhydrous sodium sulfate, and the solvent was evaporated to give crude oil which was
purified by chromatography (3:1 EtOAc/hexarte) afford acetamido(4d) as a white
crystal solid(0.3168 g80%) R 0.47 (3:1 EtOAc/hexanejnp 9597°C.

'H NMR (300 MHz, CDCJ) 6.82 (s, 1H); 5.72 (d] = 8.6 Hz, 1H); 5.09 (ddd
J1=J2=9.7 Hz,J3= 5.8 Hz,1H); 4.054.29 (m, 4H); 3.34 (quinl = 5.6 Hz, 1H); 2.82 (dd
J1=17.4 HzJ2 = 5.7 Hz, 1H); 2.14 (dgl = 17.2 HzJ2 = 9.6 Hz,J3 = 2.8 Hz, 1H);

2.06 (s, 3H); 1.97 (s, 3H); 1.51 (sed,5 7.5 Hz, 4H); 1.29 () = 7.1 Hz, 3H); 0.820.96

(m, 6H); ppm¥C NMR (75 MHz, CDC4) 171.2,170.1, 165.7, 137.8, 128.0, 82.2, 75.6,
69.1, 61.0, 54.4, 30.0, 26.1, 25.6, 23.3, 20.9, 14.1, 9.4, 9.1 BpIR;(NaCl-f i | m) ,
(cm}) : 1064, 1244, 1375,1468, 1551, 1656, 1712, 2247, 2921, 3078, 3286Lm
HRMS m/z calculated for [M+H]C1sH30NOs = 356.2073 found 356.2071

g



CHAPTER 3
RESULT AND DISCUSSION
Synthesis ofOseltamivir derivative
In this chapter we describe synthetic studieSséltamivir derivativeWe designed
key reactions ofing openingfor synthesigOseltamivirderivative Ring openinggive 2
line synthesis with kE5Qs and NaN.

Synthesis of Oseltamivir derivativeq2), (3b), (3c) and (3d(Scheme D).

YN 0 nagwme,” L O A0, EGN, Yo Zn, NH,CI T o

o, o, o, o,
”"@)J\o};t EtOH, 82% OEt DMAP,CH,Cl, OEt EtOH:H,O K OEt
& HO" 90% AcO" 65% AcO”

) Ns N; NH,
3) PPh,, THF (3a) @3b)

H,S0,, EtOH 96%
T 0 omn X

53% N
0
S o o, 0,
o Y o : OEt DMAP,CH,Cl, OEt
OE¢ ﬁom HO' 80%  AcO"
HO® NH, NHAc

OH  6n (o) (3d)
@ “@

Scheme D: Synthesis of Oseltamividerivatives 2), (3b), (3c) and @d).

First, Oseltamivir derivative?) was synthesized by ring opening epoxide {)
with H.SQq in ethanol to moderateyield 53%. The mechanism is shownscheme 11
FTIR spectrum oDseltamivir derivative) showed a broad of hydroxyl group-OH) at
3444.64 crit(page 39n Appendix) andH NMR showed in downfield of #rom i 3.50
to 3.62ppm and Hfrom Ui 3.50to 3.96 ppm). (page 37 in Appenlix
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NN o LCI):\s/:O,H S o H,0 TS o
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HO'

: HO'
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Scheme 11Reaction of ring openingf epoxide 1) with H>SQs andmechanism.

In this thesis, the azido group was cleated to the kinbevmediate(3) and (4).
sodium azide and ammonium chloride in ethamefe used in this reaction to give 10:1
mixture ofisomericazido hydroxyl 8:4) in 82% yield,compound(3) is major producin
Scheme 2. Analysis of'H NMR showed that the ring opening of epoxidg $howed in
downfield shift of H* from 1 3.50 to 3.77, Mifrom & 3.50 to 3.86 and Hrom U 3.50 to
3.69ppm (page 41 and 61 in AppendikIIR spectrum oEompoundg£3) and(4) showed
a of azidogroup(-NI N) at 2108cm* and hydroxyl group-OH) at 3530cm? (page 43
and 63 in Appendix).

/\o/\ O NaN;, NH,CI,
4”«@01}4} EtOH, 82% c
o

1

Q)

Scheme 12Reaction of ring openingf epoxide 1) with NaNs andmechanism.
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Acetylation of hydroxyl group o€ompound(3) with acetic anhydridgenerated
compound3a) in 90% vyieldas show the mechanismScheme 13Analysis of'H NMR
of compound(3a) showed in downfield shift of f r om G 3. 7flomB8.8to4 . 9 1,
4.12 and newCHs') Singlet at 2.15 ppm (page 45 in Appendi®C NMR spectrum had
a new carbonyl group at U0 170. 4 oeommundpage
(3a) showed a lost of hydroxyl groupdH) (page 47 in Appendix).

Y o A0, EN, o

o, o,
OEt DMAP.CH,Cl, g *
_—
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I
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N o) 9 UL N o
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0 o) © o O
o OEt = y OEt /% OEt
)J\O @®N o' INZ o) 0)
N3 ‘ _ N3 -H* | _— 1\;3
(3a) 8 N (©)

Scheme 13Acetylationof Oseltamivir derivative3) andmechanism.

New oseltamivir derivative 3b) was synthesized by reduction azido group of
compound(3a) with zinc dustto give 65% yield Analysis of'H NMR showed that the
reductionof Oseltamivirderivative 8a) showed in upfield shiftof H r om G 4. 91 t
and downfield shift of Kifrom 4.12 to 4.21 ppm (page 49 in Appendix). FTIR spectrum of
Oseltamivir derivative 3b) showed a lost of azido groupN{ N) and new peak amino

group ¢NHy) at 3D4 cm? (page 51 in Appendix).
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o, .0,
OEt_EOH:H,0  j
AcO" 65% AcO"
N, NH,

(3a) 3b)

Zn + 4NH,Cl—= [Zn(NH,),]Cl, + 2HCIH+H,

Y o Y o Y o
o, o, o,
OEt OEt g OEt
AcO" Y ® o AcO" 7 4N izn(NH), ACO” D
N=N=N N-N=N N-N=N—Zn(NHy)
o, H,0 ¢ -N, o,
: OFt OFt OEt
AcO” AcO" AcO"
NH —
(3b)2 ﬁ T‘\\"N
(H;N),Zn (H3;N),Zn—N

Scheme 14Reductionof compound3a) with zinc dustandmechanism.

Reduction of azido group otompound (3) with triphenylphosphinegave
Oseltamivir derivative3c) in 96% yield Analysis of'H NMR showed that theeduction
of Oseltamivir derivative3) showed in upfield shiftof H r om G 3. 7 7framo
3.86 to 3.19 ppm (page 53 in Appendix). FTIR spectrur@séltamivir derivative 3c)
showed a lost of azido grouy\N{ N) and new peak amino grouNH2) at 3267 crit (page
55 in Appendix).

3.

5



24

/Y\ )
o,
HO™ 96%
N;

o, H,0
OEt 0, OFt
HO" HO"
NH, N
I

(3¢ Y
PPh, Ph,P--

Scheme 15Staudinger reactioaf compound3) with PPk andmechanism.

Acetylation of hydroxybnd aminagyroup ofOseltamivir derivative3c) with acetic
anhydrideto afford Oseltamivir derivative3d) in 80% yield.Analysis of'H NMR showed
that the Acetylation oDseltamivir derivative3c) showed in downfield shift of Hfrom
ad 3. 597, Ht from 3.19 to 4.57 pprandnew CH9 Singlet at1.99and 2.11ppm
(page 57 in Appendix}3C NMR spectrum had a new carbon
ppm (page 58 in AppendixFTIR spectrum oDseltamivir derivative3d) showed a lost
of amino ¢(NH2) and hydroxyl {OH) group (page 59 in Appendix).

Y o Ac,0, EGN,

0. OEt DMAP,CH,CI,

HO"
NH,

(o)

80%

Scheme 16Acetylationof Oseltamivir derivative3c).
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Synthesis ofOseltamivir derivatives (4b), (4c) and (4d) (Scheme 1Y

o o o
/\(;\ Ac,0, Ei;N, /\0/\ Zn, NH,Cl1 /\O(\
OEt DMAP,CH,CI, OEt EtOH:H,0 OEt
N T 91% N3 I 35% H,N I
OH OAc OAc
(4) \_PPhy, THF (4a) (4b)
\;1%
o o
e A0 BN,
ﬁom DMAP,CH,Cl, ";Q)%Et
H,N™ 80% AcHN™ ™y
OH OAc
(4¢) (4d)

Scheme 17 Synthesis of Oseltamivir derivative4h), (4c) and @d).

Acetylation of hydroxyl group otompound(4) with acetic anhydridelelivered
compound(4a) in 91% vyield (Scheme 1). Analysis of 'H NMR showed that the
Acetylation of Oseltamivir derivative4) showed in downfield shift of Hrom 3.45 to
3.62, H from 3.69 to 4.95 and new GHSinglet at 2.15 ppm (page 65 in Appendi¥L
NMR spectrum had a new carbonyl group at

spectrum ofOseltamivir derivative4a) showed a lost of hydroxyl gropOH) (page 67

in Appendix).
/\(\ o
O//, ACzo, Et3N,
OEt DMAP,CH,CI,
N7y 91%
OH

Scheme 18Acetylationof compound4).

Oseltamivir derivative4b) was synthesized by reduction azido grouparhpound
(4a) with zinc dustto give 35% yield Analysis of'H NMR showed that theeductionof
compound4a) showed in downfield shiftofti 3. 62 t o 3. 82 V496d upf
to 4.00 ppm (page 69 in AppendiXfC NMR spectrum had a new
170.06 ppm (page 70 in Appendix). FTIR spectnfi@seltamivir derivative4b) showed
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a lost of azido groupKl N) and new peak amino growyNH2) at 3294 crit (page 71 in

Appendix).
Zn, NH,CI /\o(\ 0
O)L EtOH: H20 uH OEt
T 3w HN <H"
OAc
(4a) (4b)

Scheme 19Reductionof Oseltamivir derivative4a) with zinc dust.

Reduction of azido group ofcompound (4) with triphenylphosphine gave
Oseltamivir derivative4c) in 96% vyield Analysis of'H NMR showed that theeduction
of compound4) showed in upfield shiftof Mf r om G 3. 45 to 2. 90
H* from 3.69 to 3.75 ppm (page #BAppendix). FTIR spectrum @seltamivir derivative
(4c) showed a lost of azido grouyN( N) and new peak amino grouNH2) at 3267 crit
(page 75 in Appendix).

/\(\ o
%Q)LOE . PPhy, THF /\0(\
w
N H,

3 on 81% H,N

“4)

OH
(o)

Scheme 20Staudingereactionof compound4) with PPh.

Acetylation of hydroxyland aminayroup ofOseltamivir derivative4c) with acetic
anhydrideaffordedOseltamivir derivative4d) in 80% yield.Analysis of'H NMR showed
thatthe Acetylation ofOseltamivir derivative4c) showed in downfield shift of Hrom
2.90 to 4.12H*from 3.75 to 5.0@ndnew CH?1?2Singlet at1.97 and 2.0@pmppm (page
77 in Appendix)>C NMR spectrum had a new carbonyl
(page 78 in Appendix). FTIR spectrum ©Eeltamivir derivative4d) showed a lost of
amino ¢(NH2) and hydroxyl {OH) group (page 79 in Appendix).
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/\0/\ o Ac,0, Et;N,
”:@)Lom DMAP,CH,Cl,
H,N™ ™ 80%
OH
(4¢)

Scheme 21Acetylationof Oseltamivir derivative4c).

Anti -tyrosinase activity: Tyrosinase inhibition activity was determined by the
modified dopachrome methaing LLDOPA as a substratBriefly, in the 96well plates,

120 ¢l of 50 mM sodium phosphate buffer
tyrosinase (100 unisiL i n 50mM sodium phosphate buf:
compound solution dissolved in ethanol (a final concentration of 0.1 mg/mL) were mixed
and incubated at room temperature for 10 min.

The reaction was st at edORAyn 5ardM sodign 2 0
phosphate buffer (pH 6.8). The assay mixture was incubated at room temperature for 20
min. The amount of dopachrome produced in the reaction mixture was measured at 492
nm on a microtiter plate reader (Sunrise, Tecan). The percentage ofamhibityrosinase
activity was calculated as follows:

Inhibition (%) = (:B/A) x 100

Where A is the enzyme activity without inhibitor and B is the activity in presence

of inhibitor. Kojic acid was used as a reference standard. Every experiment was done in

triplicate.

Results of tryosinase inhibitory activity: Tyrosinasenhibition activity was
dertermined by the modified dopachrome method usiBPA as a substrate. Inhibitory
activity evaluation of Oseltamivir derivative)( (3b), (3c), (3d), (4b), (4c) and @éd)
indicated that compoun@) is more potent than compoun8c), however the degree of

inhibitor is not as good as the reference kojic acid. The results are illustr3iaiolen2



Table 1. Anti-tyrosinase activity of Oseltamivir derivatived ((3b), (3¢), (3d), (4b),

(40) and(4d).

Compound

% Inhibition at 1.0 mM

95.09+0.10

13.97+0.19

8.13+0.17

12.06+0.19

8.97+0.10

1.40+0.17

0.45+0.10

ACHN™ ™
OAc
(4d)

2.63+0.19
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CHAPTER 4
GENERAL CONCLUSION

Oseltamivir derivative§3b), (30), (3d) and four new$2), (4b), (4c) and(4d) were
synthesizedn this workin high yield. Oseltamivir derivatives was evaluated for anti
tyrosinase activity. If could be noted that the 4 or 5 dihydroxy group ocotleestructure

of Oseltamivir derivatives is important feyrosinase activity

29
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'H NMR and 13C NMR spectra of compounds
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Acquisition Parameter
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Acquisition Parameter Set Corrector Fill 79V
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Current Data Parameters
NAME

north AcO N3

Hz
Hz
sec

usec
usec

sec

EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20140206
Time 16.09
INSTRUM av300
PROBHD 5 mm BBO BB-1H
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 6172.839
FIDRES 0.094190
AQ 5.3084660
RG 80.6
DW 81.000
DE 6.00
TE 300.0
D1 1.00000000
= CHANNEL f1

Pl
PL1
SFO1

MHEz

F2 - Processing parameters

€
300.1299924
EM

0
0.30
a

1.00

MHz

Hz

1%



13C north AcO N3
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NAME north AcO N3
EXPNO @
PROCNO 1
F2 - Acquisition Parameters
Date 20140703
Time™ 12.28
INSTRUM av300
PROBHD 5 mm BBI 1H-BB
PULPROG zgdc
TD 32768
SOLVENT CDC13
NS 2048
DS 4
SWH 18115.941 Hz
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 8192
DW 27.600 usec
DE 20.00 usec
TE 300.0 K
Dl 1.00000000 sec
dll 0.03000000 sec
== CHANNEL fl ==
13C
14.20 usec
-1.00 dB

SFO1 75.4760505 MHz
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 18.60 dB
SF02 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677490 MHz
wWDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

o
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Acquisition Parameter Set Corrector Fill 79V
Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 150.0 V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 150.0 V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 450V Set Flight Tube 9000 V
Hexapole 1 243V Set Detector TOF 1910V
Intens. +MS, 0.2-0.2min #(12-13)
x10% 362.1691
2.5]
2,07
15
1.0
0.51 679.3733
226.1053 314.1951 ey
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north AcO NH2
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Department of Chensistry

Current Data Parameters

NAME north AcO NH2
EXPNO 8
PROCNO 1

F2 - Acquisition Parameters
Date 20140708
Time 12.34
INSTRUM av300
PROBHD 5 mm BBI 1H-BB
PULPROG zg30

TD 32768
SOLVENT CcDC13

NS 16

DS 2

SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2,6542580 sec
RG 128

DW 81.000 usec
DE 6.00 usec
TE 300.0 K
Dl 1.00000000 sec

CHANNEL £

=1.0
300.1318534 MHz

F2 - Processing parameters
32768

SI 276
SF 300.1299995 MHz
wWDwW EM
S5B 0
LB 0.30 Hz
GB 0
PC 1.00

6V



C1l3 north AcO NH2

I W/ WY

Current Data Parameters

NAME north AcO NH2
EXPNO 6
PROCNO 1
//”\\T//\\\ fe) F2 - Acquisition Parameters
Date_ 20140315
O, Time 12.09
2
K OEt INSTRUM av300
PROBHD 5 mm BBO BB-1H
. PULPROG zgdc
N TD 32768
AcO SOLVENT CDC13
NH2 NS 560
DS 4
SWH 18115.941 Hz
3b FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 10321.3
DW 27.600 usec
DE 20.00 usec
TE 300.0 K
D1 1.00000000 sec
dil 0.03000000 sec
CHANNEL f1 ==
13C
7.00 usec
-2.00 dB
75.4760505 MHz
== = CHANNEL f2 =
CEDPRG2 waltzlé
NUC2
PCPD2 100.00
PL2 =lg
PL12 16.30 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
SF 75.4677490 MHz
1 wDw no
SSB 0
LB 0.00 Hz
GB 0
PC 1.40
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Acquisition Parameter Set Corrector Fill 79V
Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 130.0V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 90.0V Set Reflector 1300 V
Scan End 3000 m/z Skimmer 1 455V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 1910V
Intens. +MS, 0.1min #(8)
x10° 336.1781
37
2_
14
184.9926 226.1029 272'[1824 [
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north OH NH2
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\M\V/ Current Data Parameters
NAME north OH NH2
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date 20140326
Time™ 14.44
INSTRUM av300
PROBHD 5 mm BBO BB-1H
(0] PULPROG zg30
O 65536
2, SOLVENT CDC13
OEt NS 16
DS 2
" SWH 6172.839 Hz
HO" FIDRES 0.094130 Hz
AQ 5.3084660 sec
NH, RG 322.5
} // / / / DW 81.000 usec
3c DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
= CHANNEL £1
V! 1H
2% 11.80 usec
PL1 -1.50 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
SI 32768
SF 300.1300038 MHz
wow no
S5SB 0
LB 0.00 Hz
GB 0
L PC 1.00
T T T T T T T T T T T
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13C n.TMF aziridine(1)

Department of Chonistes

Current Data Parameters
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NAME n.TMF aziridine(1)
EXPNO 2
PROCNO a

F2 - Acquisition Parameters
Date 20121220
Time™ 15.07
INSTRUM av300
PROBHD 5 mm BBO BB-1H
PULPROG zgdc

TD 32768
SOLVENT CDC13

NS 256

DS 4

SWH 18115.941 Hz
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 20642.5

DW 27.600 usec
DE 20.00 usec
TE 300.0 K
D1 1.00000000 sec
dll 0.03000000 sec

== CHANNEL f2 ===

CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 -1.50 dB
PL12 16.30 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768

SF 75.4677440 MHz
WDW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40

1]



120.0

US>

105

o s )
\ / N ,,\\/\ J‘f\
X\
100 \

\ A
\‘ \\
\ | 'J \I' \ //\'\\
L | | \ \ ‘
- ‘\J'ﬁ‘ 1 !\ W
12876 1660 P
\ 1383 / /'\ {
90 2926 ‘ 1305 f
2966 1438 \/ \/
| ’ ﬂ/
85 ‘ 1183 1
i | 108%
[ J 1119 t
% /\O(\ o 1714 V' 1056
%'Q)‘\oa 1254
75
HO"
NH,
700/ 3¢ : :
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000.0
em-1
FTIR spectrum of compoun8c

GS



Acquisition Parameter

Set Corrector Fill 79V

Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 90.0V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 90.0V Set Reflector 1300 V
Scan End 3000 m/z Skimmer 1 455V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 1910V
Intens. ] +MS, 0.2-0.2min #(12-13)
x105] 272.1861
Z:5
2.0
1.53
1.04
0.5: 184.0962
0.0 138.0559
) - 400 150 200 250 300 350 400 450 " miz
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north AcO NHAc

Current Data Parameters

NAME north AcO NHAc
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20140316
Time 14.13
/ / ) INSTRUM av300

j- f - f / PROBHD 5 mm BBO BB-1H

PULPROG zg30
/\|/\ o ™ 65536
SOLVENT cpcl3

%, D

OEt SWH 6172.839 Hz

. FIDRES 0.094190 Hz
“ AQ 5.3084660 sec

AcO RG 90.5

NHAc oW 81;000 usec
DE 6.00 usec

3d TE 300.0 K
Dl 1.00000000 sec

Pl 11.80 usec
PL1 -1.50 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
SI 32768
SF 300.1299898 MHz
WDW no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00
T
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13C north AcO NHAc
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Current Data Parameters

NAME north AcO NHAc
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140317
Time 9.48
INSTRUM av300
PROBHD 5 mm BBO BB-1H
PULPROG zgdc
TD 32768
SOLVENT CDC13
NS 512
DS 4
SWH 18115.941 Hz
FIDRES 0.552855 Hz
AQ 0.5044468 sec
RG 6502
DW 27.600 usec
DE 20.00 usec
TE 300.0 X
D1 1.00000000 sec
dll 0.03000000 sec
CHANNEL f1 =
13c
7.00 usec
-2.00 dB

75.4760505 MHz

- = CHANNEL f2

CPDPRG2 waltzlé
NUC2 1H
PCPD2 100.00 usec
PL2 -1.50 dB
PL12 16.30 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
ST 32768

SF 75.4677490 MHz
wWDwW EM
SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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Acquisition Parameter Set Corrector Fill 79V

Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 130.0V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 90.0V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 455V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 1910V
Intens. | +MS, 0.2min #(12)
x104 378.1894
6<
4
2 296.1821
= L iy 1 : L Ly L 3 i ¢ AR ; ‘ L -
100 200 300 400 500 600 m/z
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north N3 OH
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Current Data Parameters

NAME north N3 OH

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20150409

Time 11.34

INSTRUM av300

PROBHD S5 mm BBI 1H-BB

PULPROG 2930

TD 32768

SOLVENT CDC13

NS 16

Ds 2

SWH 6172.839 Hz

FIDRES 0.188380 Hz

AQ 2.6542580 sec

RG 128

ow 81.000 usec

DE 6.00 usec

TE 300.0 K

Dl 1.00000000 sec
== CHANNEL fl ==

1H
Pl 7.80 usec
PL1 -1.00 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
SI 32768
SF 300.1300033 MHz
wWow no
SSB 0
LB 0.00 Hz
GB 0
PC 1.00

T9



north N3 OH
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Current Data Parameters

NAME north N3 OH
EXPNO @
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140628
Time 7.00
INSTRUM av300
PROBHD 5 mm BBI 1H-BB
PULPROG zgdc

TD 32768
SOLVENT CDC13

NS 24576

DS 4

SWH 18115.941
FIDRES 0.552855 Hz
AQ 0.9044468 sec
RG 4096

DW 27.600 usec
DE 20,00 usec
TE 300.0 K
D1 1.00000000 sec
dll 0.03000000 sec

CHANNEL £

-1.00 dB
75.4760505 MHz

F2 - Processing parameters
32

SI 768
SF 75.4677490 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40

29
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Acquisition Parameter Set Corrector Fill 79V

Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 130.0V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 90.0V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 455V Set Flight Tube 9000 V
Hexapole 1 250V Set Detector TOF 1910V
Intens. +MS, 0.3-0.3min #(18-20)
x105] 320.1589
4]
3.
2] 378.1948
- 272.1835
] 184.0987
1380587 | LS W :
100 150 200 250 300 350 400 450 500 miz

Massspectrum of compoundl
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north N3 OAc
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Department of Chemistry

Current Data Parameters

NAME north N3 OAc
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140925
Time 17.51
INSTRUM av300
PROBHD 5 mm BBI 1H-BB
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 16

Ds 2

SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 101.6

oW 81.000 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
wmnsunus CHANNEL fl wesumwss
NUC1

Pl usec
PL1 dB
SFO1 MHz
F2 - Processing parameters
sI 32768

SF 300.1300013 MHz
wDwW no

SSB 0

LB 0.00 Hz
GB 0

PC 1.00

G9



C13 north N3 OAc

0~ ~ =
Sy 2 « a2 ETNEY Pl Current Data Parameters
28 5 8 drrewdgd Gens < < e AEERR Ne oA
- - - O~~~ 00 NNNN ~ o EXPNO 3
PROCNO 1
W/// \V/ F2 - Acquisition Parameters
Date 20140926
Time™ 8.02
INSTRUM av300
PROBHD 5 mm BBI 1H-BB
PULPROG zgdc
TD 32768
SOLVENT CDC13
NS 26624
DS 4
/\|/\ o Sk 18115.941 Hz
FIDRES 0.552855 Hz
o, AQ 0.9044468 sec
" RG 8192
OEt DW 27.600 usec
DE 20.00 usec
N3 - TE 300.0 K
F D1 1.00000000 sec
OAc dil 0.03000000 sec
== CHANNEL f1
4a 13
13.60
-1.00
75.4760505
CHANNEL f£2
waltz1l6
1H
80.00 usec
-1.00 dB
PL12 16.40 dB
SFO2 300.1312005 MHz
F2 - Processing parameters
SI 32768
J SF 75.4677441 MHz
J 1 1 wow EM
SSB 0
LB 1.00 Hz
GB 0
T T I I T T I T T T T 1 PC 1.40
220 200 180 160 140 120 100 80 60 40 20 ppm

13C NMR spectrum of compourdh
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Acquisition Parameter

Set Corrector Fill 79V

Source Type ESI lon Polarity Positive Set Pulsar Pull 406 V
Scan Range n/a Capillary Exit 150.0 V Set Pulsar Push 388V
Scan Begin 50 m/z Hexapole RF 150.0 V Set Reflector 1300V
Scan End 3000 m/z Skimmer 1 450V Set Flight Tube 9000 V
Hexapole 1 243V Set Detector TOF 1910V
Intens +MS, 0.2min #(12)
x106 362.1695
0.81
0.6
0.4
g2
405.I1858 701.3528
100 " 200 a0 500 600 700 miz

Massspectrum of compoundia
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north NH2 OAc
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Current Data Parameters

NAME north NH2 OAc
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20150630
Time 14.07
INSTRUM av300
PROBHD S5 mm BBI 1H-BB
PULPROG zg30
D 32768
SOLVENT cDC13
NS 16
DS 2
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec

300.1318534 MHz

F2 - Processing parameters

32768
300.1300035 MHz
no
0
0.00 Hz
0

1.00

69



13C NMR spectrum of compourdb

0L



