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Téng hop chon loc 1ap thé tubuphenylalanine axit (Tup) cta tubulysin
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Abstract

A highly stereoselective synthesis of tubuphenylalanine fragment (9) of tubulysin is described with the key step of
Wittig condensation reaction and stereoselective hydrogenation of double bond. The desired product was confirmed by

1D and 2D-NMR spectroscopies.
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1. DPAT VAN BPE

Tubulysin 1a nhdm céc tetrapeptide thién nhién
(hinh 1), dugc Hofle va Reichenbach phan lap tu
niém khuan (myxobacteria) Archangium gephyra va
Angiococcus disciformis [1]. Tubulysin thu hat dugc
rat nhiéu su quan tam tir c4c nha héa hoc do cac hoat
tinh sinh hoc ly tha caa ching. Céac nghién ciru cho
thdy tubulysin thé hién hoat tinh tc ché qua trinh
phan bao vuot troi hon so véi cac hop chat thién
nhién di dugc biét dén. So véi cac chat nhu:
epothilone, vinblastine va taxol, tubulysin thé hién
duoc hoat tinh doc té bao manh hon gap 20 dén 100
lan [2, 3] Céc nghién cau chung minh tubulysin trc
ché qué trinh polyme hoa cac tubulin, dan dén sy
chét cua té bao [4]. Do d6, tubulysin duoc xem la
d6i tuong nghién ctru day hira hen cho viéc nghién
ctu va phat trién thudc chéng ung thu méi. Vé mat
ciu trac, tubulysin 13 peptide mach thiang chta céc
don vi amino axit hiém gip nhu N-metyl-D-
pipecolic axit (D-Mep), L-isoleucine (lle),
tubuvaline (Tuv) va tubuphenylalanine (Tup).
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Hinh 1: Mot sb cau triic caa tubulysin

Nghién ctru tong hop vé amino axit Tup va Tuv
gap rat nhiéu kho khin do ¢ cac trung tam bit ddi
trong phan tir, khd phan lap bang sic ky cot dé thu
duoc san pham la dong phan quang hoc mong muén.
Trong bai bdo nay ching toi tién hanh tong hop
amino acid Tup qua cac budc phan tng ngung tu
Wittig, tao este vai ancol bat d6i menthol rdi tach
san pham bang cot sic ky silica gel thuong. San
pham thu duogc c6 do chon loc 1ap thé cao.

2. THUC NGHIEM
2.1. Hoéa chit va thiét bj

Cac tac nhan phan (ng dwoc mua tir héng
Aldrich-Sigma. Dung méi chay cot dugc cit trudc
khi sir dung. Sac ky 16p mong (SKLM) sir dung ban
mong nhém trang san silicagel 60GFs,. Sic ky cot
st dung chit hip phu 1a silica gel Merck c¢& hat
0,040-0,063 mm. Phé cong hudng tir hat nhan 'H- va
BC-NMR do trén may Bruker Avance-500 MHz,
chat noi chuan l1a TMS cho 'H- va tin hiéu dung moi
cho *C-NMR. Hing s tuong tac (J) duoc biéu didn
bang Hz.

2.2. Quy trinh téng hep

N-(tert-Butyloxycarbonyl)-L-phenylalanine metyl
este (2)

Han hop phan tng gém L-phenylalanine metyl este
hydroclorit (500 mg, 2,3 mmol) va NaHCO; (385
mg, 4,6 mmol) trong hon hop dung méi THF/H,O
(1/4) dugc thém dung dich Boc,O (600 mg, 2.75
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mmol) trong THF (4 mL). Hon hop phan tng duoc
khuay o nhiét ¢6 phong khoang 18 gid rdi duoc
chiét voi EtOAc (2x50 mL). Dich chiét dugc lam
khan véi Na,SO, va dung méi dugc cét loai dudi ap
suat giam thu duoc san pham 2 (600 mg, 94 %), la
chat long khong mau. Ry = 0,47 (hexan/EtOAc; 4/1).
'H-NMR (500 MHz, CDCls) § ppm: 7,31-7,22 (m,
3H), 7,12 (d, J = 7,1 Hz, 2H), 4,98 (brs, 1H), 4,59
(d, J = 7,0 Hz, 1H), 3,71 (s, 3H), 3,13-3,02 (M, 2H),
1,41 (s, 9H). ®C-NMR (125 MHz, CDCl;) ¢ ppm:
172,3; 155,0; 136,0; 129,2; 128,5; 127,0; 79,9; 54,4,
52,1; 38,3; 28,3.

N-(tert-Butyloxycarbonyl)-L-phenylalaninol (3)

Metyl este 2 (250 mg, 0,89 mmol) trong MeOH (10
mL) dugc thém NaBH, (135 mg, 3,56 mmol). Hon
hop phan ung dugc khuay & nhiét do phong 18 gio.
Dung mdi dugc quay cat dén khd va san pham ran
duoc thém H,0 va axit héa vsi HCI (5 %) & 0-5 °C.
San pham ran mau tring tao thanh duoc loc, rira va
sdy kho thu dugc san pham N-(tert-butyl-
oxycacbonyl)-L-phenylalaninol 3 (215 mg, 96 %). R;
= 0,26 (Hexane/EtOAc; 2/1). *H-NMR (500 MHz,
CDCl3) 6 ppm: 7,31 (t, J = 7,5 Hz, 2H), 7,22 (t, J =
7,5 Hz, 3H), 4,78 (d, J = 4 Hz, 1H), 3,86 (brs, 1H),
3,65 (dd, J = 3 Hz, 11 Hz, 1H), 3,54 (dd, J = 3 Hz,
11 Hz, 1H), 2,83 (d, J = 14,5 Hz, 2H), 1,41 (s, 9H).

(S)-tert-Butyl(1-oxo-3-phenylpropan-2-yl)-
cachamat (4)

Dung dich huyén phu N-(tert-butyloxy-carbonyl)-L-
phenylalaninol (200 mg, 0,8 mmol) va IBX (672 mg,
2,4 mmol) trong EtOAc dugc dun hdi luu 5 gio.
Phan tng dugc dua vé nhiét do phong va chat rin
khong tan duoc loc bo. Dich loc duoc quay cat dén
khé thu dugc san pham 4 (187 mg, 94 %), |a chat
long mau vang nhat. R¢ = 0,32 (hexan/EtOAc; 4/1).
'H-NMR (500 MHz, CDCl3) 6 ppm: 9,64 (s, 1H),
7,37-7,28 (m, 3H), 7,20-7,17 (m, 2H), 5,04 (s, 1H),
4,44 (d, J =7 Hz, 1H), 3,13 (d, J =7 Hz, 2H), 1,41
(s, 9H).

(S,E)-Etyl-4-((tert-butoxycarbonyl)amino)-2-
methyl-5-phenylpent-2-enoate (5)

Aldehit 4 (250 mg, 1 mmol) trong DCM (10 mL) 6 0
°C dugc thém NaH (36 mg, 1,5 mmol). Hon hop
phan tmg dugc khudy & 0 °C thém 1 gio va dung
dich trietyl-2-phosphonopropionat (375 mg, 1,5
mmol) trong DCM (4 mL) dwgc thém vao. Hon hop
phan tmg dugc khudy & nhiét do phong thém 12 gio
va dung mdi duoc quay cit dudi ap suat giam. San
pham sach 5 (250 mg, 75 %), la chat rin mau tring,
thu duoc qua sic ky cot silica gel (hexan/EtOAC;
6/4). "H-NMR (500 MHz, CDCl3) 6 ppm: 7,28 (t, J
=75Hz 2H), 7,17 (t, J = 7,5 Hz, 3H), 6,51 (dd, J =
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1 Hz, 9 Hz, 1H), 4,65 (brs, 1H), 4,59 (brs, 1H), 4,20
(9, J = 7 Hz, 2H), 2,90 (dd, J = 3 Hz, 11 Hz, 1H),
2,78 (dd, J = 3 Hz, 11 Hz, 1H), 1,70 (s, 3H), 1,40 (s,
9H), 1,28 (t, J = 7 Hz, 3H). ®*C-NMR (125 MHz,
CDCl3) 6 ppm: 167,8; 154,9; 136,7; 129,5; 128,8;
126,9; 60,7; 41,2; 28,3, 14,2.

(S,E)-4-((tert-Butoxycacbonyl)amino)-2-metyl-5-
phenylpent-2-enoic axit (6)

Este 5 (150 mg, 0,45mmol) trong THF/H,O (2/1; 5
mL) duoc xir ly véi LiOH (43 mg, 1,8 mmol), Hon
hop phan tng khudy & nhiét do phong 20 gio va
dung méi duoc quay cat dén khd. San pham hoa tan
trong nuéc va axit hda véi HCI (5 %). Két tua tao
thanh dugc loc, rira véi H,0 va say kho thu dugc san
pham axit 6 (110 mg, 80 %) la chat ran mau trang. Ry
= 0,18 (hexan/EtOAc; 2/3). 'H-NMR (500 MHz,
CDCl3) 0 ppm: 7,28 (t, J = 7,5 Hz, 2H), 7,22 (t, J =
7.5 Hz, 1H), 7,17 (d, J = 7,5 Hz, 2H), 6,64 (d, J =8
Hz, 1H), 4,65 (brs, 1H), 2,93 (dd, J = 3 Hz, 11 Hz,
1H), 2,78 (dd, J = 3 Hz, 11 Hz, 1H), 1,68 (s, 3H),
1,41 (s, 9H). *C-NMR (125 MHz, CDCl3) § ppm:
172,6; 142,6; 136,6; 129,5; 126,8; 41,1; 28,3; 12,3.

(S,E)-(1R,2S,5R)-2-1sopropyl-5-metylcyclohexyl -
4-((tert-butoxycacbonyl)-amino)-2-methyl-5-
phenyl-pent-2-enoate (7)

Han hop phan tng gdom dicyclohexylcachodiimide
DCC (253 mg, 1,23 mmol), axit 6 (250 mg, 0,82
mmol), menthol (153 mg, 0,98 mmol) va DMAP (2
mg, 0,01 mmol) trong DCM (6 mL) dugc khudy &
nhiét do phong 16 gio. Sau khi phan tng két thuc,
két tua trang tao thanh duoc loc bo. Dich loc duoc
quay cit dudi &p suat thdp va san pham thé duoc
tinh ché trén cot silica gel (hexan/EtOAc: 5/1) thu
duoc san pham este 7 (302 mg, 83 %), la chat long
khoéng mau. R;= 0,28 (hexan/EtOAc; 5/1). *H-NMR
(500 MHz, CDCls) ¢ ppm: 7,33-7,25 (m, 3H), 7,19-
7,16 (m, 2H), 6,49 (dd, J = 9, 0,9 Hz, 1H), 4,77-4,51
(m, 3H), 3,01-2,90 (m, 1H), 2,89-2,77 (m, 1H), 2,07-
2,01 (m, 1H), 1,93-1,83 (m, J = 2,5 Hz, 1H), 1,74-
1,69 (m, 5H), 1,44-1,40 (m, 11H), 1,34-129 (m,
1H), 1,12 (m, 2H), 0,95-0,89 (m, 8H), 0,79 (d, J = 7
Hz, 3H).

(2S,4R)-(1R,2S,5R)-2-1sopropyl-5-metyl-
cyclohexyl-4-((tert-butoxycacbonyl)amino)-2-
methyl-5-phenyl-pentanoat (8)

Alken 7 (200 mg, 0,45 mmol) va Pd/C (10 mg, 5
%wt) trong hon hop dung moi EtOAc/MeOH (2/1;
12 mL) duoc khudy dudi &p suat khi quyén H, trong
thoi gian 48 gio. Hon hop phan tng duoc loc loai bo
Pd/C. Dung méi duoc quay cat dudi ap suat giam,
san phim thoé dwoc tinh ché trén cot silica gel
(hexan/EtOAc; 85/15) thu duoc san phdm chinh 8
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(160 mg, 80 %), la chéat ran mau tring. ‘H-NMR
(500 MHz, CDCls) ¢ ppm: 7,28 (t, J = 7,5 Hz, 2H),
7,22 (t, J =75 Hz, 1H), 7,17 (d, J = 7,5 Hz, 2H),
4,66 (td, J = 11, 4,5 Hz, 1H), 4,34 (brs, 1H), 3,87
(brs, 1H), 2,77 (m, 2H), 2,55 (m, 1H), 2,02 (d, J =
12 Hz, 1H), 1,85 (m, 2H), 1,69-1,65 (m, 2H), 1,49-
1,46 (m, 13H), 1,28 (s, 3H), 1,15 (d, J = 7,0 Hz, 3H),
1,12-1,02 (m, 2H), 0,98-0,84 (m, 9H), 0,77 (d, J =
7,0 Hz, 3H). ®C-NMR (125 MHz, CDCl;) § ppm:
175,6; 142,6; 137,9; 129,6; 128,3; 126,3; 74,1; 47,1;
40,8; 36,7; 34,33; 31,4; 29,7; 28,4; 26,2; 23,3; 22,0;
20,8; 16,2.

(2S,4R)-4-Amino-2-metyl-5-phenylpentanoic acid
hydroclorit (9)

Este 8 (200 mg, 0,45 mmol) trong hon hop 5N HCI (2
mL) va AcOH (0,5 mL) dugc dun ¢ nhiét d6 110 °C
trong thoi gian 2 gio. Hon hop phan tmg dugc pha
lodng véi H,O va chiét véi Et,0. Dich nude duoc cd
quay dén kho thu dugc san pham mudi ran 9 (107 mg,
98 %). 'H NMR (500 MHz, D,0) 6 ppm 7,38-7,24
(m, 5 H), 3,54 (qt, J = 7 Hz, 1H), 2,98 (dd, J =14, 6,5
Hz, 1H), 2,85 (dd, J = 14, 7,5 Hz, 1H), 2,61 (app sxt,
J = 7,0 Hz, 1H), 1,96 (ddd, J = 15,0, 8,5, 6,0 Hz,

NH,*HCI NHBoc
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-
BAS
OH o
or
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Tong hop chon loc ldp thé...
1H), 1,71-1,62 (m, 1H), 1,11 (d, J = 7,0 Hz, 3H).
3. KET QUA VA THAO LUAN

Phan @ng tong hop tubuphenylalanine axit (Tup)
st dung L-phenylalanine metyl este hydroclorit 1
lam nguyén liéu dau. Nhém chic amino trudc hét
dugc bao vé v6i Boc biang phan ung Véi
Boc,0/NaHCO; trong THF thu dugc san pham
N-(tert-butyloxycacbonyl)-L-phenylalanine  metyl
este 2 [5]. Este 2 dwoc chuyén héa thanh andehit 4
qua hai budc phan tng lién tuc. Phan tng khir hda 2
véi NaBH, trong MeOH & nhiét d6 phong trong thoi
gian 18 gio thu duoc hop chat N-Boc-phenylalaninol
3 (96 %) [6]. Su chuyén héa nhém hydroxy thanh
aldehit st dung tdc nhan oxi hdéa Dess—Martin
periodinane (DMP) dudi diéu kién hoi luu trong cac
dung méi hiru co (DCM, EtOAc) hoac DMSO ¢
nhiét d6 phong; hoac sir dung tdc nhan oxi hda 2-
iodoxybenzoic axit (IBX) trong DCM hoac EtOAc
hoi luu [7]. Két qua cho thay phan ing sir dung IBX
cho higu suét cao nhat (94 %) va san pham andehit
dugc dung cho phan ung tiép theo ma khdng can
tinh ché qua cot sic ky.

NHBoc NHBoc

g o] f
- -
N o . ~COOH
NHBo« NHBoc

9 8 7 6
Sor do6 1: Cac tac nhan va diéu kién phan ung: (a) Boc,0, NaHCOs;, THF, rt, 16 h, 94 %. (b) NaBH,, MeOH,
rt, 18 gio, 96 %. (c) IBX, EtOAc, reflux, 4 gid, 94 %. (d) NaH, trietyl-2-phosphonopropionat, THF, rt,
14 gio, 75 %. (e) LiOH, THF, rt, 80 %. (f) DCC, DMAP, menthol, DCM, rt, 18 gio, 83 %. (g) H./Pd/C,
EtOAc/MeOH (2/1), 80 %. (h) HCI/AcOH, 110 °C, 2 gio, 98 %

Su ngung tu cua andehyt 4 véi trietyl-2-
phosphonopropionat theo diéu kién phan tng
Horner-Wadsworth-Emmons v6i su ¢6 mét cua NaH
trong dung mdi THF & nhiét do tir 0-25 °C trong thoi
gian 14 gio. Phan ung dat hiéu suit 75 %. Bing
phuong phép phd cong hudng tir hat nhan 2 chiéu
(NOESY), san phim ngung tu etyl-4-((tert-
butoxycacbonyl)amino)-2-metyl-5-phenylpent-2-
enoate 5 (75 %) duoc khang dinh 13 vu tién véi cau
hinh E (ty 18 E/Z =~ 92/8; dua vao sic ky cot va phd
'H-NMR). DPéi véi cic quy trinh téng hop
tubuphenylalanin axit (Tup), mét trong nhitng kho
khin nhat thuong gap phai 14 su phan tich cac dong

phan quang hoc khéng d6i quang (R,S) khoi dong
phan (R,R). Pé thu san pham Tup c6 d6 sach quang
hoc cao, chat 5 dugc hydro hoa véi xiic tac Pd/C (5
%wt) trong dung moi EtOAc/MeOH (2/1) & nhiét do
phong 48 gio. Cac san phim ddng phan thu duoc
khong thé tach dugc bang sic ky cot thuong. Do do,
hop chit no hoa duoc thuy phan nhom etyl tao axit
trung gian va dugc phan rng este hdéa véi menthol
trong DCC/DMAP. Sin pham este hda sau khi tinh
ché trén cot silica gel dat hi¢u suat 68 %, ty 1¢ gila
cac ddng phan 1a 2/1 (dua trén khéi luong san phim
thu dugc). Theo hudng phan ung khac, este 5 trude
hét dugc xtr Iy véi LiOH trong THF/H,O & nhiét d6
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phong 36 gid thu dugc san pham 6 (80 %). Sau do,
chat 6 dugc phan tmg véi menthol va DMAP/DCC.
San pham este 7 (83 %) duoc hydro hoa véi xuc tac
Pd/C (5 %wt) ¢ nhiét d§ phong trong 48 gio. Sau khi
tinh ché trén cot silica gel (hexan/EtOAc: 85/15),
téng san phém thu duoc dat hiéu suat 80 %, trong do
dong phan mong mudn 8 (S,R) chiém 75 % (ty 1&
3/1). Hop chét 8 duoc xir 1y véi hdn hop cua axit
HCI/AcOH & nhiét do 110 °C trong 2 gio thu dugc
san pham 9 (98 %).

4. KET LUAN

Pi tién hanh nghién cau tong hop
tubuphenylalanin axit (Tup), mot amino axit trong
phan tir tubulysin véi do chon loc 1ap thé cao. Axit
thu duoc s& phuc vu cho su gan két voi cac amino
axit khac dé tao thanh céc san pham tubulysin khac
nhau.

Loi cam on. Nghién cizu nay duoc tai tro boi Quy
Phat trien khoa hoc va cong nghé Quoc gia
(NAFOSTED) trong dé tai ma so 104.01-2015.47.
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