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Abstract

Chemical modification is an essential approach to make antisense oligonucleotides drug-like mo-
lecules. In this paper, we report the synthesis of C4'-CF3;-a-L-deoxythymidine phosphoramidite.
The synthesis started from the known compound 1, which was efficiently transformed to benzyla-
tion protected C4'-CFs-B-L-deoxythymidine 5a and C4'-CFs;-a-L-deoxythymidine 5b in four steps.
Debenzylation of 5b using PdCl./H; afforded C4'-CF3;-a-L-deoxythymidine 6. Based on 1D 1H, 13C,
19F and 2D NOESY NMR spectra, the structures of 5a, 5b and 6 were unambiguously characterized.
Compound 6 was converted to the phosphoramidite in two routine reaction steps, and the struc-
ture of target product 8 was confirmed by 'H NMR spectrum, 31P NMR spectrum, and ESI-MS high
resolution mass spectrometry.
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(S)-1,3- = (FEE)-4-(1,3- "8 ki-2-8) T -2-Fi N E R, &4 kM, BRFERFHICA'-CF;-B-L-B
S B 5af1C4'-CF3-a-L- B E W 5b. AR5 SIS R SRR, $]78C4'-CF3-a-L-
e 6. B RILIRHME ., BCRE. VFIEA —4ENOESYiZ, 4\ T 5a, Shfl6rIZH L KkCcea'fict
KR, 23 FBERRN, K63 NCA' -CFs-a-L- i 8 T WHBEBL LS8, F-{8f1HiE, 31Pi%, ESI-MS
B REFERE T R& B8 &1 IER .

K §Eia
B, KRB, &/ C4'-CFs-a-L-BiEmE
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1. 5|8

RZIR[1 /2 fa e 5 H RNA (28 mRNA)GRIE T AMICRT, SHEIEFVIERE R DNA F B R X
Wl iE 1t Watson-Crick B8 Fe 6 HE U 5 #EFR mRNA 25572 % RNA-DNA 4252 X[ 2], RNase H BfE 1511
IR AE A, R AR mRNA B, IAFH0 ] i AR mRNA FIAM HR[3]. HT R R
RERE A PR BRI RIE, IR AR 2 — KA AT . RIRI R SUIZ IR 2 20 1R J LK PG
—RMECAIE AN E[4], R G WALIRBEREMR[S], =& T AE T ARV AE M S RN [6]. B A2 I
LR A YE BT B, =T 52 S RiE v R B H, 78 U IRBE 5| N =3 R L A
AR I I 2 e SRR ) 20 PRe s PE A DU BRI AR s V[ 7] EASSCHIBE e, HRIB s 1 BroR i & ok
LI ET CA'-CFs-a-L- it S8 00 B ML S A, Dy Ja 30 [ AH & BT V2 R L 51N 31 s UL IR B
o, R A IR T T

2. SEEGER4y
2.1. SRR E{UES

2.1.1. REHH

JERE(S)-1,3- (R EIE)-4-(1,3- e -2-38) T -2-Fiid i AN EE 48] H O & Bl %5« CHLCly, i T,
LWR T, ToKHEE, e, NaCl, NaHCOs;, MgSO,, NaOH, Na,S,0;, PAEMREN AR X ik
FEE s BERRET, MREETI A GRS A RIS s Z(99.9% 88 TV 75, 5 4r1-0), 2~ ik 2R H
B, BEES, WEWEK, gL, PLEMNA RBA RS WERELE, M Sharing Technbologies Co.,
Let JW3K; =M, PUAM, MAbsEm8iRHb THRA A XE; Dess-Martin A 4L7), CF;SiMe;,
1RAE, N-JRARBEHIME WG, — Wb =5 IR ES, 4,4 X H A=K -G, NN-ZRNE O,
DA EMAC R VR A BR A m % s DU IE T HEmifess, Ay BUB B ERH AR AR K N,O-X(=
L FRRE e 0 ) - bR, M\FE SR KSEIR = A ARAE B O W K 2-F 258 NN- R S-SRk Wiz, M
TE LRI ARAFIEE; AR, RANABESEARAFWEE; FENEECNE S AR 45~
) 300~400 HiEM .

2.1.2. SCIG{V S8
¥k H Bruker /A 5] AVANCE 400 8 SRR TEASCN € s WA BT 7E waters A & F) 2695 &= 3R AR
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AT A BT B B waters A ] 1 Xevo G2-XS Q-TOF Jii i A3l € o
22. XWHE

Dess-Martin
OH periodinane o i) CF3SiMes, 18 h; FsC. OH
BnoMs ICH,Cl, BnO\)J\/YS i) TBAF, r.t., 5 min BnO._ % S
65,—, s\j r.t., 30 min (:)Bn s\j (:)Bn S\j
1 79% 2 3a: R configuration, 13%
3b: S configuration, 52%
i) Thymine, N,O- Q
i) NBS,MeCN/H,0 FiC o bis(trimethylsilyl) FiC o NH
b i) Ac,O/Py OJQN‘OAC acetamide; JQK | /&
——————Bn
87.4% OB ii) TMSOTf/CHg,CN FsC o N 7O
n 80 °C, reflux, 3 h 4 1
4
OBn
5a: 42% 5b: 43%
Q o
NH
%A ) : Ty
N0 -Cyanoethyl N,N-diisopropylchloro 0
PdCly/H,/CH;0H FsC o phosphoramidite, DIPEA/CH,Cl,, FsC o N
b —————  —>
r.t., 30 min RO r.t.,, 30 min DMTrO
95% OH 75%
O\I?/O\/\CN

DMTr-CI/Py, 6:R=H
rm.’ 4);1 |:> 7: R=DMTr N
83% Y W/
Figure 1. Synthetic route of C4'-CF3-a-L-deoxythymidine phosphoramidite
[ 1. C4'-CF;-o-L- Bt B0 H I 40 R 52 (R A 5 AR RS 2 (B

&2 4 . iR B &1 1 g (2.7 mmol, 1 eq)i& T 11 mL JE7K CH,Cl,, I Dess-Martin 1.38
g (3.2 mmol, 1.2 eq)E IR M 1 h, TLC WM MEEWR G, MA 20 mL (1:4)FIHF1 NayS,05 i Wi AL A
NaHCO; A K R B, CHLCl, 2L, Jo7K MgSOy THEA WA, I8 IE T 7. 13 2P0~V R AL 2
HT(PE/EA = 15/1 — 13/1 — 10/1)5 2, 13 51 1% 3% 4 [ 14 2 858 mg (R;= 0.52, PE/EA = 5:1), 7% % 79%. 'H NMR
(400 MHz, CDCly): & (ppm) 7.31 (m, 10H, <(C¢Hs),), 4.57 (m, 2H), 4.50 (m, 2H), 4.41 (d, J = 18.0 Hz, 1H),
4.30 (m, 1H,), 4.26 (d, J=18.2 Hz, 1H), 4.07 (dd, J= 6.1 Hz, J = 8.8 Hz, 1H,), 2.74 (m, 4H), 2.22 (m, 2H), 1.94
(m, 2H).”C NMR (100.6 MHz, CDCLy): & (ppm) 208.3, 137.2, 128.6, 128.5, 128.2, 128.1, 128.0, 80.2, 73.4,
73.2,72.9,42.1,37.3, 29.0, 28.7, 25.8. HRMS (ESI-TOF) m/z: [M + H]"Calcd for C»,H,,05S, 403.1402; Found
403.1387.

G0 3b A . Ar (37, =ik R A9 2 192.3 mg (0.50 mmol, 1 eq)i& T 3.7 mL THF, #RJ5%%
&% N CF3SiMe; 220 pL (1.49 mmol, 3 eq), T 15°C& M 18 h, TLC Wl M4 43 4k i b 18l =4 )5
BN 497 pL DY T E A EE (1 M in THF, 1 eq), M5 min, TLC Wl b 8] 794 50 5 A0 B H bR
Ji» 1 mL CH3OH 2K XN, Jigz& THF 1 CH;OH, CH,CL B4, /K MgSO, T1&A A, Il e
T 152 =R A EHT(PE/EA = 60/1 — 30/1 — 20/1 — 15/1) 73 5, 43 E1R T Ll {4 3a 31 mg (R,=
0.32, PE/EA = 10/1), 73 52%F13b 122 mg (R, = 0.30, PE/EA = 10/1), 7“3 52%. 'H NMR (400 MHz,
CDCly): & (ppm) 7.37 — 7.30 (m, 10H, -(C¢Hs),), 4.85 (d, J=11.1 Hz, 1H), 4.68 (d, J = 11.0 Hz, 1H), 4.55 (dd, J
=12.2 Hz, J = 14.0 Hz, 2H), 4.27 — 4.24 (m, 1H), 4.00 (dd, J = 3.5 Hz, J = 10.9 Hz, 1H), 3.80 (d, J = 10.0 Hz,
1H), 3.60 (d, J=10.0 Hz, 1H), 3.48 (s, 1H), 2.83 —2.71 (m, 3H), 2.64 — 2.57 (m, 1H), 2.12 — 2.03 (m, 2H), 1.93

DOI: 10.12677/hjcet.2019.92020 139 e TREEHA


https://doi.org/10.12677/hjcet.2019.92020

F&K, EEE

— 1.81 (m, 2H). *C NMR(100.6 MHz, CDCl;): & (ppm) 138.2, 137.1, 128.6, 128.5, 128.1, 128.0, 127.9, 127.7,
125.4 (q, J = 287.8 Hz, -CF;), 76.96 (q, J = 25.5 Hz, -(CF3)Q), 75.8, 75.5, 73.8, 67.8, 43.3, 35.8, 30.0, 29.2,
25.9. HRMS (ESI-TOF) m/z: [M + H] Calcd for C,3H,3F;05S, 473.1432. 3b: 'H NMR (400 MHz, CDCl;) &
(ppm) 7.32 (m, 10H, -(C¢Hs),), 4.66 (dd, J = 11.3 Hz, J = 15.4 Hz, 2H), 4.56 (t, J = 8.3 Hz, 2H), 4.26 (dd, J =
3.1 Hz, J = 8.8 Hz, 1H), 3.99 (dd, J = 4.8 Hz, J = 10.0 Hz, 1H), 3.73 (dd, J = 10.3 Hz, J= 36.1 Hz, 2H), 3.52 (s,
1H), 2.72 (m, 4H), 2.23 (m, 1H), 2.02 (m, 2H), 1.84 (m, 1H)."*C NMR (100.6 MHz, CDCl;): & (ppm) 138.1,
137.1, 128.6, 128.5, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6, 126.1 (q, J = 287.2 Hz, -CF3), 76.5, 75.8 (q, J =
26.09 Hz, -(CF5)C), 74.6, 73.9, 67.3, 44.0, 36.8, 30.1, 29.6, 25.9. HRMS (ESI-TOF) m/z: [M + H]"Calcd for
Ca3HysF3058, 473.1432; Found 473.1458.

LAY 4 6 R FLH] 6 mL 80%1) CH;CN ¥, ¥ NBS 980 mg (5.5 mmol, 6 eq)¥Afi#, SILHL 5 mL
CH;CN L& 3b 431.7 mg (0.91 mmol, 1 eq). Ar {47 FF 5 CHKIEMR 3b iZi %] NBS H,
% 10 min, TLC MMl M 453 5, 6 mL MR Na,S,05 WAL K M, i CH;CN. A CH,Cl, %
B, FMAT NaHCO; i WBEANUA, Ba FHMAT NaCl e A MR, Tk MeSO, T4, Wk iE T
VR AR B R ) 5 T KIEBE LRI, T =i T 10 mL JosKmbnedr, R RSk R3] 0°C,
I 2 AR 2R HRETE R N Ac,0 0.33 mL (3.45 mmol, 11 eq). INSERJG, = M 2 h, TLC Yail v &5
WJE, TeAEMEE, A 4 mL %A NaHCO; WA K B, CH,Cl, ZHL, Jo7K MgSO, THA HIAH. %
BEFER, AF BRI YR A2 T2 B (PE/EA = 40/1 - 20/1 - 10/1), &35 A [ 7 4 338 mg (R, =
0.42, PE/EA = 10/1), 7= % 87.4%."H NMR (400 MHz, CDCl;): & (ppm) 7.36 — 7.32 (m, 10H, -(C¢Hs),), 6.36 (d,
J=5.2Hz, 1H, H1"), 4.67 — 4.53 (m, 5H, -(CH,),,H3"), 3.86 (d, J = 10.4 Hz, 1H, H5'), 3.73 (d, /= 10.4 Hz, 1H,
H5"), 2.53-2.46 (ddd, J = 5.4 Hz, J = 9.7 Hz, J = 15.1 Hz, 1H, H2'), 2.29 — 2.24 (m, 1H, H2"), 2.02 (s, 3H,
-CH;)."*CNMR(100.6 MHz, CDCl;): & (ppm) 169.8, 137.9, 137.4, 128.5, 128.4, 128.0, 127.6, 127.5, 124.5 (q, J
= 284.3 Hz, -CF;), 96.5, 86.0 (q, J= 28.2 Hz, -(CF3)Q), 77.7, 74.0, 73.3, 67.4, 38.1, 21.0. HRMS (ESI-TOF)
m/z: Cy,H,3F3NaOs, [M + Na] " cal. 447.1395; found, 447.1380.

&Y 5a F1 5b 1A K. Ar PR, BUREREEE 2.6 g (20.8 mmol, 1.5 eq)JIAE] 40 mL JE7K CH;CN
L, T 80 CIM IR T, i N,O-X (= H 3 A3 4 WE% 10.7 mL (41.6 mmol, 3 eq) IIAFI Nk &
S 1 h, HAMGEREEERE, BEY) 45.88 g(13.9 mmol, 1 eq)f] 20 mL JE7K CH;CN ¥4 i ) ¥ I
B NAR R, B TMSOTS 12.67 mL (69.3 mmol, 5 eq)if I E] M4k &5, T 80°C a3 M 2 h, TLC
WS NS5 G, I8 HET CH3CN, B S B AR 5 F ML FT NaHCO; A K, CH,CL, 2HY, Ml NaCl %
WBEGA VA, JoK MgSO4 T8 WUENETIAF, 19 2R =YK AT 28T 20 B (PE/EA = 2/1 - 1/1), 1§
FIHAR=Y) 5b 2.93 g (R;=0.31, PE/EA = 4/1), 77 43%F1 5 —A4EXS R R4 14 52 2.86 g (R,= 0.29, PE/
EA = 4/1), "3 42%.5a: '"H NMR (400 MHz, CDCl;): & (ppm) 9.33 — 8.98 (m, 1H, -NH), 7.35 — 7.25 (m, 10H,
(-CgHs),), 7.09 (s, 1H, H6), 6.46 (t, J = 6.6 Hz, 1H, H1'), 4.64 — 4.55 (m, 4H, (-CH,),), 4.48 (dd, J=4.3 Hz, J =
6.4 Hz, 1H, H3'), 3.91 (d, J = 10.6 Hz, 1H, H5'), 3.83 (d, J= 10.4 Hz, 1H, H5"), 2.68 — 2.62 (m, 1H, H2'), 2.24
—2.17 (m, 1H, H2"), 1.92 (s, 3H, -CH;). >C NMR (100.6 MHz, CDCl;) 8(ppm) 163.7, 150.3, 137.5, 136.9,
134.8, 128.6, 128.4, 128.2, 127.8, 127.7, 127.6, 124.5 (q, J = 285.4 Hz, -CF), 111.8, 83.6 (q, J = 28.2 Hz,
-(CF5)Q), 85.8, 78.1, 74.0, 73.1, 67.6, 37.8, 12.7. HRMS (ESI-TOF) m/z:C,sH,sF5N,0s, [M + H] cal. 491.1794;
found, 491.1828. 5b 'H NMR (400 MHz, CDCl3): & (ppm) 10.21 — 9.48 (m, 1H, -NH), 7.73 (s, 1H, H6), 7.43 —
7.36 (m, 10H, (-C¢Hs),), 6.40 (dd, J= 6.2 Hz, J= 8.3 Hz, 1H, H1"), 4.74 — 4.58 (m, 4H, (-CH,),), 4.51 (t, J=7.7
Hz, 1H, H3'), 3.97 (t, J = 10.8 Hz, 2H, H5', H5"), 2.68 — 2.62 (m, 1H, H2'), 2.31 — 2.24 (m, 1H, H2"), 1.55 (s,
3H, -CH;). "C NMR (100.6 MHz, CDCl3) 8(ppm) 164.0, 150.7, 137.3, 137.0, 135.8, 128.7, 128.6, 128.3, 128.2,
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127.9, 127.8, 124.6 (q, J = 285.2 Hz, -CF3),111.9, 85.2 (q, J = 27.5 Hz, -(CF3)C), 82.9, 77.6, 74.1, 73.5,
67.3,37.6, 12.1. HRMS (ESI-TOF) m/z:C,sH,sF5N,Os, [M + H]"cal. 491.1794; found, 491.1828.

L&Y 6 G Hy A9 F, BEULAEY) 5b 1.58 g (3.2 mmol, 1 eq)#& T 20 mL J7/K CH;OH A1, A
PdClL 2.1 g #i#F N 2 h, TLC MMM EEHR G, (SR LMIE, BrEAEREIA, HkhET CH;OH.
7531 (1 0 [ A P 0 R FAE 24T BS(PE/EA = 2/1-1/1-1/1.5-1/3), 13 5| (A (4 {4 6 945 mg (R,= 0.4, PE/ EA
=1/3), %% 95%. 'HNMR (400 MHz, D,0): § (ppm) 7.32 (s, 1H, H6), 6.36 (t.J = 6.6 Hz, 1H, H1'), 4.88 (t,J =
6.2 Hz, 1H, H3'), 3.95 (d, J= 12.8 Hz, 1H, H5'), 3.84 (d, J= 12.8 Hz, 1H, H5"), 2.58 — 2.44 (m, 2H, H2', H2"),
1.80 (s, 3H, -CH;). "CNMR(100.6 MHz, D,0): & (ppm) 166.2, 151.7, 136.8, 124.5 (q, J = 284.4 Hz, -CF5),
111.8, 86.4 (q, J= 26.5 Hz, -(CF3)C),85.3, 70.7, 59.3, 37.9, 11.5. FNMR (376 MHz, d;-DMSO): & (ppm)
-77.03. HRMS (ESI-TOF) m/z: C;H,3F5N,NaOs, [M + Na]" cal. 333.0674; found, 333.0661.

a7 a K. Ar SR T, BAEY 6 850 mg (2.74 mmol, 1 eq)iE T 10 mL JS/KAMEEE S, fIA
DMTr-C1 928 mg (3.01 mmol, 1.1 eq), #EHFEN 4 h, TLC WLl [ B 4555, N 3 mL H EERE K I8,
et R R, BRI YRAEENT B PE/EA =2/1 - 1/1 - 1/1.5-1/3, AN 1%—=24), ®/aE3A
tE 1Ak 7 1.39 g (R;= 0.46, PE/EA = 1/1), 5 83%. 'H NMR (400 MHz,CDCl;) : § (ppm) 9.51 (m, 1H, -NH),
7.43 —7.31 (m, 9H, ArH), 7.14 (s, 1H, H6), 6.87 — 6.85 (m, 4H, ArH), 6.57 (dd, J = 6.5 Hz, J = 7.8 Hz, 1H,
H1'), 4.78 (d, J= 5.7 Hz, 1H, H3"), 3.78 (s, 6H, (-OCH3),), 3.68 (d, J = 9.9 Hz,1H, H5"), 3.43 (d, /= 9.8 Hz,1H,
H5"), 2.49 — 2.45 (m, 1H, H,'), 2.27 — 2.20 (m, 1H, H,"), 1.92 (s, 3H,-CH;). >*C NMR (100.6 MHz, CDCls)
3(ppm) 163.7, 158.9, 150.5, 143.6, 134.3, 129.8, 128.2, 127.7, 127.3, 124.8 (q, J = 284.4 Hz, -CF;), 113.6,
112.1, 87.8, 86.9 (g, J= 26.9 Hz, -(CF;)C), 85.5, 72.6, 55.2, 39.7, 12.8.HRMS (ESI-TOF) m/z:Cs,H;,F;N,NaO5,
[M + Na]"cal. 635.1981; found, 635.2054.

WEY 8 &R Ar SR F, BibEY 71.4 g(2.28 mmol, 1 eq)i&T 15 mL 7K CH,CL H1, A
DIPEA 3 mL (18.28 mmol, 8 eq), & & +FF 3 min /5, I N,N- A SR W B 2 mL (4.57 mmol, 4
eq), HIRPLFE N 30 min. TLC MM MR G, WA 2 mL HEER KRN, WEEFARR. KBS 2
FLP= 0% FHPGEAE EHT 20 B(PE/EA = 1/1, A 1% =20%), B2~ 1.58 g, KBRS T 2 mL
CH,CL, ", Al ma] 4 AN254E 10 mL 1E ARERIRE SRR oiie, A3 A6 SREA 8 1.38 g, 773 75%.
'H NMR (400 MHz,CDCl3): & (ppm) '"H NMR (400 MHz,CDCl3): 8(ppm) 7.49 — 7.20 (m, 9H, ArH), 7.17 (s,
1H, H6), 6.86 — 6.84 (m, 4H, ArH), 6.52 (t, J = 6.6 Hz, 1H, H1’), 4.83 — 4.78 (m, 1H, H3"), 3.77 (s, 6H,
(-OCHj3),), 3.53 — 3.47 (m, 5H), 3.09 (s, 1H), 2.68 — 2.62 (m, 1H, H2"), 2.54 — 2.52 (m, 1H, H2"), 2.38 — 2.35
(m, 3H), 1.96 (s, 3H, -CHj), 1.06 — 1.04 (d, 12H, (-CHs),). *'P NMR (162 MHz, CDCl;) &: 150.781 (s, 1P).
HRMS (ESI-TOF) m/z: C4H,sF3sN;NaOgP, [M + Na]'cal. 835.3060, found, 835.3058; C4 H4F;N4O¢P, [M +
H]" cal. 813.3240, found, 813.3243.

3. ER518
3.1. RNEERHHE

AP CFIFIEY 1 [81H K, TEXHMLED 1 AT RSN BORIEX — 5, 20 7T WE 2 P
— LS . 1) Swern AL RNFH L H T HR(DMSO) R AR HLBR (U1 = Z ) EAR IR~ 5 Bk
A EE N — el ek — R FE A A RS Bl . BT Swern S0 SN SR AF T, B EI0 B AR 2 IR R
KA. 2) SRR IR B ZIE RV, RBLEFE 80°C, IR &1 L 2 /NSF,  JEURHH
K, TTEARFEYHIL, PTRESE A2 R B RIZY, AR R R R YE, (A 1 S AT E T
WK . 3) Dess-Martin & 4k: T Dess-Martin 4L N4 HR A, 125 R EREET . 40T 2 ki,
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KIGFREELN 1 g £ 4, Dess-Martin 4 1.2 eq i, F=RiAE] 79%.

o]

CI)‘\g/ ,/g\

(" TEA, CH,Cl,, -78°C, 2h, \/<

Bno, _ s IBX, CH4CN, 80°C, 2h, \ /

Dess-Martin,CH,Cl,’r.t, 30 min
_ 272 /

N

Figure 2. Optimization of the reaction route for the synthesis of compound 2

2. WEM 2 SRR BRI

R G 1 1 CA-F2FE AL R 5, 18 CF,SiMes 51 A =% 3L, SR)5 ] TBAF AbFH, 753}
JEXTMLSFERIR 3a 1 3b, N T HRERMGERME, S AW, RAKRIGER, CFSiMe; MY T
FEAE RN 1:3:1 B, FURMNIREEHMEEAE 15°CR, [N AEFRMERREE 4:1. HhFEEFH
i 3b G0 WD AL 5 S A4S B — X HE XS R S 4444 Sa A Sb. 7E MeOH HU¥4 4654 Sb 7E PACL/H, LR A
TERPIAS R EAR Y HE, 193] C4'-CFs-0-L BRI ANE 6, 7% 95%. &Ja@idx 6 ) 5'-OH {#H
DMTr {47 #1 3'-OH 55 2-# £Fk N N-— R WG AT BEBE G [ N, 13 3 & HrL &) 8.

3.2. EXERBHIE 5a, 5b FLEHD 6 BUREEBEE SR

3.2.1. JEXIBRRAAMK 5a, 5b BUIZEEEIR S

R H W, PC R E R H R C . AR5 2D NOESY seie(K 3, Kl 4), RILAEXT MR
Fi& b [¥] H3'F1 H6 A NOE #(, H3'Fl H5¥%A NOE Z(M, i H3'5 He ZFMIBE B AHiL, 5 HS"S ]
PREARI . H3 SO E O, AT RERRI b, Frolmgdts H3 3k, A THEH B, HS'S H3' R, fif
THERI T, WEE T Sb A BARME G C4'-CFs-a-L MM . T Sa 1) H3'5 HI'A NOE #(, L Heé Al
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