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SpinPHOX/Ir(I) Catalyzed Asymmetric Hydrogenation of
(E)-2—(hydroxymethyl)-3—-Arylacrylic Acids

Liu, Xu Han, Zhaobin Wang, Zheng Ding, Kuiling*
(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences,
Shanghai 200032)

Abstract Optically active 3-aryl-2-hydroxymethylpropionoic acids are highly useful chiral building blocks for the prepara-
tion of some drugs, but so far their asymmetric syntheses are still plagued by modest enantioselectivity and/or limited sub-
strate scope. In the present study, the SpinPHOX/Ir(I) complexes (S,5)-1¢ and (R,S)-1e have been demonstrated to be highly
effective for the asymmetric hydrogenation of (E)-2-(hydroxymethyl)-3-arylacrylic acids, affording the corresponding opti-
cally active 3-aryl-2-hydroxymethylpropionoic acids in good to excellent enantiopurities (ee up to 95%). Catalyst screening
and reaction optimization with (£)-2-(hydroxymethyl)-3-phenylacrylic acid 2a as the model substrate, revealed that the
asymmetric hydrogenation was best conducted in dichloromethane at r.t. under 10 atm of hydrogen with (S,S)-1c as the cata-
lyst, and the presence of 1 equiv. of a suitable organic base (such as triethylamine) was essential for full substrate conversion
and excellent product enantioselectivity (94% ee). Evaluation of the substrate scope of the protocol was performed using
various 2-hydroxymethyl cinnamic acid derivatives 2a~2n with various substituents on the phenyl group. Full conversions
and good to high ee values were obtained in most cases, irrespective of the electron-withdrawing or -donating nature of the
substituent. Using complex (R,S)-1e as the catalyst under a slightly modified reaction conditions (50 atm H,, 40 ‘C), several
substrates were hydrogenated in excellent ee values but with the sense of chiral induction opposite to those obtained by using
(S,5)-1c. The reaction can be readily scaled up to gram-scale with retention of enantioselectivity. Among the optically en-
riched hydrogenation products obtained from this procedure, (S)-3a, (R)-3a and (—)-3n can be used as chiral building blocks
for the asymmetric synthesis of pharmaceuticals Alvimopan, Ecadotril, and Fasidotril, respectively. Using this protocol, vari-
ous (E)-2-(hydroxymethyl)-3-arylacrylic acids could be readily hydrogenated in high optical purities, thus providing a facile
access to both enantiomers of the chiral 3-aryl-2-hydroxymethylpropionoic acids as well as the relevant chiral drugs.
Keywords iridium(I); SpinPHOX ligands; asymmetric catalysis; hydrogenation; (E)-2-(hydroxymethyl)-3-arylacrylic acid;
2-hydroxymethyl-3-arylpropionic acid
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Figure 1 Optically active 3-aryl-2-hydroxymethylpropionoic acids as
chiral intermediates for pharmaceutical syntheses
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P A0 W I SCRRHRE WA 22 UL, RS A7) 9 RO A A
2009 4 Boeckman A1 Miller R 18 T HLAR /N T AL
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BINAP/Ru(INZ& & WAL 2-F2 1 FE-3- 2R KL N I IR I A
M FREA BT, HP2 1 ee [EBRA 56%~68%.
2000 4F Hamada 1 Izawa 2U7E4F| i 4RE T [(R)-
BINAP-Ru(OAC), ALK ARIFRE A, 72H) ee {H
HA 61%. 5—Jili, RERT AL 2-F -
555 TR Wi AN 0 R A A S0 B T 1 2-3% L - TN IR I
(Roche ester)[FAFFTARIE", (HXF T M 45 KIAIALLIY 2-
& H B -3 25 I TR T 110 A o) AR A e I i 3 AR 21>
.. 2009 4 Reek %512 o 45y v 25 U T G
1) T B A B I e S AR T 05 S 5 R T R 43
THEAAAR, 75 1.0 mol% Ak 71 FH FE A1 10 atm 2K
AL 2-F8 L3RI A IR R (AN R AR, 7
Y ee fHIL 96%, (H R NGEVEMANERAL, TR A2
1 83%. T EARMIAAE, XSS H TR 1k N
BRI 2-F2 F -3 2R AR BR TG 1) AN X R &AL A A 1
. L, S 2-58 -3 05 LN I IR sl AT AR AN
IR, R AT e A3 FH M AR h 32 8 12k 1)
AR, HAREER Y

AR, Sl SR UNET « BERIER 1) T MU ak
T~ ST AR 285 15 A 0 R R T R AS VU RN R R T (1) AN % R
AL S S N U TR R ah B e e
PE It BEWHEBI AR R, TE2H o f- A HAERIE(L
EWIIRE—R I (C=C) AR A N, FHL A
75 I HE AL PE RE AN T 115 SRR M, 75 T MR i iR i
V4 R 48 B AN KRR AL S I ST R, R N R
T —2RUR[4,41-1,6- T 05 B 2 19 T e i — U e b i ¢
LS4 SpinPHOX/Tr(T), fEZFh a,p-ANHEAIFRIELL
A WA AN X AR S A 3 B A v 1 i A i P R
RUFH TSR UL EARST T AET, AT %K
SpinPHOX/Ir(1) %% & T4k 2-F8 HE-3- 05 BE AR N
IR TR S ST R AN AR AL, AE BSR4 11
T, BT R A DA R R BT AR e
P, TR 240G 232 FF 3= 05 SE N 4 R (1) 75 B 2
PET — AT E S R AT BRI A iR 12
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IR FRE

Fo B ATHT IR IE (W 715, & T 18 [4,4]-1,6- T —
I M BRI R SpinPHOX Bt /AT E AT F BH 25 7
W Ir(D2% &R ,S)-1a-e F1(S,S)-1a-d" ). 7£ 1.0 mol%[¥)
AT A 50 atm AR T, HEVIEHERT
(R,S)-1 FI(S,S)-1 1t 2-F8 FIAE-3-FBE YA IR Y IRE AN R AR
S N AR (B 2). A AR i = R R
I 12 h, BARIEYINT S84, AR 2 Al
B AR (20%~65% ee, TE I Supporting Information,
Table S1). FRATHEN, 5 LIAHIY 1) 2-F3 -3 2R 0 s
PR AR AE o AL RN A, W] B2 351
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(1.0 mol%) ©/\ECOOMe
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R =s-Bu: (R,S)-1cor (S,S)-1c

BArg- R=i-Pr (R S)-1d or (S,S)-1d
R =t-Bu: (R S)-1e

SpinPHOX/Ir(I)

Bl 2 SpinPHOX/Ir 4k 2-F HI2E-3- IR PO R H IR 1A AN Bk A
Figure 2 SpinPHOX/Ir(I) catalyzed asymmetric hydrogenation of
methyl a-(hydroxymethyl)cinnamate
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BIAREI AR EER =) 2- WA PR AR
BRATAED), XL AR PTG oy B alifk, 155 A 2R
J& 7F NaOH [FI/E T [ e BRI AN ORGP 5, BT DA R - 3
PEF5(79%~90%) [ 2643 B — R AU 2-F2 1 E-3-
77 N MEIR 2a~2n.

OH Ac,0 (1.5 equiv.)
x COOEt H2SOy4 (0.1 equiv.)
N
R CH,Cly, rt., 4 h

ag. NaOH (2.0 mol/L)
MeOH, r.t., overnight

5 COOEt
R‘i/
OAc
A CO0H
Ryu— P 80% ~ 90% yield for 2 steps
OH

2a~2n

2aR=H 2e R=4-MeO 2i R=4-CF3 2m R =3,4-diCl
2bR=2-Me 2f R=4-F 2j R=3-CF3 2n R=3,4-OCH,0
2cR=3-Me 2gR=4-Cl 2k R=3-Cl

2dR=4-Me 2hR=4-Br 2l R=3-F-4-Br

B3 2-02 HIE-3- 07 SEUAGIR 2a~2n IR)A A
Figure 3 Synthesis of (F)-2-(hydroxymethyl)-3-arylacrylic acids 2a~
2n
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222 2-HFFAI-FIEAHR 2a 69 TR EAE R
SR

B EORIFFE 2 W, SpinPHOX/Ir(1) #HE A%, 1) 475 6 AN
FRE A B85 L 5 A R TG A4 B PR B 3 i T
FNEREIBR IR L 1) TP A B T 5 1545 0%, BEF-PEITAL 1)
(R,S)-1 EY(S,S)-1 1] B A7 B AR R ) 4 S i o = A
RAFHI TSI R, BATHE el 2-F2 -3 -0k 3%
NAHIR 2a WARHEIEY), K ELEL(R,S)-1a-e FI(S,S)-1a-d 7
T REA SN H A 1 .

IR BEE A N8 DL S BE A, RN 1.0 equiv.
M=%, 1F 1.0 mol%H AL 77 F =150 atm &S K T)
R 12 he B2 1 EEAE rTCUE H, S 3a (1)
SEARKA R 5 TOAH N (1 R ER AL (B 2 K& Table S,
Supporting Information)1F %4 i, H Tk 7] id
PRIRIR B BL I F-PE et A AL, o, IR AR R
I FI(R,S)-1a-e SE1F E(R)-3a, 1M1(S,S)-1a-d & )&
19.31(S)-3a (Entries 1~5 vs 6~9); iX#& W] SpinPHOX it
ENINL S 7N S R o S VAT IVAR vk = 2 8 i I 2 S DA D
N, 5 (R,S)-1a-d HILL, AT A8 w54 (1)
(S,S)-1a-d TG PE(RIEL AL )R/ S MUEBEG= ) ee
{E) k% = (Entries 1 vs 6,2 vs 7,3 vs 8, 4 vs 9), £
BEIARIERRIR IR TR 24 0 S MBS, S)-1a-d 75 1% WY
HOEFHEICEC AR, 5 —J5 T, X T (R.S)-1a-e fi
618 N (Entries 1~5), #ih TR AR (54%~
95%) =) ee 1H(24%~92% )4 B K08 i 1) A8 4k,
(S,S)-1a-d HEAL 1) 52 W (Entries 6~9) & f ik, & WIRC /A
G5 Koy v I s bk B b IO 3 il 2 A )6 T RO PR

R 2-RHE3RILMIR 2a AN FREA: AL
Table 1 Catalyst screening for asymmetric hydrogenation of 2a
(R,S)- or (S,5)-1

N COOH 1.0 mol% COOH
+ H, : *
OH Et3N (1.0 equiv.) OH

S0atm cp e rt., 12 h

2a 3a
Entry” Catalyst Conv."/% ee‘/%
1 (R,9)-1a 79 24 (R)
2 (R.S)-1b 67 82 (R)
3 (R,9)-1c 95 62 (R)
4 (R,S)-1d 54 55 (R)
5 (R,S)-1e 87/>99¢ 92 (R)/92 (R)*
6 (8,5)-1a 81 84 (S)
7 (8.5)-1b >99 60 (S)
8 (8.9)-1¢ >99 92 (S)
9 (8,5)-1d 88 73 (S)

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Conditions: 0.15 mmol 2a, 50 atm H,, 1.0 equiv. Et;N, CH,Cl, (1.5 mL), 1.0
mol% of (R,S)- or (S,S)-1, r.t., 12 h; ® Determined by "H NMR spectroscopy;
“The ee values of hydrogenation products 3a were determined by chiral HPLC
after transformation into its methyl ester with CH,N,. The absolute configura-
tions were assigned by comparing their specific rotations with that reported in
the literature!'”; Y40 C.

http://sioc-journal.cn 851
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FEPEE R = A2 B 5w, SR BUT JE I RIE MR R 11
EALFIR,S)-1e i, LL92% ee f3 2= HI(R)-3a, {HH T
JEMIAE 52 4 864k,(87%, Entry 5). {EH & 4R FFAAL
G0 MoK S NI RRTH R 40 CJ, RN 5 4
b, HR OO BRIGEBEPEAT R FFLF5(92% ee, Entry 5). Xf
T(S,9)-1a-d ALK 2a AXTFREA(Entries 6~9), &
T REIARIE MK IR 11(S,S)-1c & TR L Fe A RO A 3% 1
FPEFFRCR, LLog IR AT LTS IR0 i £ 1
(92% ee)3k i —F-TEM B A AL = H)(S)-3a (Entry 8).

B J5 LA 1.0 mol%FKI(S,S)-1¢ Ak 2-35 HI L3 - L
IR 2a IRIASKI BRI SN, R S i RIRL
I BN IR K 5 e N SR s AT T %
82, RS AL S IAE R R T 12 h, g3 2 pr
N, TRAE W, DUAEYR I R 1) = ORI A, A
SR ST 50 atm BEWIEZE 10 atm B, Y 2a 0] 524
Ak, MM 3a 1 ee {HIEMEA 3 H(92%~ 94%,
Entries 1~3). S FKEA L1425 atm I (Entry 4),
AR L R BRI PR AR TR FFILT5(93% ee), THIRA)
KA TE A AN(87%), DAIGAE N [ 1 B Y Hh ] o S s
10910 atm. fEIESRATFRFEAZRIGOLR, RIVHET]
() 256 T A RO AT 6 35 19 5% 1 (Entries 3, 5~10).
B, RS S g A PE BRI A 1,2-—
AL RTINS, HEARF=IIN ee {H AT ISP
(91%), HIEYHALZ W2 TP (62%F1 66%) (Entries 3
vs 5, 6). RINVIETIA LR LEEI R I 5 HAAL(Entry
7, I ee MEAVIRFFIETF(91%), (HJEPIIHe Ak 2k
— W FBER 44%. AEPER 2K (Entry 8)y FPEI
I (Entry 9)EK LA ¥ VY UG (Entry 10)7E 1% W H 3£
LA R IO FIAOY, 5 & H 5t (Entry  3)AH LU s W3
YRR I B S8E R R

T AN RR R S 4 405 K4 T 1R 2 2 (COOH) fift 2 2
JE ] e HE R B e S AR A g RO R A e D,
T LAFE B SRRE(S,S)-1¢ fEAL 2a (IARRTFR AL SN s
IMF R SOVR B AT T 5. X R VIS LE 10
atm SV A R =T 12 h, R AET
2 b nTLUEH, %N SRR RS A R A
BORA+0 WE(Entries 3, 11~17). #iln, =2
i (pKa=10.75) = H 1.0 equiv.f& % 0.5 equiv.if, #H
U N IR G LAk, P01 ee fHL 94%
FB# >k 86% (Entries 11 vs 3). 5 ANME AT LA sl
i, W EEE SEAANREHEAT (Entry 12). B AUEAL B
BRI 5 9 3 2k (DIPEA) 5 = 20 1 (19 2% B 3T B
(Entry 13), 177 R FH 01 93¢ 55 1H 0 A7 4 4 53 R TLE e (pKa
=5.23), BAE S b R RS AR 1 JE HL B o
NaHCO;. K,CO; 8t KOH A I, fEAIAAE &
MNANEE A 2E (Entries 14~17). MIX£egh Hony DUIAERT, 18
(S,8)-1e {40 2-F2 FRE-3- IR IE NI TR 2a (A X FR AL

852 http://sioc-journal.cn

B, Y 2a Nt DIRBR 2 51 R IR 6 B 53X
LA AR AT, RAE BRI T ) C=C XU
BIESMAFIE T ZMEIRLRL, AT BY T3
IV EiIbrs e i

F2(S.S)-1e AL 25 L3 IEPIABIR 20 (AR RIFRELL: 9 4
liRInt4

Table 2 Optimization of reaction conditions for (S,S)-1c¢ catalyzed

asymmetric hydrogenation of (E)-2-(hydroxymethyl)-3-phenylacrylic
acid (2a)

[::rQs[COOH (S,5)-1¢ (1.0 mol%) _COOH
tH———————— :

2a o sgﬁ/seif,xrig,u;\g)h 3a SOH
Entry” Pyp/atm Solvent Base (x equiv.) Conv.’/%  ee/%
1 50 CH,Cl, EtN (1.0) >99 92

2 20 CH,Cl, EtN (1.0) >99 93

3 10 CH,Cl, EtN (1.0) >99 94

4 5 CH,Cl, EtN (1.0) 87 93

5 10 CHCl;  EtN (1.0) 62 91

6 10 DCE  EtN(1.0) 66 91

7 10 EA Et:N (1.0) 44 91

8 10 toluene  Et;N (1.0) 48 85

9 10 MeOH Et;N (1.0) 75 82
10 10 THF Et;N (1.0) 36 53
11 10 CH.Cl, EtN (0.5) 50 86
12 10 CH,Cl, None 0 —
13 10 CH,Cl, DIPEA (1.0) >99 93
14 10 CH.Cl, pyridine (1.0) 0 —
15 10 CHCl, NaHCO;(1.0) 0 —
16 10 CH.Cl, K,CO;(1.0) 0 —
17 10 CH.Cl, KOH (1.0) 0 —

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Conditions: 0.15 mmol of 2a, solvent (1.5 mL), 1 mol% of (S,S)-1¢, r.t., 12 h;
® Determined by 'H NMR spectroscopy; ¢ Determined by chiral HPLC after
transformation into its methyl ester with CH,N,.

223 SpinPHOX/Ir()/#EAL 2-5 W J-3-35 3K i i BR R A
FREAL 8 R A5

W A B SR ANEAL FRI TR, A FREAL
SN PR 2 A E M LA 1.0 mol% (S,S)-1¢ M EAL I,
AR, 1.0 equiv. = LTI, fE 10
atm ZSE SN, =XV 12 h (Table 2, Entry 3). AT
TS50 12 PR A s N IR SR R, FE LA IR 4 T 5 %2
T RA R A AR 2-8 B AE-3- 05 BE A
Wl 2a~2n ARSI, WK 3 LG
B, 6 TAREE B MO RIBACHE ) 258 B AE-3-05 2k
IR 2a~2n MIARFREM, LA & 1) A
LR IRAF AN AL ) 3a~3n, X Wik £ R4 B4
75(Entries 1~14). F—J71f, X HIARIE E54B(0-). [H]
(m-)RS (p-)BL FFIE RS 2b~2d [ASK FRE AL ACR
(Entries 2~4)f LUK, JRADEH 5538 FIACHE 5 1

Acta Chim. Sinica 2014, 72, 849—3855
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Table 3 SpinPHOX/Ir(I) catalyzed asymmetric hydrogenation of (E)-2-
(hydroxymethyl)-3-arylacrylic acids

(S,S)-1cor (R,S)-1e
(1.0 mol%)

S s H
~ OH 10atm EtsN (1.0 equiv.)

R,
2a~2n CHyCly, r.t,, 12 h

N + COOH
R‘i/
OH

3a~3n

Entry” Substrate R Conv.”/%  ee/%

1 2a H >99 94 (—/S)
2 2b 2-Me >99 41 (—)
3 2¢ 3-Me >99 90 (—)
4 2d 4-Me >99 92 ()
5 2e 4-MeO >99 90 (—)
6 2f 4-F >99 93 (—)
7 2g 4-Cl >99 94 (—)
8 2h 4-Br >99 92 (—)
9 2i 4-CF; >99/>99¢ 85 (—)/95 (+)“
10 2j 3-CF; >99/>99 86(—)/92(+)"
11 2k 3-Cl >99/>99¢ 88 (—)/93(+)"
12 2 3-F-4-Br >99 90 (—)
13 2m 3,4-diCl >99/>99¢ 86(—)/91 (+)*
14 2n 3,4-methylenedioxy >99 90 (—)
15 2a H >99 93 (S)

“ Conditions: 0.15 mmol of (E)-2, Pu,=10 atm, (S,S)-1¢ (1.0 mol%), Et;N (1.0
equiv), CH,Cl, (1.5 mL), r.t.,12 h; ® Determined by 'H NMR spectroscopy;
“The ee values of hydrogenation products 3a~3n were determined by chiral
HPLC after the acids were transformed into their corresponding methyl esters
with CH,N,; d(R,S)—le (1.0 mol%), Py, =50 atm, 40 °C; ¢ The reaction was
conducted with 1.07 g of 2a. Yield of isolated 3a: 93%.

&l 1 PO R VA W pure D0 R RS AVA AP B vik= 2 S
AR KM 51X+ 2R 3R b L AL -0 3L 407 (o) 1
JEE) 2b, HINEAT=H) 3b (1) ee {HH1%5(40%, Entry 2),
nlREAE T A I T 5E T SpinPhox/Ir(D)E A6 71 1)
SN RSN TR S PR = AR T AR RS . kT AL T
BT RITRL (m-) Y 2¢, HINFZH) 3¢ 1) ee {E MRS
TH90%, Entry 3), (HEAHEACEER YY) 2a i3 4521
(94%, Entry 1)AH LGNS AN K. 56T F AL 76 B 308 1) 4
FEXIL (p-) ) 2a (AL, s N P ) B Rk
JLT-ARZ 5 (Entry 4 vs 1), S7BHRNAREL, R
IRIR L HUAR I 1) R 1 555K S e e 3 4P P 4D R i
ANERE. TRRIRRAL N A 1 (p-OMe) KA 2e,
2 5 Z BRI (p-F, p-Cl, p-Br)[IJEY) 2f~2h, HIN A
17 M) ee (IR FFE F5(90% ~94%, Entries 5~8). %t
TE R I CFs (R 20 F1 2§, &R Ab TRl
A 2k AR A RS #4875 0 2 AR S R A 21
H2m, JH(S,S)-1c A AT AT LL R GF 200875 15 ik
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PEVEIRAZ AN 072 3i~3m (85%~90% ee, Entries 9~
13). 07T 3,4-W7 AR IR Y) 2n AN FREL,
[ LA 75 156 B E BEPE(90%  ee) SRAFAN (=4 3n
(Entry 14). X7 2i 2j. 2k f1 2m FIAGFRELL, HAL
FI(R,S)-1e LEAHRTE A R ZA V454~ (40 °C, 50 atm
FR)RIH LE(S,S)-1c BN 5 [ 6] ik 48 M 423 i 2L
R, LL91%~95% ee 31T TAHRM BT A=)
3i~3k M1 3m (Entries 9~11, 13). FELEAETF, (S.9)-
1 ALY 2a (1.07 g)EATBOR B 5L, 475 LA
JE I FALTN 93% R SRAFAH N IR 7 4) 3a (Entry 15),
HOGEAE93% ee)th /N R N AEAA]. 75245
M), i & VAT 2 1 S = P (S)-3a. (R)-3a Fll
(—)-3n VETFPEG B o i TRt 1 B
F 249 5> 1 B 5 2L 0K (Alvimopan) « & & #i /R
(Ecadotril) F13%: 74 % il (Fasidotril), % B]1% [ W AE& B _E
[ A .

3 4

SpinPHOX/Ir Z%&-7)(R,S)-1a-e F1(S,S)-1a-d 7 2-F%
FH -3 0 5k DA TR AN R PR A0 s 2 B O R 1
PEGE T RES), TR RN, T8 2 Ak
1) JEC A S A 350 A 2 TR JE A0 e A AR L L B0 755 (1) 5%
Wik FEvE. XS TR 2-58 B E-3- 05 HE A I R JE A 1 AN
SIFREAL, HEALFS,S)-1¢ FI(R,S)-1e 435 LA B (1) 5}
TEREVEIRAG A AR S IR =), AT R 2 s 1 2-F2 /R
HE-3-05 BE IR SAH KT 250 (AN X R i it 17—
2 TR A8 2 )i A2

4 HREBS

2-FR I EE-3- 5 R MR 2a~2n & 8 50-mL B
i, K5 Morita-Baylis-Hillman J 7~ 47)(6.0 mmol)¥% 1
A BE, N ZEREF (0.85 mL, 9.0 mmol), RN
NKBRE (0.03 mL, 0.6 mmol), FiR /MM 4h., [FIARN
IR NaHCO; 7K B A P S , 50 e
AN, To7K NapSO, T, I I8 5 Jl Tk 28 BRI, TR
VT FEE R, %0 2.0 mol/L ) NaOH 7K ¥ #(8 mL, 16.0
mmol), FH VISR VTR A R 2K R HLE A
&, MIZK(10 mL)#ks, vK/Ki# FH 6.0 mol/L #higi& ik
2 pH<I1, RIFH LR LBEA . A HLAHH K
Na,SO4 T4, 1985 Uk 2 BRI, BRRYH LR
Wi/ AR T A o, RIS A 2-3 -3 05 BE T o
1.

2-FR W3- S HERIGRIAN REMEN: EE
AR, A 10-mL SRR IS S YIR,S)-
5(S,5)-1 (0.0015 mmol), 2-F% F 3E-3- 55 £ A H5 12 (0.15
mmol), fHSJEIMAN =22 H0.15 mmol)F — & H ¢
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MR

(1.5 mL). fEFERT, ¥AERET Parr ik Vv ES.
i RN A B AR KR, R TS RN IR D), 1%
) 5 7 a5 R s IS ). s N 4 BRI, 3 XU
AN AR SR, RNV B> B2 TH NMR 4y
Frl e JFORHE AR ONAIRS IR R 6.0 mol/L #hIR
IKEWRIRILE pH<1 J&, T LR OHRAIL, ANV
JK Nay SO, T, b I8 5 il 28 bR, S F
St P A i 1 PR TG 8% 7 M A 1 s 20 A € 335 00 2 7= 4
1) ee fH.
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