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Major Goal

Synthesis of Chiral Compounds

Right or Left-

- Importance of chiral compounds
(pharmaceuticals, non-linear optical
devices, biochemical processes,
molecular recognition)
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Thalidomide
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cis—trans isomers that contain
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asymmetric centers

chiral objects
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tight hand  left hand
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EI stereocenter J a St'E.'F'E.'O'C'E.'I"ItEF |

an asymmetric

center L B H /H/ || || WBr
HyC™, C /C‘=C‘\ CL&}D_H:_EI stereocenter
CH;C‘HE CH,CH,  CHy

E|3r ]|3r ]|3|' ]|3r
..-F""'HC."'I'.H e C"‘“-. C e C"“*—-.
CH,CH,\ H | H" 4 ~CH;CH; CH,CH, \ "CHs | HiC" /" ~CH,CH;
CH; | HiC CHj H,C
—— —
a chiral nonsuperimposable an achiral superimposable
molecule mirror image molecule mirror image

enantiomers identical molecules



Introduction m

BOSTOMN

this has the highest priority

/

\

this has the lowest priority
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light waves oscillate

light waves oscillate
in a single plane

in all directions

\ direction of light propagation /
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H;C CHj; H;C CH; CH, CH;
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Other elements with Central Chirality

Si, Ge, P, N, S
‘ transition state&
£ R3
-. R1 S
\ VS 2
N A=
R1 R2 "}

amine inversion
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Other types of Chirality

Planar (or axial) Helical

X

45



Separation of Chiral Compounds

Pasteur
H N
Na™ ~"00C -..:"-C,,..f OH HO__ (f,;COO_ Na"
\' \'
xf(j”m (Ui
HO™ \"H . H“/ TOoH
COO™ NH, HyN 00C
left-handed crystals right-handed crystals

sodium ammonium tartrate
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Diastereomer pair formation

Most important preparative method
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Chiral Chromatography S

GE
(5)-product

Indaole |
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Figure L. {a) [ 1 ]\ f\
Assignment of 3, 3, 3-tnifluere-2-hydroxy-2-(indol-3-ylj-propionic acid ethyl ester enantiomers based  *1— ————eeed. L
on a comparizon with an authentic sample: starting material (indele) and reaction products obtained in . : :
L 5 L) 1%
Time i)

the reaction of indole and ethyl 3.3 3-mfluoropyruvate catalyzed by (a) Cu(OTf),-bisoxazeline
{authentic sample), (b) cinchonidime and (c) cinchonine
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NMR Spectroscopy
- Chiral Reagents (Mosher’s chloride, shift reagents) :{i\?:ooa]

- Chiral Solvation . m
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ppm ) . N _ -
d T — T R . T T 4 [ Av 768 769
e 7|{Fes | [ 7] a1z qia e ams 760 -T6.1 762 T6.3 |-765 7¢ \ ) \\ 768 769 ppm
_J — Ppm A S
C ———|F— — —
768 783 770|774 73 774 715 476 ppm 764 -T62 -76.3 -76.4 /’ \f \js,r 768 -76.9 ppm
b SN S S a-—————— e
) ; s T —~—
g T RN T T, 762 763 764 765 66 767 768 763 ppm
R 7 I T R Ir. i . ‘ . . .
ol LA A L Figure 2. ""F NMR resonances of CF; fluorines in le in the presence
Figure 1. ""F NMR resonances of CF;5 fluorines in le in the presence of quinidine (QD): (a) racemic sample, (b) (S)-1somer in excess, (c¢) (R)-
of cinchona alkaloids: (a) no alkaloid, (b) cinchenine, (¢) cinchonidine, isomer in excess (376 MHz, CDCl;, 25 °C).

(d) quinine, (¢) quinidine (376 MHz, CDCls, 25 °C).
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X-ray crystallography
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Routes to chiral compounds

Chiral R(;solution Chiral S;/nthesis
Chiral derivatization Stoichiometric and
agent Catalytic Methods
Chiral Product Chiral Product
(up to 50% yield and 100% ee) (up to 100% yield and 100% ee)
enantiomer diastereoisomers
| [R]-[S]| diastereomeric excess (d.e.)

ee — enantiomeric excess ( ee % = x 100 )
[R] + [S]
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Strategy and classification of methods

The main classes of natural product

(i) amino acids (and their reduction products, e.g. amino alcohols);
(i1) other amines and amino alcohols, including alkaloids;
(1) hydroxy acids (lactic, tartaric, mandelic, etc.);
(iv) terpenes, such as a-pinene, camphor, etc.;
(v) carbohydrates;
(vi) enzymes and other proteins.

“0” generation method



Synthesis of Chiral Compounds

(1) ‘First-generation’ or substrate-conirolled methods.

S_K* R P:‘d_x*

(11) ‘Second-generation’ or auxiliary-controlled methods.

g AT g—A* R p* — p* —A p*

(1) Third-generation’ or reagent-controlled methods.
Hi-

5 —= P

(1v) ‘Fourth-generation’ or catalyst-controlled methods.

74
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First-generation methods: the use of chiral substrates

CHg" CH; -
{i:Hﬂ e —’d\ Ely l:lea o ,-/-’/J“\Hf'rll’lr
Y b TS Ny
.__%',_"-u.ﬁ:’-""‘-..,/f \\,-"J \I/ HD\ 2 “H""'ZJ?—EJ K\_/’J
'/D” ‘\I | lb_,—
! H
[H]
3 4 (95% yield: 83% d.e.)

Cholestan-3-one

{_),isﬂpu[eggl (94% vield; 90% d.&.)
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First-generation methods: the use of chiral substrates

OH OH i
HH“ NHz  one i Br : H"* R
,r' ghurissn, CH N fiiocten I H
—H e c H HO ™ CH;
COH COH| " CO-H
6 \{?1%)

/(i H CH,—COPh
N

OCH;3
KaCOs, W

. Sn2

)LH " HopPHy H
A J S OCONH, )L‘L:[.‘CDPh
CH4 —" - = - CHg

£

12 steps J_ M

o
o o
CO5 Na*

7 - OCHg
(75%)



Synthesis of Chiral Compounds

Second- gmeratmn methuda' the use nf chaml auxiliaries

o )

Alkylation of chiral enolates

H CH-OH
,jj_\.. H LiAlH T\ H CaHCONO | -
T PR ; <= N-—-COCHACH-
4 \CD_-.H N A\CH;.DH = g
S-(-)-proline i
a LA
H CH-CH H GCH.O1li
CHa / : =
\ ,dr lysis “' C-Hil ..f-*( v O Lim
/‘.. GD:H it L N"— CD‘\ =~ LN l N 2s
CaHs CoHe b = CHy
A-Z-methylbutanoic acid 2 H ¢
(82% yield based on 8: 84% ee.) /
."’EH}
H /GHE_D H CH.OCH5
h 0 L JnH: ,.4(, J,EH= trydrelysis CH
A eH, H CHg CaHs
Coblesd (56% e.e.)
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Second-generation methods: the use of chiral auxiliaries

o o)

asymmetric aldol reaction,

H ><CH[‘GH3}E (i) Li&lH, _n D./"'\ NH EE__HECD:'ED' D/’“HN_CDGEHE
HEN CGEH [II:I HCHO, B~ __H __H
S-(+)-valine (CH3)2CH (CH3)» CH
(70% over three steps)
(iy LDA
(i) ZICpsCla
& '
- CH(OH)Ph P
@ . PRCHO O N \/—\
g H s ’*_ﬁ.]}mg vho
H O
(CH3)2CH (CHg)oCH H
12a 11 (Cp = cyclopentadienyl)

(71% over three stages)
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Second-generation methods: the use of chiral auxiliaries

o =

asymmetric aldol reaction, -
more
stable
than
o H OH H OH
ks \\ (i} HOI, HoQ /L,/*ED::H
O N’ - Ph L e Ph™ "\
Il'l, ,I'I H ‘\'GH_. LI Pii[jl?ﬂa H CHH
B J 14
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Second-generation methods: the use of chiral auxiliaries

o )

Chiral aza-enolates

H OCzH: H H
HOCHz--Y—NHz o 6y - HOCH,-- N%CH ihaH  CH5OGH,- - '"{;\ -
i S e - : ey s ;CHs
H OH (72%5) H 5 t“;g_:nHi H 5
Ph PH PH
15
HC! |
HaC | (B83%5)
|
v
H
CH;0OCHs, - -4—MNH:z
OH
PH

16

74
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Second- gmeratmn methudu the use nf ch;ml auxiliaries

o =

Chiral aza-enolates

H
OCzHs Ph
HCI 16
PHCH,CH,CN it PROH,CH— | g™ PRCHCHz— j:
= NH: X )
o~ (CgHs) 0 BFy CHA0
e
PhCH>CH;CONHs LDA
L
1 i
PhCH. 0::':Ph Gt F’hCHEL<D ' 2Ph
Cng'E—QN - " Taee Hf_ N: | .
LR
CHz0 CaHgl~ CHsO
= 17
H.0

1
PhCH;

e TGGEH (39% over three stages; 86% e.&.)
4Hg
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Second- gmeratmn methuda the use nf ch;ml auxiliaries

o =

Chir - .
al aza-enolates 0 Ph . Loa OH H
CH:—K  |_.H s < O/ aPh

P N~ (i) O—CHG CHz—4, H
/ ~ N~

CH40
% CH50
]camw
H
F’h
O T e 4
H C4Hg
L..H3D GHED
| (44% over three stages)
H-i-
Ha0

CO-H
<}( (79% over two stages; 99°% e.e.)

H CyHg



Synthesis of Chiral Compounds

Chiral aza-enolates

Second- gmeratmn methuda the use nf ch;ml auulmru—:&

o =

{CH4)2CHCH:, H

"'\. - N O
H \f 2(CHa}:0" BFf
- (93%]

0" N
H

19

(CHa)sCHCH,
H--‘r’
CH:0™

OCH;
H

?{CHS}Q

CHLCOCH;

OH
(95% based on 20)

1 HCl

(CHa),CHCH, CHsy

. _OH
H__i'\ + CH

COCHz = HgN-.
HzN / TCOxCH

74
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(CH4 }ECHCHg

B ¥

OCH;

(GH3),CHCH; |

pt 1

CH.0” N

(49% vield; 85% e.e.)
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Second- gmeratmn methudu the use nf ch;ml auulmru—:&

o -

Chiral aza-enolates

L
(CH3)2CH. CHa)oCH |
3)2 OCHx (CHa)z . _N. _OCHa
r+-CaHgLi H
U 'Y
CH40 CHA,0” "N “CHs,
CDalltE*%}
F (CH3)2CH,
(- 1w|_/\<f:,|-1{:3h~3}2 jmﬂ‘/{:HB s Hjmx OCH;y
+ -——— ,_-CH3
HzN" “CO.H / H:NT “Co.H S I
CH-0 M CD;

(51% yield; =95% e.e.)
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Second- gmeratmn methudu the use nf ch;ml auxiliaries

o )

Alkylation of chiral imines and hydrazones

HXCHEF‘h () SOk, CHIOH _ H“ CHa.Ph %)
HoN™ “COpH - () NasH, HaN
{iiiy KH. CHaz|
S-(=)-phenylalanine OCHs
22
“1UA&u f"‘“ ’jﬁ (i) NaH, CHal XF_
{ (i) CaHsOND S, {if) LidIH.
CO.H F"|~J
S-lr—}-prolme NO OH NHE OCH5
(83%) (72%)

5-1-amino-2-(methoxymethyl-
pyrrolidine (SAMP) 23
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BOSTOMN



Synthesis of Chiral Compounds

Second-generation methods: the use of chiral auxiliaries

o )

Alkylation of chiral imines and hydrazones

H. ,CH,Ph
N)g (i) LDA 4 H
[
OCHy 5wy —aCHj
| {iii) H*, Ha
O 22
- (65% overall yield; 87% e.e.)
TN (€2%) N
EN Nf e % ®)
H (i) LDA CHj
OCH5 i) [CHa),S0, H
. (iil) O

(70% overall yield; 99% e.e )

74
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Second-generation methods: the use of chiral auxiliaries

o =

Alkylation of chiral imines and hydrazones

™. CHa CH;
i

-110°C (857%)
e
o~

N H
g {i) CHal I e
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Second-generation methods: the use of chiral auxiliaries

o =

Alkylation o to nitrogen: chival formamidines

L

3 -(CHg)NH e
= 1+ OHaaN—cH=N—c(oHgs ~ el
N7 H ’ i
H f}x
r// ““urrl
[(CHg)sN—CH(OCHg)s + HoN—C(CH3)a] C(CH3)a
25
]H'J_-
|n: ﬂ‘.}r-f
el H.r'ﬁr P
2 M“NJ\HE i T
'-N- HE _-l_N_I'_'. L\Q REx k
H q . :



Synthesis of Chiral Compounds

Second-generation methods: the use of chiral auxiliaries

o =

Alkylation o to nitrogen: chival formamidines

(CH5)sSIOCH;
K --'NE“:__,NEGHSJ”'

g4 H
15 —— H:L :
H --DS“GH:;:};}

PH
N\ _NH,
HDGH;_ 26
/7 —OH
PH H. JOHCH:): H.,CH(CHa)
15 HN" CH,OH pN-’*‘-'fN”““‘r::Hgf:u::cchf.

27

(CHa)

74
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Synthesis of Chiral Compounds

Second- gmeratmn methuda' the use nf ch;ml auxiliaries

o )

Alkylation o to nitrogen: chival formamidines

P, -~ e
” ] ] e “ B Fﬁh|
H“--._,-"J"Jx‘ -NH :"_‘::L-{-:!'JH H,:.?I"-‘MINH‘“‘]
I‘sl OS5i(CH3)3
H H ~ t) LDA, =782
“u, ‘.,I'I' G, 10000
“,
(CH4)-SiOCH |’| [ N
v NH. R AT | S
M O e ey
f - x_;}':.;}__.NH A - CH4 H N OSi(CH-=).,
: “
of OSiCHals  ope” oy (CH2)S10 . ]
A HPh

(797> over two stages; 99°. e @)

74
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Synthesis of Chiral Compounds

Second-generation methods: the use of chiral auxiliaries

Asymmetrie Diels—Alder reactions
g T e A
\Pa‘h | T‘:L CH., i f 20, lL
4 "J' o i Bl || TICH[OCH(CH-) ) A=
Lo off —=weem=me | AL L0 ok e 0
5 7R i J fii) LiAIM
. B O CH,0H
. SOzH ! BO:N[CHICH: )L
I??J.-l =) : c: 3 =L :'..I'
i o { yield; 89%, e.e

i 'llh "I oHe Al Gle, =TERS
- \—LA Jj\ﬁ-‘*‘a I\I:I .[:-n .lﬂ\ ':—|l, 8%c X

~ CHg (if) LiAIH. B CH- P

I
H CH,OH

30 (919 yield; 98% e.e.)

74
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Synthesis of Chiral Compounds

Second- gmeratmn methudu the use nf ch;ml auxiliaries

o o)

Self-regeneration of stereogenic centres

(B2%)

N
ccHarlacu/LD

H

T
(CHg)aC /\\N
o
OLit

CH3 _HBr 'ﬁﬁl -CHa
: [\
{‘“ >\ “hO /YD

CO:H
" 2 (CHz)sC- }_
(80%; =98% e.&.)
LiNHo
I, =
F‘u _.CH—Ph
N “conH
H 2

3 _H
(CH=)aCCHOD (\ - 5 LDA

CHal /
/Qam '

74

BOSTOMN

{ \
xw)w,.-ﬂ"[_?
{CHE,:'EC‘—}—Q

H 31
y
PhCHO

“CH{OH)Ph

(CH3)3C- =)—{]
H

(72%:; BB8°% d.e)

(poor diastereoselectivity is
obtained at the asterisked
stereocentre)



Synthesis of Chiral Compounds

Second-generation methods: the use of chiral auxiliaries

- mm——

e o TY ——

i R e

Chiral sulfoxides
CHa(_ _-H
Ar\ ﬁ'5 Men*
S ’,H o HD.-" +
cl 5 OH 33
[,ﬂ,rs p—CHaCEHd.] .-/J\“‘x RLi| {Sn2)
32
(= Men*—OH) = 0
'\é:f
Ar'j H‘FI

74
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Second-generation methods: the use of chiral auxiliaries

o S

Chiral sulfoxides

0 [\ G o

0. O AL |
Br HO{CHa).OH Br (i) n-CyHgLi - /‘,5
5 (ii) 33 5

fiii) CuS04, acetone

e (74%)
| (i) ZnBrz
(i} CGH-Mol
0 O ©
Ar-.hg
AlHg 7
CHs H CH; H

(71% owver two stages, 877% e.e.)
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Third-generation methods: the use of chiral reagents

Asymmetrvic reduction using lithium aluminium hydride LiAlHs + 3(CH5}5COH —= LIAIH[OC(CHg)s]s

— .\ H HO, H
PhCOC,Hs + LiAH; + & X €H. — ’
M 1 - Ph>\GgH5
37 [2.5mol) H =
o =g \ S i e
. e MNH N & (90% yield; 20% s.e.)
4

n'll;
A CH.
[S-(-)-proling] 38 (3mol)

Q

HOL. .H
A LA A
Ph CHs R Ph CHs
ag PRNHCH: 2mall  (98% yield: 98% e.e.)

LY

/ H_N(CHale H,  N(CHg)s \
.'I {:HE-- LisiH, EH]" ) \
,| jois "2PhNHC.H:  Ph-- ? 1

|
,  H oH W o LU |

Looo40 HAIN(PhICaHelo /
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Third-generation methods: the use of chiral reagents

Asymmetric reduction using hovon reagents

L B\ _EI i,

'3

|
e TR ST :
QL’ " ETJ

(+}-c-pinene 9-BBN 41

HO H
CH3(CH.),CoC==cH -1, ol
CHa{CHa)y C=CH

(20% e.e.; no yield given)
HO, .H
CHiCOCO.CoH: ~M= .
DH] : CG?U?H[
(50% yield; 89% e.8.)

D o~ D, .H
\ - il T - 1 T N
lﬁ,] PR~ TOH
) (822 yield; 90% g.e.)

42
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Third-generation methods: the use of chiral reagents

Asymunetric hydroboration \;’H BH,

e

e onl 43

-~ FHy (THz)o 5

. .--H-"'-\-__H_ IIII'I( >H '\-Ill BH
[+)-a-pinens (0.5 mal ™= | R \]
\J

\ /

5 -
44
Ph Ph, H
. {i) 43 HO. \";Hﬁ : ;
——— / : (71% yiald; >593% ee.)
\__/ {ii] H.2=, OH H 4 !
HO, H

CH.COCH-
=N fil 44 i ok H .
—f ;H | :||'_':H / 5 45% vield: >92% e.e.
L—‘::-_r"'r ZHEEETI 0 HaOg, OH C\,\ =/ 'H : St }
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Fourth-generation methods: asymmetric catalysis

Catalytic asynumetric alk ylation

Cl g o o
CH.G!L Na i i
Ch i J'\&l-’”!‘--. 2 ';::-_1HT it c &“F /Lkr""ﬁxph
il A=l e =t L
CHI-‘.D__:'-\ ‘-F_::—’__-L‘- e PhiCH-. J‘-_?D CHEDI-- "-‘__f_.:f-"a T GH_’H

50 (982 yield: 94% e.e.) 51
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Fourth-generation methods: asymmetric catalysis

Catalytic asynmetric conjugate addition

H'\.
”"'3"3 \ A nHen
Hr'u""lr"f

S CzHsz
—

75% yield; 88% e.e.)
yi
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Fourth-generation methods: asymmetric catalysis

Catalytic asymmetric hydrogenation

: : H
N L G L DO
CO.H .. -CHa o COsH
CH1COs” a P HO
i "
2

ik (88% e.e.)
5
L-DOPA
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Fourth-generation methods: asymmetric catalysis

Asymmetric oxidations CHLEHE
(CHa)sCHO il
2. A (CH2).CHO. | _,G"" D:ff
e Ti
AA-(+)-DET - . D OH {j‘f \D HC'PHI:I:_.-HJ:I .
e e CaHs0:C . {
: i _____.-""- H'ﬂ aris """-»..__\_'_ G GGEHS
de‘l/ﬁ J 0
- "“--"'HGH M 1 GJ.IH5D
HE. g HE.‘ _,F“ 54
SSIDET ™~  [Np
A OH
H.l'd.l -
8]
H‘\ CHEDH (CH,|{CO0H H"‘,_'I ~;<'CH2DH
,‘—'{\ - _'IEFF_ —=
CHs(CHz)s H TIOCHCHy.ly  CHa(GHgle H
(79% yield; =85% e .e.)
H
o.f 1 i 0.]
_,J‘.f-";"ﬂ'-u-r" OH ) PhC{CH;l: DGH oc H\:[/L C}H [ PYOGH S0 == H\T" VOTE
r. DTHLG'-I o I:::'; mial [ii] T&TA, [CaHelaM
opeapyl tarrate (0,05 mol| H H

3 A maolecular sieva
55 (40% overall; 94°%: e.e.)
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Fourth-generation methods: asymmetric catalysis

Asymmetric oxidations

Ph  CH, Nedtino P CHs
= 0,04 2q. 56 H ‘Tx _r')! .
CH,Cl H

(81% yield; 92% e.e.)

!.\.:'
H'-&_(JH
..-':N-: ,.\N:x
,'—TQ },1;1 oy By
7 r % y
:GHEJ_@C—{ =0 él D--—‘f’f’ Y —C(CHz)y

= —J

L]

C(CHz)3 C(CHals
56
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Fourth-generation methods: asymmetric catalysis

Asymmetric oxidations

HO OH \
! | CID::-;.I.#_,J" HS--- “"Am

Rs Fly

f T : ."-' I'\ H
| HO  OH
HO OH
0002 eq. CeOy,
s 3 B4 KsFeiGMig. H OH
= o : H._ 11 q.
CHg(CHg)s™ > wreee | B0 :p;;' T H™ (CHz)sCH5
(CH2COMO CH5(CHa)s H
i1:1), °C (=80% yield, 972 a.8.)
K.OsOu0H),,  TSNH OH
CO.CH. _TsNECI Na* H- T % H 1.2-aminohydroxylation
F,ha-"(-:-‘:‘c-_“_,-" il 0.05 sq. 57, Ph H COz0H,
CHy N HAO

{1:1) (66% yield, 71% e.e.)
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Fourth-generation methods: asymmetric catalysis

Asymmetric azividination and cyclopropanation

Ts
N
Phl=NTs
= e - Flh"' = -
S e T A H
Rk S H CO.CHs o
(63% yield; 84% e.a.)

GHT! CHo
O - C
T
R A
58 H =Ph
59 R = C(CHa)s

74

BOSTOMN

Ts
NTg SotGuomt = H.. fN.
al. 59 f'—‘

Ph
(85% yield; 63% e.e.)



Synthesis of Chiral Compounds

Fourth-generation methods: asymmetric catalysis

Asymmetric azividination and cyclopropanation

0
C(CHa) H Lo  CiCHss

o = =T
4 _.;"r i cat. CulTF H_. M iy
FH + DH3 -\\' ,.,':}_U.CGCHNE - IA "

ctal. 59 : .-_’_5
"C(CHaa PR (CHye™ L\GHs
b |
(85% yield; 84:6 transiois;
88% e.e. for frans)
“—— 4 CoHsO.CCHN, _®LCWOT _ CH. /
) enantiomer of

GHG 59 (0.001 eg.) CHa

(91% yield: >99% e.e.)
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Fourth-generation methods: asymmetric catalysis

Asymmetric azividination and cyclopropanation

: . - - 00 \ /
Simmons—Smith reaction &
- - - - "'-\_\.\H III{.
- -
e . N IJ )ﬁ/\DH\
.. OH
\-\.-'-- "Ii .‘IIII
o o 0O 0
i "-:". ||r i
(CHglN-C,  C-N(CHy); ECH:JEN""T‘)*N'[EHSL?
c’j b (N
|
CaHa CaHa

60 61
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Fourth-generation methods: asymmetric catalysis

Asymmetric azividination and cyclopropanation

CHa
L2 ICHz, O

2 CHalz + (CoHs)2Zn + CHgO o~ i . 2 N

OCH: 0 A

cHy. D
CHz

62

Sag. b2
P SNl TR o
P N0 T e Ph ’d OH
100G, CHC

(»98% yield; 93% ee.)

PhCH-0 TS HE OH  asabove Ph{:HEG“—\‘ ;—DH

N e — - i

Vv

(=98% yield; 93% a.2.)
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Fourth-generation methods: asymmetric catalysis

-

Reactions catalysed by enzymes and other proteins

. Thermoanaerobiiin brockii, 9 H, .OH
. )K/ COCH; — < CO,C:Hs

63: R = CHy
64: R = C,H:

- 7 Ty HLADH f|:1“w H

horse liver alcohol dehydrogenase L #-frf,H s {;;;"‘ (>97% v.6.)
CHOH \ ¥
CH,OH o
65 66

——y

bovine serum albumin, DEN_U-GHC' + CICH,COPh A0 met
pH11
(43%) QaN

(100% d.5.; 62%: e.8.)



