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0. Introduction
Recentry, new domestic drug has attracted much attention under the global epidemic of flu.
Anti-Influenza Drug (
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Zanamivir (GSK "Relenza") CS-8959 (Dalichi-Sankyoj

Long Acting Neuraminidase Inhibitor
pharmacokinetic change

» "only one time"
(Daiichi-Sankyo Press)

Dose: twice daily for 5 days

It is possible to create new medicines only by changing some structures of existing drugs.

Metabolism can be also improved only by changing "H" to "D" and "F" in a proper position.
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F R:H—D R:H—F
Less inactivation of CYP2D6 10 times activity

Optimization of adequate protons can enhance the value of medicine.

Creating excellent drugs for both
pharmaceutical companies and patients

Applying these reactions
for syntheses of new drugs

i)

Development of
selective deuteration/fluorination

Selective H/D or H/F exchange reactions should be necessary.
:> Let me focus on the reaction development and drug creation.
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1. "D" in Medicinal Chemistry

1-1. Deuterated Drugs
In May, one news was reported in the journal Nature. (Nature 2009, 458, 269)
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F Paroxetine (GSK "Seroxat") F Phase | (Concert)

New drug candidate developing by pharma venture has already had its own "patent".

Later, GSK and Concert announced that they collaborate to commercialize deuterated drugs.
(Concert Press June 2, 2009)

Three drug candldates ) 4§ Deuteratlon of three ptpehnes $ 1,000,000,000
L of Concert ¢ of GSK o ( 1 billion dollar )

when all the agreed milestones are reached

Deuteration of drug is now hot topic !

The effect of deuteration of drugs was known before. (Kushner et al Can. J. Physiol. Pharmacol. 1998, 77, 79)

F3C\|/OVF EROUSpSion) FaCYOH + (F°  ——> damaging liver
CF3 "Sé\?bflurane CF3 '
FiC._ Pxuzh P450 system A
T2 S ——> reducing liver damage

CFD D
Many scientists have already known that deuteration is good tool.

There was a very similar case in 1990s.
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Zopiclone Eszopiclone
(Sanofi-Aventis "Imovane") (Sepracor "Lunesta")

Sepracor has succeeded by filing patents on active enantio-isomers of known drugs.

There is a possibility that all patents of deuterated drugs are licenced as the Sepracor's case.
AFEORENCM BT

1-2. Deuterium's Feature —— s

0.015% (1/6500) in nature (largely as HDO in water) ()

Stable (not radioisotope) 'H 99.985% 0

Double heavier than hydrogen ﬁg:%) (?2‘”‘)) .

—» Deuterium Isotope Effect (DIE) HO(1.39x1025) 3

*H (>9.1x10s) 4

5H (2.90x1025) 5

H (2.3x10%5) 6
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Sparated from H,O by chemical exchange processes ~ Freesingpeint(ci LR ..
Weight more than H,O (ice of D,O sinks in H,0) ‘Bolling point (°C) 1014 1000
Various usage Density (at 20°C, ghil) _ 1.1086 0.9982

NMR Spectroscopy { Tomp. of embnurdanatly (O S8 L

Nuclear Fusion il A Sl i . 1oee
(2D+3T _>4He + n) Surface lensicn (a| 25°C. ud) 7 193 7.197

Heal of fuston (ca&!mo!) 7518 1,436

:\TOtoPe Tracer ice of DZO ice of HQO ‘Heat afvaponsataon (cal!moi} 10,864 i 7 10,5615
eutron Moderator in Ha0 in Hy0 | oH {at 25°C) 741 (sometimes "pD") 7.00

ex) Analysis of biosynthetic pathways (Muranaka et al Proc. Natl. Acad. Soc. U.S.A. 2009, 106, 725)

two sterol biosynthetic pathways
Lanosterol pathway  (only mammals/yeast)
Cycloartenol pathway (only higher plants
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Fig. 1. Cyclization step of oxidosqualene in yeasts, mammals, and plants.

Recently, lanosterol synthase genes were identified from several plants, Ara-
bidopsis thaliana, Panax ginseng, and Lotus japonica (6-8). However, no clear
data confirm the existence of that biosynthetic pathway of phytosterol via
lanosterol in the plant kingdom. CAS, cycloartenol synthase; LAS, lanosterol
synthase.
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Fig. 4. GC chromatographs of sterol fractions and M$ data for labeled
phytosterols in (A) WT, (B) LAS1 overexpressing plant, and (C) Jas? mutant.
Nonlabeled campesterol, stigmasterol, and sitosterol have molecular ions at
miz = 400, 412, and 414, respectively. Extracted phytosterols (a) campesterol,
(b) stigmasterol, and (c) sitosterol have major molecular ions at miz = 415, 427,
and 429, respectively. Structures estimated by molecular ions are shown. GC
analyses were performed with an HP-5 column and DB-1 column for WT and
LAST overexpression, and lasT mutant, respectively. MW, molecular weight.
LAST over, LAST overexpressing plant.
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Is that right that lanosterol pathway
doesn't exist in higher plants?

Preparation
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Fig. 2. Label pattern of phytosterol in the feeding experiment using
[6-1CD3]MVL. C-19 of phytosterol biosynthesized via cycloarteno! and lanos-
terol are labeled as '*CD;H and PCDs, respectively.
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Sitosterol was synthesized by Lanosterol pathway.
Fig.5. Expanded C-19 region (17-20 ppm) of the *C-{'H}ZHINMR spectra of
labeled sitosterols in (4) fas7 mutant, (B) WT, and (C) LAS1-overexpressing
plant. Enlargements of the y-scale from spectra A-C are shown in D-F,
respectively.

Lanosterol pathway exists
(only 1.5% compared to cycloartenol pathway)



Deuterium Isotope Effect (DIE)

Kinetic Isotope Effect (KIE) between H and D.
Effect is the largest when the relative mass change is the greatest
ex) relative mass change
"Hto 2D :100% cf."2Cto 3C: 8%

Actually,
12C-"H reacts 6~10 times faster than '2C-2D.
(cf. 12C-"H reacts only 1.04 times faster than '3C-'H) > — %—Dwreratﬁ:n C.H
Frequency for 12C-"H bond is 1.4 time that of 12C-2D. awe

:> Application for "protecting in organic synthesis" and "drugs".

1-3. Application for Blocking Group
DIE can be used in total synthesis to avoid undesired reactions.

Model Study of Fredericamycin A (Clive et al J. Am. Chem. Soc. 1994, 116, 11275)
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Norzoanthamine (Miyashita et al Science 2004, 305, 495 / Miyashita Pure Appl. Chem., 2007, 79, 651)

.....................................................

<Retrosynthesis>
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Norzoanthamine (1) R =H

Initial Trial
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1-4. H/D Exchange Reactions

Hydrogens in acidic positions can be exchanged to deuterium easily.

In many cases,

[ Reactions proceed under high temperature and/or pressure.
More than equiva lent amount of storong base is used.

ex) o, D
HoOH H D
P D0 D o ; P o 5
/r——(/ N N 420-430°C f ) \>-o/< CHy & ;?:&f(_;;ganeme . ‘}—-O/(“CHa
<_:)——\ ) 2an o= o —TN)\\ 2. MeOD, ~T8°C --r‘N\
82% [>98] d bvd b s = 86% [>99] L‘o" 434
High Temperature 43 Strong Base
3 Focusing on catalytic H/D exchange reactions under mild condition.
Selective H/D Exchange at Vinyl Groups (zhou and Hartwig Angew. Chem., Int. Ed. 2008, 47, 5783)
Table 1: Selectivity pattern of H/D exchange catalysts (percentage of
&euterium incorporation). Substrate Scope
H 0 Q D 7
,U\ ) ] 5 mol% cat. J'l\ N ,g DO g7 00 4 57 g D7 g4
SN \CHZ c.0, D~ 07", e /J\"/D ME"SFJ\]/ N ,J\\\ D gD
Me/?'we Do Me’t\ln D g7 D7 D 10
T " e Y e
Entry Catalyst Conditions a-CDy CD=C C=CD, (RT. 1 min) (RT. 1 min) (RT. 5 min) (RT. 1 h: 0.5% 1)
1 1 RT, 10 h 23 87 94 D 96 C gﬂD D83
fa} . : D94 ; -
2 2 RT, 10h 37 95 98 o \/h}CDZ o > : A D5
3 3 RT, 3h 32 0 52 PN Sep, g
4 3 RT, 10 h 74 2 61 (RT. 20 h) (RT,20R) (s0°c, 48 hy D091
5 4 RT, 10h 0 0 o D._.D o4 CHy
6 4 50°C, & h 0 0 obl | Oy, D 86 cim 3
7 5 RT, 10 h 0 30 g ™ | HO. o~
' . A D42 - CD; 84
8 5 50°C, 8 h 0 45 2@ [\, He Y el z
Dgs .
[a] 11 % hydrogenation byproduct. [b] 8% hydrogenation byproduct. (RT, 40} (RTEEH Ly : .
[c] 4% hydrogenation byproduct. [d] 5% hydrogenation byproduct and P, Do . _DBé D ?13
8% olefin isomers. A \/{ i‘ N Me\,/\/\ D94
P18y PtBu, PiBu, Ptau F’ Pr, D > Do D 44
ol / i | : : {RT, 3 h} (50°C, 50 1) (RT 1.5h)
"2:"\ H?*ITH" H? Rh—NH, \\_ er‘ /> IrH‘ Figure 1. Percentage of deuterium incorporation into olefinic sub-
PBU, —“PtBuz \——PrBu \—F’tBu PPr strates catalyzed by 5 mol% 1 in CgDy
1 2 3 4 5 5

Mechanism Study
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Figure 3. H/D Exchange of vinylic hydrogen atoms in complex mole-
cules (percentage of deuterium incorporation).

Catalyst 1 and 2 showed almost the same reactivity.
However, slower reactivity was observed
as catalyst 7 was used.

:> Catalyst 8 should be the active spieces.



Selective H/D Exchange at Aliphatic / Aromatic Group

Table 1. Temperature Dependence ot 10% Pd/C—H,-Catalyzed ‘Table 1. Comparison of deuterium cfficiency of aromatic compounds
H—D Exchanee in DO using 3% Pt/C and 10% Pd/C as a catalyst™"*
&2 = 2
Catalyst, H i
Ph/c1\/(3a\/002R 10% Pd/C, Hy Substrate o " Substrate-d,
¢ & D,0O, 24 h
1aR=Na 1b:R=H Entry 5% Pt/C 10% Pd/C
OH OH OH
D content” (%) a7 o7 85 85 98© 9a
p > A |
enry comipd 7("C) Ph Ci Ca+Cy Cy 98 o8 a1 81 o8 98
_ 97 85 98
1 1a rt 0 89 0 0 " (63%) 80 'C {60%) 180 'C (40%)
2 la 110 34 98 89 12
34 ib 110 0 0 0 0 OH s o oH &
4¢ 1b 110 0 0 0 0 9 >
5 ib 110 26 97 80 0 3 0 9
B’ b 140 63 66 84 29 A e 2
7 1b 160 G7 95 94 94 rt (929%) ¥t (92%)
8% ib 180 0 48 13 5
; 2 5 OH OH
4 Tnless otherwise noted, 0.25 mmol of the substrate was used and 91 8 98 80
reactions were carried out under ordinary Hz pressure using 10% Pd/C (10 88 742
wt % of the substrate, Aldrich) in D0 (99.8% D content, 1 mL). ¢ D content = g7
was detenningecl by 'H NMR. © 0.5 mmol of the substr}gte was used in 2 98 = 38 94 e 29
mL of 0.  Without hydrogen. © Without 10% Pd/C. / The reaction was 80°C (76%) 80°C (61%)

performed in a sealed tube. & The reaction was performed under Ds

atmosphere in dry EtOAc instead of H»> and D,0. (Sajiki et al Tetrahedron Lett. 2005, 46, 6995)
(Sajiki and Hirota et al Org. Left. 2004, 6, 1485)

5% PYC, Hy, D,0,160 °C, 24 h

only by Pt/C
[ cHa 91% | cpsse
GH, ONa céﬁ o using Pd/C :
o 54 @ O i Aliphatic protons are selectively exchanged.
HgG ‘250 oa . using Pt/C :
1;)2‘/"[)1:2%'0 99% 100% lu}z f"DZ‘é,’C Aromatic protons are selectively exchanged.
160 °C, 24 h 160 °C, 24 h
CcD, 99 CD, 95 U
92 ONa 96 ONa
990D3 @ o 97CD3 @ o7 . , . -
DsC o DsC Q "H" at both aliphatic and aromatic position can be
92 A w 9 ¢ exchanged to "D" by PY/C and Pd/C successively.
only by Pd/C by Pt/C and Pd/C

Scheme 2. Stepwise synthesis of ibuprofen-d,.

Table 1. Comparison of deuterium efficiencies of S-phenyivaleric acid using Pd/C or Pt/C independently and by mixing them
as a catalyst,!!

D DD D
¢34 o Catalyst, H

e COCH £ S COOH

. ¢ o D,0, 180 °C, 24 h oo ) Fbd b
Entry Catalyst (wit%) D content [% ] Yield [%)

1 C2 C3 4 C5,C6 C7

1 10% PA/C (10%) 96 96 14 98 96 96 88
2 10% PdiC (20% ) =93 93 <36 98 97 97 82
3 5% Pt/C (20%) 97 97 19 28 8 10 92
4 5% PUC (40%) 95 95 13 6 2 7 92
St 10% Pd/C (10%) 97 97 30 97 97 97 84
6 10% PA/C (10%) + 5% PH/C (20% 97 97 97 97 97 94 84

B500 mg (2.81 mmol) of the substrate were used and reactions were carried out under ordinary Ha. pressure using the cata-
lystin D,0O (99.9% D content, 17 mL) in a sealed tube.

™D contents were determined by "H NMR after conversion of the carboxylic acid to the methyl ester on the basis of the in-
tegration of the methyl protons and confirmed by “H NMR. “C NMR and mass spectrometry.

¥l The product of entry 3 was used as starting material.

(Sajiki et al Adv. Synth. Catal. 2006, 348, 1025)

Mixing Pd/C and PY/C at the appropriate ratio is performing
a synergistic effect in the H/D exchange reaction. 8



2. "F" in Medicinal Chemistry
2-1. Fluorinated Drugs
Fluorinated drugs are widely used all over the world.
HROXBERESRFE LS U+ 252007

s | AR S
[E! SRS —f & ENE A—=H— 200745 mifAt 20064

—»| 1 YER=L FRILINZSF BREMAE/ZZ F> 774 H—/FAFRA/FWN 13682 -1% 13793
2 F5EYOR ZOERZLIL MR %7 1 -A/BMS 8325 3% 6200

—>»| 3 BELYAK/FERF 550+ NFY ¥ minE 75 42V SK/TE5/UCB 7,154 8% 6,627
4 UYERYI/RTES  UYERIRT FERIFLUDNHE N8 1v-T47 94/O%a 5806 2% 4781

5 IR ¥ /7 DU9NIAK - IRIF>a BiEHE FLIT[I&IF I 5746 5% 6,029

6 I>FLIL IHZALETFE e O F /SRt FAY /71 A/RHE 5442 2% 4475

7 LEF—F 17U FIR7 BEY 7 F /IR J8J(eyhr)/SP/EI=% 5230  18% 4425

8 ROVFA IYATSV=)L tgEH/PPI FPANSERA 5216 2% 5182

9 TAANY/ZVR ST v fE EF/ARB ST 1 ZMAT 5,001 7% 4,350

10 J7LFY A5 ey RERTIAESE A—Z1 - 4,761 9% 4,364

—| 11 YRNF—L RN Ry meklEE 0020 J&Jd 4697 9% 4183
12 YVILF/EFETLR EVFILAHRAL PRR/RETHE A9 /Fa—Uv 443 0% 3705

—»| 13 N b -l/7 ObZvdA Ry RT3V maREH /PPl Syh (PR /AN T 4420 8% 4,079
4 N—E7Fv NSRAYZRT AAAEI/HERZILA A ¥ tviy/ O 2 /Fak 4311 23% 3,222

15 02T TRILBYIFFEY HaRREE 72 S +F/TATTA 4,198 18% 3,557

16 7IRR BRECATIIIY 2R RERm/) ) — 3901 19% 3275

17 T7To9— RYSIT7HYIY A5 2AI/SNRI TAR/FILESIL 3868 2% 3793

|18 AN/ o T/EHNUVE TR IE FIT4 - TRYT 1A 3847  13% 3215
—> | FE7OX/TWnN ¥V ISV- FUEBE/PPI EH/TAP/F Ry M 379%  -10% 4,218
—»| 20 LOH70/7 52 TAyH0OT75L S OAI/SSRI b A /7L LAy F 3698  19% 3107

A—p o l./'f JG’)J‘]E; o]

Lipitor (1)

MeO

. i =
2

Pantozol (13)

OMe

Takepron/ Prevacid (19) Lexapro/ Cipralex (20)

{ In the top 20, 40% of drugs are including fluorine in their structure (besides biclogical drugs).

There are about 20% of all pharmaceuticals and 30-40% of agrochemicals on the market.
(Tetrahedron Asymmetry 2008, 19, 2633 and reference therein)

l::> Fluorine is absolutely important for creating drugs.

2-2. Fluorine's Feature (Ma and Cahard Chem. Rev. 2004, 104, 6119)

Origin of Fluorine

F : 0.03% on earth (13th most abundant atom)
mainly included in fluorite crystal (CaFy)  jnun

CaF, : Strong hexagonal crystal structure
Generating fluorescene under ultra violet
Flux to lower the melting point of raw materials
High performance telescopes and camera lens elements
(very low dispersion, transparence, evenly refracting light)

Element Ratio in the Earth

-

i

Fluorite (CaF5) 9



Characteristic Feature of Fluorine and Fluorinated Compounds

Electronegativity

1. Most Electronegative, Most Powerful Oxidant
(High Induce Effect <Table 1.5>OH Analog)

2. van der Waals' Radii : 2nd Smallest
(H Analog, Mimic/Block Effect)

3. Stability of C-F Bond <Table 1>

(Low Metabolism)
4. Low Polarizability

(High Lipophilicity, Low Refractive Index, High Volatility)

Table 1.7 Representative physical data of selected elements [33-35]

Element (X}

el

2 C O F Cl Br
Electronegativity” . 2.20 2.5 1.44 3.96 3.16 2.96 3
van der Waals radius® (A} 1.20 1.7 1.52 147 1.75 1.85 3 Sy
H;C=X bond fength® (A 1.087 1.5 1.425° 1.382 1.785 1,933 ’ .
H,C-X dissociation 1031 88.0 902  108.1 81.1 67.9 120A 135A 152A 155A
energy” tkeal/mol) v
lonization potential® 3139 2599 3143 4022 2993 2727 — "F"is similar to "H"
tkeal/mol}
Flectron affinity’ 1742 29.16 3.73 78.52 83.40 77.63
(keal/mol) %
; ol
Table 1.5 Selected pK, values of various fluorinated compounds (35, 59) L 4554 C/ /
Compaound pK, Campound pK, Compound pK, 1 @ 451 A
CHLCOLH 4.76 CH,CH,COLH 4.87 {CHLCHOH 171
2.59 CFOCHLCOLH 3.06 (CFLCHOH 9.3 —_— 'EM e aimi " "
187 CH.COLH 427 (CiH,),COH 19.0F F*is similar to "OH
2.90 CFaCOLH 1.7 (CF1HCOH 5.4
1.33 CHCHLOH 1593 CaH:OH 9.9
0,50 CFCHLOM 12.39° CoFOH 5.5%
Table 1. Physical properties of the C~F bond”7 titution, For the CHOH group,
: : ne swept out by the hydroxy -
Compound Dipole mo- Compound Refractive  b.p. proton: BAEAS R
ments R ARB AA | ] e
[debye] index r°a Bond Length {A] van der Waals Total size [A]
CH.F 1.85 perfluorohexane 1.2515 57.1 radius [A]
CH,F, 1.97 hexane 1.3751 69
fluorobenzene  1.70 hexafluorcbenzene 1.3777 80.5 E:g 122 1'20 2.29
benzene 15011 80.1 = : = 73
C-0- 143 1.52 295
C-F 135 1.47 2382
O-H 0.96 1.20 2.16
(DiMagno et al ChemBioChem 2004, 5, 622)
Fluorinated Chemicals (Cahard et al Chem. Rev. 2004, 104, 6119)
Noncombustibility  Low Refractive Index ! Stability
i '
[} ]
- ; ala
Fire Extinguishants, | Functionalized G
Refrigerants . : Polymer Liquid Crystal

Medicine

Agrichemical

18F used for diagnosis

Precision Industry  Enrichment

Radioisotope High Volatility
- :  Washing Solvent  UFg for
‘ used in Uranium

Fluorinated chemicals are now definitely vital elements in human civilization.

10



Natural Fluorinated Products

o] o] HO,C_ OH NH,
HLOH HJ\ Hozc)\_/COZH N \')*\‘N
F F F HzN.S " <'N A
fluoroacetic acid fluoroacetone (2R, 3R)-fluorocitric acid 0"6 >;0?/ N
OH F
H\rcozH LU
F n CO,H )
F NH, nucreocidin
4-fluorothreonine w-fluoro-aliphatic acid

Only a few compounds were discovered so far.
:} To satisfy social demands for fluorinated chemicals, they must be synthesized artificially.

Mimic Effect/ Block Effect (Kirk Org. Process Res. Dev. 2008, 12, 305)

< Mimic Effect >
There are almost no difference between C-F and C-H in atom size.
—> Fluorinated compounds can be taken up into the metabolic system, and achieve their activity.

ex1 ) ex? ) 0 0
0 H/F Exchange 7 il H H/F Exchang HN i
HLOH — HL i v ot v st >4

F

H
monofluoroacetic i 5-FU

acid urac anti-cancer effect
: o . R o T o T :
: , HO COH ! .
trate synth ¥ ‘
: HLOH citrate synthase HOZC\&COZH 1 N ¢ "ﬁ\ | F :
E F oxaloacetic acid F - O%H o. 97N E
Fmonllioraeste fluorocitric acid 5-FU NH, koﬁ !
7 ° COH ' HN o :
1 Aconitase 2 ‘a o N OH ;
o = Me
| S HO,C I COH ' g . HN™Y :
' cis-aconitate ' E HN N NH ——,§/—>po OJ‘N
Monofluoroacetic acid inhibits ! po OJ‘N X o
citric acid cycle (extremely poisonous). : o EnzNHR |
' OH ¢
b O S s

:> Most of the case, fluorinated compounds Biosynthesis of thmidine is inhibited

react with enzymes irreversibly. because F* can not be desorped.

< Block Effect >
C-F bond is more stable than C-H bond. / Electron density around F gets lower.
—3 Blood concentration can maintained at high level and hold on its activity.

26
23 “ 25.CF,
OH
CF;
’ : 24,25-(0OH).-D
deactivation , (OH) 2D
25-OH-D4 77> 23,25-(OH)2-Ds

25,26-(0OH)2-D3

Vitamin D5 (activated form) Falicalcitral

Trifluoromethyl groups are protecting from deactivation by hydroxylation.

To maximize "mimic effect" and "block effect”, .
introducing fluorine in proper position is critically important in medicinal chemistry. 11



Fluorination Reagents
HF, F, : high reactivity, unstability (difficult to deal) :>

Needs for developing
easy fluorination reagents

Achiral Fluorination Reagents

@R Ng_Cl qu q§9 F3S---OMe
““*NT "Ph EtzN"SFg N
N™x® ['?QJ 2BF, Ph L MeO” >~ S
F F
Pyridinium Salt Selectfluor® NFSI DAST Deoxo-Fluor

Chiral Fluorination Reagents

O \TW R:Ts, Ac

E H
%,N-F @( |:>
N-F
g% /
O' (0] S,

00 N
difficult to synthesis (using F, gas) DHQBH + Selectfluor®

OMe MeO

(DHQ),PYR + Selectfluor®
Fluorination reagents were widely broadened.

2-3. Catalytic Asymmetric Fluorination

Togni's Work (Angew. Chem., Int. Ed. 2000, 39, 4359 / Tetrahedron Lett. 2006. 62. 7180)

Table 9. Enantioselective Fluorination Catalyzed by Proposed hani
TADDOL-Titanium Complexes -[QROSEC. MechaniBm. . o vsm e e

: ]
' o—{ Np — Np——i Q.,_*i( Np !
5 5% /)L 1-napht ' (e} (8]
mol% g N ' N Np *bj\\ Mp :
1.naph:7'[“’+"““p"‘ P e e 7(\ . soMP fote |
0,0lp i o O TI'”"“O i O,I‘Tfld_«n Np O 4 o :
1-napht i 97 i p i ]""'NCMe P e E"-Q | et i
JCL o} mach” | “NCe 0 O POMeGNT MeCN™ 1 >,,;{L—°R' MeCN Y—or !
cl ) 1
1 e Ry i 3 ]
R H{J\on Selectlluor, GHaCN. 1 R Jia}(:\on ; ; 5 ® K f e o cl *H« _FR Me 4
- 1
o 0 o 0 o o o o i R%DW :
[ Me
Ph)B(U\OEl Ph)S(U\DCHPhg isr)%\'kocHPhE EIJ%OBn : SET i
Me F Me F Me F Me F i j\ e a !
98 98 100 101 : R o T -
! Ve Q Np <L AN Oy Np :
o o 0o O i-Pr ' o 0 0{ y
1 N NP~ . i
A K e : Ko o™ # ?(o\': oM
Me F Me F ) \ p /‘3“""’0 Np "'l'Ilﬁ.O :
102 103 FPr Pr : MeCN O}\__P_OR. MeCN O\L‘j\,,oﬁ. :
o 0O (o] E R F ""Me (Fluorlnc atom btransfer) R> \Me :
radical recombination F ,
ph)% 1\oEt EtMOBn : o~ 3‘ / :
o F c F ' ’ S :
1
104 105 T S '
vield, ee, yield, ee,
el [ I o o [oa g B o s
product = % ___ product % % Steric bulk of ester is important for stereoselectivity.
98 =80 62 102 =80 68
99 =80 82 103 89 90
}g‘l’ 32{; ?% igg 0; gé Bulky ester can take
2 g i complex A (most shielded)
Ti(enolato) Possible Complexes
; ‘ A~ .
RO Np I ofz.‘»'c_" Np From NMR analysis,
5‘9’7(\ o - 4.9 J complex A, C were observed.
Np | o \Np
1.0 LA To.1,0
A | T W
0 R 0 R
R’ R—0 R=0 Isomer A
A, Face-on-Re/Face-on-Re (Cy) B, Face-on-SifFace-on-5i {C,) C. Face-an-Re/Face-on-5i (Cq)
A R LN N
Gl \ il \ = \
0 oXxdN 70 oXan i e
& ¥ S of [ b AN N f,?\ oF A 2 /’I S ,,.E'.),._#\OR J;’Np
( J \ ? o XN | T ,}\\ 0% o I ANt
% Np O;Ti:__ ) o Np 0;—}tv'o b S~ Np O “"'l!i"o \
' ~, I
o (13 0" "R R 07707 T2 S P

R

\ o \
[ - ] ppm
\ o v R R’ R
Figure L. Seetion of the "H NMR speetium (500 MHz, C,Dy) of complex
0—R R 3n showing the sisgals of the hydiogen atoms in position 2 of an edve-on

naphihyl group

D. Edge-on-Re/Edge-on-Re (Cp} E, Edge-on-Si/Edge-on-5i (C5) G, Edge-on-Re/Edge-on-Si (C4) 12



Sodeoka's Work

J. Am. Chem. Soc. 2002, 124, 14530/ Org. Lett. 2003, 5, 3225 /

Tetrahedron Lett. 2006, 62, 7168 / J. Org. Chem. 2007, 72, 246

8 804Ph
- /Ycozr BU . F-N R i S0 il 11 ., COutBu
5 SO,Ph EIOH, 1M 5 ,,
R 18-72h R F
NFSI
13 32 (1.5 eq) 33
o o o 13d: R'=R%= Me
(JL\.,,,COZz-Bu MM — Rv,ll «_CO+Bu 131 R = Ph, RZ = Mo
2 [ I 13g: B'=Me, B2 =t
H < 13h: R' = Et, R? = Me
13a:n=1 13¢
13mn=2
entry kefoester product catalyst femp. yield ee
(X} {*C) (%) (%)
qa 13a 33a 21 (TIO} 20 80 92
2 13b 33b 2c (BFy4) -10 91 94
3 13¢ 33c 2¢ (TIO) 20 85 83
4 13d 33d 2f (TEO} 20 49 91
5 13f 33f 2¢ (BF) 20 92 @
&° 13f 33f 1e¢ (TIQ} 20 9% *N
7 13g 23g  2¢(TIOY 20 88 87
8 13h 3sh  2c(TIO) 20 47 6g

4 }-PrOH was used.
b 1g soale. 5 mol% 1c.
< Lower yield due to the volatility of 33d.

Lewis acid

P\

2+O
D

2x

Bransted

(p 2+ OQH

/' TOH,

acid

Brensted base

P. +_OH
o pa”

=N T

¥

a-c

a: Ar = Ph: (R)-BINAP

b: Ar = 4-MeCgHy: (R)-Tol-BINAP

¢ Ar = 3,5-MepCgHa: {R)-DM-BINAP

d: Ar = Ph: (H)-SEGPHOS

e: Ar = 3.5-MeyCgHs: {R)-DM-SEGPHOS

f: Ar = 3,5-(+Bu)z-4-MeQGCgHy:
(R)-DTBM-SEGPHOS

It has both Lewis acidic and brgnsted basic features. — make enolate form easily

Preparation
AgX (2 equiv) aq. NaOH
HoO (2 equiv ; i
P - ol 20 (2 equiv) /P2 OH, (1 equiv)
o el Acetone \p” "OH,  CHiCl
7a 1 ax
TABLE 1. Catalytic Enantioselective Fluorination of the Lactone
Substrates 3
(0]
9 SO,Ph Pd-cat.
COst-Bu *+ F7N, - - » COot-Bu
Q SO.Ph solvent F
)n ", 1M )
NFSI
3a:n=1 4a:n=1
3b:n=2 4b:n=2
entry 3 solvent Pdeat (mol%) time (h) vield” (%) e (%)
1 3a CH:CL 1b (5) 24 trace
2 3a  acetone 1b (5) 24 10 51
3 3a THF 1b (5) 24 49 75
4 3a EtOH 1b (3) 4] 54 82
5 3a  i-PrOH 1b (5) 6 96 79
6 3a  -BuOH 1b(5) [ 89 30
7 3a i-PrOH 1a (5) 6 79 77
8 3a  i-PrOH 1e(5) 6 78 87
9 3a i-PrOH 1d (5) 24 74 97
10 3a i-PrOH 2d (2.5) 24 5 98
11 3b BuOH 2d (2.5) 27 35¢ 974

2 Isolated yield of 4a except for entry 11. ® ee values of 4a except for

eniry 11. < Isolated yield of Sb.

4 ge value of 5b,

P, 2. OH
*( pal © 2Tio-
P OH,

o i

™

a: Ar=Ph
{R)-BINAP

b: Ar= 3,5-Me,CgHs d: Ar=
(R)-DM-BINAP

o

<O O PArz
2 PAr,
I

c: Ar= 3,5-Me,CgHy
{R)-DM-SEGPHOS

3,5-(1-Bu)y-4-MeQCgHy

(A)-DTBM-SEGPHOS

B+ P
+
Pd. Pd’ )
o O P
i w
2 — Siface
TABLE 3. Effect of Amine Bases
Pd cat. (56 mol %)
2 base (0.5 eq) 2 —_—
CO,tBu t+ NFSI 2 2t-0U
HN&’ 2 EOH, i, M 1N F
48 h
6a 7a
entry Pd cat. base vield (%) ee’ (%)
1 1b EtsN 59 90
2 1b morphorine 49 88
3 1b pyridine . trace b
4 1b quinoline NR® h
3 1b isoquinoline NR® h
6 1b DMAP trace b
7 ib 2.6-lutidme 20 91
8 ib 2.6-(+-Bu)o-pyridine 65 91
9 1d 2.6-lutidine 50 99
10 2d 2,6-lutidine 58 =99

4 ee values of 7b. The ee was detenmined after N-benzylation. ” Not
determined. ¢ No reaction.

Acidity of c-proton is reduced.

—

adding 0.5 eq of base

Not real catalytic
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Cahard's/ Shibata's Work Tetrahedron Asymmetry 2004, 15, 1007
Synlett 2004, 10, 1703 / Angew. Chem., Int. Ed. 2005, 44, 4204
o5
ko
d

+ +
- d NFS| 0}/— NFSI
Ph - o
i oTé . & clo,
(S, 5)-Bis(oxazofine)-Ph ’;’ - ‘\1_ /[< 7 %
(Box-Ph) ; ;\0} N-on, .
S)-isomer up to 84% ee o N 5
Cahard (R B F ha e :-\_. l
CuOTh, W F Distorted Square-planar 7 Square-pyramidal .
4 /E_ 244, 'COOR DBFOX (11 mol%) \:\/? \/-‘j\
FSI 9 d
J\\U{ cogr==d IS csmememme %,U\_,coore Ni(CIO4)y BHZ0 (10 motte) Jchooa oA
“ n . e NFSI (1.2 equiv). MS4-A \N o
n=1.2 # o COOR ot i
I - \ 2Cly, 1t o, MJ S
NICIO26H0 i~ F & o i mReC
y o - 3
Simagta (R)-isomer up to 93% ee i = "F | !\f COCR
S ‘COOR F
Cu(QTHz Ni(CIDy)3.6H,0 46: R=Bu, 93%, 99% ee 52: R='Bu, 86%, 96% ee
7P 2 47: R=1-adamantyl, 71%, 99% ee 49: R=1-adamantyl, 97%, 98% ee
O. F m F\_“ 48: R=Fmenthyl, 66%, 99% ee
“Co0Bu “CO0Ad i Mole 51: R=cyclohexyl, 97%, 92% ee i
(5148 (81%, 70% ee) (S)-47 (79%. B4% ee) (RI-47 {94%, 80% ee) (R)-46 { 87%, 93% ee) 4 & o -
\. F i F
o] [a] i
o : ) oom Com oo
W L Bu !
i & .
| e "CO0Ad | AJOOCY O i = \/39 M%s
(5)-48 (BBY%, 55% de)(S)-49 (73%, 72% ee) (R)-49 (0%, 41% ea) (R)-48 (95%, 77% de) 84%, 93%ee 75%, 99%ee 5%, 83%ee
0 F £ 7 )
F o i 17 a H A
‘COO‘Bu COO = BLONC . BuoOC"
(S50 (83%, 71% ee) (S)-38 (84%, 62% ee) (R)-30 (47%, 34% ee) (R)-50 (12%, 67% ee)

Jorgensen's Work (angew. Chem., Int. Ed. 2005, 44, 3703)
Table 2: Organocatalytic enantioselective a-fluorination of aldehydes by BL7,-Tel gl |-y o L SR

NFSI, catalyzed by 6 (1 mol %) %! 9 L
H?\ NFSI 8 (1mole) H?\ NaBH, 5 HOH ' l,,l‘np, 5 \!Nfﬁ“'&_r '
K " wTee.RT H o Tweonmr . En A :
* 4 ® 3 8 : 1a 6 i
[ f: [
Entry  Aldehyde R b Yield[6]  ee[%] ' ;
1 £y 1
16l 1b Pr 6 3b 95 96 : L hOTMs :
26 1c Bu 28 3¢90 91 ‘ T AT '
3ldel 1d Hex 4 8d 55 56 : E"*’ '
40 Te BnO(CH,)s 2 8f 64 91 :  Bn 4 : :
G o '
5:5: Ta Bn 2 8a 74 93 ! favored A ot o, distavored !
6 1f Cy 5 8g 69 96 ' Srface gttack 7 * +F . Re-face attack
7t 1g tBu 2 3e»90 97 : A cF, -
gl 1h 1-Ad 2 g8h 75 96 . 4 '(_\ oTHS, M.g Fa oM.
b Jromey \ w4 % [
[a] Compound 2 (0.25 mmol) was added to a mixture of 1 (0.38 mmol) + *° "‘"f \\. j TN
and 6 (0.0025 mmol) in MTBE (0.5 mL) at room temperature for the B, ?f" g»”/‘“‘ﬂ ©F, l"" "““} CE.
stated period of time; Ad=adamantyl; Bn=benzyl; Cy=cyclohexyl. ) Fﬁf-;’%ﬁkc;' T Ve .
[b] Percent ee values were determined by GC or HPLC on a chiral phase: | gn” ? ! :
see Supporting Information for separation conditions. [¢] Yields were | E.48 S)-8 !
based on GCanalysis of the crude mixtures before reduction owing to the | 3 // 1*" :
volatility of the products. [d] Isolated yields of the alcohol after reduction | SloW ™ M wHO test !
with NaBH,. [e] 1.1 equiv NFSI; 1 equiv aldehyde. ! o P il !
J f / 1
' Farsit - AN _‘T:};Ns # i !
1 ; i o '
Results of Other Organocatalysts ! +HO B d & ' £ wHL !
] ¥ H b 1
] 1
Boc. .NHBoc | & ¥ i :
NHy N ! ; H :
OH + . 1
OG : v w ; + H,0 ?; :
L} 1
Enders Jorgensen Barbas Ma,;h,,,"‘,_,_n Jergensen : (f\ ? o :
jl ! Fo, M Bl Fag '
F i F M j\I/O i c. : { # A H M :
2 y o CoHe-d-Br ! F7L : :
U ! 1';; "8 ! F H}?<Me T " o i :
68 69 70 71 72 : {Sr3a o (RB3a :
56%. 34% oo 90%, 974 oo T4%, 96% oo 97%,98% oo 60%, 90% e .

Fig. 14, Selecied examples of arganocaralytic fuorination from Enders, lorgensen, Barbas and MacMillan groups.



2-4. Catalytic Asymmetric Trifluoromethylation Ma and Cahard J. Fluor. Chem. 2007, 128, 975

Reagents Nucleophilic reagent

Ruppert reagent
Shibata and Toru's Work (Org. Lett. 2007, 9, 3707)

Table 1. Optimization of Additives for Enantioselective

Triflusromethylation Catalyzed by Chiral Ammonium Bromide

1) Me3Si-CF5 (2.0 equiv)
3a (10 mol %)
additive (10 mol %)

temp, time, solvent
2) TBAF/H,C, THF, t, 1 h

O

Me

HO, ,CFs

Me

1a (R)-2a

temp time yield eef

run  additive® solvent (2E2) (h) (%) (%)
1  KFA2HsO  toluene -40 24 NFK -
2 KFR2H:0  toluene/CH.Cly —40 24 NR/ -
3 TBAH.F; toluene/CH.Clor —40 2 83 25
4 TBAT toluene/CHsCly¥  —40 2 89 18
5 LiOAe toluene/CHsCly¢ —40 2 99 19
6 TMAA toluene/CHyClyr  —40 24 NR/ -
7  TBAF/H:0 toluene/CHyCly —40 2 94 22
8 TEAF/H>0 toluene/CH,Cly* —40 2 38 66
9 TMAF toluene/CH-Cler  —40 8 65 70
10 TMAF toluene/CH:Clt  —60 2 65 81
11  TMAF toluene/CHyCls  —60 8 70 82
12 TMAF toluene/CH:Cly¥  —60 8 48 79
13 TMAF toluene/CH,Cly  —80 2 53 80
14 TMAF toluene -80 24 30 72
15 TMAF CH:Cls —80 3 56 il
16 TMAF toluene/CHsCly  —80 12 98 87
17¢  TMAF toluene/CHsCls¢  —60 6 87 85
18" TMAF toluene/CHoCler  —60 3 70 17

@ TBAH,F;, tetrabutyl ammonium dihvdrogen trifluoride; TBAT,
tetrabutylammonium triphenylditluorosilicate; TMAA, tetramethylammo-
nium acetate; TBAF, tetrabutylammonium fluoride; TEAF, tetracthylam-
monium fluoride. ¥ Determined by Chiraleel OD-H eluting with 5% i-PrOH
in hexane. (R)-2a was obtained. The absolute stereochemistry of 2a was
tentatively assumed. See footnote in Table 2. © Toluene/CIH2Cly = 2:1. d
Toluene/CH-Clo = 1:1. © Toluene/CH-Cl, = 1:2. /20 mol % of TMAF
was used. € Catalyst 3b was used instead of 3a. " Catalyst 3¢ was used
instead of 3a. 7 (S5)-2a was obtained. / NR: no reaction.

FiL 07 o,
TR R R? FaC_ OSiMey
R‘l - RZ
CF3
Me—&l,i;‘,:Me RaN* o
Fo_ O Me R
r SR

Shibata et al J. Synth. Org. Chem. Jpn. 2008, 66, 215
Shibata et al Tetrahedron Asymmetry 2008, 19, 2633

Electrophilic reagent

v LY A
Me - Si-Me 1T e s TRz
CF; “
- ]
CF; X

R {— =LR; Ri R, R
AW g @ %
e xe l‘ ;.S:.N.RZ
CF; CF, 0" CF,
A:0,S, Se, Te

Table 2. Enantioselective Trifluoromethylation of 1 with
Me;SiCF; Catalyzed by a 3b/TMAF Combination”

1) Me;Si-CF3 (2.0 equiv)
3b (10 mol %)

(0] TMAF (10 mol %) HO, ,CF3
Ar)]\ R —60 to -50 °C, time Ar/}( R?
oy toluene/CH,Cl, (2/1) (R-2a—v
2) TBAF/H,0, THF, d, 1 h

time yield ee”
entry 1 Ar R! (h) (%) (%)
1 1a  naphthyl Me 6 87 85
2ede  1b  6-Me-2-naphthyl Ma 30 72 91
3 1b  6-Me-2-naphthyl Me 30 74 88
4 le  6-MeO-naphthyl Me 24 59 78
5 le  6-MeO-naphthyl Me 8 74 87
6° 1d 4-BrCsHy Me 3 71 70
7 1d 4-BrCsHy Me 3 81 86
8¢ le 4-BrCgHy Et 2 84 93
9 if Ph Et 4 65 82
10 1g Ph propyl T 33 76
114 1h  4-MeOCsH4 Me 7 84 89
12 11 4-ClCgHy Me 14 71 87
13 1j 4-FCeH, Me 7 96 87
14 1k 4-MeCgsHy Me 12 94 88
15 11 3-BrCsHa Me 8 73 71
16% im 3-CICsHy Me 4 80 74
177 In 3-NO2CsHy Me 7 96 64
18=¢ 1o 4-NOa2CgHy Me 3 97 52
19 1p l-tetralone 3 75 94
204% 1g  6-methoxy-1-tetralone 24 82 86
21 1r l-indanone 12 34 74
22 1s  1-benzosuberon 2 53 73
23 it PhCH=CH Me 3 85 70
24  lu 2-natphtyl H 24 93 41
25 1v  PhCHyCH, Me 6 37 10

a The reaction started at —60 °C. and it was kept at —60 °C 1o —30 °C.
b Determined by HPLC analysis (Chiralcel OD-H, AD-H, or OJ-H eluting
with 5% i-PrOH in hexane) or GC analysis. The absolute stereochemistry
of the newly generated stereocenter in 2n was determined by comparing
retention times of HPLC analysis reported by Mukaiyama et al..'” and the
stereochemistry of other triflucromethylated alcohols 2 was tentatively
assumed by analogy. ¢ Catalyst 3a was used instead of 3b. © 20 mol % of
TMAF was used. © The reaction was carried out at —80 °C to —70 °C./
The reaction was carried out in the presence of MS 4A. ¢ The reaction was
carried out at —50 °C to —40 °C.

Selectivity is largely improved.
Excellent substrate generality
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MacMillan's Work

(J. Am. Chem. Soc. 2009, ASAP)

= 2+
Me
N. | AN
/?_ b % ) ""
+Bu Me "““tBu
catalyst 10 catalyst 2
pholecatalyst 9 photocatalyst 1
2 . 0.5mol% 1 0r 8 o
" GF4l 3 20 mol% 2 or 10 H)erFa
n-hex 2,6-lutiding, DMF nhex
octanal 26 W household fight ~ {€MP"C -CFj aldehyds
entry  organocat. photocat. light temp (°C) % yield % eet
1 10 9 yes 3 51 o e
2 10 9 10 23 <5 0
3 10 1 yes 23 85 0
4 10 1 yes =20 92 52
5 2 9 yes =20 67 87
6 2 1 yes =20 b 99
O T "
+ Mechanism S '
] € 1
' i Dy |
1 1]
) H )I\' Me' N) i
' R '
1] 1
3 aldehyde \_/ ! :
' R 4 ]
L o) Me * 4
1 4 7t L]
' N SHase F i
' A open  radical 3 '
Ll Mo’ NTrBu '
! H Organocatalytic :
talyst 2
' catalys! Cycle :
1] 1
[} Me 0 Me, (o] ]
[ ‘N_g 1
1 1
' ; u "Mﬁ t-Bu/,\N “'Me :
¢ i J\rca H2_cry :
1 Y L}
! enamloenﬁr.hnd 6 R STl 5 R !
- u-r:F, aldehyde: ?‘ﬁma A
1 1
! Ir(ppy)(dib-bpy) *Ir{ppy)a{dio-bpy)* ;
[ 8 oxidant 7 ]
' CFyl 1
1 1
¢ alkyl halide Photoredox Catalytic :
1 1]
. Cycle .
1 1]
' , '
' . a.F 0
1 s 1
‘ Re Woppcib gy 7 OO
: radical 3 photaredox catalyst 1 ‘9 !
| TP —— P ——— L]

This synstem is developed originally for a-alkylation

(Science, 2008, 322, 77)

Table 2. Enantioselsctive a-Trifluoromethylation: Aldehyde Scope

a 0.5 molt 1+PF, e
. CF,
H/U\ CF@I 20 mol% 2*TFA " 3
R 2,6-lutidine, DMF R
aldehyda 26 W houschald light -20°C 2-GF, aldehyde
entry product yield, ee® entry  product yield P ee®
o ; o 2 vieldd
I JL " T9% yield 7 : T3% yield
W o Hr”\_/\‘: 904 e
&F, é;s
OMe
2 JCJ’\/\H,GEn it B l/\j/ 61% yield
HE oy ¥ 95% ee H)K/ Z .
R = H O35 ee
CFy CF,
e 86% yield f 75% yield
yield :
) HJWC%E 9% ex 8 Hkg/\ﬂh D% e
CFy CFy
o 0 Me
TR% yield 68% yield
4 HJ!\,/\H’NPN" ssnee 10 H’U\_/l\pn 22001 e
éF, &r, 99% ve
X =CH,
5 70% yield
0 X 9%es g 629% yield
j n A A ot
NG X = NBoc HT e A20.
6 & % yield CFy 9% ce
- 98% ee
0 0.5 moi% 1+PF o]
)H R—CFl 20 mol%h 2:TFA ,HYCFZR
H e
rit 2 6-lutidine, DMF b
fluoroalkyl  household -0°C a-difluoroalkyl
octanal iodide light aldehyde
entry product? yield,? eet entry product® yield,h eet
\ i
i 73% yield 5 85% yicld
CF,CF L 4 ¥
" T e HJ\ 98, ee
n-hex nhex
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Possible to apply for perfluoroalkylation

Equipment

ji A - ﬂuo:esccnt llghl 4o R
H” o “organocala - EG
Bt FG *
\l Rulbpyl:Cl, 1 !
2,8-lutidine, DMF,
aldehyde racemic 23°C enanticenriched
a-bromocarbonyl w-alkylated aldehyde
Catalyst Cambination Photon Source
l P / §
a, [:"—“1 ? /“
P =
Ben” - HoT "C“" o u
/\, Mo e gl N
Tl N |< " —E 26 W fluorescent Pyrex glass tube Reaction set-up
Me light bulbs encasement with (side view)
rubber stopper
organocatalyst 6 (20 moite) Ruibpy),Cly 1 (0.5 moi%) 15 W tiuorescant kght bulb .
entry aldeliyde produt’ wnlry aldehyde proihicr” iy - bromocurbony] pmd\;ui ety cedromocarhooy? product?
. e ca,n 3 :/\.I qu ?"‘ o [s] o [¢]
i - ! 1
1 . 'O H’ “co g ~ M I o » M oohgF,
e E o e 1 7 Y W et 0 F_sC:-‘/,vC!}’EL“; H kr N .
5t o L i Hox O e Hox O
D% inld, K oo B yield, 95% e N
- BA% vield, 96% ¢ BO% vicld, 92% o
9 9 (1:0257
2 H'JH‘(V);’"\\\! ﬂ’:J‘“ o 3 ? i e B j\t Mo, oS
& [\/ﬁ\ 8 /‘-B/l\: ,w'hﬁ"\lr & 11 moc” “coE H ‘l)\co;;\
] ,i\ Hex © Hax
6% ield, #0% ve i 4 [ B %
o B7% yiold, $6op BO% yield, 88% cv
5 o -;i io_.a [+ 5 B, 008
i S i 6 | ! (=
HY N Y M’L\—’M“mm‘ 9 S '}L\: H'JL‘ Ny APROL 12 -
: N : ¢ 2
52% yield, X% ok Ph 36 ieldt, 93% ce oS P 2 7
BE% wicld, 3% pe ke vield, 51 dr, 9% v I 6




3. Conclusion
As for Reaction Development

Now, using "building blocks" is the main method to introduce D or F into target compounds.

Advantage : easy to introduce, commercially available

Disadvantage : only using commercially available compounds (not full of variety)
not having stereoselectivity in general
high cost

Selective D or F reaction can solve these disadvantages.
However, there are a lot of problems.
H/D Exchange : Not acidic protan is difficult to exchange (C-H activation is a powerful tool so far).
It is almost impossible to exchange all proton (some protons are remained),

and difficult to separate from not changed.
Enantioselective reaction is only a few example (using chiral substrates)

H/F Exchange : Substrate is limiting to f-ketoester etc. in catalytic enatioselective fluorination.
Catalytic enatioselective trifluoromathylation is developed recently,
but it has much room for improving yield, ee, range of substrate.

As for Drug Creation

In my opinion, D or F seem not to be tried vigorously recentry.

New launched medicine becomes reduced and most of the pharma companies are pressed for time.
It is necessary to pass clinical development rapidly, especially in the case of buying targets from the venture.

:> D or F in proper position can improve metabolism or activity much easier than we think.
ex) Tamiful (also see Ms. Yao's lit seminar and special thanks for Mr. Yamatsugu and Mr. Kimura)

US Patent : Dec., 27, 1996 (FILED)
CO,Et FDA Approval : Oct., 27, 1999

AcHN™ ™ licensed to Roche for late-phase development
NH, « H;PO,

Table 1. Influenza Neuraminidase Inhibition and Plaque
Reduction by Carboeylic Analogues

HO:©/ COsH
AcN ¥

H

file
6
enzyme® plaque®
R compd 1Csp (nM) ECso (nM)
H 8 6300 NDF
CH; 6a 3700 :
CH;CH: 6b 2000 - Y g
CH;CH.CH, 6¢ 180 ND ; 4 Oseltamivir S : ; :
CH:CH.CHA.CH, 6d 300 ND R ';‘
(CH;):CHCH, Ge 200 ND Nature 2008, 453, 1258
CH:CHxCH;)CH*  6f 10 80
(R)-1somer . .
6g 9 135 Hydrophobic pocket becomes smaller by influence of
(S)-isomer Glu276 pushed by bulkier Tyr.
(CH;CH;).CH 6h 1 16
(CH3CH,CH:).CH 6i 16 ND U
2 150 2500 . _
3 1 15 It should be an important factor that substituents can

T TA. PETNL Afws. ¥ ND = uat determined interact with Glu276 with remaining hydrophobicity.

Gilead Sciences' Grup J. Am. Chem. Soc. 1997, 119, 681 U

"F" may be useful.
From this thesis, only hydrocarbons were checked. high lipophilicity
mimic for OH group 17






