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Fluorine Chemistry

~Construction of Fluorinated Organic Compounds ~

The synthesis of fluoro-organic compounds is an important topic in modern
chemistry. The replacement of hydrogen or hydroxy with fluorine is an extensively
used strategy for enhancement of activity in the design of important molecules.
The several advantages of fluorine substitution include an increase in stability,
changes in lipophilicity, introduction of a center of high electronegativity, and

altered patterns of reactivity of the C-F vs the C-H bond.
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1. Classification of construction of fluorinated compounds
2. What’s the fluorine ? (properties and effects of the fluorine atom )
3. Fluorination of organic compounds (asymmetric reaction)
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Construction of fluorinated compounds (Qrganic or Inorganic)

Conversion of fluorinated compound (introduce Rs, RCHF ...)

. ) 1. Nnucleophilic fluorination
Introduction of elemental fluorine - P

2. Electrophilic

3. Rradicalic

Nucleophilic rxn. ' Electrophilic rxn.
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1. Nucleophilic fluorination A) Racemic reaction

2. Electrophilic B) Diastereoselective reaction / h

C) Direct asymmetric reaction --- Lang, Davis, Tognl
Cahard, Sodeoka ..
(from stoichiometric to catalytic reaction)
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NEW FLUORINATING REAGENTS.-1.

THE FIRST ENANTIOSELECTIVE FLUORINATION REACTION

*
Edmond Differding and Robert W. Lang
Central Research Laboratories, Ciba-Geigy AG,
CH-4002 Basel, Switzerland
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A Fundamcntally New Approach to Enantioselective
Fluorination Based on Cinchona Alkaloid
Derivatives/Selectfluor Combination

Norio Shibata, Emiko Suzuki, and Yoshio Takeuchi*

- Scheme 1. Flyorination of 1a by Quinine/Selectfluor
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© Table 2. Enantioselective Fluorination of 4 wigt%gggg_a;
Selectfluar Comhination in MeCN/CH,Cl, at —80 °C

“ Determined by HPLC analysis using & Chiralcel OB or OD. ® The

" absolute configuration of 2 was assigned on the basis of the HPLC

analysis using a Chiralcel compared with the authentic samples prepared
according to ref 6. © Fluorination was carried out at —80 °C in MeCN/

CH,Cl, (3/4) for 48 h. ¢ Fluorination was carried out at —50 °C in

MeCN/CH,Cl, (3/4) for 12 h.
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° Determined by HPLC analysis using a Chiralcel OB, OD, AS, or
AD. Configuration was not determined unless otherwise indicated.
* Fluorination was carried out by DHQB/Selectfluor combination in
MeCN at —20 °C. © The absolute configuration of 4a was assigned on
the basis of the HPLC analysis using a Chiralcel compared with the

authentic samples prepared according to ref 14. ¢ Fluorination was -~ -

carried out by DHQB/Selectfluor combination in MeCN/CH,C1,(3/4)
at ~80 °C. Tol = p-tolyl, Np = 2-naphthyl, 4-iPr-Ph = 4-isopropyl-
phenyl.
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Scheme 2. Transfer-Fluorination of DHQB with Sclectfluor
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Catalytic Enantioselective Fluorination of
p-Ketoesters** B

Lukas Hintermann and Antonio Togni*
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Enantioselective introduction of fluoride into organic compounds
First asymmetric ring opening of epoxides by
hydroftuorinating reagents

Stefan Bruns, Giinter Haufe”
Osgavisch-Chemisches Instin, WesyWische WeMelmer-Universinde, Corransrerafie &, 48149 Minster. Germany
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Table 1. Catalytic c fuori /

2: boxylic acid ser-butyl ester 1a*

Eatry Catalyst (mol %) -dunm Sulv:nl Adunl Tempeeature  Time (h) Yield (%) Ee (%)*
additive® (*C)
1 2a-Cw(OTI), (10) Selectfluoc CH:CL None ot 16 97 36 (+)
2 2a-Cu(OTN),; (10) { NFPY-OTr None w 3 98 35(4) -
3 22-Cu(OTN; (10) None n 3 8 a7 (+) Jj‘
4 2a-Cu(OTI) (10) Nonc o 0.5 % 57(4) v QWMW(( (=3 eC?{V
5 2a-Cu(QTQ: (10 NFSI None n 2 9% 7 +) o
6 NFS! None n 0.s 95 (s (_%
7 NFst E£,0 None n 48 80 = I
8 NESI 40 None " 2 84 [@ J.-A. Ma, D. Cahard [ Tetrahedron: Asymmetsy 15 (2004) 1007-1011
9 NFsI Toluenc None n 48 74 47(+)
10 h-Se(OTI), (w) NFS} E40 None n 25 86 17(4) - o 0 -
1] 2-La(OT1), (10) NFS! E,0 None " 4 84 14 +) Fluorinating reagent
12 2a-Co(OTE), (1) NFSl1 E,,0 None n 05 96 73(4) -Bu F -8y -
13 2a-Co(OTH), (0.1) NFSst EL,O None n 0.5 89 2 Chiral catalyst
14 2s-Co(OTH, (1) NFSI B0 None 0 ] 86 69 (9 1a
- s 2a-Cu(OTD;, (1) NFSI E1,0 None -29 a8 82 2 =
16 2%-Cu(OTI); (1) NFsl ELO Nose n 2 81 5(-)
7 2¢.Cu(OTYY (1) NFsI Ey,0 None A 2 91 20(+) Chicat Liganas 2 ox ’
18 2ColOTN, (1) NFSI e 12 % 70 (+) ol e -
9 22-Cu(OTH), (1) NFst EL0 26dutidine 1t 12 89 70(+) 2c(S)- Prinriol
20 2a-Cu(OT); (1) NFSI ELO +BuOK " 4 % a4) -
21 2a-Cu(OT0); (1) NESI oL AAMS e, ol 1) _— .
: ) n 08 9% B b} Fluaringtng roagents:
i ST “ELO REIPYNT 0 (X L
:Ruc(iom were run at 20°C on 0.2 mmol scale. \ PhSO;
=+ *One equivalent of additive was used. é‘ \ Jo—r ow- --
“Yickds of isolated products. ‘= pote 11\2 R)Qoﬂ f fl& Cry »cfeé Phsd, .
__ *GC with chiral column was used to determine the ¢c values. . p é o
P c (o.b/&‘% ,m NFS NFPY-OTY
mw AL h N M
Scheme 1. Enantiosclective Auoris of I-ft 2 yclop boxylic acid rers-butyl ester Ix.
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Table 1. Optimization of the Reaction Conditions
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ey cotalyst(mol%)  sovet  emp(°C)  Umef)  yikl(%)  ee?(%) . ijﬁtn% aCﬁ}/'e o~ suéﬂ'rm‘ela/-%m —(}'ﬁm"
1 |l§5) THF -20 lg ;g ;g ] .
2 b () THF -0 3 s e < C -
< oy ome w0 ok o» % W-Shohwml - - Aereted @ oo
¢ Catalyst amount. & Determined by HPLC analysis. U /\"’UW Mf";r‘ﬁ(‘/‘c QCZL%/ VWS'QT[A ?‘/ﬂ%fr'@/’?aﬂ’}g
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3R = CHy. R? = Cobg
ey kelester  calalyst()  wemp{C) Gme )  yied (%)  ee(%) I

;  ow no BB % ;ﬁ - 14991"&9 D]CO/M/JP&//H /0‘430140/5 e Qm””"d~

2

3 3c 2b (TfO; -20 3 85

4 3d z‘,gp‘)) 20 0 92 911, e (k)‘ DM JQ/JU ]D o s{ (P) DTBM ‘ﬁ&?ﬂ’/o

5 3e 2 (TT0) 20 72 4% 91

6 3r 2b (TFO) 20 42 88 87 A - AN, o — e / e e -
Yl 3b 2b (BFy 0 20 82 91 . "(-Lf Ao

8 3d 1b (T0) 20 48 9 91 e e

?i-PrOH was used instead of EtOH. ® The absolute configuration was __
determined to be R after the conversion. © Lower yield due to the volatility
of de. “2b (1 mol %) was used. 2.5 M 3b. < 1-g scale.

Scheme 1. Conversion into S-Hydroxy and 8-Amino Esters?
- OH
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* Conditions: a. PhMe,SiH (3.0), TBAF (2.0), DMF, 0 °C, 10 min, 83%
(dr = >95/5); b. Ph;SiH (3.0), TFA, 1t, 3 h, 75% (dr = >95/5); c. PhsP
(1.5), DEAD (1.5), DPPA (1.2), THF. rt, 2 h, 79% from syn-6, 73% from
anti-6; d. PA/C, Hz, (Boc);0, MeOH, 1 h, 80% for anti-7, 57% for syn-7.
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