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Development of New Reactions of Fluorine Compounds Using a Rhodium Catalyst
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Novel fluoroalkylated products where a CF,COOEt group was introduced at the a-position of o,S-unsaturated ke-
tones or the Reformatsky-type products have been obtained selectively by the reaction of BrCF,COOEt and «,f-unsatu-
rated ketones with Et,Zn in the presence of RhCl(PPh;); depending on the solvents. Furthermore, the novel o-
fluoroalkylated products could synthesize by using various halofluoroalkyl compounds (R¢-X) instead of BrCF,COOEt.
On the other hand, this Reformatsky-type reaction by imines gave difluoro-fS-lactams or 3-amino-2,2-difluorocalboxylic

esters without or with MgSO, - 7H,0, selectively.
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Z ZT%#1%, BrCF,COOEt (1) ZEI)LF 1 >
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W1 sBNEliEEND DT AMEAEET,
o, f- ARSIV R I EM ESOR L, 1,4 [0k
5) 2HEAZbD LML b EMFLLE A,
HIOD 1,4- fHhntk (5) 13507, 1,2- 0k
(4) & & HIT enone D o- fiLIZ CF,COOEt #H:A%#E A
L7zb&at 3) MNERILEoNSHZEZ2RHL
7= (Scheme 1). 12

9 /2H 5, RhCI(PPhy); ® THF IB#KRIC 1 & 2-
cyclohexen-1-one (2a) % fllZ, 0°C T Et,Zn %
><VDHPFLEEZA, »&ED Reformatsky
1,2- ik (4a) & EHIT 2a D o- fi£IZ CF,COOEt
B ASINZHAEEY (Ba) NENETES
N7z, H4xOREFZREUERE, BRENZ
&I, I CH;CN Z W T RN ZETTo & 25,
Jalde<EonT anANERNICES N
(Scheme 2).
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O  CF,COOEt
R R’
5

Scheme 1.

0]

BrCF,COOEt + ij

1 2a

RhCI(PPhs)s

Et.Zn
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Scheme 2.
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Tz, WEREPRIEITE TRIENTE DAY, entries 3—
5 TR T LG 3 NG oN/z. —74, entry 6
T 1,2- £k (4f) o BB GFES N, Ll EOKE
RiX, of- AfEFT 2D - rFE I 2 A&
HENDHDHEIDERNELSHEINS I EZERL
T,

3. a-fU7LAO7ILFIMEREDERZ

31. o-fI b Y 7LAOAFIERED %D
BB T, BrCF,COOEt (1) ®{tH DT CF;l
6) ZHWTHRIENHEITT 27251, ZORIRE
enone D o- ALITEIRMIC CF; 2B AT B IEHIC
IRMBRRINCIRS EE AT, T I THHEI 4
phenyl-3-buten-2-one (2e¢) % fWfl & &%
MEleEl s, THEAD Te NENETEHESN
2. FEREBERENZ &IZ, DNbNWMT o RIS
BT IR ZIVEIC CF N EA X N/-LEY
) Fe<fFEoniamno/z (Scheme 3).

JRIZ Table 2 IZ/RT K DIT, ARGEML DILE
WINHALZEZ A, KIBINRMITETLHWD 7
MNRLLGENT.

32. RIGHE I TARBOHEEIIONT
ZRLTHL. £7, 126D0L57N\07)L40

TIVFIALEY (Re-X; 9) & Et,Zn 23 E U #i$h
AENRNTEBRL TWD 5, 1,2- Mk
L4- fHIMANESN21I3TTHS. LirL, Win
HEAERMELTHESN TV ENWZ EnG, T 0
DU LBEDY Et,Zn EROSEL, TF)LO T T ASE
R (A1) ZHBLTOoPULAE RY REHE (12) 78
AT B EEZ. RITICEKS 20D 1,4- BT
Koo ousr/Is—bk (A3) NEL, 9 DEEH
B OGE T B K 0 o SLAHINE (10) 2375
51, RFHZO DD A FEAE U fES 1 27 )L
|5 &H %7~ (Fig. 1).

3-3. o-fIRILT7AAOTILFIUERIE HL,
Fig. 1 DX D aHERIC K 0 BT 272 51,
a2 D R-X (9) ZH\WW5D & enone D o- L 1T IR
M R FL 2B ATEDEE X/~ (Scheme 4).
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Table 1. Reaction of 1 with Several «,f-Unsaturated Ketones

0
RhCI( PPhs)s)K(\ HO_ CF,COOEt
BrCF,COOEt + C+
2 )K/“« Et,Zn R R-SF R
1 3 CF,COOEt 4
Entry 2 Time (h) Yield of 3 (%) b Yield of 4 (%)

1 o:@ 0.5 71 4
2a

2 OIC§ 4 0 63
2b

O
NG S 3 25 0
o)
4 Mo~ 3 10 38
5 2 4 38 12
)V\ h e

0
6 M s 4 0 3

a) Isolated yield. b) Purified by ODS column chromatography.

5 RhCI(PPh)s 0
Et,Zn Aﬁk HO CF;
CFjl +
S AN T e oS
6 2e CF3 7e 8e
Scheme 3.

Table 2. «-Trifluoromethylation of Various o,f-Unsaturated Ketones
RhCIPPhy); o

cr 0 Et,Zn )Sﬁ
+ PR !
s+ Ao T R R
6 2 CF, 7
Entry 2 Time (h)  Yield of 7 (%)? Entry 2 Time (h)  Yield of 7 (%)?
o)
1 1 35 7 2k 1 65
)W MPh 4-COOMe
2 0.5 77 8 1 65
)J\/\Ph 2e ™ ph-4- OMe

\

3 1 31 9 @zo 0.5 55
)]\/\Ph 29 2a
4 M 3 0 10 >C>:o
= 2m
0
5 1 67
MBU 2i 11 O)k 2n 0.5 0%

6 \)J\/"BU 2] ! >

1 53

a) Isolated yield. b) 1,4-Adduct was obtained in 44%.
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Scheme 4.
Table 3. o-Fluoroalkylation Using Several Halofluoroalkyl Compounds
RhCI(PPhs); o
Et,Zn
Ri—X + M _2, )S/\R‘
9 Re 10
Entry R—X 2 T(llrlr)le Y1el(d%o)f 10 Entry R—X 2 T(llrlr)le Ylel(d%o)f 10
1 C;F—1 9-1 2a 2 52 5 Ph—=—CF,—Br9-3 2a 22 09
2 C;F—1 9-1 2e 1 62 6 CI—CF,COOMe 9-4 2a 5 0
3 CoFy—1 9-2 2a 3 41 7 Br—CF,COOEt 1 2a 0.5 719
4 CoFy—1 9-2 2e 1 46 8 I—CF,COOEt 9-5 2a 0.5 68

a) 1,2-Addition product (15a-3) was obtained in 19% yield. b) 1,2-Addition product (4a) was obtained in 4% yield with 3a.

EF—&MFEZHAW, RSZEHRFELEZEZS, Hnd DY I FIBEELE Y REEZ W TH RIS

HEIZX > T 1,2- fHk (15) "E5n2H0 METT D EHRAITES (Fig.2). 22T, &
@, THEED 10 & 5N /- (Table3). %7 en- EKUVOAEFUFﬁw(n>ﬁ%5LTmé:
tries 6—8 THM5 £ DT, HBENLEWTIZI10 25 LEWMAT L0, Bro7)FIIERERELEN

AIEIo e, RE, AURCEMTRINERISK = N l\ﬁﬁ%#&f?@&ﬁi\%ﬁﬁj‘bf: (Table 4).
JEDEFT L7z, TR RFEY, I URILEWI ZTORER, EtZn LSO RILOAE TR ALY & 15

BEEDICENxO>T AT 5—F (13) O B ENTERND M, entries4,5,7 DX D iR
LI INM B S ITHEIT TS50 EEZ 6N 5. TN ET U2, ORI, bhibn)iig

Xz, RNTNRZRETESM5, EtZn LISt RUTHEBER CTRISMET L TWS 2 &2l X
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9
o o "RhL
n
K_/Rth k‘/ ‘
R )jL R, X
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R
| X—MX  H—MX'
Rl
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LnRh—H LnRh—X
12
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— O]
CHz=CHz | \Rh—CH,CHs ,
Fig. 2.
Table 4. Examination of Various Alkyl Metals or Metal Hydrides
RhCI(PPhz)3 0
0 EP—MX'OFH—MX'/J\T/\
CioFo—I +
10721 )J\/\Ph THE Ph
9-2 2e CoF21 4ge.2
N Temp. Time Yield N Temp. Time Yield
Entry Et—MX C) (h) (%) Entry H—MX C) (h) (%)
1 Et;Al 0to RT 48 0 6 NaH 0 to RT 3 0
2 Et;B 0to RT 48 nr 7 NaBH, 0 to RT 1 9
3 Et,Zn 0to RT 1 46 8 DIBAL 0 1 0
4 EtMgBr 0 1 27 9 LiAlH, 0 to RT 1 0
5 Et,Mg? 0to RT 1 45 10 Et;SiH 0 to RT 48 0

a) See Refs. 14 and 15.

Fiza2b0EEz26N%.

4. Reformatsky Bzt DBIZ

4-1. ALAKRZIJL{LEH & D Reformatsky B &
B2 NOY I NVAORBI X TIVERA WS
Reformatsky iz 73 FWNIZ CF, 28 AT % K%
bR FETHSH. 19 L L, BrCF,
COOEt (1) &/ b ¥ & @ Reformatsky Kl
JiE U W IO SR 0D s B o< g il 8 DTG 1R A b oD JEUE
M EOEAICK D INER K < Reformatsky Y 1,2-
Nk (4) 2B 203 K$ETH S, I4E,
TMS-X19-2D £ TDAE22), CeCly 72 & @ ¥ H Al
W ROBDHE SN, BHIRIRGETD 478
B/BOHNDRDITHEo N, wEddh OIEEL O EME
HIINWEEMRINTH ST, EHREOHIEITEKD

HERR DINRNET D, £ ThbUI2ET
IRARTZSON 1 DDEPIEIT 201G EE AT,

9725, RhCI(PPh;y); @ CH;CN iE#KIC 1 &
2-cyclohexen-1-one (2a) ZfNZ, 0°C T Et,Zn %1
SSKODHFLEETZA, BIENDZERVIC 4a 3
5507 (Scheme 5). 5l&EHE, ZORILZEME~L
DANKRZIEEMITIEALZEZ A, TREED
N T 4 315507z (Table 5).

HEBRT T REEDRIETIE, BHEDERIC
HEIND ZEBSRINIMBITET L. £20E
Wil 7 & REEDISS HIITHETL, &SIICR
TANnBEENZ. 51, ZOMNIFEL DT k>
FICHILHTE, BIREH FTNEREI 4055
N5 &xRML k.
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o0 RhCI(PPh3)s  Ho  CF,COOEt

Et,Zn
BrCF,COOEt + _
CH;CN

1 2a 4a

Scheme 5.

Table 5. Reformatsky-type Reaction of 1 with Various Car-

bonyl Compounds
RhCI(PPh3)5
(0] Et,Zn  HO_ CF,COOEt
BrCF,COOEt+ J[_ — . 2
1 R ZR‘ CH,CN R R 4

Temp. Time  Yield?

Entry 2 c (%)
1 Ph-CHO 0 4.5 86
2 4-MeO-Ph-CHO 0 5 93
3 4-Cl-Ph-CHO 0to RT 0.5 94
4 4-MeOOC-Ph-CHO 0to RT 1 81

0]
5 ﬂ\ /7 CHO 0to RT 0.5 72
6 C,H;s-CHO 0to RT 0.5 82
7 Ph-CH,CH,-CHO 0 to RT 1 82
8 @ZO 0 1 80
(@]
10 0 to RT 0.5 912
Ph)J\Ph
1
11 0 to RT 7 85
Ph™ “CHs

a) Isolated yield. b) 1 and Et,Zn were used 3 Eq.

.Ph

RhCI(PPh
BrCF,COOEt + /ﬂ\ _RCIPPha)s
P H

Et,Zn

1 16a

4-2. 4 3 %<& D Reformatsky Bl g 525
Honda 5302w AfiilEz W7 0BT T
V&4 3 8 & D Reformatsky B K s b #fiss L T
W%.20 —% 1 EH)VRZIVEEY & D Refor-
matsky B ORISHFICET L2 &S, Db
NHZOREEA I DHICHEATESEE 2. ©
Z T, RhCI(PPh;); ® THF {A# 12 1 & N-ben-
zylideneaniline (16a) ZfillZ, 0°C T Et,Zn 2 Q>
<D F L EZ A difluoro-f-lactam & (17a) 78
62% DILRTIz SNz, WROMEZ Hfg LA X
R ERRET U729, VAIEIC CHCL & iz & & 67
% ERBINEI 1Ta NE 5N (Scheme 6).

WWH, 1& 16 @ Reformatsky KItlZ 7 v £DE
KJUEHEENRENLED 1T 2 EIRWIZH 2 5.7
—J5, 4, Fujii 5IERTF KA YA —DERK
WHT1 & 16 ORI K 5 3-amino-2,2-difluoro-
carboxylicester (18) O &R ZHE L T 3
(Scheme 7) .30 = Z T, HDHrHNE12HNWTH
17 & 18 MED ST o5 & A fl A Kb &G L
7z. LiL, ZORBTIRODY L ORISR
EAREIETH 18I32<H5NT, 17T DAHNES
Nz, TITHZOEHIZZORBZIEHL Z
(Table 6).

Entries 1—6 IZ/RT LD BRFEHE L I VHETIIE
POLICBED S TINR I 1T RS SNZH, entry 7
% entries 8, 9 D X D IRIEMIEA 2 2 TII NI
HEVHEITLEM DTz, £z, entries 1, 2, 10, 11
MHERMNBHEDIC, 2R EOBEBHEIIRICICEE S
KIiE9 2 &< 17T 252727, entries 12, 13 D &

N NH

P’ &' \ PhCFCOOE

17a 18a

Scheme 6.

)\(H RhCI(PPh,)s
| Etzzn

BrCF,COOEt + N - -
z Y OMe THF
Ph

1

COOEt RF H

= Ph

HN\‘/\OMG NHBoc O T

Ph difluoropeptide isoster

Scheme 7.
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D 7% ketimine B TIZNERIFME FL 2. Larl,
ZWWRULEEBZHWEZSEETH, 8IE2<ES
nzm-o iz

4-3. Difluoro-f-lactam & 3-Amino-2,2-difluoro-
carboxylic Ester D:EIRAE K E % T Fujii &
ORI Z2HLKHEELEZEZA, HSIIRIBIZ
WA 22220 THEL, BREBEEZTDTK
hEfToTWE, 22T, entry2 IZ; 83 XKD
one-pot THL L7z 2 > (16b) % H WK% K
Ml ls, 8B EERMELTHESNL
(Scheme 8, Table 7).

ZDRERMNS, DNObIUIKIERF DKM 1T &
18 DAERRICBE G L TWna EEZ, fMrRKIEEMt%

Table 6. Reformatsky-type Reaction of 1 with Various Im-
ines

R® Rnc R AP
N~ (PPhg)s N
BrCF,COOEt + /m - T 1 ﬁ
1 R R2 Et,Zn R A F
16 THF / 0°C R? F 47
16 ) .

Entry o P T(llrlr)le Y1el(d%o)f 17
1 Ph H Ph a 2 67
2 Ph H Bn b 1 83
3 4MeO-Ph H Bn ¢ 6 93
4 4Pr-Ph H Bn d 1 80
5 4-Cl-Ph H Bn e 1 82
6 4-MeOOC-Ph H Bn f 1 80

7 4-NO,-Ph H Bn g 7 Trace

8 CeHyy H Bn h 18 35
9 ‘Bu H Bn i 17 nr
10 Ph H Me j 2 62
11 Ph H Bu k 21 86
12 Ph Me Bn 1 2 44
13 Ph Ph Bn m 46 89

a) The reaction was refluxed.

Ph—CHO + Bn—NH,

RhCI(PPhs),

MgSO,
stir for 4h
H,0
N B0 Et,Zn
BrCF,COOEt + /m
1 Ph” O H
18b

additive

MatlL/=& 25, entry 7TIZ/RT L DIZ, MgSO,-
TH,0 Z ZHICIRNT % 2 &1k D #IRYIZ 18b 28
BonNsZ e/ UKL £k, ZORBZEMOE
HIGHLZEZ A, EFHG%E, KRolMEOERRE
ZHRDA 3 (16¢, 16e) ZHWTH I ITHEIZ
EITL, 8ZBIRMITHEAD I EN Mo 2
(Scheme 9).

5. &HVYIC

PIERRTERLLDIT, EFZIO DT L2 H
WEEHT v BIEEMOH IR ERIELZ. £T
- fL 7N A BT IV FIERIE T L2 O 7 )4 10
TIFNEEZEATEDZEZAB L BT, 7
F2 D o f7IC CF; B2 BIRWICHEATE I L
i, BEEFBOGHRRETBNTRIIDEEZ TN
%, F, a7V A D7 IVF ALK G D KIS
HWHHLREMATEZ, Z0ZENS, SHBINER
DWEBRAFTORZEDAREEEZ 5.

—75, T2 A2z WS Reformatsky 7
ST, 7Tk RERET TR M EERNWT
HIEM RS F TINE X < Reformatsky %I 1,2-

Table 7. Selective Formation of 17 and 18

Entry Used imine Additive Yield (%)

1 Distilled None 83 Trace
One-pot
2 synthesized None 8 46
After filtration
3 of MgSO, None 59 4
4 Distilled MgSO, (excess) 64 5
5 Distilled BnNH, (cat.) 80 3
6 Distilled H,O (1) 16 48
7 Distilled Mg80, - TH0 Trace 65
(excess)

AN
Jjé + NH
Ph F PH/kCFZCOOEt

17b 18b

Scheme 8.
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Ar—CHO + Bn—NH,

lMgSO4
RhCI(PP
Bn CI(PPh3); gp_ "
N EtZZn
BrCF,COOEt 4+ /ﬂ\ /F
1 A OH MgSOﬂHzO Ar” | "CF,COOEt
16b,c,e 18b = 65%
18¢ = 59%
18e = 60%
Scheme 9.
ik @ nEonk. £k, I HEEORINIT

BWTIE, ZPIT MgS0,-TH,0 ZIFRMT B NN
T difluoro-g-lactam (17 ) & 3-amino-2,2-difluo-
rocarboxylic ester (18) Z{ED ;65N B T &EH 5
mo7z.

ZOEDIIT, oYY LEEZEFIHTSZEITRD
a6 7 v FLEMER/DIIENTE . &
%, ZZITHRARZFIEN T v FFED—EDIEREIT
FEHEITHZE2MHFT 5.

BEE AR, BERFEABEM AT
=, %@ﬂﬂ&@?f TON=bDTHD, %t
[ ifvé‘ll BELTHREIHREEZROE LI L
%EM&D%ﬁMtLi? X7z, RWRITEEL,
EBOMEICELETTHREZYEZ2HOEL 28
R FIEAE MG AR B L BEI, WOITE
MEELICESBEHNZLET. AWERICTHIE
W B R R AR R AL AT IR S AR S TR A D R

IR EHNZLET. H®IERIC, AEEITOICY
720, CRlzZ2#tL TWwizEZExE LAY — - T
7Ty 7 RASHITE S E#H WL ET.
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