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Highly Diastereo- and Enantioselective Synthesis of
Trifluoromethyl-Substituted Cyclopropanes via Myoglobin-
Catalyzed Transfer of Trifluoromethylcarbene
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Trifluoromethyl cyclopropane derivatives

Conformational Rigidity — important feature in

biologically active compounds. R2 1

-CF, analogues impart important biological activit F3C R
3 gues impart important biological activity 3

1) Increase electrophilicity and decrease R3§<
nucleophilicity of neighbouring functional
groups

2) Modifies lipophilicity
3) Increase metaboloc stability

Trifluoromethylated cyclopropane is considered to
be a bioisostere of fluorinated tert-butyl group
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Metal porphyrin catalysed cyclopropanations o
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Engineered Myoglobin catalysts
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HoN vCOzEt NaN02/H+

: oot A o,
1, ‘CO,Et (e T
Mb(H64V,V68A)
/©/\ whole cells Cl 6 [CF3CH2NH2-HCI
Cl KPi (pH 7), RT
3 > “/CF,4
F3C NH,; NaNO,/H* [F5;C N
3V~ 2 2 [ N 2] cl 7b

(aqueous)
5 2

Argon CF4CHN, (9)

Diazo reagent Reaction
generation chamber  chamber

(67%)

entry «atal prod. equiv4or 5" yield® TON %de 9ee
protein 2 4% 180 299 998

2 cells? 2 47%  S60 972 999
3 cells S 80% 365 99.9 99.8

-+ cells 10 75% 340 98.5 99.9

S cells 10 >99%° S00 99.9 99.9

6 protein S 22% 1110 985 999

7 cells S 92% 520 99.9 99.9
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WT 79 13 70 | 4 9 9
Mb(H64V) 91 26 >99 65 8 39
Mb(V68A) 97 86 >99 08 2 12

Mb(H64V,V68A) >99 99 >99 99.5 0 0.5
Mb(H64V,V68S) 08 84 97 83 1 1
Mb(H64V,V68G) 93 99 >99 08 6 1
Mb(H64V,I107W) 93 77 93 30 0 47
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Entry Product ODgoo Yield ? % de % ee
» 0

1 /E:(A CF; 80 (gzo//") 99.9 99.9
Br 8b :
"l 0

2 M CF; 30 (22(;’) 99.9  99.9
MeO 9b 0
» 0

3 /E)A CFy 30 (2‘3‘0//") 99.9 999
O,N 10b °

) 40 85% 96 31

4 'CF3 80 88% 96 ¢ 97°¢
HaC 11b (78%)

Hee ) 40 76% 99.8 28

5 'CF3 80 >09%, 99.9¢  999°¢
12b (82%)
O /N 70%

6 O CF, 80 (58%) 99.9 92

13b
VD >99%
74 CF
7 ) 3 40 (71%) 99.9 99.9
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R oF Mb(H64V,V68A)
3 whole cells R,
Ar/& + “/ > A"/
_ N, KPi (pH 7) Ar CF;
R=H, Me
_ RT, 5 hrs 8b - 14b

(1 equiv.) T NaNO,/H*

8a-14a 5 (5 equiv.)

S S"CF,

14
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Mb(H64V.V68L.L29T) =
RR2

Mb(H64V.,V68L.L29T) =
RR2

Mb(H64V.V68L.L29T) =
RR2

Mb(H64V.,V68L.L29T) =
RR2

Mb(H64V.V68L.L29T) =
RR2

Mb(H64V,V68L.L29T) =
RR2

Mb(H64V.V6SL.L29T)
=RR2
Mb(H64V.V6SL.L29T.1107L)
=RR4

Mb(H64V,V68L.L29T) =
RR2
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99.9
99.9
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e
Conclusions

1) Developed a biocatalytic strategy for the asymmetric synthesis of
trifluoromethyl substituted cyclopropane.

2) Applicable to a number vinylarene substrates and give high enantio-
and diastereoselectivity.

3) Both enantiomers are accessible depending on the mutations of the
myoglobin.

4) First study which demonstrates that a carbene other than a-diazoesters
can be used for biocatalytic carbene transfer.
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