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ABSTRACT

Ay e Hmno, A/CF3
+
2) Rhy(R-PTAD), N
(5 equiv) Aryl™ "CFs 5 ol %) Al Ayl
61-80% yield
>94% de

88—>98% ee

The reaction of 1-aryl-2,2,2-trifluorodiazoethanes with alkenes, catalyzed by the adamantylglycine-derived dirhodium complex Rh
generates trifluoromethyl-substituted cyclopropanes with high diastereoselectivity (>94%) and enantioselectivity (88 —>98%).

AR-PTAD),,

The presence of fluorine functionality in organic compounds  The development of enantioselective transformations with
can have profound effects on their physical and chemical these trifluoromethyl reagents is an attractive challenge. So
properties. Fluorinated derivatives of pharmaceutical agents far, enantioselective reactions have been limited to two
can modulate pharmacokinetic, electrofligophilic,® and systems. The rhodium(ll)-catalyzed cyclopropanations con-
steric propertie$. These effects can ultimately lead to ducted with ethyl 3,3,3-trifluoro-2-diazopropionatd ¢ener-
improved efficacy of the therapeutic agértonsequently, ated cyclopropane2 in moderate yields (2472%), di-
there is considerable interest in developing new methods forastereoselectivity (0—30% de), and enantioselectivity (0—
the selective introduction of fluorinated groups into organic 50% ee) (Scheme £3.The generally poor results were
compounds.

2,2,2-Trifluorodiazoethanes have recently been recognizedii NN
as attractive reagents for introduction of a trifluoromethyl Scheme 1

group. On metal-catalyzed extrusion of nitrogen, the resulting N,

.CF.
metal carbenoid has been shown to be effective at cyclo- Ay + L Rn(latalyets, U
propanatiorf, ylide generatiod,and X—H insertiorf EtO,C™ "CFy At CO-Et
1 24-72% yield
0,
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ascribed to the fact that the rhodium carbenoid would be
highly electrophilic due to the presence of two electron-



withdrawing substituents. Somewhat better results were compound was prepared from the corresponding tosylhy-
obtained with iron and ruthenium porphyrin catalyzed drazone in about 40% yield, but due to its high volatility, it
cyclopropanations of 2,2,2-trifluorodiazoethane (3). The was difficult to remove all traces of solvent froé The
cyclopropaned were formed with high diastereoselectivity effect of different catalysts (2 mol %) was explored in a
(up to 98% de) and moderate enantioselectivity(T%% standard reaction betwe8rand styrene (5 equiv) to generate
ee)® The asymmetric induction is still inferior to the the trifluoromethyl-substituted cyclopropata (Table 1).
reactions of the more traditional carbenoid source, ethyl

diazoacetatt e

In recent years, considerable attention has been directedr 0 1 Catalyst Optimization Studies

toward the chemistry of donor/acceptor-substituted rhodium N,
carbenoids®) (Figure 1)!° These carbenoids are more stable )j\ Rh(Il) (2 mol %), rt CFs
Ph 0 CF3 styrene (5 equiv) PH 10 Ph
a

Rh(I) catalyst solvent de (%) ee (%)° yield (%)°

EWG CO,Me P(O)OMe), CF3 Rhao(S-DOSP);  hexanes 94 404 80
LnRh:< N2 :< N; Nz Rhy(S-DOSP);  TFT 90 37d 60
EDG EDG EDG EDG Rhy(S-PTTL), TFT >94 97 95

5 6 7 8 Rhy(S-PTTL);  DCM >94 86 96

~ - Rhy(S-PTAD),  TFT >94 >98 94

ade determined byH NMR of crude material® ee determined by a
chiral HPLC OJ column¢ Estimated isolated yields dDaafter purification

H O4Rh j—i O1Rh \H OfRh by column chromatography becau8evas contaminated with traces of
b 0 N  OtRn pentane (<5% byH NMR). 4 Opposite enantiomer preferentially formed.
N 0O4Rh N OfRh o TFT = a,o,o-trifluorotoluene.
SO,Ar o
Ar = p-Cq2H25CeH, + L a ) ) ) ) )
4 Rhy(S-DOSP) was not especially effective in this reaction
Rhy(S-DOSP), Rhy(S-PTTL), Rhy(S-PTAD),

(60% yield, 90% de, 37% ee), but much better results were
achieved with Hashimoto’s catalyst RB-PTTL)'* (95%
yield, >94% de, 97% ee). The adamantyl| derivative(Sh
PTAD), gave even better results (94% vyield94% de,
than the conventional carbenoids, lacking a donor group, and™ 98% €e). As previously notéd,Rh,(S-DOSP) and Rb-

are capable of a range of highly selective reactions(®h ~ (SPTAD): resultin opposite asymmetric induction. Lower-
DOSP) is ideally suited for the reactions of diazo esteys N9 the rhodium(ll) catalyst loading to 1 mol % had a
and high enantioselectivity is routinely achieved in substrates egative effect on the yield and enantioselectivity (39% yield,
with a range of aryl and vinyl functionality as the electron- 74% ee).

donating groug! In contrast, the nature of the electron-

withdrawing group dramatically influences the effectiveness _

Figure 1. Carbenoid and catalyst structures.

of the chiral catalyst. With the diazophosphonatesh- Table 2. Optimization of a Two-Step Sequence
(S-PTAD) is Ithe most effective c?]talyé%.lln this paper, W(:] NNHTs 1) Base/heat ~1h CFs
Qescrl?ehexp.](c)lratory Stﬁd;eds qn t 'e cg/c opropanation chem- o oF, 2) 2 m0l % Rig(OAG). PhAPh
istry of the trifluoromethyl derivatives. styrene (5 equiv)

The initial screen of the influence of the trifluoromethyl 1 TFTrt 10a (2)
group on the reactions of dor_10r/acc_ept0r carbeno@s was solvent base de (%) yield (%)
conducted on 1-phenyl-2,2,2-trifluorodiazoetha®e't This

MeOH MeONa >94 40

(7) (a) Jiang, B.; Zhang, X.; Luo, Drg. Lett.2002,4, 2453. (b) Zhu, THF NaH >94 45-50

S.; Zhu, S.; Liao, YJ. Fluorine Chem2004,125, 1071. (c) Zhu, S.; Xing,
C.; Zhu, S.Tetrahedron2006,62, 829. (d) Titanyuk, I. D.; Vorob’eva, D.
V.; Osipov, S. N.; Beletskaya, |. FSynlett2006, 1355. NNH; 1) Oxidant, base CF

(8) (a) Kale, T. A.; Distefano, M. DOrg. Lett.2003 5, 609. (b) Brunner, o N3
J.; Senn, H.; Richards, F. M. Biol. Chem.1980, 255, 3313. ph” NcR, 22 Mol % Rhy(OAc),

(9) (a) Lou, Y.; Remarchuk, T. P.; Corey, E.JJAm. Chem. So€005, styrene (5 equiv) Ph Ph
127,14223. 12 TFT it 10a ()

(10) (a) Davies, H. M. L.; Antoulinakis, E. Grg. React2001,57, 1. - o b
(b) Davies, H. M. L.; Beckwith, R. E. Them. Rez2003,103, 2861. (c) oxidant base solvent  de (%)® yield (%)
Davies, H. M. L.; Lee, G. HOrg. Lett.2004,6, 2117. (d) Davies, H. M.

L.; Dai, X.; Long, M. S.J. Am. Chem. So@006, 128, 2485. Pb(OAC):  TMG® DMF >94 40

(11) Davies, H. M. L.Eur. J. Org. Chem1999,9, 2459.

(12) Reddy, R. P.; Lee, G. H.; Davies, H. M. Org. Lett. 2006, 8, MnO, none TFT >94 73
3437.

(13) (a) Shepard, R. A.; Wentworth, S. E.Org. Chem1967, 32, 3197. a de determined byH NMR of crude material® Isolated yields after
(b) Shi, G.; Xu, Y.J. Fluorine Chem1989,44, 161. (c) Shi, G.; Xu, YJ. column chromatography purificatioAN'N'N'N’-Tetramethylguanidine.

Fluorine Chem.1990,46, 173.
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Further optimization studies were then conducted using a The reaction could be extended to a range of trifluoro-
two-step sequence, to avoid isolation of the diazo compoundmethyl hydrazones (Table 4). The hydrazot8s—cwere

915 A summary of the key results is given in Table 2.
Reaction of the tosylhydrazorkl'32 with NaH generated
the diazo compoun@ in situ, which was then exposed to
the cyclopropanation conditions to givi®a in 45—50%
combined yield and>94% de. Oxidation of the hydrazone
12was an alternative proce¥sand when this was conducted
with MnO,'" in trifluorotoluene (TFT) followed § a 3 h
syringe pump addition of the resulting orange filtrate ta-Rh
(OAc), and styrenelOawas isolated in an overall 73% yield
and >94% de.

The two-step process is effective with a range of styrene

derivatives (Table 3). In the R{R-PTAD)-catalyzed reac-

Table 3. Cyclopropanation of Various Styrenes wit
NNH, 1) MnO,, MgS0Oy4

aVah
)J\ 2) 2 mol % Rh,(R-PTAD), S

CF,

B

Ha

Hy g

o
~
ra P
He CF; NMR
« (Ppm)
'~
Ph Ph{p-F)
Hy % [ B
-66.0 -68.9 -10.0 12,0 74.0
F NMR (ppm)

Figure 2. 1°F{H} HOESY spectra ofL.4b.

Ph CF3 TFT, temp R Ph
12 R (5 equiv) 10a-g
product temp (°C) R de (%) ee (%) yield (%)

10a rt CeHj; >94 >98 71
10b rt p-MeCgH,4 >94 90 72
10c rt p-MeOCgH, >94 88 76
10d rt p-CICgH,4 >94 90 64
10e rt p-CF3CGH4 >94 >94d 61
10f rt 2-naphthyl >94 89 75

0 2-naphthyl >94 90 72
10g reflux n-octyl - - 20¢

ade determined byH NMR of crude material? ee determined by a
chiral HPLC OJ column¢ Isolated yield after column chromatography
purification. 9 Due to the broad nature of the peaks, the signal for the minor
enantiomer was not observetReaction was conducted with the achiral
catalyst RB(OAC)a.

tions of 12, the cyclopropanes0a—fwere formed in 6%
76% vyield,>94% de, and 88>98% ee. The reaction was

Table 4. Cyclopropanation of Styrene with3a—c

o) HoNNH, NNH
)J\ (1 equiv) /U\ 2 1)MnO,, MgSO, CFs
R CF, ACOH R CF, 2 RMARPTAD); p -
(2 mol %)
- i 13a- .
(1.05 equiv) a-c o X (5 equiv) 14a-c
13 14
compd R yield (%) yield (%)  de (%)  ee (%)
a p-MeCgH, 91 75 =94 =08
b p-FCeHy 90 78 ~94 97
c p-BrCeHy 91d 77 “o4 98

a|lsolated yields after column chromatography purificatibde deter-
mined by!H NMR of crude material® ee determined by a chiral HPLC
0J column d Slight impurities were seen iHH NMR of isolated material.

far less effective with unactivated olefins as the;(®WAc),-
catalyzed cyclopropanation of 1-decene (5 equiv) went in
only 20% yield, even under refluxing conditions.

(14) Watanabe, N.; Ogawa, T.; Ohtake, Y.; Ikegami, S.; Hashimoto, S.-
I. Synlett1996, 85.
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formed easily from the corresponding trifluoromethyl ketones
by condensation of hydrazine in ethanol with a catalytic
amount of acetic acid. The two-step process (oxidation/
cyclopropanation) was then performed dBa—cto form

the cyclopropane&4a—cin 71—-78% yield,>94% de and
97—>98% ee. The data show that electron-withdrawing
substituents on the phenyl ring increase the yield of the
cyclopropane but slightly lower the enantioselectivity.

Table 5. Rh(R-PTAD)-Catalyzed Cyclopropanation i8c

NNH, 1) MnO,, MgSO, Rz &CFS
pBCH,” “CF;  2)Rny(R-PTAD) Rl CeH(oB)
(2 mol %)
13c Rz 15a-d
(1 equiv) ): (5 equiv)
R1

product R: Ry  yield (%) de (%) ee (%)

15a p-BrCgHy H 78 >94 >98

15b p-NO2:C¢Hy H 75 >94 >98

15¢ 2-naphthyl H 80 >94 98

15d Ph Ph 75 - >98

a |solated yields after column chromatography purificatiénde
determined byH NMR of crude material ee determined by a chiral HPLC
0OJ column.

A °F{H} HOESY NMR experimen on cyclopropane
14bwas performed to determine its relative stereochemistry

(15) Diazo compounds should always be handled with care. In this case,
we did not observe any instability problems whbut it was difficult to
obtain in a pure form because it was relatively volatile.

(16) (a) Walker, J. W.; Reid, G. P.; McCray, J. A.; Trentham, DJR.
Am. Chem. Socd988,110, 7170. (b) Holton, T. L.; Shechter, H. Org.
Chem.1995,60, 4725.

(17) Nagai, W.; Hirata, YJ. Org. Chem1989,54, 635.
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illustrate the potential of this chemistry as the cyclopropanes
Scheme 2 15a—dwere obtained in 98% ee and above.

CF, After considerable experimentation, a crystalline product
\>/ was obtained by reduction of the enantiomerically pure
08nCh N Q nitrocyclopropanel5b with SnCk to the aniline, followed
15b oo o @ Br by N-acylation to forml6 (Scheme 2). X-ray crystallographic
N 16 analysis of crystals 06 revealed that the absolute config-
H uration was (R,29). All other trifluoromethyl-substituted
cyclopropanes were tentatively assigned the same relative
and absolute configuration by analogy.

In conclusion, RER-PTAD), has shown to be an effective
chiral catalyst in the decomposition of 1l-phenyl-2,2,2-
(Figure 2). The spectrum shows direct correlations of the trifluorodiazoethane and its derivatives to form chiral trif-
trifluoromethyl group at-69.8 ppm with two cyclopropane luoromethyl-substituted cyclopropanes with very high enan-
protons at 2.84 and 1.88 ppm. No correlation was observedtioselectivity. These studies further broaden the range of
for the cyclopropane proton at 1.65 ppm. It was concluded donor/acceptor-substituted rhodium carbenoids that are ca-
that the relative stereochemistry dfb was the expected  pable of highly stereoselective transformations.
(2)-diarylcyclopropane. Thus, as is typical for donor/acceptor

carbenoids, the major cyclopropane formed has the donor  Acknowledgment. Financial support of this work by the

group cis to the alkene substituent. National Science Foundation (CHE-0350536) is gratefully

To verify the absolute configuration of the cyclopropane, acknowledged. We thank Dr. Mateusz Pitak, University at
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suitable for X-ray analysis (Table 5). None of the products
gave suitable crystalline material, but these efforts further
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