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On treatment of silyl enolates and an N,O-hemiacetal, derived from trifluoroacetaldehyde ethyl hemiacetal and p-anisidine, with GaCl; (0.2
equiv) and CgHsCOCI (0.2 equiv) in propionitrile, Mannich-type reaction took place smoothly to afford f-amino-g-trifluoromethyl carbonyl
compounds in high yields.

There is currently widespread interest in organofluorine  As part of our continued interest in the development of
compounds not only because of their usefulness in the field the activation of the C=N bond and subsequent addition of
of material science but also for their diverse biological organometallics such as silyl enolé&tesd allylic organo-
activities and potential for clinical and other applications. metallics® we focused on the Mannich-type reaction of silyl
Development of efficient methods for the preparation of

organofiuorine compounds thus continues to be an important,zu((:f])i ég)rn?,:oTs_fer{J%iZSg%wif\I ?ﬁiﬁgi(?}?gfgr%”hlegﬁi’g‘ézi gg@ég?
goal of synthetic organic chemisttylhe synthesis of amino  (c) Fuchigami, T.; Ichikawa, S.; Konno, AChem. Lett.1989, 1987. (d)

compounds bearing a trifluoromethyl moiety is a significant Ishii. A.; Higashiyama, K.; Mikami, K.Synlett1997, 1381. (e) Ishii, A.;
P 9 . . y y " 9 " Miyamoto, F.; Higashiyama, K.; Mikami, KTetrahedron Lett1998,39,
aspect of organofluorine chemistry. Nucleophilic addition of 1799

organometallics toward imines derived from trifluoroacetal-  (3) Xu, Y.; Dolbier, W. R., JrTetrahedron Lett1998,39, 9151.

: tri _ (4) For the use of trifluoroacetaldehyde ethyl hemiacetal as a starting
dehyde _ShOUId provide ea_sy_access toNk2, 2, 2-trifluoro ) material for the trifluoromethylated compounds, see: Kubota, T.; lijima,
ethylamines. However, this is hampered for the following M.; Tanaka, TTetrahedron Lett1992,33, 1351. Funabiki, K.; Najiri, M.;

. i imi i Matsui, M.; Shibata, K.J. Chem. Soc., Chem. Commuif98, 2051.
reason.s' 1) t”.ﬂuoromethyl.af{e.d |.m|nes_ are labile due 1o the Funabiki, K.; Matsunaga, K.; Matsui, M.; Shibata, 8ynlett1999, 1477.
exceptionally high electrophilicity; (2) trifluoroacetaldehyde  Loh, T.-P.; Li, X.-R.Tetrahedront999 55, 5611. Kumadaki, I.; Jonoshita,
itself, being volatile gas, is not easy to handle. To overcome S.; Harada, A.; Omote, M.; Ando, Al. Fluorine Chem.1999, 97, 61.

icee Sakuma, K.; Kuki, N.; Kumo, T.; Takagi, T.; Koyama, M.; Ando, A;
the former difficulty, N,O-acetdl and N,N-acetal were Kumadaki, I.J. Fluorine Chem1999 93, 165. Gong, Y.; Kato, K.; Kimoto,

employed. With respect to the latter issue, commercially H. Synlett1999, 1403. Ishii, A.; Mikami, KJ. Synth. Org. Chem. Jpn.
i ; ; 2000,58, 324.
available trlfluoroacgtaldehydg ethyl hemiacktads been (5) Aklyama, T.: Takaya, J.. Kagoshima, Synlett1999, 1045. Akiyama,
employed as a starting material. T.; Takaya, J.; Kagoshima, KBynlett1999, 1426. Akiyama, T.; Takaya,
J.; Kagoshima, H.Chem. Lett.1999, 947. Akiyama, T.; Takaya, J.;
(1) Fluoroorganic Chemistry. Synthetic Challenge and Biomedicinal Kagoshima, HTetrahedron Lett1999,40, 7831.
Rewards, Tetrahedron Symposia in Print No. 58. Resnati, G.; Soloshonok,  (6) Akiyama, T.; lwai, JSynlettl998, 273. Akiyama, T.; lwai, J.; Onuma,
V. A., Eds. Tetrahedron1996,52, 1-300. Y.; Kagoshima, H.J. Chem. Soc., Chem. Commad®899, 2191.
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Table 1. Effect of Lewis Acid CF3)\OEt

OTM Lewis Acid HNAF O OH

1+ (0.5 equiv) MS 4A
Ay CF )\/U\Ph

Ph CHaCH,ON 8

CFs)\N—CGH4(p-OMe)

3a 4a Et,0,rt1.5h H
1
A ) Reaction ]
Entry  Lewis Acld i Vieldr% Next, Mannich-type reaction of a silyl enol eth&a) with
1 GaCly 1h quant 1 was studied under the influence of 0.5 equiv of Lewis acid
2 IClg 1h 72 in propionitrile and the results are shown in Table 1.
3 BF,-OEt, oh 61 Although convgntlonal Levv_ls acids such as Ti@hd Zn}
were not effective, use of either BOEL or InCl; afforded
4 TiCly Th 15 an adduct4a) in a good yield. GaGlexhibited the highest
5 Znl, 1h 5 activity and afforded3a quantitatively*©

Mannich-type reactions with other silyl enolates were
studied and the results are shown in Table 2. Although 0.5

enolate with an aldimine derived from trifluoroacetaldehyde. €duiv of GaCi sufficed for3a, the yields dropped signifi-
We have found that aN,O-hemiacetal ) is readily available ~ Cantly with another silyl enol etheBb) (entry 2). Gratify-

by simply mixing trifluoroacetaldehyde ethyl hemiacetal and N9y, use of 1.0 equiv of Gaglesulted in the formation of

an amine followed by removal of the solvent. It is noted the adducts in excellent yields Wlth various kinds of silyl
that1 can be stored without significant decomposition in a etnol ethlerst_ ats well asdke;[ene silyl acetals though the
refrigerator® Furthermore, Mannich-type reaction with the stereoseiectivity was modest.

N,O-hemiacetal proceeded smoothly under the influence Ofacﬁgrs]:Ech%t]ar?mri?us)?ﬁrj:ri?lﬂuirlgﬁg-ttr)]/pliarrebicélc;rlopéO\gSﬁZSeiisy
GaCj to afford g-amino-g-trifluoromethyl carbonyl com- y y P

: . excellent yields, use of equimolar amount of promoter is not

pounds in excellent yields. advantageous. For example, Mannich-type reactidrvaith

At the outset, trifluoroacetaldehyde ethyl hemiacetal was 33 ynder the influence of 0.2 equiv of GaGifforded4ain
treated withp-anisidine (1.0 equiv) in diethyl ether in the 1goy yield. To decrease the amount of Ga@le screened
presence of MS 4A at room temperature for 1.5 h. Removal seyeral additives and found that the combined use of GaCl
of the sieves by filtration and subsequent evaporation of the (0.2 equiv) and PhCOCI (0.2 equiv) efficiently promoted the
solvent affordedL in 97% yield. TheN,O-hemiacetal was  Mannich-type reaction to affordin high yields. The results
used without further purification. While preparation of an of the Mannich-type reaction under the influence of the
aldimine (2), derived from trifluoroacetaldehyde ape GaCk—CsHsCOCI system are shown in Table 3. Mannich-
anisidine, requires high temperature, acid catalyst, and carefultype reaction took place smoothly to afford the corresponding
distillation? 1 is much superior t@ in terms of its ease of  adducts in high yields in all of the cases examined, exhibiting
preparation and higher stability. stereoselectivity comparable to those with 1.0 equiv of @aCl

Table 2. Results of the Mannich-Type Reaction by Means of GaCl

OH i OTMS GaCl HNAr O
CFs)\ N=CeHa(p-OMe) R; R? CH3CH.CN R R2 i
1 3 4
Entry ?r::trgr?gl 1 R? R® ggoolfs Temp/C Time/h Product Yield/% Major : Minor

1 3a H H Ph 0.5 rt 1 4a quant

2 3b Me H Ph 0.5 l‘t 2 4b 25 70:30
3 3b Me H Ph 1.0 rt 4.5 4b quant 70:30
4 3¢ H ~(CHp)g- 1.0 n 1 4c quant 68:32
5 3d Me Me OMe 1.0 0 1 4ad quant

6 3e H Ph  OMe 1.0 -20 2 4e quant 54:46
7 3f H Me OEt 1.0 -20 1.5 4f 97 54:46
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Table 3. Results of the Mannich-Type Reaction Employing
GaCk—PhCOCI

GaCl; (0.2 eq.) HNAr O
PhCOCI (0.2 eq.)

1 + 3 CFg” < R
CH3CH,CN R" R
4
Entry Starting Temp  Time /h Product Yield/%?
material  /'C
1 3a rt 1 4a 80
2 3b rt 2 4b 79
3 3c rt 1 4c 96
4 3d 0 2 4d 86
5 3e -50 1.5 4e 86
6 3f -20 2 4f 82
a) Diasteremer ratio. 4b (70:30), 4c (75:25), 4e (55:45),
4f (55:45).

The N-aryl substituent was readily removed to give free

pB-amino carbonyl compounds. Treatmen#afwith cerium
ammonium nitrate (CAN) in acetonitritewater (9:1) at 0
°C for 1 h led to the smooth deprotection of thpe
methoxyphenyl group to afford@aminog-trifluoromethyl
ketone (5) in a good yield!

HNAr O CAN NH, O

CF3 Ph CFy Ph
CH3CN-H,0
4a 5:78%

The present addition reaction is considered to proceed by
in situ generation of an aldimine2) and subsequent

nucleophilic addition of silyl enolates. Interestingly, treatment
of 3aand?2 with GaCk (0.5 equiv) in propionitrile at room
temperature for 1.0 h led to the preferential formatioré of
in 75% yield and4awas not obtained at all. Use of GaCl
(0.2 equiv) and PhCOOH (1.0 equiv) furnishédin 79%
yield. It is considered that present Mannich-type reaction of
1 with GaCk proceeded by way & and the actual activator
would be a strong protic acid such as@&aCkX~ (X = OH

or CHsCOO). In the case of the GaiZIPhCOCI protocol,
PhCOCI facilitated the generation & by way of O-
benzoylation and thus liberated HX (> PhCOO or Cl)
would form H*GaCkX ™~ to afford 4.

(0.5 eq.) eh

CeH4OMe
N GaCl Z OMe
J + %3 ——
CFs ECN  OFg N
H
2 6: 75%

In summary, we have reported Mannich-type reaction of
silyl enolates withN,O-hemiacetal derived from trifluoro-
acetaldehyde ethyl hemiacetal. Salient features of the present
protocol are (1) the facile synthesis and high stability of the
N,O-hemiacetal as a synthetic equivalent of trifluoromethy-
lated aldimine and (2) the ability to obtain Mannich adducts
exclusively without concomitant formation of the cyclization
product.

Supporting Information Available: Experimental pro-
cedures and spectra data for the Mannich adducts. Complete
analytical data of 1. This material is available free of charge

via the Internet at http://pubs.acs.org.
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(7) Lewis acid mediated Mannich-type reaction of a silyl enol ether with
anN,0-acetal (CECH(OCH;)NEtPh), prepared by means of electrochemical
method, was reported, wherein a cyclization product was obtained prefer-

entially accompanied by a Mannich addéet.
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