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TMSCR; adds to chiral 2-acyl-1,3-perhydrobenzoxazines
with total diastereoselectivity leading to quaternary triflu-
oromethyl alcohols. Further transformation of the addition
products yields enantiomerically enriched trifluoromethylated
1,2-diols and 1,2-amino alcohols.

Organofluorine compounds show remarkable physical, chemi-

Note

compoundg.Although the asymmetric version of these reactions
is less commoRf,some routes to enantiopure fluorinated amino
acids® amino alcoholg,and related compounglbave recently
been described.

Nucleophilic trifluoromethylation using TMSGFas reagent
needs activation of the reagent, and although both Lewis bases
or fluorine-containing additivé&have been used, the latter gave
better results. The diastereoselectivity of the reaction has also
been studied on different substrates and varies from moderate
to good depending on the structure of the carbofyf3n the
other hand, somex-trifluromethylated alcohols have been
prepared, in moderate ee, by enantioselective addition of
TMSCF; to ketones and aldehydes catalyzed by chiral am-
monium fluorides'?

Continuing our interest in the synthesis of fluorinated
derivativest® we present now a facile and direct entry to
enantiomerically enriched trifluoromethyl 1,2-diols and 1,2-
amino alcohols based on the diastereoselective addition of

(4) (a) Brigaud, T.; Lefebvre, O.; Plantier-Royon, R.; Portella, C.
Tetrahedron Lett1996 37, 6115-6116. (b) Prakash G. K. S.; Yudin, A.
K. Chem. Re. 1997, 97, 757-786. (c) Singh, R. P.; Cao, G.; Kirchmeier,
R. L.; Shreeve, J. MJ. Org. Chem1999 64, 2873-2876. (d) Singh, R.
P.; Kirchmeier, R. L.; Shreeve, J. MDrg. Lett.1999 1, 1047-1049. (e)
Singh, R. P.; Shreevéetrahedron200Q 56, 7613-7632. (f) Prakash, G.
K. S.; Mandal, M.J. Fluorine Chem2001, 112, 123-131. (g) Prakash, G.
K. S.; Mandal, M.; Olah, G. AAngew. Chem., Int. ER001, 40, 589—
590. (h) Sevenard, D. V.; Kirch, P.;"Rchenthaler, G.-V.; Movchun, V.
N.; Kolomeitsev, A. A.Synlett2001, 379-381. (i) Kim, J.; Shreeve, J. M.
Org. Biomol. Chem.2004 2, 2728-2734 and references therein. (j)
Hoffmann-Raler, A.; Seiler, P.; Diederich, FOrg. Biomol. Chem2004
2, 2267-2269.

(5) Asymmetric Fluoroorganic Chemistry. Synthesis, Applications and
Future Directions Ramachandran, P. V., Ed.; American Chemical Soci-
ety: Washington, DC, 2000.

(6) (a) Fluorine-Containing Amino Acids: Synthesis and Properties
Kukharv, P., Soloshonok, V. A., Eds.; Wiley: Chichester, U.K., 1995. (b)
Soloshonok, V.; Soloshonok, I.; Kukhar, V. P.; Svedas, VJKOrg. Chem.
1998 63, 1878-1884. (c) Fustero, S.; Pina, B.; Salavert, E.; Navarro, A,;
Arellano, C. R.; Sima, A. J. Org. Chem2002 67, 4667-4679. (d) Jiang,

cal, and biological properties, and they have been used in thez.-X.; Quin, Y.-Y.; Qing, F.-L.J. Org. Chem2003 68, 7544-7547 and

development of pharmaceuticals, agrochemicals, and materials.

Trifluoromethylated derivatives have special lipophilicity and
metabolic characteristid8:2 For these reasons, their synthesis
has attracted considerable attenti@ibeit some of the reported

methods require many synthetic steps or not easily available

trifluoromethylated compounds.
One of the most useful method to introduce a trifluoromethyl
group consists on the nucleophilic addition of TMSORduced

by a fluoride ion, to aldehydes, ketones, esters, and related

T Present address: Institute of Chemical Research of Catalonia (ICIQ), Av.
Pasos Catalans 16, 43007 Tarragona, Spain.
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SCHEME 1. Synthesis of 2-Acyl-1,3-perhydrobenzoxazines
2b and 2f
o}
H%
PMP
Bn
§/OH 0 o 9
'\g' PhH, reflux NQ)LPMP
PH 2b
n-BuLi
/Bn fo) THF, 0°C I/Bn o
0 -0
N N
\\)Ll}lMe A)Ln_Bu
1 OMe of
SCHEME 2. Synthesis of Trifluoromethyl Alcohols 3a-f
2a:R=Ph
Bn o 2b:R=4-OMeCgH,
Lo 2¢: R = Furyl
NA)LR 2d: R =Et
2e:R=i-Pr
2f. R =n-Bu
TMSCFg
TBAF or CsF (cat)
OTMS
Bn Bn F30
A CF l. OTMS
N L ] N
R R

TBAF (1 equiv) \

t, 1h
Bn QH Bn FaG
o |.CFs T O \.OH
N X N
R R
3a-f epi-3a-f

TMSCHR; to an acyl group placed at C-2 in a chiral 1,3-perhydro
benzoxazine derived from+)-8-benzylamino menthdf: Further

TABLE 1. Trifluoromethylation of

2-Acyl-1,3-perhydrobenzoxazines

products
entry ketone solvent/catalyst products (ratio)  (yield, %)
1 2a Et,O/TBAF 3alepi3a(21:1) 3a(80)
2 2a THF/TBAF 3alepi3a(22:1) 3a(82)
3 2a THF/CsF 3alepi3a(>50:<1)F 3a(95)
4 2b THF/TBAF 3b/epi3b (>50:<1)* 3b(85)
5 2b THF/CsF 3b/epi3b (>50:<1) 3b(93)
6 2c THF/CsF 3depi3c(>50:<1)¢  3c(96)
7 2d THF/TBAF 3d/epi-3d (12:1) 3d (82),
epi3d (6)
8 2d THF/CsF 3d/epi3d (>50:<1)¢ 3d(90)
9 2e Et,O/TBAF 3eepi-3e(11:1) 3e(85),
epi3e(3)
10 2e THF/TBAF 3elepi-3e(18:1) 3e(87),
epi3e(2)
11 2e Et,O/CsF 3eepi3e(>50:<1)¢ 3e(93)
12 2e THF/CsF 3eepi3e(>50:<1)¢ 3e(95)
13 2f THF/TBAF 3flepi-3f (32:1) 3f (92),
epi3f (2)
14 2f THF/CsF 3flepi3f (>50:<1)°  3f(94)

apDetermined by integration of the signals 8 NMR or 1F NMR
spectra of the reaction mixtureslsolated productsS Only one diastere-
oisomer was observed in tAel NMR or 1%F NMR spectra of the reaction
mixtures.

FIGURE 1. Felkin—Anh model for the diastereoselective trifluorom-
ethylation.

diastereoselectivity, although both the yield and diastereose-
lectivity were slightly higher when THF, instead of.Et was

used as solvent (compare entry 9 vs 10 in Table 1). In addition,
CsF was a better catalyst than TBAF increasing the yields of

transformations of the addition products allows for the synthesis the reactions probably as a consequence of the hygroscopic
of enantioenriched diols and amino alcohols with a quaternary character of the ammonium fluoride The diastereoselection
stereocenter in good yields. Our synthetic strategy uses easilywas also improved by using anhydrous CsF as catalyst. The

available )-8-benzylamino menth#&! and commercial or
previously prepared glyoxal derivatives.

The starting 2-acyl-1,3-perhydro benzoxazirgs'4 2¢,15
2d,*® and2€e'® have been previously described, while compound
2b was synthesized by condensation ef){8-benzylamino-
menthol with 4-methoxyphenylglyoxal hydraten refluxing
benzene an®f by reaction of the Weinreb amid&'® with
n-butyllithium (Scheme 1).

The feasibility of the reaction was first explored on aromatic
(2a) and aliphatic 2€) derivatives. To this end, a solution of
either 2a or 2e in THF or diethyl ether was reacted with

reaction of2aand2ewith TMSCF; and CsF yielde@aand3e
as single compounds, whereas TBAF led to mixtures of these
compounds and the diastereoisomeps3a and epi-3e

The use of THF as solvent and CsF as catalyst allows for
the trifluoromethylation of both aromatic and aliphatic deriva-
tives 2a—f, leading to3a—f in excellent yields and high
diastereoselectivity (Table 1).

All of the alcohols were isolated and purified by column
chromatography or recrystallization, and the stereochemistry of
the formed quaternary stereocenter was determine8 lag
X-ray diffraction analysi¥ for the aryl @b), isopropyl @e),

TMSCF; (1.5 equiv) in the presence of a catalytic amount (2.5% and butyl @f) derivatives and extended for all the compounds.

mol) of tetrabutylammonium fluoride (TBAF) or CsF at°C

The stereochemistry of the single diastereoisomers formed

for 1.5-2 h. Once the starting compound had disappeared, 1 can be explained by considering the proposed mechanism for

equiv of TBAF was added, and the mixture was stirred for 1 h

the trifluoromethylation of carbonyl compountisas a conse-

at room temperature to transform the formed TMS-ethers into quence of a 1,2-stereoinduction processes. The addition occurs

the final alcohols3a—f (Scheme 2).
Under these conditions the trifluoromethylated alcot8ds
and 3e were obtained in very good yields and good to total

(14) He, X.-C.; Eliel, E. L.Tetrahedron1987, 43, 4979-4987.

(15) Pedrosa, R.; AndseC.; Nieto, J.; del Pozo, S. Org. Chem2005
70, 1408-1416.

(16) Eliel, E. L.; He, X.-C.J. Org. Chem199Q 55, 2114-2119.

(17) Floyd, M. B.; Du, M. T.; Fabio, P. F.; Jacob, L. A.; Johnson, B. D.
J. Org. Chem1985 50, 5022-5027.
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on the less hinderedeface of the carbonoxygen double bond,
in agreement with the FelkinrAnh models summarized in
Figure 1, and previously proposed for the reaction of TMSCF
with imines?9

Compounds3a—f were easily transformed into the final
products in one or two steps. The conversion of these derivatives

(18) For ORTEP representations of the X-ray diffraction analyses of
compounds3b, 3e and3f, see the Supporting Information.
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SCHEME 3. Synthesis of Trifluoromethylated Hydroxy Experimental Section

Aldehydes and 1,2-Diols . .
Synthesis of Trifluoromethyl Alcohols 3a—f. General Method.

Bn 29% HCI/EtOH R To a solution of keton& (2 mmol) and CsF (0.05 mmol) in THF
1.g1Q.CFs reflux, 1h <1OH (50 mL), cooled to GC, under argon was added dropwise a solution
N\\)\R OHC™ *cFg of trifluoromethyltrimethylsilane (TMSC§ in THF (1.5 mL, 3
mmol), and the mixture was stirred at that temperature until the
3b 4b reaction was finished (TLC). Subsequently, TBAF (2 mmol) was
added, and the reaction mixture was stirred foh at room
Bn 1) 2% HCU/EtOH R temperature. THF was removed under vacuum, and the residue was
1.41Q CF3  reflux, 1h HQ-OH purified by flash chromatography on silica gel using hexaregyl
NIAL 2Nes, o [ CF3 acetate 8:1 as eluent.
0°C,15h (1S,2S5,4dS,7'R,84dR)-1-(3-Benzyl-4',4’, 7’-trimethyloctahydro-
3a, 3¢ 5a, 5¢ 2H-benz[g][1,3]oxazin-2-yl)-2,2,2-trifluoro-1-phenylethanol (3a).
Yield: 95%. White solid. Mp: 109-110°C (from ethanol). ¢]%%
SCHEME 4. Synthesis of Trifluoromethylated 1,2-Amino —3.6 €= 1.0, CHCE). *H NMR (8): 0.64 (s, 3H); 0.86-1.04 (m,
Alcohols 2H); 0.96 (d, 3HJ = 6.5 Hz); 1.19 (g, 1HJ = 11.2 Hz); 1.33 (s,
3H); 1.52-1.71 (m, 4H); 2.01 (m, 1H); 3.68 (d, 1H,= 17.5 Hz);
llanHo CFs oH R 3.76 (td, 1H,J; = 10.6 Hz,J, = 3.9 Hz); 4.17 (s, 1H, OH), 4.39
NO X e N\/k.o,_, (d, 1H,3=17.5 Hz); 5.53 (s, 1H); 6.32 (d, 2H,= 6.8 Hz), 6.8%
HocoRT gk CF3 6.89 (m, 3H); 7.2+7.23 (m, 3H); 7.43-7.46 (m, 2H).2%F NMR
(0): —78.3 (s, 3F).13C NMR (0): 22.2; 22.4; 24.7; 27.3; 31.4;
3a,c-f 6ac-f 35.0; 41.2; 43.5; 47.3; 58.7; 78.1; 78.3 fder = 26.4 Hz); 84.9;
124.9 (2C); 125.9 (3C); 127.1 (3C); 128.0 (2C); 133.6; 143.3. IR
1. PCC, CH,Cl, (KBr): 3486; 3070; 3028; 1603; 1455; 1375; 1314; 756; 708; 660
2. NaOH \ cm i MS (W2): 448 (M + 1, 57), 294 (100), 272 (87). Anal.

Calcd for GgH3,FsNOo: C, 69.78; H, 7.21; N, 3.13. Found: C,

o]
R
CF; (1S,2S,44dS,7'R,8dR)-1-(3-Benzyl-4,4', 7'-trimethyloctahydro-
2H-benz[g][1,3]oxazin-2-yl)-2,2,2-trifluoro-1-(4-methoxyphenyl)-

ethanol (3b).Yield: 93%. White solid. Mp: 184185 °C (from

. ) . . . . ethanol). §]%%, +7.1 € = 1.0, CHC}). 'H NMR (6): 0.68 (s,
into a-hydoxy acids as previously descriBéd/as not possible 3H): 0.93-1.00 (m, 2H): 0.97 (d, 3H] = 6.4 Hz): 1.18 (q, 1HJ

because hydrolytic workup followed by oxidation with sodium — 11.7 Hz); 1.34 (s, 3H): 1.501.75 (m, 4H); 2.01 (m, 1H): 3.67
hypochlorite led to a very complex mixture of compounds. (g 1H j= 176 Hz)’; 3.75 (s, 3H); 376 (td,’lHl =106 H’Z,Jz
Instead, the trifluromethylatedi-hydroxy aldehyde4b was = 4.0 Hz); 4.14 (s, 1H); 4.37 (d, 1H,= 17.6 Hz); 5.48 (s, 1H);
obtained in 64% yield fron8b by hydrolysis with 2% HCI in 6.40-6.42 (m, 2H); 6.72 (m, 2H); 6.877.28 (m, 3H); 7.33 (d,
refluxing ethanol for 1 h. The same treatment applie#o 2H,J = 8.5 Hz).1%F NMR (0): -78.8 (s, 3F)13C NMR (0): 22.2;
and 3¢, followed by reduction of the reaction mixtures with 22.4;24.8;27.1; 31.4; 35.1; 41.2, 43.6, 47.1, 55.1, 58.6; 78.0; 78.3
sodium borohydride in ethanol at €C for 1.5 h, yielded (4, *Jcr = 26.5 Hz); 84.9; 113.2; 124.9; 126.0; 127.1; 128.3 (9C);

trifluoromethylated 1,2-diol§a!® and5cin 62% and 60% yield, ~ 125.7;143.4;159.6 (3C)-'|R (KEjr): 3521; 3086; 3058; 1615; 1586;
respectively (Scheme 3)—{-8-Benzylaminomenthol was re- 1516; 1462; 1388; 1376; 1314; 1299; 1251; 939; 834; 804; 756;

1 .
covered in 90% from the aqueous phase by neutralization. /0% "' MS (W2): 478 (M+ 1, 100), 324 (38), 272 (66). Anal.

A different approach was used for the synthesis of enantio- g:?lgg-far gé‘;?‘ﬁ’\lzogé C, 67.91; H, 7.18; N, 2.93. Found: C,

merically enriched triquoromethyI-l_,2-amino aIcohoI_s. In _this (1R,2S,44S 7R 84R)-1-(3-Benzyl-4,4 7-trimethyloctahydro-
case, compoundSac—f were subjected to reductive ring  H-penzfg][1,3]oxazin-2-yl)-2,2,2-trifluoro-1-(furan-2-yl)etha-
opening to6a,c—f by reaction with in situ prepared aluminum  nol (3c). Yield: 96%. Yellow oil. [0]%3% +3.2 (c = 0.84, CHC}).
hydride in THF at—10 °C. Oxidation of these amino menthol IH NMR (d): 0.70 (s, 3H); 0.7£1.05 (m, 2H); 0.95 (d, 3HJ =
derivatives with PCC in methylene chloride, followed by 6.5 Hz); 1.17 (g, 1HJ = 11.9 Hz); 1.32 (s, 3H); 1.521.73 (m,
treatment with a solution of NaOH led to 1,2-amino alcohol 4H); 1.96 (m, 1H); 3.73 (td, 1H} = 10.6 Hz,J, = 3.9 Hz); 3.77
derivatives7a,c—f in 42—60%, and {-)-pulegone (Scheme 4).  (d, 1H,J = 17.6 Hz); 4.00 (br s, 1H); 4.49 (d, 1H,= 17.6 Hz);
The stereochemical integrity and the configuration of the -4° (S, 1H); 6.13 (dd, 1H) = 3.2 Hz,J, = 1.8 Hz), 6.20 (dd,
stereocenter was established ft2° by comparison of the ~ 1H:Ji1=3.2Hz,J, = 0.8 Hz), 6.66 (dd, 2H), = 8.0 Hz,J, = 1.8

optical rotation with that previously described, and generalized E,?N%%er(g):z‘_%mi ?g' )3;)113%:(;3‘?\/'%'_(%1): 21282H 222‘]§:22$ gé)'g.

for all the final compounds. _ 31.4;35.0; 41.1; 43.6; 47.4; 58.6; 78.0; 83.9; 110.1; 110.6; 125.1;
In summary, the described strategy allows for the preparation 126 3 (2C): 127.2 (2C); 142.4; 143.6; 1474C NMR (acetone-

of enantiomerically enriched trifluoromethylated 1,2-amino d, §): 22.6; 23.0; 25.5; 27.5; 32.1; 35.8; 42.1; 44.4; 48.3; 59.4;

alcohols and 1,2-diols with quaternary stereocenters by total 78.0 (q); 78.7; 85.1; 110.7; 111.4; 125.9; 127.4 (2C); 128.1 (2C);

diastereoselective addition of TMSgko chiral 2-acyl-1,3- 143.6; 145.3; 149.6. IR (film): 3505; 3045; 3020; 1600; 1450; 1382;

perhydro benzoxazines. Aryl, heteroaryl, and alkyl groups can 1368; 1315; 1263; 1240; 1190; 730; 710; 690 énAnal. Calcd

be introduced as substituents at the quaternary carbon atom irfor CasHaoFsNOs: C, 65.89; H, 6.91; N, 3.20. Found: C, 65.71;

good yields from easily accessible starting reagents. H, 7.06; N, 3.04. )
(25,25,4dS,7'R,8dR)-2-(3-Benzyl-4',4’, 7’-trimethyloctahydro-

2H-benz[e][1,3]oxazin-2-yl)-1,1,1-trifluorobutan-2-ol (3d).

7a,c-f

(19) Bennani, Y. L.; Vanhessche, K. P. M.; Sharpless, K.TBtra-

hedron: Asymmetr994 5, 1473-1476. Yield: 90%. Colorless oil.¢]%; +10.8 ¢ = 0.8, CHC}). *H NMR
(20) Arnone, A.; Bravo, P.; Frigerio, M.; Viani, F.; Soloshonok, V. A.  (8): 0.90-1.04 (m, 2H); 0.93 (s, 3H); 1.01 (d, 3H,= 6.5 Hz);
Tetrahedron1998 54, 11841 11860. 1.12 (td, 3H,J, = 6.6 Hz,J, = 1.1 Hz); 1.20 (q, 1H] = 11.8
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Hz); 1.40 (s, 3H); 1.561.80 (m, 6H); 2.00 (m, 1H); 3.55 (s, 1H);
3.71 (td, 1H,J; = 10.6 Hz,J, = 3.9 Hz); 4.03 (d, 1H,) = 18.4
Hz); 4.73 (d, 1HJ = 18.4 Hz); 5.08 (s, 1H); 7.22 (t, 1H,= 7.2
Hz); 7.34 (dd, 2HJ;, = 7.6 Hz,J, = 7.2 Hz); 7.43 (d,2HJ = 7.6
Hz). 1% NMR (0): -76.5 (s, 3F)13C NMR (0): 7.79; 22.2; 22.4;
24.4;24.8; 26.8; 31.4; 35.1; 41.2; 43.5; 47.5; 58.8; 77.8Js =
24.7 Hz); 77.9; 83.4; 125.7; 126.3 (2C); 127.9 (2C); 143.8. IR
(film): 3537; 3080; 3063; 1604; 1493; 1453; 1390; 1373; 1308;
1245; 1192; 755; 724; 698 crth Anal. Calcd for GoH3FsNO,:
C, 66.14; H, 8.07; N, 3.51. Found: C, 66.32; H, 7.91; N, 3.66.
(2S,2S,4dS,7'R,8dR)-2-(3-Benzyl-4,4', 7-trimethyloctahydro-
2H-benz[e][1,3]oxazin-2-yl)-1,1,1-trifluoro-3-methylbutan-2-
ol (3e).Yield: 95%. White solid. Mp: 117118°C (from ethanol).
[a]%3 +3.1 € = 1.0, CHCE). 'H NMR (9): 0.84-1.00 (m, 5H);
0.84 (s, 3H); 0.95 (d, 3H] = 6.6 Hz); 1.08-1.20 (m, 4H); 1.32
(s, 3H); 1.46-1.71 (m, 4H); 1.93 (m, 1H); 2.22 (m, 1H); 3.55 (s,
1H); 3.63 (td, 1H,J; = 10.8 Hz,J, = 4.0 Hz); 3.94 (d, 1HJ =
18.3 Hz); 4.59 (d, 1HJ = 18.3 Hz); 5.02 (s, 1H); 7.15 (t, 1H,=
7.1 Hz); 7.24-7.29 (m, 2H); 7.34 (d, 2H) = 6.9 Hz).1%F NMR
(0): —71.7 (s, 3F).13C NMR (0): 16.4; 17.4; 22.2; 22.4; 24.8;
27.0; 30.1; 31.4; 35.1; 41.2; 43.5; 47.7; 59.1; 78.2; 79.2J¢ =
23.6 Hz); 84.4; 125.8; 126.3 (2C); 128.0 (2C); 143.9. IR (KBr):
3517; 3080; 1603; 1493; 1458; 1373; 1363; 1315; 1247; 1190; 1167;
779; 756; 719; 697 cnt. Anal. Calcd for GsH34F3NO,: C, 66.80;
H, 8.29; N, 3.39. Found: C, 66.70; H, 8.19; N, 3.48.
(25,25,4dS,7'R,8dR)-2-(3-Benzyl-4,4 , 7'-trimethyloctahydro-
2H-benz[e][1,3]oxazin-2’-yl)-1,1,1-trifluorohexan-2-ol (3f).
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Yield: 94%. White solid. Mp: 108109°C (from methanol).q]%%
+9.1 (c = 0.88, CHCH). H NMR (8): 0.94-1.09 (m, 2H); 0.97

(t, 3H,J = 6.0 Hz); 0.97 (s, 3H); 1.03 (d, 3H,= 6.5 Hz); 1.17-
1.38 (M, 4H), 1.42 (s, 3H); 1.591.80 (m, 7H); 2.02 (m, 1H); 3.55
(s, 1H): 3.72 (td, 1H,); = 10.7 Hz,J, = 3.8 Hz); 4.04 (d, 1H,)

= 18.4 Hz); 4.75 (d, 1HJ = 18.4 Hz); 5.06 (s, 1H); 7.23 (t, 1H,
J=7.3Hz); 7.35 (t, 2HJ = 7.3 Hz); 7.46 (d, 2H]) = 7.3 Hz).

19F NMR (8): —76.5 (s, 3F)13C NMR (9): 14.0; 22.2; 22.5; 23.0;
24.8;25.0; 26.7; 31.3; 31.4; 35.1; 41.2; 43.6; 47.3; 58.8; 77.9; 83.8;
125.7; 126.4 (2C); 127.8 (2C); 143.6. IR (Nujol): 3545; 3080; 1600;
1490; 1450; 1375; 1315; 1180; 1160; 755; 725; 700 knAnal.
Calcd for G4H3gF3NO,: C, 67.42; H, 8.49; N, 3.28. Found: C,
67.25; H, 8.36; N, 3.26.
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