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Trifluoropyruvamides from Isocyanides and Trifluoroacetic Anhydride
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Abstract: Addition of trifluoroacetic anhydride to isocyanides proceeds smoothly to give after treatment
irifluoropyruvamide derivatives in high yieid. © 1998 Elsevier Science Ltd. All rights reserved.

In the search for new biologically active compounds, investigations in the ficld of complex organofluorine
structures have been fruitfully conducted in the last few decades. Trifluoromethyl ketones in particular have

merged as valuable intermediates and targets.! Their reversible inhibitory effect on various enzymatic
systems is mainly associated with stabilisation by the trifluoromethyl group of tetrahedral adduct on the
Lotana 2
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Foilowing our first publication on the use of trifluoroacetic anhydride (1) as useful building biock for the
introduction of the trifluoromethyl group in organic compounds,3 we were interested by other reactions of
anhydride (1) leading to new carbon-carbon bond formation and started a study on the interaction of (1)
with isocyanides.

Isocyanides can be viewed as hybrids of two limiting forms: a carbene structure (I) and a charge separated

form (IT) (Scheme 1), the latter consistent with nucleophilic activity at the terminal carbon atom. Their
reaction with various electrophiles is well documented,* giving in the first place an imine o adduct which
eveniually evolves to an amide. In the Ugi-Passerini reaction of isocyanides with ketones and aldehydes

derivatives, this behaviour was fruitfully exploited for new formation of carbon-carbon ¢ bonds. In
contrast, the interest of their reaction with acid derivatives to give a-keto acids seems to be underestimated.>
We anticipated that on exposure to the highly electrophilic anhydride (1), fluoro-pyruvamides (3) could be
recovered after workup (Scheme 1).
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2 describes the reaction of methyl isocyanide with (1) forming fluoropyruvamide (3j) in a 8%
yield whereas rert-butylisocyanide was reported to give a (2:1) adduct with (1) instead of the expected
trifluoropyruvamide (Cf (3b), (3b') in Table 1) (scheme 2).7
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Scheme 2

The contrast between their result and our successfull preparation of pyruvamides (3) was rather surprising;
we thus now give a full report on our result, with a thorough examination of rerz-butylisocyanide reaction

.

the fluoroderivative (3a) was isolated in good yield after hydrolysis of the mixture. A number of other
isocyanides behaved similarly, as shown by the results collected in Table 1. As observed for
trifluoropyruvate esters,® the hydrated form of the trifluoropyruvamides thus prepared is greatly stabilized
by the presence of two electron withdrawing groups. The hydrates prepared in this reaction were all found
to be highly crystalline and stable; in most cases, they crystallize from the reaction mixture after the addition

of water and can be recovered by filtration. Except for pyruvamide (3e), all hydrates were highly soluble in
hot toluene indicating a possible equilibrium between the ketone and its hydrate in this selvenL Several
St anm e s & P, i oL - Lo = s L oy PRy gy om P4 amm =-ial.

Water can be advantageously replaced by methanol for the preparation of hemiketal derivatives (Scheme 1-
path b-). The fluorocompounds (3b) and (3c) were thus obtained in quantitative yield from the respective
isocyanides. The fluorinated hemiketal formed is easily hydrolysed to the pyruvamide hydrate. Compound
(3d) was thus obtained in 86% yield after methanolysis of the reaction mixture followed by
chromatography on silica gel which effected the hydrolysis of the predicted hemiacetal. The best preparation

eaction mixture followed by evapo ration of the solvent
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Table 1 : Reaction of (CF3CQ)>0 with isocyanides

Starting mat. Reaction temp./°C Reaction Treatment Product
_ time/min - (yield)
(23) - 60 120 H>0 (3a) (63 %)
(2b) - 80 60 MeOH (3b) (quant.)
{Zb) - 80 60 MeOH/H,0,HC1 | (3b") (95%)
{¥n) 1N 1on AL AMIY VL PRI
(&) SAY 16U mieun {9¢) (quant.)
(2d) -10 15 MeOH (3d) (86 %)
(2e) -60 tor.t. 600 H70 (3e) (quant.)
(21 - 80 90 HO 3N 83 %)
(_2g) - 60 120 H»0 (3g) (quant.)
(Zh) -60 120 H>0O (3h) (66%)
(2i) -50 240 H20 (3i) (74%)
R—
o \X R—X
(28) R = 4-chloro-phenyi ; X = NC §§§f R 1By X - ggC%(OH)(O.‘v‘Ie)CFa
(3a) R = 4-chloro-phenyl ; X = NHCOC(OH),CF3 (3b") R =1Bu; X = NHCOC(OH),CF,
(2e) R =Tosyl ; X =NC {2¢) R =cyclohexyl ; X = NC
PaYy D _ Taacuwl - ¥ _ NLINSACINLIN ME MmO PP Py SRR V ] NI TaTatat o BV ol T RVaY od
(e = OGSy, A S N \UT U3 (8C) H = Cycionexyi ; A = NARLUL(UR)(UMe)Lirg
(2h) R =isobornyl ; X = NC
. Me X N (3h) R = isobornyl ; X = NHCOC(OH),CF3
T T ~
v'\)( Ph'/\O) %A\Z_Q = isobornyl
(2d) X =NC i) X=NC ’ R
(3d) X=NHCOC(OH)2CF3 (3i) X = NHCOC(OH),CF3 /\v/(k";—%\:l%
0
AN Y " I >/

On several occasions we observed a significant diminution in yields when scaling up the reaction or
increasing the concentration of the reactants. In view of these difficulties and the results obtained by

A a1V e sl s,

e A 2 1y 33 __ . s A\
und identical to the (2:1) adduct (4)

after hydrolysis significant formation of a by-product which was fi
described by Krivinka. In both cases, inverse addition of isocyanide (2b) to trifluoroacetic anhydride
solutions did not suppress the formation of (4). High yields of (4). were obtained when an additional
equivalent of isocyanide was added after one hour to intermediate A (scheme 3). The same adduct was
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obtained in quantitative yield through tredtment of fluoropyruvamide (3b') with teri-butylisocyanide in
toluene
0 o 2) tBuN==C ﬁ ﬁ’
1) tBuN=C - 80° +Bu
£ o ~oF _l__...__.._? A _89__% \N)\/U\N/t-au
3 3
- 80°C , 1 €q. 2 H-D) H un/\-_ H
VRS YASY LAY CF3
l 4 Oft"‘ff
[l hys]
/
H\N Py tBUN=C ,leq //
:-B'u/ L/ on
0,
e/ ~oH Toluene , 80 °C 100%

Scheme 3

Temperature and concentration must thus be carefully controlled in this reaction. Isocyanides are best added
between -80°C and -60°C. The temperature can be slowly increased if no reaction is observed after half an

hour. These conditions insure high yields in the preparation of fluoropyruvamides
x e ravie AtE e nen walats ~ Ty 1 . - § 9 ~ PP R .
The compoun btained under our conditions are related to eth 11 ie; t d

exiensively used for the synthesis of various fluorinated compounds.? In comparison with esters. the
related trifluoropyruvamides have been poorly studied, being mainly described with simple amines
(diethylamine, ammonia);10.11 high electrophilicity of the carbonyl next to the trifluoromethyl group
probably hamper the preparation of higher pyruvamides. 12

This reaction can be successtully applied to heterocyclic ynthesis as shown in scheme 4. When reactin

as a single diasteroisomer in a 76 % isolated yield.
HQ OH H
H ‘\
o / O, CU-. P AP
N\HA LI A4, \oHIFAT g \r
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~ O 0"\
" o CFs e €
A B
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Scheme 4

In conclusion we have disclosed an efficient preparation of trifluoropyruvamides under smooth conditions,
the hydrated form of these pyruvamides is stable and could efficiently replace pyruvic esters in many
h
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CVDLDIMPAITAY CODAVTTANT
CAFCRIMEN LAL SECITION
Fovnarmanto ssith temflizannn~asia msmbecr ol do cormoas mmet 3 o o .
CXPETMents witn tniiuoroacetic anhydnae were carricd out under a nitrogen atmosphere in oven-dried
glassware. Liauid nitrogen in acetone was used as a cryogenic -;mri all tomneratiree ara intarmalae meacn
o e S u i WL G 4 VR UGG QLI Al tvdLIpPULAatuivs alc uuuula.l\,o 11K

THEF was distilled from sodium benzophenone ketyl. Dichloromethane was distilled from calcium hydride.
toluene was distilled and stored on sodium wires. NMR spectra have been recordeed on a Brucker AC 200
in CDCl3 unless otherwise stated. Chemical shifts are reported in parts per million relative to
tetramethyisilane as an internal standart in NMR 'H spectra. CDCl3 has been used as reference in NMR “C

specira
Proanaration of icacvanidac Tencvanidac h) 4 45 (wara mranarad aconrding ramamtad neasadieae  (9a)
A AV QU UR ISUNY e LOUN Yy UIIULDS \wiJ ), U avluililly 1ICPULICU PIULCUULICS., (&),

agrtauon water 13 added and the mucture is extracted vthdl hl romet};arle Aﬁer evaeoraUO; of {he solven
and filtration over silica gel (CH2Cly/petroleum ether, 50/50), the isocyanide (2a) ' is recovered (24 g, 0.16
mol, 64 %) as a vile smelling, yellow liquid.

2-(3,4-Dimethoxyphenyl)ethylisocyanide (2f): To a solution of sodium hydroxide (49 g, 1.2 mol) in
water (60 ml) is added over 30 minutes under strong agitation a solution of homoveratrylamine (30 ml,
0.18 mol), chloroform (14 ml, 0.17 mol) and TEBA (0.4 g, 0.002 mol) in dichloromethane (130 ml). After

one day of vigorous agitation, water is adaed and the mixture is extracted wnn drcmoromemane After
nd Filteatinn an cilica anl ff‘u;.r‘ tha ien~rvyanida M N1

avannratinn nf tha cnaluant o

bvayu1auuu UVl UiIv JULYULLIL &uu L1IU AQuivil Vil Dul sb 1“1 lz\.,ll}, uie \,_ymuuc \hl[ I.D lWUVClCU \‘-U E., AV §
mol, 61 %) as an odorless oil which solidify on standing in cold. IR (KBr); 2937, 2835, 2147, 1592, 1513
cm'; NMR 'H: 6.8 (m, 3H), 3.90 (s, 3H), 3.85 (s, 3H), 3 6 (m, 2H), 2.9 (m, 2H); NMR *C: 148 8, 148 0,
129.1, 1206, 111.7, 111.2, 55.7, 43.1, 35.1.

Isocvana-17 7-trimethvlhicvelal2 2 l]hnntnnp {2h): 1R R)-2-amino-1.7.7-trimethyl-bicvclo
isocyano-L,/7,/-tnmetnyidicyclol <.2. . jhepla zn) 15 1 1ICYC0

N KNy TAN T L T RALAAAIS T Ly F g T 1meu UuiyiTuU

[2.2.1]heptane (25.4 g; 0.17 mol) is dissolved in methvlforma (170 ml) and allowed to stand 4 day

under argon. After evaporation of the solvent, the crude formamide is recovered in quanutauve yield. To a
cold solution (-10°C) of the latter in dry dichloromethane (150 ml) under argon is added tnethylamme
(54.6 mi, 0.39 mol) foliowed by phosphorous oxychioride Ub m1 0.16 mol) over 30 minutes. Aner

rhanata (0 o) in water IN0 MmN
uliauns \UU 5} u1 vvats \‘-VU llll,

l
N

Qtireina tha < t rivhiara at N far ana hanr a enhiitinn
Bll.lllllé Ui ACOUILAlIL TRILALULT al U U 1V ULy [1Vul, 4 dUIuLviL U
[~

while ping the temperature under 10 After one hour more water is added and the mixture is

e? basw alumma (Eluant
= 105-

Xtrac with dichlor methane Evaporation and‘ ﬂar—sh C
fords isocyanide (Zh) (21.6 g, 0.13 mol, 76 %) as
(N—(,) 1457 1392 1‘ 54 cm'; NMR 'H: ‘
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1-Benzyloxy-2-isocyanobutane (2i): To a suspension of phthalic anhydnde (7.9 g.; 53 mmol.) in
anhydrous toluene (75 ml) under argon is added 2-aminobutan-1-ol (5 ml, 53 mmol.) and 4.4-
Aimaathulaminanoridina oY Tha mivmra ic hoatad nndar roflny with a naqn Qfarlr annarats for 4
uuuculyla.uuuuplyl I 5 peyivg luuu,un, 1D 1Ivausu uu\.n..L u.dluA Wikl a {78 g araluy 1vir v
hours. After filtrati and

dione (oil) is added to a solution of ben7yl bromide (6.3 ml; 47 mmol) in dry THF (100 ml). Sodium
hydride (60% dispersion) (2.46 g; 61 mmol.) is added and the mixture is agitated at room temperature over
24 hours.

on silica and evaporation of the solvent, the crude 2-(2-hydroxy-ethyl)-isoindole-1,3-
ti

i i Vtanili e mem alllan nmd asrnsmanatoan f thna onlirnemr tha sheliall m sda 1A ‘} .-. ¥ a .-.-\ e yxrith
[-\llt:r IITdUOn Ofl SHICd dild CvdpLiduiuil UL UG JULVELL, W puurmu ]G (14 . Ui dal ture wiln
mineral 0il) is added to a solution of hvdm7inp hydrate (8 ml; 0.18 mmol) in ethanol Hﬂﬂ mh t h_ en heated
n I 17 18 2GCEC 10 a sOulion O AyCIdZINC Aycedic (o B, V.26 11 U 1)
t se

‘O
Ei
I
8
173
73
s:
]
@
:“
(D-
[N

under reflux during one hour. The solid that w1th hydrochlonc amd (150 ml of a 6N
solution then 150 ml of a 2N solution) and discard; ethanol is evaporated and the acid aquous solution
extracted twice with petroleum ether. The aqueous solution is made basic (pH 12) with a potassium
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hydroxide solution (12 N). Extraction with cther affords 1-benzyloxy-2-aminobutane as a yellowish oil
(6.2 g; 33 mmol).

A solution of 1-benzyloxy-2-aminobutane (6.2 g 33 mmol) in methyl forrnate (100 ml) is left one week at
room temperature under argon. Methyl formate is evaporated and replaced by dry dichloromethane (150
ml). This solution under argon is cooled to -10 °C, triethylamine (10.6 ml, 76 mmol) is added followed by
a slow addition of phosphorous oxychloride (2.95 ml; 32 mmol) while the temperature is kept at - 10 °C.
After one hour agitation at 0 °C, the mixture is hydrolysed with a sodium carbonate saturated solution (100
ml). Extraction, evaporation and chromatography on silica gel (CH2Cly/petroleumn ether: 2/1) affords 1-
benzyloxy-2- 1socyan00utane (2i) (5.38 g; 28.5 mmol) as a colorless oil. IR (KBr): 2950, 2160, 1460, 1370.
1120, 745,705 cm™'; NMR 'H: 7.34 (m, 5H), 4.57 (s, 2H), 3.7-3.4 (m, 3H), 1.7 (m, 2H), 1.04 (t, 3H, J =
7 Hz); NMR "C: 1565 137.3,128.4, 127.8, 127.6, 73.3, 71.0, 56.0, 24.8, 9.8.

General procedure for the preparation ot tnfluompyruvamlde from isocyanides (except for (Zg)) To
a solution of lwuyd.muc (2) (7 mmol ) in ury cold dichloromethane (20 ml, see temperature given in tabie 1)
under argon is added trifluoroacetic anhydride (1.2 ml, 8.4 mmol). The cold mixture is then agitated under
argon till completion.

N-(4-Chloro-benzyl)-3,3,3-trifluoro-2,2-dihydroxy-propionamide (3a): After 2 hours water (2 ml) is
added and the temperature is rapidly brought to 25°C. The pyruvamide (1.02 g, white crystals) is filtered

trom the reaction medium and the resulting mother liquor after extraction and evaporation of the solvent is

purified via flash column chromatography (snhca gel, CH;Cly/Et0, 70/30 ) affording additional
pyruvamide (0.230 g). Overall yield 1.250 g (4.4 mmol, 63%). M.p. = 128-130 °C (from hot toluene); IR
(KBr): 3365, 3308, 1673, 1553, 1494, 1283 cm™; NMR 'H (in DMSO): 8.84 (m, NH, 1H), 7.80 (s, OH,
2H), 7.37 (d, ] = 8.4 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 428 (m, 2H); NMR BC (in DMSO) 1666 138.1.

1271 2 190N 17Q 1”’1(//- M C 2N LI\ QN "7 (A~ M 27 LY oo Qoanten sena NLEL
101.09, 147.U, 140, 1L VY, J-T" = L7V 114}, FVU. 1 \Y, J\/“L;F = J4 nL), "l’l I lVldbb Jpoluuiin, (.OJ, £00,

1,
140; Microanal. calculated for C,oHoCIF3NO; : C, 42.35; H, 3.2; N, 4.94. Found: C, 42.41; H, 3.13; N,
4.66.

N-tert-Butyl- 33,3-mﬂuoro-2-hydroxy-2~methoxy-prop10namxde (3b): After two hours methanol (5

mhig addaed and tha tamnaratnra ic hranght tn 2890 Bvanaratinn of h anlvant lanvag tha n vamida (Th)
1111 lo auuLu aliu L lbluybldl.ulb ‘.D Uluuslll. W Lo . bvayulatl\]ll uL u b DUIV\-’I"' 1cayuvo uiv pyluvmlllub V)

as a colorless oil formed in a quantitative yield. NMR 'H: 6.25 (bs, X-H), 5.90 (bs, X-H), 3.33 (s, 3H).
1.40 (s, 9H); NMR *C: 164.1, 121.4 (q, JC-F = 287 Hz), 93.5 (g, JC-CF = 33 Hz), 52.7. 50.5, 28.2.

N-tert-Butyl 3,3,3-trifluoro-2, 2-d:hydroxy propionamide (3b”): To a solution of pyruvamide (3b) (1.6

g7 mmol) in toluene (25 ml) is added water (4 ml) and a 30% hydrochloric acid solution (0.1 ml). The

t AV Y H 3 91} w) LKueiae WAL 12127 Q% L URNARLIVIAY Qhile SVaRlN?

mxxturc is refluxed over a day, evaporation of the solvent affords pyruvamide (3b') as white crystals in a
quantitative yield. M.p. = 105-108 °C (from hot toluene); IR (KBr): 3303, 2985, 1680, 1550, 1375 cm™.
NMR 'H (in DMSO): 7.7 (bs, 2H), 7.10 (s, 1H), 1.25 (s, 9H); NMR "*C (in DMSO): 165.7, 122.6 (q, IC-
F=290 Hz) 90.7 (q JC-CF = 31 Hz), 50.7, 28.2; Microanal. calculated for C;H;2FsNO;3 : C, 39.07; H.

E £ N Y LT E NS NT £

2.04, 1IN, 0.)1 Found : b, IY.00, 1, J.UJ; IN, 6.54.

N-Cyclohexyl-3,3,3-trifluoro-2,2-dihydroxy-propionamide (3c): After 3 hours methanol (5 ml) is added
and the temperature raised to 25°C. Evaporation of the solvent leaves pyruvamide (3c), formed in a
quantitative yield. White crystals from cold EtpO: M.p. = 90-120 °C (sublimation); IR (KBr): 3320, 1682
cm’; NMR 'H: 6.40 (bs, 1H), 6.05 (bs, 1H), 3.8 (m, 1H), 3.33 (s, 3H), 2.0-1.0 (m, 10H); NMR "C:
164’) 121.6 (g, JC-F =290 Hz), 93.7 (g, JC-CF = 30 Hz), 50.6, 499, 32.6, 32.4, 25.3, 24.6; Microanal.

AV5.L, 44200 RLAS | LI AAL { 2L, VNS

calculated forCloH16F3N03 C, 47 06; H 6.32; N, 5.49. FoundC 47. 32 H, 6.31; N, 5.49.

N-0-Tolyl-3,3,3-trifluoro 2,2-dihydroxy-propionamide (3d): After 15 minutes methanol (5 ml) is added
and the temperature raised to 25 °C. Evaporation of the solvent and chromatography on silica gel
(CHCly/E1r0,90/10) provides pyruvamide (3d) (1.5 g, 6 mmol, 86%) as a white sohd White crystals

(from hot toluene): Mp 11() lH °C; IR (KBr): 3308, 1695, 1544, 1422, 1253 cm”; NMR 'H (in
DMSO): 9.50 (s, 1H), 8.00 (bs, OH), 7.2 (m, 4H), 2.15 (s, 3H); NMR ®C (in DMSO) 165.2. 135.4,
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132.4,130.4, 126.2, 126.0, 122.6 (q, JC-F = 290 Hz), 125.1, 91.1 (g, JC-CF = 31 Hz), 17.4; Microanal.
calculated for CioHoF3NOs: C, 48.2; H, 4.04; N, 5.62. Found C, 48.3; H, 4.25; N, 5.57.

N-(Toluene-4-sulfonylmethyl) 3,3,3-trifluoro 2 2-dihydroxy proplonamlde (3e): After 1 hour at 60°C

no reaction is observed. More triflucroacetic anhydnde (1.2 ml, 8.4 mmol) is added to the mixture and the

temperature is slowly raised to 25 °C. The mixture is then left under argon overnight. Water (5 ml) is added
followed by a saturated sodium hydrogenocarbonate solution. Extraction of the mixture and evaporation of
the solvent affords pyruvamide (3e) in a quantitative yleld White crystals (from aceton and toluene): M.p.
=124-130 °C; IR (KBr) 3398, 3331, 1695, 1549 cm™; NMR 'H (m DMSQ): 8.9 (m lH) 7.9 (s, 2H),
7.70 (d, J = 8.1 Hz, 2H), 7.42 (d, J = 8.1 Hz, 2H), 4.65 (m, 2H), 2.40 (s, 3H); NMR 2C: 166.7, 144.6,
135.1, 129.7, 128.5, 122.3 (q, JC-F = 290 Hz), 90.6 (q, JC-CF = 31 Hz), 60.6, 21.2; Microanal. calculated
for C;; Hi2FsNSOs: C, 40.51; H, 3.7; N, 4.28. Found : C, 40.51; H, 3.71; N, 4.12.

N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-3,3,3-trifluoro-2,2-dihydroxy-propionamide  (3f): After 90
minutes, water and acetone are added to the mixture (10 ml, 50/50) and the temperature is raised to 25 °C.
The pyruvamide (3f) (1.3 g, white crystals) is filtered from the reaction medium and the resulting mother
liquor after extraction and evaporation of the solvent is purified via flash column chromatography (Silica
gel, CH2Cly/E120,70/30 ) affording additional pyruvamide (0.39 g). Overall yield 1.69 g (5.8 mmol, 83%);
white crystals (from hot toluene): M.p. = 114-119 °C (sublimation); IR: 3392, 3330, 2955, 1673, 1550,
1519c¢m™; NMR 'H (in DMSO): 8.2 (bs, lH) 6.8 (m 3H) 3.77 (s, 3H) 3.70 (s 3H) 33 (m 2H) 2.65
t,J=6 Hz 2H), 2.5 (bs, OH); NMR BC (in DMSO): 166.2, 148.5, 147.2, 131.6, 122.5 {(q, JC-F¥ = 289
Hz), 1204, 112.4, 1117, 90.5 (q, JC-CF = 30 Hz), 55.4, 55.2, 34.3; Microanal. calculated for
CisHj¢F3NOs: C,48.3; H, 4.99; N, 4.33. Found: C, 48.35; H, 4.76; N, 4.19.

N-[(25)R- Sa-spirost -9 11)-en~3a-yl] -3,3,3-trifluoro-2, 2-d|hydroxy proplonamlde (3g): To a solution
of isocyanide (2g) (0.1 g, 0.24 mmol) in dry cold dichloromethane (5 ml, see lﬁf‘u‘p&f&i‘ufé given in table 1)
under argon is added trifluoroacetic anhydride (0.1 ml, 0.7 mmol). The cold mixture is left under argon for
2 h and weated rapidly with a saturated sodium hydrogenocarbonate solution (3 ml). Extraction of the
mixture and evaporation of the solvent affords pyruvamide (3g) in a quantitative yield; white crystals : M.p.
= 140-142 °C; IR (KBr): 3432, 2955, 1688, 1537, 1180 cm™; NMR 'H: 6.77 (d, J = 8 Hz, NH), 5.23 (s,
IH), 4.35 (m, 1H), 4.10 (m, 1H), 3.55 (m. 2ZH), 0.87 (s, 3H), 072 (d, J = 5.8 Hz), 0.62 (s, 3H); NMR °C
(22.4 MHz): 165.0, 146.6, 121.5 (q, JC-F = 290 Hz), 116.2, 100.3, 90.3 (q, JC-CF = 31 Hz), 80.8, 66.7,
61.1, 53.5, 46.0, 42.0, 41.6, 38.1, 38.6, 39.2, 35.4, 32.7, 32.6, 32.4, 31.2, 31.0, 30.1, 28.5, 27.9, 25.5, 16.9,
16.8, 15.7, 13.9; Microanal. calculated for C3oH44FaNOs : C, 64.85; H, 7.98; N, 2.52. Found: C, 64.41; H,

8.02. N, 2.64.

N-(1,7,7-Trimethylbicyclo[ 2.2.1]hept-2-yl)-3,3,3-trifluoro-2,2-dihydroxy-propionamide (3h): After 2
hours, water (20 ml) is added followed by a saturated sodium hydrogenocarbonate solution. After
extraction and evaporation of the solvent, the crude is purified by crystallization (CHCl3/ petroleum ether)
followed by evaporation of the mother liquor and chromatography on silica gel (Ether/petroleum ether:
10/90 -->50/50) affording (3h) (1.36 g, 4.6 mmol) as white crystals. M.p. : 114-116 °C; IR: 3433, 3331,
1682, 1540, 1286, 1210, 1178, 1157, 1091, 1079 cm™; NMR 'H: 6.6 (d, IH, J = 5§ Hz), 5.1 (bs, 2H), 3.8
(m, 1H), 2.0-1.5 (m, SH), 1.4-1.1 (m, 2H), 1.05- 075 (m, 9H, 0.92 (s, 3H), 0.85 (s, 3H), 0.84 (s, 3H));
NMR *C: 165.4, 121.7 (q, J = 288 Hz), 90.5 (q, J = 33 Hz), 57.8, 48.9, 47.1, 44.7, 38.3, 35.7, 26.9, 20.1,
19.8, 11.3. [a]® ,=-0.35 (¢ 0.9, CHCl3); Microanal. calculated for Cy3HoF3NO;3 : C, 52.88; H, 6.83; N,

4.74. Found : C, 52.62; H, 6.55; N, 4.68.

N-(2-Benzyloxy-ethyl)-3,3,3-trifluoro-2,2-dihydroxy-propionamide (3i): After 3 hours, water (20 mi)
is added followed by a saturated sodium hydrogenocarbonate solution. After extraction and evaporation of
the solvent, the crude is purified by crystallization (toluene) followed by evaporation of the mother liquor
and chromatography on silica gel (Ether/petroleum ether :10/90 -->50/50) affording (3i) (1.67 g, 5.2 mmol,
74%) as white crystals. M.p. (from toluene): 97-98 °C; IR (KBr): 3332, 1676, 1561, 1284, 1198, 1186,
1125, 1078 em™ ; NMR 'H: 7.30 (m, 4H), 7.01 (m, 1H), 5.76 (bs, 2H), 4.51 (m, 2H, AB typc system
with 8: 4.56, 4.46, JAB = 12.0 Hz), 3.99 (m, 1H), 3.47 (d, 2H, J = 3.5 Hz), 1.58 (m, 2H), 0.86 (1, 3H, J =
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7 Hz); NMR PC: 166.1, 137.3, 128.4, 12719, 121.6 (g, J = 261 Hz); 90.6 (q,.J =33 Hz), 73.1, 70.3, 51.9.
243, 10.1; Microanal. calculated for C14H18F3NOQ4: C, 52.34; H, 5.65; N, 4.36. Found : C, 52.11; H, 5.59;

N, 421,

N,N'-Di(tert-butyl)-2-trifluoromethyltartronamide (4):

A) To a solution of ter-butylisocyanide (2) (0.8 ml, 7 mmol) in dry dichloromethane (20 ml) at -80 °C
under argon is added trifluoroacetic anhydride (1 ml, 7 mmol). The cold mixture is then agitated under

argon during 2 hours and r-butylisocyanide (0.8 ml, 7 mmol) is added again to the solution. The

temperature is kept at -80 °C during 2 hours and slowly raised to room temperature. After addition of water
(5 ml), extraction and evaporation of the solvent, the crude is purified on a silica gel column
(AcOEt/petroleum ether, 5/95) giving the diamide (4) (1 75 g, 5.9 mmol) as white crystals. M.p. (trom
hexane): 77-78 °C; IR (KBr): 3360, 3315, 1720, 1685 cm™ ; NMR 'H: 7.4 (bs, 2H), 5.6 (bs, 1H), 1.37 (

D 13 1£7Q 199 1 1A~
18H); NMR VC: 162.9, 122.1 (g, F = 283 Hz), 75.5 (g, J = 28 Hz), 52.5, 28.4.

B) A solution of #-butylisocyanide (0.2 ml, 1.77 mmol) and and pyruvamide (3b’) (0.380 g, 1.77 mmol) in
dry toluene (5 ml) is heated at 80°C under argon during 3 hours. Evaporation of the solvent affords the
diamide (4) in a quantitative yield.

S-Ethyl-2-hydroxy-2-trifluoromethyl-morpholin-3-one (4i): To a solution of N-(2-Benzyloxy-ethyl)-

3.3.3-trifluoro-2,2-dihydroxy-propionamide (3i) (0.3 g; 0.9 mmol) in dry dichloromethane (10 ml) at room
temperature is added titatnium tetrachloride (0.2 ml, 1.8 mmol). The solution is left under agitation over
two hours and water (10 ml) is added to the resulting suspension. Several extractions with ethyl acetate
affords after evaporation and chromatography (sihca gel ethyl acetate/ dichloromethane, 2/1) the
morpholinone (4i) as a white powder (0.15 g, 0.71 mmol, 76%). M.p. : 156-157 °C; IR (Kbr):3295, 1677.
1559, 1186, 1161 cm™; NMR 'H (DMSO, d,): 7.79 (s, 1H), 7.72 (s, 1H), 4.7 (t, 1H, J = 5.2 Hz), 4.2-3.2
(m, 2H), 1.7-1.3 (m, ZH), 0.80 (t, 3H, J = 7.6 Hz); NMR "C (DMSO, d,): 170, 126.5 (g, J = 280 Hz),
94.6 (g, J = 31 Hz), 66.5, 56.6, 27.5. 14.4; Mass spectrum: 116, 154, 182, 200, 213; Microanal. calculated
for CsHpI3NOs : C, 39.44: H, 4.73; N, 6.57. Found: C, 39.32; H, 4.80; N, 6.22.
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