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Abstract: The Baylis—Hillman adducts 1 were treated with alarge
amount of CCl;CN in the presence of DBU without solvent to give
in good yield the corresponding trichloroacetimidates 5 which by
thermal [3.3]sigmatropic rearrangement were converted into the
corresponding (E)-2-trichloroacetylaminomethyl-2-propenoates 6,
exclusively. On the contrary, when compounds 5 were treated with
a catalytic amount of DABCO in dichloromethane, 2-methylene-3-
trichloroacetylamino esters 7 were obtained in good yield. Both 5a
and 7a underwent iodocyclization, to give acyclic intermediate pre-
cursor of a polyfunctionalized sequence, and the differencesin ste-
reosel ectivity were in agreement with computational results.

Key words. amino acids, amides, rearrangement, cyclization, ste-
reoselectivity

The Baylis—Hillman reaction is an important carbon—car-
bon bond forming reaction leading to 2-methylene-3-hy-
droxy akanoates 1 starting from acrylates and a dehydes,
via abase-catalyzed tandem Michael reaction-enolate ad-
dition, followed by elimination.*3

Recently, we have shown that p-toluenesulfonyl and acyl
carbamates of the Baylis—Hillman adducts 2 can be easily
converted into the corresponding acylamino derivatives 3
or 4 simply by treating with DBU or DABCO in dichlo-
romethane, respectively (Scheme 1).4°
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Owing to the presence of therigid a-methylene group, the
corresponding non-proteinogenic amino acids can be use-
ful for inducing conformational restrictions in a peptide
structure.® Within this area, we envisaged that the trichlo-
roacetimidates of the Baylis—Hillman adducts 5 could be
useful for the preparation of 2-methylene-3-trichloro-
acetylamino alkanoates, the lability of the trichloroacetyl
group making these compounds attractive for the intro-
duction in oligopeptides. Thus, we targeted preparation of
the trichloroacetimidates 5, as we thought it could be eas-
ily achieved simply following literature methods
(Scheme 2).
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However, when we treated the Baylis—Hillman adducts 1
with a catalytic amount of NaH in anhydrous THF, fol-
lowed by addition of an equimolar amount of CCI,CN,’
the trichloroacetimidates 5 were isolated only in poor
yield, therest being starting material. Similar resultswere
obtained by adding DBU to a solution of the adduct 1 and
CCI4CN in dichloromethane at temperatures ranging from
-151t0 0 °C.8 Changing MeCN for dichloromethane led to
minor improvement, and maximum yield raised to 40%
after silicagel chromatography. In this case alarge excess
of DBU or CCI,CN and even prolonged reaction time did
not affect the yield.® In addition, we observed that a reac-
tion occurs between DBU and CCI,CN in dichlo-
romethane at 0 °C, leading to a strongly polar adduct A
that remained unaffected by subsequent addition of 1. The
structure of A was tentatively assigned as internal salt,
owing to the presence in the 3C NMR spectrum of a peak
at 5 = 166.1, diagnostic for an iminic carbon (Figure 1).2°
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Figurel Structure of the adduct A
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Tablel Preparation of Trichloroacetimidates 5 from the Baylis—Hillman Adducts

CCls
OH
RZ)\y/ + CCIsCN LN
COORY! R
1 5 COOR!

Run 5 R! R? DBU(%) Temp (°C) Yield (%)?
1 a t-C,Hqg CeHs 5 r.t. 94
2 a t-C,Ho CeHs 5 0 %
3 b C,Hs CeHs 5 0 95
4 c CH, 4-O,NCgH, 5 rt. 98
5 c CH, 4-O,NCgH, 5 0 98
6 d C,Hs 4-O,NCgH, 5 0 97
7 e C,Hs 4-CICH, 50 rt. 97
8 e C,Hs 4-CICH, 5 0 %
9 e C,Hs 4-CICH, 5 -15 97

10 f C,Hs 2-naphthyl 5 0 95

11 f C,Hs 2-naphthy! 5 -15 9

12 g CH; (CHa),CH 30 0 87

13 g CH, (CH,),CH 30 -15 93

14 h t-C,Hq CH, 100 -15 83

15 h t-C,H, CH, 50 —40t0-15 85

16 i t-C4Hq H 5 rt. 94

17 [ t-C,Hq H 5 0 9%

18 j CH; (CHa),CHCH, 50 rt. 79

19 j CH, (CH,),CHCH, 30 0 91

20 j CH, (CH,),CHCH, 30 -15 97

21 k C,Hs (CHa),CHCH, 30 -15 9%

aYieldsrefer to pure isolated products.

As a matter of fact, the preparation of trichloroacetimi-
dates 5 required appropriate reaction conditions under
which DBU can deprotonate the adduct 1 before forming
irreversibly the addition product A. Thus, all reactions
were carried out without solvent by using a 5:1 ratio of
CCI,CN/adduct 1 for 1 hour at temperatures ranging from
—40 °Cto room temperature, in order to optimize the prep-
aration of compounds 5, as summarized in Table 1.1%12

With the trichloroacetimidates 5 in hand, we carried out
the preparation of both unsaturated -amino acid deriva-
tives 6 and 7, analogs of 3 and 4, respectively, in which
R3 = CCl;. At first, compounds 5 were heated in toluene
at reflux and the expected thermal [3.3]sigmatropic rear-
rangement occurred,’ to give the corresponding 2-trichlo-
roacetylaminomethyl alkenoates 6 in high vyields

(Table 2). The rearrangement proceeded with total stereo-
selectivity, and a single product was invariably observed
in the reaction mixture, whose configuration was assigned
as E on the basis of NOE experiments and literature meth-
ods.®* The presence of the Z-isomer, which might be
present in trace amounts in the reaction mixtures, could
never be evidenced.

As afurther development aimed to extend the usefulness
of trichloroacetimidates 5, these compounds were treated
with a catalytic amount of DABCO in dichloromethane at
room temperature, to givein good yield the corresponding
trichloroacetylamino derivatives 7 (Table 3).

The formation of compounds 7 deserves some comments.
In fact the reaction mechanism probably proceeds via a
tandem S, 2'-S2" sequenceinvolving theinitial formation
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Table2 Preparation of 2-Trichloroacetylaminomethyl Alkenoates6
from Trichloroacetimidates 5 by Thermal Rearrangement

ccls H
O* NH A R27 X COOR!
—_—
R2 toluene NCOCCls
COOR! H
5 6

Run 6 R! R? Yield (%)?
1 a t-C,Hq CsHs 93
2 b t-C4Hq CHs, 89
3 c C,Hs 4-CIC¢H, 94
4 d C,Hs 2-naphthyl 92
5 e CH, (CH5),CH 94

aYieldsrefer to pureisolated products.

Table3 Preparation of Trichloroacetamides 7 Starting from
Trichloroacetimidates 5

CCly CCls

0" "NH paABCOcat HN™ ~O
—_—

R2 CHCL o
COOR! COOR!
5 7
Run 7 R! R? Yield (%)?
1 a t-C,H, CgHs 86
2 b C,Hs (CH,),CHCH, 69
3 c C,Hs 4-CICeH, 74
4 d C,Hs 2-naphthyl 82
5 e t-C,Ho CH, 74
6 f C,Hs CgHs 83

aYieldsrefer to pure isolated products.

of a quaternary ammonium ion, followed by elimination
of the trichloroacetamide anion. This anion eventually at-
tacks the intermediate cation to give the observed prod-
ucts 7, in analogy with behavior aready observed for N-
acyl carbamates 2 (Scheme 3).4

Both trichloroacetimidates 5 and trichloroacetamides 7,
arising from the Baylis—Hillman adducts, can be convert-
ed into cyclic intermediates which are useful precursors of
polyfunctional compounds. In fact, when thetrichl oroace-
timidate 5a was treated with NIS in CHCI,,* the diaste-
reomeric 4,5-dihydro-1,3-oxazoles 8a and 8b were
obtained in good yield and 80:20 dr, the cis-isomer being
the major component of the reaction mixture. The diaste-
reomers were separated by silicagel chromatography and
configurations were assigned by means of *H NMR spec-
tral data and subsequently confirmed by NOE experi-
ments (Scheme 4).
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On the contrary, when the iodocyclization reaction was
carried out under the same conditions but starting from the
trichloroacetamide 7a, the cis-4,5-dihydro-1,3-oxazole 9
was exclusively obtained in good yield and its configura-
tion was assigned by means of *H NMR spectra data and
NOE experiments (Scheme 5).

CCls CCls

HNAO NIS, CHCIy, 1t N)\O
_—
87% H-w - COOt-Bu
Ph o
COOt-Bu |
7a 9
Scheme5

The presence of a single significant conformer for com-
pound 7a can account for the observed stereoselectivity.
In fact the lower stereoselectivity observed in the cycliza-
tion of 5a could be tentatively ascribed to the presence of
a number of significant conformations within 1.0 Kcal/
mol, as determined by molecular mechanics calcula-
tions. '3

In conclusion, the trichloroacetimidates 5, prepared start-
ing from the Baylis—Hillman adducts 1, were useful inter-
mediates for accessing both f-amino acid derivatives 6
and 7. Work is currently underway towards the synthesis
of 7 inthe enantiomerically pure form, withtheaimtoin-
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duce conformationa restrictions in oligopeptides and to
prepare polyfunctionalized sequences present in bioactive
compounds.

'H and 3C NMR spectra were recorded on Varian Gemini 200 in
CDCl;: chemical shifts are quoted in ppm and J values are given in
Hz. IR spectrawere recorded on an FT-IR spectrophotometer Nico-
let XS. Mass spectra were recorded on a Hewlett-Packard 5989B
mass spectrometer. Column chromatography was performed using
silicagel 60 (230-400 mesh).

Trichloroacetimidates 5; General Procedure

To asolution of the Baylis—Hillman adduct 1 in CCI,CN (5 equiv),
was added DBU (see Table 1 for amounts and temperature) directly
(1 pL/sec) under vigorous stirring. After 1 h the mixture was direct-
ly purified by silica gel chromatography (cyclohexane—EtOAc,
95:5) to give trichloroacetimidates 5 as colorless oils (Table 1).

tert-Butyl 2-M ethylene-3-phenyl-3-trichlor oacetiminoxypro-
panoate (5a)
IR (CHCl,): 3340, 1695, 1660 cm™.

IH NMR (200 MHz, CDCl,): 3 = 1.42 (s, 9 H), 5.83 (s, 1 H), 6.36
(s, 1H), 6.78 (s, 1 H), 7.29-7.52 (m, 5 H, ArH), 8.42 (s, 1 H, NH).

13C NMR (50 MHz, CDCl,): § = 28.4, 78.1, 82.0, 126.2, 128.1,
128.8, 137.9, 141.4, 161.3, 164.7.

EIMS: m/z = 379 (MH"), 321, 278, 261, 219, 160, 117.

Anal. Calcd for C,gH;5CI5NOs: C, 50.75; H, 4.79; N, 3.70. Found:
C.50.69; H, 4.75; N, 3.73.

Ethyl 2-M ethylene-3-phenyl-3-trichlor oacetiminoxypro-
panoate (5b)
IR (CHCI,): 3342, 1697, 1661 cm™,

IH NMR (200 MHz, CDCl.)): § = 1.26 (t, 3H, J = 7.1Hz), 4.12-4.28
(m, 2H), 5.96 (s, 1 H), 6.93 (s, 1 H), 6.80 (s, 1 H), 7.29-7.55 (m, 5
H, ArH), 8.43 (s, 1 H, NH).

13C NMR (50 MHz, CDCl,): § = 14.6, 61.6, 77.9, 126.6, 128.1,
128.9, 129.0, 137.8, 140.2, 161.2, 165.6.

EIMS: m/z = 351 (MH?), 321, 233, 190, 160.

Anal. Calcd for C,H,,ClI3NO;: C, 47.96; H, 4.02; N, 3.99. Found:
C, 47.92; H, 3.98; N, 4.03.

M ethyl 2-M ethylene-3-(4-nitr ophenyl)-3-trichlor oacetiminoxy-
propanoate (5c)
IR (CHCI,): 3340, 1698, 1664 cm™.

IH NMR (200 MHz, CDCl,): 3 = 3.76 (s, 3 H), 6.11 (s, 1 H), 6.49
(s, 1H), 6.84 (s, 1 H), 7.66 (d, 2 H, ArH, J = 8.9 Hz), 8.22 (d, 2 H,
ArH, J=8.9Hz), 850 (s, 1 H, NH).

13C NMR (50 MHz, CDCl,): § = 52.2, 76.1, 90.8, 123.6, 126.9,
128.3, 138.3, 144.5, 147.8, 160.4, 165.0.
EIMS: m/z = 382 (MH"), 366, 264, 221, 122.

Anal. Calcd for C;3H,,CI;N,Oq: C, 40.92; H, 2.91; N, 7.34. Found:
C,40.87; H,2.94; N, 7.28.

Ethyl 2-M ethylene-3-(4-nitr ophenyl)-3-trichlor oacetiminoxy-
propanoate (5d)
IR (CHCI,): 3340, 1694, 1660 cm™.

IH NMR (200 MHz, CDCl,): § = 1.26 (t, 3H, J = 7.1Hz), 4.12-4.28
(M, 2H), 6.08 (s, 1 H), 6.49 (s, 1 H), 6.85 (s, 1 H), 7.67 (d, 2 H, ArH,
J=8.7Hz),8.22(d, 2H, ArH, J=8.7 Hz), 851 (s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 14.6, 61.9, 76.7, 124.1, 127.3,
128.9, 139.0, 145.1, 148.3, 160.9, 165.0.

EIMS: nv/z = 396 (MH"), 366, 278, 235, 160, 122.

Anal. Calcd for Cy,H,5CI3N,Oq: C, 42.50; H, 3.31; N, 7,08. Found:
C,42.44; H,3.26; N, 7.04.

Ethyl 3-(4-Chlor ophenyl)-2-methylene-3-trichlor oacetiminoxy-
propanoate (5€e)
IR (CHCl,): 3341, 1719, 1669 cm™.

IH NMR (200 MHz, CDCl,): 8= 1.26 (t, 3H, J = 7.3Hz), 4.11-4.27
(M, 2H),5.99 (s, 1 H), 6.44 (s, 1 H), 6.75 (s, 1 H), 7.33(d, 2 H, ArH,
J=86Hz),7.42(d, 2H, ArH, J= 8.6 Hz), 8.44 (s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 14.6, 61.6, 77.1, 126.4, 129.0,
129.3, 129.6, 132.1, 134.8, 136.4, 139.8, 160.9, 165.2.

EIMS: miz = 386 (MH"), 356, 268, 225, 157, 114.

Anal. Calcd for C4H,5CI,NO;: C, 43.67; H, 3.40; N, 3.64. Found:
C, 43.61; H, 3.43; N, 3.59.

Ethyl 2-M ethylene-3-(2-naphthyl)-3-trichlor oacetiminoxypro-
panoate (5f)
IR (CHCl,): 3339, 1719, 1668 cm™.

IH NMR (200 MHz, CDCl,): 8 = 1.24 (t, 3H, J = 7.2 Hz), 4.10-4.29
(M, 2H), 6.03 (s, 1 H), 6.47 (s, 1 H), 6.97 (5, 1 H), 7.46-7.59 (M, 3
H, ArH), 7.82-7.95 (m, 4 H, ArH), 8.45 (s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 14.6, 61.7, 78.1, 125.6, 126.7,
126.8,127.0,127.7, 128.3, 128.8, 133.6, 133.8, 135.1, 140.1, 161.3,
165.6.

EIMS: miz= 401 (MH"), 371, 284, 240, 113.

Anal. Calcd for C;gH;4CIsNO;: C, 53.96; H, 4.02; N, 3.50. Found:
C,53.91; H, 3.98; N, 3.97.

M ethyl 4-M ethyl-2-methylene-3-trichlor oacetiminoxypen-
tanoate (50)
IR (CHCl,): 3344, 1693, 1663 cm™.

IH NMR (200 MHz, CDCl): § =0.99 (d, 3H, J = 7.1 Hz), 1.03 (d,
3 H, J=7.1Hz), 204-2.20 (m, 1 H), 3.80 (s, 3 H), 5.55 (d, 1 H,
J=48Hz),5.88 (s, 1H), 6.35(s, 1 H), 8.30 (s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 16.6, 18.9, 32.2, 51.9, 80.4, 91.6,
125.4,138.4, 161.2, 165.9.

EIMS: m/z=303 (MH"), 287, 170, 142.

Anal. Calcd for C,jH,,CIsNO;: C, 39.69; H, 4.66; N, 4.63. Found:
C, 39.65; H. 4.71; N, 4.58.

tert-Butyl 2-M ethylene-3-trichlor oacetiminoxybutanoate (5h)
IR (CHCI,): 3341, 1694, 1660 cm™.

IH NMR (200 MHz, CDCl): § = 1.51 (s, 9 H), 1.51(d, 3H, J = 6.4
Hz), 5.81(q, 1H, J= 6.4 Hz), 5.89 (s, 1 H), 6.23 (s, 1 H), 8.36 (s, 1
H, NH).

BCNMR (50 MHz, CDCly): §=20.0,28.5, 73,5, 81.8, 124.2,142.5,
161.7, 165.0.

EIMS: nvz = 317 (MH?), 259, 215, 199, 156.

Anal. Calcd for C;H4CI3NO;: C, 41.73; H, 5.09; N, 4.42. Found:
C,41.68; H,5.11; N, 4.38.

tert-Butyl 2-M ethylene-3-trichlor oacetiminoxypropanoate (5i)
IR (CHCl,): 3342, 1694, 1661 cm™.

IH NMR (200 MHz, CDCl,): 3 = 1.50 (s, 9 H), 5.00 (s, 1 H), 5.89
(s, 1H), 6.33 (s, 1H), 8.38 (br s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 28.0, 67.1, 81.4, 126.2, 136.2,
162.2, 164.1.

EIMS: nvz = 303 (MH"), 245, 201, 185, 142.
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Anal. Calcd for C,4H;4CI3NOs: C, 39.69; H, 4.66; N, 4.63. Found:
C, 39.64; H, 4.70; N, 4.59.

M ethyl 5-M ethyl-2-methylene-3-trichlor oacetiminoxyhex-
anoate (5))
IR (CHCI,): 3344, 1690, 1663 cm™.

1H NMR (200 MHz, CDCl): 6 = 0.95 (d, 3H, J = 6.5 Hz), 0.97 (d,
3H,J=65Hz),3.80 (s, 3H),5.77 (dd, 1 H, J = 2.8, 9.2 Hz), 5.93
(s, 1H), 6.30 (s, 1 H), 8.33 (s, 1 H, NH).

13C NMR (50 MHz, CDCl,): § = 21.4, 23.3,24.9, 44.3,51.9, 75.1,
124.2, 140.2, 161.2, 165.7.

EIMS: m/z= 317 (MH"), 301, 257, 199, 156, 99.

Anal. Calcd for C;H4CI3NO;: C, 41.73; H, 5.09; N, 4.42. Found:
C, 41.69; H, 5.05; N, 4.46.

Ethyl 5-M ethyl-2-methylene-3-trichlor oacetiminoxyhexanoate
(5k)
IR (CHCl,): 3342, 1692, 1663 cm™.

IH NMR (200 MHz, CDCl,): 8 = 0.96 (d, 3H, J = 6.5 Hz), 0.98 (d,
3H,J=6.5Hz), 1.33(t, 3H, J = 7.2 Hz), 1.52-1.68 (M, 1 H), 1.70—
1.95 (m, 2 H), 4.25 (q, 2 H, J = 7.2 Hz, 50%), 4.26 (q, 2 H, J= 7.2
Hz, 50%), 5.78 (dd, 1 H, J=3.3, 9.5 Hz), 5.91 (s, 1 H), 6.28 (s, 1
H), 8.33 (s, 1 H, NH).

13C NMR (50 MHz, CDCly): § = 14.6, 22.0, 23.9, 25.4, 44.8, 61.3,
75.6, 124.4, 141.0, 161.6, 165.7.

EIMS: m/z= 331 (MH"), 301, 213, 170, 113.

Anal. Calcd for C,H,5CIsNO;: C, 43.59; H, 5.49; N, 4.24. Found:
C, 43.55; H, 5.45; N, 4.28.

Trichlor oacetamides 6; General Procedure

A solution containing the trichloroacetimidates 5 (5 mmal) in tolu-
ene (20 mL) was refluxed for 3 h under argon. The solvent wasthen
removed under reduced pressure and the residue was purified by sil-
ica gel chromatography (cyclohexane-EtOAc, 80:20), to give
trichloroacetamides 6 as colorless oils (Table 2).

tert-Butyl (E)-3-Phenyl-2-trichlor oacetylaminomethylpro-
penoate (6a)

IR (CHCI5): 3344, 1719, 1668 cm™.

H NMR (200 MHz, CDCl.): 6 = 1.57 (s, 9H), 4.40 (d, 2H, J=5.9
Hz), 7.28-7.54 (m, 5 H, ArH + NH), 7.79 (s, 1 H).

13C NMR (50 MHz, CDCly): & = 28.1, 38.7, 82.2, 128.7, 129.2,
134.0, 142.6, 161.3, 166.5.

EIMS: m/iz=379 (MH"), 321, 261, 233, 188, 111.

Anal. Calcd for C;gH,4CI3N;O4: C, 50.75; H, 4.79; N, 3.70. Found:
C, 50.70; H, 4.83; N, 3.74.

tert-Butyl (E)-2-Trichlor oacetylaminomethylbut-2-enoate (6b)
IR (CHCl,): 3347, 1721, 1670 cm™.

!H NMR (200 MHz, CDCl;): § =1.50 (s, 9H), 1.98 (d,3H,J=7.3
Hz),4.17(d,2H,J=6.1Hz),597(q,1H,J=7.3Hz), 7.36 (br s,
1H, NH).

13CNMR (50 MHz, CDCly): § =14.3,28.0,37.1,81.2,129.1, 141.3,
161.3, 166.0.

EIMS: m/z= 317 (MH"), 259, 199, 171, 57.

Anal. Calcd for C;H,CIsNO;: C, 41.73; H, 5.09; N, 4.42. Found:
C, 41.67; H,5.04;, N, 4.47.

Ethyl (E)-3-(4-Chlorophenyl)-2-trichlor oacetylaminomethyl-
propenoate (6¢)
IR (CHCI,): 3343, 1717, 1667 cm™.

Synthesis 2004, No. 15, 2560-2566 © Thieme Stuttgart - New Y ork

IH NMR (200 MHz, CDCl): § = 1.38 (t, 3H, J = 7.1 Hz), 4.36 (q,
2H,J=7.1Hz), 441 (d, 2H, J= 6.1 Hz), 7.35-7.51 (m, 4 H, ArH
+NH), 7.82 (s, 1 H).

13C NMR (50 MHz, CDCl,): § = 14.1, 384, 61.5, 127.0, 129.0,
130.6, 132.2, 135.4, 141.7, 161.3, 167.0.

EIMS: m/z = 386 (MH"), 356, 268, 240, 195, 111, 84.

Anal. Calcd for C,H,5CI,NO;: C, 43.67; H, 3.40; N, 3.64. Found:
C, 43.67; H, 3.40; N, 3.64. Found: C, 43.61; H, 3.44; N, 3.68.

Ethyl (E)-3-(2-Naphthyl)-2-trichlor oacetylaminomethylpro-
penoate (6d)
IR (CHCIy): 3345, 1717, 1668 cm™.

IH NMR (200 MHz, CDCl): § = 1.42 (t, 3H, J = 7.2 Hz), 4.37 (q,
2H,J=7.2Hz), 456 (d, 2H, J=59Hz), 7.15-8.06 (M, 8 H, 7 H,
ArH + NH).

13C NMR (50 MHz, CDCl,): § = 14.9, 39.3, 62.1, 123.2, 126.8,
127.0,128.2,128.8, 129.1, 129.2, 130.0, 131.7, 133.6, 134.0, 144.0,
162.0, 168.1, 192.4.

EIMS: nv/z = 401 (MH"), 371, 283, 255, 212, 127.

Anal. Calcd for C;gH;4CI3NO;: C, 53.96; H, 4.02; N, 3.50. Found:
C,53.90; H, 3,97; N, 3.53.

Methyl (E)-4-M ethyl-2-trichlor oacetylaminomethylpentenoate
(6e)
IR (CHCl,): 3347, 1721, 1670 cm™.

IH NMR (200 MHz, CDCl,): 5 = 1.01 (d, 6 H, J = 6.6 Hz), 2.82—
3.01(m, 1H), 3.74 (s, 3H), 4.16 (d, 2H, J= 6.2 Hz), 6.72 (d, 1 H,
J=105Hz), 7.41 (br s, 1 H, NH).

13CNMR (50 MHz, CDCl,): § =22.1, 28.1, 37.4,51.9, 92.5, 124.4,
154.0, 161.2, 167.7.

EIMS: nvz = 317 (MH"), 301, 198, 170, 132, 97.

Anal. Calcd for C;H4CI3NO;: C, 41.73; H, 5.09; N, 4.42. Found:
C,41.67; H,5.13; N, 4.37.

Trichloroacetamides 7; General Procedure

To a solution containing the trichloroacetimidates 5 (5 mmol) in
CH,CI, (20 mL), was added DABCO (0.11 g, 1 mmol) and the mix-
ture was stirred for 6 h at r.t. It was then diluted with EtOAc (150
mL) and the organic layer was washed with 1 M HCI (30 mL) and
brine (100 mL). After drying (Na,SO,), the solvents were removed
under reduced pressure and the residue was purified by silica gel
chromatography (cyclohexane-EtOAc, 80:20), to give puretrichlo-
roacetamides 7 as colorless oils (Table 3).

tert-Butyl 2-M ethylene-3-phenyl-3-trichlor oacetylaminopro-
panoate (7a)
IR (CHCl,): 3344, 1719, 1666 cm™.

IH NMR (200 MHz, CDCl,): § = 1.36 (s, 9 H), 5.89 (s, 1 H), 5.90
(d, 1H,J=8.8Hz),6.37 (s, 1H), 7.18-7.43 (m, 5 H, ArH), 8.00 (d,
1H, NH, J=8.8Hz).

13C NMR (50 MHz, CDCl.): § = 28.4, 57.4, 82.9, 93.2, 126.5, 128.4,
128.6,129.3, 138.9, 139.6, 161.6, 165.2.

EIMS: miz= 379 (MH"), 321, 261, 233, 190, 113

Anal. Calcd for C;gH,5CIsNO;: C, 50.75; H, 4.79; N, 3.70. Found:
C,50.71; H, 4,74, N, 3.75.

Ethyl 5-M ethyl-2-methylene-3-trichlor oacetylaminohexanoate
(7b)

IR (CHCI,): 3347, 1717, 1667 cm™.

IH NMR (200 MHz, CDCl): 8 = 0.94 (d, 3H, J = 6.1 Hz), 0.96 (d,
3H,J=6.1Hz),1.33(t,3H,J=7.1Hz), 1.45-1.82 (m, 3H), 4.26
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(q,2H, J=7.1Hz), 475 (dt, 1 H, J=65,8.9 Hz), 5.83 (s, 1 H),
6.26 (s, 1 H), 7.71 (d, 1 H, NH, J = 8.9 Hz).

13C NMR (50 MHz, CDCly): § = 14.5, 22.7, 22.8, 25.4, 43.6, 53.3,
61.5, 93.2, 127.8, 139.0, 161.2, 166.2.

EIMS: m/z =331 (MH"), 301, 273, 258, 216, 164, 115.

Anal. Calcd for C,H,5CIsNO;: C, 43.59; H, 5.49; N, 4.24. Found:
C, 43,54; H,5.53; N, 4.20.

Ethyl 3-(4-Chlor ophenyl)-2-methylene-3-trichlor oacetylamino-
propanoate (7c)
IR (CHCI,): 3346, 1718, 1668 cm™.

IH NMR (200 MHz, CDCl): § = 1.26 (t, 3H, J = 7.2 Hz), 4.19 (q,
2H,J=7.2Hz),588(d, 1H,J=89Hz), 6.01 (s, 1 H), 6.45 (s, 1
H), 7.23 (d, 2 H, ArH, J = 8.8 Hz), 7.34 (d, 2 H, ArH, J = 8.8 Hz),
8.18 (d, 1 H, NH, J = 8.9 Hz).

BCNMR (50 MHz, CDCly): 6 =14.5,56.9,62.0,93.1, 128.1, 129.3,
129.4,129.7, 132.1, 134.3, 137.3, 138.0, 161.6, 166.0.

EIMS: m/z= 386 (MH"), 356, 268, 240, 163, 148, 98.

Anal. Calcd for C,H,5CI,NO;: C, 43.67; H, 3.40; N, 3.64. Found:
C, 43.62; H, 3.44; N, 3.59.

Ethyl 2-M ethylene-3-(2-naphthyl)-3-trichlor oacetylaminopro-
panoate (7d)
IR (CHCI,): 3345, 1717, 1668 cm™.

IH NMR (200 MHz, CDCl): § = 1.23 (t, 3H, J = 7.1 Hz), 4.17 (q,
2H,J=7.1Hz), 6.07 (s, 1 H), 6.09 (d, 1 H, J= 8.7 Hz), 6.50 (s, 1
H), 7.39-7.55 (m, 3 H, ArH), 7.71-7.92 (m, 4 H, ArH), 8.24 (d, 1
H, J=8.7 Hz, NH).

13C NMR (50 MHz, CDCl.): § = 14.6, 57.6, 62.0, 93.4, 124.8, 125.7,

126.9,127.3,128.2, 128.6, 129.2, 129.3, 133.4, 133.7, 136.1, 138.4,
161.7, 166.3.

EIMS: m/z= 401 (MH"), 371, 283, 255, 240, 141, 99.

Anal. Calcd for C,gH;4CI3NOs: C, 53.96; H, 4.02; N, 3.50. Found:
C,5391; H, 3.97; N, 3.54.

t-Butyl 2-M ethylene-3-trichlor oacetylaminopropanoate (7€)
IR (CHCl,): 3343, 1721, 1667 cm™™.

IH NMR (200 MHz, CDCl,): § = 1.43 (d, 3H, J = 6.9 Hz), 1.51 (s,
9H),4.79(dg, 1H,J= 6.9, 8.8Hz),5.73(s, 1 H), 6.14(s, 1 H), 7.71
(d, 1H, NH, J=8.8 Hz).

13C NMR (50 MHz, CDCl,): § = 20.4, 28.0, 50.2, 82.1, 91.2, 125.5,
140.5, 160.7, 165.0.

EIMS: m/z = 303 (MH*), 245, 185, 157, 142, 57.

Anal. Calcd for C,0H,4CIsNO;: C, 39.69; H, 4.66; N, 4.63. Found:
C, 39.65; H, 4.70; N, 4.59.

Ethyl 2-M ethylene-3-phenyl-3-trichlor oacetylaminopro-
panoate (7f)
IR (CHCI,): 3345, 1718, 1668 cm™.

IH NMR (200 MHz, CDCl): § = 1.24 (t, 3H, J = 7.1 Hz), 4.18 (q,
2H,J=7.1Hz),5.92(d, 1H, J=88Hz), 6.00 (s, 1 H, Hz), 6.44
(s, 1 H), 7.24-7.44 (m, 5 H, ArH), 8.15 (d, 1 H, NH, J = 8.8 Hz).
13C NMR (50 MHz, CDCl,): 8 = 14.5, 57.4, 61.9, 93.4 126.7, 127.2,
128.5, 128.8, 129.0, 129.3, 138.4, 138.6, 161.5, 166.1.

EIMS: m/z =351 (MH"), 321, 252, 233, 205, 190, 112.

Anal. Cacd for C,,H,,CIsNO;: C, 47.96; H, 4.02; N, 3.99. Found:
C, 47.89; H, 3.98; N, 4.05.

(1)-(4S* ,5R*)-4-tert-Butoxycar bonyl-4-iodomethyl-5-phenyl-2-

trichloromethyl-4,5-dihydro-1,3-oxazole (8a) and its ()-

(4R* ,55*)-1somer (8b)

To a solution containing the trichloroacetimidate 5a (1.89 g, 5
mmol) in CHCI; (50 mL), was added NIS (1.25 g, 5.5 mmol) and
the mixture was stirred at r.t. for 24 h. Then a sat. ag solution of
N&a,S,0, (50 mL) was added and the mixture was extracted with
CH,Cl, (2 x 100 mL). After drying (N&,SO,), the solvents were re-
moved under reduced pressure. The residue was purified by silica
gel chromatography (cyclohexane-EtOAc, 95:5) to give 8a and 8b
as colorless oilsin 80:20 dr and 88% overal yield.

8a
IR (CHCl,): 1741, 1668 cm™.

IH NMR (200 MHz, CDCl,): § = 1.59 (s, 9 H), 3.02 (ABg, 2 H,
J=10.7Hz), 6.11 (s, 1 H), 7.31-7.43 (m, 5 H, ArH).

13C NMR (50 MHz, CDCl,): 6 = 4.7, 27.9, 80.7, 84.1, 88.4, 126.7,
128.7,129.3, 129.4, 132.9, 168.5.

EIMS: m/z=505 (MH*), 447, 403, 387, 377, 363, 260, 183, 141,
105, 77.

Anal. Calcd for C;gH,,Cl5INO;: C, 38.09; H, 3.40; N, 2.78. Found:
C, 38.04; H, 3.44; N, 2.82.

8b
IR (CHCl,): 1739, 1668 cm™.

IH NMR (200 MHz, CDCl,): § = 1.51 (s, 9 H), 3.82 (ABgq, 2 H,
J=11.3Hz), 5.81 (s, 1 H), 7.31-7.43 (m, 5 H, ArH).

13C NMR (50 MHz, CDCly): § = 13.9, 27.6, 81.9, 84.1, 92.0, 127.0,
128.9, 129.0, 129.7, 135.3, 164.6.

EIMS: m/z=505 (MH*), 447, 403, 387, 377, 363, 260, 183, 141,
105, 77.

Anal. Calcd for C;gH,,CI;INO;: C, 38.09; H, 3.40; N, 2.78. Found:
C, 38.15; H, 3.36; N, 2.75.

(1)-(4R* ,55*)-5-tert-Butoxycar bonyl-5-iodomethyl-4-phenyl-2-
trichloromethyl-4,5-dihydr o-1,3-oxazole (9)

To asolution containing the trichloroacetamide 7a (1.89 g, 5 mmol)
in CHCI; (50 mL), was added NIS (1.25 g, 5.5 mmol) and the mix-
ture was stirred at r.t. for 48 h. Then an aqg sat. solution of Na,S,0,
(50 mL) was added and the mixture was extracted with CH,Cl,
(2x 100 mL). After drying (Na,SO,), the solvents were removed
under reduced pressure. The residue was purified by silicagel chro-
matography (cyclohexane-EtOAc, 95:5) to give9in 87% yield asa
colorless ail.

IR (CHCl,): 1738, 1665 cm.

IH NMR (200 MHz, CDCl.): & = 1.61 (s, 9 H), 2.95 (ABgq, 2 H,
J=11.1Hz), 553 (s, 1 H), 7.15-7.26 (m, 2 H, ArH), 7.31-7.43 (m,
3H, ArH).

13C NMR (50 MHz, CDCly): § = 3.9, 285, 76.1, 85.2, 92.5, 127.9,
1294, 129.7, 134.0, 162.5, 169.0.

EIMS: m/z=505 (MH"), 447, 403, 387, 377, 363, 272, 260, 183,
155, 141, 77.

Anal. Calcd for C;gH,;CI;INO;: C, 38.09; H, 3.40; N, 2.78. Found:
C, 38.03; H, 3.44; N, 2.83.
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