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Sergey N. Osipov,*13l Oleg I. Artyushin,/?! Alexey F. Kolomiets,!#! Christian Bruneau,"!
Michel Picquet,®! and Pierre H. Dixneuf*!’!

Keywords: Amino acids / Catalysis / Fluorine / Metathesis / Phosphonates / Ruthenium

The electrophilic imino esters XF,CC(=NPG)CO,Me and
imino phosphonates CF;CC(=NPG)P(O)(OR), (PG = SO,Ph,
Cbz, Boc) were transformed by nucleophilic and then elec-
trophilic additions into fluorine-containing amino esters and
amino phosphonates with two pendent alkene chains
(XF,C)(CH,=CH(CH,),C(NPG)(Z)(CH,),CH=CH, [Z =
CO,Me, P(O)(OR),]. The ring-closing metathesis was perfor-

med on the a-amino ester dienes with Ru=CHPh(Cl),(PCys3),
catalyst and afforded five-, six-, and seven-membered cyclic
amino esters, whereas the a-aminophosphonate dienes were
transformed with RCM catalyst [Ru=C=C=CPh,(Cl)(PCy3)(p-
cymene)|OTf to give six- and seven-membered cyclic a-am-
ino-a-(trifluoromethyl)phosphonates.

Introduction

Recently, fluorinated a-amino acids and their derivatives
such as a-(fluoromethyl)-substituted o-amino acids, which
can function as highly selective inhibitors of pyridoxal
phosphate dependent enzymes, have been attracting consid-
erable interest.['l a-Aminophosphonates, on the other hand,
constitute important analogues of a-aminocarboxylic acids,
and their syntheses and biological activities have been a fo-
cus of attention in medicinal chemistry.””) These compounds
exhibit potential as antibacterial agents® and transition-
state analogue inhibitors of proteolytic enzymes.™ In addi-
tion, the incorporation of cyclic amino acids of medium
ring size into key positions in peptide chains plays an im-
portant role, as it constitutes the most prominent pathway
to conformationally constrained peptidomimetics, a tool in
modern drug discovery.l’! The introduction of a CF5 group
into the a-position of such a cyclic a-amino acid can signi-
ficantly improve the biological properties of peptides,®! and
this is the motivation for the search for straightforward
routes to cyclic a-amino esters and phosphonate analogues
containing fluorinated groups blocking the a-positions. A
simple route to a-amino a-(difluorohalomethyl) acid es-
tersl’l from electrophilic imines of the XF,CC(=
NPG)CO,Me type has recently been reported. One possible
approach for restricting their flexibility by cyclization is
based on intramolecular ring-closing metathesis (RCM). In-
deed, since the discovery of efficient and well-defined mol-
ybdenum!® and ruthenium!® catalysts for alkene metathesis,
with high tolerances for a variety of functional groups, this
reaction now constitutes a powerful method for the produc-
tion of carbo-, hetero-, and macrocycles.[']

[l A. N. Nesmeyanov Institute of Organoelement Compounds,
Vavilov st. 28, Moscow, V334, GSP-1, 117813, Russia

] Institut de Chimie de Rennes — UMR 6509 CNRS —
Université¢ de Rennes, Organométalliques et Catalyse,
Campus de Beaulieu, 35042 Rennes, France

Eur. J. Org. Chem. 2001, 3891—3897

0 WILEY-VCH Verlag GmbH, 69451 Weinheim, 2001

We now report a general route to cyclic a-amino o-
(fluoromethyl) acid esters and their a-aminophosphonate
analogues. It is based on (i) the addition of two hydrocar-
bon chains, bearing terminal alkene groups, to the elec-
trophilic fluorinated imines XF,C(Y)=NPG [Y = CO,R
and P(O)(OR),; PG = SO,Ph, Cbz, Boc], followed by (ii)
ruthenium-catalyzed ring-closing metathesis. We have al-
ready reported the principle of this approachl''l and the
first synthesis of fluorinated a-aminophosphonates.['?!

Results

Preparation of Fluorinated a-Amino Acid Esters and
Phosphonates Containing Two Terminal Alkene Chains

New fluorine-containing a-amino acid esters with two al-
kene chains, featuring the 1,6-, 1,7-, and 1,8-diene struc-
tures, were first synthesized by addition reactions to the
electrophilic fluorinated imines XF,CC(CO,Me)=NPG
(D31 derived from methyl (trifluoro- or chlorodifluoro)py-
ruvate. The synthetic sequence involves two successive steps.
The first step involves the addition of vinyl-, allyl-, and
homoallylmagnesium bromides to highly electrophilic N-
Boc, N-Cbz, and N-SO,Ph imines 1. This reaction takes
place at —78 °C in THF or ether to produce the corres-
ponding unsaturated a-amino acid esters 2a—i selectively
and in good yields (Scheme 1, Table 1).

MgBr
A XF 2
FaX (n=0,1,2) oMe
n=0,1,
PG /j\co " » 77N “Nwpg
N Me  HF,.78°C to rt. H
1 2a-i

Scheme 1
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Table 1. Preparation of fluorinated a-amino acid esters 2a—i con-
taining one terminal alkene chain

Entry Compound n X PG Yield (%)
1 2a 0 F SO,Ph 57
2 2b 0 F Cbz 61
3 2¢ 0 F Boc 54
4 2d 1 F SO,Ph 75
5 2e 1 F Cbz 68
6 2f 1 Cl Boc 65
7 2g 2 F Cbz 77
8 2h 2 Cl Cbz 79
9 2i 2 F Boc 73

The second step involves the deprotonation of com-
pounds 2 with NaH in DMF at 0 °C and subsequent al-
kylation with allyl bromide to afford the corresponding 1,6-,
1,7-, and 1,8-heterodiene derivatives 3a—g in 55—81%
yields (Scheme 2, Table 2). Analogous alkylation with
homoallyl bromide affords the 1,8-dienes 4a and 4b in 70
and 66% yields, respectively.
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Scheme 2

Table 2. Preparation of dienes 3a—g and 4a—b

Entry Compound n X PG Yield (%)
1 3a 0 F SO,Ph 81
2 3b 0 F Cbz 65
3 3c 1 F SO,Ph 72
4 3d 1 F Boc 55
5 3e 2 F Cbz 67
6 3f 2 F Boc 69
7 3g 2 Cl Cbz 61
8 4a 1 F Cbz 70
9 4b 1 Cl Cbz 66

Under closely related conditions, the iminophosphonates
5a and 5b!'¥l were transformed in two steps, firstly into the
fluorinated a-aminophosphonates 6a—d in good yields
through addition of allylic and homoallylic Grignard deriv-
atives, and then into the 1,7- and 1,8-dienes 7a—d by depro-
tonation of 6a—d followed by treatment with allyl bromide
(Scheme 3, Table 3).
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Table 3. Preparation of the monoenes 6a—d and dienes 7a—d

Entry n R 6 (%) 7 (%)

1 1 Me 6a (71) 7a (58)
2 1 Et 6b (68) 7b (69)
3 2 Me 6¢ (66) 7c (61)
4 2 Et 6d (74) 7d (70)

Preparation of Cyclic Fluorinated a-Amino Acid Esters by
Ruthenium-Catalyzed Ring-Closing Metathesis

Intramolecular ring-closing metathesis (RCM) of the 1,7-
and 1,8-heterodienes 3—4 was investigated in an attempt to
perform the reaction according to Equation (1), with the
help of 5—10 mol-% of a ruthenium catalyst, either
CL(PCy;)>Ru=CHPhP! or (p-cymene)RuCl(PCy;)(=C=
C=CPh,)*X .1 The neutral precursor Ru=
CHP(CI),(PCys), appeared more efficient with these am-
ino acid ester dienes, as the RCM reaction took place in
this case at room temperature whereas the allenylidene pre-
cursor required heating in toluene.

XFa COMe
2 20 Ru(=CHPh)CIo(PCys)
//J)m CH20|2, r. t.
)
/ (- CH2=CH2)
8-11
3-4

Treatment of the 1,7-dienes 3¢—3d in dichloromethane in
the presence of 10 mol-% of Ru=CHPh(CI),(PCy;), cata-
lyst at room temperature for 3—5 h produced the six-mem-
bered dehydropipecolinic acid derivatives 9a and 9b in ex-
cellent yields (Scheme 4). Under similar conditions, the 1,8-
dienes 3e and 3g afforded the seven-membered cyclic amino
acid esters 10a and 10b, the tetrahydroazepine-2-carboxylic
acid derivatives, whereas the 1,8-dienes 4a and 4b selectively
yielded their isomers 11a and 11b (Scheme 4). These latter
reactions thus demonstrate that the position of the double
C=C bond of the cyclic amino esters (10 or 11) can be
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controlled by the length of the respective pendent chains in
dienes 3 and 4.

\33<002Me
N

OoMe
PG

8a PG : SO2Ph (45%)
8b PG : Cbz (50%)

COzMe
_— \ N—PG

9a PG : SO2Ph (93%)

/

3c,d 9b PG : Boc(98%)
F3_coMe 2Me
[
PG
X
/ 10a X = F (95%)
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Scheme 4

In contrast, while RCM of the 1,6-dienes 3a and 3b also
took place under the same conditions to produce the cor-
responding dehydroprolinates 8a and 8b, complete conver-
sion of the starting dienes could not be achieved even after
60 h (conversion ca. 55%). The yields of the products, isol-
ated after column chromatography on silica gel, were only
in the 45—50% range.

Preparation of Cyclic Fluorinated a-Aminophosphonates by
Ring-Closing Metathesis with the Catalyst [Ru(=C=C=
CPh,)Cl(p-cymene)(PCy)|OTf

Ring-closing metathesis of the o-aminophosphonates
7a—d was attempted with the help of both catalyst pre-
cursors Ru=CHPh(CI),(PCy3),”» and [Ru(=C=C=
CPh,)Cl(p-cymene)(PCy3)]OTLI'] In this case these com-
plexes were not active at room temperature, but were in
toluene at 80 °C, the latter catalyst being more efficient for
the transformation of the aminophosphonate substrates.
Thus, the transformation of the 1,7- (7a, 7b) and 1,8-hetero-
dienes (7c, 7d) was performed in toluene at 80° C in the
presence of 10 mol % of the metathesis catalyst precursor
[Ru(=C=C=CPh,)Cl(p-cymene)(PCy3)]OTf. This was
formed in situ"*®! from [RuCl,(p-cymene)],, by successive
addition of PCys, silver triflate, and then propargylic alco-
hol HC=CCPh,OH. Complete conversion of the dienes
was achieved within 6 h and the six-membered (12a, 12b)
and seven-membered (12¢, 12d) heterocycles were obtained
in good yields (61—70%) (Scheme 5). Thus, this reaction
shows that the presence of fluorinated carbamate and phos-
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phonate groups was tolerated by the allenylidene catalyst.
It is noteworthy that ring-closing metathesis had previously
been applied to allylic phosphonates to form six- and seven-
membered rings but with the phosphorus atom within the
cycle.['6l

OR
F3 ,';/OR
o
= N N [Ru=C=C=CPh,)Cl(p-cymene)(PCy3)]OTf
Chz
/ toluene, 80 °C ‘
7a-d Y
CF3 / P,OR
12a-d \ N\Cbz
?Me OMe OEt
Fs !/ _ome F3 ,OEt OM OEt
A\
0]
\ N~cpbz \Cbz ~Cbz
12a (65%) 12b (69%) 12¢ (70%) 12d (61%)
Scheme 5
Conclusion

The above reactions, resulting in the transformation of
reactive electrophilic fluorinated imines into fluorinated
cyclic a-amino acid esters or a-aminophosphonates, show
that the alkene metathesis reaction, performed with ruth-
enium catalyst precursors, give access not only to a large
variety of new fluorinated compounds, but also to useful
polyfunctional cyclic derivatives. It also shows that the effi-
ciency of a given ruthenium catalyst, the neutral Ru=
CHPh(CI),(PCys3), or the organometallic salt [Ru=C=C=
CPh,(CD)(PCys)(p-cymene)]OTT, largely depends on the na-
ture of the substrates, as the former is more efficient with
amino acid esters and the latter with aminophosphonates.

Experimental Section

General: 'H and '3*C NMR spectra were recorded with Bruker AC
200 and 300 MHz spectrometers; 'F NMR spectra were obtained
at 188 MHz with trifluoroacetic acid as external standard. — IR
spectra were measured with an IR-20 spectrometer. — Mass data
were obtained with an MS-Finnigan MAT ANCOS-50 (70 eV). —
Elemental microanalyses were carried out by the microanalytical
laboratory at the Institute of Organoelement Compounds RAS,
Moscow. — All reactions were routinely monitored by '’F NMR
spectroscopy or TLC. — Analytical TLC was performed using
Merck precoated 60F-254 silica gel plates (0.25 mm). For flash
chromatography, silica gel 60 (30—60 mm) was used with hexane/
ethyl acetate eluent mixtures. — Organic solvents were dried and
distilled prior to use. For compounds 7b and 8, NMR spectra were
recorded at 60 °C in [Dg]DMSO to avoid the presence of two rota-
mers resulting from rotation around the amide bonds.

General Procedure for the Preparation of a-Amino Acid Esters 2
and a-Aminophosphonates 6: A Grignard reagent (solution in THEF,
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10.0 mmol) was added dropwise to a stirred solution of imine 1 or
5 (10.0 mmol) in dry THF (25 mL) at —78 °C. After 1 h at —78
°C, the reaction mixture was allowed to warm to room temperature
over 2 h. The reaction was quenched with 1 N HCI and extracted
with ether (2 X 25 mL). The combined organic layers were washed
with brine (25 mL), dried with MgSO,, and filtered. The solvent
was removed under reduced pressure, and the crude product was
purified by flash chromatography.

Methyl  2-(Benzenesulfonylamino)-2-(trifluoromethyl)but-3-enoate
(2a): Oil. — '"H NMR (CDCl;): § = 3.86 (s, 3 H, OMe), 5.41 (d,
3] = 17.0 Hz, 1 H, CH=CH.), 543 (d, 3J = 10.2Hz, 1 H, CH=
CH.>), 5.75 (s, 1 H, NH), 6.19 (dd, 3J = 17.0, 10.2 Hz, 1 H, CH=
CH,), 7.37 (s, 5 H, Ph). — ”F NMR (CDCl3): § = 4.8 (s, 3 F,
CF;). — C;,H,F3NO,S (323.3): caled. C 44.58, H 3.72, N 4.33;
found C 44.39, H 3.71, N 4.55.

Methyl 2-(Benzyloxycarbonylamino)-2-(trifluoromethyl)but-3-enoate
(2b): Oil. — '"H NMR (CDCl;): & = 3.76 (s, 3 H, OMe), 5.15 (s, 2
H, OCH,), 5.61 (d, 3J = 17.2Hz, 1 H, CH=CH,), 5.63 (d, 3J =
10.5Hz, 1 H, CH=CH,), 5.95 (s, 1 H NH), 6.26 (dd, 3J = 17.2,
10.5 Hz, 1 H, CH=CH,), 7.37 (s, 5 H, Ph). — '3C NMR (CDCl,):
& = 53.61, 65.99 (q, 2Jcr = 29.8 Hz), 67.73, 121.31, 123.50 (q,
WJer = 286.1 Hz), 128.15, 128.33, 128.45, 128.64, 135.61, 154.47,
164.51. — 'F NMR (CDCl3): § = 4.2 (s, 3 F, CF;). — IR (KCI):
V = 3440, 1770, 1730, 1510 cm™!'. — C4H4,F3NOy (317.3): calcd.
C 53.00, H 4.42, N 4.42; Found C 53.19, H 4.71, N 4.45.

Methyl 2-(tert-Butoxycarbonylamino)-2-(trifluoromethyl)but-3-eno-
ate (2c): Oil. — '"H NMR (CDCl5): § = 1.49 (s, 9 H, 3 Me), 3.79
(s, 3 H, OMe), 5.53 (d, 3J = 17.1 Hz, 1 H, CH=CH,), 5.55 (d,
3] = 9.95Hz, 1 H, CH=CH,), 5.77 (s, 1 H, NH), 6.29 (dd, 3J =
17.1, 9.95Hz, 1 H, CH=CH,). — "F NMR (CDCl,): § = 3.6 (s,
3 F, CF;). — C;1H¢F3NO, (283.2): caled. C 46.64, H 5.65, N 4.95;
found C 46.49, H 5.71, N 4.85.

Methyl 2-(Benzenesulfonylamino)-2-(trifluoromethyl)pent-4-enoate
(2d): Oil. — "H NMR (CDCls): § = 2.87 (dd, J = 5.7, 114 Hz, 1
H, CH,), 3.39 (m, 1 H, CH,), 3.91 (s, 3 H, OMe), 5.31 (m, 2 H,
CH=CH,), 5.79 (s, 1 H, NH), 5.85 (m, 1 H, CH=CH,), 7.58 (m,
3 H, Ph), 7.95 (m, 2 H, Ph). — ’F NMR (CDCl;): § = 4.4 (s, 3
F, CF;). — C3H4F3NO,S (337.3): caled. C 46.29, H 4.15, N 4.15;
found C 46.62, H 4.21, N 4.19.

Methyl 2-(Benzyloxycarbonylamino)-2-(trifluoromethyl)pent-4-eno-
ate (2¢): Oil. — '"H NMR (CDCl;): § = 2.91 (m, 2 H, CH>), 3.76
(s, 3 H, OMe), 5.02 (s, 2 H, OCH,), 5.11 (s, 1 H, NH), 5.21 (m, 2
H, CH=CH,), 5.73 (m, 1 H, CH=CH,), 7.41 (s, 5 H, Ph). — °F
NMR (CDCl;): § = 4.6 (s, 3 F, CF3). — C;sH¢F5sNOy4 (331.3):
caled. C 54.38, H 4.83, N 4.23; found C 54.75, H 4.91, N 4.45.

Methyl 2-(tert-Butoxycarbonylamino)-2-(chlorodifluoromethyl)pent-
4-enoate (2f): Oil. — '"H NMR (CDCl;): § = 1.41 (s, 9 H, 3 Me),
2.79 (dd, J = 8.1, 15.4 Hz, 1 H, CH,), 3.39 (m, 1 H, CH,), 3.82 (s,
3 H, OMe), 5.22 (m, 2 H, CH=CH,), 5.41 (s, 1| H, NH), 5.63 (m,
1 H, CH=CH,). — 3C NMR (CDCls): § = 23.19, 29.74, 54.01,
69.35 (t, 2Jop = 23.8Hz), 81.56, 121.51, 123.54 (t, Jep =
315.3 Hz), 129.87, 154.41, 166.31. — "F NMR (CDCl5): § = 21.6
(dap, 2Jpp = 154.6 Hz, 1 F, CF,Cl), 23.3 (dap, 2Jrr = 154.6 Hz,
1 F, CF,Cl). — IR (KCI): v = 3400, 1770, 1670, 1500 cm~!. —
C,H 5CIF,NO, (313.7): caled. C 45.93, H 5.74, N 4.46; found C
45.85, H 5.91, N 4.35.

Methyl 2-(Benzyloxycarbonylamino)-2-(trifluoromethyl)hex-5-eno-

ate (2g): Oil. — '"H NMR (CDCLy): § = 2.26 (m, 4 H, 2 X CH,),
3.79 (s, 3 H, OMe), 5.00 (m, 2 H, CH=CH,), 5.09 (s, 2 H, OCH.,),
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5.83 (m, 1 H, CH=CH,), 7.14 (s, 1 H, NH), 7.37 (s, 5 H, Ph). —
1I9F NMR (CDCly): & = 4.4 (s, 3 F, CF3). — C,4H,sFsNO, (345.3):
caled. C 55.65, H 5.22, N 4.05; found C 55.75, H 4.99, N 4.25.

Methyl 2-(Benzyloxycarbonylamino)-2-(chlorodifluoromethyl)hex-5-
enoate (2h): Oil. — '"H NMR (CDCl;): § = 2.36 (m, 4 H, 2 X CH,),
3.88 (s, 3 H, OMe), 5.05 (s, 2 H, OCH,), 5.28 (s, 1 H, NH), 5.21
(m, 2 H, CH=CH,), 5.85 (m, 1 H, CH=CH,), 7.47 (s, 5 H, Ph).
— YF NMR (CDCly): § = 22.5 (dag, 2Jgr = 157.1 Hz, 1 F, CF,Cl),
23.9 (dap, 2Jpr = 157.1Hz, 1 F, CF,Cl). — C;¢H3sCIF,NO,
(361.8): caled. C 53.11, H 4.98, N 3.87; found C 53.15, H 5.19,
N 3.67.

Methyl 2-(tert-Butoxycarbonylamino)-2-(trifluoromethyl)hex-5-eno-
ate (2i): Oil. — '"H NMR (CDCL): § = 1.41 (s, 9 H, 3 Me), 2.29
(m, 4 H, 2 X CH,), 3.81 (s, 3 H, OMe), 5.25 (m, 2 H, CH=CH,),
5.38 (s, 1 H, NH), 5.80 (m, 1 H, CH=CH,). — '*C NMR (CDCl;):
& = 27.81, 28.25, 28.40, 53.41, 65.59 (q, >Jcr = 28.1 Hz), 80.43,
116.01, 136.34 (q, 2Jcr = 288.3 Hz), 141.01, 153.28, 167.48. — 1°F
NMR (CDCL): 6 = 3.9 (s, 3 F, CF3). — IR (KCI): 3410, 1770,
1690, 1640, 1500 cm™~!.— C;3H»F3NO, (311.3): caled. C 50.16, H
6.43, N 4.50; found C 50.26, H 6.79, N 4.29.

2-(Benzyloxycarbonylamino)-2-(dimethoxyphosphoryl)-1,1,1-tri-
fluoropent-4-ene (6a): Oil. — '"H NMR (CDCl;): 6 = 3.04 (m, 2 H,
CH,), 3.78 (d, 3Jpy = 14.5Hz, 6 H, 2 X OMe), 5.08 (s, 2 H,
OCH,), 5.25 (m, 2 H, CH=CH,), 5.40 (d, 3Jpy = 40Hz, 1 H,
NH), 5.80 (m, 1 H, CH=CH,), 7.33 (m, 5 H, Ph)., '3*C NMR
(CDCly): § = 53.81, 56.35, 67.89 (dq, 2Jcg = 27.5, 27.7 Hz), 71.63,
120.94, 124.53 (q, 'Jep = 287.8 Hz), 128.10, 128.21, 128.43, 129.31,
135.51, 153.15. — YF NMR (CDCl;): 6 = 7.3 3 F, CF;). — 3P
NMR (CDCl): § = 18.7. — IR (KCI): 3420, 1760, 1505,
1270 cm™!. — C;sHoF3NOsP (381.3): caled. C 47.24, H 4.98, N
3.67; found C 47.31, H 5.03, N 3.50.

2-(Benzyloxycarbonylamino)-2-(diethoxyphosphoryl)-1,1,1-tri-
fluoropent-4-ene (6b): Oil. — '"H NMR (CDCl;): 6 = 0.93 (m, 6 H,
2 X Me), 2.98 (m, 2 H, CH,), 3.86—4.05 (m, 4 H, 2 X OCH,),
5.08 (s, 2H, OCH,), 5.10 (m, 2 H, CH=CH,), 5.65 (d, 3Jpy =
4.8 Hz, 1 H, NH), 5.81 (m, 1 H, CH=CH,), 7.27 (m, 5 H, Ph). —
19F NMR (CDCl3): § = 7.0 3 F, CF3). — 3'P NMR (CDCl,): § =
18.3. — C;7H»3F3NOsP (409.3): caled. C 49.88, H 5.62, N 3.42;
found C 49.53, H 5.69, N 3.39.

2-(Benzyloxycarbonylamino)-2-(dimethoxyphosphoryl)-1,1,1-tri-
fluorohex-5-ene (6¢): Oil. — 'H NMR (CDCls): 8 = 2.35 [m, 4 H,
(CH,),], 3.82 and 3.84 (d, 3Jpy = 14.0 Hz, 6 H, 2 X OMe), 5.05
(m, 2 H, CH=CH,), 5.10 (s, 2 H, OCH,), 5.34 (d, 3Jpy = 4.8 Hz,
1 H, NH), 5.78 (m, 1 H, CH=CH,), 7.32 (m, 5 H, Ph). — F
NMR (CDCly): 8 = 7.4 3 F, CF;). — 3P NMR (CDCly): § =
20.3. — Ci6H» F3NO4P (379.3): caled. C 48.61, H 5.32, N 3.54;
found C 48.42, H 5.48, N 3.67.

2-(Benzyloxycarbonyl)-2-(diethoxyphosphoryl)-1,1,1-trifluorohex-5-
ene (6d): Oil. — '"H NMR (CDCl;): 8 = 0.90 (m, 6 H, 2 X Me),
2.40—2.80 [m, 4 H, (CH,),], 3.75—4.00 (m, 4 H, 2 X OCH,), 4.95
(s, 2H, OCH,), 5.08 (m, 2 H, CH=CH,), 5.70 (d, 3Jpy = 5.0 Hz,
1 H, NH), 5.80 (m, 1 H, CH=CH,), 7.15 (m, 5 H, Ph). — YF
NMR (CDCls): § = 6.8 (3 F, CF3). — 3'P NMR (C¢Dy): 6 = 17.4.
— C3H,5F3NOsP (423.4): caled. C 51.06, H 5.91, N 3.31; found
C 50.93, H 5.78, N 3.38.

General Procedure for the Preparation of Dienes 3, 4, and 7: A solu-
tion of 2 or 6 (1 mmol) in dry THF (3 mL) was added to a suspen-
sion of NaH (2 mmol) in DMF (5mL) at 0 °C. The mixture was
stirred at room temperature for 0.5 h and allyl bromide (2 mmol in
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2mL of DMF) was then added. After stirring for an additional
8 h, the mixture was treated with ice/water (10 g of ice, 10 mL of
water) and extracted with ether (2 X 30 mL). The combined or-
ganic layers were washed with water (10 mL), then with a saturated
solution of NaHCOj; (10 mL), and dried with MgSO,. The solvent
was removed under reduced pressure, and the crude product was
purified by flash chromatography (ethyl acetate/petroleum ether).

Methyl 2-[(Benzenesulfonyl)(prop-2-enyl)amino]-2-(trifluoromethyl)-
but-3-enoate (3a): Oil. — '"H NMR (CDCl;): § = 3.89 (s, 3 H,
OMe), 3.95 (m, 2 H, NCH,), 4.90 (m, 2 H, CH=CH,), 5.46 (m, 1
H, CH=CH,), 5.61 (m, 2 H, CH=CH,), 5.98 (m, 1 H, CH=CH,),
7.51 (m, 3 H, Ph), 7.97 (m, 2 H, Ph). — °F NMR (CDCl,): 6 =
8.1 (s, 3 F, CF3). — C;sH gF3sNO,4S (363.3): caled. C 49.58, H 4.41,
N 3.85; found C 49.62, H 4.71, N 4.11.

Methyl 2-[(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(trifluorome-
thyl)but-3-enoate (3b): Oil. — '"H NMR (CDCl;): § = 3.87 (s, 3 H,
OMe), 3.93 (m, 2 H, NCH,), 4.94 (m, 2 H, CH=CH,), 5.02 (s, 2
H, OCH,), 549 (m, 1 H, CH=CH,), 5.71 (m, 2 H, CH=CH,),
5.88 (m, 1 H, CH=CH,), 7.50 (s, 5 H, Ph). — '3C NMR (CDCls):
& = 45.31, 53.21, 67.05, 68.81 (q, 2Jcr = 29.1 Hz), 120.01, 121.35,
126.44 (q, 'Jor = 289.5 Hz), 128.11, 128.51, 128.60, 128.03, 129.01,
136.10, 154.18, 165.12. — ’F NMR (CDCl): § = 6.4 (s, 3 F, CF3).
— IR (KCI): 1750, 1720, 1510, 1490 cm™~!. — C,;H,3sF3NO, (357.3):
caled. C 57.14, H 5.04, N 3.92; found C 57.12, H 4.91, N 4.01.

Methyl 2-|(Benzenesulfonyl)(prop-2-enyl)amino]-2-(trifluorome-
thyl)pent-4-enoate (3c): Oil. — 'H NMR (CDCl): § = 2.86 (d, J =
5.7Hz, 2 H, CH,), 3.81 (s, 3 H, OMe), 3.99 (m, 2 H, NCH,), 5.09
(m, 4 H, 2 X CH=CH,), 5.51 (m, 1 H, CH=CH,), 5.75 (m, 1 H,
CH=CH,), 7.52 (m, 3 H, Ph), 7.98 (m, 2 H,Ph). — F NMR
(CDCly): 6 = 6.9 (s, 3 F, CF;). — CsH sF3NO,S (377.4): caled. C
50.93, H 4.77, N 3.71; found C 50.92, H 4.71, N 3.89.

Methyl 2-|(tert-Butoxycarbonyl)(prop-2-enyl)amino]-2-(trifluorome-
thyl)pent-4-enoate (3d): Oil. — 'H NMR (CDCls): § = 1.43 (s, 9 H,
3 Me), 2.66 (m, 2 H, CH,), 3.85 (s, 3 H, OMe), 3.95 (m, 2 H,
NCH,), 5.11 (m, 4 H, 2 X CH=CH,), 5.65 (m, 2 H, 2 X CH=
CH,). — YF NMR (CDCls): § = 6.2 (s, 3 F, CF3). — C;sH,,F3NO,
(337.3): caled. C 53.41, H 6.53, N 4.15; found C 53.52, H 6.70,
N 4.19.

Methyl 2-[(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(trifluorome-
thyl)hex-5-enoate (3e): Oil. — '"H NMR ([DgJacetone): § = 2.15 (m,
4 H, 2 X CHy), 3.69 (s, 3 H, OMe), 4.11 (m, 2 H, NCH,), 5.12 (s,
2 H, OCH,), 5.19 (m, 4 H, 2 X CH=CH,), 5.87 (m, 2 H, CH=
CH,), 7.50 (s, 5 H, Ph). — "F NMR (CDCly): 6 = 5.6 (s, 3 F,
CF3). — Ci9H»nF3NO, (385.4): caled. C 59.22, H 5.71, N 3.64;
found C 59.32, H 5.91, N 3.51.

Methyl 2-[(tert-Butoxycarbonyl)(prop-2-enyl)amino]-2-(trifluorome-
thyl)hex-5-enoate (3f): Oil. — "H NMR ([DgJacetone): § = 1.40 (s,
9 H, 3 Me), 2.21 (m, 4 H, 2 X CH,), 3.71 (s, 3 H, OMe), 4.18 (m,
2 H, NCH,), 5.25 (m, 4 H, 2 X CH=CH,), 597 (m, 2 H, CH=
CH,). — PF NMR (CDCl;): 8 = 6.6 (s, 3 F, CF3). — C;sH»,F3NO,
(349.3): caled. C 54.70, H 6.84, N 3.99; found C 54.52, H 6.81,
N 3.99.

Methyl 2-[(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(chlorodi-
fluoromethyl)hex-5-enoate (3g): Oil. — 'H NMR ([Dg¢Jacetone): § =
1.98 and 2.25 (m, 4 H, 2 X CH,), 3.68 (s, 3 H, OMe), 4.17 (m, 2
H, NCH,), 5.13 (s, 2 H, OCH,), 5.20 (m, 4 H, 2 X CH=CH,),
5.84 (m, 2 H, CH=CHy,), 7.38 (s, 5 H, Ph). — 13C NMR (CDCls):
& = 27.15, 28.35, 44.81, 53.81, 64.19, 66.51 (t, 2Jcp = 23.1 Hz),
118.91, 121.25, 124.15 (t, 'Jop = 318.8 Hz), 128.19, 128.21, 128.37,
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128.59, 128.65, 136.01, 153.63, 167.11. — '°F NMR (CDCly): § =
231 (dap, YJpr = 154.6Hz, 1 F, CF.Cl), 24.3 (dap, 2Jpp =
1546Hz, 1 F, CF.Cl). — IR (KCl): v = 1790, 1750,
1510—1500 cm~!. — C,oH,,CIF,NO, (401.8): caled. C 56.78, H
5.48, N 3.48; found C 56.77, H 5.45, N 3.50.

Methyl  2-|[(Benzyloxycarbonyl)(but-3-enyl)amino|-2-(trifluorome-
thyl)pent-4-enoate (4a): Oil. — '"H NMR ([DgJacetone): & = 2.15
and 2.41 (m, 2 H, CH,), 3.48 (m, 2 H, CH,), 3.72 (s, 3 H, OMe),
4.31 (m, 2 H, NCH,), 5.15 (m, 4 H, 2 X CH=CH,), 5.19 (s, 2 H,
OCH,), 5.85 (m, 2 H, CH=CH,), 7.41 (s, 5 H, Ph). — 3C NMR
(CDCly): & = 35.90, 36.15, 45.81, 54.19, 67.31, 70.15 (q, 2Jcp =
28.5Hz), 115.93, 122.73, 124.51 (q, "Jep = 286.3 Hz), 128.11,
128.21, 128.56, 129.12, 135.81, 136.15, 158.01, 164.39. — ’F NMR
(CDCl3): & = 2.9 (s, 3 F, CF3). — IR (KCl): 1785, 1760, 1520,
1500 cm~'. — CjoH,,F3NO, (385.4): caled. C 59.22, H 5.71, N
3.64; found C 59.29, H 5.86, N 3.62.

Methyl 2-[(Benzyloxycarbonyl)(but-3-enyl)amino]-2-(chlorodifluoro-
methyl)pent-4-enoate (4b): Oil. — '"H NMR ([D¢lacetone): & = 2.19
and 2.38 (m, 2 H, CH,), 3.41 (m, 2 H, CH,), 3.75 (s, 3 H, OMe),
4.29 (m, 2 H, NCH,), 5.17 (m, 4 H, 2 X CH=CH,), 5.19 (s, 2 H,
OCH,), 5.89 (m, 2 H, CH=CH.), 7.48 (s, 5 H, Ph). — ’F NMR
(CDCly): 8 = 24.8 (dap, 2Jpr = 155.5 Hz, 1 F, CF,Cl), 25.5 (dag,
2Jpr = 155.5 Hz, 1 F, CF,Cl). — C;oH,,CIF,NOy (401.8): caled. C
59.22, H 5.71, N 3.64; found C 59.38, H 5.76, N 3.69.

2-|(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(dimethoxyphos-
phoryl)-1,1,1-trifluoropent-4-ene (7a): Oil. — 'H NMR (CDCls):
6 = 3.20 (m, 2 H, CH,), 3.70—3.90 (m, 6 H, 2 X OMe), 4.21 (m,
2 H, NCH,), 5.15 (s, 2 H, OCH,), 5.21 (m, 4 H, 2 X CH=CH,),
5.72—6.01 (m, 2 H, 2 X CH=CH,), 7.35 (m, 5 H, Ph). — ’F NMR
(CDCl3): 8 = 7.4 (3 F, CF3). — 3P NMR (CDCl3): § = 20.1. —
C gH»3F3;NOsP (421.4): caled. C 51.31, H 5.46, N 3.32; found
51.52, H 5.33, N 3.56.

2-|(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(diethoxyphosphoryl)-
1,1,1-trifluoropent-4-ene (7b): Oil. — 'H NMR (CDCl;): § = 1.08
and 1.11 (t, “Jpg = 4.1 Hz, 6 H, 2 X Me), 2.99 (m, 2 H, CH,),
3.95-4.19 (m, 4 H, 2 X OCH,), 4.23 (m, 2 H, NCH,), 5.08 (m, 4
H, 2 X CH=CH,), 5.11 (s, 2 H, OCH,), 5.87 (m, 2 H, 2 X CH=
CH,), 7.23 (m, 5 H, Ph). — Y’F NMR (CDCls): § = 7.9 (3 F, CF3).
— 3P NMR (CDCly): § = 18.7. — Cy0H»7F3NOsP (449.4): caled.
C 53.45, H 6.01, N 3.12; found C 53.73, H 5.89, N 3.30.

2-|(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(dimethoxyphos-
phoryl)-1,1,1-trifluorohex-5-ene (7¢): Oil. — 'H NMR (CDCls): § =
2.38—2.78 [m, 4 H, (CH,),], 3.41 and 3.62 (d, 3Jpy = 14.5Hz, 6
H, 2 X OMe), 4.22 (m, 2 H, NCH,), 5.07 (m, 4 H, 2 X CH=CH,),
5.15 (s, 2 H, OCH,), 5.89 (m, 2 H, 2 X CH=CH,), 7.24 (m, 5 H,
Ph). — 3C NMR (CDCly): § = 27.44, 29.03, 44.98, 53.08, 56.13,
66.91 (dq, 2Jcr = 26.3, 26.5 Hz), 68.15, 117.34, 121.03, 124.81 (q,
'Jerp = 286.1 Hz), 128.01, 128.11, 128.31, 128.65, 128.89, 136.10,
153.12. — YF NMR (CDCl;): § = 7.7 (3 F, CF;). — 3P NMR
(CDCL): & = 19.7. — IR (KCI): 1740, 1510—1500,
1270—1250 cm™!. — C 9H,sF3NOsP (435.4): caled. C 5241, H
5.75, N 3.22; found 52.71, H 5.85, N 3.36.

2-[(Benzyloxycarbonyl)(prop-2-enyl)amino]-2-(diethoxyphosphoryl)-
1,1,1-trifluorohex-5-ene (7d): Oil. — '"H NMR (CDCls): § = 1.01
and 1.08 (t, “Jpy = 4.0Hz, 6 H, 2 X Me), 2.40—2.80 (m, 4 H,
(CH»)5], 3.90—4.29 (m, 4 H, 2 X OCH,), 4.25 (m, 2 H, NCH,),
4.95 (m, 4 H, 2 X CH=CH,), 5.05 (s, 2 H, OCH,), 5.90 (m, 2 H,
2 X CH=CH,), 7.20 (m, 5 H, Ph). — F NMR (CDCl5): § = 7.6
(3 F, CF3). — 3P NMR (CDCl;): 6 = 16.9. — C,;HyF;NOsP

3895



FULL PAPER

S. N. Osipov, P. H. Dixneuf et al.

(463.4): caled. C 54.43, H 6.26, N 3.02; found C 54.51, H 6.19,
N 3.21.

General Procedure for the Preparation of Cyclic a-Amino Esters
8—12: A mixture of diene 3 (or 4, or 7) (1 mmol) and catalyst (10
mol %) was heated at room temperature in dichloromethane
(8—11) or toluene at 80 °C (12a—d). The solvent was removed in
vacuum and the crude product was purified by flash chromato-
graphy (ethyl acetate/petroleum ether).

Methyl 1-Benzenesulfonyl-2-trifluoromethyl-3-pyrroline-2-carb-
oxylate (8a): Oil. — '"H NMR (CDCl;): § = 3.89 (s, 3 H, OMe),
4.07 (dm, J = 14.0 Hz, 1 H, NCH,), 4.62 (d, / = 14.0Hz, 1 H,
NCH,), 5.63 (m, 1 H, =CH), 6.22 (m, 1 H, =CH), 7.51 (m, 3 H,
Ph), 7.85 (m, 2 H, Ph). — '’F NMR (CDCls): § = 6.2 (s, 3 F, CF3).
— Cy3H,F3NO,S (335.3): caled. C 46.57, H 3.58, N 4.18; found C
46.55, H 3.76, N 4.19.

1-Benzyloxycarbonyl-2-trifluoromethyl-3-pyrroline-2-carboxylate
(8b): Oil. — "H NMR ([Dg]DMSO): 5 = 3.61 (s, 3 H, OMe), 4.31
(m, 1 H, NCH,), 4.52 (m, 1 H, NCH,), 5.08 (s, 2 H, OCH,), 5.62
and 595 2 m, 1 H, =CH), 6.22 (m, 1 H, =CH), 7.31 (m, 5 H,
Ph). — *C NMR ([Dg]DMSO): § = 55.41, 63.78, 72.17 (q, *Jcp =
29.3 Hz), 68.75, 127.81 (q, Jer = 286.1 Hz), 127.98, 128.08,
128.43, 128. 67, 132.76, 136.42, 155.09, 165.67. — 'F NMR
([Dg]DMSO): & = 5.4 (s, 3 F, CF;). — IR (KCI): v = 1775, 1750,
1565cm™~'. — C;sH;4F3NO4 (489.3): caled. C 54.71, H 4.25, N
4.25; found C 54.82, H 3.99, N 4.34.

Methyl 1-Benzenesulfonyl-2-trifluoromethyl-4,5-dehydropiperidine-
2-carboxylate (9a): Oil. — '"H NMR (CDCls): 6 = 2.71 (dm, J =
18.0 Hz, 1 H, CH,), 2.92 (dm, J = 18.0 Hz, 1 H, CH,), 3.65 (dm,
J = 16.0 Hz, 1 H, NCH,), 3.83 (dm, J = 16.0 Hz, 1 H, NCH,),
3.88 (s, 3 H, OMe), 5.72 (m, 2 H, CH=CH), 7.51 (m, 3 H, Ph),
7.95 (m, 2 H, Ph). — F NMR (CDCls): § = 6.2 (s, 3 F, CF3). —
C14H14F3NO,S (349.3): caled. C 48.14, H 4.01, N 4.01; found C
48.44, H 4.22, N 4.23.

Methyl 1-tert-Butoxycarbonyl-2-trifluoromethyl-4,5-dehydropiperid-
ine-2-carboxylate (9b): Oil. — 'H NMR (CDCls): § = 1.52 (s, 9 H,
3 Me), 2.77 (m, 2 H, CH,), 3.82 (m, 1 H, NCH,), 3.85 (s, 3 H,
OMe), 4.25 (m, 1 H, NCH,), 5.75-6.00 (br. m, 2 H, CH=CH). —
13C NMR ([Dg]DMSO): § = 22.83, 29.35, 40.09, 53.15, 69.31 (q,
2Jcg = 27.8 Hz), 80.93, 125.31 (q, 'Jep = 288.3 Hz), 126.03,
129.87, 154.08, 163.85. — '’F NMR (CDCl;): § = 5.4 (s, 3 F, CF3).
— IR (KCI): ¥ = 1770, 1740, 1560 cm~!. — C,3HgF3NO, (309.3):
caled. C 50.48, H 5.82, N 4.53; found C 50.49, H 5.62, N 4.75.

Methyl  1-Benzyloxycarbonyl-2-trifluoromethyl-1-azacyclohept-5-
ene-2-carboxylate (10a): Oil. — 'H NMR ([Dg]DMSO): & = 2.12
(d, J = 58Hz, 1 H, CH,), 2.37 (d, J = 7.8 Hz, 1 H, CH,), 2.59
(m, 1 H, CH,), 2.71 (m, 1 H, CH,), 3.61 (br. s, 3 H, OMe), 4.08
(d, J = 6.1 Hz, 1 H, NCH,), 4.31 (m, 1 H, NCH,), 5.09 (m, 2 H,
OCH,), 5.61 (m, 1 H, =CH), 5.73 (m, 1 H, =CH), 7.34 (m, 5 H,
Ph). — F NMR (CDCl;): 8 = 5.0 (s, 3 F, CF3). — C;;H3sF5NO,
(357.3): caled. C 57.14, H 5.04, N 3.92; found C 57.21, H 4.92,
N 4.00.

Methyl 1-Benzyloxycarbonyl-2-chlorodifluoromethyl-1-azacyclo-
hept-5-ene-2-carboxylate (10b): Oil. — "H NMR ([Dg]DMSO): § =
2.25 (m, 1 H, CH,), 2.30 (m, 1 H, CH,), 2.72 (m, 1 H, CH,), 2.81
(m, 1 H, CH,), 3.60 (br. s, 3 H, OMe), 4.31 (m, 2 H, NCH),), 5.12
(br. s, 2 H, OCH,), 5.69 (m, 2 H, CH=CH), 7.37 (m, 5 H, Ph). —
13C NMR ([D¢]DMSO): & = 26.19, 31.01, 37.54, 53.18, 65.12,
78.21 (t, 2Jep = 27.2 Hz), 123.25, 127.80, 127.83, 127.93, 128.62,
130.03 (t, 'Jep = 312.5 Hz), 137.81, 154.54, 161.31. — F NMR
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([Dg]DMSO): & = 25.1 (dap, 2pr = 161.9 Hz, 1 F, CF,Cl), 25.9
(dap, Ve = 161.9 Hz, 1F, CF,Cl). — IR (KCl): ¥ = 1755, 1720,
1550 cm~!. — C,,H,sCIF;NO, (392.8): caled. C 54.62, H 4.82, N
3.75; found C 54.92, H 4.78, N 3.87.

Methyl  1-Benzyloxycarbonyl-2-trifluoromethyl-1-azacyclohept-4-
ene-2-carboxylate (11a): M.p. 144—145 °C. — 'H NMR
([Dg]DMSO): § = 2.14 (m, 1 H, CH,), 2.95 (m, 1 H, CH,), 3.31
(m, 1 H, CH,), 3.76 (s, 3 H, OMe), 4.11 (m, 1 H, CH,), 4.51 (m,
1 H, NCH,), 4.93 (m, 1 H, NCH,), 5.11 (m, 2 H, OCH,), 5.44 (m,
2 H, CH=CH), 7.40 (m, 5 H, Ph). — 3C NMR ([Dg]DMSO): § =
26.25, 28.56, 41.49, 52.15, 67.91, 68.74 (q, 2Jcr = 34.1 Hz), 125.11
(@, Jep = 288.1Hz), 125.30, 127.45, 127.84, 128.21, 130.31,
135.91, 155.00, 165.89. — F NMR (CDCl): § = 4.6 (s, 3 F, CF3).
— MS: m/z (%) = 357 [M™"], 313, 296, 266, 254, 222, 196, 186, 115,
91 (100), 65, 59, 35. — Cy;H sF3NO, (357.3): caled. C 57.14, H
5.04, N 3.92; found C 57.32, H 5.12, N 4.08.

Methyl 1-Benzyloxycarbonyl-2-chlorodifluoromethyl-1-azacyclo-
hept-4-ene-2-carboxylate (11b): Oil. — '"H NMR ([Dg]DMSO): § =
2.22 (m, 1 H, CH,), 2.85 (m, 1 H, CH,), 3.28 (m, 1 H, CH,), 3.79
(s, 3 H, OMe), 4.09 (m, 1 H, CH,), 4.43 (m, 1 H, NCH,), 4.83 (m,
1 H, NCH,), 5.09 (m, 2 H, OCH,), 5.64 (m, 2 H, CH=CH), 7.43
(m, 5 H, Ph). — 'F NMR ([Dg]DMSO): § = 20.8 (dap, Vpr =
150.9 Hz, 1 F, CF,Cl), 22.1 (dap, 2Jrr = 150.9 Hz, 1 F, CF,Cl). —
C,7H3CIF5NO, (392.8): caled. C 54.62, H 4.82, N 3.75; found C
54.82, H 4.98, N 4.01.

1-Benzyloxycarbonyl-2-dimethoxyphosphoryl-2-trifluoromethyl-4,5-
dehydropiperidine (12a): Oil. — '"H NMR (CDCl;): § = 3.00—2.65
(m, 2 H, CH>), 3.78 (d, 3Jpy 14.4 Hz, 3 H, OMe), 3.86 (d, 2J =
17.1 Hz, 1 H, NCH,), 3.95 (d, 3Jpy = 14.4 Hz, 3 H, OMe), 4.26
(d, 27 = 17.1 Hz, 1 H, NCH,), 5.23 (s, 2 H, OCH,), 5.78 (m, 2 H,
CH=CH), 7.49 (m, 5 H, Ph). — 3C NMR (CDCl;): § = 29.63,
39.13, 53.81, 56.20, 67.32 (dq, 2Jcp = 28.3, 28.5 Hz), 72.02, 126.91,
127.83 (q, 'Jep = 279.1 Hz), 128.19, 128.46, 128.71, 129.95, 134.10,
152.89. — YF NMR (CDCls): § = 6.8 (F, CF3). — 3'P NMR
(CDCly): & = 20.2. — IR (KCI): ¥ = 1750, 1560, 1270, 1250 cm 1.
— Cy6HoF3NOsP (393.3): caled. C 48.83, H 4.83, N 3.56; found
C 48.92, H 4.98, N 3.67.

1-Benzyloxycarbonyl-2-diethoxyphosphoryl-2-trifluoromethyl-4,5-
dehydropiperidine (12b): Oil. — 'H NMR (CDCls): § = 1.30 (m, 6
H, 2 CH;CH,), 2.75 (m, 2 H, CH,), 4.15 (m, 4 H, 2 X OCH,),
4.25 (m, 2 H, NCH,), 5.20 (s, 2 H, OCH,), 5.85 (m, 2 H, CH=
CH), 7.38 (m, 5 H, Ph). — ’F NMR (CDCl;): § = 7.5 (3 F, CF3).
— 3P NMR (CDCly): § = 16.0. — C;3sH,3F3NOsP (421.4): caled.
C 51.31, H 5.46, N 3.33; found C 51.51, H 5.08, N 3.45.

1-Benzyloxycarbonyl-2-dimethoxyphosphoryl-2-trifluoromethyl-1-
azacyclohept-5-ene (12¢): Oil. — '"H NMR (CDCl3): § = 2.90—2.4
[m, 4 H, (CH>),], 3.73 (d, 3Jpy = 11.4 Hz, 3 H, OMe), 3.89 (br. d,
3Jpu = 11.4 Hz, 3 H, OMe), 4.06 (d, 2J = 17.0 Hz, 1 H, NCH,),
4.39 (d,2J = 17.0 Hz, 1 H, NCH,), 5.19 (m, 2 H, OCH,), 5.69 (m,
2 H, CH=CH), 7.34 (m, 5 H, Ph). — 13C NMR (CDCly): § =
27.08, 29.27, 42.37, 53.09, 55.33, 67.97, 68.21 (dq, 2Jcr = 27.6,
27.8 Hz), 125.42, 127.99, 128.17, 128.19 (q, Jor = 288.3 Hz),
128.41, 131.58, 136.20, 155.53. — YF NMR (CDCl;): § = 6.8 s (3
F, CF3). — 3P NMR (CDCl3): § = 16.2. — MS: m/z (%) = 407
[M*], 296, 272, 254, 225, 162, 109, 91 (100), 65, 35. —
Cy7H,,F3sNOsP (407.3): caled. C 50.12, H 5.16, N 3.43; found C
50.55, H 5.18, N 3.47.

1-Benzyloxycarbonyl-2-diethoxyphosphoryl-2-trifluoromethyl-1-
azacyclohept-5-ene (12d): Oil. — '"H NMR (CDCls): § = 1.30 (m,
6 H, 2 CH;CH,), 3.05—2.35 (m, 4 H, (CH,),], 4.15 (m, 4 H, 2 X
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OCH,), 4.31 (m, 2 H, NCH,), 5.21 (m, 2 H, OCH,), 5.71 (m, 2 H,
CH=CH), 7.35 (m, 5 H, Ph). — '°F NMR (CDCL): § = 7.3 3 E,
CF;). — *'P NMR (CDCLy): § = 16.8 (s). — CjoH,sF;NOsP
(435.4): caled. C 52.41, H 5.74, N 3.22; found C 52.62, H 5.62,
N 3.12.
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