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Abstract : Methyl 2-oxo-2-arylacctates 1, which include some fluorinated compounds, have been synthesized in
moderate to excellent yields by reaction of methyl oxalyl chloridc with arylzinc halidcs in the presence of
Pd(PPhy)4. The higheqt yields have been obtained when these reactions involved arylzinc bromides which were
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ZnBry. Compounds 1 have been converted in high yields to the corresponding (E)- and (£)-O-methyloximino-2-
arylacetates (E)- and (Z)-5 by treatment with O-methylhydroxylamine hydrochloride in pyridine. Compounds (E)-
and (£)-5 have been casily separated by MPLC on silica gel and their structure and stereochemistry have been
assigned by NMR technigues. So prepared compounds of general formula § included an agrochemically important
funglCIde ie. (E)-Sc,its fluorinated structural dndlogues as well as compounds which proved to be able 10 delay
the growth of fungal species isolated from deteriorated papers. Interestingiy, several compounds of general formuia
(2)-5 underwent partial stercomutation in the presence of daylight and catalytic amounts of iodine. © 1999 Elsevier
Science Ltd. All rights reserved.

The methods used for the synthesis of o-ketoesters of general formula 1 include Friedel-Crafts acylation,
hydrolysis and esterification of acyl cyanides,? oxidative cleavage of cyano keto phosphoranes,’ the reaction
between organolithium reagents and triethoxyacetonitrile followed by hydrolysis,* the Pd-catalyzed double
carbonylation of aryl halides’ and the Znle)—promotcd addition of 1 2-diethoxy-1,2-disi1yloxycthylcnc o

procedures for the synthesis of compounds 1 according to this strategy have been reported in the literature.7-14
As shown in Scheme 1, the organometallic species 2 which have been used in these procedures include
Grignard reagents,”-8-11.12 organolithiums,?-1! organocopper/zinc reagents,!0 organocopper compounds derived
from Grignard reagents, copper(l) bromide and lithium bromide!3 as well as organostannanes.!4 On the other
hand, the oxalic ester derivatives 3, which have been employed as electrophilic partners in these reactions,

include alkyl o-oxo-1H-imidazole-1-acetates 3a, 7 1-(N-alkoxyoxalyl-N-methylamino)-3-methylimidazolium
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he monoethyl oxalic acid N-methoxy-N-methylamide 3c¢,% alkyl oxalyl chlorides 3d,10:13,14 diethyl
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use of not commercially available oxalic ester derivatives’-% and/or afford the desired a-ketoesters 1 in modest
yieldsj,llb,llc,m

Srhoma 1
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1: R =aryl, alkyl, 1-alkynyl, alkenyl, Z: K =aryl, alkyl, 1-alkynyl, Ja:Y=—N__
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3c: Y= \N’CH3

OCH,
3d: Y= CI
3e:Y = OEt

In connection with ongoing projects on the synthesis of photostable analogues of strobilurin A 4, which
are able to control fungi which affect crops and/or to inhibit the growth of fungal species which deteriorate
papery materials, 1516 we recently directed our attention to developing a new, selective and efficient method for
the synthesis of methyl 2-oxo-2-arylacetates of general formula 1. This was based on the strategy illustrated in
Scheme 1 and in which a commercially available oxalic ester derivative was used. In
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formula (F)-5 possessing potential fungicidal activity, which are structurally 1
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agrochemical fungicide developed by BASF,172.b and, similarly to this substance, are characterized by direct
attachment of the methyl (E)-O-methyloximinoacetate group 7 to a substituted aromatic ring. It must be noted
that this group and the methyl (E)-B-methoxypropenoate toxophore 8, which characterizes either naturally-
occurring 4 or its synthetic fungicidal mimics in which this toxophore is linked to a substituted
(hetero)aromatic ring,15'18 are isosteric. Moreover, it should be mentioned that, although the patent literature
documents that several compounds of general formula (E)-5 exhibit high fungicidal activity,17 some methyl O-

ng undefined!9 or (Z)-stereochemistry 20 have also been found to be able
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We now wish to report that compounds 1, some of which are characterized by a trifluoromethyl substi-
tuted aromatic moiety, can be smoothly, efficiently and selectivey synthesized by Pd-catalyzed cross-coupling
reaction between arylzinc halides 9 and methyl oxalyl chloride 3d. Moreover, we wish to describe that: i)
compounds 1 can be converted in high yield into stereoisomeric mixtures of the corresponding methyl (E)- and
(Z)-O-methyloximino-2-arylacetates (E)- and (Z)-8; ii) compounds (E)-and (£)-5, which possess potential
fungicidal activity, can be easily separated by MPLC on silica gel; iii) some Lompound of general formula

(7 -8 nunderon nartial ctereomutation in th
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Finally, we will summarize preliminary data which show that some compounds of general formula (E)-

and (Z)-5 so prepared are able to delay the growth of fungal species isolated from deteriorated papers.

RESULTS AND DISCUSSION

Svynthesis of methyl 2-oxo-2-arylacetates
As above mentioned, our initial goal was the development of a new efficient method for the synthesis of
methyl 2-oxo-2-arylacetates 1 in which a cheap commercially available oxalic ester derivative was used as

starting material. After a great deal of experimentation we found that compounds 1 could be prepared in

moderate to excellent vields by reaction of 1.2 eauiv of arvizine halides 9 (X = Cl. BRr) with methvl oxalyl
VM VIALY LWV vAVWiILAVviILL Jl\-‘lun’ UJ Av v LAVl Ul o \/klul' AW Y ul] AL AW IRRALINANY 7 \l\ Msdy u‘l YV IRl 1xivilg 1 Ul\ul"vl
Ahlatda DA 2.a TLITD As () O m tha meacannan AF naraluisin amaniines ~F DAMDL A, fa~ 1Y
Cruoriac S>a in 1o at U "L, in in€ presence o1 Cataiyiic amounis o1 rairrnij4q (€q. 1)
Pd(PPh THF
Ar—-ZnX + Cl_COOMe (PPhs)a, Ar~_COOMe 0
9 (X =Cl,Br) 3d 1

Among the aryl bromides of general formula 10, which we used or we attempted to use

a
materials for the preparation of the arylzinc halides 9, compounds 10a and 10b were commercially available
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Compounds 10¢, 10d and 10g were synthesized in 93,9

(o2

and 97 % yield, respectively, by reaction of 2-
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bromobenzyl bromide 11 with 1 equiv of o-cresol 12a, a,oa-trifluoro-m-cresol 12b and o,0,a-trifluoro-o-

cresol 12¢, respectively, in refluxing acetone, in the presence of 1 equiv of anhydrous K2CO 3 (eq. 2).
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acetone, A
11 i2a : R=2-CHjz 10c: R=2-CHs
12b : R=3-CF3 10d : R=3-CFj
12¢: R=2-CF3 i0g: R=2-CFy

nzene 13 and 12b according
to a recently general procedure for the synthesis of diaryl ethers.?? In particular, compound 13 was reacted with
2 equiv of 12b in toluene at 110 °C for 9 days, in the presence of molecular sieves 5A, 2 equiv of Cs2CO3, 5
mol % (CuOTf)2-C¢Hg, 5 mol % ethyl acetate and 1.4 equiv of I-naphthoic acid, to give the desired

(aryloxy)aryl bromide 10e in 53 % yield (eq. 3).

CFs OFs
X Cs2CO;3, (CuOTHh),-CsHs, AcOEt 2 2
(\I N !(\ $2 3(u‘ )2.6H6 (m (/} 3)
g WO P nahthoic acid,oluene, S0y
|Br B v 5A MS, 110 °C, 9 days EISr
13 12b 10e

Unfortunately, this protocol proved to be unsuitable f

bromophenol 14 and iodopentafluorobenzene 15.

P f F _
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Br I
14 15 16

Moreover, an attempt to prepare 10h by reaction between the sodium salt derived from
pentafluorophenol 16 and 1.3 equiv of 13 in pyridine at 110 °C, in the presence of 15 mol % CuBr, was also
unsuccessful. However, it was eventually found that treatment of o-bromophenol 14 with 2.6 equiv of
hexafluorobenzene 17 and 1 equiv of CspCO3 in pyridine at 110 °C for 7 h in the presence of 2.5 mol %
ave 96 % chemically pure 10h in 63 % yield (eq. 4).

F
[y — 1 -
i " Cs,CO;, pyridine r@iy@ @
= (CuOTH,CH, 110°C 0
7h £ By

14 18 10h

, compounds 10a-g were converted into the
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corresponding organozinc halides 9a-g (X = Cl, Br) according to two different protocols. The first of these
(Procedure A), which was used to prepare compounds 9a-¢ (X = Cl) and 9f (X = Cl), involved the conversion
of 10a-c and 10f to the corresponding organomagnesium bromides followed by transmetallation with a slurry
of dry ZnCl2 (1.3 equiv) in THF at 0 °C (eq. 5).

1) Mg, THE, A
Ar-Br 2) T Ar—ZnCl (5)
10a-c 10f 2 ZnCl, THF,0°C 9a-c, 9f

a b ' f

MO~ N s

AT 'S LA U”“Y oy

Unfortunately, this protocol proved to be unsuitable to prepare 9d (X = Cl) from 10d. In fact, an attempt
to prepare a THF solution of the Grignard reagent derived from 10d gave an unsatisfactory result, this
Grignard reagent being obtained in low yield. On the other hand, compounds 9d,e (X = Br), 9g (X = Br) as
well as 9a (X = Br) were successfully prepared from the corresponding aryl bromides, i.e. 10d, 10e, 10g and
10a, respectively, using the general procedure reported in the literature for the synthesis of functionalized
organozinc halides via the corresponding organolithiums.23 (Procedure B). In particular, the above mentioned

arv] hromidec were converted into the correenonding organolithinms by the <low addition of a wolution of
“as A WVIVIMNUWY YT i v WVILY Wi v d11vy viaw VU“VQPVII“IKI& VA&“IIVIAILLA“IAAJ VJ LW JAVYY AUIBLLIVIL UL A4 OViIU RV VL
Wit litlaziaens /1 NK aviiier Y 3:m havnma ¢t~ tha neol] lhenmaidas Aiccnlarad 1im TIIC /e~ ) L o oy 1. 1)
Uul.ylllllllul I L1.VU0 C\lulv} Ut 11IcAallc W uic dlyl UIUVITHIUC ) UIdDUIVLLU 1l 1. 1)

which was maintained at - 1

- 100 °C affording stable solutions of the desired arylzmc bromides (eq. 6).

Ar—Br
10a, 10d-¢, 10g 9a, 9d-e, 9g

However, an attempt to efficiently prepare 2-(pentafluorophenoxy)phenylzinc bromide 9h starting from
10h arccecardineg to thic nrotacn]l wae nnenececeful In fact it wace nheerved that hvudroalvcic of the reaction
aAvUil a.\l\é\/\’lullls L7 L1y }IAULUU\I‘ YYa4o UlIoUVWVLOOL UL 431 1AVL, 1L YTUO VUUOWVE VWU Uiy i ywi vl A0 VUi MV flviavuavi

mixture, which was obtained by addition of butyllithium (1.05 equiv) to a solution of 10h in a
THF/EtpO/hexane mixture (4 :1: 1) at - 100 °C followed by treatment at - 100 °C with a THF solution of dry
ZnBr; (1.25 equiv), produced a mixture of two components in a 26 : 74 molar ratio. The major component had
a MS spectrum which was consistent with that corresponding to compound 18 and the minor component

corresponded to compound 19, which derived from hydrolysis of 9h.
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On the basis of this result, no attempt was made to use so prepared 9h for the synthesis of the correspond-
ing methyl 2-oxo-2-arylacetate. Table 1 summarizes the results of the Pd-catalyzed reactions between 3d and
the organozinc halides 9a-g. Data inspection reveals that the desired compounds 1 were obtained in high yields
(84-91 %) when the reactions were performed using arylzinc bromides prepared according to Procedure B

&

(entries 2, 3, 6 and &, Table 1). It should also be noted that these reactions were very clean and proceeded in a

Table 1. Synthesis of methyl 2-oxo-2-arylacetates la-g by Pd-catalyzed reaction between organozinc
halides 7a-g and methyl oxalyl chloride 3d.”
Ar—ZnX  + Cl._ COOMe Pd(PPhy),, THEF Ar~_. COOMe
roen b 0°C,2-21h b
9a-g O 3d U la-g
Organozinc halide Reaction Product Isolated
Entry time yield
9 Ar X (h) 1 (%) D
MeO. -
1 9a 9 7l cl 14,09 1a 52
XN

o MeO
2 9a Br 3.5 1a 91

Cl
3 o © AN Cl A5 1h 60
M i ) iU Uy
2N
s o L)
a o) . ~1 AN E'l £1
< (N Ul 4.0 IC 0l

6 9e © @

h
5 9d i 3“/\/ \/Y Br 3.5 1d 91
A

Br 5.5 le 84
CF3 ~
PN
7 9f © UL O&rJ Cl 21.0 1f 74
CF 0

8 9g 9 .QS;O N Br 6.0 1g 91
/

a) Unless U‘_ho rwisc reported the reactions between 3d and compounds 9 (1.2 equiv) were carried out at 0 °C in the presence of 5
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mol % Pd(PPh3);. b) Based on methyl oxalyl chloride 3d. c¢) This organozinc chlondc was prepared according to Procedure A.

d) This reaction was carried out for 14 h at -20 °C and for 16 hat 0 °C. e) This organozinc bromide was prepared according 10
Procedure B,
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Moreover, the crude products, which were obtained from these reactions, proved to be contaminated by
small amounts of byproducts which included homo-coupled products derived from arylzinc chlorides as well as
decarbonylated cross-coupled compounds.

Very likely, the fact that the Pd-catalyzed reactions involving arylzinc chlorides afforded yields, which
ere lower than those which were obtained when arylzinc bromides were used, was mainly to be ascribed to
the lower reactivity of arylzinc chlorides in the step of the catalytic cycle which corresponds to the

e all *
transmetallation reaction. On the other nana, inc PGSSIU.h
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presence of magnesmm halides in the THF solutions of the aryizinC Cnioraes prt:pdrcu accoraing 1o rroceaiire

e
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A via the corresponding Grignard reagents could be excluded. In fact, it was found that when a THF slurry of
MgBr;, which was obtained by reaction of 1,2-dibromoethane and Mg in THF, was added to an equimolar
amount of 9d (X = Br) prepared according to Procedure B and the resulting mixture was used in a Pd-catalyzed
reaction with 3d under the same conditions used in entry 5 of Table 1, the desired cross-coupled product 1d was
obtained in a yield (83 %) which was comparable to that obtained (91 %) when 1d was synthesized from 9d
free of MgBr7 (entry 5, Table 1).

Finally, it must also be mentioned that pre-catalysts different from Pd(PPh3)4 were also tested in the Pd-
catalyzed reaction between 95 (X = Cl) and 3d. However, it was found that those constituted of Pd(dba); and

AsPh3 (Pd : As =1 : 1), PdCI1p(PPh3); or PA(OAc); and 1,1'-bis(diphenylphosphino)ferrocene (dppf) (Pd : dppf
=1: 1) were less efficient than Pd(PPh3)4 and afforded the desired cross-coupled product, ib, contaminated by
significant amounts of byproducts.

Methyl (E)- and (Z)-O-methyloximino-2-arylacetates
With an efficient route to compounds la-g established, we next investigated the use of these a-ketoesters

or the preparation of the corresponding methyl (E)-O-methyloximino-2-arylacetates (£)-Sa-g and their (Z)-

stereoisomers. We found that treatment of la-g with an excess (2.8 - 4 equiv) of O-methylhydroxylamine

hydrochloride 20 in pyridine at 20 - 70 °C provided cleanly stereoisomeric mixtures of compounds (E)- and
(Z)-5a-g in high yield.
Ar
nnnr\nr\/&m/OMe
IVIG\ v N
Ar (E)-Sa-g
| ci o~ i~ 1) pyridine, 20 - 70 °C . -
Al + MeONHyHCI 2 + @)
O~ ~COOMe 2) MPLC on silica gel Ar
la-g 21 |
—~
—— MeOOC” =N

Interestingly, these stereoisomers could be easily separated in pure form by MPLC on silica gel (eq. 7).
As shown in Table 2, where the results obtained in the preparation of compounds (E)- and (£)-5a-g are

summarized, all reactions provxded sterecisomeric mixtures, but compoundq (E)-Sc (E)-5d, and (E)-5g were

the major CoOmponenits or ne stereoisomeric mixtures which were o
h
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Table 2), (E)-5f (entry 6, Table 2) as well as (E)-5 a, which was obtained from a reaction performed at 70 °C
(entry 1, Table 2), were the minor components of the corresponding stereoisomeric mixtures. It is also
interesting to note that methyl O-methyloximino-2-arylacetates so prepared included compound (E)-S ¢, which
is known to be an agrochemically important and commercially available fungicide, its (Z)-stereocisomer as well
as the trifluoromethyl analogues of these substances, i.e. compounds (E)- and (Z)-5g , respectively.

Table 2. Synthesis of methyl (E)- and (Z)-O-methyloximino-2-arylacetates, (£)- and (Z2)-5, from com-

pounds 1 and O-methylhydroxylamine hydrochloride 20.
Entry Reagent 20/1 Reaction Product
Molar ratio itions
- _ conditions 5 gy s Tsolated vield( % )
l Ar (T/h) A% /1\{ (*) o A ’
molar ratio s = e =
(E)-5 ()5
MeO
1 la @ 4.0 70/17.5  S5a  17:83 12 56
. - Cloy L
2 ib u 2.8 20/17.5 5b 28:72 24 63

=
b ~~ m
3 1c NU\/\\( 3.0 20/17.5 5c 69: 31 63 28
N

=
CF |
4 14 Va0 3.0 20/17.5  5d  75:25 7125
| - !
S ’d
5 le Py 3.0 20/17.5  Se  44:56 46 52
CF3 OT
N A
6 af U o@ 3.0 20/17.5  5f  45:55 4 53
CFs [
7 1o /LQ/O X 20 MY/ E than £o £7. A2 I ¥4 A"
i 15 | ] I J U/ U, e JE LoD JU L 79
# 37/6

(*) Evaluated by GLC of the crude reactuon product.

We observed that all compounds of general formula 5, to which the (Z)-configuration was assigned, had

R¢ values in their TLC analyses which were higher than those of the corresponding (E)-stereoisomers and that

compounds (Z)-§ were also first eluted by MPLC on sili cel. Moreover. GLC analvses. which were

ompounds € also nrst eluted by MEFLC on silic gel. Moreover, ULC analyses, which were
narfarmnad Aan CE_2N hand LCOYT ecaliimn or an an AT_2 handad ECOYT ~nlivmanm sho ad thas oll
}Jbllulul\,u Ull a oL.TJuU uuliug LI\ vulyiun 1 Ull allr mi1-J UULIULU 1 IV ULk, Dl Wcu Liiat aii

corresponding (Z)-stereoisomers.
Compounds (E)- and (Z)-5a-g were characterized by MS, IR, 1H and 13C NMR analyses as well as by
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elemental analysis. Moreover, the structure and stereochemistry of all these compounds except (E)- and (Z)-5b
were unambiguously assigned on the basis of their 'H and 13C NMR spectra at 600 and 150 MHz, respectively,
and by a combination of NMR techniques which included 1D- or 2D-Overhauser experiments (NOESY), 'H-
13C heteronuclear multi-quantum coherence (HMQC) experiments as well as 'H-13C long-range heteronuclear
shift correlation. Interestingly, in compounds (E)-Sa and (E)-5¢-g the 13C NMR signal assigned to the O-

methyloxmnno group had a chemical shift value (8§ 63.6 - 63.9 ppm) which was higher than that of the
Z)-sterepisomers (3 62.8-633

repisomers (8 62, ppm).

Vi &Y /o "l

corresponding (Z)-stereoisomers { 7.2 - 150.7 ppm). Moreover, it was observed that in the MR spectra
of compounds (E)-5a and (E)—Sc-g the signal assigned to the H-6 proton had a chemical shift value (5 7.21 -
7.45 ppm) which was lower than that of this proton in the corresponding (Z)-stereoisomers (8 7.35 - 7.83 ppm).
As regards the stereoisomers of 5b, the following data allowed us to assign the (E)-stereochemistry to the
minor component of the stereoisomeric mixture obtained from 1b and 20 (entry 2, Table 2). Firstly,
analogously to (E)-5a and (E)-5c-g, this minor component was last eluted in TLC and MPLC on silica gel.

Secondly, some l?’C and 'H NMR parameters of this minor component were found to be analogous to those of

roamnnnont QA }2} o~ /‘m‘f“)] < 1 T ‘]‘4\]1‘[‘ Ix AQ 7 ““m\ A\ Y) 1[‘ /0 C 147 ar t arn thf (\“‘ fl\ﬂ /‘I\""ﬂ(‘“l‘\'\f‘1f\"
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nent the signal assigned to
its C=N group had a chemical shift value (8 147.9 ppm) which was lower than that of this group (8 149.3 ppm)
in the major component of the stereoisomeric mixture. Finally, the 1H NMR signal assigned to the H-6 proton
of this minor component had a chemical shift value (8 7.40 ppm) which was lower than that of this proton (5
7.50 ppm) in the major component of the stereoisomeric mixture obtained from 20 and 1b.

It must also be noted that when the TH and 13C NMR spectra of (Z)-5 b in CDClj solution were registered
it was observed that this compound underwent partial stereomutation. This observation prompted us to

e stereochemical stability of compounds (Z)-5a-g. On the other hand, this

[«
o
)
3

)

[—]

.

D.

compounds 1, could be enriched in their (E)-stereoisomers. This possibility seemed quite interesting since, on
the basis of the patent literature,!7 it could be expected that some compounds (E)-5 among those synthesized
had fungicidal activity higher than that of the corresponding (Z)-stereoisomers. Thus, 0.12 M benzene solutions
of (Z)-5a-g and (E)-Sb were treated with catalytic quantities of iodine at 20 - 63 °C in the presence of daylight
and the corresponding reaction mixtures were periodically monitored by GL.C (Table 3). As shown in this table,
under the reaction conditions employed, compounds (7#)-Sa and (E)-Sb were found to be signiﬁcantly

stereochemically labile at 50 - 63 °C and 20 °C, respectively (entries 2 and 4, Table 3) and (Z)-5 ¢ and (Z2)-5f,

E <
g} —~

catoed for lone nerinde of time (entrieg § and 10 Tahlae Y On the contrarv. (2 -85d nroved to cteren-
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be able to afford small amounts if their (E)—stereoisomers only after long periods of time at 20 °C or at 50 -63
°C (entries 3, 8 and 12, Table 3). However, all these data showed that no general conclusion on the relationship
between structure and stereochemical stability of compounds (Z)-§ could be drawn.

Finally, it is worth mentioning that in connection with our ongoing studies relating to the identification of
compounds to be used for controlling the germination of the conidia and spores and the growth of fungal strains
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isolated from deteriorated papers,16:2% we undertook an investigation aimed at evaluating the bioactivity of
some substances, among those of general formula (E)- and (Z£)-5 so prepared, against Penicillium chrysogenum
and Aspergillus parasiticus.

Table 3. Stereomutation of compounds (Z)- and (£)-5 in the presence of daylight and catalytic

amounts of iodine ¥.

Ar Ar
o hv, I, benzene A _OMe
MeOOC’ \‘I‘I\I MeOOC N
(Z)-5a OMe (E)-5
Entry Reagent Iodine Reaction conditions Product
(mol %) (days / °C) Compound (E) / (£)- ratio
1 (Z)-5a 5 6/20 (Z)-5a 0.2:99.8
2 (Z)-5a 5 6/ 20 then (EYZ)-5a 21: 77
2 /50 then
4/63
3 (Z£)-5b 5 5/20 (EXZ)-5b 9:91
4 (E)-5b 1 10/20 (E)(Z)-5b 30: 70
5 (Z)-5¢ 5 10720 {Z)-5¢ <0.1:>999
6 (Z)-5¢ 5 5/63 (EX(Z)-5¢ 37:63
7 (Z)-5d 5 6/ 20 then (Z)-5d <0.1:>999
2/ 50 then
4/63
8 (£)-5¢ 5 6 /20 then (E)(Z)-5e 2:98
2/ 50 then
4/63
9 (Z)-5f 5 6/20 (Z)-5f 0.5:99.5
10 (Z)-5f 5 6/ 20 then (EYZ)-5f 77:23
2/ 50 then
4/63
11 Z)-5 5 6/ 20 then (2)-8 <0.1: >99.9
(£)-58 8750 g
12 (Z)-5g 5 g///%g g’;gg (EXZ)-5¢g 9:91
4/63
a) These reactions were performed using 0.12 M benzene solutions of compounds (Z)- or (E)-5.
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In preliminary experiments compounds (E)-5¢, (Z)-5¢, (E)-5f and (Z)-5f were tested at 27 °C at
concentrations as low as 0.5 x 104 M for periods of time until 15 days and these tests were performed
according to the same procedure previously employed to evaluate the bioactivity of some 2-aryl substituted
methyl (E)-3-methoxypropenoates.16:24 These tests showed that the bioactivity of (E)-5¢ was higher than that
of (F)-5f and that (Z2)-8c¢ and (Z)-5f were less effective than the corresponding (E)-stereoisomers. All these
compounds proved to be able to delay the growth of the tested fungal strains, but their bioactivity proved to be

significantly lower than that of some 2-aryl substituted methyl (£)-3-methoxypropenoates which we had
mthacizad 16,24

hesized.
or the synthesis of methyl 2-oxo-2-arylacetates 1 has been
developed. This procedure, which involves the Pd-catalyzed reaction between arylzinc halides 9 (X = Cl, Br)
and methyl oxalyl chloride 3d, is clearly a significant improvement in terms of simplicity and efficiency over
several procedures previously reported in the literature for the synthesis of a-ketoesters.”-9:11.13,14 In these Pd-
catalyzed reactions the best yields were obtained when the coupling reactions involved arylzinc bromides
prepared from the corresponding aryl bromides by the procedure reported in the literature for the synthesis of

functionalized organozinc halides via the corresponding organolithiums.23 Compounds 1 were then converted

ign
a

n

included either a substance which is known to be a very important agrochemical fungicide, i.e. (£)-5¢, as well
as its fluorinated analogues, i.e. compounds (£)-5 g and (£)-5 d. It has aiso been observed that compounds (Z)-
5a, (E)-5b, (Z)-5¢ and (Z)-5f undergo significant stereomutation in the presence of daylight and catalytic
quantities of iodine. On the contrary compound (£)-5d proved to be stereochemically stable under the
experimental conditions used. Finally, it is also worth noting that some compounds among those of general
formula (E)- and (Z)-5 have been found to be able to delay the growth of fungal strains isolated from
deteriorated papers, but they proved to be less effective than some previously synthesized 2-aryl substituted

methyl (E)-3-methoxypropenoates.

AN m £ar TT O
All I 101 110

(@

lting points are uncorrected. Precoated plastic silica
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heets Merck 60 F,sy4 were use
analyses. GLC analyses were performed on a Dani GC 1000 instrument with a PTV injector, which was
equipped with a Dani data station 86.01. Two types of capillary columns were used: an Alltech AT-1 bonded
FSOT column (30 m x 0.25 mm i.d.) and an Alltech AT-35 bonded FSOT column (30 m x (.25 mm i.d.).
Purifications by MPLC were performed on a Biichi instrument, using a Bischoff 8100 differential refractometer
as detector. GLC/MS analyses were performed using a Q-mass 910 spectrometer interfaced with a Perkin-
Elmer 8500 gas-chromatograph. 1H NMR spectra were recorded on a Varian Gemini 200 MHz spectrometer or

a Rruke MX 600 snec Y 2 1 T 1 resnectivelv. IR spectra were
a Druxer ANMA QUL SpECh using 1ivi 2 5 D y D
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sensitive solutions were transferred with hypodermic syringes or double ended needles. Solvents were dried and

distilled before use. The following compounds were prepared according to the literature: 1-bromo-2-

(5%

(V8]
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phenoxybenzenc 101 f,2! Pd(PPh3)s,25 PdCl(PPh3)2.2% THF slurries of 4- -methoxyphenyizinc chioride 9a (X =
Cl), 4-chlorophenylzinc chloride 9b (X = Cl), 2-2(2-methylphenoxymethyl)phenylzinc chloride 9¢ (X = Cl)
and 2-phenoxyphenylzinc chloride 9f (X = Cl) were prepared by reaction of THF solutions of the
corresponding Grignard reagents with a THF slurry of 1.3 equiv of dry ZnCly in THF (Procedure A). On the
other hand, THF solutions of 4-methoxyphenylzinc bromide 9a (X = Br), 2-[3-
(trifluoromethyl)phenoxymethyljphenylzinc bromide 9d (X = Br), 2-|2-(trifluoromethyl)phenoxy|phenylzinc

bromide 9e (X = Br) and 2-[2-(trifluoromethyl)phenoxymethyl|phenylzinc bromide 9 g (X = Br) were prepared

DIOMICC DI} a4l £-{ 2-tU Y I 141 oronnde 3 €re prepdl
by the slow addition of 2 1.6 M hexane solution of 1.05 eguiv of butvllithium to solutions of the aryl bromides
oy the siow acaition of a 1.6 M hexane solution of 1.03 equiv of putyuithium ulions ©f (ng ary: Dromiaes
1Tha TNA 1DA ond 10 rivaly 1in a THE/XN ANV havans mivinra (4 -1 . hinh . 1NN
iVa, 1va, 1ive anda 1v {ively, 10 & 1 nr/Bigu/nexXane miXwie (40 1 0 1) wWilllhi was I INca at - 1y

mixtures were allowed to warm up to room temperature (Procedure B).

I-Bromo-(2-methylphenoxymethyl)benzene Ific. A solution of 2-bromobenzyl bromide 11 (12.50 g, 50.0
mmol) in dry acetone (11 ml) was added to a mixture of o-cresol 12a (5.41 g, 50.0 mmol) and potassium
carbonate (powder, 6.91 g, 50.0 mmol) in dry acetone (15 ml) and the resulting mixture was stirred under reflux
for 2.5 h. It was then cooled to room temperature, concentrated under reduced pressure and the residue, which
was diluted with water, was extracted repeatedly with Et»(). The collected organic extracts were washed with
water, dried and concentrated in vacuo. The residue was purified by MPLC on silica gel, using hexane as

Q Y s
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1-Bromo-2-[3-(triflucromethyl)phenoxymethyl]benzene 10d. The crude reaction product, which was obtained
by reaction of o, o-trifluoro-m-cresol 12b (8.11 g, 50.0 mmol) with 2-bromobenzyl bromide 11 (12.47 g, 50.0
mmol) and K7COs3 (6.91 g, 50.0 mmol) in dry acetone (55 ml) under reflux for 7 h according to a procedure
very similar to that employed for the synthesis of 10¢, was purified by MPLC on silica gel, using hexane as

eluant, to give pure 10d (15.88 g, 96 % yield) as a low melting solid. M.p. 26-27.5 °C. MS, m/z (%): 332 (3),
330 (3), 172 (8), 171 (10()) 169 (92), 133 (4), 113 (6), 90 (62), 75 (6). 'H NMR (CDCl3, 200 MHz): § 7.68-
7.08 (8H, br m, Harom), 5.14 ppm (2H, s, CH>7). Anal. Calc for Cyj4F3H10BrO: C, 50.7 3.04. Found: C
50.33; H, 2.97.

s

i-Bromo- .4 [d (Irl]luoromemyt)pnenoxymemyt/nenzene lUg The (.I'l.l(.lC I'Cd(,llOl’] proaua, which was ODIdIHCG
by reaction of o,o,o-trifluoro-o-cresol 12¢ (3.98 g, 24.6 mmol) with 2-bromobenzyl bromide 11 (6.12 g, 24.6
mmol) and K2CO3 (3.39 g, 24.6 mmol) in dry acetone (25 ml) under reflux for 6 h according to a procedure
very similar to that employed for the synthesis of 10¢, was purified by MPLC on silica gel, using hexane as
eluant, to give 99 % chemically pure 10g (9.83 g, 97 % yield) as a crystalline solid. M.p. 78.5-80.5 °C. MS,
miz (%): 332 (1), 330 (2), 172 (7), 171 (100), 170 (7), 160 (89), 113 (4), 90 (51), 63 (15). IR (KBr)): v 1325,
1262, 1126, 1113, 1037, 752 ¢cm-1. IH NMR (CDCl3, 200 MHz): & 7.69-7.40 (4H, br m, Harom), 7.36 (1H,

eudo-t, J =7.2 Hz, H-4 or H-5 or H-4' or H-5), 7.18 (1H, pseudo-t, J = 7.2 Hz, H-5 or H-4 or H-5' or H-4"),

ne,
frocaall ) 3 VAN i3 ,uvv- L 124, IT2-0 O 13-4 O 2121



7.20-6.93 (2H, m, Harom), 5.22 ppm (2H, s, CH3). 13C NMR (CDCi3, 50 MHz): 156.1, 135.6, 133.4, 132.4,
129.2, 128.2, 127.8, 127.3, 126.5, 121.4, 121.1, 120.6, 113.2, 69.6 ppm. Anal. Calc for C;4F3H10BrO: C,
50.75; H, 3.04. Found: C, 50.51; H, 2.90.

1-Bromo-2-[3-(trifluoromethyl)phenoxy|benzene 10e. o.o.a-Trifluomethyl-m-cresol 12b (9.73 g, 60.0 mmol),
1,2-dibromobenzene 13 (7.08 g, 30.0 mmol) and ethyl acetate (0.146 ml, 1.50 mmol) were added under an
argon atmosphere to a deareated and stirred mixture of molecular sieves 5A (7.5 g), Cs2CO3 (19.55 g, 60.0
mmol), (CuOTf)2-CgHg (0.377 g, 0.75 mmol) and 1-naphthoic acid (7.23 g, 42.0 mmol) in dry toluene (24 ml)

and the resulti ting mixture, which was nerl(_)(_h ]Iv monitored hv GLC, was maintained at 110 °C for 9da ys. The
mixture was then cooled to 20 °C, diluted with toluene and filtered. The remaining molecular sieves were
stirred for 0.5 h with another portion of toluene and the mixiure was fltered. The collecied filirates were
SUIed 101 U.0 11 Wil afnoulct poruoil O1 101UeChie ana ince mixture wds 11iered. 1nc collected filtrates were

washed with a diluted aqueous NaOH solution and brine, dried and concentrated in vacuo. The residue was
purified by MPLC on silica gel, using hexane as eluant, to give 97 % chemically pure 10e (5.01 g, 53 % yield)
as a colourless liquid. MS, m/z (%): 318 (44), 316 (41), 237 (24), 217 (100), 168 (57), 145 (11), 95 (11), 76
(14), 75 (26). TH NMR (CDCl3, 200 MHz): 5 7.65 (1H, dd, / = 7.9 and 1.4 Hz, H-2 or H-5 or H-6' or H-4"),
7.42 (1H, pseudo-t, J = 7.7 Hz, H-4 or H-3 or H-5"), 7.38-7.24 (2H, m, Harom), 7.20 (1H, br s, H-2"), 7.16-6.98
ppm (3H, br m, Harom). Anal. Calc for C13F3HgBrO: C, 49.24; H, 2.54. Found: C, 49.65; H, 2.52.

1-Bromo-2-(pentafluorophenoxy)benzene 10h. o-Bromophenol 14 (6.06 g, 35.0 mmol) and hexafluorobenzene
7 (16.93 g, 91.0 mmol) were added to a deareated mixture of (CuOTf)z C()H(, 0.44 g, 0.88 mmol) and

35.0 mmol
he organic phase was then dried and concentrated
in vacuo. The residue was purlfied by MPLC on silica gel, using hexane as eluant, to give 96 % chemically
pure 10h (7.50 g, 63 % yield) as a colourless liquid. MS, m/z (%): 340 (25), 338 (26), 259 (30), 231 (52), 157
40y, 117 (26), 93 (14), 76 (81), 75 (100). IR (film): v 1518, 1475, 1222, 1047, 1021, 1001 cml. ITH NMR
(CDCl3, 200 MHz): 87.63 (1H, d,J = 7.7 Hz, H-3 or H-6), 7.23 (1H, pseudo-t, J = 7.8 Hz, H-5 or H-4), 7.01
(1H, pseudo-t, J =7.7 Hz, H-4 or H-5), 6.72 ppm (1H, d, J = 7.8 Hz, H-6 or H-3). Anal. Calc for C12FsH4BrO:
C,42.51; H, 1.19. Found: C, 42.83; H, 1.10.
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reagent (45.4 ml, 19.5 mmol) to a slurry of dry ZnClp (3.45 g, 25.3 mmol) in THF, which was stirred at 0 °C.
After strring for 15 min at 0 °C and for 10 min at 20 °C, Pd(PPh3)4 (0.94 g, 0.82 mmol) was added. The
mixture was then cooled to 0 °C and 3d (1.49 ml, 16.3 mmol) was quickly added. The resulting mixture, which
was periodically monitored by GLC, was stirred at 0 °C for the period of time reported in Table 1 and
hydrolyzed at 0 °C with a cold saturated aqueous NH4Cl solution. After usual workup, the crude reaction
product was diluted with the solvent which was subsequently used for its purification by MPLC on silica gel
and filtered over Celite. The filtrate was concentrated in vacuo and the residue was purified by MPLC on silica

gel. Compounds 1a, 1b, Ic and 1f were prepared according to this procedure (entries 1, 3, 4 and 7, Table 1).



Methyi 2-oxo-2-(4-methoxy)phenyiacetate ia. The crude reaction product, which was obtained from the Pd-
catalyzed reaction between 3d and 4-methoxyphenylzinc chloride 9a (X = Cl) according to the above
mentioned procedure (entry 1, Table 1), was purified by MPLC on silica gel, using a mixture of hexane and
Et20 (75 : 25) as eluant, to give in 52 % yield chemically pure 1a as a colouress solid. M.p. 49-50.5 °C. MS,
miz (%): 194 (2), 137 (1), 136 (10), 135 (100), 107 (12), 104 (1), 92 (23), 77 (20), 73 (3). IR (KBr): v 1732,
1672, 1600, 1268, 1220, 1168 cm-!. 1H NMR (CDCl3, 200 MHz): 8 8.01 (2H, dm, J = 8.9 Hz, Harom), 6.98
(2H, dm, J = 8.9 Hz, Harom), 3.96 (3H, s, OCH3), 3.90 ppm (3H, s, OCH3). Anal. Calc for CigH1004: C,
61.85; H, 5.19. Found: C, 61.92; H, 5.50.

Mrehyl 2-0xo0-2-(4-chloro)phenylacetate 1b. The crud n
catalyzed reaction between 3d and 4- hlorophenylzinc chloride (X U) was punh ed by MPLC on silica
= < 1
« 1

eaction product, which was obtained
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pale yellow solid. M.p. . MS, m/z (%): 198 (1), 141 (32), 140 (7) 139 (100), 113 (14), 111 (43), 76
(6),75 21, 74 (7). IR (KBr): v 1729, 1685, 1588, 1214, 1171, 1005 cm- I I NMR (CDCl3, 200 MHz): § 8.00
(2H, d, J = 8.6 Hz, Harom), 7.49 (2H, d, J = 8.6 Hz, Harom), 3.98 ppm (3H, s, OCH3). Anal. Calc for

CoH7Cl103: C, 54.43; H, 3.55. Found: C, 54.30; H, 3.37.

Methyl 2-0x0-2-[2-methylphenoxymethyl]phenylacetate Ic¢. The crude reaction product, which was obtained
from the Pd-catalyzed reaction between 3d and 2-(2-methoxyphenoxymethyl)phenylzinc chloride 9¢ (X = Cl)
according to the above mentioned procedure (entry 4, Table 1), was purified by MPLC on silica gel, using a

mixture of benzene and hexane (60 : 40) as eluant, to give in 61 % yield chemically pure le as a colourless oil

12V 177 MY 140 /86y 110 74N 11Q /27 Q1 (74N T (M R (Film)e 1727 16£RQ7T 1408 1740 179NA 789
{10), L7141 WAF)y A7 \JU), 11T \FU), 110 \2L), 71 \ 1), 11 & o uux) V 17107, 1007, 19470, 14944, 144, /&
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7.64 (1H, pseudo-t, J = 7.7 Hz, H-5 or H-4), 7.44 (1H, pseudo-t, J = 7.7 Hz, H-4 or H-5), 7.25-7.08 (2H,
3" and H-5), 5.39 (2H, s, CHp), 3.80 (3H, s, OCH3), 2.29 ppm (3H, s, OCH3). 13C NMR (CDCl3, 50 MHz): &
187.9, 163.6, 156.2, 140.7, 134.0, 132.3, 130.8, 130.5, 127.5, 127.4, 127.0, 126.9, 121.0, 111.3, 68.0, 52.7, 16.4
ppm. Anal. Calc for C17H1604: C, 71.82; H, 5.67. Found: C, 71.65; H, 5.53.

Methyl 2-oxo-2-phenoxyphenylacetate 1f. The crude reaction product, which was obtained from the Pd-
catalyzed reaction between 3d and 2-(phenoxy)phenylzinc chloride 9f (X = Cl) according to the above

mentioned procedure (entry 7, Table 1), was purified by MPLC on silica gel, using a mixture of benzene and
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Y, 76 {4). IR (film): v 1746,
: 7.8 Hz, H-3 or ii-6), 7.52 {iH, 1,/ = 7.2

(2H, t, J = 7.8 1z, H4andH 5), 7.20 (2H, pseudo-t, J = 7.3 Hz, H-3' and H-5"), 7.06 (2H, d, J = 7.3 Hz, H-2'
and H-6'), 6.86 (1H, d,J = 7.8 Hz, H-6 orH 3), 3.69 ppm (3H, s, OCH3). 13C NMR (CDCl3, 50 MHz): 5 185.9,
165.0, 158.3, 155.4, 135.9, 130.5, 130.0 (2 carbons), 124.6, 123.4, 119.4 (2 carbons), 118.0, 117.8, 52.3 ppm.
Anal. Calc for C1sH;204: C, 70.31; H, 4.72. Found: C, 70.20; H, 4.53.

General procedure for the Pd-catalyzed cross-coupling reactions between methyl oxalyl chloride 3d and the
arylzinc bromide 9a (X = Br), 9d,e (X = Br) and 9g (X = Br) prepared according to Procedure B. A 1.74 M



solution of butyllithium in hexane (8.98 ml, 15.6 mmol) was added during 5 min to a solution of an aryl
bromide (10a, 10d, 10e or 10g) (15.0 mmol) in a mixture of THF/EtpO/hexane (4: 1 :1) (72 ml) maintained
under argon at - 100 °C and the resulting mixture was stirred for 12-25 min at - 100 °C. A solution of dry ZnBr»
(4.22 g, 18.7 mmmol) in THF (30 ml) was added to - 100 °C and the resulting mixture was allowed to warm up
to 20 °C. Pd(PPh3)4 (0.72 g, 0.63 mmol) was added, the mixture was cooled to 0 °C and 3d (1.53 g, 12.5
mmol) was quickly added. The resulting mixture, which was periodically monitored by GLC, was stirred at 0

°C for the period of time reported in Table 1 and hydrolyzed at 0 °C with a cold saturated aqueous NH4Cl
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and the residue was purified by MPLC on silica gel. Compounds 1a, 1d, 1e and 1g were rcpared according

to this procedure (entries 2, 5, 6 and §, Table I).

Methy! 2-oxo0-2-(4-methoxy)phenylacetate 1a. The crude reaction product, which was obtained from the Pd-
catalyzed reaction between 3d and 9a (X = Br) according to this general procedure (entry 2, Table 1), was
purified by MPLC on silica gel, using benzene as eluant, to give chemically pure 1a in 91 % yield. The
physical and spectral properties of this compound were in agreement with those of 1a prepared from 3d and
9a (X =CI).

Methyl 2-0xo-2-[3-(trifluoromethyl)phenoxymethyl]phenylacetate 1d. The crude reaction product, which was
obtained from the Pd-catalyzed reaction between 3d and 2-[3-(trifluorometyl)phenoxymethyl}phenylzine
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as a viscous oil. MS, m/z (%): 338 (1), 279 (20), 177 (79), 149 (46), 119 (32), 118 (35), 90 (100), 89 (
(9). IR (film): v 1741, 1688, 1330, 1207, 1170, 1125 cm!. TH NMR (CDCl3, 600 MHz): & 7.828 (1H, dd, J =
7.4 and 1.5 Hz, H-6), 7.771 (1H, d, J = 7.4 Hz, H-3), 7.666 (1H, ddd, / = 7.4, 7.4 and 1.5 Hz, H-4), 7.486 (1H,
dd, J = 7.4 and 7.4 Hz, H-5), 7.410 (1H, dd, J = 8.2 and 8.2 Hz, H-5"), 7.248 (1H, d, J = 8.2 Hz, H-4'), 7.231
(1H, s, H-2), 7.140 (1H, dd, J = 8.2 and 2.2 Hz, H-6"), 5.451 (2H, s, CHp), 3.878 ppm (3H, s, OCH3). 13C
NMR (CDCl3, 150 MHz): 6 187.89 (C=0), 163.63 (0=C-0), 158.22 (C-1), 139.47 (C-2), 134.16 (C-4), 132.46
(C-6), 132.03 (q, Jo.r = 32.9 Hz, C-3'), 130.45 (C-1), 130.13 (C-5", 127.80 (C-5), 127.58 (C-3), 123.89 (q, JC-

17.95 (C-6Y), 112.00 (C-2"), 68.40 (CH»), 52.95
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from the Pd-catalyzed reaction between 3d and 2-[3- (mfluoromethyl)phenoxy]phenylzmc bromide %e (X =
Br) according to the above mentioned procedure (entry 6, Table 1), was purified by MPLC on silica gel, using a
mixture of benzene and hexane (70 : 30) as eluant, to give in 84 % yield chemically pure 1e as a viscous oil.
MS, m/z (%): 324 (1), 265 (100), 245 (14), 217 (10), 168 (12), 139 (9), 95 (7), 92 (14), 75 (10). IR (film): v
1746, 1452, 1330, 1265, 1175, 1130 cm-!. TH NMR (CDCl3, 600 MHz): § 7.993 (1H, dd, J = 7.6 and 1.7 Hz,

-6), 7.581 (1H, ddd, J = 8.4, 7.6 and 1.7 Hz, H-4), 7.511 (1H, dd, J = 8.0 and 8.0 Hz, H-5"), 7.458 (1H,d, J =
8.0 Hz, H-4), 7.326 (1H, s, H-2"), 7.291 (1H, ddd, J = 7.6, 7.6 and 0.9 Hz, H-5), 7.238 (1H,dd,/ =8.0 and 1.9
Hz, H-6"), 6.897 (1H, d, J = 8.4 Hz, H-3), 3.699 ppm (3H, s, OCH3). 13C NMR (CDCl3, 150 MHz): § 185.64

~3



(C=0y), 164.81 (O=C-0), 157.27 (C-2), 156.05 (C-1"), 136.12 (C-4), 132.67 (C-3"), 131.11 (C-6), 130.74 (C-5"),
125.32 (C-1), 124.46 (C-5), 123.45 (q, Jc-F = 271.80 Hz, CF3), 122.49 (C-6"), 121.30 (g, JC.F = 3.81 Hz, C-4"),
118.38 (C-3), 116.25 (g, Jc.F = 38.1 Hz, C-2), 52.54 ppm (OCH3). Anl. Calc for C1gF3H1104: C, 59.27; H
3.42. Found: C, 58.98; H, 3.41.

Methyl 2-oxo-2-[2-(trifluoromethyl)phenoxymethyl|phenylacetate 1 g. The crude reaction product, which was
obtained from the Pd-catalyzed reaction between 3d and 2-[2)(trifluoromethyl)phenoxymethyljphenylzinc
bromide 9¢ (X = Br) according to the above mentioned procedure (entry 8, Table 1), was purified by MPLC on

xture of benzene and hexane (ﬁﬂ An\ as eluant, to give in 91 % v19]d chemicallvpure 1o

and he» as eluant, t ogi ield cl
as a crystalline solid. M.p. 77-79 °C. MS, m/

(32), 90 (100), 89 (66). 1 7

8.014 (1H, d, J =7.9 Hz, H-5), 7.850 (1H, dd, J ) . .
H-4), 7.625 (1H, dd, J = 7.5 and 1.2 Hz, H-3"), 7.511 (1H, m, H-5"), 7.486 (1H, m, H-3), 7175(1H d,J=83
Hz, H-6"), 7.045 (1H, dd, J = 7.5 and 7.5 Hz, H-4'), 5.567 (2H, s, CH»), 3.983 ppm (3H, s, OCH3). 13C NMR
{CDCl3, 150 MHz): 8 188.19 (C=0), 164.29 (0O-C=0), 156.12 (C-1"), 140.42 (C-6), 134.96 (C-4), 133.48 (C-
51, 132.83 (C-2), 128.91 (C-1), 127.44 (C-3), 127.40 (C-5), 127.22 (g, Jc.F = 4.7 Hz, C-3), 123.84 (g4, JC.F =
271.14, CFz), 120.58 (C-4", 118.93 (y, Jc.F = 30.51 Hz, C-2"), 113.17 (C-6'), 68.41 (CH3), 52.90 ppm (OCH3).
Anal. Calc for C17F1H1304: C, 60.36; H, 3.87. Found: C, 60.47; H, 4.17.
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eral procedure for the synthe
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es
(E)- and (Z)-5. A molar excess of

is of methyl (E)- and (Z)-O-methyloximino-2arylacetates of general formula

O-m ethylhydroxylamm ydrochlondc 0 (2.8 - 4.0 equiv) was added to a
solution of a compound of general formula 1 (6.8 mmol) in dry pyridine (30 ml) and Lc resulting mixture was

stirred under argon for the period of time and at the temperature reported in Table 2. This table also summarizes
the 20: 1 molar ratios used in the preparation of compounds (E)- and (Z)- 5 according to this general procedure.
The progress of the reaction was monitored by GLC analysis. The reaction mixture was then concentrated in
vacuo and the residue, which was diluted with Et0, was washed repeatedly with water, dried and concentrated
in vacuo. Purification of the residue by MPLC on silica gel allowed to obtain chemically and stereoisomerically

pure compounds (Z)- and (E)-5. Compounds (£)- and (Z)-5a-g were prepared according to this general

- and | 7l 0- mﬂfh\)//)f)ny_n\v -2-(4- mprhnn)nhpnv acetate (E)- and (Z)-5a. A

e o {LEL

mentioned procedure (entry 1, Table 2), showed the presence o
crude product was purified by MPLC on silica gel using benzene as eluant. Concentration of the first eluted
chromatographic fractions allowed to isolate in 56 % yield the chemically and stereoisomerically pure major
component. This compound, which was shown to be (Z)-5a, had: m.p. 60-62 °C. MS, m/z (%): 223 (26), 164
(19), 148 (6), 134 (10), 133 (100), 103 (14), 92 (7), 90 (20), 77 (14). IR (KBr): v 1724, 1719, 1294, 1071, 1029,
1020 cm L. ITH NMR (CDCl3, 600 MHz): 6 7.494 (2H, d, J = 8.9 Hz, H-2 and H-6), 6.913 (2H, d, J = 8.9 Hz,

H-3 and H-5), 3.991 (3H, s, NOCH3), 3.929 (3H, s, COOCH3), 3.824 ppm (3H, s, ArOCH3). 13C NMR

(CDCla, 150 MHz): 8 164.31 (C=0), 161.37 (C-4), 150.26 (C=N), 127.75 (C-2), 127.75 (C-6), 122.63 (C-1),
114.27 (C-3), 114.27 (C-5), 62.82 (NOCH3), 55.35 (ArOCH3), 52.31 ppm (COOCH3). A NOESY experiment



showed the presence of an intense cross-peak between the resonances of H-2 and H-6 and that of the COOCHj3
protons as well as a cross-peak of lower intensity between the resonances of H-2 and H-6 and that of the
NQCH3 protons. Anal. Calc for C11H13NO4: C, 59.19; H, 5.87. Found: C, 59.60; H, 6.22.

Concentration of the last eluted chromatographic fractions allowed to isolate the minor component of the
crude reaction mixture in 12 % yield. This compound, which was shown to be (E)-5 a, had: m.p. 43-45 °C. MS,
miz (%): 223 (24), 164 (16), 148 (6), 134 (12), 133 (100), 103 (17), 92 (7), 90 (23), 77 (15). IR (KBr): v 1724,

1719, 1294 1071, 1029 1020 cm- 1 1H NMR (D12 & MH2:- 87451 (?2H 4 T = 2.9 Hz H-6 and H-2)
i 27y Liw s Wy AU I by RA\Jdw Sy A\Jdw\J Wii AL LAVAVALN \NAS LYy UV ATARERL e U P WTTU L el dy Uy 114,y 217U Al 1174 ),
L0221 MO A 7 QO U H 2 and T 8V ANAT ML o NNCLIZY 2 000 (21T OOVOWTTY 2 QA e T
U.701 (&11, U, J = 0.7 I'lL, 1170 aiild I1-JJ, 4.UU01 (311, 5, INULI1Y), J5.074 \O11, §, LUUL rl_?,) 2.004 ppIn (O, S,
A NNTT T2 ATR ATS 77NN 1 Z0 NATY A AT o~ - N P
ArQCH3). +C NMR (CDCl3, 150 MHz): 8 164.25 (C=0), 160.37 (C-4), 148.62 (C=N), 131.05 (C-2), 131.05

(C-6), 121.44 (C-1), 113.35 (C-3), 113.35 (C-5), 63.61 (NOCH3), 55.28 (ArOCH3), 52.94 ppm (COOCH3). A
NOESY experiment showed the presence of an intense cross-peak between the resonances of H-2 and H-6 and
that of the NOCH3 protons as well as a cross-peak of lower intensity between the resonances of H-2 and H-6
and that of the COOCH3 protons. Anal. Calc for C11H13NOg4: C, 59.19; H, 5.87. Found: C, 59.58; H, 6.21.

Methyl (E)- and (Z)-O-methyloximino-2-(4-chloro)phenylacetate (E) and (Z)-5b. A GLC analysis of the crude
reaction product, which was obtained from the reaction between 20 and 1b according to the above mentioned

procedure (entry 2, Table 2), showed the presence of two components in a 28 ; 72 molar r . This crude

‘‘‘‘‘‘‘‘‘‘ purif y M or el ctu id EtpO (9 t.
Cancrantratinn nf tha firet alnited chramatagranhies fractinng allawad tn icnlata 1n A2 G viald tha ~hamically and
ULV AU UL LIV 11100 viiuivu UlllUlllulUél ﬂplll\/ 1L1AVUIULID alluywulu U 1dvlatle iy ulry /o ylblu i vHicliiie lly aliu

stereoisomerically pure major component. This compound, which corresponded to (Z)-5h, had: m.p.
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MS, m/z (%): 227 (45), 170 (19), 168 (67), 155 (30), 153 (100), 137 (82), 111 (27), 102 (49), 75 (38). IR (fiim):
v 1742, 1494, 1094, 1054, 1027, 1014 cmri. 1H NMR (CDCl3, 600 MHz): & 7.496 (2H, d, J = 8.8 Hz, H-2 and
H-6), 7.357 (2H, d, J = 8.8 Hz, H-3 and H-5), 4.020 (3H, s, NOCH3), 3.937 ppm (3H, s, COOCH3). 13C NMR
(CDCl3, 150 MHz): & 163.55 (C=0), 149.29 (C=N), 136.32 (C-4), 128.93 (C-3), 128.93 (C-5), 128.55 (C-1),
127.34 (C-2), 127.34 (C-6), 62.99 (NOCH3), 52.33 ppm (COOCH3). Anal. Calc for C1oH19CINO3: C, 52.76;
H, 4.43. Found: C, 53.00; H, 4.70.

Concentration of the last eluted (,hromdmgraphlc fractions allowed to isolate in 24 % yield the minor
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137 (94), 111 (30), 102 (60), 75 (44). IR (KBr): v 1727, 1214, 1090, 1070, 1027, 10i0 cm-!. ‘H N
600 MHz): 8 7.396 (2H, m, 1{-2 and H-6), 7.372 (2H, m, H-3 and H-5), 4.066 (3H, s, NOCH3), 3.892 ppm (3H

s, COOCH3). 13C NMR (CDCl3, 150 MHz): 8 163.45 (C=0), 147.89 (C=N), 135.60 (C-4), 130.54 C-3),
130.54 (C-5), 128.19 (C-2), 128.19 (C-6), 127.49 (C-1), 63.73 (NOCH3), 52.94 ppm (COOCH3). Anal. Calc
for C1gH13CINO;3: C, 52.76; 4, 4.43. Found: C, 52.44; H, 4.15.

Methyl (E)- and (Z)-O-methyloximino-2-](2-methyl)phenoxymethyl|phenylacetate (E)- and (Z)-5¢. A GLC
analysis of the crude reaction product, which was obtained from the reaction between 20 and 1c according to

the above mentioned gen neral proc edure e (entry 3, Table 2), showed the presence of two components ina69:31
mt\‘ (5% of "'f)f;f\ Th;o f‘"‘lAﬂ “"nf‘lll‘f /D C MIir: 1"‘[1 ]'\‘I \A ' F falal C‘I]‘-(VJ ('P] IICINLT 9 m;vr"rra n'F 28] n QI’\I‘ Avanae
nivial 1auuuy. AL Wi uuw PIWU\JL Yo tlul 111vu 7 1vik Lo\ WVl DJiliwviQd Wil oLl @A 11l1ALULWw Ul 13 AU 1IvAdLIv

chemically and stereoisomerically pure minor component of the crude reaction product. This compound, which
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was shown to be (Z)-5¢, had: m.p. 53-55 °C. MS, m/z (%): 282 (2), 206 (100), 175 (14),146 (34), 132 (19), 116
(83), 107 (14), 89 (30), 77 (36). IR (film): v 1742, 1495, 1243, 1226, 1049, 1021 cm-1. IH NMR (CDCl3, 600
MHz): §7.743 (1H, d, J = 7.6 Hz, H-3), 7.460 (1H, dd, J = 7.6 and 7.6 Hz, H-4), 7.395 (1H, d, J = 7.6 Hz, H-6),
7.360 (1H, dd, J = 7.6 and 7.6 Hz, H-5), 7.180 (1H, d, J = 7.5 Hz, H-3'), 7.147 (1H, dd, J = 7.5 and 7.5 Hz, H-
5), 6.884 (1H, dd, J = 7.5 and 7.5 Hz, H-4'), 6.840 (1H, d, J = 7.5 Hz, H-6"), 5.313 (2H, br s, CH3), 4.004 (3H,
s, NOCH3), 3.882 (3H, s, COOCH3), 2.334 ppm (3H, s, Ar-CH3). 13C NMR (CDCl3, 150 MHz): $ 163.67
(C=0), 156.76 (C-1"), 150.59 (C=N), 136.98 (C-2), 130.72 (C-3'), 130.07 (C-4), 128.90 (C-6), 127.94 (C-3),
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. 1, 127, , 1269 21, 126.79 (C-5Y), 120.54 (C-4%), 111.23 (C-6'), 68.00 (CH2y),
INTNCLI Y &Y A2 iONYNYTIT L 1A A2 e FTASTITAY A NNMEQCV avnarimmant o In AAAAA A tha mracamna A€ o Araco nmaals
\L‘luk/nj), oo ICUULLS ), LU D PP!U NI ILS). A IYNWJELLD X I\PLA llllCllL IV VWLLU LU PIC CLILC UL a LIUDQ'PCCU\
between the resonance of the NOCHj3 protons and that of H-6'. On the contrary, there was no cross-peak

between the resonance of the NOCHj3 protons and that for H-6, which was present in the stereoisomer of this
compound. Anal. Calc for C13H1§N04: C, 68.99; H, 6.11. Found: C, 68.60; H, 5.90.

The chromatographic column was then eluted with benzene and concentration of the eluted
chromatographic fractions allowed to isolate chemically and stereoisomerically pure (E)-Sc¢ in 63 % yield. M.p.
98 -100 °C. MS, m/z (%): 282 (2), 206 (30), 131 (33), 117 (19), 116 (100), 107 (13), 91 (21), 89 (29), 77 (32).
IR (KBr): v 1737, 1238, 1067, 1019, 1008, 756 cm-!. I'H NMR (CDCl3, 600 MHz): & 7.585 (1H, dd, / = 7.7 and
1.4 Hz, H-3), 7.448 (1H, ddd, J = 7.7, 7.7 and 1.4 Hz, H-6), 7.387 (1H, ddd, / = 7.7, 7.7 and 1.4 Hz, H-5),

72900 (1H d3 T =77 and 1 4 H7 B 7T14A0(IH d JT=82H7 H3N 7100 (1H dd 7T =82 and 8 2 H» -
[ &7 (111, U, v Fod QI AT AAL, RATVU Sy 1 ATTU \LAXy Uy o Ve KAy 8270 Jy 102Uk 1412y U, v Ui Q1IN Voo 2Ry 11
" L£OQEQ 1LY Ad 7 _ Q3 and @V LI, LT AN £778 (111 A 7 _ QD 1T, LI £\ A QKQ ML o OLI-Y A NO 21T o
5), 0,050 (1IN, ad, v = 6.2 @d 6.2 Nz, -4 ), 6.//3 (11, 4, 4 = 6.2 11Z, 11-0 }, +.737 (411, §, Ln17), 4.ULY (011, §,
TN YN N OmN AT Y FarYaYaYil i PR ~ N /T Y A f‘Y'v AY 13 ATR & el nY N . ATy N\
NOCH3), 3.825 (51, §, U UH3), £.204Z ppm (35, §, ATUH3). ),

(C—3), 127.69 (C—5), 127.00 (C—l), 126.71 (C-S ), 120.69 (C~4 ), 111.29 (C—6 ), 68.08 (CHz), 63.82 (NOCH3),
52.93 (COOCH3), 16.23 ppm (ArCH3). Anal. Calc for CigH19NO4: C, 68.99; H, 6.11. Found: C, 68.79; H,
5.88.

Methyl (E}- and (Z)-O-methyloximino-2-|3-(trifluoromethyl)phenoxymethyl|phenylacetate (E)- and (Z)-5d. A
GLC analysis of the crude rection product, which was obtained from the reaction between 20 and 1d according

to the above mentioned procedure (entry 4, Table 2), showed the presence of two components in a 75 : 25 molar

ey R

\U3

(56), 143 (32), 132 (26), 116 (98), 91 (17), 90 (22), 89 (56). IR (KBr). v 1739, 1341, 1329, 1231, 1164, 1120
cm-l. IH NMR (CDCl3, 600 MHz): § 7.677 (1H, d,J = 7.7 Hz, H-3), 7.455 (1H, ddd, J = 7.7, 7.7 and 1.6 Hz,
H-4), 7.409 (1H, m, H-6), 7.393 (1H, m, H-5"), 7.372 (1H, m, H-5), 7.226 (1H, m, H-4"), 7.215 (1H, br s, H-2'),
7.121 (1H, dd, J = 8.3 and 2.4 Hz, H-6"), 5.324 (2H, br s, CHy), 3.953 (3H, s, NOCH3), 3.886 ppm (3H, s,
COOCH3). 13C NMR (CDCl3, 150 MHz): 8 163.58 (C=0), 158.76 (C-1"), 150.39 (C=N), 135.84 (C-2), 131.90

Hz, C-3), 130.25 (C-4), 130.25 (C-5"), 129.08 (C-6), 128.56 (C-3), 128.23 (C-1), 128.04 (C-5),
F = 272.12 Hz, CF3), 118.19 (C-6'), 117.54 (C-4'), 111.78 (C-2"), 68.46 (CHy), 63.19 (NOCH3),
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3 protons and that of H-6. On the conirary, thi
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compound. Anal. Calc for Cigk3HgNO4: C, 58.86; H, 4.39.
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Concentration of the last eluted chromatographic fractions aliowed to isolate in 71 % yieid chemicaily
and stereoisomerically pure (E)-5d as a crystalline solid. M.p. 56-58 °C. MS, m/z (%): 336 (5), 206 (23), 146
9), 132 (20), 131 (29), 116 (100), 105 (7), 91 (10), 90 (11). IR (KBr): v 1741, 1342, 1240, 1117, 1068, 1013
cm-1. TH NMR (CDCl3, 600 MHz): & 7.519 (1H, d, J = 7.0 Hz, H-3), 7.446 (1H, ddd, J = 7.5, 7.5 and 1.5 Hz,
H-4), 7.408 (1H, ddd, J =7.5, 7.5 and 1.5 Hz, H-5), 7.363 (1H, dd, / = 8.2 and 8.2 Hz, H-5), 7.222 (1H, d, / =
7.5 Hz, H-6), 7.206 (1H, d, J = 8.2 Hz, H-4"), 7.133 (1H, br s, H-2'), 7.049 (1H, dd, J/ = 8.2 and 2.5 Hz, H-6'),
4987 (2H, br s, CH»), 4.022 (3H, s, NOCH3), 3.842 ppm (3H, s, COOCH?3). I13C NMR (CDCl3, 150 MHz): &

Methyl (E)- and (Z)-O-methyloximino-2-[3-(trifluoromethyi)phenoxyjphenyiaceiate (E)- and (Z)-5e. A GLC
analysis of the crude reaction product, which was obtained from the reaction between 20 and 1e according to
the above mentioned general procedure (entry 5, Table 2), showed the presence of two components in a 44 : 56
molar ratio. This crude product was purified by MPLC on silica gel using benzene and hexane (80 : 20) as
eluant. Concentration of the first eluted chromatographic fractions allowed to isolate in 52 % yield chemically
and stereoisomerically pure (Z)-5e as an oil. MS, m/z (%): 353 (30) 307 (85), 264 (64), 263 (100), 262 (77),
n): v 1749, 1450, 13 1229, 1173, 1130 cm-1. 1H NMR (CDCl

s AL S,
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>
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nd 8.1 Hz H-5") ’7/1(\(\(1}«{ m

and 8.1 Hz, H-5, 7 (1H, n

H-2"),7.105 (1H, dd, J =
H;) 3.624 ppm (3H, s,
COOCH3). 13C NMR (CDClz, 150 MHz) 5 163.20 (C—O) 157.16 (C-17), 133. -2), 147.23 (C=N), 132.29
(C-39, 131.85 (C-4), 13040 (C-5"), 129.38 (C-6), 124.81 (C-5), 123.74 (C-1), 123.58 (q, Jc-F = 271.80 Hz,
CF3), 121.37 (C-6), 120.16 (C-4'), 119.64 (C-3), 115.10 (q, Jc-F = 3.8 Hz, C-2"), 63.24 (NOCH3), 52.06 ppm
(COOCH3). A NOESY experiment showed the absence of the cross-peak between the resonance of the NOCH3

ot

’

protons and that of H-6. On the contrary, this cross-peak was observed for the stereoisomer of this compound.
Anal. Calc for C17F3H14NO4: C, 57.79; H, 3.99. Found: C, 58.06; H, 4.17.

Concentration of the last eluted chromatogeraphic fractions allowed to isolate in 46 % vield chemically
or (8] ast eluted chromatographic fractions allowed to 1solate i 406 % yield chemically
and stereoisomerically pure /L"\ En nc an ~31 NC /o (04N AR (VRN VT (£ DEA (AN VLD (TEN DL FAQY D2K
THQ SICICTOISMOITICT IC ly p L )-2€ ad all VIl VLS, TR/ 76 ). 230 (1), JUT \UL), LU (FD ), LUVD {10}, LUL (40}, &I
PR 4 A~ s sy o~~~ Fa¥asy Ty s ~ 1 4 A s XoTa ~ a1~ ~O -~ 1 Try =TL a7
(30), 140 (YU), 75 (/A), 59 (1Ul) IK (T lll'l]) \Y l/_jl 144Y, 15350, 125/, 1172, ll/.'.‘)' 1072 cm . 'H NMR

(CDCl3, 600 MHz): & 7.320 (1H, m, H-5"), 7.300 (1H, m, H-4), 7.287 (1H, m, H-6), 7.245 (1H, d, J = 7.8 Hz,
H-4"), 7.142 (1H, m, H-5), 7.115 (1H, s, 11-2"), 7.076 (1H, dd, J = 7.8 and 2.2 He, H-6"), 6.870 (1H, dd, J = 8.2
and 0.7 Hz, H-3), 3.887 (3H, s, NOCH3), 3.667 ppm (3H, s, COOCH3). 13C NMR (CDCls, 150 MHz): §
163.20 (C=0), 157.33 (C-1"), 133.64 (C-2), 146.62 (C=N), 132.11 (q, Jc-r = 32.7 Hz, C-3"), 131.13 (C-4),
130.79 (C-5, 130.20 (C-6), 123.87 (C-5), 123.67 (q, Jc-F = 272.50 Hz, CF3), 122.52 (C-1), 121.77 (C-6'),
119.93 (q, Jc-F = 3.63 Hz, C-4), 119.07 (C-3), 115.21 (C-2'), 63.64 (NOCH3), 52.80 ppm (COOCH3). Anal.
Calc for C17F3H1aNQ4: C, 57.79; H, 3.99, Found: C, 58.19; H, 3.99.

Methvl (E)- and (Z)-O-methvipximinoe-2-(2-nhenoxvinhenviacetate (E)- and (Z)-5f. A GLC analvsis of the

etnyt (L)- and (£)-Q-methyloximino-2-(Z2-phenaxy)pnenylacetate (£)- and (£)-0f. A GLC analysis of the
crrnda reactian nradunct which wace ahtainad fram the reaction hetuwoean 20 and 1 £ accarding ta tha alhava
CIUUL 1vavtiivii prudubt, wWillil wad vi/taliivid LU Y Ivavlivil ULiwilll &4V dlid 51 avLuldillg WU e avuvo



mentioned general procedure (entry 6, Table 2), showed the presence of two components in a 45 : 55 molar
ratio. This crude product was purified by MPLC on silica gel using benzene as eluant. Concentration of the first
eluted chromatographic fractions allowed to isolate in 53 % yield chemically and stereoisomrically pure (Z)-5f
as an oil. MS, m/z (%): 285 (7), 239 (72), 196 (22), 195 (50), 194 (55), 167 (44), 139 (12), 91 (16), 77 (100). IR
(film): v 1751, 1739, 1485, 1265, 1228, 1042 cm-l. 'H NMR (CDCl3, 600 MHz): § 7.832 (1H, dd, / = 7.9 and
1.6 Hz, H-6), 7.340 (1H, m, H-4), 7.321 (2H, m, H-5' and H-3"), 7.139 (1H, m, H-5), 7.110 (1H, m, H-4'), 6.963
(2H, m, H-2' and H-6'), 6.854 (1H, dd, J = 8.3 and 1.1 Hz, H-3), 4.034 (3H, s, NOCH3), 3.633 ppm (3H, s

COOCH»). 13C NMR (CDCl3, 150 MHz): 6 163.44 (C=0), 156.59 (C-1"), 154.89 (C-2), 147.73 (C=N), 131 61

(C-4), 129.78 (C-3'), 129.78 (c-5') 128.95 (C-6), 123.74 (C-4"), 123.74 (C-5), 123.12 (C-1), 118.95 (C-3),
1871 (C-6), 11871 (C-2). 63.25 (NOCHs), 51.80 ppm (COOCHY- Anal. Calc for C1HisNOs: C. 67.36: H,

Concentration of the last eluted chromatographic fractions allowed to isolate in 41 % yield chemically
and stereoisomerically pure (E)-5f as a crystalline solid. M.p. 109 111 °C. MS, m/z (%): 285 (3), 239 (88), 196
(23), 195 (50), 194 (49), 167 (48), 139 (13),91 (19), 77 (100). IR (KBr): v 1735, 1483, 1246, 1219, 1068, 1011
cm-!. TH NMR (CDCl3z, 600 MHz): 8 7.382 (1H, dd, J = 7.4 and 1.5 Hz, H-6), 7.340 (1H, m, H-4), 7.312 (2H,
dd, J = 8.6 and 7.4 Hz, H-5' and H-3"), 7.150 (1H, ddd, J = 7.4, 7.4 and 0.7 Hz, H-5), 7.099 (1H, ddd, J = 74,
74 and 1.1 Hz, H-4"), 6.999 (2H, dd, / = 8.6 and 1.1 Hz, H-2' and H-6"), 6.913 (1H, d, / = 8.6 Hz, H-%), 4.025
(3H, s, NOCH .66 (C-11,

A
4.

NOESY experiment showed the presence of a cross-peak between the resonance of the NOCH3 protons and
those of H-2' and H-6'. This cross-peak was not observed for the stereoisomer of this compound. Anal. Calc for
C16H15NO4: C, 67.36; H, 5.30. Found: C, 67.27; H, 5.50.

Methyl (E)- and (Z)-O-methyloximino-2-[2-(trifluoromehyl)phenoxymethyl{phenylacetate (E)- and (£)-5g. A
GLC analysis of the crude reaction product, which was obtained from the reaction between 20 and 1g
according to the above mentioned general procedure (entry 7, Table 2), showed the presence of two

components in a 57 : 43 molar ratio. This crude product was purified by MPLC on silica gel using benzene as

o
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ation of the first eluted chromatographic fra

ji831 j1d 1 nromialol

n 42 % yield chemically

). ):

em L IHN (CDC]3, 600 MHz): 6 7.806 (1H, d, J = 7.7 Hz, H-3), 7.611 (1H, d, J = 7.9 Hz, H-3"), 7.463
(1H, m, H-4), 7.457 (1H, m, H-5"), 7.352 (1H, m, H-5), 7.352 (1H, m, H-6), 7.020 (1H, dd, J = 7.9 and 7.9 Hz,
H-4'), 5.426 (2H, s, CH»), 4.042 (3H, s, NOCH3), 3.917 ppm (3H, s, COOCH3). 13C NMR (CDCl3, 150 MHz):
§ 163.67 (C=0), 156.33 (C-1'), 150.71 (C=N), 136.16 (C-2), 133.31 (C-5'), 130.34 (C-4), 128.70 (C-5), 128.70
(C-6), 128.22 (C-1), 127.61 (C-3"), 127.20 (C-3), 123.82 (Jc.F = 272.48 Hz, CF3), 120.21 (Jc.r = 22.16 Hz, C-
4", 119.10 (JoF = 31.24 Hz, C-2), 113.14 (Jc.F = 22.16 Hz, C-6), 68.40 (CH3), 63.27 (NOCH3), 52.59 ppm
{COOCH3). Anal. Calc for C;gF3H16NO4: C, 58.86; H, 4.39. Found: C, 59.23; H, 4.24.

VRS

Concentration of the last eluted chromatographlc fractions allowed to isolate in 56 % yield chemically
P 1

st
N
J



7.454 (1H, m, H-4), 7.383 (1H, m, H-5), 7.190 (1H, m, H-6), 7.005 (1H, dd, / = 7.7 and 7.7 Hz, H-4"), 5.044
(2H, s, CH2), 4.060 (3H, s, NOCH3), 3.873 ppm (3H, s, COOCH3). 13C NMR (CDCl3, 150 MHz): 5 163.25
(C=0), 156.28 (C-1"), 149.10 (C=N), 134.72 (C-2), 133.21 (C-5"), 129.86 (C-4), 128.53 (C-6), 128.17 (C-1),
127.67 (C-5), 127.13 (C-3), 127.13 (C-3"), 123.69 (q, J¢-F = 272.48 Hz, CF3), 120.38 (m, Jc.r = 21.07 Hz, C-
4, 119.15 (q, Jo-F = 30.52 Hz, C-2'), 113.31 (Jc.p = 21.07 Hz, C-6'), 68.25 (CHp), 63.90 (NOCH3), 53.08 ppm
(COOCH3). A NOESY experiment showed the presence of a cross-peak between the resonance of the NOCH3
protons and that of H-6. This cross-peak was not observed for the stereoisomer of this compound. Anal. Calc

Py 1ot

F3H;6NO4: C, 58.86; H, 4.39. Found: C, 58.68; H, 3.92.
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