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Abstract

The reaction of carbanions a-to nitriles with tertiary bromoester 1 does not give
cyclopropanes, whatever the reaction conditions, while Li enolate of mecthyl phenylacetate does,
in THF or THF-Et90. From lithiated aminonitriles 5, in THF-HMPA, the reaction leads to a mixture of
SN and SN' products in cqual amounts via a radical process. From arylaceto- and propionitriles 4
whatever the conditions, and from methyl phenylacetate enolate 16, cither associated to Li in
THF-HMPA or to K in THF, SN’ anti-Micha¢l products are predominantly formed via a concerted
inner sphere process, showing thus the possibility of a polar-SET mechanistic spectrum from a
single eclectrophilic reagent.

Allylic substitution with double bond migration (SN') promoted by carbon nucleophiles
without (ransition metal or copper catalysis is not frequent in the literature 1, unless the double
bond is activated by a properly located clectron withdrawing substituent 2.

Scheme 1
R EWG EWG

R
\_/ .
— »
X Ny
D G

v /N
However, when the nucleophilic reagent bears a heteroatom, apparent SN' substitution can take
place via a SN process at the hcteroatom followed by a 2.3 sigmatropic rcarrangement of a
subsequently gencrated ylid 3.

Recently, BORDWELL and coll. 4 and LISSELL 3d showed that some carbanions reacted with
sccondary and tertiary allylic halides leading to SN' products, occasionnally accompanied by
untransposed SN products. Furthermore, JOUCLA and coll. 5 observed that the reaction of tertiary
4-bromo-pentenoate 1 with PhpC=NCH2COOMe in the prescnce of base in a dipolar aprotic solvent
produced the anti-Michacl SN’ product 2, while, in THF, Micha¥l addition- Ring closure (MIRC) took
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place, leading to cyclopropancs 3.
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These observations raise two interesting possibilities : 1) it it possible to generalize such a
SN' reaction to other carbon nucleophiles 7 ; 2) because tertiary bromides are not prone to SN2
substitution and because SN reactions are not likely in dipolar aprotic solvents, one might
wonder whether such reactions take place via Siagle Electron Transfer (SET). This possibility
was in line with the recent approaches of nucleophilic substitutions 6 and with BORDWELL'S
latest interpretations 7,

In such an eventuality, carbanions a to nitriles should be good candidates as nucleophiles
because some of them are prone to SET processes in dipolar aprotic media 8,

In the present paper, we cxamine the reactions of bromoester 1 with several carbanions o
to nitriles formed from 4 a-d, as well as carbanions from aminonitriles Sa,b,e which are prone
to favor SET processes 92 due to the captodative character of the corresponding radicals 9b.c,
Moreover, since our preliminary results 10 showed that no MIRC could be observed in the
reaction of bromoester 1 with these carbanions, we also investigate the reaction of 1 with the Li
and K enolates of methylphenylacctate 6, the ester related to 4.

ArCH(R)CN ‘ ArCH(CN)NMej PhCH7COOMe
4 5 6

a) Ar = Ph, R=H a) Ar=Ph

b) Ar = pMeOCgH4. R = H b) Ar = p.McOCgH4

¢) Ar=m.CICgH4, R =H e¢) Ar = p.CICgH4

d) Ar=Ph, R = Me
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Results
The carbanionic rcagents were gencrated at low temperature by action of n.BuLi, LHMDS,

KHMDS or KOt.Bu on the related carbon acids. The reactions were run at room temperaturc using a
slight excess of carbanionic reagent relative to the bromoester in Et9O, THF, THF-HMPA, toluenc

or DMSO. In a few cascs, BF3.Et90 was also added. After aqueous NH4Cl treatment, the different
compounds formed werc scparated by column chromatography or crystallization and identified
by IR, NMR, MS and clemental analysis.

When the reaction was run from carbanions a to nitriles generated from 4a-d and S5a,b,e
two series of products were be identified : SN' products 6, 7, 8 resulting from substitution with
double bond migration and SN ooes 9,10, 11. The ratios of these products depended upon the
rcagents and the conditions. Cyclopropanes resulting from MIRC reaction were never detected
(scheme II).
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a) Ar = Ph ; b) Ar =p.MeOCg Hy ; ¢) Ar = m.CICgHy ; €) Ar=p.CiICeH,
In addition, a bis alkylated SN' product 12 was isolated when the reaction with 4a-c¢ and
bromoester 1was performed in THF-HMPA .
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COOMe

12

Morecover, when the rcaction was run with arylacctonitriles 4a-c¢ in the presence of
lithiated bases in THF, Et20 or toluene cyclic derivatives 13a-c were obtained in amounts
depending on the reaction conditions. From their IR, !H and 13C NMR spectra, MS and clemental
analysis, as well as by base treatment of purified 6a-c, it appears that the formation of 13
resulted from base catalyzed cyclisation of the related SN' products followed by prototropy

(Scheme III).
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Therefore starting from arylacetonitriles 4a-c, the SN' process can lead to three different
compounds : 6,12 and 13. By altering to the reaction conditions, each of them can be obtained
predominantly : with KHMDS as a base in THF or toluene, 6 is the major product (Table 1, entries
7,8,11,12), while with LHMDS in toluene or Et70, the amount of cyclopentadiene 13 greatly
increases (Table 1, entries 4,6,10) due to the associating medium as well as to clectrophilic
assistance by Li* to CN attack. In contrast, in poorly associating conditions (THF-HMPA) and at
room temperature, bis substituted compounds 12 are formed (Table 1, entries 5,13). The
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substitution of the aromatic ring of 4 does not bring any noticeable difference in the nature of

the products obtained.

Compounds 6,7 and 9, 10 werc usually 60:40 mixtures of diastercoisomers, except when the
reaction was run with propionitrile 4d and bromoester 1 in DMSO or THF-HMPA : one
stereoisomer was highly predominating and its configuration is to be assigned by X-ray

determination (Table 1, entry 15).

When the rcaction was run with aminonitriles 5a,b,e, the products were identified after

unmasking of the latent keto groups as related keto esters 14 and 1S.

Me COOMe
COAr Me —
Me
Me
COOMe COAr
14a,b,¢ 15a,b,¢e

Finally, the reaction of ester enolate 16 with bromoester 1 led 1o a mixture of SN' products
17 and E diastercoisomeric cyclopropanes 18 in amounts depending on the reaction conditions,
next to small amounts of SN onc 19.

Me Me Ph OMe
+
Br
———\ H O M +
16
COOMe
1
COOMe
Me H COOMe /
Me Ph Me =
/ + Me H +
CH
\ Me
COOMe
Me / C"\ y CH\
COOMe Ph COOMe Ph COOMe
17 18 19

All the results arc in Tables I and II. The various determinations werc made by capillary
GPC with internal standard or by 'H NMR (CH2Cly as internal standard). Yiclds are given related

to 1 ; when an excess of nucleophile was used, the corresponding amount of carbon acid was

recovered unchanged after work-up.
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Table 1

Reactions of carbanions a to nitriles with ester 1 at room temperature.
(Yields determined by GLC with internal standard)

Entry . Carbon acid Base Solvent Yiclds % in
(4 or §/1 molar ratio) (reaction time) SN’ SN MIRC
1 4a (2) LHMDS THF 6a:54 9a:3 <1
or nBulLi (15 mn) 13a:39
2 4a (1.5°2 LHMDS THF 6a:6% $a:2 <1
(15 mn) 13a:29
3 4 )b LHMDS THF 6a:56 9a:7 <1
(15 mn) 13a:8
4 4a (1.5) LHMDS Ety0 6a:48 9a:2 <1
(15 mn) 13a:48
5 4a (1) LHMDS THF-HMPA 6a:55
(15 mn) 12a:26 9a:7 <1
13a:2
6 4a (2) LHMDS Toluene 6a:22 <] <1
(15 mn) 13a:41
7 4a (1) KHMDS THF 6a:86 <1 <l
(15 mn) 13a:5
8 4a (1) KHMDS Toluene 6a:77 9a:2 <1
(15 mn) 13a:7
9 4b (1)° LHMDS THF 6b:62 9b:4 <1
(15 mn) 13b:2
10 4b (1) LHMDS Toluene 6b:20 <1 <1
(15 mn) 13b:54
11 4b (1) KHMDS Toluene 6b:75 9b:4 <l
(15 mn) 13b:6
12 4c (1) KHMDS THF éc:50 <1 <1
(15 mn) 13¢:2
13 4c (2) LHMDS THF-HMPA 6c:51 <1 <1
(30 mn) 12¢:22
14 4d (1) nBuLi THF 7a:659) <1 <l
15 4d (1) 1BuOK DMSO b) 7a:95¢) <1 <l
or nBuLi THF-HMPA
(10 mn)
16 S5a (1) nBuLi THF-HMPA 14a:32 15a:32 «l
(4 hrs)
17 S§b (1) nBuLi THF-HMPA 14b:28 15b:33 <I
(4 hrs)
18 sb (1)f.8 nBuLi THF-HMPA 14b:5 15b:10 <1
(4 hrs)
19 Se (1) nBuLi THF-HMPA 14¢:36 15c¢:34 <1
(4 hrs)
20 Se (l)f nBulLi THF-HMPA 14c:13 15c:14 <1
(4 hrs)

a) In the presence of 1 eq. LiBr, the starting materials are recovered

b) Reaction run in the presence of | eq. BF3.E170 ; ratio of 6a stercoisomers : 33/67

c) Reaction run at -15°C

d) Mixture of 2 stereoisomers 45/55

¢) Mixture of 2 stereoisomers 95/5

f) Reaction run in the presence of tetramethyl-4,4,6,6 piperidinenitroxide

g) Similar result in the presence of m.dinitrobenzene

h) No decrcase in yield in the presence of m.dinitrobenzene or tetramethyl-4,4,6,6 piperidine

nitroxide
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Table 2

Reactions of methyl phenylacetate enolate with ester 1 at room temperature.
(Yiclds determined by GLC) with internal standard)

Entry Base Solvent Yields % in

(reaction time) SN’ SN MIRC

17%) 19 18b)

21 LHMDS THF 16 2 56
(2 hrs)

22 LHMDS THF-EtyO 15 1 59
(2 hrs)

23 LHMDS THF-HMPA®) 67 8 <1
(30 mn)

24 KHMDS THF 60 15 <1
(2 hrs)

a) Stercoisomers in 70/30 ratio
b) Stereoisomers in 60/40 ratio
c) 4 molar eq. HMPA ; if 2 molar eq. HMPA are used, the yiclds arc the same but within 2 hrs.

The main features of our results are the following :
a) The SN' process takes place from tertiary bromide 1 with all the carbon nucleophiles studied.
From arylacctonitriles 4a-d, it occurs whatever the reaction conditions (base, solvent) (Table 1,
entrics 1 - 15) ; from aminonitriles Sa,b,e or cster cnolate 16, it requires THF-HMPA when the
associated cation is Lit (entriecs 16, 17, 19, 23). However, K* ester enolate 16, in THF, also leads to
SN' products 17 (entry 24).
b) The regioselectivity of the reaction is different when arylacetonitriles 4a-d derivatives and
ester enolate 16 on one hand or aminonitriles Sa,b,e on the other hand are used. In the former
case, only small amounts of SN products 9 and 10 arc obtained next to SN' ones (entries 1 - 15, 23)
while in the latter, nearly equal amounts of both, 8 and 11, arec formed (entries 16, 17, 19).
c¢) MIRC reaction, leading to cyclopropanes, previously observed by JOUCLA 5 with an ester
enolate, takes place solely with lithiated ester enolate 16, M+ = Li* in THF or THF-Et30 (entries 21,
22).

Further experiments were done in order to interpret these results :
- The reaction of bromoester 1 with the carbanion formed from 4d was run in DMSO in the dark
or in the presence of radical traps (m.dinitrobcnzenc and 4.4,6,6-tctramethylpiperidine N-oxide) :
no decrease in the yield of 1a was noticed after the same reaction time (entry 15).

When the same experiments were run with aminonitriles Sa,b, the yields in 8 and 11 were
significantly reduced (entries18, 20).

- The recaction of aminonitrile Sa with bromoester 1 was run in DMSO in the presence of
K72CO3, conditions in which STELLA 3a-d, 11 observed N-quaternarization followed by ylid
2C0;

formation and 2.3 sigmatropic rearrangement, on the way to SN' products : under such conditions,
the starting materials remained unchanged. Therefore, the SN' reaction does not involve such a

two-step process in the present case.
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MEISLICH and JASNE 122 pave already observed attack of I in DMSO on the allylically
substituted bromine of 4-bromoisophorone : such a process could also take place in our systems.

We therefore tried the reaction of bromo-2 phenyl-2 propionitrile 20 with methyl 4-
methyl-penten-2-oate enolate 21 formed by action of LDA on the corresponding ester in THF ; it
did not generate any SN' product 7a afier 15 mn at room temperature, conditions in which 7a was
obtained from 4d and 1. Only starting materials were recovered after aqueous work up, next to
small amounts of dimers PhF(Me)-('Z(Me)Ph.

CN CN
Me
PhC(BCN +
l oLt
Me
Me
20 OMe
21
Me /Ph
Cwr Me
H,
Me CN
COOMe
7a

This experiment rules out the possibility of a SN' reaction involving attack on positive

bromine by the soft carbanionic species .

Di .
Two aspects of our results deserve comment :

- The lack of cyclopropanc formation when the reaction was run with lithiated carbanion a to

nitriles and bromoester 1 in THF.

- The mechanism of the allylic substitution.

a) MIRC rcaction

These is ample precedent in the literaturc for reactions of lithiated carbanions 13 or of
ester enolates 5:14 with bromocrotonates, leading to cyclopropanes by a MIRC process in THF or to
SN2 products in dissociating solvents.

When the reaction is run from bromide 1 in THF, conjugate addition is to be expected,
although it is known to be sensitive to steric hindrance 15, For instance, it has been shown that,
without Lewis acid catalysis., conjugate addition of lithiated aminonitriles on B,B disubstituted a-
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enones does not take place 15b  Such an effect certainly explains why no reaction is scen from
lithiated aminonitriles § and bromoester 1 in THF.

However, lithiated ester enolate 16 behaves as expected, leading to cyclopropanes 18 in
THF, although next to some SN' product. From lithiated arylacetonitriles 4a-d, which promote
conjugate addition to «,f-unsaturated ecsters 16 a5 well as to a-enones, but which are sensitive to
the clectrophile steric hindrance 15¢, no cyclopropanes are obtained. Moreover, SN' products are
rapidly formed as the reaction goes to completion within 15 min from 4a-d in THF, while it lasts
for 4 hrs from 16, M+ = Li*. This difference in reactivity between Li+ cnolate 16 and lithiated
phenylacctonitrile is certainly inherent to the structure of both lithiated anionic species in THF
17, This point is under active investigation 18,

b) Allylic substitution

From tertiary bromide 1, allylic substitution takes place in two ways, cither without any
regioselectivity or via predominant SN' anti Michael process.

The non-regiosclective pathway is observed from aminonitriles Sa,b,e in THF-HMPA.
Radical traps lower the yield of the reaction 19,20, implicating therefore an outer-sphere S.E.T. 6,
followed by a radical process, which is likely a SRN1 one as no duplication product was obtained ;
the chains are probably short, as the reaction is not totally inhibited by these traps 20, Loose ion
pairing of the carbanionic species with the counterion is necessary for the primary clectron
transfer to occur, as the HOMO energy of the clectron donor is raised rclated to that of a tight ion
pair. A similar interpretation has been recently given by SAWYER and ROBERTS 68, 10 explain the
different behavior of hydroxide ion in dipolar aprotic solvent and in water (lowering of the
HOMO level by solvation).

The poor regioselectivity of the reaction is not entirely unexpected as radical
recombinations usually occur with no barriecr. They are thus under diffusion control and do not
exhibit any sensitivity to steric hindrance 6¢. However, MO UHF calculations have been
performed on 22 as a model with the 3-21G basis set 21. In an UHF study of radical recombination,
two important stabilizing frontier interactions are to be considered : one occurs between the HO
of the substratc and the LUMO of the recagent (a spin orbitals), the other implies the LU of the
substrate and the HOMO of the rcagent (B spin orbitals). Selectivity depends upon cocfficients in
both orbitals on a given partner. Calculations performed on 22 give the following results :

HOMO (a spin) : atom C4 : 0.380 (2pz) + 0.507 (2p'z)

atom C2 : -0.272 (2pz) - 0.374 (2p'y)

LUMO (B spin) : atom C4 : 0.217 (2pz) - 0.393 (2p'y)

atom C2 : 0.260 (2pz) + 0.517 (2p'z)
AN

c—c H , S:ﬁc‘ '39% H
4 \_/ AR VA

C C
N \\1 22A
o (o]

22
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From the figures, it appears that while reaction at C4 is slightly favored in the first
interaction, it is the reverse in the second one, the global resuit being in line with the
cxperimental lack of discrimination.

SET from aminonitrilc anions has precedent 88228 Such a behaviour is also observed in the
reaction of lithiated 1,1 bis phenylthiocthane with bromoester 1 in THF-HMPA : equal amounts of
SN and SN' products are obtained, next to dimer (PhS)z(i - F(SPh)z, indicative of a SET process
22b, CH3 CHy

The predominating SN' process, whosc regiosclectivity is anti-Micha&l, is observed for
reactions of carbanions formed from arylaceto- and propionitriles 4a-d whatever the associated
cation and the solvent and from enolate 16, cither with M* = Lit in THF-HMPA or Mt = Kt in THF.
From 4d in DMSO, the reaction does not involve a radical-chain process, as radical traps do not
slow it down. It seems reasonable to extend this observation to the other reagents.

This reaction could be envisioned to take place via a heterolytic process, involving a C-Br
bond breaking as the determining step as proposed by BORDWELL in a few cases 4, Such a
mechanism seems unlikely in the present case as tertiary bromide 1 remains unchanged in the
solvents used, cither in the absence of nuclcophile, or after some time, when the reaction is slow.
Moreover, the rate of the reaction depends upon the concentration in anionic reagent 23,

As nuclcophilic bromine attack, as a preliminary step, has been ruled out, it appears that
the SN' process might be a concerted one, even from easily oxidable carbanions, having a HOMO
level high in energy. Concertedness of the SN' process was also concluded by MEISLICH and JASNE
12b  who examined the reaction of pivalic acid salts with 4-bromoisophorone in aprotic solvents.
In the latter case, the reaction was slower and the relative amount of SN products higher, due to
the structure of the reagents. In the present case, the concerted inner sphere electron shift
should be easy due to the narrow HOMO-LUMO gap between the partners which, according to
PROSS and SHAIK 63.b favors the DA-D*A- interaction, lowering the transition state cnergy.
Polar pathways being scngitive to steric hindrance, coupling takes place at the lcast hindered site
i.c. @ to the ester group instead of on the quatermary carbon.

Therefore, according to the nature of the nucleophile, the allylic substitution implies
cither a SET or a concerted polar pathway showing thus, from a single clectrophile, the existence
of a "polar-SET mechanistic spectrum” 6a,

Conclusion

The reaction of allylic tertiary bromoester 1 with charge delocalised reagents o to nitriles
or with the enolate of methyl phenylacetate can lead, in suitable reaction conditions, to products
resulting from allylic substitution. According to the substituents of the carbanion, this process
might involve a concerted inner spherc clectron transfer giving mainly the SN' anti-Michaél
product, or take place via a two step outer sphere single electron transfer, leading to a mixture of
SN and SN' products in cqual amounts. From our results, it appears that the steric hindrance of

the nucleophile as well as its ability to stabilize radicals 9 favors the SET pathway which is
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observed with carbanions formed from aminonitriles (captodative systems) or from CH3CH(SPh);,

a to sulfur.

Experimental section
Bromoester 1, bromonitrile 20 and aminonitriles § werec prepared by literature methods 24,
The other nitriles were commercial and used without further purification.

Dicthyl cther and toluene were R.P. Normapur spectroscopic grade solvents : they were
kept over MgSO4 under argon. THF was distilled over benzophenmone ketyl or LAH before use.

DMSO was distilled over KOH and HMPA over CaHj.

LHMDS IM in THF (Jansen), KHMDS 0.5M in toluene (Aldrich) and n.BuLi in hexane ( 1.6M,
determined by titration with diphenylacetic acid) or solid dried KOt.Bu (Fluka) were used as bases.

IR spectra were recorded with a Perkin-Elmer 1310 infrared spectrometer ; they are given
as v max. in cm-l. 1H and 13C NMR spectra were run on a Briicker AM 250 equipment (!H : 250
MHz, TMS internal standard ; 13C : 62 MHz, CDCl3 intemal standard) on a Perkin-Elmer R32 (90
MHz) or on a Briicker AC200 (IH 200 MHz). Chemical shifis are given in & ppm related to TMS. Mass
spectra were performed on a Nermag 10-10 mass spectrometer. Microanalyses were done by the
Service de Microanalyse du C.N.R.S.

The various compounds were purified by TLC or by Flash Chromatography on silica gel
(230-400 mesh). Determinations by GLC were run on a 5160 MEGA Carlo Erba equiment using
diethyl phtalate as internal standard (OV1 capillary column, 15 m, vector gas He (0.5 bar),
temperature programmation from 70 to 180 or to 220°C, 10°C/mn).

General procedure

All the rcactions werc run under argon atmosphere.

- a) with lithiated bases : 3 or 5 mmoles of neutral precursor (4 or §) were dissolved into 25 mL
THF, 25 mL of a THF-HMPA mixture (4:1 v/v) or, when LHMDS was used as a base into 22 mL THF in
a four necked vessel cquipped with an argon entry, inner thermometer, mechanical stirring and
a rubber septum. The vessel was cooled to -70°C and onec molar cquivalent of base (n.Buli 1.6M in
hexane or LHMDS in THF) was added slowly via a syringe. After 30 mn stirring, the temperature
was raised 0 -50°C and 3 or 5§ mmoles 1 were added via a syringe. The mixture was then raised to
room temperature, stirred for 15 mn (from 4) or 4 hrs (from §). The mixture was cooled again to -
70°C and quenched by addition of an aqucous saturated solution of NH4Cl. The organic phase was
extracted by Etp0 (from 4) or ethyl acetate (from §), washed by water, dricd over MgSO4. The
solvents were distilled under reduced pressure and the residue analyzed and purified.

From mecthyl phenylacctate 6, the rcaction was run in a similar fashion, unless the enolate
was generated by addition of the ester to a slight cxcess of LHMDS in EtO0-THF, THF or THF-HMPA

(5 mmoles 6 in 1 mL solvent).

- b) with potasgium bases. When using KHMDS in toluenc as a base the reaction was run as
previously on a 3 mmolar scale : the solvent was 12 mL THF + 6 mL toluene originating from the
KHMDS solution.

In DMSO, KOt.Bu (400 mg) was dissolved into 10 mL DMSO ; 3 mmoles nitrile was added and
stirring was maintained for 1S mn before the introduction of 1. The reaction was run for IS
further mn, quenched at room temperature as before and extracted by EtOAc.

When the reactions were run with aminonitriles § on a 3 mmolar scale, the reaction
mixture, after cvaporation of the solvents, was dissolved into 18 mL of Et9O-THF (1:2 v/v) and

treated by 4 mL aqueous AgNO3 IM. After 2 hrs 30 mn stirring and filtration of AgCN, the organic
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phase was scparated, the aquecous phase extracted several times by EtOAc. The organic phases
were set together, washed with brine and dried over MgSO4 and trcated as previously.

. trile 20 wit late 21

. LDA (3 mmoles) was prepared by action of n.BuLi (1.8 mL of 1.6M solution in hexanc) on
diisopropylamine (0.8 mL) in 1.2 mL THF. After evaporation of the solvents under argom, it was
dissolved into 4 mL THF at -70°C. 2.5 mmoles methyl 4-methyl-2-pentencate (320 mg) were added
and the mixture was stirred at -70°C under argon for 30 mn. 2.5 mmoles bromonitrile 20 (530 mg)
were added via a syringe and the temperature of the mixturc was raised to 20°C, then stirred for
15 mn. After aqueous NH4Cl treatment and EtyO extraction, the crude mixture was analyzed by 1y
NMR and GPC : only bromonitrile 20, starting ester and a small amount of Phg‘lCN)-(é(:liN)Ph could
be characterized. 3 3

Isolated by Flash column chromatography (pentane : Et20 99:1 v/v)
Isomer | m.p. 73.5° (hexane) ; Retention time 11.8 mn,
1H NMR (200 MHz, CDCl3) : 1.5 (d, J = 1 Hz,.3H) ; 1.82 (d., ] = 1 Hz, 3H) ; 3.57 (3., 3H) ; 3.65 (broad t, 1H)
;426 (d., J =9 Hz, 1H) ; 528 (d.. J = 10 Hz, 1H) ; 7.35 (broad s., SH).
Analysis : CisH|7NO2 =243. Calc % C=7404 ; H=7.04 ; N=576; found % C = 73.59 ; H=6.97 ; N = 5.89.
M.S. (ionization) : 127 (25) ; 244 (8) ; 261 (100) (M+NH4+).
Isomer 2 (deduced from the mixture) ; Retention time 12,1 mn.
IH NMR (200 MHz, CDCly) : 1.38 (d, ) = 1 Hz,., 3H) ; 1.65 (d., J = 1 Hz, 3H) ; 3.72 (s., 3H) ; 3.62 (broad .,
1H) ; 4.05 (d., J = 9 Hz, 1H) ; 5.05 (dq., J = 10 Hz and 1 Hz, 1H) ; 7.35 (broad s., SH).

Comparison of the 'H NMR spectra allows the following configuration assignments.

e Hy
Ph CN Ph CN
138 CHs \ CHs 1.5
OOOMe /
3.712 MeOCO
H

1.65 CHy H, 3.57 Hy g, CH, 1.82

5.05 5.28

Isomer 1

Isomer 2

M.S. (ionization) : 127 (20) ; 244 (8) ; 261 (100) M+NH4t).

Purified by flash column chromatography (pentanc : Et30 99:1 wiv).
Isomer | (710% of the mixture). m.p. 105° (hexanc) ; Retention time 15.5 mn.
IH NMR (50 MHz, CDCl3) : 1.60 (d., ] = 1 Hz), 3H) ; 1.80 (d., J = 1 Hz, 3H) ; 3.6 (s., 3H) ; 3.83 (s, 3H) ; 3.6 -
3.8 (massif, 1H) ; 4.2 (d., J = 8.5 Hz, IH) ; 5.37 (dq. J = 10 and 1 Hz, 1H) ; 6.9 - 7.40 (syst. AA'BB', 4H).

M.S. 67 (23) ; 95 (42) ; 127 (39) ; 146 (100) ; 147 (72) ; 273 (11) (M*).
Analysis : C;gH gNO3 = 273, Calc % C=70.31; H=7.01 ; N=5.12 ; found % C = 69.62; H = 6.99 ; N = 5.29.

Isomer 2 : Retention time 15.8 mn.

1H NMR (250 MHz, CDCl3, deduced from the 70/30 mixture) : 1.42 (d., J = 1 Hz, 3H) ; 1.65 (d., J = 1 Hz,
3H) ; 3.68 (s., 3H) ; 3.74 (5., 3H) ; 3.6 - 3.8 (massif, 1H) ; 4.01 (d.. J = 8.5 Hz, 1H) ; 5.07 (dq.. J = 10 and 1
Hz, 1H) ; 6.80 - 6.95 (m., 2H) ; 7.12 - 7.28 (m., 2H).

M.S. : 67 (28) ;: 95 (40) ; 127 (36) ; 146 (100) ; 147 (67) ; 214 (10) ; 273 (8.5) M™).

Comparison of the !H NMR spectra allows the following configuration assignments.
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Yo Hy
Ar N Ar CN
1.42 CH, \ Me 1.60
COOMe /
MeOCO

H, H

1.65 CH, Hy A Hyx Me 1.80
5.07 5.37
Isomer 1
Isomer 2

Purified by flash column chromatography (pentane : Et20 99:1 v/iv).

Isomer 1 : oil ; Retention time 13.6 mn.
IH NMR (90 MHz, CDCl3) : 1.58 (d., J = 1 Hz, 3H) ; 1.82 (d., J = 1 Hz, 3H) ; 3.62 (s..3H) ; 3.70 (1.. J = 8 Hz,

1H) ; 430 (d., J = 8 Hz, IH) ; 5.30 (dq. J = 8 and | Hz, IH) ; 7.20 - 7.45 (m., 4H).
M.S. : 41 (20) ; 67 (39) : 95 (56) ; 99 (15) : 127 (100) ; 218 (4) (M*).
Isomer 2 : oil ; Retention time : 13.8 mn.
IH NMR (250 MHz, CDCl3) : 147 (d.,J =1 Hz) ; 1.72 (d., J = 1 Hz, 3H) ; 3.68 (1., J = 8 Hz, 1H) ; 3.70 (s., 3H) ;
408 (d., ] = 8 Hz, IH) ; 5.07 (dq., J = 8 and 1 Hz, 1H) ; 7.20 - 7.45 (m., 4H).
M.S. : 41 (25) ; 67 (44) ; 95 (58) ; 99 (17) ; 127 (100) ; 218 (1.5) (M*)
Comparison of the !H NMR spectra allows the following configuration assignments.

I"' Hy
Ar CN A oN
1.47 CHs N Me 1.58
COOMe /
3.70 MeOCO
H
1.72 CH, H * 3.62 Ho  Hy Me 1.82
5.07 5.30
1
Isomer 2 Tsomer

Isomer 1 : m.p. 103-106°C (pentane) ; Retention time 12.3 mn.

1H NMR (90 MHz, CDCl3) : 1.60 (s., 3H) ; 1.69 (broad 8., 3H) ; 1,82 (broad s, 3H) ; 3.40 (s., 3H) : 3.58 (d., J
=11 Hz, 1H) ; 5.52 (dq, J = 11 and 1 Hz, 1H) ; 7.10 - 7.30 (m., 3H) ; 745 - 7.65 (m, 2H).

13C NMR (CDCl3) : 184 (q.) ; 25.9 (q.) : 45.0 (s.) ; 51.7 (@.) ; 54.2 () ; 117.5 (d.) ; 121.5 (8) 5 125.7 (d.) ;
128.0 (d.) ; 128.7 (d.) ; 138.4 (s.) ; 140.2 (s)) ; 170.6 (s.).

MS : 41 (11) ; 67 (33) ; 95 (36) ; 127 (100) ; 128 (13) ; 131 (23) ; 257 (2) (M*).
Analysis C{gH1gNO2 =257 :calc. % C =747, H=74; N=545; found % : C=74.70 ; H= 743 ; N=5.42.

Isomer 2 : Retention time 10.1 mn.
lH NMR (200 MHz, CDCl3 deduced from the 1/1 mixture) : 1.28 (s., 3H) ; 1.65 (broad s., 3H) ; 1,82

(broad s, 3H) ; 3.62 (s., 3H) ; 3.70 (d., } = 11 Hz, 1H) ; 530 (dq, J = 11 and 1 Hz, 1H) ; 7.2 - 7.5 (m., 5H).
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m.p. 98 - 101°C.

Purified by flash column chromatography (pentane:Et0 99:1 v/iv).
1H NMR (90 MHz, CDCl3) : 1.20 (s., 6H) ; 3.68 (s., 1H) ; 3.75 (s., 3H) ; 3.82 (s., 3H) ; 5.72 (d., ] = 16 Hz, 1H)
; 6.82 - 7.0 (m., 3H) ; 7.15 - 7.30 (m., 2H).

Isolated by flash column chromatography (pentanc:Et20 95:5 viv).
m.p. 105-8° (pentanc) ; Retention time 23.6 mn.
1H NMR (250 MHz, CDCl3) : 1.8 (d., J = | Hz, 6H) ; 1.84 (d., = | Hz, 6H) ; 3.40 (s., 6H) ; 4.15 (d., J = 10 Hz,
2H) ; 5.40 (dq, J = 10 andl Hz, 2H) ; 7.30 - 7.5 (massif, SH).
13C NMR (CDCl3) : 189 (q.) : 26.3 (q.) ; 50.7 (d.) : 59.2 (q.) ; 117.3 (d.) ; 118.7 (s.) ; 125.7 (d.) ; 127.7 (d.)
; 1289 (d.) ; 129.7 (d.) ; 134.6 (s.) ; 140.7 (s.) ; 170.2 (s.).
MS (ionization) : 127 (22) ; 128 (11) ; 129 (16) ; 144 (7) ; 146 (11) ; 261(1) ; 262 (11) ; 370 (12) ; 386
(35) ; 387 (100) (M* +NHy) ; 388 (34).
Analysis : C99H97NO4 =369. Calc ® C=71.52; H=737; N=3.79;0=1732; found % C = 71.79 ; H= 7.11
iN=375;0=1728.

m.p. = 119-121°C (hexane). Purified by flash column chromatography (pentane/Et70 99:1
v/v); Retention time 24.1 mn.
1H NMR (90 MHz, CDCl3) : 1.80 (broad s., 12H) ; 3.45 (s., 6H) ; 3.75 (s, 3H) ; 4.10 (d., J = 10Hz, 1H) ; 547
(broad d., J = 10 Hz, 1H) ; 6.70 - 6.95 (m, 2H) ; 7.35 - 7.55 (m., 2H)
MS : 41 (21) ; 59 (15) ; 67 (39) ; 69 (21) ; 77 (10) ; 95 (33) ; 127 (27) ; 128 (20) ; 146 (34) ; 147 (25) ; 197
(10) ; 198 (24) ; 212 (100) ; 213 (41) ; 272 (45) ; 273 (18) ; 399 (17) (M*).
Analysis : C23H29NOs5 =399. Calc % C=69.15; H=732; N=3.51; found % C=69.20; H=7.35; N = 3.69.

m.p. 100 - 102.5°C (hexane) ; Retention time 22.1 mn.
IH NMR (90 MHz, CDCl3) : 1.80 (broad s., 12H) ; 3.45 (s., 6H) ; 4.12 (d., ] = 10Hz, 2H) : 5.38 (dq., J = 10
and 1 Hz, 2H) ; 7.25 - 7.55 (m., 4H)

MS : 41 (17) : 59 (11) ; 67 (31) ; 95 (47) ; 127 (100) ; 128 (19) ; 218 (8) ; 403 (3.2) (M+).

Analysis : C29H9CINO4 = 403.5. Calc % C=6543 ; H=644 ;N=347;C1=880;found% : C=65.63;:H=
6.53; N=3.38:Cl=888.

m.p. : 82-5° (pentanc). Purified by flash column chromatography (pentane/Et90 99:1 viv) ;
Retention time 14.2 mn.
IH NMR (250 MHz, CDCl3) : 1.30 (s., 6H) ; 3.7 (s., 3H) ; 5.5 - 6.2 (broad m., 2H) ; 6.40 (s, 1H) ; 7.3 (broad
s., SH).
13Cc NMR (CDCl3) : 23.2 (q.) ; 47.8 (s.) ; 49.5 (q.) ; 106.3 (s.) ; 127.7 (d.) ; 128.1 (d.) ; 129 (d.) ; 1334 (s.) ;
137.1 (s.) ; 153.1 (d.) ; 157 (s.) ; 166 (s.).
MS : 167 (2) ; 184 (T) ; 196 (4) ; 212 (10) ; 243 (66) (M*) ; 244 (100) (M+ +1).
Analysis : C{sH|7NO2 =243, Calc % C=7404 ; H=707; N=5.76 ; found % C=T72.50 ; H=6.92 ; N = 5.84.

m.p. : 89-91° (pentane). Purified by flash column chromatography (pentane/EtpO 99:1 v/v)
; Retention time 19.9 mn.
IH NMR (90 MHz, CDCl3) : 1.35 (s., 3H) : 3.8 (s., 3H) ; 3.85 (s., 3H) : 5.65 - 5.90 (massif, 2H) ; 6.37 (S.,
1H) ; 6.85 - 7.35 (AA'BB’' system, 4H).
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13¢ NMR (CDCl3) : 23.2 (q.) ; 48.1 (s.) ; 50.1 (q.) ; 55.5 (q.) ; 106 (s.) ; 114.6 (d.) ; 126.1 (s.) ; 129.2 (d.) :
1369 (s.) ; 152.2 (d.) ; 158.7 (s.) ; 159.8 (s.) : 167.2 (3.).

MS : 183 (9) ; 198 (15) ; 214 (100) ; 215 (17) ; 226 (47) ; 241 (11) ; 273 (75) (M) ; 274 (14) M* +1).
Analysis : C1gH{gNO3 =273. Calc % C=7031; H=701;:N=5.12; found % C=70.68 ; H=7.0; N=5.35.

m.p. : 110-112° (pentane). Purified by flash column chromatography (pentanc/Et30 99:1
v/v) ; Retention time 18.4 mn.
1H NMR (250 MHz, CDCi3) : 1.35 (s., 6H) ; 3.78 (s., 3H) ; 5.6 - 6.0 (broad m., 2H) ; 6.48 (s., IH) ; 7.2 - 7.4
massif, 4H).
gds : 83 (19)); 84 (19) ; 139 (12) ; 166 (17) ; 167 (37) ; 168 (14) ; 182 (14) ; 183 (10) ; 195 (19) ; 218 (100)
1 219 (17) ; 220 (32) ; 230 (40) ; 232 (15) ; 277 (87) (M*) ; 278 (15) ; 279 (31) (M+).
Analysis : CjsH16CINO7 =2775.Calc % C=649;H=5.81; found 5 C=64.9; H=15.82

Oil. Purified by flash colum chromatography (hexane/EtO 99:1 v/v) ; Retention time 13.3
mn.
IH NMR (250 MHz, CDCl3): 1.75(d.., J =0.7Hz, 3H) ; 1.79(d.. J=0.7Hz, 3H) ; 3.7 (3., 3H) : 5.15(d ., J = 10
Hz., 1H) ; 5.60 (dq, J = 10, 0.7 Hz, 1H) ; 7.4 - 7.6 (m., 3H) ; 7.9 - 8.05 (m., 2H).
13c NMR (CDCl3) : 18.8 (q.) : 259 (q.) ; 52.5 (q.) : 54.6 (d.) ; 116.9 (d.) ; 128.7 (d.) ; 129.6 (d.) ; 133.5.(d.)
; 135.8 (s.) ; 138.1 (s.) ; 169 8 (s.); 193.9 (s.).
MS : 43 (43) ; 55 (21) ; 77 (47) ; 83 (43) ; 105 (100) ; 122 (21) ; 232 (13) (M*).

Purified by flash chromatography as a mixture with I5b (30/70).; Retention timec 16 mn.
IH NMR (250 MHz, CDCl3) : .75 (d., J = 0.7 Hz, 3H) ; 1.80 (d., J = 0.7 Hz, 3H) ; 3.7 (s., 3H) ; 3.88 (s, 3H) ;
508 (d.,J =10 Hz., 1H) ; 5.60 (dq, J = 10 and 0.7 Hz, 1H) ; 6.92 (dt., J = 10 and 1 Hz, 2H) ; 795 (dt., J = 10
and 1 Hz, 2H).
MS : 77 (13) ; 92 (6) ; 134 (16) ; 135 (100) ; 136 (9).

Oil  Purified by flash chromatography (pentane/Et70 99.4:0.6 v/v).; Retention time 14.1 mn.
IH NMR (250 MHz, CDCl3) : 175 (broad s., 3H) ; 1.8 (broad s., 3H) ; 3.7 (s, 3H) ; 5.1 (d, J = 8.5 Hz, 1H) ;
5.6 (broad d., J = 8.5 Hz, 1H) ; 7.55 - 8.0 (AABB system, 4H).
13c NMR (CDCl3) : 18.9 (q.) : 26.05 (q.) ; 52.8 (q.) ; 54.9 (d.) ; 116.9 (d.) ; 128.2 ; 128.4 ; 128.6 ; 129.3 (d.)
; 130.4 (s.) ; 138.6 (s.) ; 160.9 (s.) ; 193.1 (8).

Oil. Purified by flash column chromatography (hexane/Etp0 99:1 v/v) ; Retention time 11.7
mn.
IH NMR (250 MHz, CDCl3) : 1.48 (s., 6H) ; 3.76 (s., 3H) ; 597 (d., ] = 16 Hz, 1H) ; 7.32 (d., ] = 16 Hz, 1H) ;
7.35 - 7.5 (m., 3H) ; 7.75 - 7.85 (m., 2H).
13¢ NMR (CDCl3) : 25.8 (q.) : 49.5 (s.) ; 52.5(q.) ; 119 (d.) ; 127.6 (d.) ; 128.6 (d.) ; 132 (d.) ; 135 (s.) ; 153
(d.) ; 166.7 (s.) ; 212.1 (s.).
MS : 51 (7) : 77 (33) ; 96 (7) ; 104 (15) ; 105 (100).

Oil. Purified by flash chromatography as a mixture with 14b (70/30) : Retention time 15.7
mao.
1H NMR (250 MHz, CDCl3) : 1.48 (s., 6H) ; 3.75 (s.. 3H) ; 4.82 (5., 3H) ; 5.96 (d., J = 16 Hz, 1H) ; 6.98 (dt., J
=10 and 1 Hz, 2H) ; 7.30 (d., J = 16 Hz, 1H) ; 7.85 (dt,J = 10 and 1 Hz, 2H).
MS : 77 (12) ; 92 (5) ; 134 (15) ; 135 (100) ; 136 (9) ; 262 (1) (M+).
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Oil. Purified by flash chromatography (pentanc/Et30 99.4:0.6 v/v) ; Retention time 13.85
mn.
IH NMR (250 MHz, CDCl3) : 1.45 (s., 6H) ; 3.75 (5., 3H) ; 59 (d., ] = 16 Hz, 1H) ; 74 (d, J = 16 Hz, 1H) ; 7.3
- 7.8 (AA'BB’ sysicm, 4H).
13¢c NMR (CDCl3) : 26.6 ; 50 ; $2.5; 120.6 ; 129 ; 131.9; 135 ; 139.4 ; 153.8 ; 167.5 ; 2012,
IR : 1720 (s) ; 1680 (s) ; 1675(s) ; 600 - 800 (s).

2 diastercoisomers scparated by flash chromatography (pentane/Et90 99.8:0.2 viv).
Isomer 1 : oil ; Retention time 11.9 mn.
lH NMR (250 MHz, CDCl3) : 135 (s., 3H) ; 1.5 (s., 3H) ; 3.65 (s., 3H) ; 3.7 (s, 3H) ; 3.9 - 4.05 (AB part of
ABX system, 3J5p = 12.5 Hz, 2H) ; 4.82 (d,1H, Hx) ; 7.15 - 7.35 (massif, SH).
IR : 1735 (8), 1670 (s).
MS : 67 (15) ; 95 (33) ; 118 (27) ; 127 (58) ; 150 (100) ; 157 (19) ; 276 (4) (M*).
Isomer 2 : m.p. : 120°C ; Retention time 11.8 mn.
IH NMR (250 MHz, CDCl3) : 1.75 (broad s., 6H) ; 3.4 (s., 3H) ; 3.62 (s., 3H) ; 3.9 - 4.1 (AB pant of ABX
system, 3’AB = 11 Hz, 2H) ; 5.15 (d,1H, Hx) ; 7.2 - 7.4 (massif, SH).
Same IR and MS as isomer 1.

Comparison of 1H NMR spectra allows the following configuration assignments :

He Hy
Ph COOMe Ph OCOOMe
1.35 Me \ Me
>=< COOMe / 178
3.7 McOCO
Ha .
Hx

1.5 Me 34 Hy Hx Me
Isomer 2
Isomer 1
Isomer 2
M
H, COOMe
H,
MOCO - Ph ph~ Z  COOMe
Hy Hy

Isomer 1 : m.p. : 88 - 90.5° ; Retention time 12.2 mn.

1H NMR (250 MHz, CDCl3) : 1.25 (s., 3H) ; 1.27(d., J = 5.2 Hz, H}) ; 1.3 (5., 3H) ; 2.15 (dd., I = 5.2 and 11.2
Hz, Hp) ;3.3 (d., J = 11.2 Hz, H3) ; 3.6 (s. 3H) ; 3.7 (s., 3H) ; 7.2 - 7.4 (massif, SH).

IR : 1735 (s).

MS : 59 (6); 77 (5); 91 (7) ; 95 (30) ; 115 (7) ; 118 (9) ; 127 (100) ; 128 (13) ; 150 (13) ; 157 (12).

Isomer 2 : Retention time 12.5 mn.
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IH NMR (250 MHz, CDCl3) : 1.07 (s., 3H) ; 1.2 (s., 3H) ; 1.52 (d., J = 5.2 Hz, H}) ; 22 (dd., J =52 and 11.2
Hz, Hp) ; 3.35(d., ] = 11.2 Hz, H3) ; 3.7 (s, 3H) ; 3.75 (s.. 3H) ; 7.2 - 7.4 (massif, 5H).
Same IR and MS as isomer 1.

1)

2)

3)

4)

5)
6)

7)

8)

9)

10)

1)
12)

REFERENCES
a) MAGID, R.M. Tetrahedron, 1980, 36. 1901 and quoted references ; b) OGIHARA, T.;
MITSONOBU, O. Tetrahedron Lett., 1983, 24, 3505 ; ¢) DJAHANBINI, D.; CAZES, B.; GORE, J.;
GOBERT, F. Tetrahedron, 1985, 41, 867 ; d) ROUSTAN, J.L.; MEROUR, J.Y.; HOULIHAN, F.
Tetrahedron Lett. 1979, 3721 ; ¢) FUNISAWA, T.; ITOH, T.; SATO, T. Chem. Lett. 1983, 1901 and
quoted references.
a) SEEBACH, D.; KNOCHEL, P. Helv. Chim. Acta, 1984, §7, 261 and quoted references ; b)
KNOCHEL, P.; NORMANT, J.F. J. Organomet. Chem., 1986, 309, 1 and quoted references ; ¢)
AUVRAY, P.; KNOCHEL, P.; NORMANT, J.F. Tetrahcdron, 1988, 44, 4495 ; d) AMEER, F.; DREWES,
S.E.; HOUSTON-Mc MILLAN, M.S.; KAYE, P.T. J. Chem. Soc. Perkin I, 1985, 1143 and preceding
papers ; ¢) FUCHIKAMI, T.; SHIBATA, Y.; SUZUKI, Y. Tetrahedron Lett., 1986, 27, 3173.
a) STELLA, L. Tetrahedron Lett., 1984; 25, 3457 ; b) STELLA, L.; AMROLLAH-MADJABADI, A.
Synth. Comm., 1984, 14, 1141 ; c) AMROLLAH-MADJABADI, A.; STELLA, L. Bull. Soc. Chim.
France, 1987, 350 ; d) LISSEL, M. Liebigs Ann., 1982, 1589 ; ¢) REICH, H.J.; COHEN, M.L. J. Am.
Chem. Soc., 1979, 101, 1307.
BORDWELL, F.G.;: CLEMENS, A H.; CHENG, J.P. J. Am. Chem. Soc., 1987, 109, 1773 and quoted
references.
JOUCLA, M.; EL GOUMZILI, M.; FOUCHET, B. Tetrahedron Lett., 1986, 27, 1677.
PROSS, A. Acc. Chem. Res. 1985, 18. 212 ; b) SHAIK, S. Prog. Phys. Org. Chem., 1985, 13, 197 ¢)
EBERSON, L. Electron Transfer Reactions in Organic Chemistry, Springer Verlag Ed., Berlin,
1987 ; d) SAVEANT, J.-M. Bull. Soc. Chim. France, 1988, 225 ; LEXA, D.; SAVEANT, J.-M.; SU, K.-
B.; WANG, D.-L. J. Am. Chem. Soc., 1988, 11Q, 7617 and quoted references ; ¢) KOCHI, J.K.
Angew. Chem. Int. Ed., 1988, 27, 1227 ; f) NEWCOMB, M.; CURRAN, D.P. Acc. Chem. Res., 1988,
21, 206 and quoted references ; g) SAWYER, D.T.; ROBERTS, J.L. Acc. Chem. Res., 1988, 21, 469.
a) BORDWELL, F.G.; BAUSCH, M.J.; WILSON, C.A. J. Am. Chem. Soc., 1987, 109, 5465 ; b)
BORDWELL, F.G.; WILSON, C.A, J. Am. Chem. Soc., 1987, 109, 5470 ; c) BORDWELL, F.G.;
HARRELSON, J.A. J. Am. Chem. Soc., 1987, 109, 8112 ; 1989, 111, 1052 ; d) BORDWELL, F.G. Acc.
Chem. Res., 1988, 21, 456.
a) CABARET, D.; MAIGROT, N.; WELVART, Z. Tetrahedron, 1985, 41, 5357 ; b) MAKOSZA, M.;
JAGUSZTYN-GROCHOWSKA, M.; LUDWIKOW, M.; JAWDOSIUK, M. Tetrahedron, 1974, 3Q, 3723
a) BORDWELL, F.G.; CHENG, J.P. ; SEYEDREZAI, S.E. ; WILSON, C.G. J. Am. Chem. Soc., 1988, 110,
8178 ; b) VIEHE, H.G.; MERENY], R.; STELLA, L.; JANOUSEK, Z. Angew. Chem. Int. Ed., 1979, 18,
917 ; ¢) PASTO, D.J. J. Am. Chem. Soc., 1988, 110, 8164 and quoted references.
CHARDON, C.; PETIT, A.; ROUX-SCHMITT, M.-C.; SEYDEN-PENNE, }. Tetrahcdron Lett., 1988, 29,
1713.
STELLA, L. Personal communication.
a) MEISLICH, H.; JASNE, S. J. Org. Chem., 1975, 40. 2662 ; B) MEISLICH, H.; JASNE, S.J. J. Org.
Chem., 1982, 417, 2517.



1280

13)

14)

15)

16)
17)
18)

19)

20)

21)

22)

23)

24)

M.-C. ROUX-SCHMITT et al.

2) GHERA, E.; BEN-DAVID, Y. Tetrahedron Lett., 1979, 4603 ; b) COOKE, M.P.; JAW, 1.Y. J. Org.
Chem., 1986, 51, 758 ; c) HUNIG, S.; OLLER, M. Chem. Ber., 1981, 114, 959.

a) PREMPREE, P.; RADVIROONGIT, S.; THEBTARANONTH, Y. J. Org. Chem., 1983, 48, 3553 and
quoted references ; b) YAMAGUCHI, M.; TSUKAMOTO, M.; HIRAO, I. Tetrahedron Lett., 1985,
26, 1723 ; c) Mc INTOSH, J.M.; LEAVITT, R.K.; MISHRA, P.; CASSIDY, K.C.; DRAKE, J.E.; CHADHA,
R. J. Org. Chem., 1988, 53,1947.

a) WARING, A.J. Comprehensive Organic Chemistry, Barton and Ollis Ed., Pergamon Press,
1979, t.1, 1043 and ff ; b) ZERVOS, M.; WARTSKI, L. Tetrahedron Lett., 1986, 27, 2985 ; ¢) ROUX,
M.-C.; WARTSKI, L.; SEYDEN-PENNE, I. Tetrahedron, 1981, 37, 1927.

PARKER, K.; KALLMERTEN, J. J. Org. Chem., 1980, 45, 2614.

SEEBACH, D. Angew. Chem. Int. Ed., 1988, 27, 1624 and quoted references.

CORSET, J.; FROMENT, F.; ROUX-SCHMITT, M.-C.; STRZALKO, T.; SEYDEN-PENNE, J. To be
published.

a) KORNBLUM, N. The Chemistry of Functional Groups, Suppl. F., Patai, S. Ed. Wiley,
Chichester, 1982, Part 1, p. 361 ; b) JULLIARD, M.; CHANON, M. Chem. Rev., 1983, 83, 425 ; c)
RUSSELL, G.A. Adv. Phys. Org. Chem., 1987, 23, 271.

a) MORRISON, H.A.; KORNBLUM, N. J. Org. Chem., 1987, 52, 3102 ; b) ROS, F.; de 1a ROSA, J. J.
Org. Chem., 1988, 53, 2868.

Program Monstergauss (PETERSON, M., POIRIER, R., Chemistry Department, University of
Toronto, Ontario, Canada).

a) GRIERSON, D.S.; URREA, M.; HUSSON, H.P. Heterocycles, 1985, 23, 2493,

b) CHARDON, C.; ROUX-SCHMITT, M.-C.; SEYDEN-PENNE, J. Unpublished results.

The reaction of 1 and lithiated 4d in THF at 0°C in 15 mn gives 50% 7a when the relative
concentrations in 1 and 4d arc equal, but only 25% 7a, when only 0.5 equivalent 4d and
base arc used. The completion to 100% is, in each case siarting materials (determination by
GPC with internal standard).

a) 1 : prepared by action of NBS on the related methyl ester : EL GOUMZILI, M. Thése,
Rennes, 1984 ; b) § : MORRIS, G.F.; HAUSER, CR. J. Org. Chem., 1961, 26, 4741 ; c) 20 :
prepared by action of Bry on the nitrile : GAUDEMER, A.; NGUYEN-VAN-DUONG, K.;
SHAHKARAMI, N.; ACHI, S.S.; FROSTIN-RIO, M.; PUJOL, D. Tetrahedron, 1985, 41, 4095.



