
rtlr* VOL 46, No. 4. pp. 1263-1280.19!m o(m)_4o?(y90 wlot.w 

RhdinomaBritaim 81!woFIrpnmPn?uplc 

ALLYLIC S-ON BY CARBON NUCLEOPHBES ON 4-BROMO4METHYL 

2PENIENOATE : ANTI-MICHAEL REOIOSMECTMTY. 

Marie-Claude ROUX-SCHMfIT. Alain PETIT. Anne SEVlN. Jacqueline SEYDEN-PENNE 
* 

I.C.M.O.. UniCt AsaociO au CNRS D 0478. Bgtiment 420 

Univcrsitd de Paris-Sud. 91405 ORSAY CEDEX (FRANCE) 

aml NGUYEN ‘IRONG ANH 

Laboratoire des Mtcanismes RCactionncla , Unite AssociCe au CNRS D 1307, 

DCMR. Bcole Polytechnique. 91128 PALAISEAU (FRANCE) 

(Received in Belgium 3 October 1989) 

The reaction of carbanions o-to nitriles with tertiary bromoester 1 does not give 
cyclopropmes. whatever the reaction conditions, while Li cnolatc of methyl phenylacetate does, 
in THF or THFEt20. From lithiated aminonitrilca 5. in THF-HMPA. the reaction leads to a mixture of 
SN and SN’ products in equal amounts via a radical process. From l rylaceto- and propionitriles 4 
whatever the conditions, and from methyl phenylacetate enolate 16. either associated to Li in 
THF-HMPA or to K in THF. SN’ anti-Michael products are predominantly formed via a concerted 
inner sphere process. showing thus the possibility of a polar-SET mechanistic spectrum from a 
single electrophilic reagent. 

Allylic substitution with double bond migration (SN’) promoted by carbon nuclcophilcs 

without transition metal or copper catalysis is not frequent in the literature 1, unless the double 

bond is activated by a properly located electron withdrawing aubstitucnt 2. 

Scheme I 

R’ R” 

However, when the nucleophilic 

place via a SN 2 process at the 

subsequently generated ylid 3. 

/:\ 

R” 

reagent bears a heteroatom. apparent SN’ substitution can take 

hctcroatom followed by a 2.3 sigmatropic rearrangement of a 

Recently, BORDWELL and COIL 4 and LISSBLL 3d showed that some carbanions reacted with 

secondary and tertiary allylic halides leading to SN’ products, occasionnally accompanied by 

untransposed SN products. Furthermore, JOUCLA and toll. 5 observed that the reaction of tertiary 

4-bromo-pcntenoate 1 with Ph2C=NCH2COOMe in the presence of base in a dipolar aprotic solvent 

produced the anti-Michael SN’ product 2. while, in THF. Micbrtl addition- Ring closure (MfRC) took 
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place. leading to cyclopropanes 3. 

These observations raise two interesting possibilities : 1) it it possible to generalize such a 

SN’ reaction to other carbon nuclcophilcs ? ; 2) because tertiary bromides are not prone to SN2 

substitution and because SN I reactions are. not likely in dipolar aprotic solvents, one might 

wonder whether such reactions take place via Single Electron Transfer (SET). This possibility 

was in line with the recent approaches of nuclcophilic substitutions 6 and with BORDWELL’S 

latest interpretations 7. 

In such an eventuality, carbanions a to nitrites should be good candidates as nuclcopbiles 

because some of them are. prone to SET processes in dipolar aprotic media 8. 

In the present paper. we examine the reactions of bromocstcr 1 with several carbanions a 

to nitrites formed from 4 a-d. as well as carbanions from aminonitrilcs Sa,b,c which arc prone 

to favor SEX processes 9a due to the captodativc character of the corresponding radicals 9b-c. 

Moreover, since our preliminary results lo showed that no MIRC could be observed in the 

reaction of bromocstcr 1 with these carbanions. we also investigate the reaction of 1 with the Li 

and K enolatcs of mcthylphcnylacctatc 6, the ester related to 4. 

ArCH(R)CN ArCH(CN)NMc2 

4 5 

PhCH2COOMe 

6 

a) Ar = Ph. R=H 

b) Ar = p.McOC&. R = H 

c) Ar = m.ClCgH4. R = H 

d) Ar = Ph. R = Me 

a) Ar = Ph 

b) Ar = p.McOQH4 

e) Ar = p.CICgH4 
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The clrbrnionic nrgeots were gtocnted at low tcmpcnturc by action of o.BuLi. LHhiDS, 

KHMDS or KOt.Bu oo the rclrted cubon rcids. The reactions were run 8t room tcmpcmtun using 8 

slight excess of c8rb8nionic nxgeot rclrtive to the brumocstcr in Et20, THF. THF-HMPA. tolucnc 

or DMSO. IO a few cwcs. BFJ.EtZO w8.q also added. After 8qucous NH4t.J tn%meot, the differcut 

compounds formed were Bcprrrtcd by column chromrtognphy or crystrllizrtioo Pnd identified 

by IR. NMR. MS md clemcnt8l mrlysis. 

When the n8ctioo w8s run from carbmioos a to nitriles genentcd from 48-d md S8,b,e 

two series of products were he identified : SN’ product8 6, 7, g resultiog from subrtitutioo with 

double bond migration md SN ooes 9. 10. 11. The ntios of these product8 depended upon the 

re8gents md the conditions. Cycloproprocs resulting 

(scheme II). 

Scheme II 

from MIRC rc8ctioo were never detected 

a)~=Ph:b)Ar=p~~:c)Ar=rn.C1Catt ;e)Ar=p.CX& 

In addition. 8 bis aikylatcd SN’ product 12 ~8s isol8tcd when the r88ction with 48-C and 

bromocster lwas performed in THF-HMPA . 



M.-C Roux-SCHMIIT et al. 

12 

Moreover, when the reaction was run with arylacctoaitrilcs 48-c in tbe presence of 

lithiatcd bases in THF, E120 or tolucne cyclic derivatives 138-c were obtained io amounts 

depending on the reaction conditions. From their IR. lH and l3C NMR spectra. MS and elemental 

analysis, as well as by base treatment of purified 6r-c. it appears that the formation of 1 3 

resulted from base catalyzed cyclisation of the related SN’ products followed by prototropy 

(Scheme III). 

Scheme I11 

Me 

Me 

Ar 

H 

6 a-c 

I- 
Me 

H 

Me 

H,N 
COOMe 

13 a-c 

Therefore starting from arylacetonitrilcs 4s~. 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 tolucnc. 6 is the major product (Table I. entries 

7.8.11,12), while with LHMDS in tolucnc or Et20. the amount of cyclopentadiene 13 greatly 

increases (Table I. entries 4.6.10) due to the associating medium as well as 10 clcctrophilic 

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 I, 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 

tbc products obtained. 

Compounds 6. 7 and 9. 10 were usually 60:40 mixtures of dirstenoiromen. except when the 

reaction was run with propionitrilc 4d and bromoester 1 in DMSO or THF-HMFA : one 

stereoisomer was highly predominating and its configuration is to be assigned by X-ray 

determination (Table I. entry IS). 

When the reaction was run with aminonitrilcs §a,b,e. the products were identified after 

unmasking of the latent keto groups as related kcto esters 14 and 15. 

Me 

lJa,b,c 158,b.c 

Finally, the reaction of ester cnolatc 

17 and E diastcreoisomeric cycloproprncs 

next to small amounts of SN one 19. 

16 with bromocstcr 1 led to a mixture of SN’ products 

18 in amounts depending on the reaction conditions, 

1 

+ 

CooMe 

Ph 

All the results arc in Tables I and Il. The various determinations were made by capillary 

GPC with internal standard or by lH NMR (CH2CI2 as internal standard). Yields arc given related 

10 1 ; when an excess of nucleophilc was used. the corresponding amount of carbon acid was 

recovered unchanged after work-up. 
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FJw 

1 

2 

3 

4 

5 

Carbon acid BW Solvent 
(4 or S/l molar ratio) (reaction time) 

48 (2) 

48 (I.5)a 

4a (2)b 

48 (1.5) 

4a (1) 

6 48 (2) 

1 4a (1) 

8 48 (1) 

9 4b (I)c 

IO 4b (1) 

11 4b (1) 

12 4c (1) 

13 4c (2) 

14 4d (1) 
15 4d (1) 

16 58 (1) 

17 5b (1) 

18 Sb (l)f*g 

19 5a (1) 

20 Se (I)f 

Table 1 

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

LHMDS 
or nBuLi 
LHMDS 

LHhUIS 

LHMDS 

LHMDS 

KHMDS 

KHKDS 

LHMDS 

LHMDS 

KHMDS 

KHMDS 

LHMDS 

oBuLi 
tBuOK 
or nBuLi 

oBuLi 
(4 hrs) 
oBuLi 
(4 hr@ 
oBuLi 
(4 w 
oBuLi 
(4 hn) 
oBuLi 
(4 hn) 

F ma) 

THF 
(I5 mo) 
Et20 
(15 mo) 
THF-HMPA 
(15 mn) 

Toluene 
(15 mo) 
THF 
(15 mo) 
Toluenc 
(15 mo) 
THF 
(15 mn) 
Tolucot 
(I5 mo) 
Tolueoc 
(15 mn) 
THF 
(15 mn) 
THF-HMPA 
(30 mn) 

THF 

DMSO h) 
THF-HMPA 
(IO mn) 
THF-Hh4PA 

THF-HMPA 

THF-HMPA 

THF-HMPA 

THF-HMPA 

Yields % in 
SN’ SN 
6a:54 9a:3 

13a:39 
6a:69 9a:2 

13a:29 
6a:56 9a:7 

13a:8 
6a:48 9a:2 

13a:48 
6a:55 

12a:26 9a:7 
13a:2 

6a:22 <I 
13a:41 

6a:86 <I 
13a:5 

6a:77 98:2 
13a:7 

6b:62 9b:4 
13b:2 

6b:20 <I 
13b:54 

6b:75 9b:4 
13b:6 

6c:50 <l 
13c:2 

6c:51 <I 
12c:22 

7a:65d) <I 
7a:95e) <l 

MlRC! 
<l 

<l 

<I 

<1 

<I 

<I 

<l 

<I 

<l 

<l 

<l 

cl 

<l 

<l 
<l 

14a:32 lSa:32 <l 

14b:28 15b:33 cl 

14b:5 1Sb:lO cl 

14c:36 lSc:34 <l 

14c:l3 15c:l4 <I 

a) In the presence of I cq. LiBr. the starting mrterials are recovered 

b) Reaction nut in the presence of I cq. BF3.Et20 ; ratio of 61 stereoisomers : 33/67 

c) Reaction run at -15“C 

d) Mixture of 2 stereoisomers 45/55 

c) Mixture of 2 stereoisomers 95/5 

f) Reaction run in the presence of tetrsrnethyl-4.4.6.6 piperidineoitroxidc 

g) Similar result in the presence of m.dinitrobenzcne 

h) No decrease in yield in the presence of m.dinitrobcnxeoc or tetramcthyl-4.4.6.6 pipcridine 

nitroxidc 
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Table 2 

Entry 

Rerctioor of methyl phcoylacetate coolatc 
(Yields detcrmiocd by GLC) 

B&se Solvent 
(reaction time) 

21 LHMDS InF 
(2 hn) 

22 LHMD!3 TIIF-E420 

(2 hrs) 
23 LHMDS THP-HMPAC) 

(30 mn) 
24 InF 

with e8tcr 1 at room temperature. 
with internal staadard) 

Yields 96 in 
SN’ SN MIRC 

17a) 19 1Sb) 
16 2 56 

15 1 59 

67 8 <I 

60 15 <I 
(2 hn) 

Stereoisomers in 7OBO ratio 

Stereoisomers in 60/40 ratio 

4 molar q. HMPA ; if 2 molar q. HMPA arc used, the yields UC the same but within 2 hrs. 

The main features of our results arc the following : 

The SN’ process takes place from tertiary bromide 1 with all the carbon nuclcophiles studied. 

From arylacctooitriles 4a-d. it occurs whatever the reaction cooditioos (base. solvent) (Table I. 

entries I - 15) ; from aminonitrilcs Sa,b,c or ester coolate 16, it requires THF-HMPA when the 

associated cation is Li+ (entries 16. 17. 19. 23). However, K+ ester enolate 16. in THF. also leads to 

SN ’ products 17 (entry 24). 

b) The regiosclectivity of the reaction is different when arylacetooitriles 4r-d derivatives and 

ester cnolate 16 oo one hand or aminonitrilcs Ss,b,c on the other hand are used. In the former 

cast. 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. are formed (cntrics 16. 17. 19). 

c) MIRC reaction. leading to cyclopropancs, previously obscrvcd by JOUCLA 5 with an ester 

cnolatc. takes place solely with lithiated ester enolate 16. M+ = Li+ in THF or THF-Et20 (entries 21. 

22). 

Further experiments were done in order to interpret these results : 

- The reaction of bromoester 1 with the carbanion formed from 44 was ruo in DMSO in the dark 

or in the presence of radical traps (m.dinitrobcozcnc and 4.4.6.6-tctramcthylpiperidioe N-oxide) : 

oo decrease in the yield of la was noticed after the same reaction time (entry 15). 

When the same cxpcriments were run with aminonitriles Sr,b. the yields in 8 and 11 were 

significantly reduced (entriesl8, 20). 

- The reaction of aminonitrile 5s with bromocster 1 was run in DMSO in the presence of 

K 2CO3. conditions in which STELLA 3a-d. ll observed N-quaternarization followed by ylid 

formation and 2.3 sigmavopic rcarrangcmeot, oo the way to SN’ products : under such conditions. 

the starting materials rcmaincd unchanged. Therefore, the SN’ reaction does not involve such a 

two-step process in the present case. 



1270 M.-C. Roux-w et id. 

MEISLICH and JASNE 121 bavc alnady observed attack of I- in DMSO on the allylically 

substituted bromine of 4-bromoisophoronc : such a process could also take place in our systems. 

We therefore tried the reaction of bromo-2 pbcayl-2 propioaitrile 20 with methyl 4- 

methyl-pcnten-2-oate enolate 21 formed by action of LDA on the conesponding ester in THF ; it 

did not generate any SN’ product 7r after I5 mn at mom temperature, conditions in which 7r WM 

obtained from 4d and 1. Only starting materials were recovered after aqueous work up, next to 

small amounts of dimers PhF(Me)-F(Me)Ph. 

CN CN 

21 

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

bromine by the soft carbanionic species . 

Two aspects of our results deserve comment : 

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

nitrilcs and bromoester 1 in THF. 

- Tbe mechanism of the allylic substitution. 

These is ample precedent in the literature for reactions of lithiatcd carbanions I3 or of 

ester cnolatcs 5114 with bromocrotonrtcs, leading to cyclopropanes by a MIRC process in THF or to 

SN~ 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 stcric hindrance 15. For instance. it has been shown tbat, 

without Lewis acid catalysis, conjugate addition of lithiated aminonitrilcs on p,g disubstituted a- 
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cnonu does not take place 15b. such an effect certainly exp~ainr 

lithiated aminonitrilcs 5 and bromoester 1 in THF. 

why no reaction is seen from 

However. lithinted ester enolatc 16 behaves as expected, leading to cyclopropanes 18 in 

THF. although next to aoma SN’ product. From lithiated arylacetonitriles 4r-d, which promote 

conjugate addition to a.p-unsaturated cs~crs 16 as we11 zu to a-enonts. but which are sensitive to 

the electrophilc steric hindrance l5c, no cyclopropanes are obtained. Moreover, SN’ products arc 

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+ cnolatc 16 and litbiatcd 

phenylacctonitrile is certainly inherent to the structu= of both lithiated anionic species in THF 

17. This point is under active investigation 1 8. 

From tertiary bromide 1. allylic substitution takes place in two ways, either without any 

regioselectivity or via predominant SN’ anti Michael process. 

The non-regiosclcctive pathway is observed from aminonitrilcs Sa,b,e in THF-HMPA. 

Radical traps lower the yield of the reaction 1g~20, implicating therefore an outer-sphere S.E.T. 6, 

followed by a radical process, which is likely a SRN 1 one as no duplication product was obtained ; 

the chains are probably short, as the reaction is not totally inhibited by these traps *O. Loose ion 

pairing of the carbanionic species with the counterion is necessary for the primary electron 

transfer to occur, as tbc HOMO energy of the electron donor is raised related to that of a tight ion 

pair. A similar interpretation has been recently given by SAWYER and ROBERTS 6g, to explain the 

different behavior of hydroxide ion in dipolar aprotic solvent and in water (lowering of the 

HOMO level by salvation). 

The poor regiosclectivity of the reaction is not entirely unexpected as radical 

recombinations usually occur with no barrier. They are thus under diffusion control and do not 

exhibit any sensitivity to steric hindrance 6c. However, MO UHF calculations have been 

performed on 22 as a model with tbc 3-21G basis set 21. In an UHF study of radical recombination, 

two important stabilizing frontier interacrions are to be considered : one occurs between the HO 

of the substrate and the LUMO of the reagent (a spin orbitals). the other implies the LU of the 

substrate and the HOMO of tbc reagent (p spin orbitals). Selectivity depends upon coefficients in 

both orbitals on a given partner. Calculations performed on 

HOMO (a spin) : atom CQ : 0.380 (*pa) + 0.507 (2~‘~) 

atom c* : -0.272 (2px) - 0.314 (2~‘~) 

LUMO (b spin) : atom Q : -0.217 (*pa) - 0.393 (2~‘~) 

atom c* : 0.260 (2px) + 0.517 (2p’x) 

22 give the following results : 

22 
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From the figures, it l ppeam that while reaction at Ct is slightly favored in the first 

interaction, it is the reverse in the second one, the global result being in line with the 

experimental lack of discrimination. 

SET from aminonitrile anions has precedent 8a*22r. Such a behaviour is also observed in the 

reaction of lithiated I.1 bis phenylthioethanc with bromoester 1 in THP-HMPA : qual amounts of 

SN and SN’ products are obtained, next to dimer (Ph.925 - F(SPhh, indicative of a SET process 

22b. 
CH3 fJH3 

The predominating SN ’ process, whose regiosclectivity is anti-Michdl, is observed for 

reactions of carbanions formed from rrylaceto- and propionitrilcs Ia-d whatever the associated 

cation and the solvent and from cnolate 16, either with M + = Li+ in THF-HMPA or hi+ = K+ 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, either in the absence of nucleophile. 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 oxidablc cubanions, having a HOMO 

level high in energy. Concertedness of the SN’ process was also concluded by MEISLICH and IASNE 

l2b who examined the reaction of pivalic acid salts with 4-bromoisophoronc in aprotic solvents. 

In the latter case, the reaction was slower and the relative amount of SN products higher, due IO 

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 6a.b. favors the DA-D+A- interaction, lowering the transition state energy. 

Polar pathways being sensitive to steric hindrance, coupling takes place 01 the least hindered site 

i.e. a to the eater group instead of on the quaternary carbon. 

Therefore, according to the nature of the nucleophile. the l llylic substitution implies 

either a SET or a concerted polar pathway showing thus, from a single electrophile. the existence 

of a “polar-SET mechanistic spectrum” 6a. 

The reaction of l llylic tertiary bromoester 1 with charge dclocalised reagents a IO nitriles 

or with the enolatc of methyl phcnylacctatc can lead, in suitable reaction conditions, IO products 

resulting from allylic substitution. According to the substitucnts of the cubanion, this process 

might involve a concerted inner sphere electron transfer giving mainly the SN’ anti-Michael 

product, or take place via a two step outer sphere single electron transfer, leading IO a mixture of 

SN and SN’ products in equal amounts. From our results, it appears that the sfcric hindrance of 

the nuclcophilc as well as its ability IO stabilize radicals 9 favors the SET pathway which is 
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observed with carbanions formed from aminonitrilw (captodativc systems) or from CH3CH(SPh)2, 

a lo sulfur. 

Bromoester 1. bromooitrilc 20 and aminonitriles 5 were prepared by literature methods 24. 
The other nitrilcs were commercial and used without further purification. 

Dielyl ether and tolucne were R.P. Normapur spectroscopic grade solvents : they were 
kept over MgSO4 under argon. THF was distilled over bcnxophcnonc kctyl or LAH before use. 
DMSO wss distilled over KOH and HMPA over CaH2. 

LHMDS IM in THF (Jansen). KHMDS 0.5M in toluene (Aldrich) and n.BuLi in hcxanc ( l.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 \) max. in cm -1. lH and l3C NMR rpecua were run on a Brtlckcr AM 250 equipment (lH : 250 
MHz. TMS internal standard : 13C : 62 MHz. CDCl3 internal standard) on a Perkin-Elmer R32 (90 

MHz) or on a Brllckcr AC200 (lH 200 MHz). Chemical shifts am given in 6 ppm related to TMS. Mass 
spectra were performed on a Ncnnag IO-IO mass spectrometer. Microanalyses were done by Lhc 
Service de Micmanalyse du C.N.R.S. 

The various compounds were purified by TLC or by Flash Chromatography on silica gel 
(230-400 mesh). Determinations by ClLC were run on a 5160 MEOA Carlo Erba quiment using 
diethyl phtalstc as internal standard (OVI capillary column, 15 m. vector gas He (0.5 bar). 
temperature programmation from 70 IO 180 or IO 220°C. lO’C/mn). 

All the reactions were run under argon l unosphere. 

- a) m : 3 or 5 mmolcs of neutral precursor (4 or 5) were dissolved into 25 mL 
THF, 25 mL of a THF-HMPA mixture (4:l v/v) or, when LHMDS was used as a base into 22 mL THF in 
a four necked vessel quipped with an argon entry, inner thermometer. mechanical stirring and 
a rubber septum. The vessel was cooled to -7O’C and one molar equivalent of base (n.BuLi l.6M in 
hexane or LHMDS in THF) was added slowly via a syringe. After 30 mn stirring, the temperature 
was raised to -50°C and 3 or 5 mmolcs 1 were added via a syringe. The mixture was then raised to 
room temperature, stirred for 15 mn (from 4) or 4 hrs (from 5). The mixture was cooled again IO - 
70°C and quenched by addition of an aqueous saturated solution of NH4Cl. The organic phase was 
extracted by E120 (from 4) or ethyl acetate (from S), washed by water, dried over MgS04. The 
solvents were distilled under reduced pressure and the residue analyzed and purifmd. 

From methyl phenylacctatc 6, the reaction was run in a similar fashion, unless the enolatc 
was generated by addition of the ester to a slight excess of LHMDS in E120-THF, THF or THF-HMPA 
(5 mmoles 6 in 1 mL solvent). 

- b) m. When using KHMDS in tolucne as a base the teaction was run as 
previously on a 3 mmolar scale : tic solvent was I2 mL THF + 6 mL toluene originating from die 
KHMDS solution. 

In DMSO. KOt.Bu (400 mg) was dissolved into 10 mL DMSO ; 3 mmoles nitrile was added and 
stirring was maintained for I5 mn before the introduction of 1. The reaction was run for I5 
further mn. quenched at room temperature as before and extracted by EtOAc. 

When the reactions were run with l minonitriles 5 on a 3 mmolar scale, the reaction 
mixture. after evaporation of the solvents, was dissolved into I8 mL of E120-THF (I:2 v/v) and 
treated by 4 mL aqueous AgN03 1M. After 2 hrs 30 mn stirring and filtration of AgCN. the organic 
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phase WIB separated. the aqueous pbxse extracted ~evcrxl times by EtOAc. Tbc organic pb~er 
were set together. wubed with brine and dried over MgS04 and treated as previously. 

M.-C Roux- et al. 

. . 
of bromonllnlc 20 a 

. LDA (3 mmolw) was prepared by action of n.BuLi 0.8 mL of 1.6M mlution in bexane) on 
diisopropylaminc (0.8 mL) in 1.2 mL THP. After evaporation of tbe xolvenu under argon. it wyw 
dissolved into 4 mL THP at -7O’C. 2.5 mmola metbyl 4-mctbyl-2-pcntcnoate (320 mg) wert added 
and the mixture was stirred at -7O’C under argon for 30 mn. 2.5 mmolcr bromonitrilc 20 (530 mg) 
were added via a syringe and tbc temperature of tbc mixture was raised to 2OY!. then stied for 
15 mn. After 4ucous NH.4Cl trcatmeot and EC20 extraction, tbc crude mixture wax analyxed by 1~ 
NMR and GPC : only bromonitrile 20. starting cxtcr and a small amount of Pb (CN) (CN)Pb could 
be characterized. EH3 L3 

. . 
uukbr 

Isolated by Pla8b column chromatography (pentanc : Et20 99:l v/v) 
isomer 1 m.p. 73.S” (bcxanc) ; Retention time 11.8 mn. 
IH NMR (200 MHz, cDCl3) : 1.5 (d. J = 1 k..3H) ; 1.82 (d.. J = 1 Hz, 3H) ; 3.57 (a. 3H) ; 3.65 (bnxd I.. 1H) 
; 4.26 (d.. J = 9 Hz, 1H) : 5.28 (d.. J = 10 Hz. 1H) ; 7.35 &toad a.. SH). 
Analysis : Cl5Hl7Ne = 243. Calc 96 C = 74.04 ; H = 7.04 ; N = 5.76 ; found % C = 73.59 ; H = 6.97 ; N = 5.89. 

MS. (ionixation) : 127 (25) ; 244 (8) ; 261 (100) (M+NH4+). 
isomer 2 (deduced from the mixture) ; Retention time 12.1 mn. 
lH NMR (200 MHz, CDCl3) : 1.38 (d. J = 1 Hz... 3H) ; 1.65 (d., J = 1 Hz. 3H) ; 3.72 (s.. 3H) : 3.62 (broad L. 
1H) ; 4.05 (d.. J = 9 Hz. 1H) ; 5.05 (dq.. J = 10 Hx and 1 Hz. 1H) ; 7.35 (broad s., 5H). 

Comparixon of tbc lH NMR spectra 

P 

1.38 

1.6s 

Ph 

V 

CN 

CHH, 

x 

‘CGOMC 
3.12 

a3 Hx 
HA 

5.05 

lamcx2 

allow8 the following configuration udgnments. 

Y 

Pll K-23 CN 

_/q+(” 1.5 
3.57 

HA Hx a, 1.82 

5.28 

LYYDMl 

M.S. (kmiution) : 127 (20) ; 244 (8) ; 261 (lO0) (M+NH4+). 

Purified by flash column chromatography (pcntanc : Et20 99:1 v/v). 
lso~r f (70% of the mixture). m.p. lOSo (bexanc) ; Retention time 15.5 mn. 
lH NMR (90 MHz. CDC13) : 1.60 (d.. J = 1 Hx), 3H) : 1.80 (d.. J = 1 Hz. 3H) ; 3.6 (a.. 3H) ; 3.83 (3.. 3H) ; 3.6 - 
3.8 (massif. 1H) ; 4.2 (d.. J = 8.5 Hz. 1H) ; 5.37 (dq. J = 10 md 1 Hz. 1H) : 6.9 - 7.40 @a. M’BB’. 4H). 
M.S. 67 (23) ; 95 (42) ; 127 (39) ; 146 (KIO) ; 147 (72) ; 273 (11) (M+). 
htiysis : C16HlgN03 = 273. Cak % 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. 
‘H NMR (250 MHz. CDC13, deduced from tbe 70/30 mixture) : 1.42 (d.. J = 1 Hz. 3H) ; 1.65 (d.. J = 1 Hz. 
3H) ; 3.68 (s.. 3H) ; 3.74 (s.. 3H) ; 3.6 - 3.8 (massif. 1H) ; 4.01 (d.. J = 8.5 Hz. 1H) ; 5.07 (dq., J = 10 xnd 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) @A+). 

Comparison of tbc 1H NMR spcctrx allows the following configuration axxignmcnts. 



Allylic substitution by carbon nucleopbiks 1275 

lsmW2 

I .80 

-_ - 6~ 
Purified by flaxb column chromrtognphy (pcotanc : Et20 99:l v/v). 

Isomer I : oil ; Retention time 13.6 mo. 

‘H NMR (90 MHz. CDC13) : 1.58 (d.. J = 1 Hz. 3H) ; 1.82 (d.. J = 1 Hz. 3H) ; 3.62 (s.. 3H) ; 3.70 (t.. J = 8 Hz, 

IH) ; 4.30 (d.. J = 8 Hz, IH) ; 5.30 (dq. J = 8 xnd I Hz, IH) ; 7.20 - 7.45 (m.. 4H). 
MS. : 41 (20) ; 67 (39) : 95 (56) ; 99 (IS) ; 127 (100) ; 218 (4) (M+). 

Isomer 2 : oil ; Rcteotioo time : 13.8 mn. 
IH NMR (250 MHz, CDC13) : 1.47 (d.. J = 1 Hz) ; I.72 (d.. J = 1 Hz. 3H) ; 3.68 (t., J = 8 Hz. IH) ; 3.70 (1.. 3H) ; 
4.08 (d., J = 8 Hz, IH) ; 5.07 (dq., J = 8 md 1 Hz. lH) ; 7.20 - 7.45 (m., 4H). 
MS. : 41 (25) ; 67 (44) ; 95 (58) ; 99 (17) ; 127 (100) : 218 (1.5) (M+) 

Comparison of the lH NMR spectra rllows the following coofigurrtioo assignments. 

1.47 CHj 

>-( 

\ 
axMe 

3.70 

1.72 CH, Hx 
HA 

5.07 

Y 

Ar CN 63% Me 1.58 

_/ 

3.62 
HA y: Me 1.82 

J.30 

Lsuna2 

_ __ 
Isomer I : m.p. lO3-106T (pcounc) ; Retcntioo time 12.3 ma. 

IH NMR (90 Ml+& m3) : 1.60 (s.. 3H) ; 1.69 @mad s.. 3H) : 1.82 (broad s. 3H) ; 3.40 (s.. 3H) ; 3.58 (d., J 
= ll lk lH) ; 5.9 (dq. J = 11 Md l Hz. 1H) ; 7.10 - 7.30 (m., 3H) ; 7.45 - 7.65 (m, 2H). 
13C NMR (CDc13) : 18.4 (9.) ; 25.9 (q.) ; 45.0 (8.) ; 51.7 (9.) ; 54.2 (d.) ; 117.5 (6) ; 121.5 (x.) ; 125.7 (d.) ; 
128.0 Cd.) ; 128.7 (6) ; 138.4 (s.) ; 140.2 (L) ; 170.6 (s.). 
MS : 41 (11) ; 67 (33) ; 95 (36) ; 127 (100) ; 128 (13) ; 131 (23) ; 257 (2) (M+). 
Analysis Clfll9NO2 = 257 : ck. 46 C = 74.7 ; H = 7.4 ; N = 5.45 ; found 96 : C 174.70 ; H = 7.43 ; N = 5.42. 

Isomer 2 : Retention time 10.1 mn. 

‘H NMR (200 MHz. CDCl3 deduced from the l/l mixture) : 1.28 (s.. 3H) ; 1.65 (broad s.. 3H) ; 1.82 
(bmd 1. 3H) ; 3.62 (S.. 3H) ; 3.70 (d., J = 11 HZ, 1H) ; 5.30 (dq, J = 11 rad 1 Hz, IH) ; 7.2 - 7.5 (m., 5H). 
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m.p. 98 - IOlT. 
Purified by flash column chromatography (pentane:~t2O 99:l V/V). 

‘H NMR MHZ, (90 cDc13) 1H) 3H) : 1.20 (s., ‘%I : 3.68 (s.. ; 3.75 (s.. ; 3.82 (s.. 3H) : 5.72 (d., J = 16 HZ, 1H) 

; 6.82 - 7.0 (m.. 3H) ; 7.15 - 7.30 (m.. 2H). 

Isolated by flash column chromatography (pentmc:Et20 95:5 v/v). 
m.p. 105-8” (pentme) ; Retention time 23.6 mn. 
‘H NMR (250 MHz. CDCl3) : 1.8 (d., J = 1 Hz, 6H) ; 1.84 (d.. = I Hz. 6H) ; 3.40 (s.. 6H) ; 4.15 (d., J = 10 Hz, 
2H) ; 5.40 (dq. J = 10 and1 Hz, 2H) ; 7.30 - 7.5 (mrrsif. 5H). 
13C NMR (CDCl3) : 18.9 (q.) ; 26.3 (q.) ; 50.7 (d.) ; 59.2 (q.) ; 117.3 (d.) : 118.7 (s.) ; 125.7 (d.) ; 127.7 (d.) 
; 128.9 (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(l) ; 262 (11) ; 370 (12) ; 386 
(35) ; 387 (100) (M+ +NHq) ; 388 (34). 
Analysis : C22H27N04 = 369. Calc % C = 71.52 ; H = 7.37 ; N = 3.79 ; 0 = 17.32 ; found % C = 71.79 ; H = 7.11 
; N = 3.75 ; 0 = 17.28. 

m.p. = 119-12lT (~CXUIC). Purified by flash column chromatography (pentane/Et20 99:1 
v/v); Retention time 24.1 mn. 

‘H NMR (90 MHz. cDc13) : I.80 @rod s., 12H) ; 3.45 (s.. 6H) ; 3.75 (s. 3H) ; 4.10 (d., J = IOHz, 1H) ; 5.47 
(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 : C23H29N05 = 399. Calc 96 C = 69.15 ; H = 7.32 ; N = 3.51 ; found % c = 69.20 ; H = 7.35 ; N = 3.69. 

_ _ __ _ 12s 
m.p. 100 - 102.5”C (hcxanc) ; Retention time 22.1 ma. 

‘H NMR (90 =. CDC13) : I.80 (btopd s., 12H) ; 3.45 (s.. 6H) ; 4.12 (d.. J = 1OHz. 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+). 
bdysis : C22H26ClN04 = 403.5. Cak 96 C = 65.43 : H = 6.44 ; N = 3.47 ; Cl = 8.80 ; found % : C = 65.63 ; H = 

6.53 ; N = 3.38 ; Cl = 8.88. 

m.p. : 82-5” (pcntane). Purified by flash column chromatography (pcntanc/Et20 99:1 v/v) ; 
Retention time 14.2 mn. 
*H NMR : (250 MHz. CDC13) 1.30 ; 3.7 (s., 6H) (s.. 3H) ; 5.5 - 6.2 (broad m.. ; 6.40 2H) (s, 1H) ; 7.3 (broad 
s.. 5H). 
13C NMR : 23.2 ; (CDC13) (q.) 47.8 ; 49.5 ; (9.) (q.) 106.3 (s.) ; 127.7 (d.) ; 128.1 ; 129 (d.) (d.) ; 133.4 ; (s.) 
137.1 (s.) ; 153.1 (d.) ; 157 (s.) ; 166 (s.). 
MS : 167 (2) ; 184 (7) : 196 (4) ; 212 (10) ; 243 (66) (M+) ; 244 (lo0) (M+ +I). 
Analysis : C15H17NO2 = 243. Cdc % C = 74.04 ; H =7.07;N=5.76;found%C=72.5O;H=6.92:N=5.84. 

_- _ 134 
m.p. : 89-91’ (pentant). Purified by flash column chromatography (pcntane/Et20 99:l v/v) 

; Retention time 19.9 mn. 

‘H NMR (90 CDC13) (s.. MHZ. : 1.35 3H) ; 3.8 (s.. 3H) ; 3.85 (s.. 3H) ; 5.65 - 5.90 (massif, W) : 6.37 (S.. 
1H) ; 6.85 - 7.35 (AA’BB’ system, 4H). 
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13C NhSR : 23.2 ; 48.1 (a) ; 50.1 (CDCl3) (q.) (q.) ; 55.5 (q.) ; 106 (L) ; 114.6 (d.) ; 126.1 (a.) ; 129.2 (d.) ; 
136.9 (s.) ; 152.2 (d.) ; 158.7 (s.) ; 159.8 (a.) : 167.2 (a). 

MS : 183 (9) ; 198 (15) ; 214 (100) ; 215 (17) ; 226 (47) ; 241 (11) ; 273 (75) (M+) ; 274 (14) @i+ +l). 
Analysis : C16H1rjN03 = 273. Cak % C = 70.31 ; H = 7.01 : N = 5.12 ; formd % C = 70.68 ; H = 7.0 ; N = 5.35. 

m.p. : 110-11~’ (pentme). Purified by flash column chromatography (pcntme/Et20 99:1 
v/v) ; Retention time 18.4 mn. 

‘H NMR (250 MHz. : 1.35 (s, CDCl3) 6H) ; 3.78 (8.. 3H) ; 5.6 - 6.0 (bro8d m.. 2H) : 6.48 (s.. 1H) ; 7.2 - 7.4 
(massif. 4H). 
MS : 83 (19) ; 84 (19) ; 139 (12) : 166 (17) ; 167 (37) ; 168 (14) ; 182 (14) ; 183 (10) ; 195 (19) ; 218 (lo(~) 

: 219 (17) ; 220 (32) ; 230 (40) ; 232 (IS) ; 277 (87) (hi+) ; 278 (15) ; 279 (31) (M+). 
MYsis : C15Hl6ClN9 = 277.5. Calc % C = 64.9 ; H = 5.81 ; found % c = 64.9 ; H = 5.82 

oil. Purified by flash CO~UOI chromatography (hcxme/EtO 99:l v/v) ; R&xtion time 13.3 
mn. 

‘H Nkf~ (250 MHz. CDC13) : 1.75 (d.. J = 0.7 Hz. 3H) ; 1.79 (d.. J = 0.7 Hz. 3H) ; 3.7 (s., 3H) ; 5.15 (d , J = 10 
fi., 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.) ; 25.9 (q.) ; 52.5 (q.) ; 54.6 (d.) ; 116.9 (d.) ; 128.7 (d.) ; 129.6 (d.) ; 133.5.(d.) 
: 135.8 (8.) ; 138.1 (8.) ; 169 8 (8.); 193.9 (8.). 
MS : 43 (43) ; 55 (21) ; 77 (47) ; 83 (43) ; 105 (100) ; 122 (21) ; 232 (13) (M+). 

_- - _ _ 

Purified by flash chromatography IS a mixture with 1Sb (30/70).; Retention time 16 mn. 
‘H NhfR (250 MHz. ac13) : 1.75 (d.. J = 0.7 Hz 3H) ; 1.80 (d.. J = 0.7 Hz., 3H) ; 3.7 (a., 3H) ; 3.88 (.q., 3~) ; 
5.08 (d . J = 10 Hz.. IH) ; 5.60 (dq. J = IO and 0.7 Hz, 1H) ; 6.92 (dt.. J = 10 and 1 Hz, 2H) ; 7.95 (dt., J = 10 
and I Hz. 2H). 
MS : 77 (13) ; 92 (6) ; 134 (16) ; 135 (100) ; 136 (9). 

-- _ 14c 
Oil Purified by flash chromatography (pcntPnc/Et20 99.4:0.6 v/v).; Retention time 14.1 ma. 

lH Nm (250 MHz. CDCl3) : 1.75 (broad 8.. 3H) : 1.8 (broad 8.. 3H) ; 3.7 (8.. 3H) ; 5.1 (d. J = 8.5 Hz. 1H) ; 
5.6 cbroad d.. J = 8.5 Hz. lH) ; 7.55 - 8.0 (AA’BB system. 4H). 

13C NMR : 18.9 (CDCl3) (q.) ; 26.05 ; 52.8 ; 54.9 ; (q.) (4.) (d.) 116.9 (d.) ; 128.2 ; 128.4 ; 128.6 ; 129.3 (d.) 
; 130.4 (s.) ; 138.6 (8.) ; 160.9 (8.) ; 193.1 (8). 

oil. Purified by flash column chromatography (hexane/Et20 99:1 V/V) ; Re&ntion time 11.7 
mn. 

‘H NMR (250 mx, : 1.48 : 3.76 CDC13) (8.. 6H) (s.. 3H) : 5.97 J (d.. = 16 Hx, ; lH) 7.32 J (d., = 16 HZ, 1H) ; 

7.35 - 7.5 (m.. 3H) ; 7.75 - 7.85 (m.. 2H). 

13C NMR : 25.8 ; 49.5 ; 52.5 ; (CDC13) (4.) 6.) (q.) 119 (d.) ; 127.6 (d.) ; 128.6 (d.) ; 132 (d.) ; 135 (8.) ; 153 

(d.) ; 166.7 (s.) ; 212.1 (s.). 
MS : 51 (7) ; 77 (33) ; 96 (7) ; 104 (15) ; 105 (100). 

vl 4 (4 methoxvbcnzovll 4 mcthvl_aenlc _ _ _ _ _ _ 1Sh 
oil- Purified by flash chromatography as a mixture with 14b (70/30) ; Relen(ion time 15.7 

mu. 

‘H NMR (250 MHz. Cm13) : 1.48 (8.. 6H) ; 3.75 (s.. 3H) ; 4.82 (8.. 3H) ; 5.96 (d., J = 16 Hz, 1H) ; 6.98 (&, J 
= 10 and 1 k 2H) ; 7.30 (d.. J = 16 Hr., IH) ; 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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vl 4 (4 -VI\ 4 -2 m - - _ _ - - 

oil. Purified by flash chromatography (pentanc/Et20 99.4:0.6 v/v) ; Retention time 13.85 
mn. 

lH NMR (250 MHZ. CDCl3) : 1.45 (a., 6H) ; 3.75 (a, 3H) ; 5.9 (d., J = 16 Hz, 1H) ; 7.4 (d. J = 16 Hz., IH) ; 7.3 
- 7.8 (AA’BB’ system. 4H). 
13C NMR (-3) : 26.6 ; 50 ; 52.5 ; 120.6 ; 129 ; 131.9 : 135 ; 139.4 ; 153.8 ; 167.5 ; 201.2.. 
IR : 1720 0) ; 1680 (8) ; 1675(s) ; 600 - 800 (8). 

17 
(pcntme/Et20 99.8:0.2 V/V). 

Isomer I : oil ; Retention time 11.9 mn. 

‘H NMR (250 =, mc13) : 1.35 (8.. 3H) ; 1.5 (s., 3H) ; 3.65 (s., 3H) ; 3.7 (s., 3H) ; 3.9 - 4.05 (AB part of 
ABX system, 3JAB = 12.5 Hz, 2H) ; 4.82 (d.lH, HX) ; 7.15 - 7.35 (massif, SH). 
IR : 1735 (s), 1670 (s). 
m : 67 (15) ; 95 (33) ; 118 (27) ; 127 (58) ; 150 (100) ; 157 (19) ; 276 (4) (M+). 

Isomer 2 : m.p. : 12OT ; Retention lime 11.8 mn. 

‘H NMR (250 MHz. CDCl3) : 1.75 @road s., 6H) : 3.4 (s., 3H) ; 3.62 (s.. 3H) : 3.9 - 4.1 (AB part of ABX 

System. 3JAB = 11 Hz. 2H) ; 5.15 (d.lH. Hx) ; 7.2 - 7.4 (massif. SH). 
Same IR and MS aa isomer 1. 

Comparison of IH NMR spectra allows the following configuration assignments : 

1.35 

1.5 

Y 

Ph 

@ 

CooMe 

Me 

x 

‘axxlc 
3.7 

MC Hx 
HA 

isomer 1 : : 88 m.p. - 90.5” ; Retention time 12.2 mn. 

lH NMR (250 MHz. CDc13) : 1.25 (s., 3H) ; 1.27 (d.. J = 5.2 Hz. Hl) ; 1.3 (s.. 3H) ; 2.15 (dd.. J = 5.2 and 11.2 

a. H2) ; 3.3 (d.. J = 11.2 HZ. H3) ; 3.6 (s. 3H) ; 3.7 (s.. 3H) ; 7.2 - 7.4 (m&f, 5H). 
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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lH NMR (250 MHz, : CDc13) 1.07 (8.. 3I.0 ; 1.2 (s., 3H) ; 1.52 (d.. J = 5.2 Hz. HI) ; 2.2 (dd.. J = 5.2 md 11.2 

I& H2) ; 3.35 (d., J = 11.2 Hz. H3) ; 3.7 (s., 3H) ; 3.75 (1.. 3H) ; 7.2 - 7.4 (massif, 5H). 

SUIIC IR and MS ~1 irrmer 1. 
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