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Summary 

In THF at -70” C lithiated anions from arylacetomtriles undergo exclusively 
1,2 addition to a! &unsaturated aldehydes under kinetically controlled conditions, 
while 1,4 addition can be observed m some cases under thermodynamically con- 
trolled conditions at higher temperature. In THF/HMPA at -7O”C, competitive 
1,2 and 1,4 additions take place m nearly all cases exammed. when startmg 
from a p-methoxy-substituted reagent, both reactions are kmetically controlled, 
while with unsubstituted and m-chloro-substituted reagents, kmetic and/or 
thermodynamic control of 1,4 addition occurs The application of this reaction 
to synthesis of y-cyanoaldehydes is considered 

Introduction 

It is generally admitted [1,2] that organohthium reagents undergo 1,2 addi- 
tion to a&unsaturated carbonyl compounds As ar,&unsaturated aldehydes of 
type I are more susceptible to 1,2 additions than a$-unsaturated ketones [1,3] 
there are only a few examples m the literature of 1,4 additions to these com- 
pounds, either via Michael type reactions 141, Grignard reagents [5] or organo- 
cuprate additions [6] To our knowledge, only a single example of 1,4 addition 
of an organohthmm reagent to a&unsaturated aldehydes has been postulated 
recently by Taschner and Kraus [7] as an intermediate process 
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We have exammecl pewously the leactlons of Iithlatcd phenylacetonltllle IIa 
with a-enones III [S] We noticed that 1 2 adclltlon products can be obtamed m 
dlethylether or tetrahydrofuran (THF) at -70” C together with 1.4 addltlon 
products; however only 1,4 addition takes place m THF/he\amethylphospho- 
ti~amide (HhIPA) mixtures (Scheme 1) Therefore_ It seemed worthwhile to 
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study the reactions of the same species (IIa). as well as those of electrondonat- 
mg or electron-wlthdlawmg substituted derivatives (I e p-methoxy (IIb) and 
m-chloro (11~) analogs) with a&unsaturated aldehydes (I) We selected the fol- 
lowing aldehydes clotonaldehyde (Ia. R = CH3, R’ = R” = H), cmnamaldehyde 
(Ib R = Ph, R’ = R” = H), 3-methyl-Z-butenal (Ic R = R’ = CH3, R” = H) and 
methacrolein (Id- R = R’ = H, R” = CH3)_ 

In our previous work [S], we showed that the 1,2 addition process IS revers- 
ible at -70” C m THF and m THF/HMPA so that the 1,4 adduct, could be 
formed in both cases under thermodynamic control_ Therefore, we shall also 
examme the posslblhty of kinetic and/or therrnodynamlc control of the reac- 

tions studied _ 

Results 

The reactions were carried out at -70°C and quenched by the addition of 
acid. The expected products are secondary allyhc alcohols (IV- Ar = C6H5, V 
Ar =p-CH,O&H, and VI: Ar = m-Cl&H,) resulting from 1,2 addltlon, and 
y-cyanoaldehydes (VII. Ar = C6H5; VIII- Ar =p-CH,O&H, and IX_ Ar = 
m-ClC&I,) resulting from 1,4 addition 
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T XBLF 1 

RE XCTION OF IJXSATCR XTED XLDFHYDES I WITH LITHIATED ARYLACETONITRILES II 

(30 nlln at -7OOC ,n THF:H\IPA 80120 \:\ ) 
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11‘2 80 
IIb 295 
IIC 80 

IVa/VIIa 65135 

\‘a/VIIIa xi/45 

V!a/ISa 35165 

!\%/VI!b 65135 
Vb/VI!Ib 70130 

I~-c/vIIc 75135 
VC/VIIIC >95/5 

!Va/\rIId Z/i5 

Vd/VI!! 60/10 
VId/I’.d 15185 

a \i tth respect to startmg makrta! (100%) 

When the reactions were run m THF for 10 to 90 mm only allyhc alcohols 
IV, V and Via-d were obtamed with >SO% yield as mistures of RS,RS and 
RS,SR diastereoisomers which were detected by ‘H NMR but were not sepa- 
rated Their structure was assigned by IR (v(OH) 3450, v(C=C) 1620 and 
Y(C-N) 2250 cm-‘) ‘H NMR (CHOH ca 45 and vmyhc protons between 5 and 
7 ppm). and mass spectroscopy after thick layer chromatographic punfication 
Whatever the reaction tmre (<90 mm), no compound other than IV, V, VI, and 
occasionally the starting materials, could be detected 

When the reactions were run for 30 mm m THF/HMPA (SO/20 v/v), a mix- 
ture of diastereoisomeric allyhc alcohols IV, V, VI and diastereoisomeric 
cyanoaldehydes VII, VIII, IX was obtamed m nearly all cases The results are 
given m Table 1 

For ldentrfication purposes, compounds VIIa and b, VIIIa, b and c and IXa 
were prepared by treating the correspondmg cr$-unsaturated immes X with 
reagents IIa, b and c m THF/HMPA, followed by treatment with acid [9] They 
were also obtamed eventually as mixtures of RS,RS and RS,SR stereoisomers 
which were not separated VIIc, IXb and IXc could not be obtamed by this 

R 
\ 
,C=CH-CH=N-t-Bu 

method however as the reaction does not work properly m these cases [9] and 
until now we had not trred to perform the reaction usmg the rmme of metha- 
crolem (Id) 

The other y-cyanoaldehydes (VIIc, VIId, VIIId and IXd) were obtained m a 
nearly pure form by thick layer chromatography of the reaction mrxtures on 
Si02. They were identified by IR (v(C=O) 1720, v(CrN) 2250 cm-‘) and ‘H 
NMR (6(CHO) ca 9 5 ppm) The yields m allyhc alcohols and y-cyanoalde- 



hydes were determmed by ‘H NMR (mteglatlon of the CH-OH and CHO plo- 
ton signals, Internal standard aromatic prctons) The reactrons of the 
m-chlorosubstltuted reagent IIc and cmnamaldehyde Ib or 3-methyl-2-butenal 
Ic chd not give good results, some expenments usmg aclolem give mamly 
polymers 

From Table 1, it appears that slgmf1cant amounts of 1,4 addition products 

are obtained except m the reaction ol IIb with aldehyde Ic (run 7) 
In order to check the eventual reverslb&ty of 1,2 addltlon, we carned out 

the reactlons for 30 mm m THF at --70°C (condltlons under which the allyhc 
lithium alcoholates correspondmf to iv, V and VI are fonned In >SO% yield), 
then added HMPA and stlrred the reactIon mixture for a further 30 mm at 
-70°C. It was then quenched and analyzed as previously The results are given 
m Table 2_ 

It appears that, m the presence of HMPA at -7O”C, no convelslon takes 
place for the p-methosy llthlated dellvatlves (runs 12, 15, 17 and 19) For the 
unsubstltuted derivatives, a slight conversion IS notIced (except m run 16) as 
some y-cyanoaldehyde is formed (runs 11, 14 and 18) as well as starting alyl- 

acetomtrlle (runs 11 and 18), while with the m-chlorosubstltuted ones com- 
plete conversion takes place (runs 13 and 20) y-cyanoaldehydes are folmed m 
30 to 60% yield accompanied by m-chlorophenylacetomtnle (run 13) 

We also performed two experiments m THF at -70°C and then rased the 
temperature to -30°C for 1 h without adding any other solvent under these 
condltlons, and using methacrolem Id and amomc reagents IIa or IIc, we only 
obtained y-cyanoaldehydes VIId and IXd (yield 70-75%), with no allyhc &co- 
hol_ 

Discussion 

It is known that addltlon of allyhc Gngnard, organohthmm or organozmc 
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reagents to simple carbonyl compounds can be levelslble [lo], as can Refor- 
matsky [ll] and Ivanov [12] reactlons and the 1,2 additions of some charge 
delocahzed o~ganohthmm reagents to a-enones [ 8,13,14] Furthermore, revers- 
lblllty IS favoured m the presence of &polar aprotlc solvents or on ralsmg the 
temperature [8,10,11,14] 

From our results, it appears that 1,2 addltlon of hthlated arylacetomtrlles 
IIa, b and c to a&unsaturated aldehydes I IS ureverslble m THF at -70°C as 
only allyhc alcohols are obtained whatever the reaction time (30 to 90 mm_)_ 
Thus 1s contradictory to our eaher results on the reactlon of IIa with 2-cyclo- 
hexenone under the same tempelatme and time condltlons, we showed the 
revelslblllty of addltlon to the C=O bond and the formatlon of a 1,4 adduct 
under thermodynamic control However, this lack of reverslblhty of formatlon 
of secondary alcoholates (from unsaturated aldehydes) compared with tertiary 
alcoholates (from cr-enones) 1s 111 lme with other hterature results. Mlgmlac 
[ lOa] and Jacques [ 151 showed that the reactions of allyhc organozmc denva- 
tlves and of Reformatsky-like reagents are much less reversible when performed 
with aldehydes than with ketones 

The addition of HMPA, at -7O’C, to allyhc lrthmm alcoholates correspond- 
mg to IV and VI formed m THF, leads partly to 1,4 adducts and partly to start- 
mg arylacetomtrlles m the case of unsubstltuted or nz-chloro-substltuted denva- 
tlves (except fol Ic (run 16)) These results show that 1,2 addition 1s partly 
reversible under these condltlons For the reaction of 2-cyclohexenone and IIa 
[ 81 under slmllar condltlons, we observed previously quantitative transforma- 
tion of the 1,2 adduct to the 1,4 one Again, this compmson 1s in hne with the 
previous results (vlde supra) mdlcatmg the less Important reverslblhty of for- 
matlon of secondary hthmm alcoholates compared with tertiary ones- 

However, the p-methosy-substituted llthmm alcoholates correspondmg to V 
remam unchanged at -70°C m this solvent mixture. Therefore, when startmg 
from the electron-donating substituted reagent IIb 1,2 addltlon is lrreverslble 
under these condltlons. The same observation 1s also valid for the reaction of 
3-methyl-2-butenal (Ic) and the llthlated amon of phenylacetomtrlle (IIa) (run 
16) 

To our knowledge this 1s the first trme that the mfIuence of the aromatic 
lmg substltuent of such a nucleophlle on the reverslblllty of its condensation to 
carbonyl compounds has been demonstrated However, electron-wlthdrawmg 
substltuents on the aromatic rmg of acetophenones are known to favour the 
reverslblhty of the Reformatsky react-Ion [ 161. 

It 1s generally admitted that the transrtlon state for the condensation of 
organohthmm or Gngnard reagents with carbony compounds is a reagent-like 
species [17a] and according to the microreverslblhty prmclple, the transltlon 
state of the retroprocess must have the same characterlstlcs [17b] Thus, the 
more stable the amomc species, the more stable this transltlon state while at 
the same time the stability of the various hthmm alcoholates IS probably 
weakly affected by the substituent of the aryl rmg_ Therefore, the more stable 
the amomc species %, the faster the retrocondensatlon. 

* The stablllzatmn of the anxxuc species parallels xts pK, m DhlSO the values for pKa are IIa 22 2 

IIb 23 4 and IIc 18 6 Cl81 



‘r’Tc t- U eiperlments run from methaciolc~in Id \\ ith IL\ and IIc m pulc - -- 
THF, sho\~ that ra~sm,r the tempelatule mclucc~s (as porn tousle otxen~~I III 

related cases [S,14]), the formation of 1 4 &ducts \-IId--I&l thus mcleasmg 
the reverslbIhty of the 1,2 aclcl~t~o;~ 

1,2/1,4 ack-l~troiz kmetic velsiis ther 112ocly~zain~c con tl 01 
In THF at -7O”C, only 1,2 adcl~tlon t&c5 place with a&unsaturat?tecl alde- 

hydes I whatever the amomc lcagent (IIn. IIb 01 11~) Thus reactlon occurs 
under kmetlc control, as no 1evelslblhty has been shown Thus 1s different from 
the results we previously obtamed with IIa and 2-cyclohexenone m u hlch 1,2 
and 1,4 addltlons took place under the same condltlons [S] Thus result w<~ not 
unexpected, as rt 1s we11 documented that a F-unsaturated aldthydes me mole 
susceptible to 1,2 Llddltlons than a-enones [ 1,3] 

In THF/HMPA, at -7O”C, kmetlc control IS also ensured for the lcactlons of 
hthlated p-methoxyphenyl acetomtrlle IIb as the folmatlon of dlyhc hthlum 
alcoholates 1s lrreverslble Therefore, the folmatlon of 1,4 adducts leadmg to 

y-cyanoaldehydes VIIIa, b and d does take place under kmetlc ccntlol [ 131, 
with concomlttant 1,2 addltlon_ This 1s m Ime with the theoretical approach to 
the queszlon of 1,2 versus 1,4 addltlon to a,/?-unsaturated c=bonyI compounds 
[19,20]: Lr’ complexatlon by the C=O of the c~bonyl compomld favoms 1,2 
addition [ 191 In a strongly Ll’-solvatmg medmm, where such a compleaatlon 

1s not possible, more 1,4 addltlon IS to be expected [19,20] 
However, flom 3-methyl-2-butenal Ic only 1,2 addition IS observed, showmg 

the effect of substltutlon of the czbon-carbon double bond 
Starting from the unsubstltuted reagent IIa or from the rn-chloro-substituted 

derlvatnre IIc, in THF/HMPA at -- I 0” C the formation of y-cyanoaldehydes VII 
and IX can take place under kmetlc and/or thermodynamic control as we have 
demonstrated the reverslbllrty of the 1,2 addition under those condltlons Fur- 
thermore, rarsmg the temperature to -30” C m pure THF when the leactlon 1s 
performed with methacrolem Id, Induces 1,4 addltlon under thermodynamic 
control, allowing the synthesis of y-cyanoaldehydes VIId and IXd with good 
yields_ This synthetic method 1s actually bemg put to genera1 use [ 91 

Conclusion 

We have been able to demonstrate the formatlon of y-cyanoaldehydes 
VIIa-d, VIIIa, b and d, and IXa and d by 1,4 add&Ion of hthlated arylacetom- 
tnles IIa, b and c to a&unsaturated aldehydes Ia-d m THF/HMPA at -70°C 
Depending on the electron donatmg or electron wlthdlawmg character of the 
aromatic substituent of the carbaniomc reagent, 1,4 addltlon takes place under 
kinetic and/or therrnodynamlc control This is one of the frost exampies of 1,4 
addition of lithlated carbamonlc species to a$?-unsaturated carbonyl com- 
pounds under kinetic control [ 131 Application of the reaction to the synthesis 
of some y-cyanoaldehydes is under mvestlgatlon. 

Experimental 

The solvents were purified by careful distillation over L1AlH, (THF) or CaH, 
(HMPT) under nitrogen_ The IR spectra were run on a Perks Elmer 157 spec- 
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trophotometer and NMR spectra on Vanan T-60 m Ccl, or CDC13 (TIMS as 
internal standard) except m the cases of VIIc and VIIIc which were measured 
on a Bruckner 90 MH spectrometer m CDC13. 

General technrque 

n-BuL1 (5 X 10m3 mol m hesane) was added to 5 X 10v3 moi arylacetomtrlle 
dissolved m 25 cm3 THF or 25 cm3 THF/HMPA (SO/20 v/v) under argon at 
-70°C After 15-20 mm stnrmg, 5 X 10e3 mol aldehyde dissolved m 3-5 cm3 
THF was added from a sylmge via a rubber septum, while the temperature was 
mamtamed at -70°C After 30 mm of further stirring, hydroiysls was carried 
out by rapid quenchmg w&h 10% aqueous HCI Ether extraction was followed 
by washing with NaCl-saturated water The orgamc layer was separated, dried 
over MgS04, and the solvent evaporated The crude product was analyzed by 
IR and NMR 

Final punflcatlon of the compounds was can-led out by thick layer chroma- 
tography on WOI! (eluant ether (60)/hexane (40)). The IR charactenstlcs are in 
the text All the compounds gave satlsfactoly mass spectra ‘H NMR data and RFH 
(SlO,) of compounds IV, V and VI, and VII, VIII and IX are gven m Tables 3 
and4 
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