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Abstract. A novel reaction - a ~-elimination of a hydride ion from carbanion salts RM 
(R = Li, MgBr) and ~RzNLi ÷, and its transfer to tetra-substituted activated olef'ms of 
the type Ar2C=C(CN)COzR (R= Me,Et), was studied. Yields of the reduced H-acceptor were 
used to follow the extent of the H--transfer reaction. A competing Michael addition 
reaction of RM to the activated olef'm also took place. The effects of the solvation 
properties of the solvent, the reaction temperature, the positive counter-ion, and of 
various structural features o¢ the H'-donor and the IT-acceptor, were studied. Structural 
factors associated with both reactants, played a critically si~_nificant role due to the 
bimolecularity of the reaction. A benzyl substituent at C ~ of RM, a methine-type 
~-carbon, or a small size of R of RM. resulted in a relatively high extent of the 
H--transfer reaction. It is suggested that the presendy studied ~-elimination of a 
hydride ion takes F;ace by a bimolecuLar E2eB-type mechanism. 

A recent report on the Ph2C=CH-CN - n-BuL reaction system 1 carried out in THF (Scheme 1) 

suggests that ~' hydride-transfer reaction from the carbanionic interl~.ediate to the activated olef'm, 

might be a side reaction (which has not yet been accounted for) in Micaael addition reaction systems: 

Bu 
ph2C=CH__Bu - I..iCN Phz(~"~-C I_-CN H--TRANSFEFI___ Ph~CH=G(BuiCN 

U "  FI'~ Ph~CH - C(CN)Li" 

k_ , /  
N C ~ C H = C P h  2 

Scheme 1 

67 ~-Eliminations of hydride ions 2 from salts of alkoxides3,amide anion 4"5, and carbanlons , 

affected by their transfer to non-enolizable ketones and aldehydes to yield the corresponding carbonyl 

compounds, kelirnines and alkenes, respectively, have been reported. Reetz 7 studied in detail transfer 

reactions of hydride ions from carbanion salts to boranes and carbonium salts. Hydride-transfer 

reactions from alkoxides 3d and amide 8 salts to olef'ms, have been reperted in very few cases. A 

hydride-transfer from lithium amides having Cct-H bonds to tetra-substituted activated olef'ms, has 

been applied as a nmthod of reduction of such olef'ms 9. 

The results of a preliminary-type study of a novel hydride-wansfer reaction from RM salts (M = 

Li, MgBr) to activated olef'ms, are reported. The effects of the solvating properties of the reaction 

medium, and - of structural features of the H--donors and the H--acceptors involved, on such 

reactions, were studied. 
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RESULTS AND DISCUSSION 

Two 13,~diaryl derivatives of methylene alkyl cyanoacetate, A and B, were used as H'-acceptors: 

Ph2C-"C(CN)CO2R ~ ( C  
CN 

A : R=Me O2Et 
A' : R=Et  

Tetra-substituted activated olefins were used in order to avoid vinyl carbanion formation ~°, and to 

suppress the nucleophilic addition of RM to the activated olefins. However, products of both the 

H--transfer reaction and the Michael addition reaction were formed in the reaction systems studied 

AJ" MICHAEL FI a F~ \ . / 
, I ~" Aoo,r~N . . _ _ / r ' _ c . ~  " "  m ~ F e .  . , / C = ~ . .  

RIR~H ~ C  ~ C  ~ ' ~  ~CO;zR ~-- --- 
I I i HI,,~ I M" Ar CN ; ~ M" ~zCH ~(~(CN~COaR 

ArcC=C(CN)COzR 

(scheme 2): 

Scheme 2 

The extent of the presently studied H--transfer reactions was foilowed by determining the yields 

of the reduced derivatives of the olef'mic H--acceptors. 

The r'easibility of hydride-transfer reactions of this type was tested by using as an H--donor, an 

organolithium compound which was incapable (due to steric hindrance) of adding to the olef'mic 

H'-acceptors used. The addition product of n-BuLi to 1,1-diphenyl ethylene (DPE) tl, CH3(CH2)aC(Ph2)Li+ 

prepared in situ, was used. This addition could be carried out to completion in either diethyl ether 

(DEE) or in THF, on using the appropriate reaction conditions (Table 1). Olef'm A" was added to the 

deep-red solution of the n-BuLi - DPE mac,ion mixture. The major products were those of the 

H--transfer reaction from n-Bu-CH2-C(Ph2)Li+ to A', namely - 1,1-diphenyl-hex-l-ene, and A'I-I 2, the 

saturated derivative of the olef'm A" (Table 1). The fact that the yields of these two products were 

about the same, suggests that the hydride transfer reaction from the Michael addition intermediate 

n-Bu-CH2-C(Ph2)Li+ to the activated olef'm A" (and not to DPE), is by far the dominant one. 

The effect of solvent on the extent of the H - transfer reaction from RM (R = n-Bu; M = Li, MgBr) 

to olefms A and 13 was studied in a poorly solvating medium - DEE, and in a relatively good one - THF. 

The products isolated were the corresponding reduced olef'ms - AI-I 2 and 13H 2, and the Michael addition 

products, n-Bu-_AH and n-Bu-BH. The results (Table 2) clearly indicate that the effect of solvent 

depends on the type of the positive counter-ion M of RM. The yields of AH 2 and BH 2 in the n-BuLi - __A 

and in the n-BuLi - 13 reaction systems, respectively, were higher in THF as compared to DEE, whereas 

DEE was more effective than THF when using n-BuMgBr as the H'-donor. T~e results obtained on using 

as the H--donor are obviously due to the fact that the R-,Li + d. " R II Li+ equilibrium in DEE n-nuLi 
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Table I. The n-BuLi - CH_=CPh. - Ph_C=C(CN)CO_Et Reaction SYstem a a & a 

Yields o1' Products (%) 

[n-BuiA] [DPE] [A'] a Solvent temp. ~ o a  DPE BuCH2CHPh 2 I~tlCH=CPh 2 A'if2a 
(uo l )  (mmoi) (eusol) (C') time (h) 

B.a'~ 

i0 i0 - DEE -78 0.25 0 

i0 i0 - DEE -78 4.5 0 

i0 I0 - DEE 0 0.25 45 

IO I0 - DEE 0 1 78 

10 l0 - DEE 23 0.25 94 

i0 i0 - THF -78 0.25 93 

10 i0 - THF 0 0.25 84 

i0 i0 - THF 0 1 85 

3.2 3 4 DEE 23 2.5 3.2 16 32 43 

3.2 3 4 THF -78 7.5 2.2 b 48 45 

3.2 3 4 THF 0 7.5 1.6 47 43 

3.2 3 4 THF 23 2 4.1 15 36 35 

3.2 3 4 THF-DME' -78 1 12 8 38 41 

3. Z 3 4 THF-DME c 0 4 18 6 • 5 37 33 

3.2 3 4 THF-DME c 23 2 2~.4 9.2 22 27 

a A': PhzC=C(CN)CO2Et ; &'H2: Ph2CH-CH(CN)COzEt ; Bu&'H:Ph2C(o-Ba)-CH(CN)CO2Et. 

& ,A H2, and Bud/q in the following tables are the corresponding methyl esters. 

b traces only were detected 

c The solvent mixture contained 10% by volume of DME (l,2-dimethoxyethane). 

is practically all to the side of the chemically much less reactive contact ion-pairs, while the 

equilibrium concentration of the more reactive solvent-separated ion-pairs is relatively high in 

better solvating solvents such as THF, dimethoxy ethane, etc) 2. The ratio of the Schlenk 

equilibrium 13a'14 (eq.1) constants measured for several "RMgZ7 compounds (R=Me, Et, Ph; X=C1, Br, I), 

in DEE and in THF, is Kv~/KT~ = 10 2 13b,lS, indicating that RMgX is by far the major component of 

the equilibrium mixture in DEE. This fact, combined with the observed opposite trend of the solvent 

effect on the n-BuMgBr - A reaction system as compared ~o the n-BuLi - A and B_ reaction systems (Table 

2), suggest that RMgX is a much more effective H'-donor as compared to R2Mg. 

MgX 2 + R2Mg ~ ,',- 2RMgX (1) 
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M of 
n-BuM mmol 

Table 2 .  

II'- 
Acceptor 

~ffect of Solvent on the H'-Trlnsfer Reaction" 

Reaction Reduction Y i e l d  Addition Yield 
mmol Solvent temp. (C ' ) product (%) product (%) 

Li 

Li 

Li 

Li 

Li 

Li 

Li 

MgBr 

MgBr 

MgBr 

MgBr 

MgBr 

MgBr 

3.20 A 3.50 DEE -78 AH2 b O BLI~H b O 

3.20 A 3.50 THF -78 AH 2 19 BuSH 19.5 

3.20 A 3 • 50 DEE 0 AH z I. 3 BuSH 53 

3.20 A 3.50 THF 0 AH, 7 BuSH 29.4 - . 

b ~u~ 51 3.52 ~ 3.50 DEE 0 BH 2 15 

15.04 ~ 4.98 DEE 0 _BH z 28.3 BuBH 71.7 

15.04 B 4.98 THF 0 BH 2 39.4 BuBH 60.6 

I. 98 A 2.02 DEE 0 AH~ I0 BuAH 18 

2. i0 A 2.05 THF 0 AH 2 0 BuAH i0 

1.98 A 2.02 DEE 23 AH 2 15.5 Bu~/4 18 

2. i0 A 2.05 THF 23 AH 2 0 BuSH 16 

14.85 A 4.98 DEE 23 AH 2 41 BuAH 46.7 

14.85 A 4.98 THF 23 AH z 15.8 BuSH 47.6 

Experimental conditions for the e×periments listed in this and the following 

tables, are described in the  Experimental Section. 

AHI: PhlCH.CH(CN)COIMe; BUSH: Ph2C(n-Bu)-CH(CN)CO2Me; 

BH2: ~HICNICO,Et n-I~iuSH: l ~  cH(cN)cO'E* 
~8u  

Intermolecular hydride-transfer reactions should obviously require an optimal mutual arrangement 

of the H--donor and the IT-acceptor, in order to make the act of this transfer possible. It is 

therefore expected that structural features associated with each of the two participants will affect 

the extent of H---transfer reactions. The effect of the structure of R of the RM and - of the olef'mic 

H--aeeeptor, were studied. The fluorene derivative 13, because of its planarity, was expected to be a 

more efficient IT-acceptor, as compared to the analogous non-planar and bulkier olef'm A. The results 

of the experiments carded out in TI-IF and in DEE at different temperatures indicate that the relative 

efficiencies of A and B_B_ as H--acceptors are influenced not only by their structural features, but are 

dependent on whether n-BuLl or n-BuMgBr is used as the H--donor (Table 3). Olef'm 13 was a much ~nore 

efficient H'-acceptor (both in DEE and THF) as compared to A, when using n-BuLl as the H--donor. 

However, on using n-BuMgBr as the H'-donor, and carrying out the reactions in DEE, it was found that 

otefm A was a much more effective IT-acceptor as compared to B. This might be due to the fact that, 
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in general, reactions of RMgX are more sterically demanding as compared to RLi compotmds t6. The 

planarity of B.B_, which presumably facilitates the formation of its properly-structured bimoleeular 

transition state with n-BuLi, might not necessarily be an advantage in its reaction with n-BuMgBr. 

Olefm A, having a relatively much higher degree of flexibility (because of its ClyPh free rotations), 

might be more efficient than olefm B_ in fitting itself into a bimolecular transition state with the 

more sterically-demanding n-BuMgBr. 

Table 3. Effect of Structure of the H'-Accepto~ on the H'-Transfer Reaction 

M of It" - React ion  Reduction Yield Addition Yield 
n-BuM mmol Acceptor mmol Solvent temp. (C") product (%) product (%) 

Li 3.20 

Li 3.52 

Li 3.20 

Li 3.52 

Li 15.04 

Li 15.04 

Li 3.20 

Li 3.52 

3 5 

3 5 

3 5 

3 5 

4 98 

4 98 

3.5 

3.58 

DEE 0 _AH z 1.3 BuSH 53 

DEE 0 ~H 2 15 BuSH 51 

DEE 23 AH 5.4 BuSH 53 
- 2 

DEE 23 ~H 1 19 BUSH 49 

DEE 23 AH 13.4 Bu4~H 86.6 
- 2 

DEE 23 ~H 2 23 B~H 77 

THF 0 ~H 2 7 BuSH 29.4 

THF 0 BH 2 20.6 Bu~_~H 35.5 

MgBr 1.98 ~ 2.02 DEE 0 _AH z i0 BuSH L8 

MgBr 2.10 ~ 2.04 DEE 0 BH 2 0 BuBH 30 

MgBr 1 98 A 2.02 DEE 23 AH 15.5 BuAH 18 

MgBr 2,10 ~ 2.04 DEE 23 BH 2 0 BuSH 30 

MgBr 14.85 A 4.98 DEE 23 AH 2 41 BuAH 46.7 

MgBr 14.85 ~ 4.98 DEE 23 BH 2 15.1 BuSH 84.2 

The effect of the structure of R of RM was studied by using the foUowing alkyl magnesium 

bromides, RMgBr, as H--donors: R = Et, i-Pr, n-Bu, cyclohexyl, i-Bu, 3-phenylpropyl. The results 

obtained (Table 4) show that the effect that the R group of RMgBr has on the extent of the H--transfer 

reaction, is due to two different structural features of R - the type of the []-substituents R t and R 2 

of the RIR2CH-CH2MgBr used, and the size (or shape) of the R group. 

The highest extent of the H'-transfer reaction was observed for i-BuMgBr and for 

Ph((CH2)3MgBr , in which two alkyl groups and a benzyl group, respectively, are attached to CIr. 

Development of a positive charge on C~ of the H'-donor in the bimoleeular transition state (Fig. 1 ), 

must have taken place during the cleavage of the CI3-H bond. It might therefore be suggested that the 
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relatively high extent of the if-transfer reaction observed for these two if-donors, is due to 

stabilization of  the transition state affected by the combined inductive effects of the two methyl 

groups at CI3 of the i-BuMgBr, and - to the hyperconjugative effect of the ~benzyl  group in 

Ph(CH2)3MgBr (resonance structures of the type PhCH2CHzCHzMgBr ). This implies, that in such 

hydride-transfer reactions, the C~-H bond-cleavage takes place in the rate-determining step. 

R2 R~ Ar 

iY 

(Fig. I) 

The extent of the H--transfer reaction decreased with increasing the size of the R of RMgBr as 

follows: n-R, % AH2: Et, 24; n-Bu, 13; n-dodecyl, I-2 (Table 4). This observation is also in accord 

with the assumed bimolecularity of the presently studied reaction. The relatively high yield of AH 2 

('.4%) obtained in the EtMgBr - A - DEE reaction system, seems at first sight to be a contradictory 

result with regard to the above-mentioned effect of alkyl substitution at C 8. It turns out that in 

this case, due to the bimolecularity of the reaction, the compactness of the ethyl group compensates 

for the relatively low stabilization of the transition state. 

Table 4. Effect of structure of R of RM on the ~ -Transfer Reactaon 

R of H- Reac- Reduction Yield Addition Yield 
RMgBr mmol Acce- mmol tion Solvent Product (%) product (%) 

ptor time(h) 

CH3CH 2 2.68 _A 2.7 2 DEE ~H 2 24 Et_AH 30.4 

n-CH 9 4.50 A 5 2 DEE AH z 13 n-B _uAH 13.2 

(CH3) 2CH 6 A 2 14 DEE ~H 2 2.5 - 

C6HII 4.23 A 5 4 DEE ~/42 1-2 C6HIIAH -- 

n-CuH ~ 2.50 A 2.4 2 DEE ~H 2 1-2 n-CLzHL~AH 1-2 

(CH3) 2CHCH 2 2.30 A 2.02 2 DEE ~/42 22.2 i-BuSH 11 

(CH3) 2 CHCH2 4.6 A 4.3 2.5 DEE ~H 2 25.3 i-Bu~/4 3.9 

(CH 3) 2CHCH2 14.7 A 4.98 2 DEE ~H 2 58.1 i-Bu4~H 18. S 

n-C4H 9 14.85 A 4.98 2 DEE ~H 2 41 n-BuA~H 46.7 

Ph (CHz) ~ 3.25 A 3.80 3.75 DEE _AH 2 24 Ph (CH2) 3_AH 22 

Ph (CH2) , 10 A 4.56 2 DEE A/42 59 Ph (CHz) y_%H 41 
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A parallel study was carded out using lithium salts of secondary amides ((RIR2CH)2N-Li+)) as 

H--donors, in order to provide additional experimental data in support of the above presented 

explanations regarding the effects of structural factors associated with the H--donor and the 

H--aeeeptor, on the extent of the H--transfor reaction studied. 

The hydride-transfor reaction which took place in the (RIRZCH)2N-Li+ - activated olefm reaction 

system, in THF at -78°C, resulted in two products - the reduced olef'm and the corresponding ketimine 

(eq. 2): 

_Li + 
(R1R2CH)2N-Li+ + Ar~C=C(CN)CO2R ~ (R 1 R2C=N-CHRIR 2 + Ar2CH-C(CN)CO2R (2) 

The extent of the H--transfer reaction was determined by quantitatively isolating the reduced 

activated olet'm. Isolation of the other reaction product, the ketimine derivatives, was difficuh in 

most cases, due to its facile hydrolytic decomposition to the corresponding amine and ketone. The 

planar fluorene derivatives B was a much more effective H-acceptor as compared to the diphenyl 

derivative A (Table 5). This result was in line with that observed for n-BuLl as an H--donor (Table 3). 

As to the effect of R of RM, the extent of this hydride-transfor reaction was very much affected 

by type of the susbstituents R l and R 2 attached to the ~-atom of the amide salt. Relatively high 

yields of AH 2 were obtained only when both R 1 and R 2 wore alkyl groups as in (i-Pr)2NLi+ and in 

). Nu" Combinations of R l= Ph and R 2= H, or- R'= alkyI, R2= H. were much less effective. In 

support of, and in line with the above presented conclusion, it might be assumed that a bimolecular 

transition state, in which a positive charge is being developed at the C a of the lithium amide, is 

also involved in the rate-determining step of this H--transfer reaction, which may be schematically 

described as follows (Scheme 3): 

The bimolecular nature of the presently studied H'-transfer reactions, has been clearly 

demonstrated through the effects which the various structural fat:ors (associated with the two 

reactants involved) have on the extent of the W-transfor reactions studied. Substituent effects 

suggest that the C~-H bond-cleavage is the rate-determining step of the reaction. The mechanism of 

R 2 

R 1 [ ~H ~ C  ~ Ar~c/Ar  

I " II 
R1R2Hc~N~u x~C~y  

.,, 

l" 

H 
R 1'~" C ''~ R2 Ar'~cl/At 

I I  + I 
R 1R2HC ~'N X/~:~ Y 

D 

X-CN 
Y = COzR 

Scheme 3 
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(R~ZCK)~N'L£ + - Aat~vated OleEin Rea=tio= System, Table 5. The 

Effeot of Structural Fa~ors = 

(R~R2CH)2N'Li * Activated Olefin Reduction Product "(mid (%) 

(PhCH2)2N-LF A' ~L H2 0 

(PhCH2)2N.Li÷ ~ b ~ H2 17 

C N L P  8 ~. Ht S,2 

~ N ' L / ' *  A' ~ H2 ¢ 0 

~ N ' L i *  B ~ H;~ 24 

~ ) -  N" Li* A' d A' H~ 3.6 
"CH~ 

~ ) _  .Li* B ~H 2 17 
N'CH ~ 

N'LF A' ~ H2 1 - 2 
Et 

N'LF ~ J~ H2 19 
Et 

[(CH3jzCH~N-LF ~ A.' H~ 79 

[(CH3)2CH]2N-Li- A' e A' H 2 67 

[(CH3)2CH]2N'Li" B B H,?. 85 

~ ) - - / 2  N-Li + A' t A' H a 40 

~>- -12  N-Li + [3 B H 2 44 

• The reactions were caried in TlI£ at -7B*C. 6 mmol of ~he lithium amide and 
2 mmol of ~he activated olefin were used. Reaction time 30 min. Total volume 

of reaction mixture was 150 ml. 
-- -~ '~H ~ N- Li* and 1 7 mmol of B, were used. 

6.24 mato.L u= ~ . . . .  , " • f rom 4, phC=C(CN)-C-~,,~'~ 
Most of the produ c~2isOlated was the amlde derived 2H) ; 67.06-7.45 ppm 
[{I-NMIR: 62.81 ppm (t, 2H); 3.75(t,2H); 64.6 ppm ~s, 

(m, 14H}. of ~N "~ and 2.55 mmol of A t were used, 
d 7.66 mmol "c~ -I 

ea/e -- 364: I~: 2210 cm (CRN) ; 1630 cm "1 (-C-N-)o " 
• Reactio~ temperature O oC- 
t Reaction time 60 minutes. 

this ~-eliminadon reaction of a hydride ion from salts of ¢arbanions can therefore be neither of the 

E cB-type (for which a reversible or an irreversible formation of a stable carbanion is the 

raw-determining step) 17'~s, nor even of the uncommon "E cB of the second type ''19, for which the 
i 

~-climinadon of the anionic leaving group is the rate-determining stop. The latter mechanism results 

from a combina6on of a stable carbanion and a poor leaving group at C~. 
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A very uncommon electrophile-assisted elimination of an anion (CF3CH20-) from a relatively stable 

carbanion salt, may bear relevance to the presently studied hydride-transfer reactions (eq. 3): 19 

fast  
H-AL + B ~ AL-  + BH + (3) 

slow 
A L - +  BH + 7"-* A + B + LH 

(A = Ph2C=C(NO2)2; AL-  = Ph2C(OCH2CF3)-C(NO2)2; B = pyridine, collidine). 

The reaction was first order in the carbanion AL" and in the electrophile BH +, and was dependent on 

the type of B. It was suggested that it is an E2cB-type elimination, having the following transition 
19 state for the assisted step: 

Ph2~ - -  {~(NO2) 2 

B +. -.H .... OCH2CF 3 

A close mechanistic analogy seems to exist between this reaction and the presently studied 

[3-elimination of a hydride ion from carbanion salts. This analogy is based on: (a) the essential 

involvement of an ele:trophile (the olefinic H'-acceptor) in the IF-transfer reaction, (b) the 

observed dependence of .:he extent of the H'-transfer reaction on the type of the electrophilic olef'm, 

and (c) the observed effect of substituents on C~3 of the carbanion salt. It might be therefore 

reasonably assumed that the presently studied ~-elimination reactions of a hydride ion from carbanion 

salts assisted by an electrophilic olefin, might similarly have a bimolecular E2cB-type mechanism, the 

transition state of which (Fig.l) bears anaology to that involved in the above mentioned reaction 

(eq.3). 

EXPERIMENTAL 

iH-NMR spectra were measured with a Bruker 200 MI-Iz spectrometer in CDC13, using tetramethylsilane 

as an internal standard. All chemical shifts (8) and coupling constants (J) values are in ppm and Hz 

units, respectively. Mass spectra were measured with a DuPont 21-491B spectrometer. 

Materials. Diethylether (AR) and THF (AR) were refluxed over sodium wire and then distilled. A 

solution of sodium diphenyl ketyl in the distilled ether was prepared, and the required amount of the 

ether was distilled from this solution directly into the reaction flask. Ethyl bromide, n-butyl 

bromide, and iso-butyl bromide were dried over CaCL 2 and distilled before use. Fractions of these 

bromides having boiling points of 37-40°C/'760 mmHg, 100-102°C/760 mmHg and 90-92°C/760 mmHg, 

respectively, were used. n-Dodecyl bromide (Aldrich, 98%) was used without any further purification. 

Alkyl bromides of the type PhCH(R)Br (R = Et, n-Pr, i-Pr) were prepared by bromination of the 

corresponding alkyl benzene with NBS 2°. 3-Bromo- l-phenylpropane (Schuchardt, 99%) was used without any 

further purification. Secondary amines were dried over KOH and distilled before use. Fractions of 
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amines having the following boiling points were used: di-n-propyl amine (b.p. 83-84°C/760 mmHg), 

di-iso-propyl amine (b.p. 116-118°C/760 mmHg), dibenzyl amine (b.p. 300°C/760 mmHg), piperidine (b.p. 

106°C/760 mmHg), 2-ethyl piperidine (b.p. 143°C/760 mmI-Ig), dicyclohexylamine (b.p. 113-115°C/760 

mmI-Ig), N-methyl cyclohexylamine (149°C/760 mmHg), 1,2,3,4-tewahydroisoquinoline (b.p. 232-233°C/760 

mmHg). 1,2,3,4- tetrahydroquinoline was prepared by a catalytic hydrogenation of quinoline 21. The 

pure compound was obtained by column chromatography of the crude product on silica gel. Known methods 

were used to prepare 1,1-diphenylethylene 22, methyl and ethyl 0t-cyano-13,[3-diphenylacrylates 23 (#_ and 

_A'), and cyanoacetic acid-9H-fluorene-9-ylidene ethyl ester 23 B(_B_). Solutions of each of the different 

RMgBr used, in diethyl ether and in THF, were prepared by reacting the c~rresponding alkyl bromide 

with magnesium turnings, under nitrogen and anhydrous conditions. A 1.6 M solution of BaLi in hexane 

(Aldrich) was used. Solutions of each of the lithium amides (RIR2CH)2NI,i+ used, were prepared by the 

addition of an equimolar amount of n-BuLl into a solution of the corresponding secondary amine in the 

required etheral solvent, at -78°C. 

Solutions of known concentrations of all the reactants used, in diethyl ether and in THF, were 

kept in flasks fitted with self-sealing rubber septums. Required amounts of these solutions were 

added into the reaction flask with a hypodermic syringe. All manipulations and reactions were carried 

out under an atmosphere of dry nitrogen. 

General Procedure for Reactions of Organometallic compounds with the Activated Oleqna (A') and 

(B). - The reaction set-up consisted of a three-neck flask fitted with serf-sealing rubber septum, 

equipped with magnetic stirring and a nitrogen inlet. All glass parts, syringes and needles were 

thoroughly dried at 120°C, assembled while warm. The etheral solvent was distilled into the flask and 

the required amounts of solutions of n-BuLl or RMgBr were added to it. The etheral solvent was cooled 

(0°C - -78°C) prior to the addition of the n-BuLi solution. The (R1RZCH)2N-Li+ was prepared in the 

etheral solvent at -78°C, by reacting equimolar amounts of n-BuLi and (R1R2CH)2NH. The required 

amount of the activated olef'm dissolved in the corresponding ether was added to the solution of the 

organic anion salt. Stirring of the reaction mixture was continued at room temperature for 2 hr 

(unless otherwise specified). The reaction mixture was then quenched by an aqueous solution of 

ammonium chloride. The organic layer was separated, and the aqueous layer was extracted with 

methylene chloride. The combined organic layers were dried over anhydrous magnesium sulfate, IH-NMR 

spectrum of the recovered crude mixture of the reaction products was measured, in order to determine 

the extent of each of the hydride-transfer reaction, and of the Michael addition reaction. The 

relative amounts and the yields of the corresponding derivatives of either olefins (.&), (#_'), and (B_B_) 

were determined by comparing the integration values of the absorptions at their characteristic 

chemical shifts. 

Crude mixtures of reaction products obtained in many of the experiments were also subjected to 

column chromatography on silica gel. IH-NMR data of the separated Michael addition products and of 

the reduced derivatives of olefins (.A_), (#_') and ~ are given in Table 6. 

Preparation (in sire) of l,l-diphenyl-l-lithio-hexane and its reaction with an H'-acceptor. The 

reaction set-up described above was used. The etheral solvent (40 ml) was introduced, foLlowed by 
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Table 6 .  I H - ~  Date of t h e  Reaction Products Derived 

grom 0Aefins fA). ~A'~ and (B) 

Ph2C(R)-CH(CN)CO2Me R = H 
(AH z) 

Ph2C(Et)-CH(CN)CO2Me R = Et 
(Etaa) 

Ph2C(i-Bu)-CH(CN)COzMe R = i-Bu 
(i-Bu~) 

PhC(n-C H )-CH-CN R = n-dodecyl 
= = CO2Me (n-dodecyl-~H) 

Ph2C[ (CH2) 3Ph ] -CH-CN R=Ph (CH,), 
COzEt ( PB ( CH 2 ~3K ' H) 

R = H 
R (~H 2) 
CH ( CN ) CO2Et 

R = n-Bu 
(n-BuB_H) 

R = i-Bu 
(i-BuSH) 

R = (CH.).PB 
£Ph(CH2~H] 

IH.NM R Da~ a 

67.1-7.4(m,lOH);4.75(d,J=8.4,1R); 
3.67(s,3H)- 

67-7.2(~,IOH) ; 4.34 (s,IH); 3.56(S,3H); 
2.20(t,2H); 1.2-1.6(m,4H); 0.73(t,3M). 

67.1-7.4 (m, lOR); 4.41(s,IH); 3.32($,3H); 
2.23(dd,J=4.8,1.0,2H) ; 1.46(m, iH); 
0.56(d,J=6.7,3H); 0.47(d,J-6.6,3H). 

67.1-7.SIm, 10H); 4.45(s,iH); 3.43(s,3H); 
2.31(t,J=8.0,2H); 1.13(m,20H); 
0.80(t,J=6.3,3H)- 

67.0-7.5(m,!5H) ; 4.42(s,IH); 3.38(s,~H); 
2.53(t,J=8.O,2H); 2.30(t,J=f.0,2H); 
1.40(m,2H) 

67.1-7.7(m,fH); 4.54(~,J=4-5,1H); 
4.21(q,J=7.0,2H) ; 4.10(d,J=4.5,1 H) 
1.17(t,J=7.1,3H). 

67.1-7.8(m,SH); 3.97(S,IH); 
3.73(dq,J=7.1,1.4,2H); 
2.40(ddd,J=13.2,8.2,S.2,1H); 
2.15(ddd,J=13.2,8.0,8.0,1H); 1.20(m,4H); 
0.70(t,3H); 0.60(t,3H). 

67.5-7.7(m,3H) ; 7.1-7.4(m, SH); 
3.87(s,IH);3.65~dq,J=7.1,1.5,2H); 
2.47(dd,J=13.7,6.1,1H); 
2.11(dd,J=13.7,5.7,1H); O.87(m, iH); 
0.67(t,J-7.1,3H); 0.39(d,J~7.2,3H); 
0.35(d,J=7.2,3H). 

66.8-7.8(m,13H); 3.95(s,IH); 
3.69(dq,J=7.1,1.2,2H);2.56(t,J=7.4,2H); 
2.39(t,J=7.4,2H); 1.33(m,2H); 
0.70(t,J=7.1,3H). 

Ut NMR spectra were recorded in CDCI with a Bruker 200MHz NMR spectrometer 
with tetramethylsilane as an internal standard; 6 an J values are in pp~ 
and Hz, respectively. 

the required amount of 1,1-diphenyl ethylene. The mixture was cooled to -78 ° in case of THF or - to 

0°C in case of DEE. An equimolar amount of n-BuLl (hexane solution) was added, and the mixture was 

stirred for 20 mm (THE -78°C) or - for 60 s i n  (DEE, 0°C). The reaction temperature was then 

adjusted to the required one, and ethyl a-cyano-~,~diphen~l acrylate (A') was added. Stirring was 

continued for the required reaction period. Workup of the reaction mixture was carried out as 

described above. The crude mixture of products obtained was subjected to column chromatography 

(silica gel) and the yield of each product determined. The products isolated were: 

1,1-diphenyl-hex-l-ene, 1,1-diphenyl hexane, the reduced (A.) - Ph2CH-CH(CN)CO2Et (A'H 2) and the 

Michael addition product Ph2C(n-Bu)-CH(CN)CO2Et (n-BuA'H). Unreacted 1,1-diphenylethylene and olefin 

(_&') were isolated too. 
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