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The decarbalkoxylations of geminal diesters, @-keto esters, and a-cyano esters by water-MezSO and/or water- 
Me2SO with added salts is a convenient preparative route, leading to  esters, ketones, and nitriles, respectively. This 
type of reaction has been studied using a variety of substrates and diverse salts. The diesters C6H&H(CO&H2- 
CH3)2, C ~ H ~ C H Z ( C O ~ C H ~ C H ~ ) ~ ,  and CH~CONHCH(CO~CH~CH~)Z decarbethoxylate on being refluxed in wet 
Me2SO. Monosubstituted @-keto esters also decarbethoxylate under these conditions. Diesters such as 
CH3CH2CH(C02CH2CH3)2 and CH~CHZCH(CO~CH~)~  undergo a much slower decarbalkoxylation in refluxing 
wet MenSO. Substrates such as (CH~)~CHCH(CO~CH~CH~)Z and the disubstituted diesters (CH3CH2)z- 
C(CO2CHzC"3)2, C~H&(CH~)C(COZCHZCH~)Z, and ( C H ~ C H ~ ) ~ C ( C O Z C H ~ ) ~  undergo no decarbalkoxylations on 
being heated for long periods in H20-MezSO. The addition of salts such as KCN, NaCl, or LiCl to the H20-Me2SO 
dramatically enhances the decarbalkoxylation rates of these substrates. The CH3CH2CN-CH3CH20H product ra- 
tios have been determined for several mono- and disubstituted geminal diesters using KCN-H20-Me2SO. Relative 
rates of decarbalkoxylations have been determined for various substrates and salts. Comparative rate data have 
been obtained for several substrates in H20 or D20 in Me2SO in the presence and absence of salts. Mechanistic in- 
terpretation:j which involve competitive BAL:! and B ~ c 2  cleavages which are dependent on substrate structure are 
presented to rationalize the experimental data. 

During the past several years we have reported studies 
of the synthetic applications of the decarbalkoxylations of 
malonate esters 1 to esters 2 (and the related @-keto esters and 
a-cyano esters) using NaCN in refluxing MezS0,3 NaCl in wet 
Me2S0,4s5 and wet M ~ Z S O . ~ , ~  

R'R2C(C02R3)2 + R1R2CHC02R3 
1 2 

We now wish to repori additional experimental data which 
further extends the synthetic utility of this extremely useful 
and versatile reaction and sheds some light on the mechanistic 
aspects. 

Introduction 
In an attempt to convert the ditosylate 3a into the dinitrile 

3b, 3a was treated with excess KCN in Me2SO at  90 "C (12 h). 
Under these conditions, the tosylate groups were not only 
displaced, but a decarhomethoxylation occurred to produce 
4 in a good yield.' DinitIile 3b could be prepared from 3a if the 
KCN-Me2SO (or NaCN) reaction mixture was maintained 
a t  room temperature (6 days). The application of the 
NaCN-MeZSO reagent combination for effecting decarbal- 
koxylations was then studied by us utilizing several mono- and 
disubstituted malonattb esters3 For example, treatment of 
CHSCH2(C02CH2CH&> with 2 equiv of NaCN in Me&O (160 

3% X = OTs 4 
b , X = C K  

R CH,CH, 

I 
I 

COG€H,CH ~ 

Sa, R = COOCH,CH, 
b.R=H 

"C, 4 h) leads to ethyl butyrate (80%). Several advantages of 
this procedure include the facts that  functional groups such 
as ketals or esters which are sensitive to acidic or basic con- 
ditions survive the reaction and isomerizations of double 
bonds do not occur. 

Since the introduction of this procedure, many applications 
of its synthetic utility to complex molecules have been re- 
ported.8 The decarbethoxylation of 5a yields 5b.8a 

Modifications of this procedure using cyanide salts, other 
substrates, and dipolar aprotic solvents have subsequently 
been r e p ~ r t e d . ~ - l ~  DMF and NaCN have been used in the 
conversion of 6a to 6b.9 Of mechanistic interest is the result 
that  7a on treatment with 2 equiv of KCN in DMF yields 7b 
( 65%).1° 

R CO,CH, 
\ /  

I 7a, R = CH, 
CH i b , R = H  

6% R = CO,CH, 
L R = H  

Our further studies of this reaction showed that NaC1- 
H20-MeZSO effected decarbalkoxylations of malonate esters, 
@-keto esters, and a-cyano esters.*~5>~ Applications of this salt 
to effect decarbalkoxylations have appeared in other synthetic 
routes.13J4 

Certain substrates undergo reaction when heated with wet 
MezSO without added ~alts.~.~ Bernhard in 1894 had observed 
that hot water could effect decarbalkoxylations of doubly 
activated esters such as diethyl benzoylma10nate.l~ A recent 
application of this procedure reports that  diethyl propionyl- 
malonate with boiling water yields ethyl propionylacetate.16 
Meerwein17 in 1913 reported that @-keto esters yield ketones 
on being treated with water in a sealed tube (200 "C, 0.5 h) and 
later reported the conversion of 8 to 9.18 The procedure failed 
for @-keto esters with no a hydrogens. A modification of this 
procedure using basic aluminum oxide in aqueous dioxane has 
recently been reported.21z22 
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Table I. Decarbalkoxylations of Geminal Diesters by HZO-MezSO 

-- 1 Registry Heating % 
R2 R3 no. period, ha monoester ____ R' 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CH3 
CH3CH2 
CH3CH2 
CH3 

83-13-6 
607-81-8 

1068-90-2 
009-08-5 
133-08-5 

26717-67-9 
10203-58-4 

759-36-4 
2163-44-2 
1619-62-1 

77-25-8 
27132-23-6 
34009-61-5 

3 
4 
3.5 
3 
2 
4.5 
2 
2.5 
2 
2 
2 
2 
4.5 

16 

90' 
61 e 
70 
32 

7' J 

20' 
32'mm 
13' 
1' 
1' 
1' 0 
1' 
2 '  
3' 

a The total reaction time is the period beginning when heat was begun and when the refluxing mixture started to cool. All reactions 
were run in round-bottom flasks with magnetic stirring with a mantle. Diester (0.03 mol) and water (0.06 mol) in 25 mL of Me2SO. 

The product was isolated by a water quench, extraction into pentane, and concentration of the pentane extract. Product identification 
was done by lH NMR, IR, and GLC comparisons. Yields are based on isolated products. Substrate and water (0.03 mol each) in 50 
mL of Me2SO. After 8 h and workup as in c ,  a 70% yield of ethyl phenylpropionate could be isolated (contained about 5% starting 
diester). f Substrate (0.01 mol) and water (0.02 mol) in 10 mL of MeZSO. The product was isolated by distillation of the MezSO under 
water-aspirator pressure and the distillation of the ethyl acetamidoacetate under vacuum-pump pressure. g Diester (0.05 mol) and 
water (0.10 mol) in 50 mL of Me2SO. Low-boiling material was distilled from the reaction pot and washed with cold water, and the 
ester was isolated. An aliquot was quenched with water, extracted with pentane and analyzed by VPC. 1 Fourteen percent monoester 
after 4 h of total heating. Forty-two 
percent of estei after an additional hour of heating. " Substrate and water (0.015 mol each) in 25 mL of Me#O After 21 h of total 
heating. perhaps 3% reaction. Paraformaldehyde formed in the condenser. 

As in d ,  except DMF as solvent. Diester (0.003 mol) and water (0.03 mol) in 5 mL of MelSO. 

x 
H,CO,C COLCHl 

8 

9 10 11 

Halolytic decarbalkoxylations of activated esters have been 
reported with various iodide salts and dipolar aprotic or polar 
aprotic solvents.2P31 The popular use of iodides in these types 
of reactions appears to be attributable to their prior applica- 
tions to cleavages of methyl  ester^.^^^,^^ 

Many other halide salts have found use in decarbalkoxy- 
lation p r o c e d i ~ r e s . ~ ~ ~ J ~ , ~ ~  Internal alkylative decarboxylations 
have been accomplished with salts such as NaCl, NaBr, KCl 
and tetramethylammonium bromide in solvents such as 
MezSO and HMPT.29 External alkylative decarboxylations 
have been accomplished with LiCl in HMPT.29b The use of 
tetramethylammonium acetate in decarbalkoxylations in 
Me2S08C and HMPT35 have recently appeared. 

Decarbalkoxylations of activated esters with ethanolic so- 
dium ethoxide have been reported by T h ~ r p e , ~ ~  I n g ~ l d , ~ ~  and 
Cope and McElvain."s Amines in refluxing xylene14d,39z40 or 
toluene41 have also found use in these types of reactions. 

Results and Discussion 
Water-MezSO Studies. Experiments were performed on 

a variety of geminal diesters to ascertain the limitations of the 
decarbalkoxylation process using water in MezSO (and in one 
case DMF). The res,ults are tabulated in Table I. 

An examination of the data presented in Table I reveals the 
following pertinent points: (1) substrates with electron- 
withdrawing substituents such as diethyl phenylmalonate, 
diethyl benzylmalonate, and diethyl acetamidomalonate 
undergo decarbethoxylations fairly readily in H20-Me2SO; 
(2) n-alkyl-substituted diethyl malonates and diethyl iso- 
butylmalonate undergo slow decarbalkoxylations, while di- 
methyl ethylmalonate proceeds about four times faster than 
the corresponding diethyl ester; (3) substrates such as diethyl 
isopropylmalonate and diethyl cyclohexylmalonate show little 
tendency to decarbethoxylate (substituents adjacent to  the 
carbon bearing the geminal diester groups presumably steri- 
cally inhibit water attack a t  one of the ester carbonyl groups); 
and (4) diethyl and dimethyl disubstituted malonates undergo 
practically no decarbalkoxylations when heated in H20- 
MezS0.42 

Data has also been obtained for decarbalkoxylations of 
p-keto esters in H20-Me2SO and these data are summarized 
in Table 11. 

The data in Table I1 reveal that  many P-keto esters which 
contain an CY hydrogen undergo rapid decarbalkoxylations in 
wet Me2SO. Other dipolar aprotic solvents such as DMF can 
also be utilized.5 

Salt Effect Studies. In those geminal diesters which un- 
dergo slow decarbalkoxylations in H20-Me2SO (Table I), the 
addition of salts such as KCN or NaCl accelerates ester for- 
m a t i ~ n . ~ , ~  T o  more fully probe into the nature of the acceler- 
ating effect of salts, various substrates were studied using a 
variety of salts and conditions. Individual diesters are tabu- 
lated in the following tables. 

The experimental data for the decarbalkoxylation of diethyl 
ethylmalonate are summarized in Table 111. 

I t  can be seen from the data in Table I11 that  the addition 
of 2 equiv of NaCl or 1 or 2 equiv of LiCl dramatically in- 
creases the rate of ester formation. The different effect seen 
for LiCl and NaCl is probably due to the greater solubility of 
LiCl in Me2SO in comparison to NaCl (heterogeneous). With 
this particular malonate ester the reaction also proceeds 
rapidly in DMF as solvent when 1 or 2 equiv of LiCl are 
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Table 11. Decarbalkoxylations of &Keto Esters Using 
Water-Me&O 

Substrateo 

2-Carbalkoxycyclohexanone 
2-Carbethoxycyclooctrlnone 
2-Carbethoxycyclododecanone 
2,5-Dicarbomethoxy-l,4-cyclohex- 

anedione 
C&~COCHZCOOCH~CH~ 
CH3COCH(CH:j)COOCHzCH3 
CH3COC(CH3):COOCH2CH3 

Registry 
no. 

4017-56-5 
4017-60- 1 
6289-46-9 

94-02-0 
609-14-3 
597-04-6 

Ketone, 

87 
70 
85 
60 (dione) 

70 
7 0 d  
e 

a Substrate (0.03 mol) and water (0.06 mol) in 25 mL of Mens0 
which was heated for 4 h except in entries 1 and 2 which were 
heated for 3 h. * Thirty-five percent methyl ester and 65% ethyl 
ester. Quenched with water, extracted with pentane, and iso- 
lated. Yield calculated from lH NMR of crude product. e Only 
starting material recovered in higher than 90% yield. 

Table 111. Decarbethoxylations of Diethyl Ethylmalonate 

Heating 
Salt. eouiv" Deriod. h % monoesterb 

None 0.5 2 
Nonec 4.5 20 
1 LiCl 1 84 
2 LiCl 0.5 60 

2.0 92 
4.0 99d 

2 LiCle 0.5 45 
2 NaCl 0.5 40 

2.0 72 
4.5 99d 

2 KCN 1.5 94f 
1 LiClc 4.5 70 
2 LiClc 4.5 83 

a Diester and water (0.03 mol each) in 50 mL of MezSO (0.6 M 
in substrate). Aliquot quenched with cold water, saturated with 
NaCl, extracted with pentane, and analyzed by GLC. As in a ,  
except 50 mL of DMF as solvent. Distilled low-boiling materials 
from the reaction pot and quenched with water, and the ester 
separated (about 90% isolated yields). e As in a,  except 5 equiv 
of Hz0. f Distilled material which showed no starting material 
(90%). 

present. Lithium chloride is an excellent salt for use in pre- 
parctive decarbalkoxylations. 

The decarboniethoxylation of dimethyl ethylmalonate also 
proceeds rapidly in water-Me2SO-LiCl. In 0.5 h, 98% decar- 
bomethoxylation occurs (0.6 M substrate, water, and LiCl), 
while only 32% monoester forms in 2 h (0.6 M substrate and 
water). 

Other monosubstituted malonate esters which undergo slow 
decarbethoxylations in H20-Me2SO proceed rapidly and in 
excellent yields when 2 equiv of LiCl or NaCl are present. 
Some malonate ester decarbethoxylations of this type are 
summarized in Table 1 V. 

Since the decarbalkoxylations of the dimethyl and diethyl 
disubstituted malonates barely proceed on heating in H20- 
MeZSO, several substrates were studied to optimize the rates 
and yields of the esters which are produced. Data for dimethyl 
diethylmalonate using ti variety of salts and solvents are listed 
in Table V. 

From the data tabulated in Table V it can be seen that the 
decarbomethoxylation of this particular diester proceeds 
readily in HzO-MezSO with NaCl, LiCl, or KCN, and also 
with LiCl in DMF-H20. As the reaction proceeds with LiCl 
as the salt, LizCOa precipitates during the reaction and can 

Table IV. Monosubstituted Malonates with Added Salts 

1 Equiv Heating 
R1 R2 R3" of salt period, h %esterb 

(CH&CHCH2 H CH3CHz None 2.5 13 
2 LiCl 4.0 99c 

(CH3)zCH H CH3CHz None 2.0 1 
2 LiCl 4.0 96 

c-Cd11 H CH3CHz None 2.0 1 
2 NaCl 3.0 91 

4.0 99c 

a Diester (0.015 mol) and water (0.015 mol) in 25 mL of Me2SO. 
GLC analysis of a pentane extract after quenching an aliquot 

with water and pentane extraction. Distillation from the reac- 
tion mixture and washing with water led to about 90% yields of 
isolated pure ester. 

Table V. Decarbomethoxylations of Dimethyl 
Diethvlmalonate 

Heating 
Equiv of salt period, h % monoester 

Nonea 4.5 2 6  
2 NaCI" 4.5 98C 
2 LiCld 4.0 99cje 
2 LiCld 0.5 90b 
2 KCNd 0.5 996 
2 LiClf 4.2 98 
1 LizCO3f 16 6b  
2 LiOAc-2HzOf 4.0 6 b  
1 MgCly6HzOf 4.0 30 
2 LiFf 4.0 l b  
1 LiIaHzOf 4.0 g 

Diester and water (0.015 mol each) in 25 mL of Me2SO. GLC 
analysis of a quenched aliquot. Distilled from the reaction, water 
washed, and dried (90% isolated yields). Diester and water (0.03 
mol each) in 50 mL of Me2SO. e Li2CO3 (35%) was also isolated. 
On distillation, an 80% yield of ester was obtained. f Diester and 
water (0.03 mol each) in 50 mL of DMF. g GLC and lH NMR of 
material collected in a Dean-Stark trap indicated the presence 
of about 30% CHsI. A 40% yield of Li2CO3 could also be isolat- 
ed. 

be isolated from the mixture in 30-40% yields.*3 The re- 
mainder of COz is evolved [trapped via BaC03 with a Ba(OH)2 
trap]. LizC03 exhibits little effect on the rate of decarbo- 
methoxylation in H20-DMF (Table V, entry 7 ) .  The salt LiF 
(perhaps present as tight ion pairs) exerts no accelerating 
effect. Lithium acetate is somewhat effective and MgClz is 
reasonably effective. In the case of LiISH20 in DMF, the iso- 
lation of CH31 is mechanistically significant (vide supra). 

Comparative data for decarbethoxylations of diethyl di- 
ethylmalonate are tabulated in Table VI. Substrates of this 
type (disubstituted) are the most difficult to decarbethoxyl- 
ate. 

The data in Table VI indicate that the most effective de- 
carbethoxylation combination for this substrate is the H20- 
Me2SO medium with addition of 2 equiv of KCN or LiC1. 
Sodium chloride is not as effective as LiC1, since longer heating 
periods are necessary with the former. Since 0.5 equiv of LiCl 
in entry 4 leads to 60% reaction after 8 h,  C1- must be regen- 
erated or a pathway not using C1- is competitive. The rate 
depends on the LiCl concentration, as a fourfold concentration 
increase doubles the product yield (vide supra for mechanistic 
data bearing on this point). Once again Li2C03 can be isolated 
in 35-4096 yields in the runs using LiC1, and the remaining C02 
is lost as the gas. 

The decarbethoxylations of diethyl dimethylmalonate and 
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Table VI. Decarbethoxylations of Diethyl 
Diethvlmalonate 

Equiv of salta % monoester -- 
None l b  
2 LiCl 80 
2 LiCl 98d 
0.5 LiC1 40 e 
2 LiClf 23 
2 NaCl 30 b j g  

2KCN 436,h 

Substrate and water (0.03 mol each) in 50 mL of Me2SO. 
Entries 2,4,5, and 6 were heated for 4 h; entry 1 , 2  h; entry 3,6 h; 
and entry 7 , l  h. GLC analysis of a water-quenched aliquot and 
extracted into pentane. Distillation of the ester from the reaction 
followed by addition of water and separation of the ester layer. 
An 85% yield of monoester was obtained which contained only a 
trace of starting material. A 35% yield of Li2CO3 was isolated by 
filtration of the residue after distillation. Isolated yield after 
distillation and washing with water. A 30% yield of LiZCO3 was 
isolated. e After 8 h total heating, about 60% monoester. f As in 
a ,  except 50 mL of DMF. g After 22 h a  quenched aliquot showed 
85% monoester. This reaction mixture is homogeneous. After 
5-h total heatin;, no starting material is present. 

Table VII. Decarbethoxylations of Diethyl 
Dimethvlmalonate 

Equiv of salt % monoester 

Nonen 

1 HOAca 1 b , c  

1 NaOAca 60 
1.5 LiOAc.2HzOc' 60 
1 LiCld 70b.e 
2 LiCld 97f 
1 KF*2H20d 
0.2 Na3P04.12H20g 
1 KIa 
1 KBra 

1 b ;  3 (21 h )  
1 Na2S04" 36 

18b; 56 (20 h) 
30 b ;  75 (22 h) 
22b;  50 (20 h) 
40b; 67 (20 h) 

1 KCla 
1 NaCla 
1 KCNa 98 b ,e  

40bsh; 72 (20 h) 
4Oblh; 70 (20 h) 

a Diester (0.015 moll) and HzO (0.03 mol) in 25 mL of Me2SO. 
All reactions were run for 4 h except entry 1 (2 h) and entry 7 ( 5  
h). GLC analysis of' a quenched aliquot. Also paraformal- 
dehyde from MezSO decomposition. As in a ,  except 0.015 mol 
of HzO. e Eighty percent yields of ester on distillation (99% pu- 
rity). f Ninety percent yield on distillation. g No water added. 

Heterogeneous at start of reaction. 

diethyl 1,l-cyclobutanedicarboxylate were also studied using 
a variety of salts and conditions. The pertinent experimental 
findings for the former substrate are listed in Table VII. 

The data for the cyclobutyl diester is summarized in Table 
VIII. 

As can he noted from the data in Tables VI1 and VIII, the 
decarbethoxylations of these substrates can be accomplished 
by a wide variety of :salts. Only Na2S04 (insoluble in the me- 
dium) and LiF fail to accelerate the reaction. Acetates (lithium 
and sodium) are effective but the reaction is not catalyzed by 
acetic acid. Lithium halides are more effective than the cor- 
responding potassiurn or sodium halides (except for LiF where 
KF  appears to work more effectively). For the data tabulated 
in Table VIII. the best decarbethoxylating agent appears to 
he LiC1, with LiI or LiBr somewhat less effective. 

The decarhethox:glation of diethyl dimethylmalonate by 
Na3P04.12H20 is of interest. It appears that the effectiveness 
of this salt may he due to the high pH of its aqueous solutions 

Table VIII. Decarbethoxylations of Diethyl 1,l- 
Cvclobutanedicarboxvlate 

Equiv of salt 96 monoester 

80h; 85 (6.5 h) 0.5 LiOAc-2HzOa 
1 LiI.2H20n 9 3 h J  
2 LiFd 1 h  

2 NaCld 60f 
2 LiCld 99'4 

2 LiBrd 92t 

0 Diester (0.015 mol) and Me2SO (25 mL) heated for 3 h. GLC 
analysis of an aqueous quench. Distillation and workup gave 
pure ester (80%). Diester (0.015 mol) and water (0.03 mol) in 25 
mL of MezSO heated for 3 h. e Distillation and workup gave ester 
(90% yield, 98% purity). f Distillation and workup gave pure ester 
(85%). 

and perhaps a catalysis of the decarbethoxylation by a hy- 
drolysis-decarboxylation pathway. 

Several other substrates were also investigated for pre- 
parative purposes using LiCl in MezSO and the results are 
listed in Table IX. 

Mechanism Studies: (a) H2O and D20 Isotope Effects 
in the Presence and Absence of Salts. The fact that certain 
(?-keto esters and geminal diesters which possess electron- 
withdrawing groups on the (Y carbon undergo decarbalkoxy- 
lations in H20-MezSO indicates that  a neutral water hy- 
drolysis is occurring. The deuterium isotope effects were 
studied by comparison of the rates of decarbalkoxylations in 
HzO-Me2SO and D20-MezSO in the presence and absence 
of salts. The data are summarized in Table X. 

The data in Table X reveal a k H z O l k D z O  of 2.7 for diethyl 
phenylmalonate and 2.2 for dimethyl ethylmalonate (no 
added salts). However, in the presence of the salts LiCl or 
KCN the k H n O / k D z O  values are close to unity. In the absence 
of salts it would appear that  the mechanism is of a water- 
catalyzed nucleophilic attack by water (or a kinetic equivalent) 
a t  the ester carbonyl ( B A c ~ )  similar to the mechanism pro- 
posed for neutral (water-catalyzed) hydrolysis of other acyl 
activated esters.44 The salts do not appear to be functioning 
as general base catalysts.45 In those substrates which do not 
react with HZO-Me2S0, steric factors may prevent water at- 
tack a t  the ester carbonyl. 

The absence of a significant isotope effect in the presence 
of LiCl or KCN is consistent with a nucleophilic catalysis 
mechanism ( B ~ c 2  route via a tetrahedral intermediate) in- 
volving the nucleophile, or a B.4~2 route involving the nu- 
~ l e o p h i l e . ~ ~ , ~ ~ , ~ ~  Of course the total mechanistic route could 
proceed via the simultaneous occurrence of both routes. 

The decarhalkoxylation procedure in D20-Me2SO is a 
useful preparative route to a-deuterated esters.49 

(b) CHsCH2CN: Alcohol Ratios Using KCN-H20- 
Me2SO and Various Diesters. Since the most effective de- 
carbalkoxylation reagent system studied by us is the KCN- 
H20-MezSO combination, it was of interest to determine the 
nitrilelalcohol ratios for various substrate structures from the 
mechanistic point of view. The experimental data for several 
malonate esters are tabulated in Table XI. 

I t  might also be noted a t  this point that  K2C03 could be 
isolated in ca. 40% yields from several of the runs listed in 
Table XI and C02 was also evolved as evidenced by trapping 
as BaC03. The data presented in Table XI clearly indicate 
that the mechanistic pathway is dependent on substrate 
structure. The formation of CHBCN (from the disubstituted 
dimethyl ester) and CH3CH2CN (from the diethyl esters) can 
only arise from a BAL:! cleavage as depicted in Scheme I.47 

A concerted decarbalkoxylation to directly yield carbanion 
13 must also be considered. It would appear that  this process 
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Table IX. Preparative Decarbethoxylations Using LiCl-Water-MezSO 

___- 1 Registry 

CH~(CH:!)ZCHZ C H ~ ( C H Z ) Z C H ~  CH3CH2 596-75-8 90b 

R' R2 R3 no. % monoester 

CH3CH2 C6H5 CH3CH2 76-67-5 80 b,c 
CH3(CH:,)&H2 H CH3CH2 133-08-4 7 5 d ;  95 (3 h) 

uSubstrate and water (0.03 mol each) and LiCl(O.06 mol) in 50 mL of MeZSO. Entries 1 and 2 were isolated by a water quench and 
extraction with pentane. The heating times were: entry 1 , 6  h; entry 2,4 h; and entry 3,0.5 h. Isolated yields with less than 1% starting 
material. A 6096 yield of monoester was found by GLC of a quenched aliquot if 50 mL of DMF was used as the solvent. GLC analysis 
of a quenched aliquot. 

Table X. Decarbalkoxylations in Mens0 with D20 o r  H20 

k Hzolk D20 
1 1 equiv 1 equiv 

K' R2 R30 ofLiCl ofKCN Nosalt 

C6H5 H CH3CH2 1.09 1.10 2.7 
CH3CH2 H CH3CH2 0.96 1.08 
CH3CH2 H CH3 2.2 
CH3CH2 CH3CH2 CH3CH2 1.0 1.0 No rxn 

Three millimole each of malonate ester, H20 or D20, and salt 
(if any) in 10 mL of dry Me2SO. bAverage values for duplicate or 
triplicate determinations. 

would be energetically favorable for those substrates with 
electron-withdrawing groups that  could stabilize the devel- 
oping carbanioriic center. The previous study of Asoaka et  
aLZgb indicates that  the intermediate 12 (R' = R2 = CH3) can 
be trapped if the reaction is performed in HMPT with LiCl 
in the presence of benzyl bromide to yield the monobenzyl 
diester 14 (30%). An 18% yield of the dibenzyl ester was also 
isolated. In other cases, the carbanion 13 can be trapped in the 
presence of benzyl bromide. The formation of acylcyclopro- 
panes by treatment of a-acyl-y-butyrolactones with various 
nucleophiles are examples of B A L ~  cleavages followed by de- 
carboxylations and intramolecular cyclizations of the carb- 
anions which are f0rmed.2~ The conversion of 7a to 7b leads 
to intermediate 15 which is energetically difficult to decar- 
boxylate, and it undergoes a further conversion to the diac- 
id.lo 

The pathway outlined in Scheme I appears to be the dom- 
inant mechanistic route for disubstituted malonate esters. The 
higher nitrile/alcohol ratios seen for the diethyl- vs. the di- 
methyl-substituted diethylmalonate points to a steric hin- 
drance to attack of the nucleophile a t  one of the ester carbonyl 
groups. However, in all cases (except for the dimethyl ester 
listed) the isolation of ethanol indicates that  the B ~ c 2  
mechanism is competitive. Scheme I1 presents the mechanism 
for this route. 

Scheme I 

I 

concerted? 12 \ 1 -CO, 

\ ~ 0 ~ ~ 3  

H20 OH- + R1R2CHC0,R3 - R1RzCC02R3 
2 13 

HCOz- 5 R1R*CHC0,R3 + C03*- 

2 

Table XI. Nitrile/Alcohol Ratios from 
Decarbalkoxylations with NaCN 

1 CH3CH2CNI 
R' 112 R3 Alcohol a 

CH3CH2 H CH3CH2 0.4c 
CH3 H CH3CHzd 0.5 
CH3 CH:; CH3CHzd 1.4 
CH3CHz CH:iCH2 CH3CH2 4.3 
CH3CH2 CH:ICH2 CH3' c,e 

"GLC analysis of low-boiling material distilled from the reac- 
tion after the specified heating period. Substrate (0.03 mol), 
KCN (0.06 mol), and HzO (0.03 mol) in 50 mL of Me2SO. Heating 
periods for each tabular entry: 1,1.5 h; 2 and 3,8 h; 4,5 h; and 6, 
0.5 h. No starting material was detectable. Substrate (0.03 
mol), KCN (0.045 mol), and HzO (0.03 mol) in 50 mL of Me2SO. 
e Only CH3CN was detectable. No CH30H could be detected by 
GLC. 

Intermediates such as ethyl cyanoformate would be ex- 
pected to undergo rapid hydrolysis in H 2 0 - M e ~ S 0 . ~ ~  It might 

14 15 

be pointed out that ester exchanges appear to be catalyzed by 
KCN in alcohols.51 

Most simple esters hydrolyze with acyl-oxygen cleavages 
(BAcZ) via presumed tetrahedral intermediates. However, in 
hindered esters the BALZ route can eclipse the usual BACZ 
pathway.52 In symmetrical transesterifications such as the 
treatment of methyl benzoate with sodium methoxide in 
methanol, good yields of dimethyl ether can be obtained.52c 
Under certain conditions the ElcB mechanism via a ketene 
intermediate must be considered for those substrates with a t  
least one a hydrogen.j3 Variations in the alkoxy1 group of the 

Scheme I1 

(8 

J 
R30H + CO, + CN- 2' R30COCN + RIR?cCO,RJ 

13 
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Table XII. LiCl Concentration Variation Study 

Equiv of LiCla k re1 

1 1 
2 1.6 
3 2.2 
4 2.6 
5 3.3 
6 3.6 
I 3.7 
8 4.0 
9 4.1 

10 4.3 

a Three millimole each of diethyl diethylmalonate, water, and 
LiCl (or multiple thereof) in 10 mL of dry Me2SO. krel = kc,,,/ 
k lequi" (see Experimental Section). 

ester have less effect on the B ~ c 2  route than the BAL:! route.47 
The nucleophilic species must also play a role in the mecha- 
nistic pathway.54 

The observation that methanol could not be detected in the 
decarbomethoxylation of dimethyl diethylmalonate by 
KCN-HzO-MeZSO indicates that this substrate reacts via the 
B A L ~  pathway outlined in Scheme I. The other diesters listed 
in Table XI exhibit dual pathways in which disubstituted 
malonates react predominantly via the B A L ~  route, while 
monosubstituted malonates react predominantly via the B ~ c 2  
route.55 

(c) LiCl Concentration Variations. In order to assess the 
kinetic effect of the nucleophile, the decarbethoxylation of 
diethyl diethylmalonate was studied using LiCl-HZO-Me2SO. 
This substrate was chosen since it was anticipated that the 
dominant route would be of the BAL:! type. The LiCl con- 
centrations were varied over a range of 1 to 10 equiv per 
equivalent of diester and the data are summarized in Table 
XII. 

I t  can be seen from the data that the rate is dependent on 
the concentration of LiCl but does not exhibit a first-order 
dependency of LiCl concentration. The largest rate increase 
is seen up to the addition of 5 equiv of LiCl, and further con- 
centration increase lead to much smaller enhancements of the 
decarbethoxylation rate. I t  is probable that ion pairing or 
association is playing a role in controlling the apparent nu- 
cleophilicity and observed rates.56 

(a) Relative Rates with Various Salts. Relative rates of 
ester decarbethoxylation can give information on whether the 
B ~ c 2  mechanism is operative (alkoxy1 group variations have 
small effects) or whether the BAL:! route is operative (com- 
parison to s N 2  routes).47a Competition experiments were 
performed on several methyl and ethyl diesters and the rela- 

tive rate data are tabulated in Table XIII. 
From the data presented in Table XIII, it is reasonable to 

conclude that monoalkyl-substituted malonates on treatment 
with LiCl-H20-MeZSO are undergoing cleavages via a dom- 
inant B ~ c 2  attack of c1- on one of the ester carbonyl groups 
(kCH3/kCH3CH2 = 4).47a957 The relative rate of 30.5 found for 
the KCN-H20-Me2SO reaction on diethyl ethylmalonate 
appears to be inconsistent with the nitrile/alcohol ratio data 
in Table XI and is anomalous. Perhaps with KCN a more 
dominant role for the B A L ~  route is being exerted for the di- 
methyl ester and an enhanced value of the relative rate ratio 
is seen. The relative rates of 17.1 (LiC1) and 35.1 (KCN) for 
the decarbalkoxylations of the diethyl-substituted malonates 
are consistent with a dominant pathway for BAL:! cleava- 
ges.58359 

(e) Salt Effects. I t  was of interest to examine a series of 
salts with a single diester under comparable reaction condi- 
tions to ascertain the best salt to be utilized for preparative 
purposes. The relative rates for various salts were studied in 
HZO-Me2SO using diethyl diethylmalonate (perhaps in each 
case undergoing a dominant BAL:! cleavage). The relative rate 
data are tabulated in Table XIV. 

Although the rate differences listed in Table XIV are small 
and the relative nucleophilicities can vary with solvation, 
nature of the cation, and nature of the transition state,56d,60 
it is tempting to attempt to rationalize the experimental data 
using HSAB principles61 and symbiosis.Rc161,62 

If one assumes that all nucleophiles are cleaving this mal- 
onate ester predominantly via a B A L ~  pathway (Scheme I) ,  
the order of rates with the cation Li+ (hard) constant is C1- 
> Br- > I-, which is the order of decreasing hardness.63 
However, the position of OAc- (hard) is out of order, as it 
might have been expected that OAc- being harder than C1- 
would exert a larger symbiotic effect (in addition a symmet- 
rical-like transition state with respect to entering and leaving 
group&) than C1-. The relative position of CN- (soft, and used 
as the K+ salt which could alter the nucleophilicity somewhat) 
would be higher than C1- and thus constitutes an anomaly. 
Steric effects could play a role in hindering approach of a 
multiatomic anion such as OAc- and comparison to halide 
anions may be unjustified. The question of loose and tight 
transitions states along with symbiotic effects might well have 
to be ~ o n s i d e r e d . 5 ~ ~  

I t  can be seen from the data in Table XIV that little rate 
differences are found in the comparison of LiCl vs. (CH3)dNCl 
and LiOAc and (CH3)4NOAc. The unreactivity of CuCl (sol- 
uble in MezSO) might simply be due to ion pairing or solution 
as CuzC12 with reduced nucleophilicity of C1-. It would appear 
that LiCl should be used in preference to LiI in dipolar aprotic 
solvents to effect more rapid displacements. 

Table XIII. Competition Experiments Using Various Malonate Esters -- 
Ester pair" Salt k CH3Ik CH3CHz 

CH&HzCH(COzCH3)2 LiCl 3.9 -1. 0 . 1 c  
C H ~ C H ~ C H ( C O Z C H ~ C H ~ ) ~  

CH&H~CH(CO~CH~)Z KCN 30.Sd 
CH&HzCH(COzCHzCH3)2 

I:CH~CH~)ZC(COZCH~)Z LiCl 17.1 f 0.1' 
ICH~CH~)~C(COZCHZCH~)Z 

~CH~CHZ)ZC(COZCH~)Z KCN 35.1d 
~ C H ~ C H ~ ) Z C ( C O ~ C H Z C H ~ ) Z  

" Three millimole each of diesters, salt, and water in 10 mL of dry MezSO with refluxing for periods of 15,6,45, and 45 min, respectively. 
Calculated from: kCH3/kCH3CH2 = log (xCHa/xoCH3)/log (xCH3CHz/xoCH3CHz), where x = % unreacted diester (determined by 

GLC) and x o  = 100 for the diesters. See, for example: P. S. Skell and A. Y. Garner, J. Am. Chem. Soc., 78,5430 (1956). Average values 
for two runs and standard deviations. Single determination. 
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Table XIV. Relative Rates of Salts in 
Decarbethoxylations 

Salta ksaltlkLlC1 ksaltlk LiI 

LiCl 1 3.1 
(CH3)4NCI 0.75 2.3 
CuClb 
LiI 0.32 1 
(CHd4NI' 
LiBr 0.65 2.0 
LiOAc 0.56 1.8 
(CH3)4NOAc 0.34 1.0 

a Performed in a common oil bath with one run containing 1 
equiv of LiCl and the other 1 equiv of the listed salt. Substrate in 
all cases was diethyl diethylmalonate. Relative rates were deter- 
mined as previously reported (see Table XI11 and Experimental 
Section). Soluble but no reaction after heating for 2 h. Several 
side products and much decomposition. Not analyzed further. 

Conclusions 
Certain activated esters have been shown to undergo rapid 

decarbalkoxylations in wet Me2SO while other substrates 
require the presence of salts. The data indicate that LiCl- 
HZO-MezSO is an  excellent salt for preparative decarbal- 
koxylations. The decarbalkoxylation mechanism is a blend 
of B A L ~  and B ~ c 2  pathways which are dependent on substrate 
structure and nucleophile type. A variety of salts can be ef- 
fectively used in this process. 

Experimental Section 
All GLC analyses were performed using a DC-200 Chromosorb 

column with helium as the carrier gas and are corrected for any 
structural response change. The analyses were performed using a 
Gow-Mac 69-100 or an Aerograph A-90P chromatograph. 

Materials. MrzSO was kindly supplied by Crown-Zellerbach 
(Camas, Washington) or was purchased from Fisher Scientific Co. 
(certified grade) or Mallinckrodt (AR grade). The Me2SO was dried 
by distillation from CaH? under reduced pressure and it was stored 
over molecular sieves. All salts (reagent grade) were used as received 
except for preliminary drying in a few cases. All malonate esters and 
most 0-keto esters were commercially available from Aldrich, East- 
man Organics, Pfaltz and Bauer, or ICN Life Sciences Group (K & 
K). The @keto esters, 2-carbethoxycyclooctanone, and 2-car- 
bethoxycyclododecanone were prepared according to the procedure 
described by Krapcho et ,d.64 All ketones and esters which were pre- 
pared have been previously reported in the literature and compared 
favorably with the physical properties previously recorded and ex- 
hibited IR and NMR spectra consistent with their structures. 

(A) Typical Preparative Runs. (a) 2, R' = H, R2 = (CH3)2CH, 
R3 = CH3CH2. In a 100-mL rb flask equipped with a magnetic spin 
bar and a reflux condenser are placed diethyl isopropylmalonate (6.1 
g, 0.03 mol), MezSO (50 mL, Mallinckrodt AR, as received), water (0.5 
mL), and LiCl (2.5 g, 0.06 mol). The solution is heated to refluxing 
using a mantle with stirring for 4 h. During this period, the mixture 
becomes turbid and pale yellow. A quenched aliquot and GLC analysis 
indicated only about 4% malonate ester. The mixture was distilled 
up to 185 "C to obtain about 10 g of distillate. Cold water was added 
to this distillate and the ester layer was removed by a pipet to yield 
4.0 g of crude ester (GLC analysis showed less than 1% starting diester 
and trace amounts of low-boiling materials). Distillation (bp 129-132 
"C, lit. bp 131-133 
(b) 2, R1 = R2 = R3 = CH3CH2. Diethyl diethylmalonate (6.4 g, 

0.03 mol), MezSO (50 mL, Fisher certified, as received), water (0.5 g, 
0.03 mol), and LiCl(2.5 g, 0.06 mol) were placed in a 100-mL rb flask 
fitted with a gas-exit tube leading into a Ba(0H)Z solution, a magnetic 
spin bar, and a heating mantle. The solution was heated at refluxing 
for a total period of 6 h. During this period, a turbidity appears and 
the mixture becomes yellow and the color then disappears. The 
mixture is then distilled up to 185 "C to yield about 7 g of distillate. 
The distillate is washed with ice water and the ester layer collected 
(4.1 g, 95%). GLC shows less than 1% starting diester and traces of 
short retention time materials (bp 148-151 "C, lit. bp 151 0C65). Fil- 
tration of the residue after the distillation of the ester from the re- 
action pot gave LizC03 (0.7 g, 30% of the COz trapped as this salt) 
which was identified by an IR comparison to an authentic sample. 
Some COz was also evolved as evidenced by much BaC03 formation 
in the Ba(OH)2 during the course of the reaction. 

Using procedures as in a and b above, ethyl cyclobutanecarboxylate, 
methyl 2-ethylbutyrate, ethyl cyclohexylacetate, ethyl isobutyrate, 
ethyl 4-methylvalerate, and ethyl hexanoate can be prepared. 

(c) Ethyl 2-Phenylpropionate (2, R' = C6H5, R2 = H, R3 = 
CHBCH~). Diethyl phenylethylmalonate (7.9 g, 0.03 mol, Eastman 
practical grade), MezSO (50 mL, Mallinckrodt, AR), water (0.5 g, 0.03 
mol), and LiCl (2.5 g, 0.06 mol) were placed in a 100-mL rb flask 
equipped with a magnetic stirrer and fitted with a condenser. The 
mixture was heated at refluxing for 4 h. At this point, a brown color 
had developed and suspended solid (LiZCO3) was evident. The mix- 
ture was poured into 200 mL of ice water and the aqueous layer was 
saturated with NaCI. The ester was extracted with 4 X 30 mL of 
pentane, and the yellow pentane extract was dried over NazS04 and 
concentrated to yield 4.6 g (80%) of ester which on GLC contained less 
than 0.5% starting material. Distillation under reduced pressure gave 
a bp of 120-125 OC/25 mm (lit. bp 123-124 "C/27 mm65). Ethyl hy- 
drocinnamate and ethyl 2-n-butylhexanoate were isolated using a 
similar workup. 

(B) Analytical Runs. All tabular data were obtained by quenching 
the reaction at a specified interval in cold water (usually a 2-mL ali- 
quot), saturating the water with NaC1, extraction with pentane, and 
GLC analysis of the pentane extract. 

(C) D2O and H2O Runs. Two runs were performed simultaneously 
in the same oil bath, and both reactions were quenched with water, 
extracted with pentane, and analyzed by GLC. In the water run, 3 

yielded 3.5 g of ester (90%). 

Table XV. Decarbalkoxylations Using H2O or  D20 in  Me2SO 

Rxn % YO 

1 time, diester' diester 
R' R2 R3a Salt Tempb h in H2O in DZ0 k HzOlk DnOd 

C6H5 H CH3CH2 None 
None 
LiCl 
LiCl 
KCN 

CH&H2 H CH3 None 
None 

CH:jCH2 H CH3CH2 LiCl 
LiCl 
KCN 

CH3CHz CHsCH2 CH3CHz LiCl 
LiCl 
KCN 
KCN 

177 0.75 
177 0.50 
182 0.50 
157 0.25 
157 0.25 
185 4.0 
185 4.0 
175 0.50 
180 0.50 
175 0.30 
192 2.0 
192 1.5 
192 2.0 
189 0.75 

20.9 
30.2 
13.6 
75.7 
17.9 
39.6 
50.7 
66.5 
67.2 
43.8 
55.8 
62.9 
16.7 
42.2 

51.2 
67.1 
15.1 
77.8 
20.8 
66.5 
72.7 
66.6 
67.1 
46.7 
55.3 
63.7 
19.2 
42.8 

2.4 
3.0 
1.06 
1.11 
1.10 
2.27 
2.13 
1.00 
0.99 
1.08 
0.98 
1.03 
1.08 
1.02 

a In most cases, the pairs were run twice, sometimes for different periods of time. Oil bath temperature, f 2  "C. Average values 
kH20/kD20 = log [% diester (HzO)/lOO]/log p?  diester (DzO)/ for three GLC analyses with excellent agreement for each analysis. 

1001. 
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Table XVI. Competition Experiments 

Diester pairs, 1 Rxna % dimethylb % diethylb 
R' R2 R3 time Salt rem ai n i n g remaining kCH3/kcH3cH2 

CH3CH2 H CH3CH2 0.3 LiCl 27.9 73.0 4.06 
CH3CH2 H CH3 0.25 LiCl 18.6 64.5 3.84 

0.08 KCN 23.8 95.4 30.5 

CH3CHz CH3C:Hz CH3CHz 0.75 LiCl 20.5 91.1 17.0 
CHsCH2 CH3C:Hz CH3 0.50 LiCl 23.0 91.8 17.2 

0.75 KCN 7.0 92.7 115.1 

a Timing star:s with COa evolution, in hours. Average values for triplicate GLC analysis (agreements in all cases bettet. than 
2%). 

Table XVII. LiCl Concentration Studies Using Diethvl Diethvlmalonate 

Rxn time,l' % diesterb Stdn, % diester Ratio Av 
h 1 equiv of LiCl xLiCl xLiCl/LiCl tyrelc k re1 

1.5 
2.0 

1.5 
2.0 

1.5 
1.0 

0.9 
1 .o 
1 .o 
1.06 

1.0 
0.75 

0.75 
0.80 

0.75 
0.80 

0.75 
1.0 

58.2 
51.9 

61.0 
54.8 

59.6 
70.0 

75.9 
71.7 

70.4 
65.5 

71.2 
78.1 

83.4 
77.8 

77.9 
78.9 

78.9 
70.5 

42.7 
36.2 

32.7 
27.4 

24.3 
39.5 

40.2 
33.2 

28.3 
22.0 

28.6 
40.9 

49.3 
35.4 

35.1 
37.7 

34.7 
22.4 

2.26 2.21 
2.15 

2.73 2.67 
'2.60 

'3.30 3.30 
3 . 3  1 

6 :X60 3.59 
6 :3.58 

7 
7 

8 
8 

9 
9 

10 
10 

:3.69 3.66 
:3.62 

3.90 4.02 
1.14 

4.16 4.14 
4.12 

1.47 4.38 
1.28 

a Heated in an oil bat,h a t  190 f 2 "C. bAverage of duplicate GLC analysis with a precision of better than *0.5%. k,,I = log [% diester 
(xLiCl)/lOO]/log [% diester (1 equiv of LiC1)/100]. 

Table XVIII. Decarbethoxvlations of Diethvl Diethvlmalonate 

Reaction % diestera % diestera Av 
time, h -- Salt in LiCl run in salt run ksaitlkL,iclb krel  

1.5 (CHs)4NCl 78.7 82.3 0.77 0.74 
2.0 69.9 77.4 0.71 

1.5 l,iI.H20 
2.0 

1.5 LiBr 
2.0 

1.5 ILiOAc 
2.0 

65.6 
58.8 

66.0 
54.9 

63.5 
58.3 

2.0 I :CH~)~NOAC 57.7 
2.5 52.9 

87.1 
84.5 

77.6 
66.7 

76.5 
74.3 

83.2 
80.7 

0.33 0.32 
0.32 

0.64 0.66 
0.68 

0.59 0.57 
0.55 

0.3:1 0.34 
0.34 

a Average values of duplicate GLC analysis. k,,IJkLicl = log [% diester (salt)/lOO]/log ph diester (LiC1)/100]. 

mmol each of diester, IlzO, and salt (if present) was dissolved in 
MezSO (10 mL, dry) in a 25-mL rb flask equipped with a condenser 
and a magnetic stirrer. The DzO run was prepared in an identical 
fashion, except that DzC) was used. Both runs were immersed in the 
oil bath and worked up in an identical fashion. A summary of the 
experimental data is 1ist.ed in Table XV. 

(D) Competition Experiments. Three millimoles of each diester, 

HzO, and salt was dissolved in Me2SO (10 mL, Mallinckrodt AR, as 
received) in a 25-mL rb flask equipped with a magnetic spin bar and 
a condenser. The mixture was then heated to refluxing for the speci- 
fied period, quenched, and analyzed by GLC. The experimental re- 
sults are listed in Table XVI. 

(E) LiCl Concentration Effect Study. Duplicate runs were per- 
formed simultaneously in the same oil bath. In the standard com- 
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parison run diethy l  diethylmalonate (3 mmol), L iC l  (3 mmol), and 
HzO (3  mmol)  were dissolved in 10 mL o f  MezSO (dry). In the run t o  
assess the salt effect the only variation was the amount o f  L iCl  added. 
B o t h  runs were heated for  identical periods and analyzed as pre- 
viously. T h e  data are tabulated in Table XVII. 

(F) Salt Ef fec ts .  In a 25-mL rb flask was placed d ie thy l  d ie thy l -  
malonate (3 mmol) ,  LiCl (3 mmol), H20 (3 mmol) ,  and 10 mL o f  
MezSO (dry). Another pun is prepared in similar fashion, except 
containing another salt (3 mmol) .  B o t h  runs are simultaneously im- 
mersed in an o i l  bath preheated to  190 f 2 "C. Af ter  the specified 
reaction period, the reactions are quenched in water and analyzed b y  
VPC. These data are summarized in Table XVIII. 
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2,4.6-Triisopropylbenzenesulfonylhydrazones o f  a wide range of  ketones serve as a convenient source of v iny l l i th-  
ium reagents. Treatment  w i t h  2.0-3.0 equiv o f  a lky l l i th ium reagent a t  -78 "C in TMEDA-hexane followed by 
warming to 0 "C rapid ly  generates the v iny l  anions in most cases. The reagents so formed can be t rapped w i t h  a va- 
r ie ty  of electrophiles. Th is  procedure leads to a convenient synthesis o f  al lyl ic alcohols. di-, tri-, and tetrasubsti tut- 
ed olefins, acrylic acids, acrylic aldehydes, vinylsilanes, and v iny l  bromides. 

Organolithium reagents have become increasingly impor- 
tant in synthetic organic chemistry.' We report here an ex- 
tremely facile method for generation of a variety of vinylli- 
thium derivatives and trapping of them with an assortment 
of electrophilic reagents. Our initial studies, portions of which 
have been reported in preliminary f ~ r m , ~ s  used the reaction 
of tosylhydrazones with excess n-butyllithium in TMEDA- 
hexane solvent systems for generation of vinyllithium re- 
agents. This procedure represented a modification of the 
valuable and widely used Shapiro olefin synthesis4 by allowing 
the vinyl anion intermediate5 to be trapped by externally 
added electrophiles. 

The procedure is illustrated in Scheme I for the tosylhy- 

Scheme I 

>3.0 equiv of n-BuLi II 
-CH*CC8HU 

2 

I) 
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drazone (1) of 2-octanone. Treatment of 1 with excess base 
generates almost exclusively the 1-octenyl anion (3). In sol- 
vents (hexane or ether) normally used for the olefin synthesis, 
3 is protonated either by solvent4,6 or, in the case of hexane 
where the reaction is heterogeneous, by the to~ylhydrazone.~ 
Use of TMEDA as solvent overcomes this problem, but re- 
quires the use of 3 equiv or more of alkyllithium reagent if 
workup is to produce the desired product. This is shown in 
Table I for DzO workup of the reaction. The yield of olefin is 
invariably high, but deuterium incorporation on workup 
clearly requires excess base beyond the 2 equiv needed for 
stoichiometric dianion formation. 

The source of this problem has now been shown to be an 
o -aryl hydrogen of the tosyl g r o ~ p . ~ , ~  Specifically, treatment 
of 1 a t  -78 OC with >3.0 equiv of n-butyllithium in 
TMEDA-hexane, followed by D 2 0  quench, results in the in- 
corporation of two deuterium atoms, one on nitrogen (washed 
out on workup) and one on the a-methyl group. If, however, 
the reaction mixture is warmed to 0 "C and then quenched 
before decomposition to 3 becomes significant, trideuterated 
tosylhydrazone 4 is obtained. NMR examination of the re- 
covered tosylhydrazone shows that metalationg has occurred 
in the ortho position. A similar directed ortho metalation by 
an S02NHCH3 group has been reported.1° Such metalation 
is facilitated by the use of the strongly basic n-butyllithiuml 
TMEDA solvent system and is necessary if 3 is to be trapped 
by externally added electrophiles. Otherwise, the vinyl anion 
3 metalates the remaining dianion, giving 1-octene. Excess 
n-butyllithium (typically 3.5-4.5 equiv) must therefore be 
used with tosylhydrazones, and this in turn necessitates the 
use of excess electrophile and the separation of side products 
which result from attack of the n-butyllithium on the elec- 
trophile. 

These problems can be overcome and the reaction greatly 
facilitated by the use of easily prepared'l 2,4.6-triisopropyl- 
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