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(0.1 g) for 3.5 h followed by evaporation, acidification, and dis- 
solution in CHCl3 Evaporation produced a yellow syrup (15 mL) 
of the trimethyl ether of anthraquinone 1 7  IR (CHCl,) 1715,1670, 
1590 cm-'; NMR (CDClJ 2.47-2.83 (2 H, m,  CH,CO,CHJ, 
2.30-3.47 (3 H, m, C H ~ ,  CHCO~CH,), 3.88 (3 H, s, OCH~), 3.92 
(3 H, s, OC+), 3.97 (3 H, s, OCH~) ,  7 . 1 7 - ~ . ~ 3  (6 H, m, H, 
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The lithium acetylide anion of ethyl or methyl propiolate is readily prepared by the addition of n-butyllithium 
to ethyl or methyl propiolate at low temperature. The anion rapidly adds to a variety of aldehydes or ketones 
to  give ethyl or methyl 4-hydroxy-2-alkynoates in high yield. 

We recently required a variety of alkyl 4-hydroxy-2- 
alkynoates and the corresponding 4-keto compounds for 
our studies on asymmetric reducing agents.2 At the time 
of the initiation of this project there were no general 
procedures for preparing this class of compounds. Herein 
we report that  the lithium anion of methyl or ethyl pro- 
piolate rapidly adds to  a variety of aldehydes or ketones 
to give the corresponding alkyl 4-hydroxy-2-alkynoates in 
high yield. 

Sodium or potassium salts of alkyl propiolates are re- 
ported to give low yields of addition product to ketones3 
Grignard reagents react in a complex manner with esters 
of propiolic acid and do not appear to cleanly form the 
desired acetylenic anion.4 It  has been reported that the 
lithium anions of propiolic esters may be added to alde- 
hydes although no details are given and the generality of 
the reaction was not demon~tra ted .~  

We have found that the lithium acetylide salt of methyl 
or ethyl propiolate may be readily prepared a t  low tem- 
perature by the reaction of the propiolate ester with n- 
butyllithium.6 The acetylenic anion rapidly adds to a 
variety of aldehydes and ketones to give the methyl or 

(1) Fellow of the Alfred P. Sloan Foundation. 
(2) Asymmetric reduction of the 4-keto compounds gives the hydroxy 

compounds in 77-100% enantiomeric purity. Midland, M. M.; McDowell, 
D. C.; Hatch, R. L.; Tramontano, A., J .  Am. Chem. SOC. in press. 

(3) Bachmann, W. E.; Raunio, E. K. J.  Am. Chem. SOC. 1950, 72,2530. 
Raunio, E. K.; Remsberg, L. P. J.  Org. Chem. 1960,25. 1436. House. H. 
0.: Roeloos. W. L.: Trost. B. M. Ibid. 1966. 31. 646. - . - - - - - - r - .  , ~ ~ - - -  , - - - -  ~ - - -  , - - ,  - ~ -  

(4) Rhinesmith; H. S. J .  Org. Chem. 1975, 40, 1773. 
(5) Corey, E. J.; Kim, C. U.; Chen, R. H. K.; Takeda, M. J.  Am. Chem. 

Soc. 1972,94,4395. Herrmann, J. L.; Berger, M. H.; Schlessinger, R. H. 
J .  Am. Chem. Soc. 1973, 95, 7923. Recently Schessinger hasprovided 
further details on his preparation. The reaction requires 22 h at -70 " C  
followed by workup with 50% hydrochloric acid. Herrmann, J. L.; Berger, 
M. H.; Schessinger, R. H. J .  Am. Chem. SOC. 1979, 101, 1544. 

(6) Suzuki reports that lithium diisopropylamide must be used as a 
base to avoid addition of n-butyllithium to the ester. (Yamada, K.; 
Miyaura, N.; Itoh, M.; Suzuki, A. Synthesis 1977,679). We have found 
no interference by the ester group. In fact lithium salts of propargyl 
acetates may be prepared under similar conditions with no interference 
by the acetate (Midland, M. M. J .  Org. Chem. 1977, 42, 2650). 
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ethyl 4-hydroxy-2-alkynoates upon workup. The results 
are presented in Table I. 

HC=CC02R + n-C,H,Li - LiC=CC02R 

LiC=CC02R + R'&O - R'2C(OH)C=CC02R 

The lithium anions are relatively stable when kept a t  
low temperature. The ethyl ester appears to be easier to 
handle than the methyl ester and may be prepared and 
used at -78 "C (dry ice/acetone bath). On the other hand 
to achieve good results with the methyl ester, one must 
maintain the reaction at  <-lo0 O C  (4:l:l tetrahydro- 
furan-ether-pentane solvent; 4: 1:l low-boiling petroleum 
ether-acetone-isopropyl alcohol in liquid nitrogen slush 
bath). Either lithium compound decomposes to a black 
solution if warmed to 0 *C and gives very little addition 
product upon subsequent reaction with an aldehyde or 
ketone. 

The addition of the anion to aldehyde or ketones ap- 
pears to be rapid and quantitative. Only in the reaction 
with acetophenone were appreciable amounts of ketone 
recovered. Workup is facilitated by protonation with acetic 
acid or saturated ammonium chloride at  low temperature. 
The reaction may also be quenched by the addition of 
trimethylsilyl chloride. The trimethylsilyl group is then 
removed in the acidic aqueous workup. If the reaction 
mixture is allowed to warm to room temperature before 
quenching, there is a severe loss of product. 

The secondary alcohols are readily oxidized to the alkyl 
4-oxo-2-alkynoates with Jones reagent. Attempts to pre- 
pare the ketones directly by the reaction of the acetylide 
anion with an acid chloride' gave poor yields of keto 
product. 

This process provides a rapid, high-yield synthesis of a 
variety of alkyl 4-hydroxy-2-alkynoates. Such compounds 
are useful in the synthesis of lactones and other natural 
products5 The observation that the corresponding ketones 

(7) Smith, W. N.; Kuehn, E. D. J .  Org. Chem. 1973, 38, 3588. 
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Table I. Preparation of Alkyl 4-Hydroxy-2-alkynoates f rom Lithium Acetylide Salts of Alkyl F'ropiolic Esters 

alkyl group ketone or  
in ester aldehyde producta % yieldb 

-. 

(CH3)2C0 ( CH 3 ) 2  C O H C S C O  ,CH 91  CH 3 

C,H, 
CH, 74 

C6H,COCH3 C,H,(CH,)COHC=CCO,C,H, 63  

CH,CHO CH,CHOHC=CCO,C,H, 

C,H,CHO C,H,CHOHCSCO,CH, 
C6H,CH0 C,H,CHOHC&CO,C, H, 

n-C,H,,CHO n-C,H,,CHOHCSCO,C,H, 
59 
7 3  
7 1  
84  

a All products exhibited satisfactory spectra in accord with the  assigned structure. ' Isolated yield. 

may be reduced  to chiral  alcohols of high enant iomer ic  
purity2 further enhances the value of these compounds in 
synthesis .  

Experimental Section 
All reactions were run in dry apparatus under a nitrogen at- 

mosphere by using syringe techniques.* Tetrahydrofuran was 
distilled from potassium-benzophenone and stored under nitrogen. 
n-Butyllithium in hexane (Aldrich) was standardized by the 
method of Watson and E a ~ t h a r n . ~  All ketones and aldehydes 
were obtained commercially. Aldehydes were distilled under 
nitrogen prior to use. Methyl and ethyl propiolate were obtained 
from Aldrich and Farchan and were used directly. 

Methyl  4-Hydroxy-4-methyl-2-pentynoate. A dry 50-mL 
flask equipped with a magnetic stirring bar and septum-capped 
inlet was connected to a mercury bubbler and flushed with ni- 
trogen. The flask was charged with 10 mL of a 4:l:l mixture of 
tetrahydrofuran, ethyl ether, and pentane and 5 mmol of methyl 
propiolate. The flask was cooled to approximately -120 "C by 
using a 4:l:l mixture of low boiling petroleum ether, acetone, and 
isopropyl alcohol with liquid nitrogen. A 5-mmol sample of 
n-butyllithium (3.13 niL of a 1.60 M solution) was then added 
dropwise. The solution was stirred for 5 min, and then 5 mmol 
of acetone was added. The mixture was stirred for 5 min, and 
then the cooling bath was removed. The flask was allowed to 
warm slightly, and 2 mL of a saturated ammonium chloride 
solution was added. After warming to room temperature, the 
organic phase was dried with potassium carbonate and the solvent 
removed on a rotary evaporator. The residue was distilled in a 
Kugelrohr apparatus [pot temperature 135 "C (30 mm)] to give 
0.65 g of product (91%). 

l-[2-(Carboethoxy)ethynyl]cyclopentanol. The reaction 
flask was charged with 10 mL of tetrahydrofuran and 5 mmol of 
ethyl propiolate The solution was cooled to -78 "C, and 5 mmol 
of n-butyllithium was added. The solution was stirred for 10 min, 
and then 5 mmol of cyclopentanone was added. The mixture was 
stirred for 10 min, and then the bath was removed and the mixture 
allowed to warn1 slightly. Acetic acid, 1 mL, was added and the 
solution warmed to  room temperature. Ethyl ether was added 
and the mixture washed with saturated sodium bicarbonate. The 
ether layer was dried with potassium carbonate and the ether 
removed on a rotary evaporator. The residue was distilled in a 

Kugelrohr apparatus [pot temperature 110 "C (1 mm)] to  give 
0.77 g of product (85%). 

Ethyl  4-Hydroxy-2-nonynoate. A 150-mL flask was charged 
with 70 mL of the tetrahydrofuran-ether-pentane solvent and 
50 mmol of ethyl propiolate. The solution was cooled to -120 O C  

and 50 mmol of n-butyllithium added dropwise over 15 min. After 
an additional 10 min, 50 mmol of hexanal (6.0 mL) was added. 
The solution was stirred a t  -120 "C for 20 min, and then 75 mmol 
of trimethyhilyl chloride (9.25 mL) was added. The solution was 
warmed to room temperature and 50 mL of ethyl ether added. 
The mixture was washed with 100 mL of water. The organic layer 
was dried over magnesium sulfate and concentrated. The residue 
was distilled through a short-path distillation head; bp 112 O C  

(0.15 mm), yield 7.17 g (73%). 
Ethyl  4-Oxo-2-nonynoate. The above alcohol (6.95 g, 35 

mmol) was dissolved in 70 mL of acetone and cooled in an  ice 
bath. Jones reagent,'O 23 mL, was added over 10 min. A 10-mL 
sample of ethanol was then added to destroy excess Jones reagent. 
The solution was stirred for 5 rnin and then diluted with 100 mL 
of water. The water was extracted with ether (2 x 30 mL). The 
ether extracts were washed with water, dried over magnesium 
sulfate, and concentrated. The product was distilled in a Ku- 
gelrohr apparatus [pot 100 "C (0.12 mm)] to give 5.2 g of product 
(76% yield). 
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