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A GENERAL SYNTHESIS OF TERTIARY ALLENIC AMIDES: 

THE REACTION OF PROPARGYL ALCOHOLS WITH DIETHYLFORMAMIDE 

(Received inUSA 7 September 1977; received in UK for publication 31 October 1977) 

Among the syntheses of functionalized allenes 
1 
are a number of methods based on the rearrange- 
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ment of a propargyl system. Sigmatropic shifts of both the (3,3)- and (2,3)-varieties have afforded 

hetero-substituted allenes,2 and the (3,3)-sigmatropic rearrangement has been used to synthesize 

carbon-chain substituted allenes (Claisen and Cope rearrangements3). 

Although the (2,3)-sigmatropic rearrangement has been utilized as a method of carbon chain ex- 

tension in allylic systems, 4 attempts to apply these rearrangements to propargyl systems have re- 

sulted in procedures which are successful only when certain substituent requirements are met. 5 We 

now report that the reaction of propargyl alcohols with diethylformamide acetals in reflwing hydro- 

carbon solvents to form allenic amides 6 is general and that good to excellent yields of these pro- 

ducts can be obtained (Table). 

The exception to be noted is l-undecyn-3-01 (If) from which, in addition to allenic amide 3f, - 

a significant amount of keto amide 4f was isolated. Amide 3f is in fact converted to 4f under the - - - 

conditions of the reaction. The instability of unhindered allenic amides toward nucleophilic addi- 

tion has been previously noted; 
6a 

we assume that ethanol generated in the reaction medium is 

trapped by reaction with 3f, and that silica gel hydrolysis affords 4f. - 

In a typical experiment, the propargyl alcohol is heated under nitrogen with l-2 equivalents 

of diethylformamide diethyl aceta17 in refluxing xylene or dichlorobenzene; ethanol is removed by 

means of a Dean-Stark trap. Optimum reaction time varies with the substrate. The product is iso- 

lated by chromatography on silica gel and then crystallized or distilled. Experimental details and 

yields for a number of propargyl alcohols are shown in the Table. 

The course of the reaction of propargyl alcohols with formamide acetals is heavily dependent 

on both the structure of the reagent and on the reaction conditions. This dependence is exempli- 

fied by the reactions of 1-ethynylcyclohexanol (la). - When g was treated with dimethylformamide 

diethyl acetal <II, R'=Me) in ethanol or in xylene with distillative removal of ethanol, enamine 

orthoformate & (R'=Me) and dienamine 10a (R'=Me) were produced. 5a - When &was treated with di- 

ethylformamide diethyl acetal (L, R'=Et) in ethanol, a mixture of the corresponding diethylsmine 

enamine orthoformate (&, R'=Et) and diethylamine dienamine (e, R'=Et) was obtained. However, 

when &was treated with the diethyl reagent 2 (R'=Et) in xylene with distillative removal of 

ethanol, only allenic amide &X (R'=Et) was observed. 
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TABLE 1 REACTION WITH DIETHYLFORMAMIDE DIETI-IYL ACETAL 

ALCOHOL 1 SOLVENT’ 
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5. Solvent: kxylene, B-E-dichlorobensene. 
spectra as well a8 elemental analyses. 

1. All products gave satisfactory ir and nmr 

by chromatography. 
c. Distilled. 4. Recrystallized. =. 

Yields are of distilled material. r. 
Separated 

heated to 140’ for 1 hour. 
The reaction mixture was initially 

g. The reaction mixture was Initially heated to 140’ for 0.5 hour. 
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H CONR’2 

If H\ 

3a ?.5 

A mechanistic summary of possible reaction 

pathway 5 is viable; the rate of reaction along 

10a 

pathways is shown below. When R is alkyl, only 

+ 

pathway a is presumably dependent on the amount of 

athanol present. When R=C6H5 and R'=Me, only product 8, derived from pathway k is observed; when 

?.=H and R'=Me, products from both pathways & and 2 are seen. The,rates of reaction along pathways 

2 and c should depend on the ease of migration of the dialkylamino group and may be independent of 

ethanol concentration. When R=H or C6H5 and R'=Et, reaction along pathways 1 and 5 is apparently 

slowed down by the increased steric bulk around the nitrogen; if ethanol is removed from the re- 

action, the rate along pathway a increases; enamine orthoformate and dienamine are not observed 

and only allenic amide is isolated. 

HO 
I 

Ill 
I 

R 

OEt 

H+t 

NRt2 

R’zN$ 
/O 

%-- 
& 

R 

0 

I 

OEt 
’ 00 HC 

t 
g 

> 
N-R 

NR’2 
R 

R’2N 

.c 

I(_ 
.k k R 

R12N R NR’2 

Acknowledgement. This work has been supported by the National Cancer Institute, Department of 

Health, Education, and Welfare (Grant No. CA 16524) and by a grant from the Merck Foundation. 

K.A.P. Would like to thank Professor George B&hi and his research group for an interesting and 

detailed discussion. 



4564 

References and Notes 

NO. 52 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

For 
a) 
b) 
c) 

a) 

b) 

a) 

b) 
c) 

a) 
b) 

c) 

d) 
e) 

a) 

b) 

c) 

d) 

a) 

b) 
c) 
d) 
e) 

recent reviews covering synthesis of allenes see 
R. Rossi and P. Diversi, Synthesis, 1973, 25. 
T. Okamoto, Bull. Inst. Chem. x., Kyoto, 50, 450-81 (1972). --- 
S. R. Sandler and W. Karo, Organic Functional Group Preparations, 11, 
New York, Academic Press, 1971, p. 1. 

See L. E. Overman and S. Tsuboi, 2. &. Chem. c., 99, 2813 (1977), and 
references therein. 
See. S. Braverman and H. Mechoulam, Tetrahedron, x, 3883 (1974). 

Relevant references may be found in S. .I. Rhoads and N. R. Raulins, 
Organic Reactions, 2, l-252 (1973). 
K. A. Parker and R. W. Kosley, Jr., Tetrahedron Letters, 341 (1976). 
J. E. Baldwin and J. A. Walker, Chem. Commun., 117 (1973). 

G. Blichi, M. Cushman, and H. Wilest, 2. Am. Chem. %., 96, 5563 (1974). -- 
L. N. Mander and J. V. Turner, J. a. Chem., 38, 2915 (1973); A. T. 
Babayan, A. A. Grigoryan, K. P. Kiramidzhan, and M. G. Indzhikyan, Chem. 
Abstr ., 76, 111360 (1971). 
B. M. Trost and L. S. Melvin, Jr., Sulfur Ylides, Emerging Synthetic Inter- -- 
mediates, New York, Academic Press, 1975, pp 108-127. 
J. E. Baldwin and J. A. Walker, Chem. Commun., 354 (1972). 
B. Cazes and S. Julia, Tetrahedron Letters, 2077 (1974). 

K. A. Parker. R. W. Koslev, Jr., S. L. Buchwald, and J. J. Petraitis, 
J. Am. Chem..K., 98, 7164 (1976). --- 
P. Cresson, C. E. Acad. x, Paris, 2&, 247 (1977). The propargyl bromide 
used in this seouence must be primary; therefore the method is limited to the 
preparation of terminal allenes. _ 
The rearrangement of propargyl-substituted dithiane ylids was apparently not 
useful; ref 5b, footnote 5. 
a-Allenic ketones in which the allene is terminal have also been prepared by B. 
Cases and S. Julia, Synthetic Commun., _, 7 273 (1977). 

P. M. Greaves, P. D. Landor, S. R. Landor, and 0. Odyek, Tetrahedron, 3, 
1427 (1974). 
H. J. Bestmann and H. Hartung, Chem. s, 99, 1198 (1966). 
M. Delanois and L. Ghosez, a. Chem., 8l., 33 (1969). 
J. Ficini and 1. Pouliquen, J. hxhem. &., 93, 3295 (1971). -- 
R. W. Ratts and R. D. Partos, J- Am. Chem. &., 91, 6112 0969). -- 

Diethylformamide diethyl acetal was prepared in 60% yield according to the method of 
Meerwein: H. Meerwein, W. Florian, N. Schiin, and G. Stopp, &., 641, l-39 (1961). 

Related steroidal allene carboxylic acid derivatives are known. See P. CrabbB, 
H. Carpio, E. Velarde and J. H. Fried, J. %. &., 2, 1478 (1973). 


