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EXPERIMENTAL 

The volume of the solution contained in the sealed Carius 
tube (50 ml.) and the total volume of the tube (140 ml.) 
were determined by measuring an equivalent volume of water 
in a tube of comparable size. The volume of the diethyl ether 
solution of methylmagnesium iodide had not decreased ap- 
preciably during the twenty years of storage as the level 
of the top of the solution prior to opening ths  tube was 
even with the top of a blank label which had been placed 
on the tube to  mark the initial volume. The tube had been 
wrapped in a towel and kept in a shatter-proof container 
throughout the twenty years it had remained sealed. There 
was no detectable rush of gas when the tube was opened 
after having been cooled for 4 hr. in an ice bath. By work- 
ing promptly in an inert atmosphere according to the usual 
techniques employed when handling reactive organometallic 
compounds, all quantitative determinations were completed 

within 8 hr. after opening the tube. The samples used were 
removed by a pipette of previously determined volume which 
had been drawn out long enough to easily reach the solutioii 
in the tube and small enough to readily pass through the 
constricted neck of the tube. 

The analytical procednres were essentially those reported 
earlier from this laboratory,2 the chief difference being in 
the size of the sample used. The sulfuric acid in the gas 
wash bottle used in the gas analysis was replaced with fresh 
acid between the analyses of samples 6 and 7. 

Acet-a-naphthalide (m.p. 159.5-160") was prepared by 
the procedure previously reported from this laboratory,8 
and methylmercuric iodide (m.p. 146-147') was prepared 
by the procedure of Marvel, Gauerke, and Hi1l.Q A mixed 
melting point of a sample of each derivative with its respec- 
tive authentic specimen was not depressed. 
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Phenyllithium adds via conjugate addition to N,N-dicyclohexylcinnamamide with no evidence of 1;2 addition, but adds 
1,2 to N,N-dimethylcinnamamide. 

N,N-Disubstituted a,p-unsaturated amides add phenyl and ethyl Grignard reagents by conjugate addition despite wide 
variations in the substituents. In  contrast, methylmagnesium iodide yields some 1,2 addition and some unchanged start,ing 
material. The latter appears to involve a complex which regenerates the amide on hydrolysis. Enolization does not occur 
to an important extent in the formation of this intermediate. 

An organometallic reagent may add to  an un- 
saturated amide by normal addition to  form an 
unsaturated ketone or by conjugate addition to  
form a saturated amide. 

re '  
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The reaction of phenylmagne.iuni bromide with 
.li-ethylrinnamariilide was reported by Kohler and 
Ileritage3 t o  yield conjugate addition products. 
The investigation was extended by Maxim and 

(1) Applied Research Laboratory, G. S. Steel Corp., 

(2)  Rohm & Haas Go,,  Bridesburg, Philadelphia, Pa. 
( 3 )  E. P. Iiohler and G. Heritage, Am. Chern. J 

llonroeville, P h  , to whCirn inquiries should be sent. 

33, 
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Ioanid4 t o  the condensation of several cinnaman- 
ilides with ethyl- and phenylmagnesium bromides 
and with methylmagnesium iodide. 

In  the present work, i t  was desired to determine 
the effect of wider T-ariations in t'he structure of the 
amide on the course of -the condensation. As the study 
progressed and the conjugate nature of the addition 
of the Grignard reagents was confirmed, the addition 
of phenyllithium to a,P -unsaturated amides became 
a further object, of investigation. 

The extent of 1,2 addition was found by com- 
parison of the ultraviolet absorption spectrum of the 
products m-;it>h a standard curve of the ketone 
produced. The extent of conjugate addit,ion was 
determined by isolation of the saturated amide. 
The results of t'hese and previously reported exper- 
iments are summarized in Table I. They illustrate 
a marked tendency of the unsaturated amides to 
undergo conjugate addition somewhat like that 
shown by the  unsaturated ketones. For exampir, 
the reaction of phenylmagnesium bromide with 
N,LV-dimethylcinnamamide yields 937, 1,4 addi- 
tiorij while isopropyl st'yryl ketone, which is almost 
ideiitical sterically, yields SSY0 of the  conjugate 
addition product.6 However, t'he analogy is rlot 

( 4 )  X. hhxim and N. Ioanid, Bu1. SOC. Chirn. Romcinia, 

( 5 )  G. Gilbert, J. Am. Chem. Soc., 77, 4413 (1955). 
( 6 )  E. P. Kohler, Am. Chern. J. ,  38, 511 (1907). 
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complete since phenylmagnesium bromide will 
produce 1,2-addition products with some unsatu- 
rated ketones, although none were obtained from 
the unpaturated amidei. Even the relatively un- 
hindered crotonylpiperidine showed no eyideixe of 
1,2-addition with phenylmagnePium bromide. 
The method thus appears useful for the synthesis of 
p-substituted propionamides and their derivatives 
when the unsaturated amide and Grignard reagent 
are available. 

TABLE I 
SLTM\f 4RY O F  A i D D I T I O S  REACTIONS 

Products 
0 r g a n o - 
metallic V0 c/c 

Amide Rragent 1,2 1,4 

S, .~-nii)hcii!i lcinnamami(~~ CsH5MgBra 0 100 

C2HS1LlgBra 0 100 
CH311gIb 45 0 

Cinnnmoyl piperidine CH,121gIC 10 0 
S,N-Dic?.clohcxylcinnsm- Cs€15MgBr 0 97 

amide CH3hIgId 10 0 
C&Li 0 68 

S,S-Dimcthylcinnamsmide CeH&LIgBre 0 93 
C6HSLi 7 2  0 

Crotonylpiperidinc C&MgBr 0 51 

See ref. 4. 427g recovered starting material. 7654 re- 
covered starting muteriid. d s;($; recovered starting material. 
e Sre ref, 5. 

C2HjllgI 0 65 

-I__ 

In view of its .rwll-known tendency to add via the 
normal route, phenyllithium was condensed with 
N,.l~-dimethyl- and r\',5-dicyclohexylcinnamamide 
t o  determine whether it,  too, would undergo 
conjugate addit'ion. The cyclohexyl substituted 
amide did, indeed, yield 68% of Y,,V-dicyclohexyl- 
/3,/3-diphenylpropionamide, t,he conjugate addition 
product'. There was no indicat'ion of benxalace- 
tophenone, the 1,2 addition product, in the ultra- 
violet absorption spectrum of the crude product, 
a, significant departure from the usual reactions of 
organolithiurn compounds. N,N-Dimethylcinnam- 
amide yielded 72Yc benzalacetophenone on conden- 
sation mit,h pheriyllithium. It seems likely, there- 
fore, that  steric hindrame of the amide carbonyl by 
t'he bulky cyclohexyi subst,it'uent's is at, least partly 
responsible for the cofijugate addition of phenyl- 
:ithiurn. 

The behavior of methylniagnesium iodide con- 
trasts significantly with the other organometallic 
reagents studied. In  reactlow involving this reagent 
m i  1,1 products, but some nor;na,l addition products 
and some start,ing material, were recovered. This 
anomalous behavior is particularly illustrated by 
comparison with the other alkvlmagnesium halides. 
With N,,~-diDhenyicinuamamide. ethylmagnesium 
bromide and ethyimagnesiurn iodide both yielded 
only 1,3 addition products, while methylmag- 
~iesiiini iodide yielded 427; unchanged starting 
material and 35rjc bmxalaretone, the product' of 

1,2 addition. Other investigators have also noted 
anomalies in the react,ions of niet'hylmagnesium 
iodide as evidenced by an unusual t'endcncy to 
undergo 1,2 additmion with unsaturated ketone-. 
Smith and Hanson' added methylmagnesium iodide 
t o  benzalpropiophenone in the hope of obtaining 
1,4 addition. However, all of the products isolat,ed 
were those of 1,2 addition. When et,hyl- or phenyl- 
magnesium bromide mere added to  t,his ketone, 
only conjugate addition was observed.6 Similarly, 
methyl propenyl ketone yields 75y0 1,4 addition 
with methylmagnesium bromide6 and 80% 1,2 
addition with methylmagnesium iodide.g 

In  the reaction of methylmagnesium iodide with 
N,N-dicyclohexylcinnamamide, precipitation oc- 
curred on addit'ion of the amide solution, indicating 
the formation of a stable int,ermediate. Essentially 
no gaseous products were evolved during the reac- 
tion, eliminating the possibility that an enol salt is 
t'he precursor of the recovered start'ing material. It 
seems likely, therefore, that, methylmagnesium 
iodide forms a complex with the unsaturated 
amides which may be hydrolyzed to obt,ain the 
starting amide, but which does not undergo addition 
under the conditions of the reaction. 

The coincidence of high yields of 1,2 addition 
products and the recovery of starting material as 
exclusive properties of methylmagnesium iodide 
seems t o  indicate that, these two properties st,em 
from the same difference in behavior with the other 
Grignard reagents studied here. Relation of this dif- 
ference t o  the struct,ure of the Grignard reagents 
probably must await a detailed explanat.ion of the 
na,t'ure of Grignard reagent's in solution and espe- 
cially of the mechanism of addit'ion of organometallic 
reagents to conjugated systems. Although consider- 
able effort has been devoted t,o these ends, no gen- 
erally accepted thecry has as yet heen evolved.g 

EXPERIhIENTAL 

The organometallic reagents were prepared by the usual 
procedures in dry ether :tnd brought to  room temperature. 
I n  order to  avoid thc formation of complex products3 t,he 
addition of the ethereal amide solution was carried ont 
slowly and only to the point of persistence of tho precipitate. 

Condensation of fthylmagnesium iodide and ijr,Av-diph?nyl- 
cinnamanzide. To the ethylmagnesinm iodide prepared from 
4.67 g. (0.03 mole) of ethyl iodide was added 2.9 g. (0.0097 
mole) of il',.l'-diphenylcinnamsmide, prepared h>- the method 
of Bernthsen,'o in 200 ml. of ether and stirring was con- 
tinued for 3 hr. After hydrol>-ais with dilute HCl, the cthw 
solution was dried and the solvent evaporated, yielding 3.8 

( 7 )  12. I. Smith and L. I. Hanson, J .  i lm.  C h ~ m .  Soc.. 57, 

(8) L. P. Kyriakides, J .  Am. Chem. Soc., 36, 661 (1914). 
(9) See, for example, E. R. Alexander and C .  R. Coraor, 

J .  Am. C'h~m. SOC., 73,  2721 (1951): It. E. Lutz and IT, C.  
Reveley, J .  Jnz. Chem. Soc., 63 ,  3184 (3041); H. Gilman 
and R. G. Jones, J .  A m .  Chem. SOC., 62, 1243 (1940); 
C. C.  Swain and I,. Kent,, .I. 4 m .  Chem. Soc.. 72, 518 
(1950); E. I?. Alcxn.nder, Principles of Ionic Organic Rc- 
nctions, John \Gley and Sons, New York, 1050, p. 100. 

1326 (1935). 

(10) A .  Bernthscn, Rer. ,  20, I554 (1867). 
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g. of a viscous yellow oil. Distillation of 3.5 g, yielded 1.9 g. 
boiling a t  195-210" (0.2 mm.), a clear, viscous oil, N,N,p-  
triphenylvaleramide, which could not be crystallized. 
Refluxing with concentrated HC1 for 6 hr. yielded 0.63 g. 
of 8-phenylvaieric acid, m.p. 62-64" from 40-60" petroleum 
ether. The basic fraction of t,he hydrolyzate gave a positive 
nitric acid test for diphenylamine." The ultraviolet absorp- 
tion spectrum of the crude product showed no maximum 
in the region in w-hieh ethyl styryl ketone would be expected 
to absorb. 

Condensation of methylmagnesium iodide with N , X -  
diphenylcinnamamide. To a solution of methylmagnesium 
iodide prepared from 3.55 g. (0.025 mole) of methyl iodide 
was added 2.48 g. (0.0083 mole) of N,N-diphenylcinnam- 
amide in ether and stirring continued for 4 hr. The mixture 
was hydrolyzed with dilute acid, and the crude product 
(2.43 g.) isolated as usual. Recovered starting material (1.04 
g., 42%) was identified by a mixture melting point with an 
authentic sample. 

The ultraviolet absorption spectrum indicated a yield of 
45% of benzalacetone. , 

Condensation of methylmagnesium iodide with cinnamoyl- 
piperidine. T o  a solution of methylmagnesium iodide pre- 
pared from 1.70 g. (0.012 mole) of methyl iodide was added 
1.15 g. (0.0053 mole) of cinnamoylpiperidine in 200 ml. of 
ether and the mixture was stirred at  room temperature for 
3.5 hr. After hydrolysis, 1.07 g. of brownish crystalline solid 
was obtained which yielded 0.18 g. of 94% (by ultraviolet 
analysis) benzalacetone on steam distillation. The yield of 
benzalacetone was 23%. 

The residue from the steam distillation yielded 0.81 g. 
(767,) of starting material, identified by a mixture melting 
point with an authentic sample and hydrolysis with con- 
centrat,ed HC1 to cinnamic acid. 

N,N-Dicycloherylcinnamamide. To 19.6 ml. (18.1 g., 0.1 
mole) of dicyclohexylamine in 50 ml. of benzene was added 
8.1, g. (0.05 mole) of cinnamoyl chioride in 50 ml. of benzene. 
The mixture was refluxed 2 hr., the precipitated hydro- 
chloride filtered, and the benzene solution extracted with 
1Oyo aqueous HC1, lOyo aqueous NaOH, and water. 

The product obtained on removal of the solvent was 
recrystallized from 90-100' petroleum ether, m.p. 115- 
115.5'. 

Anal .  Calcd. for C21H2,n'O: C, 80.96; H ,  9.39. Found: 
C, 81.20; H,  9.45. 

Evolution of gaseous products in the condensation of methyl- 
magnesium iodide with N,N-dicyclohexylcinnamamide. A 100- 
ml. Erlenmeyer flask with ground-glass joint and side arm 
was connected by a rubber tube to  a 30-ml. bottle. The 
mouth of the flask was stoppered with a soda lime drying 
tube. Magnesium (0.06 g., 0.00247 mole) was placed in the 
flask and converted to methylmagnesium iodide with a 
slight excess of methyl iodide. 

After cooling to  room tcmperature, the flask was attached 
to a gas measuring apparatus and the bottle was filled with 
an ethereal solution of the substance to be added. This solu- 
tion was added to the methylmagnesiiim iodide through the 
side arm of the flask while maintaining a closed system and 
the changes in volume were mcasured. After stirring for 
3 hr., a solution of 1 ml. of rthanol in 18 ml. of ether was 
added slowly through the side arm and the resulting volume 
increment was again noted. 

Three runs were carried out in this manner. In a blank 
run, 14% of the total gas was collected before hydrolysis. 
I n  the second run, 0.3 g. of N,N-dic 
and in the third 0.6 g. of N,N-dir 
were added. These yielded 24 and l8Y0 of the evolved gas 
before hydrolysis. The theoretical amounts expected if 
methane were a product in the reaction were 0: :%), and 787,, 
rcspertivcl y. 

Condensation of methylmagnesium iodide with AT&- 
dicyclohexylcinnanaamide. The Grignard reagent was pre- 
pared from 3.55 g. (0.025 mole) of methyl iodide. On addi- 
tion of 3.11 g. (0.01 mole) of N,K-dicyclohexylcinnamamide 
a white precipit,:ite formed. The mixture was stirred for 3 
hr. and hydrolyzed with dilute HCI. On removal of t,h(. 
solvent, 2.95 g. of product containing 2.74 g. (879'0) of 
starting material, m.p. 114-115", was obtained. A mixture 
melting point with an aut,hentic sample showed no depres- 
sion. Ultraviolet analysis of the steam distillate indicated 
a yield of 10% of bcnzalacetone. 

Condensation of phenylmagnesium bromide with .V,A'- 
dicycloherylcinnu.manlide. To phenylmagnesium bromide, 
prepared from 2.26 g. (0.0345 mole) of bromobenzene, was 
added a dilute ethereal solution of 1.5 g. (0.0048 mole) 
of N,N-dicyclohexylcinnamamide and stirring was con- 
tinued for several hours. On hydrolysis there was obtained 
3.22 g. of crude product which yielded 97y0 of the theoretical 
quantity of ,V,:,S-dicyclohexj~l-P,P-diphenylpropionamidej 
m.p. 125.6-127.0'. A mixture melting point with an arit,hen- 
tic sample prepared from 8,B-diphenylpropionyl chloride 
and dicyciohexylamine showed no depression. 

Anal .  Calcd. for C,,H,,OiY: C, 83.24; H,  9.00. Found: 
C, 82.99; H,  9.01. 

Condensation of phenyllithiunz with AT,LV-dicyclohexyl- 
cinnamanzide. An ethereal solution of 1.59 g. (0.0051 mole) 
of h',A7-dicyclohexylcinnamamide was added slowly to 
phenyllithium, prepared from 0.14 g. (0.02 molc) of lithium 
and 1.57 g. (0.01 mole) of bromobenzene, and t'hc mixture 
was stirred for 3 hr. The intermediate was hydrolyzed Kith 
15 ml. of water. 

The product solidified on standing and was recrystallized 
from alcohol-water, m.p. 124-125.4'. A mixture melting 
point with an authentic sample of N,X-dicyclohexyl-fl,p.. 
diphenylpropionamide showed no depression; yield 1.32 g. 
(68%). 

The iiltraviolet' absorption Rpectrum of the crude product 
showed no peak in t,he region of 310 mM. 

Condensation of p h ~ n ~ i l l z t h i u m  with N,S-diniethylcin- 
hamamide. Phenyllithiiim was prepared from 0.18 g. (0.026 
mole) of lithium and 2.04 g. (0.013 mole) of hromobenzcnc. 
A solution of 1.13 g. (0.0065 mole) of N,N-dimcthylcin- 
namamidc in cthcr \v:w added, stirring was continlied for 
3 hr., and 15 ml. of water was added to hydrolyzc the 
lithium salte. 

On removal of the solvent, 3.75 g. of product was obtained. 
The method of Idd!cs et a i .12  was used for detcrmination of 
the t~en~alacctoplirrione prt:scnt. Since the reaction product 
was not completely soliible i n  2 K  HCI, small quantities of 
alcohol iverc added. In order to  test the efect of thc added 
ethanol, t h r w  dc7r:rminations w r e  carried out on a standard 
sohition of l)en7;:il:icetoghenone by adding 2-, 4- and 6-ml. 
portions of dcohol. The precipitates represented 96, $17.8, 
and 08.3';,, of the expected 2,4-dinitrophenylhydraeone, 
rcsprrtively. 

Ihpl i ra te  ketone determinations on the product obtained 
ahove indic:iled 64 and 670/, yield of benzalacctophcnone. 
The tiiriitrrj,)h~.n\lh!.dl.szoncfi were combined, treated with 
glacial nrrtic acid, filtered, and allowed to crystallize, m.p. 
215-7". A mixtiire melt>ii;g point with an authentic sample 
of benzalitcetophmone 2,4-dinitrophenylhydrazone sholvcd 

A s?:i!idarti ultraviolet absorption curve of benzalaceto- 
phenoiie was prrpnrcd and compared with the spectrum of 
tile raide reaction product. Thc yield calculated by thiH 
method was 72YL,, 

Coiidensntion of phenylmagnesium bromide with CTOtOn?Jl- 
pimriciinc.  i'hen~-lniagnesium bromide prepared from 25.2 
g. ((1.157 mole) of homobenzene was treated with 15 g. 

(11) S P. hlulliken, Identification of Purr Organic <'ow- 
p o t r ~ l s ,  John Wilcy and Sons, Ycw Tork, Iq16, p 105 

(12) H. A .  Iddlw rt nl . ,  I n L  Bnq .  Chem., Anal .  Ed., 11, 
102 (19x9). 
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(0.098 mole) of crotonylpiperidine’3 in ether and the mix- Anal. Calcd. for C1,H,,ON: C, 77.88; H, 9.16. Found: 
ture was stirred for 30 min. Hydrolysis with dilute HC1, 
followed by fractionation yielded 11.6 g. (51%) of p-  The ultraviolet absorption spectrum of the crude reaction 
phenylbutyryl piperidine, b.p. 145-50’ (0.3 mm.), ng product ehoned no peak in the region expected for phensl 
1.5399. propenyl ketone. 

C, 78.24; H, 8.95. 

(13) H. Staudinger and H. Schneider, Ber., 56, 699 
(1923). MADISON, WIS. 
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Derivatives of Ferrocene. 111. The Preparation of Some 
Acylferrocenes and Alkylferrocenes’ 

MARTIN VOGEL, MARVIN RAUSCH, AND HSROLD ROSENBERG 

ReeeCed February 19, 1967 

Several new acylferrocenes and 1,l ’-diacylferrocenes have been prepared and reduced to the corresponding alkylferrocenes 
and 1,l’-dialkylferrocenes. Attempts to directly alkylate ferrocene resulted in mixtures of polyalkylated products. 

One of the first reactions of ferrocene2s3 to be in- 
vestigated was the Friedel-Crafts acylation with 
acid chlorides and anhydrides in the presence of a 
suitable Lewis acid catalyst4 under conditions 
similar t o  those used for preparing acylbenzenes. 
However, at the time of the inception of the present 
investigation, no successful attempts to  directly 
alkylate ferrocene had been reported in the litera- 
t ~ r e . ~ . ~  

I n  order t o  prepare a series of alkylferrocenes, the 
direct alkylation of ferrocene was first investigated 
and found to be an  unsatisfactory synthetic method. 
The acylation of ferrocene and subsequent reduc- 
tion was then studied and many new acylferrocenes 
and alkylferrocenes synthesized. 

It has been found that both acylferrocenes (I) 
and 1,l’-diacylferrocenes (11) can be prepared in 
satisfactory yield by varying the ratio of ferrocene, 

0 0 

Fe 
I 
2- 

I I1 
acid chloride, and aluminum chloride, and also the 
mode of addition. Compounds of type I were pre- 

~~ ~ 

( I )  Presented in part a t  the 131st hIeeting of the Ameri- 
can Chemical Society, Miami, Fla., April 7 to 12, 1957; 
see Abstracts of Papers, pp. 47--0. 

(2) T. J. Kealy and P. L. Pauson, S a t i ~ r e ,  168, 1030 
(1951). 

(3) 6. ’4. Miller, J. A. Tebboth, and J. F. Tremaine, 
I .  Chena. Soc., 632 (1952). 

(4)  R. B. Woodward, N, Rosenhlum, and h l .  C. Whiting, 
J .  Ant. Chem. SOC., 74, 3458 (1952). 

(5)  V. tveinmayr, J .  Am. Chenl. Soc.. 77,  3000 (1955). 
(6) J?. I,, Pauson, Quart. Reus., 9, 391 (19551. 

pared by the dropmise addition of the acid chloride- 
aluminum chloride complex to the ferrocene solu- 
tion, using equimolar amounts of acid chloride, 
catalyst, and ferrocene. The disubst,ituted deriva- 
tives, 11, were prepared by adding the ferrocene 
solution to the comDlex, using a molar ratio of both 
the acid chloride and the aluminum chloride to  fer- 
rocene of greater than 2:  1. 

The preparation of both I and I1 by these pro- 
cedures appears t o  be a very satisfactory synthetic 
method. L-sing the appropriate procedure, either 
was obtained uncontaminated by the other or hy 
unreacted ferrocene. The unaccounted ferrocene was 
present in the form of t,ars. If the reaction mas car- 
ried out a t  room temperature instead of a t  reflux. 
the amount of tar produced was considerably de- 
creased. The yields of the diketones tended to  de- 
crease with increasing molecular weight, probably 
due to steric factors as vel1 as decreased reactivity 
of the acid chlorides. The properties and analyses 
of the acylferrocenes and 1 ,1  ’-diacylferrocenes arr  
summarized in Table I. 

The catalytic hydrogenation of 1,l ’-diacetyl- 
ferrocene to 1 , 1 ’-diethylferrowne was successfully 
carried out hy R ~ s t m t ~ l u m . ~  However, it was not 
possible to extend this reaction t,o the higher honio- 
logues under similar as well as strongrr conditions, 
although it was possil lc t o  duplicate 1ioscnl)lum’s 
work. This is i n  marked cmitrast to  aryl alkyl kc- 
tones whicah in  grirc~rnl are readily hydrogenated to 
hydrocarbons.s C’oirscquently, the Clernmensen rc- 
duction was used f o r  the  rcduction of thc higher 
homologs. Recently, Sesmeynriov and Yol’kenaug 
have used this same niethod for the reduction of 

(7)  lf. Rosenblum, Ph.1). ThesiF, Harvartl University, 

(8) ‘vi. €I.  Hsrtung and R. Simonoff, Org. li’mdions, V I [ ,  

(0) A. N.  Nesmeyanov and N. A. Vol’kcnari, DokZad?/ 

1953. 

263--326 (1 953). 

Akad .  Nauk SSSR, 107, 262 (1956). 


