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mmoles) of gas was absorbed. The reaction mixture now was 
pale yellow. The infrared spectrum showed a very strong cobalt 
carbonylate anion band a t  5.3 p and an ester carbonyl band a t  
5.7 p .  

The Reaction of 4-Pentenoylcobalt Tricarbonyl with Sodium 
Methoxide.-4-Pentenoylcobalt tricarbonyl was prepared a t  
0" from 15 ml. of 0.07 JI sodium cobalt carbonylate in ether and 
1.5 ml. of 1.0 4-pentenoyl chloride in ether as described pre- 
viously.fi The 
addition of 4.0 ml. of 1.08 12.I sodium methovide in methanol a t  
0' resulted in the absorption of 33.4 ml. (1.1 mmoles) of carbon 
monoxide in 100 min. The infrared spectrum showed a very 
strong cobalt carbonyl anion band a t  5.3 p and an ester carbonyl 
a t  5.7 p .  

The Reaction of Sodium Methoxide with r-Allylcobalt Tri- 
carbonyl.-To a stirred solution of 10 ml. of methanol and 10 ml. 
of 1.08 M sodium methoxide in methanol in the gasometric ap- 
paratus a t  2 5 " ,  under carbon monoxide, was added 2.0 ml. of 
a freshly prepared 0.50 Ai solution of r-allylcobalt tricarbonylfi 
in methanol. A slow absorption of gas began and in 17 hr.  the 
reaction had just about stopped after absorbing 52 ml. of gas. 
In  a control experiment it was estimated that under these condi- 
tions about 22 mi. of carbon monoxide would be absorbed in the 
base-catalyzed reaction of carbon monoxide M ith methanol to 
form methyl formate. Thus,  about 30 ml. or 1.0 mmole of car- 
bon monoxide was absorbed by the r-allylcobalt tricarbonyl. 
The infrared spectrum showed only a strong cobalt carbonylate 
anion band a t  5.3 p .  The mass spectrum of the reaction mixture 
revealed the presence of methyl allyl ether as the major if not 
the only product. 

In 3 hr. 28 ml. (0.92 mmole) of gas was evolved. 

The Reaction of Acetylcobalt Tricarbonyltriphenylphosphin: 
with Sodium Methoxide.-In the gasometric apparatus a t  0 
was placed 0.48 g. (1.07 mmoles) of acetylcobalt tricarbonyl- 
triphenylphosphine. The apparatus was flushed with methanol- 
saturated carbon monoxide a t  0' and 17 ml. of methanol was 
added. After the liquid and gas phases were equilibrated, 2.0 
ml. of 1.01 AI sodium methoxide in methanol was added. Little 
or no reaction occurred a t  0' and so the reaction mixture was 
warmed to  25'. After 3.5 hr. a t  2Z0, gas absorption stopped. 
rlfter cooling back to O 0 ,  it  was found tha t  24.4 ml. (1.04 mmoles) 
of carbon monoxide had been absorbed. The infrared spectrum 
of the reaction mixture showed a strong cobalt carbonylate anion 
band a t  5.3 p and an ester carbonyl a t  5.7 p .  

Formation of Phenylacetanilide from Benzyl Chloride.-In 
the gasometric apparatus, which had been flushed and filled with 
tetrahydrofuran-saturated carbon monoxide a t  35', were placed 
10 ml. of 0.1 M sodium cobalt carbonylate in tetrahydrofuran 
solution and 1.0 ml. of freshly distilled aniline. After equilibrium 
with the gas phase was reached, 2.0 ml. of 1.0 JI benzyl chloride 
in tetrahydrofuran was added. Gas was sloivly absorbed. .-\fter 
reacting for about 20 hr.,  the green solution was poured onto ice 
and hydrochloric acid in a good hood (cobalt hydrocarbonyl was 
evolved). The brownish solid which separated was filtered off, 
washed several times with water, and air dried. Recrystalliza- 
tion from aqueous methanol gave 0.198 g. (0.94 mmole) of phenyl- 
acetanilide, m.p. 115-116" (reported13 m.p. 117"). 

(13) R L Shriner and R C Fuson, "The Systematic Identification of 
Organic Compounds," John Wdey and Sons, Inc  , New York, S Y , 1948, 
p 223 
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a,P-Unsaturated aldehydes and ketones are reduced to saturated aldehydes and ketones by cobalt hydro- 
The results can be rationalized by a mechanism involving a K- 

Un- 
carbonyl a t  25' and atmospheric pressure. 
oxapropenyl tricarbonyl intermediate complex analogous to  the well characterized .rr-allyl complexes. 
saturated ethers are both reduced and hydroformylated. 

Introduction 
Heating dicobalt octacarbonyl a t  110' under 1:  1 

hydrogen-carbon monoxide a t  about 200 atmospheres 
(oxo conditions) results in its rapid conversion to  cobalt 
hydrocarbonyl.' If olefins are present in the reaction 
mixture, these react to produce aldehydes (hydro- 
formylation or oxo reaction). Olefins are also rapidly 
converted to aldehydes a t  25" by treatment 
with a stoichiometric quantity of cobalt hydrocar- 
bony1 under either one atmosphere of carbon monoxide2 
or under an inert a tm~sphere .~  Accordingly there is lit- 
tle doubt that in the oxo reaction, the cobalt transfers 
both hydrogen and carbon monoxide to the olefinic 
substrate via cobalt hydrocarbonyl, HCo(C0)d. Our 
understanding of the catalytic hydroformylation reac- 
tion is thus unusual in that the active catalyst is known 
and can be separately prepared and studied. 

\$-hen an a,&unsaturated aldehyde or ketone is 
treated with a cobalt catalyst under oxo conditions, 
the olefinic linkage is reduced rather than hydroformyl- 
ated. Previous work in this Laboratory4 showed that  
pure cobalt hydrocarbonyl in hexane solution reacts 
with saturated aldehydes a t  room temperature to  give 
the corresponding alcohol a t  a rate very much slower 
than the reaction with olefins under the same conditions. 
I t  is thus of considerable interest to study the reaction 
of cobalt hydrocarbonyl with molecules containing both 

(1) h l  Orchin, I. Kirch. and I .  Goldfarh,  J A m  C h e m  S o c  , 78, ,5460 

( 2 )  I .  Wender, H .  W Sternherg, and SI. Orchin, ibid , 75, 30-11 (1933), 

(3 )  G I, Karapinka and >I Orchin, J 0 ~ g  C h e m . ,  2 6 ,  4187 (1961); R F 

(4) R \V Goetz and 51 Orchin, J 0i.g Chew7 , 2 7 ,  3698 (1962) 

fl9.76) 

I>. Kirch and h1 Orchin, ibid , 80, 4428 (1958). 

Heck and n S Breslow, J A m  Chem S O L ,  BS, 4023 (1961). 

the olefinic and the aldehydic functions, in the conju- 
gated relationship. The present work describes and 
interprets the reaction of a,P-unsaturated aldehydes 
and ketones with cobalt hydrocarbonyl a t  23' under 
one atmosphere pressure. 

Results 

unsaturated aldehydes and ketones with HCo(C0) 
are summarized in Table I. 

In the 3: 1 mole ratio reactions the disappearance of 
hydrocarbonyl was followed by titration. The standard 
semilog plot of the data gave straight or very nearly 
straight lines. The pseudo-first-order rate constants 
listed in Table I were calculated from these plots. 

Dicobalt octacarbonyl was isolated from each of the 
reactions by cooling the reaction mixture to -60'. 
The yield of the octacarbonyl was determined in the 
butenone reaction and was found to be identical with 
the yield of butanone. The yields of the reduction 
products were determined by vapor phase chromatogra- 

When 4-methyl-3-penten-2-one was treated in 5 : 1 
mole ratio with hydrocarbonyl under argon, the rate 
constant was 0.12 1Jmole min.. and the yield of 4-meth- 
yl-"pentanone was l2.5%, whereas comparable figures 
for the reaction under carbon monoxide were 0.032 
l./mole min. and 16%, respectively. The yield of 
propanal from propenal under nitrogen was T 3 q o  con-  
pared to 93Yo under carbon monoxide. 

Butyl vinyl ether, C4H90CH=CH2, and allyl ethyl 
ether,'C2H50CHaCH=CH2, were also treated with cobalt 
hydrocarbonyl under carbon monoxide a t  a substrate 

The results of the reactions between a series of a,& 

phy, 
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TABLE I 

MONOXIDE 
THE REACTIOS OF COBALT HYDROCARBONYL WITH ff,P-UNSATURATED 2\LDEHVDES A S D  KETOXES AT 25" A S D  1 -ATMOSPHERE O F  CARBON 

> Product------ 
Substratea HCo(C0)r  kx. I./mole min. moles/mole of Co Compound Yield," 7; 

- - ~ _ _  Substrateb ~- Gas evolved, 

CHz=CHCOCHa 5 > 1 . 5 *  <0 .1  CH3CHzCOCH3 36 
CH?=CHCOCH3 0 . 8  . . .  . .  CH3CH2COCHa 70 
CsH,CH=CHCHO 5 0 . 2 6  0 . 1 7  CsH6CHzCHzCHO 97 
CsHsCH=CHCOCH3 5 0 . 2 2  < o .  1 CsHjCHzCH2COCHa 57 
C6HjCH=CHCOCHa 1 . . .  . .  CsH;CHzCH2COCHa 56 
CH&H=C( CH3)CHO 5 0.033 0 . 2 5  CH3CH2CH( CH3)CHO 15 
(CHa)zC=CHCOCHa 5 0.032 < 0 . 1  (CH3)zCHCH2COCH3 16 
(CH3)zC=CHCOCHs 1 . . .  . .  ( C H S ) ~ C H C H ~ C O C H ~  24 
CHaCH=CHCHO 5 0.014 0 . 6  CHaCH2CH:CHO 80 
CH,=CHCHO 5 0.012 0 . 6  CHxCHzCHO 93 

0 Sormally, 25 mmoles of substrate and variable quantities of HCO(CO)~ .  * Mole ratio. Based on starting HCo(CO), and the 
This is approximately the same rate a t  which terminal olefins are hydroformyl- stoichiometry: 2HCo( CO)r + substrate +. product. 

ated under similar conditions. 

to cobalt ratio of 5 ,  and the respective rate constants 
were 0.34 and 0.5 1. /mole/min. Both hydroformyla- 
tion and reduction of the double bond occurred with 
both substrates. With the vinyl ether, the yield of 
reduced product was 10% and of hydroformylation 
product was 33%. LVith the allyl compound the yields 
corresponded to 29y0 reduction and 71% hydroformyl- 
ation. Lnder comparable conditions olefins give prac- 
tically no reduced product, and hence the relatively 
large quantity of reduced product formed with the 
unsaturated ethers is probably due to ether-oxygen 
participation in the intermediate complex, and such 
coordination inhibits CO insertion. 

Discussion 
The observed results can be rationalized by the reac- 

tion scheme 

ki ,c=c-c kz 

Ri R3 0 

+ H C O ( C O ) ~  complex I (1) 
\ I /  

Rz Ra 
k3 kr  

complex I -+ complex I1 products (2)  

Cobalt hydrocarbonyl acts as an electron acceptor in 
most of its known reactions. For instance, in the hy- 
droformylation reaction the mechanisms which have 
been proposed involve nucleophilic attack of the olefin 
on the cobalt. In the present system, complex I may 
likewise involve partial displacement of one of the CO's 
by the carbon pa-electrons of the a,P-unsaturated 
carbonyl system, as 

- co HCo(C0)r  + CO 

The increased electron density around cobalt should 
increase the hydridic character of the hydrogen on 
cobalt. Transfer of hydrogen to the @-carbon would 
result in the formation of the new complex 11, which 

R4 I 

Complex I R2 C O  (Complex 11) ( 3 )  
o&' I 'c*o 

ii 
0 

might be considered a a-oxapropenyl (or pseudo-a- 
allyl) complex. The driving force for the formation 
of complex I1 is the presumed stability of the a-oxa- 
propenyl structure analogous to a a-allyl complex. 

a-Allyl complexes of manganese,5.6 cobalt,10-14 
and nickel'j carbonyls have been prepared and have 
unusual stability. The a-1-methallyl- and a-1,3- 
dimethylallylcobalt tricarbonyls have been prepared 
by the reaction of cobalt hydrocarbonyl with butadiene 
and 1,3-pentadiene, respectively. Since the bonding 
in these complexes involves considerable electron drain 
from the allylic group, electron-releasing substituent 
in this group should increase the stability in the absence 
of strong steric interactions. The electron-release 
properties of alkyl substituents would thus explain the 
observed differences in rates and yields in the reduction 
of the variety a,p-unsaturated carbonyl compounds 
studied. X comparison of the butenone and 2-butenal 
reactions which follows is illustrative. 

The a-oxapropenyl complex formed by 2-butenal 
has only an ethyl substituent (eq. 3 ,  R1 = CH3, Rn = 
R3 = Rq = H) on the oxapropenyl group. The com- 
plex from butenone with two methyl substituents 
( R 1  = R:! = RS = H, Rd = CH3) would be expected 
therefore to be more stable than the corresponding 
complex from 2-butenal. Such increased stability 
would be expected to  have two effects: (1) increased 
driving force to form the complex and thereby consume 
hydrocarbonyl and (2) decreased rate of the cleavage 
reaction (eq. 2) thereby reducing the yield of product. 
The increased rate of reaction under an inert atmosphere 
is also consistent with this reaction sequence. In the 
absence of a carbon monoxide atmosphere the competi- 
tion for nucleophilic ligand sites on the cobalt favors 
the rates of formation of both complexes I and 11. 

The cleavage of complex I1 by hydrocarbonyl would 
probably proceed by proton addition to  the oxygen 
atom giving the enol form of the carbonyl product, and 
dicobalf heptacarbonyl. The heptacarbonyl would 

( 5 )  H D Kaeaz, R .  B King, and F. G A.  Stone, Z .  .Yatur.forsch., 16b, 682 

(6) W R .  McClellan, H .  H Hoehn, S N .  Cripps, E .  I , .  Muetherties, and 

(7) H .  H .  Hoehn, 1- Pra t t ,  K F. Watterson, and G. Wilkinson,  J C h r m .  

(8 )  R J Impastato and K G Ihrrnan, J A m ,  Chem. SOL. ,  83, 3726 (1961) 
(9) G F.  Emerson and R .  Pet t i t ,  ibrd , 84. 4591 (1962) 
( I O )  W W. Prichard, U S. Patent  2,600,671 (1952) 
(11) H B Jonassen, R J Stearns, J Kent lama,  I )  W Moore, and  A G 

(12) I2 W. Lloore, H B Jonassen, T B. Joyner and A. J Bertrand,  

(13) R. F .  Heck and D S. Breslow, J A m  C h e m .  Soc.,  83, 1097 (1961). 
(14) G 1, Karapinka,  Ph  L). Dissertation, University of Cincinnati, 1962. 
(1.5) E 0. Fischer and G.  Binger, Z .\-aluvforsch., 16b, 77 11961) 

(1960). 

B W. Howk,  J: A m .  Chem S o c ,  83, 1601 (1961) 

Soc. ,  2738 (1961) 

Whittaker, J A m  Chrm Soc , 80,  2386 (1958) 

Chem Ind. (London), 1304 (1960). 



2784 KARABATSOS, S H A P I R O ,  V A N E ,  FLEMING, A N D  R A T K A  VOl. 85 

then absorb carbon monoxide from the solution to 
account for the observed octacarbonyl. 

Experimental 
Reduction of 2-Butenal.--A 0.30 JI hexane solution of HCo- 

(CO)a was prepared by disproportionation of C o l ( C 0 ) ~  with S,X- 
dimethylformamide followed by acidification with HC1.2 The  
resultant solution was washed with water and dried with an- 
hydrous 9a2SOa. A 20-ml. portion of the dry solution (6.0 
mmoles of HCo(C0j4) was injected into a 50-ml. round-bottom 
flask connected to  a gas buret. The flask had a serum stoppered 
side arm and a magnetic stirring bar, and the whole system was 
under one atmosphere of carbon monoxide. The solution was 
stirred rapidly and 2.5 ml. (30 mmoles) of 2-butenal was in- 
jected. The disappearance of HCo(C0)d was followed by titra- 
tion of 0.5-ml. samples withdrawn pe r i~d ica l ly .~  When all the 
H C O ( C O ) ~  had been consumed, 12 ml. of a 0.5 .If ether solution 
of triphenylphosphine was injected to  convert all the cobalt to  
insoluble complexes. The resultant slurry was centrifuged and 
the supernatant solution was analyzed by vapor phase chro- 
matography after standardization with the pure compounds 
expected as products. The analysis showed a yield of 2.4 mmoles 
of butanal and only a trace, if any, of butanol. 

All of the reactions reported above were run in a similar manner. 

Some benzene was used as a solvent in the two reactions involving 
aromatic cornpounds (Table I ) .  

Reaction of Allyl Ethyl Ether.-A 0.31 JI octane solution of 
H C o ( C 0 ) 4  was prepared as described above and dried with an- 
hydrous NazSOd. A 27-ml. portion of the  dry solution (8.1 
mmoles of HCo( CO), )  was injected into a 50-ml. round-bottom 
flask connected to a gas buret. The  flask had a serum stoppered 
side arm and a magnetic stirring bar,  and the  whole system was 
under one atmosphere of carbon monoxide. The solution was 
stirred rapidly and 4.6 ml. (42 mmoles) of allyl ethyl ether was 
injected. After 6 min. all t he  hydrocarbonyl had been con- 
sumed and 0.6 mmole of gas had been absorbed. The cobalt 
compounds were removed as solids by  adding 8.4 mmoles of tri- 
phenylphosphine and centrifuging. The  supernatant solution 
was analyzed by vapor phase chromatography after standardiza- 
tion with pure ethyl propyl ether. This analysis showed a yield 
of 1.2 mmoles of ethyl propyl ether. Titration of the solution for 
aldehydes16 indicated a yield of 2.5 mmoles of hydroformylation 
product. 

The butyl vinyl ether reaction was performed in an analogous 
manner. 

(16) J.  S Fritz,  S. S Yamamura, and  E. C. Bradford, A n d  Chem , 31, 
260 (1959) 
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Aldehyde 2,4-Dinitrophenylhydrazones 
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The reaction of aliphatic aldehydes with 2,4-dinitrophenylhydrazine leads to  syn-2,4-dinitrophenylhydrazones 
Prolonged standing of D N P  solutions or the addition of acid effects syn-anti equilibrations; in all 

Several reported forms of acetaldehyde D S P  
Solvents capable of hydrogen bonding with N-H of the 

Two N-H proton resonaiices appear i i i  pyridine, dimethyl sulfoxide, and di- 
The  Droton chemical shift and coupling constant data obtained on several alde- 

(DSP ' s ) .  
cases the syn isomer is thermodynamically favored over the anti. 
which differ in melting point are all the syn isomer. 
DNP increase the syn-anti ratio. 
methylformamide solutions. 
hyde DSP ' s  are discussed 

We have previously reported n.m.r. studies on the 
problem of structural isomerism in 2,4dinitrophenyl- 
hydrazones (DNP's) and semicarbazones of various 
ketones.% a-Hydrogens cis3 to the anisotropic group 
resonate a t  higher magnetic fields (shielded) than the 
corresponding trans-hydrogens ; P- and y-hydrogens 
cis to the anisotropic group resonate a t  lower magnetic 
fields (deshielded) than the corresponding trans- 
hydrogens. From the findings we determined the 
proportions of syn and anti isomers of these compounds 
in solution. 

Extension of such studies to aldehyde DXP's 
appeared attractive for several reasons: (1) In aliphatic 
ketone DNP's the presence of only one set of aromatic 
proton resonances suggested that the various alkyl 
groups exert similar anisotropy effects on these aromatic 
protons. In this respect, comparison of alkyl groups 
with hydrogen seemed worthwhile. (2) Examination 
of molecular models indicated that the erstwhile 
aldehydic hydrogen cis to the aromatic ring should be 
deshielded relative to such a hydrogen occupying the 
trans position. ( 3 )  In  solutions of acetaldehyde oxime 
the anti isomer is thermodynamically favored over the 
syn.4 \Ye anticipated reversal of the thermodynamic 

(1) Mellon Insti tute,  Pit tsburgh, P a .  
(2) G. J. Karabatsos, J. D. Graham, and F .  hl. Vane, J. A m .  Chem. SOL., 

84, 733 (1902). 
( 3 )  To make unequivocal the terminology used in this paper, note the 

following' The  isomeric forms of the D N P  of RCHO are denoted as (i) s y n  
(in which H and  the dinitroanilino group are on the same side of the C-N 
double bond) and  (ii) aizti (in which the groups are on  opposite sides). 
The  erstwhile aldehydic hydrogen in the syn-form is referred t o  as a cis- 
hydrogen (i e . ,  c is  to  the dinitroanilino group),  whereas the corresponding 
hydrogen of the aiiti isomer is referred to  as a trans-hydrogen, etc. 

( 4 )  W. D. Phillips, A ~ t n .  A'. Y .  Acod.  Sci.,  T O ,  817 (1958). 

stability of the corresponding isomers of acetaldehyde 
DNP because of the large size of the 2,4-dinitrophenyl 
group. (4) Previous investigators have reported 
several forms of acetaldehyde DNP.5,6 Ingold and 
co-workers6 isolated two forms melting a t  146' and 
162"; Bryant5 isolated three forms, m.p. 's  168.5", 
1.56-157°, and 149". The latter investigator sug- 
gested that the 168.5' and 1.57' forms represented 
the stable and unstable isomers, respectively, and 
that the 149" form was a mixture of the two. Van 
Duin' isolated two isomers, m.p.'s 167-168'. and 
93-94', to which he assigned syn  and anti structures, 
respectively. On the basis of previous findings2 we 
expected to be able to assign structures (syn-anti) to 
the various forms from n.m.r.  studies. 

The present study includes comments on the above 
points as well as discussions of new results, in particular 
those concerning long-range spin-spin couplings. 

Results and Discussion 
The proton n.m.r. spectra of several aldehyde 

DNP's (,as dilute solutions in chloroform, methylene 
chloride, methylene bromide, acetone., dimethyl sulf- 
oxide, dimethylformamide, pyridine, dioxane, tetra- 
methylurea, and nitrobenzene) were examined a t  
60 MC. For convenience we have adopted the num- 
bering system shown in I. 

syn~-anti Isomerism.-Table I summarizes the per- 
tinent data on the isomeric compositions of several 

( 5 )  W. M. D. Bryant,  J .  A m .  C h e m  Soc.,  60, 2811 (1938); 66, 3201 
(1933); 68, 2335 (1936). 

(6) C. K.  Ingold, G. J.  Pritchard, and H. G Smith,  J .  Chem.  Soc., 70, 
(1934). 
(7) H. Van Duin, Thesis, Free University of Amsterdam, 1961. 


