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R of 2 of 3 

a CJ-4 95 97 

c (CH,),CH, 94 94 
d C(CH,)=CH, 90 94a 

f CO,C,H, 92 94c 
g H  70 94 
h OC,H, 80 
i CH,N(C,H,), 90 

b CH,OCH,C,H, 95 92 

e (CH,),C=CH 71b 85 

Product slowly decomposes upon removal of solvent. 
Five equivalents of the octadiyne was used to maximize 

the yield. Crude yield. 

(a latent quinone carbanion), the reactions of quinones or 
protected bromoquinols with mdlylnickel complexes,l0 the 
utilization of monoketals of quinones,ll the use of (1,4- 
dimethoxynaphthy1)lithium reagents,12 and the reactions 
of quinones with a1kylb0ranes.l~ 

Finally, it should be noted that the quinols, 2a-i, possess 
multifunctionality that is amenable to both nucleophilic 
and electrophilic reagents as well as cycloaddition reac- 
t i o n ~ . ~ ~  In addition, alkynylquinones have not been re- 
ported prior to this work and our previous report on the 
synthesis of 2,5-diakylated 1,4-quinones. As a result, their 
chemistry is nearly unexplored and thus warrants study. 

Metal Carbonyl Catalysis of Organoborane 
Reactions. Cobalt Carbonyl Catalyzed Reductive 
Carbonylation of Schiff Bases 

Summary: Schiff bases react with trialkyl or triarylboranes 
and carbon monoxide, in the presence of catalytic amounts 
of cobalt carbonyl, to give amides. 

Sir: We recently reported that the stoichiometric reaction 
of a-keto imines with acetylcobalt tetracarbonyl affords 
the acetamide 1 as the principal product with the unex- 
pected propionamide 2 being obtained as a byproduct in 
several ca5es.l The acetylcobalt carbonyl was generated 
in situ by first reacting dicobalt octacarbonyl with tri- 
ethylborohydride to give the mononuclear anion2 and then 
treating the latter with methyl iodide under a carbon 
monoxide atmosphere. 
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As previously noted, methyl iodide is not required for 
the formation of 2. Furthermore, while the reductive 
acylation reaction (giving 1) is sensitive to steric effects, 
we have subsequently found that this factor is of less 
significance for the preparation of 2. Specifically, 2 (Ar 
= Ar' = Ph, R = 2,6-(CH3)2C6H3) was obtained in 61% 
yield by reaction of the appropriate a-keto imine, for 24 
h, with the solution resulting from C O ~ ( C O ) ~  and tri- 
ethylborohydride. The same reaction, with added methyl 
iodide, effected over a 120-h reaction period (essentially 
no reaction occurred after 24 h), afforded 1 (Ar = Ar' = 
Ph, R = 2,6-(CH3)2C6H3) in only 6% yield.' 

It seemed conceivable that triethylborane, formed during 
the generation of the cobalt tetracarbonyl anion, partici- 
pates in the reaction that gives 2. It this reasoning is 
correct, then the reaction of a-keto imines (or other Schiff 
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these conditions. However, it was gratifying to learn that 
the presence of catalytic amounts of cobalt carbonyl does 
indeed result in the reductive carbonylation and alkylation 
of Schiff bases by organoboranes and carbon monoxide. we now report on this new catalytic process. 

Carbonylation of a Schiff base (3) with an equimolar 
t"unt of an organoborane (4) and a catalytic quantity 
of dicobalt octacarbonyl affords the amides 5 in good yields 
(Table I). This reaction can be effected, in tetrahydro- 
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furan (THF) or hexane, under mild conditions [60 OC (1 
atm of pressure)]. The reaction is faster in THF than in 
hexane, and the product yields are higher in THF. The 
saturated amine (6) was also formed in some instances. 

As the results in Table I indicate, the metal carbonyl 
catalyzed reaction is a versatile one since variations can 
be made on the nature of both the organoborane and the 
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Table I. Products Obtained from the Co,(CO), Catalyzed Reaction of 3, 4,  and CO in THF 

3, R, R', R" 4, R"' productu yield,b % mp,  "C 
PhCO, Ph, Ph CJ-4 5 50 118-119 

6 48 

6 18 

6 22 

6 10 

n-C,H, 5 82 77-78 

nGH15 5 55 

PhCH,CH, 5 50 114-116 

PhCH( CH ,)CH , 5 80 133-135 
Ph 5 67 144-145 

p-CH,C,H,CO, p-CH,C,H,, Ph n-C,H, 5 87 115-1 16 
p-CH,OC,H,CO, p-CH,OC,H,, Ph C P ,  5 74 84.0-84.5 
PhCO, Ph, p-CH,OC,H, CZH, 5 33 

6 65 
p-CH,OC,H,, H,  Ph CZH, 5 62 

Yields are of pure products. 
a The structures of the products were assigned on  the basis of analytical (C,  H, N )  and spectral (IR, NMR ( 'H,  W ) ,  MS) 

Yield was 44%, using hexane as the solvent. data. 

Schiff base. It is applicable to aliphatic and aromatic 
organoboranes and to simple as well as to a-keto imines. 
The organoboranes, when not commercially available, were 
generated from the appropriate olefin by hydroboration, 
and, therefore, one can convert olefins to amides in this 
manner. The reaction is regiospecific and, in the case of 
a-keto imines (3, R = carbonyl-containing group), gives 
@-keto amides. These compounds are of considerable use 
in the synthesis of 1,3-az0les.~ For example, treatment 

= n-C4H,) with ammonium acetate in acetic acid afforded 
2-n-butyl-l-phenyl-4,5-di-p-tolylimidazole (7) in 80% yield. 

of 5 (R = P-CH~C~H~CO,  R' = P - C H ~ C ~ H ~ ,  R" = Ph, R"' 

I 
Ph 

C s H 4 C H 3 - P  

7 

A possible pathway for the cobalt carbonyl catalyzed 
organoborane-Schiff base-carbon monoxide reaction is 
outlined in Scheme I. Reaction of 3 with the catalyst may 
give an ion pair, the anionic component being the cobalt 
tetracarbonyl anion. The latter may then interact with 
the organoborane (4) to give 8. A strong interaction be- 
tween 4 and CO(CO)~- is not required; in fact, there is 
evidence against such an interaction on exposure of tri- 
phenylborane to CO(CO)~- in an argon a tm~sphere .~  All 
that is necessary is a weak interaction of sufficient dura- 
tion, under a carbon monoxide atmosphere, to enable 
migration of an alkyl or aryl group to occur from boron 
to a carbonyl carbon to give 9. Addition of 9 to the Schiff 
base (to give 10) and subsequent acyl transfer and elimi- 
nation of dialkyl or diarylboron anion would afford 11. 
Carbonylation of 11 to 12 and then regeneration of Co(C- 
0); by displacement by Rtrt2B- would give 13. The amide 
(5) would then result on boron-carbon bond cleavage. It 
must be stressed that Scheme I simply provides a working 
hypothesis for rationalizing the catalytic process; the em- 
phasis of this research has been in the synthetic aspects 
of the chemistry. 

The following general procedure was used. A mixture 
of C O ~ ( C O ) ~  (0.2 mmol) and organoborane (2.0 mmol; 
commercially available or prepared by hydroboration of 

(3) Elderfield, R. C., Ed., 'Heterocyclic Compounds"; Wiley: New 

(4) Burlitch, J. M.; Burk, J. H.; Leonowicz, M. E.; Hughes, R. E. Inorg. 

(5) E.W.R. Steacie Fellow, 1980-1982. 

York, 1957; Vol. 5, Chapters 4, 5, 8. 

Chem. 1979, 18, 1702. 
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suitable olefins with borane-THF) in anhydrous THF (50 
mL) was stirred for 15 min and then the Schiff base (3; 
2.0 mmol) was added. The reaction mixture was heated 
at 60 "C for 24-28 h (followed by thin-layer chromatog- 
raphy) and then hydrolyzed at  room temperature with 5 
N sodium hydroxide. The amide was extracted with ether 
and purified by silica gel column chromatography, using 
hexane-ether as eluant. 

In conclusion, simple and @keto amides can be formed 
in good yields by the cobalt carbonyl catalyzed reaction 
of Schiff bases with organoboranes and carbon monoxide 
under mild conditions. To our knowledge, this is the first 
example of metal carbonyl catalysis of an organoborane 
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reaction. The use of cobalt and other metal carbonyls, as 
catalysts for other organoborane reactions, is under active 
investigation. 
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Preferred Geometry of the Through Space 2p-3d 
Overlap Effect 
Summary: Six 5-aryldibenzophospholes have been pre- 
pared and the rates of their SN2 reactions with benzyl 
chloride in chloroform solution measured. 

Sir: In order to determine the preferred geometry of the 
2p-3d overlap effect, we have prepared the six di- 
benzophospholes listed in Table I. The essentially rigid 
geometrical relationship between the methoxy groups and 
phosphorus in compounds 1 and 2, as against the variable 
geometrical relationships possible for 3, 4, and 5, have 
enabled us to determine the geometrical requirement for 
the occurrence of maximum through space 2p-3d overlap 
effects. It is apparent from the relative rate data for the 
reactions of compounds 1-6 with benzyl chloride that the 
maximum acceleration results when the 5-aryl group 
containing an o-methoxy substituent can be orthogonal to 
the dibenzophosphole ring. Thus, the transition state that 
affords the maximum through space 2p-3d overlap is that 

(1) McEwen, W. E.; Kyllingstad, V. L.; Schulz, D. N.; Yeh, Y. I. 
Phosphorus 1971,1, 145. 

(2) McEwen, W. E.; Fountaine, J. E.; Schulz, D. N.; Shiau, W. I. J. Org. 
Chem. 1976,41, 1684. 

(3) McEwen, W. E.; Shiau, W. I.; Yeh, Y. I.; Schulz, D. N.; Pagilagan, 
R. U.; Levy, J. B.; Symmes, C., Jr.; Nelson, G. 0.; Granoth, I. J. Am. 
Chem. SOC. 1975,97, 1787. 
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(5) McEwen, W. E.; Smith, J. H.; Woo, E. J. J. Am. Chem. SOC. 1980, 
102, 2746. 

(6) Wood, J. S.; Wikholm, R. J.; McEwen, W. E. Phosphorus Sulfur 
1977, 3, 163. 
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Table I. Rate Data for  the Reactions of 
Dibenzophospholes with Benzyl Chloride in 

Chloroform Solution a t  31.0 “C 

W 

re1 A H * ,  AS*, 
compd rate kcal/m eu 

l , X = O M e ; V = W = Y = Z = H  3.92 12.8 -41 
2 , Y = O M e ; X = W = V = Z = H  15.6 12.0 -43 
3 , Z = O M e ; X = Y = V = W = H  13.3 14.9 -32 
4 , W = O M e ; X = Y = V = Z = H  1.77 12.0 -46 
5, V = Z = OMes x= Y = W = H 77.7 16.3 -24 

a h = 1.78 x 
L mol-’ s- ’  a t  31.0 “C, h = 3.56 x 

s-l a t  36.0 “C. Each value of h derived from three 
independent experiments; average deviation r 3%. 
Estimates of preclslon measures are t1 .2  kcal/mol for AH* 
and k5.0 eu for AS*. 

6 , X =  Y =  Z =  v =  W =  H 1.00‘ 13.8 -41 

L mol-l s- ’  a t  26.0 ‘C, h = 2.50 x 
L mol‘’ 

shown in 7 or 7a, in which an o-methoxy substituent of the 
orthogonal 5-aryl group occupies a quasi-apical position 
of an incipient trigonal-bipyramidal configuration. 

I t  is of importance to point out that the crystal and 
molecular structure of 5-@-bromophenyl)-5-phenyldi- 
benzophospholium bromide has been determined by Allen 
et a1.,8 who have found that the endocyclic C-P-C bond 
angle is only 93.9O. (In fact, the transition state depicted 
in 7 or 7a is modeled on Allen’s crystal structure for the 
salt.) This indicates significant deformation of bond angles 
for the quaternary phosphonium moiety compared with 
an acyclic phosphonium salt and helps to explain why 
5-aryldibenzophospholes undergo quaternization reactions 
much more slowly than the corresponding triaryl- 
phosphines.’* Furthermore, Allen et al. point out that the 
bond angle strain (and accompanying ring strain) “would 
be relieved on formation of a quinquecovalent trigonal 
bipyramidal phosphorhe, in which the endocyclic C-P-C 
bond angle would be 90°, assuming that the five-membered 
ring occupies apical-equatorial positions as is generally 
found”. This does much to explain why dibenzo- 
phospholium salts undergo alkaline cleavage (with ring 
opening) very rapidly in comparison with the normal hy- 
drolysis of their acyclic analogues.* This observation is 
pertinent to the present study because a possible through 
space 2p-3d interaction of the type shown in the transi- 
tion-state 7a (with the consequent quasi-trigonal-bipy- 
ramidal configuration about phosphorus) would help to 
alleviate the angle strain that otherwise grows as quater- 
nization proceeds. 

The reactions were carried out at three different tem- 
peratures, and the values of AH* and AS* were deter- 
mined. It is apparent from the data that a large decrease 
in AS* arises only when an o-methoxy group is present 
on the &aryl group, as in the reactions of compounds 3 and 
5. At the same time, the interaction of the methoxy groups 
of 3 with the phosphorus compensates to a large degree 
for any possible loss of stabilization of the transition state 
by interaction with the solvent, and, therefore, the value 

(8) Allen, D. W.; Nowell, I. W.; Oades, A. C.; Walker, P. E. J .  Chem. 
SOC., Perkin Trans. 1 1977, 98. 

0022-326318211947-3595$01.25/0 0 1982 American Chemical Society 


