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mole of 1,3-butadiene were added without mixing. The auto- 
clave was closed, inverted to mix the reactants, rocked a t  room 
temperature for 24 hr., and then heated to 120' for 2 hr. 
After cooling, the vessel was opened, the product was extracted 
with hexane, and the hexane layer was washed with distilled 
water and dried over sodium sulfate. After removing the hexane, 
the product was separated on the preparative scale gas chroma- 
tograph. 

The first component (18% yield) was identified as 5-nonanone. 
The ga,s chromatographic retention time and infrared spectrum 
were identical with an authentic sample prepared by the method 
of Briese and M c E l ~ a i n , ~ ~  and the molecular weight (mass spec- 
trum) was correct for 5-nonanone. The semicarbazonp melted 
a t  90°, lit.'Gb m.p. 90", and showed no depression when mixed 
with the authentic derivative. 

The second compound (9% yield) was identified as 3-nonen-5- 
one. The infrared spectrum contained adsorptions characteris- 
tic of ketone carbonyl and conjugated unsaturation, and the 
molecular weight (mass spectrum) was 110. Satisfactory ele- 
mental analysis was not obtained because of sensitivity to air as 
reported by Powell and Nielsen.l* However, hydrogenation of 
the carbon-carbon unsaturation as described by Powell and 
Xielsen'* yielded 5-nonanone. The infrared spectrum was iden- 
tical with the authentic sample prepared above, the molecular 
weight (mass spectrum) was 142 (calcd. for 5-nonanone, 142), 
seniicarbazone hadm.p. 90" (lit.*Gb m.p. go") ,  and mixture melt- 
ing point of semicarbazone with authentic derivative was 90". 

The above experiment was repeated, and carbon monoxide 
gas was added to a pressure of 1200 p.s.i. before heating. The 
product, treated as before, yielded only one major component, 
5-nonanone (257, yield), in the gas chromatograph. 

In  both of the above experiments, minor peaks were observed 
by gas chromatography but were not separated. These cor- 
responded in retention time to n-valeraldehyde, 2-methyl-l- 
butanal, and vinylcyclohexene. 

1-Butene Reaction.-Gaseous hydrogen tetracarbonylcobal- 
tate( -I) was prepared by slowly dropping an aqueous solution of 
potassium tetracarbonylcobaltate( -I) into concentrated phos- 

(17) R. R. Briese and S. hI. McElvain, J .  A m .  Chem. Soc., 66, 1697 
(1933). 

(18) S. G .  Powell and A.  T. Nielsen. zbid., 70, 3627 (1948). 

phoric acid under nitrogen. The acid solution was constantly' 
stirred while nitrogen was bubbled slowly through the mixture. 

The hydrogen tetracarbonylcobaltate( - I )  formed was passed 
through a drying tube filled with calcium chloride, then precooled 
in a U-tube immersed in an ice bath. The gas mixture then was 
bubbled slowly through a mixture of 60 ml. of 1-butene (ca. 0.7 
mole) and 10 ml. of pentane kept a t  -13 to -8'. The trap was 
fitted with a condenser kept a t  -30" to minimize loss of olefin. 
A 250-ml. solution of potassium tetracarbonylcobaltate( - I) 
containing approximately 0.12 mole of cobalt was used; thus, a 
large excess of olefin was present. This favors the formation of 
alkyl and acyl cobaltates( -1) and prevents the interaction of ex- 
cess hydrogen tetracarbonylcobaltate( -I) with the above com- 
plexes to yield aldehydes. 

After the gas had been bubbled through for 2-3 hr., the reddish 
solution was transferred rapidly to the autoclave under nitrogen, 
and the autoclave then waa closed and heated between 120 and 
130" for 3 hr. in order to decompose the carbonylcobaltates 
present . 

The solution then was distilled, and the solvent and excess ole- 
fin were removed by aspirator vacuum. The high boiling 
product, 0.50 g., distilled below 40" (1 mm.).  

The distillate was analyzed on a Perkin-Elmer 154-L gas chro- 
matograph with a polyethyleneglycol distearate column. Peaks 
corresponding to n-valeraldehyde, 2-methylbutanal, 3,5-di- 
methyl-4-heptahone, 3-methyl-4-octanone, and 5-nonanone were 
observed. 

An infrared spectrum of the distillate showed strong carbonyl 
absorptions around 5.8 k .  

Based on semiquantitative gas chromatographic estimates, the 
above compounds contribute roughly 80% of the product, the 
ketone to aldehyde ratio being about 9: 1. 

In  another experiment, when no excess of olefin was present, 
this ratio was considerably smaller. 
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sym-Tetramethyldisiloxane adds to either hexene-2 or hexene-3 in the presence of chloroplatinic acid to estab- 
lish Si-C bonds with the silicon attached chiefly to the 1-position but also to the 2- and 3-positions of the hexyl 
group in the products. Hexene-1 formed the 1-hexyl derivative almost exclusively. During the reaction a 
hexene becomes a mixture of hexene isomers. 

In the presence of platinum catalysts, chlorosilicon 
hydrides seem to add to acyclic olefins so as to form only 
primary alkylsilanes, even from olefins such as pentene- 
2, heptene-3, or 2-methylbutene-2.3 

sym-Tetramethyldisiloxane behaves somewhat dif- 
ferently from the chlorosilanes in being able to form 
secondary alkylsilicon derivatives from an internal ole- 
fin. Heptene-3 apparently formed 1-, 3-, and 4-heptyl- 
silicon compounds2 by addition of sym-tetramethyl- 
disiloxane. 

During all such addition reactions isomerization of 
olefins may be o b ~ e r v e d . ~  Recent experiments with 

(1) d .  L. Rpeier. .I. 4 .  Webster, and  G.  H. Barnes, J .  A m .  Chem. Soc., 

(2)  J.  C. Saam and J. L. Speier. ib id . ,  80, 4104 (1958). 
( 3 )  J .  C. Saani and J. L. Speier. ib id . .  83, 1351 (1961). 

79,974 (19.57). 

trichlorosilane-d ( ClsSiD) show that extensive exchange 
between Si-D and the C-H of the olefins accompany 
the isomerization. A plausible mechanism has been 
postulated4 to rationalize these data. This mechanism 
seemed to indicate that a reaction that produced a 1-, a 
3-, and a 4-heptylsilicon derivative from heptene-3 and 
tetramethyldisiloxane2 must have produced also the 2- 
heptyl isomer. Heptene-3 also should have formed a 
mixture of the isomeric heptenes during the reaction. 
It was not observed to do  SO.^ 

To reconcile the earlier data2 with more recent re- 
sults, essentially the same experiments were repeated 
using hexene-3, which was assumed to be chemically 

(4) J. W. Ryan and J. L. Speier, ibid.. 86, 895 (1964) 



APRIL, 1964 THE ADDITION OF SILICON HYDRIDES TO OLEFINIC DOUBLE BONDS. IX 793 

equivalent to heptene-3 for this purpose. To extend 
our data, hexene-1 and hexene-2 also were used. 

I n  each experiment sym-tetramethyldisiloxane was 
added to one of the hexenes in the presence of chloro- 
platinic acid and converted into hexyltrimethylsilane 
as shown. 

Pt 
Hexene + O[SiMe2H]2 --f O[SiMe2C6H13]~ 

ClSiMe2CsHla + MeMgBr + Me,SiC6H13 

Authentic samples of the 1-, 2-, and 3-hexyltrimethyl- 
silanes were prepared. The ability of various vapor 
phase chromatography equipment was tested then for 
known mixtures of the three standards. S o  packed 
column available to us was able to separate the 2-hexyl 
from3-hexyltrimethylsilane, although both of these were 
easily separable from the 1-hexyl isomer. Satisfactory 
separations of the three isomers were achieved with a 
capillary column. The column was then calibrated by 
means of the standards and used to gather the data in 
Table I. 

TABLE I 
I-, 2-, AND 3-TRIMETHYLSILYLHEXANES FROM THE ADDITION 

Sym-TETRAMETHYLDISILOXANE TO HEXENE-1, -2, A N D  -3 
7% I-, 2-, and  3-trimethylsilylhexane- 

Olefin 1- 2- 3- 

Hexene-3" 76 10 14 
Hexene-2b 88 7 5 
Hexene-2' 87 7 6 
Hexene-ld 99 Trace None 

Addition was in a sealed tube a t  100' 13 days. Addition 
c Addition was in a flask 

Addition was in a flask a t  reflux several 
was in a sealed tube a t  100" 19 days. 
a t  reflux several days. 
hours. 

These new data indicate that all the possible adducts 
form from hexene-2 or -3 with sym-tetramethyldisil- 
oxane. Their separation was unambiguous and in each 
case excess hexene was recovered as a mixture of iso- 
mers. These new data indicate that the apparent ab- 
sence of 2-heptylsilicon derivatives from the reaction of 
heptene-3 and tetramethyldisiloxane must be ascribed 
to inadequate analyses. 

Experimental 
Reagents.-Hexene-1 and hexene-2 were obtained from the 

Phillips Petroleum Company. Analysis by v.p.c. indicated that 
hexene-1 was a t  least 99% pure. Hexene-2 was a mixtureof the 
cis and trans isomers containing a Mmall amount of hexene-1. 
Hexene-3 was purchased from the Farchan Research Laboratory. 
V.P.C. and infrared analysis indicated i t  to  be the tmns isomer free 
of hexene-2 or -1. The catalyst was used as a 0.55 A4 solution of 
chloroplatinic acid hexahydrate in isopropyl alcohol. 

Authentic samples of 1-, 2-, and 3-hexyltrimethylsilane were 
prepared. The first was made from 1-bromohexane, trimethyl- 
chlorosilane, and lithium in tetrahydrofuran below room tem- 
perature; the boiling point was 161.2", n25~ 1.4142, d25, 0.7474,5 
ED 0.3345, calcd. 0.3382. 

2-Hexyltrimethylsilane was prepared in the same manner from 
2-bromohexane, b.p. 158.2", n Z 5 ~  1.4187, d25a 0.7494, RD 0.3368, 
calcd. 0.3382. 

3-Hexyltrichlorosilane was prepared by the addition of tri- 
chlorosilane to hoxene-3 with benzoyl peroxide as the initiator 

essentially as previously described.6 The 3-hexyltrichloroeilane 
was treated with excess methylmagnesium bromide in ether to 
give 3-hexyltrimethylsilane, b.p. 157.2' a t  731 mm., n Z 5 ~  
1.4252, d25,0.7597, RD 0.3366, calcd. 0.3382. 

Anal. Calcd. for 3-hexyltrimethylsitane: Si, 17.7. Found! 
Si, 17.2, 17.5. 

Each of these samples was essentially pure by v.p.c. analysis 
and free from any isomers. 

Analyses of mixtures of the I-, 2-, and 3-hexyltrimethylsilanes 
were satisfactorily performed by a Perkin-Elmer Model 154C 
vapor phase chromatograph using nitrogen a t  20 p.s.i. as the 
carrier and a 283 ft. X 0.02 in. stainless steel column with liquid 
paraffin N.F. as the adsorbent. ,4 flame ionization detector was 
used with a Texas Instrument Company Recti/Riter recorder. 
A 2-wl. sample was split so that 1/500th passed through the col- 
umn. Less than lYO of any of the isomers could be detected in 
mixtures of the three: retention times in minutes, 3-hexyl, 44.6 
f. 0.4; 2-hexyl, 46.2 f 0.5; 1-hexyl, 56.1 f 0.4 a t  a column 
temperature of 40.5-41 O .  

Addition of sym-Tetramethyldisiloxane to Hexene-3 .-Hexene- 
3 (11 g., 0.13 mole), sym-tetramethyldisiloxane (8.3 g., 0.62 
mole), and 4.7 X 10-5 mole of chloroplatinic acid were heated 
in a 50-ml. ampule a t  100" for 13 days. The mixture was de- 
volatilized by removal of 2.7 g. of hexene. V.P.C. analysis of 
the recovered hexene showed it  to be a mixture of isomers, 
mostly hexene-2 and -3. 

The adduct (15.3 9.) was dispersed in 40 ml. of concentrated 
sulfuric acid, and ammonium chloride (10 g.) was stirred into the 
mixture in small portions. Hydrogen chloride was then bubbled 
through the mixture for 2 hr. 

The top layer then was separated (18.5 g.) and added to 
methylmagnesium bromide (0.2 mole) in 140 ml. of ether. The 
mixture was heated to reflux 4 hr. and permitted to stand over- 
night. The mixture then was washed with dilute hydrochloric 
acid and then with water. The organic material was dried over 
calcium chloride and distilled to give a mixture of hexyltrimethyl- 
silane (10.3 g., 65.794 over-all yield), n l5~  1.4178-1.4140. 
The properties of the combined fractions are 7 2 2 5 ~  1.4150, d25, 

0.7417, RD 0.3376, calcd. 0.3382. 
Anal. Calcd. for CgH22Si: Si, 17.7. Found: Si, 17.6, 17.7. 
The distribution of isomers present in the mixture was deter- 

mined by v.p.c. and was as indicated in Table I .  
Addition of sym-Tetramethyldisiloxane to Hexene-2.-With 

the exception that hexene-2 was used, the preceding experiment 
was repeated. The reagents were heated a t  100' for 19 days. 
A mixture of hexene (2.4 9.) was recovered, and distillation gave 
the hexyltrimethylsilanes (52Y0 over-all yield), @D 1.416G 
1.4135. The properties of the combined fractions were n% 
1.4140, dZ54 0.7399, RD 0.3377, calcd. 0.3382. 

Anal. Calcd. for CgH22Si: Si, 17.7. Found: Si, 17.9, 18.0. 
The isomers in this mixture were as shown in Table I. 
In  order to see if essentially the same results would be obtained 

under different conditions, hexene-2 (134 g., 1.6 moles), sym- 
tetramethyldisiloxane (100.5 g., 0.75 mole), and 7 . 5  X 10-5 mole 
of chloroplatinic acid were heated to reflux for 144 hr. 

Distillation of this mixture gave 38.3 g. of isomeric hexenes, 
essentially the same as previously obtained, and hexyltetra- 
methyldisiloxane (22.9 g., 0.1 mole), n Z 5 ~  1.4130, d25, 0.8088, 
RD 0.3083, calcd., 0.3107. 

Anal. Calcd. for CBHl3Me2SiOSiMe2H: H (as SiH), 0.459. 
Found: 

V.P.C. analysis in a 0.25-in. packed column showed the pres- 
ence of three compounds in this fraction, presumably the hexyl-1, 
-2, and 3-tetramethyldisiloxanes. They had nearly the same 
retention times, but did form three distinct closely spaced peaks 
on the chromatograph. 

1,3-Dihexyltetramethyldisiloxane was obtained (126 g., 0.416 
mole), n Z 5 ~  1.4281, dZ5 0.8126, RD 0.3143, calcd. 0.3157. 

Anal. Calcd. for CL6H3808i2: Si, 18.54. Found: Si, 18.5, 
18.5. 

All of the fractions boiling above hexene were recombined 
(165 g.) ,  including intermediate fractions and nonvolatile resi- 
dues, and converted to hexyltrimethylsilanes as described before: 
nZ5u 1.4142, d254 0.7422, RD 0.3367, calcd. 0.3382. The isomers 
are shown in Table I .  

Anal. Calcd. for C8H&i: Si, 17.72. Found: Si, 17.7, 17.8. 

H (as SiH), 0.455, 0.459. 

(5) F. C. Whitmore, L. H.  Sommer, P. A.  Di Giorgio, W, A. Strong, R. E. 
Van Strien, D. 1,. Bailey, H. K. Hall, E. W. Pietrussa, and G .  T. Kerr [ J .  Am. 
Chem. Soc. 68,  475 (1946)l report b.p. 1 6 3 O  a t760mm. .  dmr0.7422, nz0~1.4154. 

(6) (a) L. H. Sommer. E. W. Ptetrusza. and F. C. Whitmore, t h t d . ,  69, 
188 (1947); (b) J. L. Speier and J. .A. Webater, J. OTU. Chem., Zl, 1044 
(19.56). 
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Addition of sym-Tetramethyldisiloxane to Hexene-1 .-sym- This product was also converted to hexyltrimethylsilane aa 
Tetramethyldisiloxane (100.5 g., 0.75 mole) was added slowly described; the properties are n25~ 1.4132, d% 0.7378, RD 0.3379, 
(1.25 hr.) to  refluxing hexene-1 (134 g., 1.6 moles) containing 7.5 calcd. 0.3382. 
x 10-6 moles of chloroplatinic acid. The reaction was notice- Anal. Calcd. for CoHzzSi: Si, 17.7. Found: Si, 17.5, 
ably exothermic. The mixture was kept a t  140" for 4.5 hr. and 17.9. 
distilled. The typical mixture of hexenes (17.1 9.) was recovered Achowledgment.-~he authors wish to express followed by 1,3-dihexyltetramethyldisiloxane (202 g., go%,), 
n% 1.4265, d264 0.8154, RD 0.3142, calcd. 0.3157. their appreciation to Robert Winger for assistance with 

Anal. Calcd. for ClaHasOSiz: Si, 18.5. Found: Si, 18.6, and to Joseph Cekada for making l- and 2- 
18.6. hexyltrimethylsilanes . 
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The reaction of enamino ketones with the acid chlorides of acids, the anions of which are also good leaving 
The proof of structure and mechanism of 

A new synthesis of enamino ketones from p-chloro-a,@-unsaturated ketones is reported. 
groups, or with phosphorus pentachloride, lead to chloroiminium salts. 
formation are discussed. 

In  our preliminary communication2 it was shown that 
reaction of 5,5-dimethyl-3-N-pyrrolidylcyclohex-2-en-l- 
one (I) with trichloroacetyl chloride gave N-(3-chloro-5,- 
5-dimethylcyclohex-2-en-1-y1idene)pyrrolidinium chlo- 
ride (11, X = C1) as a hygroscopic solid readily con- 
verted to the stable crystalline perchlorate I1 (X = 

Clod). The structure of I1 was established by its ultra- 
violet spectruma (see Table I) and by facile reaction 
of its perchlorate with 1 mole of pyrrolidine to give the 
known N-(5,5-dimethyl-3-N'-pyrrolidylcyclohex-2-en- 
1-y1idene)pyrrolidinium perchlorate (111) . 4  Further 

CHg c10,- 

c1 
IV 

I11 

proof of the structure of I1 was provided by hydrolysis. 
The chloroiminium salt I1 was found to be extremely 
stable to hydrolysis with aqueous mineral acids (the 
preferred method for the hydrolysis of iminium salts6). 
Mild alkaline hydrolysis, however, afforded the known 
3-chloro-5,5-dimet hylc yclohex-2-en- 1 -one (IV) .6 

It seemed to us, ab initio, that the formation of I1 
must proceed by 0-acylation of the enamino ketone I to 

(1) Part 111: A. J .  Speziale and L. R. Smith, J. O w .  Chem., 98, 3492 
(1963). 

(2) G. H. Alt and A. J. Speziale. Tetrahedron Letters, 111 (1663). 
( 3 )  J. L. Johnson, M .  E. Herr, J .  C. Rabcock, R. P. Holysz, A. E. Fonken, 

J .  E. Stafford, and F. W .  Hey1 [J. Am. Chem. Soc.. 78,  430 (1956)) have re- 
ported Xmnx 274-278 m r  (e  >20,000) for ternary iminium salts of the type 

>C=C-C=N<; see also G .  Opitr and W. Merz, Ann., W d ,  139 (1962). 
(4) N. J. Leonard and J. A. Adamcik, J. Am. Chem. Soc., 81, 595 (1959). 
(5) C/. d e r  alia: G. Stork. A. nrizzolara, H. Landesman, J. Szmuszko- 

(6) 4 .  W. Crossley and H. R. LeSueur, J. Chem. Soc., 88, 110 (1903). 

I +  

vicz. and R.  Terrell, %bid., 81, 207 (1963). 

the intermediate V.7 Addition of chloride ion could 
then give VI from which the better leaving group (ie., 
trichloroacetate ion) would be eliminated. 

v VI 

It follows that the acid chloride of any acid, the 
anion of which is a good leaving group and a poor 
nucleophile, should undergo a similar reaction with I. 
To test this hypothesis, the enamino ketone I was 
heated with tosyl chloride in benzene solution. The 
hygroscopic salt, which was not fully characterized, 
gave I1 (X = clod) in good yield when its aqueous 
solution was treated with perchloric acid or sodium per- 
chlorate. In  further support of our mechanism, picryl 
chloride underwent a similar reaction. Thus, reaction 
of I with picryl chloride in benzene solution, followed 
by treatment of the reaction mixture with water, af- 
forded the picrate of the enamino ketone I and, as the 
minor product, the perchlorate I1 (X = clod). 

Indirect evidence for the reaction sequence is pro- 
vided by reaction of I with diethylcarbamoyl chloride. 
It had been reported previously* that the enamino 
ketone I did not react with dimethyl-arbamoyl chlo- 
ride. While this may be true at  lower temperatures, we 
have found that diethylcarbamoyl chloride reacts with I 
in refluxing chlorobenzene to give the N-(&diethyl- 
amino-5,5 -dimethylcyclohex - 2-en- 1-y1idene)pyrrolidin- 
ium salt (VII), isolated as the perchlorate VI1 (X = 
Clod) and characterized by comparison of its physical 
properties with those of authentic material. 

The formation of VI1 can be rationalized by assum- 
ing reaction of the enamino ketone I with diethylcarba- 
moyl chloride to give the 0-acylated intermediate VI11 
which can add chloride ion. Compound I X  can then 
collapse to the chloroiminium cation, carbon dioxide, 
(7) S. Hiinig, E. Bensing. and E. Liicke [Ber., 90, 2833 (1957)l have ob- 

served the 0-acylation of enamino ketones. 


