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Apparently the conditions of this selective hydro- 
genation of 3-cyclohexene-1-carboxaldehyde to 
cyclohexanecarboxylaldehyde are more critical than 
for the similar type of hydrogenation of the myr- 
cene-methacrolein Diels-Alder adduct to the satu- 
rated aldehyde. Kitchens* was able to hydrogenate 
this adduct to the saturated aldehyde in the pres- 
ence of palladium on carbon catalyst in a rocker 
bomb and reported a satisfactory hydrogenation 
temperature range of 50-150° and a preferred tem- 
perature of 100'. 

EXPERIMENTAL' 

Hydrogenation of 3-cyclohexene-1-carboxaldehyde to cyclo- 
hexanecarbozaldehyde. Into a Parr Series 4500 1-1. medium 
pressure stirrer-type, electrically heated pressure reaction 
apparatus was placed 330 g. (3.00 moles) of 3-cyclohexene-l- 
carboxaldehyde (prepared by the Diels-Alder reaction of 
butadiene and acrolein), b.p. 54-56' (15-16 mm.), ny 
1.4691, 98.6% pure via gas chromatography, and 5 g. of 5% 
palladium on carbon catalyst (Baker and Co., Inc.). The 
compound was hydrogenated at a temperature of 75-80' 
and a t  200 lb./in.* of hydrogen pressure. The hydrogenation 
was interrupted whenever the exothermic heat of reaction 
carried the reaction temperature above 80' and then re- 
sumed when the heat had dissipated and the temperature 
was below 75'. The hydrogenation was complete in 8 hr. 
under these experimental conditions. The reaction time was 
reduced to 2.5 hr. by using a special heating mantle equipped 
with cooling tubes for circulation of water to dissipate 
the heat. The catalyst was collected on a Biichner funnel 
and the crude product was distilled through an 18-in. Vigreux 
column under reduced pressure to give 272 g. (8170) of cen- 
ter cut cyclohexanecarboxaldehyde, 99.0% pure (gas chro- 
matography), b.p. 57-59" (22-24 mm.), n'," 1.4490, ng 
1.4514 (lit.z b.p. 6243" (25mm.), ng  1.4512). 

The semicarbazone of the product was recrystallized 
twice from ethanol-water mixtures to give fine white needles, 
m.p. 170-171" (Ut. melting points range from 166-167'2 
to 17S06). The 2,4-dinitrophenylhydrazone crystallized from 
an ethanol-ethyl acetate mixture as bright yellow plates, 
m.p. 171-173' (lit.* m.p. 172"). 
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There have been several reports of the reaction 
of dimethyl sulfoxide with various reagents. The 
reaction with thionyl chloride or acid chlorides 

yields chlorinated methyl sulfides,'n2 and the re- 
action with acid anhydrides yields acyloxymethyl 
~u l f ide .~ ,~  

Dimethyl sulfoxide is also characterized as an 
oxidizing agent, yielding aldehydes from some hal- 
ides such as substituted benzyl bromides or higher 
alkyl halides,5- and converting organic sulfides to 
the corresponding  sulfoxide^.^ 

The reaction of phenylmagnesium bromide and 
methyl p-tolyl sulfoxide has been reported by 
Pottefl to give a tolyl benzyl sulfide in which the 
phenyl group from the Grignard reagent has re- 
placed a hydrogen of the methyl group in the sulf- 
oxide. 

It is expected that the same reaction may occur 
with a simple sulfoxide such as dimethyl sulfoxide 
(DMSO). In the present work such reactions were 
carried out between dimethyl sulfoxide and ten 
Grignard reagents. Sulfides were obtained in all 
cases. 

H&SOCHa + RMgX + HaCSCH2-R + Mg(0H)X 
R = alkyl, aralkyl, and aryl group. 

As described in the Experimental, when alkyl 
Grignard reagents (R = ethyl, n-propyl, and n- 
butyl) were used, considerable amounts of olefin 
were evolved during the reaction. 

The reaction of dimethyl sulfoxide with benzyl- 
magnesium chloride did not yield the expected 
methyl P-phenylethyl sulfide but methyl o-methyl- 
benzyl sulfide, indicating a rearrangement. 

In the case of aryl and aralkyl halides (R = 
phenyl, o-tolyl, p-tolyl, p-anisyl, p-bromophenyl, 
and 6-phenylethyl), the resulting sulfides had their 
methylthiomethyl group in the position of the 
halogen of the parent halides. The reaction product 
from o-tolyl-magnesium bromide and dimethyl sulf- 
oxidei.e.,  methyl o-methyl-benzyl sulfide was 
identical with the product obtained from beneyl- 
magnesium chloride and dimethyl sulfoxide. 

The yield of sulfide obtained from the reaction of 
dimethyl sulfoxide with Grignard reagent of p-  
dibromobenzene was low, because in anhydrous 
ether the conversion of this halide to the Grignard 
reagent was low. Therefore, this sulfide could be 
identified only in the form of the corresponding 
sulfone. 
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TABLE I 
REAmION OF DIKWITZYL SULFOXIDE WITH GBIQNABD RMQENT 

Yield,O 
NO. GrignsrdIteagent Product % B.P./Mm. nD 

1 

2 

3 

4 

5 

6 

7 
8 
9 

10 

Q- CH~SCH~ 

'CY, 

31 

36 

31 

32 

21 

17 

Lowd 
10 
26 
30 

91-92/1gb 

114-115/1V 

122-123127 

114-115122 

929312.0 

74-?6/3.5 

- 
94-95. 
123-1241 
156-157 

1 . 6 6 0 3 ( 2 3 ) b  

1 .m (23)s 

1.6600 (25) 

1.5480(25) 

1.5598 (21) 

1.542Q(27) 

- 

1.4440 (20)' 
1.4630(16) 
1.- (16) 

e Bawd on dimethyl sulfoxide. * Lit.' b.p. 120-121°/48 mm., ny 1.5560. Lit." b.p. 67-68"/1.0 mm., ng 1.5599. * Od- 
&sed to corresponding sulfone. Lit." b.p. 94.5-95.6", ny 1.4438. 'Lit." b.p. 122.5". 

The results obtained are summarized in Table 
I. All compounds were analyzed for carbon and 
hydrogen. 
As the substituted benzyl methyl sulfides are 

readily oxidized by hydrogen peroxide to the cor- 
responding crystalline sulfones>1o the latter are 
convenient compounds to examine in order to make 
certain that the positions of the substituents in the 
methyl aryl sulfides (No. 1-7 in Table I) were not 
changed from those in the parent halides. Each of 
the sulfones prepared in the present work showed 
no mixed melting point depression with the mate- 
rials which were syntheaized by unambiguous 
methods. l1 

The dialkyl sulfides (9 and 10) were identified by 
conversion with pbromophenacyl bromide to the 
corresponding sulfonium bromides. 

These results are given in Table 11. All com- 
pounds were analyzed for carbon and hydrogen, 

The mechanism of this reaction is unknown, and 
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TABLE I1 
SULFONE OR SULFONJUM SALT PEEPAEED FROM S U X ~ E  

M.P. and 
Sulfone or Yield, Mixed 

No. Sulfonium Mt Yn M.P.' 

03 7%-77= 

10 30 98-99d 

All melting points are uncorrected. * Recrystallization 
Recrystallization from benzene from aqueoua methanol. 

hexane. From ether. 

the roles of the hydrogen and oxygen may, at best, 
be speculated upon, until further data are obtained. 
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EXPERIMENTAL showed an elemental analysis corresponding to 
Prep&ra&m of Grignmd reagenls. The Grignard resgente 

were prepared in the usual manner by the reaction of 0.5 
mole of organic hslidea with 12.5 g. of msgnegium turnings 
in anhydrous ether. After the addition of the halides, the 
solution was refluxed for 2 hr. 

Pomrdion of &jide.s. To a vigorously stirred and cooled 
(below 10’) Grignard solution waa added, over a period of 
1 hr., 27.3 g. (0.35 mole, No. 1-5) or 31.2 g. (0.40 mole, 
No. 6-10) of dimethyl sulfoxide disrlolved in about equal 
quantity of anhydrous ether. A grey-white solid deposition 
began almost immediately and in ~ o m e  e m  continued 
stirring waa impossible. The reaction mixture WBEI then 
heated at the reflux point for an additional 3 hr. and allowed 
to stand overnight a t  room temperature. 

When the temperature of the reaction mixture of di- 
methyl sulfoxide with alkyl Grignard reagent (R = ethyl, 
n-propyl, and n-butyl) had risen nearly to room tempera- 
ture, a fairly vigorous evolvement of gas was observed. 
After pwaing the gaa through a large excesa of bromine, 
the bromine was removed and the residual oil waa puri6ed 
aa usual. From gas chromatographic and infrared spectral 
data, in the caw of n-propylmagnesium bromide, the oily 
product waa identical with 1,2dibromoprOpane. In the other 
two casea, the 1,Wbromo derivative of the olefin which 
corresponded to the parent alkyl halide waa obtained. 

Mter adding 500-800 ml. of ice water containing about 
50-80 ml. of concd. hydrochloric acid, the ether layer 
waa separated, waahed twice with water, and dried over 
anhydrous sodium sulfate. The solvent waa removed and 
the residue distilled in uaew) to yield the Btrongly smelling 
sulfide. 
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In attempts to quaternize the diamines, N-(5- 
dimethylamino - 2 - pentynyl) - 8 - methoxy - 1,2,- 
3,4-tetrahydroquinoline (I) and N-(Pdimethyl- 
amino-2butynyl)- 1,2,3,&te trah ydroquinoline (11) , 
the me of N,Ndimethylformamide (DMF) as the 
solvent appeared to be practicable; it waa found 
by other investigators’ that amines which resisted 
quaternization in other solvent systems often under- 
went facile quaternization in N,N-dimethylforrn- 
amide. Treatment of I or I1 with an excw of 
methyl bromide in N,Ndimethylformamide in a 
sealed tube at 80’ for twenty-four hours resulted 
in the separation of a white crystalline powder 
which after washing with hot isopropyl alcohol 

(1) C. K. Brsdsher and H. Berger, J .  Am. C h .  Soc., 80, 
930 (1958). 

tetramethylammonium bromide (III).- In an- a t  
tempt to rationalize the formation of 111, a mixture 
of methyl bromide and N, Ndimethylformamide 
was heated in a sealed tube for six days; the tube 
was opened and the white crystalline product was 
collected. This solid was found to consist of two 
compounds which after recrystalhtion were 
identified as tetramethylammonium bromide and 
dimethylammonium bromide (IV). 

It is proposed that the two products were formed 
by decomposition of N,N-dimethylformamide into 
dimethylamine and carbon monoxide, and that the 
amines thus formed were quaternized by the 
methyl bromide tu follows: 

\N-CH- 
CHa 0 

‘NH + co CH, II 

CH,’ CHa/t \ 

L - - - - -  HBr + 
(CH$,N+ Br - 

I11 

The evolution of carbon monoxide was confirmed 
by a positive reaction with phosphomolybdic acid- 
palladium chloride reagent solution.2 

The identity of products I11 and IV was con- 
firmed by comparison of their i n f d  spectra and 
melting points with those of known samples of the 
compounds. In subsequent experiments the molar 
ratio of N,N-dimethylformamide to methyl bromide 
was varied to study the effect on the yields of 
products. Maximum yields of 37% of IV (bawd on 
methyl bromide) were obtained when a molar ratio 
of eight parta of N,N-dhnethylformamide to one 
part of methyl bromide was used. A negligible 
amount of IV was obtained when two parts of N, N- 
dimethylformamide and one part of methyl 
bromide were combined. It was of interest that no 
trimethylammonium bromide (V) could be isolated 
from any reaction mixture. 

EXPERIMENTAL 

Dimethylformamide (Eastman White Label) purified by 
distillation from calcium hydride and contained in a 25m1. 
Carey tube was cooled to -70° in a Dry Ice-acetone bath 
and the required amount of methyl bromide was added. 
The tube was then sealed and waa placed in a heating 
jacket maintained a t  80° for 6 days. The tube was cooled 

(2) F. Feigl, Spot T& in Organic Analysis, Elsevier 
Publishing Co., New York, 1956, p. 327. 


