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A great deal of interest has developed recently in the study 

of valence isomerization. One very interesting example is the 

thermally induced formation of a cyclohexadiene from a conjugated 

triene. The presence of a central cis double bond is a necessity 

for this reaction, but little work has been done on the synthesis of 

conjugated systems of known stereochemistry. Only two general 

approaches to synthesis of double bonds with a cis configuration are 

known, semireduction of a triple bond or stereospecific elimination 

from the proper diastereoisomer of a saturated molecule. Of the 

two the first appears to present fewer problems and appears to be 

the method of choice when applicable. 

The specificity of semireduction of an acetylenic bond which 

is part of a conjugated system has not been studied systematically. 

In this work the products of addition of one mole of hydrogen to 

1- ethynylcyclohexene, 1- cyclohexenylpropyne, 1- cyclohexenyl -l- 

butyne and 1- cyclohexenylbut- 3- en -1 -yne have been determined 

quantitatively. In the enyne systems a small amount of 
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over -reduction occurs which reduces the yield of cis -diene to about 

80 -85%. However, the stereospecificity remains nearly as high as 

with isolated triple bonds since only about 4-5% of the trans -diene 

was observed. Although these results show that a cis double bond in 

a diene competes more effectively with the triple bond in an enyne 

than does an isolated cis double bond with an isolated triple bond, 

the synthetic utility of this process is not seriously diminished. 

Unfortunately this favorable selectivity does not hold for a 

dienyne where the triple bond lies in the center. Addition of one 

mole of hydrogen to 1- cyclohexenylbut- 3- en -1 -yne gives rise to at 

least six products. Both the specificity for the triple bond and the 

stereospecificity are markedly reduced, and cis-l- cyclohexenyl- 

1, 3- butadiene constitutes only 47% of the product. A semiquantitative 

study of the hydrogenation of 1, 2- dicyclohexenylacetylene confirms 

the generality of this observation. 

This information was used to design a synthesis for trienes 

with a cis central double bond. In this semireduction of an enyne 

system is followed by introduction of the third double bond by an 

elimination reaction. The scheme is illustrated here for the 

preparation of 1- cyclohexenyl- 1(cis), 3- butadiene from 1- ethynyl- 

cyclohexene. It has also been applied to the synthesis of 1- cyclo- 

hexenyl-1(cis), 3- pentadiene. A mixture of cis and trans isomers 

at the 3 -ene center was obtained. The method should prove of 

considerable utility for the synthesis of specific isomers of many 

trienes. 
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SEMIHYDROGENATION IN CONJUGATED SYSTEMS AND 
ITS APPLICATION IN THE SYNTHESIS 

OF TRIENES 

INTRODUCTION 

The synthesis of conjugated trienes with a cis central double 

bond is of interest because of the ready thermal isomerization of 

such compounds to substituted cyclohexadienes, as indicated in the 

following equation. 

Up to the present there has been developed no general 

synthesis for such trienes, and these compounds have been 

primarily obtained by separation of mixtures of stereoisomers. 

We have undertaken to develop a generally useful route to such 

compounds. The result of the investigation has been the develop- 

ment of a synthetic scheme which will be generally useful for the 

synthesis of conjugated trienes with a cis central double bond. 

,-''',,R 
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HISTORICAL 

Amongst the syntheses of disubstituted double bonds with 

a cis configuration, the semihydrogenation of alkynes is of great 

importance. This is due to its remarkable simplicity and to the 

ready availability of alkynes of widely varied substitution. Despite 

the attractiveness of this method, its great success, and its con- 

sistent employment, very little has been done with respect to a 

quantitative assessment of its utility when the acetylenic bond is 

part of a conjugated system. This section of the thesis will cover 

what has been done with semihydrogenation of triple bonds in 

conjugated systems in an attempt to determine the limitations and 

general scope of the method. 

The catalyst most widely used to prepare cis olefins is the 

Lindlar catalyst (30). It is reported to be highly specific for 

acetylenic bonds even when olefinic bonds are present in the mole- 

cule. However, reports on the successful use of this catalyst vary 

greatly, with very good specificity for isolated acetylenic bonds to 

poor specificity, especially in conjugated dienyne systems. 

Burwell (15) has written a review article which covers some 

aspects of semihydrogenation of acetylenic compounds. In it he 

reports that the Lindlar catalyst and also Raney nickel modified 

by the addition of zinc acetate and piperidine appear to be relative- 

ly selective for the semihydrogenation of the acetylenic bond. 

Raphael (42) in his book on acetylenic compounds also covers 

examples where catalytic semihydrogenation was used successfully 
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in the synthesis of olefinic compounds. 

Semihydrogenation of isolated acetylenic bonds appears to 

provide good specificity with regard to preparation of the cis olefin. 

Generally the yields of cis olefin are above 90%. Thus the hydro- 

genation of di- (1- hydroxycyclohexyl)- acetylene with Lindlar catalyst 

gave the cis olefin in 95% yield (41). Cram (16) was able to obtain 

the cis -paracyclophene A in about 75% overall yield, infrared 

spectral data indicating that the cis isomer was the primary 

product. 

(CH2)4 
-1 

III 

(CH2)4 

H2 

Pd/BaSO4 

A 

(CH2)4 
' 

C -H 

Ili 
C-H 

(CH )4 2 

In a similar system, Blomquist, Burge, and Sucsy (12) were able 

to prepare cis- cyclodecene from cyclodecyne using a Pd /BaCO3 

catalyst in 70% yield. Again, infrared analysis was used and 

showed that a trans double bond was absent (no absorption in the 

region 970 -980 cm. 1), but did show the presence of the cis olefin 

(strong absorption at 706 cm. 1). These examples are unusual 

because of the bulk about the acetylenic bond or the special geo- 

metry but the results show the excellent specificity normally 

arising in reduction of isolated acetylenes. 

There has been one example of trans catalytic semihydro- 

genation of an isolated acetylenic bond reported. Mondon (33) 

7 



found that semihydrogenation of 1-(1- hydroxycyclohexyl) -3- methyl- 

1- butyn -3 -ol with a Palladium catalyst and a small amount of 

quinoline gave the trans olefin as the predominant product. Use of 

larger amounts of quinoline, however, gave the cis isomer as the 

major product. This was proven by synthesis of the trans olefin 

via sodium in liquid ammonia reduction of the acetylene, and 

comparison with the product from the hydrogenation using small 

amounts of quinoline. The analysis was facilitated by the fact that 

both products were solids, the cis isomer melting at 80° and the 

trans isomer at 91 °. 

Raphael and coworkers (17) have studied the stepwise 

hydrogenation of undeca -1, 7 -diyne to determine the selectivity and 

stereospecificity using a variety of catalysts. They found that each 

step in the hydrogenation gave predominantly one product, from 

which they note the order of selectivity to be ethynyl> disubstituted 

acetylene> vinyl> 1, 2- disubstituted olefin. 

CH3-(CH2)2- C C -(CH2)4 H2 
=CH 

1 mole l 
H2 

CH3(CH2)2-C =C -(CH2)4-CH=CH2 
1 mole 

cis 
CH3(CH2)2 -CH: CH -(CH2)4 - CH =CH 

cis & trans 
CH3- (CH2)2 -CH = CH- (CH2)5 -CH3 

H2 

1 mole 

4 
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The product after absorption of one mole of hydrogen was 

shown to be virtually pure undec- l- en -7 -yne on the following basis. 

Total hydrogenation required 2.91 molar equivalents of hydrogen. 

The test for terminal acetylenes (formation of the silver salt with 

silver nitrate) was negative and there was no absorption near 

3300 cm. 1 in the infrared. Strong absorption at 908 and 994 cm. 1 

indicated the presence of the terminal vinyl group. Ozonolysis 

followed by a reductive workup and product analysis (dinitrophenyl- 

hydrazone formation and chromatography) showed only dec-6-ynal 

and formaldehyde. 

The product after absorption of two moles of hydrogen was 

proven to be predominantly cis -undeca -1, 7 -diene by the following 

evidence. Total hydrogenation required 1.95 molar equivalents of 

hydrogen. Infrared analysis indicated the presence of a cis olefin 

by strong absorption at 724 cm. 1 and a terminal olefin by absorption 

at 908 and 994 cm- .1. Ozonolysis as described above indicated the 

presence of formaldehyde, butanal, and hexandial. 

After three moles of hydrogen had been absorbed undec -4- 

ene was obtained. This was indicated by the following data. Total 

hydrogenation required 0. 97 molar equivalents of hydrogen. The 

terminal olefinic group was no longer present as shown by the lack 

of absorption at 908 or 994 cm.l and the presence of about 50% 

trans isomer was indicated by strong absorption at 968 cm71. The 

ratio of cis to trans isomer was determined by comparison with 

authentic samples of cis and trans undec- 4 -ene. 



The unexpectedly high percentage of trans isomer in this 

last step was confirmed by semihydrogenation of undec -4 -yne in 

ethyl acetate using a variety of catalysts, the worst showing up to 

68% trans product. Only Lindlar catalyst gave satisfactory results, 

leading to at least 96% of cis -undec- 4 -ene. 

The use of semihydrogenation in conjugated systems is of 

more direct interest here. Various catalysts have been used, but 

again the best results are obtained with Lindlar catalyst or Raney 

nickel in the presence of zinc acetate and piperidine. The analysis 

of these systems is complicated by the fact that we must consider 

the selectivity of hydrogenation with regard to the triple bond as 

well as the stereospecificity. Data in this area are limited and in- 

complete. The most common application is in the synthesis of 

polyenes related to vitamin A and the carotenes. The cis polyene 

formed has usually been identified by spectral data and by its 

ability to undergo isomerization to the stable all trans form. 

From the available data it appears that the overall specificity 

depends to an appreciable extent on the position of the acetylenic 

bond. If it is the terminal member of the conjugated chain, the 

specificity is usually reasonably good. For example, Oroshnik and 

Mebane (38) were able to hydrogenate the enyne compound B with 

Lindlar catalyst to give cis product in good yield (85%). 

CH2-C 
çH3 

H-C : C° C° CH - CH2OCH3 
H 

B 

6 

- 
3 
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The product was identified by comparison of its spectrum with that 

of the trans isomer which was made by LiAIH4 reduction of the 

acetylenic compound. The acetylenic starting material showed 

max 228 mkt (E = 17, 000), while the cis isomer had Amax 229 

m1.t (E z 14, 600) and the trans isomer, Amax 235.5 m» (E _ 

22, 100). Infrared analysis also showed the trans isomer to have 

strong absorption at 978 cm.l while the cis isomer showed only 

weak absorption in this region. 

The same authors were able to semihydrogenate the series 

of trienynes below, in moderate yield. 

(a) R = -nC4H9 

H3 CH3 
/CH-CH=C-C _C-R (b) R = -CH2-Ç-CH=CH2 

OH 

(c) R -CH-CH3 
OH 

In example (a) 27.8 g of the crude semihydrogenation mixture 

yielded 14.2 g. of chromatographically pure product. There was 

indication of the presence of some over -reduced and unreduced 

material in the crude semihydrogenation mixture. In (b) chromato- 

graphy of 33.5 g. gave 13.5 g. of chromatographically pure product. 

Compound (c) was purified by means of its acetate, 24.0 g. of the 

alcohol before acetylation giving 18.5 g. of chromatographically 

pure acetate. In all of these examples, chromatographic separation 

was difficult and the isolated product certainly indicates a minimum 

yield. 

n 

- 
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When the acetylenic bond is an internal member of a con- 

jugated chain the selectivity of hydrogenation usually decreases. 

However, this effect seems to be most pronounced for the simplest 

systems of this kind, i.e. conjugated dienynes. With longer un- 

saturated systems the decrease in selectivity is not as pronounced 

and catalytic semihydrogenation has been used successfully for the 

synthesis of such polyenes. 

The considerable loss of selectivity for reduction of the 

triple bond can be seen in the following examples. Oroshnik and 

Mebane (38) tried the semihydrogenation of dienyne C, but they 

were not able to isolate the pure triene in acceptable yield, even 

by chromatography. 

CH3 
I H2 " 

CH3 -CH=C -C 7C -CH=C -CH-CH3 
I 

OH 

C 

Chromatography on alumina showed the main band to contain 

diene (over-reduced material) in the front half and unreduced 

material in the latter half so that only 3. 8 g.of triene could be 

obtained from 30.1 g. of the original dienyne. Separation was so 

poor it was not possible to determine the exact amount of triene 

produced. 

Inhoffen (25) reduced di- l -cyc lohexenylacetylene and 

obtained over -reduced and unreduced material as well as the 

triene. Again chromatography was unsuccessful in separating 

the components of the mixture. However, iodine isomerization of 
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the reduction yielded about 50% of the trans isomer, indicating a 

moderate degree of selectivity. However, the extinction coefficient 

which he reported for the trans triene is much less than that reported 

by other workers (13). 

In one case it was found that if one of the terminal unsaturated 

entities was a ketone the hydrogenation was also nonspecific (49). 

Thus semihydrogenation of 1- (fi1- cyclohexenyl) -1- butyn -3 -one gave 

a mixture of products from which the cis -dienone could not be iso- 

lated. The reduction mixture was found to consist of the trans pro- 

duct, unreduced starting material, over - reduced material, and an 

enol ether which could arise from the cis -dienone. 

Semihydrogenation has been used in longer conjugated systems 

to prepare polyenes with one or more cis - olefinic bonds. Oroshnik 

(36, 38) has done work in the area of polyenes related to vitamin A. 

The following examples are from his work. 

-_--4 c hr or . 
CH2OH i 

H2OH 

40% overall yield 

H2OH 

50% overall yield 

CH2OH N 
HZ chroT. 
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CHOH -CH 
H2 

Raney Ni 

CH2OCH3 I 

H2 

2 Raney Ni 

CHOH-CH3 
12 

> all 
trans 

CH2OCH3 

I2 
all trans 

The yields in the first two examples refer to chromato- 

graphicallypure material. On iodine isomerization they gave the 

all trans isomer. In the latter two cases the yield of chromato- 

graphically homogeneous material was 45% and 23% respectively. 

Although the yields are not very high, they probably are acceptable 

because of the complexity of the systems. It is interesting to note 

that in the latter two examples Lindlar catalyst was completely in- 

effective in bringing about the hydrogenation while Raney nickel in 

methanol with added zinc acetate and piperidine was successful. 

Akhtar and Weedon (2) were able to make 15, 15' -cis- 

Echinenone in 85% yield by semihydrogenation of the acetylenic 

compound. 

-V 
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H2 
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The yield was based on recrystallized product. Structural assign- 

ment was made because the ultraviolet spectrum showed a strong 

cis peak and because the product underwent isomerization to the 

known all trans isomer. 

Isler (26) was able to prepare 15,15'-cis- -carotene by a 

similar semihydrogenation procedure. The yield of product with a 

melting point range of 150 -151° was 95%. The spectral data 

support the assignment since a strong cis peak appeared in the 

ultraviolet and a medium band at 755 cm. 1 was found in the infrared 

which was not present in the spectrum of the all trans isomer. 

He was also able to prepare 11, 11'- dicis- (3-carotene by 

semihydrogenation of a diacetylenic compound (27). 

i 
--=-\ 

O 

I2 

3 



12 

H2 
Lindlar 

_r 
11, 11'-dicis- -carotene 

The product showed a sharp melting point of 154° and its ultra- 

violet spectrum was degraded as compared to that of all trans - - 

carotene. The infrared spectrum again showed a band at 760 cm7 

which was not present in that of the all trans form. 

Furthermore, Isler (28, 43, 44, 51) has used catalytic 

semihydrogenation in the synthesis of many other polyenes, but 

his primary interest was in the all trans isomers and the crude 

reduction mixtures were isomerized before the products were 

isolated. 

Another area in which semihydrogenation has been used 

successfully is in the preparation of diphenylpolyenes. The two cis 

isomers of 1, 4- diphenylbutadiene have been prepared by the reduct- 

ion of the corresponding acetylenic compounds (40). However, in 

these cases the yields were low and the products were only used 

for identification and determination of physical properties. 

1 



- C=C -CH =CH._ 

=C -C= HZ 

cat. 

Akhtar and Weedon (1) have prepared various cis isomers 

of 1, 8-diphenyl -1, 3, 5, 7- octatetraene by semihydrogenation of 

acetylenic compounds. 

-C =C -CH=CH-CH=CH-CH=CH 

, H2 
Lindlar 

/- 

-CH=CH-C =C -CH=CH-CH=CH 

H? 
Lindlar 

/--\ --=\ _\ 

13 

> 

7= 

/ 

) Et014 

/ \ 

( 
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CH=CH-C =C -C =C -CH=CH - 
H2 

Lindlar % 

In the first example the product was only isolated in the 

crude form in about 40% yield. Therefore the spectral data are not 

especially accurate although the ultraviolet spectrum shows peaks 

at 280 mkt and 368 mkt . 

The second product, recrystallized from petroleum ether, 

was obtained in 60% yield. Its ultraviolet spectrum showed maxima 

at 275 mix ( E = 24, 500), 284 m t,t (a = 17, 500), 355 m {,l (E = 

59, 500), 373 m},t ( = 78, 000) and 393 m,p. (E, = 85, 00/0). Note that 

the main maxima shows a decrease in extinction coefficient when 

compared to the all trans isomer. The spectrum of this latter 

isomer exhibits peaks at 355 mp. (E.: 71, 500), 373 mkt ( E. 

108, 000) and 395 mp ( E. = 85, 000). 

The 3, 5- dicis -1, 8- diphenyl -octatetraene was isolated in 

31% yield by recrystallization from petroleum ether. The ultra- 

violet spectrum showed a lower extinction coefficient than either 

the all trans isomer or the 3- cis -1, 8- diphenyl -octatetraene as 

well as a slight hypsochromic shift, the spectrum showing maxima 

at 350 mp. (E = 37, 000), 370 mp. (E = 48, 000), and 390 my. (E. = 

31, 000). 

E 
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The highly unstable all cis -deca -2, 4, 6, 8- tetraene was pre- 

pared in 20% yield by semihydrogenation of cis, cis -deca -2, 8- 

dien-4,6-diyne by Holme, Jones and Whiting (23). The product had 

a melting point range of 60 -63° and showed a strong band at 668 cm, 1 

and only weak absorption in the region 940-1000 cm. 1 . 

Sondheimer and coworkers (48) have prepared cyclic polyenes 

(annulenes) by semihydrogenation of corresponding polyenynes. An 

example is the preparation of D18] annulene. In this case Pd /C gave 

better results than Lindlar catalyst, and the best yields (31-32%) 

H 

FIN) 
H 

I I H 

were obtained when the hydrogenation was run until 5 -6 molar 

equivalents of hydrogen were absorbed. However, the product 

formed requires overall trans addition of hydrogen, and the 

stoichiometry requires that there be a large amount of over -re- 

duced material. Somewhat greater net yield was obtained if the 

theoretical amount of hydrogen was added and the starting material 

recycled. The product showed the bathochromic shift and increase 

in intensity which is normally observed when going from a polyenyne 

to a polyene. Furthermore, the structure of the product was proven 

\.2; 

H 

H H H H 
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by three dimensional x -ray analysis. 

Conjugated trienes have been prepared, but as far as we 

know there has been no satisfactory synthesis developed with the 

formation of the cis central double bond as a specific goal. Thus, 

although both isomers of 1, 3, 5- hexatriene have been isolated (24) 

separation of the isomers involved fractional crystallization for 

the trans isomer and purification of the cis isomer by removal of 

trans -1, 3, 5- hexatriene by Diels -Alder reaction with maleic an- 

hydride followed by distillation of the cis triene. Although physical 

constants such as boiling points and refractive indices were reported, 

the spectral data were given only at three wavelengths with no 

indication whether these were maxima or not. 

A partial list of other trienes thus far prepared is given in 

Table VII. The scarcity of examples with a cis central double bond 

is an indication of the difficulty of getting to such a system. All 

examples which have a cis central double bond were prepared by 

isomerization of the all trans triene and separation of the products. 
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DISCUSSION 

The thermally induced valence isomerization of conjugated 

trienes with a cis central double bond to cyclohexadienes has proven 

to be of considerable interest. Prior to any thorough investigation 

of this reaction development of synthetic methods capable of forming 

the proper stereoisomer in good yield is necessary. There are only 

two general routes to cis double bonds, cis addition to a triple bond 

and stereospecific elimination from an appropriate stereoisomer of 

a saturated compound. Of these two the former appears, a priori, 

to present fewer problems and this thesis will describe some 

studies related to the development of a synthetic scheme based on 

this reaction. 

It has long been known that catalytic hydrogenation of an 

isolated disubstituted acetylenic bond leads to formation of a cis 

olefin with a reasonably high degree of specificity (see reference 

42 and others cited therein). Generally the cis olefin is accompan- 

ied by about 5% of the trans isomer. The presence of other multiple 

bonds places a heavier demand on the capacity of the catalyst, in 

that specificity for reduction of the triple bond (selectivity) must 

accompany the desired stereospecificity. The case of unconjugated 

multiple bonds was investigated by Raphael et al. As discussed in 

the historical section of this paper they studied the stepwise reduct- 

ion of undeca -1, 7- diyne. Their results showed the following order 

of selectivity; terminal acetylenes >1, 2- disubstituted acetylenes> 

terminal olefins >l, 2- disubstituted olefins. 
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Further problems are introduced when the other multiple 

bonds are brought into conjugation with the triple bond. The 7Y 

orbital overlap in this system may alter the effective size of the 

substituents attached to the triple bond, and possibly the nature of 

the adsorption and desorption from the catalyst surface. The size 

effect is probably most clearly evident in the cis olefin formed, 

where saturated substituents can orient themselves in such a way 

that the groups facing each other are bracketed while the coplanarity 

requirement of conjugated systems requires that there be two groups 

directly opposed to each other (see Fig. 1). 

R R 
R 
``C 

R R=,C R 
C=C 

H H 

Isolated System 

Figure 

R R' 

C=C 

R' /C- C\ R 

H H 

Conjugated System 

No semiquantitative study of catalyst specificity in such a system 

has been made, so that was the first area of our investigation. 

The following compounds were chosen for study because 

they provide a wide variety in the environment of the acetylenic 

bond and because they are easily prepared from readily available 

starting materials. 

C=C 

1. 

R 
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I 

IV 

C=CH 

-CH=C -CH=CH2 

II 

.0 -CH3 

III 

=C 

V 

C=C- 

CH3 

In all cases except V analysis was made with gas chromatography 

either by isolation of the components and study of their spectra or 

by internal comparison with known samples synthesized for this 

purpose. The results of this study are shown in Table I, Several 

interesting conclusions may be drawn from the data. The first 
three examples show that the stereospecificity of semihydrogenation 

is not markedly altered by conjugation of the triple bond with a 

single trisubstituted double bond. Second, the ratio of the rates 

of reduction of a monosubstituted triple bond and a monosubstituted 

double bond is about equivalent to that of a disubstituted triple bond 

vs. a disubstituted double bond, and both of these reduce much more 

rapidly than a trisubstituted double bond. Third, a moderate in- 

crease in the bulk about the triple bond does not notably change the 

selectivity or stereospecificity of the hydrogenation, Therefore 

when conjugation between a single triple bond and a double bond is 

O- 

O C 



TABLE I. Products of Semihydrogenation of Some Conjugated 
Acetylenic Bonds with Lindlar Catalyst. 

1 

2. 

3. 

4. 

II 

-C=CH_ 
I VI 86% 

-C -C -CH3 

VII 8% 

-CH_CH -CH3 

VIII cis 76% 
IX trams 2% 

20 

-C=CH 

16% 

-CH2-CH2-CH3 

X 8% 

-C =C -C H3 

=C -CH2 -CH3 -CH2 -CH3 + 

III XI cis 85% 
XII trans 5% 

-CH2-CH2-CH2-CH3 + -C;C- CH2 -CH3 

XIII 5% 

-C =C -CH =CH2 -a -CH =CH-CH =CH2 + 

IV XIV cis 47% 
XV trans 7% 

-CH_CH -CH2 -CH3 + 

XI cis 13% 
XII trans 8% 

«-CC-CHCH2 + 

IV 8% 

H2-CH2-CH2-CH3 + 

XIII 4% 

-C =C- CH2 -CH3 + 5% products 
not identified 

III 8% 

II 14% 

+ O--CH2C13÷ 

+ 

III 5% 

v 
O / 
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involved semihydrogenation is acceptable for preparative purposes. 

From the data given in the historical section it appears to be 

appropriate to extend this principle to a triple bond when it is the 

terminal member of a longer conjugated system. 

This favorable result does not extend to the case where the 

triple bond is flanked by double bonds. In this case both the select- 

ivity and stereospecificity appear to be markedly reduced. Thus by 

comparing the results of examples 3 and 4 we find that the cis /trans 

ratio is reduced from 17 to about 7 . More important , the yield of 

cis triene is reduced by a factor of about 2, making this process 

unattractive for preparative purposes. In comparison with the other 

cases, the loss of cis triene appears to be due to the competitive 

reduction of the terminal double bond. In this case the competition 

appears to be a far more serious factor than was observed by 

Raphael et al. in the reduction of undec- l- en- 7 -yne. However, it 

would appear reasonable that this competition should be reduced if 

the second double bond were not of a vinyl type; e.g. a disubstituted 

or trisubstituted double bond. Accordingly, the semihydrogenation 

of V was studied. Since the products were not stable to gas 

chromatography we were unable to employ the analytical methods 

used previously. Thus the complete spectrum of products could 

not be identified in this example. 

The ultraviolet spectrum of the reduction mixture shows a 

maximum at about 245 m»L. (E = 12, 400) with inflections at 254 mp. 

(E : 11, 200), 265 mkt. ( E: 8700), and 277 miu. ( E= 4820). On 

isomerization with iodine the mixture gives an ultraviolet spectrum 
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with four maxima at 248 mj,t (C = 12, 300), 257 my. (E = 18, 000), 

267 m» (E = 22, 500), and 278 mill ( E = 17, 200). Inhoffen (25) who 

studied the same system, obtained similar results although he does 

not report a maxima at 247 mkt. for the isomerized product. 

Braude and Wheeler (13) who prepared trans-1,2-di-A -cyclohexenyl- 1 

ethylene by another route, give the following spectral data; )l max = 

259.5 m jA ( E. = 35, 000), 269 m,p. (E = 42, 000), and 281 m).A.( E _ 

37, 000). If their extinction coefficients are correct, the isomerized 

product cannot contain more than 50% trans triene. We cannot say 

exactly how much of the trans isomer was present in the reduction 

mixture itself but if we assume again a cis /trans ratio of about 7, 

this would correspond to ca.40% cis hydrogenation. In any case 

the data do reflect the loss of selectivity for reduction of the triple 

bond as compared with the double bonds. These results are in 

accord with those obtained by Schlatmann and Havinga (45) who 

studied a related system. It is interesting to note that qualitative 

data available from polyene syntheses suggest that this loss of 

specificity does not increase with increased conjugation and may 

even be improved in some cases. 

While our present knowledge of the mechanism of hydro- 

genation is not sufficient to permit a thorough analysis of the 

changes in specificity observed in the systems we have studied, it 

is interesting to speculate on some possible explanations of these 

results. If we assume, in accord with the Polanyi -Horiuti theory, 

that dissociative adsorption on the catalyst surface precedes the 

addition of hydrogen, then the stereospecificity will be due to 

/ 



diadsorption on the catalyst surface (Fig. 2). The diadsorption can 

presumably occur with the formation of a -bonds to the catalyst 

R R 

R-C _C -R + Ç =C or R -Ç =Ç -R 
catalyst surface 

0-adsorption ?( adsorption 

R \ C= 
H/ H 

Figure 2. 
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( o- adsorption) or by 1Ìcomplexing with the catalyst surface ( 

adsorption). The only important difference between the two modes 

of adsorption is that when the R groups are large o- adsorption 

would be hindered in the adsorption process itself, while with the 

71 adsorption their presence would be made manifest in the hydrogen 

addition step. Whichever process is utilized the selectivity for 

hydrogenation of a triple bond in competition with a double bond 

must be due to stronger adsorption of the triple bond. One possible 

explanation is that partial 1Ybonding can occur through both p- 

orbitals of the triple bond. 

_.1 
___4_40,____ 

\ / 
L L 

C 
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In the case of a conjugated enyne, we find that adsorption 

can adopt several possible courses. The "normal" adsorption of 

the multiple bond as described for the isolated system can obviously 

occur at either the double or triple bond. However, if we assume 

that 1Ìadsorption is possible, a new mode of adsorption is also 

available. In this case both the double and triple bond are 7r 

adsorbed on the catalyst surface. 

C-C ;C ./..C 

I C 

I 
I / I i 

I I 

I I I 

I 
ID 

Energetically this may compete effectively with adsorption of the 

triple bond alone. However, the selectivity would not be expected 

to be appreciably affected as addition of hydrogen to the triple bond 

in the normal cis fashion can still lead to normal desorption from 

the catalyst surface. Thus this additional mode of adsorption in 

the conjugated enyne should not materially influence either the 

0 q0 
c, O 

: 
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stereo specificity or the triple bond selectivity. 

When this same idea is applied to the case of a triple bond 

lying between two double bonds, however, the result is quite differ- 

ent. Again the conjugated system may lie flat on the catalyst sur- 

face by Ìadsorption. One would expect that this mode would almost 

certainly be energetically favored over adsorption of the triple bond 

alone. Addition of two hydrogen atoms to the triple bond demands 

that this be desorbed from the catalyst surface and adopt the non- 

linear configuration of a double bond. This can no longer occur 

readily since the ends of the triple bond are held down by adsorption 

of the terminal double bonds. Therefore, addition to the triple bond 

can occur only via desorption of the triple bond and at least one 

double bond simultaneously. Since addition of hydrogen to one of 

the end double bonds can occur by desorption of that bond alone, the 

competition no longer favors the reduction of the triple bond to as 

great an extent as previously. Although this can account for the 

results observed, there is no real evidence to support the theory 

advanced here. 

From these results it is obvious that a preferred method of 

synthesis of trienes with an internal cis double bond should involve 

semihydrogenation of a conjugated enyne system, followed by 

generation of the third double bond without isomerizing the existing 

olefinic bonds. We have developed such a scheme as follows: 
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-C = CH + Li liq 

p-TsCl 

OTs 

N3 
Ç =C Li + H2 ; C H-R 

O H2 

(CH3)3CO 
R 

OH 

=C -CH2 

CHOH 
R 

A) R =H 

B) R = CH3 
CHR 

The reaction of the lithium salt of 1- ethynylcyclohexene with the 

epoxides generally gave yields of about 600, the hydrogenation 

would be expected to give yields of 80-85%, the preparation of the 

tosylates usually went with yields of greater than 90%, and the 

elimination reaction generally gave 40-50% of product. No attempt 

to determine optimum conditions for this elimination step has been 

made. It must be noted here that the final elimination reaction is 

not stereospecific. It appears in the case investigated to give 

approximately equal amounts of the cis and trans isomers. 

During the course of this work some ten new dienes and 

trienes were prepared. For most of these, structural assignments 

were made on the basis of spectral data and the mode of synthesis. 

In addition several new enynes and dienynes were prepared and 

DIVISO 

R 
Hz 

Lindlar \ 

O 
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characterized and their spectral properties will be compared with 

those of the dienes and trienes. In order to illustrate the method 

of structural assignments two examples will be discussed here, one 

in the diene series and the other in the triene series. 

The well known and thoroughly characterized ethynylcyclo- 

hexene was alkylated to give 1- (01- cyclohexenyl)- propyne, which 

was characterized by its spectral properties. The infrared spectrum 

showed the presence of a disubstituted triple bond (2070 cm -.1) and 

the absence of a terminal acetylenic grouping (no band near 3300 

cm. 1). The ultraviolet spectrum, /1 max 224 m ( E. = 11, 600), is 

typical of a conjugated enyne system (see Table IV). This structural 

assignment is confirmed by the n, m. r. spectrum which shows the 

presence of one vinyl hydrogen (6.37S) and the C = C -CH3 grouping 

(singlet, 3H, 2.108 ). 

The major product from the semihydrogenation of this corn- 

pound was characterized as 1- (L1- cyclohexenyl)- cis -l- propene 

(VIII). The presence of a conjugated diene system is shown by the 

presence of three vinyl hydrogens in the n. m. r, spectrum and by 

the ultraviolet spectrum, X max 229 m I.,l ( E = 12, 600). That the 

noncyclic double bond has a cis configuration can be shown by the 

following observations. First, the two vinyl protons HA and HB 

present a typical AB pattern modified by the coupling of HB to the 

protons of the methyl group. The coupling of HA and HB is 13 

c. p. s. which by itself is not especially useful since it is on the high 

side for a cis coupling constant and on the low side for a trans 

coupling constant (29). However, treatment with iodine in diffuse 
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CH3 

HB B 
H HA 

VIII 

daylight gave a rearranged product containing mainly the trans 

product for which JAB = 17 c. p. s, Since Jtrans is usually larger 

than Jcis this does provide reasonable evidence for the cis con- 

figuration of the double bond. 

A second piece of evidence which offers support for the cis 

configuration is obtained from the ultraviolet spectrum of the diene 

and the rearranged product. The spectral changes which occur 

when a conjugated double bond is converted from trans to cis varies 

widely depending in part on the length of the chromophore, its 

shape, and the steric hindrance developed in the conversion. Some 

examples are listed in Tables V and VII. However, the one con- 

sistent feature is that the intensity of absorption for the major band 

is always smaller for the cis isomer. In agreement with this 

principle the isomerization product shows max 230 m (E _ 

26, 800) which is larger than that of the original diene, Xmax 

229 my, ( = 12, 600). 

Recently Wolinsky, Chollar, and Baird (50) have shown that 

dienes containing a cis double bond can undergo a 1,5 hydrogen 

shift at about 300° in the gas phase. They have used the reaction 

as a diagnostic tool for the identification of a cis double bond in a 
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/H C\ 
C C 

\C= C 

H- C 

C C 
C-C 

diene system. We found our diene undergoes this reaction to form 

a new diene which has a terminal double bond as was indicated both 

by infrared and n. m. r. 

CH3 / 
0 
oj 

A number of other enynes and dienes were isolated and con- 

figurational assignments made by analogy with the compound above 

which was investigated in greater detail. The spectral properties 

of the various compounds are listed in Table II. 

The major product of the synthetic scheme shown on p. 26 

has been identified as XIV, the cis triene, by the following data. 

The most informative single piece of evidence is the n. m. r. spec- 

trum, but it is relatively difficult to analyze since all of the 

hydrogens in the molecule are non -equivalent. The only important 

information gained from the methylene proton region of the 

spectrum is that the ratio of allylic to nonallylic methylene groups 

is approximately one to one. In order to simplify the complex 

vinyl proton region of the spectrum a sample of XIV containing 

deuterium at the cis double bond (XIV -d) was prepared (see Fig. 3). 

The vinyl proton region of the spectrum is indeed simplified by 

\ 



TABLE II. Spectral Properties of Enynes and Dienes 
Synthesized. 

Compound 

-C =C -C H3 (II) 

3 VIII 

CH3 
IX 

0-CEC-CH2-CH3 
III 

CH2 -CH3 XI 

H2 -CH3 

XII 

-C =C -CH2 -CH2OH 

XVIII 

CH2-CH2OH XIX 
OH 

-CEC -CH2-CH-CH3 
XX O OH 

CH2-CH-CH3 

* Most characteristic peaks. 

A. max E JAB 

229 12, 600 13 714 

230 26, 800 17 965 

Y 

224 11,600 -- 2070 

225 12, 700 -- 1637 w 

230 12, 800 12 

233 22, 300 16 964 

226 13, 400 - 3300 

229 13, 700 12 3285 

225 13, 100 3400 

228 12, 200 12 3400 
1645 

30 
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CHA 1-/_ 
Y - HB 

D 

XIV -d 
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this technique. An analysis of the pattern produced by the three 

hydrogens on the terminal double bond using an ABX approximation 

gives ?'A = 4. 966. YB = 5. 04 S , YY = 5. 62 , "Y X 
: 6. 786, JAB 

2. 5 c. p. s. , JAX : 8. 9 c, p. s. , and JBX = 18. 6 c. p. s. The 

deuterium region showed only a single peak indicating that both 

deuterons have the same chemical shift, but unfortunately providing 

no data with respect to the important question of the coupling constant 

between the deuterons. 

The infrared spectrum of XIV shows no bands which can be 

definitely assigned to the out -of -plane bending motions for the cis 

olefinic hydrogens. A band at 829 cm .1 was still present in the 

deuterated product and therefore cannot be assigned to that motion. 

On the other hand no absorption near 965 cm-.1 is found, indicating 

that there is no trans double bond present. The ultraviolet spectrum 

shows three peaks, .k max 259 m j, (sh) ( E : 18, 600), 264 m j (E _ 

20, 800), and 272 my. (sh) (E = 17, 300), and the intensity of these 

bands is consistent with a cis configuration for the double bond. 

Iodine isomerization leads to a great enhancement in the intensity 

of absorption and better resolution of peaks,/ max 255 m (E. 

22, 700), 262 my. (E = 29, 100), and 272 m (E = 24, 800). This 

isomerization product shows a different spectrum in the n. m. r. 

S = 

µ 
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and a band at 965 cm.1 in the infrared. 

Finally, the cis configuration of the double bond is confirmed 

by the valence isomerization which XIV undergoes when heated. 

Heating in a sealed tube with heptane as solvent at 150° for five 

hours led to 2, 4- hexalin. The ultraviolet spectrum supported the 

cyclic diene structure, A max 267 m», (E. = 3, 400). Dehydrogenation 

of the product gave naphthalene which was identified as its picrate. 

The identity of the major constituent of the synthesis product 

having been established the question of its purity must be faced. 

It is possible to make two independent assessments of the purity. 

Since the alcohol obtained from the reduction of 1- (p1 -cyclohexeny1)- 

1- butyn -4 -ol was not purified, it must contain the usual array of 

products shown earlier to be obtained in such cases. Thus we can 

expect ca. 85% cis -diene, 5% trans -diene, and 10% of a mixture of 

starting enyne plus 4 -(A 1- cyclohexenyl)- butan -1 -ol. Thus the 

hydrocarbon product of the elimination reaction may be expected to 

contain the following possible products. 

CH2-CH2OTs 
(CH3)1CO> 

DMSO 

f 

IV 

-C EC -CH_CH2 

XIV 

f 

XV 

XXII 

t 
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Assuming a 50% yield in the elimination step the worst possible 

case could theoretically magnify the percent of any product by a 

factor of two with respect to the amount of precursor present in the 

substrate. Since no methyl protons appear in the n. m. r, spectrum 

of the product we assume no rearrangement of the double bond 

positions occurred. If we assume also that no stereomutation has 

taken place then the percent of XIV in the product should lie between 

70 -85 %. 

Gas chromatography of the product causes a valence isomeri- 

zation of XIV. If we assume that this is a quantitative reaction the 

gas chromatographic analysis indicates that the content of XIV in 

the product is 75 -80%. These estimates are in good agreement 

and we feel that they provide reliable information about the purity 

of the product. The results suggest that careful purification of the 

semihydrogenation product would permit the obtaining of the cis - 

triene in high purity from this synthesis. 

The triene XVI was characterized by analogy with XIV. 

with respect to its method of preparation and in its spectral 

properties. The n. m. r, spectrum of VXId (see Fig. 4) can be Bi- 

sected into a component which shows an ABX3 type pattern with 

(JHA 
/ \ 

H / 1 

D D 

XVId 

CHBCH3x 



 

J 

I ' 

7. 0 
' 6.0 

Figure 3. Vinyl Hydrogen Region of XIV -d. 

V 

I 

7. 0 6. O 

. 

P 

5. 0 

Figure 4. Vinyl Hydrogen Region of XVI -d 
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16 c. p. s. HA appears as a doublet centered at 6. 53ó and JAB = 

HB appears as two overlapping quartets (split by HX), one centered 

at 5.448 and the other at 5. 708 . These quartets are superimposed 

on the band due to the cyclohexenyl proton accounting for the complex 

pattern. The doublet due to the allylic methyl group was centered at 

1. 728 and appeared as two separate doublets indicating a mixture 

of cis and trans isomers for the terminal double bond. The infrared 

spectrum is not particularly useful as we have two olefinic bonds 

which can assume a cis or trans configuration. Therefore both 

the parent triene and the deuterated triene show absorption near 

965 cm .1 but this is probably due to the terminal double bond. The 

ultraviolet spectrum shows the same relationship between the triene 

and its iodine treated product as did XIV, i.e. an increase in the 

intensity of absorption. XVI shows A max 257 my (E _ 19, 500), 

265 m? (E = 22, 500), and 274 mpg (sh) (E = 17, 600), while the 

isomerized product shows Amax 255 mu ( 25, 888), 264 mu 

(E 34, 000), and 275 mp. (E. 27, 600). The triene undergoes the 

thermal valence isomerization to 1- methyl -2, 4- hexalin. 

The trienes are light, mobile, colorless liquids which proved 

to be more stable than expected. Samples stored under nitrogen in 

the refrigerator remained clear and liquid for many months. Al- 

though only two trienes have thus far been prepared in this manner, 

it is clear that this method can be extended to other trienes as well. 

= 

= 



TABLE III. Spectral Properties of Dienynes and Trienes 
Synthesized. 

C ompound max E 

C =C -CH=CH2 IV 

XIV 

XIV -d 

CHCH3 

-C_C- 

XVI 

XVI -d 

CHCH3 
XVII 

V 

229 14, 900 2200 
269 (sh) 12, 300 917 

259 (sh) 18, 600 900 
264 20, 800 
272 (sh) 17, 300 

255 (sh) 19, 400 2200 
262 23, 000 900 
271 18, 700 

255 22, 700 968 
262 29, 100 920 
272 24, 800 

257 (sh) 19, 500 
265 22, 500 
274 (sh) 17, 600 

259 (sh) 22, 600 
265 26, 600 
274 (sh) 20, 900 

255 25, 800 
264 34, 000 
275 27, 600 

251 (sh) 14, 700 
260 17,900 
274 13, 100 

715 

2250 
960 

985 

36 
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TABLE IV. UV Spectra of Enynes. 

m 
Compound max ( %) E x 10 Ref. no. 

CH3-CHSCH-C=CH 221.5 1.18 8 

CH3-CHtCH-C=CH 

H3 

CH3-CH_C-C=CH 

O- CECH 

C _C -CH2 -CH2-CH2-CH3 

r-vOH 
vAC=C-CH_CH2 

OH 

C EC -CH=CH-CH3 

222.5 1.21 8 

220.5 1.07 38 

223.5 1.05 21 

227 1.05 21 
230(sh) 1.00 

224 1.35 21 
234 1. 15 

226 1.45 21 
234(sh) 1.20 

OH 

C =C -CH=CH-CH2OH 226 1.25 21 

CH3-C=C-CHICH-COOH 245.5 1.60 4 

CH3-C=C-CHtCH-COOCH3 257 1.90 4 

CH3-C=C-CHkH-COOH 244 1. 10 4 

CH3-C_C-CH6CH-COOCH3 258.5 1.40 4 

247 1.15 CH3-CHtCH-C=C-COOH 283(sh) 0.098 
4 

250 1.30 CH3-CHtCH-C=C-COOCH3 
286(sh) 0.15 

4 

CH2-Clf=CH-C =C -COOH 246 1.05 4 
283(sh) 0.095 

CH3-CHCH-C=C-COOCH3 249 1.15 4 
286(sh) 0.10 

HOCH2-CHCH-C =CH 223 1. 12 8 

t 
HOCH2-CH=CH-C =CH 223 1.26 8 

o- \ 
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TABLE IV. (Continued). 

Compound max (m14) E. x 10 -4 Ref. no. 

CH3-CHOH-CH=CH-C =CH 222 1. 17 8 

CH3-CHOH-CHtCH-C_CH 223 1.40 8 

C1CH2-CHc=CH-C=CH 227 1.18 8 

C1CH2-CHtCH-C =CH 227 1.40 8 

CH3-CHC1-CHSCH-C=CH 225.5 1.24 8 

CH3-CHC1-CHtCH-C=CH 226.5 1.51 8 

CH3 CH3 

CH3 -CH_C -C EC -CH2 -C _CH-CH2OCH3 

224 1.38 38 



TABLE V. UV Spectra of Dienes 

Compound 

CH3-CHtCH-CH_CH2 

CH3-CHSCH-CH_CH2 

CH3-CHtCH-CHtCH-CH3 

CH2_CH-CHtCH-CHOH-CH3 

CH2=CH-CHtCH-CHOH-CH2-CH3 

CH3 CH3 

CH2_C-CHtCH-C-CH3 
I 

OH 

CH3-CHtCH-CHtCH-COOH 

CH3-CHtCH-CHtCH-COOCH3 

CH3-CH.SCH-CHtCH-COOH 

CH3-CHCH-CHtCH-COOCH3 

CH3-CHtCH-CHkH-COOH 

CH3-CHtCH-CHCH-COOCH3 

CH3-CHCH-CHCH-COOH 

CH3-CHSCH-CHCH-COOCH3 

0,._CHtCH-CHtCH- 0 
0-CHtCH-CH=CH- © 
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max (m» E x 10 -4 Ref. no. 

227 2.24 6 

227 2.09 5 

227 2.25 39 

225 2.17 3 

225.5 2.78 3 

229 2.46 3 

254 2.6 4 

258.3 2.65 4 

260 2.25 4 

262 2.35 4 

257 2.10 4 

260.5 2.15 4 

259 2.00 4 

263.5 1,90 4 

328 5. 5 40 

313 3 40 

1k 



TABLE V. (Continued). 

Compound /max (r11/1° E x 10-4 

40 

Ref. no. 

Q-CHkH-CHkH- 0 299 3 40 

0-CHtCH-CH=CH2 280 3. 15 22 

i t -CH=CH-CH_CH2 

=CHtCH 

267 2.00 19 

373 

= C- CHCH -O 357.5 

CH3 CH3 

CH3-CH=C -CH.CH-CH2-C =CH-CH2OCH3 

225.5 ' 5. 90 38 

4.7 32 

3.46 32 

CH3 
6cCH=CH-6-C=CH 236 0.58 37 

(VT OH 

I 

CH3 
I H3 

CH2-CH=C -CHOH-CH=CH-C =CH-CH2OH 

239 1, 78 38 
CH3 

t 
CH3 

CH2-CH=C-CHOH-CH=CH-C-CH-CH2OH 

end absorp. 38 

CH2OCH3 

235. 5 

229 

2.21 38 

1.36 38 

j / \ 

I 

CH3t 
H2OCH3 

OH 
CH3 

6,OH 

- - -- 



41 

TABLE VI. UV Spectra of Dienynes. 

Compound (m ;) max / E.. x 10 -4 Ref. no. 

ÇH3 CH3 
CH2=C -C =C -C =CH2 

CH3 

CH2=C-C=C- C 
CH3 

CH2=C -C _C - O 

O.-C=C-CH_CH2 

0-C=C-CH=CH-CH2OH 

O_C _C -CH_CH-CH3 

CEC -C 

O- CEC _O 

C-C -O 

-OCH3 

252.5 1.45 7 

261.5 1.30 7 

260 1.15 7 

261 1.45 21 

264.5 1.30 21 

264 1.30 21 

265 1.50 7 

262.5 1.25 7 

275.5 0. 90 

256(sh) 1.51 
262 1.89 25 
276 1.48 

264.5 1.475 7 

a 
O_C=C -0 



TABLE VII. UV Spectra of Trienes. 

Compound Amax (m/() E x 10-4 

42 

Ref. no. 

CH2_CH-CHt CH-CH_CH2 
247. 5 
257. 5 

267. 5 

6. 80 
7.9 13 
5.6 

t 247 3.40 
CH2-CH-CH-CH=CH2 258 4.37 3 

268 3.59 

t 251 4.08 
CH2=CH-CH:-CH-CH-CH3 260.5 5.32 3 

271.5 4.63 

CH2=CH-CH: CH-CHc=CH-CH3 
263 
273 

4.08 3 

3.69 

254 2.75 
CH2=CH-CH:-.t -CH2-CH3 264 3.46 3 

274 2. 72 

255 3.46 
CH3-CHtCH-CHtCH-CHtCH-CH3 265 4.74 3 

276 3.67 
t 

CH3-CHtCCH-CH=CH-CHCH-CH3 267 3.35 
3 

CH3 CH3 252 3.10 
CH2=C -CHtCH-C =CH2 261 4.21 3 

272 3.22 

CH3 CH3 

CH2_C-CHtCH-C,CH2 
251 
261 
271 

3. 7 
4.6 13 
3.4 

CH3 -CHt CH-CHt CH-CHtCH-CH2OH 
264.5 5.30 39 

- CHt CH -O O 

275(sh) 2.53 
284 2.93 37 
294 2. 10 

259.5 3.4 
269 4,26 14 
281 3.6 



TABLE VII. (Continued). 

Compound max (flat) 

CHtCH O 259.5 
269 
281 

-CHtCH-CHtCH-CHtCH- CHtCH- 0 351 

0_CHt CH-CHkH-CHt C 

CH=CH-CHtCH-CHtCH- 

H CH-CH:CH-CHtCH- 

t 

-CH-CH=CH-CH=C 

CH-CHCH-CH=C 

349 

336 

334 

465 

458. 5 

_CH-CHtCH-CHtCH- e 388 

C_CH-CH=CH-CHtC 

C=CH-CHtCH-CH=CH- 

385. 5 

385 

-CH-CHSCH-CH:CH- 379 

43 

Ex 10 -4 Ref. no. 

3. 50 
4.20 13 
3. 70 

7.8 31 

5 31 

31 

5 31 

7.65 32 

5.44 32 

6.78 32 

5.67 32 

5.25 32 

4.83 32 

i \ O 
© 

I 

1 

I 

\ 0 
`I 
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EXPERIMENTAL 

All m. p. 's and b. p. 's are uncorrected. The infrared 

spectra were run on a Perkin -Elmer model 21 infrared spectro- 

photometer and all ultraviolet spectra on a Beckman model DB 

spectrophotometer. Gas chromatographic analyses were run on a 

Perkin -Elmer vapor fractometer model 154C and preparative gas 

chromatography on an Aerograph Autoprep model A -700. N. m. r, 

spectra were run on a Varian A -60 instrument with tetramethyl- 

silane as an internal standard. 

1-Ethynylcyclohexene (II). 

This compound was prepared according to the method of 

Hamlett, Henbest, and Jones (21). A solution of 200 g. (1.88 moles) 

of 1- ethynylcyclohexanol in 300 ml.of anhydrous pyridine was placed 

in a 2 -1. flask and a mixture of 110 ml.of phosphorous oxychloride 

in 110 ml.of anhydrous pyridine was added at such a rate as to 

maintain reflux. After the addition was complete, the mixture was 

heated on the steam bath for one hour, the hot solution was poured 

over ice (with stirring), and the product taken up in petroleum 

ether. The extract was dried over calcium chloride, the solvent 

removed by vacuum evaporation and the product distilled, b. p. 52- 

55° (27 mm.), n20D 1.4962, yield 136.8 h (80%), max 222 mj.t 

( E= 12, 400), 3325 cm. 1 (C ECH, C-H stretch), 1628 cm .1 (C =C 

stretch). The n. m. r. spectrum showed a poorly resolved quintet 

at 6. 63 S with relative area 1.00 (vinyl H), a singlet at 2.97S 

2. 
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(rel area 1.05, acetylenic H), a complex multiplet centered at 

2.258 (rel. area 3.89, allylic H), and another complex multiplet 

centered at 1.73E (rel. area 3.99, aliphatic H). The physical con- 

stants reported previously (21) are; b. p. 53 -56° (43 mm.), n17D 

223.5 mµ ( = 10, 500). 1.4978,A max 

Dicyclohexenylacetylene (V) 

V was prepared according to the method described by 

Inhoffen (25). A mixture of 50 g. of di-(1- hydroxycyclohexyl) -acetyl- 

ene and 25 g of potassium bisulfate (dried at 140° for three hours) 

were distilled under vacuum using a Woods metal bath to heat the 

mixture. The crude product came over at 132 -142° (0. 5 mm) as 

a yellow colored oil. The oil was chromatographed over 75 g, of 

alumina using 300 ml.of petroleum ether as eluant. The petroleum 

ether was removed by vacuum evaporation and the product re- 

distilled as a colorless liquid, b. p. 136 -140° (4 mm), n2° D 1. 5605, 

yield 26.7 g.(64%). The infrared spectrum showed bands at 3020 

cm 71 (unsat. C -H stretch), 917, 888, and 848 cm-.1 (trisubstituted 

C=C ), and the ultraviolet spectrum showed two maxima at 260 m? 

( 17, 900) and 274 nit( (E. = 13, 100) with an inflection at 251 my. 

( E. = 14, 700). The n. m. r. spectrum shows a single envelope in 

the vinyl hydrogen region (6.898, rel area 1), a complex band in 

the allylic hydrogen (2.30S , rel. area 4) and a complex 

multiplet centered at 1.81g (rel. area 4) for the aliphatic methyl- 

ene protons. Inhoffen (25) reports the following physical properties; 

b. p. 104 -110° (2 mm), yield 74%,)max 256 m? ( 15, 120), 

s 

region 
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262 m j ( E. = 18, 900) and 276 mil (E = 14, 830). 

Alkylation of 1- Ethynylcyclohexene 

General method. A 1 -1. flask fitter with a stirrer and a cold 

finger condenser filled with a Dry -Ice acetone slurry was filled 

about two- thirds full with liquid ammonia. A solution of lithamide 

(18) was prepared in situ from the proper amount of lithium. Next, 

1- ethynylcyclohexene was added dropwise, followed by the alkyl 

halide. The mixture was stirred for 24 hours and the ammonia 

removed by evaporation. Saturated ammonium chloride, followed 

by water was added to hydrolyze the mixture, the product was taken 

up in petroleum ether, and washed successively with water, dilute 

phosphoric acid, dilute sodium bicarbonate, and finally twice with 

water. After the solution had been dried over calcium chloride, 

the solvent was removed by vacuum evaporation and the product 

isolated by distillation. 

1 -(Al-Cyc lohexenyl) -1- propyne (II). This subs Lance was prepared 

from 1. 95 g.(0. 28 mole) of lithium, 30.1 g.(0. 28 mole) of 1- ethynyl- 

cyclohexene, and 46.8 g. (0.33 mole) of methyl iodide. Hydrolysis 

required 25 ml.of saturated ammonium chloride solution and 150 

ml.of water. The product boiled at 54-55° (4. 5 mm.), n20D 1.5097, 

yield 13.56 g (40%), Amax 224 mfi (E = 11,600), V 2070 cm .1 

(C EC stretch), 1628 cm-.1. (conju gated C =C stretch). The com- 

pound was pure to VPC (20% Reoplex 400 on firebrick, column 6' x 

1/4 ", 1400, retention time 9. 0 minutes). The n, m. r, spectrum 
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showed two complex multiplets, one centered at 6388 (vinyl H), and 

the other at 2.208 ( allyl H), a singlet at 2.00g (C EC - CH3), and a 

complex band centered at 1.708 (aliphatic H). 

Anal. Calc'd for C9H12: C, 89.94; H, 10.06. Found: 

C, 89. 90; H, 10. 52. 

1 -(Q1 -Cyclohexenyl) -1- butyne (IX). This was prepared from 2 g. 

(0. 288 mole) of lithium, 38.7 g.(0. 365 mole) of 1- ethynylcyclohexene, 

and 38.5 g.(0.354 mole) of ethyl bromide. It was isolated as a clear 

liquid, b. p. 55-58° (2. 7 mm.), n20D 1. 5025, yield 30.95 g.(63%), 

Xmax 225 mkt (E = 12, 700), Y 1637 cm 71 (w) (C =C stretch). The 

n. m. r. spectrum showed a complex multiplet centered at 5.838 

(vinyl H), another centered at 2.088 (allylic H), a third at 1. 588 

(aliphatic methylene), and a triplet centered at 1. iO8 (aliphatic 

CH3). 

Anal. Calc'd for C101-114: C, 89.49; H, 10.51. Found: 

C, 88. 50; H, 10. 36 

C, 86.59; H, 10.22. 

C, 84. 89; H, 9.86. 

Preparation of 1- Alkylcyclohexanols 

General method. Cyclohexanone dissolved in ether was 

added to a Grignard reagent from magnesium and the corresponding 

alkyl halide and the mixture was hydrolyzed with saturated 

Indicative of peroxide formation between successive analyses. * 
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ammonium chloride. The product was taken up in ether, dried over 

potassium carbonate and distilled. 

1- Ethylcyclohe.xanol . The alcohol was prepared from 7.3 g.(0.3 

mole) of magnesium, 32.7 g.(0. 3 mole) of ethyl bromide, and 29.4 g. 

(0. 3 mole) of cyclohexanone. The distilled product had the following 

properties: b. p. 89 -91° (35 mm.), n20D 1.4632, yield 23.6 g.(62 %). 

Benkeser and Hazdra (10) report, b. p. 78 -79° (20 mm), n20D 1.4640. 

1 -n-pr opylcyc lohexanol. 1- n- Propylcyclohexanol prepared from 

4. 1 g.(0.17 mole) of magnesium, 19.0 g.(0. 154 mole) of n- propyl 

bromide, and 32.4 g.(0. 33 mole) of cyclohexanone was obtained in 

19.6 g.(45% yield, b. p. 54 -55° (10 mm), n20D 1.4631. Nenitzescu 

and Necsiou (34) report b. p. 179 -181 °, n20D 1.4634. 

1- n- Butylcyclohexanol. The alcohol prepared from 4.86 g.(0. 2 

mole) of magnesium, 24.4 g.(0.18 mole) of n -butyl bromide, and 

24.5 g.(0. 25 mole) of cyclohexanone was isolated as a mobile liquid 

with b. p. 64 -67° (5 mm), n20D 1. 4647, yield 15.9 g.(64%). 

Physical constants reported previously (47) are b. p. 88 -91° (7 mm), 

n20D 1.4648. 

Dehydration of 1- Alkylcyclohexanols 

General method. The dehydration was run according to the 

method of G. Ohloff (35). Samples of the alcohol were slowly 

distilled from a suitable amount of potassium bisulfate under a 

stream of nitrogen. The water was separated from the distillate 
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and the product redistilled in the same manner. The water was 

again separated, the product dried over calcium chloride, then 

redistilled. 

1- Ethylcyclohexene (VII). The first distillation was run with 10 g. 

(0. 078 mole) of 1- ethylcyclohexanol and 0. 9 g.of potassium bisulfate 

(dried at 140 -150° for two hours). The product was redistilled using 

0. 5 g.of potassium bisulfate. Final distillation gave a product with 

b. p. 54 -56° (47 mm), n20D 1.4564, yield 5. 8 g.(68%). The reported 

constants are b. p. 136 °, n20D 1.4562 (10). 

1- n- Propylcyclohexene (X). The first distillation was run with 4. 18 g 

(0. 032 mole) of 1- n- propylcyclohexanol and 1.0 g.of potassium bi- 

sulfate, the second with 0. 5 g. The final distillation resulted in a 

product with b. p. 70 -73° (53 mm), n20D 1.4565, yield 1.2 g.(31%). 

Signaigo and Cramer (47) report b. p. 154. 7 -157. 7 °, n20D 1.4578. 

1- n- Butylcyclohexene (XIII). The initial distillation was run with 

7. 52 g.(0. 051 mole) of 1- n- butylcyclohexanol and 1.5 g.of potassium 

bisulfate. The second distillation was run with 1.0 g.of potassium 

bisulfate. The distilled product had b. p. 65 -68° (28 mm), 

n20D 1. 4606, yield 3.47 g.(52%). Benkeser et al. (9) report b. p. 

178 -179 °, n20D 1.4568. 

n-Butylcyc lohexane 

The saturated compound was prepared by hydrogenation of 

0.98 g.(0. 0071 mole) of n- butylcyclohexene in 15 ml.of acetic acid 
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with 0. 02 g.of platinum oxide. The mixture was hydrogenated until 

O. 92 equivalents of hydrogen had been absorbed. This material was 

used directly in the analysis of the semihydrogenation products of 

1- ( -cyclohexenyl) -3- buten- l -yne. 

Reaction of 1-Ethynylcyclohexene with Epoxides 

General method. Lithamide was prepared in the normal 

manner in liquid ammonia. 1- Ethynylcyclohexene, followed by the 

corresponding epoxide was added to the mixture. After stirring for 

24 hours, the ammonia was removed by evaporation and the mixture 

hydrolyzed with saturated ammonium chloride followed by water. 

The product was taken up in ether, dried over sodium sulfate, the 

solvent removed by vacuum evaporation and the residue distilled. 

1- (Qi- Cyclohexenyl) -1- butyn -4 -ol ( XVIII) . The alcohol was pre- 

pared from 2 g.(0. 29 mole) of lithium, 42 g,(0. 4 mole) of 1- ethynyl- 

cyclohexene, and 20 mí.(0.4 mole) of ethylene oxide. The physical 

properties of the product were: b. p. 70 -72° (0. 1 mm), n20D 1. 5264, 

yield 34.9 g.(59%), V 3300 cm .1, 1050 cm .1 (OH), A max 226 m f 
(E = 13, 400). 

The p- nitrobenzoate derivative prepared according to 

directions given in Shriner Fuson, and Curtin (46) melted at 72 -73 °. 

Anal. Calc'd for C 17H17NO4: C, 68. 23; H, 5.73; N, 4.68. 

Found: C, 68. 16; H, 5.78; N, 4. 72. 

A phenylurethan was prepared according to the directions of 

Shriner, Fuson and Curtin, m. p. 84.4-85.2°. 
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Anal. Calc'd for C17H19NO2: C, 75.85; H, 7. 11; N, 5.20. 

Found: C, 75. 76; H, 7. 16; N, 5.03. 

1- (1- Cyclohexenyl) -1- pentyn -4 -ol (XX). The alcohol prepared 

from 5 g.(0. 72 mole) of lithium, 92.2 g.(0. 87 mole) of 1- ethynyl- 

cyclohexene, and 90 ml.(1. 29 moles) of propylene oxide was a color- 

less oil, b. p. 71 -72° (0. 08 mm), n20D 1. 5180, yield 82 g.(58%), 

-7;3400 cm .1, 1115 cm .1 (- OH),Xmax 225 mft (E s 13, 100). The 

n. m. r. spectrum showed a peak centered at 5. 96S (vinyl H, rel. 

area 0. 985), a singlet at 4. 20 &( -OH, rel. area 1. 06), a sextet 

centered at 3. 876' (tertiary H, rel, area 1.00), a doublet centered 

at 2.40S (allylic H), a multiplet centered at 2.07S (allylic H) another 

multiplet at 1.57S (aliphatic CH2), and a doublet centered at 1.23S 

(aliphatic methyl H). 

Anal. Calc'd for C11H16O: C, 80.45; H, 9. 81. Found: 

C, 80. 19; H, 9.95. 

Semihydrogenation of p-Hydroxyalkenynes 

General method. To a 250 ml.hydrogenation flask there was 

added Lindlar catalyst (30), approximately 0. 04 ml.synthetic quino- 

line and 50 ml.of petroleum ether. The mixture was stirred under 

a hydrogen atmosphere for 15 minutes to ensure saturation of the 

catalyst. The sample was introduced and the mixture hydrogenated 

until one molar equivalent of hydrogen had been absorbed. The 

catalyst was removed on a sintered glass filter, the solvent removed 

by vacuum evaporation and the product distilled. In the cases where 

5 
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samples were reduced with deuterium, the procedure was exactly 

the same. 

1- (E1- Cyclohexenyl)- cis -l- buten -4 -ol (XIX). The hydrogenation was 

carried out with 0. 35 g. of Lindlar catalyst, and 5. 06 g.(0. 034 mole) 

of 1 -(1 -cyclohexenyl) -1- butyn -4 -ol. The process was repeated 

with 5. 08 g.(0. 034 mole) of the alcohol. The product was distilled 

b. p. 63 -66° (0.1 mm), n2ÓD 1.5194, yield 8.30 g.(81/ß), P.3285 

cm .1, 1045 cm.l ( -OH), 1632 cm. 1 (C =C stretch), Xmax 229 m» 

( E = 13, 700). The n, m. r, spectrum showed a complex series of 

peaks in the vinyl H region (5.00-5.92S), a singlet at 4. 76 & (OH), 

a triplet centered at 3. 52S (CH2OH), another triplet centered at 

2. 50 S (allylic H next to carbinol C), a complex multiplet centered at 

2.08S (allylic H), and another multiplet at 1.58S (aliphatic H). 

Partial Reduction of 1 -(Al -cyclohexenyl) -1- butyn -4 -ol with 

Deuterium. The reduction was carried out using 0. 44 g. of Lindlar 

catalyst, 75 ml.of petroleum ether, 0. 06 ml.of synthetic quinoline, 

8. 1 g.(0. 054 mole) of the alcohol and deuterium. Distillation yielded 

6. 48 g.(78%) of product, b. p. 67 -68° (0. 1 mm), n20D 1. 5188, 

max 229 m,». (E = 12, 400), cm. 1, 1040 cm .1 (OH), and 

2200 cm.l (C -D). The n. m. r. spectrum showed a simpler pattern 

in the vinyl H region with a single envelope centered about 5. 54S . 

The remainder of the spectrum corresponds with the spectrum of 

1 -(A1- cyclohexenyl) -cis -1- buten -4 -ol. 
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1- (O1- Cyclohexenyl)- cis -1- penten -4 -ol (XXI). The semihydro- 

genation was run using two samples of 4. 82 g.(0. 029 mole) and 5.32 

g.(C. 032 mole) of 1 -(L2- cyclohexenyl) -1- pentyn -4 -ol on successive 

runs. The product was distilled, b. p. 64 -65° (0. 03 mm.) n20D 1. 5107, 

yield 9. 18 g.(90%), Y 3400 cm. 1. 1080 cm.l (OH), 1645 cm.l (C_C 

stretch), 228 In)-1 (E. = 12, 200). The n. m. r. spectrum showed 

a series of peaks in the vinyl H region (5.08-5.92 6 ) a singlet at 

4.34 6 (OH), a sextet centered at 3. 77& (tertiary H), an unsymmetri- 

cal doublet centered at 2. 458 (allylic H next to carbinol C), a complex 

multiplet centered at 1. 608 (aliphatic CH2), and a doublet centered 

at 1.176 (aliphatic CH3). 

Anal. Calc'd for C11H18O: C, 79.46; H, 10.91 

Found: C, 78. 31; H, 10. 66. 

Partial Reduction of 1- (A1- Cyclohexenyl) -1- pentyn -1 -ol with 

Deuterium. An 8.24 g.(0. 05 mole) sample of the alcohol was 

reduced with deuterium. The product had the following properties: 

b. p. 77 -80° (0.07 mm.), n20D 1. 5124, yield 7.67 g.(91%) 2max 
228 m (E. = 12, 100). The infrared spectrum was identical with 

that of 1 -(O1- cyclohexenyl)- cis -1- penten -4 -ol with an additional 

peak at 2?40 cm. 1. The n. m. r. spectrum was very similar to the 

hydrogenated product above except for a much simpler vinyl H 

region, which showed a single complex multiplet centered at 5.59 S. 



Preparation of Tosylate 

General method. The reaction was run under a nitrogen 

atmosphere. A solution of p- toluenesulfonyl chloride in pyridine 

was cooled in an ice bath and the alcohol was added dropwise to the 

mixture. The mixture was stirred for 24 hours and hydrolyzed with 

water. The product was taken up in ether and washed successively 

with water, dilute phosphoric acid, dilute sddium bicarbonate, and 

finally twice more with water. After the solution had been dried 

over potassium carbonate the ether was removed by vacuum evapor- 

ation. The crude tosylate thus obtained was used directly in the 

elimination reaction. 

1 -(A.1- Cyclohexenyl) -1- butyn -4 -ol tosylate. The tosylate was 

prepared from 24 g.(0. 126 mole) of p- toluenesulfonyl chloride in 

12 ml.(0. 15 mole) of pyridine and 16.6 g.(0. 11 mole) of 1 -(A1- 

cyclohexenyl)-1- butyn -4 -ol. The mixture was hydrolyzed with 25 

ml.of water. The yield of crude tosylate was 33 g.(98%), and this 

was used directly in the preparation of 1-(1 A -cyclohexenyl -3- 

buten- l -yne. 

1 -(O1- Cyclohexenyl)- cis -l- buten -4 -ol Tosylate. The tosylate was 

prepared from 15.5 g.(0. 08 mole) of p- toluenesulfonyl chloride in 

8. 5 ml,(0. 1 mole) of pyridine and 12.2 g.(0. 08 mole) of 1 -(A1- 

cyclohexenyl)- cis -1- buten -4 -ol. The mixture was hydrolyzed 

25 ml.of water. The crude tosylate was obtained in a yield of 

22.5 g.(92%). 

with 

54 
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1 -(L11 -Cyclohexenyl) -cis -1,2- dideuterio -l- buten -4 -ol Tosylate. 

In an analogous manner 7 g.(0.037 mole) of p- toluenesulfonyl chlor- 

ide and 4 ml.(0. 05 mole) of pyridine plus 5.8 g.(0. 038 mole) of the 

alcohol were allowed to react to give 7. 2 g.(62%) of the tosylate. 

1- 0,1- Cyclohexenyl)- cis -l- penten -4 -ol Tosylate. The tosylate was 

prepared from 100 g.(0. 525 mole) of p- toluenesulfonyl chloride, 55 

ml.(0. 685 mole) of pyridine and 75.4 g.(0.453 mole) of the alcohol. 

The yield of crude tosylate was 146 g.(98%). 

Cyclohexenyl)- cis 2-Dideuterio-l-penten-4-ol Tosylate. 

This tosylate was prepared from 9. 5 g.(0. 05 mole) of p- toluene- 

sulfonyl chloride in 5 ml.(0. 062 mole) of pyridine and 7. 18 g. 

(0. 0427 mole) of 1- (L1- cyclohexenyl)- cis -1, 2- dideuterio -1- penten- 

4-ol. The yield of crude tosylate was 13.8 g.(86%). 

Elimination of Tosylates with Potassium t- Butoxide 

General method. This reaction was also run in a nitrogen 

atmosphere. A mixture of the tosylate and dimethylsulfoxide was 

placed in a flask and the apparatus was cooled in an ice bath. A 

mixture of potassium t- butoxide (not to exceed 0. 9 equivalents) in 

dimethylsulfoxide was added dropwise. After stirring 15 minutes 

longer, the mixture was hydrolyzed. The product was taken up in 

petroleum ether, washed several times with water, and dried 

over potassium carbonate. The solvent was removed by vacuum 

evaporation and the product distilled. 

1- 
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1- ( ®1- Cyclohexeny1) -3- buten -1 -yne (IV). A solution of 33 g.(0. 108 

mole) of 1- (mil- cyclohexeny1) -1- butyn -4 -ol tosylate in 14 ml.of di- 

methylsulfoxide was treated with 8. 27 g.(0. 082 mole, 0. 75 equi- 

valents) of potassium t- butoxide in 55 ml.of dimethylsulfoxide. The 

distilled product showed the following properties: b. p. 62 -65° (4 

mm.), n20D 1.5477, yield 2.43 g,(17%), V 3020 cm.1 (unsaturated 

C -H stretch), 2200 cm.l (C =C stretch), 1605 cm.l (conjugated C =C 

stretch), 971 cm. 1 ( =CH out of plane bend), max 259 mil (E - 

14, 900), 269 mµ (sh) (E = 12, 300). The n, m. r. spectrum showed 

a series of peaks in the vinyl region (5.07-5.93S ), a complex 

multiplet centered at 2. 04 b (allylic H), and another multiplet at 

1. 58 8 (aliphatic H). 

Anal. Calc'd for C 10H12: C, 90. 85; H, 9. 15. Found: 

C, 90. 70; H, 9.28. 

1 -(O1- Cyclohexenyl)- cis -1, 3- butadiene (XIV). The elimination was 

carried out on 2?. 5 g.(0. 074 mole) of 1-(Ol-cyclohexenyl)- cis -l- 

buten-4-ol tosylate in 10 ml.of dimethylsulfoxide by adding a mixture 

of 6. 6 g.(0. 065 mole, 0. 8 equivalents) of potassium t- butoxide in 

40 ml.of dimethylsulfoxide. The distilled product had the following 

properties: b. p. 59 -61° (3. 5 mm.), n20D 1. 5474, yield 4. 95 g. 

(50 %), 1d 3030 cm-.1 (unsaturated C -H stretch), 1625 cm.1 (conju- 

gated C =C stretch), 900 cm. 1 ( =CH2 out of plane bend), max 

259 m,, (sh) (E = 18, 600), 264 mt . (E = 20, 800), 272 mp. (sh) (C 

17, 300). The n. m. r. spectrum showed two complex series of 

peaks in the vinyl region (4.92-5.93S and 6.59 -7.17E), a 

r. 
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multiplet centered at 2. 13 â (allylic H), and another at 1 . 58 8 

(aliphatic H). 

Anal. Calc td for C 10H14: C, 89.52; H, 10.48. Found: 

C, 89.74; H 10.51. 

1 
1 -(6, -Cyclohexenyl)- cis -1, 2- dideuterio -1, 3- butadiene (XIV -d). 

This compound was prepared in the same manner from 7 g,(0. 023 

mole) of 1- (A1- cyclohexenyl)- cis -1, 2- dideuterio -l- buten -4 -ol 

tosylate in 5 ml.of dimethylsulfoxide and 2. 2 g.(0. 021 mole, 0. 9 

equivalents) of potassium t- butoxide, giving one gram of the triene 

(40%), with b. p. 43 -44° (1 mm), n20D 1.5469, max 255 m 1u (sh) 

(a = 19, 400), 262 ml.,t (E = 23, 000), 271 m u (sh) (E = 18, 700). The 

infrared spectrum compares with that of 1-(61- cyclohexenyi) -cis- 

1, 3- butadiene with an additional band at 2200 cm. 1 (C -D stretch). 

The n. m. r. spectrum showed two series of peaks in the vinyl 

region (4.83-5.838 and 6. 50 -7. 008 ), a multiplet centered at 

2. 14 & (allylic H), and another series of peaks at 1. 61 6 (aliphatic H). 

1 -(6 1 -Cyclohexenyl) - cis - 1,3 -Pentadiene XVI. The triene was 

prepared from 13.7 g.(0. 043 mole)' of crude 1-(61-cyclohexeny1)- 

cis-l- penten -4 -ol tosylate in 5 ml.of dimethylsulfoxide and 3.27 g. 

(0. 032 mole, 0. 75 equivalent) of potassium t- butoxide in 20 ml.of 

dimethylsulfoxide to give a product with b. p. 65 -68° (2 mm.), 

n20D 1. 5430, yield 2.3 g.(48% based on potassium t- butoxide), 

;i:3020 cm. 1 (unsaturated C -H stretch), 1625 cm. 1 (w) (conjugated 

C=C stretch), and 715 cm . 1 (cis C=C, C -H out of plane bend?), 

Amax 257 m (sh) (a = 19, 500), 265 m /,L( E = 22, 500 ),274 m (sh) 
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(E = 17, 600). The n. m. r. spectrum showed a complex series of 

peaks in the vinyl region (5.00-6.778 ), a complex multiplet center- 

ed at 2.04(5 (allylic H), and a series of peaks near 1.66S (aliphatic 

H and methyl). The spectrum indicates that we probably have a 

mixture of 1 -(01 -cyclohexenyl)- cis -l- cis -3- pentadiene and 1 -(fl1- 

cyc lohexenyl) -c is -1 -trans -3 -pentadiene . 

1- (Al-Cyclohexenyl) -1, 2- dideuterio- cis -1, 3- pentadiene XVI -d. 

The deuterated triene was prepared as above from 11.9 g.(0. 037 

mole) of 1- (A1- cyclohexenyl) -1, 2- dideuterio- cis-l- penten -4 -ol 

tosylate in 5 ml.of dimethylsulfoxide and 3. 30 g.(0.032 mole, 0. 9 

equivalents) of potassium t- butoxide in 29 ml.of dimethylsulfoxide 

The product was distilled, b. p. 48 -50° (0.42 mm.), n20D 1. 5488, 

yield 2.00 g.(48% based on potassium t- butoxide), 3040 cm. 1 

(unsaturated C-H stretch), 2250 cm. 1 (C -D stretch), and 960 cm. 1 

(trans C.C, C -H out of plane bend), max 258 m (sh) (E = 22, 600), 

265 m ( E = 26, 600), 274 miu (sh) (e = 20. 900). The n, m. r. 

spectrum was similar to the spectrum of the hydrogenated product. 

Semihydrogenation of Acetylenic Hydrocarbon Compounds 

General method. A mixture of Lindlar catalyst (ca. 0. 5 g.), 

petroleum ether (50 -75 ml.), and synthetic quinoline (ca. 0. 04 ml) 

was stirred under hydrogen for 15 minutes to saturate the catalyst. 

The sample was introduced and hydrogenated until one molar 

equivalent of hydrogen had been absorbed. The catalyst was re- 

moved by filtering the solution through a sintered glass filter, the 
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solvent by vacuum evaporation and the product analyzed either in 

the crude state or after distillation. 

Semihydrogenation of 1- Ethynylcyclohexene. The hydrogenation was 

carried out as described above with 7. 95 g.(0.075 mole) of 1- ethynyl- 

cyclohexene. The hydrogenation mixture was analyzed directly via 

gas chromatography. A part of the sample was separated by pre- 

parative VPC and the various fractions studied by infrared spectros- 

copy. A small sample was redistilled for analysis. 

Analysis on a 6' x 1/4" column packed with 20% Reoplex 

400 on firebrick at 110° showed three peaks. 

Ret. time 
Sample (min.) % Assignment 

peak no. 1 2.3 8 1- ethylcyclohexene 

peak no. 2 3. 5 86 1- vinylcyclohexene 

peak no. 3 6.3 6 1- ethynylcyclohexene 

1- ethylc yc lohexene 1. 7 

1-ethynylcyclohexene 7.2 

The first fraction showed relatively little absorption above 

3000 cm. -1 (unsaturated C -H stretch), and a weak band at 1644 cm -1 

(C=C stretch). The second fraction showed three shoulders in the 

region 3000 -3100 cm. 1 (unsaturated C-H stretch), 1645, 1605 

cm. -1 (conjugated C =C stretch), 990 cm. -1 ( =CH out of plane bend). 

The third fraction had peaks at 3335 cm. -1 
( =C -H, C-H stretch), 

2080 cm. -1 (C EC stretch) and peaks at 919 cm. -1 and 843 cm. -1, 

both of which were present in the spectrum of 1- ethynylcyclohexene. 
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The physical properties of 1- vinylcyclohexene were: b. p. 52 -54° 

(41 mm.), n20D 1.4982. Bergmann and Becker (11) reported a 

boiling point of 147 °. 

Anal. Calc'd for C8H12: C, 88.82; H, 11.18. Found: 

C, 88.93; H, 11.03. 

1 Semihydrogenation of 1-(L1 -cyclohexenyl)-1-propyne. The hydro- 

genation was carried out using 1.97 g.(0. 0164 mole) of the enyne. 

The product distilled at 38 -41° (10 mm.). Analysis of the mixture 

using a 6' x 1/4" column of 20% Reoplex 400 on firebrick at 140° 

gave the following results. 

Ret. time 
Sample (min.) % Assignment 

peak no. 1 1.3 8 1- n- propylcyclohexene 

peak no. 2 2.5 76 1 -(A 1- cyclohexenyl) -cis- 
-propene 

peak no. 3 3.5 2 1 -(A1- cyclohexenyl) -trans- 
1- propene 

peak no. 4 6. 5 14 1-(p1 -cyclohexenyl) -1- 
propyne 

1-n-propylcyclohexene 

1- ( O1- c yc lohe xe nyl) - 
1 -pr opyne 

The major component was separated by preparative gas 

chromatography; n20D 1. 4956, \max 229 mitt (t - 12, 600). The 

n. m. r, spectrum showed a complex series of peaks in the vinyl 

region (5.42-6.278 ), a complex multiplet centered at 2. 25 d 

(allylic H), and another centered at 1. 846 (aliphatic H and CH3). 

max 



Anal. Calc'd for C9H14: C, 88.46; H, 11.54. Found: 

C, 88.54; H, 11.26. 

Semihydrogenation of 1 -(L 1- cyclohexenyl) -1- butyne. Two samples 

of 4. 73 g. (0. 035 mole) and 3. 07 g. (0. 030 mole) respectively were 

hydrogenated in the usual manner. The distilled product had b. p. 

45- 47 °(2. 5 mm. ), n 
20 

D 1.4883, yield 7. 11 g. (80 %). Analysis on 

a 6' x 1/4" column of 20% Reoplex 400 on firebrick at 140° gave 

the following results. 

Sample 

peak no. 1 

peak no. 2 

peak no. 3 

peak no. 4 

1 -n- butylcyclohexene 

61 

Ret. time 
(min.) % Assignment 

2. 9 5 1 -n-butylc yc lohexene 

5.1 85 1-(t1- cyclohexenyl) -cis - 
butene 

6. 9 5 1 -(A -cyclohexenyl) -trans- 
1- butene 

10.3 5 1 -(A cyclohexenyl) -1- 
butyne 

3. 0 

1- (Al- Cyclohexeny1)- cis -1- butene of greater than 98% 

purity was obtained by separation on a 20' x 3/8" preparative sili- 
o 

cone column at 157 . The redistilled product had b. p. 48 -49° 

(3 mm. ), n 
20 

D 1. 4910, Amax Amax 230 mil (¿ = 12, 800). The n. m. r. 

spectrum showed a complex series of peaks in the vinyl region 

(5.00-5.84S ), a multiplet centered about 2. 086 (allylic H), a second 

multiplet centered about 1.62(S (aliphatic CH2) and a triplet centered 

at 0.976 (CH3). 

Anal. Calc'd for C 10H16. C, 88. 18; H, 11.82. Found: 

C, 88.24; H, 11.41. 

ll 



62 

Semihydrogenation of 1-( 61- cyclohexenyl) -3- buten -1 -yne. The 

semihydrogenation was run with 12.7 g. (0. 013 mole) of 1 -(Q1- 

cyclohexenyl) -3- buten -1 -yne. The crude product was analyzed 

directly on a 6' x 1/4" column of 5% Ucon polar on firebrick at 164 °. 

Peak No. 

1 

2 

3 

4 

5 

6 

Ret, time 
(min, ) Assignment 

7. 1 4 1-n-butylcyc lohexene 

7.9 3 

8.5 1 

9.5 13 1-( L l-cyc lohexenyl) - 
cis -1 -butene 

13.5 8 1-(Q -cyclohexenyl)- 1 

trans -1 -butene 

15.8 47 1 -(Q1 -cyc lohexenyl) - 
cis -1,3 -butadiene 
and 2,4-hexalin 

7 17.2 2 

8 18.1 8 1-(Q1 -cyclohexenyl)- 
1- butyne 

9 21.0 7 1 -(. .1- cyclohexenyl)- 
trans -1, 3- butadiene 

10 22.5 8 1 -(L2 -cyclohexenyl) - 
3- buten -1 -yne 

The retention times of the reference compounds were as 

follows: 

% 
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Compound 

1- n- butylcyc lohexene 

1 -(01 -cyclohexenyl) -cis -1 -butene 

cyclohexenyl) -trans -1- butene 

1- (L1- cyclohexeny1)- cis -1, 3- butadiene 

2, 4- hexalin 

1 -(L1 -cyc lohexenyl) -1 -butyne 

1- (Ol cyclohexenyl) -trans -1, 3 -butadiene 

1- (L1 -cyclohexenyl) -3 -buten- 1 -yne 

Semihydrogenation of Dicyclohexenylacetylene. 

Ret. time (min. ) 

7. 3 

9. 4 

14. 4 

15.8 

15.9 

19. 3 

22.5 

23.9 

A 2. 72 g. (0. 0146 

mole) sample of the dienyne was hydrogenated in the normal manner. 

The product was distilled, (no b. p. ), n20D 1. 5410, yield 2.44 g. 

(89%). The infrared spectrum showed some absorption above 

3000 cm. (unsaturated C-H stretch) and only weak absorption 

near 960 cm. -1. The ultraviolet spectrum shows only one maximum 

at 245 mµ (E = 12,400) with three small shoulders at 254 m (E _ 

11, 200), 264 my. ( = 8, 700) and 277 m, & (E = 4, 820). The n. m. r. 

spectrum show s a band centered at 6. 37cß (vinyl H, rel. area 1), 

another centered at 2. 328 (allylic H, rel. area 2. 6) and another at 

1.80 8 (aliphatic H, rel. area 2.6). 

Iodine Isomerization of cis -Compounds. 

The isomerizations were run under a nitrogen atmosphere. 

A flask was filled with the cis -olefin and solvent in the ratio of 

about 1:50. A pinch of iodine was added and the mixture stirred 

1 

1 

. 
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for 24 hours in diffuse light. During this time it was necessary 

periodically to add more iodine. A solution of sodium bisulfite was 

added and the mixture stirred an additional ten hours. The aqueous 

layer was removed, and the organic layer washed with water. After 

drying the mixture over calcium chloride, the solvent was removed 

by vacuum evaporation and the product either distilled or purified by 

preparative VPC. 

Isomerization of 1 -(6,1- cyclohexenyl)- cis -1- propene. Approximately 

one gram of 1- (Al- cyclohexenyl)- cis -l- propene and 100 ml. of n- 

hexane was added to a 200 ml. flask, isomerized as indicated, and 

the product distilled. 

Properties of the cis compound were: n20D 1. 4955,2max 

226 ml..t (E : 12, 900). 

Properties of the isomerized product were: n20D 1. 5015, 

max 230 m? ( = 19, 100). The product was shown to be about 

71% of the trans isomer and 29% of the cis isomer by VPC. 

Isomerization of 1- (6,1- cyclohexenyl)- cis -l- butene. A 1 -1. flask 

was filled about two -thirds full with petroleum ether and approxi- 

mately 9 g. of the semihydrogenation products of 1 -(0 1- cyclo- 

hexenyl)-1- butyne. The iodine was added and the mixture isomerized. 

The product was isolated by preparative VPC. Analysis on a 20' x 

3/8" column at 155° gave four peaks with retention times of 17.3 

minutes (2 %), 20.1 minutes (3 %), 22.8 minutes (48%), and 28.6 

minutes (47%). The last peak was collected and rerun through the 

VPC to determine its purity, which was 92%. The collected 

" 
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material was distilled but no boiling point was determined; n20D 

1. 5021, max 228 mkt (sh) (E = 21, 600), 233 my ,t (E 22, 300) and 

241 m (sh) (E E = 15, 400). The values reported for the trans 

compound (20) are: n20D 1. 5028. Xmax 234 my (E = 23, 700). 

Isomerization of 1- (pl- cyclohexenyl)- cis -1, 3- butadiene. The 

isomerization was run on 1. 11 g. of 1(Ai- cyclohexenyl)- cis -1, 3- 

butadiene and the product was distilled (no boiling point measure- 

ment); n20D 1. 5543, v 3040 cm. -1 (unsaturated C -H stretch), 1627 

cm. -1 (conjugated C =C stretch), 1003 cm. -1 (CH =CH2, C -H out of 

plane bend), 968 cm. -1 (trans C :C, C -H out of plane bend), and 

920 cm. -1 ( =CH2, out of plane bend), max 255 mkt (¿ = 22, 700), 

262 mkt (E = 29, 100), 272 m (E = 24, 800). 

Anal. Calc'd for C101414: C, 89. 52; H, 10.48. Found: 

C, 89.87; H, 10.31. 

Isomerization of 1- (A1- cyclohexenyl)- cis -1, 3- pentadiene. The 

isomerization was run on 0. 94 g. of 1- (1- cyclohexenyl)- cis -1, 3- 

pentadiene in 50 ml. of n- hexane. The isomerized product had 

n20D 1. 5476, Y3040 cm. -1 (unsaturated C -H stretch), 1630 cm. -1 

(w) (conjugated C =C stretch), 985 cm. -1 (s) (trans C =C, C -H out 

of plane bend), Amax 255 m,t, /t (E = 25, 800), 264 my. (E = 34, 000), 

275 m». (E = 27, 600). The n. m. r. spectrum showed a complex 

series of peaks in the vinyl region (5. 17 -6. 268 ), a complex multi - 

plet centered at 2. 12 & (allylic H), another at 1.62S (aliphatic H) 

on which there is superimposed a doublet centered at 1.738 

(allylic CH3). 

= 

Xmax 
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Isomerization of the Semihydrogenation Mixture from Dicyclo- 

hexenylacetylene. The isomerization was run on 2 g. of the semi - 

hydrogenation mixture. Distillation (no b. p.) gave a colorless liquid 

with n20D 1. 5412. The infrared spectrum shows a strong band at 

958 cm. -1 due to the trans double bond. The ultraviolet spectrum 

shows four peaks at 248 m,p. (E = 12, 300), 2577(E = 18, 000), 267 

mi.?. (E. = 22, 500) and 278 mj.. (e = 17, 200). 

Thermal Cyclization of Trienes 

General method. A heavy walled glass tube of about 200 ml. 

capacity was filled with about 14 g. of the triene and about 25 ml. 

of solvent. After flushing with nitrogen and cooling in a Dry -Ice 

acetone bath for a few minutes, the tube was sealed and placed in 

a bomb heated at 145 -150° for five hours. The tube was cooled to 

room temperature, placed in a Dry -Ice acetone bath and the seal 

broken. The solvent was removed by vacuum evaporation, the 

product was isolated by preparative VPC and redistilled. 

Cyclization of 1- (Ol- cyclohexenyl)- cis -1, 3- butadiene. The 

cyclization was run on 1.30 g. of the triene and 35 g. of purified 

heptane. No physical properties of the product were determined. 

Anal. Calc'd for C10H14: C, 89.52; H, 10.48. Found: 

C, 89.87; H, 10.31. 

Cyclization of 1- (61- cyclohexenyl)- cis -1, 3- pentadiene. The 

cyclization was run on 1.44 g. of the triene in 25 ml. of n- hexane. 

The product was isolated by gas chromatography and redistilled 
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(no b. p. ), n20D 1.5122. The infrared spectrum showed bands at 

3040 cm. -1 (unsaturated C -H stretch) and 1593 cm. -1 (conjugated 

C_C stretch), The ultraviolet spectrum showed one peak, "max 
267 m» (E = 5, 950). The n. m. r. spectrum shows a complex series 

of peaks in the vinyl region (5.20-5.82(5), a broad envelope extending 

from 1.0 to 2.88 (allylic and aliphatic H), and a sharp doublet 

centered at 0.92S (CH3). 

Anal. Calc'd for C 11H16: C, 89. 12; H, 10. 88. Found: 

C, 87. 30; H, 10. 55. 



SUMMARY 

The results of our investigation into the selectivity of 

hydrogenation of conjugated systems containing an acetylenic bond 

showed that semihydrogenation of the triple bond is most favorable 

if the triple bond is a terminal member of the conjugated chain. In 

applying these findings to the synthesis of conjugated trienes, we 

have prepared 1- (L,1- cyclohexenyl)- cis -1, 3- butadiene (a) and 

1- (01- cyclohexenyl)- cis -1, 3- pentadiene (b) according to the 

following synthetic scheme. 

-C =CH + Li liq. 
NH3 

OH 

C=C -CH 2-CH-R 

OTs 
6 HR 

H2 
Lind lar 

t-BuO 
DMSO 

-C=CLi 

R-CH-CH2 \o 
liq. NH3 

OH 

CH, 
CH2 R 

68 

p -TsCI> 
pyridine 

CHR 
(a) R = H 

(b) R = CH3 

( 

O 

H20 

--j 



69 

BIBLIOGRAPHY 

1. Akhtar, M. , T.A. Richards and B.C. L. Weedon, Studies with 
Acetylenes. Part III. The synthesis of three partly- cis -di- 
phenyloctatetraenes. Journal of the Chemical Society, -1959, 
p. 933 -940, 

2. Akhtar, M. and B.C. L. Weedon. Carotenoids and related 
compounds. Part VIII. Novel synthesis of Echinenone and 
Canthaxanthin. Journal of the Chemical Society, 1959, p. 
4058 -4062. 

to 

3. Alder, Kurt and Hanswilli Von Brachel. Uber einige einfache 
Triene, ihre Konfiguration und ihr Verhalten bei Dien - 
Synthesen. Justus Liebig's Annalen der Chemie 608: 195- 
215. 1957. 

4. Allan, J. L. H. , E. R. H. Jones and M. C . Whiting. Researches 
on acetylenic compounds. Part XLIX. The preparation and 
UV Absorption of the stereoisomeric conjugated hexadienoic 
and hexenynoic acids. Journal of the Chemical Society, 1955, 
p. 1862 -1873. 

5. American Petroleum Institute. Research project 44. Catalog 
of ultraviolet spectra. Serial no. 47. 1945. 

6. . Research project 44. Catalog of ultra- 
violet spectra. Serial no. 44. 1945. 

7. Bastron, Harry, Russell E. Davis and Lewis W. Butz. The 
absorption of light by 1, 5- dien -3 -ynes in the region 2300- 
2900 A. Journal of the American Chemical Society 65: 973- 
975. 1943. 

8. Bell, Ian, E.R. H. Jones and M. C. Whiting. Researches on 
acetylenic compounds. Part LVI. The stereochemical con- 
sequences of some anionotropic rearrangements. Journal 
of the Chemical Society, 1957, p. 2597 -2600. 

9. Benkeser, Robert A. et al. Reduction of organic compounds by 
lithium in low molecular weight amines. III. Reduction of 
aromatic compounds containing functional groups. Journal 
of the American Chemical Society 77: 6042 -6045. 1955. 

10. Benkeser, Robert A. and James J Hazdra. Factors influencing 
the direction of elimination in the Chugaev reaction. Journal 
of the American Chemical Society 81: 228 -231. 1959. 



70 

11. Bergmann, Ernst D. and Abraham Becker. Diets -Alder 
reactions with 1- formylcyclohexene and 1- formylcyclopentene. 
Journal of the American Chemical Society 81: 221 -225. 1959. 

12. Blomquist, A. T. , Robert E. Burge, Jr. and Arthur C. Sucsy. 
Many- membered carbon rings. V. Cyclodecyne, cis- and 
trans -cyclodecene and related compounds. Journal of the 
American Chemical Society 74: 3636 -3642. 1952. 

13. Braude, E.A. and O.H. Wheeler. Studies in the vitamin D 
field. Part I. Synthesis of trienes containing the Tachysterol 
chromophore. Journal of the Chemical Society, 1955, p. 
320 -328. 

14. Burkhardt, G. Norman and Nathan C. Hindley. The synthesis 
of compounds related to the antirachitic vitamins. oc3 -Di- 0 1- 
cyclohexenylethylene. Journal of the Chemical Society, 1938, 
p. 987 -991. 

15. Burwell, Robert L., Jr. Stereochemistry and heterogeneous 
catalysis. Chemical Reviews 57: 895 -934. 1957. 

16. Cram, Donald J. and Martin Cordin. Macro rings. XI. 
Reactions in the 1,4-decamethylenebenzene series. Journal 
of the American Chemical Society 77: 4090 -4094. 1955. 

17. Dobson, N.A. et al. Selective catalytic hydrogenation of 
acetylenes. Tetrahedron 16: 16 -24. 1961. 

18. Greenlee, K. W. and A. L. Henne. Sodium amide. Inorganic 
Syntheses 2: 128 -135. 1946. 

19. Grummitt, Oliver and Frank J. Christoph. Geometric isomers 
of 1- phenyl -1, 3- butadiene. Journal of the American Chemical 
Society 73: 3479 -3484. 1951. 

20. Grummitt, Oliver and Zoltan Mandel. Some structural and 
geometric isomers of 1- cyclohexyl -1, 3- butadiene. Journal 
of the American Chemical Society 78: 1054 -1060. 1956. 

2 1 . Hamlett, J. C. , H. B. Henbest and E.R. H. Jones. Researches 
on acetylenic compounds. Part XXXII. Dehydration of 
acetophenyl- and vinylacetylenyl -alcohols derived from cyclo- 
hexanone, and the hydration of the resultant hydrocarbons. 
Journal of the Chemical Society, 1951, p, 2652 -2659. 

22. Hirshberg, Yehuda, Ernst Bergmann and Felix Bergmann. 
Absorption spectra and photo -isomerization of arylated dienes. 
Journal of the American Chemical Society 72: 5120 -5123. 
1950. 



71 

23. Holme, Dagny, E. R. H. Jones and M.C. Whiting. The 
synthesis of an all- cis -tetraene. Chemistry and Industry, 
1956, p. 928. 

24. Hwa, Jesse C. H. , Peter L. de Benneville and Homer J. Sims. 
A new preparation of 1,3,5-hexatriene and the separation of 
its geometrical isomers. Journal of the American Chemical 
Society 82: 2537-2540. 1960. 

25. Inhoffen, Hans Herloff and Gerhardt Quinkert. Studien in der 
Vitamin D- Reihe, VI: Modellsynthesen sur Frage der cis - 
trans -Isomerie beim Tachysterin. Chemische Berichte 87: 
1418 -1425. 1954. 

26, Isler, O. et al. Synthesen in der Carotinoid- Reihe. 1 

Mitteilung Die technische Synthese von -Carotin. Helvetica 
Chimica Acta 39: 249 -259. 1956. 

27. Isler, O. et al. Synthesen in der Carotinoid-Reihe. 12 
Mitteilung Synthese von 11, 11' -Di -cis - -carotin nach einem 
neuen Aufbauprinzip. Helvetica Chimica Acta 40: 1256 -1262. 
1957. 

28. Isler, O. et al. Synthesen in der Carotinoid- Reihe. 16 
Mitteilung Carotinoide vom Typus des Torularhodins. 
Helvetica Chimica Acta 42: 864 -871. 1959. 

29. Jackman, L.M. Application of nuclear magnetic resonance 
spectroscopy in organic chemistry. New York, Macmillan, 
1959. 134p. 

30. Lindlar, H. Ein neuer Katalysator für selective Hydrierungen. 
Helvetica Chimica Acta 35: 446 -450. 1952. 

31. Lunde, K. and L. Zechmeister. Cis -trans isomeric 1, 6 -di- 
phenylhexatrienes. Journal of the American Chemical 
Society 76: 2308 -2313. 1954. 

32. Magoon, Eugene F. and L. Zechmeister. On the cis forms of 
some biphenylene derivatives of butadiene and hexatriene. 
Journal of the American Chemical Society 77: 5642 -5646. 
1955. 

33. Mondon, A. Die Synthese des 1, 1- Dimethyl- P9, 10- octalins. 
Justus Liebig's Annalen der Chemie 577: 181 -201. 1952. 

34. Nenitzescu, Costin D. and Ileana Necsoiu. The synthesis of 
cyclic alcohols and olefins by the interaction of dimagnesium 
halides and esters. Journal of the American Chemical 
Society 72: 3483-3486. 1950. 



72 

35. Ohloff, Gunther. Zur basenkatalysierten Dehydratisierung. 
II. Uber eine neue Methode zue Darstellung cyclischer 1,3 
Diene. Justus Leibig's Annalen der Chemie 627: 79 -95. 1959. 

36. Oroshnik, William. The synthesis and configuration of neo -b 
vitamin A and neoretinene b. Journal of the American 
Chemical Society 78: 2651 -2652. 1956. 

37. Oroshnik, William, George Karmas and Alexander D. Mebane. 
Synthesis of polyenes. I. Retrovitamin A methyl ether. 
Spectral relationships between the ,3 - ionylidene and retro - 
ionylidene series. Journal of the American Chemical Society 
74: 295 -304. 1952. 

38. Oroshnik, William and Alexander D. Mebane. Synthesis of 
polyenes. VI. Isoprenoid polyenes containing sterically 
hindered cis configurations. Journal of the American Chemical 
Society 777 5719 -5735. 1954. 

39. Oroshnik, William, Alexander D. Mebane and George Karmas. 
Synthesis of Polyenes. III. Prototropic rearrangements in 

- ionols and related compounds. Journal of the American 
Chemical Society 75: 1050 -1058. 1953. 

40. Pinckard, J. H. , B. Wille and L. Zechmeister. A comparative 
study of the three stereoisomeric 1, 4- diphenylbutadienes. 
Journal of the American Chemical Society 70: 1938 -1944. 
1948. 

41. Pippin, Wallace Harold. Valence tautomerism in cis -1, 2 -di- 
1'- cyclohexen -1'- ylethylene. Masters thesis. Corvallis, 
Oregon State University, 1961. 31 numb, leaves. 

42. Raphael, R.A. Acetylenic compounds in organic synthesis. 
London, Butterworths, 1955. 219p. 

43. Rüegg, R. et al. Synthesen in der Carotinoid- Reihe. 14 
Mitteilung. Synthese von -Apo -12'- carotinal (C25). 
Helvetica Chimica Acta 42: 847 -853. 1959. 

44. Rüegg, R. et al. Synthesen in der Carotinoid-Reihe. 15 
Mitteilung. Synthesen in der (3 -Carotinal -und (3 -Carotinol- 
Reihe. Helvetica Chimica Acta 42: 854 -864. 1959. 

45. Schlatmann, J. L. M. A. and E. Havinga. Studies of vitamin 
D and related compounds. XVI. Synthesis of model compounds 
for the study of the previtamin D _vitamin D interconversion. 
Recueil des Travaux Chimiques des Pays -Bas: 1101 -1114. 
1961. 

(3 



73 

46. Shriner, Ralph L., Reynold C. Fuson and David Y. Curtin. 
The systematic identification of organic compounds. New 
York, John Wiley & Sons, 1956. 426p. 

47. Signaigo, Frank K. and Paul L Cramer. The preparation of 
some mono- and dialkylcyclohexanes. Journal of the American 
Chemical Society 55: 3326 -3332. 1933. 

48. Sondheimer, Franz, Reuven Wolovsky and Yaacov Amiel. 
Unsaturated macrocyclic compounds. XXIII. The synthesis of 
the fully conjugated macrocyclic polyenes c clooctadecanonaene 
( [18] Annulene), cyclotetracosadodecaene ([2 j Annulene), and 
cyclotriacontapentadecaene ( [30] Annulene). Journal of the 
American Chemical Society 84: 274 -284. 1962. 

49. Surber, W. et al. ¡Aber die cis, trans -Stereoisomerie bei 
Dodecadien -Ç , 5)- on -(2) and 44. l-cyclohexenylbuten-(3)on- 
(2). Helvetica Chimica Acta 39: 1299 -1311. 1956. 

50. Wolinsky, Joseph, Bryan Chollar and M. D. Baird. Thermal 
rearrangement of 1,3 dienes. Journal of the American 
Chemical Society 84: 1775 -1779. 1962. 

51. Zeller, P. et al. Synthesen in der Carotinoid- Reihe. 13 
Mitteilung. Synthese von Canthaxanthin. Helvetica Chimica 
Acta 42: 841 -847. 1950. 


