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2,3-di-n-propyl-l,4-dehydrobenzene 

by· Thomas P. Lockhart, Charles B. Mallon, and Robert G. Bergman 

Abstract 

2,3-Di-n-propyl-l,4-dehydrobenzene (5) has been generated by 

the thermal rear rangernent of Z-4,S-diethynyl-4-octene (4). 

Solution pyrolysis of the starting diacetylene in inert aromatic 

solvents produces three unimolecular products (Z-dodeca-4,S-

~iyne-6-ene (8), c-allyl-n-propylbenzene (9) and benzocyclooctene 

(10» in high yield. When 1,4-cyclohexadiene is added to the 

pyrolysis solution as a trapping agent, high yields of the 

reduced product o-di-n-propylbenzene are obtained. Kinetic and 

trapping studies indicate that the 1,4-dehydrobenzene has a 

finite lifetime and undergoes reactions consistent with a 

biradical structure. Our results also indicate that two 

subsequent biradical intermediates are formed from the 1,4-

dehydrobenzene by sequential intramolecular [1,5] hydrogen 

transfer. CIDNP has been observed in one of the unimolecular 

reaction products and provides further evidence for the presence 

of one of the biradical intermediates. 



2,3-di-n-propyl-l,4-dehydrobenzehe 

Rearrangement and trapping studies l have implicated an 

·open· or biradical form (2) of 1,4-dehydrobenzene as an 

intermediate in the thermal reaction of Z-hexa-l,S-diyne-3-ene 

(1, R = H: Scheme 1). Attempts to obtain kinetic evidence for 

the existence of a true intermediate in this reaction, however, 

have been frustrated by the low yield of aromatic products 

obtained in solution pyrolyses of several compounds of type 1. 

In this paper we wish to report a detailed study of the 

thermolysis of Z-4,S-diethynyl-4-octene (4).2 This reaction 

gives high yields of products formed by rearrangement, 

intramolecular and intermolecular trapping of the intermediate 

1,4-dehydrobenzene 5. The kinetics of the solution pyrolysis of 

4 in the presence and absence of trapping agent establish that 

the 1,4-dehydrobenzene is a discrete intermediate on the pathway 

leading to products. By following this reaction in the ~robe of 

an NMR spectrometer at high temperature we have, for the first 

A time, observed CIDNP in a 1,4-dehydrobenzene reaction. This 

observation, along with kinetic and chemical trapping evidence, 

indicates the subsequent formation of two additional 

intermediates on the pathway to products. The observation of 

CIDNP, coupled.with the reactivity exhibited by 5 and the other 

two intermediates, implicate a biradical description of these 

molecules. 

Reaction of 4 in the gas phase (N2 flow, 320QC) 
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quantitatively produces three products: i~omeric diyne 8, 0-

allyl-n-propyl-ben'zene (9), and ,benzocyclooctene (10).3 The 

yield of 8 is dependent on the reaction temperature: at 4000 C 8, 

prepared by independent synthesis, is converted to 9 and 10 in 

high yield. Products 8, 9 ~nd 10 are obtained in high mass 

balance when compound 4 is heated to 196 0 C in a,solvent inert 

toward free radical hydrogen atom abstraction such as diphenyl 

ether, chlorobenzene or benzene.4,S At this temperature the more 

stable isomer 8 does not react appreciably during the course of 

the reaction. Pyrolysis of 4 in an inert solvent to which a good 

hydrogen atom donor (1,4-cyclohexa'diene or 9,10-

dihyd~oanthracene) has been added gives reduced product 11 in 

addition to 8, 9 and 10.6 Increasing the percent of'trapping 

agent in solution increases the yield of 11 at the expense of the 

three unimolecular products (see Table, runs (1) -(3». 

The mechanism outlined in Scheme 2 accounts for the observed 

products. We postulate that 1,4-dehydrobenzene 5 is the initial 

intermediate. Intramolecular hydrogen transfer from the ends of 

the alkyl chains sequentially converts 5 into 6 and 

~ then 7. Performing the thermal reaction in the presence of 

2,2,S,S-tetradeuterio-l,4-cyclohexadiene7 provides information 

about the amount of reduced product 11 arising from each of these 

intermediates, since 5 gives rise to 11 containing only aromatic 

deuterium, 7 leads to 11 containing only aliphatic deut~riurn, and 

6 gives 11 containing one aliphatic and one aromatic deuterium. 8 

Assay for these three differently labeled products was performed 

by selectively9 washing out aromatic deuterium us~ng acid-
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catalyzed exchange, and then ana~yzing the resulting 0-

dipropylbenzene for dO' dl, and d2 isomers by mass spectroscopy. 

These experiments demonstrated that when a solution of 4, 0.8 M 

in cyclohexadiene-d4i is subjected to thermal reaction, 66% of 

product 11 is formed directly from the 1,4-dehydrobenzene, 33% is 

formed from the singly-rearranged biradical 6, and only 1% arises 

from 7. As might be expected, therefore, biradical 7 undergoes 

intramolecular ring-closure and hydrogen transfer considerably 

faster than intermolecular reaction with deuterated 

cyclohexadiene. 

·The kinetics of disappearance of 4 in chlorobenzene solution 

([4] = 0.01 M) are well behaved. First order plots are linear 

for two to three half-lives over a range of 340C (Table). These 

data give Ea = 27.4 ± 0.5 kcal/mol and 10910A = 10.8 .±. 0.3 sec-I. 

If 2,3-di-n-propyl-l,4-dehydrobenzene is a true intermediate 

in the reaction of 4, and the reaction rates leading to 6, 8 and 

11 are fast with respect to k_l , then the rate of disappearance 

of 4 should be independent of added 1,4-cyclohexadiene trapping 

agent. The yield of unimolecular products, however, should be strongly 

~, dependent on the presence of trapping agent in the reaction 

solution. The rate data obtained at 0.19 M and 0.38 Madded 1,4-

cyclohexadiene at lS60C are identical, within experimental error, 

to the data obtained in the absence of trapping agent (Table; 

runs (5), (8) and (9». Thus, while the rate of reaction of 4 is 

unchanged, the increase in cyclohexadiene concentration increases 

the yield of 11 from 0 to 47%, in accord with the prediction. 

A specific relationship of the yield of diyne 8 to the 1,4-
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cyclohexadiene concentration is predicted by Scheme 2. 

Application of the steady state approximation to the 

concentration of 5 (Scheme 2) leads to the prediction that the 

recipr~cal of the yield of 8 should be proportional to the 

concentration of 1,4-cyclohexadiene in solution (eq. (1». As 

shown in Fig. 1, this relationship is observed experimentally. 

The absolute yields of products 8, 9 and 10 show pronounced, 

but different, dependences on the concentration of trapping 

agent. The yields of both 9 and 10 falloff rapidly as the 1,4-

cyclohexadiene concentration increases: the dependence of 8 is 

much-smaller. From the d4-cyclohexadiene trapping experiments, 

we know that a negligible amount of 11 arises from 7: thus d[9 + 

10]/dt ~ k3 [6] (Scheme 2), and we obtain the relationship in eq. 

(2) which relates the ratio of 8 t~ 9 + 10 as a function of added 

trapping agent. The ~xperimental data are plotted in Fig. 2. 

The straight line obtained confirms that a second !ntermediate 

exists and is being trapped by added cyclohexadiene. From the y­

intercept, k4/k2 = 0.36 ± 0.01. Th~ ratio k6/k3' given by the 

slopely-intercept, = 2.0 M-l. In the absence of trapping agent 

the ratio of unimolecular products, 8/[9 + 10], gives k4/k2 

directly. The value obtained experimentally, 0.35, falls almost 

exactly on the line in Fig. 2. This indicates -that 

cyclohexadiene does not produce a significant solvent effect on 

the reaction rates at the concentrations studied. 

It is informative to estimate the absolute rate constants 

and activation energies for the processes shown in Scheme 2. A 

reasonable model for k6 is the rate constant for reaction of 

r', 
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Equation 1. 

1 = -a 
1 + [SH] 

• Equation 2. 

8 = + [SH] 

9 + 10 
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phenyl radical with diphenylmethane ( 7.7 x 106 M-l sec-l at 

600 C)10 which gives k6 -= 107 M-l sec-l at 60oC. The unimolecular 

rate constants k2, k3 and k4 are thus expected to lie between 106 

and 107 sec-I; ka must be at least one or two orders of magnitude 

slower (~ supra). The ratio of products 81 [9 + 10] shows a ' 

marked dependence on the reaction temperature (Table). This is 

convincing evidence that at least one of the intramolecular 

processes leading from 5 is activated. A good linear plot of 

In (8/[9 + 10]) versus liT is obtained over a range of 64oC; from 

the slope of the line .6 Ea(Ea (k4) - Ea (k2» is found to be 5.2 
• 

0.4 kcal/mole. The Ea for '[1,5] hydrogen transfer in 5 should be 

similar to that for exothermic [1,5] hydrogen transfer in the 

2,2-dimethylpentoxyl 'radical (Ea:' 5.0 kcal/mole) .10 The 

conversion of 5 to 6 should therefore have an Ea of about 10 

kcal/mole. 

When 4 is pyrolyzed in diphenyl ether or o-dibromobenzene at 

1600 C in the probe of an NMR spectrometer, several emissive 

signals are observed (Fig. _ 3).. We aSSign these CIDNP signals to 

the vinyl p~otons ~nd,'tentatively, to the alkyl protons 

(terminal methyl and methylene) in 10. The assignment of the A 

polarized protons and the peculiar observation that all 

enhancements are emissive suggest strongly that the polarization 

arises from biradical 7.11 

The observations reported here constitute strong support for 

.the mechanism outlined in Scheme 2, 'and provide i~formation about 

the relative rates of several of the £ast reactions of 

intermediates 5, 6, and 7. Experiments now in progress are aimed 
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at determining the reactive spin state of 5. 
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Table. Product Yie1ds.and Rate Constants in the Solution Pyrolysis of 4. a 

1,4-cyc1o-
Absolute Yield (%)b 

k
ObS

(Sec-1 ) 
hexadiene Total 

Run T (OC) (M) 8 9 10 11 (8-11 ) 

(1) 196 0.0 20.3 36.9 20.8 78 

(2) 196 0.4 10.1 8.9 5.4 48 71 

(3) 196 10.6 -1.0 <1 <1 76 <79 

(4) 166 1.3 x 10-3 0.0 13.5 38.5 20.0 72 

(5) 156 6.9 x 10-4 0.0 11.8 35.8 17.2 65 

(6) 145 2.9 x 10 -4 0.0 9.8 37.3 17.6 65 

(7) 132 9.3 x 10-5 0.0 7.9 38.5 16.4 63 
. "'. 

(8 ) 156 7.1 x 10-4 0.19 'S.7 13.5 8.7 27.6 58 

(9) 156 6.4 x 10 -4 0.38 5.2 6.7 3.1 47.4 62 

a[4] = 0.01 M 

bYie1ds determined by digital integration of FIO vpc trace and reference to 
an internal standard./ . 

(.oJ 
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Figure Captions 

Figure 1. Plot of (8 )-1 versus concentration of -normalized 

l,4-cyc1ohexadiene. 

Figure 2. Dependence of the ratio 8/[9+10] on 1,4-cyclohexadiene - ---
concentration. 

Figure 3. The upper spectrum (90MHz, 1H) shows the vinyl region 

of a purified sample of o-ally1-n-propy1benzene recorded at 30°C. 

The lower spectrum shows the emissive 1H signals observed during 

pyrolysis of 4 at 160°C in a 90MHz NMR probe. The signals 

appearing in absorption on the left side of the lower spectrum 

are spinning side bands of the solvent (o-dibromobenzene). 
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