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Although it 1s well known that electrical dlscharqe in an organic vapor produces lnter- 

estlng chemical reactions, only a few attempts have been made to use this phenomenon for oraanlc 

synthesis. Recent work by Suhr and coworkers,' however, indicates that unique and selective 

discharge reactions are possible and that useful synthetic reactlons can be oerformed 

We have initiated an exploratory program in this area utilizing a radio frequency 

generator as a power supply If sufficient enerqy IS supplied, this produces a continuous 

discharge The vapor is partially ionized in the process, thus the reactions are promoted by 

and take place in a plasma. We have found that plasmolysls with this svstem is often clear2 

and we report here on the fragmentation of several heterocycllc molecules. To our knowledge, 

pyrroleland morphollne3 are the only other monocyclic heterocycles that have been studied. 

The plasmolysls apparatus was similar to that described by Suhr,' using a PMlO5-B rf 

generator (Internatlonal Plasma Corporation) as a source of 13.6 MHz rf energy. This was 

inductively coupled via copper coils to a 40 mn ld Pyrex reaction tube - The compound to be 

studied was distilled through the discharge reqion at a pressure of ca 0.1-0.4 mn Hg and the 

products collected in a liquid nitrogen trap. Gaseous products were collected in a second 

trap equipped with a stopcock and analyzed by mass spectroscopy. Product percentages were 

estimated by glc using a 3/E' X 12'. 10% Carbowax PDM/Chromosorb W column, or in the case of 

compound 3, a 12' X 3/8", 15% SE-30/Chromosorb W column at 2OO'C. A Vanan Aerograph Model 

90-P qas chromatograph was employed, the peak areas (estimated by the cut and weigh procedure) 

being uncorrected for thermal conductivity differences. 
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All compounds were obtained from consnercial sources but for compound 3, which was 

prepared from m-stilbene eplsulfTde4 by the method of Helmkamp.5 

The products resulting from decomposition of compounds l-4 are shown in Table 1. 

[ZkCH3 CH3&;>CW3c6H51:;CH3 cH3LLCH3 
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Fragmentation to form smaller, stable molecules appears to be general for such compounds. 

S w N 
CH3 rf CH2CH2 + CH3CN + S 

Table 1. Plasmolysls Products 

Rf Powera Pressure Flow Rateb TemperatureC Products, % Yield based on 
Reactant (Watts) (mn Hg) (mnole/mln) (CO) startinq material. 

1 50 0.1-0.3 0.1 25 

2 50 0.1-O 3 01 25 

zd 50 4 0.1 190 

3d 10 4 0.02 190 

4 50 0.1-0.3 0.2 25 

E-stllbene 10 4 0.02 190 

Z-stilbene 20 4 0.02 190 

ethylene (49), sulfur (51), 
acetonitrile (51) 

(CH3),C=CH2 (30), CH3CN (32).2 (60) 

E-stilbene (13.7), Z-stilbene (lO.l), 
phenanthrene (4.2) 

E-stilbene (31), Z-stilbene (23), 
phenanthrene (8.1), i(32) 

CH3CN (72), l(l7) 

Z-stilbene (17), E-stilbene (83) 

Z-stilbene (51), E-stilbene (33), 
phenanthrene (15.4) 

a) Power produced by the generator. b) Calculated by dividing the quantity of material passed 
by the time required. c) Temperature of the plasmolysis chamber. For 3, a temperature of 190' 
was used to prevent condensation in the reaction tube. A control experiment with no plasma 
demonstrated the compound to be completely stable at this temperature. d) Helium was used as 
a carrier gas due to the relative nonvolatility of this material. 

The sulfur heterocycles are more reactive under these conditions than their oxygen analogs, 

but the overall course of the reaction is the same in each case. It was also observed that the 

formation of polymer causes the deviation of the product balance from unity. This phenomenon 

appears to be less important for the oxyqen-containing molecules than in the case of the 
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sulfur compounds, but in either case it can be minlmlzed by Judicious choice of pressure and 

use of low power levels. Increased conversions are achieved if the plasma tube is of large 

diameter (>40 nsn) 

The plasmolysis of 2-methyl-a-4,5-diphenyl-A2-thlazoline (2) was performed in order to 

examine the stereochemistry of the anticipated stllbene product. The results show the forma- 

tion of Z and E stilbene as well as phenanthrene, the same products observed when Z or E 

stllbene is subJected to an RF plasma. 
6 

Comparison of the ratlo of these three prodcuts from 

Z-stilbene, from E-stllbene, and from thlazollne xylelds some information about the reaction 

mechanism. Thus, as shown ln Table 1, E-stilbene reacted at 10 watts of power produced no 

measurable quantity of phenanthrene, whereas thlazoline 3 formed a slqnlficant amount. 

Furthermore, the Z/E ratio IS markedly different, beinq much larger in the thlazollne decompos- 

ition. A low-power plasmolysls of Z-stllbene (Table 1) does show the formation of phenanthrene, 

but the amount of E in the mixture 1s much less than IS formed from the thiazollne. 

These data show that the fraqmentatlon does not produce either Z or E stllbene stereospec- 

lflcally, but instead produces a mixture of isomers. The product ratio IS, furthermore, 

nearly Independent of the power over the range lo-50 watts, ln contrast to the results from 

stllbene lsomerlzatlons 2'6 

There are a number of mechanisms whereby a mixture of Z and F isomers would be directly 

produced from the plasmolysls of 2. These include pathways lnvolvlng diradical and electron- 

ically excited intermediates The most apoeallnq posslblllty is that the fraqmentatlon 

yields electronically-excited stllbene It IS known that this intermediate will produce a 

mixture of isomers rich in Z product,' (and ln the gas phase also phenanthrene whereas other 4 

reactions involving qround state stllbene are either stereospecific or form primarily the E 

product. 

The mechanism of the plasmolysls is unknown, but there is apparently no reported analooous 

photochemical or thermal process Further work addresslno the mechanistic questions is in 

progress. 
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