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In the course of a study on organic compounds in pollut- 
ed water,l a particularly facile pyrolytic reaction was ob- 
served when extracts containing pheophytin a were inject- 
ed into a gas chromatograph which was operated with an 
injection port temperature of 250O. Since most thermal de- 
compositions take place a t  much higher temperatures, a 
brief study of the pyrolytic behavior of this compound was 
undertaken. 

Pheophytin a was pyrolyzed a t  250,350, and 400" direct- 
ly onto a high-resolution gas chromatographic (gc) column 
the effluent of which was monitored with a fast-scanning 
computerized mass spectrometer. Four major fractions 
were observed and they were identified as various phyta- 
diene isomers (1-4) from their mass spectra and gc reten- 
tion indexes (see below for details). These data and the rel- 
ative abundances of the various isomers are given in Table 
I. I t  can be seen that the relative yield of the pyrolysis 
products observed a t  the three temperatures is not signifi- 
cantly different and that a t  least 94% of these products are 
phytadienes. The remaining 5-6% were a t  least 15 different 
compounds and, judging from their gc retention times, all 
contained less than ten carbon atoms; they were not inves- 
tigated further. In addition, any nonvolatile pyrolytic prod- * 
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Table I 
Compounds  Identified in the Pyrolysate 

of Pheophyt in  a 

Retention 
Relative yield,a 70 index Mass spectrum, 

Compd 250° 350° 400' (&l) m/e  (re1 intensity)b 

1" 61 63 64 1841 68 (loo),  57 (86) 

2 d  2 2 1 1848 43 ( loo) ,  68 (90) 

3 12 10 11 1863 43 (loo), 82 (96) 

4 20 19 18 1882 82 (loo), 43 (78) 

Others 5 6 6 

a Absolute total molar yield, relative to  pheophytin a, 
is 40-60%. b See paragraph at end of paper regarding supple- 
mentary:material. c Common name: neophytadiene. d Tenta- 
tive structure. 

43 (80), 82 (73) 

57 (84), 41 (79) 

68 (go), 57 (89) 

57 (77), 81 (71) 

ucts which were not transmitted by the gas chromatograph 
were not studied. 

The information which lead to these identifications is as 
follows. The mass spectra of the four major components 
were quite similar to each other. They all exhibited abun- 
dant ions a t  mle 43, 57,68, 82,95, and 123 and a molecular 
ion a t  mle 278. These ions are consistent with phytadienes 
and must originate by cleavage of the indicated bonds 
(using neophytadiene as an example). Ions at mle 68 and 

1123 

82 require the rearrangement of one hydrogen atom. The 
ions a t  mle 95 and 123 indicate that the diene system is lo- 
cated a t  the formerly esterified terminus of the molecule. 
In addition, the mass spectrum of the most intense gc peak 
was identical with that of synthetic neophytadiene (1). In 
this way all four peaks were identified as phytadienes. 

The exact positions of the double bonds could not, of 
course, be completely established by mass spectrometry. 
Fortunately, however, the gc retention indexes of several 
phytadienes isolated from zooplankton and identified by 
ozonolysis and infrared spectrometry have been reported.2 
The retention indexes of compounds 1, 3 and 4 (see Table 
I) are identical with this reference data. The tentative 
structure 2 was assigned on the basis of gc retention char- 
acteristics (indicating a terminal methylene group) and a 
less abundant mle 82 ion relative to the other isomers. 

Although the above information is not sufficient to prove 
a reaction mechanism, the following suggestion (see 
Scheme I) nicely accounts for the identity and abundance 
of the products. This suggested mechanism involves two 
steps, the first step being a Cope-type rearrangement of the 
phytyl group and the second being the elimination of pheo- 
phorbide ( 5 )  by way of a six-membered cyclic transition 
state in which the carbonyl oxygen interacts with the vari- 
ous a-hydrogen atoms. The observed product distribution 
is close to that which would be expected based on the num- 
ber of protons available. Since there are three primary pro- 
tons and two secondary protons, the statistical product dis- 
tribution should be 60% 1, 20% 3, and 20% 4, and in fact 
these values are very close to those observed (see Table I). 

A similar mechanism has been suggested for the pyroly- 
sis of certain allylic acetates.3 For example, P-acetoxy- 
trans-3-heptene pyrolyzes a t  350' to give a mixture of 1,3- 
and 2,4-heptadiene. Isomerization of the ester was demon- 



Notes J .  Org. Chem., Vol. 39, No. 17, 1974 2635 

Scheme I 
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strated by isolation of 4-acetoxy-trans-2-heptene in the py- 
r ~ l y s a t e . ~  

I t  should be noted that tobacco smoke contains several 
phytadiene isomers, the most abundant of which is neo- 
~ h y t a d i e n e . ~  Since all of the phytadienes reported in Table 
I (except 2) have been found in tobacco smoke, it seems 
likely that pyrolysis of the residual phytol esters originally 
present in tobacco as chlorophyll produces some of the 
phytadienes observed in smoke. 

Besides tobacco, the only other reported occurrence of 
phytadienes is in zooplankton.2 Since an injector port tem- 
perature of 250' is sufficient to produce phytadienes from 
pheophytin a, before reporting the presence of phytadienes 
in an extract it is important to demonstrate the absence of 
chlorophyll or its degradation products in that extract. In 
this respect it is possible that the phytadienes reported to 
be present in zooplankton2 may have been an artifact. 

Experimental  Section 
The samples were pyrolyzed directly into the gas chromato- 

graphic column using a CDS Pyroprobe 190 system. The sample 
(ca. 300 fig) was coated from solution (CH2Cls) on a platinum rib- 
bon (35 X 1.5 X 0.0127 mm); after solvent evaporation, the ribbon 
assembly was inserted into the injection port of the chromatograph 
(held at  240 f 10'). After restabilization of the helium carrier gas 
flow (1-2 min), the ribbon was heated a t  10'/msec to 250, 350, or 
400' and held there for 2 sec. Pyrolysis products were immediately 
vaporized and swept onto the gc column. The estimated maximum 
residence time of the products a t  temperature was less than 100 
msec; thus isomerization was avoided. 

Samples were also pyrolyzed by injecting the solution (CHZC12) 
directly into the heated injection port. Injector temperatures of 
250-320" were sufficient to pyrolyze the pheophytin a to give a low 
yield (5-10%) of phytadienes. Although the results of injector port 
pyrolyses were not as reproducible as those of the platinum ribbon 
system, the identities and distribution of products were approxi- 
mately the same as shown in Table I. 

Two gc columns were used: (a) 300 ft  X 0.01 in. i.d. stainless 
steel, wall coated with SF-96 containing 5% Igepal 880 operated 
isothermally a t  180' (110,000 theoretical plates), and (b) 150 ft X 
0.02 in i.d. stainless steel, wall coated with OV-101; temperature 
programmed from 130 to 200' a t  3O/min. Both columns gave iden- 
tical retention indexes and the resolution was such as to verify that 
there were no more than four phytadienes present. The computer- 
ized combined gas chromatograph-mass spectrometer system has 
been described p r e v i ~ u s l y ; ~  however, since capillary columns with 
carrier gas flow rates of 0.5-1.5 ml/min were used for this study 
and since the restrictors in the fritted glass interface between the 
gas chromatograph and mass spectrometer were adjusted for flow 

rates of 15-40 ml/min, it was necessary to add carrier gas after the 
column to bring the total gas flow into the interface up to these 
higher values. A flame ionization detector chromatogram was re- 
corded in parallel to the gas chromatograph-mass spectrometer 
and was used for the quantitative values shown in Table I. 

Pheophytin a was prepared by acid hydrolysis6 of chlorophyll a 
which was, in turn, isolated from a mixed culture of green al- 
gae and blue-green algae (cultured in a modified Allen's medium7 
for 3 weeks). The cells were collected by centrifugation, and the 
chlorophyll a was isolated by chromatographic procedures.6 The 
visible spectrum of the isolated pheophytin a (in ether) exhibited 
peaks a t  410, 474, 506,535, 562,612, and 671 nm and was in agree- 
ment with published spectra.* Methyl pheophorbide a was pre- 
pared by Fisher's method,6 and the mass spectrum was obtained 
by inserting the sample directly into the ion source a t  380"; it 
showed characteristic ions a t  m / e  606, 576, 548, and 461 and 
agreed with the published mass spectrum of methyl pheophorbide 
a.g 
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DL-2-Hydroxytryptophan2 (3) has been prepared by 
three- or four-step syntheses originating with the reaction 
products from ethyl 2-(o-nitrophenyl)acetate and diethyl 
methylenemal~nate ,~ isatin and ethyl p y r ~ v a t e , ~  or 3-chlo- 
romethyleneoxindole and diethyl forrnamidoma1onate.j 
Yields, however, are modest (15-24% overall) and resolu- 
tion, when the biologically i m p ~ r t a n t ~ - ~ , * % ~  L isomer is de- 
sired, poses diff icul t ie~.~ 

A one-step oxidation of L-tryptophan with peracetic acid 
in acetic a n h ~ d r i d e ~ , ~  or aqueous hydrolysis (130') of its 
symmetrical 2,2'-dis~lfide,~ obtained by reaction with di- 


