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Volatile Silicon Complexes of Etioporphyrin I 
1 

The presence of several hornlogous se r i e s  of porphyrins have been 

d m n s t r a t e d  i n  sore o i l  shale rocks, shale o i l s ,  and petroleums. 2,3 

Hcwever, the application of microandlytical techniques (i.e., mass - 
spectromtry and gas chromatography) t o  s t ruc ture  determination has been 

limited due t o  the low v o l a t i l i t y  of the prphyr in  canq?onents. 

We would l i k e  t o  report the synthesis of several novel Si(IV) etio- 

porphyrin I derivatives and the ef fec ts  t h a t  their various additional 

s i l icon ligands have an porphyrin v o l a t i l i t y  as maswed by gas chroma- 

tography a t  normal pressure. 

The t r ea t ren t  of etiaporphyrin I with s i l icon tetrachloride o r  

hewchlorodisiloxane4and anhydrous pyridine i n  a sealed glass tube a t  

185OC f o r  6 hours, fo l l cmd by hydrolysis of the residue i n  d i lu te  

aqueous, ethanolic hydrochloric acid, gave a f t e r  purification on alumina, 

a 60% yield of p d u c t  A. Thc absorption spectrum was mtalloporphyrin- 

l i k e  with Soret band a t  h Z 1 3  535 mp (B  = 314,000) , and two longer wave- 

length bands a t  AZ13 535 mp ( E  = 11,700) , and Az13  572 mp (E = 13,800) . 
The rnass spectrum of A shawed a strong m l e c u l a r  ion a t  q/e 538, followed 

by a mre intense peak a t  m/e 521 corresponding to the loss of an -OH 

ligand. Thus the  s tructure dihydroxy-Si(IV)-etioporphyrin I was indicated. 
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Silylat ion of A w i t h  

a product B, subliming a t  

-2- 

b i s  (trimethylsily 1) acetami.de i n  pyridine gave 

14SoC (. 05 rrm-~ Hg) . Mass spectral  analysis of 

the sublimate shmed predominant ions a t  m/e 682 and m/e 593. ?"he frag- 

m n t  m/e 593 was the  mst intense peak corresponding t o  loss  of one 

ligand of 89 mass units [OSi (a3) 31. Thus B w a s  assigned the s tructure 
, I 

b i s  ( t r ~ t h y l s i l o x y )  -Si (IV) -etioporphyrin I. 

Compounds C, D, F, G, H, I, K (Table I) w e r e  isolated from a complex 

mixture of products produced when the amtents  of the sealed tube reaction 

w e r e  t rea ted  w i t h  ethanol o r  t-butanol. Trirrethylsilylation of D and I 

gave compounds E and J respectively. Mass spectral  analysis indicated 

t h a t  the predominant high mass f r a w n t a t i o n  w a s  due t o  loss  of one ligand. 

In s i l i con  carrp?lexes where two different  ligands were present, such as i n  
G, 

ccgnp~unds D, E and/&edominant high mass fragmentation ions occurred a t  

both mass (M-x) and (M-y) : 
preliminary gas chrcanatographic analysis of the  s i l i con  complex por- 

phyrins w a s  accomplished on an 11' x 1/4" ID glass column packed with 1% 

(OV-1) [methylsilicone phase1 coated 100-120 mesh s m t h  glass  beads. 

The temp. was kept isothermal a t  250°C and a helium carrier f low of 

27 ml/min w a s  used. Each chromatographic peak was collected and ident i f ied  

by mass spectromtry. Etiaporphyrin I, Ni(I1)-etiaporphyrin I, and 

diethoxy-Si (IV) -etioporphyrin I (C) w u l d  not chromatograph under the 

described conditions. Hawever, b i s  ( t r i m t h y  lsiloxy ) -Si (IV) -etioporphyrin I 

(B) showed a marked increase in v o l a t i l i t y  and could be chromatographed 

despi te  an increase in m l e c u l a r  weight of 88 mass uni ts  over the  diethoxy- 

s i l i con  ccxrplex. The increased v o l a t i l i t y  can be at t r ibuted,  a t  l e a s t  in . . 



par t ,  t o  the shielding of the ammatic porphyrin ring by the bulky 

trirrethylsiloxy groups above and b e l w  the prphyrin plane. Considera- 

t ion of the GC retention times (Table I) indicates that  additional ligand 

bulkyness (E t o  H,  J, K) does not e n d e r  the pmphyrin nucleus mre 

volat i le  than B but seems t o  vary directly with the molecular weight. 
8 ,  

In the past,  standard gas chranatography has had no practical use 

in porphyrin separations.' The results  of our preliminary study indicate 

tha t  conversion of porphyrins in to  volat i le  tetravalent silicon deriva- 

t ives should provide a mans by.which microquantities of complex mixtures 

of homlogous series,  such as those found i n  ancient biogenetic deposits, 

can be separated and structurally studied using a gas chrmtography-mass 

spectrometry conbination. This work w i l l  a lso be expanded t o  include 

developrent of a rapid quantitative means fo r  positive identification 

of porphyrins and chlorink extracted from recent biological sources. 
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Table I. Gas Chranatcqraphic Retention ~ i r r e s ~  and Predominant 

b  
70eV Mass Spectral  ori is ,of X,Y-Si (A,')' ctioprphyrins 

"4' we 
COW x (~igand)  (y )~ igana  M [M-(XOTY)I+ 

OSi (Wi2CH3) 

aThe follclwing gas chromatographic retention t h s  were ob- 

served: Compound B (11 , E (14 m i n ) ,  F (17 m h ) ,  G ( 2 1  

min), H (25 min), J (>27 min), K (>27 min). 

b A l l  mass spectra were obtained using an AJ3I MS-12 mass spec- 

t m t e r  equipped w i t h  a solid sample .probe. 
C X I J l =  Ligand X on oompound H. 
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