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GENERAL SYNTHESIS OF OCTAALYKYLPORPHYRINS 
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Abstract: React ion o f  t h e  a, l -unsaturated ketone, 2, w i t h  

to luenesu l fony l  methyl i socyan ide  g i ve  the  3-a lkanoy l -4 -a lky l  

py r ro l es ,  3. Hydr ide r educ t i on  o f  3a-f a f f o rds  the  3,4- 

d i a l k y l p y r r o l e s  4a-f which condense w i t h  formaldehyde t o  

g i v e  the  2,3,7,8,12,13,17,18-octaalkylporphyrins, 1a-f .  

As a new approach l ead ing  t o  symmet r ica l l y  s u b s t i t u t e d  oc taa l ky l po rphy r i ns  we r e p o r t  here a 

s imp le  and general syn thes is  o f  t h e  porphyr ins  1. 

N HN 

R 
I n  our  e a r l i e r  work1" we descr ibed t h e  d i r e c t  syn thes is  c 

R= 

l a  n-C3H7 

l b  n-C4H9 

l c  n-C5H11 

I d  n-C6H13 

l e  n-C7H15 

If n-C8H17 

x t a - s u b s t i t u t e d  por ' ins ! t i n g  
w i t h  the  r e a c t i o n  of .,B-unsaturated ketones and e s t e r  w i t h  to luenesu l fony l  methyl i s o n i t r i l e  

t o  g i ve  3-alkanoyl-4-alkylpyyroles. These p y r r o l e s  were condensed w i t h  formaldehyde under 

aerob ic  cond i t ions  g i v i n g  r i s e  t o  mix tu res  of  i somer ic  porphyr ins .  

1 a-f 
HCHO, HBr - EtOH, o2 

Attempts t o  e f f ec t  an a lkanoy l  t o  a lkane reduc t i on  i n  these porphyr ins  g i ve  e r r a t i c  r e s u l t s .  3 

To circumvent t h i s  d i f f i c u l t y  we c a r r i e d  ou t  a hyd r i de  r educ t i on  o f  the  s u b s t i t u t e  py r ro l es  

which g ives  t h e  3 .4 -d ia lky lpyr ro les ,  3, i n  h i g h  y i e l d s .  L i k e  a l l  a l k y l p y r r o l e s  4 are a i r  
s e n s i t i v e  and should be used immediatley. 1 b 



P y r r o l e  3 a b c d e f - 

R= n-C3H7 n-C4Hg n-C5H11 n-C6H13 n-C7H15 "c8H17 

$ Y i e l d  74 69 34 28 31 42 

P y r r o l e  4 - 
R= n-C3H7 n-C4Hq n-C5H11 n-C6H13 n-C7H15 n-C8H17 

% Y i e l d  70 76 86 87 89 85 

'HMR (61  

pyr ro le -H 6.23d 6.41d 6.35d 6.27d 6.45d 6.33d 

C 3 - p y r r o l e  2 .37 t  2 .43 t  2 .38 t  2 .36 t  2 .46 t  2 .38 t  

% Y i e l d  32 33 40 11 11 22 

( f r o m  2) 
m . ~ .  280" ' 270' 229" 173-175' 151-152" 145.5-141' 

(phase change) (phase change) (phase change) 
275-278') 266-267" 222-227' 

HCC13 
mu, nrn 399 ( S o r e t )  400 ( S o r e t )  400 ( S o r e t )  400 ( S o r e t )  400 ( S o r e t )  400 ( S o r e t )  

499 500 500 500 501 501 
535 535 536 535 535 535 
569 569 569 569 569 569 
622 622 621 621 622 621 

'HMR ( 6 P  
Mero-H 9.97s 9.85s 10.00s 10.08s 10.05s 10.03s 

*l it.6 s i n t e r e d  276' 
**nmr taken i n  CDC13 



HETEROCYCLES, Vo1 12. No 12.1979 

. Using our general porphyr in  procedure o f  r e f l u x i n g  an ac id i c ,  e thano l i c  so lu t i on  of % w i t h  

formaldehyde, f i r s t  under n i t r ogen  then exposed t o  a i r  t o  b r i n g  the slow ox ida t i on  o f  the  

condensation product (presumably poiphyrinogen) we obtained good t o  exce l l en t  y i e l d s  o f  porphyr ins 

1 a- f .  

The s o l u b i l i t y  o f  these porphyr ins i n  var ious solvents i s  g r e d t l y  enhanced by the presence 

o f  the a l k y l  subst i tuents .  Thus, octapentylporphyr in i s  tw ice  as so lub le  i n  hexane as oc taethy l -  

porphyr in  wh i l e  oc taocty lporphyr in  i s  3.7 times as soluble.  A l l  the  porphyrins, 1, are a lso  
-< 

extremely so lub le  i n  the ch lo r i na ted  solvents.' 

EXPERIMENTAL 

4 3-Pentvl-4-pentanoylpyrrole,  3c: A s o l u t i o n  of p- to luenesul fonyl  methyl isocyanide (20 m o l )  

and 6-dodecen-5-one, & (20 mmol) i n  100 ml o f  d i e t h y l  e ther ld imethy l  su l fox ide (2 : l )  was added 

dropwise t o  a s t i r r e d  suspension of sodium hydr ide  (40 m m l )  i n  40 ml o f  ether.  The mix ture  was 

s t i r r e d  fo r  an add i t i ona l  30 min. then water (100 ml )  was added. The product was ex t rac ted w i t h  

ether.  Evaporation of the e the r  under reduced pressure l e f t  a semi-sol id which was c r y s t a l l i z e d  

from methylene chlor idelpentane: y i e l d  34%, mp. 63-65'; IR (Nu jo l ) :  3210 c m - ' ( ~ - ~ ) ,  1640 cm-' 

(C-0); PMR (CDC13): 6 0.88 (over lapping t, 6H, C13), 1.1-1.9 (m, 10H, CH3(CI&)3CH2 and COCH2(CH2)2 

CH3), 2.70 (over lapping t, 4H, CH2-pyrrole and COCH2), 6.45 (m, lH, C2-pyrrole-H), 7.25 (m, lH, 

c 5 -pyrrole-H), 9.00 (broad s, l ~ ,  N-H); (CDCI~): 6 13.81 and 13.93 ( C H ~ ' S ) ,  22.46 ( C H ~ - C H ~ ' s ) ,  

26.43 (CH3(CH2)&H2), 27.24 (CH3CH2CH2CH2CO), 29.66 (CH3(CH2)2CH2), 31.75 (CH3CH2LH2CH2CH2). 39.63 

(CJ2CO), 117.33 (C5-pyrrole carbon), 123.04 (C3-pyrrole carbon), 124.87 (C2-pyrrole carbon), 126.23 

(C4-pyrrole carbon), 194.44 !C-0); MS (70 eV): m/e = 220 (parent ) .  

3,4-Dipentylpyrrole,  4c: L i t h i um aluminum hydr ide  (50 ml o f  a 0.67 tl ether  so lu t ion ,  33.4 mmol) 

was added t o  a s i t r r e d  s o l u t i o n  o f  (2.09, 8.3 m o l )  i n  tetrahydrofuran under n i t rogen.  The 

mix ture  was re f luxed f o r  th ree hours. To the cooled s o l u t i o n  was added cau t i ous l y  and i n  order, 
water (1.3 ml ) ,  sodium hydroxide (1.3 ml o f  15% w/w aqueous so lu t i on ) ,  and water (3 .9  ml ) .  The 

p r e c i p i t a t e  was f i l t e r e d  by suc t i on  and washed w i t h  tetrahydrofuran. The tetrahydrofuran was 

removed under reduced pressure t o  y i e l d  1.63 g (86% y i e l d )  o f  5: I R  (Nu io l ) :  3375 cm-' (N-N); PMR 

(COC13): 50.88 (5,  6H, CH3). 1.40 (m, 12H, CH3Ct12CL2,C$) 2.38 ( t ,  4H, C s - p y r r o l e ) ,  6.35 (d,  2H, 

H-pyrrole),  7.56 (broad s, lH,  N-H; 1 3 c ~ U  (CDCI3): a 13.9 (CH3), 22.5 (CH&H2) 25.2, 30.1 (CH3CH2 

CH2(CH2)2), 31.8 (CH3CH2LH2CH2CH2), 114.7 (C2-and C5-pyrrole carbons), 122.9 (C3-and C4-pyrrole 

carbons). 

Octapeotylporphyr in 3c: A s o l u t i o n  of (578 mg, 2.54 mi ), fresh, 37% aqueous formaldehyde 
5 

(12 ml ) ,  and aqueous 48% hydrobromic ac id  (0.5 m1) i n  absolute ethanol  (100 ml )  was re f l uxed  for  

24 hours under n i t rogen then exposed t o  a i r  wh i l e  re f l ux ing  fo r  an add i t i ona l  24 hours. 

The r e s u l t i n g  so lu t i on  was allowed t o  stand a t  room temperature f o r  seven days. The 

ethanol was removed under reduced pressure. A f te r  n e u t r a l i z i n g  the  residue w i t h  aqeuous 

sodium carbonate i t  was ex t rac ted w i t h  methylene ch lo r i de .  The methylene ch lo r i de  was 



removed and the res idue chromatographed on s i l i c a  ge l  (1 :1 hexanel to luene e l uen t ) .  There 
was obtained 233 mg (40% y i e l d )  of  porphyr in  & The porphyr in  was r e c r y s t a l l i z e d  f rom 

hexane. mp ( s i n t e r c d  222-227") mel ted 229", hax (CHC13): 400 nm ( e  190,0001, 500 (13,000), 
536 (9,600). 569 (6 ,700)~  621 (4,100); 1R (CHC13): 3310 cm-' (N-H); PMR (CDC13): S-3.58 (broad 

s,  2H, N-i), 1.08 (5 ,  24H, CK3), 1.75 (m, 32H, CH3CH2CH2), 2.36 (m, 16H, CH2CH2-porphyrin) 

4.03 ( t ,  16H, CH2-porphyrin), 10.00 (s,  4H, meso-t j ;  r 3 ~ ~ ~  (CDC13): S 14.1 (CH3), 22.7 

(CH&H2), 26.6 ( c H ~ - p o r p h y r i n ,  32.6 (CH3CH2CH2), 33.6 (CH3CH2CH2-CH2), 96.8 (meso carbons), 

140.2 ( " 6 "  carbons), 144.2 ( "a"  carbons); MS (70 eV): m/3 = 870 (pa ren t ) .  Anal. Calcd f o r  

CGOHg4N4: C, 82.70; H, 10.88; N, 6.43. Found: C, 82.88; H, 10.74; N, 6.40. S o l u b i l i t y  

(hexane, 20" ) :  2.1 g / l  (2.4 x 
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