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Abs t rac t  -- With t he  aim o f  ob ta i n i ng  a  porphyr in  d e r i v a t i v e  

use fu l  f o r  d iagnosis and therapy o f  cancer. f l u o r i n e  analogs o f  

hematoporphyrin. which had t r i f l u o r o h y d r o x y e t h y l  group(s) i n  t he  

p lace  o f  hydroxyethyl  groups. were synthesized by t he  r e a c t i o n  o f  

deuteroporphyr in d imethy l  e s t e r  w i t h  t r i f l uo roace ta l dehyde  i n  t he  

presence o f  aluminum ch lo r i de .  P re l im ina ry  r e s u l t s  o f  b i o l o g i c a l  

t e s t s  of t h e  products showed t h a t  the  hexaf luoro  analog o f  hemato- 

porphyr in  accumulates t o  Human l i v e r  cancer c e l l s  more s e l e c t i v e l y  

than o the r  f l u o r i n e  analogs. 

Some porphyr in  d e r i v a t i v e s  a re  l o c a l i z e d  t o  tumor t i ssue .  and r e c e n t l y  pho to rad ia t i on  

therapy using l ase rs  has been suggested t o  have c l i n i c a l  value.' I n  t h e  e a r l y  stage o f  

our  work, hematoparphyrin d e r i v a t i v e  (HPO) a t t r a c t e d  our- s t t e n t i o n .  Although the s t ruc -  

t u r e  of the  a c t i v e  component o f  HPD has been proposed t o  be a  dimmer of hematoporphy- 
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r i n q 3  i t  has gene ra l l y  been (and i s  s t i l l )  used as a mixture. We thought t h a t  i f  we 

could synthesize a po rphy r i n  d e r i v a t i v e  t h a t  l o c a l i z e d  s p e c i f i c a l l y  t o  a c e r t a i n  tumor 

t i s sue  o r  c e r t a i n  cancer c e l l s ,  i t  would be p o t e n t i a l l y  use fu l  f o r  d iagnosis and therapy 

of  cancer. For t h i s  purpose. we have synthesized f l u o r i n e  analogs o f  protoporphyr in,  

some of which were taken up by some tumor c e l l s  prefer en ti all^.^ Now, we would l i k e  t o  

r e p o r t  synthesis o f  f l u o r i n e  analogs of  hematoporphyrin and r e s u l t s  o f  t he  p re l im ina ry  

t e s t  o f  t h e i r  uptake by human l i v e r  cancer c e l l s .  

F i r s t .  we t r i e d  t h e  reac t i on  o f  deuteroporphyr in d imethyl  es te r  (1) w i t h  t r i f l u o r o a c e t -  

aldehyde e t h y l  hemiacetal i n  the presence of a Lewis acid.' Aluminum c h l o r i d e  was found 

t o  be the best  c a t a l y s t  among the  Lewis acids examined. I n t roduc t i on  o f  a 2.2.2-tr i-  

f luoro-1-hydroxyethyl group t o  3- o r  8- p o s i t i o n  of t he  porphyr in  r i n g  was accomplished 

by t h i s  ca ta l ys t .  However, the y i e l d s  o f  t h i s  r eac t i on  were very low, and the  separa- 

t i o n  o f  isomers was d i f f i c u l t .  To improve the y i e l d s  of t he  products. f r e e  t r i f l u o r o -  

acetaldehyde, generated by the reac t i on  of t he  hemiacetal w i t h  concentrated s u l f u r i c  

acid, was used fo r  t he  react ion.  The products were separated by column chromatography 

t o  g i ve  3-(2.2.2-trifluoro-1-hydroxyethyl)deuteroporphyrin dimethyl  es te r  (2), 8- 

(2.2.2-trifluoro-1-hydroxyethy1)deuteroporphyrin dimethyl  es te r  (3) and 3.8-bis(2.2.2- 

trifluoro-1-hydroxyethy1)deuteroporphyrin dimethyl e s t e r  (4) i n  t h e  y i e l d s  o f  36 %. 27 

% and 6 %. respec t ive ly .  w i t h  recovery of the s t a r t i n g  ma te r i a l  (13 %). The s t ruc tu res  

of 2 and 3 were est imated based on t he  two-dimensional nuclear Overhauser e f f e c t s  

co l l ec ted  on 400 MHz proton nmr. (See Scheme 1) 

The es ters  (2 t o  4) were hydrolyzed by sodium hydroxide, and the  each sodium s a l t  (2'. 

3' o r  4 ' )  was subjected t o  t he  p re l im ina ry  t e s t  o f  uptake by human l i v e r  cancer c e l l s .  
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The sodium s a l t s  were added t o  the  c u l t u r e  media o f  

JTC-16 c e l l s  and incubated f o r  48 h. The c e l l s  

were washed w i t h  buf fer  s o l u t i o n  and ex t rac ted  w i t h  

diisopropylamine-methanol. The uptake was measured 

by f luorescence analys is .6 The s a l t  ( 4 ' )  was found 

t o  be taken up more r e a d i l y  than o the r  sa l t s .  as 

shown i n  Figure 1. Th is  r e s u l t  shows t h a t  a cer- 

2.5 5.0 15.0 25.0 I'dd t a i n  po rphy r i n  would be l o c a l i z e d  t o  a c e r t a i n  
Figure 1. Uptake of F-hematoporphyrins 

by JTC-16 (Human h e r  cancer cell). cancer more s e l e c t i v e l y .  

I n  conclusion, we cou ld  ob ta in  f l u o r i n e  analogs o f  hematoporphyrin by t he  F r i e d e l -  

C r a f t s  r e a c t i o n  a f  deuteroporphyr in w i t h  t r i f l uoroaceta ldehyde.  where aluminum c h l o r i d e  

was found t o  be t he  bes t  c a t a l y s t .  Here. one d e r i v a t i v e  (4 ' )  was taken up more r e a d i l y  

by a human l i v e r  cancer c e l l s .  This r e s u l t  suggests t h a t  some po rphy r i n  i s  l o c a l i z e d  

s e l e c t i v e l y  t o  a c e r t a i n  cancer. I f  we can o b t a i n  f l u o r i n e  d e r i v a t i v e  o f  t h i s  type, i t  

w i l l  be use fu l  f o r  d iagnosis of cancer. s i nce  f l u o r i n e  compounds cou ld  be t r aced  by 

f l u o r i n e  nmr CT scan. 

EXPERIMENTAL 

CF3CH0, generated from CF3CH(OH)OEt ( 8  ml, 56 mmol) and conc. H2S04 ( 8  ml), was added 

t o  a suspension o f  A1Cl3 (4.965 g, 37 mmol) i n  CH2C12 (24 m l )  a t  -78°C. To t h i s  mix- 

ture.  1 (2.00 g. 3.7 mmol) was added i n  p o r t i o n s  a t  room temperature. then t he  m i x t u r e  

was warmed a t  50°C f o r  4 h. The mix tu re  was poured on to  i c e  water, then  ex t rac ted  w i t h  

CH2C12. The CH2C12 l a y e r  was washed w i t h  water, then d r i e d  over MgS04. and concentrat -  

ed under vacuum. The res idue was separated by column chromatography (Si02. 5 % t o  30 % 

AcOEt - CH2C12) t o  g i v e  3-(2,2.2-trifluoro-1-hydroxyethyl)deuteroporphyrin dimethyl  

e s t e r  (2, 0.847 g, 36 %). 8-(2,2,2-trifluoro-1-hydroxyethyl)deuteroporphyrin d imethy l  

e s t e r  (3. 0.638 g. 27 %) and 3,8-bis(2.2,2-trifluoro-l-hydroxyethyl)deuteroporphyrin 

dimethyl  e s t e r  (4. 164 mg, 6 %) w i t h  recovery  of 1 (0.263 g. 13 %). 2: mp 222-224'C. 

Red c r ys ta l s .  Ms: 636 (M'). High Reso lu t ion  Mass (HRms): C34H35N4F305 Calcd 
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636.2559. Found 636.2563. '~-Nmr (acetone-d6) 6 : 10.89 (5-H), 10.76 (15-H), 10.61 (20- 

HI. 10.40 (10-H). 9.10 (1H. s. 8-H), 6.66 (1H. q. J=7.5 Hz. -CH(OH)-). [4.39 (2H, t, J= 

7.3 Hz). 4.37 (2H. t, J=7.5 Hz)] (13'-, 17'-CH2-), 3.65 (3H, s. 7-CH3). 3.63 (3H, s. 2- 

CH3). 3.61 (3H, s. 18-CH3), L3.57 (3H, s), 3.56 (3H. s ) ]  (COOCH3). 3.51 (3H. s, 12- 

CH3). L3.25 (2H, t. J=7.3 Hz), 3.24 (2H. t, J=7.5 Hz)] (13"-. 17"-CH2-). " ~ - ~ m r  

(COC13) ppm ( f rom CFC13): 76.48 (d, J=7.5 Hz). 3: mp 223-22b°C. Red c r ys ta l s .  Ms: r& 

636 (p). HRms: C34H35N4F305 Calcd 636.2559. Found 636.2567. '~-Nmr (acetone-d6) 6 : 

10.74 (10-H), 10.30 (5-H). 10.29 (15-H). 10.21 (20-H). 9.29 ( lH,  s, 3-H), 6.99 (1H. m. 

-CH(OH)-), 6.66 (lH, d. k 4 . 9  Hz, -OH), 14.48 (2H, t, J=7.8 Hz), 4.37 (2H, t, J=7.8 

Hz)] (13'-. 17'-CH2-). 3.78 (3H. s. 7-CH3). 3.75 (3H, d, J=1.0 Hz. 2-CH3), 3.69 (3H. s. 

12-CH3). [3.62 (3H, s), 3.61 (3H, s ) ]  (COOCH3), 3.60 (3H, s. 18-CH3), [3.35 (2H. t. J= 

7.8 Hz). 3.30 (2H. t, J=7.8 Hz)] (13"-. 17"-CH2-), -3.78 (2H, bs, NH). 1 9 ~ - ~ m r  (ace- 

tone-d6) ppm: 75.39 (d. J=7.3 Hz). 4: mp 130PC. Red c r ys ta l s .  Ms: & 734 (M'). HRms: 

C36H36N4F606 Calcd 734.2538. Found 734.2530. '~-Nmr (acetone-d6) 6 :  [10.85. 10.73. 

10.30, 10.281 (4H. a l l  s. meso-H). 7.03 (2H, m. -CH(OH)-), [6.77 (1H. d. J=5.4 Hz). 

6.75 (1H. d. J=5.4 Hz)] (OH), [4.43 (2H. t. J=7.5 Hz). 4.41 (2H. t, J=7.5 Hz)]  (13'-, 

17'-CH2-), 3.83, (3H. s), 3.81 (3H, s), 3.66 (3H.s). 3.64 (3H, s), 3.62 (3H, s), 3.61 

(3H. s), [3.33 (2H, t. J=7.5 Hz), 3.31 (2H, t. J=7.5 Hz)] (13"-. 17"-CH2-). -3.64 (2H. 

bs. NH). 19~-Nmr (acetone-d6) ppm: 75.51 (d. J=7.3 Hz). 
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