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a - Novel porphyrin derivatives having 2.2-dimethyl-w-carboxyl- 

alkyl chains as amphiphilic moieties and their iron complexes are 

synthesized. The typical compound is bromo-5,10,15,20-tetra[a,a,a,u-o- 

(2,2-dimethyl-12-carboxyldodecanamido)phenyl]porphinato iron(m ). The 

lipophilic-liophilic balance can be controlled by changing the alkyl 

chain length. 

Polyfunctionalized tetraphenylporphyrinr are of interest from the standpoint of preparing the 

models of natural hernoproteins.l-l0 The liposome-bound metalloporphyrins have been reported as 

a model photosensitizer for chlorophylls11'12 and of membrane-solubilized hemoproteins. 13-16 

Accordingly an amphiphilic property is needed for a porphyrin to be taken better into the 

model membranes (liposomes). The control of the lipophilic-liophilic balance of a model is 

expected to be the key to get better model systems. In the present report, we wish to 

comnunicate the synthesis of a series of novel amphiphilic porphyrins by introducing four 

w-carboxylalkyl groups per porphyrin and the control of tlie lipcphilic-liophilic balance by 

changing the length of alkyl chains. 

The carboxyl group-bearing porphyrins and their iron(m) complexes synthesized in the present 

work are schematically represented in Figure 1 and sumnarized in Table I. These compounds are 

5,10,15,2O-tetra[a,a,u,a-o-(2.2-dimethyl-w-carboxylalkanamido)phenyl]porphines and the 



Figure 1. A schematic i l l u s t r a t i o n  of t h e  
s t ruc tu re  of 5,10,15,20-tetra[o,a,n.u'~- 
(2,~-dimethyl-w-carboxgla~anamido)phenyl]- 
porphine and i t s  i r o n  complex. 

corresponding f e r r i c  i r o n  complexes. 

Table I Carboxyl P o r p h y r l m  and I r o n  Complexes 

Compound n R X Y Y l e l d ( l )  

I 0 methy l  -H 8- 84 

11 0 methy l  - F I I I B -  52 

111 0 hydrogen -Fe ( I I I )C l -  90 

IV 1 bs l lay l  -H H- 59 

V 1 benzy l  - F e I I I B r -  81 

VI 1 hydmgen - F e ( I I I ) C l -  72 

V I I  2 methyl  -H H- 63 
VIII 2 methyl  -F~IIIBT- 54 
IX 2 hydrogen - F e ( I I I ) C l -  64 
X 10 t e r t - b u t y l  -H H- 8  

XI 10 t e r t - b u t y l  -Fe ( I I I )B r -  92 

XI1 10 hydrogen - F I I I -  100 

The porphyrins were synthesized by the react ion  o f  one m l e  of 5,10,15.20-tetra(a,a,a,a-0- 

aminopheny1)porphine w i th  excess moles o f  the corresponding w-(alkoxycarbonyl)alkanoyl ch lor ides  

i n  the presence of pyr id ine  i n  dry  tetrahydrofuran. The w-alkoxycarbonylalkanoyl ch lor ides  were 

prepared by the react ion  o f  the corresponding carboxy l ic  acids w i t h  excess moles of t h i ony l  

chloride, oxa ly l  ch lo r i de  o r  t r iphenylphosphine/carbon te t rach lo r i de .  The t y p i c a l  synthesis i s  

described on 2.2-dimethyl-12-tert-butoxycarbonyldodecanoyl ch lor ide .  Comnercial l l-bromo- 

undodecanoic ac id  was e s t e r i f i e d  by 2-butene i n  the  presence of su l fon ic  ac id  t o  g i ve  t e r t - b u t y l  

bromoundecanoate (78%). The es ter  was then reacted w i t h  a - l i t h i o  i s o b u t y l a t e l 7  i n  a  tetrahydro- 

furanlhexamethylphosphoric t r iamide mix ture  a t  -60°C and then a t  room temperature. The product 

was p u r i f i e d  by column chromatography on s i l i c a  ge l .  The resu l ted  mono es te r  mono ac id  compound 

reacted i n  dry carbon te t rach lo r i de  under r e f l u x  w i t h  1.3 equivalent tr iphenylphosphine18 t o  give 

2,2-dimethyl-12-tert-butoxycarbonyldodecanoyl ch lo r i de  quan t i t a t i ve l y .  The o ther  ac id  ch lor ides  

were prepared by modifying the l i t e r a u t r e  method.'' The mono es ter  mono ac id  ch lo r i de  compounds 

thus prepared were then allowed t o  react  w i t h  5,10.15,20-tetra(a,a,a,a-0-aminopheny1)porphine. 
6 

Products were p u r i f i e d  by chromatography on s i l i c a  gel  o r  alumina t o  g ive  the corresponding 

5,10,15,20-tetra[a,a,a,a-o-(2.2-dimethyl-w-alkoxycarbonylalkanamido)phenyl]porphines (Compounds 

I N ,  I and X ) .  The i r o n  i n s e r t i o n  of the  porphyr ins was ca r r i ed  out  i n  dry  tetrahydrofuran 

with an excess amount of ferrous bromide i n  the  presence of py r i d i ne  under n i t rogen t o  g ive  the 

porphinato i r o n  complexes (Compounds U, V ,  NU and XI ) and the products were p u r i f i e d  by the  
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l i t e r a t u r e  The hydro lys is  of the i r o n  porphyrins gave the free carboxy l ic  ac id  

porphinato i r o n  complexes (Compounds Dl,  V I ,  M and XI1 ). A l l  o f  these compounds have been 

character ized by pmr, cmr, ir, and f i e l d  desorpt ion mass and/or C, H and N analyses. The 

ana l y t i ca l  data are sumnarized i n  Table U. The cmr spectrum o f  X i s  given i n  Figure 2. 

Compounds Dl, VI and IY are soluble i n  water as sodium sal ts,  but  W i s  inso lub le .  This i nd i ca tes  

the p o s s i b i l i t y  of c o n t r o l l i n g  the l i p o p h i l i c - l i o p h i l i c  balance of the present porphyr in compounds 

a r b i t r a r i l y  by changing the number of methylene u n i t  (n i n  Figure 1).  

These new carboxylporphyr in der iva t ives  are i n te res t i ng  from n o t  on ly  as amphiphi l ic  compounds as 

models o f  membrane-bound hemoproteins but also as the s ta r t i ng  compounds of b i s  macrocyclic 

compounds l i k e  a face-to-face porphyrinZ0 and a crowned porphyrin." The distance between the 

macrocycles may be eas i l y - con t ro l l ab le  by changing the w thy lene  number, n ,  of the  bridges. 

Table 11 Resul ts  of E l m e n t a l  AnaQwas 

C(wt%) H ( u t l )  N(ut%) 

Compound Formula Calcd. Found Calcd. Found Calcd. Found 

I 

XI 

1x1 

xv 
V 

VI 

'?I1 

VIXI 

IX 

X 

XI 

X I 1  

EXPERIMENTAL SECTION 

Apparatus A JEOL JNM-FX100 spectrometer operat ing a t  100MHz was used for  measuring nmr spectra. 

Tetramethyls i lane was used as an i n te rna l  standard. The f i e l d  desorpt ion mass spectra (FDms) were 

obtained w i t h  a JEOL JMS-01-562 mass spectrometer. The e lec t ron i c  absorpt ion spectra were 

recorded w i t h  a Shimadzu UV-240 spectrophotometer. The i r  spectra were recorded on a H i t ach i  

260-50 i n f ra red  spectrophotometer. 

Reagents Reagents and solvents were purchased c o m r c i a l l y  and used wi thout  p u r i f i c a t i o n  unless 

otherwise noted. Tetrahydrofuran was d i s t i l l e d  under argon atmosphere from a k e t y l  so lu t i on  
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Figure 2. 13c-NhR Spectrum o f  5,10,15,20-tetra[o,o,a,a-o-(2,2- 

d i m e t ~ l - I 2 - t e r t - b u t o r g ~ ~ b o n g l & d e c ~ n e  (X) 

in deu te r i och lo ro fom.  

(sodium and benzophenone). Pyr id ine  was d r i ed  over potassium hydroxide p e l l e t s  and then 

d i s t i l l e d .  Carbon te t rach lo r i de  was d i s t i l l e d  from anhydrous calc ium ch lo r i de .  S i l i c a  gel 

(Merck Kieselgel-60) and alumina (Merck Alumina 90, Neutral ,  A c t i v i t y  I )  were used f o r  

chromatography. TLC measurements were c a r r i e d  out  on s i l i c a  gel  (Merck S i l i c a  6el 60). 

2,2-Dimethyl-3-benzyloxycarbonylpropanoyl ch lo r i de  I n t o  an ice-co ld  s o l u t i o n  of 2,2- 

dimethylsuccinic anhydride (20 g) i n  100 ml of benryl  a lcohol  conta in ing a few drops of 

phenolphthalein as an i nd i ca to r ,  was added dropwise a so lu t i on  o f  20% sodium benzylate i n  benzyl 

alcohol t o  a phenolphthalein end p o i n t  w i t h  s t i r r i n g .  Then benzyl a lcohol  was d i s t i l l e d  o f f  

under reduced pressure t o  g ive  an o i l y  residue, h i c h  was dissolved i n  water. The pH o f  the  

so lu t ion  was adjusted t o  4.0 w i t h  saturated aqueous sodium phosphate and the s o l u t i o n  was 

extracted wi th  chlorofonn.twice.  The chloroform laye r  was co l l ec ted  and d r i e d  w i t h  anhydrous 

sodium su l fa te .  It was f i l t e r e d  and the f i l t r a t e  was evaporated t o  dryness under reduced wessure. 

The residue was r e c r y s t a l l i z e d  tw ice  from benzene/hexane t o  g ive  23 g (62%) of 2.2-dimethyl-3- 
-1 

benzyl-oxycarbonyl p rop ion ic  ac id :  mp 75.0-76.0°C; ms: 2 3 6 ( ~ + ) ;  ir ( K B r  d i s k ) :  1730 and 1707 cm ; 
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pmr (C0Cl3): 6 1.30(s,6H), 2.66(s,2H), 5.11(5,2H), 7.35(s, 5H). The ac id  (6.0 g) was then allowed 

t o  react  t r iphenylphosphine (8.0 g) i n  dry carbon te t rach lor ide  (50 ml)  under r e f l u x  f o r  20 h, and 

cooled. A f t e r  removing the p rec ip i t a tes  by f i l t r a t i o n ,  the f i l t r a t e  was freed from so lvent  by 

evaporation under reduced pressure t o  give the corresponding ac id  ch lor ide :  i r  (KBr d i s k ) :  1790 

cm-I. 

2.2-Dimethyl-12-tert-butoxycarbonyldodecanoyl ch lo r i de  The l i t h i u m  diisopropylamide (100 m o l e )  

so lu t i on  was prepared by the react ion  o f  di isopropylamine i n  150 ml o f  d ry  te t rahydro furan w i t h  

n - b u t y l l i t h i u m  dissolved i n  n-hexane a t  -40°C. To t h e  solut ion a t  -40°C was added dropwise 4.7 

ml (50 m o l e )  o f  i sobu ty r i c  ac id  and then 10 ml o f  hexamethylphosphoric t r iamide.  Then the 

so lu t i on  was warmed s lowly  up t o  35'C and allowed t o  stand a t  the  temperature f o r  2  h. Then i t  

was cooled t o  -60°C and te r -bu ty l  11-bromo-undecanoate (16 g, 50 m o l e )  was added. It was allowed 

t o  be warmed up t o  room temperature and s t i r r e d  f o r  further 24 h. The reac t i on  mix ture  was poured 

i n t o  300 ml o f  an ice-water mix ture  and the pH was adjusted t o  2.0 w i t h  conc. hycroch lor ic  acid.  

It was ex t rac ted twice w i th  dichloromethane. The organic layer  was washed w i t h  water and then 

d r i e d  w i th  anhydrous sodium sul fate.  It was f i l t e r e d  and the f i l t r a t e  was evaporated t o  dryness 

under reduced pressure. The r e s u l t i n g  o i l y  residue was pu r i f i ed  by column chromatography on 

s i l i c a  gel  using a  ch loro fo tmld ie thy l  e ther  ( 4 / l ( v / v ) )  mixture as the e luant  t o  g ive  3.7 g  (11%) 

o f  2.2-dimethyl-12-tert-butoxycarbonyldodecanoic ac id :  mp 37.0-39.O0C; ms: 329(Wt1); i r  (CC14): 

1  1732 and 1705 cm- ; pmr (CDC13): 6 1.18(s,6H), 1.26(s,14H), 1.44(s,9H), 2.21(t.2H). Anal. Calcd. 

f o r  ClgH3604: C 69.47; H 11.05. Found: C 69.32; H 10.89. The free ac id  (2.2 g) reacted i n  dry  

carbon t e t r a c h l o r i d e  w i th  tr iphenylphosphine (2.3 g) under re f lux  f o r  12 h  t o  g i ve  the  

1  corresponding ac id  chror ide  quan t i t a t i ve l y :  i r  (KBr d isk) :  1790 cm- . 
19 

Wethyl 2.2-dimethylmalonyl ch lo r i de  This compound was prepared according t o  the  l i t e r a u t r e  : 

bp 58-6l0C/13 mHg. 

2.2-Dimethyl-4-methoxycarbonylbutanoyl ch lo r i de  The carboxylic ac id  (1.4 g )  was allowed t o  

reac t  w i t h  1.5 ml o f  t h i ony l  ch lo r i de  fa 12 h  t o  g i ve  an o i l  o f  the corresponding ac id  ch lor ide :  

i r  (CHCI3): 1790 and 1745 c K 1 .  

5,10,15,20-Tetra[a,u,a,u-o-(2,Z-dimethyl-2-methoxycarbonylacetamido)phenyl]porphine ( I )  To the 

s t i r r e d  s o l u t i o n  of 5,10,15,20-tetra(a,a,a,a-o-aminopheny1)porphine (500 mg) and dry  py r i d i ne  

(2 ml )  d issolved i n  50 ml of tetrahydrofuran was added dropwise methyl 2.2-dimethylmalonyl 

ch lo r i de  (1.5 g) f o r  10 min and then reacted f o r  4  h  a t  room temperature. To the react ion  

mix ture  was added 100 ml of 4% aqueous sodium hydrogen carbonate s o l u t o i n  and then ex t rac ted 

tw ice  w i th  chloroform. The organic l aye r  was washed with 4% aqueous sodium hydrogen carbonate 

so lu t i on  and then d r i ed  by anhydrous sodium su l fa te .  It was f i l t e r e d  and the f i l t r a t e  was 

evaporated t o  dryness. The r e s u l t i n g  o i l y  residue was pu r i f i ed  by column chromatography on 



s i l i c a  g e l .  The main f r a c t i o n  was c o l l e c t e d  and r e c r y s t a l l i z e d  from chro lo fo rm/d ie thy l  e t h e r  t o  

a f fo rd  740 mg (84%) of t h e  porphyr in  ( I ) :  mp 251-253°C; FDms: 1187(M+l); ir (KBr d i s k ) :  1750, 

1695 and 1525 cm-'; pmr (CDC13): 6 -2.54(s,2H), 0.51(s,24H), 2.04(s,12H), 7.4-8.7(m,16H), 8.80 

(s,8H); AmaX(CHCl3): 418, 512, 544, 586 and 645 nm; Rf of TLC (chlorofonn/methanol = 2011): 0.60. 

5,10,15,2O-Tetra[a,a,a,a-o-(2,2-dimeth~l-3-benzyloxycarbonylpropanamido)phenyl]porphine (N) 

2,2-Dimethyl-3-benzyloxycarbonylpnopanoyl c h l o r i d e  (2.0 g )  was reac ted  w i t h  5,10,15,20-tetra- 

(u,a,o,a-0-aminopheny1)porphine (500 mg) by the  same procedure descr ibed  above t o  g i v e  N (59%):  

1 FDms: 1547(M+1); mp 142-143°C; i r ( K B r  d i s k ) :  1730 and 1680 cm' ; pmr (CDC13): 6 -2.63(s,ZH), -0.11 

(s,24H), 2.09(s,8H), 4.72(s,8H), 7.1-8.7(m,40H), 8.47(s,8H); hmax(CHC13): 417, 512, 543, 584 and 

652 nm; Rf of  TLC (chloroform/methanol = 20/1) :  0.68. 

5,10,15,20-Tetra[a,o,a,a-o-(2,2-dimethyl-4-methoxycarbonylbutanamido)phenyl]porphine ( W )  

2.2-Dimethyl-4-methoxycarbonylbutanoyl chloride (1.559) was reacted w i t h  the  aminoporphyrin i n  the  

same manner as descr ibed above. P u r i f i c a t i o n  by s i l i c a  gel  column chromatography us ing  

chloroform/methanol (50/1)  as the  e l uan t  and t h e  subsequent r e c r y s t a l l i z a t i o n  from d i c h l o r o -  

1 
methanhethan01 gave W (63%): rnp 180-183°C; FDms: 1299(1n+1); ir (KBr d i s k ) :  1732 and 1690 cm- ; 

pmr (CDC13): 6 -2.66(s,2H), 0.22(s,24H), 0.6-1.2(m,24H), 1.4-2.0(m,2H), 2.94(s,12H), 7.15-8.97 

(m,16H), 8.79(s,8H); hmax(CHCl3): 418, 513, 543, 587 and 644 nm; Rf o f  TLC (chloroform/methanol 

= 2011): 0.53. 

5,10,15,20-Tetra[a,a,a,a-o-(2,2-dimethyl-12-tert-butoxycarbony1dodecanamido)phenyl]porphine ( X )  

2,2-Dimethyl-12-tert-butoxycarbonyldodecanoyl chloride (2.39) was reac ted  w i t h  t h e  aminoporphyrin 

(200 mg) as descr ibed above. Column ch r~ma tog rap t~y  o f  t h e  p roduc t  on s i l i c a  gel  w i t h  chloroform 

and then on alumina w i t h  a hexandd ie thy1  e t h e r  m i x tu re  ( l / l ( v / v ) )  gave 42 mg (7.3 %) of  X as an 

1 o i l :  FDms: 1915(M+1); ir (KBr d i s k ) :  1735 and 1695 cm- ; pmr (CDC13): 6 -2.60(s,2H), -0.23(s,24H), 

1.26(broad,14H), 1.45(5,36H), 2.21(t,8H), 7.12(s,4H), 7.50-8.72(m,16H), 8.82(5,8H); h (CHC13): max 

417, 510, 543, 585 and 642 nm; Rf of  TLC (benrene ld ie thy l  e t he r  = 7/1) :  0.39. 

Bromo 5,10,15,20-tetra[a,o,a,a-o-(2,2-dimethyl-2-methoxycarbonylacetamido)phenyl]porphinato 

i ron( IU)  ( U )  The porphyr in  I (380 mg) and d r y  p y r i d i n e  (0.5 m l )  were d isso lved  i n  d r y  

tetrahydrofuran (20 m l )  and n i t r ogen  gas was then bubbled through the  so l u t i on .  To t h i s  was 

added 1.2 g o f  fe r rous  bromide te t rahydra te .  It was heated t o  r e f l u x  f o r  4 h under n i t r ogen  

To t h i s  was added 200 ml o f  ch lo ro fo rm and f i l t e r e d .  The f i l t r a t e  was washed w i t h  water  t w i c e  

and d r i e d  over anhydrous sodium s u l f a t e  and f i l t e r e d .  The f i l t r a t e  was evaporated t o  dryness 

and the r e s u l t i n g  res idue was p u r i f i e d  by column chromatography on alumina. The f i r s t  and main 

f rac t ion  was co l l ec ted ,  t r e a t e d  w i t h  3 ml of  conc. hydrogen bromide and then d r i e d  w i t h  anhydrous 

sodium su l f a t e .  I t  was f i l t e r e d  and the  f i l t r a t e  was evaporated t o  dryness under reduced 

pressure. The res idue was r e c r y s t a l l i z e d  f rom ch lo ro fo rm /d i e thy l  e ther lpe t ro leum e the r  t o  g i ve  



HETEROCYCLES, Vol. 22, No 6, 1984 

1 220 mg (52%) of U: mp 234-237°C; FDms: 1321(Mtl); ir (KBr disk): 1750 and 1695 cm' ; Amax (CHC13): 

414, 506, 582 and 650 nm; Rf of TLC (ch1orofomlmethano1 = 2011): 0.53. 

Bromo 5.10,15,20-tetra[a,a,a,a-o-(2,2-dimethyl-3-benzyloxycarbonylpropanamidoiphenyllporphinato 

iron(1U) (V) The same procedure described above was employed to the porphyrin N and the product 

was recrystallized from dichloromethaneldiethyl etherlpetroleum ether to give V (81%): mp 71.5- 

73.5'C; FDms: 1681(M+l); ir (KBr disk): 1740 and 1690 cm-l; AmaX(CHCl3): 413, 506 and 650 nm; Rf 

of TLC (chloroformlmethanol = 2011): 0.65. 

Bromo 5,10,15,20-tetra[a,u,a,a-o-(2,2-dimethyl-4-methoxycarbonylbutanamido)phenyl]porphinato 

iron(IU) (WI) The same procedure described above was employed to the porphyrin W and the 

product was recrystallized from methanollwater to give WI (54%): FDms: 1433(Mtl); ir (KBr disk): 

1730 and 1690 cm-l; Amax(CHC13): 416, 510 and 584 nm; Rf of TLC (ch1oroform/methano1 = 2011): 0.48 

Bromo 5,10,15,20-tetra[a,a,a,a-o-(2,2-dimethyl-l2-tert-butoxycarbony1dodecanamido~henyll- 

porphinato iron(lU) ( M )  The same procedure described above was employed to the porphyrin X 

and the product was recrystallzied from dichloromethaneldiethyl etherlpetroleum ether to give XI 
1 (92%): FDms: 2049(M+1); ir (KBr disk): 1730 and 1690 cm- ; Amax(CHC13): 415, 507, 580 and 650 nm; 

Rf of TLC (benzeneldiethyl ether = 711 ) :  0.37. 

Chloro 5,10,15,20-tetra[a,a,a,a-o-(2,2-dimethyl-2-carboxylacetamido)phenyl]porphinato iron(lU) 

The porphinato iron D (104 mg) was hydrolyzed with 2N aqueous NaOH solution (3 ml) in 20 

ml of methanol at room temperature for 12 h. Solvents were removed by evaporation under reduced 

pressure. The residue was dissolved in 10 ml of water and the pH of the solution was adjusted to 

1.0 by conc. hydrochloric acid. The precipitate formed was collected by centrifugation and dried 
1 at 60°C for 7 h to give 86 mg (90%) of D l :  mp >280PC; ir (KBr disk): 3400, 1695 and 1520 cm- . 

Chloro 5,10,15,20-tetra[a,a,a,a-o-(2,2-dimethyl-3-carboxylpropanamido~henyllporphinato iron(IU) 

The same procedure described above was employed to the porphinato iron V to give V l  (72%): 

mp >2BO0C; ir (KBr disk): 3430, 3400, 1710, 1695 and 1510 cm-l. 

Chloro 5,10.15,20-tetra[a,a,o,a-o-(2,2-dimethyl-ri-carboxylbutanamido)phenyllporphinato ironClU) 

U The same procedure described above was employed to the porphinato iron WI to give M 

(64%): mp 183-186°C; ir (KBr disk): 1710 and 1690 cm-'. 

Bromo 5,10,15,20-tetra[a,a,a,a-o-(2,2-dimethyl-12-carboxyldodecanamido)phenyl]porphinato iron(IU1 

The porphinato iron XI (20 mg) was dissolved in 3 mi of trifluoroacetic acid and 

hydrolyzed for 6 h in an ice-water bath with stirring. Then it was evaporated to dryness under 

reduced pressure and the resulting product was dried in to give k7J quantitatively: mp 110- 

1 114'C; ir (CHC13): 1710 and 1690 cm- ; hmaX(CHCl3): 415, 507, 580 and 562 nm. 

REFERENCES 

1. D. W .  Thomas and A .  E. Martell, J. Amer. Chem. Soc., 1956, !8_, 1355. 



2. E. B. F l e i s h e r ,  Ino rg .  Chem., 1962, - 1, 493. 

3. N. Oat ta-gupta and T. J .  Bardos, J .  H e t e r o c y c l i c  Chem., 1966, 3, 495. - 
4. F. R. Longo, M. G. F i n a r e l l i ,  and J .  B. Kim, -, 1969, 6, 927. . 
5. J .  A. Anton, J .  Kwong, and P. A. Loach, ibid., 1976, 13, 717. -- 
6. J .  P. Collman, Acc. Chem. Res., 1977, 10, 265. 

7. E. Tsuchida, E. Hasegawa, and T. Kanayama, ~ a c r o m o l e c u l e s ,  1978, 11, 947. -- 
8. R. G. L i t t l e ,  J. H e t e r o c y c l i c  Chem., 1981, 18, 219. -- 
9. K. Shigehara, K. Shinohara, Y. Sato, and E. Tsuchida, Macromolecules, 1981, 14, 1153. .- 

10. Y .  Matsushi ta,  E. Hasegawa, K. Eshima, and E .  Tsuchida, Chem. L e t t . ,  1983, 1387. 

11. T. Matsuo, K. I t o h ,  K. Takuma, K. Hashimoto, and T. Nagamura, ibid., 1980, 1009. 

12. T. Katagi ,  T. Yamamura, T. Sa i to ,  and Y .  Sasaki ,  ibid., 1981, 503. 

13. H. Sakurai  and T. Yoshimura, Ino rg .  Chim. Acta, 1981, 5 6 ,  L49. 

14. E. Hasegawa, Y .  Ma tsush i ta ,  M. Kaneda, K. Ej ima, and E. Tsuchida, Biochem. Biophys.  Res. 

Cornnun., 1982, --. 105, 1416. 

15. E. Tsuchida,  H. Nishide,  M. Yuasa, and M. Sekine, Chem. L e t t . ,  1983, 473. 

16. E. Tsuchida,  H. Nishide,  M. Yuasa, E. Hasegawa, and Y. Matsushi ta,  J .  Chem. Soc. Da l ton  

Trans., 1984, i n  t h e  press.  

17. Y .  N.  Kuo, J .  A. Jahner, and C. Ainsworth,  J .  h e r .  Chem. Soc., 1971, 95 ,  6321. 

18. J .  8 .  Lee, ibid., 1971, 85, 3440. 

19. J .  Buechi, G. Enezian, H. Eichenberger, and R. L i e b e r h e r r ,  Helv.  Chim. Acta,  1952, 55, 75. 

20. J. P. Collman, C. I.I .  E l l i o t ,  T. R. H a l b e r t ,  and 8. 8.  T O V P O ~ ,  proc. ~ ~ t .  ~ ~ ~ d ,  Sci., 

u, 1977, 77, 18. 

21. C. K.  Chang, J. h e r .  Chem. Soc., 1977, 99, 2819. -. 
Received, 16th February, 1984 


