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4-Nitrophenyl N-[4-(10,15,20-triphenylporphyrin-5-yl)phenyllcarbamate and 
5-[4-(N-glycylamino)phenyll-l0,15,20-triphenylporphyrin have been synthesised from a readily prepared 
monofunctionalised porphyrin; they couple efficiently with the side-chains of extended lysyl and glutamyl peptide 
derivatives, respectively. 

Porphyrins alone or linked to polymers and other targetting 
moieties have important roles in diagnosis and therapy of 
cancer. For example, the so-called 'haematoporphyrin deriva- 
tive' and other porphyrins act as photosensitisers for conversion 
of triplet oxygen to singlet oxygen in photodynamic therapy' 
and porphyrins are known to accumulate selectively in some 
types of tumour tissue,2 leading to prospects of their use as 
targetting groups. Porphyrinatomanganese complexes are used 
as contrast-enhancing agents in magnetic resonance imaging 
(MRI), owing to their high molar relaxivities in aqueous 
s o l ~ t i o n . ~  Attachment of metalloporphyrin and other agents to a 
soluble polymer enhances molar relaxivity and thus effective- 
ness as a MRI contrast agent.4 

Significant difficulty in preparing mono-functionalised por- 
phyrins in a controlled manner is caused by the fact that the 
most readily available naturally-occurring porphyrins, such as 
protoporphyrin IX and mesoporphyrin 11, carry more than one 
identical electrophilic or nucleophilic functional group. The 
classical Adler-Rothemund5 procedure for synthesis of meso- 
tetraarylporphyrins from arylaldehydes and pyrrole proceeds in 
< 20% yield and mono-Ar-functionalised porphyrins are only 
obtained in very low yields by separation of statistical mixtures 
of porphyrins formed from mixtures of aldehydes,6 whereas the 
recently-reported Heck coupling7 needs several synthetic steps 
to prepare the starting 5,15-diphenyl- 10-iodoporphyrin. To 
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obviate these problems of synthesis of mono-Ar-substituted 
tetraphenylporphyrins, Kruper et a1.8 developed an efficient 
mononitration and subsequent reduction of the readily-available 
meso-tetraphenylporphyrin. We now report our exploitation of 
this weakly nucleophilic amine in generating reactive electro- 
philic and nucleophilic monofunctional porphyrins for attach- 
ment to side-chain extended a,w-bis(methy1amino) peptides. 
Polymers derived from the latter will be of use in MRI. 
a,w-Bi~[ben~yloxycarbonyl(methyl)amino] peptides with 

carboxylic acid derivatives and primary amines in side-chains 
of the same length were built up as shown in Scheme 1. N- 
(Benzyloxcarbony1)sarcosine 19 was converted to its penta- 
fluorophenyl (PFP) active ester 2t and this was added to a 
20-fold excess of ethane-I ,2-diamine to set up the protected 
sarcosine aminoethylamide 3 t  as the sequence inverting unit for 
the C-termini of the peptides. 

Orthogonal protection of the a- and E-amines of L-lysine 4 
was required for elaboration of the peptide chain and of the side- 
chain. This was achieved by complexation with copper(n), 
selective acylation of the E-amine with 2,2,2-trichloroethyl 
chloroformate, decomplexation and acylation of the a-amine 
with di-tert-butyl dicarbonate in a two-phase system, in a 
modification of the method of Yajima et ~ 1 . 1 0  The resulting 
BocLys(Troc)OH 51- was converted to the PFP active ester 6,t 
prior to coupling with 3 to afford the fully orthogonally 
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iii, iv, ,,L 4 R' = R' = H, R3 = OH 0 

vii c 7 R1 = Troc, R2 = Boc 

yii IX 

L 11 R1 = CO(CH2)5NHBoc, R2 = ZMeNCH2C0 
vii G 12 R1 = CO(CH2)5NH2*HCI, R' = ZMeNCH2C0 

5 R1 = Troc, R2 = Boc, R3 = OH 
6 R1 = Troc, R2 = Boc, R3 = OC6F5 8 R1 = Troc, R2 = H*HCI 

9 R1 = Troc, R2 = ZMeNCH2C0 

' 
10 R1 = H, R2 = ZMeNCH2C0 

CONH(CH2)5CORi 
COR1 1 

V 
z 

H 8 
vii [7; 17 Ri = OMe, R2 = Boc 

viii 

BocHN L O R '  

xi c 13 R1 = OC6F5, R2 = OBn 

xii 
14 R1 = NH(CH2)5C02Mer R2 = OBn 

16 R1 = NH(CH2)&O2Me, R2 = 0C6F5 

18 R1 = OMe, R2 = H-HCI 
19 R1 = OMe, R2 = ZMeNCH2C0 
20 R1 = NHNH2, R2 = ZMeNCH2C0 
21 R1 = N3, R2 = ZMeNCH2C0 

c 15 R' = NH(CH2)5, R' = OH 

Scheme 1 Synthesis of extended sequence-inverted peptides 12 and 21. Troc = 2,2,2-trichloroethoxycarbonyl. Reagents and conditionxit i, C6F50H, DCC, 
EtOAc, 0 "C, 20 h, 9C-959'~; ii, HzNCHZCHZNHZ (20 X excess), CHZClZ, 3 h, 82%; iii, CuC03, HZO, reflux, 3 h, then TrocC1, Na2C03, HzO, 0 "C, 20 h; 
iv, Na+z EDTAZ-, H20, reflux, 2 h; v, BoclO, Et3N, H20, dioxan, 3 d, 58% from 4; vi, 3, Priz NEt, CHZC12,85%; vii, HC1, CH2C12,l h, quant.; viii, 2, PriZNEt, 
DMAP, CHzC12, 4 d, 87%; ix, Zn, MeOH, reflux, 5 h, 83%; x, BocNH(CHZ)~COZC,~F~, PrizNEt, DMAP, CHZCIZ, 6 d, 55%; xi, HZN(CH2)&02Me,HCl, 
PrizNEt, DMAP, CHzC12,7 d, 89%; xii, H2, PdK, tetrahydrofuran, 3 h, quant; xiii, NzH~.HzO, MeOH, 40 "C, 8 h, quant; xiv, ButONO, DMF, THF, dioxan, 
HCI, -20 "C, 50 min, then PrlZNEt, -60 "C (this solution was taken forward for reaction with 27, Scheme 2). 
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sequence peptide 19t with the extended carboxylic acid side- 
chain protected as the methyl ester. This ester resisted selective 
hydrolysis under both basic and acidic conditions but suc- 
cumbed to hydrazinolysis, giving the hydrazide 20.t From this, 
the acyl azide 21t$ was formed by reaction with tert-butyl 
nitrite under acidic conditions, other nitrosating agents (e.g. 
sodium nitrite) being either inefficient or destructive. This 
provides an active acylating function for reaction with an 
appropriate porphyrin nucleophile. 

The monoaminophenylporphyrin 24 was prepared in 46% 
overall yield in two steps from meso-tetraphenylporphyrin 22, 
in a modification of the method of Kruper et al. (Scheme 2).8 
The corresponding isocyanate would represent a potent electro- 
phile for reaction with the extended lysine derivative 12 but 24 
reacted slowly with phosgene, giving mainly the corresponding 
N,"-bis(tetrapheny1porphyrinyl)urea. However, the amine 24 
was acylated smoothly§ by 4-nitrophenyl chloroformate, giving 
the carbamate 25, a synthon for the required isocyanate. 
Treatment of 25 under mildly basic conditions generated the 
isocyanate which coupled in situs with the extended lysine 
derivative 12, giving the protected porphyrinyl peptide deriva- 
tive 281 in good yield. 

The arylamine 24 was found to be a remarkably weak 
nucleophile, reacting with succinic anhydride only after a 
prolonged period at elevated temperature and not reacting with 

protected inverted-sequence peptide 7.7 The peptide chain was 
completed by acidic removal of the Boc group, giving the salt 
8,t and acylation with one further equivalent of 2. With the 
inverted sequence of the peptide now complete, attention was 
turned to extension of the length of the side-chain of 9.t The E- 
amine lot was revealed by selective reductive removal of the 
Troc group (zinc dust in methanol). Acylation with penta- 
fluorophenyl 6-(tert-butoxycarbonylamino)hexanoate~* gave 
the orthogonally protected peptide derivative 1l.t Deprotection 
(HC1) afforded the target inverted-sequence peptide 12t with 
the extended primary amine side-chain for coupling with an 
appropriate monofunctional porphyrin electrophile. 

In the assembly of a corresponding inverted-sequence 
peptide with an extended activated carboxylic acid side-chain, 
the extension was performed prior to construction of the peptide 
to avoid problems of formation of pyroglutamates. Acylation of 
the spacer unit, methyl 6-aminohexanoate, with Boc glutamic 
acid a-benzyl ester y-PFP ester 1312 gave the extended 
derivative 14.t The a-carboxylic acid 1st  was revealed by 
selective hydrogenolysis of the benzyl ester. In a series of steps 
similar to those used for building the inverted-sequence lysine 
peptide, this carboxylic acid was activated as the PFP ester 16t 
and coupled with the sequence-inverting unit 3 to afford 17.t 
Again, selective acidolytic deprotection revealed the Glu a- 
amine 18. Coupling with 3 afforded the target inverted- 

Ph 

Ph 

ii c 
''I c 24 R = NH2 

iv 25 R = NHCO2C6H4NO2-p 
26 R = NHCOCH2NHBoc 
27 R = NHCOCH2NHpHCI 

k 
Ph Ph 

ZMeNVC,N 0 -(C,~,,,-.N,CVNMBZ ! 
H n  H 

U 

Scheme 2 Activation of tetraphenylporphyrinamine 24 as an electrophile and as a nucleophile; coupling with extended sequence-inverted peptides 12 and 
21. Reagents and conditionctt i, fuming HN03, CHC13,5 h, 55%; ii, SnC12, conc. aq. HC1,80 OC, 2 h, 84%; iii, 4-nitrophenyl chloroformate, Pr'*NEt, CHC13, 
20 h, then chromatography, 67%; iv, BocGlyOC6F5, Pri2NEt, DMAP, CHC13,46 h, 95%; v, HC1, CH2C12, 1 h, quant; vi, Pri2NEt, DMAP, CH2Cl2, 20 h, 82%; 
vii; PrlzNEt, DMAP, CHC13, 2 h, 58%. 
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peptide active esters or with the acyl azide 21. Much greater 
nucleophilicity is required for efficient coupling with peptide 
derivatives under mild conditions. To introduce a primary 
aliphatic amine as a more potent nucleophile, the arylamine was 
acylated by treatment11 with a two-fold excess of the PFP active 
ester of N-Boc-glycine at 40 "C, forming 26. The primary 
aliphatic m i n e  27 was revealed by deprotectionll with hydrogen 
chloride. This more reactive nucleophile then coupled effi- 
ciently[( with the extended peptide derivative acyl azide 21, 
giving the porphyrinyl peptide derivative 29. ** 

The monoaminotetraphenylporphyrin 24 is thus demon- 
strated to be a readily accessible monofunctionalised porphyrin 
which can be converted straightforwardly into a reactive 
electrophile and a reactive unhindered nucleophile which 
should have general utility in controlled attachment of porphy- 
rins to peptides, polymers and other molecules. 

We thank Mr R. R. Hartell and Mr D. Wood (University of 
Bath) for NMR spectra, Dr J. A. Ballantine and the EPSRC 
Mass Spectrometry Centre (University College, Swansea) for 
high resolution mass spectra and Sanofi Winthrop Phar- 
maceuticals for financial support. S. E. M. holds a University of 
Bath Research Bursary. 
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11 Method Compound 24 (5.00 g, 8.16 mmol) was stirred with Boc- 
G1yOC6F5 (5.58 g, 16.3 mmol), Pr12NEt (2.32 g, 18.0 mmol) and DMAP (50 
mg) in CHC13 (100 cm3) for 46 h at 40 "C. Chromatography gave 26 (6.00 
g, 95%) as a purple glass. This compound (2.24 g, 2.9 mmol) was treated 
with excess HCl in CH2C12 (100 cm3) for 1 h. The solvent and excess 
reagent were evaporated to give 27 (2.10 g, quantitative). tert-Butyl nitrite 
(0.22 cm3) in THF (1.75 cm3) was added to 21 (1.50 mg, 2.07 mmol) in 
DMF (3.0 cm3) and HCI in 1,4-dioxan (4.0 mol dm-3, 1.86 cm3) at -20 OC. 
The mixture was stirred for 2 h. PrIzNEt (1.06 g) was added at -60 "C, 
followed by 27 (2.09 g, 2.9 mmol) and PrlzNEt (1.12 g, 18.7 mmol) in 
CHC13 (30 cm3). The mixture was stirred for 2 h. Chromatography gave 29 
(1.64 g, 58%) as a purple glass. 
** Spectroscopic data for 29: 8H (CDC13) -2.75 (2 H, porphyrin 21,23-H2), 
0.89 (2 H, m, NCH2CH2CH2CH2CH2CO), 1.25-1.65 (6 H, m, 

CH2CH2CH2CO), 3.0-3.1 (8 H, m, NCH2CH2CH2 + 2 X NCH3), 3.35 (4 H, 
br, NCHzCHzN), 3 . 8 5 4 0 5  (4 H, m, 2 X Sar-Hz), 4.154.25 (2 H, m, Gly- 
H2), 4.42 (1 H, m, Glu a-H), 5.13 (4 H, br s, 2 X PhCHZO), 7.25-7.33 (14 
H, m, 4 X NH + 2 X benzyloxy Ph-H5), 7.70-7.76 (1 1 H, m, 3 X porphyrin- 
Ph 3,4,5-H3 + porphyrin-C6H4N 2,6-H2), 7.96 (2 H, m, 2 X NH), 8.12 (2 H, 
d, J 8.2 Hz, porphyrin-CdH4N 3,5-H2), 8.17-8.23 (6 H, m, 3 X porphyrin-Ph 
2,6-H2), 8.84 (8 H, br s, porphyrin 2,3,7,8,12,13,17,18-Hg); miz (FAB) 
1381.6184 (M + H) (C81Hg1N12010 requires 1381.6199). 
t t  Reactions took place at ambient temperature, unless otherwise stated. 

NCH2CH2CH2CH2CH2CO + Glu P-Hz), 1.9-2.4 (4 H, Glu Y - H ~  + 

Footnotes 
All novel compounds were characterised by lH NMR and by FAB MS and 

were shown to be pure by TLC. Target compounds and major intermediates 
were also characterised by high resolution FAB MS. 

Acyl azide 21 was prepared and used without purification, to avoid 
Curtius rearrangement. 
5 Method Compound 24 (5.70 g, 9.25 mmol) was stirred with 4-nitrophenyl 
chloroformate (1.86 g, 9.25 mmol) and PrlzNEt (1.19 g, 9.25 mmol) in 
CHC13 (50 cm3) for 20 h. Chromatography gave 25 (4.85 g, 67%) as a purple 
glass. Compound 12 (385 mg, 530 pmol) and 25 (520 mg, 670 pmol) were 
stirred with PrlzNEt (205 mg, 1.6 mmol) and DMAP (10 mg) in CHzClz (10 
cm3) for 20 h. Chromatography gave 28 (593 mg, 82%) as a purple glass. 
f Spectroscopic data for 28: 6 (CDC13) -2.78 (2 H, s, porphyrin 21,23-H2), 
1.2-1.7 (10 H, m, Lys p, y-H4 + NCH2CH2CH2CH2CH2CO), 2.12 (2 H, br, 

E-H2 + NCHzCH2CH2 + NCHzCHzN), 3.77 (2 H, m, Sar-Hz), 3.86 (2 H, m, 
Sar'-H2), 4.36 (1 H, m, Lys a-H), 5.06 (3 H, s) and 5.07 (1 H, s) (2 X 
PhCH20), 5.75 (1 H, br, NH), 5.83 (1 H, br, NH), 6.39 (1 H, br, NH), 6.57 
(1 H, br, NH), 6.94 (1 H, br, NH), 7.24 (10 H, br s, 2 X benzyloxy Ph-Hs), 
7.37 (1 H, br, NH), 7.69 (1 1 H, in, 3 X porphyrin-Ph 3,4,5-H3 + porphyrin- 
C 6 H a  2,6-H2), 8.06 (2 H, d, J 8.4 Hz, porphyrin-C6HAN 3,5-H2), 8.15 (6 
H, m, 3 X porphyrin-Ph 2,6-H2), 8.79 (2 H, d J 4.7 Hz, porphyrin 3,7-H2), 
8.82(4H,s,porphyrin 12,13,17,18-H4),8.87(2H,d,J5.1 Hz,porphyrin 
2,8-H2); miz (FAB) 1367.6384 (M + H) (CglHg3N1209 requires 
1367.6406). 

CH2CH2CO), 2.93 (3 H, S ,  NCH3), 2.99 (3 H, S ,  NCH3), 3.0-3.3 (8 H, LYS 
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