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Tumor Therapy, Cytotoxicity, Phototoxicity

Platinum-containing groups and porphyrins in the same molecule not only show additivity
of the dark toxicity of the platinum moiety and the phototoxicity of the porphyrin system
but also a selective enrichment of porphyrin platinum conjugates in tumor tissues compared
to platinum-only drugs. Porphyrin platinum conjugates containing amino-porphyrin non-leav-
ing groups and porphyrin-carboxylate leaving groups were synthesized and tested with the
mammary carcinoma cell line MDA-MB-231.

Introduction

Porphyrin platinum conjugates contain in the
samemolecule platinum-containinggroups and por-
phyrin systems useful for two different strategies in
cancer chemotherapy, the “cytostatic therapy” with
platinum derivatives and the “photodynamic ther-
apy” with porphyrin compounds. Such a porphyrin
platinum conjugate should show the cytostatic ac-
tivity of the platinum part and, on irradiation, the
photodynamic activity of the porphyrin sensitizer.
Furthermore, porphyrin platinum conjugates should
exceed mixtures of platinum and porphyrin com-
pounds with respect to tumor selectivity, because
porphyrins accumulate in cancer tissues [1, 2],
whereas platinum complexes such as cisplatinum
and carboplatinum penetrate unselectively all fast
growing tissues giving rise to the known side-effects
nausea, vomiting, myelosuppression and nephro-
toxicity. Thus, with porphyrin platinum conjugates
a selective enrichment of platinum compounds in
tumors is a promising aspect. First papers in this
direction have been published [3 - 6] and have been
submitted for publication [7 - 10].

Porphyrin platinum conjugates of the cisplatinum
and carboplatinum type have been prepared [3 - 10].
Compounds of the cisplatinum type resulted from
the conversion of the carboxylic acid groups of
hematoporphyrin derivatives into primary amines
followed by coordination to PtCl2. For the synthe-
sis of carboplatinum type compounds the carboxylic
acid groups of hematoporphyrin derivatives were
bound to platinum,which carried two ammonia lig-
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ands or a chelate amine as the non-leaving groups. It
should be possible to combine both types of ligands
in the same molecule via a platinum central atom.
Compounds of this type would be “double” por-
phyrin platinum conjugates. Up to now such com-
pounds have not been reported in the literature.

A strategy for the synthesis of double porphyrin
platinum conjugates starts from hematoporphyrin
carboxylic acids and their amino derivatives. First,
the amino ligands are coordinated to PtCl2 as the
non-leaving group.Then, the carboxylic acid groups
are introduced as the leaving groups [11].

Synthesis of the Diaminoporphyrin Ligand 5
and its PtCl2 Complex 6

The starting material was protoporphyrindime-
thylester 1 which was converted into the cyclo-
pentyl alcohol derivative 2 according to ref. [6]
(Scheme 1).

The ester groups of 2 were reduced to alcohol
groups with LiAlH4 in THF to give compound 3.
The reaction must be carried out at room temper-
ature to avoid Al-incorporation into the porphyrin
ring [12]. Extraction and chromatography afforded
the compound 3 in 33 % yield (Scheme 2). In
a kind of Gabriel synthesis [13] the dialcohol 3
was transformed into the bisphthalimide 4 via the
Mitsunobu methodology [14, 15] with triphenyl-
phosphane, phthalimide and diethyl azodicarboxy-
late (DEAD).Chromatography and recrystallization
gave pure 4 (Scheme 2).Hydrolysis of the phthalate
protecting group was achieved with hydrazinium
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Scheme 1.

Scheme 2.

hydroxide in boiling aqueous THF to afford the di-
amine 5 in 91% yield [16] (Scheme 2).

For complexation of the diamine 5 to the PtCl2
fragment, it was dissolved in THF/H2O 1:1. To
the solution an equimolar amount of K2PtCl4 was
added. During the reaction, the dropping pH was
successively adjusted to pH 5-6 with 0.1 N NaOH.
After 10 h the precipitated PtCl2 complex 6 was
isolated (Scheme 2).

The Double Porphyrin PlatinumConjugates 7 - 9

Usually, carboxylato leaving groups are intro-
duced into dichloroplatinum(II) complexes after
conversion into their reactive aquo complexes [17]
with silver nitrate. Subsequently, the nitrate coun-
ter-ions are exchanged for hydroxide ions by chro-
matography on a strongly basic ion exchanger, be-
fore the carboxylic acid is added [5 - 10]. However,



H. Brunner – K.-M. Schellerer · Double Porphyrin Platinum Conjugates 753

Scheme 3.

due to the low solubility this procedure did not work
for complex 6. Also, sonification with ultra sound
and acidification with HNO3 did not help [11].

Therefore, we prepared the double porphyrin
platinum conjugates 7 - 9 via theDMSO complex of
6 [18, 19], which was more soluble than the chloro
complex. 6 was dissolved in DMSO and the result-
ing DMSO complex was precipitated with ether.
TheDMSO complex, dissolved inTHF,was reacted
with alcoholic solutions of the porphyrin ligands.
Precipitation of the compounds 7 - 9was completed
by addition of ether. For purification the products
were washed with ether and methanol or ethanol to
remove unreacted starting materials (Scheme 3).

The spectroscopy of porphyrins of the type 3 -
5 and platinum complexes of the type 6 - 9 is de-
scribed in refs. [4 - 10]. IR spectroscopy allows to
monitor the progress of the reactions described. The
magnetic anisotropy of the porphyrin systems ex-
pands the 1H NMR spectra up to 15 ppm facilitat-
ing their interpretation. The UV/Vis spectra of the
porphyrin derivatives, in particular their long wave-
length absorption maxima, control the penetration
depth of the red light used in the photodynamic
therapy and diagnosis. It is in the range of several
millimeters [20]. The ions observed in the mass
spectra of the platinum complexes 6 - 9 include the
molecular ions establishing their composition.

Cell Tests

The complexes 6 - 9 were tested in three differ-
ent concentrations in DMF solution with theMDA-
MB-231 mammary carcinoma cell line with and
without irradiation as described in ref. [21] and, in
particular, in refs. [6 - 8]. The T/C values are listed
in Table 1. The T/C values defined by the equation

T/C [%] =
T" C0

C" C0
! 100 [%]

express the relative inhibition of a compound on the
cell growth compared to the solvent reference. T is
themean absorbance of the treated cells, C themean
absorbance of the solvent control and C0 the mean
absorbance of the cells at the time (t = 0), when the
drug was added. A T/C value of 100% indicates a
cell growth identical to the untreated control con-
taining only the solvent. A T/C value of 0% means
that cell proliferation has come to a complete stop.

To classify the T/C values of the complexes 6 -
9, the clinically used compounds cisplatinum and
Photofrin were included in the tests. The T/C val-
ues show that cisplatinum lacks phototoxicity and
Photofrin has no cytotstatic activity. The values in
Table 1 indicate that the porphyrin platinum con-
jugates 6, 7 and 9 do not show dark toxicity, but
phototoxicity. The missing cytotoxic activity may
be due to the low solubility of the compounds. On
the other hand complex 8 does show cytotoxicity in
the dark and in addition the best phototoxicity on
irradiation in the whole series, demonstrating the
validity of our approach.

In the complexes 7 - 9 one porphyrin system
is bound to platinum via amino groups (cis-pla-
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Table 1. T/C values of the porphyrin platinum complexes 6 - 9 measured at c = 1, 5, 10 # mol/l in vitro with the
MDA-MB-231 mammary carcinoma cell line (solvent DMF).

Without irradiation With irradiation
c = 1 c = 5 c = 10 c = 1 c = 5 c = 10

6 106.6" 8.4 104.2" 9.7 97.5" 8.7 80.1 " 8.6 69.4 " 8.4 63.6 " 6.9
7 110.2" 9.4 107.3" 8.1 96.7" 8.3 65.7 " 8.1 67.9 " 8.3 65.2 " 5.8
8 99.4" 7.9 99.1" 10.2 53.5" 6.5 67.2 " 9.3 56.7 " 7.2 34.0 " 3.9
9 103.0" 9.5 102.2" 8.7 93.5" 10.4 77.9 " 8.7 76.3 " 9.1 73.5 " 7.0

cis-Platinum 91.5" 5.0 46.1" 9.2 24.5" 4.4 87.3 " 6.1 41.3 " 7.0 29.1 " 3.3
Photofrin 135.0" 8.9 115.8" 9.9 85.6" 8.4 98.5 " 10.6 44.3 " 8.6 30.9 " 6.4

tinum-like) and the other via the carboxylate groups
(carboplatinum-like). In compound 6 the porphyrin
is only nitrogen-bonded to PtCl2. Its carboxy-
lato analogue bound to Pt(NH3)2 was described in
ref. [6].A comparison confirms the observation that
carboxylato bonded porphyrins are more active than
amine bonded porphyrins [3].

Experimental

IR: Beckman spectrometer 4240, Perkin-Elmer FT-IR
spectrometer Paragon 1000 PC. 1H NMR: Bruker WM
250 (250MHz) and ARX 400 (400MHz); tetramethylsi-
lane as internal standard.MS: FinniganMAT 95 andMAT
112S. Mp: Büchi SMP 20. UV-vis: Kontron Instruments
spectrophotometer UVIKON 922 and 930.

Protoporphyrin dimethylester 1 was synthesized ac-
cording to ref. [22]. The synthesis of compound 2 is de-
scribed in ref. [6]. The nomenclature of the porphyrins
and their complexes is based on the recommendation
of IUPAC and the International Union of Biochemistry
(IUB) [23]. In the enumeration the derivatized groups
were defined as 3 and 8. This led to the numbers 13 and
17 for the propionic acid groups.

3,8-Bis(1-cyclopentyloxyethyl)-13,17-bis(3-hydroxy-
propyl)-2,7,12,18-tetramethylporphin (3)

LiAlH4 (0.36 g, 9.44 mmol)was suspended in 40ml of
THF under N2 protection. Within 20 min a solution of 2
(1.80 g, 2.07mmol) in 100ml ofTHFwas added dropwise
at 0 !C. After 20 h stirring at r. t. the reaction mixture was
poured into a solution of 13 g NH4OAc in 250 ml of
water. The precipitate was filtered off and washed with
CH2Cl2.The aqueous phasewas extractedwith 3!200ml
of CH2Cl2. The combined organic extracts were dried
withNa2SO4.The residue obtained on filtrationwas dried
at 50 !C in vacuo for 10 h and extracted in a Soxhlet
apparatus with 100 ml of CHCl3. The organic phases
were combined and evaporated. The residue was purified
by chromatography with an Al2O3 column (30!4 cm)
using CH2Cl2/MeOH 20:1. The product eluted in a first

long, red band. The solvent was removed and the residue
was treated with 20 ml of petroleum ether for 30 min.
The solution was discarded and the residue was dried.
Yield: red solid (0.50 g, 33 %).M. p. 185 !C. – IR (KBr):
$ = 3410, 3300, 2960, 2920, 2860 cm"1. – 1H NMR
(250 MHz, CDCl3): ! = 10.65, 10.64, 10.24, 10.09 (4
s 4 H, =CH), 6.16 (q, 3J = 6.6 Hz, 2 H, CHCH3), 4.30
(t, 3J = 7.1 Hz, 4 H, =CCH2), 5.85 (m, 4 H, CH2OH),
3.70, 3.69, 3.63, 3.61 (4 s, 12 H, =CCH3), 2.49 (m, 4
H, CCH2C), 2.21 (d, 3J = 6.6 Hz, 6 H, CHCH3), 1.94 -
1.47 (m, 18 H, C5H9), –3.70 (s, 2 H, =NH). – PI-LISIMS
(MNBA/CH2Cl2): m/z = 707 (100) MH+, 621 (20) (M-
OC5H9+H)+. – C44H58N4O4 (707.0).

3,8-Bis(1-cyclopentyloxyethyl)-13,17-bis(3-N-phthal-
imidopropyl)-2,7,12,18-tetramethylporphin (4)

Under N2 protection 3 (800 mg, 1.13 mmol) was dis-
solved in 100 ml of THF. Triphenylphosphane (742 mg,
2.83 mmol) and phthalimide (416 mg, 2.83 mmol) were
added and stirred for 15 min. Then, a solution of di-
ethyl azodicarboxylate (493mg, 0.45ml, 2.83mmol)was
added within 15 min. After stirring for 18 h at r. t. the sol-
vent was removed and the residue was chromatographed
with CH2Cl2 with an Al2O3 column (30!4 cm). The
product eluted as a first red band. Recrystallization from
CH2Cl2/EtOH (30ml/50ml).Yield: red crystals (818mg,
75%). M. p. 193 !C. – IR (KBr): $ = 3320, 2960, 2920,
2860, 1765, 1710 cm"1. – 1H-NMR (250MHz, CDCl3):
! = 10.63, 10.62, 10.07, 10.02 (4 s 4H,=CH), 7.56, 7.30 (2
d, 3J= 7.6Hz, 8H,C6H4), 6.15 (m, 2H,CHCH3), 4.19 (m,
8 H, =CCH2, NCH2), 3.69, 3.68, 3.62 (int. 2) (3 s, 12 H,
=CCH3), 2.75 (t, 3J = 6.9 Hz, 4 H, CCH2C), 2.21 (d, 3J =
6.6Hz, 6H, CHCH3), 1.90 - 1.20 (m, 18H, C5H9), –3.80
(s, 2 H, =NH). – PI-LISIMS (MNBA/CH2Cl2): m/z =
965 (100)MH+, 880 (18) (M-OC5H9+H)+. –C60H64N6O6

(965.2).

13,17-Bis(3-aminopropyl)-3,8-bis(1-cyclopentyl-
oxyethyl)-2,7,12,18-tetramethylporphin (5)

Under N2 protection 4 (950 mg, 0.98 mmol) was
added to a 95% aqueous hydrazinium hydroxide solution
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(613 mg, 0.60 ml, 9.80 mmol) in 10 ml of THF. Af-
ter refluxing for 65 h, 300 ml of CH2Cl2 and 200 ml of
2 N NaOH were added to the mixture. The organic phase
was washed three times with 150 ml of H2O, dried and
the solvent removed. After drying, the product remained.
Yield: red powder (629 mg, 91%).M. p. 96 !C. – UV/vis
(DMSO): #max (lg %) = 400 (5.03), 498 (4.14), 532 (3.93),
567 (3.80), 620 nm (3.57). – IR (KBr): $ = 3305, 3210,
2960, 2930, 2870 cm"1. – 1H-NMR (250MHz, CDCl3):
! =10.65,10.64,10.09,10.08 (4 s,4H,=CH),6.16 (q, 3J=
6.7 Hz, 2 H, CHCH3), 4.11 (t, 3J = 6.9 Hz, 4 H, =CCH2),
3.70, 3.68, 3.63, 3.62 (4 s, 12 H, =CCH3), 3.09 (m, 4 H,
NCH2), 2.42 (t, 3J = 6.9 Hz, 4 H, CCH2C), 2.21 (d, 3J =
6.7Hz, 6H, CHCH3), 1.89 - 1.49 (m, 18H, C5H9), –3.70
(s,2H,=NH). –PI-LISIMS (thioglycerol /CH2Cl2):m/z=
706 (100)MH+, 621 (83) (M-OC5H9+H)+. –C60H64N6O6

(965.2).

[13,17-Bis(3-aminopropyl)-3,8-bis(1-cyclopentyloxy-
ethyl)-2,7,12,18-tetramethylporphin-N,N']dichloro-
platinum(II) (6)

317 mg (0.76 mmol) of K2PtCl4, dissolved in 5 ml of
H2O, was added to a solution of 5 (538 mg, 0.76 mmol)
in 150 ml of THF/H2O. The pH was adjusted to 6 - 7
with 0.1 N HCl. During the reaction the increasing pH
was kept in the range of 5 - 6 with 0.1 N NaOH. After
15 h the precipitatewas filtered off andwashedwithH2O,
MeOH and EtOH. The mother liquor was kept in the re-
frigerator for 18 h.Then, the new precipitatewas removed
andwashed. Both fractions,whichwere identical accord-
ing to NMR and elemental analyses, were united. Yield:
brown-back solid (425mg, 58%).M. p. > 250 !C.UV/vis
(DMSO): "max (lg %) = 400 (5.16), 499 (4.13), 534 (3.92),
568 (3.77), 621 nm (3.52). – IR (KBr): $ = 3305, 3270,
3210, 3130, 2960, 2930, 2870, 315 cm"1. – 1H-NMR
(400MHz, DMF-d7): ! = 10.65, 10.64, 10.09, 10.08 (4 s
4 H, =CH), 6.16 (q, 3J = 6.7 Hz, 2 H, CHCH3), 4.11 (t,
3J = 6.9 Hz, 4 H, =CCH2), 3.70, 3.68, 3.63, 3.62 (4 s, 12
H, =CCH3), 3.09 (m, 4 H, NCH2), 2.42 (t, 3J = 7.1 Hz,
4 H, CCH2C), 2.21 (d, 3J = 6.9 Hz, 6 H, CHCH3), 1.89
- 1.49 (m, 18 H, C5H9), –3.70 (s, 2 H, =NH). – 195Pt-
NMR (DMF-d7, 86 MHz, Na2PtCl6 extern): ! –2215
(m). – PI-LISIMS (glycerol/DMSO): m/z = 1047 (25)
(M+DMSO+H)+, 1011 (35) (M-Cl+DMSO)+, 969 (50)
MH+, 706 (100) LH+. –C44H60Cl2N6O2Pt (971.0): calcd.
C 54.42, H 6.23, N 8.65; found C 54.39, H 6.20, N 8.12.

f13,17-Bis(2-carboxylatoethyl)-3,8-bis[1-(ethylenegly-
colylmonoethylether)oxyethyl]-2,7,12,18-tetramethyl-
porphin-O,O'g[13,17-bis(3-aminopropyl)-3,8-bis-
(1-cyclopentyloxyethyl)-2,7,12,18-tetramethylporphin-
N,N']platinum(II) (7)

100 mg (0.10 mmol) of 6 was dissolved in 5 ml of
DMSO and stirred for 30 min. The resulting DMSO

complex was precipitated by adding 70 ml of Et2O,
filtered off and dried in vacuo (yield: 45 mg). It was
dissolved in 7 ml of THF and treated with 35 mg
(0.05 mmol) of 13,17-bis(2-carboxylatoethyl)-3,8-bis[1-
(ethyleneglycolylmonoethylether)oxyethyl]-2,7,12,18-
tetramethylporphin [6] in 5 ml of MeOH. After stirring
for 48 h at r. t., 60 ml of Et2O was added. The precipi-
tate was filtered off, washed with Et2O and MeOH and
dried in vacuo. Yield: brown-back solid (33 mg, 20%).
M. p. > 250 !C. – UV/vis (DMSO): "max (lg %) = 400
(5.40), 499 (4.50), 534 (4.39), 568 (4.31), 621 nm (4.18).
– IR (KBr): $ = 3310, 3240, 3220, 3130, 2955, 2920,
2865, 1630, 1390, 370 cm"1. – PI-LISIMS (glycerol /
DMSO): m/z = 1716 (65) (M+DMSO+H)+, 1638 (15)
MH+, 1055 (60) (M-L+2xDMSO+H)+, 706 (100) L'H+.
– C86H112N10O10Pt (1640.9).

[13,17-Bis(2-carboxylatoethyl)-3,8-bis(1-cyclopentyl-
oxyethyl)-2,7,12,18-tetramethylporphin-O,O'][13,17-
bis(3-aminopropyl)-3,8-bis(1-cyclopentyloxyethyl)-
2,7,12,18-tetramethylporphin-N,N']platinum(II) (8)

82 mg (0.08 mmol) of 6 was converted into the
DMSO complex according to the procedure outlined
in the synthesis of 7. The DMSO complex was dis-
solved in 6 ml of THF and 62 mg (0.08 mmol)
of 13,17-bis(2-carboxylatoethyl)-3,8-bis(1-cyclopentyl-
oxyethyl)-2,7,12,18-tetramethylporphin [6] in 5 ml of
EtOH was added. After 24 h stirring at r. t., the reaction
mixture was treated with 60 ml of Et2O. The precipi-
tate was removed, washed with Et2O and EtOH until the
filtrate was colorless and dried. Yield: brown-back solid
(46 mg, 34%). M. p. > 250 !C. – UV/vis (DMSO): "max

(lg %) = 400 (5.35), 498 (4.30), 533 (4.11), 567 (3.97),
620 nm (3.73). – IR (KBr): $ = 3300, 3220, 3195, 2940,
2910, 2850, 1630, 1435, 370 cm"1. – PI-LISIMS (glyc-
erol / DMSO): m/z = 1709 (45) (M+DMSO+H)+, 1631
(10) MH+, 1055 (50) (M-L+2xDMSO+H)+, 706 (100)
L'H+. – C88H112N10O8Pt (1632.9).

[13,17-Bis(2-carboxylatoethyl)-3,8-bis(1-hydroxy-
ethyl)-2,7,12,18-tetramethylporphin-O,O'][13,17-bis(3-
aminopropyl)-3,8-bis(1-cyclopentyloxyethyl)-2,7,12,18-
tetramethylporphin-N,N']platinum(II) (9)

According to the synthesis of 7, the DMSO complex
was prepared from 87 mg (0.09 mmol) of 6. The DMSO
complex was dissolved in 7 ml of THF and a solution
of 54 mg (0.09 mmol) of hematoporphyrin in 6 ml of
EtOH was added. After 20 h stirring at r. t. the solution
was treated with 100 ml of Et2O and filtered. The ligand
was separated from the product by intensivewashingwith
Et2O and EtOH. Yield: red-brown solid (50 mg, 37%).
M. p. > 250 !C. – UV/vis (DMSO): "max (lg %) = 400



756 H. Brunner – K.-M. Schellerer · Double Porphyrin Platinum Conjugates

(5.30), 498 (4.26), 532 (4.06), 567 (3.92), 620 nm (3.66).
– IR (KBr): $ = 3480, 3360, 3255, 3140, 3000, 2970,
2910, 1610, 1450, 370 cm"1. – PI-LISIMS (glycerol /
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