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AbstractÐThe mechanism of the cyclization of meso-(1-hydroxy-2-propenyl)octaethylporphyrin to octaethylbenzochlorin is proposed.
Chlorin intermediates were isolated, characterized and then converted to octaethylbenzochlorin. A rhodinobenzochlorin was isolated on
demetallation of Ni coprobenzochlorin with methane sulfonic acid and its structure was con®rmed by X-ray crystallography. q 2000
Elsevier Science Ltd. All rights reserved.

Benzochlorins and their derivatives are promising drug
candidates in the ®eld of photodynamic therapy.1 Arnold
et al. was ®rst to report the synthesis of Ni-octaethylbenzo-
chlorin (NiOEBC) (5)2 (Scheme 1) from Ni meso-vinyl-
formyloctaethylporphyrin (1), although the exact
mechanism of cyclization is still not clear. Demetallation
of NiOEBC (5) is dif®cult, and when H2SO4 is used, a
mixture of octaethylbenzochlorin (OEBC) (7) as well as
the sulfonated octaethylbenzochlorin (OEBCS) (8) is
obtained.3 Smith et al.4 used Cu meso-vinylformyloctaethyl-
porphyrin (2) to synthesize Cu octaethylbenzochlorin
(CuOEBC) (6), which was reportedly easier to demetallate
than NiOEBC. Improvements to the formation of OEBC
include the cyclization of meso-(1-hydroxy-2-propenyl)-

octaethylporphyrin (3) in concentrated sulfuric acid to
give OEBC (7).3 In this reported procedure the reaction
time is ®ve minutes, and longer reaction times leads to the
formation of the OEBCS (8) (Scheme 1).

In our laboratory, we have investigated the synthesis
of OEBC from meso-(1-hydroxy-2-propenyl)octaethyl-
porphyrin (3) in detail, and have modi®ed the reaction
conditions to yield exclusively OEBC on 100 g scale.5

Investigation into the acid catalyzed cyclization of (3) to
(7) leads to some interesting observations into the mechan-
ism of cyclization. Treatment of (3) with phosphoric acid at
808C leads to the rapid formation of three compounds
by TLC: (i) OEBC and (ii) two more polar compounds
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absorbing at 683 nm. Prolonged heating at 808C converted
the polar compounds to OEBC. An identical pattern was
observed when the hydroxy porphyrin (10) was treated
with phosphoric acid (Scheme 2). The hydroxy porphyrin
(10) (prepared by reacting meso-formyl octaethylporphyrin
(9) with vinyl magnesium bromide in toluene) was treated
with phosphoric acid and stirred overnight at room tempera-
ture. A TLC of the reaction mixture showed three
compounds, the least polar compound being OEBC. The
remaining two polar compounds, which were very close in
Rf, had a band I absorption at 683 nm.

The polar compounds were isolated by preparative TLC and
identi®ed by NMR and MS analysis. NMR identi®ed the
two compounds as (12) and (13), the Z and E isomers of
the exocyclic double bond. It is clear from these observa-
tions that two pathways to the formation of OEBC are pos-
sible from (3) or (10), which involve the initial formation of
(11) (Scheme 2). As shown in Scheme 2, compounds (12)
and (13) are formed by the loss of H 0 in intermediate (11).
When compounds (12) and (13) were heated in phosphoric
acid at 808C, the allylic proton of the six membered ring is
lost with concomitant migration of the ethyl group to give
OEBC (7). Alternatively, OEBC may be formed from (11)
via the loss of H 00 followed by concomitant migration of the
ethyl group.

A 1H NMR analysis of compounds (12) and (13) shows

some interesting features. In compound (12) the methyl
group (d, d 2.74 ppm) on the exocyclic double bond is in
close proximity to the meso-hydrogen adjacent to the
reduced pyrrole ring. As a result this methyl group lies in
a deshielding region of the macrocyclic ring current. The
same methyl group in (13) resonates at d 2.47 ppm. Simi-
larly, the ole®nic hydrogen on the exocyclic double bond in
compound (13) (q, d 7.34 ppm) is deshielded compared to
the ole®nic proton in compound (12) (q, d 6.22 ppm). Also,
in compound 12 the CH3 of the ethyl group on the sp3 C of
the reduced pyrrole ring resonates at d 0.3 ppm because it is
above the plane of the macrocyle and is shielded by the ring
current. Whereas, the same CH3 in compound 13 resonates
at d 0.03 ppm. This difference is probably due the proximity
of the ole®nic CH3 group in 12 pushing the ethyl group
above the plane of the ring compared to the same ethyl in
compound 13. Portions of both 1H NMR's are shown in
Fig. 1 (12) and Fig. 2 (13). The 1H NMR assignments
were in agreement with similar compounds reported in
literature.6,7 The Nickel derivatives of compounds (12)
and (13), which were synthesized by thermolysis of (4) in
1,2-dichloroethane, were named Australochlorins by Arnold
et al.6

Synthesis of a rhodinobenzochlorin

In an attempt to synthesize functionalized benzochlorins,

Scheme 2.
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Figure 1. (12).

Figure 2. (13).

Scheme 3.

Scheme 4.
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Ni-coproporphyrin II tetramethyl ester (14) was reacted
with dimethylaminoacrolein and phosphorous oxychloride
as reported in the literature.4 The reaction product was a
isomeric mixture of the meso-vinylformyl porphyrins (15)
and (16) (Scheme 3). These two isomers were separated by
column chromatography on silica gel. Isomer (16) was used
for further reactions.

Ni meso-vinylformylporphyrins have been cyclized using
concentrated H2SO4,

3,4 but we chose to use phosphoric
acid at 808C (4 h) to avoid possible sulfonation of product
17 (Scheme 4). The product obtained was the Ni-benzo-
chlorin tetracarboxylic acid (17) which was then esteri®ed
using trimethylorthoformate/methanol/H2SO4

8 to afford the
Ni-benzochlorin (18). Choosing not to use H2SO4 for
demetallation of (18) due to the possibility of sulfonating
the exocyclic ring, we successfully demetallated (18) using
methanesulfonic acid at 808C (4 h) to reveal two compounds
by TLC.

These were separated using silica gel chromatography using
1±2.5% acetone/CH2Cl2 as the elution solvent. The least
polar compound had a band I absorption at 657 nm, and
was characterized by 1H NMR to be benzochlorin (19).
The second, more polar compound, had a band I absorption
at 700 nm, and was characterized by 1H NMR to be (20). In
compound (19), the meso-carbon adjacent to the reduced

pyrrole ring resonates at d 8.01 ppm. The remaining
meso-hydrogens resonate at d 8.56 and d 9.24 ppm. In
(20) only two meso-hydrogen resonances are seen at d
8.47 and d 8.92 ppm. This indicated that one of the pro-
pionate side chains adjacent to the meso position had
cyclized onto the meso-carbon. The hydrogens on the
propionate chain (CH2CH2CO2Me) attached to the sp3 ring
carbon on the reduced pyrrole in (19) resonate at d 1.15 and
d 1.2 ppm. In (20) these are not observed. An X-ray crystal-
lographic determination provided an unambiguous identi®-
cation of compound (20) and the ®rst stereochemical
parameters for this new class of benzochlorin.9 The
ORTEP diagram and UV±Vis spectrum of (20) are shown
in Figs. 3 and 4, respectively.

Experimental

All the reactions were performed under subdued lighting.
Organic extracts were dried over anhydrous Na2SO4.
Solvents and reagents were purchased from commercial
sources and used without further puri®cation unless other-
wise mentioned. Silica gel 60 (230±400 mesh) was used for
column chromatography. Analytical thin layer chromato-
graphy was performed on Merck 60 F254 silica gel
(precoated on aluminum). Preparative TLC was performed
on Alltech Uniplate silica gel G (20£20 cm, 250 m). 1H
spectra were recorded using a Unity Inova Varian
500 MHz spectrometer, chemical shifts of proton spectra
are expressed in parts per million relative to the chloroform
signal in deuterated chloroform (set at 7.24 ppm). Electronic
spectra were recorded on a Beckman DU 640 spectro-
photometer and Cary Bio100. High-resolution mass spectra
were obtained on a VG 70SE double focussing mass
spectrometer equipped with an oversize data system at the
University of California Santa Barbara by Dr. James
Pavlovich.

Compounds (12) and (13)

To a solution of (9) (100 mg) in hot (608C) toluene (10 ml)
was added excess Vinyl magnesiumbromide (2 ml, 1 M in
THF). The reaction was stirred at room temperature for 2 h.
The reaction was diluted with 10% aq. NH4Cl (10 ml) and

Figure 3.

Figure 4.
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extracted with CH2Cl2 (2£10 ml), dried and evaporated to
dryness. The residue was dissolved in H3PO4 (2 ml) and
stirred at room temperature overnight. The reaction was
diluted with 5% aq. NaHCO3, and extracted with CH2Cl2

(3£50 ml). The organic layer was washed with water
(1£50 ml), dried, and evaporated to dryness. The product
was a mixture of three compounds. These were isolated
using preparative TLC (solvent 40% hexane/CH2Cl2]. The
least polar band isolated was OEBC (40 mg,). The ®rst
green band isolated was compound (12) (8 mg,), and the
following green band was compound (13) (8 mg).

(12). UV±Vis (CH2Cl2) l max (e): 425 (124000), 523
(9800), 561 (7000), 683 (19000) nm. 1H NMR (CDCl3); d
22.08, 21.55 (2s, 2H, NH), 0.30 (t, 3H, CH3CH2 on the sp3

carbon of the reduced pyrrole), 1.4, 1.55 (2m, 2H, CH3CH2

on the sp3 carbon of the reduced pyrrole), 1.8 (m, 15H,
CH3CH2), 1.95 (m, 3H, CH3CH2). 2.74 (d, 3H,
vCHCH3), 3.0 (d, 1H, exocyclic ring CHvCH±CH2),
3.25 (dd, 1H, exocyclic ring CHvCH±CH2), 3.8 (m, 4H,
CH2CH3), 3.95 (m, 6H, CH2CH3), 4.14 (m, 2H, CH3CH2),
6.22 (q, 1H, vCHCH3), 6.65 (m, 1H, exocyclic ring
CHvCH±CH2), 8.65 (dd, 1H, exocyclic ring CHvCH±
CH2), 9.41, 9.57, 9.66 (3s, 3H, meso-H). HRMS: calcd:
572.3878, found: 572.3860.

(13). UV±Vis (CH2Cl2): 425, 519, 559, 683 nm. 1H NMR
(CDCl3): d 21.9, 21.45 (2s, 2H, NH), 0.03 (t, 3H, CH3CH2

on the sp3 carbon of the reduced pyrrole), 1.8 (m, 18H,
CH3CH2), 1.95, 2.1 (2m, 2H, CH3CH2 on the sp3 carbon
of the reduced pyrrole), 2.47 (d, 3H, vCHCH3), 3.4 (d,
1H, exocyclic ring CHvCH±CH2), 3.65 (dd, 1H, exocyclic
ring CHvCH±CH2), 3.8 (m, 4H, CH2CH3), 3.92 (m, 8H,
CH2CH3), 6.5 (m, 1H, exocyclic ring CHvCH±CH2), 7.34
(q, 1H, vCHCH3), 8.55 (dd, 1H, exocyclic ring CHvCH±
CH2), 9.21, 9.48, 9.63 (3s, 3H, meso-H). HRMS: calcd:
572.3878; found: 572.3871.

Compounds (15) and (16)

Dimethylaminoacrolein (2 ml) was dissolved in dichloro-
ethane (25 ml) and cooled in a dry ice/acetone bath.
POCl3 (2 ml) was slowly added to this solution. The solution
was allowed to warm to room temperature and then added to
a solution of (14) (800 mg) in dichloroethane (80 ml). The
reaction mixture was stirred at 608C for 4 h. The reaction
was cooled to room temperature and 30% aq NaOAc
(50 ml) was added and the reaction warmed to 508C for
2 h. Dichloroethane layer was separated washed with
water (2£100 ml), dried, and evaporated to dryness. The
residue was chromatographed over silica gel (18 00£1.5 00).
Eluted with 5% ethyl acetate/CH2Cl2 to recover unreacted
(14) (440 mg). The column was then eluted with 10% ethyl
acetate/CH2Cl2 and small fractions (25 ml) of the next red
band were collected and analyzed by TLC. The ®rst four
fractions contained pure compound (15), were pooled and
evaporated, 125 mg obtained. The last six fractions
contained pure (16) were pooled and evaporated, 150 mg
obtained.

(15). 1H NMR (CDCl3): d 3.03 (t, 2H, CH2CH2CO2CH3),
3.08 (t, 2H, CH2CH2CO2CH3), 3.33, 3.34 (2s, 12H, CH3),
3.67, 3.68 (2s, 12H, CO2CH3), 4.08 (dt, 4H,

CH2CH2CO2CH3), 5.56 (dd, 1H, CHvCHCHO), 9.41 (s,
1H, meso-H), 9.44 (s, 2H, meso-H), 9.70 (d, 1H,
CHvCHCHO), 9.91 (d, 1H, CHvCHCHO). HRMS:
calcd: 820.2618; found: 820.2631.

(16). 1H NMR (CDCl3): d 2.92 (m, 2H, CH2CH2CO2CH3),
3.07 (m, 2H, CH2CH2CO2CH3), 3.32, 3.35 (2s, 12H, CH3),
3.66, 3.76 (2s, 12H, CO2CH3), 4.10 (dt, 4H,
CH2CH2CO2CH3), 5.5 (dd, 1H, CHvCHCHO), 9.42 (s,
2H, meso-H), 9.43 (s, 1H, meso-H), 9.90 (d, 1H,
CHvCHCHO), 9.91 (d, 1H, CHvCHCHO). HRMS:
calcd: 820.2618; found: 820.2637.

Compound (19) and (20)

Compound (16) (100 mg) was dissolved in CH2Cl2 (2 ml)
and phosphoric acid (2 ml) was added. When the compound
had dissolved in acid layer, the CH2Cl2 was removed by
rotoevaporation. The ¯ask was then heated at 808C for
4 h. The UV±Vis spectrum changed from a porphyrin to a
Ni-benzochlorin (17) absorbing at 670 nm. The reaction was
diluted with water (50 ml) and extracted with 10% pyridine/
CHCl3 (3£50 ml). The solvent was evaporated to dryness.
Trimethylorthoformate (2 ml), methanol (2 ml) was added
to the ¯ask followed by conc. H2SO4 (0.2 ml) and the solu-
tion stirred overnight at room temperature. The reaction
mixture was poured into 10% aqueous NaHCO3 (10 ml)
and extracted with CH2Cl2 (3£10 ml), dried over sodium
sulfate, ®ltered and evaporated to dryness. The residue
was precipitated from CH2Cl2/MeOH to give (18)
(58 mg). Without further puri®cation compound (18) was
dissolved in methanesulfonic acid (2 ml) and heated at
808C for 2 h. The reaction was diluted with water (10 ml)
and extracted with CH2Cl2 (3£50 ml). The organic layer
washed with 10% NaHCO3 (1£10 ml) and water
(1£10 ml), dried over sodium sulfate ®ltered and evaporated
to dryness. The residue contained two products that
were isolated by chromatography over silica gel, elution
with 1±2.5% acetone/CH2Cl2. The ®rst band isolated was
compound (19) (11 mg, unoptimized), and the second band
isolated was compound (20) (10 mg, unoptimized).

(19). UV±Vis (CHCl3): l max (e ) 411 (106000), 531
(11400), 565 (9200), 605 (7000), 659 (34700) nm. 1H
NMR (CDCl3): d 1.15 (m, 2H, CH2CH2CO2CH3 on the
sp3 carbon of the reduced pyrrole), 1.71 (s, 1H, NH), 1.96
(s, 3H, CH3 on the sp3 carbon of the reduced pyrrole), 2.17
(s, 1H, NH), 2.93 (m, 1H, CH2CH2CO2CH3 on the sp3

carbon of the reduced pyrrole), 3.02 (m, 6H,
CH2CH2CO2CH3 and 1H, CH2CH2CO2CH3 on the sp3

carbon of the reduced pyrrole), 3.06, 3.15, 3.24 (3s, 9H,
CH3), 3.42, 3.65, 3.653 (3s, 9H, CO2CH3), 3.90 (t, 4H,
CH2CH2CO2CH3), 4.10 (t, 2H, CH2CH2CO2CH3), 8.01(s,
1H, meso-H), 8.09 (m, 2H, exocyclic ring CHvCH±
CHv), 8.56, 9.24 (2s, 2H, meso-H), 9.54 (dd, 1H, exocyclic
ring CHvCH±CHv). HRMS: calcd: 748.3472; found:
748.3475.

(20). UV±Vis (CHCl3): l max (e ) 368 (49800), 404
(67000), 422 (63000), 588 (11900), 641 (14500), 700
(42000) nm. 1H NMR (CDCl3): d 1.59 (s, 3H, CH3 on the
sp3 carbon of the reduced pyrrole), 2.38 (m, 1H, exocyclic
ring, CH2CH2CO), 2.91 (s, 3H, CH3), 2.95 (m, 12H,
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CH2CH2CO2CH3 and 1H, exocyclic ring, CH2CH2CO), 3.01
(s, 3H, CH3), 3.19 (dd, 1H, exocyclic ring, CH2CH2CO),
3.24 (s, 3H, CH3), 3.55 (m, 1H, exocyclic ring,
CH2CH2CO), 3.59 (s, 3H, CO2CH3), 3.637, 3.644 (2s and
m at the base, 6H, CO2CH3 and 2H, CH2CH2CO2CH3), 3.72
(t, 2H, CH2CH2CO2CH3), 3.90 (m, 2H, CH2CH2CO2CH3),
7.94 (dd, 1H, exocyclic ring ±CHvCH±CHv), 8.00 (dd,
1H, exocyclic ring ±CHvCH±CHv), 8.47, 8.94 (2s, 2H,
meso-H), 9.21 (d, 1H, exocyclic ring ±CHvCH±CHv).
NH protons not observed. HRMS: calcd: 716.3210; found:
716.3214.
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