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Abstract: An easy synthetic approach to glycoporphyrins from
zinc(II)-2-vinyl-5,10,15,20-tetraphenylporphyrin or zinc(II)-proto-
porphyrin-IX dimethyl ester and O-allyl carbohydrate acetonides by
cross-metathesis is reported.
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Porphyrin and carbohydrate derivatives constitute two
groups of natural compounds which play key roles in
many vital functions of life.1 It is anticipated that any at-
tachment of sugar units to porphyrin macrocycles might
give rise to derivatives which can be of great significance
for medicinal and other applications.1 Porphyrins with
sugar moieties have not only better solubility in aqueous
solutions, which is an important factor for their biodistri-
bution, but also display specific membrane interactions
that can affect the plasmatic lifetime of the drug.2

The olefin cross-metathesis (CM) has been an extremely
useful synthetic coupling technique due to its mild reac-
tion conditions and exceptional tolerance towards a vari-
ety of functional groups.3 Recently, metathesis conditions
have been utilized in porphyrin modifications using the
first- (1) and second-generation (2) Grubbs catalysts
(Figure 1).4 To our knowledge only one of these studies
has been concerned with the synthesis of a sugar deriva-
tive using the Grubbs first-generation catalyst.4f

Figure 1 Grubbs’ first- (1) and second-generation (2) catalysts

Our methodology leading to new b-substituted glycopor-
phyrins involves the reaction of vinylporphyrins (3 and 4)
with allyl carbohydrate acetonides (5a–e) in the presence
of the commercial available ‘second-generation’ Grubbs
catalyst (2), in refluxing degassed dichloromethane under

argon atmosphere. The reagents used were the Zn(II)
complexes of 2-vinyl-5,10,15,20-tetraphenylporphyrin
(3)5 and protoporphyrin-IX dimethyl ester (4)6 and the al-
lylic acetonides7 of the D-ribose (5a), D-galactose (5b), D-
glucose (5c), and two isomeric derivatives of D-fructose
(5d and 5e, Scheme 1).

The reactions with vinylporphyrin 3 were carried out us-
ing equimolar amounts of the allyl sugars. In the case of
the zinc(II) protoporphyrin-IX dimethyl ester (4) two
equivalents of each carbohydrate were used. The reactions
were monitored by TLC using a 8:2 mixture of toluene–
ethyl acetate as the eluent. In all cases the Grubbs catalyst
2 was used in 25% mol. The yields of the reactions with
vinylporphyrin 3 are almost quantitative while those in-
volving porphyrin 4 are in the range of 74% to 93%
(Table 1). The lower yields in the last set of reactions (en-
tries 6–10), are probably due to the fact that the relation
catalyst/double bond is only 12.5%. In all cases no prod-
ucts of dimerization of the porphyrins or the allyl carbo-
hydrate acetonides were detected.

The products were isolated by flash chromatography us-
ing a gradient of toluene–ethyl acetate. All glycoporphy-
rin derivatives were characterized by 1D and 2D NMR
techniques and by MALDI-TOF mass spectrometry. The
NMR spectra show, in all cases, that only E-isomers are
formed. The high E-stereoselectivity can be rationalized
by the steric hindrance provided by the large tetrapyrrolic
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Table 1 Reactants, Products, and Yields of the Reactions

Entry Vinylporphyrin Allyl sugar Product Time (h) Yield (%)

1 3 5a 6a 4 98

2 3 5b 6b 4 95

3 3 5c 6c 4 98

4 3 5d 6d 4 97

5 3 5e 6e 4 95

6 4 5a 7a 8 87

7 4 5b 7b 8 86

8 4 5c 7c 8 84

9 4 5d 7d 8 74

10 4 5e 7e 8 93
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macrocycle and the carbohydrate moiety.8 For example,
the 1H NMR spectrum of the ribose derivative 6a shows a
coupling constant of 15.6 Hz for the signals of the vinylic
protons Ha (a double triplet at d = 6.30 ppm) and Hb (a
doublet at d = 6.20 ppm). This provides a clear evidence
for E-stereoselectivity. The 1H NMR spectra of the other
glycoporphyrins 6 follow this pattern.

The presence of two vinyl groups in the structure of
zinc(II) protoporphyrin-IX dimethyl ester (4) allows the
synthesis of glycoporphyrins containing two sugar units
(7a–e).

The 1H NMR spectrum of the glycoprotoporphyrin-IX 7a
shows that two carbohydrate moieties are attached. The
coupling constants of 17.5 Hz for the resonances of pro-
tons Ha (double triplets at d = 6.11 and 6.12 ppm) and Hb
(doublets at d = 6.23 and 6.24 ppm) confirm the formation
of the product with E-stereoselectivity at both vinyl
groups. We also observed the formation of porphyrinic
derivatives 7b–e with E-stereochemistry.

Treatment of dichloromethane solutions of 6a and 7a with
trifluoroacetic acid (15 min at r.t.), followed by the addi-
tion of water, resulted in quantitative demetalation and re-
moval of the isopropylidene groups. The 1H NMR spectra
of the anomeric mixtures obtained show the signals of the
uncomplexed porphyrin inner protons at d = –2.70 and –4.16
ppm, respectively, for 6a and 7a, and the disappearance of
the signals corresponding to the isopropylidene groups.

In summary, this methodology provides a useful new ap-
proach to glycoporphyrins.9 This work demonstrates that
the Grubbs catalyst 2 efficiently catalyzes the cross-met-

athesis of vinyl-metalloporphyrins 3 and 4 with allyl car-
bohydrate templates in stoichiometric relations.

Acknowledgment

Thanks are due to Fundação para a Ciência e a Tecnologia (FCT),
FEDER, and the GRICES-CAPES collaborative program for fun-
ding this work. F. C. Silva thanks CAPES for his research grant.

References and Notes

(1) (a) Cavaleiro, J. A. S.; Tomé, J. P. C.; Faustino, M. A. F. 
Heterocycles from Carbohydrate Precursors, In Topics in 
Heterocyclic Chemistry, Vol. 7; Gupta, R. R.; El Sayed, H. 
El Ashry, Eds.; Springer: Berlin / Heidelberg, 2007, 179–
248. (b) Bols, M. In Carbohydrate Building Blocks; John 
Wiley and Sons, Inc.: New York, 1996. (c) Ferreira, V. F. 
Quim. Nova 1995, 18, 267.

(2) (a) Chen, X.; Hui, I.; Foster, D. A.; Drain, C. M. 
Biochemistry 2004, 43, 10918. (b) Aksenova, A. A.; 
Sebyakin, Y. L.; Mironov, A. F. Russ. J. Bioorg. Chem. 
2003, 29, 201. (c) Laville, I.; Pigaglio, S.; Blais, J. C.; Doz, 
F.; Loock, B.; Maillard, P.; Grierson, D. S.; Blais, J. J. Med. 
Chem. 2006, 49, 2558. (d) Li, G.; Pandey, S. K.; Graham, 
A.; Dobhal, M. P.; Mehta, R.; Chen, Y.; Gryshuk, A.; 
Rittenhouse-Olson, K.; Oseroff, A.; Pandey, R. K. J. Org. 
Chem. 2004, 69, 158. (e) Mikata, Y.; Onchi, Y.; Tabata, K.; 
Ogura, S. I.; Okura, I.; Ono, H.; Yano, S. Tetrahedron Lett. 
1998, 39, 4505.

(3) (a) Astruc, D. New J. Chem. 2005, 29, 42. (b) Kotha, S.; 
Lahiri, K. Synlett 2007, 2767. (c) Nicolaou, K. C.; Bulger, 
P. G.; Sarlah, D. Angew. Chem. Int. Ed. 2005, 44, 4490. 
(d) Sanford, M. S.; Ulman, M.; Grubbs, R. H. J. Am. Chem. 
Soc. 2001, 123, 749. (e) Connon, S. J.; Blechert, S. Angew. 
Chem. Int. Ed. 2003, 42, 1900. (f) Grubbs, R. H. 
Tetrahedron 2004, 60, 7117.
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OR2 OR2R1

NN

N N

Ph

Ph Ph

Ph

Zn

NN

N N

Zn

O
OMe

OMeO

O
OMe

OO

O

O

O
O

O O

O
O

O

O

O

O
O

O
O

O

O

O

O
O

3 or 4

+

5a–e

2 (25 mol%),

6 or 7

3 and 6, R1 =

a b c d e

R2 =

4 and 7, R1 =

R1

CH2=CH2

Ha

Hb

+
CH2Cl2, reflux

D
ow

nl
oa

de
d 

by
: A

ug
us

to
 T

om
é,

 U
ni

ve
rs

id
ad

e 
de

 A
ve

iro
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



LETTER Synthesis of Glycoporphyrins 1207

Synlett 2008, No. 8, 1205–1207 © Thieme Stuttgart · New York

(4) (a) Liu, X.; Sternberg, E.; Dolphin, D. Chem. Commun. 
2004, 852. (b) Langford, S. J.; Latter, M. J.; Woodward, C. 
P. Org. Lett. 2006, 8, 2595. (c) van Gerven, P. C. M.; 
Johannes, J. A. A. W.; Gerritsen, J. W.; Speller, S.; Nolte, R. 
J. M.; Rowan, A. E. Chem. Commun. 2005, 28, 3535. 
(d) Ikeda, C.; Satake, A.; Kobuke, Y. Org. Lett. 2003, 5, 
4935. (e) Jiao, L.; Hao, E.; Fronczek, F. R.; Vicente, M. G. 
H.; Smith, K. M. Chem. Commun. 2006, 3900. (f) Zheng, 
G.; Graham, A.; Shibata, M.; Missert, J. R.; Oseroff, A. R.; 
Dougherty, T. J.; Pandey, R. K. J. Org. Chem. 2001, 8709.

(5) (a) Faustino, M. A. F.; Neves, M. G. P. M. S.; Tomé, A. C.; 
Silva, A. M. S.; Cavaleiro, J. A. S. ARKIVOC 2005, (ix), 
332. (b) Arnold, D. P.; Gaete-Holmes, R.; Johnson, A. W.; 
Smith, A. R. P.; Williams, G. A. J. Chem. Soc., Perkin 
Trans. 1 1978, 1660. (c) Callot, H. Tetrahedron 1973, 29, 
899.

(6) (a) Carr, R. P.; Jackson, A. H.; Kenner, G. W.; Sach, G. S. J. 
Chem. Soc. C 1971, 487. (b) Pavlov, V. Y. Russ. J. Bioorg. 
Chem. 2007, 43, 1.

(7) (a) Heathcock, C. H.; White, C. T.; Morrison, J. J.; 
VanDerveer, D. J. Org. Chem. 1981, 46, 1296. (b) Verhart, 
C. G. J.; Carls, B. M. G.; Zwanenburg, B.; Chittenden, G. J. 
F. Recl. Trav. Chim. Pays-Bas 1992, 111, 348. (c) Silva, F. 
C.; Ferreira, V. F.; Perrone, C. C. Quim. Nova 2001, 24, 
905. (d) Fisher, E. Chem. Ber. 1895, 28, 1145. (e) Sowa, 
W.; Thomas, G. H. S. Can. J. Chem. 1966, 44, 836.

(8) Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, R. H. 
J. Am. Chem. Soc. 2003, 125, 11360.

(9) General Procedure for Glycoporphyrins (6 and 7)
A solution of the metalloporphyrin (0.04 mmol) and Grubbs 
catalyst 2 (25% mol, 0.01 mmol) in degassed dry CH2Cl2 (2 
mL) was heated at reflux, under argon, and the allyl sugar 5, 
dissolved in CH2Cl2 (1 mL), was immediately added by a 
syringe to the mixture. The reflux was kept as mentioned in 
Table 1. The solvent was evaporated and the residue was 
purified by flash chromatography using a gradient of 
toluene–EtOAc as the eluent. The products 6 and 7 were 
obtained as red solids after crystallization from PE.
Selected Data for 6a
Mp 171–172 °C. 1H NMR (300.13 MHz, CDCl3): d = 1.30 
(s, 3 H, CH3), 1.47 (s, 3 H, CH3), 3.27 (s, 3 H, OCH3), 3.27 
(dd, J = 8.3 and 9.7 Hz, 1 H, H-5¢a), 3.47 (dd, J = 6.3 and 9.7 
Hz, 1 H, H-5¢b), 3.87 (dd, J = 2.1 and 5.9 Hz, 2 H, 
CH2CH=CH), 4.22 (dd, J = 6.3 and 8.3 Hz, 1 H, H-4¢), 4.52 
(d, J = 5.9 Hz, 1 H, H-2¢), 4.59 (d, J = 5.9 Hz, 1 H, H-3¢), 
4.86 (s, 1 H, H-1¢), 6.20 (d, J = 15.6 Hz, 1 H, Hb), 6.30 (dt, 
J = 5.9 and 15.6 Hz, 1 H, Ha), 7.66–7.79 (m, 12 H, ArH), 
8.05–8.22 (m, 8 H, Ar ortho), 8.81–8.94 (m, 6 H, H-7, H-8, 
H-12, H-13, H-17, H-18), 8.95 (d, J = 0.8 Hz, 1 H, H-3). 13C 
NMR (75.47 MHz, CDCl3): d = 24.9 (CH3), 26.4 (CH3), 
54.7 (OCH3), 70.4 (C-5), 72.2 (CH2CH=CH), 81.9 (C-3), 
84.7 (C-2), 85.0 (C-4), 109.0 (C-1), 112.2 (C-6), 120.5, 
121.0, 121.5, 126.5, 126.6, 126.7, 127.3, 127.4, 127.5, 
127.8, 129.5 (C-a), 130.9, 131.5, 131.9, 132.0, 132.1, 132.2, 
133.8 (C-b), 133.8, 133.9, 134.3, 142.7, 142.9, 146.7, 150.2, 
150.3, 150.4, 150.7. UV/Vis (CHCl3): lmax (log e) = 429 
(4.57), 559 (4.28), 596.5 (3.63). HRMS (MALDI-TOF): m/z 
calcd for C56H46N4O5Zn [M]+: 918.2760; found: 918.2739.
Selected Data for 6b
Mp 165–166 °C. 1H NMR (300.13 MHz, CDCl3): d = 1.32 
(s, 3 H, CH3), 1.36 (s, 3 H, CH3), 1.48 (s, 3 H, CH3), 1.51 (s, 
3 H, CH3), 3.60 (dd, J = 6.7 and 10.1 Hz, 1 H, H-6¢a), 3.68 
(dd, J = 6.7 and 10.1 Hz, 1 H, H-6¢b), 3.93–4.05 (m, 1 H, H-
5¢), 3.93–4.05 (m, 2 H, CHR2RCH=CH), 4.31 (dd, J = 1.9 
and 8.0 Hz, 1 H, H-4¢), 4.32 (dd, J = 2.5 and 5.0 Hz, 1 H, H-

2¢), 4.62 (dd, J = 2.5 and 8.0 Hz, 1 H, H-3¢), 5.56 (d, J = 5.0 
Hz, 1 H, H-1¢), 6.22 (d, J = 15.5 Hz, 1 H, Hb), 6.41 (dt, 
J = 6.3 and 15.5 Hz, 1 H, Ha), 7.68–7.81 (m, 12 H, ArH), 
8.06–8.22 (m, 8 H, Ar ortho), 8.82–8.94 (m, 6 H, H-7, H-8, 
H-12, H-13, H-17, H-18), 8.96 (s, 1 H, H-3). 13C NMR 
(75.47 MHz, CDCl3): d = 24.5 (CH3), 26.9 (CH3), 26.1 
(CH3), 66.8 (C-5), 68.9 (C-6), 70.6 (C-2), 70.7 (C-3), 71.2 
(C-4), 72.8 (CH2CH=CH), 96.4 (C-1), 108.5 (C-8), 109.2 
(C-7), 120.9, 121.2, 121.5, 126.5, 126.9, 127.4, 127.5, 127.9, 
129.5 (C-a), 129.7, 131.0, 131.5, 131.9, 132.0, 132.1, 132.3, 
133.9 (C-b), 134.4, 142.8, 142.9, 142.7, 143.1, 146.7, 148.6, 
150.0, 150.1, 150.2, 150.3, 150.5, 150.8. UV/Vis (CHCl3): 
lmax (log e) = 429 (4.55), 558.5 (4.25), 599.5 (3.62). HRMS 
(MALDI-TOF): m/z calcd for C59H50N4O6Zn [M]+: 
974.3022; found: 974.3006.
Selected Data for 6c
Mp 190–191 °C. 1H NMR (300.13 MHz, CDCl3): d = 1.32 
(s, 3 H, CH3), 1.36 (s, 3 H, CH3), 1.38 (s, 3 H, CH3), 1.54 (s, 
3 H, CH3), 4.06–4.11 (m, 1 H, H-6¢a), 4.06–4.11 (m, 1 H, H-
6¢b), 4.06–4.11 (m, 2 H, CH2CH=CH), 4.06–4.11 (m, 1 H, 
H-3¢), 4.16 (dd, J = 2.9 and 7.6 Hz, 1 H, H-4¢), 4.30–4.37 (m, 
1 H, H-5¢), 4.59 (d, J = 3.7 Hz, 1 H, H-2¢), 5.93 (d, J = 3.7 
Hz, 1 H, H-1¢), 6.26 (d, J = 15.6 Hz, 1 H, Hb), 6.36 (dt, 
J = 5.9 and 15.6 Hz, 1 H, Ha), 7.69–7.80 (m, 12 H, ArH), 
8.07–8.21 (m, 8 H, Ar ortho), 8.82–8.93 (m, 6 H, H-7, H-8, 
H-12, H-13, H-17, H-18), 8.94 (s, 1 H, H-3). 13C NMR 
(75.47 MHz, CDCl3): d = 25.4 (CH3), 26.3 (CH3), 26.8 
(CH3), 26.9 (CH3), 67.2 (C-6), 72.5 (C-5), 81.1 (C-4), 81.2 
(C-3), 82.9 (C-2), 105.3 (C-1), 108.8 (C-8), 111.8 (C-7), 
120.5, 121.1, 126.6, 126.8, 126.9, 127.1, 127.5, 127.6, 
127.9, 129.7 (C-a), 130.1, 131.6, 131.9, 132.0, 132.1, 132.3, 
133.9, 134.0 (C-b), 134.3, 134.4, 142.7, 142.9, 148.4, 150.1, 
150.2, 150.3, 150.8. UV/Vis (CHCl3): lmax (log e) = 429 
(4.55), 558.5 (4.26), 595.5 (3.59). HRMS (MALDI-TOF): 
m/z calcd for C59H50N4O6Zn [M]+: 974.3022; found: 
974.3014.
Selected Data for 7a
Mp 115–116 °C. 1H NMR (300.13 MHz, CDCl3): d = 1.10 
(s, 3 H, CH3), 1.17 (s, 3 H, CH3), 1.25 (s, 3 H, CH3), 1.31 (s, 
3 H, CH3), 1.40 (s, 3 H, CH3), 1.41 (s, 3 H, CH3), 2.94–3.04 
(m, 2 H, CH2), 3.37 (s, 3 H, CH3), 3.38 (s, 3 H, CH3), 3.44 
(s, 3 H, CH3), 3.45 (s, 3 H, CH3), 3.61 (s, 3 H, OCH3), 3.61–
3.89 (m, 4 H, H-5¢), 3.62 (s, 3 H, OCH3), 3.64 (s, 3 H, 
OCH3), 3.74–3.90 (m, 2 H, CH2), 3.74–3.90 (m, 2 H, 
CH2CH=CH), 3.99–4.14 (m, 4 H, CH2), 4.57 (d, J = 5.9 Hz, 
1 H, H-2¢) and 4.62 (d, J = 5.9 Hz, 1 H, H-2¢), 4.67–4.73 (m, 
2 H, H-4¢), 4.91 (d, J = 5.9 Hz, 1 H, H-3¢) and 4.93 (d, J = 5.9 
Hz, 1 H, H-3¢), 5.04 (s, 1 H, H-1¢) and 5.06 (s, 1 H, H-1¢), 
6.12 (dt, J = 5.9 and 17.5 Hz, 1 H, Ha) and 6.11 (dt, J = 5.9 
and 17.5 Hz, 1 H, Ha), 6.24 (d, J = 17.5 Hz, 1 H, Ha) and 
6.23 (d, J = 17.5 Hz, 1 H, Ha), 9.30 (s, 1 H, Hmeso), 9.26 (s, 1 
H, Hmeso), 9.17 (s, 1 H, Hmeso), 9.11 (s, 1 H, Hmeso). 

13C NMR 
(75.47 MHz, CDCl3): d = 11.4, 11.5, 12.4 and 12.5 
(4 × CH3), 21.6 (CH2), 24.9 and 26.4 (CH3 of 
isopropylidene), 36.8 (CH2), 51.6 (CO2OCH3), 54.7 and 
54.8 (OCH3), 71.1 (C-5¢), 76.6 (CH2CH=CH), 77.4 (C-4¢), 
82.1 (C-5¢), 85.0 and 85.1 (C-2¢), 95.4, 96.5, 97.9 and 97.2 
(CH in 5, 10, 15, 20 positions), 109.2 and 109.3 (C-1¢), 112.3 
(C-6¢), 119.0 and 119.1, 129.2, 130.3 and 130.5, 135.3, 
135.9, 136.0, 136.1, 136.4, 137.8, 138.0, 144.9, 145.6, 
145.7, 145.9, 146.0, 146.1, 146.2, 146.4, 147.0, 147.1, 173.3 
(C=O). UV/Vis (CHCl3): lmax (log e) = 415.5 (5.36), 544 
(4.20), 580.5 (4.28). HRMS (MALDI-TOF): m/z calcd for 
C56H68N4O14Zn [M]+: 1084.4023; found: 1084.4007.
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