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Tetrathiafulvalene–flavin dyads 1 and 2 are reported. Both absorption and ESR spectral studies show that
the intramolecular electron transfer occurs from TTF to flavin units in dyads 1 and 2 in the presence of
Pb2+/Sc3+. But, the electron transfer is more efficient for dyad 1 in the presence of Pb2+/Sc3+. Electrochem-
ical studies manifest that coordination of dyads 1 and 2 with Pb2+/Sc3+ play an important role in facilitat-
ing the electron transfer within dyads 1 and 2.

� 2010 Elsevier Ltd. All rights reserved.
In the past decades, a number of electron donor (D)–acceptor
(A) dyads with tetrathiafulvalene (TTF) unit or its derivatives as
the electron donating units have been reported.1–6 These TTF based
D–A molecules are interesting as models for studies of charge-trans-
fer interactions, photoinduced electron transfer processes, and
molecular level devices. For instance, fluorescence switches4 and
chemical sensors5 with D–A dyads or triads with TTF units have
been described. Recently, we have reported the metal ions pro-
moted electron transfer within TTF–quinone dyads in which the
TTF and quinone units are covalently linked by the oligoethylene
glycol chain.6 The investigations manifest that the electron transfer
cannot occur in the absence of metal ions and the coordination of
oligoethylene glycol chain and the radical anion of quinone with
metal ions is crucial for the electron transfer. Further studies show
that such metal ion-promoted electron transfer is dependent on
the electron accepting ability of the quinone unit.

Apart from quinone, isoalloxazine compounds, which are also
referred to as flavins, are important electron acceptors. As the
redox-active parts of flavoenzymes flavins enable flavoenzymes
to mediate a variety of electron transfer processes they play an
important role in redox reaction in biological organisms.7 Previous
studies indicate that the electron accepting abilities of flavins can
be modulated by hydrogen-bonding,7,8 p–p stacking,9 donor–
acceptor interaction,10 and in particular coordination to metal
ions.11 The reduction potentials of flavins were positively shifted
in the presence of metal ions such as Mg2+ and Sc3+ and the oxida-
tion reactivity of singlet excited states of flavins could be signifi-
cantly enhanced by coordination with metal ions.11,12 Based on
the unique electron donating and accepting properties of TTF and
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flavin, it is interesting to examine whether electron transfer can oc-
cur for the TTF–flavin dyads in the presence of metal ions. Herein,
we report two TTF–flavin dyads 1 and 2, in which the TTF and fla-
vin units are linked by the glycol and alkyl chains, respectively.

The synthesis of dyads 1 and 2 started from compound 313 as
outlined in Scheme 1. Compound 4 was synthesized by removing
the cyanoethyl group in 3 in the presence of CsOH and further reac-
tion with tetraethyleneglycol monotoluenesulfonate. Compound 4
was converted to compound 5 via tosylation. Compound 6 was
prepared by the reaction of compound 5 with 4,5-dimethylben-
zene-1,2-diamine in the presence of K2CO3. Finally, the condensa-
tion of compound 6 with alloxan led to dyad 1 in reasonable yield.14

Dyad 2 was synthesized similarly as shown in Scheme 1. 5-Bromo-
1-pentanol was used for the preparation of compound 7. By
following the same procedures dyad 2 yielded compound 7 in three
steps. 15

Figure 1A shows the absorption spectrum of dyad 1 and those in
the presence of different amounts of Pb2+. No absorption above
600 nm was detected for dyad 1 before the addition of Pb2+, and
the absorptions of 1 around 330, 367 and 450 nm were due to
the TTF and flavin units in 1 according to previous studies.12a,13

This implies that the intramolecular interaction between TTF and
flavin units within dyad 1 was negligible. However, new absorp-
tion around 780 nm emerged gradually after the addition of Pb2+

as depicted in Figure 1A. The absorption in the range of 450–
600 nm was also enhanced gradually. In comparison, direct oxida-
tion of compound 3 with Fe(ClO4)3 also led to two new absorptions
around 450 and 780 nm (see Supplementary Fig. S1). Therefore, the
appearance of these two absorptions indicates the formation of the
TTF�+ for dyad 1 in the presence of Pb2+. This is likely due to the
electron transfer within dyad 1 in the presence of Pb2+ based on
the previous investigations of TTF–quinone dyads.6
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Scheme 1. The chemical structure and synthetic approach for dyad 1 and dyad 2: (a) CsOH�H2O, tetraethyleneglycol monotoluenesulfonate, THF, rt, 60%; (b) p-tosyl chloride,
triethylamine, 0 �C, 84%; (c) 4,5-dimethylbenzene-1,2-diamine, K2CO3, DMF, 60 �C; (d) alloxan, H3BO3, CH3OH, rt, 19%; (e) CsOH�H2O, 5-bromo-1-pentanol, THF, rt, 80%; (f) p-
tosyl chloride, triethylamine, 0 �C, 84%; (g) 4,5-dimethylbenzene-1,2-diamine, K2CO3, DMF, 60 �C; (h) alloxan, H3BO3, CH3OH, rt, 18%.
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Figure 1. Absorption spectra of dyad 1 (1.0 � 10�5 M in CH2Cl2) (A) and dyad 2
(1.0 � 10�5 M in CH2Cl2) (B) upon addition of different amounts of Pb2+[Pb(ClO4)2];
the insets show Job’s plot for the binding of 1 (A)/2 (B) with Pb2+.
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Figure 2. ESR spectrum of dyad 1 (1.0 � 10�3 M) in CH2Cl2 in the presence of
4.0 equiv of Pb2+ [Pb(ClO4)2] recorded at room temperature; the solution was
degassed before measurement.
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Additionally, the absorption around 330 nm due to the flavin
unit in dyad 1 became gradually weak and simultaneously red-
shifted. This may indicate the coordination of flavin unit with
Pb2+ based on the previous report.12a Based on the variation of
the absorption intensity at 780 nm due to the TTF�+ versus the mo-
lar fraction of Pb2+ in the solution as depicted in the inset of Figure
1A, it may be concluded one molecule of dyad 1 binds two Pb2+.

Of interest is the observation of new absorptions around 450
and 780 nm for dyad 2 after the addition of Pb2+ as demonstrated
in Figure 1B. Compared to dyad 1, these new absorptions are rather
weak under the same condition. The variation of the absorption at
780 nm versus the molar fraction of Pb2+ (see the inset of Fig. 1B)
implies that dyad 2 and Pb2+ may form a complex with 1:1 stoichi-
ometry. As to be discussed below, ESR signal can be detected for
the solution of dyad 2 containing Pb2+ (see Supplementary
Fig. S7). These results manifest that the Pb2+ promoted electron
transfer occurs also for dyad 2, in which the TTF and flavin units
are linked by an alkyl chain.

The solution of dyad 1 was ESR silent. However, strong ESR sig-
nal was observed for the solution of dyad 1 in the presence of Pb2+

as shown in Figure 2. The ESR signal intensity was found to be
dependent on the amount of Pb2+ in the solution. The ESR signal
was not well resolved and it might be due to the magnetic coupling
between the radical cation of TTF unit and the radical anion of
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Figure 3. Cyclic voltammograms of dyad 1 (5 � 10�5 M) in CH2Cl2; the inset shows
partial (flavin unit) cyclic voltammograms of dyad 1 in CH2Cl2 in the presence of
different amounts of Pb2+; the scanning rate is 50 mV/s.
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flavin unit involving Pb2+. Nevertheless, the emergence of ESR sig-
nal confirms that electron transfer takes place for dyad 1 in the
presence of Pb2+. Similarly, ESR signal was also detected for the
solution of dyad 2 containing Pb2+ as depicted in Supplementary
Figure S7. This result provides further support for the occurrence
of electron transfer within dyad 2 in the presence of Pb2+.

The absorption and ESR spectra of dyads 1 and 2 were also mea-
sured in the presence of other metal ions including Sc3+, Zn2+, Mg2+,
Cd2+ and Ba2+. Absorptions around 450 and 780 nm were observed
for dyad 1 in the presence of Sc3+ (see Supplementary Fig. S2). In
addition, strong ESR signal was also detected for the solution of
dyad 1 containing Sc3+. In comparison, dyad 1 exhibited rather
weak absorptions around 450 and 780 nm after introducing Zn2+,
Mg2+, Cd2+ and Ba2+. Thus, it can be concluded that Pb2+/Sc3+ can
promote the electron transfer between TTF and flavin units within
dyad 1 more efficiently. Similar results were found for dyad 2. As
displayed in Supplementary Figure S6, the solution of dyad 2 con-
taining Sc3+ also showed absorptions around 450 and 780 nm due
to the TTF�+. Therefore, both Pb2+ and Sc3+ can trigger the electron
transfer within dyad 2. But, these absorptions were almost not
detectable for dyad 2 in the presence of Zn2+, Mg2+, Cd2+ and Ba2+.

In order to understand the mechanism for Pb2+/Sc3+ promoted
electron transfer within dyads 1 and 2, the redox potentials of 1
and 2 in the absence and presence of Pb2+/Sc3+ were measured. Fig-
ure 3 depicts the cyclic voltammogram of 1 and those in the pres-
ence of Pb2+. Three quasi-reversible redox waves were detected for
dyad 1, corresponding to E1=2

ox1 = 0.53 V, E1=2
ox2 = 0.88 V and E1=2

red =
�0.85 V. The two oxidation potentials are close of those of com-
pound 3 (see Scheme 1) (E1=2

ox1 = 0.47 V, E1=2
ox2 = 0.85 V).13 Thus, the

oxidation waves with E1=2
ox1 = 0.53 V and E1=2
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Scheme 2. The proposed mechanism for the met
due to the formation of TTF�+ and TTF2+, respectively. The reduction
wave with E1=2

red = �0.85 V is owing to the reduction of flavin unit in
dyad 1 according to previous study.8e In the presence of Pb2+, the
reduction wave was positively shifted (see the inset of Fig. 3). For
instance, the reduction peak potential was shifted from -0.85 V in
the absence of Pb2+ to �0.45 V in the presence of 10 equiv of Pb
2+. The reduction potential due to the flavin unit in dyad 1 was also
positively shifted in the presence of Sc3+ (see Supplementary
Fig. S5).

Dyad 2 also shows three quasi-reversible redox waves, corre-
sponding to E1=2

ox1 = 0.50 V, E1=2
ox2 = 0.87 V and E1=2

red = �0.86 V. Simi-
larly, the oxidation and reduction potentials are due to the TTF
and flavin units in dyad 2, respectively. The reduction potential
of flavin unit is also positively shifted in the presence of either
Pb2+ or Sc3+ (see Supplementary Fig. S8)

The above electrochemical investigations clearly indicate that
the reduction potential of flavin unit in dyads 1 and 2 becomes less
negative in the presence of Pb2+/Sc3+; thus, the electron accepting
ability of flavin unit was enhanced in the presence of Pb2+/
Sc3+.11,2 Therefore, the electron transfer between TTF and flavins
units in dyads 1 and 2 would become more feasible in the presence
of these metal ions. By comparing the metal ion-promoted electron
transfer within TTF–quinone dyads, we assume that the sulfur
atom from TTF�+, oxygen atoms of oligoethylene glycol chain and
nitrogen/oxygen atoms of the radical anion of flavin unit in dyad
1 may coordinate with Pb2+/Sc3+ to stabilize the electron transfer
state by increasing the interaction between the corresponding cat-
ion and anion (see Scheme 2). The absorption spectral result indi-
cates that one molecule of dyad 1 binds two Pb2+. Therefore, it is
probable that binding of dyad 1 with metal ion to form a complex
with 1:2 stoichiometry in solution as illustrated in Scheme 2. For-
mation of such coordination complex would, on one hand, to en-
hance the electron accepting ability of flavin unit, and on the
other hand to stabilize the electron transfer state.

For dyad 2 the TTF and flavin units are linked with an alkyl
chain. Only the sulfur atom from TTF�+ and nitrogen/oxygen atoms
of the radical anion of flavin unit in dyad 2 may be involved in the
coordination with Pb2+/Sc3+. Therefore, the complex of dayd 2 with
Pb2+/Sc3+may be less stable compared to the corresponding com-
plex of dyad 1 with Pb2+/Sc3+. This is in agreement with the fact
that the absorption around 450 and 780 nm for dyad 2 in the pres-
ence of Pb2+/Sc3+ is weaker than that observed for dyad 1 under the
same condition.

In summary, TTF–flavin dyads 1 and 2 were synthesized and
characterized. Both absorption and ESR spectroscopic studies
clearly indicate that electron transfer occurs from TTF to the flavin
unit in the presence of metal ions (Pb2+ and Sc3+) for both dyad 1
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al ion-promoted electron transfer in dyad 1.
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and dyad 2. However, the electron transfer within dyad 1 in the
presence of Pb2+/Sc3+ is more efficient than that in dyad 2 under
the same condition. The coordination with metal ions plays an
important role in facilitating the electron transfer within dyads 1
and 2. The present studies will not only enrich the TTF chemistry,
but also provide new aspect of flavin chemistry.

Acknowledgments

The present research was financially supported by the Chinese
Academy of Sciences, NSFC and State Key Basic Research Program.

Supplementary data

Supplementary data associated (Synthesis and characterization;
absorption and ESR spectra; cyclic voltammogram) with this article
can be found, in the online version, at doi:10.1016/j.tetlet.2010.
06.095.

References and notes

1. (a) Bryce, M. R. J. Mater. Chem. 2000, 10, 589–598; (b) Segura, J. L.; Martín, N.
Angew. Chem., Int. Ed. 2001, 40, 1372–1409; (c) Pease, A. R.; Jeppesen, J. O.;
Stoddart, J. F.; Luo, Y.; Collier, C. P.; Heath, J. R. Acc. Chem. Res. 2001, 34, 433–
444; (d) Jeppesen, J.; Nielsen, M.; Becher, J. Chem. Rev. 2004, 104, 5115–5132;
(e) Martín, N.; Sánchez, L.; Herranz, M. A.; Illescas, B.; Guldi, D. Acc. Chem. Res.
2007, 40, 1015–1024; (f) Canevet, D.; Salle, M.; Zhang, G.; Zhang, D.; Zhu, D.
Chem. Commun. 2009, 2245–2269; (g) Stoddart, J. Chem. Soc. Rev. 2009, 38,
1802–1820. and reference therein.

2. (a) Gautier, N.; Dumur, F.; Lloveras, V.; Vidal-Gancedo, J.; Veciana, J.; Rovira, C.;
Hudhomme, P. Angew. Chem., Int. Ed. 2003, 42, 2765–2768; (b) Perepichka, D.
F.; Bryce, M. R.; Pearson, C.; Petty, M. C.; McInnes, E. J. L.; Zhao, J. P. Angew.
Chem., Int. Ed. 2003, 42, 4636–4639; (c) Molina-Ontoria, A.; Fernández, G.;
Wielopolski, M.; Atienza, C.; Sánchez, L.; Gouloumis, A.; Clark, T.; Martin, N.;
Guldi, D. J. Am. Chem. Soc. 2009, 131, 12218–12229.

3. (a) Jia, C.; Liu, S.; Tanner, C.; Leiggener, C.; Neels, A.; Sanguinet, L.; Levillain, E.;
Leutwyler, S.; Hauser, A.; Decurtins, S. Chem. Eur. J. 2007, 13, 3804–3812; (b)
Dolder, S.; Liu, S.; Derf, F.; Sallé, M.; Neels, A.; Decurtins, S. Org. Lett. 2007, 19,
3753–3756; (c) Feng, Y.; Zhang, Q.; Tan, W.; Zhang, D.; Tu, Y.; Agren, H.; Tian, H.
Chem. Phys. Lett. 2008, 455, 256–260; (d) Jaggi, M.; Blum, C.; Dupont, N.; Grilj, J.;
Liu, S.; Hauser, J.; Hauser, A.; Decurtins, S. Org. Lett. 2009, 11, 3096–3099; (e)
Andersson, A.; Diederich, F.; Nielsen, M. Org. Biomol. Chem. 2009, 7, 3474–3480;
(f) Balandier, J.; Chas, M.; Dron, P.; Goeb, S.; Canevet, D.; Belyasmine, A.; Allain,
M.; Sallé, M. J. Org. Chem. 2010, 75, 1589–1599.

4. (a) Li, H.; Jeppsesen, J. O.; Levillain, E.; Becher, J. Chem. Commun. 2003, 846–
847; (b) Zhang, G.; Zhang, D.; Guo, X.; Zhu, D. Org. Lett. 2004, 6, 1209–1212; (c)
Leroy-Lhez, S.; Baffreau, J.; Perrin, L.; Levillain, E.; Allain, M.; Blesa, M.;
Hudhomme, P. J. Org. Chem. 2005, 70, 6313–6320; (d) Leroy-Lhez, S.; Perrin, L.;
Baffreau, J.; Hudhomme, P. C.R. Chim. 2006, 9, 240–246; (e) Delahaye, S.; Loosli,
C.; Liu, S.; Decurtins, S.; Labat, G.; Neels, A.; Loosli, A.; Ward, T. R.; Hauser, A.
Adv. Funct. Mater. 2006, 16, 286–295; (f) Fang, C.; Zhu, Z.; Sun, W.; Xu, C.; Yan,
C. New J. Chem. 2007, 31, 580–586.

5. (a) Li, X.; Zhang, G.; Ma, H.; Zhang, D.; Li, J.; Zhu, D. J. Am. Chem. Soc. 2004, 126,
11543–11548; (b) Zheng, X.; Sun, S.; Zhang, D.; Ma, H.; Zhu, D. Anal. Chim. Acta
2006, 575, 62–67; (c) Wang, Z.; Zhang, D.; Zhu, D. J. Org. Chem. 2005, 70, 5729–
5732; (d) Lu, H.; Xu, W.; Zhang, D.; Chen, C.; Zhu, D. Org. Lett. 2005, 7, 4629–
4632.

6. (a) Wu, H.; Zhang, D.; Su, L.; Ohkubo, K.; Zhang, C.; Yin, S.; Mao, L.; Shuai, Z.;
Fukuzumi, S.; Zhu, D. J. Am. Chem. Soc. 2007, 129, 6839–6846; (b) Wu, H.;
Zhang, D.; Zhang, G.; Zhu, D. J. Org. Chem. 2008, 73, 4271–4274; (c) Zeng, Y.;
Zhang, G.; Zhang, D.; Zhu, D. J. Org. Chem. 2009, 74, 4375–4378; (d) Wu, H.;
Zhang, D.; Zhu, D. Tetrahedron Lett. 2007, 48, 8951–8955.

7. (a)Chemistry and Biochemistry of Flavoenzymes; Müller, F., Ed.; CRC: Boca Raton,
1991; Vols. 1–3, (b) Tollin, G.. In Electron Transfer in Chemistry; Balzani, V., Ed.;
Wiley-VCH: Weinheim, 2001; Vol. 5, pp 202–231; (c) Niemz, A.; Rotello, V. M.
Acc. Chem. Res. 1999, 32, 44–52; (d) Rotello, V. M. Curr. Opp. Chem. Biol. 1999, 3,
747–751.

8. (a) Breinlinger, E. C.; Rotello, V. M. J. Am. Chem. Soc. 1997, 119, 1165–1166; (b)
Greaves, M. D.; Rotello, V. M. J. Am. Chem. Soc. 1997, 119, 10569–10572; (c)
Kajiki, T.; Moriya, H.; Kondo, S.; Nabeshima, T.; Yano, Y. J. Chem. Soc., Chem.
Commun. 1998, 2727–2728; (d) Cuello, A. O.; Mcintosh, C. M.; Rotello, V. M. J.
Am. Chem. Soc. 2000, 122, 3517–3521; (e) Murakami, M.; Ohkubo, K.; Hasobe,
T.; Sgobba, V.; Guldi, D. M.; Wessendorf, F.; Hirsch, A.; Fukuzumi, S. J. Mater.
Chem. 2010, 20, 1457–1466; (f) Subramani, C.; Yesilbag, G.; Jordan, B. J.; Li, X.;
Khorasani, A.; Cooke, G.; Sanyal, A.; Rotello, V. M. Chem. Commun. 2010, 2067–
2069; (g) Carroll, J. B.; Jordan, B. J.; Xu, H.; Erdogan, B.; Lee, L.; Cheng, L.;
Tiernan, C.; Cooke, G.; Rotello, V. M. Org. Lett. 2005, 7, 2551–2554.

9. (a) Breinlinger, E. C.; Niemz, A.; Rotello, V. M. J. Am. Chem. Soc. 1995, 117, 5379–
5380; (b) Swenson, R. P.; Krey, G. D. Biochemistry 1994, 33, 8505–8514; (c)
Palfey, B. A.; Moran, G. R.; Entsch, B.; Ballou, D. P.; Massey, V. Biochemistry 1999,
38, 1153–1158.

10. (a) Breinlinger, E. C.; Keenan, C. J.; Rotello, V. M. J. Am. Chem. Soc. 1998, 120,
8606–8609; (b) Palfey, B.; Moran, G.; Entsch, B.; Ballou, D.; Massey, V.
Biochemistry 1999, 38, 1153–1158.

11. (a) Hemmerich, P.; Lauterwein, J. In The Structure and Reactivity of Flavin-
Metal Complexes, in Inorganic Biochemistry; Eichhorn, G. L., Ed.; Elsevier:
Amsterdam, 1973; pp 1168–1190; (b) Fukuzumi, S. Bull. Chem. Soc. Jpn.
1997, 70, 1–28; (c) Fukuzumi, S.; Kojima, T. J. Biol. Inorg. Chem. 2008, 13,
321–333; (d) Fukuzumi, S.; Ohkubo, K. Coord. Chem. Rev. 2010, 254, 372–
385. and reference herein.

12. (a) Fukuzumi, S.; Yasui, K.; Suenobu, T.; Ohkubo, K.; Fujitsuka, M.; Ito, O. J. Phys.
Chem. A 2001, 105, 10501–10510; (b) Fukuzumi, S.; Kuroda, S.; Tanaka, T. J. Am.
Chem. Soc. 1985, 107, 3020–3027; (c) Fukuzumi, S.; Kuroda, S.; Tanaka, T. J.
Chem. Soc., Perkin Trans. 2 1986, 25–29; (d) Fukuzumi, S.; Tanii, K.; Tanaka, T. J.
Chem. Soc., Chem. Commun. 1989, 816–818.

13. Guo, X.; Zhang, D.; Zhang, H.; Fan, Q.; Xu, W.; Ai, X.; Fan, L.; Zhu, D. Tetrahedron
2003, 59, 4843–4850.

14. Characterization data for dyad 1: 1H NMR (400 MHz, CDCl3): d 8.49 (1H, s), 8.03
(1H, s), 7.74 (1H, s), 6.40 (1H, br), 4.93 (2H, t, J = 5.26 Hz), 4.02 (2H, t,
J = 5.30 Hz), 3.65–3.60 (4H, m), 3.54 (6H, d, J = 2.73 Hz), 2.92 (2H, t, J = 6.44 Hz),
2.80 (4H, t, J = 6.96 Hz), 2.55 (3H, s), 2.45 (3H, s), 1.64–1.60 (4H, m), 1.44–1.36
(4H, m,), 1.33–1.26 (8H, m), 0.89 (6H, t, J = 6.52). 13C NMR (100 MHz, CDCl3): d
159.52, 154.98, 150.31, 148.00, 137.05, 135.94, 135.00, 132.30, 132.20, 127.86,
127.68, 126.47, 122.97, 116.91, 113.30, 70.91, 70.59, 70.55, 70.48, 69.73, 67.98,
45.81, 36.28, 35.24, 31.31, 29.71, 28.20, 22.53, 21.55, 19.53, 14.02. HR-MS(EI):
calcd for C38H52N4O5S7 868.1983; found, 868.1989.

15. Characterization data for dyad 2: 1H NMR (400 MHz, CDCl3): d 8.42 (1H, s), 8.07
(1H, s), 7.38 (1H, s), 4.70 (2H, br), 2.81–2.77 (6H, m), 2.57 (3H, s), 2.46 (3H, s),
1.93–1.85 (2H, m), 1.88–1.86 (2H, m), 1.64–1.62 (2H, m), 1.41–1.32 (4H, m),
1.29–1.25 (12H, m), 0.88 (6H, t, J = 6.56).13C NMR (100 MHz, CDCl3): 159.73,
155.54, 150.28, 148.60, 137.35, 136.34, 135.18, 133.11, 131.20, 115.46, 45.27,
36.54, 31.52, 29.91, 29.57, 29.29, 28.42, 28.23, 26.87, 25.71, 22.90, 22.75, 22.02,
19.76, 14.24, 14.06. HR-MS(EI): calcd for C35H46N4O2S7, 778.1666; found,
778.1672.

http://dx.doi.org/10.1016/j.tetlet.2010.06.095
http://dx.doi.org/10.1016/j.tetlet.2010.06.095

	Tetrathiafulvalene–flavin dyads: electron transfer promoted by metal cations
	Acknowledgments
	Supplementary data
	References and notes


