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F NMR Study on the Charge-Transfer Process between
Ground-State Acceptor Fluoranil (or Pentafluorophenyl Carboxylate)
and Some N-Alkylphenothiazine Donors

Hu Nan Y|, Ji Liang SHI*, Zhi Hai QIU, Jia Yi XU, Xi Kui JIANG

Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 354
Fenglin Lu, Shanghai 200032

Abstract: The line positions of °F NMR absorption of fluoranil (TFQ) or pentafluorophenyl
carboxylate (PFE-16) in the presence of N-alkylphenothiazine donors have been measured. By
comparing the '°F chemical shift in C4Dg of TFQ or PFE-16 in the absence of the donor with
those in the presence of the donor, the difference of these chemical shifts was found to be large. In
the presence of the donor, °F upfield shifts of TFQ or PFE-16 have been observed. The
experimental results showed that there is a charge-transfer process between TFQ or PFE-16 and
the donor. When TFQ or PFE-16 accepts the charge from the donor, its '°F resonance moves
upfield.
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Photoinitiated electron-transfer processes are of fundamental interest in chemistry.
Generally there are two kinds of study. 1) Studies involving intermolecular electron
transfers of the excited chromophore of an acceptor (or donor) with the ground state of a
donor (or acceptor). 2) Studies of intramolecular electron transfers between linked
acceptors and donors. In pursuing our study on aggregation and self-coiling of organic
molecules brought about by hydrophobic-lipophilic interactions (HLI), we are naturally
interested in studying whether HLI can also facilitate the above-mentioned
electron-transfer processes. Intramolecular electron transfer is of basic interest in
supramolecular photochemistry® and of practical importance in the molecular mimicry of
photosynthetic processes. Several research systems have been reported®®. One system
consists of covalently linked carotenoid-porphyrin-quinone derivatives and others consist
of linked donor-chromophore-acceptors, e.g., a substituted tris (bipyridyl) ruthenium (1)
[Ru(bpy)s*"] chromophore covalently attached through flexible polymethylene chains to a
N, N’-diquaternary-2, 2’-bipyridinium salt (diquat, DQ*") electron acceptor and to a
phenothiazine donor linked through a bipyridine and another polymethylene chain. It has
been reported that NMR methodology can be applied to the study of charge-transfer
process between a donor and an acceptor'®'?. Upfield '°F chemical shift in NMR
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measurement of TFQ with a donor such as PTZ-12 indicates that the charge density of
TFQ is increased by the process of charge-transfer. The above-mentioned facts indicate
that fluoranil is a good acceptor, and we thus expect that PFE-16 would behave similarly.
The present work shows that the aforesaid expectation is correct. The acceptors and the
donors used in the present work are showed in scheme 1.
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Experimental

Fluoranil (TFQ) was purchased and used without further purification. Pentafluorophenyl
palmitate (PFE-16) and N-hexadecyl phenothiazine (PTZ-16) are new compounds™®,
PTZ-12 has been reported*® without data on UV and elemental analysis. The prepared

samples were identified by *H NMR, *F NMR, UV-Vis spectra and elemental analysis.

Physical measurements

The **F NMR spectra were recorded on a Bruker Am 300 NMR spectrometer at 282.386
MHz.

Pentafluorophenyl palmitate (PFE-16)

White solid, mp 50.5051.8 °C. UV-Vis: Amax = 198nm (¢ = 1.1 x10* M*@m™
cyclohexane). *H NMR (CDCls) 80.9C11.8 (29H, m), 82.7 (2H, t), *F NMR (C D ¢)
5-75.89 (2F, d), 5-81.32 (1F, t), 5-85.55(2F, t). Anal. Cacld for Cy,Hz;0,Fs: C, 62.56; H,
7.35; F, 22.51. Found: C, 62.60; H, 7.50; F, 22.46.

N-Dodecylphenothiazine (PTZ-12)
Light yellowish liquid, UV-Vis: Amax = 256 nm (cyclohexane). ‘H NMR (CyDg)

60.411.4 (23H, m), 3.0 (2H, t), 66.1(6.5 (8H, m), Anal. Cacld for C,,H33NS: C, 78.47;
H, 8.99; N, 3.81; S, 8.72, Found: C, 78.46; H, 9.10; N, 3.42; S, 9.09.



F NMR Study on the Charge-Transfer Process between Fluoranil and 841
some N-Alkylphenothiazine

N-Dexadecylphenothiazine (PTZ-16)

White solid, mp 50051 °C, UV-Vis: Amax = 256nm (e = 7.5 x10* M*[@m™ cyclohexane).
IH NMR (C¢D¢) 80.4(1L.4 (31H, m), 33.0 (2H, t), 86.106.7 (8H, m), Anal. Cacld for
CxH4NS: C, 79.43; H, 9.69; N, 3.30; S, 7.56, Found: C, 79.48; H, 10.22; N, 2.78; S,
8.03.

Results and Discussion

The chemical shift of °F atoms of TFQ is -18266.5 Hz in the absence of the donor in
C¢Ds solutions ; in the presence of PTZ-12 as a donor, the ¥F chemical shift of
TFQ is -18953.3 Hz. The difference of these two *°F chemical shifts is 686.8 Hz. In °F
NMR spectrum, a more negative *°F chemical shift corresponds to a shift upfield. The
appearance of the upfield *°F chemical shift of TFQ in the presence of PTZ-12 indicates
that there is a charge transfer from PTZ-12 to TFQ in Cg¢Dg solution. The other
interesting example is that with PFE-16 as an acceptor and with PTZ-16 as a donor in
CeDg solution. In the °F NMR spectrum of PFE-16 alone, the line position of o-fluorine
atom in phenyl ring is -75.89 ppm, the chemical shift of p-fluorine atom in phenyl ring is
-81.32 ppm and that of m-fluorine atom is -85.55. In the presence of PTZ-16, the
chemical shifts of o, p, m-fluorine atoms in phenyl ring are -77.25, -81.55 and -85.96
ppm receptively. Thus these results indicate that there is a charge transfer from PTZ-16
to PFE-16. The result also shows that PFE-16 can be used as an acceptor.

On the basis of the above-mentioned results, it will be possible to study the
electron-transfer process facilitated by HLI between excited N-hexadecyl carbazole
(CBZ-16) and PFE-16. In consequence of an electron-transfer process the fluorescence
of (CBZ-16)" can be quenched by adding PFE-16 in the ® =0.40 DX-H,0 system, where
® is the volume fraction of the organic component (dioxane) of an aquiorgano mixture.
The fluorescence quenching of excited CBZ-16 by adding PFE-16 has been observed
and preliminary results of this study can be summarized by Table 1'%, which shows that
the Is53 ,m Value decreases with increasing [PFE-16] and thus suggests that HLI may have
facilitated this process. In conclusion, both the ground-state charge-transfer process
between PTZ-16 and PFE-16 in C¢Dg and electron transfer fluorescence quenching
process between excited CBZ-16 and PFE-16 have been demonstrated. Furthermore,
PFE-16 as an acceptor in charge-transfer process has been demonstrated for the first
time.

Table 1 The dependence of lss oy Of excited CBZ-16 (1x107 M) on the amount of PFE-16
added in the ® = 0.40 DX-H,0 system.

PFE-16 (107 M) 0 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

1353 nm 222.6  216.9 208.3 199.8  192.7 188.1 179.3 172.7  166.9

* The experimental uncertainty is + 5%.



842 Hu Nan Yl et al.

References

1. X.K.lJiang, Acc. Chem. Res., 1988, 21, 362.

2. X. K. Jiang, Pure Appl. Chem., 1994, 66, 1621.

3. X. K. Jiang; J. T. Zhang, Aggregation and Self-coiling of Organic Molecules, 1996,
Shanghai Academic Press.

4. J. L. Shi; X. Chen; X. K. Jiang, J. Org. Chem., 1996, 61, 4698.

5. V. Balzani, Supramolecular photochemistry, Reidel, Dordrechr, Netherlands, 1987.

6. M. R. Wasielewski, Chem. Rev., 1992, 92, 435.

7. D. Gust; T. A. Moore; A. L. Moore, Acc. Chem. Res., 1993, 26, 198.

8. a.S.L.Larson; C. M. Elliott; D. F. Kelly, J. Phys. Chem., 1995, 99, 6530.
b. S. L. Larson; C. M. Elliott; D. F. Kelly, Inorg. Chem., 1996, 35, 2070.

9. A. L. Balch; M. M. Olmstead, Chem. Rev., 1998, 98, 2123.

10. R. Foster, Organic Charge transfer complexes, Academic Press, New York. 1969.

11. N. M. D. Brown; R. Foster; C. A. Fyfe, J. Chem. Soc. (B), 1967, 406.

12. M. W. Hanna; A. L. Ashbaugh, J. Phys. Chem., 1964, 68, 811.

13. a.J. L. Shi; H.N. Yi; J. Y. Xu; X.K. Jiang, To be published.
b. Y. S. Kang; P. Baglioni; H. J. D. McManus; L. Kevan, J. Phys. Chem. 1991, 95, 7944.

Received 27 May 1999



