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Synthesis and characterization of severak 2®re-modified hexaphyrins are reported. The synthetic
methodology involved a well-known acid-catalyzed MacDonald-type condensation reaction of the required
tripyrrane with electron deficient pentafluorobenzaldehyde. The nature of the product and yield depends
on the nature of the acid catalyst and its concentration. Dioxahexaphyas isolated only when 0.5

equiv of TFA was used as a catalyst, while dithiahexaph¥€@iand diselenahexaphyriil were formed

with TFA, PTSA, and even in the absence of catalyst. The detiileathd 2-D COSY as well as HSQC
experiments reveal the solution structure as well as the conformational mobility of hexaphyrins. In the
tetracationic statel,0 and11 exhibit a four heterocyclic ring inverted structure, while only two completely
inverted heterocyclic rings were observed9oi he other four heterocyclic rings are only partially inverted

in 9. All the hexaphyrins reported here show aromatic character inferred fromAdrgalues (difference

in chemical shift between the most shielded and the most deshielded protons). Electronic absorption
spectral studies also support the conformational changes observed upon protonation.

Introduction Depending on the number of meso links, the hexaphyrin systems
known are amethyrin (1.0.0.1.0.8),rosarin (1.0.1.0.1.0%

Recently expanded porphyrins have attracted conS|derabIerubyrin (1.1.0.1.1.0§¢ hexaphyrin (1.1.1.1.1. B and cyclo [6]

attention because of their diverse applicatibnExpanded
porphyrins have more than #8electrons in the conjugated
pathway either due to an increased number of heterocyclic rings (1) Sessler, J. L.; Weghorn, S.Bxpanded, Contracted, and Isomeric

; ; in i Porphyrins Elsevier: Amsterdam, 1997 and references therein.
O][ due todm(;lltlple r:ne_S()_ Carﬁ.o?l bf'dges' Iﬂ?r)](aphyrln Il.S a.CIaSS (2) Sessler, J. L.; Gebauer, A.; Weghorn, S. J. Expanded Porphyrins. In
of expanded porphyrin in which six pyrrole/neterocyclic 1ngs  the porphyrin Handbogkadish, K. M., Smith, K. M., Guilard, R., Eds.;
are linked in a cyclic fashion through meso carbon bridges. Academic Press: New York, 2000.
(3) (a) Sessler, J. L.; Weghorn, S. J.; Hiseada, Y.; LynchClem—
* Corresponding author. Phone:91-471- 2493599/2490324/2515220; fax: ~ EUr- J. 1995 1, 56. (b) Sessler, J. L.; Weghorn, S. J.; Morishima, T.;

+ 91-471-2491712. Rosingana, M.; Lynch, VJ. Am. Chem. S0d.992 114, 8306. (c) Sessler,
T Indian Institute of Technology. J. L.; Morishima, T.; Lynch, VAngew. Chem., Int. Ed. Engl991 30,
§ Current address: Regional Research Laboratory, Trivandrum, Kerala 695019, 977. (d) Gossauer, ABull. Soc. Chim. Belgl983 92, 793. (e) Kohler, T.;
India. Seidel, D.; Lynch, V.; Arp, O. F.; Ou, Z.; Kadish, K. M.; Sessler, J. L.
I'Bruker India Scientific Pvt. Ltd. J. Am. Chem. SoQ003 125, 6872.
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pyrrole 3¢ Hexaphyrin (1.1.1.1.1.1) can be regarded as a real diselenahexaphyrin with two different meso substituents through
homologue of porphyrin in terms of a conjugated cyclic acid-catalyzed MacDonald-type condensation of modified tripyr-
m-system with an alternate arrangement of heterocyclic rings rane and sterically congested aldehyde. Modification of 26
and methine bridges. Hexaphyrins reported in the literature hexaphyrins can alter the physical properties significantly.
(Chart 1) were found to exhibit a regular structure as3jn There are few literature reports where hexaphyrins can be
inverted as irl (aromatic), as well as a figure eight conformation modified chemically through nucleophilic addition and substitu-
in 2 (nonaromatic). Core modification by substituting one or tion reactions. However, the direct introduction of a different
more pyrrole rings by furan, thiophene, and selenophene givesaromatic moiety at meso positions of hexaphyrin is more
rise to macrocycles with modified electronic structures and attractive as it can influence the electronic and optical properties
properties’? In this connection, the author's laboratory has significantly8 In this paper, we wish to report the synthesis of
reported several core-modified rubyrins that exhibit both regular core-modified hexaphyrins via condensation reactions of ap-
(4) as well as inverted5 and 6) structure’* Most of the propriate precursors in the presence of appropriate catalysts. It
hexaphyrins reported in the literature contain the same mesohas been shown that hexaphyrin exhibits a rich structural
substituent, while there are a few reports on hexaphyrin with diversity where different ring inversions have been characterized
two different meso substituerit$n a recent paperwe reported through detailedH and 2-D NMR studies. These ring inversions
a one-pot synthesis of aromatic s/2&lithiahexaphyrin and depend on the state of protonation and the nature of the
heteroatom present in the hexaphyrin cavity.

(4) (@) Chandrashekar, T. K.; Venkatraman A8c. Chem. Re2003 . .
36, 676. (b) Srinivasan, A.; Reddy, V. M.; Narayanan, S. J; Sridevi, B.; Results and Discussion
Pushpan, S. K.; Kumar, M. R.; Chandrashekar, TAkgew. Chem., Int.

Ed. 1997 36, 2598. (c) Srinivasan, A.; Pushpan, S. K.. Kumar, M. R.: SynthesesMost of the hexaphyrins reported in the literature
Chandrashekar, T. K.; Roy, Retrahedron1999 6671. were synthesized either through a modified Rothenmund reac-
(5) (a) Suzuki, M.; Osuka, AOrg. Lett.2003 5, 3943. (b) Krivokapic,
A.; Anderson, H. L.Org. Biomol. Chem2003 1, 3639. (7) (a) Suzuki, M.; Shimizu, S.; Shin, J.-Y.; Osuka, Petrahedron Lett.
(6) Rath, H.; Anand, V. G.; Sankar, J.; Venkatraman, S.; Chandrashekar, 2003 44, 4597. (b) Youfu, K.; Osuka, AOrg. Lett.2005 7, 4381.
T. K.; Joshi, B. S.; Khetrapal, C. L.; Schilde, U.; Senge, M.Gdg. Lett. (8) Rath, H.; Sankar, J.; Prabhuraja, V.; Chandrashekar, T. K.; Nag, A;
2003 5, 3531. Goswami, D.J. Am. Chem. So@005 127, 11608.

1154 J. Org. Chem.Vol. 72, No. 4, 2007



26w Aromatic Core-Modified Hexaphyrins ]OC Article

TABLE 1. Synthesis of Hexaphyrins through a MacDonald-Type Condensation Reaction

R R
+ R'CHO Conditions
- . R R
8
X=0, 7a
X=8S, 7b
X =Se, 7¢ R R
X=0, 9
E F X= S, 10
X =Se, 11
R = R' = F
F F
entry conditions yield (%)

X

0.5 equiv of PTSA (0] no reaction
0.5 equiv of PTSA S 6.7

0.5 equiv of PTSA Se 5

0.5 equiv of TFA o 3.6

0.5 equiv of TFA S 16

0.5 equiv of TFA Se 7.2

no catalyst o no reaction
no catalyst S 10

no catalyst Se 7.6

OCO~NWOAOSWNE

tion® or through acid-catalyzed condensation of dipyrromethane sorsé The advantage of this methodology is the isolation of a
with aromatic aldehyde¥.In these methodologies, generally, single desired product avoiding the separation problems. In
multiple products are isolated leading to tedious purification continuation of this study, in this paper, we have extended this
procedures and lower yields. Furthermore, the hexaphyrins methodology to various tripyrran€sontaining the hetero atoms
isolated were sensitive to reaction conditions. For example, oxygen, sulfur, and selenium. The general synthetic protocol
Cavalerio and co-workers using a mixture of glacial acetic acid involves acid-catalyzed condensation of stable precursors
and nitrobenzene isolated both reduced and oxidized f8ms. containing heterocyclic rings such as furan, thiophene, and
On the other hand, Osuka and Anderson have independentlyselenophene (i.e., oxa-tripyrrani, thia-tripyrrane7b, and
reported a [2+ 2 + 2] condensation reaction of dipyrromethane  selena-tripyrran@c with pentafluorobenzaldehyd. We have
with various aldehydes leading to the formation of desired carefully studied the effect of nature and concentration of the
hexaphyrins in addition to the porphyrins as the bypro8uct. catalyst on the yield of the resultant product. To understand
Interstingly, Osuka and co-workers isolated ar2&omatic the role of the acid catalyst in the condensation reaction, we
planar hexaphyrin using protic acid as a catalyst, while Anderson have carried out the reaction under the following categories:
and co-workers isolated a reduced formsz28onaromatic (a) use of different acids of different acidities, for example,
hexaphyrin using a Lewis acid as the catalyst. Thus, it is clear trifluoroacetic acid (TFA) and paratoluenesulphonic acid (PTSA)
that the synthetic method where the desired hexaphyrins canand (b) without the use of acid. This idea is based on a recent
be isolated as a single product is lacking in the literature, and literature report on the noncatalyzed reaction of pyrrole and
development of such a methodology leads to the isolation of aldehyde leading to the formation of corrol@sThe results of
hexaphyrin in better yields, making them amenable for further these studies are tabulated in Table 1. For example, the use of
studies for various applications. 0.5 equiv of PTSA as the acid catalyst resulted in the formation
A recent preliminary report from this laboratory describes of both dithiahexaphyriri0 and diselenahexaphyrinl in 6.7
the synthesis of aromatic core-modified hexaphyrin using a and 5% vyield, respectively. However, under this conditi®n,
MacDonald-type condensation reaction of appropriate precur- was not formed. This observation suggests that the reactivities
of tripyrranes {) are different under the reaction conditions.

Ch(9) (a)I Sthigji%b %';452hi;él(-t:;';|\/|Fumta{}v H.;Vlsmé:lelhR.; ﬁsukg%w%evr\:- The fact tha® was not formed with the PTSA catalyst prompted
em., Int " . aes, ., vanaerhaegnen, J.; Denhaen, : H H H

W. Chem. Commur2005 2612. (c) Neves, M. G. P. M. S.. Martins, =~ US to try the same reaction using an acid catalyst. of higher
R. M.: Tome A. C.; Silvestre, A. J. D.; Silva, A. M. S.: Tig, V.: Drew, acidity. Thus, using 0.5 equiv of TFA as a catalyst, dioxahexa-
M. G. B.; Cavaleiro, J. A. SChem. Commurl999 385. (d) Shin, J.-Y.; phyrin 9 was isolated in 3.6% vyield. Under this condition,
Furuta, H.; Yoza, K.; Igarashi, S.; Osuka, A.Am. Chem. So@001, 123 tripyrranes7b and7c also gave the corresponding hexaphyrin
7190. (e) Krivokapic, A.; Cowley, A. R.; Anderson, H. . Org. Chem. . . . .

2003 68, 1089. 10and11lin 16 and 7.2% yield, respectively. It is known that

(10) (a) Gossauer, AChimia1983 37, 341. (b) Bruckner, C.; Sternberg,  the condensation reaction between pyrrole and electron with-
E. D.; Boyle, R. W.; Dolphin, DChem. Commuril997 1689. (c) Hung,
C.-H.; Jong, J.-P.; Ho, M.-Y.; Lee, G.-H.; Peng, S.- Whem—Eur. J.

2002 8, 4542. (12) (a) Gross, Z.; Galili, N.; Simkhovich, L.; SaltsmanAhgew. Chem.,

(11) (a) Misra, R.; Kumar, R.; PrabhuRaja, V.; Chandrashekar, T. K. Int. Ed. 1999 38, 1427. (b) Licoccia, S.; DiVona, M. L.; Paolesse, R.
J. Photochem. Photobiol2005 175 108. (b) Misra, R.; Kumar, R; J. Org. Chem.1998 63, 3190. (c) Gryko, D. TChem. Commur200Q
Chandrashekar, T. K.; Nag, A.; Goswami, Org. Lett.2005 8, 629. 2243.
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FIGURE 1. Temperature-dependettt NMR spectra of completely protonated form @fin CD.Cl,, assignments are marked. The correlation
observed for a and g@rotons with k proton in 2-D COSY is shown in the inset.

drawing aldehydes gives the corresponding corrole without the catalyzed condensation reactidriEhe reaction of the modified
use of any acid catyaly$t.When we tried the reaction between tripyrranes {a—7c) with aldehyde8 using Lewis acids like B&-
tripyrrane and pentafluorobenzaldehyde in the presence of DDQOE®L and SnCJ did not yield any desired hexaphyrin in the

as oxidant, we were able to isolate 10 and 7.6%4®&nd 11, present study.
while 9 was not formed under this condition because of the NMR Studies. The proposed composition and the solution
lower reactivity. structures of the hexaphyrin8-11) were found by the FAB

Increasing the acid concentration to 1 and 2 equiv decreasedmass and detailetH and 2-D NMR studies on the free base as
the yield of the desired product in all cases to almost 1% due well as protonated derivatives. As expected, the hexaphyrins
to the acidolysis of tripyrranes in high acid concentration. In were found to be extremely conformationally mobile, and the
all cases, doubling the aldehyde concentration did not alter the proton NMR spectra could not be resolved at room temperature.
percentage yield. After trying this procedure with protic acid, The!H NMR spectra of hexaphyrins was found to be temper-
the effect of the Lewis acid on the cyclization process was also ature dependent. Even at a low temperature of 218 Klithe
explored. There is a report in the literature on the formation of NMR of the free base exhibits only broad signals, and hence,
hexaphyrin along with other side products by Lewis acid- assignment was done on the basis of 2-D COSY and HSQC
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experiments. However, protonation of the hexaphyrin yields
tetracationic species and efficiently arrests the fluxionality of
the rings. Only after lowering the temperature in the range of
238-218 K was it possible to obtain fairly well-resolved spectra
with sharp NH resonances and hence make the assignment
possible. Interestinglyl0 and 11 behave similarly, whiled
shows different NMR behavior.

Figure 1 shows temperature-depend#ihtNMR spectra of
tetracationic dioxahexaphyri® and the assignments based on
IH—H COSY and HSQC is marked in the spectrum (see

Supporting Information for the COSY and HSQC spectrum). . ¢ ¢ b b

In the figure, 2-D COSY between 1485.5 ppm is also a " ) |‘| 1|
included. Specifically, at 238 K, there are four different NH - ||l | !|['|
signals; two in the shielded region at 0.13 an@.14 ppm and f |H| [“'|

two in the deshielded region at 7.75 and 14.75 ppm. These ' ' I
assignments were based on the absence of any correlation with _J L__Jf/ k_,/ Bl

13C signals in HSQC spectrum. The chemical shifts of NH
signals suggest that the two pyrrole rings in the shielded region
are experiencing the ring current effect while the other two 258K ,
pyrrole rings are inverted and hence deshielded. The difference I H
in the chemical shift of the two inverted rings suggests that the -

degree of inversion is not the same in both cases. This is further _J L_J hq L——j L‘/L/\
supported by the chemical shift 8fprotons a and'and d and

d. The a and ‘aprotons resonate at2.87 and—3.03 ppm,

while the d and dprotons resonate at 3.54 and 4.50 ppm. 278K | | “
Furthermore, the corresponding NH protons (k and m) of these r|.|| i [ i|

pyrrole rings are correlated witb-protons a and'aand d and I\ '

d', respectively, confirming the assignments. The furan ring 4»—/ K_/ L_J LAn

pB-protons (b and 'band e and '¢ resonate as four doublets at
8.46, 7.57, and 8.62 ppm, and they show correlatiotinH f|
COSY between themselves, confirming the assignments. B

The remaining four pyrrole protons (c andand f and )

T |
| |
resonate at 8.28 and 8.03 and 8.22 and 8.03 ppm and show J |L_f./}k Jll |

|
I
I'L_/\_/\

correlation between themselves. The aromatic nature of the

macrocycle is clearly reflected in the difference in chemical shift M g 44 43 40 A% a6 a4 A2 a8 23 pem

A of the outer NH proton (14.75) and inner rifgproton )

(—3.03), which is 17.78. FIGURE 2. Temperature-dependetit NMR of 10 in CD,Cl.
A comparison of théH NMR spectra of the free base 6f b,b'

and it’s fully protonated form also revealed specifically in terms a a' o ¢
of the chemical shift of th@-protons. For example, in the free r\
base form, the b and land e and 'eprotons resonate at 18.90 | * I \__ ot

ppm, while the same protons in the protonated form resonate
between 7.578.62 ppm. Similarly, the ¢ and and f and f [ b124
protons also experience dramatic shielding; in the free base form, | 24
it resonates at 13.59 ppm, while in the protonated form, it [126
resonates between 8:08.28 ppm. However, thg-protons, d 126 @
and d and a and ‘aexperience a small shielding after I -
protonation. These observations suggest that these four pyrrole [ e
rings are dynamic in nature and change the conformation. A L 130 @
pictorial representation of changes upon protonation is shown 132
in Scheme 1. l 132

Figure 2 shows the temperature-dependent NMR spectra of 124 Be
the free base form ofQ. In this case, thg-pyrrole protons ¢ |
and ¢ resonate at 4.05 and 3.65 ppm, respectively, suggesting 136
a partial inversion of the pyrrole rings. Theprotons of the o o w s mea "4 Ap Ba 3y ms 52 ns 20 s
other two pyrrole rings a and aesonate at 19.78 and 21.32
ppm, clearly suggesting no ring inversion. These assignmentsFIGURE 3. HSQC spectrum of0 at 298 K in CQCl..
are based ofH—H COSY and HSQC spectrum. The HSQC
spectrum ofL0 shown in Figure 3 clearly reveals the—13C protonation, the ¢ and' grotons of the center pyrrole rings
correlation observed for a and & and b, and ¢ and ‘cprotons. experience a significant shielding and resonate at 1.6 and 1.4

The chemical shifts of b and Iprotons at 3.06 and 3.08 ppm ppm, and the corresponding NH protons attached to these
also reveal a partial inversion of the two thiophene rings. Upon pyrrole rings resonate at 35.75 ppm, clearly suggesting the

J. Org. ChemVol. 72, No. 4, 2007 1157
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SCHEME 1. Conformational Changes upon Protonation of 9 by TFA
R!' R

_|4cFsco,

SCHEME 2. Conformational Changes of 10 and 11 upon Protonation by TFA

TFA
-TFA

_lacrsco,

X=S 10 X=S 10.4TFA
X=Se 11 X=Se 11.4TFA

inversion of these rings (see Supporting Information). On the depending on the nature of the meso substituentsfasub-
other handp-pyrrole protons of the other two pyrrole rings a  stituents>® In general, hexaphyrins exhibiting a planar structure
and & are significantly deshielded and resonate at 28.20 and show aromatic character, while hexaphyrin with a figure eight
27.63 ppm. The corresponding NH protons are observed at 0.98structure is nonaromatic. Interstingly, all-aza hexaphyrin reported
ppm, suggesting that these two pyrrole rings are not inverted. by Anderson et al. that has two different meso substituents
The p-protons of thiophene rings b and blso experience  (triisopropylsilylacetylenyl and anthryl) does not show aromatic
significant shielding in the protonated state and resonate at 0.86¢character in spite of its planar struct®feThese observations
and 0.51 ppm, suggesting the inversion of these rings. Thereveal that the subtle changes on the periphery of hexaphyrin
diselenahexaphyrirll also shows a similar NMR pattern, can fine-tune the aromatic nature as well as the conformation
suggesting a similar structure. of the hexaphyrin.

Thus, the changes occurring in the solution structuréGof UV —Vis Spectral Studies.The electronic absorption spectral
and 11 upon protonation are depicted in Scheme 2. It is studies also reveal conformational changes occurring after
interesting to note that in the caseld@fand11, four heterocyclic protonation. In general, the electronic absorption spectrum of
rings are inverted upon protonation, while in the cas®, aily hexaphyrins is characterized by the presence of an intense Soret-
two pyrrole rings are completely inverted. Interestingly, this like absorption band in the region 56650 nm and weak Q
structural difference betweefl and 10 was also observed bands from 5561000 nm. For example, the free base form of
previously in the case of rubyrirs. 9 in Figure 4a shows a sharp Soret-like absorption at 546 nm

A comparison of core-modified hexaphyrins reported here (¢ = 1.95 x 10°) followed by a weak Q band-like absorption
with all-aza hexaphyrins reported in the literature reveals some in the region 6751075 nm. Upon protonation, the Soret-like
interesting observations. The core-modified hexaphyding1 band experiences a 70 nm red shift with an increase to
in the free base form show only partial ring inversion, and the 2.42x 1CP. There is a clear color change; the free base form is
degree of ring inversion depends on the nature of the heteroatomviolet, and the tetracationic form is blue. However, in the case
present. However, on protonation, four rings are inverted, and of 10 and11, the Soret band is split (Figure 4b) with multiple
both the forms exhibit aromatic behavior. On the other hand, bands in free base form, while in the protonated form, the Soret
all-aza hexaphyrins reported by Cavaleiro et al. exhibit a band experiences a large red shift of 40 and 119 nm, respec-
rectangular conformation that consists of two opposite, inverted tively, and the band becomes more intense and sharp. Here also
pyrroles with nitrogen atoms pointing outward and the four the color changes from violet to blue. The observation of
corner pyrroles with nitrogen atoms pointing inward. Further- multiple split Soret bands ih0 and11 relative to the free base
more, they show both planar and figure eight conformations form of 9 clearly suggests different degree of ring inversions

in the free base df0and11 as reflected in théH NMR studies.

(13) Narayanan, S. J.; Sridevi, B.: Chandrashekar, Tinkirg. Chem. However, upon protonation, in all the three cases, the Soret-
2001, 40, 1637. like band is more intense and quite sharp, suggesting a more

1158 J. Org. Chem.Vol. 72, No. 4, 2007
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1.4 1.2+

12+ i 1.0-

Absorbance
Absorbance

a0 500 600 700  s00 900 4000
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(@) (b)

FIGURE 4. Electronic absorption spectra of @)5.49 x 1076 M) and (b)11 (5 x 1076 M) in CH,Cl,. A and B represent free base and protonated
form of corresponding hexaphyrins. The cuvette shows color changes observed after protonation. Protonation was performed by adding a dilute
solution of TFA in CHCI,. The counteranion is GEO,".

planar structure as compared to the corresponding free basestirred under nitrogen atmosphere for 10 min. Trifluoroacetic acid
forms. These absorption spectral changes in the free base an€0.041 mL, 0.54 mmol) was added, and the stirring was continued
protonated forms taken together suggest a porphyrinic naturefor a further 90 min. Chloranil (0.8 g, 3.24 mmol) was added, and
of the macrocycle, and the highvalue observed for Soret-like the reaction mixture was exposed to air and refluxed for a further

absorption supports the aromatic nature of macrocycles. 90 min. The solvent was evaporated in vacuum. The residue was
purified by chromatography on a basic alumina column. The pink

) band that eluted with dichloromethane/petroleum ether (2:3) gave
Conclusion dioxahexaphyrir@ (0.049 g, 3.56%)!H NMR (400 MHz, CD»-

In this study, we have reported an easy and efficient method C'2 238 K, TMS): 6 —2.61 (s, 2H), 1.20 (s, 12 H), 1.25 (s, 12 H),
for the synthesis of 26 core-modified hexaphyrin using easily 1.31 (s, 12 H), 3.54 (s, 1H), 3.70 (s, 1H), 6.07 (s, 8H), 13.59 s,
, Y 4H), 18.90 (s, 4H)*H NMR (400 MHz, CDCIJ/TFA, 238 K,

avallat_)le precursors. The advantagg (_)f the methodolodgy is theTMS): 6 —2.87 (d,J = 3.2 Hz, 1H),~3.03 (d,J = 3.6 Hz, 2H),
formation of a single product avoiding complex separation _g 14 (brs, 1H), 0.13 (brs, 1H), 1.21 (s, 12 H), 1.25 (s, 12 H),
problems in addition to the higher yields. The methodology can 1 31 (s, 12 H), 3.54 (d] = 4.8 Hz, 2H), 4.50 (dJ = 4.8 Hz, 2H),
be applicable to the use of both sterically crowded electron 7.40 (s, 8H), 7.57 (dJ = 4.4 Hz, 2H), 7.75 (brs, 1H), 8.46 (d,
donating aldehydes as well as to electron deficient aldehydes.= 4.4 Hz, 2H), 8.62 (s, 2H), 8.28 (d,= 4.8 Hz, 1H), 8.22 (dJ
The isolated hexaphyrins in all cases show aromatic character.= 4.4 Hz, 1H), 8.03 (m, 2H), 14.75 (s, 1H). FAB MSu/z (%):
The NMR studies reported here clearly support that the ring 1274 (70) [(M+ 3)"] UV/ViS(CHCL): Ama(e x 1074 M~tem™);
inversion in hexaphyrins is very sensitive to the state of 946 (19.51),677(3.79), 726 (1.73), 920 (0.008), 1072 (0.92)»{CH

; oo CLITFA): Amax (6 x 1074 M~ cm™Y); 616 (24.24), 851 (2.29),
protonation and that it is dependent on the nature of the -2 max :
; . . 919 (1.62), 964 (1.29); elemental analysis calcd (%) fesHgs-
heteroatom present in the hexaphyrin. Furthermore, the chemlcaIF ‘NiOy: C 73.69, H 4.44. N 4.40: found C 73.68, H 4.46, N 4.40.

Shlf’FS observgd for various protons are used .to assess the .degre??]e previous procedure was followed for the synthesis@and
of ring inversion. The protonated form of dioxahexaphy®in 1
S.hOWS fogr partially inverted rings and .tW(.) completel_y inverted (b) Using Paratoluenesulphonic Acid (PTSA) as a Catalyst.
rings, while the protonated form of dithiahexaphyfif and 5,10,20,25-Tetramesityl-15,30-dipentafluorophenyl-35,38-dithia-
dlselenahexgphyrlml shows four cqmpletely inverted rings and hexaphyrin (10). The 5,10-dimesityl-21-thiatripyrrangb (0.6 g,
two planar rings. The clear reversible naked eye color change1.25 mmol) and pentaflourobenzaldehyde (0.15 mL,1.25 mmol)
observed upon protonation allows one to use them for sensorwere dissolved in dry dichloromethane (200 mL) and stirred under
applications. Studies in this direction as well as photophysical nitrogen atmosphere for 10 mip;toluenesulphonic acid (0.11g,
properties are underway. 0.62 mmol) was added, and the stirring was continued for a further
90 min. Chloranil (0.3 g, 1.25 mmol) was added, and the reaction
mixture was exposed to air and refluxed for a further 90 min. The
solvent was evaporated in vacuum. The residue was purified by
All NMR solvents were used as received. Solvents like dichlo- chromatography on a basic alumina column. The pink band that
romethane, tetrahydrofuran, andhexane were purified and distilled  eluted with dichloromethane/petroleum ether (3:7) gaver 26
by standard procedures. Diols and tripyrranes were synthesizeddithiahexaphyrinl0 (0.22 g, 16%)*H NMR (400 MHz, CBCl,,
according to published procedures and stored under an inert238 K, TMS): 6 1.26 (s, 12 H), 1.29 (s, 12 H), 1.34 (s, 12 H),
atmosphere. 3.06 (s, 2H), 3.08 (s, 2H), 3.65 (s, 2H), 4.05 (s, 2H), 7.40 (s, 8H),
Synthesis of Hexaphyrins. (a) Using Trifluoroacetic Acid as 19.78 (s, 2H), 21.32 (s, 2H}H NMR (400 MHz, CQ,CI/TFA,
Catalyst. 5,10,20,25-Tetramesityl-15,30-dipentafluorophenyl- 218 K, TMS): 6 0.51 (s, 2H), 0.86 (s, 2H), 0.98 (brs, 2H), 1.24 (s,
35-38-dioxahexaphyrin (9).The 5,10-dimesityl-21-oxatripyrrane 12 H), 1.25 (s, 12 H), 1.32 (s, 12 H), 1.4 (s, 2H), 1.6 (s, 2H), 7.37
7a(0.5 g, 1.081 mmol) and pentafluorobenzaldeh§de.133 mL, (s, 8H), 27.63 (s, 2H), 28.20(s, 2H), 35.75 (brs, 2H). FAB MS:
1.081 mmol) were dissolved in dry dichloromethane (150 mL) and m/z (%): 1306 (100) [(M+ 3)*]; elemental analysis calcd (%) for

Experimental Section
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CrgHsgF10N4S;: C 71.87, H 4.33, N 4.29; found C 71.88, H 4.34, (s, 2H), 40.45 (brs, 2H); FAB MSm/z (%): 1400 (100) [((M+
N 4.30; UVIis (CHCI,): Amax (€ x 1004 M~1cm™1); 500 (1.91), 3)*]; elemental analysis calcd (%) for§seF10NsSe: C 67.05,

538 (2.27), 569 (2.22): (CILI/TFA): Amax(e x 1074 M~tem?); H 4.04, N 4.01; found C 67.06, H 4.05, N 4.00. UV/vis (&3):
593 (3.12), 804 (0.39). The previous procedure was followed for ... (e x 1074 M~1cm1); 499 (10.77), 534 (11.3) (CIEI/TFA):
the synthesis ol 1 Amax (€ x 1004 M~1 cm™Y); 635 (22.51), 847 (2.48), 898 (2.18).

(c) Using DDQ as the Oxidant. 5,10,20,25-Tetramesityl-  The previous procedure was followed for the synthesis@f
15-30-dipentafluorophenyl-35,38-diselenahexaphyrin (11Yhe

5-10-dimesityl-21-selenatripyrranéc (0.4 g, 0.76 mmol) was .
dissolved in dry CHCI, (5 mL) and stirred under nitrogen for 10 Acknowledgment. T.K.C. thanks the Department of Science

min. Pentafluorobenzaldehy®(0.094 mL, 0.76 mmol) in 2 mL  @nd Technology (DST) for a J. C. Bose fellowship. R.M. and
of CH2C|2 was added7 and the Stirring continued for a further 2 h. R.K thank the COUI’]CI| Of SC|ent|f|C and |ndUStI‘Ia| ReseaI'Ch
Dichlorodicyanoquinone (DDQ) (0.17 g, 0.76 mmol) in 2 mL of (CSIR), New Delhi for a SRF fellowship.

dry toluene was added and stirred for an additional 2 h. The solvent

was evaporated under reduced pressure, and the residue was suypporting Information Available: HSQC and 2-D COSY
subjected to chromatographic purification on basic alumina. A pink spectra of compoune, titration studies of free base d with
fraction eluting with 1.1 [hexane/Cil;] gave a dark green solid  TEA at variable temperatures, and HSQC spectrum of the proto-

identified as the title ¢ p und. Yield: 0.081 9, 7. N nated form ofL0 at 238 K. This material is available free of charge
. - g
(400 M IZ, CQClzl FA, 218 K, MS) 0—1.21 (brS, 2t I), 1.08 via the Internet at http://pubs.acs.org.

(s, 4H), 0.15 (s, 2H), 0.21 (s, 2H), 1.27 (s, 12 H), 1.96 (s, 12 H),
2.12 (s, 12 H), 5.48(s, 4H), 5.64 (s, 4H), 31.87 (s, 2H), 31.94 JO061861E
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