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Isophlorin is a confluence of structural features for annulene and Scheme 1. Synthesis of 1 and 22

porphyrin. Woodward proposed the tetrapyrrolict2@acrocycle R R ﬂ
o
ab .
HO OH
s
R R R)M/L R
2 4

as a hypothetical structure during the synthesis of chloroghyll.
1 R=CgFs

a(a) 1 equiv of BR*OEt, CHCly, 2 h. (b) 5 equiv of FeG| 2 h.

Attempts to make isophlorin-like macrocycles have yielded only r_ / \ b
tetrathia/oxa/selena porphyrin dicatiéifas their perchlorate salts). HO o
Vogel and co-workers were successful at characterization of 3

tetraoxaisophlorin in solution state, but X-ray crystallographic
analysis was less precise due to static and possible dynamic
disorders’# In contrast to porphyrin, the evolution of isophlorin

and its analogues has been hindered by lack of straightforward . . . 0 s
synthesis and also due to their unstable nature under ambienttlon by column chromatographg.was isolated in 2.5% yields along

conditions. So far, isophlorin is not known to be synthesized from W'th. other h!gher congen€rg3tr '?md 40 macrocycles). Under
simple precursors. It is derived either by reduction of a porphyrin similar conditions, furan reacts with 2,5-bis(pentafluorophenylhy-
copper complek or by two-electron reduction oR,N',N",N""- droxymethyl)thiopherfed to yield 21,23-dioxa-22,24-dithiaisophlo-

T . rin, 2, in 6% yields. A larger homologue was also identified in the
tetramethyloctaethylporphyrin dicatiént can rapidly transform ! .
. . ) . reaction mixturé® Both the macrocyclesl and 2, form green-
itself into an aromatic 18 system due to the fast conversion of

two of its four cyclic amines to imines. Poor control over this gg:gig ;?(I:L:ggpit';”i?;r:l?dns ?Jrg::';;c’l:tzrﬁsazgi %’r';l: ::I:;\fgn
process is an obstacle to explore the chemistry of isophlorins. y P y
- . - f romethane and hexanes.

Replacing nitrogen with divalent oxygen or sulfur in the core and Th ocvel how intense absorption in the ultraviolet and
with electron withdrawing substituents on theesocarbons can visiblzsree ni]c?:rofct}:ee;;t?évrr:ge:zticas Se(r:i)rl r: I(Zeeetrlljergwo orf::
be a plausible way to overcome this drawback. Chalcogens are 9 iy 9 pectru upp 9
better alternatives for ring NH, since they can sustain similar Information). 1 exhibits strong absorption at 320 nm< 22 120)

. ' . . . . and 357 nm (30 650), whil2 absorbs at 344 nm (31 000) and 376
structural and electronic features of isophlorins. This conception nm (46 330). They also show four weak absorptions in region-400
has been found useful for the facile synthesis of stable isophlorin ) y W tour w pu n regl

analogues of thiophene/furan witesopentafluorophenyl substit- 500 nm. These abs_o rptions dq not (_:hange upon agldlt_lon of oxidizing
! . . _agents (such as trifluoroacetic acid, DDQ, and iodine). When an
uents. We also wish to report the structural features and impressive

. e excess of perchloric acid (more than 150 equiv) was added, a
supramolecular architectures observed for the first time in isophlo- ~. . ) . .
fins distinct change was observed in their electronic absorption spectrum

(Supporting Information). It resembled an sdi&orphyrin-type
spectrum with a Soret-like absorption at 392 nm and a Q-like band
Ar Ar Ar Ar Ar Ar at 710 nm forl and at 406, 668, and 708 nm far This can be
attributed to their dicationic species in their oxidized fdfiThey
were found to be unreactive with reducing agents such as LIAIH

and NaBH.
Ar Ar Ar Ar Ar Ar Mass spectrometric analysis confirmed the composition of the
X=S/0 macrocycles (Supporting Information). Spectroscopic evidence from

Porphyri Isophlori Modified Isophlori . .
orphyrin sopnlorin odified Isophlorin H NMR analysis revealed high symmetry for both the macrocycles.

The signals observed in the NMR spectrum of bdthand 2

Unlike other aryl aldehydes, _pentafluoro benzaldehyde can represent thes-hydrogens of the heterocyclic rings (Supporting
generate large expanded porphyrins through a one-pot Rc’them“nd]nformation). A sharp singlet ab 2.49 ppm was observed for

typg synthesig.Its reactivity \,N'th other heterocycles was Unknown o554 isophlorin indicative of identical furans in the macrocycle.
until we reported the formation of stable;3@nd 40r macrocycles The protons of thiophene and furan Zresonate as two sharp

8 . _ H 1 . B . e .

from furan® Surprisingly, the 2@ 21,22,23,24-tetraoxaisophlorin, -, q16t5 at 3.37 and 3.33 ppm, respectively. The significant upfield
1, could not be detected in the reaction mixture. The stable higher chemical shifts are attributed to the considerable paratropic ring
analogues suggested that the tetraoxa macrocycle can also b?:urrent effects, and to the best of our knowledge these are the

englnee_red with S|m|Iamesq)entafluorophenyl substituents. In an highest ever to be recorded for stable isophlorin systems. Therefore
alternative synthetic procedure, 2-pentafluorophenylhydroxymethyl both the macrocycles are expected to adopt planar conformation.

furan3 was self-condensed by an acid-catalyzed reaction, followed g, a¢ only nonplanar conformations and structure-induced loss
by FeC} oxidation (Scheme 1). After routine workup and purifica- of paratropicity are observed in isophlorifsConversely, single-

T Indian Institute of Science Education and Research. crystal X-ray dlffractlpn S_tUd'eS (Figure 1) df and2_conf|rmed
# National Institute for Interdisciplinary Science & Technology. the planar conformation in support 8 NMR analysis. Both the
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Figure 1. Single-crystal X-ray structure df (a) and2 (b): O (red), C
(blue), S (yellow), and H (pink)mesePentafluorophenyl rings and the
solvent molecules are omitted for clarity.

macrocycles show remarkable planarity for ther28ophlorin
system. All the heterocyclic rings, in both the macrocycles, are in
the same plane as that of theesocarbons, while the pentafluo-
rophenyl substituents are perpendicular to the plane of the macro-
cycle. In1 (Figure 1a), the interatomic distance between diagonal
oxygen atoms was found to be 4.13 A, wherea8 {Figure 1b) it
increases up to 4.72 A due to the bulky sulfur atoms. Interestingly,

Figure 2. Space-filled representations @fand 1. (a) Two-dimensional
gridlike structure o formed through €&H---F bonds. Solvent molecules
are omitted for clarity. (b) Cyclic hexamer dfformed through six €H---x
interactions.mesePentafluorophenyl rings and solvents are omitted for
clarity.

der Waals radii (2.94 A} We presume that these-FF interactions
cooperate with the €H---x interactions in the crystal packing
(Supporting Information).

In conclusion, the synthesis and structural characterizatidn of
and 2 provide a novel glimpse into the chemistry of stable
isophlorins ever since its hypothesis nearly five decades ago. Their
stability can be attributed to the strong electron withdrawing
pentafluorophenyl groups on tmeesocarbons of the macrocycle.

To the best of our knowledge,H+--z and Cép?)-H++-F—C(sp)

this steric congestion at the center of the cavity pushes the smalleriyieractions are observed for the first time in large macrocycles to

oxygen atoms away from the center of the macrocycle in the same
plane, rather than deviating from a planar conformation. On account
of this, 2 attains a rectangular shape in comparison to a square
shape ofl. Therefore, the geometry depends on the type of hetero
atoms in the cavity of the macrocycle. The interatomic distance of
3.1 A between two sulfur atoms is less than their sum of their van
der Waals radii (3.6 A), indicative of-SS interactions in the core

of the macrocycle. The €C bond lengths along the perimeter of
the macrocycled and?2 exhibit alternate single and double bond
characters.

Of particular interest is the intermolecular hydrogen bonding in
2. Each macrocycle has four acceptor and four donor sites for
hydrogen bonding. Thpara fluorine of all four mesepentafluo-
rophenyl rings and the foyft-hydrogens of the two thiophenes are
involved in C-H-+-F—C interactiong*2Each molecule forms eight
similar hydrogen bonds G4H4-+-F3 (2.68 A, 172) with four other
neighbors in the same molecular plane (Supporting Information).
These C-H---F—C interactions around each macrocycle lead to a
well-defined assembly of a two-dimensional grid (Figure 2a). Such
hydrogen bonding interactions are very rare in organic fluoro
compounds. The voids present in the grid are filled with disordered
solvent molecules (Supporting Information).

Similar intermolecular €H---F—C interactions are also ob-
served inl, leading to the formation of a one-dimensional array
(Supporting Information). Of more importance is the intermolecular
C8—H8:--7 interaction?® (2.74 A, 133, 7 orbitals of C6, C7, C8,

C9, and 02). It is formed between tlfichydrogen of a furanoid
ring from one molecule with the furamcloud in another molecule.

A combination of six such €H---x interactions acts as a driving
force for assembling the tetraoxaisophlatim the form of a cyclic
hexamer (Figure 2b). Furthermore, in this hexameric structure, we
could also observe three similaf-F interactions (F4-F10) with

a bond distance of 2.91 A, which is less than the sum of their van

form self-assembled structures. The intermolecular noncovalent
interactions of these isophlorins show promise as building blocks
to engineer well-defined supramolecular structures.
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Supporting Information Available: Experimental details, synthesis
of 1-3 and their spectroscopic characterization, and X-ray crystal-
lographic files in CIF forl and 2. This material is available free of
charge via the Internet at http://pubs.acs.org.
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