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ABSTRACT

0 OO0 ¢ 9%

The title compound 1 was synthesized starting from 1,2-bis(2-hydroxyethyl)benzene (2). Irradiation (350 nm) of 1 in CH3CN affords the all-
cis-dimer 6 in >90% yield. Irradiation (>390 nm) of 1 in the presence of tetrachloroethene leads selectively to the monocyclobuta adduct 8,
which on subsequent irradiation is converted to a 4:1 mixture of biscyclobuta derivatives 9 and 10.

Both the intermolecular bis-photocyclodimerization of di-

vinylarenes and the intramolecular [2 2]-photocyclo- Scheme 1

addition of tethered vinylarenes have been successfully used ox o
as methods for stereocontrol in cyclophane synthesis.

Nevertheless, the yields for this first reaction type are usually I _TiCl CC&
low. This is exemplified in the irradiation of 1,2-divinyl-

benzene which gives only 11% of a biscyclobuta-orthocyclo- z §:(|-3|H20(CH2)ZOCH3 4

phane? Here we report on the synthesis of the 2-fold ' ﬁ

; . - R cc
isocoumarinl, a molecule containing a rigio-divinylben- o 0
zene substructure, and on its selective, high-yield photo- _ o
reactions. [ o} [
; NBS/TEA
Using a procedure by Corey et &2-(2-hyxdroxyethyl)- i — 1
5 1

phenylethanol (#)was converted to bis-methoxyethoxy-
methyl ethei3 in 96% vyield. Bis-cyclization in the presence
of TiCl, in dichloromethane at-50 °C led quantitatively

to benzo[1,2:4,3¢']dipyrand, mp 108 °C, whichwasthen o excitation at 350 nm, tricycld exhibits a strong
oxidized to benzodipyrandiorie mp 263°C, by treatmert g, e5cence emission bant = 446 nm in CHCN). This

W't:_ PCC in 48% yield. Elnally,hconversmp &tolwas  ooniracts the excited state behavior of the parent, isocoumarin
achieved by a bromination/dehydrobromination sequence , isathiocoumarin, which do not show any luminescehce.

(Scheme 1 Irradiation (350 nm) ofl in either GHg or CH:CN leads

R (1)20Na%h13n§ug%l; Nakamura, Y.; Hayashida, Y.; KudoAtc. Chem. to the immediate formation of a precipitate. Analysis of this
es. , , . . . . .
(2) Nakamura, Y.; Hayashida, Y.; Wada, Y.; NishimuraT étrahedron preC|p|tate_by“-H NMR spectroscopy in PMS@B mdlcat_es
1997,53, 4593. the formation (Scheme 2) of a 9:1 mixture &fand 7 in
(3) Corey, E. J.; Gras, J. L.; Ulrich, Getrahedron Lett1976,17, 809.
(4) Burns, J. A.; Whitesides, G. M. Am. Chem. S0d990,112, 6296.
(5) Monhler, D. L.; Thompson, D. WTetrahedron Lett1987,28, 2567. (6) Bonadies, F.; Di Fabio, Rl. Org. Chem1984,49, 1647.
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Scheme 2

benzene and the selective formatior6an acetonitrile? The
spectra show singlets for the aromatic H atoms and3A’
patterns for the cyclobutane H atoms, respectively. The
coupling constants fa® are almost identical to those of the
head-to-headis-cisoid-ciscyclodimer of isothiocoumarin
whose structure had additionally been established by X-ray
analysis'® Separation of the minor produétfrom 6 failed,
mainly because of the very low degree of solubilty of both
products in common solvents. Itsl NMR data (from the
mixture) is compatible with the proposed, complementary,
HH-cis-transoid-cisstructure!! Irradiation of 1 using light

> 390 nm proceeds in the same manner as described above.

The conversion ofl to 6 in acetonitrile on irradiation (350
nm) in the presence of naphthalene (0.02 mol/L) occurs with

the same efficiency as in the absence of the arene. Finally,

(7) Preparative Details. A solution of5 (1.09 g, 5 mmol), NBS (2.67
g, 15 mmol), and AIBN (5 mg) in CHGI(50 mL) is refluxed for 3 h. The
solvent is evaporated, then triethylamine (25 mL) is added, and the mixture
is heated at reflux for 2 h. After evaporation of excess amine, 2 N HCI (50

irradiation of 1 (350 nm) as a solid suspension in hexane
gives an 85:15 mixture 06 and 7, very similar to that
obtained in benzene solution.

Irradiation -390 nm) ofl in the presence of a 20-fold
molar excess of tetrachloroethene (TCE) indCN leads to
selective formatiott of 8. On prolonged irradiation this
monocyclobuta derivative reacts further to give a 4:1 mixture
of 9 and10, respectively (Scheme 3). As attempts to separate

Scheme 3
Cl
Cl Cl
Cl o
= 0

10

the diastereomers by either liquid chromatography or by GC
on a chiral stationary phase failed, the structural assignment
of these compounds is tentative and based on the assumption
that the backside approach of the second alkene molecule
to excited 8 will occur with less hindrance than the

mL) and CHCIz (50 mL) are added, the layers are separated, the agqueous corresponding front-side attack, thus favoring the formation

layer is extracted twice with Cil, (50 mL), and the combined organic
phases are dried (MgS}P After evaporation of the solvent, the residue is
redissolved in CHGland the bromination/dehydrobromination sequence

of the transoid biscyclobuta adduc®.*?
The 2-fold [2 + 2]-photocyclodimerization ofl to 6 is

is repeated as described. The final residue is then purified by chromatographyre|evant from the preparative point of view as it represents

(SiO,, CH.CIy) to afford 4H,7H-benzo[1,2-c:4,3-c']dipyran-4,7-dione (1)
(482 mg, 45%), mp 297C: *H NMR (500 MHz, DMSO¢s) 6 7.39 (d,J

= 5.9 Hz, 2H), 7.81 (dJ = 5.9 Hz, 2H), 8.23 (s, 2H)}**C NMR (125
MHz, DMSO-&) 6 102.5, 124.9, 127.7, 132.7, 147.2, 160.7; mass spectrum
m/z214 (M*, 100%), 186 [(M— CO)*, 60%]; UV (CH;CN) Amax 373 nm

(log € = 3.80), 270 nm (loge = 4.40). Compoundd, 4, and5 gave
satisfactory elemental analyses.

(8) Kinder, M. A.; Kopf, J.; Margaretha, Hetrahedror200Q 56, 6763.

(9) Preparative Details. An Ar-degassed solution of (107 mg, 0.5
mmol) in CHCN (100 mL) is irradiated in a Rayonet RPR-100 photoreactor
equipped with 350 nm lamps for 24 h. The precipitate (70 mg) is filtered,
the filtrate is concentrated to a volume of 10 mL, and the new precipitate
is filtered. The combined precipitates are washed with cold@Hand
dried. One obtains 98.5 mg (92%) of spectroscopically pu8d,17a,-
180,220,230,260,270-6,9,16,19-tetraoxanonacyclo[12.6.4.40.7.2¢ 8
27,0172 18,29 212992429 ctaeicosa-1,3,11,13,21(25),24(28)-hexaene-5,10,-
15,20-tetraone (6), mp 360°C (dec): IH NMR (500 MHz, DMSOdg) 6
4.46 and 5.65 (AA'XX" Janr = 9.4 Hz,Jax = 8.0 Hz,Jxx = —5.7 Hz,

Jxx: = 1.5 Hz, 8H), 7.79 (s, 4H)}3C NMR NMR (125 MHz, DMSO-d)
036.2,73.6,126.5, 127.8, 136.3, 160.9; mass spectn(zv28 (M*, 1%),
384 [(M — CO,)™, 2%)], 214 (100%). An analytically pure sample is obtained
by recrystallization from acetonitrile.

(10) Bethke, J.; Kopf, J.; Margaretha, P.; Pignon, B.; Dupont, L.;
Christiaens, L. EHelv. Chim. Actal997,80, 1865.

(11)*H NMR (500 MHz, DMSO¢) 6 4.32 and 5.43 (AAXX', Jan =
9.3 Hz,Jax = 8.9 Hz,Jxx = —2.0 Hz,Jxx = 1.6 Hz, 8H), 8.05 (s, 4H).
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the first example of a photocyclodimerization of an isocou-
marin, not only in solution but also on solid-state irradiafion.
Regarding the mechanistic aspects of this reaction, it is
noteworthy thatll-cis dimer6 is formed from1 selectively,

both in solution and as a solid suspension, thus suggesting

(12) Preparative Details. An Ar-degassed solution df (107 mg, 0.5
mmol) and tetrachloroethene (1.66 g, 10 mmol) inzCN (100 mL) is
irradiated with a medium-pressure Hg lamp using aqueous Nas@quid
filter (cutoff: <390 nm) for 1 h. Traces of precipitate are filtered and washed
with cold CHsCN. The combined filtrates are evaporated, and the residue
is purified by chromatography (S{OCH,Cl,) to afford 133 mg (35%) 2a,-
10ax-1,1,2,2-tetrachloro-1,2-dihydro-Ba4H, 7H,10dH-cyclobutaf]benzo-
[1,2-c:4,3-c']dipyran-4,7-dione (8), mp 21&: H NMR (500 MHz,
CDsCN) 6 5.22 (d,J= 7.9 Hz), 5.85 (dJ = 7.9 Hz), 6.81 (d] = 5.8 Hz),

7.55 (d,J = 5.8 Hz), 8.27 (dJ = 8.5 Hz), 8.38 (d,] = 8.5 Hz);13C NMR

(125 MHz, CXCN) 0 47.3, 81.5, 90.1, 92.3, 104.2, 129.5, 131.4, 132.3,
133.4, 136.9, 148.3, 161.7, 164.9. An analytically pure sample is obtained
by recrystallization from acetonitrile.

(13) Major product (transoid9): H NMR (500 MHz, DMSO¢g) 6
5.17 (d,J = 7.5 Hz, 2H), 5.94 (dJ = 7.5 Hz, 2H), 8.38 (s, 2H). Minor
product (ciso0id10): *H NMR (500 MHz, DMSO¢) ¢ 5.63 (d,J = 7.1
Hz, 2H), 5.69 (dJ = 7.1 Hz, 2H), 8.40 (s, 2H).
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Scheme 4

in solution the association of an excited moleculeldd a
ground-state molecule, i.e., excimer formation, prior to
dimerization.

In contrast to the photocycloaddition dfto TCE which
affords first cyclobutan® and then, in a subsequent reaction
step, the mixture of bis-cycloaddu@snd10, no intermedi-
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ate product is observed in the bis-photocyclodimerization of
1. Indeed, monitoring the long wavelengtkr 390 nm)
irradiation of 1 by *H NMR analysis of both the C{ZN
solution and the precipitate shows no additional signal to
those ofl and6 at any stage of the reaction, a result which
in turn does not necessarily prove that the four newGC
bonds are formed in a concerted-like process. The only piece
of evidence regarding the possible intermedidtg&or 12
stems from the finding that the conversionIofo 6 is not
slowed by the addition of naphthalene as potential triplet
guencher, which implies that the second step in the prospec-
tive sequencé — 11or 12— 6 (Scheme 4) does not involve
triplet states ofll or 12 with Er > 255 kJ/mol, i.e., the
triplet energy of naphthalerié. Although Er values for
isocoumarins have not been reported, they can be expected
to be equivalent to those of isothiocoumarins, and indeed
the photocycloaddition of isothiocoumarin to tetrachloro-
ethene is quenched by the addition of naphthaléferther
studies with various isocoumarins and isothiocoumarins are
now in progress.
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