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Abstract—Contrary to expectation rhodium carbenoids do not undergo cycloaddition to the 2H-pyran unit of the isomeric
naphthopyrans 3 and 5. With 3, a naphtho[2,1-b]pyran-8-ylacetate, 4 is formed and a novel merocyanine dye 6 results from a
cycloaddition across the C-5-C-6 double bond of the naphtho[l,2-b]pyran 5. Tethering the carbenoid to the naphtho[l,2-b]pyran
system 5, as in 10, results in a similar mode of addition and affords the intensely coloured tetracycle 11.

© 2004 Elsevier Ltd. All rights reserved.

The facile reversible electrocyclic ring-opening of the
2H-pyran system is well documented! and has generated
significant commercial interest when the 2H-pyran
moiety is fused to a naphthalene unit.? The ring-opening
of these naphthopyrans, for example, 1 (Scheme 1) is
accompanied by a dramatic change in their absorption
spectrum resulting in a reversible colourless to coloured
transformation; a phenomenon known as photochro-
mism.3

We have investigated the photochromism of naphtho-
pyrans* and in this work focused on their reactions with
a view to trapping irreversibly a coloured ring-opened
isomer, for example, 2. Carbenoids® offer considerable
potential in this work.
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Scheme 1.

Thus the dropwise addition of a solution of ethyl dia-
zoacetate over 5h to a solution of 3,3-bis(4-methoxy-
phenyl)-3 H-naphtho[2,1-b]pyran 3 containing Rh,-
(OAc), in anhydrous CH,Cl, at rt gave a disappoint-
ingly low yield (6%) of an unexpected new naphthopy-
ran 4° together with recovered staring material (Scheme
2). The formation of this compound may be rationalised
by either attack of the carbenoid at the electron rich C-8
atom, an overall SgAr process or by insertion into the
C-8-H-8 bond. The isomeric 2,2-bis(4-methoxyphenyl)-
2H-naphtho[l,2-b]pyran 5 was subjected to the same
protocol. In this instance an intense yellow dye 6 (only
relative stereochemistry shown) was obtained (8% yield,
Jmax (EtOH) 421 nm, emay = 2.3 x 10*mol~'dm’*cm!,
mle 481.2017 for [M+H]*") with a significant quantity of
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Scheme 2. Reagents and conditions: (i) Rh(OAc),, N,CHCO,Et, CH,Cl,, rt.

5 recovered. The '"H NMR spectrum of 6 displayed a dd
(J 4.2, 3.9Hz) at 6 1.53 mutually coupled to a dd at ¢
2.84 (J 8.5, 4.2Hz) and at ¢ 3.03 (J 8.5, 3.9 Hz), which
confirmed the formation of a cis-fused cyclopropane
unit.” Furthermore, the presence of a doublet at & 6.78
(/ 11.8Hz) and at ¢ 8.07 affirmed the s-trans diene
unit.*® The structure of 6 was confirmed by X-ray
crystallography (Fig. 1).” There are two probable path-
ways for the formation of 6. Thus, the carbenoid
undergoes a cycloaddition to the C-5-C-6 double bond
of the naphthopyran; loss of aromatic character of the
naphthalene unit favours the formation of the coloured
ring-opened isomer.®!® Alternatively, the carbenoid
adds to the isolated double bond of the small amount of
ring-opened isomer that is present under the reaction
conditions, the equilibrium then adjusts to generate
more of this dienone, which suffers the same fate.

We were keen to explore this unique reactivity'! of the
naphthopyrans towards carbenoids further and improve
the trapping protocol using a carbene precursor tethered
to a naphthopyran thereby making use of a favourable
intramolecular process. Thus reduction of the ester
function of naphthopyran 7'° with LiAlH, in THF at rt
effected the clean conversion to the hydroxymethyl
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Figure 1. X-ray crystal structure of 6.

compound 8 in 63% vyield (mp 153-154°C, found
[M+H]" 455.1855, CyH,0s requires [M+H]"
455.1858) (Scheme 3). Attempts to improve this con-
version using elevated temperatures resulted in a
complex mixture from which 2-[3',3'-bis(4-methoxyphe-
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Scheme 3. Reagents and conditions: (i) LiAlH,, THF, reflux; (ii) LiAlH,, THF, rt; (iii) ethyl 2-diazomalonly chloride, 2,6-lutidine, DMAP, CH,Cl,,

0°C to rt; (iv) Rhy (OAc)s, CH,Cl,, rt.
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Figure 2. X-ray crystal structure of 11.

nyl)prop-2’-enyl]-3-hydroxymethyl-7-methoxy-1-naph-
thol 9 was obtained by column chromatography in 55%
yield. Evidently under the more forceful reaction con-
ditions ring opening of the pyran unit ensues and
reduction of the quinone methide unit is effected.

Diazoacetylation of the hydroxymethyl function of 8
was readily accomplished to afford 10 in 45% yield using
ethyl 2-diazomalonyl chloride according to the proce-
dure reported by Padwa and co-workers.!? Treatment of
a solution of this tethered carbenoid precursor with
Rh,(OAc), in CH,Cl, at rt resulted in the formation of
the tetracycle 11'3 in 92% yield together with a small
amount of the oxidation product, the aldehyde 12 (6
10.08, CHO; [M+H]", 453.1706). The structure of 12
was confirmed by unambiguous synthesis from 8 using
Swern methodology.'* An X-ray crystal structure of 11
is presented in Figure 2.!* The intramolecular cycload-
dition of the tethered Rh-carbenoid derived from
(1-naphthylmethyl) diazoacetate to the 1,2-bond of the
naphthalene moiety gives a tetracyclic unit structurally
related to 11.'

Further reactions of carbenes and carbenoids with
photochromic naphthopyrans will be reported in due
course.

Acknowledgements

We thank the EPSRC and James Robinson Ltd,
(Huddersfield) for an industrial CASE award to DAT
and the EPSRC for access to the X-ray crystallography
service (University of Southampton) and for access to
the HRMS service (University of Swansea).

References and notes

1. (a) Kuthan, J. Adv. Heterocycl. Chem. 1983, 34, 145; (b)
Kuthan, J.; Sebek, P.; Boehm, S. Adv. Heterocycl. Chem.
1995, 62, 19; (c) Hepworth, J. D.; Gabbutt, C. D.; Heron,
B. M. In Comprehensive Heterocyclic Chemistry IT; Kat-

10.

11.

. Gabbutt, C.

ritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds;
Pergamon: Oxford, 1996; p 349.

. (a) Clarke, D. A.; Heron, B. M.; Gabbutt, C. D,

Hepworth, J. D.; Partington, S. M.; Corns, S. N. PCT
WO 00/18755, 2000; (b) Chan, Y.-P.; Breyne, O.; Jean, P.
PCT WO 01/36424, 2001; (c) Nelson, C. M.; Chopra, A.;
Petrovskaia, O. G.; Van Gemert, B.; Kumar, A. PCT WO
01/19813, 2001; (d) Mann, C.; Melzig, M.; Weigand, U.
PCT WO 03/080595, 2003; (e) Izumi, S.; Nagoh, H.; PCT
WO 03/042203, 2003.

. (a) Bouas-Laurent, H.; Durr, H. Pure Appl. Chem. 2001,

73, 639; (b) Kobatake, S.; Irie, M. Ann. Rep. Prog. Chem.,
Sect. C 2003, 99, 277; (¢) Organic Photochromic and
Thermochromic Compounds, Main Photochromic Families;
Crano, J. C., Guglielmetti, R. J., Eds.; Plenum: New York,
1999; Vol. 1.

. (a) Gabbutt, C. D.; Heron, B. M.; Instone, A. C.; Thomas,

D. A.; Partington, S. M.; Hursthouse, M. B.; Gelbrich, T.
Eur. J. Org. Chem. 2003, 1220; (b) Gabbutt, C. D.; Heron,
B. M.; Instone, A. C. Heterocycles 2003, 60, 843; (c)
Gabbutt, C. D.; Gelbrich, T.; Hepworth, J. D.; Heron, B.
M.; Hursthouse, M. B.; Partington, S. M. Dyes Pigments
2002, 54, 79.

. Carbenes and carbenoids display a rich and varied

chemistry and have featured in several review articles:
(a) Doyle, M. P.; McKervey, M. A.; Ye, T. Modern
Catalytic Methods for Organic Synthesis with Diazo
Compounds from Cyclopropanes to Ylides; Wiley Inter-
science: New York, 1998; (b) Doyle, M. P.; Forbes, D. C.
Chem. Rev. 1998, 98, 911; (c) Doyle, M. P. Chem. Reuv.
1986, 86, 919; (d) Merlic, C. A.; Zechman, A. L. Synthesis
2003, 1137.

. Ethyl 3,3-bis(4-methoxyphenyl)-3 H-naphtho[1,2-b]pyran-

8-ylacetate, 4, mp 164-165°C. Selected '"H NMR data:
ethoxy group ¢ 4.14 (2H, q, J 7.1, OCH,), 6 1.23 (3H, t,
J 7.1, CH,CH;), methylene unit 6 3.71 (2H, s, CH,CO,Et)
and the AB system for the pyran ring protons ¢ 7.26
(1H, d, J 9.9, 1-H) and ¢ 6.20, (1H, d, J 9.9, 2-H). HRMS
gave mle 481.2018 for [M+H]" corresponding to
C;31H3O5 with a characteristic fragmentation involving
loss of a geminal 4-methoxyphenyl function to give a base
peak mle 373.

. Friebolin, H. Basic One- and Two-Dimensional NMR

Spectroscopy; VCH: Weinheim, 1991; p 81.

D.; Hepworth, J. D.; Heron, B. M,
Partington, S. M.; Thomas, D. A. Dyes Pigments 2001,
49, 65.

. Crystal data for 6: C;;HyOs, M = 480.53, monoclinic,

space group P2i/n, a=11.2735(2), b= 7.98560(10),
c=278570(5)A, B=099.050(3), U =2476.63(7)A%,

Degea = 1.289Mgm™, Z=4, MoK, radiation (1=
0.71073A), u=0.087mm!, 7T= 120(2) K, 13427
measured  reflections, 3497 observed reflections

(Rint =0.3539), R, = 0.2823 [F? > 20(F?)], wR, = 0.3563
(all data). The structure was solved and refined using
the SHELXL-97 suite of programs.'” Crystallographic
data (excluding structure factors) for this structure have
been deposited with the Cambridge Crystallographic
Data Centre as supplementary publication no CCDC
223219.

Gabbutt, C. D.; Hepworth, J. D.; Heron, B. M.; Thomas,
D. A.; Kilner, C.; Partington, S. M. Heterocycles 2004, 63,
567.

The cycloaddition of rhodium carbenoids to the pyran
ring double bond in benzopyrans to afford cyclo-
propa[c]benzopyrans has been described, for example,
Blanchard, L. A.; Schneider, J. A. J. Org. Chem. 1986, 51,
1372; Lindstrom, S.; Sahlberg, C.; Kalyanov, G.; Odén,
L.; Naeslund, L. PCT WO 02/070516, 2002.



6154

12. Marino, J. P., Jr.; Osterhout, M. H.; Price, A. T.; Sheehan,

13.

S. M.; Padwa, A. Tetrahedron Lett. 1994, 35, 849.

Ethyl  4-[3',3'-bis(4-methoxyphenyl)prop-2’-eneylidene]-
1,5-dioxo-5,9b-dihydro-4 H-2-oxacyclopenta[2,3]cyclopro-
pa[l,2-alnaphthalene-9c-carboxylate, 11 (only relative
stereochemistry shown), as yellow micro-crystals,
92%, mp 207-209°C, A (EtOH) 420nm, &pax =
2.3 x 10*mol~'dm*ecm™', 6y 0.9 3H, t, J 7.1, CH,CH3),
3.08 (1H, s, methine), 3.84 (3H, s, OCHj;), 3.88 (3H, s,
OCH;), 3.91 (3H, s, OCH3;), 3.95 (2H, m, CH,CHj;), 4.32
(1H, d, J 9.5, OCH,), 4.45 (1H, d, J 9.5, OCH,), 6.86 (2H,
m, Ar-H), 6.93 (1H, d, J 11.4, 1’-H), 6.98 (2H, m, Ar-H),
7.11 (1H, dd, J 8.4, 2.8, 8-H), 7.17 (2H, m, Ar-H), 7.53
(3H, m, Ar-H), 7.66 (1H, d, J 2.8, 6-H), 8.31 (1H, d,
J 114, 2-H), oc 13.69, 34.47, 39.46, 41.56, 55.38,
55.59, 61.78, 68.49, 71.86, 109.96, 113.76, 114.11, 120.54,
121.21, 122.68, 124.50, 130.39, 130.76, 131.07, 132.21,
132.46, 134.06, 134.69, 142.23, 154.53, 160.09, 160.65,
162.57, 169.58, 184.52. (Found: C, 71.7; H, 5.3%; [M]*

14.
15.

17.

C. D. Gabbutt et al. | Tetrahedron Letters 45 (2004) 6151-6154

566.1946. C3yH30Og; requires C, 72.2; H, 5.2%; [M]"
566.1941).

Mancuso, A. J.; Swern, D. Synthesis 1981, 165.

Crystal data for 11: Cs33H30Og, M = 566.58, monoclinic,
space group P2,/c, a =10.0077(5), b =34.9101(19), ¢ =
8.5735(3) A, B =112.155(2), U =2774.2(2) A’, Deyea.=
1.357Mgm~3, Z =4, MoK, radiation (1= 0.71073 A),
w=0.097mm™"!, T =120(2)K, 21,695 measured reflec-
tions, 4852 observed reflections (Ry,, = 0.1882), R =
0.2367 [F? > 26(F?)], wR, = 0.1539 (all data). The struc-
ture was solved and refined using the SHELXL-97 suite of
programs.'” Crystallographic data (excluding structure
factors) for this structure have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication no CCDC 235085.

. Doyle, M. P.; Ene, D. G.; Forbes, D. C.; Pillow, T. H.

Chem. Commun. 1999, 1691.
Sheldrick, G. M. sHELXL-97 Program System; University
of Gottingen: Germany, 1997.



	Carbenoid induced irreversible ring opening of naphthopyrans
	Acknowledgements
	References


