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ABSTRACT
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Photochromic pyrans, including [3H]naphtho[2,1-b]pyrans, [2H]naphtho[1,2-b]pyrans, indeno-fused naphtho[1,2-b]pyrans, and heteroannulated
pyrans, were synthesized in excellent yields through a facile one-pot procedure by reaction of propargyl alcohol and naphthol or phenol

derivatives in the presence of 5 mol % PPTS and 2 equiv of (MeO);CH. Symmetrical and nonsymmetrical bispyrans can also be prepared using
the protocol.

Diaryl-benzopyrans and naphthopyrans display highly desir- generality and provide the target photochromic compounds
able photochromic propertieand have thus been the subject in poor yield contaminated with byproducts. In this respect,
of intense investigations aimed at developing novel materials under the conditions of the condensation reaction of diaryl-
with useful applications in the marketplace. For convenient propargyl alcohols with phenols or naphthols, the well-known
access to designed photochromic compounds based on thidMeyer—Schuster rearrangement reaction of the starting
structural motif, it is paramount that reliable, general propargylalcohol is competitivé:° Additionally, under these
synthetic methods be readily available. However, the various conditions, the yield of pyran has been shown to be strongly
synthetic routes for the synthesis of diaryl-benzopyrans and dependent on the structure of the phenol or naphthol; thus,
naphthopyrans are limited with respect to yield and scope. for example, in a report on the synthesis of 32 of heterocyclic
Herein we report a synthetic method that leads to improved
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situ from phenol or naphthol and a diaryl propargyl alcohol gflartin, C. I.(;sCol_elfllo, P.J.; Ci‘slrvglﬂ_o, L. Mé:zgcl)i\éeisrg-Cagpg)s, A. NII F.;
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[3H]-naphtho-[2,1-b]pyran compounds, the yields ranged oPTS (Smol%) 4d: 97%; 4e: 92%
from 4 to 40%™ In recent reports, the use of PPTS as a @A (CHZ0)CH
catalyst for preparation of sensitive benzopyrans and naph-+#o"~7"1_@ewv) | Sa: 9% So. 90k
thopyrans is documenté#? leading to yields ranging from on  Cerenc se:85%
9 to 78%. =
Our initial studies in this area focused on the use of PPTS z Ar /= 6a: 80% (51%)
as a catalyst (5%) in the reaction of 1,1-diphenyl-2-propyn- (A" .O 6b: 90% (567°)
1-ol and 2-naphthol as model substrates. Under the standard O 6  7a:80% (175 1274
conditions, the reaction was extremely slow, affording 2% 7b: 99%: 7c: 98%

adduct after 1 week. Interestingly, we observed a dramatic -i;A,- 7d: 99%; 7e: 93%

improvement in the course of the reaction when (M&B) A 711 97%; 79: 88%
7h: 100%; 7i: 100%

was used as an additive. Under optimal conditions, treatment T 7 029

of diarylpropargyl alcohol (1.051.1 equiv) and aromatic ' _

phenols or naphthols (1 equiv) in CIGEH.CI with 2 equiv e L reomh o Slal sty et tvis

of (MeO%CH and 5 mol % PPTS furnished the desired el adtiatvtovee A S e

prOdUCt in hlgh yleldS e. Ar = p-MeOph; Ar' = thiophen-2-yl  j. Ar = o-Fph; Ar' = 2,2"-bithophen-5-yl
As shown in Scheme 2, the experimental protocol is widely O © O

applicable, including both [3H]naphtho[2,1-b]pyrans and PPTS (5 mol%) o0

[2H]naphtho[1,2b]pyrans and indeno-fused naphtho[b]2- o (CH50)5CH (2 equiv) ol 8

pyrans, as well as heteroannulated pyrans. For comparison * * HO CICH,CH,Cl ~ o

purposes, the yields reported in the literature are included E:

. . . .. 9

in parentheses. The yields obtained under the conditions we 93% (89 1 - 1) (62°%, 36%)

describe herein offer considerable improvement over those o O —_ph o '

previously reported. ph s o) R e
The unique advantages of the method can be appreciated 1, (CH30)sCH (2 equiv) A

in the preparation of bisnaphthopyran derivativesvhich REA\ QM cicHcHyCl

have otherwise been previously obtained in only low 11(R=0-F):87%
yields52cUnder the conditions reported herein, an excellent

yield of 7 was obtained, and analytically pure bisnaphtho-
pyran could be obtained by simple filtration of the cold reac- he presence of 5 mol % PPTS and 2 equiv of (MSB).
tion mixture. Additionally, unsymmetrical bisnaphthopyrans The method permits convenient access to a wide range of

can be proepgred..Thus, in the reaction of the mononaphtho-photochromic pyran systems and, importantly, should enable
pyran 10° with thienyl propargyl alcohols]1 and 12 can access of novel, interesting materials that have only been

be obtained jn 87 and 97% vyields, respecti.vely- previously accessed in poor yields with some difficulties.
In conclusion, we have developed a facile one-pot syn-

thesis of photochromic pyran and bispyran compounds by Acknowledgment. We thank the ETH for an internal
reaction of propargyl alcohols and naphthol derivatives in research grant (TH-Gesuch).

ol
~ 78
— 12 (R =p-F): 97%

10)C 0 S 50% vield by addina siow Supporting Information Available: Characterization
ompoun was prepared in 6 yield by adding slowly a _ : Al :
solution of 1,1-diphenyl-2-propyn-1-ol (1.0 mmol) in 1,2-dichloroethane data for compoundS 12. This material is available free of

(4 mL) into a boiling suspension of 2,6-dihydroxynaphthalene (1.1 mmol), charge via the Internet at http://pubs.acs.org.
PPTS (0.05 mmol), and trimethyl orthoformate (2.0 mmol) in 1,2-
dichloroethane (5 mL), followed by 2 h reflux. OL035599X
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