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Abstract

A series of photochromic fulgimides have been successfully synthesized from their respective fulgides using microwave methodology. The
yields of the fulgimides synthesized through this method, were an improvement over the thermal methods usually employed.
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1. Introduction

Photochromic fulgides [1a,b] have been extensively studied
and synthesized by many groups around the world. To be pho-
tochromic, fulgides should have at least one aromatic ring on the
exo-methylene carbon atom, so that they form a 1,3,5-hexatriene
structure that may undergo 6m-electrocyclization [2a—c]. One
significant property of aromatic heterocyclic fulgides is the ther-
mal stability of their open- or closed-form. In addition, good
separation of absorption spectra of both forms also enable these
fulgides to be considered for potential application in optical
memory devices and optical switches [1,3].

To date, a wide range of fulgides with aromatic heterocycles
have been synthesized and fully characterized [2a,4a—d]. Fur-
thermore, molecular tailoring of these fulgides have been also
extensively carried out by several groups, Heller, Rentzepis and
co-workers, and Matsushima et al., to name a few [Sa—c]. To
be able to achieve certain desirable properties, the fulgide anhy-
dride core has been subjected to various modifications and has
also been reported extensively [6a—d].

In our laboratory, fulgides 1 [2] and 2 [7] were synthe-
sized according to literature procedures with yields of 45
and 55%, respectively (Scheme 1). These fulgides were fur-
ther reacted with selected amines to afford their correspond-
ing fulgimides. Fulgimides are usually less colored than their
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corresponding fulgides, but show similar photochromic proper-
ties [1b,8]. Fulgimides have been known to be more resistant
to acid- or base-catalyzed hydrolysis than their correspond-
ing fulgides, but their resistance to photodegradation is not
markedly improved [9]. The importance of fulgimides is that
the N-substituent can be used as a linking group to prepare pho-
tochromic Langmuir—Blodgett films [10], photochromic liquid
crystals [11], photochromic diagnostic devices [12], and pho-
tochromic copolymers [13]. Fulgimides are usually synthesized
using the methodology developed by Heller [14]. In our labora-
tory, attempts at refluxing acetyl chloride for the generation of
the fuligmide resulted in many decomposed products and low
yields of desired fulgimides. As such, we decided to search for
milder methods.

We explored the possibility of using microwave technology,
in order to develop an efficient and fast method of obtaining
fulgimides in a mild fashion. Many papers and reviews have
been published in recent years concerning microwaves in organic
chemistry [15a—f]. The relatively low cost of modem domes-
tic microwave ovens makes them reasonably readily available
to academic and industrial chemists; however, somewhat sur-
prisingly only a relatively small number of organic synthesis
research groups have reported their use [16a—c].

2. Results and discussion

With reference to the synthesis of phthalimides using
microwave as reported by Bogdal et al. [17a,b] Chandrasekhar et
al.[18] and Borah etal. [19] we decided to investigate if we could
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also use microwave irradiation for the formation of the desired
amide, as an alternative to the harsh conditions mentioned. We
first started an initial synthesis of fulgimide 7 (Scheme 2.) in an
effort to improve the yield of the molecule using milder condi-
tions. Surprisingly, the reaction to form the half-amide 2a, from
2, took no longer than 40 min, with the subsequent ring clo-
sure, employing an excess of acetyl chloride, stirring at room
temperature for 4-6 h afforded fulgimide 7 with yields of up to
73% [20]. This improvement in yield from the thermal heating
route to obtain 7 was almost 2-fold and the reaction time was
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Scheme 2.

reduced by almost 3-fold [21]. We also employed the classical
fulgimide synthetic route towards fulgimides 3-17 as a com-
parison between the microwave methodology and the thermal
heating methodology. Thermal heating was carried out for only
the formation of the amide and stirring at room temperature was
carried out for the ring-closure step.

Based on the successful result obtained from the microwave
reaction, we decided to screen through a series of amines, to
determine if we could also synthesize other less accessible
fulgimides, based on our synthetic study. Using the microwave-
assisted strategy, we managed to successfully synthesize a series
of fulgimides with yields up to 85%. With reference to Table 1,

Table 1
Improved yields of thienyl-fulgimides obtained through microwave-assisted synthesis
R2NH, R! (IPP/ADD) Z(S/O) Microwave power Time (min) ZnCl, method yield (%) Thermal heating yield (%) Microwave yield (%)
3 %\_ IPP S High 40 - 5-42 47
4 _§'<t/> IPP S High 40 0-15 20-39 16
N
5 é‘@ IPP S High 40 - 42 65
6 —§—®~Cl IPP S High 40 40 65 85
7 %@Br PP S High 40 - 40 73
8 @Noz PP S High 35 - 0 36
9 er PP S High 25 - 6-70 74
10 @ IPP S High 40 - 0 2
N
11 %—< >*Br ADD S High 40 0 0 60
12 —g‘\; IPP O High 40 - 35 42
13 %@ PP (0] High 25 - 39 57
14 %@-CI IPP (0] High 40 - 60 70
15 %@Br IPP 0 High 40 - 52 65
16 %b IPP O High 25 - 65 69
17 —g—@—Br ADD 0 High 40 - 0 75
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we observed that the microwave-assisted synthesis of fulgimides
generally lead to a yield improvement when compared with the
other methods tried. For fulgimide 3, the yield obtained was
almost identical to the traditional method of refluxing the fulgide
with the amine. However, the more significant difference with
the two reactions would be the faster reaction time and minimal
use of organic solvent. We managed to obtain fulgimide 5 with
ayield of 65%. This was generally an improvement of 23% over
the classical approach. Activated amines generally gave higher
yields when we used the microwave approach [22]. Theinyl-
fulgimides S, 6 and 7 were obtained with improved yields of up
to 85%. Fulgimide 9 was also obtained with a respectable yield
of 74%. However, fulgimides 4 and 10 were obtained in very
low yields probably due the unreactive electron-poor amino-
pyridines employed.

Riding on the success of the ability to effect functionaliza-
tion, we decided to use 4-bromo-aniline to form the bromi-
nated fulgimide derivatives of ADD fulgides 18 and 19 [23].
This was to allow us to further extend the chemistry of the
fulgimides through a possible Heck reaction with other poten-
tial substrates. Accordingly, we were able to obtain satisfactory
yields of 60% for fulgimide 11 and 75% for fulgimide 17. We
also employed furyl-fulgides 1 and 18, to synthesize the corre-
sponding fulgimides, 12-17. Yields obtained were comparable
to the thienyl-fulgimides 3—11. Comparatively, the thermal heat-
ing route afforded yields lower by up to 18%.

3. Conclusion

As a conclusion, a series of fulgimides were synthesized suc-
cessfully with improved yields over thermal methods employing
microwave. This methodology also reduced the reaction time
and organic solvents used. A commercially available microwave
synthesizer would provide an avenue towards optimization of the
reaction conditions.

Full supporting information of all synthesized molecules is
available.
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