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SYNTHESIS OF NAPHTHALENES FROM ortho-SUBSTITUTED BENZYL SULFONES AND MICHAEL ACCEPTORS
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A communication on a closely related subject by Hauser and Rhee1 prompt us to disclose
our preliminary results on a simple synthetic method for the transformation of benzene derivatives
to naphthalenering systems. This novel method2 is based on the reaction of ortho-substituted
benzyl sulfones (1) with Michael acceptors, followed by elimination of water and p-toluenesulfinic
acid (TosH), e.g. Scheme I.
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When the aldehyde group of o-tosylmethylbenzaldehyde (la) serves as the electrophilic
center for ring closure, the overall process leads to 2,3-disubstituted naphthalenes. Thus,
2-benzoyl-3-phenylnaphthalene (3a) is obtained in good yield from la and chalcone (2). This
reaction is carried out with 2 to 3 equiv of NaH in 1,2-dimethoxyethane in 2 h, first at room
temperature, then at ref]ux.3
is followed consecutively by ring closure to 4, elimination of water and TosH (salt). Table I
provides further examples, compounds 3a-h.

Analogous to Scheme I, the use of ketones (o-tosylmethylacetophenone 1lb or o-tosyl-
methylbenzophenone lc, instead of la) results in 1,2,3-trisubstituted naphthalenes (3i-k).

An other oxidation state of the ortho-substituent in the sulfonic precursors 1 leads
to a different oxidation state of the naphthalene products. In the 1,2,3,-trisubstituted
naphthalenes resulting from similar reactions of ethyl o-tosy]meth_y]benzoate4 (1d) or o-tosyl-
methylbenzonitriie (le) and Michael acceptors the l-substituent is an OH or a NH2 group,
respectively (Table I, compds 31,m and 3t,u}. Whereas maleic (or fumaric) esters thus give
1-hydroxy- and l-aminonaphthalene-2,3-dicarboxylates in good yields in a one-pot treatment (31 and
3u, respectively), not all Michael acceptors give l-hydroxynaphthalenes in the same way. With less

A Michael addition of the a-sulfonylcarbanion derived from la to 2
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A
B TABLE I. Naphtha]enes5 Synthesized from o-Substituted Benzyl
OO Sulfones la-e (or Cyanide 5c)

s ¢
Compd A B C D % yieTd®  Mp(°C) From, and
3a H COPh Ph H 78 93-94 la, chalcone
3b H COPh o-(I7H7 H 76 99-100 la, o-Me-chalcone
3c H  C=N Ph H 71 156-157 la, cinnamonitrile
3d H  C=N o-C,H, H 75 168-170Q la, o-Me-cinnamonitrile
3e H  COOMe  COOMe H 752 46-47 (h"c.6 47) la, diMe maleate
3f H CO0Me Ph H 20 c la, Me cinnamate
33 H COOMe Me H 25 180 (0.05 mm)3>7 la, Me crotonate
3h H  COMe Me H 10 < la, 3-penten-2-one
3 Me C=N Ph H 64 109-110 1b, cinnamonitrile
3] Ph  C=N Me H 66 113-114 lc, crotononitrile
3k P C=N Ph H 60 136-137 1lc, cinnamonitriie
31 OH COCEt  COOEt H 76 170 (0.1 rrm)-d- 1d, diEt maleate
- (19t.8 163-4/0.05 mm) —
3m OH  COPh COPh H 71 130-131 1d, 1,2-dibenzoylethene
3n OMe COOEt  Me H 50 55-56 1d, Et acrylate
30 OMe COOEt  Ph H 43 220 (0.1 mm)E 1d, Et cinnamate
3p OMe COPh Ph H 38 161-162 1d, chalcone
3q OMe COMe Me H 31 56-57 1d, 3-penten-2-one
3r OMe C=N Ph H 54 142-143 1d, cinnamonitrile
3s OMe C=N Me H 54 68-69 1d, crotononitrile
3t NH, C=N Me H 62 145-146 (‘lit.946-7) le, crotononitrile
3u NH, COOMe  COOMe H 80 180 (0.001 nm)g- le, diMe maleate
3v OH COOEt Me Tos 4&  121-122 1d, Et tetrolate
3w OH COOEt H Tos 23 146-148 1d, Et propiolate
3x OH COOEt  Me C=N 95 138-141 5¢c, Et tetrolate
3y  OH COOEt H C=N 80  89-90 (1it1%92-92.7) 5c, Et propiolate
3z OH COOEt COOEt C=N 308 127-128 5¢, acetylenedicarboxylate

31s0lated yields calc. on 1 (or 5); not always optimized. E)-Com:an’ned ca. 25% of naphtha]gpe-Z,B-
dicarboxylic acid. SNot purified. 9Externally measured bp in bulb-to-bulb distillation. =iPryNLi
used for base.
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strongly electronegative substituents in the 3-position of the intermediate 1-hydroxy-4-tosyl-
3,4-dihydronaphtha1enes,11 the negative charge of the conjugate 3,4-dihydronaphtholate appears to
prevent elimination of TosH. However, after methylation (Mel) of the OH substituent base-induced
elimination of TosH (salt) can be effected in a separate step to give 1l-methoxynaphthalenes
(Table I, 3n-s).

1,2,3,4-Tetrasubstituted naphthalenes are obtained from triple-bond Michael acceptors
and 1d (compds 3v,w), and also with ethyl o-cyanomethylbenzoate (5c) to give 3x-z. In these
cases, however, no elimination of TosH (or HCN) is involved.

With few exceptions only all naphthalenes 3 in Table I are new compounds, many of which
are not easily accessible otherwise. 12 Furthermore the present method has the virtue of being
applicable repeatedly, as follows, for example, from the synthesis of 7 and 8 from o-tosylmethyl-
benzaldehyde (la, Scheme II).

The (potential) precursors to naphthalenes, anthracenes, phenanthrenes, etcetera,
used in this investigation are new compounds by themselves. The ones studied thus far are collected
in Table II. They are readily accessible by standard reactions from commercially available starting
materials; examples of such reactions can be drawn from Scheme II (compds la, 1d, 6d and 6f)

o-Tosylmethylphenyl isocyanide (1f, a vinylogue of tosylmethyl isocyanide, TosMIC )
does not give 7-membered ring systems with Michael acceptors and base, nor with other unsaturated
substrates (aldehydes, acyl chlorides, imines}. In all cases the only product was 3-tosylindole
(mp 172-173°C) formed by intramolecular ring closure of the conjugate a-sulfonyl carbanion. This
result is in Tine with previous observations with TosMIC.13c

Full details of the above reactions of compounds 1, 5 and 6, as well as reaction with
other unsaturated substrates will be published elsewhere.

COOEt COOEt b CHO
L, = O, = QO
CH 66% ?H

SCHEME II
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q 2) C5HrNHCYO“C] Sie have prepared 1a b¥ other routes as we]l
—See Tab1e I. —Mlth diMe fumgrate, t-Buok, 20°C, 100 min, cf Scheme I.Xi)NBS, 2) NaC=N. 9.1 Equiv
of t-BuOK, 20°C, 30 min.
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TABLE 11.° Compd X Y z Mp (°C)
X la CHO 116-118
1 COMe 137-139
fHZ lc COPh 185-189
1 Tos id COOE® 90-91
le c=N 159-161
1f N=C 143-145
X 5a COMe C=N bp. 116 (0.2 mm)
5b COMe SOC,H, (p) 138-140
5 77
ICHZ 5¢ COOEt C=N 27-2914
5 Y 6a H COOMe CH,Tos 161-163
. 6b Ph C=N CH, Tos 189-192
6c C=N CH,Tos H 191-192
Y 6d COOMe CH, Tos H 131-132
e CH,Tos  CeN Ph 203-205
z _
3 6f H C=N CeHa(CHyCN)(0)  126-128
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