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Abstract: Condensation reactions of malonaldehyde tetramethyl acetal with p-substituted phenol derivatives

and p-thiocresol have been carried out in trifluoroacetic acid and the corresponding methano-dibenzofl,3]-
dioxocins and dithiocin type compounds were obtained in good to excellent yields. In the case of condensation
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of 2,7- dlhydroxynaphthalene with malonaldehyde tetramethyl acetal 8,16- mcthano-lGH -dinaphtho([2,1-d:1',2"-g]-
[1,3]dioxocin-2,14-diol was obtained in high yield. © 1999 Elsevier Science Ltd. All rights reserved.
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produce insoluble resins,"? while p-substituted phenols were reported to yield compounds having the acetal
type structures (1) and (2), namely 5a,10b-dihydrobenzofuro[2,3-b] benzofurans®* and 7a,14c-dihydronaphtho
[2,1-b]naphtho[2",1": 5,6]furo[3,2-d]furan.*® These types of acetalic structures with dihydro-, tetrahydro- and
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various plants’*® such as clerodendrin A as a diterpene, aflatoxin® and asteltoxin®). The preparation of novel

aromatic compounds with one or two dihydrofurofuran moieties starting from 2-naphthol and glyoxal has

Condensation reactions of 4,4 -isopropylidene diphenol (bisphenol-A) and dihydroxy naphthalenes
with glyoxal in the presence of sulfuric acid and methanesulfonic acid and formation of ladder type polymers
were reported recently.!' Similar condensation polymers from diphenols and glyoxal together with their
structure elucidation have also been reported by Akar'? et al.

Recently, the base catalyzed reaction of 2-naphthol with glyoxal was also investigated in which the
final product was considered to be similar to that obtained from the acid catalyzed reaction'®. Condensation of
malonaldehyde or malonaldehyde bisulfate with 2-naphthol in the presence of formic acid at 50-60°C has
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However, condensations of malonaldehyde with other phenol derivatives have not been reported as far
as we know. In the course of our studies on the synthesis of thermally stable polymers'>" from 1a derivatives
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(a) R=CHj , R=H
(b) R=CH3 , R=C(CH3)3

(c) R=Cl, R=H
Scheme 1

and our ongoing research on the development of new thermally stable polymers from condensation of
diphenols and dialdehydes, we have also studied synthetic routes towards new methano-
dibenzo[1,3]dioxocins and dithiocin type compounds and their related derivatives as new model compounds
which in some cases can be used as important monomers for the preparation of a variety of thermally stable

polymers.

In order to investigate the possibility of using the reported method" for condensation of 2-naphthol
and malonaidehyde or malonaidehyde bisuifate with different phenols, we performed the reaction of phenols

with malonaldehyde or malonaldehyde bisulfate under the reported' conditions. We observed that this

method cannot work for phenolic compounds and self condensation of malonaldehyde occurs more rapidly

than its condensation with phenols. A similar observation for the reaction of acetaldehyde and 2-naphthol has
. - <. < . 12 : ~ R . -
also been reported in the literature.”” We therefore decided to develop a new synthetic method for the

synthesis of the above class of compounds.

We studied the possibility of condensation of different phenols with malonaldehyde tetramethy! acetal

in acetic acid in the presence of methanesulfonic acid as catalyst. Condensation of phenols with
malonaldehyde tetramethyl acetal occurred and the corresponding methano-dibenzo[1,3]dioxocins
compounds were obtained in low to moderate yields. In order to increase the yields of the products, we tried
the same reactions using trifluoroacetic acid as both solvent and catalyst. The reaction of phenols carrying
alkyl groups (4a-c) or having both alkyl and halogen (4d) gave excellent yields of their corresponding 6,12-
methano-l2H-dibenzo[2,1—d:li,2;-g][1,3]dioxocins 7a-e. The reaction of phenols carrying only halogens
(4e,4f) gave moderate yields (Scheme3). The results with the structurally different p-substituted phenolic

compounds are shown in the Table. Condensation of 2-naphthol with malonaldehyde or malonaldehyde-
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bisulfate has been reported to produce only 23% of 8,16-methano-16 H-dinaphtho [2,1-d:1,2 -g]
[1,3]dioxocin.

Table : Reaction of phenolic compounds (4a-f) with malonaldehyde tetramethyl acetal.

Phenolic Reaction conditions® Time(h) Yield(%)
compounds
7a CF3CO.H 4 91
CH3SO;H/HOAc 9 68
7b CF3CO,H 4 92
CH,SO;H/HOAC 8 66
7e CF3CO,H 4 91
CH;3SOsH/HOAc¢ 8 65
7d CF;COH 4 90
CH;SO;H/HOAc 9 64
Te CF 3 CO;H 36 52
CH;SO3H/HOAc 36 24
7t CF;CO,H 48 36
CH;SO;H/HOAc 48 11
7g CFsCO,H 48 b
CH3SO3H/T{OAC 48

(a) {5\_11 of thg reactions were carried out at r.t.
(b) Noreaction

We therefore applied our method for the condensation of 2-naphthol and malonaldehyde tetramethyl-
acetal and the yield was increased to 88%. We next decided to see the possibility of applying our method to
condensation of thiophenols. We studied the condensation of p-thiocresol with malonaldehyde tetramethyl-
acetal under both reaction conditions. From this reaction , compound 11 was obtained in 25% yield together
with the product 12 in 14% yield. The formation of compound 12 from the reaction of p-thiocresol with
malonaldehyde tetramethyl acetal under these conditions may occur through the intermediate 9 followed by a
successive Friedel-Crafts reaction and formation of 10 which can produce compound 12 through elimination
of methanol or 11 through intramolecular Friedel-Crafts reaction (Scheme 2 ). This is similar to the reported
results on the condensation of fZ-thionaphthol.m’20 On the other hand, condensation of two moles of phenols
with malonaldehyde tetramethyl acetal occurs first through a Friedel-Crafts reaction to give 5 followed by an
We next applied our method for the synthesis of 8,16-methano-16H-dinaphtho-[2,1-d:1°,2"-g][1,3]-

dioxocin - 2,14-diol 8 as a new monomer from 2,7-dihydroxy naphthalene.
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Condensation reactions of dihydroxy naphthalenes and malonaldehyde tetramethyl acetal have resulted
n oaithas Aloanwln e senlereannatn snondrents Aomman i e shoe oo 2ef o Cal o Lo A1 e~ WETL s 3
11 CHUITT GHHCLHIV U1 PULYHICLHIC PIVUUULCL UCPCLIULLILE U1 UIC PUSIULIL Of UIC NYUroxyl ()Upb whnen we treatea

2,7-dihydroxynaphthalene with malonaldehyde tetramethyl acetal in acetic acid-methanesulfonic acid or in
trifluoroacetic acid 8,16-methano-16H-dinaphtho[2,1-d:1",2"-g][1, 3]d10xocm—2 14-diol 8 was obtained in
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polymers whose structures are under investigation The reason that 2,7-dihydroxy naphthalene gives the
dimer 8 but 2,6-, 1,5-, 2,3- dihydroxy naphthalenes give polymers is probably due to the steric effect on 8
which prevents its further condensation with malonaldehyde tetramethyl acetal.

In conclusion, the efficiency and simplicity of this method, the moderate to excellent yield of the
products and the possibility of applying this method to phenols, thiophenois and naphthois make this method
very useful for this type of transformation in organic synthesis.

EXPERIMENTAL

and Fluka (Switzerland). Melting points were determined with a Buchi 535 melting point apparatus. IR
spectra were recorded on a perkin Elmer 781 spectrometer. 'H NMR and *C NMR spectra were recorded

on a 250 MHz Bruker Advanced DPX-250 spectrometer using tetrameth

General procedures for (7a-f):
Method A: Phenolic compounds (4a-f)
trifluoroacetic acid (10-15) mL was allowed to stand for 4-48 h at room temperature. The reaction mixture
solidified. After addition of acetic acid (20-30) mL, the crude product was collected by filtration and washed
with methanol, boiled with water. Reaction products were purified by appropriate methods specified below.

Method B: Phenolic compounds (4a-f) (50 mmol) in acetic acid (10-15)mL and malonaldehyde tetramethyl
acetal 4mL (25 mmol) were mixed in a round- bottomed flask at room temperature. Methane sulfonic acid (4-
5) mL was then added very slowly under stirring. The reaction was then stirred at room temperature for 8-48 h.
After this time, the reaction mixture solidified gradually.The crude product was collected by filtration and
washed with acetic acid and methanol, and boiled with water. Reaction products were purified by appropriatc

methods specified below.
2,10- D1methyl—6 12-methano-12H-dibenzo|[2,1-d:1",2"-g][1,3]dioxocin (7a):

,,,,,, (KBr) 2990-290(

V maxyis1i2
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He, 12-H), 5.8 (1H,t,J2 Hz, 6 ,» m, Ph); 8¢ (62.9 MHz, CDCl3) 22.8 (CHj3), 28 (12-C),

3 -ID), 6.5-6.8 (6H
342 (13-C) 93.6 (6-C), 118.5, 128.4, 129.5. 130.6 and 131.7 { aromatic C ). 151 (=COY: m/z (ED) 252 (7
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MH"), 237 (55), 235 (9.8), 146 (5.9), 145(100), 115 (14), 91 (5.9), 57 (8.8), 44 (9.8%).
2,3,9,10-tetramethyl-6,12-methano-12H-dibenzo[2,1-d:1,2"-g][1,3]dioxocin (7b):

7b was obtained from 4b and malonaldehyde tetramethyl acetal following the general procedure and purified
>; [Found: C, 81.13; H, 7.24. C,oH2,0»
 =22270), 234 nm (=19610); vma(KBr) 3000-2900,
218 (14H, m,-CH3s, -CHy), 3.65 (1H, t, J 1.2 Hz, 12-H),
18]

E

requires C, 81.4; H, 7.15%]; UV(CH,Cl,) A 292
1235, 1165, 1080 cm™; 8y (250 MHz, CDCl5) 2

N/\

(
26.5 (12-C), 31.4 (13-C), 92.5 (6-C), 117.8, 124.6, 128.5, 129.6 and 136.6 (aromatic C), 149.2 (=CO); m/z
(EI) 280 (79, MH"), 266 (20.4), 265 (82), 237 (12), 160 (13.2), 159 (100), 115 (17.8), 97 (23), 69 (50), 55
(56), 43 (100%).
2,4,8,10-tetramethyl-6,12-methano-12H-dibenzo[2,1-d:1°,2"-g][1,3]dioxecin (7¢):
7¢ was obtained from 4¢ and malonaldehyde teteramethyl acetal following the general procedure and purified
by recrystallizing from acetic acid to give white solid; mp=186-187°C; [Found: C, 81.23; H, 7.24. C;5H0,
requires C, 81.4; H, 7.15%]; UV(CH,Clp)A 290 (Emax=27030), 239 nm (£=26080); vunx(KBr) 2990-2900,
1230, 1175, 1070 em™; 8y (250 MHz, CDCl;) 2-2.38 (14H, m, -CHs, -CHy), 3.68 (1H, t, J 1.5 Hz, 12-H), 6
(1H, 1, J 1.75 Hz, 6-H), 6.4-6.7 (4H, m, Ph); 6¢ (62.9 MHz, CDCl;) 18.27 and 22.8 (CHs), 28 (12-C), 34.4
(13-C), 93.8 (6-C), 125.8, 127.3, 128.1, 131.24 and 132.15 (aromatic C), 148.5 (=CO); m/z (EI) 280 (75,
MH"), 265 (82), 237 (15), 160 (12.3), 159 (100), 115 (14), 91 (12), 77 (8.2), 65 (15.5), 55 (2.8), 43 (5.5%).
2,10-Dichloro-3,9-Dimethyl-6,12-methano-12H-dibenzo([2,1-d:1°,2"-g}[1,3]dioxocin (7d):
7d was obtained from 4d and malonaldehyde tetramethy! acetal following the general procedure and purified

T
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requires C, 63.55; H, 4.36%]; UV(CH,Cl)A 294 (enax=26100), 237 nm (€=24560); vmax(KBr) 2990-2900,
1245, 1150, 1080 cm™; 8y (250 MHz, CDCl3) 2.15 (2H, dd, J 2.4 ,0.85 Hz, -CH,), 2.24 (6H, s, -CHs), 3.76
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287 (12.4), 286
2,10-Dichloro-6,12- methano-12H-dibenzo(2,1-d:1",2"-g][1,3]dioxocin (7e):
7e was obtained from 4e and malonaldehyde tetramethyl acetal following the general procedure and purified

by recrystallizing from acetic acid to give white solid; mp=243-244°C; [Found; C, 61.32; H, 3.74.

C5H,00,Cl; requires C, 61.43; H, 3.42%]; UV(CH2Cly) A 233 (emax =24210), 294 nm (e=18970); Vyax(KBr)
2985, 2920, 1235, 1155, 1070 cm’! : &4 (250 MHz, CDCl3) 2.2 (2H, dd, J 2.4, 0.94 Hz, -CH»), 3.9 (1H, t,J 5
Hz, 12-H), 6.1 (1H, t, J 2.3 Hz, 6-H), 6.7-7.3 (6H, m, Ph); &¢ (62.9 MHz, CDCl;) 25.8 (12-C), 32.4 (13-C),
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92.5 (6-C), 118.4, 126.2, 127.1 and 128.2 (aromatic C), 149.6 (=CO); m/z (EI) 293 (20, MH"), 294 (33
MH 1), 295 (7. MH +2). 206 (5. 1. MHE+3). 202 (40} 250 (12 4) 758 (2 13 287742 1682 (1 5 167 (20 Q)
1VRZd L)y 470 R 7, AR T &)y L4FTJ.dy VUL T I, L7 \FT ]y &«J7 \13.57), LI0 (Oud ), £JI (AT, 1U0 (J.J), 10/ (DU.0),
166 (12.4), 165 (100), 102 (14), 101 (14.4), 63 (16), 43 (31%). s
2,10-Dibromo-6,12-methano-12H-dibenzo[2,1-d:1",2"-g][1,3]dioxocin (7f):
7f was obtained from 4f and malonaldehyde tetramethyl acetal following the general procedure and purified
hy ransryuctallicing fen anatin anhodei da shitn amlide D EA NLECM, TE....1. ™ AT AL, IT N 077
Oy reirystaniZing iroin aceucd n.uuyuuuc 5lvc white so1id; Mip=a0a-200 U, | FOUNA; U, 4/.£0; M, £.7/.

C15H100:Br; requires C, 47.12; H, 2.62%]; UV(CHCIDA 241 (£1x=29660), 293 nm(e =28150); vmax(KBr)
2980-2930, 1240, 1155, 1065 cm™. 3y (250 MHz, CDCl3) 2.18 (2H, dd, J 2.6, 0.85 Hz, -CH), 3.85 (1H, t, J

) AT ¢« JTO W, £IN ££.79 (T + DL
MZ, 14-11), O (401, i, v £ 1Z, O~11), 0.0~/.£ (011, ITi, 11

4
7.4, 130.5 and 131.3 (aromatic C), 149.5 (=CO); m/z (EI) 382 (82.9, MH"), 383 (25

AR £
J 5 0c (0.

MH"+1), 384 (42, H++2) 385 (6, MH'+3), 304 (11.4), 303 (54), 302 (12), 301(54), 212 (10.5), 211 (98),
210 (14), 209 (100), 165 (26), 130 (43), 102 (39), 82 (25), 63 (49), 50 (26.5%).

8,16-Methano-16H-dinaphtho{2,1-d:1°,2"-g][1,3]dioxocin (3):

This compound has been obtained from the reaction of 2-naphthol with malonaldehyde tetramethyl acetal
following the general procedure and purified by recrystallizing from acetic acid to give white solid; 88%
yield; mp=236-237°C; [Found: C, 85.12; H, 5.08. C53H,40; requires C, 85.2; H, 5%]; Viax (KBr) 2990-2900,
1240, 1165, 1070 cm’™; 8y (250 MHz, CDCl3) 5.4 (1H, t, J 2.95 Hz, 16-H), 6.25 (1H, t, J 2 Hz, 8-H), 2.45
(2H, dd, J 2, 0.95 Hz, -CH,), 7.1-8.45 (12H, m, Ph); m/z 324 (36, MH"), 281 (52.6), 168 (62.4), 43 (78%).
2,10-Dimethyl-6,12-methano-12H-dibenzo [2,1-d:1°,2"-g]{1,3]dithiocin (11):

This compound has been obtained from the reaction of p-thiocresol with malonaldehyde tetramethyl
acetal. The procedure was essentially the same as for (7a-f). 11 has been separated from the solid mixture

containing 12 by solubility in boiling petroleum ether . Dissolved part has been cooled and 11 has obtained
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MHz, CDCL) 2 -C), 41.2 (13-C), 859 (6-C), 130.8,131.5, 132.

5.1 (12
(aromatic C), 140.2 (—CS) m/z (EI) 161 (34.6), 136 (100), 129 (1.5%).
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This compound has been obtained from the reaction of P-thiocresol with malonaldehyde tetramethyl acetal. In
above experiment the insoluble part has been boiled in petroleum ether to remove the remained 11 and 12 has

been purified to give white solid; 14% yield; mp=102-104°C ; v (KBr) 1180, 1165, 1080 em’; 8y (250
MHz, CDCl3) 2 (6H, m, -CH3), 4.03 (1H, d, J
m/z (E1) 284 (100, MH"), 251 (16.5), 161 (38.4), 129 (1.5%).

8,16-Methano-16H-dinaphtho[2,1-d:1",2"-g][1,3]dioxocin-2,14-diol (8):

7 TN t' “\n 1r 1Y 1 TIN "l lg Na 71T _

o YT /~ e 1M s —— DL\.
.8 Hz, 7-H), 5.28 (2H, m, 13-H, 14-H), 7-7.2 (7H, m, Ph);

~
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mixture was solidified. After addition of (15) mL of acetic acid, the product was collected by filtration and
washed with water several times. Once recrystallization from ethanol-water (5/1,v/v) mixture to give (8). 81%

yield; mp=306°C(dec) und: C, 77.15; H, 4.61. Cy3H;504 requires C, 77.53; H, 4.5%]); UV(EtOH)A 231 nm

B L Ty Ly

(emax=29300); vmn(KBr) 3400-3250 (br), 2990-2910, 1240, 1150, 1075 cm™; &y (250 MHz, DMSO-dg) 2.2
(2H, dd, J 3, 1.8 Hz, -CHy), 5.2 (1H, t, J 2.95 Hz,16-H), 6.4 (1H, t, J 2 Hz, 8-H), 6879(10H m, Ph), 9.2
(2H, s, -OH); m/z (ED) 356 (30, MH"), 340 (6.1), 339 (6.1), 197 (100), 184 (15.1), (14), 168 (15), 160
(13.8), 139 (13), 115 (12), 77 (13), 43 (39%).
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