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Abstract - Some 2-allylphenols give an intramolecular cyclization by reaction with
TL(IT1I) nitrate (TTH) leading to 2-substituted 2,3-dihydrobenzofurans; 2-substituted

2,3-dihydrobenzopyran is obtained from 2-(3-butenyl)phencl with the same reagent.

1
It 18 known that by treatment of Z-allylphenol with Tl{III)acetate an organothallium derivative

is formed, from which 2-acetoxymethyl-2,3-dihydrobenzofuran (1) 18 obtainead,

0~ “CH0C0CH,

It seemed interesting to investigate this intramolecular cyclization reaction using T1{II1)
nitrate in the attempt to obtain 2,3-dihydrobenzofuran derivatives without organothallium inter-
mediates. This reaction could be of some utility in the synthesis of 2,3-dihydrobenzofurans be-
cause of their interesting physiclogical activities.

In this paper we report our results on the acticn of TL{III) n1trate2 on some 2-allylphenols

and 2-{3-butenyl)phenol.

2—A11ylphenols3 2 are transformed into compounds 3 and 4 by T1(III) nitrate, at room temperature

and 1n a mixture of dry CHSOH / trimethyl orthoformate (TMOF).

X
I X X
CH\CH¢CH2
OH 0 CHoONO, 0 CH20CH3
2 3 4
2a,3a,4a x=H
2b,3b,4b  =CH

2c,3c,4c  =lghg

4 Cos
In the same way 2-{3-butenylliphenol (5} reacts with Ti{II1) nitrate giving Sa and Ba.

— 15569 —




H
C 2 CH {CH\CHQ
OH 0 CH20N(32 0 Cl IZOCH;;
5 Sa Ba

Structures 3a-c, da-c and 5a, 6a are supported by their 1H-NMR, infrared, and mass spectra which
are summarized in the Experimental,

In the case of X = CHS’ 3b (yield 20%) and 4b (yield 10%) are each a 1:3 mixture of cis— and
trans-isomers (Sbcis and Sbtrans’ 4bc1s and 4btrans)' The predominant iscmers are assigned the
trans configuration by assuming that the trans isomer, with less interaction between the two
groups at C-2 and C-3, should be the thermodynamically more stable one. The NMR data of the
compounds are consistent with the assigned structures; as a matter of fact, the spectra of the
c1s compounds show the doublet arising from the methyl group at a field higher than those of the
trans ones, whereas the H-C-2 and H-C-3 protons are more deshielded in the c1s i1somers than in
the trans ones.

In the case of X = CBHS’ 3¢ and 4c are pure compounds to which the trans configuration 1s as-
signed on the basis of the higher stability, which reflects the lower steric compression.

No starting material ig recovered from the reaction but some polymeric residue is Tormed. As

to the reaction solvent, complex mixtures are obtained by carrying out the reactions in dry
CH3OH, whereas in dioxane compounds 3a-c¢ are formed with yields lower than in CH30H/TMOF. Intra—
molecular cyclization does not occur in hexane; with this solvent the allylic side-~chain is un-
changed and nitration occurs on the aromatic ring.

As far as the structure of 2-allylphenol is concerned, ring closure does not occur when substi-

5
tuents are present on the arocmatic ring.

The formation of Z-substituted 2,3-dihydrobenzofurans can be understecod as shown in the Scheme,
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The reaction of 2-allylphenocls with T1{III} nitrate probably involves the initial electrophilic at-
tack of the thallium salt 1n the olefinic double bond with formation of the cationic intermediate M1".
The nuclecphilic attack of the phenolic oxygen cccurs at the internal carbon of "i" leading to the
organothallium derivative "ii", where the presence of the —ONO2 group weakens the C-Tl bond,

The 2,3-dihydrobenzefuran derivative "1i" undergoes the heterolytic cleavage of the C-Tl bond with

the subsequent nucleophilic attack of CHBOH or _ON02 to the carbon atom. The reaction of phenol (5)

takes place following the same steps.

EXPERIMENTAL

i

H-NMR spectra were recorded in CC14; chemical shifts are reported in parts per million (4} using
TMS as an internal standard. Infrared spectra were recorded in CCld. Boiling points were deter-
mined by microdistillation. Yields, evaluated from the starting material, correspond to the pure

isolated products. Satisfactory elemental analyses were cbtained for all the described compounds.

General procedure

Phenol (1 mmol) was dissolved in a 1:1 mixture of dry CHSOH / trimethyl orthoformate {~2 ml),
whose solution was stirred at room temperature under a stream of Ng. After the slow addition of
1.5 mmol of T1{III) nitrate in dry CH30H / trimethyl orthoformate (1:1,~ 2 ml), the reaction
mixture was stirred for 3-4 h; during this time a precipitate of Tl{I)nitrate was formed. The so-
lution was diluted with HQO and extracted several times with ether; the organic layer was washed
with HED' After drying (Na2504) and solvent evaporation under reduced pressure, the residue was

chromatographed on silaca gel to obtain pure samples.

1
3a (bp 152°C/18 torr, yield 30%): IRy 1850, 1480, 1280, 1230, 1000 cm_l; H-NMR 2.80 - 3.50
- max
(2H, m, HE—C—S—\,4.45 - 4.60 (2H, m, CHE—ONOE), 4.7% - 5.10 (1H, m, H-C-2), 6.65 ~ 7.20 {(4H, m,

aromatic protons); mass spectrum, m/e 195 (M+), 119, 118, 91 (base).

-1 1
3b cis (bp 148°C/18 torr): IR¥ 1640, 1480, 1275, 122% cm ; H-NMR 1.28 (3H, d, J = 7 cps,
_ max
CHS)' 3,40 - 3.80 (1K, m, H-C-3), 4.%0 - 5.00 (3H, complex pattern, CH2—ONO2 and H-C-2}, 6.60 -
7.20 {4H, complex pattern, aromatic protons); mass spectrum, m/e 209 (M+), 162, 163, 154, 133,

132, 131, 118, 105 (base).

-1 1
3b trans (bp 143°C/18 torr): IRy 1640, 1480, 1450, 1275, 1050 cm ; "H-NMR 1.36 (3H, d, J =
R max
7 cps, CHS), 3.10 - 3.40 (1H, m, H-C-3), 4.30 - 4.70 (3H, complex pattern, CH20N02 and H-C-2),
+
6.60 — 7.20 (4H, complex pattern, aromatic protons); mass spectrum, m/e 209 (M ), 162, 163, 164,

131, 132, 133, 118, 105 (base).

-1 1
3¢ (bp 120°C/1 torr, yield 25%)- IRw 1650, 1480, 1460, 1280, 1260, 1100, 100C cm ; H-NMR
max

4.35 (1H, two signals, H-C-3), 2.60 - 4.80 {2H, m, CHQONOZ), 4,90 - 5.20 (1H, broad signal,
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H-C-2}, 6.60 - 7.40 (9H, complex pattern, aromatic protons}; mass spectrum, m/e 271 (M+), 226, 195

167 (base),152, 131, 118.

-1 1
4a (bp 128°C/18 torr, yield 30%): IRi%ax 1600, 1470, 1100, 1050 cm ~; ~H~NMR 2,60 - 3.90
{complex patter, HZ—C—3 and CEQOCHs)’ 3.36 (s, OCHSJ, 4.60 - 4.90 (1H, broad saignal, H-C-2), 6.50

— 7.10 (4H, complex pattern, arcmatic protons); mass spectrum, m/e 164 (M+, base}, 131, 132, 118.

-1 1
4b cis {bp 125°C/18 torr): Iﬂq%ax 1600, 1480, 1100 cm ; H-NMR 1.20 (3H, d, J = 7 cps, CHS),
3,10 - 3.80 (compiex pattern, H-C-3 and C§200H3).3.35 (s, OCHSJ, 4,50 — 4.80 (1H, broad sighal,
H-C-2}, 6.50 - 7.10 (4d, complex pattern, aromatic protons); mass spectrum, m/e 178 (M+), 161, 145,

131, 133, 105 (base).

-1 1
4b trans (bp 114°C/18 torr): lﬂmaax 1600, 1480, 1140, 1100 ¢m ; H-NMR 1.34 (3H, d, J = 7 cps,
CHS), 3.20 - 3.80 {complex pattern, H-C-3 and 0520CH3), 3.35 (s, OCHS), 4.28 {1H, m, H-C-2),
6.60 — 7,10 (4H, complex pattern, aromatic protons): mass spectrum, mfe 178 (M+), 145, 131, 133,

105 (base).

-1 1
4c (bp 115°C/1 torr, yield 25%): IR#¥ ax 1600, 1480, 1460, 1225, 1130 cm ; ~H-NMR 3.35% (3H, s,
- m
OCHB}, 3.50 - 3.70 (2H, broad signal with splitting, CEEOCHS), 4.30 -~ 4.70 (2H, broad signal with
splitting, H-C-3 and H-C-2), 6.50 - 7.40 (9H, complex pattern, aromatic protons); mass spectrum,

m/e 240 (M"), 207, 208 (base), 209, 181, 165, 167, 131,

-1 1
S5a (bp 85°C/1 torr, yield 20%}: Iﬂvmax 1640, 1480, 1450, 1280, 122%, 1100, 100C c¢cm ; H-NMR
1.80 - 2.20 (2H, complex pattern, Hz—c_s), 2.60 - 3.00 (2H, complex pattern, HE_C—d), 4.05 — 4,80
{3H, complex pattern, H-C-2 and CHEONOZ)' 6.50 - 7.10 {4H, complex pattern, aromatic protons);

mass spectrum, m/e 209 (M), 164, 131, 132, 133 (base), 134, 105.

-1 1
6a (bp 130°C/38 torr, yield 20%): IernaX 161¢, 1580, 1480, 1450, 1230, 1110, 1050 cm ; H-NMR
1.70 - 2.10 (2H, complex pattern, HQ—C—S), 2.60 - 2.80 (2H, complex pattern, HE—C—d], 3.35 (s,
3H, DCHS)y 3,40 - 3.60 (2H, m, CEQ-OCHS), 3.9C - 4,20 (1iH, broad signal, H-C-2), 6.50 - 7.10 (4H,

+
complex pattern, arcmatic protons}; mass spectrum, m/e 178 (M ), 133 (base), 105,
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