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Abstract - Some 2-allylphenols give an lntramolecular cycllzatlon by reactlon with - 
Tl(II1) nitrate (TTN) leading to 2-substituted 2,3-dihydrobenzofurans; 2-substituted 

2.3-dihydrobenzapyran is obtalned from 2-(3-b~tenyl)~henol with the same reagent. 

1 
It is known that by treatment of 2-allylphenol with Tl(II1)acetate an organothall~um derivative 

is formed, from which 2-acetoxymethyl-2,3-dlhydrobenzofuran (1) 1s obtalned. 

It seemed interest~ng to investigate thls lntramolecular cyclization reactlon using Tl(II1) 

mtrate in the attempt to obtaln 2,3-dihydrobenzofuran derivatives without organothall~um inter- 

rrediates. Than reaction could be of some utility in the synthesis of 2,3-dlhydrobenzafurans be- 

cause of thel~ interesting phys~ologlcal activities. 
2 

In thls paper we report our results on the actlon of TI(IIIj nitrate on some 2-allylphenols 

and 2-(3-butenyljphenol. 
3 

2-~llylphenols 2 are transformed into compounds 3 and 4 by Tl(II1j nitrate, at room temperature 

and in s mixture of dry CH OH / trimethyl orthoformate (TMOF). 
3 

4 
In the same way 2-(3-butenyl)phenol (5) reacts with Tl(111) nitrate giving 5a and 6a 



1 
Structures 3a-c, 4a-c and 5a, 6a are supported by their H-NMR, infrared, and mass spectra whlch 

are summarized in the Experimental. 

the case of x = CH 3b (yield 20%) and cb (yield 10%) are each a 1:3 mlnture of e- and 
3' 

trans-isomers (3b . and 3b Cbcls and 4b ) .  The predominant isomers are assigned the - CIS - trans' - - trans 

trans conflguration by assumlng that the trans isomer, wlth less lnteractlon between the two - 
groups at C-2 and C-3, should be the thermodynamically more stable one. The NMR data of the 

compounds are conamtent with the assigned structures; as a matter of fact, the spectra of the 

CIS compounds show the doublet arising from the methyl group at a f~eld higher than those of the - 

trans ones, whereas the H-C-2 and H-C-3 protons are more deshielded in the Isomers than in - 
the trans ones. 
In the case of X = C H 3c and 4c are pure compounds to whlch the trans conflguration 1s as- 

6 5' 

signed on the bas=& of the hlgher stability, which reflects the lower sterlc compression. 

No starting material is recovered from the reaction but some polyrnerlc residue is formed. As 

to the reaction solvent, complex mlxtures are obtained by carrylng out the reactions in dry 

CH OH, whe~eas in dionane compounds3a-c are formed with ylelds lower than in CH OH/TMOF. Intra- 
3 3 

molecular cycllration does not o c c u r  in hexane; with thlz solvent the allylic slde-chain is un- 

changed and n~tration occurs on the aromatic ring. 

As far as the structure of 2-allylphepol i s  concerned, ring closure does not occur when substl- 
5 

tuents are present on the aromatic ring. 

The forrnatlon of 2-substituted 2,3-dihydrobenzofurans can be understood as shown in the Scheme. 

Scheme 
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The reaction of 2-allylphenok wlth Tl(1II) nltrate probably involves the initial electrophillc at- 

tack of the thallium salt in the olefinlc double bond with formation of the catlonlc lntermedlate "1". 

The nucleaphillc attack of the phenolic oxygen occurs at the lnternal carbon of "1" leading to the 

organothallium derivative "il", where the presence of the -0NO2 group weakens the C-T1 bond. 

The 2.3-dihydrobenzofuran derivative "li" undergoes the heterolytic cleavage of the C-T1 bond with 

the subsequent nucleophillc attack of CH OH or - 0 ~ 0 ~  to the carbon atom. The reactlon of phenol (51 
3 

takes place follow~ng the same steps. 

EXPERIMENTAL 

'H-NMR spectra were recorded in CC1 ; chemical shifts are reported in parts per million (6) using 
4 

TMS as an internal standard. Infrared spectra were recorded in CC1 . Boxllng points were deter- 
4 

mined by rnlcrodistillatlon. Yields, evaluated from the startlng material, correspond to the pure 

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

General procedure 

Phenol(1 rnmo1)was dissolved in a l:l mlxture of dry CH OH / trimethyl orthoformate ( - 2  ml), 
3 

whose solutlon was stirred at room temperature under a stream of N . After the slaw addltlon of 
2 

1.5 mmol of TliIII) nitrate i n  dry CH OH / tr~methyl orthoformate (1:l.- 2 nl), the reaction 
3 

mixture was stirred for 3-4 h ;  during thls time a preclpltate of Tl(1)nitrate was formed. The so- 

lutlon was dlluted wlth H 0 and extracted several times with ether; the organlc layer was washed 
2 

with H20. After drylng (Na SO ) and solvent evaporation under reduced pressure, the residue was 
2 4 

chromatographed on sil~ca gel to ob t a ln  pure samples. 

3a (bp 152"C/18 torr. yield 30%): IRY 1650, 1480. 1280. 1230, 1000 .K1; 'H-NMR 2.80 - 3.50 - max 

(2H, m ,  H -C-3-1.4.45 - 4.60 (2.H. m ,  CH -ON0 1, 4.75 - 5.10 (lH, m, H-C-21, 6.65 - 7.20 (4H, m, 
2 2 2 

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

3b (bp 14fioC/18 tom): IRY 1640, 1480. 1275. 1225 &I; 'H-NMR 1.28 (3H, d, J = 7 cps, 
"lax 

CH I, 3.40 - 3.80 (lH, m ,  H-C-31, 4.50 - 5.00 (3H, complex pattern, CH -ON0 and H-C-21, 6.60 - 
3 2 2 

7.20 (4H, complex pattern, aromatlc protons); mass spectrum, m/e 209 ( ~ ~ 1 ,  162, 163, 164, 133, 

132. 131, 118, 105 (base). 

-1 1 
3b trans ibp 143'C/18 torrl: I R v  1640, 1480, 1450, 1275, 1050 crn ; H-NMR 1.36 i3H, d, J = 

"lax 

7 c p s ,  CH31, 3.10 - 3.40 (lH, r n ,  H-C-31, 4.30 - 4.70 (3H, complex pattern, CH ON0 and H-C-21, 
2+ 

6.60 - 7.20 (UH, complex pattern, aromatic protons) ; mass spectrum, m/e 209 (M I ,  162, 163, 164, 

131. 132, 133. 118. 105 ( b a s e ) .  

-1, 1 
3C (bp 120'C/1 torr, yield 25%). IRV 1650, 1480, 1460, 1280, 1260, 1100, 1000 crn , H-NMR - max 
4.35 ilH, two signals, ii-C-31, 4.60 - 4.80 (2H, rn, CH ON0 1, 4.90 - 5.20 (lH, broad signal, 

2 2 



H-c.21, 6 .60  . 7.40 (SH,  complex pa t t e rn ,  a ramat lc  pro tons) ;  mass spectrum, m/e 271 ( M + ) ,  228, 195 

167 (base) ,152, 131, 118. 

4a (bp 128CC/18 t o r ,  y i e l d  30%): I R ~  1600, 1470. 1100, 1050 'H-NMR 2.60 - 3.90 - max 

(complex p a t t e r ,  H -C-3 and CH20C~ 1, 3.36 i s ,  OCH 1, 4.60 - 4.90 (lH, broad signal, H-C-z), 6.50 
2 3 3 

- 7.10 (4H, complex pa t t e rn ,  aramatlc p ro tons ) ;  mass spectrum, m/e 164 ( M + ,  ba se ) ,  131,  132, 118. 

(bp 125*C/18 t o m ) :  I R V  1600. 1480. 1100 'H-NMR 1.20 (3H. d,  J = 7 cps, CH 1, 
max 3 

3.10 - 3.80 (complex p a t t e r n ,  H-C-3 and CH OCH ) , 3 . 3 5  ( s ,  OCH 1, 4.50 - 4.80 ( l H ,  broad s i g n a l ,  
-2 3 3 

H-C-21, 6.50 - 7.10 (4H, complex pa t t e rn ,  aromatlc p ro tons ) ;  mass spectrum, m/e 178 ( M + ) ,  161,  145, 

131, 133, 105 (base ) .  

-1 1 
nb trans ( b p  l ln•‹C/18 t o m ) :  IRwmax 1600, 1480, 1140, 1100 cm ; H-NMR 1.34 (3H, d,  J = 7 cps ,  

C H  1, 3.20 - 3.80 (complex p a t t e r n ,  H-C-3 and CH OCH 1, 3.35 ( s ,  OCH 1 ,  4.28 ( l H ,  rn, H-C-21, 
3 -2 3 3 

6.60 - 7.10 (4H, complex pa t t e rn ,  aromatic p ro tons ) ;  mass spectrum, m/e 178 ( M + ) ,  145,  131, 133, 

I05  (base ) .  

-1 1 
4c ibp 115'C/1 t o m ,  y l e l d  25%): IRv 1600, 1480, 1460, 1225, 1130 cm ; H-NMR 3.35 (3H, s ,  - max 

OCH 1, 3.50 - 3.70 (2H, broad s l g n a l  with splitting, CH OCH 1 ,  4.30 - 4.70 (2H, broad slgnal with 
3 2 3 

s p h t t m g ,  H-C-3 and H-C-21, 6.50 - 7.40 ( S H ,  complex p a t t e r n ,  aromatic p ro tons ) ;  mass spectrum, 

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

-1, I 
5a (bp 85'C/I t o r ,  y l e ld  20%): I R v  1640, 1480, 1450, 1280, 1225, 1100, 1000 cm , H-NMR - max 

1.80 - 2.20 ( E H ,  complex pa t t e rn ,  H -C-3). 2.60 - 3.00 (2H, complex p a t t e r n ,  H -C-41, 4.05 - 4.80 
2 2 

(3H. complex pa t t e rn ,  H-C-2 and CH ON0 1, 6.50 - 7.10 (UH, complex p a t t e r n ,  aromatic p ro tons ) ;  
2 2 

mass spectrum, m/e 209 (M-'.), 164, 131, 132, 133 ( b a s e ) ,  134, 105. 

-1, 1 
6a  (bp 130•‹C/18 t o r r ,  y l e l d  20%): IRv 1610, 1580, 1480, 1450, 1230, 1110, 1050 crn , H-NMR - max 

1.70 - 2.10 (2H, complex pa t t e rn ,  H 4 - 3 1 ,  2.60 - 2.90 (2H, complex p a t t e r n ,  H -C-4). 3.35 i s ,  
2 2 

3H, OCH ) ,  3.40 - 3.60 (ZH, rn, CH -0CH 1, 3.90 - 4.20 ( I H ,  broad s l g n a l ,  H-C-2). 6.50 - 7.10 (UH, 
3 -2 3 

complex pa t t e rn ,  aromatlc pro tons) :  mass spectrum, m/e 178 (Mi), 133 ( b a s e ) ,  105. 
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