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Abstract: A new type of phenyliodonlo phenolata resulting from the reaction of 
1,3-dlhydroxy benzene derivatives and (diacetoxylodo)benzene were isolated and 
characterized. The new phenolates afforded cyclization products from their 
photochemical reaction with alkenes and alkynes and phenyl ethers from their 
thermal rearrangement. A possible reaction pathway is proposed in order to 
explain the regioselectivity of these reactions. 

INTRODUCTION 

The general term zwitterionlc iodonium compounds, ZIC, is used for several types of hypervalent 

iodine compounds in which iodine is linked with two llgands and bears a positive charge internally 

compensated by a negative charge. The literature of ZIC, as well as of other classes of hypervalent iodine 

compounds up to 1991 has heen reviewed by Varvogllsl. 

The most important types of ZIC are aryliodonium ylides and 2-aryliodonlophenolates.The term 

aryliodonium ylides refers to 1,2 dipoles with the formal negative charge on carbon, 1, whereas 

aryliodoniophenolates are 1.4 dipoles with the negative charge on the oxygen atom of a phenolic group, 

2. In both cases the presence of electron withdrawing groups is necessary for the stabilization of the 

zwitWions. 
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Continuing the exploration of the chemistry of aryliodonium ylides* and aryliodoniophenolatcs3 we 
investigated the possibility of forming iodonium zwitterlonic compounds from resorcinol or 

phloroglucinol derivatives. 1,3-Dihydroxy- and 1,35-trihydroxybenzene derivatives were selected as 
possible zwitttioniq iodonlum candidates because of their potentlalabllity to exist in equllibrlum with 
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their keto forms. In the case of phloroglucinol the tautomerlsm between the enol form 3 and the keto 

form 4 is supported by the formation of the tris(sodium blsulfite) ad&t, 5 4. 

The keto form 4 has three active methylene groups, which are ln proper positions for the insertion 

of the phenyliodonio moiety, as it is well known from the formation of phenyliodonium ylldes 8 from f& 

dicatbonyl compounds 6 and (diacetoxyiodo)benzene, DIB, 7. 
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Moreover, there are no references in the literature about the reaction of resorcinol or 

phlorogluclnol derivatives with hypervalent iodonium reagents. In contrast, the reaction of monohydrlc 

phenols and benzene 1,2 and 1,4 dials with a variety of hypervalent iodonlum compounds, leading mostly 

to oxidation products, has been extensively studieds. 

RESULTS AND DISCUSSION 

Resorclnol and its simple 4-substituted derivatives gave complicated mixtures of prochrcts, upon the 

reaction with DIB and under a variety of conditions. In the case of 2,4dihydroxyacetophenone and 

derivatives 9 we were able to isolate the corresponding phenyliodoniophenolates 10. 

OH 
X X 

OH+ PhI(OAc)z = 
MeOH, 0 OC. 

COCH3 COCH3 

9 a,X=H 10 &40% 
b,X=COCH3 b, 40% 
c,X7N02 c, 45% 

Optimum yields of 10 were obtained when the reaction was carried out with equimolecular 
quantities of 2.4 dihydroxyacetophenone and DIB , in a basic methanolic solution at 0 Oc. Phenolates 10 
were isolated by adjusting the pH of the resulting solution to 6-7. The same phenolates 10 were isolated 
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from a uansylidation reaction of dihydroxyacetophenones ‘9 with tosyliminoiodobenxene 11 , but the 

yields were generally lower. 

9 +TsN=lPh - to + TsNH2 

11 

When the acetyl group in 9a was replaced by a methoxycarbonyl group the only isolable product 

from the reaction of ester 12 with DIB was the iodoether 14. The latter undoubtedly results from the 
thermal rearrangement of the intermediary unstable phenolate 13. This is an indication that the acetyl 

group in 9 plays important role forthe stabilization of phenolates 10. 

OH 

KOH 
+ PhI(OA&- 

MeOH, 0 ‘C. 

OPh 

13 14 

It must be noted that the intermediacy of phenyliodoniophenolates was proposed in the reaction of 

substituted dihydroxyacetophenones with DIB6, from which the only isolable products were iodoethers 

analogous to 14. 
Phenolates 10 are yellow noncrystalline solids which can be stored for periods up to four weeks at 

5 OC without apparent decomposition. They exhibit spectroscopic data consistent with their structure. In 

their mass spectra the molecular ion is of high intensity, which is rather unusual for such compounds. 

Upon heating, phenolates 10 are completely converted to the corresponding iodoethers 16. 

probably through an intermediary spiro-Meisenheimer complex 15, in a migration observed also in other 

arylioiodoniophenoiates? 

d 
X +m 

‘c: c ..&F 3 

c-3 

lOa-c 

OPh 
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The migration of the phenyl group takes place to the oxygen para to the acetyl group, as only one of 
the two possible isomers, in the case of 108 and I&z is formed. This is an indication that the structure 
with the formal negative charge on that specific oxygen, in phenolatez 10a and 1Oc. represents the real 

situation of the molecule. 
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The migration of the phenyl group in phenolates 10a and lob takes place even at room 
temperature, when they are in solution. Phenolate 1Oc is relatively stable and was used for the study of 

reactivity. 

Phenyliodoniophenolates 10 easily gave the corresponding iodonium salts upon treatment with 

trifluoroacetic acid in a reversible reaction. 

+ CF3COOH 
10&C . 

- CF3COOH 

tOCH3 

17a-c 

Phenolate lfk reacted in the same manner with other electrophikx 
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HBr 
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COCH3 

18 
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CH3COCl 
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The thermal reaction of 1Oc with alkenes and alkynes led to iodophenyl ether 16c, but cyclization 

products were obtained under photolytic conditions. 

Irradiation of 1Oc in the presence of alkenes and enol ethers afforded the corresponding 
dihydrofurans 20,22 and 23 in low yields. 
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H&Z= CHOEt 
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I ; OH + 21 

COCH3 

23 

Again the cycllzatlon took pla& exclusively on the oxygen or&o to nitro group. It is possible that 

the reaction proceeds through the intermediacy of iodanes 24. as it is usually the case ln analogous 

reactions of iodonium ylides with dipolophiles. This reaction pathway explains the regioselectivity in the 

formation of dihydrofurans. 

tOCH3 

1oc 

COCH3 

25 

+ 

eN$+@; 
3 

24 
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3-Phenyl-5-nitro-2,4dlhydroxyacetophenone 21 is always a by-product of the reaction. Its 

formation can be explained from the reaction of 1Oc with phenyl radicals, resulting from the dissociation 
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of iodobenzene, another by-product of the reaction. When lfk was imdhted in a benzene suqmsion 21 

was obtained in 65% yield. 

Irradiation of 10~ in the presence of terminal alltencs gave ~~ep~~ ntixturm of the 

comsponding furans 26r, 27r end 26b, 27b (only 24~ WBO h&ted and chmctem. The mtio of the 

~o~o~w~3:l~~~~. 

RC= CH 
02 

1oc - + 
R 

+ 21 
hv 

CocH3 COCH3 

26r,b 27a.b 

3 : 1 

rB=Ph 

bR=Bu 

A possible elision for the fo~atiou of both ~gio~orne~ involves the intermediacy of an 

iodane of type 28, which occurs with the simultaneous protonation of anionic oxygen. Iodane 28 with 

expulsion of iodobenzene can be converted to 29, which can be cyclized to both isomen 26 and 27, in a 

different ratio. 

10c + RCECH - Ph - 

OH 

I COCH3 

28 29 

I hv 
- 26+27 

Another Id-dihydroxy compound, without a stabilizing acetyl group, 134ihydroxynaphthalene 30 
gave also the violate 31a and 31b. 
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OH 

OH 

30 31 a, b 

rAr=PPh 

b AI = p-tolyl 

Phenolates 31 under photochemical conditions gave complicated mixtures of products along with 
unreacted starting material, but when a solution of 31a in CH2Clz was refluxed under N2. the main 

product was the qulnone iodoether 33, probably resulting from the oxidation of unstable iodoether 32 

durhlg work-up. 

31a 32 

0 

33 

This assumption is strengthened by the fact that if the same reaction ls can-led out in refhrxlng 

acetonitrlle ln atmospheric alr, the main product ls lndanedione 35. It ls probable that phenolate 31a ls 

oxidlsed to 3-(phenyliodonio)-l,2.4-trloxo-l,2,3,4-tetrahydronaphthalenlde 34, which is converted to 1,3- 

lndanedione 35 through the intermediacy of carbenes in a Wolff-rearrangement type pathway. The 

conversion of 34 to 1,3-indanedlone in 91% yield has already been observed in an lntependent reaction 
under the same conditionss. 

31a 
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Finally, phenyliodoniophenolates could not be isolated from the reaction of phloroglucinol 3 and 

nitro-phloroglucinol with DIB under a variety of conditions (solvent, temperature, rate of DIB addition 

etc.). The only isolable product in the case of phlorogluchtol was the rather unstable phenyl iodonium salt 
36. All attempts to eliminate acetic acid from 36 under strong alkaline cot&ions led to tar. 

OH 

DIB pH=7 
3-- 

NaOH 
HO 

+iPh 
-0COCH3 

36 

EXPERIMENTAL 

Melting points are uncorrected. IR spectra were obtained in Nujol. lH- NMR , were recorded with 80 
and 300-MHz instruments with CDC13 as solvent and SiMe4 as an internal standard. MS spectra were 

obtained with an electron beam operating at 70 eV. Irradiations were performed with a 250-Watt low- 

pressure Hg lamp. 

Preparation of phenolates 10. A solution of (diacetoxylodo)benze 7 (1 mmol) in methanol 

(5 ml) was added to to a solution of the corresponding dlhydroxyacetophenone 9a-c (1 mmol) and KOH 

(3mmol) in methanol (10 ml) at 0 Oc. After 30 mitt at 0 Oc, cold water (30 ml) was added and the resulting 

solution was cautiously acicified to pH 6-7 with ice-cold dilute hydrochloric acid. The solution was thrice 
extracted with cold CHzCl2 and the combined organic solvent, after drying (MgSO4.30 mitt, 0 cc), was 

removed in vacua. The resulting slurry was digested with 10 ml of absolute ether and phenolates 10 were 

precipitated. In the case of 1Oc the phenolate can be isolated by filtration after the acidification of the 

methanolic solution. 

4-Acetyl-3-hydroxy-2-phenyllodonio-phenolate, lOa, yield 40%, mp 8 l-850 C; IR 3400, 

1595 cm-i; iH-NMR 6 2.32 (s, 3H), 6.15 (d, 1H , J=9Hz). 7.03 (m, 6H), 13.60 (s, lH, OH); MS m/z (rel. 
intensity) 354 (M+ 96), 337 (16), 204 (2O), 43 (100). Anal. Calcd for Ci4Ht1103: C, 47.46; H, 3.1%. Found: 

C, 46.92; H, 2.85%. 
4.6-Diaeetyl-3-hydroxy-2-phenyliodonio-phenolate, lob; yield 4046, mp 12@1300 C; IR 

3400, 1640, 1605 cm-t; lH-NMR 6 2.40 (s, 6H), 6.95 (m. 3H ), 7.30 (m ,2H). 8.25 (s, 1H); MS m/z (rel. 
intensity) 396 (M+, 82) ,380 (ll), 302 (lOO), 204 (28). Anal. Calcd for Ci6Hi3104: C, 48.48; H, 3.28%.. 

Found: C, 48.37; H, 3.31%. 
4-Acetyl-3-hydroxy-6-nitro-2-phenyliodonio-phenolate. loC, yield 45%. mp 145-1470 

C; IR 3400, 1610, 1540, 1530, 1370 cm-t; iH-NMR 6 2.45 (s, 3H). 7.40 (m, 3H), 8.00 (m. 2H), 8.60 (s, 
1H); MS m/z (rel. intensity) 399 (M+, 6) ,306 (16), 272 (15), 204 (33). 179 (U), 77 (lOO), 43 (88). Anal. 
Calcd for Ci4HmINO5: C. 42.10; H, 250. N, 3.51%. Found: C, 42.37; H, 2.45; N, 368%. 
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Alternative preparation of phenolater 10. A solution of the corresponding acetyl resorcinol 
1Oa-c (2 mmol) in CH2Cl2 (3 ml) was added to a solution of tosyliminoiodobenzene 119 (2 mmol) in 

CHgl2 (3 ml) at -5 oC. The precipitated tosylamide was removed by filtration, absolute ether (30 ml) 

was added and the phenolate 10 was precipitated and isolated. 1Oa yield 30?& lob yield 28%. 10~ yield 

30% . 
Methyl-(2-hydroxy-3-iodo-4-phenoxy)benzoate. 14. On attempted preparation of the 

corresponding phenolate from methyl-(2,4dihydroxy)benzoate 12 and 7 (under the previously described 

conditions) the only isolable product was the ester 14. Yield 5696, mp 650 C (hexane); IR 3400, 1720, 

1670, 1585, 1260 cm-l; 1H-NMR 6 3.92 (s. 3H), 6.27, (d, lH, J=lOHz), 6.96-7.51 (m, SH), 7.73 (d lH, 

J=lOHz), 11.88 (s, lH, OH); MS m/z (rel. intensity) 370 (M+, lOO), 338 (55), 242 (35), 211 (65), 183(30), 
149 (37), 137 (63). Anal. Calcdfor C14HllI04 : C, 45.43; H, 2.99%. Found: C, 45.31; H, 3.08%. 

Thermal rearrangement of phenolates 10. A suspension of the appropriate phenolate lOa-c 
(1 mmol) in CH3CN was refluxed for 30 min. The resulting clear solution was concentrated and 

chromatographed on column (silica gel, hexane-CH2Cl2 2:l as eluant ) to afford the corresponding 

iodoetherl6a-c. Recrystalization from hexane. Similar results were obtained by refluxing solutions of 
phenolates in CHzCl2. 

2-Hydroxy-3-iodo&phenoxy-acetophenone. 16a; yield 7096, mp 720 C; IR 3400, 1625, 

1580 cm-l; 1H-NMR 6 2.60 (s, 3H), 6.25 (d, 1H , J=9Hz), 7.30 (m. 5H), 7.60 (d, lH, J=9Hz), 13.60 (s, lH, 
OH); MS m/z (rel. intensity) 354 @I+, 100). 339 (67), 227 (53), 43 (16). Anal. Calcd for C14HllI03: C, 

47.46; H, 3.11% . Found: C, 47.70; H, 3.33%. 

2-Hydroxy-3-iodo-4-phenoxy-5-acetyl-acetophenone. 16b; yield 5096, mp 132-1360 C ; 
IR 3400, 1675, 1635, 1580 cm-l; 1H-NMR 6 2.45 (s, 3H), 2.65 (s, 3H), 6.70 - 7.05 (m, 5H ), 8.45 (s, 1I-l) , 

13.80 (s, 1H , OH); MS m/z (rel. intensity) 396 (M+, 100). 380 (17), 305 (28). 77 (55). Anal. Calcd for 
C16H13104 : C, 48.48 ; H, 3.28%. Found: C. 48.47; H, 3.12%. 

2-Hydroxy-3-iodo-4-phenoxy-5-nitro-acetophenone, 16~; yield 47%, mp 180-1850 C ; IR 

3400, 1635, 1580, 1525, 1370 cm-l; lH-NMR 6 2.70 (s, 3H), 6.70 (m, 2H), 7.30 (m, 3H), 8.00 (s, 1H) , 

13.60 (s, lH, OH); MS m/z (rel. intensity) 399 (M+, 6). 306 (16), 272 (18), 176 (46), 77 (31). Anal. Calcd 
for C14Hu-~IN05: C, 42.10; H, 2.50; N, 3.51%. Found: C, 41.90, H, 2.60, N, 3.29%. 

Preparation of trifinoroacetates of phenolates 10. The phenolate (0.25 mmol) was 
dissolved in CHzCl2 (10 ml) and CF3COOH (1 ml) was added. After 15 min at room temperature the 

solution was washed with H20. dried, concetrated till a small volume and the corresponding 

trifluoroacetate was crystallized upon the addition of a mixture of ether-hexane 1:l (20 ml). 

2,6-Dihydroxy-3-acetyl-phenyliodonium trifiuoroacetate, 17a; yield 30%, mp 120-1250 

C; IR 1600, 1570 cm-l; lH-NMR 6 2.50 (s, 3H), 6.90 (d, lH, J=9Hz), 7.2-8.2 (m, 6I-I); MS m/z (rel. 
intensity) 354 ( 6), 337 (25). 204 (32). Anal. Calcd for Cl(jH12F3105: C, 41.04; H, 2.59%. Found: C, 40.93; 

H, 2.5 1%. 

2,6-Dihydroxy-3,UiacetyLphenyliodonium trifluoroacetate. 17b; yield 32% , mp llO- 
115OC; IR 1650,157O cm-l; lH-NMR 6 2.63 (s, 6H), 750 (m, 3H ). 8.00 (m ,2H), 8.39 (s, 1H) ; MS m/z 
(~1. intensity) 396 (U), 381 (25), 303 (lOO), 204 (35). Anal. Calcd for C18H14F3106: C, 42.37; H, 2.76%. 

Found: C. 42.48; H, 2.68%. 
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2,6-Dlhydroxy-3-r-nitro-~enyliodonium Mfluoroacctate, 17~; yield 52%, mp 

128 C; IR 3200,1640,1560,1530,1370 cm-l; rH-NMR 6 2.70 (s, 3H), 7.80 (m, 3H), 8.20 (m ,2H), 8.90 

(s, 1s); MS m/z (tel. intensity) 399 (13). 306 (W), 272 (29), 204 (38), 179 (62), 77 (100). Anal. Calcd for 
Cr(jHtrF$N@: C, 37.45; H, 2.16; N, 2.73%. Found: C, 37.78; H, 2.00; N, 2.60%. 

Reaction of phenolate 1Oe with HBr. Hy~obro~c acid (d=1.42, 1 ml) was added to a 
solution of 1Oe (1 mmol) in CH3CN (10 ml) and the solution was stirred at room temperature for 24 h. 

After removal of the solvent and addition of ether, 2,6-dihydroxy-3-acetyl-S-nitro- 

phenyliodouium-bromide 18 crystallize& yield 87%, mp 1800 C; IR 3160, 1610, 1550, 1370 cm-r; 

IH-NMR 6 2.80 (s, 3H), 7.40 (m, 3H), 8.10 (m ,2H), 8.80 (s, 1H); MS m/z (rei. ~te~ky) 399 (521,306 
(23), 204 (5). 77 (100). Anal. Caled for Cr4HtrBrIN05: C, 35.00, H, 2.29 N, 2.92%. Found: C, 34.88; H, 

2.18; N, 3.08%. 

Reaction of phenolate 1Oc with acetyl chloride. Acetyl chloride (1 mmol) was added to a 
solution of 1Oc (0.75 mmol) in CHzClz (10 ml> and the solution was stirred at room ternary for 

three hours. Removal of the solvent and addition of hexane gave 2-acetoxy-3-nitroJ-acetyl-C 

hydroxy-phenyliodonium chloride 19; yield 355, mp 1700 C; IR 3180, 1635, 1550 cm-r; rH-NMR 
(CDC13 + CF3COOH) 6 1.95 (s, 3H), 2.70 (s, 3H), 7.20 (m, 3H), 7.70 (m, 2H), 8.64 (s, 1H); MS m/z (rel. 

etch) 442 (M+-Cl, 18), 399 (12), 306 (45), 272 (29), 179 (WI), 94 (4). Anal. Calcd for Cl~l3~06: C, 

40.17; H, 2.72 ; N, 2.93%. Found C, 39.88; H, 2.75; N, 3.13%. 

Photoreaetions of 1oC with alkenes and alkynes. A solution of phenolate 1Oe (1 mmol) and 
the appropriate alkene or alkyne (3-5 mmol) in CH2C12 (5 ml) and CH3CN (5 ml) was irradiated for 4 

hours. The solution was concentrated and ~orn~o~~hed on column (silica gel, hexane-CH$l;! 1:l as 

eluant). The first fractions were chromatographed again (silica gel, hexane-acetone 1:l). Iodobenzene, 

ether 16c and 3-phony1S-nitro-2,4-dihydroxy-acetophenone 21 were always products of the 

reaction. The latter was isolated in yields of 20-3096. When a suspension of lfk in benzene was irradiated, 

21 was the only isolable product in 65% yield; mp 16@16lOC; IR 1630,1600,1520,1370 cm-r; rH-NMR 6 

2.70 (s, 3H), 7.40 (s br ,5H), 8.70 (s, lH), 12.40 (s,lH, OH), 13.30 (s, lH, OH); MS m/z (rel. intensity) 
273 (M+, lOO), 258 (62), 256 (74), 212 (31), 226 (42). Anal. Calcd for Cr4HtrN05: C, 61.54; H, 4.03; N, 

5.13%. Found: C, 61.33; H, 3.87; N, 5.29%. 

Reaction with cyclohexene, to give 2-acetyl-4-nitro-7,12-~hydro-cy~lohex~o[d]- 

benzoHr]-furan-l-ol. 20; yield 1296, oil; IR 3080, 1630, 1610 cm-r; rH-NMR 6 1.2-2.4 (m, 6H), 2.70 

(m,3H) ,3.70 (m,lH), 8.60 (s, lH), 13.17 (s. IH, OH); MS m/z (ml. intensity) 277 (M+,12), 260 (loO), 242 
(8,230 (25). 43 (35). Anal. C&d for Ct,+HrsNOs : C, 60.65 ; H, 5.41; N, 5.05%. Found: C, 61.03 ; H, 5.67; 

N, 482%. 
Reaction with ethyl-vinyl-ether, to give 2-aeetyl-4-nitro-7-ethoxy-7,8-dihydro-- 

benzo[b]-furan-l-ol22; yield 1996, mp 67-700 C; JR 3100,1625, 1580,1525,1370 cm-r; rH-NMR 6 1.2 

(t, 3H, J=7 Hz), 2.55 (s, 3H), 3.20 (m, 2H), 3.90 (m ,2H), 6.01 (dd, H-I), 8.55 (s, lH), 12.09 (s, lH, OH) ; 
MS m/z (rel. intensity) 267 (M+. RIO), 222 (33), 193 (93, 175 (13). Anal. Calcd for Cr2Hl#C(j : C, 53.93; 

H, 4.90, N, 524%. Found: C, 54.17 ; H,4.78; N, 4.94%. 
Reaction with 2.3-dihydrofuran. to give 2-acetyl-4-nitro-7,9,10,11-tetrahydro- 

furano[3,4-d]-benzo[b]-furan-l-01, 23; yield 15%. oil; JR 3080, 1630, 1610, 1580, 1370 cm-r; tH- 
NMR 6 2.28 (m. 2H), 2.61 (s, 3H), 3.69 (m,iH), 4.12 (m, 2H), 6.62 (lH, d, J=6Hz), 8.53 (s, lH), 13.03 (s. 





11552 S. SPYROUD~ and P. TARANTLI 

Reaction of phlorogIucinol 3 with (diacetoxyiodo)bcmxcne. A solution of NaOH (3 mmol) 
in methanol (5 ml) was added to a solution of phloroglucinol(1 mmol) in methanol 5 (ml) and the solution 

was stirred at r.t. for 1 hr. A solution of (diacetoxyiodo)benzene, (3 mmol) in methanol (5 ml) was added 

to the first solution followed by the addition of 3 mmol of NaOH in 5 ml of methanol. After 30 min the 
final solution was diluted with water and extracted with CHzC12 to afford (2,4,6-trlhydroxy-phenyl)- 
phenyl-iodoninm acetate, 36; yield 21%, mp 85-900 C; IR 3350, 1615, 1580, 1525 cm-l; 1H-NMR 6 

2.15 (s, 3H), 6.98 (m, 2H), 3.40-4.00 (2 br, 3H), 7.05-7.40 (m, 5H), 7.78 (m, 2I-I); MS m/z (rel. intensity) 
329 (M+- CH$OO,l5), 204 (37), 142 (95). 127 (40), 94 (15). 77 (33), 44 (100). No satisfactory elemental 

analysis could be obtained 
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