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OXOAPIPIONIUI1 SALTS. A NEW REAGENT FOR PHENOL COUPLING 
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Rbstract - Oxoammonlum salts, such as 2?2?6,6-tetra- 
methyluioeridlne-1-oxonlum tetrafluoroborate, 

oxldatlvely couple phenols to dlhydroxyblphenyls In 

good yleld. Furthermore, these compounds can be used 

to dehydrogenate tertlary amlnes to lmrnlum salts and 

to oxldlze certaln phenols to qulnones. 

Organlc oxoammonlum salts such a s k c a n  be easlly prepared From commercial 

nltroxlde radlcals such as TEIIPO ~2.2.6,6-tetramethylprperld1nyl-l-oxy) 

(31 by a one-electron oxldatlon LEquatlon lj or by acld-catalyzed 
N 

disproportlonatlon.' They have been explored recently as selectlve 

oxldlzlng agents For several organlc Functional groups. Sneclflcally, 

they have been used to oxldlze alcohols to aldehydes or ketones. amlnes to 

lmlnes. aldehydes; ketones or nltrlles, ketones to &bk diketones. and 

ohenols to nuinones. The preparation of the salts. thelr pronertles and 

Equation 1 
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these reactlons have been recently summarlzed. 1-3 

In our search for new appllcatlons of these useful materials, we 

lnvestrgated the oxldatlon of several ohencls to determine whether 

coupllng might be oroduced. Such couollng reactlons are imprtant ir the 

blosynthesls of natural mater~als.~ Whlle the oxidation of naphthols has 

been reoorted to yleld qulnones, no coupled eroducts were observed. 6 

The phenollc alkalold corypalllne iz3 was the model compound for a series 
of electrochemlcal phenol coupllng studies carrled out in our laboratory 

and summarlzed several years ago,' and it was the First phenol that we 

studled wlth the oxoammonlum salt (2 ) .  A prellmlnary reactlon under 

neutral condltlons revealed the presence OF the coupled product Cg;' but a 
detalled study was requlred to completely elucidate the varlous reactlons 

and obtaln good ylelds OF 5. 

When the oxldatlon of 2 was carrled out in CH3CN-H20 solutlon in the 

presence of KHC03. the normal coupled oroduct (21 was rsolated rn El% 
yleld. When the reactlon was carrled out in the oresence of one 

equivalent of tetraethylammonlum hydroxide. the major products were2 In 

26% yleld and the condensed structure Lzl In 51% yleld. It 1s strange, 

however, that the oxldatlon of t o 2  dld not oroceed under any 

condltlons. In the absence OF any added base or acld, the major product 

was g In about 63% yleld along wlth 13% OF 6. Compound(B)was not purlfled 
-4 'U 

but was reduced wlth NaBDy to glve 1-deutero-zfor ~dentlflcatlon. In the 

presence of strong aclds such as HBF?. or in the presence OF an excess of 

strong base, no oxldatlons took olace. Compounds(6)andi~)had been 
CC 

observed previously in our electrochemlcal studies,' and a was obtalned in 
very low yleld from the catalytic oxldatlon of corypalllne. B 
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OXOammOnlum salts izl can oxldlze by a one electron process and be reduced 

to a nltroxlde (?),by a two electron process with a reductlon to a 

hydroxyamlne ig),or by a four electron process with reductlon to a 

plperldlne (11 (Equation Thus, the observed reductlon product can 

glve some Idea of the mechanism in each case. 

In the presence of the weak base, KHCO-,, the phenol is apparently 

deprotonated in an equlllbrlum and is oxldlzed to glve a coupled product. 

The oxoammonlum derlved materlal 1s the nltroxlde, and the reactlon 

appears to be a one electron reactlon. In the presence of one equivalent 

OF strong base, tetraethylammonlum hydroxide, coupling results, end 

further oxldatlon to takes place. Thls clearly lnvolves the 

dehydrogenatlon of the 1.2 C-N bond and addltlon OF the ohenol, hut the 

detalled steps in the reactlon are not clear. In neutral or near neutral 

solution, the result is malnly the dehydrogenatlon product (El, and the 
hydroxyamlne (21 was one of the products. Thus, the reactlon appears to 

be a two electron oxldatlon. Such amlne dehydrogenations have been 

9 observed by Semmelhack's group and by Hunter. 
10 
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Under Ideal coupling condltlons LKHC03 In 90:10 CH3CN-HzO1, vanlllln gave 

dehydrovanlllin (21 ln 85% yleld, and 2,Lf-di-w-butylphenol gave the 
dlmer (LO1 in 72% yreld i87% when the added base was lutldlnej. In the 

presence OF two equivalents OF oxoammonlum salt, 2.6-dl-=-butylphenol 

gave the dlmerlc quinone (A~J in quantitative yleld. Wlth smaller amounts 

OF oxoammonlum salt, an intermediate, presumably the simple coucled 

phenol, was observed Cchromatographlcally! From the oxldatlon OF the 2 . 6 -  

isomer. 

The oxidations OF 1- and 2-naphthols have been reported,' but the products 

were qulnones kl-naphthol gave a mlxture OF 1,2 and l,%-naphthoqulnones 

and 2-naphthol gave 1.2-naphthoqulnone in 95% yleld). We Found that 

CHO CHO 

9-phenanthrol gave 5.10-phenanthroqulnone (1s) In *7% yreld 181% when the 

base was lutldlne,. For 9-phenanthrol, the oroduct obtalned From the 

oxoammonlum salt was the piperldine (11, clearly denotlng a Four electron 
N 

oxidation. 
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Oxldatlon OF 5 in Weak Base. KHC03, ~omoound(5:~ (195 mg, 1.00 mmol) and * - 
KHCO (300 mg, 3.00 mmol) were dissolved in 20 ml OF H20, and a solutlon 3 

OF %in 5 ml of CH3CN was added dropwlse. The solutlon was stlrred For 20 

min, baslfied with 10% NaOH and washed with ether. The aqueous phase was 

neutralized wlth 10% NH C1 and extracted wlth three portlons of CHC13. Y 

The CHC13 extracts were drled LNa SO 1 and evaporated to glve 157 mg of& 
2 9 

as white crystals, mp 23-236' C (llt., l3 mo 235-237O C,. The nltroxide 

(3) was observed by thln-layer chromatography. whereas no hydroxyamlne (2;' 
,% 

was seen. 

W a t l o n  of 5 Wlth One Eouivalent of 5 - trona Base iTetraethulammonlum 

Hudro- Compound(~Xl95 mg. 1.00 mmol) was dissolved in 20 ml OF 

CH3CN. and 1.00 mmol (360 /dl of a YO% aqueous solutlonj was added. fl 

SOlutlOn of 2 (267 mg, 1.10 mmol) In 5 ml OF CH3CN was added dropwlse. 

The SOlutlOn was stirred For 30 mln, concentrated to 5 ml, acldiFied with 

10% HC1 and washed wlth CHC13. The aqueous phase was baslfled to pH 12 

with 10% NaOH and extracted with three portlons of CHC13. The CHC13 

solutions were drled (Na SO and evaporated to give 76 mg (51% corrected 2 'i 

For startlng material) OF _7, mp 217-220~ C (lit.,' mp 217-220° C). The 

above aqueous phase was then neutralizedwlth solid NH C1 and extracted Y 

with CHC13. The CHCl extracts were drled and evaporated. The residue 3 

was chromatographed by preparative tlc (CH OH: cone. NH OH; 98:2) to glve 
3 Y 

'il mg OF startlng materlal and 39 mg of (25% corrected). 

Qxldatlon of 5 in Neutral Solution. Compound(~)i39 ma, 0.20 mmol) was 

susoended in 2 ml of CH3CN, and a solutlon OF Y (39 mg, 0.20 mmolj in Y ml 
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OF CH3CN was added dropwise. The solutlon was stirred For 30 mln and 

concentrated to a small volume. The mlxture was separated by preparative 

tlc (CH30H: conc. NH OH, 97:3 on sillca gel). The major product (J) had 
'I 

an RF OF 0.05 and was isolated as 22 mg OF red solid, mp 137-190° C: 19 lH 

nmr (11~016 8.36 (IH, s, c~H), 6.82 and 6.79 C ~ H ,  singlets, C ~ H  and c~H), 

3.75 (3H, 5, 0CH3), 3.72 (2H, t, .I-8.1, C3H), 3 . W  (3H, s, NCH3), 2.95 

(ZH, t, .I-8.1, C,+HI. Compound(E1was reduced with Na8Dy to glve l-deutero- ..J 
5, mp 168-169O C, identical wlth non-deuterated 5 except For the peak at? ,-. 
3.29 which had only one hydrogen. 

Oxldatlon OF Uanlllln. Uanlllln (152 mg, 1.00 mmoll was dlssolved in 20 

ml OF CH3CN, and a solutlon of KHC03 (300 mg, 3.00 mmol) In 5 ml OF H20 

was added (the KHCO part~ally preclnltatedJ. Oxldant ('I) (365 mg, 1.50 
3 - 

mmol) In 10 ml of CH3CN was added dropwlse. and the mlxture was stlrred 

For 30 mln. The solutlon was concentrated to about 5 ml. and 10 ml of H20 

was added. The mlxture was shaken wlth CHC13 for a Few mln whereupon a 

whlte oreclpltate Formed. The solid was collected by Flltratlon to glve 

127 mg (85%) OF dehydrovanrllln (z), mp 305-307O C <11t,15 mp 303-305' C). 

Oxidation OF 2.9-Dl-tert-butulnhwnol, 2,9-Di-m-butylphenol (206 mg, 

1.00 mmol) was dlssolved in 10 ml OF CHZC12, and 130 p 1  of 2,6-lutldine 

(1.10 mmol) was added. Oxidant ('I) (267 mg, 1.10 mmol) dissolved in 20 ml 
+ 

OF CH2Cl2 was added dropwlse, and the solution was stirred For 30 min. The 

solution was washed wlth 0.1 fl HCl. dried iNa2SO'I)2 evaporated and 

separated on a sillca gel column to glve 177 mg (87%) of LO, mp 195-197' C 

(lit.,'= mp 199-195O C1. 
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Oxidation OF 2.6-Oi-tert-butulohenol, 2,6-Di-t.rt-hutylphenol (103 mg, 

0.50 mmol) was dissolved in 10 ml OF CH3CN, and a solution of KHC03 (150 

mg, 1.50 mmol) in 5 ml OF H20 was added. Oxidant (21 (267 mg, 1.10 mmol) 

in 10 ml OF CH CN was added dropwlse, and the solutlon was stirred For 60 3 

min. Red needles Formed durlng the reactlon and were collected by 

Filtration to give 101 mg (100%) OF 11, mp 297-2~8O C (lit.,17 mp 2%-2W0 - 
Cl. 

Qxidatlon of 9-Phenanthrol. 3-Phenanthrol (139 mg, 1.00 mmolj and 2,6- 

lutldlne 1 1 7  1 ,  1.00 mmoll were dissolved in 10 ml OF CH2C12, and a 

solutlon of oxidant (2) (267 ma, 1.10 mmol) In 20 ml of CH2C12 was added. 
The mlxture was stirred For 30 mln, extracted with 0.1 M HC1, dried (sat. 

NaCl Followed by Na SO and evaporated. The resldue was separated on a 
2 'i 

silica gel column wlth ZO:80 ethyl acetate: petroleum ether to give 163 mg 

(81 % I  OF 3.10-phenanthroqulnone, mp 205-207' C (lit.,'' mp 205-207~ 2). 

We would llke to thank the Donors OF the Petroleum Research Fund, 

admlnlstered by the Amerlcan Chemlcal Soclety, For partlal supoort OF this 

research. We also acknowledge Flnanclal support From the Unlverslty OF 

Connecticut Research Foundation. 

REFERENCES RNO NOTES 

1. Paper 3: 2. na and J. M. Bohhitt, J .  Oro. Chem., 1331; 56, 6110. 

2. 3 .  N. Bohhitt, M. C. F. Guttermuth, 2 ,  Ma, and H. Tang, Heterocucles, 

1330, , 1131. 



648 HETEROCYCLES. Vol. 33, No. 2, 1992 

3. J .  M. ~obbltt and M. C. L. Floras, Hsterocucl~, 1988, 22, 50%. 

4 Pl. Yamaguchi, 1. Pllyazawa, 1. Takata, and 1. Endo, Pure and A o ~ l .  

Chem., 1390, , 217. 

5. W. I. Taylor and A. R. Battersby, Oxldatlve CouDllno of Phenols; 

marcel Dekker, New York. 1367. 

6. U. H. Hunter, D. H. R. Barton, and U. H. Motherwell, Tetrahedron 

W, 1984, , 603. 

7. J. M. Bobbltt, Heterocucles, 1373, 1, 181. 

8. J. n. Bobbitt, K. H. Welsgraber, A. S. Steinfeld, and S. G. Weiss, L 

m a .  Chem., 1970, , 2 ~ ~ 3 .  

9. Pl. F. Semmelhack and C. R. Schmid, J. Am. Chem. Soc., 1983, m, 6732. 
10. D. H. Hunter, J. S. Racok, R. W. Reg, and Y .  2. Ponce, J .  Oro. Chem., 

1988, , 1278. 

11. The general experimental conditions were the same as those summarized 

in reF. 2. 

12. J. M. Bobbltt, J. n. Kiely, K. L. Khanna, and R. Ebermann, 3 .  Orn, 

Chem., 1365, , 2237. 

13. J. M. Bobbitt, H. Yagi, S. Shibuya, and J. T. Stock? J .  Ore. Chem., 

1371, , 3006. 

14. Thls Ion was reported, probably as the hydroxide, in ref. 8. It was 

not crystalline and was ldentlfled by reduction back to 5. 

15. K. Elbs, J. Chem. Soc., 1932, 939. 

16. Pl. Tashlro, H. Yoshlya, and G. Fukata, J .  Ora. Chem., 1931, lf6, 3784. 

17. C. D. Cook, E. S. Englrsh, and B. J. Wilson, J. Oro. Chem., 1958, 23, 

755. 

18. Pl. Ngo, K. R. Larson, and G. D. Mendenhall, J .  Orn. Chem., 1986, z, 
5390. 

Received, 3 1 s t  October ,  1991 


