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Abstract- The reaction of 1-chloronaphthalenewith acetone (Za) 

and acetophenone (Zb) enolate ions was initiated by sodium 

amalgam [Na(Hg)] in liquid ammonia giving good yields of the 

substitution products 3a and 3b respectively. P-Chloroguinoline 

and 2-chloropyridine gave good yields of substitution product 

with Zb, and moderate to good yields with 2a. 4-Bromo- 

beneophenone and la gave 78% of the substitution product 5. 

With aryl halides whose radical anions fragment fast and 

consequently close to the Na(Hg) surface, such as bromobenxene 

and p-bromoanisole, only dehalogenationptoducts were observed. 

However, when bensonitrile was used as a redox catalyst, about 

50% of the substitution product 6 was obtained with p-bromo- 

aniaole and 2a. However, with the more reactive carbanionic 

nucleophile, such as anthrone anion 4, good yields of the 

substitution product 7 were obtained with bromobenzene. In all 

these reactions neither reduction of the aromatic moiety nor 

the ketone functionality was observed. It is therefore 

suggested that Na(Hg) amalgam initiates these S%,,l reactions. 

The aromatic radical nucleophilic substitution, or Sm,l, has been shown to be an 

excellent means of affecting the nucleophilic substitution of unactivated aromatic compounds 

possessing suitable leaving groups. The mechanism of the reaction is a chain process, and the 

propagation steps are shown in Scheme I.' 

Scheme I depicts a nucleophilic substitution in which radicals and radical anions 

are intermediates. However, this chain process requires an initiation step. In a few systems, 

spontaneous electron transfer (ET) from the nucleophile to the substrate has been observed.3 

When ET does not occur spontaneously, it can be induced by light,4 by solvated electrons in 

liquid aavaonia,' by cathodically generated electrons,6 or by certain inorganic salts.' 
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(=I’ -> R’ + x- 1 

R’ + Nu- --> (RNU)’ 2 

(RNU)’ + Rx --> RNU + (Rx)- 3 

Rx + Nu- --> RNU + X- 4 

We recently found that sodium amalgam [Na(Hg)] reacts with aryl halides in liquid 

aaunonia6, and also it is a suitable reagent to initiate SW,1 reactions of aryl halides and 

diphenylphosphide ions in liquid ammonia.R 

Although certain carbanions have been found to be efficient nucleophiles in ~9~x1 

reactions with aryl halidee,2 stabilized carbanions such as the enolate ions of acetophenone" 

or the anions of a-13 unsaturated ketones" were found to be unreactive toward halobenzenes 

under photostimulation in liquid ammonia. The acetophenone enolate ion was shown to react with 

iodobeneene in liquid ammonia only under very draetic irradiation conditions to give 61% yield 

of a-phenylacetophenone.'2 On the other hand, 2-naphthylmethylketone13 and acetophenone'b'8 

enolate ion6 react in liquid ammonia with more electrophilic substrates. 

Recently" we have found that there are difference8 of reactivities among carbanions in 

the photostimulated initiation step and in the coupling reaction (eq. 2) of the propagation 

steps. Thus, the rate of the photostimulated ET from carbanione to iodobenxene in DHSO 

increases as the pKa of the ketones increases, but the rate of the coupling reactions decreases 

as the pKa increases. Thus, the lack of reactivity of acetophenone and other related stabilized 

carbanions in photostimulated reactions with haloarenes in liquid ammonia could be due to the 

lack of photostimulated initiation steps. We then undertook the study of the reaction of 

carbanions with haloarenes initiated by Na/Hg in liquid ammonia. 

Results and Discussion 

It has been shown that Na(Hg) (3% w/w) in liquid ammonia forms a heterogeneous mixture, 

and no solvated electrons are present in the soluticn.96b No reaction of l-chloro- 

naphthalene (1) with acetone enolate ion (2a) has been observed in the dark or under 

irradiation in liquid ammonia;'Ob however, in the presence of Na(Hg), a 98% yield of the 

substitution product 3a was obtained (eq. 4). No reduction on the naphthylmoiety was observed, 

as has been found in the reaction initiated with potassium metal in liquid ammonialOb (Table 

1, experiment 1). 

Substrate 1 reacted neither in the dark nor under irradiation (only 8% of reaction after 

3 h of irradiation) with acetophenone enolate ion (Zb) in liquid ammonia.'Ob However, in the 

presence of Na(Hg), a very good yield of substitution product 3b was obtained (eq. 4) (Table 

1, experiment 2) and also no reduction products were observed. 
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Na(Hg) 
t -cll,-CO-R - 

NHS 

I 2a : R-CHS 3a : R-CHJ 

2b: R.Ph 3b: R-Ph 

These result8 clearly indicate that the reason why ldid not react under irradiation with 

Zb is the very low reactivity in the photostimulated initiation step, and that Zb is indeed 

able to couple guite efficiently with 1-naphthyl radicals. 

In the reaction of 2-chloroguinolina with 2a and Na(Hg), only 46% yield of the 

substitution product 2-guinolylacetone 4a was obtained, together with a substantial amount of 

the dimeric product biguinolyl (Table 1, experiment 3). This result agrees with the slower rate 

of coupling of 2-guinolyl radicals with 2a (1 x lOa M-l s-l) in liquid amonia (-40 QC) compared 

with the rate of coupling of 1-naphthyl radicals with 2a, that is, 4.2 10" K' a-' in the mme 

experimental conditione.6b 

It hae been reported that by competition experiments Zb ie 7.5 timee more reactive than 

Za toward phenyl radicals in DMSO." In the reaction of 2-chloroguinoline with the more 

reactive ketone Zb and Na(Hg), a 98% yield of the substitution product a-(2- 

guinolyl)acetophenone 4b was obtained, and neither reduction nor dimeric products were found 

(Table 1, experiment 4), showing that the rate of coupling is faster with this nucleophilethan 

with 2a also in liquid ammonia. 

0 0 
CH,COCH, 

mc”2coR + Q. O 2 Q,,.. 
40: R-CH, Cn*COCHI 

?? 
(a: I-CH, 

4b: R-Ph 5 6 7 8b: R-Ph 

In the reaction of 4-bromobenxophenone, la and Na(Hg), a good yield of the substitution 

product 5 wa8 obtained, and the benzophenone moiety was not reduced in our experimental 

conditions (Table 1, experiment 5). 

The reaction of p-bromoanisole and diphenylphoephide (Ph2P-) ions and Na(Hg) in liquid 

ammonia did not give substitution product due to the fact that the fragmentation rate of 

p-bromoanisole radical anion ie fast and it fragments close to the Na(Hg) surface, and the 

p-anisyl radicals formed are further reduced to p-anisyl anion by the Na(Hg) before they can 

diffuse to the bulk solution to react with the nucleophile.* However, in the presence 

of beneonitrile as redox catalysts,6 more than SO % yield of the substitution product 

p-anieyldiphenylphosphine has been found.* 
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A: TABLE Reaction of Aryl Halide with Carbanions Induced by Sodium Amalgam in 

Liquid Ammonia.' 

Expt. Arxt (mol) 

- 
%C 

- 

1 1-ClNaph (4.0) 2a (16.0) 12.0 d 3a (98) 

2 1-ClNaph (4.0) 2b (12.0) 12.0 d 3b (98)' 

3 2-Clguin (3.0) 2a (10.0) 12.0 f 4a (49)9 

4 2-clguin (3.0) 2b (9.0) 9.0 4b (98) 

5 4-BrBene (3.0) 2a (6.0) 9.0 6 

gh 2a (5.0) 7.5 25 

?h 

Si 

9 

10 

p-BrAn (2.5) 

p-BrAn (2.5) 

PhBr (2.0) 

2-ClPyr (3.0) 

2a (10.0) 7.5 21 

4 (4.0) 

2a (10.0) 

6.0 d 

10j 

5 (78) 

6 (45) 

6 (57) 

7 (70) 

8a (15) 

2-ClPyr (3.0) 2b (10.0) 

8.0 

8.0 5 Sb (75) 

Nucleophile NWW ArH substitution 

(mol) (~01) Product (%)c 

aReactione carried out in ca. 200 mL of liquid anmonia. bl-CINaph = l-chloro- 

naphthalene; 2-ClQuin = 2-chloroguinoline; 4-BrBenx = I-bromobeneophenone; 

p-BrAn = p-bromoanisole; 2-ClPyr = 2-Chloropyridine. 'Quantified by GLC, unless 

otherwise indicated. dDetected, but not quantified. 470% yield of pure isolated 

product. fThe reduction product guinoline was not detected, but ca. 50% of the 

dimeric product biguinolyl was found. SDuplicate run. hPhCN was added as a redox 

catalyst (300 mmol%). iPhCN was added as a redox catalyst (SO0 mmol%). jThe dimer 

bipyridyl was formed in cd. 55%. 
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In the reaction of p-bromoanisole and Za stimulated with Na(Hg) in the preeence of 

benzonitrile aa redox catalysts, 45% yield of the substitution product p-anisylacetone 6 was 

obtained. Increasing twice the concentration of Za, there was only a slight increase of the 

substitution product (Table 1, exparimenta 6-7). 

It is interesting to note that the reaction of p-brcmoanieole and 2a atimulated with K 

metal in liquid ammonia gave 36% yield of p-anisylacetone and 10% yield of the reduction 

product 1-(p-anisyl)-2-propanol.26 In the reaction stimulated with Na(Bg), only the 

substitution product was obtained, and no reduction product was detected. 

By competition experiments, Ph2P- ione are about 6 times more reactive than pinacolone 

enolate ion in liquid ammonia,'?l and it ie expected that the reactivity of 2a ehould not be 

different from these values. Because Ph2P- ions are more reactive than 2a, the reaction of Ph2P- 

iona and p-bromoanisole and Na(Hg) and benzonitrile is more effective than the reaction with 

2a as nucleophile. 

In order to see if more reactive carbanionic nucleophiles are able to react in this 

condition, and as anthrone anion ie 16.5 times more reactive than la in the coupling reaction 

with phenyl radicals,'19 we atudied the reaction of this nucleophile in thfa experimental 

condition. In the reaction of bromobenzene and anthrone ion 4 in the presence of beneonitrile 

and catalyzed by Na(EIg), 70% yield of the substitution product lo-phenylanthrone 7 was obtained 

(Table 1, experiment 8). 

In the reaction of 2-chloropyridine and 2a with Na(Hg) , a low yield of 2-pyridylacetone 

8a was obtained, and 10% yield of pyridine together with a substantial amount of the dimeric 

product bipyridyl (Table 1, experiment 9), indicating a slow rate of coupling of 2-pyridyl 

radicals with 2a. However, with a more reactive carbanionic nucleophile as 2b, good yields of 

substitution product 8b were obtained (Table 1, experiment 10). 

conclusion*: All these results suggest that Na(Hg) amalgam is an efficient reactive to 

initiate SAW1 reactions of aryl halides and carbanions in liquid ammonia, and no reduction 

products derived from the ketone functionality or the aromatic moieties are found. In the case 

of aryl halidee, where their radical anions fragment very fast and close to the Na(Hg) surface, 

they are reduced to arenee. In this case, a redox catalyst, such as benzonitrile muet be used, 

and moderate to good yields are obtained, especially with nucleophilee very reactive toward 

aryl radicals. When the radical anions derived from the aryl halides did not fragment close 

to the Na(Hg) surface, and diffused to the bulk eolution, a very good yield of substitution 

products was obtained. 
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General Nethod. 'H NBB spectra of CD2Cl2 solutiona were recorded with a Varian T-60 and with 

a Bruker 200 nuclear magnetic resonance spectrometers. The positions of the eignals are 

reported in parts per million relative to We,Si (6). Bass spectra were recorded with a Finnigan 

3300 f-100 mass spectrometer. Gas chromatographic analyses were performed with either a 

Shimadeu GC8A gas chromatograph equipped with a Shimadeu CR-3A data system or a Spectra Physics 

SP-2400 gas chromatograph equipped with a flame ionieation detector. A 3 mm x 1.5 m column 

packed with 5% OV 17 on Chromosorb P was used. Quantitative analysis was done by the internal 

standard method. The potentiometric titration of halide ions was performed with a pameter 

(Seybold Wien) equipped with a Ag/Ag+ electrode and AgNC3 standard. Melting points were 

measured with a Biichi 510 apparatus and are uncorrected. 

Waterials: p-Bromoaniaole (Fluka), 1-chloronaphthalene (Fluka), 2-chloroguinolfne (Fluka), 2- 

chloropyridine (MCB), bromobenzene (Aldrich), 4-bromobensophenone (Janseen), acetophenone 

(Carlo Erba), anthrone (Carlo Erba) and bensonitrile (BDH) were coannercially available and were 

used as received. Na(Hg) amalgam (3% w/w) was prepared and its concentration was determined 

as reported.9a 

Beaction of Wa(Eg) with I-Chloronapbtha1eae and Acetophenone Enolate IOP in Liquid Ammonia: 

The following procedure is representative of these reactions. To 200 mL of distilled liquid 

ammonia (previously dried under nitrogen with Na metal) and under nitrogen were added 20 mm01 

of potassium tert-butoxide, 12.0 mm01 of acetophenone and 4.0 mm01 of 1-chloronaphthalene. The 

reaction vessel was wrapped with aluminum foil to exclude light, and 12 mm01 of Na(Hg) was 

added with magnetic stirring. After 2 h the reaction was quenched by adding ammonium nitrate 

in excess and the ammonia was allowed to evaporate. The residue was dissolved in water and the 

solution was extracted with dichloromethane, and then the chloride ions were determined 

potentiometrically in the water eolution. The dichloromethane solutionwas dried and quantified 

by GLC (internal standard method). The solvent was removed under reduced pressure. The residue, 

after radial chromatography on silica-gel (eluted with petroleum ether: diethylether 7:3) gave 

a-(l-naphthyl)acetophenone,22 mp 102-103°C, 'xi NBB (cl&) 6 4.73 (s, 2H); 7.3-8.1 (m, 12H); 

MS (70 eV) m\e (relative intensity) 246 (9, M+), 215 (7), 202 (15), 105 (30). 

(l-Wapbtyl)acetone,22 'Ii WWB (C15CD) 6 2.10 (s,3H); 4.1 (s,2H); 7.3-8.0 (m,7H). 

(2-Quinolyl)acetone,23 mp 74-75 'C (lit24 mp 76-77Y). MS (70 ev) m/e (relative intensity) 185 

(lOO), 170 (69), 143 (71), 142 (28), 128 (3), 115 (4). 43 (15). IR (cm-')= 593, 731, 1152, 

1183, 1334, 1414, 1556, 1643, 2978, 3056, 3185. 

pAniSylaCOton0,25 'H NBE (C14C) 6 1.9 (a, 3H); 3.8 (6, 3H); 4.0 (s, 2H); 6.9 (m, 4H). 

2-Prridylacetone,26 'H NBB (C14C) 6 2.22 (6, 3H); 3.91 (s, 2H); 7.09-7.76 (m, 4H); IR (cm-') 

478.92, 807.79, 1118.51, 1314.51, 1370.76, 1431.29, 1500.07. MS (70 eV) m/e (relative 

intensity) 135 (7, M+), 93 (loo), 66 (12, 43 (32). 
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4-Benxoylphenylaoetoaa: 'H NMR (ClqC) 6 1.7 (s,3H); 3.1 (s,ZH); 6.6-7.4 (m,9H). MS (70 eV) m/e 

(relative intensity) 239 (4), 238 (3), 196 (5.4), 180 (9.6), 165 (9.1), 135 (2.5), 119 (5), 

105 (loo), 91 (13), 77 (59.8), 59 (26), 43 (40). "C NMR = 30.7, 52.95, 121.60, 122.72, 122.83, 

123.51, 126.19, 127.78, 128.51, 129.55, 130.89, 136.26, 137.80, 152.89, 188.25, 205.29. 

rr(2-9uinolyl)acetophenono. Mp 117-118QC (Lit.n mp 119-120QC). 'Ii NMR (Cl&C) 6 4.60 (a, 2H); 

7.20-8.50 (m, 11H) IX (cm-'): 597, 643, 752, 1156, 1161, 1206, 1315, 1522, 1566, 1660, 3030, 

3182. 

a-Phenylacetophenone. Xp 54-55QC (Lit.28 mp 55-561X). 'H NMR (Cl&) 6 4.68 (a, 2H); 6.8-7.4 (m, 

10Ii). 

a(pAnisyl)ecotophenone. l4p 99.5-100.5QC (Lit.28 mp 98-99QC) 'H NMR (C14C) 6 3.78 (6, 3H); 4.70 

(s, 2H); 7.1-7.7 (m, 9H). 

lo-Phenylenthrone. Compound pure compared with an authentical aample.19 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

E. AUSTIN er al. 

(a) Centro de Qulmica Aplicada, CBQUIXAP. (b) Departamento de Qulmica Organica. 

For reviews, see: (a) Norria, R. K. The Chemistry of Functional Oroupe; Patai, S., 

Rappoportr E., Eds.; Wiley: Chicheeter, UK, 1983; Supplement D, Chapter 16. (b) Rossi, 

R. A.; de Roasi, R. B. Aromatic Substitution by the SMl Sechaniem; ACB Xonograph 178; 

American Chemical Society: Washington, DC, 1983.' 

(a) Kim, S. K; Bunnett, J. F. J. Am. CAem. Sot., 1970, 92, 7463. (b) Scamehorn, R. 0.; 

BuMett, J. F. J. Org. Chem. 1977, 42, 1449. (c) Scamehorn, R. G.) Hardacre, J. M.; 

Lukanich, J. M. J. Org. Chem. 1984, 49, 4881. 

(a) Roaai, R. A.; Bunnett, J. F. J. Org. Chem. 1973, 38, 1407. (b) HOZ, S.; BuMett, J. 

F. J. Am. Chem. Sot. 1977, 99, 4690. (c) Fox, H. A.; Younathan, J.; Fryxell, 0. B. J. 

Org. Chem. 1983, 46, 3109. 

(a) Kim, J. K; BuMett, J. F. J. Am. Chem. Sot. 1970, 92, 7464. (b) Rossi, R. A.: 

BuMett, J. F. J. Am. Chem. Sot. 1974, 96, 112. 

(a) Savdant, J. M. Act. CAem. Res. 1980, 13, 323. (b) Saveant, J. X. A&. Phys. Org. 

CAem. 1990, 26, 1, and references cited therein. 

Galli, C.; Bunnett. J. F. J. Am. Chem. Sot. 1984, 49, 3041. 

Au&in. E.; Alonao, R. A.; Rossf, R. A. J. Chem. Ree. 1990, 190. 

(a) Austin, E.; Aloneo, R. A.; Roeei, R. A. J. Org. Chem. 1991, 56, 4486. (b) Although 

the redox potential of Na(Iig) is not known in liquid ammonia, it wae determined to be 

- 2.0 V va SCB in DKF ae eolvent, see Astruc, D. Angev. Chem. Inter. Sd. Sngl., 1968. 

27, 643 and references cited therein. 

(a) BUMett, J. F.; Sundberg, J. E. J. Org. Chem. 1976, 41, 1702. (b) Rossi, R. A.; de 

Rosai, R. Ii.; Ldpee, A. F. J. Am. Chem. Sot. 1976, 96, 1252. 

Aloneo, R. A.: Austin, E.; Roesi, R. A. J. Org. Chem. 1988, 53, 6065. 

Seam&hack, X. F.; Bargar, T. J. Am. Chem. Sot. 1980, 102, 7765. 

Beugelmans, R.; Bois-Choussy, H.; Tang, Q. J. Org. Chem. 1987, 52, 3880. 

Bay, J. V.; Wolfe, J. F. J. Am. Chem. Sot. 1975, 97, 3702. 

Beugelmane, R.; Bois-Chouasy, M. Reterocycles 1987, 26, 1863. 

Carver, D. R.; Komin, A. P.; Hubbard, J. S.; Wolfe, J. F. J. Org. Chem. 1981, 46, 294. 

Gostveen, E. A.; Van der Plas, Ii. C. Reel. Trav. Chim. Pays-Bas 1979, 98, 441. 

Nair, V.; Chamberlain, S. D. J. Org. Chem. 1985, 50, 5069. 

Boroski, 0. L.; Pierini, A. B.; Rossi, R. A. J. Org. Chem. 1992, 57, 247. 

Rosai, R. A.; Bunnett, J. F. J. Am. Chem. Sot. 1972, 94, 683. 

Galli, C.; Bunnett, J. F. J. Am. Chem. Sot. 1981, 103, 7140. 

Rosai, R. A.; de Rossi, M. R.; L@ea, A. F. J. Am. Chem. Sot. 1976, 98, 1252. 

Hay, J. V.; Wolfe, J. F. J. Am. Chem. Sot. 1975, 97, 3702. 

Weiee, M. J.; Hauser, C. R J. Am. Chem. Sot. 1949, 71, 2023. 

Rossi, R. A.; Bunnett, J. F. J. Am. Chem. Sot. 1972, 94, 683. 

Komin, A. P.; Wolfe, J. F. J. Org. Chem. 1977, 42, 2481. 

Wolfe, J. F.; Portlock, D. E.; Feverbach, D. J. J. Org. Chem. 1974, 39, 2006. 

28. Colau, R.; Val, C. Bull. Sot. Chim. Fr. 1979, 362. 


