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Abstract 

Arylcoppermagnesium reagents, prepared from 5ArMgX + 2SCu1, (Ar = 4-CHsC,H,, 4- 

CH,OC,H,, 4-C&H,, 2-C,H,Sl react with one equivalent of phthalic anhydride in ether or THF at 

-5°C for 2.5 h to give 2-aroylbenzoic acids in 83-98% yields. The phenylcoppermagnesium reagent 

(Ar = C,H,l under similar conditions gives 2-benzoylbenzoic acid and 3,3_diphenylphthalide in 40-42% 

and 42-45% yield, respectively. The yield of the 2-benzoylbenzoic acid rises to 93% in the presence of 

dimethyl sulphide. Under these conditions no phthalide is formed. Lithium diphenylcuprate reacts with 

phthalic anhydride in ether-hexane to give 92% of 2-benzoylbenzoic acid and 7% of 3,3-diphenyl- 

phthalide. The reaction of phenylcopper reagent, prepared from PhMgBr+CuI, under similar condi- 
tions is slow and gives 2-benzoylbenzoic acid in 15% yield. The reaction of phenylmagnesium bromide 

in the presence or absence of catalytic amounts of copper(I) iodide gives unsatisfactory results. Use of 

two equivalents of phenyllithium with one equivalent of phthalic anhydride, on the other hand, affords 

3,3_diphenylphthalide in 77% yield. The mechanisms of these reactions are discussed. 

Introduction 

Some years ago we began to investigate the synthetic potential of the magne- 
sium-based organocuprate reagents [l-31. It is known that both diorganocopper- 
lithium [41 and organocoppermagnesium [2,51 reagents react with acyl chlorides to 
give ketones in excellent yields. The corresponding reactions of these reagents with 
carboxylic acid anhydrides have been less studied. Bennett et al. [61 reported in 
1976 that lithium (phenylthio)-t-butylcuprate reagent reacted with succinic anhy- 
dride to give a keto acid in fair yield. The reaction of this mixed cuprate with 
maleic anhydride gave a mixture of the corresponding keto acid, 
‘BuCOCH,CH(‘BuICOOH (19%) by double addition, and the conjugate addition 
product MeOOCCH,CH(‘Bu)COOH (44%). We recently reported [2] that the 

* This work was presented at the 8th National Convention of The Royal Australian Chemical Institute, 

University of New South Wales, August 24-28, 1987; Abstract of the Org. Division, p. 49. 
’ Present address: IFRD, Bangladesh Council of Scientific and Industrial Research, Dhaka 1205, 

Bangladesh. 
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phenylcoppermagnesium reagent reacts with acetic anhydride to give, following 
hydrolytic work-up, nearly equimolar quantities of acetophenone and acetic acid, 
and in addition a small amount of diphenylmethylcarbinol. This and Bennett’s 
work indicated that a cyclic anhydride of dicarboxylic acid may react with an 
organocoppermagnesium reagent to produce a keto acid in a high yield. 

We report below the reactions of some arylcopper reagents with phthalic 
anhydride to give 83-98% yields of synthetically useful 2-aroylbenzoic acids. The 
reaction of phenyllithium with phthalic anhydride, on the other hand, provides 
3,3_diphenylphthalide in 77% yield. 

Results and discussion 

Because of the uncertainty [7-91 of the number and kind of organocoppermag- 
nesium species which can be formed when two equivalents of a Grignard reagent 
are mixed with one equivalent of copper(I) iodide in ether or THF, we represent 
these reagents as [2RMgX + CuI]. Table 1 shows that the 4-methoxyphenylcop- 
permagnesium reagent, prepared from SMeOC,H,MgX + 2SCu1, reacts with one 
equivalent of phthalic anhydride in THF to give, after hydrolytic work-up, 98% of 
2-(4-methoxybenzoyljbenzoic acid. Cuprate reagents derived from other substi- 
tuted phenylmagnesium halides behave similarly under similar conditions and give 
very high yields of the 2-aroylbenzoic acids. A heterocyclic copper reagent, the 
2-thienylcoppermagnesium reagent, also reacts in the same manner with phthalic 
anhydride to give 2-(2-thenoyl)benzoic acid in 86% yield (Table 1). In contrast, the 
phenylcoppermagnesium reagent reacts with phthalic anhydride in ether or THF 
to give a mixture of 2-benzoylbenzoic acid and 3,3_diphenylphthalide in 40-42% 
and 42-45% yield, respectively (Table 2). However, in the presence of a good 
complexing ligand such as dimethyl sulphide, which makes the reaction medium 
more homogeneous, the yield of 2-benzoylbenzoic acid increases to 93%. No 
3,3_diphenylphthalide was detected in the products. Lithium diphenylcuprate in 
ether-hexane, on the other hand, reacts in the absence of dimethyl sulphide under 
otherwise similar conditions to give 2-benzoylbenzoic acid and 3,3_diphenylphtha- 
lide in 92 and 7% yield, respectively. These results can be accounted for in terms 
of the mechanism detailed in Scheme 1. 

We believe that species II is formed as the first step of the reaction of the 
cuprate reagent with phthalic anhydride. If II has some stability, it will be present 
in the system long enough to undergo an intramolecular ring opening (pathway a) 
to form 2-aroylbenzoate, IV, which on hydrolysis will generate 2-aroylbenzoic acid, 
V. On the other hand, if II is very unstable, it may decompose intramolecularly, by 
transfer of an organic group and concomitant ring opening (pathway b), to produce 
III, which will then be converted into the lactone, VI, either during hydrolysis or 
by the elimination of metal oxide prior to hydrolysis. Compared with diethyl ether, 
THF and dimethyl sulphide are expected to have greater stabilizing effects on 
species II, presumably by forming more stable complexes, and thus, in their 
presence, the reaction of II is directed to pathway a. Since dimethyl sulphide, is 
the most efficient of the ligands examined, it is not surprising that the yields of 
2-benzoylbenzoic acid is highest in its presence (entry 3, Tables 1 and 2). The 
adducts, II, formed from cuprate reagents other than the phenylcoppermagnesium 
reagent, seem to be sufficiently stable to permit the reaction to proceed by 
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+ [5 A,,.,gX + 2.5Cul] 

Collapses 

Scheme 1 

pathway a, whereas the stabilizing effect of the added dimethyl sulphide is 
necessary for the reaction to go through this pathway when Ar = Ph. In the case of 
the reaction of the 4-methoxyphenylcoppermagnesium reagent (Table 1, entry 61, 
however, we believe that dimethyl sulphide stabilizes the initial cuprate reagent (I) 
so much that it greatly slows down the addition reaction to form II, and so 45% of 
the substrate is recovered after the usual reaction period. The balance of the 

Table I 

Reactions (at -5°C for 2.5 h) of the arylcoppermagnesium reagents, prepared from 5 ArMgX+2.5 
CuI, with one equivalent of phthalic anhydride 

Ar 

4-CH&,H, 
4-CH&,H, 

4-CH$,H, 
4-CH30C,H, 

4-CH30C,H, 

4-CH,OC,H, 

4-ClC,H, 

(ZC,H,S) 

Solvent Ligand 

100 cm3 10 cm3 

Ether - 

THF 
Ether Me,S 
Ether - 
THF 

Ether Me,S 

THF 
THF 

Products, % yield 

2-ArCOC,H,C02H 

83 

90 
94 

62 

98 
51 a 

90 

86 

3,3-Diarylphthalide 

_ 

7 

A trace 
Nil 

Nil 

Nil 

Nil 
Nil 

’ Phthalic acid (45%) was also obtained. 
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Table 2 

Reactions a of phenylmetallic reagents with phthalic anhydride 

PhMgBr 

(PhLi) h 

(mol) 

GUI c 

(mol) 

Phthalic 

anhydride 

(mol) 

Solvent Ligand 
100 cm3 10 cm’ 

Product, % yield 

Id II e III ’ 

0.05 0.025 0.01 Ether _ 40 45 _ 

0.05 0.025 0.01 THF _ 42 42 _ 

0.05 0.025 0.01 Ether Me,S g 93 Nil - 

0.01 0.01 0.01 Ether _ 15 - 75 
0.05 0.0005 0.01 Ether _ 13 _ 

0.05 0.0025 0.01 Ether _ 20 _ _ 

0.05 0.01 0.01 Ether _ 17 _ _ 

0.02 _ 0.02 THF _ 22 35 24 
0.02 _ 0.01 Ether _ 22 49 _ 

(0.02) h _ 0.01 Ether - 77 _ 

a All reactions were carried out at -5°C for 2.5 h. * The reaction with phenyllithium is given in 

parentheses. ’ Employed to prepare the cuprate reagents at - 10°C for 2-3 h. d I = 2-Benzoylbenzoic 

acid. ’ II = 3,3-Diphenylphthalide. I III = Phthalic acid. 8 When pyridine, (EtO),PO or Me,SO was 
used in place of Me,& no 2-benzoylbenzoic acid could be isolated. 

stabilization effects on I and II (Ar = 4-CH,OC,H,) caused by THF, seems to be 
perfect for the quantitative conversion of phthalic anhydride to 4-methoxy- 
benzoylbenzoic acid. 

Lactones seem not to have been formed by pathway c, since we failed to observe 
any reaction between V(Ar = Ph) and [%PhMgX + CuIl when the latter was ex- 
posed to the former under the same conditions as the original reaction. Compound 
V was recovered quantitatively. However, lithium diphenylcuprate, being more 
reactive than its magnesium counterpart, is able to react further with 2-benzo- 
ylbenzoic acid to give 3,3_diphenylphthalide in 36% yield. Therefore, in this case, 
some or all of the phthalide may have been formed by pathway c. 

We examined the question of whether or not some other soIvents/ligands, 
besides dimethyl sulphide, might have any effects on the relative yields of the 
products, 2-benzoylbenzoic acid and 3,3_diphenylphthalide, in the reaction of 
[2PhMgBr + CuI] with phthalic anhydride. Table 2 shows that neither dimethyl 
sulphoxide, nor triethyl phosphate, nor pyridine have any beneficial effect on the 
yields of either of the products. The phenylcopper reagent, prepared by treating 
equimolar amounts of phenylmagnesium bromide with copper(I) iodide, does not 
react with phthalic anhydride at any useful rate, as was expected because of the 
diminished nucleophilicity of reagents prepared in this way. Table 2 shows that the 
addition of phenylmagnesium bromide to phthalic anhydride is not catalysed by 
copper(I) iodide. The yield of 2-benzoylbenzoic acid when Mg/Cu > 2, is low, 
presumably because the Grignard reagent further reacts with the carbonyl group to 
produce other products. 

At this point we wanted to check the reactions of Grignard and lithium reagents 
with phthalic anhydride. Weinmayr [lo] reported that 2-thienylmagnesium bromide 
reacted with phthalic anhydride to give 2-thenoylbenzoic acid in 60% yield when 
the Grignard reagent was added to an excess of the anhydride (reverse addition), 
otherwise the yield was lower. The reaction of phenylmagnesium bromide with 
phthalic anhydride gave an unsatisfactory yield of 2-benzoylbenzoic acid [ll]. 
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When we added two equivalents of phenylmagnesium bromide to one equivalent of 
phthalic anhydride (direct addition) we obtained 2-benzoylbenzoic acid and 3,3-di- 
phenylphthalide in 22 and 49% yield, respectively. The yields were respectively 22 
and 35% when equimolar amounts of the Grignard reagent and the substrate were 
brought into reaction under similar conditions. 

Wilson [12] reported that phenyllithium reacted with phthalic anhydride to give 
3,3_diphenylphthalide in 14% yield. However, in our hands the reaction of two 
equivalents of phenyllithium with one equivalent of phthalic anhydride proved to 
provide a convenient method for the preparation of 3,3_diphenylphthalide in 77% 
yield. In the literature, there is evidence for one other reaction of phenylmetallic 
reagent with phthalic anhydride, namely the reaction of diphenylcadmium to give 
2-benzoylbenzoic acid in 64% yield [13]. 

It thus appears that the reaction of an arylcoppermagnesium or diarylcopper- 
lithium reagent with phthalic anhydride provides an excellent method under 
appropriate conditions for the synthesis of 2-aroylbenzoic acids. As such, this 
method may serve as complementary to the Friedel-Crafts acylation technique. 
Additionally, the reaction of two equivalents of an aryllithium reagent with one 
equivalent of phthalic anhydride seems to offer an interesting possibility for the 
direct synthesis of 3,3_diarylphthalides. Investigation of the full potential of this 
reaction is underway. 

Experimental 

General 
Organometallic reactions were performed under a positive pressure of dry, 

oxygen-free nitrogen. Diethyl ether and tetrahydrofuran (THF) were dried over 
sodium wire and distilled from sodium-benzophenone ketyl before use. Dimethyl 
sulphide and copper(I) iodide were obtained commercially (E. Merck) and used 
without further purification. The IR spectra were recorded on a Pye Unicam 
SP1025 spectrophotometer; the ‘H NMR spectra were recorded either on a JEOL 
PMX60 or Bruker WH270 machine using TMS as internal standard in CDCl, 
solutions; the mass spectra (MS) were recorded on a Finnigan 1020 Spectrometer. 

Preparation of Grignard reagents Phenylmagnesium bromide [ 141, 4-methyl- 
phenylmagnesium bromide [15], 4-methoxyphenylmagnesium bromide [ 161, 4-chlo- 
rophenylmagnesium chloride [17], 2-thienylmagnesium bromide [l&19], were pre- 
pared by the published procedures. All these reagents gave a positive response to 
Gilman colour test I [20]. 

Preparation of arylcoppermagnesium reagents Copper(I) iodide (0.025 mol) was 
added to a cooled (- loOC> solution of an arylmagnesium halide (prepared from 
0.05 mol of magnesium and 0.05 mol of a haloarene in 100 cm3 of diethyl ether or 
THF and the mixture stirred mechanically at that temperature until Gilman colour 
test I [20] was negative. This generally took 2-3 h. When copper(I) iodide 
complexed with dimethyl sulphide was added to the Grignard reagent the forma- 
tion of the cuprate reagent was complete within 5 min, as was evidenced by a 
negative response to Gilman test I. 

The general procedure for the reaction of arylcoppermagnesium reagents with phthalic 
anhydride 

Phthalic anhydride (0.01 mol) was added in one portion to the arylcoppermag- 
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217 and 215 (M - COOH)+, 181 (M - CO,, -Cl)+, 149 (M - C6H4Cl)‘, 141 and 
139 (ClC,H,CO)+, 113 and 111 (ClC,H,)+, and 75 (CsH3)+, (base peak). 

2- (2- Thenoyl)benzoic acid. M.p. 145°C (lit. [lo] 145°C). IR, u,,,~~ (cm-‘): 3400 
br (O-H), 1690 vs and 1673 vs (conjugated C=O). ‘H NMR, 6 @pm): 8.17-6.77 (s, 
lH, COOH, exchangeable with D,O), 6.70-5.87 (m, 7H, ArH). MS: m/e: 232 
(M)+, 215 (M- OH)+, 188 (M - CO,)+, 149 (M - C,H,S)+, 112 (C,H,SCHO)+, 
(base peak), 83 (C,H,S)+, and 76 (C6H4)+. Only the major peaks of the sulphur 
containing fragments are cited. These peaks have correct isotopic patterns for one 
sulphur atom in the fragments. 

The reaction of lithium diphenylcuprate (251 with phthalic anhydride 
To lithium diphenylcuprate (prepared from 0.05 mol of phenyllithium and 0.025 

mol of copper(I) iodide at - 10°C in 100 cm3 of diethyl ether) was added phthalic 
anhydride (0.01 mol) and the mixture was stirred for 2.5 h at -5°C. The reaction 
mixture, which looked cleaner than that from the corresponding magnesium- 
cuprate reactions, was worked up as described above. 2-Benzoylbenzoic acid (m.p. 
127°C) and 3,3_diphenylphthalide (m.p. 115°C) were obtained in 92 and 7% yields, 
respectively. 

The reaction of the phenylcoppermagnesium reagent and also of lithium diphenyl- 
cuprate with 2-benzoylbenzoic acid 

To the phenylcoppermagnesium reagent (prepared from 0.025 mol of phenyl- 
magnesium bromide and 0.0125 mol of copper(I) iodide at - 10°C in 100 cm3 of 
diethyl ether) was added 2-benzoylbenzoic acid (0.005 mol) and the mixture was 
stirred for 2.5 h at -5°C. Work-up as described above gave recovered 2-benzo- 
ylbenzoic acid (100%). This reaction was repeated three times with essentially the 
same results. 

When lithium diphenylcuprate was used in the above reaction under otherwise 
identical conditions, 3,3_diphenylphthalide and 2-benzoylbenzoic acid were ob- 
tained in 35-36 and 20% yields, respectively. 

Acknowledgements 

We thank Dr. Christina Ullenius of Chalmers University of Technology, 
Gdteborg, for helpful suggestions during writing up and Professor Martin Nilsson 
of that university for kindly providing facilities for recording of mass and some 
NMR spectra in the Department of Organic Chemistry. We are grateful to the 
IPICS, the University of Uppsala, and the UGC, Bangladesh, for financial help. 

References 

1 M.T. Rahman, A.K. Roy and K.M. Hossain, J. Organomet. Chem., 127 (1977) 105. 
2 M.T. Rahman, A.K.M.M. Hoque, I. Siddique, D.A.N. Chowdhury, S.K. Nahar and S.L. Saha, J. 

Organomet. Chem., 188 (1980) 293. 
3 M.T. Rahman, S.L. Saha and A.-T. Hansson, J. Organomet. Chem., 199 (1980) 9; M.T. Rahman, I. 

Ara and A.F.M. Salahuddin, Tetrahedron Letters, (1976) 959. 

4 A.E. Jukes, Adv. Organomet. Chem., 12 (1974) 215. 
5 N.-T. Luong-Thi, H. Riviire, J.P. Begue and C. Forestier, Tetrahedron Lett., (1971) 2113; N.T. 

Luong-Thi, H. Rivitre and A. Spassky, Bull. Sot. Chim., Fr., 6 (1973) 2102. 



208 

6 G.B. Bennett, J. Ned&on, L. Alden and A. Jani, Org. Prep. Proced. Int., 8 (1976) 13. 

7 E.C. Ashby and A.B. Goel, J. Org. Chem., 48 (1983) 2125; P. Four, Ph. Le Tri and H. Riviire, J. 
Organomet. Chem., 133 (1977) 385. 

8 S.K. Nahar, H.P. Nur, M.T. Rahman, M. Nilsson and T. Olsson, J. Organomet. Chem., 408 (1991) 
261. 

9 H. Westmijze, A.V.E. George and P. Vermeer, Reel. Trav. Chim. Pays-Bas, 102 (1983) 322. 

10 V. Weinmayr, J. Am. Chem. Sot., 74 (1952) 4353. 

11 C. Weizmann, E. Bergmann and F. Bergmann, J. Chem. Sot., (1935) 1367. 

12 J.M. Wilson, J. Chem. Sot., (1951) 2297. 

13 P.L. de Benneville, J. Org. Chem., 6 (1941) 462. 

14 C.F.H. Allen and S. Converse, in H. Gilman (Ed.), Org. Syn., Coil. Vol. 1, 2nd edn., Wiley, New 

York, 1941, p. 226. 

15 1.1. Lapkin and R.G. Mukhina, Z. Obse. Chim., 31 (1961) 4001. 

16 H. Gilman and E.A. Zuech, J. Am. Chem. Sot., 81 (1959) 5925. 

17 J.R. Leebrick and H.E. Ramsden, J. Org. Chem., 23 (1985) 935. 

18 E. Krause and G. Renwanz, Ber., 62 (1929) 1710. 

19 C. Frisell and S.-O. Lawesson, Org. Syn., 43 (1963) 55. 

20 H. Gilman and F. Schulze, J. Am. Chem. Sot., 47 (1925) 2002. 

21 E.D. Bergmann and E. Loewenthal, Bull. Sot. Chim. Fr., (1952) 66. 

22 N.M. Cullinane, S.J. Chard and D.M. Leyshon, J. Chem. Sot., (1952) 376. 

23 A. Horeau and J. Jacques, Bull Sot. Chim., Fr., (1948) 53. 

24 C.L. Acrus and R.E. Marks, J. Chem. Sot., (1956) 1627. 
25 G.M. Whitesides, W.F. Fischer, Jr., J. San Filippo, Jr., R.W. Bashe And H.O. House, J. Am. Chem. 

Sot., 91 (1969) 4871. 


