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Reactions of Cyclic 2,2-Dibromo-1,3-dicarbonyl
                       '           Compounds with Nucleophiles

Tadahiro WAKui*, Yoshio OTsuJiee and Eiji IMoTo*

             (Received June 15, 1974)

    The reactions of 2,2-dibromodimedone (1), 2,2-dibromo-cyclohexane-1,3-dione (2)

and 2,2-dibromoindan-1,3-dione (3) with a variety of nucleophiles were studied. The

reaction of 1, 2 and 3 with sodium ethoxide gave as main products diethyl 3,3-dimethyl-

glutarate (4), diethyl glutarate (6) and diethyl phthalate (8), respectively. However, the

reaction of 1 and 2 with disodium meso-1,2-diphenylethane-1,2-diolate gave 1,2-diphenyl-

ethane-1,2-dione (9) and benzoic acid (10) which are the oxidation products of the 1,2-
diolate, and 2-bromodimedone (5) and 2-bromocyclohexane-1,3-dione (7) which are the

debrominated products of1 and 2, as main products. Treatment of 1 and 2 with
nucleophile,s such as phenylmethanethiol and sodium salt of diethyl malonate afforded the

products produced by an oxidation or bromination of nucleophiles along with 5 and 7.

                                1. Introduction

    In a previous paperi), we have reported that in the reaction of open-chain aliphatic

2,2-dibromo-1,3-dicarbonyl compounds with sodium alkoxides including disodium 1,2-

diolates, a main path of the reaction is the splitting of the COCBr,-CO bond caused by

an attack of alkoxide ions to a carbonyl carbon of the 1,3-dicarbonyl compounds.

    This paper deals with the recations of cyclic 2,2-dibromo-1,3-dicarbonyl compounds

with a variety of nucleophiles. The results of this study suggest that cyclic 2,2-dibromo-

1,3-dicarbonyl compounds react with nucleophiles in somewhat different ways from open-

chain 2,2-dibromo-1,3-dicarbonyl compounds.

                          2. Results and Discussion

    2,2･-Dibromodimedone (1), 2,2-dibromocyclohexane-1,3-dione (2) and 2,2-dibromo-

indan-1,3-dione (3) were chosen as cyclic 2,2-dibromo-1,3-dicarbonyl compounds, and

the reaction of these three compounds with two sodium alkoxides, phenylmethanethiol

and sodium diethyl malonate, were studied.

    Reaction with Sodium Athoxides. The reaction of 1 with two equivalents of sodium

ethoxide in dry ether gave diethyl 3,3-dimethylglutarate (4) and 2-bromodimedone (5).

The reaction of 2 with two equivalents of sodium ethoxide afforded diethyl glutarate (6)

and 2-bromocyclohexane-1,3-dione (7). In the reaction of 3 with two equivalents of

sodium ethoxide, diethyl phthalate (8) was isolated as a main product. The results are

sutnmarized in Table 1.
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Table 1.
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Reactions of 2,2-Dibromo-1,3-diones with Sodium Aikoxides

Compd. Nucleophile Solvent Products (Yield, %)

1

2

3

1

2

C2HsONa
C2HsONa
C2HsONa
C6HsCHONa
   i
C6HsCOHNa
C6HsCHONa
    l
C6HsCHONa

Ether

Ether

Ether

THF

THF

4(38), 5(35)

6(71), 7(5)

8(73)

9(10), 10(27), 11(17),

9(14),10(21), 7(63)

5(40)

H3C

  H3C

o

8

2

IN
 /

           3

   However, treatment o

1,2-diolate in dry

(10), accompanied

diphenylethane (11)

parison with an

diphenylethane-1,2-diolate gave 7

reactions, the products which would b

2 were not isolated.

1

2

                                           o

B, m!lgtlS91)le.HsONa Hsc2ooccH26cH2cooc2Hs + H

                       i H3C

                       45
                                            o
El -c2HsoNa Hsc2ooccH2cH2cH2cooc2Hs " ctoBHr

                       67
o
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o

                       8

      f 1 with an equivalent of disodium meso-1,2-diphdenylethane-

 THF yielded 5, 1,2-diphenylethane-1,2-dione (9) and benzoic acid

  with a small amount of 1,2-(diphenylmethylmethylenedioxy)-1,2-

  which was identified from the spectral data and also by the com-

authentic sample2). Similar treatment of 2 with disodium meso-1,2-

            ,9 and 10, but no 11 was obtained. In both of these

               e produced by the ring-opening reaction of 1 and

   These results are included in Table 1.
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    A striking feature in the reaction of 1 and 2 with the disodium 1,2-diolate is that

the oxidation of the 1,2-diolate by 1 and 2 takes place as a main path of the reaction.

This result is in contrast with the results obtained for the reaction of open-chain 2,2-

dibromo-1,3-dicarbonyl compounds with a disodium 1,2-diolate. For example, in the

reaction of dibromodibenzQylmethane (12) with disodium meso-1,2-diphenylethane-1,2-

diolate, the carbonyl carbon of 12 was attacked by the 1,2-diolate to produce mono- and

dibenzoyl esters of the 1,2-diol and mandelic acid which seemed to be derived from a,a-

dibromoacetophenonei) with the splitting of the COCBr,-CO bond. However, no such

bond-splitting reaction took place in the case of the reaction of 1 and 2. The difference

in behavior between the open-chain substrate such as 12 and the cyclic substrates such

as 1 and 2 in the reaction with the 1,2-diolate may be attributed to the difference in a

steric interaction between the substrate and the reagent.

    Reaction with rvieaylmethanethiol. Treatment of 1 with an equivalent of phenylme-

thanethiol in dry THF gave 5 in 90% yield and dibenzyldisulfide in 81% yield.

                  1+C,H,CH,SH -> 5+C,H,CH,SSCH,C,H,

    Reaction with Sodium Salt of Dietdyl Malonate. The reactions of 1, 2 and 3 with

sodium salt of diethyl malonate were conducted in THF, and various products derived

from the salt as well as 5 and 7 were isolated. The products derived from the salt in-

clude diethyl bromomalonate (13), 1,1,2,2-tetraethoxycarbonylethane (14), 1,1,2,2-tetra-

ethoxycarbonylethylene (15) and diethyl dibromomalonate (16). The results are sum-

marized in Table 2.

     Table 2. Reactions of 2,2-Dibromo-1,3-diones with Sodium Salt of Diethyl Maionate

Compd.'
Molar ratio
of compd. to
nucleophile

Solvent Products (Yield, %)

1

1

2

3

1:1
1:2
1:1
1:1

THF
THF
THF
THF

13(70), 14(8), 15(3), 5(85)

13(5), 14(3), 15(65), 5(70)

13(62), 14(10), 15( 2 ), 7(66)

14(7S), 16(13)

    The proportion of the compounds 13-16 in the isolated products varied with the

structure of 2,2-dibromo-1,3-dicarbonyl compounds. In addition, when 1 was used as

a substrate, the yield of 15 was fbund to increase with a concomitant decreas,e in the yield

of 13 with increasing the amount of sodium salt of diethyl malonate employed.

    These results suggest that the reactions proceed through the pathway illustrated in

Scheme 1 (the pathway fbr the reaction of 1 with sedium salt of diethyl malonate is shown

as an example). A key step for the reactions is a transfer of bromine from 1 to the mal-

onate carbanion 17 as a bromine cation to produce the carbanion of 1 and 13.

    In conclusion, the results presented in this paper suggest that cyclic 2,2-dibromo-

1,3-dicarbonyl compounds are inhibited to a larger extent from the COCBr,-CO bond

cleavage reaction by an attack of nucleophiles to the carbonyl carbon. Instead, the com-
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pounds have the capability of supply g a bromine cation to nucleophiles.

                              3. Experimental

    2,2･-Dibromodimedbne (1). This compound was prepared as described previously3),

    2,2-Dibromoayclohexane-1,3-dione(2). A 16.0g (O.1 mol) of bromine was added

dropwise at room temperature to a stirred suspension of 11.5 g (O.1 mol) of cyclohexane-

1,3-dione and 11.8g (O.1 mol) of sodium acetate in 50 ml of the CHCI,-water (1:1) mix-

ture. After consumption of bromine, a suspension of 11.8 g (O.1 mol) of sodium acetate

in 50 ml of CHCI, and then 16.0 g (O.1 mol) of bromine were added successively to the

reaction mixture. The mixture was further stirred at room temperature for 2 hr, and

the CHCI, solution was separated. The aqueous solution was extracted with 50 ml of

CHCI,. Two CHCI, solutions were combined, washed with water, dried, and evaporated

to give a solid. Recrystallization of the solid from CCI,-CHCI, (3:1) gave 20.2g (73%)

of 2, mp 90-910C. IR (KBr): 1720 cm-' (C==O).

    Found: C, 26.88; H, 2.13%. Calcd for C,H,O,Br,: C, 26.70; H, 2.24%.

    2,2-Dibromoindan-1,3-dione (3). This compound was prepared by the bromination

of indan-1,3-dione in a manner similar to that described above in 85% yield, mp 174-

1750C (lit.`', mp 175-1760C). IR (KBr): 1750 and 1730 cm-' (C==O).

    Found: C, 35.51; H, 1.18%. Calcd for C,H,O,Br,: C, 35.57; H, 1.33%.

    Reaction of 1 with Sodium Ethoxide. A stirred mixture of 1.5g (5.0 mmol) of 1

and O.68 g (10 mmol) of sodium ethoxide in 60 ml of dry ether was refluxed for 5 hr.

The mixture was poured into 50 ml of water, neutralized with IN HCI, and the ether

solution was separated. The agueous solution was extracted with two 40 ml portions of

ether. All of the ether solutions were combined, washed with 5% Na,CO,, dried over
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Na,SO,, and then evapolated. The residue was distilled to give O.41 g (38%) of diethyl

3,3-dimethylglutarate (4), bp 82-840C!3 mmHg. IR (film): l735 cm-i (C==O). NMR

(CCI,): 6 1.08 (s, 6H, (CH,),C<), 1.24 (t, J=7.0 Hz, 6H, two of -CO,CH,CH,), 2.35

           I
(s, 4H, -CH,CCH,--), and 4.12 ppm (q, J==:7.0 Hz, 4H, -CO,CH,CH,).
           i
    Found: C, 61.37; H, 9.06%. Calcd for C.H,,O,: C, 61.11; H, 9.32%.

    The Na,CO, solution was neutralized with IN HCI, and then extracted with ether.

The ether solution was dried over Na,SO, and evaporated to give a solid which upon

recrystallization from, CCI,-CHCI, (2:1) afforded O.38g (35%) of 2-bromodimedone

(5), mp 169-i720C (lit3'., mp 175-1760C). IR (KBr): 1620 cm-' (C=O).

    Found: C, 43.62; H, 5.13%. Calcd fbr C,H.O,Br: C, 43.86; H, 5.06%.

    Reaction of 2 with Sodium Ethoxide. A stirred mixture of 1.0g (3.7 mmol) of 2

and O.52 g (7.6 mmol) of sodium ethoxide in 50 ml of dry ether was refluxed for 4 hr.

The reaction mixture was worked up as described above, and separated into two parts

consisting of neutral and Na,CO, soluble components.

    From the neutral components, O.49 g (71%) of diethyl glutarate (6) was obtained,

bp 70-720C!1 mmHg. IR (film): 1735 cm-i (C=:O). NMR (CDCI,): 6 1.25 (t, J=

7.0 Hz, 6H, two of--CO,CH,CU5), 1.70-2.40 (m, 6H, -CH,CH,CH,-), and 4.10 ppm

(q,J== 7.0 Hz, 4H, two of -CO,Cll,CH,). MS: m!e 188 (M").

    Found: C, 57.l8; H, 8.76%. Calcd for C,H,,O,: C, 57.43; H, 8.57%.

    From the Na,CO, soluble components, a solid was obtained. Recrystallization of

the solid from CHCI,-CCI, (1:1) afforded O.04g (5.6%) of 2-bromocyclohexane-1,3-

dione (7), mp 167-1690C (lit.5), mp 171eC). IR (KBr): 1580 cmmi (C=O).

    Found: C, 37.52; H, 3.88%. Calcd fdr C,H,O,Br,: C, 37.73; H, 3.69%. .

    Reaction of 3 with Sodium Ethoxide. A stirred mixture of 1.0 g (3.3 mmol) of 3 and

O.46 g (6.6 mmol) of sodium ethoxide in 50 ml of dry ether was refiuxed for 5 hr. The

reaction mixture was poured into water, neutralized with IN HCI, and the'ether layer

was separated. The ether solution was washed with 5% Na,CO,, dried, and then evap-

orated. The residue was distilled to give O.53 g (72%) of diethyl phthalate (8), bp 153-

IS5eC120 mmHg, which was identified by the comparison of IR spectrum and retention

time in VPC with those of an authentic sample.

             '
    Reaction of 1 with Disodium meso-1,2-Dipheaylethane-1,2-diblate. A solution of 1.1

g (5.2 mmol) of meso-1,2-diphenylethane-1,2-diol in 30 ml of THF was added to a sus-

pension of O.48 g (10 mmol) of sodium hydride in 20 ml of THF, and the mixture was

refiuxed with stirring for 1 hr. A solution of 1.5 g (5 mmol) of 1 in 20 ml of THF was

then added to the above mixture at room temperature, and the resulting mixture was

refiuxed for 5 hr. The reaction mixture was poured into 50 ml of water, neutralized

with IN HCI, and extracted with two 100 ml portions of ether. The combined ether

extracts were washed with 5% Na,CO,, dried over Na,SO, and evaporated to leave an

oil. The oil was partly solidified on rubbing with a spatula. The solid was separated

                                                        '
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by filtration to give O.3 g (27%) of meso-1,2-diphenylethane-1,2-diol. The filtrate was

separated into two portions by passing through an alumina column using CHCI,-CCI,

(3:1) as an eluent. From the first portion of the eluates, O.11 g (10%) of 1,2-diphenyl-

ethane-1,2-dione (9) was obtained, mp 94-950C (lit.6', mp 950C). The compound 9 thus

obtained was identical with an authentic sample in every respect. From the second

portion of the eluates, O.17g (17%) of 1,2-(diphenylmethylmethylenedioxy)-1,2-diphenyl-

ethane (11), mp 130-1310C (lit.7', mp 1320C) after recrystallization from n-hexane, was

obtained. IR (KBr): 3040, 1600 and 1130cm-'. NMR (CDCI,):64.65 (d,1=5 Hz,

IH), 5.30 (s, 2H), 5.76 (d, 1== 5 Hz, IH), and 6.55-7.60 Ppm (m, 20H, aromatic H). MS:

mle 225 (M'-167), 197 180 and 167.

    Found: C, 85.62; H, 6.07%. Calcd fbr C,,H,,O,: C, 85.68; H, 6.16%.

    The compound (11) thus obtained was identical with an authentic sample prepared

from meso-1,2-diphenylethane-1,2-diol by the method of Daniloff2) in every respect.

    The Na,CO, solution was neutralized with IN HCI and extracted with ether. The

ether extract was dried over Na,SO, and evaporated to leave a solid. Sublimtion of

the solid under reduced pressure gave O.17 g (27%) of benzoic acid (10) and left a residue

which upon recrystallization from CCI,-CHCI, (2:1) gave O.44 g (40%) of 5.

    Reaction of 2 with Disodium meso-1,2-Dipheaylethane-1,2-diolate. A mixture of 1.35

g (5 mmol) of 2 and 1.6 g (5.2 mmol) of disodium meso-1,2-diphenylethane-1,2-diolate in

60 ml of dry THF was refluxed for 5 hr. The resulting reaction mixture was worked up

by a manner similar to that described in the reaction of 1 with disodium meso-1,2-diphenyl-

ethane-1,2-diolate. From neutral components, 80 mg (14%) of 9 was obtained and a

starting material was recovered as O.52g (47%) of meso-1,2-diphenylethane-1,2-diol. In

this case, 11 was not isolated. From the Na,CO, soluble components, 70 mg (210/,) of

10 and O.6 g (63%) of 7 were obtained.

    Reaction of 1 with Pheaylinethanethiol. A stirred mixture of 1.0g (3.4 mmol) of 1

and O.44 g (3.4 mmol) of phenylmethanethiol in 50 ml of dry THF was refluxed fbr 4

hr. The solvent was evaporated to leave an oil which partly solidified upon standing.'

The solid was separated by filtration, and it was O.67 g (90%) of 5. Distillation of the

filtrate under reduced pressure gave O.35 g (81%) of dibenzyl disulfide as an oily material

which upon standing solidified, mp 69-700C (lit.", mp 71-720C). Dibenzyl disulfied

thus obtained was identical with an authentic sample in every respect.

    Sodium Salt of Dietdyl Malonate. A solution of sodium ethoxide in ethanol was

prepared by adding sodium into anhydrous ethanol. An equivalent of diethylmalonate

was then added to the above solution. The mixture was heated at 600C for 1 hr and

evaporated to dryness.

    Reaction of,1 with Sotintm Salt of Dietdyl Malonate. A stirred mixture of 1.5 g (5

mmol) of 1 and O.95 g (5.2 mmol) of sodium salt of diethyl malonate in 50 ml of dry THF

was refluxed for 5 hr, poured into 50 ml of water, neutralized with IN HCI, and then

extracted with ether. The ether extract was washed with 5% Na,CO,, dried over Na,SO,
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and evaporated. Distillation of the residue under reduced pressure gave 1.0 g (70%) of

diethyl bromomalonate (13), bp 65-700C!1 mmHg, which was identical in IR spectrum

and the retention time in VPC with those of an authentic sample. Further distillation

of the residue gave O.07 g (80/.) of 1,1,2,2-tetraethoxycarbonylethylene (15) which distilled

out at 110-1200Cll mmHg and solidified upon standing, mp 55-560C (lit.8', mp 57-

580C). IR (KBr):1750, 1740, and 1720 cm-i (C=O). ･
    Found: C, 53.32; H, 6.56%. Calcd for C,,H,,O,: C, 53.17; H, 6.33%.

    The residue of the distillation was chromatographed on alumina with CHCI, to

give 25 mg (3%) of 1,1,2,2-tetraethoxycarbonylethane (14), mp 74-750C (lit.9', mp 760C).

IR (KBr): 1730 cm rfi (C = O).

    Found: C, 52.60; H, 6.73%. Calcd fbr C.H,,O,: C, 52.83; H, 6.92%.

    The Na,CO, solution was neutralized with IN HCI and extracted with ether. The

ether solution was dried over Na,SO, and evaporated to give O.95 g (85%) of 5.

    The reaction of 1 with two equivalents of sodium salt of diethyl malonate was carried

 ,out under the same conditions as above, and the products shown in Table 2 were isolrted.

    Reaction of 2 with Sodium Salt of Dietdyl Malonate. A stirred mixture of 1.0 g (3.7

mmol) of 2 and O.7 g (3.8 mmol) of sodium salt of diethyl malonate in 50 ml of dry THF

was refluxed for 5 hr. The resulting reaction mixture was worked up as described above.

From the neutral components, O.55g (62%) of 13, O.1g (10%) of 14 and O.02g (2%)

of 15 were isolated. From the Na,CO, soluble portion, O.48 g (66%) of 7 was obtained.

    Reaction of 3 with Sodium Salt of Dietdyl Malonate. A stirred mixture of 1.0g (3.3

mmol) of 3 and O.62 g (3.4 mmol) of sodium salt of diethyl malonate in 50 ml of dry THF

was refluxed fbr 5 hr. The resulting reaction mixture was worked up as described above.

The residue obtained after evaporation of the ether solution containing neutral com-

ponents was distilled under reduced pressure to give O.14 g (13.3%) of diethyl dibromo-

malonate (16), bp 110-1510C13 mmHg, which was identical in IR spectrum and the

retention time in VPC with those of an authentic sample. -
    The residue of the distillation was chromatographed on an alumina column with

benzene to give O.46 g (75%) of 14.

1
)2
)3
)4
)
5
)

6
)7
)
8
)
9
)
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