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Absrnacfz Contrary lo tlae widely held cpinion Uut pnxic (“acidic”) sokots favor moncalkylation when% 
aprotic (Qmt”) solvents support dialkyladon of diethyl malonate cubanion, exactly oppcsite results have 
beenobtainedinthereadionofthe&bromi&7,~romide4andhewbromi&linethanolanddime(hyl 
suEoxide, the former solvent preferring strongly dialkylation (cycliition) and the Iattef monc&lation. 
Invesligation in a broach spectrum of &vents dcmmhakd that hydrogen hding as well as ion-pairing 
may play an important role in the selechity contn& both strondy supporting diakylation. When a 
separation of ion-pain is induced with Wcnnw-6, rnonoalkylation pmaik in the nzxxion Tlte wivent and 
the leaving group employed have been found to participate in the skctivity control. In DMSO, propensity to 
dialkylation increases strongly in the order I < Br CC Cl, again in discord with earlier pmktions. Rationale 
forthenwelfirdin~isprwidedon~basisofkinetic~~oftheoverallreaaionandisexpressedby 
the limiting eq~atiom (5) and (7): 0 1997 Elsevier Science Ltd. 

INTRODUCTION 

Solvents have been shown to play an important role in the selectivity control of numerous c&anion reactions.’ 

In malonester alkylation, somewhat surprisingly, the intriguing problem has received only a sparse attention so far:4 

the available evidence being based, in most instances, on incomplete and not always reliable data. 

In this widely exploited reaction, the pertinent problem of selectivity concerns mono- vs. dialkylation of the 

malonester carbanion (Scheme la). When an gwdihalide or disulphonate takes part in the alkylation, the seleaivity 

control implies at the same time the duality of acyclic vs. cyclic product formation (Scheme 1 b). 

8195 
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Scheme 1 

RESULTS AND DISCUSSION 

As part of our interest in multiarmed compounds and dendrimer synthesis, we have investigated reaction of the 

easily accessible.’ hexakis@romomethyl)benzene 1 (X=Br) with the sodium saft of diethyl malonate. Unexpectedly, 

difkrent products have been found to arise in the reaction performed in DMSO and ethanol. The monocyclic product 

of a h&old monoalkylation 2 prevailed greatly in DMSO, whereas the tetracyclic product of a threefold dialkykion 

3 was obtained in ethanol. A quite analogous situation arose in the reaction of the homologous 1,2,4,5-tetmkis- and 

1,2-biiromomethyl)benzene 4 (X=Br) and 7 (X=Br) (Scheme 2). 
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Table 1. Effect of Solvent on Product Distribution in the Alkylation of Sodium Salt of Diethyl Malonate with 

Bromides 1,4 and 7 (X=Br). 

7 EtOH I 8 (16.8); 9 (83.2) 1: 5 

7 EtOH O.Sb 8 (1.3); 9 (98.7) 1 : 76 

’ Number of equivalents of sodium salt of diethyi malonate per one -CH2Br unit. The ting concentration of the bromide was 

5.10” m&lni3. 

b FXernal base (0.5 eq. of EtONa per one -CH2Br unit) was also present in the reaction mixture. 

’ After heating at 50 OC for 5 h. 

d Exclusive moxakylationkxclu5ive dialkylation ratio according to Scheme 2: 2/3 from 1; 5% horn 4; 8B fi-om 7. 

“Hybrid” A&&iota By-poducts ami their Suppression 

HPLC analysis of the individual reactions (Table 1) quantifies the divergent selectivities outlined in Scheme 2. 

At the same time, the analysis rewals occurrence of the “hybrid” by-products arisiig from a mixed mono- and 

dialkyiation of the starting malonate salt (1 + 10,11,12; 4 + 13). Under uniform stoichiometric conditions (one 

equivdent of sodium malonate per one -CHaBr unit), the proportion of the by-products is much greater in ethanol 

than in DMSO. Upon a fine tuning of the stoichiometry in ethanol, in favor of dialkylation (tide injra), the by- 

products can be suppressed very substantially and the dilation selectivity can be increased markedly. 
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Kinetic Anafysis of the Mbdet AIkylation Reaction 

In order to analyze the solvent effect in Table 1, we have chosen the akylation of the alkali salt of die-thy! 

malonate 14 with the dihalide 7 as a model reaction. Scheme 3 summarizes the sequence of reaction steps anticipated6 

in the alkylation. 

Scheme 3 
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In the first step, the dihalide 7 reacts with the malonate salt 14 under formation of the intennediie 15. A 

kther molecute of the carbanion 14 attacks the C-X bond of the intermediate 15 yielding the biimonoalkylated 

product 8. Altematively, the proton transfer Corn 15 to 14 leads to the c&anion 16 which cyclises subsequentIy 

under formation of the dialkylated product 9. 

A closer consideration of Scheme 3 suggests that two limiting, kinetically distinct, situations may arise’ in the 

akylation, depending on the relative rates of the carbanion 16 formation and its cyclization. 

If, in one extreme, the proton ban&r from 15 to 14 is fmter than the subsequent cyclization of the resulting 

carbanion 16 (Rs >> k), the rates of biimonoakylation and dialkylation, v, and v, respectively, are given by the 

C!fptiOnS 

v. = k[141[151 

and 

vc=kWl 

so that for the alkylation sekctivity holds 

(2) 

vJv,=kJl4][15]/,[16] 

Taking into account the acidobasic equilibrium9 between the non-alkyiated and haloalkylated malonate spe- 

cies,” 14 + I5 * 16 + 17, and the corresponding equilibrium constant Kt 

KI= [161[171/[141t151 (4) 

the equation (3) can be rev&ten as 

vJv, = k[l7lkKI (5) 

If in the other extreme, the proton b-an&r from 15 to 14 is slower than the subsequent cycliion of 16 

& <<k& the rate of dialkylation is expressed by 

v, = kd[l41[151 

and together with eq. (1) it gives for the alkylation sekctivity 

In order to probe whether the limiting equations (5) and (7) may account for the divergent alkylation selectivity 

obxrved in DMSO and ethanol, two subsidiary experiments have been performed aiming to assess the relative rates 

of the individual pathwayz in Scheme 3. 
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Stepwise Ad&on of Die&d M&n&e Gzrbmion I4 to the solurion of Dibromide 7 (X=Btj 

Two equivalents of the sodium salt 14 (M+=Na> were added stepwise, in four aliquot portions, to the solution 

of the diiromide 7 (X=Br) in DMSO or ethanol. GLC analysis of the individual samples withdrawn 6om the reaction 

mixture following consumption of each added portion of 14 showed (Table 2) a fimdamental diflkrence between the 

two solvents concerning the relative rates of the consecutive pathways leading to the cyclic product 9. In DMSO, the 

formation of 15 is much faster than its subsequent conversion into the cyclic product 9, whereas the opposite is tzue in 

ethanol. The relative rates of the consecutive pathways leading to the acyclic product 8 are diictIy less diirent. 

Table 2. Formation and Subsequent Transformation of Intermediate 15 Induced upon Gradual Addition of Sodium 

Salt 14 (M+=Na’) to Dibromide 7 (X=Br) Dissolved in DMSO and EtOH. 

Compositionb (in %) 

Solvent Equivalents of 14’ 7 I 15 8 I 9 

DMSO 0.5 58.5 33.2 6.3 2.0 

1.0 29.9 38.5 28.7 2.9 

1.5 8.7 26.6 58.2 6.5 

2.0 2.6 1.6 88.0 7.8 

EtOH 0.5 79.8 0.2 0.5 19.5 

1.0 45.8 0.9 1.3 51.9 

1.5 22.8 0.6 2.5 74.1 

2.0 0.2 0.2 5.4 94.2 

*~a@akntsof14~addcdtoas&ionof 7(1.10”mol.dm”)infouraliquotpo~ons.Afleradditionofeachpwtion,Ihe 
mixturcwasheatedat50°Cfor0.5handthenanalyzed. 

b GLC had to k used for squation of the amplicated don mixnut, pmiding less accurate data than HFW analysis employed 
in Tables 1,3.4,5. 

Elect of Free Die&d Matomte I7 

As it follows from the kinetic analysis of Scheme 3, the value of the mono- vs. dialkylated produa ratio S/9 

depends on the concentration of the free diethyl malonate 17 if, and only if, ks > k (cf. eq. (5) vs. eq. (7)). 

Examination of the effect of [17] on the 8/9 ratio may thus distinguish between the extreme situations k > k, and 

kd <kc in the a&&ion. The pertinent resulu concerning the reaction of the malonate salt 14 (M’INa? with the 

dibromide 7 (x=Br) in the two investigated solvents are summarized in Table 3. 
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Table 3. Effect of Free Diethyl Malonate 17 on Product Diiition in the Alkylation of Sodium Salt 14 (M+=Na’) 

with Dibromide 7 (X=Br) in DMSO and EtOH. 

17 : 14 
Solvent I MO’ I (3i) I 21 I 

819 

DMSO 

EtOH 

0 : 1 96 4 24 (0.4)b 

2.5 : 1 98 2 49 (o.7)b 

5 : 1 98 2 49 (l.l)b 

10 : 1 98 2 49 (1.7F 

0 : 1 27 73 0.4 

2.5 : 1 64 36 1.8 

5 : 1 a2 la 4.6 

10 : 1 a9 11 8.1 

??The ratios 1794 wxe caldatcd” from the analytical concentrations of diethyl malonate and the external bax ( NaH in 

DMSO ; NaOEt in EtOH ) employed in the individual runs The ratios 14 : 7 were kept constant ( 2: I ) in the Table; the 

starting amcentration of 7 \MS 1.10” moldm’. Heated at 50°C for 2 h. 

b Data for Ihe axfcspotxling readion ofthe dichloride 7 (X=CI). 

A very pronounced dependence of the ratio 8/!I on the concentration of the free diethyl malonate 17 has been 

found in the reaction of the dibromide 7 (X=Br) in ethanol, indicating that kd > k . In contrast, a near-independence 

of the ratio S/9 on [17] is apparent in the corresponding reaction of the dibromide 7 (X=Br) performed in DMSO, 

demonstrating that ka < % . 

In this way, it forroWs that the selectivity in ethanol is determined by eq. (S), in which the intrinsic propens@ 
of the system to c@zation (expressed by kJ provides the diving force for the preferential dialkykztion In dime&l 

surfxide, on the other hand, the selectivity is determined by eq. (7). in which thispcalicukufactor is absent and the 

rate of dial&&ion is limited by the preceding proron-transfer step (k.J 

A&&ion Selectiviry in a Broader Spectrum of Solvents Efect of Ion Pairing and H@ogen Bonding. 

In order to assess which speck properties of solvent may account for the selectivity control, we have 

investigated alkylation of the potassium (more soluble) salt of diethyl malonate 14 (M’-K3 with the dibromide 7 

(x=Br) in a broader spectrum of solvents. As Table 4 shows, selectivity of the alkylation depends strongly on the 

solvent polarity, as evidenced by a qualitative correlation bchvccn the value of 8/9 ratio and the diekctric constant of 
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the solvent employed in the reaction. The biimonoalkyhtion leading to 8 prevaik in the most polar solvent, DMSO, 

whereas the dialkylation leading to 9 dominates in the least polar one, benzene. 

The ion pairing capabiity of solvent plays a very essential role in this relationship, as evidenced by the 

suppression of the dialkylation pathway in solvents of low polarity upon the addition of 1 S-crown-6-ether (Table 4). 

Table 4. Effect of SoIvent Polarity (6) and N-Crown-6 on Product Distribution in the Alkylation of Potassium Salt 14 

(M+=K’) with Dibromide 7 (X=Br) 

‘Themolarratio14:7waskeptconslant(2:1)intheTable.Thestartingconcentrationof7was1.10“md.dm”.Heatedat 
SO°Cfor2h 

It may be inferred accordingly that ion pairing supports the dialkyk&on, whereas separation of ion pairs 

promotes the his-monoalkykion reaction. A plausible rationale for this conclusion can be provided if a di&rential 

rate effect of ion pairing on the sN2 displwmmt VT%. the proton transfer sep in the invest&$&d faction k taken into 

account. 

According to ample literature evidence,’ a pronounced slowing-down of &2 displacements involving a metal 

salt as nuckophile is observed usually under ion pairing conditions. In contrast, numerous precedents exist in the 

literature”*” showing that contact ion-paired species may be more reauive than the separated ions in proton-tmnsfkr 

reactions. As a pextinent example, Hogen-Esch and Smid observed” that the contact ion-paired species reacted faster 

than the solvent-separated ion-pair or free carbanion in the proton transfer between fluorene and a fluorenyl 
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c&anion. A simple model of the activating effect of the metal counterion was suggested (Scheme 4a) as an 

explanation, which can be easiiy applied to the proton-tmnsfbr step, ka, aiso in the present reaction (Scheme 4b). 

In terms of the above kinetic analysis of the maionester alkylation, such a promotion of the proton-transfer step, 

ka, over the intramokcuiar &2 displacement, k, , may induce a reversal’s of the inequity k < k, into Rd > k, . 2% 

effect of ion-pairing can be thus interpreted in terms of the kinetic dichotomy given by the limiting equations (5) 

d(7). 

Conceivably, hydrogen bonding may exert a similar activating effect (Scheme 4c) as the metal ion pairing 

(Scheme 4b) on the rate of the proton-transfer, ka , in the reaction . This can explain the striking difference in the 

aikyiation selectivity which has been observed between two polar (ion-pairs separating) solvents, the protic ethanol 

and the aprotic dimethyl suiphoxide, in the absence as well as in the presence of 18-crown-6-ether (Table 4). 

(a) (b) 

Scheme 4 

Effect of Leaving Group. 

Table 5 summarizes the ratios, in which the product of bis-monoaikyiation 8 and the product of diaikylation 9 

arise in the reaction of three different dihaiidea 7 (X= I, Br, Cl) with the sodium sait 14 (M*=Na’) in DMSO and 

ethanol. In DMSO, the value of the 8/9 ratio decreases dramaticaily along the diaiide series following the order 

I > Br >> Cl . In ethanol, on the other hand, only minor changes of the 8/9 ratio occur in the series. 

It is known that rates of SN2 displacement from aikyi halides depend strongiy on the leaving group, decreasing 

in the order I (-Id) > Br (-Id) >> Ci (-I). A simiiar decrease of the rate of the intramoiecuiar displacement (kc) can 

ako be assumed in the dihaiide series 7. This may induce a reversal of the inequity k < k, into kd > k, on the transition 

from the most reactive (X=I) to the least reactive (X=CI) dihaiide, accounting for the striking leaving group effect on 

selectivity observed in DMSO. The pronounced dependence of the ratio 8/9 on [17] found for the reaction of the 

dichloride 7 (X=Cl) in DMSO (Table 3. data in parentheses), in a contrast to the dibromide 7 (x=Br), lends fuii 

support to this suggestion. 
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Table 5. Effect of Leaving Croup X on Product Distribution in the Reaction of Sodium Salt 14 Q&=Na’) with the 

three Dihalides 7 (X = I, Br, Cl) in DMSO and EtOH. 

DMSO EtOH 

x 
(l) (G) (i) 

I 99 1 33 67 

Br 97 3 34 66 

Cl 27 73 26 74 

’ The motar ratio 14 : 7 ws kept amtan! (23) in the Table; the starting 

omcentration of’lwas 1.W’ rwl.dm? Heated at 50°Cfor2 h. 

As a corofkny, il follows that the leaving group effecf can also be intepreted in lems of Ihe kinetic 

dichotomy in Scheme 3. In DMSO, the two more reactive dihahdes 7 (X=1 and X=Br) react with the maionate 

carbanion obeying eq. (7), whereas the most sluggish dichloride (7; X=CI) reacts in accord with eq. (5). In ethanol 

the situation is different, Since all three investigated dihalides obey eq. (5). This may explain why the leaving group 

effect on the akylation selectivity is much stronger in the former than in the latter solvent. 

Conch&g Remarks Concerning the A&&on Selectivity 

Interpretation of the sekctivity in kinetically controlled reactions is relatively simple when the rate- (product-) 

determining steps in the competing processes do not change with reaction variables. In such customary situations, a 

straightforward explanation of selectivity can be given in terms of the differential effect which exerts a given reaction 

variable upon the individual processes. 

In the present case, however, the situation is di&ent, and in dkussion of selectivity possibly unprecedentaI, 

since the rate- (product-) determink g step varies with reaction variables, as it was demonstrated in Table 3 by the 

solvent @MS0 vs. Et0I-I) as well as leaving group (7; X=Br vs. 7; X-Cl in DMSO) effects. Identification of the 

rate (product-) determinin g step via kinetic analysis thus appeared to be a necessaq prerequisite for a meaningfU 

interpretation of the observed pattern of sekctivity. 
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SUMMARY 

Contrary to the widely circulated but never satisfactorily documented opiniot? that protic (“acidic”) solvents 

favor monoalkylation whereas aprotic (“inert”) solvents support dialkylation of diethyl malonate carbanion 14, exactly 

opposite results have been obtained in the reaction of the dibromide 7, tetrabromide 4 and hexabromide 1 in ethanol 

and dim&y! sulfoxide, the former solvent preferring strongly dialkylation and the latter monoalkylation of 14. 

Examination of the individual pathways participating in the model alkylation of 14 with 7 (Scheme 3) showed that the 

sequence of reaction steps leading to the dialkylated cyclic product 9 is responsible for the observed solvent effect. In 

ethanol, the proton transfer pathway 15 + 16 is faster than the subsequent cycliration 16 + 9, whereas in dimethyl 

sulfoxide the opposite is true. As a consequence, selectivity in ethanol is determined by eq. (5). in which the intrinsic 

propensity of the system to cyclization (expressed by kc) provides the driving force for the preferential dialkylation. In 

dimethyl sulfoxide, on the other hand, selectivity is determined by eq. (7). in which this crucial factor is absent and the 

dialkylation is limited by the preceding proton-transfer step (Q. 

Investigation in a broader specbum of solvents dithering in polarity demonstrated that hydrogen bonding as well 

as ion-pairing play an important role in the selectivity control, both strongly supporting the diallqlation. When a 

separation of ion pairs is induced (ii aprotic solvents) with I8-crown-6, the monoalkylation prevaih in the reaction. 

Together with the solvent, the leaving group also participates in the selectivity control of the investigated 

alkylation. It has been found, in DMSO, that the propensity to dialkylation gradually increases in the dihalide 7 series 

on going from the most reactive iodide (X=I) to the least reactive chloride (x=Cl) leaving group, which is also in dis- 

cord with earlier predictions.” 

Presumably, other factors than solvent and leaving group may also take part in the selectivity control of the 

alkylation. It will be shown in the forthcoming pape? that alkyd structure of both reaction partners (dialide and 

carbanion) plays an essential role. 

EXPERIMENTAL SECTION 

General 

All solvents employed in the reactivity study were dried by storing over molecular sieves. Melting points were 

determined on a Kofler block and are uncorrected. ‘H NMR spectra (200 MHz, FT mode) were recorded in CDCl, 

with TMS as the internal standard. EI mass spectra were obtained at 70 eV, FAB spectra were measured in 

2-hydroqethyl sultide matrix in CHCb as solvent. GLC analyses were performed on a HP-l column (methylsilicone. 

5 m x 0.53 mm x 2.65 run), temperature gradient from 50 to 300 “C, flame ionization detector. HPLC analyses were 
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carried out on silica gel (column Partisil 10 Silica 250 x 4.6 mm, Pye Unicam), light petroleum - 2-propanol 

(99.5 : 0.5 - 97.0 : 3.0) gradient, UV detector (230 nm). Quantitative evaluation of chromatograms was made using 

an internal standard. Preparative HPLC was carried out on a 250 x 50 mm silica gel column in light petroleum - 

- 2-propanol(99: 1 - 90: IO). 

Sodium hydride (60% in mineral oil, 5.6 g, 140 mmol) was washed with light petroleum and suspended in 

dimethyl sulfoxide (200 mL). Diethyl malonate (28.8 g, 180 mmol) was added dropwise under cooling to the stirred 

shmy, followed by hexabromide l(12.73 g, 20 mmol). The reaction mixture was heated at 80 OC for 2 h, poured into 

water (1000 mL), neubalized with 0.1 M aqueous HCI and extracted with ether (4x200 mL). The comb&d extracts 

were washed with water (200 mL), dried over MgSOd and evaporated to dryness in wcuo. The residue was 

crystallized from heptane yielding 18.55 g (83%) of 2, mp 158-162 “C, a&r recrystallization from ethanol mp 168- 

l70oC.‘HNMR6l.23(t,36~J=7.0Hz),3.25-3.50(m,l8H),4.0-4.3(m,24H);FABMSm/r(relativeintensity) 

1112 @El+, 100). 952 (35). 905 (IS), 846(35), 773 (IS), 673 (25), 613 (25). Anal. Cakd. for CuHtsoU (1111.16) 

C, 58.34; H, 7.08; Found C, 57.95; H, 7.03. 

Hexaet~l 2,2,S,S,8,8-Trindmehexamrboxy,%zte’7 3 

Sodium (I .6l g, 70 mmol) was dissolved in absolute ethanol (100 mL) and diethyl malonate (5.29 g33 mmol) 

in ethanol (25 mL) was added dropwise to the solution. After addition of the hexabromide l(6.36 g, 10 mmol), the 

reaction mixture was heated under reflux for 5 h and the solvent was evaporated in wcuo. The residue was mixed 

with water (50 mL), neutdized with 1 M HCI and extracted with chloroform (4x50 mL). The combined extracts 

were dried over MgSOe evaporated and the residue was crystallized from ethyl acetate. Yield 4.04 g (64%). mp 185- 

186°C.‘HNMR61.26(t,18H,J=6Hz),3.46(s, 12H),4.2O(q, 12H,J=6Hz);FAE3MSm/z(reIativeintensity) 

632 (MH: 100), 604 (40). 558 (90), 483 (30). Anal. Cakd. for CUH.QO~Z (630.68) C, 62.84; H, 6.71; Found C, 

62.42; H, 6.80. 

Sodium hydride (W? in mineral oil, 0.88 g, 22 mmol) was washed with tight petroleum and suspended in 

dimethyl sulfoxide (25 mL). The solution of diethyl malonate (5.29 g, 33 mmol) in dimethyl sulfbxide (25 mL) was 

Slowly added to the stirred slurry, followed by tetrabromide 4 (2.25 g, 5 mmol) dissolved in 25 mL dimethyl 

&oxide. Atler stirring for 30 min at rt, the reaction mixture was poured into water (200 mL), neutral&d with 0.1 M 

aqueous HCI and extracted with ether (4x40 mL). The combined extracts were washed with water (2x20 mL), dried 

over MgSO, and the solvent was evaporated. The unreacted diethyl malonate was distilled off (100 W50 Pa, 
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Kugelrohr) and the residue was crystallized from ether-light petroleum. Yield 2.91 g (76%). mp 58-60 T. ‘H NMR 

6 1.21 (t, 24H, J = 7.2 Hz), 3.19 (d, 8H, J = 7.5 Hz), 3.61 (t, 4H, J = 7.5 Hz), 4.14 (q, 16H, J = 7.2 Hz), 6.93 (s, 

2H); EI MS nt/z (relative intensity) 766 (M’, 35), 674 (40). 628 (50), 5 14 (40), 29 (100). Anal. Calcd. for C3&~O16 

(766.83)C, 59.51;H, 7.10;FoundC. 59.54;H, 7.11. 

Tetrae t~ll.2,3,5,6,7-HexahpF~it&cene-2,2,6,6-fetracurboxy~e 6 

Sodium (1.38 g, 60 mmol) was dissolved in absolute ethanol (75 mL), diethyl malonate (4.8 1 g, 30 mmol) was 

added slowly to the stirred solution, followed by tetrabromide 4 (4.50 g, 10 mmol). The reaction mixture was heated 

under reflux for 4 h and the solvent was evaporated. The residue was partitioned between ether (50 mL) and water 

(50 mL) and neuuahxd with 1 M HCI. The organic layer was separated and the aqueous phase was extracted with 

ether (3x30 mL). The combined extracts were dried over MgSOh the solvent was evaporated and the residue was 

caged from ether - light petroleum. Yield 3.62 g (81%) mp 160-162 “C. ‘H NMR 6 1.25 (t, 12H, J = 7.2 Hz), 

3.51 (s, 8H), 4.19 (q, 8H, 7.2 Hz), 7.00 (s, 2H); EI MS m/z (relative intensity) 466 (M+, 30), 401 (S), 372 (35), 298 

(50), 153 (20) 100 (20), 71(60), 57 (60), 43 (100). Anal. Cakxi. for &HNOS (446.50) C, 64.55; H, 6.77; Found C, 

64.53; H, 6.74. 

Diethyf 1,2-Benrenedi(a-eth~~~~ro~fe) 8 

Sodium hydride (60% in mineral oil, 2.0 g, 50 mmol) was washed with light petroleum and suspended in 

diiethyt suWotide (25 mL). A solution of diethyl malonate (8.0 g, 50 mmol) in dimethyl suhixide (25 mL) was 

slowly added to the stirred slurry, followed by dibromide 7 (5.28 g, 20 mmol) dissolved in dimethyl sulfoxde (25 

mL). The reaction mixture was stirred at rt for 30 min and worked up as described for 5. Distillation at 170- 

200 ‘C/15 Pa (Kugelrohr) afforded the product as an oil (7.05 g, 83%). ‘H NMR 6 1.20 (t, 12H, J = 7.1 Hz), 3.28 

(d, 4H, J = 7.6 Hz), 3.70 (t, 2H, J = 7.6 Ha), 4.15 (q, 8H, 7.1 Hz), 7.12 (m, 4H); EI MS nc/t (relative intensity) 422 

(M’, 60), 377 (45). 284 (100). 216 (50), 211(50), 210 (SO), 189 (45). 117 (60). Anal. Calcd. for CZH~O~ (422.48) 

C, 62.54; H, 7.16;Found C, 62.11;H, 7.03. 

Die@ 2.2~Inabedicarboxylate 9 

Sodium (0.5 1 g, 22 mmol) was dissolved in absolute ethanol (10 mL.) and diethyl malonate (1.76 g. 11 mmol) 

in ethanol (5 mL) was slowly added to the stirred solution, followed by dibromide 7 (2.64 g, 10 mmol). After heating 

under reflux for 3 h and an usual work-up, the product was obtained by distillation (140-l 50 ‘T/20 Pa, Kugelrohr) as 

an oil (1.95 g, 74%) which solid&d on standing, mp 36-37 “C, fit.‘* 38 “C. Spectral data (‘H&INK, MS) were in 

accord with those in lit.19. 
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Tet?oet&l2,2-Di(e~bor@4,5,4,7-inkrmztetra(a-e~bor&r~e) 10 

Isolated from the mother liquors a&r won of 2. Preparative HF’LC afforded an oil which cr@akd 

on standing in ref?igerator, mp 48-52 “C. ‘H NMR S 1.1-1.3 (m, 3OH), 3.2-3.8 (m, 16H), 4.05-4.20 (m, 2OH); FAB 

MS m/z (relative intensity) 951 m, IO), 905 (15). 791 (25). 597 (IS), 127 (100); HRMS(FAB) Found 951.3905 

(MIT), C&j& requires 95 1.4227. 

Isolated 6om the mother liquors after crystallization of 3. A repeated HPLC afforded an oil which solidified on 

standing in retigerator, mp 85-87 OC after recrystallization from dioxanalight petroleum. ‘H NMR 6 1.17 (t, 12H, 

J = 7 Hz), 1.26 (t, 12H, J = 7 Hz), 3.26 (d, 4H, J = 8 Hz), 3.44 (s, 4H), 3.51 (s, 4H), 3.56 (t, 2H, J = 8 Hz), 4.05- 

4.25 (m, 16H); FAB MS m/r (relative intensity) 791 (hBT’, 20), 631 (65), 557 (45), 399 (55). 325 (95). 253 (60), 

191 (85), 127 (100); HRMS(FAB) Found 791.31% (MH’), C&~Ola requires 791.3490. Anal. Cakd. for 

C&& (790.83) C, 60.75; H, 6.88; Found C, 60.84; H, 6.63. 

Diet&l 2,2,6,6_Tetra(ethogxxrbony1)-1,2,3,5,6, 7-hexahudro-s_l.s-indbcenedi(a-elhorycar 12 

Isolated, simultaneously with 11, by a repeated HPLC of the mother liquors from cry&K&on of 3. Solidified 

on standing, mp 92-94 “C (dioxane - light petroleum). ‘H NMR 6 1.17 (t, 12H, J = 7 Hz). 1.26 (t, 12H, J = 7 Hz), 

3.13(d,4H, J=~HZ),~.SO(S,~H),~.~~&~H, J=8Hz),4.05-4.25(m, 16H);FABMSm/z(relativeinten~ity)791 

(MH’. 40), 717 (SS), 671 (SO), 631 (NO), 557 (90X 483 (65), 411 (70); HRMS(FAB) Found 791.3172 @III+), 

&&016 rtxpk 791.34% 

DietLyI 2,2-Di(ethoqxzrbo~~-5,M&nedi(a4oxpxrbot&ropnoate) 13 

Isolated !?om the mother liquors afler crystallization of 5. Preparative HPLC afforded an oil which solidified on 

standing in retigerator, mp 80-82 “C (ether - light petroleum). ‘H ?WR 6 1.1-1.3 (m, 18H), 3.22 (d, 4H, J = 7.6 

H&3.48@,4H),3.64(t,2H, J=7.6Hz).4.09-4.24(m, 12H),6.98(~,2H);EIMSti(relativeintensity)606(M’, 

IS), 532 (IS), 501(20), 446 (35), 153 (20), 57 (25), 44 (30). 29 (100); HRMS(EI) Found 606.2685 (M’), C3&012 

requires 606.2676. 

Diet@ (2-Bromomet&~heny~methylmalo~ute 15 

Sodium salt of diethyl malonate was prepared on mixing diethyl malonate (2,: 1 g, 8 mmol) and sodium tert- 
butoxide (0.384 g, 4 tnn101) in dimethyl sulfoxide (IS mL). Dibromide 7 was added to the solution, the reactjon 

mixture was stirred at rt for 15 min and worked up in the usual manner. The oily product was isolated by liquid 

chromatography on silica gel; light petroleum - ether (61). ‘H NMR 6 1.22 (t, 6H, J = 7.0 Hz), 3.36 (d, 2H, J = 7.6 

Hz), 3.78 (t, H-3, J = 7.6 Hz), 4.18 (q, 4H, J = 7.0 Hz), 7.40-7.78 (m, 4H); EI MS m/z (relative intensity) 343 @I’, 
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46), 298 (34), 263 (100). Anal. Calcd. for C,&&O, (343.22) C, 52.49; H, 5.58; Br, 23.28; Found C, 52.76 H, 

5.54, Br, 23.18. 
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