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Abstract. Mixed alkyl-methyl- and aryl-methylorganoalu- and?2, alkenyl diisopropylalane$0 obtained from alkynes
minum chloride$ were formed by reaction of methylalumi- and diisopropylaluminum hydride proved the most efficient
num dichloride with organolithium or Grignard compounds reagents. Using these novel mixed organoaluminum com-
and used for chemoselective 1,4 addition of higher alkyl, arylpounds 3-branched malonic (carboxylic) acid derivatiBes
alkenyl and alkinyl groups to alkylidine malonic esteesid 8, 9 and11were obtained in good yields. The method offers a
2. As an alternative, mixed trimethylorganoaluminatesan  general access f@branched carboxylic derivatives of quite
also be applied for these Michael addition reactions. For condiverse structure not dependent on the commercial availabi-
jugate addition of alkenyl groups to alkylidene malondtes lity of the organoluminum chlorides.

Trivalent organoaluminum reagents combine the proptallic reagents, diethyl ethylidene-malondtand di-
erties of Lewis acidity with nucleophilic reactivity in ethyl isobutylidenemalonat2 have been used as the
their tetracoordinated complexes [1]. The conjugate admodel substrates. The reactivity (in terms of conver-
ditions of dimethylaluminum chloride and diethylalu- sion) and the chemoselectivity of the 1,4 addition ver-
minum chloride to alkylidene malonic acid derivatives sus the3-hydride transfer (Scheme 1) of the different
was demonstrated an efficient accesg-toethyl- and  reagents are shown in Table 1.

[B-ethyl-branched carboxylic acid derivatives [2]. Dime-

thyl- and diethylaluminum chloride as well as diisobutyl- R COOEt

aluminum chloride are commercially available, while \— 25eq RM S

other dialkyl- (or diaryl)aluminum chlorides must be COOEt  toluene/hexane 10 1,

prepared prior to their use in such reactions. Dipropyl- —40°C/20h

aluminum chloride not reliably stable in solution can

be prepared by comproportionation from aluminum R COOEt R COOEt
trichloride and tripropylaluminum [3]. Diphenylalumi-

num chloride is accessible in a two step synthesis. First, ¥
triphenylaluminum is synthesized from diphenylmer-1 R =Me R COOEt H COOEt
cury and aluminum and subjected to comproportiona2 R =Prop 3a R=R'=Me 4a R = Me

tion with aluminum trichloride [4]. The synthesis of 3b R=Me, R =Et 4b R = iProp
homologous organoaluminum chlorides requires simi- % Ez':\g?és RO

lar exertion. This situation illustrates the need for a more 3e R = iProp, R' = Me

general and simple access to organoaluminum reagents _ , , ,
which can be used in 1,4 addition reactions to MichaePcheme 1React|on of diethyl alkylidene malonates with or-
acceptors. One option should consist of the applicatiodanometaliic reagents

of mixed dialkylaluminum chlorides. So far, such com- All reactions were carried out under standard condi-
pounds have not been described in the literature, obv'r

ously because they undergo exchange of substituentNS at —40 °C in toluene using 2.5 equivalents of the
through dimeric or oligomeric aggregates. As a consedrganometallic reagent. The reaction time was 20 h. The

quence, it is concluded that mixed dialkylaluminum ¢ude products were determined by gas chromatogra-
chiorides should be generatiedsitu prior to their use phy and identified by comparison of their retention times

in th iy ition n ; rbonvl with those of referenc«_a compounds.
co:np?o(fj?\djggate addition to, f-unsaturated carbony The results quoted in Table 1 show that a) the reac-

tivity of dialkylalumium chlorides is generally higher

than that of monoalkylaluminum dichlorides (entry 1
versus 2, entry 5 versus 6); b) the reactivity of ethylalu-
In order to classify the mode of reactions of organomeminum chlorides is higher than that of methylalumi-

Methodical Investigations
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Table 1 Reaction of organometallic reagents with alkylidene malonic ebtansl2

Entry Educt R'-M Conversion Rafip Remark
(%) 3: 4

1 1 Me,AICI 100 100 : O [2]

2 1 MeAICl, 82 100 : O -

3 1 EtAICI, 100 98 : 2 -

4 1 BuLi 100 88 : 12 and 3 polar products
5 2 EtAICI 100 33 : 67 [2]

6 2 EtAICI, 75 79 : 21 -

7 2 MeAICl, 45 100 : O -

3 Determined from crude product by GC

num chlorides (entry 2 versus 3, entry 6 versus 7); this The hydride transfer produdt was the major com-

is in agreement with the markedly different reactivity ponent as was also observed in the reactidhwith

of diethyl- and dimethylaluminum chloride towam@-  diethylaluminum chloride (Table 1). Ethyl anebutyl
unsaturateti-acyl oxazolidinones [5—7]); c) the slow- were transferred in almost equal extension as can be
er reaction of ethylaluminum dichloride to isobutyli- expected for a mixed dialkylaluminum chloriie
denemalonic esté&more selectively yields the 1,4 ad-  In particular, polar components from 1,2 addition of
duct compared to the reaction of diethylaluminum chlo-butyllithium (see, Table 1) have not been detectable. It
ride which preferentially forms the hydride transfer can be concluded from these results, that the reacting
product (entry 6 versus 5); butyllithium reacts with thespecies are not the single components ethylaluminum
acceptor to give polar products of 1,2 addition [8] be-dichloride and butyllithium, but the mixed butylethyl-
sides the conjugate adducts. aluminum chlorideb.

As a first example of a mixed dialkylaluminum chlo-  The lower reactivity of methylaluminum reagents in
ride we synthesizeatbutyl-ethylaluminum chlorides) conjugate addition reactions [1, 5—7] (see also Table 1)
from ethylaluminum dichloride (@ in n-hexane) and suggests that methyl containing mixed organoaluminum
n-butyllithium (1.6v in n-hexane) in toluene at —40 °C. reagent should be more suitable tbdar the 1,4-addi-
Immediate precipitation of lithium chloride indicates the ton of higher alkyl, aryl and other groups to Michael
formation of the mixed dialkylaluminum chloride  acceptors. In this sensepbutylmethylaluminum chlo-
After addition of ethylidene malonic esteand 18 hat ride 6a was synthesized from-butyllithium and me-
—40 °C, gaschromatographical analysis of the crudéhylaluminum dichloride and, subsequently, reacted with
product showed the formation of three compoundsthylidenemalonic estdr(Scheme 3, entry 1 in Table
(Scheme 2). 2).

n-BuLi + EtAICI,

Y H.C COOEt
HBC COOEt 3

_ BUETAICI; — nBuM .
COOEt toluene/hexane 10: 1, - COOEt toluene, 18 h
—40°C/18 h 1
1 H,C COOEt H,C COOEt
H,C COOEt  H,C COOEt >—< >_<
Bu COOEt Me COOEt
Bu COOEt Et COOEt 3c + 3a
3c + 3b H,C COOEt
COOEt
HsC H cooet 2
H COOEt 4a
Scheme 31,4-Addition ofn-butyl-methylaluminum reagents
3c:3b:4a=14:15:71 to ethylidene malonic estér
Scheme 2Reaction ofn siti-generatea-butyl-ethylalumi- In this reaction, the products of butyl transfer and
num chloride malonates methyl transfer3a) were formed in a ratio of >3:1 (ac-
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cording to GC analysis). The reduced acceptovas  borontrifluoride prior to the 1,4 addition reaction [2].
obtained in amounts equal to those of the butyl substiunder these conditions the (1-methyl-pentyl)malonic
tuted compoun@c. In order to enhance the selectivity, acid esteBcwas obtained with excellent selectivity and
the reaction was carried out at —78 °C. At this temperaisolated in a yield of 74%. The products of methyl trans-
ture the ratio of butyl to methyltransfer increased to 8:1fer 3a and of hydride transfeta were formed in only
However, the hydride transfer to gitawas not influ-  small amounts and could be separated 8oty flash-
enced (Table 2). chromatography.

This efficient method was adopted for the 1,4 addi-
tion of other groups from mixed organomethylalumi-
_ num chlorides not only ta, but also to the isobutyli-
Entry Bu-M Temp (°C) ~ Ratio of Products  denemalonic estet as an example of a sterically de-

3c :3a:da . .
manding Michael acceptor (Scheme 4).

Table 2 Conjugate addition of mixeadbutyl-methylalumi-
num reagents to ethylidene malonic edter

1 BuMeAICl 6a —-40°C 42 :13:45

2 BuMeAICIl 6a -78 °C 47 . 6:47

3 Li*BuMe,Al 7 —-40°C 57 :14:30 R COOEt

4 BuMeAICI-BF; —40 °C 8% : 7: 6 _ R'MeAICI (- BF,)
a) Determined from crude product by Gé);yield: 74% coogt 'oluene,—40°C,20h

1
The reactivity of the mixed organoaluminum reagents

can be modified either by enhancing their nucleophilic-

ity or by combination with a Lewis acid [2]. Alanate R COOEt R COOE
complexes should exhibit enhanced nucleophilicity.

Lithium n-butyltrimethylalanat&areacted with accep- R COOEt Me COOEt
tor 1to form an increased amount of the 1,4-butyl addi- 8 R = Me + 3a or 3e
tion product3c, although the butyl moiety is competing 9 R=iProp

with three methyl groups in this reagent. The hydride R COOE
transfer was slightly reduced. However, a selective and

efficient 1,4 addition of the butyl group to the alkyli- ¥ COOEt 4

dene_malonlc ester was a(_:hleveq Whebutylr_nethyl- Scheme 41,4-Addition of mixed organomethylaluminum
aluminum chloridés was mixed with one equivalent of . qrides to alkylidene malonates

Table 3 1,4-Addition of mixed organomethylaluminum chlorides to ethylidenear{d isobutylidene malonic es&accord-
ing to Scheme 4

Product Reagent Ratio of Produéts Yield (%)
8o0r9 :3:4 [conversion (5)]
>4 oos: tBuMeAICI-BF; 92:2: 6 66
8a
0Bt MePheAICl 95:5: 0 71
8b
COOEt
oo MeVinylAICI 100:0: O 35 (66)
8c
COOEt
si” OOkt HexinylMeAICI 100:0: O 71
8d
\;S COOEt
:ﬁooa BuMeAICI-BF, 65:5: 32 34 (84)
;-g___<cooa tBuMeAICI-BF; 89:8: 3 77 (92)
9b
Bu;—<cooa HexinylMeAICI 100:0: O 99
9c

3 Determined from crude product by GC
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The reactions were performed in toluene at —40 °Gninum chloride to acceptdr (Table 3), the reactivity
within a reaction time of 18 h. In cases of competingof the mixed alkenylaluminum chlorides is lower than
hydride transfer, the mixed organoaluminum chloridethat of the other reagerfisThis resulted in incomplete
was first treated with borontrifluoride prior to the addi- conversionse.g. in the formation o8c. Therefore, the
tion reaction (Table 3). The results quoted in Table 3use of alternative mixed alkenyl organoaluminum rea-
give evidence that the 1,4 addition of mixed organomegents in conjugate addition reactions to Michael accep-
thylaluminum chlorides is of general use for the syn-tors was investigated. Organoaluminum hydrides read-
thesis of3-branched carboxylic acid derivatives. While ily undergo hydroalumination reactions [9—11]. There
the reaction oin-butylmethylaluminum chloridééa  are no experiences reported on the conjugate addition
(Scheme 3, Table 2) can be considered a typical exanof trialkylaluminum reagents to alkylidenemalonic de-
ple for the transfer afi-alkyl groups, the highly selec- rivatives. In addition, hydroaluminations of alkines of-
tive formation oBafrom ethylidenemalonic estéand  ten are accompanied by undesired side-reactans
tert-butylmethylaluminum chloridéb/borontrifluoride  hydroalumination of the product or formation of the alki-
illustrates that sterically demanding branched groups canylaluminum compound from terminal alkines, if reac-
be added to the acceptor by this methodology. tion temperature and ratio of components are not opti-

During this reaction, a quaternary carbon is formedmized. In order to prevent such side reactions, the bulky
The productda of the hydride transfer was found in diisobutylaluminumhydride was used for addition re-
only small amounts. Transfer of&hydrogen is not actions to 1-hexine, 1-octine and 3-hexine-imeptan/
expected in the 1,4 addition of methylphenylaluminumtoluene at 45—50 °C to form the alkenyl diisobutylalu-
chloride6c to 1. Therefore, precomplexation with bo- minum reagent$0(Scheme 5). Hydroaluminations pro-
ron trifluoride was not necessary. A highly selectiveceed withcis-stereoselectivity, to givB-configured al-
transfer of the phenyl group was achieved to give adkenylalanes (this was confirmed for the terminal alke-
duct8b in high yield. The mixed methylvinylaluminum nyl diisobutylalaned0aand10b by the coupling con-
chloride6d synthesized from vinylmagnesium bromide stants] = 15.1 Hz for the olefinic protons in the NMR
and methylaluminum dichloride proved less reactivespectra). To the solution of the mixed organoaluminum
than6a and6b. Its reaction withl remained incom- compoundd0 at —40 °C the alkylidenemalonic esters
plete within the time of 18 h. However, the prod8ct 1 or 2, respectively, was added.
of the 1,4-vinyl addition was obtained with complete
selectivity. In contrast, 1-hexinylmethylaluminum chlo-
ride 6e generated from 1-hexinyllithium and methyl- BUAH + R—==—R®
aluminum dichloride exhibits high reactivity and un- N
derwent completely selective 1,4 addition of the hexi- mheptanel
nyl group tol to furnish produc8d.

It is expected and was shown for the 1,4 addition of ,
diethylaluminum chloride [2] that extensifehydride
transfer occurs with sterically hindered Michael accep- “=— I >
tors. In order to estimate the limitations of the 1,4-addi- COOEt
tion of mixed organoaluminum chlorides to Michael
acceptors, isobutylidenemalonic es2avas applied as lor2
the substrate. Selective 1,4-addition ofriHrutyl group
from butylmethylaluminum chloridéa to give the bran- R COOEt
ched compoun8awas accompanied by hydride trans-
fer to form4b even in the presence of boron trifluoride. _ COOEt
Surprisingly, the conjugate addition of thert-butyl R R3
group fromtert-butylmethylaluminum chloridéb/bo-
rontrifluoride proceeded with high selectivity, and the 11 and by-products
multiply branched produ@b was isolated in high yield. Scheme 51,4-Addition of mixed alkenyl diisobutylalanes
Once again, complete selectivity was achieved in théo alkylidene malonates
1,4 addition of the rod-like 1-hexinyl group from the
reactive 1-hexinylmethylaluminum chloridge The
branched carboxylic acid derivati@e was isolated in
almost quantitative yield.

AliBu,
10a R?=Bu, R3=H
2 3 10b R2=Hex, R3=H
R R 10c R?=R3=Et

COOEt

The conjugate addition reactions of the mixed 1-alke-
nyl organoalanes proceeded with high selectivity and
gave the branched alkenylmalonic esfdrg—c in high
1,4 -Addition Reactions of Mixed Alkenyl Diisobutyl-  yield (Table 4).
alanes Only small amounts of thg-alkinyl substituted de-
As already outlined for the addition of methylvinylalu- rivatives8d, 8e 9cformed from the corresponding alki-
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Table 4 1,4-Additon of mixed alkenyl diisobutylalanes 10 to alkylidene malonic est2te give substitute-allylmalonic
estersll (Scheme 5)

Product R R2 R3 Ratio?d of Yield of 11 (%)
11: (by-product)

1la CHs n-C,Hg H 97: 3 gd) 84

11b CH(CHy), n-C,Hg H 97: 3 @0 74

1lc CHs N-CeHy3 H 93: 7 89P) 82

11d CH;, C,Hs C,Hs 79:21 ¢a) 43

1le CH(CHy), CHs C,Hs 80:20 @b) 47

8 Determined by gas chromatography from crude product;
b) 8e COOEt
\/\/\//>_<cooa

nyl diisobutylalane as the by-product of the hydroalu-tained for most of the new compounds and those incomplete-
mination were detectable and could easily be removely characterized in the literature.
by flash-chromatography. . _—

The 1,4 addition of 3-hexenyl diisobutylalatcto ~ Methodical Investigations
the acceptor®/2 was accompanied kthydride trans-  For reactions of diethyl alkylidene malonaeand2 with
fer to give reduced acceptots Nevertheless, the 1,4 dimethyl- and diethylaluminum chlorides, see ref [2].
adductslld andllewere the mayor product (ratio 4:1) . _ . o
and could be isolated in pure form and acceptable yield?eaction of Methyl- and Ethylaluminum Dichloride with
The results show that mixed alkenyl diisobutylalaneg kylidenemalonic Esters 1 and 2 (General Procedure)
are alternative reagents to the alkenyl methylaluminuna solution of methylaluminum dichloride or ethylaluminum
chlorides. Their complementary use with the mixeddichloride (3 mmol, 3 ml of & solution inn-hexane) in dry
alkylmethylaluminum chlorides, arylmethylaluminum toluene (50 ml) under argon atmosphere was stirred at
chlorides and alkinyl methylaluminum chlorides in 1,4-—40 °C, and the diethyl alkylidenemalonater 2 (1.2 mmol)
additon reactions to alkylidene malonic esters constituvas added. The mixture was stirred at —40 °C for 20 h and
ents a general efficient method for the synthesig-of then poured into sat. agueous ammonium chloride solution

b hed boxvli id derivati £ di t (100 ml). The aqueous layer was extracted three times with
ranched carboxylic acid aerivatives ot diverse StrUCycn oromethane (30 ml). The combined organic layers were

ture. washed with sat. ammonium chloride solution and dried with
magnesium sulfate. After evaporation of the solienta-
cug, the remaining crude products were analyzed by gaschro-

This work was supported by the Deutsche Forschungsgemeimatography. Diethyl ethylmalonate and diethyl isobutyl-

schaft and by the Fonds der Chemischen Industrie. malonate4b were identified by comparison with authentic
material synthesized according to ref. [12]. The products of
conjugate additioBa, 3b, 3d and3ewere identified by com-

Experimental parison with authentic substances described in ref. [2] (see,
Table 1).

Toluene and heptane were dried before use by distillation from.,.

potassium benzophenone ketyl. Alkylidenemalonic die’[hyIrE)Iethyl Isopropylrr:alonate;aa) [2, 5] . . )

estersl and2 were synthesized according to published pro-GC analysis: 80 °C (5 min). 150 °C (5 °C/min)R, =

cedures [12]. Dimethyl- and diethylaluminum chloride as well 6-73 min.

as methyl- and ethylaluminum dichlorides and diisobutylalu-pjethy| (1-Methylpropyl)malonatsb) [2, 13]

minumhydride (1.8, toluene) were purchased from Aldrich . o . o o S

and used asM solutions im-hexane. Petroleum ether refers SSBar?wﬁ:ygg 5?28 ?nir(156rt?)m)+ 150 °C (5 *C/min)R; =

tob.p. 40—-70 °C. Flash-chromatography was carried out us=" T '

ing silica gel 60 (Merck, Darmstadt, Germany), 0.04—Diethyl (1,2-Dimethyl-propyl)malonai@e) [2, 5]

0.063 nm. TLC was performed on silica gel (Kieselgelgc analysis: 100 °C (5 min). 200 °C (5 °C/min)R, =

60 F,5, Merck, Darmstadt, Germany). Gaschromatography; 27 min.

was carried out with a fused silica-column (PERMABOND

SE-30-DF-0.25, 25m x 0.32 mm ID, Machery & Nagel, Diethyl (1-Ethyl-2-methyl-propyl)malonaf8d) [2, 14]

Diren, Germany)*H and*3C NMR-spectra were recorded GC analysis: 100 °C (5 min). 200 °C (5 °C/min)R, =

on a Bruker AC 200 or on a Bruker AM 400 NMR spectro- 5.05 min @b); 9.23 min @d). The reaction of diethyl ethyli-

meter. All NMR spectra have been recorded in GGIng  denemalonaté (1.2 mmol) withn-butyllithium (3.0 mmol,

TMS as the standard. Satisfactory microanalyses were ol1.9 ml 1.64 in n-hexane) in toluene (50 ml) under conditions
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as described in the general procedure for the reactions of th® analogous to b), however, reaction temperature —78 °C,
alkylaluminum dichloride gave a crude product that consistreaction time 3 h: conversion 30%. Ratio of products see Ta-
ed of 5 components of which 2 could be determined by gable 2.
chromatography: 80 °C (5 min)} 150 °C (5 °C/min)R, = d) By method B from trimethylaluminum (1.5 miy2an n-
5.09 min 44a); 14.37 Bc, vide infrg). hexane, 3.0 mmolp-butyllithium (1.9 ml, 1.& in n-hexane,
3.0 mmol) and 222 mg (1.19 mmol) of diethyl ethylidene-

Mixed Organoaluminum Compounds (General Proce- malonatel. Yield 288 mg (crude product mixture), yellowish
dures) oil; GC analysis:R, = 5.17 min 4a), 6.63 min 8a) and
14.42 min 8¢). 4a:3a:3c = 30:14:56.

) Preparative synthesis by method A from methylaluminum

ichloride (9.0 ml, @1 in n-hexane, 9.0 mmoly-butyllithi-
um (5.7 ml, 1.61 in n-hexane, 9.1 mmol) and borontrifluo-
ride etherate (1.2 ml, 9.76 mmol) and then diethyl ethylide-

emalonate (666 mg, 3.58 mmol). Yield 649 mg (74% pure,

ed using a syringe through a septum. The mixture is stirre P )
for 1 h. In the indicated casegide infrg) 1 equivalent of aglgugﬁz? Z':E,"R 2.755(§getr:1ci)lne larg)etgeglsetrr:]);lnagz';atgnl 3 ).
boron trifluoride etherate is added and the mixture stirred fof , 5 minyac) 45:323c = 6:7:87)) "JIH NMR (200 MHz

an additional hour. . — -

Method B Ate complex7 To a solution of trimethylalumi- SI—? %I32).8d:/3p|;_)|rzn Elj(é%gE;]fl_g 607('(? glﬁ chljé') % |_:|3214C|[_(|j_

num (21 in n-hexane) in dry toluene (50 ml) under argon H,3) 0 8-0 (t éH,J— 5.6 Hx ,(C.Ij) CI—,|3) _13¢ I-\IMR,(SO 3
113)y . ) — . 1 3vl13)- .

atmosphere at —40 °C an equimolar amount of a solution ) _ -
the organolithium compound (or Grignard compound) in an Hz, CDCL): dlppm = 168.95, 168.77 (C=0), 61.00, 60.95

appropriate inert solvent was added. The solution was stirre |_2| O I .
e 1 > . o C13H,40, alcd.: C 63.91 H9.90
filgn 40 °C for 1 hour prior to its use in the 1,4 addition reac (224.3) Found: C 63.81 H 9.87.

Method A Mixed dialkylaluminum chloride® and6: In a
dry two-neck flask under argon atmosphere dry toluene (5
ml) was cooled to —40 °C. Methyl- or ethylaluminum dichlo-
ride (vide infrg 1m solution inn-hexane) and the organolith-
ium- or organomagnesium compounélé infra) were add-

1,4 Addition Reaction of Mixed Organoaluminum Com- Diethyl (1,2,2-Trimethylpropyl)malonat@s) [2]

pounds with Diethyl Alkylidenemalonates 1/2 (General This compound was synthesized according to method A from

Procedure) methylaluminum dichloride (3.0 mimlin hexane, 3.0 mmol),

To thein situ generated solution of the mixed organoalumi- tertbutyllitlum (2.0 ml, 1.3 in n-pentane, 3.0 mmol), bo-
rontrifluoride etherate (0.36 ml, 2.9 mmol) and diethyl ethyl-

num compound, 6 or 7, respectively, in toluene under argon . P o
atmosphere at —40 °C, the diethyl alkylidenemalonate Wager?ﬁ:r)] alo?gédo(cz %52 org?mlln)l jgt ?ng rﬁg Zlar;algs;llg. rﬁ?n c
added. After stirring at —40 °C for 1820 h, the mixture was, 33) ana 13.12 minga) Ratioda:3a:8a = 6:2:92. Yield

poured into sat. aqueous ammonium chloride solution. Th 93 mg (66%), pure, colourless &= 0.58 (petroleum ether/
aqueous solution was extracted three times with dichloromet Sthyl acetate ;3.1) The product is identical with the one de-
ane (30 ml). The combined organic layers were washed wit cribed in ref ['2] '

sat. aqueous ammonium chloride solution, dried with mag- TR

nesium sulfate, and the solvent was evaporated. The remaibiethyl (1-Phenylethyl)malona{@b) [2]

ing crude product was analyzed by gas chromatography anfhe compound was obtained by method A from methylalu-
the components identified by comparison with authentic samminum dichloride (3 ml, & in hexane, 3.0 mmol), phenyl-
ples [2]. Products of the most efficient method were purifiediithjum (1.9 ml, 1.8 in cyclohexane, 3.0 mmol) and diethyl
by flash-chromatography in petroleum ether/ethyl acetatethylidenemalonat (222 mg, 1.19 mmol). GC analysis of
(25:1) and characterized (see also Tables 2 and 3). the crude product: 80 °C (5 min) 150 °C (5 °C/min)R, =

6.58 min Ba) and 19.28 mingb). Ratio3a:8b = 5:95. Yield

222 mg (71%, pure), colourless &t},= 0.45 (petroleum ether/

a) The product was formed in a mixture with the hydride transgthy| acetate 5:1). The product is identical with the compound
fer productda (vide supra and the 1,4 ethyl addugb ac-  yedcribed in ref. 2].

cording to method A from ethylaluminum dichloride (3 ml,

1M in n-hexane, 3.0 mmoly-butyllithium (1.9 ml, 1.1 in  Diethyl (1-Methylallyl)malonaté8c)

n-hexane, 3.0 mmol) and diethyl ethylidenemalonhte According to method A, the mixed methylvinylaluminum
(222 mg, 1.19 mmol). Yield 246 mg (crude product mixture),chloride was formed from methylaluminum dichloride (6 ml,
yellowish oil; GC analysis: 80 °C (5 min} 150 °C (5 °C/  1m in n-hexane, 6 mmol) and vinylmagnesium bromide
min): R, = 5.21 min 4&); 9.46 min 8b) and 14.31 min30); (6 ml, I in tetrahydrofuran, 6 mmol) and reacted with di-
4a:3b:3c=71:15:14. ethyl ethylidenemalonate(444 mg, 2.4 mmol). GC analysis
b) By method A from methylaluminum dichloride (3 miy1  of the crude product (conversion 69%): 80 °C (5 min) M
in n-hexane, 3.0 mmoly-butyllithium (1.9 ml, 1.& in n- 150 °C (5 °C/min)R, = 8.65 min 8c), see Table 3. Yield
hexane, 3.0 mmol) and diethyl ethylidenemaloag®22 mg, 178 mg (35%), colourless ol = 0.65 (petroleum ether/
1.19 mmol). Yield 294 mg (crude product mixture), yello- ethyl acetate 5:1). 2H NMR (200 MHz, CDC}J): dppm =
wish oil; GC analysis: 80 °C (5 min} 150 °C (5 °C/min):  5.47 (ddd, 1HJ,ans= 17.6 Hz,Js = 10.0 HzJ,;. = 7.8 Hz,

R, =5.19 min 4a), 6.64 min 8a) and 14.39 min3c). 4a:3a:3c -CH=), 5.01 (m, 2H, Ck¥), 4.15 (g, 2H,J = 7.0 Hz, CHO),
=45:13:42. 4.11 (g, 2H,J = 7.2 Hz, CHO), 3.22 [d, 1HJ = 9.3 Hz,

Diethyl (1-Methyl-pentyl)malonatc)
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CH(COOEL}]. — 13C NMR (50.3 MHz, CDC)): dppm =
139.83 (€H=), 115.33 (CH-), 61.24, 61.16 (CkD), 57.71
[CH(COOEL)).

C;HgO, Calcd.: C 61.66 H 8.47

(214.3) Found: C 61.68 H 8.40.

Diethyl (1-Methyl-hept-2-ynyl)malonat&d)

Obtained by method A from methylaluminum dichloride
(3 ml, v in n-hexane, 3.0 mmol), 1-hexynyllithium
(3.0 mmol, from 1-hexyne in toluene and 1.05 equisutyl-
lithium) and diethyl ethylidenemalonate GC analysis of
the crude product: 80 °C (5 min) 150 °C (5 °C/min)R, =
18.80 min 8d). Yield 200 mg (71%), colourless o = 0.52
(petroleum ether/ethyl acetate 10:1tH-NMR (200 MHz,
CDCly): dppm =4.16, 4.15 2(q, 2H,= 7.2 Hz, CHO), 3.29
[d, 1H,J=9.3 Hz, CH(COOE}), 3.14 (m, 1H, EiMe), 2.07
(dt, J = 6.6 Hz%] = 2.0 Hz, CH-C=C). —13C NMR (50.3

MHz, CDCL): d/ppm = 167.76, 167.62 (C=0), 82.32, 80.56

(C=C), 58.17 CH(COOE)], 30.92 (CH), 26.40 (CHMe),

(2.4 ml, I inn-hexane, 2.4 mol), 1-hexynyllithium (2.4 mmol
in tolueneh-hexane, se@&d) and diethyl isobutylidene-
malonate (204 mg, 0.95 mmol). — GC analysis: 100 °C
(5 min) - 200 °C (5-°C/min): R, = 17.06 min 9c). Yield
278 mg (99%), colourless oiR; = 0.43 (petroleum ether/
ethyl acetate 10:1). tH NMR (200 MHz, CDC)): dppm =
4.16,4.14 (2 q, 2x2H,=7.2 HZ, CHO), 3.07 (ddd, 1H] =
10.9 Hz,J = 5.7 Hz,5) = 2.3 Hz, CHIPr), 2.09 (dt, 2H, =
6.7 Hz,53J= 2.3 Hz, CHC=), 1.68 (d sept, 1H,=6.7 Hz J =
3.6 Hz, CHMg). —13C NMR (50.3 MHz, CDGC)): dppm =
167.88, 167. 72 (C=0), 84.54, 76.61=@©), 38.78 (CHlPr),
28.86 (CHMeg).

C;H,;0, Calcd.:C68.89 H952

(296.4) Found: C 69.14 H 9.54.

Generation and 1,4-Addition Reactions of Alkenyl Di-
isobutylalanes (10)

n-Heptane (10 ml) was distilled from potassium/benzophe-

21.76 (CH). No correct elemental analysis was obtained,none under argon atmosph.ere into a Schlenk tube. Thrc_)ugh a
because a by-product <5% formed during work up could nofeptum, the alkyne (3 equivalents related on the alkylidene

be separated.

Diethyl (1-Isopropyl-pentyl)malona{®a)

malonate to be reacted) and diisobutylaluminumhydride (also
3 equivalents, 1% in toluene) were added. In the case of
terminale alkynes, the mixture was heated to 40—45 °C for
2 h. For reaction of 3-hexyne with diisobutylaluminumhy-

Obtained by method A from methylaluminum dichloride dride, the mixture was heated to 50 °C for 3 h. Then, the
(2.4 ml, M in n-hexane, 2.4 mmolp-butyllithium (1.5 ml,  solution was cooled to —40 °C and the diethyl alkylidene-

1.6m in n-hexane, 2.4 mmol), borontrifluoride etherate malonate (1 equivalent) was added. The reactions were con-
(0.3 ml, 2.44 mmol) and diethyl isobutylidenemalonate gucted and work up was carried as described for the addition

(204 mg, 0.95 mmol). — GC analysis of the crude producteactions with mixed dialkylaluminum chloridesde supri.

mixture (conversion 84%): 100 °C (5 min) 200 °C (5 °C/
min): R, = 5.04 min 4b), 7.16 min 8¢, Scheme 1), 13.18 min
(9a); ratio4b:3e:9a = 32:5:63. Yield 87 mg (34%, still con-
tains <3% o#b), colourless oilR; = 0.46 (petroleum ether/
ethyl acetate). 2H NMR (200 MHz, CDC)): dppm = 4.14
(q, 4H,J = 7.0 Hz, CHO), 3.37 [d, 1H,J = 7.8 Hz,
CH(COOEt}], 1.76 (d sept., 1HJ = 6.8 Hz,J = 2.4 Hz,
CHMe,), 0.90-0.81 (m, 9H, 3C}H). —13C NMR (50.3 MHz,

Diethyl (E-1-Methyl-hept-2-enyl)malonafEla)

Obtained from 1-hexyne (0.6 ml, 5.33 mmol), diisobutylalu-
minumhydride (3.6 ml, 5.4 mmol) and diethyl ethylidene-
malonatel (333 mg, 1.8 mmol). — GC analysis of the crude
product: 80 °C (5 min)» 150 °C (5 °C/min)R, = 18.28 min
(11@), 18.55 min 8d). Yield 407 mg (84%, pure), colourless
oil, R = 0.65 (petroleum ether/ethyl acetate 5:1H-NMR

CDCly): &ppm = 169.59, 169.42 (C=0), 44.10 (CHBu), 31.35 (200 MHz, CDC}): dppm = 5.46 (dt, 1HJ,4ns= 15.1 Hz,

(CH,), 29.74 CHMe,), 20.34, 18.50 [H,),CH].
Diethyl (1-lsopropyl-2,2-dimethyl-propyl)malongieb)

This compound was synthesized by method A from methylc, 1,0,

aluminum dichloride (2.4 ml,M in n-hexane, 2.4 mmol),
tert-butyllithium (1.6 ml, 1. in n-pentane, 2.4 mmol), bo-
rontrifluoride (0.3 ml, 2.44 mmol) and diethyl isobutylidene-

J=6.4 Hz, CH-CH=CH), 5.28 (dd, 1HJ; 3ns= 15.4 HzJ =
8.1 Hz, CHCH=CH). —13C NMR (50.3 MHz, CDC)):
dppm =131.70, 131.24 (HC=CH), 58.30 [CH(COQEt)
Calcd.:C 66.64 H 9.69

(270.4) Found: C 66.42 H 9.64.

Diethyl (E-1-Isopropyl-hept-2-enyl)malonaflb)

malonate? (204 mg, 0.95 mmol). — GC analysis of the crudeObtained from 1-hexyne (0.48 ml, 4.27 mmol), diisobutyl-

product (conversion 92%): 100 °C (5 min) 200 °C (5 °C/
min): R, =4.95 min 4b), 7.10 min 8¢); 12.28 min 9b). Yield
199 mg (77%), colourless o = 0.50 (petroleum ether/
ethyl acetate 10:1). tH NMR (200 MHz, CDCJ)): dppm =
4.13,4.12 (2 q, 2x2H1 = 7.0 HzJ= 7.2 Hz, CHO), 2.14
(dd, 1H,J = 5.4 Hz,J = 2.0 Hz, CHBuU), 2.08 (d sept., 1H,
J=7.1Hz,J = 1.6 Hz, GIMe,), 0.95 (s, 9H, C(CH,). —
13C NMR (50.3 MHz, CDC)): &ppm = 170.55 (C=0), 61.24,
61.13 (CHO), 35.50 (CMg), 29.07 [CCH,)4], 28.32
(CHMe,).

CysH,g0,  Calcd.: C 66.14 H 10.36

(272.4) Found: C 66.16 H 10.34.

Diethyl (1-Isopropyl-hept-2-ynyl)malonat@c)
Obtained by method A from methylaluminum dichloride
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aluminumhydride (2.9 ml, 4.35 mmol) and diethyl isobutyli-
denemalonat@ (306 mg, 1.43 mmol). — GC analysis of the
crude product: 100 °C (5 min} 200 °C (5 °C/min)R, =
16.64 min {1b), 16.78 @¢). Yield 352 mg (82%), colourless
oil, R = 0.77 (petroleum ether/ethyl acetate 5:1H-NMR
(200 MHz, CDC}): dppm = 5.43 (dt, 1HJ;4ns= 15.1 Hz,

J = 6.6 Hz, CHCH=CH), 5.22 (dd, 1H, = 15.4 Hz,J =
9.5 Hz, CH®=CH), 1.67 (d sept., 1H]) = 6.8 Hz,J =
4.9 Hz, CHMg). —13C NMR (50.3 MHz, CDC)): dppm =
135.02, 125.80 (CH=CH), 49.18KiPr), 29.16 (CHMg).
C;/H;0, Calcd.: C68.42 H10.13

(298.4) Found: C 68.51 H 10.27.

Diethyl (E-1-Methyl-non-2-enyl)malonaf&19
Obtained from 1-octyne (0.89 ml, 5.42 mmol), diisobutylalu-
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minumhydride (3.6 ml, 5.4 mmol) and diethyl ethylidene-J = 7.3 Hz, CHCH=C), 2.74 (dd, 1HJ = 11.2 Hz,J =
malonatel. — GC analysis of the crude product: 80 °C 4.9 Hz, CHPr), 2.45-1.67 (m, 5H,l€,CH=CCH,, CHMe,).

(5 min) - 150 °C (5 °C/min)R, = 22.61 min {10, 22.69

—13C NMR (50.3 MHz, CDC)): &ppm =138.02 (C=), 129.95

min (8c, Table 4). Yield 396 mg (74%, pure), colourless oil, (CH=), 50.29 (CHPr), 29.99 (CHM8. The product contained

R; = 0.68 (petroleum ether/ethyl acetate 5:1}H-NMR
(200 MHz, CDC}): dppm = 5.45 (dt, 1HJ;50s= 15.3 Hz,
J = 6.5 Hz, G1,CH=CH), 5.27 (dd, 1H}yans= 15.1 Hz,J =

>5% of4b. ESI-MS:m/z= 321.4 (M+Na).

7.8 Hz, CH®=CH), 1.91-1.79 (m, 2H, Ig,CH=C), 1.01 References
(d, 3H,J = 6.8 Hz, Gi;-CH-). —13C NMR (50.3 MHz,
CDCly): dppm =131.74, 131.23 (CH=CH), 37.32H{Me,). [1] P. A.Chaloner, in: The Chemistry of the Metal Carbon Bond

Ci/H30, Calcd.: C68.42 H10.13

(298.4) Found: C 68.49 H 10.17. %}
Diethyl (E-2-Ethyl-1-methyl-pent-2-enyl)malonid.d)

This compound was synthesized from 3-hexyne (0.61 ml,
5.37 mmol), diisobutylaluminumhydride (3.6 ml, 5.4 mmol) [4]
and diethyl ethylidenemalonatq333 mg, 1.8 mmol). - GC [5]
analysis of the crude product: 80 °C (5 min)L50 °C (5 °C/ [6]
min): R, = 5.04 min 4&), 17.30 min {1d). Yield 206 mg
(43%), colourless oil = 0.66 (petroleum ether/ethyl ace- [7]
tate 5:1). *H NMR (200 MHz, CDC}): &ppm =5.12 (t, 1H,
J=7.1Hz, CHCH=C), 2.83 (dq, 1H)=10.9 HzJ=6.8 Hz, [8]
CHMe), 2.12-1.86 (m, 4H, B,CH=CCH,). - [0l
13C NMR (50.3 MHz, CDC)): d)ppm = 141.62 C=CH),
127.57 CH=C), 22.62, 20.83GHC=CCH,). [ﬂ]
CiHyO,  Calcd.:C 66.64 H 9.69 {12%
(270.4) Found: C 66.64 H 9.56.
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The compound was obtained from 3-hexyne (0.49 mlAddress for correspondence:
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and diethyl isobutylidenemalona2€306 mg, 1.43 mmol). —
GC analysis of the crude product: 100 °C (5 minp00 °C
(5 °C/min): R, = 4.91 min 4b), 15.92 (16). Yield 202 mg
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