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Summary 

Allylcobaloxlmes leact under very mild condltlons with ethyl bromomalo- 
nate to yield allyl-substituted ethylmalonates m good yield In the case of 
crotyl-, 3,3 dimethyl, allyl- and cmnamyl-cobaloxlmes, the substltutlon occurs 
with total rearrangement of the ally1 groups Srmllar rearrangements are 
observed during the reactions of propargyl- and allenylcobaloxlmes with 
BrCH(CO,Et), yleldmg allenyl- and propargyl-malomc esters respectively 

Introduction 

Xlkylcobaloxlmes R-Co(DmgH),Py vX have recently been shown to react 
with organrc compounds which are considered to be good radical precursors 
polyhaloalkanes [ 11, dlphenyl dlsulphlde [ 21, dlphenyl dlselemde [ 21 and 
alkylsulphonyl chlorides [3] These reactions eve the products R-%4, 
R-SPh, R-SePh and R-S02--R’ respectwely, but them mechamsms are not 
fully understood. It has been proposed that they proceed by a cham radical 
mechanism (e.g. Scheme 1 for the dlphenyldlsulphlde reaction [Z] ) 

Scheme 1 

Imtlatlon - R-Co(DmgH),Py zA Co (DmgH),Py + Orgamc products 

Propagation Co (DmgH),Py + C6H5-S-S-&H5 --f C&H,-S-Co(DmgH),Py 

+ C,H,-S 

C6HS-S + R-Co(DmgH),Py + C,H,-S-R + Co (DmgH)*Fy 

The mverslon of configuratlon observed durmg the reaction of dphenyldl- 

* Dedicated to Prof. Henn Normant on tbe occasion of his 72nd b-day 
** Alkylcobaloxlmes RCo(DmgH)tPy = b~s(dnnethylglyoxlmato) alkylpyndmecobalt (III) 
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sulphlde wth optlcaily active Zoctylcobaloslme and the rate mclease plo- 
duced by vlslble hght n-radlatlon are m agreement wth this mechantsm 

In the present paper, we descllbe the results obtamed m a study of the ieac- 
tlons between various alkylcobaloxlmes and ethyl bromomalonate this com- 
pound can be easily reduced to the free malonyl radrcal by reducmg olgano- 
metalhc complexes such as Fe(CO), [4] or non (II) polphylms [ 51 and an a 
pnoll reactron mechamsm Ieadmg to the alkylmalomc esters may be envisaged 
(Scheme 2) _ 

Scheme 2 

Imtlatlon - R-Co(DmgH),Py 

Propagation _ Co (DmgH)zPy 

+ Co‘(DmgH)lPy + Olganlc products 

+ BrCH(C0,Et)2 - BrCo(DmgH)zPy 

f CH(C02Et)Z 

-CH(C0,Et)2 + R-Co(DmgH),Py - R-CH(CO,Et), 

+ Co(DmgH),Py 

In the case of allylcobaloxlmes the reactlon was espected to eve allyl-substl- 
tuted malonates with high re@oselectlvlty, by analogy with the reactlon with 
BrCC13 [l] 

Results and discussion 

Heactzons of allyicobaloxzmes 2utr2 ethyl bromomalonate 

Allylcobaloximes I to V react with ethyl bromomalonate rn CHCI, at, or Just 
above, room temperature to gnre ethyl allylmalonates VI to X (Scheme 3). 
Structures of the esters were assigned from their spectroscopic data, and the 
NMR spectra of esters VIII, IX and X m particular revealed the characterlstlc 
multlplets of a vinyl grciup CH=CH, - m the course of the reactlons leading to 
these compounds there 1s a complete rearrangement of the ally1 group mltlally 
present in the cobaloxime The allylmalonic esters are always accompamed by 
variable amounts of ethyl malonate but neither allylmalomc esters havmg an 
unrearranged ally1 group nor products of drallylatlon could be detected_ These 
results demonstrate the total regioselectivity of the reaction and are to be com- 
pared with those of Johnson et al. [l] for polyhaloalkanes 

Crude yields of ethyl allylmalonates ranged between 50 and 80% and a study 
of the influence of temperature and of bromomalonate concentration was car- 
ried out mth 3,3_dimethylallylcobaloxime IV in order to define the best exper- 
imental con&tions. An Increase m the reaction temperature (Table 1) from 20 
to 60°C resulted m a decrease m the yield of ester IX. On the other hand, an 
Increase of the ratio ethyl bromomalonate/complex IV gave an increase m the 
yield of ethyl malonate tnth respect to ester IX (Table 2). Thus the best yields 
of the latter compound were obtained by runnmg the reaction at room temper- 
ature with equal concentrations of ethyl bromomalonate and allylcobaloxlmes 

Irradiation of the reaction murture mth visible hght from a tungsten lamp 
resulted in an increase of the reactlon rate. For example compound IV is com- 
pletely converted into a mixture of ester IX (69%) and ethyl malonate after 17 
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T 1BLE 1 

INFLUEUCE OF TE\IPER%TURE Oh TllE YIELD OF ESTER IX IN THE REACTION OF COMPLEX 
IV (0 2 mmol) WITH ETHE L BRO%IO\I \LOV-%TE (0 3 mmol) IN CHLOROFORM 

Temp .^C) Reactmn tune Ester IX (%) Ethyl malonate 

(G’o) 

LO 2 da,s 83 17 
40 6 hours 75 25 
60 30 InIn 70 30 

TABLE 2 

INFLUENCE OF THE CONCENTRATION OF ETHYL BROMOMALONATE ON THE YIELD OF 
ESTER IX IN THE REACTION WITH COMPLEX IV (0 2 mmol) IN CHLOROFORM AT 60°C 

Concn of ethyl Ester IX 
bromomalonate (mmol) (Qo) 

Ethyl malonate (S) 

02 70 30 
04 68 32 
06 66 33 
08 64 35 



h of rrmcllatlon at O’C! whereas at that ternl)elatule no reactIon tahes pl‘lce 117 
the absence of hght 

The most important by-product of these reactIons IS cthq 1 malonatc 1th1c h 
could be formed either (a) by ieductlon of the malonyl iadical to nkrlonate 
anion followed by proton&on, or (b) by abstlactlon by the malonyl ladlcal 
of a hydrogen atom from a sultable hycIrogen donor (Scheme 4) 

Schc rn~ 4 

BrCH(COzEt)2 ~-?‘hil)‘P~ BrCo(DmgH),Py + CH(CO,Et), 
4. 

CH(C02Et), 

1 

5 CHI (CO,Et)z 
.i r 

&QII - Q 
I 

(b) 

In order to choose between these two posslbllitles, the ieactlon of complex IV 
with etnyi bromomalonate was callled out m deuterated methanol, CH,OD 
Ethyl malonate from this reactlon contamed no deutermm, as shown by NhIR 
spectroscopy, which IS m favor of pathway (b) for the formation of ethyl mal- 
onate * 

Reactions of propargyl- and allenyl-cobaloxrmes wrth ethyl bromo?nalonate 
ReactIons of cobaloxrme (I) with propargy1 hahdes lead, dependmg on then 

structures, either to allenyl- or to propargyl-cobaloxlmes [6] 
3-MethylpropargyIcobaloxnne XI reacts wrth ethyl bromomalonate to sve 

the allenylmalomc ester XII as major product AllenyIcobalox~me XIII under 
the same condrtions yields the propargylmalomc ester XIV. In all cases, irradla- 
tion with vlslble light produced an acceleration of the reaction As for allyl- 
cobaIoxlmes, substltutlon of cobalt by the malony1 group occurs with compiete 
rearrangement of the propargyl or allenyl group 

Mechanism of the reactrons between ethyl bromomalonate and allylcobal- 
ox1mes 

The slmllanty between the reactions r’escrlbed m this paper and the reac- 
tlons of allylcobaloxlmes with BrCC13 [l] suggest rdentxcal mecharnsms for 
these ally1 transfer reactlons Further support for the mechamsm shown m 
Scheme 2 is provided by the followmg experimental data 

(a) When the reaction between ethyl bromomalonate and complex IV was 
carried out at 60°C in the presence of the radical traps galvmoxyl- or tn-tert- 
butyl-phenol [S], decomposltlon of compound IV was observed but only traces 
of the allylmalonic ester IX were formed 

(b) The first step of the propagation phase (Scheme 2) mvolves reactlon 
between cobaloxlme (II) and ethyl bromomalonate This reaction can be per- 
formed by preparing cobaloxlme (II) m s&u and adding ethyl bromomalonate 

* The hydrogen donor QH IS not CHCI~ SIIIC~ no deutenum mcorporatmn was observea when the 
reactmns were carrwd out XIX CDC13. 
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One of the reaction products l\as blomocobalohlme (BICo(DmgH)2Py) (yield 
76%) m agreement wth the proposed mechdmsm 

This mechamsm latlonahses most of the features of these reactions but does 
not account for the Hugh legoselectlvlty observed \\lth complexes III, IV and 
V _A smnlar path\%ay can be envisaged for the reactlon of allenyl- or propar,Tl- 
c;obaloxnnes However. we have no e~penmental evidence for the formation, 

durmg thermolysls or photolysls of these compounds, of cobalosnne (II), the 
mltlatmg entity of the cham mechamsm, whereas such evidence does e_\lst m 
the case of aliylcobaloxm~es [9] 

Conclusion 

The results reported helem demonstrate the synthetic value of these leac- 
tlons Several methods have been proposed to prepare allylmalonates which are 
important mtermedlates m the synthesis of barbiturates Allylatlon of sodium 

malonate by ally1 halides has been \\sdely used [lo] and more recently other 
reactlons, which Involve transltlon metal salts or complexes, have been 
repolted e g allylatlon of ethyl maionate by alkenes in the presence of hln”’ 
(or Co”‘) and CuT1 salts ill], and nucleophlllc attack of sodlum malonate on 
~-ally1 complexes of NI” [ 121 01 Pd” [ 131 These leactlons gve llse, in most 
cases, to mixtures in which the product havmg the most substituted double 
bond IS predominant The reactlons of allylcobaloslmes with ethyl blomoma- 
Ionate plovlde an alternatlve method of synthesis of allylmaiomc esters and its 
Interest hes m the posslblllty of prepalmg compounds m which the malonyl 
goup IS bound to secondary 01 tertiary carbon atoms 

Expenmental 

Chenzrcals and rnst~ rrnzentatlon 
Allyl-, allenyl- and propargyi-cobaloxlmes were known compounds wvlzLLh 

were piepared by treatmg pyndmecobalokrme (I) wtlth allyhc or propagyllc 
hahdes from commercial sources Ethyl bromomalonate (Fluka), contammg 6% 
ethyl malonate, was used without further purlflcatlon Infrared spectra of leac- 
tlon products were recorded neat with a Beckman Acculab 6 spectrophotom- 

eter ‘H NLMR spectra at 90 MHz were measured with a Perkm-Elmer R-32 
spectrometer m CDC13 solution contammg 1% TlMS Mass spectra were 
obtamed with an AEI MS 50 spectrometer (ICSN - Glf-sur-Yvette, France) 

General procedure for the reactrons betiveen ethyl bromonzalonate and alkyd- 
cobaloxunes 

In a typical reaction, 1 mmol of alkylcobaloxlme and 1 5 mmol of ethyl 

bromomalonate were added to 6 ml of degassed CHC13 m the dark The mui- 

ture was left at room temperature for 48 h under nitrogen and then passed 
through a column of Stica gel CC7. Elutlon by CH2Cl, allowed a crude separa- 
tion of the organic products. unreacted ethyl bromomalonate, ethyl malonate 
and ethyl allylmalonate from bromopyridmecobaloxlme The reactlon yields 
were deduced from the mtegratlon curve of the NMR spectra of the murtures 
of organic products. Pure allyl, propargyl- and allenyl-malonates were obtamed 



either by chromatography on an alumma (actwIt>- 1) column (eludnt hexane 
and hexane/ethyl acetate 95/5) or by prepxatlve thm-layer c%rom&oaaphy on 

Slhca gel (Merck F-254) (eluant hesane/ethyl acetate l/l) 

Pfzotocfzemrcal reactrons 
0.2 mmol of alkylcobaloslme and 0 3 mmol of ethyl blomomalonate wele 

dissolved m 0.7 ml degdssed CDClll m an NMR tube filled with N, and closed 
by a serum cap. The tube was uradlated m a Pyrex vessel cooled at O”C, by two 
300 W tungsten lamps The reactions were followed by measu~mg the NMR 

spectrum of the mature at regular mtervals 
Ethyl allylmalonate (VI) (yield 50%) was Identified by ConiprUlson of its 

NMR spectrum w&h that of an authentic sample and by Its mass spectrum 172/e 
200 (1W’), 155, 127_ 

Ethyl (2-methyl) allylmalonate (VII) (yield 71%)- IR (cm-‘) v(CH) 3040, 
v(C=O) 1735, v(C=C) 1650; NMR 6 4 79,-r 72 (Bs, 2H, C=CH.,) 4 18 (q. 4H, 
0-CH2), 3.53 (t, 1H. CH(CO&,H&), 2 62 (d, 2H, CH,-CH), 1.75 (s, 3H, 
CH,-C=) and 1 2’7 ppm (t, 6H, O--CH,-C~,). mass spectrum m/e 214 (W), 
159, 141,55_ 

Ethyl (l-methyl) allylmalonate (VIII) (yield 60%)- IR (cm-‘) v(CH) 3010, 
v(C=O) 1730, II(C=C) 1650, NMR_ 6 5 S3 (m, lH, CH=C), 5 10 (m, 2H, 
CH,=C), 4.22 (q, 4H, 0-CH2), 3 28 (d, lH, CH(C02C2HS),), 2 95 (m, lH, 
CH(CH,)), 128 (t, 6H, 0-CH?-CH,) and 1 12 ppm (d, 3H, CH,(CH)), mass 
spectrum m/e: 214 (M’), 169,160,141, 55 

Ethyl (l,l-dimethyl) allylmalonate (IX) (yield 75%) IR (cm-‘) v(CH) 3035, 
v(C=O) 1740, v(C=C) 1635; NMR- 6 6.08 (cl. lH, CH=C), 5.00 (m, 2H, 
CH,=C), 4.16 (q, 4H, O-CH*), 3.30 (s, lH, CH(CO&H&, 1 26 (t, 6H, 
0--CH,-CH,) and 1 26 ppm (s, 6H, (CH,),C); mass spectrum m/e 228 (M'), 
183,160,155,69. 

Ethyl (1-phenyl) allylmalonate (X) (yield 52%)_ IR (cm-‘) v(CH) 3010, 

v(C=O) 1725, v(C=C) 1500,1600,1635, NMR. 6 7.22 (s, 5H, C,H,), 6 00 (m, 
lH, CH=C), 5.10 (m, 2H, CH,=C), 4 21 (q, 4H, O--CHz), 3.85 (m 2H, 

AH+?H---) and 127 ppm ft, 3H, 0-CH2-C~~), mass spectrum m/e 276 
(M+),203,117,91. 

Ethyl (3-methyl) allenylmalonate (XII) (yield 70%). IR (cm-‘) v(C=O) 
1740, v(C=C=C) 1960; NMR-6 4.70 (m 8 lines, 2H, CH,=C, J 1 6 Hz, J 3 Hz), 
4 14 (q, 4H, O-CHz), 4.01 (t, lH, CH(CO&H&, J 1.6 Hz), 1.82 (t, 3H, 
CHd2; J 3 Hz) and 130 ppm (t, 6H, O-CH,-CH,), mass spectrum m/e 212 
(M+),167,139,110,65_ 

Ethyl (l,l-dimethyl) propargylmalonate (XIV) (yield 30%)- IR (cm-')- 
v(CH) 3105, v(C=O) 1745; NMR-6 4 22 (q, 4H, O-CH1), 3 42 (s, lH, 
CH(CO&H5)2), 2.19 (s, lH, HCS), 1.46 (s, 6H, (CH,),C) and 1.29 ppm (t, 
6H, O-CH,-CH,), mass spectrum m/e: 226 (M’), 181,160,153,67 
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