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Abstract 

The TDA-1 [N(CH2CH2OCH2CH2OCH3)3] chelating agent is able to com- 
plex Grignard reagents. This complexation leads to powders. The prepa- 
ration is general and the complexes "RMgx/TDA-1" are easily prepared from 
every type of Grignard reagents. These solids are stableunder nitrogenand 
can be titrated and used as Grignard reagents. 

The study of their chemical reactivity shows a behaviour compa- 
rable to that of conventional Grignard reagents, the rate of reactions 
however being decreased. Selective addition onto a mixture of aldehyde and 
ketone is possible. Interestingly the reactions can be performed in 
hydrocarbon solvents (toluene, light petroleum, cyclohexane). 

INTRODUCTION 

Grignard reagents are amongst the most widely used reagents in organic chemistry (1.2). 

They are generally prepared and stored in solution, most commonly in "ethereal solvents". This 

aspect may be a considerable disadvantage and is the main limitation to their use at the 

industrial scale. We report here a method to get these reagents in the solid state: solid 

Grignard reagents may be obtained by precipitation from solution, using a chelating agent : the 

tris (dioxa 3.6 heptyl)amine or TDA-1 [N(CH~CH~OCH~CH~OCHJ)~] (3). 

This paper describes the preparation and the chemical behaviour of solid Grignard 

reagents in various solvents. 

RESULTS 

I - Preparation, physical properties and characterization of complexes "Grignard 

reagentYTDA-1 ". 

The addition of amolar equivalent of TDA-lin ether to an ethereal solution of two molar 

equivalents of Grignard reagent results in the formation of a pasty solid. After decan- 

tation, the solid may be recovered as a finely divided powder by removing the residual solvent 

under vacuum. This powder gives a positive test with Gilman's reagent (4) and can be titrated 

with an iodine solution in the same way as conventional Grignard reagents. 

The preparation is effective for all types of Grignard reagent, and is easily performed 

under nitrogen using deoxygenated reagents. The Grignard reagents so prepared are listed in 

Table 1. 
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Table 1. Summary of "RMgX/TDA-1" complexes prepared from RMgX 

Iodide 

primary alkyl secondary 
alkyl 

EtBr. nBuBr, iBuBr cHexBr 

nC7H15Br, nC16Hs3Br iPrBr 

Me1 

aromatic t:%tf' /.5:_"d 1 

PhCH2Br PhBr 

CH2=CH-CH2Br p-CH30(C6H4)Br 

HCmC-CH2Br m-CF3(C6H4)Br 

CH2=CHBr* 
p-CF(C6H4)Br 

P-F(C6H4)Br 

* Solvent THF 

The "Grignard reagent ADA-l" complexes described in this paper are soluble in THFbut 

insoluble in ether, benzene, toluene, light petroleum and cyclohexane. They are stable at room 

temperature under nitrogen, thermal decomposition occuring only at temperatures ranging from 

110 to 14O'C in sealed reaction vessels under vacuum. (Table 2). 

Table 2. Decomposition temperature of "RMgXA'DA-1" complexes 

R nBu 

Decomp. 1lO’C 
temp. 

0 
1lO'C 

NH2 

12O'C 

Ph 

14O’C 

lH NMR spectra recordedin THFdgsolution show a largeupfield shift for the protons a to 

the magnesium atom (Table 3). Table 4 shows that the chemical shifts observed in the case of the 

complex "EtMgBr/'TDA-1" are in good agreement with those of conventional Grignard reagents 

(5,6),and similar to those recently reported for a crown ether complexed reagent (7). The ratio 

of organic group RLfDA-1 could easily be determined from the lH NMR spectra of the complexes and 

was found to be 2/l in every case. 



Grignarcl reagentsas powders 

Table 3. lH NMB chemical shifts of "RMgX/TDA-1" complexes in THFd8. 
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complex 

C2H5MgBr/TDA-1 

nC6H13MgBrflDA-1 

PhCh2MgBr/TDA-1 

pF-PhMgBr/TDA-1 

mCF PhMgBrYTDA-3 
3 

Ha to Mg atom 

,0.75. 9. 2H(CH2) 

,0.6. t, 2H(CH2) 

0.1, s. 2H(CH2) 

other protons 

1.15.t. 3H(CH3) 

1.2,multiplet, 11H 

iCH2, CH3) 

7.1, multiplet, 5H 
(aromatics) 

6.8, multiplet, 2H 
7.6, multiplet. 2H 

7.8, multiplet, 4H 

TDA-1 

!.8-4.2 multiplet 

2.7-4.1 11 

3-4.1 * 

2.8-4,2 " 

2.7-4 11 

Table 4. Comparison between the chemical shifts of various organometallic reagents in THFd8. 

Orgsnometallic 6 CH3 ppm 6 CH2ppm a 6 ppm 
reagent 6 CH3- 6 CH2 

EtMgBrYTDA-1 1.15 -0.75 1.90 

EtMgRr(5) -0.72 

Et2Mg(5) -0.77 

EtMgBr/TMEDA(6) 1.11 -0.78 1.89 

zpMg(l5-crown-5f -0.40 
(7) 

'Np = neopentyl 

II REACTIVITY 

The reactivity of the "RMgX/TDA-1" complexes towards different electrophilic reagents 

was studied in several solvents, especially in hydrocarbon ones. 

1) Influence of the solvent on the reactivity of 'WIgmA-1" towards carbonyl compounds. 

The reactivity of "EtMgBrY'TDA-1" towards benzaldehyde. acetophenone and ethylbenzoate 

was investigated in several solvents (THF, Et20, toluene) at room temperature (Table 5). In 

every case the products were the same as those obtainedwith conventional Grignard reagents. The 

same yields were obtained inethereal (Et20. THF) andhydrocarbon solvents (toluene). However in 
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toluene the reaction occured more slowly and the difference in reactivity between aldehyde and 

ketone was less marked than in TRF. Representative results in toluene with a range of reagents 

are shown in table 6. Further experiments were performed in light petroleum or cyclohexane 

Reaction at room temperature was very slow, However satisfactory yields of pure products could 

be obtained by refluxingfor 4hours.(table 7). In everycase the yields were again comparable to 

those obtained with conventional Grignard reagents. 

Table 5. Reaction of "EtMgBr/TDA-1" with carbonyl compounds in different solvents at 2O'C. 

* isolated products 

carbonyl compound solvent time product yield* 
x 

THF 5 min 

PhC@' 

yzH5 90 

‘k 
Et20 15 min Ph - C - H 81 

I 
toluene 2h30 OR 86 
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Table 6. Reaction of "RMgBr/'TDA-1" with carbonylcompounds intoluene at room temperatureduring 

5 h. 

R carbonyl 
compound product yield X* 

:H2=CH- PhCHO PhCH(OH) 4 92 

nC7H15CH0 nC7H15CH(OH)A 89 

0 =O 
c)c 

OH / 81 

PhCP 'CH3 Ph(CH$C(OH)A 83 

fiCH2 PhCHO PhCH(OH)w 80 

nC7H15CH0 nC7H15CH(OH)W 71 

o- 
-cl 

CG 75 

iPr 
PhCHO PhCH(OH)iPr 65 

nC7H15CH0 nC7H15CH(OH)iPr 69 

0 ==3 o< DH 33 

'C3H7 

O- 
OH 

Et a 61 

ZH5 

Me PhCHO PhCH(OH)Me 95 

** 
Ph PhC - Me II Ph2CMe(OH) 75 

0 

* yield in isolated products 

** 1 hour at 65’C 
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Table 7. Reaction of acetophenone with "RMgX/"rDA-1" in light petroleum at 65’~ during 4h. 

R product yield*% 

CH 
I 3 

N-I2 Ph - CW 100 
I 
OH 

nBu 

CH 
I 3 

Ph - C - nBu 82 
I 
OH 

iPr 

CH 
I 3 

Ph - C - iPr 
I 
OH 

60 

** 
Ph 

CH 
I 3 

Ph - C - Ph 
I 
OH 

76 

* isolated products 

l * the same result was obtained in cyclohexane. 

2) Selectivity of "FMgJVTDA-1" complexes towards a mixture of aldehyde and ketone. 

Since the "RMgBrA'DA-1" complexes are less reactive than conventional Grignard 

reagents, the selectivity of the addition reaction of "EtMgBr/TDA-1" towards an equimolecular 

mixture of benzaldehyde and acetophenone was studied. The best results were obtained in THF at 

2-C over a period of 1 hour. (reaction 1). 

Reaction 1 

1 eq. 

+ "EtMgBrYTDA-1" 
THNlh/Z'C 

1 eq. Ph - C' 
'CH 

3 

Less than 6% of 2-phenyl 2-butanol was obtained and 83% of the acetophenone was recovered 

unreacted. This degree of selectivity is comparable to that obtained with either organo- 

cuprates (8 9) or organomanganese derivatives (10) at low temperature. 

yzH5 
Ph - CH 

I 
OH 

88% 
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3) Reaction of "RMgmA-1" complexes towards other electrophiles 

The following results illustrate the reactivity of "RMgXYTDA-1" complexes with various 

reagents (reactions Z-7). 

- cyclohexen-2 one : the reaction of "EtMgBrA'DA-1" withcyclohexen-2 onegave amixture 

of the 1,2 addition (37%) and the1.4 additionproduct (54%). The reactionwas carriedout inTHF 

at 0-C and the temperature allowed to rise to 20-C over a period of 4h (reaction 2) 

R&action 2 

+ "EtMgBr/TDA-1" Oer zyC 4h* 

Conventional ethylmagnesiumbromide gave almost opposite proportions (11) 

- benzoyl chloride : ketone was obtained in good yield by reaction of the "PhMgX/TDA-1" 

complex with benzoyl chloride in THF (reaction 3). In other solvents, for example toluene. the 

reaction was less selective and a mixture of ketone and tertiary alcohol was obtained (reaction 

4). 

Reaction 3 

0 THF 
Ph - C< + "PhMgBrnDA-1" l Ph 

Cl O'/lh 

Reaction 4 

0 
Ph - C' 

toluene 

'Cl 
+ "EtMgBr/TDA-1" l Ph 

20'C/5h 

c - Ph 80% 
II 
0 

Et 
I 

C -Et + Ph - C - Et 
II I 
0 OH 

15% 75% 

A similar result has been obtained with conventional Grignard reagents at -78'C (12) 

- acetic anhydride : the "PhMgBr/TDA-1" complex reacted with acetic anhydride to give 

acetophenone in good yield (reaction 5) 
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Reaction 5 
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CH3- Cf" THF 0 

/O + "PhMgBr/TDA-1" l Ph - C' 

CR3- C\o -78'WjO 'CH 
?20'C/2h 3 

95% 

The conditions are milder than those required with conventional Grignard reagents (13). 

- ethylchloroformate : the "RMgX/TDA-1" complex reacted with ethychloroformate to give 

esters in good yield (Table 8). The results are similar to those obtained with conventional 

Grignard reagents (14). 

Table 8. Reactivity of ClC02Et towards "RMgXA'DA-1" 

solvent I conditions 

Et20 0°C 3h 

Et20 O'C 3h 

THF -15'C lh 

product 

nHept- C - OEt 
II 
0 

PhC02Et 

PhC02Et 

yield f* 

45 

45 

94 

* isolated product 

- carbon disulfide : the reaction of EtMgBr with CS2 hasbeen reported in the literature 

(15). The reaction using "EtMgBr/TDA-1" (reaction 6) gave similar results. 

Reaction 6 

cs2 + "EtMgBrITDA-1" 
TRF TBF 
2O'C WBr 

. Et- C-SW 79% 
II 
S 

- silicon compounds : no reaction was observed between Me3SiCl and "RMgXKfDA-1". This 

contrasts with the reaction observed with the hexacoordinated dianonic silicon complex, sodium 

tris(benzene-1,2 diolato)silicate (Table 9) (reaction 7) which gives the same results as those 

observed with conventional Grignard reagents (16). 

Reaction 7 r 12- 

IO SI 

! O 
2Na+ +-4"nBuMgBr/TDA-1" 
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Table 9. Reaction of "nBuMgBr/TDA-1" with sodium tris(benzene-1,2 diolato) 

silicate 

Grignard 
reagent 

nBuMgBr 

"nBuMgBr/TDA-1" 

nBuMgC1 

"nBuMgBr/CDA-1" 

l isolated products 

CONCLUSION 

solvent 
I 
T'C Time(h) Product (yield %)* 

nBU3S~ pm 82 

nBu Si 
3 

TB 83 

nBu SiOH 
3 

66 

nBu SiOH t 
3 

61 

The complexation reaction of Grignard reagents with TDA-1 leads to stable and easily 
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handled solid organometallic reagents. They can be prepared from every type of Grignard reagent 

and have a chemical behaviour similar to classical ones although with a lower reactivity. 

However it is possible to carry out a selective addition reaction on a mixture of aldehyde and 

ketone. The reactions may be performed in hydrocarbon solvents, thus avoiding the use of ethyl 

ether or THF. 

EXPERIMENTAL 

Preparation of the "RMgX/TDA-1" complex 

Reactions were carried out under nitrogen. Solvents were dried, distilled and 
deoxygenated. Starting materials were commercial or were prepared by literature methods. 
IR spectra were recorded with a Perkin-Elmer 298spectrophotometer, lHNMR spectrawith aVarian 
EM 360 spectrometer. Chemical shifts, 6, are relative to TMS. 
All the compounds described in this paper were identified by the usual techniques and compared 
with authentic samples. 

Grignard reagents as powders were prepared from Grignard reagents in solution either in 
ether or in THF. 

The preparation of "EtMgBrflDA-1" (ethereal solution) and "/WgBr/TDA-1" (THFsolution) 
are given as examples. 

- Preparation of "EtMgBrA'DA-1" 

A solution of 23 mmoles (7.5g) of TDA-1 in 75ml of cyclohexane was added dropwise to a 
vigorously stirred ethereal solution of 46.5 mmoles of EtMgBr (75ml of a 0.65 M solution). A 
white precipitate was immediately formed. The reaction mixture was stirred for 1 hour, then 
decanted for 2 hours. The solid was filtered and the residue was thendried undervacuum during2 
hours. 20.25g of "EtMgBr/TDA-1" complex were obtained. It was titrated with asolution of iodine 
in toluene : 1.64 mmoles of ethyl group were present in lg of powder. The yield was 72%. 

- preparation of "@lgBr/TDA-1" 

50 mmoles of /WgBr (50ml of a 1M solution in THF) were placed in a Schlenk tube. Half of the 
solvent was evaporated under vacuum, then 25 mmoles (8g) of TDA-1 in 50ml of cyclohexsne were 
added dropwise to the vigorously stirred Grignard solution. During the addition a white 
precipitate was formed and dissolvedsoon. Themixture was then stirredduring lhour. Two layers 
were formed. After decantation, 50ml of cyclohexane were added to the lower layer, a solid 
precipitated. It was filtered and dried under vacuum. The pasty solid was washed with 50ml of 
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ether, filtered and dried under vacuum for 2h. 14.9g of "$\MgBrA'DA-1" complex were obtained. 
Titration indicated the presence of 2.15 mmoles of vinyl group for lg of complex. The yield was 
64%. 

Reactions of "RMgKA'DA-1" complexes 

Two types of procedures were used depending on the nature of the solvent. 
i) when the reactionwas performedin THF, the "RMgVI'DA-1" complex in solution inTHF was added 
to the reagent. 
ii) when the reaction was performed in another solvent (ether, light petroleum, cyclohexsne or 
toluene), the reagent was added to a suspension of the Grignard in the solvent. 

All the compounds were purified by column chromatography on silicagel. 
We report here one example for each type of procedure. 

Reaction in THF : reaction of "EtMgBrYTDA-1" with benzaldehyde. 

5 mmoles (0.53g) of benzaldehyde diluted in 1Oml of THF were placed in a three- necked 
flask at ZO'C. 5.5mmoles of "EtMgBrA'DA-1" dissolved in lOm1 of THF were added dropwise. The 
reaction was checked by gpc. When the reaction was complete, the mixture was hydrolysed with a 
satured solution of NH!+Cl. The product was extracted with ether. The combined organic layers 
were washed twice with brine, then dried over MgS04. After evaporationof the solvent, the crude 
product was chromatographed on silicagel and was eluted withpentsne/dichloromethane 50/50. The 
product was isolated and characterized (IR, 1~ NMR) by comparisonwith anauthentic sample. The 
purity was checked by gpc. 0.616 (90%) of 1-phenyl 1-propanol were obtained. 

Reaction in ether, light petroleum, cyclohexane or toluene : reaction of "EtMgBr/TDA-1" with 
benzaldehyde in toluene is given as example. 
6.379 of "EtMgBr/TDA-1" (8.98mmoles) were suspended in 18ml of toluene at 20-C. 0.85g (8mmoles) 
of benzaldehyde dissolved in 18ml of toluene were added dropwise to the stirred suspension. The 
reaction was checked by gpc. When the reaction was complete, the product was isolated as prece- 
dently 0.94g (86%) of 1-phenyl 1-propanol were obtained. 
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