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The reac t ion  of Gr ignard  reagents  with a ,  f t -unsatura ted  aldehydes can p roceed  as 1 ,2 -  or  1 ,3-addi t ion,  
depending on the s t ruc tu re  of the aldehyde and the o rganomagnes ium compound [1-4]. 

We have shown that the  main  pathway for  the reac t ion  of CHsMgIwith i somer i c  a -  and/~-( t r ia lkyls i ly l )  
acro ie ins  is 1 ,2-addi t ion ,  which fo rms  the cor responding  secondary  organosi l icon alcohols 

CH2=C(SiRa)CH0 -t- CHaMgI -+ CH2=C(SiRs)CHOHCHs 
(Ia, b) (IIa, b) 

RsSiCH=CHCHO ~ CH~MgI ~-~ t/sSiCH=CHCHOHCHs 
(IIIa, b) (IVa, b:) 

R = C2H5 (Ia)--(IVa); CH s (Ib) - -  (IVb) 

We ver i f ied  the s t ruc tu r e s  of compounds (IIa, b) and (IVa, b), isolated by p repa ra t ive  gas chromatography  
(PGC), f rom the i r  IR and PMR p a r a m e t e r s .  

The side reac t ions  of a -  and of f t - ( t r ia lkyls i ly l )acrole ins  a re  not identical .  The c~ i s o m e r s  to a cons ide r -  
able extent undergo cleavage of the S i - -  C bond, giving the decomposi t ion product ,  hexaalkyldis i loxane.  This  
is due to the instabi l i ty of a-- ( t r ia lkyls i iy l )acrole ins ,  which have the carbonyl  group fl to the si l icon.  Cleavage 
of the S i - - C  bond does not occur  with the m o r e  stable f i - ( t r i a lky ls i ly l )acro le ins .  In this case  the byproducts  
a re  p r i m a r y  7- ( t r ia lkyls  ilyl)a llyl a lcohols ,  R3S iCH = CHCH2OH (Va,  b), and 1- t r i a  l ky l s i l y l - l - bu t en -3 -o n es ,  
R3SiCH =CHCOCH 3 (Via, b). We deduced the s t ruc tu r e s  of compounds (Va, b) and (Via, b) f rom thei r  PMR 
pa : :amete rs .  

The p resence  of 7 - ( t r ia lky ls i ly l )a l iy l  alcohois in the reac t ion  mix tu re s  cannot be cons idered  the r e su l t  
of the reducing action of the Gr ignard  reagent ,  since CH3MgIlacks theft hydrogen that is capable of giving the 
hydride ion [1]. The s imul taneous  p resence  of the p r i m a r y  alcohol and the ketone among the reac t ion  products  
suggests  the following scheme for  the i r  fo rmat ion .  The reac t ion  of a lky lmagnes ium halides with carbonyl  com-  
pounds proceeds  via the alcoholate 

BsSiCH=CHCHO -}- CHaMgI --~ RsSiCH=CHCH(CHs)OMgI 

which is then oxidized by another  molecule  of the s ta r t ing  aldehyde to the ketone with the concomitant  f o r m a -  
tion of the reduct ion product  of the aldehyde, the p r i m a r y  alcohol 

B,SiCH=CHCHO -~ RaSiCH=CHCH(CH3)0MgI-+ 
~- BsSiCH=CHCH20H -~ BaSiCH=CHCOCHa 

(va, b ) (via,  b) 
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These  ox ida t ion- - reduc t ion  react ions  have been descr ibed  for aliphatic and a romat ic  aldehydes [1], but 
have not been r epor t ed  for  a, g -unsa tu ra ted  a ldehydes .  

Thus,  although the reac t ion  of CH3MgI with a -  and/~-( t r ia lkylsf ly l )acrole ins  is mainly 1,2-addition, the 
presence  of the t r ia lkyls i iy l  group in the aldehyde molecule causes side react ions  not pecul iar  to acroIein 
and its analogs.  

E X P E R I M E N T A L  

All GLC analyses  and prepara t ive  separat ions  were c a r r i e d  out on a Khrom-3 ins t rument  [ka tharometer ,  
4.6 m x I 0 m m  column, 20% polyphenyl e ther  on Chromaton N-AW-HMDC (0 .25-0 .5  ram)]. The co tumntem-  
pera ture  was l l0~  for  t r imethyls i ly l  der ivat ives  and 140-150~ for  t r ie thyls i [y l  der iva t ives .  

Spectra were recorded  with: IR: a UR-20 spee t rophotometer ,  in a thin layer ;  PMR: a Tes la  BS 487B 
s p e c t r o m e t e r  (80 MHz), as solutions in CC1 t (5-10%) with hexamethyldisi toxane as internal  s tandard.  

Reaction of c~-(Triethylsilyl)acrolein (In) with CHaMgI. To the Grignard reagent  p repared  f rom Mg (0.66 
g) and CH3I (3.9 g) in e ther  (10 ml) was added (In) (4.25 g) in e ther  (5ml)(0~ The react ion mixture  was 
s t i r r ed  at 20~ for 2 h and worked up with sa tura ted  NH4C1 solution at 0~ The usual t rea tment  and vacuum 
disti l lation gave a f ract ion (3.06 g) with bp 73-84~ (1.5 ram), consist ing of hexaethyldisi loxane (26.5%) (yield 
26%), (IIa) (62.5%) (yield 41%), and impuri t ies  (11%). 

2 - (Tr i e thy l s i l y l ) - l -bu t en -3 -o l  (IIa), isolated by PGC, and nD 2~ 1.4687; d420 0.8912. Found: C 64.51; H 
11.90; Si 15.08%; MR 58.14. Ci0H22OSi. Calculated: C 64.43; H 11.90; Si 15.07%; MR 58.76. IR spec t rum (u, 
cm-i) :  1600 (C ~C), 930 (=CH2) , 3350 (OH). PMR spec t rum(5 ,  ppm): 0.04 m (6H, CH2Si); 0.64 m (9H, CH3CSi); 
1.22 d (3H, CH 3, 3j=6.5Hz);  2.53 s (1H, OH); 4.35 m (1H, CH); 5,29 dd (1H, = CH, 2 j=2 .75 ,  4j=1 Hz); 5.85 
dd ( i l l ,  --CH, t j = l . 5  Hz). 

2 - (Tr ime thy l s i l y l ) - l -bu ten -3 -o l  (lib) was p repa red  s imi la r ly  f rom (Ib) (2.85 g) in 45%yield; nD 2~ 1.4483; 
d42~ 0.8-602. Found: C 58.35; H 11.20; Si 19.52%; MR 44.93. CTH10OSi. Calculated: C 58.27; H 11.18; Si 
19.46%; MR 45.23. IR spectrum (v, cm-l) :  1600 (C--C), 3350 (OH). 

React ion of f l - (Tr ie thyls i ly l )acrole in  (Ilia) with CH3MgI. The react ion was ca r r i ed  out under conditions 
describ- ed above. Compound (Ilia) (6.15 g) a f te r  t r ea tmen t  with CHaMgI gave a f ract ion (5.01 g) with bp 85- 
87~ (3 ram), containing 1 - t r i e t hy l s i l y l - l - bu t en -3 -o l  (IVa) (83.7%) (yield 60%), 7-( t r ie thyls i ly l )a l ly l  alcohol 
(Va) (5.7%), 1 - t r i e thy l s i l y l - l -bu t en -3 -one  (Via) (3.3%), and impuri t ies  (2.3%). 

The compounds, isolated by PGC, had the following p roper t i e s .  

Compound (IVa), (C2Hs)3S[CH =CHCHOHCH3: nD 2~ 1.4620; d42~ 0.8713. Found: C 64 .69 ;Hl l . 87 ;  Si14.95%; 
MR 58.82. CtoH22OSi. Calculated: C 64.43; H 11.90; Si 15.07%; MR 58.76. IR spec t rum (u, cm-t)  �9 1620(C=C), 
3350 (OH). PMR spe ctr  t~m (5, ppm) : 0.59 m (6H, C H 2 Si); 0.95 m (gH, C H3C Si); 1.20 d (3H, C H3, 3j = 6.75 Hz); 3.40 s 
(1H, OH); 4 .19 dd (1H, CH, 3j =4.6,  4j =0.8 Hz), 5.67 dd (1H, SiCH-, 3j = 19.0 Hz); 6.04 dd (1H, CCH =). 

Compound (Va), (C2H~)aSiCH =CHCH2OH, was identical (GLC, PMR) to a sample p r e p a r e d e a r l i e r  by 
hydrosi lylat ion of propargyl  alcohol [5]. 

Compound (Via), (C2Hs)3SiCH = CHCOCH 3, nD 2~ 1.4448, was identical (GLC) to 1 - t r i e thy ls i ly l -2-bu ten-  
3-one p repa red  by oxidation of (IVa) with a solution of CrO~ in H~SQ. Compound (Via) had nD 2~ 1.4653; d~ ~~ 
0.8760.  Found: C64.76;H10.80;Si15,34%;MR58.14.  Ct0H20OSi. Calculated: C65.24;HlO.93;SilS.33%;MRi 
57.37. Its PMR spect rum was identical  to that quoted in [61. Reaction of~- ( t r imethyis i lyI)acrole in  (IIIb) (5.64g) with 

CH3MgI [from Mg (1.08 g)] gave a f ract ion (4.54 g) with bp 75-83~ (20 mm), consist ing of 1- t r imethyts i [y l -  
1-buten-3-o[  (IVb) (97.4%) (yield 70%), 7- ( t r imethyis i ly l )a l ly l  alcohol (Vb) (0.7%), and 1 - t r imethy l sHyl -1-  
butea-3-one (VIb) (1.9%). 

Compound (IVb), (CH3)3SiCH =CHCHOHCH 3, isolated byPGC, had nD 2~ 1.4440; d42~ 0.8396. Found: C 
58.37; H 11.25; Si 19.55%; MR 45.65. CzHI~OSi. Calculated: C 58.27; H 11.18; Si 19o46%; MR 45.23. IR spec- 
trum (v, cm-i): 1610 (C=C), 3350 (OH). 

Compound (Vb) was identical to (CH3)3SiCH = CHCH~OH prepared by hydrosilylation ofpropargyl alcohol;* 
nD 2~ 1.4498; d42~ 0.8636. Found: C 55.41; H 10.90; Si 21.61%; MR 40.52. CGHI4OSi. Calculated: C 55.32; H 

�9 Passage  of (CH3)3Si into propargyl  alcohol in the p resence  of H~PtC[~ forms a mix ture  of the gem-  and t r ans -  
i somer ic  alcohols in the ra t io  46 �9 54, which can be separa ted  by PGC. The constants of CH 2 =C[Si(CH3)3]- 
CH2OH are:  nD 2~ 1.4663; d420 0.8648.  
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10.83; Si 21.56%; MR 40.58. PMR spec t rum (6, ppm): 0.09 s (9H, CH3Si); 3.59 s (1H, OH); 4.06 dd (2H, CH2, 
3j = 3.5, 4J=0.9 Hz); 5.85 dt (1H, SiCH, 3j = 18.8 Hz); 6.08 dt (1H, =CH). 

Compound (VIb), (CH3)3SiCH =CHCOCH3, had nD 2~ 1.4480 [7]. The same  ketone was p r epa red  by oxidation 
of (IVb) with CrO 3 in H2SO 4. The PM_R spec t rum was identical  to that desc r ibed  in [7]. 

C O N C L U S I O N S  

React ion of a~- and/3- ( t r ta lkyls i ly l )acro le ins  with me thy lmagnes ium iodide fo rms  the cor responding  
secondary  unsa tura ted  organosi l icon a lcohols .  The reac t ions  of a - ( t r i a lky l s i l y l ) ac ro l e in s  a re  accompanied  
by cleavage of the S i - -  C bond. The byproducts  f rom/~-( t r ia lkyls i ly l )aero le ins  a re  p r i m a r y  unsa tura ted  a l -  
cohols and ~ , /3 -unsa tu ra t ed  organosi l ieon ke tches .  
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Methylenediphosphonic acid (I) and its de r iva t ives ,  notably hydroxyethylenediphosphonic acid (17), 
because of the i r  access ib i l i ty  [1] and abil i ty to fo rm stable  complexes  with a s e r i e s  of me ta l  cat ions,  find 
var ious uses  [2, 3]. We have made detai led studies of the eomplexing p rope r t i e s  of (II) [4] and of aminobenzyl-  
idenediphosphonie acid (III) [5] and have m e a s u r e d  the s tabi l i ty  constants  of me ta l  complexes  with these  ltgands 
by potent iometr ic  t i t ra t ion  

CH~ C~H5 
l J 

H20~P--CH2--PO3H2 H20~P--C--P03H~ H20~P--C--PO~H2 
I [ 
OH NH2 

(i) (ii) (m) 

These  acids in some cases  display g r e a t e r  eomplexing abil i ty than polyaminopolyphosphonic acids [2]. 
We decided to synthesize  and study the p rope r t i e s  of acids containing together  with the hydroxymethylenediphos-  
phonic acid grouping an additional coordinat ion s i te ,  an amino group.  Hence we p r epa red  amino-subs t i tu ted  
~-hydroxyalkylidenediphosphonic acids (IV)-(VII) 

R' PO3H.z 
N I OH N (C H2)~ L:-- 

R /  I o POsH. 
R=R'=H, n = 2 (IV); R=R':H,  n = 3 (V); R=H, R'=C~Hs, n = 2 (VI); R=R'=C2Hs, 

n = 2 (VII) R~=R'=CHs, n=2 (VIII) 
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