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ZrCl4-Catalyzed scission of ethylene acetals 
with organoaluminum compounds 
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Ethylene acetats and ethylene ketals undergo reductive scission under the action of 
Bui~AIH in the presence of catalytic amounts of ZrCI 4. With Et3AI and Bui~AI, reductive 
alkylation also occurs. 
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It is known !-3 that the C ~ O  bond in ethylene 
acetals and ethylene ketals is cleaved under the action of 
BuI!AIH or BuitAI at 60--110 ~ Subsequent hydrolysis 
of the corresponding ahtminates affords ethylene glycol 
monoethers (rome a in Scheme 1). 

Scheme 1 

1 - - 4  

~- RaA1 (R2AIH) 

5% ZrC14 

R z R 2 
l I 

R1CH__O__(CH2)2 --OAIR 2 4- Fl lC--O--(CH2)2--OAtFI2 
I 
R 

I HzO 

R2 R 2 
1 I 

R1CH- -O- - (CH2)  2 --OH + R 1 C - - O - - ( C H 2 ) 2 - - O H  
I 
R 

5 - - 7  8 - - 1 2  

1: R ~ = R 2 = H ; 2 ,  5 :  R ~ = H, R z = P r ' ; 3 )  6 :  R ~ = H. 

R e = Ph; 4 ,  7 :  R 1 + R e = - - ( C H e ) s - - ;  8 :  R = Et, 
R 1 H, R 2 = Pr'; 9 :  R = Bu i, R 1 = R e = H; 10 :  R = Bu'.  

R 1 = H. R 2 = Pr'; 11 :  R = IBu', R 1 = H, R 2 = Ph; 

1 2 :  R = Bu'.  R I ~ R e = ~ ( C H 2 )  5 -  

As part of cont inuing studies of catalytic conversions 
of organoaluminum compounds (OAC), we found that 
this process in the presence of ZrCI 4 (5 mol.%) in 
hydrocarbon solvents (hexane or benzene) at room tem- 
perature was completed m 2 0 - 4 0  rain. Ether-type sol- 
vents totally suppress this process, which is typical of 
conversions of OAC catalyzed by zirconium complexes. 4 
The other zirconium compounds tested by us, viz., 
ZrOC12 - 6H20, Zr(acac) 4, and CP2ZrCI, ., do not exhibit 
analogous catalytic activity. In the presence of TiCI4, the 
reaction mixture is resinificd. 

With Bui3AI, reduction of the initial dioxolanes 2--4 
is accompanied by their reductive alkylation (route b in 
Scheme 1). In the absence of a catalyst, this reaction is 
typical of only n-alkylalanes, in particular, of Et3AI. s 
The total yield of the corresponding reaction products 
was no less than 70%. The exception is formaldehyde 
acetal (1), which gave only a product of reductive alkyla- 

Table I. Products of the reactions of 1,3-dioxolanes 
with organoaluminum compounds 

Initial OAC Reaction Total 
acetal products yield 

(ratio) (%) 

! Bui.3Al 9 10 
2 Bu'3AI 5, 10 (3:1) 76 
2 Bui2AIH ,5 98 
2 Et3AI 8 98 
3 Bui3Al 6, 11 (4:1) 68 
3* Btti3AI 6, 11 (1:1) 20 
4 Bui3AI 7, IZ t5:1) 60 

* Acetal : OAC = I : 4. 

Translated from Izvestiya Akademii Nauk. Seriyo Khimtcheskaya No. S, pp. |550--1552, August, 1999. 
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tion (9) in a yield o f  no more  t h a n  10%, while the  
reaction of  c o m p o u n d  1 with O A C  in the  absence o f  a 
catalyst did no t  occur .  5 It appea red  that  the  com pos i t i on  
of the resul t ing mix tu r e  d e p e n d e d  on  the  s t ructures  a n d  
the ratio of  the  ini t ia l  reagents  (Table  1). Thus the  
presence of  bulky  subs t i tuen t s  (R t and  R 2) at the C(2)  
a tom of  d ioxo lanes  2 - - 4  h inders  t he i r  reduct ive  atkyla-  
tion, while acetal  I gives exclusively a lkyla t ion p roduc t  
9. Analogously,  w h e n  Et3AI , c o n t a i n i n g  less bulky sub-  
st i tuents,  was used ins tead  of  Bui3Al in the  react ion wi th  
2 - i sop ropy l -1 ,3 -d ioxo lane  (2),  a lkyla t ion  p roduc t  8 was 
obtained in vir t tmlly quan t i t a t ive  yield. No te  that  ana lo -  
gous regulari t ies  were  also obse rved  in the  react ions  of  
acetals with o r g a n o m a g n e s i u m  c o m p o u n d s .  6 

Experimental 

All experiments were performed in an atmosphere of dry. 
argon. Organoaluminum compounds were used as 30% solu- 
tions in hexane. The initial ethylene acetals 1--4 were synthe- 
sized according to a known procedure, 7 distilled under argon, 
and stored in an inert atmosphere over metallic sodium The 
physicochemical constants of compounds ! - -4  coincide with 
the published data. 8 The solvents were distilled in an inert 
atmosphere over Btd~AIH immediately before use. The GLC 
analysis was pefformg:d on a Chrom-5 chromatograph (flame 

ionization detector, 5% SE-30 on Chromaton N-AW as the 
stationary phase, 1200x5-mm cohmm, temperature program- 
ruing from 50 to 300 ~ decane as the internal standard). The 
~H and 13C NMR spectra were recorded on a Bntker AM-300 
spectrometer in CDCI 3 with Me4Si as the internal standard. 
Ethylene glycol monoethcrs 5--12 were isolated by vacuum 
distillation on a Fisher MMS-t55 microcolt, mn. 

Reactions of ethylene acetals with OAC (general proce- 
dure). Anhydrous ZrC] 4 (0.2 mmol) was added to a solution 
of an organoaluminmn compound (4 mmol) in hexane at 
-20 ~ Then 1,3-dioxolane 1--4 (2 mmol) was added drop- 
wise with intense stirring over 30 rain. The reaction mixture 
was diluted with an equal volume of ether, cooled to -10  ~ 
decomposed with water (4 mL) with stirring, and treated 
with 5% HCI until the precipitate dissolved. The organic 
layer was separated, dried with MgSO 4, and analyzed by 
GLC. The yields and the ratios of products 5- -12  are given 
in Table 1. The compounds synthesized were identified 
based on the data of elemental analysis and IH and 13C 
NMR spectroscopy. 2-iso-Butoxyethanol 9 (5) (b.p. 39-- 
40 ~ (4 Tort),  nD2~ 1.41291, 2-benzyloxyethanol 5 (6) (b .p  
98 ~ (3 Torr), riD20 1.5269), 2-cyclohexyloxyethanM l~ (7~ 
(b.p. 76 ~ (4 Tort), no2~ 1.4606), and 2-(3-methyl-  
butoxy)ethanol 5 (9) (b.p. 66~ (10 Torr), nD 2~ 1.4370) were 
identified by comparing with the published data. The physi- 
cochemical constants of 2-(2-methylpentan-3-ytoxy)ethanoI 
(8), 2-(2,5-dimethylhexan-3-yloxy)ethanol (10), 2-(3-meth-  
y l - l -phenylbutoxy)e thanol  ( I l L  and 2-(1-isobutylcyclo- 
hexyloxy)ethanol (17,) are given in Table 2. 

Table 2. Spectral data and selected physicochemical characteristics of the synthesized ethylene glycol monoethers 

Com- B.p. nD20 Found (%) Molecular tH NMR, t3C NMR, 
pound /~ Calculated formula 8, J/Hz 3 

(p/Ton') C H 

8 72 1.4279 65.70 12.20 $8tt1~O 2 
(10) 65.71 12.41 

10 65--70 1_4315 68,99 12.77 S101-12202 
(4) 68.92 12.72 

!! 105 1.5118 74,99 ~ C~31-1200 ? 
(3) 74.96 9.68 

12 II0 1.4649 71,97 12.00 SI2H2402 
(4) 71.95 12.08 

0.73 (d, 3 H, CH 3, d = 6.8); 0.77 Id, 
3 H, Ctl  3, Y = 6.9); 0.80 (t. 3 H, CH 3, 
J = 7.1); 1.25--1.42 (m, 2 H, CH2). 
1.70 (octet. I H, CH, J = 6.6); 2.83 (q, 
1 t1, CHO, d = 6.5); 3.00 (br.s, I H, 
OH): 3.42 (t, 2 H, CH20, J = 4.6); 
3_56 (t, 2 H, Ct t20,  3 = 4.6) 

0.80 (d, 6 H, C | t  3, d = 6.7); 0.86 (d, 17.17 
6 H, CH 3, J = 6.7); 1.15 (m, I H, 21.79 
CH2); 1.38 (m, I H, CH2); 1.70--1.80 24.24 
(m, 1 H, CH); 1.80--l.90 (m, 1 H, CH);30.19 
3.10--3.20 (m, I H, CHO); 3.48 (br.s. 39.26 
1 H, OH); 3.61 (t, 2 H, CH20, J = 61.52 
4.7); 3_69 (t, 2 H, CH20, J = 47)  70.60 

0.74 (d, 3 H, CH 3, J = 2.66), 0.76 ~d, 22.48 
3 H, CH 3, J = 2.66): 1.25 (m, I H, 47.11 
CH2); 1.53 (m,. 1 H, Ctt2); 1.62 (m.  71,17 

9.68 (CH3); 18.0 (CIt)); 
18.09 (CH3): 22.85 (CH2): 
30.22 (Ctl) ;  
6182 (CIt2OH); 
70.86 (CH20); 
86.24 (CHO) 

(CH3): 17.71 (CH3); 
(CH3); 23.35 (CH3); 
(CH--CH2); 
(CH--CH);  
(CH2); 
(CH2OH); 
(CH20):. 82.50 (CH--O) 

(CH3); 24.13 (CH3): 
(CH2); 61.15 (CH2OH); 
(Ctt20):  

I H, CH): 3.32 (br.s, I H, OH); 
3.33 (t, 2 H, CH20, d = 4.55); 3.60 it, 
2 1t, CH20, d = 4.55); 4.28 (dr.l, I 1"t, 
CH--Ar, d = 5.88, Y = 6.12); 
7.0--7.2 (m, 5 H, Ar) 

0.75 (d, 6 H. 2 CH 3, Y = 6.6); 
1.00--1.25 (m, 4 H, 2 CH2); 1.30--t.55 
(rn, 7 H, 3 CH 2, CH); 1.60--1.80 (m, 
2 H, CH2--CIt):  3.10--3.25 (m, 2 H, 
CHzOk 3.40--3.55 (m, 2 H. Cl t20)  

80.50 (CH--Ar):  
126.03 (CH, atom.): 
127.24 (2 CH, arom.); 
127.82 (2 CH, aromA: 
142.43 (C, atom.) 

2135 (CH 2 of the ling); 
25.54 (2 CH? of the ringk 
34.49 (2 CH,  of the ring); 
22.59 (2 CH3); 24.59 (CII): 
44.59 (CH2); 60.67 {CI-12OH): 
61.76 (CH20);  75.34 (C--O) 
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