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Abstract: When treated with Lewis acids, 2- or 3-vinyl- or -phenylsiloxyaminoacetals generated the 
corresponding imines or iminium ions which in turn underwent smooth intramolecular arnidoalkylation 
to afford anti-l,2- or -1,3-aminoalcohol derivatives in very high chemical yields and excellent 
diastereomeric ratios. Applying the reaction, Z-allo-L-threonine and (+_)-N-ethoxycarbonyl-anti-7- 
hydroxynorvaline were successfully synthesized. 

1,2- and 1,3-Aminoalcohols are fundamental structural units of many bioactive natural products, and various 

methods have therefore been developed for their construction. ~ We have recently achieved the highly stereoselective 

(up to 200 : 1) synthesis of two types of syn-1,3-aminoalcohols by a combination of the intramolecular amidoalkylation 
of chiral iminium ions and the Hosomi-Sakurai reaction (Eq. 1). 2 In this communication we describe the construction of 

anti-1,2- and -1,3-aminoalcohol units with excellent selectivity by the combination of the same amidoalkylation and the 
migration of a vinyl or a phenyl group from a siloxy group situated at the 2- or 3-position (Eq. 2). 
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Eq. 2 

The vinylsiloxy- or phenylsiloxyaminoacetals 1 or 23 were treated under Ar atmosphere with 2.2 equivalents of a 

Lewis acid at 0°C in CH2CI 2 to generate the imines 3 or 4 or the iminium ions 5 or 6, which in turn underwent smooth 

1,4- or 1,5-migration of the vinyl or the phenyl group from the silicon atom to the iminocarbon to afford, after 
desilylation with methanol, 1,2- or 1,3-aminoalcohol derivatives 7 and 9, or 8 and 10, respectively. In cases where 
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desilylation was not effected by methanol, the reaction mixture was treated with sodium bicarbonate and then with 

tetrabutylammonium fluoride. The diastereomeric ratio was determined by direct G. C. analysis, while the chemical 

yield was obtained after purification by SiO 2 column chromatography. 4 The results of  the 1,4-migration of  a vinyl or a 

phenyl group onto the iminocarbons of  the C=N or C=N* bond (n = 0 in Eq. 2) are listed in Table I. 

T a b l e  1. Vinyl  and phenyl  migrat ion from silicon in 2-s i loxy group to C=N or C=N* carbon.  

Entry 
C ompound  Reaction conditions Product  

No. X R 1 R 2 R 3 R 4 Lewis acid temp. period yield a ratio b 
(°C) (h) (%) s y n  : an t i  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

l a  H Vin e Me Me Bn SnC14 0 1 74 1 : 20 

* ", ", * * * TIC14 0 1 60 1 : 17 

", ", ", ,, * ", BF3" OEt2 0 1 56 1 : 60 

lla H Vin Vin Vin Bn SnC14 0 1 74 1 : 19 

,, ,, ,, ,, ,, ,, SnCI4 -40 48 86 1 : 30 

1 e H Vin Ph Ph Et SnC14 0 1 44, 49 d - -  • 

"ld H Ph Ph t-Bu Et SnCl,. 0 1 85 1 : 60 

", ", ", ", ", ", TiCI4 0 1 85 1 : 30 

", ,/ ,, ,, ", ", BF3. OEt2 0 1 85 1 : >300 f 

l e  Bn Vin Me Me Et SnC14 0 1 37 (54) 8 1 :>300  f 

o ,, ,, ,, ,, ", BF3" OEt2 0 1 19 (19) $ 1 : >300 f 

1t Bn Vin Vin Vin Et TiCl4 0 12 57 (26) 8 l :>300 f 

l g  Bn Ph Ph t-Bu Et SnCl4 0 1 78 1 :>300 f 

,, ,, ,, ,, * ,, TIC14 0 1 95 1 : >300 f 

,, ,, ,, ,, ,, ,, BF3" OEt2 0 1 98 1 : >300 f 

a. Isolated yield, b. Determined by O. C. c. Vin refers to vinyl group, d. Yield of vinyl and phenyl migration 
products, respectively, e. Not demrmined, f. No trace of syn products was detected by G. C. g. Yield of 
simple desilylation product 11 in parentheses. 

React ions of  the  imines  3a-d. Although SnC14 gave slightly better results than TiCI 4 for both the vinyl and phenyl 

migrations (entries 1 vs 2, and 7 vs 8), and yield and selectivity increased somewhat at lower temperature and longer 

reaction time (entries 4 vs 5), BF 3 etherate is always by far a better reagent than those two Lewis acids (entries 3 and 9). 

An interesting competitive migration was observed in lc; the migratory aptitude of  a vinyl group is ca 1.8 times that of  a 

phenyl group (entry 6). s 

Reactions of  the imin ium salts 5e-g. Reactions of 5e-g gave better results than in the above cases: 

Perfect anti  selectivity was obtained for both the vinyl and phenyl migrations with all three Lewis ~ / ~  n ..1~ ~ lae  
acids. Whi l e  the yield in vinyl migration was rather low because of the sizable desilylation to 11 HO X,,N~O2Et 

(entries 10-12), that in phenyl migration was quite satisfactory. BF 3 etherate was again the best 11: n = 0, X = Bn 

reagent (entry 15). TiCI 4 is better than SnCI 4 in this series (entries 13 and 14). 5 12: n = 1, X = H 

The yield from the vinyl migration is generally lower than that from phenyl migration, probably owing to the 

instability of  the vinylsiloxy group under the reaction conditions compared to the phenylsiloxy group. In the vinyl 

migration to C=IW addition, simple desilylation product 11 was obtained in considerable yields (entries 10-11). 

The preferred ant i -se lec t iv i ty  observed in these intramolecular reactions 6 is explicable by comparison of  the 

allylic strain in the transition states resulting from the nucleophilic attack of  vinyl or phenyl group to either face of the 

coordinated C=N bond or C=N ~ bond. Thus, as exemplified here by the vinyl migration to the latter, the transition state 

A which lead to the anti  products has less A-strain (H-Bn) than in B (Me-Bn) leading to the syn products. This 

rationalization is also valid for the phenyl migration and for the migrations to the coordinated C--N bonds. The 

observation that SnCI 4 and TiO4 with chelating capability tend to show smaller ratios in the addition to C=N bond than 

BF 3 probably originate from the intervention of  the chelating transition states C and D of  comparable strain energy. The 
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reaction with singly-coordinating BF 3 and the addition to the noncoordinating C=N" bond do not involve C and D and 

result in much better stereocontrol. 7 

M / LA-..02Si/ 
• ~ / H  / B n  ~.~x~,- ,., Me Bn 

LA-/---O , ~  0/7 
\ : ,, O, 

/ :  

. . . . .  . .  . . . .  

; , ' |  
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Me C u ' "LA D '¢~" / L A  
LA: Lewis acids. M: Sn or Ti 

React ions of  imines  4d and  i m i n i u m  ions 6g. For the imines and iminium ions with a 3-siloxy group (n = 1. Eq. 2) 

only phenyl migration proceeded as is listed in Table 2. s but the yield and/or ratio for the addition to C=N bond were 

unsatisfactory (entries 1-4). By contrast, the migration to the C=N" bond was invariably quite stereoselective to give 

anti products, though the yield is not always excellent (entries 7 and 8); the lower the reaction temperature, the higher 

the yield and ratio (entries 5 vs 6). The best result in this series was obtained with SnC14 (entry 6). 

T a b l e  2. Phenyl  migra t ion  from silicon in 3-s i loxy group to C=N or C=N + carbon.  

Entry 
C o m p o u n d  Reaction conditions Product  

temp. period yield a ratio b 
No. X R 1 R 2 R 3 R 4 Lewis acid (°C) (h) (%) syn : anti 

1 2d  H Ph Ph t-Bu Et SnCI4 0 1.5 49 1 : 4.5 

2 ", ,t ~- ,t ~t ,, SnCI4 -10 24 74 1 : 5.0 

3 ", ', " ", ', ', TiCI4 -10 24 82 1 : 5.5 

4 ", ", ", '~ o o BF3" OEt2 -10 24 16 1 : 41 

5 2g  Bn "- ,, ,, ,, SnCI4 0 2 53 1 : 120 

6 ", ", "- ", ,, "~ SnC14 -10 24 64 i : 140 

7 o o ,, o o o TiCI4 - I0  24 37 1 : 87 

8 ", o ,, o o o BF3" OEt2 -10 24 5 1 : 100 

a. Isolated yield, b. Determined by G. C. 

The selectivity is accounted for by comparing the steric energies in the transition states E leading to anti products 

and F to  syn products. The former is obviously more stable than the latter (gauche interaction around C 2 -C  3 bond). The 

reduced selectivity in the addition to C=N is explained by the intervention of  the chelating transition states G and H 

(corresponding to C and D). 

Me Me 3 2 tB 1 

OEt LA" / DL ~ ' - . ^  

E "LA I F G O,,~-- OEt H O" OEt 

LA: Lewis acids. M: Sn or Ti 
Utilizing the present reactions, Z-allo-L-threonine (13) [~]ff2 +18.4 ° (c 1.1, CHCI3) 9 and (+)-N-ethoxycarbonyl- 

anti-y-hydroxynorvaline (14) 1° were successfully synthesized via the standard reaction sequences shown. 

H'N.~CO2Bn 1) Ac20/py H'N'CO2Bn 1) BzCVPy ~ N H :  O2Et 
2) RuCla, HIO4 "~ ' f~ '  COOH ~ P h  2) RuCla, HIO4 

3) NaOH ~= 3) NH 3 OHHsN"cO2Et 4) H + 
OH 74% OH 50% 

7a 13 10d 14 
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90% (Mitsunobu Inver.) OBz -78°C 78% 
O,~NH 860/0 I NaH/THF 

9e (= 9f)  80°/, 

INaH, THF 11) NaH,BnBr/DMF 82% f"~k(NOE) 
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