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HIGHLY STEREOSELECTIVE SYNTHESIS OF VITAMIN A AND ALL-TRANS RETINOIC ACID 

BY LOW-VALENT TITANIUH INDUCED REDUCTIVE ELIMINATION 
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Ecole Europienne des Hautes Etudes des Industries Chlmiques 

(UA 4661, 67008 STRASBOURG (FRANCE) 

Abstract Appllcatlon of the low-valent Titanium induced reductive elimlnatron gave a new 

and highly stereoselectlve approach to Vitamin A and all-trans retlnolc acid. 

Since the first industrial synthesis of Vitamin A reported by Isler' at Hoffmann La 
, 

Roche in 1947, many papers describing different approaches appeared'. The BASF industrial 

preparation3 of all-trans retinolc acid featured Wittig condensations, while Hoffmann La 

Roche chemists4 and Rh%e-Poulenc Industrles5 developed efflclent syntheses of Vltamln A 

by a sulfone coupling reaction, which was first reported by Julra6. 

During the last ten years, the discovery of new blologlcal actlvities7 of Vitamin A 

and retinoids, dependent on the geometry of the polyene chain and structural variation, 

stimulated the search of new methodologies for preparation of the pentaene derlvatlves2. 

We recently reported8 the application of the low-valent Tltanlun Induced reductibe 

elimination9 to the synthesis of the dlene moiety of Vitamin II3 analogues. 

We describe now in this paper a highly stereoselectlve synthesis of Vitamin A based 

on the same methodology formation of the E,E-1,3-dlene central unit of Vitamin A by 

Tl(O) Induced reductive ellmlnatlon of the corresponding allyllc dlol 

vitamin A 

The synthesis of the parent allylic dlol was performed In a few steps from 8-ionone. 

Ethyl y-oxyseneclonate l,E was readily -- prepared from the dlmethylacetal of 

pyruvaldehyde by a Wittig reactlon giving a mixture of & and Z acetals which were - 
hydrolyzed in acidic medium with complete isomerization to the pure E isomer 1. Further 

addition of the Grignard derived from ethynyl 6-ion01 2. gave in high yield the dlol 2 as a 

mixture of dlastereoisomers 
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After the reduction of the ester function with DIBAL and protection of the resulting 

primary alcohol with a TBDMS group, the triple bond was reduced into a CIS double bond 

with Llndlar catalyst and to a trans double bond with LIAIHq. 

The reductive ellmlnatlon was conducted on compounds 2 and 5 in THF at room 

temperature using the mixture LlA1H4/TlC13 in the ratio l/2. 

Both 1 and g isomers 4 and 5 gave only one product 5 In 85% yield which afforded, 

after removing the protection group and purification by flash chromatography, Vltamln A 

(80% yield) Identical 10 in all respect to an authentic sample . 

Therefore, this reductive elimination with Tl(O) affords a highly stereoselective 

route to Vltamln A from CIS or trans allyllc dlols as long as the protecting group of the 

primary alcohol IS a sllyl group If this primary hydroxyle IS protected as an acetate, 

the reductive ellmlnatlon with Tl(O) gave indeed a mixture of E and 2 isomers. 

Finally all-trans retlnolc acid was prepared from Vitamin A in 2 steps by oxidation 

with activated Nn02 
11 

to retinal and subsequent oxidation with argentlc oxid in presence 

of cyanide ion as catalyst I2 leading in 80% overall yield to a compound identical in all 

respect to an authentic sample 
13,2 . 
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200MHz NMR (CDC13) 6 1.02 (s, 6H, CH3 at Cl) , 1.36 - 1.68 (m, 4H, CH2 at C2 and 

C,) , 1 71 (s, 3H, CH3 at C5) ; 1 87 (s, 3H, CH3 at Cl31 ; 1 96 (s, 3H, CH3 at $1 , 

2.02 (t, 2H, J = 6Hz, CH2 at C4) , 4.31 (d, 2H, J = 7Hz, CH2 at Cl51 , 5 69 (t, IH, 

H14, J = 7Hz), 6.10 (d, IH, HlO, J = IlHz) , 6 13 and 6 14 (2s, 2H, H7 and Hg) ; 6.28 

(d, IH, J = 16Hz, H 1 
J Attenburrow, A.F?$. tameron, J H. Chapman, 

6.62 (dd, IH, HII, J = IlHz and J = 16Hz). 
R M. Evans, B.A. Hems, A.6.A Jansen and 

T. Walker, J Chem. Sot., 1952, 1104 
E.J. Corey, N.W. Gllman and B.E Ganem, J. Am. Chem Sot., 1968, 90, 5616. 
This sample was shown to be pure by HPLC. 

m p. 179-180°C (Llt.14 179-18O'C) - 'H NMR (200MHz, CDC13) 6 1.03 (s, 6H, 2CH3 at 

Cl) ( 1.44 - 1.62 (m, 4H, CH2 at C2 and C,) , 1.72 (s, 3H, CH3 at C5) , 2.01 - 2.06 

(broad s, 5H, CH2 at C4 and CH3 at $1 , 2.37 (s, 3H, CH3 at Cl31 ; 5 80 (s, IH, H,4) 

; 6.14 (d, IH, H8, J = 16Hz) , 6.15 (d, IH, HlO, J = IlHz) ; 6.23 (d, IH, H7, J = 

16Hz) ; 6.31 (d, IH, H J = 15Hz) 7.05 (dd, IH, H J = 15Hz, J = 1lHz) 
G. Pattenden, B.C.L. Wigion, J Chem' Sot (cl, 1968,'1484 
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