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Palladium-catalysed Ring Opening of Oxazines : a Means of Stereospecific 
Isotopic Labelling at Benzylic Carbon 
By C. FUGANTI,* D. GHIRINGHELLI, and P. GRASSELLI 

(Istituto d i  Chimica del Yolitec ftico, Centro del C N R  per la Chimica delle Sostanze Organiche Naturali, 20133 MiZano, Italy) 

Summary The synthesis is reported of 3-(kmethoxy- 
pheny1)propionic acid (1 1) asymmetrically labelled a t  C-3 
with deuterium by a procedure which involves as key 
step the palladium-catalysed ring opening of the optically 
active oxazine (6). 

THE synthesis of phenylpropanoid, C,-C,, units stereo- 
specifically labelled at the benzylic position with deuterium 
or tritium has recently received much attention in bio- 
synthetic investigations.' We now report the synthesis of 
3-(4-methoxyphenyl)propionic acid (1 1) , a versatile inter- 
mediate in the synthesis of biologically active compounds, 
stereospecifically labelled at C-3 with deuterium by a route 
which involves ring opening of the optically active oxazine 

The products formed and the stereochemistry of this 
palladium-catalysed, formal disproportion of substituted 
cyclic amino-acetals to amides has been previously investi- 
gated in the oxazolidine system.2 Although there is not 
yet unequivocal evidence for any particular mechanism, 
the present work establishes unequivocally that oxygen 
removal from C-6 of (6) occurs with inversion of configura- 
tion, because in the amide (7) the hydrogen enters with 
opposite configuration to that of the hydroxy-group in the 
parent amino-alcohol (3), and, further, offers an alternative 
synthetic approach to stereospecifically labelled phenyl- 
propanoid units with high optical purity. 
4-Metho~yLformyZ-~H]benzaldehyde (1) (96% 2H,) was 

converted into the pyridine derivative which was 
resolved via the camphosulphonate and (- )-dibenzoyl- 
tartrate salts. Hydrogenation of the (+)-isomer (3) led to 
a separable mixture of diastereoisomeric piperidines (5)  
without deuterium loss. Mixture (5 )  was converted into 
the oxazine (6) by treatment with formaldehyde in aqueous 
ethanol. The oxazine (6) was heated for 0-5 h with 20% 
w/w 10% Pd/C in refluxing ethanol to yield the amide (7) 
(> goyo), with no deuterium loss. Reduction (LiAlH,) of 
(7) gave the amine (8).  Hoffman degradation of the 

(6). 
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(12) R ' = H  ; R ~ = D ;  R ~ = C O ~  
(13) R1 I H ; R 2  = OH ; R3 J p-MeOC&$ 

(14)  R'  = H  ; R 2 = O H ; R 3 = C O 2 H  
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methiodide of (8) gave a mixture of olefins, from which the 
compound (9) was isolated by chromatography (70% yield ; 
95% 2H,). Careful ozonolysis of (9) ,  followed by oxidative 
work up, yielded the required 3-(4-methoxyphenyl) [3-2H]- 
propionic acid (ll),  which, on further ozonolysis in MeOH- 
CHC1, a t  room temperature gave [2-2H]succinic acid in 
nearly quantitative yield. The latter sample was shown by 
0.r.d. coniparison with reference samples4 to contain 
98 

The absolute configuration of the starting hydroxy- 
compound (3) was determined by degradation to malic acid, 
characterized as diamide,6 by a route similar to that used in 
the conversion of (8) into succinic acid. Thus, the undeuter- 
iated amino-alcohol (3) was converted into the methylto- 
luene-P-sulphonate by treatment with methyltoluene-p- 
sulphonate and hydrogenateds to a compound which, under 
Hoffman conditions, was cleaved to the olefin (10). Ozon- 
olysis of (10) gave the propionic acid (13) {methyl ester 

107; of the (ZS)-isomer (12). 

showed [or]5*9 + 2 (c 0.21 in MeOH) }. Further exhaustive 
ozonolysis of (13) yielded (S)-malic acid (14), purified as the 
diamide. 

Complementary evidence for the stereochemical course of 
the reaction was achieved starting from the (-)-isomer (4). 
As expected, from the (R)-alcohol through the afore- 
mentioned sequence, (R)-deu teriosuccinic acid was eventu- 
ally isolated (optical purity > 97%). The overall yield of 
(13) from unresolved (2) was ca. 25%. 

We have therefore established that the ring opening of 
the optically active oxazine (6) proceeds with inversion of 
configuration at C-6, and suggests an a1 ternative synthesis 
of asymmetrically labelled precursors. The use of this 
method for the synthesis of tritiated materials is under 
investigation. 
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