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Halolactonization of the Diels-Alder adduct ($.I 
derived from bis(trimethylsily1)allene dicarboxylate 

(5) and furan, followed by a treatment of the products 

(?$I and ( 2 ~ )  with diazomethane, afforded the corre- 

sponding a,@-unsaturated methyl esters ( z k )  and (?el,  

respectively. Catalvtic h~drogenation of both com- 

pounds provided the desired methyl esters ($8) and 

(&,) which were identical with the compounds derived 

from Arndt-Eistert reaction of the halolactonic acids 

(&$ and ( & ) ,  respectively. 

In our studies toward a total synthesis of the Rauwolfia 



alkaloids, deserpidine ( & ) ,  reserpine (&) and their analogues, 

a synthesis of the lactonic esters ($2 and &) was essential for 

the construction of the nontryptamine part of these alkaloids. 

On these requirement we have examined acycloadditionreaction of 

his (trimeth~lsilyl) allene dicarhoxylate ( 2 )  with furan2 and a 
conversion of the cycloadduct (&) into the 3.8-epoxy-7-keto-6- 

oxabicyclo[3.2.l]octane derivatives (,@ and t k )  which would be 
important intermediates for deserpidine (&:) and reserpine ( & Q ) .  

Here we wish to report our successful results. 

Chart 1 
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The reactionoftheallenedicarboxylate (2 )  wi th  severalhomocvcl ic  

d i e n e s  a r e  summar i sed in the  fol lowing Table. P - l l o f t h e s e  r e a c t i o n s w e r e  

c a r r i e d  o u t  i n  d ry  benzene s o l u t i o n  and s e a l e d  tube.  These 

cycloadducts  were a l s o  c h a r a c t e r i z e d  a s  t h e  c o r r e s ~ o n d i n g  dimethyl 

e t h e r s  by t rea tment  wi th  an excess  of diazomethane. 

Ta&i_e Reaction of t h e  a l l e n e  wi th  fu ran  d e r i v a t i v e s  ---- 

Diene 

Benzyl f u r f u r y l  e t h e r  

Reaction cond i t ions  
0 

Temn. ( C )  Time ( h )  

1 50 3  

110 3  

N - ~ c e t y l - N - f u r f u r y l -  110 12 

t ryptamine 

product3 

2k 

Yield ( % )  4 

2k 
40.4 

F u r f u r y l  a lcoho l  

a 

8 .1  

41.5 

4 5 2  4 2G 23.4 



We can develop a svnthetic method of the key material (5%)  by 
a cvcloaddition reaction and, therefore, a conversion of this 

compound into the lactonicesters (%% and &) was examined as 

follows. 

Thus, halolactonization5 of the cycloadducts (&) (0.5 N - NaHC03 
solution, 12, KI, room temperature, 2.5 hr) afforded the iodo- 

lactonic acid ( z t ) ,  mp 125 - 126O (decamp.), ir (KBr) 1775 and 
1695 cm-l, in 53 % yield, which was treated with an excess of 

diazomethane to give the corresponding methyl ester (5b), in almost 

quantitative yield, ir (CHC13) 1795 and 1715 cm-l; 6 3.86 (3H. s), 

4.05 (lH, s), 4.18 (lH, dd, J = 4 and 2 Hz), 5.08 (lH, s), 5.25 

(lH, d, J = 4 Hz), 5.56 (lH, t, J = 4 Hz), 6.18 (lH, d, J = 2 Hz). 

Catalytic hydrogenation of this a,B-unsaturated methyl ester in 

methanol over Adams catalvst ~rovided the desired methyl ester (t:), 
mp 131 a 134°(decomn.), ir (CHC13) 1770 and 1725 cm-l: 6 2.47 (2H, 

m), 2.77 (2H, m), 3.63 (3H, s), 3.99 (lH, s), after purification 

with nrenarative thick laver chromatography (50 % ethyl acetate- 

hexane) . 
The correct stereochemistry of this lactonic ester (,$a) was 

proved by the comparison with the authentic sample derived from the 

lactonic acid ( l e )  by Arndt-Eistert reaction. 
Thus, the iodolactonization of the known Diels-Alder adduct (k) 6 

afforded, in 38.3 % vield, the iodolactonic acid ( @ ) ,  mD 185 a 

187O. ir (KBr) 1770 and 1720 cm-l; 6 2.93 (1H. dd, J = 10 and 5 Hz), 

3.23 (lH, dd, J = 10 and 4 Hz), 4.63 (lH, s), 4.83 (lH, d, J = 4 Hz), 

5.12 (lH, d, J = 5 Hz), 5.40 (lH, t, J = 5 Hz). This lactone was 

also characterized as the corresnonding methyl ester ( Z Q ) ,  mp 
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167 ". 16g0, ir (KBr) 1785 and 1730 cm-l; 6 2.94 (lH, dd, J = 9 and 

5 Hz), 3.25 (lH, dd, J = 9 and 4 Hz), 3.70 (3H, s), 4.63 (lH, s), 

4.86 (lH, d, J = 4 Hz), 5.15 (lH, d, J = 5 Hz), 5.44 (lH, t, J = 

5 Hz). The reaction7 of the lactonic acid (&) with oxalyl chloride 

in refluxing dry benzene gave the acid chloride (& ) ,  which was 

treated with an excess of diazomethane in ether to provide the 

diazoketone (ah), rn" 147 % 14g0, ir (KBr) 2150 and 1790 cm-I. 

This compound was refluxed for 1 hr in absolute methanol in the 

presence of freshly prepared silver oxide to give the desired 

methyl ester (&) after nurification on silica gel chromatography. 

The tlc behaviour, ir and nmr spectraof this ester were identical 

with those of the compound (&) derived from the another route. 

The bromolactonic ester (,f!Q) was also made by both methods 

described above. Namelv, bromolactonization of the dicarboxylic 

acid (,&) (0 .8  - NaOH solution, NaHC03, Br2, room temperature, 

2 hr), followed bv a treatment of the crude bromolactonic acid $ 5 ~ )  

with an excess of diazomethane gave, in 34 % yield, the pure methyl 

ester (@, ir (CHC13) 1795 and 1720 cm-l; 6 3.90 (3H. 8). 3.94 

(lH, s), 4.15 (lH, dd, J = 2 and 5 Hz), 4.99 (1H. s), 5.00 (lH, d, 

J = 5 Hz), 5.53 (lH, t, J = 5 Hz), 6.10 (lH, d, J = 2 Hz), after 

purification on silica gel chromatography. 

Hvdrogenation of this ester over Adams catalyst in methanol 

afforded the crude product, which was senarated by preparative thick 

laver chromatogranhv (5 % methanol-chloroform) to give, in 72.3 % 

yield, the "ure methvl ester ($?), mp 135 % 138O, ir (CHC13) 1780 

and1725 cm-l, 6 2.47 (2H, m), 2.75 (ZH, m), 3.70 (3H, s), 4.03 (lH, 

s), 4.71 (lH, br), 4.93 (lH, d, J = 5 Hz), 5.37 (lH, t, J = 5 Hz). 



Chart 2 
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This lactonic ester was completelv identical with the compound 

(&) in tlc behaviour, ir and nmr spectral comparisons, the latter 

of which was svnthesised via - the acid chloride ( )  and the diazo- 

6 .  ketone (@Q) from the known bromolactonic acid (&) in 47.4 % yield. 

Furthermore,the halolactonization of the dicarboxylic acid 

(2Q) was also examined. Halolactonlzatlon of the dicarboxyhc acid 

(JQ) (0.5 N NaHC03 solution, 12, KI, room temperature, 3 hr) gave, 

in 93.5 % yield, the lodolactonic acid (,?e), mp 134 % 136O, ir 

(KRr) 1800 and 1700 cm-l, which was also characterized as the 

correspondinq methvl ester @Q), ir (CHC13) 1800 and 1720 cm-l; 6 

3.77 (3H, s), 3.97 (2H, s), 4.00 (lH, S), 4.63 (2H, s), 4.97 (lH, 

s), 5.00 (lH, s), 6.05 (1H. 8, J = 2 Hz)', 7.27 (5H. s). 

Chart 3 

Thus, we could nrovide a simple and qeneral method for the syn- 

thesis of 3,8-enoxv-7-keto-6-oxabicvclo[3.2.lloctane derivatives as 

the key intermediate for the synthesis of Rauwolfia alkaloids. 



A total synthesis of deserpidine (& ) ,  reserpine (A@) and the other 
indole alkaloids accordins to this method is in progress in our 

laboratory. 

This compound, bp 84O (0.03 mm~q), (colourless oil) was pre- 

pared from allene dicarboxylic acid, trimethylchlorosilane and 

hexamethyldisilazane. 

P. Kurtz, H. Gold, and H. Disselnkijtter, Annalen, 1959, $j'$. 

1; M. Rertrand and J. Leqras, Bull. Soc. chim. France, 1967, 

4336; G. Riichi and J. A. Carlson, J. Amer. Chem. Soc.. 1968, 

XJC,  5336; A. P. Kozikowski, N. C. Floyd, and M. P. Kuniak, 

J. C. S. Chem. Corn., 1977, 582. 

The cvcloadducts (2) are a mixture of geometric isomer of 

double bond. The regiochemistry of the cycloadducts was 

determined by decoupling procedure of 100 MHz nmr spectrometry. 

The cvcloadduct & derived from furan and % shows the methine 
proton adjacent to the carboxyl qroup at 3.97 as double doublet 

having J = 5 and 2 Hz in its nmr spectrum. The proton at the 

same position in the cycloadducts (,?& and ,&) resonates at 3.95, 

and 4.20 as a doublet (J = 2 Hz), thus ruling out an another 

possible structure due to regioselectivitv of cvcloaddition 

reaction. 

The yield of these cycloadducts was calculated as the co- 

rresponding dicarboxylic acids after hydrolysis with water. 

H. 0 .  House, Modern Synthetic Reactions, W. A. Benjamin, Inc. 

Menlo Park, California, 1972, p. 441 and references cited 
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therein. 

6. J. A. Berson and R. Swidler, J. m e r .  Chem. Soc.. 1953, ,j'z, 
1721 and references cited therein. 

7. W. E. Backmann and W. S. Struve, Orq. Reactions, 1942, &, 38. 

8. Thecounterpartof this  roto on can not be assiped bv 

overlapoing with the nrotons resonated in upfield. 
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