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has confirmed t h s  instability for tetrahydroalsto- 
nine. 16 

The greater acid stability of tetrahydroserpeii- 
tine as compared to  that of tetrahydroalstoniiie 
can be attributed to the difference in configuration 
at the D,'E ring ju~ictjon.~g 

Additional evidence for these configuratioiis of 
the C/D ring junction in tetrahydroalstonine and 
tetrahydroserpentine is furnished by the wave 
lengths of the C-C bands in the infrared spectra 
in chloroforni solution. This band is found at 6.14 
p i n  the former arid at 6.19 p in the latter. 

The ultraviolet spectrum also corroborates the 
C/D ring junction as ris for tetrahydroserpentine 
aiid trans for tetrahydroalstoiiiiie. Thus the dif- 
ferential ultraviolet spectrum of tetrahydroalsto- 
nine us. yohimbane shows distinctly tn-o bands 
whereas the corresponding differential spectrum of 
tetrahydroserpentine has only a simple symmetrical 
band. (Fig. 15) 

- -ETRAHYDROSERPENTINE ( T  H 5 1 --- TETRAHYDROALSTONINE [ T H A )  

'I'he cwiifiguratioii at Ca and CIS in tet'rahydroser- 
pentjiie hay already beeii proposed as syri by Weisen- 
horn. Rlore recently TVeiikertmi ha,s classified 

(18) It-(> gi.at,rjlully sriciiowledgo this inforniation from 
I'rofewoi, Elderfield (1953) .  

( 19) ,4 system coiisistiiig oi  i ' ii~ed 6-inembered r i n g  with 
:I double bond :idjacent to a ring juncture has a lower 
cirirrgy ~ v h c i i  that  juncture is cia than when it' is trans. 
11). A. H. Taylor, Chenzislry K: Industiy, 250 (1954); Andre 
S. Dreiding, Chemis try  R- Industry, 1419 (1954).] If it is 

umed that the disposition of atoms in dihydropyran is 
unlike t,hat in eyelohesene, then tetrahydroserpent'iile 

((.is l),/E) should he the more stable. Resonance stabilization 
o f  t,ho vinyl cthcr system \i.ill be greater in this alkaloid 
\vhcrt: the i i w  rotatioii of the carbomethosyl group allows 
c~)mpletc oop1anarit)- of the carbonyl and et,hylenic func- 
tion?: 

~ ~ . . .  
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lVe would like to thank L)r. U. R .  Kline of these laborat,oriefi 
for t.his explanat,ion. 

(20) F. 1.. lTeisetiborn cl  d., C h ~ i ~ i i ~ l , ~  R- Indus t ry ,  375 
(1951). 

various indole alkaloids into normal and allo prod- 
ucts with ai1 a-hydrogen at C(3) and pseudo or 
epiallo compounds containing a @-hydrogen a t  C(3). 
This assignment was given on the basis of presence 
or absence of certain bands in the 3.4-3.7 p region 
in chloroform solution. In  this classification tetra- 
hydroserpentine aiid tetrahydroalst onjne have an 
a-hydrogen at C(3). 

All these data indicate the most probable con- 
figuration of tetrahydroalstoiiiiie (X) and tetra- 
hydroserpentine (XI) at C(3), C(16), and C(20, and 
are represented by formulae X arid XI: respectively: 

X XI 

On the basis of this evidence together with that 
cited above ariciiie, reserpiiiine, and isoreserpiline 
should be assigned the tetrahydroalstonine and 
raumitoriiie and tetraphylline the tetrahydroser- 
pentine configurations. 

EXPERIMESTAL 

Spectra in chloroform solution xvwe ohtairird in 0.11 iiini. 
path; solutes are a t  concentrations of O.lf-0.2M. Spectra 
in carbon disulfide solution were obtained in 3 mm. path; 
solutes are at concentrations of 0.003-0.005X. A11 spectra 
Tverc recorded using Perkin-Elmer, double-beam I.R. spec- 
trophotometer, Model 21. 
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>fetal-Catalysed Conderisatioris of Esters of 
Acetonedicarboxplic Acid 

E\-idwc*e is prebeiited xhich suggests that tho 
(wiiversioii of dimethyl acetonedicarboxylate (D- 
MAD C) to methyl 2,4-dicarb omet hoxy-3,j-dihy- 
droxyphenylacetate (I) proceeds through the initial 
formation of a metal chelate compound. Among the 
reported reactions of esters of acetonedicarboxylic 
acid are the self-condensations of these substance* 
1 o esters of %.4-dirarboxy-3,5-dihgdroxyphenylace- 
tic acid, I, 11, 111, a i d  IT', under ainiple experi- 
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mental conditions.1-6 With no catalyst, or in the 
presence of catalytic amounts of sodium, sodium 
alkoxides, magnesium, magnesium oxide, zinc 
oxide, ferric oxide, and hydrogen chloride, the reac- 
tion has been reported to proceed at  temperatures 

OH 
of 140-180' to give yields of the coiideiisation prod- 
ucts up to 60%. Conventional acid and base cat- 
alyzed mechanisms have been proposed for these 
reactions. 

In  this laboratory no condensation product 
could be obtained from DilIhDC alone or in the 
presence of hydrogen chloride; magnesium metal 
gave I as reported. From a detailed examination 
of the literature, it  appeared that a metal rather 
than acid or base might be the prime promoter of 
this reaction. Indeed, Jerdaii felt that the metal 
was catalytically involved. More recently, Brand- 
strom has proposed a general hypothesis for the 
alkylation of tautomeric substances and has em- 
phasized the importance of alkali metal chelate 
intermediates.' Hauser has explained differences in 
products of condensations catalyzed by NaNHz 
and LiNHn in terms of the stabilities of the nietal 
complexes of the products.8 The views of these in- 
mstigators may be extended to the reaction under 
consideration. 

The importance of the metal t o  the course of 
this reaction is shown by the data in Table I .  

Clearly, I was not formed in the presence of coii- 
ventional acidic and basic catalysts which con- 
tained no metals; nor was it formed with all metal- 
lic reagents. However, the reaction proceeded 
readily with catalytic ainountb of inany metals, 
present either as the preformed metal chelate of 
DML4DC or as a simple organic or inorganic metal 
compound. The yields of I varied considerably with 
the catalyst, and there were other unidentified re- 
action products formed. The amount of a given 
metal used could change the course of the reaction 
drastically as is apparent from the early litera- 
t ~ r e . ~ , ~  The discrepancies of the early literature 
may be explained on the basis of the general use of 
soft glass equipment or the presence of metal ini- 
purities. When powdered soft glass wab used as a 
catalyst, an appreciable amount of I was formed. 

(I) H. Cornelius and H. von Pechmanii, Ber., 19, 1446 

(2) H. von Pechmann and L. Wolmann, Ber., 31, 2014 

(3) D. S. Jerdan, J .  Chem. SOC., 71, 1106 (1897). 
(4) D. S. Jerdan, J .  Chem. Sx., 75, 808 (1899). 
(5) F. M'. Dootson, J .  Chem. Soc., 77, 1196 (1900). 
(6) W. Theilacker and W. Schmid, Ann., 670, 15 (1950). 
(7) A. Brandstrom, Arkiv Kemi, 6, 155 (1953). 
(8) C. R. Hauser and W. H. Puterbaugh, J .  A m  Cheni. 

(1 886). 

(1898). 

Boe., 75, 4756 (1953). 

TABLE I 
EFFECTIVESESS O F  C.4TALYSTS IN THE CONDENSATION OF 

DIMETHYL ACETOSEDICARBOXYLATE 

Catalyst' 

Sone 
Hydrogen chloride 
p-Toluenesulfonic acid 
Piperidine 
Ammonium acetate 
Cupric chloride dihydrate 
Copper chelate DMADCb 
Aluminum chloride hexahydrate 
Aluminum acetate basic 
Lithium chloride 
Sodium acetate 
Sodium hydroxide 
Sodium iodide 
Potassium acetate 
Magnesium metal 
RIagnesium oxide 
Magnesium chloride hexahydrate 
Calcium chloride 
Ferric chloride hexahydrate 
Cobaltous acetate tetrahydrate 
Zinc chloride 
Zinc chelate DMADC' 
Lead acetate trihydrate 

Mole % 
Yield of I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
3 5  

37 
11 
8 
6 

14 
17 
36 
20 
14 
14 
7 

15 
26 

a Catalyst is A.R. and anhydrous unless otherwise noted. 
Calcd. for Cl~HIBO&u: C, 41.03; H,  4.43; CuO, 19.4. 

Found: C, 40.96; H, 4.49; CuO, 19.4. Calcd. for C~PHIB- 
OloZn.2HpO: C, 37.56; H, 4.95; ZnO, 18.18; H20, 8.05. 
Found: C, 37.70; H, 5.27; ZnO, 18.2; H20, 8.32. 

The reactions were carried out with about 0.20 
mole DlClADC and 0.001 mole of catalyst heated 
at about 145' for 2-24 hr. The reaction mixture 
was distilled at 50 mm. and 145' until no further 
distillate came over. The residue was viscous and 
would crystallize when I had formed; if no I had 
formed, the undistilled residue remained a mobile 
liquid. The product Tvas recrystallized from meth- 
anol and characterized by melting point (145- 
146') and infrared curve. 

That the primary step in this self-condeiisatioii 
reaction is probably the formation of a metal che- 
late compound may be readily illustrated with thc 
reaction involving ferric chloride. Here the ini- 
mediate deep-red color of the reaction mixture in- 
dicates rapid complex formation. With the zinc 
chelate of DMADC as catalyst the reaction pro- 
ceeds smoothly. The postulated initial chelation 
does not exclude complex formation in further steps 
or the requirement of acid or base in subdequent 
steps of the reaction. The important fact is that the 
role of the metal in reactions of this type has been 
largely overlooked in the past and a reinterpreta- 
tion of many condensation reactions may be made 
through the additional consideration of metal 
chelate formation. 
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