
376 J. Org. Chem., Vol. 41, No. 2, 1976 Notes 

Anal. Calcd for CzoHzoN207; C, 59.98; H, 5.04; N, 6.99. Found: C, 
59.72; H, 4.99; N, 6.72. 

1-(3’,4‘-Methylenedioxy-6’-nitrobenzyl)-2-acetyl-5,6,7-tri- 
methoxy-l,2,3,4-tetrahydroisoquinoline (9). Dihydroisoquino- 
line (8 , l . l l  g) was suspended in 150 ml of methanol and with stir- 
ring 800 mg of sodium borohydride was added in portions over 30 
min. After an additional 1 hr the pH was adjusted to near pH 5 
with acetic acid. After removal of all solvent under reduced pres- 
sure the residue was dissolved in CHC13, washed with dilute base 
and water, dried, and evaporated to dryness to give the tetrahydro- 
isoquinoline as a white solid. This was immediately dissolved in 30 
ml of pyridine and treated with 8 ml of acetyl chloride. After 3 hr 
at room temperature, the solution was treated with dilute base and 
extracted with CHC13. The combined organic layers were washed 
with 2% HCl and then water, dried over Na2S04, filtered, and 
evaporated to dryness under reduced pressure. The residue was 
chromatographed over silica gel using benzene-acetone (81) as the 
eluent and afforded a yellow oil which crystallized from methanol 
to give 840 mg of 9: mp 159-160’; ir (CHC13) 1630 cm-l (C=O); 
NMR (CDC13) 6 7.66 and 7.53 (1 H total, s, PhH), 6.87 and 6.75 (1 
H total, s, PhH), 6.63 and 6.57 (1 H total, s, PhH), 6.18 and 6.12 (2 
H total, s, OCHzO), 4.00-3.83 (9 H, OCH3), 2.02 and 1.62 (3 H 
total, s, NCOCH3). 

Anal. Calcd for C22H24N208; C, 59.44; H, 5.45; N, 6.30. Found: C, 
59.13; H, 5.49; N, 6.25. 

1 -(3‘,4’-Methylenedioxy-6’-aminobenzyl)-2-acetyl-5,6,7-tri- 
rnethoxy-1,2,3,4-tetrahydroisoquinoline (10). A 94-mg sample 
of 9 was suspended in 50 ml of methanol and with stirring 0.5 g of 
zinc dust was added slowly followed by 2 ml of 1 N H2.904 added 
dropwise. The suspension was stirred for 30 min at room tempera- 
ture, filtered, adjusted to pH 8 with “3, and then evaporated to 
dryness. The residue was taken up in CHC13, washed with water, 
dried, and evaporated to dryness, leaving a residue which was fur- 
ther purified by chromatography over silica gel. Elution with ben- 
zene-acetone (8:l) and crystallization from alcohol gave 55 mg of 
10: mp 189-190°; ir (KBr) 3440,3350, 3240 (NHz), and 1630 cm-’ 
(C=O). 

Anal. Calcd for C22H~eN206: C, 63.74; H, 6.33; N, 6.76. Found: C, 
63.38; H, 6.31; N, 6.77. 
(&)-3-Methoxy-N-acetylnornantenine (4). A 56-mg sample 

of 10 was added to a solution of 0.58 ml of glacial acetic acid and 
0.04 ml of concentrated sulfuric acid at loo and allowed to warm to 
20°. A solution of sodium nitrite (11.6 mg in 0.1 ml of HzO) was 
added and the solution was stirred at 20’ for 50 min. The solution 
was allowed to warm to room temperature and then 1 mg of sul- 
famic acid, 0.5 mg of cuprous chloride, and 1.2 ml of acetone were 
added and the solution refluxed for 30 min. After cooling, the solu- 
tion was concentrated to about 3 ml, adjusted to pH 8.5 with 
NH40H, and extracted with ether (5 X 10 ml). The combined ex- 
tracts were dried and evaporated to give a yellow gum which was 
chromatographed over silica gel. Elution with benzene-acetone 
(&I) and crystallization from alcohol gave 7 mg of racemic 4, mp 
174-175O. The synthetic product had the same Rf values in four 
TLC systems, the same NMR, uv, and mass spectra, and superim- 
posable ir (CHCl3) spectra as that of natural 4. 
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We wish to describe a 13C nuclear magnetic resonance 
spectral analysis of the previously reported bisindole alka- 
loid 14’,15’-dihydropycnanthine (1)* and present evidence 
for the necessity of structural revision to 2. 

_, 
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Q 

H 
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From the leaves of Gonioma  malagasy Mgf. et  P. Bt.3 
has been isolated a bisindole alkaloid [mp 247’; [a]22D 
+243O (c 1.4, CHCls); m/e 6141 [lit. mp 250O; 4-274 f 
loo  (c  0.442, CHC13)] whose spectral characteristics (mass, 
l H  NMR, uv, and ir) have indicated that it was identical in 
eyery respect with 14’,15’-dihydropycnanthine (1) having 
decarbomethoxy 14’,15’-dihydrovindolinine and 2,7-dihy- 
dropleiocarpamine m ~ i e t i e s . ~ ? ~  

The structure of the decarbomethoxy 14’,15‘-dihydrovin- 
dolinine unit of 14’,15-dihydropycnanthine (1) bad been 
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Table I 
I3C Chemical Shifts 

Compd C-2 
2 67.6 
3 92.2 

2 147.1 
3 147.0 

C-13 

c-2‘ 
2 80.1 
5 81.4 
6 80.6 
7 84.4 
8 80.4 

C-15‘ 

c - 3  c -5  
52.1 53.9 
51.5 53.1 
C-14 (2-15 
28.1 31.1 
28.9 31.9 

54.5 48.4 36.8 
58.0 50.3 36.3 
55.0 48.1 37.3 
58.0 50.0 36.0 
57.5 49.8 37.2 

C-3’ C-5‘ C-6’ 

C-16‘ C-17‘ 

C-6 
27.50 
28.6 

58.0 
57.8 
(2-7’ 
58.0 
59.8 
60.3 
58.8 
58.4 

(2-16 

C-18’ 

c-7 
46.3 
44.2 
C-17 
170.5 
170.8 
C-8’ 

137.1 
139.8 
140.1 
135.5 
139.0 
c-19’ 

2 32.4 27.00 22.1 11.0 54.1 
5 130.7 39.2 29.1 7.4 48.4 
6 31.2 40.2 29 .O 7.5 51.0 
7 130.8 37.0 28.0 9.0 47 .O 
8 131.0 42.7 31.4 10.1 51.2 

a Assignments within the same compounds may be reversed. 

C-8 
135.8 
132.9 
C-18 
12.3 
12.2 

c-9’ 
120.6 
123.6 
123.6 
123.0 
123.1 
c-20‘ 

45.1 
46.2 
44.5 
45.6 
44.2 

proposed2 by analogy with tha t  of vindolinine (4) on the 
basis of their similar mass spectral fragmentation ~ a t t e r n . ~  
However, a recent l3C NMR analysis has led to the revision 
of the plane structure of vindolinine,” whose stereo- 
structure 5’ and absolute configurations were later estab- 

4 5, R = H (19R) 
6, 14’,15’-dihydro- 5 (19 R)  
7, R = CHJ (19R) 
8, 19’-epi-5 (19s) 

lished. As a consequence, a reinvestigation a f  the structure 
of 14’,15’-dihydropycnanthine (1) became advisable. 

Recently, complete signal assignments have been carried 
out in the 13C NMR spectrum of villalstonine (3)? a 2,7- 
dihydropleiocarpamine unit containing bisindole alkaloid. 
Therefore, correlation of 14’,15’-dihydropycnanthine (1) 
with villalstonine (3), (19R)-vindolinine (5), and (198)-vin- 
dolinine (8)R was sought through a study of their 13C NMR 
spectra. 

Noise, single-frequency, and noise off-resonance de- 
coupled I3C NMR spectralo of 14’,15’-dihydropycnanthine 
exhibited 12 nonprotonated carbons, 13 methines, 12 meth- 
ylenes, and three methyl groups, suggesting that  both of its 
indole nitrogens are substituted. Comparison of the 13C 
NMR data of 14’,15’-dihydropycnanthine and villalstonine 
(3) afforded evidence (Table I) for the occurrence of a 2,7- 
dihydropleiocarpamine unit also in the former compound, 
substituted a t  C-2 and C-7 by carbon atoms and not as in 3 
by an oxygen and by a carbon atom, respectively. The  com- 
mon fragment of the two bisindole alkaloids exhibited car- 
bon signals identical both from the point of view of chemi- 
cal shift and single-frequency decoupled multiplicity, ex- 
cept as expected, for the quaternary sites C-2, C-7, and C-8. 

Thus by a substractive process, the signals representing 
the second moiety of 14‘,15‘-dihydropycnanthine could be 
easily deduced and their analysis could be undertaken. The 
three nonprotonated carbon signals a t  80.1 (C-2’), 58.0 (C- 

c-9 c-10 c-11 
121.0 117.7 126.6 
120.9 118.10 126.5 
(2-19 (3-20 (2-21 

117.2 135.8 47.8 
118.4a 136.4 47.5 

C-10‘ C-11‘ C-12‘ 0 1 3 ’  
116.5 128.9 120.6 149.0 
121.0 127.2 112.0 149.4 
121.1 127.2 112.7 149.5 
117.8 127.7 105.6 150.2 
121.2 127.0 111.8 149.2 

0 2 1 ’  N’CH,’ ‘COOCH, 
a 

74.5 41.4 
78.0 174.2 
78.8 175.0 
77.0 NCH, 30.0 174.0 
74.2 172.8 

c-12 
108.8 
109.3 

COOCH, 
51.7 
51.9 
(2-14’ 
.20.1 

128.5 
20.7 

127.7 
128.1 

COOCH, 

51.8 
52.0 
52.0 
51.2 

Chart I “  

‘H NMR ‘H N M R  
H 18‘ 0.57(d) I ’18’ 0.52(d) 

8 
R 

2 

5 

dihydro-( 19R Fvindolinine (6). 
achemica1 shifts in parentheses are those of 14‘,15‘- 

7’), and 45.1 ppm (C-20’) indicated a vindolinine-like skele- 
ton.6 This interpretation was also in agreement with the 
chemical shift and single-frequency decoupled multiplicity 
of the remaining resonances, taking into account a decarbo- 
methoxy 14’,15’-dihydro-( 19S)-vindolinine unit. Signal as- 
signments were based on our previous work6 on the spec- 
trum of (19s)-vindolinine (8) as well as on chemical shift 
rules.’l As expected, C-16’ and C-17’ were strongly shielded 
in the spectrum of 14’,15’-dihydropycnanthine (2) with re- 
spect to the corresponding resonances of 8 as a result of the 
loss of a and /3 effects due to a carboxyl group. 

The stereochemistry of the C-18’ methyl group of 
14’,15’-dihydropycnanthine (2) is clearly of (19S)-vindoli- 
nine type. This interpretation was based on the chemical 
shift comparison of C-18’ and C-21’ of 14’,15’-dihydropyc- 
nanthine (2) and the corresponding signals of 5 and 8 as 
well as on the high-field resonance positions of the doublets 
due to the methyl protons in the ‘H NMR spectra of 2 and 
8 (Chart I).12 

The 13C NMR data presented in Table I for 14’,15’-dihy- 
dropycnanthine (2) support well the previously suggested 
type of linkage for its monomeric units.2 It is well known 
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that  in the spectra of N,-methyldihydroindole alkaloids 
the highest field aromatic carbon signal at 107 f 2 ppm 
represents C-12.6J4 By analogy with methyl substitution 
effects on simple indole modelsls a C-12’ linkage as depict- 
ed in 2 should strongly deshield this carbon and slightly 
shield C-9’ while not significantly influencing the other ar- 
omatic sites. The shift contrast between the aromatic car- 
bon signals of the decarbomethoxy 14’,15’-dihydro-(19S)- 
vindolinine part  of 2 and those of N’,-methyl-(lSR)-vin- 
dolinine (7) was in perfect agreement with a (2-12’ attach- 
ment of the monomers. The second site of linkage is of 
course through the N’,-CH’2 carbon of the alkaloid. Two 
possibilities had then to be considered. The close shifts of 
C-7 of villalstonine (3)9 and C-7 of 2 strongly suggested 
similar environments for this carbon in both compounds 
and was in consonance with previous conclusions.2 The 
stereochemistry of this cis linkage could not be ascertained 
by NMR spectroscopy and has been put forward by analo- 
gy with all other related bisindole alkaloids having 2,7- 
dihydropleiocarpamine as a constituent part.16 Based on 
the arguments presented above, structure 2 is proposed for 
14’,15’-dihydropycnanthine. 

Registry No.-2, 21400-49-7. 
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The acyloin condensation is a valuable method for ring 
formation and has been the subject of a recent reinvestiga- 
tion’ and review.2 Although some details of the mechanism 
may be in question, enediolate la  is generally accepted as 

aoR OR 
Q0 0 R, 

la, R = Li k, 
b, R = Me3Si 2a, R1 = R2 = H 

b, R, = CHI: R, E H 
c, R; = CH~CH~CN;  R, = H 
d, R1 = CH20H; R2 = H 
e, R, = H; R2 = MesSi 
f, R, = H; R2 = Li 

3a. R = Li 
b, R = Me,Si 

the stable species which on protonation gives adipoin 2a or 
on silylation3 gives bis silyl ether lb.  The reverse reaction, 
however, i.e., treatment of an acyloin with base (2a -. la), 
is not so well known. 

1a,b 2a,b 

A number of groups have reported the a l k y l a t i ~ n ~ a - ~  of 
acyloins on carbon (e.g., 2a -* 2b), Michael additions,-c 
(e.g., 2a -* 2c), and aldol condensations6 (e.g., 2a -* 2d). 

All published reports thus far on acyloin dianions, with 
one exception7 (vida infra), however, evoke the structure of 
the well-known enediolate la. We have determined that la  
is in fact the “thermodynamic” enolate dianion and that 
compound 3a is a readily accessible “kinetic” enolate di- 
anion.8 

When a T H F  solution of freshly distilled monomericg ad- 
ipoin 2a is added dropwise to an excess of 2 equiv of lithi- 
um diisopropyl amide or 2,2,6,6-tetramethylpiperidide, a 
dianion is formed which on silylation gives predominantly 
the kinetic enolate cyclohexene-2,3-diol bis(trimethylsi1yl) 
ether13J4 (3b) in 73% yield (see Table I). This compound 
possesses the expected vinyl proton multiplet a t  6 4.88 and 
methine adjacent to oxygen a t  6 3.95. 

If adipoin 2a is refluxed in DMF with Me$3iC1-Et3N, 
conditions under which a “thermodynamic” mixture is to  
be expected,l5 the more stable bis silyl ether l b  is the pre- 
dominant bis silyl ether formed. These results are consis- 
tent with the observed site of reaction of acyloins which 
were conducted under equilibrating  condition^.^,^,^ 

The observation7 that enediolate 5 ,  obtained from acyl- 
oin condensation of ethyl butyrate, condenses with ethyl 
acetate to give a product derived from 7 can be best ex- 
plained by the equilibrium in Scheme I. Condensation with 

Scheme I 

0- 0- 
5 6 

A 

-+ products 
0- 

7 


