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PYRIDINDOLOL ANALOGUES. SYNTHESIS OF 3-HYDROXY- 
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Abstract - Peracetylated (D)-glucose. (D)-galactose, (Dl-ribose, 
o-ardbinose and [D)-xylose have been subjected to a Plctet- 
Spengler cycllsation with methyl tryptophanate to give 8-carbo- 
line derivatives which have been converted to a series of pyri- 
dindolol analogues. 

The biological propertles and the natural occurrence of 8-carboline derivatives such as pyr~d~ndolol 2 

(a 6-galactosidase inhibitor), ethyl 8-carboline-3-carbo~~late~~'~ (a potent inhibitor of the specific 
3 binding of H-diazepam to its brain receptor) and the 1-furanyl-8-carboline derivatives f ~ a z i n ~ ~ - ~  

5 and YS - in the Japanese soy sauce - stimulates interest in the synthesis and biological activity 
evaluation of new 8-carboline derivatives possessing analogous structures. Of particular interest as 

target compounds in this connection, appeared to be pyridindolol analogues in whlch the C(1)-position 
was substituted by polyhydroxylalkyl residues. In this comnunlcatlon we report an approach to the 
synthesls of this class of compounds. 

The synthesls of pyridindolol has been achieved vla a scheme whlch, in the crltical step, involves the 
6 7 coupling of a tryptophan derivative with a hydroxylated three carbon aldehyde or its equivalent . The 

construction of the 8-carboline system by a Pictet-Spengler reactlon bears analogy to the related step 
8 ln the biosynthesls of a variety of alkaloids . In view of this, we envisioned the synthesls of the 

desired pyridindolol analogues via a blomlmetic approach utilizing the Pictet-Spengler condensatlon 

of tryptophan wlth sultably protected aldoses. 
The required protected aldoses 3 - e, which have been described earlier, were prepared from the 

9 respective carbohydrates in three steps (Scheme I ) .  it should be mentioned that in our hands the 

regeneration of the aldehyde function from the thioacetal proceeded better upon treatment of the latter 
10 with N-bromosuccinmide . 

Although the application of the Pictet-Spengler reaction to the syntheses of 8-carbolines has been 

well-documented, only few examples involving aldoses have been reported. Classical reactlon conditions 

employing acid catalysis frequently result in low yields of the desired 8-carbolines; the reaction 
1 1  belng accompanied by extensive, elimination and rearrangement processes . ~ a c ~ e a n "  has recently 

shown that dopamlne hydrochloride reacts wlth D-glucose and 2.5-anhydro-D-mannose to give the expected 
esoqulnollne der~vatives. On the other hand, tryptam~ne hydrochloride and histamine, whlle undergoing 

a Plctet-Spengler condensation with 2,5-anhydro-D-mannose, do not react with D-glucose. Cook et al. 
6 

have demonstrated that acldlc conditions are not-essential for Pictet-Spengier cycllzations and have 
6 taken advantage of thls in their synthesls of pyr~dindoloi . 

The reaction of aldoses 3 - 5 w ~ t h  methyl tryptophanate 2, in the absence of acid, was found to be 
crltlcally dependent upon the nature of the solvent. Orlentation experiments showed that whereas ben- 

zene or tetrahydrofuran were not Ideal solvents for reactlon for the whole series of carbohydrates 

la - e; it was found that a m~xture of benzene and tetrahydrofuran (1 : 1) was able to affect the - 
cyclization reaction in all cases to give the corresponding Plctet-Spengler products & - &3 in 
practical yields (, 45%). Although g - e could be readily oxidlzed to crystalline - e (DDQ, THF, 
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RT), after isolation, it was experimentally advantageous to o x ~ d ~ z e  the mixtures containing 
32 - e, ~ ~ t h o u t  isolation of the reduced 0-carbolines. This procedure provided 3 - g in an - - 
overall yield of 50-60%. The structures of - g are assigned on the basis of their character- 
istic !H NMR spectra (Table I, vlde Experimental). 
Reduction of the ester function in 9 - g was achieved by reaction with LiBH4 (RT) and the there- 
upon formed boron complexes were most conveniently, worked up by consecut~ve treatment with (i) acid 

(aq. HCI), ( i i )  methanol (repeated addition and evaporatlon of the solvent) and (111) reacetylation 
(Ac20, pyridine) to yield polyacetates 2 - g. Hydrolysis of 2 - - e (NaOt.klMeOH, RT) provided the 
pyrldindolol analogues (ra - e (1. 60%) as amorphous solids. The structures of these products were 
attested by MS, 'H-NMR and "c-NMR spectra (Table I1 and 111). In particular the 1 3 ~ - ~ ~ ~  spectra 

were characteristic and highly Informative. Results on the activity of the synthesized analogues 

towards 6-galactosidase will be presented e:sewhere. 

EXPERIMENTAL 

n-Carbollne Esters a- e_. General Procedure 
In a typical experiment, a mixture of the peracetylated aldose (3, 8 mml) in dry benzene (100 mi) 

and methyl tryptophanate (prepared from the corresponding hydrochloride, 2.00 g, 7.85 mml) in dry 
THF (100 ml) was refluxed for 12 h. After evaporating the solvents the residual diastereomer mix- 

ture (2) was dissolved in dry THF (200 ml) and allowed to react with 2.3-dichloro-5.6-dicyano-l,4- 
-benzoauinone (DDQ, 3.93 g, 17.3 mMoi) by stirring for 2 days at room temperature. After evapo- 

rating the solvent, the oily product was dissolved in EtOAc (250 ml) and treated with ammonia (100 

ml, 25%) by stirrlng for 5 min. Subseouently, the organic layer was separated, washed with water 

(2x 50 mll, dried over Na2S04 and the solvent evaporated. Chromatography of the residue on silica 
gel column (eluents: EtOAcIPet. ether 60-aO0C, 713) yielded the 0-carboline derivative c. 
Pyridindoiol analogues % - g. General Procedure 
Illustrative example: the n-carboline derivative (0.59 g, 1.15 mbi) was added to a solution of 
LiBH4 (0.25 g, 11.5 mMd) In dry THF (50 ml) and the mixture stirred for 1.5 h at room temperature. 

After quenching the reaction with MeOH (5 ml), the solvents were removed, the residue dissolved in 
N O H  and the solution ac~dif~ed (5% HCI) to pH 5 5. Thereafter, the solvent was evaporated and the 
resulting product subjected repeatedly (5x) to dissolution in W O H  (15 ml), stlrring (1 min) and 

removal of the solvent. Following this treatment, the residue was dried (1 h, 50°C. 0.1 mm Hg) and 

subsequently acetylated to - 5a by stirring with AcZO (1.27 ml), pyridinelp-dimethylaminopyrldine 

(15 mllcatalytic amount) for 16 h at room temperature. After evaporation of the solvents, EtOAc 
(150 ml) was added, the organic layer wasnea consecutively with sat. NaHC03 (3x 25 ml) and sat. 

NaCl (25 ml) and then dried over lia2S04. Removal of the solvents and chromatography of the residue 

on Silica gel yielded - 5a as an oil. Treatment of the latter (0.93 g, 1.8 mMol) wlth MeOH (5 ml) 
containing a catalytic amount of sodium (stirring overnight, RT) yielded 5 as an amorphous prod- 
uct which was washed with ether and dried. 



Table I .  Data on 6-carbo l lne  es te r s  g - g. 

mp 190-194'C 204-207Y o i l  120°C o i l  

y i e l d  55% 52% 61% 49% 58% 

6 1 ~ ( ~ ~ ~ 1 3 ~  

H-4 8.85 s 8.79 s 8.81 s 8.83 s 8.82 s 

H-5 8.17 d 8.14 d 8.16 d 9.15 d 8.16 d 

(7.8) (8.01 (7.9) (7.91 (7.8) 
H-6 7.4 m 7.3 m 7.4 m 7.3 m 7.4 m 

H-7 7.6 m 7.6 m 7.6 m 7.6 m 7 m 

H-8 7.6 m 7.6 m 7.6 m 7.6 m 7.6 m 

H-9 9.46 s 9.10 s 9.74 s 9.41 s 9.22 s 

H-1 ' 6.50 d 6.52 d 6.53 d 6.54 d 6.63 d 

(7.51 (2.9) (4.4)  (7.8) (3.91 
H-2 ' 6.26 dd 5.84 dd 5.82 dd 6.12 dd 5.91 dd 

(3.6, 7.5) (2.9, 9.7) (4.4, 6.1) (4.0, 7.8) (3.9, 8.4)  

H-3' 5.30 dd 5.63 dd 5.5 m 5.1 m 5.4 m 

(3.7, 7.0) (2.0, 9.7) 

H-4'a 5.2 m 5.3 m 4.23 dd 4.11 dd 4.12 dd 
(5.8, 12.3) (6.6, 11.7) (5.3, 12.4) 

H-4'b 4.48 dd 4.34 dd 4.30 dd 
(2.9, 12.4) (5.1, 11.7) (2.8, 12.4) 

H-5 'a 4.0 m 3.86 dd 
(7.6, 11.3) 

H-5 'b 4.22 dd 4.30 dd 
(3.4, 12.8) (5.0, 11.5) 

0% 4.02 s 4.02 s 3.99 s 4.00 s 4.03 s 

onc 2.0 m 2.0 m 2.0 m 2.0 m 2.0 m 

I R  (CHC13) spec t ra  o f  a l l  t h e  compounds, show s t rong bands i n  t h e  r eg ion  % 1740 cm-l. 



Yield 
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H-4' 
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0 3 0  

Table. Data on pyridindolol analogues @ - ea 

a Products were amorphous solids which did not exhibit defined melting points. 

IR (KBr) Spectra of all compounds exhibit bands in the region 3000-3600, 2850 and 2900 cm-' 

Carbonyl bands were absent. 



Table 111. 13c Chemical shifts of $ - e. 

* Individual assignments o f  the carbon shlfts has not yet been established. 



HETEROCYCLES, Vol 26, No 6, 1987 

ACKNOWLEDGEMENT 

T h ~ s  work was c a r r i e d  ou t  i n  p a r t  under auspices of the  S t i ch t l ng  Scheikundig Onderzoek Nederland 

(S.O.N.) w i t h  f i n a n c i a l  support o f  t h e  Netherlands Foundation f o r  Fundamental Research (Z.W.O.). 

REFERENCES 

1 .  Taken i n  p a r t  from t h e  forthcoming doctora te  d i sse r ta t i on  of N.P. Wi l la rd .  

2. T. Aoyagi, M. Kumagai, T. Hazato, M. Hamada, T. Takeuchi, and H. Unezawa, J .An t l b i o t i cs ,  1975, 28, 
555. 

3. ( a )  M. N le lsen and C. Braestrup, Nature. 1980, 286, 606; (b)  S.S. Tenen,and J.D. Hirsch, Nature, 
1980, 2&?, 609. 

4. ( a )  T. hi gash^, Sci.Pap.Phys.Chem.Res.Inst., 1936, - 15, 1060; (b )  T. Tadokoro and N. Takasugi, 

Bull.Chem.Soc. Japan, 1938, 9, 1167, ( c l  K. Klhara, 30th Ann.Meeting of Chem.SoC. Japan, 

1974, Abstr. p.  1431, (d )  K. K lhara ,  31s t  Ann.Meeting o f  Chem.Soc. Japan, 1974, Abstr. 353. 

5. See 4a and references c i t e d  t he re in .  

6. D. Soerens', J. Sandrin, F. Ungemach, P. Mokry, G.S. Wu, E. Yamanaka, L. Hutchins, M. OiPierro,  

and J.M. Cook, J.Org.Chem., 1979, 44, 535. 

7. H. Bieraugel ,  R. Plemp, and U.K. Pandi t ,  Tetrahedron, 1983, 2, 3987. 

8. R.A. Abramovitch and I.D. Spencer, Advances i n  t h e  heterocyc l ic  chemistry, vol .  3, Academic Press, 

New York and London, 1964, p. 79. 

9. R. Bognar, Z. Gyorgydedk, L. Sz i l dgy i ,  G. Horvdth, G. Czira,  and L. Radics, -., 1976, 450. 

10. M. M i i j k o v i c ,  0. O ropk~n ,  P. Hagel, and M. Kabash-Marino, -., 1984, 128, 11. 

11. T. Severin and K.-H. Brautigam, e., 1973, 106, 2943. 

12. I.M. Plper,  O.B. Maclean, I. Kvarnstrom, and W.A. Szarek, Can. J.Chem., 1983, 61, 2721. 

13. Although compounds % - e represent diastereomeric mixtures, t h e  t rans  diastereomer cou ld  be 

i so la ted  as a c r y s t a l l i n e  product i n  each case. 

Received, 6 t h  January, 1987 


