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Abstract: The tricyclic lactams 3 and 4 having a phenylpymle framework have been prepared from the 
arylpyrroles 5 and 16 respectively. These structural analogs of rhazinilam 1 present, like the latter, an interesting 
antitubzdin and cytotoxic activity. 

Rhazinilam 11, an indole secoalkaloid related to the aspidospermane group, has been isolated 
from different Apocynaceae species, but its biological activity was not known up to date. 

In the tubulin-microtubular system this compound was proven to be a new antitubulin agent 
showing both a taxol-type activity on the disassembly of microtubules and a vinblastine-type activity on 
their assembly.%Jb 

Within the scope of our research program, we aimed at the elucidation of the structural 
requirement for tubulin binding. We prepared a series of analogs of rhazinilam 1, the tricyclic lactams 2 
in which the spatial relationship between the aromatic subunits depends on the size of the lactam ring. 
In particular the dihedral angle between the phenyl and the pyrrole ring of these analogs can range from 
0’ (n = 0) to 90° (n = 3). 

We describe here the synthesis of compounds 3 and 4 which are found to inhibit the in vitro 
depolymerization of purified bovine brain tubulin. 

1 (-) 2 (n=O -n-4) 3 R,=n-Bo R,=Me 

R,=HouMe R&=Hou dkyl 4 R,=RpH 

Synthesis of lactam 3 carrying a hydrophobic chain on the pyrrole ring : 

The starting phenylpyrrole 5 is obtained according to Barton and Zards from (2nitrophenyl)-l- 
nitro-2-propene.6 The reaction series described in scheme 1 leads to the a’unsubstituted phenylpyrrole 
10. 

The formation of the g-membered lactam ring requires the setting of a suitably functional&d 4- 
carbon chain that is branched on position 0’ by Friedel-Crafts acylation. 
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The treatment of phenylpyrrole 10 with @-carbomethoxypropionic acid chloride leads to the 
ketopyrrole 11 that gives directly the acid 12 on reaction with NaBH4, probably by reduction of an 
azafulvenium type intermediates (Scheme 1). 

After reduction of the nitro group, one obtains the amino acid 13 that cyclises specifically into 
the lactam 3 (yield : 59%) in presence of CMC under high dilution conditions.‘” 

ar- 5 R,=H RZ=C02Et R,=H 

- 6 R,=H I+CO,Fi R,=.Me 

br 
-- 7 R,=l-butenyle R,=CO,Et R3=Me 

cr- 
- 8 R,=l-hmyle R,=CO,H R,=Mc 

d ;_ 
9 R,=l-bumyle R,=H R,=Me 

CT 

10 R-H X=30, 

- 1, R=-CO-(CH,),.-CO,& X=x0, 

fi 
- 12 R=-(CH&-CO,H X=NO, 

Pr- h 13 R=-(CH>,-CO&l X=NH, 

(Synthesis of 5) : CN-CH2-CO2Et 1.2 eq ; DBU 1.5 eq ; THF/t-BuOH : 2/l ; 3 h at 50°C ; 
yield : 98%. (a) NaH ; pTosMe ; THF ; 50°C ; yield : 90%. (b) CH3-CH2-CH2-CHO 6 eq ; 
THF ; HCl cont., MgS04 anh ; yield : 80%. (c) NaOH conc./MeOH : l/2 ; yield : 90%. (d) 
Quinoline ; Cu20 ; 170°C ; yield : 90%. (9 4 10) Pd/C at 10% ; AcOEt ; H2 3 Atm ; yield : 
90%. (e) Cl-CO-CH2-CH2-C02Et 2.3 eq ; ZnC12 anh 1.5 eq ; CH2C12 anh ; reflux 2 h; yield : 
55%. (f) NaBH4 1 eq ; EtOH at 95%. (g) PtO2 ; EtOH ; H2 3 Atm : yield : 90%. 

dFieurel 
(perspective view of lactam 3) 

Figure 1 shows the structure of lactam 3 obtained by X-ray analysis.ll It establishes the 
conformation of the 9-membered lactam ring. Indeed the dihedral angle between the aromatic rings are 
close to those measured for rhazinilam 1 ; the value of the dihedral angle is 85’ for 3 whereas one 
measures 90° for rhazinilam I4 This tricyclic compound with a phenylpyrrole subunit possesses the 
structural profile of rhazinilam 1 and thus constitutes a first simplified model of this alkaloid. 



Tricyclic phenylpytrole lactams 727 

Synthesis of the a,~ unsnbstituted lactam 4 : 

The starting compound for the synthesis of lactam 4 is the phenylpyrrole 16 which is prepared 
from o-nitrophenyl acetic acid via the vinamidinium salt 14 and the sarcosine hydrochloride 15 
according to Gupton and ~011.~~ 

The reduction of the ketone function of the desactivated ketopyrrole 17 is accomplished only in 
acidic medium in presence of NaBHQ13 yielding phenylpyrrole 18. 

The decarboxylation of the a-pyrrole acidic function of compound 19 is carried out only in the 
absence of solvent by using the method described by Elguero and ~011.~~ for 3-methylpyrrole. After 
reduction of the nitro group, the amino acid 21 is obtained and cyclised under the same conditions as 
before to yield the unsubstituted a,~ lactam 415 (yield : 63%) (Scheme 2). 

a I:: 

R,=CO,Et R2=H 

CO@ 

H, .J 
b (1.8 

R,=CO,Et R,==CO--(CH&--CO,Et 

R,=CO,E1 R2=--(CH&CO+ 
N HCI 

h 15 
= I19 R,=CO,H R,=--(CH&CO,H 

d L-^o R,=H R,=--(CH&--COfi 

21 

(Synthesis of 14) l/o-NO2-C6H4-CH2-CQH 1 eq ; POC13 3 eq ; DMP 15 eq. 2/NaC104 1.1 
eq/H20.3/recrystallisation MeOH. Total yield : 53%. (14 --> 16) : 14 leq ; 15 1.5 eq ; NaH 
(60% in mineral oil) 2.5 eq ; EtOH anh ; yield : 60%. (a) Cl-CO-CH2-CH2-CO2Et 2.3 eq ; 
ZnC12 anh 1.5 eq : CH2C12 anh ; reflux 2 h ; yield : 55%. (b) NaBH4 3.2 eq ; CP3CO2H ; 
0°C; yield: 88%. (c) NaOH/MeOH : l/9 ; reflux ; yield : 90%. (d) l/Q powder ; 150°C ; 5 
mm of Hg 2/retake with AcOEt ; yield : 70%. (20 --> 21) Pt02 ; EtOH ; H2 1 Atm ; yield : 
90%. 

The lactams 3 and 4 (new compounds of series 2) have the capacity to interact with tubulin in a 
rhazinilam-type fashion. This observed activity, although it remains inferior to that of rhazinilam 1 (- 
l/200), confirms the importance of the dihedral angle values since the 7 and 8 membered lactams of 
type 2 (respectively n = 1 and n = 2 with RI = R3 = Me and Rz = butyl) are inactive vis-ir-vis tubulin? 

The final results of the structure-activity correlation will be presented shortly. 
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