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Abstract - A very unusual high yield of rearranged products (na methyl migration) 
has been obtained m the Fischer mdole cychzatlon of the 3-(2.5dlmethyl 
phenylhydrazone) of 2,3-plpendme &one (6b) When a less achvated aromatic nng 
1s present in the phenylhydrazone 6. such a behavlour 1s not observed and 
cyclizaaon occurs essentially without rearrangement. 

The formanon of mdole denvauves from 2,6-&alkylsubsmuted phenylhydrazones 1s known to occur by 

nugranon, elunmahon or substttuuon of an alkyl group [ 1,2], [ 1.31. [ 1.41 and [ 1.51 alkyl group shfts have 

been observed dunng mdohzatlon of these compounds 1-4 A few examples of alkyl group rmgranon m the 

Fischer mdole cychzation of 2-alkyl-6-unsubstltuted phenylhydrazones have been sported Thus, for mstance. 

cychzatlon of the 2,5-&methyl phenylhydrazone of cyclohexanone (1) yielded, besides the expected 1,4- 

dunethyl tetrahydrocarbazole (2). 2,4- and 1.2-dlmethyl tetrahydrocarbazole (3 and 4) as the result of [1,2] and 

[ lJ]-methyl rmgrauons3c 

1 2 3 4 

SCHEME I 

But for the cases up to now consldered. compounds resulting from the attack to the ortho 

unsubstltuted posmon are by far the predominant products and rearranged compounds are only very mmor 

products. As a matter of fact, 2-substituted phenylhydrazones like 1 are frequently used for directed 

mdohzatlons m the synthesis of 4-substituted mdolesl%5 Here we report the first example of a Frscher mdole 

cychzatlon of an 2-alkyl6-unsubsmuted phenylhydrazone where the attack to the ortho posmon carrying a 

methyl group is almost as Important as the attack to the normal unoccupied orrho posmon. 
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Natural and syntheac heterocycles wttb the lH-pyrrdo [3,4-b] mdole skeleton possess mterestmg 

properhes as pharmacodynarmc actrve compounds 6 Studies wuh simple O-carbolme alkaloids have shown 

then mteractton wrth drfferent neurotransmrtter systems and how minor changes m the structure and 

substmtents substanaally affect the affinity for the receptors considered 7,s. Frscher mdole cyclmaaon of 3- 

arylhydrazones of 2,3-piperrdme drones is one of the most drrect routes to these systems579-1 l. In an attempt 

to prepare some S-subsmuted-B-carbohnes and to study the effect of substrtuents m this position on the 

mhtbnory actrvrty of monoamme oxidase8. we tested the sequence outlmed m the scheme II. 

HNO, 

NH - 2 

RI RI 0 
5 6 

H+ a) R ,-_R,=H 

6- 
b) R ,=R2=CHS 

Ri H 0 
c)R,=CH3,R2=CI 

7 PI) R ,=CH,R2=N02 

SCHEME II 

The presence of an alkyl subsatuent m the 2-positron of the aryl group (Rl) was considered essenhal to avoid 

the formatton of the undesrred 7-subsatuted-g-carbolme which ts the predommant product when R = H1 1 

Hydrazones 6 were obtamed m good yields (39-93%) by the Japp-Rlmgemann reactron of the &azonzed 

amlmes 5 with 3-carboxy-2-prpendone prepared m suu by sapomficatton of its ethyl ester13 The stabrltty of 

the drazonmm salts mitrally formed 1s the mam factor determmmg the final yield of 6 (Table 1) In some 

cases, mtxttnes of the possible E and Z forms of arylhydrazones 6 can be obtamed The E/Z raao depends on 

reactron and crystalltzatton condmons However, no drfferences have been observed m the Fischer 

mdohzanon of both isomers, as can be expected accordmg to then easy eqmhbraaon m acidic medra5 and 

spectally because an acid-catalysed conversron of the hydrazones mto the vmylhydrazmes occurs pnor to the 

cychzaaon Thus, no attempt was made to isolate the pure isomers when a mixture was formed, being used as 

obtamed for the next step. 

Cychzatton of 6 to give products with the 1,2,3,4-tetrahydro-I-oxo-R-carbolme skeleton was 

accompltshed m fan yields m acrdrc medta (Tablel) Indohzanon IS clearly shown m the spectral analysrs of 

the punfied products In CDC13, the 1~ NMR shows the presence of two exchangeable srgnals at ca. 6 and 9- 
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10 ppm correspondmg to the amtde and mdoltc protons respecuvely*4. The two metbylene groups at C-3 and 

C-4 appear at 3 7 and 3.1-3.4 ppm, tbe fiit as a double trtpletl5 (J = 2 5.7 Hz) and the second as a tnplet 

whose chemrcal shrft IS sensrtxve to the nature of subshtuents m the aromahc nng Jn the 13C NMR spectra, 

the C=C signal is observed at 163 ppm. as well as nght aromauc carbons in the 110-140 ppm regon The 

ahphahc signals appear at 42 ppm (C-3), 20-23 ppm (C-2) and 16-22 ppm (methyl srgnals). The mass spectra 

of the 1,2,3,4-tetmhydro-l-oxo&carbohne compounds show the expected fragmentatton pattern for an mdole 

system with a fused lactame nng The molecular ions [M+J are always large and readrly undergo the loss of a 

NHCH2 fragment to grve a peak at [M+-291 whtch evolves by CO loss to yteld the base. peak at [M+-571, a 

methylene-mdole fragment whose stabtlrty has been related with the possrble rearrangement to give a 

qumohnmm ion From this [M+-571 ton the fragmentahon sequence is the usual for alkyhndoles, wnh an 

unttal loss of HCN16 For the mtrodertvate, fragmentattons due to the mtro group are important and the base 

peak appears at [M+- 173 

Table l.- Results obtained in the preparation of 1,2,3,4-tetrahydro-1-oxo-lkarbolines. 

starting amine Rl R2 Hydrazone (yield) oxocarboline (yield) 

5a 

Sb 

SC 

Sd 

H H 

CH3 CH3 
CH3 Cl 

CH3 NO2 

6a (77) 
6b (3% 
6c (70) 
6d (93) 

7a ma 
7b+8b (91)s,h 

7c (72)a 
7d (WC 

a) 98 % formrc acid used for mdoltzatron b) ratro 7b/8b. 1 l-1.35, some 9b seems to be also 
fOMd c) PPA used mstead of forrmc acid 

Surprtsmgly, when the 3-(2,5-dtmethylphenylhydrazone) of 2,3-prpendmedrone (6b) was subnutted to 

the general treatment (98% fomuc acid, 1 h, reflux) a simple JH NMR analysis of the crude product revealed 

the presence of several compounds wrth the 1,2,3,4-tetrahydro-1-oxo-B-carbolme structure Separauon of the 

Isomers was drfficult, but after careful chromatography and fracuonal crystalhxauon, pure samples of the 

expected 1,2,3,4-tetrahydro-5,8-drmethyl-I-oxo-B-carbohne (7b) as well as of the rearranged product 1,2,3.4- 

tetrahydro-5.7~&methyl-I-oxo-B-carbolme (Sb) could be obtained 

R2 R2mH 
Rl H 0 

8 9 
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DBerences between 7b and Sb are obvious m the lH and l3C NMR spectra. For 8b the two amnattc 

protons appear as singlets at 6 73 and 7 06 ppm, and an aromahc non-quaternary carbon 1s observed at 109.8 

ppm accordmg with the hlghfield shift expected for the unsubsntuted C-812 In the same way, the 13C signal 

for the methyl group m position 5 1s present at 19 3 and 19 5 ppm in both, 7b and 8b, but for 8b the CI-I3-8 

peak which appears at 16-17 ppm 1s absent showing instead a signal at 21 6 ppm for CH3-7 The presence in 

the 1~ NMR of the crude product of mmor signals at 2 42 (s) ,2 47 (s) and ad&uonal doublets centered at 

about 6.76 and 7.00 ppm would suggest the formation of 1,2.3,4-tetrahydro-7.8~&methyl-l-oxo-&carbohne 

(9b. Rl = R2 = CH3) but 111 much lower yields However, pure 9b could not be isolated. Compounds 8b and 

9b should be formed from the [3,3]-slgmatroplc shift of the monoprotonated enehydrazme mvolvmg the 

subsmuted orrho posmon, accordmg to the general mechanism of the Fischer mdohzauonl, 1-oxo-l3-carbohne 

8b resultmg from the [1,2]-shift of the methyl group and 9b ansmg from a double [1,2]-shift or a [1,5]- 

ngmatroplc shift of the methyl gro~p~*~ 

The rearrangements observed for hydrazone 6b are comparable to the ones described by Fusco m the 

cychzanon of the 2,Ghmethyl phenylhydrazone of cyclohexanone (l)‘C, but the yields of rearranged products 

are much higher m our case From different expenments, the ratio of “normal” (7b) to “reurrunged” (8b) 

products ranged from 1.1 to 1 35 This 1s remarkable because It represents that more than 40% of the mdohc 

products obtamed corresponds to 8b, 1 e , C-C formatlon dunng this mdohzanon occurs almost unselecnvely 

on both ortho posmons. although one of them 1s occupied by a methyl group 

These unusual results cannot be explamed m a simple way Clearly, stenc factors wdl always favour 

the attack mvolvmg the unsubsntuted or&o posltlon The nature of subsutuents and m part~ular the presence 

of alkyl groups m the arylhdrazone moiety has been shown to play a slgmficant role m some rearrangments of 

arylhydrazones2-4917 However, electromc factors related to the structure of the aromatic nng m 6 cannot be 

the only responsible for the very high yields of rearranged products because such factors are quite equivalent in 

1 for which rearranged compounds are minor products In consequence, electronic factors related to the 

structure of the 2,3-plpendmedlone moiety have to be consldered essentml for such a behavlour In this sense, 

the presence of the armde group m 6 would make more reactive the monoprotonated enehydrazme The 

conJunctIon of both actlvatmg factors m 6b would be responsible for making much less selective the 

subsequent step m which the new C-C bond 1s formed This 1s supported by the fact that when the aromatlc 

nng m 6 1s not so activated, rearrangements are much less Important This 1s the case for 6c for which one of 

the methyl groups has been substituted by a chlonne atom The 

8d or 9d could not be 

detected 
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General Procedure for the Preparation of arylhydrazunes: 3-(2-Methyl-5-nitruphenylhydrazone) of 23 

piperidinedione (6d). 2-Methyl-5-mtroamhne (2 51g. 16.5 mmol) was lssolved m concentrated HCl(5.5 ml) 

and, after coolmg. ice (7 g) was added to the solution. Sodmm mmte (12 g, 17 mmol) m water (6 ml) was 

then added dmp~se to the stirred cold suspension and after ad&hon was complete (half an hour) stunng was 

contmued for 20 mmutes. Temperature was kept below 4 “C! dunng dlazonzatton process. The solution was 

filtered and added to a solution of ethyl 2-oxoplpendme-3-carboxylate (3 g, 17.5 mmol) m water (20 ml) 

contaming potassium hydroxide (0 98 g. 20 mmol) which had been kept at room temperature overnight and 

previously cooled by addition of ice (20 g) The mlxmre was adJusted to pH 4-5 by the ad&non of cold 

saturated aqueous sodium acetate Snmng was contrnued in an ice bath for 5 hours, after which ume the 

yellowmsh sohd was filtered, washed with very small amounts of water and ethanol and dned to give the 

phenylhydrazone 6d (4 0 g, 93%) Recrystalhzatlon from ethanol gave an analyt~al sample of the Z-form. 

m p 228-232 ‘C Anal. Calc for C12H14N403 C, 54 96, H, 5 34. N, 21 37. Found. C, 55 11; H. 5 08; 

N. 2161 IR (KBr)(cm-1) 3299,3159, 2948, 1649, 1547, 1416, 1351, 1334. 1271, 1224,796,723,641. 

lH NMR (200 MHz. CDC13) 2 04 (2H. m, H-5’), 2 30 (3H, s, (X3-2), 2 79 (W, t, J = 6 Hz; H-4’); 3.43 

(2H, dt,J = 2 5,6 Hz, H-6’). 6 03 (lH, br. CON-H), 7 20 (IH, d, J =8 Hz. H-3). 7 66 (lH, dd, J = 8, 2.5 Hz, 

H-4). 8 35 (1H. d, J = 2.5 Hz, H-6), 10 31 (lH, br, =N-N-H) l3C NMR (50 3 MHz, CDCl3) 17 2 (CH3-2). 

22.4 (C-5’). 30 9 (C-4’). 42 0 (C-6’), 106 6 (C-6), 115 0 (C-4), 128 8. 129.4 (C-l.C-2); 130 9 (C-3); 143 1 

(C-5), 148 0 (C-3’), 164 3 (C-2’) MS (m/e (%)) 262 (lOO), 152 (17), 113 (31), 104 (22). 77 (23). 41 (49) 

3-(Phenylhydrazone) of 2,fpiperidmedione (6a): Obtamed as a brown solid (77%). m p * 243-244 OC 

@OH) (ht.13 m.p 244245 “C) 

342,SDimethylphenylhydrazone) of 2,3-piperidinedione (6b): Obtamed as a hght yellow solid (39%) 

mp 160-164 QC (MeOH) (Z-form) Anal Calc for C13H17N30 C, 67 53, H, 7.36, N, 18.18. Found. 

C, 67 25, H, 7 17, N, 18 16 IR (KBr)(cm-l) 3299,3169,2941,1653, 1547. 1420,1329,1259,1170.792. 

733,661 1H NMR (200 MHz, CDC13) 2 00 (2H, m, H-5’), 2 21 and 2 33 (3H each, 2s; CH3-2 and CJf3-5); 

2 75 (2H, t, J = 6 Hz, H-4’), 3.39 (2H, dt, J = 2 5,6 Hz, H-6’), 5 81 (lH, br, CON-H); 6 66 (1H; d, J = 8 Hz; 

H-4), 698 (1H. d, J = 8 Hz, H-3), 7 37 (lH, s, H-6), 10 30 (lH, br , =N-N-H) MS (m/e (%)). 231 (lOO), 

160 (18). 120 (38). 91 (15). 77 (13) 

3-(5Chloro-2-methylphenylhydrazone) of 2,3_plperidinedione (6~): Obtamed as a light yellow solid 

(70%) m p - 149-151 ‘C (MeOH) (Z-form) Anal Calc for Cl2Hl4N3ClO C, 57 26, H, 5 57, N, 16 70 

Found C, 56 98. H, 5 69, N, 16 83 IR (KBr)(cm-1) 3299,3159,2964,1653,1555,1415.1339,1259,1150, 

800,725,669 1~ NMR (200 MHz, CDC13) 2 01(2H, m, H-S), 2 18 (3H. s, W3-); 2 74 (2H; t, J = 6Hz, 

H-4’), 3 43 (2H. dt, J = 6.2 5 Hz, H-6’), 5 89 (lH, br, CON-H), 6 80 (lH, dd, J = 8,2 Hz, H-4). 7.14 (lH, 

d, J = 8 Hz, H-3); 7 51 (lH, d,J = 2 Hz, H-6), 10 29 (lH, br, =N-N-H) MS (m/e (%)) 253 (39); 251 (100); 

182 (6), 180 (19), 142 (21). 140 (36), 139 (19) 
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General Procedure for cyelixation of hydrazones 6 in Formic acid: 1,23,4-Tetrahydro-S~S-dinrethyl-l- 

oxo-karboline (7b) and 1,2,3,4-tetrahydro-5,7-dimethyl-l-oxo-8-carboline (8b): The phenylhyclrazone 

6b (0.83 g, 3 6 mmol) was refluxed m 98% fornnc acid (5 ml) for 1 hour The solutron was carefully 

neutralhzed by the addttton of an aqueous soluuon of Na2C03 and then parttally concentrated. The product 

whtch separated was Just brought into solutton by the dropwrse addrnon of hot dtoxane. On coohng the crude 

oxocarbolme (7b + 8b) prectpated and was filtered off (0 7 g. 91%) Thts crude product was chromatographed 

on stltca usmg as eluents CH2Cl2, then mixtures CH2CI2/EtOAc, then EtOAc and finally rmxtures 

EtOAc/MeOH, 7b being eluted first. Analytrcal samples of 7b and 8b were prepared by recrystalhzatton of 

selected fracaons in benzene or ethyl acetate 

1,2,3,4-Tetrabydro-5,8-dimethyl-l-oxo-fi-carboline (7b): Obtamed as transparent pnsms m p.. 220-221 “C 

(benzene). Anal. Calc. for Cl3Hl4N20: C, 72 90, H, 6 54, N. 13 08. Found. C. 72 95; II, 6.43, N, 13.12 

IR (KBr)(cm-1): 3387,3336, 1649, 1548, 1496, 1434, 1377, 1329, 1029.816.772 1H NMR (200 MHz. 

CDC13) 2 45 (3H, s; CX3-8), 2 62 (3H, s. (X3-5), 3 29 (2H. t. J = 7 Hz, H-4). 3 72 (2H, dt, J = 2.5,7 Hz. 

H-3); 5 63 (lH, br, H-2); 6.80 (lH, d. J = 7 Hz, H-6), 6 99 (lH, d. J = 7 Hz, H-7). 8 94 (1H. br, H-9). 

13C NMR (50.3 MHZ, CDC13): 16 2(CH3-8). 19 3 (CH3-5). 22 9 (C-4), 42 2 (C-3). 119.3 (C-8). 120 9 

(C-4a), 121.6 (C-6); 124 4 (C-4b), 125 7 (C-7), 125 9 (C-5), 130 0 (C-9a); 137 1 (C-8a); 163 3 (C- 1) 

MS (m/e (%)). 215 (12); 214 (78). 185 (22), 158 (33), 157 (lOO), 156 (23). 128 (:2), 115 (10) 

1,2,3,4-Tetrahydro-5-7-dimethyl-l-oxo-l3-carbolme (Sb): Obtamed as whrte prtsms. m p. 225-227 “C 

(EtOAc) Anal. Calc for Cl3Hl4N20 C, 72 90, II, 6 54, N, 13 08 Found* C, 72 66; H. 6.48; N, 

13 19 IR (KBr)(cm-1): 3275,3223, 1663, 1546, 1496, 1438, 1392, 1328, 1286.837.802. 1H NMR (200 

MI-Ix, CDC13). 2.42 (3lk s, Uf3-7), 2 61 (3H, s, cH3-5), 3 26 (2H, t, J = 7 Hz, H-4). 3 71 (2H, dt, J = 2 5. 

7 Hz, H-3). 5 67 (H-I, br; H-2) 6 73 (lH, s, H-6), 7 06 (lH, s, H-8), 9 06 (IH, br, H-9). 13C NMR 

(50 3 MHz.CDCl3) 19 5 (CH3-5), 216 (CH3-7), 22 9 (C-4), 42 1 (C-3), 109 8 (C-8), 120 4 (C-4a), 

122.8 (C-4b), 123 6 (C-6). 125 5 (C-9a); 132 1 (C-5), 135 8 (C-7), 138 0 (C-8a), 163.3 (C-l) MS (m/e 

(%)): 214 (85). 185 (15), 157 (lOO), 128(14) 

1,2,3,4-Tetrahydro-1-oxo-fi-carboline (7a): Obtamed as a colourless solid (85%). m p * 183-184 “C. (ht 9a 

mp 183-185 “C). IR (RBr)(cm-1) 3408,3229, 1655, 1540, 1500,746 1~ NMR (200 MHz, CDC13) 3.08 

(2H. t; J = 7 I-ix, H-4). 3 74 (2H. dt. J = 2 5,7 Hz, H-3). 6 59 (HI, br, H-2), 7 15 (1H. t; J = 8 Hz&-6). 7 30 

(lH, dt. J = 1.5, 8 Hz, H-7), 7 51 (lH, d, J = 8 Hz, H-8), 7 61 (lH, d, J = 8 Hz, H-5), 10 34 (lH, br. H-9) 

13C NMR (50 3 MHz. CDC13) 20 6 (C-4), 42 0 (C-3), 112 8 (C-8), 120.1 (C-43. 120.3 and 120 4 (C-5 and 

C-6). 125 3 (C-4b), 125 3 (C-7). 126 4 (C-9a), 137 7 (C-8a), 163 9 (C-l) MS (m/e (46)): 186 (82). 157 (39), 

129 (loo), 128 (20). 102 (14) 

5-Chloro-1,2J,4-tetrahydro-2-methyl-l-oxo-D-carbolrne (7~): Obtamed as a whtte solid (72%). m p 

249-251 ‘C Anal. Calc. for Cl2HllN20Cl C ,6141, H, 4 69, N, 1194 Found C, 6164, H, 473. 

N, 1170 IR (KBr)(cm-1). 3314,3252, 1664,1540,1489,1375,1327,1281,1232,1189,1028,942.793.765 

1~ NMR (200 MHz, CDC13) 2 48 (3H, s, (X3-8), 3 40 (2H, t, J = 7 Hz, H-4). 3 73 (2H, dt, J = 2 5.7 Hz, 

H-3), 5 90 (lH, br, H-2), 6 98 (lH, d, J = 8 Hz) and 7 03 (lH, d, J = 8 Hz) (H-6 and H-7) 13C NMR 
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(50 3 MHz. CDC13) 16 2 (CH3-8), 22 0 (C-4). 42 1 (C-3); 120.2 and 120.7 (C-4a and C-8). 120 9 (C-6); 

122 7 (C-5), 125.3 (C-4b); 125.9 (C-7), 126.9 (C-9a), 138 0 (C-8a), 162 9 (C-l). MS (m/e (%)y 236 (26), 

234 (79), 207 (ll), 205 (35). 179 (33), 177 (100); 165 (7); 163 (23); 142 (20). 141 (18). 140 (19). 

1~,3,4-Tetrahydro-2-methyl-S-nitro-l-oxo-~-car~oIine (7d): The hydrazone 6d (1 g, 3.8 mmol) and 

polyphosphonc acid (6 ml) were slowly heated m an 011 bath with sturmg At ca. 100 “C the sobd &ssolved 

and heatmg was contmued for 5 mmutes The cooled xmxture was poured on ice-water (50 g) and the sobd 

formed was filtered, washed with water and dned to give the crude 7d as a brown sohd (0 5 g, 54 %) which 

was chromatographed on slhca (CH2CIZ/AcOEt and AcOEt/MeOH rmxtures as eluent) to qve the pure 

oxocarbohne ds a yellow sold m p >250 ‘C Anal Calc for Cl2HllN303* C. 58.78, H, 4.49, N, 17.14. 

Found C, 58.65, H, 4.41, N, 16 98. IR (KBr)(cm-l) 3354,3234,3127,1684.1666,1510,1379,1337,1325, 

1291,819,776.762 1H NMR (200 MHz, CDC13) 2 61 (3H, s. CH3-8), 3.41 (W; t, J = 7 Hz, H-4), 3 72 

(2H, dt, J = 2 5, 7 Hz, H-3), 5 74 (1H. br, H-2), 7 17 (lH, d. J = 8 Hz, H-7). 8 00 (1H; d, J = 8 Hz, H-6). 

9.57 (I 1~. br, H-9) l3C NMR (50 3 MHz, CDC13) 17 0 (CH3-8), 23 4 (C-4), 42 0 (C-3), 107.4 (C4a). 118 9 

(C-4b), 119 4 (C-6), 124 2 (C-7). 129 7, 130 0 and 131 2(C-5, C-8 and C-9a), 138 3 (C-8a); 162 6 (C-l) 

MS (m/e (%)) 245 (92), 229 (17), 228 (lOO), I88 (26), 142 (18) 
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