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Abstract-Reaction of I-phenylpyrazolidine with a-disubstituted aldehydes yields lO,IO-disub- 
stituted-hexahydropyrimido[l,2-alindoles. These products represent intermediates of the Fischer In- 
dole Synthesis which are stable under acidic conditions due to their particular substitution pattern. The 
following aldehydes were used: isobutyraldehyde, cyclohexanecarboxaldehyde and 4-formyl- 
hexanoate. However, when 5-norbornene-2-carboxaldehyde is reacted with I-phenylpyrazolidine the 
corresponding hexahydropyrimido[l,2-a]indole rearranges to a bridged indole in the presence of 
maleic acid. 

In a preceeding paper’ we have described the for- 
mation of 9-(3-aminopropyl)-l,2,3,4_tetrahydro- 
carbazole and some of its homologues in a one step 
synthesis from I-phenylpyrazolidine 1 and cyclic 
ketones e.g. cyclohexanone. A hypothetical 
enehydrazine 2 was postulated to undergo a ther- 
mal [3,3] sigmatropic rearrangement via the inter- 
mediate 3 to the product 4 (Fig 1). In the examples 
presented the benzylic proton of the intermediate 3 
was labile enough to allow the system to undergo 
further bond reorganisation to form the indole 4. In 
order to gather more positive data to support 3 we 
undertook the preparation of compounds where 
alkyl substituents would replace the benzylic pro- 
ton. Such compounds should be more stable and 
allow their isolation. It is the purpose of this paper 
to present examples’ which fulfil this requirement. 
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Fig 1. 

When I-phenylpyrazolidine 1 was reacted with 
isobutyraldehyde in refluxing toluene with azeo- 
tropic distillation of water during 2 hr lO,lO- 
dimethyl- 1,2,3,4,lO,lOa-hexahydropyrimido [ 1,2-a] 
indole 5 was isolated in 86% yield. The assigned 
structure is in agreement with the NMR spectrum 
of the free base of 5 which shows 2 singlets at 6 
I.12 and 1.32 ppm corresponding to 2 nonequiva- 
lent Me groups, one proton exchangeable with D20 
with a signal at 6 14-l *9 ppm (secondary amino 
group) and a singlet at S 366ppm assigned to the 
proton at position 10a of 5 (N--C&N). The latter 
signal is shifted to lower field in the presence of 
acid and appears at S 4.39 ppm for the maleic acid 
salt of 5 and at 6 4.33 ppm for the hydrochloride of 
5 in DMSO as solvent. More dramatic changes 
occur when the hydrochloride of 5 is dissolved in 
trifluoroacetic acid. The NMR spectrum now 
exhibits a singlet at S 1.75 ppm for 2 equivalent Me 
groups, a triplet at 6 4.87ppm and a broadened 
singlet at 6 9*37ppm. Similar chemical shifts have 
been reported for physostigmine’ which exists in 
the ring-opened 3H-indole form in moderately 
strong acid. Therefore it may be concluded that 5 
also exists in the ring-opened form Sa in 
trifluoroacetic acid. 

The I-(p-chlorobenzoyl) derivative Sb was de- 
void of any IR absorption in the region between 
3000 and 3500 cm-’ thus further supporting the pre- 
sence of a secondary amine in 5. 

Similar results were observed when we allowed 
to react cyclohexanecarboxaldehyde with I- 
phenylpyrazolidine under conditions similar to 
those described above. The product 1’. 2’. 3’. 4, IO’. 
lOa’-hexahydro-Spiro {cyclohexane-I, 10’-pyrimido 
[ 1,2-alindole} 6 was isolated in 82% yield as the 
hydrochloride. We found this compound distinctly 
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different from S-(faminopropyl)-5, 6, 7, 8, 9, 
l@hexahydrocyclohept~]indole hydrochloride’ 
thus precluding a rearrangement during the forma- 
tion of the salt. Support for structure 6 stems from 
the NMR spectra of the compound: (1) for the base 
a singlet was recorded at S 4.05 ppm in agreement 
with the partial structure N-CI+-N; (2) for the 
maleate of 6 the same proton showed absorption at 
6 4.90 ppm; (3) for the hydrochloride of the same 
compound the singlet was observed at 6 4.71 ppm 
in DMSO as solvent. When CF,COOH was used as 
solvent of 6.HCl a triplet appeared at 6 4.83 ppm 
(2H, J = 7.5 c/s) while the singlet shifted to S 
9.50 ppm. These observations indicate the presence 
of the ring opened 3H-indole form 6a under these 
conditions. 

The reaction between I-phenylpyrazolidine 1 and 
methyl 4-formyl-hexanoate’ terminates in an 80% 
yield of the crystalline S-lactam 2,3.6.6a-tetra- 
hydroXia-ethyl-IH-3a, lObdiazafluoranthen_4(5H> 
one 7. The NMR spectrum of this compound 
is in agreement with the assigned structure. A sing- 
let at 6 4.68 ppm corresponds to the partial struc- 
ture N--C&N-0. The observed absorption 
reflects the vicinity of an electron withdrawing 
group to one of the N atoms (previous examples). 
Further analytical data appears in the 
Experimental. 

We reacted 5-norbomene-2carboxaldehyde with 
I-phenylpyrazolidine 1 in refluxing toluene fol- 
lowed by the addition of maleic acid. Inspection of 
the NMR spectrum of the compound thus isolated 
revealed the presence of a S-(3-aminopropyl)- 
indole: a triplet at 6 4.20 ppm (J = 7 c/s) is assigned 
to the methylene group attached to the indole ni- 
trogen.’ A clearer spectrum was obtained from the 
free base of the same compound: a singlet at S 
1.42 ppm (2H, exchangeable with D20) corresponds 
to a primary amino group and the forementioned 

triplet appears at 6 4.08 ppm (J = 7 c/s). The pro- 
duct was therefore assigned the structure 9: S-(3- 
aminopropyl)J, 6, 9, IO-tetrahydro-6, 9-methano- 
cycloheptmlindole maleate. Additional information 
in support of 9 was obtained by hydrogenation over 
Pt catalyst to give S-(3-aminopropyl)-5, 6. 7, 8, 9, 
IO-hexahydro-6,9-methano-cyclohept[blindole suc- 
cinate 10, the hydrochloride of the latter being 
identical in every respect with the product isolated 
from the reaction between I-phenylpyrazolidine 1 
hydrochloride and bicyclo[3.2.l]octan-2-one in hot 
glacial acetic acid. 

Removal of the isolated double bond in 8 via 
hydrogenation over Pd on charcoal yielded 
l’, 2’, 3’, 4’-tetrahydro-Spiro {norbomane-2, 10 
( lOa’H)-pyrimido [ 1,2-a] indole} 11 characterized as 
the maleic acid salt. Spectral data seems to indi- 
cate that compound 11 consists of a near equal mix- 
ture of diastereoisomers at positions 10 
(exolendo) and/or 1Oa’ since we observed 2 proton 
signals at S 4.7 and 5.0 ppm of approximately equal 
intensity. The NMR spectrum of 8 seems to exhibit 
the corresponding singlets at S 4.0 and 4.16 ppm al- 
though a very complex spectrum makes the assign- 
ment less definitive. 

DISCUSSION 

Our experiments with 5-norbornene-2-car- 
boxaldehyde seem to indicate that the formation of 
the intermediary enehydrazine is not a stereo- 
specific process. The same might be expected for 
the formation of the enehydrazine of methyl Cfor- 
myl-hexanoate. On the other hand the NMR spec- 
trum of 7 indicates the presence of only one isomer 
considering the signals for both the Me group 
(triplet) and the singlet for the partial structure 
N-C)_-N. Equilibration could then take place 
prior to the formation of the lactam via a ring- 
opened 3H-indole similar to Sn. The stereochemical 

(CH,),-NH, * HX 

S:R=H 5~: R,R = CHz,CHa 
sb: R = pCI-CJ-t,C Q: R,R = (CHz)s 

I 

CFsCOOH 

I 6 

Fig 2. 
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(CF,-COOH) 8 1.5-2.4 (10) 24-3.2 (broad, 2) 3.2-3.8 
(broad, 2) 4883 (t, 2, J = 7.5 c/s; indole N-C&) 6.5-8.0 
(broad, 3) 7.75 (s, 4, C&I.) 9.5 (s, 1, vinyl). (Found: C, 
688; H, 8.4; N, Q-9; Cl, 13.1. Cafcd for C,&LINt.HCf 
(278.9): C, 68.9; H, 8.3; N, 10.0; Cl, 12.7%). 

The free base was prepared from 6.HCf following con- 
ventional procedures to give 6, b.p. f&f-180”/0~03 mm; 
NMR (CD&) 6 1.2-2.0 (m, f3, I exchangeable in D,O; 
NH) 26-35 (m. 3) 35-4-O (m. I) 4.05 Is. I. N-CH--NI 
6.4-7,4 (m, 4 d&L); IR (dH;Cf,) 3300 (NH) 1605: UV 
254nm (a 10,700) 301 (2,860). 

The mafeic acid salt was prepared from the free base to 
give Q.maleate, m.p. f74-f75° (from MeOHlether); NMR 
(C~l,+DMSO) 6 I@-2nO(m, 12) 3&4‘1 (m,4)490 (s, I, 
N-C&N) 606 (s, 2, mafeic acid) 6.5-7.4 (m, 4, C&I.) 
below 8.0 (broad, 3); IR (Nujof) 2408-3100 (NH) 1680, 
1606; UV 244 nm (e 10,150) 293 (2,520). (Found: 66.9; H, 
7.4; N, 7a9. Cafcd for C,,H,N,.C,~.C). (358.5): C, 67-O; H, 
7.3; N, 7.8%). 

2, 3, 6, 6a-Tetrahydro-6a-erhyl-IH-3a, fob-diazafiuor- 
anthen_4(5H)-one 7 

A mixture of 9.0 g (0@60 mof) of 1 and 9.7 g (0.060 mol) 
methyl ~fo~yfhexanoate’ was refluxed for I.5 hr in 
100 ml tofuene with azeotropic distillation of water under 
NT. The solvent was evaporated under reduced pressure 
leaving a liquid which was distilled. The fraction boiling at 
130’10.03 mm was coffected and brought to crystallization 
from MeOH/water to give 12.4 g (80%) of 7, m.p. 73-75”; 
m/e 256 [M’]; NMR (CDCI,) 8 0.86 (t. 3, J = 7.5 c/s, CH,) 
1.2-3.0 (m, 9) 3+f-40 (m, 2) 468 (s, I, N--C&N) 4.5-5.0 
(m, I) 64-7.4 (m, 4, &HI); IR (CH,CI,) 1640 (C=O) 1600; 
UV 25 I nm (F 8,500) 299 (2,760). (Found: C, 75. I ; H, 7.9; 
N, 10.6. Cafcd for C,,H,N*O (256.4): C. 75-O; H, 7.9; N, 
10.9%). 

5-(3-Aminopropyl)-5, 6, 9, IO-tetrohydro-6, 9-methano- 
cycloheprlb]indole 9 

A mixture of 22-t g (0.15 mof) of 1 and 18.3 g (O-15 mof) 
5-norbornene-2-sarboxafdehyde (commercial compound) 
in 200 ml toluene was refluxed for 3 hr with azeotropic dis- 
tillation of water under N,. The cold soln was treated with 
18.0 g (0.155 mol) mafeic acid in 25 ml MeOH and the pro- 
duct was precipitated by adding ether. There was obtained 
49.Og (8%) of 9, m.p. ISO-152”, that upon recrystaffiza- 
tion from MeOH/ether gave m.p. 165-166”; m/e 252 [M’]; 
NMR (CDCh+DMSO) S 16-3.7 (m, IO) 4.20 (1, 2, J= 
7 c/s; indofe N-C&) 56-6.0 (m, I, vinyl) 6. f-6.5 (m, 1, 
vinyl) 6.20 (s, 2, mafeic acid) 6.8-7.6 (m, 4, C,H,) below 
7.8 (broad, 3); IR (Nujol) 3420 (NH) 1575; UV 231 nm (E 
28,500) 288 (6,190) 294 (6,190). (Found: C, 68-f; H, 6.7; N, 
7.6. Calcd for C,,H,N&H,O, (368.4): C, 68.5; H, 6.6: N, 
7.6%). 

The free base of 9 was obtained from the mafeate as a 
liquid: NMR (CDCI,) 8 1.42 (s, 2, exchangeable with 40, 
NH,) 1.5-3.4 (m, 9) 34-36 (m, 1) 4.08 (1, 2, J = 7 c/s, in- 
dole N--C&) 56-6.1 (m, I, vinyl) 6.2-6.4 (m, I, vinyl) 
68-7.8 (m, 4, C,H.). 

S-(3-Am~nopropyl)-5, 6, 7, 8, 9, f O-hexahydro-6,9-me- 
thano-cyctoheptlblindoie 10 

A. From hydrogenation of 9. A sofn of 5.0 g (0.014 mof) 
of 9.mafeate in 150 mf EtOH was hydrogenated in a Parr 
apparatus in the presence of 0.5 g Pt02. When the uptake 
of HZ had ceased the catalyst was filtered off and the 
solvent was evaporated under reduced pressure. Upon ad- 
dition of ether the product solidified to yield 3-f g of 

lO.succinate (61%). m.p. 147-151” which was recrystal- 
lized from MeOH/ether to give a m.p. 1X-158”; m/e 254 
iM’1: NMR (CDCf,+DMSO) 6 1~0-3~4 (m, 18) 4.11 (t, 2, 
J = 7 c/s, indofe N-C&) 6.8-7-T (m, 4, C,H.) 9-f (4); IR 
(Nujof) 2300-3300 (NH) 1700. 1640 (both weak): UV 
231 nm (e 32,900) 286 (6,810) 294 (6,610). (Found: C, 67~9; 
H. 7.5: N. 7.8.Cafcd for C,,H,,NX.H.O, (372.5): C. 67.7: 
H; 7.6; N, 7~5%). 

Treatment of I .4 g (0.004 mof) of IO.succinate with dry 
HCI in EtOH gave 1,Og (93%) of crude lO.HCf. m.p. 
293-297”. which was recrystallized from MeOH/ether, 
m.p. 304-306”; m/e 254 [M’]; NMR (CDCl,+DMSO) 8 
l&2+5 (m, 7) 2.63-2 (m, 4) 3.2-3.8 (m, 3) 4.23 (t, 2, 
33,300) 286 (7,169) 294 (6,810). (Found: C, 69.9; H, 8.0; N, 
9.3. Cafcd for C,,H,,N,.HCI (290.8): C, 70.2; H, 8.0; N, 
9.6%). 

The maleic acid salt of 10 was oreoared from the corres- 
ponding succinate following the usual procedures, m.p. 
162-164”. (Found: 0, 17.5. Cafcd for CI,HIXN&H,O, 
(370.5): 0, 17.3%). 

B. From bicyclo[3.2.f]octan-2-one. A mixture of 4.5 g 
(0,024 mof) of l.HCf and 3.Og (0.024 mof) bicycfo- 
[3.2. I]octan-Zone (commercial compound) in 50 ml gfa- 
(O-024 moff of l.HCf and 3.0~. (O-024 mot) bicyclo- 
13,2,f]octan-2-one (commercial compound) in 50 ml gla- 
cial AcOH was reffuxed for I hr under N,. The oroduct 
precipitated from the hot soln. A second-crop was cof- 
lected after addition of ether to the cold sofn togive a total 
yield of 4.3 a (62%) of lO.HCl. m.p. 305-3OP 
(MeOHiether). ?‘his compound was found to be identical 
with 10 from 9 in the following respects: NMR, IR, UV, 
TLC (CHCI,/MeOH 90: IO). mass spectra, mixture m.p. 
304-306”. 

I’, 2, 3, ~-~etr~hydro-spiro{norbomane-2,f~(fOa~H)- 
pyrimidolf,2-a]indo[e} 11 

A mixture of 7.4 g (0.050 mol) of 1 and 6. I g (0.050 mol) 
5-norbornene-2-carboxaldehyde in 80 ml tofuene was re- 
fluxed for 3 hr as described. The solvent was evaporated 
under reduced pressure and the liquid distilled to yield 
8.0 g (64%) of 8 b.p. 160-180”/0.03 mm; NMR (CDCI,) 6 
4.0 (s) and 4.16 (s) both singlets could be due to the partial 
structure N-CH-N. This compound was hydrogenated 
in 100 ml EtOH in the presence of 0.5 g PdlC and the 
resulting product treated with maleic acid to give 8*9g 
(48% overall) of ll.mafeate, m.p. 15&162”. The product 
was recrystallized from MeOHlether. m.p. 173-174” (yield 
8.Og: 43%); m/e 254 [M’]: NMR (CDCf,t DMSO) 6 
f&2.5 (m, 12) 3-2-4.2 (m, 4) 4.70 (s) 5.0 (s, totaf I, 
N-CH-N) 6.16 (s, 2, mafeic acid) 6.5-7.5 (m, 4, C,H,) 
below 8.0 (4); IR (Nujol) 2300-3100 (NH) 1600; UV 
244 nm (e 10,110) 294 (2.800). (Found: C, 67.8; H, 7.2; N, 
7.4. Calcd for ChH21N2.C,H,0, (370.5): C, 68.1; H, 7.1; N, 
7.6%). 
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