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Synthesis of 3-substituted eyclopenta[b]indoles 
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When reacting with I,. 2-(cyclopt:ni-2-enyl)anilines undergo cyclization into 3-iodo- 
t,2.3,3a,4,gb-hexahydrocyclopenlaibtindotes in high yields. The minor reaction products were 
3.5- or 3.7-cliiodoindolines. Ammonolysis of 3-iodo-5-methyl-l.2,3.3a,4.Sb-hexahydro- 
cyclopentalhlindcJle or its. :V-cllloroaccly} derivative results in 3-alnino-5-rtleihyl.-t,2.3,3a,4.Sb- 
hcxahydro- arid 5-methyl-1.3a.4.Sb-ietrahydrocyclopel~talblindoles. 

Key words: 2-(c$.clopent-2-enyl)anitines, iodocyclizaiion, 3-iodo-l,2,3,3a,4.gb- 
hcxahydmcyclopenlalblindoles, elinunation, 5-methyl- 1,3a.4,Sb-tetrahydrocyctopenlalblindole. 
3-.amino-5- methyl- 1.2,3,3a.4,1sb- hexahydr~yclopenta[ bit ndole. 

Cyclopentalb]indolc fragments are very' common in 
nature, in particular, as components of some alka- 
loids. L! In cyclopentalblindoles obtained from cyclo- 
pentanone phenythydrazones 3 by acid-catalyzed "l or pho- 
tochemical s.f> inlranlofr cyclization of 2-cyc[o- 
penlenylanilines, the cyclopcntane fragment is not 
functionalizcd, thus limiting their use in flinher trans- 
form:mons. By contrast, the reaction of 2-(cyclopent-2- 
enyl/anilines with iodine can not only afford conlpounds 
of this series, but also provide conditions for their 
subseqt.eni functionalization. Although halocyclization 7 
is widely used in the preparation of various heterocycles, 
this reaction has been studied only for "l limited set of 
2-alkenylanilines. it 

In tile present w'ork, we investigated tile iodocycliza- 
tion of 2-(cyclopent-2-enyl)anilmes 9 and some transfor- 
mations of the reaction products. The starting anilines 
can easily be prepared from comlnercial dicyclo- 
pentadiene. 

Results and Discussion 

The reaction of arylamine I with I~ in nonpolar 
solvents (CCI4. C~,He,, or C(,HI2) results in 3-iodo-5- 
methyl-1.2.3,3a,4,Sb-hexahydrocyclopentalb]indole (2) 
in 85% yield. The yield of 3,7-di iodo-5-methyl-  
1,2,3.3a,4.8b-hexahydrocyciopentalb]indole (3) is low 
(<1%). In polar solvents such as MeCN or EtOH, the 
reaction is more sluggish. Furthermore, full conversion 
of amine I into indolme 2 was achieved only upon 
addition of a new portion of I,. Tile content of diiodide 
3 in tile reaction mixture was 6--7%. "Faking into ac- 
cotlnl the absence of stereo- and regioisomers of indoline 
2, we assume that electrophilic addition of iodine to tile 
double bond of the alkenyl fragment results, via complex 

4, in intermediate 5 with subsequent intralnolecul:lr 
nucleophilic attack of the N atom on C(2",l and 
5-exo-cyclization t~ (Scheme I). 

Analogously, monoiodo derivatives 8 and 9 were the 
major products (in 86 and 88% yield, respectively} in the 
reactions of amines 6 and 7 with I-,. 

However, unlike the cyclization ofarylamine 1 (where 
only one possible diiodide 3 is Ibrmed), the reactions of 
6- (6) and 2-(cyctopent-2-enyl)-3-lnethylaniline (7) with 
I~ in CCI,a afford two isomeric diiodides, namely, 
3"~7-diiodo-6-methyl- (10) or 3 ,7-di iodo-8-mcthyl-  
1,2,3,3a,4,Sb-hexahydrocyclopenta[blindoles (1 ! ) and 
3 ,5-d i iodo-6-methyl -  (12) or 3,5-di iodo-8-methyi-  
1,2,3,3a,4,Sb-hcx:lhydrocyclopentalblindoles (13), which 
represent para- and ortho-iodination products with re- 
spect to the --N H group, respectively, m 0 . 3 -  1% yields. 

Indoline 2 reacted with chloroacetyl chloride to give 
compound 14. When heated with zinc in ethanol, II the 
latter undergoes ring-opening (similar to that described 
earlier 12 for I - a c y l a m i n o - 2 - i o d o a l k a n e s )  to form 
N-ace ty l -6- (cyc lopent -2-enyl ) -2-methylar l i l ine  t,15), 
which was identified by comparing with an authentic 
sample. 14 

Ammonolysis of iodide 2 in MeOtt at 100 ~ results 
in 3 -amino-5 -me thy l -  1,2,3,3a,4.Sb-hexahydrocyclo- 
pentalblindole (16) in 83% yield and 5-rnethyl-l,3a,4,Sb- 
tetrahydrocyclopenta[b]indole (17) in trace amounts. 
Under similar cc, ndit ions,  N-chloroacetyl-3-iodo-5- 
methyl- 1,2,3,3a>4,Sb-hcxahydrocyclopentalblindole 114) 
also aflords aminoindoline 16 (81%) and compound 17 
(8%) (Scheme 2). 

The structures of conlpounds  2---17 were determined 
based on data from NMR spectroscopy and elemental 
analysis. Thus the c/s-arrangement of H(Sb) and tt!3aj 
protons in compounds 2--14,  16, and 17 was confirmed 
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by large vicinal coupling c o n s t a n t s  (3JFt(3al,l-h,Rb ~ ----- 
8--9 Hz) ('Fable I), which were determined by the 
double resonance method, and by the presence of an 
intramolecular nuclear Overhauscr effect (NOE). Satu- 
ration of a signal for the H(3a) proton increases the 
signal intensity /br H(Sb) by 8.3%. whereas the signal lbr 
H(3) is not affected This suggests the proximity of the 
H(3a) and H(Sb) protons, which is only possible if they 
are axial, the five-membered rings are cis-&sed, and the 
H(3a) and H(3) protons are trans to each other. 

In the ~H N M R spectrum ofdiamine 16. 3JHO)H.Ht3a} --= 
6.3 Hz (see Table I). lnsolhr as the reactions of iodide 2 
and amide 14 with NH 3 yield only one stereoJsomer 16, 
the process probably follows the Sv2 mechanism. In the 
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case of" the 5',vl mechanism, amination could also result 
in a second stereoisomeric diaminc. Hence, one can state 
that the H(3) and H(3a) protons have c/s-configuration. 

lodination of tile aromatic ring is confirmed by the 
presence of characteristic signals at 3 79--87 for the 
t--Ca,ore atoms in the l-~C N M R spectra of" compounds 3 
and 10--13. 14 The IH NMR spectra ofindolines 3 and 10 
show two one-proton singlets in the aromatic region, 
st,ggesting C(7)-substitution. I n the ~t~t N M R spectrum of 
compound I I, analogous substitution is evidenced by the 
presence of two one-proton doublets from the H(5) and 
H(6) protons. C(5)-iodination was deduced from the 
presence of two doublets lbr aromatic protons in the 
IH NMR spectra ofindolines 12 and 13. In addition, the 
13C signal from the C[5) atom in indolines 10 and 11 is 
shifted upfield (6 109.9 and 108.4, respectively) because 
of the ct-effect of the NH group, while the spectra of 
heterocycles 12 and 13 show no signals in this region. 

Thus, the reaction of 2-cyctopentenylanilines with I; 
tinder mild conditions results in 3-iodoindolines, whose 
ammonolysis gives 3-aminoindolines in high yields. 

Experimental 
IH and a3C NMR spectra were recorded on a Broker 

AM 30(] insmnnenl (30(1.13 and 75 MHz. respectively) in 
CDCI 3 wLth Me~tSi as the internal standard. IR speclra were 
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Table I. ~H NMR spectra of compounds  2. 3, 8 - - 1 4 .  16. and 17 + 

Corn- ,a (Y/Hz) 

pouI;~d H(la) .  HI2a), H(3) H(3a) H(Sb) H(S) H(6) H(7) Hr Ct{ {, NH, 
H(Ib) H~2b) CtI,CI NH,  

2 1 .9 -2 .6  (m)  4.3 (m) 4.8 (d. 4.0 (t. -- 7.0 {d, 6.7 {t, 6.9 (d. 21 (s) 3.9 (s) 
J = S.5) J = 8.5) J = 7.3! ./ = 73) J = 7.3) 

3 17--2 .6  (m) 4 3  (m) 4.8 (d, 3.9 (t, -- 71 (s] -- 7.2 Is} 2.0 {s) 3.S (s) 
J = 8.4) J = S.4) 

8 1 9 - 2 . 6  {m) 4.3 (m)  4.6 (d. 4.{} (t, 6 .5s  -- 7.2 (d, 7.1 (d. 22{s~ 3.9 (s} 
J =  83)  J =  8.3) J =  s l )  J =  ~.I) 

9 1.9--2.6 1'm) 4.3 (P,1) 4.8 (d, 4.0 ([, 6.4 (d. 7.0 tm) 6.9 (d, 2.4 (s} 3.9 {s) 
J =  8.7} J =  8.75 J =  8.0) J =  8 I) 

I0 16- -2 .5  (m)  4 1 [m}  4.7 (d, 3.8 {t. 6.4 (s) .- -- 7.3 (s) 2.2 (s) 4 1 (s) 
J = 88) J = 8.~) 

I1 16--2 .5  (m) 4 2  (m} 4 .7 (d .  39< , ,  6.1 +d. 7 .3(d ,  -- --  2.2~s) 41 (s} 
J = 92)  J =  9.2) J =  8.2) J = 8.2) 

12 1 6 - - 2 5  (m)  4 2  (m) 4.7 (d, 4.0 { d r .  - -  - 7 I  {d, 62  (d, 22 +s) 4.1 (b) 
J = q.0) a = 9.0: 3.0) J =' 8.0) J :- 8.0} 

13 1.6--2.5 {m) 4.2 Ira) 4.7 {d, 3.9 (t. 6+1 (d, 7.3 (d, -- -- 2.2 (s) 4.1 (s) 
J = S.9: J =  9.25 J =  8.2) J =  ,";.2) 

2.71 
14 I 6--2.5 {m} 4.2 (m) 5.{} {dd, 3.9 It. - -  6.0--7.1 {m) 22 (s) 

J = 7 S: J = 7.8) 4.4 {d, 
Y2) J = I25)  

16 l.:1--2.1 (m) 41 (dq, 4 .3 (dq ,  3.91'dt, - .  7 .0 td .  ~5.6H, 6 9 ( d ,  2.2{s5 3.3 
./ :- 6.3: J = 90 :  J = 9.0: J = 7.4) J = 74)  J = 7.4) {br.s) 

Y0) 6.3~ 3.0} 
17 2.6 (dq, 5.7 {ddd. 5.9 (ddd. 4.9 (dd, 4.i5 (t, - -  6 9  (d, 67  it, 7.0<d, 2.2 Is) 2.4--3.1 

J =  2.1: 16.7) J =  21: J =  1.6; J =  8.4; J = g . 4 )  J =  7.4) J = T A )  J =  7.4) {br.s) 
2.9 (ddq, 4.1: 5.9) 3.6: 5 9 )  1.6) 

J = t S: 3.6: 
8.4; 16.7) 

" The signals for the H(3a) protons of c o m p o u n d s  3 and 8--13 are broadened doublets, and those tot the H(Sb) proton of compounds 
2, 3. and 8--14 are broadened triplets. 

recorded on a UR-20 instrument. The course of  the reaction 
was monitored u';mg Silufo] UV 25.4 plates. The yields :and 
characteristics of all products  are given in Tables I--3. 

General  procedure  for i o d o e y e l i z a t i o m  A solution of  
arS'lamine 1, 6, or 7 ( 1.73 g. l0 retool) and 12 1'2.54 g, 20 retool) 
in 25 mk o fa  sol,.ent (CCIa, benzene, eyclohexane, MeCN, or 
EIOH} was stirred at 20 ='C for 24--72 h. The course of the 
reaction was monitored by TLC (hexane- -Me( )H,  98 : 2). For 

McCN or EIOH as the solvent, an additional portion of 12 
{2.5 ,-z') was added aiier 24 h. After the starting amine disap- 
peared, the reaction mixIure ,*.as diluted wittl 100 mL of CHCI ,. 
washed with 5% Na,S,O~ ~3x I00 mL) and water (2• roLL 

_ + . 

:and dried w, llh Na2SO 4. The bolven[ was removed m vacuo. r im 
residue was chromatographed on silica gel (10 g) in CC!4. 

+~=Chloroacetyi- 3- iodo-5-methyl-  1 ,2,3,3a,4,Sb-hexahydro- 
cyclopenla[blindole (14). C I C t t , C O C I  (2.26 g, 215 retool) ~a~ 

Table 2. 13C NMR spectra (CDCI  3. 8} of conlpoullds 2, 3, 8-.14. 16, :rod 17 

Corn- C{I) C(2) C(3i C(3a) C(4a} C{5) C(65 C{7) C{8) C(Sa) C{8b) CH 3 
pound 

2 33.6 35.6 37.2 73.9 1485 119.2 131.7 122.1 
3 31.6 35.5 36.2 73.9 141.8 117.9 130.7 80,0 
8 33.2 35.7 36.8 74.3 149.7 116.1 1303 122.9 
9 33.4 35.1 35.9 74.7 140.4 1093 12!.6 125.2 
10 33,6 36.2 35.6 74.5 150.5 1099 140.2 86.3 
!1 32.4 36.1 35.4 74.7 150.1 108.4 138.1 87.5 
12 32.3 35.3 35.2 73.3 151.8 87.5 140.4 122.1 
13 32.1 3 5 9  35.5 73.t 152.8 83.8 L390 135.9 
14 30.0 31.0 36.0 75.3 139.5 1210 127.9 13c).0 
16 30.5 32.5 03.7 74.0 149 3 133.9 121 8 t28.4 
17 ,10.3 133.() 132.{} 66.5 148 (5 1197 119.3 131.7 

12,8.6 
34.5 
297 
34.8 
34.4 
37.0 
34.2 
368 
36.2 
2{} 5 
22{} 

118.0 46.0 16.7 
126.3 45.6 16.5 
125.1 46.2 204 
116.2 44.5 17.4 
132.6 45.1 28.2 
132.3 45.4 24.3 
131.3 47.6 23.9 
119.9 46.3 18.1 
126.0 45.5 20.5' 
1298 46.9 170 
128.6 448 17.0 

*8  42.5 (CH2Ci) :  104.7 (COL  
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Table  3. Yields, R r, m p . " l R  spectra, and elemental  ana!ys /sdata  ff~rcompounds 2, 3, 8 - - 1 4  16. and  17 

C o r n -  Yield R, IR, [91~l)d ._ (%) 
p o u n d  (%) [m,p.] v,,'cm -I Cak'ulated 

NFI. NH,  C kt I CI N 

Molecuk t r  
fo rmula  

2 ,";5 J' 0.5 3420 4791 423 4_..d) ,1 ";7 
48.]3 472 42.43 4.6S 

3 7 t' 0.6 3420 ~I__Y~ 2.82 5,).46 -- Z:_7 _6 
31.91 3.08 59.71 3.30 

8 x6" 0.5 3420 47~Z~ 4.42 ,l].tJJ! 4.25 
-1, ~ _ 42.43 1..68 4818  �9 "3 

9 88/' 0.5 3420 47.,'q8 430  44_J .96_ - 4.18 
4g.18 472  42.43 4.68 

10 1 "-" 0.6 3417 . . . .  3 lAB 2.79 5~_..21.. # .:. - -  2.7(__) 
31 91 3.08 59.71 3.30 

11 I/' [Sb~ ~C] 3420 31.38 2.9() 59.2,__9_ - _.86 
(CCI.,) c 31.91 3.08 5 9  71 3.30 

12 0 : 0.5: .>4._ 3142  ~ ,~ 59 22 -- 7__] 
31.91 3.08 59.71 3.30 

! 3 0.3:' 0 8  3410 _3. t=5_00 ._..,q4 56 26 -- ~_.6.0 
31.91 3,08 5971 3.30 

14 91 0.3 --- 4_-~: 4~8 3 7._._~ 3357 %L2 3.37 
4 4 7 6  a,.02 33.7S 9 4 4  3.73 

! 6 S3 0.2 3,173 7( 2 ] ~):4 . . . .  ) 4.4 I 
76 "~5 8 57 t4.,~g 

17 8 d 0.4 3390 83.91 7 52 -- -- ];9,? 
84.18 7.64 8 IS 

CI2fI~41N 

C!2HI-,12N 

C)2H)41N 

CI2HI41N 

C~2HI312N 

CI2Ht312N 

CI2HI312N 

Cj2H~3[2 N 

C la]-t 15,1CINO 

C12Hw, N2 

C ; 2 H I 3 N  

<" Indol ines  were ohtahled as dark viscous masses (exccpf for iodide ! 1 
b Obta ined  in M e C N  for 3 and m CCt,~ R)r 2 and 8--13.  
c Solvent.  
<z F r o m  amide 14 

added  at 20 ~'C for 20 rain to a mixture of  indoline 2 (2.99 .g. 
I0 retool) and K2CO~ (3.76 g, 20 retool) in 50 mL of Cl"l,Ch. 
The  reaction mixture was stirred at 20 '(" Ior 5 h and filtered, 
and  the  precipitate was washed on the filter '.'~ith 20 mL of 
C H 2 C I  2. The filtrate ~as  wa:,hcd xuct:essi,,ety with watew 
( i x 5 0  mL),  t0% N a H C O  3 until C O ,  ceased to evoke,  find 
aga in  water (2x50 mL)  and dried with MgSO,:. The solvent was 
r emoved  in vacuo to give amide 14 :l~ f, brown oil. 

.,Mnmonalysis of iodides. Indoline 2 (or 14) (I retool) and a 
16% solulioo o1" ammonia in methanol (15 m L) were heated in 
an autoclave at 100 ~ for 24 h. On cooling, the sob:ent was 
r emoved ,  and the residue was dsssoi,.,ed in CHCI  3 f30 n:L) and 
washed  with 591, N a H C O j  ~1.'< 20 ink) and water (20 ml,). -I-he 
o rgan ic  layer was dried with Na2SO a and concentrated i** vacuo. 
The  reaction products  were isolated by chromatography on 
silica gel [J0 g) it1 C C I . r .  MeOIt  (9 : 1) 

R e f e r e n c e s  

1. A. g Smith, I. Kir, gew-Wood ,  T L Leenay, E G Noten, 
and  T. Sunazuka,  J. ,do:. Chem 3oc., 1992, 114, 1433. 

2. S. J y h - H o m g ,  C. Yua-Kuang,  and V. H. Yen-Long,  Tetra- 
hedron Lett., 1991.32,  No. 8, 1045: Re/. Zh., Khim. (Abstract 
Journal  Chemistry), [ 992, 16El 2-I 

3. W. H. Perkin and J. S. (;. Planl, 3. Clu,m. Sot., 1923, 3242 
IChem. Abvtr5., 1924. 18. b872} 

4 R. R. Oatautl in,  T. V. Kazhano,~a, L. T. tl"yasova. A. A. 
Fatykhov,  t_. V Spirikhia, and I. B, Ahdrakhmanov,  Icy 
Akad Nauk. , ~ r  Khim.. t999. 975 [Russ. Chem. BulL, 1999, 
48,  967 (Engl. Transl.)] .  

5. I. B. Abdrakhmanov.  A. O Musta l in ,  1. N. Khal i lov.  and 
G. A. Tolstikov, Izv. ,akad. Nauk SSSR. 5"er. Khim.. 1983, 
2172 [Bull. Acad. Sci. OSSR, Div. Chem. 5"ci,, 1983, 32. 
1965 (Engl. Transl )] 

0. O. L Chapman  and G. L. Elan> J, Am. Chem. Sot . ,  1968. 
90. 5329. 

7. M. Wamnabe.  H. Okada, T. Tesh ima ,  M. Nogt, chi ,  and 
A, Kakchi, Tetrahedron. 1996, 52, No. 8. 2827. 

8. K. D. Raner and A. I). Ward, Aust. J. Chem., 1991, 44.  1749. 
9.1. B, Abdrakhmanov.  V M. Shara lmdinov,  and  G.  A. 

Tolsllkov, &v..akad >,auk SSSR. .Ser .  Rhim., 1982. 2160 
[Bull Acad. 3"ci. L:,s Div. Chem..S'ci.. 1982, 31 ( E n g l  
YransL)t. 

10 J E Baldwin. J Chem Sot., Chem. (.'ommun., 1976, 734. 
I t Weyga nd- H i lgetag, Organisch- chemise'he Experimentierkun~t. 

hemt, sgegeben yon P. H. C. [--[ilgetag, 3. &eubearbeitete 
,4ujTage, Johann Ambrosius  B a n h  Verlag. Leipzig, 1904. 

12. C. S. Dexter, ]. Elliot, and  R. F. W. Jackson.  Book of  
Abstracts, 16th lnt S)'mp. on Synthe.~'is in Organic Chemtslry, 
19-- 22 Ju(:', Cambridge. 1999, p. I I. 

13 R R, Gataullin,  I. S A l?m 'k in ,  A. A. FuDkhov,  and  I. B 
Abdrakhrnanov, [~.v. Akad. Nauk. Se t  Klum., 2000, I lS 
[Russ. Chem. BulL, Int. Ed,. 2000. 49, 122 (Engl. Transl.)[. 

14. B. I. Iorfin, B. A. Ersho~, find A. I. Kol ' tsov.  YaMR-xpektro- 
skopi)'a v oc~onicheskoi kh ,n i i  [ N M R  5"pecrroscopy in Opganic 
ChemistJy], Khimiya. Leningrad,  1983, 142 pp. (in Russian) .  

Received December 20. 199<). . 
in revi.~ed form June 5, 2000 


