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THE PFDARATION OF 4 b , 5 , 6 , 7 , 7 a , 9 , 1 0 , 1 4 ~ ~ I d X l I B r m Z O [ a ,  h]CYCLOPmPTA[rl 

WrnLIZINE ISOMERS. AN APPLICRTION OF S l E ~ T V E  mrNIW4 CYCLISATIONS. 

LEaeRin* and ~ . ~ a n e ~ n s t *  

Vrije universiteit Brussel, Laboratorim -r Orqanische Chemie, 

PleiTllaan 2 ,  1050 Brussel, Belgim. 

Ti t le  am&x2unds were synthesized starting f m  either cis- or  trans-2-phenylsyclopentylinnine, 

leading to two types of iminim int-iates 4 and 1, which were cyclised upon heating i n  6N 

hydrmhloric acid solution. The anfiguration of the obtained isows is discussed as a con- 

sequence of the sterecrcontxolled reaction pathway. 

2 Iminim sa l t s  are highly reactive interrrPdiates . Their synthetic use in ring closures of aryl 

systems is well e s t a b l i ~ h e d ~ ' ~ .  In order to explore their  applicability to the synthesis of the 

mtah~ibenzo[o,h]cyclopta[~1gui~1i~ine sys tw  and examine the ster-hanical outccrre of 

the reaction we prepared the t i t l e  -6. 

trans-2-Phenylcycl-tylamine l a  (or the 3-thoxlphenylderivative i b )  was obtained in 40% 

5 overall yield by dropping I-pbenylcyl-tene to an equivalent m u n t  of the borane-mthyl sul- 

fide caoplex in d i g l p  a t  rcac t-awe, s t i r r ing  the solution fo r  6 hours an3 subsequent 

6 addition of hydnxylamineosufonic acid according to Brown's procedure . (m.p. N-benzoyl deriva- 

t ive  of 162-6Y6, m.p. N-benzayl derivative of b 97-98') (Scheoe 1). 

7 
Hydrobxationaxidation of the olefin to its correspnding alcohol 2 was carried out in 85% yield. 

(b.p. 8g0/0.25 mn, b.p. 3-thoxyphenyl deriv. 174'/14 mn) T r e a m t  of this trans-alcohol with 

an excess of b s y l  chloride in pyridine, follmed by standing for 4 days in a refrigerator gives 

quantitatively the tmylated canpauvl ( m . ~  6S9, m.p. 3--enyl deriv. 58-59'). The 5N2 

d i s p l a c m t  reaction wi th  d m  azide in m a t  laD for 48 hours leads to the crude azide 

+ 
for a preceeding p a e  see reference 1. 
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lir. 2103 m-l), which was further reduced by dropuise addition to a stirred solution of lithim 

alminium hydride in ether I4 hours). Mter rark up the cis-amine 2 is obtained in 75% overall 

yield for both steps (m.p. N-henzoyl derivative of ?a 116.5-17.5", m . p  N-benzoyl derivative 

of Lb 87-68') (Scheme 2 ) .  The stemxhmical prity of all capmnds was checked by 270 MHz proton 

nmr analysis. 

Condemation of the wopriate mine w i t h  an equimlar quantity of 2-(2-brmthyl)benzaldeh@e 8 

9 
in diome gave the correvnding iminim bronide 4 in 60-70% yield (dec. trans 179-86, cis 
159-60'. ir. 1650 6'). The salt 4 was refluxed for 48 hours in 6N hydrmhloric acid. The 

reaction mixture was made alkaline, extracted (ether), dried an3 evawrated. The residue was 

passed over a short m l w  (alunina/ether) to obtain the plle 3methoq-~tahydradibenzo[a,h]cy- 

clopentalclquimlizine i s m s  5 (Schem 3 ) .  Yields an3 -figurations of the prducts are listed 

in table 1. 

Mter reflux of the ;anine in ethyl formate in the presence of acid catalystlo an3 cyclisatbn of 

the resulting fommide in PPA (1W. 4 hours) one obtains the 2,3.3a,8btetrahydro-l~-cyclopenta 

-1 [cliscquinoline 5 (b.p. trans 82'/0.07 mn, b.p. cis 72'/1.5 mn, ir. 1620 on ) .  Heating 5 and 
an equivalent anmmt of cmercial 2-I3,4slimethawyphenyl)ethyl bmnide for 3 hours at lWD 

without solvent leads in 65-70? to the iminim intemdiate Z (cryst. isqmpanol dec. trans 

186-87', dec. cis 178-83', ir. 1660 on-') (Scheme 4). Cyclisation is perfom as described 

for the intemdiates 4 (see m e ) ,  the results are collected in tabel 1. 

TABLE 1 - reaction tirne yield i m e r  dec . 
(hours) % (HC104) 

+. lsaners are obtained as r e d c  mixtures, for Mmnclature see Pure and A@. Chen., 45, 13 

11976). 
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F m  the data d e s c r m  above (table 1) several mnclusions can be drawn. A f i r s t  interesting 

observation is the fact  that the cissmpunds react cleaner, and therefore give higher yield, 

than the trans-c-unds do. The la t ters  had to be chroMtqraphed (M2Cl2/Aldna1 prior t o  

isolation as perchlorate sa l t s ,  since sorr W i t i e s  were present. No trace of the other isaners 

1 was found i n  the reaction mixture (checked by H nmr spectroscopy). Semndly a raoarkable selec- 

t iv i ty  of the reaction mcurs : Schane 3 leads to the single rel-(4ba,7a@,14bg) i m r  and Schane 

4 to the epimeric rel-(4&1,7ag,14baI iscmer for the trans series, while la th  schanes lead to 

the same reZ-(4ha,7ao,14b@) iwmer for the c i s  series. It is clear that only a stereoelectroni- 

ral ly governed (synchronous) reaction mhan i sn  in h i n a t i o n  with secondary s ter ic  implications 

can be respmsible for these results, since a *step mhani sn  muld give mixtures of iwmers. 

Applying the stork-~schennoser'l hy~othesis one can easily predict the ster-hmical outccme 

12 
of the cyclisation. This is also true for a-acyl iminim cyclisations on unactivated olefins . 

If we ass- that the nucleophile can approach the iminiw sys tw f m  t m  sides (a or  0 )  we 

m u s t  f i r s t  examine the p s s i b i l i t y  of a transition s ta te  in which the incaning nucleophile and 

dwelopping nitrogen electron p i r e  are anti-parallel dispsedl1 and secondly look for p s s i b l e  

s ter ic  interactions. For m l e  in Schwe 3 for the trans series (figure 1) hvo p s s i b i l i t i e s  

for the transition s ta te  exist  : an a - a p p r ~ h  leads to Ia, with a chair gecmetry, while a 

@-approach leads to the unfa-able boat transition s ta te  I Ia  (dotted lines indicate the inaning 

nucleophile and developping electronpair), this favours the formation of the reZ-(4hr,7a~,14bgl 

isoner. If  the sam cyclisation is applied to the c i s  cmpund,  the a-approach leads t o  swere 

s ter ic  interactions (as indicated by an armw) between the hydrcqens on carbons 6 and 9, the 

@-approach on the contrary is no longer boat since ma can easily convert to N c  by inversion 

of the five mpmbred ring. Therefore th i s  route is preferred and the rel-(4ba,7ao,14b@) im 

results. 

In Schane 4 (figure 2) the situation is reversed for the trans proauct : an o-approach nm leads 

to am unfa-able boat mnformation Ib (N8-C9 and C7<7a eclipsed), while a @-approach gives 

the chair transition s ta te  IIb. Therefore the rel-(4bo,7a@,14bo) im is obtained. In the 

series the unfavourable baat conformation I I Ib  can again be inverted to the chair transition 

s ta te  IIIc,  which c o n t a b  W e r  strong s ter ic  interactions between C7a and C10, while a 

0-approach leads tc the fa-able IVb transition s ta te  and so to the mrres~onding pel-(4B. 

7m, 14Ml i s m .  (Notice that Ia and Ib are in fac t  the conformers of the same i m r ,  as well 

as I I a  +IIb,  IIIa* I I I c  eIIIb, and Na+mc +IVb). So the theoretical predictions parallel 
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conpletely the experimental fim3h-q~. 

The configurations of the mnpwds *as detemnbd by ir and mu sp.3zosmpy, as were the 

preferred confomticns which are not for a l l  ccmpwnds identical with the kinetically f o d  

13 
transition stat€s . 
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