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Abstract: IntramOlecu1ar Lewis acid-catalyzcd hetero-Die1s-Alder 

reaction of L-prolinal-dcrived N-ary1imine 1 yielded diastereo-
selectively either the cls,cis-ctiazacyclopenta[a]antbracene derivative 2a 
or the tranS,lTans-isomer 2b, depending on the Lewis acid. 

From a synthetic point of view the Die1s-Alder reaction seems to be 
one of the most powerful reactions for the fonnadon of c-c boods.1 

BspecjaIly the hefero-DieJs-A1det reaction gives rise to a broad mnge 
of beterocyclic systemS.2 Various imines were used in such reactions 

both as dienophiles and dienes. However, pJeVious studies on N-
arylimines as 2-azadienes reported mainly their reactions with electron-
rich dienophiles. 3,4 In this context, we recently pubIisbed an 
intramolecular Lewis acid-catalyud cyclization of citronelJal-derived 

N-arylimines, which results in the fonnadon of octahydroacridines in 
high yields and good diastereoselectivity.s This cyclization can be 

treated formally as a hetero-Diels-Alder reaction with the N-arylimine 
as the 2-azadiene moity beeing tetheml to a non-activated dienophiJe. 
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We here report on a related intramolecular Lewis acick:atalyzcd 

hetero-DieJs-Aider reaction of the proIinal-derived N-arylimine 1 
towards dccahydro-3a.ll-ctiazacyclopenta[a]antbracene 2. Contrary to 
the cltronellal-derived arylimines, where the cisltrans ratio was 
strongly conttolled by the substitution pattern in the P-position 

(relative to the imino group) of the cyclization precursor and only to a 
IIIin« extent by the Lewis acid, the diasIereoselec1vity in the 

cyclization of 1 can be completely controlled by the suitable choice of 

the Lewis acid. 

In a typical experiment a solution of (-)(S)-N-[N-(4-methyl-3-
pentenyl)pyrroJidine-2-methylidene]toluidine 1 6.7 in CH202 was 
treated with Sna.. (2.5 eq.) at room temperature for 42 h and the 
resulting (11b-S)-6,6,IO-trlmethyl-l,2,3,4,5,5a,6.11a,11b-decahydro-
3a.ll-ctiazacyclopenta[a]anthracene 2 was isolated after basic 
hydrolysis with 2 N NaOR as a mixture of the cis,cis isomer 2a and 
the trans,ITans isomer 2b (cis/trans = 1 : 99)8 in 82" yield. No 
traces of the nmUning two diastereomers 2e and 2d could be detected 
by capillary GC of the crude products. As shown in Table I the 

cyclization can be achieved with different Lewis and B1&lsted acids 

TableL Cyc:Iization ofN-prolinal-imine 1 in the presence of 

different Lewis acids 

Bolly Lewis acid Eq. Temp. 2a : 2b a Ylddb 

rC] all-cis : all-tranS l"] 

(1) Pea] 2.0 rt 16 84 80 

(2) Sua.. 2.S rt 1 99 82 

(3) SnC4 2.S -40 1 99 81 

(4) Sna.. 2.S -78 3 97 87 

(5) BF3eOBt2 2.0 rt 2 98 81 

(6) poTsOR I.S rt 6 94 82 

(7) 1FA I.S rt 13' 87 79 

(8) Ala3 2.S rt S 9S 79 

(9) BtAlO2 1.3 rt 99 1 83 

(10) BtAlO2 2.S -78 IS 85 83 

(11) Bt2AlO 2.S rt 3 97 81 

(12) MeAlO2 1.3 rt 99 1 84 

(13) MeAlO2 1.3 -78 89 11 82 

(14) ~AlO 1.5 rt 96: 4 79 

a) All reactions were run in CH2<l2 for 42 b; cisltrans ratios were 
deImnined by capillary GC of the crude products. 

b) Yields of isolated major diastereomer. 

with good to excellent diascereoselectivides. In all studied cases at least 
a stoichiometric amount of the Lewis acid is required to achieve the 
cyclization.9 Best results c:onceming the cis!trans selectivity were 
obWned by using 1.3 - 2.5 equivalents of the acidic caralyst. However 
lite most remattable result was the dependency of the cis/trans ratio on 
the type of Lewis acid. Whereas Pea3, Sna.., BF3eOB~, po TsOR, 

1FA, Ala3 and Bt2A1a yielded almost exclusively the trans product 
lb (entries 1,2, 5 - 8, 11), the ratio was completely twerSed in favour 
of the cis product 2a, when BtAl02, MeAl~ and ~AlO (enuies 9, 
12, 14) were used. It was also found. that hi the case of BtAlC2 the 

cis/trans ratio was reverted by lowering the reaction temperature from 
room temperature (cis/trans = 99 : 1) to -78' C (cis!trans • 16: 84) 

(enuies 9,10). On the contrary, SnC4 and MeAlO2 showed no such 
temperature-depnt reversal (entries 2 - 4, 12, 13). 

In order to explain the ctiastaeoselectvity, we consider four possible 
transition state geometriea, which are favoured by dit'feRot Lewis acids 
(Scheme I), mainly because of the dit'feRot distances and dihedral 
angles between the nitrogen atoms displayed by the cyctization 
precursor 1.10 Thus uo-I shows a relatively small N-N distance and a 
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concave geometry which should be favoured by small chelaling Lewis 
acids. like tetrahedral ionic aluminum complexes, fonned in situ from 

BtAlOz, MeAl02 and Me2Ala.ll The larger distance and almost 
IIDtiperipIanar orientation of the two nitrogen atoms in ..... 1 should 
be favouml either by co6tdinatioD of a moaodeDtate Lewis acid 

(BF3.oEtV, thus blocking the top face of the 2-azadiene, or by a 

larger, Le. octahedral bidentate Lewis acid (SnQ.V. The mnaining 

transition states (mIo-ll, exo-m either seem to have N-N distances. 
which are too large for efficient chelation of Lewis acids, or the Lewis 

acid displays unfavourable sterlc interactioos with the carbon tether, 
i.e. C(4), C(5). 

'The different behaviour of BtA102 and MeA102 12 in detennining the· 

cis/trans ratio at various temperatures might be explained by an 

equilibrium between monomeric and dimeric aIkylaluminum dicblaride 

species, which ~ults in the presence of different catalytic active 

species in solution depending on the temperature. Further 

investigations to explore the reaction, which seems to be a promising 

example for efficient stereoc:ontrol in Lewis acid catalyzed cyclization 
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reactions of imines by using the chelating ability of a second nitrogen 
atom, and especia1ly the mechanism in more detail are now under way. 
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