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Abstract: Depending on the method of activation, (2'-amino-N"tert-butoxycarbonyl-benzylidene)-3-alkenylamines
(1) react with Lewis acids (TiCl, or TMSOTY) to afford either a novel Boc-assisted iminium ion formation/trapping
sequence (giving hexahydropyrido|1,2-c]quinazolin-6-ones (2) or tetrahydropyrrolo[1,2-c]quinazolin-5-ones (4)) or a
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The addition of alkenes to iminium species has been accomplished by a variety of methods. These
methods include direct Lewis acid activation of imines,!-2 the in situ preparation of acyl iminium ions from
imides,3 and the formation of iminium ions from reaction of secondary amines with formaldehyde.# In the
course of our work with (2'-amino-N'-ters-butoxycarbonyl-benzylidene)-3-alkenylamines (1), we have found
that the N-Boc substituent assists in the Lewis acid-promoted cyclization of these compounds via an in sifu acyl
iminium species formation. In the absence of the Boc group, a pseudodimerization leading to structures like 3 is
de rigeur for this class of compounds.

The syntheses of imines 1a-c were accomplished by Boc-protection of the aniline,’
o-lithiation/quenching with DMF,5 and condensation with an alkenyl amine” to give the crude imines in 46-61%
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overall yield. The reaction of 1a-c with Lewis acids can lead to either hexahydropyrido{1,2-c]quinazolin-6-ones
(2) or iminodibenzo{b,f]{1,5]diazocines (3) as shown in Scheme 1
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The results of the reactions of 1a-c, under a variety of Lewis acid conditions, are given in Table 1. The

use of TMSOTT ied exclusively to the formation of 3 (entries 1 and 6). The yield of this reaction was improved
by addition of triethylamine (entry 2). Both 2 and 3 were formed from reaction with TiCl, (entries 4, 7, and 8).
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The use of the more mild TiCl/Ti(CiPr)4 led to the formation of two diastereomers of 2 (entry 3), but Ti(GiPr)4
by itself was not sufficient to promote either reaction (entry 5)
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Table 1. Lewis acid-promoted cyclization of imines la-¢
entn imine Lewis acid yield of 2 (%) yield of 3 (%)

1 1a TMSOTf b 61

2 la TMSOTf b 81-85

3 1a TiCly/Ti(OiPr), 34 (o) + 13 (B) b

4 la TiCly 35-42 ca. 13

5 a Ti(OiPr), b b

6 1b TMSOTE b 64

7 ib TiCl 40 30

3 ic TiCl, o5¢ b

Notes: (a) All products were formed as a >9:1 ratio of o/p chloride epimers except where noted (based on
IH NMR). (b) Product not isolated. (c) Triethylamine (2.0 equiv) was added. (d) Reaction run in
refiuxing CH,Ci,.

The formation of 2 may be explained by the mechanism shown in Scheme 2. The carbonyl of the Boc
gronp is activated by Til, leading to the formation of an acyl iminium ion. An imine-olefin reaction follows
during which chlorine, liberated from the TiCly, quenches the carbocation. The stereoselectivity of this reaction
is rationalized by a chair-like transition state with equatorial attack of chlorine as shown. The intermediacy of the
acyl iminium ion has been supported by the observation of lower yields of cyclization products when imines
derived from p-substituted benzaldehydes and 3-butenylamine are reacted with TiCl; (even at elevated
temperatures)® and by the trapping of an acyl iminium ion intermediate with a trichloromethy! group in a related
reaction.”

Scheme 2
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The proposed mechanism for the formation of 3 is shown in Scheme 3. The Boc group is initially
deprotected by TMSOTT{. The aniline is then free to attack the imine of a second molecule which is most likely
TMS-activated. For the sake of simplicity, the second molecule is depicted as already deprotected but it need not
be. The resuliing amine can then attack the imine of the first moiecuie in an intramoiecuiar fashion. Once the
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The formation of systems similar to 3 has been observed in the trimerization of 2-aminobenzaldehyde 19

and in ather reactiong of o- a‘mlnnhpnvaldphvdpg 11,12 'T'hpv have aleo heen pri-pnrpd from the reaction of the

%)

ino h shorane derived from o-azidobenzaldehyde with a variety of primary amines (28-80% yields).13.14 The

interest in these compounds stems from their structural similarity to Troger's base.

Me

~ NN
mJl\ \/J Trbger's base

Me



Scheme 3
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The formation of 2 is interesting due to the unique method of imine activation and the incorporation of the
chlorine which could undergo substitution, elimination or reduction in a subsequent reaction. It is also important
to note that many imine-olefin cyclizations use activated alkemes such as allylic and vinylic silanes and
stannanes.?»15.16 With this in mind, we prepared imines 1d and 1e for reaction with TiCl, (Scheme 4). The
preparation of 1d was accomplished by Boc-protection of p-chloroaniline, o-lithiation/quenching with DMF, and
a one-pot Staudinger/aza-Wittig reaction with (Z)-5-azido-1-(trimethylsilyl)-2-pentene (prepared in six steps from
3-butyn-1-0115). Reduction of 5-chloro-2-nitrobenzaldehyde!” and subsequent Staudinger/aza-Wittig reaction
with (Z)-5-azido-1-(trimethylsilyl)-2-pentene gave 1e.
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allyl silane was predicted to lead to the formation of a S-membered ring during the imine-olefin cyclization due to
the ability of silyl groups to stabilize B-carbocations.!8 The Boc-containing 1d gave Q—ch!oro—l—vmyl-
2,3,6,10b-tetrahydro-1H-pyrrolo[ 1,2-clquinazolin-5-one (4) in 62-72% vield with a 95:5 diastereoselectivity for
the cis-isomer shown (based on 1H NMR and X-ray). In the absence of the Boc group, le gave only the

iminodibenzo[b,f][1,5]diazocine 3e in 39% yield. This supports the importance of the formation of the acyl
iminium species for olefin addition as well as the proposed deprotection of the Boc group by TMSOTT as the
initial step in the formation of 3a and 3b.

In conclusion, the reaction of (2'-amino-N'-tert-butoxycarbonyl-benzylidene)-3-alkenylamines (1) with
either TiCl4 or TMSOTT gives heterocycles which may be useful synthetic intermediates or bases.
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