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Bromine-Promoted Cyclization of an Olefinic «-Aminonitrile: A Practical Synthesis
of 5-Aminocarbonyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine (ADCI)

Javier Gonzalez and F. Ivy Carroll*

Research Triangle Institute, Post Office Box 12194, Research Triangle Park, NC 27709

Abstract: The 10,11-dihydro-5 H-dibenzofa,d]cyclohepten-5,10-imine ring system, bearing
electron-withdrawing substituents at either C5, or C5 and Cl1, is synthesized via electrophilic
cyclization of an olefinic o-aminonitrile. Copyright © 1996 Elsevier Science Ltd

ADCI (1, 5-aminocarbonyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine) is a selective, low-
affinity noncompetitive antagonist of the NMDA receptor which has emerged as a promising anticonvulsant
with a higher therapeutic index than the PCP receptor ligand, MK-801 (2).! In the course of investigating
compounds related to ADCI, we discovered an electrophile-promoted cyclization reaction that led to the nitrile 3,
which could be readily converted to ADCIL.

1, R = CONHz2 (ADCI)
2, R = CHj (MK-801)
3,R=CN

Our approach to the synthesis of 3 starting from dibenzosuberenone is outlined in Scheme I. Direct
addition of ammonia or benzylamine and hydrogen cyanide to ketone 4 using Strecker methodology? gave no
conversion under a variety of conditions. However, treatment of the known dibenzosuberenone imine 53 with
acetone cyanohydrin in ethanol using a catalytic amount of NaCN afforded the o.-aminonitrile 6, which
crystallized from the reaction mixture.#

Upon treatment with bromine in methylene chloride, compound 6 cyclized smoothly to the hydrobromide
salt of 7.5 Examination of the mother liquors from the crystallization of the free base 7 from ethyl ether revealed
a 1:1 mixture of unreacted 6 and a cyclized perbromo compound, 8. Treatment of the mother liquors with
excess of bromine afforded 8 in 22% yield. Compound 8 exists as a mixture of invertomers that are in slow
exchange on the 'H NMR timescale, as evidenced by four broadened methine resonances for H10 and H11.
Dibromide 8 underwent facile reduction to 7 upon treatment with aqueous thiosulfate; thus, the yield of 7 was

improved by simply washing the reaction mixture with this reducing agent.®
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CLD = O - LI
D = D - T

Reagents: (i) TiCl,, NHa, toluene, 25 °C, 16 h (93%); (ii) (CH3),C(OH)CN, EtOH, NaCN (5
mole%), 25 °C, 2 h (88%); (iii) Brp, CH2Cl», 25 °C, 1 h; workup with Na,S$,0; and NayCO3 (aq),
repeat (88%); (iv) NaBH3CN, NMP, 100 °C, 40 min (83%); (v) PPA, 110 °C, 30 min, then
NapCO3 (aq) (77%) or KOH, tert-BuOH, reflux, 5 min (66%); steps iii-v involved basic aqueous
workups.

Br, 11 10 Br,
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The stereochemical assignment of the carbon-bromine bond in 7 is based on the observation of a 5.5 Hz
coupling constant between H10-H11. In this bicyclic system, a Jyjp_g11 of ~0 Hz is observed for 11B-
substituted compounds, and a Jyj9-H11 of ~5-6 Hz is observed for the corresponding 11 epimers.” The o
stereochemistry observed in 7 is consistent with a mechanism involving intramolecular displacement of a
bromonium ion intermediate by nitrogen (Figure 1). The 11B epimer of 7, the product expected from
intramolecular displacement of a vicinal dibromide, was not observed.

Reduction of the benzylic carbon-halogen bond in 7 was effected cleanly using sodium cyanoborohydride
in either N-methylpyrrolidinone (NMP) or 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU) at
80-100 °C, affording 3.8 Two intermediates were observed early in the reduction, one of which has been
identified as the aziridine 9.%! This compound, obtained in 79% yield when 7 is treated with triethylamine in
CH3CN, is a useful building block for C11-substituted analogs of this ring system.!!

Thus, the key nitrile 3 was obtained in 4 steps and 60% overall yield from dibenzosuberenone (4). The
synthesis was performed on a 0.1-mole scale without the need for chromatographic purification. Partial

saponification of 3 using either polyphosphoric acid!? or potassium hydroxide in terr-butanol!? afforded 1 in
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Figure 1. Mechanistic rationale for the observation of o-stereochemistry in 7.

good yield. The 'H NMR spectrum and melting point of this product were identical to those of a sample
prepared by the reported method. ! Nitrile 3 will also be useful as a starting material for C5-substituted analogs
of this bicyclic system.

In summary, the route described in Scheme | provides a facile entry into the 10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5,10-imine ring system that is expected to be complementary to existing routes
involving base-promoted ring-closure conditions.!* To the best of our knowledge, this is also the first example

of a cyclization of an olefinic (-aminonitrile promoted by an electrophilic reagent.
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