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NEV ROUTES TO CONDENSED POLYNUCLEAR COMPOUNDS-V

"TRANS CYCLISATION®

S.Ve.Kessar, Manmohan Singh, Ramesh Chamder,Dharam Pal and U.K.Nadir
(Department of Chemistry, Pamjab Umiversity,Chandigarh-14,India)
(Received in UK 21 December 1970; accepted for publication 4 Jammary 1971)
Union between two groups origimally trams ascross a double bomd if
effected in a single operation may be termed a ‘trans cyclisatiom'. As a
mechanistic class, these mlti-topz reactions are of comsiderable interxest
because the obvious path of cycl isation through equilibraticm to the ecis
isomer camnot oftem operate satisfactorily. In most cases a reactive lit.,
needs to be generated on ome of the groups for its joiming with the other,
and this can lead to predominant side reactions specially if the origimal

trans arrangement is strongly preferred over the cis. Simple analysis shows

that for suoccess here, besides other kimetic requiremsnts, the rate of
reactive intermediate formation from the cis isomer (k.,) has to be mmeh
larger than that from the trans isomer (k,). vhich is unlikely for twe
similar -tcpl". Thus, even moderate yields may mot be feasible in such
'trans cyclisations’

This difficulty has beem ingemously overcome in photocyclisatioms,
say of o-=halo-- stilbenes, by building up a cis concentration im a radiatios
controlled equilibrium. A conceptually equmivalent approach can be tramsiemt
generation of an alternate sterically viable moiety which is relatively
stable under the reaction conditioms e.g. the cyclisation joining X amd Y
may proceed through adduct II with subsequent expulsiom ef the asddendum
as shown in Chart 15.

We have attempted 'trams cyﬂi.-tion-..crol- C=l and C=C bonds
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with a number of compeunds ef the type I (X = o or m-Cl-Ph), through their
reaction with amide ions. The rationale of this approach is that on basis
of (1) expected tendency of amide ions to add across such double bonds,
{(i1) their preclivity to generate aryne 1ntomodutos6 and (1ii) the
reactivity of the latter tewards groups with aniomic ac:tivnt:lon7, a
reaction path I~>II —>IT—>IV—»V (Chart I) can be envisaged. An alternate
reaction path through III ceuld also be visualised, specially in cases
where this isomer is not less stable than I} forced proximity between
x‘and Y conferring the necessary mutual reactivity,
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Kreactive sl te generated on group X.
Treatment of Ia (X=0-Cl-Ph, er o=-Br-Ph, R-C.S-N,Y-Ph)s, Ib{Ia
with X = m-Cl-Ph), Ic(Ia with w-cuj) » Id (X=0=Cl-Ph, R=sS=C,Y=Ph,ZsCOCH),
Te (X=m-C1l-Ph, R=S=C, Y=COOH, Z=Ph) and If (X=0-C1l-Ph, R=S=C,Y=Z=Ph)
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with excess potassium amide in liquid ammonia gave phemanthridine
(quantitative), phenanthridine (70%), 6-methyl-phenanthridine (60%),
9-phenanthrene carboxylic acid (35%),3-phenylcosumarin (50%) smnd
9~phenylphenanthrene (80%) rolpoctively9. Additional examples of
each of the above types with substituents on the rings were found
to give essentially similar results,

The necessary kinetic condition does not obtain in resctions of
1g (X=0~C1-Ph, R=S=C, Y=Ph, ZsH), Ih(X=0-C1-Ph,R=S=N, Y=Ph) and
I1 (X =0-Cl-Ph, RsS=C, Y=p=-pyridyl,ZsH), In these cases little 'trans
eyclisation' products could be isolated and the reaction mixtures
were mainly complexes of materials arising from aminatiom (VvI).
Identical mixtures resulted from reactions of Ig and its cis-isomer;
trans-2~-aminostilbene could infact be isolated in each case.

It should be pointed out that the reactions reported here,
although operationally falling under the category of trans cyclisation,
may or may not be following the same mechanistic path in detail‘o.

In case of anils a fast and virtually irreversible formation of the
intermediate anion IT is indicated by the fact that the rate of

loss of halide ions, under standard reaction conditions, from IJ

( X=Ph,R=C,SaN,Y=0~C1-Ph) is couple of orders of magnitude less than
that from Ia. It is well known that generation of a negative charge

on an atom attached to an aryl halide suppresses benzyne rornationi‘.lz
Good yield of 2«chlorophenanthridine obtained in reaction of Ik (Ta
with Y=p-Cl-Ph) also seems to be a consequence of this protective

anion formation. That adduct anion of the type II can cyclise in this
manner is clear from resctiom of N-(o-chlorobenzyl) aniline’ with amide
ions in liquid ammonia, where 5.6-dihydrophonanthrid1ne is obtained
almost quantatively. Involvement of 'free aryne' intermediates in

cyclisation of anils can also be inferred as both ortho (Ia)and meta

(Ib) compounds afford phenantbridine. In contrast reaction of
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o-chlorophenyl eimnamic acids (Id and its cis 1.0-.:-,3) leads to

phenanthrene ~9-~carboxylic acid while that of meta choloro acid Ie affords

j-phenylceumarin, and wvhat is evem more intriguing ome to almost

exclusiom of the other

1.

2.

3.

5.

6.

7.

9.

10,

11.

12,

13.

10
-

Part IV,S.V.Kessar,S.Batra and S.S5.Gandhi,Ind.J.Chem.,468-9(1969).
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tendency of reactive intermediates for fast reactions with the
surroundings their formation,treuted as one step, may be
considdred irreversible. In the event of mibstantial reversion
or non~intermediacy of reactive species, good cyclisation yields
can result but these comditions rarely obtain in practice.

Except in special cases like intramolecular reactive intermediate
formation.

Here the mecessary conditions (1) k,)ka, (11) k.ky, > 1:31:_1

(141) ky> kg for good yield can be met even without k), being larger

than k:’. Intercomversions of Iland 11’ are not considered since by
definition reactions at the reactive site should be faster.
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Unless othervise mentioned W=H, Z=nitrogen lone pair and B=NH

I, II, IV, S carries a unit negative charge.

Structures of these products were confirmed by comparison with
authentic samples. Opnly in Ia, Ib,Ic and Ye trans X-Y arrangement is
preferred thermodynamically.

wWork on details of the mschanisms is in progress, From the evidence
so far possibility of small ring intermediate intervention seems
remote.
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