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RING ANNELATIONS YIA RETSSERT COMPCUNDS
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Abstract - Conversion of isoquincline and related heterocycles to the corresponding
Reissert compound provides a starting point for the annelation of an additional ring.
This has proved an attractive route to a wide range of ring systems. The review dis-
cusses the versatility of such procedures which include cycloaddition of cyclic Reissert
salts with alkynes, addition of Reissert compound conjugate bases to suitable Michael
acceptors, intramolecular cyclisations of Reissert compounds derived from chloroalkyl-
substituted acid chlorides, the reaction of conjugate bases of chloroformate derived
Reissert compound analegs with suitable electrophiles including heterocumulenes, and
other methods. Annelations are exemplified with a variety of heterocycles in addition
to isoquinoline and quinoline, including phthalazine, phenanthridine and 3,4-dihydro-g-

carbaline.

In 1905 Reissert reported1 the formation of 1-benzoyl-1,2-dihydroquinaldonitrile (1) from the
reaction of benzoyl chloride with quinoline in aqueous potassium cyanide sofution.  Such compounds,
derived from the reaction of aromatic nitrogen heterocyclic compounds, cyanide and acyl halides
have been designated as Reissert compounds and have been the subject of a number of comprehensive

6-10

review52'5 as well as some more specialized reviews. After a brief introduction to Reissert

compound chemistry, this review concentrates on the application of Reissert compounds to ring

annelation reactions of the parent heterocycle.

2-5, 10

Ll

phenanthrid-
3,4,7

Reissert compounds have been prepared from quino]ines,z—
2,1 3,4,7

isoquinolines,

several naphthyridines,4’7 several of the phenanthrolines,

[I]—benzothieno[2,3-_g]pyr1‘dazine,4’7 713,14

e]]ipticine,4’7 3,4-dihydro-s—carb011ne,15 pyrimidine,16 pyridazine,]6 pyrrolol1,2-alquinoxaline

18

ines, phthalazine,

thieno[Z,3-ngyridine,12 quinazoline, cinnoh’ne,7

17

and pyridof2,3-blpyrazine. The chemistry of Reissert compounds is thus applicable to a wide

variety of heterocyclic bases. Analogs of Reissert compounds have also been prepared when the
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acyl halide is replaced by sulphonyl halides,Z:3 N-phenylbenzimidyl chloride,® carbamoyl

ch'ior'ides,z’3 ch1or'oformatesz’3 and dia1ky1phosphate5.2’3

The most general and most freguently used method of Reissert compound formation

invelves adding the acyl halide, neat or in methylene chloride to a mixture of the heterocyclic

2,3,13 In cases whera

competition with pseudo base formation is a problem a phase transfer agent3 or Crown ether'20 is

compound in methylene chloride and notassium cyanide in a minimum of water.

used, The use of trimethysilyl cyanide as the cyanide source has been reported.z1 Generally
this reagent offers no advantage with quinolines and isoquinoline, but it appears to be essential

for positive results with many of the diaza syStems.7

Early interest 1in Reissert compounds as synthetic tools centered on the acid-catalysed
hydrolysis to aldehydes and a heterocyclic carboxylic acid.1 This is in fact a useful route for
the conversion of a carboxylic acid, via its acid chloride and then Reissert compound, to an
aldehyde. Through actual isclation of the so-called "Reissert salt" McEwen's group has extended
this area of Reissert compound chemistry and examples will be cited later in this review. Treat-
ment of a Reissert compound, with a base, preferably sodium hydride in dimethylformamide gives

1-3 The Reissert anion has proven to

rise to the carbanion, for example (3), generated from (2},
be a very valuable synthetic intermediate. A major area of this usefulness has been in the
synthesis of many of the isoquinoline alkaloids and related compounds.5 Many examples of react-

ions of these Reissert anions are cited later in this review,

f
N— C ~ Ph N— C = Ph
N
| K en T e
PhC =0
(m (?) (3)

Perhaps the first example of ring annelation goes back to Reissert's original observ-

1 that (1) gave benzaldehyde on acid-catalyzed hydrolysis. The mechanism of this reaction

2,22

ation

as proposed by McEwen and Cobb requires an interaction of the cyano and carbonyl groups to

give a cyclic intermediate., It is frequently possible to isolate and study the chemistry of

3,4,11,15,16,23-38 and a variety of acids have been used to generate

these cyclic Reissert salts
the Reissert salt although the fluoroborate counterion is the cne most frequently encountered.

These salts, which have been studied largely by McEwen and coworkers, can be exemplified by the
aminooxazolol3,4-alquinolinium salt (4)32 derived from (1). In addition to quincline and iso-

35,37

quinaline such salts have been obtained from phthalazine, elliptiaine,38 pyridazine,16
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phenanthridine,11 and 3,4-(:t1'hydro-e-car-'ocﬂ1'ne.]5

Not only are these Reissert salts themselves ring annelation products of quinoline and
the other heterocyclic bases noted but they are, as demonstrated by McEwen and coworkers, valuable
intermediates in the formation of other cyclic structures. The Reissert salts undergo cyclo-
additian reactions with alkynes to yield a pyrralo-fused heterocycle.  The proposed mechanism
33,36-7 invalves a mesoionic 1,3-dipolar compound which is formed by deprotonation of the Redssert
salt as shown in Scheme I for the reacticn of the oxazolol4,3-alisoquinolinium fluoroborate salt
{5} of the isoquinoline Reissert compound with dimethy] acetylenedicarboxylate to give the 3-
phenylpyrrololZ,1-alisoquinoline (6).  Other alkynes have also been used, In addition to isec-

quinoline and quinoline this ring annelation technique has been applied to phenanthm‘dine,H

phtha1azine,35’37 pyridazine,16 and 3,4—dihydro—5-carb01ine,15 giving in the last case (7).
\ \
o b il N ey
+ - +
RGN NH2 N = C—Ph CH3C02H N
\ W o
Ph 0
(4} {2)
=
| €«
nt
~ \\>,Ph
L HN 0

MeOZCCECCOZMe

~-[HNCO]
Ph _ > N

CGZME (6)

Scheme I
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N— C~=Ph
€N

(3)

Much of the recent chemistry of Reissert compounds has involved the cenjugate base.

3.4 gives rise

Thus, as mentioned above, treatment of (2) with sodium hydride in dimethylformamide
to (3). Alkylation reactions of anions of this type have proved to be an important route to
isoquinoline a]ka]oids.6 In the case of the Reissert compound (8} alkylation can take pTace both
at the C-1 position and at the indeole nitrogen to give ring annelatien products: 1,3-dibromo-
propane gives the TH-indolol3,2,1-d el[1,5Inaphthyridine system (9) and use of the dibromoxylene

(10} gives the [2Ibenzazepinol2,3,4-L ml-g-carboline system (11)-}5

CHZBr
N=COPh (10)
CH,Br
Br{CH,) Br H N ’
NaH, DJ“IF% - NaH, DMF

=

N~ COPh

" N =COPh CN
N

()

Suitably substituted Reissert compounds can undergo intramolecular alkylation via the
conjuaate base. Thus, reaction of {12) with sodium hydride in dimethylformamide affords (13)

which has subsequently been converted to the hexahydro-11b H-benzelalguinolizine (14).39 In a

similar manner other Rejssert compounds derived from 4-chlorobutyryl chloride and quinoIine,39

s 11 .
phenanthridine, phtha]azme,40 3,4—dihydr0-ﬁ-carb01ine,15 and p_yrro]o[T,E—E_]quinoxa'line,17

have been shown to undergo ntramolecular alkylation, the products in the last three cases being
{(15)-(17).  Most recently, Reissert compound formation has been achieved with 5-membered ring
heterocycles, benzothiazole, for example, giving (18): generation of the conjugate base of ({18)

4

then leads in high yield to tricyclic system (19). The Reissert compound formed from
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isoquinoline and 5-chloropentanoic acid chloride undergoes cyclization in a similar manner to

form a 7-membered annelated ring.39

= 0 3
1] —> —_——
N-—C(CH2)351 N 0 N
H N NC
{12)

(13} {14)
0
=N
| | N
N 0 N it 0 N
NC R NC
LN
(15} {16) an —
0
0=G(CH,) C1
i 3
Ny oy N R T
X, — -
¢ . o R
NC H
CH,C1
(18) (19) (20)
R
. N
(2n (22) (23)

The intramolecular cyclization of the Reissert compounds (20) prepared from 2-chloro-

methylbenzoyl chloride, by treatment with base, is accompanied by elimination of hydrogen cyanide
to give (21)‘42’43 These dehydro-8-oxoberhines (21) have been converted to the berbines (22).43
This same type of cyclization has been applied to Reissert compounds derived from Z-chloromethyl-
benzoyl chloride and phtha]azine,43 phenanthridine,]] e11ipticine,43 pyrro]o[],2—3]quinoxa1ine,]7

and N-benzy7—3,4-d1’hydr‘o—s-carb0]1'ne.15’44 The structure of the product [23) from the last

compound 15 cof potential interest for further wor‘k]s’44 in the indole alkaioid area.
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The anion of the Reissert compound {2} has been used with unsaturated electrophiles to

give Michael-type products.z‘4

45

Reaction of (3) with acrylonitrile thus leads to the pyrrolo-

[Z,1-alisoquinoline (24). Use of Reissert compounds formed from substituted benzoyl chlorides

leads to the replacement of the 3-phenyl group in {24) by substituted phenyl groups.46 A
similar compound is also obtained when cinnamonitrile is used in the condensation.27’28 This
reaction probably proceeds through an intermediate of the type {25). Use of compounds such as

27,28

ethyl acry]ate,45 2-viny1pyrid1ne,45 and ethyl cinnamate leads to ketones such as (26)

probably through an alternative pathway of decomposition of (25). These ketones can, however, be
45

cyclized to pyrrolel2,1-alisoguinglines. Similar ring anmelations with acrylonitrile and the

anions of Reissert compounds of 4-substituted quino]ines,4G thien0[2,3—Eprr1dine,]2 phthalazine,
47 and phenanthridine,11 have been observed. The products in the latter two cases, were the

pyrrolol2,1-alphthalazine (27) and pyrrololl,2-flphenanthridine (28),

N
: ;/ 0
H —CH g
CONH2 R!
(28) (26)
X
%
N~ C0.Ph
R CN
CONH CONH,
)
[ I N—COR
2 N YO
(30) {32)
=
N N 0
PhCHOH B,._
0 N
{33) {34)
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In a reaction dinvolving the 3,4-double bond of (2), it has been observed that dichlero-

or dibromocarbene reacts with 1-alkyl-1-cyano-2-benzoyl-1,2-dihydroisoquinglines to give the

cyclopropalclisoquinolines (29).48

Among the so-called analogs of Reissert compounds3’4 those derived from the reaction of
the heterocyclic base, cyanide, and chloroformates have proved to be of value in ring annelation

reactions,  Thus reaction of {30} with benzaldehyde in the presence of n-butyllithium gave (31);

49 use of sodium hydride in dimethylformamide gave the oxazolo[4,3-alisoquinoline (32} and the

49

carbinel (33). This latter product is the same as obtained in the reaction of benzaldehyde

with (3).3 Reaction of the analeg of (30) obtained from 3,4-dihydroisoquinoline with benz-

aldehyde gave the dihydro analog of (31).50 The quinoline analog of (30) has led to the

o At -78°C the chloroformate derived Reissert

11

oxazolol3,4-alguinoline analogs of {31) and (32).
analog of phenanthridine reacts with benzaldehyde to give the benzo derivative of (31).

ATlthough the chloroformate derived quinoline analog from 3,4-dihydroquinoline apparently does not

react with benzaldehyde, it gives the cyclic product (34) on base hydr01ysis.52

Reaction of the chloroformate derived Refssert c¢omnound (30} and its 3-methyl analog with

phenyl isothiocyanate and sodium hydride in dimethylformamide gives the imidazo(5,1-alisoquincline

53

system (35). Disulfides of the type (36) have also been obtained as co-products in this

synthesis.S4 Application of this approach to the phthalazine analog of (30) gives the open
chain compound (37) which can be cyclized to the imidazal5,1-alphthalazine (38) by heating in the

54

presence of molecular sieves. Attempts to obtain (38) directly by raising the temperature of

the original reaction gave the aza analog of (36).54

\ R \ R
N0 N g0
NC Y \ \f
N N
- <2
(35) {36)
= n =y ] X
[ [ R'— N — CHCN
N— €O, Me N0 !
2 ‘f =0
HC C — NHPh NG ]
z s N, RZ
Ph
(37) (38) (39)
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It should be ncted that although ring annelations are not dnvolved, the so-called open
chain Reissert analags (3%) have been converted into cyclic derivatives.5 Reissert compounds
have also been indirectly involved in ring annelation sequences. Thus, for example, various
benzylisoquinoTines and related compounds that were prepared via Reissert compounds have been

3,4,5,6

converted into examples of the cularine, pavinane, isopavine and aporphine alkaioids the

5h 56

oxazolol4,3-alisoquinolines™  and the berbines,
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