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Abstract ~This review summarizes the versatile uss of Schiff bases,
imines and iminium salte for synthesizing a great variety of haetaro-
cyclic compounds. Addition reactions of Schiff bases with acid
anhydrides, acid chloridaes and egters have led to the synthesis of
penicillins, P-lactams, pyIrolidinones and piperidinones. Condensations
of homophthalic anhydrides with Schiff bases have basn the key steps

for synthasizing isoquinolinones, protoberberines, 8-oxoberbines,
benzophenanthridines and indole alkalpnids. Reactions of phthalide
anions with iminium salts hava bean utilizad for synthesizing proto=-
barherinss, phthalide isoguinolines and related alkaloids. Addition

of lithium methyl methylthiomethylsulfoxide to Schiff besas and slsctro-

raductive addition of alkyl halides to iminium salts are also discussed.

+ Dedicated to Professor Tetsuji Kametani on the occasion of his 66th
birthday (1st August, 1983) in appreciation of his continusd active
interest in Heterpcyclic Chaemistry,

®Hindustan Ciba-Geigy Resaarch Centre, Bombey 400063.
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The usa of ortho halogano substitutad Schiff bases for the synthesis

of phananthridines by photocyelization is discussed in addition to

the use of photochemical method for the synthesis of benzoxazoles,

benzothlazolas and benzimidazaoles from appropriately ortho substituted

5ehiff bases. The mass spectral fragmentations and UV spectral data

of several new Schiff bases ars reported.
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INTRODUCT ION

Imines play a significant role in the biosynthesis of a -amino acids and
alkaloids. #Pictet-Spengler raactions1 and Pomaranz=Fritsch reactions® are
prominent in synthetic isoguinoline chemistry, The past few years have witnessed
intensifying nsv and imaginative approaches to the preparatjon of hsterocyclic
compounds by use of the imine moiety. Notable among these are 1) the addition
reactions with acid chlorides, acid anhydrides (including homophthslic anhydrides),
esters, aryloxyacstic acids, mercaptoacetic acid, nitrile oxide in the synthesis
of p-lactams, synthatic penicillins, pyrrolidinones, piperidinonas, aza
analoguaes of tetrahydrocannabinols, dihydreisoquinoslinones, tetrahydroisoquino-
lines, B~oxoberbines, besnzophenanthridines, thiamzoloisoquinolines and oxadiazo-
lines, 2} electroreductive addition of alkyl halides to iminium salts for the
formation of alkaloids, 3) addition of anions of methyl methylthiomethylsulfoxide
in the synthesis of protoberberines, 4) addition of phthalide anions for the

synthesis of protoberbarines and phthalide isoguinolines, 5) cyclization of
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iming salts fromd-amino acid decarbonylation to form berbines, 6) benzyne
reactions of orthohalo anils in the synthesis of condensed polynuclear systems
such as phenanthridines and benzophananthridines, 7) cycloeddition reactipns of
azomethine ylides with alkanes to give pyrrolidines and 8) photochemical
cyclizations in the synthesis of phenanthridines and azoles.

One of the sarliest reviews on the chemistry of Schiff Bases is by Layer in

2a.

1963 Complete references to the work of Kessar on orthohalo -anils® as also

its extensions by other workers are provided by Philliﬁs and Castle® and Hearn

5 nThe themistry of Functional

and Suansona. In Saul Patai's monumental work
Groups™ much of the recent imime chemistry is discussed. Jur objective is
mainly to highlight some subsequent major contributions.

1. Addition of Acid Anhydrides, Acid Chlorides and Esters to Schiff Basas

Schiff bases can readily be acylated with acid anhydrides and acid chlorides.
Ekalay6 reacted benzylideneaniline 1 with acetic anhydride and obtainsd a
product which was assigned structure 2. This structure was later confirmed by

Snyder7 and Burgstahlara. The IR spectrum of the compound Z in chloroform

solution shousd strong absorptions at 174Scm—1 (ester carbonyl) and 1671cm—1

CHa—CO,
H=N + ’/XJ —_—
CHs——CO

1

(disubstituted amide}. g8hme® studied the reactions of Schiff bases with simple
acid chloride (such as acetyl chloride and benzoyl chlorida) and cyanpacetyl
chloride. In the latter cases §-lactams wsre readily obtained as indicated balou.

EEHSCH = NC RCOC1 CGHS_EH'?CDR

£l CﬁHs

6's
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CgHgCH = NCgHg + NECHCOCL  —

CHe- CH = NC H
&s El ;oﬁ s EtaN CeHg N/CGHS
CHpen - e > . | !

In the casa of astars containing active methylene (or methine) group the reaction

proceeds as shown:

'
RCH,COOR
o HSCH = NCGH5 2 C Hg

5 H ~ NHC H

6
HRCOOR

D=0

1.1 Synthetiec Penicillins - Acylation of 6-Aminopenicillanic Acid (6-APA)

The above acylation reactions hava been well exploited in the syntheses of
heterocyclese. In 1967, Hausar10 found it advantageous to isolats and purify
6-APA, the basic intermediate for the production of semisynthstic penicillins,

as its Schiff bases. Later Heusa:“"I

reported that it was possible to acylate the
Schiff bases directly to form the desired penicillin derivatives without the
neceseity of generating the free amino acid for use as starting material. Thus
Heuser et al.directsd their studies towards the acylation of the Schiff basss of
6-APA salts and esters. The synthaesis of penicillin ¥ (3d) and its methyl ester
(38) ware investigated utilizing compounde 33 and 3b as substrate for acylation.
Upon addition of phenoxyacetyl chloride to a cold soluticn of 3a in CDC13,
PMR and IR data showed the disappearance of the -CH=N~ double bond without the
formation of an aldehyds. Free f~APA was not formed in the reaction under
enhydrpus conditions but was readily precipitated upon addition of water to the
reaction mixture. After the addition of approximately one egquivalent of acid

chloride, the addition of a sodium Z-sthylhexengata solution in anhydrous methyl

isobutyl ketone did not produce tha sodium salt of penicillin V (3d).

S

t

R

7/ 2

o] COOR
3a R = C.H.CH = N~ , R® = (CHeq)alCH,C(CH )oNHY,
22 &5 ' 3)3LCHC(CHy )oK
3b A = C,H.CH = N= , R% = CH
b 6"s , 3
3¢ R' = peMeUCGH,CH = N-, RZ = (CHy),CCH,C (CHy),NHy
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1

R =LC 2

H-OCH,CONH , R™ = H

L]
=8

gHs0CH,

48 R' = C_H.OCH,CONH , R® = CH

3e gHg0CH, ’ 3
1 2

3¢ R' = CHEHCONH , R% = H

However, after hydrolysis of the intarmediate with water, sodium salt af penicillin
V (3d) crystallized readily. N-Carboxy-D-phenylglycine anhydride (NCA) has bean
uesd to prepare ampicillins (3f} from 6-aPA1Z, The benzylidene (3s) and anisyli-
dene (3c) Schiff base salts of 6-APA both reacted with NCA, giving intermediatse
Schiff bases that could be hydrolysed to ampicillin (3_@_)13. The reactions

involved are depicted belauw:

C6H5CH:N\ CﬁHS
+ —
07 N 06R HN%
3a o]
E% S R = (EHS)sttHzt(CHS)ZNH;
Gdig%k%— NH

fﬁl Hydrolysis 3‘F

?H O.;L—N

CeHs OOR

A probable mechanism for the addition of NCA to Schiff bases is shoun below:

C/Hs—CH=N-R
65 +
'y CHe-CH=—x= N—R
&S (« A
O b 0 Hoo
—_ —_—
Ose” ¢H °
}
HN & Ces

CeHs
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CeHs€H— N-R C HsCH N—R
e L_a —p
O+
o NH C:NH )
NNew 0 N 7o
Il 1
675 C6Hs
H* Q
CeHs—CH LN‘R’ CeHs—CH—C—NHR
i
CN f‘
H + /C © CH-—CyHs
CH

Thus, these procedures offer a gemeral method for preparing semisynthetic
penicillins from an intermediate Schiff base of 6-APA.

1.2 Gynthesis of f~Lactams

p ~Lactams as a class had been of limited interest until the discovery that
penicillins possess this heterocyclic ring system as a key Feature14. Further
interest was aroused by the finding that the structure of the antibiotic

cephalgsporin C also contains theo(-amino-—le -lactam muiaty15. Later it was

16

reported that the major alkaloid of Pachysandra terminalis is a steroidal

alkaloid carrying a p-lactam ring. Thus it is apparant that B-lactams arae not

guite as uncommgn in naturle as was once considered.

In the course of his studies on the chemistry of ketenes, Staudingar”

discavered that these compounds,in particular keto-ketenses, react with imines to
produce @-lactams. The first knoun P—lactamﬂ,S,S,ﬂ—tetraphenyl-z—azstidinona

was prepared from diphenyl ketene and henzylidanaanilina18. [ic:sa19 found that

C’bHS
C6H5—- %—-CsHs ch\5 /H qﬁs——-l—CGHs
C C ——
|| + lﬂl /L——N

1 O .
CeHs CeHe

o
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the reaction of Schiff base 4 with azidoacetyl chleride (5) in the presence of
triethylamine in benzene affprded two diastaraomericti—azido-ﬁ—lactams € and 7.
The stsrsochemistry of these isomers was deduced from the magnitude of tha
vicinal coupling constante of the protpns at C-3 and C-4 (J=5.6Hz for gis and
2.0-2.8 for EEEQE)' The relative propertions of cis and trans isomers were found
to depend on the saquence of addition of reactantszu. Whan a methylene chloride

solution of azidoscetyl chloride was added dropwise to a solution of benzylidene-

aniline and triethylamine in tha same soclvent at or bglow room temperature the

— N =—=CH— +  NzCHgeock NI
4 2 °
H H
v
—‘N."—q - "'N.'_q.é'—
z SI + /J:z 3|
o” E* o’ T §
H
6 7

product ratio was 3:1 of cis to trang. However, when triethylemine was added to
a solution of the Schiff base and acid chlouride, the relative proportion of gis
and trans was reversed and was found to be about 1:3. This indicates that a
certain degres of staeric control can be exercised on the product. of this reaction
by changing the sequence of addition of reactsnts.

Mechanism for the formation ef 8 -lactams
]
21

Initially, Sheshan and Ryan have suggested the formation of a ketems from

the acid chloride which reacts with the Schiff bass to form the lactam.

| H
R CH H
i CHR® R_b_Jt 2
e —
i NR3 !
o’ \,3

trans only
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Later, Bohme at g&? suggested the formation af a salt to be the intermediate
which undergoas dehydrohélugenatiun in the presence of tristhylamine.

+ + -
CEHS? = CH-CHc CGHST-C H-CgHg L1
COCH,CN COCH,CN

The addition of acid chlorides to Schiff bases is called the "Acid chloride-imina"
reaction. 1In a series of publications1g’22 Bose and coworkers examined, in detail,
both the mechenism and stereochemistry of "Acid chloride-imine" reactions. Con-
trary to the observations of Sheehan and Ryan21, Bose and coworkers observed the
formation of both trans and cis diasterepmers in the "Acid chloride-imine" re-

actions. This suggests the possibility of the following intermediate:

r! cl Rl
[ | | 3.4
R?'—L;.H ERSR" R2_CH CR°R
ar I It -
SN o ™ ©
0/ RS 0’ \RS

Acid chlorides posssssing a N,0,5 or Cl {with its lone pair of electrons} at
tha o ~poeition form e Five-membered intermediate where tha lone pair of elactrons
on the substituent X partially neutralize the developed positive charge on the
carbon next to the nitrogen. The five-membsred intermediate possessss the right
geometry wherein tha prospective C-3 end C~4 of the f-lactam are close Bnough to

form the bond {Scheme 1). Interestingly, if the hetsrcatom (N,0,5 or Cl) is

X—THz + CHR CHX CHR -
L, — | I | e—
cocl Av

0C—— NAy
-

SCHEME 1 {cont. next page)
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SCHERE 1 (Cont.)
L ~ —_

/@ cl
%Hz OHR r XCHy CHR
, C —_—
2 1 N A ¢ -
y Y NAr
o~ >
L (o}
J Etan
“w
)cH  CHR X—CH——CHR
| —
o NAr 04: Ar

pregsnt at the fs-positiun of the acid chloride only traces of trans P-lactam is
produced. The possible 6-membered intermediate does not incorporate the right

placemsnt of the prospective C-3 and C-4 (Scheme 2),

CHgX T
iH CHR HZC/ TCHR
2 + IUIA — Cle
codl T H,§:3\2/1NA~r
c
g)
. u——

Scheme 2
Traces of the observed §~lactam (trans) may hava been formed via the ketene intaer-
mediate. These phservations exemplify the multiplieity of the factors involvad in
determining the dominant mechanism.
The synthesis offi—lactams could also ba achisved with the use of mixed
16

anhydrides in thae place of acid chlorides ~. Varieties of mixed enhydrides as

indicated in Scheme 3 provided the F-lactame in good yield.
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1
CHy2 CHR Z-CH ——— CHR'
e, — | )

EO0R NR L e NR

V4

1]
R z r1 RZ Product
H Ofh p-MeldCH, CHPh, only cis

COCF Neg p—MeecﬁHa p-HUDECBH4 Only trans

CO0EL N3 Ph Ph cis and trans

CO0iBu N3 Ph Ph cis and trans

Scheme 3

Imines in which C=N moiety is part of a ring system,eqg.3, 4-dihydroisoquino-
line Byreact with azidoacetyl chloride to give fused o-azido-§ -lactam 3 in good
yield. The p—lactam g could be catalytically reduced to aminolactam and

subsequently acylated.

H3(:o

HaCO =

NO
2 2

No, 9

1.3 Attempted Addition of Chioroescetyl Chloride to Schiff Bases

In an attempt to synthesis ﬁ-lactams by the addition of chloroacetyl
chloride to Schiff Bases, Krishna Murthy st 5133 reacted several 4-banzalamino-
J-methyl-S-styrylisoxazoles (10) with chloroacetyl chloride. Unaxpectadly in

all cases studied the authors wers able to isolate only the amide 11 and not

the P-lactam a2,

HaC N=CHAr
I ElCHZEOCl

o) H=CHAy

| ~
N P
~

10

——
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S -
NH CocH ¢l HyC !

H
3¢ l ~Ar
| N

Q7 ~CH=CHCgHg SO H=CHCHs

i1 12

A playsible mechanism involving anchimeric assistance from the olefinic bond of
the styryl moisty has been proposed. Hawsver, no mention of the poseibility of

the hydralysis of the Schiff bases followed by acylation has been mada,

1.4 Synthesis of Pyrrolidinones

in 1963, Neal Castagnoli :Ir.24 with his interest in sxamining structural
parameters associated with peripheral and central nervgus eystem activities of
the tobacco alkaleid nicotine 13, led to a consideration of potentielly ver-

satile synthetic routes to substituted 2-arylpyrrolidinones. As a part of the

A
CHg3

/4

13

programme, he first studied the condensation of benzylidenemethylamine with
succinic anhydride-an acylation reaction which has already been mentioned. Frac-
tional crystallization of the reaction product yielded tuo diasteresgmseric pyrro-

lidinones 14-and 15; the trans isomer 14 being-formed as the major:product. The

Ha ,COOH
R L
o
o
CH
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coupling constant J4,5 (5Hz, trans isomer 14 and 9Hz, cis isomer 15) are in agree-
ment with the valuss axpected on the basis of dihedral angles H4as (lg,120°;

15, 0%).

The intermediate 16 has been suggested for such reactions involving Schiff base

and anhydrideza. Evidence for such an intermediste had also heen advancadzs.

—

0\\ o
/ —p
an " MNo
CeMs Cet 16 Fo Lo,
]

£lectron donating substituents on the benzene rinyg which stabilize the positivs
charge on the nitrogen (structure 16) sgem to favour the addition reaction,

On these lines, the condansation of N=3-pyridylidenemethylamine and succinic
anhydride gavae 3555371-methyl—E-(S»pyridyl)-2-pyrrulidinunezﬁ(ll), the geometry
being confirmed by a coupling constant of S5Hz for the -5 methine dnublatza. The

L]
pyrolidinone 17 has been further converted inte 3 —methylnicotine 18.

o~ R
CT % o« L
N CHy o o (o] _—>

1.5 Synthesis of Pipsridinones

Then Cushman and Castagnolli®’

turned thair attention to an extension of this
concept for the synthesis of piperidinones which they incorporated into interesting

nitrogen analogues of the tetrahydrocsnnabinols (THC)19 and 20. A number of THC
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nitrogen analogues had been reported earlier, tha synthesis of moet of the ans-

logues being besed on the early work of Rdams2® dzg.

and Tod These authors con-

densed ethyl S-methylcyclohaxanone-2-carboxylate (21) with olivetol {22) to give

>
<o CsHy ° CsHu

19 20

the benzopyrone (23). Treatment of {(23) with methylmagnesium iodide yieldad the

unnatural and less physiologically active AS-THC 24.

H

o CgH)

gy condensation of appropriatsly substituted piperidinones with olivetol (22)
under gimilar conditions, followsd by reaction with methylmagnssium iodide aza

analogues 25 and 26 have bean preparad30’31’32-
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OH

o CsHyq

25

Since the unnatural A3-isumBr 24 is found to be lass potent in animals and men
than the trang isomers 19 and 20, any synthetic method devised to prepats nitrogan
analogues of THC must provide integrity of the trans ring fusion and a 'natural!
location of the olefinic double bond. Additionally such synthetic rautes should

be versatile with respect to structural modifications.

OH

CgHy)

These objectives were achisved by Cushman and Castagnoli27 in the synthesis

of 27 and 28.
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o
x
.

In the present revieu the scheme of synthesis of these two compounds is not
discussed but only that of the key intermediate piperidinones which is ralevant.
Condensat ion of substituted o-anisylidane-methylamine with glutdric anhydride in
refluxing xylene yielded a diastersomeric mixture of 23 and 30 which could bs

separated by fractional crystallizatien.

o
OCHz _ !
CH=N-CH3 o \
+ CHg /o —_—
Hucs CHZ'——ﬁ:
o
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Again the major product wass the trans isomer 29 whose configuration was
indicated by a coupling constant of 2.5Hz betueen Hg and Hg. The cig isomer
(minor product) exhibited a coupling constant of SHz for the same protons.
Additionally the methyl esters of 29 and 30 were prepared and their PMR spactra
studied. A molecular model of the methyl ester of the cis acid 30 would indicate
the ester methyl to lie in the shielding region of the aromatic ring, This is
borne out by an upfield shift (§ 3.56) far this methyl group. The sster methyl
of the trans compound shows an aebsarption slightly downfidld at §B.75.

1.6 Reactions of Schiff Bases with Esters

Esters of phenylacetic acid react with benzylidensaniline ta give the simple

addition products as shouwn belou33=

9
dew + Qo)
cu—cw-—@

DOCHs

However, whan @ good leaving group is present in the alcoholic part of the ester,
the adduct eliminates the aleohol (or phenol) to Ferm the azetidinone ring

(Schame 4)34.

o) o)
[}
H3C S —CH,—C —0 NOg, +CgHsCH=NCHg —>
1 EtaN
(o]
. ° ‘ OM
'g: ??'-_-h' 6**5
o +
A N-‘céns
FHDQ'

Scheme 4
This is a convenient method to synthesize azetidin-2-ones from imines and a

carboxylic acid whose acid chloride is difficult to prapare.
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1.7 Reaction of 3,4-Dihydroisoquinoline with Acetylenedicarboxylic Ester

Huisgen and Herbig35 studied ths reaction of 3,d—dihydroiaoquinolins(gl)
with acetylenadicarboxylic ester (32) and found that the product depanded on the
reaction condition. uhen equimolar quantities of 3,4-dihydrpisoquinoline {31)
and acetylensdicarboxylic ester (32} were mixed in dry sther, an exothermal
reaction occur¥ed with the formation of 33, A possible mechanism has also been

suggested (Scheme 5),

C-COOCH3

+2 | — Nt
C—-COOCH3 2 R

3t 32 |

=

R = CEICIIZH:3

On the other hand when one equivalent of the acetylenedicarboxylic ester(gg)
in acrylonitrile wes added dropwise over a long period to two equivalents of

3,4-dihydroisoquinoline (31} in the same solvent,a dimeric praduct (34) was

32 a1
. _— EN - . )
~N P N+ COOCH3
3

|

—

COOCH3

SCHEME 6 {Cont. next page)
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SCHEME 6 {camnt.)

S4

Schams 6
obtained which is formed by the addition of a second moleculs of dihydroisoguino-
line (31) tou the dipolar intermediate {(Scheme 6). Additionally, when the dimeric
product 34 was stirred with acetyl chleride or hydrochloric acid in benzene the
tetra ester 33 and 3,4-dihydroisoquinoline werse formed in good yield.

36

Neir”® in a similar reaction, observed the formation of 1:2 adduct (3B) when

1-methyl-6,7-dimethoxy=-3,4-dihydroisoquinaline (35) was treated with acetylenadi-

carboxylic ester (32} in dry ether.

HLC N

R o CDDCH3

Interestingly, when methanol was used as sglvent (in the place of dry ether) the
product gbtained was the lactam 37. This could only be formed by the enamine form

of the dihydroisoquinoline (Scheme 7).
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H3C 3 HC
HaC =N <« Hg: NH
Ha Mg
RC=CR R-= COOCH3
H3Ci N Hg:o
HRCO =N < HLCO NH
COOCH | Ha
~ —
Cooc, 00CH,
H3C0
N O
l{é: l
-
COOCH4

37

Schame 7

Howaver, when 1-phenyl-6,7-dimethoxy-3,4-dihydroisoquinoline (38} and
dimathyl acetylensdicarboxylate (32) were reacted in methanol under similar
conditions an unexpected reaction took place with tha formation of the lactsne ﬂf7.
The authors explain the praduct as being formed after a primary addition of water
across the katimine followed by reaction with acetylenedicarboxylic aster. It is
interasting to note that 1-methyl and 1-phenyl-substituted 3,4-dihydroisogquinolines
react differently with dimethyl acetylenedicarboxylate undar similar reaction

conditions.
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Heco o | ME
N H
=
HC HE
o Hs CHs OH
38
38 w/ =
'*fKI)
N zCcH
Hé: H5C% cxxx:Hs
O
O
40

1.8 Addition of Aryloxyacetic Acids to Iminothipethars

1-Methylthio-3, a-dihydroisoquinoline 41 on annelation with sryloxyacetic

acids 42 in the presance of PDC13/Et3N in CH5Cl, afforded P-mathylthlo— ﬁ—

lactams ﬂg?s.

+ ROCH4COOH >
~N
2
SCH3 42
4
R = Phanyl,
R = 2,4=Dichlorophenyl,
e R =@~Naphthyl
o p-Naphthy
Ll
RO H
43

1t should be mentioned hers that the simple 3,4-dihydroisoquinolins did not

undergo & similar reaction with phenoxyacetyl chloride.
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1.9 Addition of Mercaptoacetic Acid to 1-Methyl-3,4-dihydroisoquincline

In a different kind of addition reaction, Nair et al’® had reported the
formation of thiazoloisoguinoline (gg) from the addition of 1-methyl-3,4~dihydro-

isoquinoline {44) with mercaptoacetic acid.

+ HSCHgoCOOH ———>
= N._ 0O
LT
' A5

CHy
44

In this case, the authors could not distinguish betwsen the cyclic ketimine and

—

the corresponding enamine (46) as the reacting species since both forms could

NH

CHg

Ab

i—

yield the same addition product. However, the reaction can esasily be visualized
as bajing trigerred by the addition of the nucleophili¢ thiel group to the proto-
nated imine. The enamine form is lass likely to be implicated.

1.10 Addition of Nitrile Oxide to Schiff Bases

Krishna Murthy st alfu studied the addition of benzonitrile oxide to & system
containing both C=C and C=N bonde and observed the additions preferentjally taking
place at C=N bond. These suthors studied the reactions of several Schiff bases
derived from substituted anilines and found similar products inall cases (Schema 8),

Whan the reaction was performed using two moles of benzonitrile oxide, the
additjon occurred only to the C=N bond indicating that tha olefinic bond is inert
aven under these conditions. That the banzonitrile oxide additjon has taken place
to C=N in preference to C=C, is in kesping with the sarlier observabion41. The
product in these reactions was always 432-1,2,4-oxadiazolines which is in

agraement with the findings of Clapp and Srivastava42.
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HL =CHAr CiHs C=N-0

L
>

Z=

07 NeH=cH g

Ar = phenyl, p-methoxyphenyl, p-~tolyl, p-chlorophanyl
p~dimethyleminophenyl, m-mathoxy- p-hydroxyphenyl,
p-hydroxyphenyl and m-hydroxyphenyl

Scheme B8

2. Reactions of Schiff Bases with Homophthalic Anhydrides

{1,3-Isochromansdionas)

2.1 Synthesis aof Isoguinolinones

In a preliminary report presented at the 5th International Congress of
Heterocyclic Chemistry at Ljubljana in July 1975, Haimova gt al.slaborated a
novel and highly stersoselective synthesis of 3,4-dihydro-1(2H}-isoguinolinones
from homophthalic anhydrides and azomethines. The details of this work wers
later publishead in 197743. When homophthalic anhydrides 47 a-c wera treated with
Schiff beses 48a or 4B8b at room temperaturs (1)-trans-3-aryl-d4-carboxy-3,4-
dibydroisogquinolinanes 49 a-d were cobtained in 70% yield. In a typical experi-
ment, to a mixturs of {1 mmola of homgphthalic anhydride and 1 mmols of azomethine,
2ml of dry dichloreethane was added. The mixture was refluxed for 10 min to
achieve homogeniety and the resulting solution was allowed to stand at room
temperatura. The solid product was filtered off and the mother liquor worked up

for more compound.
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\ 3
N—R —_—
. +
R
(0]
47a R' = A? . 48a R = H
LI
478 R' = A% = OCH4 48b R = CHy
a7¢ RVRZ = JCH,0

49a R' a RZ = R = H, R° = CHy

49 R' = A% 5 OCHg, R® = CHy R = H
s3c R' = R% = OCH,D, R® = CHy A= H
ad R'=RZ=RP=R=Hn

50a R’ = R® = H, R° = R = CHy

506 R' = A% = OCHy, R® = R = CHg
50c R'R? = 0CH,0, R° = A = CHy

50d R' = R = A% = H, R = CHy

The relativs configurations of 4-carboxy-3,4-dihydroisoquinolinones 42 a-d
were established by chemical correlations with their respective methyl esters. The
traps configurations of 4-methoxycarbonyl-3,4-dihydroisoquinolinones {50 a-d) wers
determined by direct comparison with authentic samplasaa as well as by comparing
their PMR spectra. The diastersomeric isoquinolinones of the type 50 and their cgis
isomers were obtained withsut configurational changes vie the axidation of trans
and cis tetrahydroisoquinolines of the typs 51 with KMn3d, in acetnneéd. It was
found that tha methyl protons of the methoxycarbonyl groups in compounds of the
type 50 resonate in the frans isomers at lower fields than in the cis isomers

probably because of the greater screening effect of the phenyl groups in the

latter {trans-§ 3.68-3.78; cis- § 3.37-3.48).
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(o]
oo,
)
R
Y N ——> 50 8-d
R
~
R
51a R' = R? = H, R = Chy
1 2
516 R' = R? = OCHg, R = Chy
51c R'R® = OCH,D, R = CH,
61d R w RZ = R = H

The preferred conformation of all compounds of type S0 and soma compounds of

type 49 uere ostablished from their PMR spactra. Compounds 49 a-g and 50 a-¢
with alkyl or aryl substituted nitrogen have low vicinal coupling constants

(33 4=1.15Hz). Compounds with unsubstituted nitrogen possess high spin-spin
’

coupling constants (33'4=6.5-6.BH2 for trans 50d). The tendency towarde plansrity

arising from the conjugation between the amjde function and phenyl group renders
the conformers with C-3 carbaon atoms out of the average plans of the ring most
probable (51 and 52).

OCHz H

&o
Ar

Tha low 33’4 values obssrved for the N-substituted compounds are in agreesment
with conformation 51. The EEEEEF axial orisntation of the substituents at C-3
end C-4 is more favourable because of the diminished repulsive interactions
betwsen the nitrogen substituent and the aryl group. The 33'4 values for com-
pounds unsubstitutad at the nitrogen support conformation 52 with pseudo
sgquataorial substituents at C=3 and C-4.

Independantly, Cushman gﬁ_glfS studied the condensation of a verisety of
aldimines and ketimines with homophthalic anhydride as a gensral method of syn-

thesie of substituted 4-carbuxy=3,4-dihydro-1(H)-isoguinolinones. Unlike in the
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case of Haimova st glfS and in conformity with their sarlier unrkzs, Cushman st al.
obtained both diastersomsrs as reaction products. A typical experiment is
detziled below:

addition of homophthalic anhydride to a sclution of o-methoxybenzylidene-
methylamine in chloroform at room tempsrature resulted in a rapid sxothermic
reaction. The resulting mixture {1:2) of trans and gis— N-methyl-3-{o-methoxy-
phenyl)-4-carboxy-3, 4-dihydro-1{2H)-isuquinglinonas 53a and S54a was isolatad by
filtration after 10 min in 96% yleld and could be ssparated by fractional
crystallization into minor (33,a=1Hz) and major (33.4=6Hz) diastersomers., On
hsating in refluxing acetic acid the mixturs was converted completely into the
minor diastersomer, Pure methyl esters 53b and 5S4b were prepared by treatment
of the minor and major diastersomers 53a and 54a with diazomethane. Heating
gither compound at 165°C for 3h in the absence of solvent yielded a 97:3 mixture
of ester of minor and major diastereomer respactively as evidenced by integration
of the methaoxycarbonyl protons in the PMR spectra of the resulting mixture. The
observed coupling constants for the trans (33’4=1Hz) and cig (33’4=5Hz) isomers
53a and 53b and S54a and Eﬁg are in closs agreement with thoss reported for related
pyrrolidinonesza’zs'26 and plparidnn9327. Similarly, the reaction of benzylidene-
mathylamine with homophthalic anhydride for 5 min in refluxing p-xylens afforded
only the trans (33'4=1Hz) igomer 53c whereas isclation of the cis isower S4c was
favoured if the reaction was conducted at 7°C in benzena for 15 min. This study

is indesd an excellsnt example of a reactioh whers the product formation i8

depandent on kinetic or thermodynamic control.

543 R' = H, R? = OCHg
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2.2 Synthesis of Protoberberines under Vilsmeisr-Haack fondition

One of the earliest examples in the uss of imines for the preparation of
protoberberine derivatives is that of Professor Kametani in 197446. Isoquinolines
and 3, 4-dihydroisoquinollines under Vilsmeier-Haeck conditions yielded protober-
berine derivatives whereas tetrahydroiscquinolines {which do not contain the
imine moiety) do not react at all. Thus papaverine (55) yielded the pretober-
berins (gé) when treated with dimethylformamide and phosphorous oxychloride. Tha
3,4~dihydroisoquinoline (57) under similar conditions gave S8.

A probable mechanism for the formation of protoberberine is given in

Schems 9.

HaCO

HLO

HL

H
H 3 3
Hy H3
55 56
H.LO
HLO = —
S7 )
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HaC HaC,
~ N\t -
N—cCHo + Pocl; —» “N=cel Po.cl,
H3c/ HoC

scheme 9
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2.3 B8-Oxoberbines - Haimova's Mork

When cyclic imines such as 6,7-dimethoxy-3,4-dihydroisoquinoline 59 wers
condensed with homophthalic anhydrides 41b or 47c in dichloroethane solutions in

tha presence of triethylamine 13-carboxy-B-oxoherbinss 60a and 60b wsre obtained'o,

R o HaC
1 O +
s
R e
o}
4Tb 22

60a R' = &Y = OCHg, R = H

80b R'R? = OCH,O, R = H
1.2 .

61a R' = RZ = OCHg, R = Chy

61 R'RZ = OCH,0, R = CHg

The B-oxoberbines of the type 60 were analysed as their methyl esters 6i. The
PMR spectra of compounds 6ia and 61b indicate that the pratone at C-13 and C-14 are
of gis configuration (313’1a=4.5Hz), with the quinolizidine ring being trans fused.
The correlation of PMR spectra with the relative configuration of 13-methyltetra-
hydroprotoberbarines has besn well established earliar47.

ARe an interesting variation Haimova st g&fa obssrved that lactim ether and
imidoyl chlorides can e condensed with homophthslic anhydrides for the synthesis
of B-oxoberbines and related isoquineolinmes. Refluxing the homophthalie anhydride

47b with the lactim ether 62 in an inert solvent led to the formatian of

B~oxoberbine &3.
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2.4 Synthesis of 2,3,10,11-0xygenated 13-Mathyltetrahydroprotpoberberines -

Cushman's Work
Condensation of norhydrastinine 64 with the homophthalic anhydride 47b in
chloroform at room temperature proceeded exothermally to yield a mixture of trans
and cis 2,3-methylenedioxy-B8-oxp-10,11-dimethoxy~-13-carboxytetrahydroprotober-
berines 65 and &6 from which the major isomer (313,14=6Hz} crystallized in 90%

y 1610455 49,50,

Heating this product in refluxing acetic acid resulted in epimeri-
zation to the tharmodynamically mora stabls diastsreomer (313,14=4Hz). By analagy
with related protoberberines, the PMR spectrum of the trans isomer (with the
guinolizidine ring cis fused and hence thermodynamically less stable) is expected
to display a larger coupling constant batwean protons H.|:5 and H1ﬂ than tha
corresponding cis isomer67'517§3(uith the quinolizidine rihg trans fused and
henca thermodynamically more stable). Thse kinatic product was thsrefpre assigned
the trans relative conflguration 65 while the thermodynamic product was assigned
the cis configuration 656, The relative configuratiens have alss baen corralated
with the PFMR spectra of the methyl asters of 65 and 66. Examination of Dreiding
modals reveals that in contrast te the trang issmer g5a, the pseudoaxisl methoxy-
carbgnyl protons of the ¢is diastersomer §6a can rotate over the argpmatic rings A

and D. The appearance of ths methoxycarbonyl proton signal in the PFMR spactrum
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of 66a at b 3.40 which is O.4opn upfield relativs to that of the trans isomer 65a,

provides further evidence in support of the relastive configurations as assigneaed.

o Ho (o)
( (R —
O = Hé:() o

65 R = H (major) 86 R = H (minor)
Sa R = CHg 88a i = CHy

2.5 Synthesis of 2,3,9,10-Qxygenated 13-Methyltetrahydroprotpoherberinaes

The 9,1C~dimethoxy substitution patterm of ring D of protoberberines presents
a challengs since it is not readily accessible by Mannich cyclization of an
appropriately substituted benzylisoquinoline. Howsver, 3,4-oxygenated homoph-
thalic anhydrides required for the praeparstion of 9,10-oxyyenated B-oxoberbines
are aasily accessible. Hence Cushman et al.utilired the general method of con-
dersation of dihydroisgnuinolines with dioxygenated homophthalic anhydrides for
the synthesass of several 2,3,9,1C-oxygenated 13-methyltetrahydroprotoberberines.
Kotable among these are the syntheses of cptically active (+)-thalictricavine
(23)49 and (+)-thalictrifoline (EE)SD. Incidentally, Cushman's is the first

synthesis of (+)-thalictrifoline, all previcous attempts having Failad57.
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The first successful synthesis utilizing this general method of condensation
of dihydreisoguinolines and dioxygenated homophthalic anhydrides is the total

synthesis of (+}-corydaline (gg)si a 9,10~substituted protoberbarine, from the

HLLO. Q HLQ

Mg O

70

LAH

NaBH,

Schems 10
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addition product of &,7-dimethoxy-3,4-dihydroisoguinoline {53) and the homoph-
thalic anhydrids ?0. The thermodynamically more stable cis isomer wes converted
inte {#)-corydaline as indicated in Scheme 10.

On exactly similar lines Cushman a_i_;__g__l_?ﬁ synthesised (+}-thalictricavine (§7),
berlambine (71) and (t)-canadine (72) From a common intermediate (73). Candensa-
tin of norhydrastinine (64) with the homophthalic anhydride (28) proceeded exo-
thermally in chloroform to afford a mixture of gis and trans isomer which was
converted to the thermodynamically more stsble cis diastersomer 73 on heating in
acetic acid. The cis diastereomsr 73 was converted into (+)-thalictricavine (67),

berlambine (71) and {(+)-canadine (72) as shown in Scheme 11.

<O O 1) cHclg
+
= e o 2 AcOH, A
H

\ 4

6 30
b4 To

Schameg 11
A ————
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Further, Cushman et E&fg converted the (:)—1S—Carboxy—B-u;otatrahydroprutu-
berberine (73) into a crystalline salt with (~)-strychnins. Upon recrystallization
from acstone pure (+)-isomer could be separated, The free acid (+}-73 yielded an
optically impure lactam 74 whan heated to 240-244C for 5 min, Lithium aluminium
hydride reduction of 74 gave (+)-canadine (72) as well as impure (+)-canadine
vhosa absolute configuration is knomna&raadyEﬁ. This established the absolute
configuration of the acid (+)-73. Subssguently, acid 73 was convartsd into
{+)-thalictricavine (87) by establishec methods (Scheme 10) without affecting any

of the asymmetric centres. The absplute configuration of (+)=thalictricavine is

therefore 135, 14R as shown in structure (+)-67,

Imaginatively, Cushman et al. extended this approach to determine the absolute
configuration of (+)-thalictrifoline (gg)so. Condansation of 6,7-dimethoxy-3, 4-
dihydroisoquinaline 58 with 3,4-methylenedioxyhomophthalic anhydride 75 in chlorg-
form at room tamﬁeratura procesded exothermally to yiseld a diastersomeric mixture
of trans and cis B-oxoberbines from which ths major (+)-trans isomer 76 crysta-
llized out in B80% yield. Thae (+)-trans acid 76 afforded a crystallins salt when
treasted with (-)=-strychnine in ethy} acetate followed by recrystallization from

chloroform-etiyl acetats. This salt gave free {-)-trans scid on dscomposition.
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The (+)-trans isomer 76 was obtained by decomposition followsd by recrystallization

of the mother liguors. The (+)-trans acid 76 was converted into (+)-thalictri-

folina (68)(Scheme 12) on lines similar to the synthasis of {+)-thalictricavine(57).

HeE
HC

after resoluticn
N o -

Scheme 12

In arder to determine the absolute configurations of the (+)-trans ester 77

and the {-)=-trans estsr 21‘, methanolic solution of the (-}-trans ester 11' con-

taining sodium methoxide was stirred at room temperatura, This afforded the
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(-)-cig ester gg' whose absolute configuration must be opposite to that of
(+)-cis ester B1, since the conformations of both of these esters are identical
as indicated by their PMR data and the optical rotations are opposite and almns£
of egual magnitude. The absolute configuratien of (+)-cis-81 has already been
sstablished (Ses Scheme 11) as 135, 14R°C. Since (+)-thalictrifoline is derived
from the (+)-trans ester 77 (Schems 12), the absolute configuration of thalictri-

foline is 13R, 14R as shown in 68,

Pai and coworkers, continuing their earlier efforts to synthesize (+}-thalic-
trifolina (§§)57, now focused their attention on the use of Cushman's elegant
method for the synthesis of (+}-thalictrifoline {£8). Their efforts were first
directed to get ths maximum yield of trans«=({76) which was uvtilized in the synthesis
of (+)}-thalictrifoline (gg)sa. Among the three solvents and different temperatures
employed for ths condensation of 59 and 75, ethylens chloride at 80% gave the bast
result (Table 1)}. In line with Cushman's cobservation both the trans and cis isomers
wvera pbtained in 4:1 ratio which were separated by fractional crystallization. The

et

major product (transg isomer) was converted into (+)}-68 as shouwn in Scheme 12.
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Table 1
No. Tamp. Solvent Ratio of
°c Irans;Cis
Sy HPLEC
1 15 CHyC1, 2:
2 25 CH,Cl, 231
3 25 (EH2)2C12+E1‘.3N 1.6:1
4 25 CHC1, 2:
5 25 (EH2)2C12 2:1
6 35 CH,CL, 231
7 35 (CH2)2C12 2.5
8 42 CH2C12 2.6:1
9 80 (CHy },C1, 4:1

2.6 Synthasis of Benzophenanthridine Alkaloids:

In a new approach to the preparation of benzophenanthridine alkaloids,

Cushman and couurkarssg

mathylamine with the homophthalic anmhydride 47b.

and trans isomers in 49% and 39% yield respectively.

utilized the condensation of 3,4-methylenedioxybenzylidene-
The product was a mixture of cis

The kinetic product (cis

igomer)} was convarted into the thermodynamically more stable trans isomsr by

heating in acetic acid and this trans isomer was further converted into nitidine

chloride (82) in sevaral steps (Schame 13).

H3CC «©

N-—CH,
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SCHEME 13 (cont)

A ————irip ettt
=

Scheme 13

Similarly, the Schiff base 83 and the homophthalic anhydride 75 afforded a
mixture of cis and trans diastereomsric ianuinolinanesﬁa. When the condensation
was performed in refluxing acetonitrile the cis isomsr (84) wes the major product
which was utilized in the total synthesis of (+)-chelidonine (85), also a banzo-

phenanthridine alkaloid.

{ “SNew, °

2.7 Synthesis of Indole Alkaloids

Raimova et al. axtended their studies on the use of Schiff basas to the
synthesis of indole alkaloids®!. schiff bases of 1-methylindole-3-carbaxaldehyda
(86 a-d) were prepared and uere condensed with homophthalic anhydrides 47a and 47
to pive diastereomeric mixtures of 4—carboxy—3-(3'-indulyl)—2—a1kyl-3,ﬂ-dihydrn-1

(24)-isoguinolinones 87 a-d. These acids were readily converted into their methyl
43

asters by reacting with diazomethans. Contrary to their earlier observations —,
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where they observed stersoselective products (trans adduct), in this reaction both
cis and trans isomers were obtained. The methyl esters of these disstereomars
waers separsted by silica gel chromatography. The c¢is and trans configurations

wery assigned based on PMR spectra. Again,the coupling constant J is larger

3,4
(~6Hz) for the cis isomer than that for the corresponding trang isaomer {~s1Hz).

SN 14 o

NR
— -
| + \ o
v R
CHy ©
86 a-d 47a R = H

362 R = Ciig 7% R = JCH,
d6b R = CoHg
g6 N = nC3H7
86d R = LhyCghg

a2
%)

=-d

3,4—Dihydro~1}carbolina BB reacted with homophthalic anhydride 47a to give a
diastereomeric mixture of cis and trans ‘14-carboxy-hexadehydropyohimbane B89 and 30
respectively. The relative configurations of 83 and 90 were aestablished on the
basis of PMR spectra of their methyl esters. The PMR characteristics of these
compounds are similar to those of 13-carboxy-8-oxoberbinas (60) discussed
aarlieraS. In the cis isomer B3a the methyl protons of the carboxymethyl group

resanats at a higher fiald {§ 3.21) and for the trans isomer 90a the corresponding

methyl protons appear at relatively lower field (§ 3.80).

=N O

TZ

—623 —



63 R = H 90 R =H
83a R = CHy 30a R} = CHq

2.8 Addition of Schiff Bases to 4-Hydroxythiocoumarin and 4-Hydrgxycoumarin

Merchant gt gk?z reacted 4-hydroxythiocoumarin with benzylideneaniline in
i
glacial acetic acid at 30% or in methanol at reflux temperature to get 3,3 -benzy-

lidene-bis-4~hydroxythincoumarin 91 as the product. The same product could be

S0 N
OH

obtained when benzaldehyde was used in the place of benzylideneaniline. This

observation lad the authors to revise the original structur963 {32} for the
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condensation product betwean 4-Kydroxycoumarin and benzylidemeaniline, the

correct structure being 93.

0.0
/
(o)

b

N

Cel's

CeHs

~

3. Reactiong of Anions with Iminium Salts for Synthesizing Protgberberines and
Phthalide Isoguinolines and Related Alkaloids
3.4 Additign of Litbio Methyl Methylthiomsthylsulfoxids (L MMATS)

Anipn of methyl mathylthiomethylsulf’oxida64 (MMTS) is knoun to add to

iminium saltsss. Maclean gt EAEE

dihydroprotoberberines.

used this reactign for a two step synthesis af

Appropriately substituted N-benzyl-3,4-dihydroisoquino-

linium or N-benzylisoguinolinium galts were used as starting materials in this work.

HaC

=N

LiMMTS
THF
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SCHEME 14 (conty

Scheme 14
A typical synthesis of (+)-xylopinine (94) from N-benzyl-3,4-dihydroisogquinolinium
salt is given Schema 14. It should be noted that the anionic carbon of the
nuclzophile ends up as C-13 of ths protoberberine skeleton. (+)-Tetrahydropalma-
tine (35), (2)-sinactine (96) and (+)-corydaline {63) were also prepared by using

the addition aof LiMMIS to N-benzyl-3,d-dihydroisoquinolinium salts.

35 R

6 R' =R® = CHy and RR* = CH,

3.2 Electroreductive Addition of Alkyl Halidas to Iminium Salts

In 1978, Shono and coworkers reported a novel annelation forming a
hetero ring by slectroreductive addition of alkyl halides to iminium salts57, They
used this simpla and elegant method for the synthesis of sevaral indole and

isaguinoline alkaloids (Schems 15).
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. N
@ + XX — R | ireL'JUﬁ
LJCH UH x CH

B
P +e
e
BrH&é
~  not isolated  _J
NaBH O
_— N

Schame 15
————
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Intermolecular reductive addition of alkyl halidzs to iminium salts is also
possible anc alkaloids such as (#)-laudanosine (97) have been synihesised by this
methpd. Incidentally, these authors established the relationship betwsen isolated

yields and cathodic potentials and also the reaction mechanism (Schema 16).
H,CO HEO
-————-——.
N
HE “cH,

HC

R 3
RX = CgHCH, BT 654%
AX = 4-CHa0-CgH CHo 8 73%
AX = 3,4~diCH,0-CeHCH, 8T 85%
RX = CHg I 35%

scheme 16

Shono and cowerkers extendad the slactroreductive mathod to practical

EB. In this process the easily accessible

synthesis of phthalids isoquinalines
companents 98 and 39 ars coupled to provide 100 in reasonably good yield. In all
the cases studied both thes diastereomers were obtained in almost esgual amounts.

1t is indesd an inganjpusg and bérsatila method to the credit of Shono and coworkers.
On these lines, Mogoney et 3&?9 have shown that phthalide anions add to isoquino-

linium salts te yield phthalide isoquirslines, providing an interesting and

significant variation to the theme.
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3.3 Synthgsis of Phthalide Isoquinnlings and Protobsrberines -

flactean's Work
As a follouw up vork of Shono and Mooney, MacLaan'd raported the coupling of
3-halophthalides 101 with N-methyl=3,d4-dihydroisoquinclinium salts 102 in the

presenca of Zn{€u) couple or metallic Zn to give a mixture of erythro and threo-

K-—methylphthalidetetrahydroisoquinolines 103 and i04 respectively. The dia-
stereomers are formed almost im equal amounts as in sarlier cases. When the
3-halophthalide was treated with IZn under .teformatsky conditions, followed by
introduction of the iseoquinolinium salt, no coupling occurred. This observation
lad the authors to concludae that the reaction prpceeded on the metal surfacse
through the formatiom of a phthalide anion which reacts directly with the iminium
salt at the surface. Houwever, a radical mechanism for the reaction has not beesn

ruled out,

X
J 2 3
R 2 R o2 2 Zn (Cu)
+ —>
Rz /N\ R4 )
CH3
102 o
== 101
1
R
@ FJ-—CH43
HT o<
H RS
P"
R3
104

1

As an interesting variation of this method Maclean gt Ei? found that imines

(3,4-dihydroisoquinolines} rsact with phthalide anions yielding 13-hydroxy-B-
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oxotetrahydroprotoberbarines in good yield as shoun in Scheme 17. The trans
relationship of the hydrogen atoms at C-13 and C-14 in the praoduct is spparent
from the coupling constants of thass hydrogans (313’1a=8.4Hz). The high degree
of stersoselectivity in this reaction implies thut the tuo coamponents must

interact in an "endo" relationship with respect to each other in the formation of

it

Hy

Scnemg 17

bonds betwsen C-13 and C-14 and betuween N and C-8, Howevar, the authors do not
rule out the possibility of the other diastereomer being formed or its presence in
infinitesimally small amgunts. This synthesis af {+)-ophiocarpine bsars some
similarities to the earlisest synthesis of (+)-pphiscarpine from phthalids
1gofuinoline reported by Govindachari gt ELTZ. The method of JaFfs73 involves

the reduction of 413-hydroxyberberinium salts which could be obtainsd by oxidation
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Scheme 18

4. Photochemical ﬂéactions of Schiff Bases

The conversion of stilbenas into phenanthrines by oxidative photochemical

74
process has been the object of considerable study (Schems 19) .
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Yo-9-%

Scheme 19
In recent ye@ars there have appeared three revisuws entjtlod the photochemistry

of iminasTS, phetochemistry of the carbon-nitrogan double bond76, and photo-

chemistry and photaocyclization of aryl halides77. Photaocyclizations and Pschorr-
type reactions do not proceed as well yith anils or their derivatives as with

stilbenes?e. Saveral groups” have recorded the failure of the photochemical

cyclization of benzalaniline itsalF7g. Hgwever, Cava and SchlaseingaraD reported

— I

105 106

the photooxidative ring closure of the Schiff bass 185 to 106 in tha presence of
air. This observation prompted Mallory and uooa®! to reinvestigate the photo-
chamistry of benzalaniline. for the benzalaniline to give phenanthridine, it is
necessary to havae a considerable photostationary concentration of the cis isomar.
This condition was realized by carrying out the reaction at 10°C uhen the yield
was 2;4, Alternatively, the Schiff base 107 (fraom benzophenaone and aniline) cyc~

lized uypon irradiation in the presence of air or iodine to phenylghenanthridina 108
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107

102

in good yield. Intersstingly, Sternhsll Bt ELPZ observed the incorporation of

splvent molecules in the photochemical process. Examples are given in Scheme 20.

by

CH3LHZUH

N hy N N

| —Fementy L+ !

CHAx R H,R . Ar
R R

Schemeg 20

Another example of the incorporstion of salvent in the photochemical
reactions of Schiff bases is provided by Schmid and Ceruttiaza. When t-mathyl-

3,4-dihydroisoquinoline in dry methanol was irradiated under nitrogen atmosphsre

tuo products were formed as shown in next page.
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CHy
NH
i N H
CHy
———— +
=N
CH3

it is interesting to note that in the second example (in Scheme 20} ona of
the products is from the Schiff base formed by ﬁ-naphthylamina and the aldehyde
dsrived from the solvent molecule RCHZCHZUH. Irradiation of benzalaniline in
conc.HZSﬂ4 yialded a mixture of phenanthridine and benzylanilinaaz. Another
successful attempt on the photocyclization of Schiff bases was by Natsume and

cuuorkarsaa dyring their synthesis of the antilsukemic activity bearing alkaloid

ungsramine 111.

(o) x
<0@ng 0CH3 —

109 a x=H
109 b X =By

H3

no m
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Howsvar, Gupta gt Ei?d Teported the failure of this reaction and hence resortad to
an alternative method uherpin the Schiff bass 109b was reduced with sodium boro-
hydride to give 112 which upon irradiatisan yielded 110, cyclization and oxidatiogn

taking place concomitantly.

¥

CH,—nNH OCH3

-
e

s O

Kassa:‘86 hed earlier ¢arrisd out this type of reaction in an pverall yield of 50%

in the following sequence (Scheme 21}.

OCH3 ‘ ' Hico
ot
—_——
H EH ==N HE NH
Hy Hg
/.

Scheme 21
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Rescently, Takae et 51,57 have accomplished a total synthesis of the alkaloid
macarpine 113, utilizing the photocyclization of the reduced Schiff base

(Scheme 22).
OCH3 QCH3

Schegme 22

Since there does not sesm to be any report on the successful photocyclization of
bgnzylidaneanilines in moderate yield for the method to be of any praparative
valus, we planned the synthesis of a series of Schiff bases with a halogen at the
orthg position of the aniline or aldehyde ring. The following anils 114-122 were
praparad*by simple condensation of the aromatic aldehyda and ths ariline at
argund 140°C . Compounds 114 to 122 gave satisfactory analytical and spectral
data. Compounds 114, 117 and 121 were subjected to photolysis using a low
pressurg lamp (254nm) fitted with a quartz filter. When methanol or benzens was
usad as solvent only the corresponding aldehydes coulq be obtained as products in
all the cases and this type of hydrolysis is élready knaunga. Additionally,
Schiff bases 117 and 119 were subjected to photochemical reaction using sunlight

as the radiation source the reactions being carried out in Pyrax as also in quartz

+ This work ferms parts of the theses submitted by B,Sunita, T.Sivakamasundari and
B.Premila to the University of Madras (Pachaiyappa's College, Madras) in Mey, 1387
in partial fulfilment of the M.5c. degres in Chemistry.
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vasselseg. Using methanol, hexane, acetone and acetons caontaining benzophenone as
solvents only traces of aldehydss could be isplated as products alang with the
starting matarials sven after two days. 7o our disappointment no phenanthridines

werg found to be farmed in any of the above experiments.

He— 114 R = CHq, X = L1
115 R = CHg, X = 81
R X 116 RR = =CH, = , X = Cl
H=——N
117 X = Cl1
118 X = Br
OH X —
Ha 11_?_)( =1
120 X = OCHg
H =—N
HL 121 X = H
122 X = C1

ha of
®
X

|

In the meantime, we had occasion to study the mass spactra of these Schiff
bases. Studies on the mass spectra of Schiff bases wers firet reported in 196690
whars simplo mode of fissions and rearrangements of substituted Schiff basss uare
the object of study. Skeletal rearrangémants of the typa (ABC)t_¢(AC)++B which
are common featurss of the §pectra of compounds having the general structura
Ar-A-Y-AT have also besn reported in the case of anils derived from aromatic
aldehydesg1. When an alkyl grouwp is present in the ortho position of the
aldghyde part of the Schiff base, C=N bond cleavage accompanied by a transfer of
ene and/or tue hydrogens to the nitrogen containing fragment is a common FaaturBQ%
When the Schiff bases derived from 2-hydroxy-S-methylbenzaldehyde were subjectad
to mass spectral studies a six-tentre H-transfer-Mclafferty rearrangsment, HEN
elimination from M" as well as from other fragments and formation of a benzi-

s 3
soxazole catiopn uere ubseruadg .
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SCHEME 23

—639—




—0v9—

Com- Fragments m/e (intensity %)
pound - -
M (m/a){%) 1 11 111 (] v VI
m e m e e e e e m e e e m e m e e e et e e C M m i m m m e e - e m m e . -
117 263(11 226(25) 262(27 138(15) 123(2) 150{46) 113(15
261(19 260{96 136(2) 11142
11 307&100) 226(59) 306{40 184(23 - 150(78) 157{39
30%(85) 304(26 182 (42 155(85
119 353{(100) 226(22) - - - 150(42) 203(18)
12 257(100) 226{15) 256(22) 134(9) 123(56) 150(33) 108(39)
(R=0CH4)
122 343(33) 226(17} 342 (41 1&0215; 203;123 231E1a * 113575
341{100) 340(76 138 (36 201{14 221 (11 111(36
339&86) 338(55;
123 307(24 226(32) 306(95 104(30) 203%8} 231%100)* 77{43)
305(81 304(93 201(8 229(98)
16 261{34) 224(25) 260(41 140215; 121(26) 147(7)* 113526;
259(100) 258(79 138(26 111(26
14 277(7) 239(6) 2?5%103 140%1; 137(5) 165{100)* 113€a)
275(20) 274(19 138{2 . 11113}
115 321(79 240{32) 320(58 184(26 137(32) 164{27 }* 157&32;
319(84 318 (47 182(37 155(37
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In the mass spectrum of Schiff base 123, the ion at m/e 180 (relative inten-
sity s%) could result from the formatisn of protonated phenanthridine. Howsver,

Elias and 6il111s”0 make no special mention of this Fragment.

—
~ PJ'+

H=—N —

OCHg
mfe 130

123

To aour delight and surprise we Found that sach one of tha Schiff bases
114-122 exhibitad a phenanthridine jon Ffragmeni of considerable intensity
{Schoma 23, Table 2). This naturally turned our attentinn to the espoch making
review article by Professor Kametaniga. in 1576, Profassor Kamstani proposed a
neu and effective synthatic design which he called "Raetro Mass Spectral Syrthesis".
This analysis is based on fragmentation processes in mass spectrometry and he
has synthesized 59Va£al kinds of natural products along the routes determined by
this method. He discovered this analysis for thas design of a synthatic route
from the following assumption: Since fragmentation in the mass spectrometer is a
chemical process that results in bond breaking, fragmentation of a compound is
sometimes very similar to chemical degradation reactions. Thess facts indicate
that some mass spectral fragmentations parallel chemical degradations and
therefore also parallel retro processes of synthstic reactions of organic
compounds. It is significant to point out in this review that ons of the very
first examples that Professar Kametani chose ta establish his thesis was the
synthesis of 1,2,3,4-Letrahydroisaguinolines from compounds which carrespond to
ion 125 and fragment 126 formed by metro-Uiels-ilder reaction of the molecular

ign 124. Ha considered the benzocyclobutesne 127 as tha chemical equivalent of
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+ —_— = CHga
~ « * |
CHy N CHg
121 125 126
<
™
127

ion 125, becauss banzocyclobutene 127 readily produces o-guinodimethane 125 on
heating. Reaction of 128 with the Schiff base 138, the synthon correspanding to
fragment 126, at 150-160°C afforded the 1,2,3,4=tstrahydroisoquinoline 131 in bath

regin and stereselective manner by cycloaddition of the o-quinodimethans 123 to

the Schiff base.

N
HaCO_ 2 | AN A H{CO =
—_—
x
HCO™ X HE
128 129
Ha CN CIC'%
o .
NCH, C¢H H N
267s \Yn1306ﬂ5
130 131
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This has inspired in us the hope, yet unrealized, that under suitabls tharmal
or photolytic conditions, 1t should be possible to prepare phenanthridines from
all the Schiff bases we have prepared.

This brings us to the geometrical requirements at the excited state of the
anils for the photocyclization to occurx.

The ultraviolet spectral behaviour of a molecule is a rather sensitive
function of the molecular conformation whieh to a very good approximation can be
described by a single molecular parameter, the rotation of the plane of the
phenyl ring about the N-C bond in the case of Schiff bases.

Spectral investigations into the cause of the marked dissimilarity betwaan

the UV spectra of benzylidensaniline 132 and the isocelectronic analogues trans

z=
=&

32 JEE 134

.stilbens 133 and trans azobaenzene 13495'100

led to the conclusion that the
differsnce was due to the non-planarjty of 1327 133 and 134 being sarliaer
established as nearly planar molecules' 011102,

Indeed, crystal and molecular structurs determinations of benzylideneaniline

103,104

and substituted banzylideneanilines by Blirgi and Dunitz on tha one hand

105 on the pther verified that thesa molecules exhibited a tuist

and Bernstein
of the aniline ring out of tha C~N = C-C plane by 41-55° with a smaller and
opposite twist of the benzylidens ring by 10%. This is represented in the
following diagram. Since the crystal reflectance UV spectra sre similar to the
soluytipn spectra it seems likely that the stable conformations of the fres
molecule are not too different from those occulring in the crystalline state' 03,
Hencs an investigation of the ultraviolet spectra of the Schiff bases
114-122 was undertaken and compared with the spectra of benzylidensaniline in

order to gain an insight into the molecular conformation of these Schiff bases,
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The results are given in Table 3.

-/ H

C $:=30

it

=

aniline ring

plane of C-N-C-C
10*

Benzylidene ring

An inspectiun.af the table indicates that in almast all cases there is a
hypsochromic shift (of the band near 310nm} in hexane when compared to the spectra
in ethanaol, This shows that ths excited state of these Schiff bases is more polar
than the ground state. In the case of phenolic Schiff bases addition of dilute
acid causes a bathochromic shift of the bapd near 310nm while the band near 285nm

undergoss a hypsachromic shift. However, the extent of bathochromic shift

cl-l::l}l

L

Figure 1
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Table 3.

UV Spectral Data of Schiff bases 55-64 in various solvents

A Valuss in nm and Extinction coefficients € are given in parenthssis

—G¥y9—

Com-
pound Ethanol Ethanol-H50 Hexane Con.H,ST,
132 310,262 282,248 308 335,275
- (14770 26064) (1592,17740) (3330} {18959,3620)
14 320,280,235 308,275,230 320,280 380,245
- (14357 12520 16237) (8216 9781 +15356) (1322& 13224) {11842,5000)
115 320,282,232 310,275,230 318,280 383,243
- (18268 15658 »20318) (10439 12303 ,20878) (18892 18724) (21311 7987)
16 325,280,235 315,275,232 320,276 395,245
) (6723 4719 8139} (3779 3067 »7313) (1811a 15476) {17897,5369)
11 315,285,278 345,265,218 355,310,282 352,230
(14033 14176 24223) {3028,11010,23948) (4032 B164 10295) (21471,10460)
11 315,285,228 343,265,220 360(sh),315,282 352,228
(12371 14007,22903) (3215 10789,24228) (3060, 6226,8721) (21420,11580)
i1 320{sh}),288,255,225 345,265,220 315,285 340(sh },233
(13700, 13&10 10667 34290) (3850 13980 32950) (1?650 29520) {14810, 15740)
120 340,276,225{sh) 345,268,220 360,335,280 365,340(sh},233
(10499 9515 20177) (3281 13125 26739) (11282 14417 16568) (28421 24188,31445)
21 358,290,240 325,285,242 328,292 308,348,248
(asau 2504 3388) (233? 300a 53&1) (11127 12055} (15450 11657 ,8160)
12 335,290,240 325,285,242 325,285 405,350,250

(12075,12667,17570)

(5901, 1b215 18926)

(15436,19749)

(49030,%8842,31220)

PR&L C ON TE 12A 'STIDADOYILIM



(of the band near 310nm) is mare when the phenol is prtho to the —CH=N position
than when the phenol is in the para position. This is probably due to intra-
molecular hydrogen bonding batwesn the phenolic hydrogen and nitrogen as shouwn

in figure 1. The PMR spactra of compounds 117-12D0 support the intramolecular
hydrogen bonding where the phenolic hydrogen appears around $13.00. Yhen con-
centrated sulfuric acid was used as solvent the band around 31Cnm shifted very
much to longer wavelangths and the band near 285nm digappeared completely.

Dunitz and BUrgi attempted to correlate the structures of benzylideneanilires

103 106

with their UV spectra but they did not get very far in thaeir attempts « Thay

also dealt with the competing rales of T electrom energy and non-bonded inter-
actions influencing the molecular conformation' U4, In view of Ounitz's experimcs,
perhaps the correlation of UV and structure (conformatien) could be possible only if
the X-ray crystallographic structure of the concerned Schiff base is established.
Among the Schiff bases that we have studied, at least the X-ray structures of
115, 120, 121 and 122 would not only be helpful in correlating their UV spectra
and structure but also would explain why irradiation of thase Schiff bases failed
to produce the respective phenanthridines.

In a different kind of photochemical reaction where stringent conformational

requirements are not needed, Grellmann and Tauar107'108

studied the photochemical
cyclizatione of benzylidensanilines substituted in the ortho position of the
aniline ring. Benzylidens-o-hydroxyaniline (1222)- benzylidene-o-mercaptoaniline
{1350} and benzylidene-g-aminosaniline (135c) were photocyclized to the respsctive
2~phenylbenzoxazole {137a}, 2-phenylbenzothiazole (137b) and 2-phenylbenzimida-
zole (137g¢). The reaction depended on the nature of the solvent used. The
mercapto (135b) and amino (135c)} derivatives yielded in hexane and in ethanol
solutions the corresponding azoles whereas the hydroxy derivative (135a) phato-
hydralyzed in ethanol into o-hydroxyaniline and benzaldehyde, but in aprotic
solvents gave the cyclized reaction products.

In spite of the similarity of the final products the reaction pathuays af
the three compounds differ substantially. B8anzylidens-o-hydroxyaniline {135s)
absorbs two photon of energy for the cyclization and oxidation to 137a via

136a (Ychems 24),
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N == H
OH 0

1354 136 @
fn

Schema 24

[0

However, benzylidans-o-mercaptoaniltine (1356} exists only in the thiazoline

form {136b) which upon irradiation in the presence of oxygen yielded the thiazole

(1376) (Scheme 25).

Tharmal
0 === (0~
SH S

1351 136 b
hy

[odl

137 b

——l

Schema 25
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Interestingly, ih the case of benzylidena-o-aminoaniline (135c) only one

photon of energy is required for the conversion to 2-phenylimidazole {137c). Here

2-phenylimidazoline {136c) is proposed only as a possible intermediate (Scheme 26).

H
N—=—=cCH -
= 10
NHq, tj

135¢ 136¢c

(c2]

—Z

Scheme 26

Schiff bases derived from ketones and ertho hydroxyenilines are converted
into benzoxazoles by the absorption of just one photon, but only in the presence
of oxygen and only if the aliphatic residue R! of the N=C(H1R2) bridgge contains

at least two carbon atoms {(Scheme 27)108.

{@ .
gR® o

o | + RCHO + Hg0

R = CHy , CzHs, CgHs

Scheme 27
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109
Balasubramanian attempted photocyclization of N-arylimines 338 derived

from 4-chloro-3-formyl-{2H)=banzepyrans and benzothiopyrans with the hope of

synthesizing 139 but surprisingly endad up with the isolation of 140,

. /////,/#”/r
P 132
d o § \ ’ |
‘ ¥ =0o0rS R 'Jl N
138
R
140

The photochemical transformation of 138 to 140 clearly involves a number of steps
and may proceed sithar through the intermediacy of the enamino-imine 141 arising
by a disproportionation of 138 or through the 4-enilino-3-formyl derivative 142
as shown in Scheme 28,

10 has studied the features of excited-state reactions

Recently, Mariano
proceeding by single aelectron transfer pathways using examples taken from recant
studies with iminium and related N-hetercaromatic salts. He has observed that in
the case of iminium salts, slectron-transfer-induced photochemical processes

appear to reprasent reasgnably versatile C-C bond-forming mesthods that can be

applied to the synthesis of heterpcyclic ring systems.

This brings us to the observation of Professor Padua76 in 1977 regarding the
photochemical behaviour of Schiff bases: "It is obvious that a great deal mare
quantitative woerk will be necessary before the nature of these reactions can be
fully understood and generalized. Ths identification of the oxcited states
involved, substituent effects and guantum yields must be datermined bafore a full

understanding of this area can bs accomplished. It is also apparaent that the

— 649 —




t fw | Hcl
cl 'y MeOH N

X
s 49
~H
NH Hel ————

Schame 28

reactions in this fisld are so rich in variation that the photochemistry of this

chromophore will remain intriguing and provide further challaengs to the experi-

mentalists as well as the theoretical chemists for a long time to coms".
Professor P.S.Mariang echoes the same theme, in 1983, in his Accaun€10 on

glectron-transfer mechanisms in photochemical transgformations of iminium salts.

Thus the Schiff base chemistry provides a challenging field of investigation to

Theoretical Organic Chemists, X-ray Crystallographers and Syntheatic Organic

Chemists.
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