
726 J.C.S. Yerkin I 

Diazepines. Part 25.' Preparation and Properties of 6-Aryl-2,3-dihydro- 
1,4-diazepinium Salts. Electronic Interaction between the Rings and 
Steric Inhibit ion thereof 
By Douglas Lloyd and Kanwalj i t  S. Tucker, Department of Chemistry, Purdie Building, University of St. 

Donald R. Marshall, School of Physical and Molecular Sciences, University College of North Wales, Bangor, 
Andrews, St. Andrews, Fife KY16 9ST 
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A variety of 6-aryldihydrodiazepinium salts (including also 6-biphenyl-4-yl, 6-a-naphthy1, and 6-N-pyridyl) has 
been prepared, mostly by reactions of 1,2-diamines with 3-aryl-l,5-diazapentadienium salts. The electron-rich di- 
hydrodiazepinium cation activates the 6-aryl su bstituent towards electrophilic attack, and halogenation and nitration 
take place at the p-position. Substituents vicinal to the ring junction in either the six- or seven-membered rings 
inhibit this reactivity, presumably by preventing coplanarity of the two rings ; the 13C n.m.r. spectra of these vicinally 
substituted compounds also show the lowered electronic interactions between the rings. NN'- Diphenyl and NN'- 
dibenzyl substituents also inhibit electrophilic substitution in the 6-phenyl ring. Solution in deuteriosulphuric 
acid generates a stable radical species. Nucleophiles (monoamines, diamines, sodium hydroxide) attack the 5- 
and 7-positions of the diazepine ring. The 13C n.m.r. and mass spectra of these compounds are discussed. 

'L,%-L)IHY I)RO-I,4-DIAZEPINIUM salts colnmonly undergo 
a variety of reactions, with electrophiles and nucleo- 
philes, a t  the 6-positi0n.~ 6-Aryldihydrodiazepinium 
salts (1) have been little studied and it seemed worth- 
while to investigate the interactions between the di- 
liydrodiazepinium ring and attached aryl groups. 

R' 
/N% 

( 1  1 Ar = A r y l  

I'repavatiovt.-'l'he most usual method of preparation, 
exemplified in the Scheme, started from an arylacetic 
acid, which was first converted into a 3-arylvinamidinium 
salt,3 e.g. (2), by means of a Vilsmeier reaction; this salt 
in turn reacted with ethylenediamine, or derivatives 
thereof, to provide a dihydrodiazepinium salt. By this 
method a variety of 6-aryl derivatives was obtained, for 
the most part in high yield. (For a detailed list see the 
Experimental section.) The method was also extended 
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to provide a number of 6-biphenyl-4-y1, 6-a-naphthyl, 
6-P-naphthyl, and 6-N-pvridyl derivatives. 

Preparation of dihydrodiazepinium salts from NN'-  
tliplienylvinamidinium salts required high-dilution con- 
ditions but when dimethylamine replaced aniline or 
diphenylamine as the leaving group, as in the Schcme, no 
such conditions were necessary. The necessity for high- 
dilution conditions was attributed to the large differ- 
ence in the rates of substitution of the first and second 
arylamine groups from A;"-diphenylvinamidinium 
salts4 Despite the ease of cyclisation with the present 
tetramethylvinamidinium salts, there still remains a 
difference in the ease of substitution of the first and 
second amine groups. When the 3-phenylvinamidinium 
salt (2) or its 3-fi-tolyl analogue was treated with two 
equivalents of piperidine in methanol only one piperidine 
group was introduced. Displacement of both dimethyl- 
aitiine groups by piperidine in methanol required a large 
excess of piperidine and a long period of heating. Even 
under these conditions the 3-o-tolyl analogue underwent 
only monosubstitution by piperidine, possibly for steric 
reasons. Replacement of methanol by acetonitrile as 
solvent enabled both dimethylamine groups of (2) and 
of its 3-a- or 3-P-naphthyl analogues to be substituted by 
using only two equivalents of piperidine, but prolonged 
heating was again required. 

Steric hindrance also apparently prevented formation 
()f either 1,4-die t h yl-6- p hen yl- or 2,2,3,3- t et rame t hyl-6- 
phenyl-dihydrodiazepiniuin salts from the vinamidinium 
salt (2). 

The preparation of dihydrodiazepinium salts from 
iZ"'-diphenylvinaniiidinium salts has also been modified 
by first passing ammonia through a solution of the latter, 
followed by addition of ethylenediamine or its deriv- 
a t i v e ~ . ~  €317 using this method it proved possible to 
obtain the 6-o-tolyl-, 1 ,d-diethyl-6-phenyl-, 1,4,5-tri- 
r m  et hyl-6-phenyl-, and 2,2,3,3- t e t rame t hyl-6-phen yl-di- 
liytlrodiazepinium salts from (2) or its analogues, all 
being unobtainable from the corresponding vinamidinium 
salts by the direct route. Also prepared by this method 
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were 6-p1ieiiyI, ,‘,-iiictliyl-(i-plienyl, aiid 1 ,fi-dirnethyl-(i- 
phenyl derivatives. ‘The formation of tlie latter salt, as 
indicated by the lack o f  coupling of the 7-H signal with 
NH in the n.m.r. spectrum, rather than the alternative 
possibility, the 1 ,7 -d in i e t l i y l -6 -~~ l i~n~ l  derivative, is pre- 
sumably due to tlic greater crowding which would be 
introduced in forniation of the 1,7-dimetliyl isomer. 

The vinaniidiniuni salt ( 3 ) ,  from wliicli thc I ,5-di- 
~ n e t h ~ l - C i - ~ ~ l i e ~ i y l d i ~ i ~ ~ l r ~ ~ ~ l i a z ~ ~ ~ i ~ i i ~ i i ~ i  salt was obtainccl, 

work the 1,4-diniethyldiliydrodiazepinium salts did not 
react with etliylencdiamine, aiid no reactions took place 
between the 6-plienyl salt (8 )  and 1,2-diamino-2-methyl- 
propanc or between the 5-met hyl-6-phenyldihvdrodiaze- 
pinium salt and N~V’-dirnethylethylenediamint.. 

Ekctrophilic Suhstitutioit: Bror~tiizatiout.--nihydro- 
tliazepiniuni salts unsubstituted at  the 6-position readily 
undergo bromination at  that site 6 7 7  and, indeed, some 
6-substitutcd derivatives are also attacked by bromine 
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was pr(pu-c(l by an altc.rnati\.e metliotl, froin tlie (5- 
chloroacrylaldeliyde (Q), itself obtained by a Vilsmt.ier 
reaction on plienylacetone. ,in attempted preparation 
of the %ethyl analogue of (3) provided instead a 2-benzyl- 
3-methylvinamidiniuni salt (5), indicating that the pre- 
cursor acrylaldehyde was (6).  The latter was obtained 
by means of a Vilsmeier reaction on 1-phenylbutan-2- 
one; reaction obviously takes place preferably a t  tlie 3- 
carbon atom of this ketone rather than at tlie benzyl 
methylene group, as expected. The salt (5) in turn 
provided a 5-be1izyl-6-1netliyldiliydrodiaze~>iniu1~i salt. 

1,4,6-Triaryldiliydrodiazepiniuni salts (7) could not be 
obtained by reaction of 1,2-diaryldianiines with 3-aryl- 
\.inamidinium salts either directly, or by the ammonia 
method. In these cases the salts (7a--f) were prepared 
from the sodium salts o f  the appropriate arylmalonaldc- 
liydes by addition of methanolic perchloric acid followed 
by the diaminc. 1,6-Diphenyl- and 6-p-nitrophenyl-I- 
~)hciiyl-diliyclrutliaze~)iniiim salts were also obtained 
similarly. 

Ar ’ ( a )  Ar’  = A r 2  = Ph 
( b l  Ar’  = p - M e O C 6 H L ,  A r 2  = Ph 

( c  1 A r ’  = Ph, Ar * = p - MeOCbHL 

( d )  Ar ’  = A r 2  = p - M e O C 6 H L  

( e )  A r ’  = Ph, A r 2  = p - 02NC6H, 
( f 1 Ar ’  = Ph, A r 2  = a - naphthy l  

(:>A. c \  0, 
Ar ‘ 
( 7 )  

A series of 1,4-dirnethyl-Ci-aryldiliy~rodiazeI>ini 
halts (aryl == plicnyl, b-tolyl, a-naplitliyl, p-naphthyl, 
biphenyl-4-yl) was prepared by a transdiazepination 
reaction of ~7C”’-dimetliylethylenediamine on the cor- 
responding NN’-unsubstituted dihydrodiazepinium 
salts. Previous experience had indicated that this 
reaction was not of general application and, in par- 
ticular, steric factors seem to interfere. In the present 

at  t 11 c t i -  1 )( )b i t io n . \\’ I ic‘ land- t y ~ ~ e  i n t e rnicd i a t ~ $ 5  c;tii lx> 
fornietl by clectroyhilic attack at tlie 6-, but not a t  the 
5- and 7-positions; this &site is also shown by n.m.r. 
spcctra to bc intrinsically electron-rich.1° l 2  I t  seemed 

H H 

H cro; 
( 8 )  

+-ti+ 

H 
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1)ossil)lc tliat sticli reactii*it)r might be transiiiittecl to tlic 
)-position of a ti-plienyl group ; l1 other workers had 
also considered this possibility on the basis of n.1ii.r. 
spectra. l2 

The 6-phenyl derivative (8) reacts readily with bromine 
in methanol a t  room temperature to give a good yield of 
the 6-13-bromophenyl compound (lo), reaction pre- 
sumably proceeding via a dication intermediate (9). 
Various substituted derivatives of (8) (1-methyl, 1,4- 
dime tliyl, 1,4-diet hyl, 2-me t hyl, 2,2-dimethyl, 2,3- te t ra- 
methylene) reacted similarly. This result naively sug- 
gests the unusual feature of activated substitution at  the 
p-position of a benzene ring by an ’onium group, but the 
present ’onium group is in fact an electron-rich species. 
The reactivity of 6-phenyl substituents may be con- 
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trasted with the unreactivity towards electrophiles of 
5- and 7-phenyl ~ubs t i tuents .~  

The assumed mechanism demands coplanarity of the 
dihydrodiazepinium and benzene rings. This could be 
sterically hindered by o-substituents and, in accord with 
supposition, the 6-o-tolyl- and 5-methyl-6-phenyl-di- 
hydrodiazepinium cations are not attacked by bromine. 
This steric effect is also evident from 13C n.ni.r. spectra 
(see below). 

Substituents a t  the p-position of the 6-phenyl group 
also inhibit reaction ; thus the 6-~-methoxyphenyl and 
ti-fi-tolvl analogues o f  (8) are unattacked by bromine. 
The o-positions of the phenyl groups are sterically 
hindered whilst attack at  the nz-positions, which could 
he activated by tlic b-inethyl or niethoxy groups, would 
produce intermediates such as (1  1) which could be de- 
stabilisecl by interaction between the neighbouring 
positively cliarged sys tenis. 

H 

111 1 

6- a- and 6- fi-Napht hyl cleriva t ives wcrc also t)roniin- 
ated readily, in the case of the a-naphthyl derivative 
presumably at  the 4'-position, this being the usual 
favoured site for further substitution of naphthalenes 
already substituted a t  the 1-position by electron- 
donating substituents.13 13C N.1n.r. spectra are in 
accord. The signal which is most shifted on bromin- 
ation is the naphthalene signal which occurs a t  highest 
field ( 6  225.43) in the unbrominated molecule, and which 
is likely to represent the 4'-carbon atom.13 This signal 
shifts to 6 121.58 in the brominated compound and its 
relative intensity is also lowered. The site of bromin- 
ation of the P-naplithyl derivative remains unassigned. 

The 6-(biphenyl-4-yl)dihydrodiazepinium cation was 
not substituted by bromine. Presumably in this case 
formation of a Wheland-type intermediate is inhibited in 
that it involves the loss of delocalisation energy of two 
benzene rings and the dihydrodiazepinium system. 

1,4-Diplienylclihydrodiazepinium salts have been 
brominated both a t  the 6-position of the diazepine 
ring 7 y 1 4  and in the phenyl groups.7 Surprisingly the 
1,4,6-triphenyldihydrodiazepinium salt (7a) was un- 
reactive towards bromine. Possibly with three sub- 
stituent phenyl groups, tl LC nucleophilic electrons that 
are present in excess are now too thinly spread, or their 
conjugation into the phenyl groups is sterically hindered 
because of buttressing interactions involving the phenyl 
groups and the intervening 5,7-hydrogen atoms. Cor- 
respondingly, the 13C n.m.r. spectra (see below) indicate 
a lowered electron density in the 6-phenyl ring in these 
cases. The 1,6-diphenyl and 1,4-dibenzyl-6-phenyl 
derivatives also did not react with bromine; the latter 
case is surprising since its 1,4-dimethyl- and 1,4-diethyl- 

6-phenyl analogues reacted readily ; the reason for this 
is not clear. That there may be electronic interaction 
between the benzyl groups and the dihydrodiazepinium 
ring is indicated by the enhanced molar absorptivity 
when benzyl groups replace hydrogen atoms or methyl 
groups at  the 1- and 4-positions. 

1,4-Bis-P-me t hoxyphen yldihydrodiazepinium per- 
chlorate undergoes only monobromination, a t  the 6- 
position, cvcn with 3 equivalents of bromine. Unlike 
its triphenyl analogue, 1,4-bis-+-methoxypheny1-6- 
phenyldihydrodiazepinium perchlorate is also bromin- 
ated, at the p-position of the 6-phenyl group. Pre- 
sumably the methoxyphenyl groups increase the nucleo- 
philicity of this cation vis-a-vis its triphenyl analogue. 
However the 6-~-methoxyphenyl-l,4-diphenyl analogue 
is again unattacked by bromine. 

I t  was also found that the open-chain 3-phenylvin- 
amidiniuni salt (2) is unattacked by bromine. This dif- 
ference from the cyclic compound (8) may reflect the 
much greater rigidity of (8),  which could assist the process 
of elect rophilic substitution. 

Rcact ions with N- Halogenosuccinimides .--ti- U nsu b- 
st ituted dihydrodiazepiniuni salts are halogenated at  the 
6-position by N-chloro-, N- bromo-, or N-iodo-suc- 
~ i n i m i d e . ~ . ~  The 6-phenyl compound (8), and its 2- 
methyl derivative, were brominated and iodinated at  the 
/>-position of the phenyl ring by the appropriate N -  
halogenosuccinimide, but did not react with AT-chloro- 
succinirnide. The 1,4-dimethyl-6-phenyl derivative (1 ; 
Ar = Ph, R1 = R4 = Me) reacted with N-bromosuc- 
cinimide but not with N-iodosuccinimide; the 2,2- 
dimethyl-6-phenyl-substituted salt reacted with N -  
iodosuccinimide but was recovered unchanged after 
being heated with N- bromosuccinirnide. 

Nitration.-6-Unsubstituted dihydrodiazepinium salts 
have been nitrated a t  the ti-position, using either nitric 
acid-sulphuric acid mixtures 15*16 or nitric acid (83%) 
alone.16 The 6-phenyldihydrodiazepinium salt (8)  was 
readily nitrated at  the p-position of the phenyl ring in 
cold diluted nitric acid. This ease of nitration again 
emphasises the electron-donating and activating charac- 
ter of a 6-dihydrodiazepinium substituent on a benzene 
ring. Under identical conditions the 1-methyl, 2- 
methyl, and 1,4-dimethyl derivatives of (8) provided p -  
nitrobenzoic acid. I n  these cases nitration has pre- 
sumably been followed by acid hydrolysis of the scven- 
membered ring and oxidation of the resultant p-nitro- 
phenylmalonaldehyde. Nitration must have preceded 
hydrolysis and oxidation both because the product was 
p -  rather than In-substituted and since benzoic acid 
would not itself have been nitrated in these dilute-acid 
conditions. An attempted nitration of the 3-phenyl- 
vinamidinium salt (2) also provided 9-nitrobenzoic acid, 
again suggesting initial nitration of this salt, prior to 
hydrolysis. 

Attempted Reduction of a 6-p-Nitrophenyldihyd~odiaze- 
piniurn Salt. -6-N i t ro-subs t ituen ts on di hydrodiazepin- 
ium rings may be reduced without affecting the dihydro- 
diazepinium system.l6? l7 In one experiment the 6-$- 
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nitroplten~ldiliyclrorliaze piniuni cat ion wab reduced to its 
Ci-~-aniinoplien\il analogue by ltydrazine livclrate and 
r)alladiuni-cliarcoal, but rcpmted further attempts failed 
to h i n g  about reduction. Addition of acid to the b- 
an 1 in o pl 1 en y1 c om poi1 n tl c aus ed a h \ p o  c 11 rom ic s h i f t in 
its ii.\'. spectrum (from 270 and 385 nin to 240 and 300 
nm), as is shown by Ci-aminodihydrodiazel,iniuni salts," 
and wliicli wab relrerscd on addition of alkali. The 
amino-groul) was also acetylated. 

Reaction with Sidfihzwic A cid.-The ti-pltenyl-sub- 
stituted salt (8) dissolved in concentrated sulphuric acid 
to give an intensely blue solution. Lsx. spectroscopy 
indicated that radicals or radical ions were formed. I t  
seems likely that radical formation is associated with 
interaction between the phenyl and dihydrodiazepinium 
rings because A-unsubstituted dihydrodiazepinium salts 
do not behave i n  this way. The radicals or radical ions 
which are formed must be fairly stable, for e.s.r. spectra 
showed that they were still present after 24 h, and the 
U.V. spectrum stayed almost unchanged in this time. 
The salt (8) could be recovered from these acid solutions. 
The blue colour persisted for nearly 4 days. Further 
confirmation that a radical species is generated comes 
from the lH n.m.r. spectrum of (8) recorded in deuterio- 
sulphuric acid. After ca. 45 min all the signals were 
broadened and the aryl and 5,7-signals totally dis- 
appeared after about 75 min. The 6-p-tolyl analogue of 
(8) gave a similar blue solution in sulphuric acid. 
Radical ions have been postulated as products of electro- 
oxidation of some pyrrolodiazepines.l* 

Reactiort with NucZeo~hiles.-5,7-Unsubstituted di- 
hydrodiazepinium salts react with nucleophiles to 
displace atoms 1-4 of the ring5 As discussed earlier 
in this paper, this type of reactivity has been utilised 
to convert 6-aryldiliydrodiazepinium salts into their 
"'-dimethyl derivatives. The 6-phenyl compound 
(8) was also attacked by piperidine in methanol to give a 
complex mixture of products containing no diazepine. 

6-Bromodihydrodiazepinium salts react readily with 
nucleopliiles wit11 displacement of the bromine atom 
either by the nucleophile or by a hydrogen atom.2 In 
contrast the 6-p-bromophenyl analogue did not react with 
sodium nwthoxitle. This difference is entirely reason- 
able for in this case tlic bromine atom is f iwa to an 
electron-donating substituent, while formation of tlie 
alternative tautomcr (12), corresponding to the postu- 
lated intermediatc in  reactions of Ci-bromo-deri\ratives, 
is unlikely to contribute since it involves loss of the 
delocalisation ciiergy of both rings. 

H 

(12) 

H~$iwl_ttsis. - 1 l e  6-plienyl deri\.ative (8) is resistant to 
concentrated hydrochloric acid, but alkaline hydrolysis 
of this compound provided the sodium salt of phenyl- 

iiialonalcleliyde, reaction presumably proceeding by 
nuclcophilic attack on tlie 6- and 7-positions. The 6-c~- 
naplithyl analogue of (8) was hydrolysed siniilarly in 
a1l;aline conditions. I t  is possible that in these cases 
tlic species involved in the hydrolysis is the alternati1.e 
tautomeric form (13). The products were identified by 
conversion in to 6-aryl- 1,4-diplieiiyldiliydrodiazel,iniunr 
salts by rcnction witli 1,2-dianilinoctliane. This reagent 
docs not convert tlie initial 6-aryldiliydrodiazcpiniuni 

H 

(13 1 

salts into their 1,4-diphenyl analogues in a transdiazepin- 
ation reaction as described earlier in this paper, but does 
react with 3-arylmalonaldehydes. 

6-N-Yyridyldihydrodiaz~pirtium Diperchlorate (15) in 
Base.-When the 3-N-pyridylvinamidinium salt (14) 
reacted with ethylenediamine the isolated product was 
the dihydrodiazepinium diperchlorate (15). Treatment 

.*I 1 

117) 

OQ - 
C I  N- 

(161 0; 

of this compound with 1 molar equivalent of potassium 
hydroxide in methanol caused a change in the position of 
the U.V. maxima from 268, 328, 340sh nm [for (15)] to 
265, 322, 355sh nm. This change was reversed by 
addition of perchloric acid. It is assumed that the 
change is due to the formation of the monocation (16). 
Addition of water precipitated a pale yellow compound, 
whose elemental analysis supported this structure but 
indicated that it still contained some dication (15). 
Addition of further methanolic potassium hydroxide 
provided a purple-red solution which may contain the 
pyridinium ylide (17). The new species was very un- 
stable however, and all attempts to isolate i t  provided 
only polymeric material. Its mode of formation, 
colour, and instability are all consistent with the sug- 
gested ylide structure. When it was generated in the 
presence of 2,4-dinitrobenzaldehyde no tractable pro- 
ducts could be isolated. 

13C N.9n.r. Sfiectra.-As for other dihydrodiazepinium 
salts," the most striking feature of the 13C n.m.r. spectra 
of the 6-phenyl derivatives is the large difference in 
chemical shift between the signals for the 6-C ( 6  ca. 105 
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p.p.ni.) and fi,7-C (8 ca. 100 p.p.ni.), sliowing the altcrnat- 
ing polarity in the vinamidinium chain. The effect of 
the 6-phenyl substituent oii the shift for the 6-C is very 
similar to that caused in bis-phenyl derivatives ie.g. 
(1; Ar = R1 = R4 = H) 88.01 p.p.m., (1; Ar = Ph, 
R1 = R4 = H) 102.68 p.p.m.1. A similar alternation is 
seen in the open-chain vinamidinium salts, 6.g. ( 2 ) ,  2-C, 

Conjugative interaction between the diliydrodiazepin- 
ium system and its 6-phenyl substituent is necessarily 
into the benzene ring, and the p-position of the phenyl 
group becomes rather e1ectron-rich.l0 This is shown by 
13C n.m.r. spectra,ll and is reflected in the electrophilic 
reactivity a t  this site. In the latter connexion it was 
shown (see above) that this reactivity is prevented either 
by steric factors forcing the two rings out of coplanarity, 
or by further phenyl substitution a t  the 1,4-positions, 
which spreads out the electron distribution. Both of 
these factors are also reflected in the 13C n.m.r. spectra. 
Introduction of a vicinal methyl group a t  C-5 lowers tlie 
value for [8(nz) - 8($)] in the benzene ring froni 2.48 to 
1.28. In the case of the 6-o-tolyl compound (1 ; Ar = o- 
tolyl, R1 = R4 = H) it was not possible to assign all the 
phenyl resonances with certainty, but whereas its aryl 
CH signals occur in the range 127.09-131.97, the aryl 
CH signals for its 6-phenyl analogue occur in the range 
126.17-128.66. The effect of introducing extra phenyl 
groups a t  the 1,4-positions is shown in the decrease of 
[ ~ ( w z )  - S($)], vix. 6-phenyl, 2.49, 1,6-diphenyl, 2.04, 
1,4,6-triphenyl, 1.28. 

Mass S$ectrn.-The mass spectra of dihvdrotli- 
azepinium salts are most conveniently investigated by 
conversion of the salts into iodides.lg As for their 6- 
unsubstituted analogues,19 the most intense peak of tlie 
molecular ion cluster for the 6-aryl derivatives is usually 
that of the related base. Also like their 6-unsubstituted 
analogues, 6-aryldihydrodiazepiniuin salts showed, in 
general, peaks of low intensity a t  nz/e corresponding to 
the molecular ion of the cation, but this is most likely to 
represent the 13C-isotope peak of the related base.lY 
Thus thermal dissociation of the salt, where possible, 
would appear to precede electron bombardment. Ex- 
ceptional cases where large molecular-ion peaks corre- 
sponding to  the cations were observed were those of the 
5-methyl-6-phenyl and 2,2,3,3-tetramethyl derivatives 
(73% and 85% intensity peaks respectively). These are 
the first recorded examples of dihydrodiazepinium salts 
providing true molecular ion peaks. 

As found previously, both for 6-unsubstituted di- 
hydrodiazepinium salts l9 and for dihydrodiazepines,20 
the major fragmentation process, which is confirmed by 
the observation of metastable peaks, was the elimination 
of the N(l)-C(2) fragment, leaving an ion such as (18) 

162.91 p.p.ni., 3-C, 105.15 p.p.m. 

(18) 

1 from (8 )  1 .  'Tliis spwics ubually provides the lxisc peak. 
lon (113) breaks down further, typically to give peaks 
corresponding to the phenylcyclopropenium cation 
(450/,), [C,H,]+ (22(yo) and phenyl (67%). A large peak 
corresponding to [PhC=CHl+* (60%) was also observed 
in this spectrum. For the 6-aryl compounds, as for their 
Gunsubstituted analogues,19 Me,C=N' is lost preferenti- 
ally to H,C=N' from 2,2-climethyl derivatives. 

Two cases worthy of cominent are those of the 1,4,6- 
t rimet hyl-6-phenyl and 2,3- tetra rnethylencx-6-plienyl 
derivatives. Peaks a t  nz/c 213 (30%) and 198 (lOOyo) 
from the former are attributed to ions (19) and (20). 

Me Me 

Me Me 

(19 1 

m /e 

Loss ol a methyl group from 

Me 

(20) 

28 - nph F- MeCN N' Me 
+. 

(21 1 

lie 4- rather than from thc 
1-position seems more likely because the 4-substituent is 
the more crowded of the two. Some support for this 
comes from a peak at  nz/e 169 (32%) which is attributed 
to the pyridinium ion (21), and which in turn loses methyl 
cyanide. This is formed from an N-demethylatecl di- 
hydrodiazepine (cf. ref. 19), demethylation having oc- 
curred a t  the 4-position. Had the initial loss of a methyl 
group been from N (1) , 4-metliyl-3-phenylpyridine would 
have resulted rather than (21), and this would lose HCN 
rather than MeCN. There is a report of the thermal 
conversion of a diliyclrodiazeyiIie into a pyridine, with 
concomitant loss of 

A 2,3-tetrametliylenetlihydrodiazepinium ion cannot 
readily lose the preferred N(  1)-C(2) fragment. A peak 

( 2 2 1  

a t  m / c  156 (45(2:)) is attributed to the pyrirniditiiuni 
cation (22). A similar fragmentation lias been recorded 
for 5,7-dime t li yl- and 5,7 -diplie n y l-2,3- t e t rame t hylcnc- 
dih ydrodiaze pin ium cat ions. l9 

EX PE RIME N T A L 

Electronic spectra were rccortled for solutions o f  analy- 
tical sainplcs in nictlianol, and i.r. spectra for Nujol niulls, 
unless otherwise stated. N .in.r. spectra were recorded 
using 10% solutions, IH n.ni.r. spectra a t  100 MHz and l3C: 
n.m.r. spectra at 20 MHz. 
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3-Aryl- 1 , l  ,5,5-tetramet/i~yZ- 1H- 1,S-dinzaPe~itadieniztnz 

Perchlorates (2) .--1'hosphoryl chloride (0.3 mol) was added 
to  stirred, cooled diniethylforniamide (0.5 niol), followed 
by the appropriate arylacetic acid (0.1 mol). iVlien any 
esothermic reaction had ceased, the mixture was heated 
and stirred at 80-90 "C until carbon dioxide was no longer 
evolved (t3-6 11). The cooled reaction mixture was mixed 
with ice (LOO g), a n d  the aqueous mixture was shaken with 
a. small amount o f  charcoal and then filtered. Socliuin 
perchlorate (14 x) was atltletl to  the filtrate. The cliaza- 
yentadienium p rclilorate crystallised out and was filtered 
off and waslied \\.it11 a small amount of aqueous sodium 
perchlorate. By this nieaiis the following salts were pre- 
pared: 3-phenyl 22 (66%), 5-p-nitrophenyl 23 (72o,b), 3-p- 
hvomophenjfl (60°/0), 1n.p. 130-1 32  "C (from ethanol), A,,,,e 
316 nm (E 3 5  lOO), t[(CI>,),SO] 2.24 (2 H, s) ,  2.32-2.40 antl 
2.66-2.75 (4 H, A.4'BB' pattern), 6.74 (6 H, s), ant1 7.53 
(6 H, s) (Found: C, 40.0; H, 4.85; N,  7.25. C,,Hl,13r- 
ClN204 requires C, 40.9; H, 4.75; S, 7.35%), 3-p-chlovo- 
PhenyZ (69')0), n1.p. 244-245 "C (from ethanol), A,,,,a 316 nni 
(E 27 O O O ) ,  r[(CI),),SO] 2.22 (2 H,  s), 2.45-2.54 and 2.61- 
2.70 (4 H, AX'BE' pattern), 6.74 (6 H, s), 7.53 (6 H, s) 
(Found: C, 46.1; H, 5.45; N, 8.15. C~,H1,Cl&,O4 
requires C, 46.3; H, 5.4;  N, 8.30/o), 3-p-tolyl (bOoj), n1.p. 
150-152 "C (from etlianol), h,,, 316 nni (E 49 400), 
r[(CD,),CO] 2.20 (2 H, s), 2.72 (4 H, s), 6.65 (6 H, s), 7.42 
(6 H ,  s), and 7.62 ( 3  H, s) (Found: C, 53.0; H ,  6.7; X ,  9.0. 
C,,H,,ClN,O, requires C, 53.1; H, 6.7; N, 8.85,%), 3-o- 
i d y l  (48%) m.p. 182-183 "C (from ethanol), l,l,,,x. 315 nni 
(E 48 150), T (CF,COOH) 2.37 (2 H, s), 2.62-2.78 (4 H, in), 
6.66 (6 H, s), 7.46 (6 H, s), and 7.73 (3 H, s) (Found: C, 
52.85; H, 6.7; N ,  9.05. Cl4H2,ClK2O4 requires C, 53.1; H, 
6.7; N, 8.85(5,) ,  3-p-wzethoxyplrenyl (51y0), m.p. 186- 
127 "C (from ethanol), A,,,. 316 nni (E 40 600), .;r(CU,),CO] 
2.20 (2 H, s), 2.64-2.73 and 2.93-3.02 (4 H, AA'BB' 
pattern), 6.16 ( 3  H, s), 6.65 (6 H, s), 7.40 (6 H, s) (Found: 
C, 50.5; H, 6.3; X, 8.3. C,,H,,CIN,O, requires C, 50.5; 

(85o/b), m.p. 203-204 "C (from ethanol), A,,,,. 317 nni 
(E 50 800), -r[(CU,),SO] 1.93 (2 H, m), 2.0-2.58 (7 H, m) ,  
6.69 (6 H ,  d ) ,  7.53 (6 H, d)  (Found: C, 57.25; H, 6.1; S, 
7.8. C,,H,LlC1N20, requires C, 57.85; H, 6.1 ; S, 7.YU/b). 

3-RiplienyZ-4-yl- 1, l  ,5,5-tetvamet/i~il- 1H- 1,5-diazapentadi- 
enium Pevclilovate.--l-'liosplioryl chloride (7 nil) was added 
to  cooled, stirred diniethylformamide (9.1 g). Biphenyl-4- 
ylacetic acid (5 .3  g )  was then added and the mixture was 
heated a t  80-90 "C for 20 11. Ice (30 g) was added and the 
mixture was extracted with chloroform ( 3  x 30 nil). The 
estract  was dried (Na,SO,) and concentrated irz zucuo to  
provide it syrup to which methanol (5 nil) and perchloric 
acid (GOYo ; 5 ~ n l )  w c ~ e  added. The brown rubbery niaterial 
wliicli separated out was triturated with water and the 
resultant solid was filtered off and waslied with ether. 
This salt hat1 ni.1'. 142--145 "C, A,,,,. 316 nni (E 25 800),  
T[(CII),),SO] 2.21 (2 H ,  s), 2.23-2.66 (9 H, ni), 6.75 (6 H, s), 
and 7.50 ( G  H ,  s) (1;ound: C, 59.8; H, 5.9; N, 7.1. Clg- 
I3.&lN20, requires C, 60.25; H, 5.9; K ,  7.40/,). 

1, 1 , ~ , 5 - ~ e t v u M z e t / i ~ ~ Z - 3 - ~ ~ ~ v i d i n i ~ - l H - l ,  5-diaznpenlnnie~aiunz 
Dipevdilovate ( 14) .--1'liosphoryl chloride (43 ni l )  was 
added slowly to  cooled stirred clinietliylformamide (58.4 g ) .  
N-(Carboxpmetliy1)pyricliniuni chloride (27.2 g ; prepared 
from pyridintx antl cliloroacetic acid in acetonitrile) was 
acldecl slowly antl tlie mixture was stirred and heated a t  
ti0 -70 "c' for 12 11 ant1 then kept overiiight a t  room tcam- 
perature. It was coole(1 in :in iw-salt mixturcl antl stirred 

H, 6.35; N,  t3.4Y0), 3-a-Ilaphthyl 22 (89yo), 3-IJ-~~~pIi t l i -~l  
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while methanol (200 nil) was added very slowly, followed bv 
percliloric acid (70% ; 20 ml) and then ether (100 nil). Tliv 
tlipc.rcliloratc (20 g, :32°/01 was filtered off and had n1.p. 
180-182 "C, h,,,,,. 2:36sli ant1 305 nm (E 10 400), ~[(Cll , ) ,C0]  
0.77 ( 2  H, tl), 1.04 ( I  H, t ) ,  1.59 (2 H ,  t l ) ,  1.82 (2 H, s), 6.62 
(6  H, s), and 7.45 (6 H, s) (Found: C, 34.6; H, 4.75; S ,  
10.0. Cl,HlgC1,N,O, requires C, 35.65; H, 4.75; S,  10.40/,). 
I<epeatctl analyses did not improve this result, but  the 
sample provided a dih~drc)<liazepiniuni salt satisfactorily. 

I)irect Pvrprwatinn of 2,3-Di/ihydvo- 1,4-diazepiniurn SaZts 
fvoiiz 3-A vv2diazapeiitndieI.aiuin Salts.--l'lie 1,2-diamine (4.5 
niniol) in methanol ( 2 0  nil) was added i n  one portion to  the 
cliazapentadieniurn perchlorate (4.5 nimol) in methanol 
(150 nil) ant1 tlie mixture was heated under reflus for thc 
times indicated. Evaporation in  uacuo of the solvent 
provided the dihydrodiazepiniuni perchlorstes, as follows : 
6-plienyl (20 niin) (8Yyo), l-met/ayZ-6-p/ienyZ (1.5 h )  (88( ) , , ) ,  
1n.p. 150-151" (from ethanol), Amax. 251 and 363 iini (E 

12 700 antl 10 200), T[(Clls)BCO] 1.95-1.99 (2 H, in), 2.62 
(5 H, s) ,  6.02 (4 H, s) ,  and 6.32 ( 3  H, s) (Found: C, 50.2; H,  
5.25; S, 9.75. C1,Hl,C1N,O4 requires C, 50.1; H, 5.35; 
S, 9.8yo), 1,4-di~izet/ryf-6-p/~elzyI (2.5 h)  (82%), ni.p. 154- 
156 "C (froni ethanol), A,,,. 253 and 367 nm (E 12 800 and 
12 200), rl(CD,),CO] 2.02 (2 H, s), 2.65 (5 H, s), 6.2 (4 H, s), 
antl 6.51 (6 H ,  s) (Found: C, 51.85; H, 5.85; N,  9.45. 
C1,H,,C1X,O4 requires C, 51.85; H, 5.65; N, 9.3:6), 1,4- 
diben~~2,2-6-plrenvl ( 3  h)  (8200) ,  m.p. 218-222 "C (from 
acetonitrile), A,,,,,. 253 and 372 nni (E 17 900 and 13 OOO), 
r(CF,COOH) 1.97 (2  H, s), 2.54-2.65 (15 H, complex), 
5.13(4H,s),6.26-6.52(4H,br)(Founcl: C , 6 6 . l ;  H,5.0;  
S,  6.1. C2,H,,CIS,0, requires C, 66.2; H, 5.5; N, 6.20/,), 
2-metli~yZ-6-p/ien?l (3 h) (86y0), ni.p. 105 "C (from ethanol), 

245 and 353 rim (E 12 200 and 8 OOO), r[(CD,),CO] 1.M; 
( 1 H, cl)  , 1.97 ( 1 H, d)  , 2.63 (5 H, S) , 5.80-5.86 (1 H, br) , 6.1 fi 
(2 H, d) ,  and 8.56-8.63 (3 H, cl) (Found: C, 50.05; H, 5.35; 
N, 9.8. C12H,,C1hT20, requires C, 50.2; H, 5.25; N, 9.75Y0), 
2,2-dztneth?il-6-plien~yl (3 h) (GOYo), 1n.p. 156-158 "C (from 
ethanol), A,,,. 246 and 352 nm (E 10 500 and 6 SOO), r[(CD,),- 
CO] 0.05-0.5 (2 H, br), 1.76-1.90 (1 H, br), 1.98--2.12 
(1 H, br, d ) ,  2.62 (5 H, s ) ,  6.2-6.46 (2 H ,  br), antl 8.54 
(6 H, s) (Found: C, 61.8; H, 5.7; X, 9.55. C13Hl,CIN,04 
requires C, 51.85; H ,  5.65; N, 9.30/,), 2.3-tetrmnetlayZene-6- 
PhenyZ (I) h) (74O/6), n1.p. 226-227 "C (from ethanol), Anla,. 
247 and 355 11111 ( E  14 500 and 8 GOO), .;[(CD,),SO] -0.6 t o  
0.0 (2  H ,  br), 2.22 (2 H, s), 2.62 (5 H, s), 6.6-6.88 (2 H, ni), 
and 8.06-8.82 (8 H, m) (Found: C, 54.9; H, 6.0; N, 8.4.  
Cl,HlgClX20, requires C, 55.1 ; H, 5.8; N, 8 . 5 5 0 / ) ,  6-p-tolyl 
(1 h) (840,,), m.p. 206-210 "C (from ethanol), l,l,~,x~ 248 and 
358 nni ( E  14 300 and 6 800). s[(CD,),CO] 2.05 (2 H, d) ,  2.80 
(4 H, s), 6.20-6.34 (4 H, in). 7.96 (3 H, s) (Found: C, 
50.85; H, 5.3; X, 9.5. C1,H1,C1N2O4 requires C, 50.25; 
H, 5.25; N, 9.8!;), l-methyZ-6-p-tolyZ (3 h) (80o,b), m.p. 
118-120" (from ethanol), A,,,,, 252 and 366 nni (E 14 550 
and 9 600), r[(CD,),CO-CF3CO2H] 1.86 (2 H, s), 2.76 (4 H, 
s), 6.0 (4 H ,  i n ) ,  6.33 (3  H, s), and 7.67 (3  H, s) (Found: C, 
51.25; H, 5%; N,  9.15. C,,C,,C1N204 requires C, 51.9; H, 
5.7; N, 9.3y0), 1,4-divneth~lZ-Ci-p-tolyl (2 h) ( g o o / ; ) ,  m.p. 
180-182 "C (from ethanol), A,,,,. 254 and 370 nm (E 12 950 
and 9 800), r[(CD,),SO] 2.05 (2 H, s), 2.79 (4 H, s), 6.23 
(4 H, s), 6.54 (6 H, s) ,  and 7.72 (3 H, s) (Found: C, 53.65; 
H, 6.65; N, 8.25. C,,H,,ClN,O, requires C, 53.5; H, 6.05; 
N, 8.90/,), 1,4-dibenzyZ-6-p-tolyZ (6 h) (76y0), m.p. 178 "C 
(from acetonitrile), A,,,,,. 248 and 360 nm (E 31 500 and 

t l ) ,  5.05 (4 H, s), 6.42 (4 H, s), and 7.66 (3 H, s) (Found: C, 
13 6 O O ) ,  ti(CD,),SO] 1.66 (2 H, s), 2.59 (10 H, s), 2.69 (2 H, 
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06.45; H ,  8.45; S, 5.95. C,,H,,ClB,O, requires C, (j(i.8: 
H, 5.8; N, 6.0%), 2-1~zetli~iZ-(i-P-t01\,1 (4 11) (93;,o), ti1.p. 

180-181 'C (froin etlianol), A,,,,,. 248 ancl 358 nni (E 
15 500 ant1 8 loo), r[(CI),),SO] 2.06 ( 1  H, t l ) ,  2.18 ( 1  H, (1). 
2.80 ( 4  H, s), 5.85-6.2 (1 H, br). 6.44 (2 H, n i ) ,  7.W ( 3  11. 
s), and 8.77 ( 3  H, (1) (Found:  C, 51.85; TI, 5.85; S, 9.16. 
C13H,,C1N,04 requires C, 51.9; €1, 5 .7;  S ,  9.:loo).  2,3- 
tetranzetliylene-6-p-tol~~Z (6 11) (41(yo), m.p.  208--210 "C 
(from ethanol), A,,,,,. 248 antl :I60 ntn ( E  17 000 and 8 200), 
t[(CD,),SO] 0.06-0.4 (2 H, br),  2.21 (2 H, d ) ,  2.80 (4 1-1, s), 
6.6-6.8 ( 2  H, br) ,  7 .68  ( 3  H, s), and 8.02-8.60 ( 8  H, m )  
(l7ound: C, 56 .05;  H, 6 . 3 5 ;  N, 8.0. C,,H,,CIX,O, 
requires C, 56 .4 ;  H, 6 . 2 ;  N, 7 .55%) ,  6 -p -1 .ne t l i o~~~I ien~~Z 
(1  11) (95yo) ,  m.p. 204-208 "C (from ethanol), Amax. 248 ancl 
362 nni ( E  12 900 and 5 900) 7[(CD3),C0] 2.04 (2 H, s ) ,  2.70 
(2 H, d), 3.03 ( 2  H, d) ,  6.14  (4 H, s ) ,  and 6.20 ( 3  H, s) 
(Found: C, 47 .8 ;  H, 5.05; N, 9.65. C,,H,,ClN,O, 
requires C. 47.55;  H, 4 .95;  N, 9.250/ , ) ,  1,4-dibenzyZ-6-p- 
methoxyphenyl (4  h) (52%) ,  m . p .  174-176 "C (from ethanol),  
Am,. 253 and 380 nni ( E  18 800 ancl 12 100), T[(CD,),CO] 
1.76 ( 2  H, s ) ,  2.57 (10 H, d) ,  2.64 ( 2  H, d) ,  2.94 (2  H, d ) ,  4.96 
( 4  H, s), 6.20  ( 4  H, s ) ,  and 6.25 ( 3  H, s )  (Found: C, 64.45; 
H, 5.55; N, 5.75. C,,H2,C1N205 requires C, 64.6;  H, 6.6;  
N, 5.8%),  6-p-methoxyplzenyZ-2-met~yZ ( 5  11) (860/;), n1.p. 
174-176 "C (from ethanol), La,. 253 and 376 nm (E 9 500 
and 7 500), T[(CD,),SO] 2.15 (2 H, d) ,  2.76 (2 H, d ) ,  5.05 
( 2  H, d) ,  5.8-6.1 (1  H, ni), 6.24  ( 3  H, s), 6.46 ( 2  H, m) ,  antl 
8.78 ( 3  H, d) (Found:  C, 49 .25;  H, 5 . 4 ;  N,  8.75 .  C,,H,,- 
ClN,O, requires C, 49.25;  H, 5.35; N, 8.85%), 6-p- 
methoxyphenyl-2,2-climeth3,1 ( 5  h)  (91%) ,  m.p. 137-138 "C 
(from ethanol), A,,,. 247 and 360 iini ( E  16 700 and 6 800), 
7[(CD3),SO] 2.00 ( 1  H, d),  2.30 ( 1  H, d ) ,  2.71 (2  H, d ) ,  3.07 
(2 H, d ) ,  6 . 2  ( 3  H, s ) ,  6 .6  (2  H, s), and 8.65 (6 H, s) (Found:  
C ,  50 .7 ;  H, 5 .75;  N, 8.6. Cl,H,,ClN20, requires C, 50.8; 
H, 5.75; N, 8 .45y0) ,  6-p-nitrophenyl (15 niin) (720/ , ) ,  n1.p. 
192 "C (from ethanol-percliloric acid),  A,,,,,. 346 nni ( E  

18 300), s[(CD,),SO] 1.72 ( 2  H, d ) ,  1.82 (2 H, s), 2.36 (2 H, 
d) ,  and  6.15  ( 4  H, m) (Found:  C, 41.7; H, 3 .85;  N, 13.3. 
CllH12C1N,0, requires C, 41.6; H, 3.8;  N, 13.2'%), 1,4- 
dimethyZ-6-p-nitrophenyl ( 2  h) (68yo), n1.p. 161-162 "C 
(from ethanol), A,,, 356 nni ( E  20 250) ,  T[(CD,),SO] 1.77 
( 2  H, d ) ,  1.84 ( 2  H, s), 2.35 ( 2  H, d ) ,  6.13 (4  H, s), and  6.45 
(6  H, s) (Found: C, 45 .3 ;  H, 4 . 7 ;  N, 12.15. C,,H,,ClN,O, 
requires C, 45.15;  H, 4 . 6 5 ;  N, 12.15y0) ,  1,4-dibenzy1-6-p- 
nitrophenyl ( 4  h)  (820/ , ) ,  n1.p. 162 "C (from acetonitrile), 
A,,,. 364 n m  (E 22 800) ,  T[(CD,),SO] 1.46 (2 H, s ) ,  1.68 and 
2.23  ( 4  H, AA'BB' pattern),  2.57 (10 H, s ) ,  5.03  ( 4  H, s ) ,  
and 6.37 (4  H, s) (Found:  C, 60.55; H, 4 .4 ;  N, 8.3. &- 
H,,ClN,O, requires C, 60.3;  €3, 4 .86;  N, 8.45%), 6-p- 
ckloropltenyl ( 1  h)  (76%), n1.p. 140 "C (from ethanol), Allla,. 
255 and 354 nni ( E  20 400 ancl 9 SOO) ,  r[(CD,),SO-CF,COOH] 
2.03 (2 H, d),  2.61 ( 4  H, s ) ,  and 6.25 (4 H, br) (Found:  C, 
42.95;  H, 3.85;  N, 9.0. Cl,H,,C1,S,O, requires C, 43.0; 
H, 3.95; iu, 9.1%),  6-p-hromof~lienyZ (10) ( 1  11) (91yo), ni.11. 

285-287 "C (from cthanol-percliloric acitl), A,,,:Lx. 254 ant1 
3.52 nni ( E  16 500 and 7 800), s[(CI),),SO] 2.04-2.12 (2 H, 
ni), 2.47 (2 13, tl), 2.71 ( 2  H, d) ,  6.23 (4 H, s) (Fountl:  C. 
37 .5 ;  H, 3.4: N, 7.9. C,,H,,BrClN,O, requires C, 37.55: 
H ,  3.45;  S,  7.950/ , ) ,  6-biplieny1-4-yZ ( 9 0  win) ( , 3 9 ~ o ) ,  11i.p. 
298 "C (decorup.) (from acetonitrile), A,,,,,. 275 antl :{!I() nm 
(E 31 800 and 7 300),  .r[(CL),),SO] 1.96 (2 H,  (I) ,  2.27-2.M 
(9 H ,  ni), and 6 . 2 2  ( 4  H, 111) (Found:  C, 58 .55:  H ,  4 .7;  S ,  
7 . 8 .  C1,H,,C1N,04 reqnires C, 58 .55;  H, 4.9;  S ,  8.05yo), 
(i-u-nap/tth?tl (30  min) (999,), n1.p. 100-102 "C (from 
acetonitrile), Amx. 293 antl :350 nni (E 9 500 ancl 8 ZOO). 

J.C.S. Perkin I 
s(CI?,COOH) 2.00 (2 H, ( l ) ,  2.41-2.G0 (7  H ,  in), 6.00 (4 H, 
s) (Found: C, 56 .0 ;  H, 5.05; S,  9.0. C,,H,,CIN,O, 
rcqaires C, 65.8; H, 4.7;  N, 8.7O/,), l-~iaetliyl-6-cr-napkthyl 
(6 11) (69(j/,), 11i.p. 94-96 "C (from ethanol),  A,,,,. 294 and 
358 nni (E 9 250 arid 9 SOO), T[(CD,),SO] 1.80 ( 1  H, d ) ,  1.95 
(1 H, s), 2.02--2.54 (7  H, m), 6.20 (4  1-1, s) ,  and 6.45 ( 3  H, s) 
(Found:  C, 57.8; H, 5.05; IS, 7.85. C,,H1,C1N,O, 
requircbs C, 57 .05;  H, 5.1 : X, 8 .37 / , ) ,  1,4-di~~ietIi?tZ-6-~- 
?zaphtliyl (7  h)  (820/,), n1.p. 139--140 "C (from ethanol),  
A,,,,. 295 and 364 nni ( E  9 800 and 11 8 0 0 ) ,  T[(CU,),SO] 
1.98 (2 H, s ) ,  2.02-2.56 (7 H, i n ) ,  6.07 (4 H, s ) ,  and 6.67 
(6 H, s) (Found:  C, 57.9; H ,  5.4;  S,  7.9. C,,HlgClN,04 
requires C, 58.2; H, 5.45; N, 7.90,{,), 6-P-napl1th.vl ( 3 0  niin) 
(900,6), n1.p. 168-170 "C (from ethanol),  AIlI,,, 297sh ant1 
355 nni ( E  7 500) ,  T[(CD,),SO] 1.89 (2 H, s), 2.02-2.54 
(7  H, ni), 6.22 (4 H, S )  (1;ound: C,  55.5; H, 4.85; N. 8.56. 
C,,H,,ClN,04 requires C, 55.8;  H, 4.7;  S, 8.7:;), 1- 
meth~Z-6-~-rzn~J1t l i~~Z (6 11) (490,:,), m.p. 165 "C (iron1 ctliaiiol) 
A,,,,,, 364 nin (E 7 WO), "(CI),),SO] 1.81 ( 1  13, d ) ,  1.94 ( 1  H ,  

(r;ound: C ,  56.85; H, ~ 3 :  x ,  8 . m .  C , ~ ~ I , , C I N , ~ ,  
t l ) ,  2.02--2.54 (7 H, m), 6.20  (4 TI, s) ,  a11tl 6.45 ( 3  M, S) 

requires C,  57 .05;  11, 5.1 ; S ,  H.3Yo), I ,4- t / i ir iPt / i? , l - t i -P-  
na/ditliyZ ( 6  11) (89?,,), 11i.p. 184 "C: (frorii cthanol),  2 ~ ;  
and 370 nm ( E  12 750 ant1 1 0  760),  T1(CD,),SO[ 1.86 (2 H, 

C, 58.4; 13, 5 .4 ;  N,  7.95. C,,H,,ClN,O, rtqiiirchs C ,  68.2': 
H, 5.45; N ,  H . O O / , , ) ,  1 , . i -dit)e~t~yl-6-P-~iu~/it l~?~Z (7  11) (85('(,), 
n1.p. 182-184 "C (frotn acetonitrilc.), Alll:,K. 376 nni ( E  

12 650) T[(CII,),SO] 1.45 (2  H, s), 2.02-2.62 ( 7  H, in),  2.56 
(10 H, s), 5.0 (4  H, s), antl 6.38 (4 H, br) (Found:  C, 69.4; 
H, 6 . 5 ;  N, 5.35 .  C,,H,,ClN,O, requires C. 69.25; H, 6.4;  
X, 5.560/;,), 2 , 2 - d i r n e t l i ~ l - 6 - ~ - n a ~ ~ i t l i ~ ~ Z  (7  11) (83(;;), 1n.p. 

SO] 1.82 ( I  H, c l ) ,  1.97 ( 1  H, tl), 2.02-2.66 ( 7  H, in), 6.53  
(2 H, br),  antl 8.64 (6  H, s) (Found: C, 57.9; H, 5 .36;  S ,  
7.85. C,,H,gClN,O, rcquires C, 58.2; H, 5.45; N, 8 . 0 : o ) ,  
2,3-tetrarnetli~~lene-6-~-nap/it/i~v~ (6 11) (649 o),  11i.p. 19%- 
200 "C, A,,,,. 360 nm (c 6 600), r[(CD,),SO] 2.0-2.6 (9 H, ni),  
6.6-6.8 (2 H, ni), arid 8.2-8.8 (8 H, i n )  (Found:  C, 60 .45;  
H, 5 . 6 ;  K ,  7.4. C,,H,,CIN,O, requires C, 60.56; H, 5.6;  
N ,  7.46%), 6-pdvvidinio ctipevclilovate ( 3 0  min) (62%), m.1). 
230-232 "C (from acetonitrile), hlll.,K. 520 antl 360~11 111n 

m),  1.8-1.98 (2 H, m),  2.36 (2 14, s ) ,  ant1 0.37  (4 H, s )  
(Found : C, 3 2 . 2 ;  H, 3 . 5 5 ;  S ,  1 I .  15. Cl&I13Cl,N30~ 
requires C, 32.1 ; H, 3.5; K, 11.257,,). 

Reactions of I 'inanzidinium Salts (2) with Piperidi$ie.- 
(a) I ,  1 - ~ i m r t l i ~ ~ Z - 5 , : S - ~ c ~ z t ~ ~ n e t l i ~ y l e n e - ~ ~ - ~ l t e ~ ~ ~ ~ Z - l H -  1 ,S-d inzn-  
pentarlieniztvn pevclilovrctr. Piperidine (0.5 1 g, 6 mniol) in 
nicthanol ( 2 0  nil) was acitletl t o  tlic virianiidiniuni salt  ( 2 )  
(0.9 g, 3 mniol) in nic.tl~ano1 (100 nil). The mixture was 
kept at  room teinper,tture for 2 11 and solvent was then 
removed iiz uacuo to give the crystalline perchlorate (0 .5  g, 
MY,), wliich was washed with ether and liad m.p. 166- 
l(i8 "C (from etlianol), A,,,<L,. 316 11111 (E 51 800), r[(CI),),SO] 
2.22  (2 13, s), 2.55 (5 H, in), 6.38 (2  H, br) ,  8.G7 ( 3  H, s),  7 . 1  
(2  FI, br), 7.48 ( 3  H,  s), 8.23 (4 H, br) ,  and 8.7 (2 H, br) 
(I;ountl: C, 55.(j; ?I, 6.8: S ,  7 . 5 .  C 1 6 ~ ~ J l X , 0 4  rcquircs 
C,  .X.05; H,  6.75;  S ,  8.15yo). 

(1)) I ,  1 : 5 , 5 - 1 3 i . s ~ ~ e i i l t i i ~ i e t l i ~ ~ l u ~ i ~ ~ - ~ ~ - ~ / i e ~ i  \ , I -  113- I ,5-dinztipei?ta- 
d ie t i i z t i i z  perclilovnte. .I soliltion o f  tlw prl~ce(ling 5,s- 
~,ciitaiiic.tli!-lcii~~ salt (0.6s g ,  2 nitiiol) a i i t l  pipt>ritliiic. ( I .  1 s, 
12 n111iol) in iiivtliaiiol (50  1111) \ v a s  I i e a t c ~ l  uiitlcr wfliix for 
2 1 1 .  S o l \ y c n t  w a s  rciiio\wl i k i  vnci io  xiit1 t l i c h  rc~sultarit 
crystallinrl h i  ~purituirirt l t  ~ l t j r i ~  p e r c I ~ / o r ~ i t ~  (0 0 g ,  70(',,) was 

s ) ,  2.0-2.5 (7  H, t i i ) ,  6.16 (4 H, s ) ,  ~ 1 1 d  6.47 ( t i  H, S )  ( F O L I I I ~ ~ :  

191-192 "C (frl)m ethanol), Al,l>~x* 358 11111 (E 7 300), T[(Cl,,),- 

(E 8 450), T[(CL),),SO] 1 .0-1.05 (2  H, ni), 1.32--1 50 ( 1  H ,  
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filtered off and washed with ether, and had n1.p. 228- 
230 "C (from acetonitrile), A,,,,,. 316 nni (E 53 G O O ) ,  7(CF,- 
COOH) 2.5br (2 H, in), 2.7br (5  H, ni ) ,  (i.7br ( 8  H ,  m), and 
8.4br (12 H, m) (1;ouncl: C, 58.7; H ,  7 . 3 ;  N, 7.3. Clg- 
H,,ClN,O, rcquires C, 59.6; H, 7.1 ; X ,  7 . 3 y 4 ) .  'This salt 
was also prepared by lieating a solution of the vinninidiniuni 
salt (2) ( 1  mmol) a.nd piperidine (2 niniol) in act~tonitrilc 
under reflus for 10 h. The p-tolyl, rx-naphtliyl, and (3- 
naphthyl analoguec; of (2) similarly provitlecl bispenta- 
inetliylene derivatives when heated wit11 2 rnd equiv. of 
piperidine i n  acetonitrile, but the o-tolyl ;tnalo,oue o f  (2) 
only Iiacl one clinietliylaniine group substituted when Iientcbtl 
with 10 mol equiv. of piperidine in methanol for 3 11. 

Fovtnatiou of I)ilz?)[Erodiuzepiiziltln Salts f v o w  3-il w l -  
1 , I  ,6,5-tetmineth?~l- 1 ,T,-diazapentndienizclM Salts by A dc l i t i o i i  
of :1 i12Inonicc-follozwrd b-v - 4 d d i t i o ~  of 1,2-l)inmine.--Xlnni(~Iii:i 
was bubbled tlirougli a solution of the tliazapentadicniiim 
salt in methanol or etlianol, which was lieatetl under reflus 
for 30 niin. 'Hie dianiine ( 1  niol equiv.) was then adtletl 
antl the mixture was heated under reflus for a further 
period ranging from 30 niin to 4 11, as indicated. Ih i iova l  
of solvent i n  uacuo left the product which was either a solid, 
or an oil which solidified wlien kept overnight a t  0 "C and/or 
triturated with ether. The following diliydrodiazepiniuiii 
salts were prepared in tliis way: 6-phenyl4 (30 inin) ( 8 5 O / , ) ,  
5-~netJayl-6-pheniyZ [from tlie vinamidinium salt ( 3 )  (see 
below)] ( 1  11) 7 3 y 0 ) ,  m.p. 117-118 "C (from ethanol), A,,,,. 
243 and 343 nni (E 7 600 ancl 9 700) ,  r[(CD,),CO], 2.36 ( 1  H, 
s), 2.62 ( 5  H, ni), 6.07 ( 4  H, s), and 7.94 (3  H, s) (Found: C, 
50.3; H, 5 . 3 ;  N, 9.85. C,,H,,ClN,O, requires C, 50.25; 
H, 5.25; N, 9 .75y0) ,  2 ,2 ,3 ,3- te tvumeth~l-6-p l ie~z~l  ( 4  11) 
(39yo) ,  1n.p. 145-146 "C, (from ethanol), A,,,~l,. 245 and 350 
niii (E 9 300 and 5 l o o ) ,  T[(CI),),SO] 2.30 (2 H, d ) ,  2.72 
(5 H, s), 8.61  ( 6  H, s ) ,  and 9.10  (6 H, s) (Found: C, 54 .2 ;  
H, 6 . 5 ;  N, 8 .3 .  C,,H,,ClN,O, requires C, 54 .8 ;  H, 6 .35;  
N, 8.5%), 1,4-diethyl-6-pJ~enyl (1 h) (76(>0), m.p. 68-70 "C 
(from ethanol), A,,,,,. 253 and 369 nni (E 14 300 and 1 1  7 0 0 ) ,  
-r[(CD,),SO] 1.93 (2 H, s), 2.6 (5 H,  s ) ,  6.14  ( 4  H, s), (5.15 
( 4  H, q), and 8.65 (6 H, t) (Found: C, 54.96;  H, 6 .55;  N, 
8.45. C,,H,,ClN,O, requires C, 54 .80;  H, 6 .46;  N ,  8 . 5 % ) ,  
1,4,6-trinietliyl-(i-p1ienyl (3 h) (59y0) ,  ni.p. 178-180 "C 
(from ethanol), A,,laLx, 250 and 359 nni (E 7 700 and 14 O O O ) ,  
T[(CL),),SO] 2.4  ( 1  H, s ) ,  2.70 ( 5  H, in), 6.21br ( 4  H, i n ) ,  6.62 
( G  H, s), and 7.97 ( 3  H, ni) (Found: C, 50.6; H, G.15; h', 
9.85. C,JH,gCIN,O, rcquires C, 53 .4 ;  H ,  6 . 1 ;  N, 8.9. 
1;urtlier rccrystallisation did not iniprove tliis analysis, 
which is consistc.rit wit11 contamination with ca. 10yo *\:Ar'- 
tli me t l i  yle t 1 i ylenecl iani i ne spectra cone 11 r) , 
6-o-tolyl ( 1 11) (77";,), n1.p. 7 0  "C (from ethanolic perchloric 
acid), A,,,,,. 238 and 347 nni (E 7 200 antl 9 WO), TI (CI>J,SO] 
3.30  (2  H, t l ) ,  2 UH (4 H, n i ) ,  6.52bbr ( 4  H) ,  and 7.75  ( 3  H, s) 
(Found: C, 49 3 ;  H, 5 . 4 ;  N, 9.55. C,,€I,,ClN,O, requires 
C, 50 .3 ;  H, 5.25, S, 9.75 .  Analysis not iniprovctl by 
further recr~stal1is:ttioii). 

Perchlovute ( 3 )  and 2,S-Dihvdvo- 1,5-dimetii?,l-0-phe~z?~l- 1,4- 
diazepiniuin Perchlorate.--Anilitie (25  g, 130 innil) in ethanol 
(20 ml), was added to a stirred solution of  :~-chlora-2-plienyl- 
but-2-enal 24 (11.7 g, 65 niniol) in ethanol (50 nil). After 
5 min, percliloric acid ( G O % ,  5.5 g) was added slowly. 
Yellow crystals formed which after 30 niin were filtered off 
antl washed well with ether. 'The diazapentadieniuiii 
perchlorate (13 .5  g, 507;) had m.p. 145-14G "C, A,,,,,, 
280sh and 360 nm (E 23 100) r[(CL),),SO] 1.67-1.93 ( 1  H, 
ni), 2.30-2.83 (15  H, m), 6.15vbr (NH), and 7 . 5 3  ( 3  H, s ) .  

perc hlora te ; 

2-iVletlivl- 1 ,3 ,5- tv ipI ie~~yl -  1 H- 1 ,5-diazapeiitndietiiulli 

A solution of this salt (4 .1  g, 10 niml) in metllano1 (130 nil) 
was heated under reflux antl ammonia was bubbled through 
it for 30 niin. 'l'hc solution was cooled, N-tnetli~letliylcne- 
tliamine (0.74 g, 1 0  niniol) was atdtletl, and the mixture was 
heated under reflus for f i  11. 1Cenioval of solvent in  v a c ~ t o  
left an oil, ~vliich, after being ltept at 0 "C overnight followrcl 
ljy triturstioii with ether, gave, witli tlifficultj., a solid 
d i l r? l r i rod i t soe~ i?a~~~.1~~  percitlovate ( 2 . 2  g ,  6 7 : ( , ) ,  m.p. 90 "C 
(from etlianol), 346 ant1 3%) nni (E 5 900 and 12 7 0 0 ) .  
r[(CI~,),CO] - 0.Ubr (SH), 2 34 ( I  H, s), 2.60  (5  11, s), G.02 
(4 13, s ) ,  G.43 (:I H, s), antl 7 .9  ( 3  IT. S )  (Fouii(1: C, 51.8;  IT, 
t i . 1 ;  N. 9.65. C13TI,,CINLOJ rrquirc.s (',, 51.9; TI, 5 7 ;  N ,  

S-t 'e~~,~.)i1-;~-1)ZefIiyl-  1 ,5-dipiienyl- 1 H - 1 ,T,-rlinanpentccdieMiUtlt 
Pevciclovate (5) ---N,\r-I Ji methyl for ilia i n  i(1 e (5 .5  m 1) \+-as 
;ttltlerl to coolctl pliosplioryl cliloritlc. (5 nil) and the mixture 
was stirrtltl for 30 niin in an ice-bath. l-l'lienyll>iitan-2-~)ii~~ 
(5  nil )  \\';is ;tcldetl tlropwisc (luring 30 min. 'Hie ni isturc 
wis stirred for 2 days antl then poured orito iw. Tlle 
rcsu I tan t in isture was e s  trac ted with met liylenc ch loritl t b ,  

ant1 tlic tAstract was waslietl with saturated aqueous sodiiim 
carbonate ant1 water, antl dried (Na,SO,). l h n o v a l  o f  
solvent in  7~acuo 1dt  3-chlor~-2-~ietliyl-4-plie1iylbut-2-~~ii~l 
(5 .2  g, 7 9 7 ; ) .  Aniline (4.7 g, 50 mniol) in etlianol (15  nil)  
was added to a portion of this cli1oroacryl;~ltleliytle (4 .9  g,  
25 niniol) in  ctlianol (10  nil), followed by perchloric acid 
(ciOo/,, 3.5 g). After 25 niin tlie resultant diazapentndimiuin 
pevchlovate (3  g, 29%) was filtered off ancl washed well with 
ether. I t  liad n1.p. 167-168 "C, A,,,,,. 305sli ancl 340 nm 
(E 34 150),  r[(CI),),SO] 1.59br ( 1  H, i n ) ,  2.75br (15  H, in), 
5.65 (2  H, s), 6.40br ( N H ) ,  and 7 .86  ( 3  H ,  s )  (Found: C. 
64.75; H, 5 . 3 ;  N, 6.6.  C,,H,,ClN,O, requires C, 64 .7 ;  H, 

5-Renzyl-2,3-diir~ytlvo-G-inethyl- 1,4-cliazepiniui1z Perclilor- 
ate.-Ammonia was bubbled for 30 min through ;I. solution 
of the diazapentadieniuni salt (5) (2.1 g, 10 inniol) in 
ethanol (175 ml) which was heated under reffux. The 
solution was cooled and etliylenediamine (0.3 g, 5 mmol) in 
ethanol (25 nil) was adtlecl. The mixture was heated under 
reflux for 4 11. Solvent was removed i n  vacuo; a snisll 
;iniount of ct1ic.r was acltlctl to the resitluc antl i t  was kept 
overnight a t  0 "C. The dik??drodiazepi?ziunz perchlorate 
(1.1 g, 76%)  was filtered off antl waslied thoroughly with 
ether, antl hat1 1 1 i . p .  93-94 "C, A,,,,,. 246~11 antl 349 niii 

(E 1 3 0 0 0 ) ,  r(CF,CO,H), 2.53 ( 1  H, d ) ,  2.71 ( 5  €I,  ~ n ) ,  6.04 
(2  H, s). 6.26 (4 H, ni) ,  7 . 0  ( 3  H, s) (I7ountl: C, 51.25; H, 
5 .85;  N, 9.35. CI,,H,,(:1S204 requires C, 51.9; 14, 5.7; N, 
9.3 0; ) . 

Sodium Salt of Piieizyl~~tnlo~zalclel!?,dP.--h solution o f  
sodium Iiytlrouitle ( 1 . 0  g) in water (0 .5  nil) antl metlianol 
(35 n i l )  was ~itlclt.tl to a solution of the vinnmitliniuni salt 
(2) (S g )  in mcthanol ( 1 0 0  nil) ,  ant1 the mixture was heated 
under refluv for C(C. 2.5 1 1 .  Solvcmt was than rvapor,Lted ipr 
71ncuo to g i w  the pure sorliuiii sxlt i n  t~ssenti:tlly quantitativc 
y ieltl. 

l)ili3'n'odia~epiniLll/n PevciI1oYutes from A vyltnalonalde- 
lr~~d~!s.-l~ianiliri~etllane ( 1  .O(i g, 5 niniol) was added to 
phenyliiialunaldeliytle, liberated in sitsr by addition of 
perchloric acid (GOYo,  1 g, 10 inniol) to a solution o f  the 
sotliuni salt o f  the dialdeliyde (0 .85  g, 5 mniol), itself obtained 
by alkaline hydrolysis of the vinaniidiniuni salt ( a ) ,  in 
methanol (10 nil). .4fter 30 niin the yellow 2,3-dihjdro-  
1 , 4 , 6 - l v c p l 1 e ~ z ~ 1 - 1 , 4 - d i a z e ~ ~ ~ t ~ ~ ~ ~  pevcirlovute (7a) (1 .55  g, 
59%) was filtered off, waslied with ether, and liad ni.p. 
199-200 "C (from ethanol), I,,,,. 254 and 405 m i  (E 21 500 

9.3'X)). 

5 .45;  N, 6 . 5 5 0 / ) .  
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and 22 500),  T[(CD,),SO] 1.7 (2 H, s), 2.48br (15 €I,  in), antl 
G.5br (4 H )  (Found: C, G4.85; H,  4.85; N, 6.45. C,,H,,- 
ClN,O, requires C, 64.95; H, 4.95; N, 6.676).  ’I’lie s L m e  
metliod was also used to prepare the following tlihytlro- 
diazepiniuni perchlorates : 1,4-6 is -p-naet l to ,~~: l ,p I i~~z~~1-6-p / ie~i~l  
(7b) (58‘yo), m.p. 1 (i2-164 “C (froin ctlianol), Alll.,x. 256 ant1 
414 i i n i  (E 24 250 ant1 16 2 0 0 ) ,  T~(CI),),CO] 1.84 (2  H, s), 
2.42 ant1 2.94 ( 8  H, Ah‘L3R’ p‘ittern), 2.66br ( 5  13, ni ) ,  

5.40br (4 FI),  and (i.l(i (6 H, s) (Fountl: C, 61.25; H, 5.25; 
N, 5.76. CP5H,,ClN,0, requires C,  61.9; H, 5.2;  N ,  
6.75‘%,), t i - p - i i z r t / i o , ~ ~ ~ ~ l t e ~ ~ ~ ~ l -  1,4-dip/ienyZ (7c) (Mo4) ) ,  in .I). 
78 “C, All,..,. 253 and 41 4 nni (E 23 300 and 1 6  800) ,  T [ ( C ~ ) . ~ ) ~ -  
CO] 1.78 (2 H, s), 2.40 (10 H,  m),  2.52 ant1 3.02 (4 11, 
AA’BR’ pnttern), 5.27 (4 H, m), mid 6.16 ( 3  H, s) (Fountl: 
C, 63.7;  H, 5.15; S ,  6 .8 .  C,,H,,ClN,O, rcqiiires C, 63 .3 ;  
H, 5.06 ; N, [j. 15 O ( , ) ,  1,4, 6-tris-p-nzet/tox\~plien~vl (7cl) ( 48°/0), 
m.p. 70 “C (from c~tlianol). A,,,,,,. 229, 259, and 424 niii (E I X 900, 
19 050,  ant1 20 950), :[(CI),),CO] 1.89 (2 H, s), 2.42and 2 93 ( 8  
H, AI\’B13’ pattern), 2.55 antl 3.04 (4 H. XA’l3I3’ pattcrn), 
5.41 (4 H),  and ii.17 (9  H, s) (Found: C, 60 .65;  H, 5 3;  N ,  
6 . 2 .  C,,H,,ClN,O, requires C ,  60.65: H, 6 . 2 5 ;  N ,  5.4(;;,), 
tj-p-nitroplten~~l-1,4-diplte~z~~Z (7e) (73cj,,), m.p. 260 “C (from 
acetonitrile), hr,,~,x. 235, 275Sl1, and 3%’ nm (E 14 300 and 
22 lOO), T[(CL~,),SO] 1.60 (2  H, s), 1.76 and 2.12 (4 H, 
AA‘BB‘ pattern), 2.40 (10 H, m),  ant1 5.46br (4 €I) (Founcl: 
C, 68.65; H, 4.25; N ,  9.05. C,,H,,ClN,O, rcqiiires C, 
58.8; H, 4.3; N, 8.957,), 6-~-~zaphllivZ-l ,4-cZiplz~~i~~1 (7f) 
(52%), m.p. 215-217 “C (from ethanol), 292sli antl 
403 nni (E 23 2W),  r[(CDJ2SO] 1.82 (2 H, s), 2.28br (7 H, in), 

2.43 (10 H, ni), 5.30br (4 H, i n )  (Found: C, 68.0; H, 4.8; 
N,  5.8. C,,H2,ClN20, requires C, 68.3; H, 4.9; N, 5.9yO), 
1,G-diphenyl ( : 3 0 [ ; & ) l  1n.p. 158-160 “C (from ethanol), 
Alnax, 245 ancl 376 nni ( E  16 800 ant1 15 800), T[(CI),)~SO- 
n,O] 1.89 (2  H, ni), 2.49 (10 H, m), 5.72br (4 H) (Found: 
C, 6 8 . 3 5 ;  H, 5.1; X, 7.75. C:,,H1,CIS,O, requires c‘, 
58.36;  H, 4.85; N, 8.05?&), 6 - p - ~ z i f r o p l i e r i ~ v l - l - P l t e ~ ~ ~ ~ l  (44(:cl), 
m.p. 196-197 “C (from acetonitrile), AlllnY. 230 and 374 n m  
(E 14 800 aiicl 19 550) ,  T[(CI),),CO] 1.50 (1 H, d ) ,  1.64 ( I  H, 
t l ) ,  1.74 antl 2.18 (4 H, AA’BB’ patterii), 2.39 ( 5  H, ~ n ) ,  
5.58 (ZH, m),  and 5.68 (2 H, m) (Found: C, 51.7; 1-1, 4.1; 
N, 10.85. Cl7Hl6X3~~1O6 requires C, 51.85; H, 4.1;  9, 
1 0.65 7; ) . 

Reaction of NS’-  I’nsubstituted (1 nalogues with NN’-l)iiwtli~i/- 
et/iyZenediamine.- ~i-Biphenyl-4-yl-2,3-tlihydro-1,4-tliazc~- 
pinium perclilorate (0.34 g, 1 mmol) and hrN’-dinietliyl- 
ethylenediainine (0.88 g, 10 rnmol) in acetonitrile ( 2 0  nil) 
were heated under reflus for 6 h. lieinoval of solvent in 
~ a c u o  providtJc1 t lie G-biPhenyZ-4-yl- 1 , 4 - d i i n e t / t . v l ~ l i l i ~ ~ ~ l r ~ ~ ~ ~ ~ i ~ e -  
pinium pevchlorate ( 0 . 3  g, 829/ , ) ,  m.p. 140 “C (from etlianolic. 
perchloric acid), A,,,,,. 370 nni (E 10 YO()), T[(CD:~),SO] 1 98 
( 2  H, s), 2.43 (9 H ,  m), GI.(; (4 H, s), and 6.48 (6 H, s) 
(Found: C, 60 .5 ;  H, 5.6; N, 7.4. C,,H,,ClN,O, requires 
C, 60.6; H, 5.6;  N ,  7.457;)). In siniilar fasliion, 6-phenyl-, 
fj-p-tolyl-, 6-a-naplitliyl-, ant1 6-~-r iapl1t l iyl-di l~v~lr~~l iaze-  
pinium salts were converted in high yield into their NN’-  
tlimethyl analogues, identical (11i.p.~ mised m .p . ,  spectr‘i) 
with autlientic samples. 

Reaclions of 6-Ar?~Zcli/iydrorZiazepi)~at~1n Salts wilh Byoni i i ie .  
-Bromine (0.64 g, 4 mmol) in methanol ( I 0  n i l )  was atldt~(1 
dropwise to a stirred solution of the ~i-plit.nylcliliq.tlrocliaze- 
pinium salt (8) (1 g, 4 niniol) in methanol (40 nil) a t  room 
temperature. The misture was stirred for n furtlicr 2 11 

Addition of ether precipitated the 6-p-bromophenyl 
derivative (10) (65%,), which was recrystallised from 

6 - A r ~ l Z - , h : N ’ - d i m e t l i ~ ~ Z d i h y ~ r o ~ i u ~ e p ~ n i ~ ~ ~ i  Percltlovutes 
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ethanolic pcrcliloric acid and was identical (in.p., mixed 
ni.p., spectra) with an authentic sample (see above). The 
following broniinatetl derivatives were prepared similarly; 
solvent was evaporated i n  vacuo in some cases, rather than 
adding ether, to precipitate tlic product : 6-p-bvowzopIienyI- 
I-inetlt,vl (537ij), m.p. l84-IHti “C, A,,,,,. 258 and :I60 nni 
(E 15 2 0 0  and 9 700), .r[(CI),),SO] 1 .H3 ( 1  H, s), 2.06 ( I  H, d) ,  
2.41 and 2.68 (4 €4, AR’BH’ pattern), 6.20 (4 H, s), and 6.47 
(3 H, s) (1;ouiid: C, 39.6; H ,  3.65;  N, 7.6. C,,H,,BrCI- 
X,O, requires C, 39.4; H, 3.85; N,  7.657/,,), 6-p-bromo- 
plaenvl-1 ,4-dinzrtliyl (40n/A), m.p. 180 O C ,  A,,,c,Ye 262 and 366 
nm (E I9 400 antl 13 400), r!(Cl):,),SO] 2.02 (2  H ,  s) ,  2.43 arid 
2.70 (4 H, AA’BB’ pattern), 6.20 (4 H, s), and 6.67 (ti H, s) 
(Found: C, 40.85; H, 4.35; N, 7.3. C,,H,,BrClN,O, 
requires C, 41.1; H ,  4.2; N, 7.4O;), 6-p-bvow2oplien311-1,4- 
rliethyl (70%), 1n.p. 64 ‘C, 20.3 and 368 nm (E 21 400 
and I3 400), r(C.E’,CO2H) 2.26 ( 2  H ,  s) ,  2.49 and 2.86 (4 H,  
I\A’BW pattern), 6.06 (4 H, s) ,  6.21 (4 H, q) ,  ancl 8.57 (6 H, 
t )  ( l~ounrl:  C, 44.65; H,  5.1;  S, 7.9. C,,HP,RrCIN,O, 
rcquires C, 44.2; H, 4.95; S,  6.85:’), 6-p-bromoplienyl- 
1,4-bis-l>-1liethosyyllen!.l (t;2yo), m.p. 128--130 “C, A,,:,,. 
223, 256, and 414 11111 ( 5  18 BOO, 16 900, and 24 800), 
T[(C.I),),CO] 1.87 (2  H, s ) ,  2.30 a r i t l  2.91 (8 H, AA’BR’ 
pattern), 2.52br (4 H,  nil, 5.28 (4 H, i n ) ,  and 6.15 (6 H, s) 
(Found: C, 53.8; H, 4.15; ;I, 4.2.  C,,Hz,BrCIN,O, 
requires C, 53.25; H, 4.3; S,  4.95:4/,,), 6-p-/womop/ienyl-2- 
wzetlijil (400/,), m.p. 228-231 “C, llIliLK. 255 and 354 nni (E 

16 700 antl 8 400), r[(CD,),SO] -0.6br (2  H ) ,  1.98 (1 H, d ) ,  
2.12 (1 H, d) ,  2.41 and 2.68 (4 H, AA’BB’ pattern), 5.9lbr 
( 1  H), 6.42 (2 H, m),  and 8.76 ( 3  H, d)  (Found: C, 39.5; 
H, 3.9; S,  7.75. C,,H,,BrCIN,O, requires C, 39.4; H ,  
3.85; 3 ,  7.650,;), 6-p-bro~~iop/ienyl-2,2-cZi~~zet/tyZ (:HC>,,), 1ii.p. 

2 I4 “C (decomp.), l,llcLY. 254 ant1 352 nni (E 16 600 and H 200), 
-c\(CL),),SO] 1.86 (1 H, d ) ,  2.26 ( I  Ti, r l ) ,  2.42 mt l  2.67 (4 H ,  
AA’BI-2’ pattern), 6.65.br (2 H),  antl 8.70 ( 6  H, s) (17ountl: 
C,  41.5; H, 3.5; N ,  7.85. C,,H,,BrClS,O, requires C ,  
41.3; H, 3.7; X, 7.4”,), (i-p-hromop/~en~~Z-2,3-tetr~rnetliyZene 
(32%,), 1ii.p. 278-280 “C, Amax. 256 aiitl 356 nni (E 17 850 
ant1 7 700), r[(CD,),SO] 2.22 (2  H, s) 2.40 and 2.68 (4 H ,  
AA’BB’ patterii), 6.74br (2  H) ,  and 8.4br (8 H, ni) (Found: 
C ,  44.9; H, 4.8; X ,  7.1. C,,H,,BrClN,O, requires C ,  
44.35; H, 4.75; N,  [;.Yy<,), ~ - ( 4 - ~ Y 0 1 ? 2 0 - 1 - T L U p h t k ) : l , z )  (67%,), 
1ii.p. 19s-200 OC, A~,,,,, : jo l ,  323sli, and 348 niii (E 9 800 and 
8 000), T[(CD,),SO] 2.01 (2  H, s ) ,  2.09-2.65 (6 H, in), ant1 
6.12 (4 H, ni) (Found: C, 46.95; H, 3.85; N, 6.75. C,,H,,- 
BrCIN,O, requires C, 44.85; H,  3.5; N, 6.950,,), 6-(?-bromo- 
(3-naplithyl) (74:4,), 1ii.p. 223-224 OC, 256, 285sli, 
:j24sh, ant1 34s nl i i  (E d l  500 and 10 600),  T[(CL),),SO] 1.68 
(1 H, ( I ) ,  1.77 (1 H,  c l ) ,  1.84-2.50 ( t i  H, m), and 6.14 (4 H ,  
111) (Foiiii(1: C, 45.3; H, 3.7; N,  7.0. C,,H,,BrClS,O, 
requircs C, 44.83; H, 3 . 5 ;  N ,  Ci.Y5,qo). 

6- Hrorno- 1 , 4 - D i s - ~ ~ - ~ ~ z e t l i o , ~ ~ ~ I i e ~ z ~ ~ l - 2 , ~ ~ - d i l i  ydvo- I ,4-diaze- 
fiiniunz PevcIiZorate. Broniine (0.16 g ,  1 minol) in methanol 
(4  nil) WAS adtlecl dropwise to a solution of the 1,4-bis-P- 
met 110s yplieri yltliii yclrocl iazepiniu ni perchlc )rate (0.4 g, 1 
niniol). Tlie mixture was stirred for 30 min. Removal of 
solwnt in i’acuo left tlic 6-bromruzated salt (87%). m.p. 
204 -206 “C (from ethanolic percliloric acid), hnln, 280sh, 
283, and 419 nni (E 17 2 0 0  and 27 BOO), r(CF,COOH) 2.20 
( 2  €-I, br s), 2.65 antl 2.89 ( 8  H, AA’BB’ pattern). 5.65br 
(4  ) I ) ,  and 6.Oti (6 H, s) (Found: C, 46.6; H,  4.2; N, 6.0. 
C,,H,,HrCIN,O, requires c‘, 46 8 :  H, 4.15; N ,  5.75%)). 

I 3  yo in i nrit io ) I  s 14s i n g  S - IZYOLH u s  ucci I I  iin ide . - -V- Bro tiios uc - 
cinimitle (0 41 g ,  2 .  ti mniol) and Ci-plienq.ldihyclrotli3ze- 
piniuin salt (S) (0 cis g, 2 . 5  iiimol) i n  acetic acid (15 1111) wwe 
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heated under reflux for 15 min. When the mixture was 
cooled the product was filtered off, washed with a small 
amount of water, and recrystallised from ethanolic perchloric 
acid, providing the brominated salt (10) (37y0), identical 
(m.p., mixed ni.p., spectra) with an  authentic sample. 
l-Methyl- (3 1 yo), 1,4-dimethyl- (830/,), and 2-methyl-6-p- 
broinophenyldihydrodiazepiniuni (3  1 yo) salts were pre- 
pared similarly except that  the reaction mixtures were 
heated for 3 h. 

Iodinations using K-Iodosuccinirnide.-A mixture of N -  
iodosuccinimide (1.1 g, 5 nimol), the 6-phenyldihydrodiaze- 
pinium salt ( 8 )  1.3 g, 5 mmol) and acetic acid (25 ml) was 
heated under reflux for 15 min. When the mixture was 
cooled, crystals separated which were filtered off, washed 
with ether, and recrystallised frim ethanolic perchloric acid. 
This 6-iodophenyl derivative (1.5 g, 79%) had m.p. 298 OC, 
A,,, 259 and 356 nm (E 19 100 and 8 300), T[(CD,),SO] 
-0.35br (NH), 2.04 (2 H,  s), 2.26 and 2.84 (4 H, AA'BB' 
pattern), and 6.27 (4 H, s) (Found: C, 33.25; H, 2.95; N, 
7.0. CllH,,CIIN,O, requires C, 33.2; H, 3.0; N, 7.05%). 
The following iodinated products were prepared similarly 
save that the reaction mixtures were heated (a) for 2.5 11, 

( b )  for 6 h :  ( a )  6-p-iodoj5henyl-2-methyl (68%), m.p. 270- 
272 O C ,  Amax. 259 and 356 nm (E 21 100 and 8 400,) 7[(CD,),- 
SO] -0.42br (NH), 2.01 (1 H,  d),  2.14 (1 H, d) ,  2.27 and 
2.85 (4 H,  AA'BB' pattern), 8.06-6.14 ( 1  H, m),  6.44 (2 H, 
m), and 8.78 (3 H, d )  (Found: C, 35.05; H, 3.5; N, 6.85. 
Cl,Hl,CIIN,O, requires C, 34.9; H, 3.4; N, 6.8%); (6) 
6-p-iodophenyl- 2,2-dirnetltyl (39 yo ) , ni. p . 2 34-2 3 7 OC, A,,,. 
269 and 352 nm (E 23 300 and 8 SOO) ,  T[(CU,),SO] 2.00 
(1 H, d), 2.30 (1  H, d) ,  2.27 and 2.83 (4 H ,  AA'BB' pattern), 
6.53br (2 H), and 8.7 (6 H, s) (Found: C, 36.75; H, 3 .7 ;  
N, 6.55. C,,Hl,CIIN,O, requires C, 36.5; H, 3.75; N, 
6.55 yo ) . 

2,3-~ihydro-G-y-nitrophenyl-1,4-diazepiniu~n Nitrate.-6- 
Plienyldihydrodiazepinium perchlorate (6 g) was added in 
small portions to an ice-cold, stirred mixture of nitric acid 
(60 ml) and water (12 ml). The mixture was stirred for a 
further 2.8 11 and then poured into water (215 ml) which was 
stirred and cooled in an  acetone-solid CO, mixture. The 
nitro-compownd (2.8 g, 58%) was filtered off and had m.p. 
240 "C (from methanol), A,,,. 344 nm (E 17 400), r[(CD,),SO] 
1.78 (2 H,  tl), 1.83 (2 H, d),  2.38 (2 H, d), and 6.18 (4 H ,  m) 
(Found: C, 46.9; H,  4.2; N, 19.8. C1lHl,N,O, requires 
C, 47.15; H,  4.3; N, 20.0%). 

Reactions of 2,3-DiJ~ydro-X-methyl-6-phenyldiJaydrodiaze- 
pinium Perchlorates with Nitric A cid.-When the l-methyl-, 
2-methyl-, or 1,4-dimethyl-derivative was treated with 
nitric acid as described in the preceding paragraph the 
isolated product was p-nitrobenzoic acid, identical (m.p., 
mixed m.p., n.m.r., and mass spectra) with an authentic 
sample. 

Alkaline Hydrolysis of 6-A ryl-2,3-ditiydro- 1,4-diazepiniwn 
Salts.-A solution o f  6-phenyldihydrodiazepinium per-. 
chlorate (0.27 g )  and sodium hydroxide (0.8 g) in methanol 

was heated under refhx for 4 h. Removal of solvent in 
vacuo left a solid, which was filtered off and treated with ;I 
methanolic solution of dianilinoethane and perchloric acid. 
A f t e r  ca. 1 h a t  room temperature yellow crystals of 1,4,6- 
triphenyldihydrodiazepiniuni perchlorate were filtered off, 
identical (m.p., mixed m.p., spectra) with an authentic 
sample. 2,3-Diliydro-6-a-naphthyldiazepinium perchlorate 
was similarly hydrolysed and converted into its A&"'- 

diphenyl analogue. 

We thank Mr. C. Millar and Mrs. M. Smith for recording, 
respectively, mass and n.m.r. spectra, Mr. J .  Bews and Mrs. 
S. Smith for niicroanalyses, and the University of St. 
Andrews for a research studentship (to K. S. T.). 
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