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By the reaction of 6-methyl-4-imino-4H-quinolizine derivatives(5,8)with the mixed anhy-

drides(6a-h),2-phenyl-1-azacycl[3.3.3]azines(7a-p,9a—g)were obtained.2-Pheny1-1,3,6-

triazacycl[3.3.3]azine derivatives(15ah,17a-h,18a-g)were prepared by the reaction of 2-(2-

cyanovinyl)amino-6-aminopyridines(13,16)with mixed anhydrides (6a-h).The proton nuclear

magnetic resonance spectral data of the 2-phenylazacycl[3.3.3]azines(12,18a)may be interprited in

terms of a paramagnetic ring current.
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Since the first synthesis of cycl[3.3.3]azine(1)by Farquhar and Leaver,2)this molecule,
which exhibits a paratropic proton nuclear magnetic resonance(11-I-NMR)shift,has been
examined by Dewar and Trinajstic,3)who have advanced a simple and convincing argument
to show that 1 is aptly characterized as a nitrogen-bridged,"antiaromatic"[12]annulene.
Previously,we reported the syntheses of various azacycl[3.3.3]azine derivatives.4)As part of
our continuing studies on azacycl[3.3.3]azines,we now wish to report the synthesis of 2-

phenylazacycl[3.3.3]azine derivatives(7,9,15,17,18),and the effect of the phenyl group on
the azacyclazine ring.
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Syntheses of 2-Phenyl-1-azacycl[3.3.3]azines

Previously,we reported a convenient method for the preparation of a 2-methy1-1-

azacycl[3.3.3]azine derivative(4)by the reaction of 4-imino-6-methyl-4H-quinolizine de-

rivative(5)with acetic anhydride.4a)In this paper,we describe an alternative preparation of 2-

aryl-l-azacycl[3.3.3Jazine derivatives(7,9)using ethyl p-substituted benzoyloxyformates,the

mixed anhydrides(6a-h),which were prepared by the reaction of corresponding p-

substituted benzoic acids with ethyl chloroformate in the presence of pyridine.Thus,methyl

2-aryl-9-cyano-l-azacycl[3.3.3]azine-7-carboxylates (7a-p)were obtained by the reaction of

5 and the corresponding mixed anhydrides(6)at 150•Žfor 3h in the yields shown in Table I.

Compounds 9a-g were also obtained by the reaction of 8 with the mixed anhydrides(6)in a

similar manner.
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In order to obtain the parent base of 7a,we examined various conditions for removal of

its methoxycarbonyl and cyano groups,and succeeded in the isolation of 2-pheny1-1-

azacycl[3.3.3]azine(12)as an unstable compound.Thus,a mixture of 7a and polyphosphoric

acid(PPA)was heated at 100•Žfor 10h to give methyl 2-phenyl-9-carbamoy1-1-

azacycl[3.3.3]azine-7-carboxylate(10)in good yield.Then,a solution of 10 in 47% hy-

drobromic acid was refluxed for 4h to give 2-phenyl-1-azacycl[3.3.3]azine hydrobromide(11)

in good yield.The free base,2-phenyl-l-azacycl[3.3.3Jazine(12)was obtained as a greenish

brown precipitate by treatment of 11 with potassium carbonate solution but the product was

unstable and could not be purified by recrystallization.The 1H-NMR spectrum of the crude

free base(12)in CDC13 was recorded as shown in Fig.1.

The signals for all of the azacyclazine ring protons of 12 appear at(5(ppm):4.0-6.80,a

region in accord with the presence of a paratropic ring current.The result clearly establishes

that conjugation between the azacyclazine ring and the benzene ring in 12 reduces the

paramagnetic ring current compared with 2-methyl-l-azacycl[3.3.3]azine(2),4a,e)but com-

pound 12 still has antiaromatic character.

Syntheses of 2-Phenyl-1,3,6-triazacycl[3.3.3]azines

Ceder and his co-workers reported the synthesis of 4-cyano-2-methy1-1,3,6-tri-

azacycl[3.3.3]azine(14)though a rather troublesome route in 3% yield.5)We attempted

instead to apply the above mixed anhydride method to the synthesis of 2-ary1-1,3,6-

triazacycl[3.3.3]azine derivatives.Thus,2-(2,2-dicyanovinyl)amino-6-aminopyridine(13)was

reacted with mixed anhydrides(6a-h)at 130•Žfor 3h to give the corresponding 2-ary1-4-

cyano-1,3,6-triazacycl[3.3.3Jazines(15a-h)in good yields.In a similar manner,compounds

(17a-h)were also obtained in good yields of 62-88% by the reaction of 2-(2-cyano-2-

ethoxycarbonylvinyl)amino-6-aminopyridine(16)with the mixed anhydrides(6).When

19 20 21

Chart4

Fig.1.•@ 11-1-NMR Spectral Data for Azacyclazine Derivatives
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compound 16 was allowed to react with the mixed anhydrides(6)at 160•Žfor 3h,the

decarboxylated products,2-phenyl-1,3,6-triazacycl[3.3.3]azines(18a-g),were obtained in

low yields.

Ceder and his co-workers synthesized 1,3,6-triazacycl[3.3.3]azine(3)and found that its

proton signals in the 1H-NMR spectrum appeared at relatively low field(6:4.8-7.3),which

suggested that 3 had aromatic character.61 The macrocyclic nonbenzenoid biphenyl(19)and

mixed biphenyl(20)have been synthesized in order to examine the effect of the phenyl group

on the magnetic current of annulene.7 Lai reported that a decrease in the ring current is

observed in going from the parent 10b,10c-dimethyldihydropyrene(21)to 20,which is

consistent with a reduction of delocalization in the macro ring due to increasing conjugation.81

On the basis of Lai's concepts,the signals of 18a should be shifted to higher magnetic field

than those of 3,if compound 3 has aromatic character.However,due to increasing

conjugation between the 1,3,6-triazacycl[3.3.3]azine ring and the benzene ring in 18a,the

signals are shifted to a lower magnetic field than those of 3 as shown in Fig.1.Namely,a

decrease in the paratropic ring current is observed in going from the parent 4 to 18a,which is

consistent with a reduction in delocalization in the 1,3,6-triazacyclazine ring due to increasing

conjugation.We are in the process of preparing other cyclazines with the aim of extending our

understanding of these interesting compounds.

Experimental

Melting points were determined with a Mitamura Mel-Temp and are uncorrected.Infrared(IR)spectra were

recorded in KBr discs on a JASCO IRA-2 spectrometer.Ultraviolet(UV)spectra were recorded on a Hitachi EP-S2

spectrometer in 95% ethanol.11-1-NMR spectra were obtained on a JNM-FX-90(90 MHz)spectrometer with

tetramethylsilane as an internal standard.

General Procedures for Reaction of 5 or 8 with the Mixed Anhydrides(6)•\Ethyl chloroformate(0.05mol)was

added dropwise to a stirred mixture of p-substituted benzoic acid(0.05mol)and pyridine(0.05mol)in CHC13 over a

period of 1h under ice-cooling.The mixture was stirred overnight at room temperature,and evaporated under

reduced pressure.A mixture of the residue(6)and 5 or 8(0.01mol)was heated at 150•Žfor 3h.The reaction mixture

was poured into 300ml of ice-water.The solution was made basic to litmus with K2CO3 and extracted with CHC13

TABLE I.•@ Analytical Data for 7
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TABLE II.•@ Spectral Data for 7

a)Concentration is unknown because of poor solubility.b)The solvent used was CDCl3.c)The solvent used was DMSO-d6.

s=singlet,dd=double doublet(J=8,1Hz),t=triplet(J=8Hz).

(3•~50ml).The extract was washed with H2O(50ml),dried(Na2SO4)and evaporated under reduced pressure.The

residue was submitted to column chromatography on silica gel. From the benzene–CHCl3(1:1)fraction,the

corresponding 2-phenyl-1-azacycl[3.3.3]azine derivatives(7or9)were obtained.The analytical and spectral data for

the products are given in Tables I-IV.
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TABLE III.•@ Analytical Data for 9

TABLE IV.•@ Spectral Data for 9

TABLE V.•@ Analytical Data for 15
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TABLE VI.•@ Spectral Data for 15

TABLE VII.•@ Analytical Data for 17

Methyl 9-Carbamoyl-2-phenyl-1-azacycl[3.3.3]azine-7-carboxylate(10)-A mixture of 7a(0.5g)and an excess
of PPA(10g)was heated at 100•Ž for 10 h.The reaction mixture was poured into ice-water(300ml).The solution

was made basic to litmus with K2CO3,and extracted with CHC13(3•~50ml).The extract was washed with water

(50ml),dried(Na2SO4),and evaporated under reduced pressure to give crude crystals 10(95%),which were

recrystallized from CHC13-Me0H as green needles,mp>300•Ž.Anal.Calcd for C20H15N303:C,69.56;H,4.38;N,

12.17.Found:C,69.56;H, 4.57;N,12.07.IR(KBr)cm-1:1670(C=0),1620(C=0),3300(NH).UVƒÉ
EtOH
max

nm:275,

309,407,422,446.11-1-NMR(CDC13-F3CCOOH)ƒÂ(ppm): 3.84(3H,s,OCH3),5.84(1H,s,C3-H),6.44(1H,dd,
J 8,1 Hz,C4-H or C6-H),7.36-7.64(6H,m,C5-H and Ar-H),8.10(1H,s,C8-H),8.14(1H,dd,J=8,1 Hz,C4-H or
C6-H).

2-Phenyl-1-azacycl[3.3.3]azine Hydrobromide(11)-A solution of 10(0.5g)in 47% HBr(20ml)was refluxed
for 3 h.The solution was evaporated under reduced pressure. The residue was recrystallized from MeOH to give 11 in
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TABLE VIII.•@ Spectral Data for 17

TABLE IX.•@ Analytical Data for 18
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TABLE X.•@ Spectral Data for 18

quantitative yield:mp>300 C.Anal.Calcd for C17H13BrN2:C,62.79;H,4.03;N,8.61.Found:C,62.66;H,4.12;N,

8.57.UV,ƒÉEtOHmaxnm(logƒÃ):244(4.06),254(4.07),302(4.46),400(4.11)sh,408(4.12),420(4.12),430(4.16).1H-NMR

(DMSO-d6)(5 (ppm):5.35(1H,s,C3-H),5.86(1H,dd,J=8,1 Hz,C7-H or C9-H),5.92(1H,dd,J=8,1 Hz,C4-H or

C6-H),6.31(1H,dd,J=8,1 Hz,C7-H or C9-H),6.42(1H,dd,J=8,1 Hz,C4-H or C6-H),6.80(1H,t,J=8 Hz,C5-

H),7.09(1H,t,J=8 Hz,C8-H),7.47(5H,s,Ar-H).

2-Phenyl-1-azacycl[3.3.3]azine(12)•\A solution of 11(0.5g)in water(50ml)was made basic to litmus with

K2CO3 and immediately extracted with CHC13(30ml).The extract was dried(Na2SO4)and evaporated under

reduced pressure.The residue was dried in a vacuum desiccator(2mmHg)for 5 min.The H-NMR spectrum of the

crude free base 12 was recorded:H-NMR(CDC13)(ƒÂ(ppm):4.09(1H,dd,J=8,1 Hz,C4-H or C6-H),4.17(1H,s,

C3-H),4.43(1H,dd,J=8,1 Hz,C7-H or C9-H),4.64(1H,dd,J=8,1 Hz,C7-H or C9-H),4.88(1H,dd,J=8,1 Hz,

C4-H or C6-H),5.45(1H,t,J=8 Hz,C5-H),5.78(1H,t,J=8 Hz,C8-H),7.26(5H,br s,Ar-H).

General Procedure for the Preparation of 2-Phenyl-1,3,6-triazacycl[3.3.3]azine Derivatives(15,17)•\These

compounds(15,17)were prepared at 130•Ž for 3 h from 13 or 16 in a manner similar to that used for the preparation

of 7 or 9.The analytical and spectral data for the products are given in Tables V—VIII.

General Procedure for the Preparation of 2-Phenyl-1,3,6-triazacycl[3.3.3]azines(18)•\These compounds(18)

were prepared at 160•Žfor 3 h from 16 in a manner similar to that used for the preparation of 7 or 9.The analytical

and spectral data for the products are given in Tables IX and X.
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