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9-Acridinecarboxaldehydes. In a typical r e a d ion, a m i x t u r e 
of 23.4 g (0.11 mole) of 2- f !uoro-9-methylaer id ine , 35.3 g (0.24 
mole) of X ,X-d ime thy l -4 -n i t rosoanil ine. 20 d rops of p iper id ine . 
and 150 ml of 2 -pen tano l was refluxed for 5 hr. T h e m i x t u r e 
was cooled, and the res idue was filtered and washed with 9 5 ' , 
K t O H . T h e n i t rone was not purified hut was used d i rec t ly . 
A s t i r red s lur ry of c rude n i t rone in 300 nil of 1 2 ' , HOI was 
hea t ed on a s t eam b a t h for 5 min . F i l t ra t ion gave the hyd ro 
chlor ide which was t r e a t e d wi th excess 2 0 ' , X'aOAc solut ion to 
l ibera te the base . (21 g c rude) . Hecrysta l l izat ion from M e C X 
gave 10 g ( 0 5 ' , ). 

9-Hydroxymethyl-9 ,10-dihydroacridines . In a typical ex
ample , to a s t i r red suspens ion of 9.0 g of LAH in 200 ml of K M ) 
under X2, IS.9 g (0.0S4 mole) of 2- f luoro-9-acr id inecarboxaldehyde 
was added in por t ions . After comple t ion of add i t ion , the mixt ure 
was s t i r red and refluxed for 3 hr. T h e mix tu re was cooled and 
worked up in t h e usual m a n n e r . T h e yield was Hi.l g i ' S5 ' , i. 

5H-Dibenz[/) , / ' |azepines. A m i x t u r e of 15 g of sea sand . 15 g 
of P20,-„ and 50 ml of xylene unde r X\ was hea ted to reflux a n d 2 
g (0.009 mole) of 2 - f luoro-9-hydroxymethyl -9 ,10-d ihydi 'oacr id ine 
was a d d e d qu ick ly : the mix tu re was refluxed for 2 hr. Longer 
reflux t ime, in our hands , resul ted in isolat ion of only 9 -me tbv l -
acr id ines (<•/. ref 2). T h e mix tu re was cooled and ex t rac ted 
( P h i l ) , the organic layer was dried (CaSO;) , and the solvent was 
r emoved u n d e r reduced pressure . T h e res idue was t aken up in 
P h H and c h r o m a t o g r a p h e d on an a l u m i n a co lumn packed in 
h e x a n e : P h H was used its the e luent . T h e yield after one re-
crys ta l l iza t ion from cyclohexane was 0.0 g CM)'", ). 

5-(3-Dimethylaminopropyl ) -5H-dibenz [b,f\ azepines . A mix-
tu re of 1.0 g (0.0047 mole) of 2 - f luoro-5H-dibenz[o . / | azep ine . 
0 .7s g of X a l l ( 5 S ' f in an oil d ispers ion) and 70 ml of xylene 
were refluxed 2 hr under .V. T o this mixt ure was added dropwise 
a solut ion of 4.7 g 10.04 mole ! of 3 - X , X - d i m e t h \ l aminoprop) 1 
chloride in 50 ml of xylene and the mix tu re was refluxed for 20 
hr. T h e react ion mix ture was t rea ted with H2() and ex t rac ted 
with Kt2(), the organic layer was dried (CaSO;) and evapo ra t ed 
under reduced pressure , and the res idue was c h r o m a t o g r a p h e d 
over a lumina as descr ibed above . T h e oil ob t a ined from the 

P h H eluent was t r ea t ed with 0.27 g (0.023 m o l e ! of maleic acid 
dissolved in 10 ml of KtOAc. Cool ing overnight tit —5° produced 
0.25 g ( 1 5 ' ) ) which was recrvs ta l l ized from K t O H Kt>(). 

1 .3-I ) ihydio-I -methy] -5 ,6 - (and 5.7-) 

diary!-2H-l ,4-diazepin-2-ones> 
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Although a number of '2H-1.4-botizodiazo])in-2-
elosely related to diazepam have been reported to ; 
CXS depressant properties,1 the monocyclic 

('H 

OIK'S 

•how 

dihydro-2H-l,4-diazepin-2-one ring system I has not 
been described. 'Phis paper describes the preparation 

i l ; 1.. II. S l e m h a e l i , l„ O. Katuiall , H. Hanzinjsi'V. and II. I.eiir in " l>t :i»-
At'l'ect intr tin- Cen t r a ! Nervous S y s t e m , " Vol. 2. A. I'.nrjier, Kil.. Maivel 
Dckker . Inc . . New York. N. V.. I!M!S. p 2:i, . 
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and properties of four compounds of type I with aryl 
groups in the 5,6 and 5,7 positions. 

The compounds were prepared as illustrated in 
Chart I. The Mannich bases II were treated with t-

CHAKT I 

C(iH,COCH2R C6HsCOCH=CHR' 

H,CO MeNH.. MeN'H, / 

C6H5COCHRCHR'NHCH;i 

II 

(•Bu-OCONHCH.COOH 

/-BuOCOCl 

[CBH5COCHRCHR'N(CH3)COCH2NHCOCH-Bu] 
HC1 

C(iH-;COCHRCHR'N(CH3)COCH2NH,-HCl 

III 

2NBS 

Oft, 
Va,c 

a, R = CliHs;R'=H 
b,R = o-ClCliHJ;R' = H 
c, R = H;R' = C;H5 

d,R = H;R' = m-ClC6HJ 

butoxycarbonylglycine and isobutyl chloroformate by 
the mixed anhydride peptide synthesis.2 Removal of 
the blocking group gave the /3-(aminoacetamido)pro-
piophenone hydrochlorides (III). Cyclization of III 
to IV was accomplished either by heating the free 
bases, neat, or in toluene with a catalytic amount of 
p-toluenesulfonic acid. The structures of these 1,3,6,7-
tetrahydro-2H-l,4-diazepin-2-ones (IV) were estab
lished by analytical and spectral data. 

Catalytic hydrogenation of IVa and IVc resulted in 
the uptake of 1 molar equiv of hydrogen and gave the 
hexahydro-2H-l,4-diazepin-2-ones (Va and c). 

Treatment of the l,3,6,7-tetrahydro-2H-l,4-diazepin-
2-ones (IV) with 1 molar equiv of XBS resulted in 
bromination and dehydrobromination to give, in one 
step, the l,3-dihydro-2H-l,4-diazepin-2-ones (I). 
Compound la was also obtained by treatment of the 
hexahydro-2H-l,4-diazepin-2-one (Va) with 2 molar 
equiv of NBS. 

Two additional derivatives of la, the N-oxide VI and 
the methiodide VII, were prepared. Conversion of la 
to VI did not appreciably change the ir and nmr spectral 

(2) G. W. Anderson, J. E. Zimmerman, and F. M. Callahan, ./. Amer. 
Chem. Sor., 89, 5012 (1967). 

characteristics. On the other hand, the nmr spectrum 
of the methiodide VII shows a marked downfield shift 
of the six XCH3 protons as well as of the vinyl proton. 

VI VII 

The carbonyl band in the ir spectrum is also shifted to 
lower wavelength. These shifts indicate that the 
positive charge in the salt VII is delocalized. 

Pharmacological Results.—The 5,6- and 5,7-diaryl-
2H-l,3,6,7-tetrahydro- and -2H-l,2-dihydrodiazepin-2-
ones were administered to male Swiss albino mice at a 
dose of 250 mg/kg ip and observed during a period of 
2 hr for prominent signs of CXS depression such as 
motor depression, ptosis, loss of reflex activity (pre
hensile, pinnal. corneal, righting), flaccidity, or cata
tonia. None of the compounds showed interesting 
activity in this procedure. 

Experimental Section 

The preparation of the compounds is described below in 
general procedures when possibe. Physical properties are given 
in Tables I—III. The ir spectra were determined on a Perkin-
Elmer spectrophotometer (Model 21); the uv spectra were taken 
on a Cary 11 recording spectrophotometer and the nmr spectra 
were obtained on a Yarian A-60 spectrometer with TMS as an 
internal standard. The mass spectra were taken on an AEI 
MS-9 mass spectrometer. The melting points were measured in 
open capillaries in a Hershberg apparatus and are uncorrected. 
When analyses are indicated only by symbols of the elements, 
analytical results obtained for those elements were within ± 0 . 4 % 
of the theoretical values. 

/3-Aminopropiophenone Hydrochlorides (II HCl, Table I).— 
Compounds 1 and 2 were prepared from the desoxybenzoins, 
H2CO, and MeNH2 by a literature procedure.3 Compounds 3 
and 4 were prepared by treating chalcone and m-chloroehalcone 
with excess MeNH2 . 

l,3,6,7-Tetrahydro-2H-l,4-diazepin-2-ones (IV, Table II).— 
The (3-(aminoacetamido)propiophenone hydrochlorides (III) 
were prepared from the /3-aminopropiophenones (II) by the 
following procedure which is based on a modification of a litera
ture procedure.2 

A solution of 21 g (0.12 mol) of (-butoxycarbonylglycine, 13.3 
ml (0.12 mol) of N-methylmorpholine, and 120 ml of dry T H F 
was stirred and cooled to —15°, and then 16.2 ml (0.12 mol) of 
isobutyl chloroformate was added. The mixture was stirred 
for 1-2 min and then 0.12 mol of the /3-aminopropiophenone 
(liberated from the hydrochloride) was added in about 10 ml of 
T H F . The mixture was stirred for 1 hr at —15° and filtered, 
and the filtrate was evaporated to an oil. The oil was dissolved 
in E t , 0 and washed with dilute HCl, H20, NaHC0 3 , and H 2 0. 
The Et.O solution was dried (MgS04), filtered, and evaporated. 
To the residual oil wras added 75 ml of concentrated HCl, and 
the solution was allowed to stand for 30 min and then evaporated 
at reduced pressure to give a thick oil which solidified after 
treatment with E t 2 0 . Since the resulting 5-(aminoacetamido)-
propiophenone hydrochlorides were difficult to purifv, they were 
converted into the bases with aqueous alkali for use in the next 
step. The bases were cycli/.ed by one of the two methods listed 
below. 

Method A.—The (3-(aniinoacetamido)propiophenoiies were 
heated in a bath at 135-140° at 0.2-0.5 mm for 1 hr. After 
cooling, the glassy residues were treated with E t 2 0 to give the 

(3) J. Matti, A. M. Laval-Verges, and I. Emod, Bull. Soc. Chim. Fr., 
1176 (1963). 
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products as white solids which were (hen recrvsiallized from 
KtOH. 

Method B. A solution of the fHaminoacetamido)propio-
phenone (0.0 IN mol) was dissolved in 7.j() ml of dry PhMe, 0.1 g 
of TsOH was added, and the mixture was refluxed under a 
Dean-Stark Ih,() separator for 2 hr. The mixture was filtered 
and evaporated to give an oil. Addition of a small amount of 
Kt20 caused the oil to solidify. The solid was collected and 
recrystallized from KtOH. 

l,3-Dihydro-2-H-l,4-diazepin-2-ones (I, Table III). A mix-
lure of 0.01 mol of the tetrahydrodiazepiiione (IV), 0.1 g (0.000.) 
mol) of benzoyl peroxide, and 1.8 g (0.01 mol) of recrystallized 
N'BS in 100 ml of CC14 was refluxed on a steam bath for 45 min. 
The orange solid which separated was collected and slurried in 
II>,(). The mixture was made alkaline and extracted with CITCla. 
The extracts were dried (MgS04), filtered, and evaporated to give 
a solid product which was recrystallized from EtOH. 

When the hexahydrodiazepinone (Va) was treated with 2 molar 
ci|uiv of NBS by the above procedure, the dihydrodiazepitioue 
(la) was obtained in a 22' "J yield. 

Hexahydro-l-methyl-5,6-diphenyl-2H-l,4-diazepin-2-one 
(Va). A mixture of 0.56 g (0.002 mol) of IVa, 0.1 g of 10' , 
I'd 0, and 2."i ml of KtOH was hydrogenated at room tempera-

lure and atmospheric pressure. After the calculated amount oi 
Hj had been absorbed (3 hr), the catalyst and solvent were re
moved to give ()..") g (9()'< ) of the product as a white solid, nip 
141-142.:.°, ir (CI1C1:,) 6.09 M- Anal. (C,sH2„X20) C, 11, N. 

Hexahydro-l-methyl-5,7-diaphenyl-2H-l,4-diazepin-2-one 
(Vc).--A mixture of 2.9.") g (0.0106 mol) of IVc. 0.5 g of 10'', 
Pd C, and 125 ml of KtOH was hydrogenated as described above. 
After removal of the catalyst and solvent, 2.8 g (94' ( ) of the 
product was obtained as a white solid, mp 124.5-128°. Ile-
crvstallization from KtOAc gave the analytical sample, mp 129 
130°, ir (CIIC1:,) 6.12 M. Anal. (C„H2oN20) C, H, X. 

l,3-Dihydro-l-methyl-5,6-diphenyl-2H-l,4-diazepin-2-one 4-
Oxide (VI).- -A mixture of 0.83 g (0.003 mol) of la and 0.S1 g 
(0.005 mol) of m-chloroperbenzoic acid in '•>') ml of CH.C'b 
was stirred for 24 hr and then washed with XallCO ; l and H.O. 
The organic layer was dried (MgSOO, filtered, and concentrated 
to an orange glass. Two recrvstallizations from KtOH gave 
0.05 g (6%) of a white solid: mp 208-208.5°; ir (CHCb) 5.99 
and 6.21 M; nmr iCMX'U S 3.33 (s, 3, NCtfj), 4.S7 (s, 2, XC7/.-
CO), 6.83 ppm (s, l , ( . 7 / = ) . Anal. (C,sHlr,X2C)2) C, II, X. 

l,3-Dihydro-l,4-dimethyl-2-oxo-5,b-diphenyl-2H-l,4-diaze-
pinium Iodide (VII). A solution of 0.2S g (0.001 mol) of la, 5 ml 
of Mel, and 5 ml of Me2C0 was allowed to stand at room icin-
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perature overnight. The yellow solid which had separated was 
collected and recrystallized from MeCN to give 0.35 g (83%) 
of a yellow solid: mp 223.5° dec; ir (Nujol mull) 5.85 and 6.22 
M; nmr (de-DMSO) 5 3.50 (s, 6, 2NCff3), 4.73 (s, 2, NC#2CO), 
8.09 ppm (s, 1, CH=). Anal. (Ci9Hi9IN20) C, H, I, N. 
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4- (4-Hydroxypiperidino) -4 '-fiuorobutyrophenone (1) 
has been reported to produce moderate tranquilization 
properties in mice, rats, cats, dogs, and human sub-

F ^ Q y ~ CO(CH,)3l/~Y- OH 

jects.1 There is no knowledge concerning how the 
drug is bound to the receptor site. Unlike the majority 
of the active antipsychotic butyrophenone-type com
pounds, it possesses only minimal antiemetic activity. 
We assume that this unique activity and other proper
ties are related to the structure of this molecule -per se. 
The objective of this study is to look for possible steric 
requirements of the hydroxyl group orientation. 

The most stable conformation for 1 is 2. Other less 
stable conformations are 3, 4, and 5.2 The observed 
free-energy difference between the axial and the 
equatorial dispositions of the hydroxyl group of N-
methyl-4-piperidinol in D20 is 0.94 ± 0.05 kcal/mol at 
40° and 0.81 ± 0.05 kcal/mol at 80°.3 The free-
energy difference between 2 and 5 should be about the 
same under similar conditions. There is ample evidence 
reported in the literature, showing that 4-piperidinols 
and 4-piperidinones behave like cyclohexanols and 
cyclohexanones, respectively. The energies of 3 and 4 
then should be much higher than those of 2 and 5. 
The high energy of the twist or boat form 3 is partially 
offset by intramolecular hydrogen bonding, which is 
impossible in 4. 

Conformational analysis of the substrate does not 
necessarily reveal the actual conformation responsible 
for the pharmacological responses, especially in cases 
where the drug receptor can also undergo conforma-

(1) For evaluation of other pharmacological effects exhibited by 1, see 
Ca) D. M. Gallant, M. P. Bishop, and R. Guerrero-Figueroa, Current Therap. 
Hes., 10, 244 (1968); and (b) A. A. Sugerman, ibid., 10, 533 (1968). 

(2) N. M. Gabel and L. G. Abood [J. Med. Chem.. 8, 616 (1965)] have 
correlated the availability of the N electron pair of some piperidine com
pounds to their anticholinergic psychotomimetic potency. However, the 
orientation of the N electron pair and, in turn, tfie spatial disposition of the 
N substituent in all compounds discussed in this work are not considered 
here. 

(3) C. Y. Chen and R. J. W. Le Fevre, Tetrahedron Lett., 4057 (1965). 

OH 

^ H ^ 0 H R ^ N ^ - V 

4 5 

tt 
R — ( C H ^ C O ^ O ) — F 

tional changes. In this case, the energy of the sub
strate-receptor complex should be considered. There
fore, a thermodynamically slightly less stable conforma
tion of a substrate may have a better fit to the receptor, 
so that a complex of lower energy (compared with a 
complex formed by the substrate in a thermodynami
cally more stable conformation and the receptor in a less 
favorable conformation) is formed, and in turn greater 
response or potency results. Since 1 is tested in intact 
animals, we know nothing about the nature of the 
receptor site or about the drug-receptor complex. It 
is impossible to conclude whether 2 or 5 is the active 
form, although 3 and 4 may be excluded on the ground 
of their high energy levels.4 

Four analogs of 1 have been synthesized and tested 
in mice. Compounds 6, 7, and 9 were prepared by 
N-alkylation of norpseudotropine (10), nortropine (11), 
and 3-ethylamino-l-propanol (12), respectively, with 
the chloride 13 (Scheme I). Compound 7 was obtained 
in two crystalline forms, which gave identical infrared 
spectra in CHC13. The higher melting form was used 
in animal tests. Compound 8 was synthesized as shown 
in Scheme II. Tropinone hydrobromide (14) was con
verted to the dioxolane derivative 15, which was 
demethylated to 3,3-ethylenedioxytropane (16). N-
Alkylation of 16 gave 8. 

The configuration of C-3 and the conformations of 
tropine and pseudotropine derivatives have been well 
established.5 In both series the piperidine ring exists 
in the chair form. Hence, if the boat and the twist 
forms are excluded for consideration on the ground of 
their high energies, it is most likely that 6 and 7 react 
with the receptor sites in the conformations shown, 
which possess an axial and an equatorial hydroxyl 
group, respectively. In 8, there is an axial as well as an 
equatorial oxygen function at C-3; both of these are 
incorporated in an ether function rather than existing 
as hydroxyl group. Compound 9 is the 3,4-seco analog 
of 1 and the ethyl and 3-hydroxypropyl substituents on 
the nitrogen atom can assume whatever conformation 
the piperidine ring of 1 may have. 

The minimal effective dose (MED) for some CNS 
activities of 1 and 6-9 are given in Table I. The per-

(4) Assuming N-substituted 4-piperidinols behave like cyclohexanol, the 
energy difference between the twist form 4 and the chair form 2 would be 
approximately 5.9 kcal/mol. For a discussion of the chair and flexible forms 
of cyclohexane, see E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morri
son, "Conformational Analysis," John Wiley and Sons, Inc., New York, 
N. V., 1965, pp 36-42. 

(5) G. Fodor, Alkaloids, 6, 145 (I960); 9,269(1967); also see A. Sinnema, 
L. Maat, A. J. Van Der Gugten, and H. C. Beyerman, Rec. Trav. Chim., 87, 
1027 (1968). 


