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9-Acridinecarboxaldehydes.- I a typical reaction, 1 mixture
of 23.4 g (0.11 maole) of 2-fluare-9-methylacridine, 35.3 g (0.24
imaole) of N N-dimethyl-4-nitrozoaniline, 20 drops of piperidine,
and 150 mlb of 2-pentanol was refluxed for 5 hr. The mixtwre
wax cooled, and the residhie was filtered and washed with 93¢,
FAOH. The nitroize was ot pirvified but was nsed divecrly.
A stirred shurry of erude nitrone i 300 mb of 120, TICH was
heated on o stemm bath for 5 wmin. Filtration gave the hydro-
chloride which was treated with excess 200, NaOAe <olution to
liberate the base. 121 g ernde). Reervstallization from MeCN
mave 16 g (637)).

9-Hydroxymethy!-9,10-dihydroacridines. - In o (yvpicul ex-
ample, to astirred <uspension of 9.0 g of LA in 200 ml of 11,0
nnder Na, 18,9 g (0.084 mole) of 2-thioro-9-acridinecarboxaldehvde
was added in portions.  After completion of addition, the mixtre
wis =tirred and refluxed for 3 hr. The mixtiure was cooled and
worked np in the nsual manier,  The vield was i ] g 185, 1,

5H-Dibenz[b,/|azepines.— A niixture of 15 g of =ea sand, 15 ¢
of PaO;, nud 50 ml of xvlene under No was hented to reflux and 2
g {0.009 mole) of 2-Huoro-9-hyvdroxyuethyl-9, [0-dihvdroaceridine
wis added quickly: the mixtire was refloxed Tor 2 hr. Longer
reflux time, in our hands, resulted in zolation of anly 9-metbhyl-
aeridines tef. vef 2). ‘The mixhire was coaled and extraetoed
¢PhI), the organie layver was dried (CoSOyj, and the solvent was
cemnved under rediiced pressure. ‘T'he residue wax taken np m
PhH and chromatographed on an ahimina columm packed in
hexane: PhH was nsed ns the ebient. The viekl afrer one re-
ervstathization rom eveloliexane was 0.6 g (306 3.

5-(3-Dimethylaminopropyl)-5H-dibenz[b,/|azepines.- -\  1iix-
tre of 1.0 g (0.0047 1mole) of 2-fluoro-3t-dibena b, [ nzepine,
0.7% g of Nall (5377 in an oil dispersion) and 70 mb of xylene
were refluxed 2 hr under Noo To thes misxture was added dropwise
o sobition ol 4.7 g dLO4 molel ol 3-N, N-dimethy huninopropyl
chloride 1n 0t il of xvlene and the mixtine was refluxed for 20
heo Phe renction mixture was treates] with THLO and extracied
with K, the arganie Biver was dried i Cax0))) and evaporared
nnder reduced pressure, and the residne was chrontographed
aver ashiing as deseribed above, The il obtained from the
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PhH eluent was treated with 0.27 ¢ 10.023 niolet of nuleie aeid
dizzolved in 1l of EtOAce, Cooling overnight at —i° prodiced
10.25 g 41597 1 which was veervstallized from FAOH EO.

1.3-Dihydvo-l-niethyl-5,6- (and 5.7-)

diaryl-2H-1.4-diazepin-2-ones

Cogi= ML Horvasy and S0 R San

Organic Chewical Besewreh Sceelion, Lederte Laboralorics,
A Division ol Awerican Cyananil Cowpany,
Pearl River, New York 10067

Ieeeiven Lpril 11, 1964
Although o number of 2H-1,4-benzodiazepin-2-ottes

closely related to dinzepam lave beert reported to <how
CNS  depressaitt properties,!  the monocyelie  1.3-

diltvdro-211-1 d-diizepitn-2-otte ring systein 1 has not
beerg deseribed. This paper deseribes the prepatation
i1 Lo L Seernban . o0, Ramlail, R Banzaser, amb o Lebs e e

Allecting ihe Cenmiral Nervoos Systeny,” Vol 20 AL Forgees Feloo Maveel
Dekker. Lo Now Yook, NV INGK, p 257,
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and properties of four compounds of type I with aryl
groups 1n the 5,6 and 5,7 positions.
The compounds were prepared as illustrated in

Chart I. The Maunich bases II were treated with -
Cuarr I
CH.COCH,R C;H;.COCH=CHR’

H:col MeNH, MeNH/

tBu-OCONHCH,COOH

CH;COCHRCHR'NHCH, :
¢BuOCOC]

II
H
[C:H,COCHRCHR'N(CH,)COCH,NHCOO-+Bu] —

1. NaOH
C,H;COCHRCHR'N(CH,) COCH,NH,-HCl ——

2.4
III
CH,

R N0
j/ NBS
- > I
R™ Ny
CH:

2NBS
(Hi
THX
N

R’

IV

0

N
¢nm, 1
Va,c
a, R=CH;;R'=H
b, R=0CICH,;R"=H
¢, R=H;R' =CH,
d,R =H; R’ = m-CICH,

butoxycarbonylglycine and isobutyl chloroformate by
the mixed anhydride peptide synthesis.? Removal of
the blocking group gave the B-(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-
tetrahvdro-2H-1 4-diazepin-2-ones (IV) were estab-
lished by analytical and spectral data.

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

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

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

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

NOTES 915

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

I .
N. 0 N. 0
y ! .
+
CsH; ==N CsH; ==N
N\ \
CﬁHr. 0 CHH5 CH;;
VI VIl

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-1,3,6,7-tetrahvdro- and -2H-1,2-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 promiuent signs of CNS depression such as
motor depression, ptosis, loss of reflex activity (pre-
hensile, pinnal, corneal, righting), flaccidity, or cata-
tonia. None of the compounds showed iuteresting
activity in this procedure.

Experimental Section

The preparation of the compounds ix 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 Caryv 11 recording spectrophotometer and the nmr spectra
were obtained on a Varian A-60 spectrometer with TMS as an
internal standard. The massx spectra were taken on an AEI
MS-9 mass spectrometer. The melting points were measured hi
open capillaries in a Hershberg apparatus and are uncorrected.
When analyses are indicated only by syvmbols of the elements,
analytical results obtained for these elementx were within =0.4%;
of the theoretical vahies.

B-Aminopropiophenone Hydrochlorides (II-HCI, Table I).—
Compounds 1 and 2 were prepared from the desoxybeuzoins,
H,;CO, and MeNH, by a literature procedure.®* Compounds 3
and 4 were prepared by treating chalcone and m-chlorochalcone
with excess MeNH,.

1,3,6,7-Tetrahydro-2H-1,4-diazepin-2-ones (IV, Table II).—
The B-(aminoacetamido)propiophenone hydrochlorides (III)
were prepared from the g-aminopropiophenones (II) by the
following procedire which is based on a modification of a litera-
ture procedure.?

A solntton of 21 g (0.12 mol) of t-butoxyearbonylglycine, 13.3
ml (0.12 mol) of N-methylmorpholine, and 120 ml of dry THF
was stitred and eooled to —15°, and then 16.2 ml (0.12 mol) of
isobutyl chloroformate wax added. The mixture was stirred
for 1-2 min and then 0.12 mol of the g-aminopropiophenone
(liberated from the hydrochloride) was added in about 10 m! of
THF. The mixture was stirred for 1 hr at —15° aud filtered,
and the filtrate was evaporated to au oil. The oil was dissolved
in Et,0 and washed with dilute HCI, H,0, NaHCO;, and H,0.
The Et.O solntion was dried (MgS(,), filtered, and evaporated.
To the residual oil was added 77 ml of concentrated HCI, and
the solution was allowed to ztand for 30 min and then evaporated
at reduced pressure to give a thick oil which solidified after
treatment with Et;0. Since the resulting g-(aminoacetamido)-
propiophenone hydrochlorides were diffienlt to pirify, they were
converted into the bases with aqiteous alkali for 1se in the next
step.  The hases were cvelized by ane of the two methods listed
below.

Method A.—The B-(aminoacetamido)propiophenones were
heated in a bath at 135-140° at 0.2-0.5 mm for I he.  After
cooling, the glixsy residnes were treated with Et,O to give the

(3) J. Matti, A. M. Laval-Vergés, and I. Emsd, Bull. Soe. Chim. Fr.,
1176 (1963).
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prodinets s white =<olids which were then reervstallized Tvom
FtOLL

Method B. A solution of 1he g-(aminoacetamido)propio-
phenone (0.018 mol) was dissolved in 750 mib of dry Phle, 0.1 ¢
of TsOH waz added, and the mixture was reflixed nnder a
Dean-Stark 1LO =eparator far 2 hr. The mixture was filtered
and evaporated to give an oil.  Addition of a small anmount of
B0 cansed the ol to =olidify.  The solid was eallected wnd
recrystallized rom FEtO11

1,3-Dihydro-2-H-1,4-diazepin-2-ones (I, Table III).—A mix-
ture of 0.01 ol of the tetrahydrodiazepinone (I1V), 0.1 g (0.0005
mal) of benzoyl peroxide, and 1.8 g (0.D1 maol) of recrystallized
NBS i 100 ml of CCl was refluxed on a stean bath for 45 min.
The orauge =olid which separated was collected and shuried in
I1.0.  The mixtitre was made alkaline and extraeted with CHCI,,
The extrac(x were dried (MgR0,), filtered, and evaporated to give
a solid produet which was recrystallized from EtOH.

When the hexahydrodiazepinone (Va) was treated with 2 mplar
caniv of NBR by the ahave procedine, the dihydmdiazepinone
o) was nbtained ina 22¢7 viekd

Hexahydro-1-methyl-5,6-diphenyl-2H-1,4-diazepin-2-one
«Va), - A mixture of 0.36 g (0.002 wmol) of IVa, 0.1 g of 104,
P ¢ and 25 md of EtOTE was bydrogenated at roomn tenipern-

tire and atnmspherie pressure.  After the ealeulated amomit of
Hh had been abhzorbed (3 hi), the catalyst and =olvent wore re-
moved o give 0.5 g 1900} of the prodoet asx u white =alid, wp
141-142.5°, ir (CHCL) 6.09 . .tnal. (CsHwN0) C, 1, N
Hexahydro-1-methyi-5,7-diaphenyl-2H-1,4-diazepin-2-one
(Ve)-—A mixture of 2,93 g (0.0106 mol) of TVe, 0.3 g of 107,
Pd-C, and 125wl of E(OT was hydrogenated ax deseribed above.
After removal nt the entalyst and snlvent, 2.8 g 1940) »f the
praduct was obtained ax o white =olid, mp 124.5-128°.  Re-
ervstallization from FAOAe gave the analytical sample, mup 129
130°, ir (CIICh) G 12w dnal. (CHNQ) C, T, N
1,3-Dihydro-1-methyl-5,6-diphenyl-2H-1,4-diazepin-2-one 4-
Oxide (VI).-—A wixture of 0.83 g (0.003 mol) of Ta and 0.81 ¢
(10.005 mol) of uwi-chloraperbenznic acid in 33 ml of CH.CL
wix stirred fir 24 hroand then washed with NallCO and O,
The arganie laver wasolried (Mg80y), filtered, and concentrated
to an orange glass, ‘Two recrystallizations from [EtOIL gave
0.05 g (8%.) of n while solid: mp 208-208.5°; ir {CHCly) 53.99
and .21 u; nr «CDCEY 8 3.33 (5, 3, NCHy), 4.87 (8, 2, NCH -
CO), 6.83 ppin b, | CH==)o hnal. (G HpNLOy) C, 11N,
1,3-Dihydro-1,4-dimethyl-2-0x0-5,6-dipheny!-2H-1,4-diaze-
pinium Todide ( VII). A sohition nf 0.28 g (0.001 mol) of Ta, 5l
of Mel, and 5 b of Me.CO was allowed to stand at room 1em-



September 1969

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
w; nmr (de-DMSO0) § 3.50 (s, 6, 2NCHy), 4.73 (s, 2, NCH,CO),
8.09 pPpm (S, 1, CH=> Anal. (CmHmINzO) C, H, I, N.
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4-(4-Hydroxypiperidino)-4’-luorobutyrophenone (1)
has been reported to produce moderate tranquilization
properties in mice, rats, cats, dogs, and human sub-

F@— CO(CH._/)BN/\:>- OH

1

jects.! 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 couformation 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 D,O is 0.94 = 0.05 kecal/mol at
40° and 0.81 = 0.05 kcal/mol at 80°.2 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
(a) D. M. Gallant, M. P, Bishop, and R. Guerrero-Figueroa, Current Therap.
Res. 10, 244 (1963); and (b) A. A, Sugerman, ibid., 10, 533 (1968).

(2) N. M. Gabel and L. G. Abood [J. Med. Chem., 8, 616 (1963)] have
correlated the availability of the N electron pair of some piperidine com-
ponnds to their anticliolinergic psvchotomimetic potency. However, the
orientation of the N eleetron pair ami, in turn, tle spatial disposition of tle
N substituent in all compounds discussed in this work are not considered

lere.
(3) C. Y. Clen and R. J. W. Le Fevre, Tetrahedron Lett., 4057 (1965).
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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 receptorin a less
favorable conformation) is formed, and in turn greater
response or poteucy results, Since 1 is tested in intact
animals, we kuow 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.*

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-I-propanol (12), respectively, with
the chloride 13 (Scheme I). Compound 7 was obtained
in two crystalline forms, which gave identical infrared
spectra in CHCl;. 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.? 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 3.9 keal/mol. For a discussion of the chair and flexible forms
of eyclohexane, see E. L. Eliel, N, L. Allinger, S. J. Angyal, and G. A. Morri-
son, ‘‘Conformational Analysis,' John Wiley and Sons, Ine., New York,
N. Y., 1965, pp 36-42.

(3) G. Fodor, Alkalotds, 6, 145 (1960); 9, 269 (1967); also see A. Sinnema,
L. Maat, A. J. Van Der Gugten, and H. C. Beyerman, Rec. Trav. Chim., 87,
1027 (1968).



