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10-(3-Dimethylamino-1-propyl)-10H-dibenzo[1,4]thiaphos-
phorin 10-Oxides (2).—To 150 ml of CsH,. and 200 ml of CeHs
(both dried over Na) was added a solution of n-BuLi (0.117 mol in
hexane) under N2.  To this was added a solution of 2,2’-dibromo-
diphenyl sulfide (0.05 mole) in 50 ml of C¢Hyy.  After the solution
was stirred at 25° for approximately 15 min it became yellow and
a white precipitate began to form. The mixture was heated at
reflux for 4 hr, and then was cooled to 25°. A solution of diethyl
(3-dimethylaminopropy!) phosphonate (0.05 mol) in 50 ml of
Ce¢H,, was added. During addition the precipitate dissolved and
the vellow solution became deep red. The solution was stirred
for 15 hr at 25°, cooled to 0°, and hydrolyzed by the addition of 50
ml of 3¢ HCI and the layers were separated. The organic layer
was extracted twice with 50-ml portions of 59, HCl. The com-
bined acid extracts were washed once with 50 ml of CsHy,, made
basic by the addition of 106z NaOH, and extracted with three 50-
ml portions of CHCl;, and the combined CHCI; extracts were
dried (MgS0,). The mixtire was filtered and the solvent was
concentrated in vacuo to afford a mixture of the product and start-
ing phosphonate.

The mixture was heated with 50 ml of concentrated HCl for 8 hr
at 80°, vooled to 23°, and made basic with 109, NaOH. The
suspension was extracted with three 30-ml portions of CHCIs,
and the combined CHCI; extracts were dried (MgSO,). The
desiccant was separated by filtration and the solvent was con-
centrated in vacuo to afford still impure product (1.60 g). The
impure product was dissolved in 100 ml of CsHs and extracted
with three 50-ml portions of 509 HCI, and the combined acid
extracts were made basic with 1067 NaH. The suspension was
extracted with four 50-ml portions of CHCl; and the combined
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CHCI; extracts were dried (MgSO,). The nixture was filtered
and the solvent was concentrated in vacuo to afford almost pure
semisolid prodiuict. Chromatography of this material on ALO;,
eluting with CeHg—CHCl; (1:1), gave the product as a semisolid.
Attempted drying at 43° in vacuo resulted in decomposition.
In this way, the following phosphine oxides 10 were obtained:
R =H (C,H; N: caled, 4.18: found, 4.69), R = Cl (H, N; C:
caled, 55.21; found, 34.41), R = SCH; (N; C: caled, 56.67;
found, 56.07; H: caled, 6.34; found, 6.87), R = OCH; (C, H,
N).
10-(3-Dimethylaminopropyl )-10H-dibenzo[1,4]thiaphosphorin
(1).—1In a 1-1. flask dried with a flame after assembly was placed a
soluntion of HSICly (0.20 mol) i1 180 ml of C¢Hg (dried over Na).
Upon addition of a solution of 2a (0.13 mol) in 100 ml of C¢Hs,, a
precipitate formed. The suspension was heated at reflux for 4 h,
cooled to 0°, and hydrolyzed by the dropwise addition of 250 ml
of 2092 NaOH, and the layers were separated. The aqueous
layer was extracted with two 50-ml portions of CHCl; and
the combined organic solutions were dried (MgSO,). The
desiccant was separated by filtration and the solvent was con-
centrated in vacuo to afford the crude product (3.80 g). The
cride product was extracted with 100 ml of CeHy, filtered,
and concentrated in vacuo to afford a residue (3.52 g). This
residue was dissolved in 100 ml of C¢Huy, cooled to —20° over-
night, decanted from an oil which separated, and concentrated
in vacuo to afford almost pure semisolid product (3.29 g).  Chro-
matography of a portion of this (0.50 g) on Al;Qs, eluting with
CsHe—CHCIl; (7:3), afforded the product (0.39 g). Anal. N;
C: caled, 65.78; found, 66.27; H: caled, 6.28; found, 7.27.
Attempted drying at 45° in vacuo resulted in decomposition.
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The synthesis and biological properties of some 6,7-dihydro-2,3,8,10-tetramet hoxy-3H-dibenz{c,¢]azepines,
some 6,7,8,9-tetrahydro-3H-dibenz{d, f]azonines, and the 2,3,10,12-tetramethoxy derivatives of the latter, which
include protostephanine and its nor derivative, are described.

Recently, a synthesis of protostephanine (4¢) one
of the minor alkaloids of Stephania japonica Miers was
described.? This paper reports some of the biological
properties of protostephanine and some closely re-
lated dibenzazonines and dibenzazepines which were
prepared by the scheme shown in Chart I,

2,2'-Bis(2-bromoethyl)-3,4',5,5’ - tetramethoxybiphe-
nyl? (le) was treated with benzylamine to give 7-
benzyl-6,7,8,9-tetrahydro-2,3,10,12- tetramethoxy-5H-
dibenz[d,f]azonine (2¢). Hydrogenolysis of the
benzyl group yielded the nor base 3¢, which was methyl-
ated reductively?® to 4e* using formaldehyde and hydro-
gen. Bromoprotostephanine (5€),* a compound pre-
viously described in the course of degradative exper-
iments on the alkaloid,® was also prepared by the action
of bromine on 4¢ in AcOH. Table I describes the di-
benzazonines reported in this paper.

(1) B. Peclierer and A. Brossi, Helr. Chim. Acta, 49, 2261 (1966).
(2) B. Pecherer and A. Brossi, J. Org. Chem., 82, 1053 (1967).

(3) W. 8. Emerson, Org. Reactions, 4, 174 (1948).

(4) This incidentally constitutes another synthesis of protostephanine
(4¢). In ref 2, the direct condensation of 1¢ witli methylamine to give 4¢
was reported, bit the procedure deseribed here is more convenient and pro-
ductive of better yields.

(5) Correct name: 13-bromo-6,7,8,9-tetraliydro-2,3,10,12-tetrametlioxy-
7-methyl-5H-dihenz[d,/lazonine.

(6) H. Kondo, T. Watanabe, and K. Takeda, Itsuu Kenkyusho Nempo, 3.
15 (1952); Chem. Abstr., 47, 12755 (1953).

In order to assess the biological effect of the four
methoxyl groups in this series, the corresponding un-
substituted 6,7,8,9-tetrahydro-3H-dibenz[d,f]azonines
2b, 3b, and 4b were prepared using the same procedures.
but starting with 2,2'-bis(2-bromoethyl)biphenyl” (1b),

Since la was available as an intermediate for the
preparation of le, it was used to prepare® 6-benzyl-6,7-
dihydro-2,3,8,10-tetramethoxy - 5H - dibenz [¢,e Jazepine
(2a) which in turn furnished 3a and 4a. These com-
pounds are lower homologs of protostephanine and, in
addition, since they are tetramethoxy derivatives of the
adrenergic blocking agent azapetine phosphate,® a cou-
sideration of their pharmacology falls rightly within the
scope of the present work. Table II summarizes the
pertinent physical data on these dibenzazepines.

The dibenzazepines of type 2a were generally ob-
tained in yields of the order of 80-909 in a mildly exo-
thermic reaction that was complete in approximately 18
hr at room temperature. The products were obtained
by distillation of solvent and excess primary amine

(7) K. Mislow, S. Hyden, and H. Schaeter, J. Am. Chem. Soc., 84, 1449
(1962).

(8) This general procedure for the preparation of 6-snbstituted 6,7-diliy-
dro-5H-dilyenz [c,e|lazepines was first used by W. Wenner, J. Org. Chem., 16,
1475 (1951); 17, 1451 (1952).

(9) Active ingredient in Ilidar¥.
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6,7,5,0-TErRAanypRO-3H-DIBENZ [,f] Az 0ONINES

Yield, Reerysln

Conipd Mp, “C ‘e soulyvent Focapula Madyses
2D il 61 Clagl 1N
2h-HC 250-231.5 dee ON Me,CO gl N - 11CY 11l
RIC Oil hn 1 NO,y
e 111 129 dec 02 1.0 CoHyy NOL - 1TCL LN
3h 0Ol CipllpN
3h-1CL 283 5--286 dee 03 -Proll Ci N - 1l
Je 104-106 60~90° peir ether CutaNOy 1, N
Se- 1CH -Prolls 125-127 s ~PrOl Caod 1 NO - 11CLH Cl 1O ¢, 1L N,
41 Oil Crll, N
4h - M 256-257 dec 76 2-PrOH ClheN - HC 1, ¢l
4c 84.5-86.5 86 Petr ether CallnNOy ¢, 1, N
d¢- 11,504 130132 08 1.0 a1y NO - TS0, I N
A¢ 166 . 5-168. 5" 76 17tOH CalleBrNOy

« Thix salt forms a stable 2-propanolate that loses the solvent very slowly at 100° i vacao.

The umr spectrim shows the presenec

of exactly 1 mole of ~-PrOH: 8§ 1.05 [J = 6.5 ¢ps, 6 H, (CH;),C], 1.67-2.31 {broad and diffuse, 8 H, (CH.CH,).N1, 3.77, 3.79, 3.83, 3.8)

(4 CHO), 6.32, 6.63, 6.68, 7.05 (4 arom), 8.95 (broad, 2 H, NH.*).

bromide) was described in a paper by K. Kotera, el ol., Shionogi Kenkyusho Nempo, 17, 88 (1967).

Tasre 11
6,7-Dinyoro-HH-DisENz{c,r] AZEPINES

Yield, Recrysen
Cowpd Mp, °C! A sulvent, Formula Analyses
et 147-149 81 Aq -PrOH s HueNOs C,H,N
2a- 101 256-257 dee 98 1-PrOH-Lt:0 CsH«eNOs HCl C, U, N, 1
B Ol CisHaN Oy
Ba- 10D 274276 dee 85 -PrOl-11t:0 CuHoNO-HCH ¢, H, N,
la 179181 88 Aqg EtOll CryllaNO;4 G HUN
la- 11CT 247-249 dee 80 Aq -PrOH CwHsNOs-11C1 ¢ H, N

after filtering or decanting from the insoluble primary
amiie hydrobromides.  The dibenzazonines (4b,¢) were
best prepared by heating the reactants in a suitable sol-
veit at 140-145° for a reaction period of 4-6 hr.Y
Under these conditions, yields of 40-509; were ob-
tained, and in the ease of 2b, 19 has been consistently
obtained after a study of the reaetion variables. The
dibenzazonines were contaminated with a complicated
mixture of primary and sccondary amines and a fair
amouiit of neutral material that undoubtedly resulted
from the formation of vinylbiphenyls and their sub-
sequent polymerizations. The pure tertiary amites
were isolated by ehromatographie proeedures.

Table IIT summarizes the biological data which have
been obtained for this series of compounds. The alka-
loid protostephanine exerts a moderately stroug and
persistent hypotensive effeet.  Most of the other com-
pountds show some CNS activity. T the limited series
of compounds listed no obvious effeet of the methoxyl
Qroups on activity is discernible.

Experimental Section

Melting points were determined on a Thomas-Hoover ap-
paratns and are corrected.  Ir were determined on a Beckinan
11R-3 recording spectrophotometer; nmrspectra were determined
o Varian A-60 spectrometer (TMS) and recorded in parts per
million (8).  Where analyses are indicated only by the symbols of
the elements, satisfactory analytical results were obtained for
those elements within £=0.3% of the theoretical values. The
ir aud nmr data were consistent with the postulated structures.

General Procedure for the Preparation of a Dibenzazepine.
6-Benzyl-6,7-dihydro-2,3,8,10- tetramethoxy - 5H - dibenz|c,¢] aze-
pine (2a) and the Hydrochloride.—Of the methods described by
Wenner® the following wias preferred tor up to 0.5-mole reac-
tion=, Ten millimoles of 1a and 30 numoles of benzylamine in 75 ml
of Calls were mixed at room temperatire. A mildly exothermic

(107 There seeins to fre no evidence ol reaction at rovin temperature.

b After thix work had heen completed, compound 4b (a= the hydro-
“ Lit.* mp 166-167°,
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reaction ensued with almost immediate separation of beuzylamine
hydrobromide. After 18 hr, tle!t showed that the starting mate-
rial had disappeared eutirely. The precipitate was removed by
filtration and the filtrate was freed of solvent and excess henzyl-
amine by distillation [up to 100° (10-15 mum)], leaving a pale

i11) Perfurmed on silica gel G using KtOH-EG:O-NHOH (90:10:2) as
developer.
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TasrLg III
BIOLOGICAL ACTIVITIES OF SELECTED DIBENZAZEPINES AND DIBENZAZONINES

Writhing Inflamed

Compd test foot Antiedema Hot plate
3a-HCI 200 NE 200 100 NE
3b-HCl 70 50-100 200 NE 39
3c¢-HCL-i-C;HgO 200 NE 200 100 49
4a-HCI 80 200 ()¢ 100 200
4b-HCI 52 200 100 (=£)° 200 NE
4c-HCI 200 NE 100 100 200 NE
5¢

¢ The values in the table are the doses required to elicit an effect in the stated test.
b Effect of a 4-mg dose iv; the value in parentheses is the duration of the effect in minutes.
7 Dose administered ip; the effect, though weak, was reproducible.

was observed at the indicated dose.

trated to the toxic dose. ¢ Ip mice. ¢ Doubtful response.

amber syrup that crystallized on cooling. The free base was
recrystallized twicefrom agueous -PrOH), yield 3.3 g, 81% (CHN).
The base was converted by conventional means to the hydro-
chloride which was recrystallized from i-PrOH to constant
melting point (CHCIN).

General Procedure for the Preparation of a Dibenzazonine.
7-Benzyl-6,7,8,9-tetrahydro-5H-dibenz[d, f]azonine (2b-HCI).—
The dibromide (1b) (55.2 g, 0.15 mole) was refluxed with 72.7
g (0.68 mole) of benzylamine in 1 1. of dry xylene!?for 6 hr. To
the cooled suspension, 500 ml of H,O was added followed by
sufficient concentrated HCI to make the mixture distinetly acid
whereupon a heavy viscous amber oil separated. The oil and
aqueous layers (both under the xylene) were removed and the
xylene was washed with three 150-ml portions of 1 ¥V HCl. The
combined oil and aqueous washes were made alkaline with an
excess of 409 NaOH and the oil that separated was collected in
three 150-ml portions of C¢Hs.  After drying (anhydrous K,CO;)
and distillation of the solvent at reduced pressure, 44 g of a
halogen-free amber syrup remained. This syrup was dissolved
in 100 ml of C¢Hg and the solution was passed over 500 g of alu-
mina.!®* The column was washed with 2.5 1. of C¢Hs. Removal
of the solvent from the combined eluates gave 29.8 g of a very
pale yellowish syrup which was shown by tle!! to be homogeneous.
The base was converted to the hydrochloride with +-PrOH-HCI
and, after two evaporations with -PrOH, an off-white crystalline
precipitate was obtained, This salt was dissolved in 75 ml of
warm EtOH, 500 ml of Et,0 was added to the solution, and on slow
cooling overnight a mass of white crystals was obtained. These
were filtered and washed with Et,0; yield 32 g, 619, (CHCI).

General Procedure for the Hydrogenolysis of 2a, b, or c.
Preparation of 6,7-Dihydro-2,3,8,10-tetramethoxy-5H-dibenz-
[c,e]azepine (3a-HC!).—The hydrochloride of 2a (18.4 g, 0.047
mole) was dissolved in 220 ml of HOAc and shaken under 3.16
kg/cm? of H, at 60° in the presence of 1 g of 109, Pd-C catalyst.
H: uptake was complete after 14 hr. The catalyst was removed
by filtration and the solvent distilled in the rotary evaporator.
After reevaporation with H,O, a white crystalline residue re-
mained. This was recrystallized from 125 ml of boiliug H,0
and yielded 12.3 g, 859, (C,H,N).

Norprotostephanine (3¢) was prepared by hydrogenolysis of
the base 2¢ in HOAc at 30-45°. After removing the catalyst by
filtration and distillation of the solvent in the rotary evaporator,
a crystalline precipitate was obtained. Slightly more than the
stoichiometric amount of concentrated HCIl was added, followed
by #-PrOH, and the mixture was taken to dryness in the rotary
evaporator. After two more evaporations with PrOH the
residue was crystalline. Recrystallization from -PrOH gave
3c-HCI containing 1 mole of -PrOH. The free base prepared
from the hydrochloride in the usual way is crystalline.

Protostephanine (4c).—The following procedure is a more
convenient variation of the published method.? Compound 3¢
(as the HCI-PrOH salt, 2,75 g) was dissolved in 200 ml of HOAc

(12) The xylene was dried over anhydrous alumina (Woelm I) for at least
24 hr.

(13) Woelm, grade I.

Activity, ing/kg?

Anti~ Blood Anti~ S180 Ehrlich

obesity pressure? bacterial tumor® tumor® Toxicity?

40 NE NE NE 300

40 NE NE NE 126

—30(3) 40 NE NE NE 158

25-35 —40(5) 40 NE NE NE 158

4 NE 40 NE NE NE 141

30 NE —45 (66) 40 NE 25-50slY NE 141

530 NE NE NE 200

A value followed by NE means that no effect

¢ Ti-

along with 0.7 g of 379, CH;0 and 0.65 g of anhydrous NaOAc.
The mixture was shaken under 3.52 kg/cm? of H, in the presence
of 0.5 g of PtO; at 35° for 5.75 hr.  After removal of the catalyst
by filtration and distillation of the solvent in the rotary evap-
orator, the free base was isolated in the usual manner. It was
dissolved in 20 ml of C¢Hg and the solution was passed over 20 g
of alumina®® using 200 ml of C¢Hg to wash the column. From the
combined eluates 2.24 g of an oil was obtained. It was dissolved
in the minimal amount of 60-90° petroleum ether and when the
solution was cooled in an ice bath, there was obtained 1.92 g of
protostephanine, 869, identical (melting point, mixture melting
point, and tle!!) with that previously described.?

13-Bromoprotostephanine (5¢).—Protostephanine (1.0 g, 2.8
mmoles) in 15 ml of HOAc was treated with a solution of 0.45 g
(2.8 mmoles) of Bry in 5 ml of HOAc. After 30 min, the very pale
yellow solution was poured into water and 40% NaOH solution
was added to pH 11. The gum that separated was dissolved in
20 ml of C¢Hg, and the solution was washed with H;O to neutrality
and dried (K,CO;). Distillation of the solvent gave a pale yellow
solid that was recrystallized from 25 ml of EtOH to yield very
uniform pale buff rhomboids, 0.93 g.

Biological Procedures.—The substances described in this
paper were subjected to a variety of biological screening pro-
cedures which included the hot plate!* and writhing test!® for
analgetic properties, the yeast inflamed foot!¢ and the carrageenin
antiedemal” test for antiinflammatory activity, and the preven-
tion of tetrabenazine-induced ptosis.®® Autiappetite effects and
blood pressure effects were measured by methods described by
Randall, ef al.?® In addition, the compounds were screened in
mice against the following infections: Staphylococcus aureus,
Proteus vulgaris, Candida albicans, Trichomonas vaginalis, En-
tamoeba histolytica, and Cozsackie SK virus. The effects on
tumors, S180 and the solid Ehrlich tumor, were also studied.
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