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10- (3-Dimethylamino-1 -propyl)-1OH-dibenzo [ 1,4] thiaphos- 
phorin 10-Oxides (2j.-To 130 ml of C6H14 and 200 ml of C6Hfi 
(both dried over N a )  was added a solution of n-BuLi (0.117 mol iii 
hexane) under N1. To thib was added a solution of 2,2'-dibromo- 
diphenyl biilfide (0.0.5 mole) in 30 ml of C6H14. After the solution 
was stirred at  25' for approximately 1.5 min it became yellow and 
a white precipitate began to form. The mixture was heated at  
refliix for 4 hr, and then was cooled to 23". A solution of diethyl 
(3-dimethylaminopropyl) phosphonate (0.05 mol j in 30 ml of 
CfiH14 was added. Uiiring addition the precipitate dissolved and 
the yellow solution became deep red. The bolution was stirred 
for 1.5 hr a t  23', cooled to O", and hydrolyzed by the addition of 30 
ml of 3 9  HCI and the layers were separated. The organic layer 
was extracted twice with 30-ml portions of 5% HCI. The com- 
bined acid extracts were washed once with 30 ml of CsH,,, made 
basic by the addition of 107; SaOH,  and extracted with three 30- 
ml portions of CHCl,, and the combined CHCh extracts were 
dried (lIgS0,). The mixture was filtered and the solvelit was 
concentrated in oucuo to afford a mixture of the product and start- 
iiig phosphonate. 

The mixture was heated with 30 ml of concentrated HC1 for 8 hr 
a t  8O0, cooled to 23') and made basic with 10 
srispeiisiori was extracated with three 50-ml po 
and the combined CHC1, extracts were dried ( l IgS04j .  The 
desiccant was separated by filtration and the solvent was con- 
centrated in vac~lo to afford still impure product (1.60 gj. The 
impure product was dissolved iii 100 ml of C& and extracted 
with three 30-ml portions of . i O C i  HC1, and the combined acid 
extracts were made basic with 10'; XaH. The suspension was 
extracted with four 30-ml portions of CHCl, and the combined 

CHC13 extracts were dried (XgS01). The mixture was filtered 
and the solvent %-as concentrated in vacuo to afford almost piire 
semisolid product. Chromatography of this material oil 81&, 
eluting with C6He-CHC13 (1 : 1 j, gave the product as a bemisolid. 
Attempted drying at  45" in vacuo resulted in decomposition. 
I n  this way, the following phosphine oxides 10 were obtained: 
R = H  (C, H: X:  calcd, 4.18: foiind, 4.69), 11 = C1 (H, N ;  C :  
calcd, 35.21: fornid, 34.41), 11 = RCH3 (X;  C: calcid, 56.67; 
found, 56.07; H :  calcd, 6.34; foniid, 6.87), R = OCHB (C, H, 
S ) .  

lo-( 3-Dimethylaminopropyl j-1OH-dibenzo [ 1,4] thiaphosphorin 
( 1  ).:In a 1-1. flask dried with a flame after assembly was placed a 
solution of HSiC1, (0.20 mol) in 180 ml of CsH6 (dried over S a ) .  
upon addition of a soltitioii of 2a (0.13 mol) ill 100 ml of C6H6, a 
precipitate formed. The srispensioii was heated at reflux for 4 hr, 
cooled to O0, arid hydrolyzed by the dropwise addition of 250 ml 
of 20% SaOH,  and the layers were separated. The aqueoiii 
layer was extracted with two 50-ml portions of CHCl, aiid 
the combined organic solutiolis were dried (lIgS04). The 
desiccant was reparated by filtration and the solvent was coii- 
ceritrated in vacuo to afford the crude product (3.80 g). The 
crude product was extracted with 100 ml of C6H14, filtered, 
and concentrated in vacuo to afford a residue (3 .52  g) .  This 
residue was dissolved in 100 ml of C6H14, cooled to -20" over- 
night, decanted from an oil which separated, aiid concentrated 
in z~ucuo to afford almoyt pure semisolid prodnct (3.29 g). Chro- 
matography of a portion of this (0..50 g)  on AlnOa, eluting with 
C6H6-CHCl, (7:3), aflorded the product (0.39 9) .  A-lna/. ?u'; 
C: calcd, 63.78; found, 66.27; H :  calcd, 6.28; foruid, 7.2T. 
Attempted drying at 45" in z " x o  resulted ill decomposition. 

The Synthesis and Biological Properties of Some Dibenzazepines 
and Dibenzazonines Related to Protostephanine 

B. PECHERER, R. C. SUNBURY, i lND A. BROW 

Chetrkical Heueurch Department, Hogmann-La Roche Inc., ,\'utley, Sew Jersey 07110 

Received August 15, 1968 

The siyiithesis and biological properties of some 6,T-dihydro-2,3,8,10-tetramethox~.-3H-dibeiiz[c,eiaze~iiier, 
wme 6,7,8,9-tet.rahydro-jH-dibeiiz [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 (4c) one 
of the minor alkaloids of XtepAania japonica l l iers  was 
described.',' This paper reports some of the biological 
properties of protostephanine and some closely re- 
lated dibenzazoriines and dibenzazepines which were 
prepared by the scheme shown in Chart I. 
2,2'-Bis(2-bromoethy1)-3.4',;5,5'- tetramethoxybiphe- 

nyl' (IC) was treated with benzylamine to give 7- 
beiizyl-6,7,S,9- tetrahydro - 2,3,10,12 - tetramethoxy - SH- 
dibenz [cZ,f]azonine ( 2 ~ ) .  Hydrogenolysis of the 
benzyl group yielded the nor base 3c, which was methyl- 
ated reductively3 to 4c4 using formaldehyde and hydro- 
gen. Bromoprotostephanine (5c),5 a compound pre- 
viously described in the course of degradative exper- 
iments on the all;aloid,6 was also prepared by the action 
of bromine on 4c in -4cOH. Table I describes the di- 
bcnzazonines reported in this paper. 

(1) B. Pecherer and A.  Brossi, Hela. Chim.  d c t a ,  49, 2261 (1966). 
( 2 )  B. Pecherer and  A. Brossi, J .  Ora. Chem., 32, 1053 (1967). 
( 3 )  IT. S. Emerson, Org. Renctionr, 4 ,  174 (1948). 
(4) This incidentally constitutes another synthesis of protostephanine 

( 4 ~ ) .  I n  ref 2 ,  the  direct condensation of 1c with methylamine to  give 4c 
\vas reported, bot t h e  procedure described here is more convenient and pro- 
ductive of better yields. 

(a) Correct name: 1 ~ - l ~ r o m ~ ~ - 6 . i , 8 , ! l - t e t r a l i ~ r l r o - 2 , ~ , l 0 , l ~ - t e t r a m e t l r o x ~ -  
7-methyl-5H-diI~enz [ d ,  jlazonine. 

(6) H. Eiondo, T. Il-atanabe. and E;. Takeda, Itauu Ke&yuahu S e m p o ,  3, 
43 (1Y52); C h e m .  d b r t r . ,  47, 12i.55 ( lY53j .  

I n  order to assess the biological effect of the four 
methoxyl groups in this series, the corretponding un- 
substituted 6,7,8,9-tetrahydro-3H-dibenz [d,f]azonine~ 
2b, 3b, and 4b were prepared using the same procedure-. 
but starting with 2,"'-bis(2-bromoethyl)bipheny17 ( lb) .  

Since l a  was available az an intermediate for the 
preparation of IC, it was used to prepares B-benzyl-6,i- 
dihydro- 2,3,S, 10- tetramethoxy - 5H-  diberiz [c,e]azepine 
(2a) which in turn furnished 3a and 4a. These com- 
pounds are lower homologs of protoztephanine and, in 
addition, since they are tetramethoxy derivatives of the 
adrenergic blocking agent azapetine p h ~ s p h a t e , ~  a con- 
sideration of their pharmacology falls rightly within the 
scope of the present work. Table I1 iummarize> the 
pertinent physical data on the-e dibenzazepineq. 

The dibenzazepine.: of type 2a were generally ob- 
tained in yields of the order of S0-9070 in a mildly exo- 
thermic reaction that was complete in approximately 13 
hr at  room temperature. The products were obtained 
by distillation of ~olvent  and exceis primary amine 

( 7 )  K. 1RIislon-, Y. Hyden, and H. dchaeter. J .  Am. Chem. Soc., 84, 144Y 
(1962). 
(8) This aeneral inocedure for t h e  pregaration of O-sul,stitiited 6,7-dil1?- 

dro-5H-dil)enz [c,e]azepines was first used l iy 11.. \Venner. J .  Org. Cliem., 16,  
1475 (1951); 17, 1451 ( lY52).  

($1) .\ctive ingredient in Il idarb.  
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after filtering or clecxitirig from t he insoluble primary 
:miiiie hydrobromidcs. The dibenx:izoniries (4b,c) Jvew 
hest prepwred by heating the  reactmts in a .suitable wl- 
vviit a t  140-145" for :I w:tctiori period of 4---6 lir."' 
ITtidei, thcse coiiditioiis, yiclds of 40-50$( were ob- 
taiticd, :trid in the case of 2b, til?; has heeti coiisi 
oht:iiricd after :I. study of thc  reLiction viwiitbles. l'hc 
ttiheiiz:izoriinesies \verch corit:uniiiated with :t complicated 
mixturc of primwry and sccoiidary :imines and :t fair 
:tinourit of 1ieutr:d niiiteri:il th:rt uiidoubtetlly resultecl 
f rom t lie formation of viriylbipheiiyls :md their ~ h -  
sc~luc'iit I)olymerixatioii.~. Thcx pure tertiary aiiiincis 
\ v ( w  isohted by chromatugruphic procedurrs. 

l':tble I11 sumtmrizes the biological data which Iiirvct 
1)c~; i i  oht:tiiied for this series of conipouiicts. The aIk:i- 
Ioid I)i'otostcpli:iriiric (xert,s :I niodcrntcly strotig :tilt1 
I)cwi,stottt hypotcri.si\.c cfYccf. -\lost of t h  o ther  coin- 
~)ouncls show sonic' CKS activity. In tlic limited x r i c s  
of eonipounds listed no ohvious cfictct of the methoxyl 
group< on  activity is clisccriiihlc. 

Experimental Section 
lie11 iiig poilit< ivei'e detei~~niiietl o i l  ii Thonia;.-IIoovei, Lip- 

1);ii':tt i w  a i i t i  :we ooi.i,ected. 11, wvrre detei,tnined o i l  a Becakmaii 
I I:-.; i ,e[~)rdii ig .pec.trophcr~ortie~c.i~: i imr hpectra were determined 
oi l  :I \':wian .%-BO spec,troniet er  (1'116) and recorded ill parts per' 
~ i i i l l i o i i  ( 6 ) .  \$'here aiialy>es arc. iiidicaled only by t,he symbols of 
1116, clement y ,  satisfactory analytical results were obtained f o r  
1 how elements within 1 0 . 3 % ,  of the theoretical values. The 
ir  mid nmr data were consistent with the post,ulated structures. 

General Procedure for the Preparation of a Dibenzazepine. 
6-Benzyl-6,7-dihydro-2,3,8,10- tetramethoxy - 5H - dibenz[c,e]aze- 
pine (Za) and the Hydrochloride. --Of the rnethodr described by 
\ \ ' c ~ i r i i c ~ i ~ , ~  the follo\virig ~ v ~ i -  pi~rft~iwd f c i r  i i p  to  0.t7-mole reac- 
I i o i i 3 .  T e i i  niilliriurleh i ) f  la aii(I ;;[I rnriiiile~ I I ~  beiizylarniiie in 7 5  nil 
111 I6 iwre riiised at room twii)evatitre. A mildly exothermic, 

2a-c 

R 

3a-c 4a-c 

1; 
I 

5c 

a. n 1 ; R =  CH,O 
b. ti = 2 R = H 
c: = 2: ri = CH o 

reaction ensued with almost immediate separation of be~izylamiiie 
hydrobromide. After 18 hr, tlcll showed that the starting mate- 
rial had disappeared entirely. The precipitate was removed hy 
filiratioii i~tid t he filtrute  as fi,eeti of wivelit aiid excws b e ~ ~ ~ y l -  
aiiiiiie by distillatioil [up to 100° (10-15 m ~ n ) ] ,  leaving :L piile 
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TABLE I11 
BIOLOGICAL ACTIVITIES OF SELECTED DIBEXZIZEPINES A N D  I ) IBENZAZONIXES 

Compd 

3a.HC1 
3b.HC1 
3~ * HC1 .i-CaH.gO 
4a.HC1 
4b.HC1 
4c.HCl 
5, 

Writhing 
test  

200 X E  

200 XE 
70 

80 
52 

200 N E  

Inflamed 
foot 

200 
50-100 

200 
200 ( f )e 

200 
100 

Activity, ing/kga- 
Anti- Blood 

Antiedema Hot plate obesity pressureb 

100 N E  
200x;E 39 
100 49 -80 (3) 
100 200 25-35 -40(5) 
100 ( & ) e  200 NE 4 S E  
100 200 NE 50 KE -45 (66) 

50 N E  

Anti- 
bacterial 

40 N E  
40 YE 
40 N E  
40 N E  
40 NE 
40 

S180 
tumor' 

N E  
N E  
N E  
N E  
S E  

25-50 sl' 
N E  

Ehrlich 
tumorC 

Y E  
X E  
YE 
NE 
N E  
N E  
N E  

Toxicityd 

300 
126 
158 
158 
141 
141 
200 

The values in the table are the doses required to elicit an effect in the stated test. A value followed by N E  means that no effect, 
Ti- was observed a t  the indicated dose. 

trated to  the toxic dose. 
b Effect of a 4-mg dose iv; the value in parentheses is the duration of the effect in minutes. 

I p  mice. e Doubtful response. f Dose administered ip; the effect, though weak, was reproducible. 

amber syrup that crystallized on cooling. The free base was 
recrystallized twicefrom aqueous i-PrOH, yield3.3 g, 81% (CHN). 
The base was converted by conventional means to the hydro- 
chloride which was recrystallized from i-PrOH to constant 
melting point (CHClN). 

General Procedure for the Preparation of a Dibenzazonine. 
7-Benzy1-6,7,8,9-tetrahydro-5H-dibenz [$,f] azonine (2b. HCl).- 
The dibromide ( Ib )  (55.2 g, 0.15 mole) was refluxed with 72.7 
g (0.68 mole) of benzylamine in 1 1. of dry xylene12 for 6 hr. To 
the cooled suspension, 500 ml of HI0  was added followed by 
sufficient concentrated HC1 to make the mixture distinctly acid 
whereupon a heavy viscous amber oil separated. The oil and 
aqueous layers (both under the xylene) were removed and t,he 
xylene was washed with three 150-ml portions of 1 S HCl. The 
combined oil and aqueous washes were made alkaline with an 
excess of 40% NaOH and the oil that separated was collected in 
three 150-ml portions of C6&,. After drying (anhydrous K2COS) 
and distillation of the holvent at  reduced pressure, 44 g of a 
halogen-free amber s y r ~ p  remained. This syrup was dissolved 
iii 100 ml of C6H6 and t,he solution was passed over 500 g of alu- 
mina.l3 Removal 
of the solvent from the combined eluates gave 29.8 g of a very 
pale yellowish syrup which was shown by tlc" to be homogeneous. 
The base was convert,ed to the hydrochloride with i-PrOH-HCl 
and, after two evaporations with i-PrOH, an off-white crystalline 
precipitate was obtained. This salt was dissolved in 75 ml of 
warm EtOH, 500 ml of E t 2 0  was added to the solution, and on slow 
cooling overnight a mass of white crystals was obtained. These 
were filtered and washed with EtlO; yield 32 g, 61% (CHCl). 

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 (3asHCl).-The hydrochloride of 2a (18.4 g, 0.047 
mole) was dissolved in 220 ml of HOAc and shaken under 3.16 
kg/cm2 of H2 at  60" in the presence of 1 g of 10% Pd-C catalyst. 
HI uptake was complete after 14 hr. The catalyst was removed 
by filtration and the solvent distilled in the rotary evaporator. 
After reevaporation with HIO, a white crystalline residue re- 
mained. This was recrystallized from 123 ml of boiling H 2 0  
and yielded 12.3 g, 85% (C,H,N).  

Norprotostephanine (3c) was prepared by hydrogenolysis of 
the base 2c in H 0 . 4 ~  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 HCl was added, followed 
by i-PrOH, and the mixture was taken to dryness in the rotary 
evaporator. After two more evaporations with i-PrOH the 
residne was crystalline. Recrystallization from 2'-PrOH gave 
3c.HCl containing 1 mole of i-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.2 Compound 3c 
(as the HCl+PrOH salt, 2.75 g) was dissolved in 200 ml of HOAc 

The column was wmhed with 2.5 1. of C6H6. 

(12) T h e  xylene was dried over anhydrous alumina (Woelm I) for a t  least 
24 hr. 

(13) Woelm, grade I. 

along with 0.7 g of 3770 CHIO and 0.65 g of anhydrous NaOAc. 
The mixture was shaken under 3.52 kg/cm2 of Hz 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& and the solution was passed over 20 g 
of alumina13 using 200 ml of C& 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, 867,, identical (melting point, mixture melting 
point, and tic") with that previously described.2 

13-Bromoprotostephanine (5c).-Protostephanine (1.0 g, 2.8 
mmoles) in 13 ml of HOAc was treated with a solution of 0.45 g 
(2.8 mmoles) of Br2 in 5 ml of HOAc. After 30 min, the very pale 
yellow solution was poured into water and 40% KaOH solution 
was added to  p H  11. The gum that separated was dissolved ill 
20 ml of C&, and the solution was washed with H,O to neutrality 
and dried (KZCOB). Distillation of t,he 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 platel4 and writhing test'j for 
analgetic properties, the yeast inflamed foot16 and the carrageenin 
antiedema" test for antiinflammatory activity, and the preven- 
tion of tetrabenazine-induced ptosis.'8 Ailtiappetite effects and 
blood pressure effects were measured by methods described by 
Randall, et a / . lQ In addition, the compounds were screened in 
mice against the following infections: Staphy2ococcus aureus, 
Proteus vulgaris, Candida albicans, Trichomonas vaginalis, En- 
tamoeba histolytica, and Coxsackie SK virus. The effects on 
t'umors, S180 and the solid Ehrlich tumor, were also studied. 
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