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of white needles, mp 117--178', bringing the total 
,yield of I\'& to 16.27 g ('39.6r~i). 

Fixctiona 36-46, eluted with 5 0 :  50 lle2CO-aiihydrous Et,O, 
gave 7.31 g (19c-i) of prodiict, mp 114-116°. The sample was 

tallized frum petroleum ether t o  give 5.6 g (14.57:,) of 
2(r)-hydroug.-L'ia)-pheiiylqriiii(~lizidiiie (IIIa), rnp 11~)-120". 
Adniixtiire of the material with IVa showed a sigiiifirant melting 
l x ~ i i i t  depression (90-95'). 

Esters of Hydroxyphenylquinolizidines (Table III).--.i solution 
01 0.01 mole of the appropriate epimeric. li!(~rox!phenylqi~inolizi- 
tl i i ir .  in 10 in1 of ArrO or propionic anhydride and 40 ml of pyri- 
tliiit .  !vas refliixed for 18 tir. The  mixtiirr w a s  coo1r.d to room 
temperaturcl arid trcated with (wished ire :tnd excess solid 
RrCOZ, respectively. The aqiieoiis mixture was extracted wi th  
two 250-nil portions of Et2(). The etherex1 solution w a s  evapo- 

Anal. IClaH,,NO) C, IT, S.  

Phosphorus Analogs of Nitrogenous Drugs. 11.' 10H-Dibenzo[l,4]thiaphosphorins 
as Central Nervous System Depressants 

In  an effort to delineate the electronic properties of the tricyclic niicleus which are important to chlorprornazine- 
type biological activity, 10-(3-dimethylaminopropyl)-1OW-dibenzo[ 1,4] thiaphosphorin, its oxide, and three 
analogous oxides, substitilted a t  the 2 pwition with CI, P l le ,  aiid O l I e  groups, respectively, have heeii synthe- 
sized. Ultraviolet spectral data are presented to show that extensive deloralizaiion o f  the :;p elertroiis CIII the 
pho,sphorus atom in  the phosphine would be expected. The compounds are shown to  depress spoiitaneoii' activ- 
ity in mice in  the 30-50-mg/kg dosage range, and a p,o>sihle correlatioii between biological activity niid elechoriic 
properties of the nucleus, a: revealed by iiv spectral data, are disciiswtl. 

The important biological properties associated n-it h 
the  phenothiazine tranquilizers, of which chlorprorna- 
zine ih the prototype, are well known and have been 
rrviewed extensively.* I n  an  initial attempt aimed a t  
definition of optimum stereoelectronic properties in the 
tricyclic nucleus the title compounds, of which 1 is the 
prototype, in which phosphorus replaces the ring nitro- 
gen have been synthesized arid submitted to preliminary 
hiological evaluation. Several related oxides 2 have 
also been prepared aiid tested. We elected to insert 
phosphorus into these systems because its close chemical 
relationship to nitrogen Lvould be expected to affect the 
chemical properties of the aromatic nucleus in a very 
yubtle manner. These small changes should be observ- 

( t j  (a )  Part  I :  R. A. IYiley and H.  N.  Godwin,  J .  I'harm. Sci., 54,  1063 
I 1!16J). ( I > )  J. IT. C. was a Predoctoral Fellow of the  Public Health Service, 
11183-1967. (c)  The authors gratefully acknowledge the  assistance of D r .  
('. li. J3rickson in the biological studies. 

(2) (a) AI. Gordon in "Psychopharmacological Agents," Vol. 2. 31. 
Gordon, Ed.,  Academic Press, %-em York, S. Ti., lY67, p 1; (b) I(. Stach and 
LV. Poldinper, Fortsch. Arziieimittel/orsch., 9, 129 (1Y66): ( c )  P. M .  Mradley in 
"Physiological Pharmacology, h Comprehensive Treatise." Vol. 1, XY. 8. 
Knot and  F. Q. Hofmann, Ed., Academic Press, New York, iX. Y., 1963, 
D 417. 

able chemically, by observing the spectrowopic propc~-  
ties of the sp ten i ,  as well a i  biologically. 

Peruwl of the uv ypectral data for the first \ i \  coni- 
pounds in Table I will show that the unshared electron* 
of nitrogen adjacent to an aromatic .yzteni iritrract n i t  ti 
the aromatic a electronb to cause :i h:cthochromic shift 
in the Am,, and :L pronounced increa.e in the tIIIaX. The 
effect i:, more pronounced in I'h2SH than in l'hSH2, 
but reduced i n  l'li,X(CHs)3SlIe2. perhap" tier:iu*c> 
the alkyl chain interfere< with coplaim-ity of the t n  o 
benzenoid ring\. The 3p orbital accommodating t Iw 
unbhsred electrons of phosphorus is much larger t lx i i i  

the corresponding 2p orbitaI of nitrogen and, iri * o n i c l  

\ituations, thi. results in striking chemical diffrrencv 
betweeri analogou:, nitrogen and phosphorus coni- 
poundg. For example, the phosphoru.; andog of pyri- 
dine is not l i r i o \ v ~ i , ~  apparently becaube i n  this \p2- 
honded system the overlap of the 3p phosphorus elcc- 
trons with those i n  the carbon 2p orbitals is so poor th:tt 
little or no r'ewiiance stabilization is afforded. HOK- 
ever, i n  the prc>tent case, the uv data for 1'11,J' in 

(9)  R. F Hiidx,n structure and Mechanism in Or~anoplios~,iioriIr 
I hemistry," hcaderiiir Press New York, N. Y. ,  1965, p 3. 
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Table I suggest that  the unshared phosphorus electrons 
interact with the aromatic T electrons, since its spectral 
characteristics are very similar to those of closely 
analogous amines. Therefore, the hypothesis that  
10H-dibenzo [1,4]thiaphosphorins should rather closely 
resemble arialogous phenothiazines appeared ten- 
able. 

TABLI: I 
u v  LlAT.1 

Culnpd A:::,", n1p 

PhH 203 
PhNHz 230 
PhrXH 281 
PhaP 264 
Phis 249 
Ph2S(CH2)&Me2 (13) 248 
PheP(CH&SRle2 (12) 248 

a:m 334 
( (! HANMe, 

(promazine) 

263 

233 

tm&x 

7,400 
8,600 

19,200 
12,000 
11,400 
8 ,  350 
8,900 

30,000 

4,T30 

8,700 

The synthesis of these compounds was carried out as 
shown in Scheme I. The benzenethiol 34 was con- 
densed with 4 to yield the disulfide 5 ;  it  was found that 
for this reaction far better yields were obtained in the 
SaHC03-DAIF system5 than by earlier KOH-EtOH 
procedures. Reduction of 5 with Sn-HCP afforded 6 
in good yield. This substance was diazotized with 
nitrosylsulfuric acid' to form 7, which was smoothly 
converted to 8 under Sandmeyer conditions. Diazoti- 
zation of 6 with HNO? in aqueous solation afforded only 
minute yields of 7, apparently due to the fact that  6 is 
very weakly basic. 

Preparation of 9 was best achieved as shown,* and 
this substance was allowed to react under Michaelis 
conditionsg with the chloroamine 10 to give 11. I t  was 
found that yields of 11 obtained in this way were 
criticctlly dependent on time, solvent, and work-up con- 
ditions (toluene, 4-X hr, and direct distillation of the 
reaction mixture being optimal). 

:lfter a number of other approaches were unsuccess- 
fully pursued, cyclization to obtain the phosphine 
oxides 2 mas effected using a procedure modeled after 

(4) A. J. Saggiomo, P. S. Craig, and M. Gordon, J .  Org. Chem., 28, 1906 
(1958). 

( 5 )  H. Oelschlager, JV. Toporski, P. Schmersahl, and C. Welsch, Arch. 
Pharm., 296, 107 (1963). 

(6) H. H. Hodgson and W. Rosenberg, J .  Soc.  Dyers Colourints, 46, 267 
(1930). 

(i) H. H. Hodgson a n d  .I. Walker, J .  Chem. Soc.,  I620 (1933). 
(8) R.  G. Harvey, T. C. Myers. H. I. Jacobson, and E. V. Jensen. J .  .4m. 

( Y )  G .  &I. Kosolapoff, "Organopliuspliorus Compounds," John  \\-iley & 
Chem. SOC.,  79, 2612 (1957). 

Sons, Inc., New l -ork,  N. \-., 1950, p 16. 

SCHEME I msH + -+ NaHCO, 
DMF ' Br O*N 

3 

2Li+ 

a , R = H  
b, R = C1 
c, R = SMe 
d,R==OMe 

0 
I1 

(EtO),P-H + NaH - 
I 

(CHz)5NMe2 
1 ,R=H 

(EtO)sPO- Na+ + CI(CII,),NMe, - (Et0)2PO(CH2)3NMeZ 
9 10 11 

that  of Burger and Shelver,'O in which excess BuLi was 
employed. In  the one case where sufficient sample was 
available, reduction of the oxide 2 produced a good 
yield of the desired cyclic phosphine 1. 

Biological Results.-In order to explore the capability 
of these substances to cause generalized CSS  depres- 
sion, their ability to depress the level of spontaneous 
activity in mice was determined. Groups of three 
animals were used, the drug mas administered intra- 
peritoneally, and the number of counts generated by the 
treated animals interrupting ir light beams was com- 
paredwith that of saline-injected controls concomitantly 
determined. Details of the procedure have been pub- 
lished." I t  is not inferred that this procedure consti- 
tutes a reliable index of chlorpromazine-type activ- 
ity, but phenothiazine-type tranquilizers are very active 
in the assay. In  order to exclude the pos5ibility that 
phenobarbital-type sedation might expliin these reiults, 
more elaborate studies will be necessary. 

The results obtained for these compounds are pre- 
sented in Table 11, along with the data for Ph2S(CH2)3- 
NJlez,  the amine analog of a previously reportedla 
phosphine. Biological data for this amine do not ap- 
pear to have been previously reported. 

(10) .1. Burper and W. H. Shelaer. J .  .Wed. Pharm. Chem.. 4 ,  225 (1961). 
(11) 1). G. Wendel and L. L. Brortdie, Arch. I n t .  Phurmacodyn. Ther., 159, 

154 (1966). 
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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 a t  25' for approximately 1.5 min it became yellow and 
a white precipitate began to form. The mixture was heated a t  
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; S a O H ,  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 a t  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% S a O H ,  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 
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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.  


