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TABLE I 
SPIRODITHIOLASES ASD -DITHIANES 

Ultra- 
violet 

Re- spectrak 
crystn Yield, Amax, 7- Calcd, %--- --Found, %--- 

K O .  x Z n LIP, O C  solvent 70 mfi € Formula C H S  C H  s 
Ia  CHzCHz S 1 104-105 a 53 265 1,430 C17H16S2 71.80 5.67 22.55 72.03 5.72 22.62 
Ib CH=CH S 1 206-207 b 82 214 30,600 C17H14S2 72.35 4.99 22.70 72.06 4.77 22.56 

IC CH=CH S 2 212-213 c, d 44 217 38,500 C18H16S2 $3.00 5.44 21.61 $2.31 5.81 22.17 

IIa CH2CH2 SO2 1 204-205 e ,  f 86i 26gi 1,517 C17H1604% 58.65 4.63 18.40 58.38 4.64 18.2:; 

293 11,300 

285 9,930 

IIb CH=CH SO? 1 215-216 e 91i 223 37,600 CliH1404S~ 59.00 4.08 18.50 58.68 4.02 18.26 

IIc  CH=CH SO2 2 167-168 g, h 85 297' 9,400 CisH16082 60.00 4.48 17.76 59.51 4.16 16.61 
dec 293 9,700 

a Et,hyl acetate. b Toluene. Chloroform. Ether. e Nitromethane. Solvent of crystallization removed by heating at SO" 
a ITsing 3- (0.01 mm). u Dimethylformamide. 

chloroperberlzoic acid; also obtained with H202. i DXF added to dissolve. In ethanol. 
h The infrared spectrum aholved the presence of solvent even after prolonged drying. 
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Ia, X = CHZCHZ; ?( = 1 
b, X CH=CH; ?i = 1 
C, X = CH=CH; 71 = 2 

I1 

I 
SOICHZCH~NRI 

IIIa,  X = CHJCH2; R =  CH3 
b, X = CHyCH; R= CH3 

c ,X=CH=CH;  NRn=N 3 
n 

d ,X=CH=CH;  NRI=N NCH, 
U 

3FO:L LHs 
e, X = CH=CH, NRi = N 

The required disulfones mere obtained from the cor- 
responding sulfides (I) by oxidation with either hy- 
drogen peroxide or, more conveniently, Y-chloroper- 
benzoic acid. 9 reaction time of from 24 to 48 hr 
was necessary for completion of the reaction. There 
was no evidence, based on ultraviolet spectral data, of 
oxidative att'ack at. the 10,ll double bond of com- 
pounds Ib  and IC (see Table I). Rigaudy' has reported 
that 5H-dibenzo [a,d lcyclohept~en-5-one was converted 
t'o the corresponding 10,11-epoxide on treatment wit,h 
perphthalic acid for 1 week or longer. Further evi- 
dence for the stability of the double bond was seen 
from the inability to hydrogenate the disulfone I Ib  
to its dihydro analog IIa using either palladium in 
dioxane at  80" or Adams' catalyst in acetic acid at, 
room t'emperature, both reactions being carried out 
under 3 kg/cm2 pressure. The dkhioketal I b  was 
similarly unaffected by treatment, with diimide8 or di- 
borane. The alkylene thioket,als I were prepared from 
the appropriat'e tricyclic ketone and 1 ,2-ethanedithiol 
or 1,3-propanedithiol using boron trifluoride et'herate 
as condensing agent.g Whereas the dithiols reacted 
smoot'hly, ethylene glycol failed to give the et,hylene 
ketal of 5H-dibenzo [a,d]cyclohepten-5-one either by 
heating under reflux with p-toluenesulfonic acid or 
keeping in toluene with boron trifluoride etherate a t  
room temperature. 2-Xercapt'oethanol also failed 
to react' with this ketone. It has been recent.ly re- 
ported'" that a related tricyclic ketone, G,ll(SH)- 
morphanthridiriedione forms an 11-ethylene ketal 
under vigorous conditions. 

Several related experiments were carried out with the 
benzhydryl disulfone (IV). Heating with hydrazine 
gave 2-hydrazinoethyl sulfone (17) as a somewhat un- 
st'able compound. Treatment with 2-dimet'hylamino- 
ethanol containing sodium hydroxide gave the basic 

( 7 )  J. Rigaudg and I,. X(deler, Bull. S o r .  Chim.  Frarrr r ,  400 (1960). 
(8 )  (a) I<. Huyle, .i, V a n  Overstraeten, and li. Elus., Cheni. I v d .  (Luridon), 

(b) R. Buyle, Hrlu. Chim. Acta, 47,  2449 (1964). 
(9) L. F. liieser, J .  Am. Chem. Soc.,  76, 1945 (1954). 
(10) .I. E. Drukker and C. I. Judd ,  J .  Heterocyclic Chem.,  2, P i 6  (l9U51. 

839 (1964); 
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T.4BLE 111 
~'HARMhCOLOGIC.4L RESULTS 

Alcol1ol Local 
LDjO@ MES Ataxia potentiation Nydriasis anesthesia 
(mice), EDSO (mice), EDjo (rats) ,  (mice), ECa ,  EDjo (mice), 

Compd mg/kg m d k g  m g / k  m / k g  '/rLDja % (w/v) 

Amitriptyline 83 10 53 8 19 . . .  
I I I a  640 90 140 90 15 . . .  
IIIb 150 > 40" >40 > 40 0 . . .  
I I I c  43 >10 > 10 18 0 . . .  
I I Id  25 >6 >6 16 0 . . .  
I I I e  <ZOO6 . . .  
v 330 >so > 80 . . .  0 0 . 4  
VI 215 > 50 >50 29 4 0.75 
VI1 930 >250 >250 . . .  0 > 2 . 0  

at  the base of the tail (mice). 
testing as described by F. Haffner, Deut. M e d .  W'ochsch., 55, 731 (1929). 

. . .  . . .  . .  . . .  

a All compounds were injected intraperitoneally in each test except for local aiiesthesia; here they were administered siihrutaneoiisly 
d Method aimilar to one used for analgesic No analgesia at, 265 mg/kg ip. S o  effect at  this dose. 

t ional 2 g of product, was obtained by dilution of the acetic acid 
filtrate with water (500 ml), extraction with dichloromethane, 
and washing of the latter with XaOH and water; the residue 
obtained on removal of the solvent was triturated with a little 
ethyl acetate. Recrystallization from ethyl acetate afforded 
white platelets, nip 104-105". 

R'hen the reaction was carried out at 50" for 24 hr a yield of 
only 1.8% was obtained. The l0,ll-dehydro analogs (Ib) 
and (IC) were prepared in a manner similar to that described 
above except that the reaction times were decremed to 4 and 6 
days, respectively. 

Spiro [ lO,ll-dihydro-5H-dibenzo[a,d] cycloheptene-5,2'- 
(1',3'-dithiolane)] 1 ',1',3',3'-Tetroxide (IIa). A.-To a solution 
of I a  (25.0 g, 0.09 mole) in dichloromethane (150 ml) was added 
in four equal portions a solution of 3-chloroperbenzoic acid 
(assay 85%; 75.0 g, 0.37 mole) in dichloromethane (1000 ml). 
The first 2 moles of oxidant were consumed a t  once; the third 
mole required about 5 hr and the last about 2 days for comple- 
tion of the oxidation. The precipitate was filtered o f f  and washed 
well with ether to  remove 3-chlorobenzoic acid, leaving behind 
the iiiholuble disulfone. The dichloromethane filtrate was 
extracted successively with dilute NaHS03 and NaHC03 solu- 
tions and then with wat,er. Removal of the solvent in uacuo 
gave an additional crop of product (total 27.7 g, mp 177-179"). 
Recrystallization from nitromethane afforded white needles, 
mp 204-205" dec. The infrared spectrum of this and the re- 
lated disulfones (IIb and c)  showed the two strong sulfone ab- 
sorptions at  1350-1300 and 1160-1120 cm-'; no sulfoxide band 
a t  1070-1030 cm-' was ~ e e n . 1 ~  

The other disulfones were prepared in a similar manner; the 
consumption of the last 2 moles of oxidant was more rapid and 
the reactions were essentially complet,e after 24 hr. 

B.-A solution of Ia (10.0 g, 0.035 mole) in acetic acid (100 ml) 
was treated with 3 0 5  H,Ot (20 g) and kept a t  TO". After 4 
hr another 20-g portion of peroxide was added and the heating 
was maintained for a further 4 hr. The mixture was cooled and 
diluted wit,h water, and the precipitate was washed with ether. 
Recrystallization from nitromethane gave 7.7 g (63y0 yield), 
nip 203-205' dec. 

2,2-Diphenyl-l,3-oxathiolane 3,3-Dioxide (VIII).-A solui io i i  

of 2,2-dipher1yl-l,3-oxathiolane~~ (2.0 g, 0.008 mole) in acetone 
(150 ml) was stirred for 48 hr with pulverized KlInO4 (3  g). 
The mixture was filtered through Celite and the solvent was 
removed in uucuo. The residue was taken up in dichloromethane, 
the solutiolis were refiltered and then evaporated. Trit,uration 
of the residual oil with a little hexane removed the startiiig 
material and gave the product (0.9 g, 407, yield), mp 138-141", 
iinchanged on recrystallization from ethyl acetate-hexane; 

Abnormal 
values were obtained when the spectrum was taken in ethanol. 

Anal. Calcd for CISHl403S: C, 65.69; H, 5.15; 0, 17.50; 
S, 11.66. Found: C, 65.60; H, 4.86; 0, 17.68; S, 12.09. 

Attempted preparations using hydrogen peroxide or 3-chloro- 
perbenzoic acid were unsuccessful. 

252, 258, 262, 269 mM ( e  776, 804, 724, 466). 

( 1 - 0  J\'. Otlinl! and F. A.  Keuaebalier, Cham. Bar., 96, 640 (1962). 
(15) J .  lt. hIarsliall a d  11. A .  Stevenson, J .  Clrem. Soc., 2360 (1959) 

5-(2-Dimethylaminoethylsulfonyl)-lO,ll-dihydro-5H-dibenzo- 
[a,d]cycloheptene (IIIa).-A suspeiision of disulfone I I a  (7.7 
g, 0.02 mole) in dry dioxane (50 ml) was saturated with 
dimethylamine and heated in an autoclave a t  100" for 1 hr. 
The solvent was removed in uucuo to give a yellow oil which 
crystallized on trituration with water. The solid was taken up 
in dichloromethane, the solution was washed with water, then 
dried and evaporated leaving 5.6 g, mp 106-111'. Recrystal- 
lization from 2-propanol gave white plates, mp 117-119". 

5- [2-( 4-Carbethoxy-4-phenylpiperidino)ethylsulfonylJ -5H-di- 
benzo[a,d] cycloheptene (We).-A mixture of disulfone I I b  
(1.6 g, 0.005 mole), normeperidine (1.2 g, 0.005 mole), and dry 
pyridine (1 ml) in toluene (25 ml) was heated under reflux for 
4.5 hr; gradual dissolution of the disulfone occurred. The 
cooled solut,ioii was diluted with ether (15 ml) and treated with 
C02,  and a small amount of precipitate was filtered off. The 
filtrate was extracted with water, dried, and evaporated leaving 
an oil (1.6 g) which crystallized on trituration with ether, mp 
121-129'. Recrystallization from ethanol afforded material, 
mp 130-131", which gave variable and unsatisfactory analytical 
results for carbon (see Table 11). The compouud was homoge- 
neous on thin layer chromatography and the spectral data sup- 
ported the proposed structure. 

The oxalate salt, mp 199-200°, also gave poor analytical values. 
Anal. Calcd for C33H3j~08S: C, 65.44; H, 5.83. Found: 

C, 63.33; H, 6.26. 
2-Hydrazinoethyl Benzhydryl Sulfone (V).-A mixture of 27-  

diphenyl-1,3-dithiolane 1,1,3,3-tetroxide6 (4.0 g, 0.012 mole) 
and anhydrous hydrazine (10 ml) was heated on the steam bath 
for 15 min; effervescence occurred and the reaction mixture 
became homogeneous. It was poured into cold water and the 
product was extracted into dichloromethane. The solvent 
was dried and removed in vacuo leaving an oil (2.5 g)  which 
crystallized on trituration with hexane. 
ethyl acetate gave a sample as white needles, mp 99-10"", which 
tended to decompose on standing. 
Anal. Calcd for C16H1811-2SO?: C, 62.00; H, 6.24; S, 11.03. 

Found: C, 61.16; H, 5.65; S, 10.88. 
The oxalate salt formed white needles from ayiieoiis ethanol; 

nip 165-167' dec; A:::" 220, 258 mp ( E  17,700, i ! N ) .  
ilnal. Calrd for CliH2J2S06: N, 7.38; S, 8.44. Foiiiid: 

N, 7.21; S, 8.32. 
2-(2-Dimethylaminoethoxy)ethyl Benzhydryl Sulfone (VI).- 

Sodium hydroxide (2.0 g, 0.05 mole) was pulverized and dis- 
solved in P-dimethylaniiiioethaiiol (15 nil) with heating. "2- 
I)iphenyl-l,3-dithiolaiie 1,1,3,3-tetroxide (8.0 g, 0.0% niole) 
w i s  added and the mixture was stirred for 3 hr 011 the stetmi 
bath. It wan then cooled, diluted with water (70 ml), aitd ex- 
tracted with dichloromethane. The organic layer was washed 
wit,h water, dried, and evaporated, and the residue was recrystal- 
lized from ethyl acetate-hexane giving prisms (3.1 g, 36Yc 
yield): mp 104-105°; X t B "  253, 259, 262, 269 mp ( e  451, 581, 
515,355). 

Anal. Calcd for Cl,H2sNS03: C, 65.67; H, 7.25; K, 4.03; 
S, 9.23. 

2,2-Diphenyl-2-( 2-dimethylaminoethoxy )ethylsulfonylmeth- 
anesulfinic Acid (VII).-The preceding reacstioii was repeated 
emplogiiig the disulfoiie (15.0 g, 0.05 mole) a i d  basic alcohul 

Rem? 

Found: C, 65.34; H, 7.10; S, 3.86; S, 9.41. 




