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5 , R = H  
6,  R = CH, 
7, R = COOC H, 

8 , R = H  
9, R = CH3 

10. R = COOCH, 

4 

tiort of the trans isomer of 13 wa* further confirmed by 
converting it into the trans iiomer of 12 by an un- 
ambiguous method. 

The qteric results of the B2HG reduction.. may be ex- 
plained by the apsumption that the reactions are 
kinetically controlled and that there i- little difference 
in activation energy between the two p o 4 b l e  niodes of 
addition, even when an angular methyl group i+ present. 

The compounds bioassayed, 22 and 23, were pre- 
pared from 8 and 9 by conventional methods. 

B ' : ; C H ,  o&i:" 
0 

22 23 

Single isomers of 22 arid 23 n-ere obtained. They 
would be expected to have the indicated configurations 
if addition of HC=CI\IgBr occurred on the lehs hindered 
side of the molecules. 

Seither 22 nor 23 showed significant antiandrogenic 
or arttiuterotropic 

Experimental Section1* 

Methyl 1,2,3,4-Tetrahydro-6.methoxy-l -oxo-2-r 2-propynyl)-2- 
naphthalenecarboxylate (3).--A mixture of 2 (30.0 g 1, XaHle (4.6 
g ) ,  and Me2COs (18.0 g )  in DMAC (225 nil) n 
temperatni'e (Xr atm) (inti1 II? evoliition had alino>t stopped. 
The  reaction mixture \vas then Co(Jled t o  0' and a ~ i l u t i o n  of 
propargyl bromide (30 g )  in 15 ml of diosane added keeping the 
temperature below 5". The mixtiire x a -  -tiired 30 n i i i i  at  room 
temperature, cooled, arid hydrolyzed. The precipitate was re- 
crystallized (MeOH) to give 42.0 g (91f-; 1 of 3. nip 111-113'. 

Methyl 2-Acetonyl-l,2,3,4-tetrahydro-6-methoxy-l-oxo- 
naphthalenecarboxylate (7).-Compouiid 3 i 42 g"' \\-a> dissolved 

)H (150 ml), and cooled to  room temperature. Formic acid 
150 nil) aiid H20 110 ml) were added and the mixture was 

Anal. (ClSI11604) C, H. 

(14)  All melting points are corrected. I r  spectra  \!-ere ohtained on a 
Beckman IR7 spectrophotometer. Where anal> sed are indicated only by 
symhols of the elements, analytical results ohtained for  those elements 
were xithin z t O . 4 7 ,  of the theoretical value?. Smr spectra were ohtained 
o n  a Varian H.i60 spectrophotometer. Spectral results agreed irith the 
suggested structures routine. 

(15) The N a H  used throughout was a 53:; susijension in mineral oil. 
Prior to  use it was mashed with cuclohexane. The amounts listed are on a 
d r y  weight basis. 

11, R = H (cis) 
12, R = CH, (cis and trans) 
13, R = COOCH, (cis and trans) 

stirred a t  room temperatiire while a 5s wlutioii of Hg(OAc)y was 
added dropn-ise iuitil an exothermic reaction set in. The mixture 
w a y  stirred 2 hr at room temperatrire, and diliited (HtO). The 
precipitate was collected, dried, and recrystallized from 1IeOH to 
give 39.3 g (89%) of 7, mp 110-11l0. Anal. (C16H1,Ob) C, H. 
2-Acetonyl-3,4-dihydro-6-methoxy-l (ZH)-naphthalenone (5).- 

Compoiind 7 127.0 g)  \vas added to  a solution of KOH (22.0 g)  
in HzO (30 ml) and EtOH (90 ml) and the mixture stirred at  
room temperature (.4r arm) nntil the wlution remained clear 
when diluted with H 2 0  (about 30 min). The product was re- 
crystallized from NeOH to  give 18.5 g 1867;) of 5, mp 95-97' 
118). Anal. (C14Hi603) C, H .  

3,4-Dihydro-6-methoxy-2-methyl-l(2H)-naphthalenone (4).- 
The methods used t o  prepare 3 and 5 were followed, using Me1 
instead of propargyl bromide in the alkylation step. Starting 
with 2 (20 g), a yield of 16 g of 4 x a a  obtained, bp 105' (0.05 mm), 
lit,.16 114' (0.1 mm). 

3,4-Dihydro-6-methoxy-2-methyl-2-(2-prop~nyl)-l (2H)-naph- 
thalenone (24).--h mixture of 4 (16.0 g), propargyl bromide (13.0 
g), and S a H  (2.3 g) suspended in diglyme (100 ml) was stmimed 
at room temperature (Ar atm) for 12 hr. After work-up, the 
residue was distilled in raciio to give 17.6 g ( 9 2 5 )  of 24, bp 127" 
(0.05 mm). Anal. (C,sH~602) C, H. 

2-Acetonyl-3,4-dihydro-6-methoxy-2-methyl-l(2H)-naphtha- 
lenone (6).-The procedure used to prepare 7 TTas folloived. 
Starting with 30 (17.6 g), a yield of 18.2 g (96%) of 6 was ob- 
tained, bp 137" (0.03 mm). Anal. (ClbH1801) C, H. 

3,3a,4,5-Tetrahydro-7-methoxy-2H-benz [ e ]  inden-2-one (8).- 
A mixture of 5 (15.5 g), NaH (1.9 g),  and dry toluene (180 ml) was 
heated rapidly to boiling, Tvith stirring, and was refluxed (Ar aim) 
for about, 3 min, or until the evoliition of 132 slowed. The mixture 
was then cooled rapidly to 5' and hydrolyzed with ice and dilute 
AcOH. The crude product was vaciiiim distilled and recrystal- 
lized from 1IeOH to give 9.1 g (65%) of 8, nip 136-138". Anal. 

3,3a,4,5-Tetrahydro-7-methoxy-3a-methyl-2H-benz [ e ]  inden-2- 
one (9).-The procedure iised to prepare 8 m s  followed. Starting 
with 18.2 g of 6,  XaH (2.1 g), and toluene (150 ml) a yield of 12.0 
g (60%) of 9 was obtained, mp 94-95'. Anal. (C15H1602) C, H. 

Methyl 3,3a,4,5-Tetrahydro-7-methoxy-2-0~0-2H-benz [ e ]  - 
inden-3a-carboxylate (lo).-The procedure used to make 8 was 
followed, except that S-methylpyrrolidone or DMAC was 
added when the reaction mixture reached reflux temperature. 
Yt,artiiig with 7 (5.0 g). S a H  (0.5 g), and 50 ml of toluene, and 
adding 1.0 ml of S-methylpyrrolidone (or 1.5 ml DK4C)  after 
the mixture started t o  reflux, a yield of 2.4 g (51yo) of 10 was 
obtained, mp 177-179". Anal. jClGH1604) C, H. 

cis-1,3,3a,4,5,9b-Hexahydro-7-methoxy-2H-benz [ e ]  inden-2- 
one (11). 1. Palladi~m-Charcoal~~ Hydrogenations. A. In 
Toluene.--A mixture of 0.5 g of 57 ,  Pd-C catalyst in 25 ml of 
toluene v-as boiled to remove H20, and then cooled. Compound 

(C14H1402) C, H. 

(16) E. Buchta. M. Klisch, 8. Maim, and H. Baxer, ; Inn .  Chem.,  676, 7 

(17) Catalyst from Englehsrd Industries. 
(1952). 
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2-Ethynyl-2,3,3a,4,5,9b-hexahydro-7-methoxy-3a-methy~-lH- 
benz [e ]  inden-2-01 (19).-The procedrire for preparing 18 was 
ii\ed. Starting with the trans isomer of 12 (8.0 g )  a yield of 7.8 g 
(875 , )  of 19 was obtained, bp 134-137" (0.05 mm). ;inal. 

2,3,3a,4,5,9b-Hexahydro-7-methoxy-2- (2-methyl-1 ,J-dioxolan- 
2-yl)-lH-benz [ e ]  inden-2-01 (2O).-The method of Nieiiwland22 
\vas iised to convert 18 into 20. A soliition of redistilled BFI 
etherate ( 2  ml) aiid HgO (0.5 g )  in  15 ml of dry ethylene glycol 
\vas added to a soliitioii of 18 (14.2 g )  i n  90 ml of dry ethylene 
glycol cooled to -10". After the addition was complete, the 
misture was allowed til warm to room temperatiire over a 
period of several hoiiri, atirred overiiight, aiid hydrolyzed. The 
wide  product was recryxtallized from CsH6-CsH,? to give 20 
( 1 1 3  g, 647; j ,  mp 106-108". Tlc anal) 
one isomer was prehent. .anal. (Cl3H2,OI 

2,3,3a,4,5,9b-Hexahydro-7-methoxy-3a-methyl-2- (2-methyl- 
1,3-dioxolan-2-yl)-lH-benz [e]inden-2-01 (21 ).-The procedure 

8 n-a:: followed. 
obtaiiied, mp 99-10O0. Tlc ai l  

immer wa;i prejerit. dnal .  (Clc, 

(Ci;HzoOz) C, H.  

Startirig n-ith 1 

H. 
2p-Acetyl-l,2,3,3a8,4,5,6,8,9,9bp-deeahydro-2cu-hydroxy-7H- 

benz[e]inden-7-one (22).-Compoiind 20 was coiiverted into 
22 iisitig a procediire oiitliued previorislyz for similar compounds. 
,Starting with 20 (6.0 g !  a yield of 3.1 g (64c; j of 22 was ohtailled, 
tioiling range 149-152' (0.0.5 mm). -4nal. (ClaHzoO,) C, H .  

Zn-Acetyl-l,2,3,3a,4,5,6,8,9,9ba-decahydro-2P-hydroxy-3~- 
methyl-7s-benz [e]inden-7-one (23).-The procediire [wed t o  
prepare 22 vas  iised. Startitig with 21 (6.0 g), a yield of 3.5 g 
( 7 3 5 )  of the priidiict ivah obtained, after the itiitial plodiict \vas 
piirified by coliimii c.hromatography iisiiig silica gel H as ad- 
?orbelit, follon-ed by redistillatioii, hil i i ig range 148-150" (0.0.5 
mm). Anal. (CI6H??Oa) C, H. 

62, 1018 (1930). 
(22) J. -1. Sieriivland, R .  R. Vogt,  11.. L. Foohey, J. . i r n e r .  Chem. SOC., 

1 x = c o - -  + + 
2. X = CI(aiid SH,CI- foi S H  ) 
3.X = SO - 

ethyl 2-aminoethanethiolsulforiate. 2HC1 (4), a> s h o ~  11 

by eq 1 , 3  arid the .ame approach seemed fea-ible 
for the saturated compounds. 

I n  order to prepare the cyclohexane aiialog of 1, 
i t  was necessary to synthesize 2-mercapto-1-cyclohcs- 
ariecarboxylic acid (7).  Thiz was accomplished hy 
the addition of a-toluenethiol t o  cyclohexene-1-car- 
boxylic acid ( 5 )  and reductiori of the benzyl sulfide 
(6) to  the thiol 7 (eq 2 ) .  Others hare  attempted 
to prepare 7 by heating thiourea and colicelitrated 

5 

6 

Organic Disulfides and Related Substances. 
SXVIII.  Analogs of 

0-(2-Protoaminoe thy1dithio)benzoate 
As Antiradiation Drugsla-c 

LIXIR FIELD ASD P.ITTOX 11. GILES, JR. 

Department cf Chr m is1 ~ y ,  Vand6rbilt Cniversit y, 
.\-ashnille, Tennessee 31203 

Krcciottl Srpfrmber .30, 1969 

o-(2-Protoaminoethy1dithio)benzoate (1) has showii 
promise as an  antiradiation drug,3a and two analogous 
compounds, o-(2-aminoethyldithio)chloroberizeiie.HCI 
(2) and o-(2-protoaminoethyldithio)benzenesulfotiat'e 
(3), also have shown activity.3b Although several 
other derivatives, isomers, arid analogs have been 
i ~ i a c t i v e , ~  the saturated analogs of 1-3 were desired 
in order to establish whether the aromatic or t,he 
aliphatic syst'em would provide the bet'ter basis 
for further extensions. Disulfides 1-3 were prepared 
by thioalkylation of the appropriate thiol with '-amino- 

(1) (a) Paper S S V I I :  L. Field and R .  B. Barhee, J. Org. Chem., 34, 
1792 (1969). (b) This investigation v a s  supported by the U. S. Army 
Medical Research and Deyelopment Command, Department of tile Army, 
under Research Contracts No. Dh-49-193-MD-2030 and DADA17-69-C- 
9128. Taken from part  of the forthcoming Ph .D.  dissertation of P. X I .  G., 
Vanderbilt University. ( c )  Reported in part  a t  the Southeastern Regional 
Meeting of the American Chemical Society. Tallahassee, Fla. ,  Dec 1968; 
Abstracts. p 98. 

See F. G. Bordwell, 
M. L. Peterson, and C. S .  Rondestvedt, Jr . ,  J .  Amer. Chem. Sac.,  7 6 ,  3945 
(1954). Previously 1 was named 0-(2-aminoethyldithio)henzoic acid;3 al- 
though the dipolar ionic structure of l is merely inferred from its behavior, 
rather than  rigorously proved, the "proto" nomenclature seems t o  be a 
justifiable simplication. 

( 3 )  (a) R .  R.  Crenshaw and L. Field, J .  Org.  Chem., 30,  175 (1965); (h) 
L. Field and H. I<. Kim, J .  -Wed, Chem., 9, 397 (1966). 

(2) Komenclature suggested b y  Dr. F. \-. JViselogle. 

7 8 

HBr with hexahydrosalicylic x i d  aiid theii treutiiig 
with S a O H .  However, they were unable to obtain a 
pure product.4 Thioalkylation of 7 with 4 gave 2-(2'-  
protoaminoethyldit hio)- 1-cyclohexanecarboxy1:~te (8). 
Although the reaction of a-toluenethiol with 5 would 
seem more likely to  give at  the outset t i m s  addition: 
and therefore 6 as the cis product, the presence of 
excess hot piperidine in turn would seem lil- \e 1- v to  
have afforded ample opportunity for epinierizatioii to 
the presumably more stable trans isomer of 6. In 
any event, tlc of 7 in two systems showed oiily :I 

single spot, arid prolonged treatment with base failed 
to effect any apparent change. Only single spots 
also were seen for the mercury (11) mercaptide of 7 
and for disulfide 8. Thus it would seem t>hat a single 
isomer of 6 resulted, probably t'he t 7 m s .  

Thioalkylation of tmhe known tl,a~2s-2-chlorocyclo- 
hexanethiol (9) gave trcuis-2-aminoethyl 2-chlorocyclo- 
hexyl disulfide.HC1 (lo), the reduced aiialog of 2 
(es 3). 
t~tns-2-ClCsHioSH + 4 --f 

9 
~~UTZS-~-CICBHI~SS(CH~)ZNH~ +Cl- ( 3  ) 

10 

Att'empts to prepare the saturated analog of 3 were 
thwarted by a series of unsuccessful attempt,s to prepare 
the requisite thiol, 2-mercaptocyclohexanesulfonic acid. 

(4) J. F. Burke, and M. W. Whitehouse, Biochem. Phnrmucol.. 14, 1039 
(1965). 


