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Octahydrophenanthrene Analogs of Tetrabenazine 

ilcid-catalyzed treatment of 1 ,$lo, l0a-t'etrahydro-;2( aH)-phei~aiit~iienorles with ebhyleile glycol led t,o keth- 
lizat~ioti with accompanying double-bond migratioil. Catalytic hydrogenation, followed by cleavage of t,hc 
ketals gave the c*orrespoilding B/C-cis hexahydrophet~a~ithrenones. Xetal in liquid ammonia reduction of t,he 
tinaatiirated ketals followed by hydrolysis gave the B/C-trans hexah3.dropheiiaiit,hreiiories. Both series of coni- 
pounds were converted to  2-alkyloctahydrc-3-ketophe11a1ithre1~es which were of interest as nitrogen-free aiialogrj 
of tetrabenaxiiie. 

In roniicction witli qoriic! studies? on compounds 
related to emetine, :t series of benzo [a]quinoliziiies 11 
I m p r e d  which had iriterestirig pharmacological pro1)- 
crt~es.~ One compound in this series, tetraben- 
a z i n e ' "  I) (I), is of interest because of its psychosedative 
activity. In order to compare the pharmacologiciil 
activity of the corresponding nitrogen-free analogs of 
tetrabenazine, we have synthesized it number of octa- 
hydroI)henanthrcii~i derivativci. I'our types of coin- 
pounds were Irepared: (A) morioniethoxy-substitutrd 
B/C-cis-fused octaliydropheiiarithrcnc;j, (R) the cor- 
respondirig B/C-trans-fused isomers, (C) dimethoxy- 
substituted B/C-cis-f used octahydrophenant hrenes, arid 
(U) the corresponding B/C-trans-fused isomers. 

The ~)rel)aration of the rnorioiiiethoxy B,'C-cis-fused 
compounds proceeded from the hydroxymethylerie 
derivative IIas of G-iiiethoxy-1-tetralone which was con- 
densed with niethyl vinyl hetorie to give IIIafi (see Chart 
I). This coml)ound has not previously been character- 
ized although it has been obtained asa niixturenithIVx 
Cyclization of HILL with potassium hydroxide gave 
IY:L,~ which 011 treatnient with ethylene glycol gave :i 

ketal lacking an olefinic proton signal in the  rinir 
il)ectruni. lietdlzatlorl was tlicrcforc accompanied by 
migration of the double bond to yield V:i. Catalytic. 
hydrogenation of V:i ovcr pallatliurii on c*hwrconl gave 
the cis ketal VIa, which was hydrolyzed to the lietoile 
VIIa.k Trextiiient of the latter compouiitl n.itli 
magiic*iuni methyl carbonat e9 followed by esterification 
of the iiiterniediate acid gave the P-keto ester V I I I L ~ ~ '  
This compountf mi then :tll~ylutcd with ethyl iodide, 
n-butyl iodide, :tiid isobutyl hroiiiidc, reslmtively, i r i  

the prcwnche of potassium t-butoxide to g i v e  the inter- 
mediate\ of foimula IX (11, = idltyl). Hydrolysis and 
decarboxylation with potassium hyclroxic1e1l gave Xn. 
Xh, atid Xc, rcipcctivelp.'? 

(1) I)ecease(t re11 1; 1Oh4 
( 2 )  1 I3rossi. I1 Lin i la r  \I \ \ a l te r  and 0 \clinlder, Hal t  Chim 4ctri 

(i) r\. i'Iet5ciier 1 Ijrossi, and  k I Le\., lntern f t e e .  Veurobzol ,  4, 275 
41, 11'1 (1QiS) .  

(1962) 

d I. G Zaiel 'skasa, Bull. d c a d .  Sci. LSSR,  Diu 

\I1 compounds prerxred in this paper are racemates and for ~ o n ~ e n i -  (6) 
o n w  nre represented I I V  one enantiomeric series throughout 

(7)  G T Taterosgan P. A. Zaporets, and i G ta rdanyan ,  Zh. Ohsiich 
Khzm., 23, 941 (1953), Chem . i b s t r ,  48, 7539b (1954). 
(8) T h s  c o i n ~ ~ o i i n d  has been reported ins crude form 
(9) AI qtiles J A m  Ciifni Soc 81, 2598 (1959) 
(10) The reaction of VIIa and dinietli\l malate afforded t h e  Lorrespon<l- 

ing gllo\alate (mi) 197' ciec), nliirli on  decaibonylation also ga le  Vi I Id  
altlii,iigli the o\er-all j ield i r t1 ~toorei and the procediire innre tedioii-. 

(11) \\ 1: Renfron Jr m Chem b o e ,  66, 144 (1944). 
(12) I i i r  liyilrol~sis of I S a  xaq attempted I,y \arious otliei uiloceciuies 

111 edih I ~ S P  leading to reco\er\ of starting material o r  tars from which n r )  

Since the iiiethod of syntliebis of tliesc coiiij)ouiid* 
does riot allow ;t definitive as4giinierit of i he l)osition of 
hubstitutioIi in VIIIa, I&, and Xa-c, the nssigniiic~it 
were substantiated in  the following un:tiihiguoui 
iiiaiiiier (see Chart 11). The triethylaniine-c~atnl~~z~~~l 
reaction of IIa and XI gave crude XI Ia  which o t i  
potassium hydroxide ring c~losure was conrwtetl to 
XIIIa, although in only 6y0 over-all yield. IGtaliza- 
tiou, catalytic hydrogenation, and liydroly,& gave % I ,  
identical with the liroduct preparcd from 1 1 1 ~  $-l;ct o 
ester VIIIa. 

The synthesis of the nionomethoxy B/C-trans-i'usc~i 
compounds proceeded from an intermediatc. obtained 
in the cis series. Thus. the I d a 1  Vn was treatcd with 
Imtassiuni i n  liquid aiiinioriia to give as the Inirior 
product the B/C-cis-fused ketal VIa, the major (*om- 
ponent being the desired B lC-tmns-fused ketal X1V:t. 
Acid hydrolysis of XIVs  gave the ketone XT.':L~ wliicli 
011 treatnieiit with sodium Iiydride arid cliiiiet hyl 
(,arbonate gave the P-keto ester XVIa.I4 This coni- 
pound was then :illiylated with methyl, ethyl, n-butyl, 
arid isobutyl iodides to give the iriteriiiediates of forniula 
XVIIa. Hydrolysis and d~carboxylatio~i of tlic lattcii. 
conipourids Tv-ith potassium hydroxide gave the nioiio- 
niethoxy trans derivatives XTXIa, XVIIIb, XVIIIc. 
niid XT'IIId,15 t.esl)ectively (see Chart I11 m c l  Table I ) .  

Since the iiicthotl of synthehis of' t hesc coiii~)outid~ 
tloes not allow ii defiriitivc assignmerit to the positioii 
of al1,yl substitution in S V I n ,  XTXa,  :mtl XTIIIa t l ,  
tlie strucGtureh were twrifirnicd in the followiIig UII- 

ambiguous iiinniier. Compound XVIIIa was reducecl 
with sodium borohydridcx to give the c ~ o n c ~ r l , o ~ i d i i i ~  
alcohol which as treated with 10% 1)all:diuin 011 

carbon i n  p-t-butyltoluene16 to yield 2-niethyl-7- 
incthoxy~~lieri:~iitlire~ie, itlentirnl with :in nutheiit ic- 
+a111 I )IC. l7 

The I)rep:iration of thc B, C-cis diiiietlioxyoct:Lliy~~r(~- 
phenanthrene5 was achievctl by react ions :tiinlogous to  
those already outlined for the nionomethoxy aiialogq. 
Thus, reaction of methy-1 vinyl ketone with the hydroxy- 

product could be isolated. 
give Sa ,  altliough in loiver yields than with potassium hydroxide. 

Hydrolysis with lithium iodide in  collidine" diel 

(1:i) I;. Elsinger, H. Schreiber, and A. Eschenmoser, H e h .  Chim. Actri, 43, 

(14) The con$-ersion of X V a  to S S l a  could also be acrornr)lisl~ed by  m a l -  
nient wi th  magnesium methyl rarhonate followed h y  esterification w111. 
diadornethane. 

i 1.5) The  configiiration of ilie ai group in S V I I I  is assigner1 i i y  a n a l n u  
u i t l i   lie w o r k  of S. Xln/iir and I' indiieimer, J .  A m .  Chem. S o c . .  80, tF)220 
t l!i.58). 

113 (1960). 

1). I:at.ciio, and . I .  b;. ( h r d u n .  ibid.. 80, 5 i i j i  
Iiescher, H c l c .  (lliirn. .2ctu, 2 1 ,  519 l1928). 
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IIa, R = H 
b, R OCH3 

R 

IIIa, R = H IVa, R = H  
b, R = OCH-, b, R=OCH? 

.1 

VIIa, R = H VIa, R = H Va, R = H  
b, R=OCH, b, R = OCH3 b, R = OCH3 

&COd2Ha V R& I 

CO;?CH? 
R 

I H  
\ I H  - 

\ 
CHnO CHo0 

VIIIa, R = H IXa, R = H; RI = CHzCH3 
b, R = OCH3 b, R = OCHJ; Ri = CHzCHo 

4 
0 

Xa, R = H; Ri = CzHs 
b, R = H ;  Ri=(CHz)3CH3 
C, R = H :  Ri=CH&HfCHn)? 

methylene derivative IIbl* of 6,7-dimethoxy-l-tetralone 
gave I I I b  which was cyclized to the ketone IVb.l9 This 
latter compound was then converted to  the ketal Vb in 
which olefinic proton absorption was absent in the nmr 
spectrum. Catalytic hydrogenation of the latter com- 
pound gave the cis ketal VIb which was hydrolyzed 
to yield the ketone VIIb. Reaction of the latter com- 
pound with magnesium methyl carbonate followed by 
esterification with diazomethane gave the @-keto ester 
VIIIb.20 Alkylation of VIIIb with ethyl iodide in the 
presence of potassium f-butoxide gave IXb, which in 
contrast to the other analogs was obtained crystalline. 
Analogous alkylation with n-butyl and isobutyl iodides, 

(18) K. N. Campbell, A. Schrage, a n d  B. Ii. Campbell, J .  07s. Chem., 15, 

(19) G. N. TYalker, J .  A m .  C h e m .  Soc., 80, 645 (1958). 
(20) Treatment of V l l b  with dimethyl carbonate and sodium hydride 

did not yield VlI Ib ,  b u t  yaye instead a 10%- yield of a product analyzing fo r  
the incorporation of t w o  carlmmethoxy groups. 

1135 (1950). 

CHART I1 

a, R-H 11 + CH3CCC2HS 11 - R & C H 2 r C H 3  

CH30 

b,R-OCH, CH2 

XIIa, R-H 
b, R-OCH3 

8 
1 

Q 

R d C z H 5  - R,&c2H5 

CH30 CH30 
Xa, R-H X m a ,  R = H  

d, R-OCH3 b, R-OCH3 

1 
..*GH, 

CH30 CH30 y& 
XVIIIe 

CHART 111 
n 
0 0  x 

XVa, R = H 
b, R = OCHs 

XVIa, R - H  
b, R = OCHa 

CH30 
XVIIa ,R = H; R1= alkyl 

b, R = OCH3; RI = alkyl R 

followed by potassium hydroxide hydrolysis then gave 
Xd, Xe, and Xf, respectively. 

Since the position of substitution in VIIIb, IXb, and 
Xd-f was not definitive, the assigiiments were confirmed 
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Cornpd 

S a  
S b  
S C  

Xd 
S e  
Sf 
Sl.IIIa.  
STIIIb 
XVIII(* 
XVIIId 
XTIIIe 
X\?IIf 
XVIIIg 

R 
H 
H 
H 
OCHs 
OC& 
OCHs 
H 
H 
H 
H 
OCH3 
OCHI 
OCHI 

---Found. %-- 
c I I  

70.04 8.5s 
80.04 9 .07  
79. (30 ! I ,  2s 
75.13 8.7:: 
75.96 !).OS 
76.06 0.1!1 
76.65 3.16 
78.97  X.7(i 
79.62 !) ,42 
711.49 !I . (J7 
74 .70  8 . 5 1  
( 3 . 7 2  8.89 
13.85 8.95 
r- -- 

Q The letters denoting the method of preparation refer to the general method3 outlined 111 the Experimental Section. b I’lecrystalliza- 
tion from methanol. c Recrystallization from hexane. d Recrystallization from ether. 

by the following unambiguous method. Reaction of 
I I b  with 2-ethyl-3-oxobutyl-1-trimethylamnioniuni io- 
dide (the precursor of XI) in  the presence of sodium 
methoxidczl gave XIIb,  which was then cyclized with 
potassium hydroxide to XIIIb.  The latter coinpound. 
upon ketalization, catalytic hydrogenation, and hydrol- 
ysis, mas converted to Xd, identical with the product 
obtained from theP-keto ester VIIIb. 

The dimethoxy BIC-tmns-fused compounds were also 
prepared in a manner similar to the monomethoxy 
analogs. Thus treatment of Vb with lithiumzz in 
liquid ammonia gave the B/C-cis-fused ketal VIb as the 
minor coniponent and the desired B/C-lyans-fused 
ketal XIVb as the major component. Acid hydrolysis 
of XIVb gave the ketone XVb which was converted to 

(21) -1. L. Wilds and  C .  H. Shunk. J .  A m .  Chen. Soc., 72, 2388 (1950). 
(22) Treatment of Vb with potassium in liquid ammonia gave t h e  B/C-  

CLS ketal VIb and also a noncrystalline residue. Mild acid hydrolysis of the 
latter material gave a l o a  yield of the  phenol ( i ) ,  u-hich was methylated 
with dimethyl sulfate to  give the  B/C-trans dimethoxy ketone XVb. On 
the other hand, treatment of i with diethyl phosphite23 gave crude ii which 
was cleaved with sodium in liquid ammonia to  yield iii. T h e  latter com- 
pound was similar to, bu t  not identical with XVa, thus establishing the posi- 
tion of the  methoxy group in i. 

0 
I 1  

(23) S. N’. Pellotier and D. hI .  Locke .I. Org. Ckem., 23, 131 (1958). 

the P-keto ester X\’Ib24 on treatment with sodiuni 
hydride and dimethyl carbonate. Alkylation of XVIb 
with ethyl, n-butyl, and isobutyl iodides gave inter- 
mediates of formula XTIIb.  Hydrolysis and dc- 
carboxylation with potassium carbonate then gave the 
BIC-truns dimethoxy derivatives XVIIIe, XVIIIf, and 
XVIIIg, respectively. 

Since the position of alkyl substitution in XVIb, 
XVIIh, and XVIIIe-g was not definitive, the structures 
were proven by the following unambiguous method. 
Betalizatioii of XI I Ib  followed by reduction with 
potassium in  liquid ammonia and subsequcnt wid 
hydrolysis gave XVIIIe, identical with the product 
prepared from the 0-keto ester XVIb. 

Biological Data.z5--T\’one of the conipourids in series 
YII, X, XI-, or XT’III exhibit any tetrabenazine-like 
sedation when administered to  rats in the coritiiiuous 
avoidance although XVIIIa showed weak 
stimulaiit activity in rats. Also, thc compounds in 
series VII, X, XV, and XT’III have no significaiit 
depressant activity as measured i n  either the inclined 
screen procedurez7 or the foot shock test.28 Sone  of 
these conipounds have any significmt stiniulant activ- 
ity as measured in the norepiriephrine potentiation 
test (in dogs) or by the prevention of tetraberiazinc 
ptosis.29 Compound VIIa has inoderate blood prcssure 
lowerir~g activity (in the dog), whereas T’IIb and tlie 
conipo~~rids of series X, XV, and XVIII are hactive. 
However, XVa does have some blood pressure lowering 
activity when administered to hypertensive rats. 

(Z‘A) The conversion of XVb t o  .’LI Ib could also be effected by the use of 
magnesium methyl oarbonate folloued by diazomethane esterifioatmn. 
This procedure in practice is limited to small-scale reactions, because of the  
Ion solubility of the  intermediate acid. 

(25) \I e are indebted to  Dr. 1,. 0. Randall and  his staff for  these results. 
(26) G. i IIeise and C Uoff ,  I’sycliopharmucologiea, 3, 264 (1962). 
(27) L. 0 Randall, .I. J’hmm. Erpl l .  Therap., 129, 163 (1960). 
( 2 8 )  R. E Tedeschi, L). 11. Tedeschi, .L Mucha, L. Cook, P. .1. Afattis, 

and E,. .J. F~l lows ,  thnd.,  125, 28  (1969). 
(29) L. 0. Randall and  I<. C Uagdon. Usseases Neruous Sydent, 19, 5Jg 

(1  Y 38). 
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These results indicate that the presence of a basic 
function in the tricyclic nucleus seems to  be a prere- 
quisite for tetrabenazine-like activity. 

Experimental Section30 
3,4-Dihydro-6-methoxy-2-( 3-oxobutyl)-l( 2H)-naphthalenone 

(IIIa).-To a cold (0-5') suspension of 92.5 g (0.45 mole) of 6- 
methoxy-3,4-dihydro-2-hydroxymethylene-l(2H)-naphthalenone~ 
in 200 ml of methanol and 48.5 g (0.69 mole) of methyl vinyl 
ketone was added with stirring over 20 min a solution of 6.7 g of 
triethylamine in 34 ml of methanol. After a short time the 
reaction becanie homogeneous and was stirred at  room tempera- 
ture for 3 days. The reaction was diluted with 1 1. of ether and 
was extracted with 10% Ka2C03 solution to remove unreacted 
starting material. Concentration of the organic layer gave a 
red oil which was taken up in benzene and filtered through a 
column of alumina. The eluate was evaporated to dryness 
and the rehidue waq crystallized from methanol to give 101 g 
(91%) of I I I a  as yellow crystals, mp 66-68'. Recrystallization 
from ethanol gave the analytical sample: mp 68.5-69.5": 

224 mp ( E  13,300) and 274 mfi ( e  17,900); v:;:13 1713 and 
1672 cm-l. 
XCzHbOH 

mar 

Anal. Calcd for C15H1903: C, 73.14; H, 7.37. Found: 
C, 73.27; H, 7.36. 

1,9,10,10a-Tetrahydro-7-methoxy-3(2H)-phenanthrenone 
(IVa) was prepared by the procedure of Akhrem and Zavel'skaya5 
to give yellow crystals: mp 118-119" (lit.5 mp 115-115.5'); 
A,,, 243 mp ( e  9900) and 330 mp ( E 24,600); v:::."'~ 1652, 1609, 
1583 cm-l; nmr (CDC13) 7 2.30 (1 proton doublet, J = 8 cps, 
5 H split by 6 H),  3.21 (1 proton doublet of doublets, J = 8 
and 3 cps, 6 H split by 5 H and 8 H), 3.30 (1 proton singlet, 4 H )  
and 3.48 (1 proton doublet, J = 3 cps, 8 H split by 6 H). 

7'-Methoxy-l',4 ',9',lO'-tetrahydrospiro [ I ,3-dioxolane-2,3'- 
(2'H)-phenanthrene] (Va).-A solution of 175 g (0.77 mole) of 
IVa in 1.5 1. of benzene containing 130 ml of ethylene glycol and 1.0 
g of p-toluenesulfonic acid was heated under reflux (Dean-Stark 
trap) for 48 hr. The cooled reaction mixture was then poured 
into 2 1. of water containing 5 g of KOH. The benzene layer 
and three ether extracts of the aqueous layer were washed with 
water, dried (NanSOa), and evaporated to give a solid residue. 
Crystallization from ether gave 182 g (87%) of Va as yellow 
crystals, mp 75-77'. Recrystallization from ether gave the 
analytical sample: mp 76-77': A$zoH 273 mp ( E  15,800); 
v,,, 1608, 1570 cm-I; nmr (CDC1,) 7 2.96 (1 proton doublet, 
J = 9 cps, 5 H split by 6 H) ,  3.4 ( 2  proton multiplet, 6 H and 
8 H). 

CIHSOH 

C H C l i  

~ - , 
AnaE. Calcd for C I ~ H ~ O O ~ :  C, 74.97; H, 7.40. Found: 

C, 75.08; H, 7.76. 
7'-Methoxy-l',4',4'ap,9',10',10'aS-hexahydrospiro [1,3-dioxo- 

lane-2,3'(2'H)-phenanthrene] (VIa).-A solution of 50.0 g (0.184 
mole) of Va in 1000 ml of ethyl acetate was hydrogenated a t  
room temperature and pressure over 10 g of 10% Pcl-C. One 
mole of hydrogen \vas absorbed in 15 min whereupon the rate of 
hydrogenation markedly decreaqed and the reaction was stopped. 
Colorless crystals were observed in the hydrogenation flask. 
The catalyst was filtered and washed repeatedly with hot ethyl 
acetate. Concentration of the solution gave 43 g (85%) of S?a 
as colorless crystals, mp 139-140". Recrystallization from 
dichloromethane gave the analytical sample: mp 139-140.5'. 
A:2OH 220 mp ( e  8300), 278 (2000), and 287 (1860): Y:::'~ 161i 
cm-I. 

Anal. Calcd for C17H2203: C, 74.42; H, 8.08. Found: 
C, 74.23; H, 8.27. 

1,4,4ap,9,10,10ap-Hexahydro-7-methoxy-3( 2H)-phenanthre- 
none (VIIa).-A mixture of 75 g (0.274 mole) of VIa in  400 ml of 
methanol and 100 ml of 3 S HC1 was heated on the steam bath 
for 1 hr.  The cooled solution was filtered, and the filtrate was 
diluted with 500 ml of water. The resulting precipitate was 
filtered to give a total of 60.5 g (96%) of VIIa as colorless crystals, 
mp 82-85'. Recrystallization from a mixture of ether and 
hexane gave the analytical sample: mp 88-89°;31 225 

(30) All melting points were taken in glass capillaries and are corrected. 
The infrared spectra were determined using a Beckman IR-9 spectropho- 
tometer. The ultraviolet spectra were determined using a Cary 14 spectro- 
photometer. The nmr spectra were determined using a Varian A-60 spec- 
trometer. 

(infl) mp ( e  7500), 279 (1900), and 287 (1770); ~2::'~ 1708 
em-'. 

Anal. Calcd for C15H1802: C, 78.23; H, 7.88. Found: 
C, 78.46; H, 7.96. 

The 2,4-dinitrophenylhydrazone of S'IIa (prepared in 73% 
yield) crystallized from ethanol as orange red crystals, mp 167- 
180". Further recrystallization from a mixture of dichloro- 
methane and ethanol did not improve the melting point, and 
the analytical sample had mp 168-178";,l A$zoH 220 mp i s  
24,000), 229 (23,800), 260-270 (infl) (12,200), 287 (infl) (6000), 
365 (24,000); v::: 1615 and I590 cm-l. 

Bnal. Calcd for C2lH22N405: C, 61.45; H, 5.40; E, 13.65. 
Found: C, 61.49; H, 5.14; Tu', 13.64. 

Hydrolysis32 of the 2,4-Dinitrophenylhydrazone of VI1a.-A 
solution of 200 mg (0.5 mmole) of the dinitrophenylhydrazone and 
1 ml of concentrated HCI in 50 ml of acetone was heated under 
reflux for 20 min. The resulting orange-yellow solution was 
added to a solution of 1.0 g of SnC12 in 4 ml of concentrated HC1 
and 6 ml of water, and the mixture was heated under reflux for 
45 min. The acetone was removed under vacuum a t  room 
temperature, and the residue was diluted with water and ex- 
tracted with benzene. The organic layer was repeatedly washed 
with 1 14' HCl, and the organic layer was evaporated to give 100 
mg (91%) of VIIa as colorless crystals, nip 88-89', uridepressed 
on mixing with VIIa prepared from VIa. 

Methyl 1,2,3,4,4ap,9,10,10a~-Octahydro-7-methoxy-3-0~0-2- 
phenanthrenecarboxylate (VIIIa).-A solution of 18.4 g (0.08 
mole) of VIIa in 160 nil of a 2.0 M solution of magnesium 
methyl carbonateg in diniethylformamide was heated a t  126-13OP 
(nitrogen atmosphere) for 2 hr. The cooled reaction mixture 
was poured with stirring into a mixture of ice and HC1 and 
extracted with ether until all the solid had dissolved, excess ice 
being present a t  all times. The ether solution was dried ( ?ia2SOd) 
in the refrigerator and then treated with an excess of diazomethane 
(prepared from nitrosomethylurea). Concentration of the ether 
solution gave a yellow oil which crystallized from acetone to give 
in several batches a total of 15.36 g (74%) of VIIIa as pale yello% 
crystals, mp 145-155", homogeneous and identical with pure mate- 
rial by thin layer chromatography. This material is probably a 
mixt,ure of tautomers. Recryst,allization from ethanol gave the 
analytical sample: mp 166-168"; immediately 225 mp 
( E  i i O O ) ,  276 (2500)) and 286 (2000); 48 hr later 220 (infl) mp ( c 
8800), 267 (7300), and 285 (infl) ( e  2350); Ak:;Y 'OH 286 mp ( e  
11,850); YE;:" 1746 and 1716 cm-l. 

Anal. Calcd for CI~H&: C, 70.81; HI 6.99. Found: C, 
70.78; H, 7.17. 

Preparation of IX  and XVII. General Method A.-A slurry 
of 0.03 mole of ester VI11 or XVI and 0.06 mole of potassium 
t-butoxide in 300 ml of t-butyl alcohol was heated under reflux 
for 30 min. Alkyl halide (30 ml) was added and heating was 
continued overnight. The reaction mixture was acidified with 
acetic acid and concentrated under vacuum. The residue was 
diluted with water and extracted (CHzC12). The extract.s were 
dried (?ja2S04) and concentrated under vacuum to give crude 
I X  or XVII in the form of an oil which was used directly for the 
preparation of X or XVIII (see Table I ) .  

Preparation of 6-Substituted 2-Alkyl-1,4,4a,9,10,lOa-hexahy- 
dro-7-methoxy-3(2H)-phenanthrenones ( X  and XVIII). Gen- 
eral Method B.-The crude I X  or XVII from 0.03 mole of VI11 
or XVI was heated under reflux with 15 ml of methanol and 5 ml 
of water containing 0.03 mole of KOH. After 4 hr another 
0.015 mole of solid KOH was added, and heating was continued 
overnight. The cooled reaction mixture was diluted with water 
and extracted (CHzC12). The extracts were dried (Na2S04) and 
concentrated under vacuum to give an oil from which X or 
XVIII could be crystallized (see Table I). 

2-Ethyl-1,9,10,10a-tetrahydro-7-methoxy-3( 2H)-phenanthre- 
none (XIIIa).-To a cold (0-5') suspension of 20.4 g (0.10 mole) 
of 6-methoxy-3,4-dihydro-2-h~~droxymethylene-l(2H)-naphtha- 
lenone (IIa)5 in 500 ml of methanol and 9.81 g (0.10 mole) of 
3-methylene-2-pentanone was added slowly a solution of 2.1 ml 
of triethylamine in 20 ml of methanol. After a short time the 
mixture became homogeneous and was stirred a t  room tem- 
perature for 3 days. It was diluted with 2 1. of ether and was 
extracted repeatedly with 10% Na&Oa solution. The ether 

(31) This ketone has been reported5 as an oil nliich gave a 2,4-dinitro- 
phenylhydrazone with mp 162-164O, Xg::h" 364 ma (saturated ketone): 
no analyses given. 

(32) J.  Demaeoker and R. H. Martin, Sature,  179, 266 (1954). 



layer was dried (Ka2S04) aiid i~oitc~eiitr:tted tlJ give :t lbhc,lc Iiil. 
which was heated under reflux for X hr wit,h :t soliitioti of 1 I) g i ) f  

I iOH in 250 nil of water atid 250 nil of  ethaiiol. The rewiioti 
itiixture w:is cooled :tiid filtered i o  give giiiiitiij- or:iiige 
Lvhich o i l  recrystallizatioii from nieth:iiiiil g:iw 1.50 g ( 
S I I I a  as pale yellow rrystals: mp 172-175". Fiirther re 
lization from methaiiol gave the :iiialgtical mriple a.: i~r lor les~  
cryst:tIs: mp 17i-ti8"; x:::~"" 242 nip i e 11,m~) : U l d  : u s  111p 

'Ip 1645, 1610, and 15% ciii-'. 
I for C17112,,02: (2, 7<1.65: 11, i 

SO.04; IT, 7.73. 
2-Ethyl-l,4,4ap,9,10,10ap-hexahydro-7-methoxy-3( 2H)-phen- 

anthrenone (Xa) from XII1a.--A -ciluticiri of 1.0 g (0 .OORO mole j 
of XIIIa i i i  50 nil of benzene c~~ti tnir l i i ig  2.1) nil i i f  ethylelre g l y ( ~ ) l  
:tiid 2 nig of p-toliieiiesulfoiii(~ acid was heated uiider reflux ( I  )e:iii 
Siark trap) for 40 hr. The C l J l J l e d  re:i(%iott iiiixture ~v:is ptrured 
i i i t t r  0. I N SaOH :i i id  extracted three tiiiieh (C:H,Cl,). Thr. 
estr:iits were dried (SnpS;04) aiid t heii ccitic.etitrated t o  :t rirlorle~.~ 
oil whirh was tliwolved i i i  100 i i i l  11f rtthyl acetate :iiid l i~drii-  
g(~iiit1ed :if rooni temperature :tiid prewire i i i  the preqeti1.e of I O 0  

One nioliir rquiviilettt of hytlriigeti wa. xti- 
! iiiiii whereupoii the r:tte (it 1ij-iIri~geit:itiijti tii:irkedly 
PI]-C. 

decwased. The catalyqt wis rcrnrrved 
filt.rnte \vas evaporated to yield :i role 
lmated with 50 nil of ethaiiol aiid 50 nil of 
(111 the sf earn bath for 30 miii. The cooled acilutioii ivaa diliitetl 
with water and was extracted with tlicliloromethane. The es- 
triicti were dried f NaW:)  atid rvaporat.ed tci give :I c~ilorle.~ 
oil. Twri crystalliztitioiia froni niethaiiol gave 0.40 g (40(-;,) of 
Sn as colorless crystals, mp S8-!MJo. Fiirther recrystallization 
froni methanol gave the piire prodiict nip <)O-!ll ', iiiidq 
o i l  niixitrg with :L saniple of Sa preparrd fro111 \TIIa. 111 
ntlditiort, the t\\-o sample> had icleiitical iiifrarcd spe 
cahlorofiirni sciliitioti nut1 ~rert' riot s.rpnr:ttctl o i i  thiti layer chrii- 
mttogrrtphg. 

7'-Methoxy-l',4 ',4 'aa,S',lO',lOa+hexahydrospiro [1,3-dioxo- 
Iane-2,3'(2'H)-phenanthrene] (XIVa).--A an1 
(0.1s mole) i d  Va in  2.50 rill o f  t,etrahydrofurat 

o i i  stirred wid refluxitig n o l i i t i c i i i  of SO 
iuni iu I .3 1. of liquid S H 3  (diztilled t,hrough a tower filled 

wi1h KOH pellets). After the reavtiiiti had stirred for ari :+dcliiioti:il 
: Io  iiiiit, c:xvess KH4C1 wa> :Itidetl i o  dkvliarge the hlue cwlor., 
:t i id the :ininiirtiia w:~: :illowed to ev:qiiir:ite. The residue \r~i\ 
tliliileci with 2 1. of n:iic,r : t i i d  extr:irted (CH,CII). The ex1rac.i~ 
\r\.cre dried ( S a r S 0 4 )  atid cciticetit rated to a yello\\- oil w1iic.h 0 1 1  

iiiisiiig with ether g:tve .i.3 g ( l l l . ( j '  i o f  c ~ r i t l e  13/("-c/'s kei:il 
inother liquors iwrf' c.iiiiceiitraleti, : ~ t i t l  the resitiiic~ 

lized froin met haiiirl 

limtioii f ron i  meihniiol gave t h  
~~,~(,:1~'''' 218 nip ( e  SOOO), 'LTH (~'~IIII), :inti ? S i  (2o'LO). 

for CI71L2O3: c'. 74.42: [ I ,  S.0S. FIJWII~: ( ' ,  

4,4a~,9,10,10ap-Hexahydro-7-methoxy-3(2H j-phenanthre- 
none ("a).---A wlutioti of I - i . , j  g (i).i):i:% iiiole) of XIVa in 450 
in1 of niethatiol : t i id  7.5 i i i l  o f  
rooni 1enil)er:iture f11r :jO i i i i t l .  

witti 450 in1 of water : w i s  theti filtered t i r  give 
of S\'a :is rolorless I tals, mp 136-137". Re 
front ethaitol gave aiialyt i d  xtmple : nil 
A : ; ~ ~ ~ ~ " ) ~ '  220 (iiifi) m p  ( e S~OI)) ,  ? i s  (2O3O), :uid 287 ( IWi) ) :  Y 

170s i ,n r1 .  

.\- HC1 w:ts :illowed to >taiid 
The re:ic.tioti mixture YW dilut 

I I ,  7.8s. Fl~illld: (', 

'lie '2,4-diititro~~hciiylti~drazorie I J f  S\.a [prepared i i i  S2' 
yield) cryitallized froni ethanol :ts crraiige-red crystals, mp 20:3- 
2i)fi". l~ecrystallizatioii froin :I mixtiire of ethyl acetate a ~ t d  
rtlimiol g:tve the analgtical sample: nip 305.3-208.5" ; 3 3  A ~ ~ ~ " ' "  
22!J nip ( e  24,SOO): V/:Y; 1615 :itid 1500 cm-l. 

. I n d .  Calcd for C2111&406: C, 61.45; [ I ,  d.-lO: 5 ;  13.65. 
I~ '1~ i i i i11:  ( I ,  61.53: 11, .5.39; N, 13.61. 
Hydrolysis of the 2,4-Dinitrophenylhydrazone of XVa.--A 

;.olut ioi i  o f  200 tiig (0.5 rnrnole) [if the 2,4-dinit~riiphetiylhydra~(~tlr~ 
of NVit iii I i i i l  i d  r*oric*eiitr:ited HCI atid 50 nil of :tcxettitie was 
Iieii(et1 riiitier reflux FIII. 30 ~ i i i i i .  The reaction mixture was the11 
~IIIIIPII i i i t o  :L .o l i i t iot l  [ i f  1 .0  g Of Sii('li i i t  .4 n i l  of cotic~etitrutrtl 

71.04; 1 1 ,  G 7!1 
2-iMethvl-7-methoxvohenanthrene from XV1IIa.- ( ) t i c >  drIJ1) 
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described for the preparation of Va to give an oil which crystal- 
lized on mixing with ether. Filtration gave 106 g (91%) of Vb 
as tan crystals, mp 110-112". Crystallizat,ion from ether gave 
the analytical sample of colorless crystals: mp 111-113'; 
A,,, 217 mp ( e  25,000), 276 (10,200), 300 (7650), and 310 
( i d )  (6200); ~2::'~ 1608 and 1581 cm-1; nmr (CDC13) r 3.29 
and 3.32 (2 protons, 5 H and 8 H). 

Snal.  Calcd for C18H2204: C, 71.50; H, 7.33. Found: C, 
71.46; H, 7.25. 

6'~7'-Dimethoxy-l',4',4'ap,9',10',10'ap-hexahydrospiro[l,3-di- 
oxolane-2,3'(2'H)-phenanthrene] (VIb).-A solution of 40 g 
(0.133 mole) of Vb in 500 nil of ethyl acet,ate was hydrogenated 
a t  room temperature and pressure in the presence of 4.0 g of 
10% Pd-C. Uptake stopped, with 1 equiv of hydrogen being 
absorbed, atter 1 hr. The catalyst was removed by filtration, 
and t,he filtrate was evaporated to give 37.1 g (937,,) of VIb as 
colorless crystals, mp 165-167". Recrystallization from ethyl 
acetate gave the analytical sample: mp 167-168'; A$zoH 
223 mp ( e  8200), 282 (4000), 286 (4000), and 291 (infl) (3300). 

A,naZ. Calcd for C~H2404: C, 71.02; H, 7.95. Found: 
C, 71.40, 71.04; H, 8.03, 7.71. 

1,4,4a~,9,10,10a~-Hexahydro-6,7-dimethoxy-3(2H)-phenan- 
threnone (VIIb).-A solution of 30.4 g (0.10 mole) of VIb in 500 
ml of methanol, 500 ml of water, and 10 nil of 6 X HC1 was 
heated under reflux for 1 hr and then concentrated to about 
500 ml under vacuum. The cooled solution was filtered to give 
24.0 g (92%) of VIIb as colorless crystals, nip 105-107'. Re- 
crystallization from methanol34 gave the analytical sample, mp 
108-109', which 2 weeks later had mp 107-114". On other 
preparations t~he product had mp 107-114' which occasionally, 
after resolidification, had mp 106-108'; 230 (infl) mp 
( E  8600), 282 (4600), 286 (4600), and 292 (infl) (3800); ~2::" 
1705 cm-l. 

Anal. Calcd for CI~HXIO~:  C, 73.82: H, 7.74. Found: C. 

C2H6OH 

73.62; H, 7.61. 
The 2,4-dinitrophenylhydrazone of VIIb (prepared in 827, 

vield) after two recrvstallizations from benzene had mp 239- 
I .  

241.5'. Further reErystallization from benzene gaie  the 
analytical sample of orange crystals: mp 242-243'; 
229 mp ( e  20,900), 270 (10,600), and 365 (21,400); YE,": 1608 
and 1592 cm-'. 

dnal.  Calcd for C ~ ~ H U X ~ O ~ :  C ,  59.99; H, 5.49; K, 12.72. 
Found: C, 60.07; H, 5.64; K, 12.63. 

Hydrolysis of the 2,4-Dinitrophenylhydrazone of VI1b.-The 
above 2,4-dinitrophenylhydrazone (226 mg, 0.5 mmole) was 
hydrolyzed as described for the hydrolysis of the 2,4-dinitro- 
phenylhydrazone of VIIa to give 137 mg of solid. Crystalliza- 
tion from methanol gave 74 mg (557,) of VIIb as pale yellow 
crystals, mp 105-lll", undepressed on mixing with VIIb prepared 
from VIb. 

Methyl l,2.3,4,4ap,9,10,10ap.Octahydro-6,7-dimethoxy-3-oxo- 
2-phenanthrenecarboxylate (VIIIb).-A solution of 3.90 g 
(0.067 mole) of VIIb in 45 ml of a 1.88 M solution of magnesium 
methyl carbonate in dimethylformamide was heated a t  130" 
(nitrogen atmosphere) for 1 hr. The reaction mixture was 
worked up as described in the preparation of VIIIa. After 
esterificatiori with diazomethane, the solution was concentrated 
to an oil which crystallized from methanol to give 2.24 g (477,) 
of YIIIb as colorless crystals, mp 144-146". Recrystallization 
from methanol gave the analytical sample: mp 147-149'; 

immediately 230 (infl) mp ( e  9700), 282 (5400), 286 
(;:50), and 292 (infl) (4300); aft'er 48 hours 230 (infl) mp ( e  
11,800), 257 (9070), 280 (infl) (7050), 285 (infl) (6200), and 290 
(infl) (5000); 287 mp ( E  16,300); Y::" 1746 and 1717 
cm-I. 

dnal.  Calcd for C18Hz20j: C, 67.91; H, 6.97. Found: C, 
68.07; H, 6.90. 

Methyl 2-Ethyl-1,2,3,4,4a~,9,lO,lOap-octahydro-6,7-dimeth- 
oxy-3-oxo-2-phenanthrenecarboxylate (IXb).-A slurry of 2.65 g 
(0.083 mole) of VIIIb and 2.40 g (0.19 mole) of potassium t- 
butoxide in 100 nil of t-butyl alcohol was heated under reflux for 
1 hr. Ethyl iodide (10 ml) was then added and heating 
was continued overnight. The reaction mixture was cooled, 
acidified with acetic acid, and concentrated under vacuum. 
The residue was diluted with water and extracted with dichloro- 
methane. The extracts were dried (Na2SO4) and concentrated 
to a yellow oil which crystallieed from methanol. Recrystalliza- 

XC2HbOH . 

(34) Recrystallization of the ketone VIIb  from methanol containing 
traces of acid ga re  the corresponding dimethyl ketal, m p  114-115O. 

tion from methanol gave 835 mg (29%) of the analytical sample 
of IXb  as colorless crystals: mp 145-148'; 230 (infl) 
mp ( e  7600), 282 (4000), 287 (4200), 291 (infl) (3600); no change 
on standing 48 hr; Y ~ ~ ~ "  1735 (infl), 1705 cm-l. 

Anal. Calcd for C~,H260~: C, 69.34; H, 7.57. Found: C, 
69.49; H, 7.34. 

3,4-Dihydro-6,7-dimethoxy-2-(2-ethyl-3-oxobuty~)-l(2H)- 
naphthalenone (XIIb).-To a cooled solution of sodium meth- 
oxide, prepared from 0.23 g (0.01 g-atom) of sodium and 20 ml 
of methanol, was added 2.34 g (0.01 mole) of IIb. The solution 
was cooled thoroughly in an ice bath and 8.55 g (0.03 mole) of 
2-ethyl-3-oxobut.yl-1-trimethylammonium iodide was added, 
followed by 20 ml of methanol. After stirring a t  room tempera- 
ture overnight the slurry was poured onto ice containiug an excess 
of HC1. The resulting mixture was ext,racted with dichloro- 
methane and the extracts were dried (Na2S04) and concentrated 
to give an oil (strong ferric chloride test). The oil was dissolved 
in benzene and extracted three times with cold 10% ru'a~CO3 
solution. The benzene solution was filtered through a short 
column of alumina. The benzene and ether eluates were con- 
centrated to give 1.20 g (39yc) of XIIb as a colorless oil (suitable 
for the next step). Crystallization and recrystallization of 200 
mg of this mat,erial from methanol gave 87 mg of the analytical 
sample: mp 79-86' (probably a mixture of stereoisomers); 
Amas 233 mp ( E  17,700), 275 (12,000), and 314 (8150); v::Fa 
1700 and 1664 cm-'. 

Anal. Calcd for ClsH2404: C, 71.02; H, 7.95. Found: C, 
70.90; H, 7.75. 

2-EthyI-1,9,10,10a-tetrahydro-6,7-dimethoxy-3( 2H)-phenan- 
threnone (XIIIb).-A mixture of 1.00 g (3.3 mmoles) of XIIb, 10 
ml of methanol, 10 ml of water, and 1.0 g of KOH was heated 
under reflux for 1 hr. The solution was cooled t,horoughly and 
filtered to give 0.477 g (517,) of XIIIb as pale yellow crystals, 
mp 142-148'. Recrystallization from methanol gave the 
analytical sample as colorless crystals: 
224 mfi ( E  9600), 242 (9800), 309 (13,100), and 344 (20,500); 
~ 2 2  1645 cm-'. 

Anal. Calcd for C18H2203: C, 75.49; H, 7.74. Found: C, 
75.29; H, 7.81. 

2-Ethyl-l,4,4ap,9,10,10ap-hexahydro-6,7-dimethoxy-3( 2H)- 
phenanthrenone (Xd). From XII1b.-A solution of 95 mg (0.33 
mmole) of XIIIb, 50 ml of benzene, and 2 ml of ethylene glycol 
containing 10 mg of p-toluenesulfonic acid was heated under 
reflux (Dean-Stark trap) overnight. The cooled reaction mix- 
ture was poured into water containirig an excess of NanC03 and 
extracted three times with dichloromethane. The ext,racts were 
dried ( Na2S04) and concentrated in uacuo to give a light tan oil. 
This was dissolved in 25 ml of ethyl acetate and hydrogenat'ed a t  
room temperature and pressure in the presence of 25 mg of 10% 
Pd-C. One molar equivalent of hydrogen was absorbed in 30 
min, whereupon the rate of hydrogenation markedly decreased. 
The catalyst was removed by filtration, and the filtrate was 
concentrated in 21acuo to a colorless oil. This was refluxed for 
30 min with 5 ml of methanol and 5 ml of 3 N HC1. The cooled 
solution was filtered to give a gummy solid which, after crystalli- 
zation from methanol, gave 15 mg (1670) of Xd as colorless 
crystals, mp 125-128', undepressed on mixing with a sample of 
Xd prep:tred from t?IIb. In  addition the two samples had 
identical infrared spectra in chloroform solution. 

6',7'-Dimethoxy-l',4',4 'a~,9',10',10'ap-hexahydrospiro [ 1,3-di- 
oxolane-2,3'(2'H)-phenanthrene] (XIVb).-A solution of 50.0 g 
(0.166 mole) of Vb in 500 ml of tetrahydrofuran was added over 
1 hr to a stirred and refluxing solution of 13.0 g (1.9 g-atoms) of 
lithium in 4 1. of liquid NH3 (distilled through a tower filled with 
KOH pellets). The reaction was carried out and worked up as 
described under the preparation of XIVa to yield an oil which 
on crystallization and recrystallization from ethyl acetate gave 
6.5 g (13%) of the B/C-cis ketal VIb. The mother liquors were 
concenhted and crystallized from methanol to give 37.0 g 
(74Y0) of the B/C-trans ketal XIVb as colorless crystals, mp 
99-102". Recrystallization from methanol gave the analytical 
sample: mp 102-103"; 223 mp ( E  7500), 282 (3700), 
286 (3650), 291 (infl) (3100). 

Anal. Calcd for C18Hz404: C, 71.02; H, 7.95. Found: C ,  
70.66; H, 7.77. 

Reduction of Vb with Potassium in Liquid Ammonia.-A solu- 
tion of 20.0 g (0.066 mole) of Vb in 300 ml of tetrahydrofuran 
was added over 1 hr to a stirred and refluxing solution of 30 g 
(0.77 g-atom) of potassium ill 1500 nil of liquid ammonia. After 
the reaction had stirred for an additional hour, excess "4C1 was 

C2HrOH 

mp 152-1835'; 



added to discharge the blue color, and the ammonia was allolved 
to evaporate. The residue was diluted n-ith 1.3 1. of water aiitl 
filtered to give 2.59 g (13cT) of the B/C-cis ketal VIb 
solid, nip 155-160'. The filtrate wits extracted with cliclllor+ 
riiethane, and the extracts were dried (NarSOh) aiid cwric:eiitrstecl 
iiiider v:triiiirn. The reaiilt.iiig oil w a h  dis>olved i i i  250 ml of 
meth:tiiol, mixed Tvith 100 nil of I..? .\- TICI, and allon.ed to > t : i i i ( l  
at room temperatiire overnight . The mixtiire \v:is diliir rt l  
with water arid extrac,ted Lvith dichloromethane, ailti the orgaiiic. 
extracts were extraded with 1 .V SaOII .  The basic. extract3 \ T - ~ w  

acidified and extracted with tlic.hloroiiieth:tlie. l<enioval of  tlir 
wlveiit' gave 7.3 g of the cmde pheiiol :i- :I grimmy wlid. 7'hr. 
latter material corild lie rrystallized (hee the preparatioii of i j 
or converted iiittr S V b  as fcillon.~. The (.r ide pheiiolic material 
was dissolved i r i  650 nil of 1 -\- XaOII, 1:30 nil of diniethyl sii1f:llcS 
 vas added, aiid the reactioti mist itre \V:LA stirred :it rooin IC~III- 

peratiire overiiight. Filtratioii, follo\ved 1)y rec~ryctallizatici~~ 
froni methniiol gave 4.8 g of the B/C-tians tiimeth(Js!- 
ketotie X\+b a-i colorle.;,5 r r  nip G-1-56 O ,  uiidepre-qed 
iipoii admixture tvit h a sarnpl 

1,4,4ao1,9,10,10ap-Hexahydro-6-methox~-7-hydrox~-3( 2H )- 
phenanthrenone (i).--The mixture cif cSrude phenolic iiiateri:il 
obtained froni the potassium liquid XH.1 reductioii of 20.0 g 
(:!.066 mole) of Vb \vas re tallixed from dic~hl~irirmetli:iiie 
to give 0.90 g (.5.5") of the i i i r l  ( i  i nr colorle~s cary>talh, n i p  
170-li4°, Fiirt,her rec~rS.stallizntioti from dic~lilorc~methntie gave 
the aria1yticnl >ample: nip 175-176': '1.7: 

( t  XOO), 288 (3t)"O), aiid ?!IS ( i i i f l )  f31OO): v ~ ~ , F ~ ~ i a  
u n  -I .  

~Lnul. Calcd for C15HLy03: C:, i3 .14;  11, 7 . 3 7 .  F o i u i t l :  
C, 7 3 . 3 3 ;  I € ,  i .59. 

Preparation of XVb from i.-'I'o a ~olutioii of 200 mg (0.x 
iiiniole) of i iti 20 ml of 1 S NaOH was added 4 in1 of dimethyl 
>ulf:tte. 

1% prepared from SIVb.  

The reactioti mixture ITXL  stirred a t  
thet i  filtered t o  give 1S6 riig 

ilc, nip 156-l5So, uiidepre~he 
ple of XI% prepared froni t l ip  BBIC-trans dimethcisy 

1,4,4aa,9,10,10ap-Hexahydro-6-methoxy-3~2H)-phenanthre- 
none (iiij.-To a stirred suspeiwioii of 625 riig (0.0024 mole) of i 
iii 8.0 rill of CCl,  mi added enough tetrahydrofur:tii to affect 
coniplet e ~olutioii  :it room temperature (15.6 nil), 0.335 nil o f  
diethyl phosphite,Z3 aiid 0.38 nil of triethylamiiie. After stmidiiig 
:it room temperatiire for 4 days, the reac~tioii mixtiire \vas diliited 
with chloroform, waqhed wi th  lvaier theii Lvith diliite IICI, 
:tiid t heii extracted with diliite NaOFf. Acidification of the 
babic: es t rx ts  gave 224 nig of  recovered btmtiiig materia!. 
'l'tie original chloroform soliitioti \vas dried (Xa2S0,) and COII-  

c~mtrated to a colorles,~ oil. The latter material wi~: dissolved i t i  

: j . O  nil of tetrahydrofriraii a i d  the resiiltitig solution \vas vooletl 
i i i  a 1)ry Ice bath. Liqiiid ammonia [ 10 nil) (dist,illed over KO11 
pellets) \ v w  added, aiid the ~~ l i i t i o t i  wtts allowed to warm to 
reflux temperatiire. T o  this Inistiire i w s  added 76 nig (3.:E 
mg--atonis ) of aodiiini, which gave a monieiitary Miie c ~ j l o r  
follo~ved liy the appearance of :i yellon- precipitate. ;iflei- thc 
i,e:i(atioii niixt,iire had >tirred for i i i i  ntlditioiial 1 0  n i i i i  : i t refliis 
ternperntiiro, 3 rill of ethaiiol nxs d d e d .  Tlie amnioiii:~ iva.. 
a1lon.d to evnpor:tte cind the residiir, after diliitioii with benzene, 
\\:is \v:i-hed with diliite HCI, m t e r ,  diliite S>tOII, arid finally 
with water. The organic. layer \ \as  dried (SanSOd) aiid coii- 

rated t o  it c,olorles.~ oil wliic~h after crystallizatioii aiid re- 
.tallizatio~i from methanol gave 55 nig (1*5( i )  of the aiialyticd 
pie of j j i :  mp < J T . ~ - Y ~ " ;  x"!'"'" n , , , j  '17 -:,5 ( i n f l )  mp ( e  6000), ?SI 

(21iO)j arid 280 (19eO); Y~, , '~~ ' ' ,""  I T 1 0  
for C1511is02: C, 7 r J s  7 . ~ 8 .  Folllld: c:, 

6,7-Dimethoxy-1,4,4acu,9,10,10ap-hexahydro-3( 2H)-phenan- 
threnone (XVb).-A du t io t i  of 41 .?I g (0.136 iiiole) of XIVb iii 1 1. 
o f  niethniiol w a ~  mixed with 200 nil of 3 S HCI. After staiidiiig 

C ' ,  6731 ; 11, 7 .05 ,  
Preoaration of 2o1-AlkvI-1.4.4a~.9.lO.lOa~-hexahvdro-6.7-di- . I ,  

metho:~y-3( 2H)-phenanthrenones (XVIIIe-g j. General Method 
C.-- The (.rude SVIIb (geiieral method A )  froiii 0.0:3 iiiole of 
SVIb w:i> tiiiscd wit11 40 1111 of water, 80 nil of riietJiaiicrl,  : t i i t 1  

0.075 iiiole of  IGCi id, and the resulting solution was heated itiitler 
refliix overnight. The woled reaction mixture was diluted witti 
\\-:iter a i i d  extractccl with dichloromethane. The extracts ~ v w e  
dried (,?;a?SOa) iiiid coriceritrated under vncuunii to give a residiic. 
from \\hic.li S\TIIc--g could be cryatallized (see Table I). 

Z~-EthyI-l,4,4a~,9,10,10ap-hexahydro-6,7-~imethoxy-3(2~ )- 
phenanthrenone (XVIIIe). From XII1b.-A solutiou of  300 nig 
(1.05 riiinole.) of SIIIb,  100 mil of benzetie, and 5 1111 of cthyleiie 
glycol roiitiiitiiiig 25 irig of p-toluene~:ulfoiii(: acid xv:i~ Iie:tt,ed 
iuider refliix ( I  )enti -Stark trap) overnight. The c*croled re 

~v:i> then poured iiit,o water containing : i ~ i  esc  
:iii(l w i -  cLsfracd (CHgCI,). The extrada were dried 

) i )  : i i i t l  coiic,eiitrated to :iii oil. The latter mixture, (lis- 
-;olved i n  .i n i l  of 1(?tr;ili?.dr'tifiiraii, w:is added over 1U i i i i i i  t~ LI 

stirred arid refluxing solutioii of 1.0 g ( 2 5  ing-atoilis) of potassiuiii 
iii 20 nil of licliiid :mitiiiriii:L idistilled through :L t o v x r  filled rvitli 
KOH pellets). TIP rtiisture was stirred for :LII :xlditiorial 30 
r i i i i i  whereiilviii aii esces:- of KH4C1  vas added t o  diachnrgc the 
hliie color. T!te :iniiii~itii:i  wts allowed to  evapornte, :tiid t l ie  
i,esitiiit~ w:i. 1ii1iiie.d \vi1 11 witer :tiid extrarted with ~ I i ~ ~ l i I ~ ~ ~ ~ i r i ~ ~ ~ ~ l i -  
:iiif', Tlie cxtr:ic.t 'I \vilre dried :tiid conceiitr;ttetl to :iii oil, ivliicli 
\vas diisolveti i i i  10 nd of riicthnriol aud mixed ~ v i t h  2 nil of :) .\' 
I~IC1. T h o  rwiiltiii oliition \vas allowed to >t:ttid at, roiriii 
temperntilie fiir :: ( 1 aiid theii diluted with 10 nil of \vatw. 
Tlir resitltiiig pi'ec.ipit:ite \ ~ a s  collected :znd recrystallized t n i w  
lroiii rrielhuiiol to give 4 mg of S\TI Ie~  nil) 144-145', a~itic- 
pres-ed i i p i i i  :iclmisiiu'e wit11 :L satnjile of X\'IIIe prcparetl f r o n i  
S\?b.  
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