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c o m p l i c a t i o n of coup l ing w i t h fluorine, no f u r t h e r a n a l y 
sis of t h e s p e c t r u m w a s a t t e m p t e d . Acco rd ing ly , we 
a r e u n a b l e i o ass ign, at t h i s t i m e , a conf igura t ion to 
t h e 1-fluoro s u b s t i t u e n t in I I I . 1 3 

T h e s e c o n d a r y p r o d u c t I V f rom t h e fluorination 
r e a c t i o n c o n t a i n e d n o fluorine, a n d e l e m e n t a l a n a l y s i s 
a n d s p e c t r a s u g g e s t e d a 3 - h y d r o x y - A l s t r u c t u r e . C h r o 
mic ac id o x i d a t i o n of I V g a v e t h e A ^ - k e t o n e I . S ince 
IV differs in p h y s i c a l p r o p e r t i e s f rom t h e k n o w n 17$-
acet oxy-5 a - a n d r o s t - 1 -en-3/3-ol, -•'4 t h e •'-> a-epi mer i c 
s t r u c t u r e is ass igned . Olefinic p r o t o n s p e c t r a a l r e a d y 
m e n t i o n e d 1 1 a n d t h e t r ip le t s igna l a t 4.08 p p m (./ = 
-1 cps) of t h e C-3 p r o t o n s u p p o r t in de ta i l t h e Aa-
h y d r o x y - A 1 s t r u c t u r e of IV. I r> 

I n b i o a s s a y b y a modif ied H e r s h b e r g e r , et al., p r o 
cedure , 1 7 t h e fluoro olefin I I I e x h i b i t e d a p p r o x i m a t e l y 
2 % of t h e a n d r o g e n i c a n d 1 8 % of t h e a n a b o l i c a c t i v i t y 
of t e s t o s t e r o n e p r o p i o n a t e . T h i s s e p a r a t i o n of a c t i v i 
t ies for I I I c o m p a r e s f a v o r a b l y w i t h d a t a p u b l i s h e d for 
t h e n o n f l u o r i n a t e d a n a l o g . r)a-andi 'ost-2-en-17j3-ol,2 a n d 
t h u s c o n s t i t u t e s f u r t h e r s u p p o r t of t h e c o n c e p t s of A-
r ing s p - h y b r i d i z a t i o n necessa ry for h igh anabo l i c 
a c t i v i t y . 

Experimental Section" 

5«-Androst-2-ene-la,17/3-diol (Ila).—A solution of 29 g of 17/3-
aceloxy-5a-androst-l-en-3-one (I) in 500 ml of methanol was 
cooled to 15-18° and stirred while 108 ml of 4 A NaOH solution 
and 108 ml of 30% II2O2 were added dropwise over 30 min. The 
mixture was stirred for 10 min, 100 ml of water was added, the mix
ture was filtered, and the product, was washed successively with 
water and methanol and dried. The la,2a-epoxide (11.5 g) was 
dissolved in 240 ml of 2-propanol, and 60 ml of hj'drazme hydrate 
and 3 ml of acetic acid were added. The solution was heated 
on a steam bath for 30 min, then held at room temperature 
for 1 hr. Ice and water were added, and the product was ex
tracted with ethyl acetate. Evaporation of the extract gave an 

(13) By assuming that no changes in conformation are involved in the 
A--steroids l ib and IU, and by disregarding the 50-cps coupling between 
the 1-proton and the 1-fluoro group, then the doublet pattern of the 1-proum 
in III may be taken as an indication of a different, configuration of the 1-
proton from that in l ib . Thus a la-proton is suggested for III with a 
l^-fluorine atom. This cis configuration between the 1-fluorine atom and 
the C-19 meihyl group could account for the l.o-eps splitting of the C-19 
proton signal in I I I . The generalizations of Cross and Landis6 leave open 
the question of coupling between la - and Id-fluorine atoms and the C-19 
protons. The 5a- and Oa-fiuorine substituents do not split C-19 proton 
signals, but 12a- and 17a-fiuorines do split C-18 proton signals.6 

(1-U E. E. Counsell, P. D. Klimstra, and F. I'.. Colton, J. Org. Chem., 2T, 
248 (1962). The specific rotation of the Syntex sample ( — 43.5°)- appears 
to be in error at least in sign and does not agree with Counsell, et al. (rota
tion 4-33.-Is), or with a calculated [a]i> value based on rotation data of 
other 30-aleohols. 

(15) The C-3 proton is coupled by 1 cps to Che adiacent C-2 vinyl proton 
(whose signal also shows a 4-cps coupling together with a 10-cps coupling 
with the C-l vinyl proton) and to the axial C-4 proton. The chemical shift 
of the C-3 proton is -within the range recognized for saturated A-ring, axial 
3or-alcohols in the 5a series (3.85-4,14 ppm vs. 3.08-3.70 ppm for epimeric 
equatorial 30-alcohols8), and from this position and from the coupling pat
tern is equatorial. Thus, the 3a-hydroxyl group is axial. In contrast, other 
A-ring, epimeric, unsaturated 3-alcohoIs have C-3 proton spectra: a A4-
3a-aleohol at 4.03 ppm, a A4-3/3-alcohol at 4.20 ppm,s a A5co>-3a-alcohol at. 
3.77 ppm, and a A»("»-3/S-alcohol at 4.00 ppm.« 

(16) 8. G. Levine, N. H. Eudy, and E. C. Farthing, Tetrahedron Letters, 
No. 23, 1517 (19R3). 

(17) (a) L. G. Hershberger, E. G. Shipley, and R. K. Meyer, Proc. Soc. 
Kxptl. Biol. Med., 83, 175 (1953); (b) H. A. Edgren, Acta Endocrinol., 44, 
Suppl. 87, 1 (1963). 

(18) All melting points were taken on a Kofier block under microscopic 
magnification. Optical rotations were obtained on 1% solutions in chloro
form. All reactions and purifications were monitored by thin layer chro
matography using silica gel-rice starch chromatoplates19 irrigated with 
hexane-ethyl acetate (4:1) and visualized with an acidified 10% alcoholic 
phosphomolybdic acid solution. Nmr spectra were obtained on 10% deu-
teriochloroform solutions using a Varian Associates Model A-60 spectrom
eter. Chemical shifts (3) were measured downfield from an internal refer
ence of tetrnmethylsilane. 

iltt: h. I,. Smith and T. Cecil. ./. Cl.romato,,.. 9, 339 (19(i2). 

nil which was chromatographed on 450 g of alumina t'aclivily 
III) . Fhttion with benzene-CHC1;, (1:1) save 3.04 g of lilt, 
in]) 155-155.53 after recrystallization from methanol hexane 
(iil.1 nip 15N--I600 i; S -- 0.70 (C-19 protons,:, 0.77 (C-1N proton-'. 
2.02 (17/3-acetoxyl protons), 3.70 'broad, half-width 7 cps. \J-
protou'i, 4.5!) t'triple), •/ = 8 cps, l7«-proton ). 5.70 '0-2 vinyl 
proton), 5.87 ppm (C-3 vinyl proton). Continued elution of 
the column with the same solvent pair gave 056 mg of (he 1 rv, 17d-
diol, which was recrvstallized from acetone hexane, vielding 
514 mg of Ha : nip 143-144°: |„Ji> f l 4 3 ° ; X,™; :!.():;'M <•!,-.: 
S •--. 0.74 (C-ls mid 0-1 (1 protons.;, 3.4 -3.X inmll iplets, ],i-
and 17«-|>rolons'l, 5.s!i ])pm (broad, 211, C-2 ami C-3 vinyl 
protons). 

Anal. Calcd lot C,.,H:,,;(b: C. 7S.57: 11. 111.4). Found: C. 
78.71; H, 10.55. 

l£-Fluoro-5a-androst-2-en-17/3-ol 170-Acetate (III). A solu
tion of 3.G g of l i b in 30 ml of CllaCl: under nitrogen wa-
treated with 3 ml of 2-eh]oro-l,l,2-trifluoroethyIdiethylamiiie. 
The solution was stirred at room temperature for 3D min, at which 
time no starting material was detected on thin layer chrotna-
tograms. Solid NaTICO:i was added, the mixture was washed 
with witter until neutral, and the CHoCb was evaporated under 
vacuum. The residue was crystallized from methanol, yielding 
1.9 g of product, nip 150 156°. Recrystallization from meth
anol gave 1.40 g of pure I I I : mp 150-159°; [a | i , 4-][)2°: x!)"; 
5.76 8.08 n, etc.: 5 - 0.7:5 ('doublet, ./ = 1.5 cps, C-19 protons s. 
0.80 t'O-18 protons), 2.03 i 17/3-aeetoxyl protons), 4.50 (doublet oi' 
doublets, ./,,L. = 5 cps, , /H F = 50 cps, 1-proton), 4.60 (triplet, •/ -••-
7 cps, 17u-proton), 5.85 (doublet, ./ = 5 cps, C-2 vinyl proton), 
5.00 ppm (C-3 vinyl proton); in carbon tetrachloride, 5 = 0.72 
(doublet, ,/ - 1.5 cps, C-19 protons), 0.78 (O-IS protons', 
2.00 (17f)-aeetoxyl protons), 4.50 (doublet of doublet*, J\.-i ---• 
5 cps, ,/HF =•- 50 cps, 1-proton), 4.65 (triplet, ./ -; .s cps, 17«-
proton), 5.94 ppm (broad, 2 H, C-2 and C-3 vinvl protons). 

Anal. Calcd for C=1H31FO:: O, 75.41: IT. 9.34: 1", 5.0s. 
Found: 0,75,64, 11,9.63; F, 5.72. 

17^-Acetoxy-5a-androst-l-en-3a-ol (IV).---Repetition of the 
lluorination reaction with 1.12 g of Tib in 40 ml of CII3Ob and 
2.8 ml of 2-chloro-l,l,2-trifiuoroethyldiethylamine gave a crude 
crystalline product, 801 rag, which consisted mainly of the de
sired product, J IT, together with some IV. Chromatography 
of the material on 130 g of silica gel and successive elution with 
hexane. hexane ethyl acetate, and pure ethyl acetate failed to 
give any TIT, but the nonfluorinated polar component IV, 
241 mg, was eluted by ethyl acetate. Recrystallization from 
ethyl acetate gave 190 mg of IV:2" rap 187-190°: [«ji> - 6 4 . 9 ° ; 
X™i 2.94, 5.S5, 7.87. 8.02 u, etc., b --= 0.80 (C-1S and C-19 
protons), 2.0:5 1173-aceioxyl protons), 4.08 (triplet, ,/ = 4 cps, 
3i3-proton :, 4.00 ' triplet, J - X cps, 17a-proton), 5.60 (quartet, 
,/., , .=•. 4 ops, ,/,...; ----. 10 cjis, C-2 vinyl proton), 6.08 ppm (doublet, 
./ -- 10 cps, O-l vinvl proton). 

Anal. Calcd for C I M f , : C. 75.86: H. 9.70. Found: C, 
75.58; 11,9.54. 

173-Acetoxy-5«-androst-l-en-3-one ( I ) . - A solution of 50 mg 
of TV in 4 ml of acetone was oxidized with the Jones reagent 
(chromium trioxide) in the usual manner yielding 22.5 mg of 
crude I, mp 106-109°. Recrvstallization from hexane gave pure 
I, mp 125-127°, X!2ET"H 230-232 mM U 10,200), identical by 
infrared spectra and chromatographic behavior with an authentic 
sample. 

i2(); The 3a-alcohol IV is ineiitioned witliout physical constants: A. II. 
Cross and A. Dowers. I". S. Patent 3.127,1.29 (March 31. llhil). 
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No. 

1 
2 
3 
4 
5 
6 

R 

CL1=CU, 
C = C H 
C ^ C — C I 
C H = C H 2 

C = C H 
C H = C H 2 

H ' 

11 
II 
II 
C6Ho 
C6Ho 
C5H4N(3) 

X 

0 
O 
0 
CH2 

CH2 

CH2 

TABLE I 

H V R R' 

lip (mm) or 
mp, °C 

76-78 (0,4) 
93(0.8) 
98-100(0.3) 
90 
120-122 
194-196 

TABLE II 

Formula 

CnII1202 

CHHJOO-2 

CiHoClO, 
CisHisO 
Ci8H160 
CnH17NO 

, - • Calcd, 
C 

75.06 
75,93 
63.36 
86.47 
87.17 
81.34 

H 

6.87 
5.79 
4.38 
7.26 
6.50 
6.83 

. Found 

c 
74.93 
76.17 
63.68 
86.69 
86.93 
81.31 

H 

6.69 
5.98 
4.55 
7.15 
6.51 
6.91 

Mo. 

7 
8 
9 

10 
11 
12 
13 

14 

X 
= N N H C S N H 2 

= N N H C S N H 2 

OH 
OCONH2 

= 0 
= 0 
OCOCHa 

= 0 

Y 

II 
H 
H 
H 
CHO 
CH2N(CH3), 
CH2N(CH3)2 

CRN NC..H.., 

R 

H 
OCH3 

OCH3 

OCH3 
II 
H 
H 

H 

i l p , °C 

193-194 
161-163 
110-112 
136-138 
45-47 

150 
233-234 

178-180 dec 

Formula 

Ci3Hi-N3S 
Ci4H1BN3OS 
C13H13O2 

C H H I 9 X 0 3 

C13H1402 

Ci5H21XO • HC1 
CnH25N02-HCl 

C23H28N20-HC1 

C 

63.21 
60,70 
75.79 
67.53 
77.29 
67.47 
65.65 

71.75 

Calcd, "/, 
H 

6.94 
6,91 
8.81 
7.69 
6.99 
8.31 
8.43 

7.29 

N 

17.01 
15.17 

5.63 

5.25 
4.50 

7.02 

. ] 

c 
62.90 
60.91 
75.72 
67.87 
76.98 
67.32 
65.76 

71.45 

Found, ' 
H 

7.11 
6.97 
8.78 
7.61 
7.57 
8.30 
8.41 

7.59 

7o 
N 

16.96 
14,81 

5.45 

5.24 
4.62 

7.28 

was largely influenced by their versatility as points of 
departure in drug synthesis. An earlier report from 
our laboratory had already demonstrated that 1-
tetralone and 4-chromanone were useful in the synthesis 
of highly potent analgetics.2 In addition, our studies 
with 2-phenyl-l-tetralone and 3-phenyl-4-chromanone 
also revealed that these substances could be transformed 
to l,2-diaryl-l,2,3,4-tetrahydronaphthalines3 and 3,4-
diphenylchromanes4 which were most active as implan
tation inhibitors in experimental animals. These in
vestigations thus prompted us to explore further other 
modifications of these cyclic ketones. In all cases 
groups which are known to be responsible for particular 
biological effects in other systems were introduced into 
the molecule. 

1-Tetralone and 4-Chromanone.—The compounds 
that were prepared in these categories are listed in 
Table I. Their mode of synthesis involves condensa
tion of the appropriate Grignard or organolithium 
reagent with the cyclic ketone. Since our earlier 
studies and those of others6 indicated these ketones 
were useful in the development of antifertility com
pounds, it seemed appropriate to prepare their 1-vinyl 
and 1-ethynyl derivatives. The substances outlined in 
Table I were not only tested for their antifertility effects 
but also evaluated for general pharmacological proper
ties. They were found to be devoid of significant 
biological activity. 

(2) G. deStevens, A. Halamandaris, P. Strachan, E. Donoghue, L. Dorf-
man, and C. F. Huebner, J. Med. Cham., 6, 357 (1963). 

(3) W. L. Bencze, R. W. J. Carney, L. I. Barsky, A. A. Renzi, L. Dorfraan, 
and G. deStevens, Experientia, 21, 261 (1965). 

(4) R. W. J. Carney, W. L. Bencze, J. Wojtkunski, A. A. Renzi, L. Dorf-
man, and G. deStevens, J. Med. Chem., 9, 516 (1966). 

(5) D. Lednicer, J. C. Babcock, P. E. Marlatt, S. C. Lyster, and G. W. 
Duncan, ibid., 8, 52 (1965). 

It appears from nmr considerations that a trans 
diequatorial relationship exists for the phenyl and 
acetylene groups in compound 5 in Table I. The 
proton at C2 is centered at 8 3.22 and is a doublet of 
doublets. The coupling constants are approximately 
11.6 and 3 cps, indicative of an axial hydrogen coupled 
by an adjacent axial C3 hydrogen. A strongly de-
shielded aromatic proton (C8) is at 5 8.7 and has the 
usual appearances associated with ortho and meta 
couplings. It is apparent from Dreiding models that 
this proton is in the deshielding zone of the acetylene 
moiety only if the latter group is equatorial. Com
pound 4 with a vinyl group at Ci causes an upfield shift 
of the C8 hydrogen into the complex aromatic region 
(5 7.1-7.5). The chemical shift for Cs is probablv at 
5 7.45. 

2-Tetralones.—It is well known that 2-tetralone has 
a ready propensity to exist predominantly in the tauto
meric form favoring enolization toward Ci,6 although 
enolization toward C3 is also of some consequence.7 

In order to restrict reactivity to only one reactive cen
ter a to the ketone, the l,l-dimethyl-2-tetralone deriv
atives were prepared according to the general method 
of Robinson and co-workers.6'8 The syntheses of 5-,8 

6-,9 and 7-methoxy-10 and 5,8-dimethoxy-l,l-dimethyl-
2-tetralones11 have also been recorded. In this study 
only l,l-dimethyl-2-tetralone and its 5-methoxylated 

(6) J. W. Cornforth and R. Robinson, J. Chem. Soc., 676 (1946). 
(7) S. W. Pelletier, R. L. Chappell, P. C. Parthasarathy, and H. Lewin, 

J. Org. Chem., 31, 1747 (1966). 
(8) J. W. Cornforth, R. H. Cornforth, and R. Robinson, J. Chem. Soc, 

689 (1942). 
(9) H. Hart. J. L. Corbin, C. R. Wagner, and C. Wu, J. Am. Chem. Soc, 

8B, 3269 (1963). 
(10) M. D. Soffer, J. C. Cavagnol, and H. E. Gellerson, ibid., 71, 3857 

(1949). 
(11) T. R. Lewis, W. B. Dickinson, and S. Archer, ibid., 74, 5321 (1952.) 
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derivative were used as intermediates for the synthesis 
of compounds of potential biological interest. The 
variations in structure with this group were also made 
according to groups known to cause specific pharma
cological effects. The compounds prepared are listed 
in Table II. They were evaluated for their cardio
vascular,'- sedative.'3 analgetic,14 antifertility,'1 and 
antiinflammatory1''' effects in experimental animals 
but were found to be inactive. 

The bromination of these 2-fetralones afforded the 
corresponding 3-bromo ketones which readily under
went condensation with thiourea to form in good 
yields the desired 2-amino-4,9-dihydro-4,4-dimethyI-
naphtha[2,:,-djthiazo]es (see below). These substances 
were also devoid of significant biological activity. 

R 

R = H,OCH:i 

Finally, l,.l-dimetuyl-3-dimethylamhiomethyl-2-tet-
ralone (I) was considered as a potentially useful com
pound for the synthesis of compounds which could elicit 
analgetic effects (see Scheme I). Although it was 
recognized from a study of Dividing models of I that 
severe steric crowding around the carbonyl group would 
not favor Grignardization with a large group such as 
phenylmagnesium bromide, nevertheless, the reaction 
was attempted in both ether and tetrahydrofuran sol
vent systems. In both cases, large amounts of starting 
cyclic ketone were recovered. Treatment of the 
Mannich base with, phenyllithium again afforded almost 
quantitative recovery of the starting material. These 
negative results prohibited the preparation of the 
desired ester of the tertiary alcohol and further work 
in this series was terminated. 

SCHEME I 

r |l OCOC2Hs 

CH2N(CH,), 

Experimental Section 

All melting points were measured with a Thomas-Hoover 
melting point apparatus and are corrected. The boiling points 
are uncorrected. The nmr spectra were taken in dilute CDC1-
solutions containing (CH3)4Si as an internal standard on a Varian 
A-60 spectrometer. The preparation of 2-phenyl-l-tetralone 
and 2-(3-pyridyl)-l-tetralone have already been reported.3 

4-Hydroxy-4-vinylchromane (1).—A solution of 40.0 g (0.41 
mole) of vinyl bromide in 150 ml of dry tetrahydrofuran (THF) 
was added to 8.0 g (0.34 g-atom) of Mg turnings. Upon comple
tion of this addition, a reaction had occurred with moderate reflux. 

(12) R. P . Mul l , C. T a n n e n b a u m , M . D a p e r o , VI. Bernier, AW Yost , and 
G. deS tevens , J. Med. Chem., 8, 332 (1965). 

(1:1) G. deStevens , M. I.. Sktar , 11. I .ukas /cu ski : ami 1.. H. \ \ i tkin, i>„,l.. 
5, 1)1!) (10U2). 

(1 1) H . G. Wolff, J. 1). H a r d y , and I I . Gcudel l , ./. Clih. Tnvt*!., 20, (>:! 
(1911). 

(15) A. U o b u n and J. Nezamis . Artu Undue final., 25 , 105 (11)57). 

The mixture was healed on die .steam bath for 4."> mill and then 
chilled in an ice bath. To the reaction mixture there was then 
added dropwise with Mining 23.t> g (0.10 mole; of 4-chi,oniMiione 
dissolved in 50 nil of THF, whereupon a brisk reaction occurred. 
During the ketone addition (he temperature of I he reaction mix
ture \ra- kepi at 1(1 1.")°. The resulting green mixture \ni-
nllowed t.o,Mandal room temperature overnight. The T H F was 
removed by decantation and the green residue was decomposed 
with XlI-.Cl solution i 11)11 g of NH,C1 in 500 ml of water). The 
pale yellow mixture was then extracted several limes with ether 
and the ether ext racl was dried ( MgSO, >. liemoval of t lie drying 
agent by filtration yielded a light yellow extract which wa-
evaporated to a viscous residue in vin-nn. Tlie oil was then di.~-
tilled under high vacuum. 

Compounds 4 and (i were prepared similarly. 
l-Hydroxy-4-ethynylchromane (2). A solution of :io g if).:; 

mole) of methyl broniide in 100 ml of dry ethyl ether was added 
slowly with good Mitring to 5.0 g (11.2 g-atom) of magnesium 
turnings. An immediate re-action occurred in spite of the fact 
that the ether solution was kept at Dry Ice- acetone temperature. 
The addition was complete within 45 min. The resulting mixture 
was stirred at room temperature for 1 hr, then lot) ml of freshly 
distilled T H F was added. Acetylene was passed through this 
gray mixture until the reaction temperature no longer rose above 
25° I.'-! lit). Chronianoiie (14.s gi dissolved in 50 ml of T H F 
was added dropwise to I his solution. Heat was evolved slowly 
and eventually a yellow mixture was formed which was stirred 
vigorously under .V for •II) min. The mixture was heated at 
reflux for 2 hr. After cooling to room temperature the solvent 
was removed by decantatiou. The yellow residue was decom
posed with XHiCI solution. The mixture was extracted well 
with ether, and the ether extract .was dried (MgSO.'i. The MgSO: 
was filtered off and the ether was removed in iiicno to give a 
yellow oil which was distilled under high vacuum. 

Compound 5 was also prepared in this way. This general 
procedure wa.- also used on I he preparation of 3, all hough melhyl-
lilhium wa.- prepared and treated with r/x-dicbloroefhyleno to 
generate chloroacelylene. 

A mixture of N.7 g (0.1),") mole i of 1.1-dime! hyl-2-tetralone and 
4.(1 g (0.05 mole) of I hiosemicarbazide dissolved in 100 ml of 
ethyl alcohol containing 1 ml of glacial acetic acid was maintained 
al reflux temperature on the steam bath for 3 hr. Within the 
first hour a copious precipitate began to form. After cooling the 
reaction mixture to room temperature, the white solid was col
lected on a Biichiier funnel, washed with a small amount of 
ethyl alcohol, and then recrystallized from ethyl alcohol. In 
t his way there was obtained 7.0 g of white crystals, nip 103 -104°. 
Compound 8 was prepared by this method also. 

l,l-Dimethyl-5-methoxy-2-tetralol (9). A solution of 5.s g 
(D.02S mole') of 1 ,l-dimethyl-5-methoNy-2-tetralono in 50 ml of 
ethyl ether was added dropwise to 1.1 g (0.02S mole.' of LiAlII, 
in 75 ml of ether. An immediate reaction occurred and the re
action was carried I" completion by an additional 4-hr reflux 
period after addition of the ketone. The mixture was then 
chilled to 0° and the metal hydride was decomposed by the slow 
addition of 1(1 ml of water with stirring. The mixture was 
allowed to come to room temperature mid then filtered. The 
colorless filtrate was dried ('NbiiSO.;'). The drying agent was 
removed by filtration and the colorless filtrate was evaporated to 
dryness on the steam bath to \ ield a white solid. Two reervstal-
lizations from cyclobex.ano yielded 4..S g of while needles, mp 
110-112°. 

l,l-UimethyI-2-tetralyl Carbamate (10). -Compound 9 (4.s gi 
and 3.3 g of sodium cyauate were dissolved in 4(1 ml of methvlene-
ehloride and then t tea ted wit h 5.7 g of I rifluoroacet ic acid. The 
color of the solution turned from pale yellow to pink and a pre
cipitate immediately began to form. A thick precipitate was 
formed after 1 hr of Muring. Water (20 ml.) was added to this 
mixture, whereupon two layers were formed. The organic layer 
was separated and evaporated to dryness. The resulting pink 
solid was recrystallized from ethyl alcohol to yield 2.0 g of white 
powder, mp 136-138°. 

l,l-Dimethyl-3-hydroxymethylene-2-tetralone (11). -1,1-1 )i-
meihyl-2-te1ralone (8.7 g, 0.05 mole) was dissolved in 100 ml 
toluene and the solution was chilled to 0°. Sodium hydride 
'(i.4 g, 0,142 mole) was added portionwise with stirring under a 
si ream if N-j. After complelioii of I he addition, the light green 
mixture was stirred for 2 hr. To this mixture there was added 
5.3 g (0.071 mole) of ethyl formate with stirring. A vigorous 
reaction immediately occurred and after 2 hr of stirring the yellow 
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solid which formed was poured into an ice-cold water solution 
containing NH4C1. Two layers separated. The aqueous layer 
was extracted thoroughly with ether and the ether extract was 
dried (NaaSCX). The drying salt was removed by filtration and 
the filtrate was evaporated to dryness in vacuo. A yellow oil 
was obtained which crystallized on standing in the refrigerator. 
This substance was recrystallized from ethyl alcohol to afford 
5.8 g of peach-colored crystals, mp 45-47°. 

l,l-Dimethyl-3-dimethylaminomethyl-2-tetralone Hydrochlo
ride (12).—A mixture of 19.6 g. (0.113 mole) of l,l-dimethyl-2-
tetralone, 9.2 g (0 128 mole) of dimethylamine hydrochloride, and 
3.8 g (0.043 mole) of paraformaldehyde dissolved in 75 ml of 
ethyl alcohol containing 0.2 ml of concentrated HC1 was heated at 
reflux for 8 hr. The solution was filtered from a small amount 
of solid material and the filtrate was evaporated to dryness in 
vacuo. The resulting white powder was recrystallized three 
times from ethyl alcohol to yield 7.0 g of Mannich base hydro
chloride, mp 149-150°. 

Compound 14 was prepared by a similar procedure. 
The Mannich base 12 (6.9 g.) was dissolved in CH3OH and 4.6 g 

of NaBH4was added portionwise. The solution was then heated 
on the steam bath for 3 hr and then evaporated to a yellow paste. 
The semisolid material wyas treated with 500 ml of an aqueous 
saturated NaCl solution which was in turn extracted several times 
with ether. The yellow ether extract was dried (Na2S04). The 
salt was removed by filtration and the filtrate was evaporated to a 
light yellow oil. An infrared spectrum revealed that very little 
ketone was present. The acetate derivative of the carbinol, 
l,l-dimethyl-3-dimethylaminomethyI-2-tetraloI, was prepared in 
the usual way to give 1.0 g of 13, mp 233-234°. 

2-Amino-4,9-dihydro-4,4-dimethylnaphtho [2,3-d] thiazole Hy-
drobromide.—An ether solution of l,l-dimethyl-2-tetralone 
(10.0 g, 0.058 mole) was treated dropwise with stirring with 9.2 g 
(0.057 mole) of Br>. The resulting pale yellow solution was 
evaporated to dryness in vacuo, the temperature being main
tained below 15°, to give an orange oil which resisted all attempts 
to crystallize. This oil (14.5 g, 0.0586 mole) was dissolved in 
100 ml of ethyl alcohol to which solution then was added 4.4 g 
(0.058 mole) of thiourea. The solution was heated under re
flux for 3 hr. One-half of the solvent was removed in vacuo and 
the resulting solution was treated with excess ether. An oil 
separated from the solution This oil was triturated with ace
tone to give a white powder which was recrystallized from excess 
acetone to vield 5.2 g of product, mp 240-242°. 

Anal. Calcd for Ci3Hi5BrN2S: C, 50.20; H, 4.86; N, 9.01. 
Found: C, 50.24; H, 4.79; N, 8.74. 

3-Bromo-l,l-dimethyl-5-methoxy-2-tetralone, mp 110-112°, 
was prepared as described above. I t was treated directly with 
thiourea in ethyl alcohol to form 2-amino-4,9-dihydro-4,4-di-
methvl-8-methoxynaphtho [2,3-d] thiazole hydrobromide, mp 276-
277°." 

Anal. Calcd for CI4H17BrN20S: C, 49.31; H, 5.03; N, 8.22. 
Found: C, 49.57; H, 5.12; X, 7.95. 

Ring-D-Bridge Steroid Analogs. IV.1 

14a,17a-Ethenopregn-4-ene-3,20-dione2 
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to determine the effect of such bridging on the biological 
activity of the hormones. Diels-Alder additions to 
the diene system of A14'16-steroids have afforded 
adducts4'5 which are potentially suitable for transfor
mation into progesterone analogs. The ring-D double 
bonds of the adducts,6 formed by reaction of such ster
oidal dienes with maleic anhydride or with 4-phenyl-
l,2,4-triazoline-3,5-dione, could not be reduced selec
tively by low-pressure catalytic hydrogenation.6 How
ever, such double bonds were sufficiently susceptible to 
intramolecular attack to prevent the oxidative decar
boxylation of enJo-carboxylic acids. Thus, an at
tempted Hunsdiecker reaction on IIa resulted in the for
mation of a halolactone,1 and an attempted bisdecar-
boxylation7 of the diacid l i b gave a complex mixture 
which had an infrared spectrum consistent with the 
presence of some of the expected8 dilactone. 

Conditions have recently been found9 which permit 
the selective catalytic hydrogenation of the ring-D 
double bond of the acrylate adduct He,4 and an attempt 
to degrade this reduced adduct to a simple 14a,17a-
etheno- (or ethano-) bridge analog is currently being 
made. While the above work was in progress, a more 
direct approach to the desired hormone analogs was 
suggested by a report10 that pressures greater than 1000 
atm facilitate the addition of ethylene to dimethyl 
cyclohexa-l,3-diene-l,4-dicarboxylate. 

Heating a benzene solution of 3/3-acetoxy-20-keto-
5,14,16-pregnatriene11 (I) at 160° for 14 hr under 3000 
atm of ethylene led to the formation of 14a,17a-
ethenopregn-5-en-3/3-ol-20-one acetate (lid) in 53% 
yield. The close similarity, particularly in the vinyl 
hydrogen region, of the nmr spectrum of l id to those 
of closely related Diels-Alder adducts4'5 supports its 
gross structure; this evidence together with the stereo-
specificity of the above reaction led us to assign the 
stereochemistry of Ha on the basis of the same anal
ogy.4'5 Hydrolysis of the acetate group of l id fol-

AcO 
-R" 

^ / i la , R=Ac; R' =C02H; R" -H 
xO b, R-Ac; R' = R"= C02H 

III 

Recently1'4'6 we have been attempting to synthesize 
14a,l7a-bridged analogs of steroid hormones, in order 
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