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and CH3 protons (type 1). Four weaker peaks a t  
2.0, 2.15, 2.25, and 2.34 p.p.m. are characteristic for 
methyl or methylene protons next to oxygen-bearing 
carbon and/or aromatic ring (type 2). A peak a t  4.65 
p.p.m. is ascribed to a hydroxyl proton. Integration 
indicates 46 protons of type 1, 12 of type 2, and 2 hy- 
droxyl groups. 

The compound does not react with diazomethane 
and does not give a coloration with ferric chloride. Hy- 
drolysis with 10% aqueous ethanolic sodium hydroxide 
(1 : 1) resulted in darkening of the solution. The acidi- 
fied hydrolysate gave a persistent purple color with 
ferric chloride. Three acids were obtained in equal 
molar ratios from the hydrolysate and were identified 
by gas-liquid chromatography of the methyl esters: 
1-methylbutyric, capric, and lauric acids. This is con- 
sistent with the experimentally determined saponifica- 
tion equivalent for three ester functions. Subtracting 
the various functions indicated, a C7H residue is left. 
This residue can be accommodated reasonably as a fully 
substituted benzene ring, and this is in agreement with 
the ultraviolet absorption and infrared spectra. The 
CH residue left constitutes then the center for optical 
activity. The high specific rotation suggests also that 
this optically active center contains a strongly hydro- 
gen-bonded function.9 The instability of the water- 
soluble phenolic residue indicated either a pyrogallol or 
a 1,2,3,5-tetrahydroxybenzene nucleus. 

From the n.m.r. data the two remaining carbon- 
methyl groups must be attached either to  a carbon atom 
which also carries oxygen or directly to an aromatic 
ring. The available information leads to a partial 
structure 

where each R is one of the following: -COCH(CHs)- 

Other closely related hydrogenation products have 
been isolated in crystalline form and these differ from 
the compound described in the nature of the acids and 
possibly also their relative positions. 

Compounds B and D and the catalytic hydrogena- 
tion product (map. 96') described here have not yet 
been tested for cocarcinogenic activity. However, the 
close similarity in infrared absorption spectra and chem- 
ical properties of A, B, C, D, and the hydrogenated 
compound leaves little doubt that they are all chem- 
ically closely related. The exact nature of the structural 
features required for activity are currently under 
examination. 

It is expected that the biologically active material 
and the hydrogenation product described will exhibit 
both hydrophilic and lipophilic behavior which may 
play an important role in the biological activity of the 
material. It is of interest also that the partial structure 
proposed is similar to the long chain olefinic catechols 
which constitute the vesicant principles of poison 
ivy.*O 
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Aldosterone Antagonists. 2'3'a-Tetrahydro- 
furan-2'-spiro-17-(4-androsten-3-one) and 

Related Compounds 

Sir: 
The spirolactones, e.g., XVII, prepared by Cella and 

associates, are effective aldosterone antagonists in 
animals2 and in  human^.^ One series of spirolactone 

HO A P d  

111, R = -CHzCHZCH*OTHP 
IV, R = -CHzCHzCHZOH 
V, R = -CH&H*CH20TS 

0 w-., 
VI, R '  CH3, R H, X = Hz 

YII ,  R' CH3, R SCOCHZ, X = Hz 
XVI, R'  = H, R = H, X = HP 

XT'II, R '  = CH,, R = H, X = 0 
XXIX, R' = CH3, R = SCOCH,, X = 0 

analogs, t'he spirolactams,4 have marginal activity. 
Cella and co-workerslb showed that 3-keto-A4 system in 
the A-ring of spirolactones was an activity-enhancing, 
although not an essential, function. Introduction of 
methyl groups Id and increased unsaturation, lb effective 
activity-enhancing devices in the antiinflammatory 
steroid series, have had relatively little effect on spiro- 
lactone activity. The 9-fluoro-11-oxygenated deriva- 
tives, lo  however, are more active. 
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Almoiig other possible variables associated with ac- 
tivity in the spirolactoiie series, it seemed desirable to 
determine the essentiality of the lactone carbonyl. 
description of the synthesis of tlie compounds needed 
to establish this point is described herein. These coin- 
pounds are highly active; thcrefoisc the. lactoiic cai- 
hoiiyl is a iioiiesseiitial function. 

Coiideiisatioii of tlie Grignard reageiit prepared from 
the 2-teti.ahydropyraiiyl (THP) ether of propargyl 
a1cohoP and dehydroepiandrosterone afforded, after 
chromatography, 17a-[3-(2-tetrahydropyranyloxy)pro- 
pyiiy1]-5-aiidrosteiie-SP, li-diol (I), ai1 0il,5~ which n-as 
liydrogeriated catalytically (palladiuiii-on-carbon) to 
1 7a- ~3-(2-tetrahydropyranyloxy)prop-l]-.i - aiidrosteiie- 
3p,l7-diol (TI), iioiicrystalline. The latter 11 a4 
characterized by removal of' the THP group,j" 
\\ hence 17a-(3-hydroxypropy1)-3-androsteiie-3~, 17-diol 
(XI'III) was obtained as a crystalline product, imp. 
267 -2B9°.6 By ineaiis of aii Oppeiiauer osidatioii. 
I1 \\-as converted to 17a- 1:~-(2-tetra2iydropyraiiylox~r~- 
propyl]-~-aiidrosteii-l'i~-o1-;3-oiie (111). aii oil aftci 
chromatography, .i\-liich afforded 1 ia - (  3-hydroxypro- 
pyl)-1-aiidrosten-17~-ol-~3-oiic~ (I\T), 11i.p. I(i0- 1 G ( j 0 ,  
[ a ]  +.X<", A,,,,, 211 nip ( E  16,jOO) by cinploying standard 
'l'Hl> reversal conditioiis.5h Ring closure of 11- 
to 2',~3'a-tetrahyd"-L''-spiro-li-(~-androsteii- 
3-oiie) n1.p. X-%j0, [ a J  +-&I '. A,,,,, 241 nip ( e  
13,700), was effected with tolueiiesulfoiiyl chloride 
(TSCl) in pyridine at roo111 temperature. ieac- 
tioii uridouhtedly proceeds by l i p ( )  - displacement ot 
the primary tosylate J-, a compouiid xvliich liah iievei. 
heeii isolated. Pyridine CrO.{ converted IT7 to :3-(4- 
aiidrosteri-17-ol-~3-oiic-l7a-~~l)pr~pi~~iiic acid lartoiic~ 
(XVII), identical with an authmtic saiiiplr.. I 

The, actioii of' chloraiiil' o i i  17 gavc L",S'cu-tctiz- 
h y d r . o f u r a n - 2 ' - s p i r o - l 7 - ( 4 , G - a n d l . t ~  ((j-dv 
hydiv VI) .  m.p. 98-100', [ C Y ]  -4'. A,, 284 nip ( E  

26,300). The latter \Tit11 thiolacctic acid' afforded 
%'3'a-tetraliydrofuraii-2'-spil.o-l7-( i a  -acetylthio - 4 -an- 
drosten-8-one) (VII ) ,  m.p.  180-182', [ C Y ]  -.%O. A,,,,, 
238 m p  ( E  13,900). 

The\ propargyl Grignard reagent with estroiie inethyl 
ether gave, after chromatography. oily lie- [3-(t?-tetra- 
hydi~opyraii~loxy)propyiiyl] - 3 - iiiethoxy - I ,3.3 - estra- 
trim-15-01 (VITI). the THP Pther of wliich ah 
clmvetl iii the usual manner, yieldiiig 17a-(3-hydroxy- 
propynyl)-3-methoxy-1,3,3-estratrieii-li-o1 (IX), 1n.p. 
173-173', [ a ]  0'. The latter wab hydrogen-. 
ated (palladium-on-carbon) yielding 1ia-(3-hy- 
droxypropyl) -3-inethoxy-1,3,5-est ratrieii-17-01 (XI, 
ii1.p. 139-16O0, [ a ]  +io which n-ith TSCl-pyridiiic> 
gave 2',~3'~-tetrahydrofura~i-2'-spiro-li-(~3-metlioxy-l,- 
3,.?-estratrien) (XI), 1n.p. 11O--l li', [ a ]  +Go.  Reduc- 
tion of  XI with Li-SH3 (Birch reductionY) proceeded 
tioimally giving, after ail acid hydiolysis of the iiitei- 
iucdiatck cwol eth(li3 and rearrniigeinctit of the doublr 
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