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nmr, 5.77 (4-H), 4.55 (20-H), 1.63, 1.33 (d, 21-Hj), 1.22 (19-Hjy),
0.79 (18-H;). Anal. (CuHuNO;) C, Hy N.
203-Nitropregn-4-ene-3,6-dione (11).—An ice-cold solution
of 0.2 g of 8 in 75 ml of acetone was allowed to react with excess
8 .V CrO; solution for 45 min. The excess CrQO; was destroyed
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by addition of ¢-PrOH, and the product was isolated by ether
extraction. Purification by preparative tle followed by re-
crystallization from MeOH gave 9 mg of yellow powder: mp
213-215°; nmr, 6.19 (4-H), 4.56 (20-H), 1.55, 1.45 (d, 21-Hs),
1.17 (19-Hs), 0.84 (18-H;). Anal. (CuH,yeNO,) C, H, N.
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The 5« and 58 isomers ITa and IVa of 19-hydroxy steroids were prepared and their related p-toluenesulfonyl

eslers were solvolyzed in buffered acetic acid.
homoandrostene derivative VIIla or XIII.
degradation.

The acetolysis of both ¢is- and trans-9-decalylearbinyl
p-toluenesulfonates®* afforded mixtures of A'™-bi-
cyclo[5.4.0Jlundecene and A!~ and/or A!W-bicyclo-
[5.4.0]Jundecene in a ratio of about 7:3. These results,
the absence of any bicyclo[4.4.1]undecane products,
and a rate of reaction approximately equal to the rate
of the similar neopentyl derivative can be rationalized
by consideration of the formation of a classical car-
bonium ion followed by rearrangement to the most
stable carbonium ion, the stability of which is related
to the products.? The solvolysis results are to be con-
trasted with the results of the deamination of the cor-
responding css- and trans-9-decalylearbinylamines where
bicyelo[4.4.1 Jundecane derivatives and tricyclo[4.4.1.-
0'8Jundecane were obtained.*® These latter results
have led to the suggestion that in the deamination
reaction the geometry of the transition state closely
resembles the conformation of the starting material and
it is the steric arrangement of this latter species which
controls the migratory aptitude of the groupings.

In both series the predominant produet was a A!9.19-nor-A-
The structures of these solvolysis products were established by

Since the products from the acetolysis of the decalyl-
carbinyl system appeared to be dependent upon the
relative stability of the carbonium ions, it was of interest
to know whether in an unsymmetrically substituted
decalylearbinyl system, where the conformational en-
ergies of the products would be different, the acetolysis
would favor certain products over others, The recent
availability of 19-hydroxy steroids (shich are precursors
of 19-nor steroids’) made this series of materials an
attractive group of unsymmetrical decalylearbinyl sys-
tems to study both from the viewpoint of solvolysis
mechanisms and of the potential preparation of modified
steroidal derivatives of the 19-nor-A- and the 19-nor-
B-homo series.

The A/B-cis and A/B-trans isomers IVa and Ila,
respectively, were prepared by slight modifications of
published procedures,*—!! and the synthetic sequences
are outlined below. In the hydrogenation of 19-
hydroxy-At-androstene-3,17-dione (III) it had been
reported!! that the steric course of the reaction was
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imdependent of the reaction conditions; however, it was
found that ouly inn neutral solution could pure IVa be
obtaiited by direct recrystallization of tlie reaction
mixture. Chromatography of the mother liquors
vielded 289, of a mixture of isomers, 119, of pure trans
V (in cquilibrium with hemiketal VIa) and 29 of ethyl
ketal VIb. The structure of VIb wag established from
its spectral properties, its couversion to V in aqueous
acid solution, and its preparation on heating V under
reflux with p-toluenesulfonic acid in absolute ethanol.
It ix of interest to note that no ketal was formed upon
treatment of V with 1097 palladium on stroutium car-
bonate in cthanol under hydrogenation conditions,
The 19-p-toluenesulfonyl ester IVb was prepared in the
usual manuer.

Solvolysis.—Acetolysis of the cis-tosylate IVb iu
refluxing acetic acid containing sodium acetate afforded
a mixture of steroidal olefinic diones and tle analysis
indicated the presence of oune major and oue minor
product. plus trace amounts of other materials.. The
reactionl niixture was chromatographed on alumina to
vield 229, of crystalline VII and 29 of crystalline
VIII.

The niajor produet, VII analyzed for CioHpeOp and
had a molecular ion at m/e 256 i1 the mass spectrum.
[ts ir spectrum showed a cyclopeutanone band (C-17)
annd a band indieative of a saturated six- or higher
membered ring ketote.  The intense end absorption in
the uv spectrum indicated the presence of noncon-
jugated carbonyl groups as well as the presence of a
highly substituted isolated double bond.'? The pres-
ence of a single vinyl proton absorption at r 4.32 (triplet,
J = 5-6 eps) in the umr spectrum established the tri-
substituted nature of the double bond.

After consideration of the three possible f-amyl sys-
tems and the resulting uine olefinic products which
could be formed from a single Wagner-Meerwein rear-
rangemient of the starting tosylate, ouly the followiig
three structures, VIIa, b, ¢, would fit the above data.
The remaining six structures either would have a tetra-
substituted double bond or a trisubstituted double bound
whose vinyl proton would only be a doublet. The
structure VIIa was indicated by the stability of the
solvolysix product to base, a feature expected of o v,8

O

Vila VIlb

H
Vile
but not of & 8,y-unsaturated ketone. For example, it
has been reported that the g,v-unsaturated ketoue,
A-homo-Al-5a-androsten-3-on-178-ol, was isomerized
on basc treatment to the related «,8-unsaturated ke-

(12) R. A, Miebeli and 1. 11 Applewhite, J. Org. Cher,, 2T, 345 (1062).
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tone.'”® The comectness of the assignment of strueture
VIIa was established by degradation.

The salvolysis product VIIa was reduced to a diol
with LiAlH,, the diol was acetylated, and the resulting
diacetate was allowed to react with Os0,. The 1,10-
diol IX was cleaved with periodic acid to X whieh was
oxidized and saponified to the ~y-hydroxy acid XI.
The acid was heated with p-toluenesulfonic acid in
benzene to form the vy-lactone XII whieh in the ir dis
played twa carbonyl bands: 1710 (six-ring ketone,
C-10), and 1770 em ! (y-lactone).  Structures VIIb and
VIIe would have vielded a g-lactone (v, 1820-1540
cm ™) or an mnsatwated acid front this reaction se-
quetice.
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The minor solvolysis product VIII was isomeric with
VIIa (m/e 286), and the ir and uv speetra of the two
products were almost identical.  The nmr speetrum of
VIII established the absetice of any olefinic protons and
of a eyelopropane ring. The material was not isom-
erized to an a,S-unsaturated ketone with base. Again
in considering the nite possible olefinic structures which
could arise in the solvolysis, only VIIIa and VIIIb fit
the data. Sinee 1 the simple decalyl scries only
bieyvclo[5.4.0Jundecaltes were formed in the solvolysis

0" g H
VIIia Villb

reaction, ™" VIIIa is tentatively assigned as the strue-
ture of the minor product. Insufficient material wus
obtained to permit establishment of its structurc by
degradation.

Acetolysis of the trans tosylate T1b yiclded a mixturce
of monoolefinic products having a 17-keto and a 3-
acetoxyl grouping. The mixture of materials gave a
broad single spot on tle analysis but the nmr spectrum
showed the presence of two C-18 methyl groups (singlets
at +9.03 and 9.13). The mixture upon chromatography
on alumina gave 229 of a mixture of materials and then
the major product XIII in 469, yield. XIII possessed

(13) (. Snatzke, Ii. Zeeh, and I Mueller, T'etrakiedron, 20, 2937 (1064,
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the composition of CxnHsOs, indicative of a product
formed by rearrangement and loss of toluenesulfonic
acid. The preseuce of a trisubstituted double bond was
shown by a one-proton absorption at 7 4.55 (triplet,
J = 5.5 cps) in the nmr speetrum. Saponification and
oxidation of XIII yielded a diketone which was stable
to base. The similarity of the spectral and chemical
properties of this material as compared with the solvoly-
sis product VIIa from the cis isomer indicated struc-
ture XIII for the major product. The material was
degraded as described earlier for VIIa and the M-lactoue
XIV was obtained, establishing the correctness of
strueture XIII.

Discussion.—The over-all results of the acetolysis of
the {rans and cis tosylates IIb and IVb are in accord
with the results obtained in the 9-decalylearbinyl series,
i.e., only ring expansion to the bicyclo[5.4.0]Jundecane
system occurred with no formation of a bicyclo[4.4.1]-
undecane derivative. However, the exclusive expansion
of ring A as well as the almost exclusive formation of a
AY19 double bond in the steroidal system as contrasted
to the predominant A¥” double bond formation in the
decalylearbinyl system distinguishes the former system
from the latter. The exclusive formation of the bi-
cyclo[5.4.0Jundecane system fits well with the mechau-
istic concepts of an unassisted rate-determining step to
form a classical carbonium ion which, ih turn, rearranges
to the most stable tertiary carbonjum ion.>!* The
relative energies of the three possible ions can be ex-
pected to be the same as the three possible products
VIla, b, ¢ and, thus, the present results indicate the
greater stability of the A-homo over the B-homo system,
a feature not previously ascertained. Since this work
was completed, the acid hydrolysis of 3«,5-cyclo-6,19-
dioxo steroids have been reported and also in this case
only the A-homo ring system was formed.’® Thus,
solvolysis of 19-hydroxy steroids offers a convenient
synthetic route to A-homo-19-nor steroid derivatives.
Although it was desired to examine the deamination of a
19-carbinylamine, no facile synthesis from readily avail-
able starting materials could be developed.

The A1“9-19-nor-A-homo-5a-androsten-33-ol-17-one
3-acetate XIII was tested for androgenic and myogenic
activity using immature castrate male rats and a total
dosage of 0.6-12 mg was given subcutaneously every

(14) The results could equally well be rationalized utilizing the concept of
a concerted mechanism. For a discussion of this latter mechanism, see J.
R. Owen and W. H. S8aunders, Jr., J. Am. Chem. Soc., 88, 5809 (1966): R.
L. Heidke and W. H. Saunders, Ir., tbid., 88, 5816 (1966).

(15) R. Hayashi, Chem. Pharm. Bull. (Tokyo), 15, 38 (1967).
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other day; the material was found to possess less than
39, of that of testosteromne.®

Experimental Section

Physical Measurements.—All melting points are uncorrected.
Column chromatography was done on nentral alumina (Woelm),
activity III. Tlc analysis utilized silica gel G with mixtnres of
methylene chloride-acetone.

Combustion analyses were performed by the Microanalytical
Laboratory, College of Chemistry, University of California,
Berkeley, mass spectral analyses by Miss Sherry Firth, Mass
Spectral Laboratory, University of California, using a CEC
Model 21-103C mass spectrometer. All rotations were taken in
CHCl; and all nmr spectra were taken in CDCly (TMS as in-
ternal standard). Where analyses are indicated only by symbols
of the elements, analytical results obtained for those elements
were within +0.39, of the theoretical values.

33,19-Dihydroxy-5«-androstan-17-one 3-Acetate (1Ia).—A so-
Intion of 267 mg of 38,19-dihydroxy-Af-androsten-17-one 3~
acetate (1) in 15 ml of absolute EtOH was hydrogenated at
atmospheric pressure over 210 mg of 109 Pd-SrCO; for 7 hr.
The catalyst was filtered, the filtrate was evaporated, and the
resulting oil was triturated with pentane. The crude solid (245
mg) was recrystallized from 3%, absolute EtOH in pentane and
from ether-pentane to yield 102 mg (38%) of Ila, mp 163-165°,
For analysis the product was recrystallized from absolute EtOH;
mp 164.5-165.3°, [a]p +71°. Anal. (CuH0.) C, H.

A solution of 49 mg of IIa in aqueous methanolic K.CO; was
heated for 3 hr and processed in the usual fashion to yield 47 mg
of crude 3@8-hydroxy product which was recrystallized (Me,CO);
mp 227.5-229.0° (lit.? 237-238°, MeOH solvate; in the present
work, when recrystallized from EtOAc, mp 228-230°); mmp
228-231° with authentic sample; tle analysis showed one spot,
identical with authentic sample.

33,19-Dihydroxy-5«-androstan-17-one 3-Acetate 19-Tosylate
(IIb).—A solution of 2.31 g of IIa and 4.26 g of p-toluenesulfonyl
chloride in 105 ml of anhydrous pyridine was prepared at 0°
and allowed to stand for 10 days at room temperature; this
length of time was required for reaction of all of the starting
material. The mixture was poured into 150 ml of ice—water, and
the mixture was extracted (CHCl;, Et,0). The combined organic
extracts were washed (2 N H,8Q,, 109, NaHCO;, H,O) and dried
(NasS80,). The solvent was evaporated and the crude product
was chromatographed on 100 g of neutral alumina. The tosylate
was eluted with CsHe-Et,0 (95:3), yield 2.63 g (799%,), mp
140-151°. For analysis, a sample was recrystallized from Et,O;
mp 153.5-154.5°, [a]p +31°, A" 228 myu (e 10,600). Anal.
(CasHusO68) C, H.

19-Hydroxy-A‘-androstene-3,17-dione (III).—Since the prepa-
ration of this material is only described briefly in patents,® a
short detailed description is given. A mixture of 19 g of 33,19-
dihydroxy-As-androsten-17-one,® 263 ml of toluene, and 60 ml
of dry cyclohexanone was heated under reflux for 15 min, and
75 ml of solvent distilled. A solution of 5.7 g of aluminum iso-
propoxide in 57 ml of toluene and 14 ml of cyclohexanone was
added to the hot solution and the refluxing was continued for 14
min. To the cooled mixture, 23 ml of AcOH was added, and most
of the solvent was removed by steam distillation. The cooled
residue was extracted (CHCl;), and the organic extract was
washed (H;0) and dried. The solvent was evaporated and the
vellow residue crystallized from acetone-hexane to yield 12.3 g
(65%) of III, mp 165-167°. Recrystallization from absolute
EtOH yielded III as prisms: mp 168.5-170.5°; [a]D +187°;
Am? 242 mu (e 15,400); wmax 3310, 1740, 1656 cm— (lit.10.7
mp 170-171°, [e]p +190°),

The residue from evaporation of the recrystallization mother
liquor was chromatographed on 490 g of neutral alumina, colleet-
ing 125-ml fractions. Fraction 20 (CiHe-Et.O 55:43) afforded
93 mg (0.59,) of A*-androstene-3,17-dion-19-al, mp 130-132°,
lalp +291°, AM22H 245 myu (e 12,400) (lit.208 mp 129-133°,
[a]D +269°).

(16) These tests were kindly performed by The Endocrine Evaluation
Branch, Cancer Chemotherapy National Service Center, Bethesda, Md.

(17) H. Ueberwasser, K. Heusler, J. Kalvoda, Ch. Meystre, P, Wieland,
G. Anner, and A. Wettstein, Helv. Chim. Acta, 46, 344 (1963).

(18) A. 8. Meyer, Ezperientia, 11, 99 (1955): M. Nishikawa and H.
Hagiwara, Chem. Pharm. Bull. (Tokyo), 6, 226 (1958).
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Fraction 36 (EtO-MeOH 9:1) gave 2.25 g «f ernde ITI which
on recry=iallization from accone=hexane vielded 110 ¢ (6773,
mp 167-168°,

19-Hydroxy-58-androstane-3,17-dione (IVa).-—~A solution of
13,46 g of 19-hydroxy-aA*-androstene-3,17-dione (ITT3¥ in 3%5 ml
ol abxolnte E1OH and 1.05 g of 10% Pd-SrCO; was hydrogenated
at atmaspherie pressure 4.5 hr. The catalyst was filtered, the
solvent was evaporated, and the cermde produet was recrystallized
from absolute K1OI, vield 8.23 g {61¢,), mp 203-204°, single
=pot on tle.  An additional amount of IVa was obtained on
chiromatography of the mother liquors (see helow),  For analysix,
a =ample was recrystallized from absohite 101 mp 2022047
VLA 1081992, 208-200°); pauy 1710, 1740, 2400 cm = fain
41040 (1t [o]®n +106°).

The mother ignor from the erystallization was evaporated and
the restdne was chromatographed on 500 g of neuntral alimina.
[intion with GeHs vielded 265 mg (1.87,) of ethyl ketal Vb,
mp 158-161°  For analysis, a sample was recrystallized from
pentane; mp 163.5-165.5°, [a]p 4 115°% v 1740 cm—t, 250¢
208 mu (e 44).  Anal. (CaHpOy) C, U, m/e.

Fhtion with CeHe-12t.0 (changing from 10:1 10 1:1) vielded
1.05 g (11.457) of a mixtnre of the trans-ketone V and its hemi-
ketal VIa. The material was recrystallized (Et.0); mp 145-165°
{8 mp 137-138° (hemiketnl), 178--181° (dione)]. Continned
etion with CeHe-E1,0 (1:1 1o 1:3) vielded a mixture highly
curiched in ¢is-dione IVa and the material was recry=tallized
fram absolite EtOH; yvield (L6 g (53¢, ), mp 202-204°,

Catalytic hydrogenation of I m acdified EtOH over 1'd-C
viclded only TVa and V; no ethyl ketal VIb wag detected. In
nethanolic KO, the major produet was IVa and the minor
prodinet wax Vo owhile in dioxane abont eqnal amounts of Tva
and Vowere formed.  These analyses were done by tle.

Interconversion of Dione V with Ethoxy Ketal VIb.-—A solntion
of 37 mg of dione V (mixed with its hemiketal VIa) and 24 mg of
p-tolnenesntfonic acid monohvdrate in 2.5 ml of abzolnte E1OT1
was heated under reflux for 4 hr, ether was added, and the mix-
fnre was washed with 104, agneons NawCOy The produet was
chromatographed on 15 g of silica gel, yield 44 mg of ketal Vih,
mp 161-162°, =pectral properties identical with anthentic sample.

A =olntion of 24 mg of VIb in 2 ml of dioxane and 0.5 ml of 2
N 11LS0s was heated nnder reflnx for 1 hr, H,0 was added, and
the mixtnre was extracted (CHuClit  After processing, 12 mg
of a mixtnre of dione V' and hemiketal Via was ohtained, mp
140--165°.

19-Hydroxy-53-androstane-3,17-dione 19-Tosylate (VIb).--A
solntion of 1.14 g of IVa, 0.77 g of p-tolhrenesulfonyl chloride
in 15 ml of dry pyridine was allowed to stand for 48 hr at room
temperature and then processed as described for the trans isomer
11h (sec above). The ¢crnde product was chromatographed on 25t
g of alnmina and c¢htion with Cglle-Li,0 (4:1 to 3:1) vielded

1.2 ¢ of product which was reerystallized from EtOAc: yield
028 mg (540, mp 186--188°, [a]p +72°, A% 220 mu {e 72001
117)(11. f(hq][:m().;g) C, II

Acetolysis of 19-Hydroxy-53-androstane-3,17-dione 19-Tosyl-
ate (IVb).-—A solntion of 1.91 g of I'¥h and 685 mg of anhydrons
NaOAc¢ in 116 ml of AcOH was heated under reflux for 72 .
The cooled solution was poured into 150 ml of ice-water, NaC'l
was added, and the mixture was extracted (CHCL, Et,0). The
combined organie extracts were washed (2 N NaOII, NaCl
solution), and dried (Nao80;). The filtered solition was evapo-
rated to yield 1.03 g of a brown oil.  Tle analysis indicated one
major and one minor product.

"The reaction mixture was chromatographed on 300 g of nentral
alumina, collecting 125-mi fractions. Fractions 24-25 (pentane-
Cellg, 25:75) yielded 65 mg (5.55%) of impure VIIa and fractions
26-20 (pentane-Cglds, 20:80 10 10:90) yielded 265 mg (229) of
pure VIIa, mp 92-95°. For analysis a sample of VIla was
recrystallized from pentane and ether-pentane to give VIla ax
colorless plates: mp 97-98°; [alp +19°; 507 10,500; A Ehoher
203 mu (€ 66); paax 1740, 1704 em ™1 nmr, 7 4.32 (1 H, triplet,

= 56 cps), 9.12 (3 I, singlet). Anal. (Ci1oHpO2) C, H, m/e.

Fractions 30-33 (pentane 1:4 to 10097, CsH) contained small
amonnts of mixtnres of VIIa and VIHa, the amount of VIIIa
mereasing in the higher fractions.

Trractions 34-36 (CalTs 1o CoHe-Et1,0 99:1) vield 20 mg (1.7¢/ i
of ernde VIITa which was rechromatographed on alumina and
then recrystallized from peutane; wmp 105.0-106.53°; mmp
75-97° with VIIa; tle, ¢ value shorter than that of VIIn;
Poax 1740, 1705 an =l nmy, 7 9.04 (3 H, singlet); m/e 256,
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Treatment of VIlla with Base. A. A :olimion of 22 myg of
VI and 48 mg of potassinm butoxide in 1.4 1wl of dry -BnO11
wis stitred at room temperature for 3 hr. Atter wark-np, only
stinting material was recovered as evidenced by te analysis and
1 oand v spectra.

B.—A solntion of 13 mg ol VIIa in 1.5 ml ol 93¢ ¢ K101 con-
taining 3 drops «f 2.V NaOH was heated at 611° for { hr. Alier
work-1p, starring material was recovered.

Degradation of VIIa to Lactone XII, A. Conversion of Vila
to IX_-- A solntion of 179 mg of VITa and 200 mg of LiAITI, i 18
mlol dry THEF was heated mdder refinx for 3 hr, sodiimm porassimn
tartrne =olition was added, and the mixtire was evaporated.
The residne was extracted (E1,0, CICL) and the combined
organic lavers were washed (ILO)Y and dried (Na.SROy.  The
filtered =ohnion was evaporated 1o yield 183 mg of a yellow =scni-
solid. The Ity vadnes on tle indicated the presence of two compo-
nents, VITa being absent; the v spectrim indicated the absence
ol Co=0) absorption.  The residne was dissolved in 2.1 ml of
pyridine and 200 ml o Ace(d, and the =olntion was allowed 10
stand a1 room temperatuve fer 24 hr and then processed in 1he
standard manner,  The pale brown semizolid prodinet possessed
OAc bands b lacked OH bands in the . The material was
dissolved 1 4.5 ml of CTIClL; and 4.5 ml af pyridine containing
260 mg of OsO; and the solntion was allowed to stand 11 days
at room temperatire in the dark,  The mixture wax evaporated
nnder redneed pressnre, 25 ml of EtOI and 1 g of <odinm thio-
=nlfate in 5 ml ol TLO were added, the mixtnre was heated nnder
retlux for 1 hr and dilnted with E0 and TaOA¢, and the organic
phase separated. Fvaporation of the dried =clvent vielded 119
nig of 1N asa greenizh semizolid which on tle showed thicabsenee
of previons prodnets.

B. Conversion of IX to XI.---A solution of 119 mg ol [N and
304 mg of HIO, in 6 mi of MeOTL and 1 ml of 11,0 was kept at
room temperatine i the davk for 26 he. The reaction mixture
was worked-np i the nsnal fashion 10 vield 114 mg of product
which =howed ir sbsorption for an aldehyde gronp and for
trace of a carboxy gronp. The crude prodnet war dissolved in
10 ml ol Me.CO and oxidized with 2.5 ml of Jones reagent'® a1
~ 15 to =35° for 1IN min and 1.2 ml of ~PrOl1l added; after 10
min the snpernatant laver was decanted and the residne was
washed {E1,00). The organic layers were combined and extracted
(164 Na,C'Oy). The alkaline solntion was acidified and extracted
{1210y and the =olvent was evaporated to yield 58 mg of 0 amde
aceids v 330023100, 1755 em~). A solution of 58 mg of the
crnde aneid in 2.5 ml ol agneons MeOH containing 0.12 g of Ku('(yy
wax heated nnder reflux for 75 min.  The solntion was concen-
irmed, the residne was acidified, the material was extracted
1E1:0), and the erther was evaporated 1o vield 42 mg ol emde
hydroxy acid X1,

(. Conversion of XI to XIL.—The 42 mg of ernde X1 was dis-
solved n 1 ml of CHCL; and 10 mil of Cedfs and 19 mg of p-
rolienesulfonic avid added.  The salntion was heated under
reflux for 1 hr and dilnted with ether, and the =olntion was ex-
iracted with 1070 NayCO;: The organie laver was washed
saturated NaCly and dried, the =olvent evaporated, and 30 mg
of ernde X1 wax obinined; vy,x 1710, 1770 em 7. The material
wis chromatographed on X055 g of alumina. Ehution (CeITy-151.0),
75 vielded 6 mg of pire X1 which was recry=tallized from
pentane; mp 176-180° w /e 320,

Acetolysis of 33,18-Dihydroxy-5«-androstan-17-one 3-Acetate
19-Tosylate (IIb). -A =olution of 2.67 g of ITb and 1.28 g of
anhyvdrons NaOAc in 190 il of AcOH was heated nnder reflux
for 50 hr. The =ohition was processed ax dexcribed above lor
IVh 1o vield 1.29 g of a brown crystalline solid.  The material
wits chromatographed on 740 g of nentral alnmina and elntion
with pentane through C¢Hs gave a total of 380 mg of a mixire
of materials, none of which could be obtained in a pure form.
Ehition (GeHe-[21:0, 90:1 10 97:1) vielded 800 mg (46) of
crnde colorless erystalline XIII.  The solid was recrystallized
(Lt,0): mp 13295-135.5°% [alp —8.5% AZS 200 mp (e
10,3005 AN 980 mp (e AY9); wipae 1740 em ™t (broad); nmu,
r 455 (1 H, triplet, JJ = 5.5 ep=), 497 (1 H, multiplet), X.00
r3 H, singlet), 9.13 (3, singlet). dnal. (CnHg03) C, H, on/c.

Degradation of XIII to Lactone XIV.--Following the snmc
general procednre deseribed for the degradation of Vila to XTI,
75 mg of XITE wax allowed 1o react with OsOy, the resnlting diol

1% AL Dowers, ‘1% G Halwaid, B RO Jones, awd AL J Leawin, . Cho,
Soc., 2518 (1953).
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was cleaved with HIO,, the aldehyde was oxidized with Jones
reagent, the acetoxyl group was saponified, and the hydroxy acid
was converted to the lactone XTIV, yield 21 mg of c¢rude prodnet;
vmax 1712, 1738, 1770 em . The material was purified by pre-
parative tle and the pure material which could not be obtained
crystalline possessed the identical spectral properties of the crnde
material. The spectral and chromatographic properties of the
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oil were different from those of lactone XII; the difference in
products conld be due to the stereochemnistry of the lactone
and/or the configuration of C-5.

Acknowledgment.—The authors are indebted to the
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starting 19-hydroxy steroids used in this study.
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A series of 1-(p-hydroxybenzyl)naphthalene, 1-(p-hydroxybenzyl)indan, and 4-(p-hydroxybenzyl)chroman

derivatives was made for study as endocrine agents.

These compounds were svnthesized by reaction of substi-

tuted benzylmagnesium chlorides with appropriate methoxy or acetoxy ketones followed by transformations of

the functional groups.
gonadotropic and weakly estrogenic.

The present work is intended to provide a series of
compounds which retain the approximate molecular size
and functional group spacing of kunown estrogens but
differ in conformation and flexibility. Although work
toward this goal has been reported,?? structures which
meet the requirement by having a p-hydroxybenzyl
group bonded to the 1 position of a bicyelic nucleus such
as I have remained unavailable.

The desired compounds were synthesized by con-
densing substituted benzyl Grignard reagents with
appropriate indanones, tetralones,* and chromanones
as shown in Scheme I, followed by dehydration and
hydrogenation. Precautions were taken in the prepara-
tion of the Grignard reagents to prevent coupling;

Scuene I
o}

R/, ClMgCHJ—< >——R"
/
HO ,
R CH, R”

R X
(CHy)n
R x’

II

namely, high dilution and slow addition of the halide to
a large excess of magnesium having a large surface area.’

In only two cases (ITa and IIb) could the tertiary
aleohols (II) be purified. They were obtained by mild
decomposition of the Grignard complex with ice water.
The tertiary alcohols readily dehydrated to give the
unsaturated compounds III (Table I). In the six-
membered ring compounds a mixture of exo and endo
double-bond isomers was obtained. In oue instance
(I1Ig) only the exocyclic isomer was isolated; however,

(1) To whom inquiries should be addressed.

(2) Cf. J. Grundy, Chem. Rev., 87, 281 (1957): R. E. Juday., D. P. Page,
and G. A. Du Vall, J. Med. Chem., 7, 519 (1964); J. Bascoul and A. C.
De Paulet, Compt. Rend., C264, 629 (1967).

(3) D. M. Lynch and W, Cole, J. Org. Chem., 81, 3337 (1966).

(4) For a paper dealing with the condensation of benzylmagnesium
chloride with tetralones see H, A. Falim, A. M. Fleifel, and ¥. Fahim, ¢bid.,
28, 1040 (1960).

(5) M. G. Van Campen, D. F. Meisner, and S. M. Parmerter, J. dm.
Chem. Soc., T0, 2296 (1948). When the Grignard reaction started at the
onset of addition of the halide, no coupling product was detected.

Several of the compounds which contained two hydroxy or acetoxy groups were anti-

an nmr spectrum on crude material from the mother
liquor revealed the presence of some of the endo isomer.
In the case of IIle a pure sample of the exo isomer was
obtained by fractional crystallization,

Identification of the isomers was based in part on
their different vinyl hydrogen absorptions in the nmr
spectra, The endocyclic isomers of the hydronaph-
thalene compounds have vinyl hydrogen signals at about
340 cps with a side-chain methylene signal at about 224
cps that is partly hidden by aromatic methoxy signals,
The vinyl hydrogens of the exocyeclic isomers appear at
or above 400 cps.

The nmr spectrum of 7-methoxy-4-(p-methoxy-
benzylidene)chroman (I11g) was studied further because
of the questionable assignment of two protons which
absorbed in the region of 380400 cps. The overlap of
signals in this region gave rise to an apparently incon-
sistent coupling pattern. In order to assign these
protons and to verify the low-field absorption of the
vinyl proton, a spectrum at 100 Mec was obtaned. This
spectrum clearly indicated that the 380-400-cps absorp-
tion at 60 Mc was due to the Cg and C; aromatic
hydrogens. The Ce-H is coupled (J, = 8.5 cps) with
the Cs-H (which is centered at 452 cps at 60 Mec) and
also with the C-H (J,, = 2.5 cps). The remaining
absorption in the aromatic region is the vinyl hydrogen
absorption at about 414 cps (60 Nlc), which is split
(J = 1.5 cps) by the allylic methylene group, and the
A,B, pattern of the aromatic hydrogens of the p-
methoxybenzylidene group. The absence of endocyeclic
vinyl hydrogen absorption (at about 313 ceps on the
60-Mc spectrum) and the presence of two CH; triplets
(centered at 172 and 249 cps, J = 5.5 eps; 60-Me spec-
trum) definitely confirm the exocyclic structure for IIIg.

In contrast with the six-membered ring cases, the
indanones gave isolable products (IIIa and IIIb) in
which the double bond is exocyclic.8” The nmr spectra

(6) One nmr spectrum of 1I1b taken in CDCIl; showed some endocyeclic
isomer (vinyl hydrogen, 363 cps). This was shown to be due to isomeriza-
tion caused by acid in the CDCls, since a spectrum of 11Ib taken in CDCl;
stored over Na:COs showed no trace of the endo isomer. For this reason
NazCO;s-treated CDCls has been used to record the nmr spectra reported
in this paper.

(7) The condensation of y-picoline with indanones also gave products
having the exocyclic double bond, while the condensation of y-picoline with
tetralones gave products containing both double-bond isomers. See ref 3.



