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the extent of binding to protein of the four adenosine 
atianiant'oat'es have been initiated in our l abora to r i e~ .~~  

In conclusion, the nucleoside adamant'oates as well 
m the adamantane-cont'aining agents earlier described 
may derive their high efficacy, a t  least in part, through 
:L process of precise and specific binding of the adaman- 
t m e  moiety to complement'ary, lipoid regions of the 
protein receptor site molecule. 

Saturally, binding to  protein of adamant'ane-con- 
taiiiing agents acting in vivo may also affect their ab- 
sorption arid their distribution (transport) in the animal 
host. The effect' of protein binding on these processes 
may be responsible for the quantitat'ive differences 
seen between the in ciuo activities, on the one hand, of 
the monomethylated analogs relat'ive to the adaman- 
tane a,geiit in the sulfonylurea series7 (about 25y0) and 
the nortestosterone esters2 (about 15-20%), and on the 

(-18) Preliminary results indicate the possibility tha t  the effect of methyl 
3ubatitution on partition values parallel the test results obtained in the plate- 
let ayeregation studies (Table Xj. The  help of Rlr. 11. 11. Marsh and 
aswciatps, .\naIytical Research and Development Division, The  Lilly 
riesearcli Laboratories, in obtaining tliese results is gratefully acknowledged. 

other hand, the activity of adenosine moiiomethyl- 
adamantoate relative to  the adamantoate (about 
130%) in inhibiting platelet aggregation in viti3o (Table 

The study of a different class of adamantane-con- 
taining agents which display a structure-activity rela- 
tionship opposite to that reported in this paper and 
which presumably do not benefit from binding to protein 
will be the subject of a forthcoming publication. 
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The following six racemic steroids have been resolved into optical antipodes by salt foiniation betweeii the cor- 
i,esponding hemisuccinate esters and various optically active bases: 3-methoxye,;tra-1,3,5( 10),8,14peiitaen-l~p- 
01, 3-methoxyestra-1,3,5( 10),8- tet raen-176-01, 3-methoxyes t ra-l,3>5( 10)-t rien-lip-ol, 136-e t hy1-3-me t hoxygona- 
1,3,5( 10)-trien-1 76-01, 13~-ethgl-3-methosygona-l, 3,5( 1 O),X-tet raen-l7p-01, and 3-met hosy- 13p-n-propylgona- 
1,3,5( lO)-trien-l'ip-ol. Racemic 3-benzyloxy-13p-ethylgona-l~3~5( 10)-trien-l7@-ol ha. been chemically resolved 
by separation of its diastereoisomeric ( - )-menthosyacetates. Chemical transformatioils of several of the ster- 
oidal enantiomorphs are reported. Results of biological testing are given for some of the steroids of unnatural 
configiiratioii. 

I'revious parts of this series have reported efficient, 
stereoselective total syntheses of various racemic 
estrone, estrane (19-norandrostane) . and 13P-poly- 
rarbonalkylgonane  derivative^.^^^ These researches 
have already provided a possible basis for the commer- 
rial production of estrone, and, therefore, of those of its 
derivatives which are medicinally important as estro- 
genic, progestational, anabolic, and antifertility agents, 
and have also led to a variety of biologically interesting 
racenii c 13P-poly carbonalkylgona- 1,3,5 ( 10) -trienes and 
gon-4-en-3-ones of potential or actual clinical uti1ity.db 

(1) Par t  S I I :  G. A .  Hughes and H .  Smith,  Stero ids .  8, 5 4 i  (1966). 
( 2 )  Postal address, P. 0. Rox 8299, Philadelphia, Pa .  19101. 
( 3 j  G. .I. IIugliea and H. Smitli, Ci~ern.  Ind. (London), 1022 (1960); G. 11. 

I loudas ,  J. >I. H. Graves, D. Hartley, G. A. Hughes, B.  J. hIcLoughlin, J .  
Sidda!l, and 13. Smith,  J .  C'hern. Sot., 5Oi2 (1983). 

(&I (a) 14. Sinitli, e t  d., 1Srpsr irnt iu ,  19, 39.1 (1963); (b) J .  Chrm.  Soc., 
I L T P  (196%). 

This paper describes resulutioii proredures of the purely 
chemical type which lead from our previously described 
r a ~ e m a t e s ~ - ~  to enantiomorphic steroids in the estraiie, 
13p-ethylgonane, and 13P-n-propylgonane series. Such 
st,udies were undertaken to furnish the final links in our 
totally synthetic chain to d-estrone,7 to permit a more 
detailed examination of the properties of the biologically 

(5) G. A .  Hughes and H. Smitli, German Patents 1,213,404, 1,21~3,.1U5, 

(6) G. A. Hughes and H.Smith, Jaranese Patent40-20700 (1Iay 16, 1962). 
(7) l y e  denote the absolute configuration of enantiomorphic steroids ac- 

cording to  a convention proposed by I.. F .  Fieser and R I .  Fieser, "Steroids," 
Reinhold Publishing Corp., New York. iX. T.. 1959, p 336, by which estra- 
and gona-I,3,5(10)-trienes are defined as 4 steroids if they have the same 
configuration as  cholesterol a t  C-13 and as I steroids if they hare  the opposite 
confipiiration a t  that  center. The graphic formulas correspond t o  enantio- 
morphs of the d series bu t  are w e d  to denote the structure and ahsolute con- 
figuration of any steroid hy use of t,iie auprogriate prefix n', 1 ,  or  . / I .  Tile 
prefixes ( f )  arid ( - )  are iiaed, \\.liere neceasary, to  denote dextro- u r  levo- 
rotatory compounds, respectively. 

and 1,214.679 (Feb 19. 1960. .Jiine 22, 1961, and Feb 29, 1961. respectively). 
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TABLE I 

CHEMICAL 1:ESOLUTIDN O F  13p-4LKYLGON.kPOLYEN-17~-OL8 

[ala, Crystnu Calcd, '/u I'uund 
substrate Proxss lksolving ayciit I'ruduct I I p ,  'C deg solvent Tield,  L/Cb Formula c 11 c €1 

d/-IY 136- 140 O 82 C U H ~ G O ~  7 2 . 2 3  6 .83  71.70 ti.S3 
(LL-IV. le XJ.1. IIOOCCII, cl-I\. 148-130 -146 A +  B 81.4 C2J5200; 72.23 6 . 8 3  7 2 . 3 2  6.69 

SEts d-Id 110-111 -132.8 C +  D 60.3 CISHCLO~ S0.81 7 . 8 3  81.03 7,6(1 
( -)-Ephedrine /-IT 149-152 $164.6 A + B  33 C?~H~GO;  72.23 6 .83 72.11 6.70 

(11-1 \. 2 ( -)-Ephedrine l-IV 149-131 +146 C + D 73 C U H ~ ~ O ~  7 2 . 2 3  6.83 72.11 6.70 
111-1 \- 3 (+)-I-(  1-rlTaphthy1)- l-IV 150-152 + l 5 l  C + L) 40 C?~H260; 72.23 6.85 7 2 . 3 3  6.73 
dl-T ethylamine 149-154 0 C + D  70 C2JLsO; 71.85 7.34 71.76 7.18 
dl - I -  4" ( -)-Ephedrine 1-T' Gum 

l-I1 125-126 +5.1  D + E  76 ClnI1240~ 80.24 8.51 80.42 5.48 
( -)-Ephedrine d-V Gum 

z-I 110-113 +135 C + D 69 CigH2202 80.81 7.83 80.96 7.56 

d-11' 1 18-1 2 1 -4 .0  D + E  3ti ClST-I& 80.24 8.31 79.74 7.94 
(ll-\.I 178.3-180.5 0 86 .5  C2311& 71.48 7.82 7 1 . 2 0  7 . 5 2  
&\.I 6" ( -)-1-( 1-Naphthyl)- d-J-1 G u m  

e thylamine d-IIInJ1 117-118 f74.4 F + G  65 CiuIlt,02 79.68 9.13 70.73 9.07 
(+)-1-( l-Xapht,hyl)- I-VI Gum 

ethylamine I-I11 91-93h -69.3 F + G 47 C1gK?fiO2 79. 9 .  1.5 79.3.i S. S3 
(11-IS 164- 166 0 83 C.~I&OO; 7 2 .  7.39 72.32  7.48  
&IX t i e  (-)-Ephedrine I-IX Gum 

I-TIIi 115-118 +59 F 43.5 C20I126O2 80.40 8.78 80.13 8.72 
( - )-Ephedritie tl-IX Gum 

d-VIIj 113-115 -54 F 30 C20Hdh. 79.43 8.94 79.43 8 .54  

d/-x 160-161.5 0 91 C24H320ir 71.97 8.05 71.98 7.81 
(11-X 7" S \ ' I  /-X Gum 

I-VIIIL 105-108 -56.6 F + G 46 C~OI12802 79.95 9.39 79.74 9.13 
( -)-I-( 1-Naphthyl)- d-X Gum 

e thylamine d-T'III 103-106 +49 .5  F + G 39 C20H~X02 79.95 9.30 i ! ) .49 9.01 

0.5Et 

s c  XVI l-VI11 103-106 -56 F + G 63 
(+)-Amphetamine d-T?II 103-107 +59 F + G  5 7 . 5  

tl/-XII 149-153 0 C + D  98 C?;IT& 72.43 8 . 2 7  $ 2 . 2 0  S . l l  
d/-XI1 9 e  (-)-Ephedrine &XI1 145-146 +26 C + D  C~~H340j 72.43 8 .27  7 2 . 2 6  7.74 

( - )-Ephedrine I-XI1 145-146 -23 C + D  C2jF1340j 7 2 . 4 3  8.27 72.47  8 . 0 2  

(11-XI11 123-124 0 F 83 CdIa202 82.03 8.37 82.89 S.34 
tl/-YIII 10 ( -)-Metit,hoxy- Z-SII' 143-143.5 -51 1% 23.6 CaJlaOl 79.68 9.15 79.34 9.15 

acet,yl chloride 2-XI11 121-122. .3 -42.2 I 91 C ~ G T I ~ B O ~  $2.93 S.57 82.69 8 .60  
L-XJ."' 189-190.5 -35.2 I 76 
d-XIT' 91-91.5 -20.7 I 20 C,&?Oa 79.68 9.15 79.40 8.98 
d-XI11 120.+3-122 $42.6 I 87.5 
d-XT" 188.5-189.5 +58 I 68 

d-XI 101-103 +69 D 4 9 . 4  C~IIT~OO? 80.21 9.62 80.23 9.61 

I-XI' 102-104 -65 U 3 4 . 2  c2,Er3a02 80.21 9 . 6 2  ~ 0 . 2 1  9.w)  

a A% = acetone, B = heptane, C = ether, D = hexane, E = ethyl acetate, F = ethanol, G = water, H = petroleum ether (bp 40- 
Stirriilg 

IIiki, et al.," give mp 55', [aIz4~ - 126'. e S o  stirring at  stage of separatioii of 
* A. L. Wilds and S. A .  

+77.4". Hiraga'* 
1 Lit.'b mp 101-103", [ a ] ~  

60"), I = methaiiol. 
at stage involving separation of diastereoisomeric salts. 
diastereoisomeric salts. 0 l l iki ,  et d.," give mp 98', [ a ] * ' D  +80°. 
Selson, J .  dm. Chern. Soc., 75, 5366 (1953), give for enantiomorphs mp 97-98, 118-119> and 120.5-121.5", 
gives mp 118", [ a ] ~  +64". kLit.4b mp 107.5-109.5O, [ a ] D  -51'. 
-58.7'. 

Yields for each stage were calculated by taking into account, where applicable, recovered substrate. 

Niki, et d.," give mp 125', [ a I z 4 D  -3". 

j Hiraga12 gives mp 118", [a]D -64". 
Lit.gmp 189.5-190°, [a ]n  -53.4'. Lit.emp 106 and 187-189', [a]D +58.5'. 

Table I. The absolute configurations of the enantio- 
morphic alcohols VI11 and XI, corresponding to X and 
XII, respectively, have alqo been elucidated in our 
curlier work. 4b The absolute configurations of the 
enantiomorphs of VI1 were revealed by showing that  
reduction of the (-)-VI1 with lithium and aniline in 
liquid ammonia, gave d-VIII. Hiraga12 has indepen- 
dently described the resolution of dZ-IX through salt 
formation with brucine, but, apparently using the d 
and I prefixes t o  denote the sign of the optical rotation 
rnther than the nhsolute configuration, did not define 
the absolute configuration of the enantiomorphs. 

Transformations of d- and E-Estrapolyenes and 13P- 
Ethylgonapo1yenes.-Tlic absolute configuration as- 

signed12 to d-I and -11 has been confirmed by selec- 
tively hydrogenating d-IV t o  d - Y ,  saponifying the 
product t'o d-11, and reducing the latter with lithium in 
liquid ammonia-aniline4 to  authentic d-estradiol 3- 
methyl ether 111. Also, various I-estrane and Z- 
13P-ethylgonane derivatives have been prepared for 
biological evaluation, including Z-111, prepared by t'he 
same sequence as d-111, and the E series XVII-XXIII 
and XXIV-XXVII. The I-Sa-estratriene XVIII, 
corresponding to  the antilipeniically active racemate, l8 

was obtaiiied frnm [-IT hy catalytic hydrogetintion in 

(18) G. C. Buzby,  Jr., E. Capaldi. G .  H. Ihiiglas.  11. Hartlcy, D. lierbut, 
G .  A .  Hugl~es,  IC. Ledig, J .  RIchlenainin. T. Pattison. H. Smith, C. 11. \\ alk, 
and 0. R. IVendt, J .  M a d .  Chem., 9, 338 ( 1 U t j t i ) .  
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2 hr while the temperature fell to 30". The precipitated I-IV 
(-)-ephedrine salt (0.425 g), mp 144-147", was filtered off and 
decomposed by method b to give I-IV (0.25 g), mp 149-151' 
(from ether-hexane). 

(+)-I-( I-Naphthy1)ethylamine was added dropwise with 
swirling to a suspension of IV (0.5 g) in ethyl acetate (10 ml) 
until solution was effected. The mixture was kept overnight a t  
room temperature and filtered. Recrystallization of the pre- 
cipitate from ethyl acetate gave the l-IV (+)-I-( 1-napht'hy1)- 
ethylamine salt (0.2 g), mp 136-138", which was decomposed by 
method b to give I-IV (0.1 g), mp 150-152" (from et'her-hexane). 

Resolution of dl-3-Methoxyestra-l,3,5(10),8-tetraen-17~-ol 
Hemisuccinate (V).-(4) ( - )-Ephedrine (from the hydrochlo- 
ride, 3 g )  was added with swirling to a suspension of dl-V (3.0 g) 
in ethyl acetate (80 ml) and t,he clear solution was kept a t  room 
temperature without disturbance for 1.5 hr. The resulting crys- 
tals were slurried with hot ethyl acetate, to give the ( -  )-ephe- 
drine l-V salt (1.66 g), mp 166-168", which was decomposed by 
method b to give I-V as a gum which was hydrolyzed to 2-11 
(0.84 g), mp 125-126'. The combined mother liquors from the 
initial precipitation of the (-)-ephedrine I-V salt and its suspen- 
sion in ethyl acetate were concent,rated to half volume and gave, 
on  standing, further crystals, mp 140-150', which were recrystal- 
lized from ethyl acetate. A first crop (0.17 g), mp 135-150", 
was filtered off and discarded. The mother liquors then de- 
posited a second crop (1.01 g), mp 136-139,' which was recrystal- 
lized from ethyl acetate to give the (-)-ephedrine d-V salt 
(0.825 g), mp 139-141". This was decomposed by method b 
and the resulting hemisuccinate was hydrolyzed to d-I1 (0.390 g), 
mp 118-121 '. One further recryst,allization raised the melting 
point to 129-131", [cu]~'D -4.8" (c3,CHC18). 

Resolution of dl-3-Methoxyestra-l,3,5( lO)-trien-l78-01 Hemi- 
succinate (VI).-( 5 )  ( - )-1-( 1-Naphthy1)ethylamine (30 ml) was 
added wit,h swirling to a suspension of &VI (30 g) in ethyl ace- 
tat,e (500 ml). The resulting solution was seeded with authentic 
d-VI-XVI salt and kept for 65 hr. The precipitate was filtered 
off, washed with ethyl acetate and ether, and recrystallized from 
ethyl acetate (200 ml) to give the ( -)-1-( 1-naphthyl)et,hylamine 
tl-VI salt, (21 g), mp 113-119", which was decomposed by method 
b. The product was suspended in ice-cold ether (150 ml), 
filtered off, and dried to give recovered dl-VI ( 5  g), mp 178-181". 
Evaporation of the ethereal mother liquors gave d-VI as a gum 
which was hydrolyzed to d-III(6.0 g), mp 117-118'. The mother 
liquurs from the original precipitation of the &VI salt and from 
its recrystallization were combined, washed with 10% aqueous 
HC1, dried, arid evaporated. The residue was triturated with 
ice-cold ether to give recovered dl-VI (7.0 g), mp 175-178'. 
The ethereal filtrate was evaporated, and the residue was kept 
for 20 hr in ethyl acetate (154 ml) with (+)-1-(1-naphthyl)- 
ethylamiiie (11 ml). The precipitate was filtered off and washed 
with ethyl acetate and ether to give (+)-l-(l-napht'hyl)ethyl- 
amine &\-I salt (9.5 g), mp 127-128, which was decomposed by 
met>hod b. Hydrolysis of the resulting I-T'I gave I-I11 (4.34 g), 
mp 91-93' (from aqueous ethanol). 

Resolution of dl-13fi-Ethyl-3-methoxygona-1,3,5( 10),8-tetraen- 
178-01 Hemisuccinate(IX).-(6) The hemisuccinate I X  (4 g) was 
dissolved in ethyl acetate (70 ml) containing ( - )-ephedrine 
(from the hydrochloride, 4 g) and the solution was kept overnight. 
The precipitated salt was filtered off and recrystallized twice 
from ethyl acetate to give the (-)-ephedrine I-IX salt (2  g), 
mp 147-14Y0, which was decomposed by method b. Hydrolysis 
of the resulting I-IX and recrystallization of the product gave 
&\TI (0.6,s g). The combined mother liquors from the original 
precipit,ation and the recrystallizations of ( -)-ephedrine I-IX 
Falt were concentrated to half volume and kept for 16 hr. Re- 
wystallization of the precipitate from ethyl acetate gave the (-)- 
ephedrine d-IX salt (1.75 g), mp 125-128", which was decom- 
posed by method b. Hydrolysis of the resulting gummy d-IX 
then gave d-VII (0.445 g), mp 113-115'. 

Resolution of dZ-13p-Ethyl-3-methoxygona-1,3,5( 10)-trien- 
170-01 Hemisuccinate (X).-(7) The amine XVI (17.78 g, 0.0625 
mole) was added at  room temperature to dl-X (50.7 g, 0.125 mole) 
in ethyl aretate (875 ml) containing triethylamine (6.31 g, 0.0625 
mole), and the mixture was stirred at  0" for 1.5 hr. The pre- 
cipitate was filtered off, washed with ethyl acetat,e, and recrystal- 
lized from ethanol-water to give the XT? I-X salt (24.5 g), 
mp 167-169", which was heat,ed on the steam bath for 3 hr in 
aqueous et,hanolic NaOH. The cooled solution was acidified 
with acetic acid and diluted with water. The precipitate was 
filtered off, washed with water, and dried to give l-VI11 (8.8 g), 

(3) 

mp 105-108". ( - )-1-( 1-Naphthy1)ethylamine (30 nil) was 
added to the mother liquors from the precipitation of the XVI- 
l-X salt, and the solution was kept for 16 hr. The precipit,at,e 
was filtered off, washed with ether, and recrystallized twice from 
ethyl acetate to give the ( -)-1-( 1-naphthy1)ethylamine d-X salt 
(16.0 g), mp 117-118.5", which was decomposed with hot aqueous 
ethanolic NaOH as before to give the d-VI11 (7.4 g), mp 103-106". 

The dl-hemisuccinate X (10 g) was treated with XVI as in 
( 7 )  to remove the I-enantiomorph, and to the mother liquors (+)- 
amphetamine (2 ml) was added, and the solution was stirred at  
0" for 2 hr. Recrystallization of the precipitate from ethyl 
acetate gave the (+)-amphetamine d-X salt (4.4 g), mp 158- 
165', which was decomposed by aqueous ethanolic NaOH as in 
(7) to give d-VI11 (2.15 g), mp 103-107". 

Resolution of dl-l7~-Hydroxy-l3fi-n-propyl-3-methoxygona- 
1,3,5( 10)-triene Hemisuccinate (XII).-(9) The dl-hemisuccinate 
XI1 (38 g) was added with swirling to ethyl acetate (700 ml) con- 
taining ( -)-ephedrine (from the hydrochloride, 38 g). After 
st,anding for 2 hr, the mixture was filtered and the precipitate was 
recrystallized from ethyl acetate to give the ( -)-ephedrine 
d-XI1 salt. (18.8 g), mp 152-154", [a ]z4~  +3" (c 2, CHCIa), 
which was decomposed by method b to d-XII, mp 145-146'. The 
latter was hydrolyzed to d-XI (8.5 g), mp 101-103" (from ether- 
hexane). The mother liquors from the (-)-ephedrine d-XI1 
salt were concentrated t,o half volume and filtered. The pre- 
cipitate was recrystallized from et,hyl acetate to give the ( - ) -  
ephedrine I-XI1 salt (14.5 g), mp 139-141", [ a I z 4 D  -23.4', 
which was coiivert,ed via I-XII, mp 145-146', to I-XI (5.0 g), 
mp 102-104'. 
dl-3-Benzyloxy-13B-ethylgona-1,3,5,( lO)-trien-17-one.-dLI 30- 

Ethyl-3-hydroxygona-1,3,5( 10)-trien-17-one4b (4g) was refluxed 
with benzyl chloride (8 ml) and K&03 (9  g) in ethanol-wat'er 
(200:lO ml) for 16 hr. Water (50 ml) was added and the mix- 
ture cooled at 0' (bath) for 4 hr. The precipitate was filtered 
off and recrystallized fromethanol to give the benzyl ether (4.2 g), 
mp 145-148'. The analytical sample, a polymorph, had mp 
125.5-126' (from ethanol), Xmax 277 and 284.5 mp ( E  2300 and 
2100). 

Anal. Calcd for C2~H3002: C, 83.4; H, 8.1. Found: C, 
83.2; H, 8.0. 

dI-3-Benzyloxy-13~-ethylgona-1,3,5( lO)-trien-l7g-o1 ( XIII).- 
(a) dZ-3-Benzyloxy-13p-ethylgona-1,3,5( 10)-trien-17-one (7 g) 
was refluxed with NaBH4 (2.5 g) in ethanol (120 ml) for 2 hr. 
The solution was evaporated to dryness, water and ether were 
added, and the mixture was acidified with 3 A' HC1. Evapora- 
tion of the washed and dried ether solution gave a residue which 
was recryst,allized from ethanol to give the alcohol (5.8 g), mp 

(b)  dI-l3p-Et~hylgona-1,3,5( lO)-triene-3,17p-diol (1.74 g) was 
refluxed with NaOCzH:, (from the metal, 0.2 g) in ethanol for 
15 min. Benzyl bromide ( 5  ml) was added to t,he cooled solution, 
and the mixture refluxed for 5 hr. Water was added and the 
product was extracted with ether. The ether solution was 
washed with aqueous 2 N KaOH, water, and brine. The prodnct 
was chromatographed on Florid,  elution with benzene giving crys- 
tals which were recryst,allized from methanol t,o give the alcohol 
(0.25 g), mp 120.5-121", Xmhr 277 and 288.5 mp ( E  2200 and 
1900). 

Resolution of dI-3-Benzyloxy-13~-ethylgona-l,3,5(l0)-trien- 
176-ol (XIII).-Freshly distilled ( - )-menthoxyacetyl chloride 
(23 g) was added with stirring and external cooling ( < l o o )  to 
dl-XI11 (15 g) in pyridine (100 ml). The mixture was stirred 
for 2 hr a t  IO", for 15 hr a t  room temperature, t,hen added to  ice- 
cold 3 N HC1. The mixture was extracted with ether, and the 
ether extracts, after washing and drying, were evaporated. 
The residue, vhich cryst,allized on trituration with petroleum 
ether (bp 60-80') was recrystallized five times from the same 
solvent to give the ( -)-menthoxyacetyl ester, I-XIT' (5.45 g), 
mp 143-1435', Amax 285.5 and 277 mp ( e  1900 and 2200). The 
foregoing ester was refluxed with KOH (10 g) in methanol (600 
ml) for 2 hr, and the mixture was evaporated to dryness. Water 
was added t.o the residue, and the mixture was extracted with 
ethyl acetate. The product was recrystallized from methanol 
to give I-XI11 (3.2 g), mp 121-122.5'. 

The mother liquor from the first recryst,allization of the (-)- 
menthoxyacetyl ester I-XIV was evaporated and t'he residue 
recrystallized five times from methanol-ether (4:  1, v/v) to 
give the (-)-menthoxyacetyl ester, d-XIV (4.5 g), mp 91-91.5". 
The foregoing ester was hydrolyzed with methanolic KOH as 
above to give d-XIII, mp 120.5-122'. 

(8) 

123-124'. 




