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The preparation is described of a number of previously unreported steroids, reqiiired for tests of their hypnotic 
activity. The compounds, which are prepared by conventional methods, are chiefly 5,- or 5@-pregnan-20-ones, 
sitbstitiited at C-3 by hydroxy or oxo groups; other siibstitiients include hydroxy groups a t  positions 11, 16, and 
21, an oxo group a t  position 11, methyl grouph a t  pubitions 3, 6,  and 16,9,11- and ll,l2-epoxy groups, and halogen 
atoms a t  position 21. Also dercrihed is the preparation of some androstane and I)-homoandrostane derivatives, 
oxygenated a t  positions 3, 11, and 17 or 17a. Most of these compounds, as well as a niimber of known substances 
of similar type, are esterified with polybasic acids, thus allowing formation of water-solitble salts. Hemisiiccin- 
:iter and monoesters of some other dicarboxylic acids are prepared from the steroid alcohol and the appropriate 
:wid anhydride. Phosphates of several 3-hydroxy steroids are prepared from the alcohol and dibenzyl phc13- 
~)li(iroc'hloridate with sitbseqiient removal of the protecting groups by hydrogenolysis. The pyrophorphate of 
2 l-hydroxy-jp-pregIlane9,2O-dione is prepared from the corresponding 21-monobenzyl phosphate, by treat- 
ment with dicyclohexylcarbodiimide and sttbsequent removal of the benzyl groiips with sodium iodide. Some 
hasic esters of 3cu-hydroxy-j8-pregnane-ll,~O-dione are prepared from the alcohol v i a  the chloroacetate and 
iodoacetate. 

In connection with the program of biological tests 
described in the accompanying paper' it was necessary 
to prepare a nuniber of steroids bearing water-solubiliz- 
irig groups. Since the initial results suggested that the 
desired hypnotic activity on  intravenous adiiiinistra- 
tioii occurred only with the pregnane derivatives, we 
concentrated on the variation of substituents in this 
nucleus. 

For the iiiost part, we used the well-ltnown method of 
ronvertitig steroid alcohols into their hemisuccinates, 
whose sodium salts usually are sufficiently water solu- 
ble. The preparative methods, which are conventional, 
and the products obtained are described in the Experi- 
nieiital section. 

The 17-acetate 3-heniisuccitiate [I, R = CO(CH?)?- 
C02H ; R' = Ac ] of 3@,17-di hydroxy-5a-pregnane- 
11,2O-dione was prepared from the 3-hemisuccinate by 
acetylation with acetic anhydride in presence of per- 
chloric acid; t here was no apparent transesterification 
at  C-3. An atteiiipt to introduce the ester groupings in 
the alternative order was unsuccessful, because the 3,17- 
diacetate (I, R = R' = Ac) could not be selectively 
hydrolyzed to the 17-nionoacetate (I, R = H; R' = 
Ac) . 

COCH, 
o&OR' 

The instability of the salts of the heniisuccinates 
(particularly those of the 21-hydroxy compounds) in 
aqueous solution was something of a disadvantage, and 
several of the more promising alcohols were converted 
into their phosphates. 

Thus, 3,&hydroxy-5a-pregnane-l1,20-dione, 3a-hy- 
droxy-5@-pregnan-20-one, 3a-hydroxy-ii@-pregnane- 
11,20-dione, and 3 a-hydroxy-16a-met hyl-$-pregnane- 
11J20-dione were all treated with diberizyl phosphoro- 
chloridate, and the resulting crude 3-dibenzyl phos- 
phates were hydrogenolyzed to give the corresponding 
free phosphates, isolated as their disodiuni salts I1 and 
111 (X = H?, R = H; X = 0,  R = H ;  and X = 0, 
R = Me), respectively. 
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(1) R. M. Atkinson, B. Davis, M. A. Pratt, H. M. Sharpe, and E. G. 

Tomich, J. Med. Chem., 8 ,  426 (1965). VI 
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T h c  I)-hoiiioaiidrostaii(~ (IX) was p i q a r e d  f 3’0111 

3P,1i-dihydroxy-3cr-pregiia1ie-ll.2O-dio1ic~ (1, 1i = 
1%’ = €1). Reaction of tlii.: roiiipourid with borori tri- 
fluoride was ve13- sloiv, but tlic :3-iiioiioforniatc (I, It = 
CHO; I?’ = H) \vas wadily rearranged by th(1 
saiiic reageut 10 a winpouiid t list K P  formulate a i  
3@, 17 a-dihydroxy-1 7P-met hy1- T>-Iioirio - 3 CY - aiidrostaiie- 
11,17a-dio1ic %formate (IX. I i  = (’TI( )), hy analogy 
with the saitir i ~ ~ ~ a ~ ~ ~ ~ ~ ~ g e t ~ i ( ~ i i t  I I I  I l i ~  3a-liydrouy 5/3- 
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series.2 In  accordance with this, the diol (IX, R = H), 
obtained by hydrolysis of the formate, showed evidence, 
i l l  its infrared spectrum, of hydrogen bonding between 
the hydroxy and ketone groups in ring D. 

Of the remaining compounds referred to in the fol- 
lowing paper or used as intermediates. 160-methyl- and 
16,lB-diniet hyl-3 a- hydroxy- 50-pregnane- 11,20 -dione, 
arid 3 a-hydroxy-1 6-niethyl-$3-pregn-l6-ene-ll,20-dione 
were kindly supplied by the Schering Corp. A few 
other new coinpounds (numbered in Tables I and 
11 of the following paper as 18, 25, 28, 84, 118, 140, 149, 
150, and 161-168 inclusive) will be described in papers 
that n-e hope to  publish shortly. 

Experimental 
The bold-faced numbers that follow the subtitled names of 

certain compounds are the numbers identifying these compounds 
in the following paper. Unless otherwise stated, melt'ing points 
were determined on the Kofler block, and rotations were de- 
termined in CHC1, solution (c  l ) .  
3p-Hydroxy-5~-androstan-ll-one.-A mixture of 38-hydroxy- 

5a-androstane-11,li-dione acetate3 (4.0 g.), NaOH pellets (4.0 
g.), 95co hydrazine hydrate (4.0 ml.), and t,riethylene glycol (40 
ml.) was kept a t  180" for 2 hr. Dilution of the cooled solution 
with water precipitated a product which was then acetylated by 
treatment for 36 hr. a t  room temperature with pyridine (25 ml.) 
and acetic anhydride (25 ml.). The product was isolated by 
extraction with ether and chromatographed on alumina; ben- 
zene-hexane and benzene eluted 3p-hydroxy-5a-androstan-11- 
one acetate, which was crystallized from methanol to give 1.37 g. 
of material with m.p. Xi-!)O"; [ a l n  + X " ;  v n l a X  (in CS?) 1738 
and 1242 (acetate) arid 17708 cm-' (ketone). 

Anal. Calrd. for G,H:j?Od: (', 75.9; H ,  9.7. k'oiind: (', 
76.2; H, 9.5. 

The free alcohol, obtained hy hj-drolysis with k~oiling 4:;; 
methanolic SaOH and sihliInation a t  120° (0.0005 mm.), had 
m.p. 159-160"; [ a ] ~  +62"; umar (in CS.) 3600 and 1038 (equa- 
torial OH) and 1708 cm.-' (ketone). 

Anal. Calcd. for C~&OOY: C, 78.6; H, 10.4. Found: C, 
78.9; H, 10.4. 

3a,2l-Dihydroxy-5p-pregnan-ZO-one (75).-3a,21-Dihydroxy- 
sp-pregnan-20-one 21-acetate4 (0.7 g.) in methanol (70 ml., 
oxygen-free) was treated with KHC03 (0.7 g.) in water ( 7  ml., 
oxygen-free), and stirred a t  room temperature under nitrogen for 
1 hr. Dilution with water, extraction with chloroform, and crys- 
tallization from ethyl acetate-petroleum ether (b.p. 6C-80") 
gave the product: m.p. 151-153'; [a]D +99"; umaX (in CHBr3) 
3600-3500 (OH) and 1702 em.-' (ketone). 

Anal. Calcd. for C~H3403: C, 75.4; H,  10.2. Found: C, 
75.5; H, 10.2. 
17,21-Dihydroxy-5a-pregnane-3,20-dione was prepared from 

its 21-acetate,5 a solution of which in CHzClp was treated, 
under nitrogen, with 1 equiv. of 0.1 A' methanolic SaOH.  After 
15 min. a t  room temperature the solution was acidified to phenol- 
phthalein with acetic acid, concentrated in vamo,  and diluted 
with water. The precipitated diol, after crystallization from 
acetone, had m.p. 219-220'; [a10 f47" ;  vmax (in CHBr3) 
3600 and 3500 (OH) and 1702 cm.-l (ketone). 

Anal. Calcd. for C21H3204: C, 72.4; H, 9.3. Found: C, 
7 2 . 5 ;  H, 9.4. 
Ga-Methyl-5p-pregnane-3,20-dione (79) and Ga-Methyl-5a- 

pregnane-3,20-dione (22).-6a-lIethylpregna-4,16-diene-3,20-di- 
one6 (700 mg.) in ethyl acetate (40 ml.) was hydrogenated a t  
room temperature and pressure in the presence of 570 Pd-C 
(150 mg.); absorption of hydrogen was complete ( 2  moles) 
in 55 min. The catalyst was filtered off, the filtrate was evapo- 
rated to dryness, and the residue was crystallized from ethyl 

(2) S. L. Wendler, D. Taub,  S. Dobriner, and D. K. Fukushima, J .  A m .  

( 3 )  J. von E u a  and T. Reichstein, Heh.  Chim. Acta, 26, 988 (1942). 
(4) J. D. Cocker, H. B. Henbest. G. H. Phillipps, G. P. Slater, and D. .1. 

( 5 )  G. Rosenkranz, J. Pataki, St. Kaufmann, J. Berlin, and C. Djerassi, 

( 6 )  Purchased from Koch-Light Laboratories Ltd. 

Chem. SOC.,  78, 5027 (1956). 

Thomas, J .  Chem. Soc., 6 (1965). 

J .  A m .  Chem. Soc., 72,4081 (1950). 

acetate-hexane to give material (253  mg.), m.p. 151-153°. 
Recrystallization gave 22 (195 mg.) as plates, m.p. 15.7-154" 
( l k 7  m.p. 152-153'). 

Evaporation of the mot'her liquors from the first crystallization, 
and recrystallization of the residue from hexane gave a mixture 
(303 mg.) of the 5,- and 5p-isomers, predominantly the latter. 
The mother liquors from this crop were evaporated and the residue 
was crystallized from a little hexane, to give 79 (123 mg.): m.p. 
99-102'; [ a ] ~  + 90"; vmnY (in CS?) 1715 (ketone) and 1358 
cm.? (COCH3). 

-4nal. Calcd. for C,YH~,O?: C, 79.9: H, 10.4. Foiind: C, 
80.0: H, 10.2. 

3~-Hydroxy-lG~-methyl-5p-pregnan-2O-one (72).-LIethyl- 
magnesium bromide, prepared from magnesium turnings (5 g.) 
and methyl bromide (20 ml.) in ether (100 ml.), was treated with 
cuprous bromide (40 mg. ) followed by 3a-hydroxy-58-pregn-16- 
en-20-one acetate ( 2  g. )  in ether (200 nil.). The mixture was 
boiled under reflux for 4 hr., cooled, and treated with saturated 
aqiieous SHaCl (100 nil.). The product was isolated by extrac- 
tion with et'her, crystallization from ethyl acetate, and chroma- 
tography on alumina (60 g.). Elution with benzene-ether (1: I )  
gave a solid (0.9 g.), m.p. 140-142". Further crystallization did 
not raise the melting point; vmsp (in CSZ) 3620 and 1038 (equa- 
torial OH), 1710 (ketone), and 1354 cm.-' (COCH,). 

Anal. Calcd. for C??&Oe: C, i 9 . 5 ;  H, 10.9. Found: C, 
79.2; H, 10.9. 
5a-Pregn-l-ene-3,11,2O-trione (52).-2a-Rromo-5a-pregnane- 

3,11,20-trione8 (1.85 9.) in freshly distilled collidine (15 ml.) 
was boiled under reflux for 1 hr. The suspension was cooled, 
dilut,ed with an equal volume of dioxane, and filtered. The filtrate 
was washed with 2 -\- and water, dried, and evaporated. 
The residue was triturated TTith a little aqiieous methanol, and 
the solid was filtered off and chromatographed on alumina. The 
eluate was evaporated, and the residiie wits crystallized from 
aqiieoris methanol to give colorless needles: n1.p. 208-213"; [a10 
l.ioo; i:2H 229 mp (log 4.09); umaX (in C&) 1712 (ketones), 
1686 and 780 (A1-3-ketone), and 3355 em.-' (COCH,). 

*Inol. C a l d  for G1H&: C' ,  76.8; H, 8.6. Foiind: C, 
76.8; H, 5.4. 

3a,21-Dihydroxy-5~-pregnane-ll,2O-dione 3-Acetate (115).- 
3cu,2l-l)ihydrox!--~jp-pregiiane-ll,~~-dione diacetate4 (3.33 g., 

solution of KHCOZ (0.827 g., 8.27 mmoles) in water (8.27 ml.). 
The reaction mixture m s  shaken under nitrogen for 1 hr. a t  room 
temperature and poiired into water. Brine was added, and the 
product wzs isolated with CHC13; solution in benzene (30 ml.) 
and seedir.g precipitated 3aj21-dihydroxy-5p-pregnane-1l,20- 
dione (0.12 g.), which was removed by filtration. The filtrate 
was evaporated to dryness and the residue was crystallized from 
ether to give the monoacetate (2.225 g.), m.p. 133-136.5"; this 
still contained a little diol. Crystallization from wet ether pave 

- -  I .i mmoles) in methanol (333 nil., oxygen-free) was treated with a 

material with m.p. 134-136' (lit.$ m.p. 137-138'). 

70.3; H, 8.9. 

0 

Anal. C'alcd. for C~aH3405: C, 70.7: H, 8.8. Found: C, 

3a,21 -Dihydroxy-5p-pregnane-ll,20-dione 3-Acetate 21- 
Methanesulfonate (122).-3~,21-Dihydroxy-5p-pregnane-l1,20- 
dione 3-acetate (11.03; g.)  in dry pyridine (104 ml.) was cooled 
to -20" and treated with methanesulfonyl chloride (10.53 ml.). 
After 40 m n. a t  O", the mixture was poured into ire-water, and 
the precipii ate was crystallized from dry methanol; yield 10.02 
g., m.p. 15&157". Further crystallization from methanol gave 
material pi th  m.p. 182-164" m.p. 164.5-166'); [ a ] ~  
+llO"; vnah (in CHBr3) 1728 and 1255 (acetate) and 1710 cm.-' 
(ketone). 

Anal. Calcd. for C24H360iS: C, 61.5; H, 7 7 .  Found: C, 
61.9; H, 7.13. 

3~-Hydroxy-21-chloro-5p-pregnane-ll,2O-dione Acetate (127). 
-3a,21-Diliydroxy-5p-pregnane-l 1,20-dione 3-acetate (2.89 g.)  
was treated with methanesulfonyl chloride in pyridine a t  0" 
for 70 min. and the 21-methanesulfonate (2.2 g.)  was isolated as 
above; the mother liquors yielded another crop of crystals (0.31 
g.), m.p. 130-141°, which, on further crystallization from meth- 

(7) A. L. Nussbaum, T. L. Popper, E. P. Oliveto, S. Friedman, and I. 
\Vender, J .  Am.  Chem. SOC.,  81, 1228 (1959); P. F. Beal, .\I. A. Rebenstorf, 
and J. E. Pike, ibtd., 81, 1231 (1959). 

(8) B. J. Magerlein, J .  Org. Chem., 24, 1564 (1959). 
(9) L. H. Sarett,  J .  A m .  Chem. SOC., 71, 1165 (1949). 
(10) N. L. Wendler, R. P. Graber, and G. G. Hazen, Tetrahedron, 3 ,  144 

(1958). 



:inol, g:we n. sinall qwiiitity uf 127: ni.p. 183.5-1G5c; ICY~II 
+134"; v ~ , , , ~  (in CY:) 173s anti 1243 (acetat(,) and 1712 cni. 
i It et one), 

And.  Calcd. f u r  C2afIa:jC10~: (', tj7.5, 13. s.1; ( > I ,  S . 7  
Foiind: C, 6T.5;  H, 8.0; C1, 8.7. 

3a-Hydroxy-21-iodo-5/3-pregnane-ll,20-dione Acetate (128). 
--3or,21-Dihydrosy-5/3-pregnane-ll,20-dione 3-acetate 21-nieth- 
anesulfonate (1.4Oi g.) in drp  :tcetcnie (:35 ml.) was treated wit11 

g.) in  dry acetone (2s nil.), :ind the mixture !vas 
fliix for 13 inin., diiring which time a white solicl 

+eparated. JVater i 7  nil.) was addeti, niid the 

tiad n1.p. 144.5--14tio, unchanged 11)- vr>-stailiza 
:icetoile; [ L Y ] L )  +1:5i.5"; v , ,~ , , ,  iiii ( ' $ 2 )  1ZI4 :I 
:ind 171i) cni.--' (krtoiie). 

J n c t l .  ( h l i d ,  for C&JO~: C ' .  .j.j.2; 11, l i .7: I ,  25.4. 
Forinti: 

3o,21-Dihydroxy-5p-pregnane-ll,20-dione 21-Methanesulfo- 
nate (120).-- A soluticiii of :i~,21-tlihydrci~y-~~p-~~regnaiie-l 1>2(1- 
tlione 3-: ic~etatr  2 I-rnethiiiiesulfoiiate (8.05 g.) i i i  dr>- niethaiii~l 
(2x0  ni l . )  : i t  -20° tY:w tre tl Fvit h (ill' ; aqiieoiis peri,hlorii. 
:tiid l ( i  nil.) :inti stirrcd foi .  I 6  1ir. :it rooiii tc~iiip~riitiire. T l i v  
t i i i x t i i i ~ ~  1~:is theii l)i)iireil into I 1.) :111d t h l ~  prIIdul~t \v:ts 
i-iil:it i.11 wit li c~hlurofcirin :nid ized from eth!-l nc*etntr;  
4.32 g., ri1.p.  1iO-1723. A rei ecl sarnple had m.p. 17 
177'; vII1.,\ ( in S i i j o l )  Xi70 (bo  J 170.; !ketone). :id It  

(I)onded ketoiie ) .  

(Y'lltr>ltell i / l  C O C U O  : t I ld  cl)lJleli. 'rhe deplhitfd 

C', 35.0; 11, ti.6; I, 2 5 . 2 .  

. I u ~ / / .  Chlcd. for C,pHa40,S: (', ( i l . 9 :  H,  S.O. Fo1uid: ('. 
Ij2,:i; 11, % . I .  

21-Fluoro-3~-hydroxy-5p-pregnane-ll,20-dione (126 j.- -To :I 
stirred solutioii o f  the foregoing 21-niethanesulfonate (120) 
(1.0 g.) in tiiriiethylforniaiiii~le ( 3 0  nil.) \vas added dry potassium 
hydrogrn fluoride i 1.0 g.), and the mixture was stirred on the 
stearn bath under iiitrogen for 17 hr. T h e  mixture was cooled 
:incl ice-water (70  nil.) IWS added gradually; after being left :it 
5' for 24 Iir. the iolitl (459 nig.) w i s  filtered off arid warhed wit 11 
&-:iter. The filtr:it(, \vas diliited t i l  a. 300 nil. and extracted ~ i t h  
ettiyl awta te  t o  give ii  fiirther :Xti nig. uf mlid.  'The cornbinrd 
v~lid.* n-ere ch~onialogi~aphrd on Floi.i*il: (J l i i t i i i i i  with 10'; ettij.1 
 ti^ ate in benzene gave 272 mg. of miterial wliicli, after fl ir t  her  
vryhtallizution ironi eth>-l nc.etnte--l,etl.cileiirii ether, gave tiir 
~ ~ i ~ i i d i i i ~ t  ( 1  iii nig.), n1.p. 1% -202',  [n]u  +l:L-)'. l'he :iii:ilytil,:il 
s:iniple liad ni,p. 201-20::O. 

.incti. caicd. for c.l~r.I,mL: ( - ,  72.o: ti ,  's.!I. i ~ o l l ~ i l i ~  ( 3 .  

- 3 ,  ., . , -..). 11, s.9. 
3~-H~drox~-21-iodo-5~-pregnane-l1,20-dione.- - The 2 1 - 

riit:~hunesult'ciii:~te (1 .25 g. j i n  acetonca (28 nil.) WLS treated 
with 3-d (1.25 g. j in :il!etlJllf? (16 nil.)! aiid the niisturc &-:is boileti 
under reflux for 15 ni i i i .  A little wnter T ~ S  added t o  dissolvv 
the precipitute, m o s t  of the acetoiie \vas distilled, the residue 
was d i l i i td  with water, and the resulting oil  was extmrted with 
ether.. I';vupcir:tticin of the v-ashed x i t i  dried extr:ic,t giivr : I  

froth i 1 .:I g .)  that could not tie induced t o  cr) 
3a,21-Dihydroxy-5p-pregnane-l1,20-dione 21-t-Butylacetate 

(llS).----Crude :<a-hydroxy-21 -iodo-5p-prrgriar~r-ll,2O-dione ( 1.1 
g. j, prep:ircd its :iiiove, wis dissolved i n  acetiiiie ( I O  nil.) and 
:idtieti t ~ )  :t m l i i t i i i n  rif t-hiitylacetic acid (2.5 nil.) and triethyl- 
:imine i 1 .; nil.) i i i  :icetone ( 5  ml. j .  The  niistiire was boiled 
iiiidrr rrflrix for  2.5  lir., cooled, and added slo\vly to ice-water 
(251) nil. j. 'The i i l ~ i i ~ ~ J t 1 '  hyer  was decanted, the residtial giini \van 
tlismlvetl i n  c%t htinol, and the solvent ~i-:i+ evltpi~rated to leave :I 
I'rotli 1 I . I5  p. J n.hicli ma. chroinatogr2ii)lie(i on Florisil (30 
l~~liitiiiii w i th  5fy, ?thy1 :ic*etute in heiizeiie g:ivt. i7!1 ing. of mate 
\vi( I i  rii.1). % t ~  107". Aii  an:i1ytii~al >nniple, i 

r3thyl acetnit~--~~eticileiiiii  ether (h.p.  60--80" liad 1n.p. 102-106"; 
[ a ] I )  +!)So: vIIIRX ( i n  C S : )  :3tiOO (OH), 1744 arid I225 (21-wteri, 
1728 (20-ketone), and 1712 i ~ ~ i . - '  (ketone). 

.lnct/. C'alcd. for G:tf,,Kk: C, 72.G: f l .  !).5. Foiintl: (", 
72.4; H, $I,>, 

21-Acetylthio-3~-hydroxy-5~-pregnane-ll,2O-dione (124). -- 
:iol-EI~drolt~-21-iod1~-5p-pregnane-ll,20-dione (1.07 g. ) ,  prepared 
:is :tlwve, T V ~ S  dissolved in acetone 150 nil.) and added to a sus- 
pension of potassium tliioacetate (0 . i14  g.) in acetone (50 inl.). 
The mixture was heated under reflux in  :t stre:tni of nitrogen for 
2 lir., cooled, tirid most of the :icet,one was reriioved under reduced 
pressure. The product was isolated hy extraction with ethyl 
:ic.et:i te and chromatography on F lo r id  (50 g.). The materid 
0.77 g.) whicah was eluted with 5 and 10% ethyl acetate in beii- 
n l i i ~  :>nil wis i:ryst:illized from ethyl :ir,etate-I)etrnlriii~i cithcr 
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[from magnesium (1.0 9.) and methyl iodide (4.81 g.)] in ether 
(10 ml.), and the solution was boiled under reflux with stirring 
under nitrogen for 2 hr. Saturated NHaCl solution was added 
to  the cooled reaction mixture, and the product was isolated with 
CHCl,. The resulting froth was heated a t  100' for 1 hr. in acetic 
acid (40 ml.) with water (30 ml.) in order to remove the ketal 
group, and the product was again isolated with CHCL, and chro- 
matographed on alumina (120 g.). The first fractions (844 mg.), 
eluted with benzene containing up to 157, of ether, were mixtures, 
as judged from their infrared spectra. Benzene containing 25% 
ether eluted 547 mg. of crystalline material, which crystallized 
from ethyl acetate to give 103, ni.p. 192-195.5", [a10 +114.5". 
The infrarod spectrum in CHBr3 showed bands a t  3620 and 
870 (axial OH ) and 1700 em.-' (ketone). 

Anal. Calcd. for C~~Ha403: C, 76.3; H, 9.9. Found: C, 
76.0; H,  9.8. 

After elution of mixtures (130 mg.) with ether, 20% methanol 
in ether eluted 102 (326 mg.), which crystallized from ethyl 
acetate-hexane to give the analytical sample (196 mg.), n1.p. 
168-170", [ a ] ~  f112'. The infrared spectrurri in  CHBra 
showed bands a t  3600 and 91.5 (equatorial OH) aiid 1700 mi:-' 

(ketone). 
Anal. Calcd. for CnH3403: C, 76.3; H, 9.9. Found: C, 

76.0; H, 10.0. 
llp-Hydroxy-5a-pregnane-3,20-dione 3,20-Bisethylene Ketal. 

-5a-Pregnane-3,11,20-trione 3,20-bisethylene ketal16 (3.44 g.) 
and NaBH4 (1.7 g.) in ethanol (118 ml.) and water (12 nil.) were 
refluxed for 2 hr. Water was added, most of the ethanol was 
distilled, the residue was diluted with water, and the precipitate 
was crystallized from aqueous ethanol cont'aining pyridine. The 
118-hydroxy compound had m.p. 163-164"; [ a ] ~  +33"; vmax 
(in Nujol) 3620-3520 (OH), and 1100, 1080, and lor2 em.-' 
(ketal). 

Anal. Calcd. for C,jH4oOr: C, 71.4; H, 9.6. Found: C, 
71.2; H, 9.6. 

llp-Hydroxy-5a-pregnane-3,2O-dione (go).-The foregoing 
bisketal (2.84 g.) in acetic acid (80 ml.) and water (80 ml.) was 
heated a t  100" for 2 hr. 3Iost of the solvent was removed in 
oucuo, water was added, and the precipitated product (2.08 g., 
m.p. 224-228") was crystallized from acetone-hexane and from 
ethanol t o  give material: m.p. 230-231"; [ a ] ~  +117"; vmBX 
(in CHBr,) 3600 (OH), 1700 (ketone), and 1354 c m - l  (COCHs). 

.4na/. Calcd. for G1H3?03: C, 75.9; H, 9.7. Found: C, 
75.9; H,  9.7. 

ga,l  la-Epoxy-3p-hydroxy-5a-pregnan-20-one (61).-9a,l la- 
Epoxy-3p-hydroxy-5a-pregnan-20-one acetate" (2.0 g.) was boiled 
under reflux for 4 hr. with KHCO3 (1.4 g.) in methanol (24 ml.) 
and water (7.0 ml.). Water (10 nil.) was added, most of the 
methanol was removed in vacuo, then more water (ea. 100 ml.) 
was added. The crystalline precipitate (1.71 g.) was recrystal- 
lized to give a solid (1.175 g.): m.p. 180-183.5'; [ a ] ~  +45"; 
vmSx (in CHBr,) 3620 (OH), 1700 (ketone), 1358 (COCH3), and 
910 cm.-' (epoxide). 

Anal. Calcd. for C21H3203: C, 75.9; H, 9.7. Found: C, 
75.9; H, 9.6. 

Sp,llp-Epoxy-3p-hydroxy-5~-pregnan-20-one (63).-3p- 
Hydroxy-5a-pregn-9-en-20-one acetatel7 (2.0 g. ) in dioxane 
(100 ml.) was treated with 0.46 -17 aqueous perchloric acid 
(10 ml.) followed by N-bromoacetamide (808 mg.), added in 
one lot to the stirred solution, light being excluded. Sfter 35 min., 
aqueous sodium metabisulfite was added until the yellow color 
was discharged, followed by 2 XaOH (11 nil.) to bring the pH 
above 10, and sufficient water (30 ml.) to give a homogeneous 
solution. After 30 min., glacial acetic acid (10 ml.) was added to 
bring the pH to 6. The dioxane was removed in vaczm and water 
was added to precipitate a gummy solid (1.83 g.). 

This crude product was reacetylated by heating at  100" for 45 
min. in acetic anhydride (10 ml.) and pyridine (20 ml.). The 
mixture was evaporated in vacuo, finally with methanol, and the 
crystalline residue (1.9 g.) was taken up in ethyl acetate ( 5  ml.) 
and hexane (50 ml.) and charcoaled. The filtered solution was 
evaporated to  dryness and the residue was crystallized from 
aqueous methanol and then from hexane to give 9p,llp-epoxy-36- 
hydroxy-5a-pregnan-2O-one acetate (879 mg.): m.p. 115-118.5'; 
[ a ] ~  +84"; vmsx (in CSZ) 1738 and 1245 (acetate), 1710 (ketone), 
and 912 cm.-l (epoxide). 

(16) G. S. Fonken, J .  Org. Chem., 23, 1075 (1958). 
(17) C. Djerassi, H. Martinez, and G. Rosenkrans, ibid., 16, 1278 (1051). 

Anal. Calcd. for C23H~404: C, 73.8; H, 9.1. Found: C, 
74.0; H, 9.2. 

Hydrolysis by the method used for the corresponding !)a, l la-  
epoxide gave the 3p-alcohol: n1.p. 19C193"; la]" + l o l o ;  
vmax (in CHBr3) 3620 (OH), 1700 (ketone), 1358 (COCHa), and 
905 cm.-l (epoxide). 

Anal. Calcd. for C21H3203: C, 75.9; H, 9.7. Found: C, 
76.0; H, 9.7. 

11~,12~-Epoxy-5p-pregnane-3,2O-dione (139).-5p-Pregn-11- 
ene-3,20-dione18 (2.0 g.) in CHC1, (40 nil.) was treated with 
3 S monoperphthalic acid in ether (10 ml.) and after 16 hr. the 
mixture Tyas wrashed with aqueous SaHC03 and water. After 
removal of the solvent in m", the product was crystallized from 
ethyl acetate-hexane and from methanol; yield 1.03 g., m.p. 

Anal. Calcd. for CnlHaoOa: C, 76.3; H, 9.1. Found: C, 
76.2; H, 9.0. 

3p-Hydroxy-D-homo-5~-androstane-ll,l7a-dione (147) was 
prepared from the corresponding 3-acetatelg (2.1 g.), which was 
boiled under reflux for 4 hr. with methanol (24 nil.) and 2047, 
aqueous IIHCO;$ ( 7  nil.). 1)ilntion witti water and c-rystalliza- 
tion from acetone-hexane gave the :3-alrciticil ( 1 . 1 3  g.): 1n.p. 
171-172'; [ a ] ~  -21.8' ( c  2.4);  vmnl (in CS,) 3620 (OH) and 
1715 cm.-' (ketone). 

Anal. Calcd. for C?oH3003: C, 75.4; H, 9.5. Found: C, 
75.3; H, 9.5. 

3p,17-Dihydroxy-5a-pregnane-ll,20-dione 3-Formate.-A 
suspension of 3p, 17-dihydroxy-5a-pregnane-ll,20-dione20 (5.0 
g.) in benzene (250 ml.) was treated with 98% formic acid (50 
ml.) and the mixture was slowly distilled, 150 ml. of distillate 
being collected in 2 hr. Benzene (200 ml.) was added and the 
distillation was continued until formic acid no longer passed over. 
The mixture was evaporated to dryness in vacuo, and the residue 
was crystallized from benzene; 4.3 g.;  m.p. 207-211'; [ a l ~  
+15" ( c  2 . 5 ) ;  vlnax (in CS,) 1725 and 1180 (formate) and 1700 
cm. (ketone). 

Anal. Calcd. for C22H3206: C, 70.2; H, 8.6. Found: C, 
70.5; H, 8.4. 
3p,l7~-Dihydroxy-17p-methyl-D-homo-5~-androstane-l1,17a- 

dione (148).-The furegoing formate (4.2 g.) in dioxane (100 ml.) 
was treated with boron trifluoride etherate (3 nil.) a t  room teni- 
perature for 23 hr. The mixture was diluted with water and 
filtered, and the product was crystallized from methanol to give 
3pJ7a-dihydroxy-17p-methyl -D - homo-5a -androstane - 11,17a- 
dione 3-formate (1.01 g.); m.p. 172-174"; [ a ] ~  $39.0" (e 2.02, 
dioxane); vmRX (in CS2) 1T24 and 1180 (formate) and 1710 cm.-1 
(ketone). 

Anal. Calcd. for C2?H3?0;: C, 70.2; H, 8.6. Found: C, 
69.8; H, 8.7. 

Hydrolysis of this ester (360 mg.) by heating on the steam 
bath for 1 hr. in 50% aqueous acetic acid (10 ml.) gave the 3,17- 
diol which, after crystallization from acetone-petroleum ether, 
formed needles (169 mg.), m.p. 209-210", [ a ] D  +56" ( e  1.86, 
dioxane). The infrared spectrum in CHBra showed bands a t  
3600 and 3500 (OH) and 1715 and 1705 em.-' (ketone). 

And .  Calcd. for C,,H3,04: C, 72.4; H, 9.3. Found: C, 
72.3; H,  9.3. 

Preparation of Hemisuccinates. Method A.-The alcohol 
and an equal weight of succinic anhydride in about 10 vol. of 
pyridine were kept a t  room temperature for about 24 hr. The 
solution was poured onto 10 vol. of ice and water and acidified 
with HC1. The hemisuccinate was collected by filtration (or, 
rarely, by extraction), dried, and crystallized. 

Method B was identical with method A, except that the re- 
action was carried out a t  100" for ea. 4 hr. 

Method C was identical with the foregoing, but the reaction 
was carried out a t  the boiling point for 4 hr. 

The compounds prepared in these nays are liated in Table I ;  
any significant departures from these methods are noted in foot- 
notes to the table. 
3p,l7-Dihydroxy-5a-pregnane-ll,20-dione 17-Acetate 3-Hemi- 

succinate (46).-3p,17-Dihydroxy-5a-pregnane-11,20-dione 3- 
hemisuccinate (Table I )  (0.4 g.) in a mixture of acetic acid (20 
ml.) and acetic anhydride ( 4  ml.) was treated with toluene-p- 

180-183", [ G ] D  +83". 

(18) Purchased from Canada Packers Ltd. 
(19) D. H. R. Barton, A. da S. Campos-Neves, and A .  I. Scott, J .  Ckeni. 

(20) D. H. R. Barton, R.  RI. Evans, J. C .  Hamlet, P. G .  Jones, and T. 
SOC., 2698 (1957). 

Walker, ibzd., 717 (1951). 
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sulfonic acid hydrate (0.4 g.). After being left for 2 hr. at, ronm 
temperature, the reaction mixt'ure was poured into ice-water, 
and the precipitate was filtered off, dried, and dissolved in cold 
ethyl alcohol (25 ml.). The filtered solution was treated with 
NaHC03 (0.25 g.) in water (4 ml.), diluted with wat'er (200 ml.), 
and filtered through kieselguhr. Acidification of the filtrate with 
2 N HC1 and crystallization of the precipitate from ethyl acetate- 
petroleum ether (b.p. 40-60") gave the product (0.22 g.): m.p. 

. . . . . . .  ?" 2 :nz 197-199" (slight previous sintering); [ a ] ~  f11.4"; vmax (in 
2 2 2 $ E $ F . g 9 $ pl'ujol) 1732 and 1250 (acetate), 1732 and 1175 (hemisuccinate), 

I: * e, Anal. Calcd. for CZiH3808: C, 66.1; H, 7.8. Found: C, 
+ ._ 3 -f 66.0; H, 7.7. 

h e = f  - d - G b -  3p-Hydroxy-5~~pregnane-ll,20-dione 3-Disodium Phosphate 
z o - I: (34).-3p-Hydroxy-5~pregnane-l1,20-dione~~ (5.48 g., 0.0165 

treated with a solution of dibenzyl phosphorochloridate (0.048 
mole) in CC1, (120 ml.). After 2 days at  room temperature, 

washed with 2 iV HC1 and saturated aqueous NaHC03 and dried 
(Na,S04). Removal of the solvent in uaczm gave a gum, which 

3 s p '" - -  - . - . & X X C i G G X X X X b b ' I ) %  Q Z * L Z E  as gz 2 
? ?? ? 1 7 * + X f. * t. T. - 
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and 1708 cm.-' (ketone and CO?H). 

L g;Ss! 

g2?>5 ='= Q 

g ,s r: x, 

% % % % % q ~ % c & , , , , %  5 g  k z a s  
" Z W  y-42 

- 
u 2- A= * 2 x mole) in dry CHC1, (160 ml.) and dry pyridine (18 ml.) was 

CHC13 was added to give a homogeneous solution, which was 

*o A- 2 0  
e 

w w m  m . , - F i m w F i  
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-. - 3 52-G 4* was extracted with boiling ether. Removal of the &her gave = x r- 2 i 2 2 ?? g ,,=;, + X " Z "  
3 x t . - w - i 5 a -  x - 'I) - m ~ * + 2 crude 3p-hydroxy-5a-pregnane-ll,20-dione 3-dibenzyl phosphate + + + + + + + + +  
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4- f f f '' 7 ' - ' 2 Z0.' I A2 S &So4 (0.4 ml.) and hydrogenated a t  room temperature and c ' U , O S m -  

; 5 2 G Z  7 ;  

4 pressure in presence of 10% Pd-C (0.997 g.) (approx. 2 hr,) .  
The catalyst was filtered off and the filtrate was concentrated to c I . m T ^ L T m L ? O  - ? P a *  . * b i t s  I 

small volume in oacuo. The residue was taken up in methanol aG-L:cc t .h  . * .Q=-aCDead.  l , / ;<cg; 
1 1  - .  ' = . E  2 4 5 g $ c: (40 ml.) and water ( 8  ml.) and titrated to pH 9.4 with 2 X KaOH - - N - - ri ri 4 - PI - + Z '$  $ 2s solution. The volume was adjusted to 260 ml. by the addition of 

3 methanol and the solution was left a t  0" overnight. After filtra- 

~ - - ~ ~ x ~  
tion through kieselguhr to  remove inorganic phosphate, evapora- 

a 4 5 * E  ;$ tion to dryness under reduced pressure gave the crude steroid 
disodium phosphate. This was shaken for 4 hr. a t  room tem- 

&- 2 '2 A x  . perature with methanol (160 ml.) and the resultant cloudy solu- 

~ ~ ~ ~ =; zl cl) T? t. ,@ ~ ~ C: 
tion was filtered through kieselguhr to  remove traces of inorganic 

ri 4 -  n c k ? t .  phosphate. Evaporation of the filtrate in uaczm gave t,he product 

1 1  ~ 3 Fz as a white solid (5.76 g.). Crystallization was effected by dis- 
solving the product in a hot mixture of ethyl acetate (80 ml,), r-. x 

7 9  : F; c - ?j 4 q methanol ( 3 5  ml.), and water (15 ml.). The resultant hot, clear 
E 6 solution was treated with ethyl acetate (50 ml.), and the solution 

m was cleared by the addition of a few drops of water. Cooling 
, c3 o1 $ this solution afforded 2.72 g. of glistening plates: m.p. 220- 

228" (cap.); [a]D +81° (c 0.802, water); vmaX (in Nujol) 1703 
2 C. E 3: F3 yl 3: 3: 4 a -r: a 3 - ti ~si.? (ketone), 1140-1090and980cm.-1(phosphate). 

2% 2.2.- bo Anal. Calcd. for C?iH31Na20J'.3H20: C, 49.4; H, 7 , : < :  
0 . 3 r: . x P, 6.1. Found: C, 49.9; H, 7.1; P, 5.3. = i 

- = * m o .z -.& - u -3cu-Hydroxy-5p-pregnan-20-one (2.42 g.) was phosphorylated as 
43  t 5 3 - - described above for 34-hvdroxv-5a-~reenane-ll,20-dione. The 
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B 
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(9.43 g.), which was dissolved in ethanol (100 ml.) containing 0.5 
4 
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Y 3a-Hydroxy-5p-pregnan-20-one 3-Disodium Phosphate (67). 1 - 2  

5- 
3 

i t.l 

_.1 - 
=.,3 .E 5J L~ - - product [2.092 g.; dried a"t 105' (O.l*mm.) for 8 hr.] crystallized 

5 5  $ a m ,  c: 
3 c.- u +  

c: ' ,2:Q S K  5 s.E 2 6 z? Anal. Calcd. for C21H33Na205P.3H20: C, 50.8; H, 7.9; 

u - T * 2 $ 0  3~Hydroxy-5p-pregnane-11 ,%O-dione 3-Disodium Phosphate 
II 2 2 2 (91).-3a-Hydroxy-6p-pregnane-l1,20-dione(2.35 g., 7.08mmoles) 

$ 2  '* 2 in dry ether (25 ml.) and dry pyridine (18 ml.) was cooled to -70" 
U 2 5 :; .$ 2 and treated with dibenzyl phosphorochloridate (20 mmoles) 
9% 2 2 x ~1 2 in CC1, (15 ml.). The mixture was kept a t  -70" for 20 min. 
S Z  Q, ' 5  5 7 2  with occasional shaking and then for 16 hr. a t  ca. -43". Benzyl 

alcohol (2 ml.) was added, and the mixture was left for a further 
2 2 . ?o 2 hr. a t  -23". Ether (200 ml.) was added and the oreanic 

as plates, m.p. 270-285", [ a ] ~  +88.5" ( c  1.49, water). 

P, 6.2. Found: C, 50.3; H, 8.1; P, 6.5. 

- v  

.- 5 LA ti 
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phase was washed with HC1 and KaHCOa and then dried. Re- 
moval of the solvent left a pale yellow oil (9.17 g.) which was dis- 
solved in ethyl acetate (100 ml.) containing 2 S H2S04 (0.1 ml.) 
and hydrogenated a t  room temperature and pressure in presence 
of 10% Pd-C (0.86 g.). Hydrogenation was complete (1190 ml., 
a t  N T P )  in 2.6 hr. After removal of the catalyst by filtration, 
the filtrate was evaporated in ~ C U O  to a white froth (4.5 g.), which 
was dissolved in methanol (35 ml.) and water (10 ml.) and ti- 
trated to pH 9.9 with 2 A' XaOH. Methanol (100 ml.) was added 
and after 1 hr. a t  5' inorganic phosphate was filtered off. The 
filtrate was evaporated to dryness in z"xo and the treatment with 
methanol was repeated. The solid obtained by evaporation was 
extracted with two 40-ml. portions of boiling benzene, and the 
residue was thoroughly dried (P206) and crystallized from a mix- 
ture of ethyl acetate-methanol-water (59:32:9 by vol.). The 
product separated as crystals (63.5y0 yield): [LY]D +107" (c 
1.05, water); vmaX (in Nujol) 1705 (ketones) and 110G990 
em.-' (phosphate). 
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heated for 30 min. on the steam bath and then left for 3 days a t  
room temperature. After being poured into iced A' HC1 (150 
ml.), the solid material was filtered off, dried, and recrystallized 
once from wet toluene and once by dropwise addition of water 
to an  ice-cold solution of the derivative in aqueous acetone 
( 1 : l ) .  The crystalline product (1.1 9.) had m.p. 65-68'; [.ID 
+118" ( c  1.19, dioxane); vmax (in Xujol) 1735 and 1220 (ester), 
and 1720 and 1708 cm.-l (ketone). 

Anal. Calcd. for C?5H&.0.5H20: C, 63.6; H, 8.1. Found: 
C, 65.1; H, 8.3. 

Hemiphthalate (96).-3oc-Hydroxg-5p-pregnane-l1,20-dione ( 2  
g.) and phthalic anhydride (935 mg.) were dissolved in pyridine 
(15 ml.), left a t  room temperature for 20 hr., and then heated on 
the steam bath for 1.5 hr. l h e  solution Tvas poured on to iced 
dilute HC1 and the solid material was filtered off. Purification 
was achieved by dissolving the crude hemiester in dilute NaHCOa 
solution, acidifying with dilute HC1, and recrystallizing the 
product twice from ethyl acetate-petroleum ether (b.p. 40--60°) 
to give the hemiphthalate (1.19 g . ) ;  m.p. 220-221' (cap.): [ a ] D  
+104O (dioxane); vmax (in Nujol) 1728 and 1290 (benzoate), 1705 
(ketone), and 1688 em.-' (CO,H). 

Anal. Calcd. for C49H3606: C, 72.5; H, 7.<5. Found: C, 
7 2 . 5 ;  H, 7.7. 

Hemi-N-acetyl- glutamate (lQl).-N-Acetyl-~-glutaniic an- 
hydride (1.99 g.) and 3a-hydrosy-5p-pregnane-ll,20-dione (4.05 
g.) in pyridine (10 ml.) were heated on the steam bath for 1 hr. 
and left for a further 2.5 hr. a t  room temperature. The mixture 
was poured into iced water which was then just neutralized by 
the addition of dilute HC1. The flocculent amorphous precipi- 
tate was removed by filtration and partitioned between dilute 
XaHC03 and ether. The combined aqueous extracts were washed 
with ether and then poured onto iced dilute HC1. The amor- 
phous precipitate was filtered off, dissolved in methanol, and 
charcoaled. Evaporation in vacuo gave an oil which was again 
dissolved in dilute XaHC03 and reprecipitated with dilute HC1 
to give a solid: m.p. 105-115"; [.ID f95.5' ( e  1.9, dioxane); 
vmax (in CHBr3) 3400 (XH),  1720 (ester), 1705 and 2600 (C02H), 
1705 (ketone), 1675and 1516 cm.-l (COSH).  

Anal. Calcd. for C:8H41X0i.0.5H?O: C, 65.6; H,  8.2. 
Found: C, 65.3; H, 8.1. 

Ch1oroacetate.-To a solution of 3a-hydroxy-58-pregnane-11,- 
20-dione ( 5  g.) in dry alcohol-free CHC1, (50 ml.) was added a 
solution of chloroacetic anhydride (2.5 9.) in pyridine (2 .5  ml.), 
and the mixture was left a t  room temperature for 16 hr. The 
solution was then washed with dilute HC1, dilute NaHC03 
solution, and water. The dried solution was evaporated in 
vacuo, and the residue was recrystallized from ether-petroleum 
ether (b.p. 6&80"), ether, and finally dry methanol to give the 
analytical sample: m.p. 98-101"; [CY]=  +129" ( c  1.23, dioxane); 
vmaX (in CSP) 1758 and 1182 (chloroacetate), 1710 (ketone), and 
1358 cm.-' (COCH,). 

.4nal. Calcd. for CY3H33C104: C, 67.5; H, 8.1; C1, 8.7. 
Found: C,67.2; H,8.1; C1,8.5. 

1odoacetate.-The foregoing chloroacetate (3  g.), NaI (3 g.), 
and acetone (75 ml.) were refluxed for 1.5 hr. After removal of 

most of the solvent' in v a a ~ o ,  water (50 ml.) was added, and the 
product was isolated with ether and crystallized from ether- 
petroleum ether (b.p. 60-80") and then ether; m.p. 115-117'; 
[ W I D  +9%5O ( e  1.04, acetone); vmaX (in CS,) 1730 and 1270 (iodo- 
acetate), 1710 (ketone), and 1358 em.-' (COCH,). 

Anal. Calcd. for CP3H33104: C, 55.2; H, 6.7; I, 25.4. Found: 
C, 55,.5: H, 6.7; I, 25.0. 

Aminoacetate (97).-The iodoacetate (2  g.) in acetone (25 
ml.) was added slowly to liquid NHJ (abcut 1 ml.), and the mix- 
ture allowed to stand for 15 min. After evaporation of the sol- 
vent, the residue was partitioned between ethyl acetate and dilute 
HC1. The aqueous phase was poured into dilute NaHC03 
and extracted with ethyl acetate. The residue (259 mg.), after 
evaporation of the ethyl acetate, was again dissolved in dilute 
HC1, charcoaled, and basified with SaHC03 to give the aniino- 
acetate (123 mg.) as an amorphous solid: m.p. 73-77"; 
f l l 5 '  ( e  1.45, dioxane); umax (in CHBr3) 3410 (NH),  1735 and 
1218(ester), and 1712 cm.-'(ketone). 

And.  Calcd. for C ? ~ H S ~ X O ~ . O . ~ H P O :  C, 69.3; H, 9.1. 
Forind: C, 69.2; H I  9.0. 

Diethylaminoacetate (98).-The iodoacetate (1.5 g.) in acetone 
(60 nil.) containing diethylamine (0.75 ml.) was refluxed for 1.5 
hr. Evaporation of the solvent gave a mixture of crystals and 
oil which was crystallized from ether to give the crude diethyl- 
aminoacetate, n1.p. 87-89'. It was dissolved in dilute HC1 and 
the solution was charcoaled and basified with KaHC03. Ex- 
traction with ether and recrystallization gave the analytical 
sample with m.p. 89-91'; [ a ] D  +119" ( c  1.16, dioxane); vmsx 
(in CSu) 1730 and 1190 (ester), 1710 (ketone), and 1358 cm.-l 

Anal. Calcd. for C2iH43X04: C, 72.6;  HI 9.7; S, 3.1. 
Found: C, 72.8; H, 9.9; N, 2.8. 

Diethylaminoacetate Ethiodide (99).-The iodoacetate (512 
mg.) in acetone (20 ml.) was treated with triethylamine (0.25 ml.), 
and the solution was refluxed for 2.5 hr. After removal of solvent 
the residue was found to be insoluble in water and so was again 
refluxed in acetone (20 nil.) with triethylamine (1 ml.) for another 
2 hr. The residue, after evaporation of solvent, was soluble in 
hot water. Crystallization from acetone-hexane gave the eth- 
iodide (248 mg.), m.p. 197-200"; a second crop (125 mg.) had 
m.p. 192-194". Recrystallization from acetone-hexane gave the 
analytical sample with m.p. 203-206'; [ a ] n  $97.5' (c 1.34, 
aqueous dioxane); vmhX ( in  CHBr3) 1735 and 1226 (ester), 1700 
(ketone), and 1360 cm.-' (COCH,). 

Anal. Calcd. for CfgH48IS04: C, 57.9;  H, 8.0; I, 21.1; S, 
2.3. Fonnd: C,57.6; H,8.0;  I, 20.6; N,2.1.  

Morpholinoacetate Methiodide (loo).-The iodoacetate (750 
mg.) in acetone (30 ml.) containing S-methylmorpholine (1 nil.) 
was refluxed for 30 min. The mixture was cooled and filtered to 
give the niethiodide (550 nig.): n1.p. 228-229", unchanged by 
crystallization from methanol; [ a ] D  +87.5' ( c  1.08); vlnnx ( in  
CHBrs) 1'735 and 1228 (est,er), 1700 (ketone), and 1360cm.-l 

d n a l .  Calcd. for C Y ~ H ~ ~ I S O ~ :  C, 55.9; H, 7.4; I, 21.1 

(COCH3). 

(COCH,). 

Found: C, 55.6; H, 7.4; I, 20.7.  


