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Acetate 4c.-From sulfoxide 2c as described for 4b. The crude 
crystalline product was obtained in 70% yield and showed two 
spots on tlc. It was recrystallized from ethyl acetate to give an 
analytical sample, mp 157-MOO, which showed one spot and 
vz?:' 1730, 1755, 3600 em-'. 

Anal. Calcd for CZlHzsNOs: C, 68.19; H,  7.54; N, 3.62. 
Found: C, 68.39; H ,  7.78; N, 3.38. 

Chromatography of the mother liquors afforded a very small 
amount of another solid which was not investigated further. 

Bromo Salt 5b.-Seventy grams of ester 5a was converted into 
its free base and brominated as described previously.' Crude 
salt 5b was used directly for preparation of 5c. A sample was 
recrystallized from methanol for analysis: mp 182-185'; 
Y:.U:O' 1560, 1600, 1610, 1730, 3200 cm-l. 

Anal. Calcd for C20H2bNOdBr2: Br, 31.76. Found: Br, 
31.94. 

Keto Salt 5c.-The crude salt from the above preparation w&s 
treated with silver nitrate in acetonitrile as previously described.' 
Crude salt 5c was used directly for preparation of ester Id. A 
sample was recrystallized from methanol for analysis: mp 140- 
143"; YE$ 1550, 1590, 1610, 1725, 1740, 3500 cm-l. 

Anal. Calcd for C20Hz4N09C1: C, 52.47; H ,  5.78; C1, 7.74. 
Found: 

Ester Id.-The crude salt 5c from the above preparation was 
reduced with potassium borohydride as previously described.' 
The crude base Id was used directly for preparation of sulfoxide 
2d. A sample was recrystallized from ethyl acetate-hexane for 
analysis: mp 158-160'; Y:~".:"' 1710, 3350, 3475 cm-'. 

Anal. Calcd for C2[,HuNOj: C, 66.46; H,  7.53; N, 3.88. 
Found: C, 66.56; H,  7.70; N,  4.01. 

Sulfoxide 2d.-Prepared from ester Id in 70% yield. The 
aroduct was recrystallized from acetonitrile: mp 204-206'; 

C, 52.33; H ,  ij.54; C1, 7.77. 

;E:;' 1705, 3300, 3600 em-'. 
Anal. Calcd for C ~ ~ H ~ N O L S :  C. 61.89: H ,  7.17; S, 7.87. 

Found: 
Tlc [methanol-chloroform (20: SO)] showed two sharp spots of 

Ri ca. 0.6. 
Acetate 4d.-Carried out as described for 4c. The crude 

residue from the Raney nickel treatment (55y0) crystallized 
readily and was recrystallized from ethyl acetate for analysis: 
mp 191-193'; YE::' 1730, 1755, 3400, 3450 cm-l. 

Anal. Calcd for C22HZgNOB: C, 65.49; H, 7.25; N, 3.47. 
Found: C, 65.69; H,  7.31; N, 3.76. 

Registry No.-ld, 21273-53-0; 2c, 21273-54-1 ; 2d, 
21273-55-2; 4a, 21273-56-3; 4b, 21273-57-4; 4c, 

21273-62-1; 6a acetate, 21273-61-0. 
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For use as a preciirsor in the synthesis of organometal 
substituted steroids, i t  became necessary to prepare 
3,5a-dichloro-3,5-seco-A-norcholestane (8). The de- 
sired compound has the chlorines in 1,5 positions rela- 
tive to each other, and possibly could be treated in a 

(1) Part  of Ph.D Thesis of A.  B., University of Cincinnati, 1969; Institut 
fur Okologische Chemie, Birlinghoven, Germany. 

number of ways with ring closure to give cholestanes 
containing a heteroatom in the 4 position. 

Reduction of Windaus' keto acid ( l ) 2 t 3  with lithium 
aluminum hydride led to a mixture of diols, 3,5-seco-A- 
norcholestane-3,5a-diol (2) and 3,5-seco-A-norcholes- 
tane-3,5/3-diol (3) (Scheme I), These were separated 
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by column chromatography and identified by compari- 
son of their optical rotations with those reported by 
Edward and Morande for the known epimeric diols. 

Initial attempts to react the 3,5a-diol(2) with thionyl 
chloride, a reaction which should proceed with retention 
of configuration to give the desired 3,5a dichloride, 
yielded only an  oily mixture of unidentified composi- 
tion. Reactions of the 3,5/3-diol (3) with (1) phosphorus 
pentachloride, (2) triphenylphosphine and carbon 
tetrachloride or carbon te t rabr~mide,~ (3) benzene- 
sulfonyl chloride followed by reaction with bromide 
ion, or (4) phosphorus oxychloride,6 all which would 
normally result in inversion of configuration, yielded 
only the known' cyclic ether 4-oxa-5 a-cholestane (4).899 

The desired dichloride (8) was finally obtained by a 
sequence of reactions in which the diol monoacetate 5 
was converted into the 5cu chloride 6 with triphenyl- 
phosphine in carbon t e t r a ~ h l o r i d e , ~ , ~ ~  followed by hy- 
drolysis to the carbinol 7 (Scheme 11). Repetition of 
the chlorination reaction gave 3,5cu-dichloro-3,5-seco- 
A-norcholestane (8) in an over-all yield of 32% from 
the diol 3. 
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(2) A. Windaus, Ber., 39, 2008 (1906). 
(3) J. T. Edward, D. Holder, W. H. Lunn, and 1. Puskas. Can. J .  Chem., 

(4) J. T. Edward and P. F. Morand. ibid., 38, 1325 (1960). 
(5) J. Hooz and S. S. Gilani, Can. J .  Chem., 46, 86 (1968). 
(6) N. J. Doorenbos and M. T. Wu, J .  Org. Chem., 26, 4550 (1961). 
(7) G. R. Pettit and T. R. Kastori, ibid., 26, 4557 (1961). 
(8) For general methods of preparing oxa steroids, see "Steroid Reactions, 

and Outline for Organic Chemists," C. Djerassi, Ed., Holden-Day, Inc., 
San Francisco, Calif., 1963, p 490, 492. 
(9) An attempt to convert S into 3,5-o-dibromo-3,5-seco-A-norcholestane 

with triphenyldibromophosphorane'o was unsatisfactory. 
(10) G. A. Wiley, R.  L. Hershkowitz, D. M .  Rein, and B. C. Chung, 

J .  Amer. Chem. Soc., 86, 964 (1964). 
(11) J. B. Lee and I. M .  Downie, Tetrahedron, Z8, 359 (1967). 

39, 599 (1961). 
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Experimental Section 

The melting points were determined on a Mel-Temp apparatus 
and are uncorrected. Most of the reactions were run under an 
inert atmosphere and anhydrous conditions. Analyses were 
performed by A. Bernthardt, Mulheim, Ruhr (Germany), and 
Galbraith Laboratories, Knoxville, Tenn. 
3,S-Seco-A-norcholestane-3,5-diol Epimers (2 and 3).-A sus- 

pension of 97.0 g (0.24 mol) of 5-oxo-3,5-seco-A-norcholestan-3-oic 
acid (1) in 1 1. of anhydrous ether was added over a period of 40 
min to 27.0 g (0.71 mol, a fourfold excess) of LiAlH4 suspended 
in 400 ml of anhydrous ether and cooled in an ice bath. After 
stirring overnight the excess LiAlHa was destroyed by cautious 
addition of ethanol and then water. A precipitate was filtered 
off, washed, and dried; the ether was then evaporated to yield 
89 g (94Yc) of solid. Therewas no carbonylpeak in its irspectrum. 
Tlc of the product (ethanol-chloroform, 1:12, on silica gel) 
showed two major spoh with Rr values of 0.29 and 0.37. At- 
tempts to separate these by recrystallization from benzene or 
acetone were unsuccessful. 

The epimers were separated by chromatography on a 2 X 20 in. 
silica gel column employing chloroform as the initial solvent. 
Tlc was used to check the fractions. The faster migrating epimer 
started coming off after several liters of solvent had passed 
through the column. A small amount (2-3% of the sample) of a 
fast moving side producit was discarded with the forerun. After 
several more liters of solvent had passed through, the eluate 
contained a mixture of t,he two epimers. At this point an ether- 
chloroform mixture (1: 10) was used until the last of the faster 
epimer had been eluted. The column was then washed with 
tetrahydrofuran, the slower epimer coming off in the first 300 ml. 
It was found that the best procedure was to overload the column 
with the epimeric mixture (about 40 g) and to simply rechromato- 
graph the middle, mixed fractions. 

3-Acetoxy-3,5-seco-A-norcholestan-S~-ol (5).-A solution of 
17.50 g (0.045 mol) of 3 in 200 ml of pyridine was cooled in an 
ice-salt bath. To this was added dropwise 3.8 ml (a 5YC excess) 
of acetyl chloride over a 5-min period. The reaction was cooled 
and vigorously stirred during and after addition. It was con- 
tinued for 11 hr while the bath gradually warmed to room 
temperature. 

The solution was poured into ice water and extracted with 
ether. The extract was washed with ice-cold 5% HC1 until the 
wash remained acidic, and then with saturated NaCl solution. 
The extract was dryed over anhydrous NazSO4 and the ether was 
removed to yield an oil. This was chromatographed with chloro- 
form on a 2 X 20 in. silica gel column to yield 1.58 g of material 
which tlc showed to be mostly the monoacetate. The column 
was washed with tetrahydrofuran to give 3.7 g of solid. Since 
this contained a considerable amount of the starting diol, it was 
processed a second time BS above. 

All of the monoacetate fractions were combined and recrystal- 
lized from acetone-water to yield 15.04 g (83%) of 6 ,  mp 84-86'. 
A small portion was recrystallized again, leading to a product 
meltingat 85-87'with [ L Y ] ~ ~ D  + 17.5' (CHCL). Anal. Calcdfor 
C Z ~ H ~ O O ~ :  C, 77.36; H,  11.59. Found: C, 77.83; H, 11.75. 
Sa-Chloro-3,S-seco-A-norcholestan-3-ol (7).-To a solution of 

16.53 g (0.038 mol) of 5 in 150 ml of CCl, was added 50.0 g 
(0.19 mol) of PhaP. The reaction was carried out in a flamed-out 
flask under argon. The steroid had been dried overnight in a 
vacuum desiccator over Drierite and the PhaP was dried in an 
oven a t  65'. The CClr had been freshly distilled from P~OS.  

The reaction mixture was magnetically stirred and kept in a 
95' bath. The mixture soon became cloudy and a white pre- 
cipitate started to form. After reacting for 1.75 hr it gradually 
turned yellow. Some ethanol was then added (the solution 
turned colorless) and the reaction was heated for an additional 0.75 
hr. After the reaction mixture wm concentrated to about one-half 
its original volume, 50 ml of 5YC HCl was added along with about 
100 ml of 95Yc ethanol to yield a homogeneous solution. This was 
refluxed for 7 hr and then stirred at  room temperature for an 
additional 10-hr period. The solution was poured into water and 
extracted twice with ether. The extract was washed with water, 
dilute NaHCOa solution, and saturated NaCl solution, filtered 
through anhydrous NaZSO4, and brought to dryness. The residue 
was extracted with 40-60' ligroin and filtered to remove in- 
soluble PhaPO. The filtrate was twice more concentrated and 
filtered, then evaporated to dryness to yield a yellow oil. The 
first fractions to come off contained the unhydrolized ester (tlc), 
and this was collected and refluxed in a solvent mixture consisting 

of 100 ml of ethanol, 4 ml of concentrated HCl, and 25 ml of 
water for 17 hr and then processed as above to purify it. 

The fractions from all of the above operations that contained 
the desired product were combined to yield 11.68 g of oil which 
slowly solidified. On tlc the crude product showed three con- 
nected spots, with Rr values (CHCL on silica gel) of 0.30, 0.35, 
and 0.39. From a previous run it was known that the spot with 
Rf 0.30 was caused by the desired product. 

The crude material was recrystallized twice from acetone- 
water to give 7.10 g (45%) of 7 as white needles, mp ?02-110'. 
A small amount was recrystallized further to give the analytical - 
sample, mp 108-110". 

Anal. Calcd for CPRH&lO: C. 75.96: H ,  11.53. Found: , .  .. . 

C, 76.61; H,  11.79. 
3,S-~-Dichloro-3,S-seco-A-norcholestane (8).-A solution of 

7.10 g (0.0173 mol) of 7 in 50 ml of CC14 was prepared in a flamed- 
out flask under argon. To this was added 21.0 g (0.08 mol) of 
Ph3P and the reaction was stirred while immersed in a bath kept 
a t  100'. A white precipitate soon formed and after 60 min the 
solution suddenly turned yellow. Ethanol (40 ml) and dilute 
HCl(1 ml of concentrated HC1 + 3 ml of water) were then added 
(the solution became colorless) and the mixture was refluxed for 
an additional hour. It was poured into water and worked up as 
above. Tlc (40-60' ligroin on silica gel) of the resulting crude 
oil showed two major spots with Rf values of 0.60 and 0.83 plus 
several much smaller spots. 

The oil was chromatographed on a 2 X 20 in. silica gel column 
using 40-60" ligroin. All fractions yielded oils, but the one con- 
taining only the spot with Ri 0.60 crystallized on standing over- 
night. Using seed crystals, this fraction and all other fractions 
containing that spot were crystallized from acetone as prisms. 
The total yield of 6.39 g (86Yc) of 8 was obtained, melting between 
90 and 93". The highest melting crops melted at  91-93' with 

Anal. Calcd for C Z ~ H ~ B C ~ ~ :  c ,  72.70; H,  10,80. Found: 

Registry No.--S, 21273-50-7; 7, 21273-51-8; 8, 
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[ L Y ] ~ ~ D  +33.8" (CHCL). 

C, 72.64; H ,  10.47. 
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We report the isolation and structure determination 
of the first glycoside of 0-eudesmol. Chloroform extrac- 
tion of air-dried plants of iMachaeranthera tanacetifolia 
collected near Gail, Texas, afforded in 0.43% yield the 
new glycoside, C20H3405, mp 129-130'. The evidence 
presented below established that the compound is 
(+)-p-eudesmol 0-a-L-arabopyranoside (1).  

The new glycoside afforded ( +)-P-eudesmo12 upon 
periodic acid oxidation and 6-L-arabinose upon hydroly- 
sis with 0.1 N sulfuric acid; both products were identi- 
cal with authentic samples. Nmr data for both the 
glycoside and its triacetate indicated that the sugar 

(1) This work was supported by the Robert A. Welch Foundation (Grant 
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Canada, for an authentic sample of (+)-@-eudesmol. 


