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ho! 6. Distillation afforded a quantitative yield of colorless oil: bp 
90-102" (bath temperature, 0.07 mm); Xmax (film) 2.99, 3.27, 6.06, 
9.56, 9.88, 10.16, 11.23 mk; 6 T M ~  (CC14) 5.37 (vinyl H in ring), 
5.20 (doublet, J 8.5 Hz, C=CHCHOH), 4.75 (C=CHa), 1.76 (1 
vinyl CHJ), 1.67 ppm (2  vinyl CH3). Anal. Calcd for C15H240: C, 
81.76; H,  10.98, Found: C, 81.70; H,  11.13. 

Preparation of a-Atlantone (13). Oxidation of allylic alcohol 
12, was effected using the method developed by Ratcliffe and Ro- 
deborst,6 followed by conjugation of the crude a,p,p',y'-unsatu- 
rated ketone using a 0.50 M solution of sodium methoxide in 
methanol ( 5  ml/mmol of ketone); reaction time 15 min a t  room 
temperature. Extraction of the crude product with ether followed 
by fractional distillation afforded a-atlantone (13) as a yellow oil 
in 62% overall yield from alcohol 12: bp 100-115" (bath tenipera- 
ture, 0.06 mm),  90% pure by vpc analysis,IO oven temperature 
220". retention time 5.7 min). The nmr and,ir  spectral properties 
cf the distilled product as well as its physical properties were 
identical with those previously reported2 for a-atlantone. 

Preparation of a,P-Unsaturated Nitrile 10. To a solution of 
6,05 g (112 mmol) of sodium methoxide in 20 ml of absolute etha- 
nol was added dropwise slowly over a period of 15 min a solution 
of 15.8 g (89.5 mmol) of diethyl cyanomethylph~sphonate~~ in 50 
m! of absolute ethanol. After this mixture was stirred for 10 min 
at room temperature, a solution of 7.372 g (53.3 mmol) of ketone 5 
in  50 ml of absolute ethanol was added rapidly (with external 
cooling of the flask using a cold water bath). After 40 min a t  room 
temperature, the reaction mixture was poured into 800 ml of 
water and the product was isolated by extraction with pentane. 
Short-path distillation afforded nitrile 10 in 95% yield: bp 50-65" 
(bath temperature, 0.04 mm); 80% pure14 by vpc analysis,1° oven 
temperature 165", retention time 7.7  min; A,,, (film) 4.52, 6.15, 
8.66, 12.4 mp (broad); 6'pMs (cc14) 5.38 (vinyl H in ring), 5.12 
(C=CHCN), 2.06 (CB&=CHCN), 1.67 ppm (vinyl CH3). Anal. 
Cdcd for CIIH1,&" C, 81.94; H, 9.38. Found: C, 81.69; H, 9.44. 

Eeduction of Nitrile 10. To a solution of 6.24 g (38.6 mmol) of 
nitrile 10 (contaminated with the corresponding 2 stereoisomer) 
in 120 ml of dry benzene cooled to -15" using a cold water bath 
was added dropwise rapidly a mixture of 35 ml of 1.62 M diiso- 
butylaluminum hydride-benzene solution and 120 ml of dry hen- 
zene. After this mixture was stirred at  room temperature for 4 hr, 
the flask was cooled in a water bath and 500 ml of saturated am- 
monium chloride solution was added (cautiously until the excess 
reagent had been hydrolyzed). This mixture was subsequently 
stirred vigorously a t  room temperature for 20 min before addition 
of 300 ml of 1 M HzS04. The product was immediately isolated 
b y  extraction with ether and subsequently distilled to afford alde- 
hyde 9 in 75% yield, bp 60-70" (0.03 mm).  The ir and nmr spec- 

tral properties of this aldehyde were identical with those of the 
product obtained previously via oxidation of allylic alcohol 8. 

Registry  NO.-^, 6090-09-1; 6, 826-57-3: 7, 51230-63-8; 8, 

26294-59-7; methyl vinyl ketone, 78-94-4; isoprene, 79-79-5; meth- 
allyl chloride, 563-47-3. 

51230-64-9; 9, 51230-65-0; 10, 51230-66-1; 12, 51230-67-2; 13, 
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Two new syntheses of desmosterol (24-dehydrocholesterol) are described. The starting material is 38-hydroxy- 
bisnorcholenic acid and 3p-hydroxynorcholenic acid, respectively. 

Ear l ie r  investigations3 of t h e  ca tabol i sm of cholesterol, 
i n  t h i s  laboratory,  l ed  t o  the synthesis4 of A16-cholesterol 
and A17-cholesterol, compounds  which  were to be tested 
as potent ia l  in te rmedia tes  in the format ion  of side cha in  
hydroxyla ted  cholesterols. Desmosterol (11, a precursor5 in 
the biosynthesis of cholesterol, m a y  b e  considered as an 
in te rmedia te  in the synthesis of 24,25-dihydroxycholester- 
o:, a s ide-cha in  analog of 24,25-dihydroxycholecalciferol,6 
which is a metabol i te  of v i t amin  D3. It has a l ready  been  
reported? that desmosterol,  on incubat ion  wi th  an enzyme 
prepara t ion  obta ined  f rom calf adrenal, produced  4- 
methyl-3-pentenoic ac id  and pregnenolone, suggesting 
t h a t  it could b e  a direct  precursor of t h e  steroid hor- 

mones.  For these  reasons we devised general  me thods  of 
cons t ruc t ion  of t h e  desmosterol side cha in ,  which m a y  
easily be modified for the syntheses  of hydroxy and alkyl 
derivatives.  

In the earlier synthes is  of 1 t h e  24,25 double  bond was  
in t roduced  b y  a Wi t t ig  reaction8 involving a steroid 
aldehyde as well as by the dehydra t ion9~ l0  of 25-hydroxy- 
cholesterol. W e  f o u n d l l  t h e  l a t t e r  me thod  t o  be of l i t t le 
use  for t h e  synthesis of related compounds  wi th  a hydrox- 
ylated side cha in .  In recent  years Bory,12 Svoboda,13 and 
Sheikh14 have  repor ted  specific me thods  for the synthesis 
of 24-dehydrocholesterol derivatives bearing an addi t iona l  
double  bond in  t h e  side cha in .  
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We now describe two new general syntheses of desmo- 
sterol, which can be extended toward the syntheses of com- 
pounds required by us in connection with biological oxida- 
tion studies. In these two methods we have chosen, as PO- 
tential 24,25-unsaturated systems, dimethylallyl and di- 
methylvinyl residues to be joined to Czz and Cm steroid 
units, respectively. 

I t  was reported15 by Corey and Semmelhack that a-al- 
lylnickel halide@ react with organic halides producing 
allyl-substituted molecules, a method successfully used by 
these authors in the synthesis of ~an ta1ene . l~  A similar 
coupling procedure appeared quite attractive to us for the 
construction of the side chain in our projected synthesis of 
desmosterol. a-(Dimethylally1)nickel bromide16 was al- 
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lowed to react with 22-iodo-3cu,5-cyclo-23,24-bisnorcholan- 
6p-01 6-methyl. ether (6) (Chart I) leading to the formation 
of a crystalline 6~-methoxy-3,5-cyclodesmosterol deriva- 
tive 7 in 65% yield. The nmr spectrum of 7 revealed char- 
acteristic olefinic methyl (26,27) protons a t  96 and 100 H z  
and a broad signal a t  305 Hz for the 24 olefinic proton. 
Broad multiplets a t  20-40 Hz and a sharp singlet and a 
triplet a t  199 and 166 Hz, respectively, confirmed that the 
6-methoxy i-steroid moiety in 7 remained unchanged 
under the condition of the reaction. Compound 7 was 
treated with aqueous dimethyl sulfoxide containing 0.370 
perchloric acid, and desmosterol (1) was obtained in 60% 
yield. The purity of the material was established by melt- 
ing point, ir, and nmr, as well as by comparison with an 
authentic sample. 

The synthesis of 6 was done in a straightforward man- 
ner starting from the methyl ester 2a of readily availtible 
3-hydroxybisnorcholenic acid, 2a was converted to  the 
3P-tosyloxy derivative 2b in the presence of p-toluenesul- 
fonyl chloride. The tosyl ester was solvolyzed with metha- 
nol in the presence of pyridine and the product was fi?- 
tered through alumina, resulting in the formation of the 
3,5-cyclo-6~-methoxy derivative 3 as a syrup, which wzs 
found to be of sufficient purity for further conversion. It 
was reduced with lithium aluminum hydride and the 
crude product 4, without further purification, was con- 
verted to  the crystalline 22-tosyl derivative 5 in good 
yield. Its ir and nmr spectra (see Experimental Section) 
were in complete agreement with the proposed structure. 
Treatment of 5 with a boiling solution of sodium iodide in 
acetone gave the corresponding iodide as a crystalline ~ i l -  

terial 6 in good yield. The overall yield of desmosterol ( I )  
starting from 2a was 20%. 

We now describe the second seven-step synthesis (see 
Chart 11) starting from methyl 3P-acetoxynorchol-5-ena!e 
(8) which could be prepared by the Arndt-Eistert homolo- 
gation of the commercially available 3P-acetoxybisnorcho- 
lenic acid following the method17 of Ryer and Gebert. The 
ester 8 was reduced with a solution of diisobutylaluminurii 
hydride in hexane to the hydroxy aldehyde 9a in greater 
than 90% yield. Its identity was established by its nrnr 
spectra, exhibiting an aldehyde proton signal at 584 HZ 
but lacking that of an ester methyl proton. The crude 
product, without any further purification was converted t o  
the tetrahydroxypyranyl ether 9c, which was purified by 
filtration through a column of alumina and obtained as 83 
amorphous solid. The purity of the product was estah- 
lished by its homogeneity of thin layer chromatography 
and its spectral data (see Experimental Section). Addi- 
tion of the Grignard reagentls obtained from 1-bromo-2- 
me thy lp r~pene l~  to the T H P  ether aldehyde 9c resulted 
in the formation of an allyl alcohol which was directly 
treated with sodium hydride and methyl iodide, resulting 
in the formation of the 23-isomeric mixture of the dimeth- 
ylallyl methyl ether 10. I t  was chromatographed on a cor- 
umn of alumina. Elution with hexane-benzene (1:1) gave 
10 as an oil in 80% yield. Its nmr spectra exhibited me- 
thoxy proton signals a t  191 Hz, strong but broad signals at 
96-102 Hz due to the 26,27 olefinic methyls and THP 
ether methylene protons, and a broad signal a t  303 Mz 
due to an olefinic proton, apparently a t  C-24. Lithiun- 
ethylamine reductionz0 of 10 a t  0" led to the formation of 
desmosterol tetrahydropyranyl ether (1 1) which was puri- 
fied by filtration of its hexane solution through a column 
of alumina, followed by elution with benzene-hexane 
(1:20). I t  was obtained as a crystalline material in 50% 
yield. 

In this connection, it may be emphasized that the pres- 
ent method of lithium-ethylamine-induced hydrogenolysis 
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of the methyl ether derivative of an allyl alcohol hardly 
produced any undesirable olefin, in contrast to the obser- 
vations made during a similar reduction4 of the tetrahy- 
dropyranyl ether of ~is-A~~(~~)-22-hydroxycholesterol, re- 
sulting in the formation of' a mixture of olefinic isomers. 
The scope of the present procedure and the advantages of 
the reduction of an allyl alcohol methyl ether over its 
ester will be described in a future publication. 
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The tetrahydropyranyl ether 11 was readily cleaved 
under acidic treatment, giving crystalline desmosterol (1). 
The overall yield of 1 starting from 8 was 21%. 

Experimental Section 
Melting points are uncorrected, Nmr spectra, reported in hertz, 

were obtained in deuteriochloroform solution on a 60-MHz Varian 
Associates DA-60 spectrometer using tetramethylsilane as an ex- 
ternal reference. The microanalyses were performed by Schwarz- 
kopf Microanalytical Laboratory, Woodside, S.  Y. 

Methyl 3~-Tosyloxy-23,24-bisnorchol-5-en-22-oate (2b). A so- 
lution of 10 g of methyl 3/3-hydroxy-23,24-bisnorchol-5-en-22- 
oat@ (2a) and 13 g ofp-toluenesulfonyl chloride in 160 ml of pyri- 
dine was left standing for 18 hr at  25". Then water was added 
dropwise while stirring and the resulting precipitate was filtered 
off and washed with a large amount of water. Two recrystalliza- 
tions from acetone-hexane gave 13.2 g of pure 2: mp 145-147"; ir 
1720 and 1245 (COOCH3), 1180 and 1145 cm (tosylate); nmr 41 
(18-CH3), 58 (19-C&), doublet centered at  70 ( J  = 6 Hz, 21- 
CH3), 147 (CH3CBH4-), 218 (COOCH3), 319 (6H) .  

Anal. Calcd for C30H4205S: C, 70.01: H, 8.23; S, 6.23. Found: 
C, 69.44; H,  8.38; S, 6.52. 

Me thy l  3a,5-Cyclo-6~-methoxy-5a-23,24-bisnorcholan-22- 
oate (3). A solution of 10 g of the tosylate 2b in 70 ml of pyridine 
and 1000 ml of methanol was heated on a steam bath for 3 hr, 
after which time the methanol was removed by distillation in 
uucuo. After the addition of water the mixture was extracted with 

ethyl acetate. The organic extract was washed with 2 N aqueous 
acetic acid, which removed all pyridine. Then the extract was 
washed with water, saturated bicarbonate, and saturated brine. 
After drying over anhydrous sodium sulfate and evaporation of 
solvent there was obtained 11.3 g of an oil, which was filtered 
through a column of alumina. The hexane-benzene eluates gave 
7.2 g of a syrup which gave only one spot on tlc (1010 ethyl ace- 
tate in benzene) and was not further purified before reduction, ir 
1720 and 1248 (COOCHs), 1090,1010, and 960 cm-1 (6-OMe 1 ) .  

3a,5-Cyclo-5a-23,24-bisnorcholane-6P,22-diol 6-Methyl Ether 
(4 ) .  To a suspension of 900 mg of lithium aluminum hydride in 
100 ml of dry tetrahydrofuran was added a solution of 7.1 g of the 
ester 3 in 20 ml of tetrahydrofuran and the mixture was heated 
under reflux for 3 hr, then left at  25" for 18 hr. The excess reagent 
was decomposed with 2 N sodium hydroxide. Finally the precipi- 
tated salts were filtered off and washed with hot ethyl acetate. 
Evaporation of the filtrate gave 6.6 g of syrup which was not puri- 
fied further, but appeared uniform on tlc (20% ethyl acetate in 
benzene), ir 3350 (OH), 1090,1015, and 960 cm-I(6-OMe i). 
3a,5-Cyclo-22-tosyloxy-~~-23,24-bisnorcho~an-6~-01 6-Methyl 

Ether  (5). To a solution of 6.0 g of the alcohol 4 in 100 ml of pyri- 
dine was added 5 g of p-toluenesulfonyl chloride. The solution 
was left standing for 24 hr at  23" and then, while cooling and with 
rapid stirring, the excess reagent was decomposed by dropwise 
addition of ice water. The crude tosylate crystallized in the aque- 
ous pyridine and was collected by filtration. The solids were 
washed well with water and finally air dried at  25". Recrystalliza- 
tion from ether and from benzene-hexane gave 6.1 g of tosylate 3: 
mp 144-145"; ir 1190, 1170 (tosylate), 1090, 1010, and 980 cm-i 
(6-OMe i); nmr 41 (18-CH3), 61 (19-CH3), 147 (CHzCsHh-), 
broad multiplets at  20-40 (cyclopropyl hydrogens), 198 (6p- 
OCH3), 166 (6a-H), multiplets centered a t  233 (22-tosyloxymeth- 
vlpnesi 
i ------, - 

Anal. Calcd for C30H4404S: C: 71.97; H, 8.86; S, 6.39. Found: 
C. 71.74: H. 8.71: S. 6.67. 
3a,5-Cyclo-22-iodo-5a-23,24-bisnorcholan-6~-01 &Methyl 

Ether (6) .  A solution of 6 g of tosylate 5 and 9 g of sodium iodide 
in 200 ml of dry acetone was heated under reflux on the steam 
bath for 10 hr. Then the acetone was evaporated off in uacuo, the 
residue was extracted with benzene, and the solution was dried 
over anhydrous sodium sulfate and evaporated. The crystalline 
residue was recrystallized from acetone-methanol to give 4.6 g of 
6: mp 110-112"; ir 1090, 1010, and 960 cm-l  (6-OMe i); nmr 45 
(l8-CH3), 61 (19-CH3), 198 (~P-OCHB) ,  broad multiplets at  20-40 
(cyclopro yl hydrogens), 166 (6a-H). 

Anal. Zalcd for C23H3701: C, 60.25; H,  8.58; I, 27.68. Found: C, 
60.60; H, 8.36; I, 27.63. 
3a,5-Cyclo-5a-cholest-24-en-6p-ol &Methyl Ether (7). A solu- 

tion of 460 mg of the halide 6 in 5 ml of tetrahydrofuran was 
added at  once to a solution of 520 mg of n-(dimethylally1)nickel 
bromide'* in 5 ml of tetrahydrofuran under argon at 25". After 30 
hr at  50", the dark green mixture was poured into hexane. The 
hexane solution was washed with water, dried, and evaporated to  
give a syrup, which was chromatographed on alumina. The hex- 
ane-benzene eluates furnished 321 mg of prisms: mp 64-66" (ace- 
tone); ir 1090, 1010, and 960 cm-l  (6-OMe-i): nmr 43 (18-CH3), 
61 (19-C&), doublet centered at  56 ( J  = 6 Hz, 21-CH3), 96, 100 
(26,27-C&), 199 (Gp-OCHa), broad multiplets at  20-40 (cyclopro- 
pyl hydrogens), 166 (6a-H), 305 (24 olefinic hydrogen). 

Anal. Calcd for C28H460: C, 84.35; H, 11.63. Found: C,  84.33; 
H, 11.68. 

Desmosterol (1). To  50 ml of dimethyl sulfoxide was added 6 
ml of water and 3 ml of 770 perchloric acid. This was cooled to 0" 
and 300 mg of 7 in 1 ml of tetrahydrofuran was added with stir- 
ring. After the solution was allowed to stand for 72 hr, it was 
poured over ice and extracted with ethyl acetate. The ethyl ace- 
tate extract was washed with water, saturated bicarbonate and 
saturated brine, dried, and evaporated. The residue, after two 
crystallizations from methanol, gave 166 mg of 1, m p  120-122", ir 
and nmr identical with those of authentic material.1° 

Diisobutylaluminum Hydride Reduction of Methyl 3B-Ace- 
toxy-24-norchol-5-en-23-oate (8). 3/3-Hydroxy-24-norchol-5- 
en-23-a1 (9a). To a cold stirred solution of 2 g of methyl 3p-ace- 
toxy-24-norchol-5-en-23-oate (previously dried under vacuum) in 
100 ml of dry toluene kept at  -70" (Dry Ice-acetone) was added 
dropwise, with a syringe and under nitrogen, 105 ml of a 2070 so- 
lution (1.41 mmol/ml) of diisobutylaluminum hydride in hexane 
and the stirring was continued for 2 hr at -70". The aluminum 
complex was decomposed by careful addition of iced, saturated 
ammonium chloride solution followed by 86 ml of cold, dilute sul- 
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furic acid. The content of the reaction flask was transferred to a 
separatory funnel and extracted with ethyl acetate. The organic 
layer was separated, washed with water and saturated brine, and 
dried over anhydrous sodium sulfate. Evaporation of the solvent 
yielded 1.6 g of the crude hydroxy aldehyde Sa which was of suffi- 
cient purity for further transformation (see below). A small sam- 
ple was crystallized from methylene chloride and ether: mp 127- 
129"; ir 3350 (OH), 2680, and 1695 cm-I  (CHO); nmr 44 (18- 
43), 61 (19-CH3), 210 (3a-H), 322 (6-H), and 584 (CHO). 

The 3-acetate 9b was prepared by dissolving the crude hydroxy 
aldehyde (obtained from the above reduction experiment) in pyri- 
dine and adding excess acetic anhydride. The solution was al- 
lowed to stand overnight, after which time water was added and 
the mixture was extracted with ethyl acetate. After the pyridine 
was removed by extraction with cold, dilute hydrochloric acid, 
the ethyl acetatlc layer was washed with water, saturated sodium 
bicarbonate solution, and water. The solvent layer was separated, 
dried over anhydrous sodium sulfate, and evaporated in L?UCUO. 
There was obtained 1.6 g (82%) of a crystalline product. An ana- 
lytical sample was prepared by crystallization from ether: mp 
125-130"; ir 2680 (CHO), 1720 (CH3COO-), and 1695 (CHO); nmr 
43 (18-CH3), 62 (19-CH3), 122 (acetate methyl), 280 (3a-H), 325 
(6-H), and 586 (CHO). 

Anal. Calcd for C ~ ~ H 3 ~ 0 3 :  C, 77.67; H, 9.91. Found: C, 77.65; 
H, 9.82. 

The tetrahydrmopyranyl ether 9c was obtained in the following 
manner. The crude hydroxy aldehyde (see above), dissolved in 4 
ml of dry methylene chloride, was treated with 3 equiv of dihy- 
dropyran and 4 drops of phosphorus oxychloride for 30 min a t  
room temperature. The mixture was diluted with methylene chlo- 
ride and poured into chilled sodium bicarbonate solution and the 
methylene chloride layer was separated. It was washed with 
water and dried over anhydrous sodium sulfate. Evaporation of 
the solvent gave an oil which was dissolved in hexane containing 
a small amount of benzene and chromatographed on 60 g of alu- 
mina. Elution with hexane-benzene (50%) gave the tetrahydropy- 
ranyl ether as an amorphous solid which failed to crystallize: 1.64 
g (80%); ir 2680 and 1695 (CHO), 1025 and 960 cm-1 (THP 
ether); nmr 43 (18-CH3), 61 (19-CH3), 98 (THP methylenes), 280 
(-OCHO-), 320 (6-H), and 584 (CHO). 

Anal. Calcd for C28H4403: C, 78.45; H, 10.35. Found: C, 78.56; 
H, 10.50. 

3~-Tetrahydropyranyloxy-23-methoxycholesta-j,2d-diene 
(23-Isomeric Mixture) (10). In a flask were placed 240 mg of 
magnesium shavings, 1.5 ml of anhydrous tetrahydrofuran, and a 
trace of iodine. A drop of 1-bromo-2-methylpropene was added 
and the mixture was stirred under nitrogen at 30-40". After a few 
minutes the brown color of the iodine began to  fade to a cloudy 
yellow and after about 30 min the mixture became colorless but 
cloudy. As soon as the brown color started fading, a solution of 
1.5 ml of 1-bromo-2-methylpropene in 1.5 ml of tetrahydrofuran 
was added carefully, one drop every 5-10 min, during the entire 
color change. When the mixture became colorless but cloudy, the 
dropwise addition was halted. The stirring was continued until 
the mixture became clear and colorless (1 hr from the start). The 
dropwise addition of the halide was resumed. Immediately the 
mixture started becoming yellow and began to  boil increasingly 
and after a few minutes a complex precipitated out. The remain- 
ing halide was added with stirring over a period of 2 hr. In the 
end the mixture was boiled gently until the remaining traces of 
magnesium dissolved, leaving a clear, light-brown solution. It was 
diluted with 5 ml of tetrahydrofuran and then cooled slightly 
below room temperature. A solution of 856 mg of 30-tetrahydi-o- 
pyranyloxy-24-norcho1-5-en-23-al (9c) dissolved in 5 ml of tet- 
rahydrofuran was added dropwise and the solution was gently 
heated under reflux for 30 min and then stirred a t  room tempera- 
ture for 10 hr. The Grignard complex was decomposed by cau- 
tious additions of iced, saturated ammonium chloride solution. It 
was transferred to1 a separatory funnel and the tetrahydrofuran 
layer was removed. The aqueous layer was extracted with ether. 
The organic extracts were combined, washed with water and sat- 
urated brine, and dried over anhydrous sodium sulfate. The sol- 
vent was removed under reduced pressure, leaving behind a glas- 
sy residue. The ir spectra, while revealing the presence of a hy- 
droxy group, did not show any characteristic band for aldehyde. 
The crude dry material was converted, without any further puri- 
fication, to its methyl derivative. After washing carefully under 
nitrogen three times with dry hexane 500 mg of 53.4% sodium hy- 
dride in mineral oil, the residue was treated with 18 ml of anhy- 
drous dimethyl sulfoxide. The mixture was warmed for about 1 

hr, resulting in a clear solution of sodium methylsulfinyl methide. 
After cooling there was added a solution of the above allylic alco- 
hol in 5 ml of tetrahydrofuran and then the solution was stirred 
for 3 hr under nitrogen a t  room temperature. After the dropwise 
addition of 6 ml of methyl iodide in the cold the mixture was 
stirred for 15 hr, after which time it was poured onto ice and 
water. It was extracted three times with ether and the combined 
ether extracts were thoroughly washed with saturated brine, di- 
lute sodium thiosulfate solution, and water, and dried over anhy- 
drous sodium sulfate. The solvent was evaporated and the crude 
product was purified by chromatography over alumina. Elution 
with hexane-benzene (50%) gave the allylic methyl ether 10 as a 
syrup: 0.8 g (80%); ir 1100 (-OMe), 1025 and 960 cm-1 (THP 
ether); nmr 40 (18-CH3), 61 (19-C&), 191 (OCHs), 96-102 (26,27 
methyls and T H P  methylenes, 280 (OCHO) and 303 (24-H), 323 

3(3-Tetrahydropyranyloxycholesta-5,24-diene (11). A three- 
neck flask containing 500 mg of the ether 10 was fitted with a Dry 
Ice cold-finger condenser containing a mixture of Dry Ice and ace- 
tone and a drying tube, and 25 ml of anhydrous ethylamine was 
distilled (over sodium) directly into the flask. The mixture was 
stirred until a clear solution was obtained. Then 200 mg of lithi- 
um, cut into small pieces, was added rapidly and the stirring was 
continued for about 1 hr until a blue color persisted. Then the so- 
lution was filtered through glass wool into a saturated solution of 
ammonium chloride and extracted with three portions of 50 ml of 
ether. The combined ether extracts were washed with saturated 
brine, dried over anhydrous sodium sulfate, and distilled, yielding 
a partially crystalline residue. It was chromatographed over alu- 
mina, whereby elution with 5% benzene in hexane afforded a 
crystalline material. It was recrystallized from acetone, giving 225 
mg of desmosterol tetrahydropyranyl ether (50%): mp 112-116"; ir 
1125, 1012, and 900 cm-l  (THP ether); nmr 40 (18-CH3), 60 (19- 
CH3), doublet centered at  51 ( J  = 6 Hz, 21-CH3), 98 and 100 
(26,27 methyls and T H P  methylenes, 282 (OCHO) and 304 (24- 
4), 320 (6-H). 

Anal Calcd for C32H5202: C, 81.99; H, 11.18. Found: C, 82.24; 
H, 11.27. 

Desmosterol (1). A 200-mg portion of the tetrahydropyranyl 
ether 11 was dissolved in 2 ml of tetrahydrofuran and heatad 
gently a t  40" for 5 min in the presence of 2 drops of concentrated 
hydrochloric acid. Then 5 ml of methanol was added and the so- 
lution was concentrated under a slow current of nitrogen, when a 
crystalline product separated out. I t  was cooled, filtered, and re- 
crystallized from methanol, giving 115 mg (70%) of desmosterol: 
mp 120-122" (lit. mp 120-122"); nmr 41 (18-CH3), doublet cen- 
tered a t  51 ( J  = 6 Hz, 21-CH3), 61 (19-CH3), 97 and 102 (26,27 
methyls), 210 (3u-H) and 303 (24-H), 320 (6-H). 

(6-H). 
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The synthesis of oxytryptophol and oxindoloindolizidine esters and methyl ketones is described. The determi- 
nation of the stereochemistry of the acyl derivatives by lH and 13C nmr spectral means is portrayed. 

The transformation of tryptophol (1) into indoloquinol- 
izidines (4) (Scheme I) represents the backbone of a gen. 
era1 method of indole alkaloid ~ y n t h e s i s . ~  As part of an 
endeavor to broaden the scope of the method, the possible 
replacement of the indole ring by the oxindole nucleus 
among early synthetic intermediates came under scrutiny. 
This modification offered great promise, since the result- 
ing oxindoloindolizidine (7) could be envisaged in various 
stereochemical and substituted forms to be on the route to 
oxindole alkaloids of the rhyncophylline and mitraphylline 
types, to Aspidosperma  alkaloid^,^ and to structures of 
even greater complexity. The incorporation of the oxindole 
system in the present scheme of synthesis appeared feasi- 
ble a t  three stages of the reaction sequence: (a) by start- 
ing the sequence with oxytryptophol ( 5 ) ,  (b) by oxidative 
conversion of indole 3 into oxindole 6 (followed by cycliza- 
tion), and (c) by a related transformation of 4 into 7. The 
following discussion focuses on these variations of Scheme 
I. 

Bromination of tryptophol (1) in acetic acid gave a bro- 
mooxindole whose hydrogenolysis6 led to oxytryptophol 
( 5 )  .7  Unfortunately, in analogy with previous experience 
on N-methyloxindole compounds,8 attempts of conversion 
of oxytryptophol ( 5 )  into an alkylating agent by the re- 
placement of its hydroxy function by a leaving group 
failed. Thus, for example, treatment of 5 with hydrobro- 
mic acid yielded cyclopropane S.9,10 As a consequence the 
preparation of oxindole equivalents of salts 2 appears a 
difficult task at best and the introduction of the oxindole 
unit is preferable a t  a later stage of Scheme I. 

Treatment of ester 3b11 with aqueous N-bromosuccini- 
mide12 afforded a bromooxindole whose hydrogenolysis 
produced oxindole ester 7b in one operation. Presumably 
the acid in the halogenating medium had effected the de- 
sired cyclization. The formation of three stereoisomers of 
7b, whose configuration is discussed later, indicated the 
cyclization to be nonspecific. 

The customary procedure of an indole-oxindole conver- 
sion of type 4 - 7 involves initial oxidation with tert- 
butyl hypochlorite, base-catalyzed alcoholysis of the inter- 
mediate P-chloroindolenine, and acid hydrolysis of the re- 
sultant imino ether (Scheme II).13 While this reaction se- 
quence worked well for the simple indoloquinolizidine 
4a11 and produced the 7a  diastereomer^^^!^^ therefrom, it 
proved difficult for 4 (R = Et)I4 and took an unusual 
course in the case of ketone 4c.16 Treatment of the latter 
with tert-butyl hypochlorite and subsequent hydroxide- 

Scheme I 

2 

Q H 

R 
3 4 

a, R = H; b. R = COJIe; c. R = Ac 

7 6 

a, R = H; b, R = COLMe; c, R = Ac 

catalyzed methanolysis led to two oxindoles. instead of 
methoxyimines, and an unreacted chloroindolenine. The 
oxindoles proved to be an enol ether (9a) and a ketal (Sb), 

8 9a, R=CH2 
b, R = Me, OMe 

whose mild acid hydrolysis converted them to stereoiso- 
meric ketones (712) of stereochemistry described below. 

The unprecedented masking of a keto group in enol 
ether and ketal forms during a base-catalyzed operation, 
the formation of oxindoles instead of their imino ethers as 
a consequence of the rearrangement. and the ease of the 
reaction sequence appear interrelated and are interpreted 
most readily in terms of nucleophilic attack on the indo- 
lenine a-carbon site occurring intramolecularly. If it be 
assumed that methoxide first attacks the keto group and 


