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The three title sterols are required for our studies 
on the growth, maturation, and reproduction of Son- 
oran Desert species of Drasphilia.3 A number of prep- 
arations of 7-dehydrostigmasterol in 1-2% yield from 
stigmasteryl acetate have been r e p ~ r t e d . ~ & - ~  A more 
facile preparation of this sterol would readily lead to 
the other two compounds by selective hydrogenations. 

Based on previous work5-' and more than 100 runs 
on the acetates of cholesterol, sitosterol, and stigmas- 
terol in our laboratory, a method was developed that 
gives consistent, high yields of A5*7 acetates from the A5 
derivatives. The key steps involve the slow addition 
of solid N-bromosuccinimide (NBS) to a stirred, re- 
fluxing, illuminated solution of the A6-steryl acetate in 
purified Skellysolve B and low-temperature removal of 
solvent from this mixture, followed by the dropwise 
addition of the 7-bromosteryl acetate in mesitylene 
to a refluxing, stirred solution of collidine in the same 
solvent. 

a-Spinasterol has been isolated from many plants and 
has been prepared by hydrogenation of 7-dehydrostig- 
masteryl benzoate over P t  in ethyl acetate.4d The com- 
pound was readily obtained in our work by hydrogena- 
tion of 7-dehydrostigmasteryl acetate with tris(tri- 
pheny1phosphine)chlororhodium in benzene-ethanola 
or over Raney Ni in d i ~ x a n e . ~  

Schottenol also occurs widely distributed among 
plants; its synthesis from a-spinasterol by hydrogena- 
tion over Pt in ether was described by Barton and 
Cox.1o In  our hands, hydrogenation of 7-dehydrostig- 
masterol or its acetate over Pt in ether or Raney Ni 
in several solvents always gave 8(14)-stigrnasten-3/3-01 
as a substantial or principal reaction product when the 
reductions were run for an extended time t o  assure com- 
plete hydrogenation of the AZ2 bond. 

The problem was solved by the addition of a small 
amount of triethylamine to the Ni-catalyzed reduction. 
Although this slowed the rate of rcaction, the amine 
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inhibited the A7 -+ rearrangement and allowed 
a good yield of schottenol t o  be obtained from 7-de- 
hydrostigmasterol. When the reduction was hastened 
by raising the temperature to 100°, 5a-8(14)-stigmasten- 
3/3-01 and 5a-8(14)-stigmasten-3a-ol were the only 
products obtained. The latter compound has never 
been reported, although its isomer , 5p-8 (14) -stigmas t en- 
3a-ol, has been isolated from Daemia extensa." The 
5a,3a-ol was characterized by its chromatographic 
behavior, Liebermann-Burchard test, its inability to 
form an insoluble digitonide, and the analogies of 
the ir spectral2 and melting points13 of the 5a-8(14)- 
stigmasten-3a- and -3p-01s and their acetates with those 
of 5 a-cholestan-3a-01 and 5 a-choles tan-3p-01. 

The melting points of the products obtained in this 
study are given together with those from the literature 
in Table I. 

Experimental Section 

Melting points were taken in vacuo and are corrected. Glc on 
5% OV-101, 260" (relative retention time) (cholesterol = 1.00): 
stigmasterol (1.38), 7-dehydrostigmasterol (1.48), a-spinasterol 
(1 .52), schottenol (1.78), 5a-8( 14)-stigmasten-3P-ol (1.51), 
5a-8(14)-stigmasten-3a-o1 (1 5 5 ) ;  acetates comparable. 

For tlc, 10% AgN03-silica gel plates were used: 1 : 1 CHCL- 
CClr used for sterol acetates (R f  ), 7-dehydrostigmasteryl ace- 
tate (0.26), 4,6,22-stigmastatrienyl acetate (0.46), stigmasteryl 
acetate (0.58); 95:5 CHCla-acetone used for free sterols (Rr),  
stigmasterol (0.39), 7-dehydrostigmasterol (0.20), a-spinasterol 
(0.39), schottenol (0.39), 8(14)-stigmasten-3P-ol (0.40), 8(14)- 
stigmasten-3a-01 (0.53). 
7-Dehydrostigmastero1.-A 1-cm bore stopcock topped with a 

powder funnel was cemented (GE silicone RTV) to a 24/40 glass 
joint and placed in the center opening of a 1-l., three-necked 
flask equipped with a reflux condenser and nitrogen inlet. The 
flask was on a magnetic stirrer and was heated and illuminated 
by 2 GE DSB Photospot bulbs 5 cm away. Stigmasteryl acetate 
(68 g, 0.15 mol) was dissolved and brought to a reflux in 350 ml 
of purified Skellysolve B6 (petroleum ether, bp 65-67') in an NP 
stream with rapid stirring. NBS (45.5 g, 0.225 mol) was added 
in small portions during 30 min through the stopcock with the 
aid of 5-10 ml of solvent for each addition. Four minutes later 
the lights were removed and replaced with an ice bath. The 
cooled mixture was filtered through sintered glass into a 2-1. 
flask containing 35 ml of mesitylene and a magnetic stirring bar. 
The contents of the flask were evaporated in vacuo with an oil 
pump at  30-40" until a thick, honey-colored syrup remained. 
Too high a temperature during this step results in low yields of 
product. 

The bromosteryl acetate was transferred t o  a dropping funnel 
with 150 ml of mesitylene and added over 35 min to a refluxing, 
stirred mixture of 75 ml of collidine and 350 ml of mesitylene 
under Na. Five minutes later the mixture was cooled, low-boiling 
ether (400 ml) was added, and the mixture was filtered. After 
evaporation of the filtrate i n  vacuo at  50-60', the brown semi- 
solid residue was brought to  a reflux under N2 with 1 1. of acetone. 
After cooling to  room temperature, 20 g of crude 7-dehydro- 
stigmasteryl acetate was filtered off. An additional 2.5 g wab 
obtained by work-up of the mother liquors. 

The products from four such reactions were combined (88.7 g) 
and recrystallized from 1.3 1. of Skellysolve B under NZ t o  yield 
58.5 g of 7-dehydrostigmasteryl acetate, mp 175-177'. Further 
work-up of the mother liquors gave an additional 11.3 g of the 
product, mp 174-176", for a total yield of 25.7% from stig- 
masteryl acetate. A pure sample, mp 178.3-179", was obtained 
after an additional recrystallization from acetone. This was 
hydrolyzed to 7-dehydrostigmasterol and a benzoate was prepared 
(Table I). 
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Registry 

481-19-6 7-Dehydrostigmas- 

48 1- 18-5 or-Spinasterol 

521-03-9 Schottenol 

no. Sterol 

terol 

14291-38-4 50(-8( 14)-Stigmasten- 

39533-72-7 5~~-8(14)-Stigmasten- 
3p-01 

3or-01 

TABLE I 
MELTING POINTS ("C) OF STEROLS AND THEIR DERIVATIVES 

This work, in uacuo, corrected 
Free Registry Regiatry 

sterol Bcetate no. Benzogte no. 

7 

158.5- 178.3- 39533-73-8 184.5- 39533-21-8 
159.3 179 185.5 

172-173 188.5- 4651-46-1 204-205 39599-22-9 
189 

151- 159.5- 14473-77-9 184- 39533-21-6 
151.5 160 184.5 

117 118.5 88.5 

176.5 

116.5- 117.8- 14291-39-5 87.5- 39533-23-8 

176- 84.5-85 39533-24-9 99-100 39533-25-0 

-Literature"-- 

sterol Acetate Benzoate 

152-154b 172-173' 178.5- 

172.58 187a 201-2021 

Free 

180d 

148-1500 161-163* 183.59 

114i 119s 8gi 

a Highest melting point reported. Reference 4a,e. Reference 4a. Reference 4b. e D. Larsen and F. W. Heyl, J. Amer. 
Chem. Soc., 56, 2663 (1934). f M. C. Hart and F. W. Heyl, J .  Biol. Chem., 95, 311 (1932). 0 C. Djerassi, G. W. Krakower, A. J .  
Lemin, H. H. Liu, J. S. Mills, and R. Villotti, J .  Amer. Chem. SOC., 80, 6284 (1958). G. Biglino, Farmaco, Ed. Sci., 14, 673 (1959); 
Chem. Abstr., 54, 6812c (1960). E. Fernholz and W. L. Ruigh, J .  Amer. Chem. SOC., 62, 2341 (1940). 

or-Spinasterol. A .  Rh-Catalyzed Reaction.*-7-Dehydrostig- 
mastery1 acetate (25 g) in 1200 ml of 3:  1 benzene-ethanol was 
hydrogenated a t  room temperature and 1 atm pressure over 1.6 
g of tris(tripheny1phosphine)chlororhodium (Strem Chemical 
Co.) for 18 hr. Solvent was evaporated, the dry residue was 
extracted with petroleum ether and filtered to remove catalyst, 
and solvent was again evaporated. The residue was crystallized 
from 2:  1 ethanol-benzene and then from acetone to give 15.1 g 
of a-spinasteryl acetate, mp 188.5-189'. An additional 7.7 g, 
mp 187.5', was recovered by work-up of the mother liquors. 
A portion of the product was hydrolyzed to a-spinasterol, and a 
benzoate was prepared (Table I). 
B. Raney Ni Catalyzed Rea~tion.~-7-Dehydrostigmasteryl 

acetate (11.3 g) in 450 ml of dioxane and 5 ml of Et& was 
hydrogenated over 10 ml of catalyst for 23 hr at  room temperature 
and 1 atm pressure. Removal of catalyst and evaporation of 
solvent to  120 ml deposited 7.5 g of or-spinasteryl acetate, mp 
186-186.5'. Further cooling of the filtrate yielded an additional 
2.6 g of product, mp 183.5-184'. 

A.-7-Dehydrostigmasterol (15 g) in 750 ml of 
ethyl acetate and 5 ml of EtaN was hydrogenated for 4 days over 
25 ml of Raney Ni a t  room temperature and 1 atm pressure. 
The reaction was followed by glc of samples periodically removed. 
Catalyst was then filtered off and the solvent was reduced in 
volume to 150 ml to precipitate 9.15 g of schottenol, mp 149.5- 
151.5'. Work-up of the mother liquors gave no more pure 
material. 

B.-The reaction as in A was repeated in a Parr stirred pressure 
vessel at 14 atm HZ pressure. After 50 hr the product was worked 
up as before to  yield 8.9 g of schottenol, mp 150-151.5". 

The products from several runs (24.5 g) were combined in 500 
ml of hot ethyl acetate and cooled to room temperature to yield 
18.5 g of schottenol, mp 151-151.5'. An acetate and a benzoate 
were prepared (Table I). 

5or-8(14)-Stigmasten-3or- and -3p-ol.-7-Dehydrostigmasterol 
(17 g) in 700 ml of ethyl acetate and 5 ml of Eta" was hydro- 
genated over 20 ml of Raney Ni a t  room temperature for 10 min 
at  14 atm and for 2 hr at  100' and 14 atm. The reaction was 
followed by glc. An additional 22 hr at  14 atm and 100' and 24 
hr at  140 atm and 100' with fresh catalyst produced no changes 
in the glc pattern. 

The autoclave was cooled, catalyst was removed, and the 
product (one peak on glc, two spots on tlc) was chromatographed 
on 1 kg of 2 : 1  lOyo AgNOa-silica gel-Celite with 10% ether in 
petroleum ether. The two compounds were cleanly separated 
(tlc) to yield 4 g of the higher Rf material and 8 g of the lower 
Rf material. 

The former was crystallized from methanol-benzene to yield 
5a-8(14)-stigmasten-3or-ol, mp 176-176.5", acetate, mp 84.5-85' 
(from methanol-benzene), and benzoate, mp 99-100' (from 
ethanol). The compound gave a fast blue color with the Lieber- 
mann-Burchard reagent, no precipitate with digitonin, and had 
an ir spectrum similar to that of 5or-cholestan-3a-01.~% The 
material last to emerge from the column was recrystallized from 
methanol-benzene and identified as 5~~-8(14)-stigmasten-3p-o1, 

Schottenol. 

on glc as the 3a-01, gave a precipitate with digitonin and a fast 
blue Liebermann-Burchard test, and had an ir spectrum similar 
to that of 5or-cholestan-3p-ol.lZ 

Registry No. -NBS, 128-08-5. 
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We wish to  report the synthesis of an unusual new 
cage aromatic compound, percyclophane-4l (Figure 1). 
Percyclophane-4 was synthesized by the cyclic tri- 
merization of cyclododecadiyne-l,7, catalyzed by 
organochromium and organocobalt compounds. 

Cyclododecadiyne-1,' (I) was synthesized from 
commercially available octadiyne-l,7 in the manner 
described below. 

=-Q K* - 
acetone 

I1 

111 I 

Overall yield of this synthesis was approximately 
20%. This is a new synthesis of a previously reported 
compound.2 Cyclododecadiyne-1,7 is a colorless, 
crystalline compound, mp 23 f 2 O ,  which on exposure 

(1) "Percyclophane" is a name coined by the author t o  describe this cage 
molecule. The name is derived from the word paracyclophane, which refers 
t o  molecules with a configuration of two benzene rings linked together in 
the para positions. 

(2) (a) D. J. Cram, N. L. Allinger, and H. Steinberg, J .  Amer. Chem. Sot., 
76. 726 (1959): fb) D. J. Cram and N. L. Allinger, ibid., 6132 (1954); (0) 

mp 116.5-117.0' (from ethanol), acetate mp 117.8-118.5' (from 
ethanol), and benzoate mp 87.5-88.5' (from acetone). It corre- 
sponded to the lower Rf spot on tlc, had the same retention time %bid., 78,2518 (19561, 


