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added and the reaction mixture refluxed for 17 h. The mixture 
was then diluted with CH2C12, poured into 0.1 N HC1, and ex- 
haustively extracted with CH2C12. The combined organic extracts 
were washed with NaHCO,, dried over anhydrous Na2S04, filtered, 
and concentrated. Purification by flash chromatography (silica 
gel) (eluted with 2:l EtOAcJhexanes) yielded 110 mg of olefin 
2 (44% two-step yield), mp 117-118 "C (recrystallized from Et- 
OAc/ hexanes). 

'H NMR (270 MHz, CDC1,) b CHC1,: 2.22-2.47 (2 H, m), 3.73 

AB q, J = 14.62 Hz), 4.44 (2 H, s), 14.60 (1 H, 'Iz AB q, J = 14.62 
Hz), 4.87 (1 H, s), 4.99 (1 H, s), 6.77-7.13 (8 H, m). IR (NaC1, 
neat): 2923,2825,1690,1605,1503,1437,1240,1021 cm-'. Anal. 

(3 H, s), 3.74 (3 H, s), 3.96 (1 H, s), 4.18 (1 H, s), 4.23 (1 H, ' 1 2  

(C23H24N204) Calcd: C, 70.39; H, 6.16; N, 7.14. Found C, 70.21; 
5.87; 7.09. 
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Fluorescent sterol probes which resemble cholesterol closely in both molecular geometry and amphipathic 
nature have been synthesized by the introduction of hydrophobic side chains embodying aryl diene or triene 
units. A direct synthesis of one of these fluorescent cholesterol analogues 6a was possible by a phosphonate Wittig 
reaction on pregnenolone protected at C-3. However, the other cholesterol analogues 7a and 8a were prepared 
by phosphorane and phosphonate Wittig reactions on the more reactive and less sterically hindered 20(22)E- 
a,p-unsaturated aldehyde 5a, which could be obtained by two different routes. The first route involved a Grignard 
reaction with vinylmagnesium bromide followed by oxidative rearrangement with pyridinium chlorochromate, 
which resulted in an 80:20 ratio of the diastereomeric aldehydes 5a/5b. A more stereoselective synthesis of 5a 
over 5b (96:4) was achieved by a phosphonate Wittig reaction of pregnenolone protected at C-3 with the carbanion 
generated from diethyl [2-(cyclohexylimino)vinyl]phosphonate. Yields and ratios of all Wittig reactions performed 
are presented as are preliminary absorption and fluorescence data for the cholesterol analogue probes. 

Introduction 
Cholesterol is an  important  lipid component of many 

membranes, b u t  its role in influencing the  structure and  
function of membranes is not  fully understood.' This  is 
in par t  due  to  the  very few methods tha t  can be used to  
follow the  properties of cholesterol when it is in such an  
inhomogeneous environment as a membrane. Hence, an  
external material with an easily measurable property is 
usually added t o  the  system under question in order t o  
probe the  effect of cholesterol on the  system. 

Fluorescence is one of t he  most sensitive probe tech- 
niques available. Very little external probe material needs 
to be added, thereby minimizing any possible perturbations 
of t he  system by the  probe. Many fluorescent probes 
bearing no resemblance to natural membrane constituents 
have been utilized in cholesterol/membrane studies, par- 
ticularly the olefin diphenylhexatriene (DPH).2 The  latter 
has been found to partition into the lipid acyl chain region 
of a membrane. For our projected cholesterol/membrane 
studies, we wished to  have a probe molecule which would 
partition into the cholesterol-rich domains of a membrane. 
T o  achieve this, i t  was decided to  synthesize a fluorescent 
probe molecule with a structure as close as possible to tha t  
of cholesterol and  retaining cholesterol's amphipathic 
nature. 
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Three main classes of fluorescent cholesterol-like probes 
have previously been synthesized: those derivatized, in 
the  36-OH position (e.g., la), those containing extra un- 
saturation in the  ring system4 (e.g., 2a and 2b), and those 
with a modified C-17 side chain5 (e.g., lb). In  some of the 
3P-substituted cholesterol derivatives the  amphipathic 
property3c is lost, while in all cases the  interaction of the 
36-substituent with the  head group of the phospholipids 
in membranes is significantly different from tha t  of a 3P- 
hydroxy group. T h e  ring unsaturated cholesterol-type 
molecules suffer from having a different geometry than  

(1) Schroeder, F. B o g .  Lipid Res. 1984, 23, 97. 
(2) (a) Veatch, W. R.; Stryer, L. J. Mol. Biol. 1977, 117, 1109. (b) 

Kawato, S.; Kinoshita, K.; Ikegami, A. Biochemistry 1978,17,5026. (c) 
Lentz, B. R.; Barrow, D. A.; Hoechli, M. Ibid. 1980,19,1943. (d) Vincent, 
M.; Gallay, J. Biochem. Biophys. Res. Commun. 1983, 13, 799. (e) 
Straume, M.; Litman, B. J. Biophys. J. 1986,49, 310a. 

(3) (a) Waggoner, A. S.; Stryer, L. Proc. Natl. Acad. Sci. U.S.A. 1970, 
67, 579. (b) Rando, R. R.; Bangerter, F. W.; Alecio M. R. Biochim. 
Biophys. Acta 1982,684,12. (c) Cranney, M.; Cundall, R. B.; Jones, G. 
R.; Richards, J. T.; Thomas, E. W. Ibid.  1983, 735, 418. 

(4) (a) Smith, R. J. M.; Green, C. FEBS Lett. 1974,42,108. (b) Rogers, 
J.; Lee, A. G.; Wilton, D. S. Biochim. Biophys. Acta 1979, 552, 23. (c) 
Bergeron, R.; Scott, J. Anal. Biochem. 1982,119,128. (d) Muczynski, K. 
A.; Stahl, W. L. Biochemistry 1983, 22, 6037. (e) Fischer, R. T.; Ste- 
phenson, F. A.; Shafiee, A.; Schroeder, F. Chem. Phys. Lipids 1984,36, 
1. (0 Fischer, R. T.; Stephenson, F. A.; Shafiee, A.; Schroeder, F. J.  Biol. 
Phys. 1985,13,13. (9) Smutzer, G.; Yeagle, P. L. Biochim. Biophys. Acta 
1985,814,274. (h) Chong, P. L. G.; Thompson, T. E. Biophys. J. 1986, 
49, 306a. 

(5) Kao, Y. J.; Soutar, A. K.; Hong, K.-Y.; Pownall, H. J.; Smith, L. 
C. Biochemistry 1978,17, 2689. (b) Craig, I. F.; Via, D. P.; Mantulin, W. 
W.; Pownall, H. J.; Gotto, A. M.; Smith, L. C. J. Lipid Res. 1981,22,687. 
(c) Kao, Y. J.; Doody, M. C.; Smith, L. C. J. Lipid Res. 1986, 27, 781. 
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cholesterol with respect to the ring system and the angular 
methyl groups. These probes will interact differently from 
cholesterol with the lipid acyl chains in a membrane. 
Those cholesterol-type fluorescent probes that have pre- 
viously been synthesized with modified side chains all 
contain heteroatoms in the side chain, greatly altering its 
hydrophobic character. 

It was decided to synthesize fluorescent cholesterol 
analogues modified in the side chain with hydrophobic 
fluorophores, namely, by introduction of conjugated un- 
saturation.6 Such fluorescent cholesterol-type molecules 
should resemble cholesterol more closely in both geometry 
and amphipathic nature and hence should partition into 
membranes in the cholesterol-rich domains and report on 
the membrane environment of the cholesterol. 

A Wittig-type reaction on pregnenolone 3a suitably 
protected at  C-3 could furnish the desired polyunsaturated 
side chains directly. A survey of the literature shows 
several applications of phosphorane Wittig reactions on 
pregnenolone derivatives” but none with ylides bearing 
unsaturated groups. Only two cases of successful phos- 
phonate Wittig reactions on pregnenolone have been re- 
ported, and these are with the activated carbanions, diethyl 
(cyanomethyl)phosphonate8a-d and, recently, ethyl (di- 
ethy1phosphinyl)acetate” after a number of unsuccessful 
 attempt^.^^,^,^ Initially, it was decided to proceed with a 
Wittig reaction on pregnenolone by using an appropriately 
substituted phosphorane reagent. 

Results and Discussion 
The 3P-tert-butyldimethylsilyl ether of pregnenolone 3b 

was treated with (E)-cinnamyltriphenylphosphonium 
bromide in order to obtain the E,E-diene phenyl com- 
pound 6a (R’ = &Me,-t-Bu). Despite the use of a number 

(6) Drew, J.; Gowda, G.; Morand, P.; Proulx, P.; Szabo, A. G.; Wil- 
liamson, D. J .  Chem. Soc., Chem. Commun. 1985,901. (b) Morand, P.; 
Drew, J.; Szabo, A. G.; Proulx, P. Canadian Patent Application 482887, 
1985. (c) Morand, P.; Drew, J.; Szabo, A. G.; Proulx, P. U.S. Patent 
Application 867 565, 1986. 

(7) (a) Sondheimer, F.; Mechoulam, R. J .  Am.  Chem. Soc. 1957, 79, 
5029. (b) Pettit, G. R.; Green, B.; Dunn, G..L.; Sunder-Plassmann, P. J.  
Org. Chem. 1970, 35, 1385. (c) Schmit, J. P.; Piraux, M.; Pilette, J. F. J.  
Org. Chem. 1975,40, 1586. (d) Bannai, K.; Morisaki, M.; Ikekawa, N. J.  
Chem. Soc., Perkin Trans. 1 1976,2116. (e) Koreeda, M.; Koizumi, N.; 
Teicher, B. A. Tetrahedron Lett .  1976, 50, 4565. ( f )  Koreeda, M.; 
Koizumi, N.; Teicher, B. A. J.  Chem. Soc., Chem., Commun. 1976, 1035. 
(9) McMorris, T. C.; Schow, S. R. J.  Org. Chem. 1976, 41, 3759. (h) 
Piatak, D. M.; Wicha, J. Chem. Reo. 1978, 78, 199. (i) Schow, S. R.; 
McMorris, T. C.; J.  Org. Chem. 1979,44, 3760. (i) Furst, A.; Labler, L.; 
Meier, W. Helu. Chim. Acta 1982, 65, 1499. 

(8) (a) Bose, A. K.; Dahill, R. T. J.  Org. Chem. 1965,30,505. (b) Pettit, 
G. R.; Herald, C.; Yardley, J. P. J .  Org. Chem. 1970,35, 1389. (c) Berg- 
mann, E. D.; Solomonovici, A. Steroids 1976, 27, 431. (d) Lenz, G. R.; 
Schulz, J. A. J .  Org. Chem. 1978, 43, 2334. (e) Midland, M. M.; Kwon, 
Y. C. Tetrahedron Lett .  1985,26, 5021. 

(9) Fritach, W.; Stache, V.; Ruschig, H. Justus Liebigs Ann. Chem. 
1966, 699, 195. 

of combinations of base and solvent (lithium ethoxide and 
ethanol, potassium tert-amylate and toluene, n-butyl- 
lithium and tetrahydrofuran, sodium hydride with di- 
methyl sulfoxide and tetrahydrofuran), no reaction was 
observed. Considering the precedents for phosphorane 
Wittig reactions on pregnenolone, this lack of reactivity 
is probably due to the low nucleophilicity of the phos- 
phorane ylide (the negative charge being delocalized 
through the conjugated unsaturation). 

Despite the history of unsuccessful phosphonate Wittig 
reactions on pregnenolone and other 20-ketones, the 3P- 
tert-butyldimethylsilyl ether of pregnenolone 3b was then 
treated with the carbanion generated from diethyl (E)-  
cinnamylphosphonate. Using n-butyllithium as the base 
and tetrahydrofuran as the solvent, the desired E,E-diene 
phenyl compound 6a (R1 = SiMe2-t-Bu) was obtained, 
albeit in a relatively low yield of 35%. The ratio of isomers 
formed was 9O:lO favoring the E,E-isomer, as determined 
by high-resolution NMR. However, it was the 23(24) 
double bond about which the isomers were formed as de- 
termined by Nuclear Overhauser Effect (NOE) experi- 
ments.’O Failure to observe a 2 isomer about the 20(22) 
double bond which was formed in the reaction could be 
rationalized by steric hindrance from the steroid nucleus 
to 20(22)2 double bond formation given the bulk of the 
side chain being added. On the other hand, observation 
of the diastereomers about the 23(24) double bond suggests 
that the negative charge of the phosphonate carbanion was 
delocalized over the allylic system, resulting in loss of 
geometrical integrity about the eventual 23(24) double 
bond. 

R2 

RO t BuMe,SiO 

3a R z H  

3b R : S i M e , t - B u  

4a R’: M e ,  R‘:OH 

4b R’:OH, R’ZMe AR2 + dR3 

t - B u  MpSiO R’ 0 

5a R’:CHO, R ~ - -  H 

5b R’: H, R’z CHO 

6a R’:Ph, R’zH 

6b R2:H, R’: Ph 

7a RZ’ E-(CH=CH)-Ph, R’:H 

7b R2:H, R’: E-(CH=CH)-Ph 

8a R2r 2-Naphthyl, R3: H 

llb R’: H, R’: 2-Naphthyl 

A similar reaction of the 3~-tert-butyldimethylsilyl ether 
of pregnenolone 3b with a 9O:lO mixture of the diethyl 
(2E,4E)- and (22,4E)-2,4-pentadienylphosphonate car- 
banion was unsuccessful. The explanation for this may 
be that the introduction of one extra double bond into the 
phosphonate reagent stabilizes the carbanion to such an 
extent as to make it unreactive toward the rather sterically 
hindered 20-keto group of pregnenolone. 

(10) Complete 500-MHz ’H NMR analysis including computer simu- 
lation of 1D spectra, 2D lH-lH (COSY) experiments, J-resolved spectra, 
nuclear Overhauser effect (NOE) experiments, and IH-l3C correlated 
spectra are presented in a separate publication: Drew, J.; Brisson, J.-R.; 
Morand, P.; Szabo, A. G. Can. J .  Chem., in press. 
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bond lies over the D ring while the 21-methyl group points 
out the back of the molecule. If we assume that likewise 
the ethylene group of the 20s- and 20R-alcohols (4b and 
4a) adopts an ~ 1 8 0 ~  conformation from C-13 in solution, 
then the higher stereoselectivity of the 20R-alcohol oxi- 
dative rearrangement can be rationalized. The hydroxyl 
group of the 2OR-alcohol4a would be pointing out the back 
of the molecule and hence it could be envisaged that the 
oxidative rearrangement occurs mainly by a concerted 
mechanism as there is little steric hindrance from neigh- 
boring nuclei. On the other hand, the hydroxyl group of 
the 20s-alcohol 4b would lie over the D ring of the steroid 
nucleus as in the 20s-ethyl compound, and there would 
be some steric hindrance to a concerted oxidative rear- 
rangement. 

The difference in stereoselectivities of the oxidative 
rearrangement of the epimeric alcohols can be seen to 
account for the ratio difference between the reactants and 
products (20S/20R-alcohols in 9:l ratio - 20(22)E/20- 
(22)Z-aldehydes in 4:l ratio). As shown in Table I, if 90% 
of the resultant ratio from the 20s alcohol 4b oxidative 
rearrangement is added to 10% of the product ratio from 
the 20R-alcohol4a oxidative rearrangement, an aldehyde 
ratio is arrived at (80:20), which is the same as that found 
experimentally for the 20S/20R-alcohol (9:l) oxidative 
rearrangement reaction. 

Another route to the isomeric aldehydes 5a and 5b was 
investigated with the aim of synthesizing the 20(22)E- 
aldehyde 5a more stereoselectively. It was decided to treat 
the tert-butyldimethylsilyl ether of pregnenolone 3b with 
diethyl [2- (cyclohexylimino)vinyl]phosphonate, which has 
been shown to react with 3-keto and 17-keto steroids,15 
followed by hydrolysis of the cyclohexylimino fiinction. 
This phosphonate Wittig reaction was expected16 to yield 
predominantly the 20(22)E-aldehyde 5a, and this proved 
to be the case (a ratio of 96:4 favoring 5a over 5b was 
determined by HPLC). 

Both phosphorane and phosphonate Wittig reactions 
were successfully carried out on the 20(22)E-aldehyde 5a. 
For example, when 5a was treated with the ylide generated 
from (E)-cinnamyltriphenylphosphonium bromide in 
tetrahydrofuran, the expected E,E,E- and E,Z,E-trienes 
7a and 7b (R' = %Me,-t-Bu) were formed in 75% yield. 
After removal of the tert-butyldimethylsilyl protecting 
group at C-3, the ratio of 7a/7b (R' = H) was determined 
by 500-MHz lH NMR to be 40:60.1° 

In order to improve the stereoselectivity of E,Z&triene 
7b formation, the above experiment was repeated in a 1:9 
ratio of hexamethylphosphoramide (HMPA) / tetrahydro- 
furan as solvent. Use of HMPA as a cosolvent has been 
shown17 to increase Z stereoselectivity of Wittig reactions. 
It has been postulated that this is due to the ability of 
HMPA to act as a lithium cation complexing agent, hence 
accelerating the formation of olefin from the betaine- 
lithium bromide complex, producing the more kinetically 
favored (2)-olefin. The ratio of conjugated trienes formed 
under these conditions was determined by HPLC to be 
1:99 (7a/7b, R' = SiMe,-t-Bu). 

Table I. Ratios of 20(22)E/20(22)2-Aldehydes (5a/5b) 
Obtained after Oxidative Rearrangement of Various Ratios 

of 20R/20S-Alcohols (4a/4b) with Pyridinium 
Chlorochromate 

4a/4b 5a/5b 4a/4b 5a/5b 
1 0 9 0  80(*1):20(11)' 0:lOO 78(*2):22(*2)* 
1OO:O 98(*1):2(fl)* 10:90 80(=t2):20(*2)c 

O'Determined by 300-MHz 'H NMR. *Determined by HPLC. 
Calculated from observed ratios of aldehydes obtained by starting 

A more reactive carbonyl compound was needed in order 
to arrive at the desired olefinic sterol derivatives 7a and 
Sa. It was decided to synthesize the 20(22)E-cu,P-unsatu- 
rated aldehyde 5a. Apart from having a more reactive 
carbonyl function than the 20-keto group of pregnenolone, 
this aldehyde is less sterically hindered for reaction with 
a Wittig reagent, and hence it should react with both 
phosphorane ylides and phosphonate carbanions. 

Synthesis of the analogous 3P-acetoxy aldehyde has been 
reported," the more efficient route involving a Grignard 
reaction and then a rearrangement of the tertiary alcohol 
and subsequent oxidation.l'* We adopted this route except 
that use of pyridinium chlorochromate12 enabled us to 
perform the rearrangement and oxidation in one step. 

The tert-butyldimethylsilyl ether of pregnenolone 3b 
was treated with vinyl magnesium bromide to obtain the 
epimeric C-20 alcohols 4a and 4b. The ratio of alcohols 
obtained was determined to be 1:9 by integration of the 
(2-23 'H NMR peaks centered at  6 5.22 and 5.00 and at 6 
5.15 and 4.96. The major isomer was assigned the 20s 
configuration (4b) in keeping with the stereochemical 
preference reported for other Grignard reactions on C-20 
steroidal ketones.'laJ3 The 9:l ratio of 2OS/2OR alcohols 
(4b/4a) is in good agreement with that observed for the 
analogous 3P-acetoxy compound ( l l : l ) . I l a  

Treatment of the 9 1  mixture of 20S,20R-alcohols 4b and 
4a with pyridinium chlorochromate resulted in an 80:20 
mixture of the 20(22)E- and 20(22)Z-a,P-unsaturated al- 
dehydes 5a and 5b, respectively. The 20(22)E- and 20- 
(22)Z-aldehydes were assigned on the basis of their (2-21 
'H NMR  resonance^:'^ 20(22)E-isomer 5a, 6 2.22; 20- 
(22)Z-isomer 5b, 6 1.99. The 80:20 ratio of the aldehydes 
was determined by integration of the C-23 'H NMR peaks 
at  6 10.07 [20(22)E] and 9.97 [20(22)2] and of the C-22 
proton peaks at 6 6.05 [20(22)2] and 5.95 [20(22)E]. 

In order to obtain some insight into the mechanism of 
this oxidative rearrangement, the pure 20R- and 20S- 
alcohols (4a and 4b) were each treated with pyridinium 
chlorochromate, and the resulting ratios of 20(22)E/20- 
(22)Z-aldehydes determined by HPLC. The results are 
given in Table I. 

It can be seen that the 20R-alcohol 4a gives the 20- 
(22)E-aldehyde 5a in a highly stereoselective manner, in 
contrast to the 20s-alcohol 4b. This difference in behavior 
can be attributed to the relative arrangement of the 
functional groups on C-20 with respect to the D ring of the 
steroid nucleus. From an X-ray crystallographic study13 
on the analogous 20s-ethyl compound, the position of the 
ethyl group was determined to be close to B O o  from C-13 
(when looking along the C-17,C-20 bond). The C-20 C-0 

from pure 4a and pure 4b. 

(11) (a) Letourneaux, Y.; Lo, M. M. L.; Chaudhuri, N.; Gut, M. J.  Org. 
Chem. 1975,40,516. (b) Colonna, A. 0.; Gros, E. G. J. Steroid Biochem. 
1973, 4, 171. 

(12) Corey, E. J.; Suggs, J. W. Tetrahedron Lett. 1975, 2647. 
(13) Makino, T.; Shibata, K.; Rohrer, D. C.; Osawa, Y. J.  Org. Chem. 

(14) (a) Jackman, L. M.; Wiley, R. H. J. Chem. SOC. 1960, 2881. (b) 
1978, 43, 276. 

Faulkner, D. J. Synthesis 1971, 175. 

(15) Nagata, W.; Hayase, Y. J. Chem. SOC. C 1969, 460. 
(16) (a) Wadsworth, W. S. Org. React. (N.Y.) 1977,25, 73. (b) Best- 

mann, H. J.; Vostrowsky, 0. Top. Curr. Chem. 1983, 109, 85. 
(17) (a) Sonnet, P. E. Org. Prep. Proced. Int. 1974, 6, 269. (b) Mag- 

nusson, G. Tetrahedron Lett. 1977,31, 2713. (c) Corey, E. J.; Marfat, A.; 
Goto, G.; Brion, F. J .  Am. Chem. SOC. 1980, 102, 7984. 

(18) Prepared from triethyl phosphite and cinnamyl bromide by the 
method used to synthesize diethyl benzylphosphonate of: Saunders, B. 
C.; Stacey, G. J.; Wild, F.; Wilding, I. G. E. J. Chem. SOC. 1948, 699. 

(19) Dawson, N. D.; Burger, A. J. Am. Chen. SOC. 1952, 74, 5312. 
(20) Prepared by the method of  Arbuzov, B. A,; Lugovkin, B. P. Zh. 

Obshch. Khim. 1950, 20, 1297; Chem. Abstr. 1951, 45, 1567a. 
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Table 11. Yields and E / Z  Ratios for Various Wittig Reactions on Compounds 3b and 5a 
RRCO methodn vroduct vield. % EIZ ratiobzc 

3b 
3b 
3b 
5a 
5a 

3b 
5a 
5a 
5a 

(EtO)zP(O)CH,R" 
I11 R" = (E)-(CH=CH)Phd 
I11 R" = (CH=CH),Phf 
I11 R" = CH=NC,Hllg 

I11 R" = 2-(CloH7)h 
I11 R '  = (E)-(CH=CH)Ph 

Ph,P+CHzR" X- 
I R" = (E)- (CH=CH) Ph 

I R" = (E)-(CH=CH)Ph 
I1 R" = (E)-(CH=CH)Ph 

I R" = Ph 

6a,b 35 90:lOb.' 
no reaction 
5a,b 45 96:4' 
7a,7b 40 83:17' 
8a,b 55 90:lOb 

no reaction 
6a,b 75 4O6Ob 
7a,b 75 4O6Ob 
7a,b 1:99' 

"Method I: phosphorane ragent, THF, reflux for 12 h. Method 11: phosphorane reagent, 9:l THF/HMPA, room temperature for 24 h. 
Method 111: phosphonate reagent, THF, room temperature for 24 h. bDetermined by 500-MHz lH NMR. cDetermined by HPLC. dSee ref 
18. 'About C-23 (24) double bond, see text. f90:lO mixture of 2E,4E/PZ,4E-isomers. gSee ref 15 and 19. hSee ref 20. 

A more stereoselective synthesis of the E,E,E-triene 7a 
was achieved by treating the 20(22)E-aldehyde 5a with the 
carbanion gene ra t ed  f rom d ie thy l  (E)-cinnamyl- 
phosphonate in tetrahydrofuran. The ratio of conjugated 
trienes 7a/7b (R1 = SiMez-t-Bu) obtained by  this method 
was found to be 83:17 by HPLC analysis. See Table I1 for 
yields and EIZ  ratios of all Wittig-type reactions per- 
formed on the aldehyde 5a and on the 3P-tert-butyldi- 
methylsilyl e ther  of pregnenolone 3b. 

All of the polyunsaturated sidechain analogues reported 
here resemble cholesterol very closely in  amphipathic 
nature. Inspection of space-filling models shows that the 
E,E-diene phenyl isomer 6a (R' = H )  has the closest 
geometrical structure to that of cholesterol. 

A number of observations in the literature lend support 
to the idea that the sterol probes 6a, 7a, and Sa will prove 
to be close analogues of cholesterol in  membranes. First, 
deuterium NMR studies21 of various deuteriated chole- 
sterol derivatives incorporated into model dimyristoyl- 
phosphatidyl choline (DMPC) membranes have shown 
that the side chain of cholesterol, up to C-22, is as rigid 
as the ring system, as measured by  the molecular order 
parameter Smol = 0.80. Even at C-24, the side chain was 
found to be highly ordered with Smol = 0.66. Second, X-ray 
crystallographic studiesz2 of anhydrous cholesterol have 
shown that at  around physiological temperatures, chole- 
sterol undergoes a phase transition in which the side chain 
conformation changes from gauche-trans to the  more fa- 
vorable trans-trans geometry. 

It would appear then that the presence of unsaturation 
in the side chains of the sterol probes 6a, 7a, and 8a should 
not lead to a significant difference in their side chain order 
with respect to that of cholesterol, when incorporated in  
membranes. Furthermore,  as the preferred side chain 
conformation of crystalline anhydrous cholesterol is 
trans-trans, the all-trans geometry of the olefinic side 
chains of 6a, 7a, and Sa should render these sterols close 
analogues of cholesterol. 

Absorption and fluorescence maxima of the fluorescent 
analogues are summarized in  Table  111. Results of our 
studies on the fluorescence properties of these compounds 
in  model membrane bilayers and in  various density lipo- 
protein fractions will be reported elsewhere. 

Experimental Section 
Melting points were determined on a Fisher-Johns melting 

point apparatus and are uncorrected. Spectra were obtained on 

_. 

(21) Dufourc, E. J.; Parish, E. J.; Chitrakorn, S.; Smith, I. C. P. Bio- 

(22) Small. D. M. In "The Phvsical Chemistrv of LiDids from Alkanes 
chemistry 1984, 23, 6062 and references therein. 

to Phospholipids" Handbook o i  Lipid Resear&; Plekm: New York, 
1986; Vol. 4, p 399. 

Table 111. Absorption and Fluorescence Maxima of 

compd (with R' = H) hmarabs, nm" A,,,,:"', rima'* 
Cholesterol Analogue Probes 6a, 7a, and 8a 

6a 295 352 
7a 332 390 
8a 271,332 407 

a For solvent used, see Experimental Section. For excitation 
wavelength, see Experimental Section. 

the following instruments: Bruker AM-500 and AM-200 and 
Varian XL300 ('H and 13C NMR), Varian Cary 219 (UV), Per- 
kin-Elmer MPF-44A (fluorescence), Perkin-Elmer 23 polarimeter 
(rotations), and a Vacuum Generator VG 7070E (MS). The 
ionizing voltage for MS was 70 eV. Elemental analyses were 
performed by Mr. H. SBguin, Division of Biological Sciences, 
National Research Council, Ottawa, Canada. 

For flash column chromatography Terochem silica gel 1918 
(equivalent to Merck 9385, 20-45 pm) was used. Thin-layer 
chromatography (TLC) was done on Merck 60 nonfluorescent 
silica gel plates, which were visualized by spraying with 5% sulfuric 
acid in ethanol and heating. Analytical and preparative high- 
performance liquid chromatography (HPLC) was performed on 
a Varian Vista 5500 liquid chromatograph with a Varian DS604 
data system. 

Preparation of Phosphonates. Diethyl (E)-Cinnamyl- 
phosphonate. Equimolar amounts of triethyl phosphite and 
(E)-cinnamyl bromide were heated under reflux a t  160 "C for 10 
h. The ethyl bromide evolved was condensed in an acetone/dry 
ice cold finger, and the reaction mixture was distilled to give pure 
diethyl (E)-cinnamylphosphonate: bp 147.0-148.5 "C (1.0 mm); 
'H NMR (300 MHz) 6 1.29 (t, 6 H, J = 7.1 Hz, OCH2CH3), 2.74 
(d of d of d, 2 H, J = 1.2, 7.5, 22.1 Hz, CH,P), 4.10 (m, 4 H, 
OCH2CH,), 6.15 (m, 1 H, CH=CHCH,P), 6.51 (d of d, 1 H, J = 
5.0, 15.7 Hz, CH=CHCH2P), 7.18 - 7.35 (m, 5 H, Ar protons). 
Anal. Calcd for CI3Hl9O3P: C, 61.41; H, 7.53. Found: C, 61.19; 
H, 7.39. 

Diethyl (2-Naphthylmethy1)phosphonate. This phospho- 
nate was prepared by a reported20 method: bp 168.0-169.0 OC 
(1.2 mm); 'H NMR (300 MHz) 6 1.22 (t, 6 H, J = 7.1 Hz, 
OCH2CH3), 3.30 (d, 2 H, J = 21.7 Hz, CH,P), 4.00 (m, 4 H, 
OCH2CH3), 7.40 - 7.47, (m, 3 H, Ar protons), 7.73 - 7.81 (m, 
4 H, Ar protons). 

Diethyl (2E ,4E) -  and (22,4E)-2,4-Pentadienyl- 
phosphonate. This phosphonate was prepared from (E,E)- 
cinnamylideneacetic acid as outlined below. 

Methyl (E,E)-5-Phenyl-2,4-pentadien-l-oate. (E,E)- 
Cinnamylideneacetic acid (Pfitzer and Bauer, 10.0 g) was dissolved 
in anhydrous MeOH (200 mL), and dry HC1(- 10 g) was added. 
The reaction mixture was stirred a t  room temperature for 20 h, 
and then the MeOH was evaporated under reduced pressure. The 
product was extracted with n-pentane through a thimble and 
allowed to crystallize. Total yield of the ester was 96% (10.4 g) 
after two crops of crystals: mp 67.0-68.0 "C (lit.23 mp 71 "C); MS, 
m / z  188 (M'), 157 (M' - OCH3), 129 (M' - C02CH3); 'H NMR 

(23) Riedel, A. Justus Liebigs Ann. Chem. 1908, 362, 96. (Beilstein, 
Springer-Verlag: Berlin, 1926; Vol. 9, System No. 950 639.) 
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(300 MHz) 6 3.80 (s,3 H, CO,CH3), 6.03 (d, 1 H, J = 15.9 Hz, H-2), 
6.86 - 6.92 (m, 2 H, H-4, H-5), 7.33 - 7.52 (m, 6 H, 5 Ar protons 
and H-3). Anal. Calcd for ClzHl2O2: C, 76.57; H, 6.43. Found: 
C, 76.53; H, 6.43. 
(E,E)-5-Phenyl-2,4-pentadien-l-o1. The 1-methyl ester from 

above (0.94 g) was added to benzene (Na dried, 11 mL) under 
nitrogen, and then diisobutylaluminum hydride (1.0 M solution 
in toluene, 10.0 mL, 2.0 equiv) was added slowly over 1 h. The 
reaction mixture was then heated at 45 "C for 3 h until no starting 
material remained. After the mixture was cooled, dry MeOH (1.04 
mL in 1.14 mL of toluene, 6.0 equiv) and then HzO (0.55 mL in 
1.14 mL of MeOH, 6.0 equiv) were added. The gel which formed 
upon addition of H20 was filtered, washed with MeOH, evaporated 
to dryness, extracted through a thimble with n-pentane, and 
allowed to crystallize to yield 0.70 g of the alcohol (87% yield): 
mp 79.5-81.5 "C (lit.248 mp 80-81 "C, lit.24b mp 73-78 "C); MS, 
m/z  160 (M'), 142 (M+ - HzO); 'H NMR (300 MHz) 6 4.26 (d 
of d, J = 7,2 Hz, CH20H). Anal. Calcd for C11H120: C, 82.46; 
H, 7.55. Found: C, 82.21; H, 7.43. 

l-Bromo-5-phenyl-2,4-pentadiene. (E,E)-5-Phenyl-2,4-pen- 
tadien-1-ol(0.95 g) was dissolved in dry ether (20 mL) and cooled 
to 0 "C, and phosphorus tribromide (1.62 mL, 1.05 equiv) was 
added dropwise. After being stirred at  0 "C for 1.5 h, the reaction 
mixture was poured onto ice, extracted with ether, washed with 
NaHCO,, and dried over MgSO,. After evaporation of the solvent 
under reduced pressure, the cream-colored residue was ground 
to a powder and dried under vacuum (over KOH) to give 1.06 
g (80% yield) of slightly contaminated l-bromo-5-phenyl-2,4- 
pentadiene, which was used within 3 days in the following reaction: 
MS, m/z  (under chemical ionization conditions) 225, 223 (MH'), 
224, 222 (M+); 'H NMR (300 MHz) 6 4.09 (d of d, J = 7.7, 2.0 
Hz, CHzBr). 

Diethyl 5-Phenyl-2,4-pentadien-l-ylphosphonate. The 
slightly contaminated l-bromo-5-phenyl-2,4-pentadiene (3.48 g) 
was heated at 160 "C with triethyl phosphite (3.00 mL, 1.12 equiv) 
for 20 h. The reaction mixture was distilled [153-158 "C (0.1 mm)] 
to give 2.06 g (47% yield) of a 9010 mixture of the 2E,4E/22,4E 
isomers as determined by 200-MHz 'H NMR. This mixture of 
isomers is suspected to have originated from the bromination 
reaction above. 

2E,4E-Isomer: 'H NMR (200 MHz) 6 1.26 (t, 6 H, J = 7.1 
Hz, OCH,CH,), 2.64 (d of d, 2 H, J = 22.9, 7.7 Hz, CH,P), 4.05 
(m, 4 H, OCH2CH3), 5.72 (m, 1 H, H-2), 6.28 (d of d of d, 1 H, 

H-5), 6.71 (d of d, 1 H, J = 15.5, 10.4 Hz, H-4), 7.14 - 7.38 (m, 
J = 15.1, 10.2, 5.0 Hz, H-3), 6.44 (d of d, 1 H, J = 15.7, 2.4 Hz, 
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and the reaction mixture was not refluxed but kept stirring at  
room temperature for 24 h (see Table I1 for isomer ratios). 

Pregnenolone 38-tert -Butyldimet hylsilyl Ether (3b) from 
3a. Pregnenolone (3a, 22.6 g) was treated with tert-butyldi- 
methylsilyl chloride (13.1 g, 1.2 equiv) and imidazole (11.9 g, 2.4 
equiv) in dry DMF for 20 h at  room temperature. The resulting 
precipitate was filtered and recrystallized from CHC1, to give pure 
3b. The filtrate was extracted with ether, washed with HzO, and 
dried over MgS04 and the solvent removed under reduced 
pressure. The resulting white powder was chromatographed on 
silica gel (hexane/ethyl acetate, 98:2) to give more protected 
pregnenolone 3b (total yield 28.3 g, 92%): mp 164.5-165.0 "C 
(lit.25 mp 162-164 "C); MS, m/z 415 (M+ - CH,), 373 (M+ - 

(s, 6 H, Si(CH,),), 0.63 (s,3 H, C-18 methyl), 0.89 (s, 9 H, C(CH3)3)r 
1.00 (s, 3 H, C-19 methyl), 2.12 (s, 3 H, C-21 methyl), 3.48 (m, 
1 H, H-34, 5.34 (br d, 1 H, H-6); 13C NMR (75 MHz) 6 -4.61 
(Si(CH3),), 25.90 (C(CH,),), 209.58 (C-20). Anal. Calcd for 
C,,H4602Si: C, 75.27; H, 10.77. Found: C, 75.02; H, 10.79. 

General Deprotection Procedure. The tert-butyldi- 
methylsilyl ether derivatives of the unsaturated alcohols 6a,b, 7a,b, 
and 8a,b were treated with tetra-n-butylammonium fluoride% (1.0 
M solution in THF, 4 equiv) in dry THF for 20 h at  room tem- 
perature. After removal of the solvent, the residue was taken up 
in ethyl acetate, washed with water, and dried over MgS04 and 
the ethyl acetate evaporated under reduced pressure. The crude 
solid was chromatographed over silica gel (hexane/ethyl acetate, 
8812) to give quantitative yields of the corresponding C-3 alcohols. 

(20R)- and (20S)-20-Vinylpregn-5-ene-3&20-diol3& tert - 
Butyldimethylsilyl Ether (4a and 4b) from 3b. To a cooled 
solution (-78 "C) of the tert-butyldimethylsilyl ether of preg- 
nenolone (3b, 15.7 g) in THF was added vinylmagnesium bromide 
(1 M solution in THF, 90 mL, 2.5 equiv), and the reaction mixture 
was stirred at  -78 "C for 1 h and then at  room temperature for 
24 h. Hydrolysis with a saturated solution of NH4Cl (0 "C), 
extraction with ether, and working up in the usual way'la gave 
the crude product, which was purified by chromatography on silica 
gel (hexane, hexane/ethyl acetate, 98.5:1.5). The fractions con- 
taining solely the 20R- and 20s-isomers 4a and 4b, respectively, 
were combined separately; total yield of C-20 alcohol was 14.6 
g (87%). 'H NMR (300 MHz) on partially purified reaction 
product (starting material removed) determined the ratio of the 
epimers to be 1:9 by integration of the H-23 peaks (RCH=CH2) 
centered at  6 5.22 and 5.15 and at 6 5.00 and 4.96. The major 
isomer was assigned the 20s configuration (4b) in line with re- 
ported epimer ratios'la,13 for other Grignard reactions on 20-keto 
steroids. 

%OR-Epimer 4a: mp 192-194.5 "C; MS, m/z  443 (M+ - CH,), 

MHz) 6 0.053 (5, 6 H, Si(CH,),), 0.770 (s, 3 H, C-18 methyl), 0.886 
(s, 9 H, C(CH3),), 0.983 (s, 3 H, C-19 methyl), 1.538 (s, 3 H, C-21 
methyl), 3.48 (m, 1 H, H-34 ,  5.00 (d, 1 H, J = 10.7 Hz, H-23), 
5.22 (d, 1 H, J = 17.2 Hz, H-23), 5.31 (br d, 1 H, H-6), 6.03 (d 
of d, 1 H, J = 17.3,10.7 Hz, H-22); 13C NMR (125 MHz) 6 13.35 

(C-23), 146.24 (C-22). Anal. Calcd for C29H5002Si: C, 75.90; H, 
10.99. Found: C, 75.75; H, 11.01. 

20s-Epimer 4b: mp 157-158 "C; MS, m / z  443 (M+ - CH,), 

MHz) 6 0.055 (s, 6 H, Si(CH,),), 0.830 (s, 3 H, C-18 methyl), 0.888 
(s, 9 H, C(CH,),), 0.999 (s, 3 H, C-19 methyl), 1.542 (s, 3 H, C-21 
methyl), 3.48 (m, 1 H, H-34,4.96 (d of d, 1 H, J = 10.8, 1.3 Hz, 
H-23), 5.15 (d of d, 1 H, J = 17.3, 1.2 Hz, H-23), 5.31 (br d, 1 H, 
H-6), 5.98 (d of d, 1 H, J = 17.3, 10.8 Hz, H-22); I3C NMR (125 

(C-20), 110.22 (C-23), 146.12 (C-22). Anal. Calcd for C29H5002Si: 
C, 75.90; H, 10.99. Found: C, 75.80; H, 11.11. 

(20(22)E)- and (20(22)Z)-24-Norchola-5,20(22)-dien-23-a1, 
3@-tert-Butyldimethylsilyl Ether (5a and 5b) from 4a and 
4b. To a suspension of pyridinium chlorochromate (12.0 g, 2 equiv) 
and sodium acetate (4.5 g, 2 equiv) in CH2Clz was added a solution 
of the 1:9 mixture of the 20R/20S-alcohols 4a and 4b (12.9 g) in 
CH2C12. After the mixture was stirred at  room temperature for 

C(CHJ3); +23" (C 1.29, CHzCl,); 'H NMR (300 MHz) 6 0.06 

401 (M" - C(CH,),); [ c ~ ] ~ ~ D  -26" ( C  0.24, CHC1,); 'H NMR (500 

(C-18), 22.40 (C-16), 29.93 (C-21), 58.98 (C-17), 75.42 (C-20), 109.78 

401 (M+ - C(CH3)J; [cY]'~D -52" ( C  1.07, CHZCl,); 'H NMR (500 

MHz) 6 13.80 (C-l8), 23.21 (C-16), 28.78 (C-21), 59.47 (C-17), 75.73 

Ar protons). 
22,4E-Isomer: 

8 Hz, CHZP), 5.48 
'H NMR (200 MHz) 6 2.79 (d of d, J = 23, 

(d of d,  J = 11, 8 Hz, H-2), 6.96 (d of d, J = 
15, 10 Hz, H-4). 

General Conditions of Phosphorane Wittig Reaction 
(Method I). To a cooled solution (-78 "C) of the phosphorane 
(1.1 equiv) in THF was added n-BuLi (1.1 equiv), and after the 
mixture was stirred for 45 min, a solution of the carbonyl com- 
pound in THF was added. The reaction mixture was stirred at  
-78 "C for a further 45 min, allowed to come to room temperature, 
and then refluxed for 12 h. The solvent was evaporated and the 
residue taken up in ether and worked up in the usual way. 
Chromatography of the crude product on silica gel (hexane) gave 
a mixture of (E/Z)-olefins (see Table 11). After deprotection, the 
(E)-  and (Z)-olefins were separated by HPLC (Beckman Ultra- 
sphere ODS column, 10 mm X 25 cm, 3 mL/min, 95% MeOH/5% 
H2O). 

General Conditions of Phosphorane Wittig Reaction for 
Stereoselective Synthesis of (Z)-Olefins (Method 11). The 
above procedure was followed except that the solvent for the 
reaction was 90% THF/ 10% hexamethylphosphoramide (HMPA) 
and the reaction mixture was not refluxed but kept stirring at  
room temperature for 24 h (see Table I1 for isomer ratios). 

General Conditions of Phosphonate Wittig Reaction for 
Stereoselective Synthesis of (E)-Olefins (Method 111). The 
procedure was identical with that of method I except that the 
appropriate phosphonate was used instead of the phosphorane 

(24) (a) Nazarov, I. N.; Fisher, L. B. Izu. Akad. Nauk SSSR, Ser. 
Khim. 1948,436; Chem. Abstr. l949,43,2576f. (b) Misumi, S.; Nakagawa, 
M. Bull. Chem. SOC. Jpn.  1963, 36, 399. 

(25) Dygos, J. H.; Desai, B. N. J .  Org. Chem. 1979, 44, 1590. 
(26) Corey, E. J.; Venkateswarta, A. J .  Am. Chem. SOC. 1972,94,6190. 
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20 h, the solvent was evaporated and the residue taken up in ether, 
washed with saturated NaHCO, and brine, and dried over MgS04. 
The crude solid obtained after removal of the solvent was chro- 
matographed on silica gel (hexane, hexane/ethyl acetate, 99:l). 
Those fractions containing solely the 20(22)2- or 20(22)E-isomers 
were combined separately, giving a total yield of aldehydes of 88% 
(5a, 5b, 11.3 g). The E- and 2-aldehydes were assigned on the 
basis of their 'H and I3C 21-methyl NMR resonances: 6 2.20 (E)  
and 1.99 (Z);14 6 19.36 (E)  and 24.54 (2). The ratio of diaste- 
reomeric aldehydes was determined by integration of the H-23 
peaks at 6 10.07 ( E )  and 9.97 (2) and the H-22 peaks at  6 6.05 
(2) and 5.95 ( E )  to be 80 f 1/20 f 1 as E / Z .  

The oxidation procedure described above was carried out on 
both the pure 20R-alcohol4a and on the pure 20s-alcohol 4b and 
the ratio of resultant aldehydes determined on the crude products 
by HPLC (Varian MCH-5NCAP column, 4.6 mm X 15 cm, 100% 
MeOH, 254 nm). The results are summarized in Table I. 

(20(22)E)- and (20(22)2)-Norchola-5,20(22)-dien-23-al, 
3,9-tert-Butyldimethylsilyl Ether (5a and 5b) from 3b. The 
tert-butyldimethylsilyl ether of pregnenolone (3b, 2.9 g) was 
treated with diethyl-2-(cyclohexylimino)vinyl pho~phonate'~.'~ (1.1 
equiv) and NaH (50% dispersion in oil, 1.1 equiv) in THF initially 
at 0 "C and then at reflux temperature for 1 2  h. A yellow-green 
color developed upon heating. The reaction mixture was diluted 
with water and extracted with ether. Hydrolysis of the crude 
product and chromatography on silica gel (hexane, hexane/ethyl 
acetate, 96:4) gave a 45% yield of the diastereomeric 20(22)E/ 
20(22)Z-aldehydes (5a and 5b, 1.40 g). The ratio of aldehydes 
was determined by HPLC (Varian SPC-18 column, 4.6 mm X 15 
cm, 100% CH,CN, 250 nm) to be 20(22)E/20(22)2 = 96:4. 

20(22)E-Isomer (5a): mp 145-146.5 "C; MS, m/z  456 (M+), 
441 (M+ - CH,), 399 (M+ - C(CH,),); UV Ammabs 248 nm (CHCl,); 
'H NMR (300 MHz) 6 0.06 (s, 6 H, Si(CH3),), 0.62 (s, 3 H, C-18 
methyl), 0.89 (s, 9 H, C(CH,),), 1.01 (s, 3 H, C-19 methyl), 2.20 
(s, 3 H, C-21 methyl), 3.49 (5, 1 H, H-3a), 5.35 (br d, 1 H, H-6), 
5.95 (d, 1 H, J = 7.8 Hz, H-22), 10.07 (d, 1 H, J = 8.0 Hz, H-23); 

NMR (125 MHz) 6 19.36 (C-21), 127.99 (C-22), 164.24 (C-20). 
Anal. Calcd for C29H480zSi: C, 76.32; H, 10.53. Found: C, 75.80; 
H, 10.72. 

20(22)Z-Isomer (5b): mp 118-119 "C; MS, m/z  456 (M'), 
441 (M+ - CH,), 399 (M+ - C(CH3),); [aIz5~ -102O(c 0.66, CHCI,); 
'H NMR (500 MHz) 6 0.059 (s, 6 H, Si(CH3),), 0.698 (s, 3 H, C-18 
methyl), 0.890 (s, 9 H, C(CH,),), 1.009 (s, 3 H, C-19 methyl), 1.992 
(s, 3 H, C-21 methyl), 3.48 (m, 1 H, H-3a), 5.33 (br d, 1 H, H-6), 
6.05 (d, 1 H, J = 8.0 Hz, H-22), 9.97 (d, 1 H, J = 8.3, H-23); I3C 

191.16 (C-23). Anal. Calcd for C29H480zSi: C, 76.32; H, 10.53. 
Found: C, 76.06; H, 10.65. 
(20(22)E,23E)-24-Phenylchola-5,20(22),23-trien-3~-01 (6a, 

R' = H): mp 141.0-142.5 "C; MS, m / t  416 (M'); [a]25D -30" (c  
0.19, CH,Cl,); UV Amaxabs 280,295, 306 nm (MeOH), Ama,em 352 
nm (MeOH, A,, = 300 nm); 'H NMR (500 MHz) 6 0.598 (s, 3 H, 
C-18 methyl), 1.009 (s, 3 H, C-19 methyl), 1.896 (s, 3 H, C-21 
methyl), 3.526 (m, 1 H, H-3a) 5.365 (br d, 1 H, H-6), 6.074 (br 

NMR (125 MHz) 6 24.54 (C-21), 131.59 (C-22), 164.11 (C-20), 

d, 1 H, J = 11.0 Hz, H-22), 6.466 (d, 1 H, J = 15.6 Hz, H-24), 7.083 
(d of d, 1 H, J = 11.0, 15.6 Hz, H-23), 7.182 (t, 1 H, H-4'), 7.295 

(125 MHz) 6 13.05 (C-l8), 18.71 (C-21), 19.44 (C-19), 121.60 (C-6), 
125.73 (C-22, C-24), 126.08 (C-2', C-6'), 126.90 (C-4'), 128.54 (C-3', 
C-5'), 130.03 (C-23), 138.18 (C-l'), 139.91 (C-20), 140.84 (C-5). 

(t, 2 H, H-3' and H-5'), 7.400 (d, 2 H, H-2' and H-6'); 13C NMR 

Anal. Calcd for C30H400: C, 86.48; H, 9.68. Found: C, 86.24; 
H, 9.78. 
(20(22)E,232)-24-Phenylchola-5,20(22),23-trien-3~-ol (6b, 

R' = H): MS, m/z 416 (M'); 'H NMR (500 MHz) 6 0.614 (s, 3 
H, C-18 methyl), 1.014 (s, 3 H, C-19 methyl), 1.869 (s, 3 H, C-21 
methyl), 3.491 (m, 1 H, H-Sa), 5.357 (br d, 1 H, H-6), 6.343 (br 
d, 1 H, J = 11.3 Hz, H-22), 6.444 (d, 1 H, J = 11.3 Hz, H-24), 6.506 
(d of d, 1 H, J = 11.3, 11.3 Hz, H-23), 7.211 (t, 1 H, H-4'), 7.32 

Drew et al. 

(t, 2 H, H-3', and H-59, 7.34 (d, 2 H, H-2' and H-6'); I3C NMR 
(125 MHz) 6 13.17 (C-l8), 18.58 (C-21), 19.44 (C-19), 121.60 (C-6), 
121.84 (C-22), 126.52 (C-2', C-6'), 127.36 (C-4'), 128.13 (C-3', C-5'), 
129.13 (C-23, C-24), 138.06 (C-l'), 140.84 (C-5), 141.49 (C-20). Anal. 
Calcd for C30H400: C, 86.48; H, 9.68. Found: C, 86.09; H, 9.70. 

(20(22)E,23E ,25E )-26-Phenyl-27-norcholesta-5,20- 
(22),23,25-tetraen-38-01(7a, R1 = H): mp 171.5-173.0 "C; MS, 
m / z  442 (M+); [a]25D -7" (c 0.15, CH2C1,); UV 319, 332, 
347 nm (THF), Amem 390 nm (THF, A,, 332 nm); 'H NMR (500 
MHz) 6 0.589 (s, 3 H, '2-18 methyl), 1.013 (s, 3 H, (2-19 methyl), 
1.848 (s, 3 H, C-21 methyl), 3.530 (m, 1 H, H-34 ,  5.361 (br d, 1 
H, H-6), 6.007 (br d, 1 H, J = 11.1 Hz, H-22), 6.322 (d of d, 1 H, 
J = 10.1, 14.7 Hz, H-24), 6.507 (d, 1 H, J = 15.2 Hz, H-26), 6.641 
(d of d, 1 H, J = 11.1, 14.7 Hz, 5-23), 6.883 (d of d, 1 H, J = 10.1, 
15.2 Hz, H-25), 7.189 (t, 1 H, H-4'), 7.299 (t, 2 H, H-3' and H-59, 
7.389 (d, 2 H, H-2' and H-6'); I3C NMR (125 MHz) 6 13.05 (C-18), 
18.67 (C-21), 19.44 (C-19), 121.59 (C-6), 125.77 (C-22), 126.17 (C-2', 
C-6'), 127.13 (C-4'), 128.59 (C-Y, C-5'),129.85 (C-25), 130.28 (C-23), 
130.88 (C-24), 130.93 (C-26), 137.74 (C-l'), 140.20 (C-20), 140.84 
(C-5). Anal. Calcd for C32H4zO: C, 86.82; H, 9.56. Found: C, 
86.51; H, 9.60. 
(20(22)E),232,25E)-26-Pheny1-27-norcholesta-5,20- 

(22),23,25-tetraen-38-01 (7b, R' = H): MS, m / z  442 (M'); 'H 
NMR (500 MHz) 6 0.594 (s,3 H, C-18 methyl), 0.997 (s,3 H, '2-19 
methyl), 1.820 (s, 3 H, C-21 methyl), 3.530 (m, 1 H, H-34, 5.361 
(br d, 1 H, H-6), 6.101 (d of d, 1 H, J = 11.2 , l l . l  Hz, H-24), 6.343 
(d of d, 1 H, J = 11.6, 11.2 Hz, H-23), 6.468 (br d, 1 H, J = 11.6, 

11.1, 15.1 Hz, H-25). No C, H analysis due to instability. 
(20(22)E~3E)-24-(2'-Naphthyl)chola-5,20(22)~3-trien-3~-ol 

(Sa, R' = H): mp 190.0-190.5 "C; MS, m / z  466 (M'), 448 (M+ 
- H,O); [aIz5D -25" (c 0.17, CH,Cl,); UV Amaxabs (254,271, 280), 
(316, 331) nm (MeOH), Ama,em 407 nm (MeOH, A,, = 340 nm); 
'H NMR (500 MHz) 6 0.619 (s, 3 H, (2-18 methyl), 1.014 (s, 3 H, 
C-19 methyl), 1.938 (s, 3 H, C-21 methyl), 3.524 (m, 1 H, H-3a), 
5.363 (br d, 1 H, H-6), 6.129 (br d, 1 H, J = 10.9 Hz, H'-22), 6.622 

H-22), 6.557 (d, 1 H, J = 15.1 Hz, H-26), 7.260 (d of d, 1 H, J = 

(d, 1 H, J = 15.4 Hz, H-24), 7.206 (d of d, 1 H, J = 15.4, 10.8 Hz, 
H-23), 7.394 (t, 1 H, J = 7.0 Hz, H-6'), 7.433 (t, 1 H, J = 7.2 Hz, 
H-8'), 7.638 (d, 1 H, J = 8.3 Hz, H-3'), 7.713 (s, 1 H, H-1'), 7.76 
(m, 3 H, H-4', H-5' and H-8'). Anal. Calcd for C34H420: C, 87.50; 
H, 9.07. Found: C, 87.29; H, 8.88. 
(20(22)E,232)-24-(2'-Naphthyl)chola-5,20(22),23-trien-3~-ol 

(Sb, R' = H): mp 180.0-181.0 "C; MS, m/z  466 (M'), 448 (M' 
- H,O); 'H NMR (500 MHz) 6 0.649 (s, 3 H, (2-18 methyl), 1.018 
(s, 3 H, C-19 methyl), 1.899 (s, 3 H, C-21 methyl), 3.524 (m, 1 H, 
H-Sa), 5.363 (br d, 1 H, H-6), 6.496 (d, 1 H, J = 11.2 Hz, H-24), 
6.533 (br d, 1 H, J = 11.4 Hz, H-22), 6.593 (d of d, 1 H, J = 11.2, 
11.4 Hz, H-23). Anal. Calcd for C34H420: C, 87.50; H, 9.07. 
Found: C, 87.23; H, 8.99. 
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