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A number of sterols with modified side-chains have been prepared 
for tests of their biological availability to insects. The fun= 
damental method& used wore the reaction of the chloride of 3p- 
acetoxy-androst-5-ene-l?@carboxylic acid (I) with appropriate 
organo-cadmium corn oundw and the condensation of 3@-acetoxy- 
pregn-4-en-20-one "1 IV) with alkylmagnesium bromides. 

Bergmann, ~abi~ov~tz and Levinson (1) have clown that 

certain analogs of cholesterol are capable o,f replacing this 

steral to a certain extent as an essential factor in the develop= 

ment of the larvae OS the housefly Xusca vicina Xacq. However they 

are not able to sustain pupation, as cholesterol does. Since the 

aterols tested all had side chains shorter than the isooctyl group 

of cholesterol, it seemed of interest to test some further analogs 

cazrying more complex, highly branched side-chains. It has been 

known that more complex natural sterols, e.gs ergo&era1 and 

stigmasterof, h8ue the properties of cholesterol, because they are 

dealkylated (and hydrogenated) to cholesterol (2,3). 



416 STEROIDS 7:s 

A number of such higher sterols have been synthesized, 

using the reaction of the chloride (I) of 3P-acetoxy-androst-4- 

ene-17P-carboxylic acid with appropriate cadmium-organic compounds. 

The ketones (II) so formed were reduced by the Huang-Xinlon method 

to yield the sterols (III). 

The grouj?s R' introduced were: 

a) j,d-dimethylpentyl -GH,.CB*~B(CJtij).CH(Ciij)2 

b) 4,4_dimethylpentyl -CH,CH2.CH2.C(CR3)3 

c) &methyl;>entyl -CH2~H2.CH2.CH(CH3)2 

d) 2,3,4-trimethylnentyl -CII,.CH(CH3).CH(CHJ).CH(~HJ)2 

The synthesis of the a:>propriate alkyl bromide was carried 

out by unambi;;Puous ,fiethods and is described in the Experimental (4). 

I R.CO.Cl 

II R.CO.R' 

III R.CH*.R' 

IV R.CO.CHj 

V R.C(CH~)(OH).cn(caj)~cH,.CH2.CH(CH3)2 

VI R.cfcH3f(QH).CHz.cH,.CHfCs3).Cfto2 

VII R.C(CH3)=Ca.CH(CHj).CH2.C~~(CH~)~ 

R= 3p-acetoxy-androst-l5@n-1~~-Yl~ 



May 1966 STEROIDS 417 

In twe additional oaaee (R* = 2,$_dimethylpentyl, II e, 

and B’ - 5-methyl-2-hexyl, II f), the ketones aould be prepared, 

but not be reduoed euccessfully. Ketone II f gave ill-defined 

produots, and in the case of androsten-15-en-17-yl 2,4_dimethyl- 

pentyl ketone (II e) the hydraeone was stable and could not bo 

deoompoeed even under the most stringent conditions. 

Analogous instances are known; thus 24-ketosteroids can 

be easily reduoed to the methylene compounds (5), but their 25- 

methylhomologe react only under drastic oonditions (6). 

In a few oases, the synthesis of compounds containing 

the C-21 methyl group of the natural sterols was attempted. Thus, 

when the carbinol (V), prepared from IV and 5-methyl-2-hexyl- 

magnesium bromide, was dehydrated, loss of aoetio acid occurred 

simultaneouely, and the A 3,5,20(22)-trienr was isolated. In 

another instance, the carbinol (VI) from IV and 3,4_dimethylpentyl- 

magneeium bromide, was spontaneously dehydrated to the ~5,20(22)- 

diene, but under conditions under which the A20(22)- double bond 

was expected to be hydrogenated selectively, the diene absorbed 

two molecules of hydrogen to give the saturated compound. No at- 

tempts were made to hydrogenate selectively VII, which was ob- 

tained only with diffieulty from the corresponding tertiary alcohol. 

The latter was prepared treating IV with 2,4-dimethylpentyl magne- 

sium bromide. 

That the stereochemistry in these cases is that of cholest- 

erol, can be concluded from the observation (1) that the natural 

oholesterol can be prepared by the same sequence of reactions. 



438 STEROIDS 7:s 

The sterol analogs VIII described in this paper and some other 

analogs have been tested on the hide beetle Dermestee Maculatus Deg. 

The compounds are inactive (7). Only the previously described 27- 

norcholesterol which in the less exacting housfly does support 

growth, but does not permit pupation (I), is active. It is the 

first synthetic sterol to show direct biological availability in 

Dsrm@stes (7). 
R' 

CHjCOO 

VIII 

a: R'=-CH2.CH2.CH2*CH2*CH.(CH3)2 

b: R'=-CH,.CH2.CH,.CH(CHJ).CH(CHJ)2 
. . 

c: RI=-CH,.CH,.CH,.C(CHj)j 

d: R1=-CH2.CH2.CH(CH3).CH(CHJ).CH(CH3)2 

e: R'=-C(CH3)(OH).CH(CH3)*CH2.CH2*CH(CH3)2 

f: R'=-C(CH3)(OH).CH2.CH(CHJ).CH2.CH(CHJ)2 

g: R' =-C(CH3)=CH.CH2.CH(CHJ).CH(CH3), 

Experimental 

Ethyl isopropyl ketone was prepared in 90% yield by oxidation 
f ethyl-isopropylcarbinol (8) with aluminium phenoxide and 

bDenzophenone. B.p.114 (lit. (9): 114-1150). 
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Ethyl 3,4-dimethylpentenoate. To 65 g* of mos zinc, heated 
with 0.2 g. of iodine until the iodine vapors lied the whole 
volumeof the flask, a mixture of 86 g* of methyl isopropyl ketone, 
16'7 g. of ethyl bromoacetate and 500 ml. of dry benzene was added 
with stirring, at a rate which permitted the lively reaction to 
sustain itself. [Che heating was continued for 2 hours and the 
product poured into cold 10~ sulfuric acid. The organic layer was 
washed with 5% sodium hydrogen carbonate and saturated sodium 
chloride solution, dried and concentrated* Ethyl 3-hydroxy-3,4- 
dimethyfpentanoate boiled at 100° (79 mm). 

Anal- Calcd. for C9~~~03 : C, 62.1; II, 10.3. Found: C, 62.0; II, ?Q.ut. 

A mixture of the crude ester, 400 ml. of pyridine {dried over 
potassium hydroxide) and 200 ml. of phosphorus oxychloride was 
kept at room temperature for 12 hours, at lCO" for 3 hrs., cooled 
and treated with 1.5 kg. of ice. irhe organic layer was separated 
and the aqueous phase extracted twice with 300 ml. of benzene. The 
combined organic layers were then washed with 10s hydrochloric acid, 
until the aqueous layer remained acidic, with 5$ sodium hydrogen 
carbonate solution and saturated sodium chloride solution. The 
ethyl 3,4-dimethylpentenoate, b.p. 85-870 (70 mm), was according 
to the infrared spectrum (1V{20 and 1740 cmV7) a mixture of the a-P - 
and p,Y - unsaturated esters; yield, 64%. 

a. Calcd. for C9E3602 : C, 68.2; H, 20'3, Found: C, 69.0; II, 10*2* 

Other unsaturated esters, prepared analogously, are reported in 
Table I. 

Ethyl 3,4-dimethylpentanoate. 
dimethylpentenoate in 200 1 

A solution of 36 g. of ethyl 3,4- 
of anhydrous ethanol was hydrogenated 

(2 atm. pressure) in the p?eience of 0.1 g. of palladium charcoal. 
Filtration and distillation gave 36 g. of ethyl 3,&dimethylpentaz 
noate, b.p. 81° (27 mm). 

Anal. Calcd. for ~9H~802 : C, 68,4; H, 11,4. Found: &,68.5; ?I, 17.5, 

Analogously were prepared in practically quantitative yield: 

Ethyl 3-ethyl-4-methylpentanoate, b.p. 830 (20 mm). 

Anal. Calcd. for C H 0 
10 20 2 

: C, 70.1; Ii, 11.7, Found: C,69,9; K, 11.6. 

Ethyl 2,3,4-trimethylpentanoate, b.p. 930 (20 mm). 

Anal.Calcd. for C10K2002 : C, 70.1; H, 11.?. Pound: CI 69.8; 8, 11.6. 
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2,4-Mmethylpentanoic acid. The synthesis was carried out essentially 
according to Bentl d Burrows (10) by condensation of diethyl 
methylmalonate fllEygYf and isobutyL bromide (69 g.). The solution 
of the crude condensation product was refluxed for 36 hrs, with 80 g* 
of potassium hydroxide, and after addition of 75 ml. of water (which 
djssolved the potassium salt that had precipitated), 280 ml. of the 
solvent was dI.stilled off in a vacuum of 30 mm. The solution was 
then neutralized with 186 hydrochloric acid and precipitated with a 
saturated solution of calcium chloride. The calcium salt was filtered, 
washed with 50 ml* of cold water and treated with 18% hydrochloric 
acid. The brown oil that separated was drawn off and the aqueous 
layer extracted three times with 100 ml, of ether. The ethereal 
extracts were added to the brown oil, dried and evaporated. The resi= 
due which consisted of isobutylmethyl malonic acid and some 2,4- 
dimethylpentanoic acid, was heated at ZOO0 until the evolution of 
carbon dioxide ceased, and distilled. B.-p. 115-116~ (28 mm); yield, 
26 g. (40'$, calculated on isobutyl bromide). This method gives 
better yields than the isolation and subsequent decarboxyiation of 
the substituted maionic acid. 

Anal. Cs.lcd. for C7H,402 : C, 64.6; H1 10.8. Found: C,G4.6; H, 10.8. 

For the synthesis of the corresponding primary alcohols fram 
the saturated esters, lithium aluminum hydride in ether was used: 
for O-4 mole of the ester in t5Q ml. of ether, 9 g. of the reducing 
agent in 150 ml, of ether. The addition was carried out at 00 and 
the mixture then refluxed for 2 hrs and worked up as usual. The 
primary alcohols so obtained retained small quantities of water 
tenaciously, which did not interfere in the subsequent step of 
conversion into the primary bromides. 
alcohols, 

Jn order to obtain the pure 
azeotropic distillation bith benzene uas necessary. 

Thus was obtained 3,4-diclethylpentan-t-of, b.p. f52e1 in 80% 

T 
ieid, and 2,,3r4-trimethylpentan-f-ol, b.p. 
3% yield. 

ffO-1120 (20 mm), in 

2,$-Dimethylpentan-l-01, which had been described before (71,12), 
was prepared from 2,4-dimethyfpentanoic acid in a manner similar to 
that proposed by Dirscherl and Nahm (131, b-p. 356O; yield 79%. 

a. Caled+ for C7H,60 : C, 72.4; H, 13.8. Found: C, ?3.3; Ht 13.8. 

5-Methylhexan-2-01 was prepared from 27.6 g. of magnesium, 151 g. of 
~soamyl bromide and 39.6 gS of acetaldehyde in 450 ml. of ether at 
-5OQ* B-p. 14.5" (lit-(14): 15C-155*); yield, 97 g. (75%). 

Isohexyl alcohol was obtained from isobutylmaQnesium bromide an_I 
ethylene oxide c15). 
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For the renaration of the corresponding bromides, 21.5 g. of 
phosphorus trfbromide was added, sith stirring, to Cl.25 mole of the 
alcohol at -80; the temperature was not allowed to rise above 3O. 
As the alcohols contained small quantities of water, the reaction 
tended to be lively in the first stage. The stirring was continued 
until the (internal) temperature reached 20° and the mixture kept 
for 12 hrs. and distilled at a tell!.-erature not exceeding 100° 
(suitable vacuum>. Towards the end of the first distillation, the 
sirupy residue tends to decompose and to spoil the vacuum. The 
distillate eras Nashed three times Rith 15 ml. of cold cone. sulfuric 
acid, cooled at O" and neutralized Bith solid potassium carbonate, 
filtered and distilled again. 

The characteristics of the bromides prepared are summarized in Table TI 

!$Ac!etoxy-androst-5en-I'?-yl 4-methyl?entyl ketone (11~ . The 
chloride (I) (16) (3 g.1 of 3&acetoxyetiocholenic acid ( ,191 
was added to the cadmium derivative of 4.5 g. of isohexyl bromide (20) 
and the ether replaced by benzene. The usual work-up gave a semi- 
solid material which &as dissolved in benzene and freed from water 
by azeotropic distillation with benzene. The solution was then 
concentrated to a volumeof 10 ml. and chromatocraphed on alumina, 
a mixture of benzene-petroleum ether serving as eluent: the initial 
ratio of the two solvents was 1:6, and the benzene content was 
gradually increased. The ketone moved as a narrow brown band. It 
was dissolved in 200 ml. of hot methanol ; upon cooling and reheating, 
some drops of a dark-yellow oil remained, from which the methanolic 
solution was decanted. Tnis was repeated until no more oily material 
separated. Finally cooling of the methanolic solution gave colorless 
crystals, m.p. 
1.75 g. (58%). 

135-138O (lit.(2o): 136-140°)&&-J$4 + 110; y&&d, 

The analogous ketones prepared in this study are described in Table 
III. 

21-Norcholesteryl acetate(VIIIa). A suspension of 2.9 6. of IIC in 
25 ml. of anhydrous diethylene gl.vcol was heated for 30 mins. vvith 
7.5 ml. of hydrazine hydrate. After cooling, 2.3 Q. of powdered 
potassium hydroxide was added and the heating continued for 90 mins. 
until the internal temperature had reached 790° . The heating was 
then continued for 10 hrs.; in the beginning, some water was still 
formed v,hich was evaporated by removing the condenser for a short 
time. The product was poured into 150 ml. of cold water and filtered 
after neutralization uith 10% hydrochloric acid. The dried preci= 
pitate zas acetylated by keeping it for 12 hr. with 15 ml. of pyridine 
and 15 ml. of acetic anhvdride. and the solution noured into a 
mixture of 50 go of ice &nd 10vml. of cont. hydro&loric acid. The 
solid product was then dissolved in benzene and chromatographed on 
alumina. Thus 1.5 g. (53%) of m.p* 84'@3$4 -330 was obtained. 

&n&. Calcd. for C2$~4~0 : C, 81.1; H, 11.1. Found: C,81.0; 8, 11.1. 

The analogs of this compound are reported in Table IV. 
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3mA~etQ~-2~-~d~~~a22-~t~l~~Q~~et-~-e~e @IIfs), A solution Qf 
.6 g;, Qf IV in 50 ml f d 

lUtiQn, prepared -* es'd:sQribed above 
ry benzene was added to ths Grignard eo- 

- from 1.8 &;. of magnarsftu ia 
20 ~3.. of ether and 10.5 g. of 5-methyl-2-hexyl bromide in 50 sl, of 
the same sQ1venL The reacrtion mixture was refhxed for 60 mins., 
the ether wa8 dietiJZed off and replaaed by benzene, and the mixture 
reflexed for 4 hr. and decomposed with 10Q ml, of a saturated solution 
of ammonium chloride. Zhe prO&.ZCt wae them dfstilled with steam until 
all the benzene and *he Unrsaated bromide were removed, and taken up 
again in 100 ml, of benzene. The oil, remainZng after removal. of the 
benzene in YE~QUQ, wm's kept for 12 hr. with 30 ml. af pyridine and 30 
ml. of a7STTXEbydride, and the volatile ctlnstituents were distilled 
off fJr VacUQ. In order to remove the last tracea of acetio anhydride, 
the produot wa8 takea up alternatively in methanol snd belzrtam aad 
xwxwered bg evaeuatlon. PinallV, it wae ~~~tQ~~~hed Qn alumina 
from a mixture of chloroform and benzene (189) and aiuted tith en 1~7 
mixture of the same solvents. After a yellar oil, the dezlred product 
was isol;iged; it wasJecrystal.lized from Ssopropyl alcohQ1. i, 
1820s[gg _ 30 ; j’cBr 3450 (OH) i 7730 (acetate carbanyl 

max 

yield, 1.7 go (37%). 

Anal. Calcd. for ~3~~~~3 : C,78.6; B,lO.g. Faund : Gt78.2; H,lG.$r 

Wkder the oQnditiOru;i, Under which the dehydration Uf this a~Qohol 
succeeded it also caused lose of acetic aQid, and 22-methylcholesta- 
3t5920f22f-triene was obtained, e,g. with pyrkdfne UQ pnQsfifi8i9Ipr 

droearbon wae isolated as a whft% powder of rn,p* 

from methanol. 

A&a& Calcd. fQl? 028gw: C,88c4; H,ll,G. lW.Ud: Ct88.G; H,ll*'?* 

3B-Acetoxs_20-hsdrox~23-met~lcholest~5~~~ff (VIIIf), ache GrigUard 

%~~~~ve?.th'~+ 
f 

7 f 
.Qf24-d t 11 t 1 bromide In 50 ml. of 
g, of'IV %!?5%ni.-:?b:nz8ne 1,8 g, (419c) Of 

the above tertiary alcohol, from methanol OolQrlesE Cr'JWtals Of m*pa 
18%190Q rJ KW 3450 (GE), 1730 (acetate carbonyl) ;faJ;G -8.5; yrna 

ctm l -1 

&al, Calcd. for ~3~~~~3~ 8,78.6; fI,10*9* pound 2 Gv78~5i %33*7* 

A by-prodUQt wae isolated, having z&p. 83-86' and befng probably 
3B-aoetoxy-23-m%thylchQlesta-5,20(22)-diene; the Quantity wae tQQ 
small for further purification. 
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3~-Acetoxy-24-methylcho~esta-5,2~(22)-diene (VIITg). When in the 
same manner 3.6 Q. of pregnenolone acetate reacted wrth the magnesium 
derivative from 7.1 g. of 3,4-dimethyl- I-pentyl bromide, and the 

product was worked up with dilute hydrochloric acid, reacetylated and 
chromatographed, the dehydration product (3.0 g.; 69%) of the expected 
tertiary alcohol was isolated. From 3qopropyl alcohol it crystallized 
in colorless plates of,m.p. 137O ;[XJB -44.90. T BBr 17 30 
(acetate carbonyl) cm . max 

Anal. Calcd. for CJOH4802 : C, 81.8; H, 10.9. Found: C, 81.5; H, 11.2. 

24-~ethylcholestanyl acetate. Hydrogenation of the foregoing compound 
proved more complicated than expected. Only in two cases could 
absorption of hydrogen be observed,viz. with 10% palladia-charcoal 
in absolute ethanol (not ethyl acetate) and with platinum oxide 
in a mixture of 18 ml. dioxane and 12 ml. of glacial acetic acid (for 
180 mg. of the compound, 50 mg. of catalyst). However, in these 
cases 2 mole of hydrogen were absorbed without any break in the rate 
of reaction. The product which crystallized from ethanol in large, 
colorless plates,melted at 133-134O. 

Anal. Calcd. for Cj0H520 : C, 81.1; H, 11.7. Found: C, 80.8; H, 12.0. 

Acknowledgement. The analyses Bere carried out by IsirsM.Mdsteln in 
the Xicroanalytical Laboratory of our Department. 
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