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SYNTHESIS OF ACYLATED STEROIDAL OLEFINS AND
THEIR DERIVATIVES

M. Mushfiq, A. R. Khan, Afreen Shamim,
Rakhshanda Rehman, and Sultanat
Department of Chemistry, Aligarh Muslim University, Aligarh, India

Acylation of cholest-5-ene and cholest-5-ene 3-one with anhydrides in the presence of zinc
chlorvide and characterization of products thus obtained on the basis of elemental analysis,
spectral data, and chemical transformations are reported.

Keywords: Acetic anhydride; anhydrous sodium sulfate; Baeyer—Villiger oxidation; carbon tetrachloride;
sodium bicarbonate solution (5%); zinc chloride

Acylation has shown interesting results,l' ¥ and in the Friedel-Crafts method, the
B,y-unsaturated ketone is the main product.* ® No attempt has been reported of
similar studies on steroidal olefins, and our continued interest in oxygen-containing
steroids!’ ! prompted us to investigate similar reactions with steroidal olefins.

Cholest-5-ene(1),'” on treatment with acetic anhydride and zinc chloride,
afforded two products with melting points of 92°C (3) and 125°C (4) (Figure 1),
which were almost identical in terms of composition and infrared (IR) spectral
values (Table 1). Distinguishing the isomeric products was made possible with the
help of "H NMR spectra. Compound 3 showed a distorted doublet at 52.94 with
J=5.5Hz for one proton ascribable to C6-oH (equatorial),l'"! making the acetyl
group P (axial) oriented. For compound 4, the peak for the C6-proton was observed
at & 3.25 with J=11.9 Hz (B, axial-H), making the acetyl group a-oriented.

The chemical shift for the C4-vinylic proton is influenced by the orientation of
the Co6-acetyl group. In compound 3, the proton appears at 65.67 (C6pB-acetyl),
whereas in its isomer (4), the same proton appeared at relatively upfield 64.99
because of the carbonyl cone effect possible when the acetyl group is equatorially
oriented.!"!]

This stereochemical assignment of the acetyl group in compounds 3 and 4 is
strongly supported by the observation that under electron-impart mass spectrometry
(EI-MS), the loss of the B-oriented acetyl group in compound 3 is much faster than
the same loss in compound 4.
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Figure 1.

The same substrate (1) under similar conditions, using propanoic anhydride
and zinc chloride, furnished only one compound (mp 99 °C) characterized as 63-
propionyl cholest-4-ene (5). The stereochemical assignment of the propionyl group
(axial) is based on the observation of a multiplet at 62.88 (W1/2 =3 Hz) for one pro-
ton at C6 (equatorial). The elemental analysis and IR spectral values (Table 1) for
the compound are in full agreement with the structure (5).

The formulations 3, 4, and 5 find further support on the basis of preparation of
simple derivatives. The compounds 3-5 afforded the corresponding oximes 6, 7, and
8, respectively.



89¢ ‘68¢ ‘(H© 9D ZHT'y=[ P ‘HI) 98°C (Sumx (ac1n (0€'18)
‘98¢ ‘(OHO-) 66¢ “(LIN) 8T ‘(H-d ¥O ZHSTI=r ‘P ‘HI) 6CT°€ Axo0ds) 098 ‘OTLI — 9T 11 ¥E'18 COSTHD I
(0O0DHDN) 69¢ (suoyoxd
‘(ODtHD-N) $8¢€ “(OD*HD-N) [Ayiow 19Y10) 29°0 ¥8°0 L8°0 (O=2) 0991 (acr1n (0€'18)
98¢ ‘CCHO'M) €1¥ ‘(L) 8T¥ ‘6°0 “90'T “(OODFHD s “HE) LI'T ‘(0DtHD) 0TLI — 8T'I1 9¢°18 COSTHD 6
“(suoroud [Ayrowr) 1170 ‘G870 ©Lre) (€911 (95°'18)
— ‘€60 T'T ‘€T'T ((CHID W ‘HT) $T'E 0991 ‘08C€ 1€ 6511 8518 ON'"H"D 8
(suojoxd
[Ay1owr 19Y30) €8°0 ‘560" “9T'1
‘€C'T ‘eF'T ‘(HON=D"HD ‘s (N=D D=D)
‘HE) 81 “(H-9 90 ‘ZH8=7/1Mm 0291-0+91 Lee) Ly1n (6¥'18)
69¢ ‘¥8E ‘60F ‘TI¥ ‘(LN LT ‘wHI) 0°€ (H-+D ‘W ‘HI) 0°S ‘(HO) 08z¢ 8I'¢ 111 8¢'18 ONS"H®D L
(H-O-N=D (suoyoxd [Aypowr 12130) §9°0 “18°0
-“HD-IN) O=D=°HD - £8°0 ‘06°0 “T0'T ‘(HON=D2-HD
69¢ S ‘HE) 08°1 “(H® 9D ZHLVY=r (N=D D=D)
(0=D=HD"-N) 8¢ (O°H-N) “©'SIp “HI) $8°C ‘(HYD ‘W S191-6$91 Lee) Ly1n (6¥°18)
60y “CHO-W) ¢TIt ‘(LN LTP ‘HD +$°S “(HON=D ‘s ‘HI) L9'8 ‘(HO) 0sz€ e 0S°11 9¢'18 ONC"H®D 9
(suojoad [Ayjowr 12130) £°0 ‘S8°0
‘80°1 T°1°€9°1 ‘8'1 “(FHO*HDO0D
‘b ‘HT) v “(HP9D ‘ZH € =T/IM (as1n (€¥'¥8)
(N 9T ‘wHI) 8°C (HYD ‘W “HI) §9°§ 0591 “0ILI — 8L1I I8 O%H"D S
(suojoad [Ayjowr 1910)
(0D-L6€) 69¢ “(0O=D= L9°0 ‘580 “88°0 “60°'T “(OD*HD
-THD-W) 0L€ ‘("HTD/0D-) ‘S “HE) L1°C ‘(HI9D ZH6' TI=1 (O=D) $s91 (s9'11) (9%'%8)
#8¢ ‘(CHO-) L6 ‘(L IND) TI¥ ‘prsIp ‘H1) ST°¢ “(HYO ‘W ‘HI) 66 ‘(0=D) 01LI — SS'11 178 O%"HD 14
(suojoad (Ao 19110)
(0D-L6€) 69¢ “(0=D= L9°0 ‘¥8°0 “L8°0 “06°0 (OO HD
-THO-W) ‘("H®D/00-N) S ‘HE) $1°C “(HP9D ZHS'S =1 (O=D) 0591 (s9'11) (9%'$8)
¥8¢ “CHO-) L6€ ‘(LN TI¥ ‘P'SIp ‘HID v6°C ‘(HYO ‘W “HI) L9°S (0=D) 01LI — PSI1 08 OSH®D €
(z/w) 19 sseN (zH001) YN H, (;_wo xew a) N H o) uonisodwo)  punodwo)

(JornN/xgs) A1

(payenored) punoy

‘(%) sisAreuy

spunodwoos ay) Jo ejep [enodads pue [eonkeuy |

dqeL

GTOZ 8unt T0 #5:70 ® [A1sleAiun 3o A MeN] Ag pspeojumoqg

1510



(N 9T

(“‘'"H3D-W)
ST€ ‘98¢ “‘00v ‘€1t “(LIN) 8Tt

(suozoad [Ayyowx

1YI0) L0 870 ‘6°0 ‘1T ‘8I'I

(0D-*HD-*HD pue TH-D ‘wiq

‘HP) 9€°T “(H© 9D ZHS=7/IM
wHD) 'S (H+O s ‘HI LS

(suojoad

[Aqiew 19Y30) £°0 ‘80 ‘T0°T

TIT 8TT “(FH-%D ‘wq “HYT) 9S°C

‘(H-d 9O ZHO1=7/IM ‘Wq

‘HD 1€ ‘(0D T°¢ ‘CHD00D
‘s ‘HE) §°¢ “(H-deyD s ‘HI 0t

‘(suojoxd [Ayjowr 191)0)

12°0°68°0 560 ‘91T “T'1 “(*H -°O

‘wq ‘He) €0°C ‘(H-4 90 ZH6=

/1M ‘W HD €€ (0D-0-tHD
‘s ‘HE) 9°¢ “(H-g¥D ‘s ‘HI) 8°¢

(suojoxd

[Ayiow 19Y310) 9°0 ‘8°0 ‘16°0

T1 (HON=D-YHD 'sq ‘Hf)

1 “(H-99D ‘w ‘HI) 18T ‘(H+D
S“HI) LS'S “(HON 0M1°sq “HT) 0L

(suozoad [Aypouwr 19430)

L0°80°6°0°07T STT (OD'HD s

‘HE) €1 “(H9 90 ZH6=17/1M
‘wHD ‘Te (H+D s ‘HI) 96°S

(suozoad [Ayyouwx

19710) 890 ‘¥8°0 “88°0 ‘T60 ‘TI'I

‘(ODtHD ‘s ‘HE) S0°T “(CHED

‘W ‘HY) TT (H© $O ‘ZHS€=r
‘PHI) 18°C (H-%© 9D W ‘HI) T6'C

(suojoxd

[Ay1owr 19Y30) 790 “+8°0 “L8°0

‘66'0 “T1'T “(OD¥HD s ‘HE) LI'T

GTOZ 8unt T0 #5:70 ® [A1sleAiun 3o A MeN] Ag pspeojumoqg

0891 ‘OpLI -

016 “1q OSLI -

(£xod9)
016 ‘SOLT “OvL1 -

(€1°9)
0€91 “0$91 ‘0bTE 809
(O=D) s191
(0D-0=D) 0891
(0=D) 0ILI —

(0D 2uo ueyy
arow) 0891-0TLI —

(6s°01)
6t°01

9L°6)
L6

(Iron
6001

(6s°01)
1$°01

(98°01)
8L01

azin
YOIl

(68°8L)
18°8L

(LeeL)
SEEL

(€6°SL)
6°SL

9T'9L)
9L

(€9'18)
1918

(0g°18)
veTs

mvaECMHU

mOoonNU

wOowmmNU

NON Zwv:mwo

NO@VE@NU

NOwwEmNU

81

LI

91

SI

4!

4}

1511



Downloaded by [New Y ork University] at 04:54 01 June 2015

1512 M. MUSHFIQ ET AL.

Compound 3 under Baeyer—Villiger oxidation conditions using m-chloroper-
benzoic acid gave four products identified as 6B-acetoxycholestan-5-ene (9),
Sa-cholestan-6-one (10),''? [normal Baeyer—Villiger (B.V.) product], 6B-acetyl-
4a,5-epoxy-Sa-cholestane (11), and 6B-acetyl-5a cholestan-4-one (12). Scheme 1
explains the formation of these products starting from compound 3.

Cholest-5-ene-3-one (2)!'*) on treatment with acetic anhydride in the presence
of zinc chloride afforded two products: cholest-4-en-3-one (13)!'*! and 6a-acetyl
cholest-4-en-3-one (14). Compound 13 is a simple isomerized product that refuses
the Friedel-Crafts reaction because the double bond is in conjugation with the car-
bonyl group, whereas the compound 14 is obtained by the Friedel-Crafts reaction
before the isomerization can take place.

The characterization of 14 is based on the "H NMR spectrum, which gave two
signals of interest at 63.2 (W1/2 =9 Hz) and 65.96 for one proton each. These can be
ascribed to C6B-H and C4-vinylic H, and hence the acetyl group at C6 is a-oriented
(equatorial).

Compound 14, on oximation, gave a compound with a melting point of 145°C,
which was analyzed to show two nitrogen atoms. In its IR spectrum, the carbonyl

@:J;r — il
—_— —_—
| 0
C=0 0 0

9 (i

0 co 0 7 g

Chy CH
®

Scheme 1.
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band was absent; therefore, it can be formulated as 6a-acetylcholest-4-en-3-one-
1’,3-dioxime (15).

Baeyer—Villiger oxidation of 6a-acetylcholest-4-en-3-one (14) afforded methyl
4 o-5-epoxy-5Sa-cholestan-3-oxo-6a-carboxylate (16) and methyl 3-oxo-4aa,5-
epoxy-A-homo-5-a-cholestan-4-oxo0-6-a-carboxylate (17). A similar attempt using
propionic anhydride-zinc chloride with cholest-5-ene-3one (2) gave the propionoxy
derivative (18). The data (Table 1) are in full agreement with the structure being 6f-
propionoxy-cholest-4-ene-3-one (18).

Similar treatment to 3p-chlorocholest-5-ene (1a)!'¥! resulted in simple replace-
ment of chlorine by the acetoxy group, whereas the 3B-acetoxy cholest-5-ene (1b)!”!
completely refused to react under the conditions.

14]

EXPERIMENTAL
General Procedure for Acylation

A solution of cholest-5-ene (1) (2.5 g, 0.007 mol) in carbon tetrachloride (40 ml)
was added in small portions to a well-stirred mixture of acetic anhydride (20 ml) and
dry zinc chloride (1 g, 0.007 mol) over a period of 40—45 min. The temperature of the
reaction mixture was maintained between 0 and 5°C by external cooling. After the
addition was complete, stirring was continued for 8 h at room temperature under
anhydrous conditions. The reaction mixture was then poured into ice-cooled water.
The organic matter was extracted with carbon tetrachloride; washed successively
with water, sodium bicarbonate solution (5%), and water; and then dried over anhy-
drous sodium sulfate. Evaporation of solvent under reduced pressure afforded an oil,
which was chromatographed over silica gel (50 g). The column was eluted with light
petroleum ether to provide different fractions with increasing proportions of ether as
shown in Table 2.

Baeyer—Villiger oxidation was carried out according to the literature
procedure,!'® and the products are given in Table 2.

Oximation of the ketones as reported was carried out following the procedure
reported in the literature,'”) and the products are listed in Table 2.
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