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A New and Convenient Synthesis of the 17a,21 -Diacetoxy-20-oxopregnane 
Side-chain 
By Robin B. Boar, James F. McGhie, and Mick Robinson, Department of Chemistry, Chelsea College, London 

SW3 6LX 
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A convenient ' one-pot ' synthesis of the corticosteroid side chain has been developed. 20-Oxopregnane oximes 
have been converted into 20-acetylamino-l7(20) -ene derivatives. which with lead tetra-acetate in dry benzene 
afford 17a-acetoxy-20-acetylimines. The latter are rearranged by acid to 20-enamides [as (IV)]. Further 
reaction with lead tetra-acetate then introduces an acetoxy-group at C-21. The 20-acetvlimines are hvdrolvsed 
to the corresponding ketones by aqueous acid. 
and 16P-methylpregnanes are outlined. 

THE dihydroxyacetone side chain is characteristic of 
many medicinally important analogues of the corti- 
costeroids. Various syntheses of such compounds have 
been devised.l We have previously reported a new 
reaction whereby ketone oximes are reductively acylated 
to yield enimides and thence enamides2 We now des- 
cribe the application of this reaction to a novel method 
for the conversion of 20-oxopregnanes into their 17a,21- 
diacetoxy-derivatives in a (potentially) ' one-pot ' reaction 
in excellent overall yield. 

The enimide (I; R = Ac) was isolated in 89y0 yield 
when 3p-acetoxypregn-5-en-ZO-one oxime 3 (I1 ; R = 
OH) was heated in refluxing acetic anhydride and pyri- 
dine for 40 h. Chromatography of the product on alu- 
mina gave the enamide (I ;  R = H) (98%). N.m.r. 
spectroscopy clearly indicated that the new double bond 
was in the 17(20)-position, although we have no definite 
evidence concerning configuration about the double 
bond.4 The enamide showed no tendency to rearrange 
to the 20(21)-ene isomer on treatment with acid. Rus- 
chig and his co-workers have reported the preparation 
of the same enamide (I ;  R = H) and enimide (I ;  R = 
Ac), but in considerably lower yield, by acetylation of the 
imine (11; R = H).5 The discrepancy between our 
constants and theirs may be due to isomerisation about 
the 17(20)-double bond. 

We conceived that the enamide double bond of ( I ;  
R = H) would be smoothly acetoxylated by anhydrous 
lead tetra-acetate to give the 17a-acetoxy-20-acetylimine 
(111; X = NAc). We supposed that such an acetyl- 
imine, being considerably more hindered than a 3-acetyl- 
imino-steroid,2 would not be hydrolysed unless water 
were deliberately added. Hence a compound like (111; 
S = NAc) should undergo with anhydrous acid the usual 
acetylimine +, enamide rearrangement to give (IV), 
further acetoxylation of which to the acetylimine (V; 
X = NAc) followed by hydrolysis by addition of water 
would give the corticoid side-chain as in (V; X = 0). 
In the event this conception could be reduced to practice 
without difficulty. 
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Overall yie.lds are. high. Some preliminary experiments with i 6a- 

When the enamide (I; R = H) was treated with lead 
tetra-acetate in benzene both the 17a-acetoxy-20-acetyl- 
imine (111; X = NAc) and the 17a-acetoxy-20-ketone 
(111; X = 0) were formed. However, if particular care 
was taken to ensure anhydrous conditions the acetylimine 
(111; X = NAc) was the only product (90% yield). In 
acetic acid, or preferably, acetic acid containing trichloro- 
acetic acid, the acetylimine (111; X = NAc) rearranged 
to the enamide (IV) in essentially quantitative yield. 
Acetoxylation of the enamide (IV) with lead tetra-acetate 
in dry benzene proceeded best at  50°C; the 17a,21- 
diacetoxy-20-acetylimine (V; X = NAc) was then isola- 
ted in 84% yield. The acetylimines (111 or V; X = 
NAc) were hydrolysed quantitatively by aqueous acetic 
acid to the known a-acetoxy-ketones (I11 or V; X = 0). 
An analogous series of reactions starting from 3p-acetoxy- 
5a-pregnan-20-one oxime (I1 ; R = OH, 5,6-dihydro) 
was performed with equal success. Details are given in 
the Experimental section. 

We also carried out some preliniinary experiments with 
16a- and 16p-methylpregnanes. From a medicinal 
standpoint the presence of a 16-substituent is often highly 
desirab1e.l Thus, the oximes (VIa and b) afforded the 
enamides (VIIa and b; R = H) in yields of 55 and 73%, 
respectively. In the 16a-methyl series the intermediate 
enimide (VIIa; R = Ac) could not be induced to crystal- 
lise and was not fully characterised. Subsequent 
experiments in the 16p-methyl series established the 
feasibility of introducing a 17a-acetoxy-group using 
lead tetra-acetate in dry benzene, although the yield 
of actyliniine (VIII) (61%) was lower than in the case of 
the unsubstituted series. Attempts a t  in situ rearrange- 
ment of the acetylimine (VIII) by addition of a solution 
of hydrogen chloride gas in chloroform gave the known 
ap-unsaturated ketone (IX) as the major product. 

EXPERIMENTAL 

General directions are as previously.2 
3~-Acetoxy-20-diacetyZaminopregna-5,17(20)-diene (I ; R = 

Ac) .-3p-Acetoxypregn-5-en-20-one oxime (400 mg) in dry 
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pyritfinc (30 ml) and acetic anhydride (20 ml) was refluxed 
under nitrogen for 40 h, after which no oxime or oxime 
acetate remained (t.1.c.). The solvent was evaporated off 
under reduced pressure, the residual black tar was taken up 

c; )=NOH 

AcO Ac 0 
k 1x1 cnr, 

AcO 

a; 16a- Me 
b; 1 6 p -  Me 

in ether (200 ml), and x-sodium carbonate solution (100 ml) 
was added. The inisture was shaken and then filtered 
tlirougli a pad of Celite. The Celite was washed thoroughly 
with ether. The ether layer was separated, lvashed with 
water, dried, and evaporated. Chromatography of the 
residue on silica gel [benzene-ether (95 : 5 v/v)] afforded the 
enimide, which crystallised from methanol as plates (422 
nig, 8904), m.p. 163--164°, (lit.,6 180-182") [aID - 50", 
vmnu. 1730, 1710, 1695, and 1240 cm-l, 7 4.63 (IH, d, -1 
5 Hz, ti-H), 6.45 (IH, m, 3a-H), and T.67, 7.70, 7.98, 8.07, 

8.95, and 9.03 (each 3H, s ) ,  Mt 441 (Found: C, 73.3; H,  8.9; 
N, 3.0. 

3P-A cetoxy-20-acetylaminopregna-5,17(20)-diene (I ; R = 
H).-The above enimide (200 mg) in benzene (5 ml) was 
adsorbed onto a column of alumina (Laporte type 0). 
Elution after 1 h with benzene-ether (1 : 1 v/v) gave the 
enamide (177 mg, 98y0), m.p. (from methanol) 171-173" or 
20@--204" (lit.,5 152-153"), [aID -46", vmx- 3280, 1730, 
1650, 1530, and 1245 cm-1, 7 3.7br ( lH, s, KH), 4.6 ( lH,  
d, J 5 Hz, 6-H), 5.4 ( lH ,  m, 3a-H), 7.98 (6H, s), and 8.02, 
8.08, and 9.10 (each 3H, s), M* 399 (Found: C, 74.0; H, 9.4; 
N, 3.4. Calc. for C,,H,,NO,: C, 75.15; H, 9.3; N, 3.50/,). 

3P, 17a-Diacetoxy-2O-acetyli~zinopregn-5-ene (111 ; X = 
NAc).-The enamide (I;  R = H) (150 nig) in dry benzene 
(40 ml) was further dried azeotropically by the distillation 
of benzene (10 ml). Dry lead tetra-acetate (250 mg) was 
added to the cooled solution, and the mixture stirred a t  
room temperature for 45 min. Water (20 ml) was added 
and the mixture was shaken, and then filtered through 
Celite. The Celite was washed thoroughly with benzene. 
The benzene layer was separated, washed with x-sodium 
carbonate solution, then water, dried, and evaporated. 
Chromatography on silica gel [benzene-ether (95 : 5 v/v)] 
gave the acetylinzine (155 mg, goyo), m.p. (from hexane) 
155-157", [aID -83", v,,, 1735, 1705, 1680, and 1240 cm-l, 
T 4.6 ( lH,  d, J 5 Hz, 6-H), ( lH,  m, 3a-H), and 7.85, 7.90, 
7.97, 8.14, 8.96, and 9.23 (each 3H, s) (Found: C, 70.9; H, 
8.85; N, 2.9. C2,H,,NOS requires C, 70.9; H, 8.6; N, 

3P, 17a-Diacetoxypregn-6-en-20-one (111 ; S = 0) .-The 
acetylimine (111; X = NAc) (100 mg) in acetic acid (80 ml) 
and water (1.6 ml) was heated on a steam-bath for 3 11. 
Work-up in the normal manner then afforded 3p,l7a-di- 
acetoxypregn-5-en-20-one (85 mg, 93%), m.p. (from nietha- 
nol) 174--176O, mixed m.p. with an authentic sample 175- 
176O, [aID --66" (lit.,8 m.p. 170-173", [ajn -63"), identical 
(i.r., n.m.r., and t.1.c.) with an authentic sample. 

3P, 17a-Diacetoxy-20-acetylaminopregna-5,2O-diene (IV) .- 
The acetyliniine (I11 ; X = KAc) (100 mg) in dry acetic acid 
(30 ml) containing trichloroacetic acid (100 mg) was left a t  
room temperature overnight. Work-up in tlie normal 
manner then gave the enamide (94 mg, 940/), m.p. (from 
hesane) 154-156", [aID - 130°, v,,, 3380, 1735, 1715, 1690, 
1500, 1250, and 1235 cm-l, 7 3.4br (lH, s, NH), 4.2br ( lH,  

s), and 7.97, 8.95, and 9.28 (each 3H, s) (Found : C, 70.7 ; H, 
8.6; N, 3.0. C,,H,,NO, requires C, 70.9; H,  8.6; N, 
3.17;). When this rearrangement was repeated with the 
addition of 50/, of acetic anhydride to the acetic acid, the 
above product was obtained together with 3$,17a-diacetoxy- 
20-diacetyZaminopregna-B,20-diene (XIYO), n1.p. (from hexane) 
144-l46",[alD -39", vmX. 1730, 1700, 1675, and 1235 cm-l 
(Found: C, 69.8; H, 8.3; K, 2.9. C,,H,,KO, requires C, 
69.7; H, 8.3; N, 2.8%), converted by chromatography into 
the enamide (IV) . 

3p, 17a,2l-Triacetoxy-20-acetylisninopregn-S-ene (17; S = 
NAc).-The enamide (11') (200 1ng) in dry benzene (60 ml) 
was dried by distillation of benzene (10 ml). Dry lead 
tetra-acetate (230 mg) was added and the mixture was 
heated at 50 "C for 40 h. Water (30 ml) was added and the 
mixture worked up as before. After preparative layer 
chromatography the acetylimine (190 mg, 84%) was ob- 
tained, m.p. (from benzene-hexane) 178-179", [aIn - 50°, 

8 R. B. Moffett and H. V. Anderson, J .  Amrr .  Chenz. SOL, 
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v- 1766, 1725, 1695, 1255, and 1225 cm-l, 7 4.6 ( l H ,  
d, J 5 Hz, 6-H), 5.2 (2H, ABq, 21-H,), 6.4 ( l H ,  m 3p-H), 
and 7.80, 7.90, 7.93, 7.95, 8.95, and 9.20 (each 3H, s) 
(Found: C, 67.45; H, 7.9; N, 2.7. C,,H41N0, requires C, 
67.55; H, 8.0; N, 2.7%). 

3P, 17a,21-Triacetoxyp~egn-5-en-20-one (V; X = 0) .-The 
acetylimine (V; X = NAc) (90 mg) in acetic acid (30 ml) 
and water (1.6 ml) was heated on a steam-bath for 3 h. 
Work-up in the normal manner then gave the triacetate 
(80 mg, 97%), m.p. (from hexane) 204-206", mixed m.p. 
with an  authentic sample 205-207", [aID -57" (lit.,, m.p. 
20%-211", [aID -51"), identical (i.r., n.m.r., and t.1.c.) with 
an  authentic sample. An analogous series of experiments 
starting from 3P-acetoxy-5a-pregnan-2O-one oxime 13 afforded 
the following new compounds : 3P-acetoxy-2O-diacetyZamino- 
5a-pregn-l7(20)-ene, m.p. (from hexane) 191--192.5", [aID 
-6" (Found: C, 72.9; H, 9.2; N, 3.2. C,,H,,NO, requires 
C, 73.1 ; H ,  9.3; N, 3.2%) ; 3~-acetoxy-20-acetyZam~no-5a- 
pregn-l7(20)-ene, m.p. (from methanol) 188-189", [aID +31" 
(Found: C, 74.7; H, 9.7; N, 3.7. C,,H,,NO, requires C, 
74.8; H, 9.8; N, 3.5%) : 3P, 17a-Diacetoxy-20-acetyZzmino- 
5a-#regnane, m.p. (from hexane) 162-163", [aID -33" 
(Found: C, 70.6; H ,  8.8; N, 3.0. C,,H,,NO, requires C, 
70.55; H, 9.0; N, 3.05%) ; 3P, 17a-d~acetoxy-2O-ucetyZam~no- 
5a-pregn-20-eneJ m.p. (from hexane) 175-177", [aID - 54" 
(Found: C, 70.4; H, 9.0; N, 2.9. C,,H,,NOS requires C, 
70.55; H, 9.0; N, 3.05%). 

3/3-Acetoxy- 16a-rnethyZ-5a-Pregnan-2O-one Oxime (VIa) .- 
3~-Acetoxy-l6a-methyl-5a-pregnan-20-one (1 g) and hydr- 
oxylamine hydrochloride (500 mg) in pyridine (30 ml) were 
heated on a steam-bath for 5 h. The solution was poured 
into ice-water, then filtered, to yield the oxime (990 mg), 
needles (from methanol), m.p. 153-155", [a],, - 17" (Found: 
C, 73.9; H, 9.9; N, 3.4. C2,H3,N0, requires C, 74.0; H, 
lo .€ ;  N, 3.5%). Treatment with acetic anhydride and 
pyridine a t  room temperature overnight afforded the oxime 
acetate, m.p. (from hexane) 132-124", [aID -3O, v , ~ ~ .  1770, 
1725, 1240, and 1200 cm-l, T 5.3 (lH, m, 3a-H), 7.82, 7.99, 
8.06, 9.17, and 9.30 (each 3H, s), and 8.99 (3H, d, J 7Hz, 16a- 
CH,) (Found: C, 72.2; H ,  9.6; N, 3.15. C,,H,,NO,requires 
C, 72.35; H,  9.6; N, 3.25%). 

3P-Acetoxy-20-acetyZamino- 16a-methyl-5a-pregn- 17 (20)-ene 
(VIIa; R = H) .-3P-Acetoxy- 16a-methyl-5a-pregnan-20- 
one oxime (500 mg) in dry pyridine (25 ml) and acetic anhy- 
dride (20 ml) was refluxed for 62 h. Work-up as for similar 
experiments above, including chromatography on alumina, 
then afforded the enamide (295 mg, 55%), m.p. (from 
methanol) 197-199", [aID +78", vmX 3220, 1730, 1640, and 
1240 cm-1 (Found: C, 74.9; H, 9.8; N, 3.05. C,,H,,NO, 
requires C, 75.1; H, 9.9; N, 3.4%). 

3P-Acetoxy- 16P-methyZ-5a-pregnan-2O-one Oxime (VIb) .- 
S~-Acetoxy-l6~-niethyl-5a-pregnan-2O-one (5.5 g) in the 
minimum amount of boiling methanol necessary for dis- 
solution was treated with a hot filtered solution prepared 

from hydroxylamine hydrochloride (2 .5  g) and anhydrous 
sodium acetate (3  g) in methanol. The solution was re- 
fluxed for 4 h, then worked up to afford the oxime (5.7 g), m.p. 
162-l64OJ [aID +40", 7 5.3 ( l H ,  m, 3a-H), 7.98, 8.11, 9.03, 
and 9.16 (each 3H, s), and 8.97 (3H, d, J 7 Hz, 16P-CH,) 
(Found: C, 73.8; H, 9.9; N, 3.6. C,,H,,NO, requires C, 
74.0; H, 10.1; N, 3.6%). Treatment with pyridine and 
acetic anhydride at room temperature gave the oxime 
acetate, m.p. (from methanol) 153-154",[alD + 56", wmL 1750, 
1730, 1260, 1250, and 1230 cm-l, T 5.3 (IH, m, 3a-H), 7.80, 
7.98, 8.05, 8.96, and 9.15 (each 3H, s) and 8.96 (3H. d, J 
7 Hz, lSP-CH,) (Found C, 73.0; H,  9.3; N, 3.1. 
C,,H,,NO, requires C, 73.35; H, 9.6: N, 3.25%). 

3P-Acetoxy-20-diucetylamino- 16/3-rnethyl-Sa-pregn- 17 (20)- 
ene (VIIb ; R = Ac) .-3P-Acetoxy- 1.6p-methyl-5a-pregnan- 
20-one oxime (600 mg) in dry pyridine (25 ml) and acetic 
anhydride (20 ml) was refluxed under nitrogen for 50 h. 
Work-up as above with chromatography on silica then gave 
the enimide (459 mg, 78%) , m.p. (from hexane) 165-167", [aID 
-78", vmaX. 1735, 1705, 1260, and 1240 crn-l, T 6.3 ( lH,  
m, 3a-H), 7.68, 7.74, 7.98, 8.08br, 9.02, and 9.16 (each 3H, s), 
and 9.03 (3H, d, J 7 Hz, l6P-CH,) (Found: C, 73.3; H, 
9.4; N, 2.6. C,,H,,NO,requiresC, 73.5; H, 9.5; N, 3.1%). 
Chromatography of the enimide on alumina [benzene-ether 
(60 : 40 v/v)] gave 3P-acetoxy-20-acetylamino- 16P-methyZ-5a- 
jbregn-l7(20)-ene (VIIb; R = H) (94%), m.p. 206-208", 
[aID -49", vmsx. 3280, 1730, 1650, and 1240 cm-l (Found: 
C, 75.0; H, 9.8; N, 3.2. C26H4,N0, requires C, 75.1; H, 
9.9; N, 3.4%). 

3 (3, 1 7a- Diacetoxy-20-acetylimino- 1 6P-i~ethyZ- 5a-pvegnane 
(VIII) .- 3~-Acetoxy-20-acetylamino- 1 6P-methyl-5a-pregn- 
17(20)-ene (200 mg) in dry benzene (50 ml) was treated with 
lead tetra-acetate (225 mg) as described above to yield the 
acetylimine (138 mg, 61y0), m.p. (from hexane) 156--157", 
[aID -19O, vmx 1730, 1680, 1255, 1240, and 1220 cm-l, T 
5.3 ( l H ,  m, 3a-H), and 7.87, 7.89, 7.08, and 8.20 (each 3H, s) 
(Found: C, 70.8; H, 9.1; N, 2.8. C,,H,,NO, requires C, 
71.0; H, 9.15; N, 3.0%). The acctyliminc in dry benzene 
was treated with a saturated solution of hydrogen chloride 
gas in chloroform. After 3 days at room temperature the 
solvent was evaporated off, and the residue chromatographed 
on silica gel. Elution with benzene afforded 3P-acetoxy-16- 
methyl-5a-pregn-16-en-2O-one (IX) (20 1 mg, 56y0), m.p. 
(from hexane) 168-170°, [aID -21" (lit.,' m.p. 167-169", 
[aID -23"), v,,,. 1730, 1650, 1245, and 1235 cm-l, T 5.3 (lH, 
m, 3r-H), 7.73 (3H, s), 7.98 (6H, s), and 9.04 and 9.13 (each 
3H, s). 
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