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A NOVEL REACTION AND MECHANISM OF A DIHALOGENATED A*-3-KETOSTEROID:
STEREQELECTRONIC CONTROL IN A COMPLICATED Sn2' DISPLACEMENT

Toshitaka KOGA,* Namiko TOH, and Yasuyoshi NOGAMI
Daiichi College of Pharmaceutical Sciences

22-1, Tamagawa-cho, Minami-ku, Fukuoka 815

Stereochemistry of the acetolysis of 4,68-dibromo-A*-3-ketosteroid was
examined and a new route of simultaneous introduction of two O-functions at C-2
and C-6 on the steroid skeleton has been established. The reaction is inter-
preted to proceed by characteristic and successive Sn2' reaction mechanisms, and
stereoelectronic effects control the stereochemistry of the reaction. There is

no occurrence of S\l, SN2, and any rearrangement courses.

The acetolysis of monohalogenated A*-3-ketosteroids is well investigated,! and it has been
revealed that the reactions of a- and y-bromo-A*-3-ketone systems proceed not only via Sn2' process
but also via SNl or SN2 process. For example, the acetolysis of 4-bromocholest-4-en-3-one afforded
20-, 4-, and 66-acetates.1i On the other hand, 6B-androstenedione gave 20-, 28-, and 6p-acetates.!h

As for the acetolysis of dihalogenated A*-3-ketosteroid, however, there is the only case of
2£,6B8-dibromo-A*-3-ketone system reported;2 an Sn2' reaction of the 6-bromine once occurs to give
2-bromo-4-acetoxy intermediate which subsequently undergoes a 1,3-elimination rearrangement to
produce 3-acetoxy-A%°-4-ketosteroids. Consequently, on the acetolysis of the dihalogenated A*-3-
ketone system, only an acetoxy group is introduced into the system.

We now report a new type of acetolytic displacement course and its mechanism on the A*-3-
ketone system having two Teaving groups at C-4 and C-6. In our case, characteristic Sy2' displace-
ments cross over the rings A and B successively under stereoelectronic control, and simultaneous
introduction of two O-functions is smoothly completed.

4,68-Dibromocholest-4-en-3-one (I)® was treated with a 33 fold excess of potassium acetate in
glacial acetic acid under reflux in a nitrogen atmosphere. The reaction was followed by TLC, and

was complete in 30 min. Chromatography of the crude product afforded 2B-acetoxy-4-bromo-enone (IIa)
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(11.2%) with a bromine atom remained and its isomeric 2a-acetate (IIb)(4.7%), 2B,6B-diacetate (IIa)

(6.9%) with thermodynamically less stable axial substituents and its 2a-isomer (IIb) (14.2%), 28-
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acetoxy-dienone (IVa) (1.9%) and its 2a-isomer (IVb) (13.8%), and 4-bromo-dienone (V)(9.0%)(Scheme).

A11 of the compounds obtained are unknowns. Microanalyses, mass spectra, and other physical
properties* of the compounds support their structures. Furthermore, the structures and configura-
tions were confirmed by comparison of the CD spectra with those of related compounds in the litera-
ture. b

The results of the reactions indicate that the introduction of
two acetoxy functions into the A*-3-ketone system proceeds stepwise
as follows. After enolization of the keto group toward C-2 under the

acidic conditions, the successive nucleophilic substitution reactions

might start with the S\2' displacement of the 6g-bromine by axial g-

side attack of acetate ion on the enol at C-2; the reaction might

Ti(syn)

proceed via a syn transition state (T:)(Fig.1) under stereoelectronic
Fig.1 control, forming the less stable 2B-acetoxy-4-bromo derivative (IIa).
The first stage is a kind of syn-S\2' displacement.

The initial intermediate product (Ia), having a bromine as a leaving group for further S\2'
displacement, might possibly isomerize to the B,y-unsaturated form with the halogen atom at an
allylic position under the acidic conditions. For the second displacement of the bromine in this
form, two types of transition states are considerable. One is a syn transition state (T2(syn))
with ring A in a more stable half-chair conformation with the C-48 bond axial, and another 1is an
anti form (Tz2(anti)) with a less stable twist-boat conformation of ring A in which the C-4a bond
may become pseudoaxial (Fig.2). It is hard to say which transition state (syn or anti) might
contribute greatly on the second stage since the bulky bromine atom, located in quasi-1,3-diaxial
relationships with 108-methyl group and also with the 2B-acetoxy group, may destabilize the confor-

mation in the former and the maximum o-m overlap around C-4, C-5, and C-6 may be more practicable
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in the latter. in either case,
however, attack of acetate ion under
the normal stereoelectronic control
might, favoring axial addition, form
the 6B-substituted product Ila.

When the isomerization of the

acetoxy substituent would occur Br
) , Tz(syn) 0  Tz2(anti)
prior to the second displacement, ‘

20-~acetoxy-4-bromo derivative (IIb) Fig.2
might be formed, and then acetate ion could attack C-6 from the axial B-side to give IIb.

Our consideration of the mechanisms is supported by the following data. Actually, acetolysis
of the 2B-acetoxy-4-bromo-enone (Ila) gave IMa and Na as the products with 2B8-configuration
retained, and also IIb, IIb, and Nb as the products with 2a-acetoxy groups. On the other hand,
under the same conditions, the 2o-isomer (IIb) gave only two products, IIb and Nb.

Thus, the characteristic and successive S\2' reactions crossed over the rings A and B on the
A*-3-ketosteroid were established. From the facts obtained, furthermore, it has become obvious
that both the reactions proceed by the stereoelectronically controlled axial attack of the entering
groups on the transition states at C-2 and C-6, forming B-substituted products, exclusively.

A careful examination of the products isolated revealed that no detectable amount of a com-
pound with 4- or 6a-acetoxyli"® function (S\2 or SN1) and any rearrangement product was formed under
the reaction conditions; demonstrating a significant difference on the behavior between the 2,6-
dibromo~ and the 4,6-dibromo-enone systems in acetolytic conditions.

We are currently exploring the scope of the reaction including a wide variety of different

nucleophiles and substrates for a much broader applicability of this reaction in organic synthesis,

and the results will be reported in a subsequent publication.
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4. Ia:

Ib:

Ib:

Va:

Vb:

colorless needles, mp 94.5-95.5°; IR(nujol) 1760, 1705, 1585cm*; UV 267nm(e:12100); NMR

(cpC13) 85.45(1H, dd, J=11.8, 5.3Hz, 20-H), 3.11(1H, br d, J=14.5Hz, Ga'H)4 2.13(3H, s,

OAc), 1.24(3H, s, 19-H). MS m/e: 520(M*), 478(M*-CH,CO), 441(M"-Br), 381(M*-Br-CH;COOH,

base peak). anal. Calcd. for C29HusBr0s: C, 66.78; H, 8.70. Found: C, 66.59; H, 8.94. CD
(MeOH)[G]Snm): -3300(300) (inf1.), -31000(265) (negative max.), 0(239), +25700(205) (posi-

tive max. ).

colorless needles, mp 57.5-58.5°; IR(nujol) 1760, 1715, 1585cm'; UV 262nm(c:10400); NMR
(CDC13) 65.49(1H, dd, J=13.8, 6.0Hz, 28-H), 3.23(1H, br d, J=14.5Hz, 6a-H), 2.15(3H, s,
0Ac), 1.35(3H, s, 19-H). MS m/e: 520(M*), 478(M*-CH,CO), 441(M*-Br), 381(M*-Br-CH;COOH,
base peak). High MS Calcd. for C,oHysBrOs: 520.2554. Found; 520.2572. CD(MeOH)[6](nm):

+440(298) (inf1.), +6330(265)(positive max.), 0(252), -9880(232)(negative max.), 0(209).

: colorless needles, mp 110.5-111°; IR(nujol) 1750, 1710, 1615ci’; UV 242nm(e:13400); NMR

(cbcis) 85.98(1H, s, 4-H), 5.38(1H, s, 60-H), 5.23(1H, dd, J=11.9, 5.4Hz, 2a-H), 2.13

(3H, s, 28-0Ac), 2.05(3H, s, 68-0Ac), 1.27(3H, s, 19-H). MS m/e: 500(M*), 458(M*-CH»CO),
398(M*-CH2C0-CH3COO0H). High MS Calcd. for C3iH4s0s: 500.3523. Found: 500.3536. CD(MeOH)
[6](nm): +2960(325) (positive max.), 0(298), -2960(280)(inf1.), -70500(241) (negative max.),
0(222), +40900(208)(positive max.).

colorless needles, mp 120-121°; IR(nujol) 1745, 1705, 1620cm®; UV 236nm(e:11800); NMR
(cbc1,) 65.92(1H, s, 4-H), 5.46(1H, dd, J=13.5, 5.8Hz, 28-H), 5.38(1H, s, 6a-H), 2.13
(3H, s, 20-0Ac), 2.03(3H, s, 6B-0Ac), 1.40(3H, s, 19-H). MS m/e: 500(M*), 458(M1-CH2C0),
398(M*-CH,C0-CH3CO0OH, base peak). anal. Calcd. for CsiHys0s: C, 74.36; H, 9.66. Found

C, 74.12; H, 9.94. CD(MeOH)[6](nm): -6260(325)(negative max.), -850(275)(inf1.), -2280
(248) (negative max.), 0(237), +30700(208) (positive max.).

colorless oil; IR(film) 1750, 1690, 1608cm'; UV 289nm(e:17300). For further confirmation
of the structure, the compound was converted to isomeric Nb under the acetolytic
conditions.

colorless needles, mp 88-89.5°; IR(nujol) 1750, 1670, 1615, 1590cm*; UV 285nm(e:20200);
NMR(CDC1;) 86.08(2H, s, 6,7-H), 5.68(1H, s, 4-H),‘5.58(1H, dd, J=13.8, 6.0Hz, 28-H),
2.15(3H, s, OAc), 1.24(3H, s, 19-H). MS m/e: 440(M*), 380(M*-CH;COOH, base peak). High MS
Calcd. for C,qH4403: 440.3290. Found: 440.3305. CD(MeOH)[6](nm): +6700(335)(positive max.),
0%306%, -4280(280) (inf1.), -9590(246)(negative max.), 0(222), +1860(214)(positive max.),
0(208).

: colorless prisms, mp 84-85.5°; IR(nujol) 1680, 1610, 1547cm*; UV 301nm(e:23000); NMR

(CDC13) 86.72(1H, dd, J=9.0, 3.5Hz, 6 or 7-H), 6.27(1H, dd, J=9.0, 2.5Hz, 6 or 7-H), 1.11
(3H, s, 19-H). High MS Calcd. for Ca7H,;BrO: 460.2330. Found: 460.2349. CD(MeOH)[0](nm):
+17100(340) (positive max.), +390(295)(inf1.), +1290(282)(positive max.), 0(271), -8400
(240)(inf1.), -22200(212)(negative max.).

5. Proceedjng by an Syl mechanism in part, a small amount of 6a-substituted products might be
formed. !
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