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요 약. 벡크만 자리옮김반응의 실험조건은 대부분이 센산 (HC1, H2SO4, PCZ 등)이나, 고온과 

같은 격렬한 반응조건을 사용하므로 이러한 조건은 자주 전위보다는 케토옥심의 이성질화를 일으킨 

다. 5a~cholestan-3-one oxime의 벡크만 전위에 온화하고 중성의 조건인 사염화탄소와 트리페닐포스 

핀을 사용하여 3-aza-A-homo-5a-cholestan-4-one'J- 얻었다.

이러한 새롭고, 온화하며 쉽고 빠른 벡크만 전위를 소개하고 이러한 방법을 고전적인 벡크만 전 

위 시약인 폴리인산을 사용한 방법과 비교하였다.

ABSTRACT. The experimental procedures o£ Beckmann rearrangement mostly involve the use 
of vigorous conditions such as strongly acidic reagents (cone. HC1, H2SO4, PC15, etc.) or elevated 
temperatures, which frequently cause isomerization of ketooximes prior to rearrangement. We 
have effected the Beckmann rearrangement on 5a-cholestan-3~one oxime using the carbon tetrachlo- 
ride-triphenylphosphine reagent under mild, neutral conditions to give 3-aza-A-homo-5a-cholestan 
-4-one. This new, mild, facile and rapid general method of Beckmann rearrangement is present
ed, and compared with the classical (more conventional) Beckmann reagent of polyphosphoric 
acid.

steroid alkaloids in modern medicine and the
INTRODUCTION great value of the steroids have brought about

The interesting pharmacological properties of an increasing interest in amino-ster。거s. Beck-
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mann and Schmidt rearrangements offered two 
convenient methods for introducing a hetero
nitrogen into the steroid ring system. The tra
nsformations of ketooximes to amides (or lac
tams) have been prepared by the Beckmann 
rearrangement using a variety of solvents, and 
such catalysts as phosphorous oxychloKde,】 

formic acid2, />-acetamidobenzene sulfonyl chlo
ride3, s니furic acid4, thionyl chloride5, and 
others6. The Schmidt rearrangement has been 
applied to a few ketooximes with sulfuric acid 
being used as the cataly아 in the presence of a 
suit사)le organic solvent.

The low yields obtained by these convention
al methods have been variable. Even though 
the Beckmann rearrangement of ketooximes to 
amides has widespread synthetic applications7, 
the conventional procedures generally require 
the vigorous conditions such as strongly acidic 
reagents응 or elevated temperatures, causing iso
merization of the oximes prior to rearrange
ment.

We now wish to report a facile and rapid 
general method of Beckmann rearrangement of 
immediate utility for the synthesis of lactam. 
The literature survey has shown that the carbon 
tetrachloride-triphenylphosphine reagnet10 will 
effect the Beckmann rearrangement on a variety 
of alkanone oximes. The rearrangement pro
ceeds under mild, neutral conditions to give 
lactams in yields of 50~70 %.

In order to obtain a preliminary evaluation 

of the usefulness of CC^-PhsP reagent for the 
introduction of a hetero-nitrogen atom into the 
steroid ring system (called aza-steroid), 3-aza- 
A-homo-5ct-cliolestan-4-one (III) was synthe
sized by the Beckmann rearrangement us血g 
both a new reagent CC14-Ph3P reagent, and 
more conventional method (used by polyphos
phoric acid). Shoppee and Sly11 prepared this 
aza-steroid, 3-aza-A-homo~5a-cholestan~4-one
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by the Beckmann rearrangement of 5a-choles- 
tane-3-one oxime (II), using thionyl chloride 
as the catalyst and dioxane as the solvent. The 
crude yields reported11 were not satisfactory.

EXPERIMENTAL

General. Reagnets grade chemicals were pu
rified by recrystallization or by distillation 
just before use； tetrahydrofuran was dried over 
excess lithium aluminium hydride and distilled 
before use. Melting points were uncorrected, 
and Perkin-Elmer 267 Grating IR Spectropho
tometer was used. Homemade TLC plates were 
made by mixing silica gel G (Merck) 35 g 
with CHCI3: CH3OH (2 : 1, v/v) 100 mZ, and 
elution solvents were A;C6H6： EtOAc : CH；iOH 
(85:5:10), and B; CHC13 : CH3OH : EtOAc

Syntheses. 5a-Cholestane-3-one Oxime 
(II). To a solution of 0. 5 g (1. 29 mmole) of 
5a~cholestan-3-one in 30 mZ of methanol and 
5 mZ of water were added 0.2 g of potassium 
carbonate and 0. 36 g (5.17 mmole) of hydroxyl 
amine hydrochloride, and the mixture was refl
uxed on a steam bath for one hour. Excess cold 
water was added to the reaction mixture ； the 
solid which separated was collected after thor
ough chilling, and was recrystallized from me
thanol to afford 0.49 g (94 %) of a white solid, 
m. p 200〜201 °C(衍.12 m. p 100^201 CC). The ir 
(KBr) lacked a sharp band at 1700 cm-1 
and appeared absorption bands at 1630 cm-1
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(—C=N)oxime) and 3460 cm"1 (-C-H oxime).
3-Aza-A-homo-5a-cholestan-4-ORe (III).

Using the Carbon tetrachloride-triphenylph- 
osphine Reagent. Toaa round bottom flask 
equipped vith a reflex condenser (drying tube), 
magnetic stirrer and heating mantle, was intro
duced a mixture of 0. 5g (1. 2 mmole) of II, 0.63 
g (2. 4 mmole) of triphenylphosphine and 12 mZ 
of carbon tetrachloride. The reaction mixture 
was stirred and brought to a reflux for 4.9 
liours. Seirii-solids appeared in 1.5 hours and 
stirring was continued to prevent bumping. Af
ter cooling and Altering, the semi-solids were 
cry어allized from ethyl alcohol (charcoal) to 
obtain 0.38 g (78 %) of a white solid, m. p 2 
75- 277°C (lit.11 m. p 275. 5〜276. 5°C). Mixed 
melting point determination obtained by the 
PPA method, gave no depression. The ir (KBr) 
showed appearances of bands at amide band I 
(1650 cm-1) and amide II (3440 cm-1). The Rf 
values are 0. 31 쵸nd 0. 86 on respective solvents 
A, and B.

3-Aza-A-homo-5a-cholestan-4-one (III). U- 
sing the Polyphosphoric Acid. Polyphosphoric 
Acid Preparation. Polyphosphoric acid was 
made before use; To an ice—c사d 100mZ of 
phosphoric acid was added slowly 200g of P2O5 
and the mixture was mannually stirred for 7 
hours at the oil bath temperature of 130 °C. A 
mixture of 15mZ of PPA and 0. 5 g (1. 2 mmole) 
of II was heated, with manual stirring, to 130 
°C (oil bath) and maintained at this tempera
ture for 0. 5 hours. Then the mixture was pou
red into 100 g of crushed ice, and left the wh
ole mixture in the refrigerator overnight, and 
neutralized with sodium bicarbonate, and extr
acted with chloroform (3X50 mZ). Removal of 
the solvent, after drying over anhydrous sulf
ate, gave a solid residue. This residue was 
crystallized from methanol to give 0.28 g 
(57. 5 %) of a white solid, m. p is identical to 

that of the authentic sample. The mixed Rf 
observation with this sample and that obtained 
by CCI4-PI13 reagent was identical.

RESULTS

In this preliminary experiment, it has been 
demonstrated that the 3-aza-A-homo-5cv-'chole- 
stan-4-one (III) was readily prepared from 
5a-cholestan-3-one (II) in high yield by the 
new reagent, tri꽈henylphosphine-carbon tetra
chloride. No solvent was needed since CC14 is a 
good solvent for 5a-cholestan-3-one oxime (II). 
The ccndition we used, was the reflux tempera
ture of Cd；, and no special handling precau
tions appeared to be neccesarjs although the 
rearrangements were run under reasonably an
hydrous conditions of CC14.13 The reaction time 
was only 4 hours. The yield of analogically 
pure product was at least 78 %.

The aza-steroid, 3~aza-A-homo-5«-cholestan 
-4-one (III) obtained by the conventional me
thod of Beckmann rearangement using polypho- 
splioric acid (See Experimental) as a catalyst, 
gave troublesome, erratic lower yields than the 
abov은 new method. The vigorous heatin흥 tem- 
peature of 130 CC for 7 hours by the conventi
onal PPA Beckmann method was comparable 
with the mild temperature of 76 °C for 2 
to 4 hours. These mild, neutral condition given 
by the new reagent, CC14-Ph3P for the sjmthe- 
sis of the aza-steroid in the Beckmann rear
rangement, would offer even greater advantages 
of many steroids which contain functional gro
ups sensitive to vigorous conditions such as 
strongly acidic reagents or elevated temperature.

To the best of our knowledge, this CCI4一PlgP 
procedure in the Beckmann rearrangement is the 
first demonstration in this aza-steroid synthsis 
series. Mechanistic details were not investig
ated14. The fact that 나le lactam (III) appare
ntly formed directly and the expected imidoyl
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chloride was not observed first, indicated the 
probable presence of water despite our precau
tions anhydrous condition used. Mechanistic 
opinions of this reagent will be discussed in a 
future communication.
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