
琉球大学学術リポジトリ

Chlorination and Dechlorination Products of 5α -
and 5β-Cholestan-3-one

言語: 

出版者: 琉球大学理学部

公開日: 2008-12-01

キーワード (Ja): 

キーワード (En): 

作成者: 国吉, 正之

メールアドレス: 

所属: 

メタデータ

http://hdl.handle.net/20.500.12000/8332URL



BuLL. College of Science. Univ. of the Ryukyus, No_ 36, 1983 91

Chlorination and Dechlorination Products of 5a- and 5,B-Cholestan-3-one

Masayuki KUNIYOSHI*

Abstract

5a- and 5,8-Cholestan-3-one derived from cholesterol were chlorinated under

several reaction conditions. Depending on the reaction conditions. many kinds of

chlorinated products were obtained. a, a'-Dichloroketo compo':lnds ( • I ) could be

easily prepared by dechlorination of the corresponding trichoroketones (IV, X) with

chromium (II) acetate. Further dechlorination of the dichloroketones with the same

reagent furni hed a-monochloroketones (VI, XU) which could not be obtained by the

direct monochlorination.

1. Introduction

Many groupsi-8 in the field of steroid chemistry have in estigated bromination of

ketosteroids as a simple and effective mothod for the functionalization of steroidal

skeletones, and the stereochemistry of the brominated product has well b en established. On

the chlorination reaction, however, a few existing literatures9
-

12 describe only mono- and

dichlorination of Sa·ketosteroids. In the previous papers13
:-

14 w have reported the halogena­

tion and deha!ogenation reactions of various ketosteroids. In the xtention of th w rks, we

could successfully prepare 4«-chloro-5«-cholestan-3-one (VI) and 2p-chloro·Sp-chol stan-3-on

(XII) which are otherwise difficult to obtain by direct monochlorination of th par nt ketones.

In this pa r, the auth r will d crib h ynth of h mp und t th r wi h m

n w polychloro d ri ati s \vhi h nionn ti n-l sighl11 I1ts al di cu d m an

lR, MR, and R

Resu Its and Discussion

Treatrn nt of Sa-chol tan-3- n (I) with an xc f p t ium hI rat in th soluti n
of dio ane-30% aqueous sulfuric acid at 45° for 24 hr furnish d 2,2,4tr-trichlor - a- h 1 n·

3·one (N) in 43.1% yield. Similarly, 2/1, 4, 4-tnchloro-5,B-chol tan·3· n (X) w s, btain d in

40.2% yield from Sp-cIl0Iestan-3-0n.e(VII). B h ,compmund sh w d mol cular ion at m/z 48.8

and characteristic i tope paks of th compounds containin thr, 'chlorin at ms. 1I n. m.

r. pectra of(lV)and (X) revealed signal at 4. 0 (d, J 12.8 Hz, lH, (4)p·H) and ~.14, (dd,,j .

2 14.5 Hz, IH, C(2)«-H) resp ctively attributabl to the prot ns at a h t h arb n

bearing chlorine atom . These result clearly indkat d th structur s of OV) and ( X) as h wn

in cherne 1.
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( I ) X=¥=Z=H

( n) X=H Y=Cl Z=H:·,. ,
( m) X=Y==Cl Z=H,
( N) X=Y==Z=Cl

( V) X=H) Y=Z=Cl

( VI) X=Y=H~ Z=Cl

( VII) X=Y=Z=H

(VllI.) X=H, Y=Cl~ Z=H

( IX) X=H, ¥=Z=Cl

( X) X=Y=Z=Cl

( XI) X=¥=Cl, Z=H

(XII) X=Cl~ Y=Z=H

Scheme 1. Chlorination and Dechlorination of 5a- and

S(3-cholestan-3-one.

Since this chlorination reaction proceeds stepwise, the intermediates. monochloro and

gem~dkhloroderivatives can be easily ob.tained by monitoring the reaction progress with t.
I.e. Therefore. 2.2·dichloro-5~·cholestan·3-oneOU)1'2and 4A-dichlo:ro~5/l-cholestan-3·one(IX)

were prepared in 87.5% and 19.19-'; yield. respectively" by quenching the reaction in 4-5 hr.

These dichloro compounds could also be prepared by reacting the parent ketones with

stoichiometric ·anl0unts of chlorine. Both(UI)andOX}showed Dlolecular ion dusters at m/z 454

(M+. relative-intensity 100'~l.456{M-j-2,65.2). 4.58(M+4. 95).inrlicating the presence of two

chlorine atOll'lS. However, the absence of IH n.n1.L signals due to -eHGl- in both compounds

dernonstrated that the two chlorine atoms were geminat It is noteworty that dichlorination

always results in only gem-dichloro derivatives from both parent ketones ( I. 1lI). while

dibromination of the katones mainly a.fford 2,4-rlibromocompounds.3A In this case it is
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suggestedby the authorsl5 that �i�n�~�t�i�a�l�l�y formed gem·dibromoeompounds,which usually
isolatedby kinetically controlledbrominationin the presenceof a largeexcessof potassium
acetate,rearrangeto 2,4-dibromoderivativesunder addiccondiHons.Indeedthis rearrange­
mentcouIDd be observedby addtreatmentof the formers.16

•
17 However,thetreatmentof gem­

dichioro compounds(m) or (IX) under the sante conditions did not tmdergo the expected
rearrangementtlo furnish 2,4-dichloroderivatives..This obviousljr different behaviorbetween
gem-dibromo- and gern-diehloroketosteroidscan probably be explained in terms of the
differenceof carbon-halogenbondstrengthand also the differenceof halogen-halogensteric
repumsionbetweengem-dibromoand gem·dichlorocompound.

In this study, it was found that a, a' -dichJorloketones(V, Xl) canbe preparedselectively
fron1 the correspondioga,tr,a'-tricbloroketones(IV, X) by reductjve dehalogenationusing
chromium(Il) acetateundernitrogenatmosphereasreportedin our previouspapers.13

-
14 The

optical rotatorydispersionof thesea,a' -dichloroketonesdid not changethenatureof Cotton
effect from thoseof the parentketones,but the first maximumpeaksshiftedtowardshorter
wavelengthregion. Consideringthe a-haloketonerule,ls these results suggeststhat both
chlorineatomsareequatorial(a-orientedin V, andp-orientedin Xl ). The 1H n.m.r. spectrum
of (V) showedpeaksdue to the proton attachedon the carbonbearinga chlorineatom at <S

4.21 (d, J 13.6 Hz, IH, C(4) ,B-H) and 4..37 (dd, J 4.8, 13.5 Hz, 1H, C(2) P-H). The IH n.m.r.
spectrumof (Xl} showedpeaksat 0' 4.67 (dd, J 6.0, 14.2 Hz, 1H, C(2)a-H) and 4..93(d,] 12.0
Hz, 1H, C(4)a-lI). Accordingly., thesedichloroketonesweredetenninedto be 2a·dichloro-5a·
cholestan-3-one(V) and 2p, 4P-dichloro-5,B-cholestan·3·one(XI), respectively.Thesestereo­
chemical assignmentswere further supportedby reasonablenessof the diheadral angles
calculatedbasedon Abraham'sequation19 from the valuesof couplingcOl1stant(J)of -CHCI·
protonsin I H n.m.r. spectra,and by the observationof the carbony,labsorptionbandswhich
shifted toward higher wave numberregionz.Q (1:1v = 35- 3" cm- 1) in the IR spectra,relativ to
that of the parentketones.Uulike the �a�.�,�a�~�-�d�i�b�r�o�m�o ana]ogus, th se a ,al'-dichlorok ton s
could not be obtaineddirectly from chlorinationreactionof the par nt keton �S�.�2�~

Furtherdechlorinationof (V) and no) furnishedmonochloroderivatives(V1)andi (XlI) which
are otherwisedifficult to prepare,becaue direct monochlorinationof ( I: ) and (XlI) always
occursat the oppositepositionin respectto thecarbonylgroupsasshownin Scheme1. Thus,.
treatmentof (V) with chrornium(H) acetateat room ten1peraturefor about 50 min. uncI r
nitrogenatmosphere,�m�o�n�~�'�t�o�r�i�n�g the reactionby Ll.c., gave4a-chloro·5a·cholestan·3·one(Vl),
while the same reaction of (xI) afforded 2p-chloro-5p-cholestan-3-one(XlI). The optical
rotatory dispersionspectrumof the monochloro'ketone(VI) showeda positive Cotton ffeet
curve and a blue shift (bA =6 nrn) from that of the parentketone.The I H n.m.f. spectrwn
showeda doubletat 0'4.12 (J 12.5 Hz, IH) due to -CHCl-. It's IR spectrumhad a c,arbonyl
absorpt]onband (1735cm-1) at higher wave numberregion relative to that (1713cm- 1

) of the
parentketone.Moreover, its massspectrumexhibiteda moiecularion peak(M+) at m/z420,

and,a characteristieisotopeion peakat m/z 422(M+2). From thesedata,it wasconcludedthat
this co.mpO'und(VOwas �4�a�-�c�h�l�o�r�o�-�5�a�-�c�h�o�l�e�s�t�a�n�~�3�-�o�n�e�. While the monochloroketoneUD) was
detemminedto !be 2p-chloro-5,B-cholestan-3-oneby the sign of the negativeCotton effect in










