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BulL SCi(' IH:CS &. Erll . .:illcering Oiv .. Urri v . of thl' Hyukyu s . ( } Iath . & ~;:l. Sc i. ) 

On the Sy nthes i s and th e S t e r'coc hcmi ca l S tud y oC 

Se veral a- Bromo - 6 - oxo - s Le roid s De ri ved fro m Chol este r o l. 

Masay uki K UNIYOSHl* 

Synopsis 

3f3-Ac eto;.;y·5a-·c hol es tan ·6·o ne was prepared v ia sever al s yntheti c pathwa ys fr oll1 

cho les tcro l. It wa s furth e r conve r ted into bnno·dc r ivat ive s ; 5a· br omo-. 5«.7a·clib r omo-. 

and 5a.7/1- dibrolllo -6-oxo c ompound s, in low y ie ld s by tr ea tm e nt with bromine in 

acet ic a c id co nta inin g a tr ace o f hydroge n br om ide at room temp era tur e. It wa s 

fo und th at the C 5-bro mo atom of the 3!3-aceto;.;y· 5ct'·b l'omocholes tan-6-one )'ealTanges 

to the C7a' position. but not to the C,/3 po s i tion . by hydrogen bromid e in a ce tic acid 

to g ive /lI' ·brolllo·f)·oxo compound. Stercoc hern ic'l 1 s tudi es of these prepared a·b r olllo, 

6-oxo co mpound s we r e cnrri e d ou t by mea ns of lB. :\l\H{ and OHD s pec tr osc opi c 

methods , 

1. Introduction 

It is well known that cho le s te rol is an important precursor of s te roid 110rmons . 

an d a constituent of all normal t iss ue s of the animal orga ni s ms . In our la borato r y. 

we have been s tu dying th e halogenation) ) and th e reduct ive deha logenation o f 5a. and 

5/1- s tero id s whic h po sse ss an oxo g ro up on e a c h pos it ion in rin g A and B. In thi s 

paper, t he confo rmati on s o f s ome a · brol11o-6-o xo s teroid s , which W;1 S deri ved from 

cho les te rol. ar c di s cu sse d. 

They are de ter min ed by s ign s of th e Colton e ffect in optical rotator y di spers ion 

(OH.IJ ) , th e s hif ts of C = O s tretc hin g hands in infra -red ( IH ) s pectra. and th e pattern 

of the nuclear magnet ic re s vnance ( :\MR ) s pec tra . Furtherll1o r e, th e auth o r wou ld 

l ike to de s c ribe a few reaction s from t he s t.e reochemical vie wpo in t in order to 

c larif y th e pr ope rtie s of the se p r od uced a · bromo·6-oxo deriva tiv es. 

2. Resu l ts and Discuss ion 

In the \\'ork descrihe d in thi s pap e r. the autho!' found that th e 3!3'a c e loxy,5a. 

bromocho les tan-(i·one ( V ) : mp \ 58 - [ (iO"C . I H: 17~R . [70Rcm 1 ( v c_,,) , \\' as converted 

into 7«-b romoketone ( VI ) ; mp 140- l <t2. 5~C . IH: 1736. j 712 c 111 1 ( v c"" ,,) . by hydrogen 

br o mide in ace ti c ac id a t room te mp eratu re ( see Scheme 1. and e xperim e n ta l sect ion ). 

Th e OH IJ spectrum of thi s 7a-bl'mok e tone ( VI) s howed a po s itive s i).!n o f the Ca tta il 

effect; [a·J 5", T 15.9. [" J",+ 1750.0 ( peak ). [Q·],,,,,-2 195.5( t l' ough ) in dioxane at 22'c . 

in co ntra s t wi th a nega Liv e Co tton c urv e o f th e 5a· bro l1loli e t.o ne (V) (see Fi g, 1 
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Fig. 2. OBI) speeLrum or 3jj·r\ce tox y·7 a·· bromo c ho les tan -(i· one. 

(C, 0.5280 in di o xan e at 22"C ) 

and Fig 2 . ). The N:vJR spectrum of th e 7a-bromoketone (vI) a lso appea r e d as a 

doublet at r 5.82 \v i th a sma ll co upl ing co ns tant ( J=2.0 Hz) a ssignab le to the 7/3· 

pro'ton of equator i<.d character. Moreover, ei ther V 0 1' VI gav e the same di bromo· 

ketone del" iva tives, 3/3·ace toxy-5a , 7a-d i bromocho les tan -6 · one (VII ) , by further 

monobromilHlt ion . 

From these results, two tt · bromoketone Ii and VI Can be cO ll flr med to have the 

50' and (a-configuration , respective ly. The 3fi- acetoxy -5a:,7a-dibromochole s tan-6-one 

(VII) ; mp lo1 - 152.5°C, m 1739 , 1712c m I (v, _ ol, was a ls o prepared d ir ec tl y from 

the correspond ing 5a-6-oxo compound ( IV) by treatment with two equivalent of br om ine 

in acet ic acid _ Whereas, the pro lo nged tr e atm e n t over t ha n 20 hI' S. in this brom i

nation cond il ion Jed to th e format i on of 511', 7;3·dibromo-6-oxo compound(VITl ) in low 

yie ld (20% ) ; mp 129 - 131.5"c, IR : 1736, 1730cm- 1 ( l'c_ o) ' wh ich were seemed to be 

the r modynamica ll y control led product. Ei ther these obtained d ibromoketone vn or 

VIJr showed, in accordance w ith exp ections, a si mp le nega ti ve Cotton curve in OHD 

spectrum (see Fig.3_ and Fig.4 .) _ Til e N;\IIR s pectrum o f the 5a,711'-dibromoketone 

(VIr) s howe d a do ub let due to the 7(3 proton ( 11-1 , J ~ 6Hz) al r 5.76. While, tha l of 

Vll l appeared as doub lel d ue to th e 7a proton ( 1H, .J=13 Hz) at r 4.65_ 
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Fi g_ 3 OHD ,[ lid UV s pe c t r a o f 3.B- Ac etox y-5a,7a· di bro mc ho lc s til n·6 -o nc 

( c' O.2550 in dioxane il l 22'C) 

Fig. ! O]{lJ and UV SI)cctr,l of 3t3· A ceLoxy·5{~,it3·dibronwcho!cslan·(j,ollt' 

I C, U.2;';'0 in .!iOX'1I11' al ';!';! <C 
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[n o rd e r to make ev id e nce whe ther th ese intl'l' pl't-'ta lioll s o r t h~ :\J1\ [ H spectra Il'ere 

r ight o r not , the dihedra l i.1n g les (0 ) he tw een C '· <'IIl r! C~· proLo n IVP-f ' f' C':Ilculatcd wi lh 

th e Ab r aham's cquation 2 l hased on lhe v.du cs of cu uplin g con s tant ( J ) fr om i\l\H~, dala. 

J = 12.'1. cos2e : 0· " e,. 90· 

= 14 .3 Co s2 e 90· <;; e,. 180 · 

As s hown in F ig,5, the c<.l!cul ated va lu es of d ffJI' V II rind V III were 46° a nd 168°, 

r es pective ly 

AdJ ~,4J 
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~y j 

AcO ~,4} 
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H 
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H 

[ C~.-,. C8 ) 

Fig. ;) Di hedra l an gle between the C.· and Cd' proton 

Table I, The c = 0 s tr e tching ah so l'plion band s for 6-oxo gro up o f the 5a·c ho

l est~l n -6-o n c a nd its bromo -de ri va ti vcs in IR s pec lra , 

Bro mokctonc 

3P·acetoxy·5t1'·c ho lestan ·(i·o nc ( I V ) 

3;3- ac e to xy.5('I'-b romo c ho] cs l nll ·(i·one ( V ) 

3;3· accto;.;y· 7a· bromochol e s tan-(i- one ( VI) 

3(3-acetox,,-·5a. ia-d ibr omocholestan-6 -one (V II ) 

3;3· a ce toxy.5a , i/3-d ibr omoc ho lcs ta n · 6·one (V II I ) 

v, " ( em 1) 6 v' 

1711 

1708 - 3 

1712 

1712 

1730 19 

* .6. v i s till' d iff!! l-ence \ Jf ('ar hun~ I "lisut'pliun !JOI nt! ht'IIH' I'n till' itt'l!mnket"nl' s ,11111 ils pan'nl 

keto !!!' . 
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Th ese s te r eoc he m ica l ass ignments mentiu ned ,dlU\'e, we r e a lso co mp letely ~up

po n ed by th e o bse n 'at ion o f th e IH s pect ra, Th e inrra -r ed abso rption bands ( vr _,,) 

of pr epared bromoketon es ar e s ummari se d in T a b le 1. In a· ha loke to nc 3 l, it is we ll 

known that th e diffel' e nce (6 v ) of frequ e ~c y in c '.\I'bony l abs or pti on between the 

equato ri al · halo ge nated ke ton e and its par e nt ke ton is ~ I"(_: utc r than t hat in the t <.l SC fI ( 

th e ax ial - ha logenated ketone . Th e r e fore , the 6 v va lu e (o r t he c ompound VIJ ; 6 v -

1-, indi ca tes that bo th bro mi ncs are axial (a ·o ri e nte d ) and th e 6 v va lu e for the 

compound VTrI ; 6 v=o: 19, indicates tha t. one b r omin e is ax ia l (a ·oriented ) and anothe r 

bromin e is e(luato rial (,8·o ri e n te d ) , 

In the nex t pape r , the au t hor would lik e to r e po rt fo r the redu c ti ve de haloge· 

nati on o f th ese a· bro mo- 6 ·oxo de ri vati ves pr e pared in thi s wo rk , 

3 E xperimenta l 

Measurements. A ll me lti ng points are unco l·rected. Th e IR s pec t ra and ORO 

s pec t ra were measur e d usi ng a H itac h i EPI·S·2 s pec tr oph oto me ter a nd a JA SeO 

mode l ORD/UV-5 s pec t l'o me te r , r espec ti ve ly, T he Nl'.'lR s pec ll'a we r e measur ed in 

dc ute ro · c hloroform and cad)(}11 te tr ac hl oride , with TM S a s inter na l s tandard. us ing a 

Hitac hi H·24 s pec trom etc l". Th e ma ss s pe ctra we r e obtain e d us in g H ita c hi RMU ·6L 

s pec trom e ter, 

Cll o les /e ry l ace /a le , Acc ordin g to th e me th od o f J.O , Hall s l ,!. it wa s pr e par ed 

by re flu x in g .. s oluti on o f c ho leste rol (I ) ( lOg) in ace ti c a c id anh ydride (75 ml ) for 

2 hI' S. Coo lin g , filte l'i ng, wa s h ing an d c rys ta ll iza t ion from e thanol g a ve needl es 

(9g), Illp 114 11 5t. 1H ( K Br): I 738c rn , (v, ,, ) : NMH ( CDC I ,) T: 5040 ( rn , JH ), 4.61 

( m. 111 ).7. 98 (5 , 3H ) . 

6·Nilrocholesleryf ace /ale S). A so lu t io n o f cho les te ry l rtce ta le (2,5g) in a bso lute 

ethe r ( 35ml ) was stirred unclel' cooling at - lOt by a sa l t· ice ·ba th , a nd then 95% 

fu ming n it ric ac id ( L5ml ) was added d ropwise du ring one hour. T he e nd po int o f the 

reaction was confirmed by tic. After sterring for I hI', more at O"C. lite reaction 

mix Lure was poured into wate r nnd washed with 5 u u sodi um hydroxide solution. The 

so luli on was next \\'as hcd \\'i th sa lu l'ate d sodi um c hl o r ide s oluti o n un t i l t he wa te r 

la ye r wa s nc utrnl to l i tmu s . Th e clhe r e nl so luLion was th e dr! ed ;Ind ev aporat ed 

undel' r edu ced p r e ss ure, C r ys lalli z alion o f th e r es idu c fr o m e t ha nol gave nt! cdl es of 

( 11 1) 12. 0gl. mp 103- 104"(; . IH I KB d : 15 19 Iv",1 lind I 745cm ' iv, " I : NMH 

(C HC I ,,) T : 5.35 ( m, IV ,", ~ 1 8 H z. C,,· I-I . 111 1.7.% is. 31-1 1. 

F u und: C. 73 A 6 : 11. ~J. ~) 6 :)i. 2. 9511-l!. Cn lcd. fo r C:!!J11 1,OI\;C. 7:'Li)i); 11 .~). ~5 

; 1'\, 2.96 %. 
a(3 . .4cc loxy.5a:.c ho /csI 1l 1l.6,o1le, Heduc li on o f III ,_ b,5~ j \\' jlh z. in c and acetic <Icid 

acco rd ing Lo Dod !3o n and H iege l 6 f a nd c r ys ta lli zat io n fr om ethan o l ga ve needl es of 

IV (4. 0g, 62,,,,, ) , rnp 127 - J29t . IR ( KB d: 1730. 17 11 cm ' I Vc "I: \:l IH I CDCI .. : T 

0,40 1m. C,· I-I . I I-I), 8.05 Is . 31-1 1 : OHD I C. l/.iIiSO. <Ii. : al a "C l n J",;- iU~.:l 



I l rou ghl . (" j "" 472 I peak ) , (" L",, ·- 473l l r ough l. (a jm+i 23I peak l : ,I S ,1,14 Dn . 
385 I M - }\cO I . 

}3-ro'l/l,I'I/.oIIO'll r,f 3(3.(fceloxy . 5rroc /t o l es /a'll -6- /lUI! 1:0)" g'C'ncl'al eli r ee l io n s sc(' 

ref e ren ce no.7. 

( a ) 3fi -aceL()x ~· ·5Q'-bt't,)]no c h o!l' s tiln - () · une: ( 1\') \ IAOg ) , in <Icet i e acid ( 200m! ) 

conta ining a l]"<l c e o f hydr oge n bro m id e. \\' ~\ S tr ea t e d a t :WoC with brumin e l ti '~Um g . 

l.0 5 m o l ) i n a c e ti c ariel. .-\ [l e l" 1U min .. wate r \\a s add e d . and th e r eac tion m ix ture 

wa s e xtr acte d with e th e r. Th e et he r e al s o lution wa s was hed \\'ith sodium bicarhonat e 

s olu t ion. dri e d. and c\"aporatc d tindel' r educed pn'SSllre. C r ,\'s tall iz ation from ethanol · 

ace t one gav e pillt es of V ( I. ~g ) , mp L S~ - 16UoC , II { ( I\I ~ I' ) 1 7:~t-:, 17()?-\clll I ( v r 0) ' 

0<~I I, I C HCI , I T i.68 Id, J = 131-lz. C ,· H. l H I. i .~J ~ Is , ;;1-11 : OHIJ i C . U.'I IIIO.di .1 

at ~2t [ (\·J ~I!!I -'~U.~, ( {f );j;1 ~- 32 ' 1.3 . 9 1. 1]' o ugh ) . ( 1l' ) ~\j (! +.t292 .(j \ peak i : \\ S : S22 \ )\I "I , 

52 ·~ I il l- l ) . 

I II ) ;)/3- a ce toxy-7a·-brnmoc ho les l<l n·li·one-: \' I .lOOlllg i in a ce ti c a c id 1;)01111 ) COIl -

taining a t ra ce of hydrogen lwolllidc was s tirred at room tc mperature for 16hl". The 

L1 sual proce dure g <l ve pri s m es o f V I i from m e than o l - ac e ton e ) ( ~Wmg ) , mp 140- 1<l2°C . 

111 11,13 .. , : 17:3G. 17 120 m ' i v,. "I : NillH I C HC I , ) T :i .K:! l ei , .1 ~ 2 H z . C;/J· II. IH I . 

1;. 7:! I dd .. J ..... ~ " and .J 5 .. , ~ 121-lz . 111 1 : OIW I C. 1I .52XO. di. ) <.l 22°e ( oL", 1- 150.1. 

[ (1' ];l36+ 175U.O ( pe a l..:) , [ Q·):! !t( , -2 1~) ~.S ( tl'()tJ~h ) ; ~ J S: 522 ( i\ \ '! , :j ~ ! \ I\j - 2 

\ c ) 'J(J· ;'\ ce to xy -5a, ill.' ·dib rl )Ill ()c h (II( ''s la ll- (i ' ll llf' ilnd :i(3' :-\ C-l' lu ;", y ,;J(I' . i fj. diIJl'omo('· 

ho les lan -o·o ne: The mi xture o f Sn'·ketollt:' ~ I\ ' I I lg ) an d acetic ut id I;! Oml l w ith 

a trace of hydro gen bromid e \\"a s l.r e a l('d \vith I ·L ill1 1 of ;:'11'<1 IJI'ornit1('- acctic a c id 

s olution at r oom tempera lu r e fo r I,Ul r s ." A fter 1' 1"mo \"a l of excess of bromin e with 

aqu eo us s od ium h.vd r oge n s ulfite , th e reaction mi x l ut'I ' wa s extr a cted w it h d hc r . 

Th t:! ethe r e al s olut ion \\"a s wa s he d ,,"it h water, dri e d, and e vap(J ra ted under rl' du ce d 

The r esultan t oi! I XIH )mg l \\"a s chr () mal o~ r tl p h('d 011 s ili c a g-cl \;:jOg ) 

Eluti on with be n:;.e n- n·hexillle \ I: Ill : I !)O(lrn l ) gi l\"(' ,I co lorless oil ( ;'~i1 mg ) of \' 11. 

.~\ft e r r ec r ys talli zati on from m(':han l)l. mp 1 5 1 - I G.;tC\IH'l' d le , .[H I Klh l : I (3 !:J .li l ~('m I 

I v, =. ) ; NMR (CDC I J) : T 5. i6 I d . .J ,P., = 6Hz , lH ) ; ORI J( C, 0,255, d i. ) at 22"(:: (a ) 589 

-30.0 , (") ,,, - 1510.0 ( trough ) , (") ", + 1550.0 ( peak ) . 

Found: C , 57.82; H, 7 .590/0. Ca lcd. for C29 H" O.,!3r, : C, 57.83, H, 7.66 % . 
Further e luti on with ben ze ne- n- hexa ne ( 1 : 5) (900m [) gave a pr od uc t V IiI ( ZOmg ) , 

mp 129 - 131. 5"(:, JR ( KB "): 1736 , 1730cm I ( v, =.) : NMR ( C HC I J ) T 4.65 I d. J ,o., 

~13 H z , I H) ; ORD ( C, 0.255, di. ) a t 22'C (a );" U. ( "L",- 1 ~U2.2 1 l!·ol!gh ) , (" j"., 

+ 2800.0 ( peak ), ilfte r l' ec r ys tall iz ati oll from me th ano l. 

Fo und: C , 57. 84: H, 7.66010 . Ca lcd for C"H ,.,0,13r , : C. 57.83: H. i.66 % 
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