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o The obgecu ve of ’ch1s work was to 1nvest1ga.’ce the. -~ Lo =

0

‘poss1b1hty of functmnahzatwn of the C-18 methyl “group of a

- ..
>

H4p-hydroxylated sterowd .lh'ICh wou]d serve as a s1gmf1cant 1nter~

" mediate for vamouS/bw]ogma]b/ active stero1ds and ster'md alkaloids =~
' #
: such as Batracnotoxm] 4 and Anhydrohlrund;agenms. .For thls‘ 1atter,;.. S
. - - VA
class of compounds, a sﬁdy of the D—mng f)sswn products derived from

e‘ﬂkoky‘ radicals gen‘eﬂr“‘a'ted at C-14 of the stevoid nucleus is disGlssed.

‘ Of the various methods descmbed in the Titerature, the .
C et , v e
Hofmann Lofﬂer—Freytag roactmnﬁ, z.he bamon react1on7, and Q:e

et

hypom te react1on8 constltute the 1mportant methods of "remote" ‘ <’

' . -
*y t \,‘

~ ‘functmnahzatlon T e . P
- 3 . ., ) R " )
N . . . ) . - . . ’. - ‘_ . - .
Hethods of Functionalization /in Stervids - ,
*. ] . . . . \l -
The. Hofmann Loffler- l'reytag Reaction. - . T N ’”.'

.

. . P

A o, . S
o

-~
i

The first attempts; to func'tio\naﬁ'ze the &-T'B an‘gixl'ar methyl'
group of sfermd mo]ecu]esg were based on the Rofmann- Ldfﬂer-Freytag
recacti 16 which’can be formu]ated as the transformatwn of an ahpha\hc

) _H—ch'lgroahnne 1nto a pyrrohdwne Gnder thermal or photplytic cond1t1ons‘

" (schere 1) This reactwn is somewhat unusual in that y'./yle]ds 3

ﬁvp— rather than a six- munoéfed ring., \
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" Been postulated as a free ‘radical mechanism

" % -

(,( .
. * , ' ) . N . \
« / ' 2! .
-‘ ',"{\ 'Y
' \ \ . s .
o ' . - » / * N
’ " ' 2 ; N | ” &
I . ‘m . .
R L 'Y
o Cl 2, NaOH
. [ . | U
. L Scheme-1 =
o S . P %

10 1nvolv1ng an 1nter—

~

medtate §- chloroamine sa]t” The free radical nature of this
“process was demonstrated by the decomposnmn of §-aliphatic
chloroamines in ultraviolet Tight or a]ternatﬂ:ive]y' Py,ghe_additfnn
.of'cata‘lytic amounts of free nadicai’ initiators euch as fenrous
ersu!fate and ferrous anmonium sulfate. \\Inh1b1tion of the pyr/
roHdine formation in the dark, or in the absence of chemical

inmators. or in the preser moTecular oxygen provides fonnal

SUpport for a free radical mechamsn12

o | ,. R ' ® - )
i . - -

’ ' Cata]ysis by ac1ds 1ends support to the supposition that
'the N—chloroamme first fonms a. salt wh1ch subsequent1y undergoes

.c.}eav_arge uTj‘er the influence of raghcal initiators or uv’ l_jgh§ Ee,.

.furm'sh aminium]3 and. ch'lorj‘in'e free radicals.: R

L)

The mechanism for the cyclization pf the N- haloanﬁnes has N

e BCRRGE «xmw‘w ’-ff*“’m = W *«mﬂsm wmmwwmmwwwmrwm’“ S
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' hydrogen abstractlon since the predom nance’ of attacﬁ occurs at the e

o,

Y . R, A S U

~amine’ present in

"based on_ the' observatwn that 6—ch‘loro secondary amines are obtained'1

@revaﬂs
. with retention of configuratmn at the 6= carbon A

) w1th a. maximum theoret1ca1 1sotope effect

'state

- s
- ‘ -~ 'R} N ’
- - Lk ' e » v, P : s . . Y Phos wann -
. A - NR LI w;‘-ul T IR GRS Y e ger g g g

S
’

SRS
) V4 ) “

. R ' ! R

-+ The 1n1t1at1ng step to furmsh the N-ha]oammomum radical =~ . .

(2" scheme 2) is ::hZaght to involve ‘the smaﬂ fraction: of N-ch]oro- -

‘Free base forms as only 1t ‘s able 'to absorb w -

light of suffic‘ient- energy to ‘cause dissogiation: Subseq\uent]y,f _it'

is presumed -that the nascent ni trogen radical is immediately, protonct':ed]l.". e .'0 '
L . ' ° N ' i "/’_” L .
: -
The evxdence for the 1ntramo1ecu1ar hydrogen abstraction]0

from an N- ch]oro-secondary amine (3—»4 scheme2) by a free rad1ca1

15

mechanism There is no con51stent support for an 1ntermo'iecular o

<S-posit10n]2 Preferentm 1ntramo1ecu'lar hydrogen abstract]on J

in the order tertlary > secondary > pr1mary, and proceeds

po—
" : ’ .

Comparlson of isotope effect stud1es which gave kH/'kD = 3 54

N

-
H/k = 4.7 (at 95°)

conf1 rms’ the large extent of the 4 C-H bond rupturs in the transiti on '

]2'. The ensuing attack of th% aminium radical on the ‘G-hydrogen e

-~

apbears to favor a. linear or quasi-linear arrangement of the three

participeting’ ce'nters,o N...H..‘.CG‘M.‘ Such a- 1inearity* explains

the propens1ty of attack.on the 6 hydrogens, j.e., 1,5 shifts 1nvo]v1ng S

a s1x-membered trans1t10n&tate in a staggered ‘chair confonnatmnM

A - +

1ated w1th the minimi zataon of angle s*tram and
‘non- bonded atoms in the trangition state

* This 11near1ty 1"% a
steric repulsions m
for the rgarrangemen

r
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' ‘. v ( ' ‘ N . N
. and the total absence of 1,3 and 1,4 h)"?gﬁ" shifts Although the = = or

R . -~ CEN , -
1,6 and 1,7 hydroggp shifts are feasib these processes appear to
su~ff‘er from an associafed large free engray barmer (AG (1 6) - AG N .‘ , .
, 5) N L.3 k c}allr*;\]e) 00-{ o ' K ' ‘ >

‘ -

* D15proportwnat1bn ‘of the, 1ntermed1ate carbon and aminium , S
y

radxcals may '{150 Tead to other product’s, the njnportance of - the s1de

react]ons dependmg large'ly oh the nature of the starting matev'ﬁﬂs14 10b .' e

g

N e .
‘ ' , L] 2 '
. Photochemical transformations o

4
i Y
: > - L . _ . ‘f -
v ’. * « -~ [~ ' ’g N
i
1
{

! The Ba\r"con7 and the hypomd'lte8 reactwns can be represented by
Seheme 3, where X= NO (The Barton Reaﬁbwn), or X = I (the hydoiodtte

. . .
n! . ! o T . ’ ‘
. . . . o . .

L YA~ — =Yl — . S

oL "‘ [

R . Schemed - - -
B . ) S 21 _ ‘. . )
reaction), and- Y should be a two atom chain The -first 1ntern‘ediate

F

| N

fM1shed by ﬁese photochemcal transformatmns is the alkoxy rad1ca‘l,
. whi ch is generated by the homolysis of -the 0-X bond under. pho'go],ytm7
16 17 o

cond1t10n°s or a combination of thermo’lys1s and photo1y51s cond1t1ons8

! b

¥
Although various pathways

are avaﬂabie to the a]koxy o
19 )

radical (5), for 1ts stabﬂlzatmn R an 1mportant one const\tutes the

|

A‘_\nntramolecu]ar‘ ‘hydrogen abstraction (scherne 4) whereby a new\a'lkyl .

‘ s

)
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free radica]zo

(_) is furmshed whfch can recombme with any free rad'nca]

1n‘;=the‘v'icin'ity, such as X to furnish ‘the‘proz‘iuct?g-(_).\

4

The' Barton réaction ‘

The overall Barton reaction can be represented by the foHow'Ing

three d) screte steps

('a,' the‘ photochemical,
rad1caT e and: NO:

" the alkcky radical ‘fo furnish the alkyl ‘radical (10) ,
- bination o? (10) mth NO- to furmsh the product (___)

L N

Low .o L 4
o b

P

(scheme 5) i

N
i

c_]ea*gg‘e of the O-H bond tq.furnish the alkoxy.
(b) .the intramolecular hy‘drogen'abstraction by

(c) the com- -
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Cbnc]uéions’relative to the Bartod reaction '

[

The Barton reaction is a true photochemical probéss as is suggested by
< |
the quantum yieIdZI $ = 0 27, and ‘the lack of a nitrite concentratlon
22

effect<". The quantum y1e}d for a typ1ca1 free radical chain reaction

is greater-than unity }8.. a h .

. The Barton react1on has been'shown to be essent1a]1y a non ;ége, free

21

rad1c?] process The photo]ysis of an equ1mo]ecu1ar mixture of twd

»

dxssfmn1ar nitrite -esters; one of which contained N (98.3% in-

corporat1on) furn1shed the corresponding oximes wh1ch were ‘oxidized to

the ketoximes. Mass spectra] analys1s showed N]5 d1str1buted itself

equally between the two ketox1mes]8.

. suggested cage mechanism in which NO- is held captive during the entire

g?uitching process between the two eXChahge'sites

'reaction, and also eliminates any mechanism based on the direct bond-

23

h

LI
That the quantum yield is less than inity is accounted for by
the initial reversible reaction (8)+(9) thereby. suggesting that the

22

formation of the nitrite proceeds via geminate recombination Photo- -

- 1ysis to half-completion of a second dissimilar mixture of 68-nitrite

N14 15

esters having the same and N~ distrjbution as described above

. furnished the oximes.and the starting nftritéé As noted previously;

. 1.00 for one product) but the start1ng n1tr1te _ester contalnlng only N

the derlved‘ketOXImes showed the expected scrambling, (N ,N]4 5: -

157

initially showed,no N]4 lncorporatlonzé. Th1s last observat1on 1nd1cates

This result disproved the previously”

A%

- . ‘ . . .'. ‘ . ‘ -‘*.h
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kb e oo e
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a primary homo1ysis step 1nvo1ving a cage process as shown by (12)

. o C . o
radica] (9) was provided by the photolysis of an'ﬁ15-containing nitrite

. The Barton reaction is an example of intramolecular hydrogen.abstraction' .

and e11m1nates (13) ‘f. \ o .
) , * . .‘. I .
) O—Nb - S -
L\\//J L ~[\;//J' W (12)
. . I' L ‘ ,‘0'.
. - ¢
. 0- T _—
t NO“|—r s +  NO. — (13)
_— ) -

The most compelling evidence" for the existencé of .the alkoxy

ster01d in presence of N14-conta1n1ng -t-buty] n1tr1te which resu]ted in

the recovery of the. nltrtte stero1d conta1n1ng a high proport1on of

N4 (% N1 ratio 1.0 : 3.45)5.
Vapor phase investigations .of the nitrite photolysfs of alkyl
nitrites showed that ‘the nitrite ester. suffers homoly51s and that the -

resu]tlng aﬂkoxy rad1ca1]6 updergoes rapid dEGay to prov1de a carbonyl

\fragment and an a]ky] radical. The 1atter, however, lnnediately com-

_bines mth NO- wtnch is i close prox1m1ty to.it in preference to the

a1ternate recomb1na;10n with a more dastant second alkyl radlca128 : f
l ' : ‘ -

¢

24
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"Although the abstractton of a hydrogen is not favoured energetical 1y.
13

FERN
AN

" the repu'lswe and sterlc factors play a con51derab1e role. A more - v

detailed considerat'ion of the factors mvo]ved m the m’cular , ‘ . .

hydrogen abstract'ion‘suggests the existence of a, s1x-menbered transition

A “n

The predominance of the sxx-menbered transi tion state in: the

'foﬂowing the’ photolysis of m-phenyla]kyl nitrites havmg an 1nsuf—_ ) ) L

fment number of carbon atoms in their side chain necessary for the

Barton- reaction was ' shown by the absence of - remote functwnah zat'ion ° ( 3 '
¥
2 ‘

In other instances’ = °

(4

formation of a six-menbered transnlon state
.where a five- or seven-menbered transﬂnon state was . required, no
‘Amtroso dimers were observed after photolys1525 26 ‘Thlé I-benzy]

nitnte furnished no dimer. whﬂe 4-phenylbutyl nitrits afforded the ERSR e !

\ \ . ‘ ,
expected d1mer*(sc“ﬁeme 6) 4 - - R
. \ ‘ | |

CHzoﬂﬁ —-—' No-dimer '~ A "

N
[

v

~ . S o 3
j '—-cnztnzcnzcu oNO, —+ O fnmzcuzcnzou S

. . . . . .
. ' N . M . .
k) - . - - .
A - " . . . v N * ‘ ~
. ‘ . . LS L B
v N LN - - ‘ . " ',, o . .
- g . ' - ' . ton, .
i . I . .
e
.

v Scheme 6 - R
- - . - . . ~.. ' s

* In the photolysns of n-octyl mtmte, the almost comp]ete absence of

of oxime in the photolysis product indicated that the latter compound, o
is not formed dirvectly during the photolysis, but is produced n- - B R
directly through the mtroso monomer2 o N L .
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Ne possﬁnhty of a hnear trans1t10n \s te12 ‘an'alogot;:«s to

‘ tion

resultiqg monomeric nitroso compound my then dimerize or rearrange to the

. i .
11. -

the one suggested $for the Hofmann- Lofﬂer—Freytag react:aon .has been o
con51dered27 (F1g ]), for the Barton reaction, this ]'mear arrangement
does not appear essent1a1 It was shown that the maximum angle whlch

can be attained in the transitwn state derwe_d from a Ss-snhtnte,'_,ester
is 1460 2V, T S o R

L]

. . L L. . .0 1. ' , '
The avaﬂabih‘ty of a six-membered transition state a]thougn
necessary lS not - alwais a suff1c1ent con(htxon for the 1ntramolecular

\

hydrogen abstractmn process. The distance x-Y (fig.2) must faH mth'in

" critical limitsS, -~ _ A

. Fdr the Barton reaction (scheme.5) it was .shdwn that step 2 foﬁows ' e
rapidly on step 1 as ‘quenching of the rachcals (g) and' (10) with a hy-
‘ drogen donor, e g. deuterated. thiophenol furnished the steroid alcohol

showing in its mass speetrum the 1ncorporat1on of deuterium at the c-19 posi~

4 The recombmatwn of the C radlca'l ( mth the nitrite radicall

© s not Unprecedented the latter bemg a weH-known rad1ca1 tr’apaa. The .

oxime (11). In many cases'; Steric factors prevent ‘the convergence of two =

) Y

" steroid molecu]es wh1ch may explam the rearrangement to the oxune and the

24

o
7 Di sbrgporti qnati on_reactions

0

lack of d1mer1zat1on ’p’roducts

10 ‘are favoured over the rearrange-

H

~

,
t
H
3y .
1
!
i
g.




meet reaction when the~gedmetric and structural requirements‘of the Barton
' reaction are'not fﬁ]f1]18d]7" At all times, these reacfions are presengeto |
an appreciable extent. - . \ _ . I | ’/) _ —
\;. . ' . . !

\ . " 1, . LY K

.

. 5, .Tﬁe pyrolys1s of nitrites in the molten state does not lead to a hydrogen

transfer as in the case of the photolytic process. The d1fference in be-.

/,, ' ,havwor has been accounted‘for by. an ‘jonic mechanism not invo]vrng a]kgxy i
- y B
S rad1ca1529 Coe o : , ' ;
~ , The hypoxodxte react1on - k S
i . * J .
. The term "hypo1od1te" denotes the homo]ytlc cleavage of acy] : m{

, hypo1od1tes _&9) wh1ch are prepared by. the action of" N-1odosuccin1m1de

30 44 no <o 1ar solvents. Intramolecular .- = '

. .
s e o 3,

'qr acyl hypo1od1tes on alcohols

) substiéﬁtion on non-activated carbon centers 1y1ng in close proximity

-

becomes p0551b]e, the end- -product of these subst1tut1ons being generally .
a tetrahydrofuran derivatxve (_55)8 The overa]] react1on TS shown -in . . 'l
v scheme 7. L “ T . ‘
B ‘ O ‘ ’
H l H ? H l
» . . . X
HO N~ N \C/ . 0 o
—_— ! : ____"\ Horl
\ * ‘0.
14a 14 l4¢
1 }
Scheme 7 ™
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:_hypochlorite and jodine, or With mercd¥1c ox1de and 1od1ne

. Hypoiodite formation and cleavage * : =~ . = ik

e s s T 7 = sty e ey e e s

| \
13 1

]

Hypo1od1tes can be generated by . treatment of alcohols w1th t-butyl

31 Alternative]y,

{ead tetraacetate si]veé;acetate or mercurlc acetate 1n comblnation wtth

1od1ne have a]so been emp]oyed32

]

A .
-

« +

~ Warming an equinm]ecular‘:$kﬁ§¥'of iodine and ]ead tetraacetate33'
in carbon tetrach]or1de leads to processes (15) and (16) '

Pb(OAC), + I,—>Pb(OAc), + 2ACOI  (15)
;Mo OD 200, b2l (16)'

HoweVer, in pﬁesence di'an eleoho1 the~acety1 hypoiodite re— L

J;Lawrexrevers1b1e magner. as, shown by PFOCGSS (17)8a - _;~'

CHy COD I + "ROH. =2 RO- I o+ Ch3 COOH (17) «F

Heat 6r\light induced reactidns.have\been used to give products
which are rationalized as hav1ng originated from hyp01od1te 1nter-
medlateszf“\i:deed the phdtolys1s of acyl hypo1od1tes affords a]koxy o

_rad1cals and ibdine atom533. The, homoly515 of the 0-I bond can also be

effected therna]ly in comb1nat1on w1th 11ght of wave]ength 500-550 nm
which is appropr1ate to the high absorptlon band of the jodine.’ The ‘
therma] bneak-up is. fac111tated by the presenqe of the e]ectron1ca11y i'

8

exc1ted jodine atoms or the excited 1od1ne molecu]e

)

Intramoledular Hydrogen Abstractlon -'

l\r

\
K. Heus]er and J. Kalvoda have def1ned\§P1s abstraetion as follows

e A

4 et e




. ‘ . A
SIntramolecular abstraction of hydrogen‘correéponds to the transfer of

{ N C = ‘
a hydrogen atom to an atﬁacking free radicaf\in the same moledule, and

hence to a hydroyen shift8bt& : . .
Intramolecular hydrogen-abstraction is favoured when the transition

§fate is a six-membered rjng7"iﬂ’fﬁe chair form?, For the Barton re-

action, the quasi-chair is the most favourable form if consideration is
1 ) )

given to. the maximum overlap of bopding orbitals in the transition stai%..

o

\
the basis of the 'preceding'statemant21. The exclusivity of the six-

However, the chaiv and boat tfansition states cannot be eliminated on

membered ring concept has rgceded w{th-the discovery ﬁhét ihtrqmolecu1ah
hydrogén absfrgctions aré also fcagjb1e with seven- or larger mémbered -
transit{on stéies having fixed rba;tion centers sterically‘aljgnedg.

%hé fey?exceptionsqo téitﬁe generally favouregksix~membered
transitiohsstate occur only vhen fragmentdtion processes are inhjbited,

or when nog-hydrogen atoms are ava11ab1e42

In the hajokity‘of cases,
. . _ N
the overvipelming evidance for the consistent absiraction of the hydrogen

bonded to tn¢ b- carbon atom rather than hydrogon atoma (often move weak]y
24,35

bondad) 1n other Skeletal pos1t1ons asserts the relevg

importance of the siX-membered §tate36.

’ tertiary37’3 . This is in accordance with the graﬂf/} en/rgy/requ1rements

. /
- 16 - e
of tha pr1marj bond rupture : ‘ I -
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| (c) The 1hf‘.\ernu§]ear distance X-Y (fig. 2) betvgeen the oxygen radical and
“the G,hagr\ggen must fall within cr1t1ca1 hnnts Dreiding modé_]s for.
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typ1ca1 stermdal compounds have shown this d1stance tb be}mimmally

2.1 K when ‘the C4-0 distance is 2. -6 A. Th\&\mmimum distance i5-

reahzed only when the -0- C4, C]. and\C Jie in the same plane For “ ﬁ\') .
. dlstan;:es of C4-0- exceedmg 2.8 A the rate of the 1ntramo]ecu1ar‘

{

“abstraction becomes smaﬂer than that of the intermolecu]ar process,
8b . -

e or other fragmentat'ion react'ions

AN

N { .
. . . ‘ A \’ ] ) .
The course of the hypoiodite reaction is influenced by various

‘factors such as the degree of substitution of the attacked cehteraa ?;he
reagents enplo_yed (]ead tetraacetate 1odine. mer'curic fodide- iodine,

etc. } and “the stochlometmc anpunts of the reagents usedBa

L
. o .
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Substltutmon on nnthy] groups

E.

The a1coho] (14a) is converted 1nto its iodo-ether (_ﬁ) which

undergoes a photd-induced rearrahgement to ?qu1sh the first product of -

the hypoiodite reaction, the jodohydrin. (21)43. Further substitution

"converts the iodohydrin (21) to the hemiacetal -iodide (25) or to the

cyelic ethgf'(gg)?s In spec1f10 cases, the outcome of the reaction for

-

the formation of the final product-(__) or {25) depends upon the' con-
‘formétion‘of the. iodomethylene group in (23) or in the iqdohydrin: (21)
" as' the relative épatia1.positions of the oxy%?n‘and iodine atoms determine

', the transjtion state for the reaction. ‘
. - * M. * \

Assuming that the carbofis at positions.1, 3 and 4 (scheme 9)

~~"and fhe axygen atom of the iédohydrin Tie in one plane, three different ‘

and extreme or1entat1ons (A, B, C scheme 9). of the 1odomethy1ene group

in relation to the oxygen atom arise & 45. Only i case A is the 1od1ne

atom in the plane defined by the atoms discussed above, and the formation

of a s1mp1e ether is favored by «limination of the 1od1ne atom with in-
41

8a

. version of configurat1dﬁeb. This process is energet1cally favorable

and occurs only when the atoms 0, C4, and I are appropriately aligned |
© This steric requirement is fulfilled in the casé of the éB-hydroxy-]Q-

iodo-steroi-ds:)’o’49 where the. facile rotation of the C3¥CH21 bond is lost

(scheme 9). An'a]terhétive mechanism not involvinb intramolecular el-

44 Photo]yﬁls of a 68-

1m1nat1on frqw’a ha1ohydr1n has been proposed
n1tr1te,ester furn1shed'an almost équ’T/Eroportlons the 68, 19 ether, the
y GB-alcohol and the 19-ox1me The ether formation can be rat1ona11zed as!

. 1nvolv1ng alkoxyl radlcals that can abstract hydrpgen from the 63-0] of

. : ' ' | '- a l. CON w £y
\ n !
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L products are fonr'med8a

thelc -19 rad1cal either by rad1ca1 di splacement on hydrogen or by fonn-

” at&n of the- 66,]‘3 diradical (scheme IO)

de

. In case C ('scheme N, an interaction between 4he iodirie atom arid
the oxygen radical can occur, a thOUgh generally the d1subst1 tut1 on .

46,47

product results, as 1n the case of 26 hydm&y-wﬂ odo-stermds . r.In _

- Q;e B, the conﬁguratwn is ideal for the abstractwn of either of the

hydrogen’ atoms lying in the plane mentw'ned above, leadmg to dlsubstxtution

i 50

prodpctg,vas din the. case of 4B—hydrbxy-~19—1odo-sterg1ds

T . .
.

. Mentmn must be made of the s]\w gener:atwn .of the a]koxy rad1ca1 .

wh1ch -proceeds 1ndependent1 y of the preferre& conformation of the iodo--

math_y]ene group so that monosubshtutwn products as weH as disubshtutwn’ '

»

Iodohjdrin formation . . - S

A
"« . The simple case in which the oxygen radical is not generated .
, . drises in ghe presence of lead tetraacetate and one.eguivalent of iodine.

Undér these conditions, the reaction stops at the,iodohydrin step (2_.1_)83.

e 3§ awieeme C
’

-
v
: 2
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.
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‘through the ring opening of the 14 ISB-epox1de with. hydrogen chloride to -
- yield the 14,158- hydroxy*ISa-halo d,erwatwe\ Removal of the 15a—group ¢
‘ proceeds in Tow y1e1d maklng the method synthet1ca1'ly 1mpract1ca152. More

-by Wehrli- and Jeger®® whereby a_148-hydroxy-178-substituted derivative can -

‘1c have also been emp]oyed for the successful 14B-hydroxylat1 on of the

a

A T . , e
. £ ‘E’n M!’ T A IR iy _—} TURTTRREIE W M e e 3

// .

20 . o S
(.~ DiscussiN

, T PN Co T
Attempts to synthesize variou;,.MB-hydroxy -steroida1 derivatives‘
are described in the early llterature, and- proceed ‘thirough the epoxidatwn
of a"14 16-d1ene stermd folTowed by full. hydrogenah on to yield a m1xture

of ‘isomeric products 51 (scheme Na). The subsequent. reactwhs proceeded

' \
recently, a succ;ssful me thod for the rmg( opening reaction was introduced

be synthesized in high yieid ' Other methods outlined in schemes Hb and

L] . A d
D-rmg stero1d nuc]eus54 55 . ey ~

¥

) L e .
Based on- these recent deve‘lopments of the ring gpening reactions

of the 14,158-epoxides, 1t was dec1ded to emp1 oy the procedure outhned

16

in scheme 12 for the ‘preparation of a 14B-hyd oxylated-A °-steroid em-

ploying pregnenolone acetate as ‘the startﬁg material, our choice being |

governed by its ready availability and low cost

Preparation of 3B-acetoxy-14B-hydroxy-5o-pregn-16-en-20-one

5

Hydrogenation of a A’ isomer can in principle lead to the 5o~ .

or 5g-isomer (fig. 3). A consideration of the steric factors involved 3

shows that the formation of the 5B-isomer (32) requires the incoming

AN

hydrogen at C6 to interact severely with the angular methyl group and to

N
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a smaller extent with the hydrOQens at C (t?é/;ﬁ-hydrogen also 1nter-
acts with the hydrogens at C] and C3) while for the format1on of the

5a-1somar (33), 1-3 1nteract1ons between the hydrogen at\C5 and the /'\

‘ ax1a1 hydrogens at C1, R C7, and Cg occur The greater stab1]1ty of

complex (33) dccounts for the predom1nant formatlon of //B tran556.§~

&

o - ﬂ - f_Lg_? N . N
N . B
In our han&s,,thé hydrogenatjon of pFegneﬁo]ohe acetate -
(g§,<scheme 12) préceeded smnghly at étmospﬁeric pressure w¥th *
Pa]]ddium;Chércoa1, 5%, fn-ethy] acetate to’aff&ﬁa quantiiativély the~'
expected 5a-derivative 625957. . . - ‘
v

[}

The ha]ogenat1on denydroha}ogenat1on of ketones %s the most

lidé]J app]1ed ngthod for the prEparation of a, B-unsaturated ketones.

ConJuqated and. isolated dienes are prepared by extens1on of the methods .

suitable for monoolefins. For th1s purpose,,bromonctones qrewcommon]y

ewployed as.their dehjydrobromination proceeds ‘more readily than the

& ) PN e o . N PR
VG SR £ 0 R Mo b S T P 22 bl i1 S i ¢ 3 17
- _‘ . R
. - T -




\ they are ]ess acce:Sible

“ether) by irradiation or by use of freé radical dnitiators”

mechamsmm is nonetheless ioni¢ in nature (st:heme 13) and involves

' eiectropmhc attack on the enol (___) and (the loss of a. proton from the

. , .
.
* .
. k' I * I3 N
.

"- -

-

. . R . ;
. 25 : .
v C . [

8

R H
e v s 1 AT i 54 AL

F

« . >
The acid -Cata'lysedsg.halogénation of carbonyl compounds can be . . .
initiated in organic so]vents(e.g?‘c'arbon tetrachloride, chloroform,
%0, A1though

4
g
the initiation of the reactwn appears to mvolve free radlcals, the e o 3

oxopium ion (35). For the maJor1 ty ‘of ketones, the enolization is the
rafe-detenmmng step58 60 and the overan rate of halogenation is in-

. ' ‘&
ependent of the nature and concentratlon of _’che‘halogensl0 .
oo " e o, s oy -cH ; SO
i3 [eq"3 ey o
0 i ' ~ OH
base” - ) ;3—4— -
o S ]
H? L
BriH; C-CHy 4= BriHy-G-CHy ‘ A
N ) . 0 . \‘ v B m e R ' ' ) . ' -" N
’ / ' 35 . o
.
'\l- \
’ Scheme 13 T . . .- !

N N - o
Th1s brommah on of steroi dal ke tones was proposed or1g1nany
to proceed \na ‘a séereoelectromt factorﬁ_z, i.e., the maximum overlap of .

the -orbital of the pos1t1ve ‘halogen Spec1es mth the 1-orb1tal of the '
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enol -enolate double~bond: thus pf-dvi ding the lowest energy of activatioﬁ

63 64

fo'r the addition reaction In th1s respect, the axial onentahon

of the entem ng or leaving a-substi tuent in the tran51 twrﬁi state for the

enohzatwn—ketonizati on was postuIated as the more favourab]e atpproac;h65

Fnrthennore, the studies of the isotope eff’ect:69 for a ketosteroid indicated

t(le almost total rupture of the Ca-H bond in. the transitmn state, ‘there-

by pomting to the sinﬁlarity in structure bem’éen the latter and the . -
' 65 '
)

*eno Thus the kmetic product of bromnatmn is the axumy sub-

‘stituted ketosteroid64 66
* The distinct advantage in the use of N-bromo%uemmmde for

ketone brom1nat10n res1des in the fact that httle ‘HBr 1s produced mich
60

a
%

may cata‘lyze aldol condensat1 on Hi th unsymmetrical ketones the ease

of formatmn of the structura] 1y isomeric eno]s is enhau(:ed by the presence"

) nf a]ky] subst1tuents. Thus, bromine “attack takes place on the more lnghly o

substi tuted a-posi tion.  For 3§-acetox_y~5u-pregnan-20-one (27), theN-
bromosuccinimi de reacti on ylelded the kinet1ca1 ly favoured l7a-bromo-

: c:cmmmnd57a The a-configuration of the l7-ha’logen fol'lows from the fact

that .a free radical Qrommat'ion of a 20- ketone affords the same stereoisomer‘ :

. * an acid catalyzed bmmmat\wn whlch leads exc]uswe]y to the 170-. . - 1

.. bromo derWatwesn’. : o : o . .

v
1

, ,Deﬁyd}obromi natjon'of the re_;ultihg a-haloketones, has been ‘ac-

68

complished in a number of v;ays..ﬂ.wiytg pyrid‘i'ne » poor yie_Tdé are obtained,

. while with 2,4—]utid_ine69. a mixture of producté is ‘obtained whose ratio-

- depends on the purity of the sfarting material. f dehydrobromination method

N

At e M
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introduced by 'Jo]yzo employs ‘an excess of lithium carbonate in dimethyl-

formamide; the former presumably to facilitate the removal of the generated
‘h'ydrogen bremide . High yields of homogeneous pPoducts ‘ar{e reported. ;

P

The mechamsm for the dehydmha]ogenatwn reaction was not
v
studied extensively. The avaﬂab]e evidence pomts to an E, trans- : e

elimination process”. Dehydrobmmmatmn in d1methy1formam1 de- hth1 um
chloride or pyridine of a 16a-deuter10 17a*bromo- 20- ketostermd afforded
the 16~ deutemo TG-ene-ZO keto derivative contammg 0. 98 and 1 03 atoms

of deutemum per molecu1e Do “ﬁc

\ s )
The 16- dehydro derwatwe 38- acetox_y-Su-pregn 16-en-20-one
(28) was obtamed 4 high y1eld b_{ the: mathod of Jol_y : Dehydrc--

brommatn on y1e1ded a purer product when the combmatmn lithium chloride

in boiling dimethﬂformamide was used under.a sStrean of nitﬁbgen as~
oppo:ed to the combination of 11th1um bromde 11th1um carbonaue dmethyl- .
\fonnaxmde This last commnat1 on gave an adch t1ona] mmor pr‘oduct wi th‘

a s1mﬂar‘ R]c to the A]6 steroid. It was not further 1dent1f1ed. The '.‘_

ul'travw]et spectirum of the m1xture of enone and minor 1mpur1ty descmbed
z}bove was 1dent1cal to that of the pure enone {28) in the region 200-

_260 nm. The minor product formatwn yras not observed wi th the ori gi na]
combmatwn (D sF-UQ) in any. of the runs.. ' -

A

" The use’of milder condi tions' in the Joly procedure affords

l“G'_‘}lO se1ect1ve dehydroorommatwn in stero1da1 SjStean 72

. Relatively ©
- R
vigorous reaction condi tions .,ere arbitrarily se]ected to dehydro-

. S
browinate the monosubsh tuted bromostermd, i }e., 3B-acetox_y—17a -bromo-

.
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~ 5a-pregnan -20-one. \ e S .//, /

( . ‘ Allylic tiromination is a free radical chain process73 Ny

‘ ’ '_ . bromosuccmimide has been reported an effective reagent for the

. brommah on of the. allylic p051t1on of an'a,B-unsaturated ketosteroid in

the - presence of Rree radical promoters or under qrradmtwn Thus dlenones
Ty
4

are read1 i1y .alccess1b1e7 " The mechamsm for the reaction was shown to

i proceed with a bromine radical as the hydrogen abstracting species?s.‘

- h * ’ : > -

. - : CN

- In the case of 38-acetoxy-5a-pregn-16~en-20-one (28), allylic
" bromination either mth mo]ecular bromme or with N- bromosuccinimide

T

“vwas reported to yie]d a mixture of products76, 3p-acetoxy-50-pregn-14,
. 16-d1en 20- -one (29) the ‘two isomeric- compounds 3B-acetoxy-15a- and

p 153 bromo-5a-pregn-16-en 20-one, 38-acetoxy 168, 17o—d1bromo-5a-pregnan-
' /". I

20-one, and other, products. Foﬂowing dehydrobronnnatwn » the crude —

reactmn i xture was chromatographed - 'In our hands, preparative thin-- -
76

w\' layer chromatography descnbed byA Tschesche and co—workers for the |

1solation of the dienone (__) could ot be reproduoed Colum .chromato- -
graphy using .a]umna was: successful in isolating a small fraction of the
dienone which was contéminated with some starting material. Triturati‘on

of the impure dienone (29) with a minimal amount of ether furnished the

- \ L pure matérial meltmg at 176-178 but in ylfelds rangmg only from 10 to

20%. Our attempt to increase the yield failed when 1.5 and 2.0 eqmvalétts

)

* De’nydrobrommat'non in some. runs followed the method by Tschesche and
co-workers /6 and in others the method by Joly/0, .

~ ‘ ,' .,‘ a * ,'




of N-bhomoéuccinima’de were used. Houever, these attempts resu]ted in

-

decreasmg the amount of unreacted enone (28 remammg in the final

r‘eact1 on mixture.

’ éﬂ .

Since a lgfge huh.ber of undesirable side prqducts (ca 10)-is

regularly formed in thé bromination reactibn, vie deve]opec}‘a method for

© the purification of these complex dienone~en0ne mixtures sfithout re-
sortiné to‘.chr,omatography. Extractmn of the crude dehydrobrommated
mi Xture \‘:n't‘h.a mixture o’f ethyl, ether : petroleun ether, bp 66~ 75° (1: 1)
afforded a solid m°1t1ng at ]59 163°. Use of this soly’]d ‘in the sub-
sequent reactiohn afforded th° epomde (30) ‘in yie]ds' f:omparabk fo those .-
obtamed with the pure dienone, the yield of the former reaét'ioh being

ad;;usted by taking into cons1derat1on the purity of the starting material

as determined by Nn.\ A

An impxoved synthe:tic procedure of the dienone £29) f,hat,we‘deﬂ"
_ veleped in our labgra ory consisted of'o:‘ﬂy initiating the reaction of the '
enone (28), mth l\—bro osuccinimide (1.5 equwa]ent) Following the .~
initiation (red vapoyrs.af bromine in the condenser) the 500N tunsgsten
. lamp source ias turn d of f, and the reaction mfx’turg,was refluxed hnti]

the red color ignpartéq to. the sotvent diéappeared comp'!gtg]y. This pro-

‘cedure aFforded the dienone (29} in increased amounts (40% yield, np 164—5°).
. ( N ! .

The epoxmatmn of olefins proceeds v1a an e'lectrophﬂlc attack

'

ﬁof the ptw uaHy on .the less hm;iered side of the otefin to furnish
/

- | | Vol

°
~




mecham'-sm)'9

involves the concerted bond mi gratlon depicte in scheme ]4
-78a, 80 ‘

in a non-ac1d cata]yzed process

S . ‘ - \ - N N
" Scheme 14

. .. The evidence for such a path is supported by the second order
. - I) . ot i L
kinetics of the reaction, the lack of evidence for carbonium ion formation, -

and the stereospecif1c1ty of add1t10n, ite., cis - and trans - olefms ’

furmsh cis - and trans - epox1des respectwe]ym i . .
: S ¢

‘ _The rate of epoxidation process is énhanced by the p}esenoe‘ ‘of

‘either- electron-mthdrawmg groups in the peraci d (e g. p-mtroperbenzoic "
78,82

ac1d)w e]ectron donatmg groups in the olefins” and is reducad by

\

.

the conaugat;on of the olefms mth other mu]txp'le bonds or with aromat c,

systems which reduce the electron density at’ the doub1e bond undergoing
k78b 83 4. '

' e}ectropm lic’ attac

~
. ® 3

In the\ case of a,e-unsaturated ketones, the Baeyer—Vﬂhger

" rearrangement may compete With the oxxdat'non of the double bondm, in such

PP
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/(////iihstances,‘useipflé perég%d does :uﬁ:]ead to epoxip;;igp and causes fhe N
ﬁ; | reaction with the»carbonyl group to become the predominant process84;‘
e ’d,efunsatupated kefones can be efféctive]y epoxidized with nuc]eophi]i;

réapentsssuch as sodium hydroperoxide (NaOOH)BS.. The anticipated |
formation. of 33-acetoxy-14,]§g«-epoxy-Sa—pre§h~L6—en-ZQ—one has a1s$;
been observed ekperimenta]]ysa. Similar stereophemistny of addition'hgg@ﬁ
also been observed.in related steroidal system387. '

k4

' - The epoxidation of 3B-acetoxy~5a—pregn-]4,16-dien?-20—one (29),
. . u1th 1. ]5 equivalents p~n1troperbenzoxc acxd furnished h1gh yields of 30
| (ca 707) vhen thé reaction was store d at room tenperature, and in the dark
. for 16- to 19 hours. . The 8 conflguratlon of the epoxide was ass1gned on the
.j basis of pveviousl pub]1shed vwork of Plattner and co~woxker586 The NMR
:specirq.(CCI sﬂp/ed a dounfield shift for CH3—18 to 1. 25 ppm vs . 1. 12 ppm’

in the éﬁartwng material. The proton resonances of C-15 and C-16 appeared

at 3.62 and 6.76 ppmn.respgctive1y as'broad‘sing]et587b.
' et , .%"3‘ . ™
' ‘e . S 8889 s * .
The epoxide cleavage reaction S -an SN,Z process? whlch
89a

Lproqpeds vith the .assistance of a polar solvent . Due to the stra1n

associated with a three-menbered ringgo, bond breaking is significant in -

L S

the transition state, and the ensuing.nucleophilic attack predominates at

“the less h1gh1y sub;t1tufed carbon atom of the epoxide r\ng 9] 92
'l «

"

* Epoxide c%bavage reactions can a]sd be of the SN 1 typegqﬁ
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% ‘ L | - Inour hands the reduct1 ve c1eavagex of 'the 14 ]58-epox1de (30) ’ |

; * f“"mShEd the EXPECted 148 hydroxy-demvatwe (31) identified by NMR and .
; ‘ v me]tmg pomt when the method described by Jeger and co-—workers%' -
;i , e"‘P]OYEd Care had to be exermsed to:ensure that the epoxide (30) was ~ 8

not contaml nated with traces of perbenzoic, or benzmc acid as these\
' \compounds tota]]y mh]b]ted. the reductive cleavage N1th a contammated

epoxide, the 14 16-di enone (29) was prlnc1pa]1y obtamed

S e s e A

v

| * Hypoiodite reaction of 3§-acetoy-'l4B-hydroxy-5c;-pregn-]6-en-20-one, ,

- . * ’ : . N /

Photochemica]'reactions not invol ving a six-membered transj‘tioh
40,93

. state have been mves’mgated ’g‘.‘The formation of five- and seven:

membered trans1t1on states during photolysis experiments has been ‘repo.rted',

' 1ead1ng to widely different products. In-the former case, the photolysis'-

of, the 178 nitrite ester of’ Su.-androstan 3a—acetate furnished a rearrange-

94 -

ment product’’ while the hypoiodite reaction of a d1‘terpene a]ka]md in-

.volving a seven-membered:fransition’ state afforded an etherw,l\) - The success - -

4

- of 'the last reaction has been explained in terms of sterig and con- ' o

formational factors. - L S S
. . . ' ' LY . ' _ " R Al )
. . ) ‘? . ' ’ ) :

*Jr the stermdal system under 1nvest1gat1on, i.e?, 3g-acetoxy-

148- hydroxy Sa-pregn- 16 -en -20 -one, photo]ys1s with tht of wavelength

2537 A (selective 1 » 1* exc1tat1on) yielded a photofragmentatmn product

“3‘ 1 in lTow y1e]d 3 (ca 123, 34, scheme 15). It was of interest to study the
‘nitrite ester photo]y';is and the hypoiodite reaction with the 148-hydroxy’
Vo : steroid (31). The Barton reaction could not be attempted since atiempts
%I ' - . b . . o N

’ .
% ",
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to.prepare the Mg-nitrite ester faiTed Instead the mtrosy] ch]omde o
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'attacked the doub]e bond at C-16, y1e]d1ng presumably 3597 The
. hypmodate reaction (mth tyo equivalents of 1od1ne) in cyclohexane, o .. R

. E . y1e1 ded a complex mixture of approximate'ly ten compounds the reso]ution

L b <o o

,of which was’ not attempted Hhen the reactwm was carned out under the
"cond'ltwns of the 1odohydr1n r’eactlon (one equwalent of 1od1ne) utili zlng

. benzene (or cyclohexane” as soIvent and employmg reaction tlmes of the

LR

.

e A e bt T ot Sbn e\

. - - //
-

% order of 45 minutes (5~ IO minutes for cyc'lohexane) and 1rrad1at1 on with
. ‘ é\
i - a SOON tungsten tamp, photofragnentat1 on of the steroidal system occurred
f ! 7 . In scheme 16 we show. \Some. o& the poss1b1e breakdown products ~ ,
. f
% . which in prmmp]e can be. obtained from the 14g- -atkoxy radical (36). In- -
N [ . ’ ‘ N
1 ) spection of the scheme reveals that the formatmn of compounds & ‘

~38 or 39 mvo]ves an.mtermedwte secondary or tert1ary radical whﬂe that

Y4

“of compound 33 mvolves -the 1mt1a1 fonnatmn of a prlmary radical a]though

; . stabilized. x Ly
{ " ‘ ' '
;

1 . S oo
S TN L3 . Schene 15
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_The-NMR of the crude reaction product revealed the presence of

“tuo ;igna]s'between 5.0 and 6. J ppm - speci%ica1l;\at 5.10 and 5.5]‘ppm -

F

compat1b]e with the Vlhj]lc protons CH (7) and cH (8) encountered in
. compound; 38 and 39‘?&533:;1ve1y Another 51gna1 at 6.62 ppm is associated
with the Viny]ic proton CH) (16) of 31.. Wehr]1 has reported that the

vinylic protons of 34 appear at '5.16 and 5 73 (see table 1). The NMR of

i
e
B

H

L&
ke

{

- the, crude reachbon product can also be 1nterpreted fbr the _spectral reg1on

of 0 2 30 ppm as follows ;

(a) one s1gnal at 0. 82 pom, attr1butab1e to the 19~methy1 of unreacted 31.
| The preseﬁce of the start1ﬂg material waé{further ver1f1ed by thlh layer
"+ chromatography. The NMR a]so showed three singlets at 0. 78, 0.88, and .

1.00 ppm. -

~ (b) the’next group of fouf singlets appeared at‘].24,.i;é6, {.34,_and.1.59 ppm.
) -The sing]et at 1.26 ppm was assggifted with the 18-metﬁy] of 31." "The
assxgnpd chemlca]ashxft of the 18-methyl of 34 is 1.45 ppm 3.

-‘(c) the signal at 2 00 ppm, the 1argest resonance 11ne of the spectrum, is

assoc1ayed with.the’ 3-COCH3 _group of 3], and possibly of 37 38, and 39.

’ (d)che four éinglets at 2.05, 2.11, 2.25, and 2. 29 opm, w1th the last s1nglet

associated with the 21—m°th/1 of 3]9

~ - M ) \
~ . . s N < . 7

";/ \ E In br1ef four compounds appear to be. present in the crude re-

act1on mixture, one of vhich is the startwng mater1a1 (31). 4E;hpound
34 is q11m1nated as neither its 18-methy} or dts vinylic protons appear at -
the reported chemical shift values (see-also table 1). The cleavage.

" processes shoun in scheme 16 are thus reduced to paths (b). and (c) leaving

\

. . .
PR o - o B T "
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- as poss1b1ht1es comphﬂ\ds 37 38, and 39. Combound 40 can also be con-
sndered as a possibility, although its fonnatwn entaﬂs the formation
of the 1ntermed1ate five—menbered transition state an energetwpl]y un-

favourable process prekus]y discussed."

An examination of the mass spectrum of the crude reaction product
revea]s p.m. i's at 370, 372, 374, and 388. The peak at 372 may be at-‘
tr1buted to the presence of either 37, 38 3Sf or 30, whlle that at 374
. 1is probably due to the startmg materia] (31) The p.m.i's at 388 and
370 can be explained in terms of the attack of a hydroxy1 - rad1ca’| on the
epox1de (30) The 1atter was estimated to be jresent in the starting
matema] in amounts rangmg from 10 to 20%. The hydroxyl radical is be-

heved to have been provided by traces of water present in the so]vent

"

\
Scheme- 17 proposes a pathb for this latter reaction for which
a free radicel 'mechanism is proposed. The end products conpounds 42
or 43, may account for the p.m.i. at 388 and the ion at m/e 370 (388—H 0).
An infrared spectrum revealed a broad band at.3500 cm ]. indicative of

N

compounds having a -hydroxy] group in their structure, such as 31, 12_

: “and/or 5_3_. Finaﬂy. an‘ultraviolet spectrum over the region of 200 to

350 nm revealed only one maximum at 235 nm (& ="2169) thus eliminating
§_7_os a possibi]i‘\ty, . | ..
o ,

In conclusion, the halohydrin reaction of the l48-hydr‘oxy-
steroid (31) appears to y1e]d compounds wh1ch“ the basis of the avaﬂ- .

. able data can reasorably be assignad to .31, 3¢€, §_9_, 5_2‘_ and/or‘ 43.
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- 283.6(208)

-240. {10,100)

L
. 3570,1720

. 1665,1600
1250

-

+ 3085,2870

" 1730,1718,

1633,1250,

>

-

- 1030(‘6"28. "
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374
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m/e NMR-

3

.3 5(19)55,0.825

CH3(18),5,1.265 .

".\. .
) \7CH3(2] ) ,S’;Z -‘28;

7 ou(16),m, 6.62 - |

A ' :
,cu3(19),s,o'.92; ‘
CH4(18),5,1.4851

-~ CH(15),d,5.16"3 .
© CH(16),m,5.73

‘ viny.lic'pfotbns
§ 5.59 ppm °
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- and/or 43 versus compounds 34 and 37.
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D T L Lt P e
i

- , 39 . _
.In order-to rationalize the fina] reaction prodUcts, a number of!‘

factors must be cons1dered (a) the d1stance between the reaction centers

-1nvo1ved (b) the stab111ty of the 1ntermed1ate radicals formed and (c)

‘the relative lability of the bonds broken.:

A N

A Dreiding. model for the 148-hydroxy-derivative (31) showed that 3
the distance between ‘the oiygen atom*and the 18~-carbon atom is minimaJiy i
2.5 A therefore fu]f11]1ng one of the essentlal cond1t1ons for the suc- ‘ -

-

cessfu] hydrogen abstraction step. Th1s last_observation underllnes the

dmportance of thé'six-menbered transition| sta 1the hydrogen abstractionf ‘ "

One must a]so cons1der the stab111ty of{ the 1ntermed1ate radicals 1nvolved “

as shown in scheme 16. In. genera] terms, the’ stab111t1es of radlcals 1n-

crease in the order pr1mary < secondary < tert1ary} 0. ThlS order does not

a]]ow a rat1ona11zat1on of the preferred reaction rate of the a]koxy

rad1ca1 (36) when one cons1ders the f1na1 products proposed 38, 39, gg,

The first four compounds are de—

r1ved “from a secondary carbon. raﬂ1ca] while 34 is derived from a primary
\

allylic radical hav1ng a canonical tert1ary radical structure (scheme 18)

Compound 37 is also derived from'a tertiary carbon radica]

- PO

. ' N 0y
B R . - . 8

* scheme 18
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" Finally, thé bond‘d1ssoc1at10n energy for the C-H bond (in _
methane, it i5199.5 kcal/mole) is h1gher than for the C-C bond (in’ ethane, S
'1t measured as 79.1 kca]/mole)]0]

Consideration must therefore be given to the relative stab111ty
of the products rather than -the lntenmedlates (thermodynam1c contro]) 1n
‘order to rationa]ize the proposed react10n path In compounds 38 and 39 '

as in compounds 42 and 43, the double bond in the five-membered ring is

conJugated with the exocyclic carbony1 group while in 34 (derived from

¢ the allylic radical) the doub]e bond is 1so]ated F1na11y, we would pro- ¢

- pose ]36 nmr -as a means of detect1ng the reactlng centers and fo]lowing

‘modif1gat1ons of ‘the B, C, and D r1ngs of the steroid. o I T

\

\-'
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General

'A Bausch and Lomb uy-505 Spectrometer was used to record ultrav1o]et

EXPERIMENTAL

-

\

' Me1t1ng points ‘were determ1n§z;w1th a Gallenkamp MF-370 meltlng

paint apparatus and were uncofrected.

Infrared spectra ‘were obta1ned employing a Perkln-ETmer 457",
spectrometer,

\

Spectra (ethanol was used as solvent in all cases)

-y Q
‘:u

NMR spectra were obtained using CC14 as§1§]vent unless stated

‘otherwise with a Varian A-60A instrupent using tetramethy]s1lane

as internal standard. - -~ o

.\‘Mass spectra were run employing an. H1tach1, type RMU-7, doub]e

focus$1ng mass- spectrometer operat1ng at-70 e.v. General]y
samples were volat111zed in the indicated temperature range,
150 300°.

Most-reactions were performed initially on small quantities in-

reactions were scaled up fo the gram scale.

+

the mg range -and monitored by TLC and NMR. Subsequently the -(S o

¥
TLC p1ates for.monitorinb reactiohs were preparéd n 250 pm >
thicknesses with silica gel 7GF, Baker TLC reagent. The spots
were developed with 50%. HZSQ4 in methanol. For purposes of
preparat1ve TLC, plates coated with a thickness of 1 mm were used.

N
\

For column chromatography, a1um1na (Brockman act1v1ty 1, 80-200
mesh F1sher Scrent1f1c Co.) or s111ca gel 60-200 mesh, were used

vmmni AT s W
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f3B-§CETOXY-5a—PREGNAN-20-ONE (27) : . o

- : ‘ . B . / - - ,‘\.

\ . Pregnenolone acetate (26 26.5g, 0.075 mole) was d1sso]ved i . :

,'ethyl ‘acetate (530 m1) and 5 33g pa]ladlum on charcoal (5%) was added. L T
Hydrogenatmn was carrved out at room temperature and atmosphemc pressure |
untﬂ no further hydrOgen was absorbed (1 eqmva]ent) Filtration of

\ -the cata]yst and ‘evaporation of the. so]vent in vacuo y1e1ded 29g of crude . ;

material. Recrysta]hzatlon from methano] afforded 24g, 90% yield of

27, w 136-138° (19177 142-143°). Lo . | A
NMRgg_ :0.58(s), CH3-]8;'0.83(S-‘),' CH3-1'9§&}‘1 .90(s), 3-COCH; 5 1.99(s), o
CCHy-21 5 4.56(m), CH(3) I -
\‘ . T
38-ACETOXY-50-PREGN-16-EN - 20-ONE (28) e RO

4 .
A N—Bromosucmmmde (560mg, 3.14 mmole) was added to a solutwn ,
g . ‘e

of BBi‘acetoxy-Sa-pregnan-20-one (27, 1.0g, 2.80 nmole) in 10 ml carbon .

tetrachloride. The reaction m1xture was refluxed vnth smu]taneous ir- Y =

—
A

radlatwn mth a 800W TEmgsten 1amp for 30 minutes. The cooled solution

was then fﬂtered .the solyent evaporated in vacuo, and the res1due taken

up in d1methy'lfomamide (30 ml) Anhydrous ]1thium chloride (1 109) 'Wwas °©

. added, and the mixture reﬂuxed for one ‘haur in a nitrogen atmosphere. After . 3
\coo'hng, the reaction solptmn was poured into lce-water and the resultmg
- precipi tate extracted with ether.  The. etherea1 solution was washed with
'dﬂuted hydrochloric acid, sodium b1carbonate so]utmn, .and water. The.
: orgamc layer was dried over anhydrous magneswm sulfate. Evaporatwn of
. th.e solvent and redrysta11izatioo of the solid residue from ether-hexane

~

gave 0.80g of 2_&(80%‘ y,ie'ld) mp 152-4°, ,“ o - “ !




) &:‘af%wsw%m’ﬂﬁwﬂ@w SOV S
\\ " IR <
' _ For the preparah on of a purer sample, the foldowing procedure
o o .
was adopted the product melting at 152-4° was d1ssolve carbon tetra- 4
chlor"nde, filtered, and the solvent evaporated in vacuo Subsequent
R r'eCT_’y?talhzatmn of the solld res1due from methanol’ yi lded plates melting
" at 160-162° (11695 T64-6 5 191’6 167-168°) MRS : 0.85\(s),
CHy-18, CHa-19; 1.914s) 3-COCH; 5 2.15(s),. CHg-21 5 4.50 (m), CH(3) 5
. 651 (t), CH(16) with J = 2.5Hz. T o

[

38-ACETOXY -50-PREGN-14,16-DIEN -20-ONE (29)

2 RN

52
=
. -

| Method A - S S

)

A mixture of BB—acetoxy-Sa-pregn 16~en 20-or1e (28 2. 939,

Ny

8.18 nmole) and N-bromosuccmlmde (1.68q, 9 4 mnole) in carbon tetra-

4

n'hlw. et g LTIV

. . «;'chloride (50 ml) was _vibourously,stir‘red and irradiated with”a 700 N\

e
<

Tungsten lamp. The reaction telﬁperature rose |slowly from ambient to

78 - 79° after 40 minutes. _Upon attaining thls_tenperature, the mixture ’

was' irradiated further for 10 mnutes The .cooled solution was filtered -
" and the solvent evaporéted in vacuo. The oi ly residue was dissolved in

dimethy1formamide - {260 ml) and ‘anhydr{wus Tithium ehloride (3g) was a_dHed.

, N ,
e g R I ARSI N 5 e

Tne reaction mixture was. heated for 6.5 hours at 130-135° in a nitrogen
_ atmosphere. The cdoled- reaction mi xture was poured into ice-water (l. l)., |
and the resulting precipitate was extracted with-ether, whic¥ upon

_ evaporation yielded an oil Column chromatography of the oil employing.

) alumina llO g) 'was prepared w1th thé solvent mlxture petroleum ether, -

bp 66-75 : benzene (6 : ).' Elutwns with the solvent ratms (6 4) and
. (‘5:5) yielded™” 1.15g of 28, a\nd 0.507g of the product 29 (l7% __y]eld)‘.
the latter with the solvent.ratios (4:6) and (3:7) respectively. {




Method B o
\ .
A suspension of N-bromosuccin1m1de (1 456 g, 8.2 mmole) and A
, ;
\ the enone (28, 2. 80 g, 8. 1 mmo]e) in carbon tetrach]oride (100 ml) was \_ N

_ brom1nated for 30 m1nutes as descr1bed above in method A An additional

0.5 equivalent N-bromosuccin1m1de (0.70 g, 4.1 mmole) was added® and

the 1rrad1at1on and heat1ng were maintained for a further 20 m1nutes. .

N . Fo]low1ng fl]tratlon and so]vent evaporat1on the o11y residue was dis-

solved in t-buty] a]coho] (100 m]). A 3% aqueous solution of sodium . e

[y

T, bicarbonate (106 ml) was added, and the solution stirred at room. tem-

" perature for 3 déys. After'aci&ifying with 0.05 M sulfuric acid, the' o \
\ . N N
heactlon m1xture was extracted w1th ether ‘The ethereal solution was

washed w1th water and then dried over anhydrous magnesium.sulfate. “The

- e e st

erude product was chromatographed as described in (A) y1e]ding 446 mg
of 29 (16% yield based on the enone 28) Tr1turat1on with ether furnished
the pure product 28, mp 176-178°-(11t76 181-182.5°, 13’7 174- 5°) NMR76
02966 OF CHy-19 5 1.71 (5), CHy-18; 1 93(s), 3-000H; 5 2.21 (s), O

4.58 (m) CH(3) ¥/5.90 (d), CH(]SS w1th J = 2 Hz s 7.08 (d) CH(IG) Hlth

,  J=z2Hz, L

Method C

‘When the experiment was kun as described in {A) for 30 minutes
. | 2 . . . o ,
«and a 'second equivalent N-bromosucCinimide was‘added;¢no'significant.thange

“in the yield of gg_WSS obtatned (18.52).

)

Method D . . . T | L

" Two duplicate experiments were‘rpn'with the enone (28, 2.5g, L .
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6.95 mmole) and two eduiValentsKN;bromosuccinimide'(1.309, 7.30.nnnie) T ;
' 'in tarbon tetrachloride (50 m1). The second équiva]ent of N-bromosuccin{{/,//‘ ¥
» ‘ " mide was added to the reaction nixture after half an hour bf”reflpx and
| - irradiation with a 700W fungsten lamp.,~fhe duplication was necessary as -
attempts to scale up the'reaction resulted in lower yields of gg, The
products of tie two photolysis reactions were combineq and dehydro-
brominated by ref]ufing one hour in DMF-LiCl €8 descnibéd in (A). The - .

.. reaction mixture was poured into ice water (1. 1).and the resulting

precipitate extracted with a boiling mixture of ether : hexane (1 t 1),

The extnact was dbncentratqd and hexaneﬁs]owTy addez yielding Q/;recipitate

which contained trace amounts of the product 29. This precipitate was ‘

dfscanded The so]utlon of the rema1n1ng solution assumed a ]1ght ye]]ow ' |

X ' orange co]or It was concentrated to 75 ml, filtered, and perm1tted to

‘ stand‘at room temperature overnight. Crystals were obtained, we1gh1ng 1 g, = *
'mp ]59-163° Integration of the v1ny11c and allylic protons over the
| nag1on of 5. 90 7.80 ppm gave an. approx1mate ratxo of 3:1 for the dienone:
enone const1tuent57 A .second crop weighing O. 78g, mp 149~ ]53°, was obtained
N . by concentrétion of the. mother Jiquor,-and a ratlo of 65:35 of the dienone:
| enone pair was obtained for th1s m1xture A th1rd crop, weigh1ng 0 10 g, .‘\
mp 143-148° was not ana1 yzed by NMR. .

/. These mixed fractions of dienone:enone were used without further - . 1

e

purification for the Subsequent epoxidation reaction. = .

Method E ' o .

Two duplicate experiments were run with the—enone (28, 1.0q,
-
'] .
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" . 38-ACETOXY-14, 15B-EPOXY-5a-PREGN-16-EN - 20-ONE (30)

2.8 mmole) and N- bromosucmmmde (1.5 equwa]ent 0 75 g, 4.2 mno]e) in
carbon tetrachloride (50 m'l) In each case, the reaction m1xture was re- .
ﬂuxed and irradiated w%h a 5000 - Tungsten lamp. When the vapors of the
: reﬂuxmg carbon tetrach]omde asgumed a red color, the 'hght so%m:e was
turned off,: and the reflux maintained untll “these solvent vapors became -
colorless. The products of the two photol_ys1s reactions were comb1ned and -
dehydrobrommated by reﬂuxmg for one hour in DMF-LiCl as described in

(A-). The reaction mixture ‘was poured 1nto 1ce-water (1. 1) and the re-

iwmg precipi tate was extracted with petroleum ether, bp 6? -75°. The

extract was evaporated to dryness and the solid residue recrystaJhZed
from ether to give 0.80 g (40% yield).of the product 29, 164-165°. Two

-~

‘recrystallizations from ether raised the mp to 169-171°.,

‘ <
- Method F ” Vo

4 mtroperbenzmc acid (142 mg, O 77 mo]e) was added to a -\ .
solution of 3B-acetoxy-5a-pregn—14 16-d1en 20-one (29), mp 167-9° (240 mg,

'~ 0.67 mmale) in ch]oroform (10 m],)_. The solution was stored in the dark

at room tenperature for 19 hours. After cooling, the solution yielded 0.10°g
4-ni trobenzo“ic acid. Filtration.and subsequent evaporation affdrded a residue
which was triturated with 2-3 ml ether yielding 0. 17 g of 30 (68% yield),

.mp 183-185°. " Two recrystalhzatwns from”acetone ra1sed the mp to 189 191" )

(1980

mp 1945 - 195.5?) NMR : 0.88 (s), cn -19 5 1 25 (s), CHy -13
©1.93 (s),73-COCH3 5 2.17.(s), CHy-21 5 3.62 (bs), CH(15) 2 4.58\(m), CH(3) ;
6.76 (bs), CH (16) .|
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BB*ACETOXY 148- HYDROXY - Sa-PREGN 16-EN - 20-ONE 1) N

when the reaction Was run as described in (F) but using the m1xed

f?act1ons dienone enane 3: 1) mp 159-163° (o 453 g) 0. 243 g (68% yield) .

N

of the epox1de 30 ‘was obtamed mp 183 185°.

v k,
9 . ‘/

’Traces of-*4-‘nitroperbenzo1'c and 4-nitmbenzoic acid were removed

N -

from—t e successfuﬂy isolated epox1de fractlons as. foﬂgsys :'the products

vere d1ssolved_ in ethy] acetate (100 m]) and the orgamc Tayer was\washed

: w1th 10 ml port1ons of potassiufy. 1od1de so]ution (5%). sodium, ‘thiosu]fate

so]utmn (2. 5%), sodium bicarbonate so'lut1 on (3%) and. ﬁnaﬂy with water

Ve,

: untﬂ the last wash was neutral to htmus paper. " The drgan?t layer was :

dr1ed over anhydrous magneswm sulfate,\ and the so]vent evaporated in vacuo.

C'Iose to quantitative yields of .30 were usually abtained by th1§,lpethod, N
. o e \

! .
/

> \

‘ ' & " Palladium on: barium $u1fate 5% (0. 465 g) was added, to a solutwn

’ \Mﬁic\etoxﬁm ISB—epoxy-Sa-pregn—lﬁ-en - 20-one (30 mp 183-5°, 0. 465 g,

1.24 mmole) in: 50 m] methanol contam‘mg 2% by volume. c_yc]ohexehe After

aprefo perwd of 30 minutes, the mﬂutwn was fﬂtered and the filtrate

_‘ evaporated to dryness Tm turation: mfh cyclohexane y‘lelded 0.450 g of a

' imixture of the 14B—hydroxy-der1vat1ve 31» and unreacted starting mateﬂa’l

3

- 30, mp 158-150° R | oL A

! Recrysta]hzat]on of 0.350

the crude .p“recipitate from 10 ml

carbon tetrach]omde y1e1ded 0-089 9 mp 67- 170° A s cond recrystalh- '

u

;,atlon from acetone hexane y1e1dedﬂ 039 g, mp 185 187" (11t 191°).
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i ‘ . , S
T R (€001 %%0.84 {s), CHy-19 51.28 (), CHy-18 5 2.01 (s), 3-COCH, 5
% L 2:28(s), CHge21; 2.30 + 268, C (15) 5 4.70.(m) + 4.62 (m), CH(3) 5 . .
4y, . 6.62%n), CH(16). e ‘
3:;:_ ' N ' N
. HYPOIODITE REACTION OF 3-ACETOKY- 143-HYDR0XY-50L-PREGN—]6 EN - 20-ONE.
o Method H -
A ) .

A stirred suspension of calcium carbonate (0. 06 g9, 0. 6.mn01e)

¥ \ ~ and lead tetraacetate 10.180 ¢, 0.4 mmo]e) in cyclohexane (40 m1) was
% - refluxed for one hour. Solid iodine (0.032 9 0. ]3 mmole) and. the 14 -

"hydroxy- stermd (31, 0.69 g, 0.16 nmole) were then added “and the mxxture '
refluxed and irradiated with a 500W Tungsten lamp for 7 5 m1nuteﬁ

reaction m1xture was fﬂtered to remove the 1ead dlacetate and thé cle.ar

}

- " red ﬂtrate was washed with dﬂute sodium bicarbonate so]utmn, and _
r‘ a f1n;§ﬂy with watgr. The orgamc phase was, dried over anhydmus magneswm
sulfaie, fiTtered, and freed of solvent.~ The residue was chromato raphed
‘ ‘ .over silica ge] " (60- 200 mesh) empioyiné as eluant benzene : petrq] um Y
; s ether, bp 66-75° (1:1) to give two fractions weighing less than 0.005 g
) E N | ‘each : ~ | ' )
> . (1) thé first was obtairied with the solvent system, behzene : pafro]eum ether, °
b . bp 66-75%-(7:3) and showed.p.m.i.'s at m/e 372 and 374.  TLC confirmed
) { o ‘ the presence of a mixture ' -
t A3 %),tt}e second fraction was obtained with solvent system benzene : ethyl acetate “
". R4 (99‘:]) showed p.m.i.'s at 370 and 380.

Method I . N : - / Q )
1

. The same reaction as described -in (H) was run for 45 nnnutes{ with




" 1705 and 1610 cm

49

benzene as the solven®, The react1on product was extracted with 150 m]

petro]eum ether, bp: 66 75°.° Concentrat1on of the extract to 15 20 ml

B ' afforded after overnight standing, a single large yellowish crystal.. TLC

revea]ed,igxera] spots of s1m11ar 1ntlns1ty and of Rfs as had been observed
in (H)_ Mass spectral analysis revealed peaks at 370, 372, 374, and 388.
Wy ae ( 2169), IR 3500 (broad),\2940, 28§0, 1730 with shoulders at 1740,
71w (coct 5) :'0;82 (s), 0.78.(s), 0.88 (s), 1.00 (s);
1.26'(s), 1.26\(5),01.34 {s), 1.59 (s ) 2. oo (s) 206 (s),. 2.1 (s),

2125 (s), 223 (s) 5 4.80 {m)=3 5. 10 (m) 5 .51 (m) 3 6.62(n).
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3B-acetoXyQAs-préghéne-ZO-one

3B-acetoxy-5u-pregnan-20-one
3g-acetoxy-5a-pregn-16-ene-20-one

3B-acetoxy—5a-pregn-l4 16- dxene-zo-one

E

3B-acetoxy-14 153-epoxy-5a-pregn 16-ene~20-one
3B acetoxy-MB hydr‘oxy-Sa-pregnﬁ‘l\G -ene -20-one

»

Hypo1odi te reactwn products of 3g- acetoxy-l4s-hydroxy-

5a-pregn 16-ene-20-one .
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