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: Ly . ABSTRACT . _

’ THE PHOTOFUNCTIONALIZATION OF STEROIDAL 18-METHYL GROUPS.

I ! . ! .

Dong Je Kiﬁn, M. Sc. : ) .o .
F ) . .
Sir George Williams University, 1973. : . .

Supervisor: Dr. Thomas J. Adley. : .

~ T J t
. °
o

The functionalization of thé 18-methyl g‘i‘ox'xp of a number of "
. L ‘ . V) K
steroids which.could be utilized as synthetic precursors for ’ o

batrachotoxin is described. For this purpose photolysis of a serles of

2O-n1tr1te est.ers was examined, The photoly31s products were obtained

in better yield than previously reported in ZOB—nitrite ester series.
7 . - ' ! ’

An é.ttempt was also made to assess effects of var:’.gus structural

parameters on thé yields of, the lé—functionalized steroids,

Prev:n.ously descr.tbed—met.hods of- preparlrrg Zm—aﬁd‘ZOB-steroz.dal
alcohols were utilized and an mproved method for the separatn.on of

20-o0ls from ‘an epimeric‘~ mixture, is discussed.
. Syntheses with'model campounds having a C/D ring junction, similar ‘ X
-4 . ( ’ . . A L I

to ‘that epcountered in batrachotaxin, were also undert:alé_en.
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INTRODUCTION - ' ' .

’ - ¢

3 0 . ,

—— In 1968 Wltkop and his coworkers 1,5 descrzbed the 1solat10n a.%d . ‘

‘.

.structure of a new steroidal alkalpid batrachotoxin(Flg. I A), '

obt&.ned from the skin secretions of a small, brlghtly colored Colombia.n

frog of the genus Phyllobates aurotaenia. The' chemical, physica.l,
Eiologicél:,tP‘ and pharmaéological _prépertiesé

i

|
|
of the compound have been ',' l

' - ‘ S .
¥ . l N ;
g8 ' j
‘. ' ' M -
: b - v .
’ t“ ’ 3 . . ’ . ' . }‘
T P - o oH, S
T ) o - A, batrachotoxin R= -OW ' .
. . g "2 ¢ ' H o ‘ . o
' B, batrachotoxinin A R=H 2 : S
: . A . . , CH3 L J ’
‘ \ - C, homobatrachotoxin R= ~CO o
.. L : " HsC3
e L , F- I R " )
\ . examined in somé detail. They reveal its a.bility to depolarize muscle
. F’membra.nes and catg.'se neuromuscular bloc‘ka,dé in concentrations of the )
order of 10'.'8°M,‘.. ing it oﬁi‘a of the most toxic substances known ) N
ltsble 1).3:6 7 T — AT

‘e

Batrachotoxln, 3a 9a—epm¢y—14$ 18- (epmcyetha.no—N—metlw _
e *56-pregna—7 lé-d;n.ene-BB 1la, 2(n-triol 20~(2, h-dimthylpyrrole-}- T

c_arboxylate), has number of unusual. structural feat-ureasb They

t
S




. . . - <
3 . B .
-
i - a L4 .

Table If, Toxic S'gbstances v»:;,'Lth Th’e'ir LD5b for Subcutaneous ‘
' N . Administration in Mice. - »
E Substance . o LDsq «8/ke ‘
Batré.chotgxin(lﬂ ' ] 2
‘ Homobatrachotmcin(cﬁ) ‘ . . "3 .
‘ BatrachotaXinin’ A(‘B)- . '1,960 . E
’ . Tetrodotoxin~ .. 8 j I
‘ - . . Bufotalin - - | 400 _
Strychnine , : 1‘ - . l560 )
Sodium cyé.nide’ C 10,006 K

include: i) the 3p-hemiketal, ii) the 3a?9a-'oxide linkage, iii) the
seven—membered 146,18B-epmcyetﬁano-N-mthylim3no ring‘, iv) 'tr{e‘ d;:uble '
bond at Cpg, and ‘fina.ll:;r v) the 2;h-dimethylpyrrélé-}carbmquate
mo:{e’;y at C,5 —constituting features which® pose many interesting - ‘
biogenetic and phyloge_::zet:ic questions. The ayhi:.heaisv‘-of ’cthis complex ‘.,

substance has been a’challe
. .

been met by@\?hrli who in & sefries of'papers7 has ;ies‘cribeg a synthesis

. - of the parent alcohol batrachotoxinin A(Fig. \I, B) from a Cls-oxyéenated

' s .

steroid(Fig. II). , ) o

.



e "

The objec't.:we of this work will bNo mvestlgate the photo- .

functn.onahzatlon of the 18-methyl group of a series of readlly availa.ble
stepjds, with a view to obtain'ing substances which will serve as :

suitable interim_adiates for a new syrrbﬁesis of batrachotaxin. In

particular, our efforts will concentrate on “the photolysis of 20-nitrite J

. , . 15a . sy PR :
esters—the. Barton reactlon—,ﬁ.' *since it offers a means of direct
. ' & .

i.rt.tfoductidn of a nitrogen atom bonded to C, g of the steroid micleus.

‘Methods of Functionalization of Steroidal 18-Methyl Groups.

" decomposition 21-diazo~20-ketone provides an‘~=§.8,21—cyclo' steroid '

The functiona.iization of an angular methyl group and other

inactivated skeletal positions in the steroid nucleus has, been

accompl:l_shed in a number of waysga 1 prﬁ.nc':iipally by generatiné free

radicals or similar reactive species* in close proximity g to the

center to be.attacked. The attacking moieties have been generated by

fragrentation of N-haioamines, ‘azides, }wbohalites, and; nitrites. The '
Lo . ; : :

functionalization of the 18-methyl group has also been achieved by the
. . . ‘ N )
action of lead tetraacetate on 20-ols and by irradiation.of 20icarbonyl

[ « .
cox‘npounds . - -
AR

N .

Irradiation of a 20-N-chlorcamine yields.an 18,20-imine or amine

bridge, the Hofmam-Loeffler~Freytag reaction(Scheme la)?.'l‘herma.l

Wy

.

3¢ Diradicals sugh as unc}oupled carbonyl, 0 carbene, or a cationic’ .

species such as ROt ha.ve been employed. 11b ' ) -
\ + N
%% Recently remote free radlcal halogenationi at the inactiva.t.ed SR &

’oert.:l.ary poa:i.t:].onazla 09 or Cm, and lwdroxylatian at C or Clkz\}b ‘ ' 2 w
as’ we]l 88 other remote oxidationam%r steroids have been



- . N a - v

v  (Schene lb) 7 while irradlation of the 20-321do steroid yields conessine

. (\lc) Photoiy313 or pyrolyais of 2O—hypochlor1tes has yiela‘éd 18- .
1
), 6

'chloro—zo—hydrcncy compounds(ld wh:Lle photochemlca.l rearrangement of °

"20-n1tr1te‘ esters glvea 18-oximes(le) 15 Lead t,etraacetate treatment
“of 20-hydrcxy steroids forms an 18,/20-cyclic ether(]_f) 13 bu,t in the

presence of 1od1ne(hypo:1.odite reac%ion)*’ i‘ormation of a mixture of a
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\ . F ' '

i . tyclic ether and a ]aac;tol .i'las"’been re‘ported(SchemeJ,'].g).M Irradiation of )
; - the 20-keto steroid provides the 18,20—cyclo-22(.')—ol(lh),.l]'a"l2 K B
o e

" A’'number of pho{éh&mic exchange reéactions aécomparwing angular
methyl group functiohalizatjon have also been observed. The 20~

cyanohydrins yield 20-keto lS—cyanostéroidé(ScHeme ”Za)le ander
. - ' T } /
photochemical or thermal conditions and a R0-cyanohydrin-llg-nitrite

. . -

.

¥

4 ! 3
. -ester givés -an 18—c:gano-?..é-ke'c.one(2b)l7 by photolysis.
L R \

.Y A ! é A '
T N o
. K 0 .
- L 2a Pb(OAc)l*, 1o N c - | -
* n_ b ! h)"or A - ' ' 1
1.\ . N ‘
v ’ ’ ‘
CN- -
- . HO Ty .
o "2 hyr . \ P
.. ’ . 2> . : l A
4 N ) . ‘ N b . ‘ ‘ p’
o Scheme 2 ' IR © -

e - ' ’
! . .

£

. : . S '\’\'.
g Among these processes, the nitrite ester photolysis(Scheme le) D
and hy‘poiodijce reaction(Scheme 1g) Tan be considered as the most
versatile. They have in the past' been exploited in steroid -chemistry

where the spatial é.rrgngements o‘fr'the i;ings aTxd the distances between -

&

substituents‘are largely fgxed.' The former reaction as stated earlier (

is of particular interest in that it offers the possibility of direct - -
. . . ) . L : ‘ o ‘
i o introduction of a nitrogen atam at-C,g.




‘ ’ . ‘ - . a. 'e \ . ) . ﬂ&‘
‘Mecha.nlsm of N:Ltrlte Ester Photolysis(Barton Reactk\on)

. The mec 1.'sml8 of the Barton reaction 15a, b

~

a '"mongcage," free re_a.dica.l process with reversible

haNeen explainéd as

¥* :
photochemical homolysis of the O-N bond(Scheme 3, X=NO). Intramolecular .
'hydrogen abst’x_*acti’on occurs through a six-membered transition st.ht,e

(B+C) and reassociation is accompanied by stérambling(C -+ D). - .

\ . o § —

H- O/X H - ) . oH X o g .
D ] +X ___._’ .o —.——-QU ,B. \
A(X =No) = B c D

¢ . .Scheme 3 T

a 4

Oe

-
\ .
. " 4

he exi_stencellb‘ of an_intermediate alkoxy radical B is inferred
from the dbservation that photolysis of an 15N-‘contm \steroida.l‘
ni;‘,ri;:e ester in the ﬁrésence ;of- an excess of’ u'N-contai.ning t-butylv'
nitrite resulted in the recovery of the steroid conta.mingga very h:x.gh
proportion of Ly (5w :AM'N~= 45)

The im.t::.al reversible step A Az (Scheme 3) proceeds via geminate. .

’

recomb:.nation under normal photochemi! al condltiox;s The reversib;.l:rty -

is furit,her ‘supported by the observation that the z eIow unity quantum - ‘

yields of NO —due to the reversible nature of the reac’olon-fal_‘l. still 3 ..".‘ C
lower in"the presence of excess nitr;t.e ‘due togthe suppz;essn.on of the - . <. \::

forward reaction(A - B). ub has also been noted that t.he qua.ntmn
l5b

yvield of oxime falls under these conditions Thé aepax‘ation of the
radlcals was noted in the subaequent stage(B “+C) and thus ‘the- and

product D or its equivalerrb does not shqw F "qage " effacta L

X may be halogen, NO,,, OR and. ort;her subs'r ituentsﬁyhich permit

hcxnolyt‘.ic fission upon photochemical actﬁra{-.ion 15“" ,;,l s

:
*;“'

'.ﬁ:- B
'r'
\L'&'n 3\”‘




Step B> € has been demonstrated to be an mtrmnolecular hydrogen

e

o abstraction. by alkaxy radlca.l through a;.szx—membered cyclic transn.tlon

) . state%a’b for both rigid anct‘mobile aliphatic nitrites. The existence -
. A . p’ '

. of this transition state was conclusively. démonstrated by Kabadsakalian
. ' ot, a1,262 Photol&s;s‘of 5-phenyl-l-pentyl nitrite(Scheme /) was' shown

to yield exclusively l+~pitroso—,5-’phenyl-l—penta.nol(_}i_2) involvix;xg

- ) abstraction ef a hydrogen beta to the phem;’l group. This process

) occurs, although it is energetically less favoured than t(he abstraction

of an activated a-hydrogen by some 16.5 kcal. /mole. It appears,

“therefore, that the steric requlrements of the trans:x.tmon state are of

great,er irhporta.nce. uFurthermore Kabasakaliam and Towniey26b have

‘. .
reported tha.t the gecmetric faStor dom:mates the structural factor when®

RS
< K]

.- primary hydrogen atome are involved in the Barton reaction, while the

inverse is true when secondary hydrogen atoms are involved.

.. Scheme L'

* “The precise .spatial arrangement: of the intermediate B(Schieme._3)
.ha.s' not: been demonstrated, but the chair(Fig. I1I,'A), boat(B); or
qua31-cha1r(C) forms can be considered. Among these forms, the last

' has ‘been shown to be the most Vfavorable providing ma.xinnun orbital
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hair-like ring, proceed with good yield[”
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Irﬁportant also for efficient intramolecular hydrogen abstraction

\

is the distance X-Y, which must fall betw\een certain critical limits.

The activation énergy for the abstraction reaches a minimm in rigid

systems with an O'—*Ch distance of from 2.5 ‘&o 2.7 2.23 For distances

exceeding 2.8 X, the rate of intnamoiecu.lar abstraction becomes

smaller than that of the‘ intermolecular process or other fragmentatié’h

reactions. If the “distance is less than 2.7 A

»

competing sites, the rate of é.bstrac’pion of hydrogen occurs in the .

order; tertiary > s

'
. The 1nternucle

(o}

econdary > primary. 25,26c..

]

ar cb.stance bet\fw’een the oxygen radical

between a number of 2

and the 4

v

hydrogen to be abstracted is 2.1 A for an O.-)Cl; distance of 2.6 X

This condition is realized when the 0+C,, C;, and C3 lie in the same

plane in the gteroi

343t ’
d systen, )
ys , ; . < '

- That the intramolecul,ér“ attack is favoured over an intermolecular

hydrogen abstraction wa;?l demonstrated Qby the photolysis of n-octyl

# The maximum angle of- C——H—O which be ‘attained

.

» state of the most favorable Baryon reaction,' 8 46,

33t Dreid:.ng models g:.ve values of from 2. 5 to 2.7 Xfor the 0’-*C4 o

e transition

g .
o 1l8¢ e

. distance for sites where there is no bond a.ngle st'rain'.23

t
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nitrite in n-<heptane by Kabasakalian and Townley?2 'I‘he product ratio of ’

.

h-nitroso-l~octanol to all other nitrosb heptanes is 4.5 : 1. The s

statistical ratio of the former-the intramolecular attack p;'oduct-to- the - T
a . v &
& . latter—the intermolecular attack products—should be about 1': 252, if

it is assumed all hydrogen .abstractions are processes of compargble
18 - “ t

exothermicity.
The step C > D(Séheme 3) constitutes the .assoc_:iation or combination

of the alkyi radical with NO, furnis‘ﬂing&the final product. In this T

step solvent does not readily participitate even when it is a good

N ey -

rafical réactant like toluene .‘15 b As observed earlier, the quantum . '

B}

yield for the photd—decompo’sition of nitrites ,iS' less than unizi':y“ while i

!the chemical Qy:.eld in the transformatlon A(-* D is hlgh. These factors ‘ )
have been used as evi'dence that the process ta.kes place within a solvent. |
cage, " Contradlctlng this conclus:Lon the photolysis to "half complete e
reaction of an equ:_molar mixture of “U"N- and 5N---nn.’c,ri‘;‘c,e esters of i |
di'ffering‘ eﬂoerc:?.cis,8 gave gniimes which were ‘igbtgpiqally éompletely . \0
'scre_imbléfi, whereas the-un;'eacted nitrites recovered showed no s;lgnificant

écrambling of the-isotopes.

. " r

‘thiophenol,/a good radical transfer reagent:,LSb gives the C-deutereo 4 ®
N s . - . .
. sp - )
- 7 . o~ 8 <. ’ .
. * o OH . "
(Scheme 3, C) , il

v
Y

«
- a

. - W e, . »

.compound?’ The addition of. 5 % cumene did not -affect the.

) o

pho"toproduct. 150 From :these results the possibility of a hain reaetion
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. o The step A -VB&Schems 3) can be pyrolytically(in the gas phase)

0,33

o : and photo ically induce a2 However, pyrolys:Ls of nitrltes in the

melt or in solut:.on produces a.lcohols and ketones. Pyroly313 of nitrites
under these conditions w:.ll be greatly mfluenced by t/Laoes of water or . <.

equivalent i.mpurltles(hydrogen donors) lead:mg to thermal declomposmtlons

»
s

. of an ionic type.33 : (

Since the alkoxy radicals generated in solution by thermolysis of

' hyp_obromite'29 or from an' alcohol in the presence of lead tet.raacetate%o o
N L 4

=0a also have i

or i)y redax reactions of alkyl peroxides with ferrous ien
" a good capacity to abstract’ hydrogen from an appropriately placed N

' carbon-hydrogen bond; it is assumed that an alkoucy radical is not “ ~
generated in. the pyrolysa.s of a ,m.tr:x.te ester in solutn.on. The alkoxy

radlcals generated by these thermolyses reactlons(ln particular those o .
generated by the redox reaction) are in contradlctlon to the theory

that "activated" or "high' energy containing" alkaxy radicals (re
11b,15a,b . .

involved.
The' discrepancy in the behaviour of nitrite esters under '
P otochemlcal or themnal condltlons must a.rlse from the fallure to | ..

genPrate alkoxy rad:. der the latter conditlons(in the melt or in -

LY
.

solution) rather than a.ny intrinsic différence between radicals from

a.lternatlve sources. That the temperaturezoa was a factor. 'for the -

differlng behavlour of. n:.trite esters was also prdved to be erronebu533 B

The reactions of A ~ Q(Scheme 3) fay be summarized as follbws:

1) The alkaxy radical and nitric axide are generated reversibly in ‘ 5‘?.';-
solution by photochemical means and the’ posaibility tha.t scrambiing
may have occurreqd’ in this step has beext alimina.ted.

ii) The rearrangement fran é to 5) is a rapid reactiqn. Fx-ee ractlcals
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such as C may be suggested as moderately logg lived intermediates - o

7 '

in the Barton reaction. - - .o . |

. ii ) The process, however, is not a chain reaction and very long-lived

alkoxy or carbon radicals are not involved.

( iv) Other radical sources can intervene at the last stage(C - DY, g

“

causing radical exchange processes.

h ~

Methods of Preparation of ,200'.- and 208 -Hydroxy Steroids.
Implicit in the photolytic approach to the functienalization of ‘

18-methyl groups by the Barfon reaction, is the necessity of. obtalning :

N~
nitrite esters of 200~hydraxy steroids, since it has been demonstrated

that much better yvields of the l8-oximino products are obtained from

f

these rather than the \208-isomers.

The reduction of steroidal 20-ketones by metals, complex met;al

hydrldes and by catalyblc hydrogenationh generally gives a m:.xt.ure‘ of

"

20a~ and ZOB—:Lsomers in varlous ratios, and the- separatlon of ,& .pure

.”

isamer from the product«is d:&‘ficult.. It is generally easier to-obtain

LI

the 203-isomer in a highe? yield than- the corresponding cx.-lsomer, since -
4 “W .

the reduct:.ons whlch favour a hlgher ratio of the B-—isoxner do S0 more |

°

sterevselectively than those whi(ch favour the 20a-iaomer as a major ) -

o a
4 . . ’ . d
s s < N

product . . ' t ‘ . o g

One reported method, which provides pure and a relatively good

yield of 20a—ols,, constitutes the converéion- of a l7-k'eto steroid to

an ethylidene derivative by means of a Wittig reagent followed by
hydroboration of the Al7-olefin(Scheme 5).%6 - -

Reduction of " ketories wit.h ccmplex metal })y'dr:ldes may be regardqq;.; S

as being initiated by the approa.ch of the meta.l hydrida ahion tm N

v
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PhyP=CHCHy . Hz0,, NaGH
CH,S0_CH, Na*t —E—— :
HBSO/2 H, Na ‘ | - .
Scheme 5 ' . N' : |

- ’ . ‘J-

-

one face of the carﬁonyl gro{zp, with subsequent transfer of a hydric(ie o

ion to form a C=H t;ond. The' complex metal hydride reduction of' 20-keto

steroids gives products which are 1nyar1&bly rich in the %OB-lsomer.

\ The small difference in energy(0.2 to 0.25 kecal/mole in favour of the

s

B—isoniexj)l*l between 200~ and 208-o0ls, cannot by itself aacount for the -

.

préduct dis\t\,ributions‘ observed. It would appear, therefore, that
"steric- approach control! — or "kinetic coptrol," where the energiea
p

of -the t.railsition states for the competing reactions de*er;n/ine “the

.

. product distribution, is operat%

A)

-

The stable conformation of the }7B-acetyl group about therCl.?-Czo "
A 20 .
bond places the,‘céxrbonyl oxygen atom in a position ﬁeariy eclipsing Cl6 .-

with the 2l-methyl .group lying in the vicinity of Clz(Fig. IV)3 7 as

assigned by dipole mcment 37 'stereochemical ah spaptral evidence.”‘,”
Hydr:.de at.tack on t'.he B—face of the ketone is ‘thsrefore restricted by.

‘the, ls-methyl group and a—abtack leanin_g to the ZOB-isomer predomiﬂtea

' ) g



Reduction by alkali metals is believed to proceed by initial
. ' electron donation from the metal to the carbonyl group to form a
carbanion, in which the carbonyl carbon atom is cofisidered to have

, . ' * :
w attaihed a tetrahedral configuration, In this state it rapidly assumes ’

|
|
|

its preferred conformation a.nd there is a notable preference for the

¢’
1@‘ rmation of theé more thermodynamica.lly stable alcoho 58

L

For 20-hydroxy steroids, the 208~-isomer has a conformation39 in
A ‘ ‘ . . 1
which the 020—H bond lies roughly parallel to the C]:B'ClB bond and.the * '

substituents about Cl7—020 are thought to be fully staggered(Fig. Vi),

A, 20001 - B, 208-ol -
o . Fig. V198 S
. “\ . J:_g_ o, YR .
‘In the case of the 2(n-ol there is a s]ight. twisting in order to | T

: relieve the nonbonded interaction between the 21-—methyl group and 012
methylene ‘group(F:.g. VI and XIV) Gonsequently the zm—isomer is of ) . S
slightly jh:l.glaer energy than the 2OB-isomer. Therefore, enraory '
consideration efq 20-keto steroids might suggest that their alkali ﬁntal

! d"“w
b

reduct}on ehould yield the more stable ZOB-o.'!_.ﬁ. but thia *ie oontrary

RO OY Iy B
e PR 3
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réported observations.l’o ’ ’ . -

«& . .+ Kirk ar;d,Muddhl investigated the reduction’and clarified the
. _stereochemical features and mechanisms by a conformational analysis of'
the réaéting sys{,ems, Electron transfer to the more stable carbonyl

. s
conformer(Fig. VII, 4.{{) leads to either the structure B or C." According

’ PR
to Barton's assump’cionl*z_that the carbanion lone-bai‘r is a smaliler
substituent than either axygen or a methyl group, the configuration C
’ 5
is more stable than B, though it is unlikely that there will be a *
pronounced preference for either in view of the very small difference "
in stability between‘thgz two 20-ols. Therefore, if the key intermediatg
{ : ) :
€16 ‘
. v
s
oS 16
3
- 2

is a Czé‘_C&I‘b&ﬂiOh unencumberéd by .a metal cation, protonétion occurs’* ;

~ pY l ] - .
' t T, ot

* The asterlsk at. oxygen expresses uncertainty.as to whether this

species should be’represented as -OH, -0+, or —0" but this does not
aﬁ‘ect the argument. conceming the atereochemistry at 020.
4t Since 20-015 do not epimerize significantly under nqrma.l conditims,

v

. the stereochemistrw of the 20-015 is deteminedrirreveraively at
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\_, e

bgfore equ:.hb‘r:.um between "B and C is attained. On the other hand the -

°

torsional strains about‘? the 017-—020 bond restrlct the rotation needed

~

for the side chain to attain the preferred rotomer D a.nd it is asaumed
' -, ,..)‘

that the carbanion has the more sta.hle conflguratlon C yielding 20a-o0l.

._A—»/‘ N ’
Anoﬁher mechanism which/w&’ suggested b\y Barton and I‘(orrlscnsml’3 .invokes N .

the existence of transient C-metal b’o.nding during the, reduction process,
. such bonding occuring mainly on that s.ide‘ of C20 giving configuration
E(F::Lg. VII). The protonolysis of ;,ne C-metal bond which is largely .
ionic* would be accompanied by invh‘sipn to give ‘.maainiy the 200-0l.
Stermda.l ketones ‘may also be reduced catalytically with hydrogen.
The most useful catalysts are platlnum apd nickel. The mechanism of
the reduction was explamed in two dlstinct\ya .31"' The side cha:m
" conformations of 20-keto sterocids in the "half-reduced" state w:Lll
differ depending upon whet.hér a metal-axygen or metal-carbon bond is
involved. In n-on—acidic media the carbonyl group is considered to bond
'to the cdtalyst mainly through oxygen to 'forn} a complex repfesented by
A(F:Lg VIII), whlle in acidic media a protonated form Ea of the ketone

is cons:Ldered to bond to ;ﬁe catalyst by accepting electrons into the . ‘

formally vacant p-orbital of the carbonium ion Eb to give C(Fig. VIII),
Due to the steric requiremgnt that. the @l‘surface in each case

e in the direction away from the main bulk of the Eteroid molecule,

'

completlon of each reduction by bydrogenolysis of the O-mietal or C-

. metal bond would glve products r:.cb.in the 20a~ or 20R-0l, respect;n.vely-:”5

4

B Sy
* A low ener'gy barrier to carbanion im)‘ersim is assume'cfby Bartcm.35 3 ‘

k- The inversion reaction should occur -more readily the morp ionic he ’

¢ .

C-xnetal bond.
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DISCUSSION . .

Preparation of 18-Oximino-20B-hydraxy-5a—preghan-3-one(9).
J. Pospisek, et a.l.l“ fully reviewed the xixethods for preparation of

~l7B-hydro:w;5a—androstan—B-onq(dihydrotestosterone) and outlined a new

appr.o'ach which was based on the well established observation that the .

- 5,6-double bond in a steroid is hydrogenated stereospecifically forming
‘ . .- predominantly 5a-dihydro derivatives(all;a coni‘iggn:-a.t,ion).%’8 This concept ‘
\} ‘ was further supported b)'r the e.xperiences of several worker;w’?l who
ipvestigated the stereochemistry of hydrogenation oi‘ 3,3-ethylene
ketals in the A’-cholestene series. . _ .

“ \ ) - [ ' » '
' Cyclic ketals have proven .to be versatile blocking gx-ou.psl’9 and

50 . e

he mechanism of the ketal:formation is well understood.” Their . o

formation may be restricted by steric factors atcri accompanied by

rearrangement of the double bo'nd of a AL-B—ket.osteroid to'the C.~C 1

576
' pos:fclon. R. Antonucci, e a.l.l'_l+ presented evidence in support of the

double bond rearrangement{., Moreover, it has been: pon.nted out that the
P

‘-ketal may be corsidered as ‘' .

-

negative rotatory power of the A

corroborative evidence for the assigned structqre,' agreeing with the ‘

— 3% . 51 ‘ . ¢ ' '
result of the later work of H. L. Herzog, et al. e
The mechanism of catalytic hydrogenation®? involves: i) adsorption -

of hydxgeh‘with the formation of a bond to the active centers on the
: ond, ve :

catalyst surfade, ii) at least partial dissociation of the aflz molecule .

to give reactive hydrogen atoms bonded to the cat.alyst., 111) attachment

‘#* An attempt was made to est;ablish the course of mcath:l.olane and

" dioxolane- formation in the 3-lqeto-A" ~8ystem by the application o,r e o
‘Barton's me.d‘.hads9 or molecﬁlarﬂmtationf diﬁ‘erencea.
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of the olefin to adjacent active centers by two d'-ty'pe bonds formed b‘y
overlap -of free carbon p-orbitals with the d-oxg'd als -on the metal \~q

>8 and 1v) addltlon of two hydrogen atoms in discrete steps

surface,
* from the neighbouring catalyst surface with consequential cis addition
“ The ketalization of te'stosterone(_];) does not proceed to comp'le‘bion

oven with contimious removal of the water as it is formed. Thin layer

chromat ography( TLC) shows that the ratio of the starting material to

the ketal(l : 7~10) is virtually unchanged after 3~ hours. Hydrcsgene:tiow |
of ‘the‘ 3-ketal 2 over 5 5)@ Pd/C catalyst proc_eed"s ‘best with a steroid to
‘caﬁa-lyst. ratio of 3 : 1 under high dilution gconditions, since the

_product was considerab}y less soluble in the solvent than the starting
compound. If ‘ohé }atter precéutg‘.on is not observed the product K may l;e
deposited on the catalyst surface halting the reaction. «

The  double bond rearrangement(from B to a0 ) was determined by the

negative rotatory powe; of the A5 l’isor;pr(_?j and the hydrogenated compo‘?pd -
by optical r.ot:%,“ory dispersion(ORD) and NMR experime\’nts. The positive a .
éotton effect, of 203-hydroxy-5a-pregnan~3-one(7) was\ contrasted by |
negative Cotton.effect of 2OB-k1ydro:qr-5B—pregnan134-one(3g)(Fié. IX). _ /-

The assignment of the 5ua~-configuration by NMR was elucidated by . - '

. comparing spectra of the cyclic 3-(ethylene -acetal)(§) and its 58= '

isoier(31)(Table V on page 40).

v

The chromium tricxide-pyridine complex oﬁ:idation of an-alcoliol - R
proceeds through rapid-' formation of a chroma.te ester followed by ra.te—
' )
controlling abstractlon of the carbinol proton in an elimination

(
process. Oxidation of a: eeries of ateroidal alcohols with this reagent



Fig, IX. A = ,20B-hydi'oxy-5a-p‘regnan—3-one(i).
B = 208-hydroxy-~58~pregnan-3-one (30) .

[N,

[
-

B

reactlons as the hydraxyl group becomes more sterically hindereq.'

' £
Sch&‘elber and I'Jschenmoser5 3 have suggested that this faster reaction is(

steric in origin. Any strain :m an axial alcohol or its chroma.tg; ester,
by virtue of iﬁteraétions with syn-axial(l,3-diaxial non-bonded

;Lnteractionsj oups, is ~elieved in forming the corresi’:aohding,lcetoné;f
This relief must be at least partlally present in the transit:i.on state

lleg.dlng to the ketone, when the r:i.ng ca.rbon“ls changing rrom an sp3 to

torial chromat.e ester. . f ,“

vowl

- The st rapomd ude-bf. the 00 ;—-pyridim canplex in pmdine Fo
solvent. ta midize a:,cohaiama by*é'*f‘,t.' “Poci W

.

)




seen mdespread use in the stero;Ld fleld The adva.ntages of the reagent

. a.re'l+5 i) the reactivity of the chrom:.mn tr:.ox:.de—pyrldlne complex in
pyridine is lowered, so the reagent. shows the desired inertness toward -

double bonds and thicethers, ii) the reaction medium is non-aqueous’ ®

and basic, so acid sensitive groups are not attacked by the reagent, and

. iii) the ox1dat10n reactlon can génerally be carried out at room Lo
! K4

' temperature. Slnce the 17B—hydrmcyl group is in,a somewhat hindered -

5

¢ location, the o;,cidation(z - g) was acgdmplished in good yield, being , -
S : A ~ .

essentially complete after 3 hours. ;

54

‘ ’Th% Witt.ig olefin synthesis”" involves the nucleophilic addition

of an alkylldenephosphorane A(Scheme 7) to a carbonyl compound , fo;lowed
A

Y
w TR

o by el:unlnatl n of a phosph:me oxlde from the intermediate betaine B via

a four-Meémbered cyclic transition state to gjve the olefin D.

1 ’ . ]
st r33 rY R RZRB Rb, R2 _ 3

A]qulldenephosph{anes are obtained under basic conditions by !
a~elimination of allquphosphonlum salts having at least one a-hydrogen.
o " The strength of base necessary to effect elimination depends on ‘the e g

. : . ‘ 4
acidity of the hydrogen to be abstracted and may vary from agueous :

sodium carbonate to amide~ions. Bases and solvents commonly empleyed“ ' °

!

* Pr;.mary alcohols }re report.ed te g:we aldehydes in a non-aqueous
medium.75 \ S S CTel . ; -

g q
N Pl ) "3 %‘-‘_e
o mé%%ﬁ
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: i 1nclude butyl— and phenyl-lithium compounda in ether benzene, or f"

t!tra.hydrofuran and sod:mm hthlngn, or potasmm alkdxldes in the
appropriate alcohol as well as dimethyl formamide or dimethyl sulfmd.de.

| Co ~ The use of dimethyl sulfaxide metalated by sodium hydrlde, i.e. )

‘zt

" MeSOCH,~ Na *(Methylsulfinyl carb ) with dimethyl sulfoxlde as’ -
455

and receh ly applied extenslvely to yl:Ld

chemistry? 6,57,61 . _ & ‘ :

solvent, has been describe

- A . »
.

. The stereochemistry of carbonyl olefination had gener ly heen '

-
v

* considered of little promise for the purposes of organlc gsynthesis.

62

'Hov}evef, Bergelson and Shemyakin “ were able to control tge sterep=

chemistry of olefin formation by varying the reaction conditions and

< » - - *

s&fuct.ure of the ylid. The presence of a sufficiently nuocleophilic Lewis-
® ’ ’

base and a polar aprptic solvent promote cis-olefin formation. In the
i o ’ . ) . .
absence of Lewis bases and in non-polar media, tipole-dipole interactions

-

and mutual repulsion ‘of the substituents Rl'%(Scheme, 7) on the feact.apt.s

% lead predonﬁ_pantly.to trans olefins. On the other hand, phosﬁhora.nes

with a "carbonyl group attached to the a-carbon atom or with a .
§

sufflcle;tkly low posmtive charge on the phosphorus atom also give

largely trans ole,f:m%.. - T
"Concepts of these types were applied to the jcea.ct,ions of a number
of 17-keto ;;l{\%.eroid‘f.;l,’é’l'”7’63 providing olefins ‘in high yield and with .

- high stereospecificity. The processes"are exemplified by Scheme 7, ) RS

- . Lo - N : ’)
where the pﬁbs@borane in dimethyl sulfoxide is present in 4 to § fold .
» , . .

excess and the reaction mixture is maintained at 55-60o for more than . ¢ R A

6& . ‘.

3 hours. \ T s

The seaction between a l?-keto steroid and ethylidenetriphenyl-

phosphorane gzves predm:lnant.'l,v cis—olerin. Tpia geomntry was

i ‘,1‘_
f\\'rc L

L
e




25

substantiated by experiments of 'Houseés and by Hyd;‘oboration%’63 66

’ 72a,b

and osmium tetraxide reactions. The formatioh of the cis-—olefin* is

believed to proceed by rate—deteminiﬁﬁg nucleophilic attack of the -

phosphorane on the tarbonyl group, forming a ;;hosphoni{nn betaine .

intermediate B(Fig. X). Rapid cis-elimination of triphenylphosphine axide

’

-~

"then leadsgto the olefinic product. An unsymsetrical ketone may give two

diastereoisomeric ‘betaines D and E(shown above in Newman projection). and

o

# The designations; , cis and trans, in these l7—ethyliden6 steroid , ”
compounds refer to the relative configurations about ‘the 17(20)- R
double bond of the substi.t.uent at 020 and the 017-013 bond. The : JRTT
designation E and Z(J. Org. Chem., 35, 23[,9(1970)) correaponds 19.—-3!15- v;

___mn_q tot ran g and _gg_t reapectively. -
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the less sterical].y crowded :\.ntermeda.ate D is formed more rap:.dly, . . .

il

r 7 giving cis-olefin by cn.s-elimnat:.on. C : A " 1
Another' expla.nation by other authox;sl"7’62 having a somewhot <
different point of view in séﬁe aspects arrives at Xhe same .result. . . 1
In Fig. X, F, the charged phosphorous atom “interacts with Lewis base. ‘ - {
N ’ (B:/ or B")* and the solvated atom becomes less electrophilic so that ' '_ |
Mpole-dipble.inﬁerahion will no longer exert & decisive influence

) on the orientation of the reactants.j The stereochemiatf'y o,‘f these
| ‘ ,solva’oed molecules is governed by steric factors in the betaines -

(Fig. X, F~H) and the reaction proceeds with formation of the cis-

olefin.

[N

Q

’ The reaction of 5a-androstane-3 l7—dlone cyclic 3-(et.hylene aceta.l)

( 5) with an excess of ethyl:.denetr:x.phenylphqsphorane in DMSO’ 5 at room ;
oemperature under nltrogen“gave predominantly a single product., A
second compound with ; higher,Rf’value'wag detected as a very faint', . -
"spot on the TLC plate, but the quantity was too small to pe‘rqit‘ " F
1solatlon. NMR of the principal product showed methyl rébona.nces at .- .

§ 0.83 and O. 87, whils the starting naterial(s) had oly single pea}t at

8 0.. 86 correSponding to the overlapping 18- and l9-methyl groups. The - o
assignment of the geometry of ethylidene s:.de chain has been effected .

. by NMR in a number of cas0s®726869 ang 3¢ nas been shown that, in 7

'
hS . L o
[ . v ;

#* X*Iouse65 stated that his data are. compat.n.ble with the idea tha.t ci -

isomer formation is enhanced by a proton donatin.g $olvent or Lewis
acids, such as a lithium cation in solution, and a.rewnot oonexstent
. with- t.he idea of prior coordination ot‘ tho y:'lid w:l.th{a Lewia base. -

s, »

He prej;erred to axp.lain hia rasulhs in t:erms of ar coordmation of ,the

Lo
e .;.

A

P

wd
s
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contrast with the trans-ethylidene derivative, _q_iQ—Al’i(z )-enes deshield

the lB-metﬁyl group relative to. its resonance frequency in.the 17~

0 /
k?etone._ ThJ.S deshleldmg is apprcnu.mately 0.5 Hz for the cis~isomer,
while a shlelding of 7~8 Hz is observef for ‘c.rans—lsomer.67a 9b Other

authors have also observed that a trans configuration about a Cl,'?'-C20

double bond provides a greater sehielc_iirig effect onl the 18-methyl protons
plzlan the corresponding cis-~isomer by approximately 6~12 Hz(at 60 MHz).
In our case it ;:as ambiguous whether ‘the shielded(2.0 Hz) or the
deshielded(0.5 Hz) peak should be assigned as the 18~ or 19-methyl group

of the 50.—Al7(20)

~ene 5.

The cis- and trans-iscmers were prepa;'ed from 208-hydroxypregn—4-
en-3-one (25b) and from the 20a-isomer(25a) respectively a.nd the NMR . e
data wete compared with those of the product 5 to establish structure.

The 20u-tosylate 20a was transformed to the trans—olefln 2la by a

predominantly trans-elimination processs7 (with a small amount, 10-15 %,

of the cis-olefrin). However, the 20B-tosylate 20b gave equal amounts of

. cis— and trans-olefin(5.and 2la) upon treatment with base. The products

formed in the latter process have been ascriged to a trans elimination
producing the cis-A- -olefin 5 and an El or EZ mechanism in an ionic' cis
jglimination }'eaction728 p.rodt‘xcin;g trans-olefin 2Ia. The f)roton resonance
peaics of 18- anq .19—m'ethyl groups of the :c_zing-olefin 2la appeared at

S 0.73 and 0.83, respectively. The correéponding peaks of the ¢is 'and
trans mixture derived from 208-tosylate appe;n'ed at §0.73, O. 83, and
0.87 with a ratio of peak heights of 1 : . Thus the peaks at §0.83

and 0. 87 of product 5 were assigned to the canpound with the cis ’

— . “ :

o &
 ef
i " . e

* A l7~keto and C

17 G, doubly bonded - compounds appear to lower the RO

" proton. shift of the lg-methyl by 10-12 Hz(at AO'MHz)J 2
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Y . .
. " The hydroboration method of convejting a double bond to an alcohol
takes place ih two steps. Borane adds cross the double bord~such that

. the boron atom is generally attached to|the less substituted center and .

| . u

. - the resulting alkylboranes are oxidized {with hydrogen peroxide and dilute
sodiun hydroxide solution to alcohols. The latter reactionMhvolves a

migration of an alkyl group from boron to oxygen with retention of

1

con.f‘:’.gt,lra'c,:i.on.83 Thg alcohol formation from olefin thus becomes an
indirect way of adding HA across a double bond in an anti-Markovnikov

. manner. A number of reports of\ the applicationg of hydroboration of “

. 0 /’ - ' .
Al7(2 )-'s%eroids to provide 20u-hydraxy compounds have appeared in the -

46,447,606

) literature. .~ The addition process of the hydroboration reaction

4 .

' 1is stereoselectively cis, that is' the attack takes place almost
exclusively from the less hindered side of the molscule. °

s

The possibility of organoborane ‘ismnerizs)tion exists when the '
reaction is cénduct.ed\Zt._an el-evated tex;;pérature.so Initially, the ” °
lowest temperature reported for an is;merization was 500.73 However, ) -
th le is a receht report ‘of‘a. room te.mpex;aturg' oziganobérane isomerizatioi;
o . o t:,he work of Ourissoﬁ.w’ Investigation of the effect of "cempevra‘ture.
1 : C on the Cpy/Csy mcygenation’natio(the ratio-of D/E(R = CHB)” Scheme 8) . | . .
f - in ‘the hydroboration;mcidation of AR = CHB)’ c?nfirms,that anw, g

. : © isamerization takes place at room t.emperature.63‘ Further ihvestig&tion ‘ }s L -

showed tha.t the reverse reaction betwee_n the olefin and an alkylborane .

qu practically complete at .,65 : P

... No boron mlgration to the end. of the three-carbon chain wa.a

ey

[+ ‘N. W .‘ v.x N .
7 ‘. Wl e 4 LR . h ot
ik
Rl o g{"t T
ﬁ&%n K
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. A, R=H or CHB‘ B c .

= <

. , - D

cheng ) ‘ ‘ |

slower rate than for the case where R = CHB'

<«
~

~

-

'"Thé configuration of a 20u-ol cbtained by the addition of diborane
to the less hindered side of a _c_iag_-Al"?-olefin can be assigned by l\IMCR.‘?2c
'fhe 2 -methyl proton resocnance frequencies of the 200’L-epimers appear
downfield relat;;vé to those of the ZOB—épimers.mc Since the axygen atom
of the 208-ol in its most stable conformation is nearer to ‘the l&métﬁyl o
grc;up than is the cage for thg«laoa-‘ol(Fig.‘ VI on p. 11,), the 18-methyl |

resoqaxjce' frequencies of 208-epimers are subject to gredter deshielding. - =

Acetylated 20-ols reverse this relationship due to the shielding effect o 3

of the carbonyl function' and the reduced deshielding effect of the . o

.

N N
ot *

hydrcrxyl oxygen atom in the 2OB-ep:hners. Based on t.hese argument it is

"assumed that the 178 side chain R{AaS' the saxne conformation39 regardlese fh

N g RN
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\ o . .
expected, since the nitrosyl group can asgume both "cis" and "trans"
720 - . .

forms.

! . ’

‘ The.0204hydrogen atom is close to the 18-methyl group.aﬁd is subject
to sﬁniléf environmental effects, leading to shielding or deshielding. .

lee, et a.l.39 determined the 178 s:Lde chain conformation of 20a- and

[

20B~axygenated compoynds by measuring the céouplq’.ng constant }b’et.ween the
17a~hydrogen and the Czo—hydrogen atoms. It was shown that ‘the magnit‘ude'
of the coupling constant is riot affected by the nature of the groups at
C13 or by acylation of the hyd'roxyl group. By means of the i(a.rplus
equation &L the fully staggered conforma.tn.on was assigned to the 2(8-
hydroxy compounds and the confomatlon mtemedla.te between staggered .
"and eclipsed; to the 20a-epimers. Therefore,‘in principle if' the: ' |

J17a-H, 20-4 can be determin?d, the configuration of C,og-substituent can .
be assigned. , - . ) -

\ , : o )

The Cporoontigyration can be assigned also by the "Method of

molecular rotation d_ifferences."sz' In proceeding from the free 20- -

hydroxy steroids to the acetates, an increment in the.moletular

) o

rotatlon is observed in one of the conflguratlonal serles(ZOB-ol) ’

while in the epimeric series. a decrement is found, 728,76,19 ‘ : A S

Addition of diborane and HJ0, to the THF solution of Al7-:1ef;g 5
.were highly exothermic processes, so the temperature was ¢ontrolled in
a dr:;r’ice-CClh bath employing vigorous stirring. Th‘e'dibor‘ane addition
process was maintained at’ room temp'erature while decomposition of the

i

alkyl borane -was carrled out < o°. Under--these, conditions, a singie




The conflgurat.ion of the hydroxx;l. group at C o0 of t.he product 6 was

assigned as the 208, contrary to that expected The confn.guratlon of 017

v

‘ was asslgned as betaf

: the stereochemlstry of the s:.dechaln at C.,

since the photo]ysis of the nitrite ester of 7

' ; gave the 18-ax1mino derivative 9a, the reaction would have falled hav.d‘9

3, 20—d10ne(_5_) derived by axydation of the 20-ol 7 ‘showed NMR da.ta

corresponding to the calculated value (Table II) 4

00
9,1 NMR data of 20-

and Its l7a~isomer.

* g
Table II. Calculated and Observed(in Parentheses) Angular Methyl

Groups Chemical Shifts of 5a-Pregnane-3,20-dioms(15)

been alpha, and 5a-pregna.ne-

+

-

4

- Isomer 18--CH3 19-‘-CH3
- 100 -
1704 . 'h 5604 6102
.100 . ‘ ‘
178 3.8 - 61.2 )
178 —%.0(3.00 = | e.i(61.0).
¥ Appendix 1

hydroxy-50-pre gnan-3—one cyclic 3-(ethylex‘1e acet‘,aI)(g)‘prepared ffcm

the A 7—olefn_n 5 were compared with those of 200~(1 __9__) and 2(13 hydrcoq’-
5Sa-pregnan~-3-one cyclic 3-(ethylene acetal)( 19b) prepared fron 20::-(25_)
and 205-hydrmcy-4-pmgnen—3-one(25_b_) respe ctively('l‘able III) The 18-

and 21—methy1 redonances of the 201~hydrmcy compound 192 were obserVed

at 80 66 and l.zo(doublet, J=6,0 Hz), respectively. The l&-mthyl

absg ptn.on of the ZOB—hydrmq compound ],gg is at lower. field than of

t 20u~iscmer i9a, while the 21-methy1 group appears at. higher

a characteristic phenanenon o.f: epimeric 20—01 ateroids. ¢

ield
720"

o




good agreement with those for the 203-~hydroXy compoimd 19b and those

32

!

for the deketalized campound 7 also corresponded:to the calculated
N

‘values for a 208-ol(Table III). The

beta configuration at O

20 of

Table IIX, Ca.lculated and Observed(m Parentheses) Angular

1

Methyl Groups Chemical Shifts of 20—Hydroxy—5a-

v pregnan-3-cne and Its Derivatives.

Leb T

‘Compound SRR | 1e-cu, 19-CH,

208 ~hydroxy-5a-pregnan-3-one - :

cyclic 3-(ethylene ac,eta.l)(_é) 44.0(45.0) 49.0(49.2)
203-—hydroxy—5a—pmgnan—3-one :
cyélic 3-(ethylene acetal)(_9_) 'M.O(ES.O) 49.0(49.0)
20a,—hydrmcy-—5a—pregnan—3-one : |
cyclic 3-(ethylene acetal)(_g_) 38.5(39.8) 49.0(48.8)
Zm—hydrmcy—Sa—pregnan-B-one(l) 46.5(47.0) 61.5(61.2)
20a~ismer of 7 - 41.0( - ) 6L5( - )
lO(nitrlte ester of _6_) &~ (38.0) (46.8)‘
Lé(208~acetate of 7) . 39.0(38.8)- | 61.5(59.5)
20a.—isomexf'of 16 42.0( - ) 6L.5( ~ )

#Appendix I

3

the hydroxy stéroids, é or 7, was further supported by its melt.:mg

-

point and the d:u‘%ion of the shifts of the 18—methyl group resonanee

frequenc:,es of the 20-acetate 16 and the 20-nigrite ester 10(Table III);
The upfield shift of the former( _ﬁ) by 8.2 Hz and’of the 1at.t.er(;_) by

7. 0 Hz relabive to the 20-01(1 a.nd 6, regpectj_vgly) mm m accordanee
with previcus— predictions."z_ "

Ao

i"'vu‘c %
\\ e
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. staggered form about the 017 Gog bond because of the absence oi‘ a

¢

a
-

instead of cis 4s has bBeen reported for 4he préduct of this type of

-

Wittig réaction of 17-kéto stercids. However, it has been showri(see .

-

above) that the olefin conflguratlon is def:.nitely cis and we must .

'

therefore gonclude tha’g an mversion has taken place during the .

E

o

.hydroboratlpn—mcldat1on;prooess. No precedent exists for inversion of

. . M .
alkylboranes with H202 u}xderv" basic conditions and therefore further.

« "y
'* D

mvestlgatlon would be xyeteesary m order to clarli‘y the mechanlsm in

3
=

this respec).
The Wittig reaction of the "17—keto comp'ound L with methylenetrip;enyl— g

'phonsphére.ne gave l7;nmtf1y1ene-5§-endroeta.n-3—one cyclic 3-(ethylene

acétal )(1l)s NMR chemical shifts showed both 18- and 19-methyl groups

wexzzielded by 4.0 and 2.0 Hz, respectixgely, relative to the s‘c.arting -

material. The C20 v:myl protons appeared as an ill-defined mult:.plet. ’

The hydroboration produgt 12 .‘\had a.nrl8—methyl pea \at $0.65, almost

identical in..positrion with the one for 20a-hydroxj-5a-pregnan-3-one !

. /e " .
cyclic 3-(ethylene acet':el) (19a) (50.66). The 18-methyl proton resonance

appears in the regioniclose to that expected for ‘the confomatiqh of
the 17B-hydroxymethyl compound 12. In Fig. VI(p 1) the most stable * L
confonnatlon of 12 fall héve the hydroxyl group in a pos;Ltion cloe; to . °
that for the most stable conformatlon of the 20a-~-hydraxy canpound

However, the l?B-hydroxyhmthyl compound 12 will exist in a fully ‘ s

-

Aon-bonded :Lnteractn.on ‘between the 21-methyl group and the methylene L

group at CL?, The 20~nitrite’ ester 13 of the alcohol 12 also showed the _ . .
/ PR
typlca.l behevior of alpha series x@riﬁ‘e ésters, namely to deshield the -y)

lS-rnethyl group by 3.0 Hz relative to the free alcohol«.l_?‘ I ‘ , s



' Preparation of 18-Oximino-20-hydraxypregnd-en-3-one( gz) and 18- | .

= Oximino-208-hydroxy-58-pregnan-3-one cyclic 3-(ethylene acetal)(33b).
.~ o  Enamine derivatives of steroidal ketones have found use as
CA
. )

< i

protecting groups and have béen proven stable to concentrated acids.
Enamine formation involves addition of a secondary amine to the carbonyl -

; group to give {éarbinolamine intermediate. which then Ioses a molecule

-

of water{ The pyrrolldmylenammes of Ah—B-keto ster01ds vere :mi‘erred

to be 3 5-d:1.enes rather than the altgrnative 2 A-dlenes primarily on
. the basis of ,their strong leforotation, 8L Further evidence based on ‘ 8

molecular rotation studies have establiéhed the presence of a hetero- (
s ’ v
¢ , 78

¢ annular diene sysf.em in a neutral solvent. ~ In ethereal solution the

7

. ’ *
enamine exhik;it.ed an ultraviolet absorption maximum in the 280-28, nm

s % -

range, while the expected UV maximum of a cross-gonaugated steroidal

3—am1no-2 L-diene is 278 rm. It is therefore not possible to distinguish

3

between the two isomeric dienes on the basis of the UV ab orptlon‘maxlmnn

However, upon caonsideration of molar extinction coefflcients(transo:Ld

T dienes givé a’ value of € = 14,000-28,000, while those of lisoid dienes.

4 fall into the region of 5,000-15,000), a distinction between the.two
N\

isomers can be made.ss ’ . . " . .
» . \ ‘ Q ’ . -\ . ) i - Lo
' "The - s,electivitly in the prot.echion%f ketonevfunctions of polyce.rbon,yl RO

o N 0

o .
. B H ' oo

st.eroa.ds can be achleved by a suitable choice of amine. '_As observed , o
by Heyl and Herr& the 20-keto ﬁmction of progesterone(Q) failed to

react with pyrrolidine. Howeve_r, the ‘A -3-ket.o grotip qf gga:'eacte&

. . ~

P—— *

#* Conjugation of simple conjugated syatems with a'tertiary anrlne .

E func’oion led to bathochranic shift aomewhat larger t.han those
' 86
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spontaneously with ‘the amine in warm 1met,hemol to give almost a

quantitative yield of enamine. . :

v
LAH reduction of the unprotected 20-keto graqup of progesterone 3=
pyrroliei:inylenam;ine gave & mixture of 260.— and 208—ols %in the ratio of

4 e 5,7_)the~rea:ction showihg very little étereoselectivity. Generally,
| liowever,b steroidal 20-ketd éfou;) .red.uctionsA with LAH give predominately - L
| - . . . - ’

208~o0ls. The enamines “are readily hydroiysed by basic or dilute acidic :

.

media. . _ . : - C
Photolysis of the 20-nitrite esters of the mixed 200~ and 2(5{3;-018
(22__29,@) led to lS—oximino-ZO—hydroxyprogesterones( 27a,b) with a maximum
-y,iel;i of ~32 %. The oximes were si taneously acetyZXated on both ’
hydraxyl groups and treated with baséto give the epimeric nitriles 28. .
' The low yield of the 200~ and 208=hydr ’.ynitrile mixture was attributed
to the differing reaction conditions rec\quired }:o prépare pure 200~ ;a.nd
20B-isomers. On the other hand, trea.tme’r'it of the mixture of aximes
“ A(&'@.h) with Na20r207 in acetic acid solution prodiced a better yield

(78.4 ) of the 20-hydroxy-4i-pregnen-18-oic acid 18,20-lactone(29a,b) : -

(S

« . ‘
than has been reported for the separated. pure ;j.somers.l5 d

" Separation of the 20a--and f20p-ols(25; a and b) encountered R

. difficulties because of the simila Tarities of the alcohols. , /

‘ Generjally, repeated chromatography has béen reported to be necessary
for an acceptable separation and yield. Thus, Nathan and Ma.rl«s.tt88 S

t o -~

.reported, that for the separation of 28 g of 25, 34 1 of sélvent were

less than.95 % purity. IN our handg, however, aArial _sepaf'ai;;l‘ori of the : 3 iy

mixt‘z? emplé}"ing dry column chromat proyed to be more ef fi ofent . .'




T ’ .
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Using this technlque, 51.3 % df the 20[3-01 24.0 % of the mixture, and
r . 226 % of the 200.-01 were obtained. ai‘t.er a smgle pass through a

deactivated alumina column.. The dry column tec(:hnique offers &n additional

N

advantage of requlrj.yg much lower qua.ntlties of eluting solvent.

Confirmation that the sy‘stem, alumlna-CHCl , gives an effective separatlon

of the isomeric alcohols was obtalned by TLC.

!

The- hydrogenatlon of a As -3-keta.1 steroid t,a.kes place on the less -
yh:.ndered a-face, whn.le the stereochemlstry of the reduction of a AL’~3-
ketone shows a sensitivity to reaction coﬁditiops and also to remote :
structural features. Extrapolating from Siegel's model of the adsorbed
cyclohexene molecule?2 ring A will have a boat-like .stn‘lctu.re with a.n

SpS-hybridized carbon at CA and C. in order to form parallel bonds to

b)
the catalyst surfice and the B-oriented carbon-catalyst model “is
o < ‘ 3 ,

considered to involve fewer non-bonded interactions between axial
hydrogens and the catalyst surface. However, the hydrogenation of AA-B-

ketones geﬁerally yields a mixture of 5i- and 5g-compounds in various
ratios, while hydrogenation in the presence of polar hydroxylic Vsolvex}ts9o

' 90,91

and solvents contalnmg alkall or trivalent nitrogen groups

Yyields
predoninately SB-compourxds. T})ew.effect of alkali may be a’scrlbed do the
formation of enolate anions which are subsequently selectively reduced.
- The base-~catalysed enohzatlon is bel:.eved to give a A ’é'-dlenolate

on’® which is seen fram a molecular model to have an'A/B ring system

in a somewhat folded conformation(Flg. XI). Thus the. approach of - the

’

.
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.

catalyst to the com?e:é B~face of the R/B ring system having no axlal 2P~

’ [ d

proton is ‘favoured, while the a~face is hindered by the axial hydrogens

¢

at C7 and 09. In adcordance with these observations, hydrogenation of

a .
20{3—hydrmgy—h—pregr;en—3-one(_2_ﬂ)_) in a.leohol,'ic—KOH solution gave the 58~

dihydro-compound 30.

The catalytic reductiongl of testosterane(l) was also attempt;;d p

under various conditions(Table IV). TLC confirmed that the 5-compound

was produced mostly when KOH was used as the base. ‘ : -
L
Table IV. Reduction of Testosterone.

9

Conditions - - Starting "
: " . material : 50 : 58
> ‘ (recovered)
1) EtOH-KOH soln., Pd black, >:2.5 h . 1 20

2) EtOH-KOH ,soln., 5 % P4/C, 3 R ] 1 20

3) EtOH-KOH soln., 10 % Pd/C, 3 h 1 20 ]
L) Etog-E_tBrf soln., Pd bl:;ck, 3 h _ ; ' 1 A )
.5) EIL,OH-:EtBN soln., 5 % /G, 2.5 h ' 1 2

~

6) EtOH-KCH soln., Pd black, 45 1b. H 5 press., - |
shaking for 2 h. ' . No reaction, ]

i |

|

|

\

’ l7) EtOH-KOH soln., Pd ?&N 1b. H_ press., ;
‘ shaking for 21 h. / R | 1 5~10

"% A1l reductions were carried out with 5 mg of testosterone under

atmosphoric hydrogen pressure unless stated otherwise.

Hydrogenation of lla-acetmcyprogesterone(g_) was reported to give .

a 5B-der1vat1ve(59 %) in the presence.of KOH in dioxane.%

In our hands
it. was observed that if trlethyl amine in et.hanol was substituted for

KOH—EtOH the yield of SB-reduced compound g_ could be improved to 87 %. o
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1

The presence of an lla-hydraxy substituent will inhibit the formation of

the intemediat.e formed: when the catalyst approaches from the a;fa(:e of

~

the molecule. : ) LN

-

The 5g-configuration of the hydrogenated product.30 of 20p-hydroxy-
L-pregnen-3~one{25b) was assigned on the basis of its‘negative Cotton
effect and NMR. . ] ' ) ’ s

The ketalization of the 3-keto compound 30 was carried out-according.
to the previously described procedure, yielding 83 % of the desired

product 31. With this ketalized compound the beta.coni‘igﬁration at C_ of

5
’fﬁe _hydrogenated product 30 could be confirmed by observation of the )
chemical shift of the 19-methyl group. In ‘dgreement with a previous

£95 '

repor comparison of the NMR spectra of 5a- and 5@-3—ones and their
ethylene ketals confirmed that the 3-keto,compounds have almost.the same
spectra, while thfa derive;d ketals exhibit significant difference;.' _The
l9-methyl groups of 5a- and 5g-3-ethylene ketals were shielded with |
' more profound shielding in the Sa-—compound 6(5a, 12 Hz and 58, 3 8 Hz)

‘relative t? the ketones(Table V) from which they were obtained. . ,

- ~
Table v Calculated and Observed(in Parentheses) A.ngy.la.r Met.hyl

~ I Group Chemical Shifts and AW h/2 for 19-methyl Groupswof
208 -Hydraxy-5a-pregnan-3~one and Its 58-iscmer, and

c—

their ketal derivatives,

3
20(3-Hydrmcy-5ﬁ~pregna.n—3—one(3__) 46.5(46.8) | 62.,0(61.6)] 0.4°

Compound \ . ‘ | 18-CH ‘ 19—CE{3 : A}Vh /2V

>-Binylenedioxy keval(zd) of 30 | 4h.0(ik.9) | s7.0(57,8)]
so-isomer(8) of 3 . . " |Ak.0(45.0) '_A9,,‘o(1+9-‘2) '

su-temex(1) of 30 b6.507.0) | eLs(eLa)| 1o | -




3

The steraochexﬁistry’of the A/B-ring junction can also l')'e assigned by | /
resort.i}g 'to the well documentesl fiependency_ of thé peak width- at half-

height(wh /2-) of the 19-methyl group, on tlya nature of the ring fusion.

The long—range coupling constaﬁt ‘for two proto parated by four .
saturated borids is dependent on the dihedral ankle b;t,ween them. The .
largest coupling constants are obsérved m the‘osxystems which dadopt the .
extended zigzag ¢onformation, the coplanar "M" or 'W."96 In é trans :

5

fused A/B-ring jimcti'on( 5a), three axial protons(la, 5, and 9a) can‘
adopt. thi:; 'conforma.ti_;:\n with respect to the 19-methyl group(for ¢i

equal to 180°, the long-range coupling constant has values betvd'een + 0.4
and + 0.8 Hz), whereas in _c;lé_—i‘used(%) compounds only one ring proton :

(92.) c’a.n-b¥ trans and.the ot.(ner three protani‘l;.h; 18, and 5B) are

v

disposed at ¢]'_ equal to lGOO(for gauche interactions of this type, methyl

proton coupling constants ranging from O to -0.2 Hz have been observed)

(Fig. X11).%7 Therefore, the peak width at half-height for the trans-
: . : <ESnS
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o fgsed( 5a) iSomer is always larger than that for the cis~fused(58) "
‘isomer.95’98' In accofd with the above, thelw h/2 of the 19-methyl group | :
.1ess Wh /2 of the tetramethylsilane signal(AW, /2) gave 8 value of 1.0 Hz
. for 208-hydroxy-5a~pregnan-3-one(Z7) a.nd 0.4 Hz for the 5R-isomer 30
;f ,(Table V). . ‘ : C‘ ‘
The 2OB-ol 31 was treated w:Lth NOC1, y1eld:mg nitrite ester 32 in-
‘ P ﬁ 82.9 % yield. The 18-methyl group of thé nitrite ester 32 was shielded
by 5.0 Hz with respect to the 18-methyl group of the 20-ol 31 as
r expected of the 20B—conf1gu.ratlon. ‘ ‘ -
. ‘ The 20a—hydroxypregn-4—en-3-one( 25a) and its 20[3-1somer( 25b) were ,
L alsfo prepared in another fash:.on. The former wes ‘prepared by sodium
‘ reduction of the ,20fketo compound 36 having a protected 3~keto group.
Alzchough the yleld was low(overail yield.based on progesterone(22) was
only 18 %), this reduE:t;,on gave 20a-ol as predicted by the mechanism.
The 203-0l was_preg‘ared by sodium borohyglfide redﬁction of progesterone °, -
and subsequent exida:cion with manganese dioxide of the allylic alcohols
of the reduction pfoduct. NMR spectra of the epimeric pair of 20-0ls - *
vsho‘wed that the lS—meth;lrlrresonan‘ce of the 203~hydraxy isomer appeared,
, " - © “downfield from that of .the 20a-epimer as ex cted;’?zc v
s ‘
Préparation of 18-Oximino-lla,2Cf-dihydreocy—

o). : R I L

1 ' « 1

The acetylation of lla~hydroxy 'progesterane (40) gave lla;acef.cnzy . |
B . progesterone(4l) in almost quantitative yield. Subsequent hydrogenation' R

o ' _of the ester was conducted in the presence of triethyl amine in order - L !

2

atO’ prevent ester hytirolysls. ; \\.‘ . : /

¢ .ot L
mo . ;
[

Seleetive protect.:.on of t.he carbonyl group at (:3




} PR
YL
" -5 . ER
., r (AR
5 Ny 'W{‘Q BRE e o
B BRI '
Savy "‘\\ b AT §olet B :"‘:'(?t'é‘.'*

E i R 5
el mﬁizi e de VSN ATy e 2

[
¥oh ”)\
ek




by en extended reflux of the hydrogenated product 3,20-dione 42 in

r)nethanol in the presence of p~toluenesulfonic acid. The rate-determining

step of the ketal formation is associated with the carbonyl carbon
hybridiéation change fram ggz to §_p_3 and the hemi-ketal formation

appears to be particularly sensitive to steric and conformational

) 101
interference. -

. : : 102
steroids is complete within several minutes,

sp-steroid the reaction is slower.90 The failure of dimethyl ketal

formation at 020

formation of a sterically- ergrowded ‘C2
It has also ll:e.en reported that the selective pro’;ection of the 3-keto
group is due to the fact that orlly the hemi-ketal at C
th‘an the ke’c,one.lOl
Sodium borohydride redﬁctiop of the 20-ketone 43 gave almost

exclusively 208-ol ggg. Thé o‘bserved and calculated values of chemical
shifts of 18- q.nd l9-—me£hyl groups of the 20B-hydroxy-3-~keto st;roid
47 and its 3-ketal derivative 44i(Table VI), were in excellent agreement.
Furthermore, the 18-methyl resonance peak of the nitrite ester 48 was

shie}ded/by 5.0 I:iz with respect to the free alcc;i'xol 47 as expected in

20-ols having the B-configuration.

i

The formation of the dimethyl ketal of 5a-3-keto

also suggeg¥s that the rate-determining step is the .

~hemi-ketal intermediate..lo

is more stable

while in the case of the

)]

..

Table VI‘.‘ Calculated and Observeg(‘in Parentheses) Angular Methyl
Groups Chemical Shifts of 1la,208-Dihydraxy-5a-pregnan-
3<one 1l-acetate(47)' and Its 3-dimethyl ketal(44).

Compound

a 50.0(&;.0)“-
47.5(47.3) .

- 62,5(62.7)




\

R 1830ximinogre'mn ~5-ene—-38,203-diol 3-‘-aceta‘te( 22_) .o :

) ‘ The reduction of 3B-acetaxypregn-5-en-20-one(49) with s

. ‘ ’ 1 .

. v . - \

- borohydride was carried out in methanol either at room or 4t ilce-bath

temperatures. The ratio of the 20u- and '208-ols(l : 7~8) did not se
+ ‘ '
. to vary with the reaction temperature. However, if the reacti mixt\‘tre .
[ - . \

] ° . .

was stirred for geveral hours, considerable de-esterification occurred.

of the next reaction, was separated by one recrystallization from
- N - . .

»

‘




i . . '

methanol in 77.7 % yield. The ZOB—conflguration was ass:.nged on the basis

of meltlng point, TLC(the less polar s—lsomer?has a higher Ftf value than

200.-150mer) and NMR. . ‘ | -

-

For the preparation of the nitrite ester of the 20-ol 50, Fhe alcohol

ke

- b was suspended in pyridine and the cooled suspens:Lon was treated with

. -
-

nitrosyl chloride. When saturation of the pyridine suspension with

r .

nitrosyl chloride was complete‘ the cooling bath was removed and-the

4

reaction mixture became homogeneous. The ‘E(B-mtrlte ester was readlly \

isolated upon addition \c\.f water tb the reactlon medium. The Mthyl

, resonance signal was shlelded by approaclmately 5 Hz compared to the methyl T

-
'

. s:Lgnal in the 208-0l. - ‘

.
T . a

The photolysis of the nitrite ester 51 gave principally nitroso

dimer and a small amount of oxime. }‘he dimer converted to the axime

« during chromatographic purification; however the—transfomatlon did not

LY

. ' appear to be complete and the separatlon of axime was difflcult The .

reactlon mixture- was therefore refluxéd,_ prlof to chromatography, m.th - Tl
o~ 1sopropyl a.lcohol in order to transform the dnner to thxm 22. . T
\ '
‘ £
% The lB-amnopregn—S-ene-jB ZOB—dJ.ol( 53_) was °prepared by LAH s o b

—
. teduction of the axime{( 52) in dioxans. The isopropylidene derivative 5l
‘ Y,

) of the amine was effected by warming with acetone. That im:me formatiea
had taken place was .conf:mned by the presen[er?.n band at 1668 cm -1
", L0 I

(CaN st.retch:mg) and\by the appearanoe of two peaks in the NMR spectrum ‘ - \ ;:

. at S1. 87(3H) and 2.0l+(3H) indicative of olef:’m:.c—type methyl groups.
. Reconverting the i.mine 54 to the amine 53 was readlly perfornnd in

aqueons acetone solution contaming a few dropa or hydrochloric acid.
'Chloroacetylatlon of the anine sing a—chloroacetyl chloride could

o

g Lo be carried out elther in chlox‘oform- yridine or in dhlorotorwlo %"

; <
Rt R P s
»%*ﬁ i
QR TAL S
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i
; ‘solu}éon ab, lo’w temperature. ‘The chlo Odcetylation could a.lso be

. ".b. ‘ accompllshed with chloroacetlc anhydrlde in methanol at room temperatm‘e.

<104

s ¢ ‘ The hegterogeneous Schotten—Bawna.nn technlque gave a,better ylgld than

- - ,t}xé homjogenéous reaction employing pyrid:&ie as -a base. Both reactions at

[3

: . OOKC cauged no esi.erifiéation'of the alcohol functions, However, the e W
R .

& - ;. T crfloroacet){lation empl®ying chleroacetic acid anhyﬂride gave the amide
Y 1 . . - .
% 3  and two other products as determined by TLC, possibly esterficat,ion - ,

products o&the hydroxyl groups The yleld of a.n%de obna.med by this

te&hnlque was poorer tha.n the heterogéneoug Schott:en—Bauma.nn process.

Ethyl nwnochloroacetate also‘offers‘ possibilities as an acylating . g
agent, but was not exploited for this work. ‘& Lo -
S N RS

. Summsry of $lesults of Photolyses Ebcperimeﬁts. A :

The wave length required for the efflclent pho‘&olytlc clea.vage of’

, nitrite esters ig.En the 320 to 380 nm region. 22 128 ; The abs,orptlon bands
. LA

. e / \. 4 ' ‘ e,
" of nitrite esters comprise a low-intensity transj,t,ion with six or seven '

€

o 1 - . 8
: )/ * 3  superimposed vib?ational fine-étructurem»vSO)(Fig. XIII). 22,2

N ‘ G“A high pressure, mercu.ry 200" watt arc la.mp(Ha.nov:La 654A~36) equipped with @
. : ) G Tay, 8

-t - a gyrax i‘flter which limits the ra.dlatlon to wave lengths ‘greater than °
s .. : ‘ AV

. 300 nm(Fig. XIV) was employed, as 3 “light source. The total energy

t k4 A

o

emitted is about 10 t:,mes that for the medium pressunﬁ,,___g‘; the emiss:.on

. . ‘z P is a.]most contlnuous m.nature and 13 richer in. longer wave 1ength light
‘, . than the meﬂlmn- and. ;Low—pressure arca.3 The use Pf the med:ug—pressurL
o~ L arc lamp% for ;c_bé Barton reaction is, therefore, énaprllc'a\bl}e.nd 4in
o) o
R - ‘our hands the reé@tlon was unsuccessful in a trial ’ . ' y
) . s X L .
T . ‘ ‘ /Benzene s fouhd to be the best solvert. using thé criterion of Vs
cLL T s “bea " oo s °r v o
P e mimnmm solvent nitroso dmer products, \ However, heptane a.rxd. ST
s < P \ . o

o . ,
PR acetonltriﬂe werg also quite satisfactory26

L3

and gqnerm.ly thq highest. T
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. : . ! .
yields of nitroso dimer were obtained in solvents having poor radical .

chain transfer characteristics .22

¢ \

) of axime has been reported; drastic reduction occurs at -55 while at ,

The effect of temgerature .on the yield

¢

cel \60 ey:.elds are only sllghtly better tha.n room temperature.22 No major
trend in the temperature range 25-80° was reported by Bar’c&on.j3 In our. .
ha.nds however very popr ylelds of mdme resulted when the it.emperature
was raised to near the ‘boiling pomt of benzege. T}'x;.s ‘reducta.on of '
cocime formation can be ascribed to the well known thermal sens:.tivity
Of nitrites: and thelr tendency to undergo decompositn.on in the melt or- *:’
in eolutn.on, especially in the presence .of tracea of 1mpurities,33 ' ". ‘,, ' )

In’ agreement w:i.th

pﬁ vious observations, \he\proi‘ound efi‘eet,e@k
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nitrite ooncerit;'atior} on the yield of phot?olysié producﬁs was cbserved. '

However,'-'it was noted that at high concentrations of starting material

the reaction was incomplete and some starting material persisted e\(en‘

’
ER .

when the reaction time was increased to eight. hours. 2

The photolysis was oonducted while passing a stream of nitrogen

4 .
through the sbiution. Qxygen interferes by combining with nitric axide -~

pl

to form nitrogen dloxn.de which. in turn combines with an alkaxy radical

l ’

to form nitrates. The product of the. Barton reaction is a nitroso-dimer

4 i ) ’ ,
'(R—g*—-g—R) which isomerizes thermally to the oxime. The degree of

formation of rﬁtrogo-—dinier or oxime in the phot'ochel;lical reaction was
suggested to«be ,delicaﬁely balapced by t;he eqtiilib{iuni posi‘f.ion between
mon"omer and dimer. Factc}s affecti;lg'the constitution of the equilibrium-
mixture include the relative solub:i:lity of the c%imer and the presence |
of tracP impurities‘of hydroxylic materials which catalyze the , ‘ N
isoz\nerization of the nitroso monomer to mc:i.me.;3 2 As observed above, , o
heating the dimer in.alcoholic media converts it to a monomer which in
turn isomerizes to an oxime. The formation of nitroso djmors of steroids :
has been repor}ed to be somewhat retarded, presunr;tbly })ecaose of steric
i‘actor.‘s.lo6 Photoiysis of the nitrito esters investigated in this viork
éenerally gave mixtures of dimer a:nd axime. By simply boiling the
mixture in isoprbpanol‘ for 15 to 30 minutes on the steam bath complete
convers:.on to the ox:.mo took plAce. ,

- The yields of photolysis products(oximes) ronée to L5 % except in
the case of 18—mcmlnd-zmuhydrmcypregn-l;-ena-one (38) which was obtained o
in 60 % yield(Table VII) The. latter compound has been obtained “In 63 %

15d 3

yield by Be.rton, the bes d yet reported for a nitrite ester = R

‘ photolyaia. Genara.lly the yields of photolysis product.s of ZOB-nitrite :




7
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Table JII. Yields of Oximes,

18-Oximino steroid Photolysis time(h) Yield

© OH
N

g \ 4.0(26)

1.7(8)

1.2(26)
1.8(26)

Q

40.0

25

exn

23.1
31.7.

13.7

Calculateg Found

(Starting material) (%)  (Elemental analysis)

C, 72.59  72.48
H, 9.57 . 9.5

5

N, 4.03 4397

4

<

C, 70.55
H, 9.52 #
N, 3.58

C, 69.99

H, 9.34 *

N, 3.71

C, 73.0L  72.85
H, 9.04 8,88
N, "4.05° 3.97

a3

€, 90.55 - 70.58
H, 9.53  9.54
N, 3.58 3.9

\.4‘



Table 'VIT, contimed

RH-
OH %%
38
" OH o
N.H
}\c
.H &6

1.6(51)
4.3(51)
. 7.0(51)

-

&

43.5
45,0

c, 73.01
H, 9.04
N, 4.05

C, 70.92

» 9.06

H
N, 3'60'

71,1679

9-09
3.50

W

'non-bonded "interaction.7zaBecause of these confomational factors » the

reported highest yield of

"’:"35 y §

’

a

]

.

esters is much lower than for tﬁe 20a~isomers d'ue to steric faﬁtors.

It has been observed that in order to brn.ng the a.lkoxy roup of the 208~
isomer intg the v:Lcln:Lt;/ of > 18-methyl group, greater Vai\der Waals
r:apulsmn between 2l-methyl and Clz—methylene groups are encountered

than in the case of 20u~iscmer where there is virtuglly no sﬁch .Ia.rge '

8 s

ptolysis product from a 203—nitrite ester is



. 52

The h:.gher yields(45 and AB 5 %)(Table VII) whlch were obtained by
photolysn.s of the 20B-nitrite esters(g_ and Qﬁ) can also be explained by
steric factors., The rept;.lsn.on between hydrogen atoms at Cg_ a.nd the lla- ]
actetaoxy group will change the conformation -of_ring C and consequently
the dihedral angl{% of rings C and D. This change increases the distance -
between C12 gnd Cj maklng attack at C18 easier. A better yield- of CIé )
functlona..'f:.zed stercnds in this type of system has also been reported
in the hypoiodite rea.ct:l.on.:L3 b ‘ ' . g .

Under the cond.itiog&_l of photolysis, téxe ketal gt'oups are either
partially removed ip the case of the compound 32 or completely removed™
from 3-dimethyl ketal 45. We have noted that the yield of photolized .

product is improved and separation becomes easier when non-ketalized

rcompounds are photolized. . A

\ )

Preparation of the Model Lactams(58 end Q). \
An attempt has also been made to prepare C/D ring systems simlax‘

to that encountered in Batrachotoxin. For thls purpose the synthetic

sequences, 56~ > 58 and 59 -> > 62, were carrletl out (Scheme 12). , | ‘,‘,

For tfxe synthesis® of the dihydro-Y~pyrones(57 and 60), a series of

Claisen condensations and cyclizations were utilized. Condensation oi‘ ,
d-iethyl ester of oxaiic acid with the xe.ppropri"ate metfifyl ketone gave a :
2,4~diketo ester which in its sodium enolate form was treated w.Lth
formaldehyde to y:Leld a-keto—B-acyl-butyrolactonea\(ﬁk @d :ﬁ) These

lactones were cycllzed -under dehydratlng conditloés to the dihydro=Y-

, pyrones. The prepa.rat.lon of the lactams(58 and gg) fro,m the Y—pyronee

was efi;gcted with hydrazom acid generated' i__q situ by the action of .

rE

°

concentrated HZSOL; on sodium azide.




| - 53 , T
' . ° , . - - 0 t B * . - .
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The structures of the Schmidt rearrangement products 58 and i_ . >

were conflrmed by NMR. Jhe methylene group adjacent to ~NH appea.red as-

a multlplet in the case of Q_(at $3.68) and as a doublet for §g(at P 3 u,)
The methylene group adga:cent to carbonyl inv the sta.r‘t.ing material gave.
a tAriplet’ at §2.78 for 57 zfu;xd a singlet at §2.70 for 0. The lactam 62
was also prepared by a Beckmann rearrangement of the oxime ﬂlising
phos;;horus pentachloride in tetra.hydr‘ofuran; as indicated by NMR, the
axime .wa§ présc;nt in both syn- and anti-forms to an equal ext:ent.
However, it was assumed that the Beckmann rearrangement took place with
only' the _m—lsomer(OH and C=C syn), since phosphorus’ pentachlor:i;de in
non-polar solvents is known to be the reagent least prone to cata]yze .
prior 1swxer1zatlon.l.l An attempt to recover and identlfy the unreacted

anti-oxime or other by-product failed, g

The Be ,rearra.hgement of the mixture of gyx_g—‘l andlanti-oximes
may in prmg;jemglve two products, since the substituent located ant:.

to the leaving group(in this case -OPClh) migrates efficiently; “
regardless whether the substn.tuent is a]_kyl or olei‘inlc.lo9 In our -hands,
however, only lactam A(Scheme 13) was obtained .fram the Beckma.nn and o .

Schmidt rearrangements. The failure to produce \ct.am _I_B_(Scheme 13) can

\
i

be explained in terms of steric effects in the briMged ion transition ° 1
State. s . B . - ‘ ) ‘ : ! . N 3 ":\ 1'1

N

As observed By Sato, -if & bridged ion transition state ogcurs P
in the migi'ation of a?n olefinic group, 1'\,he developing orbital on o ’
migrating .carbon at.om(C ) should be in a’ p(osition of maximum overlap

" with the developing vacant p-orbital(shaded) of C,, and N for the. »

" stabilization t.o be most effectlve(Fig. X.V) Theslatter must be . at righ




the bonds C5—Ch-N to be
the. plane(ri) including

-
- . ~

! R ,
sm() 61 anti(a) ; '
Be cchxa.nn rearrargement -

. A 4

R"7.
Schmidt rearrangement “ - R
M . ° B
, . .
57, ReH . '
; or 60, R=CH

3
Scheme 13

.
» "

¥
t
. . !

colinear. Then, for the maximpum orbital overlap,

Cs,. CA’ N, and the developing p-orbital(shaded)

1

-3



should be perfendicular to the plane(s}) of the 0,-C,~C, system. It'is
assumed . that the orbital of C
developing vacant p-orbital of G and N and partially with the p-orbital

pf C,(with twisting). On this basis it has been found that only a few

b —t

3

would partially overlap with the

derivatives of the cyclohexene ketaxime-system undergo a Beckmann

rearrangement with migration of th

speaking, howéver, cyclohexene ketaximes ,doJ

’

has been attributed to the distortion of bond angles which t?[e molecule
must undergo in order to assume the conformation required for

orbital stabiliZtion.

-

-

{

e olefinic group.

{

More gen.eral];n

not’ undergo -Beckmnann

.

rearrangement ‘with 'migratioﬁ of the olefinic moiety. This observation

M Elmm.

&




General. . .

1)

2)

3)

4)

5)

'Knoxv:.lle Tenn 37921.

thicknesses with Silica Gel 7GF, Baker TLC Reeg'erﬁ;/s The epots were -

v .

Melting. points were deter;nined with a ‘Gallenkanrp MF-370 melting point
appe.ratus and were uncorrected.

Infrared spectra were obt.a;med employing a Perkin~Elmer 457 . J
spectrometer. A Bé.usch and Lomb UV-505 5pectrometer was used to
record ultraviolet spectra(ethanol was used as solvent in all cases).
Optical rotatory dispersions were measured 1n a 0,1-dm celllwlth
Jasco Model ORD/UV-5. Optical rotatiochs were also obtained éth tﬁis- ;
1nstrument in CHCl, (c =1) at 23°. -

NMR spectrd were obtained usemg CDCl3 as !solvent unldss stated
otherwise'with a Varian A—60A instrument using tetramethylsilane as

<

internal standard. o

Mass spectra were run employ:.ng an Hlta.chl Type RMU-7, double
focusing mass spectromefer operatmg at 70 e,.v. Generally sam&
were volatilized in the mdlcated temperature range 150—300

.

Elemental ana.]yses were performed by Galbra.lth La.boratorles 129 .y *
A1l reactlons were performed n_m.tlally on 3—15 mg quantities and
were momtored by TLC, IR, and UV, Subsequently the: reactions werel , «
scaled up to 50-300 ng for thé\purpose of dbtaining NMR data and
establishing optn.nmm reaction cond:.t::.ons and finally to the gram

scale. g / . R ' : C e

.

TLC plates for monitoring reactions were prepared in 250zm

, detected by uv la:mp and by development with’ a 50 % H k spray. For



- ‘ P T . ’ ) ' ' 4
: g purposes of preparati\re TLC, plates coat.ed to a- thlckness .of 1 mm were

.

used, For c;oltlmn chromatography, Alumina (Brockman Activity I, 80—200
u
mesh, Fishes Scientific Co.), Silica Gel(Davison Commercial Grade H-Type,

100-200 mesh, Grace Chemical,Co.), and Florisil(F-100, 60-200 mesh,

Fisher Scientific Co,) were used. ’ . ' ‘

'
!

9) Phot.,olysis of nitrite es‘c.ers.ul > i

2

The apparatus consisted of a borosilicate vessel with a gas inlet

]

’

tube at the.bottém apd a cooling jacket, a water-cooled borosilicate
) ‘ : e . e >

immersion well, and a 200 watt Hanovia high pressure mercury arc lamp

- '

equipped with a Pyx;e.x filter sleeve. 1

The steroid nitrite ester in dry benzene was irradiated at 10-15°

.

wh:Lle a st.ream of nitrogen was: bubbled through the react.ion m:lxture

e

during the course of the photolysis. 'I'\e reaction was monitored by
TLC and the regction mixture was concentrated and chromatographed. ‘
In.cases when the ni€roso dimér constituted a large proportion of' .

the product, the residue was heated with isopropyl alcohol prior to
. chromat/,ography. " L. T ] ' »

'10)Preparation of nitrite esters.’

.

¢
1

A solution of" tho 20-hydroxy stero:z.d in dry pyridine was cooled in

‘a dry 1ce-CCll+ bath(-10 to -15 °) and st:.rred contlnuously whlle , : B
nitrosyl chloride: was allowed t.o bubble through the aoluﬁon until a

persistent deep blue color-was observed. Ai‘ter’cooling and stirring . -

a further’ 30 minutes the reactlon nuxture was quenched by slowly C

] pour;mg At into co,ld water w.i.th stlrr:mg. The sofid initiauy .' |

: preclplta.ted was, occasmna.'l.’l.y sticky, but ha.rdened after stirring for

about 30 m:inut.es..The precipltate was filtered w‘ashed with water,
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g ' | . ‘a ‘o N h i . * f
dried well in vacuo, and-used for next reaction without further
purification.

-

A 17é-H1dro:}va;;1drost- —en—3-one_cyclic 3-—{ethylene acetal)(2). -

\ A stirred mikture of 9.0 g(3i mmoiesi of testosterone(1l) in 27 ml
onf freshly distilled ethylene glycol and 810 ml of b_enzene- was slowly w
distilled until appr;ximatély 50 ml disti]}a.te was obtained.' The
residual reaction mixture was treated with p;toluenesulfonic acid(0.9 8 _
0.1 part by welght) and refluxed for at least 3.5 hours mth continuous
J ¢ removal of water by means of a Dean-Stark phase separator. When the -

275

trap and refluxing of the reaction solution was continhued overnight .
i ' )

Saturated Sodium bicarbonate solution was.added to the cooled

. bulk of the water had been removed, PO, was added to the arm of the

reaction mixture and the benzene layer separated. After v}ashing the
benzene layer with water and drying over anhydrous sodium sulfate, the
solution was céncentrated to low volume under reduced pressure. Methanol * .

" and a few drops of pyridine were: added he solution was reconcentrated.

The latter process was repeated m;til mo of the benzene had been
replaced by methanol. The coolei‘i concentrated methanol solution ylelded
8.7 gj,j)}-’%) of 2, which when recrystallized from acetone gave

crystals, mp 184. 5-186 (m.l+ mp 184-185 ), IR(CHCl ) 3610 and 3A55(ou)

r “and '1090(C—Q) cm ,- NMR 50 76(18—-CH ), 104(19-03 ), 3 52(broad, 17-CH) . |
e ] 35;3(001{20}120),' and 5.37:(broa.d,l 6—CH). g P N

- a-androstan— —one ¢ lic th lene acetal)(3).

,\ . A solutlon of the A 3—1031:.3.1(2 4.0g, 12 nmoles) in mthanol(520

ml, selvent. g:cade) .was hmlrogenated at room temperature ‘and atmasphzric ‘
_ pressure employlng ‘,10 % Pd/C(l 3 g) as cat&lyst. The ca.talyﬁt wah B




60 . '. ' _f

| S

& _.removed by filtration when uptaks of hydrogen had ceased ancf the

sol%tlon, to which a few dropB of pyrldme had been added, wals -

Vs

4 concentrated until preclpltatlon of product. occurred. The filtered
: I ' Y

hydrogenated product was washed with methanol to yield 3(2.8g, 69.6 %)
112

mp 168—170 (Lit. mpr'l7l—l73 5 llt.l* 1-63—165 ) ;~.IR(CH013) 3600 and

~——

3420(0}1) and 1075(0—10) cm .

ﬁg-Androstane—le—dlone cyclic 3-§ethxlene ‘acetal (L.

A solution of 2 81 g(8.4 mmoles) of 3 din 20 ml of pyridige was

’

= treatéd in a nitrogen atmosphere with chrcxnlum trloxn.de(h 2 g) ssolved* ’ ° ¢
in 30 ml of pyr1d3.ne6 7 The reaction m:.xture was stlrred ovei'nlght at
room temperature and subsequently poured into 160 ml of water anQ the _
product was extracted with ether. The ethereal solution was washed
succesn.vely with dil, HCl solution, 10 %Na.HCO? solution, and water, and - .
dried over anhydrous sodium sulfate. , ’ -

Y
j — &~

Concentratlon of* the solution with a few drops of pyr::.dine y:.elded

v

2,61 g(93,l %) of 4, sufflclently pure for the next reactlon.

~

Recrystalllzatlon of the product from llgron.n(bp 63-75 ) gave crystals,

55a

mp 155—156.5 (1it. mp 157°); m(cnc13-) 1730(c=c) and 1093(C-0) cn™Y;

. \MR 80.86(over1appe'd 18~ and 19-91{3) and.3.95(0CH cnzo)'; m/e 532(M+)..,

(AN

‘q_;..Preg; ~cis Al7(2o)—en -3-one cyclic 3—§etm1eﬂe aceta )gﬁ) Wittlgl"é W

reaction of 4. LT : e .

4‘, " < -
Potass:_um t—butcncide(B 47 g, INN moles) was added in Ehhree portions

.
T

to & cooled s‘b:xrred solution of 5(3 0g, 9 mmoles) and ithyltriphenyl—- ‘ L

.« ¥ The . ‘preparation of the Cr03-npyridine complex. is potemiatly extremely . "l
. 45, 0, . ¢

. -ha.zardous 11‘ the precise condit.n.ons given ‘in rei‘erences

not followed - . e . iy



"

o

4

‘»

', tooling to 0° in an ice-salt bath 25 of 30 % H2 5 was added dropwlse

. %
phosphonlum 1od:1,de 6(20 25 g, 44 mmoles) 1n, DMSO(75 ml) The reaction
* £
solutJ.on was mannta.med,m a nltrog?mospheK and was obsef*ved to

A

turn a deep red colour erdiately ‘The reaction m.xture ‘was stirred

«

overnlght and thjn poured into’ 1ce-water. The solld ;uspens:.on in water .
' K-

was extracted w1tlh ligro:Ln(BS 60 3 500 ml x 3) and thé\ llgroin extractions

9
were washed w1th water, drled(anhydrous Na2 4) a.nd concentrated“;g
. . «a LS - ‘ . \ .
Vacuo to small volume in the presence of a few drope of pyridine.’

_Repeated addition of methanol and reconcentration to small volumewgave‘

‘the A 7—olef1n 5 yhlch was flltered and whshed w1th a httle methanol -

.—*
¢ to yleld 2.86 g(92 0 % of peruct Recrystalllzatlon from mwthanol

gayg: 5, mp 121 5-123° ; IR(CHCl ) 1090(@\9) cm ™ mmao 83(1.8-CH
Q'.87(l9—CH3),: 3.9O(OCH20H 0) ~and 5. Ol(b’road 20-0}1) Mie 344,

3)

Anal. (%19,@;' Cpgfls0p® d

N
\/

I
206-Hydroxv—5a—pregnen—3—one JclJ.c 3—(ethxlene acetal)(é)

\\ .
~ yvdrobo::‘e.tlonl+6 L"7 of 2 - , S )

1M BﬁB-THF‘ comp/lex(zs ml) yas added drop by, drop to a. stirred

solution of 5_(2 25.g, 6.5 moles) in 90Jul of dry THF 'I,‘he reaction was.

carried Qut in an atmosphere of nitrogen and malntaa_ned a.t room- temperature.

7
Aiﬁ' stirring for 70 mlnutes l,5 ml: of 10 % NaOH SOIution was cautlous],y

¢ §

a.dded dropwlse whlle malntalnmg the temperature beit;ow l? After

s L] 1

to the stirred react\én mixture over a 10—20 minute per:.od The reaction

m:ucture was then partltloned between ethyl acetate and cold water and

N »

y 7 3
ethyl acetdte eolution was drn.ed(Na 4) and concentrated Repea.ted

’thq org&n::.c layer was washed with 10 % NaliS0 501ution and water. "f'he

additien of ﬁgroln(63-'75 ) and reconcentration gave [ (l 76 g, 7&».4 %)

o4

c, 80. 18; H, 1o 53. Found. , 80.11; H, 10.53. .

o

h

’

43




\ /(\ dried to give 0,274 g(89. O %) of the deketalized product Three.

n
‘

S

#
‘. Co 23" 333\

: #  after dn,lut,lon with water pr'éc:.pltated a.solid which wae flltﬁé and 3

.
4

mp 163 5-16675 IR(CHCL,) 3600 ard 3450(0H)" and, 109Q(C-0) em™L; NMR 80.75
(18—CH ), O. 82(19-CH ), 1.13(doublet, J=6 Hz, z}-cus),- 3.51(broad, 20-CH)

'and 3..90(00}{20320) . " S - 0

c, 76. 203 H," 10.57. Found: C, 76.07; H,

41

Anal. Caled for C

lo . L}2 o 'v . . ‘ a

N

¢

lic 8-(ethylene acetal){4; 0.35

T

208-Hydroxy=5-pregnan-3-one (7).
. i . ) . f - L
**The '42Q8-hydrojqr-5a—pregna‘n43-one cy!

g',' 0 97 ‘mmoles) was refluxed for an hour in acetone(35 ml) in the -

,

presence of water€3 mﬂ.) and p—toluenesulfonlc acid(45 mg) The solutlon

srecrystalllzatlons from acetopge gave pure 7, mp 19). 5-.% (llt.z' p

: 194-196°) ; m(cnm ) 3440(0H) and 1700(C=0) cm™Ll; MR 86'78(18-cn3)

1. 02(19-CH ) 1 ll{,(doublet J—6 Hz, 21-CH ), a.nd 3. 73(broad 20-CH).
PR /* ‘ . - \—«-\ -

IZOIivadroxy-'-SG-pregnarf-L-one 2'0-nitri?té ést.er( 8). e e

.

The ’20-hydroxy steroid(_'z; 4.87 gy 15.3 nmoles) was dtssolved in .-

o ’

& lOO ml pyridine and treated w%th nitrosyl chlor:,de according to the

?uwroceduré glven on p 58 to g:we L. 5 g(84 3\%),01‘ 8.

- ’ s ’ '~\
18-Ox.n_m_1no—2 -5a-preghan- -one(9_§_.).

procedure(p 58) The product axime was e;Luted from neutral alumina( 50 g)
in the ether fraction td g:.ve 0.4 g(40 %) of 1_. Two reérystalhzatims
- - from ethyl acstate gaye crystals of 9a, mp 181.5-183. 5 IR(GHC.‘LB) Lot
' 3670 “and 3190(0H) a.nd 1695(c=o) cm- 37* NMR 80. 99(19-CH ), 1. l9(doublet "




63 \ . ‘e

A

72-[{;8; H, 9065; b’I, 3‘97- ' ’ .‘. Lo ¢

Ll LN . [l ’ ' & o .
18-Oximinolzog-hxdroxv-sn—pregggn-i-one'cvclic 3-(ethylene acetal)(gb).

The mtrlte ester(lo Q. 16 g, 0: AL mmoles) in 40 ml benzene was -

LY

‘photolyzed according to the genera.l procedure. The photolyzed resn.due

N

‘was dissolved in a emall amount oi‘ methanol and methylene chlorlde and

d \
' chromatographed on alumina(40 g) The -product’ was eluted with llgroi.n

A 9
(63- 75 %y . benzene(l : 1) and was recrysta].‘l.lzed from. benzene-hexane

to give gb(40 mg, 25 %). IR(CHCl ) 3480(OH> 1525(071«), and 1095(C-0)

1 NMR(CDCly + 2 drops of DMSO-dé) 80.76(19-QH3), 1.11(doublet,’ J=6

Hz, 2.1—CH3), 3.43(broad, 20-CH), 3.92(0CH,CH.0), 7.39(CH=N), and 9.67
*(broad, Q=N-6H)‘. . / \ ’ ¥

-

. ° -

2 2QB—Hydroxy-iaj)regnan—32-€me cyclic” 3~(etHylene acet’al)L 20-nitrite

ester(10).

tré’ated accordlng to the general procédure to give 0,19 g(89 %) of the
_ 'mtrlte ester 10. NYR §0. 63(18-CHy), 0.78(19~CH,), 1. 31(doublet J=6

. Hz, 21 CHB) 3. 83(OCH o) énd 5. 33(broa.d 20-CH) L

L
S 20
21-Nor-cis Al7( ) 50, —pre gr_xg.g-z-on& cxclic 3= {efﬁgxlene .acetal )(ll)

- Wittig reactlon of b, v .

g )‘,

Sodmr}; hydrlde( 50 % d:.spersmn in mlneral oil O.?Z g, 15 nmo‘les)
s
‘was washed three times with n—hexane and dried undér a\

L}

N

v

Dry DMSO(lO 8 ml) was added to th).a and the m:lxtu.re wa stirred and

. g
) heated to" J0-75 undeﬂ nit.rogen for BO-AO m.’mutes. The esulting hght

nit rogen stream.

f\

s



, -

green solution of the sodium methylsulfinate was cooled to room
Voo, ] temperature and a warm” solut.:.on of met.hyltriphenylphOSphonium bromide
‘ (5.36 g, 15 mmoles) in DMSO was rapidly added, producing a«deep red ,
'\\ colouration in the solution. A solution of 5a-androstane—3 17-dione
- cyclic 3-(ethylene acetal)(4; 1.02 g, 3 mnoles) in 10 ml DMSO was then
' o added rapiclly to the above methy]_idenetrlphenylphosphprane selution.
Thel‘m'n'xture\was stirred under nitregen at room temperature for 39 hours
‘ahd poured into ice-water. Subse(eﬁent petroleum e't.her'extraétion , ' T
. «Washing with water, dry:.ng, and evaporation yielded a solid resmue.

The res:Ldue was, redlssolved in ether and a few drops of. pyridine and

rgconcéntrated with severa.l additions of msthanok until maxinum

- precipitat:.on was attained.. The prec1p1tate in metha.nol was cooled and
) filtered to give 11(O. 98 g, 96. 8 %)' mp 12&-130. 5%; MR 0. 76(18—CH3)

0.83(19-CH3,), m3.92(ocr120}{20)” and 4. 61( mult:x.plet 204 oW L o

S

7]

ethyl- a-andrestan'-\'-one cyelic 3-(sthylene acetai)(_l_gf): B
H}"d-!‘Obora.tlon of . " ' * ’ o .o °', |
A solution of 11(0.15 g, 0.41 mmoles) in-7 ml THF was' treated(as ‘
descrlbed for- the preparation of 6 on p 61) with l l‘; ml of 1 M BHB—THF ‘
V2 1 5 ml of 10 % NaOH solution, ‘and 1.4 ml of 30 & Hz 2 The prod;ct: 12 S ) 4

(O 105 g, Tl 1 %) a.ft.er recrystallization from hgx\afxe gave crystals, o ‘, : i
' mp 167,5-169 P IR(CHCl ) 3620 and 2470(CH) and 1095(C-0) cnl; NMR 80.65 /\

(1s-c113) 0.83(19-cu3) 3.63(byoad, 20-0112) and 3 92(0(:1120}120) M/e 348.

m_m l-5a~androstan-

ﬂitgite ester(_}) ,2"(. L0 " - ~’ pa q ‘. ‘J
Pl L . 5] o ¥ L .
ey The nitrite ester wae prebared in/86 9% yield from the alcohol ;g\ T !

o by the general prooedure. m(mx013) 1640(ONO) and. 1095(0-0) cm'l NMR-
’ ° . .. P . J( ' B

a . 7 . R ) - . ‘
‘ ~ ’ . . vy ‘.) . y
E ‘. o .
~ <, . e -
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80.70(18—CH3), o.83(;9-cu‘3_), 3.92(001{201{2(3), .and h.67(broad, 20~CH,). °

J

a-androstan-3-one cyclic 3~{ethylene acetal)'

Photolysis of the nitrite ester(_C_Lj:; 7(5 mg) in 10 ml benzene ﬁelded
a m:ix't;zre of products, one of which showed a spot (estimated as
‘approximately.25 % of the total product) on TLC lower than the alcohol
12 and the startmg material’l3. An at.tempt to isolate and :Ldent:.i‘y this

N

product falled . . o

_5a-Pregnane-3,20-dione(15).

The 20B-hydraxy-5a~pregnan-3-one(7;/0.1 g, .3‘2 mmoles) was treated
- i . b
with a CrOB-d.il‘. acetic acid mixture. -After stirripg over-night the

. . - ¢
) reaction mixture was poured into water and filtered. The well washed
v . ! ’
I
sol:Ld was dissolved in acetone and concentrated ‘with addltlon oi‘ hgroin

~ay (63-75 ) ‘to give _5(80 mg, 80 %); IR(CHCl ) 1700(0-0) em™t ; MR 80.65

(18-CH3), 1.02(19—CH3), and 2.11(doublet, J=6.5 Hz, l—CHB). c “ l ~
. J . , : ’ ’ S .o
This compound was required for the purposes of comparison ) only , »
{- ! ' . I -z ‘ﬁ . . .
and was not further utilized. . " ‘ . C

-

I ZOB—Hydroxv—Sa—pregnan-B-one 20-—aceta.te( __é)

. The m:ucture of 2OB—hydroxy—5a~pregna.n—3—one(‘1, 50 mg, 0.16 mmoles),

acetlc a.nhydrlde and py’rldlne was stlrred overnlght and then treated
Y .

" with water. The prec:.pmtate‘ was flltered and washed well with water ‘t\ ‘

ot

" 4
B 57 mg(100°%) of 16 MR §0.64(18-CH,); 0.99(19-CH,), 1. 12% ,
J=6 Hz' zl-cu3) L. 96(0803 ), ahd k. 75(broad zo-cﬁ1 oo v

b}
/-

- A

| .
3,3-:D1mthoxx~gg@ xgmcxo-ﬁ—pregnane 20«acetat ( __'z) WA
y . -
: " The 3-kato—203-acem§'/compound( 16; 50 mg, 0}11; mmoles) in absolute U

Yo
-
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- . N

metha.nbl(l.; inl) was refluxed for 3 hours ;ln‘the preﬁence of - S

p—toluenesul;i‘onlc ac:Ld and then cooled in the refrigerator. The cryata.ls r
‘ formed were filtered and washed with methanol to 'give 53’ mg(9l+ %) of

17, mp 127.5-130. 5%, IR(KBr) 1727(0 o of- acetat.e) 1230(0-0 of ester) >

- and 1097 and 1045(C-0 of ketal) em L3 NMR 80. 60(18~CHs), 0. 77(19ucu3) '

1. lZ(doublet J—6 Hz, 21-01-13) 1. 96(088}{ ), 3.07 and 3.12(6H of‘&al)

and 3.38(broad, 20-CH).

- 20n.—Hydroxypregn-5-en-3~one cyclic 3-(ethylene acetal)(l8a) and its

’r
-

20B—isomer(18b).

The above épimeric compounds were prepared “;eparately by the Same L \
method. A mixture of fcr}e 20~ or 20B-hydroxy-3-keto stéréid(o.s g, l-.58'
mmoles), ethylene glycol(3.0 ml) a.nii p-toluenesulfonic §cid(0.1 g)
were ‘reflu:ged in benzene 'fo;' 22 hqurs‘ with cqnﬁiﬁuou‘é remdval of water < . l
by means of Dean-Stark pha.sé separator. -'The“ .woi:'kup followed the
i.u;oce‘dure' "prev’iodsly described on p 59 for the pxjepa‘.ration of 2 to give
;§g"~o; @(o.ug'g, 73 %), MR of ;g@ .86.68(18—0&!3);. 1;02(19.cu3),
l,’?O(fiogblet, J=6 Hz,AZl-(lJHB); 3.60(b‘road, 20-gﬁ), 3.85(0CH CHZO) afxd - ‘
5.22(broad, 6-CH); 185 & 0.77(18-CH3), 1.03(19-CH,), 1.12(doublét, J=6. 4
Hz, 21-053)’, g.sa(b‘road,' 2é-‘ci{), *3.85(OCH20},{20)‘, and-5.20(.broa.d,. 6-CH). -~ - “

\ T : ' SRR ¢ o .
ZOa.—Hydroxx —sa~preghan-3-cne_cyclic 3-(ethylene acetal)%?a) and its

2 @-—1somer( 6). ‘ ’

The As—unsaturated stero:Lds(lBa or 18b; O. 3 g, 0.83 mmoles) were ' -/

hydrogenated in et.hanol( 200 ml) with 0.25 g of 5n% Pd/C ca.talyst .
according to the procedure .on p 59 for- prepa.ration of 3, yielding 0. 25 . '
g(83 ) of the reductlon products. NMR of _19_ 80 66(18—CH3),, 0 81 - o \’T”

é

(19-CH ), ‘L. 20(doublet JT M, 21-Ciiz), 3. 55(broad zo-cn)) and 3,85 -

,,,,,,




(OC,H CH O) 6 prepared from 18b was found to be-identical t.o the one

prepared from the Al7

-olefin compound i(p 61)

(20a) and its 293-1somer(20b)
The 202~ or ZOB-hydroxy stero:Ld(O 2 g, 0.55 tmbles) and
p—toldenesu].fonyl chloride(0.4 g) in pyridine were' stirred for '20 hours
‘at. room tempersture and then poured into i/ce-waterl The precipitate 'wa.s
“filtered and dried well to give 0:25 g(88 %) ‘of the 2o-tc§s;}iate' which

was then used for the next reaction without further purification.

A-mixture of Sa-pregn trans —A 7(20)—en—3-0ne cy}clg’Lc—‘B-(et}ﬂ;@e acetal)

. 20 ' BE
(21a) and its cis—Al7( )-ene isomer(5). - .

Refluxing a collidine solution o]t‘ 20a-tosylate( 20a) for 2 hours
gave @ mixture- whlch was mostly composed of 2la ar;d 5_(~15 % of Qq‘) .
Thé mixture of 2la and 5 could be separated from by products by
v o1:>repa‘rat,:we scale TLC. NFBJO.73(18-—CH3) 0.83(19-CH3) 3. 88(OCH 0)
5.12(broad, 20-CH), and 0.87(low intensity, 1'9.701{3 of _cls-isomer).’
The same treatment of the 20B-tosylate as above gavg _2_.'L_a'ar,id 5in
: equal amounts. TLC showed more by-products than in the case Tof the 200~
tosylate. Both 2la and 5 were separated ‘together from the /m:xture by

- preparative scale TLC, NMR - 0,73 : 0.83 : 0.87 = 1 :'2 1,

 Progesterone 3-p;g'_rolidim£lenamine(gj)' gog-mgm' rogesterone ‘
-—pyrro_jmvlenm(&, a and _), and 20 regn—l—en-3-one’

(zz. a and b)(23 ~ 2ua,b *ﬁ_,b) | o
These campounds were prepared acco;ding tdﬁ the method of A; H

Nathan and P. E. Marlatt.8_8 The yield, 73.2 % for _gﬁ 1s based an .




4 ik , N . s .

progesterone(22). UV of 23: 24@(20,500). M of 23: -12¢°,

-

. .

’ ' - ’ ‘ ‘ Y ' N . /

‘ Preparation of 20u-hydroxypregn—i-eni~3-one(25a) andof its 208~isomer
)‘- : . . ", ' . o . .. E . ’

(22) . BN L -
Method a). Separation of the mixture(25, a and b), prepared by the

method of Nathan and Marla’c,t,,88 employing a drﬁ-columri

’

’ technique .,89 | ~ .
J S , _
o o Preparatlon of colum: Aluminum oyde(Baker Ana]yzed Reagent ‘
0537) wa.s deactivated to. grade II-III by a®Mition of water(alumimm
ax1de : water = 100 : 1{.'75 by weight) and equilibrated by rotapmg for * .
‘3—5 hours. The base of the column was packed with glass wool and the | .
column wds charged, with stop-cock open by pouring in the deactivated \
tre adsorhent _slowly through a fine tube attatched to a funnel. Even packing wo T
was erxsured, by means of a Vibra;cor. The sample to be chromatograpﬁed' ‘
was dJ.ssolved in a small quantlty of methylene chiorlde and m:uced with

< five tlmes 1t.s welght of- deactlvated adsorbent. The excess 801vent s_ .

' } evaporated(at 30—40 ) %o dryness with a x;otatory evaporat‘or. The g ple— .p .

(83
3

i

adsorbent mixture was then distributed evenly on the top of the eco
and covered with a small layer of sand and a filter paper.

. The eluting solvent, chloroform, &hosen on the basis of TLC results, :

T:abJ,»e VIII, 'Separa.tion of -208- and Zm-hyd;oxypregn-rh-en;3~6né from

the mixture(25, a andb). - N o = *
, Loadeci Adsorbent wt. and - ' 208-01 4 208~ and 20x-o0l 20-01 |. m
K column dimensions S T ¢ - L
: 1. 1g | mo0 g(4/5" x 15%). O.43k | 0.37hg = * |0.228¢ ©
' >8 5 700(1 /h" x 37“) . | é-B? g8 - L40 g ) 1513 ¢ |

o | mg | 100k 2w Comsese| 2258 0 Jassg
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69
was apolied +to the too under a constant' liquid head of 5-—5 cm, achieved
by usé of a stoppered separatory funnel. When the solVvent. front reached

the bottom of t,he colum, the rate of the flow:mg was controlled by

_means of a stop-cock and 15 ml fra‘ctlpns were collected(’l’able VITI).

-~

Method b). ‘ , R ‘ d
‘ Z&I-Hydrompregn-hen—ﬁ;bge (25a)( _2_2_ - 3L+ 3536 - 183 - 25a).
Pregn—S-—ene—B 20—dione cyclic *3-(ethyiene 'acetal)(ié) was prepared
from progestercne(2 _3) via the 2O—cyanohydr1n(3_§) and the ketallzed
compound(j_i) by the method of A. Ercol:..los The 20 ‘ket o compound(j_é)
was reduced with sodium in refluxing 2-propanol and deketalized
according to the method of lee and Wolff.72c Recrystallization ft'om

72 1p 162-163.5%); MR

hexane-benzene gave pure 25a, mp 161-163 (llt.
5‘0.73(18-@13), 1.19(19—CH3), 1.26(doublet, J=6 Hz, 21-cu3), 3.73

(bréad, 20-CH), -and 5.78(4-CH). ‘ Co

I B

=

N .
’ - . I S @
‘ -

ZOB-Hydroxy'pregn-h-en-3-°ﬂe (__23.)

The mﬁcture of pregn—t;-ene«-ja 208~ and pregn-l;—ene-3(3 ZOﬂ-dlols(lQ)‘ ‘

wWas pre}ared by sbdiuf borohydrlde(z g) reduction of prpgesterone(l;,g) ,

in 40 ml.of methanol and 2ml of H,0. The reaction mixture vas heated

under reflux for 1.5 hours and‘after cqoling_,the_ mixture was poured

- -

) into dil.’ acetic acid solutioen. Upon further cooling ':i.n an ice—b'ath(i-Z ,

hours), the solid reduction product precn.pltatxld and was 1solated by

f:.ltratlon. The reduction product was stirred for one day in 300 ml of

‘

chloroform with 30 g of manganese d:Lox:Lde in order to effect the e

: selective oxidatlon of the allylic alcohol. The meta.l axldes were

removed by flltratlon and washed thorcughly with hot chloroform. The

combifned chloroform extracte were ‘evaporated to ya.eld a sdlid whlch was '

&




SR . oo STy
| - . ‘ 70 : : '

- ) ;'egrysiliiZed firom eth‘er-ligroin(63-7‘5lo) to give 2.8 g(70 %) of 2 _;i_,

c% mp 173-175°(1it. 72, mp 172-173.5 ) NMR72° So 81(18-CH ), 1. M(doublet v

)

J=6 Hz, 21—-CH ), 1. 20(19- 3) 3. 77(broad 20-aCH) and 5. 77(4-011)

20 Z-Hﬂroxypregn—h-enﬂ—one nitrite ester(26, a and b)
1

A mixture of 20u- and 205—hydroocypregn—4—en-3-one( _5_, a and‘'b) was

treated with nitrosyl chloride at -5 to -15 according t.o £he genera.l

€

b procedure for the preparat:.on of’ nltrlte esters described on p 58. The '

e e = e e e Y

”

yield, was 94.5 % based upon’ the alcohol \ - ]

18-Oximino-20-hydroxypregn-4-—en—3-one(27, a and b).

A solu of the nitrite ester(26d,b; 6.0 g; 17.3 mmoles)’ in dry

benzene (55 ml was jrradiated(lO—lSO)ffor an hour 50 minutes. After

e\'rapgratigr’x of the benzene, the residue was dissolved in a small

" and 20—hydrexyprogesterone were elufted with benzene and benzene-ether

»r 'l) while the l8—oxime was eluted'with benzene-ééhei(? : 3).

- - ' . Evaporatlon of theé solvent left 1. 9 g(31.7 %) of the axime. ‘

" | Recr;s;’;alllzatlon from acetone yj.elded the mixture of 27a and __'];q mp
2204-226° ?5‘1 IR(CHCl ) 3590 and 3270(0H), 1660(a,B-unsaturated C=0),
and 1615(donjugated 'double bond) em™L; NMR 53. 16(19-CH ), 1. 21, (doublet,,

J=6 Hz, 20-CH, ),3. 45(broad 20-CH), 5. 77(4-01{) 6. 27(4-011) 7 27 and
7.48(18~CH), and 8. 48 and 2.90(broad, C=NOHY;~ m/e 31,5(14 )i ‘ °.
S " Anal. Galed for CH 29N103. ¢, 73.01; H, 9.04s N, 4.05. Found:

C, 72.85; H, 8.88; N, 3.97,

¢

) . ) '. Photoly31s of & g and 9.5 g of the nitrlte’_/ér under the same ",

condltn.ons for ape hour 10 m:mutes a.nd L hours respect:.vely. gave a.

' reduced yield of ox:me 23.1 a.nd 13 7 Z,. respectively.

quantity of chloroform and chromatographed on Florisil. The progesterone




»

* the catalyst wad removed by £1ltration and the filtrate was diluted - .o

moles) was dissolved in 20 ml of pyridine and 20 ml of acetic anhydride

’ ylelded after addition of water the steron.d 28(0.17 g, 16 %), IR(CHCl

H, 865

gog:Hmoxx'—l&nitrilo-g-apregen—j—one(_gg,- a and b). ' ‘ . -
The mixturé of 20u- and 20p-hydraxy-l8-aximes(27a,b; 1.12 g, 3.3

and héated on a steam bath for one hour. The solution»wa.s concentrated -

2

under vacuud. The semi-solid residue was dissolved in 200 ml of 5. %

alcoholic potassium hydroxide and refluxed under nitrogen for 2- hours.

Neutrallzatlon with glaclal acetic acid and concentration to low vol\h;
3) ,
3600-and 3450(0H), 2230(c=N) 1660(a B-unsaturated c=o) and 1615 -

( conjugated double bond) cm . ’ ) ) ..
a * . ‘b, \ . i \
b . S~

gog-Hydroxypregn—h-en—lB-mc acid 18,20-Lactone(29, a and b). -

The axime(27a,b; 0.2 g, 0.58 mmoles) was dissolved in a mixture

o.f.‘ 4 ml of 15 % aqueous Na2 2 7 solutlon and 15 mi of glacial acetic
acid. The axidation was carried out for four hours.and the reaction
mixture was then boured into 350 ml of u;ater. The resul;c,ing solid .
preoipitate was -fi/l’r}ered, washed with water a.nd"d.rie'd,to give O'.ls',g of
'_.gg('}s.g %). 'IR(CHClB)‘/l;'?h'S(lactone; C=0), 1660(a,p-un urated. C=0), and | :
1615(conjugated double lzond) 5 NMRSl;é’S(m—CHB), 1.3%(doublet, J=6 Hz,
21-~CH, ), 4.70(broad, '20:(:}1)‘ and‘_5f7z.ez,l0}15. _
Anal. Calcd for C2_]_H2803' C', 76.79; H, 8.59. Found: C, 76'-‘83‘;. . - ’ ‘.

-
»

2 OB-Hydraxv-jﬁ-pregnan-B-one (30).

¢

The ZOB—hydroxypregn-h—en-B-one ( gjg, 4.3 & 13 6 mmoles) was . o L
dissolved 1n 0. 1 N alcohollc-KOH eolution(lBQ ml) and hydrogenated S o

¥
’

ueing 10 % Pd/C catalyst(o 6 g). After the uptp.k&» of hydrogen ceaeed . : e iy

} . N

\ .
o . e e
s
f\‘ ’ - - h
. . R . ‘ L o
. ” .
,




' _r ‘ n N ‘ : g
with water ’r;\ﬂ.S 1. The precipitate formed was filtered, washed with
I . l*l

water and d.z_'ied.‘_i_g_ yg_cg_q to'give 1(_5(3“.723 é, 86 ’%),.mp 171-173°%(1it.
' .mp 170-172); Iﬁ(CﬁélB) 3590 and 32»50(01{‘) , and.1700(C=0) cm_;; mge.?s
‘(18-0H3), 1.93’(19-0‘1{'3), 1.1 (doublet, J=6 Hz, 21-CH3),, and 3.72(broad,-
20-CH). ‘ R -

ol B & , -
gg@-axgégy_ Qg-pregnan-}—one cyclic 3~(ethylene acetal)(j_)a

A stirred mixture of %Oﬁ—hydroxy-SB-pnegnan—B-one(}_, 3.65 g, 11.5

mmoles) and 8.4 mlof freshly distilled ethylene glycol in 220 ml of
dry benzene was slowly distilled in the prasence of patoluenesulforus .
v a.c:x.d(O 35 g)éuntll ‘40-50 mi of benzene had been removed Subsequently

the reactlon mixture was refluxed for ten hours w:Lth contmuous removal

1t °©
t

o water by means of a Dean-Stark trap. Ai‘ter workip in the manner

s

descrlbed on'p 59, the remamlng resn.due was ‘triturated wit.h llgrom.

An und:l.ssolved portlon was removed by flltratlon and the ‘filtrate was
evaporated _tO'yielgl 31(3.5 g; 83 %). RecFysteJllzatlon from ligroin

’ A‘(IlOO-‘l_IE‘o') gave purified 31, mp 62-64.50; IR‘(CHCl ) 35:)0 a;zd 3450(0H) S

é _ and 1090(ketal C-0) cm ~; MMR So. ‘75(18-CH ) 0. 96(19-CH3) 1.13. . %,

{doublet, J=6 Hz, 21-01{3), 3.67(broad, 20-CH), and 3.94(00H o)

- . -

~(ethylene acetal) 20-nitrite

22'99.(3_) " :

The zop—hydroxy campound(31; 2.81 g, 7.8 nmoles) was dissolved in,

e t,.O ml of pyr:.dlne d treated with nltrosyl chloride accord:mg to the S

s(doublet,“xr::é,nz, 21~CH3)"and 5.37(broa:d,"20-CH). S ‘}'

. ) -
e . '
, R N - . ¥
‘ . . -

~




T

73 . ) v
. N . , . 2
L ) ‘ 8-O:ciJnino—2 - QXy=53— é an-3-one(33a) and its cyclic 3-(ethylene
| ' . \ . C
s . '

ﬂ:.e’g_)(za_) .

L]

The nitrite ester(3__, 1.2 g, 3.1 moles) J.n 25 ml benzene was - .
‘ pho%olyzed for two hours according to the general method. The
cencentrated reaction solution vas chromatographed on silica gel(60 g). .-

?fhe by-products, which showed a higher R, than the oxme as determined |
| by TLC were removed by elut:.on with benzene and benzene s at.her(9 5 ) ' .
Elutlon WJ.th benzene : e’cher('z 3) gave the 3—ethylene ketal coxime _33“2 T ’

! (o.‘297 g, 2.7 %) whi.ch was followed by deketa]_lzed wxime 33a(0. 066 g,’

b 2 %). Three recrysta.]_hzatlons of 31_ from ethyl acetate-ligroin(63-

_750) ga.ve purlfled oxine, . mp 173. 5-176 IR(CHClg) 3395(OH) 1620(C-sN),

-1

and 1090(ketal C-0) ecm 5 NMR 0. 88(19—CH ), 1. 12(doub1et J=6"Hz, 21-

: Ci,), 3.52(broad, 20-CH), 3.85(0CH,CH,0), and 7.22(N=CH). NiR for 33a o \
4 0.9‘5(19-CH3‘), 1.10(doublet, J=6 Hz, 21-CH,), 7.37(N=CH), and.10.13 : ‘
(C=N-0H). ' ” ™~ . ' - ] ‘(

' Anal. Caled for C (33_) c 70. 55, H, 9.53; N, 3. 58 |

23 37 N9,
Found: C, 70.58; H, 9.54; N, 3.49.

~ . . .
P w

. . ‘ :
* 200~ Jdroxlpregn-l;—en-e—one 20-n1tr1te ester(j_’Z) /.\ o
' ' The 20u~hydraxy steron.d 25a was treated with nitrosyl chlorlde -
a.ccord:mg to the genera.l procedure, yleldlng the nltrlte ester 37 in

. 98-% y_:.eld. g

' -18—0mmno-2m~kmdrmwrem-h—en-3—on (1_)
| "The: nltrlte ester 37(0.2 g, Oa 58 mmoies) was.dissolved in 2Fm of
'bpnzenﬁ a.nd photolyzed f?/thoura. The residue arter'evaporat.ion of .

fhe solvent was treated with .isopropyl alcohol and chromatogra.ph%i on -

silica. gel(lO’ g). The fract.n.ons eluted with benzens : ether(the ratio - SR




-

, \ of SOlvents ranged from 7 : 3 to 5 5) were evaporated and the residue

‘

) .\ (O 12.g, 60 %) (ljcrysta.lllzed from* ethylacetat.e—acetone to give 38,
mp 183-185. ; O(11€. % mp 184-186) ) L

€ .
1 . . »

-

lla—Hydrmqpregn—h—ene =3, go-dlone ll-acetate(l_é)

_The llap-hydroxyprogesterone(g_‘, 12 58, 37 mmoles) in pyrldlne
(70 ml) ‘and acetic a.nhydr1de(70 ml) was stirred for 23 hours at room
temperature and theq diluted to 1.9 .1 with wa.ter.' After ‘cooling ‘the
solution in the refrigerator overnight, the precipitate formed ;vras filtered,. -

washed with water, and dried in vacuo to give 14 g(99.4 %) of 41, mp

173-;171;. 5°, One recrystallization from isopropyl ether g
07

174-175.5°(1it.” " mp 175-177 °); MR 5 0.76(18~CHy), (1.28(19

(o@cn ), 2. 11(21' CH ), 5. 25(broad 11-@}{) and 5.79(4~CH). ‘ ",

N
4

~ lla-}fydroxy—5ﬁ—gregnane-3 20-dlone ll—acetate( i2).

The lla-hydroxypregn-a—ene-vj ,';O-dlone ll-ageta e(g__, 3 O g, 81

"mmoleé) was hydrogenated at atmospherlc pressure employmg lO % Pd/C
(0.3 g) a§' catalyst in ethanol(180,ml) contaihing 4.5 ml of ‘triethylamine.
The catalyst was ‘rgmovecll b:;r filtpation and.l the filtr:':tte wa:x-ﬂiluted to -

1.1 l,with:irater.' Upon cooling the solutior ov‘er.r'light in the

. ‘refrigerator, the precipitate formed was filtered and then dried to give
. . . m -

12(2.63 g, 67.2%), mp ‘1’4‘3’_146°(11t.9‘* np Le-39%); IR(CHEL,) 1715
(acetate C=0) and 1695(0—0) ant ; MR §o. 71(18-CH ), 1. 13(19 cx{ )
:l,98(080H ) 2.1_1(21 —CH ) and 5. 25(broad ll-CH) S !
3,3-D1methgx— a—hydrcncy-sg-pregnan-zo—one ll-acet.ate(gj_) ”

T .The 3-keto compound L(O.25 g 0.67 xmnoles) and 7 mg of p- . ()f

toluenesulfomc acid were heated under reflux in methanol(lo ml) for




i . . . C .- - . ’
, three hours..The ‘splution’ was cooled:in an icé-bath and the solid formed

_was fil£e1[ed to givg 5}{0,208“‘%, yin %‘;),. ‘Recrystallization of* the golid

" Lt . .. < * 5
Ll "Cfrom hexane gave 43-as crystals,. ip 128.5-131"; IR(CHCJ: ) 1715(acetate

?J,é ‘ c=o¥, 1695(0-"-0) l230(acetate C-0), and 10§0(ketal C—O)-0m - NMRSO 67“«9

&

‘ T ) (18-CH ), A 05(19—CH ), 1. 98(030}{ ), 2. lO(Zl—CH ), 3.15 and 3 24(‘5%{ of *
ot B e -
L © ' dimethyl ketal), and 5.1 (sroad,’ 1l-CH).

s .. .

s, ‘& - -, 3,3-Dimethaxy-58-pregnane-1la,208-diol ll-acetate(ih). |

i ‘; N'i‘ i e . Theb' mon&-ke‘gone l_ﬁ’(l.BSTg, 3.2‘}' nmole’é)/wj‘qdissolved in 27 ml . ”
| e et.ﬁlanol and treated with sodium b.oror‘xydride(o.léé_ g). The-rec{uefion, o
[ ‘w'as icerried out in a nitrogen atmosphere aﬁd the solution was
L . U con't,'inuousl;); :’stirred. ,After 4.5 hours the reaction mixture was poured
N L .1nt»o ice-water.and the product\;w{as extracted with’ methylene chlomde.

‘ The. éxtract was fllte,red thr‘ough alumlna and cellte é'.'n/d the latter was

) = . -

: P L - washed with 100 ml,of methylene chloride—hexane(l : 3). The combined p

\ filtr'a%,e('; .were c,oncentraﬁed -and ligroin(35-60°) .wéis added from t:ime to

“time untl} no further solld was prec1p1tated Aft.er cooling overn:x.ght

. _\ ‘ °'°“*( “/ Mgi'/Ol/n(()B—'?S ), proQucn.ng A.lk(l 9 &, 73 6 %). One recrystalllzatmn )

1 ‘ : from llgroln(63 5 ) gave pure 208-—01 mp 151. 5—152 IR(CHCl ) 31,50(0}{),
i o . . lbli(acetate o= -3, lZBS(apgtate c-0), ‘and 1090(ketal C=0); 50.79
e (: 8~CH) ‘1. 05(19 ~CHj), Lll(‘doublet J=6 Hz, 21-CH,), 1. 92(0@0}1 ), 3.12.
a " . angl 3'”020(6}{ of damethyl ketal)« 3. 60(broad 20—CH) and 5. O5(broa.d,

O T IR

& .. .
%
2=

' K the. so).ld preci‘pzatate was "isolated by flltratlon and washed with _ .

o




y .

, . f 30 mlnut.es in acet.one c‘z(x%)talnmg a few drops of ‘d:.l. HCl Upon dilution .

) Y - naxt Btep w:.’f.hout further p“urlfication(because of difficulties in

] gﬁxig; no-lla, 20@-dihxdi‘oxx-—§§4pre@an;3~one' 1l-acet a:c,é (Aﬁ) .

. ) »

o . R . . - v _ lr ’ -
f . a). From the nitrite ¥ster'45. The nitrite &ater, gi(o 48, g, 1.07

mmoles) in 30 ml benzene was photolyzed for two h@urs ccording to the
general procedure. Separatlon by sn.lica gel(25/ g) column chromatography
gave O. l‘} g(43.5 %) of the oxime 46 which was eluted by the solvent ..

‘ m:ucture benzene : ethg:r(the proportlons ranged from 7 3‘ to l‘. 1).
Crystallizationé of ‘the axime froum acetone-lsopropyl ether and froxh )
ethyl acetate gave.sb having a wide mp ' range (100-120°), IR(KBr) BAZO

’ (OH) 1715(acetate c—o) 1695(C=O) and l?A.O(ace ate -0) cm™ ;'NMR .
5. O7(l9—CH )5 1. 20(do blet J=6 H’z 2l-CH ), 1. 94(0?,‘0}1 ), 3 53(broad

‘ 20—CH) 5. 27(broad 11CH)," 7 35(med1um broad N=CH)," and 9. 03(broad,’
C-rN-OH) L oL o L
, n . :

0

.,

* 0. 73 mm?,les) was dlSSOl ed "in, 30 ml‘benzene and photolyzed for 2.5

b) From the nﬁtrl e gger 48. The B-keto nltrlte/ester 5_(0 295, g,

_‘

hours at, room temperature accordlng to the general pnocedure. The

N ? -

progluct after evaporatlon aof solv<ant was treat;ed with 1sop{opyl a.lcohol
/.

-, ,and 1solated by preparatzf\re TLC to-give 0 133 g(h5 %) of thb/oxn.me Aﬁ

The produ,ot also res:.sted purlflcatloh by recrfystallz.zatmn as did the

«
3

v ot

one prepared in, a) IR and NMR data are t.he same as those of the ox:Lme ( -

pra}_pared in a) SRS o ) . w. s ®
;} . - . . . . /‘ ‘ K} T ’
tlﬁ.a 20[3-D1hydro’)gy—53 Jregna.n—j-—one ll-acetate(_l,_’{_) ’ ‘ :

£

[:;,', - +The 3 3-dmettanouna gg(o 423 g, 1 mmole) was refh?ed fo

with water a precipltate(_t,_'z, o; 35905, 95. %) wad formed a.nd used for the B

*

-

-t




purlfylng “this compound) NMR 0. 82(18-CH ), L. 10(doublet J=6 Hz,

21—CH ) 1. 12(19-01{ ), 1 88(0801—! ), 3. 51(Broad 20—CH) and 5. 12(broa.d

3,

A ,ll-CH). o ' . ‘;
‘ ) ’, . . N y: ‘ ‘ .

i . )

lla, 5206-Dihydrc‘>xy—58$reg‘nan*—3—one 1l-acetate, 20-nitrite ester( £L8)L

The nltr:_te ester 5_ was prepared in 95 % yield from 47 accord:mg

-

o the genera.l method. MR $o. 73(18-CH, ), 1. lO(l9-CH ) 1, 32(doublet

ks

z;-cn ), 1 90(080}{ ), ind 5 l7(broad - and 20-01{) o T ':

S f - P N P . , . . 11‘

. N
[} ' S L)
. . .

Pregn—B-ene-}B 2013-(1101 3—acetate(§__) CL .

P

a < L Sodium borohydr1de(l5 6 g, 0.41 moles) was added to an ‘ice-bath

cOoled methanol solut.lon(650 ml) of pregnenolone acetate(gg, 107. 35 g, s

»’ P

. . " © 0. 3 moles) iaintained-in a n:n.trogen atmosphere The temperature of the

reactlon was then‘ ;;efnutted to r;use to room temperature w1th stlrr:mg L.
» . . After 1.8 hours the -reaction mlxture was poured into 20 % a.cetlc acid -

so‘lutlon(500 ml) diluted m.th water(lzoo ml) a.nd refrlgerated “for 1-2

heurs. A preclpltate formed ‘was fn.lt.e'red washed -with water and_ g ‘f

P

»
dx;;l.ed in wvacuo. After one recryst.al_llzatlon i‘rom methanol 83,.95 g

. - (77 7 ,o) of jg was obtamed sufficiently pure fox:"uee in the next /
o 35 4,00

o

-

mp l§5-166 5°); MR "4 OB7"](18—CH;)

.,' o 7 “, ,' reactlon. Mp. 159-162 (111‘:
l 03(19-CH ) l llq.(doublet J= 6 Hz, %—CH ) 2.02(08CH ) 3 73(broa.d A~

p
.

<
'

e 20—CH) h:63(broad., '3-CH), and 5. 25(broad 6—CH) o s

N

“a

.
. . , i . . . . - . |
' , o . I o G
B .

o Pregn-5-ene-3[3 20B-d:|.ol _3-acetate 20—n1trite ester(5_)~ - L. ‘!‘_

. .

s .
pyr:Ldine(2lO ml) and cooled in a dry - ice-CClh bath Nitrasyl‘chloajﬁa\‘:“

was added until the solutj.on became dark bie and ‘the r\eact.ion mixture 7.

Wa& then allewed to v)arm to room tempex*ature. When all the etaroid had \\ .

‘e N N ’
; .o . .
§ { -« - 3 , o
e I RS v - N
s o 0 ‘

LA " The éOB-hydroxy compound j__(2l 15 g, 58 8 mmoles) was suspended in.. -’




v

(XN

e suspension of lithlum alumimm h r:,de(2 56 g) dioxane(t;o ml) and

. the reaction was refluxed I‘ox{ 3.

dlssolved.( 30 mumﬁ\water h@s added to quench the reactlon. Workup

' accordmg to the general method gave 21.7 895 %) of 5;, R 50.68 . .

. (lB—CH ) 1.01(19-CH, ) 1. 35(doublet 21-CH ),2. oz(obcu ),

" 4 57(broad 3-CH) 53’7(broad 6-CH) a.nd 5. 50(broad 20-CH).- B B ~ s

T -
lB—Oxnmm _pregn—i—ene-—BB 20p~diol 3-a.cetgf£( 5_)

. .(
¢ 15

/ The nltrlte ester 2(6 g g, 17.5 mmoles) in dry benzene(550 ml)

/_‘.-..__ e . . . .

/1

~, J

ﬁa.s photolyzed for 4. 3 hOurs according t(ﬁ the general method.’ Upon

T complet.lon of the photolys:Ls the solutlon was. concentrated to o

_‘_/‘

approxma‘tely 10 ml and chromatographed Elution from alum1na(315 g)

W!lth -benzene benzen&ether(the ratios :

anged from 9 : 1 to 33 7 liand
flnally ether yielded pregnenal:one acetate ) a.nd pregn—S-—ene-BB 208-
dlol 3 acetate( 51). The more “polar, 18—ox1m:mo o pound was eluted with
('ether-meth@.ol(l? 2 k). Ai‘ter evaporatlon of the elua.nt 1.78 8(26 2 %)
( of 52 was obta:med An analytlcal sa.mple was prepared by three ‘59
'tecrystalhzations of the oxme from ,ethanol. MQ 160~161 (llt.’lOb double

. mp 166:162° and 17M )’“ IR(CHCl ) 3580 a.nd 3310(0H) 1715(acetate

—o) and l220(e§ter c-o.}r}qnl, NMR ,S‘ 0.95(19-Ci,4 ), 1.15(doublet, J=6

\y

Hz, ‘21-CH )» 2. os(ogcn ), 3. 70(broad 20-CH) A°63(broad 3-uH)° 5. 38
(br;oad 6—CH) 750(18-CH) and 9% r\og C=N-OH).,
.. Anal, Calcd'for C : G, 0. 92 H, 9.06; I, 3 60, Pourtlz L
, 3 for Cggtast " o
G5 71165 H, 9,095 1,350, - “'%1 SRR

. o CL _
18—mm02r%n—5—enejﬁ gog-dlol( 2) N R ¢ -
PLAN L 4 T M

Thefb)cnne i_(z 56 2, ,6 6 mmoles) in d:.oxane(AO me) was added to a

~

RN

‘\ . "’
hmirs The” exgess lith:mm aluninum~ o

\ L
e .hydride wa.s destroyec} with water(l’é ml) The whlte precip:.f.ated sol:.d A

. O " .. o
Ve ‘e . P A f" ’ s 7 . . . :

E




/

3

=

s

79

“ s

TN : . .
Wace\removed by filtration through alumlna and washed with'dioxane and

" chloroform. The combined filtrates were then ccncentrated ,w1th add1t10n~-

of methanol until vn.rtual_ly all dloxane and. chloroform had been replaced

by methanol. After cooling’ the prec:tpltate was filtered, giving 53_(1 9 g,
10b

86.5 %). Mp mu.s-zué,(ht.

“.and 135 and 1050(C-N) ai™; m/e 333(M ).

_mp 21;6-2&80), IR(KBr) 3330(NH and OH)

7

from acetone to gz_ve the J.soprgpylldene derlvatlve ﬂt(l 78 g,95° %)

mp, 2x+l+—21+6 (1it.
-1, MR- §o. 99(19-CH3) 1. lb,(doublet J=6 Hz, 21-CH ) 1.87 and .

gEC—N)

2. O/.;(two oleflnlc methyl groups') 3, Sl(broad ZO-CH) L. A_B(broad 3-CH§\\,

and 5.42(broad,, 6-CH); m/e 373(M%).

o

4

I@Amﬁnggregn—ﬁ-ene -38 . 208-d%01 18-N-( d.r—chloi'oacetate )(55).

]

minute perlod to a cooled(—lO to -2 ) solutlon of the a.mine(j}, 0.17 g,

\(15 ml) with. v1goro\as stn.rrn.ng The reactlon m:xture wag then stirred
»for a further hour at’ -10 to -2 “and ;ubsequently for 2Q m:x.nutaas at*’S

- to lO
was washed with dll HCl solutioﬁ\, water N4H003 solutlon a.nd again

'w:,th water. The drledv solut:Lon was evapof'e\ted and the residue was

“ oy
+

* t o .
#  chlorodcetyl chloride.

P

“. a). Conversion of ﬂeim:me 53 to the a—ch\}_oroamide' 55 with ¢-

<

¥

i opreg_n—-j-ene -38 2OB—dlol lB—N-lsopropvl:Ldene derivative ( 54) .

The 18~amino stero:Ld 53(1 6'7 g, 5. 0 mmoles) was recrystaIJ_'LZed

100 mp 247-21,9 ), IR(CHCJ_B) 3600 ‘and 3210(0H) and 1668

-,

Sodium hﬁrdroxlde(la g, l % solutlon) was added over a 15

o recrystalllzed from ethyl acetate to ga.ve Oq/W{. g(68 %) of 25, mp 21;5-

-

/‘_, 0.52 mmqles) and chloroacetyl chlorlde(O 17 g, l 5 mmoles) in chloroform

After dilutlon w:Lth ethyl acetate the separated organic layer '




-3 ) 3

“"”" ‘ " ) 80 . ¢ ‘

“

. ‘ 21;6.5°;- Ih(léar) 3250(NH), 1650(amide C=0), and 1540(amide band II) cm™t
Ana.l. Caled for C 5oft36S 05 c, 67.38; H, 8.85; C1, 8.65; v, 342,
.. - Found: C, 67.27; H, 895+ C1, 87ON329

M/e 409:411, 3:1; w —HZO MY-CL; M -ch, M -C1CH CONH2

(,.
The same product(55) was preparetd(in ca. hb % yield) by employing
J a . »

°

“ pyridine instead of the sodium hydroxide solution. Reaction conditions
were identical with those above with ti’xe exception that sii:rring oi."the

©, - acylating mixture was continuéd at 0° oyernight.
_ b) Conversion ‘of the a.mlne 53 to the a—chloroamlde j_ﬁ w:Lth T
. . . A . :

U L a-chloroacetlc anhydride.

M‘

. A methanolic solution(lO ml).of t}xe 18-amine: 53(0 A167 g,

- \-

0.5 mmoles) and ,chlqroacetlc anhy'drlde(o 3k &, 2 0 mmoles) was stlm'ed

1+ hours }ﬁd mamtalned overnlght at room temperature. After evaporation
AN N ¢ e £ A
) of sq¥vent the residie was triturated with ether and the solid formed

T e ; . . ;

‘ ' ) ? . . . ’
| was washed with ether, pfoducing 96 mg(47 %) of 55. The physical-data

—ctA, . o ; b .. . &
- were identical with those.reported for the 55 above. . .
‘ e . . i ]

7

3-Hydroxymethyl-5, é-dihydro-Y-pyrone;carboxvli‘c'acid—z Lactone( 5700
g 108 .

P

" - -~The. tltle compound was prepared by the method of Puet'zer et al

' [
(t.rlplet J 6.5 Hz, 8CH C) L.82( riplet J=6, 5 Hz,|OCH C) and 5.00 ¢

(c=cCHO). °,, . , ‘

<

o ' Rgargangement of the Y—Dvrone(ﬂ) Eg__l_a.ct___;__am(j__) ’, \f e
i : , : e

N * Sodium azlde(l 0g, 15 4 mmoles) was ‘added over a 10-20" minute




A:..\\'_{‘_A._,#

3

3

" L
é .t . \ “ . N ' .
i . . 4 R s
€ * 3 . ’ !
’ * k4
1

]

' 3 ¢ .,
- « 9, .

period at 0% to a- stirred solution of thb pyrone 21(1 54 g, 10 nmoles)

diSSOivéd in congc. H SOA( 5. ml) After stirring i‘or 5 hours at room

4 - /

temperature, the mixture was poured onto ice a.nd the precipitated solid

»

was filtered and washed with water. Recrystallizat_,ion from acetone gave

. Q.55 g(32.5 #) of the lactam 58, mp 224.5-226"; IR(KBr) 3410(broad),

: 1 , - -
3230, 3180, and 3040(NH) 1765(lact'one C=0), a:nd 1675(amide C=0) cm l; .

NMR(CD 0) & 3. 68(mult1plet NCH c) k. 57(rm11t1p1et OCH c) and 4.90 y
(OCH C=C);. UV 265—-305 nm with a peak at 300 mn, m/e 169(M+) (

Anal. Galed Tor C_HNO 3 C, 49,715 H, 4.17; N, 8.28. Found?

'w 7714

c, 4959,}1 I+12,N 8.22. B oo :
f’ ! . ¢ i

3-deroxmthxl— 5, é-dlhzggo-é R 6—dlmethyl—"¥—pyrone—carbaxv11 c ac1d—2
Lactone (60 §_)

‘.

o
. 'Phe title compound was brepa.red in 50 % yield accordmg to the -

‘108

Tthod described: by Puetzer, ot al.: NR S1. 58(6H of g__-d:unethyl)

AN -,
2. 70(-?:011 c), and 5. OZ(OCH c;,«), uv 280 mm. - . Y

I » " 4
5 .

Rearrang@ment of the ’Y—pvrone(g_) to. 1actam(§_) —

‘The Y-pyrone 60(1 54 8, 8.5 mmoles) was treated as descrlbed “for

the prepa.ra‘tlon of” the laatam 5_. After recrystalllzation from methanol

Y g(82 %) of 62 wa;a obtalned mp 232.5-234.5 H IR(KBr) 3430, 3260 T

3220(NH) 177.9(1actone c=o) and’ 1660(am1de c—o) NMR 31 50(6H !of e’
g_-dmethyl) 3. t;l;(doublet J—5 5 Hg, NCH £), 5. oz(ocn 0=C), and 7. 05 SR
,(broa.d NH), my/e 197(M*) v 232-275 nm mth a peak at 272 mm. - T

_Anal. Caled for ¢ HllN -C," 54, 82, H, 5. 62, N, 7 10. Found:- -
C%nrww%m7u. ‘ ‘ s

T )



Preparatlon of the 1actam(§_) from ox:Lme( Ql. a and b).

‘p

’ the reactlon of  hydrazoic ac1d with the 'Y—pyrone 60. -

The oximes(6la, b) were prepa.red by refluxlng the’ ‘Ya-pyrone(é_, 8.19 g,

L5 mmoles) and'NH2OH'HC:L(6.3 g, 90 mmoles ) .:}n‘a 70 % aqueous ethanol

solution(BO mi). After L; 5fklour5‘the solutd.on was concentrated and cooled,
yielding 7.2 g(83 %) of the ox:.me(él a and b) mp 218°(dec) IR(KBr)
3250(0H), l725(la.ctone c=o) and 1635(0—1\1) ; NMR(CD o) 51 l+0(6H of

gem —dnmethyl) 2. 60 and 2. 65(1 1, “NCH.C of b and a), and 5 02 and 5. 28

2
(1:1, OCHzc =C of ra, and b). UV 257 5-305 nm with a peak at 995 nm.

‘

Anal, Calcd for C9H11N10h c, 54.82; H,”5.62; N, 7.10, Found: c,:',

{54,795 H,5.62; N, 7.06. ;

2 v . P “ - -
¢ ! ‘

The o:qgle 61(1 97 g, 10 mmoles) was converted to the lactam’ L

"with- phosphorus penta.chlor1de(3 g, 15 mmoles) in tetrahydrofuran. The

solution turned to yellow—red a.nd a solid matern:al separated Aftev
stirring for ongy hoyr at room ’gemperature the m:.xture was poured into -

cold water. The/ o:Lly la.yer wh:Lch a.ppeared after concentnatlon of the

"aqueous eolutlon yielded crystals(o 493 g, 25 %) of 62 upon coollng.

The physmal data were 1dent1ca.l with those of the 1actam prepared by
o

IR Y

'Attempted Diels—flderareaetlons with the 'Y-pyrones( j_'z and 60) ‘and the .

l’lquid m.trogen a.nd was then sea.lszd under va.cuum. Afﬁer heat:lng 1n an

lactams(iand_é__) o - . ’ e

b ’ ) : o ®
The DIElS—Ald?r reactions were, carried out elther ina séaled glasé

tube or in an open syStem(Ta.ble IX) ‘The glass tube was cooled with

o, ° # { 4 7

:autoclave the tubés were opened at J._tt;iud nitrogen temperatures. The

enoghlle was used in- large excess with or without ‘solvent. e

]
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Table ¥X. Attempted Diels-Alder Reactions. - i g
Starting| Enophile :Cond.jz‘r.iongj | Result ,
"|material ' ) .
= . [N
62 butadiene taluene, 100° for 6 h, * b2
" . v " - c > .7 .
n f n -, 155° for 3 d, * 62
"o n N acetone,‘ 9Q° fqr-lld, 3t 62 and tar’
u oo n , 110° for 3d, % 62 and tar
u n + -, 70° for 34, » 62
no '2,3~dimethyl~ © - . B g
butadiene ., |toluene, 2 drops of ClZCH @H . ..
L . 100° for1d, * &2
. rd B
"o " g o, refluxing(for 2d 62
60 n o, " for 24 ¢ 69 .
) *, p >
w ~ " #.:|. = ;3 drops of CL,CHCOH '
- 150% for 34, % £ | ed -
. »
- butadiene - '‘metHanol, 85° for 1 4, 60 ’
" J " ethanol, 3 drops of AcOH, - ,
‘ "« | few crystals of: hydroquinone,, s '
/ a " 130°% for,l d, * 60
‘) T . -
n " -, fe"w(;drops of AcOH, .
. 8 170 190" .for 1 d, # - 60 and_tar
.58 n benzerie, .105° for 2'd, # ' "~ 58 and ‘tar
n oo ~ -, 170° for 34, % - 58 and -tar
n 1 2, 3-diJneth;§fl— ) | C
o butadiene 'tq]:uqne,'refluxing for.1d - 58
57 :. ‘ 1: ’ ‘\’ 1 ' " 1d a 57
L butadiene ethanol, few drops o AcOH, ’ B
. | few crystals of hydroquinons, o
170" for 1.d, #* - 57 . 9
# Autpclave. ° " ot ’ ! |
v );“ 5 P — ,‘:_;~ \<ﬁ ' ./' .
i . . @ . “ . ; & \ ' o .. . e
) . ‘. . l‘i \ .j\_“‘ R 'm,,.,m
, , . - SN e )
o\ N e e Lt R C

o
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. Calculation of Angular’ Methyl Protons Chemical Shifts. ) o
. // -' ° ) ’ - ‘. ' ) ‘i N ‘ v
. | /\ The reschance frequency of, angular methyl protons is dependent on

both the nature and orientation of sub ){ituent ’groﬁp’sb in various - ‘ .
locations of the steroid skglet.on axzd moreover the frequency shifts of "

! - »

. angular methyi protons induced by s?yeral different functiohal groups - - y »
t N )] . ¥ .

are additive. This additivity of chemical shifts was utilized for this - .
. o < .
\ -

o~
. ’

calculation, ‘\ . . .o ‘“
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For the calcu%ati’on of"\ng,zéﬁ-dihydrogcy-Sﬂé-,pregnan-B-one ll-agetateé' . +
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\SB,lqa‘-Anélrost.ane \ . T

i [

|
| .
SN

\

Table X. Calculation Method of Angular Methyl Protons Chemical

Shifts of Compound 47, 0 T - '
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S -, ‘r
RT U AT DO
a_qs~\,*‘~;;"‘:-‘ h &t

" . SOV AN
Vit SEL Y
Vfﬁf@ﬂi‘&t R bl

e

v SR
58 ,14a-Androstane ”.

s .

3-0xq(sR) .- SRR
1la~OAc . = - N

. @ 4
N

3 .
" IR
175'.03(5_-05)9}13 - "i -t

J;iaacgtaf“ta,(gz)' e 'lu R

18-C

"3

19—CH3 *

41,5

55+5

e ———
1\'.‘ K .

5 W Wb
ERRI IR P ALTe ol AL RTIS S5, 052
% PRFE LY, A e
o S
N, S I O AR




(47), for example, 58,lia-androstane(Fig. XVI) having the unsubstituted

‘( + steroid skeleton of compound 47 is taken as reference aljld the shifts ,

' ‘ .« for the various groups are obtained \,i‘rom Table XI and added to the 18-

)

and 19;meth¥l resonances of the androstané(Table x).

20

Table X.I The Effect of Substituents on the Chemical Shift of 18- '“
L " and 19-Methyl Protons at 60 MHz. , T ) . ,
Q l8—CH3 . A9-CH, oo
50, La-Androstane ' A UE SRS B,
58,14a-Androstane L5 | sses | .
3—0)(0(50:) , '\' 2-5 ' . L. ll+¢5 . )
3oxa(58) - T - O TP R A -
3-Ethylene ke‘t.al(5l‘3),. o A 2.0 .
‘ st . 1
11la~OAc ’ : L T35 L0 \
“ 17a“-cobn3" oo R S 120 Cos
17B-00CH, - N 5.0 7| ~0.5
. PN O S ]
) 'l7B—CH(a-®H)CH3\ SN -3.0 ~0.5 o ‘
~ 173_0}&(5..0}1)% . “ : : 2.5, . ~0.5 ,
17p-CH(a-OAc)CHy © 2.0 ~0.5
] R <, ) .,
17s-cu(s-0Ac)cr13, - -5,0 . -0.5 | \
v N - v - » , t R
e . ) ’ i

* For the ca.lﬁfulat.ion of methyl resona.nces of the 3,3-dimethyl ketal N
of the EB—series and, 3-ethylene and 3, 3—dimeth3rl lcata.l of Ha-
series this value was used’ in this work., These calculated results -

‘¢ "

were in good agreement with observed data..
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. 17[3-Hydro:qr-5a-androstan-3-one cychc 3- (ethylene acetal)(3). " . ,

1
2
3
L
5.
6
7.
8.
9'.

5(1-Androstane-3 17-djoene - ‘eyclic 3- (ethylene acetal) (g_)
(20)

5a-Pregn~cig-~A 17 3-6ne cyclic 3-(ethylene actal)( j)

208—Hydroxy~5a—pregnan-3—cme cycl:Lc 3-(ethylene' acet,al) ( _6)

. [ [

208-Hydr 01C.Y-50--pregnan—3-one(1)' . ‘ ST

.
% - -

. > , ‘

18—-0xm11no—205-¥1ydr oxy-Sa-pregnanu-B—one‘ ¢ L)

2t-Nor-cis- _pL7(20 0) -50- pregnan—j-onéacycllc 3 -(ethylene q,cet(a\lj(ll)

[

17B-Hydromethyl—5a-androstan--3-one cyél:.c 3-(ethylene acetal)(‘lZ). .

17B—Hydromethyl—5a—androsta.n—B»-one cycllc 3- (ethylene acetal)
Y

‘20-n1t.r1te ester(;j). : e .

.

10 20p=Hydr oxv—Sa—nreznan‘-’i-bnejO-acetate ( 16)

JERN

11, 20a-Hydrmcy—5a-pregnan—3-one cycllc 3- (e‘ohyiene acetal)(l __9_) ——

12. A mixture of 50-pregn- trans A‘ 7?20
7(20) . .

acetal)(2la)-and its ClS -A -ene 1somer(§) : v

a) Prepared from the 201—tosylate(20a) o .".

b) Prepared ,t‘rom the 2 -tc,Zylate(20b)
. ’ F-
1 13. zog-ﬁydroxypregn—h—en—ls-oic acid 18,20-Lactone( _2, a and b)." )
14, '2OB—Hydrmqr—53-pregnan—3—one (30 3_).. - i
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15; ZOB—Hydroxy-Sﬁ-pregna?—Bz-one cycllc 3= (chylene acet.al)(j_)
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16. ‘
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. ) Ce .
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,20B-diol 3-acetate, 20-nitrite ester(5l).

.

P

L
P
a
o

u

- .26+ Pregn=S5~-ene-~3p

;
e PPN

e b W W
Al ~
PR MR sl L

.
" - 5N N ps 7 s ? CRREET RS
, a4 5 AT KRBT RsT Bl AT ISP N
N RN o4 o VTR At By B0 2k A SN e
PEA PRI -~ N B m_a} ,5}{{:“ FrAP: S g“%‘ ) ,,‘ et 7
: By g 1 ¥l § 5 E SRS e
3 R Mot Pe

! 3
Y




B

e by

"

g R

RN R A
LR T 1 .

4 ) Ay .
=€ -ToTP-goz*
Vs e
. 1

"

THERerress
1 ﬁv in.i 1 —ri

T ik




.

v

.

. L 259

« D . N e ‘.;‘m.wuqm;u».ﬁ: z\
N - - . - Py . v -,

[ R UV s v.m

’ - ¢ 5 PR A
N m N ﬂ é - e o u.um i,i.,ux.x.ﬂu‘.. . .hi
(K00 8°0XET) TOTP-g02 * gE-eue~g ~uBeadoutuy-8T g2 " m.%ww%wm
. A v za& . e, .. A wn‘..\»m.\mrwmmﬁk,ﬂ» Ay
1 w § . L 2§ .‘L.W,?..a
RIS ) * 2
T 3 ] L L] L DL R K _. i LR L LT B 2 _‘,_,uumvunu, :
T
) ﬂ_ . y A -
- - o o -
. ) . .
. - ) ¢ - -
~y -
. i
- : 3 ) R
. . , n
SN ]
. " ’ ' T e
. - ) _ - - . “n S Ve M,»..\a’,uvew.. K
- a el e e s R
.
.
) N 1
) .1» . \. - .
-+ -~ « .
. E .
. .
oy -
. -
! A}
1 —l . J S
0074 , . +Q0¢
~ M . - . ..Y» . “
. ’ REEREY IRV
‘ ’ A [ :
. . . L e e
o N )
W L ’ R?JJ L r.», ”..w..nw S &



-

14

sopropylidene derivative(5s).

<
]

Py 4
R
S 3
a 4
o g
ol
N
=

5

29. l8~Aminopregn-5-ene-

3
S5
‘x‘“i\* ey

oy




~

, - - , P - . .
. . [
¢ . \ :
R - - M P
T IR IR
S I L I s e -
l.n.-s.c - — - e e e e s er e e nc‘»... .phlnn.di.lll! .
¥ - -y RS .
M B Tiles o7, > ¥ “ P S R
x Ml R R I RO k]
Ceb s e T L, B8 S <
et . ST T T N
U L SIS CP LS bt
=L, S TR T .h
hPE I - . T~ - | ISP
" N o .
. - . . - 0
S . - R m
pr— , '
_ - - X o - - .M._\.., b .W
i T e T m . o ﬁ.“.w.rumm
o e Lot - Lol R
.t . .u ‘" . PR R Ym- {
e T e W
B N . e S -
. ST T .
. . . Y) ~ oo et .
»- N " -7 . -
SN U S N %
. : e ) ) . .
. T : g N
L . : g~
. . . @
. . =
. o
- . R § 3 .
. L .- .- - L .
. S o . § S
. : L= , o —— o
- - s e emier e e S A e R s - -
Lo T S - 404
| U Sr—— = [ L) :
A § e w b ————— A AN o te a ¢ e ST A am - A B o mmm—— e - a b e o ot o T — . z
: .; N . P R i i H u. rlw )
) PR ] , .
., 1 B E . - N - - - .m 1 .
. L T oL cdL
: N . DO SN 3 . . ) . Lt . i .
. ' .. . / - [
» ‘ - 3 - -
. [ . : 4 ° ’ A.(..y, wx ,..i
) , 5. -, - T




., BUO252% :

T T T N . N ! p B R
w : - R o - L . . T BRI Awm:rrﬁ‘.m «.ﬂm
. . .*,—.\...I S e - - R, - - BT - . - - R N <. . H
LT N 3 . ol ) !
: [ . s - - . . .3
B S > S IR I : T L - H B . N }
i - ) B . A e - . K
N m.L.l...._ i e APt ST | e B T -~ T N -1
Co. .. . T .- - « H
B e B E RN S r . N , . R .
. : e . ' . . ]
R h . .
: T ) {
- . R
N . - .o o ot
RN . . g - . . ‘
A . N . . - N . ] ¢
N R - - - . .- - .. H
‘ - >
: : . . , p . .
. ) e - L TSNP VITE U | N - .- " 4 . .

- + -
- « - N 1 . . RN *
- - — - . . = - — ——gmree - - - .- ~ PR - -— - .- - .o - - e

i <
N . — N - - - A :
N o N . - ‘. . . £
i . k . . ~ 3

hd - - ... - - - .- - - - - R s T d
_ . .. .- . - - e a A . ' e
R . B AE2 3
' - N - .- . P - t
RPN ) - p o — - ) 3
ER - - —— Y —— e - - — - P .. - . — - T e e - - - - - - - P - - - - - Te o $!.~
s oL T S : =T =
. R . . ; . H
S .. 3 . - B m - . H

. S . :
. : . : , S|
. P P . . . 3 . m

. c. oo - -1 . : . T .
. - - . \ . H - -1
- . : -t 4 - N s T d
. ) . Al . - - -

¢t metacmmrs  mmme t% se o rrvmn emes = e v ¢ e mmmename e ;i wwen emwn e e et f e e - e - - a- Cmev e et [,

; s N
. . . e L




.

et

. L <
d
N - ~
. ¥
: 4
,
-
i e i
-y
.
. N
. 1.
. o
-
—-—
-
o~
. Yy
.
, on -
v -
.
J
» 1
\ . : 13
. i . -
: |

¢

rixkylic acid-2 Lactone(§0).

one~ca;

0-6, 6-dimethyl-7.

~
5

f

' 32.- 3-Hydroxymethyl-5,

b
VLRV TN
e, SR

ERI

7
v
‘e
.
.
.
‘e
.
0
v
-
R
ce
e
~ .
!
'
o
A
.o N
¥ o

T
Vo



" 4(Q) Wdd ¢

SN .
« *(q puwe ¥)T9 ewrxo eyg °

Wae - T

RGP S

: AT e e
e T LT e Ta A0St R 5,
P e 2 o
s .mll. A-,.xn..&ﬂ\.yn«)xwr..‘

AT e BT .\m.”»w
Sy R
-.: X B

S
AT, v
s .n«..\«..

1 T I v 1 1

sy
N

§ R
-~



- PR - ~ "
Ny . - - -7 0 T - - N ARk AR L Sy - a2 IR 5 SR L A
- . - . . - ~ E N A e i v ol D
. . . ‘ < . - e . .}im».}ﬁ!ﬁﬂ.w& PG A P o kYEtel e

Sig
S

T

i

ST
+

;
i
¥

e

el
H
9:
",

- %

-
>

v

3

X
o
w5 3
5

. . . -~ i MANCIAD WA
. . - - o Y C L e T R
- . - - : t g
- - M « o mc. 1 FY [EE1 P
- .. he P RS S

~ 3 . 3 e e PP st
e




