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INTRCDUCTION

Extracts of Buxus plaents have loang been used in the treat-
nent of disease, including molaria and skin diseases {85), and
they have beer investigated chemleally for some time (&2,86,99),
Racent investigations on the alkaloids isolated from.-the leaves

of Buxus sempervircns L., and the leaves and twilige of Buxus

wlergphylla Sieb. e¢t. Zuce. by Kupchan and Asbun {50),and Nakano

and TPerac (73) respectivcly have shown that they have the

atructures (I),{IT},{ITI),and (IV).
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* The sxact location of the conjugated diene ¢hromsphore
in (IV) has not been settled.



During the course of these investigations it became

necessary to determine the configuration of the 3— amino proup,

and as therc were no examples in the literscure of configurational

assignments of amino groups in similar environments, reference

had to be made to ths investigation of Haworth gt al. (45,46,49)

on the deccouposition of steroidal trimethylammenium hydroxides

to settle this sterecchemical peoint.

Havwertl a

et —

al, (45,46,49) have sxamined the Hofwann

degradation of o number of stercidal trimethylemmoniun hydroxides:

thelr resulis are summarizcd in Tablee T and TII.

Tahle T

Hofmonn Degradatlon of Axial Steroidanl Bases
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Table II

{(vi)

Hofmann Dagi*a.datiah of Bgquatorial Steroldsl Pagmes

—pramonium hydroxide {(VI)}

Crude Crude base
References Quaternary hydroxide hydrocarbon|recovered
! (%) (%)
45,49 34 ~Trinsthyl 5% —chelestane L Q2
ammonium hydroxide {(Va)
45,49 X ~Trimethyl =5 fw»cholestane 18 63
sinioirioun hydroxide (Va)
49 38 =Trimethyl ~50 ~pregnane 5 S0
armonium hydroxide {Vb)
L& & ~Trinethyl ~5(i-chelestane 3 (&5+ &5} 63
anmenium hydroxide (Va)
49 %3 -Choleat ~S« onyl-trimethyl- as -




It can Lo seen from tho above data thot the matn rroduct
resulting fron the degradation of axisl trimethylammoniun
hydroxides is the cerresponding oclefin; the equatorial epimer,
however, affords only a little hydrocarbon, reversion to the
tertiary stercidal base being the preferrcd course of reaction,

These results are consistant with a bimelecular elimination
mechanism which requires a trans antiparallel arrangement of the
partlcipating centres {(36), These 3L~ pubstitution in the 5 (¥ -
cholestane ond 50l~ preghane salts (VII) satisfies this cenditien,
the quaternary aitrogen and the axlal hydreogens on the L =carbon
atems being trans and coplmner. However in the j;?-e;imers, the
dihedral angle of the gquaternary nitrogen and the hydrogens
attached to the @-carbonr atoms is about 60" for a chair conformation
(VIIT}, ond almest 180° for a twist conformation (X). Since tha
former would e expecited to bs the preferred conformation, ez.
lower steric comprossien, substitution rather than elimination

Ehould predominate {VIII —» IX}{6,9).

{VII)
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An exception to the above findings is the decompesition
of 3£ -cholest =5S=enyl - trimethylammonium hydroxide (VI), This
compound furnishes a large quantity of cholesta =3, S-diene (XTI}
even though the quaternary nitrogen is aquaterial. This result
can be interpreted elthar in terms of an E1cB mechamism involving
the oeidic allylic f- hydrogen at the 4 - position, = relaxction
of the rigidity of the system, or more likely an E1 mechanism

promoted trans—annularly by the 5 - 6 unacturation (5),
e HH-\E
'
Ny
{X1}

The olefins resultinc from the dagradation of the 6 -
subBtituted S5 -~cholestanyl trimethylammonium hydroxides de nat

conform with the Hofmann rule (57) of orientation which stntes



that when wmore then cne olefin may be formed Irom a tetranllyle-
ammoniun or trialkylsulphonium salt, the olefin bearing the
srallest nuwuier of alkyl groups will predeminate.
The 68-squatorial salt gave a small quantity of choleatw
S=ene by u cis elimination and the E0-axiel salt underwent a
normal trons -~ elimination with Saytzeff orientztion sven though
C? poageased o suitably oriented axial hydrogen atom. The lotter
result (46} has been related to the considersble non-bonded
Interaction wetween the axial 10 =pethyl group and the 5—;3
quaternery nitrogen and 4-methylene groups, and a recent rate
study (28) of the degradztion of St-cholestan -6 ~yi~trimethyl
lodide end the tris-trideuteremethyl analogue hae suggested that
the observed isoteps effect (kakD = 1.6) 15 best described =8
steric in crigin, Defermation of ring B is not responsihle Ffoxr
these zanomolous results as is shown by nuclezr megnetic regonance j
the half-intensity widti of the E0M -H multiplet of the
trimethyleumionium salt in deuterlechloroform is ~9 ¢ps which is
congistant with anl equaterial hydrogen in a chair conforantien,
Reeently, Gent and McKenna (46) have made a kinctic
study of the Ijenschutkin resetion methyl iodide with = series
ef 3 -{(tertiary amino) steroids, and have concluded that
equatorial bacea have lower energies of ectivztion ~nd lower
" frequency frctors’” than their axial epimers; the difference
iz probably mainly due to the greater degree of solvation possible

with intermedinte cowplexes derived from the less hindered anine

{40} L]



Meherna of al, (€2,69) have also determined the
approximate first order rate constants feor thes gquaternisation of
eplmeric 3,56 and 7 dimethylaminoeholestanes with msthyl iadide,
and the degradation of the corresponding trimethylammoniun
hydroxides. They have suggested that the differences resul ting
from varying the position and conformetion of the aminu group in
the chelestnne nucleus are due mainly to chonges in sterie

compressions Their results are shown in the Table ITI.

Table IIT

Isoner J Kq Hhc Kb
B 54 2 x 1072 [1.5 x 1077 6.0 x 10°7
3n 2 x 1072 | 6.5 x 107 [ 1.5 x 1076
sox 2% 10| 4 X107 ] 6 x 107

55 8 x 1076 > 1072 -
7O 2 x 107° | 2.5 x 107% | 2« 1077

The mitrous acid deamination of primary aminosteroids has
alas bhaen the subject of stercochemical investigation. Shappee
et al, (83,90) have found that the deamination of epimeric
2y3,4,6, and 7 anino steroids followa m strict stereochenical
pattern; saturated equatorial amines yield the appropriate
egquatorinl al;ohols with retention of cenfiguration, in gquanti-
tative yields, whilst axial saturated steroidal amines afford

the approprinte axial alcohol with retention of configuration,



unaccompanied by the epimeric alechols, but accompanied by nmuch

eliminaticn, the olefins produced conferming to the Saytzeff rulc.

Their results are shown in Tables IV and v,

Tabls IV

Nitrous Acid Deamination of Axizl Anines

Reference Aniine Subatitution|Elimination
product praduct
B8 2ji~fmino-50-oholastane 20=0l (0%} f&j+ﬁa?5%)
=0l (21%);
90 a-Amino-5o—-cholestana 3o-ol (45%) AC (549%)
%5-ol (0%)
0 3@=hnino-54-cholestane 3g=ol (0%) ~ (50%)
3p-01 (L6%)
90 ﬁ&rﬁmino-chnlesfuﬁ—ene - cholesta-3,
S-diene (70%)
90 3 =Hydroxy~6gd=anino—50- - & (95%)
cliolestane
88 hp-Amino-50-cholestane - A (92%)
90 Eﬁ—ﬂminﬂ—5&~cholestane - A7, A 6(.7}
{99%)
88 = Anino=50-cholestane 7m0l ( 363) Q? {61%)
7A~01(0%)




Toable ¥V

Nitrous Acid Deominntion of Egquatorizl Amines

{

Refarence Amine Substitution| Elimination
product product
88 20-2nino~5-cholestane 2n-01 {96%) -
2601 (O%)
18] F=taino~-50-cholestane Al (O%) -
33-ol (99%)
90 3-Anine-5f-cholestane -0l [(92%4) -
3G-0l (0%)
S0 Ep-fguino-ch:rlestnﬁnene Fou-al (0%) -
330l (100%)
20 iﬂ-hyﬂroxynﬁﬂhnmino—Eu— G-ol (98%) -
cholesatone 64~ol (0%)
88 Y0-Amino=50-choleatane L-ol (82%) -
43-01 (0%)
90 GAnino-5-cholestane Bl-al {974} -
6p~01 (0%)
l 83 ?f-Ainino-S0-cholestane PAmol (0O%) -
| ?ﬂ—'@l {95%)

Ehnppaers Tindings sr& =zt variance with the ohgarvations
of H‘Eckel (5%,56) who has investigated a large number of
substituted c¢cyclohexylarines and found that both axisl ond
#quatorizl coino compounde on deamination afferd alcohols with
¢oncurrent inversion and restention of econfiguration. white and
Batchelor {101) have rec¢ently reinvestigated the nitrous acid
deaminaticon of SM-and };Faminocholestanes under a variety of
conditions ~nd hrve found thot in each case retention a2nd
inversion of configuration occurs: their results, which are shown

" 1
in Table VI, being in line with Huckel a findings.



Table VI

10

The Nitrous Acid Deamination of 3V-and %@—Aminu-ﬁ&-cholestanes

Configura- | Avcetntes Alcohols
tion of S Olefin
amine group|Solvent Yield Ret.| Inv. | ¥ield Ret, |Inv, {520
' (%) (%) | (%) (%) (%3 | (%)
33,09 HOAc 53 66 | 34 41 g0 10 5
3, ax. HOAc 15 60 40 9 Ag 11 z8
3heq.  [SO7OA” | 29 611 39 | 43 65 | 35 | 25
Bxy % 5050 19 - - 13 51 | 39 b5

* conteoining 25% of dioxane.

They hawve also couputed the total aleochel formed in the

desminestion 1a 50 oscetic acid based on the acetata

isclated =nd compored their results with those reported by

Shoppee {(90)

¢ This doto is tobulsted in Table VII,

Trable

VIT

Comparison of Deaminntieon in 50% Acetic Acid

i ‘ ‘ Totol aleohols ‘
Reference E;ni;izzééizﬁp Y%;%d ?;?‘-If;;'hd Dlﬁé?n
101 3/dseq. 69 654 3:6 25

90 2Ee. 99 99 0 0

101 300, S 30 60,6 | 39.7 5

G0 Bty X s 45 ] 54
. ] A

cnd nleohal
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Shortly after Batchelar and White (101} reported their

findings on <he demmination of 3~amino-Wi-cholestanes, Shoppee

gt al. (93} published the results of thelr reinvestigation of

thege resctions,

They have used thin-layer chromatoegraphy far

the detection of the products of the reaction and gas-liquid

chrematography for estimating the proportions of the products,

Their results as shown in Table VYIITI and IX support the findings

af White and Betchelor (101}, and prove that deamination of

&teroidal amines ccocurs with predominant, though not exclusive,

retention of configuraticn.

Table VIII

Deaminatior of 3@-Amino-50-cholestane {3p-HHE,eq.)

1 Acetates Alcohols
Solvent  |Temp, | Yield| Ret.|Inv. | Yield | Ret. Inv. | Olsefin
{"¢) (%) (%) | (%) (%) (7} 1{%) (%)

HCAe 20 59 a1 9 32 94 6 9

BOHOA: + 25001 —20 Li 15 64 3L g2 18 22
© Dlopxsne

BO%HOAL: + 25 20 35 49 55 i g3 17 23
Dioxane

BORHOA: + S50% | ~20 zh 45 55 53 B9 11 13
Dloxane

L
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Tavle IX

Deamination of 3-Amino-Wi-cholestane (30-NH_,aXx, )

2
! hcetates Alcohols

Solvent Tewp. |Zield [ Ret. | Inv. [Yield| Ret.] Inv, |Olefin
(“e)| (%) (% (%) (%) (%) | (%) (%)
HOAc 20 19 Lg 45 ~( 0 0 51
50%A0Ac r~ 20 & | 50 50 7 57 {43 a3
SO%HOAC 20 3 |50 50 ho 35 S 57
SO%HOAC 0 20 | 50 50 - - - a0

Several thecrizs have been proposed fto account for the
almost exclusive retention of confipuration which cccurs in the
deaminatioh of stercidal amineg.

Cram et _al, (3,22,26,31,3%,44,81,82) have postulated
the idea of forming a "high snergy', "hot" or "unselvated®
carbonium icn on deaminatlon, The ior RN; is supposed to break
gdown almost as scon ag it 13 formed in a reaction which ie so
rapid that neither golvent msgistance or neighbouring group
particlpation ars required. The nitrogen molecule is expelied
without seriouws energy drain on the rest of the molescules, to
leave a relatively high enerzy carbanioem ioca. Its sterso-
chemical fate is controlled by the relative proximity of solvent
malecules to the equatorisl or axial faces of the c¢arbonium ion
once the nitrogen nolecule has left. However,thls hypothesis
fails to explcin why diasterieomerie amines ip eyelic systems

generally yield different eets of products. Streitweiser (97)
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haa alse objected to these views; he has proposed an EE

+ with a solvent molecule as the diswonium

decomposition of REE

ion decomposes by processcs roegulring low astlvatien enerpies.
An EE mechanien 1s claimed to afford s mere satisfactory account
of the demmination of alicyclic systems and allylic amines {(8%).
Bhopree ¢t al, (90) consider that carbonium ions are not
involved in the deaninatlon of stercidal amines which have rigid
ring structuress They hove suggested that the rcaction must
involve the interaction of water with the diazonium c¢ation in =

py¥rimildal 3 2 transition state (XII,XIII). An immedlate

H
abjection te this pxplanation became apparent when it was showm
that the clefin formed conformed with the Saytzeff rulc of

elimination, whereas elimination from the diazenlum cation

should have been governed by the Hofmann rule.

G F

o

(XTI {XIII)

Aunstin ond Howard (2) have suggested an alternative
rezetion path way which i analegous to substitutien by the SHﬂ
mechaniem (XIV), Jhey argue that this mechanism, whicli invelves
the dinmohydroxide, would lead directly to the alechol with

retention of configuration, In addition, such a mechaniem is

consistant with Shoppee's observation that climination is



1

Saytegeff-controlled; ithe olefin 1s formed by fragmentation of
the non-polar diarehydroxide {(XV) and is net derived from the

polar dizzoniwm gation,

(xv) (XVI)

Recently, Shoppee ¢t sl. (93) have suggested an internal
Sy! substitution of the solvated diazonium ion pair (XVI,XVII),
ieading to productas with retminsd configuration. They regard
precesgas (XVI,XVII) aos the more probable ones, ard thcy suggest
that the worlt of Cchen and Jankeowskl {(27) on trans-Z-amine-
trans~decnlin (XVIII} provides strong supporting evidence for
their mechanisil,

A study of the dsmmination of 3J-amino«b b.dimethylcholest-
5-g¢nes snd 4,*-dimethyleSr-cholestanes could prove valuable in
testing the validity of carbonium ion intermediates in the

deamination of =terpidal =minee. These systems are known to
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H Iq---*-,
N 1N:
frﬂ'xﬁné H HEH :
+,2/ B
{XviLh (XVIII)

readily undergo rearrangements; thus, 4,4~dimethyl-5@%-cholestanyl
toluene-p- evlpoonate {XIX}(15,91) and 4,4, 140 trimethyleS50m
cholsstwﬁuen-%p-yl—toluena-E-aulphonata (91)(XX} afferd hydro-
carbons of the type (XXI) as well as the alcohols of the type
(XXITI,XXIII) on solvolysis, 'The formaticn of these products is
readily understood in terms of earbonium ion rearrangenents, the
driving force being the release of the steric compression ln ring
A+ Solvolysis of the epimeric Jr~toluene-p- sulphonates (91}
furnishes u Gilferent get of products (IV, XXV, XXVI); Mametkin
rearrangement, which invelves the shift of the YI-methyl group

tao c}. oceurs in thls system rather than Wagbey Meerwain
rearrangement {ring contraction from six te five membered ring)

as occurg Wiih the 3¥Lepimers.

{17
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% :
(XXTIV) { XXV ) {AAVI)
H=anc. 5f-Toluene-p-sulphonates of 4,4-dimethylcholegt-5-
ene have alszo been subjected to solvolysis. The 3@-epimer (XXVII}
(48,72) yields {XNXIX) end (XXX} as the major and (XXVIII) and (XXXT)
a8 the minor products. On the other hand, the 30mepimers (32)

afford the corresponding 3M¥-slcohol, %g,%ﬁ—dimethylchnlest—ﬁ—en—#&h

ol (XXXII), ard %,4-dimethylcholesta-3,5-dieme (XXXTII).

B ™

{XXVII}) I = Te

WEH D
(XXVITI) ' = H (XXI1X) ¢

B ™

HO

(XXXTII) (XXXIITI)
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In additiovn to the mechanistioc value which could ke derivad
from a study of the J-aminowid,b=dimethyloholest-5-ene and 4,4~
dimethyl-Se~cholestane; the results could preve useful in the future
for determining the configuration of the amino group in alkaloids
of the type found 1n the Buxus family.

The purpose of our invastigation im to synthesizs the
epimeric J-anmine-4 4-dimethyloholest~5-enes and the 4,5-dimethyle-
So-gholestanes end determine their conligurations as the first
etep towards determining the steric course of the deamination of

these smines,
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