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THE SYNTHESIS OF THE
1,2,3,4a,6,7,8,9,13b-DECAHYDRO-9aH-PYRIDO[1,2-flPHENANTRIDINE ISOMERS
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(Received in UK 24 July 1978)
Abstract—The four possible disstereoisomers of 1.2,3.42.6.7,89,13b - decahydro - 9aH - pyridof 1.2 - flphesantridine

were obtained by reduction of the enamine 1,2,3,4,6,789 - octahydro - 9aH - pyrido{1,2 - flphenantridine or of its
corresponding iminiumsalt. We report also the synthesis of two isomers of the title compound starting from

trans-2-phenyl-cyclohexylamine.
1 Reaction scheme 2 Reduction of enamine 3 and its iminium salt 4
'I‘heenaminerasprepuedwoordinstoSchemel. The reduction of enamine 3 and on its

Reduction of 2-phenyipyridine® yielded to 2-phenyl- iminium salt 4 are summarized in Tables 1 and 2
plpendme 1. Condensation of 1 with 2-hydroxycyclo- respectively. The isomeric composition (Scheme 1) was
hexanone* gave 2-phenyl-N-(2-oxocyclohexyl)-piperi- determined by gic. The stereochemistry of the isomers
dine 2, which was cyclized in polyphosphoric acid to was determined by 'H and *C NMR spectroscopy as
the enamine 3. described.**
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Table 1. Reduction of enamine 3
Reduction method Total yiald® ¢ 1acmazs
9 G [ (e
- &, PO,
3h, NP0, % ” 16 ) 5
1 wesk, 100 § PO, %0 15 %0 5
- Ham /708 % 52 n o 2
(ozm‘/kﬂl)
- A, ° 5t 15 o 2
- B8 ™) s 3 o 2
- u., 8 21 12 M 33
- K-tri-secsbutyl- & 100 ) ° )
borohydride
- nooonfor DOOOR, © 9% 5 o o
HOOOD)

¢ total yield : yield of the rescticns after colum chromsiography on alu=
mina basic Typ E (Merck) ; elusnt : iscoctans and gradually isoroctang’sther

mixtures.

+ reaction only performed on il asounts to detsemine the relative yields
of iscmers by gas-liguid chromstography.

§ total yield and isomeric composition detsrmined after column chrometography
(meny by-products in gae-liguid clramstogram) .

Table 2. Roductions of iminjum salt 4

Total yiela®

A 6

n 1? o] 12

K2 15
71 18
” 19
100 ]

10
11

o O O o

terated chioroform are summarived in Table 3.

The -ialdpooiﬂonofmn(w”m).maml
position in ring A (Jenser. ™ 11.5HZ, Joume =2.5Hr),
and the close similarity of the spectrum of 3 with that of
the cis-transofd-tranzs S¢* conformer prove that 3 exists
mainly in the cis-2 $ conformation. Only the structure
with the double bond between Cén and C13b was detec-
ted in the spectrum.

Iminium salt 4 (perchiorate). Two possible configura-
mm.’a;dl..mconddemdfonheiminhmuk&
).

HE

as the 92 and 13b H's are axial in respectively rings A
and C in both structures.

Dreiding models revealed that steric hindrance is
equivalent for both the a- and §-side in molecule 9, but
that the B-side in molecule 10 shows much more steric
interactions (crowding of rings A and C on the g-side) in
comparison with the a-side. The reductions of 4 proved
that the iminium salt exists as configuration 10 (see later).

The iminium salt formed in the acid medium ("H NMR
spectrum of 3 in deuterated acetic acid) showed an NMR
spectrum identical with the isolated perchlorate (4).

Catalytic reduction. The catalytic hydrogenation of 3
after complete reduction (3 hr for 3% platinum(IV)-oxide
at 4atm hydrogen; 1S min for 100% platinum(IV)-oxide
at 4atm hydrogen) gave an excess of trans-transofd-cis
isomer Sa (79%). This result is consistent with the con-
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Table 3. 'H NMR-data of enamine 3 in CDCl,
Proton & (ppm) J (itz)
a 4.27 Tga,tux.” 11+5 Ha
3a,80q." 25 M=
HEeq. 3.78 Joqn.” = W H2
. I5eq. 70q." 5 H2
! Jeq. Jax.” 3 8
HEax. 2.78 Jom.” = M4 P
J6ax. ,7ax.” 11 HE
Joax. ,7eq.” 4 B2
Other protons 2.36-1.25
Table 4. 'H NMR-data of iminium salt 4 in CF,COOD
Proton § () J(Hz)"
H9a 5.11 Tga,8ax." L 12
HEeq 4.92 Togn.” * (-13)
H13b 4.15 3w, 1.~ 12
J13b,1eq." 1 5
HEax, 3.83

% The signals are broadenad which prevents exact determination of the
coupling constants.
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formation 8§ of the enamine (preferential hydrogenation
on the a-side) and the mechanism of catalytic reduction
of a double bond.”

As a function of time, Se isomerised to 5b.
Isomerisation from the kinetically formed isomer to the
thermodynamic most stable isomer was also observed in
an analogous series by Baert* (Scheme 4).
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of structure 10 no cis-transold-trans isomer Sc¢ was
detected in these reactions. o o4
occurs in the reduction
whdnbuw lithium tr-t-butoxyaluminiumhydride."?
With the very selective potassium tri-sec-butyiboro-
hydride'® only isomer Sa was present in the mixture.
Even 3 was reduced stereoselectively (100% of Sa) with

S

Scheme 4.

After one week under isomerisation conditions we
obtained 15% of Sa and 80% of Sb. The nature of the
isomerisation products and the large difference in reac-
tion rate in both cases (5a: 1 week, and 11: 24 hr) proved
Mmmwmul&(h)mdﬂl%(ll)..&n
isomerisation study in protoberberines by Kametani®
confirms this hypothesis.

No isomerisation was observed on a Pd-C catalyst.
Catalytic reduction of the iminium salt 4 yielded again
the trans-transoid-cis 3a isomer, which proved the
configuration 10 for the iminium salt by attack on the less
hindered side.

Hydride reductions. The reduction of 3 with sodium
borohydride-acetic acid and formic acid proceeded first
by addition of a proton (from acetic acid or formic acid)
totheﬂ-pocmonofs The salt thus formed was further

l:xmkofuby&ideuhydride—maxp«m
particle.”

The stereochemical implications of this reduction are
summarized by Brown:"' axial attack of the hydride on
ring systems with little steric hindrance; attack from the
less hindered side on ring systems with high steric inter-
actions.

The excess of structure Sa in these reactions is con-
sistent with hydride attack on the less hindered a-side of
structure 10, which is formed in the acid medium (see
above).

The reduction of the iminjum salt 4 also yielded an
excess of the trans-transoid-cis isomer 3a by hydride
addition on the iminium double bond from the steric
most favourable side of structure 10.

A relatively important quantity of isomers Sa and 54
was formed during these hydride reductions. These
isomers were obtained from structure 9 of the iminiom
salt or iminium intermediate. This is only possible if an
equilibrium exists between structures 9 and 10 in ether or

ydrofuran.

potassium tri-sec-butylborohydride without addition of a
prot:nl:ow.mmeehnismofthismﬁonofﬁs
not

The reaction conditions in the sodium borohydride
reduction (sodium borohydride in tetrahydrofuran with
gradually addition of acetic acid for reduction of 3 and
sodium borohydride in tetrahydrofuran for reduction of
4) yielded a somewhat different isomeric composition.
No isomerisation of $ was detected under the conditions.

mmof&epuﬂcmmdthemﬁmm

react on enamine 3 as Lewis acids and add as a proton
on the S-carbon of the enamine structure*"* (Scheme
5.

The stereochemical implications depends on the struc-
ture of intermodiate 14, but due to lack of information
we were not able to rationalize the results of these
reductions. The bulkier aluminium dichlorohydride
showed somewhat greater selectivity. No trace of isomer
Sc was detected in the reaction.

Birch (lithium/ammonia) reduction. In this reduction
of 3, which proceeds by electron addition and formation
olanmanddmnom,"thepmenceoidiebenmc

Addmmdthemmmnﬂwmdoﬂhenu
tion led to an isomeric distribution, which reflected the
thermodynamic stability of the anion intermediates. In
this reduction we obtained for the first time the cis-
transoid-trans Sc isomer.

4 Synthesis of the title compound S from reactants with
fixed stereochemistry
Starting from trans-2-phenyicyclobexylamine 19 we

tetrah Reduction of 9 gave isomers 5b and 34. )
Because of the strong steric interactions on the S-side were able to synthesize isomers 5c and 8d in a
: | |
“N~CmC— AME, —fmg-C— _H¥ _ —N-C—C- M —N—C~-C—
I N I T Lo
AMHCI3 H AIHCIg
(BHy) {BH,) 16

13 14

18
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-axocyclohexyl)-piperidine 2. A mixture of 2-

2-Phesyl-NA2
oy

(19603, 0.122 mole) and 2-hydroxy-cyclobex:

We were shie to syathesize the four possible dia-
sterecisomers of 1,2,3,40,6,7,8.9,13b - decahydro - 9aH -

(14 g, 6.122 mole) in tolucwe was refuxed in 2 Dean and
Stark apparatus watil no further separation of water was obser-
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IR spectrom (C,CL): »o: 171Scm™"; MS: M** peak: 257, base
peak: 91; PMR spectram (CJDy): 8 (ppm): 4.43 (H1), 3.39 (HSax),
3,10 (H11), 2.96 (HSeq), 2.0 (H12¢q), 1.04 (H12ax).

12346739 - Octakydro - S%aH - pyrido(1,2 - flphendntridine
(3). Compouad 2 (5.10g, 0.02 molc) was heated with polyphos-

over 100% PtO,), IR spectrum (CCLy): Bohimannbands: 2780 and
2740 cm™! (intens); MS: M** and base peak: 241; PMR spectrum:
see Ref. (5). -

Fractioa 2: isomer 5b m.p.: $1-82° (16% for 3 br hydrogeaation
over 3% PtO,, 30% for 1 week hydrogeoatioa over 100% PtO,).
IR spectrum (CCL): Bohlmannbands: 2790 and 2750 cm™! (weak);
MS: M*" peak and base peak: 241; PMR spectrum: sce Ref. (5).

The same procedure for 4 gave 71% of Sa and 19% of 56 for
3 br hydrogenation and 3% PtO,.

Sodium borohydride reduction. To a stirred suspeasion of 3

Fractions | and 2 were ideatical with fractions 1 and 2 respec-
tively of the catalytic hydrogenation. (Sa: 52%, 5b: 27%).

Praction 3: isomer Sd: 21%, m.p.: 78-7%", IR spectrum:
Bohimannbands: 2780 and 2840 co™' (weak); MS: M*" and base
peak: 241; PMR spectrum: sce Ref. (5).

The same procedure for 4 without addition of AcOH gave: Sa:
71%, 5b: 19%, 5d: 10%.

Aluminixm dichloro hydride reduction. AIHCL,® was prepared
by addition of an ether soln of AICh (1.75g, 0.015 mole) to a
suspension of LAH (0.2, 0.005 mole) in ether. The enamine 3
(1.0 5, 0.0042 mole) in ether was dropped into the stirred suspen-
sion of AIHCl, and the mixture was refluxed for 2 hr under N,.
EtOAc was added to destroy the excess of AIHCl,. The mixture
was worked op in the usoal masner (see NaBH, reduction), total
yield: 70%; Isomers Sa: 649, Sb: 15% and Sd: 21% were isolated.

Diborene reduction. Enamine 3 (1.0g, 0.0042 mole) dissolved
ia freshly distilled THF (100 m!) was put into a 250 ml 3-necked,
round bottoss flask, equipped with a mechasical stirrer, diborane
gas inlet and condensor. Diboraae gas, prepared from NaBH, (5 5)
and BF,; etherate (20 mi) in other was lod into the vessel (kopt at
room temp.) for 1hr. The mixture was thea refluxed for 1hr.
AcOH was thea added in excess and further refluxed for 2.br.
The soin was cooled and neutralized with NaHCO,. The mixtwre
was worked wp in the usual manser, total yield: 68%; Isomer Sa:
35%, Sh: 33% aad 54&: 33% were isolated.

Formic acid reduction. Examine 3 (1.0g, 0.0042 mole) was
heated at 60° with formic acid (1 mol, 0.023 mole) for 3 br. After
cooling, the products were added to 10% NaOH aq (25 ml). The
mixture was worked up in the vsual manner, total yield: 40%;
isomers Sa: 95% and Sh: 5% were isolated.

G. Laus and G. Van Bowst

K-Tvi-sec-butylborohydride reduction. Emamise 3 (100 mg,
0.00042 mole) in freshly distilied THF and K-tri-sec-butyl boro-
hydride (0.5 g, 0.002 M) was stirred for 15 br at room temp. Water
was added and most of the THF was evaporated. The reaction
was worked up in the usual manmer, followed by sa acid-base
extraction,

The products were analyzed oaly by gic (100% of Se). The
same result was obtsimed for a reduction at ~60°. The same
procedure for 4 gave the same result.

usual manner, total yield: §3%. Four fractions were isolated after
column chromatography.
Fractions 1, 2 and 4 are ideatified as 3a: 21%, 5b: 12% aad 84:

%.

Fraction 3: isomer Se: 34%, m.p. 58-60"; IR spectrum (CCL,):
no Bohimana baads; MS: M*° and base peak: 241; PMR spec-
trum: see Ref. (5).

analyzed
1234426,189,13 - Daalydm trans - SeH - pyddo[l.z-

Comndtl(ll.mw)ndnuemuﬁylmyl
(lsmmw:tw-wtalh Methyl vimyl
ketone was

product over an alwmina colema Act I with dichloromethane as
claest; yield: 90%.

The product was an isomer mixture 23/24 = 20/80, which could
not be separated completely; PMR spectrum of 24: (CDCHy): 8
(ppen): 3.83 (H9%), 3.74 (H6eq).

Huang-Minion reduction of 23 and 34.® Product 23 (1.0g.
0.004 mole) or the mixture 23 and 24 (1g. 0.004 mole) were
heated for 4 hr with hydrazine hydrate (4 ml) and KOH (3g) in
ethylene glycol (30 mi) at 160°. After cooling, water was added.
The product was extracted with ether, the ether sola was washed
with water, dried over Na,SO; and the cther evaporated. The
resulting crude product was purified on an alumina columa Act I
with beazenc as clueat, yield: 60% of S¢ or of a mixture (8¢ and
5d

The NMR spectra were recorded oa & Bruker HX 270 pulsed-
Fourier-spectrometer. The IR spectra were recorded on a Perkin-
Elmer 257 spectrometer. The mass spectra were recorded on a
A.EL MS902S appiratus. The gas-liquid chromatography was
performed on a Variaa Aerograph 1520-B apparatus.
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