Chapter 11

Results and discussion

The aim of this work was to develop a new strategy for the
synthesis of piperidine and pyrrolidine alkaloids. In particular, some
piperidine alkaloids, known a%‘] kaloids from the species of plants

e

from which they have of-t:g b

enhance cognition an > poten 1 ’s di
therapy.”® Examples ! aﬁalo@' damine (1) and sedinine
(2). Hygroline (3) i My related.
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The key featurg o hese,alk 0 ds 1s the 1,3-aminoalcohol moiety
This occurs in both t i forms. Numerous strategies have

been reported for the sy alkaloids, although some of
these rely on the separatmm@ﬁsml@mmemc mixtures. A reasonable
strategy would beito use the chlraflty of Ml Vlic alcohol to generate
the amine chirality;by-tethered-cyelofunctionatiza On.

When this work commence no reports of this to our
knowledge and, dulng the course of this work single report, using a
cyclofunctionalization,was made. (Scheme 33)%®
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Scheme 33 Carbamate cyclofunctionalization

As discussed in chapter I, a palladium catalyzed tethered
cyclofunctionalization would offer the advantage of concomitant C-N and
C-C bond formation. Once again, there is to our, knowledge, only a single
report of such a reaction. (Scheme 34)*’
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anisition /Sgafe, but. ohol derivatives were
only formed efficiently sviien “the t%{d the full benefit of the

Thorpe-Ingold ef: t the formation of a six-
' , }-amj ~ derivative, is too slow
compared to catalyst degradation. Theirequirement for a six-membered
ring is a direct conse the u

direct O-N bond1~ Hence=ﬂaeimquyfé strates would be derivatives of
hydroxylamine -,-1 !

N bond, using a cﬁsolviﬂg metal a . oﬁatalytic hydrogenation.
(Scheme 35)
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Schemie 35 Hydroxylamine cyclofunctionalization

N-hydroxyphthalimide (6) is a convenient and commercially
available derivative of hydroxylamine. It is sufficiently acidic that it can
be deprotonated w1th KOH and the resulting anion can participate in SN2
alkylation reactions.”® The acidity of N-hydroxyphthalimide is hlgh
enough that it can be coupled with alcohols using Mitsunobu chemistry.”'
The very mild conditions of this reaction make it highly suitable for the
synthesis of complex natural products.
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(6)

It was, therefore, planned that the desired substrates could be
prepared using the Mitsunob gf of homoallylic alcohols. Two
homoallylic alcohols (7a,b1’_7b)l§7 : d by Barbier reactions under
the conditions reported by Luche. il€é _many metals, such as tin,
aluminium, and indium?ﬁyfbe used,’ -ieaction is quick and clean, it
uses economic rea nd-the work up is"simple. A third homoallylic
alcohol (7¢) was pr 1g lopening o \f‘&{lymdol derivative with a
higher order cuprate ﬁjom commercially vinyl magnesium
bromide (Schem ~vinylé lithium .in“the presence of boron
trifluoride etherate.’ ==

)
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Mitsunobu eactlon of the homoally ¢ alcohols proceeded

smoothly, h on of the products
from the trﬁ%@ §%ngﬂ@ﬁﬁ %fﬁcult The crude
reaction mixtures were, therefore, subjected directly to hydrazinolysis. It
was fou is_pr omparison
i e VD DA o 0 YLl G s
Indeed; the reaction proceeded satisfactorily at room temperature, rather
than reflux. The unblocked hydroxylamine (8) could then be isolated and
purified by column chromatography. An N-alkyl derivative of one

hydroxylamine (9) was formed by condensation with anisaldehyde
followed by reduction with sodium cyanoborohydride. (Scheme 37)
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When eithe
cyclocarbonylation _ for  alkenol
cyclocarbonylation; thgfStarting m S covered unchanged and

the palladium was cofivg netallic precipitate. (Scheme 38)

Scheme 38 Unsuc'ﬁ!s

possible reasen for the failure of the reaction is that the alkene
may not cﬁ%ﬁ] q nﬁp ?éﬂi}d}ﬂl@ salt. This seems
unlikely, ho s a wid €o to participate in
such reactions. Anotheripossfblhty is thes reactlon faﬂtd due to the
ineffi that the
hy dr;qﬂ ﬁ:l]z mtlg)egret 18 %gférﬁl:!ﬁ%y ilic due to %’e inductive
effect of its o-bonded oxygen. Thus cyclization is too slow to compete

with direct reduction of palladium(Il) to palladium(0) by carbon
monoxide. (Scheme 39)*



24

0-NHR O0-NHR
PdCl, + ph/'\/\ T e Ph)\/s’\\
Cl,Pd
CoO l
O-NR
Pd(0) Ph

PdCl

Scheme 39 Competing ,;;nﬁ;m %’

.-‘

it would be necessary to

To make the niffogen-more nu¢ um .
“Y acﬂltated by the presence
r this reason, a series of

generate a nitrogen ba
ﬂ b .\\.
v n . n each case standard N-

of an electron-with
!
/ [‘ ’ \\ 0-NHCO,Me
i 9

electron withdrawing" oi
protection conditions, €p
O—-NHNs

R X (10)

H-NHBoc

u-r“--- ‘H.‘---II--!-I--E ,j

® 7 . G n, N
R=(a) Ph

(b) i-Pr m

(c) TBSOCHy ABHOO,, CHCki0

A WE PROVII Y

’fﬁ? "
Scheme 40 dro lamine m dtection

%he methy car@tmate ( }I@ ;-r]e;grylgsl,tr!ug uge!d to test the

cyclofunctionalization. It was very pleasing to find that cyclization now
proceeded, although the reaction terminated (precipitate of palladium
black) before completion. (Scheme 41)
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e 1soxazohd1ne product (13)
e 1). The stereochemistry
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Figure 1 the isoxazolid ne?;g* 'ﬁct@
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When HS Vs u‘radlateﬁ tﬁe ortho-! 1 atoms of the phenyl
group were enhangc ed-Only-on ne-oi-the-diastereotopic pair of H4 protons
(H4a) was also er : § found that the same H4
proton, which had ¢ irradi,ﬁ]ion was also enhanced
when H3 was 1rrad1@ted (Figure 4) This clearly indicated formation of
the cis-1s0 hﬂ;’ he same face.

Whéﬁhﬂﬁ ﬂm hancement due to
H3 and HS, ‘ulas irradiated, H3-and H5 ha enhancemen&, (Figure 5) In

Ot i S RN 1 T B 0 D A

enhancgements of its geminal proton and of H3. Hence the H3
enhancement can not be quantified.

When the other side chain proton was irradiated, its geminal proton
and H4b of the H4 pair were enhanced. (Figure 6)

Figure 7 shows the irradiation of the H4b of H4 protons, which
results in no enhancement of H3 or H5 but enhancement of the side chain
protons and its geminal proton (H4a).
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- Figure 2 The isoxazolidine (13) spectra
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Figure 3 [rradiation of HS
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Side chain proton

Figure 4 [rradiation of H3
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Figure 5 [rradiation of H4a and side chain protons
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Figure 6 Irradiation of side chain prontons
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Figure 7 Irradiation of H4b

o) |

31

ppm

1.5

35

4.0

4.5

T
5.0

55

6.0

6.5

7.0

15



32

All of the irradiations are consistent only with the assertion that H3
and HS5 are on the same face because irradiation of H3 and HS5 cause
enhancement of only one of the H4 pair.

From this result, it can be concluded that the product of the
cyclofunctionalization of the carbamate hydroxylamine with palladium
(IT) chloride is the cis-diastereomer.

This stereochemical outco
the conformation during cy% !
the cis-isomer, with the ~

significant steric interaeti

an be explained by consideration of
e conformation A that leads to
do-equatorial, there are no

\

AT TR
LA A

Scheme 42 S—m?rgﬂaered ring interfnédia;gﬂlrg;;l ions

On the othejhand,_in_th@,. CO at would lead to the
trans isomer, there' is an unfavorable interact@n between the alkene
moiety and the benzylic hydrogen. The same result was found for each
cmbamate—ﬂﬁ&%?ﬂﬁﬁ%ﬁﬂ] was isolated. On
the other hand, ulfonamide’ (10a) ‘g a 41" mixture of cis- and
trans-isomers. This may be due to the larger size of the sulfonamide

ol PV e bl L o) B mrions

between the sulfonamide and the alkene moieties in conformation A.
Despite there encouraging results, yields were modest and studies

to optimize the reaction were required. A number of variables were
considered. (Table 5)
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Table 5 Cyclofunctionalization reactions

entry R Z Substrate onditions@ yi;old ﬁ;ﬁa,f;:r R;M
1 Ph CO,Me 9a A 37 54 31
2 nd - D1 43 63 32
3 Ph Ns o 10; W/ 61+12b - 1
4 Ph Cbz w. 12a "’/’ 49 75 35
5 — ) & 28 68 59
6 A= 48 59 19
7 63 - -
8 Ph 0 - -
9 79 - -
10 42 58 28
11 75 - -
12 0 - -
13 51 67 24
14 i-Pr 30 52 42
15 i-Pr 41 49 16
16 TBSOCH, " 38 41 8
aConditions: A: PdClp, €dC 22H20 NaOAc, MeOH, ( e
b ¢is + trans isomers. Isolaé yields of chroma ally separat@compoumds

B: PdCl2, CuClp.2H) 3, CH3CN/ MeOH (1:1), CO, RT;
C: PdCly, [€n uﬂ@m gqoj w{&d;\l NI MeQH (1:1), CO, RT:

D1: PdClI2, Cii(OAc)2.2H20, ToMG CH3CN/ MeOH (1: 1) CO, RT;

£1: i s SN AR o

(1 ), CO, BT

E2: as E1, but using CuCI2.2H20;

E3: addition of PdCl2, Cu(OAc)2.2H20 to NaOMe, CH3CN/ MeOH
(1:1), CO, RT
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It was found that copper(Il) acetate was superior to copper(Il)
chloride as the oxidizing agent (Entries 5 and 6). It was also found that
the nature of the base had a profound effect on the reaction. If the
reaction does proceed via an equilibrium concentration of the N-anion,
then a stronger base would be expected to enhance reactivity. A change to
potassium carbonate was not, however, effective (Entries 4, 5, 6). This
may be due to low solubility in the eactlon medium. Triethylamine was
not tested as an experiment 1nvolv1 ng it with organic solutions of
copper (II) salts resulted in the rapid f‘? aation of thick precipitates. DBU
also resulted in precipitates. This was nef-’observed with tetramethyl
guanidine and this base,~which is about 100 times stronger than
triethylamine, was f?ﬂ( ¢ quite effective (Entries 7, 9, 14, 15 16).”
On the other hand, )ﬂ&thox'de gave highly variable results (Entry
11). 8= 9

used as a solvent 4 1s mediated Dy transition metals due to its
capability as a ligand' 1f i3 Known o ‘be a particularly good ligand for
copper (I), resulting’ in many qulte s;gble complexes. As a consequence,
the use of acetonitrileds own-to enh ance the oxidizing ability of copper
(I).*® Attempting to suppress the m,z@: eductlon of the palladium by
diluting the carbon monoxide with m@en was ineffective (Entry 10).

Hence, the final opt;mrled co}}&ﬁﬂms were the use of palladium
chloride (10 moley%), copper acetate (3 eq.) in zfcf,tomtrlle/methanol in
the presence of ﬂﬁu (37eq.) at 0° C under r;t‘_o?ﬁO

T i
L =1F
,Ns
o\N,Ns O\N
Ph i 2
cis{14) CO,Me trans{14) CO,Me
R (18)R' = CO,Me
O~N’ (15) R'=Boc
R (16) R'=Cbz
(@) R= Ph
(b) R= i-Pr
(9) COxMe (c) R = TBSOCH,

Table 6 List of cyclized products from the cyclofunctionalization
reaction using Palladium (II)
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The successful results of the cyclization reaction with the
homoallylic hydroxylamine inspired us to think about the six-membered
ring cyclization of the hydroxylamine alkene substrate (17). Successful
cyclization would lead to 1, 4-amino alcohol derivatives.

Phw ) )\RS/\COZMe

&7
_Ph
Scheme 43 6-memb@yclijaﬁ§
The alcohol 1 ro\dqi benzoylacetate (19).”

Allylation followed {- ‘the ester and decarboxylation
gave a ketone (20)"Reducii odium ride gave a secondary
alcohol (18), whic g’ converied. 1y lamine (21). (Scheme
44) The desired hydrexylay ‘ repared by acylation of
the free amino grou '

o 0
Ph/U\/COZMe Ph)w

(19) (20)

2. NH2NH2.XH20

e fHENYIINEONT
qlwfwaﬂrﬁ E@c%}ﬁﬁa‘l?uwl@q ta tg cyclization

procedure with palladium e, but the starting material was
recovered and no product could be detected. The cyclization reaction
failed, possibly due to the slower 6-membered ring formation (Scheme

45), allowing direct Palladium reduction to occur.

120413133
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Boc

O NHBoc : / )O;NJ/\COZMe

(1 7)
Scheme 45 6-membered ring attempting of cyclization

ed was the use of an internal
@ test-substrate (22) might be

Another aspect that
nucleophile. It was anticipated tk

>ne hydroxylamine

styrene oxide and the
to styrene oxide using

alkyne underwent semi- ation “in the presence of Lindlar’s
catalyst to give excluswe}wjﬁ Cis 1e_(25). This was confirmed by
observation of a quphng consta:( e two vinyl protons of 11

Hz. This couph constant-couid-be-aceurateiy aricasured on 'H NMR
spectra recorded ing homo: mg. At this point, the
secondary alcohol (25) : ' the Cbz-protected
hydroxylamine (27) i in the usual way. Finally, the protecting group of the

prime alCF‘i”‘iﬂaEf“ﬂ‘WE‘] TINBNFRTeme
q ‘W’W AN TN INYINY
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i 1. Mitsunobu reaction
Lindlar catalyst o )\/MOTHP

H, , Pyridine 2. NHoNH,.xH,O

O—NHZ
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Ph
(26)

TSOH.H,0
MeOH

Scheme 47 Preparation

f, perhaps due to the weaker
e to PA(I). (Scheme 47)

However, once again, cyiclizat
coordination of the mor€ substituted
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Ab tgll' substrate for tesfing the viability of an inté#dal nucleophile
b T By 0 ook 1 |10

NCbz

Ph (29)

@) O’N

b =
HO 0

(30)

Scheme 49 Testing of cyclofunctionalization
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Although palladium is very widely used to activate alkenes to
nucleophilic attack, it has been reported that both rhodium and ruthenium
can participate in the Wacker reaction.* However, when rhodium(III)
chloride and ruthenium(III) chloride were employed as the electrophiles
instead of palladium(II) chloride, the cyclization of the hydroxylamine
(18a) was not observed. (Scheme 50) It is possible that their reduction to

inactive complexes is too fast.

FoF

was studied. (Scheme 51)7° <

0-NHBoc

Boc

“also participate  in
. widely used and, on
K Therefore, the allene (31)

{ | ~N, ik, -N,
PdCly, Cu(OAc); COMeOH | >4 /(')\)_(
Ph)\/\\ & , CO,Me

@1)

Schene 51 OISR INE 111 5

material fouhe allene (34).

Styren‘u epoxide was used as a starti
R R EPA T L
proﬁﬂﬁﬁ yﬁa 3The tmL ﬁal

rding to the
) was then

homol%gated to the allene (34) using the Searles-Crabbe reaction.** The
alcohol group was then converted to Boc protected hydroxylamine (31) in

the usual way.
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gas acetylene, n-Buli, OH CH0, i-ProNH, OH
O DMSO, THF, TMEDA K _# dioxane, Cul

< Ph ~ Ph

Ph reflux
(33) (34)
1. PhthNOH, PhsP 0-NH; 0-NHBoc
EtO,CN=NCO,Et )\/\ (Boc),0, NaOH
2. NHoNH,.xH;0 CHaClp:Ho0 )\/\
2 2 2 ', 2UloMo (31)

Cyclization
procedure yielded

ine (31) using the standard
e of stereoisomers in a

combined yield o ol red 36%. of starting material. The
reason for the lower's clectiyity,of the a compared to the alkene
substrates could be the degsel : - bulk of the allenic sp-carbon. This

would result in a wea in
reactive conformation L lent 2. (Scheme 53) In addition, due

methylene are orthogona benzyli 1 bond, thus minimizing H/H
steric interaction. ' 1 '

Scheme 53 Allene intermediates

Cleavage of the O-N bond of the isoxazolidine (37) was attempted
with many types of reducing reagents (Scheme 54) but the protecting
group (Boc) and O-N bond survived. The reagents used included metals
such as zinc, aluminium amalgam and magnesium and catalyst systems,
including palladium, platinum and nickel. The lack of reactivity of this
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molecule is in sharp contrast to other isoxazolidines in which the nitrogen
is not acylated.®

O\N,Boc \/ OH HN-Boc
R . COM

On the othe
subjected to catalyt
palladium on carl
removed. Given the'Sta

suggested that, Cbz depry eﬁﬁ@g |
susceptible to further reduction: (Sek

oxazolidine (16a) was
[ pressure using ordinary

and the O-N bond were
ected isoxazolidine, it can be
, tendering the isoxazolidine

Scheme 55 Remoﬁl of the tether

e ot e
the develo th tion reaction, as the

product (36) was the desireds 1,3-aminoalcohol exclusively as its syn
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