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Abstract |

The tetraéyclic system (219) shares the same heterocyclic skeleton as a plethora of highly
bioactive indole alkaloids, exemplified by ajmalicine (161) and deplancheine (204).

, MeQC -
219 - (161) | - (204)

Building on earlier work from our research group we recognised that a suitably
substituted bicyclic lactam (266) could act as a precursor in an intramolecular
N-acyliminium mediated cyclisation leading to targets such as (219).

(208) | (328) .
i) 2M HCI, EtOH, 20 b; ii)) IBX, DMSO, 20 b; iii) Rh(COX(PPh3),Cl, mesitylene, A, 48 h

Methodology has been developed to remove the chiral auxiliéry group. Manipulation of
the template (219) has allowed us to achieve a novel total synthesis of deplancheine (208)
and provided valuable insight for a future asymmetric synthesis of (204).

Abstract - - '- . i




AcknoWledgements "

-1 thank my supervrsor Dr Steven AIlm for the contmual support drrectron and enthusrasm- o

~ which have been mvaluabie

R wotﬂd like to thank my frie.n'ds and fellow researehers (past and present) They include
Chns Thomas, Sophle Dale, RJtesh Chauhan Jagjit Khera, Mumra Essat Guy Streetley,
) Sean Gaskell, Rebecca Smith, Dave Leach, Ross Fryatt Jaime Cummrns Jacky Yau,
Ehsabeth Wyatt Yassar Ali, Sylvam Blanc, Dr Darshan Vardya Dr Stella James, Dr
Emmanuel Alanvert, Dr Colin Hayman Dr Hooshang Vahedl, Dr Peter Breed and Dr.
Roger Lrns " '

I would like to.acknot«vledge alll- of the_academic and technical staff at Loughhorough

© University which includes Prof Ray Jones, Prof Russ Bowman, Prof Phil_. Page, Dr Mark

Edgar, Dr Mark Elsegood, Dr Tim Smith, Dr Gareth _Pritchard, Dr George Weaver, Dr
Steve Christie, Stuart Pinkney, Alista.ir Daley, John Spray and J‘ohn Kershaw. '

| 1 appreclate the ﬁnancral support in the form of an EPSRC pro_;ect studentshrp whrch has

enabled me to conduct this research

I would like to thank Catarma Horro Prta for all her help, support, patrence good humour .

and encouragement

| Frnally, I would Ilke to thank my parents Jean and Brian and brother Jonathan for therr _
understandmg and support in whatever I chose to do | '

Acknowledgements R o i




- Contents

Chapter 1 - Introduction

1.1 N-Acylimiliium Ions in Synthesis

1.2  Reactivity of N-Acyliminium Ions Relative to Iminium

Ions

1.3 Experimental Evidence for N-Acyliminium lons

1.4  Generation of N-Acyliminium Ions

14.1
142
1.4.3
1.4.4

145

-N-Protonation of N-Acylimines

Oxidation of Amides

N-Acylation of Imines

Heterolysis of Amides
Electrophilic Addition to Enamides

1.5  Chiral Non-Racemic Lactams in Synthesis

1.62
1.63

- Contents

- 1.6 Applications of Chiral Bicyclic Lactams in Synthesis
1.6.1 -

Synthesis of Pyrrolidines and Pyrrolidinones
Synthesis of Piperidines

~ Synthesis of Tetrahydroisoquinolines

L7 Applications of Chiral Tricyclic Lactams in Synthesis

S - LY VR

10

12

13

iii




1.8 Amidoalkylations with Aromatic n-Nucleophiles |

- 1.8.1
1.8.2
1.8.3
1.8.4

185

186

Benzene and Substituted Benzene asa n-NucIeophile

Indole as a n—Nucleophile -

' Thiop_hene_'a_s a n-Nucleophile |

Pyridine as a n-Nucleophile

Furan as a n-Nucleophile

) Mi_sc_elleneoﬁs n-Nucleophiles

1.9 Inté_rmolecﬁlar:Amiddalkylation.s A

1.10 | The Indole Monety | ,
| - 1.10. 1 Electrophlhc Substltutlon of Indole
1.10.2 Indole Alka101d Systems from a Splro Intermedlate

111 The Iﬁdo“’lzﬁ'dIQuinolizidine Ring'System |

112 Synthetic Target: (R)-(+)-Deplancheine

| Chapter' 2- Resnll_lts' a_hd DiSCussion

21 Prehmmary Investlgatlons Usmg N-Acyllm:mum Tons

2.1.1

212

213

2.14

- Contents o

Retrosynthetlc Analysis - - _
Generatlon of Ammo Alcohols from Amino Ac1ds
Intramolecular Cycllsatlon wuh Benzene asa
n—Nucleophzle | _
Intramoiecular Cyclisation w1th IndoIe asa

:t-NucleophJIe

- 33

24

29 a
30

31

38

40
40

42

43

46

Tt
49
50 -
52

iv




a2
23 .

24

25 o The Indolo[2,3-a]qumollz1dme ng System

251
252

26

2.7

28

-Syntli"esis and Cyclisation of Tricyclic Lactams -

-Syn.thesis and Cyclisation of Bicyclic Lactams

The Tetrahydrbisoquinoline Ring Systeni :

241
2.42

243

2.5.3

254

2.55

. Derivative

Synthesis of Phehyl Containing 5,6-Bicyclic Labtams
Synthesis of the Tetrahydroisoquinoline Ring System

Rationale for the Stereochemlcai Outcome Followmg e
' Le\ms Ac1d Actlvatlon ' |

Synthe51s of Indole Containing 5 6- Blcychc Lactams :
Exceptlon to Baldwin’s Rulcs

: Synthesm of Indolo[2, 3-a]qu1nohzld1ne Denvatlves

Rationale for the Stereochemical Outcome Followmg
Lew13 Acid Actlvatlon

Rationale for the Stereochemlcal Outcome Follomng

-Acid Activation

_ Amide Reduction of an Indolo[2,3-a]quinolizidine

Epimerisation of Indolo{2,3-a]quinolizidine Derivatives_ |

Modlficatlon of an Indolo[2,3-a]qumollzldme Derlvatlve

281

2.82
283
2.8.4

Contents

-- Functlonahsatlon usmg Enolate Chemistry
| Introductlon ofan (E)-Ethylldenc Unit
_ Removal of the Hydroxymethyl Substltuent

Oxidation Study

57

64

65

66
67

6
70

70
73

74

75

78

80
81

88

89

90
94
96




285  Decarbonylation Study

2.9  Modification of the Racemic Indolo[2,3-#]quinolizidine
Template

2.10 Selective Reduction and Generat_ioh of (£)-Deplancheine
211 Conclusion

2.12 Future Work _
2.12.1 Decarboxylation and Synthesis of (R)-(+)¥Deplancheiﬁc
© 2.12.2 Derivatisation of the Indolof2,3-a]quinolizidine Ring
| System ' |

Chapter 3 - Experimental

3.1 General Procedures
3.1.1 Solvents and Reagents
3.1.2 Chromato.graphic Procedures
3.1.3 Infrared and Nuclear Magnetic Resonance Spéctroscopy
3.1.4 Mass Spectrometry
3.1.5 Melting Points, Elemental Analysis and Optical Rotations
3.1.6 X-Ray nyétallography |

Chapter 4- Referehces_

- Appendix

Confents

99

105

109

111

113
113

115

117
117
118
118
119
119
119

163

vi




Abbreviations
Ac - acetyl
AIBN - 2,2’-azobisisobutyronitrile |
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Bn = benzyl |
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br - broad
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1.1 N-Acyliminium Ions in Synthesis

The development of cyclisations that proceed via N-acyliminium species (1) are relatively
recent, in contrast to those involving iminium cations (2) (Figure 1) such as the

Mannich,'” Bischler-Napieralski*® and Pictet-SpenglerS'U reactions.

i 7
O~ N R? + N R?
X R =X
ﬁ TT T
1) (2)
Figure 1

The synthetic potential of N-acyliminium species (1) is well documentedu'14 and such

intermediates are widely used, due to them exhibiting a broad versatility, with a range of -

synthetic applications.

The reaction between N-acyliminium ions and nucleophiles (also described as

amidoalkylation or Mannich-type condensations)'® has been extensively employed in the

sjmthesis of alkaloidal and related systems. Through acid activation, the precursor (3) can

be induced to form the corresponding N-acyliminium ion (1). Subsequent amidoalkylation
- by nucleophilic addition yields the product (4) (Scheme 1).'>*

R3 ' . R? : 3
| o rtl oH HY, -H,0 . o +IEI\ R2 Nuc]eophlle: o 1!4 Ny
Y T Yy Y
R R _ R R R
) o - @
Scheme 1
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1.2 Reactivity of N-Acyliminium Ions Relative to Iminium

Tons

Substitution with electron-withdrawing groups at nitrogen renders the iminium cation (2)
| considerably more reactive by enhancing cationic character. The N-acyl derivative (1) and
the carbamate (5) have been widely exploited. Alternative substituents such as the amide
(6) and N-tosyl (7) cations have also been investigated (F'i.gure' 2).'3

RR 2 @)R=H,Alkyl (6)R= CONR,
+N=< (DR=Acyl  (DR=Ts
£\ (5)R=COOR

Figure 2

The C NMR spectra of the iminium (8) and N-acyliminium (9) salts (Figure 3)
demonstrate the increased electrophilicity of N-acyliminium ions.**'® The presence of an
N—acetyl rather than N-methyl group shifts the corresponding imino carbon sighal'
downfield by approximately 5 ppm. 2

184.6 189.7
O

Me\ (Ph Me—{ (Ph

= M=

H Ph H Ph
ShClg” _ ‘ SbClg”
(8) ' ®

Figure 3

Boekelheide!” illustrated the difference in reactivity between Mannich and

N-acyliminium intermediates during olefin cyclisations. It was proposed that under acidic

Introduction : . : ' -2




conditions the keto amides (10) and (11) generated (12) and (13). -Subsequent
intramolecular cyclisation produced (14) and (15) (Scheme 2). '

R _ ~ .
OHN B T +
—_— N Rt e N

(10)R=0,R!'=H,  (12)R=0,R'=H, ~ (49R=0,R'=H,
(11)R=H,,R!=0 ~ (3)R=Hp,R'=0 (I15)R=H,,R'=0

Scheme 2

In contrast, attempted ring closure of the species (16) to produce (17) was unsuccessfiil

and resulted in unidentifiable products (Scheme 3).

(16) . - an

Scheme 3

1.3 Experimental Evidence for N-Acyliminium Ions

The observation of a transient N-acylimixﬁum intermediate in dynamic NMR studies has
only been reported twice.!> Yamamoto'® has shown that at -55°C in the presence of triflic
anhydride the compound (19) was generated from the precufsor' (18) (Scheme 4).
Présumably, cleavage of CF3S0,0CD; into CF3SO," and "OCD; under the reaction
conditions would be difficult and the equilibrium is largely shifted to the right.

Introduction ' 3




Me Me "_osozca
H CF3580,),0 '
0CDs (3502, - H + CF;50,0CD,
| CDCl; |
M COOMe o3 Me” ¥ ~CooMe
s . 19
Scheme 4

" Heaney' has observed the >*C NMR spectrum bf the N-acyliminium ion (21) after
treatment of (20) with BF;.0Et; at ambient temperature (Scheme 5). The intermediate
(21) was gradually (1 h) converted to the fluoro compound (22). | | o

21)

Scheme S
1.4 Generation of N-Acyliminium Ions

- N-Acyliminium ions are almost always generated in sifu, in view of their limited stability
and high reactivity."? Five methods for the generation of N-acyliminium ions are listed

below and are subsequently discussed,

* . N-Protonation of N-acylimines
. Oxidation of amides

e N-Acylation of imines

*  Heterolysis of amides

*  Electrophilic addition to enamides

Introduction 4




1.4.1 N-Protonation of N-Acylimines

The protonation of N-acylimines is a route to N-acyliminium species. However, it is not a
common method due to the instability of N-acylimines, which readily tautomerise té the
correspondmg enamide (unless there are no a- -hydrogen atoms present) Treatment of
the N-acylimine (23) with fluorosutfonic acid- -antimony pentafluoride (“magic acid™)

generated the species (24) via N-protonation (Scheme 6).

o) 0
. FSO;H-SbFs; |
Eto)j\r«%\ccn3 -~ Eto/u\ltl’;\CCI:,
SO,, -20°C O
| H
(23) : (29
Scheme 6

1.4.2 Oxidation of Amides

The removal of a hydride from the a-carbon of an amide results in an N-acyliminium
jon.'? This transformation can be effected using electrochemical techniques developed by
Ross,?! Shono® and Utley.? The mechanism involves the consecutive removal of an
electron from the lone pair on nitrogen of (25), followed by a proton and then a second
electron. The intermediate (1) can be trapped with a nucleophile, typically methanol, to
' produce an a-methoxylated amide (26) (Scheme 7).

' RS : R '
| 2¢" I MeOH
o N Oa_ tN RZ| _ 20 0
T "= | TT wa
(25) @ | | | (26)

Scheme 7

Introduction _ _ ' ' ' 5




1.4.3 N-Acylation of Imines

N-Acyliminium ions can be generated by the abylation of imines with reactive carboxylic
derivétivés. James and Jud_d:"4 reacted the imine (27) with benzoyl chloride (28) and
generated the cryst_alline product (29). The latter compound was readily hydrolysed via
the intermediacy of the N—acyliminium species (30) and compound (31) (Scheme §).

|
~_Ph, 7t—
/\ - + >-
Ph . N Ph)J\CI >—Ph >_Ph

27 (28) @) (30)
Hzoj
H OH  ph
| 0
N. _Ph
Lo GIE N 7 P
o}
(31)
Scheme 8

 1.4.4 Heterolysis of Amides

Bronsted or Lewis acids are generally used to generate the corresponding N-acyliminium
ions (33) from amides such as (32) if R is an alkyl group or hydrogen. If R is an acetyl or

- methanesulfonyl group no acidic catalyst is required (Scheme 9).!2

o OR, "OR g2 .
R1/U\N /l<R3 Acid or Heat o + t!l -
RZ R" R?
32) : ' (33)

Scheme 9

Introduction o : o 6




1.4.5 Electrophilic Addition to Enamides

Enamides such as (36) can be formed by the acylation of an imine (34) with an acid
chloride (35) followed by elimination. Protonation of (36) results in the intermediate (37)
(Scheme 10). |

R! O o1
0 RL o
R\N/*|<R2 + /lk " JLN R?
H R Cl | H
R? R?
(34) (35)
' 1 -HCl
0 R1 . . 0 R1 .
H
R2 R?
HA o 2 SO
R R? - R R?
@37 ' (36)
' Scheme 10

1.5 Chiral Non-Racemic Lactams in Synthesis

Meyers has cxtensively employed chiral non-racemic bicyclic lactams for the synthesis of
enantiopure carbocycles and nitrogen containing heterocycles.”> Two general methods

have been developed for the construction of bicyclic lacta_ms.26

Cyclodehydratlon between an optlcally pure amino alcohol (38) and a keto acid (39) has
been used to generate lactams such as (40) (Scheme 11) '

Introduction ' _ ' ' 7




'E J‘V\;r #

CA = Chiral Auxiliary - =1,2
(38) S (39) | (40)
Scheme 11

1221 involving N—acyllmmlum species

The second route is related to work by Speckamp
(Scheme 12). Condensation of an optically pure amino aicohol (41) with a cyclic
anhydride (42) or dicarboxylic acid (43) afforded the imide (44). Addition of a hydride
source in ethanol generated the ethoxylactam (45). Treatment of the latter with acid

produced (47) via the intermediate (46).262

R »/E \“/3 OH O OH OFt
é:—orl (42) 3 e >\\ NaBH, e
H“u- N —— H‘u (D N
H - A,-H,0 EtOH

NH2»

Y

@D - @ @

R OEt‘

o — |5
R

@7 : (46)

~ Scheme 12

Introduction ' | : '8




1.6  Applications of Chiral Bicyclic Lactams in Synthesis

Chiral 5,5- or 5,6-bicyclic lactams (48) are extremely versatile building blocks for the
preparation of enantiopure heterocyclic compounds and have been used to synthesise
pyrrolidines such as (49) and (50), pyrrolidinones (51), piperidines (52) and
* tetrahydroisoquinolines (53) (Figure 4).7% | |

_ (48) ‘
. R2 R _ : :
( 5 R“_‘. { ) R“'.&O
N N H
(49) (50) (51)
O
_ R °N N Y OMe | .
H : §1
(52) - (53)
Figure 4

1.6.1 Synthesis of Pyrrolidines and Pyrrolidinones
A method to prepére 3- or 3,3-substituted pyrrolidines (56) involves the mono or

dialkylation of lactams such as (54) followed by reduction and palladium-catalysed
hydrogenolysis of (55) (Scheme 13).*°

~ Introduction




. H '
e i) LHMDS, R!X i) LiAlH, O,R’
's'“ ii) LHMDS, RZX $/ " ii))Hy, PA/C ~ HN _"':Rz_
Ph 0 Ph ,

(55) (56)

9

- Scheme 13

Meyers®' has developed an efficient asymmetric synthesis of 2-substituted pyrrolidines
(58) and 5-substituted pyrrolidinones (59) from the lactam (57) (Scheme 14). .

R’l, I; | | R’l,
L1A1H4 </ _TCl, |
N N
| HO/\_:/ AlCl3 3 Et381H Ho/\i/
Ph - PR Ph O
(57) -
PI/C Li, NH;
EtOH

H,
R“..-Z N 5 ) . -R‘““N&o
: H
. (59)

H
(58)
Scheme 14

1.6.2 Synthesis of Pipei'idines .

The lactam (60) can be readily transformed to enantiomerically pure 2-substituted
piperidines, exemplified by the simple alkaloid, (-)-pipecoline (62) (Scheme 15).!

 Introduction




¢ IO e
Red-Al e~y AcyO,DMAP N\

PhP _— -
AN THF,A CH,Cl, |
o Ph Ph.
- OH : OAc
(60) | . (61)
‘ ' Pd(OH),/C
MeOH
3 atm Hz

e

N
62)

Scheme 15

It was postulated3 ! that following carbonyl reduction of (60) with sodium
bis(2-methoxyethoxy)aluminium hydride (Red-Al), the oxygen of the oxazolidine ring
coordinates with HAIR; as shown in (63) (Figure 5). This pfocess weakens the C-O bond
and promotes iminium ion formation (64). Subsequent hydride delivery from the oxygen-

aluminium hydride face generated the compound (61).

Me, :
H _ _

. (63)

o Me | _
5t/ |

K _
- (69
Figure 5

Introduction | _ 11




1.6.3 Synthesis of Tetrahydroisoquindlines

The tetrahydroisoquinoline, (-)-salsolidine (68), hds been synthesised from an
appropriately functionalised 5,6-bicyclic lactam (65) (Scheme 16). The latter compound
was subjectéd to a two step (Red-Al and LiAIH,) reduction sequence. Reductive removal
of the N-benzyl group from (67) gave compound (68).*2

OMe . . | - | OMe " OMe
OMe OMe . OMe
" Red-Al - LiAlH,
e — e e
Ph O - 85% , 50%
N : 07 N7 “Me o NT “Me
' Ho\/k HO\/I\
0 - Ph Ph
(65) L - (66) (67)
| Pd/C, H,
9%
OMe

(68)

Scheme 16

In contrast to similar work by Meyers®! (Scheme 15) the lactam cai'bonyl of (66) was
inert to Red-Al reduction although there was cleavage of the ring C-O bond. The reason
for this discrepancy is not compietely understood although it was suggesi.:ed32 that a
conformational change could alter the steric and electronic behaviour of the amide

moiety.

Introduction - ' ' o 12




1.7  Applications of Chiral Tricyclic Lactams in Synthesis

Chiral tricyclic (or appropriately functionalised 5,5-bicyclic) lactams based on the

" isoindolinone ring system (69) (Figure 6) have been reported by Allin 33

- (69)

Figure 6

Condensation of the appropriate enantiomer of phenylglycinol (70) and (72) or
phenylalaninol (71) and (73) with 2-carboxybenzaldehyde (74) produced the tricylic
lactams (75) and (77) or (76) and (78) (Scheme 17, Table D3 |

. N N o
- ' . . H .
HoN H O;H d %

C
(70) R=Ph @; (75)R=Ph
(71) R=CH,Ph HO (76) R = CH,Ph
)
or - or

R H- PhMe, A o

’n‘_ { ’ -H20 -
(72)R=Ph 3 j
(73) R=CH,Ph H ©

- (THR=Ph
(78) R = CH,Ph

Scheme 1_7

Introduction | | _' | . 13




Substrate R Yield (%) | Diastereoselectivity
(70) Ph 70 (75), exclusive
¢ Ph 70 (77), exclusive
(71) CH,Ph 72 (76), exclusive
(73) | CH;Ph 71 (78), exclusive
Table 1

" A mechanism to explain the stereochemical outcome of the reaction outlined in Scheme

17 was proposed by Allin®® (Scheme 18). Reversible cyclisation of the (S)-hydroxyimine
(79) could produce either the trans-(80) or cis-(81) oxazolidine (referring to the
stereochemistry at C-2 and C-5). Tricyclic lactams such as (75) and (76) would be
generated by ring closure of (80). It was suggested that cyclisation of (81) to generate (82)
was highly disfavoured due to the remote orientation of the reactive functional groups.

COzH : COH COH
N R Cychsatlon H
1y R
j/H H/\i}—- " \>—-R
HO | O0—

(19) (80) | (81)

1 -H,0

(75) or (76)

Schenie 18

In an an'alogous manner, the trans tricyclic lactams (77) and (78) are the favoured

products when the alternative (R)-hydroxyimine is considered.

Introduction o | ) | 14




intermolecular amidoalkylation reaction (Scheme 19).

i) Lewis Ac1d
n) Allyl-TMS _(
uH 'l'H

CH,Cl,

-78°C §/
(83) (34) o - (85)

Scheme 19

The reaction proceeded in high yield (86%) although a 1:1 mixture of (84) and (85) was

obtained when TiCls was used in conjunction with ally! trimethylsilane. Alternative Lewis

- acids (BF3.0Et,, SnCls and TMSOTY) or nucleophiles (TMS-CN, indole and furan) with

TiCl4 activation did not significantly improve _the diastereoselectivity. Due to a poor level
of product diastereoselectivity, an alternative approach to the synthesis of non-racemic
3-substituted isoindolin-1-one derivatives was investi gated that involved the hydride ring-
‘ opening of alkyl-substituted lactams.>

The tricyclic lactams (86) or (87) were individually activated with TiCl; or TMSOTS
followed by the addition of triethylsilane. The products from the reaction were the
diastereoisomers (88) and (89) (Scheme 20, Table 2). |

i) Lewis Acid
|;| i) Ft;Si-H
: —- +
CH,Cl,
-78°C
(86) R= Ph
(87 R=Me

Scheme 20

Allin* investigated the synthetic potential of tricyclic lactams by subjecting (83) to an

~ Introduction o : - - 15
|
|
|
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' Diastereoselectivity
Substrate R Lewis Acid | Yield (%) : :
- | (88):(89)
(86) Ph | TiCly 90 >98:2
(86) Ph | TMSOTf 80 4:1
37 Me TiCls 99 >08:2
@87 | Me | TMSOTf 89 1500

- Table2

In order to rationalise the stereochemical outcome of the Lewis acid cyclisation of the
bicyclic ‘lactams (86) and (87), the transition state models outlined in Figure 7 were
invoked by Allin.»®

-
Ti(Chn - \ Ph
. Ph Lewis Acid R é \—\-—0 R é —0
j H Fh ‘()_or cl &
CH. A ‘ W _)" B

H OH
/Ph ''Ph
H 3 H
R H
(89)

The size of the angular substituent appears to be a significant factor contributiﬁg to the
observed levels of diastereoselectivity. When R = Ph (86), the steric effect provided by
this substituent is sufficient to favour transition state A and in tumn produces (88). It is
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evident that conformation A places the Lewis acid-complexed oxymethyl substi_tuéht ina |
suitable orientation to allow chelation to occur with ihe amide oxygen atom. This
chelation effect also appears to be significant as use of an activator incapable of multi-
point coordination (TMSOTY), sees a significant decrease in diastereoselectivity (>98:2 to
4:1). These postulates were reinforced by the results obtained for the methyl-substituted
substrate (87). The angular methyl group produced a high diastereoselectivity (>98:2)
with chelation control but only low stereoselection (1.5:1) was obtained when chelation

could not be a contributing factor.

The potential of the tricyclic lactam (90) to act as a precursor for an intramolecular
N-acyliminium ion cyclisation was investigated by Allin®® during the synthesis of

tetracyclic isoindolinone systems such as (91) and (92) (Scheme 21).

O
H Lewis Acid
N Ph —  —— ™ *
/ CH,Cl,
T b - -10°C
90 : - (91)

Scheme 21

A 2:1 mixture of the isoindolinone diastereoisomers .(91) and (92) was obtained after
activation of (90) with TiCly. Alternative aétiﬁators were investigated (TMSOTT,
BF;.0FEt; and SnCl4) and the highest degree of diastereoselectivity was achieved with
TMSOTS ((91):(92) >49:1). Activation by BF3.0Et; produced the next highest ratio (3:1)
in favour of (91). The stereochemical outcome of the reaction was rationalised by
invoking the transition state models highlighted in Figure 8.
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Figure 8

In transition state A (leading to the favoured diastereoisomer (91)), the carbonyl moiety
would be eclipsed in a 1,3-fashion by the hydrogen atom at the chiral centre. In the
alternative transition state B (leading to the disfavoured diastereoisomer (92)), an
unfavourable ],3-interaction. exists between the carbonyl moiety and the more bulky

Lewis acid-complexed oxymethyl group.

It may be expected that transition state B is more favourable as there is possibility of
chelation between the amide oxygen atom and the alkoxy group with a metal counter-ion,
to form a seven membered chelate. From consideration of the results, it is clear that if
chelation is taking place it is resulting in a lower level of diastereoselection. The Lewis
acids capable ()f multi-point coordination (TiCly, BF3.OEt; and SnCly) lead to lower levels
of product diastereoselectivity, probably due to an increased contribution of the chelated _
transition state similar in structure to B, |
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1.8  Amidoalkylations with Aromatic n-Nucleophiles

1214 ecupied an important position as versatile

N-Acyliminium ions have historically
intermediates in organic synthesis. Of particular importance are the reactions of cyclic
N-acyliminium ions with nt-nucleophiles in carbon-carbon bond forming procésses, with a
great deal of attention given to cyclisations leading to alkaloids and other nitrogen-

containing biologically active compounds.

Due to the vast quantity of literature being ascribed to the subject of intramolecular
amidoalkylations with aromatic n-nucleophiles only a selected number of examples have
been highlighted in this section. '

1.8.1 Benzene and Substituted Benzene as a n-Nucleophile

Intramolecular reactions of N-acyliminium ions typically follow the route illustrated by

(93). Less common are intramolecular reactions of the type (94) which result in the

formation of spiro structures (Figure 9).*"**

: 0 ) 0 /iNu
07 ;N/J\:Nu o% :N/L/
TN/ . I

3 A t )

Figure 9

Vemon®® has examined a,a-cyclisations (94) ‘with an aromatic ring as the z-nucleophile.
The hydroxylactam (95) afforded the 5,5-spiro lactam (97) by dehydration in refluxing
trifluoroacetic acid (Scheme 22). In an identical manner, the 5,6-spiro lactam (98) was
obtained from the homologous hydroxylactam (96).
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OH
Ph(CH,) MgB
o&o (CHy)uMeBr OJ\:>< —_— Qm

. TFA, A
lil l (CHz)sPh - lil (CH),
Me Me Me
95)n=2 97 n=2
(96)n=3 98)n=3

Scheme 22

A stereoselective approach to the synthesis of aromatic 5-7-6 fused systems related to the

tumour-promoter phorbol (99) (Figure 10) was achieved by the cyclisation of (100)

(Scheme 23).*°
OMe
HO 5% CF3SO3H
o N P | CH,Cl,
COZME
O
(100)
Scheme 23
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Kim* has developed an efficient synthesis to access pyrazinoisoquinolines such as

Praziquantel (101) (Figure 11), a well known anthelmintic drug.

(101

Figure 11

It was determined that structures such as Praziquantel (101) could be constructed by a
one-pot procedure from an amido-acetal such as (102). This involved the consecutive
intramolecular amidoalkylation of an acetal with an amide, followed by cyclisation of the

resultant N-acyliminium ion (103) with an aromatic w-nucleophile (Scheme 24),

A—Z

m o - H A ol . N 8]
MeO |
N
. iI2 |
a2 (103) |

" Scheme 24

The compound (105) was used as both reageht and base to trap hydrochloride, when-
compound (104) was converted to the amido-aceal (106) (Scheme 25). Praziquantel
(101) was obtained after acid catalysed cyclisation of (106) and acylation of (107).
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o ' OMe SR .
HZN/.\r . R T
. |  OMe | SR
 HN___0 (105) - C HN O
j Comvea  edll T B
2h, 67% N -

Ci . : : ‘ H HCi
o4 K o (106)
N o - o "~ . 3.5h,96%
:/l/ S cl
0 -
Na,CQO;, CH,Cly
2 h, 85%
(101)
Scheme 25

Lee* has efficiently synthesised the enantiomers (108) and (109) (Figure 12).

MeO

Figure 12

The tetracyclic compounds (108) and (109) are poténtial intermediates for the chiral '
synthesis of Erythrina alkaloids such as (-)-3-demethoxyerythratidinone_ (110)
(Figure 13) since they already possess a requisite quaternary carbon centre and A/B/C

ring system.
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(110)

Figure 13

The synthetic approach focused on the diastereoselective N-acyliminium ion cyclisation
of chiral enamides (112) and (114) derived from L-malic (111) and L-tartaric acid (113)
(Scheme 26).

I
O
M
O
Olll-g
r - )
[}
o]
N
I

(111)

— Meom —_— -
OH
‘ H*
N v, N
HOzC\(kcozH — MeQ™ ﬂo —_— Me” mo
OH : ) ' o) e,
S o) OR Q

a3 . - (114) | (109)

- Scheme 26

It was proposed by Lee'! that this approach allowed complete stereocontrol of the
quaternary carbon centre in the cyclisation step by approach of the aromatic ring at the

side opposite to the lactone substituent.
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A route to (x)-neuvamine (118) was devised by Valencia® whereby compound (115) .
underwent acid catalysed cyclisation to (117) via the N-acyliminium intermediate (116).

The cation (117) suffered facile decarboxylation to yield the isoindoloisoquinoline (118)

(Scheme 27).
0 o ATAY 7
e SO |
0 0 O A PN\=0
HOOC I L - HoOC _
OMe _ | . OMe
n ome |

)

Scheme 27

1.8.2 Indole as a n=-Nucleophile

In an asymmetric variation on the intramolecular amidoalkylation reaction, Heaney* has
reported a route to the heterocyclic system (121) (Scheme 28) utilising indole as an

intramolecular n-nucleophile.
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COMe Sc(OTf); CO,Me

5 mol% +
OMe —_— ' OMe
OMe “oTf
Me . Me CO,Et
119)
- \ NH,
| - © MeOH \_. o
' ' _ (120) |
COEL | - ot
‘ o SAOTH, ome
\Me N mol% \ HN COMe
N -MeOH N Me .
H MeO H : :
Sc(OT);
5 mol% -MeOH
CO,Et

lcm' 0 |
\ (7? i
N~ Me ‘
H

Scheme 28

Addition of 2-(1,1-dimethoxyethyl)benzoate (119) to the ethyl ester of tryptamine (120)
with catalytic scandium ftriflate resulted in the cascade reaction. The product (121) was

isolated as a single diastereoisomer in an overall yield of 36%.

Abelman* has used N-acyliminium ions to access natural product-like 'heterocyclic

systems. An aza-annulation®*’ between the B-enamino ester of tryptamine (122) and
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acryloyl (123), crotonyl (124) or .methallyl chloride (125) generated ihc intermediate

(126) (Scheme 29).
Indole
(o]
: - R2  50-60°C
+ Cl _—
- HN
- Wf\cozet - 3h

. R1

_ Me ' o .

(122) - (123)R'=H,R?=H

(124)R' =Me, R2=H
(125)R'=H,R?=Me

Scheme 29

The intermediate (126} proceeded to cyclise and the tetracyclic system (127) was obtained
(Scheme 30). | '
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Scheme 30

N-[2-(3-Indolyl)ethyl]imides (130) have been employed by Lete*® in N-acyliminium ion

studies. Acylation of tryptamine (128) with a cyclic anhydride (129) produced the imides '-

(130a-c) (Scheme 31).

AcOH, A

(128) | (130)
I | |
Ovo OUO O\I\::TO
(1302) 81%  (130b) 61% (130¢) 51%
Scheme 31
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The imide (133) was synthesised by a Mitsunobu reaction®*! of (131) with phthalimide
(132) (Scheme 32). '

0
S 43 ' WN 0
: 132 '

WOH =D, N © o

N - PPh;, DEAD - H

H 2% |

(131) : S - (133)

Scheme 32

Nucleophilic addition was observed when (130a-c) and (133) were subjected to MeLi or
n-Buli. The addition afforded the oxo-amide (134) or corresponding hydroxylactam
(135). The N—acyliminiﬁm ion precursors (134) and (135) were treated with trifluoroacetic
acid which promoted cyclisatibn and produced (136) (Scheme 33).

(139) o
) __TFA NN
N O
N | .
R =Me, n-Bu
(135)
Scheme 33
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In order to achieve an asymmetric synthesis of a fused B-carboline such as (138), the
tandem organolithium addition-N-acyliminium ion cyclisation was applied to (137)
(Scheme 34).

0SiPhy'Bu
: OS|Ph2'Bu
0 MelLi .
THF, -78°C.
6%
— BF:;.OEtz'
[ _ CH,ClL, | 35%
A .
Me
NH/ -
"N
N+
OR
s 0 —
(139)
Scheme 34

The intramolecular o-amidoalkylation reaction was stereoselective and (138) was
obtained as a single 5,11b-frans diastereoisomer; the corresponding cis diastereoisomer
was not detected. The stereochemical outcome is consistent with a chair-like transition
state (139).%*

-1.8.3 Thiophene as a 7-N ucleophile

A stereoselective approach to the diisoindolothieno[2,4]diaéepine (142) from the
hydroxylactam (140) has been reported by Decroix>? (Scheme 35). Treatment of (140)

with trifluoroacetic acid effected cyclisation via the N-acyliminium ion (141).
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) ﬁ | o &% 0
- N N
TFA
OH —— —_—
N -
o H
(140) | (141)

" Scheme 35

1.8.4 Pyridine as a n-Nucleophile |

Padwa™ has reported the intramolecular cationic n-cyclisation of pyridines of type (143)
with tethered N-acyliminium ions (Figure 14),

R = Donor Group
Figure 14

Attempts to cyclise the ethoxylactam (144) using a variety of Lewis acids such as
BF;.0Et, TiCly and SnCl, resulted in the recovery of starting material or decomposition

products (Scheme 36). The synthesis of (145) was achieved by refluxing (144) in benzene

“with a catalytic amount of p-toluenesulfonic acid.
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| = OEt
. p-TsOH
Me0” N N —_—
CeHe, A
o - 55%
(144)

Scheme 36

1.8.5 Furan as a ireNucledphilé

Furan-terminated N-acyliminium ion initiated cyclisations have been extensively
investigated by Tanis.”® Spirocyclic and linearly-fused compounds such as (147) and
(149) were generated from the relevant N-acyliminium ion precursor (146) or (148)
(Figure 15). '

OH
O
NH \ / -_— NH = O
o o]
(146) (147)
CH . 0
N —_—
= N
s} o 4
O
(148) (149
Figure 15

In order to show the validity of this chemistry, the natural products
perhydrohistrionicotoxin (150) and epilupinine (151) were synthesised (Figure 16).
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Figure 16

The N-acyliminium ion precursor (152) used in the synthesis of perhydrohistrionicotoxin
(150) was treated with formic acid, which facilitated cyclisation to yield the trisubstituted
furan (153) (Scheme 37). Oxidative cleavage (m-CPBA) and catalytic hydrogenation
afforded (154) which was subjected to selective thioketalisation. The target compound .
(150) was isolated after desulfurisation (Raney nickel) of (155).

OH '
NH & HCOH 2 O i) m-CPBA
g —_ O N )
i = CeHis H,PC P M8
2% 70%

152 | (153) (154)

TMSS(CH,),STMS
TMSOTS
67%

(150)

| Scheme 37
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L Epilupinine (151) was synthesised using thé reaction sequence outlined in-Scheme 38.

_Cychsatxon of compound (156) yielded (157) and under kinetic ketahsatlon the nng ketal o .-

(158) was selectlvely formed. The latter compound was converted to the acetate (159) and

.'subJected to a transketahsatlon The target compound (151) was obtamed from' the . . :

thioketal (160) by a Raney mckel/LlAlH4 reductlon sequence

TMSO(CH,),OTMS
' TMSOTE, CH,Cl,
. 24Ctort, 93%

.. (1_58)' o

CFyCOsH
: N32HPO4, CH2C12
. 54% '

TMSS(CH,);STMS -

BF;.0Et;, CH,Cl,
i, 87% '

.(151_)_ o )

Scheine 38_. .

1.8.6 . Misée]la_neo'us n—Nﬁcleoph_iles |

Ajmalicine (161)55 59 (Flgure 17) is a heteroyohxmbme alkaloid isolated from the roots of -
| Catharanthus. roseus and has a multxtude of 1mportant pharmacologxcal propertles
(Section 1.11). o T
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MeOZC

(161)

Figure 17

The synthetic approach used by Overman®” to synthesise ajmalicine.(16l) incorporated a
carboxylate-terminated N-acyliminium bicyclisation, which assembled the D and E rings
ina single step (Scheme 39). Treatment of the carboxylate (162) with paraformaldehyde

" in trifluoroacetic acid-chloroform cleaved the 2 ;4-dimethoxybenzyl protecting group and
effected bicyclisation to yield (163) via the intermediate (164).

;J\/C TFA-CHCI; (1:1)

CO.Li rt, 85%

Ar = 2,4-dimethoxyphenyl
a6 | o - (163)

Scheme 39

The final steps in the synthesis involved a Bischler-Napieralski*® cyclisation of (165).

followed by the direct reduction of the pentacyclic iminium jon product. This produced
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the target compound (161) in 11 steps (overall yield of 7%) (Schemé 40).

i) POCl5, CoH
ii) NaBH,, MeOH

Scheme 40

'Pyrrolizidine derivatives such as (169) have been generated by Chamberlin®
(Scheme 41). The mesylate (166) underwent elimination to the N-acyliminium ion (167)

followed by cationic cyclisation and proton loss from (168).

— n

AcO : AcQ
= JSOzMe ::
@ S e ’-\ S
J g 8.0
N:
O \—/—<S} 8] +N\_/—<S
(166) | (167)

Scheme 41
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The natural product, (+)-heliotridine (170) was synthesised after acetate cléavage of (169)

(Scheme 42). ' '

K,CO,
MeOH
64%
i) HgCl,, CH,CN
H,0, CaCO; 64%
* §i) LiAlH,, THF, A

Schemé 42

" Daich®! has examined the use of sulfur as an intramolecular nucleophile to access

pyrrolo[1,3]benzothiazines (175) and isoindolof1,3]benzothiazines (176) (Scheme 43).

0 ' _ -

X i P
\_J TFa ﬁJ{x - NJ<
0>/ — X — B,
? H rt ? X s e
: Bn ' : B Bh - ]
© (171) X-X = CH,-CH, (173 . . (175)67%
(172) X-X = Benzene o an © (176) 85%
" Scheme 43‘

The compounds (171) or (172) were subjected to an acidic medium which promoted
cyclisation via (173) or (174), followed by the loss of a stable benzylic carbocation from

36
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the relevant sulfonium jon. The stability of the carbocation and the high micleophilicity of

the sulfur atom would favour the cyclisation process.

Park® has investigated the N-acyliminium jon cyciisatidn of imidazole containing
compounds bearing both carbon and nitrogen nucleophiles. The imidazole alkaloids
(#)-glochidine (180) and (%)-glochidicine (181) became target compounds for the
research. It was determined that by héating with or without an acid catalyst, the
cyclisatioh pathway of (178) and (179) could be controlled (Schéme 44). |

| | —~ , N |
H ' N C6H13MgBr (178)
g ™ ) Q
§ : " "
N N N
' <\ ]/\/ CeHia
a77) o WA
' (179)
PhMe, A p-TsOH
R xylene, A
/\I/ﬁ H
==
N .
S |
N\_N_ _N o \ N o
H43C¢ H13C¢
(180) (181)

Scheme 44

Grignard addition of hexylmagnesium bromide to (177) generated a mixture of (178) and
(179). Since cyclisation of these compounds would yield the same product, additional
puriﬁcaiion was not required. The crude mixture was refluxed in toluene and afforded
(#)-glochidine (180). Alternatively, cyclisation'(.)f the same crude mixturé with catalytic
p-toluenesulfonic acid in refluxing xylene yielded (f)-glochidicine (181).
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_1.9. - Intermolecular Amidoalkylations

Intermolecular amidoalkylations are common in the literature and a few examples of this

reaction type have been described in order to illustrate their existence.

The N-acyliminium ion (183) can be generated from the electrochemically prepare.d”'z'1
a-methoxylated carbamate (182) (Scheme 45). It has been shown by Wistrand® that the
product (184) can be obtained by reaction of (183) with Me;SiCN. The stereoselectivity
of (184) was controlled (czs trans varying from 86:14 to 42:58) by altenng the oxygen

protecting group
RO,

- - ) CO-Me

R R.. (184)

Lewis Me;SiCN ‘
i \ o or
MeO ri. Acid +|i1 or Allyl-TMS
COMe - i COMe 1 RO"., .

_R=Ac, TBDMS | - {;\MO

‘ N

182 183 I ‘
(185)
Scheme 45

Related work by Wistrand® achieved the introduction of a carbon chain to (183) by using
allyl trimethylsilane in place of Me;SiCN and compounds such as (185) were generated
(Scheme 45). Stereoselective control was again achieved by altenng the oxygen

~ protecting group (Table 3)
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Protecting Group (R) Lewis Acid Temperature (°C) | Ratio (cis:trans)
Ac - BF3.0Et; 20 - 20:80
Ac BF;.0Et; -78 21:79
TBDMS . OTiCL, 20 122:78
TBDMS BF;.0Et; 20 69:31
TBDMS | BF.OEt; . -78 77:23
Table 3

Only small effects on the stereoselectivity were observed when the temperature and Lewis

acid were altered.

Koizumi® has investigated.thc alkylation of the ethoxylactam (186) (Scheme 46). The
(i)-allylated lactam (187) was obtained from treatment of (186) with TiCl, in conjunction
with allyl trimethylsilane. It was found that alternative Lewis acids such as BF;.0Et; and

SnCls were less effective.

8]
TiCl, Allyl-TMS
N~ cH,Ph CHC, 0°C
el | 1h,96%
(186)
Schenie 46
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1.10 The Indole Moiety

A large proportion of the current work in the Allin research group incorporates the indole
moiety in intramolecular n-nucleophile amidoalkylations. This section provides an insight

into specific aspects of indole.

1.10.1 Electrophilic Substitution of Indole

As an el@actron—rich heterocycle, indole readily undergoés eIectropllilic substitution and
reacts preferentially at the C-3 position with almost all reagents. Halogenation, nitration,

sulfonation, Friedel-Crafts acylation and alkylation all occur cleanly at this position, %%

Ble¢trophilic substitution at C-2 (Figure 18) results in disruption of the benzenoid ring as
in (188). This is therefore a high-energy intermediate and the pathway is slower because

 the first step is rate determining.

I, T Q_)\ T Q_)\
H (188) -

Figure 18

In cbntrast, the C-3 selectivity shown in Figure 19 is in accordance with electrophilic
substitution occurring at the site of highest electron density (189) and does not disturb the
) aromaticity of the benzene ring. In essence, indole tends to react like an enamine towards '
electrophiles with substitution occurring at the C-3 position, although substitution occurs
at C-2 when C-3 is blocked.
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Figure 19 -

- A mechanism for the formation of 2,3-disubstituted indoles such as (191) from (190)
(Scheme 47) has been proposed whereby aromatic stability is not destroyed. A labelling
study has added credibility to this hypothesis.*

(190) | (191)

I=
I

Scheme 47

If compound (190) is labelled with tritium next to the ring generating (192), the reaction -
shown in Scheme 48 produces (193) with an equal distribution of the label.

Q{L\ s
n 50%
. |
as»y a9

Scheme 48

To give this result the reaction must have a symmetrical intermediate and the obvious
candidate is (194) (Figure 20). | |
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(194)

Figure 20

The intermediate (194) has the five membered ring at right angles to the indole with either
CH; group having an equal opportunity to migrate. A feasible mechanism for the
conversion of (190) to (191) is shown in Scheme 49,

(190)

' (191)

 Scheme 49

The migration is a pinacol-like rearrangement and it is now thought ‘that most
substitutions at C-2 go by this mlgratlon route although some go by dlrect attack with

disruption of the benzene ring.%
1.10.2 Indole Alkaloid Systems from a Spiro Intermediate

Three major classes of indb]e alkaloids could arise from the spiro intermediate (195):
(196) by hydratlon and 0x1dat10n, (197) by rearrangement and (198) by nucleophlllc
attack on C-2 of the indole system (Figure 21)
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N+
| H -
' _ ! - (195)
N/I _ : ' N
RO
N~ 9o N / N
H ‘ H : H .
(196) | - (197) (198)
Figure 21 |

1.11 The Indolo[2_,3-a]quinolizidine Ring System

The indolo[2,3-a]quinolizidine ring system (199) (Figure 22) is found in' the carbon
skeleton of a plethora of indole alkaloids and such compounds have emerged as viable

targets during the development of novel methodology in our research group.

(199)

Figure 22

Indole alkaloids that pbssess the indolo[2,3-a]quinolizidine ring system (199) include
ajmalicine (161),°5%  geissoschizine (200),>%7 _dihydrogambii'tannine (201),”*%!
demethoxycarbonyldihydrogambirtannine (262),%! tangutorine (203)%¢
(2044 (Figure 23).

and deplancheine

@3
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(201) R = CO,Me
(202)R=H

Figure 23

These natural products have been the subject of extensive chemical and synthetic |
- investigations due to their important and interesting structural, physiological and
biological properties. ‘ '

Ajmalicine (also called raubasine or 8-yohimbine) (161) belongs to the heteroyohimbine
family of indole alkaloids. It is a potent peripheral and central vasodilating agent, reduces
' piatelet aggregation in patients at risk due to complications of atherosclerosis, can
increase muscle calibre for short periods and has been prescribed for the treatment of -

Raynaud’s disease.’ 558

Due to the structural complexity and the scarce availability from natural sources of
gexssoschxzme (200), there have been numerous syntheses of this natural product. The
first total synthesis of (i)-gelssoschlzme was by van Tamelen® and an enantioselective

approach has been achieved by Overman,”® Cook’! and Martin.”

An important consideration in the total synthesis of geissoschizine (200) is the
stereoselective introduction of the (E)-ethylidene unit.” This matter has been successfully
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achieved by metal catalysed cyclisations of geometricaily defined alkenyl iodides (205)”"
and the stereoselective base-induced p-elimination of B-hydroxy carbonyls (206)* or
hydropyrans (207)"* (Scheme 50). |

RY.
RN
A
[ 7T
MeO,C
(205)
Pd(OAc),, PPh . |
Dlg./[F/[-[);o 9 13 NaOMe, MeOH NaNH,, THF
s 7 o
HCO,Na, 62°C, 93% 1t, 85%
Rt
|
R N
e
l =
CO.Me

~ Scheme 50

Dihydrogambirtannine (201) is an alkaloid initially extracted from the leaves and stems of
Rubiacea Uncaria gambier, a tree growing in Southeast Asia.”** The structurally related
demethoxycarbonyldihydrogambirtannine (202) was isolated from the leaves of Ochrosia
lifuana and Ochrosia miana and represents the major alkaloid of the fruits of Strychnos

usambarensis, a plant found in Africa. Consumption of this fruit has been blamed for -

outbreaks of poisoning.®!

The initial isolation of tangutdrine (203) from the leaves of Nitraria tangutorum was
reported by Che.® To date, this compound is the only known natural product containing
the benz[f]indolo[2,3-a]quinolizidine unit.3*% | |
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1.12 Synthetic Target: (R)—(+)-Deplancheiné

~ The indole alkaloid; (R)-(+)-deplancheine (204) became the synthetic target during the

course of the research,

(R)<(+)-Deplancheine (204) was isolated from the New Caledonian plant Alstonia
deplanchet_m and initially -assigned the S ponﬁguration (based on an analogy with the
majority of indole alkaloids).®® After its structural elucidation a mimber of total syntheses
were reported.’*®* Its absolute configuration was never questioned as these synthetic
approaches led to (+)-deplancheine (208) (Figm;e'24).

(208)

- Figure 24

During the asymmetric synthesis of (S)-(-)-deplanchéine by Meyers,® it was concluded
that the original assignment was incorrect and that natural deplancheine possesses the
R configuration. | |

The most recent synthesis of (:t)-deplanéheine (208) (Figure 24) (overall yield of 11%)
was by Ohsawa.” The compound (209) was converted to (210) and the resultant terminal
hydroxle group was subjected to a sequence of transformations (passing thi'ough the
tosyloxy (211) and iodo (212)) to produce the diethylphosphoryl compound (213).
Starting material was recovered after direct attempts to transform (211) to (213)
(Scheme 51).
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i) BH, THF, 1t, 1.5 h Y\ MN-coRr

i) NaOH, H,0, N H
N~ m05h,78% »
R= CHzCCl3 : )
(209)  TsCl, pyridine (210)R"=OH
_ CH,Cly, 1t, 5 h, 81%
(211)R! =0OTs
Nal, acetone, rt
24 h, 95%
(12)R! =1
.P(OEt)g, xylehe
160°C, 4.5 h, 74%

i) KH, THF
-5 min

if) PhSO,Cl

0°C, 30 min
97%

3

LDA, THF
-78°C, 1h
61%

o TBAF, THF

L(OEt)z 80°§:, 1.5h

| e
PhO,S . 9%

i
P(OE),

i

Scheme 51

Attempts to synthesise (216) by 'ring closure 'of (213) with lithium diisopropylamide
(LDA) were unsuccessful and starting material was recovered. It was proposed that the
inertness was due to the free indole NH. The intermediate (213) was converted to (214)
using potassium hydride and_' phenylsulfonyl chloride. Treatment of the latter compound
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with LDA produced (215) which was deprotected using a method developed by Yasuhara

and Sakamoto.”®
A two step literature procedufe developed by Danieli®® was used to complete the synthesis

of (+)-deplancheine (208). The compound (216) was converted to (217) and the final step

was the selective reduction of the lactam carbonyl group (Scheme 52).

i) NaH, DME

o 5 min, 0°C N
o ii) MeCHO, DME .
Proe, 10 min, rt, 83%
| - (217)
LiAlH, DME
-78°C to 0°C
30 min, 65%

Scheme 52
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Chapter 2

 Results and Discussion




2.1 - Preliminary Investigations Using N-Acyliminium Ions

It was proposed by Allin that a suitably substituted bicyclic or tricyclic lactam could act
as a precursor in an asymmetric approach towards isoquinoline and indole alkaloid
systems such as (218), (219) and (220) (Figure 25).

19)

Figure 25

2.1.1 Retrosynthetic Analysis

| X =Lewis Acid or H
{221) : ' (222) _ (223)

OH oM *,
{ | 1 + . = {J/H{
2 ' o . 0O H

Scheme 53
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Isoquinoline and indole alkaloids share the common feature of a substituted piperidine
unit with a chiral centre. In both instances, one of the substituents at the chiral centre is an
aromatic nucleus suéh as benzene or indole. An approach to access the model. system
(221) is outlined in Scheme 53 and has become the prominent method used in this
research. The key step is the asymmetric cyclisation of the aromatic nucleus via the
N—acyliminium species (223). Conversion of (222) to (221) could be achieved by an
oxidation and decarbonylatlon sequence to remove the hydroxymethyl substituent
(auxiliary) followed by lactam reduction.

An alternative method to that shown in Scheme 53 has been used by Allin®”*

to access
similar systems to (222) using N-acyliminium species and relates to work by Speckamp®’
(Section 1.5, Scheme 12). An example of this approach is shown Section 2.1.3,

Scheme 56.
2.1.2 Generation of Amino Alcohols from Amino Acids

There are a number of methods available for the reduction of amino acids to amino
alcohols. Reagents used to effect this transformation include LiAlH,,'®"® a mixture of
NaBH, and H,SO4'%'® or NaBH; and L.'%'% -

Glanmsm
using lithium borohydride and chloro_tﬁméthylsilane in dry THF. Reduction of

has developed an effective reductive procedure for a range of amino acids

'L-phenylalanine (224) using this approach generated (25)-2-amino-3-phenylpropan-1-ol
(71) (Scheme 54). It was evident from the 'H NMR spectrum of the crude reaction
mixture that clean conversion of (224) to (71) had occurred.

The compound (71) was generated in near quantitative yield after purification by
recrystallisation. Initial reactions were performed on 1 g of (224) and successfully scaled-
up to 5 g without significant loss in yield. It was proposed’"” that a borane-THF complex
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is produced in situ which acts as the reducing agent (Scheme 54). Care was necessary

when conducting the reduction due to the rapid formation of the volatile silane, Me;SiH.

COOH  LiBH,, Me;SiCl OH
NH - ~ THF,24h NH,
o - 95%

(224) | , (71)
LiBH, + Me3SiCl ——»  LiCl + Me3SiH + BH3. THF

Scheme 54

An analogous reaction was used to synthesise the amino alcohol (226) from L-tryptophan
(225) (Scheme 55). The product (25')-2-amino-3-(1H-indo]-S-yl)propan-l-ol (226) was
obtained in high yields following purification. Initial reactions were performed on 1 g of
(225) and successfully scaled-up to 5 g without significant loss in yield. It was evident
from the '"H NMR spectrum of the crude reaction mixture that clean conversion of (225)
to (226) had occurred. Care was required when the reduction was conducted due to the

rapid formation of the volatile silane, Me;SiH.

COOH

LiBH4, Me3SiCl
\ NH> -
THF, 24 h
” T7%
(225)
'Scheme 55'

In contrast to (71) the amino alcohol (226) was a foam which could not be induced to
crystallise. Attempts to purify the latter by flash column chromatography on silica were

successful when a polar solvent system was employed.
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' 2.1.3 Intramolecular Cyclisation with Benzene as a n-Nucleophile

A short reaction sequence (Scheme 56) conducted in tandem with a colleague®™ was used
~to generate the cyclised product (231) and acted as an experimental introduction to the

concept of N-acyliminium ion cyclisations.

Condensation of the ainiho alcohol (71) and suécinic anhydride (227) furnished (228)
which on addition of a hydride source in ethanol produced the ethoxylactam (229).
" Treatment of (229) w1th TiCl4 'gen_eratcd the product (231) as a single diastereoisomer.
Presumably, cyclisation to yield (231) proceeded via the N-acyliminium ion intermediate
(230).

: OH
NH, \

(71) Et;N, PhiMe o NaBH,, EtOH
. HO/\l“ - HO/\l"
A, 18 h, -H,0 IMHC, 20 h
@27 (228) | (229)

TiCl,, CH,Cl,

-78°Ctort,20 h

_ i ' N o
. R
Yield (2 steps) = 79% ' Qﬁ '
(231 (230)

Scheme 56
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An NOE study was undertaken to determine the relative stereochemistry of the product
(231). The absence of an NOE between the protons positioned at C-5 and C-10b
suggested that the relative stereochemistry is as shown in Scheme 56. The proposed'
stereochemistry can be criticised in respect that the absence of an NOE is inconclusive. A
negative NOE is only valid if paired with a positive NOE in a comparative study. The

first example of such a study is shown in Section 2.2.

The stereochemical ambiguity could be overcome by epinierising the chiral centre of
(231) at C-10b (Figur¢ 26). The epimerised product (232) could then be used in a
comparative NOE study. This proposal is feasible as analogous com'poimds.such as (219)
can be readily epimerised at C-12b with retention of stereochemistry at C-6 (Section 2.7,
Scheme 83). '

(232)

Figure 26

- Based on work shown in Section 2.7, Scheme 84, the use of D—phenylalaninol (73) asa
starting material would generate (233) (Figure 27). An absence of an NOE between the
protons positioned at C-5 and C-10b would also be observed for (233) and not contribute

to the stereochemical determination of (231).

Figure 27
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2.1.4 Intramolecular Cyclisation with Indole as a n-Nucleophile

Similar cyclisations to those outlined in Scheme 56 have been successfully conduct.ed.by
a colleague”‘where the intramolecular nucleophile is indole rather than benzene. This
approach has enabled the sjmthesis of indolizino[S,?-b]ind.ole deﬁvatives such as (234)
(Figure 28). o

Figure 28

Functionalised templates such as (235) display high binding affinity and selectivity for
cholecystokinin - type 1 (CCK;) receptors.' %1%

The CCK and gastrin families of peptides act as hormones and neuropeptidés on central
and peripheral CCK réceptors to mediate secretion and motility in the gastrointestinal
tract in the physiological response toa méal. CCK and its i'eceptors are widely distributed
in the céntral nervous system (CNS) and contribute to the .regulation of satiety, anxiety,
analgesia and dopamine-mediated behaviour. In humans, CCK occurs as COOH-terminal
amidated 58- and 8-amino acid major forms processed from a 115-amino acid

preprohormone.’*®

Although the wide distribution, myriad number of functions and reported
pharmacological _heterogeneity of CCK receptors would suggest a large number of
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reéeptor sub-types, the application of modern molecular biological techniques has
identified two CCK receptors, CCK,; and CCK; that mediate the actions of CCK and
| gastrin; gastrin receptors have beén found to be identical to CCK; receptors. CCK|
receptors are predominantly found in the gastrointestinal system and select areas of the
CNS whereas CCK; receptors are found predominantly in the CNS and select areas of the
gastrointestinal system, %1 \ | | |
It was env1saged that the chemistry used to synthesise the cycllsed products (231) and
(234) could also be applled to the synthesis of the 1ndolo[2 3-a]qu1nohz.1d1ne derivative
(219) (Scheme 57) prior to removal of the hydroxymethyl (auxiliary) and lactam

reduction.

Condensation of - (2S)-2-amino-3-(1 H-indol-3-y)propan-1-ol (226) with glﬁtaric
- anhydride (236) produced an extremely complex "H NMR spectrum of the crude reaction
mixture. There was no evidence of the expected product (237) or starting material.

OH Q
o ' ~ PhMe, Et3N - .

18h, A,-Hzo

Iz
Q

' : H O
(226) (236) | @37

Scheme 57
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Meyers? has reported similar findings for the condensation of (S)-valino! (239) with
glutaric (236) or maleic anhydride (240) by two alternative methods (Scheme 58). The

use of ejther anhydride gave a poor yield of the glutarimide (238) (21%) or maleimide -

(241) (20%) and it was reported that both reactions were accompanied with extensive

polymerisation,

0 3 |
_ (236) E (240)
N - —— :
' 210°C, 4 h HzN " OH PhMC, Et3N
< : -H,0,21% A, 18 h,-H,0 <0H J
20%
(238) (239) (241)

Scheme 58

Interestingly, Naito'!! observed the formation of the carboxylic acid (243) when (242)
was refluxed with (236). The desired chiral imide (244) was generated by refluxing (243)
~ with acetyl chloride (Scheme 59). This recently obtained literature could instigate further

~ investigations for the synthetic approach outlined in Scheme 57.

: | ©\/
Q/ @6 : AcCl AMe
- Me NH —_— i |
i PhMe, : ~ PhMe, A Ox N0
HN 6h OH 5h U

Yield (2 steps) = 93%

| (242) | @43 - (244)

- Scheme 59
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2.2 Synthesis and Cyclisation of Tricyclic Lactams

12 that the tricyclic lactam (246) can be readily synthesised from

It has been shown
condensation of (2S5)-2-amino-3-phenylpropan-1-o0l (71) with 2-acetylbenzoic acid (245) '
(Scheme 60). Activation of the lactam (246) with TiCl; generated the cyclised product as

a single diastereoisomer (247).

- 0
COH PhMe A -
= _N
Tash, 0 H,0 \ ,(_ 7
o Me

TiCl, |-78°Crtort
. CH,Ch, 20h

\
\
|
(71) | (245) (246)

- Scheme 60

_ |
There are several methods in the literature!”>'?? for the synthesis of B-carboline _
~ derivatives similar in structure to (121)* (Figure 29).
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(121)

Figure 29

A recent approach has been developed by Grigg'"® which incorporated a sequential

Pictet-SpenglerG'”/palladiuni catalysed carbonylation secjuehce (Scheme 61). The

cyclisation of imine (248) proéeeded in a catalytic quantity of p-toluenesulfonic acid. The
compound (249) was subjected to a palladium catalysed carbonylation and produced the
B-carboliné derivative (250). '

- (248) : : (249)

Pd(OAc),, PPhs, Et;N
PhMe, CO, 40-110°C
93%

Scheme 61
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" In order to investigate the indole moiety as an intramolecular n-nucleophile, the tricyclic

lactam (251) was prepared (Scheme 62). Equimolar quantities of the amino alcohol (226)

and 2-acetylbenzoic acid (245) were heated at reflux for 48 h under Dean-Stark -

conditions. This generated the tricyclic lactam (251) as a single diastereoisomer in 68%

yield. The reaction was routinely conducted on a 5 g scale after optimisation of the

reaction.
Q_{f 8 e .
' 68%
(226) : (245)
Scheme 62

The relative stereochemistry of the diastereoisomer (251) was confirmed by single crystal
X-ray analysis (Figure 30).

Figure 30

The Lewis acids TiCLy, TMSOTT, BF3.OFEt; and SnCl; were individually used to promote

the cyclisation of (251). The diastereoisomers (220) and (252) were generated ina 52

ratio after treatment of the substrate (251) with TiCly (Scheme 63). Followmg column
chromatography on silica, the compounds (220) and (252) were isolated in yields of 62%

and 24%. Separation of the diastereoisomers by flash column chromatography was
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problematic as these compounds had extremely similar Ry values. This issue was

overcome by use of a graduated elution.

(251)

TiCl, | -78°Ctont
CH,Cl, 20h

(220) 62% - (252)24%
Scheme 63

When TMSOTT, BF3.0Et; and SnCl; were used it was evident from the 'H and *C NMR
spectra of the crude reaction mixture that only one diastereoisomer (220) had formed
(Table 4). -

Diastereoselectivity™
Lewis Acid Activator
' ' (220):(252)
TiCl, -~ - 5:2
TMSOTSf - (220), exclusive
BF;.0Et; : (220), exclusive
SnCly (220), exclusive

®determined by 250 MHz '"H NMR spectroscopy
' Table4 ' "
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A comparative NOE study was undertaken to determine the relative stereochemistry of
the major (220) and minor (252) diastereoisomers. In the case of the major
diastereoisomer (220), an NOE was not observed between the proton and methyl group at
C-3 and C-9b. An NOE was obseﬁed between the proton and methyl group at C-3 and
C-9b for the minor diastereoisomer (252). These results support the proposed structures of
(220) and (252) shown in Scheme 63. '

The relative stereochemistry of the minor diastereoisomer (252) was confirmed by single

| crystal X-ray analysis (Figure 31).

Figure 31

It was expected that on refluxing the amino alcohol (226) with 2-carboxybenzaldehyde
(74) in toluene for 48 h under Dean-Stark conditions, a tricyclic lactam would be isolated
in an analogous manner to the formation of (251) (Scheme 62). The experimental result
was the direct cyclisation to the major (253) and minor (254) pentacyclic diastereoisomers
(Scheme 64). The 'H NMR spectrum of the crude reaction mixture revealed the presence

of the diastereoisomers (253) and (254) in a 4:1 ratio. Following column chromatography

on silica, the compounds (253) and (254) were isolated in yields of 69% and 17%.

Separation of the diastereoisomers by flash column chromatography was problematic as
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these compounds had extremely similar R; values. This issue was overcome by use of a

graduated elution.

OH .
CO,H
\ NHz + q
H CHO
(226) (19
PhMe, A oA
a8h, -0 | ¥1dr

- (253) 69% @54)17%

Scheme 64

A comparative NOE study was undertaken to determine the relative stereochcmi.stry of
the major (253) and minor (254) diastereoisomers. In the case of the major
diastereoisomer (253), an NOE was observed between the protons at C-3 and C-9b. An
NOE was not observed between the protons at C-3 and C-9b for the minor
diastereoisomer (254). These results éupport the proposed structures of (253) and (254)

shown in Scheme 64.

The relative stereochemistry of the major diastereoisomer (253) was confirmed by single

crystal X-ray analysis (Figure 32).
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" It should be noted that there is an alternative mechanism to explain the formation of the -
diastereoisomers (253) and (254) that avoids the intermediacy of a tricyclic lactam such as
(251). For example, condensation of the amino alcohol (226) with (74) as shown in
Scheme 64 could result in compound (255) (Scheme 65), which can then undergo lactam
formation to yield the products (253) and (254).'2

(253 (254)

Scheme 65

However, to date, there have been no observed intermediates that would support this

hypothesis.
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23 Synthesis and Cyclisation of Bicyclic Lactams

Chiral 5,5- or 5,6—bicyclic lactams have been widely utilised in asymmetric synthesis
(Section 1.6). The application of a fused 5,6-system such as (256) (Figure 33) in an
N-acyhmlmum mediated cyclisation reaction to yield ring systems such as (218) and

(219) is a novel application of these chiral templates. .

O .

R_I' N

@
o H

R = Ph, Indole
(256) (218) - (219)

| Figure 33

Mcthyl-S-oxopentanoate (259), a precursor required for the synthesis of bicyclic lactams
such as (256) was prepared from &-valerolactone (257). The initial step was an acid-
catalysed transesterification in methanol (Scheme 66). It has been reported by
Huckstep124 that the product (258) is normally oxidised without purification in view of the
ease with which it relactonises; distillation causes extensive relactonisation. The target

compound (259) was isolated after a pyridinium chlorochromate oxidation of (258).

0 O
MeOH, A PCC, CH,Cl,
_— OMe - OMe
H,S04,5h 3 h,31-42%
98% H X0
' (257 ‘ - (259) (259)
Scheme 66
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The PCC oxidation was originally performed following a procedure by Huckstep'?* and
- this appi‘oach gave poor to adequate yields (31-42%) (Scheme 66). When the reaction

was performed on a larger scale (>2 g of (258)) the yields were further decreased, rangiﬁg :

from (14-19%). The Cr(VI) reagent produced a tar which was extracted with difficulty
and the removal of the toxic and carcinogenic chromium species required time-consuming

filtration.

A literature search found a publication by Amat'® that incorporated Celite during a
pyridinium chlorochromate oxidation of (258) (Schemé 67). The extraction was less
problematic, time-consuming and more user-friendly as the chromium by-products were
adsorbed onto the Celite. Extractions with diethyl ether were conducted on the Celite
residue rather. than a viscous tar. The reaction .could. be scéled-up and was routinely

conducted on 10 g of (258) without a significant decrease in yield.

O 0
PCC,CH,Cl,
OMe - OMe
Celite, 1.5h
OH 79% \0
(258) S (259)
Scheme 67

Conversion of (258) to (259) was also achieved by é, Swemn oxidation'?® (38%) and the
use of TPAP/NMO'? (44%).

2.4  The Tetrahydroisoquinoline Ring System

A suitably substituted 5,6-bicyclic lactam could act as a precursor in an asymmetric
approach towards a tricyclic tetrahydroisoquinoline system that can be seen as a sub-unit
(ABC rings) of the protoberbine alkaloids, exemplified by the naturally occurring
xylopinine (260)'?%'? (Figure 34). -
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(260)

Figure 34

Considerable efforts have been expended in the study of these molecules for both their
synthetic and biological significance. The biological properties attributed to this class of

alkaloids include anti-microbial, anti-leukaemic, anti-tumour and anti-inflammatory, 120131

2.4.1 Synthesis of Phenyl Containing 5,6-Bicyclic Lactams

Equimolar quantities of the amino alcohol (71) and methyl-5-oxopentanoate (259) were
‘heated at reflux for 48 h under Dean-Stark conditions (Scheme 68). The 'H NMR
spectrum of the crude reaction mixture revealed the prescnbe of the diastereoisomers
(261) ‘and (262) in a 4:1 ratio. Following column chromatography on silica, the
compounds (261) and (262) were isolated in yields of 45% and 9%. Separation of the
diastereoisomers by flash column chromatography was problematic as these compounds

“had extremely similar Ry values. This issue was overcome by use of a graduated elution.
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O
OH OMe
: +

(71 (259
PhMe, A
48h,-H,0 | 4:1dr.
-MeOH

261)45% (262) 9%

Scheme 68

‘The relative stereochemistry of the major diastereoisomer (261) was confirmed by an
NOE experiment. Although no NOE was observed between the protons at C-3 and C-8a,
the proton at C-3 showed enhancement to Ha but not to Hays. It follows that the
relationship between the proton at C-3 and Hs must be syn. An NOE was observed
between Haa and the proton at C-8a. Thus the relationship between Hz4 and the proton at
C-8a must also be syn. Due to an observed NOE between the protons at C-3 and C-8a
with H,4 and not Hjg, it can be inferred that the relative stereochemistry'for (261) is as

* shown in Scheme 68.

An NOE experiment could not be performed on the minor diastereoisomer (262) due to
coincidence of the signals corresponding to the protons at C-3 and C-8a in the '"H NMR
spectrum. '

2.4.2 Synthesi's of the Tetrahydroisoquinoline Ring System

Treatment of the lactam (261) with TiCly (Scheme 69) generated the cyclised product
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(218) in 65% yield. It was evident from the 1.I-VI and °C NMR spectra of the crude reaction

mixture that only one diastereoisomer (218) had formed.

TiCl,, CH,Cl,

-78°Ctort, 20 h
65%

Scheme 69

An NOE study‘ was undertaken to determine the relative stereochemistry of the product
(218). The absence of an NOE between the protons at C-6 and C-11b suggested that the
 relative stereochemistry is as shown in Scheme 69. The proposed stereochemistry can be
criticised in respect that a negative NOE is inconclusive. A negative NOE is only valid if

paired with a positive NOE in a comparative study.

The stereochemical ambiguity could be overcome by epimerising the chiral centre of
(218) at C-11b (Figure 35). The epimerised product (263) could then be used m a
comparative NOE study. This proposal is feasible as analogous compounds such as (219)
(Section 2.7, Scheme 83) can be readily epimerised at C-12b with retention of
stereochemistry at C-6.

@63 (219)

~ Figure 35
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2.4.3 Rationale for the Stereochemical Outcome Following Lewis

Acid Activation

In order to rationalise the stereochemical outcome of the Lewis acid cyclisation of the.
bicyclic lactam (261), conformational (Felkin-Anh®*'*2!* like) models (Figure 36) have

- been invoked by Allin,”™*®

In conformation A leading to the favoured product (218), the carbonyl moiety is in close

proximity with the small hydrogen atom at the f-amino alcohol chiral centre. The arigular

H-atom at the iminium carbon provides no significant steric bulk to interfere with the

positioning of the benzyl or Lewis acid-complexed oxymefhyl group. In this mbdel, the

Lewis acid-complexed oxyméthyl group is viewed as the larger substituent.

. H
| . - O~LA
¢ /EN~$,,/° LA
| H R RY A

 (264) R=Ph

LQ\O
0

(218)

- Figure 36

The alternative conformation B which would result in the minor (unobserved)

diastereoisomer (265), has the benzyl group positioned as the larger substituent. In this
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scenario a more unfavourable 1,3-interaction appears to exist between the carbonyl group

and the bulky Lewis acid-complexed oxymethyl group.

It was found by a colleague'** that separate treatment of the diastereomeric bicyclic
lactams (261) and (262) with TiCls resulted in the same product diastereoisomer (218).
This result supports the proposed mechanism since both (261) and (262) would yield an

identical N-acyliminium intermediate (264) on activation.
2.5 The Indolo[2,3-a]quinolizidine Ring System .
The indolo{2,3-a]quinolizidine ring system (199) is of great éigniﬁcance as it shares the

same heterocyclic skeleton as a plethora of highly bioactive indole alkaloids, exemplified
by tangutorine (203) and (R)-(+)-deplancheine (204) (Figure 37).

Figure 37

2.5.1 Synthesis of Indole Containing 5,6-Bicyclic Lactams

Equimolar quantities of the amino alcohol (226) and methyl-5-oxopentanoate (239) were

heated at reflux for 48 h under Dean-Stark conditions (Scheme 70). The 'H NMR
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spectrum of the crude reaction mixture revealed the presence of the diastereoisomers
(266) and (267) in a 5:1 ratio. Following column chromatography on silica, the
compounds (266) and (267) were isolated in yields of 50% and 8%. Separation of the |
diastereoispmers by flash column chromatography was problematic as these compounds

had extremely similar R¢ values. This issue was overcome by use of a graduated elution.

0
Me
+ .
N o
H .
(226) ' (259)
~ PhMe, A '
48 h, -H,O | 5:1d.r.
- -MeOH
0 O
Y, p £/ N
‘. 3 8a + ‘o L]
Qe gwiss - Lyt
N N
H H
" (266) 50% _ (267) 8%
Scheme 70

A compai'ative NOE study was undertaken to determine the relative stereochemistry of
the major (266) and ‘minor (267) diastereoisomers. In the case of the major
diastereoisomer (266), an NOE was observed between the protons at C-3 and C-8a. An -
NOE was not observed between the protons at C-3 and C-8a for the minor
diastereoisomer (267). These results support the proposed structures of (266) and (267)

“shown in Scheme 70.

The relative stereochemistry of the major diastereoisomer (266) was confirmed by single -

crystal X-ray analysis (Figure 38).
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Amat'> has conducted work which parallels the results obtained in Scheme 68 and
Scheme 70. (R)-Phenylglycinol (72) or (S)-valinol (239) and methyl-5-oxopentanoate
(259) weré refluxed in toluene with azeotropic removal of water. A 9:1 mixturé of the
lactams (268) and (269) were obtaihed, whereas (270) was formed as the sole product

- {Scheme 71).

: OMe .
H,N  OH - (268) (269)
72 o .
- (72) 259) 9:1dr.
or - ‘ or
H . Pl.-l;\'ldz%A Ph", 3 | ph°. 3
G -MeOH ™\ I\
_ Oa MNP + O3 NP
H,N  OH : H o
(239) _
(not observed)
(270) 271)
Scheme 71
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Amat'® explained the stereochemical outcome by con31denng lactams (269) and (271) as

thermodynamically more stable than the corresponding lactams (268) and (270). This
proposal was experimentally justified as treatment of pure (270) under acidic conditions - -
resulted in a 86:14 mixture of (271) and (270) (Scheme 72). In a similar manner, (269)
was obtained from (268) after acidic treatment.

Ph, H | Ph,’ H P, H

o N/ Y TFA(10eq) / \
Ny CH)CL,64h, 1t
: 86:14 d.r.

(270) @n (270)

Scheme 72

2.5.2 Exception to Baldwin’s Rules

During the synthesis of the tricyclic and bicyclic lactams such as (251) and (266)
(Figure 39) an unfavourable 5-endo-trig cyclisation must take place in accordance with
Baldwin’s rules. '

Figure 39

The formation of a cyclic acetal from ethylehe glycol and a carbonyl corripound (cations

frequently disobey Baldwin’s rules) also incorporates this process. These rules are only
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guidelines and when there is no alternative pathway and when a reaction is
- thermodynamically favourable (Baldwin’s rules describe the kinetic favourability of a

reaction), 5-endo-trig reactions can occur.®

253  Synthesis of Indolo[2,3-a]quinolizidine Derivatives

Based on the previously described work on the isoquinoline ring system, the lactams
(266) and (267), following initial characterisation, were not separated before treatment
- with TiCl, to promote cyclisation (Scheme 73).

On treatment of the lactam mixture (266) and (267) with TiCly, the 'H NMR spectrum of
- . the crude reaction mixture revealed the presence of the diastereoisomers (219) and (272)
in a 5:2 ratio. Following column chromatography on silica, the compounds (219) and
(272) were isolated in yields of 45% and 17%. Separation of the diastereoisomers by flash
column chromatography was problématic as these compounds had extremely sifnilar R¢

values. This issue was overcome by use of a graduated elution.

O

o, AN cl I

' y Ti 49 CH2C 2
Q_f“/i—o i -
-78°Ctort, 20 h

¥ 52dr.
(266):(267) 5:1 d.r. '
272) 17%
. Scheme 73
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A comparative NOE study was undertaken to determine the relative stereochemistry of
the major (219) and minor (272). diastereoisomers. Ih the case of the major
diastereoisomer (219), an NOE was not observed between the protons at C-6 and C-12b.
An NOE was observed between the protons at C-6 and C-12b for the. minof
diastereoisomer (272). These results support the proposed structures of (219) and (272)

shown in Scheme 73.

2.5.4  Rationale for the Stereochemical ‘Outcome Following

Lewis Acid Activation

The stereochemical outcome of the Lewis acid cyclisation of the bicyclic lactams (266)
and (267) can be rationalised using the conformational (Felkin-Anh®32133 jike) models
shown in Figure 40. These models are based on published material by Allin”"*

(Section 2.4.3) where the n-intramolecular nucleophile was benzene.

In conformation A leading to the favoured product (219), the carbonyl moiety is in close

| proximity with the small hydrogen atom at the $-amino alcohol chiral centre. The angular

H-atom at the iminium carbon provides no significant steric bulk to interfere with the

positioning of the indole or Lewis acid-complexed oxymethyl group. In this model, the

Lewis acid-complexed oxymethyl group is viewed as the larger substituent.
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R
| B
H :

(219)

Figure 40

If the indole substituent is viewed to be larger than the Lewis acid-complexed oxymethyl

group then conformation C appears to be the most favourable. This conformation

orientates indole perpendicular to the carbonyl group and like A will favour |

diastereoisomer (219). The difference between these two conformations is simply rotation

about the C-N bond. Conformation C may need to assume conformation A in order to

allow nucleophilic attack by the indole moiety at the iminium carbon, = -

| An alternative conformation B which would result in the minor diastereoisomer (272) also

" has the indole pbsitioned as the larger substituent. In this scenario a more unfavourable -

1,3-interaction appears to exist between the carbonyl group and the bulky Lewis acid-
~ complexed oxymethyl group. |

The most important feature of the conformations shown in Figure 40 is that the favoured

product (219) arises when the carbonyl moiety is in close proximity with the small
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hydrogen atom at the B-amino alcohol centre rather than a large or medium sized

substituent.

In transition state B there is a possibility of chelation between the amide oxygen atom and -

the alkoxy group with a metal counter-ion, to form a seven membered chelate. The Lewis
acid TiCls is capable of multi-point coordination and the Jlevel of product
diastereoselectivity is probably due to an increased contribution of the chelated transition

state similar in structure to B.

The product diastereosclectivity (5:2) in favour of the cyclised product (219) was poor

and therefore an alternative methbd was examined. An ethanolic 2M HCI solution was

investigated as a protic activation source. This ethanolic solution was readily available in

the Allin grohp as it was used for procedures such as that shown in Scheme 56. By simply

subjecting the mixture of bicyclic lactams (266) and (267) to 2M HCl in ethanol, it was
‘evident from the 'H and "*C NMR spectra of the crude reaction mixture that only one
* diastereoisomer (219) had formed (Scheme 74). | |

| rry, NN 2M HC, EtOH
m H/(_o H 20h, rt
N 95%
H
(266):(267) 5:1 d.r.

Scheme 74

It was the intention that Lewis acids such as TMSOTS, BF3.0Et and SnCl; would be used = -

to activate the diastereomeric mixture of (266) and (267). However, due to the
consistently high yields, ease of reaction and preference for only one diastereoisomer,

alternative approaches were not investigated.
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The purified product (219) was isolated in 95% yield and the relative stereochemistry of

the single diasterecisomer was detemined by single crystal X-ray analysis (Figure 41).

Figure 41

The single product diastereoisomer (219) was found to be identical to the major isomer
favoured in the TiCl; mediated cyclisation (5:2 ratio of product diastereoisomers (219)
and (272)).

2.5.5 Rationale for the Stereochemical Outcome Following Acid

~Activation

In order to rationalise the stereochemical outcome of the cyclisation of bicyclic lactams
(266) and (267) with 2M HCl in ethanol, conformational (Felkin-Anh®®!*2!% Jike) models
have been invoked (Figure 42). These models are based on published material by

- Allin®"® (Section 2.4.3) where the intramolecular n-nucleophile was benzene.

" Conformation A appears to be the most favourable if indole is viewed to be larger than
the hydroxymethyl group. This conformation orientates indole perpendicular to the
carbonyl group and like C will favour diastereoisomer (219). The difference between

these two conformations is simply‘ rotation about the C-N bond. Conformation A may
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need to assume conformation C in order to allow nucleophilic attack by the indole moiety

at the iminium carbon.:

6 |
o) _ _ | :
Ho o N Vi . -
.
AR = R
‘ OH | | H
H R . : .

Q- |
Q

R =Indole
j | Y
O
1
H
H
"1 C
H (219)
Figure 42

The absence of the minor diastereoisomer (272) reinfor_ces the proposal of é chelation
effect following activation of the bicyclic lactams (266) and (267) with the Lewis acid
TiCls (Scheme 73).

In subsequént acid-catalysed epimerisation (Section 2.7, Scheme 83), the cyclised
product (219) was cofnpletcly converted to (272). This would indicate that (219) is the
kinetic product and the (unobserved) diastereoisomer (272) is not initially formed and
converted under the conditions shbwn in Scheme 74. Steric effects appear to be the

predominant reason for the stereochemical outcome.
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2.6 Amide Reduction of an Indolo[2,3-a]quinolizidine

" Derivative

Lenzl29

has used two alternative methods to reduce (273): reduction with LiAlH, in
tetrahydrofuran or Red-Al in benzene. In general, amide reduction with Red-Al gave
higher yields and cleaner products in comparison to LiAlH4. Reduction of (273) gave the

naturally occurring xylopinine (260) in 85% yield (Scheme 75).

Scheme 75

The procédure developed by Lenz'?® was used to examine the reduction of the indolo[2,3-
alquinolizidine derivative (219), with the exception that benzene was replaced by toluene.
Following optimisation of the reaction the reduced product (274) was. readily formed from
(219) (Scheme 76) in 84% yield.

\"H 0 Red-Al PhMe
20 b, 84%

(219)

_ Scheme 76
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2.7 Epimerisation of Indolo[2,3-a]quinolizidine Derivatives

Lounasmaa'?®

C-3 of the indole alkaloid reserpine (275) to isoreserpine (276) (Scheme 77) and other

has produced an extensive review on the acid-catalyéed epimerisation at

cloéely related compounds- containing the indolo[2,3-a]quinolizidine ring system (199)
_ (Figure 43). |

MeO

Qe
=
(1)

(199)

Figure 43

Woodward'®

proposed the epimerisation mechanism outlined in Scheme 78. Protonation
initially occurs at the B-position of indole followed by enamine formation to furnish
(277). The configuration change to generate (279) is achieved by protonation of the

enamine (277) and cleavage of a proton from (278).
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Scheme 78

Experimental evidence for the mechanism outlined in Scheme 78 has been reported by
Rosentreter.'® It was shown that the vinylogous urethane (280) was epimerised at room
temperature with trifluoroacetic acid to yield (281) (Scheme 79). When the reaction was

repeated with deuterated trifluoroacetic acid, deuterium was incorporated at C-12b.

Scheme 79

" Wenkert' proposed an alternative mechanism (Scheme 80) which involves protonation
of the non-indolic nitrogen (the most basic site) to produce (282). The C-3 nitrogen bond

~ of (282) is cleaved with participation of the indole lone pair giving rise to the intermediate
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(283). Inversion at C-3 is effected by ring cldsure_ of (283) assisted by the nitrogen lone

pair.

+/H
. XY O
N W

Scheme 80

Cook!*® has observed that when compound (285) was epimerised with deuterated
trifluoroacetic acid, the corresponding epimer (284) was furnished in high yield but there
‘was no incorporation of deuterium at C-1 (Scheme 81). When the reaction was repeated
with TFA/NaBH; the products were (284) and the reduced ring-cleaved intermediate
(286) in approximately equal quantities. There was no evidence of any starting material
(285) and a reduction experiment (TFA/NaBH; in CH,Cly) with (284) gave only starting

material.
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(285)

TFA, NaBH,
CH,Cly, 1t

@284) o (286)

o

Scheme 381

The fact that there was no incorporation of deuterium dismisses the mechanism outlined
in Scheme 78. The ring-cleaved intermediate (286) strongly supports the acid-catalysed

epimerisation mechanism highlighted in Scheme 80.

A final plausible mechanism involves formation _(ﬁ‘ the intermediate (287) followed by
cleavage of the C-2/C-3 bond to yield the iminium species (288) (Scheme 82). Acid-
induced recyclisation of the iminium species (288) produces the epimerised product
(279).1%¢ | | “
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Scheme 82

Gaskell and Joule"! conducted an experiment to obtain possible mechanistic
intermediates during the C-3 epimerisation of reserpine (275) (Scheme 77). Reserpine
(275) was treated with zinc in acetic acid and besides reserpine (275) and iéoreserpine

(276), the product 2,3-secoreserpine (289) (Figure 44) was isolated.

MeOr

TMB = 3,4,5-trimethoxybenzoyl
(289)

~ Figure 44
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It was concluded by Gaskell and Joule™ that the epimerisétion reaction occurred via the
mechanism shown in Scheme 82, the iminium species (290) being the main intermediate
(Figure 45). |

MeOr
|
N"" -
H
MeO,C b
o - OMe
- TMB = 3 4,5-trimethoxybenzoyl
(290)
Figure 45

136 it was concluded that the choice of epimerisation route

From the review by Lounasmaa
appears to depend on the strength of the acid medium. The behaviour of reserpine (275)
(Scheme 77) and indolo[2,3-a]quinolizidines (199) (Figure 43) in strong acids, such as
trifluoroacetic acid, requires additional invéstigations. It was evident that different
structural features of the epimerised compounds have an effect on the epimerisation
reaction. Vinylogous urethanes such as (280) (Scheme 79) epimerise relatively fast at
room temperature, whereas indolo[2,3-a]quinolizidines (199) typically require more
vigorous conditions. A possible reason for these discrepancies is that the operating
mechanisms are different. Many questions about the acid-catalysed C-3 epimerisation

remain unresolved.

The tetracyclic system (219) was subjected to an acid-catalysed epimerisation and
following optimisation, the product was isolated asa single diastereoisomer (272) in near
quantitative yield (Scheme 83). Analysis of the "H NMR spectrum of the crude reaction

mixture indicated clean conversion of (219) to the epimerised product (272).
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TFA, PhMe

A 18h
97%

Scheme 83

142

It has been shown by a colleague ™ that the cyclic product (292) can be accessed using

the B-amino alcohol derivative of D-tryptophan (291) (Scheme 84).

(259)

Scheme 84

Either of the approaches shown in Scheme 83 or Scheme 84 improves the longevity and
potential of the chemistry outlined in this thesis. The stereochemistry at C-12b can be
controlled and used to synthesise the template of a plethora of natural products such as
ajmélicine (161), géissoschizine (200), dihydrogambirtannine (201) and demethoxy-
carbonyldihydrogambirtannine (202) (Figure 46). '
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(200) (201) R = CO,Me
(202)R=H

Figure 46
2.8 Modification of an Ihdolo [2,3-a]quinolizidine Derivative

In these studies the hydroxy! and indole-nitrogen of (219) was protected with benzyl |
groups (Scheme 85) to prevent unwanted side reactions. It is common to find the free
indole NH of compounds such as indolo[2,3-a]quinolizidines (219) to be protected during

synthetic sequences.”

The tetracyclic system (219) was treated with NaH and BnBr to form the bis-protected
compound (293) in 90% yield.

Scheme 85

Mono-deprotection of the .hydroxyl group was achieved by catalytic hydrogenatioh of
(293) and the product (294) (Séheme 86) was generated in 87% yield. |
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H,, Pd/C

EtOH,3 h
87%

Scheme 86

2.8.1  Functionalisation using Enolate Chemistry

An enolate alkylation of (293) (Figure 47) using methyl iodide as an elecfrophile waé

_ investigated to provide an insight into functionalisation at this position.

Enolate
Alkylation

(293)

Figure 47

“To demonstrate the formation of an enolate, the bis-protected compound (293) was

treated with LDA followed by methyl iodide (Scheme 87). The in situ generation of LDA

was problematic at the beginnihg of this investigation but was eventually overcome with
experience. Formation of the enolate was confirmed by a distinct colour change (the
~ yellow solution of (293) in THF changed to dark brown).

The '"H NMR spectrum of the crude reaction mixture revealed the presence of the

diastereoisomers (295) and (296) in a 3:2 ratio. Following column chron_iatography on

silica, the compounds (295) and (296) were isolated in yields of 45% and 27%. Separation
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of the diastereoisomers by flash column chromatography was problematic as these
compounds had extremely similar R values. This issue was overcome by use of a

graduated elution.

) LDA (1.1 eq) | THF,-78°Ctort
ii) Mel (1.1 eq)

(295) 45% (296) 27%

Scheme 87

A comparative NOE study was undertaken to determine the relative stereochemistry of
the major (295) and minor (296) diastereoisomers. In the case of the major
diastereoisomer (295), an NOE was observed between the protons at C-3 and C-12b. An
NOE was not observed between the protons at C-3 and C-12b for the minor
diastereoisomer (29_6).' These results support the. proposed structures of (295) and (296)

shown in Scheme 87.
2.8.2 Introduction of an (E)-Ethylidene Unit

The compound 297 (Flgure 48) which possesses an (E)-ethyhdene unit as found in
(R)-(+)-deplancheme (204) became a synthetic focus.
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Figure 48

~ During work conducted by Campi,'*? piperidinone samples such as (301) were prepared
from (298) and (299) or (300) by an aldol/dehydration sequence anc_l N-Boc deprotection
with trifluoroacetic acid (Scheme 88). |

L) “
0O N '

Boc

| i) LDA
(2?8) ((-3 MsCl -
(iii) DBN
RQCHO (v) TFA
O {:II )
(299) R=CN (301
(300) R =OMe ' :

Scheme 88

As a result of the work shown in .Schen':le 88, the bis-protected compound (293) was

subjected to the three step sequence shown in Scheme 89: lithium enolate generation and '

subsequent aldol reaction with acetaldehyde to form (302), mesylation of the alcohol
(302) to produce (303) and elimination to introduce o,B-unsaturation.
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i) LDA (1.1 eq)
ii) CH;CHO (1.1 q)

-78°Ctort
THF _
MsCl(1.5eq) '
Et;N(3.0eq ~ (B02)R=H
- -40°Ctort
 CH,ClL (303) R=Ms
DBN (2.0 eq)
THF, rt,2h
Yield (3 steps) = 60%
| (297)

Scheme 89

The target compound (297) was isolated as a single diastereoisomer in an overall yield of
60% from (293). The stereochemistry of the newly formed ethylidene unit was confirmed
by single crystal X-ray aﬁalysis (Figure 49) and found to be as required for
(R)~(+)-deplancheine (204).
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‘Figure 49 ..

The modified procedure of Lenz'” which had been used to reduce the indolo[2,3-
a]quinblizidine derivative (219) (Scheme 76) was applied to (297) (Scheme 90).
Unfortunately, the reduction was unsuccessful and an extremely complex 'H NMR
spectrum of the crude reaction mixture was obtained. There was no evidence of the
desired product (304) or starting material, An alternative reductive procedure by Meyers®®

was therefore used in subsequent investigations (Section 2.10).

Red-Al
A

PhMe, 18 h

Y

Scheme 90
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2.8.3 Removal of the Hydroxymethyl Substituent

It is evident from the structure of (R)-(+)-deplancheine (204) that a procedure to remove
the pendant hydroxymethyl substituent (auxiliary) from the cyclisation product (219) was
required (Figure 50).

Figure 50

Krafft'* has reported that in the presence of Raney nickel in refluxing toluene, pri.mary'
alcohols generate deoxygenated _compounds that contain one less carbon. For example,
heating a toluene solution of (305) with Raney nickel gave rise to (306) in 73% yield
(Scheme 91). . |

o 0
OH - Me
MeQ 9 . A’ PhMe Me 9
(305) 3.5h, 73% (306)

Scheme 91 -

Krafft'* proposed that the dehydroxylﬁethylation procedure involves a reversible
- dehydrogenation (oxidation) of the alcohol to the aldehyde followed by an irreversible

decarbonylation.
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Martin'¥ has.used the methodology developed by Krafft'* to remove a superfluous
hydroxymethyl group during the formal asymmetric synthesis of pumiliotoxin 521D (307)
(Figure 51). ' | -

(307)

Figure 51

Heating a mixture of (308) with Raney nickel (W2)" in refluxing toluene produced (309)
in 71% yield (Scheme 92).

Ra-Ni (W2)

A, PhMe
4h, 71%

Scheme 92

“The quality of the Raney nickel was critical to the successful removal of the pendant
hydroxymethyl group. The use of commercially available catalyst failed to promote the
reaction to completion, even after prolongéd heating. Altematively, freshly prepared

catalyst'*® effected the conversion in four hours,
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On subjecting the indolo[2,3-a]quinolizidine derivative (219) to the reagents and reaction

145 only starting material was re-isolated (Scheme 93).

conditions described by Martin
Unfortunately, additional time and up to a two-fold excess of Raney nickel (W2) did not

effect the desired transformation of (219) to (310).

Ra-Ni (W2)

Fa

A, PhMe
~ 4-72h

Scheme 93

Due to the lack of success in removing the pendant hydroxymethyl substituent using
Raney nickel (W2} an alternative approach was investigated. It was envisaged that (219)
could be subjected to an oxidation and decarbonylation sequence to remove the

hydroxymethyl substituent.

2.8.4 Oxidation Study

Initial attempts to oxidise the primary alcohol of (219) to the aldehyde (311) with

147,148

commercially available Dess-Martin periodinane were successful, although low

'yields were consistently obtained (29-38%) (Scheme 94).

DMP, CH,Cl,
20 h, 29-38%

(219)

Scheme 94
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149, 150

‘A literature search found pubhcatlons by aneno who has in{restigated_

2-10doxybenz01c acid (IBX) (312) (Figure 52) in DMSO as a mild oxidant.

(312)

Figure 52

It was rf:porte:d149 that oxidisable heteroaromatic compounds such as furan, pyridine and
indole were unaffectéd during such oxidations. Indoles', in particular those with an
* unsubstituted NH group, are known to be unstable in the presence of oxidising agents.
Oxidation of indoljl alcohols with IBX does not require protection of the indole NH. The
use of IBX in DMSO to oxidise the primary alcohol of (219) was th_erefore investigated.

IBX was readi_ly prepared from the inexpensive, commercially available 2-iodobenzoic |

acid (313) and potassium bromate using a preparative procedure reported by Dess and

Martin'“’ (Scheme 95).
| '°\;I, OH
KBrQ, . N
3 \0
' sto4
(313) ' (312)

Scheme 95

Oxidation of (219) using IBX generated the aldehyde (311) as a single diastereoisomer in
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| :69% yleld (Scheme 96). The oxidation was performed in an open ﬂask without any

partlcular precaution such as an inert atmosphere or dry solvent. The only significant

problem with this chemistry was the large volume of water required to remove the DMSO "

during work-up. Ethyl acetate and dichloromethane ‘were investigated as alternative

solvents. However, the compound (219) had poor solubility in these solvents and starting

material was recovered.

\"H 0 IBX,DMSO
- 20h, 69%

Scheme '96

Frigerio'*® has proposed a mechanism for the oxidation of alcohols such as (314) by IBX
(312) to produce the aldehyde (315) (Scheme 97). -

-O\T OH R' . - RR'CHO \1,0”
\ N
O + —_—— o *+ H20
@:« R1><0H o .
. O S o)
(312) G14)

H,0

| Scheme 97
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2.8.5 Decarbonylaﬁon Study

Ohno and Tsuji**""**? and Walborsky'*® have decarbonylated aldehydes such as (316) to
produce (318) (Scheme 98) using tris(triphenylphoshine)rhodium(I) chloride
(Wilkinson’s catalyst)!** (317). -

o PPhy o ¢
RCHO +  Phe—Rh—PPh, ——= RH + 'Ph3P—RIh—PPhg + PPhy
Ci ol
(316) 317 (318) (319)
Scheme 98

In addition to (317), bis(triphenylphosphine)rhodiurﬁ(l) carbonyl chloride (319) is aléo an
extremely useful complex for the decarbonylation of aldehydes under mild conditions.'!
The compound (319) can be readily prepared in solution by react'ion‘ of Wilkinson’s

catalyst (317) with carbon monoxide at room temperature and atmospheric pressure.

The proposed mechanism'> for the decarbonylation of the aldehyde (316) with the
thodium complex (319) is shown in Scheme 99. The initial step is the oxidative addition
of (319) to the aldehyde (316) to form (320). When heated in the absence of carbon
monoxide, one mole of carbon monoxide is lost to produce (321). The complex (322) is
generated from (321) and the final siep is the regeneration of the catalyst (319) with
formation of the decarbonylated product (318).
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. _' (fo o Rco\'f,péhg co T PPh;
RCHO + PhyP—Rh—PPhy === e, .oy ?’ RCO-—]Th(
o S - o : ¢t PPhy
(316) G (320) - (321)
RH =+ PhP—Rh—PPh; ——— - RH_
| - I
e oa " PPh
@Giey @G @2

| ~ Scheme 99

An lmportant component of catalytlc decarbonylatlons is the expulsmn of coordmated

155 have

| carbon monoxide and regenerat1on of the active catalyst Doughty and Plgnolet
:'exammed the decarbonylation of benzaldehyde and heptanal with canomc complexes of
* chelating dlphosphme hgands The complexes [Rh(dppe)z]Cl (dppe = 1,2-bis(diphenyl-
-‘.phosphmo)ethane) and [Rh(dppp)z]Cl (dppp =1 3-b1s(d1phenylphosphmo)propane) were
prepared by reaction of (319) w1th excess diphosphine ligand in toluene It was proposed
that such complexes should bind carbon monoxide s:gmﬁcantly less than (319) due to a
decrease in Rh-CO n back-bondmg Tt became apparent. that the catalytlc activity was |
. enhanced for the rhodium complexes w1th chelated dlphosphme hgands, compared to : -

those obtained for Wﬂkmson s catalyst (317)

| n an extension of the work by.D(')u'ghty and Pignoll_et,'s5 Meyer and Kruse'*® founcl that
the aCtive" catalyst [Rh(dppp)gj Cl could lse generated in situ. A near quantitative yield was
 obtained for the conversion of the aldehydes (323) and (324) to (325) and (326)
(Scheme 100) Reacuons of this type were typ:cally compIete in 8-16 h and 1-5 mol% of -
| (319) was used.

Results and Discussion




('\0 Rh(CO)(PPhs),Cl
X O (319)
{1-5 mol%)

\ dppp (2.2-11 mol%)
cHO xylene, A, 8-16h
(323)R=H : : (325) R =H (97%)

(32)R=0Me | (326) R = OMe (96%)

Scheme 100

Use of the catalyst (319) in conjunction with 1,3-bis(diphcnylphosphino)propane_
appeared to be a sensible choice to effect the decarbonylation of (311). Initial
inveétigations_ were 'conducted using 5 mol% of (319) and 11 mol% of 1,3-
bis(diphenylphosphino)propane in p-xylene (Scheme 101). The reaction was monitored
by TLC and was complete after 96 hours. The 'H NMR_ spectrum of the crude reaction

mixture suggested complete conversion of (311) to the decarbonylated product (3190).

H Rh(COXPPh,),C!
’ (319)
"H o (5 mol%)

dppp (11 mol%)

p-xylene, A
96 h, 72%
@Gy (310)
' + impurity
Scheme 101

Attempts were made to purify the product (310) by flash column chromatography and
preparatiVe TLC. Howei/er, the suspectéd product (310) cbnsisténtly co-eluted with an
impurity located between 7.10-7.68 ppm by 'H NMR spectroscopy, presumably a
phosphoroﬁs by-product. Varying combinations of mobile phase were investigated but all

approaches were unsuccessful.
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During the course of the previously described decarbonylation of (311), a colleague'®’
was simultaneously investigating and optimising the decarbbnylation of the closely
related indolizino[8,7-b]indole derivative (327) (Figure 53). Variables such as time,
solvent, quantity of catalyst (319) and the relative proportion of diphosphine ligand were

investigated.

\“.
Me

(327)

Iz

Figure 53

As a result of the success attained decarbonylating (327), an alternative procedure to that
indicated in Scheme 101 was investigated. The solvent p-xylene (137-138°C) was
replaced with the higher boiling mesitylene (163-165°C) and 10 mol% of the catalyst
(319) was used without 1,3-bis(diphenylphosphino)propane. The procedure was applied
to (311) (Scheme 102) and after an unoptimised time of 48 h, the decarbonylated product
(328) was isolated in 65% yield. Following purification there ‘was no evidence of an
impurity in the "H NMR spectrum.. However, on overcoming the puriﬁchtion issue an

additional problem was discovered.

H Rh(COXPPh,),Cl

(319)
H o (10 mol%) , o]
N oo \ N
mesitylene, A N
48 h, 65% H H
(311) \ I | (328)
Scheme 102
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" A single crystal X-ray analysis (Figure 54) was obtained and suggestéd that during

‘decarbonylation the remaining chiral centre had racemised.

Figure 54

A racemic mixture will typically crystallise as a homogenous solid containing
equimolecular amounts of both enantiomeric molecules. The crystal obtained from a
racemic mixture usually has a centrosymmetric space group with the two enantiomers
related by a symmetry centre. The symmetry of a unit cell is described by its space group
which is represented by a cryptic symbol (like P2,2;2;), in which a capital letter indicates
the lattice type and the other symbols represent symmetry operations that can be carried
out on the unit cell without changing its appearance. There are 230 possible space groups
and these can be readily obsefved in crystatlographic literature.'”® The single crystal
X-ray analysis of (328) revealed that the space group was Pbca which is centrosymniétﬁc. '
This result provoked concern with regards to the stereochemistry of the decarbonylated |

‘ prdduct.

~ A single crystal X-i:ay analysis is not representative Of_ bulk purity, thefefore chiral _HPL'C
(ChiralCel OD-H, 85:15 héxane/propa.n-Z-ol, 0.4 mL min™") was performed on the sample

used to prepare the crystal. The enantiomers were observed at 43.1 and 46.5 minutes. .
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Epimerisations of compounds such as reserpine (275) at C-3 (Figure 55) typically require
an acidic source such as trifluoroacetic acid."®® It would appear that refluxing in
‘mesitylene is sufficient to effect inversion at the remaining chiral centre. An acidic source
may be present which is either generated during the decarbonylation procedure or has

been carried through from a previous process.

MeO

TMB = 3,4,5-trimethoxybenzoyl
(275)

Figure 55

Monitoring of the reaction by 'H NMR spectroscopy and TLC indicated clean
decarbonylation of the aldehyde (311) after 18 h (previous unoptimised time for the
racemised product (328) was 48 h). The major product (310) was proposed to be as shown

in Scheme 103 for reasons that are subsequently discussed.

H Rh(COXPPh,),Cl

s 319)
"H o (10 mol%) _ o)
N - \ N
mesitylene, A" N
18 h, 59% H H
(311) | (310)
.Scheme 103
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The. enantiomeric purity was determined by chiral HPLC (ChiralCel OD-H, 85:15
hexane/propan-2-ol, 0.4 mL min™). The enantiomers were obtained at 42.2 and 46.4
minutes which compared favourably with the racemic sample (43.1 and 46.5 minutes) and

the e.e. was calculated to be 94%. During the course of the asymmetric synthesis of

88

(S)-(-)-deplancheine by Meyers,” the indoloquinolizidine (330) was synthesised

(Scheme 104). The precursor of (330) was the (S)-(-)-enantiomer (329) of (310).

LiAlH,, 0°C
AGh),t(12h)
94%

Scheme 104

The optical rotation of (310) [0)Pp =+241.5(c= 1 .0, CHCl;) was in accordance with that
reported for its enantiomer (330) [0]%p = -232.0 (¢ = 1.0, CHCL3).* This would suggest
that the major decarbonylated product is the enantiomer (3 10) shown in Scheme 103.

A colleague'* continued decarbonylation investigations of (311) and determined that the
 success of the procedure outlined in Scheme 103 varied. The decarbonylation of (311) is
always achieved within 18 hours but the e.e. values are inconsistent. This procedure is

currently being subjected to additional investigation.

2.9 Modification of the Racemic Indolo[2,3-a]quinolizidine

Template

Due to development of the asymmetric decarbonylation of (311) and time restraints it was

decided that a synthesis of ()-deplancheine (208) (Figure 56) would be attempted. The -
synthesis of (208) would provide insight into the feasibility of applying the chemistry in a

future asymmetric synthesis of (R)-(+)-deplancheine (204).
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(208)

Figure 56

During the formal synthesis of (£)-deplancheine (208) by Ohsawa’ (Scheme 51) a ring
closure of (213) to produce (216) was attempted (Scheme 105).

N""COgCHgCCIg LD A @_Q\j\
PO(OEt), H PO(OE”’

THF, -78°C
213) (216)

Scheme 105

The reaction was unsuccessful and it was proposed that the inertness was due to the free
indole NH. Successful cyclisation was achieved after protection of (213) using potassium
hydride in conjunction with phenylsulfonyl chloride. Protection of the indole NH of (328)

was therefore investigated to prevent any complications or unwanted side-reactions,

The 1ndole of (328) was protected using sodium hydnde and phenylsulfonyl chlonde and

the target compound 33 1) was obtained in 89% yield (Scheme 106)
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O
\ N NaH, PhSO,Cl

N THF,5h
H H 89°%
(328)
Scheme 106

The protected compouhd (331) was subjected to the three step sequence shown in
Scheme 107: lithium enolate generation and subsequent aldol reaction with acetaldehyde
to form (332), mesylation .of the alcohol (332) to produce (333) and eiitnination to
introduce the (E)-ethylidene unit. The target compound (334) was isolated in an overall
yield of 56% from (331).

o i) LDA (1.1 eq)
\ N ii) CH;CHO (1.1eq) or
fi‘ H -78°Ctort '
PhO,S THF PhO,S |
- | MsCl (1.5 eq) .
(331) Et,N (3.0 eq) (332)R=H
-40°Ctort _
CH.CY, (333) R=Ms
DBN (2.0 eq)
THF,rt,2h
0
N
H
Pnozel.
Yield (3 steps) = 56%
334)
Scheme 107
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* Yashura and Sakamoto®® havé_ developed a mild and netitfal method to dé'pfotect
" N-phenylsulfonyl and N-methylsulfonyl protected indoles. A typical desulfonylation
procedure involved refluxing the N-sulfonylindole (335) in tetra-n-butylammonium
fluoride (TBAF) and THF to produce (336) (Scheme 108). Some representative examples

are shown in Table 5. -

R R
TBAF
gt Uyt
R THF, A - Ny~ R
- . H. :

N
R202é : ' S
(335) . : (336)
| Scheme 108
R R' | R Time (h) | TBAF (eq) | Yield (%)
H Ph Ph 1.5 1 100
CHO H Me 1 1 100
COMe H | Me | 2 1 91
COOMe | Ph | Me 05 1 7
Table 5

The desulfohylation procedure was successfully applied to (334) and the desired product
(337) was isolated in 78% yield (Scheme 109). | -

TBAF

THF, A,2h
78%

Scheme 109
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2.10  Selective Reduction and Generation of (:l:)-Deplénch.eine

The selective reduction of (337) to (208) (Scheme 118) was achieved using methodology
developed by Meyers.88

DIBAL, DME
0°Ctort,1h
18%
(208)
+ impurity
Scheme 110

The compound (208) and an impurity after flash column chromatography were obtained
in a combined yield of 18%. It appeared form TLC that the desired compound had been
“isolated as a single spot. However, it was evident from the 'H NMR spectrum after
purification that the impurity was sigrﬁficant and present in approximately 50%. It was
also possible to observe peaks that compared favourably to those publlshed in the
literature® for (E)-(S)-(-)-deplancheine (338) (Figure 57).

| (338)

Figure 57

Additional purification of (208) by re-columning and preparative TLC were unsuccessful
~and inferior 1H NMR spectra were progress:vely obtained. A possible reason for the
impurity is that the work-up and punﬁcatlon attempts did not destroy a]l or any of the
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 DIBAL complexes associated with (337).- The impurity by 'H NMR may be due to
diisobutyl groups or components of DIBAL. Due to the quantity of material and time

restraints we were unable to purify this material any further.

Results and Discussion _ 110




2.11 Conclusion

In conclusion we have developed methodology for the asymmetric " synthesis of
isoquinoline and indole alkaloid systems exemplified by (218), (219) and (220)
(Figure 58). |

- (19)

Figure 58

The most significant component of this thesis is the total synthesis of (x)-deplancheine
(208) outlined in Scheme 111 and Scheme 112 (11 steps with an overall yield of 1.3%
from (257)).

COOH OH
LiBH,, Me;SiCl
o \ NHZ
THF, 24 h
N
H

17%
(225) . . (226)
MeOH A PCC, CH2C12
HzSO4, 5 h Cellte, 15h
98% 79%
257 o (258) : (259)
Scheme 111
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(226)

+

PhMe, A, 48h  HN._/

H
-H,0
(259,) -MeOH
58%
(219)
(266):(267) 5:1 d.r.
IBX, DMSO
20 h, 69%
Rh(COXPPh;),Cl
\ N mesitylene, A, 48 h
N 65%
H H
(328)
NaH, PhSO,Cl
THF, 89%
i} LDA, CH;CHO
-78°C to rt, THF
0 ii) MsCl, Et3N
\L -40°C to 1t, CH,Cl,
N 4 ~ iii) DBN, THF l
Phozé - 56% PhO,S |
(332) : 334y
TBAF -
THF, A, 2 h
78%
DIBAL, DME
0°Ctort,1h
18%
(208)
+ impurity
Scheme 112
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It is hoped that the preliminary research outlined in this thesis can be expanded on and
~ provide an alternative, highly stereoselective route to (R)-(t+)-deplancheine (204)
(Figure 59) and a variety of indole alkaloids.

Figure 59

2.12 Future Work

|

|

|

|

|

(04 o o

|

|

|

|

|

|

| | 1

2.12.1 Decarboxylation and Synthesis of (R)-(+)-Deplancheine }

| | -. ?

Alternative methods to remove the hydroxymethyl substituent (auxiliary) of (219) to that ;

reported in Section 2.8.3 and Section 2.8.5 could be investigaied. A different approach
would be to oxidise the aldehyde (311) to the carboxylic acid (339) (Scheme 113) and

| decarboxylate the latter. The oxidative transformation could be possibly achieved by a
Jones oxidation or pdtassium permanganate in acid or basic solution. An alternative

method is silver(I) oxide which is a fairly speci_ﬁc oxidising agent for aldehydes.%

Oxidation

Scheme 113
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It is feasible that a radical pathway devised by Martin™ could be used to decarboxjrlaté
(339). The product (310) could then be used to synthesise (R)-(+)-déplancheine (204)
(Scheme 114) utilising methodology reported in this thesis. '

i) i-BuOCOCI 0
PhSeNa = \ N
ii) Bu3SnH, N
*AIBN, A H H
| (310)
NaH, PhSO,CI
THF

i) LDA, CH;CHO
-78°C to 1t, THF

ii) MsCl, Et;N N
-40°Cto rt PhO,S
- CHCY,

iii) DBN, THF

DIBAL, DME N N
0Ctort N oo =

- (204)

Scheme 114
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2.12.2 Derivatisation of th_e Indolo{2,3-a]quinolizidine Ring System

The presence of a carbonyl group on ring D of the decarbonylated producf (310)
(Figure 60) could allow future derivatisation through exploitation of the carbonyl group

reactivity.

T a.B-Unsaturation
Conjugate
Addition

-~ (310)

Figure 60

Amat'® has developed a procedure that introduces o,B-unsaturation (Scheme 115) to

systems such as (340).
Ph, _ Ph,
/—-—\ i) KH, PhSOzMe
O NN,
W "o/%
(340)

Scheme 115

The chemistry outlined in Schem.e 115 could be applied to the tetracyclic system (310) to

produce o, B-unsaturation and enable conjugate addition. It has been demonstrated in this
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thesis (Scheme 89 and Scheme 107) that a three Step sequence can be used to introduce
an (E)-ethylidene unit. Both of these methods could be sequentially used during the

synthesis of indole alkaloids such as geissoschizine (200) and geissoschizol (341)"
(Figure 61). |

(200) ‘ | (341)

Figure 61
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3.1 General Procedures

3.1.1 Solvents and Reagents

Where necéssary solvents were dried, distilled and used immediately or stored over 4A

- molecular sieves prior to use.

Absolute Ethanol (>99.8%)
Acetonitrile (99.8%)
Diethyl Ether (>99%)
Dichloromethane
1,2-Dimethoxyethane (>99%)

N, N-Dimethylformamide (>99.8%)

~ Dimethylsulfoxide (>99.9%)
Ethyl Acetate

Hexane

Hexane (HPLC grade)

Isopropyl Alcohol (HPLC grade)
Light Petroleum Ether (40-60°C)
Mesitylene (98%)

Methanol

- Tetrahydrofuran

~ Toluene

p-Xylene (>99%)

Used as purchased from Fisher Scientific, UK.
Used as purchased from Aldrich Chemical Co. Ltd.
Used as purchased from Fisher Scientific, UK.
Distilled from phosphorus pentoxide. |

Us.ed as purchased from Lancaster Synthesis Ltd.
Used as purchased from Aldrich Chemical Co. Ltd.

‘Used as purchased from Aldrich Chemical Co. Ltd.

Distilled from calcium chloride.

Used as purchased from Fisher Scientific, UK.
Used as purchased from Fisher Scientific, UK.
Used as purchased from Fisher Scientific, UK.
Distilled from calcium chloride.

Used as purchased from Aldrich Chemical Co. Ltd.
Used as purchased from Fisher Scientific, UK.

‘Distilled from sodium and benzophenone.

Distilled from sodium.
Used as purchased from Aldrich Chemical Co. Ltd.

Other chemicals used in this work were purchased from Acros (Fisher) Chemicals Ltd.,
Aldrich Chemical Co. Ltd., Lancaster Synthesis Ltd. and Merck Chemicals Ltd.
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| 3.1.2 'Chromatographic Proceduf'es_

Thin layer chromatography (TLC) was carried out using aluminium backed plates coated
with silica gel (Merck Kiesegel 60 Fss). Plates were visualised under UV light (254 nm)

or by staining with potassium permanganate, phosphomolybdic acid or 2,4-dinitro-

phenylhydrazine.

Flash column chromatography was éonducted using silica gel (Merck Kiesegel 60 H).

Pressure was applied to the column by hand bellows and samples were applied as
saturated solutions in an appropriate solvent or adsorbed onto the minimum quantity of

silica.

Chiral HPLC was performed using a Thermoseparations modular machine (V100 UV
detector, P200 pump and TSP chromatographic integrator) with a ChiralCel OD-H
column (250 x 4.6 mm) purchased from Merck Chemicals Ltd.

3.1.3 Infrared and Nuclear Magnetic Resonance Spectroscopy

Infrared spectra were recorded on a Paragon 1000 Perkin Elmer FT-IR Spectrophotometer
(with internal calibration) in the range 4000-600 cm’!. Samples were either dissolved in
~ an appropriate solvent and run as a thin film on sodium chloride plates or as a potassium

bromide disc.

'H and '®C Nuclear Magnetic Resonance (NMR) spectra were acquired using either a
Bruker AC 250 or Bruker DPX 400 Spectrometer. All NMR samples were prepared in

deuterated solvents with tet:ameihylsilane (TMS) as the internal standard. Multiplicities -

were recorded as broad peaks (br), singlets (s), doublets (d), triplets (t), quartets (q) and

multiplets (m). Coupling constants (J valués) are reported in Hertz (Hz). Diastereomeric

ratios were calculated from the integration of suitable peaks in the 'H NMR spectrum.
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3.1.4 Mass Spectrometry

 Mass spectra were recorded on a Jeol SX102 mass spectrometer using electron impact-

(EI) or fast atom bombardment (FAB) jonisation techniques.
3.1.5 Melting Points, Elemental Analysis and Optical Rotations

_ Melting points were determined on an Electrothenhal 9100 melting point apparatus and

are uncorrected.

Elemental analysés Were determined on a Perkin Elmer 2400 CHN Elemental Anaiyser in

conjunction with a Perkin Elmer AD-4 Autobalance.

Optical rotations were measured using an Optical Activity AA-2001 Automatié
Polarimeter using a 0.25 dm cell.

- 3.1.6 X-Ray Crystallography

Data sets were collected on a Bruker SMART 1000 CCD diffractometer with graphite

monochromated Mo-Ka radiation operating at lowrtemperature (150K). The software

used for data collection was SMART (Bruker, 2001) and cell refinement/data reduction
was achieved using the program SAINT (Bruker, 2001). The structures were solved by
.dircct methods and refined by full-matrix least-squares on F> using the software
SHELXTL (Sheldrick, G. M. (2001). Version 6.12, Bruker-AXS Inc., Madison,
Wisconsin, USA). o |
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_(25)-2-Amino-3—phenylpropan-l-olm

NH,

(1)

A solution of chlorotrimethylsilane (15.4 mL, 121.1 mmol) was added to LiBH, (1.32 g,
60.5 mmol) in dry THF (50 mL) under a nitrogen atmosphere. L-Phenylalanine (224)
(5.0 g,30.3 nimbl) was added over a 5 min pen'od. and the mixture was stirrcd"for 24 h at
room temperature. MeOH (30 ml) was cautiously added to the reaction‘., vessel and
volatiles were removed under reduced pressure. A 20% KOH solutidn (25 mL) was added
to the residue and the équeous phase was extracted with CH,Cl; (3 x 30 mL). The organic
extracts were combined, dried over anhydrous MgSQO,, filtered and solvent was removed
under reduced pressure. The target compound (71) was isolated as a yellow solid which
was recrystallised from CH,Cly/hexane to yield colourless crystals (4.35 g, 95%). Mp 91-
93°C (lit.'%® 90-92°C); Vma/em™ (film) 3354, 3296, 2920, 2853, 1583, 1495, 1453, 1058,
743, 700; &y (CDCls, 400 MHz) 1.78 (1H, br, s, OH), 2.53 (IH,' dd, J 13.5, 8.6,
CH(H)CHNH>), 2.80 (1H, dd, J 13.5, 5.2, CH(H)CHNH,), 3.09-3.16 (1H, m, CHNH3),
3.39 (1H, dd, J 10.6, 7.2, CH(H)OH), 3.64 (1H, dd, J 10.6, 3.9, CH(H)OH), 7.19-7.33
(5H, m, ArH); 8¢ (CDCl;, 100 MHz) 41.1 (CHy), 54.2 (CH), 66.5 (CH), 126.4 (CH),
1286 (2 x CH), 129.2 (2 x CH), 138.7 (C). |
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(25)-2-Amino-3-(1H-indol-3-yl)propan-1-ol'”’

OH

\ NHZ
N
H .

(226

A solution of chlorotrimethylsilane (12.4 mL, 97.9 mmol) was added to LiBH,4 (1.07 g,
49.0 mmol) in dry THF (60 mL) under a nitrogen atmosphere. L-Tryptophan (225) (5.0¢g,
24.5 mmol) was added over a 5 min period and the mixture was stirred fdr 24 h at room
temperaﬁxre. MeOH (30 mL) was cautiously added to the reaction vessel and volatiles
were removed under reduced préssure. A 29% KOH solution (25 mL) was added to the
residue and the aqueous phase was extracted With EtOAc (3 x 30 mL).. The organic
extracts were combined, dried over anhydrous MgSQy, filtered and solvent was removed
under reduc_éd pressure to yield a viscous orange oil. The oil was adsorbed onto silica and
purified by flash column chromatography (9:1 EtOA_c:MeOH). The target compound
(226) was isolated as a yellow foam (3.59 g, 77%) which could not be induced to
crystallise. [a]”’p = -21.5 (¢ = 1.0, MeOH) (lit."*’ [o]p = ~19.0 (c = 1.0, MeOH); Vage/em™
(KBr) 3404, 2902, 1592, 1455, 1059, 958, 747, 493; 8y (DMSO, 400 MHz) 2.57 (1H, dd,
J14.1, 7.2, CHH)CHNH), 2.79 (1H, dd, J 14.1, 5.9, CH(H)CHNH,), 2.95-3.01 (1H, m,
 CHNHL), 323 (1H, dd, J 10.4, 6.7, CH(H)OH), 3.36 (1H, dd, J 103, 4.7, CHH)OH),
6.94 (14, t, J 7.4, ArH), 7.05 (1H, t, J 6.8, ArH), 7.14 (1H, s, NHCH), 7.34 (1H, d, J 8.0,
ArH), 7.54 (1H, d, J 8.0, ArH), 10.85 (1H, br, s, NH), OH not visible; 8¢ (DMSO, 100
| MHz) 29.6 (CH), 53.5 (CH), 66.0 (CH»), 111.2 (CH), 111.6 (C), 118.0 (CH), 118.4
(CH), 120.7 (CH), 123.2 (CH), 127.5 (C), 136.1 (C); m/z (EI) 190 (M", 3%), 130 (100%).
Accurate mass: found 190.1102, CyiHiN;O requires 190.1106. | |
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g 1-[(1S)—2-Hydroxy-l-(phenylmethyl)ethyl]tetrahydro-lH-pyrrole—Z,S—dione

@ 0
;HO

(228)

~ (25)-2-Amino-3-phenylpropan-1-ol (71) (3.0 g, 19.8 mmol) and succinic anhydride (227)
. (1.99 g, 19.8 mmol) were dissolved in toluene (150 mL) with stirring. Triethylamine (5
mL) was added and the solution was refluxed for 18 h. The reaction vessel was allowed fo
cool to room tem;ﬁerature and solvent was removed under reduced pressure. The resultant
yellow solid was adsorbed onto silica and purified by flash column chromatography (3:1
EtOAc:hexane). The target compound (228) was isolated as a white solid (3.93 g, 85%), a
portion of which was recrystallised from CH>Cly/hexane to yield colourless needles. Mp
| 130-132°C; [a]nb =-92.8 (¢ = 1.0, CHCL)); vma/em™ (film) 3417, 1689, 1402, 1375,
1168,. 705; 8y (CDCl3;, 400 MHz) 2.50-2.67 (4H, m, 2 x CH,CO), 3.07-3.17 (2H, m, |
CCHZCH), 3.84 (1H, dd, J 12.0, 3.2, CH(H)OH), 4.00 (1H, dd, J 12.0, 7.1, CHH)OH),
4.48-4.55 (1H, m, NCH), 7.16-7.30 (SH, m, ArH), OH not visible; 5c (CDCl;, 100 MHz)
280 (2x CH,), 33.8 (CH;), 55.8 (CH), 62.4 (CHy), 126.8 (CH), 128.5 (2 x CH), 129.1 (2
x CH), 137.2 (C), 178.1 (2 x C); m/z (EI) 233 (M, 14%), 134 (100%). Accurate mass:
found 233.1054, Cy3H;sNO; requires 233.1052.
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(SS,lObR)-S-(Hydroxymethyl)-l,2$,5,6,10b—hexahydropyrr_olo[2,l-a]isoquinolin-3-

Cone

(231)

1-[(18)-2-Hydroxy-l-(phenylmethyl)ethyl]tetrahydro-1H-pyrrole—2,5-dione (228) (3.0 g,
12.9 mmol) was dissolved in absolute EtOH (50 mL), cooled to 0°C and NaBH; (0.97 g,
25.7 mmol) was added with stirring. The solution was acidified to pH 1 by addition of 2M
- HCl in absolute EtOH and the resultant white suspension was stirred for an additional 20
h at room temperature. The mixture was quenched by careful addition of saturated
* aqueous sodium bicarbonate solution (40 mL) and the aqueous phase was extracted with
CH,Cl, (3 x 25 mL). The combined organic extracts were dried over anhydrous MgSO4,
filtered and solvent was removed under reduced pressui'e to yield a colourless oil which
was dissolved in dry CH,Cl; (30 mL) under a nitrogen atmosphere. The mixture was
cooled to -78°C and TiCly (2.12 mL, 19.3 mmol) was added dropwise. After stirring for
10 min, the mixture was allowed to warm to room temperature and stirred foi' an
additional 20 h. The reaction mixture was quenched with saturated aqueous NH4Cl
solution (30 mL), extracted with CHzCl, (3 x 30 mL), dried over anhydrous MgSO4 and
filtered. Solvent was removed under reduced pressure to yield a green oil which was
adsorbed onto silica and purified by flash column chromatography (100% EtOAc). The
target compound (231) was isolated as a pale gfeen solid (2.2 1 g, 79%), a portion of
which was recrystallised from CH,Cly/hexane to yield colourless needles. Mp 110-111°C;
[0 = +97.4 (c = 1.0, CHCL); vamdom’ (film) 3354, 1662, 1419, 1062, 732; (CDCL,
- 400 MHz) 1.93-2.03 (1H, m, CH(H)CH,CO), 2.42-2.48 (1H, m, CH(H)CO), 2.62-2.70
(2H, m, CHH)CO & CH(H)CH»CO), 2.73 (1H, dd, J 16.5, 3.8, CCHH)CH), 3.04 (1H,
dd, J 16.3, 6.5, CCH(H)CH), 3.62 (1H, dd, J 114, 8.7, CHH)OH), 3.71 (1H, dd, J 11.5,
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5.2, CH(H)OH), 4.09 (1H, br, s, OH), 4.43-4.49 (1H, m, CHCH,OH), 4.84 (1H, t, J 7.7, \

CCH), 7.11-7.27 (4H, m, ArH); 8¢ (CDCl;, 100 MHz) 26.6 (CHy), 29.7 (CHy), 31.7
(CHy), 49.7 (CH), 54.5 (CH), 63.0 (CHy), 124.3 (CH), 126.8 (CH), 127.2 (CH), 129.1
(CH), 132.4 (C), 136.8 (C), 175.2 (C); m/z (EI) 217 (M, 51%), 130 (100%). Accurate
mass: found 217.1103, C13HisNO; requires 217.1103.
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1-[(18)-2-Hydroxy-1-(1H-indol-3-ylmethyl)ethyljhexahydropyridine-2,6-dione

0 .
 oud
' (237)

(2S)-2-Amino-3-(1H—indpl-3-yl)propan-1-oI (226) (2.65 g 13.9 mmol), glutaric
anhydride (236} (1.59 g, 13.9 mmol) and triethylamine (5 mL) were refluxed in toluene
(150 mL) for 18 h with Stirring. The solution was allowed to cool to room temperature

before solvent was removed under reduced pressure to yield a viscous yellow oil. An
| exfremely complex 'H NMR spectrum of the crude reaction mixture was obtained and
there was no evidence of the expected product (237).
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(3S,9bR)—3-(1H-Indol-3-ylmethyl)-9b-methyl—2,3,5,9b-tetrahydro[l,3]oxazolo [2,3-a]-

isoindol-5-one

Q Me

[ & ™
\ |
H . o
@251)

(25)-2-Amino-3-(1H-indol-3-ylpropan-1-ol  (226) (455 g, 23.9 mmol) and 2-

acetylbenzoic acid (245) (3.93 g, 23.9 mmol) were refluxed in toluene (150 mL) for 48 h

under Dean-Stark conditions. The mixture was allowed to cool to room temperature

before solvent was removed under reduced pressure. The resultant brown viscous oil was

adsorbed onto silica and purified by flash column chromatography (3:2 EtOAc:hexane).

The target compound (251) was isolated as a white solid (5.18 g, 68%), a portion of

which was recrystallised from CH,Cly/hexane to yield colourless needles. Mp 184-185°C;

[@)Pp = -109.9 (¢ = 1.1, CHCly); v,m,-,(/cm'1 (film) 3341, 1700, 1355, 1010, 909,

739; (Found: C, 75.31; H, 5.65; N, 8.64. CaoH;gN2O; requires C, 75.45; H, 5.70; N,

8.80%); 8y (CDCl;, 400 MHz) 1.70 (3H, s, CH3), 3.17 (1H, dd, J 14.8, 8.6, CCH(H)CH),

- 3.42 (1H, dd, J 14.8, 5.7, CCH(H)CH), 4.18 (1H, dd, J 8.9, 6.4, CHH)O), 4.31 (1H, dd, J

8.9, 7.4, CH(H)O), 4.56-4.63 (1H, m, NCH), 7.13-7.23 (2H, m, ArH), 7.24-7.25 (1H, m,

NHCH), 7.37 (1H, dt, J 8.0, 1.0, ArH), 7.49-7.53 (2H, m, ArH), 7.58-7.61 (1H, m, ArH),
- 7.72-1.74 (1H, m, AtH), 7.76-7.78 (IH,"ih, ArH), 8.17 (1H, br, s, NH); 8¢ (CDCl3, 100
MHz) 23.1 (CHs), 30.7 (CHy), 56.1 (CH), 74.8 (CHy), 99.0 (C), 111.2 (CH), 111.7 (C),
118.8 (CH), 119.5 (CH), 122.1 2 x CH), 122.5 (CH), 124.3 (CH), 127.7 (C), 130.1 (CH),
131.7 (C), 133.2 (CH), 136.2 (C), 147.4 (C), 174.4 (C); m/z (EI) 318 (M, 43%), 130
(100%). Accurate mass: found 318.1368, C2H;5sN20; requires 318.1368.
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| (3S,9bR) “and (3S,9b.S)-S-(Hydroxymethyl)—%-methyl-3,4,9,9b-tetrhhydro-IH-iso-

indolo[1,2-a]B-carbolin-1-one

(252)

(35,9bR)-3-(1 H-Indol-3-ylmethyl)-9b-methyl-2,3,5 9b—tetrahydro[l 3]oxazolo[2 3-a]1so-
indol-5-one (251) (0 85 g, 2.67 mmol) was dlssolved in dry CH.Cl; (15 mL) under a
nitrogen atmosphere, cooled to -78°C and TiCl; (0.44 mL, 4.01 mmol) was added
dropwise. After stirring for 10 min, the reaction mixture was allowed to warm to room
temperature and stirred for an additional 20 h. The mixture was quenched with saturated
aqueous NH,CI solution (15 mL), extracted with EtOAc (3 x 15 mL), dried over
anhydrous MgSO;, and filtered. Solvent was removed under reduced pressure to yield a
brown oil which was shown to be a mixture of diastereoisomers (5:2) by 'H NMR
spectroscopy. The oil was adsorbed onto silica and purified by flash column
chromatography (2:3 to 3:2 EtOAc/hexane). | o

Major isomer (220) (0.53 g, 62%). Isolated as colourless blocks. Mp 286-288°C
(EtOAc/hexane); [a}?p = +172.2 (c = 1.0, DMSO); (Found: C, 75.26; H, 5.59; N, 8.80.
CpoHgN>O; requires C, 75.45; H, 5..70; N, 8.80%); Vma/em™ (KBr) 3196, 1655, 1404,
1329, 1248, 1032, 741; 84 (DMSO, 400 MHz) 1.86 (3H, s, CHs), 2.73 (1H, dd, J 15.6,
6.8, CCH(H)CHN), 2.98 (1H, d, J 16.0, CCH(H)CHN), 3.62-3.72 (2H, m, CH;OH), 4.95-
5.01 (1H, m, NCH), 5.08 (1H, t, J 5.4, OH), 7.00 (1H, t, J 7.6, AtH), 7.12 (1, t, J 7.6,
ArH), 7.40-7.43 (2H, m, ArH), 7.53 (1H, t, J 7.4, ArH), 7.71-7.75 (2H, m, ArH), 8.28
(1H, d, J 7.6, AtH), 11.44 (1H, s, NH); 8c (DMSO, 100 MHz) 21.7 (CHy), 28.2 (CH;),
50.3 (CH), 61.4 (CHy), 61.7 (C), 104.2 (C), 111.0 (CH), 118.1 (CH), 118.6 (CH), 121.4
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(CH), 122.3 (CH), 123.0 (CH), 1263 (C), 128.3 (CH), 129.5 (C), 132.2 (CH), 133.5 (C),
© 136.4 (C), 149.7 (C), 168.4 (C); m/z (EI) 318 (M, 37%), 303 (100%) Accurate mass:
found 318.1371, C20H1sN20; requires 318.1368.

Minor isomer (252) (0.20 g, 24%). Isolated as colourless blocks. Mp 294-295°C

- | (EtOAc/hexane)' [0]®p =-178.2 (¢ =1.1, DMSO); (Found'C' 75.15; H, 5.63; N, 8.70.

CaoHysN0; requires C, 75.45; H, 5.70; N, 8.80%); vaa/om™ (KBr) 3273, 1653, 1457,
1419, 1092, 724; 84 (DMSO0, 400 MHz) 1.88 (3H, s, CH), 2.78 (1H, dd, J 15.3, 11.4,
CCH(H)CHN), 2.94 (1H, dd, J 15.3, 3.6, CCH(H)CHN), 3.81-3.88 (1H, m, NCH), 4.27-
4,38 (2H, m, CH:OH), 5.17 (1H, 1, J 6.2, OH), 6.98 (14, t, J 7.1, AtH), 7.09 (1H, t, J 7.6,
ArH), 7.36 (1H, 4, J 8.0, ArH), 7.41 (1H, d, J 7.8, AtH), 7.53 (1H, t, J 7.4, ArH), 7.67
(1H, d, J 7.2, AtH), 7.73 (1H, td, J 7.5, 1.2, AcH), 8.30 (1H, d, J 7.7, ArH), 11.31 (IH, s,
NH); 8¢ (DMSO, 100 MHz) 24.7 (CH), 24.8 (CHs), 55.3 (CH), 61.7 (CH), 64.3 (C),
107.2 (C), 111.1 (CH), 118.2 (CH), 118.8 (CH), 121.5 (CH), 122.6 (CH), 123.0 (CH),
' 125.8 (C), 128.6 (CH), 130.5 (C), 132.3 (CH), 135.6 (C), 136.2 (C), 149.0 (C), 168.2 (C);
m/z (EI) 318 (M", 35%), 303 (100%). Accurate mass: found 318.1371, CaoHigN20;
requires 318.1368.
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(38',9bS) and (3S,9bR)—3-(Hydroxymethyl)-3,4,9,9b-tetrahydro-lH-isoindolo[l,Z-a]B-

carbolin-1-one

(254)

(25)-2-Amino-3-(1H-indol-3-ylpropan-1-ol (226) (3.0 g, 15.8 mmol) and 2-carboxy-
benzaldehyde (74) (2.37 g, 15.8 mmol) were refluxed in toluene (150 mL) for 48 h under
Dean-Stark conditions. The mixture was allowed to cool to room temperature before
sofvent was removed under reduced pressure. This yielded a brown viscous oil which was
~ shown to be a mixture of diastereoisomers (4:1) by '"H NMR spectroscopy. T'lme oil was
| adsorbed onto silica and purified by flash column chromatography (2:3 to 3:2
EtOAc:hexane). ' - .

Major isomer (253) (331 g, 69%). Isolated as colourless crystals. Mp 233-235°C
- (EtOH); [a]®p = -101.9 (¢ = 1.3, DMSOj; (Found: C, 74.79; H, 5.52; N, 9.13.
C1oH;6N20; requires C, 74.98; H, 5.30; N, 9.20%); Vma/cm™ (KBr) 3420, 1653, 1457,
- 1419, 1092, 724; 8y (DMSO, 400 MHz) 2.80-2.85 (1H, m, CCH(H)CH), 2.95 (1H, dd, J
- 153, 3.6, CCHH)CH), 3.85-3.89 (1H, m, CHCH,0H), 4.29-4.32 (2H, m, CH;OH), 5.18
(1H, t, J 5.7, OH), 6.12 (1H, s, NHCCH), 6.99 (1H, t, J 7.0, ArH), 7.09 (1H, t, J 7.1,

ArH), 7.38 (1H, d, J 8.1, ArH), 7.43 (1H, d,J73, ArH), 7.55 (1H, t, J 7.5, ArH), 7.70-
7.75 (2H, m, ArH), 8.28 (1H, d, J 7.6, AtH), 11.29 (1H, s, NH); 6c (DMSO, 100 MHz)
- 24.7 (CH,), 58.3 (CH), 59.2 (CH), 61.3 (CHz), 108.0 (C), 111.2 (CH), 118.0 (CH), 118.8
(CH), 121.4 (CH), 123.0 (CH), 123.5 (CH), 126.0 (C), 128.6 (CH), 131.3 (C), 1319
(CH), 132.1 (C), 136.5 (C), 143.3 (C), 167.7 (C); m/z (EI) 304 (M’, 63%), 273 (100%)
Accurate mass: found 304.1217, C;ngeNzOz requires 304.1212.
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Minor isomer (254) (0.81 g, 17%). Isolated as a pale yellow oil. [oc]nD =+89.3 (¢ = 1.0,
DMSO); vmsdem™ (KBr) 3423, 1653, 1404, 1329, 1030, 741; 8y (DMSO, 250 MHz)
2.74-2.82 (1H, m, CCH(H)CH), 2.90 (1H, d, J 16.0, CCHH)CH), 3.56-3.61 (2H, m,
CH;OH), 4.80-4.89 (1H, m, CHCH;OH), 4.96 (1H, 1, J 5.7, OH), 5.96 (1H, s, NHCCH),
6.98 (1H, 1, J 7.3, AtH), 7.09 (1H, t, J 7.4, AtH), 7.37-7.42 @H, m, AtH), 7.56 (1H, 1, J
7.3, AtH), 7.70-7.77 (2H, m, AtH), 832 (1H, d, J 7.6, ArH), 11.30 (1H, s, NH); 8¢
(DMSO, 100 MHZ) 31.7 (CH,), 48.7 (CH), 53.8 (CH), 60.9 (CHy), 105.4 (C), 111.2 (CH),
118.0 (CH), 118.7 (CH), 121.4 (CH), 123.0 (CH), 123.7 (CH), 126.4 (C), 128.6 (CH),
129.6 (C), 131.7 (CH), 131.8 (C), 136.5 (C), 143.4 (C), 167.2 (C); m/z (EI) 304 (M",
72%), 273 (100%). Accurate mass: fbund 304.12.09, CioH1sN20; requires 304.1212. |
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Methyl—S—hyd1'1:)xypentanoate124

OMe

OH
(258)

To a stirred solution of -valerolactone (257) (20.0 g, 200 mmol) in MeOH (200 mL) was
added 20 drops of concentrated H,SO4. The mixture was refluxed for 5 h and then the
reaction vessel was cooled in an ice/salt bath. NaHCO; (5 g) was added, the mixture
stirred for 10 min, filtered and solvent was removed under reduced pressure. This yielded
the target compound (258) as a colourless oil (25.9 g, 98%) which was used without
~ additional purification. vma/om™ (film) 3418, 2950, 2872, 1738, 1438, 1202, 1169, 1060;
8y (CDCl;, 400 MHz) 1.56-1.63 (2H, m, CHCH,OH), 1.69-1.79 (2H, m,
CH,CH,CH,0H), 2.37 (2H, t, J 7.2, CH,COOCH3), 3.47 (1H, br, s, OH), 3.64-3.65 (2H,
m, CH,0H), 3.68 (3H, s, CHy); Sc (CDCl;, 100 MHz) 21.1 (CH,), 32.0 (CH,), 33.7
(CHy), 51.6 (CH3), 62.2 (CHy), 174.4 (C).
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Methyl-5-oxopentanoate

OMe
~o
(259)

Pyridinium chlorochromate oxidation'? _

Methyl-5-hydroxypentanoate (258) (12.0 g, 90.8 mmol) was slowly added to a suspension |
of PCC (294 g, 136 mmol) and Celite (29.4 g) in dry CHCl; (185 mL). The mixture was -

stirred for 2 h at room temperature, the solution decanted and the solids were washed with
Et;O (3 x 100 mL). The combined organic fractions were filtered through an alumina
column and solvent was removed under reduced pressure. The resultant brown residue
was adsorbed onto silica and purified by flash column chromatography (4:1
.EtOAc:hexéne). The target compound (259) was isolated as a colourless oil (9.34 g,
79%). Vmaxem™ (film) 2952, 1733, 1436, 1249, 1198, 1168; 84 (CDCl;, 400 MHz) 1.92-
2.00 (2H, m, CH,CH,CHO), 2.39 (2H, t, J 7.4, CH,COOCH;), 2.54 (2H, td, J 7.2, 1.2,
CH,CHO), 3.68 3H, s, CH3), 9.78 (1H, t, J 1.2, CHO); 8¢ (CDCl;, 100 MHz) 17.4 (CHy),
32.6 (CHy), 42.9 (CHy), 51.6 (CHs), 173.4 (C), 201.4 (CH); m/z (EI) 130 (W, 6%), 115
(100%). Accurate mass: found 130.0628, C¢H03 requires 130.0630.

Swern oxidation

The Swemn reagent was prepared from DMSO (1.18 mL, 16.7 mmol) and oxalyl chloride
0.73 mL, 8.32 mmol) in CH,Cl; (30 mL) at -78°C. The mixture was stirred at -60°C for 2

min and then a solution of methyl-5-hydroxypentanoate (258) (1.0 g, 7.57 mmol) in

CH,Cl, (10 mL) was added. After 20 min triethylamine (5.27 mL, 37.8 mmol) was added

and the reaction mixture stirred for 5 min at -60°C and then at room temperature for 30
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_ min. Water (50 mL) was added to the mixture and the aqueous layer extracted w1th -
additional CH,Cl, (50 mL). The combined organic layers were washed w1th brine (100
mL) and dried over anhydrous MgSO;. The combined orgamc fractions were filtered and
solvent was removed under reduced pressure. The resulfant yellow oil was adsorbed onto
silica and purified by flash column chromatography (4:1 EtOAc: hexane) The target
compound (259) was isolated as a colourless oil (0.37 g, 38%). Spectroscop:c data were

identical with those previously reported for (259).
TPAP/NMO oxidation

Tetra—n-propylammomum perruthenate (0. 13 g, 0.38 mmol) was added to methyl-S-
hydroxypentanoate (258) (1.0 g, 7.57 mmol), N-methylmorpholine-N-oxide (1 33 g, 11.4
mmol) and powdered 4A molecular sieves (4 g) in CH.Cl, (20 mL) at room temperature
under a nitrogen atmosphere. The mixture was stirred for 20 h and then filtered through a
short pad of silica, eluting with CH,ClL,. The filtrate was evaporated under reduced
pressure and yielded a yellow oil which was adsorbed onto silica and purified by flash
column chromatography (4:1 EtOAc:hexane). The target compound (259) was isolated as
a colourless oil (0.43 g, 44%). Spectroscopic data were identical with those previously
reported for (259). |
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(35,8aS) and (35,8aR)-3-(Phenylmethyl)perhydropyrido[2,1-5][1,3]oxazol-5-one

H’gog,_, Hl(—o ."'H
(261) . (262)

~ (25)-2-Amino-3-phenylpropan-1-ol (‘71) (4.25 g, 28.1 mmol) and methleS-oxopentanoate
© (259) (3.66 £, 28.1 mmol) were refluxed in toluene (150 mL) for 48 h under Dean-Stark
conditions. The mixture was allowed to cool to room temperature before solvent was
removed under reduced pressure. This yielded 5 brown viscous oil which was shown to be
a mixture of diastereoisomers (4:1) by 'H NMR spectroscopy. The oil was adsorbed onto
silica and purified by flash column chromatography (2:3 to 1:1 EtOAc:hexane).

Major isomer (261) (2.93 g, 45%). Isolated as colourless needles. Mp 91-92°C '.
' (CHCly/hexane); [o)2*p = +52.3 (¢ = 1.1, CHCly); vmg/em™ (film) 3484, 1602, 1476, 986,
705; 8y (CDCh, 400 MHz) 1.36-1.45 (1H, m, CHH)CHO), 1.63-1.73 (IH, m,
CH(H)CH,CO), 1.93-2.01 (1H, m, CH(H)CH,CO), 2.18-2.24 (1H, m, CH(H)CHO), 2.33-
2.46 (2H, m, CH>CO), 2.60 (1H, dd, J 13.4, 9.8, CH(H)CC), 3.56 (1H, dd, J 134, 2.2,
CH(H)CC), 3.67-3.73 (1H, m, CH(H)O), 4.00 (1H, d, J 9.6, CH(H)O), 4.19-4.24 (1H, m,
NCHCH;0), 4.66 (1H, dd, J 10.0, 3.2, NCHO), 7.20-7.32 (5H, m, ArH); ¢ (CDCl3, 100
MHz) 17.5 (CHs), 28.3 (CH2), 31.1 (CHy), 36.9 (CHy), 56.7 (CH), 69.2 (CH,), 89.0 (CH),
126.5 (CH), 128.5 (2 x CH), 129.6 (2 x CH), 138.1 (C), 168.1 (C); m/z (EI) 231 (M,
17%), 140 (100%). Accﬁrate mass: found 231.1262, C,4H;7NO; requires 23 1.1259.

Minor isomer (262) (0.59 g, 9%). Isolated as a colourless oil. [a]®p = +34.5 (¢ =1.0,
CHCL); vmdem™ (film) 1647, 1465, 1452, 999, 704; 8 (CDCls, 400 MHz) 1.36-1.45
(1H, m, CHMH)CHO), 1.60-1.66 (IH, m, CHM)CH.CO), 1.87-193 (I1H, m,
CH(H)CH,CO), 2.19-2.24 (1H, m, CHH)CHO), 2.26-2.35 (1H, m, CH(H)CO), 251 (1H,
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dd, J 18.0, 6.0, CH(H)CO), 2.80 (1H, dd, J 13.4, 9.2, CH(H)CC), 3.28 .(IH, dd, J 13.4,
3.6, CH(H)CC), 3.62 (1H, dd, J 9.0, 7.6, CH(H)O), 4.02 (1H, dd, J 9.0, 7.6, CH(H)O),
4.45-4.54 (2H, m, NCHCH,0 & NCHO), 7.19-7.32 (5H, m, AtH); 8¢ (CDCI;, 100 MHz)
16.1 (CHy), 27.2 (CHy), 30.3 (CHy), 36.7 (CH,), 54.0 (CH), 68.2 (CH;), 86.3 (CH), 125.7
(CH), 127.5 (2 x CH), 128.5 (2 x CH), 135.8 (C), 167.7 (C); m/z (EI) 231 (M, 25%), 140
 (100%). Accurate mass: found 231.1257, C14H;7NO, requires 231.1259. '
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(65,11bR)-6-(Hydroxymethyl)-1,3,4,6,7,11b-hexahydro-2H-pyrido|2,1-alisoquinolin-

4-one

@18)

(3S,8aS)-3-(Phenylmethyl)perhydropyrido[2,l-b][l,3]oxazol-5-one (261) (3.2 g, 13.8

mmol) was dissolved in dry CH2Cl, (30 mL) under a nitrogen atrnbsphere, cooled to
-78°C and TiCls (2.28 mL, 20.8 mmol) was added dropwise. After stirring for 10 min, the
reaction mixture was allowed to warm to room temperature and stirred for an additional
20 h. The mixture was quenched with saturated aqueous NH,Cl solution (20 mL),
extracted with CH,Cl, (3 x 25 mL), dried over anhydrous MgSO, and filtered. Solvent
was removed under reduced pressure to yield a brown oil which was adsorbed onto silica
and purified by flash column chromatography (9:1 CH;Cl;:MeOH). The target compound
(218) was isolated as a pale yellow solid (2.09 g, 65%), a portion of which was

recrystallised from CHCly/hexane to yield colourless crystals. Mp 109-111?’0; [ofPp =

+87.2 (¢ = 1.0, CHCL3); vmaem™ (film) 3385, 2948, 2874, 1614, 1459, 1437, 1412, 1053,
728; 84 (CDCls, 400 MHz) 1.87-1.96 (3H, m, CCHCH(H) & CH,CH,CO), 2.37-2.46
'(2H, m, CHG)CO & CCHCH(H)), 2.52-2.66 (1H, m, CH(H)CO), 2.73 (1H, dd, J 162,
4.2, CCH(H)CH), 3.05 (1H, dd, J 16.2, 6.2, CCH(H)CH), 3.55-3.68 (2H, m, CH;OH),

4.61-4.64 (1H, m, CCH), 5.08-5.14 (1H, m, CHCH,OH), 7.13-7.25 (4H, m, AtH), OH not

visible; 8¢ (CDCl3, 100 MHz) 18.9 (CH3), 29.5 (CH;), 29.7 (CH3), 32.3 (CH;), 49.7 (CH),

53.2 (CH), 63.1 (CHy), 124.4 (CH), 126.5 (CH), 127.1 (CH), 129.1 (CH), 133.0 (C),

136.4 (C), 171.8 (C); m/z (ED) 231 (M", 33%), 140 (100%). Accurate mass: found
- 231.1257, C14H17NO; requires 231.1259. |
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(3S,85S) and (3S,8aR)—3-(1H-Indol-3-ylmethyl)pefhydropyrido[Z,I-b][l,3]oxazol—5-

one

g e® A - g A

N
H
(266) (267)

(25)-2-Amino-3-(1H-indol-3-yl)propan-1-ol (226) (4.55 g, 239 mmol) and methyl-5-
~ oxopentanoate (259) (3.11 g, 23.9 mmol) were refluxed in toluene (150 mL) for 48 h
under Dean-Stark conditions. The mixture was allowed to cool to room temperature
before solvent was removed under reduced pressure. This yielded a brown viscous oil
‘which was shown to be a mixture of diastereoisomers (5:1) by 'H NMR spectroscopy.
The oil was adsorbed onto silica and purified by flash column chromatography (3:7 to 3:2
EtOAc:hexane). '

Majdr isomer (266) (3.23 g, 50%). Isolated as colourless needles. Mp 158-160°C
(CH,Clyhexane); [a}p = -59.2 (¢ = 1.0, CHCl3); (Found: C, 70.85; H, 6.69; N, 10.48.
C1H1gN20; requires C, 71.09; H, 6.71; N, 10.36%); vma/cm™ (film) 3406, 3270, 2951,
2874, 1627, 1472, 1456, 745; 8 (CDCls, 400 MHz) 1.44-1.54 (1H, m, CHH)CHO),
1.64-1.76 (1H, m, CH(HYCH,CO), 1.94-2.02 (1H, m, CH(H)CH,CO), 2.22-2.28 (1H, m,
CH(H)CHO), 2.41-2.45 (2H, m, CH(H)CO), 2.67 (1H, dd, J 14.0, 10.4, CH(H)CC), 3.67

" (1H, ddd, J 9.2, 6.4, 1.6, CH(H)0), 3.72-3.76 (1H, m, CH(H)CC), 4.02 (1H, d, J 9.2,

CH(H)0), 4.27-4.32 (1H, m, NCHCH;0), 4.67 (1H, dd, J 10.0, 3.2, NCHO), 7.01 (1H, d,
J2.0,NHCH), 7.13 (1H, t, J 7.6, ArH), 7.19 (1H, t, J 7.6, ArH), 7.35 (1H, d, J 8.0, ArH),

7.82 (1H, d, J 8.0, ArH), 8.36 (1H, br, s, NH); 8¢ (CDCls, 100 MHz) 17.5 (CHy), 27.0
(CH,), 28.4 (CH), 31.0 (CHy), 56.1 (CH), 69.9 (CHy), 89.0 (CH), 111.1 (CH), 112.5 (C),
119.3 (CH), 119.5 (CH), 122.1 (CH), 122.4 (CH), 127.7 (C), 1362 (C), 168.1 (C); m/z




(ED) 270 (M", 33%), 130 (100%). Agcurate mass: found 270.1369, CycHzN20» requires
270.1368. - .

Minor isomer (267) (0.52 g, 8%). Isolated as a yellow oil. [@]?p =-6.1 (¢ = 1.3, CHCLy);
(Found: C, 70.80; H, 6.70; N, 10.15. C;¢H13N20; requires C, 71.09; H, 6.71; N, 10.36%);
Vmadem™ (film) 3406, 3280, 1731, 1626, 1470, 1458, 744; &y (CDCl3, 400 MHz) 1.33-
1.38 (1H, m, CH(H)CHO), 1.49-1.60 (1H, m, CH(H)CH;CO), 1.83-1.87 (1H, m,
CH(H)CH,CO), 2.15-2.19 (1H, m, CHH)CHO), 2.27-2.36 (1H, m, CH(H)CO), 2.53 (1H,
dd, J 18.0, 6.0, CH(H)CO), 3.05 (1H, dd, J 144, 8.8, CH(H)CC), 3.32 (1H, ddd, J 14.2,
3.2, 0.8, CHH)CC), 3.69 (1H, dd, J 8.8, 7.2, CHH)O), 4.07 (1H, dd, J 9.0, 7.8,
CH(H)0), 4.46 (1H, dd, J 9.2, 4.4, NCHO), 4.60-4.67 (1H, 1_11, NCHCH,0), 7.03 (1H, d, J
2.4, NHCH), 7.12 (1H, t, J 7.4, AtH), 7.20 (1H, t, J 7.4, ArH), 7.36 (1H, d, J 7.4, ArH),
7.70 (1H, d, J 8.0, ArH), 8.16 (1H, br, s, NH); 8¢ (CDCl;, 100 MHz) 17.1 (CHy), 27.5
(CH>), 28.2 (CHy), 31.4 (CH,), 54.4 (CH), 69.7 (CH.), 87.3 (CH), 111.1 (CH), 111.3 (C),
119.2 (CH), 119.6 (CH), 122.2 (CH), 122.5 (CH), 128.3 (C), 136.2 (C), 168.8 (C); m/z
(ED 270 (M*, 31%), 130 (100%). Accurat_e mass: found 270.1372, Ci¢H;sN20; requires
270.1368.
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(6S,12bR) and (6S,12bS)-6-(Hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyride|2,1-

a]B-carbolin-4-one

Using TiCly as activator -

A mixture of (35,8aS) and (3S,8aR)-3-(1H-indol-3-ylmethyl)perhydropyrido{2,1-

‘b][1,3]oxazol-5-6ne (266) and (267) (1.14 g, 4.22 mmol) were dissolved in dry CH>Cl»
(30 mL) under a nitrogen atmosphere, cooled to -78°C and TiCls (0.69 mL, 6.33 mmol)
was added dropwise. After stirring for 10 min, the reaction mixture was allowed to warm
to robm temperature and sﬁrred for an additional 20 h. The mixture was quenched with
saturated aqueous NH4Cl solution (20 mL), extracted with EtOAc (3 x 20 mL), dried over
anhydrous MgSO; and filtered. Solvent was removed under reduced pressure to yield a
brown oil which was shown to be a mixture of diastereoisomers (5:2) by '"H NMR
specﬁ'oscopy. The oil was adsorbed onto silica and purified by flash column
chromatography (1:1 to 4:1 EtOAc:hexane).

Major isomer (219) (0.51 g, 45%). Isolated as colourless needles. Mp 273-275°C
| (EtOH); [o]?p = +139.4 (¢ = 1.0,'DMSO); (Found: C, 70.81; H, 6.66; N, 10.28.
C.16H1eN205 requires C, 71.09; H, 6.71; N, 10.36%); vmad/em™ (KBr) 3183, 2945, 1616,
1439, 1408, 1326, 1305, 1060, 742; &y (DMSO, 400 MHz) 1.53-1.63 (1H, m,
CCHCH(H)), 1.73-1.83 (2H, m, CH,CH,CO), 2.26-2.42 (2H, m, CH,CO0), 2.59-2.62 (1H,
m, CCHCH(H)), 2.67 (1H, ddd, J 15.6, 6.2, 2.2, CCH(H)CH), 2.80 (1H, d, J 15.6,
CCH(H)CH), 3.33-3.42 (2H, m, CHZOH), 4.64-4.66 (1H, m, NHCCH), 4.80 (1H, 1, J 5.8,
OH), 5.21-5.26 (1H, m, CHCH;OH), 6.97 (1H, t, J 7.4, ArH), 7.06 (1H, t, J 7.6, ArH),
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7.32 (IH, d, J 8.0, ArH), 740 (1H, d, J 7.6, ArH), 10.90 (1H, s, NH); &c (DMSO, 100
MHz) 18.9 (CH3), 20.6 (CH,), 28.5 (CHy), 32.2 (CHy), 47.8 (CH), 50.1 (CH), 59.7 (CHz),
104.6 (©), 111.0(CH), 117.7 (CH), 118.4 (CH), 120.8 (CH), 126.7 (C), 133.2 (C), 136.2
(C), 168.4 (C);, m/z (EI) 270 (M’, 78%), 239 (100%). Accurate mass:.fou.nd 270.1369,

Cy6H1sN20; requires 270.1368.

Minor isomer (272) (0.19 g, 17%). Isolated as colourless blocks. Mp 246-248°C (EtOH);
[a]?p = -38.9 (¢ = 1.1, DMSO); (Found: C, 71.07; H, 6.75; N, 10.50. C,¢H;sN,0;,
requires C, 71.09; H, 6.71; N, 10.36%); vma/em” (KBr) 3168, 2954, 1623, 1419, 1324,
1076, 1053, 744; &y (DMSO, 400 MHz) 1.59-1.72 (2H, m, CH(H)CH,CO &
CCHCH(H)), 1.85-1.91 (14, m, CH(H)CH,CO), 2.17-2.23 (1H, m, CH(H)CO), 2.42-2.58
(2H, m, CCHCH(H) & CH(H)CO), 2.68 (1H, dd, J 15.4, 5.0, CCH(H)CH), 3.12 (1H, dd,
J 15.4, 4.2, CCH(H)CH), 3.30-3.41 (2H, m, CHzOH), 4.264.32 (1H, m, CHCH,OH),
4.80-4.82 (1H, m, NHCCH), 4.92 (1H, 1, J 5.8, OH), 6.98 (1H, t, J 7.4, ArH), 7.06 (1H, 1,
J 8.0, ArH), 7.33 (1H, d, J 8.0, ArH), 743 (1H, d, J 7.6, ArH), 10.97 (1H, s, NH); éc
(DMSO, 100 MHz) 17.4 (CH;), 20.6 (CHy), 27.3 (CHy), 31.9 (CHy), 52.2 (CH), 54.6
(CH), 61.2 (CHy), 106.0 (C), 111.1 (CH), 117.7 (CH), 118.4 (CH), 120.8 (CH), 126.6 (C),
1332 (C), 1362 (C), 171.7 (C); m/z (EI) 270 (M", 75%), 239 (100%). Accurate mass:
found 270.1363, C1H1sN,0; requires 270.1368. ' '

Using HCl as activator

" A mixture (35,8aS) and (35,8aR)-3-(1 H-indol-3-ylmethyl)perhydropyrido[2,1-b][1,3]ox-
azol-5-one (266) and (267) (3.87 g, 14.3 mmol) were dissolved in absolute EtOH (60 mL)
at room temperature. The solution was acidified to pH 1 by addition of 2M HCI in
absolute EtOH. After stirring for 20 h, the reaction was quenched with saturatéd aqueous
NaHCOQj solution and‘ extracted with EtOAc (3 x 30 mL). The combined organic fractions
were dried over anhydrous MgSO4 and filtered. Solvent was removed under reduced
pressure to yield a brown solid which was adsorbed onto silica and purified by flash

column chromatography (100% EtOAc). The target compound (219) was isolated as a
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pale yelloW solid (3.68 g, 95%), a portion of which was r6crystéllised from absolute
EtOH to yield colourless blocks. Spectroscopic data were identical with those previously
reported for (219). | |

Epimerisation using TFA

Trifluoroacetic acid (7.32 mL, 95.1 mmol) was added to (6S,12bR)-6-(hydroxymethyl)-
1,2,3,4,6,7,12,12b-octahydr0pyrido[2,1-a]B-QcarBolin-4éone (219) (2.57 g, 9.51 mmol) in
toluene (35 mL) and was heated at reflux for 18 h. The reaction was allowed to cool to
room temperature, quenched with saturated aqueous NaHCOj; solution (20 mL) and
extracted with EtOAc (3 x 20 mL). The combined organic fractions were dried over
anhydrous MgSOQ,, filtered and solvent was removed under reduéed pressure. This
yielded a brown solid which wais adsorbed onto silica and purified by. flash column
chromatogréphy (100% EtOAc). The target compound (272) was isolated as a pale yellow
solid (2.49 g, 97%), a portion of which was recrystallised from absolute EtOH to yield
cblourless blocks. Spectroscopic data were identical with those previously reported for
(272).
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(274)

(6S5,12bR)-6-(Hydroxymethyl)-1 ,2,3,4,6,7,1 2,12b-octahydropyrido[2,1-a]B-carbolin-4-
one (219) (0.4 g, 1.48 mmol) in dry toluene (20 mL) was stirred at room temperature for
16 h under a nitrogen atmosphere with sodium bis(2-methoxyethoxy)aluminium hydride

(Red-Al) (65+ wt% in toluene, 1.38 mL). The reaction mixture was quenched with -

saturated potassium sodium tartrate (Rochelle salt) solution (25 mL) and the aqueous
phase was extracted with EtOAc (3 x 20 mL). The combined organic extracts were dried

over anhydrous Na;SOy, filtered and solvent was removed under reduced pressure. The

resultant yellow oil was. adsorbed onto silica and purified by flash column
chromatography (9:1 EtOAc:MeOH). The target compound (274) was isolated as a pale
yellow oil (0.32 g, 84%). [a}*p = +68.8 (¢ = 1.1, BtOH); Vmgdem'! (KBr) 3280, 2923,
1453, 1044, 739; 65 (DMSO, 400 MHz) 1.23-1.35 (1H, m, CCHCH(H)), 1.38-1.42 (1H,
m, CH(H)CH,CH;N), 1.46-1.53 (1H, m, CH(H)CH;N), 1.58-1.62 (1H, m, CH(H)CH;N),
1.71-1.75 (1H, m, CH(H)CH,CH;N), 2.19-2.22 (1H, m, .CCHCH(H)), 2.67-2.77 2H, m,
CCH;CH), 2.81-2.90 (2H, m, NCHs), 3.01-3.05 (1H, m, CHCH;OH), 3.21-3.27 (1H, m,
| CH(H)OH), 3.56 (1H, 4, J 8.6, NHCCH), 3.69-3.74 (1H, m, CH(H)OH), 4.45 (1 H t,J
5.1, OH), 6.92 (IH,‘t, J 1.0, AtH), 7.00 (1H, t, J 7.5, ArH), 7.26 (1H, d, J 8.0, ArH), 7.36

(1H, d, J 4.8, AtH), 10.65 (1H, s, NH); 5c (DMSO, 100 MHz) 22.3 (CHy), 23.9 (CHy),

26.0 (CHa), 30.7 (CHa), 52.0 (CHa), 53.3 (CH), 56.4 (CH>), 60.5 (CH), 104.4 (O), 110.7
(CH), 117.3 (CH), 117.9 (CH), 120.1 (CH), 127.2 (C), 135.2 (C), 136.0 (C); m/z (EI) 256
(M, 7%), 225 (100%). Accurate mass: found 256.1573, C16H20N2O requires 256.1576.

Experimental o ' 142




(6S,12bR)-12-(Phenylh1ethyl)-ﬁ-{[(phenylmethyl)oxy]methy]}-] 2,34,67,1212b-
octahydropyrido[2,1-a]B-carbolin-4-one ' | - .

293)

Sodium hydride (60% dispersion in mineral oil) (0.21 g, 5.18 mmol) waS added to a dry
round bottomed flask. Dry light petroleum ether (40-60°C) (10 mL) was added to the solid
under a stream of nitrogen and the suspension was stirred for 1 min and then allowed to
settle. The supematant liquid was carefully removed via syringe and the washing
procedure was repeated. The sodium hydride was re-suspended in dry DMF (10 mL) and
- the flask was cooled to 0°C in an ice bath. A solution of (68,12bR)-6-(hydroxymethyI)-
1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-carbolin-4-one (219) (0.7 g, 2.59 mmol) in
dry DMF (5 mL) was added and the mixture was stirred for 15 min at 0°C. Benzyl
bromide (0_.68 mL, 5.70 mmol) was added and the mixture was stirred for an additional
1 h at room temperature. The reaction was quenched with water (5 mL) and the aqueous
phase was extracted with CHxCl (3 x 15 mL). The combined organic extracts were dried
over anhydrous MgSOs, ﬂlt_ered and solvent was removed under reduced pressure, The
resultant yellow oil was adsorbed onto silica and purified by ﬂ'ash column
chromatography (1:1 EtOAc:hexane). The target compound (293) was isolated as a
yellow solid (1.05 g, 90%), a portioh of which was recrystallised from CHCl3/hexane to

yield yellow blocks. Mp 121-122°C; [a]Pp = +68.1 (c = 1.0, CHCL3); Vmax/om™! (film)

2856, 1636, 1399, 1101, 736, 698; 84 (CDCl3, 400 MHz) 1.51-1.62 (1H, m, CCHCH(H)),
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1.64-1.76 (iH, m, CH(H)CH>CQ), 1.79-1.87 (1H, m, CHH)CH,CO), 2.30-2.34 (1H, m,
CCHCH(H)), 2.40-2.49 (1H, m, CH(H)CO), 2.53-2.60 (1H, m, 'CH(H.)CO), 292 (1H,d,J
15.6, CCH(H)CH), 3.00 (1H, ddd, J 15.6, 5.6, 2.0, CCH(H)CH), 3.31-3.39 (2H, m,
CHCH,0), 4.35-4.53 (3H, m, NCCH & CCH;0), 5.19 (1H, d, J 17.2, NCH(H)), 5.31 |
‘(IH, d, J 176, NCH(H)), 5.66-5.72 (1H, m, CHCH;0), 6.87-6.89 (2H, m, ArH), 7.12-
725 (11H, m, ArH), 7.55-7.58 (1H, m, ArH); ¢ (CDCl3, 100 MHz) 19.3 (CH,), 22.0
(CHp), 30.4 (CHy), 32.0 (CHy), 45.9 (CH), 47.7 (CH,), 51.3 (CH), 68.3 (CHy), 72.5
(CHy), 107.8 (C), 109.7 (CH), 118.5 (CH), 119.8 (CH), 122.2 (CH), 125.7 (2 x CH),
127.0 (C), 127.4 (CH), 127.5 (2 x CH), 127.6 (CH), 128.3 (2 x CH), 128.9 (2 x CH),
133.4 (C), 137.2 (C), 1382 (0), 138.3 (C), 170.4 (C); m/z (EI) 450 (W , 29%), 91
(100%). Accurate mass: found 450.2316, C30H30N20, requires 450.2307.
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(GS,I2bR)-6-(HydroxymethyI)-l2-(phenylmethyl)-l,2,3,4,6,7,12,12b-bctahydro- 7
pyrido[2,1-a]B-carbolin-4-one '

(2'94)

To a solution of (68,12bR)-12-(phenylmethyl)-6-{[(phenylmethyl)oxy]methyl}-
| 1,2,3,4,6,7,12,12h-octahydropyrido[2,1-a]B-carbolin-4fone (293) (1.12 g, 2.49 mmol) in
absolute EtOH was added a catalytic amount of palladium, 10 wt% on activated carbon.
The reaction vessel was purged with nitrogen and then with hydrogen. A hydrogen filled

balloon was fitted to the system and the mixture was stirred for 3 h. The contents of the
| reaction vessel were filtered through a Celite pad with additional CH,Cl; (3 x 20 mL).
The organic fractions were combinéd, dried over anhydrous MgSO;, ﬁltered and solvent
was removed under reduced pressure. The resultant yellow oil was adsorbed onto silica
and purified by flash column chromatography (100% EtOAc). The target compound (294)
was isolated as a pale yellow powder (0.78 g, 87%), a portion of which was recrystallised
from CHCla/hexane to yield colourless blocks. Mp 232-233°C; [0]?p = +140.8 (c = 1.2,
CHCly); vma/om™ (film) 3382, 1616, 1405, 1044, 735; & (CDCl;, 400 MHz) 1.60-1.70
- (1H, m, CCHCH(H)), 1.83-1.90 (2H, m, CH,CH,CO), 2.36-2.40 (1H, m, CCHCH(H)),
2.50-2.55 (1H, ni, CH(H)CO), 2.58-2.64 (1H, m, CH(H)CO), 2.89 (IH, d, J 15.6,
CCHH)CH), 3.05 (1H, ddd, J 16.0, 6.0, 2.0, CCH(H)CH), 3.48-3.53 (1H, m,
CHCH(H)OH), 3.64 (1H, dd, J 11.0, 5.8, CHCH(H)OH), 4.62-4.65 (1H, m, NCCH), 5.29
(1H, 4, J 17.2, NCH(H)), 5.40 (1H, d, J 17.2, NCH(H)), 5.49-5.54 (1H, m, CHCH,OH),
6.97-7.00 (2H, m, ArH), 7.14-7.21 (3H, m, ArH), 7.26-7.34 (3H, m, ArH), 7.56-7.58 (1H,
m, ArH), OH not visible; 5¢ (CDCl3, 100. MHz) 19.3 (CHy), 21.8 (CHz),.3.0._5 (CHy), 31.9
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(CH,), 47.7 (CHz), 49.0 (CH), 51.1 (CH), 63.1 (CHy), 107.4 (C), 109.9 (CH), 118.4 (CH),
119.9 (CH), 122.3 (CH), 125.7 (2 x CH), 126.8 (C), 127.6 (CH), 129.0 (2 x CH), 133.0
(©), 137.1 (C), 1382 (C), 1723 (C); m/z (EY) 360 (M", 83%), 91 (100%). Accurate mass:
found 360.1840, C3HyN;0; requires 360.1838. -
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(3R,65,12bR) and (3S5,65,12bR)-3-Methyl-12-(phenylmethyl)-6-{[(phenylmethyl)oxy]
methyl}-l,2,3,4,6,7,12,12b-0ctahydropyrido[2,1-a]B-carbolin-440ne

(295) | (296)

To a stirred solution of diisopropylamine (0.21 mL, 1.51 mmol) in dry THF (4 mL) was
added n-BuLi in hexanes, 2.5M (0.61 mL, 1.51 mmol) dropwise at 0°C under a nitrogen
atmosphere. The reaction mixture was stirred for 15 min, cooled to -78°C whereupon
addition of (6S,12bR)-12-(phenylmethyl)-6-{[(phenylmethyl)oxy]methyl}-1,2,3,4,6,7,12,
12b-octahy-dropyrido[2,1-a]-carbolin-4-one (293) (0.62 g, 1.38 mmol) in dry THF (4
mL) was achieved via cannula. The solution was stirred at -78°C for 30 min, Mel (0.09
mL, 1.51 mmol) was added and the reaction vessel was allowed to warm to room
temperature. The reaction was quenched with saturated aqueous NH4Cl solution (10 mL)
and the aqueous phase was extracted with CH,Cl; (3 x 15 mL). The combined organic
_ fractions were dried over anhydrous MgSQ;, filtered and solvent was removed under
reduced .pressure to yield a .yeilow o1l which was shown to .be a mixture of
diastereoisomers (3:2) by 'H NMR Spectroscopy. The oil was adsorbed onto silica and
purified by flash column chromatography. (7:3 to 1:1 hexane:EtQOAc). ' |

Major isomer (295) (0.29 g, 45%). Isolated as a viscous yellow oil. [a]”']j =+231 (c=

0.8, CHCL); Vmadorn™ (film) 2930, 1702, 1453, 1268, 738; 8y (CDCl;, 400 MHz) 1.22
GH, d, J 7.2, CHy), 1.45-1.53 (1H, m, CH(H)CHCH3), 1.60-1.71 (1H, m, CCHCH(H)),
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1.90-1.97 (1H, m, CH(H)CHCHj), 2.15-2.21 (1H, m, CCHCH(H)), 2.48-2.54 (1H, m,
CHCO), 2.96 (1H, ddd, J 15.6, 5.6, 1.6, CCH@H)CH), 3.07 (1H, d, J 14.4, CCHH)CH),
3.26-3.35 (2H, m, CHCH;0), 4.41-4.42 (1H, m, NCCH), 4.44 (2H, s, CCH;0), 5.19 (1H,
d, J 17.2, NCH(H)), 5.34 (1H, d, J 17.2, NCH(H)), 5.51-5.56 (1H, m, CHCH,0), 6.83-
6.86 (2H, m, ArH), 7.13-7.23 (L1H, m, AcH), 7.58-7.60 (1H, m, AtH); 8¢ (CDCls, 100
MHz) 17.4 (CH3), 21.6 (CH), 264 (CH), 28.8 (CHy), 35.0 (CH), 46.5 (CH), 47.3 (CH3),
49.8 (CH), 68.5 (CH), 72.5 (CH), 107.3 (C), 109.8 (CH), 118.5 (CH), 119.8 (CH), 122.1
(CH), 125.7 2 x CH), 127.1 (C), 127.4 (3 x CH), 127.5 (CH), 1282 (2 x CH), 128.9 2 x
CH), 133.6 (C), 137.3 (C), 138.1 (C), 138.3 (C), 174.6 (C); mi/z (EI) 464 (M, 20%), 91
(100%). Accurate mass: found 464.2472, C3;H:N;0; fequires 464.2464.

Minor isomer (296) (0.17 g, 27%). Isolated as a viscous yellow oil. [a)?p = +16.4 (c=
| 1.3, CHCl3); Vmad/em™ (film) 2928, 1699, 1453, 1270, 739; &y (CDCl;, 400 MHz) 127
(3H, 4, J 7.2, CHs), 1.41-1.48 (1H, m, CH(H)CHCH3), 1.56-1.66 (1H, m, CCHCH(H)),
1.90-1.97 (1H, m, CH(H)CHCH3), 2.30-2.35 (1H, m, CCHCH(H)), 2.40-2.47 (1H, m,
CHCO), 2.86 (1H, d, J 16.0, CCH(H)CH), 3.01 (1H, ddd, J 15.8, 5.8, 2.2, CCH(H)CH),
3.34-3.42 (2H, m, CHCH,0), 4.35-4.40 (2H, m, CCH,0 & NCCH), 4.50 (1H, d, J 12.0,
CCH,0), 5.20 (1H, d, J 17.6, NCH(H)), 5.30 (1H, d, J 17.2, NCH(H)), 5.73-5.78 (1H, m,
CHCH,0), 6.89-6.91 (2H, m, ArH), 7.11-7.31 (11H, m, ArH), 7.53-7.57 (1H, m, ArH);
8c (CDCl;, 100 MHz) 18.6 (CH3), 22.1 (CHy), 28.7 (CHy), 30.2 (CHy), 37.3 (CH), 458
(CH), 47.8 (CH>), 52.1 .(CH), 68.4 (CHy), 72.5 (CHy), 108.0 (C), 109.8 (CH), 118.5 (CH),
119.8 (CH), 122.2 (CH), 125.8 (2 x CH), 127.0 (C), 127.4 (CH), 127.6 (3 x CH), 128.2 (2
X CH), 128.9 (2 x CH), 133.7 (C), 137.3 (C), 138.3 (C), 138.4 (O), 173.3 (C); m/z (E])
464 (M, 23%), 105 (100%). Accurate mass: found 464.2461, C3HzN20; requires
464.2464.
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(6S,125R)—3-[(E)Ethylidene]-12—(phenylmethyl)-6-{[(phenylmethyl)oxy] methyl}-1,2,
3,4,6,7,12,12b-octahydropyrido[2,1-a]p-carbelin-4-one

(297)

To a stirred s'oiution of diisopropylamine (0.47 mL, 3.35 mmol) in dry THF (10 mL) was
added #-BuLi in hexanes, 2.5M (1.34 mL, 3.35 mmol) dropwise at 0°C under a nitrogen
ahnosphcre. The reaction mixture was stirred for 15 min, cooled to -78°C wheréupon
addition of (6.5',12bR)-12-(phenylmethyl)—6—{[(phenylmethjl)oxy]méthyl}-1,2,3,4,6,7,12,
12b-octahydropyrido[2,1-a}p-carbolin-4-one (293) (1.37 g, 3.04 mmol) in dry THF (10
mL) was éc_hieved via cannula. The solution was stirred at -78°C for 30 min, acetaldehyde
(0.19 mL, 3.35 mmol) was added and the reaction vessel was allowed to warm to room
temperature. Thé reaction was quenched with saturated aqueous NH4Cl solution (10 mL)
and the aqueous phase was extracted with CH;CIZ (3 x 15 mL). The combined organic
fractions were dried over anhydrous MgSQ,, filtered and solvent was removed under
reduced pressure. This yielded a yellow oil which was dissolved in dry CH,Cl, (10 mL)
containing triethylamine (1.27 mL, 9.12 mmol) and the mixture was cooled to -40°C.
~ Methanesulfonyl chloride (0.35 mL, 4.56 mmol) was added dropwise and the mixture was‘
stirred at -40°C for 20 min. The reacﬁon vessel was allowed to warm to room temperature
and stirred for an additional 3 h. A saturated aqueous NH,Cl solution was added (10 mL) -
and the product was extracted with CH,Cl, (3 x 15 mL). The combined organic fractions

were dried over anhydrous MgSO;, filtered and solvent was removed under reduced
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- pressure to yield a yellow oil. 1,5-Diazabicyclo[4.3.0]non-5-ene (0.75 mL, 6.08 mmol)
was added to a solution of the mesylate in dry THF (10 mL) and the mixture was stirred
for 2 h at room temperature. A saturated aqueous NH4Cl solution was added (10 mL) and
the product was extracted with CH2Cl (3 x 15 mL). The combined organic fractions were
dried over anhydrous MgSQO4, ﬁl_tered and solvent was removed under reduced pressure.
The resultant yellow oil was adsorbed onto silica and purified by flash column |
chromatography (4:1 hexan'e_:EtOAc).'The target compound (297) was isolated as a pale
yellow solid (0.87 g, 60%), a portion of which was recrystallised from CHzClz/light
petroleum ether (40-60°C) to yield yellow needles. Mp 182-184°C; [a]*p = +86.4 (¢ =
1.1, CHCL); Vmax/em™ (film) 1660, .1'608, 1393, 1107, 737; 8y (CDCl3, 400 MHz) 1.58-
170 (1H, m, CCHCH(H)), 1.74 (3H, d, J 7.0, CH;), 2.24-2.34 (2H, m; CH(H)CCO & |
CCHCH(H)), 2.60-2.64 (1H, m, CHH)CCO), 2.97-3.08 (2H,. m, CCH,CH), 3.29-3.36
(2H, m, CHCH0), 4.37 (1H, d, J 11.2, NCCH), 4.43 (2H, s; CCH,0), 518 (1H, 4, J
17.2, NCH(H)), 5.32 (1H, d, J 17.2, NCH(H)), 5.68-5.73 (1H, m, CHCHZO), 6.84-6.87
(2H, m, ArH), 7.02 (1H, q, J 7.2, CHCH3), 7.12-7.25 (11H, m, ArH), 7.58-7.60 (1H, m,
ArH); 8¢ (CDCls, 100 MHz) 13.8 (CHs), 21.8 (CHa), 23.6 (CHy), 30.5 (CH>), 46.5 (CH),
47.3 (CHy), 50.9 (CH), 68.5 (CH,), 72.5.(CH2), 107.7 (C), 109.8 (CH), 118.6 (CH), 119.8
(CH), 122.1 (CH), 125.7 (2 x CH), 127.0 (C), 127.3 (CH), 127.5 (3 x CH), 1282 2 x
CH), 128.9 (2 x CH), 129.0 (C); 133.1 (C), 135.1 (CH), 137.2 (C), 138.2 (C), 138.3 (C),
165.6 (C); m/z (EI) 476 (M', 100%). Accurate mass: found 476.2460, Cj3HzN>0,
requires 476.2464. | |
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(65,12bR)-3-[(E)Ethylidine]-12-(phenylmethyl)-6-{[(phenylmethyl)oxy]methyl}-1,2,3,
4,6,7,12,12b-octahydropyrido{2,1-a]B-carboline '

(304)

(6S,12bR)-3-[(E)Ethylidene]-12-(phenylmethyl)-6-{[(pheny!methyl)oxylmethyl}-1,2,3.4,
6,7,12,12b-octahydropyrido[2,1-a]p-carbolin-4-one (297) (0.15 g, 0.32 mmol) in dry

toluene (10 ml.) was stirred at room temperature for 16 h under a nitrogen atmosphere

with sodium bis(2-methoxyethoxy)aluminium hydride (Red-Al) (65+ wi% in toluene,

0.29 mL). The reaction mixture was quenched with saturated potassium sodium tartrate
" (Rochelle salt) solution (10 mL}) and the aqueous phase was extracted with EtOAc (3 x 15
mL). The combined organic extracts were dried over anhydrous Na,SO;, filtered and
solvent was removed under reduced pressure. An extremely complex IH NMR spectrum
~ of the crude reaction mixture was obtained and there was no evidence of the expected
product (304).
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(6S,12bR)—4-Oxo-l,2,3,4,6,7,12,12b-octahydropyfido[2,1-a]B-carholin-6-carb-
aldehyde '

(311)

Dess-Martin periodinane oxidation

To a stirred solution of Dess-Martin periodinane (1.61 g, 3.78 mmol) in CH,Cl, (15 mL)
was added (68,12bR)-6-(hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-

carbolin-4-one (219) (0.93 g, 3.44 mmol). After 20 h solvent was remo_ved under reduced

- pressure and the resultant yellow oil was adsorbed directly onto silica. Purification by
flash column chromatography (100% EtOAc) yielded the target compound (311) as a
yellow foam (0.35 g, 38%). [a]”p = +197.8 (¢ = 1.3, CH;Ck); Vma/crn™ (film) 3384,
3287, 1724, 1615, 1440, 1404, 1326, 739; Su (CDC13, 400 MHz) 1.68-1.79 (IH, m,
CCHCHH)), 1.97-2.05 (2H, m, CH,CH,CO), 2.41-2.55 (2H, m, CCHCH(H) &
CH(H)CO), 2.70-2.76 (1H, m, CH(H)CO), 3.10 (1H, dd, J 15.6, 6.0, CCH(H)CH), 3.44
(1H, d, J 16.0, CCH(H)CH), 4.93 (1H, d, J 11.6, NHCCH), 5.99 (14, 4, J 6.4, CHCHO),
7.15 (1H, t, J 7.4, AtH), 721 (1H, t, J 7.6, AtH), 7.32 (1H, d,J 8.4, ArH), 7.55 (1H, d, J
7.6, ArH), 7.85 (1H, s, NH), 9.51 (1H, s, CHO); 8¢ (CDCl3, 100 MHz) 19.5 (CH>), 20.0
(CHy), 29.7 (CHy), 32.0 (CHy), 52.1 (CH), 56.7 (CH), 106.5 (C), 111.0 (CH), 118.4 (CH),
120.1 (CH), 122.6 (CH), 1_26.5 (C), 132.6 (C), 136.4 (C), 170.2 (C), 199.3 (CH); m/z (EI)
268 (M', 91%), 239 (100%). Accurate mass: found 268.1212, Ci¢H;¢N,O; requires
268.1212. '
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IBX oxidation

(6S,12bR)-6-(Hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1 -a}p-carbolin-4-
one (219) (2.45 g,. 9.06 mmol) was dissolved in DMSO (15 mL) under a nitrogen -
atmosphere at room temperature. 2-Iodoxybenzmc acid (2.79 g, 9.97 mmol) was added
and the mixture was stirred for 20 h. Solvent was removed under reduced pressure and
EtOAc (30 mL) was added to the residue. The organic fraction was washed with HO (3 x
- 100 mL), dried over anhydrous MgSOs, filtered and solvent was remoﬂred under reduced
pressure. Thé resultant brown foam was adsorbed onto silica and purified by flash column
chromatography (100% EtOAc). This yielded the target compound (311) as a pale yellow
~ foam (1.68 g, 69%). Spectroscopic data were identical with those previously reported' for
(311).

.Experimental | - 153




1,2,3,4,6,7,12,12b-Octahydropyrido[2,1-a]B-carbolin-4-one

(328)

(6S,12bR)-4-0x0-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-carbolin-6-carbaldehyde

- (311) (0.45 g, 1.68 mmol) was added to bis(triphenylphosphine)rhodium(I) ‘carbonyl
chloride (319) (0.12 g, 0.17 mmol) in mesitylene (20 mL) under a nitrogen atmosphere.
After stirring for 48 h at reflux, the mixture was allowed to cool to room temperature
befofe solvent was removed under reduced pressure. The resultant brdwn oil was
adsorbed onto silica and purified by flash column chromatography (1:1 'EtOAc:hexane).
The target compound (328) was isolated as a pale yellow solid (0.26 g, 65%), a portion of
which was recrystallised from CH:Cly/hexane to yield yellow blocks. Mp 248-249°C;
vmad/om” (film) 3447, 1653, 1457, 724; &y (CDCl;, 400 MHz) 1.73-1.89 (2H, m,
NCHCH(H) & NCHCH,CH(H)), 1.95-2.00 (1H, m, NCHCH,CH(H)), 2.36-2.49 (2H, m,
CHH)CO & NCHCH(H)), 2.56-2.63 (1H, m, CH(H)CO), 2.71-2.92 (3H, m, NCH;CH, |
& NCH(H)), 4.77-4.80 (IH, m, NCH), 5.14-5.22 (1H, m, NCH(H)), 7.10-7.14 (1H, m,
ArH), 7.16-7.20 (1H, m, ArH), 7.34 (1H, d, J 7.9, AtH), 751 (1H, d,J17, ArH), 8.07
(lH; br, s, NH); 8y (CDCls, 100 MHz) 19.5 (CHy), 21.0 (CHy), 29.2 (CHy), 32.5'(CH2),
40.1 (CHy), 54.4 (CH), 109.9 (C), 110.9 (CH), 118.5 (CH), 120.0 (CH), 122.3 (CH),
127.0 (C), 133.3 (C), 136.2 (C), 169.2 (C); m/z (EI) 240 (M", 100%). Accurate mass:
found 240.0166, C,5H;6N;O requires 240.0167.

Chiral HPLC (ChiralCel OD-H, 85:15 hexane/propan-2-ol, 0.4 mL min’') on the purified

sample indicated that the remaining chiral centre had racemised. The enantiomers were

observed at 43.1 and 46.5 minutes.
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(12bR)-1 ,2,3,4,6,7,12,12b-0ctahydropyrido[2,1-a] B-carbolin-4-one

\ N
H .
(310)

N
H

Using Raney nickel (W2)

Raney nickel (W2) (1.02 g) was washed with H,O (8 x 3 mL), i-PrOH (2 x 3 mL) and
toluene (1 x 3 mL). To the Raney nickel was added (6S,12bR)-4-Ox0-1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]B-carboline-6-carbaldehyde (219) (0.17 g, 0.63 mmol) and toluene
(5 mL). The mixture was refluxed for 4 h, allowed to cool to room temperature and the
~ solids were removed by filtration through Celite. The retained solids were washed with
boiling MeOH (2 x 5 mL) and the combined filtrates were concentrated under reduced
pressure. A 'H NMR spectrum of the crude reaction mixture was obtained and there was
no evidence of the expected product (310), only starting material (219) was present.
Additional time (72 h) and up to a two-fold excess of Raney nickel (W2) did not effect
the desired transformation of (219) to (310).

Using bis(triphenylphosphine)rhodium(I) carbonyl chloride and dppp

Bis(triphenylphosphine)rhodium(l) carbonyl chioride (319) (44 mg, 0.06 mmol) was
added to p-xylene (8 mL) under a nitrogen atmosphere and the mixture was warmed to
80°C with stirring until the rhodium catalyét dissolved. 1,3-Bis(diphenyl-
phosphino)propane (58 mg, 0.14 mmol) was added and the solution was stirred at 80°C
(ca. 15 min) until a fine yellow precipitate formed. (GS,12bR)-4-Ox0-1,2,3,4,6,7,12,.12b-
octahydropyrido[2,1-a]B-’carbolin—6-carbaldehydé (311) (0.34 g, 1.27 mmol) was added,
the mixﬁ:re was heated at reflux for 96 h, alloWed to cool to room temperature and

solvent was removed under reduced pressure. The resultant yelldw oil was adsorbed onto
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silica and purified by flash column chromatography (1:1 EtOAc:hexane). This yielded the
target compound (310) and an inseparable impurity as a pale yellow solid (0.22 g, 72%).
The purified "H NMR spectrum was identical with that previously reported for (328),
except for the impﬁrity located between 7.10-7.68 ppm.

Using bis(triphenylphosphine)rhodium(I) carbohyl chloride

(6S,12bR)-4-Ox0-1,2,3.4,6,7,12,12b-octahydropyrido{2,1-4d] B-éarbolin-6-carbaldehyde
_(31.1) (0.57 g, 2.12 mmol) was added io bis(triphenylphosphine)rhodium(I) carbonyl
chloride (319} (0.15 g, 0.21 mmol) in mesitylene (8 mL) under a hitr(_)gen atmosphere.
After stirring for 18 h at reflux, the mixture was allowed to ool to room temperature
before solvent was removed ‘under reduced pressure. The resultant brown oil was
adsorbed onto silica and puriﬁed by flash column chromatography (1:1 EtOAc:hexane).
This yielded the target compound (310) as a pale yellow solid (0.30 g, 59%), a portion of
which was recrystallised from CH,Cly/hexane to yield yellow blocks. Spectroscopic data
" were identical with those previously reported for (328). Mp 248-249°C; [o]®p = +241.5
(¢ = 1.0, CHCl3).

Chiral HPLC (ChiralCel OD-H, 85:15 hexane/propan-2-ol, 0.4 mL min™) on the purified

sample indicated a 94% e.e. in favour of (310). The enantiomers were observed at 42.2.

and 46.4 minutes.
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12-(Phenylsulfonyl)-1,2,3,4,6,7,12,12b-octahydropyrido{2,1-a]f-carbolin-4-one

(331)

Sodium hydride (60% dispersion in 'mineral'oil) (68 mg, 1.71 mmol) was added to a dry
“round bottomed flask. Dry light petroleum ether (40-60°C) (10 mL) was added to the solid
under a stream of nitrogen and the suspension was stirred for 1 min and then allowed to
settle. The supernatant liquid was cai‘efully removed via syringe and the washing
procedure was repeated. The sodium hydride was re-suspended in dry THF (10 mL) and
the flask Was cooled to 0°C in an ice bath. A s_dlution of 1,2,3,4,6,7,12,12b-
octahydropyrido[2,1-a]B-carbolin-4-one (328) (0.41 g, 1.71 mmol) in dry THF (5 mL)
was added and the mixture was stirred for 15 min at 0°C. Benzenesulfonyl chloride (0.24
mL, 1.88 mmol) was added and the mixture was stirred for an additional 5 h at room
temperature. The reaction was quenched with water (10 mL) and the aqueous phase was
extracted with CH2Ck: (3 x 15 mL). The combined organic fractions were dried over
anhydrous MgSOs,, filtered and solvent was removed under reduced pressure. A brown
solid was obtained which was adsorbed onto silica and purified by flash column
chfomatogmphy (1:1 EtOAc:hexane). The target compound (331) was isolated as a
yellow solid (0.58 g, 89%), a portion of which wa.é recrysfallised from EtOH to yield
white crystals. Mp 263-265°C; vma/cm™ (film) 1640, 1446, 1432, 1366, 1172, 981, 690;
Sy (CDCl3, 400 MHz) 1.50-1.55 (1H, m, NCHCH(H)), 1.94-1.99 (2H, m, CH>CH,CO),
- 2.39-2.45 (1H, m, CH(H)CO), 2.52-2.56 (1H, m, NCH,CH(H)), 2.60-2.67 (3H'," m,
CH(H)CO, NCH,CH(H) & NCH(H)), '3.09-3.13 (14, m, NCHCH(H)), 5.04-5.15 (2H, m,
NCH & NCH(H)), 7.22-7.34 (5H, m, ArH), 7.45 (14, t, J 7.5; IArH), 7.54-7.56 (2H, m,
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AtH), 8.10 (IH, d, J 8.2, ArH); & (CDCl;, 100 MHz) 19.7 (CHa), 22.0 (CHs), 32.0
(CHy), 32.2 (CH,), 38.8 (CHy), 56.5 (CH), 116.6 (CH), 118.7 (CH), 1243 (C), 124.8
(CH), 125.4 (CH), 126.5 (2 x CH), 128.7 (2 x CH), 130.6 (C), 133.8 (CH), 135.9 (C),
1362 (C), 138.5 (C), 169.8 (C); m/z (EI) 380 (M, 4%), 239 (100%). Accurate mass:
found 380.1190, C21H2oN,03S requires 380.1195.
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3-[(E')Ethylidene]-l2-(phenylsulfonyl)—l,2,3,4,6,7,12,12b-octahydropyrido[l,l-a]|3-

carbolin-4-one

(334)

" To a stirred solution of diisopropylamine (0.11 mL, 0.75 mmol) in dry THF (5 mL) was
added n-BuLi in hexanes, 2.5M (0.3 mL, 0.75 mmol) dropwise at 0°C under a nitrogen
atmosphere. The reaction mixture was stirred for 15 min, cooled to -78°C whereupon
addition of 12-(phenylsulfonyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-éarbolih-4-
one (331) (0.26 g, 0.68 mmol) in dry THF (5 mL) was achieved via cannula. The solution
was stirred at -78°C for 30 min, acetaldehyde (0.04 mL, 0.75 mmol) was added and the
reaction vessel was allowed to warm to room temperature. The reaction was quenched
with saturated aqueous NH,CI solution (5 mL) and the aqueous phase was extracted with
CH,Cl; (3 x 10 mL). The combined organic fractions were dried over anhydrous MgSO;,
filtered and solvent was removed under reduced pressure. This yielded a yellow oil which
was dissolved in dry CH,Cl; (8 mL) containing triethylamine (0.29 mL, 2.05 rhmol) and
- the mixture was cooled to -40°C. Methanesuifonyl chloride (0.08 mL, 1.03 mmol) was
added dropwise and the mixture was stirred at -40°C for 20 min. The reaction vessel was
allowed to warm to room tempertature and stirred for an additional 3 h. A saturated

aqueous NH4Cl solution was added (5 mL) and the product was extracted with CH,Cl,

(3 x 10 mL). The combined organic fractions were dried over anhydrous MgSOs, filtered
and solvent was removed under reduced pressure to yield a yellow oil.
1,5-Diazabicyclo[4.3.0]non-5-ene (0.17 mL, 1.37 mmol) was added to a solution of the
mesylate in dry THF (8 mL) and the mixture was stirred for 2 h at room temperature, A
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saturated aqueous NH4Cl solution was added (5 mL) and the product was extracted with
CH.Cl, (3 x 10 mL). The combined organic fractions were dried over anhydrous MgSQOs,
filtered and solvent was removed under reduced pressure. The resultant yellow oil was

adsorbed onto silica and purified by flash column chromatography (1:1 EtOAc:hexane).

The target compound (334) was isolated as white blocks (0.16 g, 56%), a portion of which

was recrystallised from CH:Cly/hexane to colourless blocks. Mp 246-247°C; Vaadem™
(film) 2922, 1662, 1609, 1447, 1411, 1369, 1174, 725; Sy (CDCY,, 400 MHz) 1.51-1.62

(1H, m, CCHCH(H)), 1.80 (3H, d, J 7.2, CH3), 2.50-2.78 (SH, m, CH,CCO, NCH,CH &

NCH(H), 3.04-3.09 (1H, m, CCHCH(H)), 5.08-5.11 (1H, m, NCH), 5.15-5.21 (1H, m,
NCEH(H)), 7.03 (1H, g, J 7.3, CHCH;), 7.23-7.27 (1H, m, AtH), 7.30-7.35 (4H, m, ArH),
7.44.7.48 (1H, m, ArH), 7.58-7.61 (2H, m, ArH), 8.13 (1H, d, J 8.0, ArH); 8¢ (CDCl,
100 MHz) 13.8 (CH), 21.8 (CHy), 23.5 (CHy), 32.0 (CHy), 38.9 (CHy), 55.3 (CH), 116.3
(CH), 118.8 (CH), 123.8 (C), 124.7 (CH), 125.3 (CH), 126.4 (2 x CH), 128.8 (2 x CH),

1293 (C), 130.3 (C), 133.9 (CH), 134.8 (CH), 135.6 (C), 136.2 (C), 138.2 (C), 165.1 (C); -

‘m/z (FAB) 407 ((M*1), 41%), 154 (100%). Accurate mass: found 407.1463,
C23H23N203S requires 407.1460. . ‘ -
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.3—[(E)Ethylidene]-l,2,3,4,6,7,12,12b—octahydropyrido[2,l-a]B-c':arbolin-4-one '

@37)

Tetra-n-butylammonium fluoride (1.0M solution in tetrahydrofuran, 0.4 mL) was added
to a stirred  solution of 3-[(E)ethylidene]-12-(phenylsulfonyl)-1,2,3,4,6,7,12,12b-
octahydro-pyrido[2,1-a]p-carbolin-4-one (334) (82 nig, 0.2 mmol) in THF (5 mL). The

mixture was refluxed for 2 h, allowed to cool to room temperature, H;O (5 mL) was

‘added and the aqueous phase was extracted with CHCl; (3 x 10 mL). The combined

organic fractions were dried over anhydrous MgSO;, and filtered. Solvent was removed
under reduced pressure to yield a brown oil which was adsorbed onto silica and purified
by flash column chromatography (3:2 hexane:EtOAc). The target compound (337) was
iéolated as a pale yellow oil (42 mg, 78%). Vadem™! (film) 3254, 1658, 1594, 1424, 724;

Sy (CDCly, 400 MHz) 1.78 (3H, d, J 7.2, 1.7, CH), 1.74-1.84 (1H, m, CCHCH(H)), 2.33-

2.39 (1H, m, CHH)CCO), 2.45-2.51 (1H, m, CCHCH(H)), 2.75-2.90 (3H, m, NCH,CH;
& CHH)CCO), 2.94 (1H, dd, J 11.1, 4.2, NCH(H)), 4.81-4.85 (1H, m, NHCCH), 5.18-
5.26 (1H, m, NCH(H)), 7.03 (1H, q, J 7.3, CHCH3), 7.13 (1H, 1, J 7.6, ArH), 7.19 (1H, t,
J 7.6, AtH), 7.34 (1H, d, J 8.0, ArH), 7.52 (1H, d, J 7.8, ArH), 7.93 (1H, br, s, NH); 8¢
(CDCls, 100 MHz) 13.7 (CHj), 21.0 (CHy), 22.7 (CHy), 29.1 (CH,), 40.5 (CHy), 53.8
(CH), 109.9 (C), 110.9 (CH), 118.5 (CH), 119.8 (CH), 122.2 (CH), 126.9 (C), 129.1 (C),
133.2 (C), 134.0 (CH), 136.3 (C), 164.6 (C); m/z (EI) 266 (M, 100%). Accurate mass:
found 266.1419, C17H,sN;z0 requires 266.1419. - |
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3-[(E)Ethylidene]-1,2,3,4,6,7,12,12b-octahydropyrido|2,1-]B-carboline®

(_208) o

Diisobutylaluminium hydride (1.0M solution in toluene, 0.34 mL) was added dropwise at
0°C to 3-[(Eethylidene]-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]p-carbolin-4-one (337)
(30 mg, 0.11 mmol) in dry 1,2-dimethoxyethane (5 mL) under a nitrogen atmosphere. The

solution waé warmed to room temperature and stirred for 1 h. The reaction was'quenchcd

‘with MeOH (5 mL) and H,0 (1 mL) and extracted with CH,Cl, (3 x 10 mL). The

" combined orgénic fractions were dried over anhydrous MgS0, and filtered. Solvent was

removed under reduced ﬁressure to yield 'an orange oil Which was adsorbed onto silica
and punﬁed by flash column chromatography (98:2 EtOAc: Et;N) The target compound
(208) (thh traces of an inseparable 1mpur1ty) was 1solated asa yellow 011 (5 mg, 8%)

Literature 'H NMR signals® for (338):

81 (CDCl, 270 MHz) 7.75 (br, s, 1H), 7. 48-7. 08 (m, 4H), 542 (q,J = 6.8 Hz, 1H), 3.42-

3.31 (m, 2H), 3.10-2.98 (m, 3H),283-2 63 (m, 3H), 2. 19-213 (m, lH), 1.98 (br t 1H),

E 162(dJ 6.8 Hz, 3H),165153(m,1H}

_ Observed 'H NMR s_ignals for.(208): S

81 (CDCl, 400 MHz) 7.82 (br, s, 1H), 7.47 (d, J= 7.6 Hz, 1H), 7.32 (4, J= 7.8 Hz, 1H),

 7.16-7.06 (m, 2H), 543 (g, J = 6.9 Hz, 1H), 3.45 (4, J = 10.4 Hz, 1H), 3.35 (d, /= 11.9

© Hz, 1H), 3.13-2.98 (m, 3H), 2.82-2.64 (m, 3H), 2.21-2.15 (m, 1), 205184 (signal

" masked by 1mpur1ty), 1.63 (d J=6.7 Hz, 3H), 1.67-1 55 (m, lH)
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Single Crystal X-Ray with Accompanying Data

(35,9bR)-3-(1H-Indol-3-ylmethyl)-9b-methyl-2,3,5,9b-tetrahydro[1,3}oxazolo[2,3-

alisoindol-5-one

Appendix - o : - A




Identification code

" Chemical formula
Formul.a weight
Temperature
Radiation, wavelength
Crystal system, space group

Unit cell parameters

Cell volume

y/

Calculated density
Absorption coefficient
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

6 range for data collection
.Indéx ranges -
Completeness to 0 =26.00°
Ihtensity decay '
Reflections collected
Independent reflections
Reflections with F>2c
Absorption correction

Min. and max. transmission

Structure solution

Appendix

Crystal Data and Structure Refinement

~(251)

C2oH1sN20;
318.36

150(2) K

MoKa, 0.71073 A

_orthorhombic,‘P212121 _ |

a=72249(7) A a=90°
b=9.0792(8) A  B=90°
c=24776() A y=90°
16252(3) A®

4 .

1.301 g/em’

' 0.085 mm™'

672

colourless, 0.71 x 0.50 x 0.04 mm’

11068 (O range 2.389 to 28.961°)

Bruker SMART 1000 CCD diffractometer
o rotation with narrow frames

1.64 to 28.96°
h-9t09,k-111to11,1-33 to 32

 99.9%

0%

14364

3946 (R = 0.0144)

3753

semi-empirical from equivalents
0.942 and 0.997

direct methods




‘Fuli-matrix least-squares on F*
0.0542, 0.2220
3946/0/219

Refinement method
Weighting parameters a, b
- Data/ restraints / parameters

Final R indices [F>20] R1=0.0310, wR2 = 0.0836
R indices (all data) | R1=10.0330, wR2 = 0.0858
~ Goodness-of-fit on F 1.037
Absolute structure pararhetér -0.1(9)
~ Extinction coefficient '0.0044(15)
Largest and mean shift/su 0.001 and 0.000

Largest diff, peak and hole 0.228 and ~0.181 ¢ A™

Atomic Coordinates and Equivalent Isotropic Displacement Parameters AY.
. Ueq is Defined as One Third of the Trace of the Orthogonalised UY Tensor

0o(1)
N(1)
C(1)
0(2)
N(2)
C(2)
C@3)
C@)
C(5)
C(6)
o
C@8)
- C(9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17

Appendix

X

0.34770(15)
0.09480(13)
0.26150(16)
0.06921(13)
~0.19184(15)
0.31535(15)
0.45910(17)
0.48084(19)
0.3629(2) °
0.2182(2)
0.19774(15)
0.04901(16)

-0.14482(17)
- -0.00423(18)

0.04227(16)
-0.11919%(17)
~0.17691(15)
—0.10169(18)
~0.33058(16)
-0.46356(18)
-0.59172(19)

y

0.80205(12)
0.65835(10)
0.72668(13)
0.41289(9)

0.59250(12)
0.68861(13)
0.74379(15)
0.68426(17)
0.57505(17)

0.52189(15)

0.57996(13)
0.55172(12)
0.57421(15)
0.43497(13)
0.59702(12)
0.68149(12)
0.62289(12)
0.66269(14)
0.50722(12)
0.42093(13)
0.34816(15)

z

0.84586(3)
0.82304(4)
0.81351(4)
0.80688(3)
1.04601(4)
0.75734(4)
0.72598(5)
0.67447(5)
0.65551(5)
0.68712(5)

0.73857(4)

0.78025(4)
0.75774(5)
0.86047(5)
0.87586(4)
0.90162(4)
0.95575(4)
1.00446(5)
1.02489(4)
1.05111(5)
1.01945(6)

Ueq

0.0401(2)
0.02298(19)
0.0257(2)
0.03013(19)
0.0316(2)
0.0245(2)
0.0317(3)
0.0382(3)
0.0399(3)
0.0347(3)
0.0250(2)
0.0241(2)
0.0329(3)
0.0312(3)
0.0248(2)
0.0259(2)
0.0243(2)
0.0312(2)
0.0244(2)
0.0305(2)
0.0378(3)




. _0.58858(18) 0.36164(16) 0.96282(6) 0.0383(3)

Appendix

C(18)

c(19) ~0.45862(16) 0.44794(14) 0.93690(5) 0.0292(2)
C(20) ~—0.32555(15) 0.52248(12) 0.96787(4)  0.0225(2) -
Bond Lengths [A] and Angles [°]

O(1)-C(1) 1.2241(14) N(1)-C(1) - 1.3752(15)
N(1)-C(11) 1.4721(13) ~ N(1)-C(8) - 1.4732(13)
C(1>C2) - 1.4858(15) O@2)}C(8) 1.4301(13)
0(2)-C(10) 1.4438(14) N(2)-C(15) 1.3705(15)
N(2)-C(14) 1.3749(15) C@)-C(7) 1.3825(16)
Cc2yC3) 1.3906(16)  C(3)-C(4) 1.3947(13)
C4)-C5) 1.389(2) C(5)-C(6) 1.393(2)
C(6)-C(D 1.3873(15) C(7»-C(8) 1.5122(15)
C(8-C(9) 1.5212(16) C(10)-C(11) 1.5566(16)
C(11)C(12) 1.5349(16) C(12)-C(13) 1.5020(14)
C(13)-C(14) 1.3718(16)  C(13)-C(20) 1.4403(15)

- C(15)-C(16) 1.3997(16) C(15)y-C(20) 1.4199(14)
C(16)-C(17) 1.3818(19) C(17)-C(18) 1.4084(19)
C(18)-C(19) 1.3813(18)  C(19)-C(20) 1.4039(16)
C(D-N(1)-C(11)  12330(9)  C(1>N(1)-C(8) 111.69(9)
CA1)-N(1)-C(8) 109.46(8) O(1)-C(1)-N(1) 125.83(10)
O(1H)-C(1)C(2) 127.60(11) N(1)-C(1)-C(2) 106.57(9)
C(8)-0(2)-C(10) 105.32(8) C(15-N(2)-C(14) 108.81(9)
C(M-C(2)-C(3) 121.88(10) C(7)-C(2)»-C(1) 108.67(10)
C(3»-C(2y-C(1) 129.44(11) C(2)-C(3-C4) 117.12(13)
C(5-C(4)>-C(3) 121.12(12)  C(4)-C(5)-C(6) 121.18(11)
C(7)-C(6)-C(5) 117.70(13)  C(2)-C(7»-C(6) 120.98(11) .
C2y-C(7)-C(8) 109.15(9) C(6)-C(MH-C(8) = 129.69(11)

- O(2)-C(8)-N(1) 102.97(8) . O2)-C(8)-C(7) 113.07(9)
N(1)-C(8)-C(7) 102.73(9) 0(2)y-C(8)-C(9) 112.41(10)
N(1)-C(8)-C(9) 112.48(10) C(7)-C(8)-C(9) 112.40(9)
0(2)-C(10)-C(11) . 106.10(9) N(1)-C(1 1)—C(12) 112.12(9)
N(D-C(11)-C(10y 101.26(8) C(12)-C(11)-C(10) 114.22(10)
C(13)-C(12)-C(11) 113.90(9) C(14)-C(13)-C(20) 106.19(10)
C(14)-C(13)-C(12) 125.60(11) C(20)-C(13)-C(12) 128.12(10)
C(13)-C(14)-N(2) 11042(10) N()-C(5)-C(16) 129.87(10)
NQ2)-C(15-C(20) 107.82(10) C(16)-C(15-C(20) 122.28(11)
C(17)-C(16)-C(15) 117.65(11) C(16)-C(17)-C(18) 120.87(12)
C(19)-C(18)-C(17) 121.56(12) C(18)-C(19)-C(20) 119.01(11)
C(19)-C(20)-C(15) 118.63(10) .C(19)-C(20)-C(13) 134.57(10)
C(15)-C(20)-C(13) 106.75(10) '




Anisotropic Displacement Parameters (A%). The Anisotropic Displac'ement Factor

Exponent Takes the Form: —22%[h%a** 0" + ..+ 2hka*b*UY)

O(1)
N(1)
C(1)
0(2)
N(@2)
C(2)
C(3)
Cé4)
C@o)
C(6)
C(7N
C@®)
CO)
C(10)
can
C(12)
C(13)
C(14)
C(15)
C(16)
-
c(18)
- CQ19)
- C(20)

Ull

0.0474(5)
0.0268(4)
0.0283(5)

-0.0416(5)

0.0387(5)
0.0244(5)
0.0249(5) -
0.0330(6)
0.0503(8)
0.0460(7)
0.0281(5)
0.0293(5)
0.0301(5)

- 0.0396(6)

0.0288(5)
0.0302(5)
0.0274(5)
0.0356(6) -
0.0284(5)
0.0372(6)
0.0337(6)

- 0.0298(6)

0.0277(5)
0.0246(5)

| Uzz'

0.0497(6)
0.0228(4)
0.0282(5)
0.0202(4)
0.0352(5)
0.0299(6)
0.0434(7)

0.0546(8)

0.0494(8)
0.0339(6)
0.0263(5)
0.0202(5)
0.0326(6)
0.0235(5)
0.0255(5)
0.0233(5)
0.0217(5)
0.0311(6)
0.0216(5)
0.0262(5)
0.0347(6)
0.0406(7)

0.0316(6) -

0.0193(5)

U33

0.0233(4)

0.0194(4) -

0.0206(5)
0.0287(4)
0.0208(4)
0.0191(4)
0.0267(5)
0.0271(6)
0.0201(5)
0.0241(5)
0.0206(5)
0.0229(5)
0.0361(6)
0.0305(6)
0.0201(5)
0.0241(5)
0.0237(5)
0.0268(5)
0.0233(5)
0.0281(5)
0.0450(7)

0.0444(7)

0.0285(5)
0.0235(5)

U23

~0.0069(4)
~0.0009(3)
0.0002(4)

0.0005(3) -

~0.0030(4)
0.0012(4)
0.0074(5)
0.0106(6)

- =0.0012(5)

-0.0047(5)
- 0.0007(4)
~0.0017(4)
0.0027(5)
0.0032(4)
0.0024(4)
0.0016(4)
~0.0009(4)
~0.0046(4)
~0.0006(4)
0.0049(5)
0.0041(5)
—0.0029(6)
~0.0020(4)
0.0001(4)

ub ' Uu

0.0037(4) —0.0225(5)
0.0028(3) —0.0010(4)
0.0020(4) —0.0032(4)
0.0027(4)  0.0030(3)
0.0017(4) —0.0072(4)

0.0004(4)
0.0023(4)
0.0084(5)
0.0038(5)
-0.0032(5)
~0.0010(4)
~0.0008(4)

0.0039(4)

0.0028(5)

0.0161(6)
0.0214(7)
0.0086(5)
0.0061(4)
0.0006(4)

-0.0070(5) —0.0053(5)

0.0058(5)  0.0005(5)
0.0040(4) —0.0017(4)
0.0068(4) ~0.0011(4)
0.0044(4) —0.0024(4)
0.0042(5) —0.0095(5)
0.0044(4)  0.0023(4)
0.0111(5)  0.0024(5)
0.0126(5) —0.0073(5)
0.0011(5) —0.0109(5)

~0.0005(4) —0.0015(5)

0.0042(4) 0.0018(4)

Hydrogen Coordinates and Isotropic Displacement Parameters (A%)

H(2)
H3)
H(4)
H(5)
H(6)

Appendix

—0.1649
0.5390
0.5779
0.3813
0.1363

0.6010

1.0805 0.038

0.8188 0.7391 0.038
0.7190 0.6520 0.046

- 0.5359 0.6204 0.048
- 0.4484 0.6739 0.042




H(9A) ~0.1682 0.5019 0.7292 0.049

H(9B) ~0.1553  0.6738 0.7428 . 0.049
H(9C) ~0.2358 0.5614 0.7867 0.049
H(10A) 0.0538 0.3657 0.8863 0.047
H(10B) -0.1398 0.4189 0.8608 0.047
H@D) 0.1515 0.5988 0.9006 0.037
H(12A) -0.0831 0.7861 0.9057 0.039
H(12B) -0.2268 0.6776 0.8769 0.039
H(14) ~0.0015 07293  1.0088 0037
H(16) -0.4656 0.4127 - - 1.0893 0.037
H(17) -0.6832 0.2882 1.0361 - 0.045
H(18) -0.6780 0.3102° 09420 0.046
H(19) _ - =0.4593 0.4567 0.8987 0.035
Hydrogen Bonds [A and °]
D-H..A d(D-H) d(H...A) dD...A)  <(DHA)
N(2)-H(2)...0(1A) 0.88 2.03 28501(13) 1572

Symmetry Operations for Equivalent Atoms
A x-1/2,-y+3/2,—z+2 |

Appendix




Single Crystal X-Ray with Accompanying Data

(38,9bS)-3-(I-Iydroxymethyl)-9b-methyl-3,4;9,9b-tetrahydro—lH-isoindolo[l,2-a]|3- |

carbolin-1-one




Crystal Data and Structure Refinement

Identification code
Chemical formula

Formula weight
Temperature o
Radiation, wavelength
Crystal system, spaée grouﬁ

Unit cell parameters

Cell volume

z

Calculated density

Absorption coefficient p
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

0 rangé for data collection
Index faﬁges |
Completeness to 0 =26.00°
Intensity decay

Reflections collected
Independent reflections
Reflections with F>20
Absorption correction |
Min. and max. transmission

Structure solution

Appendix

@52)
CxoHisN20;
318.36

150(2)K

MoKa, 0.71073 A

orthorhombic, P2,2;2,
a=8722NA o = 90°
b=10.4742(8) A B=90°
c=17.4454(14) A y =90°
1593.8(2) A? . '

4

1.327 g/em’

0.087 mm™

672

colourless, 2.35 x 0.08 x 0.04 mm®
5004 (0 range 2.27 t0 28.37°)
Bruker SMART 1000 CCD diffractometer
@ rotation with narrow frames

227 t0 28.97°

h-11to 11,k -13 to 14,1-22 t0 22
100.0 %

0%

14124

3847 (Rin = 0.0345)
3073

~ semi-empirical from equivalents

0.822 and 0.997

direct methods




Refinement method

Full-matrix léaét-squares on F2
Weighting parameters a, b 0.0344, 0.3943
Data / restraints / parameters 3847/0/225

Final R indices [F>>20] R1=0.0373, wR2 = 0.0769
R indices (all data) R1 =0.0583, wR2 = 0.0873
Goodness-of-fit on F* - - 1.020

Absolute structure parameter. - -0.1(13)

Extinction coefficient - 0.0022(8)

Largest and mean shift/su 0.000 and 0.000

Largest diff. peak and hole | 0.233 and -0.197 ¢ A3

Atomie Coordinates and Equivalent Isotropic Displacement Parameters (A%).
U,q is Defined as One Third of the Trace of the Orthogonalised UY Tensor

N()
C(1)
O(1)
C(@2)
C@3)
c@4
C(5)
C6)
C(7
C(@®)
CO)
C(10)
N@)

c@l) :

C(12)
ca3)
C(14)
c(15)
C(16)
c(7)
C(18)

C(19)

Appendix

X Y
0.69084(15) —0.00543(13)
0.6567(2)  0.09394(15)
0.52987(14) 0.14407(11)
0.8015(2)  0.13133(16)
0.8255(2)  0.22207(17)
0.9737(2)  0.23774(18)
1.0923(2)  0.16313(19)
1.0676(2)  0.07273(18)
0.91977(19) 0.05928(16)
0.85894(18) -0.02945(15)
0.8990(2) —0.16910(16)
0.90332(19) 0.00940(15)
1.05240(16) 0.02644(14)
1.04882(19) 0.06392(15)
1.16852)  0.09669(17)
1.1300(2)  0.13428(18)
09773(2)  0.13847(18)
0.8589(2)  0.10401(17)
0.8939(2)  0.06710(15)
0.80352(19) 0.03149(16)
0.63291(19) 0.01645(18)

0.59597(19) -0.05669(16)

0.22688(7)
0.17928(9)
0.16933(7)
0.14117(9)
0.08457(10)
0.05678(10)
0.08515(10)
0.14221(9)
0.17074(9)
0.23183(9)
0.21432(10)
0.31239(9)
0.33680(8)
0.41247(10)

10.46169(10)

0.53529(10)

-0.55967(11)

0.51166(10)
0.43623(9)
0.37115(9)
0.36404(9)
0.29021(9)

ch

0.0216(3)
0.0227(4)
0.0302(3)
0.0242(4)
0.0293(4)
0.0334(4)
0.0336(4)
0.0284(4)
0.0222(3)

0.0215(3)

0.0278(4)
0.0216(3)
0.0236(3)
0.0237(4)
0.0299(4)
0.0347(4)
0.0336(4)
0.0295(4)
0.0238(4)
0.0232(4)
0.0265(4)
0.0244(4)




C(20) 0.42572(19) —0.06441(18) 0.27338(11) 0.0297(4)

0(2) 0.34750(14) 0.05460(13) 0.27499(8) 0.0350(3)
Bond Lengths [A] and Angles {°]

N(1)-C(1) 1.364(2) N(1)-C(19) 1.481(2)
N(1)-C(8) - 1.490(2) C(1H-0O(1) 1.237(2)
C(1)-C(2) - 1.480(2) C2)»C(7) 1.378(2)
C(2}-C(3) - 1.386(2) C(3)-C4) 1.390(3)
C4)-C(5) 1.387(3) - C(5)-C(6) 1.391(2)
C(6)-C(7) 1.389(2)  C(7-C(8) 1.510(2)
C@®»-Ccaoy - L5132 C(8)-C(9) 1.535(2)
C(10)-C(17) - 1.365(2)  C(10)-N(2) - 1.380(2) .
N)»-C11) 1.378(2) can-Ccazy 1.395(2)
C(11)-C(16) - - 1.414(2) C(12)-C(13) 1.384(3)

C(13>-C(14) 1.399(3) C(14)-C(15) 1.378(3)

- C(15)-C(16) 1.405(2) C(16)-C(17) 1.432(2)
-C(17)-C(18) 1.502¢2) C(18)-C(19) 1.533(2)
C(19)-C(20) 1.516(2) C(20)-0(2) 1.421(2)
C(I-N(1)-C(19)  127.49(14) C(1)-N(1)-C(8) 112.26(13)
C(19)y-N(1)}-C(8) 116.44(12)  O(1)-C(1)-N(1) 127.19(15)
Oo(1)-C(1)-C(2) 126.01(15) N(1)-C(1)-C(2) 106.80(14)
C(7»-C(2)-C(3) 121.92(16) - C(-C(2)-C(1) 109.00(14)
C3)»C2)»C() 129.07(16) C(2)-C(3)}-C4) 118.03(17)
C(5)-C(4)yCQ3) 120.13(17)  C(4)-C(5)C(6) 121.58(18)
C(7)-C(6)-C(5) 11798(17) C(2)-C(7)-C(6) 120.33(16)
C(2)-C(7)-C(8) 109.76(14)  C(6)-C(7)-C(8) 129.89(16)
N()-C@)-C(7)  101.59(12) N(1)-C(8)-C(10)  105.07(12)
C(7y-C(8)-C(10) 113.57(13) NQ1)-C(8)-C(9) 111.94(13)
C(7»-C(8)C(9) 111.47(13)  C(10)-C(8)-C(9) 112.51(13)
- C(I1T-C(10)-N(2) 11033(14) C(17)-C0-C(8) 125.45(15)

N@)}-C(10)-C(8)  124.22(14) C(I1)-N(Q2)}-C(10) 108.13(14)
N@-C(11N-C(12) 130.03(16). N(2)-C(11)-C(16) 108.03(14)
C(12)-C(11)-C(16) . 121.94(16) . C(13)-C(12)-C(11) 117.35(17)
C(12)-C(13)-C(14) 121.46(17) C(15>-C(14)-C(13) 12L.37(17)
C(14)-C(15-C(16) 118.59(17) = C(15)-C(16)-C(11) 119.27(16)
C(15)-C(16)-C(17) 133.99(16)  C(11)-C(16)-C(17) 106.72(14)
C10)-C(17)-C(16) 106.77(14) C(10)-C(17)-C(18) 123.52(15)
C(16)-C(17)-C(18) 129.70(15) C(17»-C(18)-C(19) 109.28(14)
N(D-C(19>-C(20) 114.97(14) NQ1)-C(19-C(18) 109.15(13)
C(20)-C(19)-C(18) 113.29(14) O(2)»-C(201-C(19) 114.81(14)
Appendix




~ Anisotropic Displacement Parameters (A?). The Anisotropic Displacement Factor

Exponent Takes the Form: —2n?[h%a**U'! + ..+ 2hka*b*U")

O(1)
N(1)
c() -
0(2)
N@)
C(2)
C@)
C4)
C(S)
C(6)
C(7)
C(®)
CO)
C(10)
ee)y
C(12)
C(13)
c(14)
C(15)
c(16)
c(17)
C(18)
C(19)
C(20)

Ull

0.0226(7)

-0.0194(7)

0.0247(9)
0.0203(6)
0.0190(8)

- 0.0261(9)

0.0348(11)
0.0438(12)
0.0307(10)
0.0252(9)
0.0231(9)
0.0185(8)
0.0294(10)
0.0191(8)

-0.0258(9)

0.0248(9)
0.0373(11)

10.0418(11)

0.0316(10)
0.0241(9)
0.0228(9)
0.0198(9)
0.0214(8)

0.0216(9)

U22

0.0294(6)
0.0221(7)
0.0209(8)
0.0427(7)
0.0278(8)

0.0234(8) -

0.0273(9)
0.0313(10)
0.0433(11)

10.0366(11)

0.0230(8)
0.0235(8)

0.0241(9)

0.0205(8)
0.0205(8)
0.0315(9)
0.0364(10)
0.0351(10)
0.0314(9)
0.0230(8)
0.0241(9)
0.0345(9)
0.0230(8)

- 0.0339(10)

U33

0.0387(7)

0.0231(7)
0.0226(8)

- 0.0421(7)

0.0239(7)
0.0232(8)
0.0258(9)
0.0250(9)
0.0268(9)
0.0234(8)

10.0205(7)

0.0224(8)
0.0298(9)

10.0251(8)

0.0248(8)
0.0333(10)
0.0304(10)
0.0239(9)
0.0255(9)
0.0243(8)
0.0229(8)

1 0.0252(8)

0.0289(9)
0.0334(9)

U23

0.0048(6)
10.0005(6)
~0.0031(6)

0.0063(6)

0.0019(6)

-0.0037(7) -

0.0027(7)

© 0.0029(8)

-0.0020(8)
~0.0025(8)
-0.0033(7)
0.0011(6)
-0.0016(7)
0.0027(6)
0.0042(7)
0.0057(7)
0.0038(8)
0.0024(8)
0.0039(7)

0.0035(7) -

0.0012(7)
0.0012(7)

0.0024(7)

~0.0005(8)

Ul3 U|2

—0.0006(5) 0.0059(5)
0.0003(6) —0.0007(6)
0.0003(7)  0.0003(7)
0.0048(6) 0.0041(6) .
0.0010(6) —0.0003(6)
0.0003(7) —0.0022(7)
0.0016(8) 0.0006(8)
0.0067(8) —0.0059(9)
0.0076(8) —0.0082(9)
0.0010(7) 0.0004(8)
0.0009(6) —0.0019(7)
0.0016(6) 0.0022(7)
0.0016(8) 0.0039(7)

—0.0015(7)  0.0013(7)

-0.0003(7)  0.0000(7)

—0.0053(8) —0.0037(8)

—0.0121(8) ~0.0071(9)

~0.0010(8) —0.0039(9)
0.0029(7) —0.0007(8)
0.0003(7) —0.0002(7)
0.0003(7) —0.0004(7)
0.0014(7) ~0.0008(7)
0.0028(7) —0.0009(7)
0.0024(8) —0.0043(8)

Hydrogen Coordinates and Isotropic Displacement Parameters (AY

H(2)
H(2A)
H3)
H(4)
HG)

U

X 'y z
0398(3)  0.1002) 02371(13) 0.053
1.140(2): 0.0291(17) 0.3083(10) 0.028
- 0.7432 0.2721 0.0654 0.035
0.9938 0.2996 0.0183 0.040
1.1927 10.1741 0.040

0.0651




H6) 1.1493 0.0217 0.1611 0.034

H(9A) 0.8504 -0.2247 0.2524 0.042

H(9B) 1.0105 ~0.1803 0.2163 0.042

H(9C) 0.8618 -0.1914 0.1630 - 0.042

H(12) 1.2723 0.0934 0.4454 0.036

H(13) 1.2090 0.1578 0.5700 0.042

H(14) 0.9547 0.1656 0.6104 0.040

H(15) 0.7558 0.1052 . -0.5292 0.035

H(18A) 0.5835 0.1015 0.3627 0.032

H(18B) . 0.5926 -0.0308 0.4089 0.032

H(19) 0.6312 -0.1464 0.2987 0.029

H(20A) 0.4116 -0.1032 - - 02221 - 0.036 .

H(20B) 0.3776 -0.1221 03114 0.036

Hydrogen Bonds {A and °]

D-H..A d(D-H) d(H...A) d(D..A) <(DHA)
0(2)-H(2)...0(1) 0.93(2) 1.71(2) 2.6088(17) - 162(2)

Symmetry operations for equivalent atoms
A xy-lz |

Appendix ' _ _ B B




Single Crystal X-Ray with Accompanying Data

(35,9b5)-3-(Hydroxymethyl)-3,4,9,9b-tetrahydro-1H-isoindolo[1,2-a]B-carbolin-1-

one

Appendix . ' ' C




Crystal Data and Structure Refinement

Identification code
Chemical formula

Formula weight
Temperature

Radiation, wavelength
Crystal system, space group

Unit cell parameters

Cell volume
7
Calculated density
Absorption coefficient p
~ F(000)
Crystal colour and size
Reflections for cell refinement

- Data collection method

6 range for data coilection
Index ranges

Completeness to 8 = 25.00°
Intensity decay '
~ Reflections collected
Independent reflections
Reflections with F2>2q
Absorption correction

Min, and max. transmission

Structure solution

Appendix

(253)

CisHi1gN20;

304.34

150(2) K

MoKe, 0.71073 A

orthorhombic, P2,2;2;
a=8.4483(15) A o =90°
b=87128(15)A p=90°
c=24267HA  y=90°
17863(5) A> o

4 -

1.447 g/om®

0.381 mm™

808

colourless, 0.40 x 0.13 x 0.10 mm®
3446 (O range 2.48 10 26.42°)
Bruker SMART 1000 CCD diffractohleter
o rotation with naﬁow frames

1.68 t0 25.00° |

h-10to 10,k —10 to 10,125 to 28
99.6 %

0%

10192

3138 (Rim = 0.0523)

2652

semi-empirical from equivalents
0.863 and 0.963

direct methods




Refinement method
Weighting parameters a, b
Data / restraints / parameters
Final R indices [F>20]

- Rindices (all data)

Goodness-of-fit on F*

Absolute structure parameter

Extinction coefficient

Largest and mean shift/su

Largest diff. peak and hole

Atomic Coordinates and Equivalent Isotropic Displacement Parameters (7).

Full-matrix least-squares on F

0.0954, 5.4989

3138/0/241
R1 = 0.0832, wR2 = 0.2200
R1 = 0.0969, wR2 = 0.2283

1185

0.00 .

- 0.014(3)

0.000 and 0.000

0.417 and —0.487 ¢ A3

U, is Defined as One Third of the Trace of the Orthogonalised U* Tensor

0(1)
N(1)
c)
0(2)
N@2)
C2)
C@3)
C4
C(5)
C(6)
C(7)
C(8)
C(9)
- C10)
c1)
C(12)
C(13)
c(14)
C(15)
C(16)
C(17)
C(18)

Appendix

X -

0.3675(7)

0.5060(7)
0.4172(9)

0.4126(7) .

0.3901(7)
0.3974(8)
0.3241(10)
0.3214(10)
0.3951(9)
0.4642(9)
0.4628(8)

0.5274(8) -

0.4315(8)
0.3005(9)

- 0.2251(10)

0.1407(10)
0.1265(10)
0.2025(8)
0.2912(8)
0.3788(9)
0.4071(9)
0.5362(8)

y

0.5324(5)
0.3694(6)
0.4031(8)
0.7106(5)
0.0079(6)
0.2588(8)
0.2381(9)
0.0909(10)

—0.0289(9)

-0.0064(8)
0.1405(8)
0.2027(7)
0.1573(8)
0.0119(7)

~0.1073(9)

~0.0691(9)
0.0804(9)
0.1984(8)
0.1661(8)
0.2550(7)
0.4259(7)
0.4611(7)

z

1.0640(2) | _

1.0066(2)
1.0520(3)
0.9799(2)
0.9375(2)
1.0842(3)
1.1349(3)
1.1550(3)

1.1276(3)

1.0758(3)
1.0548(3)

- 1.0000(3) -

0.9491(3)

-0.8896(3)

0.8617(3)
0.8150(3)
0.7963(3)
0.8239(3)
0.8712(3)
0.9112(3)
0.9131(3)
0.9566(3)

: U“l

0.0366(13)
0.0247(13)
0.0263(15)
0.0363(13)
0.0257(13)
0.0255(16)
0.0327(17)

£ 0.0391(19)

0.0340(18)
0.0276(16)

1 0.0253(15)

0.0221(14)
0.0268(15) -
0.0261(15)
0.0365(19)
0.0399(19)
0.0372(18)
0.0291(16)
0.0236(15)
0.0272(16)
0.0253(15)
0.0255(15)




C(19) 10.5565(9) 0.6321(8) 0.9673(3) | _ 0.0326(1 7

Bond Lengths [A] and Angles [°]

0(1)-C(1) 1.23868)  N(1)-C(1) 1.365(9)
N(1)-C(8) 14728)  NQ1)-C(18) 1.475(9)
C(1)-C(2) 1.490(10)  O(2)-C(19) 1.428(9)
NQR)-C(©) 137709)  N(2)-C(10) 1.388(10)
CR-C(7) - - 1370(10)  C()}-C@3) © 1.389(10)
C(3)-C(4) 137311)  C@4)-C(5) 1.385(12)
C(5)~C(6) 0 1.400(11)  C(6)-C(7) ©1.378(10)
C(T-C(8) 1.535(10)  C(8)-C(9) 1.529(10)
C(9)-C(16) 1329(10)  C(10)-C(11) ©1.394(10)
C(10)-C(15) C141809) - CA-C(A2) . 1.378(12)
C(12)-C(13) 1.384(12)  C(13)-C(14) 1.386(11)
C(14)-C(15) 1.399(10)  C(15)-C(16) 1.446(10)
C(16)-C(17) 1.509(9)  C(17)-C(18) = 1.547(10)
C(18)-C(19) 1.522(9)

CO)-N()-C@8)  111.5()  CO)-N(1)-C(18)  130.0(6)

CB-N(1)-C(18)  1151(5)  O(I-C(I)}-N(1) . 125.0(6)

O(1)-C(1)-C(2)  127.3(7)  N()}-C()»C@2)  107.7(6)

COXNQ)-C(10)  106.7(6)  C(N-CQR}ICG3)  122.97)

C(-CR)-C(1))  1084(6)  C(R}C)C(1)  128.6(7)

CACEICR)  1164(7)  CE}ICMA-CG)  121.7(7)

CA-C(5)-C(6)  1209(7)  C(-CE)-C()  117.47)
CR-C(N-C(6)  1206(7)  CQRIC(H-CE)  1092(6)

C(6)-C(T-C@®) 1302(6) ~ N()-C(8)-C(9)  106.1(5)

N()-CE)-C(7)  1022(5  CO-CEI-C()  114.8(6)

C16)-COMNE2) 1122(7)  C(6)-COI-C®)  124.8(7)

NQ2)-CO-C()  123.06)  N@)}-CU0}-C(11) 129.7(7)

N@2)}-C(10)-C(15) 108.5(6)  C(11)-C(10}-C(15) 121.8(7)

CO2-CA1-C(10) 117.1(7)  C(11)-C(12)-C(13) 122.8(7)
CO12)-C(13)-C(14) 1199(7)  C(13)-C(14)-C(15) 119.%(7)

| C(14)-C(15-C(10) 118.6(6)  C(14)-C(15-C(16) 135.8(6)

C(10)-C(15)-C(16) 105.5(6)  C(9)-C(16}-C(15)  107.1(6)

CO-CU6-C(1T) 123.9(7)  C(15)-C(16)}-C(17) 129.0(6)

C(16)-C(17)-C(18) 109.1(6)  N(I)-C(18)-C(19) - 114.1(6)
N()-C(18-C(17) 109.4(5)  C(19}-C(18)}-C(17) 113.0(6)

0(2)-C(19)-C(18)  114.2(6) | |
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Anisotropic Displacement Parameters (Az). The Anisotropic Displacement Factor
Exponent Takes the Form: -2n*[h*a**U"! + ..+ 2hka*b*U"?)

O(1)
N(1)
C(1)
0(2)
N@)
C2)
C3)
G4
CO)
C(6)
C(7)
C(8)
C©O)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
.C(16)
c(17)
C(18)
c(19)

Ull

0.050(3)
0.031(3)
0.034(4)
0.045(3)
0.033(3)
0.026(4)
0.033(4)

- 0.041(4)

0.034(4)
0.033(4)
0.021(3)
0.021(4)
0.022(3)
0.029(4)
0.048(5)
0.039(4)
0.038(4)
0.027(4)
0.022(4)
0.028(4)
0.033(4)
0.022(4)
0.037(4)

U22 U23
0015(2)  0.045(3) —0.005(2) -
00113)  0.032(3) -0.001(2)
0.016(3)  0.028(4) —0.002(3)
0.014(2)  0.049(3)  0.002(2)
0.0143) -~ 0.030(3) - 0.001(2) .
0.0243)  0.027(4)  -0.001(3)
0.0334)  0.033(4) —0.002(3)
0.050(5)  0.027(4)  0.010(3)
0.026(4)  0.042(4)  0.013(3)
0.017(3)  0.033(4)  0.001(3)
0.024(3)  0.030(4)  -0.003(3)
0.0193)  0.026(3) —0.005(3)
0.0233)  0.035(4) —0.002(3)
0.018(3)  0.031(4)  0.002(3)
0.026(4)  0.035(4) -0.010(3)
0.032(4)  0.050(5) —0.014(3)
0.037(4)  0.037(4) -0.006(3)
0.026(3)  0.034(4) —0.001(3)
0.018(3)  0.030(4) —0.002(3)
0.015(3)  0.039(4)  —-0.002(3)
0.0133)  0.030(4)  0.000(3)
0.0173)  0.038(4) -0.001(3)
0.015(3)  0.044(4)  0.003(3)

Ul3

0.007(3)
0.002(3)
~0.006(3)
0.001(3)
0.006(3)
0.000(3)
~0.006(4)

0.004(3)

-0.002(3)
—0.004(3)
-0.011(3)

-0.003(3)

0.001(3)
0.004(3)
0.011(4)
-0.003(4)
-0.006(4)
0.002(3)
0.007(3)
0.009(3)
0.002(3)
0.009(3)
0.004(3)

Hydrogen Coordinates and Isotropic Displacement Parameters (AY

H(2)
H(2A)
H(3)
H(4)
. HEG)
- H(6)

Appendix

0.3897
0.4156

0.2784

0.2677

0.3987
0.5103

0.6966

0.3213
0.0707
-0.1276

-0.0891

-0.0741

1.0133
0.9567
1.1545
1.1886
1.1442

1.0560

U

0.054
0.031
0.039
0.047
0.041
0.033

' Ul2

0.004(2)
~0.006(2)
0.000(3)
0.008(2)
0.002(2)
~0.002(3)
~0.005(3)
~0.021(4)
~0.009(3)
-0.003(3)
0.000(3)
0.000(3)
0.000(3)
0.000(3)
—0.006(4)
~0.004(4)
0.011(4)
~0.005(3)
0.002(3)
© 0.004(3)
-0.002(3)
~0.004(3)
~0.003(3)




H(8) 0.6417 0.1760 0.9953 0.03(2)

H(11) 0.2317 -0.2104 0.8742 0.044
H(12) 0.0001  -0.1487 - 0.7949 0.048
H(13) 0.0647 0.1019 0.7645 0.045
H(14) 0.1944 . 0.3009 0.8108 - 0.035
| H(17A) 0.3078 0.4797 0.9229 0.030 .
' H(17B) 0.4418 0.4627 0.8764 0.030
H(18) 06386 04238 0.9409 0.007(14)
H(19A) 0.6311 0.6459 09984  0.038
H(19B) 0.6045 0.6801 0.9343 0.038
Hydrogen Bonds [A and °]
D-H.A d(D-H) dH..A)  dD..A)  <(DHA)
0(2>-H(2)..0(1) 0.84 1.90 2.592(7) 139.2

N(2)-H(2A)...0(2A) 0.88 1.96 - 2.794(7) 157.9

Symmetry operations for equivalent atoms
A xy-1z -
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Single Crystal X-Ray with Accompanying Data

(SS,SaS)-S-(lH-Indol-3-ylnie_thyl)perhydropyrido[2,l-b][1,3]bxazol-5-one
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Crystal Data and Structure Refinement

Identification code
Chemical formula
Formula weight
Temperature
Radiation, wavelength

~ Crystal system, space group

Unit cell parameters

Cell volume
4

Calculated density
Absorption coefficient p
F(000)

Crystal colour and size
Reflections for cell refinement

' Data collection method

6 range for data collection
Index rangesr

Completeness to 6 = 26.00°
Intensity decay |
Reflections collected
Independent reflections
Reflections with F>26
Absorption correction

Min. and max. transmission

Structure solution

Appendix

(266)

C16H1sN20;
270.32

1502) K

MoKa, 0.71073 A

monoclinic, 12

a=13.1781(14) A a=90°

b=6.5138(N A B=98.163(2)°
c=16.3036(18) A = y=90°
1385.3(3) A3

4 .

1.296 g/em’®

0.086 mm™'

576

colourless, 2.40 x 0.26 x 0.18 mm®

- 3141 (6 range 2.52 to 28.92°)

Bruker SMART 1000 CCD diffractometer
@ rotation with narrow frames

1.86 to 28.92°

h-17t0 10,k -8 to 8,1-22 to 20

999%

0%

5817

3100 (Rjne = 0.0389)

2937

* semi-empirical from equivalents

0.819 and 0.985

direct methods




Full-matrix least-squares on F2
0.1396, 0.2705
3100/1/184

Refinement method
Weighting parameters a, b

Data / restraints / parameters |

Final R indices [F2>20'} R1=0.0716, wR2 = (.1874
R indices (all data) R1=10.0733, wR2 =0.1900
Goodness-of-fit on F? 1.113

Absolute structure parameter 1.3(17)

-0.001 and 0.000

Largest and mean shift/su _
0.189 and —0.298 ¢ A%

Largest diff. peak and hole

Atomic Coordinates and Equivalent Isotropic Displacement Parameters AY.
Ugq is Defined as One Third of the Trace of the Orthogonalised U Tensor

X y z Ueq
CNQ) 022110(14) 0.75593)  0.98171(11) 0.0236(4)
o(1) 0.30542(15) 1.0538(3)  1.01505(10) 0.0344(4)
C(1) 0.26493(17) 0.9324(4) 10.96201(13)  0.0245(5)
C(2) 0.2551(2) 0.9872(4) 0.87043(13) 0.0303(5)
C(3) 0.22486(19) 0.8129(4) 0.80907(14) 0.0315(5)
@) 0.14412(18) 0.6734(5)  0.83945(14) 0.0316(5)
() 0.18637(17) 0.5013(4)  0.92295(14) 0.0260(5)
o) 0.11207(14) 0.4881(3)  0.96168(11) 0.0322(4)
C(6) 0.1541(2)  04840(4)  1.04850(15) 0.0319(5)
() 0.20352(16) 0.6978(3) ~ 1.06568(13) - 0.0240(5)
C®) 0.13207(16) 0.8497(8)  1.10092(12) 0.0250(5)
CH® 0.12596(15) - 0.8133(4) 1.19159(13) 0.0229(4)
C(10) 0.16199(17) 0.6480(4)  1.23950(13) - 0.0271(5)
NQ) 0.13997(16) 0.6728(4)  1.31930(12) 0.0291(4)
(1) 0.08889(17) 0.8546(4)  1.32438(14) 0.0253(5)
C(12) 0.05164(17) 0.9445(4) 1.39198(14) 0.0301(5)
c(13) 0.00618(18) 1.1353(5)  1.37985(14) 0.0337(6)
C(14) ~0.00212(18) 123494)  130233(15) 0.0317(5)
c(15) 0.03310(17) 1.1434(4)  1.23485(14) 0.0273(5)
C(16) 0.07977(15) 0.9493(4)  1.24504(13) 0.0225(5)




~ Bond Lengths [A] and Angles [°]

N()-C(1)

- N(1)-C(5)

1.346(3) 1.467(3)
N(1)-C(7) 14703)  O(1)-C(1) 1.236(3)
C(1)-C(2) 1.5233)  C(2)-C(3) 1.528(3)
C(3)}-C(4) 1.534(4)  C@A)C() 1.494(3)
C(5-0(2) ©1409(3)  O(2)}-C(6) 1.445(3)
C(6)-C(7) 1.546(3)  C(7-C(@8) 1.532(3)
C(8)-C(9) 1.5113)  C(9)-C(10) 1.375(3)
C(9)-C(16) 1437G3)  C(10)-NQ2) 1.382(3)
N(2)-C(11) 13703)  C(11)-C(12) 1.397(3)
C(11)-C(16) 14233)  C(12)-C(13) 1.382(4)
C(13)-C(14) 1411(3)  C(14)-C(15) 1.388(3)
C(15)-C(16) 1.406(3) T
CO-N()-C(5)  124.96(18) C(I)-N(1)-C(7)  124.88(18)
COMN(-C(7)  110.14(18) OQ)-C(H-N(1)  122.5()
O(1)-C(1)-C(2)  1203(2)  N(I)-C()-CQ2)  117.04(19)
C()}C-CB3)  11652)  CR-CEM-C@E  110.92(19)
CGCMA-C(3)  10867(19) O@2)}-C(5)-N(1)  103.20(17)

 0@)C()yCE)  112.71(18) - N(D-C(5)-C(d)  112.0(2)
C(5)-0(2)-C(6)  104.68(18) OR)-C(6)-C(7)  104.71(19)
N()-C(7)-C@8)  111.69(18) N(I)-C(7}-C(6)  100.43(17)
CB)-C(I-C6)  112.58(19) COICE-C(7)  112.75(18)
C(10)-C(9)-C(16)  106.28(19) C(10)-C(9}-C(8)  128.1(2)
C(16)-C(9)-C(8)  1256(2)  C(9-C(10}-N(2)  109.9(2)

C(11)-N(2)-C(10) . 109.2(2)
N@2)}-C(11)-C(16)  107.4(2)
C(13)-C(12)-C(11) ' 117.2(2)
C(15)-C(14)-C(13) 121.4(2)
C(15)-C(16)-C(11) 118.5(2)
CCAD-C(16)-C(9)  107.2(2) -

NQ)-C(11)-C(12) . 129.3(2)
C(12)-C(11)-C(16) 122.8(2)
C12)-C(13)-C(14) 121.2(2)
C(14)-C(15)-C(16) 118.9(2)
C(15)-C(16)-C(9)  134.3(2)

* Anisotropic Displacement Parameters (A%). The Anisotropic Displacement Factor
Exponent Takes the Form: —22°[h?a**U* + ...+ 2hka*b*U"?|

Un ' v Vel Uzs U p2

N 0.0284(9) 0.0240(9)' 0.0179(8) —0.0023(7) = 0.0020(7) -'0.0015(7)
o(1) 0.0477(10)  0.0334(10)  0.0230(8) - —0.0062(7)  0.0081(7) —0.0126(8)
c() 0.0301(10) 0.0255(11) 0.0183(10) —0.0034(8)  0.0051(8) —0.0022(9)
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CQ2)
- C(3)
C4)
C(5)
02
C(6)
C(h)
- C(@®)
Cc®
C(10)
N(2)
c(11)
C(12)
C(13)
C(14)
C(15)

ca6)

0.0431(12)
0.0374(11)
0.0287(10)

0.0266(10)

0.0346(8)
0.0379(12)
0.0273(9)
0.0284(10)
0.0227(9)
0.0300(10)
0.0367(10)
0.0235(9)
0.0282(10)
0.0293(11)
0.0289(10)
0.0278(10)
0.0204(9)

0.0306(12)
0.0385(14)
0.0445(14)
0.0266(12)
0.0338(9)

0.0281(12)
0.0259(11)
0.0285(11)
0.0255(11)
0.0295(12)
0.0310(10)
0.0326(12)
0.0418(14)
0.0481(15)
0.0365(13)
0.0325(12)
0.0287(11)

0.0181(9) -0.0028(9) = 0.0074(9) -0.0031(10)
0.0187(9) —0.0077(9)
0.0207(9) —0.0052(10) —0.0001(8) —0.0048(10)
0.0245(11) ~0.0061(9)

0.0275(8) -0.0020(7) .

0.0288(11)  0.0031(10)
0.0190(9)  0.0032(8)
0.0184(9)  0.0020(8)
0.0197(9)  0.0012(8)
0.0210(10)  0.0015(9)
0.0190(8) - 0.0065(8)
0.0190(9)  0.0038(8)
0.0204(10)  0.0040(9)
0.0243(11) —0.0002(10)
0.0296(11)  0.0013(10)
0.021309)  0.0042(9)
0.017%(9)

0.0030(8)

0.0046(9) —0.0034(10)
0.0020(8) -0.0018(9)
0.0021(7) —0.0109(7)
0.0020(9) —0.0051(10)
0.0035(8)  0.0004(8)
0.0039(8)  0.0023(8)
0.0005(8) —0.0028(8)
0.0014(8)  0.0017(9)
0.0018(7)  0.0028(8)
0.0006(8) —0.0026(9)
0.0041(8) 0.0000(10)
0.0055(9) 0.0056(11)
0.0036(9)  0.0070(9)
0.0021(8)  0.0007(%)
0.0006(7)

-0.0038(8)

Hydrogen Coordinates and Isotropic Displacement Parameters (A%

X y Z 8)
H(2A) 0.3216 1.0436 0.8593 0.036
H(2B) 0.2035 1.0978 0.8592 0.036
H(3A) 0.2863 0.7309 0.8022 0.038
H(3B) 0.1971 0.8712 0.7544 0.038
- H@4A) 0.0807 0.7523 0.8430 0.038
H(4B) 0.1271 0.5586 0.8001 0.038
H(5) 0.2447 0.4964 0.9177 0.031
H(6A) 0.2061 0.3741 1.0598 - 0.038
H(6B) 0.0994 0.4609 1.0833 - 0.038
H(7) - 0.2701 0.6860 1.1034 0.029
H(8A) 0.1568 0.9912 1.0937 - 0.030
H(8B) 0.0625 0.8379 1.0691 0.030
- H(10) 0.1969 0.5335 1.2205 0.032
H(2) - 0.156(2) © 0.602(6) 1.362(2) . 0,035
H(12) 0.0573 0.8772 - 14441 0.036
H(13) ~0.0200 1.2007 1.4245 0.040
H(14) -0.0325 1.3673 1.2962 0.038
H(15) 0.0258 1.2109 1.1827 0.033




Single Crystal X-Ray with Accompanying Data

(6S,12bR)-6-(Hydroxymethyl)-1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-carbolin-

. 4-gne
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Crystal Data and Structure Refinement

Identification code
Chemical formula

Formuta weight
Temperature

Radiation, wavelength
Crystal "system, space group

Unit cell parameters

Cell volume

7

Calculated density

Abéorption coefficient p
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

@ range for data collection
Index ranges

Completeness to 8 = 26.00°
Intensity decay E |
Reflections collected
Independent reflections
Reflections with F>20
Absorption correction
‘Min. and max. transmission

Structure solution

Appendix

~ a=80611(DA o =90°
b=92410(1) A

288

“h-10t0 10,k -12t0 12,1-13 to 13

- 0%

- direct methods -

(219)
CisHisN,0;
270.32

1502) K

MoKa, 0.71073 A

monoclinic, P2,

B =110.012(2)°
c=99786®)A y=90°
698.45(10) A®

2

1.285 g/cm’

0.086 mm™"

colourless, 0.51 x 0.30 x 0.18 mm®.

4666 (0 range 2.20 to 28.74°)

Bruker SMART 1000 CCD diffractometer
@ rotation with narrow frames

2.17 to 28.92°

99.9% -

6217
3182 (Rine = 0.0126)
3027

semi-empirical from equivalents
0.958 and 0.985




Refinement method

Weighting parameters a, b

Data / restraints / parameters
Final R indices [F2>20']_ :
R indices (all data)

Goodness-of-fit on F*

Absolute structure parameter

Largest and mean shift/su

Largest diff. peak and hole |

Atomic Coordinates and Equivalent Isotropic Displacement Parameters (A?).
Ueq is Defined as One Third of the Trace of the Orthogonalised U' Tensor

0(1)
N(1)

CON

02
N(2)
Q)
C(3)
C(4)
C(5)
C(6)

- C(D

C(8)
C(9)
C(10)
- cay
C(12)
C(13)
C(14)
C(15)
C(16)

Appendix

;
0.10742(14)
0.14219(13)
0.13665(16)

—0.12589(14)

0.24514(15)
0.17702(17)

0.17330(19)

0.24960(17)
0.14437(16)
0.21833(16)
0.30700(16)
0.34764(18)
0.40839(19)
0.42661(17)
0.38318(16)
0.32206(15)
0.26497(15)
0.24475(17)
0.10726(17)

-0.08343(17)

Full-matrix least-squares on F2
0.0490, 0.0836
3182/1/187
R1 =0.0311, wR2 = 0.0805
R1 =0.0328, wR2 = 0.0821
1.049
0.2(8) -

" 0.000 and 0.000
0.193and -0.177 ¢ A~

4

0.91692(11)
0.87195(11)
0.96358(13)
0.53509(11)
0.82373(11)

1.12221(13)

1.17743(14)
1.06408(13)
0.92399(13)
0.80663(14)
0.69448(14)
0.65661(17)
0.51725(18)
0.41787(17)
0.45416(14)
0.59491(13)
0.66996(13)
0.62180(13)
0.71621(12)
0.68404(13)

Z

0.03505(9)

0.26536(11)
0.15779(13)
0.20000(11)
0.65713(11)
0.18935(13)
0.33152(15)
0.44720(14)
0.40683(12)
0.51348(12)
0.72459(13)
0.86785(13)
0.90768(15)
0.80758(15)
0.66519(14)
0.62148(12)
0.48744(12)
0.33956(12)
0.23062(13)
0.21987(13)

Ueq

0.0344(2)
0.0224(2)
0.0251(2)
0.0353(2)
0.0267(2)
0.0284(3)
0.0327(3)
0.0276(3)
0.0236(2)
0.0242(2)
0.0263(3)
0.0338(3)
0.0383(3)
0.0336(3)
0.0277(3)
0.0240(2)
0.0241(2)
0.0270(3)
0.0231(2)
0.0268(3)




: B_o:_id Lengths [A] and Angles [°]

 oU)c)
- N()-C(5)

C(1)-C(2)

N(2)-C(6)
- CC3)

- CE-C5)

- C(6)-C(13)

- C(N-C(12)

- C(9H-C10)

- eca2)

C(13)-C(14)
C(15-C(16)

C1}-N)}-C(5)

© C(15N)-C(5)
- o()y-C(1)-C(2D) - -
C(T-NEY-C(6)

C2y-C(3)-C4)
N(1)-C(5)-C(6)
C(6)-C(5)C(4)

C(13)-C(6)N@)

N@)-C(7)-C(12)
CE®)-C(7)-C(12)

CC(8)-C(9)-C(10)
C(10)-C(11)-C(12)

- C(1-C(12)-C(7)
- C(6)-C(13)-C(12)

C(12)-C(13)-C(14)

N(1)-C(15)-C(14)

1.2426(16)

 1.4857(15)

1.5112(17)

1.3837(15)
1.5175(19)

1.5244(17)

 13678(17)

1.4161(17)

. 1.401Q2) -
. 1.4063(18) -

1.4959(16)

1533007

- 122.45(10)

118.38(9)

119.78(11)
108.02(10)

110.18(10)
108.30(10)

11221(10)
110.28(11) -

108.36(10)

122.15(12)
121.15(13)

118.78(13)
118.93(11)

'106.89(10)
131.87%(11) -

110.68(10)

1.3558(15)

o)

| "C(14)—C(15)—C(16)

113.82(10)

N(1-C(1)

- N(1)-C(15) 1.4845(15)
0O(2)-C(16) 1.4159(15)
N@2)-C(7) 1.3779(16).
C3-CHA 15239(18)
C(5-C(6) ~  1.4933(17)
C(N-CB) - - 1.3974017)
CECO) - L.387(2)

- C10-C(1) . 13833(18)
C12)-C(13) -~ 14354(15)
C(14y-C(15) 15319017
C)-N(1)-C(15) ~ 117.93(10)
CO(D)-C(1)-N(1)  12049(11)
N(1)-C(1)}-C(2)  119.63(11)
C()-CQ)-C(3)  116.70(11) .
C(3)-C(4)-C(5) . 109.86(10)
N(1)-C(5)-C(4) - 110.52(10)
NQ)-C6}-C(5) . 122.55(11)
C(13)-C(6)-C(5) ~ 127.15(11)
NE)-C(-C@®)  129.48(12)
C(O-C@B)-C(7)  117.51(13)
C(11)-C(10)-C(9)  121.46(13)
C(T)-C(12)-C(13)  106.45(10)
C(11)}-C(12)-C(13)  134.62(11)
C6)-C3)-C(14)  121.19(11)
C(13)-C(14)-C(15) ' 109.80(10)
N(1)-C(15)-C(16) . 108.05(9)
'0(2)—C(16)—C(15). 112.76(10) -

Amsotroplc Dlsplacement Parameters (Az) The Amsotroplc Dlsplacement Factor |

Exponent Takes the Form: ~2n [hza*zU“+ +2hka*b*U“] '

o) -
N(@1) |
c(1)

N@) '

'ﬁ!l -

0.0521(6) -

0.0276(5)

©0.0256(5)
©0.0560(6)
- 0.0327(5)
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:-Uﬁ

0.0275(5)
- 0.0188(5)

0.0222(5)
0.0271(5)

0.0264(6)

| 'U”.'.: |

0.0218(4).

1 0.0211(5)

£ 0.0261(6)

© 0.0292(5)
0.0217(5) -

U23.

0.0039(4)

- =0.0013(4)

0.0029(3)

- -0.0074(4) -
—0.0018(4)

U U 3

0.0106(4) ~0.0045(4)
© 0.0087(4) —0.0004(3)

0.0069(4) . 0.0005(5)
0.0231(5) -0.0162(4)

0.0100(4) 0.0020(4)




cQ)
C@3)
C(4)
C(5)
C(6)
(7
C(8)
C(9)
C(10)
c(11)
- C(12)
c@13)
c(14)
C(15)
C(16)

0.0327(6)
0.0412(7)
0.0336(6)
0.0276(5)
0.0272(6)

0.0257(5)

0.0359(6)
0.0386(7)
0.0300(6)
0.0262(6)
0.0231(5)
0.0284(5)
0.0378(6)
0.0328(6)

- 0.0342(6)

0.0207(5)

0.0187(6)
0.0220(6)
0.0214(5)
0.0248(6)
0.0294(6)
0.0436(8)
0.0484(9)
0.0324(7)
0.0258(6)
0.0265(6)
0.0224(5)

0.0223(6)

0.0165(5)
0.0220(6)

0.0260(6)

0.0067(5) —0.0007(5)

0.0289(6)  0.0049(5)
0.0376(7) —0.0005(5)  0.0129(6) 0.0010(5)
0.0277(6) -0.0044(5)  0.0111(5) —0.0022(5)
0.0223(5) -0.0014(4)  0.0091(4) 0.0011(5)
0.0210(5) —0.0024(5)  0.0088(4) —0.0002(5)
0.0229(6)  0.0000(5)  0.0073(4) —0.0005(5)
0.0209(6) -0.0003(5)  0.0084(5) -0.0016(6)
0.0251(7)  0.0103(6)  0.0072(6) —0.0029(6)
0.0339(7)  0.0104(6)  0.0050(5) —0.0003(6)
0.0284(6)  0.0024(5)  0.0058(5) —0.0013(5)
0.0216(5)  0.0013(5)  0.0068(4) —0.0004(5)
0.0213(5)  0.0022(5)  0.0083(4) 0.0020(5)
0.0215(5) -0.0010(4)  0.0106(5) 0.0051(5)
0.0210(5) - —0.0020(4)  0.0106(5) —0.0009(4)
-0.0038(5)  0.0126(5) —0.0036(5)

I-Iydrogeh Coordinates and Isotropic Displacement Parameters (AYH

5 (9))
H(Q2A)
H(2B)
H(2C)
H(3A)
H(3B)
H(4A)
H(4B)
H(5)
H(8)
H(9)
H(10)
H(11)
H(14A)
H(14B)
H(15)
H(16A)
H(16B)
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X

0.208(2)
0.0910
0.2956
~0.126(3)
0.0502

- 0.2431

0.2449
0.3747
0.0201
0.3342
0.4382
0.4697
0.3944
0.2069
0.3595

01174

-0.1015
—0.1648

y
0.8999(19)
1.1792
1.1419
0.508(2) .
1.1996
12677
1.1002

1.0456
0.9434

10.7238

0.4887

0.3235

0.3853
0.5193
0.6296
0.6986
0.7175
0.7393

z U
0.6973(17) 0.032
0.1127 0.034
0.1846 0.034
0.122(2) 0.053
0.3237 0.039
0.3574 0.039
0.5392 0.033
0.4587 0.033
0.4012 0.028
0.9354 0.041
1.0045 0.046
0.8382 0.040
0.5982 0.033
0.3267 0.032
0.3244 0.032
0.1348 0.028
0.3081 0.032
0.1390 0.032




Hy'drbgen Bonds [A and °)

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
N(2)-H(2)..0(2") L 0912(17)  1.872(17)  2.7765(14)  171.0(15) -
0(2)-H(2C)...0(1") 0.82(2) 1.83(2) 2.6372(13)  169(2) ;

Symmetry operations for equivalent atoms
S xyH1R2,—zrl " =xy-12,-2

Appendix E




- Single Crystal X-Ray with Accompanying Data

_ (6S,12bR)-3-[(E)Ethylidené]-l2-(ph¢nylmethyl)-6_-{[(phenylmethyl)oxy]methyl}-
1,2,3,4,6,7,12,12b-octahydropyrido[2,1-a]B-carbolin-4-one |

Appéndix




Identification code
Chemical formula
Formula weight
| Temﬁerature
Radiation, wavelength
Crystal system, space group

Unit cell parameters

Cell volume

Z

Calculated density

Absorption coefficient p
F(000)

Crystal colour and size
Reflections for cell refinement

Data cbllection method

0 range for data collection

Index ranges

Completeness to 0 = 26.00°

Intensity decay

Reflections collected

Independent reflections
 Reflections with F>2¢

Absorption correction

Min. and max. transmission

Structure solution

Appendix

Crysfal Data and Structure Refinement

(297)
C3H3N;0;
476.60

1502) K

MoKa, 0.71073 A
orthorhombic, P2,2,2;
a=5.7452(3) A @=90°
b=20.2369(12) A B =90°
c=21.5207(13)A  y=90°
2502.1(2) A° |

4

1.265 g/em®

£ 0.079 mm™"

1016

yellow, 1.43 x 0.20 x 0.18 mm®

13619 (0 range 2.22 to 28.80°)

Bruker SMART 1000 CCD diffractometer
@ rotation with narrow frames '
1.89 to 28.96°

h-7to 7,k -27 to 26,129 to 28 |

100.0 %

0%

22222

6059 (Rin¢ = 0.0236)

5616

semi-empirical from equi\%alents

0.896 and 0.986 |

direct methods .




Refinement method - Full-matrix least-squares on F*
Weighting parameters a, b 0.0514, 0.5100
Data / restraints / parameters 6059 /0/326

Final R indices [F>20] R1 = 0.0369, wR2 = 0.0945
R indices (all data) " R1=0.0412, wR2 = 0.0981
_ Goodness-of-fit on F? 1.021
" Absolute structure parameter -0.6(10) "
Largest and mean shift/su 0.001 and 0.000
" Largest diff, peak and hole 0.213 and -0.166 e A™

Atomic Coordinates and Equivalent Isotropic Displacement Parameters (AY.
U, is Defined as One Third of the Trace of the Orthogonalised UY Tensor

o(1)
N(1)
cQ) -
0Q)
N(2)
Q)
c®)
Ccé)
Cs)
C(6)
c(D
c@8)
C(9)
C(10)
c(11)
C(12)
3y
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)

Appendix

X

~0.2106(2)
0.1077(2)
~0.0417(3)
0.2018(2)
0.5200(2)
0.0029(3)
-0.1475(3)
~0.1383(4)
0.2117(3)
0.2639(3)
0.3069(3)
0.3368(2)
0.6995(2)
0.6594(2)
0.8352(2)

0.8072(3) -
0.6028(3) -

0.4272(2)
0.4555(2)
0.4983(3)
0.6413(3)
0.5816(3)

0.3836(4)

y

0.43893(6)
0.49095(5)
0.47537(6)
0.38483(6)
0.61511(5)

0.50313(7)

0.48698(8)

~ 0.50807(9)

0.54563(9)
0.58414(7)
0.53705(6)
0.57259(6)
0.63984(6)
0.71059(6)
0.74314(7)

0.80837(7)

0.84166(7)
0.80965(7)
0.74433(7)

0.63548(6)

0.67724(7)
0.68796(3)
0.65885(8)

z

0.22658(5)
0.18913(5)
0.23607(6)
0.05339(5)
0.12154(5)
0.29963(7)
0.34470(8)
0.41118(8)
0.30878(7)
0.24961(6)
0.19564(6)
0.13448(6)
0.16274(6)

0.18480(6)

0.21720(6)
0.23619(6)
10.22342(6)
0.19124(6)
0.17216(6)
0.06012(6)
0.02597(7)
~0.03551(8)
-0.06177(7)

0.0450(3)
0.0314(2)
0.03173)
0.0417(3)
0.0281(2)
0.0349(3)
0.0449(4)
0.0554(5)
0.0449(4)
0.0362(3)
0.0298(3)
0.0258(2)
0.0296(3)
0.0259(2)
0.0298(3)
0.0314(3)
0.0323(3)
0.0329(3)
0.0298(3)

0.0301(3)

0.0387(3)

0.0462(4)

0.0465(4)




0.0382(3)
0.0294(3)
0.0278(3)
10.0317(3)
0.0323(3)
0.0353(3)
0.0380(3)
0.0333(3)
0.0414(3)
0.0493(4)
0.0543(5)
0.0612(6)
0.0486(4) -
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C20) 024143)  0.61763(7) —0.02759(6)
cen 02997(2)  0.60485(6) 0.03477(6)
C(22) 02016(2)  0.56459(6) 0.08284(6)
C(23) 0.0133(3) 0.51372(7) 0.07961(6)
C(24) 0.0667(3) 0.46022(7)  0.12779(6)
C(25) 02718(3)  0.41705(7)  0.10908(6)
C(26) 0.3805(3)  0.34999(8)  0.02347(7)
ce2n 02894(3)  032235(7) -0.03702(6)
C(28) 0.0785(3)  0.34192(8) —0.06197(7)
C(29) - 0.0004(3) 0.31602(9) -0.11813(8)
C(30) 0.1331(4) 0.26986(9) -0.14924(7)
C(31) 0.3393(5) 0.24932(10) —0.12435(8)
G 0.4188(3)  0.27560(9) —0.06853(7)
Bond Lengths [A] and Angles [°]

o(1)-C(1) 1.235818)  N(H-C(1)
N(1C(24) 1.4781(16) N(1)}-C(7)

C)-CQ2) 1.5012)  O()-C(26)
0(2)-C(25) 1.4223(16) N(2)-C(8)
N(2)-C(16) 13902(17)  N(2)-C(9)

- C(2C3) - 1.339(2) C(2)-C(5)

C(3)-C(4) 1.404(2)  C(5)-C(6)
C(6)-C(T) 15225(19)  C(7)-C(8)
C(8)-C(22) - 1.3653(18) C(9)-C(10)
C(10)-C(15) 1.3826(18) C(10)-C(11)
C(11)-C(12) 13912(19)  C(12)-C(13)
C(13)-C(14) 13852) . C(14)-C(15)
C(16)-C(17) 13892)  C(16)-CI)
C(17)-C(18) 1384(2)  C(18}-C(19)
C(19)-C(20) . 1380(2) . C(20)-C(21)
C21)-C(22) 14321(19)  C(22)-C(23)
C(23)-C(24) 1.5302)  C(24)-C(25)
C(26)-CQ27y 1.511(2) C2N-C(32) .
C2n-C(28) 1.383(2) C(28)-C(29)
C(29)-C(30) 1.379(3) C(30)-C(3I)
C(31)-C(32) 1.391(3)

COMN()-CR4)  117.65(11) C)NA)-C()
C(24)-N(1)-C(7) 118.17(11)  O(1)-C(1)-N(1)
o(1)-C(1)>-C(2) 120.53(13) N(1)-CQ)}C(2)
C(26)-02)-C(25) 114.24(12)  C(8-N(2)}-C(16)
CE-NQY-CO)  129.14(11) C(16}-N(2)-C(9)
C(3)-C(2)-C(5) 124.40(14)

C3)»>-C@-C()

1.3628(18)
1.4830(17)
1.4021(19)
1.3879(16)
1.4491(17)
1.489(2)

1.523(2)
1.5096(17)

1.5260(17)

1.3928(18)
1.382(2)
1.3938(19)
1.408(2)
1.400(3) .
1.4072(19) .
1.4950(19)
1.521(2)
1.381(2)
1.392(2)
1.365(3)

124.17(11)
120.69(13)

118.78(12)

107.83(11)

122.91(11)

117.29(15)




C(5)-C(2-C(1)
C@)»-C(5)-C(6)
N(1)-C(7-C®)
C(@8)-C(7)-C(6)
C(22)-C(8)-C(7)
N@)-C(9)-C(10)
C(15)-C(10)-C(%9)
C(12)-C(11)-C(10)
C(12)-C(13)-C(14)
- C(10)-C(15)-C(14)
C(17)-C(16)-C(21)
C(18)-C(17)-C(16)
C(20)-C(19)-C(18)

C(20)-C(21)}-C(16)

C(16)-C(21)-C(22)
- C(8)C(22)C(23)
C(22)-C(23)-C(24)

N(1)-C(24)-C(23)

0(2)-C(25)-C(24)
C(32)-C(27)-C(28)
C(28)-C(27)-C(26)

-~ C(30)-C(29)-C(28)

Cc@3 0)-C(3 1C(32)

118.30(13)
110.12(13)
107.77(10)
112.67(11)
126.05(12)
114.00(11)
122.02(12)
120.80(13)
119.40(12)
120.63(13)
122.82(13)

117.04(16)

121.35(15)
118.78(13)
106.81(11)
122.07(12)
108.11(11)
109.84(11)
105.51(12)
118.49(14)
122.15(13)
119.90(18)
120.48(17)

C2)-C3)-CH)
C(7-C(6)-C(5)
N(1)-C(7)-C(6)
C(22y-C(8-N(2)
N@)Y-C(@E)»-C(7)
C(15)-C(10)~C(11)
C(11)-C(10)-C(9)

- C(13)-C(12)-C(11)

C(13)-C(14)-C(15)
C(17)-C(16)-N(2)
N(2)-C(16)-C(21)
C(17)-C(18)-C(19)
C(19)-C(20)-C(21)
C(20)-C(21)-C(22)
C(8)-C(22)-C(21)
C(21)-C(22)-C(23)

N(1)-C(24)-C(25) -

C(25)-C(24)-C(23)
0(2)-C(26)-C(27)

C(32)-C(27)-C(26)
C(2T)-C(28)-C(29)
C(31)~C(30)-C(29)
C(27)-C(32)-C(31)

126.94(17)

110.47(12)
109.92(11)

- 109.97(11)

123.82(11)
118.63(12)
119.33(12)
120.15(13)
120.38(13)
129.07(14)
108.10(12)
121.42(15)
118.58(15)
134.41(14)
107.27(12)
130.00(12)
110.76(12)

112.46(11)

109.16(13)
119.35(14)
120.77(16)
119.71(16)
120.62(18)

Anisotropic Displacement Parameters (AY). The Anisotropic Displacement Factor
Exponent Takes the Form: —27%[h%a**U" + ..+ 2hka*b*U"

o(1)
N(1)
C(1)
0(2)
N@2)
2
c3)
C4)
cG)
C(6)
CN
C(®)
C(9)
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ul! '

0.0456(6)
0.0377(6)

- 0.0349(7)

0.0429(6)
0.0305(5)
0.0457(8)

0.0568(10) -

0.0809(14)
0.0539(10)
0.0464(8)
0.0348(7) -
0.0281(6)
0.0270(6)

U22

0.0431(6)
0.0286(5)
0.0251(6)
0.0444(6)
0.0270(5)
0.0282(6)
0.0348(7)
0.0459(9)
0.0541(9)
0.0353(7)

0.0277(6)
0.0224(5)

0.0268(6)

U33

0.0463(6)
0.0279(5)
0.0351(7)
0.0379(5)
0.0270(5)
0.0308(7)
0.0430(8)
0.0393(8)
0.0267(6)
0.0269(6)
0.0268(6)
0.0268(6)
0.0350(6)

U23 .

~0.0031(5)
~0.0031(4)

0.0022(5)
—0.0165(4)
~0.0011(4)

 0.0024(5)

~0.0008(6)
0.0008(7)

- =0.0006(6)

—-0.0041(5)

0.0001(5)
—0.0018(4)
-0.0021(5)

: Ul3

0.0083(5)
0.0010(5)
0.0022(6)
—0.0003(5)
-0.0007(4)

0.0028(6)

0.0128(8)
0.0195(9)
~0.0010(7)

-0.0009(6)

—0.0028(5)
—0.0007(5)

-(.0033(5)

Ulz

-0.0141(5)
~0.0063(5)
0.0010(5)
—0.0024(5)
—0.0026(4)
0.0047(6)
0.0019(7)
0.0080(9)
—0.0107(8) .
—0.0096(6)
—0.0047(5)
—0.0006(5)
—0.0008(5)




C(10)
can
c(12)
C(13)
C(14)
C(15)
- C(16)
- can
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
cC7)
C(28)
C(29)
C(30)
C(31)
C(32)

10.0278(6)

0.0282(6)
0.0344(7)
0.0409(8)

- 0.0313(7)

0.0276(6)
0.0350(7)
0.0418(8)
0.0611(10)

-0.0669(11)

0.0480(8)
0.0343(7)
0.0299(6)
0.0314(7)

 0.0383(7)

0.0492(9)
0.0451(8)
0.0436(8)
0.0464(9)
0.0526(9)
0.0867(14)
0.0939(16)
0.0569(10)

0.0261(6)
0.0303(6)

0.0312(6)

0.0270(6)
0.0334(7)
0.0323(6)
0.0263(6)
0.0338(7)

0.0386(8) -

0.0441(8)
0.0375(7)
0.0262(6)

0.0263(6)

0.0323(7)
0.0291(6)
0.0272(6)
0.0365(7)
0.0297(6)
0.0442(8)
0.0602(10)
0.0498(9)
0.0518(10)
0.0522(9)

0.0239(5)

0.0310(6)
0.0287(6)
0.0289(6)
0.0341(7)
0.0295(6)
0.0289(6)
0.0404(7)

0.0389(8)
©0.0286(7)

0.0290(6)
0.0276(6)

10.0272(6)
0.0316(6)

0.0297(6)

- 0.0294(6)

0.0325(7)
0.0266(6)
0.0337(7)
0.0349(7)
0.0264(7)
0.0380(8)
0.0366(7)

0.0019(4)

0.0011(5)
~0.0026(5)
-0.0013(5)

0.0020(6)
—~0.0010(5)
-0.0005(5)

0.0018(6)

0.0104(7)

0.0055(6)
—0.0006(5)
~0.0020(5)
-0.0022(5)
-0.0062(5)
~0.0051(5)
-0.0027(5)
~0.0011(6)

0.0027(5)
~0.0016(6)

0.0080(7)
~0.0014(6)
~0.0096(8)

0.0020(7)

0.0016(5)
-0.0029(5)
-0.0021(5)
0.0037(6)
0.0013(6)
~0.0022(5)
0.0030(5)
0.0081(7)
0.0159(8)
1 0.0022(7)
~0.0038(6)
~0.0010(5)
~0.0017(5)
-0.0051(5)
—~0.0006(6)
—0.0039(6)
~0.0036(6)
0.0030(6)
~0.0012(7)

=0.0073(7)

- =0.0012(5)

0.0017(5)
—0.0043(6)
0.0016(6) -
0.0048(5)
~0.0014(5)
0.0041(5)
—0.0019(6)
0.0040(3)
0.0119(8)
0.0097(7)
0.0066(5)
0.0024(5)
—0.0024(6)

—0.0084(6)

—0.0026(6)
0.0064(6)
0.0006(6)
0.0056(7)

~0.0094(9)

0.0017(8) —0.0202(10)
0.0167(10) 0.0129(11)

0.0072(7)

‘ Hydroge'n Coordinates and Isotropic Displacement Parameters (A%

0.0163(8)

X -y 'z U

~H(3) -0.2734 0.4591 - 0.3332 __ 0.054
H(4A) —0.0080 0.5387 0.4172 0.083
H(4B) -0.1166 0.4692 0.4377 - 0.083
H(4C) ~0.2843 0.5302 0.4223 0.083
H(5A) 10.3472 0.5178 0.3198 0.067
H(5B) 0.1835 0.5768 0.3434 0.067
H(6A) 0.1310 0.6134 0.2397 0.054
H(6B) 0.4031 0.6122 0.2561 0.054
H(7) 0.4508 0.5109 0.2044 0.045
H(9A) 0.8511 0.6377 0.1410 0.044
H(9B) 0.7091 0.6106 0.1995 0.044

- H(1D 0.9759 0.7205 0.2264 0.036
H(12) 0.9290 0.8301 0.2580 0.038
H(13) 0.5828 0.8861 0.2366 0.039
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H(14)
H(15)
H(17)
H(18)

 H(19)

H(20)
H(23A)
H(23B) .
HQ4)
H(25A)
H(25B)
H(26A)

. H(26B)
H(28)
H(29)
H(30)

- HG1) .
H(32)

Appc_:ndix '

0.2865
0.3337
0.7742
0.6770
0.3464
0.1069
0.0075
~0.1394
~0.0735
0.4121

03067

0.4355
0.5134

-0.0141
-0.1441
0.0812
0.4292
0.5634

0.8323
0.7228
0.6975
0.7157
0.6676
0.5983
0.4941
0.5343
0.4312
0.4444
0.3843
0.3135
0.3799

03734

0.3301
0.2524
0.2168
0.2613

0.1821
-0.1503

0.0440 -

-0.0604
~0.1040
~0.0458
0.0375
0.0885
0.1314
0.1018
0.1420

-0.0504

0.0153
—0.0405
—0.1350
-0.1878
—0.1453
-0.0519

0.039
0.036°
0.046
0.055
0.056
0.046
0.048
0.048
0.048
0.053
0.053

- 0.057

0.057
0.050
0.059
0.065
0.073
0.058




Single Crystal X-Ray with Accompanying Data

1,2,3,4,6,7,12,12b-Octahydropyrido[2,1-a] B-carbolin-4-one
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Crystal Data and Structure Refinement

Idenﬁﬁcation code

Chemical formula

Formula weight
Temperature =

Radiation, wavelength
Crystal system, space group

Unit cell parameters |

Cell volume

Z

Calculated density

Absorption coefficient p
F(000)

Crystal colour and size
Reflections for cell refinement

Data collection method

6 range for data collection
Index ranges

Completeness to 6 = 26.00°
_ Intensity decay

Reflections collected
Independent reflections
Reflections with F2>26'
Absorption correction

Min. and max. transmissioﬂ
Structure solution -

Appéndix

(328)

CisHigN>O
240.30

150(2) K

MoKa, 0.71073 A

~orthorhombic, Pbca

a=12.272009) A a=90°
b=132782(10)A  p=90°
c=15.0736(11) A y=90°
2456.2(3) A®

8

1.300 g/em®

- 0.083 mm™

1024

yellow, 0.65 x 0.30 x 0.16 mm’
5622 (0 range 2.63 t0 27.6°)

Bruker SMART 1000 CCD diffractometer
o rotation with narrow frames

2.63 to 29.08°
h-161016,k-18t017,1-1910 19
100.0 % :
0%

20279

3061 (Rine = 0.0334)

2196

semi-empirical from equivalents
0.948 and 0.987

direct methods




'Refinement method

Weighting parametersa, b

Data / restraints / parameters
' Final R indices [F>20]

R indices (all data)
Goodness-of-fit on F
Largest and mean shift/su

Largest diff. peak and hole

* Atomic Coordinates and Equivalent Isotropic Displacement Parameters (A%).

U, is Defined as One Third of the Trace of the Orthogonalised U Tensor

Oo(1)
N1
C(1)
N(2)
C@2)
C(3)
C4)
C(5)
C(6)
C(7)
C(3)
C(9)
c0)
C(11)
C(12)
C(13)
CU14)
C(15)

X

0.36169(9)

0.23541(10)
0.33678(12)
0.03119(10)
0.41964(12)
0.39381(12)
0.27449(11)
0.20320(11)
0.08475(12)

~0.07495(11)
0.16015(12)

~0.25968(13)
~0.27393(13)
~0.18995(12)
~0.08774(12)
0.01624(12)
0.05333(13)

- 0.15463(12)

Full-matrix least-squares on F2

0.0545, 0.9661
3061/0/166
R1 =0.0426, wR2 = 0.1049
'R1=0.0703, wR2 = 0.1235
1.021
~ 0.000 and 0.000
1 0.295and -0.190 e A

'y'

0.10064(8)

0.22393(9)

0.19024(11)
0.42282(9)

0.26184(12)
0.37268(12)
0.39001(11)
0.33132(10)
0.33424(10)
0.39999(11)
0.46286(12)
0.41869(13)
0.31422(14)
0.25194(12)
0.29399(11)

0.25431(10)

0.14841(10)

0.15429(11) .

Bond Lengths [A] and Angles [°]

O(1)-C(1)
N(1)-C()

Appendix

1.2412(18)

N(1)-C(1)
1.4814(18) N(1)-C(15)

z

0.67567(8)
0.68233(8)

0.66388(10)
0.63249(8)

0.62661(10)
0.63563(11)
0.61445(10)
0.67770(10)
0.65186(9)

0.61089(9)

0.58523(10)
0.56617(11)
0.57269(10)
0.59859(10)

0.61744(9)

0.64325(9)
0.66177(11)
0.71999(11)

Ueq

0.0403(3)
0.0291(3)

0.0296(3)
© 0.0289(3)
10.0332(3)

0.0334(3)

0.0299(3) -

0.0282(3)
0.0269(3)
0.0280(3)
0.0343(4)
0.0385(4)
0.0381(4)
0.0333(3)
0.0274(3)

0.0277(3)

0.0334(3)
0.0334(4)

1.3509(19)

1.4696(18)




C(1)-C(2)
N2)-C(7)
C3)>-CE)
C(5)-C(6)
C(7N-C(8)
C(8)-C(9)

C(10}-C(11)

C(12)-C(13)
C(14)-C(15)

C(1)-N(1)-C(5)
C(15)-N(1)-C(5)
0(1)-C(1)-C(2)
C(7)-N2)-C(6)

C(2-CEXCH

C(6)-C(5)-C(4)
N(1)-C(5)-C(6)

© C(13)-C(6)-N(2)
N2)-C(7)-C(8)
C(8)-C(7)-C(12)
C(8)-C(9)-C(10)
C(10)~C(11)-C(12)
C(7)-C(12)-C(13)
C(6)-C(13)-C(12)
C(12)-C(13)-C(14)
N(1)-C(15)-C(14)

1.501(2)
1.3764(18)
1.516(2)
1.505(2)
1.393(2)
1.385(2)

- 1.378(2) -

1.434(2)
1.524(2)

123.70(12)
116.35(11)
119.59(13)
108.26(12)

- 109.35(12)

112.50(12)
107.13(11)
110.54(13)
130.10(14)
122.05(13)
120.97(15)
119.18(15)
106.55(12)
106.80(12)
131.53(13)
111.11(12)

N(2)-C(6)

1.3786(18)
C(2)-C3) 1512Q)
C(4)-C(5) 1.511(2)
C(6)-C(13) 1.360(2)
C(7)-C(12) 1.420(2)
C(9)-C(10) 1.402(2)
C(11)-C(12) 1402Q2)
C(13)-C(14) 1.5040(19)
C(1)-N(1)-C(15) ~ 119.49(12)
O()-C(1)-N(1)  120.99(14)
N(I)-C(1}-C(2)  119.41(13)
C(D-C)-C(3)  116.16(12)
C(5)-C(y-C3)  110.37(12)
N(1)-C(5}-C(4)  111.82(12)
NQ)-C(6)-C(5)  122.49(12)
C(13}-C(6)-C(5)  126.97(13)
NQ)-C()-C(12)  107.85(13)
COO)-CE)-C(T)  117.76(14)
C(11)-C(10)-C(9)  121.36(14)
C(11)-C(12}-C(7)  118.66(14)
C(11)-C(12)-C(13) 134.79(14)
C(6)-C(13)-C(14)  121.65(13)

C(13)-C(14)-C(15) 107.81(12)

Anisotropic Displacement Parameters (A%). The Anisotropic Displacement Factor

Exponent Takes the Form: —2r2[h%a**U"" + ...+ 2hka*b*U"]

o)
N1 .
C(1)
N(2)
CQ)
C(3)
C(4)
C(5)
C@6)
e -

Ull

0.0367(6)

0.0299(6)

0.0298(7)

0.0269(6)
- 0.0259(7)

0.0278(7)

- 0.0281(7)

0.0278(7)
0.0300(7)
0.0280(7)
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0.0282(6)
0.0243(6)
0.0300(8)
0.0225(6)
0.0398(9)
0.0353(8)
0.0273(7)
0.0234(7)
0.0226(7)
0.0296(7)

u®

0.0561(7)
0.0332(6)
0.0291(7)
0.0373(7)
0.0338(8)
© 0.0372(8)
0.0343(8)
0.0335(8)
0.0282(7)
0.0263(7)

U23

~0.0048(5)
0.0017(5)
~0.0049(6)
0.0001(5)
—~0.0005(6)
0.0011(6)
0.0006(6)
0.0007(6)
~0.0003(5)

-0.0007(6)

U|3 U12

~0.0034(5) 0.0096(5)
0.0031(5) 0.0035(5)
~0.0043(6) 0.0051(6)
~0.0037(5) —0.0005(5)
~0.0015(6) 0.0055(6)
0.0005(6) —0.0020(6)
0.0009(6) 0.0010(6)
0.0006(6) 0.0030(6)
0.0020(6) 0.0016(5)
—0.0008(6) —0.0023(6)

G




0.0322(8)

0.0050(6)

C(8) 0.0340(8)  0.0368(8) ~0.0035(6)  0.0021(6)
C(O) 0.0286(8)  0.0511(10) 0.0357(8)  0.0065(7) —0.0045(7) 0.0013(7)
C(10)  0.0285(8) 0.0551(10) 0.0306(8) -—0.0007(7) ~—0.0008(6) —0.0095(7)
C(11)  0.0352(8) 0.0354(8)  0.0292(8) -0.0034(6)  0.0033(6) —0.0090(7)
C(12)  00316(7) 00282(7) 0.0225(7) -0.0032(5)  0.0027(6) —0.0025(6)
C(13)  0.0300(7) 0.0251(7)  0.0279(7) -0.0027(5)  0.0038(6) —~0.0005(6)
C(14)  0.0374(8) 0.0226(7) 0.0403(%) —0.0025(6)  0.0081(7) ~0.0017(6)
C(15)  0.0362(8) 00237(7) ~ 0.0404(9)  0.0051(6)  0.0072(7) 0.0039(6)

- Hydrogen Coordinates and Isotropic Displacement Parameters A%

X Yy z U
H(2) 0.0575(13) 0.4859(13)  0.6387(11) 0.035
H(2A) 0.4292 0.2465 0.5628 0.050
H(2B) 0.4902 0.2488 0.6563 0.050
H(3A) 0.4399 0.4121 0.5944 0.050
H(3B) 0.4096 0.3953 0.6969 0.050
H(4A) 0.2576 0.4627 0.6193 0.045
H(4B) 0.2594 0.3685 0.5528 0.045
H(5) 0.2108 0.3614 0.7382 0.042
H(8) -0.1503 0.5337 0.5809 - 0.041
H() - -0.3192 0.4598 0.5484 - 0.046
H(10) -0.3429 0.2858 10.5590 0.046
H(11) -0.2012 0.1814 0.6036 0.040
H(14A) 0.0705 0.1134 0.6055 0.050
H(14B) -0.0049 0.1105 0.6926 . 0.050
H(15A) 01338 = 0.1774 0.7801 10,050
H(15B) 0.1873 - 0.0864 - 0.7255 0.050
Hydrogen Bonds [A and ]
D-H..A d(D-H) dH.A)  dD..A)  <(DHA)
NQ)-H(2)..O(1A) 0902(17)  1.901(17)  2.7797(16)  163.9(15)

Symmetry Operations for Equivalent Atoms
A x-172,~y+3/2,~z+2 o
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Determination of Enantiomeric Excess

| Column: ChiralCel OD-H

‘Conditions: 85:15 hexane/propah-Z-ol, 0.4 inL min’!

Racemic Sample (328)

3
: d .
| ) ) . INPUT OUERRANGE AT RTs - 14.18
. . Zi=as=8% 131011 L1 oHe AT PEm I,

) FILE 1. METHOD G. . WM 2 IWDEX 2 M 2

o .
' . N PEAKS AREAS T AREA BC !
: : 1 a1y - e (%l
z 2 .t te.g2 (159 @l
a 3 e 12.58 1291 @
.G_l 4 9,768 139619408203 92
- [ Q055 1764 4501 @2
8 & elear  17.8¢ R AT
5 7 8.959 19.25 74934 93
& [ 0043 MM 47168
® 22 W 2068 82

= 10 f.eg4 430y 1752482
- " 1788 4648 2172335 Q3
& TOTAL 8, vepzrazsi
"
{
~
g
= o

- -

3 )

[y o
x [

]

§ I l ]ell

Enantiomerically Enriched Sample (310)

INPUT OVERRAGE AT @ 14.2

21-95-93 13:%7:52 CHw "a* ps= 1,

FILE (. . METHOD #. [T I INDEX b LIL |
PEARE AREAX Rr ARER BT
1 azd byl o1
2 4.007 12 .47 13120 62
3 B9 .422 13 45173670447 48
4 a. 18.54 2305
5 LY .2 - 57 83
4 LB 1904 56 95
7 L) 22 .54 T4 0L
[d +.011 33.34 20925 Ak
L 473 3%.39 P57 2
ta *.673 42.22 16786819 02
1 $.312 46 .35 65524 03
LH 919 5.1 F7245 AL

IMJECT 21-95-03 13:57:32 REPLAVED FR0H BIN 2 3

CHANNEL A
g_




H and >C NMR Spectra

Compound: (219)
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Compound: (251)
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'H and C NMR Spectra

-
.

: (337)

Compound

1t e
L]

AE-L
e 03

Ww

e B —

e m——
632 E7 —

Lr e ——

T m——

PhL T

NE B
L AT

e
PR B
v A2

HBG 35

23

Appendix




'"H NMR Spectrum

Compound: (208) + impurity
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Stereoselective synthesis of isoquinoline derivatives from'bicyclic |
~ lactam templates
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Abstract—We report a novel, facile and stereoselective approach to a tricyclic tetrahydroisequinoline ring systcm from readily
available, non-racemic, bicyclic lactam substrates. © 2002 Elsevncr Science Ltd. Al rights reserved. .

Derivatives of the isoguinoline ring system are found as
major structural motifs in a wide range of natural
products and biologically active compounds and there-
fore new synthetic routes to these targets are of general
interest.! Based on our novel stereoselective approach
to the isoindoloisoquinoling® and pyrroloisoquinoline?
ring systems, we recognized that a suitably substituted
bicyclic lactam could act as a precursor in a stereoselec-
tive approach towards a tricyclic tetrahydroisoquinoline
ring, which can be seen as a sub-unit (BCD rings) of the
protoberberine alkaloids exemplified by xylopinine 1
and its derivatives.* Our approach allows the introduc-
tion of asymmetry during the key ring-forming step: the

FoRt

Scheme 1.

* Corresponding author. E-muail: s.m.allini@lboro.ac.uk

Toluem A
3Bh H0

stereoselective cyclization of a bicyclic lactam substrate
via an N-acyliminium intermediate.

X = Haz, 1, xylopinine
X = O, known precursor

Although bicyclic lactams derived from B-aminoalco-
hols containing fused 5,5- (2, #=0, Meyers)® and 5,6-

BF y OEL; TMSOTH; SnCly

Ph
vH

+

H

3b
TiCl,
CH,Ch
-10°C, 20w

0040-4039/02/$ - see front matter € 2002 Elsevier Science Ltd. All rights reserved.
PIE: 50040-4039(02)00628-7
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ring systems (2, #=1, Amat and Bosch)® have becen
widely utilized in asymmetric synthesis, to the best of
our knowledge the present application of the corre-
sponding fused 5,6-system (n=1) as a precursor in an
N-acyliminium mediated cyclization reaction leading to
tetrahydroisoquinoline targets represents a novel appli-
cation of this chiral template.

Qur synthesis of the required bicyclic lactam substrate 3

from commercially available (S)-phenylalaninol fol-
lowed the general method previously described by

Amat.® Heating (S)-phenylalaninol with methyl 5-

" oxopentanoate in toluene at reflux under Dean-Stark
conditions gave a 41 mixture of separable diastereoiso-
mers, 3a and 3b, respectively, in 50% owverall yield
{Scheme 1). The structure of the major diastereoisomer
cis-3a was confirmed by NOE studies,” and is consis-
tent with the results reported by Amat for the corre-
sponding phenylglycinol-derived lactam diastereo-
isomers.®

‘With 3a in hand we turned our attention to the pro-
posed N-acyliminium cyclization reaction. On treating
lactam 3a with TiCl, as Lewis acid activator at ~10°C
in dichloromethane tor 20 h, we were pleased to isolate
the cyclized product in 65% yield (Scheme 1). 'H NMR
analysis of the crude product mixture revealed the
formation of only one diastereoisomer, 4. An NOE
study indicated that the relative stereochemistry of the
single product diastereoisomer 4 was as indicated in
Scheme 1, with the protons at the 6 and 10b positions
having a trans-relationship.®

All other Lewis acids that were employed as activators
failed to induce cyclization (BF;OEt,, TMSOTI,
SnCl,), leading only te complete equilibration from

cis-3a to mrans-lactam 3b. This result is in accordance

with the report of Amat, in which TFA was used to
effect the same equilibration reaction.®

On treating trans-diastereoisomer 3b with TiCl, as
described above we were able to isolate 34% of the
desired cyclization product 4. Interestingly both 3a and

3b lead to the swme diasterecisomer of the cyclization -

product 4. This result supports the mechanism previ-
ously proposed by us for this type of cyclization,’ since
both 3a and 3b would yield the same N-acyliminium
- ion intermediate on activation.

Higher yields of both the corresponding bicyclic lactam
precursor and the cyclization product were obtained
with a methoxy-substituted substrate (Scheme 2). In
this case the bicyclic lactam 5 was isolated in 94% yield
as a &1 mixture of diastereoisomers. Based on the
results described above for cyclization of separated
diasterecisomers 3a and 3b, we chose not to separate
the diastereoisomers of 5 prior to cyclization, Treating
5 with TiCl; under our usual conditions gave a 68%
yield of the tetrahydroisoquinoline 6 as a single
diastereoisomer.

The stereochemical outcome of these cyclizations are in
- accord with our previously proposed models.?

We were able to obtain further confirmation of the
stereochemical outcome of these cyclizations by X-ray
crystallography on compound 6.° As shown in Fig. 1 .
this product, formed as a single diastereoisomer, has
protons at positions C5 and C15 in a trans relationship,
as had been indicated by the NOE on the simpler
compound 4. '

In summary, we report a facile and highly stereoselec-

tive approach to the tricyclic tetrahydroisoquinoline

ring system representing the BCD sub-unit of the pro-

~ toberberine alkaloids, from readily available non- .

racemic bicyclic lactam substrates. Previous work from
our group in the pyrroloisoquinoline series® has demon-
strated the removal of the hydroxymethyl auxiliary
group from similar products of cyclization through a
three-step procedure. Current work js focused on
extending this methodology to protoberberine targets,
and our progress will be reported in due course.

o
1.} Tlch
CHCl
-30°C, 20h
H 5
Scheme 2.

Figure 1.
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Abstract—We report a novel, facile and stereoselective approach to the indolizino[8,7-blindole ring systern from a readily
available, non-racemic chiral template. © 2003 Elsevier Science Ltd. All rights reserved.

Indolizinof8,7-blindoles of general structure 1 are of
interest 1o the pharmaceutical industry having been
used as intermediates in the preparation of diuretic
compounds,' and are also known to exhibit analgesic
and anti-inflammatory activity in their own right.?
Other, more functionalised, templates such as 2 have
been shown to act as B-turn mimics and display high
binding affinity and selectivity for CCK, receptors.®
The lactam homologue 3 is perhaps of greater signifi-
cance in natural product chemistry, sharing the same
heterocyclic skeleton with a plethora of highly bioactive
indole alkaloids, including tacamine,* geissoschizine,®
and ajmalicine 4.%

1

Over recent years, we have reported a new approach to
a range of non-racemic heterocycles involving stereose-
lective cyclisation onto N-acyliminium intermediates as
the key ring-forming step. Based on our novel and
stereoselective approach to both the isoindoloisoquino-
line and pyrroloisoquinoline ring systems,” we recog-
nised that a suitably substituted bicyclic lactam could
act as a precursor for a stereoselective approach to the
indolizino[8,7-b]indole ring system.

Our approach to the synthesis of the required bicyclic -

lactam substrate § followed the general method previ-

. C‘orresponding author, E-mail: s.mallin@lboro.ac.uk

ously used in our group.” The f-amino alcchol deriva-
tive of (S)-tryptophan was reacted under Dean-Stark
conditions with the appropriate keto-acid for 48 h
(Scheme 1). Under these reaction conditions we were
able to isolate the expected bicyclic lactam 5 in only 3%
yield. The major product of the reaction, isolated in
55% yield, was found to be the target indolizino[8,7-
blindole derivative 6.°

Examination of the crude reaction mixture by 250 MHz
'H NMR spectroscopy revealed the formation of 6 as a
single diastereoisomer.

H @@M%%

The relative stereochemistry of product 6 was deter-
mined by single crystal X-ray analysis (Fig. 1), and was
found to be as expected based on our experience of
cyclisation reactions involving similar N-acyliminium
precursors. Effectively, retention of configuration at the
methyl-bearing chiral centre is observed if one considers
bicyclic lactam § to be an lntermedlate Toe

Interestingly, compound 6 was observed to form two
crystallographically unique hydrogen bonds: one
intramolecular  O(2)-H(2A)-0O(1)  {O{1)-0(2)=
2.597(2) A, O(2)-H(2A)--O(1)=154°} and one inter-
molecular N(2)-H(2)--O(2A) {N(2)--O(2A)=2.788(3)
A, N2)-H(2)-O(2A)=168°} forming chains along the
crystallographlc e-direction.®

0040-4039/03/$ - see front matter € 2003 Flsevier Science Lid. All rlghts reserved.

doi:10.1016/50040-4039(03 Y002 50-8
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Scheme 1,

Fignre 1. Crystal structure of 6, omitting most H atoms and -

the solvent molecule of crystallisation. The intra- and inter-
molecular H-bonds are highliphted and the - numbering
scheme is defined.

Of course, one could envisage an alternative mechanism
10 explain the formation of 6 that avoids the intermedi-
acy of bicyclic lactam 5: a stereoselective Pictet-Spen-
gler reaction in which condensation of the p-amino
alcohol and keto-acid substrate results in formation of
a tetrahydro-B-carboline derivative which then under-
goes lactam formation to yield 6 in the final step.’® To
date, no intermediates have been observed by us that
would support this hypothesis with our substrates.

An alternative approach to the indolizinof8,7-blindole
ring system was also investigated through formation

and subsequent borohydride reduction of the imide -

intermediate 7, accessed in 54% vield from the required
p-amino alcohol and succinic anhydride.” In this
approach, summarised in Scheme 2, the intermediate
ethoxy-lactam derivative 8 was not isolated since, under
the reaction. conditions, direct cyclisation via an N-
acyliminium intermediate was observed to yield the
target heterocycle 9 in 45% yield and as a 9:1 mixture of
diastercoisomers. The major diasterecisomer was iso-
lated by crystallisation and the relative stereochemistry

of this product was determined to be as shown in

Scheme 2 by NOE studies.!' Again, the relative stereo-
chemistry observed on cyclisation of the attacking aro-
matic nucleus was as expected based on previous resulls
from our group.™

As noted above, access to the six-membered lactam
homologue through application of this methodology
would be highly attractive as it would allow access to a
wide range of desirable indole targets. With this in

mind we successfully prepared the bicyclic lactam sub-

strate 10 as a 5:1 mixture of diastereoisomers in 58%
overall yield. The relative stereochemistry of the major
isomer, represented in Scheme 3, was determined by
NOE studies.'? Based on our previous work in a related
area,’® these substrate diastereoisomers were not sepa-
rated, but were treated with TiCl, to promote the
stereoselective cyclisation reaction (Scheme 3).

We were pleased to isolate the cyclised product, 11, in
54% yield and '"H NMR analysis of the crude reaction
mixture revealed the formation of this product as a 5:2
mixture of diastereoisomers. A comparative NOE study
was undertaken on the isolated diastereoisomers to
confirm that the relative stereochemistry of the major
diastereoisomer is as shown in Scheme 3.

To demonstrate the potential synthetic utility of this
new methodology we followed a method previously
used by us to remove the hydroxymethyl auxiliary
group (Scheme 4).7¢ Oxidation of 6 to the correspond-
ing aldehyde was achieved in 90% yield using IBX
{o-iodoxybenzoic acid) in DMSO;'* subsequent decar-
bonylation gave a mixture of enamide 12 and target
lactarm 13. This product mixture was subjected to cata-
Iytic hydrogenation to convert the unwanted enamide
through to lactam 13. Finally, lactam reduction gener-
ated the tertiary amine derivative 14 in 27% overall

yield from the aldehyde. . o v

In summary, we report a facile and highly stereoselec-
tive approach to a range of indole-containing heterocy-
cles from readily available non-racemic substrates.
Current work is focused on extending this methodology
to specific indole alkaloid targets, and our progress will
be reported in due course.
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Abstract—We report a novel, facile and highly stereoselective approach to the indo!o{z',3—a}quinolizine ring system from a readity
available, non-racemic chiral template. We demonstrate the potential for application of this methodology to natural product syn-
thesis through conversion of the template to 2 simple indole alkaloid with high enantiomeric purity.

© 2004 Elsevier Ltd. All nghts reserved,

The indolo[2,3-¢]quinolizine ring system 1 is of great
interest and significance since this heterocyclic template
is found within a plethora of highly bioactive indole
alkaloids, including geissoschizine 2,! vellosimine 32
and ajmalicine 4.3 The presence of the lactam carbonyl
in templates such as 1 would allow for possible further
functiopalisation en route 1o the natural product targets.
Recent approaches to the construction of this hetero-
cyclic target system by other groups have mcludcd
the diastereoselective vmylogous Mannich reaction,?*

* Corresponding author, Tel.: +44-(0)-1509-222559: fax; +44-(0)-1509-
223925; e-mail: s.m.allin@Iboro.ac.uk

0040-403%/% - see front matter @ 2004 Ekevier Ltd. All rights reserved.

doi: 10.10164. tetlet. 2004.07.121

Bischler—Napieralski reaction, 5 Fischer indole synthean
and the asymmetric Pictet- Spengler reaction.”

We have recently developed a new and general approach
for the stereoselective synthesis of a range of non-race-
mic heterocycles that involves the cyclisation of pendent
aromatic substituents onto N-acgluninium intermediates
as the key ring-forming step.® Based on our novel
approach to the indolizino[8,7-b]indole ring system,®2
we recognised that a suitably substituted bicyclic lactam
could act as a precursor in a stereoselective approach to
the 1ndolo[2 3-a]qumohzme rmg system.

Our approach to the synthests of the required bicyclic
lactam substrate 5 followed the general method previ-
ously used in our group.? The B-amino alcohol deriva-
tive of (S)-tryptophan was reacted under Dean-Stark
conditions in toluene with an appropriate functionalised
substrate for 48k (Scheme 1). Under these reaction con-
ditions, we were able to isolate the expected bicyclic lac-
tam in 69% yield as a 5:1 mixture of separable
diastereoisomers, 5a and 5h.

The relative stereochemistry of the major diastereo-
isomer 5a was determined by single crystal X-ray analy-
sis (Fig. 1).? This indole-containing bicyclic lactam is a
novel example of the fused 5,6-ring system favoured
by Amat et al,’® and the relative stereochemistry
observed for the major isomer Sa is cons1stent with
results obtained both by these researchers and in our
own previous work in other areas.®®
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Scheme 1.

Clud

g

Figure 1. Crystal structure of Sa.

In a previous communication, we noted bricfly that
treatment of the initial mixture of diastereoisomers of
substrate 5 with TiCl; gave the desired indolo[2,3-alqui-
nolizine target 6 in 54% yield, but with only a poor level
of product diastereoselectivity (5:2).%2 We have now dis-
covered that simply treating the mixture of bicyclic lac-
tam substrate diastercoisomers, Sa and 5b, with 2M HCI
in ethanol at room temperature for 20h gives an excel-
lent yield of 95% for the cyclisation reaction, and leads
to the formation of the desired indolo[2,3-a]quinolizine
product as a single diastereoisomer (Scheme 2).

The relative stereochemistry of the single diastereo-
isomer 6 was determined by single crystal X-ray analysis
(Fig. 2)” and was found to be as favoured in the TiCl,
mediated cyclisation reaction that had previously given
only a 5:2 ratio of product diastercoisomers.

To highlight the potential synthetic utility of our new
methodology in the target synthesis of complex indole
alkaloids and their synthetic analogues, we undertook
the synthesis of a simple indole alkaloid, (S)-(-)-
1,2,34,6,7,12,12b-octahydroindolo[2,3-a]quinolizine, 11,
the main constituent of Draconiomelum mangiferum
B1."! In order to access the natural (S)-enantiomer of
the target we were required to work with the opposite
- stereochemical series of the template. Hence compound
7 was prepared as a single diastereoisomer from (R)-tryp-

tophan by analogous chemistry to that described above,.

2M HCI, EtOH
———
RT.20h

- »95% ee by comparison of optical rotation data.

Hi15}

oS

Figure 2. Crystal structure of 6.

an X-ray crystal structure of 7 was also obtained. Qur -
synthetic route to the natural product 11 from 7 is
highlighted in Scheme 3.

Our previous method to remove the hydroxymethyl
‘auxiliary’ group from templates such as 7 has involved
a rhodium-induced decarbonylation sequence® Due
to the rather long reaction times generally needed for
our substrates in this protocol we have now applied an
easier approach that relies upon a decarboxylation strat-
egy. Compound 7 was oxidised to the carboxylic acid
derivative 8 through the corresponding aldehyde; from
8 we generated the acyl selenide derivative and subse-
quently performed a tin-mediated deacylation to yield
the indolo[2,3-alquinolizine ring system 9. Deprotection
of the indole nitrogen gave known compound lolizn
Reductive removal of the lactam carbonyl group com-
pleted the synthesis of the natural product. Target
(8)-(=)-11 was found 1o have an ee of 95% and the
same absolute configuration as the natural product by
comparison of optical rotation data.'?®

In summary, we report a facile and highly stereoselective
approach to the important indolo[2,3-a]quinolizine tem-
plate from readily available non-racemic substrates, and
have demonstrated the structural modification of the
template to deliver a simple indole alkaloid with high
enantiomeric purity, Current work is focused on extend-
ing the methodology described in this paper to other,
more complex indole alkaloid targets. Qur progress will
be reported in due course.
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