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Abstract

TetrahydroisoquinolineHIQs) are found in a wide range of natural products and compounds
with biological activity. This thesis descri
as an efficient route to-dubstituted THIQs and-8ubstituted THIQs. This methodology was
deweloped by using organolithium and organomagnesium chemksustly, methods were
developed for the lithiatiagrsubstitution of tetrahydroisoquinolines by carrying outsitu

ReactIR spectroscopic monitoring of deprotonation reactions. Moderate to high yields of

products were obtained under the optimum reaction conditions.

The lithiation substitutions of tetrahydroisoquinolin@svere carried ouflThis chemistry was

applied b ashortsynthesis of the alkaloiqs)-dysoxyline and+)-crispine A

—50 °C
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Thelithiationi substitution ofN-Boc-3-phenyltetrahydroisoquinolinB was also investigated.
Lithiation was found to occur with approximately a 2:1 ratio €t ©© G3. NMR studies and
DFT analysis were carried out in order to calculate the ratio of the two rotahirs
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Investigations have also focused ®hBoc-3-cyanotetrahydroisoquinoline and-Boc-2-
cyanopyrrolidine. High enantioselectivitiethe forming productsould be obtained from the
sequence ofleprotonationsubstitution of these compounds idt04 °C using magnesium
bases. Altering the solvent was shown to have a large impact on the yield and enantioselectivity

of the products.
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1. Introduction
1.1 Introduction to Organolithium Chemistry

Organolithium compounds have been used frequently in orgymihesis. The power of
organolithium reagents to create newQCbonds has been used widely, especially in a
stereoselective manner. The most common applications in synthesis use organolithium
reagents as nucleophiles, strong bases and initiators for @ahation reactions. Also, they

have been used widely as starting materials for other organometallic comp®&andinin has
recently reported thE-arylation ofcarbamates in high enantiomeric ratio by using sparteine
mediated lithiation in the first step followed by a Negishi cromsping.? Lithium-halogen
exchange is another usefukthod that has been used in organic synthesis and was discovered
by Gilman and Wittig in the early 1938 rganolithium chemistry has a vast range of
applications in organic chemistnysing BuLi as a strong base and nucleophile.

Organolithium reagents are highly reactive bases Wif>85, due to the ionic character of

the CLi bond. While many data suggest that theLiCbond is ionic, due to the
electronegativity difference between the carbon and lithium atoms, it does show covalent
features as weft® For example, most organolithiums are soluble in-polar solvents.
Organolithiums are stable in hydrocarbons and are often s@sedolutions in these
solvents® ’

The freezing point measurement, stgt structure, NMR spectroscopic analysis, and
calculations all show that in hydrocarbon solvents, organolithiums aggregate as hexamers,
tetramers or dimer®’ The steric properties of organolithiums have a crucial effect on their
aggregation states. In hydrocarbons, primary organolithiums aggregate as hexamers.
Secondary and tertiary organolithiums adopt tetrameric shapes. Bulkier species prefer to exist
as diners (Table 11).2° In fact, the aggregation level of organolithium reagents depends on

steric effects and the reactivity of organolithiums iatea to the aggregation staté?

Hexameric  Tetrameric Dimeric Monomeric
n-BulLi s-BuLi PhCH,Li -
EtLi i-PrLi
t-BuLi
Table 1-1



The reactivity and aggregate structure of organolithium compounds are determined by many
factors, such as temperature, concentration, solvent ampadasence of ligands. For example,

at low temperatures in THEBuLI is a dimer, while in ED it is a monomeiThe presence of
coordinating ligands can stabilize the electd&dicient lithium atom and shift the aggregation

to a lower state. These liganpi®vide an alternative source of electron density for the lithium
cation, thus allowing the organolitimiuto shift to lower aggregaté$® This increases the

reactivity of the organolithium. The most common ligands are shown in Figlité 1

1
MeN NMe
DMPU
1 2 3 4
DME TMEDA THF Et,0
5 6 7 8

Figure 1-1

l12Reacti ons of Serapchenucal ©urdei u ms

There are several possible pathways for the lithiatohstitution reaction with an
electrophilet” In 1999, Gawley proposed the term@@t and §2inv as an appropriate means

to distinguish two types of reactions (Schemg) 2 These terms have been used to indicate
the concerted formation of thé E bond and breakage of thelCand B X bonds. Both &ret

and S2inv require inversion at the electrophilicnte and no interaction between the leaving
group and lithium cation. Both reactions are allowed by orbital symmetry and frontier orbital
studies that show the reaction could proceed through retention or inversion. 3ehsehwvs

the electron flow from He organolithium carbanionic orbital HOMO to the orbital of
electrophile (alkyl halide) LUMO.

Substitution with complete loss of stereochemistry may occur through-eomoerted single
electron transfer, which proceeds through a radical intermediate hande loss of
stereospecifiity.’® When the electrophile is easily reducadSET mechanism appears to be

predominat.

Alternatively, loss of stereospecifity could arise from the presendkeotonfigurationally
labile organolithium.
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Scheme 11
In the 1956 and 1968, Seyferth showed that the reaction of vinyllithium species proceeded
with retention; either by direct reaction with an electrophile or through a transmetallation
electrophilic quencR? In contrast with a stabilized conjugated system such as a benzylic
organolithium, the nearby-system gives theiCi bond more pcharacter. This increases
the planarity of the organolithium ar@pensup to a greater scope, both sterically and
electronically, the possibility for attack at either lobe of thi&€i@i bond.-2showgur e

the substitutia reaction with benzyllithium&" 2

Figure 1-2

A study on the stereochemical course of these type of reactions was carried out by Hoppe
using a configurationally stable tertiary benzylic organolithium with a variety of
electrophiles (Schem#-2). Hoppe assumed that the deprotonation step proceeded with
retention. The stereochemistry of the products was identified through comparison with

1



known products. Intermediat®)¢10 was formed from the deprotonation &){9 usings-

BuLi and TMEDA in hexane &t78 °C. Trapping R)-10 with electrophiles gavproducts
1lawith retention and.1b with inversion of configuration (Scheme2). In general, when

the electrophilic leaving group coordinates to the lithium atom (such as an oxygen atom),
this gives retention of configuratiomversion occurs with nenoordinating electrophiles

that contain leaving groups such as halide or cyanide, or by addition to heterocumulenes,
such as C&22*

T
Me i .
Ph\:,o\rN Pr, Me ,OCONPr,

,L'i-—-lo Ph™ R
E’ 11a

R= CO,Me (R)-98:2 er
retention
slow and/ or cordinating | MeOCOCI

electrophile
Me .
Me}(o\n/NIPr2 s-BuLi, TMEDA Ph\?OTN'Prz
PRy 0 ~78 °C, hexane */L:i-——lo
L
(-9 (R)-10 L*= TMEDA
inversion
fast and/ or non-complexing MeOCOCN
electrophile
t
£ i I
Ph>'.1/o N'Pr, Me, OCONPr,
Me” | \I( Ph>\R
Li—-O
11b
R= COyMe, (S)-96:4 er
Scheme 12

Another study has been reportedBgak and cavorkers?® The stereochemical behaviour

of benzylic substituted organolithiums Hasen found to be similar to that found by Hoppe
and coeworkers (Scheme-3). They studied thasymmetric substitutions of compouh#

using {)-sparteine as a ligand &¥8 °C. Although the substitution proceeded through
different mechaasims, they suggesd that norcoordinating electrophiles, such as halides
gave inversion of configuration. In contrast, coordinating electrophiles like tosylates

proceeded with retention.



PPN
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(-)-sparteine “ 14 R=Bn, 56%, 92:8 er

R-X= RCI. ROTf 15 R= allyl, 100%, 92:8 er
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(RCI = MeSi, MesSn) )\ J\
12 )\ J\ (ROTY= allyl, Bn) N
N
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16 R= Me;Si, 72%, 95:5 er
13/(-)-sp 17 R= Me3Sn, 77%, 83:17 er

Scheme 13
Gawl ey reported tN-alkylP-tributilstannyl pipexdinesamd gyerolidirfes
from nonstabilised organolithium speci€&2®?’He found that reactions of these r&tabilised
organolithiums with electrophiles, such as aldehydes, ketones, and acylating agents proceeded
with retention. On the other hand, racemisation occurred through single electron transfer with
other electrophiles. Schemetlshows the reaction dfFalkyl 2-tributylstannyl piperidines with

some electrophiles.

Retention Inversion

COzR1 \ / R’ Racemization
G .

- ACHO thco N.g
AT HO Ph
PhCH,X
T ‘R
HO R1R CH,Ph
Scheme 14

Reactions involving organolithium reagents have a relatively limited scope as electrophiles
such as allylic and aryl halides often give poor results. It is hard to alter the electrophilic
reduction potential, therefore changing the oxidation potentighe@mucleophile helps the

reaction to proceed with a wide range of electrophiles. A solution to this is transmetalation of



the organolithium species to other metadsch ascoppert®3! zinc3?3 or palladium?
Transmetalation is one of the best ways to th&tSET pathway. The transmetallation is often
stereoselective and the subsequent organometallic intermediates often have high
configurational stability> Transmetalation offers broader range of reactivity, because each
organometallic species reacts with a different scope of electrophiles. For example, organozinc
reagents are an attractive option, because of the coatfignal and chemical stabilityf the
organozinc intermediatélhis intermediate can then react with the electrophile, and can
transmetallate to other more reactive metafs.

1.3U0-Amino Organolithiums

Hydrocarbons are slow to deprotonate, as protons on hydrocarbons have la. Highwever,
deprotonation of CH bonds occurs at an acceptable rate when an organolithium intermediate
shows at least one of three features: the electcbnC Li bond is stabilised by a nearby
electron withdrawing group, an empty orbital, or intramolecular interaction of the lithium atom
to a nearby heteroatom. In fact, if the proton todmeoveds allylic, benzylic, vinylic, attached

to a small saturated ringr attached to an aromatic ring, its acidity will increase and successful
lithiations are more likely to occur. Moreover, lithiation adjacent to sulfur or phosphorus is
favoured by acidifying group, for example dialkylphosphonyl or arylsulfonyl. Litmasilso

takes place when the proton is adjacent to a nitrogen or oxygen basedgroup.

U-Amino organolithiums can be classified into four types: mesomerically stabilised, -dipole
stabilised, mesomerically and dlpestabilised and nestabilised organolithium@-igure 13).
DeprotonationU to nitrogen provides an important method to fdgramincorganolithium
compounds. This can produce various substituted amines after reaction with different

electrophiles?®

Unstabilizeddami no organolithiums were first report
that unstabilizedorganolithiums could be prepared viaifithium exchangé”4? Few

examples of this kind of organolithium formation have been repétt€tganolithium

reagents, such asBuLi could coordinate to the nitrogen lone pair, and this stisbilised

the organolithium intermediate. However, interaction of the N lone pair with the adjacent
(electronrich) C Li bond will be destabilising through a filledilled orbital interaction

between thanitrogen lone pair and the C i bond. Teutdithidtisn U te hityoged i

without an adjacent directing group is usually not possidtevever, if an aromatic ring or a



carbonyl is attached to the nitrogen, the repulsive interaction can be relieved through

conjugation of the nitrogen lone pair ithe directing groufs

In 1989, Bek and coeworkers described the effect of the carbonyl group on stabilising
organolithium intermediates by coordination of the electron rich oxygen with the lithium
atom3® A variety of groups, such as amig@$ormamides carbamate® and nitrosamirnf®
have been used for dipettabilization ofU-amino organolithium speci€§é Mesomerically
stablised organolithiums exist when lithiation occurs adjacent to azaallyl amide, allylic or

benzylic amine (Figure-8).4

G — @A

Unstabilized Dipole-stabilized Mesomerically stabilized
amino-organolithium amino-organolithium amino-organolithium

(:Q ‘Bu

Li

Dipole- and mesomerically
stabilized organolithium

Figure 1-3
1.4 TheComplex-Induced Proximity Effect (CIPE)

Formation of organolithiungpeciescan be explained as a tvtep process. These processes
include the replacement of a carbdoydrogen bondby a carborithium bond which can occur
chemoselectively, regioselectlyediastereoselectively or enantioselectively. In order for the
carbanion intermediate to form, an activating group adjacent to the protorrémbed is
needed. This O6activatingd group forms a
deprotonation. This phenomenon is called the compléxced proximity effect (CIPE). The

goal of using the CIPE is to direct metalation using an adjacent directing‘§rSup.

The CIPE is generally wused i n | irocelds thitougm n
different steps fromi8to 22 (Scheme ). In the first step, the organolithium base becomes
associated with the substrate and forms thdigiri@tion complexi9. This complex then adopts

a suitable conformatio0 to removea proton, inwhich the organolithium reagei2tl is
formed. Quenching with an electrophile then gives the pra&R2&An investigation in to the

CIPE has been carried out, which confirmed the number of reaction$&ps.
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In 1994, Shimaio and Meyers reported the deprotonation reaction of conusidg ethoxy
vinyllithium HMPwhichWwSscpregarae from the reaction betweduLi,

ethyl vinylether and HMR. The reaction was performed &af8 °C, and the use of ethoxy
vinyllithium HMPA as 2&indxehkent yiddi Ondhe dtledhand,dhep o u n
use ofs-BuLi or t-BuLi with or without TMEDA led to the formation of compou@d as the

major productThe methoxy group seems to be the dominant directing group whexgtimyl

Il it hi um HMP Ahe reassn behma this was unclear, they hypothesized that there
couldbeclustersadt hoxy vinyl |l ithium HMBnationtthotothe hi nde
oxazoline group, they alsuggestedhat this reaction could be kinetically controlled.

Li

/]\oa, HMPA Mel,
78 °C, THP
N S
O |
MeO i i vl

t-BulLi, or s-BulLi

23 TMEDA \/N _Mel
~78 °C, THP ;
MeO Li
25

Scheme 16

Major

Furthermore, there are other functional groups that can direct metakatiioie,>* nitrosq*®
and formamidin® and many other directing groups have been widely used by many

researchers to direct deprotonation atlheosition (Scheme-T).
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Scheme 17

Another weltknown directing group is thiert-butoxycarbonyl group, which was developed
and used by Beak and-emrkers in 1989. An example shown in Scheme-8. The reaction

of piperidinykt-butylcarbamat&86 with s-BuLi in EO and TMEDA ai 78 °C gave compound
38 in 94% vyield after an electrophilic quench with TMSEIIn the reaction theert-
butoxycarbonyl group directs the lithiation to thedsition. It also has the advantage of being

bulky and sterically hinderingucleophilicattack ofs-BuLi on to the carbonyl carbon atom.

BuoO BuO BuO
O TMEDA, s-BuLi )=0 CISiMe; N>=o
N R N
< ) Et,0, -78 °C QLVU QSiMeS
36 37 38
L= TMEDA 94%
Scheme 18

1.5 Asymmetric Deprotonation

The process of asymmetric deprotonation is shown in Schiednend involves removing a
proton from a prochiral substra# using a chiral base. The base is produced from the
complexation of a chiral ligand to an organolithium reagent, and the reaction with the substrate

proceedssia diastereomeric transition states. These transition states are at different energies



and consegently yield unequal amounts of diastereomeric carbarBanrsdepiB. These two
intermediates may interconvert, so care needs to be taken to assess this possibility. The
deprotonation reaction is kinetically controlled. If there is no equilibration #ftem,trapping

with an electrophile, the enantiomeric ratioc®andepi-C reflects the ratio ofs/kr.**

k E* ELH
S L/L|>\ o
A" B A" B
Ha (Hb RLi/L" "Chiral base” B c
A B Asymmetric deprotonation
A Kr H L E* H E
a \\\LI/L a>\\
A B A B
epi-B epi-C
Diastereoenriched
Scheme 19

(electrophilic quench assumed retention of configuration)

Hoppe and cavorkers were the first group to report the asymmetric deprotonation of chiral
substrate39 using s-BuLi/( )-sparteine, to give the configurationally stable enantioenriched
species40 (Scheme 110)>® They reported that predominantfyro-(S)-proton had been
abstracted. Quenching the intermedi@ewith different electrophiles gave compountika

and41bin high enantiomeric ratios with retention of configurafion.

H, H @ . il H E ©

)\OJ\N/% sBulil’ '/U\ /% )QOJ\N/%
>\\/0 Et,0, -78 °C >\\/0
39

40 41a E*= SiMe,Cl, Yield= 76%; er (S:R) 98:2
L= (-)-sparteine 41b E*= CO,; Yield= 75%; er (R:S) 97.5:2.5

Scheme 110

Following on from the work of Hoppe, Beak andworkers reported the enantioselective
synthesis of Z&ubstituted Bogyrrolidines. Using s-BuLi/( )-sparteine, followed by
electrophilic quench gave compound$®a and 44b in high enantiomeric ratios

(Scheme 411)>758
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H Hr
O/ R s-BuLilL*, -78°C z L)
s-BuLi/L*, N _N £+ ",

NT ‘Li- — L =N E
H RN
| S / |
Boc Et;0,4-6 h tBuO)\\O/ \N\) Boc
42 43 44a: E*= SiMe;Cl, 71% yield, (S)-97:3 er
m 44b: E* = Ph,CHO, 75% yield, (R)-95:5 er
L*= (-)-sparteine = N N
Scheme 111

The enantioenrichment of the produetda and 44b may arise from either asymmetric
substitution, where asymmetric induction occurs in the -geptotonation step, or from
asymmetric deprotonation were one of the enantiotopic protons is abstracted by the chiral base.
Asymmetric deprotonation leads to a figarationally stable intermediaté3, that reacts
stereospecifically with retention or imer si on of configuration.
experiments were carried out to help clantythe mechanesim. Racemidawas formed by
deprotonation o#2 using s-BuLi. Complexation of the racemic intermedigt8 wi t h ()
sparteine gave compouddaas a racemate (Scheme2). This confirnedthat the reaction

proceededia an asymmetric deprotonation pathway

() sBuLi E,0, TMEDA Q L

N —_— .
N 28 °C PR M TImscr N TSiMes
Boc - t XA Boc
BuO (@)
42 43 44a

L*= (-)-sparteine

Scheme 112

Asymmetric deprotonation was also found to be occurring with the carbdtédeheme 4
13) 36°° The intermediate rganolithium46 underwentyclisation to give the enantioenriched
2-arylpyrrolidine(S)-47in a72% yield.

Li

Ph/\lTl/\/\CI s-BuLi/ (-)-sparteine pﬁ‘\\I\N/\/\CI .
Boc Et,0, 78 °C Boc N
Boc

45 46 (S)-47
72%, 98:2 er

Scheme 113

Tin |ithium exchang4d8inthespresegce ¢f pspagteme gavesracdnsct r at e

product47in a44% yield (Scheme-14). This confirmed that the enantioselective step was

11



the asymmetric deprotonation. Furthermore, cyclisation of organolithium intermd@itde

(9-47 must have been faster thdne rate of reemization.

SnMej Li
s-BuLi/ (-)-sparteine )\
Ph l}l/\/\CI — Ph l}l/\/\CI — N
Boc Et,0,-78°C Boc Boc
48 46 47
44%
Scheme 114

1.6 Determination of configurational stability

Synthesis of enantiopure compounds using organolithium chemistry is related to the
configurational stability of the lithium bearing stereogear@ntre. The configurational stability
can be determined using several ways, such as the synthesis of single enantiomers (by tin

lithium exchange).

Tin-lithium exchange is a rapid, thermodynamically controlled process, it is a stereocontrolled
reaction thaican be used to indicate the stability of some carbarfdfse Chong group have
investigated the configurational stability of the enantioenriched organolitiHB0(species

using different temperatures and times.alioenriched R)-50 was obtained from the
transmetallation reaction of th&®)(49 species (98:2 er) using-BuLi at 195 °C in THF
(Scheme 115, Table 12). Quenching the intermediat®){50using CQ as an electrophile was
carried out to measure the enantioenrichment of the product. They founditB&t°& and a
lithiation time of over 10 minutes, gave a high yield and excellent er (> 98:2) of compbund
However, conducting the reaction at a higteenperature af55 °C resulted in configurational
instability (62:38 er)of the intermediat®0 and a 76%yield of compounds1l. Changing the
solvent to dimethoxy ethane (DME) increased the epimerisation rate, while adding HMPA in
THF resulted in completeacemisation. They have proposed that the effect of HMPA on
racemisation could be due to its polarity, or from disrupting the coordination between the

directing group and the lithium atof?.

SnBuj n-BuLi. THF Li---O 1.CO, CO,H
’ | R —
B o

N o¢ -95°C \)\w)\tBu 2. H* \)\NMeBoc

Me Me
(R)-49 (R)-50 51
98:2 er

Scheme 115
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Entry T (°C) Time (min) Yield (%) er

1 -95 10 97 98:2
2 ~95 180 75 94:6
3 78 10 95 96:4
4 78 180 76 90:10
5 78 (DME) 180 54 84:16
6 78 (HMPA) 180 50 50:50
7 55 120 76 62:38
Table 1-2

In 2012, Coldham and Brien and ceworkers investigated the configurational stability of the
enantioenriched substrat®){52 (97:3), at different temperatures usisguLi/(i)-sparteine

and MeOCOCI as thelectrophile over different times (Schemeld, Table 13).°5! By
measuring the enantiomeric ratio of the prodatthey found that temperatuhad a large
impact on the enantiomeric ratio. At a low temperatuiie/8fC high enantioenrichment and

a low yield of54 was obtained, meanwhile at°C the reaction generated a better yield of
compound4 due to the rate of Boc group rotation being,fastvever the rate of racemisation
was also fasfThe optimal conditions for lithiatiorsubstitution were found to &0 °C with

a lithiation time of 5 minutes. Different electrophiles were used to give high yields and
excellent enantiomeric ratios, aosm in Scheme-17 %!

{ ) BuLi, THF &Ph O\‘Ph
n-bull, N|; MeOCOCI <
N Ph N Li —>e '?l COzMe

B —————

| — ° i |
Boc 50 °C, 5 min Boc Boc
(R)-52 (R)-53 (R)-54
97:3 er
Scheme 116
Entry T (°C) Time (min) Yield (%) er(S:R)
1 -78 60 31 97:3
2 -50 10 74 90:10
3 -50 5 78 94:6
4 -40 5 69 85:15
5 -30 5 79 65:35
6 0 5 82 50:50
Table 1-3
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| | | |
Boc Boc Boc Boc
(R)-54 (R)-55 (R)-56 (R)-57
E*= MeOCO E*= PhNCO E*= Mel E*= Etl
78%, 94:6 er 83%, 95:5 er 87%, 93:7 er 59%, 92:8 er
Scheme 117

1.7 Configurational Stability of Benzylic -Amino Organolithiums

Benzylic U-amino organolithium species are generally configurationally unstgigjeré 12,

page 3).”216283 However, a few secondary benzyllithium species have been found to be
configurationally stable using different solvents and ligands. For example, BhBa \fas

reacted withn-BuLi in the presenceof ( )-sparteine, it was found to bpartially
configurationally stable. The high enantiomeric ratio was maintained even after 10 hours. On

the other hand, wher®E59 was reacteavith n-BulLi in the presence of TMED#ollowed by

an electrophilic quencltompound6l was obtained in lower enaoineric ratios (Scheme-1

18, Table 34)% | t 6s i mportant to m®-BOtwias prepatett &t t he
deprotonating compounsB using sBuLi/( )-sparteine at 78 °C. The reaction gave a good

yield of (§-59and high ef95:5)%2

SnMejy Li Me
Boc\ 1 s-BuLi, PhMe Boc\N/k© Boc\ )\© Boc\
—)-sparteine, -78 °C _n-Buli, L” MeOTf
2. Me3SnCl PhMe -78 °C
OMe
58 (S)-59
95:5 er
97%
Scheme 118
Entry Ligand Time (h) Yield (%) er (R:S)
1 (-)-sparteine 10 83 95:5
2 (-)-sparteine 0.5 73 95:5
3 TMEDA 10 81 54:46
4 TMEDA 0.5 79 70:30
Table 1-4
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Several techniques have been used to measure the configurational stability of these compounds.
For instance, enantioenriched tin compouR#g2 (78:22) has been transmetalated using

BuLi in THF for 45 minutes. Addition of Bul gave racemic proda@in a57% yield(Scheme

1-19).54

BusgSn O Bu O

©/\)J\N~Me 1. s-BuLi (2 eq), THF,-78 °C ©/\)LN~M9
H 45 min H
2. Bul
(R)-62 63
78:22 er 57%
Scheme 119

As mentioned pr evi emisolosganolithinnodorhpeunds gre dipolp and f U
mesomerically stabilised-aminoorganolithiums (Figure-B, page J. These can be prepared

by proton abstraction using an alkyllithium base. Many researchers have questioned the
configurational stability of these organolithium species. In 1985, Seebach amoricers
showed that the adthn of an aldehyde to lithiate-pivaloyl THIQ 65 in THF resulted in

poor diastereoselectivity. However, transmetalation using magnesium bromide gave the
magnesiated specié€®, which could then react with an aldehyde to give prodictvith
excellent dastereoselectivity (Scheme2D)8® In this case two asymmetric centres were
formed simultaneously and selectively. The structure of the major diastereocisomanlyas
determined by Xay crystallographyTo explain the difference in diastereoselectivity between
both metals they suggested that the lithiated intermediate underwent a single electron transfer

reaction. As a result low diastereoselectivity was obtdined.

-BuLi N.__'Bu
Piv hd

—78 °C,THF ° Br—Mag--O
Li---O 0°C s” g\S
S
64 65 66
S= Solvent
Scheme 120

Further work was carried out in 1989 by Meyers andvodkers who investigated the
configurational stability of tetrahydroisoquinolif8 (Scheme 421) &3 Lithiation of compound

68 was carried out usingB u L i at 78 AC t 069 Gmlingthear¢aetioni nt e r |
mi xture to 100 AC, followed by the70thadi ti on
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was converted to compoundl using hydrazine. This indicated that the organolithium

intermediate was configurationally unstable.

MeO
N BuLi, -78 °C N
HjN| s-BuLi, - _BnCl_ Ij/M NH

Me fast at
j/ THF -78 °C -100 °C Mé Bn

MeO MeO
’ | er < 53:47

Li MeN

— MeO™ —
69

Scheme 121

In 2013, Coldham and eworkers reported a study on the configurational stabiliti-&oc-
tetrahydroisoquinolin@2 (Scheme 422, Table 15).%¢ Lithiation of substrat@2 usingn-BulLi/

( )-sparteine was caed out over different times, using different solvents and temperatures,
followed by TMSCI trapping. After dhour lithiation time at 78 °C in toluene, product3

was obtained ia67% yield and 67:33 er. In comparison, usingJEds a solvent gave aner

yield and er. The lower yield and er was thought to be due to the coordinating effects of the
solvent. Considering the epimerisation of lithium species at high temperature, it was decided
to examine the configurational stability at00 °C using different solvents. Starting with
toluene at 100 °C gave a better er (82:18) @B in a 48% vyield. Enantioselectivity was
significantly lost as expected when usingV2THF. Furthermore, lithiation o2 was
investigated at lower temperatures daawn120°C. Using pentane or a mixture of PhMe and
pentane (1:1) at120°C gave product3in a lower er when compared to carrying the reaction

at 100°C. Finally, slow addition of the electrophile showed a slight improvement in er with
low yield. Theysuggested that in PhMe, there is fairly equal mixture-BtLi/( )-sparteine
complexes and that they equilibrate at low temperature, but one reacts faster than the other to
give the product in up to 85:15 drhey hypothesized that the reaction procedtieaugh a

dynamic kinetic resolution pathw&§°’
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(:@ 1. n-BuLi, (-)-sp, solvent, t, T
N ~ N ~
Boc 2.E* Boc

SiMe3
72 73
Scheme 122
Entry Time (h) T (°C) Solvent Yield % er
1 1 -78 PhMe 67 67:33
2 1 -78 Et,O 54 62:48
3 1 -100 PhMe 48 82:18
4 1 -100 2-MeTHF 26 59:41
5 1 -120 pentane - 61:39
6 1 -120 PhMe:pentane (1:1) - 74:26
7 2 -100 PhMe, slow add. 24 85:15

of E* over 3.5h

Table 1-5

Moving forward, tinlithium exchange was carried out using racef¢ n-BuLi and ()-
sparteine in ED at 78°C (Scheme 23) % After 1 hour, transmetalation was completed and
the lithiated intermediate was quenched with TMSCI to afford comp@@mwith 67:33 er,
which was the same as the reaction from direct lithiation. This indicated that the lithiated

intermediate deriveddm compound4 is configurationally unstable.

1. n-BulLi, (-)-sp, Et,0, -78 °C

N“Boc 2. TMSCI N“Boc
SnBuj SiMej
74 73
67:33 er
Scheme 123

Coldham and Li have reported the lithiation of enantioenrich®dl-phenytN-Boc
tetrahydroisoquinolin@5, usingn-BuLi at 78 °C (Scheme -24) %8 The optimum conditions
were faind usingin-situ React IR spectroscopy, which showed that the rotation of the Boc
group was fast at78 °C, and the time required for full lithiation was 30 minutes. High
enantioenrichment and good yields of-tljgubstituted tetrahydroisoquinolines weéselated
without the need to use a chiral ligand. In comparison with THE) in which the
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organolithium was labile even atvery low temperature, the organolithium derived from 1
PhTHIQ 75showed a much higher configurational stability. They have hysathd that the
deprotonation step proceeded with retentiboonfiguration®®

1. n-BulLi, THF, -78 °C, 30 min
N‘Boc 2.E* R N“Boc

Ph E Pn
(S)-75

: ; N“Boc : ; N“Boc : ; N“Boc : ; N“Boc:

) Ph Ph T EtOOC ph

V

76a 76b 76¢c 76d
92%, 97:3 er 94%, 98:2 er 90%, 97:3 er 78%, 97:3 er
*= allyl bromide E*= BnBr E*= Mel E*= EtOCOCI
Scheme 124
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Chapter 2. Synthesis of 4Substituted Tetrahydroisoquinolines
2.1 General Introduction to 1-Substituted Tetrahydroisoquinoline (THIQ)

Tetrahydroisoquinoline (THIQ) alkaloids have become important synthetic targets due to their
biological and pharmacological activities, in particulasubstitutedTHIQs. For example,
salsolidine77 and §-norreticuline78 are important products, as they act as key intermediates
for the synthesis of more complex molecules, such as morphineSaprddpinine® Most
THIQs havephysiological and pathological effects in the human body. For exafié;
methyk1-phenytl,2,3,4tetrahydroisoquinoline79 is an effectiveanticonvulsant ageni.
Azapodophyllotoxin 80 is an antitumor agent. AnotherTHIQ derivative is 11
hydroxyerythratidine81, which fexhibits curarelike, sedative, hypotensive, and central
nervous system (CNS) depressant actiiti€®®@me THIQs can be found in the structure of
natural products likdenzylisoquinoline alkaloi®2, which can be found in the family of
Papaveraceaknown for its antitussive effeét. Salsoline83 has been shown toegulate
prolactin release, neuronal teamission in sympathetic ganglia, and neurotransmission
modulatio.’® Tubacurarine 84 is a more complex example and is a {upolarizing
neuromusculablocking drug that can be used for skeleton muscle relaxatitsderivatives

can be used in anesthesia (Figwg) 2273

MeO oH
e -
L
O
MeO MeO o
MeO
OMe MeO OMe
OMe
(+)-salsolidine (S)-norreticuline )-1-methyl-1-phenyl-THIQ Azapodophyllotoxin
77 78 79 80
OH
MeO M? OMe
O NH HO N 0
MeO 1 O
X HO o
MeO' ™ O
OH OH N
. o _ _ OMe '
11-hydroxyerythratidine Benzylisoquinoline alkaloid salsoline tubocurarine
81 82 83 84

Figure 2-1

As mentioned above,-dubstituted THIQs have great importance as alkaloids, and as key
intermediates in the synthestf other complex natural products. This has encouraged

researchers to develop a number of methodologies for the synthesisitodtituted THIQ$?
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Usually, biological studies are carried out usingeraic THIQs, due to the lack of efficient

synthetic approaches to enantiopure THI)s.

General ly, the synthesis of THIQ derivative:
the Bischler Napieral ski reaction. Both app

THIQs with stereoselectivity.

2.2 The Pictet Spepgjefi Condensation

The Pictet Spengl er reaction S one of t he
i soquinoline alkaloids. Pictet and Spengler
phenylethylamine with formaldehyde as shown in Scherérd yield was reportedf The

reaction occurs in two steps. The first step is condensation of the amine and aldehyde to create
the intermediate imin86, which is carried out under acidic conditions using protic solvent. In

the second step, the intermediate im8&eundergoes a-éndaotrig cyclization to give the

Conc. HCI
NH
87

cyclized producB7.”’

©/\/NH2 (CH,0)n [@/\NyH
H

Pictet—Spingler
85 86

Scheme 21

St ambul i and veo twagrakk eerds Pi ct et Spengl er react
(Scheme2-2).”® They studied the use of a 1:1 mixture of different aldehydes \wlitydBoxy-
4-methoxyphenethylamin88 in the presence afalcium 1,1,1,3,3;Bexafluoroisopropoxide
[Ca(HFIPY]. The use of the Lewis acid allows the reaction to proceed at room temperature

with high regioselectivity using a variety of aldehydes. This regioselective reaction provided
1-substituted THIQ89a cjn good yields’®

HO

Hom . j\ CH,Cl,, 23 °C, 3AM.S I:Q“H
MeO NH2  R“SH  Ca(HFIP), (20 mol%) MeO !
88 24 h
89a R= @ 86%
o 2 -0 N—@-ﬁ- 83%
89b R= O o
Ca(HFIP),= < F3C)\CF3 > Ca
2 89¢c R= MeZNO—é 91%
Scheme2-2
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Nowadays, stereoselective Pictet Spengler re
approaches for the synthesis egubstituted THIQs and their derivatives. Chiral auxiliary
promoted methodologies have been used widely, espeeisdlghing a chiral group to the

nitrogen atom to achieve stereocontrol for the preparation of enantioenriched comfSounds.
Forexamplei n 2001 Koomen and co wor ker s9lacenpor t ed
high yields and good diastereoselectivities usirgtPiet Spengl er condensat
the chiralN-sulfinyl amine90 (Scheme 23) 8% EnantiopureéN-p-tolylsulfinyl amine R)-90was

reacted with simple aldehydes in the presence of at °C.7R&moving the chiral

auxiliary group using mild acidic conditions produced the desired comp&iresin good

overall yields, and in most cases, high enantiomeric ratios.

Meo:©/\ )(J)\ MeO

BF;.0Et,, -78 °C
pTol LRH T37=2 DO
MeO HN.g-p-T0 MeO NH

+
> 2. HCI, EtOH, 0 °C
O

(R)-90 91a-c

91a 91b 91c
er >99:1, 90% er >99:1, 89% er >99:1, 86%
Scheme 23

2.3 The Bischler Napieralski Cyclisation/

TheBi schl er Na p iiseanothér slassical wayaised forahe preparation of THIQ
derivatives. The reaction uses the cyclisation of an anfallewed by reduction of the
resulting iminé® The reduction stejs very important for the stereochemical outcome of the
synthesis, enabling the formation of a stereogenic centre, thus leading to enantioselective or

diastereoselective synthe&fs.

A Bischl er Napi e cagiédsokti usingeaamtopuie camide®2aand 93.
Cyclisation followed byin-situ reduction for the imine formed using NaBkroduced
compound®4 and95in low yields and diastereoselectivities up to 95:5 (Schewe B was
observed that the major diastereoisomer was the cis isomer, which results from a

stereoselective reduoh proces$®
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Ph Ph
<O]©)\ 1.POCl3, PhMe <O
O N0 2.NaBH4, MeOH, 0 °C o N

R Yield= 20-30%

92 R= CHj;3 94 dr 70:30
93 R= Ph 95 dr 95:5

Scheme 24

Bi schler Napieralski cyclizati on wategedines ed

(Scheme 5).84 The chiral auxiliary bearing startingmate@@lu nder goes a

as

typica

Napieralski cyclisation reaction in benzene, e tpresence ophosphorus oxychloride,

followed by reduction of the imine formed using NaBHhe cyclisation reaction gave two
regeoisomersg)-97aand §)-97bin a40% and 45% yield respectively, each with > 99% dr.

The producB7awas required for theotal synthesis of -tgjedine®

OMe

N

R™ Y OMe

MeO,C (¢

1.POCI3, PhMe, (S)-97a = 40%, > 99:1 dr

OBn
O._N

) R ; OMe reflux, 1 h
oPr OMe 2. NaBH, , MeOH, '
IS e
MeO,C o) “ree.oh C@

R’N Y OMe

9 OPr_~ -~ OMe
Me /@ /©/
N MeO,C 0
R= 2

Ph (S)-97b 45%, > 99:1 dr

Scheme 25

2.4 Synthesisof 1-Substituted-THIQs Using Organolithium Reagents

Lithiation substitution reactions usi

ng

the synthesis of tetrahydroisoquinoline derivatives. GenesaByLi andt-BuLi have been

used as bases to complete the lithiation step. Various stabiisings, including carbamafe,

pivaloyl 898 and formamidiné®*have been used for dampol e

organolithium species. Seebach andvakersr e por t ed t he | it hi

ati

THIQ 64 in THF in the presence of TMEDA (Schem& @ After the addition of different

electrophiles, the mixture was stirred for 1 hour to give compod®d< in good yields.
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©© n-BuLi, THF, TMEDA ©;>
NI N._.
Piv Piv

~78°Cto - 60°C,1h, E-I| £
64
98a,E-I= Mel  94%
98b, E-I= _~_-| 90%
|
98c, E—I=©/ 89%
Scheme 26

Meyersandcavor ker s reported t he | iNtfomamitinedhQ subst

99at the C 1 p e73%Thd readion(wascchrrednait ugis@uliin THF ati

78 °C, followed by introduction of electrophiles. Allowing the reaction mixture to wafin to

20 AC over 2 3 hour sl100aandi®0btLdter, tha forinamidamegeodp p r o d
was removed using pot as s azeno divg flee amingdsiland me t h a r

82in good overall yield over two steps.

©©\l 1. s-BuLi , THF, -78 °C ©i;\j NH>NH» QQ“H
m + m or KOH, MeOH
E

2.E
N\t-Bu E “t-Bu
29 100 a, E*= PhCH,CH,Br 101, E*= PhCH,CH,Br, 61%
100 b, E*r= PhCH,Br 82, E*= PhCH,Br, 52%
Scheme 27

By using oxazolines as auxiliaries, Gawley andwarkersinvestigated the asymmetric
alkylation of THIQ102viaal i t hi at i o rappsact) A nimbear bfisebstituted
oxazolines were tried as the chiral auxiliary. However, only the one framlihol was
considered to be effectiveé®% A successful asymmetric alkylation was achieved with up to
97:3 dr (Scheme-8).” EnantioenrichedS)-104 was prepared from THIQ02and oxazoline
(9-103 as chiral auxiliary. Removing the oxazoline chiral auxiliary, followed by further

transformation produced laudanosir@®in 85% yield.
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0
N
THF MeO NJ

o)
\J ”,
N—/ 2. ArCH,CI, ~100 °C

/'_ MeO /_

105 87%, 97:3 dr

2 steps
MeOD}{ ll p
Ar=
MeO x N~

MeO
1.n-BulLi, -78 °C, MeO

MeO

MeO

106 85%
Laudanosine

Scheme 28

A stereoselective synthesis eblibstituted THIQs was carried out in 2001 by Quirion and co

workers who investigated the diastereoselective alkylation of THIZScheme D).%” They

reported a general steretective approach for-&ubstituted THIQs, using electrophilic attack

at t he c o ramirosomanalithiunmspecies generated from a chiral amide substrate.

Using a variety of electrophiles gavestbstituted compounds in good diastereoselectivities

and moderate yields. They found a 5 14% incre
resulting in a high level of selectivity. Removing the gluonic acid group using basic conditions

was achieved in good yields and the configurational integrith@ftoducts was preserved.

This protocol afforded THIQ09in a70% yield and excellent enantioselectivity.

<

o O

N

1.n-BuLi, -78 °C, LiBr (1.2 eq),
30 min, THF ©® 'KOH, MeOH__ NH

P 2. Mel Y : P reflux :
o><o : o
107 109
53%, 96:4 dr 70%
Scheme 29
The reaction mechanism was investigated by

110o0r 111were eaclreated witm-BuLi in THF. Electrophilic quench using M@l each case
gave compound08in a 65% vyield and dr similato that observed from direct lithiation

(Scheme 210). These results suggested that the substitution proceeded through rapid
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equilibration of the diastereomeric organolithium intermediates, although there may be a
preference for one of these. As a result of the rapid equilibration, the enantioselectivity of th
product was determined through the po&ttalation step.

o %
o) o)
o_.0 (O Nge)
o)
LEC RIS eeteg
n-BuLi /-78 °C, THF Mel ~ S
110 o 1» o : 0O%°
0" o
o o 0 108
m o) 65%, 96:4 dr
N N
Bussn 0 X i ooxo

Scheme 210

Coppola investigated the lithiation of THE13usingt-B u L i I n the presence
78 °C (Scheme -21)8° Subsequent addition of Mel gave compouiid in a 68% Yyield.
Removing the Boc group using trifluoroacetic acid gave the alkaloid (+) salsolidine in 50%
yield. Moving forward, they att enisubstithiteda one
THIQ 115 Unfortunately, the reaction was very sluggish even when raising the temperature to

25 °C. Later, they tried to reactmethyt THIQ 114with another equivalent of Maindt-BulLi,

but similar results were obtained to the qué reaction using stting materiall138°

MeO MeO MeO
m 1. t-BuLi ,TMEDA ! CF3COCH N
MeO Boc THF, —78 °C MeO Boc MeO

2.R-X
113 114 68% 77 50%
(z) salsolidine
t.BuLi, Mel
26%
1. t-BuLi ,TMEDA, THF, Mel MeO
2. t-BuLi, Mel MeO N‘Boc
115 26%
Scheme 211

Recently, the Coldham group reported the alkylation reactiad-Bbc-THIQs 72 and 113
(Scheme 212)%” The conditios were optimised usinig-situ ReactIR. It was found tha-
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Boc-THIQs 72 and 113 were fully lithiated ati 50 °C usingn-BuLi in THF, and the time
required for lithiation was only 4 minutes. These results contrast with, and much simpler than
those in Schem2-11. In addition, there was no need to use TMEDA as THF was good enough
for n-BuLi deaggregationOrganolithims 116a and b were quenched with a variety of
electrophiles to give good yields ofsbibstituted productsl4and117.

R
RI:G _n-BuLi, THF_
t N.
R N. “Boc -50°C,4 min R \|/O Bu R Boc
E

72 R=H 116a R=H 114, R=H, 78%, E*= Mel
113 R=0OMe 116b R= OMe 117, R= OMe, 90%, E*= PhCH,Br
Scheme 212

The aim of this chapter is to synthesikzsubstituteetetrahydroisoquinol@lerivetivesusing
lithium reagentsWe thought it would be interesting to investigate how substituting the
aromatic ring with electron withdrawing groups would affect the lithiation reaction, and
whether the previous conditions in SchemE22vould still remain suitable. As can be seen in
Scheme 122, it was difficult to synthesize enantioenricheeubstitutedN-Boc-THIQ
derivatives using-B u L i -gpdrteine. This was due to the configurational instability of the
organolithium intermediate. As a result, only achiral synthesis usiBgLi/THF will be
mentioned in this chapter.

2.5 Synthesis of 4Substituted N-Boc-tetrahydroisoquinolines Optimization
and Scope of Lithiation

As mentioned earlier, many r esealbofCTHI®@Iby wer e
generating a dipole stabilised carbanion spe
addition of an electrophile. Different activating groups were used to dlitigbtation such as

a Boc groupg?® pivaloyl 2688.98.99and formamidiné?

In the light of previous work done in the Coldham group on the synthesiswbstituted

THIQs, we aimed to prepare more THIQ derivatives using organolithium redgekds.
mentioned earlier, THIQs are important duetheir biological activity and they are key

intermediates in routes to more complex products.
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2.5.1 Synthesis and Baction ofN-Boc-6,7-dimethoxytetrahydroisoquinoline

Firstly, we decided to continue tdl83asmany r k

on

THIQ alkaloids contain alkoxy or hydroxy groups attached to the aromatic ring. In order to

prepare starting materidll3 the aminell8 and paraformaldehyde were mixed in toluene.
After heating the reaction mixture for 24 hours -@ifhethoxytetrahydrisoquinolinel02was
formed. The crude mixture wasotected using BeO to obtain the desired product3in a

a79% overall yield over two steps (Schem#&3) &’

MeOD/\/NHz 1. (CHy0),, PhMe, TFA, 112 °C, 24 h MeO: C :/\
MeO 2. (Boc),0, 1,4-Dioxane:H,0 (2:1) MeO N‘BOC
118 0°Ctort., 16 h 113
79%

Scheme 213

Following from the work done in the Coldham group on THIR®’ lithiation was conducted
at 50 AC with different electrophiles,
(Scheme 214). Addition of 4methoxybenzyl chlode to the lithiated intermediald 6b gave
compoundl19ina7 0% vyi el d. Al so, wedisubstituted canipbust?Ot o
in a64% yield and 1:1 dr, by using 0.5 equiv. of-tljBromopropane.

n-BuLi, THF, MeO MeO
MeO °
— - N. OBUu — N.
MeO N“Boc 4 min MeO . \”/ MeO Boc
Li--0O E
113 116b

ocC

MeO
MeO O
O N MeO N‘B
B

MeO ‘Boc

O MeO N,Boc
MeO ‘
MeO

119 70% 120 64%, 1:1 dr
E-Br= p-methoxy benzylbromide E-Br= Br(CH3)3Br
Scheme 214
Af ter [ it hi athd THIQ podubtis couldtpatentiatbyrbe converted to different

natural alkaloids and other important products. For example, comd@2wlas prepared in
87% yield when adding 1,dibromobutane to the lithiated intermediafesh, followed by the

Boc group removal using TFA at room temperature (Schefrf) 2100102
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MeO

1. n-BuLi, THF, =50 °C, MeO
MeOm 4 min  MeO N.goo 1-TFA CHClp, 4 h !
MeO N.goc 2. Br(CH,)4Br 2.NaOH, 30 min ~ MeO
Br
113 121 75% 122 87%
Scheme2-15

Similarly, addition of 1,&dibromopropane followed biyn-situ removal of the Boc group gave
the alkaloid (X)crispine A in 52% vyield over two steps, and in only three steps from the
commercially available 6;dimethoxy tetrahydroisoquinolind02 (Scheme 216). This
represent a short synthesis of -Gtjspine A from the growing number reported in the
literaturg®7:100102
oo 1.n-BuLi;1TnI1-|ir|:, -50°C, MeO )
3. TFA, CHyCly, 4 h

13 4. NaOH, 30 min 123
87%

Scheme 216

In another example, THIQ13was treated with propargyl bromide to give compoLadin a

good yield. Compound24 was treated with benzyl azide and a copper catalyst to obtain the
expected triazol@25in 82% yield (Scheme-27). The reaction could give two regioisomers,
where the bnzyl group and the THIQ are either in a 1,4 or a 1,5 relationship. However, the
reaction gave only isomdr25 as judged byHNMR spectroscopy. This is likely due to the
steric clash that would be present in the other isomer between the benzyl growgpaanchtitic

ring of the THIQ. This reaction proceeded through a copper catalysed click reaction

mechanisni?3:104

1. n-BuLi, THF, =50 °C, \e0 1. PhCH,N3, CuS04.H,0,
MeO ;
D@ 4 min A L-proline, Na,CO4
MeO N-gog 2. Propargyl bromide MeO ‘Boc  DMSO:H,0 (9:1), ascorbic
= acid, 65 °C, overnight
13 2. NH,4CI
124 MeO

75%

Scheme 217
The natural product () y soxyl i ne was prepared using a



Lithiated THIQ113was treated with the bromid29to give a good yield of compouri®6
despite t heelipmtior Mhe reduttionfobthis cémpound with LiAlgave the
desired product (lysoxyline127in 75% yield (Scheme-28) 1% In order to prepare bromide
129, the acid128 was reduced to its primary alcohol using NaBHhis was transformed
directly to the bromid@29usingapple reactiofScheme 219) 106

MeO
MeO 1. n-BuLi, THF, -50 °C, MeO ‘Boc
© I:C 4 min LiAIH,, THF
—_—
MeO N‘Boc 2. 129 reflux, 16 h

13 126 o
72% o—/
Scheme 218
<OWOH 1. NaBHy, I, THF, reflux, 24 h <O:©/\/Br
o) o 2. CBry, PPhs, CHoClp, rt, 12h O
128 129
47%
Scheme 219

Finally, in order to investigate if compounti30 could be synthesized using lithiaton
substitution approacin-BuLi was added to THIQ13i n THF at 5ID). Mt&@ ( Sche
4 minutes, t he react i omand Bkt wdsaddedfolloveed bythe ol e d
addition ofNaOH and HO> However no product wassolated,and a complex mixture of

products was formed. In an attempt to ioyw the results, BeEwas added at 50 A
bythe addition of LhsrSNAQH andaHO, weré 8ddedl @Gnthis gave
compoundg 31and132in a90% and 5% yield respectively’

MeO 1. n-BuLi, THF, 4 min. =50 °C MeO MeO
MeO N.goc 3. TMSOTF, 78 °C MeO T Boc ¥ MeO t
4. H,0,, NaOH IMes CO,'Bu
113 131 22
1. n-BulLi, THF, 90% 59
=50 °C, 4 min
2. BEts,
3. H202, NaOH
MeO H
© ‘Boc
MeO OH
130 0%
Scheme 220
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2.5.2 Synthesis and Baction ofN-Boc-[1,3]dioxolo-tetrahydroisoquinoline

Since lithiation of THIQL13then reaction with a range of electrophiles resulted in good yields
of 1-substituted derivatives, we decided to expand the scope to uselBAI®hich is another

core structure in many natural products. In order to prepare starting mk3ériedmmercally
available nitrilel33was reduced using borane in THF for 16 hourssatC. After work up,

this gavea 75% yield of the amin&34.1°® However, it was hard to purify the product, as the
reaction generated lots of impurities. Therefore, Raney Ni in ethanol in the mresenc
hydrogen gas was used insté3t.This method gave a better yield of the amir34 when
comparedtousspy borane. The next step was the Picte
aminel34and paraformaldehyde were mixed in MeOH in the presence of formic acid. After
24 hours at 50 °C, THIQ35was formed irm67% yield as the hydrochloride s&it.However,

using trifluoroacetic acid (TFA) in toluene for 16 h at 112 °C gave the cyclised anaid%a

yield as a saft!' Finally, protection using Be© in THF gave onlya23% vyield of the targeted
molecule136. Therefore, NaHC®was added to improve the yield, but oriy¥1% of the
protected producl36 was found. Changing the reaction conditions to a mixture of 1,4
dioxane:HO improved the yield to 68% (Schem&2) 112

SO T RO Ne @
0 0 0 NH
134 135

.HCI
Reagents and conditions:

1) BH3 [1 M] in THF, THF, 24 h, then H,0, 30 min, O
conc. HCI 1 h, then NaOH pellets, 1 h (80%); < N.
O Boc
136

133

2) Raney Ni, NH,OH, EtOH 48 h (91%);

3) (CH,0),, formic acid, MeOH, 55 °C (67%);

4) (CH,0),,, TFA, PhMe, 112 °C, 16 h (74%);

5) 1,4-Dioxane:H,0 (2:1), Boc,0, 0 °C to r.t., 16 h (68%).

Scheme 221

With the N-Boc-tetrahydroisoquinolinel36 i n hand, t he l it hiati on
conditions were initially investigated using-situ ReactIR, in order to determine if the
conditions in Scheme-22 would still remain suitablé’ Recently, there have been several
reports explaining the benefit of-situ ReactIR in optimising reaction conditioff2!113The

Ci N bond of the Boc group in THIQ molecules rotates slower than the siii¢ebGnd in

amines, due to the conjugatibetween the lone pair of the nitrogen atom and the carbonyl

group. As a result of the slow rotation two rotamers can be present (SctZneAd the Boc

30



group directs the lithiation by complexation to the base, then only one rotaSea) (
undergoes lithiation to give the benzylic lithium intermediate on tpesition. Also, the
amount of the lithiated intermediate could be restricted to the amount of that rotamer. This may
be the reason why only 50% of compodriwa s | i t h i aas mavioualy stated?by A C
Coldham and cavorkers®®” With this in mind, the lithiation reaction of THIQ36 was

investigated using ReactlR order to monitor the behaviouf the two rotamers and the

<Zm\n/ot3u = <Z:©©\‘ ~°

0]
136a 136b

lithiation time

Scheme 222

The lithiation reaction of THIQ36was first investigated a8 °C CompoundL36is suitable

for in-situ ReactIR, as the carbonyl group stretching frequency and the coordination between

the metal and the oxygen atom of the carbonyl group can be easily mo8oheine 23).

THIQ 136exhibits a peak @c-01697 cmtin the IR spectrum. ddition ofn-BuLi gave rapid

but partial lithiation at this temperature, and at the same time a new peak1842 cm! was
observedThese results indicated that the rotation of the Boc group is slow, therefore the two
rotamers are interconverting slowly at thesniperaturgFigure 22). This explained why the

rate of lithiation was limited at78 °C.these results are in line with previous wddane in the
Coldhamgrouf’The React | R r e2s3ulatrse ipnr eSscehnetneed 2i n t wo
di mensi onal pl ot shows the appearance and di
as the reaction progressed. Al so, & ustpiean fi c
of ti m pdlnota.

<:(:G 78°C. THF_ <:(:G
o

Smw
136a 136b OBV
Veoo 1697 cm’™ Voo 1697 cm™
n-BuLi/THF l n-BuLi/THF

-78 °C -78 °C

¢ )

\

U-- t
137a 137p  OBUY

Voo 1642 cm™

Scheme 223
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1697 cm-1

¥

0.060

1642 cm-1

0.040
— Peak &t 1642 cm-1
— Peak at 1697 em-1

Peak Height (A1)

0.020
n-Buli,

0.000 v

000000 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00
Relative Time

METTLER TOLEDO m-1) 1625 1600 )

METTLER TOLEDD

Figure 2-2. in-situ ReactIR 3D and 2D plots of the lithiationol36at 78 AC; Bl ue Line repres
C=0 stretching frequency df36a(1697 cm') and red line of lithiated37a (1642 cm') over time there was *
errorwhenassigning the peaks.

However,conducting the reaction &igher temperature 650 °C in THF showed rapid and
complete lithiation after only 4 minutes, indicating that the rate of rotation of Boc group is fast
at this temperature. Scheme22 shows rapid and complete formation of organolithium
intermediatel 37a (3c-01636 cmt) after ony few minutes. the results are in line with previous

<oj©©\1 ogy —2 & THF <Oj©©\1 o)
o yOB ———— © N7

Fast

work 87

0 O'Bu
136a 136b
Veoo 1696 cm™ Veoo 1696 cm™
n-BuLi/THF

— Pask & 1636 em-
= Pesk & 165 el

0 v
00-00:00 000500 001000 001500 002000 002500

METTLER TOLEDO Relatrve Tme

METTLER TOLEDD

Scheme 224.in-situ React IR 3D and 2D plots of the lithiationol36at 50 AC; Bl ue Line repre
of C=0 stretching frequency aB6a(1696 cmt) and red line of lithiated37a (1636 cm') over time there was

+ errorwhenassigning the peaks.

On the basis of thia-situ ReactIR results obtained, similar conditions to those used for THIQs

72 and113were used with THIQ36 The optimum conditions for tH&hiation reaction of
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THIQ 136involved usingn-BulLi in THF ati 50 °C for 4 min. Addition of electrophiles after
this time gave the desired substituted produalthough in a variety of yields. Adding
tributyltin chloride gave THIQ@38ain a 33% yield, while THIQ138bwas formed in onha

22% and 23% yield when quenching with MeOCOCN and MeOCOCI respectively. The
reaction with methyl iodide produced THI38cin 82% yield. TMSCI gave the desired THIQ
138d in a 72% vyield. Finally, bothlithiation of compoundl36 at 50 °C followed by the
addition of benz atradsmétafiadicn reacton dsindg NgBDiE® iR THF o n
at 78 °C, followed by addition of benzaldehyde gave no product and only starting material
was recoveref**Quenching the reaction with benzyl bromide gave compa88tin a66%

yield. THIQ 138fwas reduced using LiAllHo give theN-methyl derivativel 39in a69% vyield
(Scheme 25). Lithiation occurred only in the benzylic position as indicatedyNMR
spectroscopy and no other substituted products were obskmwadnot clear whythe reaction
between THIQL36and MeOCOCN, MeOCOCI, tributyltin chloridgve low yields.

o
<O 1. n-BuLi, THF, =50 °C, 4 min_ € N
0 N. O ‘Boc
B + L
136

oC 2. E

<o <O e} <O
N. < J :I
o N"Boc 0 Boc Om‘Boc (@] N‘Boc
SnBuj S0 X0 Me SiMe;
138a,33%  138b,23%, Ef MeOCOCI  438¢ 82% 138d, 72%
E*= BusSnCl 22%, E'= MeOCOCN E*= Mel E*= SiMesCl
E ©
o N.5oc <o o _LiAH,, THF
reflux, 16 h
HO” “Ph
138e, 0% 138f, 66%
E*= PhCHO E*= PhCH,Br
Scheme 225

2.5.3 Synthesis and Baction of7-Chloro-N-Boc-tetrahydroisoquinoline

Havismgcesshuleived THIIQLBal3 bint loifati on substitu
of THI Qs containing electron wCdnpodndldswasng gr o
the first THIQ chosen in order to compare the reactivity with THIQ To prepare THIQ45,
commerciallyavailablenitrile 140was first reduced using borane in THF, to give the amine

141in a73% vyield (Scheme-26). In comparison, a 92% yield waistained using Raney Nf®

33



The aminel41was treated with TFAA in THF to give the acetamld®in a48% yied.''*In
an attempt to improve ¢hyield, pyridine was added to the reaction and compd4d2dvas

obtained ina 79% yieldas shown in Scheme2b1%°

142

Reagents and conditions:

1) BH3.THF [1 M], THF, 24 h, then H,O, 30 min, HCl.conc.,
1 h, then NaOH pellets, 1 h (73%);

2) Raney Ni, NH,OH, EtOH 48 h (92%);

3) pyridine, TFAA, THF, 4 h (79%);

Scheme 226

Pictet Spengler cyclisation reaction was then carried out, where paraformaldehyde and the
amidel42 were mixed in a mixture of ¥3Qs:AcOH and stirred at room temperature for 48
hours to give the cyclised acetamit#3in 86% yield. The ratio of F5Qs:AcOH used in the

reaction determined the yield of the prodi8as shown in Scheme27 11°

Cl HN\H/CF3 e N\H/CFS

5 H,S04:AcOH (1.5:1), 5

: Yield %

142 48 h 143 H2SO4 AcOH e (]
2.5:1 -
2:1 -
1.7:1 17
1.6:1 59

(1.5:1 86 )
1.3:1 32

Scheme 227

7-Chlorotetrahydroisoquinoling44 as the hydrochloride salt was prepared 69% yield by
hydrolysing amidel43 using potassium carbonate in methangBHat 90 °C for 1 hour.
Finally, Boc protection in dioxanef® obtained the desired THIA5in a70% yield (Scheme

2-28)112

3
cl \(rjl/ MeOH ¢ NHHCI 1,4-Dioxane/H,0 ¢ N-Boc

143 144 (2:1) 145
69% 70%
Scheme 228
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A lithiation substitution reaction was carr.]

compoundl36in order to investigate if these conditions would remain suitable. As a result,
moderateto good yields were obtained with some electrophiles (Scher28)2 Only T
substituted products were found as showAHb\WMR spectroscopy. This was expectedas

BuLi should coordinate to the carbonyl oxygen atom and abstract the more acidic benzylic
proton. The chlorine atom dose not compete in this proBesstion with allyl bromide gave

88% yield of THIQ146a while using butyl bromide gave compouihd6bin a 61% yield.
Quenching the reaction with TMSCI or tributyltin chloride gave prodid&cand146din a

68% and 58% yields respectively.

/@G 1. n-BuLi, THF, =50 °C, 4 min m
cl N‘Boc E* Cl Boc

145 E
cl N goc ci N Boc Clm‘Boc Clm‘soc
A SiMej SnBuj
146a 88% 146b 61% 146¢ 68% 146d 58%
E*= allyl bromide E*= BuBr E*= SiMe;Cl E*= SnBu;Cl
Scheme 229

Finally, trace amounts of producisi6e and 146f were detected by high resolution mass
spectrometry after quenching the reaction with benzyl cyanoformate and benzaldehyde,
whereas addg benzyl bromide or MeOCOCN gave no products ammbmplex mixture of
products was observed by TLC analySsheme 230).

/©© 1. n-BuLi, THF, =50 °C, 4 min m
cl N\Boc 2 E* Cl Boc

145 E
CI/QE\LBOC CI/©§\I‘BOC C|/©i[\N‘Boc C|/©/I\N‘Boc
07> 0" Ph HO™ >Ph Ph 00"
146e, trace 146f, trace 1469 0% 146h, 0%
E*= PhCH,CO,CN E*= PhCHO E*= PhCH,Br E*= MeOCO

Scheme 230
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2.5.4Synthesisand Reaction of 5Trifluoromethyl -N-Boc-tetrahydroisoquinoline

Another THIQ with an electron withdrawing gr
152 This was chosen to be investigated as fluorine containing compoundsatteacted

attention due to their presencepharmaceuticalsn order to prepare THIQ52 nitrile 147

was reduced using Raney Ni and hydrogen gas in ethanol for 48 hours to give thé48nine

in a92% yield!%®!1%The aminel48was treated with TFAA in THF to give the acetamld®

in a52% yield!* Acetamidel49could then undergo a cyclisation reaction in the presence of
paraformaldehyde to give the cyclized prodi®in 86% yield!!® Hydrolysing the acetamide

group using potassium carbonate in MeO¥BHave Strifluoromethyktetrahydroisoquinoline

151in a 75% vyield. Finally protecting THIQ51 gave the desired THIQ52 in 89% vyield

(Scheme B1) 112

CF CF &
3 . 3
- Raney Ni, H, 9213= NH. TFAA, THF ©/\ (CH,0),,48 h
SN NH,.OH, EtOH 0°Ctort. "N ©Fs Has04Ac0H
48 h 4h o) (1.5:1)
147 148 149
92% 52%
CF3 CF3 CF;
(Boc),0,0°C to r.t. K,CO3, H,0 ©©
N 1.4-dioxane:H,0 NH MeOH, 90 °C, 1 h N _CFj3
Boc \ﬂ/
152 151 150 ©
89% 75% 86%

Scheme 231

The lithiationreactionof THIQ 152was conducted using similar conditions to these used for
compound136 (n-Bu L i in THF at 5 oSubétifitedf derivativés were n u t e s
obtained using some electrophiles as shown in Schei®2. For example, -Bhenyl
bromopropane gave THIQ53ain a 61% yield. Similarly using PhO(CHtBr and butyl

bromide gave THIQL53b and 153cin 63% and 60% yieldrespectively. However, using

acetone gave a complex mixture of products. We were pleasiadtthat using methyl
cyanoformate gave the desired prodis8din a 52% yield. Also, 1,&libromopropane was

used to obtain compountb¥ in a 65% vyield. This was treatedater with TFA to give
compoundL54in good yield® 1°2(Scheme B2).
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CF,

CF,4
1. n-BuLi, THF, =50 °C, 4 min
+
N\Boc 2.E N‘Boc
E
152
CF4
CF3 CF3 CF3 CF3
N N‘Boc N N
"Boc N‘Boc "Boc ‘Boc
o}
Ph i HO ~o" o
Ph
153a, 61% 153b, 63% 153¢, 60% 153d, 0% 153e, 52%
E*= (CH,)3PhBr E*= (CH,);0PhBr E*= BuBr E*= Me,CHO E*= MeOCOCN
CF; CF3
1. TFA, CHyCly, rt., 4h
N\ :
Boc 2. NaOH 30 min N
Br
153f, 65% 154
E*= Br(CH,)3Br 91%

Scheme 232

As outlined in Scheme-322, moderate yields of-4ubstituted THIQs were obtained. We
expected that the rotation of the Boc group
on the rate of Boc group rotation then having an appreciation of tleswatild help
understanding thkthiation reaction. Therefore, we decided to obtain the kinetics for the Boc
grouprotation anccompare the results to previous work done in the Coldham groupNsing
Boc-tetrahydroisoquinoling2. Variable temperature NMR spectroscopy was conducted in
order to determine the barrier for the Boc group rotation. A sam@etr@fuoromethy}N-
Boc-tetrahydroisoquinolin&é52in Dg-THF was warmed to observe coalescence of the benzylic
protons. The coakcence occurred at aboiG (Figure2-3). The rotamers of THIQ52were

found to exist in 49:51 ratio, with the benzylic NCék singletsai = 4. 65 and 4. ¢
From the difference in chemical shift between the rotamers, and coalescence temperature, the
barrier forthe Boc grouprotation was calculated beDGY° 60.0 kJ/mol ab °C. Hence, he

half-life was estimated to be abdut 2 minutes at 50 °C.This explained why the lithiation

needed only few minutes for completion at this temperature. These results were consistent with
the experimental data from-situ React IR spectroscopy. Also, they were in line with what

was found preiously within the Coldham group usimgBoc THIQ 72.57
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Figure 2-3: Variable temperature *HNMR spectroscopy of THIQ 152
Showing region 5.0 3.5 ppm

In conclusion, lithiation oN-Boc-tetrahydroisoquinoline has been extended to a selection of
different substituted derivatives using the same conditions that was found previously for
compound113 The lithiated intermediate could then be trapped using a wide range of
electrophiles to obtain-dubstituted THIQs in good yields. The lithiation of THIQ6 was

optimised usingn-situ ReactIR spectroscopy, by usindB u L i i n THF at 50 A
for the Boc group rotation of THIQ52was found to b®GY° 6 4 . 0 k J50°@,eduatiagt

to a half life of approximately 2 minutes a0 °C for the Boc rotationand thiswasin line

with aprevious work done in the coldham group on THEZS’
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Chapter 3. Lithiation of N-Boc-3-phenyltetrahydroisoquinoline
3.1 Synthesis oN-Boc- 3-phenyltetrahydroisoquinoline

Since | ithiat N-8oc-THQshrsdhapteruzesulited in gdod yields of-1
Substituted product s, we decided to investi
175(vida infra),inordert o det er mine i f t he Iwouldlgivesboth on s u
regioisomersnamely the dsubstituted and the-@subsituted productsor if only one of these
regioisomers could be obtain€lb start our investigations, we tried to synthesize the target

THIQ 175using the method shown in Schem812 Treating the commercially available amine

155 with TFAA in CHCl> gave acetamidd56 in 91% vyield. This was followed by a
cyclisation reaction using a mixture ot${u:AcOH and paraformaldehyd&* The reaction

gave only trace amounts of proddéf7 as was shown by high resolution mass spectrori&try.

Different ratios of the acid mixture were investigated in the hope that this would improve the

results, but no product was formed (Schenrig Bable 31).

O CHyCly, pyridine (CH2),0, solvent, 24 h O ‘
HN.__CF T, acid N.__CF
O NH TFAA hil 3 g 3

2

(0] 0]
155 156 91% 157
Scheme 31
Acid T°C Solvent 157%
AcOH:TFA (50:50) 112 PhMe -
HCI:AcOH (50:50) 112 PhMe -
HCI:AcOH (50:50) r.t. - -
H,S0O4:AcOH (50:50) r.t. THF -
H,S0O4:AcOH (65:35) r.t. THF -
H,S0,4:AcOH (25:9) r.t. - trace ]
H,SO4:AcOH (25:9) 112 PhMe -
H,SO4:AcOH (30:70) r.t. - -
H,S0,4:AcOH (10:90) r.t. - -
H,S04:AcOH (2:98) rt. - -
H,SO4:AcOH (2:98) 112 PhMe -
Table 3-1

Another possible method to preparpl®nyltetrahydroisoquinolinE’5was by reacting amide

159with imine 162in the presence of lithium diisopropylamide (LDA). First, anli8@was
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prepared by adding oxalyl chloride to at&Bin the presence of DMF. Meanwhile, imihé2

was prepared from the reaction between benzaldehydemethoxybenzylamine. Amide59

was deprotonated with LDA i n IbMasaddedandti®e AC.
mi xture was allowed to warm to 60 AC and aoc
left stirring overnight but no product was obtained. Rather than addingveeid,ondered

whether the addition of a base might help cyclisagiot produce compourid4, so EtN was

added to the reaction. However, this gave a very poor yield of comd@dSimilarly, the
reaction was repeat ed sNandAIMds5Thidgave compourtile8 pr e s e
in a low yield with trace amounts of compouh@4. In each case, it was noticed that the

reaction produced a complex mixture of products. Therefore, the reaction was repeated by
mai ntaining the t e mmues,rbatonlytraze amounts of Sompb@eltf or 11

and a low yield of compountb3were formedScheme &)1’

©;(0H 1. (COCl),, DMF, 1 h ©in/NEt2
2. Eto,NH, overnight
(0] (0]

158 159
67%
%
©AO . /@/\NHQ PhMe, reflux, overnight /©/\N/\©
MeO MeO
160 161 162
19%
OMe ‘
QW
= 1a-d) N N
a_
NEt, + /©/\N/\© tad) .
(0]
o MeO O NEt,
(0]
159 162 163 164 OMe
1) Reaction and Conditions: 163 164
a) LDA, -78 °C, amide 159, 20 min, imine 162, _ : _
—60 °C, HCI [2 M], overnight

b) LDA, =78 °C, amide 159, 20 min, imine 162, 2% B
—60 °C, 30 min, Et3N, overnight

c) LDA, —45 °C, amide 159, 20 min, imine 162, 5% . _
—45 °C, 30 min, AlMe3, Et3N, overnight

d) LDA, —45 °C, amide 159, 20 min, imine 162, 17% : trace

—-45 °C, 30 min, AlMeg3, EtsN, -45°C, 11 h

Schene 32

It was thought that changing the imine may improve the results and lead to cyclisation.

Therefore, iminel67was used instead, which was prepared from a 24 hours reaction between

40



p-toluenesulfonyl chloride and NI®H at room temperature for 24 hours. This gave
toluenesulfonamid&66in a74% yield'8which was reacted with benzaldehyde to give imine
167in excellent yield. A similar procedure to reaction 1d in Schei2&as then used to obtain
compoundl68in amoderate yield. It may have been possible to remove thedosyp (or

use an alternative sulfonamide that could be cleaved such as nosyl) but we stopped
investigating this method (Schemegg!!”11®

O\\ ’/o O\\ /,O
S‘CI NH4OH, r.t. S‘NHZ
overnight
Me Me

165 166

74%
o, 0 o\S,,O

g N ) N —
/@/S‘NHz . @/\o PhMe, reflux /@/ N
Me overnight Me

166 160 167

96%
Ot Q
.S
O 0

NEt,

©;(NEt2 1. iPryNLi, THF, —45 °C, 20 min
o 2. imine 167, 30 min, AlMes,
EtsN, 11 h, -45 °C

@)
159 168

52%

Scheme 33

As our previous attempts to obtain THIQ75 were unsuccessful, ®&ictet Spengler
condensation reaction was used to synthesipbedyltetrahydroisoquinolin@75 through
intermedate172 In the first step, aminE69was converted to amid&Qusing methyl formate.
Unfortunately, using 1.5 equivalents of metfodmate in CHCI in the presence of pyridine

at room temperature for 16 hours gave no product. However, ushitjokae as a solvent

and heating the reaction mixture for 16 hours gave compdié@d a 40% yield. Adding 2
equivalents of methylformate and leaving the mixture to stir for 24 hours improved the yield
to 50%.Forcing the reaction further heatingat 105 °C for 48 houngsing 20 equivalents of
methylformate gave an excellent yield of amid® (Scheme 31, Table 32).
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‘ MeOCHO (eq), pyridine, solvent O ‘
HN
O NH, Tt

D
169 170 ©
93%
Scheme 24
MeOCHO (eq) T°C Solvent t(h) Yield%
1.5 rt CH,Cl, 16 -
1.5 110 1.4-Dioxane 16 40
2 110 1.4-Dioxane 24 50
10 110 1.4-Dioxane 36 78
15 110 1.4-Dioxane 36 81
( 20 110  1.4-Dioxane 48 93
Table 3-2

The amide was treated with oxalghloride in the presence of DMF The reactiorwas

monitored using FTIR spectroscopy, where new peaks apped@8éatm' & 1750 cm* and

the amide peak at 1680 crdisappeared after 90 minutes. This indicated that dicarlddfiyl

had formed. The reacti on mizxwaswadded invoaesportooo ol e d
causing the reaction to overheat. Therefore, the reaction was repeated and the Lewis acid was
added in small portions over three hours to give intermeti#&elhe pogress of the reaction

was monitored using TLC analysimiass sepctrometegndH NMR spectroscopy, which

showed complete conversion of dicarbohylto intermediatd 72after 24 hours. Also, it was
observed that a large amount of solvent was required in order to dissolve the Lewis acid
completely (Scheme-B). Furthermore, the intermediat&2was not stable for more than 24

O O (COCl),, CH,Cl, O
N
HNm DMF, 1.5 h, rt. ot Io
o)
© o

170 171

hourst?°

FeClz, =15 °C to r.t.
24 h

Scheme &b
The next step was to hydrolyse the oxazolo group using a mixture of MeOH and concentrated
sulfuric acid. It was noticed that the amount @SB present in the mixture had a crucial effect
on the yield of imind 73 When a rati@f 19:1 (MeOH:HSQy) was used, the reaction severely
overheated. Similarly, using a ratio of 25:1 obtained no product. However, using a ratio of 29:1
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(MeOH:HSQy) gave iminel73as shown by TLC analysis. Reduction of imiif&was carried
out using NaBHto give THIQ174in a61% yield over four step'€° Finally, protection using
Boc,O gave the desired product5in a79% yield (Scheme-8).112

MeOH:H,8S04 (29:1) O NaBH,4, MeOH, 3 h ‘
18 h, r.t. O N NaOH O NH

173 174
61%

O ‘ Boc,0, 16 h ‘
N. 1,4-dioxane:H,0 (2:1)

Boc
175 0°Ctort.

79%

Scheme 36
3.2 Lithiation of N-Boc-3-Phenyltetrahydroisoquinoline

With THIQ 1751 n hand, the optimum conditions for
investigated usingn-situ ReactIR spectroscopy. Not surprisingly, a full and rapid lithiation

was observed in under 2 minutes using 1.2 equivalemsBofi L i in THF at 50
37). The 1R plot showeé¢old94 cmhgssigded fotlestarting t h e
material THIQ175 wi t h t he f or madol6s2ecmi@rid 1682omwhicha ks a't
were assigned to lithiated intermediat&&aand176b. The rotation of the Boc group seemed

slightly faster than in THIQ36. The ReactIR ditinguished between the two possiblesiof

lithation and two peakat 1642 cmtand 1631 ciwe r e 0 b s e-pof thallithiatedr 3
intermediates (Figure-3).

Ph Ph
m O'Bu =0 L m o)
g b

THF
0 fast O'Bu
175a 175b
V01694 cm™! Veoo1694 cm™!
l n-BuLiTHF l n-BuLi/THF

Ph O
©;)\l/ O'Bu Ph O
5 0

176a 176b
Ve-01631 cm™' or 1642 cm™' Voo 1631 cm™' or 1642 cm™!

Scheme 37
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100 1694 cm™!

1642 cm™!

1631 cm™!

60 = Peak at 1631 cm-1
=~ Peak at 1642 cm-1
© — Peak at 1634 cm1

v

0
00:00:00 00:05:00 00:10:00 00:15:00 00:20:00 00:25:00
Relative Time

METTLER TOLEDO
METTLER TOLEDO

Figure 3-1.in-situ ReactIR 3D and 2D plots of the lithiation ol75at 50 AC; Bl ue Line repres
C=0 stretching frequency df75(1694 cm?b), red line of lithiatedL76aor 176b (1642 cmt) and purple line for
lithiated 176aor 176b(1632 cm') over time there was + errawhenassigning the peaks.

Next, variable temperature NMR spectroscopy was carried out to determine the coalescence
temperatureof the two rotamersThis could be used later to calculate theat a certain
temperature. According to these studies the coalescence temperature oftdrewiyl Boc

group rotamers wasgetermined to be arrourd.0 °Cas shown in Figure-3. Thisfigure shows

only the region from 1. UHQ 1Z5inG éatiopfapproxmately t h e
1.2:1 from the (Ch)s peak and a broad singlet peak for THF.

40°C

N
===

o

0°C
-10°C
A -20°C
R J\ A -60°C

. ‘ ‘ . . . | . ‘ . | . .
18 18 14 12 fppm]

L

Figure 3-2 shows the region from 1.€2.0 ppm

Line shape analysis was carried out using these spectra in ocaéaulate the two parameters
aH’andY(aAP p e n d ¥ andDF Wwere feehtd to bapproximately 61.8J/mol and 15.9
J/K-mol respectively. This gav®G’ © 57 kJ/mol at 0 °C, anBG’ © 58 kJ/mol ati 50 °C.The

half-life for the rotation of the Boc group &60 °C can be calculated to be oy ° 5.1
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secondsHence, the lithiation requires less than a minute at this temperature. These results

match thdan-situ ReactIR results in Figure B

On the basis of thim-situ ReactIR studies, the lithiation reaction of THI@Q5was conducted

using 1.2 equivalents @B u L i I n THF

to be isolated in good

Trapping the mixture of organolithiums with tributyltin chloride gate inseparable

at

50

yi el ds,

A-8, Tdble 23). A
range of electrophiles was explored, allowingubstituted and-8ubsituted THIQ derivatives

mi nut

however bety

regioisomers in a 52% yieldith 23% recovery of THIQL75 In comparison, using allyl
bromide gave a 79% yield of produdfg7band178bin a ratio of 2.3:1, and an 11% yield of

recovered THIQL175 Quenching the organolithiums with benhylbmide, p-methylbenzyl

bromide and Mel gavé9%, 63% and 73% yietdespedtely in different ratios with similar

amounts of recovered THIQ75 It was noticed that only one diastereoisomer of the 1

substituted compounds was obsenasl showrby *H NMR spectroscopy. Surprisingly, the

ratios of the two regioisomers were electrophile dependent.

©;\(Ph 1. n-BuLi (1.2 eq), -50 °C, THF |
N‘Boc 4 min

2. E* (-50 °C to 0 °C)

175 177a-e 178a-e
Scheme 38
Entry E* 1-pos:3-pos ratio Yield % Re1c_})g/%A|;ed
1 CISnBujy 177a:178a 1:1 52 23
2 Allyl bromide  177b:178b 2.3:1 79 11
3 Benzyl bromide 177c:178c 3:1 69 23
4 p-methylbenzyl 177d:178d 3:1 63 14
bromide
5 Mel 177e:178e 3.9:1 73 12

Table 3-3

As shown inthe Schemeabove the ratios obtained did not correspond to the 1.2:1 ratio of the

two rotamers found in the NMR studies. Theubstituted THIQ was often the major isomer

and this could be due to the acidity of the proton ehl§&ing slightly higher than that on C

3.Anot her point to ment.

on

S

t hat

t he

React |

equivalent oh-BuLi in THF, however recovered THIQ/5was found from the reactions with

the electrophilesabove This suggested that the organolithium3Gntermediatecould be
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unstable and decompose before reacting with the electraphitavever, this would not

explain why BySnCl gave a 1:1 ratio of produci§7aand178a There did seem to be a
difference in reactivity between B8N Cl and t he ot haphilesindabled n b as:
3, and/or a difference in stability of the tributyltin product (s). This suggests that the ratio of

1:1 in this case could be due to a decomposition-8fo€ G1 tin compounds.

Next, the ratio between the two regioisomers was invastigusing 1.5 equivalentseBulLi

in THF at 59) Talle24) (T@ainy thenorgan8lithiums with tributyltin chloride
gave compound$77aand178aas an inseparable mixture of regioisomers in a 79% yield and
about 1:1 ratio with no recover&tHlQ 175 Only one diastereocisomer of compouriyawas
obtained, as shown by NMR spectroscopy (it was not clear if it was ttis or thetrans
isomer). However, when allyl bromide was used as the electrophile, prdddtiand178b
were isolated infaou a 2.3:1 ratio with a good yiel@his was similar to those from the:O
guench yide infrg), whereas using 2.2 equivalentneBuLi gave a ratio of about 1.6:1 of the
two inseparable regioisomers. Reacting THI® with 1.5 equivalent ofi-BuLi, followed by

the addition of benzyl bromide apeimethylbenzyl bromide gave both regioisomera 8%%

and 78% yieldespectively and aboat3:1 ratio with no recovered THIQ75 Using the same
conditions, Mel was used to quench the mixture of asltigsiums and this gave an 88% yield
and about 1:4 ratio of the Substituted compounti77eand the isubstituted THIQL78e

Only one diastereoisomer of theslibstituted produdt77ewas obtained as shown By NMR
spectroscopyThe two products were garated by recrystallization using hexanefCH, and
X-ray crystallography showed that the phenyl group and methyl grougnaes¢o each other
(Figure 33). Another electrophile tested was butyl bromiddich gave two inseparable
regioisomerd 77fand178fin excellent yield and a ratio similar to that obtained from the Mel
guench. The -bubstituted products were the major isomers, and only one diastereoisomer was

obtainedas shown byH NMR spectroscopy.

Ph Ph
Ph : o
©i/\( 1. n-BuLi (1.5 eq), =50 °C, THF ©;)\l/ E
> < +
N‘Boc 4 min Boc N.

2.E* (=50 °C 10 0 °C) E
175 177a-f 178a-f

Scheme3-9
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Entry E* 1-pos:3-pos ratio Yield %

1 CISnBujy 177a:178a 1:1 79
2 Allyl bromide  177b:178b 2.3:1 82
(2.2 eq) n-BuLi 1.6:1
3  Benzyl bromide 177c:178c 3:1 66
4 Prmethyibenzyl 47744780 3:1 94
bromide
5 Mel 177e:178e 4:1 88
6 Butyl bromide 177F:178f 4:1 97
Table 34

Figure 3-3: X-ray crystal of compound 177e

structure shows thetrans diastereoisomer

To investigate the ratio of the organolithiu
of n-BuLi, D-O was used and the reaction gav86% vyield and aboua 2:1 ratio of the
inseparable regioisomel¥7gand178g Scheme 3L0). No nordeuterated starting material

was observed as shown By COSY and HSQC NMR spectroscopy. It was surprising to find

a different ratio than that from the two rotamers found from the NMR studies when adding

D20 to the mixture of organohti u ms . However, as the Boc grou
then then-BuLi hasa choice for which proton to remove. Therefore, there could be a different

ratio of organolithiums (and hence deuterated products) from Boc rotamers (1.2:1), as the
reaction knetically favoured to lithiat€-1 over G3. Future workcould involve investigating

whetherthe addition of 0.5 equivaleswf n-BulLi, followed by the addition of BD would give

a preference for only the $ubstituted product.
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Ph b
©C(Ph 1. (1.5 eq) n-BulLi, =50 °C, 4 min, THF ©¢N( . Ph
N-Bog 2.D,0 (-50 °C to 0 °C) "Boc N

D Boc
175 1779 178g
2 : 1
\ J
Y

Scheme 310

As can be seen in Table43 the ratio of the two regioisomers from the reaction with some
electrophiles did not match the 2:1 ratio of the two organolithiums found frgdngDench.

The reason behind tleet:1 ratio in case of Mel could be because this electrophile was slow to

react with the organolithium intermediates, hence decomposition of3h@@ganolithium may

have occurred upon warming the reaction mixture before reacting fully with?Melcould

be possible in a future work to try the addition efoDto the mixture of organolithiums after

partially warming to see if there is an increase in the ratio-®fliktituted to 3ubstituted

product. Another experiment would be carrying out dithii on at 78 AC, f ol
addition of DO 30 minutes after the Mel addition.

We were also interested to investigate whether treating comgdatedvith 1.5 equivalent of
n-BuLi followed by electrophilic quench would form the 1:ArBubstituted prduct or the
1,3,3trisubstituted isomer (Schemell). The reaction of THIQ77ewas conducted using
BuLi in THF at 5 0 3 gav@ compodrdl 79iniomyra 1586fyieldC Th& n B u
low yield could beaccountedby the reduced reactivity at-Cdueto the presence of the methyl
group and the possibility thahis group could be deprotonated to give anotherpogduct

althoughthis product was isolatedut not identifiecd®

Ph SnBU3
Ph
! 1. n-BuLi, -50 °C, 4 min, THF

"Boc 2 GISnBuy (50 °C to 0 °C) N-Boc

177e 179

15%

Scheme 311
A variety of otherlectrophileswasu s ed f or the | ithiati dfdh subst

but no products were obtained. For instance, reactions with benzaldehyde, (2
bromoethoxy)trimethylsilanel81 and phenyl isocyanateach gave complex mixtures of

products. The elémphile (2bromoethoxy)trimethylsilan&81was prepared from the alcohol
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180and CISiMe in a 78% yield'?? Surprisingly, reacting THIQ75with bromide129 gave

only recovered starting material. Furthermaighermethyl cyanoformateyorbromomethoxy
methane gavany of the desired products, and only recovered starting material was isolated.
Finally, quenching the reaction wifkmethoxybenzyl bromide gavy&oducts ina 3:1 ratio

were the major isomer was thesabsituted product as shown#¥NMR spectroscopy, which
could not be purified (Schemel2). It was not known why these electrophiles gave poor

results, however they were found not to be suitableactions with THIQ75.

©;\(Ph 1. n-BuLi (1.5 eq), —50 °C, 4 min, THF E ‘
+ o o
N.goe 2 E"(-50°Ct00°C)

N Boc
175 177 178
E*= Ph-N=C=0, 0%
ISiM i
g~ OH _ ClSiMes _— ~_OSiMes E*= (CH,),0TMS, 0%
180 16h 181 E*= BrCH,OCH;Br, 0%
78% E*= p-methoxybenzyl bromide (3:1) ratio
Judged by "HNMR of crude product
E*= PhCHO 0%
E*= MeOCO, 0%
e} Br
= < j@m
o) 129
Scheme 312
Next, the | ithiation reaction was tried at
reaction would proceed with better selectivityB u L i was added at 78 Al

mixture was stirred for 30 minutes before the addition of benzyl bromide. This reaction gave
about a 4:1 ratio of product¥7cand178cas shown by the crudeél NMR spectra (Scheme

3-13), whichwas similar to thia t 50 AC. Removing the Boc groc
the two regioisomers using TFA gave compoub8Band183in a72% yield and about a 2:1

ratio. The reason behind the 2:1 ratio of amit®&2to 183 could be due to losing some of the
1-substitded amine during purificatiorit was noticed that the-8ubstituted product had a

much lower retention factd®s in comparision to the-substitued isomer.
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Ph Ph
Ph 1. n-BuLi (1.5 eq), -78 °C, 30 min, THF oh
N.
m 2. PhCH,Br (-78 °C to 0 °C) Boc *
Boc N‘Boc

Ph
175 177¢ 178c
4 1
N J
Y
Ph Ph As showed by crude 'H NMR
NH + Ph
NH TFA, CH,Cly, 4 h, rt.
Ph
182 183
2 : 1
N J
Y
54%
Scheme 313

Reacting the organolithium mixture withb© was then carried out to investigate the ratio of

the two organolithiums for thenButiaAcrdtioan at
about 1.2:1 of the two inseparable regioisomiatggand178gin a 95% yield was obtained

after a lithiationtime of 30 minutes (Schemel3l). These results corroborate with the 1.2:1

ratio of rotamers observed from the variable temperature NMR spectiosteasurements.

The lithiation reaction was completed and no-denterated starting material was obsengd a
shown by!H COSY and HSQC NMR spectroscopy. The 4iiédf for the otationa t 78 AC
was calculated to be 11 minutes according to variable temperature NMR studies.

Ph 1.n-BuLi (1.5 eq), ~78 °C, 30 min, THF Ph Do
©i/\N(\ 2.0;0 (-78°Ct00°C) NBoc m
Boc “Boc

D
175 1779 1789
1.2 : 1
-
95%
Scheme 314

It was thought that, using less than 1 equivalent-8uLi for 2 minutes would give a
preferencefor one regioisomer over the other as both rotamers are present. Therefore, 0.7
equivalents ofn-BuLi was used, however the electrophile was changed freth tb allyl
bromide to make it easier to determine the ratio of the two regioisomers. The allyl bromide was
added after 2 minutes to the mixture of organolithiums. A ratio of about 3.5:1 of the 1
substituted177b and 3substituted178b was produced as showry lthe crude’H NMR

(Scheme 3a15). These results showed that there was a preference to lithiaté.on C

50



. . Ph =
Ph 1. n-BuLi (0.7 eq), =78 °C, 2 min, THF Ph
©C,\{ 2. allylbromide (~78 °C to 0 °C) N-Boc
Boc N.
175 177b 178b

3.5 : 1
as judged by '"H NMR spectroscopy
of the crude product

Scheme 315
Next, t he l i thiati on reaction was carried o

investigate if the ratio of the two regioisomers would match the ratio of rotamers (1.2:1). The

l ithiation reaction was conducvalents ofaBuLi, 94 AC
followed by the addition of benzyl bromide. The produdgtgcand178cwere isolated in only

a24% yield anch 2.7:1 ratio (Scheme-B6). It was clear from the ratio obtained that there was

a preference to lithiate at-C At this tempeature, the rate of lithiation should be faster than

the rate of rotation. This should lead to a ratio of 1.2:1 although a yiel@4¥o is not very
informative. It could be possible in future work to investigate the addition©fDat t094 AC

the mixtue of organbdthiums.

Ph Ph
Ph  1.n-BuLi (1.5 eq), -94 °C, 1 h, THF -
N.
m 2. PhCH,Br (-94 °C to 0 °C) Boc *
Boc N.

Ph Boc
175 177¢ 178¢c
2.7 : 1
N J
Y
24%
Scheme 316
Since the I|ithiation reactions at 78 AC an

selectivity, the reaction was then conducted at a higher temperature of 0 °C, in the hope that
this may give better sel ectiwhbromye gadeabouta hat &
3:1 ratio of compounds77cand178cas shown by the crudel NMR spectrum. Hydrolysing

the Boc group using TFA obtained compoud@&2 and183in a 64% and about a 2:1 ratio.

This was similar to t he dthatdhe teaction waa kinetically0 A C
controlled. Therefore, the base was changesBoLi to investigate if different ratios would

be obtained, and THIQ75was depr ot onated at 50 AC in TH
benzyl bromide. This reaction gave about a 3:1 ratio of the two regioisoneé2# yield.

Finally, 2.2 equivalents o$-BuLi was used to investigate if there was any difference in

selectivily. However, this gave a complex mixture of products (Schedi®d.3
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Ph

. Ph
Ph 1.Base, T, 4 min, THF Ph
+
m 2. PhCH,Br N‘Boc N
Boc “Boc

175 177¢ PN 178¢c
Base T°C Yield % ratio (177¢:178c)
. 3:1
-BuL °
nBut 0°C Judjed by crude NMR
s-BulLi 50 ° 62 3:1
s0°¢C Judjed by crude NMR
s-BuLi -50 °C - -
(2.2 eq)
Scheme 317

Moving on from this work, we decided to carry out deprotonation using Schlosser's base,
hoping that the reaction would obtain better seldgtidtronmann and eworkers had recently
reported a regioselective synthesis of phenethylamine derivatives using a Schlosser type base.
By conducting the reaction at 60 AC for 1
yields were obtained despiteh e p o0 s s-élimination (Sghenwe{28)15°

E

©mNMez 1. t-BuLi, KO'Bu, THF, —-60 °C, 1 h ©)\/NM92
2. E*

184 185a, E*= BuBr, 92%
185b, E*= CIMe;3SiCl, 84%

Scheme 318

Treatment of THIQL75 with Schlosser's base was disappointing as only a slight increase in
selectivity was observed in comparison to earlier reactions. The deprotonation reaction was
conducted at 50 AC in THF, wh e rtoe abdi#ionofy | br o
THIQ 175 The reaction produced a 66% yield of both regioisomers in about a 4:1 ratio
(Scheme 319).

Ph
Ph i) Ph
N. + Ph
N. Boc
Boc N.
Ph Boc
175 177c 178c
4 : 1
N J
Y

66%
i) Reaction conditions: 1. n-BuLi, KO'Bu, -50 °C, 2 min, THF, 3 sec, THIQ 175, 3 sec,
3. PhCH,Br (-50 °C to 0 °C)

Scheme 319
Following on from this, to try and obtain different selectivities TMEDA was used, which would

allow a steric clash between the organolithium complex and the phenyl grou3 om t@ke
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place. This could give a preference for theubstituted isomer ovehe& 3substituted one.
Firstly, 1.5 equivalents of-BuLi was added to a mixture of starting matedid@b and 1.5
equivalents of TMEDA in THF. After 4 minutes, Mel was added to obtain a 90% yield of both
regioisomerd77eand178ein about a 4:1 ratio. These of the solvents &) and CPME was
also explored. However, the reactiossing thesesolvents gave a 4:1 ratio which was the same
ratio obtained when TMEDA was not used (Scher208 These results indicated that no steric

clash was affecting the ratid the two regioisomers.

Ph
©;\(Ph 1. n-BuLi, TMEDA, —50 °C, 4 min, solvent ©;\~/Ph
N\ +
Nigoe 2. Mel (=50 °C to 0 °C) Boc N.

Boc
177e 178e
175
4 . 1
N ) J
'
THF 89%
Et,O 91%
CPME 93%

Scheme 320

We then decided to prepare the compounds in ScBezia,bfollowing the same method that

was used to prepare (gjispine A (Scheme-26). These compounds are known for their
biological activity, for instance compouritB6 is known as an antlepressantt*?>1,3-
Dibromopropane and l-dibromobutane were used as electrophiles, good yields and about a
2:1 ratio of the separablesubstituted compounds ane@bstituted derivatives were obtained
over two steps with both electrophiles. Assuming that the reaction was kinetically controlled,
slow addition of 1.2 equivalents ofBuLi was tried in the hope that better selectivity would

be obtained. Notably, dropsé addition using 1.2 equivalentsreBuLi gave slightly higher

yields and similar ratios in comparison to the fast addition using 1.5 equivalents of the same
base (Scheme-3la,b).1%

1. n-BuLi, =50 °C, 4 min, THF

©C(Ph 2. Br(CH,)3Br (=50 °C to 0 °C) O + O
a
N. 3. NH,CI N

Boc O
4. TFA, CHyCly, 4 h, rt. N
175 5.NaOH, 1h 186 187
1.2 eq n-Buli, dropwise 50% : 25% (75%, 2:1)
1.5 eq n-Buli 46% : 25% (71%, 1.8:1)
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b, 1.-BuLi,~50 °C, 4 min, THF O O
OG/ 2. Br(CHy)4Br O N
b- N.goe 3-NH4CI N
4.TFA, CH,Cly, 4 h, rt. N
188 189

5.NaOH, 1 h
175
1.2 eq n-BuLi, dropwise 63% : 24% (87%, 2.6:1)
1.5 eq n-BulLi 55% : 27% (82%, 2:1)
Scheme 31a, b

In order to determine the stereochemistry of compadlBfl an nOe NMR experiment was

carried out. Irradiation of proton no. 1 gave an enhancement to protons no. 3 and 5, these
protons are possiblgis to proton no. 1. If theisisomer was isolated, irradiating proton no. 1

would give an enhancement of proton 2oas well but this was not obged. The results

combined withproton no. drradiationthisgave an enhancement of pr«
suggested that the stereochemistry of the productraas Figure 34 shows the nOe spectra

of compoundL86. Owerall, thenOeresults were not conclusive and stggested that thieans

isomer was isolatedhowever tiis was not verified.

3 4

2
HH,

Ph
N HS
1 H H6

N H
7 g g 10

2 3456 7 8’?'10
L MM A S N
I I ‘ zl . I I [ppm]

—

Figure 3-4
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Similarly, the stereochemistry of compout®B8was assumed to lieansby comparison with

the NMR data of theisisomer in the literatur&®

Following on from this, 2 equivalents of TFA was used to remove the Boc group from the
products in Scheme-@in order to try and separate the two regioisomers. However, only one
of the regioisomers ($ubstituted) was isolated. Scaling up thesactions in order to try and
make the process easier was unsuccessful and onlysthiesfitued product¥90 (71%), 191
(60%), and192 (57%) were obtained (Scheme22 a to c)}°° Onthe other hand, treating the
mixture of compound$77aand178awith TFA (2 or 5 equivalents) gave a complex mixture

of products, while adding TFA (2 or 5 equivalents) to the mixture of compdiuivesndl78e

gave only recovered starting material. Howeweacting a 3:1 mixture of compourntlg7cand
178cwith 2 equivalents TFA in C¥Cl> gave both regioisomers32 and183in about a 2.

ratio and &4% yield (ida suprg.

Ph Ph
1. TFA, CH,CI
No,  + Ph - 272 NH
& Boc rt,4h
N.goe 2 NaOH

177f 178f 190
4 : 1 1%
Ph = Ph
Ph 1. TFA, CH,CI
N\B + . » 217272 NH
oc N rt, 4 h
b- X ‘Boc  2.NaOH X
177b 178b 191
2.3 : 1 60%
Ph
O N. O 1. TFA, CH,CI
Boc + Ph 1. IPA, LRLIs
r.t., 4 h
O NR 2. NaOH
Boc
177d 178d
3 : 1 57%
Scheme 322a-c

Compoundl92 was recrystallized in C¥l./hexane, and the-Xay crystal structure showed

thatthe trans diastereoisomer was isolated (Figur&)31t is likely that compound$90 and
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191are also théransisomer, and each existed as a single diastereocisomer as was shivn by

NMR spectroscopy.

Figure 3-5: X-ray crystal structure of compound

192 shows thdrans diastereoisomer

It was disappointing to lose one of the regioisomers in some of the reactions in SeB2me 3
through Boc group removal. It was assumed that this may have been due to further protonation
of the secondary aminE3 which led to the formation of acyclic pnects 197 and/or198
(Scheme 23). Thehydrolysisreaction generated a complex mixture of products as shown by

both TLC analysis and the cruéi¢ NMR spectrum.

Y-
H  OCOCF,
J_Ph x-Ph
> +
; ©;\/
E o E o NH NH;
©©/ TEA C 195 197
!\!H H+—> NH, |
\_/‘ ’ H :OHz
193 194 f;h oh
;
Ny g L&
NH, NH
196 198

Scheme 323

Due to the disappointment of losing one of tegioisomers after hydrolysing the Boc group
using TFA, we tried to reduce the Boc group using LiAlHowever, no products were
produced and only recover&tilQ 175was found with almost all cases. Trying to change the
solvent to EO did not improve theesults. Also, heating the reaction mixture for 72 hours
gave no product (Scheme23). However, when the allylic derivativég7band178bin about

a 2.3:1 ratiovasused, the reaction gave about a 2:1 ratio of the inseparable isomers as shown

by *H NMR spectroscopy of the crude product. Separating the reduced spétiead 202
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from the recovered starting material was difficult, as all the components had theetantien
factor (Ry).

Ph E L|AIH4 THF
Ph
+
E “Boc reflux 72 h
177a-e 178a-e

E= SnBus, 0%
E=PhCH,, 0%

E= Me, 0%

E= Bu, 0%

E= p-methylbenzyl, 0%

Ph p
L|AIH4 THF N . Ph
‘Me
reflux, 72 h N
X ‘Me

177b 178b

2 : 1
Judged by "H NMR

Scheme 324

To expand the range of substituted THIQs, a mixture of compduftisand178bin abouta

2.3:1 ratio was treated witRBBN in order to produce alcohd®3and204. First, the reaction

mi xture was | eft t o st byrtheadditiond ig0, ahdNa®H but 6 h o u
a complex mixture of products was obtained.
for 3 hours, followed by the addition o686 and NaOH Thisgive a24% yield of the alcohols

203 and204in about a 4:1 ratigScheme 25)12” The reason behind the 4:1 ratio could be

due to a steric clash between thBBN and the phenyl group at&position.

Ph | Ph

HO
1.9-BBN,-30 °C, 3 h R Ph
2. H,0,, 30 min, =30 °
X N. N‘Boc

Boc 3.NaOH, 30 min,-30°C HO

177b 178b 203 204
4 1
2\3 : /1 t . ;
e Y
24%
Scheme 325

Following on from this, dbenzyltetrahydroisoquinoliné82 was treated with benzyl bromide
in the presence of gl to give compoun@05in a91% yield (Scheme-26). Later compound

205was recrystallized in hexane/@El> and thetransdiastereoisomer was isolated as shown
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by the Xray crystal structure (Figure-@. This confirmedt h a t the I ithiatio

reaction of THIQ175formed theransdiastereocisomer of the compounds in Scherie 3

Ph ‘
Et;N, THF, r.t., PhCH,Br, 16 h
NH !

Ph ~ Ph
182 205

Scheme 326

Figure 3-6: X-ray crystal structure of compound 205

shows thetrans diastereoisomer

3.3 Density Functional Theory Analysis

In order to investigate further the lithiation substitution reaction of tetrahydroisoquid@kine

and the ratio of the two regioisomecgmputational DFT studies have been carried out by
Mathew Dwyerwithin the Department of Chemistry at the University of Shefftétdrhe
calculations were performed using the8BLG (d,p) basis set with B3LYP functional. The

solvent was included via the PCM method wilie default parameter for THF. Firstly,
orientations of the starting materiabve modelled, and four relatively low energy structures

were found (Figure-3 ad). The lowest energy conformation was related to the boat structure

with the phenyl group inhe equatorial position witBG’ © 67 kJ/mol (Figure Ja). For this
conformation the rotation of the Boc group, which is fast at the calculated temperatures showed
that the distribution betwedhe twor ot amer s was 72: 28 at 50 AC
second lowest energy conformation also had a boat structure but with the phenyl group in the
axial position; the energy barrier for this structure was calculatedD&be 68 kd/mol, with
adistributbn rati o of 60: 40 at 50 AC and-7h)h. 72 AC

Another conformation with a relatively low energy barrier is the chair structure with the phenyl
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group in theequatorial position (Figure-Bc). This structure possessed a dlighigher energy

barrier than the boat conformation wilig¥ © 70 kJ/mol.The distribution between the two
rotamers for this structure was <cal Theseat ed
results showed th#tte DFT calculations did not matdietexperimental resulta’hich shoved

that the ratio of the two regioisomers is around 2:158t°C(Figure 37).

©©/Ph Ph
N. _OBu =—— ©CN( (0]
hig ¥

6] O'Bu

67 kJ/mol

o < (—3 K *11.8 kJ/mol
C — o

9
o' at-50'C 72 : 28 o
u
Z{Ph | at-72°'C 75 : 25 N,l(ph
N7 O'Bu

Boat conformation with Ph group in the eq position

<
68 kJ/ mol ﬂ
i&ﬁ; 12 ,’I \ 9
< J: MJ /I \\ o~
/ \,.0.7 kJ/mol S 3
PR — L

O at-50'C 60 : 40 O
O oBul at-72°c 60 : 40 O o
A AN

o OBu

Boat conformation with Ph group in the ax position

< 70 kJ/mol q
I/ \\ 9
, I/I \\\ S
/l, \\\ -
c- )J / v+ 0.45 kJd/mol %
9 9

Ph at-50°'C 56 : 44 NPh
CVVN)—O% at-72'C 57 : 48 Fe

o) BuO

Chair conformation with Ph group in the eq position
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74 kJ/mol (‘

"\ 1.2 kd/mol
a-
at-50'c 35 : 65
O N7’/OtBu at-72°C 33 : 67 O N\fo
0 ‘BuO

Chair conformation with Ph group in the ax position
Figure 3-7a-d

Furthermore, the calculatisshowed as expected that THIQ5should exist as two rotamers.

Two possible conformations could be formed, either the conformation pointing towards the 1
carbon to give the -lithiated intermediateC or the conformation to give the-lBhiated
intermediateD. The energies of these litmucomplexes werealculatedand two structures

were found to have the lowest energies. The first is related to the lithiated interrbeditte

DG’ © 49 kJ/mol, where the phenyl group was in the equatorial position. The second is related
to the lithiatedntermediateC with DG’ © 48 kJ/mol where the phenyl group was in the axial
position (Figure 38). This showed that the energy barrier for lithiation on both positions was
relatively similar.

48 kJ/mol
Ph :' Ph
' x T
© ' —85 kJ/mol Li---O
Ph in the axial position c
49 kJ/mol
N_O ; m _o
Yo Y
OBu , ~87 kJ/mol 0'Bu
Ph in the equatorial position D
Figure 3-8
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Finally, the DFT calculations wemalculateda t 50 AC and 72 AC. Thi
boat conformation with the phenyl group in the equatorial position pointing towdrd C
possessed the lowest energy structure. The results suggesiedikely for compound75to

adopt the boat conformation with the phenyl in either the equatorial or axial position as these
had similar energies. The calculations showed that the chair conformation with the phenyl
group in the equatorial position guted the highest energy structure, which was 18 kJ/mol
higher than the lowest energy conformati®herefore, the chair conformation is more likely

to adopt the structure with the phegybupin the axial position. In addition, these calculations
showed he ratio between the chair to boat structures with the plygaypin the equatorial
position to be 53:47. The ratio between the boat structures with the pireny in the
equatorial position to the axial one is 60:40. On the other hand, calculatowesdsthe ratio
between the boat to chair with axial pheggdupto be 53:47 (Figure -9).128

A

BUG 18.12 kJ/mol

Ph
N\Fo Ph
N
—O'Bu
\ of

hair, Ph in th iti
Chair in the eq position 1756 kd/mol

' Chair, Ph in the eq position

@CE‘BU

C i

. O o'Bu 1.8 kJ/mol L - O
28 -

0 Boat, Ph in the eq position '

1.52 kd/mol 5 N
: ' : e

Boat, Ph in the BuO
ax position ! ! 1.45 kJ/mol
| O 5 | Chair, Ph in the ax position

2ok |
N otBu ' E
N g
o o>
lpn 0 0.25 kJ/mol
O'Bu .

i/ Chair, phin the
' 0 kd/mol v ax position

0.8 kJ/mol
Boat, ph in the ax postion

Boat, Ph in the eq position

Figure 3-9
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3.4 Conclusion

To summarize, it was found thdil-Boc-3-phenyttetrahydroisoquinolinel75 can be
deprotonated using-BuLi. The lithiation reaction of this compound was optimised using

situ ReactIR spectroscopy. The optimum conditions were found teBbe L i in THF at
°C for 4 min, which was the same as tetrahydroisoquinoliri&s 136 145 and 152 The

lithiated intermediates were reacted with a number of electrophtleS0 °C to give the 1
substituted and the-&ubstituted products with an averaggio of 2:1 according to a D
guench, whereas the ratio was approxMRmately
studies were carried out to calculate the energy barrier for the Boc group rotation between the
two rotamers. This was found to be very fast, even faster than tetrahydroisoquibaliAkso,

DFT calculations were carried out in order to determingdhie between the two rotamers,

and tresewere found to balifferent fromthe experimental and the spectroscopic data.

THIQ 175, the calculated energy barriers for the lowest energy conformation were found to be
DG’ © 68 KJ/mol andDG’ © 69 KJ/mol. In comparision thBG' © 57 KJ/mol from variable
temperature NMR. On the other hand, calculatsim®wved thathe energy barrier of thigrst

and third positions dfthiated175weresimilar ( DG’ °© 49 KJ/mol andG’ © 48 KJ/mol) This

indicated that both position could react similarly to give similar ratios aftelectrophilic

guench. However, the experimental data showed different results.
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Chapter 4. Asymmetric Synthesis of Nitrile containing
Compounds
4.1 Generalintroduction to Nitrile Containing C ompounds

Nitrile containing compounds are known for
used widely in the treatment of a diverse range of conditions and are found in more than 120
natural product$?®13°For instancegcyanogenic glycosides such as linama20é is one of

the most common natural nitriles and they have been isolated extensively from plants, fungi,
and bacterid®'*2 Two other natural products that contain nitriles are herap@iafrom
nymphaefalia and malloapltin08 from Mallotus apeltat*31** Some nitriles have
physiological effects in the human body, for exampiéagliptin 209 acts as an
antibiotic13>1%® and bicalutamide210is an effective drug used in the treatment of prostate
cancert®” Another effective nitrile is milrinon@11, usel for the treatment of heart failut&
Escitalopran212is used to treat depressibii Anastrazol€13is used in oestrogetependent
breast cancer treatmefit, and verapamil214 is used as an antiarrhythmic agent in the
treatment of angin&® Lastly, etravirine215 is a type of nomucleoside used as an HIV
inhibitor in the treatment of AIDS (Figure® 14

OMe OMeCN HOE—NH 0
X CN fﬁ/ \‘—/<
| +_ N
“oN N” N
(0]

cyanogenic glycoside herandia malloapltine vildagliptin
206 207 208 209

NMe, CN
(0]
0, .0 H O
F © CN O
F

bicalutamide milrinone escitalopram
210 211 212

CN CN

_N
Nr > cN |
N MeO N
MeO MeO o) N\\rNH
NC CN LN
MeO Br

NH»
anastrazole verapamil etravirine
213 214 215
Figure 4-1
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Nitriles are an important class of compounds that can be easily converted into a range of other
functional groups such as carboxylic acids, amides, ketones and aldehydes using relatively
simple reaction$? Therefore several reactions have been reported for the synthesis of racemic

and enantioenriched nitrilé&? 147

4.1.1 Asymmetric Synthesis of Nitriles

Generally, asymmetricyathesis of nitriles is important due to the chiral nature of most
naturally occurring nitrile moleculéé® Trost and ceworkers reporteth 201 1the synthesis of
nitrile cont 21D(Bdhaemg 4)dAsynmetrnc dllylic alkylation of este216

was carried out using carbamate/i n t he presence of mo2lgbdenun
this gavegood yield and high diasterselectivity of the formed produ2t 9

0 218 (15 mol%), Mo(CO)g (10 mol%) O Ph
ﬁ\o CN . - 0 >LOJ>/\/
Ph” "0 "OMe

> o
-

BSA (2 eq.), NaH, THF, 60 °C, 17 h NC™
216 217 219

93% yield
o {0 o
NH HN
MeO— N N D-oMe
218 =

12:1dr, 97:3 er
BAS: bis(trimethyl silyl)-acetamide

Scheme 41

Anot her example of an asymmetric synthesis o
out by theRuano group (Scheme2).1>° They reported the synthsesof diastereoenriched
compounds221a, bby reacting enantioenriched vinyl sulfoxid220a, b with ELAICN in

THF. The stereochemistry of the starting material determined the stereochemical outcome of

the product, the use of such precursors could dire@dtition of the cyanide group to produce
products with a single diastereoisomer. This has been proven by carrying out the reaction using
diffirent diastereoisomers of the starting matef?él.

Boc. R)/\/S(?,/ Et,AICN, THF o R N ;?l
NA  Tof ; 0°Cto25°C H A Tol ’
220a, R=Bn 221c, R= Bn, 64% vyield
220b, R= Me 221d, R= Me, 66% yield
Scheme 42
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4.1.2 Metallated Nitriles

Obtaining high levels of enantio and diastereoselectivity can be achieved using chiral ligands.
Only a few examples in the literature describe the asymmetric alkylation of metallated nitriles,

as they represent a continuing symithehallenge. Metallated nitriles have been used for
carbon carbon bond formati on, since they ar ¢
demand of the nitrile grou}d! The natural identity of metallated nitriles depends on the nature

of the metal, solvent, temperature and the structure of the nitrile containing substrate. For
example, when coordinated to highly electropositive metal$, asid.i, a planar intermediate

222 will be adopted as Li coordinates to the nitrogen atom. In con@asitallated species

223 form when less electropositive metals such as Mg, Zn, Pd, and Cu are used (Figure 4
2)_151,152

+
HOATT=—N--M ){N
222 223
Figure 4-2
Xray crystallography studies were reported [
effect of a metallated CN group (Figure34) . They obtained an X ray

phenyl acetonitril224 using benzene as a solvent in the presence of TMHDis showed
that the lithium atom was bonded to the nitrogen atom in a dimeric stréctuikewise, the
X ray structur e of 226ig THF cogntairs pha bBNeLc-M dinfeo hhist r 1 | e

demonstratethat lithium atoms have an extensive tendency to coordinate to nitftfgen.

[\ N&PK
Me,N NMe,
N Ph

Li TH
2———EN/ ‘N:——, __:N / |
{ T - - _THF

Ph AN H THF”
MezN NMe2
-/
224
Figure 4-3

Furthermore, NMR spectroscopic studies on metallated nitriles were carried out using lithiated
arylacetonitrile in two different solvents (Figuredi'®>1%8 |nitially, in Et;O, N-metallated
specie226 was formed. However, in THF, the determination of the lithiated structure was

unsuccessful. This may have been due to the formation of a contact ion pair structukéfyith T
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facilitating fast chemical exchange. It was assumed that in THF the structure could be
monomerict>>1%8 ijkewise, NMR studies on lithiated acetonitrile using a ligand showed that a
ketenimine struttire 227 was adopted in THF, due to lithium coordination to the nitrogen.
However, in E£O the nitrile forms a bridged structu?@8 and229 where coordination of N

and C atoms showapgiad equi | i brii"%m at 100 AC.
OEt, - Ph eh
Ph =
. | — ~ N
Ho L P H Ph” O N. OMe MeO. NI “Ph
—=N_ N==—=, >—_N N LN - S~ L
PH Li H H L7 \wPh Lio L L
| l ey :N H"* :N
OEt, MeO HH‘ H
226 227 228 229
in THF in equilibrium, in Et,0
Figure 4-4

More recently, NMR spectroscopic studies on metallated nitriles were carribg Bleming

and ceworkersto determine the metabordination geometry. This could be @eimined by

signal positions in th&C NMR spectrum. Using cyclohexanecarbonitrile, peaks at 126.6 and
123.5 ppm were observed in tH€ NMR via deprotonation using magnesium or copper bases
respectively. This indicated that both metals coordinate to the carbon. However, a signal at
163.6 ppm was observed when an organolithium reagent was added, showed that the nitrile
wasN-lithiated (Figure4-5).1%2

0= 163.6 _ N N
NN Il Il
///N -« 0=126.6 < 0=1235
M MgBr CuMe
230 231 232

Figure 4-5

They also carried out studies on metallated phenylacetonitrile and these showed that the
lithiated and the magnesiated species Wemaetallated. They also investigated the metalation

of 2-(2-methoxyphenyl)acetonitrile in order to determine if the metalatould be promoted

towards carbon when using the methoxy directing group. As shown in Figbre 4
deprotonation using magnesium and | ithium bz¢
respectively in thé3C NMR spectrum, which was consistent wittmetallation. However, the

more electronegative copper s howeCdnetallatedi g n al

species was formedhis indicated that metallation is influenced by the carbon scafféld.
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MgCl

N <_8 131.2
“4_8 141.1 !<—6 147.6

Figure 4-6

4.1.3 Selective Synthesis klng Organomagnesium Compounds

Enantioselective syntheses of nitrile contai
reported recentl??1¥12 For exampl e, the first enanti os:é
containing compound with microscopic configurational stabiiasreported by the Carlier

group (Scheme-3).1% By subjecting enantiopure bromonitri®883t o br omi ne magn e
exchange at 100 AC for 1,0 gaverdeuterated nitrid85ih o we d b
a97% yield and 90:10 er. The reaction proceeded with retention of configuration. They found

that the rate of racemisation for intermedi28Bdwa s sl ow a't AifOF 11AC wi t h
+1 hour.
Ph. B ipmmgciEno PP\ MeBr po Ph D
PH CN -100 °C PH CN (after 1 min) PH CN
233 234 235
Scheme 43

Further investigations were carried out to explore the role of solvent on the racemisation of
intermediate234. It was found that the rate of racemisation in THF andedZHF was
approximately seven to eightfofdster than in ED. Also, the reaction was less selective in

both THF and 2MeTHF, whileinEtO t he st er eochemi stry of bron
was highly retentive. These results show a significant effect of solventshen
enantiomerization procesvestigations into the reaction order in@tshowed a saturating
dependence of the rate of racemisatitag)(on EbO. This suggests that in high .6t

concentrations the structure of intermed2@4 could be eitheR36or 237 (Figure 47).164

EtzO\@ _Cl_ pr )
_Mg Mg
Et,0© ¢~ Ph \
Ph " g OEt \N
Etzo \ Cl Pr
WAVATY Mg Mg
ELO” il
OEt,
236 237
Figure 4-7
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Following from the investigations above, a study regarding solvent effects on epimerization of
chiral Grignard reagei238has been reported (Schemd)4®° It was observed that compound

238 underwent highly retentive Mg/Br exchange in(t There was a noticel@bdynamic

range in the epimerization rate constgity when changing solvent. The concentration and
the identity of the ethereal solvents has a dramatic effect on configurational stability of nitrile
238 Notably, epimerization in B0 wa s  Za6ter thanlind0.12 M ED in tolueneand

800 and 1300 fold faster irMeTHF and THF respectively.

Ph MgBr kic Ph CN
e P HT ngBr
ct
.(PrMgBr),, .(PrMgBr), Solvent  rel ks (-78 °C)
238- trans- 239- cis- THF 1300
THF:n=0 2-MeTHF 800
Et,0: n= 1 e
Et,O 26
0.12 M Et,0 1
in toluene

Scheme 4

In 2013, Takeda andewor ker s reported enantioselective
enantioenriched nitril@40 using carbon based electrophiles dPdN L i at 114 AC.
found that using am-situ deprotonation of the starting material, ffreduct was obtained in
high yield and enantioselectivity using ethyl cyanoformate as the electrophile. They
hypothesised that the ability of the carbamoyl group to stabilisE-tigile carbanion is the
reason behind the high enantiomeric ratios. Thegyorted that the electrophilic quench
proceeded with inversion of configuration. However, with more bulky electrophiles or with
alkyl halides, racemic products were form&tFollowing on from this work, Coldham and
co-workers explored the deprotonatiof the enantioenriched nitri240 using magnesium
bases (Scheme3).1%7 Investigation was carried out using either normal addition, winere
situ deprotonation occurreda addition of a nitrile240and MeOCOCN mixture to the base at

107 °C, or inverse addition where nitridOwas alded to the base followed by electrophilic
guench of MeOCOCN after 10 sec. Better enantioselctivity was achieved when using the
inverse addition procedure, especially in the absence of LICl. The magnesiated nitrile showed
high configurational stabilityatl 0 7 AC, but at 78 AC the rate
only the in-situ process gave high enantioenrichment. Regarding magnesium bases, using
TMPMgCl gave excell ent IPeMgGl havesnone ofdhe desited 7 8
productst®’
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0 _ o)
QJ\NMez N, OJ\NMeQ
Ph~<EN Ph~EN
240 99:1 er 241 a-c
E* Yield % er

MeOCO 241a 66 97:3

EtOCOCI 241b 75 92:8

PhCOCI 241c 73 82:18

Reagent and conditions i): Nitrile 240 and electrophile added to TMPMgCI in THF (3 equiv) in Et,O/THF (1:1),
—107 °C over 4 min, then, after 10 min, NH4CI (aq).

Scheme4-5

As mentioned earlier, solvents have a great impact on the rate of racemisation and
epimerization. Recently, Coldham and-w® r ker s reported deproton.
enantiopure nitrile-242using TMPMgCI in EXO a't ukifgdiiffeder@ eleatophiles

(Scheme 4).1%8 This gave high yields and excellent enantioselectivities of the products. They
conducted a kinetic experiment in order to determine the raj@rokasation of magnesiated

(9-242in EO and in a mixture of EO:THF (1:1). Thekinetic data showed that the rate of

inversion of the magnesiated intermediate is slightly slower 40 Htan in THF/ELO (the

enanti omer i sad4~8 mimtehimBOfandlonlyf~2 minutes in THF/&). They
hypothesized that this is perhapscause THF helps to solvate the magnesium cation. They

also noticed that using £ improves the yields of the produé$s68

TMPMgCI (3 eq in Et,0),
Q Et,0, -104 °C (\/[,CN

N CN E* '\Il ‘E
Boc Boc
(in situ or after 10 sec)
(S)- 242 243 a-c
E* Yield % er
PhSSO,Ph 243a 67 98:2
Me,CO 243b 63 96:4
cyclobutanone 243c 68 95:5
Scheme 46

The Aim of thischapters to synthesiz&l-Boc-3,3-disubstituteecyanotetrahydroisoquinoline
and N-Boc-2,2-disubstituteecyanopyrrolidinevia deprotonatiorsubstitution approach using
mainly organomagnesium baséss mentioned earlier solvent has a great effect on the rate of
epimerisation of thanitrile group®® We thought it would be interestj to investigate how

changing solvent would effect the rate of epimerisation of the nitrile group in the main
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substrates under investigatidnvestigatios will focuse on the enantioselective synthearsd

the enantioselectivity of the forming products will be determined using chiral HPLC.

4.2 Results and Discussion
4.2.1 Synthesis and Reaction dfi-Boc-3-cyanotetrahydroisoquinoline

Since tetrahydroisoquinolines have great importance as alkaloids and as key intermediates in

the synthesis of other complex natural produ

of enantioenrichedR)-nitrile 247. In order to prepare nitril@47, commercially available
enantioenriched carboxylic ackd4 was firstN-protected with BogDd (Scheme 4). Initially,
this was attempted using DMAP as the base in THF but gave only recovered starting
materiall®® Therefore, NaOH [1 M] was used in THF aa@3% of the protected acRi5was
formed. It had been noticed that the solubility of the starting material wapoer in NaOH
[1 M]/THF. As a result, a mixture of bases was used to promote the reaction and saturated
NaHCQG:NaOH [1 M] 1:1 was added to the starting material in THF. Using a mixture of these
bases dissolved the acid directly to gw®3% yield of compund 245, Another method
involved using BN in CH.CI; to give the desired product &i71% yield!’®In the next step,
the carboxylic acid was converted to the anfidé’* Finally, the amidevas dehydrated to
give the nitrile247using TFAA ina61% yield (Scheme XY’ The nitrile was enantioenriched,
as verified fr omp?t+#i4e(l, EHCH.dtivds assumedatatahe nitdlehad U ]
100:0 er, but thisvas not proven.

1. EtsN, THF

0 (e]
\\\IJ\OH 1. EtsN, CH,Clp, 0 °C \\\IJ\OH 2. EtOCOCI, 10 °C,
‘Boc

3. NH;. MeOH [7 M,

(R)- 244 (R)- 245 16h
71%
0
(:G\\CN LR TR0 C \\‘”\NH
2
N-5oc TFAA, rt. , 4 h m‘soc
(R)- 247 (R)- 246
61% 88%
Scheme 47

Initially, THIQ 247 was deprotonated using lithium diisopropylamide (LDA) a7 8 A C
followed by the addition of different electrophiles after 15 minutes. The reaction mixture was
allowed towarm to room temperature before adding aqueougONHJnfortunately, poor
yields of racemic products were obtained with the electrophiles arsgdlifferent ratios of

recovered starting material was obser{@dheme 4). In an attempt to improve the retyl
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LIHMDSwasusedat 78 AC in THF. After 15 minthees met
reaction mixture was allowed to warm to room temperature before adding aquegdis NH
However, only a 31% yield of the racemic prod248dwas obtaine@nd recovered starting

material The product$ound to be racemic bghiral HPLC.

\ 1. 'Pr,NH, n-BuLi (or HMDS), E oy
N-goc  2.-78°C, (R)-247, 15 min N-Boc
(R)- 247 3.E 248
™ |
Ph.
CN 0._0 S 00
CN CN
CN
N“Boc (:CL/
N“Boc Boc N‘Boc
248a 46% 248b 38% 248¢ 19%  248d, 17%, LDA, 31% LiHMDS
E*= Mel E*= EtOCOCI E*=PhS-SO,Ph  E*=MeOCOCN
NC Ph._0O._0O OH
(;C\/SIMG;; CN CN CN
N.
Boc N-Boc N-Boo N-Boc
248e 0% 248f 0% 2489 0% 248h 0%
E*= SiMesCl E*= PhCH,OCOCN E*= BuBr E*= Me,CO
Scheme 48
Therefore, | it hi aofnitdle@m24Bvashnyvestigdted usingpaituReaettRc t i o n

spectroscopy nBuLi/THF{Shehdd).WNirile 84F exhibited a peak fos. = o

a 1710 cmtin the IR spectrum. Rapid and complete loss of this peak was observea-when
BuLi was added and a new peak for a carbosyt £657 cmt) formed rapidly. This indicated
fast lithiation of the enantiopw®47 within ~ 2 minutes (Figure-8).

CN CN
m o —2=t- ©/V\N(T0t'3u

Y THF
247a O'BU 247b ©
Ve=o 1710 cm”” Ve=0 1710 cm™

\:1-BuLi/THF
N,
7

N{ ’

OB

@}

c

249
Ve=o 1657cm’

Scheme 49
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Figure 4-8. in-situ ReactIR 3D and 2D plots of the lithiation oP47at 78 AC; Bl ue Line
C=0 stretching frequency @47 (1710 cmt) and red line of lithiate@49 (1657 cmt) over time.. there was *

errorwhenassigning the peaks.

n-BuLi was used nextased on tha-situ ReactIR results obtained,nd t he el ec
added t @4®ft bi al7%edhi AC Behremel-H)F The reaction mixture was
allowed to warm to room temperature before adding:@HNotably, better yields were
obtained when using Mel, PhS3® and MeOCON in comparison with both LIHMDS and

LDA.

.CN
©© 1. n-BuLi, THF,
N-goc 78 °C, 2 min

(R)- 247

Z
©©/ A Ten
o
N{ -78 °C to r.t. m

N

"Boc
O'Bu
249 248a 64% , E*= Mel
248¢c 84% , E*= PhSSO,Ph
248d 65% , E'= MeOCOCN
Scheme 410

repres

troph

Chiral stationary phase gas chromatography was used to determine the enantiomeric ratio of

compound®4a, ¢, andd, and these were found to be racemic.

As previously stated, magnesium bases can pr@+aetallated nitrile species, and as a result

this may allowthe chiral integrityto be maintained. Therefore, ansitu ReactIR study was

carried out

usi

ng

T MP Mg @l ordgr B.optimise ¢fhe /reddiddn

conditions using magnesium basi#rile 247 exhibited a peak fas; -=a 1704 cmtin the IR

at

spectrum. Rapid and complete loss of this peak was observed, when adding 2.5 equivalents of
TMPMgCI with the formation of magnesiated intermed286 @: -1627 cm?), indicatng fast
deprotonation of the nitril247within ~ 2 minutes (SchemeX4L1).
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Scheme 411.in-situ ReactIR 3D and 2D plots of the deprotonation @7at 104 AC; Blue Line r
intensity of C=0 stretching frequency 47 (1704 cm') and red line of the magnesiat280 (1627 cm') over

time.

In the light of previous work in the Coldham group using magnesium bases for enantioselective
metallaion Uto nitrile;*5%167:1%8ye focused on using TMPMgCI as a base, which was prepared

from 'PrMgCl [2 M] in THF or EtO and TMPH. We hoped that the magnesiated intermediate

would be configurationally stable on the reaction time scale, and therefore it would be possible

to obtain enantioenriched products. TMPMgCI was added to enantiopure 2dfilen a
mixture of THF:E2O ( 1: 1) a't 104 AC. After 10 seconds
no product was obtained. Using PB8S,Ph gave only recovered starting material. It is
important to understand that these results may have been related to the solvent, base or
temperatee. With thisinmindPr MgCl was used instead at 104
was formed when using met hyl cyanoformate. T
°C, using'PrMgCl and TMPMgCI respectivelyhis gave no desired product. As miened

earlier, Carlier and cworkers investigated the effect of solvent on epimerisation (Scheme 4

4). Also, Coldham and eworkers reported that changing the solvent from THF 10 gave

better yields and enantioselectivities (Scherr@).4However, thestarting material did not

dissolve in E4O and for this reason, a mixture oMeTHF:E£O was used, anérMgCl [2

M] in ether was purchased. TMPMgCl it was added at 104 AC fol
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methyl cyanoformate after 10 sec. Unfortunately, rapct was formed. The same reaction

wa s

repeated

at

a higher

temperature

of

78

starting material dissolved in toluene, and so the reaction was next attempted in a mixture of

toluene:ether (1:1), TMPMgGI n

et her

wa s

added

at 104

added after 10 seconds, this resulted in a complex misfymeductyScheme 412, Table 4

1).
oy 1- TMPMGCI (3 eq), T, E
«CN solvent
N. X N. N
Boc 2. E” (in situ or after 10 sec) I\I/IgCI
30 min
247 248
(R) TMPMgCI
Scheme 412
E* Recovered
Entry Solvent T base in situ or after 10 min  Yield % 247 %
1 THFRELO (111) 104 °C TMPT'\QQFC' in MeOCOCN - 72
2 THFELO (1:1)  _104°C TMPT'\QQFC' in EtOCOCN - 61
3 THFELO (1) 104 °C TMF’T“l’jI?:C' in PhS-SO,Ph - 81
in situ
4 THFEELO (1)  _78°C TMF’T“l’jI?:C' in MeOCOCN 78
TMPMgCI in
5 THF:Et,0 (1:1) ~-104 °C Et Og MeOCOCN - 64
2
6 THF:ELO (1:11)  —104°C  'PrMgCl in THF MeOCOCN - 68
7 THF:Et,0 (1:1) -78 °C ipngC| in THF MeOCOCN - 72
TMPMgCl in
8 2-MeTHF:EL,O (1:1) 104 °C Et% ! MeOCOCN - 63
2
TMPMgCl in
9 2-MeTHF:ELO (1:1) 78 °C Et% ! MeOCOCN _ 59
2
TMPMgCI in
10 toluene:Et,O (1:1) -104 °C Et% MeOCOCN - -
2
Table 4-1

We were disappointed to find no positive results using magnesium bases when changing

solvents and temperature. This may be due to either the low reactivity of magn2Siated

toward the electrophiles used or the stability of the magnesiated species. \W¢eslispeach

case in Table4 there was a deprotonation of nitr#é47, as shown by the ReactIR in Scheme

4-11.
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Thereforethe basavas changed tdMPK. This could be prepared from a reaction between
TMPH and KOBuU in the presence @EBuLi. The product was formed ia35% yidd as a
racematéSchemet-13). Changing the solvent teNeTHF gave no improvement in the yield
or enantiomeric ratio. This may have been due to the formation of a Pamatallated

species, which resulted imracemate.

_0_0
—_—
N“Boc N“Boc

(R)- 247 248d

THF, 35%, 48:52 er
2-MeTHF, 37%, 46:54 er

i) Reaction conditions: 1. KO'Bu, TMPH, n-BuLi, =78 °C, 15 min, solvent,
2. then -104 °C (R)-247 was added, 3. MeOCOCN, 30 min

Scheme 413
Our attention then switched to another walbwn base, TMPZnCI.LiCl. This is another

important type of organometallic compound that has been used widely in organic synthesis.
Fleming and Knochaleported the use of TMPZnCI.LiCl in the deprotonation of a variety of
cyclohexanecarbonitrilé$2 These were then transmetallated using palladium, followed by the
addition of an aryl bromide to give high yields of the products. High diastelextivities were
obtained in the presence of bulky groups in thpodition, or a methyl group in thegdsition
(Scheme 414).
o T(I;/IPZnCI.LiCI/
Pd(OAc), (2 mol%), THF
RN S-(Phos)2(: mol%)) RM\QCN
251 Br_Q_CN 252a, R='Bu, 75%, >20:1 dr

252b, R= 'BuMe,Si, 71%, >20:1 dr

Scheme 414
Therefore, we tried to deprotonate enantiopure ni#4é using TMPZnCl in the hope that

good selectivity and better yields would be obtained. TMPZnCl was added to 24{Tige t

104 °C in a mixture of -MeTHF:EpO, and after 10 seconds MeOCOCN was added.
Quenching the reaction after 30 minutes with ag+GlHgave only recovered47 (Scheme 4
15).(To prepare TMPZnCl, a transmetallation reaction was conducted between TMPMgCI and
ZnCl in ether [2 M] at room temperature for 24 hguf$1’4It was not clear why no product

was obtained when using the organozinc base, however it could be becausg24rnizs

very sluggish taeact with the base.
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(R)- 247 248d
0%

i) Reaction conditions: 1. TMPMgCI, Et,0, r.t., ZnCl,. Et,0 [2 M], 24 h, then —-104 °C
(R)-247, 10 sec, 2-MeTHF:Et,0 (1:1) was added, 3. MeOCOCN, 30 min

Scheme 415

The Capriatigroup has showhow the use ofcyclopentylmethylether (CPME) had a positive

effect on yields when comparta EtO in the lithiation of diaryltetrahydrofurdri®As a result,

TMPMgCI in E&O was added to enantioenriched nitri®-p47i n CP ME afdllowedl 0 4 AC
by addition of MeOCOCN after 10 seconds. This gave comp2d8din a34% yield andan
87:13enantiomeric ratio (Schemel#). Later, PhSSO:Ph was used as electrophile whiere

situ addition obtained trace amounts of prod248c, which was detected by high resolution

mass spectroscopy. However, the product was lost over the column (ScHegnheThe

reaction was assumed to proceglretention of configuration, but this has not been proven.

As can be seen, using CPME gave better results than THFMe@RAF. This could be because

in these two solvents the reactivity of magnesium bases changes as the aggregation states

change as well.

1. TMPMgCI, —104 °C, CPME, E
(;G\\CN 10 sec (:O\\CN
N-Boc 2. E*, 30 min N-Boc
(R)-247 (S)-248¢, E*= PhSSO,Ph, trace

TMPMgCI is solution in Ether (5)-248d, E"= MeOCOCN, 34%, 87:13 er

Scheme 416
Later, an alternative base was prepared in an attempt to improve the yields of the products.

isopropyl magnesium diisopropylamid®%N)Mg'Pr [0.36 M] 253"4176was added to nitrile

247 at 104 °C in CPME, followed by an electrophilic quench of MeOCOCN to give
compound 248din a20% yield as a racemate (SchemE7.( The bas@53was prepared from

a transmetalation reaction of lithium diisopropylamide isOEtising'PrMgCI [2 M] at room
temperature for 2 houxsThe absence @nyselectivity could be because the bas8 exists

as monomer in CPME, which may not be as bulky as TMPMgCI. It could be possible in a

future work to investigate if the structure of b&88is a monomer.
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- iPr
\ _CI
~CN i) CN Mg/
—_— |
N\ N\ >7N<<
Boc

Boc

(R)-247 248d, 20%, racemic 253
Base 253 is solution in Ether

i) Reaction conditions: 1.ProNLi, Et,0, 'PrMgCl, 2 h, r.t., 2. then =104 °C (R)-247, CPME, 10
sec, 3. MeOCOCN, 30 min

Scheme 417
To try and further improve the yield of produ48d TMPZnCI.LiCl in CPME was used

instead. TMPZnCI.LiCl [0.4 M] was added to nitréd7at 104 °C in CPME, and after 10
seconds MeOCOCN was added (Schem&)y However, no product was formed and this may

be due to the fact that organozinc reagents are less reactive bases than organomagnesium
based.’’ To prepare TMPZnCI a transmetallation reaction of TMPLi and Zf&\W] in Et.O

was conducted abom temperature for 2 houté:

_0._0
N. Boc N. Boc
(R)- 247 248d, 0%

i) Reaction conditions: 1. TMPH, CPME, n-BuLi, 15 min, -78 °C, 2. then -104 °C (R)-247,
Et,O ZnCls5, 1 hour, 3. MeOCOCN, 30 min

Scheme 418
As can be seen, using TMPMgCI gave the most promising results. However, low yields were

obtained, and we decided to stop our investigations.

4.2.2 Synthesis and Raction ofN-Boc-2-cyanopyrrolidine

Since the deprotonatiosubstitution of nitrile247 using magnesium bases resulted in poor
yields, we investigated the synthesis of enantiopure nBlé which is of importance as it
could provide a route to unnatural proline derivatives &fgerolysing the nitrile group to the
carboxylic acid?® In the light of previous work done in the Coldham group by Skilbeck on
enantiopure proline derived nitrig57 (vide infra), further investigations were carried out in
an attempt to improve the result€ To prepare nitril@57, commercially available4proline

was firstly protected to give55in an 80% vyield. The acid was converted to the an2féin
an80% yield"*1"8Finally, the amide was dehydrated using trifluoroacetic anhydride to give
nitrile 247 (Scheme 419)17° The nitrile was formed as a single enantiomer and its absolute

stereochemistry was ver ipPii9(d.3, MeObi)nn contparisos p e ¢ i f
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to the literature [ lit’°for the ©-e n a n t i e*4@5r5 (1[5,MeOH)]. It was assumed that

the nitrile has 100:0 er, but this was not proven.

O\ 1. EzN, THF, -10 °C

O‘COOH 1. NaOH [1 M], 0 °C N COOH 2. EtOCOCI, 30 min

H 1,4-Dioxane | 3. NH3.MeOH [7 M]
2. Bocy,O Boc

(S)-254 (S)-255
80%

O\CN 1. EtsN, THF, 0 °C O\CONHZ

| 2.TFAA rt., 4 h

Boc Boc
(S)-257 (S)-256
70% 80%

Scheme 419

After the enantiopure nitrile257 was isolated, it was deprotonated using lithium
diisopropylamide (LDA), followed by electrophilic quench to prepare racemic products
(Scheme 40). Skilbeck tried to deprotonat&){257 using LDA, but poor results were
obtained using some electrophil€ar example, a 17 % yield @&58b was obtained using
acetone, however when we repeated the same reaction no product was¥d¢mdlso tried

using acid chlorides as electrophiles but found #tatyl chloride and benzoyl chloride gave

no products. Benzaldehyde gave a trace amount of product that could not be purified. It was

not clear why these reactions did not proceed.

O\CN ) > <j<ECN

! \
Boc Boc
(S)-257 258b, E*= Me,CO, 0%

258c, E*= PhCOCI, 0%
258d, E*= PhCHO, Trace%
258e, E*= MeCOCI, 0%

i) Reaction conditions: 1. iPerH, n-BuLi, -5 °C, 1 h, THF. 2. then (S)-257, 15 min, -78 °C
3. electrophile, =78 °C to r.t.

Scheme 420
Consequently, the use other solvents was explored. Firstly, the starting materialk@ #as

added to LDA in THF, followed by addition of acetone after 15 minutes. This gave compounds
258aand258bin a 11% anda 10% vyield respectively. Using benzoyl chloride gave product
258cin 27% yield. We tried conducting the reaction in purgDEbut a complex mixture of
products was obtained when using acetone. Therefore, LDA was prepared using THF and the
starting material was added in CPME. This showed slightly better results witmacand
compound®58aand258bwere obtained i 21% anda16% yields respectivel{?® By using

benzoyl chloride as the electrophile under these conditions, the 2&8tsvas formed in 40%
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yield (Scheme 4€1a and h. Surprisingly, byproducts from a reaction between LDA and the
electrophiles were found in all cases. Theseptmducts were characterised by NMR
spectroscopy and the structure of prod28$®, formedfrom the addition of PhCOCWas
confirmed by single crystal-Xay analysis (Figure-8). However, no such products were found
when using nitril47. It was not clear why LDA reacted with the electrophilésfortunately,

the enantiomers of produc2$8aand258b could not be separated using GSE or CSP

HPLC.
LS 2
i)
boc /o |

o Boc
(S)-257 258a 258b
EtO:THF 10% 11%  +21% RSm

(1:1)
CPME:THF 21%
(1:1)
i) Reaction conditions: 1. iPerH, n-BulLi, -5 °C, 1 h, THF, 2. then
(S)-257, 15 min, —78 °C, solvent, 3. Me,CO, —-78 °C to r.t.

16%

Scheme 421a
o
(mon 0 (02
l}l CN 40» N CNPh
Boc éoc
(S)-257 258b
Et,O:THF 27% +11% RSm

(1:1)
CPME:THF 40% +31% RSm
(1:1)
i) Reaction conditions: 1. iPr2NH, n-BuLi, -5 °C, 1 h, THF, 2. then (S)-257,
15 min, -78 °C, solvent, 3. PhCOCI, -78 °C to r.t.

Scheme 421b

259

Figure 4-9: Shows the dimericstructure of the by-product 259
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To obtain high enantioselectiviwaad e pr ot onati on substitution
were used. Previously in theoldhamgroup Skilbeck used different magnesium bases to
deprotonate -nitrile 257 in the hope thatthis would provide good vyields and
enantioselectivities. The reaction was carried out using PH#3583% an electrophile, however

a low yield of racemic produ@68 was obtained (Scheme22, Table 43). Skilbeck assumed

that the reason for lack of enantioselectivity was because the reaction prodeaasthgle

electron transfer process.

Ph
\
) S
1. Base, =107 °C, 10 min, Et,0O
N~ CN > Ny~ TCN
| i |
Boc 2. PhSSO,Ph, 30 min Boc
enantiopure 258f
(S)-257
Scheme 422
Base Yield % er
'PrMgCl 8 53:47
'PrMgCI.LiCI 6 50:50
TMPMgCI.LiCI 19 50:50
"Bu,Mg 13 52:48
TMPMgCI 26 53:47

* All bases were solutions in THF

Table 4-3

As previously stated, using JX gave better yields and enantioselectivities when compared to
THF.1®8 A project student in the Coldham group under my supervision tried to repeat the
reaction above using TMPMgCI in4&1. By purchasing a new bottle' ®MgCl [2 M] in E&O

to prepare TMPMgCI, am-situ reaction at 104 °C gave racemic produ@5d in only a 5%
yield 18 This indicated that sulfur containing electrophiles were not ideal.

A further reaction was then carried out in my project with the enantioenriched2bfrjrhich

was deprotonated using TMPMgCI Et.O 7104 °C followed by the addition of benzoyl
chloride after 10 seconds to the reaction mixture of nifié (Scheme 43). As a result,
compound258cwas obtained ia53% yield anda90:10 enantiomeric ration the meantime,
changing solvent to CPME using the same conditions gave com@é8nih a59% yield and
a74:26 er. The crystal structure was determined bpycrystallography (Figure-40), but

the absolute configuration was inconclusive. However, the reaction was assumed to proceed

with retention of configuration due to previous studf#lso, a byproduct was formed from
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reaction between the base and the electrophile, and this was verified by NMR spectroscopy and
high resolution mass spectrometry. The low yields obtained from the reaction with TMPMgCI

in ELO could be because nitrigs7 is poorly reactive toward magnesium bases. Therefore,
future studies may focus on using other organometallics in order to ge@Genat¢allated

species, which may give better yields and good selectivities.

Ph
1. TMPMgCI,-104°C, solvent, \\
10 sec =0
N CN 3 + N
’Tl CN

| 2. PhCOCI, 30 min )\
Boc o

(S)-257 (S)-258¢ 260

Solvent= Et,0, 53% vyield, 90:10 er
Solvent= CPME, 59% yield, 74:26 er
* Base was solution in Et,O

Scheme 423

Figure 4-10: shows the structure of
Compound 258c. Flack parameter 0.39 (3)

Notably, it was hard to synthesise and purify the racemic derivatives of 2iild he results
when using TMPMgCI as a base were not promising. For this reason, we dedtizolthese

investigations.

4.3 Conclusion

To summarise, both proline derived nitr@87andN-Boc-3-cyano tetrahydroisoquinolir@d7

were synthesised as enantiopure compounds. Several bases and solvents were used for the
asymmetric deprotonation of nitrig?7, and the deprotonated intermediatasvirapped with
MeOCOCN. Only low yields were obtained, however in one case a high enantiomeric ratio
was found when using TMPMgCI in & and CPME as a solvent. For proline derived nitrile

257, low yields were obtained using both LDA and TMPMgCI with eliéint electrophiles.

Changing solvent in the lithiation reaction to generate the racemic products improved the
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yields. Notably, using TMPMgCI as a solution in@tinstead of THF gave moderate yields

and high enantiomeric ratio when trapping the reactiibim enzoyl chloride.
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5. Experimental
5.1 General Experimental Details

All reagents were obtained from commercial suppliers and were used without further
purification unless otherwise specified. Solvents were obtained from Grubbsolysnt
system (model: SR300-6). Electrophiles were freshly distilled-BuLi andsecBuLi were
titrated before us'8! Flash column chromatography was performed using DAVISIL silica gel
(40-63 micron mesh)The purification of products for 1 mmol scale reaction, a 1 cm coloumn,
filled to a depth of 10 cm, was usddhin layerchromatography was performed on Machérey
nagel Alugram Sil G/UV 254 silica plates and visualised by UV irradiation at 254 nm or by
staining with an alkaline KMngdip. *H NMR spectra were recorded on either a Bruker AC250
(250 MHz) or aBruker AC400 (400 Miz) instrument Chemical shifts are reported in ppm
with respect to the residual solvent peaks, with multiplicities given as s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet, br = broad. Coupling constahtsl(ies) are quoted to

the nearest 0.5 Hwith values in Hertz (Hz) and were correct&€ NMR were recorded on

the above instruments at either 63 Mblz100 MHz Melting points were recorded on a
Gallenkamp hot stage and were uncorreck®iv and high resolution (accurate mass)sma
spectra were recorded on a Micromass Autospec for Electron Impact (EI) and on a Walters
LCT instrument for ElectidSpray (ES). Specific rotations were calculated from optical
rotations recorded on an ARO automatic polarimeter. InfrRed spectra wereecorded on a
Perkin Elmer Spectrum RX Fourier TransféliR System. Only selected peaks are reported
and absorption maxima are given in'énReactIR infrared spectroscopic monitoring was
performed on a Mettlefoledo ReactIR iC 4000 spectrometer equippid a diamonetipped
(DiComp) probeln-situ X-ray data was measured on a Bruker Smart CCD area detector with
Oxford Cryosystemd$Resolution between the enantiomeras achieved using a Beckman
system fitted with a Phenomenkwx 3 3u cellulose2 column (220 mn$¥ 4.60 mm i.d.) or a
Chiralpax AD column (220 mri 4.60 mm i.d.) as the stationary phase with a mixture-of
hexaneisopropanolas the mobile phase at a flow rate of IL.-min'!, ambient temperature,
detection by UV absorbance at 220 nlow temperature system. Elemental analysis was
carried outusing a Perkin Elmer 2400 CHNS/0 SellieElemental Analyser.
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5.2 Chapter 2 Experimental

General procedure A: Lithiation and electrophilic quench of the N-Boc
tetrahydroisoquinolines 113, 136, 145, 152, 175180 C

n-BuLi (1.2 equiv., 25 M in hexane) was added to a stirred solutionN-&oc
tetrahydroisoquinoline (1.0 equiv.) in THR mL) at 150 °C (1 mmo). After 4 min, the
electrophile (3 mmol, B.equiv.) was added dropwise. The mixture was allowed to warm to
room temperature over 16 h and MeOH (1 mL) was added. The solverva@sratedand

the residue was purified by column chromatographgilica gel as described below.

General Procedure B:N-Boc-Protection of Amines

Di-tert-butyl dicarbonate (1.2 equiv.) was added dropwise to the arhieguiv.,1 mmo) in

a mixture of water (1 mL) and Xg@ioxane (2 mL) at OC. After 4 h, the mixture was allowed

to warm to room temperature over 16 h. Theture was extracted with #2. The extracts
were washed with brine, dried (Mg®Qnd the solvent was evaporated. The crude product

was purified by column chront@graphy to give the carbamate.

General Procedure C: Reduction of Nitrile Using Raney Nickel

A solution of nitrile (1 equiv.) in ethanol (mmo) and 29% NHOH (1.08 equiv.1.08 mmo)

in the presence of Raney Ni (0.2 equiv2 t(imo) was stirred vigorously underKil atm) for

48 h. The reaction mixture was filtered through Celite, then tinatélwas concentrated under
reduced pressure to give the amine. The crude mixture was purified by column chromatography

on slica gel, as described below.

General Procedure D: Formation of 2,2,Zrifluoro -N-phenethylacetamide derivatives

Pyridine (2 equwi.) was added to the amine (1 equiv.) in THFniL) and asolution of
trifluoroacetic anhydride (4 equiv.) was added dropwise @&&.0The reaction mixture was
stirred for 4 h at room temperature, then quenched by addition of water (2 mELafl@e
mixture was extracted with EtOAc, and the extracts were washed with brine, dried {/MgSO
and the solvent was evaporated. The crude mixture was purified by column chromatography to

give the acetamide.
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General Procedure E: Cyclisation ofacetamides using PictetSpengler Condensation
Reaction.

A mixture composed of ¥5Q: AcOH (1.5:1) was added at room temperature in one portion
to a mixture of acetamide (1 equiv.) and paraformaldehyde (1.5 equiv.). The reaction mixture
was stirred for 48 h at rootemperature. The mixture was poured irff iwgater (200 mL) and

was extracted with EtOAc. The organic phases were combined, washed with water (25 mL),
agueous saturated NaHe@5 mL), and then dried (MgS() filtered and concentrated. The
residue was puriéd by silca gel column chromatography.

General procedure F: Hydrolysis oftetrahydroisoquinoline-N-trifiuoro -acetamide
derivatives

N-(Tetrahydroisoquinoline®,2,2trifluoroacetamide (1 equiv.,1 mmo) was partially
dissolved in methanol and water.&0Os (4 equiv.) was added in one portion and the reaction
mixture was stirred at 9 for 1 h. The mixture was extracted using:CH, and the combined
extracts were dried (MgSP The mixture wadiltered and concentrated under reduced

pressure. The crudaixture was purified by column chromatography.

6,7-Dimethoxy-1,2,3,4tetrahydroisoquinoline 102
MeO NH

A mixture of aminel18(10.0 g, 55.2 mmol), paraformaldehyde (1.9 g, 66.2 mmol) and TFA
(12.7 mL, 114 mmol) in toluene (100 mL)awheated under reflux. After 24 h, excess TFA

was removed under reduced pressure and the residue was poured into agueous NaOH (100 mL,
2 M), The salition was extracted using GEl> (3 x 250 mL), the organic laysrwere
combined, dried (MgS§), and the solvent was evaporated. Purification by flash column
chromatography on silica gel, eluting with &l MeOHi conc. NH (94.9:5:0.1), gave the

aminel02(13.0 g) as an oil used crude in the next step.

tert-Butyl 6,7-dimethoxy-1,2,3,4tetrahydroisoquinoline-2-carboxylate 113

MeO N"Boc
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Using general procedure B,-tdirt-butyl dicarbonate (14.3 g, 66 mmol) was added,id
dimethoxy1,2,3,4tetrahydroisoquinoline (10.6 g, 55 mmol) in a mixture of water (60 mL) and
1,4-dioxane (120 mL) at O °C. After 4 h, the mixture was warmed to room temperature over 16
h. The mixture was extracted with,Et(3 x 100 mL), and the organliayers were combined,
washed with brine (100 mL), dried (Mg®Q® evaporated and purified by column
chromatography on silica gel, eluting with petEiOAc (95:5), to give the carbamaté3

(12.7 g, 79%) as an amorphous solid, m.pi138 °C (lit}¥2128 130 °C), R 0.12[petroli

EtOAc (90:10)];'H NMR (400 MHz,CDC4r ot amer s) U = 6.64 ( 1H,
4.50 (2H, s, NChH), 3.87 (6H, s, 2 x OC¥), 3.65 (2H, tJ 5 Hz, CH), 2.77 (2H, tJ 5 Hz,

CHy), 1.51 (9H, st-Bu). Data in accordance with the literatdfe.

tert-Butyl -6, 7-dimethoxy-1-[(4-methoxyphenyl)methyl}-1,2,3,4tetrahydroisoquinoline-
2-carboxylate 119

MeO O
MeO N“B
MeO l

Using generaprocedure A, THIQL13(1.0g, 3.4 mmol)n-BuLi (1.6 mL, 4.1 mmol) ang-

methoxybenzylchloride (0.6 mL, 4.1 mmol) gave, after purification by column

ocC

chromatography on silica gel, eluting with petelOAc (92:8), the carbamafe 9 (980 mg,

70%) as an oilRs 0.11 [petral EtOAc (90:10)]; FTIR Anax (film)/cm'! 3005, 2990, 1675,
1510, 1415'H NMR (400 MHz, CDC#, rotamer3iti = 17.02 (8, m, 2 x CH), 6.8%.80

(2H, m, 2 x CH), 6.63 (0.67H, s, CH), 6.60 (0.33H, s, CH), 6.34 (0.67H, s, CH), 6.20 (0.33H,
s, CH), 5.22 (0.33H, t] 7 Hz CH), 5.07 (0.67H, ] 7 Hz, CH), 4.15 (0.67H, ddd,12, 5, 3

Hz, CH), 3.87 (3H, s, OC#)l 3.853.77 (0.33H, m, CH), 3.80 (3H, s, OgH3.75 (2H, s,
OCHg), 3.65 (1H, s, OCh), 3.373.22 (1H, m, CH), 3.18.00 (1H, m, CH), 2.98.72 (2H,

m, 2 x CH), 2.662.55 (1H, m, CH), 1.45 (3H, $Bu), 1.35 (6H, st-Bu); 3C NMR (100

MHz, CDCk,rotames ) UG = 158.3 & 158.1 (C), 154.6 &
& 146.7 (C), 130.8 & 130.6 (CH), 130.7 & 130.5 (C), 128.8 & 128.6 (C), 126.6 & 126.3 (C),
113.7 & 113.5 (CH), 111.3 & 111.0 (CH), 110.7 & 110.3 (CH), 79.5 & 79.4 (C), 56.5)(CH
55.9& 55.8 (CH), 55.7 & 55.6 (CH), 55.3 & 55.2 (CH), 42.0 & 41.8 (G# 39.3 & 37.2
(CH), 28.5 & 28.3 (CH), 28.2 (CH); HRMS (ES) Found: MNa 436.2103. @H3:NOsNa
requires MNa436.2103; LRMSn/z(ES) 436 (100%VINa").
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tert-Butyl 1-(3-(2-(tert-butoxycarbonyl)-1,2,3,4tetrahydro-6, 7-dimethoxyisoquinolin-1-
yl) propyl) -3,4-dihydro -6, 7-dimethoxyisoquinoline-2(1H)-carboxylate 120

MeO O

MeO N“Boc
MeO g N.Boc
MeO

Using general procedure AHIQ 113 (2.0 g, 6.8 mmol),n-BuLi (3.2 mL, 8.2 mmol) and
Br(CH>)3Br (0.3 ml, 3.4 mmol) gave after purification by column chromatography on silica

gel, eluting with petrdlEtOAc (99:1), the carbamatd®0a and 120 (2.8 g, 64%) as a

separable mixture of diastereoisomers (dr 1:1), each as an oil:

Isomer120a (1.4 g, 33%); R 0.27 [petrol EtOAc (90:10)];FTIR Anax (film)/cm' 1, 2970,

2935, 1685, 15201H NMR (400 MHz, CDC}, rotamer3 i = i @55 @B, m, 4 x CH),
5.125.10 (1H, m, CH), 4.981.96 (1H , m, CH), 4.224.19 (0.85 H, m, CH), 3.93.92 (1.15H,

m, CH),3.85 (12H, br s, 4 x OC{) 3.273.15 (2H, m, CH), 2.88.81 (2H, m, CH), 2.63

2.59 (2H, m, CH), 1.93L.72 (4H, m, 2 x CH), 1.63.53 (2H, m, CH), 1.47 (18H, brsBu);
3CNMR (100 MHz,CDGJ, rotamers) U = 155.0 & 1306.9 (C
& 130.1 (C), 126.4 & 126.0 (C), 111.6 & 111.4 (CH), 110.3 & 110.0 (CH), 79.7 & 79.2 (C),

56.1 (CH), 55.9 (CH), 54.7 & 53.4 (CH), 38.4 & 38.2 (Ghf 36.9 & 36.2 (CH), 28.5 (CH),

28.1 & 27.9 (CH), 23.5 & 23.2 (CH); HRMS (ES) Found: MN3 649.3533C1oH2sNOsNa

requires MNA 649.3533; LRMSn/z(ES) 649 (100%, MN3.

Isomer120h (1.4 g, 33%); R0.28 [petral EtOAc (90:10)];FTIR Anax (film)/cm' 1; 2970,

2935, 1686, 152tH NMR (400 MHz, CDC4, rotamer3l = i @&55 @H, m, 4 x CH), 5.12

5.10 (1H,m, CH), 4.984.96 (1H, m, CH), 4.224.19 (0.8H, m, CH), 4.03.94 (1.2H, m, CH),

3.85 (12H, br s, 4 x OCH 3.273.15 (2H, m, CH), 2.88.81 (2H, m, CH), 2.62.59 (2H,

m, CH), 1.931.72 (4H, m, 2 x CH), 1.63.53 (2H, m, CH), 1.47 (18H, brisBu); **C NMR

(100 MHz,CDC4, rotamers) U = 155.0 & 154.8 (C=0),
(C), 126.3 & 125.8 (C), 111.6 & 111.4 (CH), 110.3 & 109.9 (CH), 79.7 & 79.2 (C), 56.1
(CHs), 56.0 (CH), 54.6 & 53.5 (CH), 38.3 & 38.0 (Gl 36.9 & 35.5 (CH), 28.5 (CH), 28.1

& 27.9 (CH), 23.6 & 23.2 (CH); HRMS (ES) Found: HRMS (ES) Found: MN\#&49.3533.
C1oH25NOsNa requires MNa649.3533; LRMSn/z(ES) 649 (100%, MN3.
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tert-Butyl 1-(4-bromobutyl)-6,7-dimethoxy-1,2,3,4tetrahydroisoquinoline-2-carboxylate
121

MeO

MeO ‘Boc

Br

Using general procedure AHIQ 113 (700 mg, 2.38 mmolp-BuLi (1.24 mL, 2.86 mmol)

and Br(CH)4Br (0.34 mL, 2.86 mmol) gave, after purification by column chromatography on

silica gel, eluting with petroEtOAc (982), the carbamat#&21 (760 mg, 75%) as an oil;sR
0.21 [petrol EtOAc (80:20)]; FTR Anax (film)/cm't 2965, 2935, 1680, 1515, 1414 NMR
(400 MHz, CDC4, rotamer3t = @60 &H, m, 2 x CH), 5.1%.08 (0.5H, m, CH), 4.98
4.95 (0.5H, m, CH)4.27 4.23 (0.5H, m, CH), 4.0B8.98 (0.54, m, CH), 3.88 (6H, br s, 2 x
CHs), 3.48 3.42 (2H, m, 2 x CH), 3.2B8.22 (0.5H, m, CH), 3.1%.08 (0.5H, m, CH), 3.00
2.79 (1H, m, CH), 2.68.61 (1H, m, CH), 2.06L.54 (6H, m, 6 x CH), 1.51 (9H, brtsBu);
13C NMR (100 MHz,CDC}, rotamers) U = 154.8 (C=0),
(C), 126.5 & 126.0 (C), 111.6 (CH), 110.2 & 109.9 (CH), 79.9 & 79.5 (C), 56.%)(GH.9
(CHs), 54.2 & 53.4 (CH), 38.3 & 36.5 (G 36.2 & 35.7 (CH), 33.6 (CH), 32.5 (CH), 28.4
(CHs), 27.9 (CH), 25.4 & 25.1 (CH); Found: MN4, 450.1247. @H3NO4"°BrNa requires
MNa* 450.1247; LRMSn/z(ES) 452 (97%, MN%. 450 (100%, MN9.

9,10Dimethoxy-1H,2H,3H,4H,6H,7H,11bHpyrido[2,1-a]isoquinoline 122

MeO
Meo:[::I;Zﬁj

Trifluoroacetic acid (0.1 mL, 1.48 mmol) was added to a solution of carbd®@a(@00 mg,

0.24 mmol) in CHCI> (5 mL). After 4 h, the solvent was evaporated and aqueous NaOH (5

mL,1M) was added. After 30 min the mixture was extracted with@H(2 x 5 mL). The

combined extracts were dried (MggQevaporated and purified by column chromatography

on silica, eluting with CECl2i MeOH (97:3), to give the amiri22 (50 mg, 87%) as an oil;tR
0.34 [CHCl2i MeOH (9:1)]; FTIR Anax (film)/cm' 2990, 29302802, 27501510;'H NMR

(400 MHz,CDCH)i = 6. 71 (1H, s, CH), 6. 59320296,
(4H, m, 4 x CH), 2.662.50 (2H, m, 2 x CH), 2.32.27 (2H, m, 2 x CH), 1.92.92 (1H, m,

CH), 1.76 1.70 (2H, m, 2 x CH), 1.58..42 (2H, m, 2 x CH)}3C NMR (100 MHz, CDGJ) U

= 147.3 (C), 147.1 (C), 130.2 (C), 126.6 (C), 111.4 (CH), 108.9),(6}2 (CH), 56.9 (CH),
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56.0 (CH), 55.8 (CH), 52.8 (CH), 31.5 (CH), 29.0 (CH), 25.4 (CH), 25.0 (CH); HRMS
(ES) Found: MH, 248.1645. @H21NOz requires MH 248.1645; LRMSn/z(ES) 248 (100%,
MH™*).10%102100pata in accordance with the literattire

MeO

Meo%
Using general procedure AHIQ 113 (1.0 g, 3.4 mmol)n-BuLi (1.63 mL, 4.1 mmol) and
Br(CH2)sBr (0.41 mL, 4.1 mmol) gave the crude reaction mixttirgluoroacetic acid (0.37

(x)-Crispine A 123

mL, 4.9 mmol) was added to a solution of the crude mixQ@8 g, 1.64 mmol) in CiCl>

(15 mL) and the mixture was stirred at room temperature. After 4 h, the solvent was evaporated
and agueous NaOH (30 mL, 1 M) was added. After 30 min, the mixture was extracted with
CHoCI> (2 x 20 mL). The combined extracts were dried (MgS6&vaporatedand purified by

flash column chromatography on silica, eluting vwa#irol EtOAc (92:8)gave(z)-Crispine A

123 (410 mg, 52%) as an oil;1R0.18 [petroli EtOAc (80:20)]; FTR Anax (film)/cm' 1 2935,

2835, 1515, 1460H NMR (400 MHz, CDC},)ii = (BH, £ GH), 6.58 (1H, s, CH), 4112

4.05 (1H, m, CH), 3.86 (6H, s, 2 x O@)H3.211 3.17 (2H, m, 2 x CH), 3.13.05 (2H, m, CH),
2.972.96 (2H, m, 2 x CH), 2.5&.48 (1H, m, CH), 2.071..99 (2H, m, 2 x CH), 1.93.83

(1H, m, CH);3C NMR (100 MHz, CDG) 1484 (C), 148.0 (C), 127.3 (C), 124.8 (C),
111.1 (CH), 108.8 (CH), 61.9 (CH), 56.0 (§H55.9 (CH), 53.1 (CH), 47.6 (CH), 31.5

(CH>), 26.3 (CH), 22.4 (CH); Data in accordance with the literatdre.

tert-Butyl 6,7-dimethoxy-1-(prop-2-yn-1-yl)-1,2,3,4tetrahydroisoquinoline-2-
carboxylate 124

MeO

MeO “Boc

Z

Using general procedure AHIQ 113(1.0 g, 3.4 mmol),n-BuLi (1.63 mL, 4.08 mmol) and
propargyl bromide (0.36 ml, 4.1 mmol) gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (99:1) the carbamaie4 (0.88 g, 78%ps an oil; R0.1
[petroli EtOAC (90:10)];FTIR Anax (film)/cm' 1 2970, 2930, 1690, 1520, 1415 NMR (400
MHz, CDCk, rotamer3d = 6. 78 (1H, s, QBb24,0.58,m6CH), 5.14H,
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(0.5H, t,J 6 Hz, CH), 4.214.18 (0.5H, m, CH)3.973.93 (0.5H, m, CH), 3.87 (6H, s, 2 x
OCHg) 3.47 3.42 (0.5H, m, CH), 3.3B.26 (0.5H, m, CH), 2.82.71(4H, m, 4 x CH), 2.02

2.00 (1H, m, CH)1.50 (9H, st-Bu); *C NMR (100 MHz, CDd, rotamers, Ckicould be
missing) U = 154. 61428 (C)5147.34C),(1Z/8R)127.6 (CY I26.0P& &
126.5 (C), 111.4 & 111.2 (CH), 110&110.1 (CH), 81.5 (C), 80.1 & 79.8 (C), 55.9 & 55.8
(CHs), 53.1 & 52.4 (CH), 39.1 & 37.3 (G 28.4 (CH), 28.3 & 28.0 (CH), 26.5 & 26.1
(CH2); HRMS (ES) Found: MNa 354.1668. @H2sNO4Na requires MNa354.1668; LRMS
m/z(ES) 354 (100%, MN3.

tert-Butyl 1-[(1-benzyt1H-1,2,3triazol-4-yl) methyl]-6,7-dimethoxy-1,2,3,4
tetrahydroisoquinoline-2-carboxylate 125

MeO

MeO

A solution of carbamatel13 (500 mg, 1.5 mmol) and benzyl azide (200 mg, 1.8 mmol),
CuSQ H20 (300 mg, 1.8 mmol), ascorbic acid (300 mg, 1.8 mmoiprdline (200 g, 1.8
mmol), and NaCOz (100 mg, 1.8 mmol) were heated in DMSO/water (10 mL, 9:1) for.18 h
The mixture was cooled room temperature and saturated aqueougONE0 mL) was added.
The precipitate was filtered and washed with distilled water (100 mL), extracted with EtOH (3
x 200 mL), the combined extracts were dried (Mg$QCand the solvent was evaporated.
Purification by column chromatography on silica gel, eluting with petfDAc (60:40), gave
the carbamatd 25 (570 mg, 83%) as an oil; sR0.11 [petrol EtOAc (50:50)]; FTIR Anax
(film)/cm'1 3000, 2970, 1690, 13654 NMR (400 MHz, CDC4, rotamer$ii 7-35 7.15 (6H,

m, 6 x CH), 6.666.56 (2H, m, 2 x CH), 5.5%.36 (3H, m, 3 x CH), 4.28.21 (0.5H, m, CH),
3.983.91 (0.5H, m, CH), 3.85 (3H, s, OG}3.81 (1.7H, s, OC¥k). 3.76 (1.3H, s, OCH,
3.2113.02 (2.5H, m, CH), 3.02.76 (1H, m, CH), 2.62.57 (1H m, CH), 1.991.84 (0.5H,

m, CH), 1.38 (3H, st-Bu), 1.26 (6H, st-Bu); 3C NMR (100 MHz, CDG, rotamers, CHl
coul d be DB1.8&1504dQ=0O)i14%8 (C), 147.4 (C), 145.2 & 144.8 (C), 135.0 &
134.6 (C), 129.1 (CH), 128.8 (CH), 128.7 & 1283H), 128.0 & 127.9 (CH), 126.2 (2 x C),
121.9 (CH), 111.4 (CH), 109.9 (CH), 79.7 & 79.5 (C), 56.0 & 55.93)Cs#.5 & 53.1 (CH),
54.0 (CH), 38.3 & 36.4 (CH)), 32.8 (CH), 28.3 & 28.1 (CH), 28.0 (CH); HRMS (ES) Found:
MNa*, 487.2316. @sH3NsOsNarequires MN&487.2321; LRMSn/z(ES) 487(100%).
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tert-Butyl 1-[2-(2H-1,3-benzodioxot5-yl)ethyl]-6,7-dimethoxy-1,2,3,4
tetrahydroisoquinoline-2-carboxylate 126

Using general procedure AHIQ 113 (1.0g, 3.4 mmol)n-BuLi (1.63 mL, 4.08 mmol) and
5-(2-bromoethyl}2H-1,3-benzodioxole (0.9 g, 1.6 mmol) gave after purification by column
chromatography on silica gel, eluting with petE&iOAc (92:8), the carbamafi6 (1.08 g,

72%) as an oil; R0.12 [petrol EtOAc (80:20]; FTIR Anax(film)/cm'* 2970, 2930, 1685, 1515;

'H NMR (400 MHz, CDC4, rotamer3ti = 1@®58 58, m, 5 x CH), 5.93 (2H, s, OG®),
5.185.01 (1H, m, CH), 4.281.26 (0.5H, m, CH), 4.0%!.00 (0.5H, m, CH), 3.86 (6H, s, 2 x
OCHg), 3.29 3.17 (1H, m, CH)2.98 2.59 (4H, m, 4 x CH), 2.1@.00 (2H, m, 2 x CH), 1.50
(9H, s,t-Bu); 1°C NMR (100 MHz, CDd, rotamers) U = 154.9 (C=0)
145.6 (C), 136.0 & 135.7 (C), 130.1 (C), 129.6 (C), 126.3 & 125.9 (C), 120.9 (CH), 111.6
(CH), 110.2 & 109.9 (CH), 108(CH), 108.1 (CH), 100.7 (C}), 79.9 & 79.4 (C), 56.0CHz),

55.9 (CH), 54.4 & 53.6(CH), 39.1 & 38.7 (CH), 36.9 (CH), 32.7 (CH), 28.5 (CH), 28.1 &

27.9 (CH); HRMS (ES) Found: MNa 464.2032. @H31NOs Na requires MNa464.2032;
LRMS m/z(ES) 464 (100%VINa").

(x) Dysoxyline 127

A solution ofcarbamatel 26 (100 mg, 0.24 mmol) in THF (2 mL) was added dropwise to a
stirred suspension of LIAIH(500 mg, 1.2 mmol) in THF (10 mL) at 0 °C. The resulting
solution was stirred at room temperature for 1 h then heated under reflux for 16 h. The solution
was allowed to cool to room temperature, then aqueous NaOH (5 mL, 1 M) was added

dropwise. The solisvas removed by filtration though Celite and washed with@MeOH
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(9:1). The filtrate was evaporated. Purification by flash column chromatography on silica gel,
eluting with EtOi Petrol (97.5:2.5), gavet)-dysoxylinel27 (60 mg, 75%) as an oil;R.12
[petroli EtOAC (90:10)]; FTR Anax (film)/cm'1 2935, 2780, 1515, 14984 NMR (400 MHz,
CDCk)t = 1®69 24, m, 2 x CH), 6.66.62 (1H, m, CH), 6.58 (1H, s, CH), 6.55 (1H,
s, CH), 5.92 (2H, s, OC#®), 3.85 (3H, s, OC}h}, 3.82 (3H, s, OCEJ, 3.42 (1H, tJ 5 Hz,
CH), 3.203.12 (1H, m, CH), 2.82.63 (4H, m, 4 x CH), 2.52.46 (1H, m, CH), 2.48 (3H, s,
NCHjs), 2.052.00 (2H, m, 2 x CH);¥3C NMR (100 MHz, CDCGJ)) U =(C)1147.3. (G),
147.2 (C), 145.4 (C), 136.8 (C), 129.7 (C), 126.7 (@)11..0 (CH), 111.2 (CH), 110.0 (CH),
108.9 (CH), 108.1 (CH), 100.7 (GH 62.6 (CH), 56.0 (CkJ}, 55.8 (CH), 48.2 (CH), 42.7
(CHs), 37.1 (CH), 31.3 (CH), 25.4 (CH); HRMS (ES) Found: MH 356.1862. @H26NO4
requires MH 356.1862; LRMSm/z (ES) 349 (100%, MN3, 356 (50%, MH). Data in
accordance with the literatut&’

2-(2H-1,3-Benzodioxot5-yl) ethanol 128

o OH
I

2H-1,3-Benzodioxoi5-ylacetic acid (1.0 g, 5.5 mmol) and NaB.5 g, 14.4 mmol) were

dissolved in THF (10 mL), and the mixture cedto O °C. A solution of iodine (1.4 g, 5.6

mmol) in THF (5 mL) was added dropwise over 15 mamgthe resulting solution was heated

at reflux. After 24 hhe mixture was cooled to room temperatureraethanol was added until

evolution of B had ceased.li# clear solution was stirred at 20 °C for 30 min, and the solvent

was evaporated he resulting paste was taken up with aqueous NaOH (20 mL, 5 M) and was

extracted with CHCI> (3 x 50 mL). The combined organic layers were dried (MgSénd

evaporated, tgive the alcohol28(0.97 g) as an oil, used crude in the next step.

5-(2-Bromoethyl)-1,3-benzodioxole 129

e} Br

AT

o}
Triphenylphosphine (1.9 g, 7.4 mmol) was added to a solution of ald@®0.97 g, 5.9
mmol) in CHCl> (20 mL) in the presence of carbon tetrabromide (3.3 g, 7.0 mmol) at room
temperature. After 12 h the white precipitate Wésred, and the resulting paste was taken up

in ELO (50 mL). The combined organic layer was concentrated, and the excess of carbo

tetrabromide was removed under vacuufier purification by column chromatography on
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silica gel, eluting with petroEtOAc (95:5), gave the bromide9(0.63 g,47%) as an oil; R
0.32 [petral EtOAc (90:10);'H NMR (400 MHz, CDC}) i = i@&77 {1H, mCH), 6.72
6.67 (2H, m, 2 x CH), 5.96 (2H, s, O@®), 3.35 (2H, tJ 7.5 Hz, CH), 3.09 (2H, tJ 7.5 Hz,
CHy). Data in accordance with the literatd?e.

tert-Butyl  6,7-dimethoxy-1-(trimethylsilyl) -3,4-dihydro-1H-isoquinoline-2-carboxylate
131& 1,2,3,4Tetrahydroisoquinolin-1-yl 2,2-dimethylpropanoate 132

MeO MeO

Meom‘Boc and MeO:@iE\IH

Sis 'Bu0” SO

n-BuLi (0.75 mL, 1.89 mmol) was addedTéllQ 113(0.4 g, 1.6 mmol) in THE10 mL) ati
50 °C, after 4 min triethylborane (5.1Lm5.1 mmo) 1 mL in THF wasadded. After 30 min
the mixture was cooled /8 °C and TMSOTf (0.28 mL, 1.57 mmol) was added. After 30
min H20 (0.5MI, 30% was added, the mixture was allowed to warm to 0 °C. After 30 min,
NaOH (2 mL, 1 M) was added, the mixture was extracted GShufl> (2 x 20 mL), dried

(MgSQw), evaporated angurified by column chromatography on silica gel, eluting with
petrol EtOAc (95:5)to give the carbamasel31and 132in 95 % yield.

Carbamatel 31(0.51 g, 90%) as an oil;sF.6 [petrof EtOAc (80:20)];*H NMR (400 MHz,
CDCls,r ot amers) u = 6.62 (0.5H, s, CH), 6.60
s, CH), 4.89 (0.5H, s, CH), 4.72 (0.5H, s, CH), 4.30 (0.5H, ddid@, 6, 3, 1 Hz, CH), 4.03
(0.5H, dddd,] 13, 6, 3, 1 Hz, CH), 3.86 (5H, s, 5 *H{; 3.84 (1H, s, CH), 3.22 (0.5H, ddd,

13, 10, 4 Hz, CH), 3.04 (0.5H, ddd 13, 10, 4 Hz, CH), 2.92.80 (1H, m, CH), 2.63 (1H,
ddd,J 13, 9.5, 4 Hz, CH), 1.51 (4.5H, tsBu), 1.49 (4.5H, st-Bu), 0.08 (4.5H, SiMg), 0.07

(4.5H, s, SiMe). data inaccordance with the literatufé.

Carbamatel32(0.05 g, 5%) as an oil; 40.1 [petrol EtOAc (90:10)];FTIR Anax (film)/cm' *

3340, 2960, 2930, 1715, 15261 NMR (400 MHz, CDC)ii = 6. 63 ( 1H, s,
CH), 4.51 (1H, SCH), 3.87 (6H, s, 2 x OC#} 3.84 3.83 (2H, m, CH), 2.78 2.75 (2H, m,
CHz), 1.70 (1H, br s, NH), 1.50 (9H, 8Bu); *C NMR (100 MHz,CDG)) & = 170. 6
147.6 (C), 147.4 (C), 122.3 (C), 121.2 (C), 111.7 (CH), 111.5 (CH), 79.7 (C), 565} B5L0
(CHs), 55.7 (CH), 40.0 (Cb), 29.6 (CH), 28.5 (CH); HRMS (ES) Found: MN3 316.1521.
Ci16H23NOsNa requires MNa316.1519; LRMSn/z(ES) 316 (100%, MN3.
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2-(Benzo[d][1,3]dioxol6-yl)ethanamine 134

SO

Using general procedure C, nitril83(5.7 g, 32 mmol) and Raney Ni (0.4 g, 7.6 mmol) gave
after purification by column chromatography on silica gel, eluting with@#MeOHi conc.

NH3 (97.9: 2: 0.1), the amin&34 (4.7 g, 90%) as an oil; $£0.1 [CHCIl2i MeOHi conc. NH
(90:9:1)]; FTIRAnax (film)/cm'* 2965, 2890, 1660, 14854 NMR (400 MHz, CDCY) U =
6.75 (1H, dJ 7 Hz, CH), 6.70 (1H, s, CH), 6.69 (1H, 87 Hz, CH), 5.95 (2H, s, OCI®),

2.9 (2H, 1,37 Hz, CH), 2.66 (2H, tJ 7 Hz, CH), 1.24 (2Hbr s, NH); 1*C NMR (100 MHz,
CDClk) U = 1459.(Q), 183G)(C), 1214 (CH), 1(®(CH), 108.2 (CH), 100.8
(OCHy), 43.7 (CH), 39.8 (CH); HRMS (ES) Found: MH 166.0861. gH12NO2 requires MH
166.08®; LRMS m/z(ES) 166.0 (100%, MH. Data in accordance with the literature, oftly
NMR spectra was reportégf

Borane in THF (12.4 mL, 6.2 mmol, 1 M) was added to the nit38(1.0 g, 6.2 mmol) in

THF (15 mL) at room temperature. After 1 h, the mixture was heatéd°C for 24 h, then

the mixture was cooled to°C and HO (3 mL) was added dropwise over 5 min. After 30 min
conc. HCI (8 mL, 12 M) was added. After 1 h, NaOH (3 g) was added as pellets to the mixture,
the solvent was evaporated and the residue wiaiactéed using CECl (3 x 100 mL), the
combined organic layers were dried (MggQvaporated and was purified by flash column
chromatography on silica gel, eluting with &l MeOHi conc. NK (97.9: 2: 0.1), to give

the aminel34(0.76 g, 75%). Data as above

5,6,7,8Tetrahydro-[1,3]dioxolo[4,5g]isoquinoline 135

0
<Oj©©\m .HCI

A mixture of aminel34(3.9 g, 24.2 mmol), paraformaldehyde (0.70 g, 26.5 mmol) and TFA
(23 mL, 303 mmol) in toluene (30 mL) was heatrdler reflux. After 24 h, excess TFA was
evaporated and the residue was poured into aqueous NaOH (25 mL, 2 M). The solution was
extracted using C¥Cl> (3 x 50 mL), the combined organic layers were dried (MgSO
evaporated and purified by flash colurimomatography on silica gel, eluting with &Zbi

MeOHi conc. NH (94.9:5:0.1), to give the amiri5as ifs hydrochloric salt (3.8 g, 74%) as

an amorphous solid; m.p. 1881 °C; Ry 0.12 [CHCI2i MeOHi conc. NHK (90:9:1)]; FTIR
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Anax (film)/cmi 2890, 2840, 1680, 14884 NMR (400 MHz, CDC}) o = 6.56 ( 1H,
6.48 (1H, s, CH), 5.90 (2H, s, OGH)), 3.92 (2H, s, NCH, 3.10 (2H, tJ 6 Hz, CH), 2.70

(2H, 1,J 6 Hz, CH), 2.14 (2H, br s, NB); *C NMR (100 MHz,CDC)) & = 144.8 ( C)
(C), 127.7 (C), 126.5 (C), 108.0 (CH), 105.1 (CH), 100.0 {CH7.3 (CH), 42.8 (CH), 28.2

(CHz); HRMS (ES) Found: MH 178.086. Ci10H12NO2 required MH 178.08®; LRMS m/z

(ES) 178 (100%, MH).'8 No data were reported.

A mixture of the aminé34(2.7 g, 6.0 mmol) and paraformaldehyde (0.18 g, 6.05 mmol) were
dissolved in a mixture of formic aciMeOH (10:1) mL and the mixture was heated under
reflux for 16 h. The solvent was evaporated and the residue was poured in to NaOH (50 mL, 1
M), extracted using C#l> (3 x 200 mL), dried (MgS@), evaporated and purified by flash
column chromatography onisih gel, eluting with CECIl2i MeOHi conc. NH (94.9:5:0.1), to

give the amind.35(3.5 g, 67%). Data as above.

tert-Butyl 7,8-Dihydro-[1,3]dioxolo[4,5-glisoquinoline-6(5H)-carboxylate 136

ST
0 N‘Boc

Using general procedure Bwirt-butyl dicarbonate (4.4 g, 20 mmol ) and the aniidg(3.0

g, 17 mmol) gave after purification by column chromatography on silica gel, eluting with
petrol EtOAc (95:5), the carbamai86(3.2 g, 68%) as an oil;4.5 [petrol EtOAc (90:10)];

FTIR Anax (film)/ cm't 2975, 2930, 2900, 16984 NMR (400 MHz, CDCY) U ©6.5& . 6 0
(2H, m, 2 x CH), 5.92 (2H, s, OGAH), 4.46 (2H, s, NC}h}, 3.62 (2H, tJ 6 Hz, CH), 2.74

(2H, t, J 6 Hz, CH), 1.51 (9H, st-Bu); ¥*C NMR (100 MHz, CDGJ, rotamers, aromatic C
couldnét be observed) G = 154.8 (C=0), 146.1
100.7 (OCHO), 79.8 (C), 46.0 & 45.2 (Chl 41.8 & 40.6 (CH), 28.9 (CH), 28.4 (CH);

HRMS (ES) Found: MN3 300.1201. @&H19NOsNa requires MNa300.1212; LRMSn/z (ES)

300 (100%, MN3).

ReactlR monitoring of the lithiation of tert-Butyl 2H,5H,7H,8H-[1,3]dioxolo[4,5
gJisoquinoline-6-carboxylate 136 byn-BuLi in THF (Figure 22)

THF (12 mL) was added to a flask equipped with a stirrer bar and ReactIR pradmemat
temperature under Ar. After coolingit@ 8C, a solution oN-Boc-tetrahydroisoquinoliné36

(0.5 g, 2.0 mmol) in THF (2.0 mL) was added. The solution was stirred for 10 min to verify
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the stability of the readout on the ReacttRBuLi (1.0 mL, 2.5mmol, 2.5 M in hexane) was
added, and the solution stirred for 5 min.

For N-Boc-tetrahydroisoquinolind36, a peak at 1697 chwas observed which was assigned
t oc-o.3After addition ofn-BuLi, a new peak at 1642 chappeared which was assigned to
3c=00f the lithiated intermediat&37. After a lithiation time of 30 sec, partial lithiation Nf
Boc-tetrahydroisoquinolind .36 to lithiated intermediatd 37 was observed. After 5 min no

further lithiation was observed.

ReactlR monitoring of the lithiation tert-Butyl 2H,5H,7H,8H-[1,3]dioxolo[4,5
glisoquinoline-6-carboxylate 136 byn-BuLi in THF (Scheme 24)

THF (12 mL) was added to a flask equipped with a stirrer bar and ReactIR probe at room
temperature under Ar. After coolingitd0 °C, a solution di-Boc-tetrahydroisoquinoliné36

(0.5 g, 2.0 mmol) in THF (2 mL) was added. The solution was stirred for 10 min to verify the
stability of the readout on the ReacttRBuLi (1.0 mL, 2.5 nmol, 2.5 M in hexane) was added,

and he solution was stirred for 10im

For N-Boc-tetrahydroisoquinolind36, a peak at 18cm! was observed which was assigned

t oc-o.3After addition ofn-BuLi, a new peak at 1636 appeared which was assigned to
3c=o Of lithiated intermediatd 37. After a lithiation time of 4 min, the lithiation df-Boc-

tetrahydroisoquinoliné36to intermediated 37 was completed.

tert-Butyl 5-(tributylstannyl) -7,8-dihydro-[1,3]dioxolo[4,5-g]isoquinoline-6(5H)-
carboxylate 138a
0
<Om‘800
SnBujy

Using general procedure AHIQ 136 (100 mg, 0.36 mmoly-BuLi (0.17 mL, 0.43 mmol)

and BuSnClI (0.5 mL, 1.26 mmol) gave after purification by column chromatography on silica
gel, eluting with petrdlEtOAc (95:5), the carbamat38a (67 mg, 33%) as an oil; #0.65
[petroli EtOAC (90:10)]; FTIRAnax (film)/cm't 2960, 2920, 2870, 17084 NMR (400 MHz,
CDCls, rotamersli 655 6.50 (1H, m, CH), 6.3 6.31 (iH, m, CH), 5.88 5.87(2H, m, 2x

CH), 5.235.10 (1H, m, CH), 4.24.16 (0.5Hm, CH), 381i 3.74(0.5H,m, CH), 3.28 (0.5H,
dddJ 12, 8, 4 Hz, CH), 2.98.80 (1.5H, m, CH), 2.6%2.55 (1H, m, CH), 1.50 (4.5H, sBu),

1.48 (4.5H, st-Bu), 1.451.22 [12H, m, Sn(CKCH,CH, CHs)s], 0.57 0.59 [15H, m, SrCH;
CH2CH,CHs)3]; 13C NMR (100MHz, CDCkr ot a me 158.§ & 153.3=(C=0), 146.2 &
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146.1 (C), 144.4 & 144.2 (C), 133.1 & 132.6 (C), 124.3 & 124.2 (C), 108.6 & 108.1 (CH),
104.1 & 103.7 (CH), 100.5 & 100.4 (OG®H), 79.8 & 79.1 (C), 49.8 & 49.5 (CH), 41.9 & 40.9
(CHy), 29.5 (CH), 29.0& 28.9 (CH), 28.6 & 28.5 (CH), 27.5 & 27.4 (CH), 13.5 (CH), 10.5

& 10.3 (CH); HRMS (ES) Found: MH 568.2470. gH4eNO42°Sn requires MK, 568.2449;
LRMS m/z(ES), 568.2 (40%, MHfor 12°Sn), 566.2 (100, MHfor *1&Sn).

6-tert-Butyl 5-methyl 7,8-dihydro-[1,3]dioxolo[4,5-g]isoquinoline-5,6(5H)-dicarboxylate

138b
<o

0”0
Using general procedure AHIQ 136 (100 mg, 0.36 mmolxp-BuLi (0.17 mL, 0.43 mmol)
and MeOCOCN (0.1 mL, 1.26 mmol) gave after purification by colwmromatography on
silica gel, eluting with petroEtOAc (92:8), the carbamaile38b (22 mg, 19%) as an oil;R
0.4 [petrol EtOAc (90:10)]; FTIRAmax (film)/cm't 2960, 2930, 1745, 1695, 1485, 1155, 1040;
'H NMR (400 MHz, CDC4, rotamer3 i = 1@®@94 @1, m, CH), 6.646.62 (1H, m, CH),
5.955.94 (2H, m, 2 x CH), 5.4%.32 (1H, m, CH), 3.713.69 (5H, m, 2 x CH and OC}
2.902.70 (2H, m, 2 x CH), 1849H, t-Bu); *C NMR (100 MHz, CDGJrotamers)i = 17 2.
& 171.9 (C=0), 155.3 & 154.9 (C=0), 147.11%7.2 (C), 146.3 & 146.1 (C), 129.0 & 128.7
(C), 123.6 & 122.8 (C), 108.4 & 108.2 (CH), 107.7 (CH), 101.1 & 101.0:JC30.7 & 80.5
(C), 58.6 & 57.5 (CH), 52.4 & 52.3 (CH)40.8 & 39.8 (CH), 28.9 & 28.7 (CH), 28.4 & 28.3
(CHz); HRMS (ES) Found: MH 336.1453. ¢/H22NOe requires MH 336.1447; LRMSn/z
(ES), 336 (100, MH).

Using general procedure A, tetrahydroisoquinoli3® (100 mg, 0.36 mmol)p-BulLi (0.17
mL, 0.43 mmol) and MeOCOCI (0.07 mL, 1.26 mmol) gave after purification by column
chromatogaphy on silica gel, eluting with peti&tOAc (92:8), the carbamai&8b (28 mg,

23%). data as above.

tert-Butyl 7,8-dihydro-5-methyl-[1,3]dioxolo[4,5-g]isoquinoline-6(5H)-carboxylate 138c

<O
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Using general procedure AHIQ 136 (100 mg, 0.36 mmolxp-BuLi (0.17 mL, 0.43 mmol)

and Mel (0.08 mL, 1.26 mmol) gave after purification by column chromatography on silica
gel, eluting with petr6élEtOAc (92:8), the carbamatB88c (85 mg, 81%) as an amorphous
solid; m.p. 8182 °C; Ry 0.39 [petrof EtOAc (90:10)]; FTIRAwax (film)/cm't 2970, 2875,
1670, 1485H NMR (400 MHz, CDC4, rotamers)i = i&57 88, m, 2 x CH), 5.80 (2H,

s, OCHO) , 5.18 4.96 (13% ,(1H,bbrm, @H), 36260,3H,dr 2, 3 x
CH), 1.50 (9H, s,t-Bu), 1.40 (3H, dJ 7 Hz, CH); 3C NMR (100 MHz, CDGJr ot amer s)
=154.9 & 154.4 (C=0), 146.1 (C), 146.0 (C), 127.3 (C), 127.1 (C), 108.4 (CH), (@@d)7
100.7 (CH), 79.6 (C), 50.5 & 49.8 (CH), 38.0 & 36.6 (@}H29.6 (CH), 29.0 & 28.0 (CH),

22.0 (CH); HRMS (ES) Found: MNa 314.1369. @H2>2NOsNa requires MNa 314.1360;
LRMS m/z(ES) 314 (100, MN9.

tert-Butyl 7,  8-dihydro-5-(trimethylsilyl) -[1,3]  dioxolo[4,5g]isoquinoline-6(5H)-
carboxylate 138d

<O
Ommc

SiMes
Using general procedure AHIQ 136 (100 mg, 0.36 mmolxp-BuLi (0.17 mL, 0.43 mmol)
and CISiMe (0.16 mL, 1.2 mmol) gave after purification by column chromatography on silica
gel, eluting with petralEtOAc (92:8), the carbamafi88d (90 mg, 72%) as an oil; #70.36
[petroli EtOAc (90:10)]; FTIR Anax (film)/cm't 2965, 2930, 1680, 1480, 83%) NMR (400

MHz, CDCk,rotamery U = 6.60 (0.5H, s, CH),CH66.457 (0.

(0.5H, s, CH), 5.905.89 (2H, m, 2 x CH), 4.83 (0.5H, br m, CH), 4.67 (0.5H, br m, CH), 4.18
(0.5H, dt,J 12, 5 Hz, CH), 3.93 (0.5H, d1,12, 5 Hz, CH), 3.25 (0.5H, ddd12, 9, 5 Hz, CH),
3.11 3.05 (0. i®MA (1Hnm, CH)CHR.55 (IH, 9, CH), 1.50 (4.5H, &,

Bu), 1.49 (4.5H, st-Bu), 0.06 (4.5H, s, SiMg, 0.05 (4.5H, s, SiMg; 3C NMR (100 MHz,
CDCls, rotamery U .4 (C409, 445.9 & 144.8 (C), 145.1 & 144.9 (C), 130.3 & 129.7 (C),
125.7 & 125.6 ( C), 108.9 & 108.6 (CH), 105.4 & 105.1 (CH), 100.7 & 100.6)C19.7 &

79.2 (C), 49.9 & 49.0 (CH), 41.0 & 39.8 (G}128.9 & 28.55 (CH), 28.5 (CH) , 1.4 &
(CHs); HRMS (ES) Found: MN3 372.1603. @H2sNO4SiNa, requires MNa372.1® 7
LRMS m/z(ES) 372 (100%, MN3.
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tert-Butyl 5-benzyl7,8-dihydro-[1,3]dioxolo[4,5-g]isoquinoline-6(5H)-carboxylate 138f

10
o N-goc

Using general procedure AHIQ 136 (100 mg, 0.36 mmolxp-BuLi (0.17 mL, 0.43 mmol)

and PhCHBr (0.15 mL, 1.26 mmol) gave after purification by column chrorwgsphy on

silica gel, eluting with petroEtOAc (93:7), the carbamaf88f (8 g, 66%) as an oil; R

0.41 [petrol EtOAc (90:10)]; FTIR Anax (film)/cm'? 2975, 2925, 1680, 14854 NMR (400

MHz ,CDCk) 0 E.20(3H3 8, 3 x CH), 7.15.04 (2H, m, 2 x CH), 6.65.54 (2H, m,

2 x CH), 5.945.90 (2H, m, 2 x CH), 5.27 (0.35H,}7 Hz, CH), 5.185.10 (0.65H, m, CH),

4204. 12 (0.65H, m, CH), 3i3311H3n 0H, 3.06095@18,H, m,
m, 2 I CH), 2.91 2i2%2(0.358, mpCH), HG2.5M0.658,IM)CH), 2. 7 4
2.52 2.46 (0.35H, m, CH), 1.26 (9H,tsBu); **C NMR (100 MHz, CDGJ,rotamery U = 15 4.
& 154.3 (C=0), 146.3 & 146.1 (C), 145.8 & 145.7 (C) 138.3 & 138.1 (C), 130.1 & 130.0 (C),
129.7 & 129.6 (CH), 129.0 & 128.8 (CH), 128.3 & 128.1 (CH), 127.8 & 127.7 (CH), 126.4 &
126.2 (C), 108.6 & 108(ZH), 107.6 & 107.2 (CH), 100.8 & 100.7 (GH79.6 & 79.4 (C),

56.8 & 55.7 (CH), 43.0 & 42.7 (CHl 39.3 & 37.0 (CH), 29.7 & 28.6 (CH), 28.5 & 28.4

(CHz); HRMS (ES) Found: MNa 390.1674. @H26NOsNa requires MNa390.1618; LRMS

m/z(ES) 390 (100, MN9.

5-Benzyk6-methyl-2H, 5H, 6H, 7H, 8H[1, 3] dioxolo[4,5g]isoquinoline 139
S
O N-me

A solution ofcarbamatel 38f (100 mg, 0.24 mmol) in THF (1 mL) was added dropwise to a
stirred suspension of LIAIH(500 mg, 1.2 mmol) in THF (5 mL) at O °C under nitrogen. The
mixture was stirred at room temperature for 1 h then was heated under reflux. After 16 h, the
mixture was allowed to cool to room temperature. Aqueous NaOH (5 mL,1 M) was added
dropwise. The sals were removed by filtration though Celite and were washed witCGH

MeOH (9:1). The filtrate was evaporated and purified by column chromatography on silica,
eluting with CHCl.i MeOH (95:5), to give the amind.39 (50 mg, 69%) as an oil; fR).4
[CH2Clzi MeOH (9.5:0.5)]; FTR  Amax (film)/ cm't 2925, 2775, 1480, 1246H NMR (250
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MHz, CDCk) U E7.2@(2H3 1@, 2 x CH), 7.23.19 (1H, m, CH), 7.167.14 (2H, m, 2 x

CH), 6.56 (1H, s, CH) , 6.22 (1H, s, CH), 5.8187 (2H, m, 2 x CH), 3.74 (1H,16 Hz,CH),

3.2413.11 (2H, m, 2 x CH), 2.9@.73 (3H, m, 3 x CH), 2.52.53 (1H, m, CH), 2.49 (3H, s,

CH3); ®CNMR (100MHz,CDG) 4 = 145.8 (C), 145.3 (C), 13
128.1 (CH), 127.2 (C), 126.0 (CH), 108.4 (CH), 107.8 (CH), 100.5)(%.2 (CH), 46.6

(CHy), 42.6 (CH), 41.6 (Ch), 25.7 (CH); HRMS (ES) Found: MH 282.1491. @H2oNO>

requires MH 282.1491; LRMSn/z(ES) 282 (100%, M) 186187

2-(4-Chlorophenyl)ethanamine 141
CImHZ

Using general procedure C, nitrild0(10g, 66 mmol) and Raney Ni (0.9 g, 15.8 mmol) gave

after purification by flash column chromatography on silica gel, eluting wittCCHVeOHi

conc.Nh (93.75:6:0.25), gave the amihd1(9.4 g, 92%) as an oil;4#9.09 [CHCl.i MeOHi

conc. NH (90:9:1)]; FTIR Anax (film)/cm'* 3370, 2930, 2860, 1496 NMR (400 MHz,

CDCk)U = 172128, m,2xCH), 7.10.07 (2H, m, 2 x CH), 2.90 (2H,1,7 Hz, CH),

2.66 (2H, t,J 7 Hz, CH), 1.10 (1H, br s, NH)!*C NMR (100 MHz,CDG)) G = 138. 3 |
131.7 (C), 130.1(CH), 128.4 (CH), 43.4 (CH), 39.4 (CH); HRMS (ES) Found: MH

156.0584. @H11N**Cl requires MH 156.0580; LRMSn/z(ES) 158 (34%, MHifor 3'Cl), 156

(100%, MH for 3Cl). Data in accordance with the literatdt&e®

Borane (94 mL, 94 mmol, 1 M in THF) was added to the nitf16 (10 g, 72.7 mmol) in dry

THF (120 mL) at room temperature, the mixture was stirred at reflux. After 24 h the mixture
was cooled to 0C and HO (23 mL) was added dropwise over 5 min. After 30 min conc. HCI
(29 mL, 12 M) was added. After 1 h NaOH (12 g) was added as pellets. The solvent was
evaporated and the residue was extracted usingCZH3 x 250 mL), dried (MgS®@),
evaporated Purification by column chromatography on silica gel, eluting with.Clki

MeOHi conc. NH (97.9: 2: 0.1), to give the amirid1(8.3 g, 73%) as an oil. Data as above.

N-(4-Chlorophenethyl)-2,2, 2trifluoroacetamide 142

o
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Using general procedure D, amihél (1.0 g, 6.4 mmol) and trifluoroacetic anhydride (1.1

mL, 7.7 mmol) and pyridine (0.37 mL, 12.8 mmol) gave after purification by column
chromatography on silica gel, eluting with peti&iOAc (95:5), theamide142 (1.3 g, 79%)

as an amorphous solid; m.p. 1003°C; R; 0.3 [petrol EtOAc (90:10)];FTIR Anax (film)/cm!

1 3360, 2970, 2965, 1738 NMR (400 MHz, CDC}, rotamers)i = 17.32 824, m, 2 x

CH), 7.157.13 (2H, m, 2 x CH), 63 6.31(1H, brm, NH), 3.62 (2H, qJ) 7 Hz, CH,), 2.88

(2H,t,J7 Hz,CH);'®C NMR (100 MHz,CDX, r ot amer s ) @37Hz)11360. 3 ( C=
(C), 132.8 (C), 130.0 (CH), 129.0 (CH), 115.7 ¢C&, J 288 Hz), 40.9 (Ch), 34.3 (CH);

LRMS found: MH', 252.0401. @Hs*CIFsNO requires MH 252.0421; LRMS 254 (MH

33% for®’Cl), 252 (MH', 100% for*°Cl). Data in accordance with the litratuté

1-(7-Chloro-3,4-dihydroisoquinolin-2(1H)-yl)-2,2, 2trifluoroethanone 143

Clm\n/c':s

o}
Using general procedure &nidel42(0.9 g, 3.7 mmol) and paraformaldehyde (0.17 mL, 5.6
mmol) gave after purification by flash column chromatography on silica gel, eluting with
petrol EtOAc (94:6), the amidel43(0.83 g, 86%) as an amorphous solid; m.p.6315°C;

Ra 0.41 [petrol EtOAc (90:10)]; FTIR Anax (film)/cm'? 3005,2970, 2950, 1690, 14606H

NMR (400 MHz, CDC4, rotamersYi = 1720 LB, m, CH), 7.1777.10 (2H, m, 2 x CH),
4.784.73 (2H, m, 2 x CH), 3.9B.84 (2H, m, 2 x CH), 2.9@.92 (2H, m, 2 x CH}*C NMR

(100 MHz,CDC$, r ot amer s) UJ3%#Hz) 538.1 £133.0¢3),Q32.6¢& 132.4
(C), 131.6 (C), 130.2 & 129.9 (CH), 127.7 & 127.3 (CH), 126.4 & 126.0 (CH), 1164 CF

J 287 Hz), 46.6 & 45.1 (Ch), 43.2 & 41.6 (CH), 28.7 & 27.3 (CH); HRMS (ES) Found:
MH™, 264.0413. @H10°°Cl NOF; requires MH 264.0403; LRMS m/z (ES) 266 (34%, MH

for 3’Cl), 264 (100%, MHi for *°Cl). Data in accordance with the literatdfe.

7-Chloro-1,2,3,4tetrahydroisoquinoline 144

CImH .HCI

Using general procedure F, amiti43 (2.1 g, 7.9 mmol) and COs (4.3 g, 32 mmol) gave
after purification by column chromatography on silica gel, eluting with@#MeOH;i conc.
NH3(97.4:2.5:0.1), the amiried4as the hydrochloride salt (1.1 g, 69%) as an amorphous solid,;
m.p. 51552 °C; Ry 0.11 [CHCl:i MeOHi conc.NHs (90:10)]; FTIR Anax (film)/cm'? 3315,
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2925, 2855, 1485H NMR (400 MHz, CDCY) i = i 711 (18, m, CH)7.05 7.02 (2H, m,

2 x CH), 4.01 (2H, s, NCH, 3.16 (2H, 1) 6 Hz, CH), 2.80 (2H, tJ 6 Hz, CH), 2.55 (2H, br

s,NH); ®*C NMR (100 MHz,CD&) o = 136.4 (C), 132.7 (C), 1
(CH), 126.1 (CH), 47.4 (CH), 43.3 (CH), 28.0 (CH); HRMS (ES) Found: MF 168.0582.

CoH11N*Cl requires MH 168.0580Data in accordance with the literatdfe.

tert-Butyl 7-chloro-3,4-dihydroisoquinoline-2(1H)-carboxylate 145

Clm‘Boc

Using general procedure B-tdirt-butyl dicarbonate (1.7 g, 7.9 mmol) and amide (1.1 g,

6.6 mmol) gave after purification by flash column chromatography on silica gel, eluting with

petrol EtOAc (95:5), the carbamaté5(1.48 g, 70%) as an oil;sR.27 [petrol EtOAc (95:5)];

FTIR Anax(film)/cm' 12980, 2935, 1670, 14284 NMR (400 MHz, CDCY) i = i 707 (314,

m, 3 x CH), 4.55 (2H, s, NG} 3.65 3.63 (2H, m, 2 x CH), 2.80 (2H, 3,5 Hz, Ch), 1.50

(9H, s,t-Bu); 3C NMR (100 MHz, CDGJ, rotamersC=0 coul dndét be obser
(C=0), 135.4 (C), 133.1 (C), 131.7 (C), 130.7 (CH), 129.3 & 129.1 (CH), 126.5 & 126.1 (CH),

80.0 (C), 45.7 & 44.9 (Ch), 41.5 & 40.5 (CH), 28.5 (CH, t-Bu), 28.3 (CH); HRMS (ES)

Found: MN4d, 290.0933. @H11NO2**CINa requires MN& 290.0924; LRMS m/z (ES) 292

(33%, MN4d, for 3'Cl), 290 (100, MN&, for *ClI).

tert-Butyl 1-allyl -7-chloro-3,4-dihydroisoquinoline-2(1H)-carboxylate 146a

Cl "Boc

|
Using general procedure A, THI5 (100 mg, 0.37 mmol}p-BuLi (0.17 mL, 0.44 mmol)
and allyl bromide (0.13 mL, 1.3 mmol) gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (98:2), the carbamatd6a(100 mg, 91%) as plates; m.p.
94 96 °C; R4 0.6 [petoli EtOAc (90:10)]; FTIRAmax (film)/cm't 2975, 2930, 1690, 1426
NMR (400 MHz, CDC$,)0 = 17.14 (28, m, 2 x CH), 7.08.06 (1H, m, CH), 5.8%.80
(1H, m, CH), 5.265.24 (0.4H, m, CH), 5.1®%.06 (2.6H, m, CH), 4.281.22 (0.6H, m, CH)
4.0% 3.96 (0.4H, m, CH), 3.38.13 (1H, m, CH), 2.92.85 (1H, m, CH), 2.72.70 (1H, m,
CH), 2.56 2.52(2H, m, 2 x CH), 1.50 (9H, $;Bu); 1*C NMR (100 MHz,CDG, r ot amer s)
= 154.7 & 154.5 (C=0), 139.1 & 138.9 (C), 134.6 (CH), 132.9 & 132.7 (C), 131.5 (C), 130.4
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& 130.0 (CH), 127.1 (CH), 126.8 & 126.7 (CH), 117.7 & 117.3 §180.1 & 79.7 (C), 54.2
& 53.3 (CH), 41.3 & 41.0 (Ch), 38.2 &36.5 (CH), 28.4 (CH), 28.2 & 28.0 (CH); HRMS
(ES) Found: MN% 330.1223. ¢H22*°CINO2Na, requires MN4330.13 7LRMS m/z(ES)
332 (33%, MNafor 3’Cl), 330 (100%, MN&for 35Cl).

tert-Butyl 1-butyl-7-chloro-3,4-dihydro-1H-isoquinoline-2-carboxylate 146b

Cl N Boc

Using general procedure A, THIR5 (100 mg, 0.37 mmolyp-BuLi (0.17 mL, 0.44 mmol)

and butyl bromide (0.13 mL, 1.3 mmol) gave after purification by column chromatography on
silica gel, eluting with petrdEtOAc (97:3), the carbamalel6b (73 mg, 61%) as oil; K0.48
[petrolil EtOAC (95:5)]; FTIRAnax (film)/cm'?, 2960, 2930, 1680, 1468 NMR (400 MHz,
CDCls, rotameryti = i 725 @ll, m, CH), 7.1Z.10 (1H, m, CH), 7.006.99 (1H, m, CH),
3.723.68 (2H, m, 2 x CH), 2.71 (3H, m, 3 x CH), 1.53 (9H;By), 1.271.16 (9H, m, 9 x

CH); *C NMR (100 MHz, CDG},r ot amer s, C=0, NCH coul dnot
135.9 (C), 132.2 (C), 128.9 (CH), 125.7 (CH), 125.6 (CH), 81.2 (C), 43.2)(G6l1 (CH),

29.7 (CH), 28.6 (CH), 26.0 (CH), 22.8 (CH), 14.0 (CH); HRMS (ES) Found: MH
324.1728. GgH27NO2**Cl required MH" 324.1730; LRMSn/z(ES) 324 (100%, MHfor *°Cl),

326 (35% MH for 3'Cl).

tert-Butyl 7-chloro-3,4-dihydro -1-(trimethylsilyl) -isoquinoline-2(1H)-carboxylate 146¢

Cl N‘Boc

SiMes
Using general procedure A, THIQI5 (100 mg, 0.37 mmolp-BuLi (0.17 mL, 0.44 mmol)

and SiMeCl (0.13 mL, 1.0 mmol) gave after purification by column chromatography on silica
gel, eluting with petrélEtOAc (98:2), the carbamatl&l6c(85 mg, 68%) as plates; m.p. 115
116°C; R4 0.36 [petral EtOAC (95:5)]; FTIRGmax (film)/cm't, 2980, 2930, 1700, 1420, 935;
'H NMR (400 MHz, CDC4, rotamer3 i = 17.03 (2B, m, 2 x CH), 6.96.95 (1H, m,
CH), 4.95 (0.5H, s, CH), 4.78 (0.5H, s, CH), 4.820 (0.5H, m, CH), 4% 3.97(0.5H, m,

CH), 3.25(0.5H, ¢, J 9, 5 Hz CH), 3.103.05 (0.5H, m, CH), 2.92.82 (1H, m, CH), 2.72
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2.65 (1H, m, CH), 1.50 (4.5H, 5Bu), 1.48 (4.5H, st-Bu), 0.090.06 (9H, m, SiMe); °C
NMR (100 MHz, CDQ, rotamers) U0 = 154.4 & 154.3 (C=
131.3 (C), 131.2 & 131.1 (C), 130.8 & 130.4 (CH), 129.9 & 128.8 (CH), 125.0 & 124.6 (CH),
79.9 & 79.4 (C), 49.7 & 48.9 (CH), 40.8 & 39.5 (9H28.5 & 28.4 (CH), 28.3 & 28.0 (CH),
1.4 & 3)IHRMS (ES) Found: MNg 362.1329. &H26NO2 NaSF°Cl requres MNa'
362.139; LRMS m/z(ES) 364 (33%, MN&for 3Cl), 362 (100%, MN&for 35Cl).

tert-Butyl 1-(tributylstannyl) -7-chloro-3,4-dihydroisoquinoline-2(1H)-carboxylate 146d

Cl N‘Boc

SnBuj
Using general procedure A, THIQI5 (100 mg, 0.37 mmolp-BuLi (0.17 mL, 0.44 mmol)
and CISnB4g (0.36 mL, 1.3 mmol) gave after purification by column chromatography on silica
gel, eluting with petrélEtOAc (95:5), the carbamafiet6d (120 mg, 58%) as an oil;s/.6
[petroli EtOAC (95:5)]; FTR Anax (film)/cm't 2955, 2925, 2855, U0, 1150 ;'H NMR (400
MHz, CDCk,rotameryti = id. ®9® (2H, m, 2 [ CH) j518(185 6. 8¢
m, CH), 4.354.25 (0.5H, m, CH), 3.85 (0.5H, k12, 6 Hz, CH), 3.31 (0.5H, ddd 12, 8, 4
Hz, CH), 3.012.85 (1.5H, m, CH), 2.72.65 (1H, m, CH), 1.60 (4.5H, 5Bu), 1.59 (4.5H,
s, tBu), 145120 [12H, m, Sn(CECH:CH:CHg)s], 0.95 0.78 [15H, m,
SN(CH2CH,CH.CHs)3]; *C NMR (100 MHz,CDX, r ot amer s, C=0O coul dn.
=131.8 (C), 130.1 & 129.5 (CH), 130.0 (C), 129.9 & 129.8 (C), 123.9 & 123.7 (CH), 123.4
(CH), 79.4 (C), 49.6 & 49.3 (CH), 41.7 & 40.6 (@H29.0 (CH), 28.9 & 28.8 (CH), 28.6 &
28.5 (CH), 27.4 & 27.3 (CH), 13.5 (CH), 10.6 & 10.4 (CH); HRMS (ES) Foud: MH",
558.213}. CoeHasNO23°CI*2%Sn requires MA558.256 1LRMS m/z(ES) 560 (33%, MH, for
37Cl), 558 (100%, MHi for *°Cl).

2-(2-(Trifluoromethyl)phenyl)ethanamine 148

Using general procedure C, nitrilel7 (14.0 g,76 mmol) and Raney Nil..1 mL, 18 mmol)
gave after purification by column chromatography on silica gel, eluting witCGHVIieOH:
conc. NH (93.75:6:0.25), the amiret18(13.2 g, 92%) as an 0il;:®.18 [CHCl>:MeOH:conc.
NH3 (90:9:1)]; FTIR Anax(film)/cm'? 3315, 2970, 1453H NMR (400 MHz, CDC)ii = 7. 65
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(1H, d,J8 Hz, CH), 7.517.42 (1H, m, CH), 7.38 (1H,d,8 Hz, CH), 7.32 (1H, 1 8 Hz, CH),

3.48 (2H, t,J 8 Hz, CH), 3.12 (2H, tJ 8 Hz, CH); 3C NMR (100 MHz, CDG)) & = 138.

(C), 131.8 (CH), 131.3 (CH), 131.3 (CH), 128.7 (CJ 48 Hz), 126.2 (CH, q] 6 Hz), 124.2
(CRs, q,J 270 Hz), 43.6 (CH), 37.1 (CH); HRMS (ES) Found: MH 190.0839. gH11NFs
requires MH 190.0844; LRMSm/z (ES) 190 (100%, MH. Data in accalance with the

literature, only mass spectrum atiNMR were reported®!

N-(2-(Trifluoromethyl)phenethyl) -2,2, 2trifluoroacetamide 149

Using general procedure D, amibhé48 (2 g, 10.5 mmol), trifluoroacetic anhydride (2.5 mL,
12.6 mmol) and pyridine (0.6 mL, 21 mmol) gave after purificationflagh column
chromatography on silica gel, elutingtivpetol EtOAc (98:2), theamide 149 (1.56 g, 52%)
as an amorphous solid; m.p.i73 °C; R 0.1 [petrol EtOAc (95:5)];FTIR Gmax(film)/cm'?
3315, 1700, 1560*H NMR (400 MHz, CDC4, rotamers)i =8 (IH, &J 8 Hz, CH), 7.54
(1H, t,J 8 Hz, CH), 7.417.36 (2H, m, 2 x CH), 64 6.63(1H, brm, NH), 3.63 (2H, g, 7
Hz, CH), 3.10 (2H, tJ 7 Hz, CH); **C NMR (100 MHz,CDG., r ot amer s) U
q,J36.0 Hz), 18.4 (C), 12.0(CH),131.5CH), 128.7 (C, qJ 30 Hz), 128 (CH),126.6 (CH,
q,J 6 Hz), 124.6 (CEk q,Jd 270 Hz), 116.4 (C£ q,J 280 Hz), 46.8 & 45.3 (Ch), 42.5 & 41.0
(CH2); HRMS Found: M, 285.0580. @HsFsNO requires M, 285.0583; LRMSn/z(ES) 285
(100% M'). Only mass spectrum was record€d.

2,2,2Trifluoro -1-(5-(trifluoromethyl) -3,4-dihydroisoquinolin-2(1H)-yl)ethanone 50

CF3
Se
Using general procedure E, amitié9 (2.1 g, 7.3 mmol) and paraformaldehyde (0.3 g, 10.9
mmol) gave after purification by flash column chromatography on silica gel, eluting with
petrol EtOAc (95:5), theamide 150(1.8 g, 86%) as an amorphous solid; m.p.575 °C; R
0.14 [petral EtOAc (95:5)];FTIR Anax (film)/cm'? 2970, 1695, 1465H NMR (400 MHz,
CDCls, rotamers)i = 1759 6.8, m, CH), 7.377.34 (2H, m, 2 x CH), 4.8@.81 (2H, m,
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2 x CH), 3.913.88 (2H, m, 2 x CH), 3.1%3.14 (2H, m, 2 x CH)*C NMR (100 MHz, CDC},
rotamers) U 336H5)51384 &(182:9 (), 132.0 (C), 130.4 & 129.8 (CH),
128.7(C, q,J 36 Hz), 126.7 & 126.6 (CH), 125.1 & 124.6 (CH, eacl @,Hz)), 124.1 (CE
q,J 274 Hz), 116.4 (CE q,J 287 Hz), 46.80 & 45.3 (CH), 42.52 & 42.5 (CH), 26.0 & 24.6
(CHz); HRMS (ES) Found: MH 298.0681. &H10NOFs, requires MH 298.0667; LRMSn/z
(ES) 298 (100 %, MB. Only mass spectrum was reportét.

5-(Trifluoromethyl) -1,2,3,4tetrahydroisoquinoline 151

CF,

CC

Using general procedure F, amit&0(2.9 g, 9.6 mmol) and 4COs (5.3 mL, 38.5 mmol) gave

after purification by column chromatography on silica gel, eluting with@#MeOHi conc.

NH3 (93.4:6:0.25), the amink51(1.44 g, 75%) as an oil;sR.16 [CHCl:MeOH:conc. NH

(90:9:1)]; FTIR Anax (film)/cm't 3050, 3040, 1465, 14384 NMR (400 MHz, CDCH) i =

7.50 (1H, dJ 7 Hz, CH), 7.257.20 (2H, m, 2 x CH), 4.10 (2H, s, N@H3.18 (2H, t,J 6 Hz,

CHy), 2.97 (2H, tJ 6 Hz, CH), 1.75 (1H, br s, NH)*3C NMR (100 MHz,CDCJ)) U = 13 7.
(C), 133.6 (C), 130.1 (CH), 129.0 (C, X80 Hz), 125.4 (CH), 124.5 (GFg,J 280 Hz), 123.9

(CH, q,J 6 Hz), 48.7 (CH), 43.3 (CH), 26.0 (CH); HRMS (ES) Found: MH 202.0853.
Ci0H11NFs3, requires MH 202.0844; LRMSm/z (ES) 202 (100%, MH. Data in accordance

with the literature, only mass spectrum aHANMR were reported®!

tert-Butyl 5-(trifluoromethyl) -3,4-dihydroisoquinoline-2(1H)-carboxylate 152
CF3

N.
Boc

Using general procedure B,-dirt-butyl dicarbonate (1.9 g, 8.9 mmol) antllQ 151(1.5 g,

7.4 mmol ) gave after purification by flash column chromatography on silica gel, eluting with
petrol EtOAc (95:5), the carbamal®2(1.5 g, 67%) as an oil;48.41 [petroli EtOAc (95:5)];

FTIR Anax (film)/cm'! 2975, 2930, 1695, 142864 NMR (400 MHz, CDC}, rotamersii =
7.527.51 (1H, m, CH), 7.297.28 (2H, m, 2 x CH), 4.63 (2H, s, NGH3.65 (2H, tJ 6 Hz,

CH>), 3.10 (2H, tJ 6 Hz, CH), 1.51 (9H, st-Bu); ¥*C NMR (100 MHz,CDG, r ot amer s)
= 154.6 (C=0), 135.5 (C), 133.6 (C), 13@aH), 126.2 (C), 125.9 (CH), 124.1 (CH, 46

Hz), 124.4 (CE, q,J 274 Hz), 80.1 (C), 46.1 & 45.1 (GH41.1 & 40.8 (CH), 28.4 (CH),

106



25.7 (Ch); HRMS (ES) Found: (MN3, 324.1201. @H1eNO-FsNa requires MNa324.1187;
LRMS m/z(ES) 324 (100%, MN3.

tert-Butyl 5-(trifluoromethyl) -3,4-dihydro-1-(3-phenylpropyl)isoquinoline-2(1H)-

carboxylate 153a

Using general procedure A, THIE®2 (100 mg, 0.33 mmolxp-BuLi (0.19 mL, 0.49 mmol)

and Br(CH)sPh (0.17 mL, 1.16 mmol) gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (99:1), the carbamafib3a (84 mg, 61%) as an oil; R
0.25 [petroi EtOAc (90:10)]; FTR Gmax (film)/cm't 2970, 2930, 1690, 14281 NMR (400
MHz, CDCk, rotameryti = i 752 51B, m, CH), 7.307.19 (7H, m, 7 x CH), 5.3%.25
(0.5H, m, CH), 5.005.00 (0.5H, m, CH), 4.3@.16 (0.5H, m, CH), 4.0.97 (0.5H, m, CH),
3.26'3.16 (1H. m, CH), 3.082.92 (2H, m, 2 x CH), 2.72.67 (2H, m, 2 x CH), 1®1.72

(4H, m, 4 x CH), 1.51 (4.5H, $;Bu), 1.49 (4.5H, st-Bu); 3C NMR (100 MHz, CDGJ,
rotamers, aromatic C could be missing) u = 1
139.8 (C), 133.3 & 133.0 (C), 131.2 (CH), 130.9 (CH), 128.3 (2 x @kH,8 (CH), 124.3
(CRs, q,J 270 Hz), 124.2 (CH), 80.1 & 79.8 (C), 54.9 & 53.8 (CH), 37.6 {/CB6.4 (CH),

36.0 (CH), 35.4 (CH), 28.4 & 27.9 (CH), 25.2 & 25.1 (CH); HRMS (ES) Found: MNa
442.1961. GH2eNOFsNa requires MN&442.1970; LRMSn/z(ES)442 (100%, MN3).

tert-Butyl 5-(trifluoromethyl) -3,4-dihydro-1-(3-phenoxypropyl)isoquinoline-2(1H)-
carboxylate 135b

CF3

"Boc

(0]

O

Using general procedure A, THITS2 (100 mg, 0.33 mmolyp-BuLi (0.19 mL, 0.49 mmol)
and Br(CH)3:0Ph (0.17 mL, 1.16 mmol) gave after purification by column chromatography on
silica gel, eluting with petrodEtOAc (99:1), the carbamaté3b (90 mg, 63%) as an oil;:R
0.22 [petrol EtOAc (90:10)]; FTR Anax (film)/cm'? 2970, 1685, 1420H NMR (400 MHz,
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CDCl, rotamers)i = i 745 BB, m, CH), 7.377.25 (4H, m, 4 x CH), 6.96.90 (3H, m,

3 x CH), 5.305.27 (0.5H, m, CH), 5.1%.12 (0.5H, m, CH), 4.3@+.25 (0.5H, m, CH), 4.10

4.02 (2.5H, m, CH), 3.38.20 (1H, m, CH), 3.08.98 (2H, m, 2 x CH), 2.63.90 (4H, m, 4

x CH), 1.50 (9H, st-Bu); *C NMR (100 MHz, CDG, r ot amer si)0), Ii54.¢& 159 . 0
154.5 (C=0), 140.2 & 139.7 (C), 133.3 & 133.0 (C), 131.2 & 130.9 (CH), 129.4 (CH), 128.6

(C, 9,J 31 Hz), 125.8 (CH), 124.3 (CH), 121.0 (E,J 274 Hz), 20.7 & 120.6 (CH), 114.5

(CH), 80.2 & 79.9 (C), 67.2 (ChH, 54.6 & 53.7 (CH), 37.6 & 36.0 (G} 33.5 & 33.1 (CH),

29.7 & 28.4 (CH), 26.2 (CH) 25.2 & 25.0 (CH); HRMS (ES) Found: MN3 458.1919.
Co4H20NOsF3Na requires MNa458.1918; LRMSn/z(ES) 458(100%, MN4).

tert-Butyl 1-butyl-5-(trifluoromethyl) -1,2,3,4tetrahydroisoquinoline-2-carboxylate 153c

CF;

"Boc

Using general procedure A, THIt®2(100 g, 0.33 mmolxp-BuLi (0.19 mL, 0.49 mmol) and
Br(CH2)3sCHsz (0.12 mL, 1.16 mmol) gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (98:2), the carbamafib3c (70 mg, 60%) as an oil; R
0.36 [petral EtOAc (90:10)]; FTR Anax (film)/cm'* 2965, 2930, 1690, 14254 NMR (400
MHz, CDCk, rotamer§ i 7552 7.51 (1H, m, CH), 7.29.28 (2H, m, 2x CH), 5.215.18
(0.5H, br m, CH), 5.075.05 (0.5H, br m, CH), 4.28.22 (0.5H, br m, CH), 4.08.97 (0.5H,

br m, CH), 3.363.15 (1H, br m, CH), 3.0%2.93 (2H, br m, % CH), 1.89 1.66 (2H, m, 2x

CH), 1.50 (9H, st-Bu), 1.451.29 (4H, m, 4x CH), 0.940.89 (3H, m, 3x CH); 13C NMR
(100 MHz,CDC}, rotamers) U = 154.8 (C=0), 140. 3 &
& 130.9 (CH), 128.3 (C, g] 28.5 Hz), 125.6 (CH), 124.1 (CH}121.7 (CEk, q J 269 Hz) ,
80.0 & 79.7 (C), 54.9 & 54.1 (CH), 37.7 & 36.9 (9H36.5 & 35.9 (CH), 29.7 & 28.7 (CH),

28.4 (CH), 25.2 & 25.1 (CH)), 22.5 (CH), 14.0 (CH); HRMS (ES) Found: MNa 380.1795.
C1oH26NO2F3Na, requires MNa380.1813; LRMSn/z(ES) 380 (100%, MN3.
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2-tert-Butyl 1-methyl 5-(trifluoromethyl) -3,4-dihydroisoquinoline-1,2(1H)-dicarboxylate
153e

CF,

Using general procedure AHIQ 152 (100 mg, 0.33 mmolxp-BuLi (0.19 mL, 0.49 mmol)

and MeOCOCI (0.09 mL, 1.16 mmol) gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (99:1), the carbamaté&3e(35 mg, 30%) as an oil;:R
0.19 [petral EtOAc (95:5)];FTIR Anax (film)/cm' 2990, 2935, 1750, 1660, 139®% NMR

(400 MHz, CDC4 rotamer3 . = 17.68 {1B, m, CH), 7.62.60 (1H, m, CH), 7.367.32

(1H, m, CH), 5.54 (0.5H, s, CH), 5.50 (0.5H, s, CH), B®8%6 (2H, m, 2 x CH), 3.75 (3H, s,
OCH), 3.123.05 (2H, m, 2 x CH), 1.5@4.5H, st-Bu), 1.49 (4.5H, st-Bu); *3C NMR (100
MHz,CDCk, rotamers) 4 = 171.6 & 171.2 (C=0),
133.3 & 133.0 (C), 130.1 (C, 4,30 Hz), 132.1 & 313.7 (CH), 126.2 (CH), 125.4 (CHJ 6,

Hz), 124.1 (Ck, q,J 270 Hz), 81.1 & 80.8 (C), 58.7 & 57.5 (G}152.7 & 52.5 (CH), 40.1 &

39.0 (Ch), 28.4 & 28.3 (CH), 25.4 & 25.3 (CH); HRMS (ES) Found: MH 360.1408.
C17H21NOsF3 requires MH 360.1408; LRMSn/z(ES) 360 (100%, MH).

tert-Butyl 1-(3-bromopropyl) -5-(trifluoromethyl) -1,2,3,4tetrahydroisoquinoline-2-
carboxylate 153f

CF;

"Boc

Br
Using general procedure A, THIT®2 (200 mg, 0.66 mmolp-BuLi (0.31 mL, 0.78 mmol)

and Br(CH)sBr (0.08 mL, 0.79 mmol), gave after purification by column chromatography on
silica gel, eluting with petroEtOAc (99:1), the carbamaté3f (180 mg, 68%) as an oil;sR

0.4 [petrol EtOAC (80:20)]; FTR Anax (film)/cm't 2975, 2925, 1690, 1426 NMR (400
MHz, CDCk, rotamery3ld = 1753 1B, m, CH), 7.3%.30 (2H, m, 2 x CH), 5.26.23
(0.5H, m, CH), 5.105.08 (0.5H, m, CH), 4.331.27 (0.5H, m, CH), 4.08.06 (0.5H, m, CH),
3.683.51 (2H, m, 2 x CH), 3.3B.15 (1H, m, CH), 3.0®.97 (2H, m, 2 x CH), B5/ 1.95

(4H, m, 4 x CH), 1.50 (9H, $Bu); ®C NMR (100 MHz,CDGJ, r ot amer s) U =
(C=0), 139.7 (C), 139.2 (C), 133.6 & 132.6 (C), 131.3 & 130.8 (CH), 125.9 & 125.8 (CH),
124.4 (CH), 124.3 (Gfq,J 280 Hz), 80.5 & 80.0 (C), 54.1 & 52(2H), 37.6 & 35.9 (CH),
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35.2 & 34.7 (CH), 33.5 & 33.0 (CH), 29.8 & 29.2 (CH), 28.4 (CH), 25.6 & 25.0 (CH);
HRMS (ES) Found: MNg 444.0754. @H23NO:Fs"°BrNa requires MN2444.0762; LRMS
m/z(ES) 446 (97% MN9, 444 (100%, MN¥).

7-(Trifluoromethyl) -1H, 2H, 3H, 5H, 6H, 10bHpyrrolo [2, 1-a] isoquinoline 154

CF3
©Q\N>

Trifluoroacetic acid (0.28 mL, 3.66 mmol) was added to a solution of carbasitel00 mg,

0.95 mmol) in CHCI> (5 mL). The mixture was stirred at room temperature. After 4 h, the
solvent was evaporated and aqueous NaOH (30 mL, 1 M) was added. After 30 min, the mixture
was extracted with C¥l> (2 x 5 mL). The combined extracts were dried (MgSO
evaporated, andhé residue was purified by flash column chromatography on silica, eluting
with petrol EtOAc (92:8) to give the amind54 (210 mg, 91%) as an amorphous solid; mp
76 78 i QA5petrolREtOAC (80:20)]; FTR Anax (film)/  cm'! 2920, 2850, 1470, 1375;

'H NMR (400 MHz, CDCJ) U &7.50(1H @, CH), 7.29.23 (2H, m, 2 x CH), 3.27

3.04 (4H, m, 4 x CH), 2.62.54 (2H, m, 2 x H), 2.4%2.37 (1H, m, CH), 2.01..71 (4H, m, 4

x CH);*®C NMR (100 MHz,CDCG)) U4 = 140.5 (C), 133.025(C),
Hz), 125.7 (CH), 124.5 (GFq J 276 Hz), 123.9 (CH, g1 7 Hz), 63.5 (CH), 53.5CH>), 47.9

(CHy), 30.6 (CH), 25.4 (CH), 22.1 (CH); HRMS (ES) Found: MH 242.1147. GHisNFs
requires MH 242.1147; LRMSn/z(ES) 242 (100%, MH), 101 102100
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