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GENERAL PROCEDURES

(a) Melting Points (mp)
Melting points were determined on a Reichert hot stage

apparatus and are uncorrected.

(b) Infrared (IR) Spectra
Infrared Spectra were recorded on a Perkin Elmer
Infrared Spectrophotometer model 783 as mulls in nujol

unless otherwise stated.

(¢) 'H Nuclear Magnetic Resonance (NMR) Spectra
'H NMR spectra were recorded on a JEOL FX 90Q
Fourier Transform NMR Spectrometer operating at 90 MHz,
or a JEOL JNM-GX400 Fourier Transform NMR Spectrometer
operating at 400 MHz. The spectra were measured in CDCl3
unless otherwise stated, relative to tetramethylsilane
(0.00 ppm). Each signal is described in terms of chemical
shifts in ppm from tetramethylsilane, multiplicity, intensity,
coupling constant (Hz) and assignments in that order with
the use of the following abbreviations: s, singlet; d, doublet; t,

triplet; q, quartet; and m, multiplet.

(d) 13C Nuclear Magnetic Resonance (NMR) Spectra
13C NMR spectra were recorded on a JEOL FX 90Q

Fourier Transform NMR Spectrometer or a JEOL JNM-GX400

Fourier Transform NMR Spectrometer. The spectra were

measured in CDCI3 unless otherwise stated, relative to CDCl3

(77.0 pp).



(e) Mass Spectra (MS)

Low Resolution Mass Spectra were recorded on a
Vacuum Generator VG 12-12 mass spectrometer.

High Resolution Mass Spectra were recorded on a AEI-
MS-902 mass spectrometer using

heptaperfluorotributylamine as reference.

(f) Microanalysis
Microanalysis were performed by the Australian

National University Services Unit Camberra.

(g) Column Chromatography
The chromatography adsorbent used was silica gel

(0.063-0.2 mm, Merck) unless otherwise indicated.

(h) X-ray structures were determined at the University of

Western Australia by Professor Allan White.

(i) Optical Rotation
Optical rotations were recorded with a Perkin-Elmer

141 Polarimeter. All rotations were measured in water.



ABSTRACT

This thesis investigates the application of chiral sulfoxides and sulfoxmines to the

asymetric synthesis of chiral alcohols, amines and isoquinoline alkaloids. the results are

presented in five chapters.

In chapter 1 the addition of the anions of methyl phenyl and methyl p-tolysulfoxide to
imines was shown to be highly diastercoselctive process under kinetically controlled
conditions. This method was extended to the asymmetric synthesis of R(+)

tetrahydropalmatine.

Chapter 2 is an extension of this method to methyl phenylsulfoximines. The relative
stereochemistry of major adduct between lithiated t-butyldiphenylsilyl sulfoximine and

benzylideneaniline was determined by x-ray crystalography.

In chapter 3 an attempt was made to extend this methodology to the synthesis of benzyl

isoquinoline alkaloids. However, both the yields and diastereoselctivity were poor.

Chapter 4 deals with an attempt to solve the problems encountered with
benzylmethylsulfoxide (in chapter 3). However the addition of the dianions of
(Rs)-10-methyl and (Rs)-10-Benzyl-sulphinylboman-2-Exo-ol to imines gave low yields
and poor diastereoselectivity. Attempts to silysate these sulfoxides gave a number of

novel Pummerer rearrnagements products.

Chapter 5 deals with the successful application of benzyl methyl and
benzylphenylsulfoximines to the synthesis of chiral amines, alcolhols and 1-benzyl
isoquinoline derviatives. The stereochemistry at these adducts was determined by x-ray

crystalography.
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INTRODUCTION



INTRODUCTION

Alkaloids make the largest and most diverse of the
groups of natural products. They include many compounds whose
pharmaceutical activity has been known for centuries.! More
specifically, isoquinolines comprise one of the most abundant
groups of alkaloids.2 Isoquinoline alkaloids, as the name implies,

have the isoquinoline nucleus as their base structure (Figurel).

Figure 1.
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The interest in isoquinolines is due to their wide

distribution among both the alkaloids? and biologically active
compounds of synthetic origin3. The biological activities range
from coronary vasodilation caused by papaverine to antibacterial

activity caused by the protoberberines (Figurel). More recently,



by the protoberberines (Figurel). More recently, since the
discovery that apomorphine is useful in treating Parkinson's
disease, there has been a good deal of interest taken in the
apomorphine group in general*. On the other hand, the
bisbenzylisoquinoline series and its analogues now form one of
the largest single groups of alkaloids, and a lot of interest has been
focused on them, particularly since the report of the antitumor
properties associated with certain members, including tetrandrine

and thalicarpine (Figure 2).5

Figure 2.

Thalicarpine



Increased interest focused on the development of
suitable synthetic methodology to produce chiral isoquinoline
alkaleids has resulted in a variety of methods being developed.
Several methods for synthesizing enantiometrically pure
compounds have been applied to obtain 1-substituted 1,2,3,4-

tetrahydroisoquinolines (Scheme 1).

Schemel.
Resolution
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pool of  (¢)

(b)1 nBulLi
hiral ~ e n ()] )<Lt O
« NH 2. R4X N

molecules

L'M / H, R,

or L'/ NaBH, /4 ( )R{
C

These include the use of:
(i)  classical resolution techniques; ©
(ii) incorporation of compounds from the 'pool’ of chiral
building blocks;7-?
(iii) chiral auxiliaries.10-20
(iv) catalytic and stoichiometric asymmetric reductions.21-23

The latter three methods will be discussed in some detail.



SYNTHESIS OF 1,2,3,4-TETRAHYDROISOQUINOLINES
USING COMPOUNDS FROM THE POOL OF CHIRAL BUILDING
BLOCKS

MacLean7 reported a method of asymmetric synthesis which
involves the reaction between dopamine and a variety of sugars

and their derivatives (Figure 3).

Figure 3. Orientation of iminium-salt intermediate
for formation of the tetrahydroisoquinoline in the

Pictet-Spengler condensation.

HOLY HO

HO >
D g
Hﬁ:N: HCIOH
HOCH
2 OH My CH,OH

The reaction uses the Pictet-Spengler condensation, to vyield a
tetrahydroisoquinoline with a sugar moiety at the C-1 position. It
is this step which secures the stereochemistry at C-1. This method
yielded a variety of simple isoquinoline alkaloids but in low yield.
MacLean8 also reported an improved procedure for the formation

1

-

of the (R)-aldehyde which is based upon the use of D-(-)-tartaric
acid as a means of inducing asymmetry at C-1 of the isoquinoline

system (Scheme 2).



Scheme 2.

MeO
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This method for the preparation of (R)-1 has several advantages
over the previous method from glyceraldehyde, since it may be
used to prepare 1-formylisoquinolines, with substituents other
than O-methyl on the aromatic ring and the chemical yields are
better. This method was used to synthesise (S)-homolaudanosine
11 and homoprotoberberine and homoapomorphine 12 and 13

(Scheme 3).






Seebach? has prepared the chiral N-pivoyl-
tetrahydroisoquinoline-3-carboxylic acids (14) and (ent-14) from
either (S) or (R)-phenylalanine (Figure 4).

Figure 4.
WCOOH * ~COCH
. oQ
SPiv ~Piv
14 ent-14

Treatment at the acids 14 and ent-14 with two equivalents of

tert-butyllithium in tetrahydrofuran(THF) gave the corresponding
dianions which were quenched with electrophiles. The derivatives
15 and 16 (Figure 5) were isolated as single diastereoisomers in
good vyield. The benzaldehyde adduct (18) consisted of a 1:1
mixture of diastereoisomers, if the lithium derivative was directly
combined with the aldehyde, while a single diastereoisomer (18a)
was isolated if transmetallation was carried out with magnesium
bromide-etherate prior to aldehyde addition. Treatment with
hydrochloric acid converted the hydroxy-amino acid 18 into amino
diester 19. The configuration of the derivatives 15 and 16 was
determined by chemical correlation to be trans and so Seebach?

assumed that the major stereoisomers 18 and 19 have the same



trans-disposition of COOH and the newly introduced substituent at
C-1. The correlation of the two alkylation products 15 and 16 with
the parent (R)-1-methyl and (R)-1-benzyl tetrahydroisoquinolines

24 and 25, respectively is outlined in Scheme 4.

Figure 5.
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Scheme 4.
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—~—
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R R
24 R =CH, 22 R = CH,4
2__ R = CH2C6H5 2 R = CH2C6H5
SYNTHESIS OF 1-SUBSTITUTED-1,2,3,4-

TETRAHYDROISOQUINOLINES USING ENANTIOMERICALLY
PURE CHIRAL AUXILIARIES.

Polniaszek and McKeelO, have explored the conformational
preference of iminium ions whose asymmetry originates from a
chiral centre appended to the nitrogen atom of the iminium ion
moiety. These iminium ions were prepared via a Bischler-
Napieralski reaction as shown in Scheme 5. The chirality resident
in the substrates was derived from (S)-(-)-1-phenylethylamine.
Sodium borohydride (NaBHg4) reduction of the iminium ions (29)
gave the tetrahydroisoquinolines (30) in high diastereomeric
purities (Table 1). Hydrogenolysis of 30a and 30d with hydrogen

over palladium on carbon afforded (S)-(-)-salsolidine 31a and (S)-



(-)-norlaudanosine 31d respectively (Scheme 5). The
configurations of 31b and 31c were assigned by analogy.
Scheme 5.
CH,0 O a) (S)- (-)- a- CH,30
:©/Y phonylethylamlno j@/\l
Cl
HN
CHaO b) BH3 CH3O
27 (90%) H
RCOCI
CH,0 or poct, CHaO
+ N
_N_ Ph N. LPh
CH;0 Y. CH;0 oy Y.
R o Me 7: H Me
29a R = Me 28a R = Me (97%)
29b R = Et 28b R = Et (98%)
29¢ R = i-Pr OCHj, 28¢ R = i-Pr (98%)
OCH;
29d R =cCH, OCH;,
28d R =cH, OCH,4
o
MeOH (88%)
NaBH4
CH,0 CHO
Pd / H,
N Ph ———
CHaojcQ o CH,0 NH
H Me 3
R R
30a R = Me 31a R = Me (85%)
Ob R =Et 31b R = Et (76%)
30¢c R =i-Pr 31c R = i-Pr (89%)
OCH, OCH;
30d R =cCH, OCH, 31d R =cH, OCH,

(82%)
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Table 1.
CH,0 CH,0
. NaBH4
CH,0 . - /
3 \('Me CH;0 Y,Me
R H o. R H
29 1
+
N Ph
CHSO i j./"Me
R H
D,
Iminium lon R D,:D, Yield WWG” (kcal/mol)
29a Me 90.5:9.5 77% 0.87
29b Et 92 :8 75% 0.94
29c iPr 88 : 12 61% 0.77

29d CHZ—Q—OCHa 94 :6 72% 1.10

The diastereoselectivities shown in (Table 1) represent
differences in free energies between competing diastereomeric
transition states (AAG#) of .77 to 1.1 kcal/mol. Polniaszekl!0
suggested that a model which accounts for the observed results is
the selection of a ground state iminium ion conformation 29 A
which minimizes allylic A(1,3) interactions. Nucleophilic attack
may then proceed by approach to the less sterically hindered

diastereoface as shown in Figure 6.

11



Figure 6.

CH,0 H CH,0 CH:Q
Me ——
_N_* = S
CH,0 +
R H H
29A

Furthermore Polniaszek and Kaufmanl!l anticipated that
increasing the relative size difference between the methyl and aryl
groups in the iminium ions would selectively increase the steric
crowding at one iminium ion diastereoface and enhance the
hydride reduction diastereoselection in the series from 29a, to 29¢

to 29f (Figure 7). The data in Table 2, below, indicates that the

iminium

Figure 7.

CH,0
+ 29a Ar = phenyl
N A" 29e Ar = 2-chlorophenyl
CH,0 | \HﬁMe 29f Ar = 2,6-dichlorophenyl
R

ions tend to prefer transition-state conformations in which the re
diastereoface is more hindered to nucleophilic approach than the si
diastereoface. Upon substitution of the phenyl moiety with
chlorine, the net steric shielding of the iminium ion re

diastereoface increases, and hence diastereoselection increases.



Table 2. Product ratios and differences in free energy
for the reduction of iminium ions.

CH,0 CH,0
NaBH4
CH,0 \( EE CH,;0

D1
+
CH,0
| I H
N Ar
CH,0 Y
R R Me

Ar = Ar =

Ar = phenyl 2-chlorophenyl 2. 6-dichiorophenyi

D,:D, WWG D,:D, WWG’ D,;:D, WWG’

R = Me 91:9 0.87 100:0 >1.8 98.4:1.6 .
R = Et 92:8 0.94 95:5 1.1 100:0 >1.
R = iPr 88:12 0.77 98.6:1.4 1.7 98.6:1.4

R = 3,4-DMB* 94:6 1.1 87:13 0.73 99:1

2 3,4-DMB = 3,4-dimethoxybenzy!

Polniaszek!2 and colleagues have conducted complimentary
experiments involving nucleophilic addition of organometallic
reagents to iminium ions 299, 29h and 29e (Scheme 6). The
results of the Grignard reagent additions as presented in Table 3.
An interesting observation emerging from these experiments is
that the major diastereoisomer resulting from either hydride
reduction of 29a-c or Grignard addition to 29g, 29h and 291 is D1.
The diastereoselection of hydride reduction of iminium ions 29a,

29e and 29f is highest for substrate 29a while for the addition of



Grignard reagents to iminium ions 29g, 29h and_29i is high only
for substrate 29i. Polnaiszek assumed that both sets of reactions
proceed by a polar mechanism and states that his data can be

explained by "the presumption that nucleophilic addition occurs

Scheme 6.

CH,0
3 . NaBH, CHyO
N AT MeOH
CH,;0 \ﬁ,Me 78%C CH,0
R H
R = Me, Et, iPr
29a Ar = Ph 3,4-dimethylbenzyl
29e Ar = 2-CIPh
29t Ar = 2,6-Cl,Ph AMgX
THF
-78°C
CH,0
+
N Ar
CH;0 Y.
H o H Me
29gq Ar =Ph

29h Ar = 2-CIPh
29i Ar = 2,6-Cl,Ph

preferentially to certain select "reactive conformations” at each
substrate. These "reactive conformations” provide maximum
transition state stabilization by orbital overlap between the
iminium ion w* orbital and a suitably aligned o* orbital linking the
stereogenic centre and the 2,6-dichlorophenyl moiety. Such
conformers would be expected to react faster due to a stabilizing
stereoelectronic effect in the transition state of the nucleophilic

addition reaction.”



Table 3.
CH,0
. RMgX
N Ar 70
CHs0 f Y 7'?ch=:
H H Me
29a.e.1

AL Substrate  _BMgX DD (%)

Ph 29a MeMgBr 58:42 82
Ph 293 EtMgBr 77:23 82
Ph 29a i-PrMGBr  58:42 81
Ph 29a i-BuMgBr  58:42 82
2-CIPh 29e MeMgBr 54:46 84
2-CIPh 2%e EtMgBr 78:22 86
2-CIPh 29e i-PrMgBr  74:26 78
2-ClPh 29e i-BuMgBr  61:39 90

2,6-CloPh 29f MeMgBr  85:15 89
2,6-ClLPh 29f EtMgBr 94:6 85
2,6-CloPh 29 i-PrMgBr  98:2 83
2,6-ClPh 29t i-BuMgBr 87:13 88

Two synthetic methods that have been extensively explored
are the addition of nucleophiles to non-racemic chiral 3,4-
dihydroisoquinolinium ions!3 and the alkylation of non-racemic
chiral 1-lithio-1,2,3,4-tetrahydroisoquinolines in which a chiral
auxiliary is attached to nitrogenl4-19,

A paper by Prashak and Wennerl3 examines the former
method as shown in Scheme 7. In this method the non-racemic

chiral acyliminium ion 34 was combined with the enolsilyl ether

15



16

35, and after workup a mixture of diastereomeric ketones, (S)-36
and (R)-37 was obtained. The composition of the diastereomeric
mixture was 20.3:79.7 (Table 4).

Scheme 7.

CH,0 CH,O
N ZN
CH,0 33 CH;0
-~ =0
] +BF, +
o) PhyCH 0
32 34
O- SIMea
CH:,O
CH,0O
33
R (S)-36 X=0
+ R1 (S)- 38 X = H2
CH3O
0
CH:,O
5\ (R)-37 X=0
(R)-39_ X = H,



Interestingly the diastereoselection of the reaction could be
improved by adding TiCls prior to the addition of enolsilyl ether
35, in which case diastereomeric ratios of 12.4:87.6 and 11.2:88.8

(Table 4 entries, 3 and 4 respectively) could be achieved.

17

Table 4.
Beactioncond. ___ Yield(%) Ratio (F
en- 1 2 0
ty 33 R R Add. Temp.('C) (S)-36 +(R)-3Z (S)-36/(R)-37 (S)-38/(R)-39 Yield (%)
1 a H H -78 - 20.3/79.7 _ —_—
2 a H H -90 97.2 17.6/82.4 16.7/83.3 59.1
3 a H H 1eq.TiCly -78 - 12.4/87.6 —_ —
4 a H H 1eq.TiCl, -93 - 11.2/88.8 —_ ——
5 b H Cl -78 98.9 14.8/85.2 9.9/90.1 51.9
6 ¢ OCH; OCH, 78 96.8 17.6/82.4 18.5/81.5 37.8

Enantiomerically pure amines could be obtained after the
chromatographic separation of the diastereoisomers and then
subsequent removal of the chiral auxiliary. The sense of the
asymmetric induction was established by comparing the optical
rotation of the synthetic compounds with that of the natural
products. Compound (R)-37 has been employed in the synthesis of
substituted tetrahydroisoquinolines ((R)-40) including the alkaloid
(-)-homolaudanosine ((R)-40d) (Table 5).



Table 5.
MeO (R) - 40Q

Meom‘w R1 R2 R3 Yield (%) [als7g
a H H H 64.7 +25.5
b Ci H H 16.1 +12.4
¢ OMe OMe H 77.0 +15.1
, d OMe OMe Me 64.3 -13.5

R

R1
(R)- 40

Meyersl4-16 and his colleagues used a different method of
asymmetric synthesis which involves the use of a chiral
formamidine auxiliary attached to the nitrogen of the
tetrahydroisoquinoline to direct substitution of the C-1 carbon.
This highly efficient route to isoquinoline alkaloids, in their natural
configuration, led him to probe for the underlying factors
responsible for the observed stereochemical outcome.  Meyers
assumed that o-amino carbanions are most stable when the
carbanion orbital is orthogonal to the non-bonding orbitals of the

formamidine auxiliary as shown in 43.

NH
'o' N .'I
R H H R H

(S)- 41 (S)- 42

18



Experiments were first focused on the asymmetric synthesis
of the ring systems, 41 and 42 . When the chiral formamidine of
1,2,3,4-tetrahydroisoquinoline (depicted by partial structure 44,
(Scheme 8) was metalated with n-butyllithium (n-BulLi) and
treated with Mel the major product was 48A (>95% diastereomeric
excess (de)). When the anion was quenched with D20 or MeOD,
47A and 47B were formed while quenching with DMSO-dsg,
produced only 47A. Meyers has rationalized the stereochemical
outcome of these processes as depicted in Scheme 8. The kinetic
acidity of the "axial" proton of 45, activated by the w-system, is
greater than the "equatorial" proton and after coordination of n-
BuLi from the bottomside, the "axial" proton is removed. Addition
of Mel occurs with retention on 46B or via an SE2 mechanism from
the back lobe of 46A to give 48A. Quenching 46A, B with D20 or

MeOD gives 47A and 47B via a non-selective deuteration but

DMSO-dg gives only 47A. This may be due to the coordination of
DMSO to Ilithium cation from the underside followed by
intramolecular D-transfer to 47A. Meyers has exploited these
methods in the asymmetric synthesis of a variety of isoquinoline
alkaloids in high enantiomeric purity!5. Removal of formamidine

moiety from 48A, gave the (S)-1-methyl product 41(R=Me).

19
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Meyers16 has also studied the use of the methoxymethylaniline

(MMA) formamidine (49) for the a-alkylation of 1-substituted

tetrahydroisoquinolines. The products are important precursors



to a variety of isoquinoline alkaloids containing quaternary centres

(Scheme 9). The chiral version of these reagents have not yet been

reported.
Scheme 9.
MeO R.X MeO
N 2 =
N
MeO - ﬁ MeO \"
" i~ RZ Ry NMMA

N

MeO
49 \)@
NoH4
MeO
IC[ :NH
MeO
RS R

Gawleyl7 has extended the use of chiral auxiliaries via the
condensation at tetrahydroisoquinolines with chiral oxazolines.
The monodendate oxazoline auxiliary was designed to activate
both allylic and nonallylic positions on a heterocycle!8. This
system allows the 100% diastereoselective deprotonation of
piperidine and also allows the diastereoselective alkylation of
tetrahydroisoquinolines (Scheme 10). The diastereomer ratios for
the reactions are in the range of 15-40:1, with yields exceeding
90% for the alkylation step. The advantage of this auxiliary is that
it is readily available, easily attached and removed and also
recoverable. Gawley!9 reported its use in the synthesis of

laudonosine and O-methylflovinantine in 949% enantiomeric €xcess.

21



Scheme 10.

1. BulLl/-78°
2. RX/-100°
THF

(90-95%)

H,0
(95-100%)

!
¢!

+
recovered/\ ,; > 90-95% ee

H,N

There are two potentially diastereoselective processes in the
conversion of isoquinolyloxazoline 51 and 52 to 56, the
deprotonation at C-1 and the alkylation of the intermediate

organolithium reagent (Scheme 11). Interestingly, in the series

22



where the substituent on the alkylating agent, R] = methyl, ethyl
or iso-propyl there was only a slight increase in
diastereoselectivity as the steric size of R] increased, while for R]=
benzyl the diastereoselectivity diminished to 55%. The substituent
R on the chiral auxiliary had little effect on the diastereoselectivity
in the sense of the stereochemical outcome. The structure of the
alkyllithium base also had no real effect: deprotonation with n-
butyl-, sec-butyl, or tert-butyllithium and alkylation with n-
propylbromide afforded 85+/-1% diastereoselectivity in each case.
The diastereoselectivity was found to dependent upon both the
reaction temperature and solvent. Low reaction temperatures
(-100°C) and THF were essential for obtaining high product
diastereoselection. The mechanism that Gawley postulated to
account for his observations is shown in Scheme 11. The first step
is the formation of a coordination complex, where the butyl group
is oriented anti to the substituent on the oxazoline and is thus
positioned for selective removal of the Hp proton. Proton loss then
produces an equilibrating pair at organolithium diastereomers, 54
and 55. Upon addition of an electrophile the organolithium
reagents are converted to a mixture of product diastereomers

56 A.B in which 56A is favoured. However, the available evidence

reveals neither the mechanism of the alkylation nor the structure

of organolithium.

23



Scheme 11.
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24 25
R4 X
—> +
S S
= |J
R N R N
‘R R
56a 56b
Major diastereoisomer Minor diastereoisomer

Pyne20 devised another method of asymmetric synthesis,
which involves nucleophilic addition of amines to chiral vinyl
sulfoxides. This method involves control of the chirality at C-1 in a
cyclization step. An outline of the synthesis of (R)-(+)-canadine is
shown in Scheme 12. The diastereoselectivity in the key

cyclization step however as only modest (80:20).



Scheme 12.
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SYNTHESIS OF 1,2,3,4 - TETRAHYDROISOQUINOLINES BY
ASYMMETRIC REDUCTION

Chiral ruthenium complexes (Figure 8), have been shown to
perform asymmetric catalytic hydrogenation of dehydro-1-

substituted isoquinolines.21
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Figure 8. Ruthenium complexes used in isoquinoline
synthesis.
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Here the enamine forms of isoquinolines are hydrogenated to
produce such compounds as tetrahydropapaverine. These
asymmetric hydrogenations result in the most extraordinary yields
and optical purities (i.e. 92-100% yields and 96-100% enantiomeric
excess), for a number of isoquinoline alkaloids. The advantage
over many other methods of synthesis, is that both the (R) or (S)
configurations of the isoquinoline can be obtained with no
difficulty, simply by using one of the two optical isomers of the

ruthenium complex.

H,
-
NAC . NAc
@ OMe

ome (R)-5.2

(ee > 99.5%)

Yamada22 reported the asymmetric reduction of cyclic imines
to optically active alkaloids by the use of chiral sodium

triacyloxyborohydrides (Scheme 13). The reducing agent



prepared from the reaction of sodium borohydride and N-acyl
proline was found to provide moderate optical yield (55-60% ee) of
S-(+)-norlaudonosine.HCI(58). Reduction of 1-alkyl-3,4-
dihydrosoisoquinolines gave products in up to 90% optical purity
while methyl-B-carboline gave the corresponding dihydro product

in 79% optical purity.

Scheme 13.
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ADDITION OF CARBANIONS TO 3,4-

DIHYDROISOQUINOLINES

While several methods are available for the asymmetric
synthesis of chiral 1-alkyl-1,2,3,4-tetrahydroisoquinolines the
possibility of preparing these compounds by the addition of chiral
nucleophiles to 3,4-dihydroisoquinolines has not been addressed.
In particular the addition of the carbanions of chiral sulfoxides

(59a) or sulfoximines (59b) to 3,4-dihydroisoquinolines may allow
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for a convergent and diasteroselective synthesis of 1-alkyl-1,2,3,4-
tetrahydroisoquinolines. The chiral sulfur moiety in sulfoxides 60a
or sulfoximines 60b would allow for the construction of further
carbon-carbon bonds via alkylation and Pummerer reactions.20.23
Compound 60 would appear an attractive intermediate for the
synthesis of non-racemic chiral isoquinoline alkaloids (Scheme 14).

The development of this type of approach to alkaloid synthesis is

the subject of this thesis.

Schemeld.
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MacLean et al.24 have used the imine 61 in the synthesis of
racemic isoquinoline alkaloids by the addition of benzyl lithium

reagents to 61 activated by trimethylsilyl triflate (Scheme 15).
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Scheme 15.
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Rozwadowska2d reacted iminium salt 62 with lithiated

dithiane 63 (Schemel6) to produce adduct 64 which upon



hydrolysis and then reduction with sodium borohydride yielded

the diastereomeric alcohols 65 and 66 as racemates.

Scheme 16.
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THE STRUCTURE AND CHEMISTRY OF CHIRAL «-SULFINYL
CARBANIONS

Before addressing the problem of alkaloid synthesis using
chiral sulfoxide and sulfoximine reagents it seems appropriate to
first survey the chemistry of these compounds to assist latter
discussion in the results and discussion section of the thesis. Chiral
a.-sulfinyl carbanions are well established as useful intermediates
in asymmetric synthesis. In order to understand the factors
determining the stereoselectivity of these compounds in
asymmetric bond formation the knowledge of their structure is
imperative. Wolfe and Buncel26.27 observed selectivity in the base
promoted H/D exchange of the diastereotopic methylene protons of
benzyl methyl sulfoxide. This finding has been confirmed by
several other studies and extended to other sulfoxides.282.29 It
was also in agreement with the 3-21G* calculations done by Wolfe

et al.28b.28¢,29 a5 shown in Figure 9 and Table 6.
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Figure 9. Newman projections of the energetically

most favorable conformations of H3C-S(O)H 67 and

its anion H,C--S(O)H 68 formed by reaction with
OH-.

Table 6. 3-12G* bond lengths [pm] for CH3SOCH3 and

LiCH2;SOCH3; experimental values in parentheses.

32

H,C™-S H;C-S S-0
CH,SO CH,4 —- 175.6 (177.1) 143.8 (143.5)
CH,SO CH,  161.8 179.7 146.2

"Proton H-1, which has a virtually antiplanar arrangement
with respect to the S-O bond, is selectively removed by base from
the sulfoxide H3C-S(O)H(67), because the o-sufinyl carbanion
which is thus formed most closely resembles the optimum
structure of H2C(-)S(O)H(68). The conformation about the C-S axis
in (68), in which the lone pair of electrons on the «-C atom is

rotated 20.5° away from the position antiplanar to the S-O bond,



represents a compromise between maximisation of the n¢-o*g_,
and n¢-o”*s.y stabilization as well as minimisation of the lone pair
repulsion2?, The configuration of the "anionic" C atom is strongly

pyramidalized, with the substituents (H-2 and H-3) bent toward

the O atom."

Electrophiles containing oxygen react with a-lithiosulfoxides
in THF with retention of configuration, while CH3I, except for t-
butyl benzyl sulfoxide29 reacts with inversion. On the basis of this
finding, Biellman et al.30, Durst et al.3l, and Chassaing and
Marquet32,33 concluded that the Li atom in the a-lithiosulfoxide is
bound to the sulfoxide O and to the a-C atom, and that the
stereoselectivity is connected with the ability of the electrophile to

form a complex with lithium as shown in Figure 10.

Figure 10. “Ion-pair” model of “a”-lithiosulfoxides,

and diastereofacial differentiation.

H20,020,C0,RCHO,
R2CO,(CH303)3PO : retention r\ Li= = =O
|

CHal : inversion

On the basis of C-H coupling constants in 69,70 and 71,

Chassaing and Marquet32-35 concluded that the a-C atoms in the
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benzylic anions 69 and 70 are largely planar, while the «-C atom in

11 is hybridized "between sp2 and sp3"(Table 7).

Table 7. C-H coupling constants(J C,H) for the a-C

atom of ¢9,70 and 71.

1J(C,H) W 'J("anion"-sulfoxide)
CH;SOCHPhLi 69 160 +23
tBUSOCHPhLi 70 161 +23
tBUSOCH,Li 71  147.5 +10

Table 8. Coalescence temperature of the signals of

the two H atoms on Cg, and AG# values

topomerization, for 723-c¢.

34

Teoar.(°C) WG (Teoal)
(Kcal mol")
PhSOCH,Li 72a -5
PhSOCH,K 72b -47.5
PhSOCH,K + [2.2.2]Cryptand 72c -66

As

configurationally stable at low temperature, and the counter ion

seen from Table 835 the a-H atoms

has an influence on the rate of topomerisation.

72a-c



Boche et al.36 published an x-ray crystal structure of the «-
sulfinyl "carbanion" of 1-phenylethyl phenyl sulfoxide(73) which
crystallized as the dimeric species
(74b)p 2tetramethylethylenediamine(TMEDA). The dimer was

linked together through a (Li-O-Li-O) four membered ring
(Figurell).

Figure 11. Crystal structure of dimeric (74b)2.2TMEDA.

35

The diastereomer (74b)2 2TMEDA is produced from
approximately a 1:1 mixture of the two diastereomeric sulfoxides

73a.b. The diastereoisomer 74b would be expected to be more

stable since the phenyl rings at C-1 and S are oriented trans to one
another. Since protonation of 74 in ether solution yields only 73b,

and since protonation of o -sulfinyl “"carbanion” proceeds
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stereoselectively, then it is expected that only one diastereomer is

present in solution, that is the one observed in the crystalline state

(14b, Scheme 17).

Scheme 17.
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From the stereoselectivity of sulfoxide deprotonations with n-
BuLi/ether one would expect formation of isomeric lithio sulfoxide
74a from deprotonation of 73a, however topomerisation data (see
Table 8) shows that in solution at room temperature, 74a will be
rapidly converted into the more thermodynamically stable 74b.
The C-1-S distance (163pm) in (Z74b)4 TMEDA is shorter, and the S-
O distance (158 pm) is slightly larger than the corresponding
bonds in sulfoxides (dimethyl sulfoxide (80pm and 147 pm,

respectively)38, which is in agreement with the vibrational spectral



data35. Since the C-1-Li distance is so large (400pm), one cannot
speak of C-Li bonds (C-Li bonds are shorter than ca.250pm)39 and
therefore (74b); +2TMEDA cannot be called an o-lithiosulfoxide.
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REACTIONS OF SULFINYL ANIONS WITH CARBONYL
COMPOUNDS

Tsuchihashi40 found that the carbanion of (R)-(+) methyl p-
tolyl sulfoxide is quantitatively generated from (R)-(+) methyl p-
tolyl sulfoxide by the action of Ilithium diethylamide. This
carbanion reacts with aldehydes and ketones (Scheme 14) to
produce a diastereomeric mixture of B-hydroxysulfoxides,
however, these reactions proceeded with very poor

diastereoselectivity (1:1).

Scheme 18.
0] 0
" ’f: L NE ISI.’o:
. . ¢
ROVt O
Me Me

HO, JH | ..
PhCHO }( st
Ph CH, \@\
(1:1) Me

Kunieda4! studied the asymmetric addition of (R)-(+)-

methyl p-tolyl sulfoxide to ketones but reported poor
diastereoselectivities (Table 9). Despite this poor
diastereoselectivity, this method was applied to the asymmetric
synthesis at gypsy moth sex pheromone disparlure. Better

diastereoselectivities have been reported using the more hindered

methyl 1-naphthyl sulfoxide.42
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Table 9. Addition of (R)-(+)-methyl p-tolyl
sulfoxide to ketones.

Diastereoisomeric

R’ R2 ratio
Me Et 50 : 50
Me iPr 51 : 49
Me tBu 53 : 47
Ph Me 67 : 33
Ph Et 58 : 42
Ph iPr 60 : 40
Ph c-CgH 4 4 59 : 41
Ph tBu 70 : 30

Kingsbury43 reported the condensation of aldehydes with the
carbanion of  benzyl phenyl sulfoxide (Scheme 19). These
reactions occurred with poor diastereoselectivity. The transition
state for the formation of the major diastereomeric products 735
and 76, according to Kingsbury43, are likely to involve a six-
membered chair transition state in which a lithium cation is
chelated to the oxygen groups of the aldehyde and sulfoxide

carbanion (Scheme20).
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Pyne44 showed that addition of the lithium salt of benzyl
tert-butyl sulfoxide carbanion (79) to benzophenone, (Scheme 21)
occurred in the same stereochemical sense as deuteration and

methylation on the basis of single-crystal x-ray analysis .
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Scheme 21.
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Pyne44 also conducted a survey of the effect of the
aldehyde substituent and zinc cation on the reaction of the above
carbanion with various aldehydes as shown in Table 10.

Table 10. Reaction of lithium and zinc 79 with
aldehydes RCHO.

H, OH Cl) : HO, H C|3 ,
79 + RCHO —m» R/e(sl\t-Bu R/s(s‘\t-Bu
H Ph H Ph
anti syn
entry R of RCHO counterion  yield(%) diastereoselection
anti:syn
1 (E)-PhCH=CH L i+ 100 49:51
2 (E)-PhCH=CH Zn2* 82 57:43
3 CH;CH; Li+ 85 65:35
4 CH;CH, Zn??t 85 80:20
5 Ph L+ 81 63:37
6 Ph Zn%* 98 84:16
7 i-Pr Lt 90 78:22
8 i-Pr zZn?t 72 91:9
9 t-Bu L+ 87 57:43
10 t-Bu Zn%* 85 61:39



There are four possible diastereomeric chelated cyclic transition
states possible for the reaction of lithium salt of benzyl tert-butyl
sulfoxide carbanion with aldehydes. Scheme 22 shows the two
possible chair and boat transition states. The preference for anti-
diastereoselection suggests that chair or boat transition states 80Qe

or 81a' are favoured.

Scheme 22.
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The anomalous result with pivaldehyde suggest that a boat-
like transition state would be more likely. In the boat transition
state 81e', the aldehyde substituent R experiences a gauche
interaction with the Ph group of the sulfoxide, while in the boat
form it would experience a flagpole interaction with the sulfoxide
oxygen. In the case when R is small the flagpole interaction would
not be important resulting in transition state 81a’, the anti
diastereoselection increases with the increasing steric bulk at the
aldehyde substituent as transition state 8le’ becomes energetically

less favourable. When R becomes sterically demanding (i.e. when
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R = t-Bu) the flagpole interaction in 81la' becomes significant and

poor product diastereoselection results.

RESONANCE STABILISED a-SULFINYL-CARBANIONS

Chiral o« -sulfinyl carbanions  stabilized  with  electron
withdrawing groups react with aldehydes to give the
corresponding P-hydroxy sulfoxides with moderate to high
diastereoselectivity.

Annu.nzioto et al.45 devised a highly diastereoselective
method of asymmetric synthesis (up to 99%ee) of B-hydroxy-N,N-
dimethylacetamides from aldehydes and optically active sulfoxides
Scheme 23. The results obtained are shown in the Table 11. Best
results were obtained when magnesium rather than lithium salts

were employed. A chelated transition state was postulated.
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Scheme 23.
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Table 11. Results of the enantioselective

condensation of (+)-(R)-82 with aldehydes RCHO.

Enantiomeric

R Base (%) [a]":,2 excess (%)
Me n-BulLi 65 +30.3 47
i-Bu n-Buli 77 +14.3 45
i-Pr n-Buli 77 +21.6 34
i-Pr n-Buli 78 +19.4 31
i-Pr n-Buli 40 +10.6 17
t-Bu n-Buli 20 + 6.6 8
i-Pr n-Buli 78 -11.9 19
Me t-BuMgBr 68 -65.0 >99
i-Bu t-BuMgBr 71 -31.3 98
i-Bu t-BuMgBr 73 -28.4 89
i-Pr t-BuMgBr 62 -53.5 85
i-Pr t-BuMgBr 66 -59.7 95
i-Pr t-BuMgBr 63 -43.3 69
t-Bu t-BuMgBr 56 -70.9 90

Scolastico*® on the other hand, improved the stereoselectivity
of such reactions by introducing a sulfide group a to the carbanion.
The carbanion of (S)-(-)-p-tolyl p-tolylthiomethyl sulfoxide was
added to benzaldehyde and phenylacetaldehyde and the adducts
were transformed into a-methoxyaldehydes with up to 70%ee
(Scheme 24). The observed stereoselectivity may be explained by
a cyclic chair transition state, that is stabilized by chelation of both

reaction partners to the lithium cation (Figure 12).
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Scheme 24.
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Farnum et al.47 described a synthesis of the pheromone
(7R,8S)-epoxy-2-methyloctadecane in 15% yield in six steps from
menthyl p-toluenesulfinate (Scheme 25). The reaction of the
carbanion of the alkyl tert-butyl sulfoxide 83 with undecanal gave
a mixture (45:55) of two diastereomeric carbinols that differed in

configuration at the carbinol stereogenic centre. These could be
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separated and then converted to the target molecule as outlined in

Scheme 25.
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REACTIONS OF B AND s-HYDROXYSULFOXIDE DIANIONS.
Fujisawa et al.48 described the diastereoselective o-

alkylation of the dianions of b-hydroxy sulfoxides which gave the



anti o-alkyl-B-hydroxy sulfoxides as the major diastereomeric

products (Scheme 26). The results obtained are shown in Table 12.

Scheme 26.
O\ RS ?H 1. 2eq Meli O\ o ?H O, .~ OH
/S\/\ 1 5 s + \S" T
83 R? éa
: anti-
major syn
s" O <, OH O .. OH
1. 2eq Meli LS S
S S S' + S.
B_i ﬁZ R2
anti- syn-
major

Table 12. a-Alkylation of b-hydroxy sulfoxide 83 and 84.

b-hydroxy sulfoxide Yield (%) Ratio
Entry 83 or 84 R2X anti: syn
1 R'= CH, CH,l 87 16:1
2 R'= i-C;H 5 n-CioHo¢l 58 4:1
3 = CH3 CH3| 76 11:1
4 = CH3 CH3| 62 11:1
5 = CH3 (CH30)3P=O 50 10:1
6 R'= i-C;H 5 n-CqoHo¢l 75 20:1°

These results indicate that the stereoselectivity of the alkylation
reaction is controlled by the stereochemistry at the carbinol carbon

and not by that of the sulfinyl group.  The stereochemical outcome

could be explained by the chair transition states 85 and 86

produced by the chelation of both oxygens of the hydroxyl and
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sulfinyl groups to the lithium cation. Alkylation occurred opposite
to the carbinol substituent Ry. A similar study was reported by

Tannikaga.49

Williams30 and colleagues conducted a set of experiments
between racemic y-hydroxy-sulfoxides 87a,b and benzaldehyde.
Quenching the dianion of 87a.b with benzaldehyde gave the

carbinol adducts shown in Scheme 27.



Scheme 27.
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In a similar fashion, condensation of the carbanion of the racemic
sulfoxides 88a.b (Scheme 24) which have inverted configuration of
the B-methyl substituent afforded the carbinol products shown in
Scheme 28. Interestingly the major products from both of these
studies show the same relative stereochemistry at the two newly
created stereogenic centres despite the inversion of sulfoxide

configuration. Williams however was not able to rationalise this

result.



Scheme 28.
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Bravo et al.5l, studied the addition of the dianion of 3-(p-
(89) to aldehydes to achieve the

tolylsulfinyl)propanoic

synthesis of two diastereomeric lactones 96a and 96b (Scheme 29).

The diastereoselection however was poor (60:40).



Scheme 29,
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i, Lithium di-isopropylamide, 30 min, tetrahydrofuran (THF), -
750C; ii, RCHO, THF, 10 min, -750C, 65-70% yield, (96a): (96b) =
ca.60:40; iii, toluene, heat, 80% yield; iv, (CF3C0O),0, Nal, acetone,

90% yield.
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ADDITION OF SULFOXIDE ANIONS TO IMINES

Annunziato 32 formed optically active B-oximino sulfoxides
from the addition of methyl p-tolyl sulfoxide to nitrones (Scheme
30). The diastereomeric ratio was determined by 1H NMR to be

75:25, 82:18 and 100:0 in the case were R was Me, Ph and tert-Bu

respectively. The stereochemistry of the adducts was not
determined.
Scheme 30.
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Cram33 found that when reacting lithiated benzyl p-tolyl
sulfoxide with N-benzylideneaniline, instead of the anticipated 1,2
addition adduct a single racemate of the cyclopropane
derivative(91) was produced (Scheme 31). The reaction however

was carried out at reflux.



Scheme 31.
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Guanti et al.54 in the course of his studies, on sulfoxide-
mediated asymmetric synthesis, exposed the feasibility of
synthesis of b-lactams, based on the condensation between an
imine and derivatives of racemic 2-(p-tolylsulphinyl)acetic acid
(Scheme 32). The diastereoselectivties however were modest (53-

87 : 47-13).
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Pyne29 conducted a study of the addition of the carbanion of
benzyl tert-butyl sulfoxide to imines (Scheme 33). High anti
selctivity was observed when aromatic imines were employed

(Table 12). Alkyl imines were less reactive and less
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diastereoselective.
Scheme 33.
H\HNR'? . RNH H ‘|3 .
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Table 12. Reactions of lithium and zinc benzyl t-butyl
sulfoxide with imines.
counterion diastereo-
=NR' (temp,°C; yield selection
entry R R’ time,h) (%) anti:syn
1 Ph Ph Li+ (-78; 2) 94 >97:<3
2 (E)-PhCH=CH  Ph Li* (78 2) 52 >97:<3
3 (E)-PhCH=CH Ph Zn (-78; 5) 82 >97:<3
4 2-furyl Ph Lit+ (-78; 2) 100 97:3
5 Ph CHj Zn2* (-78->0; 28 42:58
2)
6 Ph CHj zn%* (-78->0; 85 58:42
7 2)
BF; complex)
CH(3C?12 P Ph Zn?* (-78->0; 57 67:33

2)
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Yamakawa et al.35 synthesised (Z)-N-arylaziridines from the
addition reaction of 1-chloroalkyl p-tolyl sulfoxides and N-
arylimines through sulfinylaziridines according to the Scheme 34

in good to excellent yield (85-95%).

Scheme 34.
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THE STRUCTURE AND CHEMISTRY OF LITHIUM
COMPOUNDS OF CHIRAL SULFOXIMINES,

Despite the importance of sulfoximines in asymmetric
synthesis36, on account of the chiral centre at sulfur, far less
information is available on the structures of lithium derivatives of

sulfoximines than for the related lithiosulfones and sulfoxides.

e, 92a: R'= R%, R’= Me
SG-S—ph  92b: R'= R’= [’C]Me, R'=Me
1

T e 920 R'= B, R%= R'= SiMe;

92d: R'= H, R%= Ph, R® = Me

From a study of the 13C NMR coupling constants (1Jcy) of
lithiated N-methyl-S-methyl,S-phenyl-sulfoximine (92a) in THF,
Chassaing and Marquet37 concluded that the configuration of the
a-C atom is pyramidal.

Gais et al.38 published a detailed structural information
provided by the x-ray structure analysis of lithiated (S) N-methyl-
S-benzyl-S-phenyl-sulfoximine(92d). TMEDA complex (Figure 13).
The single-crystal x-ray structure analysis revealed a tetramer
structure ((92d)4. 2TMEDA) with the Li atom and the sulfoximine
anion moiety each occurring in two different co-ordination
environments. Li-1 and Li-2 are each co-ordinated to TMEDA and
to the O atoms of two different "carbanions” (O-13, O-14 and O-11,
0O-12). Each of the other two Li atoms are coordinated to the three
N atoms of a sulfoximine group (N-11, N-12, N-14, and N-12, N-13,

N-14) and to an "anionic" C atom (C-71 or C-73). The author notices
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a contact between the other two "anionic” C atoms (C-72 and C-74)
and Li-3 and Li-4, respectively, but with a Li-C distance of 323 pm

this too large to represent a bonding interaction.

Figure 13. Crystal structure of ((S)-92)4.2TMEDA.

Further information concerning the structure in solution was
obtained from 13C NMR (THF-d8) using the 13C-labeled compound
92b.59 A diastereotopomerisation of the two !3CHj groups was
observed, caused either by rotation around the C-S bond, if the
configuration of the “anionic® C atom is planar, or by rotation and
inversion if it is pyramidal. It was, however, not possible to

determine which mechanism is responsible for the topomerisation.



[((Me3S1)CH{S(O)(NSiMe3)}Lils.2C6H12 ((92¢)4.2C6H12) could
be crystallized without donor solvent molecules. The x-ray
structure analysis shows a chiral tetramer3® (Figure 14 and Figure
15) composed of two R, R- and two S, S- 89c¢ diastereomers. A
Li4O4 cube forms its centre. Each Li atom is pentacoordinated to
the O and C atoms of one sulfoximine anion, to the N and O atom of
a second, and to the O atom of a third. C-1 projects 17 pm out of
the plane defined by its substituents S, Si-1 and H-1, so that C-l is
markedly pyramidialized, in accordance with the results of the 13C
NMR studies37. The author 60 contests that the stabilizing nc-o*s-C

interaction is responsible for the observed configuration and

conformation.
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- Figure 14. Crystal structure of (92¢)4.2C6H 12.

8o
QN
 si
7]
& Li
Figure 15. Partial structure of (92¢)4.2C¢H 12 with

numbering scheme.

Cs

C4

The JCH coupling constant for the anionic C atom in (92¢)4 2CgH> (in
cyclohexane-d12) is 5 Hz larger than for the correspohding non-
lithiated sulfoximine. This points to a hybridization between sp?2
and sp3 in the solution, a finding which is agreement with the

crystal structure of (89¢)4.2C¢H12,



REACTIONS OF LITHIUM COMPOUNDS OF SULFOXIMINES
WITH ELECTROPHILES.

Compared with sulfoxides and sulfones much less work has
been devoted to the study of the lithium compounds of
sulfoximines with electrophiles. Johnson and colleaguesé! found
that the anion of N,S-dimethyl-S-phenylsulfoximine (93) adds to
aldehydes and ketones to yield B-hydroxysulfoximines.
Reductive elimination of these adducts with aluminium amalgam
under acidic conditions was developed as a useful method for

alkene synthesis.

0

Ph—g—CHzLi
NeH,
93

Johnson®2 extended his study to the synthesis of

optically active secondary and tertiary alcohols. The asymmetry in
this case was generated by employing enantiomerically pure (S) (-
)- N,S-dimethyl-S-phenylsulfoximine. Reaction of this compound
as the lithium derivative with aldehydes (Scheme 35) or ketones
produced B-hydroxy sulfoximines as a mixture of diastereoisomers.
The diastereoselectivities in each case were only modest (60-70 :
40-30). These adducts could be separated and then
desulfurization of the diastereomerically pure B -
hydroxysulfoximines with aluminium analgam gave optically

active secondary alcohols.
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Scheme 35.

PhRSZCH, + RCOR' —Buli
THF

CH;N
o)
l* qu* ' 1. separate ?
PhS-CHz—C_R : - CHs—C_R'
§ 2. Raney Ni I
CH;N CH OH

optically pure

Hwang63 treated the anion of N-trimethylsilyl-S-methyl-S-

phenyl sulfoximine 94 (Scheme 36) with alkyl halides

esters,

methyl chloroformate, and epoxides to give corresponding

products 95 in good yield.

Scheme 36.
0O
l 1. base -
Q_ﬁCH3 2. electrophile SCHZR
NTMS NfMS
94

‘ MeOH

o)
O
SC
|
NH
23

Hwang64 also found that treatment of anion of

racemic N-trimethylsilyl-S-methyl-S-phenylsulfoximine

with

aldehydes or ketones furnished B-hydroxy sulfoximines 96a and



ketones  furnished B-hydroxy sulfoximines 96a and 96b in good

yield. Product ratios were insensitive to reaction temperature in
the range -78°C to 10°C, as well as to the steric bulk of the reacting
aldehyde (Table 15). He found, however, that the diastereomeric
ratio was sensitive to the size of the N-silyl group. As shown in the
Table 14 the use of larger N-silyl groups enhanced the
diastereoselectivity of the 1,2-addition, especially when a

sterically bulky aldehyde was used.
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Table 13. Condensation of
N-(Trimethylsilyl)methylphenylsulfoximine (94) with

aldehydes and Kketones.

O HO O HO
1. n-BuLi e - S// o+ pre- S//\/< )
2.HCOR I [ R
3 My HN R HN R
96a R= H 96b R'= alkyl,aryl
R'= alkyl,aryl R=H
entry R,R’ yield (%) ratio 96a/96b
1 H, CH; 69 2:1
2 H, CH(CH,), 80 2:1
3 H, CH2CH(CH3)2 79 2:1
4 H, C(CH;); 91 2.5:1
5 H, Ph 81 2.8:1
6 H, 2-thienyl 94 2.3:1
7 H, H 41 n.a.
8 CH3C Hz, Ph 70 n.a.
9 CHz(CH2)2CH2 83 n.a.
10 CHz(CH2)3CH2 97 n.a.
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Table 14. Effect of N-trialkylsilyl group on

diastereoselectivity of aldehydes 1,2-additions.

i
Phfj~CH, ~—— 96a +96b
o / NSiMe,tBu
Il 97a
Ph=}i~CH,
NH \ 0
Il
' Ph’ﬁ\CH;; — 262 +326D
NSiMePh,
97b
diastereomer ratio 96a3/96b
entry R, R’ 91 96a 960D
1 H, CH; 2:1 4:1 6:1
2 H, C(CHs); 2.2:1 8:1 8:1

The coupling constants for the ABX spin system in 96a and 96b

suggest that internally hydrogen-bonded conformations  maintain

similar bond angles for protons Ha, Hp and Hy in both

diastereoisomers as shown in Scheme 37.



Scheme 37.

The 1,3 diaxial relationship between the sulfoximine phenyl ring
and Hx in 96a would cause shielding and therefore an upfield shift
at Hx. Consequently 96a was assigned as the major diastereomer
for all the diastereomeric B-hydroxyalkylsulfoximines pairs
examined since the major diastereomer exhibited an upfield shift
for Hx of approximately 0.6 ppm relative to that of the minor
diastereomer. However Hwang was not able to obtain x-ray
crystal structure. Hwang tentatively suggested two possible

transition states 97a.b and 98a.b (Scheme 38). The cyclic

transition states 97a.b, involving nitrogen-lithium chelation, cannot
explain the diastereoselective enhancement observed for the bulky
silyl group (as the orientation at N-trialkylsilyl group is away from
the aldehyde). The oxygen-coordinated transition states 98a.b
allows for interaction of the silylated sulfoximine nitrogen with the
R group of the aldehyde. Clearly the chair transition state 98a

would be expected to be favoured and would lead to the observed

major diastereomeric adduct.
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Scheme 38.
) 0
R3SIN ~~~~~ ._——7 123SiN"‘~~ ——40
Li- ~Li”" )/
N N/
~~~ R ~~~~' H
N {
I i |
Ph 97 Ph -«———p» R
37b
0
(0] - ,‘40 O ~"~. - 7
it A Li ’
/ ! Vs Ph ’
Ph l' ~‘~~'
\ ~..‘ R \" H
I .
98b

Pearson65 devised a different method of asymmetric
synthesis by the wuse of organometallic diene-Mo(CQO); Cp
hexafluoro phosphates (99 and 100, Scheme 39). Optically active
S-methyl-S-phenyl-sulfoximines were converted to sulfoximinyl
ester derivatives (101) , which were then reacted with 99 or 100,
and resulting adducts were desulfonylated to give the optically
active monoester derivatives 102 and 103. The best
diastereoselectivities (95 : 5) were obtained when the sterically
bulky N-dimethylthexylsilyl reagent (10le) was employed. These
methods allowed the synthesis of enantiomerically enriched six

and seven ring compounds that were useful for natural product

synthesis.
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Scheme 39.
N +
CPMo(CO), C/pM°(CO)2
//I / )
99 100
ﬁ 0
)
NR NR
(-) 101 (@ R= Ts
(b) R= Me
(¢) R= SiMe3

(d) R= TBDMS
(e) R= dimethylthexylisilyl

1. base, then 99 or 100
2. Na/Hg or Al/Hg

Mo(CQ),Cp Mo(CO),Cp
MeO,C @ T Meo,c // \
80l o N
103

It appears that the structural features of sulfoximines
afforded unique opportunities to tailor compounds for specific
functions. It is the purpose of this thesis to investigate the
diasteoselectivity, stereochemistry and reactions of various

sulfoxides and sulfoximines with imines and aldehydes and then
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apply this methodology to the asymmetric synthesis of chiral
amines, alcohols and alkaloids according to the general scheme
outlined below (Scheme 40). The possibility of preparing chiral
isoquinoline alkaloids has been already discussed earlier in

Scheme 14.

Scheme 40.
9] H 0
| |« I
RlCH—ISI—Rz + R,CH=Y —_— R3—(|3—(|3H—ISI—R2
X Y =0, NR YHR, X
X =:,NR
lRaney Ni
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70

DIASTEREOSELECTIVE ADDITION OF LITHIATED
METHYL p-TOLYLSULFOXIDE AND METHYL PHENYL
SULFOXIDES TO IMINES.

In 1973, Tsuchihashi4O reported that the addition of lithiated
(R)-(+) methyl p-tolyl sulfoxide 1.2B to N-benzylidineaniline 1.1A
at -10 to -20°C in tetrahydrofuran solution was a highly
diastereoselective process and proceeded in a good yield (70%)

Scheme (1.1).

Scheme 1.1
O
—_ . "..‘,.\:
R,CH==NR, + uCHz—s\TOI
1.1a 1.2B
THF
NHPh NHPh 0
Ph_ § /0 Hf < Vi
H ; ~Tol
H Ph :
1.3 (R,Rg) 1.4 (S,Rg)

Tsuchihashi claimed that in this reaction only one of the two
possible diastereoisomers was produced by asymmetric induction
of the chiral tricoordinate sulfur and easily isolated by
recrystallization. The generality of this process however, was not
demonstrated. It was our initial intention to repeat Tsuchihashi's

work and examine the generality of this type of reaction. After an
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initial communication of our work in this area had been accepted
for publication, a communication by Kagan appeared in the
literature.  Kagan66 and co-workers repeated Tsuchihashi's work
and found two diastereomers were formed. They attempted to
improve the diastereoselectivity of this reaction by the proper
choice of experimental conditions. Kagan®® found that
diastereomer ratio was dependant on two temperatures: that used
during carbanion formation(T1) and that maintained during the
condensatioh of the carbanion with the imine (T2). From Table 1.1
it is obvious that Kagan obtained two diastereoisomers contrary to

claims made by Tsuchihashi.

Table 1.1. Condensation of lithiated (R)-(+)-methyl p-

tolyl sulfoxide with N-benzylideneaniline.

Entry Ti°Ca T,°Cb Reaction Diastereo- Yield (%)d
time meric__ratio
1 -15 -15 10 min 75.25 98
2 -40 -78 1.5 h 77.23 88
3 -15 -78 1.5 h 81:19 98
4 0 -78 10 min 92:8 99
5 0 -110 10 min 87:13 73
6 +10 -78 10 min 84:16 93

a: Temperature during deprotonation of (R)-methyl-tolyl
sulfoxide by one molar equivalent of lithium

diisopropylamide (LDA) in tetrahydrofuran (THF).

b: Reaction temperature, reaction performed in THF.
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c: Measured by 'H NMR on CH; to a sulfinyl group.

d: Isolated yield.

The importance of the temperature during deprotonation, for
high diastereoselectivity could be related to a reorganization of the
organolithium species occurring at higher temperatures. At -40°C,
the diisopropylamine remains tightly bound to the lithium cation,
while at 0°C the sulfinyl group is able to displace this amine, giving

a chelated anion.

Using the optimized conditions of Table 1.1, Kagan extended
this reaction to various imines of the type ArCH=NR as shown in

Table 1.2.

Table 1.2. Condensation of the (R)-(+)-methyl p-tolyl
sulfoxide66 anion with ArCH=NR3 b

Entry Ar R Diastereomer Yield (%)d
ratio€
1 Ph Ph 92:8 99
2 Ph p-OMeCgHs 86:14 32
3 p-OMeCgHs Ph 86:14 30
4 p-OMeC¢Hs p-OMeCgHs 95:5 74
5 p-NO2C¢Hs p-OMeCgHs 76:24 95
6 Ph Me 82:18 84
7 Ph n - Pr 90:10 76
8 Ph i-Pr 88:12 27
9 Ph Cyclopropyl 84:16 21
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10 Ph n-CsHijq 87:13 52

a: Entries 1-5: Experimental conditions as in Table 1.1 entry 4.
Reaction time is 10 min (entries 1, 5), 15 min (entry 2), 20
min (entry 3) or 40 min (entry 4). Hydrolysis at -78°C by
dilute HCI.

b: Entries 6-10: reaction temperature (deprotonation and
condensation): -20°C. Hydrolysis at -20°C by dilute HCI.

¢ Measured by IH NMR,

d::  Isolated yield after flash chromatography.

The major diastereomer was assigned by Kagan the
configuration RsSc, by analogy to the already determined
stereochemistry of the N-benzylideneaniline adduct 1.4 (Scheme
1.1) by Tsuchihashi. Kagan's results (Table 1.2) indicate moderate

to good stereoselectivity with poor to excellent yield.

Our initial studies focused on racemic methyl phenyl sulfoxide
and later on (R)-(+)-methyl p-tolyl sulfoxide [x]p20 +166° (c 1.8,
acetone) (Scheme 1.2). Methyl phenyl sulfoxide was prepared by
oxidation of thioanisole with sodium periodate in methanol67,
while (R)-(+)-methyl p-tolylsulfoxide was prepared from (-)-(S)-
menthyl p-toluenesulfinate (Aldrich Chemical Company) and
methylmagnesium iodide in 90% by the method of Solladie®8. The
imines were prepared, in all cases, from the reaction of the
appropriate aldehyde and amine in the presence of anhydrous
potassium carbonate and purified by vacuum distillation or
recrystallization%®, Methyl phenyl sulfoxide or (R)-(+)-methyl p-
tolylsulfoxide was treated with lithium diisopropylamide (LDA, 1.1

equiv. from 1 equiv. n-butyllithium and 1 equiv. of
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diisopropylamine at 0°C for 15 min) in tetrahydrofuran at -78°C
for 1 hr. The solution was then treated with the imine (1.5
equivalents in tetrahydrofuran) for the appropriate amount of
time at a specific temperature (Table 1.3 and Table 1.4). The
resulting adducts were in all cases purified by column

chromatography on silica gel.

Our own study23.70 agrees with Kagan's findings and contrasts
that of Tsuchihashi as presented in Table 1.3. The
diastereoselectivity of our reactions with either lithiated methyl
phenyl sulfoxide or (R)-(+) methyl p-tolyl sulfoxide ‘with various
imines was determined from !H NMR (400 MHz) analysis of the
crude reaction product.  Although Kagan66 chose to study the
addition of different imines to our own, the two cases which are in
common show similar results. The diastereoselectivity for the
addition of lithiated (R)-(+)-methyl p-tolyl sulfoxide to N-
benzylideneaniline by Kagan was similar to our study (Table 1.3),
on the addition of racemic lithiated methyl phenyl sulfoxide to N-
benzylideneaniline. Kagan et al.06 achieved a 92:8 diastereomeric
ratio at -78°C for 10 min., while our own study produced a 86:14
diastereomeric ratio at -78°C for 5 hrs. The slight difference in
diastereoselectivity can be attributed to different reaction
conditions (reaction time, temperature and concentration) and the
use of methyl phenyl sulfoxide in the place of (R)-(+)-methyl p-
tolyl sulfoxide. While for N-benzylidenemethylamine, Kagan
achieved a diastereoselectivity of 82:18 at -20°C, our own results
show a 91:9 diastereomeric ratio at 0°C for 10 min. (Table 1.4).
This slight discrepancy can also be fully accounted for by

differences in reaction conditions, namely the duration of the
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reaction and the reaction temperature. This point becomes even
more clear when we observed the diastereoselectivity was 57:43

after a reaction time of 12 hrs at O°C, for the same reaction.

From the Table 1.3 it is clear that both the temperature and
the duration of reaction affected the diastereomeric ratios leaving
the yield unaffected. When the reaction was conducted at -78°C
for 5 hrs the ratio of diastereomers was 86:14. This did not change
when the reaction was warmed to -45°C for 2 hrs, or even when
the temperature was elevated to 0°C for 5 mins before quenching
with 10% aqueous potassium carbonate. However, when the
duration of time was increased to 12 hrs at 0°C the
diastereoselectivity diminished, and gave essentially an equal

mixture of 1.3 and 1.4.



Table 1.3. Reaction of 1,1a with 1, 2A.

I
PhCH==NPh  + LiCH,—S:""
“Sph
l.1a 1.2A
THF
NHPh NHPh
! 0 ! 0
N s// N Z
P ~ph i ~vph
H : Ph 2
L3 (R,Rg) 1.4 (S5,Rg)

Temp./ %C Time Yield/ % 1.3:1.4

-78 Sh 96 14 : 86
-45 2 h 95 14 : 86
0 S min 95 14 : 86
0 0.5 h 95 30 : 70
0 1h 95 42 : 58
0 12 h 95 43 : 57
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Figure 1.1 'H NMR (CDCl3) of the crude reaction

mixture from the reaction of 1.2B and 1,13

77
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o S Ph Ph < <Ph
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o . 5
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Figure 1.1 shows the copy of the !H NMR of the crude reaction

mixture when the reaction of 1.l1a and 1.2B was warmed to 0°C

and then quenched after 5 min at that temperature. The protons
H: of both ‘diastereomers (1.3a and 1.4a) are clearly shown as a
doublet of doublets at 4.85 and 4.90 ppm and their coupling
constants are 3.7 and 8.7Hz and 9.8 and 4.9Hz respectively. For
the protons Hp and Hp of the major diastereomer the chemical
shifts are 3.18 and 3.12 ppm (Jo = 13.7Hz) respectively, while for
the minor diastereomer the chemical shifts are 3.28 and 2.98 ppm

(JAB = 13.6Hz) respectively.
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Scheme 1.2.
i
RICH==NR, + LiCH,—S="
\Ar
l.1a
1.2A Ar= Ph
1.2B Ar= p-Tol
R, A Ry &
o," \\ ~s’.. \\
R,R;N H O R,R3N H o]
13 R;=H LL4R; =H
1.3' R3 = Ll Ilﬂ' R3 = Ll

a; R1 = Ph, R2 = Ph
b; R1 = 2-furyl, R2 = Ph

¢; R1 = Ph, R2 = CH3

d; R1 = CH3CH2, R2 = Ph

e; R1 = (CH3)2CH, R2 = Ph

f; R1 = (CH3)2CHCH2, R2 = Ph

MeO
s 00N
MeO

From Tables 1.3 and 1.4 it is clear that the
diastereoselection was better under kinetically controlled
conditions (short reaction times and low reaction temperature) and
that in general diastereoselection was poor under equilibrium
control. The reactions which were conducted under kinetic control
and then warmed up before quenching showed poor
stereoselectivity showing that the initially formed diastereomeric

adducts interconvert after an extended period of time under



interconvert after an extended period of time under

temperatures (Scheme 1.3).

Scheme 1.3.

R1CH=NR2 + UCHZ_S-.

N

1.1A 1,28 Tol
0
0 _45° \
= -
Ry
I -0 N(L)R,

] .|. "

Ry \l:'/CHz
- ~
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Table 1.4. Reactions of 1,2A and 1L2B with Imines
l.1orl.5

Entry Imine 1.1 anion Temp,°C;2 yield, %L  diastereo
or 1.5 time, hr selectn
1.3:1.4

(1.8:1.9°¢

1 1.1a 1.2A -78;5 96 82:18
2 1.1a 1.2A -45;2 95a 82.18
3 1.1a 1.2A 0;5 min  95a 82.18
4 l.1a 1.2A 0;1 95 58:42
5 l.1a 1.2B 0;5 min 95 86:14
6 1.1b 1.2A -45;2 86 88:12
7 1.1b 1.2A 0;2 94 76:24
8 1.1b 1.2B 0;10 min 96 91:9
9 l.1c 1.2A 0;2 86 88:12
10 l.1c 1.2B 0;10 min 89 91:9
11 l.1c 1.2B 0;12 89 51:49
12 1.1d 1.2A -45;2 85 79:21
13 1.1d 1.2A 0;2 81 63:37
14 1.1d 1.2B -45;2 90 80:20
15 l.1e 1.2B -45;2 72 81:19
16 l.1e 1.2B 0;2 62 66:44
17 1.1f 1.2B -45;2 78 81:19
18 1.1f 1.2B 0;2 84 71:29

19 1.5 1.2A -45;2 64 (23:77)

20 1.5 1.2A 0;12 85 (89:11)

1.5 1.2B 0;12 92 (92:8)

[\
[S—
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All reactions were initiated at -78°C and then warmed to the
temperature designated for the period of time designated
and then quenched with water.

After purification by column chromatography.

¢ Determined by !H NMR spectral analysis on the crude

reaction mixture

In contrast the reaction of 1.2A and 3,4-dihydro-6,7-
dimethoxyisoquinoline (1.5) gave the highest diastereoselection
(92:8) under equilibrium controlled conditions (Table 1.5). When
the reaction was conducted at -45°C, 1.8 and 1.9 were obtained
with a diastereoselectivity of 23:77 with 1.8 being major isomer;
while when reaction was conducted at 0°C for 12 hrs the
diastereoselectivity observed was 92:8, with 1.9 being favoured.
Identical diastereoselection was observed when the mixture of 1.5
and 1.2B was initially held at -45°C for 2 hours and then warmed
to 0°C for 12 hrs. The reaction of 1.5 and 1.2 conducted at 0°C for
2 hrs resulted in diastereoselectivity of 25:75. The Figures 1.3-1.5
show the IH NMR of the crude reaction mixture for the reaction of

1.2B and 1.5 under various conditions and the relative abundance

of diastereomers 1.8 and 1.9.
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Table 1.5. Preparation of 1.8 and 1.9.

" o
LICHZ-S
@O \TQI
1.5

1.2A
THF
$oe)
"M
S-.
7 "'Tol 048("'Tol
1.8 1.9

Temp./ °C Time Yield/% 1.8 :1.9

-45 2 hr 64 77 : 23
0 2 hr 72 25 : 75
0 12 hr 92 8 : 92

The remainder of our study concentrated on a variety of
imines that were fortunately not studied by Kagan. Analogous
results were obtained to those of N-benzylidineaniline in most
cases. An increase in the duration or the temperature of the
reaction generally favoured poor diastereoselectivity. For example,
reaction of 1.1 with 1.2A at -45°C for 2 hrs resulted in a
diastereoselectivity of 79:21 while at 0°C for 2 hrs the
diastereomeric ratio was 63:37. Our initial study which focused on

the addition of the anion of racemic methyl phenyl sulfoxide 1.2A



Figure 1.2 'H NMR (CDCl;) of the crude reaction

mixture from the reaction of 1.2B and 1.5 at -45°C,2hrs.
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Figure 1.3 'H NMR (CDCl3) of the crude reaction

mixture from the reaction of 1.2B and 1.5 at 0°C,2hrs.
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Figure 1.4 'H NMR (CDCl3) of the crude reaction
mixture from the reaction of 1.2B and 1.5 at 0°C,12hrs.
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to imines was then extended to (R)-(+)-methyl p-tolyl sulfoxide

(Scheme 1.2) and these results are summarised in Table 1.4.
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With this method it was possible to obtain adducts from di and
mono aryl substituted imines (ArCH=NR or RCH=NAr) only.
Attempts to obtain adducts from dialkyl substituted imines were
unsuccessful. For example, reaction of the anion of methyl phenyl
sulfoxide  with N-pentylidenepentylamine or N-tert-

butylidenepentylamine yielded a mixture of intractable products.

It 1is .therefore clear that an aryl group substituted on the
imine is necessary in order to stabilise the incipient charge in the
transition state and this ensures good reactivity. It is possible that
when purely aliphatic imines are employed then the sulfoxide
anion acts as a base rather than a nucleophile towards the imine.
The imine undergoes deprotonation at the carbon o to the imine
function to give a resonance stabilized carbanion (RCH(-)CH=NR})

which undergoes polymerisation with other imine molecules.

The relative stereochemistry of the adducts 1.3a-f and 1.4a-f
was established by !H NMR (400 MHz) spectroscopic analysis using
1.3a and 1.4a of known absolute stereochemistry. In general, the

diastereotopic methylene protons Hp, Hp in the compounds 3a. b,

d, e, f (Table 1.6) have the 1S,Rs absolute stereochemistry and

show chemical shifts which are intermediate between the

individual signals for the same protons in l.4a, b, d. e & f. (1R, Rs)

series.
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Table 1.6. 'H NMR chemical shifts and coupling
constants for the reaction of 1,2A and 1.2B to imines L1
or 1.5.

Compound Chemical Shift (ppm) J,, Jbe
H, H, H,
1.3a (Ar = p-tolyl) 3.16 3.06 4.84 3.6 8.8
1.3a (Ar = Ph) 3.18 3.12 4.85 3.7 8.7
1.4a (Ar = p-tolyl) 3.26 2.94 4.90 9.8 4.7
1.4a (Ar = Ph) 3.28 2.98 4.90 9.8 4.9
1.3b (Ar = p-tolyl) 3.26 3.20 4.80 4.0 8.2
1.3b (Ar = Ph) 3.28 3.22 4.70 4.1 8.2
1.4b (Ar = Ph) 3.38 3.19 4.47 7.3 7.2
1.3¢ (Ar = p-tolyl) 3.00 2.93 4.06 10.2 3.4
1.3¢c (Ar = Ph) 3.01 2.95 4.07 10.1 3.5
l.4c (Ar = p-tolyl) 3.22 2.81 8.4 5.5
1.3d (Ar = p-tolyl) 2.98 2.79 3.89 3.7 7.8
1.4d (Ar = p-tolyl) 3.13
1.3d (Ar = Ph) 2.99 2.81 3.88 3.5 7.9
1.3e (Ar = p-tolyl) 2.99 2.78 3.99 4.6 8.2
l.4¢ (Ar = p-tolyl) 3.08 2.76 3.87 4.3 8.0
1.3f (Ar = p-tolyl) 2.46 2.71 3.60 3.0 9.9
1.4f (Ar = p-tolyl) 3.09 2.88 3.89 7.7 5.8
1.8 (Ar = p-tolyl) major 3.15 3.10 4.59 2.9 3.1
minor 4.38 3.8

1.9 (Ar = Ph) major 3.15 3.06 4.60 2.9 3.1

The compound 1.3c showed different coupling constant for Ha,
Hp and Hc in the 1H NMR (Table 1.6) and a different chemical shift
for Cp in 13C NMR (Table 1.7) suggesting it had a different

conformation than 3a-b and 3d-f.

In all cases a large geminal coupling (13.2-13.7Hz) was

observed for the diastereomeric protons Hp and Hg. The major

diastereomers showed coupling constants Jac ~ 4Hz and Jgc ~ 9Hz

Qo
Y
o

13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
13.
10.
9.2
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while the minor diastereomer in contrast showed Jac ~ 10Hz and
JBC ~ 4-5Hz. 1In all cases the proton Hp occured downfield from

proton Hg.

The major diastereomer 1.3 probably exists as the
intermolecular H-bonded boat conformation (B), the two possible

chair conformations would appear less likely since R, or Ar is axial.

In case of minor isomer, a H-bonded chair
conformation (in which the dihedral angles ¢Ac and ¢pc are about
180° and 60° respectively) would be expected. In this
conformation Ha would be deshielded by the ‘'axial' electron pairs

at N and O71.
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were extensively purified it made

observation of the minor isomer by 13C NMR almost impossible,

however, when minor isomer was observed

it always showed

upfield shifts for both C; and C, relative to the major isomer (Table

1.7 and Figure 1.5).

Table 1.7. 13C NMR chemical shifts for the aliphatic
section of the adducts 1.3a3-1,3f.

R
R; R, Ry ¢,
Ph Ph H 64.13
Et Ph Me 63.20
major i-Pr Ph H 61.84
minor 59.84
major i-Bu Ph Me 63.88
minor 62.67
Fur Ph H 61.55
Fur Ph Me 61.64
Ph Me Me 64.96
Ph Ph Me 64.13

.06

21.32

21.27

21.37
33.75 20.93
21.35

The Figure 1.5 shows the aliphatic section of !13C NMR of

the adducts 1.3e and 1.4e with both isomers clearly shown.

The stereochemistry of the major diastereomeric product can

be rationalized by assuming a chelated cyclic chair transition state

as shown in Scheme 1.4. Since imines 1.4a-f must have the (E)

geometry29, only two chelated cyclic transition states are available
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for the reaction of 1.2A and 1.2B with imines, the chair and boat

transition state. Clearly the high diastereoselection (Table 1.4)

suggests that if a cyclic transition state is involved, then chair

transition state 1.10A is favoured over its boat counterpart 1.11A.
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Figure 1.5 13C NMR(CD iphati i
1.3e and 1.4e. (CDCI3, aliphatic section) of the adducts

H _I;IHPh /O iPr NHPh o
: "Ph TN
iPr s, o 5 Ph
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Scheme 1.4.

Table 1.8 shows 13C assignments for the two isoquinoline

adducts 1.9A and 1.9B.. Adduct 1.9A shows the two methoxy

carbons at 55.84 and 55.82ppm while in adduct 1.9B these occur at
55.7 and 55.90ppm. Both adducts show similar chemical shifts for
the methylene carbon next to sulfoxide group at 39.96 ppm for
adduct 1.9A and 39.50ppm for adduct 1.9B. The only substantial
difference between the carbon spectra of the two adducts is the
existence of the methyl carbon at 21.10 ppm in adduct 1.9B which

does not exist in the case of adduct 1.9A. The assignment of 13C

NMR of the adducts 1.9A and 1.9B is based upon a literature

precedent by MacLean et al.”2
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Table 1.8. 13C NMR (CDCl3) assignments of the adducts
1.8A and 1.9B.

- |39.96H
0=S-....., 123.81
VEVIRY 123.7 0=5"wn, 123.81
- 129.80 ../144-30 '
CH, 129.27
21.10
1.8B L9B

The formation of 1.8B as the major diastereomeric product
under kinetically controlled conditions (-45°C) can be readily
rationalized as occuring through a chair like transition state

(Scheme 1.5).
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Scheme 1.5.
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o=\ oF \
1.8A 1.88B

When the reaction mixture resulting from the reaction of 1.5
and 1.2B (Scheme 1.6) at -45°C for 2 hrs was quenched with D70, a
mixture of deuterated adducts 1.8D and 1.9D resulted. The

deuteration was quantitative an stereospecific (>95%) from 1H NMR

analysis.
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These compounds must result from deuteration of the o

sulfinyl carbanions 1.6 and 1.7 _respectively (Scheme 1.6), which

most likely arise via a proton transfer mechanism from the
initially formed adducts 1.6 and 1.7. The stereochemistry of 1.8D
and 1.9D is based on !H NMR analysis (\H NMR:1.8D) §4.59 (d, J =
3.1 Hz, H-1);1.9D (84.38 (d, J = 3.8 Hz, H-1), compared with 1.8 (8
4.59(dd, J=2.9, 10.7Hz) and 1.9 (6 4.38(dd, J=3.8, 9.2Hz), assuming
that the intramolecular hydrogen bonded forms of 1.8D and 1.9D
are major conformational isomers then the stereochemistry of
deuteration is that which is expected from Biellmans?2 work, who
suggested that the deuterium oxide first coordinated to lithium
cation before deuteration (see Introduction for details).30 The
coupling constant of 1.8D and 1.9D indicate that the dihedral angle
between the vicinal protons that are a and B to the sulfinyl group

are approximately 90°.
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Scheme 1.6.
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Mechanism

The interconversion of 18Aand 1.8 B at 0° probably occurs via a

retro-Michael addition sequence shown in Scheme 1.7.
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Scheme 1.7.
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The absolute stereochemistry of 1.8B was determined by its
conversion to (S, Rs)-(+)-1.13 by reductive methylation.73 The
adduct 1.8B was reductively methylated with formaldehyde and
sodium cyanoborohydride in acetonitrile giving the known N-
methylated product 1.13 which has been converted previously to
(R)-(+)-carnegine [a]p2?3 +206° (¢ 1.1, CHCl3) by reductive

desulfurization (Scheme 1.8).74
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Scheme 1.8.
MeO
(CHO). NMe  Rane
NaCNBH, MeO o Tckfl—’(ﬂ)-(ﬂ-carnegme
1.13 \ =
/ ,'

Tol

In order to extend the above developed methodology synthesis
of natural product (R)-(+)-tetrahydropalmatine was carried out
(Scheme 1.9). The initially formed adduct 1.8B was subjected to
reductive alkylation with 2,3-dimethyoxybenzaldehyde and
sodium cyanoborohydride73 in acetonitrile to yield the N-
substituted product 1.10 in 87% yield. Upon heating of 1.10 with
trifluoroacetic anhydride in toluene, cyclization to the sulfide 1.11
was achieved in 82% yield. The !H NMR spectrum of this
compound (8 4.43, d, J = 2Hz, H-13a) is consistent with Ha and Hb

having a cis relationship’3.

When 1.12 was subjected to desulfurization with Raney Ni in

ethanol (R)-(+)-tetrahydropalmatine was obtained. This compound

had m.p. 138-139°C, [a]p20 + 288.5 (c 2.0, EtOH), lit.752 m.p. 142°C,
[a]p + 292° (EtOH) and identical spectral properties (!H NMR, 13C

NMR, MS)75b with those reported for the authentic material.

In conclusion, the methodology developed in this Chapter
allows for the construction of usefully functionalized
enantiometrically ISure isoquinolines that have potential for the

asymmetric synthesis of a variety of alkaloids.



Scheme 1.9,
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EXPERIMENTAL

Procedure 1: Methyl phenyl sulfoxidel . 2 A
To a solution of thioanisole (6.4g, 52mmol) in 300ml
dichloromethane (DCM) at 0°C was added dropwise a solution of m-
CPBA68 (10.6g, 52mmol) in 50ml dichloromethane. The resulting
mixture was stirred at 0°C for 2hrs and then at room temperature
overnight following which it was neutralised by the addition of
saturated Na2CO3, washed with water and then dried with MgSOg4.
Upon evaporation of the dichloromethane, the resulting solid was
subjected to column chromatography on silica gel using ethyl
acetate as eluent to yield 6.86g (94%) of pure methyl phenyl
sulfoxide, m.p. 28-29°C, 1it.68 m.p. 29-30°C.

Procedure 2: Methyl phenyl sulfoxide67 1,2 A
A solution of sodium periodate (19.26g, .09mol) in 200 ml of water
was added at 0°C to thioanisole (11.16g, .09mol) in 180ml at
methanol and the resulting solution was stirred at room
temperature overnight. The resulting mixture was filtered,
extracted with dichloromethane and the extracts were washed
with water. The organic layer was then dried (MgSO4), evaporated
and the resulting solid was subjected to column chromatography
on silica gel using ethyl acetate as eluent to yield (7g, 85%) of

pure methyl phenyl sulfoxide, m.p. 28-29°C, lit.63 m.p. 29-30°C.
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General procedure for synthesis of imines 1.1
To a solution of amine (.1 mmol) in 50 ml ether at 0°C was added
potassium carbonate (50g) followed by the addition of the
aldehyde (.1 mmol). The solution was stirred at room temperature
overnight, filtered, the solvent evaporated and the resulting imine

was vacuum distilled at reduced pressure or recrystallized.

(R)-(+)-Methyl p-Tolyl Sulfoxidet68 1 ,2 B
To a solution of (-)-(S)-menthyl p-toluenesulfinate (10g, 30 mmol)
ether (50ml) and THF (20ml) at 0°C under nitrogen was added
MeMgl [from Mg(2g) and CH3I1(6.2ml) in ether (70ml) dropwise
over 30 min. The solution was stirred at room temperature for 2
hr and then decomposed with sat. NH4Cl (30ml), the organic layer
was dried (MgSO4) and evaporated and the resulting solid
recrystallized from ether/hexane (1:1) to yield 10.1g (90%), m.p.
74°C, 1it.68 m.p. 74°C.

3,4-dihydro-6,7-dimethoxyisoquinoline 1.,575b

A mixture of 3,4- dimethoxy phenylethylamine (15g, .083mol) and
ethyl formate (31g) was refluxed for 12 hrs and then the ethyl
formate was evaporated. Benzene (400 ml) and phosphoryl
chloride (150 ml) were added and the resulting mixture was
stirred for 4 hrs at room temperature following which time the

benzene and phosphoryl chloride were then evaporated.  The



101

resulting mixture was cooled to 0°C and water (10ml) and DCM
(200 ml) were added and then the solution was made strongly
basic with NH4OH. The DCM layer was separated then dried
(MgS0O4 and evaporated. Column chromatography on silica gel
gave pure 1.5, 11.15g (70%) as a thick oil. |H NMR 6.81(s, 1H)
6.68(s, 1H), 3.91(s, 3H), 3.89(s, 3H), 3.73(m, 2H), 3.20(m, 2H).

’

Reaction of 1.2A or 1.2B with Imines: A General
Procedure,

To a solution of diisopropylamine (121 mg, 1.2 mmol) in dry
THF (3 mL) at 0°C was added n-BuLi in hexane (1.1 mmol). After
10 min the solution was cooled to -78°C and then a solution of (R)-
(+)-methyl p-tolyl sulfoxide (1.0 mmol) in THF (2 mL) was added
dropwise. After lhr at -78°C a solution of the imine (1.3 mmol) in
THF (2 mL) was added. After 1lhr, the solution was warmed slowly
to the temperature specified in Tables 1.3 and 1.4, for the
designated period of time. The reaction then quenched rapidly by
the addition of 10% K,CO3 (10 mL) and then extracted with CHCI3
(2x). The combined extracts were dried (MgSO4) and evaporated.
The diastereoselection of these reactions was determined from 'H
NMR (400 MHz) analysis of the crude reaction product.
Purification of the crude product on silica gel using ethyl
acetate/hexane as eluent gave the pure product. Yields are

reported in Tables 1.3 and 1.4.
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m.p. 200°C (1it.40 216-2179° C); IR (nujol) 3310, 1030 cm-!; IH NMR
6 749 (d, J = 8.2 Hz, 2H), 7.3 (m, 6 H), 7.07 (m, 3H), 6.67, (t, ] =73
Hz, 1H), 6.53 (d, J = 7.6 Hz, 2H), 5.28 (d, 1H), 4.84 (t,1H),3.16,(dd, J
= 3.6, 13.7 Hz, 1H), 3.06 (dd, J = 8.8, 13.7 Hz, 1H), 2.39 (s, 3H); 1.?’C
NMR 146.6, 141.7, 141.4., 130.1, 129.0, 127.66, 127.65, 124.1,
118.0, 114.0, 64.1, 54.8, 21.4; MS 336 (51, M+H*), 196 (100), 180
(22), 139 (22), 91 (22).

Anal. Caled for C31H21NOS: C, 75.19; H, 6.31; N, 4.18. Found: C,
75.23; H, 6.43; N, 4.37.

ethylamine 1.4a (Ar = p-tolyl):

IH NMR (in part) & 5.12 ( br. s, 1H), 4.90 (dd, J=4.7, 9.8 Hz, 1H),
3.26 (dd, J = 9.8, 13.5 Hz, 1H), 2.94 (dd, J = 4.7, 13.5 Hz, 1H), 2.38
(s, 3H).

(RX5.1S%) N-Phenvl-N-(1-phenyl-2-(phenylsulfinyl))-
ethylamine 1.3a (Ar = Ph):

m.p. 177-178° C ; IR (nujol) 3320, 1030 cm-l; IH NMR & 7.68-7.05
(m, 12H), 6.7-6.5 (m, 3H), 5.28 (br. s, 1H), 4.85 (m, 1H), 3.18 (dd, J
= 3.7, 13.7 Hz, 1H), 3.12 (dd, J = 8.7, 13.7 Hz, 1H), ; 13C NMR 131.1,
129.3, 129.0, 127.7, 126.3, 124.0, 118.0, 113.9, 64.1, 54.7; MS 322
(100, M+H#+), 196 (100), 182 (57), 104 (67), 93 (100).

Anal. Calcd for CyoH19NOS: C, 74.36; H, 5.96; N, 4.36. Found: C,
73.15; H, 6.00; N, 4.36.
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LR.*—S_\.LR_*—LN-Phenvl-1-nhenvl-MD-Dhenvlsulfinvl)-
ethylamine 1.4a (Ar = Ph):

I'H NMR (in part) 8 3.28 (dd, J = 9.8, 13.6 Hz, 1H), 2.98 (dd, J = 4.9
13.6 Hz, 1H).

b

(Rs,18) N-Phenyvl-N-(1-(2'-furvD-2-(p-tolvlsulfinvl))-
ethylamine 1.3b (Ar = p-tolyl):

m.p. 1810 C; lH NMR & 7.52 (d, J = 8.1 Hz, 2H), 7.32 (m, 3H), 7.16 (t,
J =7.4 Hz, 2H), 6.75 (t, J] = 9.32 Hz, 1H), 6.66 (d, ] = 7.78 Hz, 2H),
6.28 (m, 1H), 5.05 (m, 1H), 4.80 (m, 1H), 3.26 (dd, J = 4.0, 13.3 Hz,
1H), 3.20 (dd, J = 8.2, 13.3 Hz, 1H), 2.41 (s, 3H); 13C NMR 153.2,
152.7, 146.8, 141.9, 130.1, 129.2, 124.1, 118.7, 114.2, 110.5, 107.4,
61.6, 49.0, 21.4; MS 186 (48, M-p-TolSO), 139 (41), 125 (72), %4
(100).

Anal. Calcd for C19H19NO>S: C, 70.13; H, 5.88; N, 4.30. Found: C,
70.10; H, 5.94; N, 4.65.

(R*5,15%) N-Phenyl-N-(1-(2'-furyl)-2-(phenylsulfinyl))-
ethylamine 1.3b (Ar = Ph):

m.p. 176-177° C; IR (nujol) 3295, 1600, 1460, 1030; |H NMR §
7.73-7.15 (m, 8H), 6.82-6.25 (m, 5H), 5.07 (m, 1H), 4.70 (br. s,
1H), 3.28 (dd, J = 4.1, 13.3 Hz, 1H), 3.22 (dd, J = 8.2, 13.4 Hz, 1H),
2.41 (s, 3H); 13C NMR 153.3, 146.2, 143.6, 142.1, 131.1, 129.4,
129.3, 123.85,118.6, 114.1, 110.5, 107.4, 61.6, 48.6; MS 312 (8,
M+H* ), 219 (57), 185 (100), 125 (94), 93 (90).
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Anal. Caled for CigH7NO32S: C, 69.43; H, 5.50; N, 4.50. Found: C,
69.93; H, 5.71; N, 4.63.

(R*s.1R*) N-Phenyl-N-(1-(2'-furyl)-2-(phenylsulfinyl))-
ethylamine 1.4b (Ar = Ph):

IH NMR (in part) 8 5.03 (t, J] = 7.41 Hz, 1H), 4.47 (br. s, 1H), 3.38
(dd, J = 7.3, 13.3 Hz, 1H), 3.19 (dd, J = 7.2, 13.3 Hz, 1H).

ethylamine 1,3¢ (Ar = p-tolyl):

oil; IR (film) 3600-3200 (br.) 3300 (sharp), 1035 cm-l; IH NMR §
7.52 (d, J = 8.2 Hz, 2H), 7.27 (m, 7H), 4.06 ( dd, J = 3.4, 10.2 Hz, 1H),
3.00 (dd, J = 10.2, 13.4 Hz, 1H), 2.93 (dd, J=3.4, 13.4 Hz, 1H), 2.39(s,
3H) 2.31 (s, 3H); 13C NMR 141.2, 140.9, 140.6, 129.6, 128.3, 127.2,
126.6, 123.6, 65.0, 59.1, 33.8, 20.9; MS 274 (100, M+H* ), 148
(100), 134 (95), 118 (93), 106 (100).

HRMS calcd for C1gH2oNOS 274.1264, found 274.126.

(Rg.1IR) N-Methyl-N-(l-phenyl-2-(p-tolylsulfinyl))-
ethylamine 1.3¢ (Ar = p-tolyl):

1H NMR (in part) & 3.22 (dd, J = 8.4, 13.1 Hz, 1H), 2.81 (dd, I = 5.5,
13.1 Hz, 1H), 2.39 (s, 3H), 2.25 (s, 3H).

(Rg.15) N-Methyl-N-(1-phenyl-2-(p-tolylsulfinyl))-
ethylamine 1.3¢ (Ar = Ph):
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oil; IR (nujol) 3700-3000 (br.), 1650, 1050 cm-l; 1H NMR § 7.63
(dd, J = 2.0,7.3 Hz, 2H), 7.50 (m, 3H), 7.3 (m,2H), 7.26 (m,2H), 4.07 (
dd, J = 3.4, 10.1 Hz, 1H), 3.01 (dd, J = 10.1, 13.4 Hz, 1H), 2.95 (dd, J
= 3.5, 13.4 Hz, 1H), 2.33 (s, 3H); 13C NMR 144.2,141.4, 140.0, 129.3,
128.8, 127.8, 126.9, 123.9, 65.4, 59.3, 34.2; MS 260 (95, M+H+ ),
134 (100), 125 (85), 120 (89), 91 (24).

(Rg.1S) N-Phenyl-N-(l-ethyl-2-(p-tolylsulfinyl))-
ethylamine 1.3d (Ar = p-tolyl):

m.p. 1679 C ; IR (nujol) 3330, 1030 cm-l: lH NMR § 7.52(d, J = 8.1
Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 7.16 (t, J = 7.5 Hz, 2H)6.70(t, J = 7.3
Hz, 1H), 6.64 (d, J = 7.8 Hz, 2H), 3.89 (br. s,2H), 2.98 (dd, J = 3.7,
13.3 Hz, 1H), 2.79 (dd, J = 7.8, 13.3 Hz, 1H), 2.41 (s, 3H), 1.92-1.65
(m, 3H), 0.96 (t, J = 7.5 Hz, 3H); 13C NMR 147.0, 141.5(2 carbons), ,
130.0, 129.2, 123.9, 117.9, 113.8, 63.7, 51.1, 28.0, 21.3, 10.2; MS
288 (20, M+H*), 148 (100), 134 (55), 125 (27), 118 (20), 91 (45),
77 (23).

HRMS calcd for C;7H22NOS 288.1420, found 288.140.

Anal. caled for C17H2NOS : C, 71.04; H, 7.36; N, 4.87. Found: C,
71.53; H, 7.49; N, 4.92.

(Rs.IR) N-Phenvl-N-(l-ethyl-2-(p-tolylsulfinyl))-
ethylamine 1.4d (Ar = p-tolyl):

IH NMR (in part) & 3.13 (dd, J = 5.2, 13.4 Hz, 1H).
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(Rs.15) N-PhenvLN-(1-ethvlﬁgnhenvlsulﬁinvl))-
ethylamine 1.3d (Ar = Ph):

m.p. 119-120° C ; IR (nujol) 3330, 1030 cm"l; 1H NMR & 7.63 (dd, J
=22 7.6 Hz, 2H), 7.51 (m, 3H), 7.17 (t, ] = 7.6 Hz, 2H), 6.72 (1, J =
7.3 Hz, 1H), 6.66 (d, J = 8.2 Hz, 2H), 3.92 (br. s,1H), 3.88 (br. s,1H),
2.99 (dd, J = 3.5, 13.2 Hz, 1H), 2.81 (dd, J = 7.9, 13.2 Hz, 1H), 1.81-
1.68 (m, 2H), 0.98 (1, J = 7.3 Hz, 3H); 13C NMR 147.1, 131.0, 129.3,
123.9, 118.0, 113.8, 63.2, 51.2, 28.1, 10.3; MS 274 (21, M+H¥), 148
(100), 134 (37), 99 (90).

(Rg,15) N-Phenyl-N-(3-methyl-2-(p-tolylsulfinyl))-2-
butylamine 1.3f (Ar = p-tolyl):

oil ; TH NMR § 7.55-6.5 (m, 9H), 3.99 (m,1H), 2.99 (dd, J = 4.6,
13.3 Hz, 1H), 2.78 (dd, J = 8.2, 13.3 Hz, 1H), 2.40 (s, 3H), 1.75 (m,
1H), 1.6 (m, 2H),0.94 (d, J = 6.5 Hz, 3H) 0.89 (d, J = 6.6 Hz, 3H); 13C
NMR 147.0, 146.3, 141.4, 129.9, 129.3, 124.0, 117.7, 113.5, 113.1,
63.9, 48.0, 44.8, 24.9, 22.7, 22.3, 21.3, ; MS 316 (80, M+H*), 176.
(100), 162 (75), 133 (80) 119 (55), 106 (77).

HRMS calcd for C19H26NOS 316.1733, found 316.174.

(Rg.IR) N-Phenyl-N-(3-methyl-2-(p-tolylsulfinyl))-2-
butylamine l.4e (Ar = p-tolyl):

IH NMR (in part) & 3.87 (m, 1H), 3.08 (dd, J = 4.3, 13.2 Hz, 1H),
2.76 (dd, J ca 8, 13.2 Hz, 1H); 13C NMR (in part) 62.7, 47.3, 44.5.
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pentylamine 1.3f (Ar = p-tolyl):

oil ; 1H NMR § 7.60-7.05 (m, 6H), 6.75-6.50 (m, 3H), 3.60 (m, 1H),
2.96 (dd, J = 3.0, 13.3 Hz, 1H), 2.71 (dd, J = 9.9, 13.3 Hz, 1H), 2.41
(s, 3H), 2.05 (m, 1H), 0.97 (d, J = 6.9 Hz, 3H) 0.92 (d, J = 6.7 Hz, 3H);
13C NMR (in part) 61.9, 54.1, 32.0, 21.3, 18.5, 18.3. MS 302 (100,
M+Ht), 162 (65), 139 (18), 119 (20), 106 (18).

HRMS caléd for C18H24NOS 302.1577, found 302.155.

pentylamine 1.4f (Ar = p-tolyl):

IH NMR (in part) 5 3.89 (m, 1H), 3.09 (dd, J = 7.7, 13.3 Hz, 1H), 2.88
(dd, J = 5.8, 13.3 Hz, 1H), 2.41 (s,3H), 2.15 (m, 1H), 0.95 (d,J = 6.7
Hz, 3H) 0.90 (d, J = 6.9 Hz, 3H); 13C NMR (in part) 59.8, 54.4, 30.7,
17.8. o

1.9 (Ar = p-tolyl): m.p. 124-1250 C ; IR (nujol) 3650-3310, 3265
(sharp), 1110, 1035 cm-l; IH NMR & 7.57 (d, J = 8 Hz, 2H), 7.32 (d,
J = 8 Hz, 2H), 6.56 (s, 1H), 6.45 (s, 1H) 4.59 (dd, J = 2.9, 10.7 Hz,
1H), 3.91 (s, 3H), 3.77 (s, 3H), 3.15 (m, 3H), 3.10 (dd, J = 3.1, 13.4
Hz, 1H), 2.7 (m, 2H), 2.40 (s, 3H); 13C NMR 147.8, 1475, 1411,
129.8, 128.2, 127.51, 123.7,112.2, 109.3, 64.8, 55.9, 54.7, 49.8,
39,5, 28.8, 21.1; MS 346 (24, M+Ht), 205 (15), 192 (29), 154
(100), 136 (100).
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1.8 (Ar = p-tolyl): 'TH NMR (in part) & 6.57 (s, 1H), 6.49 (s, 1H)
4.38 (dd, J = 3.8, 9.2 Hz, 1H),

* *

l(phenylsulfinyl)-methyvlisoguinoline ua_nLﬂm*_)
L8

L9 (Ar = Ph): m.p. 170° C ; IR (nujol) 3650-3100, 3380 (sharp),
1110, 1030 cm-!; 1H NMR § 7.68 (dd, J = 1.5, 8.2 Hz, 2H), 7.52 (m,
3H), 6.56 (s, 1H), 6.44 (s, 1H) 4.60 (dd, J = 2.9, 10.7 Hz, 1H), 3.83
(s, 3H), 3.77 (s, 3H), 3.15 (m, 3H), 3.06 (dd, J = 3.1, 13.4 Hz, 1H),
2.71(m, 2H); 13C NMR 147.8, 147.5, 144.3, 130.8, 129.3, 128.1,
127.5, 123.8,112.1, 109.1, 64.9, 55.9, 55.8, 50.0, 39.5, 28.9; MS
322 (24, M+H?*), 205 (15), 192 (29), 154 (100), 136 (100).

Anal. caled for C18H21NO3S: C, 65.23; H, 6.39; N, 4.23. Found: C,
65.15; H, 6.65; N, 4.57.

L(p-tolylsulfiny])-methylisoquizolize 1.13

To a solution of 1.9 (Ar = p-Tol, 198 mg, 0.6 mmol) in acetonitrile
(2 mL) and aqueous formaldehyde (37%, 0.5 mL) was added
sodium cyanoborohydride (50 mg, 0.8 mmol). After 20 min the pH
of the solution was adjusted to neutral on wet pH paper by the
addition of glacial acetic acid. After 6 hr the mixture was
concentrated by evaporated, treated with 2M KOH (2 mL) and then
extracted with chloroform. The combined extracts were dried
(MgS0O4) and evaporated. The crude product was purified by

column chromatography on silica gel using ethyl acetate as eluent.

The pure product (190 mg, 92%) had mp 71 ©°C, [a]p23 +206°
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(c 1.1 (CHCI3) (lit.74 mp 70-72°C, [«]p23 +206° (¢ 1.1 (CHCI3)) and
spectral properties identical with an authentic sample.

1.10.

The titled compound was prepared from 19B (0.91 mmol) as
described above for the preparation of 1.13 except that 2.3-
dimethoxy.benzaldehyde (1.5 mmol) was used in place of
formaldehyde. Purification of the crude product by column
chromatography on silica gel gave 1.10 (392 mg, 87%). oil; IR
(film) 1520, 1460, 1260, 1040 cm-l; TH NMR & 7.52 (d, J = 8.1 Hz,
2H), 7.28 (m, 3H), 7.11 (t, J = 8.3 Hz, 1H), 6.86 (d, J = 8.3 Hz, 1H),
6.58 (s, 1H), 6.57 (s, 1H) 4.39 (dd, 1H), 4.12 (d, J = 13.9 Hz, 1H),
3.87 (s, 3H), 3.85 (s, 3H), 3.80 (s, 3H), 3.78 (s, 3H), 3.76 (d, J = 13.9
Hz, 1H), 3.2-2.9 (m, 5H), 2.40 (s, 3H); 13C NMR 152.6,147.8, 147.7,
142.3, 140.9, 132.6, 129.8, , 127.27, 126.7, 124.0, 123.8, 122.9,
112.0, 111.2, 110.5, 66.5, 61.0, 56.7, 56.0, 55.9, 55.7, 50.8, 41.3,
22.4, 21.3: MS 496 (88, M+H*), 480 (75), 356 (100), 342 (60), 324
(60).

HRMS calcd for C28H34NO5S 496.2154, found 496.212.

(+)-(13S.132S)5.8.13.13a-Tetrahydro-2.3.9.10-

I -6H-
libenzola.glquinelizine 1.11.

A solution of 1.10 (100 mg, 0.2 mmol) in chloroform (2.5 mL) at
0°C was treated dropwise with trifluoroacetic anhydride (0.4
mmol). The mixture was heated at 95°C in a sealed tube for 4 h.

The mixture was then cooled, diluted with saturated sodium
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carbonate solution and then extracted with ether (3x). The
combined extracts were dried (MgSO4) and evaporated. The crude
product was purified by column chromatography on alumina using
ethyl acetate/hexane (1:1) and then ethanol as eluent. The desired
product (81 mg, 82%) was obtained as an oil. [a]p20 +148.3° (¢ 3.6
(CHCl3)); IR (nujol) 1600, 1515, 1490, 1460, 1375 cm!; 1H NMR &
7.07 (d, J = 8.1 Hz, 2H), 6.98 (d, J = 7.9 Hz, 2H), 6.73 (d, J = 8.4 Hz,
2H), 6.68 (d, J = 7.9 Hz, 1H), 6.67 (s, 1H), 6.52 (s, 1H) 443 (d,J =2
Hz, 1H), 4;30 (d, J = 16.2 Hz, 1H), 3.99 (br. s, 1H), 3.90 (s, 3H), 3.86
(s, 3H), 3.85 (s, 3H), 3.71 (s, 3H), 3.58 (d, J = 16.2 Hz, 1H), 3.25 (m,
2H), 2.65 (m, 2H), 2.29 (s, 3H); 13C NMR (in part) 63.8, 60.0, 58.0,
55.8, 54.1, 51.1, 29.3, 21.0; MS 478 (25, M+H%), 354 (100), 286
(14), 195 (50), 151 (39), 125 (89), 91 (47).
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(R)-(+)-Tetrahvd lmatine L.12

To a solution of 1.11 (70 mg) in ethanol (0.5 mL) was added Raney
nickel (W2, ca 200mg) and the reaction mixture was stirred
rapidly for 10 h. The mixture was then filtered through a pad of
celite and the ethanol was evaporated giving a pale yellow solid
(46 mg). Recrystallization from ethanol gave pure (R)-(+)-
tetrahydropalmatine, mp 138-139°C, [a]p20 +288.5° (c 2 (EtOH))
(lit.75 mp ~142°C, [x]p20 +292.5° (EtOH)). IH NMR § 6.89 (dd, J = 8.4
Hz, 1H), 6.80 (dd, J = 8.4 Hz, 1H), 6.73 (s, 1H), 6.63 (s, 1H), 4.29 (d,
J = 15.8 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3H), 3.86 (s, 6H), 3.61 (d, J =
15.8Hz,1H); !3C NMR 150.0, 147.8, 145.0, 129.5, 128.3, 127.7,
126.8, 123.8, 111.7, 111.4, 109.1, 60.2, 59.4, 56.2, 56.0, 53.9, 51.5,
36.1, 29.0; MS 356 (58, M+H*), 190 (33), 164 (77), 144 (100), 121
(36).



CHAPTER 2
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DIASTEREOSELECTIVE ADDITIONS OF LITHIATED N-

SUBSTITUTED S-METHYL-S-PHENYLSULFOXIMINE TO
IMINES AND ALDEHYDES.

While considerable effort has been directed at the studies of
the stereochemistry of reactions involving sulfoxides, the
stereochemistry of reactions involving the related sulfoximines has
received relatively little attention.

During the course of our sulfoxide study (Chapter 1) it was
seen that B-aminosulfoxides were produced in modest to good
diastereoselectivity. Unfortunately, these studies could not be
extended to N-alkylidenealkylamines (alkylCH=Nalkyl). In order to
overcome the above problems we next examined the reactions of
lithiated sulfoximines (LiCH2S(O)(Ph)NR) with aldehydes and
imines.

From previous studies on the addition of lithiated N-methyl-
S-methyl-S-phenylsulfoximine (LiCH2S(O)(Ph)NCH3) to aldehydes
and ketones it was apparent that the oxygen and the N-methyl
group at sulfur of the sulfoximine have similar electronic and/or
steric requirements and that little chiral induction results.6!
Modest chiral induction also results in similar reaction involving
the N-tosyl analogues.”®

Racemic S-methyl-S-phenylsulfoximine (2.1) was synthesised
from the corresponding methyl phenyl sulfoxide by the use of
sodium azide and concentrated sulfuric acid77a.b (Scheme 2.1). The
enantiomeric pure version of this reagent is readily available via
resolution of the racemic S-methyl-S-phenylsulfoximine with
commercially available (-)-10-camphorsulfonic acid.7”8 The

sulfoximine was then subjected to Eschweiler-Clarke N-methylation
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by refluxing a solution of sulfoximine in formaldehyde and formic

acid’7¢  to give S,N-dimethyl-S-phenylsulfoximine in excellent

yield (Scheme 2.1) or N-silylation with tert-

butylchlorodiphenylsilane and imidazole in dimethylfomamide
(DMF)79 to give N-tert-butyldiphenylsilyl-S-methyl-S-
phenylsulfoximine (2.3).

Scheme 2.1.

0 o)
I NaNj l
Me—S—Ph o> Me——S—Ph
H,SO4 |
NH 2.1
0 0
o) i il
|| [HC-OH Me =——S—Ph
ﬁ V I
NMe
Me=——S—Ph D 2.2
I C,%/Imza
SI‘ABU azoe O
P/;2 Il
Mc—ISI—Ph
NSi-t-BuPh,
2.3

We firstly examined the reaction of lithiated N,S-dimethyl-S-

phenylsulfoximine to N-benzylidineaniline (2.4e) (Scheme 2.2).
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Scheme 2.2.

ﬁ n-BuLi / THF ﬁ
Me=——3—"Fh > LiCH,—S—Ph
NMe NMe
&2
R,CH=NR, (2.4)
0%, 2 h.
e
R,—?—CHz—ISI—Ph
H NMe
2.9

N,S-dimethyl-S-phenylsulfoximine was first treated with

n-butyllithium (1.1 equiv.) in tetrahydrofuran at 0°C for 15 min.
The solution was then cooled to -78°C and then treated with a
solution of the imine for a period of 1 hr. The reaction was then
quenched at -78°C with 10% aqueous potassium carbonate. The
yield after purification by column chromatography was 95% (Table
2.1). The diastereoselectivity of this reaction was found to be
approximately 60:40 as measured by integration of the l|H NMR
spectrum (400 MHz) of crude reaction mixture (Figure 2.1).
Figure 2.2 is a copy of the accompanying 13C NMR spectrum
(90MHz) also showing both diastereomers in approximately equal
abundance. Two more imines, N-pentylidenepentylamine
(CH3(CH2)3CH=N(CH2)4CH3 Table 2.1 entry 3) and N-pentylidene-
tert-butylamine (CH3(CH2)3CH=N t- Bu, entry 4, Table 2.1), were
reacted with lithiated N,S-dimethyl-S-phenylsulfoximine at 0°C for
a period of 2 hrs. Little reaction occurred below this temperature.

After work up, it was found that the mixture of diastereomers was
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the mixture of diastereomers was approximately equal for entries
3 and 4 (Table 2.1) as measured by integration of the !H NMR
spectrum (400MHz) of the crude reaction mixture. The yields after

chromatography were poor, being 15% and 18% respectively (Table
2.1 entries 3 and 4).



116

Figure 2.1 H NMR (CDCl3) of the crude reaction

mixture from the reaction of 2,2 and N-benzylideneaniline

NHPh | NHPh

NMe NMe
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Figure 2.2. 3¢ NMR (CDCl3, aliphatic region) for the
adducts 2.5

NHPh

HW/\S//O
é\‘Ph

Ph NMe
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Table 2.1.

1 NR

RICH=NR,  + Licw,—s

2.4 Ph

THF
NHR, NHR

s 0 s 2 0

. R1 o // H s /

S~~=pp \l/\S\Ph

H NR, R, NR,
2.5A (R,Rg) 2.5B (S,Rg)

Entry R; R; R3 Temp./°C Time Yield/% 2.5A :2.5B
1 Ph Ph Me -78 1 hr 95 50 : 50
2 Ph Ph Sit-BuPh, -78 1 hr 90 88 : 12
3 Bu Pent Me 0 2 hr 15
4 Bu ¢-Bu Me 0 2 hr 18

As these reactions proceeded with poor
diastereoselection and result in a multitude of side reactions it was
decided to terminate the use of N,S-dimethyl-S-phenylsulfoximine.

In order to gain a better stereoselectivity the reaction of the
N-tert-butyldiphenylsilyl analogue (2.3) with imines was studied.
When lithiated N-tert-butyldiphenylsilyl-S-methyl-S-
phenylsulfoximine (2.3) was reacted with N-benzylidineaniline
(Scheme 2.3) at -78° for 1 hr the diastereoselection was
dramatically increased to give a 88:12 ratio of the diastereoisomers
2.5A and 2.5B (Table 2.1). It was possible to isolate the product in
90% yield after two recrystallisations from ethanol. The 'H NMR of
this purified adduct (Figure 2.3) shows only the diastereomer with

a doublet of doublets for the proton next to nitrogen at 4.5ppm and
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a doublet of doublets for the two diastereomeric methylene protons
next to sulfur at 3.43 and 3.25ppm. Figure 2.4 shows the 13C NMR

spectrum of the adduct 2.6e, which indicates essentially one

diastereoisomer.
Scheme 2.3.
ﬁ 0
n-BuLi/THF |
CHa—ﬁ—Ph = / - LiCHz—SI—Ph
NsitBuph, O C NSitBuPh,
2.3
RICH=NR2
-78° or -45°C
NHR
= 2 0 ENHR2 o
RS *S// NG S//
* : Wph : Wph
H NSitBuPh, R, NSitBuPh,
2.6 2.7

Unlike methyl phenyl sulfoxide or methyl p-tolyl sulfoxide,
N-tert-butyldiphenylsilyl-S-methyl-S-phenylsulfoximine reacted
with imines of the kind R1CH=NR> where both R; and Ry were alkyl
substituents. From an inspection of Table 2.2 it is clear that when
R, = Ph, the diasterecoselection was good when Rj was small, as is

the case for entry 1 and 2 (R; = Et, i-Bu) but steadily decreased as



Table 2.2. Diastereoselective addition of 2.3 to imines

Entry

QAU & W e

~1

2.4.
ﬁ NSiz-BuPh
— ANSit-
RICH==NR, + LiCH—S, 2
2.4 Ph
THF
NHR, NHR
s 0 SR 0
Rl '.“ // H ': /
$===pn $==pn
H NSiz-BuPh, R, NSis-BuPh,
2.6 (R,Rg) 2.7 (S,Rg)
Imine (2.4) Yield/% Temp.C 2.6 :2.7
R, R
Et Ph (2.4a) 68 -45 94 : 6
i-Bu Ph (2.4b) 76 -45 95 : 5
i-Pr Ph (2.4¢) 70 -45 90 : 10
2-furyl Ph (2.44) 90 -78 90 : 10
Ph Ph (2.4e) 990 .78 88 : 12
t-Bu Ph (2.4f) 40 -45 79 ; 12
MeO
J@Q‘ (2.4g) 82 -78 80 : 20
MeO
Ph t-Bu (2.4h) 40 -45 9 : 4
Ph Me (2.4i) 72 -45 89 : 11
B u t-Bu (2.4j)) 35 10 85 : 15
Bu Pent (2.4Kk) 10 73 1 27
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Adduct

[SH SN SHEON SN &
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.6i
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.6k
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Figure 2.3 3C NMR (CDCl;, aliphatic region) for the
adduct 2,5
NHPh
s O
.3 //

§\Ph
Ph NSit-BuPh,




Figure 2.4 13C NMR (CDCl;, aliphatic region) for the

adduct 2.6e,

NHPh o
’ 4/
:S\Ph
Ph NSit-Buth

122
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the size of Ry increased from i-Pr through to t-Bu (entries 3,4,5 and
6, R1=1i-Pr, 2-furyl, Ph, t-Bu). It is interesting to note that the
yields followed an opposite trend with the lowest yield being
observed when R; = Et and the highest when R; = 2-furyl or Ph.
Opposite trends in diastereoselectivity were observed when the
size of Ry was increased but keeping R constant. For example
when R; = Ph and Ry = Me the diastereoselectivity was 89:11 and
the yield was 72%, however when R] = Ph and R2 = t-Bu the
diastereoselectivity was high (96:4) but the yields were poor
(40%). When R; was n-butyl an increase in the size of Rz resulted
in an increase in the diastereoselectivity (Table 2.2, entry 10 and
11). For example, when R2 = pentyl (Table 2.2, entry 11) the
diastereoselectivity was 73:23 and the yield was 20%, while when
R, =t-Bu (Table 2.2, entry 10) the diastereoselectivity was 85:15
with a somewhat better yield of 35%. In general, the starting N-
tert-butyldiphenylsilyl-S-methyl-S-phenylsulfoximine was the
major component of the crude reaction mixture for reactions that
proceeded with poor yield. A major problem encountered in the
purification of these poor yielding reactions was the separation of
the starting sulfoximine from the imine adducts, which had very
similar polarities on silica gel, thus rendering column
chromatography difficult and tedious.

The reaction between N-tert-butyldiphenysilyl-S-methyl-S-
phenylsulfoximine and highly reactive imines (Table 2.2, entries 4

and 5, where R1 and R2 are both aromatic) were carried out at -78°
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C for 1 hr, while reactions with less reactive imines (Table 2.2,
entries 1-3, 6, 7, and 8, where R} or R2 is aromatic) were
conducted at -45°C for a period of 2 hrs. In the case of unreactive
imines (Table 2.2, entries 8, 10 and 11 where R] and R2 are both
alkyl or the imine is sterically hindered (PhCH=Nt-Bu) it was
necessary to increase the reaction temperature to 0°C for a period
of 2 hrs.

In the case of 6,7-dimethoxy-3,4-dihydroisoquinoline (Table
2.2, entry 7 ) essentially no difference in diastereoselectivity was
observed when the temperature was increased from -45°C to 0°C
and yields were also unaffected, in contrast to lithiated methyl p-
tolyl sulfoxide (Chapter 1). The addition reaction proved to be
insensitive to the metal cation used and substitution of potassium
(by using potassium diisopropylamide30 as base instead of n-BuLi)
for lithium had no effect on diastereoselectivity or yield in the
reactions. However when transmetalation was attempted by
treating the lithium sulfoximine anion with TiClg, Ti(iPrO)4, ZnCly,
ZrCls or ZnBrp the reactions either failed to occur or produced a
variety of intractable materials.

Table 2.3 shows the !H NMR chemical shifts and coupling
constants of Ha, Hp and Hc for the major diastereomeric adducts
(2.6) while Table 2.4 shows 13C chemical shifts of C-1 and C-2 for
the adducts 2.6 and 2.7.
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Table 2.3. 1H NMR (CDCl3) data for the addition of 2,3

to imines 2.4.

o)
—_— Il WNSiz-BuPh
RICH_..NR2 + LiCHz—S" ) 2

2.4 pn 2.3
THF
-45°C, 2 hr
R, /0 H. //
S=~=pn S ~==ph
H, NSiz-BuPh, R, NSiz-BuPh,
2.6 (R,Rg) 2.7 (S,Rg)
Entry Adduct 2.6 H, Hy H. Jac Jbe J ab
R, R,
1 Et Ph (@ |3.3112.94 |3.83|5.03 |6.68 |13.88
2 i-Bu Ph ) |3.3812.89 | 4.08 |3.67 |7.63 |13.58
3 i-Pr Ph  © |3.13|3.03 |3.7717.33 |5.19 |14.10
4 2-furyl Ph  (d) | 3.55|3.47 | 4.80 |8.39 |4.57 |14.34
5 Ph Ph () | 3.42 | 3.24 4.48 1 10.5312.75 |14.53
6 t-Bu Ph H |3.3212.95 | 3.38|5.40 |7.20 |14.40
MeQO
7 ]@g (g) | 3.513.31 |4.53 9.31 |1.52 |14.00
MeO N
8 Ph t-Bu (h) | 3.35|3.22 |5.05 |10.22]|1.68 [13.88
9 Ph Me @ | 3.45]3.10 | 3.95 |10.70|1.68 |14.40
10 |Bu t-Bu ()| 3.38]2.89 | 4.08 |8.22 |2.74 |13.70
11 |Bu Pent (k)| 2.95|2.40 | 3.19 |8.70 [2.20 |14.80




Table 2.4. 13C NMR (CDCl3) data for the addition of

2.3 to imines 2.4.

R,CH=NR, + L1CH,Z—" wNSir-BuPhy
2.4 o 2.3
THF
-45°C, 2 hr
NHR, NHR,
K 0 s 0
Rl hg // H g C /
C1 ~~ S===py C1 " S===py
H NSis-BuPh, R, NSiz-BuPh,
2.6 (R,Rg) 2.7 (S,Rg)
Adduct Cy C,
R, R,
2-furyl Ph 62.96 48.83
Et Ph 63.39 59.14
i-Pr Ph 59.71 52.36
i-Bu Ph
Bu t-Bu
MeO
:@3“ 65.60 | 50.91
MeO
t-Bu Ph
Ph t-Bu
Ph Me 65.52 59.06
Ph Ph 66.73 55.29

126

Compound 2.6e gave suitable crystals for x-ray structure

analysis. The x-ray structure (Figure 2.5) of 2.6e shows this

compound has the S*, Rg* relative stereochemistry and adopts an
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intermolecularly H-bonded boat conformation in the crystalline
state. The H-bonding occurs between the NH of the amino group
and the oxygen of the sulfoximine moiety. The dihedral angles

between protons H, and Hc and Hp and He were approximately

173° and 71°.
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Figure 2.5. ORTEP drawing of the x-ray structure of 2.6e.

(2 .
C5 ‘\
/"\'/ N2 {e\ CH @

The two possible intramolecularly H-bonded conformations

for adducts with the S*, Rg* relative stereochemistry, the chair and
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boat conformation A and B are shown in Scheme 2.5. The 'H NMR
coupling constants of the diastereotopic methylene protons in 2.6e
(Jac = 10.52Hz, Jpc = 2.25Hz) are consistent with the boat
conformation in solution; similar to that found in the solid state
(Figure 2.5) rather than the chair conformation B in which Ja¢c and
Jbc would be expected to be 2-5 Hz (Scheme 2.5 ). The chair
conformation B would be expected to be energetically less
favourable because of severe 1,3-diaxial like steric interaction
between Rj] (Ph) and the N-tert-butyldiphenylsilyl moiety. It is

highly likely that 2.6e exists as an equilibrium mixture of the boat

and chair conformations A and B_ in solution and one observes a
time average !H NMR spectrum of these two forms. Clearly, in the

case of 2.6e this equilibrium must favour the boat conformation A.
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Scheme 2.5. Possible chair and boat conformations

for the adducts 2,6 and 2.7.

H. o
R
1 IR2
N H —~————
. I
Ha

S/Ph
NSit-BuPh, NSi
.. it-BuPh,
(8 ,Rg ) boat conformation A (S*,RS‘) chair conformation B
Expected J,. Z 8-13 Hz J..Z 2-5 Hz
ac
Expected Jp. Z 2-5 Hz Joc Z 2-5 Hz
C
9]
Hs Vi
— o)
i/ Nty i/
Ph
Hg | -~ S’Ph
H, . I
NSit-BuPh, NSit-BuPh,
(R ,Rg ) boat conformation C (R*,RS*) chair conformation D
Expected J,. Z 2-5 Hz J,. Z 2-5 Hz
Expected Jy £ 2-5 Hz Joec Z 8-13 Hz

Similar coupling constants for Jac and Jpc are observed for

compounds 2.6¢c, 2.6d and 2.6g-2.6k (Table 2.3) in which J;c ranges
from 7.3 - 10.7 Hz and Jp. ranges from 1.5-52Hz. The !H NMR

spectra of these compounds is consistent with the S* Rg* relative
stereochemistry and an internal H-bonded boat conformation.  The
IH NMR spectra of 2.6a -2.6d appear anomalous (Jac = 3.7 - 5.0 Hz,
Jbc = 6.7-7.6 Hz), however when R; is relatively small the chair-

boat conformation equilibrium may favour more of the chair form
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in which Ry is pseudo-axial, thus Jac and Jp. are approximately the
same magnitude. On the basis of the above arguments one would
expect 2.6f (Ry =t-Bu, Rp = Ph) to highly favour the boat
conformation. The 1H NMR coupling constants for this compound
Jac = 5.4 Hz and Jpc = 7.2 Hz are clearly not consistent with this

conformation. Compound 2.6f may prefer a non-hydrogen bonded

conformation or have the R*, Rg* relative configuration.

Prior to obtaining suitable crystals for x-ray
crystallogfaphical analysis of the relative stereochemistry of the
major adduct 2.6e was established by means of a chemical

correlation between 2.6e and the major diastereomeric adduct from

the addition of lithiated methyl phenyl sulfoxide and N-
benzylideneaniline (Chapter 1).

The adduct 1.4a (Scheme 2.6) which was generated from N-
benzylideneaniline and lithiated methyl phenyl sulfoxide (Chapter
1) was N-methylated quantitatively using sodium
cyanoborohydride and formaldehyde as described by Borch73. The
resulting N-methylated compound 2.8 was treated with
mesitylenesulfonylhydroxylamine8! (MSH) to generate the
sulfoximine83 2.9 in 30% yield. It was considered necessary to
methylate the B-nitrogen substituted first due to the documented
reactivity of MSH (mesitylene sulfonylhydroxylamine) towards

secondary amines.32
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Scheme 2.6. Chemical correlation of l1.4a and 2.6e.

NHPh NMePh
NaBH;CN
Ph || S ||
s HCHO S
l.42a
NMePh O NMePh O
MSH H : H
- Phe : Ph DMF/Imidazole Ph: |
———— s ISI/ - S
Il ClSit-BuPh, |
H NH H N
2.9 2.10

NHPh O /
II ,

H NSiz-BuPh,
2.6¢

The sulfoximine was then silylated with  t-
butylchlorodiphenylsilane in 95% yield7®. The sulfoximine adduct
2.2e (entry 5, Table 2.2) was also N-methylated as described above.
The 1H NMR of 2.10 prepared from either 1.4a or 2.6e were

identical. Although the stereochemistry of 2.6e has been
unequivocally determined by x-ray structural analysis, this
correlation confirms the initial structural assignment made by
Tsushihashi for B-amino sulfoxide 1.4. Since 2.10 is a tertiary
amine and therefore can not form internally bonded structure, it
must have different conformation to 2.6e. This is evident in the
difference in their 1H NMR. The !H NMR of 2.10 showed H¢ at
3.95ppm with coupling constants J=1.52, 10.07 Hz while 2.6e
showed Hc at 4.48ppm with coupling constants J=2.92, 10.53 Hz,
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Since imines must have E geometry, only two possible
chelated cyclic transition states are available for the reaction of
lithiated N-tert-butyldimethylsilyl-S-methyl-S-phenylsulfoximine
and imines, that is the chair and boat transition states 2.12 and
2.11 (Scheme 2.7). The preference for diastereomeric adduct 2.6
over 2.7 suggests that chair transition state 2.11 is favoured over
the boat transition state 2.12. It would be expected that the
pseudo 1,3-diaxial like interaction between R and the large N-tert-
butyldiphehylsilyl moiety in 2.11 would become more severe as
the size of R] increases and therefore destabilizing transition state
2.11 over 2.12. In agreement with this we see that for the reaction
of lithiated 2.3 with imines (RCH=NPh, where Rj; = alkyl) the
product diastereoselection decreases as the size of substituent R]
increases (Table 2.2, entries 1-6). When Rj is relatively small (R} =
Et, i-Bu, entries 1 and 2) high product diastereoselection (95:5) is
observed in agreement with proposed mechanism. When Rj
becomes sterically demanding (R =i-Pr, t-Bu, Table 2.2, entries 3
and 6) the reaction proceeds with lower diastereoselectivity (90:10
and 79:21 respectively). Interestingly, when R; is phenyl, we

observe an increase in diastereoselectivity as R becomes more
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Scheme 2.7.
ﬁ NSi+-BuPh
\! i u
R,CH==NR, + LiCHz—S‘; ?
L_Q Ph

THF, -45°C, 2 hr

S SO
H  $ // Ri~E S//
2 ~ph i e
R, NSit-BuPh, H NSit-BuPh,
M(S,Rs) Ll(R’RS)

sterically demanding (R = Me, Ph, t-Bu entries 5, 8 and 9
respectively). As we increase the steric demand of R2 from R2=Me
to R2=t-Bu the diastereoselection increases from 89:11 to 96:4, this
would suggest that boat transition state 2.12 is destabilised relative
to 2.11 as the steric interaction between R, and large N-tert-

butyldimethylsilyl moiety increases.
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THE REACTIONS OF N-SUBSTITUTED-S-METHYL-S-
P I T

Like imines, very little work has been done on the reaction
between lithiated sulfoximines and aldehydes and only several
examples are found in literature.61.62,64 In contrast to our work
with imines, Hwang64 reported that the 1,2 addition of lithiated N-
trimethylsilyl-S-methyl-S-phenylsulfoximine to aldehydes was
insensitive to the steric bulk of the aldehyde substituent (R) (Table
13 in the introduction). However, the variation in the size of the N-
trialkylsilyl group had a considerable influence on the
diastereoselection®4 (Table 14 in the Introduction). The relative
stereochemistry of the major diastereomeric adduct formed from
acetaldehyde and lithiated N-trimethysilyl-S-methyl-S-
phenylsulfoximine was determined by a single crystal x-ray
structure analysis.

Johnson6! found that lithiated N,S-dimethyl-S-
phenylsulfoximine underwent reaction with benzaldehyde with a
diastereosele;:tivity of 3:1, while reaction with heptanal and 3-
methylbutanal gave a 3:2 and 5:2 mixture of diastereomers
respectively.

In our study of the reactions of lithiated N-tert-
butyldiphenylsilyl-S-methyl-S-phenylsulfoximine with aldehydes
were conducted at -78°C for a period of 15 mins (Table 2.5, entries
1-5) except for pivaldehyde (entry 6) which was allowed to react
for 5 hrs in order to optimise the yield. The crude reaction mixture
was analysed by 'H NMR (400 MHz). This analysis showed a good
diastereoselectivity for all the aldehydes studied (Table 2.5). The

yields were found to be good to excellent after purification of the
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crude product by column chromatography on silica gel, ranging

from 74% (entry 2) to 98% (entry 6, Table 2.5).

Table 2.5. Diastereoselective addition of lithiated 2.3
to aldehydes 2.8

0
Il .NSis-BuPh,

R,CH=0 + LiCHz—S"\
2.8 Ph 5 3
THF
-45°C, 2 hr
OH OH
S 0 S 0
Ri~l ¢ V4 H § Vs
S===pn S===ph
H NSiz-BuPh, R, NSiz-BuPh,
2.13 (R,Rg) 2.14 (S,Rg)
Entry Aldehyde Time Yield/% 2.13 :2.14
Ry
1 (a) Et 15 min 82 92 : 8
2 (b) i-Pr 15 min 74 93 . 7
3 (¢) 1i-Bu 15 min 79 9% : 4
4 (d) t-Bu 15 min 86 91 : 9
5 (e) Ph 15 min 89 91 :9

The assignment of the major diastereomeric product was
made by analogy with the work of Hwang.64 Table 2.6 shows the
chemical shifts and coupling constants for the aldehyde adducts
from which it is clear that compounds 2.13a-c and 2.13e must have
the same relative stereochemistry and adopt the same
conformation. The magnitude of the coupling constant is consistent
with a H-bonded chair conformation (Figure 2.9) in which Jac would

be expected to be 8-13 Hz (dacca 180°) and Jy to be 2-3Hz (¢3cca



Table 2.6. 1H NMR (CDCl3) data of adducts 2.13.

90%). Table 2.7 shows the 13C NMR chemical shift assignments for
the adducts 2.13.

0 0
Z 7
>~==ph S===ph
NSis-BuPh, NSiz-BuPh,
2.13 (R,Rg) 2.14 (S,Rg)
Entry 213 Ho |Hy | H: [J.8 | Jee |Jdb
Ry
1 (a) Et 3.08 |3.06 | 3.76 | 8.24 |[1.98 |13.58
2 (b) i-Pr [3.08 [3.08 | 3.59
3 (¢) i-Bu | 3.10 |3.06 | 4.09 |8.85 [2.29 [13.73
4 (d) t-Bu |3.16 [3.01 | 3.59 | <1 |[10.08|13.58
5 () Ph [3.35[3.22 | 5.07 [10.23]1.67 [13.89

* Chemical shifts in ppm from TMS.
+ Coupling constants in Hz.

Table 2.7. 13C NMR

H

0 OH
- C2 0 > C2 0
; a H va
C1  S—==pj C1  S~==pp
H NSiz-BuPh, Ph NSis-BuPh,
2.13 (R,Rg) 2.14 (S,Rg)
Entry 2.13 Ci C,
Ri ppm ppm

1 (a) Et 65.78 | 63.74

2 (b) i-Pr | 70.37 | 63.43

3 (¢) i-Bu | 65.90 | 64.22

4 (d) t-Bu| 73.27 | 62.52

5 (e) Ph 66.99 | 65.78

(CDCl3) data of the adducts 2.13.
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Figure 2.9.

Il
He NSit-BuPh,

The 1H NMR of the pivaldehyde adduct (2.13d) shows similar
vicinal coupling constants for the diastereotopic protons H, and Hp,
however the relative chemical shifts of these protons are reversed.
However since the difference in chemical shifts between H, and Hj
in the other adducts is very small the pivaldehyde adduct probably
also adopts an analogous H-bonded chair conformation and has the
same relative stereochemistry.

The preference for the diastereomeric adduct 2.13 over 2.14
can be accounted for by the chair transition state 2.16 in which the
aldehyde substituent R is pseudo-equatorial. The boat transition
state 2.15 would be expected to be less energetically less favoured
due to a steric interaction between the oxygen substituent of the
sulfoximine and the R substituent of the aldehyde. The chair
transition state 2.18 in which R is pseudo-axial would be expected
to be energetically less favoured than the other chair and boat
transition states due to a severe 1,3-diaxial like steric interaction
between R and the t-BuPh9SiN group on sulfur. This is what both
Hwang's and our own study confirm. Since the diastereoselctivity
is largely independent of the size the aldehyde substituent (R), it is
likely that the reaction occurs via the transition states 2.16 and

2.17 in which there is little steric interaction between (R) of the
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aldehyde and the large substituent (t-BuPh7SiN) on sulfur. The

mechanism for this reaction, however, remains speculative.

Figure 2.10.
0O

I| \NSit-BuPh,
RCH==0 + LiCH,—S
Ph
2.8
. OH OH
s O = )
Phel S// He 5 s//
: Wph : Wph
H NSit-BuPh, Ph NSit-BuPh,
2.13 (R,Rg) 2.14 (S,Rg)
R
H
‘\ IO O - - - ‘O
‘\ {0 JEpEpE. Uy —_— 2,13 - 'l R e /
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R/ o
\\\ Py O~._ . __“O
Y Ocmeen Lj/ —_— 2.14 - ¢ ~Li- /
H
I Il
NSit-BuPh, R NSit-BuPh,
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EXPERIMENTAL
Ethyl o-(mesitylenesulfonyl)-acetohydroxamate81

To a solution ethyl acetoxyhydroxamate (3.4g, .033 mol) and
triethylamine (3.3g, .033 mol) in DMF (90 ml) at 0°C was slowly
added mesitylbenesulfonyl chloride (7.2g, .033 mol) and the
solution was stirred for 40 min and then poured on ice water. The
crystals were collected, dissolved in ether and washed with water.
The ether layer was dried (MgSO4) and evaporated and the

resulting solid recrystallized from hexane to yield 6.8g (74%).

O-mesitylenesulfonylhydroxylamine (MSH)381

To a solution of ethyl O-(mesitylenesulfonyl)-
acetoxyhydroxamate (7.5g) in dioxane (Sml) at 0°C was added 70%
perchloric acid (3 ml) dropwise over 10 min and stirring continued
for further 10 min. The resulting mixture was then poured on ice
water, the crystals were collected, crushed with water and
dissolved in minimum volume of diethyl ether and organic layer
washed with water and poured onto cold hexane. The resulting
MSH crystals were collected subjected to drying under low
pressure (2 mm) for 5 min and stored in a plastic container at -25

°C. The yield was 6.98g (50%).

S-Methyl-S-phenylsulfoximine(2.1)77

To a solution of methyl phenyl sulfoxide (10g, .071 mol) and
sodium azide (5.54g, .085 mol) in chloroform (78ml) at 0°C was
added slowly conc. sulfuric acid (19.5ml) and the solution was
warmed to 40-45°C and stirred over night. The reaction mixture
was then cooled and ice water (200ml) was added to dissolve the

salts and then extracted with DCM. The organic layer was dried
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(MgS0O4), evaporated and the resulting solid recrystallized from
ethanol to yield 10g (91%) of 2.1 as a white solid m.p. 180-1810C
(1it.77 m.p. 182°).

N,S-Dimethyl-S-phenylsulfoximine77¢ 2,2
A mixture of S-methyl-S-phenylsulfoximine (2.1, .93g), 40%

formaldehyde (9.3ml) and formic acid (4.65ml) was refluxed for
8hr. The cooled mixture was basified with solid NapCO3 and

extracted with DCM. The organic layer was dried (MgSO4) and
evaporated to yield N,S-Dimethyl-S-phenylsulfoximine 0.96g, 95%.
M.p. 30-31°C, lit.77¢ m.p. 32-34°C. 'H NMR 7.9-7.1 (m,5H), 3.08 (s,
3H), 2.56 (s, 3H).

N-(tert-Butyldiphenylsilyl)-S-methyl-S-phenylsulfoximine
(2.3). (Procedure 1)

To a methyl phenyl sulfoximine 2.1 (3.3g, .0213 mol) in dry
pyridine (30ml) at 0° was added tert-Butylchlorodiphenylsilane
(6.41g, .0234 mol) and the solution was stirred at room
temperature for 12 hrs. Water (5ml) was then added and stirring
continued for 30 min following which the solution was extracted
with ether, the ether layers were washed with water (6X) and
dried (MgSO4). Column chromatography on silica gel in 2% ethyl
acetate in hexane gave pure 2.3 (4.2g, 83%) m.p. 54-55°C. IH NMR
7.93(d, 2H, J=7.02Hz), 7.76 (d, 2H, J=7.78Hz), 7.71(d, 2H, J=6.41),
7.55-7.2(m, 9H), 2.85(s, 3H), 1.09(s, 9H), 13C NMR 135.51, 132.04,



142

128.92, 128.75, 127.32, 126.84, 48.96, 27.12, 19.31. MS (CI +ve),
393(M+H*, 16%), 339 (100%), 316 (100%), 276 (26%), 256 (20%),
238 (26%), 212 (38%), 199 (37%), 165 (15%), 135 (18%), 123 (20%).
Anal. caled for C23H27NOSSi: C, 70.18; H, 6.91; N, 3.56 found C,
69.74; H 7.37; N, 3.62.

N-(tert-Butyldiphenylsilyl)-S-methyl-§ -
phenylsulfoximine (2.3) (Procedure 2).

To a solution of sulfoximine 2.1 (.0183 mol) and imidazole
(3.1g) in 10ml DMF7% at 0°C was added a solution of tert-
butylchlorodiphenylsilane in 10ml DMF and resulting mixture
stirred at room temperature for 15 hrs. Water (5 ml) was added
and stirring continued for 30 min following which the solution was
extracted with DCM. The DCM was dried (MgSO4) and evaporated.
The crude product was subjected to column chromatography to

yield a pure 2.3 (6.88g, 94%).

Reaction of 2,2 or 2.3 with imines: A general procedure.
To a solution of the appropriate sulfoximine (1 mmol) in dry
THF (3 ml) at 0° was added n-BuLi in hexane (1.1 mmol). After 15
min the solution was cooled to -78°C and a solution of the
appropriate imine (1.2 mmol) in THF (3ml) was added. The
resulting mixture was stirred for 2 hrs at a designated temperature
(Table 2.1, Table 2.2). The reaction was then quenched by the
addition of 10% K2CO3 (5ml) and then extracted with DCM. The
combined extracts were dried (MgSO4) and evaporated. The

diastereoselection of these reactions was determined from IH NMR
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analysis of the crude reaction product. The crude product was
purified by column chromatography on silica gel employing ethyl
acetate/hexane as eluent. Yields are reported in Table 2.1 and 2.2.
N-Methyl-N-(2-(N'-methyl)-S-phenylsulfonimidoyl)-1-
phenyl) ethylamine (2.5A(e)).

oil; IH NMR 7.85-7.03m (m, 12H), 6.68(t, J=7.33 Hz, 1H), 6.50(d,
J=7.71 Hz, 1H), 6.43(d, J=7.4 Hz, 1H), 6.1(s, 1H, NH), 4.89*(dd, J=8.24,
J<1 Hz, 1H), 4.51(dd, J=10.38, J<1 Hz, 1H), 3.62*(dd, J=10.99, 14.19
Hz, 1Hz), .3.50(dd, J=10.83, 14.49 Hz, 1H), 3.35(dd, J=2.45, 10.50 Hz,
1H), 3.20%(dd, J=2.74, 10.03 Hz, 1H), 2.77*(s,3H), 2.72(s, 3H). 13C
NMR (on diastereomeric mixture) 147.31, 141.70, 141.31, 128.24,
133.17, 133.02, 129.51, 129.07, 128.98, 127.76, 126.24, 114.44*,
114.01, 62.71, 62.42*, 55.11, 54.67*, 29.37. MS (CI +ve), ( M+H")
351 (3%), 258 (85%), 196 (81%), 170 (100%), 156 (39%), 132 (37%),
125 (30%), 104 (40%), 91 (48%). (* major diastreoisomer).

N-Phenyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl))2-butylamine (2.6a)

oil; 1TH NMR 7.98-7.20 (m, 17H), 6.46 (d, 1H, J=7.4Hz), 6.4 (t, 1H,
J=7.25), 3.83 (m, 1H), 3.31 (dd, 1H, J=5.03; 13.88 Hz), 2.94 (dd, 1H,
J=6.68, 13.88 Hz), 1.94 (m, 1H), 1.45 (m, 2H), 1.09 (s, 9H); 13C NMR
143.79, 135.68, 132.04, 129.27, 128.96, 128.88, 128.66, 127.53,
127.36, 127.27, 117.56, 113.10, 63.39, 59.14, 50.35, 27.89, 27.29,
19.44; MS (CI +ve), 527(M +H*, 5.7%), 483 (5.7%), 469 (5%), 394
(10%)), 380 (20%), 316 (40%), 162 (57%), 148 (71%), 94 (100%). IR
(neat) 330(br), 1400-1250(br), 1150(s), 1110(s).

N-Phenyl-N-(Z-(N'-Lgm-butyldiphenylsilyl-s-
phenylsulfonimidoy1)4-methy1)2-pentylamine (2.6b)
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oil; IH NMR 7.79-6.95 (m, 20H), 4.08 (m, 1H), 3.38 (dd, 1H, J=3.67,
13.58 Hz), 2.89 (dd, 1H, J=7.63, 13.58 Hz), 1.86 (m, 1H), 1.7 (m, 1H),
1.4 (m, 1H), 1.09 (s, 9H), .858 (1, 6H, J=9 Hz); 13C NMR 145.99,
143.44, 135.42, 131.74, 129.05, 128.66, 128.31, 127.14, 127.06,
126.93, 117.26, 112.71, 27.07, 24.52, 22.96, 21.53, 19.14; MS
(CI+ve ) 555 (M +H*, 23%), 497 (100%), 336 (14.3%), 322 (23%), 288
(74%), 244 (86%), 176 (63%), 118 (51%), 106 (34%), 77 (40%); IR
(neat) 33775(3), 1700(s), 1600(s), 1400-1250(br), 1150, 1110.

N-Phenyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)3-methyl)2-butylamine (2.6¢)

oil; 1TH NMR 7.96-7.20 (m, 16H), 7.05 (t, 2H, J=3.2 Hz), 3.77 (m, 1H),
3.41 (d, 1H, J=10.6), 3.13 (dd, 1H, J=7.33, 14.10 Hz), 3.03 (dd, 1H,
J=5.19, 14.19 Hz), 2.1 (m, 1H), 1.09 (s, 9H), .78 (d, 3H, J=2 Hz), .071
(d, 3H, 2 Hz); 13C NMR 134.21, 130.65, 130.52, 127.66, 127.53,
127.36, 127.10, 126.10, 125.93, 125.45, 115.88, 111.63, 59.71,
52.56, 47.53, 25.82, 25.73, 16.67, 15.38; MS (CI +ve), 541 (M +H*,
5.7%), 497 (5.6%), 483 (43%), 244 (26%), 199 (28%), 167 (100%),
148 (34%), 118 (71%), 106 (43%), 93 (63%), 78 (100%). IR (neat)
3390 (br), 1400-1250 (br), 1150 (s), 1110 (s).

N-Phenyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)-1-(2'-furyl))ethylamine (2.6d).
oil; 1H NMR 7.8-6.01 (m, 23H), 4.78 (m, 1H), 4.76 (d, 1H, NH), 3.55
(dd, 1H, J=8.39, 14.34 Hz) 3.47 (dd, 1H, J=4.57, 14.34 Hz)), 1.09 (s,
9H); 13C NMR 174.99, 141.75, 135.51, 132.08, 128.92, 128.57,
127.58, 127.32, 127.23, 118.26, 113.88, 113.62, 110.28, 106.99,
91.65, 62.46, 48.83, 27.16, 19.27; MS (CI +ve), 565 (M +H*, 2.8%),
507 (5%), 413 (10%), 378 (18%), 288 (86%), 244 (14%), 185 (100%),
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94 (43%), 77 (34%)); IR (neat) 3360(s), 1400-1250 (br), 1150 (s),
1110 (s); HRMS calcd for C30H27N202SSi; 507.1563, found

507.1563.

N-Phenyl-N-(2-(N'-LQr_L-butyldiphenylsilyl-S-
phenylsulfonimidoyl)-1-phenyl)ethylamine (2.6¢).

oil; 'H NMR 7.59-6.97 (m, 2.24), 6.67 (t, 1H), J=6.81), 625 (d, 7.69,
2H), 4.48 (dd, 9H, J=2.92, 10.53 Hz), 3.42 (dd, 4H, J=10.53, 14.5 Hz),
3.24 (dd, 4H, J=2.75, 14.5), 1.06 (s, 9H); 13C NMR 46.60, 141.53,
137.34, 135.59, 132.38, 132.08, 129.05, 128.96, 128.83, 127.53,
127.36, 126.93, 126.06, 117.95, 119.01, 66.73, 55.29, 27.25, 19.36;
MS (CI +ve), 518, (M +H*, 2.9%), 288 (80%), 195 (100%), 104 (86%),
93 (31%), 77 (51%); IR 3365 (s), 1600 (b), 1500 (s), 1900-1250 (b),
1150 (s), 1110 (s); HRMS caled for C32H29N20SSi, 517.1770, found
517.1768.

N-Phenyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)-3,3-dimethyl)2-butylamine (2.6f).
oil; IH NMR 7.8-7.05 (m, 20H), 3.38 (m, 1H), 3.32 (dd, J=5.6, 12.59
Hz, 1H), 2.95 (dd, J=5.6, 12.50 Hz, 1H); 1.10 (s, 9H), 1.08 (s, 9H).
1,2,3,4-tetrahydro-6,7-dimethoxy-1-(N-tert- '
butyldiphenylsilyl-S-phenyl-S-
methylsulfoximidoyl]isoquinoline(2.6g).

oil; lTH NMR 7.98-7.22 (m, 15H), 1TH NMR (major): & 6.99 9s, 1H),
6.04 (s, 1H), 4.53 (dd, J=8.85, 1<3), 3.39 (s, 3H), 3.66 (s, 3H), 3.51
(dd, 1H, J=9.31, 14.01), 3.31 (dd, 2.86 (m, 2H), 2.75 (m, 2H); minor
6.49 (s, 1H), 6.15 (s, 1H), 4.40 (dd, 1H, J=9.16, J<1 Hz), 3.59 (dd,
J=9.51, 12.49) 3.22 (dd, J=12.97, J<1 Hz); 13C NMR 197.82, 147.34,
1433.35, 135.89, 135.38, 132.08, 128.83, 128.66, 127.75, 127.32,
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127.19, 111.93, 109.33, 65.60, 55.80, 55.68, 50.91, 39.16, 28.68,
27.67, 19.27;MS (CI +ve), 585 (M +H*, 5.7%), 394 (5.7%), 322 (5.7%),
302 (8.6%), 205 (100%), 192 (74%); IR (neat) 3340 (s), 1400-1300

(br), 1250 (s), 1150 (s), 1110 (s), 1050 (s); HRMS calcd for
C30H31N203SSi, 527.1825, found 527.1824.

N-tert-Butyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)-1-phenyl)ethylamine (2.6h)

oil; 'H NMR 7.97-7.10 (m, 20H), 5.05 (dd, J=9.01, J<1Hz), 3.35 (dd,
J=10.22, 13.88, 1H), 3.22 (dd, J=1.68, 13.89, 1H), 1.13 (s, 9H), 1.09
(s, 9H); MS (CI +ve), 555(14%, M+H*), 500 (100%), 482 (50%), 378
(56%), 200 (39%); IR 3480 (br), 1400-1220 (br), 1140 (s), 1100 (s).

N-Methyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)l-phenyl)ethylamine(2,6i).

oil; 'TH NMR 7.85-7.15 (m, 20H), 4.29 (s, 1H, NH), 3.95 (dd, 1H,
J=1.52, 10.07 Hz), 3.45 (dd, 1H, J=10.7, 19.4 Hz), 3.10 (dd, 1H,
J=1.68, 14.4 Hz), 2.11 (s, 3H), 1.07 (s, 9H); 13C NMR 134.69, 134.47,
134.34, 134.16, 130.74, 128.75, 127.53, 127.27, 127.14, 126.49,
126.15, 126.02, 125.93, 125.80, 125.71, 123.286, 65.52, 59.06,
32.71, 25.77, 25.7; MS (CI +ve), 513 (M +H*, 8.6%), 455 (11%), 394
(8.6%), 322 (17%), 1.99 (37%), 134 (100%), 120 (63%), 91 (50%), 77
(50%).

N-tert-Butyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl))-2-hexylamine (2.6j))

oil; 1TH NMR 7.85-6.19 (m, 15H), 4.08 (m, 1H), 3.47 (dd, J=8.22, 13.7
Hz, 1H), 3.38 (dd, J=2.79, 13.7 Hz, 1H), 1.13 (m, 6H), 1.07 (s, 9H), .99
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(s, 9H), .97 (s, 3H); IR 3480 (br), 1400-1200 (br), 1110 (s), 1090
(s).

N-Pentyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl))2-hexylamine (2,6k)

oil; IH NMR 7.80-7.20 (m, 15H), 3.19 (dd, 1H, J=8.7, 14.8 Hz), 2.95
(dd, 1H, J=2.2, 14.9 Hz), 2.4 (m, 1H), 2.25 (m, 2H), 1.5-1.2 (m, 16H),
1.05 (s, 9H), .95-75 (m, 6H); 13C NMR 143.35, 136.16, 135.99,
135.51, 131.91, 128.79, 128.57, 127.36, 127.19, 127.10, 64.04,
53.47, 46.32, 33.44, 29.76, 29.46, 27.16, 22.34, 19.23, 13.86; MS
(CI +ve), 549 (M +H*, 100%), 491 (80%), 433 (8.6%), 322 (11%), 199
(14%), 170 (91%), 156 (20%), 127 (34%), 112 (63%), 77 (31%); IR
(neat) 3320 (s), 1400-1250 (br), 1150 (s), 1110 (s); HRMS calcd
for C29H39N20SSi, 491.2552, found 491.2552.

2-(N-methyl-N-phenylamino)-2-phenylethyl phenyl
sulfoxide (2.8)

Prepared by an identical procedure as 1.13 (Chapter 1). oil; 1H NMR
7.7-6.7 (m, 15H), 5.55 (dd, J=5.95, J=9.61, 1H), 2.68 (s, 3H); 13C
NMR  149.90, 137.60, 131.17, 129.32, 129.12, 129.02, 128.44,
127.61, 126.88, 123.86, 118.44, 114.98, 60.81, 57.94, 32.44; MS
(Cl+ve ), 336(M+H*, 100%), 317 (48%), 196 (100%), 118 (100%).

N-Phenyl-N-(2-(S-phenylsulfonimidoyl)1-
phenyl)ethylamine (2.9)

Prepared by an identical procedure as 2.1 (Chapter 2). oil; 1H NMR
8.1-6.8 (m, 15H), 5.8 (dd, J=4.58, J=9.31, 1H), 3.91 (dd, 9.31, 14.35,
1H), 3.78 (dd, J=4.58, J=14.34, 1H), 2.3 (s, 3H); 13C NMR (in part)



148

59.06, 32.06, 29.63; MS (ClI+ve), 244 (M-PhCHNMe, 53%), 209
(42%), 118 (100%), 91 (75%), 77 (83%).

N-Phenyl-N-methyl-N-(2-(N'-tert-butyldiphenylsilyl-S-
phenylsulfonimidoyl)l-phenyl)ethylamine (2.10)
Prepared by an identical procedure as 2.3 (Chapter 2). oil; lH NMR
7.9-6.45 (m, 25H), 5.56 (dd, 1H, J=4.57, 8.24 Hz), 3.80 (dd, 1H,
J=8.24, 14.65 Hz) 3.52 (dd, 1H, J=4.58, 14.65 Hz), 3.38 (s, 3H), 1.05
(s, 9H); 13C NMR (in part) 61.84, 58.13, 32.44, 27.27, 19.37; MS
(Cl+ve ), 427 (M-t-Bu-PhNMe, 54%), 378 (5.4%), 322 (6%), 302
(27%), 209 (86%), 199 (50%), 118 (100%).

1-[N-(tert-Butyldiphenylsilyl)-S-phenylsulfonimidoyl]-2-
butanol (2,133)

oil; IlH NMR 7.8-7.2 (m, 15H), 4.54 (br.s, 1H, OH), 3.88 (m, 1H,
CH(OH)), 3.08 (dd, 1H, J=8.24, 13.89 Hz), 3.06 (dd, 1H, J=8.24, 13.89
Hz), 1.54-1.23 (m, 2H), 1.11 (s, 9H), 0.80 (t, J=7.03 Hz, 3H); 13C NMR
141.32, 134.08, 130.91, 127.53, 127.27, 125.93, 125.76, 65.78,
63.74, 27.81, 25.73 ((CH3)3C), 17.80, 7.62; MS (Cl+ve), 452 (M+H?,
2.7%), 338 (19%), 316 (100%), 244 (8%), 199 (50%), 167 (8%); IR
(neat) 3600-32000 (br), 1400-1240 (br), 1150 (s), 1100 (s); HRMS
calcd for C27H36N02Si, 466.2235, found 4.66.222.

2-Methyl-1-[N-LLL-buty]diphenylsilyl)-S-
phenylsulfonimidoyl]-2- butanol (2.13b)
oil; 1TH NMR 7.87, 7.2 (m, 15H), 4.29 (d, J=1.32 Hz, 1H, OH), 3.74 (m,
1H, CH(OH));: 13C NMR 135.46, 132.34, 128.96, 128.70, 127.36,
127.27, 127.19, 70.37, 63.43, 33.10, 27.16, 19.23, 17.71, 17.02; MS
(Cl+ve) 480 (100%, M+H*), 394 (17%,), 330 (37%,), 200 (46%.,), 127
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(100%,); IR (neat) 3600-3200 (br), 1400-1250 (br), 1150 (s), 1085
(w); HRMS calecd for C28H38NO2SiS, 480.2391, found 480.235.

5-Methyl-1-[N-(Le_r_L-Butyldiphenylsilyl)-S-
phenylsulfonimidoyl]-2-hexanol (2,13¢)

oil; ITH NMR 7.8-7.2 (m, 15H), 4.09 (m, 1H, CH (OH)), 3.10 (dd, J=8.85,
13.73 Hz, 1H), 3.06 (dd, J=2.29, 13.73 Hz, 1H), 1.71-1.38 (m, 3H),
1.10 (s, 9H), 0.84 (d, J=7.03 Hz, 3H), 0.76 (d, J=6.16 Hz, 3H); 13C
NMR 135.29, 134.60, 132.21, 129.09, 128.83, 128.57, 127.27,
127.18, 127.06, 65.90, 64.22, 45.10, 30.41, 26.99, 23.82, 22.65,
21.61; MS(Cl+ve) 494 (M+H*, 11.1%), 394 (1.1%), 241 (100%), 199
(30.66%), 155 (100%), 137 (69.4%; IR (neat) 3600-3200 (br), 1400-
1250 (br), 1150 (s), 1110 (s), 1080 (s). HRMS caled for
C29H40NO2SiS, 494.2548, found 494.255.

3,3-Dimethyl-1-[N-(tert-Butyldiphenylsilyl)-S-
phenylsulfonimidoyl]-2-butanol (2.13d)

oil; IH NMR 8.00-7.20 (m, 10H), 4.2 (s, 1H, OH), 3.69 (dd, 1H, J=9, J<1
Hz), 3.16 (dd, 1H, J=13.58, J<1 Hz), 3.01 (dd, 1H, J=13.58, 10.81,
2.85, (s, 3H), 1.12 (s, 9H), .76 (s, 9H); 13C NMR 135.33, 132.17,
128.83, 128.57, 127.19, 127.06, 126.62, 73.27, 62.52, 48.90, 34.60,
27.25, 25.34; MS(Cl+ve) 422 (M-1t-Bu, 2.9%), 338 (91%), 199
(100%), 77 (77%). IR 3600-3200 (br), 1400-1250 (br), 1145 (s),
1110 (s), 1090 (w).

2-Phenyl-1-[N-(tert-butyldiphenylsilyl)-S-
phenylsulfoximinidoyl]-ethanol (2.13¢)

m.p. ©C; lH NMR 5.07 (dd, J=1.67, 10.23 Hz, PhCH(OH), 1H), 3.35
(dd, J=10.23, 13.89 Hz, 1H), 3.22 (dd, J=1.67, 13.88 Hz, 1H), 1.16 (s,
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9H); 13C NMR 141.10, 139.63, 133.99, 130.96, 127.53, 127.27,
126.48, 126.23, 125.89, 125.76, 124.02, 66.99, 65.78, 25.69
((CH3)3C), 17.76 ((CH3)3C); MS(Cl+ve) 500 (42%, M+H*),378

(100%), 338 (44%), 200 (83%); IR (neat) 3600-3200 (br), 1400-
1250 (br), 1140 (s), 1110 (s), 1090 (s); Anal. caled for Cj3 g

H33NO2SSi; C, 72.10; H, 6.66; N, 2.80 found C, 71.78; H, 7.08.



CHAPTER 3
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DIASTEREOSELECTIVE ADDITION OF BENZYL METHYL
SULFOXIDE TO IMINES AND ALDEHYDES.

Having developed the method for preparing 1-
methylisoquinoline alkaloids in high enantiomeric purity 70a,b,84
we turned our attention to the development of the methods for
preparing 1-benzylisoquinoline alkaloids by addition of the anions
of benzyl sulfoxides to imines. The racemic methyl benzyl
sulfoxide (3.1) was synthesized in 95% yield from methyl phenyl
sulfide by oxidation with sodium periodate, while benzyl phenyl
sulfoxides (3.9) was synthesized in 87% vyield by oxidation of
phenyl benzyl sulfide which was generated by reacting thiophenol
with benzyl chloride in 0.5M potassium hydroxide ethanolic
solution.

In 1970, Durst83 reported that the addition of lithiated
benzyl methyl sulfoxide 3.1 to cyclohexanone 3.2 gave the B-
hydroxysulfoxide adduct with high product diastereoselection
(15:1). The major diastereomeric product 3.3 had the R*c, S*s
stereochemistry (Scheme 3.1). We have repeated this reaction and
have found the two diastereomeric product 3.3 and 3.4 were

formed in a ratio of 75:25 from 'H NMR analysis.



Scheme 3.1.
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Diastereoselective addition of benzyl

methyl sulfoxide to cyclohexanone.

Li
Ph, .

N\

N é‘d: +
7 N
H Me
3.1

+
0o

oy

OH
C;

H Me
3.3 (R¢, Ss)
'H NMR: § 3.93 (s,1H), 2.37 (s,3H)

3.4 (S&, S8
'H NMR: & 3.26 (s,1H), 2.09 (s,3H)

The 1H NMR of the major isomer (3.3) shows a signal for the

SMe group at the expected chemical shift (2.37ppm) while that for

3.4 was found to be highly shielded (2.09 ppm). In benzyl methyl

sulfoxide (3.1) itself the SMe group occurs at 2.45 ppm in the lH

NMR. The possible intramolecular hydrogen-bonded conformations

for 3.3 and 3.4 are shown is Scheme 3.2.
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Scheme 3.2.

\‘O
o—H"
Ph S/,Me
§2.09

H
83.26

3.4 boat

Diastereomer 3.4 probably exists in the boat conformation

3.4 chair

because of the axial disposition of two substituents (CH2, Ph) in the
chair conformation. It is evident that in this conformation the SMe
group in 3.4 is in the shielding region of the phenyl substituent at
the stereogenic carbon. The benzylic proton in 3.3 probably
resonates at lower field compared to that in 3.4 due to the
deshielding effect of the two “axial” lone pairs on the carbinol and
sulfoxide oxygens’!. Thus the stereochemistry at the benzylic

carbon can readily be determined from the chemical shift of the

SMe group of these and related adducts.
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Figure 3.1 is a copy of the l|H NMR of the B-hydroxysulfoxides
in 3.3 and 3.4. We see that H-1 occurs at 3.93 and 3.26ppm. While
upon addition of D20 to the NMR sample the two hydroxy peaks
disappeared. Figure 3.2 is a copy of the 13C NMR (aliphatic
section) of the P-hydroxysulfoxides A and B with both
diastereomers clearly visible.

Lithium sulfoxides 3.1 and 3.9 were prepared by treating the
appropriate sulfoxide with n-butyllithium (1.1 equiv) in THF at
-78 °C for 1 hr and were then quenched with either a solution of
imine or suspension of imine BF3 complex for 1 hr at the
temperature indicated in Table 3.1. The imine ‘BF3 complex was
prepared by stirring the imine and BF3- etherate at -780C for 15
mins. The diastereomeric ratio was determined by integration of
the SMe region of the |H NMR spectrum on the crude reaction
mixture.

The B-amino sulfoxide adducts (3.6) were obtained after a
standard aqueous work up followed by extraction into

dichloromethane and column chromatography on silica gel.
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Figure 3.1 TH NMR of the crude reaction mixture for

the reaction of 3,1 and 3,2.
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Table 3.1. Diastereoselective addition of 3,1 to imines

3.9,

0
Me—S—CH(L)Ph  +  R,CH=NPh
3.1 l K]
H, 0
PhNH g pz
R \Me
PR H,
3.6
R, yield % | Temp °C
(a) 2-furyl 50 -78
(b) Ph 45 -78
(c) i-Pr 0 -45
(d) i-Pr
(BF; complex) 30 -78
(e) i-Pent 20 -45

The yield of adducts 3.6 were in general poor ranging from
minimum of 20% when 3.5 (R=i-Bu) to a maximum of 50% for the
imine 3.5 (R=2-furyl). The reaction of lithiated benzyl methyl
sulfoxide with imine 3.5 (R=i-Pr) gave intractable material which
could not be purified. It was found necessary to complex the imine
3.5 (R=i-Pr) with BF3- etherate in order to effect the reaction with
3.1 as the uncomplexed imine failed to react. In each case all four
possible racemic diastereomeric products were obtained. The

reaction of lithiated methyl benzyl sulfoxide 3.1 with N-
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benzylideneaniline 3.5 (R=Ph) proceeded in 45% yield and a
product diastereoselection of 27:22:24:27. It was possible to isolate
one major diastereomeric product in pure form after extensive
column chromatography as a single diastereomer. The reaction of
3.1 and 3.5 (R=2-furyl) also proceeded in poor yield with a
diastereoselectivity of 52:14:22:12.

Inspection of Table 3.2 shows that in one pair of
diastereomers the SMe group resonates at the 'normal' chemical
shift (2.3;2.4 ppm) while in the other pair the SMe is shielded
(2.0-2.1 ppm). By analogy with the adducts 3.3 and 3.4 from the

reaction of lithiated 3.1 and cyclohexanone, we can tentatively
assign the R*c and S¥c relative stereochemistry at the benzylic

stereogenic centre to these two diastereomeric pairs respectively.
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Table 3.2. Preparation and 1H NMR (CDCl3) data for

2.0,

R=
Diastereomeric
ratio (%)

6H, (ppm)
8H, (ppm)

Ji12 (Hz)

8SMe (ppm)

2-furyl

R= Ph
Diastereomeric
ratio (%)

6H; (ppm)
6H, (ppm)

J1,2 (Hz)

dSMe (ppm)

R= i-Pr BFj3
Diastereomeric
ratio (%)

8H; (ppm)
6H, (ppm)

J1,2 (Hz)

dSMe (ppm)

o)
Me—g—CH(Li)Ph + RCH=NPh
3.1 l 3.5
3.6
o)
Hongd Bt PRNGE? T Hyu 00 ML, PHEN {2 ﬁ
R>Y “Me R>>./ e R > R>>~/S‘
PR “H, P’ “H, M& T s py Me He pn
anti syn syn anti
52 12 22 14
3.88 3.83 4.25 4.41
5.27 5.50
11.0 7.40 2.96 11.12
2.02 2.07 2.34 2.41
27 24 27 22
3.50 3.92 3.71 3.33
4.93 4.76 5.39 5.05
10.8 2.50 1.60 11.9
1.97 2.14 2.43 2.33
68 20 9 3
3.30
4.25
11.3
2.00
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As expected, each of these diastereomeric pairs was a mixture
of syn and anti-isomers based upon the vicinal coupling constant
J1,2 between the methine protons on the two stereogenic carbon

atoms. Typically the syn isomer has a J} 7 value of around 1.6-7.4

Hz while the value for the anti isomer is typically around 11
Hz43,29.

The relative stereochemistry for these adducts is shown in
Table 3.2 and is based upon the chemicals shifts of the SMe group
and the value of J1 2. The major diastereisomer had the (S*,S*,S*)
relative stereochemistry. It appears that the diastereofacial
selectivity for attack at the a-sulfinyl carbon occurs in the reverse
sense to that for cyclohexanone and aldehydes (see later). Figures
3.3-3.7 are copies of lH NMR and 13C NMR spectra at the purified
major anti adducts 3.6 (R=Ph), 3.6 (R=2-furyl) and 3.8 (R=3,4-
dihydro-6,7-dimethoxyisoquinoline).  The IH NMR of adduct 3.6
(R=Ph; Figure 3.3) shows a doublet at 5.10ppm for the proton at
the stereogenic carbon atom with J1 2=11.1Hz. Figure 3.7 shows
the adduct 3.8 with a doublet at 4.64ppm and J1,2=10.53Hz.

The 13C NMR chemical shifts for the adducts 3.6 (R1=Ph, 2-
furyl and i-Pr) are also very similar (Table 3.3). The SMe group
for the adduct 3.6 (R1=Ph) occurs at 36.22 ppm while that of 3.6
(R=2-furyl) occurs at 36.16ppm and for 3.6 (R=i-Pr) occurs at
35.05ppm. In the case of 3.6(R=Ph) C-1 occurs at 54.15 ppm and
C-2 at 73.23 ppm while for 3.6 (R=2-furyl) C-1 occurs at 53.00
ppm and C-2 at 70.02 ppm. The Figures 3.4 and 3.6 are copies of

13C NMR for these two compounds.
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Figure 3.3 1H NMR (CDCI3) for 3.6b.




Figure 3.4 13C NMR (CDCI3) for 3,6b.
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Figure 3.5 lH NMR (CDCl3) for 3.6a.




Figure 3.6 13C NMR for 3,6a.
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Figure 3.7 1H NMR (CDCl3) for 3.8B.
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Table 3.3 13C NMR data for the addition of 3.1 to
imines 3.5,

I
Me—S—CH(iph  +  RCH==NPh
0O
H,C2 NHPD g/:
C
R?S( N
Ph"  H,
3.6
Entry R; C; C, SMe

1 a 2-Fur 53.00 70.02 36.16
2 b Ph 59.15 73.23 36.22

3 ¢ i-Pr 57.02 71.15 35.05

It is important to note that 3.7 (3-4-dihydro-6,7-
dimethoxyisoquinoline) was the only imine which when reacted
with 3.1 gave only two out of the four possible diastereomers .
(Table 3.4). Interestingly this imine failed to react with lithiated
benzyl methyl sulfoxide 3.1 without the prior complexation of 3.7
with BF3- etherate, while precomplexed imine 3.7 gave the adduct
3.8 at -78°C for 1 hr and the adduct 3.8 in 55% vyield. When this
reaction was carried at 0°C for 2 hrs or at 0°C for 12 hrs an
untractable material was obtained which could not be successfully
purified by column chromatography.

Analysis of lH NMR of 3.8 indicates that a mixture of two

diastereomers were produced (J1,2>10Hz) in a ratio of 58:42. The
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chemipal shift of the SMe group of both of these diastereomers was
highli}i shielded (2.01 and 2.05 ppm) suggesting they both have the
S* relative stereochemistry at the benzylic carbon.

" The 1H NMR spectrum of the major diastereomer (3.8B)
indicate a highly shielded aromatic proton (5.59 ppm, s, 1H)
and methoxy group (3.19 ppm, s, 3H). Of the two possible
diastereomers with the S* configuration at the benzylic stereogenic
centre o to sulfur (3.8a and 3.8b) shielding at these two sets of

protons would be most likely in 3.8b, since in the H-bonded chair

like conformation the substituents Ph and CH3 are both equatorial.
In this conformation one aromatic proton and one methoxy group
are in the shielding cone of the Ph group. Inspection of molecular
models suggests that shielding of these protons in the other three
possible racemic diastereoisomers is unlikely since they involve H-
bonded boat conformations.

The 13C NMR of adducts 3.8 showed similar chemical shifts for

SMe, at 35.18 and C-1, at 53.33 and for C-2, at 70.46 ppm .



Table 3.4. Preparation and 1H NMR (CDCl3) data for

the addition of 3.1 to 3.7.

?I MeO
Me=—S—CH(Li
(Li)Ph + m-
MeO BF,

3.1

MeQ

MeO

3.8A (erythro) 3.8B (threo)
H-bonded boat H-bonded chair

Diastereomeric

ratio % 42 58

OH, (ppm) 3.73 3.62

J12 (Hz) 10.07 10.53

SSMe 2.05 2.01

SHa 6.33 5.59

SHb 7.20 6.54

50Me 3.86,3.94 3.19, 3.80
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ADDITION OF BENZYL PHENYL SULFOXIDE TO 3-4-

DIHYDRO-6,7-DIMETHOXYISOQUINOLINE

The reaction between lithiated benzyl phenyl sulfoxide 3.9

and 4,5-dihydro-6,7-dimethoxyisoquinoline.BF3 complex (3.7) at
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-78-°C for 1 hr gave a low yield (45%) of adduct 3.10 with a
diastereoselection of 33:33:33. An increase in reaction temperature
gave unidentifiable products with none of the desirable adduct
being obtained, in this, benzyl phenyl sulfoxide parallels the
reactiorf of benzyl methyl sulfoxide with imines 3.5 (R=i-Pr and i-
‘Bu).

Table 3.5 shows 'H NMR chemical shifts as well as the
coupling constant J1 2 for the protons H-1 and H-2 situated on the
stéreogenié carbon atoms. The syn and anti stereochemistry of the
adducts 3.8 were assigned on the bases of analogy to the literature

precedent832,
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Table 3.5. 1H NMR (CDCl3) data for the addition of 3.9

to 3.7.
N Ph(Li)CH=S_"
MeO z ‘éps \Ph
3.7 3.9
MeO
Me03®\JH
H1——'\:.‘ H,
@ VS
Ph’ * 3.10B
syn anti anti
Diastereomeric
ratio % 33 33 33
OH 4.08 3.61 3.64
dH, 5.19 4.89 4.86
Jq2 (H2) 3.70 10.10 10.77

The lithiated benzyl phenyl sulfoxide however, did not react with
other imines even when these imines were precomplexed with BF3.
This lack of reactivity could be due to the increased steric bulk on the
sulfoxide. In conclusion it can be said that the addition of that alkyl
benzyl sulfoxide anion to imines occurs in low yield with poor
diastereoselectivity. The reactions are accompanied with competing
side reactions that gave a multitude of intractable and unidentified
products. The reaction yields and diastereoselectivity could not be

improved substantially even when imines were complexed with BF3.
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DIASTEREOSELECTIVE ADDITION OF ALDEHYDES TO
BENZYL METHYL SULFOXIDE.

In 1972, Kingsbury#3 condensed lithiated benzyl phenyl
sulfoxide with benzaldehyde and found that the reaction resulted
in a mixture of four B-hydroxysulfoxides (3.11) in a 40% yield.
Kingsbury found that product ratio was richer in the two f-
hydroxysulfoxides which exhibit substantial intramolecular
hydrogen bonding through a six member ring. Kingsbury's findings
are shown in Table 3.6 (all products were racemic, however only
one enantiomer is shown).

In our study we initially quenched o-lithiated benzyl methyl
sulfoxide with benzaldehyde for 10 min at -78°C. We found all
four possible isomers diastereomeric ratio of 55:26:11:8 which was
in general agreement with Kingsbury's finding for the reaction of
o-lithiated benzyl phenyl sulfoxide. Furthermore the yield after
column chromatography was 40%, again in agreement with
Kingsbury's findings. In further studies, a solution of lithiated
benzyl methyl sulfoxide in THF was quenched with freshly
distilled aldehyde for 10 min at -78°C. The pure B-hydroxy
sulfoxide alcohols were obtained after a standard aqueous work up

followed by extraction into dichloromethane and extensive column

chromatography on silica gel (Table 3.7).
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Table 3.6. 1H NMR data for the addition of 3.4 to
benzaldehyde (Kingsbury43).
0

O H
n .
Ph—S=CH-Ph PhCHO - Ph—lé‘! é ~Ph
|
3.9 ? OH
H 3,11

H; (ppm) H, (ppm) -11,2 (Hz) Diastereomeric
ratio %
anti 3.94 5.64 9.5 47
(H- bonded)

H; (ppm) H, (ppm) J;, (Hz) Diastereomeric

ratio %
syn 3.66 5.55 8.3 8
HO .‘\HZ ﬁ R
,. S
Ph g e
Ph \H1

H; (ppm) H, (ppm) J;, (Hz) Diastereomeric
ratio %
syn  3.68 5.87 2.9 32
(H- bonded)

o)
Hag O L
: S

Ph
Ph “H

H, (ppm) H, (ppm) Ji2 (Hz) Diastereomeric
ratio %

anti 3.95 5.91 10.2 19
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The diastereoselectivity appears to be insensitive to the steric
demand of the aldehyde and was approximately equal for all
aldehydes, so much so that even highly sterically demanding
pivaldehyde (R=t-Bu) showed little diastereoselection. The
assignment of the four diastereomeric products was made by
analogy with the literature precedent (Kingsbury et al.85) and was
determined from the 1H NMR coupling constants J1,2 and the
chemical shift of the SMe group. Large values of J1 2 (10-13 Hz)
are indic.ative of predominantly trans(anti) protons, while
intermediate values are indicative of syn protons. The chemical
shift of the SMe group of the major diastereoisomer suggested it
had the R*¢, S*s relative stereochemistry as found in the major
adduct from the reaction of 3.1 with cyclohexanone.

Table 3.7 shows chemical shifts of H-1, H-2 and SMe as well
as coupling constants for the aldehyde adducts (R=Ph, t-Bu, Et, i-Bu
and i-Pr).
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Table 3.7. 1H NMR(CDCI3) data for the addition of 3.1

to aldehydes.

OH 0O
3l RCHO o 5
R L Me
H Ph
(major anti diastereo-
isomer)

3.11 anti- syn syn anti
R=Ph (a)
Diastereomeric
Ratio % 55 26 11 8
Hi(ppm) 3.92 3.75
Ho(ppm) 5.50 5.70
J1,2(Hz) 9.20 2.80
SMe(ppm) 2.44 2.24 2.03 1.99
R=t-Bu (b)
Diastereomeric
Ratio % 49 26 12 13
Hi(ppm) 3.88 3.82
H2(ppm) 422 4.27
J1,2(Hz) 8.82 2.3
SMe(ppm) 23 2.28 2.15 1.96
yield 35%




R=Et (c)
Diastereomeric
Ratio %
Hi(ppm)
H2(ppm)
J1,2(Hz)
SMe(ppm)
yield 35%

R=i-Bu (d)
Diastereomeric
Ratio %
Hi(ppm)
H2(ppm)
J1,2(Hz)
SMe(ppm)
yield 40%

R=i-Pr (e)
Diastereomeric
Ratio %
H1(ppm)
H2(ppm)
J1,2(Hz)
SMe(ppm)
yield 37%

63
3.78
4.55
9.86
2.45

51
3.75
4.72
8.85

2.45

43
3.80

4.50
11
2.45

H-bonded

20
3.66

1.2
2.37

26
3.62

3.20
2.32

24

4.76

2.35

10

2.21

17
3.70

3.20
2.25

17

2.20

H-bonded
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2.10

3.38

10.53
2.05

16

2.05
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From the Table 3.7 it is clear that the diastereoselection was
poorest when R of the aldehyde was i-Pr (43:24:17:6) and the best
when R was Et (63:20:10:7), however, it is also evident that the
diastereoselection was essentially similar in all cases. The chemical
shift for the SMe group of the major diastereomer consistently
appeared at 2.40-2.44 ppm except in 3.11 (R=t-Bu).

Furthermore the chemical shifts for the SMe group of other
related diastereomers were consistent with each other as can be
seen from the Table 3.7, as were the chemical shifts for the
diastereomeric protons H-1 and H-2. In some cases it was
impossible to assign the chemical shifts of H-1, H-2 or Ji1 2 for the
minor isomers with certainty as these were obscured by other
protons.

Figure 3.8 is a copy of 'H NMR for B-hydroxysulfoxide 3.11
(R=t-Bu) showing both of the major diastereomers, while Figure 3.9
is a copy of the accompanying 13C NMR.

In conclusion it can be said that the addition of benzyl methyl
sulfoxide anions to aldehydes occurs in low yield and with a poor
diastereoselection. The diastereoselectivity appears to be
essentially independent on the kind of alkyl group R on the

aldehyde.
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Figure 3.8. IH NMR (CDCI3) for the 3,8)).
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Figure 3.9. 13C NMR (CDCIl3) for the 3,8b.
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EXPERIMENTAL

Benzyl methyl sulfoxide 3,167D

To a solution of benzyl methyl sulfide (0.161mol, 20g) in
methanol (320ml) at 00C was added a solution of NalO4 (0.161mol,
34.44g) in water (360ml) dropwise and the resulting mixture
stirred overnight at room temperature. The white precipitate was
filtered and the methanol was evaporated and the mixture was
then extracted with DCM. The DCM extracts were dried (MgSO4)
and evaporated. The resulting solid was recrystallized from 6:4
toluene/hexane to yield pure methyl phenyl sulfoxide 21g (84%).
M.p. 51-530C, 1it.67> m.p. 540C.

Benzyl phenyl sulfide

To a solution at benzyl chloride (25.2g, 0.2mol) in 0.5 molar
ethanolic KOH (400ml) at 0°C was added thioanisole (22g, 0.2mol)
and the solution warmed to room temperature and stirred for 10-
12hrs. The ethanol was evaporated, water was added (50ml) and
the mixture was extracted with DCM. The DCM was dried (MgSO4)
and evaporated to yield a solid which was recrystallized from
ethylacetate to yield 348g (87%) of benzyl phenyl sulfide., m.p.
960C

Benzyl phenyl sulfoxide 3,967b

A solution of benzyl phenyl sulfide (32.2g, 0.162mol) in
methanol (390ml) was cooled in an ice bath and a solution of
sodium periodate (34.44g, 0.162mol) in water 360ml was added
dropwise. The resulting solution was warmed to 60°C for 4 hrs. The

mixture was evaporated to dryness and the resulting solid
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extracted with DCM (3x100ml) to yield 30g (86%) after
recrystallization from ethanol or ethyl acetate. M.p. 128-129°C,
it.67> m.p. 127°C.

Reaction at 3.1 or 3.9 with imines: A General Procedure
To a solution of (1 mmol) of 3.1 or 3.9 in THF (3ml) at -78°C
was added n-BuLi in hexane (l.1lmmol). After lhr a solution of
imine 3.5 or 3.7 (lmmol) in THF (2ml) was added. The solution
was warmed and kept at the temperature specified in Table 3.1,
3.4 or 3.5 for 1 hr. The reaction was quenched by the addition of
10% K2CO3 (5 ml) and extracted with DCM (2x). The combined
extracts were dried (MgSO4) and evaporated. The
diastereoselection of these reactions was determined from !H NMR

(400MHz) analysis of crude product.

Reaction of 3.1 and 3.12 with aldehydes: A General
Procedure

To a solution of methyl benzyl sulfoxide (154mg, 1.0 mmol) in
THF (3ml) at -78°C was added n-BuLi(1.lmmol) in hexane. After 1
hr the neat aldehyde (1.lmmol) was then added. After 5 min, a
solution of 10% K72CO3 (5ml) was added and the mixture was
extracted with DCM (2x). The combined extracts were dried
(MgS0O4) and evaporated. The diastereoselection of these reactions

was determined from !H NMR (400MHz) analysis on crude product.

N-Phenyl-N-(l-(Z’-furyl-2-(methylsulfinyl)-Z-phenyl)
ethylamine J3.6a.

Oil: IH NMR 7.5-6.35(m,13H), 5.26 (dd, 1H, J=8.7, 1<Hz) 3.88(d,
1=10.99), 3.86(s,1H), 2.05(s, 3H); 13C NMR 146.47, 142.44, 130.22,
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129.87, 128.96,128.70, 118.82, 114.82, 114.32, 110.50, 109.76,
70.02, 52.99, 36.18; MS (CI +ve), 326(M+H*, 1%), 262(100%),
217(23%), 172(100%), 141(30%), 115(30%), 94(73%); IR (neat)
3300(s), 1030(s); HRMS calcd for C11H20NO2S, 326.1213, found
326.118.

N-Phenyl-N-(2-methylsulfinyl-1,2-diphenyl)ethylamine
(3.6b)

Oil; 1H NMR 8§ 7.61-6.35 (m,15H), 5.08(d, 1H, J=10.68Hz), 3.49
(d, 1H, J=1-.53Hz), 1.99 (s, 3H); !3C NMR §130.18, 129.53, 129.18,
128.92, 128.23, 127.84, 118.48, 114.32, 73.23, 59.15, 36.22; IR
(nujol) 3350(s), 1030(s); MS (CI +ve) 320(M-Me, 1%), 272 (33%),
227 (46%), 182 (100%), 107 (60%), 91 (36%), 77 (45%);
HRMS caled for C21H22NOS, 336.1420, found 336.146.

N-Phenyl-N-(3-methyl-1-(methylsulfinyl)-1-phenyl)
butylamine 3.6e

Oil; MS (Cl+ve), 316(6%), 237(51%), 204(23%), 135(26%),
122(100%).

1,2,3,4-Tetrahydro-6,7-dimethoxy-1-(methylsulfinyl)
phenylmethyl)isoquinoline 3.8,

IH NMR §7.29(5,5H), 6.54(s,1H), 5.59(s, 1H), 4.65(d, 1H,
J=10.55 Hz), 3.8 (s,3H), 3.61(d, 1H, J=10.33 Hz), 3.19 (s,3H), 3.22 (m,
2H), 2.85(m,2H), 2.01(s,3H); 13C NMR § 133.69, 130.48, 128.57,
128.36, 127.67, 126.75, 111.85, 110.80, 75.57, 70.46, 55.68, 55.33,
55.03, 38.69, 35.18, 28.59, 15.16; MS (CI +ve), 346 (M+H*, 1%),
281(39%), 266(16%), 192(98%), 176(33%), 137(29%),
91(100%),77(43%); IR (neat), 3290(w), 1265(s), 1110(s), 1030(s).
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1,2,3,4-Tetrahydr0;6,7-dimethoxy-l-[1'-(phenylsulfinyl)
phenyl]methylisoquinoline 3,10,

| M.p. 61°C; 1H NMR 7.29-7.02(m, 10H), 6.6(s,1H), 6.39(s,1H),
5.21(d, 1H, J=3.52Hz), 401(d, 1H, J=3.52Hz), 3.79(s,3H), 3.74(s, 3H),
3.53(m, 2H), 3.09(m; 2H); IR 3340(w), 1035(sh); MS (CI +ve),
390(43%), 363(9%), 282(43%), 205(29%), 192(100%), 176(51%),
91(92%); Anal. calcd for C24H25N03S: C 70.74; H, 6.18; N, 3.44:
found: C, 72.84; H, 6.41; N, 3.20.

2-Phen.ylsu~lfinyl-1,2-diphenyl-1-ethanol 3.11a.

IH NMR 7.49-7.11(m, 10H), 5.75(d, 1H, J=2.66Hz minor), 5.5 (d,
1H, J=9.15), 3.93(d,1H, J=9.15), 3.75(d, 1H, J=2.6Hz), 2.33(s, 3H); 13C
NMR 150.29, 128.83, 127.23, 127.01, 126.54, 125.97, 124.89,
75.96, 69.07, 35.86: MS 241(7.2%), 227(9%), 210(48%), 195(100%),
167(15%), 135(10%) IR(neat) 3700-3100(br), 1050(s), 1120(s).

(3.3-Dimethyl)-1-phenylsulfinyl-1-phenyl-2-butanols
3.11b.

1H NMR 7.5-7.2(m, 5H), 4.22(d, 2H, J= 8.24,major), 3.88(d, 2H,
J= 8.24 major), 2.29(s, 3H), .81(s, 9H); 13C NMR 130.61, 129.31,
129.18, 128.83, 128.66, 128.53, 74.49, 36.00, 26.73, 26.29, 25.51;
IR 3600-3100(br), 1085(s), 1040(s); MS (CI +ve), 241(M+H*, 52%),
207(19%), 177(100%), 159(52%), 137(22%), 12(40%), 107(47%),
91(100%), 87(52%); HRMS caled for C13H2502, 241.1262, found

241.1261.
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1-Phenylsulfinyl-1-phenyl-2-butanol 3.]1]¢
IR(neat) 3700-3100(br), 1110(s), 1150(s), MS (C1 +ve),
213(100%), 149(98%), 139(66%), 91(72%).

S-Methyl-(1-phenylsulfinyl)-1-phenyl-2-pentanol 3.,11d,

IH NMR 7.44-7.05 (m, 5H), 4.63(m, 1H), 3.74(d, 1H, J=8.85),
2.45(s, 3H), .78(d, 3H, J=3.08); 13C NMR 132.43, 129.14, 128.70,
128.57, 74.88, 71.89, 43.93, 37.43, 23.48, 20.92; MS (CI +ve),
241(M+H*,6%), 207(10%), 177(52%), 117(52%), 107(50%),
91(100%).

3-Methyl-(1-phenylsulfinyl)-1-phenyl-2-butanol 3.11e.

IH NMR 7.41-7.03(m, 5H), 4.50(dd, 1H, J=2.13, 9.61Hz) 3.79(d,
1H, J=9.61Hz), 2.45(s, 3H), 1.00(d, 3H, J=6.59Hz), .82(d, 3H,
J=6.37Hz); 13C NMR 129.18, 128.79, 128.57, 77.39, 72.97, 37.39,
30.24, 19.75, 13.77; IR (neat) 3700-3100(br), 1010(s); MS (CI
+ve), 227 (M+H*>100%), 209(30%), 193(100%), 163(100%),
145(70%), 119(100%), 105(60%), 91(100%), 73(100%).



CHAPTER 4
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ADDITION OF THE ANIONS OF (RS)-10-METHYL-
AND (RS)-10-BENZYL-SULPHINYLBORNAN-2-EXO-OL
TO IMINES.

Our attempt to generate chiral amines from the addition of
lithiated methyl and phenyl benzyl sulfoxide to imines produced
adducts in poor yield and low diastereoselectivity, we next turned
our attention to the addition of carbanions of (Rg)-10-alkyl
sulfinylbornan-2-exo0-ols to imines.

10-Camphorsulfonyl chloride 4.1 was reduced with lithium
aluminium hydride in ether to give 10-thio-bornan-2-exo-ol 4.2 in
69% vyield86. ThelO-thio-bornan-2-exo-ol was treated with either
methyl iodide or benzyl chloride in 1 molar ethanolic potassium
hydroxide to vyield 10-methylthio-bornan-2-exo-ol 4.3 and 10-
benzylthio-bornan-2-exo0-0187 4.4 in 86% and 93% yield
respectively. The 10-methyl and 10-benzylthio-bornan-2-exo-ol
4.3 and 4.4 were then oxidised with meta-chloroperoxybenzoic
acid (m-CPBA)&8 in dichloromethane (DCM) to yield (Rg)-10-
methylsulfinylbornan-2-exo-ol 4.5 and (Rg)-10-
benzylsulfinylbornan-2-exo-ol 4.6 in 83% and 69% yield (Scheme
4.1).

As previously noted by other workers®® in the oxidation of
related sulfides these oxidations were highly diastereoselective (de
>95:<5) due primarily to the hydroxy group which can H-bond the
m-CPBA and this directs the oxidant specifically to one of the
diastereotopic lone pairs on the sulfur atom of the sulfide.

The 10-methylsulfonylbornan-2-exo-ol 4.7 was synthesized

by oxidation of (Rg)-10-methylisulfinylbornan-2-exo-ol 4.5 with ~
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potassium hydrogenpersulfate (oxone) in aqueous methanol

according to the method reported by Trost.89

Scheme 4.1.
LiAlH,4
OH ~Epo OH
4.1 4.2
OH
KOH/EtOH
Mel S-CH,
OH 4.3 86%
KOH/EtOH
SH PhCH,(Cl,
4.2
OH
S-CH,Ph
4.4 93%
MCPBA oxone
——— -
OH DCM OH OH
/O /O
S-CH S” S
3 22N\ o?\
4.3 CH, CH,
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Scheme 4.2,
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S- CHzPh

é@ McPBA
/ @]

CH -Ph
4.6 69%

The 10-thio-bornan-2-exo-ol 4.2 when treated with 3.,4-
dimethoxybenzyl chloride in 1 molar ethanolic potassium
hydroxide gave 10-(3,4-dimethoxyphenyl)methylthio-bornan-2-
exo-ol (4.13) which upon oxidation with m-CPBA in
methylene chloride gave (st-10-(3,4-dimethoxyphenylmethyl)
sulfinylbornan-2-exo-ol 4.14. Upon treatment of 4.14 with
mesitylenehydroxylamine (MSH)81.82 in dichloromethane the
sulfoximine 4.15 was produced in low yield (18%). Silylation of
4.15 with tert-butylchlorodiphenylsilane in dimethylformamide
and imidazole’9 produced the N-silylated sulfoximine 4.16
(Scheme 4.2). Unfortunately the dilithiated 4.16 when reacted with
3,4-dihydro-6,7-dimethoxyisoquinoline.BF3 complex did not
produce any of the desired adduct.

Dilithiated sulfoxides 4.5, 4.6 and dilithiated sulfone 4.7 were
prepared by treating the appropriate sulfoxide or sulfone in
tetrahydrofuran (THF) with n-butylithium (2.1 equiv.) for 1 hr.
The resulting dianions were then quenched with a solution of N-
benzylideneaniline or 3-4-dihydro-6,7-dimethoxyisoquinoline.
BF3 complex for 1 hr at -78°C (Scheme 4.3). The B-amino
sulfoxides or sulfone adducts 4.8, 4.9,4.10,4.11 and 4.12 were

obtained after a standard aqueous work up followed by extraction

into dichloromethane and extensive chromatography on silica gel.
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The diastereomeric ratio of the adducts was in all cases
determined by !H NMR (400 MHz) spectroscopy on the crude
reaction mixture. As the sulfone 4,7 gave 1:1 mixture of
diastereoisomers when reacted with imines further experiments

on this compound were terminated.

Scheme 4.3.

PhCH—NPh (_1)

o) -78 C 1h OH
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MeO 2" BF, OMe
4 5 I
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R OMe
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H
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S
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4.7 VAN
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The yield of adducts 4.8 and 4.9 was poor, 47% and 30%
respectively, even though the crude 'H NMR showed little starting
material. NMR analysis showed the desired products were
accompanied with several other products and extensive column
chromatography had to be undertaken resulting in lower yields.
In each case both of two possible diastereomeric products were
obtained. In the case of the adduct 4.8 the diastereomeric ratio
was 66:34 while for the adduct 4.9 the diastereomeric ratio was
found to be 63:37 (Table 4.1) It was found necessary to complex
3,4-dihydro-6,7-dimethoxyisoquinoline with BF3. etherate in order
to effect the reaction with 4.5 as the uncomplexed imine failed to
react.

Table 4.1 shows the !H NMR chemical shifts of the
diastereomeric protons Hg and Hp as well as the coupling constants
Jab, Jbc and Jac. The proton Hp could not be assigned with
certainty as it was obscured by other protons. Figure 4.1 is a copy

of 13C NMR of the adduct 4.8.
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Figure 4.2. Preparation and 1H NMR (CDCl3) data for 4,11,

and 4,12.
PhCH=NPh
> o
@) OH
,S5=0 JS=
. ChPh Ha. (I:_Ph ]
1.0 Ph—C—NZ
|
He Ph
4,11
Diastereomeric
ratio (%) 46 21 23 8
oH, (ppm)
SHy (ppm) 548 492 485 5735
Jap (Hz) 8.1 6.5 33
yield 27%

MeO :
4.6 _N".
MeO BF3 S—O HN

OMe
C
/ \
a
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=3

Hb
Diastereomeric
ratio (%) 51 35 8 6
dH, (ppm) 4.64 4.69 4.84 5.01
SHy (ppm) 3.83 3.82 4.27 4,23
Jap (Hz) 10.38 9.77 3.05 7.93

yield 40%
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The addition of the dianion (Rg)-10-benzylsulfinyl-bornan-2-
exo-ol 4.6 to benzylideneaniline or 3-4-dihydro-6,7-
dimethoxyisoquinoline:BF3 produced all four possible
diastereomers Table 4.2. From Table 4.2 we see that adduct 4.11
was produced in diasteromeric ratio of 46:23:23:8 with Hp showing
as a doublet with Hb at 5.48, 4.82, 4.85 and 5.35 ppm, for the four
diastereomers respectively. The chemical shifts for the proton Hja
situated on the stereogenic benzylic carbon as well as Jap would
not be assigned with certainty as they were obscured with other
protons.

The yield of the adduct 4.11 was 27% as the reaction was
accompanied by multitude of side reaction and extensive column
chromatography had to be done on the product which resulted in
low yield. The adduct 4.12 which resulted from the addition of the
dianion of (Rg)-10-benzylsulfinylbornan-2-exo-ol 4.6 to 3,4,
dihydro-6,7-dimethoxyisoquinoline-BF3 complex gave 40% vyield of
four diastereomers in a ratio of 51:35:8:6. Figure 4.2 shows the
major diastereomer of 4.12 with two aromatic protons each
showing as a singlet at 6.56 and 5.58ppm while Hy appears a
doublet at 4.64 ppm. Figures 4.3 and 4.4 are copies of the !3C
NMR of the two major diastereomers of the adduct 4.12. !H NMR
analysis showed that the two major diastereoisomers (Jap=10.38,
9.77 Hz) had the anti-relative stereochemistry at the two
stereogenic benzylic carbons while the two minor isomers
(Jab=3.05 and 7.93 Hz) had the syn relative stereochemistry. As
previously noted in Chapter 3 the major diastereoisomer showed a
highly shielded aromatic proton (5.59 ppm) and methoxy group
(3.19 ppm) in the IH NMR spectrum. On the basis of this data the
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absolute stereochemistry for the two major diastereomeric adducts

is as shown in Table 4.2.
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Figure 4.2. Preparation and I1H NMR (CDCl3) data for 4.11,

and 4.12.
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Figure 4.1 1H NMR (CDCl3) of the crude reaction mixture
for the reaction of 4,5 and 43.




Figure 4.2 1H NMR (CDCl3) of 4,12,
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Figure 4.3 13C NMR (CDCl3) for the 4,12 (major anti

diastereoisomer)
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Tert-Butylchlorodimethylsilane-mediated Pummerer
reactions of (Rs)-10-Alkylsulfinylbornan-2-exo-ols

As the above additions to N-benzylideneaniline or 3,4-
dihydro-6,7-dimethoxyisoquinoline-BF3 proceeded in low
stereoselectivity and were accompanied with side reactions we
attempted to protect the hydroxyl group of the borneol moiety of
sulfoxides 4.5 and 4.6 in order to examine its effect on the
diastereoselectivity of these reactions. A variety of literature

methods were tried as shown in Scheme 4.4.

Scheme 4.4.

NaH/DMF -
OH - BuPh,51Cl OSit-Bu(R,),
.S=0 t-BUMCzSiCl L,S—=0
© CHR BuLi © CH,R
n- uLil
- R=H, R,= Ph, M
ks b Buph,sicr — LI R=H. R;= Ph, Me
4.6 R= Ph 4,18 R= Ph, R,= Ph, Me
LDA

;- BuPh,SiCl

TEA/DMF
;- BuPh,SiCl

DMF/imidazole
t- BuPh,SiCl

Treatment on the sulfoxides 4.5 or 4.6 with sodium hydride in
dimethylformamide (DMF) followed by addition of either tert-
butylchlorodimethylsilane (TBMSCI) or tert-
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butylchlorodiphenylsilane (TBPSCI) resulted in none of the desired

silylethers 4.17 or 4.18 and only starting material was obtained.

Treatment of sulfoxide 4.5 or 4.6 with first n-butyllithium or

lithium diisopropylamide (LDA) followed by the addition of
TBMSCI1 or (TBPSCI) also resulted in the recovery of the starting
materials.

Treatment of sulfoxide 4.5 with (TBMSCIl) and imidazole in
dimethylformamide (DMF)7% at room temperature for 18 hrs gave

none of the desired silylether 4.17, however the imidazole

derivative 4.19 (Figure 4.5) was isolated in 70% yield after
purification by column chromatography on silica gel. The 'H NMR
showed a broad singlet at 7.6 ppm integrating for 1 proton and a
broad singlet at 7.29 ppm integrating for 2 protons (1-
methylimidazole30a.b has the following spectral data: !H NMR (d6-
DMSO), 6.9, 7.2,7.4ppm; 13C NMR (CDCly) 138.7,130.2, 121.05 ppm
and 13C NMR (136.7, 128.8, 118.4 ppm), while a mass spectra (CI)
showed M/Z (relative intensity) 267 (100, M+H™), 249 (22, M+H-
H20), 69(40). This spectral data is consistent with the product 4.19
(Figure 5). The 'H NMR chemical shifts and proton assignments for
the compound 4.19 are tabulated in Table 4.3.

In contrast to sulfoxide 4.5, the analogous benzyl sulfoxide 4.6,
when treated under similar conditions, gave a mixture of the
imidazole derivative 4.21 (as a mixture of diastereomers in 57:43
ratio and 47% yield) and monothioketal 4.22 (as a mixture of
diastereomers in 72:28 ratio and 24% yield). Interestingly pure
imidazole derivative 4.21 did not undergo cyclization to
monothioketal the 4.22 in dimethylformamide (DMF) at room
temperature over 48 hrs or upon exposure to the original reaction

conditions. The structures of 4.21 and 4.22 were consistent with
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spectral data (1H NMR, 13C NMR, MS, IR). The !H NMR chemical
shifts and proton assignments for the major diastereomer of 4.21
and 4.22 are shown in Table 4.4.

Upon the treatment with (TBMSCI), 4-dimethylaminopyridine
(DMAP) and triethylamine (TEA) in dimethylformamide (DMF)89 at
room temperature for 18 hrs, sulfoxide 4.6 was cleanly converted
to the monothioketal 4.22as a 62:38 mixture of diastereoisomers in

74% yield with 5% of the disulphide 4.20 also formed.



Table 4.3. 1H NMR (CDCl3) data and assignments of

4.19 and 4.20.

H, Hy H, Hy
dd 3.84 ppm d 2.43 ppm d 2.80 ppm d 4.97 ppm
J=6.18Hz J,=10.45Hz Ja,e= 14.04 Hz
H, Hf/H, H,

d513ppm s729ppm s 7.60 ppm

dd 3.94 ppm d 3.19 ppm d 2.79 ppm
J=7.80 Hz Jbc= 12.80 Hz

201



Table 4.4. 1H NMR (CDCl3) data and assignment of

4,21 and 4.22.

(9]

OH
P
Hb
\ N
H e—
e Hf

Ha
SXN}—J
Hi Ph H
4.21 major isomer

Ha Hb H c
dd 391ppm d 2.93ppm d 2.35ppm
J=73 Hz Jpe= 11.3 Hz

Hy

Hd
4,22 major isomer
H H, H.

a
dd 3.79ppm d 3.29ppm d 2.81ppm s 5.69ppm

J=75Hz Jp.= 142 Hz

202
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Figure 4.5.

OH

SN
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S
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17 en 4.22

4.21

When the sulfoxide 4.5 was treated with TBMSCI, 4-
dimethylaminopyridine (DMF) at 25°C for 18 hrs then disulfide
4.20 was the only isolated product in 43% yield. The structure of
4.20 was consistent with spectral data (Table 4.3) and was verified
by conversion to 10-thioisoborneol upon reduction with sodium

borohydride in methanol (Scheme 4.5).
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Scheme 4.5.
TBMSC1 —
OH DMAP/DMF OH
=S==0 S
Me 2
4.3 4.20
NaBH,
MeOH
OH OH
S S<,,
2
4,20 4.1

In the attempt to ascertain if this type of reaction can be
extended to other sulfoxides we prepared the B-hydroxy sulfoxides
and B-hydroxy sulfones shown in Scheme 4.6. The sulfide 4.25
was prepared from thiophenol and 5-bromopentanol in 1M

ethanolic potassium hydroxide and then oxidised with sodium

periodate to give the sulfoxide 4.26. Sulfoxides 4.27,4.29 and 4.31
were synthesized from lithiated methylphenylsulfoxide and
acetaldehyde, acetone and benzophenone respectively, at -78°C for

1 hr. The sulfones 4.28, 4.30 and 4.32 were made from oxidation

of the corresponding sulfoxides 4.27,4.29 and 4.31 with oxone.

When these sulfoxides and sulfones were treated with TBDMSCI
and imidazole in DMF (Scheme 4.7) the only products observed

however were the corresponding silylethers 4.33 and 4.34.
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The products 4.19-4.22 most likely arise from the
silyloxysulfonium intermediate 4.35 which can undergo a
Pummerer type rearrangement to the sulfenium ion 4.37 via B-
elimination of tert-butyldimethylsilanol (Scheme  4.8).
Intramolecular addition of hydroxyl or intermolecular addition of

imidazole to 4.37 then gives 4.24 or 4.23 respectively. Pummerer-

type rearrangement of sulfoxides by trimethylsilylhalides have
been reported91a.b.c.d, however there has been little application of
TBMSCl/imidazole or TBMSCI/DMAP to these type of reactions.
The disulfide possibly arises from 4.36 formed by nucleophilic
carbon-sulfur bond cleavage of intermediate 4.35. Disulfides have
been reported from the reduction of sulfonylhalides with
iodotrimethylsilane92. TBMSCI is an effective and efficient reagent
for chemoselective O-silylation of the sulfoxide moiety of 10-
alkylsulfinylbornan-2-oxo-ols. We suggest the reason for this high
chemoselectivity is purely steric in nature since the 2-hydroxy
function resides in a highly sterically hindered environment.
Consistent with this suggestion was the observation that the
corresponding sulfones of 4.5 and 4.6 could be recovered
completely unchanged after exposure to the above silylation

conditions.
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Scheme 4.6.
KOH/EIOH NalO S
PhSH + Br(CH)sOH ———— PhS(CH)sOH — " =  PNS (CH_)sOH
4.25 4.26
e T o R
Ph—g—'CH MeCHO o, ph—S—CH,—C—Me ——5 g Ph—S—CH,—C—M
2 2 I " 2 |
H 0 H
4.27 4,28
0 OH 0 OH
0o Me,CO Il | KHSOs I L
Ph—S—CH, ———— Ph—S—CHz—?—Me — Ph—ﬁ—CHz CIJ ¢
Me o) Me
4.29 4,30
0 OH 0
O phco 0., L xmsos T ¢H N
Ph—S—CH, ———— Ph—=S—=C 2§ —_— Ph—ﬁ—CH2 cl;
Ph 0 Ph

4.31 4,32
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Scheme 4.7.
i
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4.26
O OH ®) OH
I | Il 1
R, O R,

5.-.21 R] = H, R2 = Me
4.29 R, = Me, R, = Me
4.29 R; =Ph, R, =Ph

428 R, =H, R, = Me
4.30 R, = Me, R, = Me
4.32 R; =Ph, R, =Ph

0 (l)Sit-BuMe2
. . I
Dhg/;f[m;;_zglle> Ph—S—CHz-CI:—Rz
t- € 1
! R, 4.33
O OSit- BuMe,

H |
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O R,

R;=H R, =Me
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Scheme

4.8.
%m
OSit-BuMe
Cl + S\’ ?

CH,R 4.35

- HOSit-BuMe,

Ny
RCHNu + é@w OH
S —OSit-BuMe,

CI" +S=\
4.36

R
4.37
/=N
4.36 HN\) intramolecular
addition
4.6 4.5 4.7) 4.8

EXPERIMENTAL

10-Thio-bornan-2-exo0-0186 4,2

To a solution of LiAlH4 (7.6g, 0.2mol) in 186ml of dry ether
at -78°C was added camphorsulfonyl chloride (25.3g, 0.1mol) and
the resulting mixture was warmed to room temperature and then
refluxed overnight. The solution was then quenched with ethyl
acetate (50ml) and 1% HC! (50ml). The organic layer was then
separated and washed with brine, dried (MgSO4) and evaporated.

Column chromatography on silica gel eluting with 5% ethyl
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acetate/hexane gave the pure sulfide, 18.6g (68.8%). mp 72-76°C,
1it88. mp 86-70°C.

10-Benzylthio-bornan-2-exo-0l 4.4 and 10-methylthio-
bornan-2-exo-ol 4.3.

The 10-thio-bornan-2-exo-ol 4.2 (6.3g, .0339mol) was
dissolved in 68ml at .5 molar KOH in ethanol and cooled to 0°C.
Either benzyl chloride or methyl iodide (.0339mol) was then added
dropwise and stirring was continued overnight at room
temperature. The ethanol was then evaporated, water was added
(20ml) and the solution was extracted with ether. The ether layers
were dried (MgSO4) and evaporated to yield 8.72g (93%) of 10-
benzylthio-bornan-2-exo-ol 4.4 or as a semisolid 6g (86%) of 10-
methylthio-bornan-2-exo-ol 4.3 as a semisolid.

4.3: 1H NMR 3.8 (m, 1H), 2.81(d, 1H), 2.51(d, J=11.4 Hz, 1H), 2.07(s,
3H), 1.64(m, 7H), 0.99(s, 3H), 0.77(s, 3H); 13C NMR 76.57, 52.16,
47.26, 44.93, 39.12, 343,18, 30.98, 26.94, 20.40, 19.71, 16.80.

4.4: 1H NMR 7.32(s, 5H), 3.75(m,1H), 3.71(s, 1H), 2.70(s, J=9.7 Hz,
1H), 2.47(d, J=9.1 Hz, 1H), 0.98 (s, 3H), 0.77(s, 3H).

(Rg)-10-Methylsuifinylbornan-2-exo-ol 4.5 and (Rg).1.
benzylsulfinylbornan-2-exo-0l 4.6

4.3 or 4.4 (0.0316mol) was dissolved in DCM (200ml) and cooled to
0°C then a solution of m-CPBA (0.0316mol, 6.4g) in DCM (100ml)
was added dropwise and stirring continued at room temperature
over night. A saturated solution of NaHCO3 (100ml) was added
and stirring continued for 1 hr. The organic layer was then
separated, dried (MgSOg4) and evaporated. Column chromatography

on silica gel in 1:1 ethyl acetate / hexane provided the pure
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product.  (Rs)-10-methylsulfinylbornan-2-exo-ol  (4.5) was
obtained in 64% yield , m.p. 75-76°C.
(Rs)-10-methylsulfinylbornan-2-exo-ol 4.6 was obtained in 83%
yield, m.p. §4-85°C.

4.5:'H NMR 4.04 (m,1H), 3.38 (d, J=13.12 Hz, 1H), 2.65 (s, 3H),
3.41(d, J=13.12 Hz, 1H), 1.29(m, 7H), 1.12(s, 3H); 13C NMR 76.43,
55.02, 51.04, 47.57, 46.63, 39.56, 38.12, 30.50, 26.73, 20.05, 19.49;
IR (nujol) 3340 (br), 1080 (s).

4.6: 1TH NMR 7.40-7.24 (m,5H), 4.00 (m,4H), 3.12 (d, J=13.93, 1H),
2.40 (d, J=13.93, 1H), 1.80-1.60 (m, 7H), 1.07 (s, 3H), 0.76 (s, 3H);
I3C NMR 129.60, 128.39, 127.90, 76.41, 59.11, 51.45, 50.67, 47.55,
44.53, 38.09, 30.39, 26.63, 20.00, 19.47.

General Procedure for the addition of 4,5 and 4.6 to
imines.

To a solution of 4.5 or 4.6 (Immol) in THF (3 ml) at 0°C was
added n-butyllithium (2.1 equiv.) and stirring was continued for 1
hr. The reaction was cooled to -78°C and the imine 4a and 4b was
added. The reaction was worked up after 1 hr. by the adddition of
10% aqueous K2CO3 (1 ml). The crude reaction mixture was
exctracted with DCM and dried with MgSO4. Yields are recorded in
Table 4.1 and 4.2.

(Rs)-10-(2'-phenyl-2'-phenylamino)-ethylsulfinylbornan-
2-exo0-0l 4.8

1H NMR 7.45-6.50(m, 10H), 4.91(dd, 1H, J=5.49, 14.5Hz), 4.03(dd,
1H, J=4.12, 8.08Hz), 3.91(d, 1H, OH), 3.33(d, 1H, J=5.95Hz); 13C NMR
146.30, 146.13, 141.40, 140.80, 128.79, 127.66, 127.40, 126.02,
117.78, 113.71, 76.57, 60.27, 55.46, 53.51, 51.04, 47.79, 44.71,



211

38.26, 30.45, 26.81, 20.18, 19.62; IR(film) 3600-3200 (br),
1080(s), 1000(s); MS (CI+ve), 398 (M+H*, 100%), 196 (100%),
182(34%), 135(14%), 104(14%), 77(11%); HRMS caled for
C24H31NO2S, 397.2075, found 397.2065.

1,2,3,4-Tetrahydro-6,7,dimethoxy-1-(exo0-2'-
hydroxybornan 10'-sulfinyl) methyl] isoquinoline 4.9

lH NMR (major isomer, in part) 86.61 (s,1H), 6.62(s,1H), 4.56
(m,1H), 4.08(br, 1H, CH(OH)), 3.35 (d, 1H, J=13.1Hz), 2.43 (d,1H,
J=13.1Hz); (minor isomer in part) 4.53 (m,1H), 3.45(d,1H),
12.97Hz), 2.52(d,1H, J=12.07 Hz); 13C NMR (major isomer) 147.51,
147,17, 111,76,109.11, 76.22, 59.62, 55.50, 52.68, 50.73, 47.70; MS
(Cl+ve) 408(M+H*,94%), 390(39%), 205(100%), 192(100%),
176(83%), 135(57%), 107(66%), 91(100%), 77(100%).
1,2,3,4-Tetrahydro-6,7,dimethoxy-1(exo-
2[hydroxybornan-10-sulfinyl)2-
phenylmethyl]isoquinoline 4,12

M.p. 83-840C; 1H NMR 7.43-7.16 (s, 5H), 6.54 (s, 1H), 5.59 (s,
1H), 4.64 (d, 1H), ( J=10.33 Hz), 3.78 (s, 3H), 3.18 (s, 3H); 13C NMR
134.08, 130.44, 128.92, 128.79, 128.70, 127.88, 126.93, 112.06,
110.98, 77.17, 10.80, 55.89, 55.63, 55.24, 51.21, 49.91, 48.05,
45.06, 78.99, 38.56, 31.19, 28.72, 27.29, 20.49, 19.71; IR 3600-
3200 (br), 1510 (s), 1460 (s), 1265 (s), 1225 (s), 1115 (s), 1030 (s),
MS (Cl+ve) 296 (23%), 282 (74%), 192 (100%), 182 (74%), 135
(100%), 107 (100%), 91 (74%); HRMS calcd for C8H38NO4S
484.2522, found 484.2494.

A General Procedure for the TBMSCl/imidazole Reaction:
To a solution of the sulfoxide 4.5 or 4.6 (2 mmol) and TBMSCI
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(330 mg, 2.2 mmol) in dry DMF (3ml) and was added imidazole
(340 mg, 5 mmol) and the solution was stirred at room
temperature for 18 h. Water (10ml) was added and the solution
was extracted with dichloromethane (3 x 10ml). The combined
extracts were washed with water (5 x 15ml), dried (MgSO4) and
then evaporated. The crude product was purified by column
chromatography on silica gel using ethyl acetate and then
methanol/gthyl acetate (5:95) as eluent. Sulfoxide 4.5 gave 4.19
(370 mg, 70%) as a colourless oil. Sulfoxide 4.6 gave 4.21 (320
mg, 47% yield) and 4.22 (130 mg, 24%) as colorless oils and as a

mixture of diastereoisomers.

(1S,2R,4R)1-(1-(2-hydroxy-7,7-dimethyl)-bicyclo-[2.2.1]
heptyl methylthiomethyl imidazole 4,]19.

IH NMR (CDCI3) § 7.60 (br. s, 1H), 7.29 (br. s, 2H), 5.09 (d, J =
14 Hz, 1H), 495 (d, J = 14 Hz, 1H), 3.84 (dd, J = 4, 7.5 Hz, 1H), 3.28
(br. s, 1H, OH), 2.81 (d, J = 11.5 Hz, 1H), 2.44 (d, J = 11.5 Hz, 1H),
1.75 (m, 4H), 1.44 (sex, 1H), 1.19 (sex, 1H), 1.03 (m, 1H), 1.02 (s,
3H), 0.79 (s, 3H); 13C NMR (CDCI3) & 136.7, 128.8, 118.4, 75.1, 51.7,
48.3, 47.0, 45.0, 40.2, 30.5, 29.9, 25.3, 20.1, 17.6; IR (film) 3600-
2940 (br. s), 3010 (shoulder), 1455 (m), 1340 (m), 1321 (m), 1178
(m), 1024 (s), 980 (m), 868 (m), 789 (m), 663 (m), 611 (m) cm-1;
MS(CI +ve) 267 (100, M + H*), 249 (22, M + H* - H20), 69 (40), ;
HRMS calcd for C14H23N20S 267.1530, obsd 267.152.

4a,5,6,7,8,8a-hexahydro-2-phenyl-4a,7(1-1-dimethyl)
methano-2H,4H-1-0xa-3-thianaphthalene 4.,22.
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IR (film) 1452 (m), 1389 (m), 1261 (m), 1180 (m), 1072 (s),
1060 (m), 1044 (m), 710 (s), 697 (m) cm™1; 1TH NMR (CDCl3): (in
part) major isomer & 7.45 - 7.25 (m, 5H), 5.69 (s, 1H), 3.79 (dd, J =

3.3, 7.5 Hz, 1H), 3.29(d, J = 14.2 Hz, 1H), 2.81 (d, J] = 14.2 Hz, 1H),
1.49 (s, 3H), 0.96 (s, 3H); minor isomer (in part) § 6.08 (s, 1H), 3.87
(dd, J = 3.7, 7.7 Hz, 1H), 1.25 (s, 3H), 0.93 (s, 3H); 13C NMR (CDCl3):
major isomer (in part) & 85.7, 78.0, 45.6, 38.0, 29.9, 27.3, 234,
20.4; minor isomer 83.1, 79.6, 44.8, 37.2, 26.9; MS(CI +ve) 275
(95, M + H*), 169 (100), 157 (80); HRMS cacld for C17H?22S0,
274.1390, obsd 274.139.

(1S,2R,4R)1-(1-(2-hydroxy-7,7-dimethyl)-bicyclo-[2.2.1]
heptyl)methylthio(phenyl)methylimidazole 4.21.

IR (film) 3650-3020 (br. s), 3110 (shoulder), 1457 (m), 1390
(m), 1372 (m), 1222 (m), 1110 (m), 1073 (s), 1030 (m), 918 (m),
879 (m), 821 (m), 732 (m), 661 (m) cm-l; 1TH NMR (CDCI3): _major
isomer (in part), 8 8.85 (s, 1H), 7.6 - 7.1 (m, 7H), 6.43 (s, 1H), 3.91
(dd, J = 3.9, 7.3 Hz, 1H), 293 (d, J = 11.3 Hz, 1H), 235 (d, J = 11.3
Hz, 1H), 1.03 (s, 3H), 0.74 (s, 3H), minor isomer (in part) & 8.82 (s,
1H), 6.30 (s, 1H), 3.84 (dd, J = 3.7, 7.5 Hz, 1H), 2.74 (d, J = 11.5 Hz,
1H), 2.55 (d, J = 11.5 Hz, 1H), 0.99 (s, 3H), 0.80 (s, 3H); 13C NMR
(CDCI3): major isomer, & 138.2, 136.7, 129.1, 128.4, 128.2, 126.0,
118.0, 75.6, 65.1, 52.0, 47.4, 45.2, 40.5, 30.8, 26.7, 20.3, 19.8,
minor isomer (in part) & 138.0, 129.4, 128.4, 118.0, 75.8, 45.0,

40.2, 31.1, 26.8, 20.4, 19.8; MS(CI +ve) 343 (12, M + H7T), 275
(100), 169 (51); HRMS calcd for C20H27N20S 343.1843, obsd

343.184.

A General Procedure for the TBMSCI/DMAP Reaction.
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To a solution of the sulfoxide 4.5 or 4.6 (1 mmol), 4-

dimethylaminopyridine (40 mg, 0.33 mmol) and dry triethylamine
(I mmol) in dry DMF (3ml) was added TBMSCI (150 mg, 1 mmol).
The solution was stirred at room temperature for 18 h. The crude
product was isolated as described above and then purified by
column chromatography on silica gel 60. Elution with ethyl
acetate/hexane (1:1) gave the disulfide 4,20 and then 4,22 upon
clution with methanol/ethyl acetate (5:95). Sulfoxide 4.5 gave 4.20
(160 mg, 43%) as a colorless oil. Sulfoxide 4.6 gave 4.2t (202 mg,
74%) and 4.22 (18 mg, 5%) as colorless oils.

(1S,2R,4R)Di(1-(2-hydroxy-7,7-dimethyl)-bicyclo[2.2.1]
heptyl) methyl) disulfide 4,20.

IH NMR (CDClI3) d 3.95 (dd, J=3, 7.8 Hz, 1H), 3.19 (d, J = 12.8 Hz,
1H), 2.79 (d, J = 12.8 Hz, 1H), 2.63 (br. s, 1H, OH), 1.84 - 1.6 (m, 4H),
1.49 (sex, 1H), 1.29 (sex, 1H), 1.09 (sex, 1H), 1.08 (s, 3H), 0.84 (s,
3H); EIMS m/z (relative intensity) 370 (8, M*), 352 (2, M - H20),
336 (20); HRMS calcd for C20H3402S2 370.1997, obsd 370.200.
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