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Enantioselective synthesis using bromoacetals
S. A. Boyes

Abstract

A brief overview of why it is important to prepare a chiral compound as a specific
enantiomer rather than as a racemate is discussed along with several general strategies on
how they maybe prepared.

The area of research into the preparation of racemic and enantiomerically pure
arylpropanoic acids is briefly reviewed by reference to some of the more important
synthons. Some of the more general procedures that have been developed for the
construction of arylpropanoic acids are discussed.

The preparation of substituted alkyl aryl ketones and their subsequent two step
conversion into diastereomerically enriched dimethyl tartrate (S)-bromoalkyl aryl acetals
is described. An investigation into the effects of solvent, source of anhydrous acid, work-
up procedure, source of bromine and temperature upon the bromination of these
dimethyl tartrate acetals is discussed.

Direct conversion of these diastereomerically enriched dimethyl tartrate (S)-bromoalkyl
aryl acetals into enantiomerically pure (S)-bromoalkyl aryl ketones and their subsequent
conversion into (S)-bromoalkyl aryl esters via a Baeyer-Villiger reaction is described.
Hydrolysis of these (S)-bromoalkyl aryl esters followed by treatment with diazomethane
afforded the corresponding methyl (S)-bromoalkyl esters with minimal racemisation,
while treatment of these (S)-bromoalkyl aryl esters with an amine gave the corresponding
amide with minimal racemisation.

Reduction with sodium borohydride at low temperature of a (S)-bromoalkyl aryl ketone
afforded exclusively the corresponding (15,2S) alkyl aryl bromohydrin as predicted using
the Felkin-Anh model.

Stereospecific conversion of our diastereomerically enriched dimethyl tartrate
(S)-bromoalkyl aryl acetals into (S)-arylcarboxylic acids using a silver promoted or
solvent promoted rearrangement is discussed. Subsequent conversion of these
(S)-arylcarboxylic acids into the corresponding Boc amide via a modified Curtius
rearrangement is described.

Possible further uses of dimethyl tartrate bromoacetals leading to the synthesis of highly
functionalised lactones, lactols, epoxides, chiral diacids, diamines, chiral ligands,
resolving agents etc are also discussed.
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Enantioselective Synthesis Using Bromoacetals

T NH,

CO,H @/\CozH @/k

5 a-methylbenzylamine
Figure 4
The amine will form a salt with each of the carboxylic acids and since the two salts are
diastereoisomeric they will have different physical properties thus allowing for separation
(e.g. by fractional crystallisation). Fractional crystallisation in this case is where one salt
is less soluble in a given solvent than the other and thereby preferentially crystallises out,
although more than one fractional crystallisation maybe needed in order to obtain
optically pure material. The product is then isolated by treatment of the salt with dilute
hydrochloric acid. This is a reiatively cheap method of purification but depends on the
functionalities present. But it can never give more than 50% yield unless recycling of the
‘non-required isomer’ is incorporated into the process e.g. Cypermethrin 6 where a
cyclobutanone intermediate is resolved and the non-required isomer is racemised and

recycled (see Scheme 1).°



Enantioselective Synthesis Using Bromoacetals

CCl, cl;c;|3
0 ,
/ "‘4, / O
® _© > *
Bu",N" ClI 1:1
Cl : Cl
A
a) NaHSO4
H. N
b) /<H2
Ph
cel, ccl,
OH OH
Y, i ) ] J -
303 %I-g llu.So3 H,-/‘<Nl-ls
Ph
Cl cl Ph
l NaHCOjg l NaHCO3
cel, cal,
o) 0
’ / /
el cl
CN
c i o
o) -
cl
6 Cypermethrin
Scheme 1
Chiral template

The use of a chiral template to prepare enantiomerically pure compounds involves
starting with a chiral compound and converting it into the required product by reactions
which retain the stereo-integrity. A key feature of this approach, is that some or all of the

atoms in the starting material can be found in the final product, with the starting material

usually being an amino acid or carbohydrate.

9
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Enantioselective Synthesis Using Bromoacetals

XQQ ><
OHINo —L . °
N\

0 b)
0 OAT\ ><0

7
H _ oav
2 EOoMe
0 ><
O, d) o
O,
CO2Me C02Me
CgHis
o CgHi7
O, ° l
f) OH
COM or T 0O
) e
(not isolated) H H
O
(0]

¢))
o o /
Hy7Cg O H17C8 O
H H h) ' H H
(0] y O
o) O

8 avenaciolide
a) CrO; b) PhP=CHCO,Me ¢) H,/Pd d) (i) CH;COOH (ii) NaIO,4
e) (i) PhsP=CHC¢H,; (ii) Ho/Pd f) HClq g) Pyridine / CrO; h) CH,O / base
Scheme 2
Reactions such as these rely on the ready availability of chiral starting materials, but

unfortunately there are relatively few which are synthetically useful.
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Enantioselective Synthesis Using Bromoacetals

Chiral auxiliary

This method of asymmetric synthesis involves ‘tagging’ a chiral group onto the substrate
and using it to direct the formation of one or more neighbouring chiral centres (i.e.
diastereoselectivity).” One of the most useful examples has been shown to involve chiral

oxazolidinones (see Scheme 3).

NH, Q
H——coH HN)kO
A —> \/

9 (S)-\}aline 10
i) BoHg i) H;O iii) (Et0),CO / K,CO;
Scheme 3

This oxazolidinone 10 is derived from S-valine 9, but others can be used.’ A key feature
is the relatively large isopropyl group next to the carboximide nitrogen, where the

substrate is to be subsequently attached (see Scheme 4).

X X @
Hr\_l\____/o a) R\)kl\f\_/o b) R\)\N\/_u\—/o
\ \ —

a) i) LDA ii) RCH,COCl b) LDA
Scheme 4
The enolate generated has a fixed conformation due to the dipolar interaction between
the lactam carbonyl and the enolate lithium with the Z-isomer predominating due to the

minimal steric hindrance compared to the E-isomer.

This Z-enolate can then undergo reaction with various electrophiles, with the isopropyl

group largely preventing attack from the lower face (see Scheme 5).

12
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Enantioselective Synthesis Using Bromoacetals

Enzymes and Chiral Reagents
The use of enzymes and chiral reagents in organic synthesis has the possibility of
producing enantiomerically pure compounds. Enzymes are usually cheap to obtain as
whole cells but maybe more expensive when the pure enzyme is required. The enzyme
chymotrypsin can be used to resolve a racemic mixture of esters by preferentially

hydrolysing one of the enantiomers (see Scheme 7).}

PhCH H H,0 ' PhC H

2 .
> NN
AcNH CO.H

AcNH Co,Me cat. a-chymotrypsin

PhCH,, H

‘s

AcNH Cone

Scheme 7
This ability to differentiate between enantiomers relies on the different way each
enantiomer binds to the active site of the enzyme, giving a faster rate for one enantiomer

compared to the other.
The way a molecule binds to the active site of the enzyme affects the final

stereochemistry of the product (see Scheme 8a). The reduction of a prochiral ketone 12

with an enzyme found in baker’s yeast gives an enantiomerically enriched product 13.

14
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Q HO, H
i |’
. oo
' 12 13
H
it) o)
—
OH H
O
OH
14 15 '

ii) Horse liver alcohol dehydrogenase / flavin mononucleotide / nicotinamide adenine

b)

i) Baker’s yeast.

dinucleotide.

Scheme 8
Another example where the differentiation in the way a molecule binds to an enzyme is

not restricted to prochiral molecules. In Scheme 8b a meso diol 14 is converted into an
enantiomerically enriched lactone 15;'° here one of the hydroxy groups undergoes

oxidation when it binds to the active site, while the other remains unbound.

Many important non-enzymatic asymmetric synthetic methods have been develbped in
recent years, the Katsuki-Sharpless epoxidation probably being one of the most
significant.'' Tt allows either enantiomer to be synthesised from the same starting material

in high yield and high enantiomeric excess (see Scheme 9).

I:\:‘1 RZ R1 R2 R1 R2
o €) (b) o
: - —>
Rs . Rg Rs
OH OH OH
a) 2R,3R-Diethyl tartrate / ‘BuOOH / Ti(OPr),
b) 25,3S-Diethyl tartrate / 'BuOOH / Ti(O'Pr),
_ Scheme 9
The enantiomer formed depends upon the chiral component, either (2R,3R)-diethyl
tartrate or (28,35)-diethyl tartrate, both of which are commercially available. The
reaction requires only a catalytic amount of the chiral component and must be carried out

at a low temperature with total exclusion of water."!

15
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Enantioselective Synthesis Using Bromoacetals

CO,H */©/\COZH
>>

18 Ibuprofen | 17 Ibufenac
Figure 8
This has given rise to a wide variety of substituted arylpropanoic acids (for selected

examples see Table 1) along with numerous methods for their synthesis.”

17
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Enantioselective Synthesis Using Bromoacetals

The introduction of a methyl substituent also creates a chiral centre, and therefore the
possibility that one enantiomer has the greater pharmacological activity. This is clearly
demonstrated by Naproxen 11(S) where the (S)-enantiomer is 28 times more active than

the (R)-enantiomer (see Figure 9).'*'¢

11 (S)-Naproxen 11 (R)-Naproxen
Figure 9
Numerous methods have been developed for the preparation of racemic arylpropanoic
acids (see Scheme 10 for selected examples) while there are fewer asymmetric methods

(see Scheme 11 for selected examples).

19



Enantioselective Synthesis Using Bromoacetals

a) From arylacetic acids."”

s
Ar” "COEt —>» J\
2 Ar” “CO,Et

Reagents: NaH, Mel, MeOCH,CH,OMe
b) From aryl alkenes."

o — QO
MeO MeO

Conditions: CO / EtOH, (PhsP),PdCl,, BF; / Et,0, pressure, 120°C

L — K
Ar” X Ar” COH

X=Clor Br Reagents: Mg, Et,0, CO,, H;0"

¢) Via organometallics.®

d) Via lactic acid derivatives."

)\/@ — /k/©/LCOZH

Reagents: 2,5-dioxo-3,6-dimethyl-1,4-dioxane, polyphosphoric acid

e) Rearrangement of propiophenones.”

e —
Ar/”\/ Ar” > Co,Me Ar” > CO,H

Reagents: a) Pb(OAc)s, 70% HCIO,;, HC(OMe); b) aqg NaOH then H;0"

f) Rearrangement of a-substituted propiophenone acetals. ' 16212

MeO OMe
Ar —_— /L
X A CO,Me

X =Br, Cl, OMs, OTosyl
Scheme 10

20



Enantioselective Synthesis Using Bromoacetals

a) Chiral auxiliary and rearrangement.

i) 14
MeO, OMe a) MeO__OMe ) c)
Ar —> Ar>${ - Ar/iLcone —> Ar/':LCOZH
7 H” 'z A A
5
Z= (D)-10-camphorsulfonyloxy
0
a) Recrystallisation b) CaCO;, DMF / HO c¢) HCl, MeOCH,CH,OMe
i)+ 22
MeO,C .COMe MeO,C €O Me
A 0__0O h, 9, ,l\
0. _0O > Ar”1~COH
Ar > . AT Y H 2
Br
a) Br, b) AgBF; c)aqHCI
iii) > 2
MeO.C COMe HO.C COH
2 \I—Il' 2 2 ¢ 2
0__0O Ay 0__O oy ,1\ |
Ar><_/ Arx:/ AriScoH
Br Br

a) NaOH / MeOH then HCI b) K,HPO, / KH,PO, / H,O

b) Photochemical rearrangement 2*

o)
UV light /1\
Ar)j\;/ —> Aa“bcoH
cl

H

¢) Rearrangement 2>

MeO___OMe

Ar > AT CO,Me
OH H

Reagents: PPh;, CCl,, Pyridine, DCM
d) Chiral Hydrogenation *°

Mope —= wh
Ar” > COMe - A4 "COMe

H, / (S) BINAP Rh (OAc); catalyst

Scheme 11
21
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Enantioselective Synthesis Using Bromoacetals

stereochemistry of the transition state is vital to controlling the stereochemistry of the

product (see Scheme 14).%7
¥
Mewe 8) MeO,  .H
A z : MeO” AT "Me > Ar CoMe
X Ar H

a) Lewis acid
Scheme 14
The choice of substituent X and the Lewis acid catalyst play an important role in the
control of the stereochemistry. A wide number of Lewis acid catalysts are known to
rearrange racemic haloalkyl aryl acetals to give arylcarboxylic acid esters 2" % in high
yield (see Table 2).

23



Enantioselective Synthesis Using Bromoacetals

Aryl X | Catalyst Solvent/ Reaction | Yield,

Temperature, °C | time, h %
4-Methoxyphenyl Br | ZnBr, Toluene /115 0.5 98
4-Methylphenyl Br | ZnBr, Toluene /115 1.5 96
Phenyl Br | ZnBr; Toluene /115 5 80
4-Chlorophenyl Br | ZnBr; Toluene /115 24 78
6-Methoxy-2-naphthyl | Br | ZnBr, Toluene /115 0.5 98
4-Isobutylphenyl Cl | ZnBrn, Toluene /115 4 94
4-Methoxyphenyl Cl | ZnCl Toluene /115 1 97
4-Methoxyphenyl Br | SnClL Toluene /115 1 94
4-Methoxyphenyl Br | CoCl; TCE /115 1 97
4-Methoxyphenyl Br | Hg.Cl . DCE /80 20 98
4-Methoxyphenyl Br | PdCL DCE /80 20 98
4-Methoxyphenyl Br | Cu:;Br; TCE /135 20 98
4-Methoxyphenyl Br | CaBr, TCE / 146 3 25
6-Methoxy-2-naphthyl | Br | AgBF, Methanol / 40 1 98
4-Isobutylphenyl . | ClI | AgBF, Methanol / 40 16 82
4-Methoxylphenyl Br | AgBF, Methanol / 40 1.5 98
6-Methoxy-2-naphthyl | Br | AgNO; Methanol / 40 3 96

DCE = 1,2 Dichloroethane, TCE = 1,1,2,2 Tetrachloroethane

Table 2

The results in Table 2 indicate that bromine is a better leaving group than chlorine, which
has been attributed to the difference in relative energies of the carbon-halogen bonds.?*
Table 2 also shows that AgBF, is a better Lewis acid catalyst than ZnBr, because it
promotes the rearrangement at a lower temperature, while other Lewis acids require the
use of high temperatures for longer periods of time than are required for ZnBr,. It is also
clear from the results in Table 2 that the nature of the aryl substituent has a considerable
effect on the reaction time, with electron donating substituents such as methoxyl
promoting rearrangement significantly more quickly than that with electron withdrawing
substituent such as chlorine. Searching through the literature for references regarding the

stereo-controlled rearrangement of aryl bromoacetals using Lewis acid catalysis showed

24



Enantioselective Synthesis Using Bromoacetals

that predominantly silver tetrafluoroborate had been used ” % (see Scheme 15 and

Table 3).

o_ O P
Ar><./

Br

MeO,Cy .ICO,Me
Ar/l\cozH

Reagents: AgBF, then H;0"

Scheme 15
Aryl d.e | Temperature, °C | e.e | Yield, %
/time, h
4-Methoxyphenyl 90 15/4.5 90 90
Phenyl 90 35/28 90 90
4-Chlorophenyl 88 50/8 86 90
6-Methoxy-2-naphthyl | 82 15/18 82 94
6-Methoxy-2-naphthyl | 98 15/18 98 97
Table 3

Comparing the results in Tables 2 and 3 indicates that the best method for rearranging
aryl bromoacetals is to use silver tetrafluoroborate which gives a product with almost no
racemisation of the new chiral centre. Surprisingly, no reference regarding the use of
ZnBr, for the 1,2 aryl rearrangement of enantiomerically enriched aryl bromoacetals was
found. As will be mentioned later, when we attempted such a rearrangement the product
obtained was racemic (see Scheme 16).

MeO.Cy ,-CO,Me

(0] (o] e
—> COH

Br
Conditions: ZnBr, / toluene / reflux then H;O"

Schemg 16

Other methods that do not use silver or zinc salts for the 1,2 aryl rearrangement of

a-substituted aryl acetals have been developed which use either triphenylphosphine,

25



Enantioselective Synthesis Using Bromoacetals

16, 26

carbon tetrachloride and pyridine (see Scheme 17) or aqueous phosphate buffer at

reflux (see Scheme 18).”

MeO___OMe J\
A’>ﬂ/ >  Ar:coMe

OH H

Reagents: PPh;, CCly, Pyridine, DCM
Scheme 17
The method in Scheme 17 is, according to the authors, stereospecific and has a 70-80%

yield, but it does depend on the installation of the stereocentre prior to the preparation of

the acetal.
MeO.C .CO Me HO.C COH
2 \I_ll' 2 2 \l_—ll' 2
0__0O A o__0O D /1\
Ar><./ Ar><./ Ar H CoH
Br Br

a) NaOH / MeOH then HCI b) K,HPO, / KH,PO, / H,O
Scheme 18
The method used in Scheme 18 makes use of the dimethyl tartrate chiral auxiliary for
directing the diasteroselective bromination of the aryl acetal and after modification
provides the functionality required for the aryl rearrangement. A surprising feature of the
reaction is that it is possible for the arylpropanoic acid product to have a higher
enantiomeric excess than the diastereoisomeric excess of the starting bromoacetal

(see Table 4).”

Entry Bromoacetal | Yield, % Product
Ratio (S:R)* Ratio (S:R)
1 100:0 80 >99:1
2 94:6 74 99:1
3 92:8 72 98.5:1.5
4 50:50 43 84:16
S 1:99 12 7:93

* configuration at the C-Br centre
Table 4

26
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Enantioselective Synthesis Using Bromoacetals

MeO,C -COMe .) °
: i
00 R
Ar><:/R Ar H
Br
i) MeSO;H, H,0
Scheme 22

Under aqueous acidic conditions a bromoacetal will hydrolyse back to the bromoketone
and racemise the stereocentre bearing the bromine, but under the conditions described,
where the amount of water is kept to a minimum, the stereocentre is retained with
minimal racemisation. When a diastereomerically enriched bromoacetal is hydrolysed to
give an enantiomerically enriched mixture of bromoketones, the bromoketone can
sometimes be recrystallised to give a single enantiomer. This will be discussed in more

detail in Section 2 of the discussion.

29



Enantioselective Synthesis Using Bromoacetals

Summary
Combining all the published work by the ‘Zambon’ group it is possible to describe a

commercial method for the preparation of enantiomerically pure Naproxen 11(S) (see
Scheme 23).” 4

MeO,C., iCO,Me

Bocasaicon

MeO.C CO_Me
i e N
o._ .0
MeO : : Br
Br

€)

@@ IScoH &5 COZH

MeO MeO »
Br

11 Naproxen

a) Dimethyl tartrate, MeSO;H, HC(OMe); b) H', Br, CCl4
c¢) NaOH, H,O then HCl1 d) Phosphate buffer e) H,, Pd/ C
Scheme 23
The following sections, will describe how the chemistry developed for the commercial
synthesis of arylpropanoic acids can be applied to the synthesis of other enantiomerically

enriched compounds.
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Enantioselective Synthesis Using Bromoacetals

Discussion

The diagram below (Scheme 24) details a general summary of the chemistry described in
this thesis. Section 1 outlines the preparation of dimethyl tartrate acetals from the
corresponding ketones and their subsequent bromination. Section 2 describes how these
bromoacetals were used in the preparation of aryl bromoketones, bromoamides,
bromoesters and bromohydrins, while Section 3 describes the rearrangement of
bromoacetals to 2-arylcarboxylic acids and their subsequent conversion to aryl alkyl
amines. In the diagrém the major isomer is shown when there is more than one isomer
present (see Scheme 24). |

Overall Reaction Scheme

| Xoc .COX
Step A o Step B | |

e 0. 0
ArH > Ar)k/ R AR

l Step C
Xoc.  ..COX
Ar = aryl O. O StepH
R = alkyl OOR e, ./i\co .y
X = OMe, NMe,, NH, H H 2
Br

l Step D l Step |

R
OH )
= . Step G I/i\
: A NH
I/\_/ < Ar/lk__/ R H 2
Br Br
l StepE

Q- . Step F /IOJ\/R Step F
MeNH ~ O —> HO

O
Qlu
A

(s o J1IN)
=

Scheme 24
Section 1 of this discussion will detail the preparation of the ketones 21-26, 40-44 and
46-49 by Friedel-Crafts acylation (step A) and how they were converted into the

31



Enantioselective Synthesis Using Bromoacetals

corresponding acetals 91-96, 98-103 (step B) by reaction with the chiral auxiliary
dimethyl tartrate. Once the acetals had been purified they were then brominated (step C)
using liquid bromine to give a mixture of diastereoisomers 108-121. Section 2 will
discuss how these bromoacetals were hydrolysed to the corresponding bromoketones
(step D), and how fhe bromoketones 78-85 and 87 which were (re)crystallised to give
single enantiomers. Reduction of the bromoketone 81 at low temperature using sodium
borohydride (step G) gave the bromohydrin 149(1S5,2S5) as a single diastereoisomer.
Alternatively Baeyer-Villiger oxidation (step E) of the bromoketones 80, 81 and 83-85
gave the corresponding aryl bromoesters 128-132 without racemisation of the chiral
centre. These aryl bromoesters 128-132 could be converted in to chiral bromoacids 133-
137 and bromoamides 145-148 respectively by reaction with aqueous lithium hydroxide
or an amine (step F). Section 3 will detail the conversion of aryl bromoacetals into
2-arylcarboxylic acids 151-153 and 162 (step H) by rearrangement with inversion of the
stereogenic centre. Preliminary work into the conversion by a modified Curtius
rearrangement (step I) of 2-arylcarboxylic acids to give the corresponding 1-aryl alkyl
(Boc protected) amines 166, 168 and 169 was started. Each of these steps will now be

discussed in more detail.

Section 1
Preparation of ketones 21-26, 40-44, 46-49, 59-62, 64 and 69

Initial work was with propiophenone 82 which is a cheap commercially available
compound, but as the project developed it became necessary to prepare the aryl alkyl
ketones 21-26, 40-44, 46-49, 59-62, 64 and 69 given in Figure 10.
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Enantioselective Synthesis Using Bromoacetals

interactions increase the probability of the formation of crystalline solids. It was hoped
that the introduction of these substituents would eventually give crystalline bromoacetals
that might be recrystallised to a single diastereoisomer. The literature states that
propiophenone dimethyl tartrate bromoacetals containing a 4-methoxy are liquid,” but
they would be useful in that they could provide a direct comparison between our results
and the literature. Compounds that contained a 4-nitro group were thought to be
synthetically useful because it was anticipated that the nitro would provide a handle
through which further modification could be achieved. The compounds containing
3-bromo-4-methoxyphenyl were originally side products from the bromination of
4-methoxyphenyl substituted acetals (discussed later in Section 1), but it was noted that
they increased the crystallinity of the bromoacetals and so became very useful as well as

making synthesis easier.

As these ketones are para-substituted aryl alkyl ketones the obvious method of synthesis
was by Friedel-Crafis acylation (see Scheme 25) except for 4-nitrophenyl where

alternative methods were attempted.

W©—>' R

Reagents: AlCl;, RCH,COCI
R = CH;, CH,CH;, CH(CHs),, (CH,);CHj, (CH;),CH3, Ph
Y = AcNH, TosNH, MeO
Scheme 25
Anhydrous aluminium chloride and the acid halide (bromide or chloride) form a complex
in which the carbonyl is electron deficient (see Scheme 26). Substitution on the aromatic

ring occurs at the least sterically hindered positions that have a high electron density.

0] o o) e
e Jn = w3 == s

Scheme 26
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When substituent Y donates electrons into the aromatic ring the ortho- and para-
positions are activated, but if Y is physically large the ortho-positions are sterically

hindered and reaction only takes place at the para-position (see Figure 11).

Sterically
Sterically unhindered
hlndered\s_ & 8_‘/
\?> :.,_ *  Stericaly
~~~ hindered
Figure 11

4-Methoxyphenyl and 3-bromo-4-methoxyphenyl substituted ketones (21-26 and

40-44)

Preparation of ketones with a methoxy substituent in the para-position of the aromatic

ring is readily achieved by Friedel-Crafts acylation on anisole 20 (see Scheme 27).

o]
@ ?
_—
MeO
20 21 R =CH;, 92%

22  R=CH,CHj;, 94%

23 R =CH(CHs),, 95%

24 R =(CH);CHj;, 94%

25 R =(CH);CH3,9%%

26 R =Ph, 86%
Reagents: AlCl;, RCH,COCI

Scheme 27
Anhydrous aluminium chloride (1.5 equivalents) and the acid chloride (1.4 equivalents)

were stirred at room temperature in dry dichloromethane (DCM), to which anisole 20
was added dropwise. Upon complete conversion as indicated by thin layer
chromatography (TLC) the reaction mixture was poured onto ice / conc. HCI to
decompose the aluminium chloride / ketone complex. Characterisation of the products by
'H NMR spectroscopy showed the typical doublet of doublets at 6.9ppm and 7.9ppm in

the aromatic region of the spectrum, while infrared spectroscopy (IR) showed the typical
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Enantioselective Synthesis Using Bromoacetals

(0]
. R
MeO 3
Br MeO
Br
39 40 R =CH,CH;, 87%

41 R =CH(CH:;),, 85%

42 R =(CH,);CHj, 79%

43  R=(CH,),CHs,84%

44  R=Ph, 78%
Reagents: AlCl;, RCH,COCI

Scheme 28
The reaction was done under the same conditions as when anisole 20 was used as the

starting material.

Acetamido substituted ketones (46-49

Preparation of para-substituted aromatic ketones with the acetamido functionality was

by Friedel-Crafts acylation using acetanilide 45 (see Scheme 29).

(0]
Q @
_—
AcNH
AcNH
45 46 R = CH;, 99%

47  R=CH,CH;, 90%

48  R=CH(CHs),,95%

49  R=(CH,);CHs, 95%

Conditions: AlCl;, RCH,COC], A (CS; or DCM)
Scheme 29

When acetanilide 45 (1.0 equivalent), anhydrous aluminium chloride (3.0 equivalents)
and the acid chloride (1.5 equivalents) were heated to reflux in DCM the required
product was obtained in good yield when the reaction was done on a small scale. The
extra aluminium chloride needed when compared to the analogous reaction with anisole

has been generally attributed to the fact that acetanilide 45 can itself complex with the
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aluminium chloride thereby hindering the acylation reaction. Larger scale preparations
(>5g) gave significant amounts of ‘polymerisation’, possibly due to cross linking by a
Friedel-Crafis alkylation with the DCM solvent. One reaction ‘polymerised’ to form a
amorphous solid which was almost insoluble in solvents such as acetone, ethyl acetate or
DCM. The material was so inert that the use of chromic acid failed to remove material
attached to the glassware. Further investigation led to changing the solvent from DCM
to carbon disulphide. This prevented the cross linking whilst making the work-up a little
more convoluted due to the excess carbon disulphide having to be decanted off, prior to
dilution of the reaction mixture with DCM and pouring it onto ice / conc. HCI. The use
of carbon disulphide as the solvent gave excellent results but had the problems of

flammability and odour.

p-Toluenesulphonamide substituted ketones 59-62

It was anticipated that, under either of the conditions used for acylation of acetanilide 45,

the corresponding acylation of N-tosylaniline 50 would take place (see Scheme 30).

0]
wdD Ko
TosNH
50 ‘ 59
Conditions: AlCl;, CH3;CH,COCI, A (CS, or DCM)
Scheme 30

Refluxing N-tosylaniline 50, aluminium chloride and propionyl chloride in DCM or
carbon disulphide showed no sign of the required product but gave some ‘polymerisation
/ decomposition’ of the starting materials. Prolonged heating increased the amount of
‘polymerisation / decomposition’ but none of the required product was observed by
TLC. This could be due to the fact that the sulphonamide substituent was not sufficiently
activating the aromatic ring when compared to the acetamido group. Evidence to
support this can be found by comparing the pKa of the sulphonamide group with that of
acetamide and indicated that the sulphonamide group was slightly electron withdrawing,

while the acetamide group was activating.
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Enantioselective Synthesis Using Bromoacetals

the reaction to ‘one equivalent resulted in incomplete conversion of
4-bromopropiophenone 53. When 4-chloropropiophenone 54 was substituted for
4-bromopropiophenone 53 no reaction was observed at all. Obviously under these

reaction conditions there is not sufficient energy to break the carbon chlorine bond.

Since direct preparation of the p-toluenesulphonamido ketones 59-62 was not straight
forward, an alternative was to take the acetamido ketones 46-49 and hydrolyse the amide
to give the corresponding aminoketones 55-58 (see Scheme 33). These aminoketones
55-58 could then be converted to the p-toluenesulphonamido ketones 59-62 by reaction

with p-toluenesulphonyl chloride in pyridine.

o (o)
/©)1\/R . /@/‘K/R
AcNH HN
46 55 R=CH;8%
47 56 R =CH,CH;,88%
48 57 R =CH(CHs;),,70%
49 58 R =(CH,);CHj, 94%
Conditions: HClg), A or HCl,g, ethanol, A

Scheme 33

Hydrolysis of the acetamido group by refluxing in aqueous hydrochloric acid gave the
~ corresponding the amino ketones in good yields, but the acetamido ketones 46-49 had a
low solubility until the reaction was at reflux. When the solvent was changed to 50 /50
aqueous hydrochloric acid / ethanol the solubility of the acetamido ketones 46-49 was
increased, but the isolation of the product was hindered. Therefore the most convenient
method of hydrolysis was using aqueous hydrochloric acid at reflux. Conversion of
amino ketones 55-58 to the corresponding p-toluenesulphonamido ketone 59-62 was
achieved in high yields by stirring the amino ketone 55-58 with p-toluenesulphonyl
chloride (1.05 equivalents) in pyridine at room temperature for 24 hours (see
Scheme 34).
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Enantioselective Synthesis Using Bromoacetals

o)

R = CH;,98%
R = CH,CH;, 91%

R = CH(CH),, 94%
R = (CH,);CH;, 90%

Reagents: p-toluenesulphonyl chloride, pyridine

Phthalimido ketones

Scheme 34

It was anticipated that Friedel-Crafis acylation on N-phenylphthalimide 63 would be a

relatively straight forward reaction (see Scheme 35).

s O ONJ@*/

(@)

63

(0]

64

Conditions: AlCl;, CH;CH,COC]I, A, (DCM or CS3)

Scheme 35

Anhydrous aluminium chloride (3.0 equivalents), propionyl chloride (3.0 equivalents)

and N-phenylphthalimide 63 were dissolved in DCM and heated at reflux for 48 hours

during which no reaction was observed. Increasing the amounts of aluminium chloride

and propionyl chloride had no effect on the reaction. Surprisingly little or no

decomposition of the starting material was noted, as the starting material 63 could be

recovered. This lack of reactivity could possibly be due to the phthalimide substituent

sufficiently deactivating the aromatic ring preventing reaction as observed with the tosyl

substituent, or possibly that the phthalimide co-ordinates with the aluminium chloride.
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An alternative method of synthesis was by reaction of the amino ketone 55 with phthalic

anhydride in glacial acetic acid at reflux for 24 hours (see Scheme 36).

O
o
—_—
N
HN o
55 64

Reagents: phthalic anhydride, glacial acetic acid
Scheme 36
This gave the required product 64 in good yield (75%) as a pale grey crystalline solid.

Preparation of 4-nitropropiophenone

At first glance the preparation of 4-nitro substituted aryl alkyl ketones might seem to be

relatively straight forward, but we found this not to be so.

Method 1 (Oxidation of 4-nitrotoluene followed by Grignard)

Our first attempt at preparing 4-nitropropiophenone (see Scheme 37) was to prepare
4-nitrobenzaldehyde 67 via its diacetate 66 from 4-nitrotoluene 65 by oxidation with
chromium trioxide in acetic arihydride. It was anticipated that this 4-nitrobenzaldehyde
67 would then undergo Grignard reaction with ethyl magnesium bromide to give the

alcohol 68 which could be oxidised to give 4-nitropropiophenone 69.

CH(OAC), HO, | o
@ a) @ b) @ é\ d) é\
——-—> >
NO, NO,

65 66 67 68 69
Reagents: a)CrO;, Ac,O b) H;0" ¢) EtMgBr d) [O]
Scheme 37

The preparation of 4-nitrobenzaldehyde 67 was achieved in 74% overall yield according

to the method outlined in Vogel.*® Ethyl magnesium bromide was prepared in dry THF
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to which 4-nitrobenzaldehyde (dissolved in dry THF) was added at such a rate as to
maintain a steady reflux. We were surprised to find that a black discolouration developed
throughout the reaction mixture. We analysed a small sample by TLC, and this showed
that there was only one product present. A small sample was worked up and analysed by
'H NMR which showed that the aldehyde was still present and that the Grignard reagent
had substituted onto the aromatic ring under the influence of the nitro group to give 70
(see Scheme 38).

HO
CHO
7 l NO2
EtMgBr 68
" NO, N\
CHO
67
Et
NO,
70
Scheme 38

We were very surprised at this, but it has been documented in the literature before.”’
After our first attempt at preparing 4-nitropropiophenone had failed we investigated

several alternative methods.

Method 2 (Diazonium from 4-nitroaniline)

The ability to substitute various functional groups for a diazonium group has been well
documented in the literature; usually the reaction is carried out in aqueous solution using
a copper salt as a catalyst to introduce substituents like fluorine. It has been reported that

under similar conditions it is possible to introduce the acyl functionality (see Scheme
39).%8
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e =} o)
NH, N, ClI
a) b) c)
I _—
N02 N02 N02

71 72 69
Reagents: a) NaNO,, HCI b) NaOAc c) propanaldoxime, CuSO,, NaOAc
Scheme 39

The procedure i£1volved the generation of the diazonium salt 72 of 4-nitroaniline 71 using
conc. HCI and sodium nitrite at 0 °C, after which the reaction mixture was neutralised
with sodium acetate. A solution of propanaldoxime, sodium acetate, copper sulphate and
sodium sulphite in water was added to the diazonium salt. After a period of being stirred,
followed by standing, the pH was adjusted to pH 3 before being filtered and the liquors
refluxed with 2N HCI. The crude material isolated at the end of the reaction showed
numerous spots by TLC. None of the products showed a reaction with 2,4-DNP
(2,4-dinitrophenylhydrazine), so we investigated other alternative methods for preparing

4-nitropropiophenone.

Method 3 (Diazonium from 4-amino propiophenone)

As mentioned above the use of the diazonium functional group is a well documented
handle for the introduction of other functional groups. Our attempt to introduce the acyl
group onto 4-nitroaniline failed, but we decided to attempt to introduce the nitro group

onto the diazonium salt of 4-aminopropiophenone S5 (see Scheme 40).

0) @) 0.

a) b)
— .
NH, °N, HSO, NO,
5§ 73 69
Reagents: a) NaNO,, H,SO, b) NaNO,, H,SOy, glacial acetic acid
Scheme 40
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The diazonium salt 73 was prepared in a slightly different manner to method 1 in that we
used conc. sulphuric acid rather than conc. HCL* After isolation of the diazonium salt
further portions of conc. sulphuric acid and sodium nitrite were added. Next day TLC

analysis showed mainly starting material amongst several other minor products.

Method 4 (Oxidation of 4-nitropropylbenzene)
The oxidation of 4-nitrotoluene using chromium trioxide dissolved in acetic anhydride
was relatively straight forward and gave high yields and so it was decided to attempt a

similar reaction using 4-nitropropylbenzene 74 (see Scheme 41).

AcO o)
AcO
a) b)
— —
NO2

N02 NO2
74 75 69
Reagents: a) CrO;, Ac,0 b) H;0"
Scheme 41

When analysis of the reaction mixture by TLC showed no starting material remained, the
crude material was isolated. TLC analysis showed two spots which were separated by
flash chromatography, but "H NMR analysis of these fractions indicated that neither was

the required product.

Method 5 (Nitration of 1-phenyl-1-propanol)

Our final attempt to prepare 4-nitropropiophenone was by nitration of 1-phenyl-
1-propanol 76 to give the nitrate ester 77.* The mixture of o- and p-isomers according
to the literature could be separated by crystallisation. The nitrate ester would then be

converted to the 4-nitropropiophenone 69 (see Scheme 42).
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Enantioselective Synthesis Using Bromoacetals

O
© R
MeO T - oo Br
X

20 X=H 78 R =CHj, 62%

20 X=H 79 R = CH,CHs, 84%
39 X=Br 80 R =CHj, 76%

39 X=Br 81 R = CH,CH3;, 72%

Reagents: AlCl;, RCHBrCOBr

Scheme 43
Since the variety of commercially available oi-bromoacid halides is relatively small, very

little synthetic use was made of this reaction other than when R was methyl or ethyl.

Method 2
A convenient method of preparing racemic bromoketones with longer alkyl chains or

other substituents is to react the ketone with copper (II) bromide (see Scheme 44).

o)

Br

X : X

22 X=H, Y=MeO 79  R=CH,CH;, 80%
26 X=H, Y=MeO 87 R=Ph 82%

40 X=Br, Y=MeO 81 R=CH,CHs, 92%
41 X=Br, Y=MeO 83 R =CH(CHz),, 82%
42 X=Br, Y=MeO 84 R =(CH,);CHs, 87%
43 X=Br, Y=MeO 85 R =(CH,),CHs, 86%
44 X=Br,Y=MeO 86 R=Ph 81%

59 X=H, Y=TosNH 88 R=CH;, 54%

82 X=H Y=H 89 R = CH3;, 94%
Conditions: CuBr,, CHCl;3, EtOAc, N,
Scheme 44
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The starting ketone was dissolved in dry chloroform / ethyl acetate, through which
nitrogen was bubbled for 5 minutes prior to the addition of copper (II) bromide. The
reaction mixture was refluxed for 4 hours until TLC analysis showed no starting material

(the starting material reacts with 2,4-DNP while the product does not).

Preparation of acetals

There are many literature methods for the preparation of acetals from ketones or
aldehydes,*' but these generally apply to simple alcohols / diols such as methanol or
ethylene glycol. Typically reaction conditions involve the use of anhydrous acid catalysis
and removal of water either physically (azeotropically) or chemically. Removal of water

is vital in order to drive the equilibrium to favour the product (see Scheme 45).

Q °  MeO__OMe
MeOH+)J\/_H‘ PP+ HO

Scheme 45
In the literature relating to the synthesis of dimethyl tartrate acetals removal of water is

usually achieved chemically by reaction with trimethyl orthoformate, the methyl formate

and methanol produced being distilled off (see Scheme 46).” %332
OMe H@ o)
HO + H—f-oe —— ] +  2MeOH
OMe H OMe
Trimethyl orthoformate
Scheme 46

Propiophenone acetals

To gain familiarity with the chemistry involved we repeated the literature method for the
preparation of propiophenone dimethyl tartrate acetal 90 (see Scheme 47).° This method
describes how propiophenone 82 was heated with trimethyl orthoformate
(2.0 equivalents), dimethyl tartrate (2.0 equivalents) and methanesulphonic acid
(0.1 equivalents), the methanol and methyl formate being distilled off during the reaction.
We found that this method gave the required acetal 90 cleanly and efficiently in 99%
yield.
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MeO,C CO,Me
82 90
Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid
Scheme 47

Modification of the literature conditions showed that the amount of dimethyl tartrate
could be reduced to 1.1 equivalents without a measurable effect on the yield and purity
of the product. The 'H NMR spectrum of the crude acetal 90 clearly showed the
presencé of the two methyl ester groups at 3.50ppm and 3.80ppm, while the methylene
at 2.85ppm in propiophenone 82 moved upfield to 1.95ppm in the acetal 90. For
comparison we looked at a standard literature method for the preparation of acetals.*!
Propiophenone, dimethyl tartrate and methanesulphonic acid were refluxed with benzene
or toluene and the water produced was removed azeotropically and collected in a Dean
Stark trap. The reaction produced significant amounts of polymerisation /
transesterification of dimethyl tartrate while only a small amount of the propiophenone
was converted into the required product 90, a possible explanation for this being the lbw
solubility of dimethyl tartrate in toluene or benzene. Further additions of dimethyl
tartrate and methanesulphonic acid during the reaction or increasing the initial amount of
dimethyl tartrate and methanesulphonic acid in the reaction showed no increase in the

amount of product to starting material.
It was clear that the optimum method for the preparation of propiophenone dimethyl
tartrate acetal 90 was by reaction of propiophenone, dimethyl tartrate and trimethyl

orthoformate in the presence of methanesulphonic acid.

4-Methoxyphenyl substituted acetals

Once a suitable method for the preparation of propiophenone dimethyl tartrate acetal 90
had been developed it was applied to ketones containing a 4-methoxy substituent 21-26
(see Scheme 48).
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MeOZC

91
92
93
94
95
96

. .COMe

0. .0

o
MeO

R = CH, 82%

R = CH,CH;, 69%

R = CH(CHs),, 68%
R = (CH,);CHs, 69%
R = (CHy);CH;, 84%
R =Ph, 81%

Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid

Scheme 48

The 4-methoxypropiophenone dimethyl tartrate acetal 91 was initially prepared from

4-methoxypropiophenone 21 as outlined in the literature by Castaldi er al” The

conditions specified used the same conditions as for the preparation of propiophenone

dimethyl tartrate acetal 90 (2.0 equivalents of dimethyl tartrate, 2.0 equivalents of

trimethyl orthoformate and 0.1 equivalents of methanesulphonic acid). However, under

these conditions a much longer reaction time was required (7 days) and another acetal 97

was also produced which was derived from dimethyl tartrate and methyl formate or

trimethyl orthoformate (see Scheme 49).

0

/@)\/ —_—
MeO

21

MeO,C

0. __0O

Meo/©></

91

+CO,Me

97

Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid

Scheme 49

This orthoacetal 97 was difficult to separate from the required acetal by flash

chromatography but could be separated by careful vacuum distillation.
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The optimum conditions for minimising the formation of 97 were using 1.05 equivalents
of dimethyl tartrate, 2.0 equivalents of trimethyl orthoformate and 0.1 equivalents of
methanesulphonic acid. A possible scheme for the formation of the acetals 91-96 (see
Scheme 50) is that the trimethyl orthoformate initially reacts with the dimethyl tartrate to
give the orthoacetal 97, which then itself reacts with the ketone to give the acetals 91-96.
The methyl formate produced is distilled off and drives the equilibrium towards the
formation of the required acetal.

° MeOC__ .,

R MeOCu ,-COMe © oL .0
+ o. .0 === HCO,Me + R
MeO H<oMe (volatile)
MeO

21-26 97 ' 91-96
Scheme 50

This longer reaction time compared to that used for the preparation of propiophenone

.COMe

dimethyl tartrate acetal 90 could be explained by the methoxy substituent reducing the
reactivity of the carbonyl carbon. The methoxy increases the electron density in the
aromatic ring thereby reducing the electron deficiency of the carbonyl carbon (see

Figure 13).

MeO

Figure 13
The crude acetals 91-95 still needed to be vacuum distilled because any contamination
from the orthoacetal had a detrimental affect on the subsequent bromination reaction.
There was an exception when R =Ph 96, where purification by crystallisation from
methanol was possible, which was fortunate because vacuum distillation required a very
high temperature (which caused partial pyrolysis of the product) or extremely good

vacuum (<0.1mm Hg).
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4-Acetamido and 4-p-toluenesulphonamido substituted acetals

Using the same optimised conditions developed for the preparation of 4-methoxyphenyl
substituted acetals 91-96, 4-acetamidophenyl substituted acetals 98-99 (Scheme 51) and
4-(p-toluenesulphonamido)phenyl ~ substituted acetals 100-103 were prepared (see
Scheme 52).

o Me020~ l,.COzMe

jopsindllcas
AcNH AcNH

46 98 R =CHjs, 46%
49 | 99 R =(CH,);CH;, 44%
Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid
Scheme 51

o MeO,Cy .COMe

o g

TosNH TosNH
59 100 R=CH;, 83%
60 101 R =CH,CH;, 90%
61 102 R = CH(CHs),, 88%
62 103 R =(CH,);CHs, 70%

Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid
Scheme 52
Using these optimised conditions a small amount of the orthoacetal 97 was produced,
but purification by flash chromatography was the only way as the product was
insufficiently volatile for vacuum distillation. Flash chromatography was done in the
presence of triethylamine in order to minimise degradation of the product on the silica.
The 4-acetamidophenyl substituted acetals when pure were viscous liquids which
partially crystallised though the modest yields reflect the difficulty in purification, while
the crude 4-(p-toluenesulphonamido)phenyl substituted acetals 100-103 obtained were
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all straw coloured viscous liquids or solids, which were (re)crystallised from dry

methanol to give white or pale brown crystalline solids.

4-Phthalimido substituted acetal
The preparation of othér para-substituted acetals was attempted. The phthalimide group
is known to induce crystallinity into the compounds containing it. It was hoped that the
phthalimide group would protect the amine and could possibly be removed at a later time

by reaction with hydrazine (see Scheme 53).

5O . o

(@] 2

Reagents: NoH,
Scheme 53 _
We attempted to prepare the 4-phthalimidophenyl substituted acetal 174 using the same
procedure outlined for the preparation of 4-methoxy, 4-acetamido and

4-(p-toluenesulphonamido)phenyl substituted acetals (see Scheme 54).

/@)‘\/ o0 _©
(0]
—_— (o}
N
(@]

(o)

MeO,C LCO,Me

64 174
Reagents: (2R,3R) dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid
Scheme 54
When we attempted to purify the product 174 by flash chromatography, we were unable
to separate the product from the starting material because they had similar Ry values.
This was clearly shown in the "H NMR spectrum of the purest fractions where signals at
1.25ppm and 3.05ppm were observed which belonged to the alkyl chain of the starting
material, while signals at 0.85ppm and 1.95ppm belonged to the alkyl chain of the

product. These problems in purification and the promising results obtained for the
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preparation of other acetals suggested that our efforts were best concentrated in other

areas, so work on this acetal was suspended.

Other chiral auxiliaries
The preparation of crystalline acetals detailed above had focused on the use of polar
substituents on the aromatic ring; the alternative approach to induce crystallinity is to
modify the chiral auxiliary. It has been mentioned earlier that the amide functional group
is relatively polar and often induces crystallinity into a molecule and since dimethyl
tartrate has two ester groups which can be readily converted into amides 104-105 by

reaction with an amine, this approach was explored (see Scheme 55).

MeO,C ~COMe _ _ RNOG -CONR,
HO OH HO OH
Dimethyl tartrate 104 R=H
105 R=CH;
Reagent: HNR;,
Scheme 55

These modifications to the chiral auxiliary could be introduced into the molecule by
substitution at the carbonyl of dimethyl tartrate prior to acetal formation as in 104-10S or
with the ester groups of the product acetal to give 106-107 (see Scheme 56).

MeOCL __,.COMe R,;NOC, ,-CONR,

0. 0O 0. 0

T o
90 106 R=H
107 R=CH;
Reagent: HNR,
Scheme 56
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proceed at -5 °C in a freezer for 3 days. The reaction was allowed to warm to room
temperature prior to removal of a small sample for crystallisation on a watch glass.
Concentration of the remaining reaction mixture under reduced pressure was carried out
before it was seeded and allowed to crystallise as a white crystalline material in 64%
yield. The 'H NMR spectrum showed 2 singlets at 2.95ppm and 3.05ppm each
corresponding to 6 hydrogens and is due to 7 bonding between the nitrogen atom and
the carbonyl carbon restricting the rotation about this bond. This restricted rotation

makes the methyl groups non-equivalent (see Figure 15).
O
CHs\'-\-%‘?
CHy’
Figure 15

Preparation of tartramide acetal 106

Preparétion of the primary amide of propiophenone dimethyl tartrate acetal 106 was
achieved by reaction of propiophenone dimethyl tartrate acetal 90 with concentrated

aqueous ammonia (see Scheme 59).

MeO,C. -COMe HNOC,, ,-CONH,

00O . 0.0

90 106
Reagent: conc. aqueous ammonia
Scheme S9
After 24 hours TLC analysis showed complete conversion of the starting acetal 90. The
crude product was isolated by removal of water, methanol and excess ammonia under
reduced pressure to give the product (99%) as a paste which solidified. Prolonged
standing of this amorphous solid afforded a small amount of a white crystalline solid, but

crystallisation of the remaining material failed.
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Preparation of tartramide acetal 107

Direct preparation of the tartramide acetal 107 from propiophenone dimethyl tartrate

acetal 90 was achieved using neat dimethylamine (see Scheme 60).

MeO,Cy ,-CO,Me Me,NOC .-~CONMe,

o.__0O > 0. __0O
90 107
Reagent: HNMe;

Scheme 60

Dimethylamine was distilled from a 40% w/v aqueous solution, dried over KOH and
collected at -78 °C as previously outlined. Propiophenone dimethyl tartrate acetal 90 was
dissolved in dry methanol and cooled to -78 °C prior to the addition of dimethylamine.
The reaction was allowed to proceed at -5 °C over 3 days, when TLC analysis indicated
complete conversion of the starting material. Removal of methanol and excess

dimethylamine gave the product as a white paste (99%) which slowly crystallised.

Having prepared the crystalline tartramide 105 it was converted into the corresponding
propiophenone acetal 107 by reaction with propiophenone 82 trimethyl orthoformate and

methanesulphonic acid (see Scheme 61).

Me,NOC .CONMe,
Me,NOC  CONMe, L
HO OH | ©></
105 107

Reagents: propiophenone, trimethyl orthoformate, methanesulphonic acid
Scheme 61
The crude product 107 was isolated as a pale yellow greasy solid, which was purified by
flash chromatography to give a pale yellow solid in 74% yield. The '"H NMR spectrum
resolved each of the methyl groupsA at 2.80ppm, 2.95ppm, 3.15ppm and 3.25ppm again

showing the restricted rotation in the amide.
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Comparing both methods of preparing the tartramide acetal 107 it is clear that the first
method is better in that it gave a better yield and did not require flash chromatography to
purify the product.

We have thus shown that modifications to the chiral auxiliary can induce some
crystallinity into the acetals, though less effectively than we had hoped. We have also
shown that 107 can be prepared by modification of the chiral auxiliary either before

acetal preparation or after the acetal has been prepared.

Preparation of bromoacetals
Bromination of dimethyl tartrate acetals is achieved in the presence of anhydrous acid to

‘give a mixture of diastereoisomers. The mechanism involves the acid catalysed
generation of an enol ether by the opening of the 1,3-dioxolane, followed by reaction
with bromine to give the bromoacetal. A mechanism for the bromination reaction via a
mixture of E and Z enol ethers has been proposed by the ‘Zambon group’ > *' which
suggests that the E enol ether would give the (R) diastereoisomer (see Scheme 62). The

term (R) or (S) diastereoisomer refers to the stereochemistry at the CHBr stereocentre.
MeO,C ,-COMe

MeO.C LCO Me MeO.C .CO_Me
2 [N 2 . 2 [ 2
| 9 | OH

o. _O = O. OH + o
Ar></ Ar>\/ Ar>ﬁ

Z E
lb) b)
MeOQO_C | .CO.Me MeO_C .CO._Me
2 g 2 ﬁ__ln' 2
(e} 0] O O
<o <y
Br . Br
S R
Reagents: a) H b) Br,
Scheme 62
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The Zambon group attempted to prove this mechanism of bromination by using a

conformationally fixed substrate where the geometry of the enol is known (see

Scheme 63).%!
MeOCy_,.COMe

e

MeOC CO_Me
N

a) O. OH

MeO,Cy ~COMe MeOCy ,.CO,Me

O5<° Br ° O.,lBr
S R
Reagents: a) H" b) Br,
Scheme 63

The geometry of the enol ether is known to be E, which was expected to give the (R)

diastereoisomer, but the reaction gave predominantly the (S) diastereoisomer. Therefore

at present there is no satisfactory mechanistic explanation for the stereochemical

outcome of the bromination of dimethyl tartrate derived acetals.

The Zambon group suggest that the conditions under which bromination takes place

have a significant influence on the diastereoisomeric excess (d.e.) of the bromoacetal.

They compare the bromination in a range of solvents % for 6-methoxynaphthyl acetals

(see Scheme 64 and Table 5) and describe the bromination of a-tetralone acetals with

various brominating agents (see Scheme 65 and Table 6),”* but there is no mention of

very low temperature bromination.
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Halogenating Agent Solvent Temperature °C | Ratio S /R
Tetrabutylammonium tribromide DCM * 0 44:56
Tetraethylammonium tribromide DCM * 0 38:62

Pyridinium tribromide DCM * 0 42:58
2,6-Dimethylpyridinium tribromide DCM * 0 53:47
Tetrabutylphosphonium tribromide DCM * 0 45:55

Tetrabutylammonium tribromide CH,CN * 0 15:85
Tetraethylammonium tribromide CH;CN * 0 14:86
Tetrabutylphosphonium tribromide | CHsCN * 0 14:86
Tetrabutylammonium tribromide | THF * 0 6:94
Tetraethylammonium tribromide THF * 0 5:95

Pyridinium tribromide THF * 0 - 5:95
2,6-Dimethylpyridinium tribromide | THF* 0 5:95
Tetrabutylphosphonium tribromide THF * 0 6:94

Bromine DCM * -10 88:12
Bromine | CH;CN* -10 78:22
Bromine CH;CN * 15 71:29
Bromine THF *! -10 58:42
Bromine DCM *! -10 86:14
Todine chloride DCM ¥ -10 80:20
Sulfuryl chloride DCM * -10 88:12
Table 6

Bromination of acetal 90

To gain familiarity with the chemistry involved we looked at the bromination of
propiophenone dimethyl tartrate acetal 90 using the method described in the literature by
Castaldi et al (see Scheme 66).%
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MeO.,Cy ..COMe MeO,C .COMe MeOCy .COMe

(0] 0] > o._ O + (o O
ér Br
90 108(S) 108(R)

(Major diastereoisomer) (Minor diastereoisomer)
Reagents: Br,, 2-methoxynaphthalene
Scheme 66
A solution of the starting material and 2-methoxynaphthalene (0.1 equivalents) dissolved
in carbon tetrachloride was prepared to which a solution of bromine (2.1 equivalents)
dissolved in carbon tetrachloride was slowly added. Upon complete conversion, as
indicated by TLC analysis, the reaction was slowly poured into vigorously stirred

saturated sodium carbonate solution from which it was then extracted.

The purpose of the 2-methoxynaphthalene was to generate anhydrous hydrogen bromide

in situ (see Scheme 67).

Br

Reagent: Br,

Scheme 67
The 1-bromo-2-methoxynaphthalene produced in the reaction could only be removed by
flash chromatography after which the bromoacetal 108 was obtained in only 74%
(unoptimised) yield, with a ratio of 108(S): 108(R) of 12:1 as determined by 'H NMR
analysis which compares favourably to that reported in the literature.”® The ratio of
diastereoisomers was determined from the methyl ester peaks which were resolved for

each of the diastereoisomers (see in Figure 16).
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—_————

S . .
16 1 1.4 2 10 2.8 2.6 1.4 2 3.0 2. 2.6 2.4 2.2

Figure 16
Our research into optimising the diastereoselectivity of the bromination reaction had
identified several important parameters; i) the solvent, ii) the source of anhydrous acid,

iii) the work-up procedure, iv) the source of bromine and v) the temperature.

i) The effect of changing the solvent

We wanted to keep the use of carbon tetrachloride to a minimum due to its effect on
health and the environment, hence an investigation into using other solvents. Other
anhydrous solvents such as DCM, THF, ethyl acetate and petroleum spirit were

evaluated (see Table 7).
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Solvent Yield % | 108(S): 108(R)
CCl, 74* 12:1
DCM 95 8:1

THF (dry) | N/A** 3:1
EtOAc (dry) | N/A** 13:1
Petrol (40-60) | N /A ** N /A***

* Unoptimised yield.

** Significant amounts of hydrolysis during the work-up.

*** The starting material did not dissolve in the petrol, petrol reacted with bromine.

Table 7

When DCM was substituted for carbon tetrachloride the diastereoisomeric ratio (S):(R)
dropped from 12:1 to 8:1. Giordano ef al suggested that bromination of dimethyl tartrate
acetals in THF would give a poor diastereoisomeric ratio (S):(R) compared with that
obtained in solvents such as DCM.* The '"H NMR spectrum of the crude product from a
reaction in THF showed that bromination had taken place and that the
diastereoselectivity of the reaction was indeed poor (3:1), but not as bad as reported in

the literature (3:2).

The use of ethyl acetate as a solvent looked very promising as the literature suggested
that similar results as those for carbon tetrachloride could be obtained.” We found this
to be the case, but problems in isolating the product were encountered due to significant

hydrolysis to the bromoketone 89 (see Scheme 68).

MeOC. .COMe °

(0] O » @Y
108 89

Reagent: H;O"
Scheme 68
Each of the solvents mentioned above (see Table 7) dissolved the starting material 90,

but when dry distilled petrol was used as the solvent the starting material had a very low
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solubility. Another difference between petrol and the other solvents was once the
bromine addition had started, hydrogen bromide evolution occurred instantly as the
bromine reacted with the petrol. The "H NMR spectrum of the material obtained from
the reaction performed in petrol showed that the bromination of the propiophenone
dimethyl tartrate acetal 90 had not taken place. A control reaction where bromine and
petrol were mixed also produced copious amounts of hydrogen bromide. This reaction of
bromine with petrol could have been anticipated since there were no precautions taken to

exclude ultraviolet light.

We concluded that, where possible, compounds would be brominated in carbon
tetrachloride, whilst those that were insufficiently soluble in carbon tetrachloride would
be brominated in DCM. The exception was in our investigations to find the optimum

brominating conditions where DCM was used instead of carbon tetrachloride.

ii) The effect of changing the source of anhydrous acid

As mentioned above, the use of 2-methoxynaphthalene as a source of anhydrous acid
required the 1-bromo-2-methoxynaphthalene produced to be removed by
chromatography. It was therefore decided that an alternative method for the generation
of anhydrous HBr, which could remove the need for flash chromatography, would be
investigated. An ideal alternative was to use phenol to generate the HBr as the
by-product, bromophenol, would be extracted into the aqueous phase during the
work-up procedure and therefore remove the need for flash chromatography. A search of
the literature suggested that under these conditions only mono bromination of the phenol

would take place (see Scheme 69).%

OH OH
+ HBr
@ — @

phenol bromophenol
Reagent: Br,
Scheme 69
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The bromoacetal 108 obtained by this method had an identical (S):(R) ratio compared to
the material obtained from the 2-methoxynaphthalene method, but was not contaminated
by bromophenol. When methanesulphonic acid was used as the source of anhydrous acid
and the amount of bromine used in the reaction was reduced to 1.05 equivalents, the
ratio (S):(R) dropped from 8:1 to 4:1. A possible explanation for this can not be found at
the present time. Since anhydrous hydrogen chloride gas was available this was also
evaluated as a source of anhydrous acid. A small portion of solvent was saturated with
anhydrous hydrogen chloride and added to the reaction prior to the addition of 1.05
equivalents bromine. The product was obtained in good yield with a (S):(R) ratio of 8:1
and this proved to be the most convenient source of anhydrous acid. Reducing the
amount of bromine used in the reaction had no measurable effect on the
diastereoselectivity of the reaction c.f 8:1 with 2.1 equivalents and 8:1 with 1.05

equivalents of bromine.

iii) Work-up procedure

The literature method for the isolation of the bromoacetal was to slowly pour into
saturated sodium carbonate solution,” but we found that this caused partial hydrolysis of
the bromoacetal to the corresponding bromoketone (see Scheme 70). This would seem
strange given that there is base present, but the rate at which the acid and base react

could be slower than the rate of hydrolysis of the bromoacetal.

MeO,Cy .COMe °
108 89
Reagent: H;0"
Scheme 70

In order to counteract this, various methods of isolating the product were evaluated.
Slowly pouring the reaction mixture into concentrated ammonia solution allowed the
product to be isolated with some hydrolysis. (In theory it is possible for ammonia to
react with the tartrate ester groups, but this was not observed.) Slowly pouring the

reaction mixture into cold 2N sodium hydroxide solution also showed some acetal
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hydrolysis and in theory there is a potential problem of ester hydrolysis, but this was not
observed. Also investigated was pouring the reaction mixture into triethylamine to
remove the acid in anhydrous conditions, followed by addition of sodium carbonate
solution and extraction of the product with DCM. This proved to be too laborious and
the product contained traces of triethylamine. Another alternative was to pour the
reaction into di-potassium mono hydrogen phosphate solution buffered to pH 11. This
method produced a small amount of hydrolysis. The best method was to remove the acid
before any water came in contact with the product. This was achieved by slowly pouring
the reaction mixture onto anhydrous potassium carbonate slurried in DCM, then adding
water slowly to form a two phase system prior to isolation of the product by extraction.
This method showed almost no acetal hydrolysis and the bromoacetal obtained 90 was

relatively pure.

iv) Other sources of bromine

Accurately measuring liquid bromine on a small scale can cause problems due to its
vapour pressure and hazardous nature, so other sources of bromine were investigated.
Each reaction was performed under identical conditions of scale, solvent, temperature
and acid catalysis. A solution of the propiophenone dimethyl tartrate acetal 90 in DCM
was prepared, to which a small portion of hydrogen chloride saturated DCM was added.
After stirring for 5 minutes the brominating agent was slowly added. Upon complete
conversion, as indicated by TLC analysis, the reaction mixture was slowly poured onto
anhydrous potassium carbonate slurried in DCM prior to the addition of water and

isolation by extraction (see Table 8).

Brominating Agent Yield % | d.e.
Bromine 95 8:1
Tetrabutylammonium tribromide 57* 3:1
Solid supported bromine 80 8:1
pyridinium bromide perbromide N/A 4:1

*Purification by flash chromatography
Table 8
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The use of tetrabutylammonium tribromide gave poor results, only 57% yield and a
(8):(R) ratio of 3:1 (see Table 8) when compared to bromination using bromine. Isolation
of the pure product 108 was complicated by the use of column chromatography to
remove the residual tetrabutylammonium salts. It has been reported by Giordano et al
that the use of tetrabutylammonium tribromide gives the opposite diastereoselection in
the bromination of dimethyl tartrate acetals.’? The product we obtained was the same
diastereoisomer (‘H NMR analysis) as obtained when bromine was used. Solid supported
bromine had the advantage that it was very easy to handle, but the amount of bromine
contained was variable. The results obtained with solid supported bromine were similar
to those with bromine (see Table 8). The polymer support could in principle be
recovered and, according to the literature, reused.* The use of pyridinium bromide
perbromide gave the bromoacetal with an (S):(R) ratio of 4:1 (see Table 8), but the crude
product contained large amounts of pyridinium salts and was deemed not worth
purifying. It was therefore obvious that liquid bromine was the best brominating agent

despite the problems in its handling.

v) Effect of temperature

The temperature at which reaction takes place sometimes has a pronounced effect on the
degree of stereospecificity of a reaction. In an attempt to increase the diastereoselectivity
of the bromination, the reaction was carried out over a range of lower temperatures.
When the reaction was carried out at -78°C no reaction was observed. Under these
conditions there is insufficient energy to generate the enol and so bromination does not
take place. At -40 °C bromination did take place at a very slow rate with DCM as the
solvent, but the difference in the diastereoselectivity was minimal compared to
bromination at room temperature. When we attempted to repeat the reaction at -40 °C
using carbon tetrachloride (m.p. 23 °C) as the solvent unsurprisingly the starting material
and solvent became frozen solid at about -25 °C. When bromination was carried out at
-20 °C reaction took take place at an appreciable rate, but there was little or no change in
the diastereoselectivity in either solvent. A temperature of -6 °C was relatively easy to
achieve and maintain (ice / acetone) but once again there was little or no increase in
diastereoselectivity. From our attempts to optimise the conditions for the bromination of

acetal 90, we have concluded that the diastereoselectivity of the bromination reaction
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depends mainly upon the solvent used, rather than the temperature at which the reaction

takes place.

4-Methoxyphenyl substituted bromoacetals 109-111

Once a method had been developed for the bromination of propiophenone dimethyl
tartrate acetal 90 it was applied to the bromination of 4-methoxy substituted aryl alkyl
acetals 91, 92 and 96 (see Scheme 71).

MeO,Cy COMe MeO,Cy ,-COMe

o0.__0 R . o.__0O R
MeO MeO Br
91 | 109 R=CH;s, 97%, (S):(R) 19:1
92 110 R =CH,CHjs, 91%, 19:1
96 111 R =Ph, 91%, 12:1
Conditions: HCI, Br,, CCly, -6 °C
Scheme 71

The 4-methoxyphenyl substituted dimethyl tartrate acetal was dissolved in carbon
tetrachloride to which was added a small portion of hydrogen chloride saturated CCla.
The reaction was cooled to -6 °C in a ice /acetone bath prior to addition of bromine in
CCl, over 2 hours whilst being vigorously stirred. When TLC analysis showed complete
conversion of starting material the reaction was worked up by slow addition to CCly
slurried anhydrous potassium carbonate. 2,4-DNP Was found to be a convenient reagent
for developing TLC plates. The starting acetals hydrolyse to the corresponding ketone
because the spray reagent is prepared in acid. These ketones can then react with the
2,4 DNP to show an orange spot. The bromoacetals hydrolyse to the corresponding
bromoketones in which the carbonyl is less reactive and therefore does not react with
2,4 DNP. The products were obtained in good yield as colourless / straw coloured
viscous liquids, except for the bromoacetal 111 which was a low melting crystalline
solid. Surprisingly, recrystallisation of 111 from various solvents failed to improve
the (S):(R) ratio.
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In order to prevent ring bromination the reaction mixture had to be maintained at -6 °C
whilst the bromine was slowly added and the reaction mixture had to be stirred
vigorously. Under these conditions good yields and the optimum (S):(R) ratios were
obtained with very little ring bromination observed. Inspection of the "H NMR spectrum
of the bromoacetal 110 revealed that the signals for the methylene protons adjacent to
the CHBr stereocentre are non equivalent (diastereotopic) (see Figure 17) and are
separated from each other by 0.3ppm at 1.65ppm and 1.95ppm. This non equivalence is

due to each proton experiencing a slightly different chemical environment.
&H%QH

B H

Figure 17

3-Bromo-4-methoxyphenyl substituted bromoacetals 112-116

In the initial small scale bromination of 4-methoxyphenyl acetals some ring bromination
was observed which was difficult to prevent. As it was difficult to stop this ring
bromination it was therefore logical to see what synthetic use could be made of these
ring brominated compounds 112-116. The bromoacetals 112-116 were prepared using
similar conditions to those used for the preparétion of bromoacetals 109-111 except that
2.05 equivalents of bromine were used and the reaction was allowed to warm from -6 °C

to room temperature during the reaction (see Scheme 72).
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MeOC ,.CO_Me
MeO,Cy -COMe N

0. 0

0, O - . R
Br
MeO MeO f

91 112 R=CH;, 90%, (S):(R) 19: 1
92 113 R=CH,CH;, 91%, 19:1
93 114 R=CH(CHs), 95%, 12:1
94 115 R=(CHy);CHs, 91%, 12:1
95 116 R= (CH,);CHs, 98%, 10:1

Conditions:; HCI, Br,, CCly, -6 °C to r.t.

Scheme 72

The products 111-116 were isolated as colourless / straw coloured viscous liquids. The
bromoacetal 111 crystallised as a low melting point solid, but attempts to significantly
improve the (§):(R) ratio by recrystallisation were unsuccessful. Inspection of the 'H
NMR spectrum of the bromoacetal 113 showed similar diastereotopic protons as
observed in the bromoacetal 110 at 1.65ppm and 1.95ppm. The phenomenon is also

present in the bromoacetals 115 and 116 but to a lesser extent.

Following the reaction by GC it was confirmed that the first bromination was next to the

acetal and upon warming the aromatic ring was brominated (see Scheme 73).

o_ .0 a) o} b) o OR
R —_

o

MeO.C CO.Me
MeO.C .CO.Me MeO.C .CO_Me 2 \!_I 2
2 \’_]-' 2 2 \l___1-' 2
R

—

e

r

(ss/TY]

r MeO

MeO MeO
Br

Conditions: a) HCI, Br, -6 °C b) HCI or HBr, Br, r.t.
Scheme 73
This is consistent with the earlier observations where we had shown that in the
bromination of 4-methoxyphenyl substituted acetals it was possible to brominate next to
the acetal without brominating the aromatic ring. We now attempted to prove that it was

possible to brominate the aromatic ring without any racemisation of the chiral centre of
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the bromoacetal 110 (see Scheme 74) which we knew had a diastereoisomeric ratio of
19:1 as determined by 'H NMR spectroscopy. A possible mechanism for racemisation to
take place would be for the 1,3-dioxolane to open under the acidic conditions and close

in a different configuration.

MeQ,C ..CO_Me
MeO,Cy ,-COMe N

o0.__0O - © O
= Br
MeO Br MeO f
110 (S):(R) 19:1 113 R =CH;CHj;, 91%, 19:1
Conditions: HCI, Br,, CCly, r.t.
Scheme 74

The bromoacetal 113 was isolated as a pale brown coloured viscous liquid (91% yield)
and the diastereoisomeric ratio was 19:1 as determined by 'H NMR spectroscopy

indicating that racemisation of the CHBr chiral centre had not taken place.

p-Toluenesulphonamide substituted bromoacetals 117-119

The bromination of sulphonamido substituted acetals in carbon tetrachloride was not

possible due to their low solubility, hence DCM was used as solvent (see Scheme 75).

MeO,Cy ,-CO,Me MeO_C -CO,Me

0.0 o 0.0 o
TosNH  TosNH Br
100 117 R =CH;, 80%, (S):(R) 10: 1
101 118 R =CH,CH;, 66% *, 10:1
102 119 R =CH(CHs),, 23% **, 8:1

Conditions: DCM, HCI, Br,, -6 °C
* Unoptimised yield.
** Pure fractions from flash chromatography, unoptimised yield.
Scheme 75
Using reactions conditions similar to those used for the preparation of bromoacetals

109-111 4-(p-toluenesulphonamido) substituted acetals 100-102 were brominated. The
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crude products were obtained as straw coloured viscous liquids that partially crystallised.
Purification of the crude bromoacetals 117-119 was by flash chromatography, where
needed, followed by (re)crystallisation from dry methanol gave the pure products 117-
119. The diastereoisomeric ratio of the bromoacetals was determined by 'H NMR

Spectroscopy.

Since the bromoacetals 117-119 obtained were solids it was hoped that recrystallisation
would confer a better (S):(R) ratio. The best solvent for recrystallisation was dry
methanol, but the material recovered had essentially the same (S):(R) ratio as the starting
material. Many solvents were tried but no significant improvement in (S):(R) ratios was

obtained.

4-Acetamido substituted bromoacetal 120-121
The method used for the bromination of 4-acetamido substituted acetals 98-99 was
similar to that used for the bromination of 4-(p-toluenesulphonamido) substituted acetals

100-102 (see Scheme 76).

MeO,Cy\ ,~COMe MeO,Cy ,-CO,Me

0. __0O 0.0

R —_—> R
AcNH AcNH Br
98 120 R =CHj;, 80%*
99 121 R =(CH,);CH;, 0%**

Conditions: DCM, HCI, Br,, -6 °C
* Crude product which decomposed during flash chromatography.
** Decomposed during work up.
Scheme 76

The 4-acetamide substituted dimethyl tartrate acetals 98-99 were dissolved in DCM
because they were insufficiently soluble in carbon tetrachloride. Isolation of the crude
products was difficult due to a significant amount of hydrolysis of the bromoacetal upon
work-up (see Scheme 77). Purification of the crude bromoacetal 120 by flash

chromatography using petrol, ethyl acetate with a trace of triethylamine resulted in its
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decomposition to the corresponding bromoketone, while the bromoacetal 121
decomposed during the work up procedure.
MeO,C ,-COMe

0. __0O _ R

Br

&
l

AcNH AcNH

Reagent: H;O"
Scheme 77
From these results it was clear that these acetamido substituted bromoacetals 120-121
were much less stable than the other bromoacetals investigated. Since other
bromoacetals looked more promising, no further work was done on acetals containing

the 4-acetamido substituent.

Conversion of bromoketones to bromoacetals

Having prepared a wide variety of bromoacetals of various diastereoisomeric excess, we
asked the question ‘Could diastereomerically enriched bromoacetals be prepared from
racemic bromoketones according to the chemistry shown in Scheme 78°? Any possible
- stereochemical induction would arise as a result of thermodynamic control of the

reaction (see Scheme 79).

/(l)k{ He Meozc ',.COZMe
Ar L o_ O
g dimethyl tartrate Ar><:/
Br
H® A]ldimethyl tartrate 1LH°
MeO.C ,.CO_Me MeO.C CO.Me
2 ! 2 )
e H® ? ;
o.__ 0O = O, OH
AI'><{ AFN
Br Br
Scheme 78
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. .COZMe

Energy

Scheme 79

The preparation of bromoacetal 108 from racemic 2-bromopropiophenone 89 was

attempted using identical conditions to those used for the preparation of propiophenone

dimethyl tartrate acetal 90 but showed no sign of the required product (see Scheme 80).

o MeOzc I,.Cone
©)Y K <
89 108

Reagents: dimethyl tartrate, trimethyl orthoformate, methanesulphonic acid
Scheme 80
A prolonged reaction time showed no evidence of the required product as only the
starting materials were observed by TLC and 'H NMR spectroscopy. This lack of
reaction could be attributed to steric hindrance by the bromine, or the fact that the
bromine deactivates the carbonyl. It has been reported by Giordano et al that racemic
bromoketones cannot be converted to their corresponding dimethyl tartrate bromoacetals
using the normal conditions, but when employing more vigorous conditions the
transformation could be achieved, but the yields reported were less than 5% (see Scheme

81).
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Enantioselective Synthesis Using Bromoacetals

MeO.C .CO Me
o i
; E o._ O
Br

MeO f | MeO Br
- Br
80 112
Reagents: dimethyl tartrate, dimethyl sulphite, trifluoromethanesulphonic acid, DCM
| Scheme 81

When racemic 3’-bromo-4’-methoxy-2-bromopropiophenone 80, dimethyl tartrate,
dimethyl sulphite, in dry DCM and trifluoromethanesulphonic acid were stirred at room
temperature for 5 hours no reaction was observed by TLC analysis. We found this
somewhat disappointing but not entirely unexpected given that the literature had

suggested problems.

Preparation of tartramide propiophenone bromoacetal 122

Earlier in this section we described how the dimethyl tartrate chiral auxiliary had been
modified in order to prepare crystalline acetals with the aim of producing crystalline
bromoacetals. We had shown that it was possible to take propiophenone dimethyl
tartrate acetal and replace the ester groups by amides in order to get a crystalline solid.
By analogy, it should be possible to substitute at the ester groups of propiophenone

dimethyl tartrate bromoacetal 108 using dimethylamine (see Scheme 82).

MeO.C .CO_Me Me.NOC .CONMe

o O > O O
Br Br
108 122
Conditions: HNMe,, methanol
Scheme 82

The bromoacetal 108 was dissolved in dry methanol and cooled to -78 °C prior to the

addition of dimethylamine. The reaction was allowed to proceed at -5 °C over 3 days

after which TLC analysis indicated complete conversion of the starting material. The

methanol and excess dimethylamine were removed under vacuum to give the product as
71
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