CHAPTER III

RESULTS AND DISCUSSION

The objective of this research is to develop a synthetic method involving

nucleophilic addition of carbon nucleop

iles to imines. The carbon nucleophile used
in this study is an allylindium res Sof | Ljn situ form allyl bromide and indium

metal. The substrates chose aldimines which are known to be

quite difficult for such & : oallylic amines are potentially

useful starting materials for sjof | enatu ural products such as pyrolidine
g ¢ P pyr

alkaloids, azetidine alKa ¥ f  ASS \\‘\‘T 3.1).
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The reaction is acid-catalyzed. The acid protonates the carbonyl group to give
a carbenium ion which was attacked by the amine. A drying agent such as anhydrous
magnesium sulfate or molecular sieve is generally added to ensure the forward
equilibrium. All imines used in this study were prepared by mixing an equimolar
amount of the amine and aldehyde in the presence of anhydrous magnesium sulfate in

dichloromethane at room temperature overnight. Filtration followed by evaporation of

the solvent gave the imines whiclh
- \

£ pharacterized by sharp singlet signals of

CH=N around 8 ppm in their ¥ e imines are not stable, being easily

hydrolyzed and cannot ges lica gel column chromatography

therefore it was used iy Wil principle, imines can exist in

two geometric isomegss™ i' Figure 3.1). The z-form is

sterically less favoural @repulsion between the R and

R’ locating on the same,
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Figure 3.1 ThE 205564 ic isomers of imines
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solvents: A back ggound

Vilaivan and coveikers®® has rece iscovere allylation of aldimines
can be efﬁc@ﬂ M)ﬂl%n aea oholic solvents. The

3.2 Indium mediat e ine in alcoholic

'
I

reaction of N- lidenebenzylamine (I-1) with the allylindium ent generated in
situ b@mmmﬁ ﬁ ﬁ%ﬁm (Barbier-type
conditions) were studied in a vaﬁety of solvents (Table 3.1).1 It was found that the
best yield and fastest rate of reaction can be realized in alcoholic solvents including
isopropanol, methanol and ethanol (Table 3.1). While the reaction in water was fast
the reaction gave only 1-phenyl-3-buten-1-ol (III-1) as the major product (85 %). The
structure of product (III-1) was confirmed by lH-NMR, which revealed a triplet
signal of the C{H proton at 5.01 ppm and the complete absence of the N-benzyl group

signals.
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Table 3.1 Indium mediated allylation of N-benzylidene benzylamine (I-1) in different
solvents® (Data taken from ref. 36)

N'«© ) oH
o NS mew |
(3eq)

I-1 1I-1 II1-1

Solvent Yield (%)°
45
b
70
MeOH (absoluts Ny 72
EtOH (abseficgf AL < R4l N ™ &
w04 4/ 85
TAll reactions er 3 3 . % “"‘y ho eOmmercial solvents.
Noattempswer ad; clug2 i 7rillsure. |

® No reaction .
¢ Contains <0.2% w. V2
¢ Only a trace of (II-1) s fosiest
¢ Isolated yield ;

-1) i
allylatlon of the a ¢ ‘f"?!—m—ww'_?'_‘- 83 hy(h'olysis of the imine
(I-1) (Scheme 3. 3) -
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The format' of t presumably the result of
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Vilaivan and co-workers®® has also noted that trace of water has significant
effect to the extent of imine hydrolysis when the reaction was carried out in alcoholic
solvents. The yield of the homoallylic amine (II-1) dropped from 62 to 7.7 and 3.8 %
on changing the solvent from absolute ethanol (< 0.2 % water content) to 95 and 85 %
ethanol, respectively. In view of the sensitivity of the reaction to water, it was

surprising to obtain reasonably good yields of the desired addition product using

commercial absolute alcoholic i} gonsidering that no attempts to exclude

moisture and air were made. & : higue to indium, since treatment of
(I-1) with zinc powder/all WEBIGERE o1 gin festlien@llyl bromide in ethanol under the
same conditions gave no ailatiozioro t and the: ~was undissolved.

In alcoholic sols i1d X i nacdiaec Barbier-type allylation of
aldimines was very fas i‘ HF. It was proposed that the
alcoholic solvents pro' € - s reaction by protonation of
the metal amide intcrn wever, other explanation are
possible such as stabili#atig

This new allylati€
15-19, 34

stdte by polar solvents.
it improvement of traditional
methods

employing & and inert atmosphere. It would

therefore be interesting to furthelaxnio =4 ¢ of this reaction.

'r’ ]
3.3 Indium mediate A liy -

””“““@;ﬂﬁ‘ﬂﬁ"ﬂﬁwmm

Table 3.2 Indivth mediated allylation of NV benzyhdene benzylamine (I-1) at different
TR INgAS
| Ph/l\H MeOH
I-1 II-1
Entry In (eq) Z~Br(eq) Yield (%)
1 1 1 21
2 1 2 16
3 . . 51
4 F 3 72
5 2 4 43
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The amount and ratio of indium powder and allyl bromides have considerable
effects to the yield of the allylation product from indium-mediated allylation of
N-benzylidene benzylamine (I-1) in methanol. Using one equivalent of indium
resulted in poor yield regardless of the amount of allyl bromide (entries 1 and 2).
Increasing the amount of indium powder to 2 eq gave better yield (entries 3, 4 and 5).
The optimum In:allyl bromide ratio appeared to be 2 eq of indium powder and 3 eq of
allyl bromide which is consistent withiy , ork by Vilaivan.”® Therefore we selected
this condition for further works " . i/

“Pot, by stirring benzaldehyde and

The reaction has alss
(R)-phenylglycinol in Mgg
and then adding the ingdis
the metal had disso

min to generate imine in situ
de.Fhe reaction was stirred until
Jugous work-up followed by
chromatography, the de s % yield with considerable
amount of alcohol ( T -1 { I s SYedless efficient compared to the
method using pre-forr .d‘ s, : o presence of water formed
during the imine formafio#or M of the imine. Although in
principle addition of a deflydifiiss aos t prove the yield, we chose to

synthesize the aldimines separz ;"’,",4,‘;{ e ation.

-
| e — -

3.3.2 The effect of st fea

]
: R /R o L
LU LT
Sipia e ia
action p i n o ally different

substituted aldimines and allyl bromides under the same reaction conditions. In all

cases, the products were purified by column chromatography after standard aqueous
work-up. All compounds were fully characterized by 'H- and '>C-NMR and mass
spectrometry.
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3.3.2a Variation of type and position of substituents on the aldehyde component
Allylation of the N-benzyl and N-benzhydryl imines by unsubstituted allyl
indium reagent proceeded smoothly to give the expected products in good yield
(Table 3.3). The presence of potentially reactive substituents such as OH, Cl and
Pyridyl at ortho-, meta- or para- position on the aromatic ring of the substrate does

not interfere with the reaction. As a result, the reaction showed a high functional

Yield®
Entry 7, &Y (%)
1 -1 W IEAAE 72
2 I-2 7 ; 66
3 I-3 = 69
4 I-4 g e i 50
5b 1 " & 40
6 2
7 79

Products were puri
® Data from Vilaivan®

@ ﬁuwﬂmimm
The ge rahty of the reaction was next tested with aldimines derived from
enoli@ %\ﬁﬂ Table 3.4

revealeqqthat a reasonable yleld of product can be obtained when R = Pr. In spite of a

ly36 _—

poorer yield was obtained with unbranched, long chain R = "C;H;s, the reaction did
provide the product. As a result, the scope of the reaction was not limited to imine
derived from nonenolizable aldehyde only. The successful allylation of aliphatic
imines bearing one or two alpha hydrogens probably reflect the advantage of low
basicity of organoindium féagents compared to other traditional organometallic

reagents.
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Table 3.4 Indium mediated allylation of aliphatic aldimine I-(8-9)

" e w0
A5 WEa 0
)\H R X

R

I-(8-9) I1-(8-9)

Yield®
Entry (%)
61
20
* isolated
3.3.2¢ The reactions of 4 1
Table 3.5 Indium média bromides
| 1
Nk g
©)Bi§
1-(10% £ 11-10-13
& Eg1-(10-13)

~ N = 3 4 Yield

Entry | Subsfatc PrOGUCENINNEINER I{| R’ | R %)
1 I-1¢ II-10 PhCH; | Me | Me | H 19

2 % . Me H 30
3 1} - ﬁﬂ | ''™Mé | H 55
4 - 2 W IR H 62

AN IBAINA TR s

the reaction was performed using substituted allyl bromides. The commercially
available 3,3-dimethyl allyl bromide (a y, y-disubstituted allyl bromide) and 1-
bromo-3-phenyl-2-propene (a y-monosubstituted allyl bromide) were chosen as
substrates. The results were as shown in Table 3.5. Generally, the yield was much
poorer than unsubstituted allyl bromide. This is not unexpected based on steric
consideration. Interestingly, in all cases only the y-adducts and not the a-adducts'have

been isolated.
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R .R? R
N e HN HN
| > 3
\/\/ o
2 R*R R*
K v-adduct a-adduct
Scheme 3.4

This suggested that allylic rearrangement may take place according to the

mechanism shown in Scheme 3 the reaction with unsubstituted allyl

bromide would take place vig 1#5S rin the same way.
2
2 -R
.R u HN
Rl)l\ H Rz)\(\
R® R*

The structure of fned by 'H-NMR. N-Benzyl-1-

phenyl-2,2-dimethylbut-3-enansdii d two groups of signals of olefinic
protons at 5.06 ppp. kel , )i diphenylmethyl-1-phenyl-

2,2-dimethylbut-3 4l Betlcnyl-2,2-dimethylbut-3-

o

enamine (II-12) showad similar dot BRAIS 2t 5.120818 5 ppm and 5.22/5.92 ppm
respectively. This sugge e presence o inal alkene group which can only be
possible in ﬁwg:ﬁ g-m ut-3-enamme (I1-13)
'H- and Bl spectrum of N-diphenylmethy 2-d1phenylb t -enamine (I1-13)
AT

and two doublet signals of CH=CH, at 4.95 ppm and multiplets of CH=CH, at 5.85

na antt-lsomers

ppm. From the limited data available it was not possible to tell the configuration of

major product whether it is syn- or anti- isomer.



75

b) N-diphenylmethyl-1-phenyl-2,2-dimethylbut-3-enamine (II-11)

Figure 3.2 The "H-NMR spectrum of the reaction products of aldimine with
substituted allyl bromides/ Indium powder
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G

‘a = major isomer
b = minor isomer

(d) N-diphenylmethyl-1,2-diphenylbut-3-enamine (II-13)

Figure 3.2 The '"H-NMR spectrum of the reaction products of aldimine with
substituted allyl bromides/Indium powder (Continued)
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3.4 The investigation of chiral amines as auxiliaries for asymmetric allylation of
aldimines
It is evidenced that by using chiral aldimines derived from chiral amines,
asymmetric addition should be possible. Vilaivan®® has previously discovered that
(R)-phenylglycinol is a good chiral auxiliary for such addition (ds > 9:1) while
(R)-phenylethylamine gave a much poorer result (ds < 7:3). In order to find the best
chiral auxiliary, the allylation 08 ichbifal aldimines I-(14-18) derived from

benzaldehyde and appropriate \ e chosen as model reactions. The
allylation reaction was caii s & — 2 eq of indium powder and 3 eq
of allyl bromide in absolute ethnsie clianel at geom temperature as described
earlier. (R)-Methylbeng '

(8)-phenylalaninol gaygs

D! alanine methyl ester and

_y ble 3.6). The more bulky
isopropyl group togetheg netal of (S)-valinol make it a
better auxiliary.*? | to be very effective in
Pd°-catalyzed allylati hiral amines investigated,
(R)-phenylglycinol was f@ ve results whereby the desired
allylation products were isaffite ,v'.e{-“,' 0% ‘ lly as a single diastereoisomer as
shown by 'H- and *C-NMR SIETROH( 9, 80 and 125 MHz respectively). The
optical rotation of the ] ‘-,_ henylglycmol is -35.2
(c = 1.05, CHCL) Wi M oo? = -42.3, ¢ = 4.00,

CHCI;). Based on th ; otation, the config § on of the newly formed
d to be R ( confirmed later). The corresponding
g%y %g %ol gave the product
with opposite guration at the new stereogenic center form shown by the
S PRI S 1181810
i

stereogenic center is pr,

reaction emp
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Table 3.6 Addition of allyl indium reagent to chiral aldimines

SR .R* _R*
N HN HN g

| =
H $——> R ™ S A
P av

I (R)-IT (S)-I1

& ds
Entry | Substrate B | : %Yield | (major:minor
. isomer)®

70:30

13:27

77:23

90:10

>99:1

>99:1

A

'Da ok VAN t al>®
® Determined by 'H-NMR
From Table 3.6, it is evidenced that the chiral auxiliary possessing a donor

atom capable of chelation (together with the imine nitrogen) is necessary for high
diastereoselectivity. In addition, the R-group must be sufficiently bulky, thﬁs phenyl
(entries 5, 6) and isopropyl (entry 4) are much better than benzyl group (entries 2, 3).
Since, (S)- and (R)-phenylglycinol auxiliary gave the desired product in high yield
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and diastereomeric ratio, therefore they were chosen as chiral auxiliary for further

studies, especially the less expensive (R)-isomer.

3.5 Addition of allyl indium reagent to chiral aldimines derived from aldehydes
and (R)-phenylglycinol
The aldimines used in this study were prepared from (R)-phenylglycinol and

B,

e 'R
OH ==

aldehydes described in section 3.

The chiral iy ' titatively by mixing (R)-

phenylglycinol with thgfcg 1 the presence of anhydrous
magnesium sulfate in dich TOpsS S » teMperature overnight. The structure
of products were established by= _estingly, imines derived from aromatic

aldehydes existed i{ agolidine diastereomers I-b as

indicated by the pr¢ 97 z :; 6 ppm. The content of the
oxazolidine 1ncrease¥v1 ™ o'8ldchydis. For imines derived from
aliphatic aldehydes, the ‘oxazohdme is the major tautomer and no CH=N signal was

. GUETDUNININNS,

ation reaction employing (R)-
phen al quxiliagy.was derived from
subst@W and lalipHat@ &k ﬂﬁanms reaction is

applicable to a wide range of substrates to give the products in fair to good yields and

excellent diastereoselectivity. For substrates bearing para-substituted benzene (entries
1, 10, 11) the diastereoselectivity is approaching 100 % as no sign of the other
diastereomer was observed according to 'H- and *C-NMR analysis. Imines bearing
ortho- and meta-substitution (entries 4, 5, 7-9) gave somewhat poorer as indicated by
'H- and PC-NMR.
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It is interesting to observe that the imines derived from salicylaldehyde (entry
6) and heteroaromatic aldehydes (entry 2, 3) bearing substituents capable of
coordinating ability at the ortho-position gave excellent diastereoselectivity. Kumar>*
and co-workers has recently reported an indium-mediated allylation of the Schiff
bases derived from uracils and chiral amino alcohol in THF/toluene. They suggested
that complexation of the C-4 carbonyl oxygen of the uracil moiety with indium is

essential to obtain diastereoselectivity K@) > 98:2) since the corresponding imines

derived from 2,4-dimethoxy-3
(Scheme 3.7). The reason &

(entries 7-9) is less cles

s pave virtually no diastereoselectivity
: “d for meta-substituted aromatics
amstudy, it is evidenced that the
presence of ortho- &4 not essential to give high

diastereoselectivity as

11-20a

Veds = >98:2)
i

HO .

AT Wﬁ%

Scheme 3.7

(66 %, ds = 50:50)
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Table 3.7 Addition of allylindium reagent to chiral aldimines derived from aromatic

aldehydes and (R)-phenylglycinol

N/I;\/O /&_\0 In(;req) HN/\/OH 5 HN/\/OH
g ;{ G I I NG PN\
I (R,R)-1I (R,S)-I1
Entry | Substrate [a]D24 CHCI ds" (major :

’ ? minor)

1 I-19 -31.4 (c=1.01) >99:1°

2 I-21 -15.2 (¢=0.99) >99:1°

3 1-22 -5.7 (c=1.05) >99:1°

4 I-23 -36.2 (¢=1.02) 94:6

5 1-24 -45.2 (¢=1.04) 80:20

6 I-25 -63.6(c=0.89) >99:1°

7 1-26 -22.1 (c=1.13) 94:6

8 1-27 -45.2 (c = 1.04) 95:5

9 I-28 -36.1 (¢=0.97) 94:6

10 1-29 . -18.3 (c=1.04) >99:1°

11 1-30 98 | -24.4 (c=1.20) >99:1°

4 determmed by 'H-NMR.

-
® Only one diastereomer was observidi &

5
The reactiof: 2
desired products in yr to

6ﬂﬂﬂ€w

excellent.

Table 3.8 Ad@b

n of a yhndlum regent to chira

dses

¥

'H-NMR and 50 MHz *C-NMR analysis.

X ) - ldehydes also gave the

f; 1e diastereoselectivity was

"’lm

dimines derived from aliphatic

ﬁ Substrate | Product 3({:/eol)d [@]p*, CHCl; dslf:il:.?:-))r i
i-Propyl- I-31 (R,R)-I1-31 | 100 [ -122.9 (¢=0.98) >99:1
n-Propyl- 1-32 (R,R)-II-32 | 51 -91.4 (c=1.51) >99:1
n-Butyl- I-33 (R,R)-11-33 33 -73.8 (c=0.66) >99:1

Cyclohexyl- | 1-34 | (RR)-II-34 | 78 | -78.9 (c=1.07) >99:1
Cinnamyl- 1-35 (R,R)-11-35 87 +28.7 (c=1.03) >99:1
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3.6 Addition of allylindium reagent to chiral ketimines derived from ketones and
(R)-phenylglycinol
To test whether the allylation condition is applicable to ketimines, an imine

derived from acetophenone and (R)-phenylglycinol was made.

Disappointingly, the a!
1,2,2-trimethyl-ph .

shown by 'H-NM "’

condition of indium mafliated allyla

0 a mixture of phenylglycinol and

ylation of acetophenone as

—

- . d

' luded that the present

- ffhs

ot applicablel ketimines.

3.7 Additon @Mxﬁrﬁg m%m,}ﬂﬁng substituted allyl

bromides

ARSI
performq’ﬂg he reaction, g's ﬁted f'ylaz 1e allylation of

aldimine I-19 derived from (R)-phenylglycinol and benzaldehyde with 3,3-
dimethylallyl bromide, the only isolable product is the 2,2-dimethyl-1-phenylbut-3-
en-1-ol (18 %) (Scheme 3.9).
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Ll only product
1"""’.":}_: ned 18 %)

§ ‘Oino-1-phenyl-1-propene, the

) @ FENMR (Scheme 3.10).

For the corrg

reaction gave rise to corgble;

\ ol "
e 7 NPT
Llf" . =_“ ‘j

".. —— 23
AU NN ARG
aman Il nend

rom the results shown above, it is concluded that only unsubstituted allyl
bromide is effective in this reaction condition somewhat which might restrict the
application of the reaction. Nevertheless, the broad substrate tolerance and high

diastereoselectivity together with its simplicity make this reaction potentially useful.
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3.8 The removal of chiral auxiliary

Chiral homoallylai it yynthons for the preparation of

biologically active comjs c method to remove the chiral

auxiliary must be availablc utfliz 'ﬁm cntial of this reaction. Several

literature methods have x

\ resence of methylamine

of * d in details below.

3.8.1 The oxidative ¢

V-1
Umani-Ronchi’' ia”® reported the sthesis of (§)-1-phenyl-3-
butenamine ﬂ . mﬁived from (S)-valine
methyl esters . The first step is the reduction of
e with HsIOg¢

the m W‘ﬁ i ﬂ g8
in th c Wﬁ yc ' c amine was
obtained optically pure in 86 % overall yield.

Furthermore, Coates® reported that the similar oxidative cleavage of
the optically active 2-phenyl-2-(1'-phenylethylamino)-ethanol (VI) gave (S)-

phenethylamine (V-2) in 70 % yield and 94 % ee.
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NH,
OH H5106 P H3O+ M
HN MeNH, N ©/L ©
o™ o
VI IR | & V2

Coates®® have foundh “lequired additive in this cleavage

Matdchyde resulted from the initial
competitively with (VIII) to

(oxazolidine/imine ratio ~ 2:1)

reaction. In the absence o™
oxidative cleavage of amuge™?
give oxazolidine adduct

which was stable to thic

Our attempt, ; i :; Jition failed as shown by
'H-NMR of the crud bactio ats not quite clear, but this may
be attributed partly to l e 1d sample of H510 used

3smehmlﬂ DAL m!"m
R ey

) The harsh condition required for hydrogenolysis of benzylic amines. (e.g.
high pressure, temperature and requirement of additives such as HOAc*®)
2) Incompatibility with the allyl group (the double bond is easily
hydrogenated).
3) The reaction is applicable only when R # aryl since otherwise ambiguous
hydrogenolysis may result e.g. (Scheme 3.14).
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b
w\_OH Ph
HN
A ~rAR —— P TN 4 HNJ\/OH or
Ph = s
\b\ NH,
Scheme 3.14

Recently, the addition of jallylzinc bromide to imines derived from

(R)-phenylglycine amide as chi | f A eported (Scheme 3.15).” Removal of
the auxiliary by hydrogef 3 he'Satlizatet amines, also in high enantiomeric
purity.? '

In our han & t th v by-hydrogenation leads to the
loss of the allylic { ; he “H=N ; R of the product, although

no auxiliary cleavag -' :

qu@wﬂ{mﬂ@

Scheme 3.16
Our attempts to repeat the reaction under a variety of conditions (hydrogen
donor: Hy, HCO,NHy; catalyst: 10 % Pd-C, Pd(OAc),, Pd(OH),-C; additive: none,
HOAC) gave no cleavage product, only saturation of the allyl group was observed as

shown by the disappearance of the olefinic proton signal in "H-NMR spectra of the

products.
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3.8.3 Oxidative removal of the chiral auxiliary with lead tetraacetate

a) Literature review

>

i S0 z NH,. HCI
= Pb(OAc)y, 0° C 1) 15% NaOH :

D 15%NaOH _ z
2) 3N HCl, Et,0 /@/\Rz
R,

Wu and Pridgen 2 leavage of the aminoalcohol
with lead tetraaceta is » drogenolysis in removal of
phenylglycinol auxiliary £ e allyl group. The procedure
Cl; : MeOH (2:1) at 0 °C for a
aOH to quench the reaction. The

dth/3 N HCl/ether (46-65 %
§ ‘ f

involves stirring the substrafe Wiha
few minutes followed by additigz ot /-
crude imine obtaln 4

yield, 92-99 % ee) (

Pridgen and & woers ave reported a §

nthesis of 2-(1'-amino-2'-

methylpropyl) imidazol ey S esis of SB 203386 potent
m@ miﬁ“ WEAHS
AR eyl ]
2) NHCI

11-40 V-5
Scheme 3.18

Moreover, the method for synthesis of nonracemic amines has been reported
by Pridgen*’ wherein organometallic nucleophiles were added to nonracemic

oxazolidines which in turn were prepared by condensation of the appropriate aldehyde
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with optically active phenylglycinol. Oxidative removal of the chiral auxiliary yielded
nonracemic primary amines. Compound II-40 was converted to (R)-V-5 in 86 % yield

and > 99 % ee on treatment with lead tetraacetate.

b) The removal of the chiral auxiliary with lead tetraacetate under
conventional protocol
We decided to follow the

ented oxidative procedure to cleave the
2-phenylethanol moiety from.
ethanol (II-19) by using lea

®

F e 1¥1-2-[(1'R)-1'-phenylbut-3'-enylamino]

PN ;7 NH,. HCI
R/T\/\ B0 BT OV
11-(19,31) » V-(6,7)
R = Phenyl (IT-194V , VII-4, V-7)

Treatment‘
(11-19) with Pb(O ’»;rr oL hour gave N-benzylidine-
(1-phenylbut-3-ene-1-aminc)  (VII3)Sass by #I-NMR. Hydrolysis of this

b ut-3’-enylamino]ethanol

intermediate using 3N / Et;0 overnight gave the desired deprotection product

1-phenyl-but ifie, (W36} hst ﬂ‘ﬁm% evaporation of the
aqueous pha@ﬂo ately, the yield was rather poor (18 % of desired product),
and i i m" 1 mmmewed after
deﬁvmgﬂ: 1 Mﬁ( -phenylglyciri e (R) isomer

was found to be the major product (see section 3.9.3). Since the derivatization step

has been proven to be racemization-free, the only possible step that racemization can

occur is the auxiliary cleavage step.
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Deprotection of the amine (II-31) (R = ‘Pr) derived from aliphatic aldehydes
resulted in the desired product in only 18 % yield with 20 % racemization.

It was previously shown that imine of the type (VII-5) is subjected to aza-
Cope rearrangement as follows:** The reaction may fake place spontaneously under
thermal conditions. However, in our case the intermediate imine does not seem to

rearrange before acid-treatment therefore the rearrangement is probably acid-

catalyzed.

We suspected®th: 7 ? 1§ tesponsible for the racemization and
also lead to low yield & fc @u produet. We have confirmed that this
is the case by identifyinggl! I ‘:, AL S f"“;d ) Gleavage reaction as follows:

The cleavage prod Sy !éit -dfrom the oxidative removal of the
4 R = 2-OMeCgHy, I1-31 R = ‘Pr and
)y hydrolysis could not be

chiral auxiliary from amines I > ! {?w
II-35 R = Cinna 9‘
separated by fla y’ B hieir highly polar nature.
Therefore, the amine odu protectcd b . rt-butoxycarbonyl group by

treatment with BoczO % The cleav product and aza-Cope rearrangement

'"H-NMR (T ﬂ ﬂ% 'W‘ﬂﬂﬁ y and identified by
aﬂmmnﬁm Nk R EL)

by-products
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Table 3.9 The oxidative removal of the chiral auxiliary with lead tetraacetate and
the aza-Cope rearrangement by-products (isolated as N-Boc derivatives)

HN JOI\OJ<

DPb(OAC). 0°C iy, K

A~_-OH 2)15%NaOH 5 1) BN, CHyCl =
HN e — 3 g + by-product
s 3)3NHCLELO R X 2)Bog,0 RN b
R/\/\
II Vy X
Yield (%)
Entry | Substrate : Fooe
; Boco i~~~ | Others
L, - o H
1 11-19 . 37° -
2 11-24 - NN g -
3 11-31 FEL. ' 3b ]
o -+ o 0
4 I-35 S 4°
- Ph/\/u\ﬂ
* Isolated yield, 30 % racemizétio 3 '
® Calculated yield from 'H-NMR. 7
¢ Isolated yield, 20 % racemization =
: £
In all reacti\ but-3-enamine and N-fert-
butoxycarbonyl-1- by-products. When R =
Ph (entry 1) productya ( » IN-tert-butoxycarbonyl-1-phenyl-

but-3-enamine were insefarble mixture of enantiomers. Furthermore, in the case of

ﬁz n &”ﬂmecm as evidenced
CH! at 9.77 ppm.

facem%%iﬂo ﬂﬁmwsewation of

In the simplest case, R = Ph, the aza-Cope rearrangement would be

degenerate, ie, the starting material and the product are the same. However, this is not
strictly true if we consider the configuration of the products. Let’s suppose R = Ph
and configuration of the starting imine is R. The aza-Cope rearrangement should
proceed through one of the two chair-like transition state models shown in

Scheme 3.21. The one possessing transition state I has both Ph groups occupying
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equatorial positions while the transition state II has one Ph group in an axial position.
As evidenced from Scheme 3.21, the transition state I would result in the same
compound as the starting material, but with the opposite (8)-configuration. Since the
process can repeat again and again, racemization is expected.

For R # Ph, the situation would be more complicated, but the result would also

lead to racemization (Scheme 3.22). Assuming the six-membered cyclic transition

state model, the transition state I sh: ‘ 4 44 fo the by-product (R = Ph) with opposite
configuration to the starting, | '
reaction can also proceed 4F pathway whereby one R group
occupying axial and the g ssitions to give the product with
the same configurationwh' angement would result in
racemization. Althoug to be the minor one, its
occurrence might not _ nﬁguration of the isolated
by-product (R = b sent and by derivatizing with
Boc-(R)-phenylglycm nige ¥ .c ndeed a mixture of both
enantiomers with the (S)¥€n #hitio r ':i‘& 1ate (S:R = 80:20). It is therefore
conceivable that successiy v t of these intermediates would

results in decreased enantiogiciie

e ) puy products involved as observed

experimentally (S' il :‘_,_.
When the :

by-product, the n ;ement and

free from formaldehyde

ation could &4l take place upon treatment

TR
RINTINATEEY
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H ¥
AN 1) 15% NaOH N | H
diethyl ether [Ph /\,-‘/I
Ph
H
NJ\H m
5 + ANy
Ph/\/\
PR X

unrearranged product

N,

oAy
RNRTAINAT bR

NH,. HCI NH,. HCI
Ph'M thM
major rearranged product minor rearranged product

Scheme 3.21
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CIP sequence N > R> allyl
1
it N NH,. HCI
J _H
N H,0 RN
RRX major
H H * -H RRe N *
o \f \l/ Ph
R N==7 “Ph I} ‘o= Sre
Y e tse s | R/R
L ‘\.I R H e

transition &8

" NH,. HCI
Ph H =
HO  ppr ™"
minor

H
N/Lg/l%

03
‘\-/\t
r ~<

transition state |

<

AU InypEnens
AMaIN TN

e have tried every possible way to solve the problem of aza-Cope
rearrangement using various alternative cleavage methods such as aq NaOBr, NaOCl,
PBr; followed by DBU treatment, but none of these was as effective as Pb(OAc)4
oxidation. As a result, our attempt was focused on finding the most effective method
for hydrolysis of the imine intermediate. The details of which will be discussed in the

next section.
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¢) Racemization-free removal of the chiral auxiliary with lead tetraacetate
Broxterman® reported an effective routes for cleavage of the imines obtained
from a different method using hydroxylamine hydrochloride. We have applied this
method to cleavage the imine derived from Pb(OAc), oxidation of the aminoalcohol
such as N-benzylidene-(1-phenylbut-3-ene-1-amine) (VII-3) and N-benzylidene-(1-
isopropyl-but-3-ene-1-amine) (VII-4). The oxidation product, without isolation, was
an ine hydrochloride in MeOH:CH,Cl,
sumed (TLC). The mixture was then
treated with 10 % HCI undil pH=1 7 Ly Lot d with diethyl ether to remove
' LtopH = 12 with 15 % NaOH and
was stirred with excess of
= d MeOH). The solvent was

R
dfochloride salt. In this way, no

treated with large excess (10 eq.) o -T-'

(1:1) at 0 °C until all the starting

non-basic impurities. The yates
was re-extracted with g

methanolic HCI (generage

evaporated furnishing th
by-products derived "‘: observed in the crude product.
Furthermore, the chiral teghitffo ot g il icase were secured as confirmed
by derivatization with B@€-1; he 'u A Y. -phenylglycine (section 3.9),
| herefore, Pb(OAc), oxidation

loride is the method of choice for

which showed only one @
followed by treatment with hyd ff*‘f:'?##r

racemization-free d protection of the i@ty from homoallylic amine.

\ .,“ji
v I

The mechanism of ten as follows (Scheme

3.23). The rate of »l is probably™to cleave the f:,; as well as to trap the

aldehyde by-product so thatsthe reversible ifnine formation is not possible. The high

LS T S

ensure minimum'life time of thtane and its ccm%gate acid therefore reducing the

RIS N INES
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Table 3.10 Removal of the auxiliary from the homoallylic amines

Ph

P H
53 NH,. HCI
HN/R\/OH Pb(OAc),, 0°C NJ\Ph 1) NH,OH.HCI :
e : 2)aq. NaOH . RR>"Xx
R'R = RRX | 3)HC
1I VI \Y%
Entry | Substrate | Product | ‘?,Zl ;i [a]p*, CHCL; | R:S°
1 11-19 -1.2 (¢=0.85) >99:1
2 11-21 +20.3 (¢=1.02) | >99:1
3 11-24 -6.9 (c=1.04) 80:20°
4 1I-31 -4.8 (¢=0.83) >99:1
5 11-32 -94.2 (c=1.35) | >99:1°
6 11-34 1 -0.71 (c=0.98) | >99:1
7 11-35 o +23.1 (¢=0.78) | >99:1

? Determined from 200 aficr derivatization with (R)- and (S)-
Boc-phenylglycine; ° Thg#stag 2 | mixture of RR:RS diastereomers; ¢ The
absolute configuration ¥ th#fajer prodult mist | signed as'St In fact the absolute configuration
is the same as other conygbund: I S Prionty of R group as compared to allyl group
according to the CIP sequncy oy “Steoch ”‘u Al designation S rather than R.

ﬁ /R\/%
m@-ﬂﬁlﬁﬂﬂ T RGPV T
39.1 General principle
There are a number of methods to assign the absolute configuration of chiral
molecules. One characteristic of chiral molecules is that the separated enantiomers
cause the plane of polarized light to rotate by opposite but equal amounts. The

absolute configuration of ncw chiral compounds can be determined by compare the

sign of rotation with compounds of known configuration under similar conditions
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such as temperature, concentration and solvent. However, an enantiomerically pure
standard with known absolute configuration is required, which is not always possible.
A suitable X-ray diffraction technique may be used to identify the absolute
configuration of chiral molecules if good quality crystals can be made. Another way is
to correlate the configuration by chemical transformation to a known compound,

a process that is often not practical.

Enantiomers cannot be distinguihed in an achiral medium by their NMR
spectra because their reson A1f) @efiical shift equivalent. In contrast,
diastereomers may be disg Sued -J‘“':': 1 resonances are chemical shift

non-equivalent. Determii using NMR spectroscopy

requires the interventioge enantiomeric mixture into

a mixture of diastereog de of the observed chemical

_/,_

)
3F
0

dha
PoAif8sitio \\ thcoriginal mixture. Three types

cly _;,;:_ 6:: iral % g tizing agents (CDAs) form

diastereomers while chiral #6 AARE o, s)yand chiral lanthanide shift reagent

(CLSRs) form diastereomeric )
With a suitab)

shift non-equivalence solution, integration of the

appropriate signals Ves ic composition. This can be

directly related to the @flangio fic

of chiral auxiliary arcfw

ith the substrate enantiomers.

A , a-substituted alcohol and
primary amines cz & 7 i::'!"r ' This consists of the
derivatization of the %ﬁés of unknown coniigu atlon vith the R and S enantiomers

of a chiral derivatizing r@g‘t and subseq comparison of the NMR spectra of the

resulting dlaﬁ< M ﬁ w&mﬁmm can be reliably
established b ans of a model that correlates configuratio f the amine with
the si m ﬁyﬁxﬁ%

bond;ﬁM;o e

e substituents

3.9.2 Boc-phenylglycine (BPG) as chiral derivatizing reagent
Boc-phenylglycine (BPG) had recently been recommended by Riguera® as a
suitable chiral derivatizing reagent for amines for determination of absolute
configuration. Its structure incorporates a phenyl ring as anisotropic group, NH-Boc

acts as the polar group, which helps fixing the resulting amide in a specific and
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predictable conformation, and the carboxyl provides a linkage to the amine (via amide
bond). Furthermore, the two enantiomers (R)- and (S)-BPG, are inexpensive and

commercially available in optically pure form.

Boc, H Boc, H
N N
\‘}\ \\)\
B “con PI' 7 “coH

(S)-Boc-phenylglycine
(S)-BPG

(R)-Boc-phenylgl . "ﬂ, ,
(R)B |

Figure 3.3 The twe 3)-BPG by Riguera*

Riguera’s* Mg€c N s\ calc g indicated that the anti-
periplanar (ap) confo ¢ : des is more stable than the syn-
periplanar (sp) confor ulations also indicate that it is

the most stable conforttier

Figure 3.4 The , ;" ctamers around
Riguera

More i ‘lﬁ ﬁ » onformation of Boc-
phenylglycinmge lm ( Aﬁﬂﬁshould be shielded by
the ani i t ﬂ 0 wm while the L,
subs?@ﬁﬁﬁﬁﬁl% ﬁﬁSa : ( o PG amides, it

is L that is shielded in the ap conformer with L; remaining unaffected (Figure 3.5b).

e - 20 bond in BPG amides by

Therefore, L; will be more shielded in the (R)-BPG amide than in the (S)-analogue,
and conversely, L, will be more shielded in the (S)-BPG amides than in the (R)-

analogue.
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a
ap sp
OC
H H H
BocH HN ... ol
Nﬁ P »—(& S “XEN’\L"’ =
L, 1 PR NHiy PR NHBoc
(R) Boc L’
b
Cpn-tﬁ'%NHBoc H
=
L
L Ly BocHN%:pr:
: L2
Figure 3.5 & d sp conformers of
3.9.3 The assignment ofifh the homoallylic amines

derived from (/&

S A
, OBt ¢

H
‘; ui_] 3 . H2C12 R NW
(a4 0 R
___ﬁ Borc

1) Pb(OAc)y, 0°C _Aiidiiy /) (R)-BPG amide (XI)
HN/\/OH 2) 15%Qa0 5 Y

PPEEE - ———————
S )\
) >L )H:m

E;N, HOBt

@uﬂﬁ RLLLE YT
ARIRIATRILIINYAE

Scheme 3.24

Initially the homoallylic amine (V-6) was deprotected with Pb(OAc), followed
by treatment with aq HCI/Et;O (Section 3.8.3b). The preparation of diastereomeric
amides were prepared from the resulting amine and (R)- and (S)-BPG by treatment
with DCC, HOBt and Et;N in CH-Cl,. The reaction mixture was filtered to remove
the dicyclohexylurea, and the amide was purified by flash chromatography on silica
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gel using hexane/ethyl acetate as eluant. The products (R)-BPG amide XI-1 and (S)-
BPG amide XI-1 were obtained in 44 and 53 % yield respectively.

'H-NMR spectrum of the amide derived from 1-phenylbut-3-enylamine (R =
Ph) and (S5)-BPG showed a marked upfield shift of the allyl group signal (Figure
3.6a) as compared to the corresponding (R)-BPG amide derivative, suggesting that the
allyl group takes the L; position (Figure 3.6b). In addition, the ortho-protons of the
phenyl group in the (R)-BPG a

ative appeared at a more upfield position
than the corresponding signal is dide derivative therefore the phenyl
group should occupy the L A »ihe model by Riguera® (Figure
3.5), the configuration ot the Hamo: < amic > (R = Ph) derived from (R)-
phenylglycinol has beeges a5
derived from (S)-phen

BPG, therefore its config

sponding homoallylic amine
. Spegtra upon derivatization with
However, on caref =Clra 11 each case, a small amount
ed (marked by (R/S, R/S) in

of the compound with. 'J.«. g \
ization took place, to the extent of 30

the spectra) which indicagd §

% in the case of R = Ph anc

¢
o

- o
-~

autIneninenns
NIl INEEY
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Upfield
allyl-CH,
Downfield Allyl CH S,R)
Ph-H

(a) "H-NMR spectrum,
auxiliary after de

Downfield
A2 1-CH,

(b) "H-NMR spectrum of 1-phenylbut-3-enylamine derived from (R)-phenylglycinol
auxiliary after derivatization with (R)-BPG

Figure 3.6 'H-NMR spectrum of 1-phenyl-but-3-enylamine derived from (R)- and
(S)-phenylglycinol auxiliary after derivatization with (R)- and (S)-BPG
from the oxidative cleavage by lead tetraacetate and 3N HCI



Downfield
Upfield Allsl G allyl-CH,
& yiCH
Ph-H (S5 l
(R.S)

(c) "H-NMR spectrum of ot
auxiliary after deri¥atiz

Upfield
allyl-CH,

;_— ________ —=‘—l

- i
LY

(d) "H-NMR spectrum of 1-phenylbut-3-enylamine derived from (S)-phenylglycinol
auxiliary after derivatization with (R)-BPG

Figure 3.6 '"H-NMR spectrum of 1-phenyl-but-3-enylamine derived from (R)- and

(S)-phenylglycinol auxiliary after derivatization with (R)- and (S)-BPG
from the oxidative cleavage by lead tetraacetate and 3N HCl

(Continued).
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Upfield C Mens
Ph-H Z

\

(CHs),CH
(SR)
Allyl CH

(S:5) (SR) (5.5)

B

e derived from

(a) "H-NMR sf o £
: with (5)-BPG

(R)-phenylgl,

Upfield
Ph-H

(CH;),.CH
(RS) (R.R)

r. 'H-NMR spectrum of 1-isopropylbut-3-enylamine derived from
(R)-phenylglycinol auxiliary after derivatization with (R)-BPG

Figure 3.7 "H-NMR spectrum of 1-isopropyl-but-3-enylamine derived from (R)- and
(S)-phenylglycinol auxiliary after derivatization with (R)- and (S)-BPG
from the oxidative cleavage by lead tetraacetate and 3N HCI
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3.10 The assignment of the absolute configuration of the homoallylic amines
derived from (R)-phenylglycinol auxiliary by using Pb(OAc)s/ NH,OH
With such a high degree of racemization, it is not safe to attempt to deduce the
absolute configuration. As a result, the new deprotection method using Pb(OAc)./
NH,OH was employed (Section 3.8.3c). Seven homoallylic amines with different
substituents V-(6-12), both aliphatic and aromatic Table 3.10, were chosen as model

compounds. These were derivatized {1 \()-and (S5)-BPG and absolute configuration

determined as described earli ox

Table 3.11 The absol

Entry R Config. ( R{SS)“
1 Ph R >99:1
2 2-Pyridyl R >99:1
3 | 2-OMeCgH, R 80:20°
4 Pr R >99:1
5 "Pr 63 S >99:1¢
6 “Hex 73 ( R >99:1
7 | Cinnarfyihd |y {5 R | >9:1

*Determined from 200 :; &l Atization with (R)- and (S)-Boc-
phenylglycine; ® The staftiag & WRiRS diastereomers; © The absolute
configuration must be ass‘ ed as S T . Atrangemenl of all substituents are the same as
other compounds, but the {wer priority of the "Pr group as compared to allyl group according to the

CIP sequence rule makes thc‘achcmical designagion S rather than R.

AUETNENANE NS
AR NNINGEY



Table 3.12 The absolute configuration of the homoallylic amines R=Phenyl
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8-(S)-BPG 5-(R)-BPG
o B o j
R H ot o~ ©l‘s . \71\/’{ @l", Config.
N | 4N
g* H*H' y¢ H? H'
Ph 154 2.37 2.45
From (R)- 3,4 4.73 7.16 5.10 6.92 R
phenylglycinol 5 5.4 5.58
gl
C N Boc
=z
H
Downfi
Ph-H
{ ~ Upfield
allyl-CH,

uganuntnens =

aagnanlum Ingnay
-H A;yliﬁ 1 e
I ho
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The configurations of other homoallylic amines were determined similarly. In
all cases, the (R)-phenylglycinol auxiliary gave the homoallylic amines with (R)-
configuration regardless of the nature of substituent. Thus it is quite safe to assume
that the remaining compounds have the same with (R)-configuration except V-11 (R =
"Pr) and all other compounds bearing primary alkyl substituent because of the lower

priority of R group as compared to allyl group according to the CIP sequence rule

makes the stereochemical designatiQug

L8

3.11 The transition state i

The observed to imine, benzaldehyde and

(R)-phenylglycinol 2 follow the chelation model.

There are four possiblg stereomeric products.

= -~ R
In N\( In N
SuZ H Z H
i y
Iln---O In -0 ks
A \

|
me%ﬂw%’wyﬁm s
sl gy -

Figure 3.8 The transition state model of the allyl addition to imine
TS-1 The (2)-imine allyl addition on the opposite face to the Ph group.
TS-2 The (E)-imine allyl addition on the opposite face to the Ph group.
TS-3 The (E)-imine allyl addition on the same face to the Ph group.
TS-4 The (2)-imine allyl addition on the same face to the Ph group.
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The priority of the functional groups was determined to be: NH=1, R=2 and
allyl=3 respectively. The configuration of the TS-2 and TS-3 has the C=N of the
imine in E-form so they should be more stable than TS-1 and TS-4

In TS-2 the allyl group adds on the opposite face (re-face for CIP rank
NH =1, R = 2 and allyl = 3) relative to the phenyl group on the auxiliary thus it

should be lower in energy based on steric ground compared to TS-3. TS-2 would lead

to (R)-configuration which is in accpi@idiie g with the experimental results.

11/
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