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Abstract

This thesis entitled “Synthesis of Allenes and Propargylamines and
Development of Electron Transfer Reactions”. It comprises of Five chapters. Each
chapter divided into four sections namely, Introduction, Results and Discussion,
Conclusions and Experimental Section. The work described in this thesis is exploratory
in nature.

The first chapter describes the zinc chloride catalyzed reactions of chiral (R,R)-1-
benzylpiperizine 1 with 1-alkynes 2 and aldehydes 3 to give the chiral propargylamines 4
in 63-90% yields with up to 99:1 dr. The chiral propargylamines are converted to chiral
allenes 5 using zinc bromide with high enantioselectivities (up to 99% ee) in 25-89%
yields. The chiral piperazine recovered in good yield (75%) by the reduction of the imine

byproduct in situ using NaBHa.

Scheme 1

ZnCl, (10 mol%) ZnBr, (0.5 equiv.) H R?
[ R'+ R2-CHO Q ) S—
Toluene, 100 °C Toluene, 120 °C R H
reflux,12 h / reflux, 2 h
(R R)- 2 3 " // (R)-5

(RR S)-4 25-89% y
up to 99% ee

63-90% y
R' = n-CgH44, n-CgHq7, PACH,CH, up to 99:1 dr

R2 = Ph, P-Br-CgH,, m-Br-CgH,, p-Me-CgH,, c-hexyl

The second chapter deals with the results and discussion on the synthesis of
propargylamines 8-9 using methyl vinyl ketone derivatives 7a-7b, 1-alkynes 2 and
secondary amines 6 catalyzed by Cu salts involving Michael addition of amine followed
by an unusual C-C bond cleavage reaction and addition of the in situ formed metal

acetylides to iminium ions (Scheme 2).



Vi

Scheme 2
0
CHs R o
P N,
—
CuCl (10 mol%) 8
0,
Toluene, 100 °C 46-92% vy
reflux, 12 h 1
o R' = Ph, C4Hg, C5Hyq, CeHy3
[ j L= g C7H1s, CgH17, CroHaq
N
H 0
6 2
ﬁ )
H,C 7b N
CuCl (10 mol%) /CHs
1 9
Toluene, 100 °C R
reflux, 12 h 70-98% y

R' = Ph, p-Me-CgH,, p-F-CgHa,
C4Hg, CsH14, CgH1z, C7H4s
CgH17, C1oH21

We have also synthesized the chiral propargylamines 11 using chiral (S)-
diphenylpyrrolidinemethanol 10, 3-pentene-2-one 7b and various 1-alkynes 2 in the
presence of 10 mol% of CuCl (Scheme 3). The chiral propargylamines 11 are obtained in
22-60% vyields with up to 99:1 dr. The aromatic alkynes like phenylacetylene, 3-
ethynylthiophene and 4-phenyl-1-butyne gave the corresponding chiral propargylamines
in 35-60% yields with up to 99:1 dr. We have also carried out the reaction using aliphatic
alkynes such as 1-hexyne, 1-heptyne and 1-decyne under this reaction condition. The
corresponding propargylamines were obtained in 22-47% yields with up to 80:20 dr.

Scheme 3

Ph 0
[% CuCl (10 mol%) [%Ph
Ph
N~ oH Me/\)LMe + =R > N"  OH
H Toluene, 100 °C, /kCH
12h = 3

(S)-dpp-10 b 2

1~ : up to 22-60% y
R'= Ph, 3-th|0pheny|, PhCHzCHZ up to 99:1 dr

n-C4H9, n-C5H1 1 n-C8H17

We have also examined the reaction of pyrrolidine 8 with mesityl oxide

7c and 1- alkynes in the presence of CuCl (10 mol%) to prepare tetrasubstituted



vii

propargylamine deivatives 12 in 46-77% yields (Scheme 4).

Scheme 4
{ \ m . — gf CuCl (10 mol%) ZN>
N TR e, T T T
H
8

3 3 DCM, rt H,C

6-12 h HC X

]

7c 2 12 R
46-77%y

R' = Ph, n-C4Hg , n- CsHq4,CeH1a,
C7H15, CgHyq7

We have observed that the reaction of primary amine like benzylamine 13 with
methyl vinyl ketone 7a in the presence of 10 mol% CuCl gave the 1-(1-benzyl-4-hydroxy-
4- methylpiperidin-3-yl) ethanone 14 in 85% yield via double Michael addition followed
by aldol reaction (Scheme 5).

Scheme 5

O

HO
@NHZ . \)\ CuCl (10 mol%) fﬁ/go
Toluene, 100 °C
3h
13 7a ©) 14
85%y

In the third chapter, studies undertaken on the electron transfer reactions of

primary, secondary and tertiary amine donors with different acceptors such as activated
charcoal, viologens and quinones for use in organic transformations are described (Figure
1).

Amine Donors Acceptors
Y r|:>h
“H
/\Ph

O OO N
NH NJ\ (:[
2 H l}l

H

15 16 17

H H |
SSIoNHNeS
"’r\ll N7 Ph N~

H H |

18 19 20

Figure 1. Amine donors and various acceptors
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We have synthesized the aza-Henry reaction product 28 in 48% vyield, following
the method outlined in Scheme 6 using N-phenyltetrahydroisoquinoline, CH2Br. in the

presence of oxygen.

Scheme 6
©© CH,Br,/O, [ ©© CHaNO,
N —_— N. > N
“Ph DMSO Z " ~ph Ph
26 27 28
48%y

In the fourth chapter, we have described efforts to develop new synthetic
methods based on ground state electron transfer reactions between amines and p-chloranil.
A new method for the synthesis of substituted pyrroles 30 from the reaction of N-

propargyl pyrrolidines 29 using p-chloranil 24 was developed (Scheme 7).

Scheme 7
o cCl
cl cl
1 Q o)
[ > R
N" =~ cl Cl'" " Toluene, [ R
+ o > N //
n Cl cl 70°C,12h
(6] n
29 24 20 n=0, 1
R' = Ph, CgHy-p-CH3, C4Hg, CsHy1, 32-65% y
CeH1a, CrH1s, CsHiz, CioHzg 21 examples

We have also carried out the reaction of N-alkyl pyrrolidine derivatives 31 with p-

chloranil and obtained the corresponding substituted pyrrole derivatives 32 with up to 68%

yields (Scheme 8).
Scheme 8
Cl Cl
(0] (0] (0]
[ 3 cl cl Toluene, Cl
N + - > / \
! Cl Cl 70°C,12h N
R o & R = Me, 68% y

R = c-hexyl 62%y
31 24 32



We have observed that the reaction of N-methyl indole 33 with p-chloranil gave
the corresponding 3-substituted-N-methyl indole product 34 in 48% yield (Scheme 9).

Scheme 9

O
N\ cl Cl Toluene,
NoT 70°C, 12 h
|\V| Cl Cl ’
© o
33 24 34

48%y
In the fifth chapter, we have described the construction of organic
electrochemical cells based on the electron transfer reactions of NN N? N2
tetramethylcyclohexane-1,2-diamine 20 with p-chloranil to generate the electricity. In
these cells, the p-benzoquinone 23, dimethyl sulfone 36 and phthalimide derivatives 35

were used as electron transporters (Figure 2).

Donor Acceptor Electron Transporters
| i 2 o
N__ cl cl g
N—-R A9~
C:N/ cl cl HC g CHs
| o) o) (@)
20 24 23 35 36
Figure 2

We have also briefly studied the hydroboration reaction of prochiral olefins using
chiral 2,3-diphenylpiperazine-borane complexes 38. The corresponding alcohols were
obtained in only up to 2% ee under iodine activation (Scheme 10). The results are
discussed considering the mechanistic aspects of the hydroboration reaction in the

Annexure 1.



Scheme 10

- OH

Ph. - " BH J_
\/\Ph Ph Ph
1.1 (50 mol%), 25 °C, 10 h
37 2. NaOH/H,0,/MeOH . y392cy -
oY, 2%

BH
H_--
N~ YPh
38

The experimental details, spectral data and references are provided under each chapter.

Note: Scheme numbers and compound numbers given in this abstract are different from

those given in the chapters.



Chapter 1
Synthesis of Chiral Allenes using Chiral Amine, Aldehydes and

1-Alkynes



1.1 Introduction

Chiral amines and their derivates are important building blocks for the synthesis of
many pharmaceutical and biologically active molecules.! The 1,2-diaminocyclohexane
and its derivatives are among the most frequently used chiral ligands for a variety of
asymmetric transformations and for the synthesis of a large number of biologically active
compounds.2* Several biologically active compounds contain 1,2-diaminocyclohexane
moiety such as biotin (1), pencillins (2), oxaliplatin (3), Tamiflu (4), U-50,488 (5) as
shown in Figure 1. The 1,2-diamine derivatives are also synthetic precursors for the
synthesis of heterocycles and nitrogen containing macrocyles.>® We have investigated the
synthesis and applications of enantiomerically pure piperazine derivatives containing
chiral (1R,2R)-diaminocyclohexane moiety. A brief review on the synthesis of chiral
propargylamines and chiral allenes from the chiral piperizine derivatives would facilitate

the discussion of the results.

O
H
it oy

' Ay
- TR
s \—\; COoLH
CO,H

biotin (1) pencillins (2)

Ny 00 [::]\
R /PE :K ACHN™ NMe cl
N 0N
Ha

OCHEt,
o (¢]]
oxaliplatin (3) Tamiflu (4) U-50,488 (5)
Figure 1

1.1.1 Synthesis of chiral piperizine 8 starting from the (1R,2R)-diaminocyclohexane 6.
The chiral decahydroquinoxaline 8 was prepared by the reaction of (1R,2R)-
diaminocyclohexane 6 with1,2-diols 7 under basic conditions in 94% yield as shown in

Scheme 1.7
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Scheme 1
H
N

O,NHz HO [Cp*IrCl,], (0.5 mol%) Of
+ j S j
“NH,  HO NaHCO; (0.5 mol%)

N
H

H,O or toluene

6 7 8
94-96% y

The reaction between the chiral 1,2-diaminocyclohexane 6 and glyoxal 9 with
Rh/AI;Os/H,, afforded the chiral decahydroquinoxaline 8 in low yields (Scheme 2).8
Scheme 2

O,NHz _ cHo Rh/AI203/H2 O, ]
“INH, CHO Ethanol 2h

6 9 8
20%y

Iridium complex catalyzed synthesis of chiral decahydroquinoxaline 8 was
reported (Scheme 3).°

Scheme 3

0.5 mol% [Cp*IrCl,],

H

NH;  HO 5% NaHCO; N
O’ + j > ]

Toluene, 100 °C, 5 h N

NH, HO

6 7 8
94 %y
1.1.2 Synthesis of chiral 2,3-diphenyldecahydroquinoxaline derivatives using chiral
(1R,2R)-diaminocyclohexane
The chiral piperazine analogues (12 and 14) were synthesized by electroreductive
intramolecular coupling of diimine 11 and used as chiral auxillaries in the enantioselective

addition of dialkyllzinc to aldehydes (Scheme 4).1°

Scheme 4

ArCHO 10
O’ benzene O/ ~" po cathode O’ j’
o . /
’ reflux MsOH/DMF

Ar = 2- OH -CeHa 73% y



Chapter 1 Synthesis of chiral allenes... 3

Scheme 4 (continued)

a: i. TMSCI, Et3N, toluene, reflux ii. BnBr, reflux
b: NaH, BnBr, THF, reflux

14

PhCHO + EtZn ——— 3= )\/
Ph

10a

85% y, 99% ee

The chiral 2,3-diphenyldecahydroquinoxaline 12a was synthesized from the
corresponding diimine 11a by reductive coupling using zinc and trifluoroacetic acid or
methanesulfonic acid (Scheme 5).1

Scheme 5

H
O’vah TFA or MSA/Zn O/Nrph
4"N4\Ph 25°C,12h '/,H “/ph
11a 12a
98% y
1.1.3 Synthesis of chiral piperazine derivatives

Cyclization of the chiral amino acids followed by reductions afforded the chiral

piperazine derivatives as outlined in Chart 1,124

Chart 1
H
OENIR NaBH4 TiCly Ji ]/
R N ]
H
16 17: R = PhCH,

18:R = j-Pr
[y
" . SOCI2 CH3OH _KHMDS, Mol
H
i, NaHCO3 CH,Cly, rt THF, -78 °c m/‘:>

19
54% 65%y, dr =271



4 Introduction

Chart 1 (continued)

Me Me
LDA, Mel : N i. LiAIH, THF C(\N
—_———
THF. -78 °C N L ii. picric acid, MeOH N o
Me recrystallization Me
o] ii. 5% aq. NaOH
22 23
75%y 67%y
CO.H .
i. SOCl,, CH30H LiAIH4/THF C(\
ii. K2CO3, 0 -10 °C to rt
then 105 °C
19 24

2%y
Recently, methods have been developed in this laboratory for the synthesis of
chiral diamine motif with low valent transition metal agents through intramolecular
reductive coupling of diimines (Chart 2).>1" Very recently, a method also reported for
the synthesis of chiral cyclic diamine 24 starting from L-proline 19 followed by reduction
of cyclic diamide 20 with NaBHa/l, system.!8

Chart 2

H

N Ar N Ar
O, X Mg or Zn/TiCly (LVT) O/ j,
B = Y ‘

N7 >Ar 0-25°C, 12 h H N

11
5%y
- H L-(+)-TA/ M
[NvAr Zn/TiClp(O'Pr); _ [N ]/Af (S)-(+)-10-CSA [Nj/Ph
=z DCM 4 o .
N A N Ar pen NT 7Ph
25 26 Ar=Ph (25,3S) or (2R,3R)-27a
Ar= Ph, p-CI-Ph, p-MeO-Ph 73-83%y 25%y

0-MeO-Ph, p-Me-Ph

NHZCHZCHZNHZ

H

] NaBHq N]
O Pp-TSA, Toluene, reflux, 2 h MeOH, 0-25 °C N
H

90% y

WOH " i. SOCl,, CH30H C')L NaBH4/I2/THF
ii. K,CO3, 0 °C, °c to rt \/‘3

then 105 °C

19 24
2%y
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1.1.4 Chiral allenes

We have also decided to perform the reactions of chiral piperizine containing
trans-1,2-diaminocyclohexane in diastereoselective synthesis of propargylamines and their
conversion to chiral allenes. Accordingly, a brief studies for the synthesis of chiral
propargylamines and chiral allenes will be useful for discussion of the results.

Jacobus Henricus van't Hoff envisaged the two enantiomeric forms of substituted
allenes.’® Later, Burton and Pechmann were synthesized the first allene.?® Initially, chiral
allene 33 was prepared by Maitland and Mills from the racemic allylic alcohol 32 using
(+)-camphor-10-sulfonic acid (Scheme 6).%

Scheme 6

O \HO O 1-(S)-(+)-camphor-10-sulfonic acid Q Q

O Q benzene, heat

32 33
[a]p?® = +437 (benzene)

o
C

Chiral allenes are important synthetic molecules in organic chemistry because of
orthogonal m bond and capability to experience a diversity of transformations.?? In 1924,
Staudinger and Ruzicka were analyzed the naturally occuring pyrethrolone allene.?® The
optically active allene structures are presented in a diverse natural products and
pharmacologically molecules. Hence, these active compounds have motivated immense
research activities on allenes by organic and medicinal chemists. More than 150 natural
products and pharmaceuticals containing allene moiety have been isolated and some of the

natural products which are having allene motif are presented in Figure 2.2425
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Coo,Me
_— Hior-
\.
Me anH17% R J—
H H
34 35 36 37
Pyrethrolone Insect pheromone Marasin Isolaurallene
Br
OH H H .)"'H
H HO"
;, H
o % = Z NN /‘
\OH H
HO
38 39
Mimulaxanthin Okamurallene
Figure 2

1.1.5 Biologically active chiral allenes

Allenes occur in nature as well as have significant potential for development of
biologically active molecules.?®?”  For example, scorodonin 40, nemotin 41 and
phomallenic acid A 42 have inhibiting effects on the growth of bacteria, yeasts and
filamentous fungi.?® Some of the inhibitors containing allene moieties, sterol 43, enprostil
44, cytallene 45 and adenallene 46, vitamin Be-dependent decarboxylase (suicide

substrate) 47 are shown in Figure 3.29%

H O
Cl \\\ 0 HO P- (OEt),
OH ) \\
My N\
— . AN y
H H H H -—’
H —(CH2)3 -COOH MeO
40 41 42 43
Scorodonin Nemotin Phomallenic acid A Sterol biosynthesis inhibitor
(anti fungi)
NH, NH»
N ’ N — N COZ
| > A
4]\ k\ = NH;
0“ N N k OH
H/&' X L NN
N \\OH A OH oH
H H
44 45 46 47
Enprostil Cytallene Adenallene Vitamin B6-dependent decarboxylase

inhibitor (suicide substrte)

Figure 3
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1.1.6 Chirality transfer from propargylic compounds
Chiral propargylamines are valuable precursors for the synthesis of biological
active skeletons, natural products and polyfunctional reverse transcriptase inhibition and

anti-bacterial activity as outlined in Figure 4.484°

F_ FsC

mo
H
OR O OR
48R=H Dynemicin A 50 51 52
49 R = COCHj Triacetyl Dynemicin A HIV reverse transcriptase inhibitor DPC 961 NNRTI DPC 963

Figure 4

The chiral propargyl derivatives are also useful for preparation of chiral allenes. A
brief review on the synthesis of propargyl derivatives and their conversion to chiral allenes
would facilitate the discussion.

Chiral allenes were prepared by the addition of Grignard reagent to the
enantiomerically pure propargyl alcohols followed by elimination. Here, the central
chirality is transferred to axial chirality of the allene from propargylic position. Methods
were also reported for nucleophilic substitution reactions of propargylic alcohols to give

chiral allenes using diverse leaving groups (Chart 3).50:51

Chart 3
Bu Cu
\/Bu CuBr, BuMgBr >:%,Bu anti-elimination Bu>: H
o —_— TSN o—
MeO 'H  2P(OEt), Et;0 Me‘i) H \Bu
53 (S)-55
95% vy, 96% ee
Bu Mgl
% Bu 5% CuBr, BuMgl —{y ,Bu anti-elimination Bu \\H
_— > S
MeO H 2 P(OEt)s, Et,0 Me(j) H
3 56 (S)-55

95% vy, 80% ee
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Chart 3 (continued)

By Mgci- Mk
% Bu 5% CuBr, BuMgCl — (>} [OMe syn-elimination Bu H
_— » —
W >:._\
MeG 'H 2 P(OEt), Et0 B’
53 57 (R)-55
95%y,60% ee o
7 =CeH1a
[o", oH MsCI, Et;N [ Ms i mscCl, Et3N o -/—
N DCM i. MegCuLl [
" Bﬁx N
oC
CeH13 CeH13
58 59 60
80% vy, 99:1 dr
OH EtsN O\\s O i, MsCl, EtzN Me;Si H
+ 3 o8g ._}
/X O bcm o " ii. MeCuli Ve \ T
0=8=0
SiMe3 | S
Cl AN
SiMes
61 62 63 64
85% vy, 99 % ee
CuBr, LiBr, THF
OH MsClI, EtzN QMs TMS—— MgCl H ‘\\CSHW
, —
_— LS —\
CSH”/'\\\ DCM GH7T N eo°ctont H
™S
V4
66
65 -
81%y, 92% ee
. SN~ TCuCNLi
l.
_MCLEGN QMs Boc H, Ph
L —e
N - :g
\H\ SN, il TMSOTY, CH,Chy
-40°C MeHN
68 69 70

99% v, 83% ee
Highly diastereoselective method of synthesis of camphanyl allenes 74 were
developed from the corresponding propargyl alcohols 72 by reduction with AlH3 as shown
in Chart 452 The chiral allenes were also prepared with excellent selectivity by syn-
elimination of propargylic intermediate 77 and copper(l)-catalyzed anti-Sn2'-type

reduction of propargylic esters 82 (Chart 4).>354
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Chart 4
Z& AlH,
antl
O—AIH;
O R=Me, Et THF, 90 °C \> major
HoAI—H \\ \
R HY R
74
n 2 & 85% vy, 95% de
OH EtMgCl or
1/'\ EyZn/znCl;  ~ OM Cp,Zr(H)CI H,, syn-elimination H,,_ . H
R > —_— > P ZiCp,Cl ——————®» [~
% i Toluene, 24 h, rt R1J\ cis-addition R -CpyZr=0 R R2
R2
H
75 76 78
99% ee M = Mg, Zn 90% vy, 98% ee

R' = Ph, CH3, N-BOC-Indole
R2 = Ph, PhCH,CH,, n-C4Hg, n-C10H21
PPh, PPh,

0 H
CCC o

P
Me0,CO™ cch.. H /»)
79 Cu(OAc); (2 mol%) \ (sy82  ©CeHii AR Cu_y
. Cu—H Meoch) |
THF 4 syn-addition
'Yle C-C6H11 H
TMS—-0 Sl,i—O T™S 81 83
H
n anti-elimination
80
PMHS
c-CgH14 H
R
H C-C6H11
(S)-84

77% Yy, 90% ee
1.1.7 Enantioselective sigmatropic rearrangements
A variety of chiral propargyl alcohols undergo Claisen rearrangement to afford the

corresponding chiral allenes (Chart 5).55-8

Chart5s
o H
O OH
H EtC(OEt);
RN EtCO,H H Y\cozEt
Me ™S Me TMs
85 86

86% y, 92% ee

OH o
0 g CIP(OE), M HO?¢Y\/M{
> / OH
#\N\ A\ Et3N \ NH, HO
Boc Boc > |P OEt),
87

88 89
75% y, 99:1 dr (AS5112)
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Chart 5 (continued)

Ph/LITIAPh
Li

Introduction

CO,CH3
_ HO! CHs
—
n-C7H15 H
92

HO,C” O i. lithium amide 91
.||CH3 ii. CH.N
& H . 2N2
H-C7H15
90
CeH14
OH ArSO,NHNH, ph—— —/
Ph—=— > /’N—NH2
CeHiy  PPhs DEAD ArO,S
THF, -15°C
93 94
0
78% ee Ar = p-CgHy-CH3, p-CgHs-CHs
Ph. H
}:-:< - Ph——
H C5H11 'NZ
97 96

85%y, 77% ee

86% vy, 92% ee

/H
H-N, <|3|
MeOH N=S—Ar
2390 Ph—— lo}
CeH14
95
H
/
N=N
CeH14

-ArSO,H

1.1.8 Chirality transfer by Crabbe homologative allenylation

The gold catalyzed diastereoselective synthesis of propargylamines was reported

using aldehydes, 1-alkynes and chiral amino alcohol 98. These chiral propagylamines
were further converted into chiral allenes 103 using KAuCls or AgNO3 catalyst in CH3CN

solvent with up to 97% ee (Scheme 7).

Scheme 7
R'-CHO Gold(lll) Salen /[1‘\ H/OA\
O\/OH Complex H N KAuCly or AQNOg N OH
. N P OH  (10-50 mol%) "
H R™ > RY N
RZ—— H H50, Ny, 40 °C \\ CH3CN, 40 °C IR )
1
98 99 R 12h 1000 1) §
99:1 dr M = Au, Ag l
R! H O\/ OA\
-, OH SF
— + X -
/_.:< N
H 2 N . OH
R
M
(M]
RZ
103 102 101
61-93% y M = Au, Ag

50-97% ee
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1.1.9 Synthesis of racemic allenes using 1-alkynes, aldehydes and cyclic amines
Ma et al.®® reported the racemic allenes 107 by using aldehydes, 1-alkynes,

morpholine 104 with Znl. in toluene solvent at 130 °C (Scheme 8).

Scheme 8
o (0]
R2-CHO
o
Znl, . Xt 1 H !
R -
. H N > | N R o >:¢:<
N Toluene, 130 °C Znly 2N Znl R? H
o RN R HooE
RI—
R Znl
104 105 106 (*)-107
30-65% y

1.1.10 Previous methods on the allene synthesis developed from this laboratory
Previously, racemic chloroallenes 109 were prepared in this laboratory from the

corresponding propargylic alcohols 108 using the TiCl4/EtsN reagent system (Scheme 9).%

Scheme 9
o :R3 OH TiClJ/EtzN R1>:. :<R3
R? DCM, 0-25°C, 6 h cl R?
108 109
R'=n-CsHyq, Ph 37-58%y
R% R%= Ph

Recently, a highly enantioselective method for the synthesis of chiral allenes 107
using chiral amines, aldehyde 112 and 1-alkyne 111 with Znl, via three component
coupling reaction was reported from this laboratory.®? Very recently, CuX promoted
method to give the chiral allenes 107 also reported in a two step process via chiral
propargylamines 114 using chiral 2-dialkylaminomethyl pyrrolidine 113, aldehyde 112
and 1-alkyne 111 (Scheme 10).%3

Scheme 10

Ph

OA\Ph ZnX H i
2
f— + RZCHO >:o_
R‘I

N OH + R1—_
H Toluene, 120 °C

X=cl,

110 11 112 Br.1 107
upto 77% y
up to 98% ee

~

H
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Scheme 10 (continued)

2
H N CuBr (20 mol%) N cusequv) N R
113 > R2 > ==
" Toluene, 25 °C, 36 h P Dioxane, 100°C,18h R H
R—R®CHO R Z
111 112 114 107
81% y

R' = n-CgH47, Ph, CH,CH,Ph

R2 = Ph, p-F-C6H4, p-C|-06H4, p-BI’-CsH4,
p-Me-CeH4, m-Me-CeH4, m-OMe-CGH4,
n-Hex, 2-Thionyl

up to 99% ee

We have studied the applications of chiral 1,2-diamine derivatives to access the

chiral propargylamines and chiral allenes. The results are discussed in the next section.



1.2 Results and Discussion

1.2.1 Efforts towards the synthesis of chiral allenes.

In the past decade several methods were reported for the synthesis of chiral allenes by
using chiral amines. In recent years, methods have been developed in this laboratory to
access several chiral diaminocyclohexane derivatives.%* Previously, the (R,R)-N-benzyl-2,3-
diphenylpiperazine 27a, N-methyl camphanyl piperzine derivatives (31a and 31b) were used
as a chiral auxiliary in the enantioselective synthesis of chiral (R)-allene 107a to obtain the
product in good yields and selectivities as outlined in Chart 6. We have undertaken efforts
to synthesize chiral allenes via propargylamines using chiral piperizine containing (1R,2R)-
trans-1,2-diamino-cyclohexane moiety.

Chart 6

Ph
N._.Ph
(X
(2R,3R)-27a
E l

(R)-107a

| 65% y, 95% ee
N v,
PhCHO [
ZnX, N
* - | 31a
Toluene,
C3H17

= CgHyr 120°C
X=Cl,Br, | (R)-107a

61% Yy, 96% ee
Eﬂ)
CsH17

(R)-107a
53%y, 95% ee

Ph

Ph
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1.2.2 Preparation of N-benzyldecahydroquinoxaline and applications for chiral
propargylamines and chiral allenes synthesis

We have prepared the chiral C-symmetric decahydroquinoxaline 8 by the reaction of
trans-(1R,2R)-diaminocyclohexane 6 and ethyl glyoxylate 118 followed by reduction of amide

119 with NaBH4/I regent system as outlined in Scheme 11.%°

Scheme 11
H,N,, o 1. THF:BH4/THF H
O . )J\ iso- Propanol i /O 70 °C/24-36 h [ .
HN OHC™ "OEt 5 C/24 36h O 2.20 mol% KOH sol.
2 M N
100 °C/24 h H
6 118 119, 96% y 8,89%y

We have then developed a method to access chiral 1-benzyldecahydroquinoxaline 124
from chiral decahydroquinoxaline 8 via synthetic sequence using Boc-anhydride 120 to obtain
Boc protected chiral decahydroquinoxaline 121, followed by benzylation and Boc

deprotection (Scheme 12).

Scheme 12
0.0 0 Ph Ph
H >f Tr \’< ?00 Ph/1;28r ( (
N, ° o N, N, N,
[ Q 120 [ O MeCN/K,CO3 [ Q Dil. HCI/Dioxane [ O
_— —_—
N DCM/0 -25°C/12 h N 80°CH2h 25°C/2-3 h N
H H | H
Boc

8 121 123 124

76% y 86% y 90% y

Recently, “chiral amine approach” for highly enantioselective synthesis of chiral
allenes has been developed in this laboratory using terminal alkynes, aldehydes and chiral
amines promoted by zinc halides in a single pot operation.%? Thus, the zinc halide promoted
reaction of chiral secondary amines, 1-decyne 111a and benzaldehyde 112a at 120 °C has
been developed to access the chiral allenes in very high enantioselectivity (82% to 99% ee) as

shown in Scheme 13.%2
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Scheme 13
Ph H Ph
ZnX; (50-70 mol%)
O/(Ph + nCgHy—=—= +  PhCHO >:_—/
OH Toluene, 120 °C, 4-12 h n-CgHi7 H
H X =Cl, Br, |
110 111a 112a (R)-107aa

The easily accessible and commercially available chiral amino alcohol 110 yielded the
chiral allene 107aa in 98% ee and the reaction has been generalized for a variety of aldehydes
and alkynes but the results are highly dependent on the sequential addition of the reactants.®
For instance, inadvertent formation of the oxazolidine intermediate 125 could lower the
enantioselectivity of the allene to 86% ee.%? The imine byproduct 126 could be isolated and
recycled back to the chiral diphenyl prolinol 110 in 75% yield by NaBH4/CH3OH reduction.
However, careful analysis of the imine product mixture indicated the formation of the
byproduct 127 (5-10% yields) formed by condensation with the benzaldehyde present in the

medium (Figure 5)."t

Ph
%h Ph \ Ph
N
\ Ph WPh N Ph
N OH

125 126 127

Figure 5

Therefore, we have decided to examine the use of chiral N-benzyl-piperazine
derivative 124 for applications in this transformation, especially for the two step conversion
via the corresponding propargylamine as this would avoid the presence of the aldehyde
substrates that could react with the corresponding cyclic imine byproduct after the formation
of the allene. Previously, a CuBr promoted two step protocol was reported but it takes 36 h at

25 °C for the preparation of chiral propargylamines and another 18 h at 100 °C for the Cul
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promoted conversion to chiral allenes.®®

We have found that the chiral propargylamine 130aa was obtained in 69% yield with
99:1 dr in the ZnCl, catalyzed reaction of 1-heptyne 128a, aldehyde 129a and the chiral
(R,R)-N-benzyl-piperazine 124 at 100 °C. The chiral propargylamine 130aa was obtained in
slightly lower yield using other metal halides like ZnBr,, CuBr and Cul under this reaction
condition (Table 1).

Table 1. Synthesis of chiral propargylamine 130aa using 1-heptyne 128a, benzaldehyde 129a

and the chiral piperazine 124 using metal salts?

Phﬁ Ph
N, Metal halides (10 mol% N... H Ph
[ Q+ n-CsHi—== + Ph-CHO ( ) [ Q + ==
N Toluene, 100°C, 4 h N n-CsHq4 H
H —Ph
Z ™
n-CsHy4
124 128a 129a 130aa (R)-107aa

Entry  Metal halides mol%  Time (h) 130aa’ dr® 107aa® % eed

1 ZnCl; 10 4 69 99:1 - -
2 ZnBr; 10 4 65 99:1 10 94
3 CuBr 10 4 58 98:2 8 94
4° CuBr 10 24 60 99:1 - -
5 Cul 10 4 62 97:3 15 94

aThe reactions were carried out using amines (1.0 mmol), 1-alkyne (1.1 mmol) and aldehyde (1.0 mmol)
in toluene (3 mL) at 100 °C for 4 h. "lsolated yield of the products 130aa and 107aa. °dr ratio based on
'H NMR of crude products of the mixture. 9The % ee of allene 107aa was determined by HPLC

analysis on chiralcel OD-H column. ©¢The reactions were carried out at 25 °C for 24 h.
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When the reaction was carried out using chiral (R,R)-N-benzyl-piperazine 124 with 1-
heptyne 128a, benzaldehyde 129a and ZnBr», the corresponding chiral propargylamine 130aa
was obtained in 65% yield with 99:1 dr at 100 °C about 4 h. In this case we have also
observed the chiral allene 130aa in 10% yield with up to 94% ee. The reaction also gave the
chiral propargylamines with 10 mol% CuBr and Cul with up to 62% yield with 98:2 dr along
with the chiral allene (15% y) 130aa with 94% ee (Table 1). These results (Table 1) clearly
indicate that 10 mol% of ZnCl> exhibits a higher catalytic activity in the synthesis of chiral
propargylamine without formation of chiral allene. Next, we have investigated the synthesis
of various chiral propargylamine derivatives from the corresponding (R,R)-N-benzyl-
decahydroquinoxaline 124 using different alkynes 128 and aldehydes 129. The results are
summarized in Table 2.

The reaction using amine 124, benzaldehyde 129a and 1-heptyne gave the desired
product 130aa in 75% vyield with 99:1 dr. The arylaldehydes containing electron-donating
group such as para methyl 130g undergo this reaction to give the corresponding
propargylamine in 76% vyield with 99:1 dr. Electron-deficient aryl aldehydes 129b-129c
transformed smoothly into the desired propargylamine derivatives 130ab, 130ac, and 130bb
in 63-67% vyields with up to 99:1 dr. The propargylamine 130be was obtained in 90% yield
with 99:1 dr. Propargylamines 130ca—da were obtained in 66-68% yields with up to 99:1 dr

by using the chiral piperazine derivative 124 (Table 2).
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Table 2. ZnCl> promoted synthesis of chiral propargylamines 130 using 1-alkynes 128,
aldehydes 129 and chiral piperazine 1242P¢

PhW Phw
N8 ZnCl, (10 mol%) N, R
[ /O + R— + R2-CHO 2 ° - [ O
N Toluene,100°C, 4 h
N R N"R
124 128 129 /S\Rz
128a = n-C5Hy4 129a = Ph 129d = CgHy-p-Me R 130
128b = PhCH,CH, 129b = C4H4-P-Br  129e = c-hexyl
128¢c = n-CgHq7 129¢ = CgHy-m-Br up to 63-90% y
128d = Ph up to 99:1 dr
Ph Ph PhW F>hw
. 0 C C )
[N R N"R N"R N7 R
-Br- 'm-Br-CgH -Me-CgH
/S\Ph &SpBrCGH‘; &S 64CH = g P 6Ma
n-CsHq n-CsHis n-Ceths fenin 130ad
130aa 130ab 130ac
75%y, 99:1 dr 67%y, 99:1dr 63% y, 99:1dr 76%y, 99:1 dr
PhW F’hw Phw PhW
") ) T (0
[N R N"R NR NTR
// s p-BI’-CGH4 & S /Skph /Skph
Ph(H,C)5 Ph(H,C); CgH17 Ph
130bb 130be 130ca 130da
65% y, 99:1 dr 90% vy, 99:1 dr 66% y, 99:1 dr 68% vy, 99:1 dr

aThe reactions were carried out by taking amine (1.0 mmol), 1-alkyne (1.1 mmol) and aldehyde (1.0
mmol) in toluene (3 mL) at 100 °C for 4 h. °dr ratio based on crude *H NMR. CIsolated yield of the
product 130.

We then turned our attention toward the conversion of chiral propargylamines into the
corresponding chiral allenes. We have observed that the reaction of chiral propargylamine
130aa with ZnBr2 (0.5 mmol) at 120 °C gave the chiral allene 107aa in up to 75% yield with
94%ee. The same procedure was followed for the conversion of other diastereomerically pure
propargylamines into the corresponding chiral allenes. The results are summarized in Table

3.
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Scheme 14 Conversion of chiral propargylamine to chiral allene

ZnBry (50 mol%) H Ph
[ S —
N Toluene, 120°C, 2 h CsH1q H

130aa  CsH11 (R)-107aa
75%y, 94% ee

The chiral propargylamine 130ad substituted with para methyl group afforded the
corresponding chiral allene 107ad in 73% yield with up to 92% ee. We have also carried out
the reaction using the para-bromo and meta-bromo containing propargylamines 130ab-130ac
with ZnBr2 (0.5 mmol) at 120 °C. In this experiment, the chiral allenes 107ab-107ac were

Table 3. ZnBr, promoted synthesis of chiral allenes 107 from chiral propargylamines 130%"¢

Ph Ph
) .
ZnBr, (50 mol% H R
(O e - 0
N Toluene, 120°C, 2 h R H SN
R2 \ up to 25-89% y
S R up to 99% ee
130 (R)-107 131

R'= n-CgHy4, PhCH,CH,, n-CgHy7, Ph
R?= Ph, CgHy-p-Br, CgHy-m-Br, CgHy-p-CH, c-hexyl,

Ph H CH,-p-Br H CeH4-m-Br H CgHy-p-Me
.:{ >:.:, o p >=':{ ‘:{
n-CsHy4 H n-CsHy, H n-CgHyq H n-CgHy, H
107aa 107ab 107ac 107ad
75%y, 94% ee 69% y, 99% ee 65%y, 79% ee 73%y, 92% ee
H CeHy-p-Br H p H Ph H Ph
>:o:{ >:._‘; >:-:{/ >:.:{
Ph(H2C), H Ph(H,C), H PH H o nceH,  H
107bc 107be 107da 107ca
62% y, 84% ee 89%y, 98% ee 25% vy, 46% ee 60% y, 83% ee

@The reactions were carried out using propargylamine 130 (1 mmol) in toluene (3 mL)
with ZnBr; (0.5 mmol). lsolated yield of the product 107. “The % ee of allene 107 was
determined by HPLC analysis on chiralcel OD-H, OJ-H column.
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obtained in 65-69% vyield with up to 99% ee (Table 14). The propargylamines 130bb and
130be gave corresponding chiral allenes 107bc and 107be in 62% and 89% vyields with 84%
and 98% ee (Table 3).
Plausible mechanistic pathway for the formation of allene

The formation of chiral propargylamines and their conversion to chiral allenes can be
rationalized by the mechanism outlined in Scheme 15. The initially formed alkynyl zinc
intermediate’? 133 would react with the favoured conformer 134B of the iminium ion derived
from aldehyde 129 and chiral piperazine 124 to give selectively the corresponding
propargylamine 130. The corresponding zinc bromide complex of 136 would then undergo
intramolecular hydride shift from the piperazine skeleton to the acetylenic moiety leading to

Scheme 15

(Ph
[N T -
ZnIC|2 | r
zncl : H N
Rl—— 1 2 RI_== p (RR124 __  R'—=—znCl *+ ﬁw

~ I
CryH

128 Toluene 132 133
120 °C H,0
R?-CHO

Ph

rPh rPh
f\% ~— L e ST S
RIS ZnCl, 7S | /{cr ICr

\
SN (R ZnCl HTOR? R2”H
(RRS}130 R C
R1’ 1358 134B 134A

ZnBr, favoured unfavoured

Ph

BN\(w H R? (Ph
1,5-hydride shift
D _&L ( H >:.:/ + Dw
2 — P N=—
R%"s ) R’ H
zn R ZnBr,
S \) BC \Br
je/;@ 137 (R)-107 (R,R)-131
136
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the formation of alkenyl zinc intermediate 137. Subsequently, cleavage of C-N bond in the
intermediate 137 releases the chiral allenes 107 and the imine 131 byproduct.®?" It should be
noted that all the present experiments require shorter reaction times (1-2 hours) for the
formation of chiral allenes compared to other procedures (18-24 hours).>%%3

All the optically active allenes obtained by using chiral piperazine derivatives are
levorotatory from which the absolute configurations of the major enantiomer assigned as R
(Table 14) by the Lowe-Brewster rule and also by comparison with reported [a]p? values.”
We have also found that the imine byproducts 131 could be easily converted in situ to the
corresponding chiral piperazine 124 in 75% vyield by simple sodium borohydride reduction
(Scheme 16).

Scheme 16

Ph
[ /O ZnBr,/Toluene _, [ /O _NaBH,
T120°ci2h Cs H s MeOH
Z
CsHy4 130aa (R)-107aa 131 124,75% y
75% 'y, 94% ee

Next, we have undertaken systematic efforts on the synthesis of various substituted
propargylamines via Michael addition to a,B-unsaturated ketones. The results are described in

the next chapter.
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1.3 Conclusions

We have synthesized the chiral N-benzylpiperizine via '‘BOC protection followed
by benzylation and '‘BOC deprotection starting from chiral (1R,2R)-diaminocyclohexane
and ethyl glyoxylate. We have also developed a simple and inexpensive method for the
diastereoselective synthesis of propargylamines using chiral N-benzylpiperizine and their

enantioselective conversion to chiral allenes by reaction with ZnBr».



1.4 Experimental Section

1.4.1 General information

Melting points reported in this thesis are uncorrected and were determined using a
superfit capillary point apparatus. IR (KBr) and IR (neat) spectra were recorded on JASCO
FT-IR spectrophotometer model-5300. H (400 MHz), *C (100 MHz) NMR spectra were
recorded on Bruker-Avance-400 spectrometers chloroform-d as solvent. Chemical shifts were
determined with tetramethylsilane (TMS) as internal reference (6 = 0 ppm). Coupling
constants J are in Hz. High-resolution mass spectra (HRMS) were recorded on micromass
ESI-TOF. HPLC analyses were performed on a SCL-10ATVP SHIMADZU instrument.
Elemental analyses were carried out using a Perkin-Elmer elemental analyzer model-240C
and Thermo Finnigan analyzer series Flash EA 1112. Optical rotations were measured on
Rudolph Research Analytical AUTOPOL-IV (readability+0.001°) automatic polarimeters.
The condition of the polarimeter was checked by measuring the optical rotation of a standard
solution of (S)-(—)-a-methylbenzylamine [ o |12 = -29.6 (¢ 0.74, EtOH) supplied by Aldrich.

All the glasswares were pre-dried at 100-120 °C in an air-oven for 4 h, assembled in
hot condition and cooled under a stream of dry nitrogen. Unless otherwise mentioned, all the
operations and transfer of reagent were carried out using standard syringe-septum technique
recommended for handling air sensitive reagents and organometallic compounds.

In all experiments, a round bottom flask of appropriate size with a side arm, a side
septum, a magnetic stirring bar, a condenser and a connecting tube attached to a mercury

bubbler was used. The outlet of the mercury bubbler was connected to the atmosphere by a
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long tube. All dry solvents and reagents used were distilled from appropriate drying agents.
As a routine practice, all organic extracts were washed with saturated NaCl solution (brine)
and dried over Na;SO4 or K2COs and concentrated on Heidolph-EL-rotary evaporator. All
the yields reported are of isolated materials characterized by IR and NMR.

Toluene and THF supplied by E-Merck, India were kept over sodium-benzophenone
ketyl and freshly distilled before use. All aldehydes, supplied by Loba Chemicals (P), Ltd.,
India were distilled or recrystallized from the appropriate solvents before use. L-(+)-tartaric
acid and NaBH4 were purchased from E-Merck (India was supplied by E-Merck (India) was
used as received. lodine was supplied by Spectrochem, India.

Analytical grade of CuCl, CuBr, Cul, ZnClz and Znl, were purchased from Sigma-
Aldrich. ZnBr, was purchased from E-Merck. Analytical thin layer chromatographic tests
were carried out on glass plates (3 x 10 cm) coated with 250 mu E-Merck and acme's silica
gel-G and GF-254 containing 13% calcium sulfate as a binder. The spots were visualized by
short exposure to iodine vapor or UV light. Column chromatography was carried out using E-
Merck and acme's silica gel (100-200 or 230-400 mesh) and neutral alumina.

1.4.2 Resolution of 1,2-diaminocyclohexane 6

A reported procedure was followed.”™ In a 250 ml beaker, L(+)-tartaric acid (37.5 g,
250 mmol) and water (100 mL) were taken. The mixture was stirred at room temperature until
complete dissolution occurred. At this point, a mixture of cis/trans-1,2-diaminocyclohexane
(60 ml, 500 mmol) was added at a rate such that the reaction temperature was below 70 °C.
To the resulting solution, glacial acetic acid (25 mL) was added at a rate such that the reaction

temperature was below 90 °C. The precipitate was formed immediately upon the addition of
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glacial acetic acid and the slurry was vigorously stirred. It was cooled to 25 °C over a period
of 2 h. The mixture was cooled to 5 °C for 2 h and the precipitate was collected by suction
filtration. The wet cake was washed with cooled water (25 mL) followed by cold methanol
until the cake turned to white solid. The product (R,R)-trans-1,2-diammoniumcyclohexane
mono-(+)-tartrate salt was dried in air.
Yield: 111 g (85%)

The (R,R)-trans-1,2-diammoniumcyclohexane mono-(+)-tartrate salt (42 g, 159 mmol)
was taken in a separating funnel. Approximately, 30 g of KOH dissolved in water (20 mL)
was added. The (R,R)-trans-1,2-diaminocyclohexane 6 was distilled under the reduced
pressure.
1.4.3 (4aR,8aR)-4a,5,6,7,8,8a-Hexahydro-1H-quinoxalin-2-one 119

To a solution of trans-1,2-diaminocyclohexae 6 (2.28 g, 20

N//,
mmol) in isopropanol (20 ml), a solution of ethyl glyoxylate polymer OJ;N,O
form (45-50% in toluene, 4 ml, 20 mmol) in isopropanol (20 ml) was Hm

added drop wise over 30 min at 25 °C. The mixture was stirred for 12 h. The solvent was
evaporated and the residue was purified on silicagel (100-200 mesh) using ethylacetate as

eluent to afford 119.

Yield X 2.920 g, 96%; colorless solid.
[a]p?® 1 -207.90 (c 0.76, CHCI5).
IR (KBr) ; 3172, 3068, 2936, 2860, 1687, 1616, 1452, 1413, 1364, 1123, 1030,

947, 794, 739, 487 cm ™1,

IHNMR (400 MHz, CDCls, & ppm) 7.71 (s, 1H), 6.95 (s, 1H), 3.19-3.05 (m,
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2H), 2.37 (d, J = 7.2 Hz, 1H), 1.96-1.88 (m, 2H), 1.80 (d, J = 12.8 Hz,

1H), 1.45-1.30 (m, 4H).

BBC NMR : (100 MHz, CDCls, éppm); 157.9, 156.3, 63.0, 54.1, 31.4, 31.0, 25.2,
23.6.

HRMS : (ESI-TOF) m/z: [M+H]" calcd for CgH12N.O: 153.1028; found:
153.1029.

1.4.4 (4aR,8aR)-decahydroquinoxaline 8
To a suspension of NaBHs (3.8 g, 100 mmol) in THF (100 ml) was

added a solution of 1, (12.64 g, 50 mmol) in THF (80 ml) at 0 °C under N2

atmosphere over 30 min. The imide 119 (3.04 g, 20 mmol) was added to the
generated diborane and refluxed for 24 h. The reaction was brought to the room temperature
and quenched with methanol and the solvents were evaporated. The residue obtained after
evaporations was refluxed with 10 N KOH for 12 h and the resultant polymer was extracted
with DCM (2 X 60 ml). The combined organic extract was evoparated to obtain the
decahydroquinoxaline 8. The crude amine was chromatographed on a basic Al,Oz-column

using ethylacetate as eluent to isolate the decahydroquinoxaline 8.

Yield X 1.25 g, 89%; colorless solid.

[a]o® ; +12.33 (¢ 0.52, CHCl3).

IR (KBF) : 3210, 2931, 2849, 2789, 1490, 1446, 1342, 1134, 1057, 991, 931, 876,
821,602 cm™L,

IH NMR ; (400 MHz, CDCls, & ppm) 2.96-2.88 (m, 2H), 2.87-2.80 (m, 2H), 2.22-

2.19 (M, 2H), 1.68-1.60 (m, 6H), 1.32-1.26 (m, 2H), 1.21-1.15 (m,2H).
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BBC NMR X (100 MHz, CDCls, 6ppm); 61.5, 47.3, 32.2, 25.0.
HRMS : (ESI-TOF) m/z: [M+H]" caled for CgHisN2: 141.1391; found:
141.1392.

1.4.5 (4aR,8aR)-tert-butyl octahydroquinoxaline-1(2H)-carboxylate 121
To the decahydroquinoxaline 8 (2.80 g, 20.0 mmol) solution in DCM
(20 ml), di-t-butyldicarbonate (4.4 mL, 20 mmol) was added at 0 °C slowly

through a syringe under N2 atmosphere. The reaction mixture was brought to

room temperature slowly and further stirred for 12 h. After the completion of the reaction
monitored by TLC, the solvent was evaporated under reduced pressure. Purification of the
residue by column chromatography on silica gel (100-200 mesh) using hexane/EtoAc (50:50)

to afford Octahydro-quinoxaline-1-carboxylic acid ester tert-butyl ester 121.

Yield X 1.820 g, 76%; colorless liquid.
[a]p?® : (c 0.52, CHCIs).
IR (neat) : 3320, 2969, 2931, 2854, 1693, 1457, 1413, 1369, 1249, 1150, 1095,

1013, 767 cm ™2,

IHNMR  : (400 MHz, CDCls, § ppm) 3.51-3.47 (m, 2H), 3.08-2.99 (m, 2H), 2.98-
2.93 (m, 1H), 2.60 (dt, J = 10.8 Hz, 3.6Hz, 1H), 2.21 (d, J = 12.8 Hz,
1H), 1.80 (d, J = 12.8 Hz, 1H), 1.70 (t, J = 18.4 Hz, 2H), 1.59-1.46 (m,
2H), 1.43 (s, 9H), 1.33-1.08 (m, 3H).

BCNMR (100 MHz, CDCls, dppm): 1555, 79.4, 63.7, 56.2, 44.8, 41.2, 33.2,

30.3, 285, 25.3, 25.1.
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HRMS : (ESI-TOF) m/z: [M+H]" calcd for C13H24N20,: 241.1916; found:
241.1917.
1.4.6 (4aR,8aR)-tert-butyl 4-benzyloctahydroquinoxaline-1(2H)-carboxylate 123
To a solution of (4aR,8aR)-t-Butyl octahydroquinoxaline-1-(2H)-

carboxylate 121 (3.0 g, 12.50 mmol) in acetonitrile (50 mL) was added

benzyl bromide 122 (1.66 mL,14 mmol), K>CO3 (2.58 g, 26 mmol), Kl
(0.996 g) and the mixture was stirred under reflux condition for 12 h. it was cooled to room
temperature and filtered off to remove K>COs and the solvent was evaporated under reduced
pressure. The residue was extracted with with DCM (2 X 40 ml) and water (20 ml). The
combined organic extract was washed with brine (20 ml) and dried over anhydrous Na>SOa.
The solvent was evaporated and purification of the residue by column chromatography on
silica gel (100-200 mesh) using hexane/EtoAc (50:50) afforded (R,R)-t-butyl-4-benzyl-2,3-
diphenyl-1-piperizinecarboxylate 123, as colorless liquid. We have proceeded to next step

without further purification of this product.

Yield X 0.280 g, 86%; colorless liquid.
[a]o® ; -71.07 (c 0.45, CHClIs).
IR (neat) : 3084, 3068, 3030, 2975, 2931, 2854, 2794, 1693, 1446, 1402, 1353,

1282, 1249, 1161, 1013, 849, 734, 695 cm ™.

H NMR ; (400 MHz, CDCl3, & ppm) 7.28 (d, J = 4.4 Hz, 4H), 7.23-7.21 (m, 1H),
3.99 (d, J = 13.2 Hz, 1H), 3.63-3.57 (m, 1H), 2.82-2.76 (m, 1H), 2.45-
2.40 (m, 1H), 2.34-2.28 (m, 1H), 2.21 (s, 2H), 1.76 (d, J = 8.8 Hz, 3H),

1.45 (s, 9H), 1.32-1.27 (m, 3H).
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BBC NMR : (100 MHz, CDClgz, éppm) 155.2, 139.4, 128.7, 128.1, 126.7, 79.2, 62.2,
61.9, 56.7, 51.8, 42.9, 30.7, 30.5, 28.5, 25.6, 25.2.
HRMS X (ESI-TOF) m/z: [M+Na]" calcd for C20H30N20-: 353.2205; found:
353.2206.
1.4.7 (4aR,8aR)-1-benzyldecahydroquinoxaline 124
To a solution of (R, R)-t-butyl-4-benzyl-2,3-diphenyl-1-
piperizinecarboxylate 123 (0.90 g) in 1,4-dioxane (10 ml), 6M HCI (5 ml)

was added slowly through a syringe for 15 min. under N> atmosphere. The

resulting mixture was stirred for 12 h at room temperature. The solvent was evaporated and
the residue was neutralized with 6N NaOH solution and the organic layer was extracted with
DCM. The combined organic extract was washed with brine (10 ml) and dried over anhydrous
Na>S0s, The solvent was evaporated and the residue was column chromatographed on basic
alumina (100-200 mesh) using hexane/EtoAc(50:50) as eluent to obtain the 1-benzyl-

decahydroquinoxaline 124.

Yield X 1.160 g, 90%; colorless solid.

mp : 95-96 °C

[a]o® ; -109.81 (c 0.52, CHCl3);

IR (KBF) : 3254, 3046, 3030, 2980, 2904, 2854, 2794, 1605, 1512, 1446, 1347,

1309, 1254, 1150, 1128, 1084, 1073, 1052, 1002, 827, 756 cm .
IHNMR (400 MHz, CDCls, & ppm) 7.30 (d, J = 4.4 Hz, 4H), 7.26 (s, 1H), 4.11
(d, J = 13.2 Hz, 1H), 3.14 (d, J = 13.2 Hz, 1H), 2.94-2.84 (m, 2H), 2.71

(d, J = 11.6 Hz, 1H), 2.48-2.42 (m, 1H), 2.25 (d, J = 13.2 Hz, 1H), 2.12
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(dt, J = 11.2 Hz, 4Hz, 1H), 1.87-1.78 (m, 2H), 1.71 (d, J = 7.2 Hz,
2H), 1.38-1.13 (m, 5H).
BBC NMR : (100 MHz, CDCls, éppm) 139.0, 129.1, 128.1, 126.7, 67.0, 60.4, 57.3,
53.7, 46.0, 32.8, 29.0, 25.2, 24.9.
HRMS : (ESI-TOF) m/z: [M+H]* caled for CisH22N2: 231.1861; found:
231.1861.
1.4.8 General procedure for the preparation of chiral propargylamines 130 using chiral
1-Benzyl decahydroquinoxaline 124.

A flame dried 25 ml reaction flask was charged with ZnCl; (0.014g, 10 mol%), 1-
benzyl decahydroquinoxaline derivative 124 (0.230 g, 1 mmol), 1-alkyne 128 (1.2 mmol) and
aryl benzaldehyde 129 (1.2 mmol) and dissolved in 5 ml of dry.toluene and these contents
were heated to 100 °C for 12 h. The reaction mixture was brought to room temperature after
the required time. After evaporation of the toluene solvent, the residue was column
chromatograhed on silica gel (100-200 mesh) using hexane/EtoAc (98:2) as a eluent to obtain
the chiral propargylamines.

(4aR,8aR)-1-benzyl-4-((S)-1-phenyloct-2-yn-1-

Ph
yl)decahydroquinoxaline ;N ,O
Yield : 0.287 g, 69%; yellow liquid. i
4 Ph
CsHyqq 130aa
[a]p?® : -81.11 (c 0.42, CHClz).
IR (neat) : 3090, 3063, 3035, 2926, 2860, 2810, 1605, 1495, 1446, 1309, 1150,

1096, 827, 739, 701 cm ™™,

IHNMR (400 MHz, CDCls, & ppm) 7.62 (d, J = 7.2 Hz, 2H), 7.35-7.24 (m, 8H),
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5.18 (s, 1H), 4.12 (d, J = 13.6 Hz, 1H), 2.63 (d, J = 11.2 Hz, 1H), 2.51-
2.44 (m, 2H), 2.40-2.34 (m, 2H), 2.22-2.10 (m, 3H), 1.86 (s, 2H), 1.69-
1.62 (m, 2H), 1.56-1.51 (m, 2H), 1.14-1.37 (m, 4H), 1.33-123 (m, 2H),
1.0 (t, J = 14.4 Hz, 3H).

(100 MHz, CDCls, sppm) 139.8, 139.0, 129.2, 128.6, 128.1, 127.9,
127.0, 126.7, 88.7, 74.2, 66.0, 63.5, 57.5, 54.3, 52.6, 45.5, 31.2, 29.6,
28.9, 25.3, 25.0, 22.3, 18.8, 14.1.

(ESI-TOF) m/z: [M+H]" calcd for CogHssN2: 415.3113; found:

415.3114.

(4aR,8aR)-1-benzyl-4-((S)-1-(4-bromophenyl)oct-2-yn-1-yl)decahydroquinoxaline

Yield
[(I]D25
IR (neat)

IH NMR

13C NMR

0.332 g, 67%:; yellow liquid. .

N,,,
78.66 (¢ 0.45, CHCI:); (O
2930, 2847, 1610, 1490, 1458, 1098 cm ™. csHﬁmBr

(400 MHz, CDCls, & ppm) 7.42 (q, J = 25.2 Hz, 4H), 7.28-7.26 (m,
5H), 7.23-7.20 (m, 1H) 5.05 (s, 1H), 4.07 (d, J = 13.6 Hz, 1H), 3.22 (d,
J =13.6 Hz, 1H), 2.58 (d, J = 11.2 Hz, 1H), 2.44-2.36 (m, 2H), 2.33-
2.25 (M, 4H), 2.10-2.04 (m, 3H), 1.82 (s, 2H), 1.62-1.56 (m, 2H), 1.50-
1.42 (m, 2H), 1.40-1.29 (m, 4H), 1.27-1.15 (m, 1H), 0.94 (t, J = 14.4
Hz, 3H).

(100 MHz, CDCls, dppm) 139.1, 138.9, 131.0, 130.3, 129.2, 128.1,
126.7, 120.9, 89.2, 73.7, 66.0, 63.4, 57.4, 53.8, 52.6, 45.5, 31.2, 29.6,

28.8, 28.6, 25.2, 25.0, 22.3, 18.8, 14.1.
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(ESI-TOF) m/z: [M+H]" calcd for C29H37BrN2: 493.2218; found:

493.2218.

(4aR,8aR)-1-benzyl-4-((S)-1-(3-bromophenyl)oct-2-yn-1-yl)decahydroquinoxaline

Yield
[(I]DZS
IR (neat)

IH NMR

13C NMR

HRMS

0.310 g, 63%; yellow liquid. TN
N,
-72.06 (¢ 0.45, CHCIy). (O
Br
2028, 2845 1608, 1494, 1460, 1100 cm™.. i

130ac

(400 MHz, CDCls, § ppm) 7.73 (s, br, 1H), 7.52-7.50 (s, br, 1H), 4.11-
4.07 (m, 1H), 3.23-3.20 (m, 1H), 2.61-2.58 (m, 1H), 2.44-2.38 (m, 1H),
2.35-2.32 (m, 2H), 2.29-2.24 (m, 2H), 2.12-2.07 (m, 2H), 1.82 (s, br,
2H), 1.64-1.57 (m, 2H), 1.51-1.43 (m, 2H), 1.39-1.36 (m, 2H), 1.32-
1.28 (m, 2H), 1.19-1.13 (m, 1H), 0.99-0.93 (m, 2H), 0.91-0.85 (m, 4H).
(100 MHz, CDCls, 8ppm) 142.5, 138.9, 131.5, 130.1, 129.4, 129.1,
128.0, 127.1, 126.6, 122.1, 89.3, 73.5, 66.0, 63.3, 57.4, 53.8, 52.5,
45.6, 31.4, 29.5, 28.7, 28.5, 25.2, 24.9, 22.2, 18.8, 14.1.

(ESI-TOF) m/z: [M+H]" calcd for C29H37BrN2: 493.2218; found:

493.2218.

(4aR,8aR)-1-benzyl-4-((S)-1-(p-tolyl)oct-2-yn-1-yl) decahydroquinoxaline

Yield
[(I]DZS

IR (Neat)

0.338 g, 76%; yellow liquid.

-79.89 (c 0.51, CHCI5). N
N//.
3063, 3024, 2936, 2860, 2800, 1605, 1512, 1452, [N«O

.
1364, 1309, 1260, 1167, 1090, 1019, 832, 734, cmmm

690 cm L,
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(400 MHz, CDCls, & ppm) 7.46 (d, J = 7.6 Hz, 2H), 7.29 (d, J = 4.0 Hz,
4H), 7.24-7.21 (m, 1H), 7.12 (d, J = 7.6 Hz, 2H), 5.11 (s, 1H), 4.09 (d,
J=13.6 Hz, 1H), 3.24 (d, J = 13.6 Hz, 1H), 2.60 (d, J = 11.2 Hz, 1H),
2.47-2.39 (m, 2H), 2.34 (s, 3H), 2.18 (d, J = 11.2 Hz, 1H), 2.15-2.07
(m, 2H), 1.84 (s, 2H), 1.66-1.59 (m, 2H), 1.56-1.44 (m, 3H), 1.43-1.37
(m, 3H), 1.34-1.30 (m, 2H), 1.27-1.17 (m, 2H), 0.96 (t, J = 14.4 Hz,
3H), 0.92-0.88 (m, 2H).

(100 MHz, CDCls, Sppm) 138.9, 136.8, 136.5, 129.2, 128.5, 128.0,
126.6, 88.4, 74.3, 65.9, 63.4, 57.4, 53.9, 52.6, 45.3, 31.1, 29.6, 28.9,
28.5,25.2,25.0, 22.2, 21.0, 18.8, 14.1.

(ESI-TOF) m/z: [M+H]" calcd for CazoHaoN2: 429.3269; found

429.3268.

(4aR,8aR)-1-benzyl-4-((S)-1-(4-bromophenyl)-5-phenylpent-2-yn-1-yl)decahydro

qguinoxaline.

Yield
[(I]DZS
IR (neat)

'H NMR

PhW
N,,’
0.332 g, 63%; yellow liquid. O ( O
N
-75.44 (¢ 0.45, CHCl3). Z
Br

3082, 3054, 3028, 2924, 2856, 2803, 1602 cm .

(400 MHz, CDCls, & ppm) 7.37-7.35 (m, 2H), 7.32 (s, br, 1H), 7.30-
7.28 (m, 5H), 7.27-7.26 (m, 1H), 5.0 (s, br, 1H), 4.08 (d. J = 13.44 Hz,
1H), 3.20 (d, J = 13.40 Hz, 1H), 2.91 (t, J = 7.24 Hz, 2H), 2.68-2.64

(m, 2H), 2.59-2.56 (m, 1H), 2.39-2.29 (m, 3H), 2.23-2.18 (m, 1H),
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2.07-2.04 (m, 2H), 1.82-1.80 (m, 2H), 1.71 (s, br, 1H), 1.40-1.24 (m,
3H), 1.19-1.11 (m, 1H).

(100 MHz, CDCls, sppm) 140.6, 138.8, 138.7, 130.8, 130.2, 129.2,
128.6, 128.4, 128.1, 126.7, 126.2, 120.8, 88.1, 74.5, 66.0, 63.2, 57.4,
53.6, 52.5,45.4, 35.2, 29.4, 28.5, 28.5, 25.1, 24.9, 20.8.

(ESI-TOF) m/z: [M+H]" calcd for C29H37BrN2: 527.2062; found:

527.2065.

(4aR,8aR)-1-benzyl-4-((S)-1-cyclohexyl-5-phenylpent-2-yn-1-yl) decahydroquinoxaline

Yield
[(I]D25

IR (neat)

IH NMR

13C NMR

HRMS

0.403 g, 90%; yellow liquid. IN

N//.
-57.72 (¢ 0.57, CHCls). (%/[N:g
3084, 3057, 3030, 2920, 2854, 2805, 1605, 1495, 7 one

1452, 1315, 1161, 1090, 1030, 821, 739, 695 cm L.

(400 MHz, CDCls, & ppm) 7.32-7.31 (d, J = 4.0 Hz, 4H), 7.29-7.18 (m,
6H), 4.10 (d, J = 13.2 Hz, 1H), 3.29 (d, J = 10.0 Hz, 1H), 3.19 (d, J =
13.6 Hz, 1H), 2.82 (t, J = 14.8 Hz, 2H), 2.71 (d, J = 10.8 Hz, 1H), 2.51
(t, J = 14.4 Hz, 2H), 2.46-2.36 (m, 2H), 2.28-2.17 (m, 3H), 2.07-1.87
(m, 4H), 1.71-1.63, (m, 4H), 1.28-1.12 (m, 5H), 0.89-0.85 (m, 6H).
(100 MHz, CDCls, &ppm).140.9, 139.1, 129.3, 1285, 128.3,
128.1, 126.7, 126.1, 84.9, 77.2, 66.1, 62.9, 57.6, 55.3, 52.8, 45.1, 39.2,
35.7, 31.6, 30.1, 29.5, 28.3, 26.8, 26.2, 25.9, 25.2, 24.9, 20.9.
(ESI-TOF) m/z: [M+H]* calcd for Cs2Ha2N2: 455.3426; found:

455.3428.
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(4aR,8aR)-1-benzyl-4-((S)-1,3-diphenylprop-2-yn-1-yl)decahydroquinoxaline

Yield
[(1]D25
IR (neat)

'H NMR

13C NMR

HRMS

0.303 g, 72%; colorless solid.

-78.06 (c 0.45, CHCl3).

2963, 2843, 1623, 1508, 1436, 1059, 742 cm ™.

(400 MHz, CDCls, & ppm) 7.67-7.63 (m, 2H), 7.57-

7.56 (m, 2H), 7.37-7.34 (m, 6H), 7.31-7.28 (m, 5H),

5.40 (s, br, 1H), 4.11 (d, J = 12.0 Hz, 1H), 3.35 (d, J
= 12.0 Hz, 1H), 2.64 (d, J = 12.0 Hz, 1H), 2.28-2.53 (m, 2H), 2.43-2.29
(m, 4H), 2.17-2.09 (m, 3H), 1.90-1.84 (m, 2H) 1.51-1.40 (m, 2H), 1.37-
1.25 (m, 3H).

(100 MHz, CDCls, 8ppm) : 139.2, 138.8, 131.9, 129.3, 128.6, 128.3,
128.1, 127.8, 127.3, 126.7, 123.4, 88.6, 88.3, 66.1, 63.6, 57.5, 54.6,
52.9, 52.6, 45.7, 29.6, 28.7, 25.3, 25.0.

(ESI-TOF) m/z: [M+H]" calcd for CsoHs2N2: 421.2643; found

421.2644.

(4aR,8aR)-1-benzyl-4-((S)-1-phenylundec-2-yn-1-yl)decahydroquinoxaline

Yield
[(I]DZS

IR (neat)

'H NMR

0.330 g, 73%; yellow liquid. Ph

N,
76,54 (¢ 0.45, CHCI:). (O

3061, 3054, 3024, 2928, 2856, 2804, 1602, 1493, CSHW/W;

1448, 1312, 1148, 1092, 824, 733, 702.cm L.
(400 MHz, CDCls, § ppm) 7.59-7.57 (m, 2H), 7.32-7.28 (m, 6H), 7.25-

7.21(m, 2H), 5.14 (s, br, 1H), 4.09 (d, J = 16.0 Hz, 1H), 3.24 (d, J = 12.
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0 Hz , 1H), 2.61-2.58 (m, 1H), 2.48-2.42 (m, 2H), 2.36-2.31 (m, 4H),
2.18-2.06 (m, 3H), 1.86-1.81 (m, 2H), 1.64-1.57 (m, 2H), 1.53-1.47 (m,
3H), 1.39-1.19 (m, 14H), 0.92-0.89 (m, 4H).

BBC NMR : (100 MHz, CDCls, sppm) 139.8, 138.8, 129.3, 128.6, 128.0, 127.8,
126.9, 126.7, 88.7, 74.2, 65.9, 63.4, 57.4, 54.3, 55.6, 31.9, 29.6, 29.3,
29.2, 28.9, 28.6, 25.3, 25.0, 22.7, 18.8, 14.1.

HRMS : (ESI-TOF) [M+H]" calculated for CszHasN2: 457.3582; found
457.3581.

1.4.9 General procedure for the synthesis of (R)-(-)-chiral allenes 107 from the chiral

propargylamine derivatives 130

To a reaction flask cooled under N, was added ZnBr; (0.113 g, 0.5 mmol) and chiral

propargylamines 130 (1 mmol) in dry toluene (3 mL) and the contents were refluxed for 2 h at

120 °C under nitrogen atmosphere. The reaction mixture was brought to room temperature

after the required time. Toluene was removed under reduced pressure and the residue was

subjected to chromatography on silica gel (100-200 mesh) using hexane as eluent to isolate

the chiral allenes (R)-(-)-107.

(R)-Octa-1,2-dien-1-ylbenzene

H Ph

Yield ; 0.139 g, 75%; colorless oil. ==
n-C5H11 H
[a]o®® : -194.7 (¢ 0.22, CHCls). (R)-(-)-107aa

IR (neat) 3066, 2954, 2930, 2854, 1946, 1597, 1462, 775 cm'™.
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IH NMR (400 MHz, CDCls, 6 ppm) 7.30-7.29 (m, 4H), 7.21-7.15 (m, 1H), 6.13-
6.10 (M, 1H), 5.59-5.54 (m, 1H), 2.16-2.09 (m, 2H), 1.51-1.45 (m, 2H),
1.37-1.27 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H).
13C NMR (100 MHz, CDCls, 6 ppm) 205.2, 135.2, 128.5, 126.8, 126.6, 95.1,
94.5,31.4,28.9, 28.7, 22.4, 14.0.
LCMS m/z 185 (M-1).
Analysis for C14H1s
calcd: C, 90.26%; H, 9.74%.
found: C, 90.50%; H, 9.79%.
Enantiomeric purity : 94% ee (97.3:2.6 er) from HPLC.

HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate

0.5 mL/min., 254 nm, retention times: 12.7 min.(R) and 14.7 min.(S).

(R)-1-Bromo-4-(1,2-octadienyl)-benzene

Yield
[(I]DZS
IR (neat)

IH NMR

13C NMR

0.183 g, 69%; colorless oil.

-223.5 (¢ 0.20, CHCls).

Br
2024, 1948, 1487, 1589, 1385, 1010 cm™. p
H
(400 MHz, CDCls, 5 ppm) 7.43 (s, 1H), 7.42- n_CEHZ: Y
(R)-(-)-107ab

7.28 (m, 1H), 7.20-7.12 (m, 2H), 6.06-6.03 (m,
1H), 5.62-5.57 (m, 1H), 2.16-2.10 (m, 2H), 1.50-1.44 (m, 2H), 1.38-
1.29 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H).

(100 MHz, CDCls, & ppm) 205.4, 137.6, 130.0, 129.5, 129.3, 125.1,

122.7,95.7,93.5, 31.4, 28.7, 28.6, 22.4, 14.1.
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LCMS : m/z 266 (M+1).
Analysis : for C14H17 Br
calcd: C, 63.41%; H, 6.46%: Br, 30.13%.
found: C, 63.31%; H, 6.53%; Br, 30.16%.
Enantiomeric purity : >99% ee from HPLC.
HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate
0.3 mL/min., 254 nm, retention times: 17.0 min.(R isomer)

(R)-1-Bromo-3-octa-1,2-dienyl-benzene
Br,

Yield ; 0.075 g, 57%; colorless oil. p
H

[a]o? . 1105 (c 0.28, CHCIy). et
(R)-(-)-107ac

IR (neat) ~ : 2959, 2858, 1950, 1589, 1068, 883, 785 cm'L

IHNMR ~ : (400 MHz, CDCls,  ppm) 7.41-7.39 (m, 2H), 7.15-7.13 (m, 2H), 6.07-

6.04 (m, 1H), 5.58-5.54 (m, 1H), 2.14-2.09 (m, 2H), 1.50-1.44 (m, 2H),
1.35-1.30 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H).
BCNMR (100 MHz, CDCls, § ppm) 205.3, 134.3, 131.6, 128.5, 128.1, 120.1,
95.6, 93.8, 31.4, 28.8, 28.6, 22.4, 14.0.
LCMS X m/z 266 (M+1).
Analysis : for C14H17 Br
calcd: C, 63.41%; H, 6.46%: Br, 30.13%.
found: C, 63.31%; H, 6.53%; Br, 30.16%.

Enantiomeric purity : 79 % ee (89.7:10.2 er) from HPLC.
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HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate
0.5 mL/min., 254 nm, retention times: 12.3 min.(R isomer) and 13.9 min (S isomer).

(R)-1-Methyl-4-(1,2-octadienyl)-benzene

Yield : 0.146 g, 73%; colorless oil.

[a]p® ; -237.2 (¢ 0.31, CHCly).

IR (neat) : 3022, 2926, 1487, 1498, 1512, 1464, 819 cm™,

IH NMR ; (400 MHz, CDCls, & ppm) 7.17 (d, J = 10.0 CHa

Hz, 2H), 7.08 (d, J = 10.1 Hz, 2H), 6.10-6.07 ! p
==

(m, 1H), 5.55-5.48 (m, 1H), 2.31 (S, 3H), n-CsH1y H

(R)-(-)-107ad
2.13-2.08 (m, 2H), 1.50-1.44 (m, 2H), 1.37-
1.30 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H).

BCNMR (100 MHz, CDCls, § ppm) 204.8, 136.3, 132.1, 129.2, 126.4, 95.0,

94.3,31.4,28.9,28.8,22.4,22.1, 14.1.

LCMS X m/z 201 (M+1).
Analysis : for CisHz0

calcd: C, 89.94%; H, 10.06%.

found: C, 89.87%; H, 9.98%.
Enantiomeric purity: 93% ee (96.3:3.6 er) from HPLC.
HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate
0.5 mL/min., 254 nm, retention times: 14.3 min.(R isomer) and 16.0 min. (S-isomer).
(R)-1-bromo-4-(5-phenylpenta-1,2-dien-1-yl)benzene

Yield X 0.090 g, 61%; colorless oil.
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[a]p?® -175.54 (c 0.60, CHCls). B
IR (neat) 2928, 2856, 1951, 1616, 1325, 844 cm™™, ., p
IH NMR (400 MHz, CDCls, 3 ppm) 7.36 (d, 1= 836 Hz, | _ (R)_(._;;Hm
2H), 7.29-7.20 (m, 5H), 6.97 (d, J = 8.4 Hz, 2H), 6.07-6.04 (m, 1H),
5.58 (q, J = 6.68, 1H), 2.84-2.76 (m, 2H), 2.52-2.42 (m, 2H).
BBC NMR (100 MHz, CDCls, 6 ppm) 205.4, 141.4, 133.9, 131.6, 128.6, 128.4,
128.2,126.0, 120.2, 94.8, 94.1, 35.3, 30.4.
LCMS m/z 300 (M+2).
Analysis for C17H1sBr
calcd: C, 68.24%; H, 5.05%.
found: C, 68.36%; H, 5.12%.
Enantiomeric purity : 84% ee (8.2:91.7 er) from HPLC.

HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate

0.5 mL/min., 254 nm, retention times: 14.3 min.(R isomer) and 16.0 min. (S-isomer).

(R)-1-(4-Bromophenyl),5-phenylpenta-1,2-diene

Yield
[(I]DZS
IR (neat)

'H NMR

0.201 g, 90%; colorless oil. p
H
ﬁ): o

-79.2 (c 0.60, CHCls).

PR (R)-(-)-107be
2928, 2856, 1951, 1616, 1325, 844 cm™.

(400 MHz, CDCls, § ppm) 7.33-7.29 (m, 2H), 7.26-7.19 (m, 3H), 5.22-
5.17 (m, 1H), 5.14-5.10 (m, 1H), 2.78-2.73 (m, 2H), 2.37-2.31 (m, 2H),
1.95-1.93 (m, 1H), 1.74-1.72 (m, 4H), 1.34-1.20 (m, 3H), 1.14-1.02 (m,

2H).
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BBC NMR : (100 MHz, CDCls, & ppm) 202.8, 142.0, 128.5, 128.2, 125.8, 97.6,
91.1, 37.2,35.5, 33.1, 26.2, 26.0.
LCMS : m/z 226 (M").
Analysis X for C17H22
calcd: C, 90.20%; H, 9.80%.
found: C, 90.35%; H, 9.71%.
Enantiomeric purity : 98% ee (1.0:98.9 er) from HPLC.
HPLC using chiral column, chiralcel OJ-H, solvent system, hexanes:i-PrOH/100:0; flow rate
0.3 mL/min., 215 nm, retention times: 18.6 min.(S isomer) and 19.4 min. (R-isomer).

(R)-1,3-diphenylpropa-1,2-diene

Yield X 0.048 g, 25%; colorless solid.

mp : 48-50 °C 46% ee. P:F'%:h

[a]0® ; -425.2 (c 0.32, CHCIs). (R)-(-)-107da

IR (neat)  : 3061, 3028, 1936, 1597, 1493, 1450, 758 cm™.

IH NMR ; (400 MHz, CDCl3, & ppm) 7.36-7.30 (m, 8H), 7.25-7.21 (m, 2H), 6.60-
(s, 2H).

BCNMR (100 MHz, CDCls, & ppm) 207.8, 133.6, 128.5, 128.7, 127.3, 127.0,

98.4,31.8,29.4, 29.3, 29.1, 28.7, 22.6, 14.1.
LCMS X m/z 193(M+1).
Enantiomeric purity: 84% ee (1.0:98.9 er) from HPLC.
HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/99:1; flow rate

0.5 mL/min., 254 nm, retention times: 11.3 min. (R isomer) and 26.9 min. (S-isomer).
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(R)-Undeca-1,2-dien-1-ylbenzene

Yield : 0.170 g, 70%; colorless oil. o
!
[a]o® : -223.2 (c 0.60, CHClI3). n-CgHy7 H
(R)-(-)-107ca
IR (neat) : 2924, 2853, 1948, 1600, 1465, 772 cm™.
IH NMR : (400 MHz, CDCls, 6 ppm) 7.34-7.28 (m, 4H), 7.24-7.20 (m, 1H), 6.19-

6.14 (m, 1H), 5.64-5.58 (m, 1H), 2.19-2.15 (m, 2H), 1.56-1.51 (m, 2H),
1.41-1.32 (m, 12H), 0.95-0.91 (m, 3H).

BCNMR (100 MHz, CDCls, 5 ppm) 205.1, 135.1, 128.5, 126.4, 95.5, 94.5, 31.8,
29.4,29.3,29.1, 28.7, 22.6, 14.1.

LCMS : m/z 229 (M+1).

Enantiomeric purity : 90% ee (1.0:98.9 er) from HPLC.

HPLC using chiral column, chiralcel OD-H, solvent system, hexanes:i-PrOH/100:0; flow rate

1.5 mL/min., 254 nm, retention times: 4.4 min. (S isomer) and 4.8 min. (R-isomer).
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Chapter 2

Synthesis of Propargylamines using

Amines, o,B-Unsaturated Ketones and 1-Alkynes



2.1 Introduction

Propargylamines are versatile building blocks useful in the synthesis of natural
products and bioactive compounds.!  Propargylamines can also be used as synthetic
intermediates to access therapeutic agents,? muscarinic antagonists® and polyfunctional amino
derivatives.*® Propargylamine containing compounds such as resagiline, PF960IN (Figure 1)
are known as highly potent, selective, irreversible MAO-B inhibitors.® In addition,
propargylamines are widely used as synthons for the synthesis of p-lactams,”® pyrroles,®
pyrrolidines,’®  pyrrolophanes,'*  3-aminobenzofurans,'>  aminoindolizines,®®*  2-

aminoimidazoles,'* oxazolidinones,™ and quinolines * (Figure 1).

Me
NP ©/OI I\>
HN
3

1 2
resagiline (azilect) selegiline (deprenyl) PF960IN

‘ 1 R1
N| X R\N—Rz \N’RZ o
3 ‘ o
O Z>pn PN LR HN
N N / o] R1 \ RZ

4 5 6 7

(quinoline) (aminoindolizine) 3-aminobenzofuran (Oxazolidinone)
Figure 1. Propargylamine moiety containing drugs and various N-heterocycles
2.1.1 Methods for the synthesis of propargylamines
In recent years, synthesis of propargylamine derivatives attracted considerable interest
due to the presence of propargylamine moieties in several bioactive compounds,

conformationally restricted peptides, isosteres, natural products, oxotremorine analogues
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etc.>” A brief overview on the synthesis of propargylamines will be useful for the
discussion.
2.1.2 Synthesis of disubstitutedpropargylamines

Reactions of various amines with formaldehyde (or) DCM and 1-alkynes for the

synthesis of disubstituted propargylamines with various metal salts were developed (Chart

1) 18-26
Chartl
H DMSO/H,0 3 1
piNigz + HCHO + = RS R\E
Cul, 2 h, 30°C "R?
8 9 10 1"
60-98% y
Rl R? L Au-catalyst R2 Ph
SN+ HCHO + =—Ph ,11/
T
H Solvent/Neat R
8 9 10 80°C, 24 h 11a

up to 100%
R', R? = morpholine, piperidine P °Y

pyrrolidine, azepane

Fe(HSO,)s Ph
+ HCHO + =—Ph N /
N CH3CN, 60 °C

H upto9h
8a 9 10 12
95% y

X o, 1

10 mol% InBry x/\ R

] + HCHO + =—R' - K/N/
N Toluene, 80 °C
H 4-7h
8b 9 10 12
75-90% y

X=0, CH, R'=Ph, CgHi3

A— . CH.cL O nano In,03 N “
r—— 2Cl N A
H DABCO Ar
8

10 DMSO, 65 °C, 16 h 12

" chaCl H Cat|Ag| (5 mol%) R3 F|<1
_ . .
- 22 R"7°R?  Dioxane, 120 °C, 12 h \/N\Rz

10 8 11
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Chart 1 (continued)
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[X] " 5 mol% NiCl, xﬁ P R
+ HCHO + = /
N Toluene, 111 °C &N Z
H 12h
8a 9 10 12
X =0, CH, R' = Ph 81-83% y
X Al,O4 xﬁ R
+ HCHO + =—R! —— —
[N] Microwave K/N\/
H
8a 9 10 12
86-95% y
X =0, CH, R = Ph
cat. RuCls —R?
R'-NH, + 2 HCHO + 2 =—R? RI-N
cat. CuBr __— R?
13 9 10 H,O, rt, 36 h -
14
15-84% y
R = 3-phenylpropylamine, R? = Ph

Methods were developed for the

butylamine, allylamine,
cyclopentylamine, methylamine

synthesis of disubstitutedpropargylamines via

alkynylation of unactivated aliphatic tertiary methylamines with terminal alkynes under

different conditions to access the propargylamines (Chart 2).27-3!

Chart 2

CuBr (5 mol%)
'BuOOH (1.0-1.2 eq)

100 °C, 3 h
15 10

R =Ph
Ar = Ph, p-Me-CgH, 0-Me-CgHy p-Br-CgHy

CUNPs/ZY
TBHP-decane

(O - =
N + Ph——=
\

15 10

THF, 70°C, 20 h

16
upto 82% y

() /
N
=R

16
98% Yy
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Chart 2(continued)

R3
R? 1% Cul N-R?
R= + —N _Smoktd . Rl——/
R3 DEAD, THF
rt, 6 h
10 17 1
64-94% y
R'=Ph R2, R3
p-Me-CgHy Me, c-hexyl c-hexyl, c-hexyl
0-Me-CgH,4 Me, c-pentyl ‘Pr, Bu
p-Br-CgHy Me, c-heptyl Me, PhCH2
_ ) Photocatalyst (1 mol%) ipr
=——1 + Pr,NMe + =—Ph > S
CH4CN, sunlight, rt N.ip,
18 17 10 24-36 h 1
5%y

NN,

solvent free
Ph——= +
rt

10 15 16

R'=H, Cl, Br, Me, MeO
Very recently, metal-free decarboxylative three-component coupling reaction was
reported (Chart 3).3 More recently, Sun and co-workers described a method using primary
amines 13, formaldehyde, propiolic acid 17 and a boronic acid 18 to synthesize the

propargylamines in up to 94% yield (Chart 3).%3

Chart 3
(0]
H )k R CO.M metal-catalyst-free R3 “ ||?1
1-Nigo + + 2 \/
RUVTR: S HH CH4CN, 65°C, 3 h NN
8 9 17 1
up to 98% y
(0] 1
J\ metal-catalyst-free R
R-NH, + -~y + R'-B(OH), + R2—==—CO,H R\NJ
45-60 °C, DCE
13 9 18 17 10-26h /
RZ™ 44

upto 94% y
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2.1.3 Synthesis of trisubstitutedpropargylamines

Addition of lithium acetylide 19 to oximes 20 (or) imines 22 to access
propargylamines were reported (Chart 4).343°
Chart 4
X
@\ . N( BF;-Et,0 N
Li O@ THF, 23°C, 24 h N\o/\©
19 20 21
50% y
IN/\/\ HNT TN
THF, -85 °C
Ph———Li + O) O)\
6h Ph

23

Without BF3-Et,0 No reaction
With BF3-Et,0 70% y

An interesting approach to propargylamines was reported via CeClz-mediated one-pot

conversion of secondary amides 24 into propargylamines 25 in 79% vyield. Later, a cerium-

free modified approach also reported to afford the propargylamines 25 in 72-81% vyields

(Chart 5).%

Chart5

24

R =Ph, p-Me-CgH,4, Me

R' = Ph, n-hex

1. Tf,0, DCM, 10 min

2. Ph—==—1Li, CeCl3, 1h

3.NaBH, 3 h

T )
/H
Ph

25

0,

T,0, 2-F-Py, DCM 10 min 9%y
Et;SiH, 5 h R Q
BF4.Et,0 /\ N

RI—1Li R’
oh 25

72-81%y
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Copper(1)-catalyzed aminations of propargyl phosphates and acetates 36 gave the

corresponding propargylamines 37 up to 95% yield (Scheme 1).%

Scheme 1
R? R
R' 3 p4  CuCl (10 mol %)
R R R3
H—é: RZ + -
N THF, 50°C, 2 h =z N
OR H H R4
26 8 27
OR = OP(O)(OEt),, OAc up to 95% y

R', R2=Ph, H Me, H
CsH11, H Me,Me

R3, R* = Diethylamine, Dibenzylamine, benzylamine
benzylallylamine, pyrrolidine..etc

The acyl-iminium compound 30 synthesized by the reaction of N-Aryl and N-
alkylimines 28 with an acyl chloride 29 underwent addition with metal-acetylide to give the

propargylamides 31 in 70-86% yields (Scheme 2).%8

Scheme 2
Ji§
(0] = R¢
R3” >l 0
2 2
R 29 RN zn(oTh, o R
J Vo o—em
78> rt
R! 1. toluene, 0 °C R' r R1\
2.rt,1h X
28 30 31 R4
R' = Ph, 4-OMe-Ph, Bu 70-86%y

R2 = PMP, allyl, n-Bu
R%= Ac, Bz, CCl,

Dyatkin et al. reported® that the polymer supported aryl acetylene reacted with aryl
aldehyde and secondary amine in dioxane solvent in the presence of CuCl catalyst to produce

the resin-bound propargylamines 33 (Scheme 3).3°

Scheme 3
1 2
H CuCl (10 mol %) RiGR
+N._, + R:-CHO + =—R*
RTR dioxane, 90 °C, 48 h /\Ra
S
8 32 10 RY 33

70-89%y
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The copper(l)-catalyzed addition of alkynes to enamines produced the propargyl

amines 35 (Scheme 4).%

Scheme 4
3 RS
R CuBr (5 mol%) N
R1/\(N‘R4 + =—R5 R R*
R toluene, rt or 60 °C R2 \\
34 10 3-24h 35 RS

Very recently, Basu and co-workers reported a metal-free A3 coupling of
salicylaldehyde with amines and alkynes to prepare 1-arylpropargylamines 37 (Scheme 5).4

Scheme 5

(0] R—=
Ivent f o
H solvent iree
D y
OH N 80-90°C,4-6h
36 8 37 H

R
Alkynes: R = Ph, p-Me-Ph, o0-Br-Ph, p-Br-Ph
Amines: morpholine, piperidine, 82-90% y
pyrrolidine, 4-Bn-piperidine

2.1.4 Synthesis of tetrasubstitutedpropargylamines
Addition of alkynes 10 to ketenamine derivative 38 in the presence of copper catalyst
gave the tetrasubstituted propargylamine 39 in 75% yield. (Scheme 6).%?

Scheme 6

CuBr (5 mol%) NN
+ =——Ph >
Toul 60°C
oulene, /O
Ph

38 10 39
75% y



62 Introduction

Acyclic and cyclic ketones (40, 42) react with amines 8, 13 and 1-alkynes in the
presence of copper salts gave the propargylamines 41, 43 in low to good yields (Chart 6).4344

Chart 6

JOL Cu(OH),-Fe304 (0.1 mol%) O
+ =—Ph + ) > N

H 120°C, 7 d R2
z K
8 10 40 Ph 4ab

66a: R' = R? = Et 38%y
66b: R' = Me, R?=Ph 29%y

o HoN
X
Cul (20 mol%)
+ =—R' + >

X 100°C, 20 min., MW, neat = NH

1 OCH3
OCH; R
42 10 13 43aa-cc
y o 31-82%y

674a =-CH,- 10a=Ph
67b = NAc 10b = Cyclopropyl
67c =NBn 10c = Hexyl

A method involving coupling reaction using morpholine, cyclohexanone and 1-octyne

in the presence of 5 mol% CuCl. was reported (Scheme 7).%

Scheme 7
o
o}
o
CuCly (5 mol%) N
+ + ——n-CgH13 >
N 110°C, 3 h =
n-CeH13
8 a4 10 45
92% y

The reaction of morpholine with acyclic ketones and 1-alkynes using 5 mol% CuCl»
and 50 mol% Ti(OEt), afforded the tetrasubstituted propargylamine 47 in 91% yield at 110 °C

(Scheme 8).46
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Scheme 8
o}
O 0 CuCly (5 mol%) [ j
J\ Ti(OEt), (50 mol%) N
+ R17NR2+ =—n-CgHy3 > R!
N 0 2
110°C, 2-3d R
H =
n-CeH13
8 46 10 47a-d
64-91% y

46a:R'=R?=Et  46¢c:R'=Me, R?= c-Pr
46b:R'=R%?=Et  46d: R' =Me, R?=j-Pr

A gold catalyzed method was reported to produce the quarternary propargylamine 49
by using morpholine, 2-pentanone 48 and phenylacetylene at 60 °C (Scheme 9).#

Scheme 9

(0]

(0]
o}
AuBr3 (4 mol%) [ j
ENj + /\)k + =—Ph > N
H

60°C, neat, 8 h
/</\

Ph
8 48 10 49

54% y

Recently, the Markovnikov hydroamination—alkynylation reaction was developed
using morpholine and 1-octyne to access the tetrasubstituted propargylamines 50 in 50%
yield (Scheme 10).48

Scheme 10

o o
Cu(OTf), (10 mol%) [ j
+ =——n-Hex N
N 110 °C, neat, Me
H .
20 min 4 ‘n-Hex

n-Hex
8 10 50

88%y
Ma et al. reported®® a method for the synthesis of propargylamine 52 with
CuBra/sodium ascorbate reagent system using aromatic ketone, pyrrolidine, and alkyne

(Scheme 11).
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Scheme 11

o CuBr; (10 mol%) { )
N

Ti(OEt), 2 eq

Ph)kCH;,v + ZN> + ——Ph Me
H Na-ascorbate (20 mol%) PH X

Toluene, 100 °C, Ph

51 8 10 5h 52
98% y

Very recently, alkynylpyrrolidines or piperidines 54 were prepared by using ketones,

amine and 1-alkynes using a copper(I)-catalyst (Scheme 12).%

Scheme 12
R3
o Cu,0 (25 mol%) A
J\/\*m + HN_ =+ =—R°

R n R? MeCN, Ar RN

60°C, 24 h R2

n=1,2

53 13 10 54

36 examples

up to 98% y
We have undertaken research efforts on the synthesis of propargylamine deivatives by

Michael reaction of a,B-unsaturated ketones. The results are discussed in the next section.



2.2 Results and Discussion

2.2.1 Synthesis of propargylamines using a,p-unsaturated ketones

As outlined in the introductory section, propargylamine derivatives are versatile
building blocks useful for the synthesis of natural products and bioactive compounds.
Recently, convenient methods have been developed to access chiral propargylamines and
chiral allenes via CuX and ZnX, promoted transformations from this laboratory.®® In
continuation of these studies, we have developed a new protocol for the synthesis of
propargylamines via Michael addition® using readily available methyl vinyl ketone
derivatives, secondary amines and 1-alkynes.

We have examined the reaction using different metal salts like ZnCl, ZnBr., Znl, and
CuCl, CuBr, Cul at room temperature in different sovents. Initially, we have carried out the
reaction using ZnCl, and CuCl at room temperature in DCM, CH3CN, toluene, dioxane
solvents with respectively, but the expected propargylamine 56a was not formed (entries 1-5,
Table 1). However, when the reaction was carried using ZnClz in toluene (4 mL), the

corresponding propargylamine 56a was isolated in 25% yield at 100 °C (Scheme 13).

Scheme 13
[O] \)(1 __ o, ZnCh (10 mol%) o™ P
+ A + =
N CHs Toluene, 100 °C K/N/
H 24 h
8 55a 10a 56a

25%y
Whereas with ZnBr», the propargylamine product was obtained in 33% vyield in 24 h,
the reaction also gave the propargylamine in 60% yield using Znl, (entries 1-3, Table 1). The

copper(l) chloride gave the corresponding propargylamine 56a product in 92% yield at 100 °C
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(entry 4, Table 1). The propargylamine 56a was also obtained in similar yields using other
copper halides like CuBr and Cul under this reaction condition (entries 5 and 6, Table 1).

Table 1. Reaction of morpholine with methyl vinyl ketone and phenyl acetylene promoted by

metal salts®?

entry solvent temp (°C) MXs mol (%) time (h) yield (%)°

1 DCM 25 ZnCl; 10 24 NR
2 CHsCN 25 ZnCl» 10 24 NR
3 Toluene 25 ZnCl; 10 24 NR
4 Dioxane 25 ZnCl; 10 24 NR
5 DCM 25 CuCl 10 24 NR
6  Toluene 100 ZnCl; 10 24 25
7 Toluene 100 ZnBr; 10 24 33
8  Toluene 100 Znl; 10 12 60
9  Toluene 100 CuCl 10 12 92
10  Toluene 100 CuBr 10 12 90
11 Toluene 100 Cul 10 12 87

@The reactions were carried out by taking morpholine 8 (2.0 mmol), phenyl acetylene 10a
(2.2 mmol) and methyl vinyl ketone 55a (2.0 mmol) in toluene (4 mL) at 100 °C for 12 h.
®Isolated yield.

Under the optimized conditions (entry 9, Table 1), a broad range of secondary amines
were employed for this transformation. For example, the cyclic amines such as morpholine
(8a) piperidine (8b) pyrrolidine (8c) N-benzylpiperizine (8d) and N-phenylpiperizine (8e)
readily participate under these reaction conditions to deliver the corresponding

propargylamines 56a-56e in moderate to good yields (53-92%). The acyclic amine like
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diethylamine (8f) also gave the desired propargylamine 56f in 52% vyield. The reaction of
morpholine with aliphatic 1-alkynes, also afforded the propargylamines 56g-561 in moderate

to good yields (Table 2).

Table 2. CuCl-promoted synthesis of propargylamines 56 using secondary amines 8, methyl

vinyl ketone 55a and 1-alkynes*®

o 2 3
1 R? CuCl (10 mol%) R R
R\N/R + \)J\ * =-rR® 1'11/
H Toluene, 100 °C R
8 55a 10 12h 56
46-92% y
R, RZ=morpholine, 8a N-benzylpiperizine, 8d  R®= Ph n-CgHqz  n-CqgHapq
piperidine, 8b N-phenylpiperizine, 8e n-C4Hg n-CsHqs
pyrrolidine, 8¢ diethylamine, 8f n-CsHyq n-CgHqz
oY Ph Ph Ph BN Ph
56a 56b 56¢ 56d
92% y 60% y 53%y 73%y
PhN/\ _Ph \ Ph o/\ n-C4Ho o/\ n-CsHy4
K/N/ N/ K/N\/ \/
~~
56e 56f 569 56h
64% y 52%y 66% y 70% y

n-CyoHa4

OK/N/H CeH13 O/\ /n C7H1s 0/\ /n'CBHW @\l/

56i 56 56k 56
82%y 52%y 74% y 46%y

aThe reactions were carried out by taking amine 8 (2.0 mmol), 1-alkyne 10 (2.2 mmol) and
methyl vinyl ketone 55a (2.0 mmol) in toluene (4 mL) and heating at 100 °°Isolated yield.

It is of interest to note that the use of paraformaldehyde, 1-alkyne and amine at 80 °C in
dioxane solvent gave only the corresponding allenes.>

After successful preparation of propargylamine derivatives 56, 3-pentene-2-one 55b

was employed to examine the scope of this method for the synthesis of propargylamine

derivatives 57. The results are summarised in Table 3. The aromatic alkyne like phenyl
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acetylene gave the desired propargylamine in 98% yield (57a, Table 3). The substituted
phenylacetylenes like p-fluorophenylacetylene and p-tolylacetylene reacted readily with

Table 3. CuCl-promoted synthesis of propargylamines 57 using morpholine 8a, 3-penten-2-

one 55b and 1-alkynes®*
0}

Y o]
o CuCl (10 mol%) [ j
R3
[Nj +Hsc/\)\cm+ - N
H

Toluene, 100 °C
12h /\CHs

8a 55b 10 R3 57
8a = morpholine  R®=Ph n-CqHg  n-C7His 70-98% y
8c = pyrrolidine p-F-CgHy  M-CsHis n-CgHq7
p-CHy-CeHa n-CgHqiz  N-CqoHzq  (CH2)3CN
) ) ) )
N N N N
P S S
Ph Ph-p-F Ph-H,C- 1-C4H
57a P 57b TP 5 9 s7d
98% y 81%y 98% y 79%y
) ) ) ®
N N N N
/\CHg, _— CHj; /\CH3 /CH:;
n-CgHq n-CgHyg n-CsHs n-CgHq7
57e 57f 57g 7h
96% y 96% y 70% y 76%y

N
e e
NC(H,C)s Ph

57i 57j 57k
74% y 82%y 65% y

n-CqoHa1

aThe reactions were carried out by taking amine 8 (2.0 mmol), 1-alkyne 10 (2.2 mmol) and 3-
penten-2-one 55b (2.0 mmol) in toluene (4 mL) at 100 °C for 12 h. "lIsolated yield. °DCM
solvent at 25 °C for 12 h.

morpholine and 3-pentene-2-one to give the corresponding propargylamines in 81-98% vyields
(57b-57c, Table 3). The reaction was also extended to aliphatic alkynes to access the
corresponding propargylamines in 70—96% yields (57d-57i, Table 3). The functionalized

alkyne such as 5-cyano-1-pentyne also afforded the corresponding propargylamine in 82%
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yield (57j, Table 3). Interestingly, the reaction of pyrrolidine with 3-pentene-2-one, phenyl
acetylene in dichloromethane solvent gave the propargylamine in 65% yield at room

temperature (57k, Table 3).

Finally, we have examined the reaction of pyrrolidine 8c with mesityl oxide 55c¢ and
1-alkynes in the presence of CuCl (10 mol%) to prepare the propargylamine deivatives 58
with two methyl groups. We have observed that these propargylamine deivatives 58 are
obtained in 46-77% yields at room temperature. The results are summarised in Table 4.

Table 4. CuCl-promoted synthesis of propargylamines 58 using pyrrolidine 8c,

mesityloxide 55c and 1-alkynes®®

,  CuCl (10 mol%) ()
CH, + =R N
8c 55¢ 10 HC . Ns

58

R3 = Ph n- C4H9 n- C5H11 n- CGH13 n- C7H15 n—C8H17 46-77% y
N N N
%\ H3C
H,C Hy R
n-C4Hg n-CgHy4
58b 58c
70% y 73%y 46% y
N N N
HsC H3C H,C
HaC X HoC X H3C
n-CgH1q3 n-C;Hqs n-CgHq7
58d 58e 58f
50% y 56% y 7%y

@The reactions were carried out by taking amine 8 (2.0 mmol), 1-alkyne 10 (2.2
mmol) and mesityloxide 55¢ (2.0 mmol) in DCM (4 mL) at 25 °C about 6-12 h.
bIsolated yield.

The CuCl-catalyzed formation of propargylamines 56a can be rationalized by the

tentative mechanism and intermediates as outlined in Scheme 14. Morpholine would first
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react with methyl vinyl ketone 55a in a Michael fashion. The corresponding Michael adduct
59 would then undergo C-C bond cleavage to give the corresponding iminium intermediate
60. Subsequent addition of copper acetylides to iminium ion affords the propargylamine 56a
and regenerates the copper catalyst.

A tentative mechanism outlined in Scheme 14 may be considered for the formation of
the propargylamine derivative 56a (Scheme 14).

Scheme 14 Tentative mechanism

CluCI
Ie) A
o) ) 0y
o ) cucl C
[ ] +(*HLCH3“_, A CH; — = (77 cHs
Y ~
N N N
o 5o 5
8a 55a 59
Ph—=—H < Ph—==—H
Toluene OH (0]
10 —_
a 100 °C /J\CH3 H3C)J\CH3
62
o\) \\Ph 'ﬁ OC) +[Ph—=—cu]
56a 60 61

We have also performed the reaction of morpholine 8a with methyl vinyl ketone 55a in
PEG solvent at room temperature.®?®® The resulting Michael addition product 59 was isolated
and freshly reacted with phenyl acetylene 10a and CuCl (10 mol%) at 100 °C to obtain the

propargylamine 56a in 65% yield (Scheme 15).
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Scheme 15 Reaction of Michael adduct intermediate 59 with phenylacetylene 10a and CuCl

=——Ph

0 (0] 10a
0} %CH PEG J)kCHs (1 5 equiv.) O/\
[ ] ol ’ CuCl (10 mol%) \/
” rt K\N
8a 55a 0 56a
(1 equiv) 65%y

Also, we have observed that the reaction of morpholine 8a with 1-phenylprop-2-en-1-
one 55d and phenylacetylene 10a in toluene solvent at 100 °C gave the propargylamine 56a in
52% vyield along with the acetophenone 63 (33% y) side product as shown in Scheme 16.
Clearly, the transformations goes through the C-C bond cleavage of the Michael adduct 59 as
outlined in Scheme 14.

Scheme 16 Synthesis of propargylamine 56a using morpholine 8a, 1-phenylprop-2-en-1-one

55d and phenyl acetylene 10a with CuCl

o o] o
CuCl (10 mol%) 0 Ph
[N] + \)LPh + =——Ph @\/ + H3C)kPh

Toluene, 100 °C

12h 33%y
8a 55d 10a 56a 63
52% y Isolated

2.2.2 Efforts towards the synthesis of chiral propargylamines 65

As outlined in the introduction section, classical methods of synthesizing chiral
propargylamines involves the asymmetric alkynylation of imines or enamines. Recently,
convenient methods to access chiral propargylamines and chiral allenes with CuX, ZnX>
promoted transformations have been developed from this laboratory.>* Thus, we became
interested in developing the synthesis of chiral propagylamines using this methodology.

The CuBr catalyzed three-component coupling reactions of amines, n-alkyl aldehydes

and 1-alkynes were also reported for the synthesis of chiral propargylamines using pinap and
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quinap ligands.*® It was of interest to us to examine whether such transformation under the
present conditions would give the corresponding chiral propargylamines with
diastereoselectivity, if enantiomerically pure chiral amine is used. Accordingly, we have
examined the wuse of the readily accessible optically active chiral (S)-
diphenylpyrrolidinemethanol (64, (S)-dpp) with 3-pentene-2-one 55b and various 1-alkynes in
the presence of CuCl (10 mol%). The chiral propargylamines 65 are obtained in 22-60%
yields with up to 99:1 dr. The results are summarized in Table 5. The aromatic alkynes like
phenylacetylene, 3-ethynylthiophene and 4-phenyl-1-butyne gave the corresponding chiral
propargylamines in 35-60% yields with up to 99:1 dr (65a-65c, Table 5).

Table 5. Diastereoselective synthesis of propargylamines 65 using chiral (S)- dpp 64, 3-
penten-2-one 55b and 1-alkynes with copper(l)chloride®*

Ph fe)
M CuCl (10 mol%) MPh
Ph
N oH T Me/\)L Me + =R®
H Toluene, 100 °C, /\
55b 10 12h

(S)-dpp-64
10a = Ph 10d = n-C4Hg up to 22-60% y
10b = 3-thiophenyl- 10e = n-CsH44 up to 99:1 dr

10c = PhCHZCHz 10f = n-CgH47

Ph

M )
/\ Z

7 | 65b
60% y, 99:1 dr S 35%y, 96:4 dr 42% y, 90:10 dr
Ph
WF’“ M
N OH
/CH:; /\ /\
n-C4Hg 65d n-CgHy n-CgHy7
35% vy, 80:20 dr 47% vy, 70:30 dr 22%y, 70:30 dr

@The reactions were carried out by taking chiral amine 64 (1.0 mmol), 1-alkyne 3 (1.2
mmol) and 3-penten-2-one 55b (1.0 mmol) in toluene (3 mL) at 100 °C for 12 h. °dr ratio
based on crude *H NMR. CIsolated yield.
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We have also carried out the reaction using aliphatic alkynes such as 1-hexyne, 1-
heptyne and 1-decyne under this reaction condition but the corresponding propargylamines 65
were obtained in only 22-47% yields with lower dr (65d-65f, Table 5). The new chiral centre
at the propargylic position is assigned S configuration based on comparision of [a]p? value
with previous reports.>1&°

We have observed that small amount of benzophenone (18% y) was formed as
byproduct in these reactions. It is of interest to note that previously benzophenone was
reported as byproduct in the preparation of phenyl-substituted oxazaborolidines from the
corresponding (S)-diphenylprolinol 64 and trimethoxyborane.>®
2.2.3 Efforts towards the reactions of primary amines with methyl vinyl ketone

We have also examined the reaction of primary amines like benzylamine 13a with
methyl vinyl ketone 55a and phenylacetylene in the presence of CuCl in toluene solvent at
100 °C. Interestingly, benzylamine was reacted with methyl vinyl ketone to give the
substituted-N-benzylpiperidine 66 in 3 hours at 100 °C instead of propargylamine derivative
(Scheme 17).

Scheme 17 Synthesis of 1-(1-benzyl-4-hydroxy-4-methylpiperidin-3-yl) ethanone 66 using

benzylamine 13a methyl vinyl ketone 55a with CuCl

HO
O
CuCl (10 mol%) (0)
NH, 4 \)K fﬁ/L
©/\ Toluene, 100 °C

N
3h
13a 55a 66
85% y

A tentative mechanism can be considered for the formation of substituted-N-

benzylpiperidine as outlined in Scheme 18. Initially, the benzylamine 13a would react with
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methyl vinyl ketone 55a in Michael addition fashion to give the Michael adduct 67.
Subsequently, the resulting Michael adduct 67 would again undergo double Michael addition
with methyl vinyl ketone to form the product 68. The enol intermediate 69 would then
undergo cyclization to give the substituted-N-benzylpiperidine product 66.

Scheme 18 Plausible mechanism for the formation of substituted-N-benzylpiperidine 66

O
. fk jj
100°C, 3 h
67 68

PR
© 0’ ©

66 70 69

Next, we have undertaken efforts on the development of electron transfer

reactions using diamines and propargylamines. The results are described in chapter 3, 4 and 5.
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2.3 Conclusions

In summary, we have developed a CuCl-promoted, convenient method for the
synthesis of propargylamines using amines, o,B-unsaturated ketones and 1-alkynes via
Michael addition followed by C-C bond cleavage and addition of metal acetylides to iminium
ion intermediates. This method involving use of inexpensive cheaper CuCl as catalyst is
applicable to both aromatic, aliphatic alkynes and also for various secondary amines to
produce di, tri, tetrasubstituted propargylamines in a single-pot synthesis. Also, this method
has been employed for the synthesis of chiral propargylamines with up to 99:1 dr.
Propargylamines are an important class of intermediates and attractive starting materials in
the synthesis of nitrogen heterocycles, natural products and biologically active compounds.®’

Hence, the method to access propargylamines described here has good synthetic potential.



2.4 Experimental Section

2.4.1 General information

IR (neat) spectra were recorded on JASCO FT-IR spectrophotometer model-5300. H
(400 MHz), 3C (100 MHz) NMR spectra were recorded on Bruker-Avance-400
spectrometers chloroform-d as solvent. Chemical shifts were determined with
tetramethylsilane (TMS) as internal reference (6 = 0 ppm). Coupling constants J are in Hz.
Optical rotations were measured on Rudolph Research Analytical AUTOPOL-IV

(readability=0.001") automatic polarimeters. The condition of the polarimeter was checked

by measuring the optical rotation of a standard solution of (S)-(-)-a-methylbenzylamine [oc]ZDS
=-29.6 (¢ 0.74, EtOH) supplied by Aldrich.

All the glasswares were pre-dried at 100-120 °C in an air-oven for 4 h, assembled in
hot condition and cooled under a stream of dry nitrogen. Unless otherwise mentioned, all the
operations and transfer of reagent were carried out using standard syringe-septum technique
recommended for handling air sensitive reagents and organometallic compounds.

In all experiments, a round bottom flask of a magnetic stirring bar, a condenser and a
connecting tube attached to a mercury bubbler was used. The outlet of the mercury bubbler
was connected to the atmosphere by a long tube. All dry solvents and reagents used were
distilled from appropriate drying agents. As a routine practice, all organic extracts were
washed with saturated NaCl solution (brine) and dried over Na>SOs or K,COs and
concentrated on Heidolph-EL-rotary evaporator. All the yields reported are of isolated

materials characterized by IR and NMR.
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Toluene supplied by E-Merck, India was kept over sodium-benzophenone ketyl and
freshly distilled before use. Analytical grade of CuCl, CuBr, Cul, ZnCl, and Znl, were
purchased from Sigma-Aldrich. ZnBr, was purchased from E-Merck. Analytical thin layer
chromatographic tests were carried out on glass plates (3 x 10 cm) coated with 250 mu E-
Merck and acme’'s silica gel-G and GF-254 containing 13% calcium sulfate as a binder. The
spots were visualized by short exposure to iodine vapor or UV light.  Column
chromatography was carried out using E-Merck and acme's silica gel (100-200 or 230-400
mesh) and neutral alumina.

2.4.1 General procedure for the synthesis of propargylamines

To a stirred suspension of amine 8 (2 mmol), CuCl (0.020 g, 0.2 mmol) and 1-alkyne
10 (2.2 mmol) in toluene (3 mL), a,B-unsaturated ketone 55a-55¢ (2.2 mmol) was added at 25
°C. The contents were stirred at 100 °C for 12 h. Toluene was removed, water (5 mL) and
DCM (15 mL) were added. The DCM layer was washed with saturated NaCl solution, dried
with Na,SO4 and concentrated. The residue was chromatographed on silica gel (100-200
mesh) using hexane and ethyl acetate as eluent to isolate the propargylamine derivatives (56-
58). The yields and the spectral data of the are given below.

2.4.2 Procedure for the synthesis of propargylamine 56a from the Michael adduct
intermediate 59
A mixture of amine 8a (2 mmol), methyl vinyl ketone 55a (3 mmol) and PEG 400 (5

g) was placed in 25 mL round bottomed flask. The contents were stirred at room temperature
until the reaction was complete. The crude mixture was extracted with ether. The ether layer
was concerted and purified on silica gel (100-200 mesh) using hexane and ethylacetate

(50:50) as an eluent to obtain the adduct in excellent yield.5?® To a stirred solution of freshly
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prepared Michael adduct 59 (0.157 g, 1 mmol) in toluene (3 mL), phenyl acetylene 10a (0.16
mL, 1.5 mmol) and CuCl (0.010 g, 0.1 mmol) were added and contents were stirred at 100 °C
for 12 h. Toluene was removed, water (5 mL) and DCM (10 mL) were added. The DCM layer
was washed with saturated NaCl solution, dried with Na>SO4 and concentrated. The residue
was chromatographed on silica gel (100-200 mesh) using hexane and ethylacetate (80:20) as
eluent to isolate the propargylamine 56.

4-(3-phenylprop-2-yn-1-yl) morpholine

Yield : 0.369 g, 92%; yellow liquid.

o

IR (neat) : 2956, 2925, 2853, 2755, 1598, 1479, 1453, 1391, 1324, /EN]
1288, 1236, 1112, 1066, 1019, 911, 854, 751, 694 cm*. " o

IH NMR : (400 MHz, CDCl3 6 ppm) 7.46-7.44 (m, 2H) 7.32-7.31 (m, 3H), 3.80-
3.78 (m, 4H), 3.53 (s, 2H), 2.68-2.67(m, 4H).

BCNMR (100 MHz, CDCls, § ppm) 131.7, 128.2, 128.1, 123.0, 85.5, 84.1, 66.9,
52.4,48.1.

HRMS ; (ESI-TOF) m/z: [M+H]" calcd for CizHisNO: 202.1232; found:
202.1232.

1-(3-phenylprop-2-yn-1-yl) piperidine

Yield : 0.238 g, 60%; yellow liquid.

IR (neat) ; 3054, 3028, 2930, 2858, 2796, 2750, 1644, 1593, 1489, O

N

1433, 1371, 1345, 1298, 1257, 1159, 1007, 1066, 1040, /

Ph 56b

999, 911, 859, 771, 684 cm™.

IHNMR (400 MHz, CDCls, & ppm) 7.46-7.44 (m, 2H) 7.32-7.29 (m, 3H), 3.49
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1BC NMR

HRMS

Experimental Section

(s, 2H), 2.59 (s, 4H), 1.66 (qt, J = 6.0 Hz, 4H), 1.46 (s, 2H).

(100 MHz, CDCls, 6 ppm) 131.7, 128.2, 127.9, 123.3, 85.0, 84.9, 53.4,
48.4,25.9, 23.9.

(ESI-TOF) m/z: [M+H]" calcd for CisHi7N: 200.1439: found:

200.1439.

1-(3-phenylprop-2-yn-1-yl) pyrrolidine

Yield

IR (neat)

IH NMR

13C NMR

HRMS

0.196 g, 53%; yellow liquid.

3054, 2959, 2910, 2854, 2814, 2761, 1597, 1489, 1449, )
N
1347, 1329, 1289, 1269, 1116, 1071, 1006, 916, 861, /

Ph 56¢

757, 692 cm™,

(400 MHz, CDCls3, 8 ppm) 7.46-7.44 (m, 2H) 7.32-7.30 (m, 3H), 3.80-
3.78 (m, 4H), 3.54-3.52 (m, 2H), 2.67-2.66 (M, 2H).

(100 MHz, CDCl3, § ppm) 131.7, 128.2, 128.1, 122.9, 85.5, 84.0, 66.9,
52.4, 48.0.

(ESI-TOF) m/z: [M+H]" calcd for CisHisN: 186.1282; found:

186.1284.

1-benzyl-4-(3-phenylprop-2-yn-1-yl) piperizine

Yield

IR (neat)

'H NMR

0. 423 g, 73%; yellow liquid.

Ph
3059, 3028, 2930, 2806, 2765, 2693, 1686, 1598, 1494, [N(j
1443, 1329, 1293, 1143, 1071, 1019, 911, 828, 756, 694 )
=
1 Ph /56d
cm™.

(400 MHz, CDCls, § ppm) 7.46-7.44 (m, 2H) 7.35-7.33 (m, 4H),
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7.32-7.28 (m, 4H), 3.58 (s, 2H), 3.55 (s, 2H), 2.73 (s, 4H) 2.60 (s, 4H).
(100 MHz, CDClIs, 6 ppm) 138.0, 131.7, 129.2, 128.2, 128.0, 127.0,
123.1, 85.2, 84.6, 63.0, 52.9, 52.1, 47.7.

(ESI-TOF) m/z: [M+H]* caled for CaoH22N2: 291.1861; found:

291.1860.

1-phenyl-4-(3-phenylprop-2-yn-1-yl) piperizine

Yield

IR (neat)

IH NMR

13C NMR

HRMS

0. 353 g, 64%; yellow liquid.
3028, 2941, 2905, 2817, 1598, 1489, 1448, 1391, 1345,

1226, 1138, 1004, 926, 756, 699 cm™.

(400 MHz, CDCl3, 5 ppm) 7.48-7.46 (m, 2H), 7.33-7.27
(m, 5H), 6.99-6.97 (m, 2H), 6.91-6.88 (m, 1H), 3.61-3.60 (m, 2H),
3.30-3.28 (m, 4H), 2.85-2.83 (m, 4H).

(100 MHz, CDCls, 6 ppm) 151.2, 131.7, 129.1, 128.2, 128.1, 123.0,
119.8,116.1, 85.5, 84.2, 52.1, 49.1, 47.8.

(ESI-TOF) m/z: [M+H]* caled for CigH2oN2: 277.1704; found:

277.1704.

N,N-diethyl-3-phenylprop-2-yn-1-amine

Yield

IR (neat)

'H NMR

0. 194 g, 52%; yellow liquid.

2967, 2930, 2874, 2812, 1562, 1489, 1458, 1371, 1319, LNJ
1 Z 56f
1200, 1117, 1066, 1030, 983, 761, 684 cm™. Ph
(400 MHz, CDCl3, 6 ppm) 7.45-7.32 (m, 5H) 3.68 (s, 2H), 2.67-2.60

(m, 4H), 1.15-1.08 (m, 6H).
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BBC NMR : (100 MHz, CDCls, & ppm) 131.7, 128.2, 127.9, 123.3, 84.9, 84.3, 47.3,
41.4,12.6.
HRMS : (ESI-TOF) m/z: [M+H]" calcd for C13H17N:188.1439; found: 188.1435.

4-(hept-2-yn-1-yl) morpholine
Yield : 0.238 g, 66%; yellow liquid.
IR (neat) ; 2956, 2925, 2853, 2755, 1448, 1376, 1293, 1241, 1123,

1009, 916, 859, 777 cm™,

IHNMR (400 MHz, CDCls, & ppm) 3.74 (t, J = 4.6 Hz, 4H), 3.24 (t, J = 2.25 Hz,
2H), 2.55 (s, 4H), 2.21-2.18 (m, 2H), 1.51-1.46 (m, 2H), 1.42-1.36 (m,

2H), 0.90 (t, J = 7.35 Hz, 3H).

BCNMR (100 MHz, CDCl3, § ppm) 85.8, 74.3, 66.8, 52.3, 47.6, 30.8, 21.9, 18.3,
13.5.

HRMS ; (ESI-TOF) m/z: [M+H]* calcd for Ci1iH1oNO: 182.1545; found:
182.1540.

4-(oct-2-yn-1-yl) morpholine
Yield : 0.273 g, 70%; yellow liquid.
IR (neat) ; 2956, 2930, 2858, 2817, 1448, 1329, 1283, 1236, 1112,

1071, 999, 911, 864, 797 cm™,

IHNMR (400 MHz, CDCls, & ppm) 3.75 (t, J = 4.48 Hz, 4H),
3.25(t, J = 2.20 Hz, 2H), 2.57-2.56 (m, 3H), 2.22-2.17 (m, 2H), 1.51
(gt, = 7.0 Hz, 2H), 1.41-1.26 (m, 5H), 0.90 (t, J = 7.04 Hz, 3H).

B3C NMR ) (100 MHz, CDCls, 6 ppm) 85.9, 74.3, 66.8, 52.3,47.6, 31.0, 28.5, 22.1,
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18.6, 13.9.
(ESI-TOF) m/z: [M+H]" calcd for Ci2H21NO: 196.1701; found:

196.1702.

4-(non-2-yn-1-yl) morpholine

Yield

IR (neat)

IH NMR

13C NMR

HRMS

0.342 g, 82%; yellow liquid.
2956, 2925, 2848, 2806, 1448, 1350, 1288, 1241, 1117,

1004, 921, 859, 792 cm™,

(400 MHz, CDCl3, & ppm) 3.74 (t, J = 3.6 Hz, 4H) 3.24 (t, J = 1.76 Hz,
2H), 2.55 (s, 3H), 2.21-2.17 (m, 2H), 1.53-1.47 (m, 2H), 1.41-1.36 (m,
2H), 1.31-1.25 (m, 5H), 0.88 (t, J = 5.48, 3H).

(100 MHz, CDCl3s, & ppm) 85.9, 74.3, 66.8, 52.3, 47.7, 31.3, 28.7, 28.5,
22.5,18.7, 14.0.

(ESI-TOF) m/z: [M+H]" calcd for CizH2sNO: 210.1858; found:

210.1858.

4-(dec-2-yn-1-yl) morpholine

Yield

IR (neat)

'H NMR

0.231 g, 52%; yellow liquid.

2951, 2920, 2853, 2806, 1458, 1329, 1293, 1241,

1112, 1066, 999, 916, 859, 792 cm™.
(500 MHz, CDCls, § ppm) 3.75 (t, J = 4.65, 4H) 3.25 (t, J = 2.25 Hz,
2H), 2.57-2.56 (m, 3H), 2.21-2.18 (m, 2H), 1.54-1.48 (m, 2H), 1.41-

1.36 (M, 2H), 1.32-1.26 (m, 7H), 0.89 (t, J = 6.75 Hz, 3H).
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BBC NMR ) (100 MHz, CDCl3, & ppm) 85.8, 74.3, 66.8, 52.3, 47.6, 31.7, 28.9, 28.8,
28.7, 28.5, 18.6, 14.0.

HRMS : (ESI-TOF) m/z: [M+H]* calcd for CiaH2sNO: 224.2014; found:
224.2015.

4-(undec-2-yn-1-yl) morpholine

Yield : 0.350 g, 74%; yellow liquid.

IR (neat) : 2961, 2925, 2853, 2812, 2765, 1453, 1329, 1262, 1117,

1066, 1004, 911, 864, 797 cm™,
IHNMR (400 MHz, CDCls, & ppm) 3.74 (t, J = 4.6 Hz, 4H), 3.23 (t, J = 2.2 Hz,
2H), 2.56-2.55 (m, 3H), 2.21-2.16 (m, 2H), 1.49 (qt, J = 6.72 Hz, 2H),
1.41-1.35 (m, 2H), 1.33-1.27 (m, 9H), 0.87 (t, J = 6.64 Hz, 3H).
BCNMR (100 MHz, CDCls, 5 ppm) 85.9, 74.3, 66.8, 52.3, 47.7, 31.8, 29.1, 29.0,
28.9, 28.8, 22.6, 18.6, 14.0.
HRMS ; (ESI-TOF) m/z: [M+H]" calcd for CisH27NO: 238.2171; found:

238.2172.

4-(tridec-2-yn-1-yl) morpholine
Yield : 0.243 g, 46%; yellow liquid..

IR (neat) ) 2925, 2848, 1453, 1376, 1288, 1236, 1117, 1014,

911, 870, 797, 720 cm,
IHNMR (500 MHz, CDCls, & ppm) 3.74 (t, J = 4.55 Hz, 4H), 3.24 (t, J = 2.1 Hz,
2H), 2.55 (s, 3H), 2.20-2.17 (m, 2H), 1.49 (qt, J = 6.95 Hz, 2H), 1.38-

1.34 (m, 2H), 1.29-1.26 (m, 13H), 0.88 (t, J = 6.75 Hz, 3H).
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(100 MHz, CDCl3, 6 ppm) 85.9, 74.3, 66.8, 52.3, 47.7, 31.9, 29.6, 29.5,
29.3,29.1, 28.9, 28.8, 22.6, 18.7, 14.1.
(ESI-TOF) m/z: [M+H]" calcd for Ci7Ha1NO: 266.2484; found:

266.2486.

4-(4-phenylbut-3-yn-2-yl) morpholine

Yield

IR (neat)

IH NMR

13C NMR

HRMS

0.421 g, 98%; yellow liquid.
2956, 2894, 2853, 2822, 2755, 1598, 1489, 1443,

1376, 1324, 1298, 1262, 1179, 1123, 1066, 1035, 957,

911, 849, 766 cm™.

(400 MHz, CDCls, § ppm) 7.46-7.44 (m, 2H), 7.32-7.28 (m, 3H), 3.83-
3.75 (m, 4H), 3.72-3.67 (M, 1H), 2.80-2.76 (M, 2H), 2.62-2.59 (m, 2H),
1.48-1.44 (m, 3H).

(100 MHz, CDCls, § ppm) 131.7, 128.2, 128.0, 123.0, 87.7, 85.4, 67.1,
52.6, 49.5, 19.0.

(ESI-TOF) m/z: [M+H]" calcd for CisHi7NO: 216.1388; found:

216.1387.

1-(4-phenylbut-3-yn-2-yl)pyrrolidine

Yield

IR (neat)

0.258 g, 65%; yellow liquid.
2965, 2930, 2875, 2809, 1673, 1598, 1489, 1444,

1370, 1313, 1250,1216, 1158, 1132, 1069, 1025, 913,

750, 716, 690, 663 cm™.
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IHNMR (400 MHz, CDCls, § ppm) 7.44-7.43 (m, 2H), 7.31-7.28 (m, 3H), 3.90-

3.85 (M, 1H), 2.87-2.75 (m, 4H), 1.85 (s, 4H) 1.53-1.48 (m, 3H).

BBC NMR ) (100 MHz, CDCls, 6 ppm) 131.7, 128.2, 127.9, 123.2, 88.6, 84.6, 49.8,
49.7,23.5, 21.0.

HRMS : (ESI-TOF) m/z: [M+H]* caled for CisHi7N: 200.1439; found:
200.1441.

4-(4-(4-fiuorophenyl)but-3-yn-2-yl) morpholine

Yield : 0.377 g, 81%; yellow liquid.

IR (neat) : 2956, 2894, 2853, 2822, 1603, 1505, 1453, 1376, [O]
1324, 1226, 1107, 1071, 1035, 968, 921, 890, /@/N\CHs
833, 808, 751 cm™. F 5o

'H NMR : (400 MHz, CDCls, § ppm) 7.43-7.38 (m, 2H), 7.02-6.96 (m, 2H), 3.82-

3.72 (m, 4H), 3.65 (q, J = 7.04 Hz, 1H), 2.77-2.72 (m, 2H) 2.59-2.54
(m, 2H), 1.45-1.41 (m, 3H).

BCNMR (100 MHz, CDCls, & ppm) 163.5, 161.0, 133.5, 133.4, 119.2, 119.1,
115.5, 115.3, 87.4, 84.4, 67.0, 52.6, 49.5, 18.9.

HRMS ; (ESI-TOF) m/z: [M+H]* calcd for CisHisFNO: 234.1294; found:
234.1293.

4-(4-(p-tolyl)but-3-yn-2-yl) morpholine

Yield : 0.448 g, 98%; yellow liquid. [O]
IR (neat) : 2951, 2920, 2853, 2812, 1505, 1453, 1371, 1324, @/NLCH
= 3

1252, 1185, 1112, 1071, 1030, 968, 916, 859, HoC s7c
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'H NMR

BC NMR

HRMS

Synthesis of propargylamines... 87

818, 761 cm™.

(400 MHz, CDCls, § ppm) 7.35-7.33 (m, 2H), 7.13-7.11 (m, 2H), 3.83-
3.75 (m, 4H), 3.70-3.65 (m, 1H), 2.80-2.76 (m, 2H), 2.62-2.58 (M, 2H),
2.36 (s, 3H), 1.47-1.43 (m, 3H).

(100 MHz, CDCls, 6 ppm) 138.0, 131.5, 128.9, 120.0, 86.9, 85.5, 67.0,
52.6,49.5, 21.4, 19.0.

(ESI-TOF) m/z: [M+H]" calcd for CisHioNO: 230.1545; found:

230.1546.

4-(oct-3-yn-2-yl) morp