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Three-Component Enantiosdective Synthesis of Propargylamines Through Zr-catalysed
Additions of Alkylzincsto Alkynylimines

Laura C. Akullian, Marc L. Snapper* and Amir H. Hoveyda*

General. Infrared (IR) spectra are recorded on a Perkin Elmer 781 spectrophotometer, Npmax in
cmt. Bands are characterized as broad (br), strong (s), medium (m) or wesk (w). *H NMR
gpectra are recorded on a Varian Unity INOVA 400 (400 MHz) spectrometer. Chemical shifts
are reported in ppm from tetramethylslane with the solvent resonance resulting from incomplete
deuteration as the interna standard (CDCls: 7.26). Data are reported as follows: chemicad shift,
integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, br = broad, m =
multiplet), and coupling constants. 3C NMR spectra are recorded on a Varian Unity INOVA 400
(100 MHz) with complete proton decoupling. Chemicd shifts are reported in ppm from
tetramethylsilane with the solvent resonance as the internd standard (CDCls: 77.16). Enantiomer
ratios were determined by chird HPLC andyss (Chird Technologies Chirdpak OD column
(046 cm x 25 cm)) in compaison with authentic racemic materids. High resolution mass
gpectrometry was peformed on a Micromass LCT ESI-MS (postive mode) at the Mass
Spectrometry  Facility, Boston College. Opticad rotation values were recorded on a Rudolph
Research Analyticd Autopol 1V polarimeter.

Unless otherwise dtated, dl reactions are conducted in ovenr (135 °C) and flame-dried glassware
under an inert amosphere of dry nitrogen. Slvents are purified under a postive pressure of dry
agon by a modified Advanced ChemTech purification sysem — toluene and benzene are
purified through Cu and dumina columns dichloromethane is purified through two dumina
columns. Diethylzinc is purchesed from Strem and dimethylzinc as a 20M solution in toluene
from Aldrich. Both are used without purification. Other akylzincs are prepared using known
methodsY! Zirconium tert-butoxide is purchased from Aldrich and distilled under vaccum, while
zirconium isopropoxide (isopropanol complex, 1:1) is purchased from Aldrich and used without
purification. Unless otherwise dated, subdrates are syntheszed from commercidly available
dating materids usng known methods. EDCeHCI, HOBteH,O, piperidine, n-butylamine, Boc-
protected amino acids, sdicylddehydes, dkynes and dimethylformamide ae purchased from
commercid sources and used without further purification. Butyllithium is purchased from Strem
and titrated with N-pivaoyl-o-toluidine® prior to use. Propargyl adehydes are synthesized
through formylation of commercidly avalable akyned® and purified by smple ditillation or
dlica gd chromaography. [3-(4-Fuorophenoxy)phenyl]-propynd (14) is syntheszed from
o-iodophenol through a Sonigashira coupling with propargyl acohol®, followed by copper-
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promoted phenol arylatio®, and oxidation with Dess-Martin periodinane!® Peptidic ligands
were prepared according to previously reported procedures.”!

H J.L N-(1-Butylcar bamoyl-2-phenylethyl)-2-(3,5-di-tert-

N N NHBu butyl-2-hydroxybenzylamino)-3-methylbutyramide  (6):

H o = Previoudy reported procedures were followed to afford 6
OH \©

as a white solid, mp = 152°C. IR (solid thin film); 3280
(br), 3087 (w), 2959 (m), 2872 (m), 1637 (s), 1561 (9),
1456 (m), 1236 (m); *H NMR (400 MHz): d 7.38-7.22 (6H,
m), 6.72 (1H, s), 6.49 (1H, d, J = 7.6 Hz), 5.63 (1H, br ), 4.72 (1H, g, J = 6.4 Hz), 3.78-3.75
(1H, m), 347-3.44 (1H, m), 3.21-3.04 (4H, m), 2.74 (1H, br s), 2.26 (1H, br s), 1.86-1.82 (1H,
m), 1.66 (1H, br ), 1.42 (9H, s), 1.33-1.16 (13H, m), 0.96 (3H, d, J = 6.8 Hz), 0.90-0.84 (6H,
m); 3C NMR (100MHz): d 173.2, 170.4, 154.4, 140.9, 136.7, 136.2, 129.3, 128.9, 127.3, 123.7,
123.4, 122.0, 67.3, 54.8, 51.7, 39.4, 39.2, 35.0, 34.3, 31.8, 31.8, 31.5, 29.8, 20.0, 19.8, 19.0,
13.8; HRMS cadcd for CasHsoN3Os: 538.4009, Found: 538.3990; R]p?°=-20.3° € = 0.73,

CHCly).
methoxybenzylidene)-amino]-3-methylbutyramide
\© afford 22 &s a yellow solid, mp = 199 °C. IR (thin film);

jk N-(1-Butylcar bamoyl-2-phenylethyl)-2-[ (2-hydr oxy-4-
" "NHBuU
: (22): Previoudy reported procedures were followed to

H
X N
cr NI"
MeO OH o
3294 (br), 2957 (w), 2933 (w), 2868 (w), 1646 (s), 1628

(m), 1514 (m), 1510 (m), 1222 (w); *H NMR (400 MHz): d 8.15 (1H, ). 7.33-7.16 (6H, m),
6.54-6.48 (3H, m), 5.87 (1H, br s), 454 (1H, q, J = 8.4 Hz), 3.86 (3H, ), 3.58 (1H, d, J = 4.0
Hz), 3.23-3.02 (4H, m), 2.36-2.28 (1H, m), 1.57 (1H, br s), 1.37-1.30 (2H, m), 1.24-1.15 (2H,
m), 0.84 (3H, t, J = 7.2 Hz), 0.78 (3H, d, J = 7.2 Hz), 0.62 (3H, d, J = 6.8 Hz); *C NMR
(100 MHz2): d 171.9, 170.4, 167.3, 164.1, 163.3, 136.9, 133.5, 129.4, 129.0, 127.2, 112.4, 107.3,
101.3, 79.0, 55.7, 54.9, 39.4, 37.9, 32.0, 315, 20.1, 19.6, 16.7, 13.8; HRMS calcd for
CosHasN304: 454.2706, Found: 454.2711; [a]p?’= +24.8° (c = 0.5, CHC).

H @ N-(1-Butylcar bamoyl-2-phenylethyl)-2-(2-hydr oxy-5-
MeO N N\)]\NHBU methoxybenzylamino)-3-methylbutyramide (20):  For
\©\/\H O synthesis and full charecterization of 20 seeref. 7.
OH

Representative experimental procedure for Zr-catalyzed addition of ethyl zinc to propargyl
imines. To a 25 mL round bottom flask under an atmosphere of nitrogen in a glove box was added
6 (42 mg, 0.07 mmol), Zr(OiPr)eHOIPr (30 mg, 0.07 mmol), and 1 mL toluene. The solution
dirred until the contents completely dissolved.  o-Phenoxyaniline (140 mg, 0.76 mmol) and
phenylpropargyl ddehyde 2 (94 mg, 0.76 mmol) were added in 2 mL of toluene. Following rinsng

[7] J. R. Porter, J. F. Traverse, A. H. Hoveyda, M. L. Snapper, J. Am. Chem. Soc. 2001, 123, 10409-10410.
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and dilution with an additionad 9 mL of toluene, the reaction was seded with a septum and teflon
tape, removed from the glove box and cooled to 0 °C. Et,Zn (470 ni, 456 mmol, caution,
pyrophoric) was added dropwise to the stirred mixture under an amosphere of nitrogen. Theice
bath was removed and the solution warmed to 22 °C while dtirring for four hours. The solution
was poured into saturated agueous NH4Cl (15 ml), the layers separated and agueous layer washed
with Et;O (3 x 5 ml). The combined organic layers were washed with brine, dried over MgSOsa,
and concentrated. The resaulting orange oil was purified by dlica gd chromatography (100:1
hexane Et,;0) to yield 24 asapae ydlow oil (210 mg, 0.64 mmol, 84%).

OMe (5-tert-Butyl-2-methoxyphenyl)-(1-ethyloct-2-ynyl)amine (7): The

NH genera procedure, as described earlier, was followed to afford 7 as a

Me ydlow ail. IR (neat): 3414 (w), 2955 (s), 2930 (s), 2860 (s), 1595 (m),

(\/k/ 1526 (s), 1457 (m), 1419 (m), 1223 (m), 1224 (m); *H NMR (400 MH_2):

d6.85 (1H, br s), 6.69-6.68 (2H, m), 4.24 (1H, br s), 4.02 (1H, br s), 3.81

(3H, 5), 2.14 (2H, dt, J=7.2, 40 Hz), 1.88-1.74 (2H, m), 1.49-1.42 (2H,

Me m), 1.30 (13H, brs), 1.10 (3H, t, J = 8.0 Hz), 0.86 (3H, t, J = 8.0 Hz); °C

NMR (100 MHz): d 145.2, 143.9, 136.3, 113.4, 109.6, 109.0, 83.3, 80.7, 55.6, 47.2, 34.4, 31.7,
31.3,29.3, 28.7, 22.3, 18.8, 14.0, 10.6; HRMS calcd for C1H34NO: 316.2640, Found: 316.2625.

OMe (1-Ethyloct-2-ynyl)-(2-methoxy-5-trifluor omethylphenyl)amine (8):

/@[ The general procedure, as described earlier, was followed to afford 8 as a
F3C NH pde ydlow ail. IR (neat): 3427 (w), 2961 (m), 2936 (m), 1608 (m), 1532
Me (M), 1451 (s), 1224 (s), 1318 (M), 1224 (s), 1117 (s); *H NMR (400 MHz):

Z d6.97-6.95 (2H, m), 6.79-6.77 (1H, m), 4.43 (1H, d, J= 7.2 Hz), 4.05-4.00
(\/'\/ (1H, m), 3.88 (3H, 9), 2.14 (2H, ddd, J = 7.2, 7.2, 2.0 Hz), 1.89-1.74 (2H,
Me m), 1.48-1.41 (2H, m), 1.33-1.21 (4H, m), 1.10 (3H, t, J = 7.6 Hz), 0.85
(3H,1, J = 7.2); 3C NMR (100 MH2): d 149.3, 137.1, 124.9 (q, J = 2740 Hz), 123.4 (g, J= 31.8

Hz), 108.7, 107.8 (q, J = 3.8 Hz), 114.3 (q, J = 45 Hz), 55.7, 46.9, 31.1, 29.2, 29.0, 22.3, 18.7,
14.0, 10.6, HRMS calcd CigHasFsNO: 328.1888, Found: 328.1874.

OMe (1-Ethyl-oct-2-ynyl)-(2-methoxyphenyl)amine  (5): The generd

©[ procedure, as described earlier, was followed to afford 5 as an orange ail.

NH IR (thin film): 3414 (w), 2958 (m), 2932 (s), 2861 (m), 1602 (m), 1511

P Me (), 1456 (m), 1241 (m), 1242 (m), *H NMR (400 MHz): d 6.88 (1H, ddd,

= J=176, 6.4, 1.6 Hz), 6.79-6.76 (2H, m), 6.69 (1H, ddd, J = 7.2, 6.4, 1.6

Hz), 4.36 (1H, br s), 4.01 (1H, ddt, J = 8.8, 5.6, 2.0 Hz), 3.84 (3H, ), 2.15

Me (2H, dt, J=6.8, 24 Hz), 1.89-1.71 (2H, m), 1.5-1.4 (2H, m), 1.36-1.23

(4H, m), 1.09 (3H, t, J = 7.2 Hz), 0.87 (3H, t, J = 7.2 Hz); 3*C NMR (100 MHz): d 147.2, 137.0,

121.2,117.1, 111.6, 109.7, 83.3, 80.8, 55.6, 47.2, 31.3, 29.3, 28.7, 22.3, 18.8, 14.1, 10.6; HRMS
caled Ci7H26NO: 260.2014, Found: 260.2014; [a]p® = - 36.7 ° (¢ = 0.85, CHCL).

The optica purity of the dkylzinc addition adduct was determined by chird HPLC: Chiracd
OD (0.46 x 25 cm), 98.0:2.0 hexanesiisopropanol, 1.0 mL/min, | =254 nm, 68% ee.
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50 racemic enantioenriched
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5: fL 7\; - B // \ 10: I/ \\ B /g\
SMe (1-Ethyloct-2-ynyl)-(2-methylsulfanylphenyl)amine  (9): The gened
@[ procedure, as described earlier, was followed to afford 9 as a ydlow ail.
NH IR (thin film); 3358 (w), 2961 (s), 2936 (s), 2860 (m), 1589 (s), 1495 (9),
Me 1451 (m), 1318 (m); *H NMR (400 MHz): d 7.39 (1H, dd, J = 7.6, 1.6 H2),
= 7.19 (1H, dt, J =84, 1.6 Hz), 6.79 (1H, dd, J = 8.0, 1.2 Hz), 6.68 (1H, dt,
J=176, 1.2), 5.00 (1H, d, J = 8.0 Hz), 4.05 (1H, tq, J = 8.0, 2.0 Hz), 2.32
Me (3H, 9), 215 (2H, dt, J = 84, 1.2 Hz), 1.88-1.77 (2H, m), 1.48-1.42 (2H,

m), 1.35-1.24 (4H, m), 1.10 (3H, t, J = 7.6 Hz), 0.87 (3H, t, J = 7.2 H2);
13C NMR (100 MH2): d 147.5, 134.2, 129.41, 120.6, 117.7, 111.9, 83.4, 80.5, 47.4, 31.2, 29.4,
286, 22.3, 18.8, 185, 14.1, 10.6; HRMS calcd for Ci7HsNS: 276.1786, Found: 276.1785:;
[a]p®°=-11.4° (c = 0.6, CHCL).

The optica purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 99.0:1.0 hexanes.isopropanol, 1.0 mL/min, | = 254 nm, 92% ee.

racemic enantioenriched
900 - 280
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400 120
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200
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]
100 20 2
04 ; —— =
o 20|
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(1-Ethyloct-2-ynyl)-(2-phenoxyphenyl)amine (20): The  genead
procedure, as described earlier, a was followed to afford 10 as a pae
ydlow ail. IR (thin film): 3420 (w), 3055 (w), 2961 (s), 2923 gs), 2860
o (m), 1608 (s), 1513 (s), 1488 (s), 1438 (9), 1243 (s), 1218(s); "H NMR
@[ (400 MHz): d7.32-7.28 (2H, m), 7.08-7.03 (2H, m), 6.99 (2H, m), 6.91
NH (1H, dd, J = 8.0, 1.6 Hz), 6.83 (1H, dd, J = 8.0, 1.2 Hz), 6.67 (1H, dt,
ve =76, 16 Hz), 4.28 (1H, br ), 4.04 (1H, m), 2.14 (2H, dt, J=2.0, 7.2
& Hz), 1.83-1.65 (2H, m), 1.49-1.42 (2H, m), 1.34-1.23 (4H, m), 1.02 (3H, t,
J=7.6Hz),0.87 (3H, t, J = 6.8 Hz); 3*C NMR (100 MHz): d 157.7, 143.8,
139.4, 129.8, 124.8, 122.9, 119.2, 117.8, 117.5, 113.4, 83.5, 80.5, 47.3,
31.1, 29.3, 28.6, 22.3, 18.8, 14.1, 10.5; HRMS calcd CpH2sNO: 322.2183,
Found: 322.2171; [a]p?® = - 42.6° (c = 0.7, CHC).

Me

The optical purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 98.0:2.0 hexanes.isopropanol, 1.0 mL/min, | = 254 nm, 94% ee.

racemic enantioenriched

140
180 130+

s
120 G
110 A
140 100
90
80

100 S 70]
E

80 60
50-]
60-| 40
40 304
20

20
j 104

¥ : T

00— S

-4.18

120-| 8

mv

-6.19

410

T T T T T T T
40 45 5.0 55 6.0 6.5 70
Minutes

Name. Amount _ Amount% Area  Area% Type Width Height Height%
1 4182 00000 0000 12629690 49674 BB  0.134 15733290 59336
2 6212 00000 0000 12795350 50326 BB 0198 10782470 40.664

procedure as described earlier, modified by a dow addition of MexZn (20M

o solution in toluene) to the reaction mixture over 1h, aforded 15 as a pde

@[ ydlow ail. IR (thin film): 3408 (w), 3062 (w), 2974 (w), 1608 (m), 1489 (s),

NH 1256 (m), 1218 (s), 1155 (m); 'H NMR (400 MHzZ): d 7.33-7.28 (2H, m),

7.08-7.03 (2H, m), 7.00-6.90 (2H, m), 6.91 (1H, dd, J = 8.0, 1.6 Hz), 6.82

=~ Me (1H,dd, J = 8.0, 1.6 Hz), 6.67 (1H, ddd, J=8.4, 7.6,1.6 Hz), 4.22 (1H, br 9),

212 (2H, t, J = 7.2), 1.48-1.42 (5H, m), 1.30-1.26 (4H, m), 0.87 (3H, t,

J=68 Hz); 13C NMR (100 MHz): d 157.7, 143.8, 139.3, 129.8, 124.7,

1229, 119.1, 117.9, 117.7, 1135, 82.6, 81.7, 41.0, 31.1, 28.6, 22.9, 22.3,

18.7, 14.1, HRMS calcd for GiHo6NO: 308.2014, Found: 308.2013; [a]p®° = -5.3° (c= 0.3,
CHCl).

© (1-Methyloct-2-ynyl)-(2-phenoxyphenyl)amine (15): The generd

Me
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The optica purity of the dkylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 98.0:2.0 hexanesiisopropanol, 1.0 mL/min,| = 254 nm, 82% ee..

racemic enantioenriched
- 150 i ‘ 40 '\
100 /\\ 0. \
: )| : :
of— // \\ : ol /} k /ui\
35 7!; 45 5.0 5.5 6.0 6‘5 7‘0 7‘5 8.0 85 35 4.0 45 5.0 55 6.‘0 6.5 7.0 75 8.0 85
[1-(4-M ethylpentyl)oct-2-ynyl]-(2-phenoxyphenyl)amine (26):
The genera procedure, as described earlier, was followed to afford

o 16 as a pde ydlow ail. IR (thin film): 3421 (w), 2954 (s), 2932 (9),
@[ 2862 (m), 1608 (m), 1511 (s), 1490 (m), 1432 (w), 1250 (w), 1218
NH (9; *H NMR (400 MHz2): d 7.32-7.28 (2H, m), 7.08-7.03 (2H, m),
7.0-6.96 (2H, m), 6.90 (1H, dd, J = 84, 1.2 Hz), 6.83 (1H, dd,

4 J=28.0, 1.6 Hz), 6.70-6.65 (1H, m), 4.22 (1H, d, J = 6.8 Hz), 4.08
(1H, d, J = 6.8 Hz), 213 (2H, dt, J = 7.2, 2.0 Hz), 1.70-1.15 (13 H,
m), 1.50-1.18 (9H, m); *C NMR (100 MHz): d 157.8, 143.7, 139.5,
129.8, 124.8, 122.9, 119.3, 117.8, 117.5, 113.3, 83.3, 80.8, 45.9, 38.6,
36.5, 31.1, 28.6, 28.0, 23.9, 22.7, 22.7, 22.3, 18.8, 14.1; HRMS calcd CysH3zsNONa: 400.2616,

Found: 400.2613; [a]p®°=- 1.7 ° (c = 0.8, CHCL).

Me Me
Me

The opticd purity of the dkylzinc addition adduct was determined by chird HPLC: Chirace OD
(0.46 x 25 cm), 99.0:1.0 hexanesisopropanol, 1.0 mL/min, | = 254 nm, 98% ee.
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Name. Amount__ Amount% Area  Area% Type Width Height Height% e - Ao, _ ARG At
00000 0000 13862640 52327 BB 0078 29722250 78328 1 4 00000 0000 3820580 9863
00000 0000 12629450 47673 BB 0256 8223415 21672 3 2291 00000 0000 530604 1369 BB
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© (3-Cyclohex-1-enyl-1-ethylprop-2-ynyl)-(2-phenoxyphenyl)amine  (21):
The general procedure, as described earlier, was followed to afford 21 as a

O pade ydlow oil. IR (thin film): 3415 (w), 2930 (s), 1607 (), 1510 (s),

@[ 1490 (s), 1435 (m), 1218 (s); *H NMR (400 MHz): d 7.33-7.27 (2H, m),

NH 7.08-7.03 (2H, m), 7.01- 6.97 (2H, m), 6.83 (2H, m), 6.67 (1H, dt, J=7.6,

P Me 1.6 Hz), 6.02 (1H, dt, J = 4.0, 2.0 Hz), 429 (1H, br ), 4.18 (1H, t,

Z J=6.8Hz), 207-2.03 (4H, m), 1.87-1.70 (2H, m), 1.63-1.52 (4H, m), 1.03

(3H, t, J = 7.2 Hz); 3C NMR (100 MHz): d 157.7, 143.8, 139.4, 134.6,

129.8, 124.8, 122.9, 120.6, 119.3, 117.8, 117.6, 113.3, 87.1, 84.9, 47.6,

295, 29.2, 25.7, 22.4, 21.6, 10.5; HRMS calcd Cy3HsNONa 354.1834, Found: 354.1836;

[a]o?°= - 6.1° (c= 0.4, CHCL).

The opticd purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd
OD (0.46 x 25 cm), 99.0:1.0 hexanes:isopropanol, 1.0 mL/min, | = 254 nm, 86% ee.

racemic enantioenriched
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3 e Amount__Amouat% ___Awa___Area% Type Width Height _Helghte PKA__ RetTime Name Amount _ Amountth Area  Avea% Type Width Height Heightt
1 5824 00000 0000 29359210 48405 BB 0137 35592200 60.075 T 0,0000 0000 9399644  92.886 BB 0.142 10996350 93.625
7192 0.0000 0.000 3129398.0 51.595 BB 0221 236537.60 39.925 2 6992 0.0000 0.000 71992.1 7114 BB 0.160 7486.94 6375

E
g
g

(1-Ethyl-3-phenylprop-2-ynyl)-(2-phenoxyphenyl)-amine  (24): The

© general procedure, as described earlier, was followed to afford 24 as a
ydlow solid, mp = 51 °C. IR (solid thin film): 3421 (w), 3043 (w), 2965

o) (9), (2928 (s), 2867 (m), 1608 (s), 1585 (s), 1509 (s), 1489 (s), 1436 (M),
@[ 1217 (m); *H NMR (400 MHz): d 7.38-7.35 (2H, m), 7.32-7.26 (5H, m),
NH 7.11-6.97 (2H, m), 7.02-6.97 (3H, m), 6.87-6.84 (1H, m), 6.72-6.68 (1H,

m), 4.37 (1H, br s), 4.31 (1H, br s), 1.89 (2H, m), 1.12 (3H, t, J = 7.2 H2);
=Z 13C NMR (100 MH2): d 157.7, 143.9, 139.2, 131.9, 129.8, 128.3, 128.2,
124.9, 123.3, 123.0, 119.3, 117.8, 113.4, 90.0, 83.1, 47.7, 29.2, 10.6;

HRMS calcd Ca3H22NO: 328.1698, Found: 328.1701,;

[a]p?®®=- 32.1° (c=0.5 CHCL).

The optica purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 99.0:1.0 hexanesiisopropanol, 1.0 mL/min, | = 254 nm, 80% ee.
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: enantioenriched
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1 0. 0.000 1071882. 49.955 BB 56.292 8342 0.0000 0.000 4815853.0 89.944 BV 92439
o. 000 1073821.0 0.045 43.708 10.162 0.0000 0.000 5384019 0056 VB 7.561

Z

NH

Me

(2-M ethyl-3-phenyl-pr op-2-ynyl)-(2-phenoxyphenyl)amine  (23):

The

generd procedure as described earlier, modified by a dow addition of MexZn
(2.0 M solution in toluene) to the reaction mixture over 1h, afforded 23 as a
tan solid, mp=65°C. IR (solid thin film): 3415 (w), 3056 (w), 2980 (w),
2930 (w), 1608 (s), 1508 (s), 1489 (s), 1250 (s), 1212 (s), 752 (s), 690 (s); *H
NMR (400 MHz): d7.36-7.63 (7H, m), 7.10-7.04 (2H, m), 7.02-6.98 (3H, m),
6.85-6.83 (1H, m), 6.72-6.68 (1H, m), 4.48 (1H, m), 4.34 (1H, d, J = 7.2 Hz),

1.60 (3H, t, J = 6.4 Hz); 3C NMR (100 MHz): d157.7, 144.0, 139.2, 131.9,
129.8, 128.3, 128.1, 124.8, 123.2, 123.0, 119.2, 118.0, 117.9, 113.6, 91.0,

82.2, 415, 225. HRMS cacd CxHioNONa 336.1367, Found: 336.1364; [a]p®® = - 10.9°

(c=0.1, CHCh).

The optica purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 99.5:0.5 hexanes.isopropanol, 1.0 mL/min, | = 254 nm, >98% ee.
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(5-M ethyl-1-phenylethynylhexyl)-(2-phenoxyphenyl)amine (25):

The generd procedure, as described earlier, was followed to afford

25 as apde ydlow ail. IR (thin film): 3421 (w), 2952 (), 2967 (M),

O 1607 (s), 1510 (s), 1489 (s), 1457 (w), 1217 (s); *H NMR (400 MHz):
©[ d 7.28-7.17 (7H, m), 7.02-6.9 (5H, m), 6.68 (1H, dd, J=8.0, 1.2 Hz),
NH 6.64-6.6 (1H, m), 4.25 (2H, br s), 1.75-1.73 (2H, m), 1.50-1.42 (3H,

m), 1.18-1.13 (2H, m), 0.80 (6H, d, J = 6.0 Hz); ¥C NMR

(100 MHz): d157.7, 143.8, 139.4, 131.8, 129.8, 128.3, 128.1, 124.9,
Me” "Me 123.3 122.9, 119.4, 117.9, 117.8, 113.4, 90.3, 83.0, 46.3, 38.6, 36.2,

28.0, 23.9, 22.8, 22.6; HRMS calcd G7H2oNONa: 406.2147 Found:
406.2143; [a]p?® =- 1.42° (c=0.7 , CHCh).

Z

The optical purity of the adkylzinc addition adduct was determined by chird HPLC: Chirace OD
(0.46 x 25 cm), 98.0:2.0 hexanes.isopropanol, 1.0 mL/min, | = 254 nm, 92% ee.

racemic enantioenriched

600 240
220
500 200

-5.72

450 180+
400 160 b
b

/ 140 N

120- /\
o] A

-8.82

mv
@
8
3

mv

150 / / 60.] /
100 40-{
50 j j 20 / E
{1 | IR .3 ; = L ' . ’ N i e
.0 55 60 65

T T T T T — — T T T T T T T T T T
5. 70 75 8.0 85 9.0 9.5 10.0 5.0 55 6.0 6.5 7.0 75 8.0 85 9.0 9.5

[4-(tert-Butyldimethylsilanyloxy)-1-ethylbut-2-ynyl]-(2-

phenoxyphenyl)amine (18): The generd procedure, as described

o earlier, was followed to afford 18 as a ydlow ail. IR (thin film): 3421

@[ (W), 2957 (), 2929 (s), 2857 (s), 1608 (m), 1511 (), 1490 (s), 1250 (M),

N 1218 (s), 1093 (s), 837 (9); *H NMR (400 MH2): d 7.33-7.29 (2H, m),

ve 7:09-7.03 (2H, m), 7.01-6.98 (2H, m), 6.90 (1H, dd, J = 8.4, 16 Hg),

TBSO/,\/ 6.84 (1H, dd, J=8.0, 1.6 Hz), 6.68 (1H, dt, J= 7.2, 1.2 HZz), 4.30 (1H, d,

J=16Hz), 410 (1H, dd, J= 7.2, 1.6), , 1.84-1.75 (2H, m), 1.04 (3H, t,

J=7.2Hz), 0.89 (9H, s), 0.07 (6H, s); *C NMR (100 MHz): d 157.7, 143.9, 139.3, 129.8, 124.9,

123.0, 119.3, 117.9, 117.8, 113.2, 85.3, 81.5, 52.0, 47.1, 29.0, 26.0, 10.5, 5.0; HRMS calcd
Co4H33sNO2NaSi: 418.2163, Found: 418.2178; [a]p?° = - 17.3° (¢ = 0.8, CHCL).
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The opticd purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd
OD (0.46 x 25 cm), 99.0:1.0 hexanesiisopropanol, 1.0 mL/min, | = 254 nm, 92% ee.

mv
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5.0, HRMS caled Cy3H3iNOzNaSi: 403.1943, Found: 403.1941;
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[4-(tert-Butyldimethylsilanyloxy)-1-methylbut-2-ynyl]-(2-
phenoxyphenyl)amine (17): The genera procedure as described earlier,
modified by a dow addition of Me;Zn (2.0 M solution in toluene) to the
reaction mixture over 1h, afforded 17 as a yelow ail. IR (thin film): 3408
(w), 2948 (m), 2930 (s), 2854 (m), 1583 (M), 1608 (m), 1508 (s), 1489 (9),
1249 (s), 1218 (s), 1073 (m), 834 (s). *H NMR (400 MHz2): d 7.31-7.27
(2H, m), 7.07-7.01 (2H, m), 6.98-6.96 (2H, m), 6.97 (1H, dd, J=8.0, 1.2
Hz), 6.80 (1H, dd, J = 8.0, 1.2 Hz), 6.67 (1H, g, J = 7.2, 1.6 Hz), 4.27 (4H,
brs), 1.50 (3H, d, J = 6.4 Hz), 0.88 (9H, s), 0.06 (6H, 5); *C NMR (100 MHz): d 157.6, 143.9,
139.0, 129.8, 124.8, 123,0, 119.0, 117.9, 117.9, 113.3, 86.3, 80.6, 51.9, 40.9, 26.0, 22.4, 184, -

[a]p®®=- 235° (c=0.2,

The optical purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 99.0:1.0 hexanesiisopropanol, 1.0 mL/min, | = 254 nm, 98% ee.
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(1-Ethyl-4-methyl-4-trimethylslanyloxypent -2-ynyl)-(2-

phenoxyphenyl)amine (19):

The generd procedure, as described earlier,

was folloned to afford 19 as a pae ydlow solid, mp = 44 °C. IR (solid thin
film): 3427 (w), 2974 (m), 2930 (m), 1608 (m), 1583 (m), 1508 (s), 1489

(9), 1438 (m), 1250 (9), 1218 (9), 1162 (9

, 1035 (s), 841 (s); *H NMR (400

MHz): d 7.32-7.28 (2H, m), 7.08-7.02 (2H, m), 7.00-6.96 (2H, m), 6.88 (1H,
dd, J=8.0, 1.6 Hz), 6.83 (1H, dd, J = 8.0, 1.6 Hz), 6.67 (1H, dt, J = 7.6,

1.2 Hz), 427 (1H, br s), 408 (1H, t J=

6.8 Hz), 1.83-1.71 (2H, m), 1.41

(3H, 9), 142 (3H, 5), 1.03 (3H, t, J = 7.2 Hz), 0.11 (9H, 9); 3C NMR (100
MHz): d 157.7, 143.7, 139.3, 129.8, 124.8, 122.9, 119.3, 117.8, 117.7, 113.3, 88.1, 83.3, 66.6,

47.0, 33.3, 29.0, 10,5, 2.0; HRMS calcd CpsHaiNO,NaSi: 382.2202, Found: 382.2187; [a]p2 = -
9.4° (c = 0.2, CHCl).

The opticd purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd
OD (0.46 x 25 cm), 100% hexanes, 1.0 mL/min,| = 254 nm, 84% ee.

racemic

enantioenriched

-25.01

mv

-24.96

T >z
mv
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oy

116.5, 113.6, 91.7, 81.6, 41.5, 22.5; HRMS calcd GgH23FNO3:

{3-[3-(4-Fluor ophenoxy)
phenoxyphenyl)amine (26):
described earlier, modified by

as a ydlow ail.

// Me

phenyl]-1-methylprop-2-ynyl}-(2-
The generd procedure as
a dow addition of MexZn (20M

solution in toluene) to the reaction mixture over 1h, afforded 26
IR (thin film): 3396 (w), 3069 (w), 2930 (w),
1608 (m), 1501 (s), 1218 (m), 1199 (5); *H NMR (400 MH2):
d 7.36-7.26 (10H, m), 7.10-7.04 (2H, m), 7.02-6.98 (3H, m),
6.84 (1H, dd, J= 8.0, 1.6 Hz), 6.70 (1H, dt, J = 7.6, 1.6 H2),

450 (1H, m), 4.35 (1H, br s), 1.60 (3H, d, J = 6.8 Hz); °C
NMR (100 MHz): d 160.4, 157.7 (d, J = 4.5 Hz), 152.7, 144.0,
139.1, 129.9, 129.8, 126.8, 124.8, 123.1, 121.3, 121.0, 120.9, 119.2, 1185, 118.1, 118.0, 116.7,

[a]p?° =-12.2° (c = 0.4, CHC).

424.1724, Found: 424.1713,

T
48
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The optical purity of the akylzinc addition adduct was determined by chird HPLC: Chiracd OD
(0.46 x 25 cm), 99.0:1.0 hexanesiisopropanol, 1.0 mL/min, | = 254 nm, 94% ee.

_ racemic enantioenriched
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0.0000 0.000 284460.8 3281 BB 0913 519009 1388

o Me 2-Ethyl-4-(1-methylenehexyl)-1-(2-phenoxyphenyl)-2,5-dihydro-1H-

pyrrole (31): (1- Ethyl-oct- 2-ynyl)- (2- prmoxyphenyl)amme (10) was

H alylated according to reported procedures!®! In a glove box under an

Me amosphere of N2, a 5 mL flask was charged with Ti(Cp)2(CO), (3.6 mg,

i 0.015mma) and  dlyl-(1-ethyloct-2-ynyl)- (2- phenoxyphenyl)amine  (28)

o) (248 mg, 008 mmol) in toluene (0.5 mL). The flask was fit with a

\© condenser, seded with a septum and teflon tape and removed from the glove

box. The vessdl was purged with CO and kept under an atmosphere of CO

for the duration of the reaction. The mixture was heated to 90 °C in an ail bath for 12 h. After

cooling to 22 °C, the mixture was diluted with Et,O, filtered through a plug of slica, and

concentrated. Silica gl chromatography (100:1 hexanes. Et;O) afforded 31 as a pde ydlow ail

(24 mg, 0.06 mmol, 80%, 9:1 mixture of diastereomers). IR (thin film): 2958 (m), 2929 (m),

2857 (w), 1710 (s), 1671 (m), 1601 (w), 1489 (s), 1222 (s), 750 (m); *H NMR (400 MH2):

d 7.28-7.26 (2H, m), 7.10 (1H, m), 7.02-6.95 (3H, m), 6.88-6.84 (3H, m), 5.02 (0.13H, br s,

minor diastereomer), 4.57 (1H, br s), 4.31 (1H, t, J = 8.0 Hz), 3.67 (0.13H, t, J = 7.2 Hz, minor

diastereomer), 3.01-3.04 (1H, m), 2.62-2.54 (2H, m), 2.15 (1H, t, J = 8.0 Hz), 2.07 (1H, dd,

J=18, 2.5 Hz), 1.79-1.90 (1H, m), 1.67-1.56 (1H, m), 1.48-1.17 (7H, m), 0.85 (3H, t, 6.8 Hz),

0.75 (3H, t, J = 7.2 Hz), 0.51 (0.33 H, t, J = 7.2 Hz minor diastereomer); **C NMR (100 MH2):

d 209.5, 178.1, 158.4, 146.4, 140.2, 136.9, 129.7, 125.34, 123.3, 122.4, 120.8, 118.5, 116.8, 59.5,

55.8, 41.3, 40.1, 32.1, 27.8, 26.1, 24.4, 22.6, 14.1, 9.8; HRMS calcd CsH32NO2: 361.2406,
Found: 361.2402.

Me 2-Ethyl-4-(1-methylene-hexyl)-1-(2-phenoxy-phenyl)-2,5-dihydro-

— 1H-pyrrole (30): In a 10 mL round bottom flask, alyl-(1-ethyl-oct-2-
ymyl)- (2- phenoxy-phenyl)-amine  (28) (111.1 mg, 030 mmol) and
caays (29) (94 mg, 0.015 mmol) were combined in 3 mL CH,Cl,.
The reection was alowed gir under an atmosphere of nitrogen for 3h.

\© The resulting mixture was evaporated to dryness and passed through a
plug of glica gd with 200:1 hexaneEt;O to afford 30 as a pae orange

[8] J. Dolman, E. S. Sattely, A. H. Hoveyda, R. R. Schrock, J. Am. Chem. Soc. 2002, 124, 6991-6997.
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oil (96.0 mg, 0.27 mmol, 90%). At this point, the catdyst was euted with 1.2 hexanesEt,O (8.9
mg, .014 mmol, 95% recovery). IR (thin film): 2960 (m), 2930 (m), 2858 (m), 1602 (w), 1501
(s), 1451 (m), 1358 (w), 1222 (s); *H NMR (400 MHz): d 7.27-7.23 (2H, m), 7.11-7.07 (1H, m),
6.99-6.93 (2H, m), 6.89-6.84 (3H, m), 6.71 (1H, ddd, J=7.2, 7.2, 1.6 Hz), 5.82 (1H, br s), 5.17-
5.16 (1H, m), 4.95 (2H, d, J = 6.0 HZz), 4.09-4.04 (1H, m), 2.33-2.13 (2H, m), 1.90-1.80 (1H, m),
1.74-1.64 (1H, m), 1.90-1.80 (1H, m), 1.74-1.65 (1H, m), 1.55-1.38 (2H, m), 1.32-1.23 (4H, m),
0.87 (3H, t, J = 7.2 Hz), 0.51 (3H, t, J = 7.2 Hz); 3*C NMR (100 MHz): d 158.9, 143.45, 142.1,
141.2, 140.1, 129.7, 125.6, 123.3, 122.4, 121.8, 117.8, 116.4, 115.8, 112.5, 64.5, 58.3, 34.6, 31.9,
28.5,24.1,22.7,14.2, 7.3. HRMS calcd CpeH32NO,: 390.2433, Found: 390.2403.

0
JIg {3-[3-(4-Fluor ophenoxy)phenyl]-1-methylprop-2-ynyl}urea
HoN® 'NH  (33):  To a solution of Phi(OAC), (50.0 mg, 0.16 mmad) in

" “Me MeOH (25mL), 26 in acetonitrile (ImL) was added, by a

o) =z syringe pump, over 1h. A 1.0N HCl (5.0 mL) was added and

/O/ the mixture was alowed to sir for 2h. The aqueous layer was
F washed three times with CH,Cl, being careful to remove dl

oxidant, and the organic layer washed with 0.1 N HCI. To the combined aqueous layers an equa
volume of CH,Cl, was added. Potassum cyanate (65 mg, 0.8 mmol) in water (14 mL) was
added to the vigoroudy girring biphasic solution, followed by dropwise addition of NaHCOs
until a pH of 10 was achieved. The solution was dlowed to stir one hour after which the layers
were separated and the aqueous layer washed three times with CH,Cl,. Combined organic layers
were washed with brine, dried over MgSOy, and concentrated. 32 was isolated as a pae yelow
ol (29 mg, 0.10 mmal, 61%). IR (solid thin film): 3413 (w), 3060 (w), 2980 (w), 2930 (w),
1655 (s), 1609 (s), 1508 (s), 1489 (s), 1250 (s), 1212 (), 755 (9); *H NMR (400 MHz): d77.34-
7.26 (8H, m), 3.93 (1H, m), 1.42 (3H, d, J = 6.8 Hz). HRMS calcd C;7H15FN2O,: 298.1118,
Found: 298.1112.



