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H NMR (CDCI,): 8 7.35 (brs, 1H), 6.93 (d, J=
[2Hz, 1H), 6.46 ( br s, 1H), 3.82 (s, 3H), 1.50 (s, 9H).
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[57.30-7.13 (m, 3H), 0.00 (s, 9H). C NMR (CD,CN}): 5 169
[L'E38.69, 133.82, 131.78, 130.75, 128.46, -1.04 (SICH,).
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: H NMR (CD,CN): 8 7.32:7.13
"(m, 3H), 3.63 (s, 3H), 0.00 (s, 9H). *C NMR (CD;CN): 5 168.70 (CO), 140.35,
[J 38.45, 133.31, 130.60, 130.22, 52.22 (OCHj), -1.44 (SiCHy).
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[ 'H NMR (CD,CN): 8 7.28-7.06 (m, 3H), 2.58 (d, J = 4.83 Hz, 3H), 0.00 (s, OH).
"13C NMR (CD,CN): & 140.38, 133.27, 129,97, 129.66, 25.45 (NCH;), -1.11
[ s 20
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i 'H NMR (CD,CN): & 9.37 (s, 1H), 8.11 (dd, J
[= 8.2 Hz, 1.7 Hz, 1H), 7.67 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 7.11-7.04 (m, 2H). *C 40
[LNMR (CD,CN): 3 172.42 (CO), 161.19, 138.76, 134.20, 120.75, 118.08.
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[ 'H NMR (CD,CN): & 10.66 (br s, 1H), 7.82 (dd, J = 8.0
[Hz, 1.7 Hz, 1H), 7.48 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 6.94-6.89 (m, 2H), 3.89 (s,
[3H). ™C NMR (CD,CN): 5 170.70 (CO), 161.49, 136.04, 130.11, 119.68, 117.45,
[L112.71, 52.34 (OCH,).
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[ 'H NMR (CD,CN): 5 8.31 (br s, 1H), 8.02 (d,

[J = 8.9 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H). °C NMR (CD,CN): 5 164.18, 134.50,

oad
gooobooboboob4-00000000D0D0O0O1SODDOD0O0OO0DODOOO
uoano

I Y I o Iy

[116.13.

d

goooaoad

e T B B R B A B A W A B B A W R W A W A
Oo0oobO0oo0ooobOoobooos.237d0254nmb 000 0OHPLCODODOOODOOODO
goooaoad

googad

[ 'H NMR (CD,CN): 5 7.88 (d, J = 8.8 Hz, 2H), 6.88 (d, J
[= 8.8 Hz, 2H), 3.82 (s, 3H). °C NMR (CD,CN): 5 166.65, 161.45, 131.69, 115.33,
[ 51.49 (OCH,).
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f 'H NMR (CD,CN): 57.66 (d, J = 8.8

[Hz, 2H), 7.51 (br s, 1H), 6.85 (d, J = 8.6 Hz, 2H), 2.83 (d, J = 4.7 Hz, 3H). *C

[LNMR (CD,CN): & 128.97, 115.07, 25.76 (NCH,).
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[ 'HNMR (CD,CN): §8.13 {d, J = 2.4 Hz, 1H),

[7.91-7.81 (m, 3H). “C NMR (CD,CN): & 134.71, 133.89, 129.10, 125,00.
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'H NMR (CD,CN): & 7.94-7.92 (m, 2H), 7.79-7.69 (m, 3H), 3.87 (s,
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[ 'H NMR (CD,CN):  7.96 (d, J = 8.0 Hz,
[ 1H), 7.74-78.53 (m, 3H), 6.94 (br s, 1H), 2.84 (d, J = 4.8 Hz, 3H). C NMR

[ (CD,CNY: 5 166.63, 133.70, 130.83, 128.95, 124.42, 25.97 (NCH,).

0

Ooooo0oo
000 OO0 CgHeN,0, (M +1)0 0000 O =181.06080 0 O O 181.06210
oooooo
(0 O O 5E)
0Oo0oo0o00o
ooooo

10

20

30

40



(25) JP 2005-501898 A 2005.1.20

2‘ UCOOH i -%C:_ - Z?&\c:oca

rlq CH;CN |

BOCNH

T COXMe

Me
X=0%/XiENH

oooooad

(-0 000D000D-1-000-1H-000-3-00)-00000D0¢tert-000000O0O0
4-tert-0 0 0000O0O00O0O0O0O0-1-000-1H-00O00-2-0000000000O00A0O
O0o0oo0oOoo0oooOoooao

Ooo0O0oooao

ooooao

[ 'H NMR {CD,CN): & 7.35 (br s, 1H), 7.03

[(d, J = 1.9 Hz, 1H), 3.79 (s, 3H), 1.47 (s, 9H). '°C NMR (CD,CN): & 156.20,

125,54, 114.59, 36.96, 27.69.
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[6.83 (s, 1H), 3.82 (s, 3H), 3.74 (s, 3H), 1.46 (s, 9H). ™*C NMR (CD,CN): 5 161.35,
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: TH NMR (CD,CN): 3 7.27, (br's,

[ 1H), 6.82 (br's, 1H), 6.58 (br's, 1H), 6.45 (s, 1H), 3.81 (s, 3H), 2.76 {d, J = 4.7 Hz,

['3H), 1.46 (s, 9H). 3C NMR (CD,CN): 5 162.25, 153.43, 122.49, 122.34, 102.76,

[L35.78, 35.75, 27.76, 25.09 (NCH,).
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i H NMR
[(CD,CN): 5 7.36, (br s, 1H), 7.04 (br s, 1H), 3.94 (s, 3H), 2.81 (s, 3H), 1.47 (s,
"gH),
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[ '+ NMR (CD,CN): & 7.26 {br m, 1H), 7.21

[(br m, 1H), 6.37 (br m, 1H). °C NMR (CD,CN): 5 129.13, 122.80, 112.04.
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i 'H NMR (CD,CN): 5 9.98 (br m, 1H), 6.99 (s, 1H), 6.83

[(s, 1H), 8.23 (m, 1H), 3.79 (s, 3H). °C NMR (CD,CN): 5 123.48, 115.00, 109.96,

Lso.ga (OCH,).
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[ 'H NMR (CD,CN): 5 9.8, (br s,

[4H), 6.88 (m, 1H), 6.67 (br s, 1H), 6.59 (m, 1H), 6.17 (m, 1H), 2.81 (d, J =4.8 Hz,

[L3H). 3G NMR (CD,CN): & 121.17, 109.24, 108.97, 25.11 (NCH,).
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[ "M NMR (CD,CN): 8 7.93 (dd, J= 1.0 Hz, 1.7 Hz,

[1H), 7.63 (dd, J = 0.7 Hz, 3.7 Hz, 1H), 6.74 (dd, J = 1.7 Hz, 3.7 Hz, 1H). C
[LNMR (CD,CN): & 151.39, 145.92, 125.82, 113.83.
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[ 'H NMR (CD,CN): § 7.70 (dd, J = 0.8 Hz, 1.7 Hz, 1H),

[7.20 (dd, J = 0.8 Hz, 3.4 Hz, 1H), 6.59 (dd, J = 1.8 Hz, 3.4 Hz, 1H), 3.83 (s, 3H).

[L”c NMR (CD,CN): & 159.04, 147.14, 144.78, 118.01, 112.13, 51.60 (OCH,).
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[ HNMR (CD,CN): &8 7.56, (dd, J = 0.8

[ Hz, 1.7 Hz, 1H), 6.98 (dd, J = 0.8 Hz, 3.4 Hz, 1H), 6.54 (dd, J = 1.8 Hz, 3.5 Hz,
"1H), 2.83 (d, J = 4.8 Hz, 3H). *C NMR (CD,CN): 5 144.59, 113.00, 111.90, 25.05
_ (NCH,)
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[ "H NMR (CD,CN): & 7.85 (d, J= 7.5 Hz, 2H), 7.68 (d, J = 7.1
[ Hz, 2H), 7.44 (t, J = 7.3 Hz, 2H), 7.35 (t, J = 7.4 Hz, 2H), 6.4 (br s, 1H), 4.48-
" 4.23 (m, 4H), 1.48 (d, J = 7.0 Hz, 3H). *C NMR (CD,CN): 8 176.13, 156.08,
L144.16, 141,38, 127.95, 127.33, 125.35, 120.21, 66.84, 59.27, 47.15, 15.75.
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i ‘H NMR (CD,CN): 57.84 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 6.8 Hz,
[ 2H), 7.43 (t, J = 7.3 Hz, 2H), 7.35 (t, J = 7.4 Hz, 2H), 6.07 (br s, 1H), 4.39-4.15
[ (m, 4H), 3.67 (s, 3H), 1.35 (d, J = 7.3 Hz, 3H). '*C NMR (CD,CN): & 173.65,
" 156.07, 144.34, 141.35, 127.91, 127.32, 125.38, 120.19, 66.46, 51.98 (OCH,),
- 49.86, 47.21,17.05.
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[ "H NMR (CD,CN): 5 1.33 (s, 9H). "*C NMR (CD,CN): &

[180.62, 49.50, 26.38.
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[ *H NMR (CD,CN): 5 4.04 (g, J = 7.2 Hz,
2H), 118 (1, J = 7.2 Hz, 3H), 1.12 (s, 9H) 10
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[ "H NMR
[(CD,CN): 8 6.29 (br s, 1H), 2.65 (d, J = 4.7 Hz, 3H), 1.12 (s, 9H). “C NMR
[(CD,CN): 5 27.00, 25.65 (NCH,). 20
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i 'H NMR (CD,CN): & 7.32
[(dof q, J = 6.9 Hz, 15.1 Hz, 1H), 6.19 (d of q, J = 1.6 Hz, 15.1 Hz, 1H), 1.98 (dd, J
[f 1.6 Hz, 6.9 Hz, 3H), ®C NMR (CD,CN): 5 154.78, 127.12, 17.77.
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[ "M NMR (CD,CN): §3.00 (q, J = 7.3 Hz, 2H), 1.16 (t, J = 7.2 Hz, 3H). *C
[UNMR (CD,CN): 5 175.10, 40.87, 8.97.
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[ "H NMR (CD,CN): & 3.60 {t, J = 6.7 Hz, 2H), 1.75 (pentet, J = 7.0 Hz, 2H),

[ 1.45 (hextet, J = 7.4 Hz, 2H), 0.93 (1, J = 7.3 Hz, 3H). C NMR (CD,CN): 5 45.11,

' 34.56, 19.89, 12.74. 40
U

goooaoad

(0 OO 60)

goooaoaad

googao



(33) JP 2005-501898 A 2005.1.20

[ Me
Me
[ N
[ M ¢l O—Cl % |:>
OH
i O_ -
[

CH;CN

U

goooaoad

I I T < 5 I I I A N O 6 R A I e
- 1 I I 0 O B A A R A N O AR W AR

goooaoad

ooooao

[ 'H NMR (CD,CN): 3

(4,41 (m, 1H), 2.06-1.93 (m, 2H), 1.88-1.74 (m, 4H), 1.68-1.55 (m, 2H). “C NMR

[L(coscN): 5 62.63, 36.90, 22.81.
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[ 'H NMR (CD,CN):  7.36-7.16 (m, 20H), 6.32 (d, J = 3.6 Hz, 1H),
[ 4.87-4.43 (m, 8H), 4.01-3.95 (m, 1H), 3.89-3.83 (m, 1H), 3.73-3.66 (m, 2H), 3.64-
[3.55 (m, 2H). C NMR (CD,CN): 5 139.03, 138.64, 138.49, 138.18, 128.60, '
[128.56, 128.48, 128.46, 128.27, 128.15, 128.12, 128.09, 128.07, 127.85, 127.84,
1127.74, 94.31, 81.10, 80.00, 76.75, 75.28, 74.94, 73.87, 73.04, 72.39, 68.45,
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: TH NMR (CD,CN):
[ 5 6.06-5.93 (m, 1H), 5.29 (d, J = 16.9 Hz, 1H), 5.12 (d, J = 10.2 Hz, 1H), 4.63-

" 4,53 (m, 1H), 1.57 (d, J = 6.6 Hz, 3H). °C NMR (CD,CN): & 140.24, 115.25,

E 58.35, 24.35. Data for 1-chloro-2-butene: 'H NMR (CD,CN): & 5.91-5.60 (m, 2H),
~4.08 (d, J = 7.0 Hz, 2H), 1.72 (d, J = 6.2 Hz, 3H). *C NMR (CD,CN):  131.07,

- 127.47, 4554, 16.94.
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[ H NMR (CD,CN): 5 4.73 (dd, J = 2.3 Hz, 6.8 Hz, 1H), 2.88
[(d, J = 2.4 Hz, 1H), 1.68 (d, J = 6.8 Hz, 3H). 3C NMR (CD,CN): 5 83.20, 74.24,
[U43.73, 25.98.
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: TH NMR (CD,CN): 5 0.95 (s, 8H), 0.35 (s,

[LBH). 3C NMR (CD,CN): 5 24.78, 18.86, -2.19. 20
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[ 'H NMR (CD,CN): & 3.38 (s, 3H), 0.83 (s,

[gH), 0.00 (s, 6H). *C NMR (CD,CN): & 50.48 (QCH,), 25.37, 18.08, -6.57.
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[3C NMR (CD,CN): 6 135.10, 132.67, 131.26, 128.55.
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i 'H NMR (CD,CN): 8 7.55-7.50 (m, 6H), 7.41-
[7.29 (m, 9H), 3.31 (s, 3H). C NMR (CD,CN): & 135.15, 133.97, 130.01, 127.77,
[L48.66 (OCH,).
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[ 'H NMR (CD,CN): & 7.43-7.33
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; 3P NMR (CD,CN): 6 36.56. “C NMR
"(CD,CN): 5 135.25 (d, J = 3.8 Hz),134.36 (d, J = 153.4 Hz), 130.36 (d, J = 13.9
[L.HZ)' 129.68 (d, J = 18.3 Hz).
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[ 'H NMR (CD,CN): 5 7.97 (d, J = 8.5 Hz,
[2H), 7.53 (d, J = 8.2 Hz, 2H), 2.49 (s, 3H). *C NMR (CD,CN): & 148.12, 130.78,

1127.13, 21.07.

0

Oo0o0ooogoao

p-0 000000000 0OD0ODp-00DO0O0OD00OD0ODODODDDOD4UODDODODDODO
O00O0000O0O00O00000O00O0O00O0e6.08900254nmO 00 0O0OHPLCOOOOOOO
000

Oooogooao

Oooooao

[ "H NMR (CD,CN): 5 7.74 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1
"Hz, 2H), 3.67 (s, 3H), 2.41 (s, 3H).
L

Ooooo0oo
00000 CgH,NO,S(M'+1)0 000 O O =186.05830 0 O O 186.06100

oooooo

(0 O O8)
N-(1-000-2-000000-1-000)-N-00000000000000000000O0N
~tert-0 00000000000

0oo0o0oo

ooooo

E O~ S 0
O —2 % O D O

CH;CN
L
oo0oOoooaod
O000d(.00g,8.20000)ON-(1-DO00-2-000000-1-000)-N-O000O0O0DO00
0o00O0DbOO0oO0oDOo(@.550000/9,8.000,12.40000)000D000O00000QO(25mI)
goooooooooooooooDbooooDo oo oDoooDboDob0DoDooooOonOoao
Ooo0oooo0ollooo0oooooooooao
Ooo0oOoooad
ooooao

[ "M NMR (CD,CN): & 8.17-8.12 (m, 2H), 7.83-7.76 (m, 1H), 7.64-7.57 {m, 2H). GC-
L MS m/z 140 (MH),
L

Ooo0O0oooao
dd0oo0oo0oo0oooooooooooooooogesMIOooo0O0O0OOOO0ODODODOOOOOD0Oan
00000000 O0ODODO0OO0D0DO0OD0DD0DO0ODO0OO0OD0DO0OO0OT¢tert-00000O0OO(2-58m1,24.6
OO0O0O0)dCH,Cl,(2mI)000000D0O0O0ODOO0ODOODOI10000000000CH,CIH,
000000000 DODO0OO0D0DO0O0DO0O0ODONaOHODOODOODOOOCH,CI,OODODOODoO
9S0,)0 000 082%0 0 (1.19¢g)0tert-0 000 00D00D00O0DOO0DOODODOODOO
oo0oOoooaod

Oo0o0ooao

[ 'H NMR (CD,CNY): 5 7.74-7.68 (m, 2H), 7.50-7.36 (m, 3H), 5.93 (br s, 1H),

[1.47 (s, OH). GC-MS m/z 177 (M*).

L

0Dooooo
(0 O0009)
N-(1-000-2-000000-1-000)-N-000000000000000000004

10

20

30

40

50



(39) JP 2005-501898 A 2005.1.20

-[(4-tert-0 00000 0O0OCDODOO0O0-1-000-1H-000000-2-00000)-0000
1-1-000-1H-0 00000 -2-0 00000000000 0O00O00O

gooogooad

ooooao

o O

= P

N

Me

[

[

[

[

[

[

: |

[ N\7,,000Me
| .
: HN

[

[

[

[

[

[

TB o /e
N
;” A )
\ :7”H\N NZ CooMe
N H
BOCNH

Dooooao

4-tert-0 00000000000 -1-000-1H-000000-2-0000 0 (1.30g,5.40
D0O00)IN-(1-000-2-000000-1-000)-N-0000000000000000
(1.550 000 /g,6.96g,10.770 0 00)0000000000@omI)0000COO00OO
000000000000 O015000BOCNH-IN-COOHO O OO ODOODDOOODODODOOOO
000000000000 O00O0O00O0O0O0O00O0O00O0D02mIOO0DOOO0OOOO00O
0000000000000 0000O0O00O00000O0004-000-1-00 0 -1H-0
00O00O0-2-000000000000(643mg,4.150 00 0 )0 CH,Cl,(20m1)0 00 ON
a,C0,(572mg,5.400 00 0)0O0(omI)000C0O00O0O0C0OOOOODOODOOOODOOO
0000000000 00500000CH,CI,O0H0000000CH,CI,0OOOOODOO
00 (MgS0,)0 0 0000000000000 (1.64g)04-[(4-tert-0 00000000
000-1-000-1H-000000-2-00000)-00071-1-000-1H-000000 -2
0000000000000 000O00000O000000000000GO0OVydac4.6
x 250mm Protein&Peptide C180 0 0 OO O O O Agilent11000 O O O (20%MeCN:80%H, 00 4
0%MeCN:60%H,00 0 000D D150000001.2ml/0000)000CO00000O0HPLC
00000000000 0O0.1%0TFAD DO OO DO 12.22300304nm0 0 00 OHPLCO OO
ooooooo

0Dooooo

0Do0o0o0

[ 'H NMR (CD,CN):  7.56 (s, 1H), 7.14 (br s, 1H),

L4.01 (s, 3H), 4.00 (s, 3H), 3.90 (s, 3H), 1.51 (s, 9H).
]

Ooo0o0o0o

(0 O O 10)
N-(1-000-2-000000-1-000)-N-000000000000000000001
-000-4-{[1-000-4-({1-000 -4-[(1-000-1H-000000-2-00000)-0
O00]1-1H-000000-2-000003}-000)-1H-000000-2-000007-000
}-1H-00O0D0-2-000000000000000

10

20

30

40

50



(40) JP 2005-501898 A 2005.1.20

goboodgbad
ooooao

[ . Ma .
E&Z/Ls/q /)\COOH Me © - \ z/&ﬁ/(l()\cocl
L

cH,CN
Oo0o0o0o0on
00000
[ Te o N)“° 10
[ He e N‘)”E\ ,Jgjﬂ °
/
NS U N
[ \ N/Q\COOMe HN\('\N’ME
[ N i N==
o HN o
[ > HN
: _—
[ ™2 N“‘Me
[ COOMa

20
000

0-4-[(1-000-1H-000000-2-00000)-00017-1H-000000 -2-0

0 (200mg,0.800 00 0)00O0O0O0OODO0O0DO(8.00mI) 000000 O0O00000DO
000000000000 (50p 1,0.810000)00000000000000
00O0O0ON-(1-000-2-000000-1-000)-N-000000000000
(1.550 000 /g,1.04¢,1.610 000)00000000001000000000
OOCHCI,(0OODODODDOOO)IODO0DO0O0O0DD0OO0O0O0O0DO0OOO0O0O0DOoOOO0O0OooaO
0D010mIDOOOCHCI, (0D DOO0DO0OO0OD)I00O001-000-4-[(1-000 -1H-0
00-2-00000)-00071-1H-000000-2-00000000000000¢0O
00O0O004-[(4-000-1-000-1H-000000-2-00000)-0007-1-0 30
-lH-0000-2-000000000000 (171mg,0.620 0 O O )0 CHCI,(10m1)0 O

0 Na,C05(170mg,1.600 00 0)0O0(GN)D 00000 ODOCOOODODODCOODOOOO
000000000000 O0500000CHCI;OH,0000000CHCI, 0000000

00 (MgS0,)D0 00000 DO OOS59%0 0 (240mg)0 1-0 0 0 -4-{[1-0 0 0 -4-({1-0 O
-4-[(1-000-1H-000000-2-00000)-0007]-1H-000000-2-0000
}-000)-1H-000000-2-00000]1-0003-1H-0000-2-00000000
000000000000 O000000000000O0OVydac4.6x 250mm Protein&Pe
ptide C180 0 0O 0 O O O Agilent11000 O O O (20%MeCN:80%H,00 40%MeCN:60%H,00 O
000001500000 01.2ni/0000)0000000O000HPLCO0OOODOOOO

OoooooogoQgooao
Oooooooogogdg
O 0Ooo0oo0ooao

oooDooooooDoooooorob

00O0D00.1%0TFAD OO0 00D 10.8470 0304nm0 000 OHPLCO OO OO DOODOODO 40
000000

00000

[ 'H

[ NMR (CD;CN plus TFAY: & 10.90 (s, 1H), 10.71 (s, 1H), 9.49 (s, 1H), 7.85 (s, 1H),
(7,76 (s, 1H), 7.65 (m, 2H), 7.46 (d, J = 1.8 Hz, 1H), 6.92 (d, J = 1.9 Hz, 1H), 4.15

[L(s, 3H), 4.12 (s, 3H), 4.11 (s, 3H), 3.92 (s, 3H), 3.80 (s, 3H).



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

good

(19) World Intellectual Property Organization

goooagoboaoan

(41)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Tniernational Bureau

{43) International Publication Date

(10) International Publication Number

13 March 2003 (13.03.2003) PCT WO 03/020684 Al

a2

=m

Tnternational Patent Classification”  C07C 211724,
211427, 209/74

International Application Number:  PCT/US02/25609
Toternational Filing Date: 13 August 2002 (13.08.2002)
Filing Language: linglish
Publication Language: English
Priority Data:

60/316,151 30 August 2001 (30.08.2001) US
10/061,617 1 Licbroary 2002 (01.02.2002)  US

Applicant (for all designated Staies except US): PHAR-
MACIA CORPORATION [US/US]: Corporate Patent
Depl., 800 North Lindbergh Blvd., Mail Zone O4E, St.
Louis, MO 63167 (US).

Taventor; and

Inventor/Applicant (for US only): PHILLION, Dennis,
P. [US/US]; 1826 Watsen Street, St. Charles, MO 63301
(US).

(74) Agents: WARNER, James, M. et al.; Pharmacia Corpo-
ration, Corporale Patent Department, Mail Zone O4E, 800
North Lindbergh Blvd., St. Louis, MO 63167 (US).

(81) Designated States (national): Ali. AG, AL, AM, AT, AU,
A7.BA, BB, BG. BR, BY. BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GII,
GM, TIR, ITU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, L1, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PI, RO, RU, S, SIZ, $G,
ST, SK, ST, TI, TM, TN, TR, TT, TZ, UA, UG, US, U7,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KL, 1S, MW, M7, SD, SL, SZ 17, UG, ZM, 7ZW),
Furasian patent (AM, A7, BY, KG. K7, MD, RU, TJ, TM),
European patent (AT, BE, BG, CI1, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
‘TR), OAPI patent (BI, BJ, CL%, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NLi, SN, T, TG).

Published:
—  with international search report

For two-letter codes and oiher abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazelte.

()

57

WO 03/020684 Al

Title: (ALPHA)-HALOLENAMINE RUAGLNTS

Abstract: "The present invention describes i

preparation, and methods of use.

reagents, i ilized tertiary amides, methods for their

JP 2005-501898 A 2005.1.20



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

35

(42)

WO 03/020684 PCT/US02/25609

a-HALOENAMINE REAGENTS

BACKGROUND OF THE INVENTION

The present invention relates in general to the field of a-haloenamine
chemistry, processes for the preparation of a-haloenamines and, in one
embodiment, fo a-haloenamine reagents supported by an organic or inorganic
material which, under a defined set of conditions, renders the supported reagent
sufficiently insoluble to enable separation of the reagent from a mixture,

a-Haloenamine reagents are used in a number of synthetic reactions. For
example, they are used to convert carboxylic acids to acid halides, alcohols to
halides, sugars to sugar halides, and thiophosphoryl compounds to the
corresponding phosphoryl hatides. «-haloenamine reagents offer advantages
over other reagents for such conversions, particularly under neutral conditions
and in those instances in which the substrate for the reaction contains one or
more sensitive functionalities.

Despite these advantages, haloenamines are not being used to their full
potential for a variety of reasons. Among these reasons are synthetic challenges.
Ghosez et al. (Angew. Chem. Int. Ed. Engl. 1969, 8, 454) disclosed a route which
involved the reaction of tertiary amides with phosgene followed by the
dehydrochlorination of the intermediate o-chloroiminium salts with triethylamine.
According to Ghosez et al., the hazard associated with the use of large amounts
of phosgene as well as the ban on phosgene in many laboratories led them to re-
examine the preparation of B-disubstituted-a-chloroenamines; more recently,
Ghosez et al. (Tetrahedron 54 (1998) 9207-9222) reported a synthetic route
which was said to be conceptually the same as the previous one: it involved the
reaction of a tertiary amide with a chlorinating agent followed by the elimination of
hydrochloric acid from the resulting -chloroiminium sait. The halogenating
agents tried by Ghosez et al. were thionyl chloride, diphosgene, triphosgene,
phosphorous oxychloride, and phosphorous oxybromide. Of these, only
phosphorous oxychloride was said to be suitable for the preparation of large
amounts of a-chloroenamines. Thionyl chloride was said to be unsuitable.
Diphosgene and triphosgene were said to be suitable although in both cases a
minor by-product was produced. As a result, Ghosez et al. stated that
phoéphorous oxychloride would probably supersede phosgene as the
halogenating agent. Ghosez et al. also reported that they succeeded in preparing
the corresponding a-bromoenamines which, until then, they said were only
available by halide exchange. Despite the advances reported by Ghosez et al.,

1
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the conversion of a tertiary amide to an a-chloroiminium salt, particularly when
the nitrogen substituents are bulky can be difficult.

Recent advances in molecular biology, chemistry and automation have
resulted in the development of rapid, high throughput screening (HTS) protocols
to synthesize and screen large numbers of compounds for a desired activity or
other desirable property in parallel. These advances have been facilitated by
fundamental developments in chemistry, including the development of highly
sensitive analytical methods, solid state chemical synthesis, and sensitive and
specific biological assay systems. As a result, it is now common to carry out such
reactions, in parallel, in a multi-well micro titer plate or other substratum having a
plurality of wells for containing a reaction mixture, e.g., 96, 384 or even a greater
number of wells. To date, however, a-haloenamine reagents have not been
provided in a form which would enable rapid, automated use and purification from
such reaction mixtures.

SUMMARY OF THE INVENTION

One aspect of the present invention, therefore, is an improved process for
the preparation of a-haloenamines. The resulting a-haloenamines may be used
in a wide variety of synthetic schemes, such as the conversion of hydroxy-
containing compounds and thiol-containing compounds to the corresponding
halides. If immobilized onto a support, the resulting a-haloenamines are
particularly useful in high-throughput, automated and other systems where ease
of separation is desired.

Briefly, therefore, the present invention is directed to an immobilized
haloenamine reagent having the formula:

wherein

R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy;

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
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hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano
or nitro, and

Xis halo,

provided at least one of R,, R,, R; and R, comprises a support which
enables physical separation of the reagent from a liquid mixture.

The present invention is further directed to a process for the preparation of
an a-haloenamine. The process comprises combining a tertiary amide with a
pentavalent phosphorous halide in a solvent to form an a-haloiminium salt and
converting the o-haloiminium salt to the a-haloenamine with a base, the
pentavalent phosphorous halide having at least two halogen atoms bonded to the
pentavalent phosphorous atom.

The present invention is further directed to a process for dehydrating a
non-aqueous solvent. The process comprises combining the solvent with an
immobilized a-haloenamine reagent.

The present invention is further directed to a process for converting a
hydroxy-containing compound or a thiol-containing compound to the
corresponding halide. The process comprises contacting the hydroxy-containing
compound or thiol-containing compound with an immobilized a-haloenamine.
The hydroxy-containing compound may be selected, for example, from the group
consisting of alcohols, carboxylic acids, silanols, sulfonic acids, sulfinic acids,
phosphinic acids, phosphoric acids, and phosphates.

The present invention is further directed to an immobilized tertiary amide
reagent having the formula:

R, 0 R
4 3
\N

Ry Ry

wherein

R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy; and

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbyithio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted

JP 2005-501898 A 2005.1.20
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hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,
or nitro,

provided at least one of R, R,, R, and R, comprises a support which
enables physical separation of the reagent from a liquid mixture.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A Preparation of a-Haloenamines

In accordance with one aspect of the present invention, a-haloenamines
may be prepared from tertiary amides and pentavalent phosphorous halides. The
tertiary amide reacts with the pentavalent phosphorous halide to produce a
haloiminium salt which is then converted to the a-haloenamine with a base.

In general, the tertiary amide may be any tertiary amide having a hydrogen
atom bonded to the carbon which is in the alpha position relative to the carbonyl
group of the tertiary amide and which does not interfere with the synthesis of or
react with the o-haloenamine. In one embodiment, the tertiary amide has the
general formula:

wherein

R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy; and

R, and R; are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbyithio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, subsfituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,
or nitro.

Ordinarily, it will be preferred that R, and R, are other than hydrogen, such
as alkyl or aryl to increase the stability of the reagent to a variety of conditions.
Nevertheless, under some circumstances, provided one of R, and R, is
sufficiently electron-withdrawing, the other may be hydrogen. Under other
circumstances, each of R, and R, is electron withdrawing. In no event, however,
may R, and Ry each be hydrogen.

JP 2005-501898 A 2005.1.20
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In one embodiment of the present invention, one of R, R,, R; and R,
comprises a support which enables physical separation of the tertiary amide (or a
derivative thereof) from a liquid mixture. The support may be, for example, any
solid or soluble, organic or inorganic support which is conventionally used in
chemical synthesis or any of a varisty of assays. Such supports are described in
greater detail elsewhere herein in connection with the supported a-haloenamine
reagents of the present invention. Preferably, it is polystyrene or a derivative
thereof, for example, a 1% cross linked polystyrene/divinyl benzene copolymer.

The pentavalent phosphorous halide comprises at least two halogen atoms
bonded fo a pentavalent phosphorous atom. The three remaining valences are
optionally occupied by bonds to carbon or halogen atoms. [n general, therefore,
the pentavaient phosphorous halide may be represented by the general formula
P(X),(Z)s wherein each X is independently a halogen atom and each Z is
independently a halogen atom or a carbon atom (which is part of a hydrocarbyl or
substituted hydrocarbyl radical). For example, included within this general
formula are pentavalent phosphorous halides in which the pentavalent
phosphorous atom is bonded to two, three, four, or five halogen atoms selected
from among chlorine, bromine and iodine. If fewer than five halogen atoms are
bonded to the pentavalent phosphorous atom, the remaining valences are
occupied by phosphorous-carbon bonds with the carbon being part of a
hydrocarbyl or substituted hydrocarbyl radical, preferably phenyl or lower alky!
(e.9., methyl, ethyl or isopropyl). Although mixed halides are theoretically
possible and within the scope of the present invention, for most applications it will
generally be prefetred that halogen atoms of oniy one type (e.g., only chlorine,
bromine or iodine) be attached to the pentavalent phosphorous atom.
Phosphorous pentachloride and phosphorous pentabromide are particularly
preferred.

The o-haloiminium salt resulting from the reaction of the tertiary amide and
the pentavalent phosphorous compound may be converted to the a-haloenamine
with an amine base such as N,N-dialky! anilines, trialkylamines, heterocyclic
amines, pyridines, N-alkylimidazole, DBU and DBN. Tertiary amine bases such
as triethylamine are generally preferred; other amine bases, however, such as
substituted pyridines may be preferred under certain circumstances.

In general, therefore, and in accordance with one aspect of the present
invention, a-haloenamines of the present invention may be prepared in
accordance with the following reaction scheme:
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0 x X X
R, Ry PX)2A2)s R. ; R, Rs
4\,]\]JKK 3 Rd\N"/ s amine base \I|\J e
|
Ri Rg Ri  Re R R
wherein

R, and R, are independently hydrocarbyi, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy;

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbylthio, substituted hydrocarbyithio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, sulfonyl, halo, cyano,
or nitro, and

each X is independently chlorine, bromine or iodine; and

each Z is independently chlorine, bromine, iodine, hydrocarby! or
substituted hydrocarbyl.

The reaction may be carried out in acetonitrile, another solvent, or a
mixture of solvents in which pentavalent phosphorous and the tertiary amide are
sufficiently soluble. Other solvents include ethereal solvents (e.g.,
tetrahydrofuran, and 1,4-dioxane), esters (e.g., ethyl acetate), halogenated
solvents (e.g., methylene chloride, chloroform and 1,2-dichloroethane), and under
certain conditions, hydrocarbon solvents (e.g., toluene and benzene). If the
solvent system comprises a mixture of solvents, the solvent system preferably
comprises at least about 10% by weight, more preferably at least about 20% by
weight acetonitrile.

If desired, the halogen atom, X, of the resulting a-haloenamine (e.g., the
chlorine atom of a-chloroenamine or the bromine atom of &-bromoenamine) may
be displaced by another halogen atom to form other a-haloenamine derivatives.
Thus, for example, the chlorine atom of an a-chioroenamine may be displaced by
a bromide, fluoride or iodide atom. Similarly, the bromine atom of an a-
bromoenamine may be displaced by a fluoride or iodide atom. In general, the
displacement may be carried out with an alkali metal halide (e.g., sodium,
potassium, cesium or lithium bromide, fluoride or iodide).
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B. Immobilized &-Haloenamine Reagents

The immobilized a-haloenamine reagent of the present invention
comprises an a- haloenamine component tethered to a support which enables
physical separation of the reagent from a liquid composition. The a-haloenamine
component is tethered to the support by means of a linker and, optionaily, a
spacer. The immobilized a-haloenamine reagents of the present invention
generally correspond to the formula

Ry R
\N N 3

Ry Ry

wherein X is halogen, and R,, R,, R, and R, are as previously defined provided,
however, at least one of Ry, Ry, Ry and R, comprises a support which enables
physical separation of the reagent from a liquid composition. [n general, reactivity
tends to be greater when R,, R,, R; and R, are less bulky and when R, R;, R,
and R, are alkyl or aryl. Preferably, therefore, R;, R,, Ry and R, are
independently hydrocarbyl or substituted hydrocarbyl, more preferably
hydrocarbyl, still more preferably alkyl or aryl, provided at least one of R, R,, Ry
and R, comprises a support which enables physical separation of the reagent
from a liquid composition.

In one embodiment, the a-haloenamine reagent support is a solid which is
insoluble under all pertinent conditions. In another embodiment, the haloenamine
reagent support is a composition which is selectively soluble in a solvent system;
under a first set of conditions, the support is soluble but under a second set of
conditions, the support is insoluble.

Insoluble polymers and other solid supports are typically the more
convenient form since they may be easily separated from liquids by filtration.
Such supports are routinely used in chemical and biochemical synthesis and
include, for example, any insoluble inorganic or organic material that is
compatible with chemical and biological syntheses and assays such as glasses,
silicates, cross-linked polymers such as cross-linked polystyrenes,
polypropylenes, polyacrylamides, polyacrylates and sand, metals, and metal
alloys. For example, the a-haloenamine reagent support may comprise poly(N,N-
disubstituted acrylamide), e.g., poly(N,N-dialkyl substituted acrylamide) or a
copolymer thereof. Preferred materials include polystyrene-based polymers and
copolymers. Commercially available materials include TentaGel resin and
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ArgoGel (Bayer), both polystyrene/divinylbenzene-poly(ethylene glycol) graft
copolymers (with ~ 1-2% cross-linking) and 1% cross-linked
polystyrene/divinylbenzene copolymer (ACROS) available in a range of particle
sizes (e.g., 200-400 mesh).

In general, solid supports may be in the form of beads, particles, sheets,
dipsticks, rods, membranes, filters, fibers (e.g., optical and glass), and the like or
they may be continuous in design, such as a test tube or micro plate, 96 well or
384 well or higher density formats or other such micro plates and micro titer
plates. Thus, for example, one, a plurality of, or each of the wells of a micro titer
plate (96 well, 384 well or greater) or other multi well format substratum may have
the a-haloenamine reagent of the present invention tethered to its surface.
Alternatively, beads, particles or other solid supports having an a-haloenamine
reagent of the present invention bound to its surface may be added to one, a
plurality of, or each of the wells of a micro titer plate or other multi well
substratum. Furthermore, if the solid support (whether in the form of a bead,
particle, multi well micro titer plate, etc.) comprises poly(N,N-disubstituted
acrylamide) or another polymer having tertiary amides chemically accessible at its
surface, these tertiary amides may be converted to immobilized a-haloenamines
of the present invention using a pentavalent phosphorous halide as otherwise
described hersin; stated another way, the source of the teriiary amide, from which
the immobilized a-haloenamine of the present invention is derived may simply be
a polymeric material comprising chemically accessible tertiary amides.

Solid-phase, polymer bound reagents, however, are not without their
shortcomings. For example, phase differences obtained by heterogeneous,
insoluble supports can create diffusion limitations due to the polymer matrix and
this, in turn, can lead to reduced reactivity and selectivity as compared to
classical, solution-phase synthesis. Furthermore, the insoluble nature of these
supports can make synthesis and characterization of the polymer-reagent
complex difficult. Accordingly, selectively soluble supports are preferred for
some applications.

In general, any polymeric material which is solubfe under one set of
conditions and insoluble under a second set of conditions may be used as a
selectively soluble support of the present invention provided this group does not
interfere with the synthesis of or react with any of the reaction products or
intermediates. Exemplary soluble polymers include linear polystyrene,
polyethylene glycol, and their various polymers and copolymers derivatized with
tertiary amides which may then be converted to a-haloenamines. In general,

JP 2005-501898 A 2005.1.20



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

35

(50)

WO 03/020684 PCT/US02/25609

however, polyethylene glycol is preferred. Polyethylene glycol exhibits solubility in
a wide range of organic solvents and water but is insoluble in hexane, diethyi
ether, and tert-butyl methyl ether. Precipitation using these solvents or cooling of
polymer solutions in ethanol or methanol yields crystalline polyethylene glycol
which can be purified by simple filtration. Attaching a haloenamine group to the
polyethylene glycol thus allows for homogeneous reaction conditions while
permitting for relatively easy purification.

The a-haloenamine functionality or component of the a-haloenamine
reagent is preferably attached to the support by means of a linker. The only
requirement is that the linker be able to withstand the conditions of the reaction in
which the haloenamine reagent will be employed. In one embodiment, the linker
is selectively cleavable under a set of conditions to permit cleavage of the
enamine from the support. In another embodiment, the linker is not,

A great number of cleavable linkers have been developed over the years to
allow many multistep organic syntheses to be performed. These linkers have
generally been classified into several major classes of cleavage reaction (with
some overlap between classes): (a) electrophilically cleaved linkers,

(b) nucleophilically cleaved linkers, (c) photocleavable linkers, (d) metal-assisted
cleavage procedures, (e) cleavage under reductive conditions, and (f)
cycloaddition- and cycloreversion-based release. See, e.g., Guillier et al.,
Linkers and Cleavage Strategies in Sold-Phase Organic Synthesis and
Combinatorial Chemistry, Chem. Rev. 2000, 100, 2091-2157. )

More typically, the linker is non-cleavable and merely constitutes a chain of
atoms connecting the a-haloenamine to the solid support. The only requirement
is that the sequence not react with any of the final products or intermediates.
Thus, for example, any of the standard chemistries used to attach molecules to a
solid support may be used to immobilize the a-haloenamine or, more preferably,
a tertiary amide precurser which is then converted to the a-haloenamine using a
pentavalent phosphorous halide. More specifically, a solid phase a-
chioroenamine reagent may be derived from a polystyrene supported tertiary
amide and PCl,, with the polystyrene supported tertiary amide, in turn, being
derived from polystyrene and a chloro-substituted tertiary amide in the presence
of FeCl, (see Example 2). Alternatively, styrene (or another polymerizable
monomer) having a tertiary amide as a substituent on the phenyl ring may be
polymerized to form a polymer having a pendant tertiary amide which, as
described elsewhere herein, may be converted to an a-haloenamine moiety using
a pentavalent phosphorous halide, followed by treatment with a base.
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Regardless of whether the linker is cleavable or non-cleavable, it may
optionally include a spacer having a length and/or included moieties which
provide the a-haloenamine reagent with more “solution-like" properties and better
solvent compatibility. In general, the spacer group, if present, may be any atom,
or linear, branched, or cyclic series of atoms which distance the a-haloenamine
group from the support. The atoms, for example, may be selected from carbon,
oxygen, nitrogen, sulfur and silicon. Preferred spacers include polyethylene
glycol and alkyl chains.

In one embodiment of the present invention, one of R, and R, comprises a
support and R,, R; and the carbon atom to which they are attached are members
of a carbocylic or heterocyclic ring:

X
R4 R
AN 3
NT TS \
|
Ry Ry R

wherein Ry, Ry, R;, R, and X are as previously defined and Ry is an atom or chain
of atoms, which together with R, and R; define a carbocyclic or heterocyclic
structure. If the structure is heterocyclo, the hetero atoms are preferably selected
from oxygen and sulfur; basic nitrogens are preferably not included as a ring
atom. In addition, the atom or chain of atoms comprising R; may be substituted
with one or more hydrocarbyl, substituted hydrocarbyl, hetero atom(s) or
heterocyclo substituent. For example, together R,, R;, R; along with the carbon
atom to which R, and R, are attached may comprise a cycloalkyl ring such as
cyclopentyl or a five or six-membered heterocyclic ring. In another embodiment,
R, comprises a support which enables physical separation of the reagent from a
liquid composition, and any two of R,, R;, and R, and the atoms to which they are
attached are members of a heterocyclic ring:

X R % R X
R 1 R
R, R. RN 3 o 3
Rz R

R5\R1 R1\ RB/ 2 R4\ RG/ Rz

wherein R,, R,, R, R;, and X are as previously defined and R is an atom or a
chain of atoms, and R; is a bond, an atom or chain of atoms, wherein R, together
with R, and R,, or R, together with R, and R,, or R, and R, define a carbocyclic or
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heterocyclic structure. If the ring is heterocyclo, the hetero atoms are preferably
selected from oxygen and sulfur; again, basic nitrogens are preferably not
included as a ring atom. In each of these embodiments, R, preferably comprises
wo or three chain atoms selected from carbon, oxygen and sulfur, and Rg is
preferably a bond or an atom selected from carbon, oxygen and sulfur, thereby
defining in each instance, a five or six membered heterocycle. In addition, the
atom or chain of atoms or which R, and R; are comprised may optionally be
substituted with one or more hydrocarbyl, substituted hydrocarbyl, hetero atom(s)
or heterocyclo substituents.

C. Haloenamine Reactions

The a-haloenamines of the present invention and, in particular, the
immobilized a-haloenamines of the present invention may be used in a variety of
syntheses to convert hydroxy-containing and thiol-containing compounds to the
corresponding halides. To avoid or at least minimize unwanted side reactions,
the hydroxy or thiol-containing compounds preferably have an absence of other
unprotected moieties which are also reactive with a-haloenamines. For example,
basic primary and secondary amine moieties will react with o-haloenamines and
thus, it is preferred that the hydroxy-containing or thiol-containing compound have
an absence of unprotected basic primary and secondary amine moieties when it
is reacted with an a-haloenamine of the present invention. Suitable protecting
groups are identified, for example, in Protective Groups in Organic Synthesis by
T. W. Greene and P.G.M. Wuts, John Wiley and Sons, 3rd ed. 1999.

In one embodiment, an immobilized a-haloenamine of the present
invention is used to convert any of a wide range of carboxylic acids and
thiocarboxylic acids to the corresponding acid halide. In a preferred embodiment,
the carboxylic acids and thiocarboxylic acids have the formulae R®COOH and
R®C(0)SH and the resulting corresponding halides have the formulae R*COX
wherein R® is hydrogen, hydrocarbyl, substituted hydrocarbyl, or heterocyclo and
X is halogen. For many applications, it will be preferred that X be chlorine or
bromine, typically chlorine. In addition, R* will often be alkyl, alkenyl, alkynyl,
aryl, or heterocyclo optionally substituted with one or more substituents that do
not react with the COX functionality or the haloenamine reagent, such as, one or
more of halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy
(preferably on aryl or heteroaryl rings), protected hydroxy, formyl, acyl, acyloxy,
amino, amido, nitro, cyano, thiol, sulfides, suifoxides, sulfonamides, ketals,
acetals, esters and ethers. For example, in one embodiment, X is chlorine or

11
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bromine, preferably chiorine, and R™ is heterocyclo. In general, however, it is
preferred that compositions containing two carboxylic acid groups such as
malonic acid be avoided since, upon reaction with an a-haloenamine, they may
form a cyclic structure which may not be readily released.

In another embodiment, an immobilized a-haloenamine of the present
invention is used to convert any of a wide range of alcohols to the corresponding
halides, provided the alcohol is not a substituent of a carbocyclic, aromatic ring.
In a preferred embodiment, the alcohol corresponds to the formula (R*),COH
wherein each R* is independently hydrogen, hydrocarbyl, substituted hydrocarbyl,
or heterocyclo.

One particularly noteworthy class of alcohols which may be converted to
the corresponding halides by reaction with immobilized a-haloenamines of the
present invention are sugars. The conversion of a suitably protected sugar fo the
corresponding halide is depicted in the following reaction scheme:

R R
(0] 0]
____>
R" OH R" X
n
R" R"
wherein
Xis F, Cl, or Br;

each R" is independently H, OZ, NHZ, SZ, or at least one additional
saccharide unit;

R'= H, (CH,),,0Z, (CH,),NHZ, or (CH,),.SZ, or at least one additional
saccharide unit;

m=0-1;

n = 1-2; and

Z is a protecting group.
Thus, for example, the immobilized a-haloenamine of the present invention may
be used to convert the hemiacetal alcohol moiety of a monosaccharide, a
disaccharide or a polysaccharide to a halide. Exemplary monosaccharides
include allose, altrose, arabinose, erythrose, fructose, galactose, glucose, gulose,
idose, lyxose, mannose, psicose, ribose, ribulose, sorbose, tagatose, talose,
threose, xylose, xylulose, and erythrulose. Other exemplary sugars include the
deoxy analogs, such as deoxyribose, rhamnose and fucose.

12
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In another embodiment, an immobilized «-haloenamine of the present
invention is used to convert any of a wide range of silanols to the corresponding
silyl halides. In a preferred embodiment, the silanol corresponds to the formula
(R*),8iOH and the resulting silyl halide corresponds to the formula (R),8iX
wherein each R* is independently hydrogen, hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, substituted hydrocarbyloxy, or heterocyclo, and X is halogen. For
many applications, it will be preferred that X be chlorine or bromine, typically
chlorine. In addition, R¥ will often be alkyl, alkenyl, alkynyl or aryl, optionally
substituted with one or more moieties selected from halogen, heterocyclo, alkoxy,
alkenoxy, alkynoxy, aryloxy, hydroxy (preferably on aryl or heteroaryl rings),
protected hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol,
sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and ethers.

In another embodiment, an immobilized a-haloenamine of the present
invention is used to convert any of a wide range of sulfonic or sulfinic acids to the
corresponding sulfonyl or sulfinyl halide. In a preferred embodiment, the sulfonic
or sulfinic acid corresponds to the formula R*S(=0),0H, and the corresponding
halide corresponds to the formula R°S(=0), X wherein R® is hydrocarby!,
substituted hydrocarbyl, or heterocyclo, X is halogen and nis 1 or 2. For many
applications, it will be preferred that X be chlorine or bromine, typically chlorine.

In addition, R® will often be alkyl, alkenyl, alkynyl or aryl, optionally substituted with
one or more moieties selected from halogen, heterocyclo, alkoxy, alkenoxy,
alkynoxy, aryloxy, hydroxy (preferably on aryl or heteroaryl rings), protected
hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol, sulfides,
sulfoxides, sulfonamides, ketals, acetals, esters and ethers.

In another embodiment, an immobilized «-haloenamine of the present
invention is used to convert any of a wide range of phosphinic acids, phosphonic
acids or phosphates (or the thio analogs thereof) to the corresponding phosphoryl
halide. In a preferred embodiment, the phosphinic acid, phosphonic acid or
phosphate corresponds to the formula (R®),P(O)(OH),,, and the corresponding
halide corresponds to the formula (R),P(O)X ;. wherein each R is hydrogen,
hydrocarbyl, substituted hydrocarbyl, hydrocarbyloxy, substituted hydrocarbyloxy,
or heterocyclo, X is halogen, and u is 0-2. In an alternative embodiment, the
phosphinc acid, phosphonic acid or phosphate is a thio analog corresponding to
the formula (R?),P(O)(ZH),., and the corresponding halide corresponds to the
formula (RP),P(=0)Xs.,, wherein R®, X, and u are as previously defined and Z is O
or S with at least one Z being S. For many applications, it will be preferred that X
be chlorine or bromine, typically chlorine. In addition, R® will often be alkyl,
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alkenyl, alkynyl or aryl, optionally substituted with one or more moieties selected
from halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy
(preferably on aryl or heteroaryl rings), protected hydroxy, formyl, acyl, acyloxy,
amino, amido, nitro, cyano, thiol, sulfides, sulfoxides, sulfonamides, ketals,
acetals, esters and ethers. In general, however, it is preferred that
phenylphosphinic acid (C¢HsH,PO,) be avoided since, upon reaction with an o-
haloenamine, it forms a substance which is not readily released.

In another embodiment, an immobilized a-haloenamine of the present
invention is used to dehydrate a non-aqueous solvent. The process comprises
combining the solvent with an immobilized a-haloenamine reagent. The solvent
may be any solvent which will not react with a-haloenamines.

F. Definitions

The terms "hydrocarbon” and “hydrocarbyl” as used herein describe
organic compounds or radicals consisting exclusively of the elements carbon and
hydrogen. These moieties include linear, branched or cyclic alkyl, alkenyl,
alkynyl, and aryl moieties. These moieties also include alkyl, alkenyl, alkynyl, and
aryl moieties substituted with other aliphatic or cyclic hydrocarbon groups, such
as alkaryl, alkenaryl and alkynaryl. Unless otherwise indicated, these moieties
preferably comprise 1 to 20 carbon atoms. In addition, the hydrocarbyl moieity
may be linked to more than one substitutable position of the tertiary amide or
a-haloenamine of the present invention; for example, R, and R, of the tertiary
amide or a-haloenamine may comprise the same chain of carbon atoms which,
together with the carbon atoms to which R, and R are attached define a
carboeyclic ring.

The “substituted hydrocarbyl” moieties described herein are hydrocarby!
moieties which are substituted with at least one atom other than carbon, including
moieties in which a carbon chain atom is substituted with a hetero atom such as
nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen atom. These
substituents include halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy,
hydroxy (preferably on aryl or heteroaryl rings), protected hydroxy, formyl, acyl,
acyloxy, amino, amido, nitro, cyano, thiol, sulfides, sulfoxides, sulfonamides,
ketals, acetals, esters and ethers.

The term “heteroatom” shall mean atoms other than carbon and hydrogen.
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Unless otherwise indicated, the alkyl groups described herein are
preferably lower alkyl containing from one to eight carbon atoms in the principal
chain and up to 20 carbon atoms. They may be straight or branched chain or
cyclic and include methyl, ethyl, propyl, isapropyl, butyl, hexyl and the like.

Unless otherwise indicated, the alkeny! groups described herein are
preferably lower alkenyl containing from two to eight carbon atoms in the principal
chain and up to 20 carbon atoms. They may be straight or branched chain or
cyclic and include ethenyl, propenyl, isopropenyl, buteny, isobutenyl, hexenyl,
and the like.

Unless otherwise indicated, the alkynyl groups described herein are
preferably lower alkynyl containing from two to eight carbon atoms in the principal
chain and up to 20 carbon atoms. They may be straight or branched chain and
include ethynyl, propynyl, butynyl, isobutynyl, hexynyl, and the like.

The terms "aryl” or "ar" as used herein alone or as part of another group
denote optionally substituted homocyclic aromatic groups, preferably monocyelic
or bicyclic groups containing from 6 to 12 carbons in the ring portion, such as
phenyl, biphenyi, naphthyl, substituted phenyl, substituted bipheny! or substituted
naphthyl. Phenyl and substituted phenyl are the more preferred aryl.

The terms "halogen” or "halo" as used herein alone or as part of another
group refer to chlorine, bromine, fiuorine, and iodine.

The terms "heterocyclo” or "heterocyclic” as used herein alone or as part of
another group denote optionally substituted, fully saturated or unsaturated,
monocyeclic or bicyclic, aromatic or nonaromatic groups having at least one
heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
heterocyclo group preferably has 1 or 2 oxygen atoms, 1 or 2 sulfur atoms, and/or
110 4 nitrogen atoms in the ring, and may be bonded to the remainder of the
molecule through a carbon or heteroatom. Exemplary heterocyclo include
heteroaromatics such as furyl, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl, quinolinyl,
or isoquinolinyl and the like. Exemplary substituents include one or more of the
following groups: hydrocarbyl, substituted hydrocarbyl, halogen, heterocyclo,
alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy (preferably on aryl or heteroaryl
rings), protected hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol,
sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and ethers. In addition,
the heterocyclo moieity may be linked to more than one substitutable position of
the tertiary amide or a-haloenamine of the present invention; for example, R, and
R, of the tertiary amide or a-haloenamine may comprise the same chain of atoms
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which, together with the atoms to which R, and R, are attached define a
heterocyclo ring.

The term "heteroaromatic" as used herein alone or as part of another
group denote optionally substituted aromatic groups having at least one
heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
heteroaromatic group preferably has 1 or 2 oxygen atoms, 1 or 2 sulfur atoms,
and/or 1 to 4 nitrogen atoms in the ring, and may be bonded to the remainder of
the molecule through a carbon or heteroatom. Exemplary heteroaromatics
include furyl, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl, quinoliny, or isoquinolinyl
and the like. Exemplary substituents include one or more of the following groups:
hydrocarbyl, substituted hydrocarbyi, halogen, heterocyclo, alkoxy, alkenoxy,
alkynoxy, aryloxy, hydroxy (preferably on ary! or heteroaryl rings), protected
hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol, sulfides,
sulfoxides, suifonamides, ketals, acetals, esters and ethers.

The term "hydrocarbyloxy," as used herein denotes a hydrocaryl group as
defined herein bonded through an oxygen linkage (--O--), e.g., RO- wherein R is
hydrocarbyl.

“DBU" shall mean 1,8-diazabicyclo[5.4.0Jundec-7-ene.

“DBN" shall mean 1,5-diazabicyclo[4.3.0]non-5-ene.

The following examples will illustrate the invention.

EXAMPLE 1
Improved Synthesis of N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine

o o] a

3 POCL ntrate @ EtN isti
~y )‘\( 3 conce; o )\r 3 distill S~
| cat DMF in vacuo e | CH,Cly invacuo |

ClLP(0)0

Dimethylisobutyramide (25.00 g, 217.39 mmol) was added dropwise over a
30-minute period to a solution of DMF (336 L, 4.34 mmol) and POCI; (60.70 mL,
651.22 mmol). The resulting solution was stirred at ambient temperature and
monitored by "H-NMR. After 3 hours the reaction was concentrated under
vacuum to remove all excess POCI,. Triethylamine (33.30 mL, 238.21 mmol) was
then added dropwise to a solution of the resulting chioroiminium satt dissolved in
a small amount of CH,Cl, (10mL). This mixture was distilled at 70 C (100 Torr) to
afford 22.70 g of N-(1-chloro-2-methylprop-1-enyl)-N,N-dimethylamine. 'H NMR
(CDCl,): 8 2.36 (s, 6H), 4.11 (s, 2H), 1.74 (br s, 6H).

16
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EXAMPLE 2
Synthesis of N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

e
HN)J\( reflux 01/\r|\| —— -
le Me (o}

N
CHyCly, FeClL
I 2Cla, 3 /

©
(s}
oy Qe =,
N CHQY, N
Me cl Me cl

CHACN

N-Chiloromethyl-N-methyl isobutyramide: A mixture of N-
methylisobutyramide (200.00 g, 1980 mmot) and paraformaldehyde (50.50 g,

5 1680 mmol) in chlorotrimethyisilane (860.40 g, 7920 mmol) was slowly heated to

10

15

20

25

reflux. At about 62 C, the reaction exothermed and most of the
paraformaldehyde dissolved. This mixture was refluxed for an additional 4 hours,
and then was filtered to remove solids. This was concentrated to remove nearly
all the excess TMSCI, and then again fittered to afford 219 g of N-chloromethyl-N-
methylisobutyramide. 'H NMR (CDCL,): (2 rotamers): & 5.33 (s) and 5.30 (s) [2H
combined], 3.11 (s) and 2.97 (s) [3H combined], 2.93 (heptet, J = 6.2 Hz) and
2.75 (heptet, J = 6.4 Hz) [1H combined], 1.14 (d, J = 6.2 Hz) and 1.10 (d, J = 6.2
Hz) [6H combined].

N-Methyl isobutyramidomethylpolystyrene: Anhydrous FeCl, (202.70 g,
1250 mmol) was added in portions fo a mechanically stirred mixture of 1%
crosslinked styrene-divinylbenzene copolymer (100 g, 960 mEg) and N-
chloromethyl-N-methylisobutyramide (186.80 g, 1250 mmol) in CH,Cl, (1L),
maintaining the internal reaction temperature between —5°C to §°C. The resuiting
yellow slurry was stirred at room temperature for 5 days, and then was filtered
and washed with CH,Cl, (3x), 1:1 aqueous 1N HCV/1,4-dioxane (1x), and then with
portions of MeOH until the color was gone. The 1:1 1N HCI/1,4-dioxane wash
step was very exothermic and controlled by 1% adding the 1,4-dioxane to the
resin, and then cooling this stirred slurry with a dry ice/acetone bath while 1N HCI
was added slowly. Vacuum drying at room temperature overnight afforded 193.0
g of the resin as an off-white solid. Amide loading on the resin was calculated to
be 4.56 mmol/gm based on elemental analysis. Magic Angle *C NMR (CD,Cl,):
(2 rotamers): 3 177.38 and 176.95 (CO), 53.12 and 50.57 (CH,N), 34.70 and

17

JP 2005-501898 A 2005.1.20



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(59)

WO 03/020684 PCT/US02/25609

34.00 (NCH,), 30.56 and 30.45 (CHMe,), 20.03 and 19.53 (CH(CH,),). FT-IR:
1642.92 cm-1 (broad CO stretch). Anal. Caled for 1.00 C,,H,,NO + 0.10H,0: C,
76.74; H, 8.83; N, 6.39; O, 8.03. Found: C, 76.65; H, 8.74; N, 6.30; O, 7.81.

N-(1-Chloro-2-methylprop-1-enyl)-N-methy! aminomethylpolystyrene: N-
methyl isobutyramidomethylpolystyrene (100.00 g, 4566 mEq) was washed twice
with dry CH,CN (@1.5L). A fresh portion of CH,CN (1.5L) was then added, and
the reaction was cooled with an ice-water bath while PCl, (330.16 g, 1585 mmol)
was added in portions, at a rate which maintained the internal reaction
temperature from 10°C to 17°C. The resulting mixture was slowly stirred at room
temperature for 4 hours, and then was filtered and washed with 2 portions of
CH,CN. The swelled polymer was compacted 3-fold by washing with 3 portions
of CHCI, This CH,CN/ CHCI; cycle of washes was repeated to completely
remove the excess PCl.

A slurry of this chloroiminium chioride of N-methy!
isobutyramidomethylpolystyrene was prepared in anhydrous CHCI, (1.5 L). This
was cooled with dry-ice/acetone to —10°C while Et,N (317 mL, 2275 mmol) was
added dropwise. A precipitate of Et;NHC! did not form. The resulting mixture
was stirred at 0°C for 2 hours, and then was filtered and washed sequentially with
equal portions of CHCI,, 1:2 CH;CN/CHCI,, 1:1 CH,CN/CHCI,, and then CHCI;,
Reaction solvents were anhydrous and the CHCl, was stabilized with amylenes.
Vacuum drying afforded golden yellow N-(1-chloro-2-methylprop-1-enyl)-N-methyl
aminomethylpolystyrene.

Resin loading was determined by adding excess acetic acid (26.9 mg) to a
slurry of N~(1-chloro-2-methylprop-1-enyi)-N-methyl aminomethylpolystyrene (96
mg) in CDCl, {800 mL), and integrating the acetyl peaks in the 1H NMR spectrum
after 10 minutes of stirring at room temperature. A value of 2.64 mEg/gm was
calculated from [(CH,COC! integral)/(CH,COGH integral)] x 26.9 mg/60.05/0.096
9.

18
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EXAMPLE 3
Synthesis of 1-methyl-4-(BOC amino)pyrrole-2-carbonyi chloride

. JMe
A Y - %%

COOH CH3CN N cOoc!
| |

Me Me

N-(1-chioro-2-methylprop-1-enyl)-N,N-dimethylamine (31 L, 0.23 mmol)
was added to a mixture of 1-methyl-4-(BOC amino)pyrrole-2-carboxylic acid (50
5 mg, 0.21 mmol} in CDCI; (200 mL). After a few minutes, the 'H-NMR of the
reaction mixture showed complete conversion of the acid to the acid chloride.
The proton spectrum of this solution of acid chloride did not change on standing
overnight at room temperature. 'H NMR (CDC,): § 7.35 (br s, 1H), .93 (d, J =
2Hz, 1H), 6.46 ( brs, 1H), 3.82 (s, 3H), 1.50 (s, 9H).

10 EXAMPLE 4
Synthesis of 1-methyl-4-(BOC amino)imidazole-2-carbonyl chloride

Me

H Me %—Me H
%’O / ‘N 0, /
)‘ N Mé o }" N

o N —_— 0 Z‘N
z:»\cow CHyCN [ N»\Com

e e
N-(1-chioro-2-methyiprop-1-eny!)-N,N-dimethylamine (660 uL, 4.99 mmol)
was added to a mixture of 1-methyl-4-(BOC amino)imidazole-2-carboxylic acid
(1.00 g, 4.17 mmol) in CHCI, (8.00 mL). After a few minutes, the "H-NMR of the
15 reaction mixture showed complete conversion of the acid to the acid chloride. 'H
NMR (CDCl,): 5 7.48 (br s, 1H), 3.95 (s, 3H), 1.50 (s, 9H).

JP 2005-501898 A 2005.1.20



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(61)

WO 03/020684 PCT/US02/25609

EXAMPLE 5
General synthesis of acid chlorides using
N-(1-chloro-2-methyiprop-1-eny!)}-N-methyi aminomethylpolystyrene

-0,

vé ol
RCOOH —_— RCOCI

CH;CN

In a dry box, 2 equivalents of N-{1-chloro-2-methylprop-1-enyl)-N-methy!
5 aminomsthylpolystyrene was added fo a stirred 0.20M-0.25M mixture of ~0.5-1.0
mmol of a carboxylic acid in CD,CN. The resulting reaction mixture was
monitored to completion by "H-NMR. Aliquots of the liquid phase containing the
acid chloride were then derivatized by addition to small volumes of methanol,
ethanol, or aqueous 40% MeNH,. These reactions were monitored to completion
10 over 1-3h by "H-NMR and HPLC to form the ester or amide, and then were
concentrated under vacuum and characterized. Reverse phase HPLC was
carried out on an Agilent 1100 system using a Vydac 4.6 x 250 mm Protein &
Peptide C18 column eluted at 1.2 mL/min with a linear gradient of 20% MeCN :

80% H,0 to 100% MeCN over a 15 minute period. Both solvents contained 0.1%
15 TFA. The compounds of examples A-M were prepared by these procedures.

EXAMPLE 5A

Me,
COOH ‘%—Ms coct
N
v cl o

ct Siles Sittes

CH3CN

COXMe
cl Sittes

X=00rNH
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2-Chloro-6-trimethylsilanyl benzoyl chloride was cleanly and completely
formed from 2-chloro-6-trimethylsilanyi benzoic acid within 1h. 'H NMR (CD;CN):
5 7.30-7.13 (m, 3H), 0.00 (s, 9H). *C NMR (CD,CN): 5 169.82 (CO), 142.34,
138.69, 133.82, 131.78, 130.75, 128.46, -1.04 (SiCH,).

Methyl 2-chloro-6-trimethylsilanyl benzoate formed cleanly and completely
from the reaction of 2-chloro-6-trimethyisilanyl benzoyl chloride with methanal, to
afford a single 254 nm HPLC peak at 12.604 min. 'H NMR (CD,CN): 5 7.32-7.13
(m, 3H), 3.63 (s, 3H), 0.00 (s, 9H). ™*C NMR (CD,CN): 5 168.70 (CO), 140.35,
138.45, 133.31, 130.60, 130.22, 52.22 (OCH,), -1.44 (SiCH,). GC-MS showed a
single peak in the TIC: m/z 227 (M*-Me).

N-Methyl-2-chloro-6-trimethylsilanyl benzamide formed cleanly and
completely from the reaction of 2-chloro-6-trimethylsilanyl benzoyl chioride with
aqueous 40% methylamine, to afford a single 254 nm HPLC peak at 8.417 min.
H NMR (CD,CN): & 7.28-7.06 (m, 3H), 2.58 (d, J = 4.83 Hz, 3H), 0.00 (s, SH).
3¢ NMR (CD,CN): & 140.38, 133.27, 129.97, 129.66, 25.45 (NCH;), -1.11
(SICH,). Calculated C,H,,CINOSi (M"+1) exact mass = 242.0762. Found
242.0749.

EXAMPLE 5B

COOH cocl caone

M

_>

CH;CN

2-Hydroxy benzoyl chloride was cleanly and completely formed from 2-
hydroxy benzoic acid within 15 min. H NMR (CD,CN): 5 9.37 (s, 1H), 8.11 (dd, J
=8.2 Hz, 1.7 Hz, 1H), 7.67 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 7.11-7.04 (m, 2H). ]
NMR (CD,CN): 8 172.42 (CO), 161.19, 138.76, 134.20, 120.75, 118.08.

Methyl 2-hydroxy benzoate was formed cleanly and completely from the
reaction of 2-hydroxy benzoyl chloride with methanol, to afford a single 254 nm
HPLC peak at 8.510 min. "H NMR (CD,CN): 5 10.66 (br s, 1H), 7.82 (dd, J=8.0
Hz, 1.7 Hz, 1H), 7.48 (d of t, J = 7.8 Hz, 1.7 Hz, 1H), 6.94-6.89 (m, 2H), 3.89 (s,
3H). "*C NMR (CD,CN): 3 170.70 (CO), 161.49, 136.04, 130.11, 119.58, 117.45,
112.71, 52.34 (OCH,). GC-MS showed a single peak in the TIC: m/z 152 M),

21
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EXAMPLE 5C
Me
cooH
Me cocl COXMe
N
md o
CHyON
oH
OH oH
X=0orNH

4-Hydroxy benzoyl chloride was cleanly and completely formed from 4-
hydroxy benzoic acid within 15 min. 'H NMR (CD,CN): & 8.31 (br s, 1H), 8.02 (d,
J =8.9 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H). *C NMR (CD,CN): 5 164.18, 134.50,

5 116.13.

Methyl 4-hydroxy benzoate formed cleanly and completely from the
reaction of 4-hydroxy benzoyl chloride with methanol, to afford a single 254 nm
HPLC peak at 5.237 min. 'H NMR (CD,CN): 5 7.88 (d, J = 8.8 Hz, 2H), 6.88 (d, J
= 8.8 Hz, 2H), 3.82 (s, 3H). "*C NMR (CD,CN): 5 166.65, 161.45, 131.69, 115.33,

10 51.49 (OCH,).

N-Methy! 4-hydroxy benzamide formed cleanly and completely from the
reaction of 4-hydroxy benzoy! chloride with aqueous 40% methylamine, to afford
a broad 254 nm HPLC peak at 2.512 min. 'H NMR (CD,CN): & 7.66 (d, J = 8.8
Hz, 2H), 7.51 (br s, 1H), 6.85 (d, J = 8.6 Hz, 2H), 2.83 (d, J = 4.7 Hz, 3H). *C

15 NMR (CD,CN): 8 128.97, 115.07, 25.76 (NCH,). Calculated C,H,(NO, (M*+1)
exact mass = 152.0706. Found 152.0602.

EXAMPLE 5D

Me
COOH _%—Me cocl COXMe
N
NO, md a1 ©/N02 NO»
CH;CN

X=00rNH

2-Nitrobenzoyl chloride was cleanly and completely formed from 2-
nitrobenzoic acid within 20 min. 'H NMR (CD,CN): 5 8.13 (d, J = 2.4 Hz, 1H),
20 7.91-7.81 (m, 3H). "*C NMR (CD,CN): & 134.71, 133.89, 129.10, 125.00.

22
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Methyl 2-nitrobenzoate formed cleanly and completely from the reaction of
2-nitrobenzoyl chloride with methanol, to afford a single 304 nm HPLC peak at
7.284 min. 'H NMR (CD,CN): 8 7.94-7.92 (m, 2H), 7.79-7.69 (m, 3H), 3.87 (s,
3H). ®C NMR (CD,CN): & 165.89, 133.56, 132.62, 130.04, 127.18, 124.21, 53.05

5 (OCH,).

N-Methyl-2-nitrobenzamide formed cleanly and completely from the
reaction of 2-nitrobenzoyl chloride with aqueous 40% methylamine, to afford a
broad 304 nm HPLC peak at 3.153 min. 'H NMR (CD,CN): 6 7.96 (d, J = 8.0 Hz,
1H), 7.74-78.53 (m, 3H), 6.94 (br s, 1H), 2.84 (d, J = 4.8 Hz, 3H). *C NMR

10 (CD,CN): & 166.63, 133.70, 130.83, 128.95, 124.42, 25.97 (NCH;). Calculated
CgHgN, O, (M*+1) exact mass = 181.0608. Found 181.0621.

EXAMPLE 5E

" . Me,
S P
N
/
Me Cl
d
"
N7 TCOOH CHCN

| o

M
Me
BOCNH

Me

N
|

X=0orNH

(5-Chlorocarbonyi-1-methyl-1H-pyrrol-3-yl)-carbamic acid fert-butyl ester
was cleanly and completely formed from 4-terf-butoxycarbonylamino-1-methyl-
16 1H-pyrrole-2-carboxylic acid overnight. 'H NMR (CD,CN): & 7.35 (br s, 1H), 7.03
(d, d = 1.9 Hz, 1H), 3.79 (s, 3H), 1.47 (s, 9H). '*C NMR (CD,CN): & 156.20,
125.54, 114.59, 36.96, 27.69.
Methyl 4-tert-butoxycarbonylamino-1-methyl-1H-pyrrole-2-carboxylate
formed cleanly and completely from the reaction of (5-chlorocarbonyl-1-methyl-
20 1H-pyrrol-3-yl)-carbamic acid fert-butyl ester with methanal, to afford a single 304

23
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nm HPLC peak at 8.647 min. 'H NMR (CD,CN): & 7.27 (br s, 1H), 7.03 (br's, 1H),
6.63 (s, 1H), 3.82 (s, 3H), 3.74 (s, 3H), 1.46 (s, SH). "*C NMR (CD,CN): & 161.35,
153.37, 123.07, 119.54, 107.68, 50.70 (OCH,), 36.13, 27.73. Calculated
CiaHigN,O, (M™+1) exact mass = 255.1339. Found 255.1333.

5 (1-Methyl-5-methylcarbamoyl-1 H-pyrrol-3-yl)-carbamic acid fert-butyl ester
formed cleanly and completely from the reaction of (5-chlorocarbonyl-1-methyl-
1H-pyrrol-3-yi)-carbamic acid tert-butyl ester with aqueous 40% methylamine, to
afford a single 304 nm HPLC peak at 5.870 min. 'H NMR (CD,CN): 8 7.27, (brs,
1H), 8.82 (br s, 1H), 6.58 (brs, 1H), 6.45 (s, 1H), 3.81 (s, 3H), 2.76 (d, J = 4.7 Hz,

10 8H), 1.46 (s, 9H). C NMR (CD,CN): & 162.25, 153.43, 122.49, 122.34, 102.76,
35.78, 85.75, 27.76, 25.09 (NCH,). Calculated C,,H,N,O, (M*+1) exact mass =
254.1499. Found 254.1504.

EXAMPLE 5F
0, A Me,
>/.—-N _%—Me BOCNH
P 0 ¥ e
e

N)\GODH N)\coc;

| CH3CN |

Me Me

BOCNH,

|
Me

X=0aNH

(2-Chiorocarbonyl-1-methyl-1H-imidazol-4-yl)-carbamic acid feri-buty} ester
15 cleanly and completely formed from 4-tert-butoxycarbonylamino-1-methyl-1H-
imidazole-2-carboxylic acid within 1 hour. "H NMR (CD,CN):  8.02 (br s, 1H),
7.50 (br s, 1H), 3.89 (s, 3H), 1.48 (s, H).
Methyl 4-fert-butoxycarbonylamino-1-methyi-1H-imidazole-2-carboxylate
formed cleanly and completely from the reaction of (2-chlorocarbonyl-1-methyl-
20  1H-imidazol-4-yi)-carbamic acid tert-butyl ester with methanol, to afford a single
304nm HPLC peak at 6.088 min. 'H NMR (CD,CN): 5 9.11 (brs, 1H), 7.35 (br s,
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1H), 3.98 (s, 3H), 3.92 (s, 3H), 1.49 (s, 9H). Calculated Cy1HigN;0, (M*+1) exact
mass = 256.1292. Found 256.1291.

(1-Methyl-2-methylcarbamoy!-1 H-imidazol-4-yl)-carbamic acid tert-buty!
ester formed cleanly and completely from the reaction of (2-chlorocarbonyl-1-
methyl-1H-imidazol-4-yl)-carbamic acid tert-butyl ester with aqueous 40%
methylamine, to afford a single 304nm HPLC peak at 5.642 min. 'HNMR
(CD,CN): 6 7.36, (br's, 1H), 7.04 (br s, 1H), 3.94 (s, 3H), 2.81 (s, 3H), 1.47 (s,
9H). Calculated C,;HoN,O; (M™+1) exact mass = 255.1452. Found 255.1429.

EXAMPLE 5G

Q\COOH '——“ﬂi) @com — Q\COXME
H CH;CN H
X=0o0rNH

1H-Pyrrole-2-carbonyl chloride cleanly and completely formed from 1H-
pyrrole-2-carboxylic acid within 15 min. H NMR (CD,CN): & 7.26 (br m, 1H), 7.21
(br m, 1H), 8.37 (br m, 1H). C NMR (CD,CN): & 129.13, 122.80, 112.04.

Methyl 1H-pyrrole-2-carboxylate formed cleanly and completely from the
reaction of 1H-pyrrole-2-carbonyl chloride with methanol, to afford a single 254nm
HPLC peak at 4.763 min. 'H NMR (CD,CN): 3 9.98 (br m, 1H), 6.99 (s, 1H), 6.83
(s, 1H), 6.23 (m, 1H), 3.79 (s, 3H). #C NMR (CD,CN): 5 123.48, 115.00, 109.96,
50.96 (OCH,). GC-MS showed a single peak in the TIC: m/z 125 (M").

N-Methyl-1H-pyrrole-2-carboxamide formed cleanly and completely from
the reaction of 1H-pyrrole-2-carbonyl chioride with aqueous 40% methylamine, to
afford a single 254 nm HPLC peak at 2.789 min. 'H NMR (CD,CN): 5 9.89, (brs,
1H), 6.88 (m, 1H), 6.67 (br s, 1H), 6.59 (m, 1H), 6.17 (m, 1H), 2.81 (d, J =4.8 Hz,
3H). 3C NMR (CD4CN): & 121.17, 109.24, 108.97, 25.11 (NCH,). Calculated
CgHgN,O (M*+1) exact mass = 125.0709. Found 125.0717.

25

JP 2005-501898 A 2005.1.20



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(67) JP 2005-501898 A 2005.1.20

WO 03/020684 PCT/US02/25609

EXAMPLE 5H

Me,
Me

N
e’ 1
CH3CN
X=0orNH

Furan-2-carbonyl chloride cleanly and completely formed from furan-2-
carboxylic acid within 25 min. 'H NMR (CD,CN): & 7.93 (dd, J= 1.0 Hz, 1.7 Hz,
1H), 7.63 (dd, J = 0.7 Hz, 3.7 Hz, 1H), .74 (dd, J = 1.7 Hz, 3.7 Hz, 1H). ®C

5 NMR (CD,CN}: 6 151.39, 145.92, 125.82, 113.83.

Methyl furan-2-carboxylate formed cleanly and completely from the
reaction of furan-2-carbonyl chloride with methanol, to afford a single 254nm
HPLC peak at 4.987 min. 'H NMR (CD,CN): 3 7.70 (dd, J = 0.8 Hz, 1.7 Hz, 1H),
7.20 (dd, J = 0.8 Hz, 3.4 Hz, 1H), 6.59 (dd, J = 1.8 Hz, 3.4 Hz, 1H), 3.83 (s, 3H).

10 "*C NMR (CD,CN): 5 159.04, 147.14, 144.78, 118.01, 112,13, 51.60 (OCH,). GC-
MS showed a single peak in the TIC: m/z 126 (M").

N-Methyl furan-2-carboxamide formed cleanly and completely from the
reaction of furan-2-carbonyl chioride with agueous 40% methylamine, to afford a
single 254 nm HPLC peak at 2.662 min. 'M NMR (CD,CN): 6 7.56, (dd, J = 0.8

15 Mz, 1.7 Hz, 1H), 6.98 (dd, J = 0.8 Hz, 3.4 Hz, 1H), 6.54 (dd, J = 1.8 Hz, 3.5 Hz,
1H), 2.83 (d, J = 4.8 Hz, 3H). "*C NMR (CD,CN): & 144.59, 113.00, 111.90, 25.05
(NCH,). Calculated CsHyNO, (M*+1) exact mass = 126.0550. Found 126.0553,

EXAMPLE 5l

e,
COOH

O}’”” Q<) Nf}m

Me,
/
mé  cl \_-cocl

O’Q CHeN FMOCNH/

Me,
,~COOMe

FMOCNH
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(1-Chlorocarbonyl-ethyl)-carbamic acid 9H-fluoren-9-ylmethy! ester cleanly
and completely formed from 2-(9H-fluoren-9-yimethoxycarbonylamino)-propionic
acid within 20 min. "H NMR (CD,CN): 8 7.85 (d, J= 7.5 Hz, 2H), 7.68 (d, J = 7.1
Hz, 2H), 7.44 (t, J = 7.3 Hz, 2H), 7.35 (t, J = 7.4 Hz, 2H), 6.44 (br s, 1H), 4.48-
4.23 (m, 4H), 1.48 (d, J = 7.0 Hz, 3H). "®C NMR (CD,CN): 8 176.13, 156.08,
144.16, 141.38, 127.95, 127.33, 125.35, 120.21, 66.84, 59.27, 47.15, 15.75.

Methyl 2-(9H-flucren-9-yimethoxycarbonylamino)-propionate formed
cleanly and completely from the reaction of (1-chloracarbonyl-ethyl)-carbamic acid
9H-fluoren-9-yimethyl ester with methanol, to afford a single 254 nm HPLC peak
at 10.353 min. "H NMR (CD,CN): 8 7.84 (d, J = 7.6 Hz, 2H), 7.68 (d, J = 6.8 Hz,
2H), 743 (, J = 7.3 Hz, 2H), 7.35 (t, J = 7.4 Hz, 2H), 6.07 (br s, 1H), 4.39-4.15
(m, 4H), 3.67 (s, 3H), 1.35 (d, J = 7.3 Hz, 3H). C NMR (CD,CN): & 173.65,
156.07, 144,34, 141.35, 127.91, 127.32, 125.38, 120.19, 66.46, 51.98 (OCH,),
49.86, 47.21, 17.05. Calculated C,gH,(NO, (M*+1) exact mass = 326.1387.
Found 326.1398.

EXAMPLE 5J

) Ni‘}_m

e’ cl
CI+CODH —> G

cl CH3CN

CI Gl

+CDCI ———> Ci COXMe
iv)

Cl

X=0orNH

Trichloroacety! chloride cleanly and completely formed from trichioroacetic
acid within 20 min. *C NMR (CD,CN): 3 164.09, 93.87. GC-MS showed a single
peak in the TIC with a spectrum that was identical to authentic material: m/z 145
(M*-Cl).

Methyl trichloroacetate formed cleanly and completely from the reaction of
trichloroacetyl chloride with methanol. *C NMR (CD,CN): 8 162.55, 89.75, 56.14
(OCH,;). GC-MS showed a single peak in the TIC: m/z 141 (M*-Ci}.

N-Methyl! trichloroacetamide formed cleanly and completely from the
reaction of trichloroacetyl chloride with aqueous 40% methylamine. '°C NMR
(CD,CN): 5 162.50, 92.74, 27.41 (NCH,). GC-MS showed a single peak in the
TiC: miz 175 (M*). Calculated C;H;Cl;N,O (M+NH,") exact masses for chlorine
isotopes = 192.9697, 194.9667, 196.9638. Found 192.9732, 194.9711,
196.9643.
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EXAMPLE 5K
Me,
<)~
Me, s M, We,
Me—d—cooH L . Me—>—COCI — Ms%—COR
e CH,CN e e

R=0Et or NHMe

Trimethylacetyl chloride cleanly and completely formed from trimethylacetic
acid within 2 hours. 'H NMR (CD,CN): 3 1.33 (s, 9H). **C NMR (CD;CN): &
180.62, 49.50, 26.38.

5 Ethyl trimethylacetate formed cleanly and completely from the reaction of
trimethylacetyl chloride with ethanol. "H NMR (CD,CN): & 4.04 (g, J =7.2 Hz,
2H), 1.18 (t, J = 7.2 Hz, 3H), 1.12 (s, 9H). GC-MS showed a single peak in the
TIC: m/z 130 (M*).

N-Methy! trimethylacetamide formed cleanly and completely from the

10 reaction of trimethylacetyl chloride with agueous 40% methylamine. H NMR
(CD,CN): 36.29 (brs, 1H), 2.65 (d, J = 4.7 Hz, 3H), 1.12 (s, 9H). BC NMR
(CD,CN): 8 27.00, 25.65 (NCHj,).

EXAMPLE 5L

Q’ O Me}\li!g%(}l_Me

CHLCN

Me—\—CODH Ms_\\——GOGI

But-2-enoyl chloride cleanly and completely formed from but-2-enoic acid
15 within 20 min, and was identical to authenic compound. *H NMR (CD;CN): & 7.32
(d of g, J = 6.9 Hz, 15.1 Hz, 1H), 6.19 (d of q, J = 1.6 Hz, 15.1 Hz, 1H), 1.98 (dd, J
= 1.6 Hz, 6.9 Hz, 3H). **C NMR (CD,CN): & 154.78, 127.12, 17.77.

EXAMPLE 5M

Me,
o
N
Me Cl

/
/——COOH -COCI
Me' Ma/—

CH,CN
28
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Priopionyl chloride cleanly and completely formed from priopionic acid within 15
min. "H NMR (CD,CN): 5 3.00 (g, J = 7.3 Hz, 2H), 1.16 (t, J = 7.2 Hz, 3H). *C
NMR (CD,CN): & 175.10, 40.87, 8.97.

EXAMPLE 6
5 General synthesis of chlorides from alcohols using
N-(1-chloro-2-methylprop-1-enyl)-N-methy] aminomethylpolystyrene

ey

vé
ROH > RCI

CH3CN

In a dry box, 2 equivalents (per OH group) of N-(1-chloro-2-methylprop-1-
enyl)-N-methyl aminomethylpolystyrene was added to a stirred mixture of ~ 0.5-
1.0 mmol of an alcohol in CDCN (3 mL). The resulting reaction mixture was
10 monitored and characterized by 'H-NMR, "*C-NMR, and MS. The foliowing
compounds of examples N-R were prepared by these procedures.

EXAMPLE 6N

. Me,
"y
’ N
Me oH v Me o
A s —_— NN
CH;CN
n-Butyl chloride cleanly and completely formed from n-butanol within 15
min. 'H NMR (CD,CN): & 3.60 (t, J = 8.7 Hz, 2H), 1.75 (pentet, J = 7.0 Hz, 2H),
15 1.45 (hextet, J = 7.4 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H). C NMR (CD,CN): 5 45.11,

34.56, 19.89, 12.74.

EXAMPLE 60

29
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An 8.8 to 1 mixture of cyclopentyl chloride to cyclopentene formed from
cyclopentanol within 15 min. Data for cyclopentyl chioride: 'H NMR (CD,CN): 8
4.49 (m, 1H), 2.06-1.93 (m, 2H), 1.88-1.74 (m, 4H), 1.68-1.55 (m, 2H). *C NMR
(CD,CNY): 8 62.63, 36.90, 22.81.

5 EXAMPLE 6P
Me
CeHsCHZ0 _%——Me CsHaCHZO—\
Q N —0
Me Ci
CgHgCHzOM1 OH CgHsCHzONN Clh
3 CH,CN Z
CgHsCH0 OCH,CeHy CoHsCHo0 DCH,CeHs

A single anomer of 1-chloro-2,3,4,6-tetra-O-benzyl-D-glucopyranose was
cleanly and completely formed from 2,3,4,6-tetra-O-benzyl-D-glucopyranose
within 3 hours. "H NMR (CD,CN): 8 7.36-7.16 (m, 20H), 6.32 (d, J = 3.6 Hz, 1H),
4.87-4.43 (m, 8H), 4.01-3.95 (m, 1H), 3.89-3.83 (m, 1H), 3.73-3.66 (m, 2H), 3.64-

10 3.55(m, 2H). "*C NMR (CD,CN):  139.03, 138.64, 138.49, 138.18, 128.60,
128.56, 128.48, 128.46, 128.27, 128.15, 128.12, 128.09, 128.07, 127.85, 127.84,
127.74, 94.31, 81.10, 80.00, 76.75, 75.28, 74.94, 73.87, 73.04, 72.39, 68.45.

EXAMPLE 6Q

Me,
_ . . Me\,N {Me _ . Cl\/\/
ot > 7

OH CHiCN

1.9 parts 1 part

A 1.9 to 1 mixture of 3-chioro-1-butene to 1-chloro-2-butene formed from
15 3-hydroxy-1-butene within 15 min. Data for 3-chloro-1-butene: 'H NMR (CD,CN):
5 6.06-5.93 (M, 1H), 5.28 (d, J = 16.9 Hz, 1H), 5.12 (d, J = 10.2 Hz, 1H), 4.63-
4.53 (m, 1H), 1.57 (d, J = 6.6 Hz, 3H). *C NMR (CD,CN): & 140.24, 115.25,
58.35, 24.35. Data for 1-chloro-2-butene: 'H NMR (CD,CN): & 5.91-5.60 (m, 2H),
4,08 (d, J =7.0 Hz, 2H), 1.72 (d, J = 6.2 Hz, 3H). "*C NMR (CD,CN): 5 131.07,
20 127.47, 45.54, 16.94.

30
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EXAMPLE 6R

< -y - <
Me ve o Me
\/ - \m/

O CH;CN

3-Chloro-1-butyne was cleanly and completely formed from 3-hydroxy-1-
butyne within 20 min. "™ NMR (CD,CN): 8 4.73 (dd, J = 2.3 Hz, 6.8 Hz, 1H), 2.88
(d, J = 2.4 Hz, 1H), 1.68 (d, J = 6.8 Hz, 3H). "®C NMR (CD,CN): & 83.20, 74.24,
5 43.73,25.98.

EXAMPLE 7

General synthesis of silyl chlorides, phosphinyl chiorides, and sulfonyl chlorides
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene

. Me .
R;SiOH, ‘%__ o R,SiCl,
N

R,POH, nd o o R2POCL
RPOSH,, CHaON RPOCI,,
or RSO;H or RSO,Cl1

in a dry box, 2 equivalents (per OH group) of N-(1-chloro-2-methylprop-1-

10 enyl)-N-methyl aminomethylpolystyrene was added to a stirred mixture of ~0.5
mmol of an SiOH, PO,H, PO;H, or SO,H containing compound in CD,CN (3 mL).
The resuilting reaction mixture was monitored to completion by "H-NMR. Aliquots
of the liquid phase containing the corresponding SiCl, POCI, POCI, or SO,Cl
compound were then derivatized by addition to small volumes of methanol or

15 aqueous 40% MeNH,. These reactions were monitored to completion over 1-3h
by *H-NMR and HPLC to form the ester or amide, and then were concentrated
under vacuum and characterized, Reverse phase HPLC was carried out on an
Agilent 1100 system using a Vydac 4.6 x 250 mm Protein & Peptide C18 column
eluted at 1.2 mL/min with a linear gradient of 20% MeCN : 80% H,O to 100%
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MeCN over a 15 minute period. Both solvents contained 0.1% TFA. The
compounds of examples S-W were prepared by these procedures.

EXAMPLE 78

i el I}/Ie Me
%‘?E—OH _— %—S\i—cl —_— %—S’i—ome
Me Me |!ne

CH,CN
tert-Butyldimethylsilyl chloride was cleanly and completely formed from
tert-butyldimethylsilanof in 20 min. "H NMR (CD,CN): 5 0.95 (s, 9H), 0.35 (s,
6H). "*C NMR (CD,CN): 8 24.78, 18.86, -2.19.
Methyl ether formed cleanly. 'H NMR (CD,CN): & 3.38 (s, 3H), 0.83 (s,
9H), 0.00 (s, 6H). *C NMR (CD,CN): & 50.48 (OCH,), 25.37, 18.08, -6.57.

EXAMPLE 7T

@ oo P LAY
Ofe— O O F-
Q J O

Triphenylsilanol was cleanly converted to triphenylsilyl chloride in 20 min.
3C NMR (CD,CN): 8 135.10, 132.67, 131.26, 128.55.

Methy! ether formed cleanly. 'H NMR (CD,CN): & 7.55-7.50 {m, 6H), 7.41-
7.29 (m, 9H), 3.31 (s, 3H). C NMR (CD,CN): & 135.15, 133.97, 130.01, 127.77,
48.86 (OCH,). GC-MS showed a single peak in the TIC: m/z 290 (M*).

EXAMPLE 7U

M
L, OO () O
N 0—P—Cl 0O—P—0Me
0P —(
@‘ [ —oH ] 1 ]

o —_————— ] [¢]
R

32
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Phosphoric acid diphenyl ester was cleanly and completely converted to
phosphorochloridic acid diphenyl ester over 3 hours. *'P NMR (CD,CN): &
—24.06.

Phospharic acid methyl ester diphenyl ester formed cleanly and completely
from the reaction of phosphorochloridic acid dipheny! ester with methanol, to
afford a single 254 nm HPLC peak at 5.036 min. 'H NMR (CD;CN): 8 7.43-7.33

(m, 4H), 7.28-7.18 (m, 6H), 3.94 (d, J = 11.5 Hz, 3H). *'P NMR (CD,CN): 5 -9.53.

Calculated C,;H,,O,P (M*+1) exact mass = 265.0624. Found 265.0619.

EXAMPLE 7V
md ol

H CH,CN

o—t=0
|
o]
x—|v=o
x
=
B

X=0o0rNH

Phenylphosphoryl dichloride was cleanly and completely formed from
phenylphosphonic acid over 8 hours. *'P NMR (CD,CN): 8 36.56. °C NMR
(CD,CN): & 135.25 (d, J = 3.8 Hz),134.36 (d, J = 153.4 Hz), 130.36 (d, J = 13.9
Hz), 129.68 (d, J = 18.3 Hz).

Phenylphosphonic acid dimethyl ester formed cleanly and and completely
from the reaction of phenylphosphoryl dichloride with methanol to afford a single
254 nm HPLC peak at 4.932 min. 'H NMR (CD,CN): 8 7.81-7.49 (m, 5H), 3.70
(d, J =11.1 Hz, 6H). *P NMR (CD,CN): 5 21.73. Calculated CgH,,05P (M"+1)
exact mass = 187.0519. Found 187.0492.

Phenylphosphonic acid bis(N-methylamide) formed cleanly and completely
from the reaction of phenylphosphoryl dichloride with gaseous methylamine. H
NMR (CD,CN): & 7.73-7.85 (m, 2H), 7.46-7.35 (m, 3H), 2.40 (d, J = 11.9 Hz, 6H).
3P NMR (CD,CN): 8 23.60. "*C NMR (CD,CN): & 131.54 (d, J = 9.3 Hz), 130.96
(br), 128.26 (d, J = 12.9 Hz), 25.80. Calculated C4H,,N,O,P (M"+1) exact mass =
185.0838. Found 185.0838.
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10

15

EXAMPLE 7W

0
I on vd i
— L . _
<:> I i

(o]

——@—g—NHMe
Il

o]

p-Toluene sulfonyl chloride was cleanly and completely formed from p-toluene
sulfonic acid monchydrate over 1 hour. 'H NMR (CD,CN): 8 7.97 (d, J = 8.5 Hz,
2H), 7.53 (d, J = 8.2 Hz, 2H), 2.49 (s, 3H). *C NMR (CD,CN): & 148.12, 130.78,
127.13, 21.07.

p-Toluene sulfonamide formed cleanly from the reaction of p-toluene
sulfonyl chloride with aqueous 40% methylamine to afford a single 254 nm HPLC
peak at 6.089 min. *H NMR (CD,CN): & 7.74 (d, J = 8.2 Hz, 2H), 7.41 (d, J = 8.1
Hz, 2H), 3.67 (s, 3H), 2.41 (s, 3H). Calculated C4H,,NO,S (M"+1) exact mass =
186.0583. Found 186.0610.

EXAMPLE 8
Synthesis of N-fert-butyl benzamide using
N-(1-chloro-2-methylprop-1-enyl)-N-methyt aminomethyipolystyrene

- S )
O ——2e O 7m Oy

CH{ON

A mixture of benzoic acid (1.00 g, 8.2 mmol) and N-(1-chloro-2-methylprop-
1-enyl)-N-methyl aminomethylpolystyrene (1.55 mequiv/g, 8.00 g, 12.4 mequiv) in
anhydrous acetonitrile (25 mL) was stirred at ambient temperature with no
significant exotherm. Benzoyl chloride was cleanly formed over 10 minutes. 'H

34
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NMR (CD,CN): 3 8.17-8.12 (m, 2H), 7.83-7.76 (m, 1H), 7.64-7.57 (m, 2H). GC-
MS m/z 140 (M*).
The reaction mixture was then filtered under a nitrogen atmosphere and

the resin washed with 25 mL of dry acetonitrile. The combined acetonitrile

5 filtrates containing the benzoyl chloride were added to a solution of tert-
butylamine (2.58 mL, 24.6 mmol) in CH,Cl, (20 mL). After 10 minutes the
reaction was diluted with CH,Cl, and washed with dilute aqueous HCI, followed
with dilute aqueous NaOH. The CH,Cl, solution was dried (MgSO,) and
concentrated to afford an 82% yield (1.19 g) of tert-butyl benzamide as a white

10 solid. 'H NMR (CD,CNY: 5 7.74-7.68 (m, 2H), 7.50-7.36 (m, 3H), 5.93 (br s, 1H),

1.47 (s, 9H). GC-MS m/z 177 (M™*).

EXAMPLE 9
Synthesis of 4-[(4-tert-butoxycarbonylamino-1-methyl-1 H-imidazole-2-carbonyl)-
amino]-1-methyl-1H-imidazole-2-carboxylic acid methyl ester

15 using N=(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene
Me,
li:e .—.—\ O ‘%—Ms I\ll\/lle
COOH N COCl
\ z/ VR \ Z/
BOCNH CH;CN BOCNH

Me
|
Nv/COOMe
&/
N
HoN

hlﬂe ° /Me
N
&Z/Lﬂ /[Ni)\coom

BOCNH
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A mixture of 4-fert-butoxycarbonylamino-1-methyl-1H-imidazole-2-carboxylic acid
(1.30 g, 5.40 mmol) and N-(1-chloro-2-methylprop-1-enyl)-N-methyi
aminomethylpolystyrene (1.55 mequiv/g, 6.96 g, 10.77 mequiv) in anhydrous
acetonitrile (20 mL) was stirred at ambient temperature. Over 15 minutes, all of
the BOCNH-Im-COOH dissolved and was converted to the corresponding acid
chloride.

The reaction mixiure was then filtered under a nitrogen atmosphere and the resin
washed with 20 mL of dry acetonitrile. The acetonitrile filtrates containing the acid
chloride were combined and added dropwise to a vigorously stirred 2-phase
mixture of a solution of 4-amino-1-methyl-1H-imidazole-2-carboxylic acid methyl
ester (643 mg, 4.15 mmol) in CH,CI, (20 mL) and a solution of Na,CO, (572 mg,
5.40 mmol) in H,0 (20 mL). The resulting reaction mixture was stirred for &
minutes, and then was diluted with CH,Cl, and H,0. The CH,Cl, solution was
isolated, dried (MgSO,), and concentrated to afford a quantitative yield (1.64 g) of
4-[(4-tert-butoxycarbonylamino-1-methyl-1 H-imidazole-2-carbonyl)-amino]-1-
methyl-1H-imidazole-2-carboxylic acid methyl ester as a very pure off-white solid.
Reverse phase HPLC of this material was carried out on an Agilent 1100 system
using a Viydac 4.6 x 250 mm Protein & Peptide C18 column eluted at 1.2 mL/min
with a linear gradient of 20% MeCN : 80% H,O to 40% MeCN : 60% H,O overa
15 minute period. Both solvents contained 0.1% TFA. A single 304 nm HPLC
peak eluted at 12.223 minutes. 'H NMR (CD,CN): & 7.56 (s, 1H), 7.14 (br s, 1H),
4.01 (s, 3H), 4.00 (s, 3H), 3.90 (s, 3H), 1.51 (s, 9H).

EXAMPLE 10
Synthesis of 1-methyl-4-{[1-methyl-4-({1-methyl-4-[(1-methyl-1H-imidazole-
2-carbonyl)-amino]-1H-imidazole-2-carbonyl}-amino)-1H-imidazole-
2-carbonyl]-amino}-1H-pyrrole-2-carboxylic acid methyl ester
using N-(1-chloro-2-methylprop-1-enyl)-N-methyl aminomethyipolystyrene

'Ee o mee Ni}_“"e e o Ve
&Z/kﬁ/q/)\mw m Cﬂu/q/)\com

CH,CN
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Trimethylsilyl triflate (150 L, 0.81 mmol) was added in a single portion to a
mixture of 1-methyl-4-[(1-methyl-1 H-imidazole—2-carboriyl)-amino]-1 H-imidazole-
2-carboxylic acid (200 mg, 0.80 mmol) in anhydrous acetonitrile (8.00 mL). The
solution which formed within a few moments was transferred to solid N~(1-chloro-

N
1)

|\Il|e o /Me
N
Me N
o oy
1 )/(”/Q\coom HN\(\N/ME
5/—N =
HoN

¥ o HN

NN e
CO0Me

2-methylprop-1-enyl)-N-methyl aminomethylpolystyrene (1.55 mequiv/g, 1.04 g,
1.61 mequiv). After stirring at ambient temperature for 10 minutes, an equal
volume of anhydrous CHCI, (stabilized with amylenes) was added and the mixiure
was filtered in an inert aimosphere. The resin was washed with an additional 10
mL of anhydrous CHCI; (stabilized with amylenes), and the combined filtrates
containing the 1-methyl-4-[(1-methy-1H-imidazole-2-carbonyl)-amino]-1H-
imidazole-2-carbonyl chloride were added dropwise to a vigorously stirred 2-
phase mixture of a solution of 4-{(4-amino-1-methyl-1H-imidazole-2-carbonyl)-
amino}-1-methyl-1H-pyrrole-2-carboxylic acid methy! ester (171 mg, 0.62 mmol) in
CHCI, (10 mL), and a solution of Na,CO; (170 mg, 1.60 mmol) in H,O (5 mL).
The resulting reaction mixture was stirred for 5 minutes, and then was diluted with
CHCly and H20. The CHCI, solution was isolated, dried (MgS0,), and
concentrated to afford a 59% yield (240 mg) of 1-methyl-4-{[1-methyl-4-({1-
methyl-4-[(1-methyl-1 H-imidazole-2-carbonyl)-amino]-1H-imidazole-2-carbonyl}-
amino)-1H-imidazole-2-carbonyl]-amino}-1H-pyrrole-2-carboxylic acid methyl
ester as a very pure off-white solid. Reverse phase HPLC of this material was
carried out on an Agilent 1100 system using a Vydac 4.6 x 250 mm Protein &
Peptide C18 column eluted at 1.2 mL/min with a linear gradient of 20% MeCN :
80% H,0 to 40% MeCN : 60% H,0 over a 15 minute period. Both solvents
contained 0.1% TFA. A single 304 nm HPLC peak eluted at 10.847 minutes. 'H
NMR (CD;CN plus TFA): 6 10.90 (s, 1H), 10.71 (s, 1H), 9.49 (s, 1H), 7.85 (s, 1H),
7.76 (s, 1H), 7.65 (m, 2H), 7.46 (d, J = 1.8 Hz, 1H), 6.92 (d, J = 1.9 Hz, 1H), 4.15
(s, 3H), 4.12 (s, 3H), 4.11 (s, 3H), 3.92 (s, 3H)}, 3.80 (s, 3H).
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WHAT IS CLAIMED IS:

1. A process for the preparation of an a-haloenamine, the process
comprising combining a tertiary amide with a pentavalent phosphorous halide in a
solvent to form an a-haloiminium salt and converting the a-haloiminium salt to the
a-haloenamine with a base, the pentavalent phosphorous halide having at least
two halogen atoms bonded to the pentavalent phosphorous atom.

2. The process of claim 1 wherein the base is a tertiary amine.
3. The process of claim 1 wherein the base is triethylamine.
4. The process of claim 1 wherein the a-haloenamine is an

a-chloroenamine, a-bromoenamine, a-flucroenamine or a-iodoenamine.

5. The process of claim 1 wherein the pentavalent phosphorous halide
is phosphorous pentachloride or phosphorous pentabromide.

6. The process of claim 1 wherein the pentavalent phosphorous halide
is phosphorous pentachloride.

7. The process of claim 1 wherein the a-haloenamine is o-
chloroenamine, a-bromoenamine, or a-iodoenamine and the process comprises
combining a tertiary amide with phosphorous pentachloride or phosphorous
pentabromide.

8. The process of claim 1 wherein the process comprises combining a
tertiary amide with phosphorous pentachloride to form a-chloroenamine and
displacing the chloride of the a-chloroenamine with bromide, fluoride or iodide.

9. The process of claim 1 wherein the solvent comptises acetonitrile.

10.  The process of any one of claims 1 to 9 wherein the tertiary amide

is covalently linked to a support which enables physical separation of the
a-haloenamine from a liquid composition.
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11. The process of claim 10 wherein the tertiary amide is covalently
linked to an inorganic support which enables physical separation of the
a-haloenamine from a liquid composition, the inorganic support being selected
from the group consisting of silicates, quartz and aluminium.

12.  The process of claim 10 wherein the tertiary amide is covalently
linked to a polymeric support which enables physical separation of the
o-haloenamine from a liquid composition.

13.  The process of any one of claims 1 to 9 wherein the tertiary amide is
a tertiary amide reagent having the formula:

R 2 R
4 3
\N

R  Re

wherein

R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
hydrocarbyloxy, or substituted hydrocarbyloxy; and

R, and R, are independently hydrogen, hydrocarbyl, substituted
hydrocarbyl, hydrocarbyithio, substituted hydrocarbyithio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphinyl, sulfinyl, suifonyl, halo, cyano,
or nitro,

provided at least one of R, R,, R; and R, comprises a support which
enables physical separation of the tertiary amide from a liquid mixture.

14.  The process of claim 13 wherein three of R,, R,, Ry and R, are alkyl.

15.  The process of claim 13 wherein two of R,, R,, Rz and R, in
combination define a carbocyclic or heterocyclo ring.

16.  The process of claim 13 wherein three of R, R,, R, and R, are alkyl
and the other is covalently linked to a polymeric support
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17. The process of claim 13 wherein the tertiary amide reagent is
poly(N,N-disubstituted acrylamide).

18.  The process of claim 13 wherein the tertiary amide reagent is a
polymer having N,N-disubstituted amide moieties.

19.  The process of claim 13 wherein the tertiary amide reagent is a
polymer having N,N-dialkyl substituted amide moieties.

20.  The process of claim 13 wherein the amide moiety of the tertiary
amide reagent is covalently attached to the phenyi ring of a polystyrene polymer
or copolymer through one of R’, R?, R® or R*%.

21. A process for dehydrating a non-aqueous solvent, the process
comprising combining the solvent with an immobilized a-haloenamine reagent.

22.  The process of claim 21 wherein the a-haloenamine is a-
chloroenamine.

23.  The process of claim 21 wherein the a-haloenamine is covalently
linked to a polymeric support.

24.  The process of claim 21 wherein the a-haloenamine is covalentiy
linked to a polymeric support, the a-haloenamine being derived from an N,N-
disubstituted amide moiety of the polymeric support.

25. A process for converting a hydroxy-containing compound or a thiol-
containing compound to the corresponding halide, the process comprising
contacting the hydroxy-containing compound or thiol-containing compound with
an immobilized a-haloenamine.

28.  The process of claim 25 wherein the compound is a hydroxy-
containing compound.
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27.  The process of claim 25 wherein the compound is a hydroxy-
containing compound selected from the group consisting of aicohols, carboxylic
acids, silanols, sulfonic acids, sulfinic acids, phosphinic acids, phosphoric acids,
and phosphates.

28.  The process of claim 25 wherein the compound is a thiol-containing
compound.

29.  The process of claim 25 wherein the compound is a thiol-containing
compound selected from the group consisting of thiocarboxylic acids,

thiophosphonic acids, and thiophosphoric acids.

30.  The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized a-chloroenamine.

31.  The process of claim 30 wherein the a-chloroenamine is covalently
linked to an inorganic support.

32.  The process of claim 30 wherein the a-chloroenamine is covalently
linked to a polymeric support.

33.  The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized a-bromoenamine.

34.  The process of claim 33 wherein the a-bromoenamine is covalently
linked fo a polymeric support.

35.  The process of claim 33 wherein the &-bromoenamine is covalently
linked to an inorganic support.

36. The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized a-fluorosnamine.

37.  The process of claim 36 wherein the a-fluoroenamine is covalently
linked to an inorganic support.
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38. The process of claim 36 wherein the a-fluoroenamine is covalently
linked to a polymeric support.

39. The process of any one of claims 25 to 29 wherein the immobilized
a-haloenamine is an immobilized o-iodoenamine.

40.  The process of claim 39 wherein the a-iodoenamine is covalently
linked to a polymeric support.

41.  The process of claim 39 wherein the a-iodoenamine is covalently
linked to an inorganic support.

42, Animmobilized a-haloenamine reagent having the formula:

X

M\NJYRQ
|

Ry Rz

wherein
R, and R, are independently hydrocarbyl, substituted hydrocarbyl,
5 hydrocarbyloxy, or substituted hydrocarbyloxy;

R, and R, are independently hydrogen, hydrocarbyi, substituted
hydrocarbyl, hydrocarbyithio, substituted hydrocarbylthio, hydrocarbylcarbonyl,
substituted hydrocarbylcarbonyl, hydrocarbyloxycarbonyl, substituted
hydrocarbyloxycarbonyl, phosphinyl, thiophosphiny!, sulfinyl, sulfonyl, halo, cyano,

10 or nitro, and

Xis halo,

provided at least one of Ry, R, R, and R, comprises a support which
enables physical separation of the reagent from a liquid mixture.

43. The immobilized a-haloenamine of claim 42 wherein one of Ry, Ry,
R, and R, comprises a support selected from the group consisting of inorganic
and polymeric supports.

44.  The immobilized a-haloenamine of claim 42 wherein one of Ry, Ry,

R, and R, comprises an inorganic support selected from the group consisting of
silicates, quartz and aluminium. :
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45,  The immobilized a-haloenamine of claim 42 wherein at least one of
R,, R, R, and R, comprises a polymeric support.

46.  The immobilized a-haloenamine of claim 42 wherein two of Ry, Ry,
R, and R,, together with the atoms to which they are attached, define a
carbocyclic or heterocyclo ring.

47. - The immobilized a-haloenamine of claim 42 wherein one of Ry, R;,
R, and R, comprises a polymeric support which, under a first set of conditions is
soluble in the liquid mixture and, under a second set of conditions is insoluble in
the liquid mixture.

48. The immobilized a-haloenamine of claim 42 wherein at least one of
R,, R, R; and R, comprises a polyethylene glycol support which, under a first set
of conditions is soluble in the liquid mixture and, under a second set of conditions
is insoluble in the liquid mixture.

49.  The immobilized a-haloenamine of claim 42 wherein at least one of
Ry, Ry, Ry and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, and the others of R, R,, R; and R, are hydrocarbyl.

50. The immobilized a-haloenamine of claim 42 wherein at least one of
R,, Ry, Ry and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, and the others of Ry, Rz, R, and R, are substituted
hydrocarbyl.

51. The immobilized o-haloenamine of claim 42 wherein at least one of
R, R,, Ry and R, comprises a support which enables physical separation of the
reagent from a liquid mixture, the others of Ry, R, Ry and R, are substituted
hydrocarbyl, and the hydrocarbyl substituent(s) are selected from the group
consisting of halogen, heterocyclo, alkoxy, alkenoxy, alkynoxy, aryloxy, hydroxy,
protected hydroxy, formyl, acyl, acyloxy, amino, amido, nitro, cyano, thiol,
sulfides, sulfoxides, sulfonamides, ketals, acetals, esters and ethers.
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52.  The immobilized a-haloenamine of claim 42 wherein at least one of
Ry, Ry Ry and R, comprises a support which enables physical separation of the
reagent from a liquid mixture and the others of Ry, R,, Ry and R, are alkyl.

53.  The immobilized a-haloenamine of claim 42 wherein at least one of
R, and R, comprises a support which enables physical separation of the reagent
from a liquid mixture, and R,, R, and the carbon atom to which they are attached
are members of a carbocylic or heterocyclic ring.

54.  The immobilized a-haloenamine of claim 42 wherein R, comprises a
support which enables physical separation of the reagent from a liquid mixture,
and any two of R, R,, and R, and the atoms to which they are attached are
members of a heterocyclic ring.

55.  The immobilized a-haloenamine of claim 42 wherein R, comprises a
support which enables physical separation of the reagent from a liquid mixture,
and R, and R, and the atoms to which they are attached are members of a
heterocyclic ring.

56.  The immobilized a-haloenamine of claim 42 wherein the
immobilized haloenamine is N-(1-chloro-2-methylprop-1-eny!)-N-methyl

aminomethylpolystyrene.

57. The immobilized a-haloenamine of claim 42 wherein the support is
1% cross linked polystyrene/divinyl benzene copolymer.

58. The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a substratum.

59.  The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a multi-well substratum.

80. The immobilized a-haloenamine of claim 42 wherein the support
comprises the surface of a well of a micro titer plate comprising at least 96 wells.
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61.  The immobilized a-haloenamine of claim 42 wherein the
a-haloenamine is immobilized on the surface of a polymer and the
o-haloenamine comprises the reaction product of a tertiary amide moiety
covalently linked to the polymer.

62. The immobilized a-haloenamine of claim 42 wherein the
a-halognamine is immobilized on the surface of a polymer and the
a-haloenamine comprises the reaction product of a N,N-dialkyl substituted tertiary
amide moiety covalently attached to the surface of the polymer.

63. The immobilized o-haloenamine of claim 42 wherein the
o-haloenamine is immobilized on the surface of a polymer or copolymer of
styrene and the a-haloenamine comprises the reaction product of a tertiary amide
moiety covalently attached to the surface of the polymer.

64. The immobilized «-haloenamine of claim 42 wherein the

a-haloenamine is immobilized on the surface of a poly(N,N-disubstituted
acrylamide) polymer or copolymer.
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