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Example _2_1}_4;

5 4-{Cbz-valinyl-amino)-2-(N-({N-((3-pyridinylmethylamino)-carbonyl}-valinyl-amino)-1,5-dipheny-3-
hydroxypentane.

A solution of 3-(aminomethylpyridine (12 I, 0.11 mmol) in 0.5 ml of nitromethane was cooled to -20°C

10 and treated with 0.23 ml (0.12 mmol) of a 0.5 M solution of carbonyl bis(N-methyl)imidazole triflate

(Rappoport, et. al., J. Am, Chem. Soc. 1989, 111, 6856) in nitromethane. After 30 min, the solution was

treated with a solution of 50 mg (0.08 mmol) of the resultant compound of Example 240 in 1.0 mi of

dimethylformamide and 26 ul (0.24 mmol) of 4-methyimorpholine. The resulting solution was stirred at o°C

for 1 h, concentrated in vacuo, pariitioned between chioroform and aqueous NaHCOQs, dried over NazS0q,

15 and concentrated. The residue was purified by silica gel chromatography using 3% methanol! in chloroform

to provide 40 mg (65 %) of the dssired compound (R; 0.4, 10% methanol in chloroform) as a white solid,
m.p. 205-206 " C. Mass spectrum: (M + H)' =737,

20 Example 245

2,4-Di-{N-({(4-pyridinyl)carbonyl}-valinyl-amino}-1,5-diphenyl-3-hydroxypentane.

25

Using the procedure of Example 163A but replacing nicotinyl chloride hydrochloride with isonicotiny!
chloride hydrochloride and replacing valine benzyl ester p-toluenesulfonate with the resultant compound of
Example 140 provided, after silica gel chromatography using 5% methanol in chloroform, the desired

e compound (80%, Ry 0.3, 10% methanol in chioroform) as a white solid, m.p. 256-258" C. Mass spectrum:

M+ H) =879.
Example 246
35
2,4-Di-(N-((3-pyridinyl)propanoyi)-valinyl-amino)-1,5-diphenyl-3-hydroxypentane.
40 .

The resultant compound of Example 223A was coupled to the resultant compound of Example 140
using the carbodiimide coupling procedure described in Example 55 to provide afer silica gel chromatog-
raphy using 3% methano! in chloroform, the desired cpmpound {75%, R; 0.2, 10% methanol in chioroform)
as a white solid, 234-235 C. Mass spectrum: (M + H) =735.

45 .
Example 247
50

(25,3R,4R,58)-2,5-Di-(N-({3-pyridinyimethoxycarbonyl)-valinyl-amino}-3,4-dihydroxy-1,6-diphenylhexane.

Using the procedure of Example 160D, the resuliant compound of Example 1618 was coupled to the
55 resultant compound of Example 171 {0 provids, after silica gel chromatography using 5% methanol in
chiorciorm, the desired compound (R, 0.25, 10% methancl in chloroform} as a white solid, m.p. 207-208" C,
in 32% vield. Mass specirum: {M + H}‘ = 768.
Anal. Caled for CexHsaNe O *1.25H:0: C, 83.74;: H, 6.894; N, 10.82. Found: C, 63.70; H, 6.70; N, 10.54.
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Example 248

§2S,3R,48,68)-2,5-Di~(N-((2-(4-morpholinylethyloxy)carbonyl)-valinyl-amino}-3,4-dihydroxy-1.6-diphenythexane.
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The resultant Compound of Example 165B was coupled to the resultant compound of Example 171
using the carbodiimide coupling procedure of Example 160D to provide, after silica gel chromatography
using 5% metharxoi in chioroform, the desired compound (R; 0.21, 10 % methanol in chloroiorm) as a white

solid, m.p. 227-230" C {dec) in 47% yield. Mass spectrum: (M + H) = B13.
Anal. Calcd for CazHs 4 NgO10°1.25H,0: C, 60.38; H, 8.02; N, 10.06. Found: C, 60.21; H, 7.78; N, 10.43.

Example 249

{28,38,4R 58)-2-(N-((i-Butyloxyjcarbonyljamino}-5-(N- ((3~pyndmyl)methoxycarbonyt)—valm yl-amino)-3,4-
dihydroxy-1,6-diphenylhexane.

Using the procedure of Example 160D, the resultant compound of Example 161B was coupled to the
resultant compound of Example 212 to provide, after silica gel chromatography using 3% methanol in
chioroform, the desired compound (R O 21, 5% methanol in chloroform} as a white solid. m.p. 175- 178" C.
in 66% yield. Mass spectrum: (M + H) = 835.

Anal. Calcd for CasHagNa02°0.75H20: C, 64.65; H, 7.38; N, 8.64. Found: C, 64.61; H, 7.16; N, B.80.

Example ?_:5_9_

Bis-{2-{N-{Cbz-valinyl)amino)-3-phenylpropyl)sulione.

The resultant compound of Example 155B was deprotected according 10 the procedure of Example 12
and coupled to Cbz-valine according to the procedure of Example 55. The crude mixture was diluted with
ethyl acelate, washed sequentially with aqueous citric acid, water, aqueous NaHCOs, and water. The solid
in the organic layer was filtered, washed with ethyl acetate, and air-dried to a fine white powder, m.p. 259-
260" C {dec) (67% vyield). Mass spectrum: (M + H)® = 799
Anal. Calcd for CasHssNeOsS*Ho0: C, 64.69; H, 6.91; N, 6.86. Found: C, 84.42; H, 6.93: N, 7.51.

Example :2_5_1.

{28,3R,485,55)-2,5-Di~(N-{{N-Methyl-N-({2-pyridiny)methyljamino)sulfonyl}-valinyl-amino}-3,4-dihydroxy-1,6-

diphenylhexane.

The resultant compound of Example 234C was coupled {o (28,3R,4S,58}-2.5-diamino-3,4-dihydroxy-1,6-
diphenylhexane using the carbodiimide coupling procedure of Example 55 to provide, after silice gel
chromatography, the desired compound (R, 0.65, 10% methano! in chloroform) as & white solid, m.p. 91~
83" C. Mess specirum: {M + H}' = B67.

Anal. Caicd for CaoHseNg OS2 "H- 0 €, 57.00; H, 6.83; N, 12.86. Found: C, 67.28; H, 8.30: N, 4.98.
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Example g§_2_

5 (28,35,48,55)-2,5-Di-(N-({(N-methy-N-{{2-pyridinyl)methyl)amino)sulfonyl}-valiny-amino)-3,4-dihydroxy-1,6~
i diphenylhexane.

The resultant compound of Example 234C was coupled to (28,38,48,58)-2,5-diamino-3,4-dihydroxy-1,6-

10 diphenylhexane using the carbodiimide coupling procedure of Example 55 to provide, after silica gel

chromatography, the desired compound (Ry 0.54, 10% methanol in chloroform) as a white solid, m.p. 75-
77" C. Mass spectrum: (M + H)* = 867.

15 Example 253

(28,35,48,58 ,2'S,2"S)-2,5~Di-((2-hydroxy»3-methylpentanoyI)—amino)—3,4-dihydroxy—1 ,B-diphenylhexane.

20

L-2-Hydroxy-3-methylvaleric acid was coupled to the resultant compound of Example 171 using the
diimide coupling procedure described in Example 55 to provide the desired compound (R, 0.23, 10%
methanol in chloroform) as a white solid, m.p. 226-230° C.
25 Anal. Caled for CsoMHes N2Og *0.5H.0: C, 67.01; H, B.44; N, 5.21. Found: C, 67.26; N, 8.30; N, 4.98.

Example 254
30
2-{N-({{1-Methyl)piperidin-3-yl)methoxycarbonyl}-valinyl-amino)-4-(Cbz-valinyl-amino}-1,5-dipheny!-3-
hydroxypentane.
35
Using the procedures of Example 165 but replacing 4-(2-hydroxyethyl)morpholine with 3-
thydroxymethyl}-1-methylpiperidine provided the desireq compound (R 0.30, 10% methanol in chloroform)
as a white solid, m.p. 162-163. Mass spectrum: (M + H} = 758. !
Anal. Calcd for CaaHseNsO7 *0.5H0: C, 67.34; H, 7.88; N, 8.13. Found: C, 67.40; H, 8.03; N, 8.69.
40
Example 3_53
45 .
2-(N-{{{(1-Methyl)piperidin-2-yhmethoxycarbonyl)-valinyl-amino)-4-(Cbz-valinyl-amino})-1,5-dipheny!-3-
hydroxypentane.
50 Using the procecures of Example 165 but replacing 4-(2-hydroxyethylymorpholine with 2-
{hydroxymethyli-1-methyipiperidine provided the desirea; compound {Ry 0.40, 10% methano! in chloroform)
as & white solid, m.p. 160-181. Mass spectrum: (M + Hj = 758
Anal. Caled for CasHssNe O 0.5H:0: C, 67.34; H, 7.88; N, 8.13. Found: C, 67.15; H, 7.77; N, 8.91.
55
Example gf;_f_i_
153
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2,4-Di-{N-((2-(1-imidazolyl)acetyl}-valinyl-amino)-1,5-diphenyl-3-hydroxypentane.

Using the procedure of Example 190C but replacing the resultant compound of Example 173 with the

5 resultant compounq of Example 140 provided the desired compound as a white solid, m.p. >260. Mass
spectrum: (M + H) = 685.
Anal. Caled for Ca7HasNeO4 *2H20: C, 61.85; H, 7.27; N, 15.54. Found: C, 60.47; H, 6.70; N. 15.30.
10 Example 257
A 2-(-Butyloxycarbonyl)methyl-3-methylbutanoic Acid.
15
The resultant compound of Example 235B was hydroyzed according to the procedure of Example 8D
except that excess 30% hydrogen peroxide was included in the reaction mixture to provide the crude
desired compound.
20
B. (23,38.4R.58)~2~(N-(2—(t-Butyloxycarbony!)methyl's-methylbutanoyl)amino)-s-(N-(fS-pyridinyl)-
methoxycarbonyl)-valinyl-amino)-3,4-dihydroxy-1,6-diphenylhexane.
25
The resultant compound of Example 257A was coupled {o the resultant compound of Example 232
using the carbodiimide coupling procedure of Example 55 fo provide, after silica gel chromatography using
a gradient of 1-5% methanol in chloroform, the desired compound in 22% yield.
30

B. (28,38,4R 58)-2-(N-(2-Carboxymethyl-3-methylbutanoyl)amino}-5-(N-({3-pyridinyl)methoxycarbonylj-valinyl-
amino}-3,4-dihydroxy-1,6-diphenylhexane Trifluoroacetate Salt.

35 The resultant compound of Example 257B (45 mg) was treated with 15 ml of 23
dichloromethaneftrifluoroacetic acid. After 4 h at ambient temperature, the solution was concentrated in
vacuo 1o provide 28 mg (55%) of the desired compound as an off-white solid, m.p. 208-210 “C.

40 Example §§§

2 4-Di-{N-(3-(2-pyridinyljpropanoyl}-valinyi-amino}-1,5-diphenyl-3-hydroxypentane.
45 .

Using the procedures of Example 223A and Example 223B but replacing 3-(3-pyridinyljacrylic acid with
3-(2-pyridinylyacrylic acid and replacing the resultant compound of Example 173 with the resultant
compound of Example 140 provided, after silica ge! chromatography using 3% methano! in chioroform, the

50 desired compound (35%, R; 0.6, 10% methano! in chioroform) as & white sofid, m.p. 218-218° C. Mass
spectrum: (M + H)® =735

Exampie 258

2 4-Di-{N-{{N-benzylaminojcarbonyli-valinyl-amino1,5-diphenyl-3-hydroxypeniane.
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Using the procedure of Example 226 but replacing {2S,3R48,58)-2 5-diamino-3,4-dihydroxy-1,6-
diphenylhexane with the resultant compound of Example 140 and replacing i-butylisocyanate with ben-

5 zylisocyanate provided, after silica gel chromatography using 3% methanol in chioroform, the desired
compound {(64%, R; 0.7, 10% methanol in chloroform) as a white solid, m.p. 238-238.5° C. Mass spectrum:

+

M + H)® =735

10 Example _2_§Q

2,4-Di-(N-({(N~({2-pyridinyl)methyljamino)carbonyl)-valinyl-amino)-1,5-diphenyl-3-hydroxypentane.

15

A solution of 34 mg of triphosgene in 2 ml of tetrahydrofuran was cooled under Nz atmosphere to
-78" C and treated over a period of 2 min with a precooled (-78° C) solution of 80 mg of the resultant
compound of Example 140 and 40 ul of 4-methylmorpholine in 1 ml of tetrahydrofuran. After 30 min, the
20 solution was treated with a solution of 37 mg of 2-(aminomethyl)pyridine and 40 1 of 4-methylmorpholine in
1 mi of tetrahydrofuran. The resulting solution was aliowed 1o warm to -10° C over a 2 hour period, after
which it was concentrated in vacuo. Silica gel chromatography of the residue using a gradient of 3%
methanol in chloroform-4.5% methanol/4.5% isopropylamine in chloroform provided 80 mg (64%) of the
desired compound (R 0.46, 4.5% methanol/4% iscpropylamine in chioroform) as a white solid, m.p. 198-

25 199" C. Mass specirum: (M + H)' = 737.

Exampte_2_6_1
30
2,4-Di-(N-{{N-{{3-pyridinyl)methylyamino)carbonyl}-valinyl-amino)-1,5-diphenyl-3-hydroxypentane.
35 Using the procedure of Example 260 but replacing 2-(aminomethyl)pyridine with 3-(aminomethyl)-

pyridine provided, after silica gel chromatography using a gradient of 3% methanol in chloroform-4.5%
methanol/i4.5% isopropylamine in chioroform a 60% vield of the desired compound (R; 0.3, 4;5%
methanol4% isopropylamine in chioroform) as a white solid, m.p. 238-239° C. Mass spectrum: (M + H) =
737. :

40 Anal. Calcd for CazHszNeOe *H20: C, 66.82; H, 7.21; N, 11.13. Found: C, 67.07; H, 8.98; N, 11.12.

Example ggg

45

{25,38,485 ,58,2’S‘2"S}-2,5-D§—((2—((methoxy}~methoxy)~3~methy}pemanoyl)-amino)~3,4‘dihydmxy-1 B~
diphenylhexane.

Using the procedure of Example 253 but replacing L-2-hydroxy-3-methylvaleric acid with [-2-(-
(methoxy}-methoxy)-3-methylvaleric acid provided, after silica gel chromatography using 20% ethyl acefate
in hexane, the desired compound {88%, R; 0.18, 20% ethy! acetfate in hexane} as a white solid, m.p. 190-
194" C. Mass spsctrum: (M + H) = 617

55

Example 263

155
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3,6-Diamino-2,8-dimethyl-5-hydroxy-4,4-difluorononane.

Using the procedures described in detail in Example 181, ang replacing Boc-L-cyclohexylalaninal with
Boc-L-leucinal provided the desired compound. Mass spectrum: M = 238.

(&)

Example 264
10

3,6-Bis-{Cbz-valinyl-amino)-2,8-dimethyl-5-hydroxy-4 4-difluorononane.

15 Using the procedure described in Example 182, the product from Example 263 was coupled to Cbz-Val
to give the desired compound (56%). Mass spectrum: (M+H)’ = 705. *H NMR {CDClsj 80.B2 (m, 12H),
3.90 {m, 1H), 4.02 (rn, 1H), 4.30 {m, 1H), 4.55 (m, 1H), 5.02 (s, 4H), 5.80 (br d, 1H), 7.20 (br d, 1H), 7.35 (m,
10H), 7.70 (br d, 1H).

20
Example 265

25 3,6-Bis-(Cbz-valinyl-amino)-2,8-dimethyl-5-oxo-4,4-difluorononane.

Using the procedure described in Example 183, Ehe product from Example 264 was oxidized io provide
the desired product (93%). Mass spectrum: (M+H) = 703. ‘H NMR (CDCls): $0.8 (m, 1,12H), 3.80 {m,
30 1H), 4.02 {m, 1H), 4.65 (m, 1H), 4.80 (m, TH), 5.05 {s, 4H), 7.35 (m, 12H). 7.95 (br d, 1H), 8.42 (br d, 1H).

Example gg_q
35
A. 2-Oxazolidinone derivative P_f Ethyl 4{S}-amino-5-phenyl-2,2-difluoro-3(R})-hydroxypentanoate.
40 Using the procedure described in Examples 181A and 181B but replacing Boc-L-cyclohexylalaninal with
phenylalaninal provided the desired product. Mass spectrum: M = 299,
B. 4(S)Benzyl-5(R)-(3 (3’3 difluoro-2 -oxo-1-phenyl-propyl))-2-oxazolidinone.
45

The hydrolysis of the resultant compound of Example 266A by lithium hydroxide in agueous dioxane
provided the corresponding acid, which was condensed with N, O-dimethyl-hydroxylamine with EDAC 1o
give the corresponding amide. The amide was dissolved in THF and reacted with 3 equivalents of

50 benzyimagnesium chloride to give the desired compound (88%). Mass spectrum: M~ = 345 'H NMR
{CDCls) 82.82 (dd, 1HY, 33.0 (dd, 1H), 4.07 {m, 2H), 4.15 (m, 1H}, .70 (m, 1H), 7.15-7.38 {m, 10H).

C. 2,5-Diaminc-1,6-diphenyi-3,3-difluoro-4-hydroxyhexane.

55

Using the resuliant compound from Example 268B and the procedures described in Example 181D,
181E, and 181F provided the desired compound. Mass spectrum: M = 320,

156
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Example _2__61

5 2 ,5-Bis-(Cbz-valinyl-amino)-1,6-diphenyi-3,3-difluoro-4-hydroxyhexane.

Using the resultant compound from Example 266C and the procedure described in Example 182, the
desired product was obtained in 70% yleld. Mass spectrum: (M+H} = 787. 'H NMR (CDCl;) 50.60-0.80
10 {m, 12H), 5.02 (s, 4H), 6.05 (br d, 1H), .95, 1H), 7.10-7.35 {m, 10H}, 7.50 (br d, 1H), 7.95 (br d, 1H).
Example 268

15

' 2,5-Bis-(2-pyridyl-methoxycarbonyl-valinyl-amino}-1,8-diphenyl-3,3-difluoro-4-hydroxyhexane.

20 Using the resuitant compound from Example 266C and the procedure described in Example 182, but
replacing Cbz-Val with 2-pyridinyl-methoxycarbonyl-valine provided the desired compound in 74% yield.
(M+H)* = 788, H NMR (CDCls) 80.60-0.75 {m, 12H), 1.75 {m, 1H), 1.88 {m, 1H), 3.80 (m, 2H}, 4.62 (m,
1H), 4.80 (m, 1H), 5.08 (s, 2H), 5.10 (s, 2H), 6.10 {br d, 1H), 7.05-7.40 (m, 15H), 7.50 (br d, 1H), 7.80 (m,
2H), 8.0 (br d, 1H), 8.52 {m, 2H).

25

Example 269

30

5-(2-Pyridinyl-methoxycarbonyl-valinyl-amino}-2-amino-1,6-dipheny!-3,3-difluoro-4-hydroxyhexane.

Using the resuitant compound from Example 266C and reacting with the p-nitrophenyl ester of 2-

35 pyridinyl-methoxycarbonyl-valine in DMF provided the desired compound in 88% yield. Mass spectrum:

(M+H)’ 555. *H NMR {CDCls) 50.80(d, 3H), 1.0 (d, 3H), 2.15 {m, 1H), 2.45{m, 1H), 2.80-3.20 (m, 4H),

3.82 (m, 1H), 4.05 (m, 1H), 4.58 (m, 1H), 5.27 (s, 2H), 5.50 {br d, TH), 6.50 {br d, 1H), 7.10-7.40 (m, 12H),
7.70 {m, 1H), B.60 (d, 1H).

40
Example 270

& (t-Butylacetyl-amino}-5-(2-pyridinyl-methoxycarbonyl-valinyl-amino)-1,6-dipheny!-3,3-difluoro-4-hydroxyhexane.

Reaction of the resultant compound from Example 269 with t-butylacety!l chioride in dichloromethane

and 1.1 eguivalent of triethylamine provided the desired compound in 77% yield. Mass spectrum: (M +H)*

50 = 653. 'H NMR (CDCl3): 80.80 (s, 9H), 0.82 (d, 3H), 0.93 {d, 3H), 1.83 {g, 2H}, 2.12 {m, 1H), 2.70-3.20 (m,

4H), 3.80 {m, 1H), 3.95 (m, 1H), 455 (m, 1H), 4.80 (m, 1H), 5.20 (s,.2H}, 5.35 {br d, 1H), 6.50 {br d, 1H),
7.10-7.35 {m, 13Hj, 7.70 (m, 1H}, 8.60 (br d, 1H).

85 Example 271

197 STAN 034321
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2—(N—Propylsuifonylamino)—5-(2~pyridinyi-methoxycarbony(-vaﬁnyl~amino)~3,3-diﬂuoro-f#-hydroxyhsiane.

Reaction of the resultant compound from Example 269 and 1 equivalent of propane-sulfony! chioride

5 and 1.1 equivalent of triethylamine provided the desired product in 65% yield. Mass spectrum: (M+H)‘ =

661. 'H NMR {CDCls) 50.80 (d, 3H}, 0.88 (m, 2H), 0.95 (d, 8H), 1.10 (1, 3H), 2.0 (m, 3H}, 2.40 (m, 2H), 2.85-

3.15 {m, 4H), 3.30 (m, 1H), 3.50 (m, 1H), 3.85 (m, 1H), 4.90 (m, 1H), 5.25 (m, 3H), 6.12 {br d, 1H), 7.20 (m,
12H), 7.70 {m, 1H), 8.60 {m, 1H).

10
Example 272

15 A. 4(8)«Benzy!~5(R)—(3’(31 .3'~diﬂuom-2'-hydroxy-1 ’-phenyl-propy!}—Z-oxazolidinone.

To a solution of 1 gm of the resultant compound from Example 266B in 20 mi of dry THF was added
two equivalents of DIBAH in toluene at -78° C. After 1 hr, the reaction was quenched by careful addition of
20 water. The reaction mixture was acidified with 1N HC! and extracted with EtOAc (3 >¢ 5 ml), washed with
satd. brine and dried with anhy. Na:S80s. Concentration and purification by SiO: cokjmn chromatography
(20% EtOAc/CH:Clz) provided 850 mg of pure product. Mass spectrum: M" = 347. 'HINMR (CDCls): 52.05

(d, 1H), 2.80-3.10 (m, 4H), 4.20 (m, 1H), 430 {m, 1H), 4.70 (m, 1H), 5.0 (br s, 1H), 7.30 (m, 10H).

25
B. 5-Benzyloxycarbonylamino-3,3-difluoro-2 4-dihydroxy-1,6-diphenylhexane.

To a solution of 100 mg of the resultant compound from Example 272A in 5 ml of dioxane and 5 ml of
so water was added 226 mg of barium hydroxide octahydrate. After refluxing for 3 hr and cooled to RT, the
solution was filtered and concentrated in in vacuo. The crude material was dissolved in CHzClz and 1.2
equivalent of Cbz-NOS was added and the mixture was stired at RT overnight. Concentration and
purification by SiOz column chromatography (20% EtOAc/CHClz) provided 120 mg of product. Mass
spectrum: M = 430
35

Example 273

40
5-Cbz-valinyl-amino-3,3-dlfluoro-2 4-dihydroxy-1,6-diphenylhexane.

The resultant compound from Example 272B was deprotected by hydrogenolysis (Pd/C, Hz} and
45 coupled to Cbz-Vai-OH using the procedure described in Example 182 to provide the desired product
(72%). Mass spectrum: (M+H}" = 539, 'H NMR (CDCls): 50.75 (d, 3H), 0.88 (d. 3H), 2.15 (m, 1H), 2.70-
3.05 {m, 4H), 3.88 (m, 1H), 4.0-4.20 (m, 2H}, 4.40 (m, 1H), 450 {m, 1H), 5.05 (s, 2H), 5.10 (d, 1H), 6.46 (br

d, 1H), 7.30 {m, 15H).

50
Example 274

55 5-Chz-valinyl-amino-3,3-difiuorp-1,8-diphenyl-4-hydroxy-2-oxo-hexane.

Ciidation of the resultard compound from Example 273 with sodium dichromate in acetic acid provided
B

158
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the desired product. TH NMR (CDCly): §0.8 (d, 3H), 0.9 (d, 3H), 2.0 {m, 1H), 2.80 {m, 1H), 3.26 (m, 1H), 3.80
{m, 1H}, 4.0 (br s, 3H), 5.0 (br s, 3H), 6.20 (br s, 1H), 7.25 (m, 15H). '

5 Example 275

f\_. 4(8)—Benzyl-5(R)-(3'(3’ ,3'—diﬂuoro-f-methanesulfononxy-1 '-phenyl~propyi)'2-oxazoiidinone.

10

To a solution of 250 mg of the resultant product from Example 272A in 5 ml of GH.Clz was added
0.136 mi of triethylamine and 0.065 1l of methanesulfony! chloride. After 2 hr at RT the mixture was poured
into satd. brine and extracted with CH2Clz (3 x 30 mi), dried and concentrated. SiOz column chromatog-
raphy (10% EtOAc/CH;Clz) provided 203 mg of product. *H NMR (CDCls): 2.32 (s, 3H), 2.80-3.30 (m, 4H),
4.27 {(m, 1H), 4.72 (m, 1H), 5.02 (br s 1H), 5.25 {m, 1H), 7.30 (m, 10H).

pery
o

_Bi; 4(8)—Benzy!‘5(R}-(3'(3',3'—diﬂuoro_1 ’-phenyl-trans—propenyl)—2~oxazolidinone§

20

To a solution of 200 mg of the resultant product from Example 275A in 10 mi of toluene as added 2
equivalent of DBU. After refluxing for 2 hr, cooled to RT the crude product was purified by Si02 column
chromatography 1o provide 77 mg of product. *H NMR (CDClg): $2.80-3.05 (m, 2H), 4.15 (m, 1H), 450 (m,

25 1H), 5.10 {br s, 1H), 6.20 (m, 1H), 7.05 {m, 1H), 7.30 (m, 10H). )

9_. 4(S)-Benzyi~5(ﬂ)~(3‘(3',3'-diﬁuoro-1'-pheny!—propyl)»2~oxazolidinone.

30
The resultant compound from Example 275B was dissolved in 2 ml of methanc! and stirred under
hydrogen with 10% Pd/C as catalyst. After 15 minutes, filtration and concentration provided the desired
product (100%). 'H NMR (CDCla): §2.30 {m, 2H), 2.80-3.00 {m, 4H), 4.20 (m, 1H), 4.32 (m, 1H), 7.30 {m,
10H).
35

D. 5-Benzyloxycarbonyl-valinyl-amino-3,3-difluoro-1,6-diphenyl-4-hydroxyhexane.

40 Opening of the oxazolidinone ring of the resultant compound from Example 275C with barium hydroxide
and coupling to Cbz-Val-OH using the procedure of Example 182 provided the desired product (70%). 'H
NMR (CDCla): 50.80 (d, 3H), 0.90 (d, 3H), 2.10 (m, 3H), 270 (m, 2H), 3.0 (m, 2H), 3.70 (m, 2H), 3.95 (m,
1H), 4.30 {m, 1H), 5.10 (br s, 2H), 5.15 (br d, 1H), 6.45 {br d, 1H), 7.10-7.40 (m, 15H).

45
Example 276

59 5-Benzyloxycarbonyl-valinyl-amino-3,3-difluoro-1,6-diphenyl-4-oxo-hexane.

Oxidetion of the resultant compound from Example 275D using sodium dichromate in acetic acid

provided the desired compound (70%). *H NMR (CDCls): 50.82 (d, 3H}, 0.90 (d, 3H), 2.05 (m, 1H), 2.35 (m,

55 2H), 2.80 {t, 2H), 2.90 {m, TH}, 3.30 (m, 1H}, 3.80 (m, 1H}, 5.10 (s, 2H}, 512 (br d, 1H), 5.30 {m, 1H), 6.10
{br d, 1H}, 7.10-7.35 {m, 15H).

s STAN 034323
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Example 277

5-Cbz-valinyl-amino-3,3-difluoro-4-hydroxy-1,6-diphenyl-2-isobutyicarbonyloxy-hexane.

To a solution of the resullant compound from Example 273 in CHpClz was added 2 equivalents of
triethylamine and 1.5 equivalents of isovaleryl chloride. After 2 hr at RT, the mixture was poured into dil.
HCI, extraction with EtOAc (3 x 50 mi), washed with satd. NAHCO; and brine, dried and concentrated.
Purification by Si0Oz column chromatography (10% EtOAc/CH,Clz) provided the desired product.

Example gzg

5-Cbz-valinyl-amino-3,3-difluoro-4-hydroxy-1.8-diphenyl-2-isopropylamino-carbonyloxy-hexane.

To a solution of the resultant compound from Example 273 in CH,Cl, was addbd 1.5 equivalent of
isopropylisocyanate and excess DMAP. The solution was stirred at RT overnight. The reaction mixture was
poured into dil. HCI and extracted with EtOAc (3 x 50 ml), washed with brine, dried and concentrated.
Purification by SiO2 column chromatography (15% EtOAc/CH:Clz) provided the desired product.

Example g?_’g

5-Cbz-valinyl-amino-3,3-diflucro-4-hydroxy-1,6-diphenyl-2-methoxy-hexane.

To the resultant compound of Example 272A was added 2.2 eq. of sodium hydride in DMF at 0° C,
followed by the addition of methyl iodide. After 2 h at RT, conc. and purified the product by silica gel
column chromatography. The resultant product was hydrolyzed with barium hydroxide to open the
oxazolidinone ring and coupled to Cbz-Val-OH using the procedure described in Example 182, to give the
desired product.

Example ggg

5-Cbz-valinyl-amino-3,3-difluoro-4-oxo-1,6-diphenyi-2-methoxy-hexane.

The resultant compound of Example 278 was oxidized with NapCro0Qr in acetic acid to provide the
desired product.

Example g§_1_

A. N, N-Bis-(Cbz-valinyl}-(2R, 3R, 4R, 5Ri-1 ,5«bis-{21»pyridylii‘:%o}-z,5~diamino‘SﬁvO-isgprepyiﬁdeﬁehexangdioi,

1860
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A mixture of 171 gL (1.23 mmol) of triethylamine, 137 mg (1.23 mmol) of 2-mercaptopyridine and 200
mg (0.308 mmol) of the resultant compound of Example 196A in 1.0 mL of dry DMF was stirred at ambient
temperature overnight. The reaction mixture was concentrated under reduced pressure. The residue was
purified by flash chromatography on a 1.5 X 42 cm silica gel column eluted with 50% sethyl acetats in

5 hexane to give 211 mg (78.6% yield) of the title compound; FAB MS M/Z: 873 (M+H)*. The 300 MHz 'H
NMR spectrum was consistent with the assigned structure.

B. N,N-Bis-(Cbz-valinyl)-(2R, 3R, 4R, 5R)-1 ,6-bis(21-pyridy1thio)'2,S—diamino—3,4-hexanedioi.

10

A solution of 200 mg (0.23 mmol) of the resultant compound of Example 281A in 7.0 mL of methanol
containing 1 mL of 0.1 N aqueous hydrochloric acid was stired at 40" C overnight. The solvent was
evaporated under reduced pressure. The residue was dissolved in methylene chloride/methanol and the

15 resultant solution was washed with aqueous sodium bicarbonate solution and brins, dried over anhydrous
magnesium sulfate, filtered and concientrated under reduced pressure to give the title compound as a white

powder; FAB MS M/Z: B33 (M+H) . The 300 MHz 'H NMR spectrum was consistent with the assigned
structure. Analysis calculated for CaoHs2Ne0gS2: C, 60.58; H, 6.29; N, 10.10. Found: C, 60.15; H, 6.29; N,

9.97.
20
Example ?_§_2_
25 , ,
A. N, N-Bis-(Cbz-valinyl)-(2R, 3R, 4R, 5R)-1,6-bis-{{1 -methy}-2 -imdazoyl)thio)-2,5-diamino-3,4-0-
isopropylidenehexanediol.
30 To a solution of 196 mg (1.72 mmol} of 2-mercapto-1-methylimidazole and 280 mg (0.431 mmol} of the

resultant compound of Exampie 196A in 1.5 mL of dry DMF -was added 240 gl (1.72 mmol) of
triethylamine. The resuliant solution stimed at ambient temperature overnight. The reaction mixture was
concentrated under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 35 cm
silica gel column eluted with 10% isopropy! alcoho! in foluene to give 287 mg {81% vyield) of the title

35 compound; FAB MS M/Z: 879 (M +H)’. The 300 MHz "M NMR spectrum was consistent with the assigned
structure.

B. N.N-Bis-{Cbz-valiny}-(2R, 3R, 4R, 5R)-1,6-bis-((1 !-methyl~2'—imdazoyl)th‘ro)—Z,S—diamino»S,&hexanedicl

40

A solution of 280 mg (0.32 mmol) of the resultant compound of Example 282A in 7.0 mL of methanol
containing 0.1 mlL of concentrated agueous hydrochioric acid was stirred at 40° C for 40 h. The solvent was
evaporated under reduced pressure and methanol was added to the residue. The methanol was evaporated

45 and the residue was treated with aqueous sodium bicarbonate solution. The precipitate which formed was
filtered to give 148 mg of the title compound; FAB MS M/Z: 839 (M+H)', 861 (M+Na)'. 'H NMR (ds-
DMSO) 5 0.79 (d, 6H), 0.84 {d, BH), 2.00 (m, 2H), 3.12 (d, 4H)}, 3.50 (g, 8H), 3.97 (dd, 2H), 4.08 (br dd, 2H),
5.0 (g, 4H), 5.44 {br m, 2H), 6.B9 (d, 2H), 7.19 (d., 2H), 7.28 (d, 2H), 7.34 (m, 6H), 7.70 (d, 2H).

Example 283

86 N, N-Bis-(Cbz-valinyl}-{2R, 3R, 4R, 5R)-1 ,S»bis-{.?’«pyn'm%dinyﬁhia}».?,&diaminc»‘s,4-0-isoaropyiidenahexanedioi

A mixture of 185 ul (1.335 mmol) of tiethylamine, 150 mg {1.335 mmol} of Z-mercaptopyrimidine

161
STAN 034325



Case 3:05-cv-04158-MHP  Document 179-16 - Filed 08/10/2007 Page 13 of 31

EP 0 402 646 At

{commercially available from Aldrich Chemical Co.) and 217 mg {0.333 mmol} of the resultant compound of
Example 196A in 2.0 mL of dry DMF was stirred at ambient temperature overnight. The reaction mixture
was concentrated under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 35
cm silica gel column eluted with 10% isopropy! alcohol in toluene to give 219 mg (75% vyield) of the title

5 compound; FAB MS M/Z: 875 (M+H)". The 300 MHz 'H NMR spectrum was consistent with the assigned
structure. Analysis calculated for CasHseNsOsS2: C, 59.04; H, 6.18; N, 12.81. Found: G, 58.69; H, 6.20; N,
12.61.

10 ‘ ?_ N,N-Bis~(Cbz-valinyl)-(2R, g_R__ fﬁ_ 5R}-1 ,6»bis(2'-pyrimidinylthio)-2,5-diamino-3,4-hexanediol

A solution of the resultant compound of Example 283A (205 mg. 0.234 mmol) in 10.0 mL of methano!
containing 0.10 mL of concentrated aqueous hydrochloric acid was stirred at 40° C for 7.5 h. The reaction
15 mixiure was stirred for approximately 64 h at ambient temperature. Additional methanolic hydrochloric acid
(5 mL) was added and the reaction mixture was then stirred for 8 h at 40° C. The solvent was evaporated
under reduced pressure and methanol was added to the residue. The methanol was evaporated. The
residue was dissolved in chioroform and the resultant solution was washed with agueous sodium bicar-
bonate solution and brine, dried over anhydrous magnesium sulfate, filtered and concentrated under
20 reduced pressure fo give 198 mg of the crude product. The crude product wa$ purified by flash
chromatography on a 1.5 X 37 cm silica gel column eluted with 5% methanol in methylene chioride to give
28 mg (14% yield) of the title compound; FAB MS M/Z: 835 (M +H)*. The 300 MHz "HINMR spectrum was
consistent with the assigned structure. Analysis calculated for CsaHs2NgOsS2 + HzO: C, 56.33; H, 6.10; N,
13.14. Found: C, 56.47; H, 5.89; N, 13.13.
25

Example 284

30
_f_\; ‘!\_l_ N-Bis-(Cbz-valinyl}-(2R, 3R, 5_R_ 5R)-1.6-bis-{cyclohexylthio)-2,5-diamino-3,4-O-isopropylidenehexanediol

) A mixture of 190 ul (1.866 mmol) of triethylamine, 158 mg (1.23 mmol} of cyciohexyimercaptan and
38 222 mg {0.341 mmol} of the resultant compound of Example 196A in 3.0 mL of dry DMF was stirred at
ambient temperature for 2 days. The reaction mixiure was concentrated under reduced pressure. The
residue was purified by flash chromatography on a 1.5 X 40 cm silica gel column eluted with 40% ethyl
acetate in hexane to give 211 mg (78.6% yield) of the title compound; FAB MS M/Z: 883 (M + H)‘. The 300
MHz *H NMR spectrum was consistent with the assigned structure. Analysis calculated for Ce7Hrz1Ne 0sS;:

40 C, 63.85; H, 7.84; N, 8.35. Found: C, 63.86; H, 8.00; N, 6.31.

B. N,N-Bis-(Cbz-valinyh-(2R, 3R, 4R, 5R)-1,6-bis-(cyclohexylihio}-2,5-dlamino-3,4-hexanediol

A solution of the resultant compound of Example 284A (120 mg, 0.136 mmol} in 3.0 mL of
trifluorcacetic acid was cooled in an ice bath. To the cooled solution was added 3 mL of water and the
solution was stirred for 5 h at 0° C. The solvent was evaporated under reduced pressure. The residue was
purified by flash chromatography on a 1.0 X 37 cm silica gel column eluled with 20% ethy! acetate in

so  methylene chioride, followed by 40% ethyl acetate in methylene chioride to give the fitle compound; FAB
MS M/Z: 843 (Mé—H}*. The 300 MHz 'H NMR spectrum was consistent with the assigned stucture.
Analysis calculated for CeeHssNs OS2z C, 82.71; H, 7.84; N, 6.65. Found: C, 62.68; H, 7.84; N, 6.64.

55 Example 285

162 C
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i\_. _N_ N-Bis-{Cbz-valinyl)-(2R, 3R, 4R, 5R)-1 ,Scbis—(4'-pyridylthio)-z,s-diamino¥3,4—O-isopmpylidenehexanediol

A mixture of 204 ul {1.47 mmol} of triethylamine, 163 mg (1.47 mmol) of 4-mercaptopyridine and 239
5 mg (0.368 mmol) of the resultant compound of Example 1964, in 2.0 mL of dry DMF was stirred at 5°C for
1 h and at ambient temperature for 4 h. The reaction mixiure was concentrated under reduced pressure.
The residue was purified by flash 6hromatography on a 1.5 X 43 cm silica ge! column eluted with 5%
methano! in methylene chioride o give 220 mg (68.6% yield) of the fitle compound; FAB MS M/Z: 873
M +H)*. The 300 MHz 'H NMR spectrum was consistent with the assigned structure. Analysis calculated

10 for CasHssNsOsSz2: C, 61.86; H, 6.53; N, 8.62. Found: C, 61.49; H, 6.35; N, 8.57.

_B_. N,N-Bis-(Cbz-valinyl)-(2R, Q_F_K_ 4R, 5R}-1 ,6-bis-(4'-pyridyﬁhio)—Z,S—diamino-SA»hexanediol

15
A solution of the resultant compound of Example 285A, in 5.0 mL of methanol containing 40uL of
concentrated aqueous hydrochloric acid was stirred at 40" C for 2 days. While the reaction mixture was
stirring additional aliquots {total 80 ul) of concentrated hydrochloric acid were added. The reaction mixture
was allowed o stir over the weekend at ambient temperature and then another drop of concentrated
20 hydrochloric acid was added. After stirring for a total of 4.5 days the solvent was evaporated under reduced
pressure. Methanol was added 1o the residue and evaporated off under reduced pressure. The residue was
purified by flash chromatography on a 1.5 X 45 cm silica gel column eluted with 10% methanol in
methylene chioride, followed by 20% methanol in methylene chioride . The material obtained from the
column was treated with 10 mL of methanol containing 0.10 mL of concentrated agueous hydrochloric acid
25 at 40 C for 55 h. The solvent was evaporated under reduced pressure. Methanol was added to the residue
and evaporated off under reduced pressure.The residue was dissolved in methylene chloride/methanol and
the resultant solution was washed with dilute aqueous sodium bicarbonate solution, dried over anhydrous
magnesium sulfate, filtered and concentrated under reduced pressure to give 13 mg (8.2% vyield) of the title
compound; FAB MS M/Z: 833 {M+H)‘. H NMR (CD;0D) 5 0.91 (d, 6H), 0.93 (d, 6H), 2.01 (m, 2H), 3.20 (br
30 m, 4H), 3.90 (d, 2H), 4.27 (m, 2H), 4.77 (m, 2H), 5.11 (s, 4H), 7.25-7.40 (m, 14H), 8.23 (d, 4H)..

Example g_8_6
35
A. N, N-Bis-(Cbz-valiny)-(2R, 3R, 4R, 5R)-1,6-bis-{t-butyithic)-2,5-diamino-3,4-O-isopropylidenehexanediol
40 A solution of 157 mg (1.74 mmol} of t—buty!merca{ptan and 283 mg (0.435 mmol) of the resultant

compound of Exampie 196A in 2.0 mL of dry DMF was cooled in an ice bath. To the cooled solution added
242 ul (1.74 mmol} of tristhylamine. The resultant solution was allowed to warm slowly to ambient
termperature and it was stirred at ambient temperature overnight. The reaction mixture was concentrated
under reduced pressure. The residue was purified by flash chromatography on a 1.5 X 35 cm silica gel

45 column eluted with 20% ethy! acetate in hexane, followed by 40% ethyl acetate in hexane o give 173 mg.
{48% yield) of the title compound; FAB MS M/Z: 831 (M+ H)’. The 300 MHz 'H NMR spectrum was
consistent with the assigned structure. Analysis caiculated for CssHesN2OsSz: C, 82.17; H, 7.95; N, 6.74.
Found: C, 62.34; H, 8.02; N, 6.74.

50
B. N,N-Bis-(Cbz-valinyl)-{2R, 3R, 4R, 5R}-1,8-bis-(t-butylthio)-2,5-diamino-3,4-hexanediol

A solution of the resultant compound of Example 286B (173 mg, 0.208 mmol) in 3.0 mbL of

s5 triflucroacetic acid containing 0.4 mi of water was stined at 0" C for 4.5 h. The solvent was evaporated
under reduced pressure. The residue was purified by flash chromatography on & 1.5 X 39 cm silica gsi
column eluted with 50% ethyl acetate in hexane to give 78 myg (47.5% vyield} of the title compound; FAB

MS MZ: 791 {M«LH}‘. The 300 MHz *H NMR spectrum was consistent with the assigned structure.

163
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Analysis calculated for CaoHe2Na0aS;: C, 60.76; H, 7.85; N, 7.09. Found: C, 60.50; H, 7.893; N, 7.03.

Example 287

A. N, N-Bis-{Cbz-valinyl}-(2R, §i}_ il'—}_ 5R}-1,6-bis-(ethylithio)-2,5-diamino-3,4-O-isopropylidenehexanediol

10
A solution of 283 mg {0.435 mmol) of the resultant compound of Exampie 1964, in 2.0 mL of dry DMF
was cooled in an ice bath. To the cooled solution was added 108 mg {1.74 mmol} of ethylmercaptan
followed by 242 ul {1.74 mmol} of triethylamine. The resultant solution was stirred at 0° C for 4.5 h, allowed
to warm slowly to ambient temperature and it was stirred at ambient temperature overnight. The reaction
15 mixture was concenirated under reduced pressure. The residue was purified by flash chromatography on a
1.5 X 37 cm silica gel column eluted with 50% ethyl acetate in hexane to give 116 mg {34.5% yield) of the
fitle compound; FAB MS M/Z: 775 (M+H)*. The 300 MHz '‘H NMR spectrum was consistent with the
assigned structure. Analysis calculated for CasHssNaOsSz: C, 80.46; H, 7.49; N, 7.24. Found: C, 60.24; H,

7.33; N, 7.186.
20
B. N,N-Bis-(Cbz-valinyl)~(2R, §_R_ 4R, 5R}1 ,6-bis—(ethy§thio)—2,5-diamino-3.4-hexénedio!
25 A solution of the resultant compound of Example 287A (116 mg, 0.15 mmol) in 3.0 mL of trifluoroacetic

acid containing 0.3 mL of water was stirred at 0° C for 2.5 h. The solvent was evaporated under reduced

pressure. The residue was purified by flash chromatography on a 1.0 X 35 ¢m silica gel column eluted with

50% ethyl acetate in hexane {o give the title compound; FAB MS M/Z: 735 (M + H)’. The 300 MHz 'H NMR

specirum was consistent with the assigned siructure. Analysis calculated for CssHseN:OyS2: C, 58.86; H,
30 7.36; N, 7.63. Found: C, 58.58; H, 7.33; N, 7.52.

Example 288
35
A (68,7R,8R,95}-8,9-Di-((N-toluenesulionyl)amino)-7,8-O-isopropylidenetetradecanediol
40 To a solution of 1.1756 g (5.715 mmol) of cuprous bromide-dimethylsufide compiex in 8 mL of

anhydrous, oxygen-free THF at -40° C was added 4.57 mL (11.43 mmol} of 2.5 M n-butyl lithium. The
solution was stirred for 05 h at -40° C and then cooled to -60° C. A solution of {25.3R,4R,55}1,2:5,6-
diimino-3,4-O-isopropylidenehexanediol (703 mg, 1.43 mmol(Y.L. Merrer, et al, Heterocycles, 1987, 25,
541-548)) in ~16 mlL of anhydrous, oxygen-free THF was added. The solution was allowed to warm slowly

45 to approximately -25° C and stirred for 4 h at that temperature. The reaction mixture was treated with 10%
concentrated ammonium hydroxide in saturated ammonium chioride solution and the agueous mixture was
extracted with diethyl ether. The organic solution was washed with brine, dried over anhydrous magnesium
sulfate and concentrated under reduced pressure. The residue was purified by flash chromatography on a
1.0 X 27 om silica gel column eluted with 20% ethyl acetate in hexane to give 0.414 g (47 6% yield) of the

so title compound; DCIZNH; MS M/Z: 6826 (M +NH¢)‘; The 300 MHz 'H NMR spectrum was consistent with the
assigned structure.

_B_: N,N-Bis-{Cbz-valinyl}-(2S, ?»_R_ fi 58)-8.8-diaminc-7.8-O-isopropylidenetetradecanediol

55

The resultant compound of Example 2884, in 3 mlL of anhiydrous diethyl ether was added 1o ~75 mlL of
liguid ammonia and small pisces of sodium melal were added unlil & tive color persisied jor § minules.

164
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The reaction was quenched with ammonium chloride and the ammonia was evaporated. The residue was
dissolved in diethyl ether and the ether solution was washed with dilute agueous ammonium hydroxide and
brine, dried over anhydrous sodium sulfate, filtered and concentrated under reduced pressure to give the
intermediate 6,9-diamino compound. The diamine (158 mg, 0.53 mmol) was dissoived in- 5 mL of THF and
5 the THF solution was cooled in an ice bath. To the cooled solution was added 532 mg (2.12 mmol) of N-
carbobenzyloxyvaline, followed by 4086 mg (2.12 mmol) of N-ethyI-N'-(dimethylaminopropyl)carbodiimide
and 285 ul {2.12 mmol) of tristhylamine. The reaction mixture was allowed to gradually warm 1o ambient
temperature and was stirred at ambient temperature overnight. The solvent which had evaporated from the
reaction mixture was replaced with 5 mL of THF and the mixture was stirred for 2 h. The reaction mixture
10 was then diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate solution and
brine, dried over anhydrous magnesium sulfate, filtered and concentrated urder reduced pressure. The
residue was purified by flash chromatography on a 1.5 X 35 cm silica gel column eluted wnth 30% ethyl
acetate 1o to give 83 mg (20% yield) of the titte compound; DCI/NHa MS M/Z:; 784 (M + NH¢) 767 (M + H)-
; The 300 MHz 'H NMR spectrum is consistent with the assigned structure. Analysis calculated for

15 C43Hs; NaOg: C, 67.36; H, 8.62; N, 7.31, Found: C, 67.68; H, 8.02; N, 7.27.

_C_. N,N-Bis-(Cbz-valinyl}-(6S, 7R, 8R, 9S}-6,9-diamino-7,8-tetradecanediol

A solution of the resultant compound of Example 288B (80 mg, 0.1 mmol) in 3.0 mL of trifluoroacetic
acid containing 0.3 mL of water was stirred at 0" C for 4.75 h. The solvent was. evaporated under reduced
pressure. The residue was purified by flash chromatography on a 1.0 X 22 cm silica gel column eluted with
50% ethyl acetate in hexane 1o give 51 mg {45% yield) of the title compound; *H NMR (CDCl3) & 0.86 {1,

25 BH), 0.92 (d, 6H), 0.98 (d, 6H), 1.20-1.33 (br m, 12H), 1.51-1.61 (br m, 2H), 2.12-2.22 (m, 2H), 3.39 (br s,
1H), 3.55 (br s, 1H), 3.82-3.92 {m, 2H), 3.95 (dd, 2H), 5.10 (s, 4H), 5.10 (s, 4H), 5.20 (br d, 2H), 6.23 (d, 2H),
7.30-7.40 {m, 10H) Analysis calculated for CaoHe2NsOs: C, 66.12; H, 8.54; N, 7.71. Found: C, 66.04; H, 8.59;
N, 7.70.

30
Example _2_29

35 A {28,3R.4R,5S8)-1,6-Dipheny!-2,5-di-({N-tolusnesulfonyljamino)-3,4-O-isopropylidenshexanediol

To a stirred suspension of 411 mg (2.0 mmol) of CuBr-MezS in 2 mL of ether at 0 " C was added 3.08
ml (4.0 mmol) of 1.3 M phenytiithium in ether/cyclohexane. After 30 minutes, a suspension of 246 mg (0.50
40 mmol) of (28,3R,4R 55)-1,2:5,6-diimino-3,4-O-isopropylidenehexanediol (703 mg, 1.43 mmol (Y.L. Merrer, et
al, Heterocycles, 1987, 25, 541-548)) was added in 20 mlL. After 80 minutes, the reaction mixiure was
quenched with 10% NH,OH saturated with NH:Cl. The ether layer was washed with brine, dried over
magnesium sulfate, and concentrated under reduced pressure. Chromatography of the res;due on silica gel
with 7:3/hexane:EtOAc afforded 280 mg {86.4%) of the title compound. MS m/z 648 (M + H }
45

B. N,N-Bis-(Cbz-valinyl}-(2S, 3R, 4R, 58)-1,6-dipheny!-2,5-diamino-3,4-hexanediol

50 The resultant compound of Example 2894 was converted 1o the title compound in a manner analogous
1o that described in Examples 2888 and 288C.

Example ?_?2
85

A, N,N-Bis-(Chz-valiny!}-(2S, 3R, 4R, 58)-1,6-0i-{4-imethoxymethyloxy )phenyi)-2 5-diaming-3 4-hexanediol.

165
STAN 034329



Case 3:05-cv-04158-MHP  Document 179-16  Filed 08/10/2007 - Page 17 of 31

EP 0 402 646 A1

Using the procedures of Example 289, but subsituting 4-{methoxymethyloxy)phenyliithium for phenyl-
lithium in Step A provided the desired product.

5
§; N,N-Bis-{Cbz-valiny!}-{2S, §_§1 gf_%_ 58)-1,6-di-{4-hydroxyphenyl)-2,5-diamino-3,4-hexanediol.
10 The resultant compound of Example 290A was hydrolyzed according to the procedure of Example 23B
to provide the desired compound.
Example g_g_]_
15
2,4-Bis-(N-(Cbz-isoleucyl)amino)-1,5-diphenyl-3-hydroxypentane
20

The resultant compound of Example 12 (100 mg, 0.37 mmol), N-benzyloxycarbonylk-isoleucine p-
nitrophenyl ester (428 mg, 1.1 mmol) and triethylamine (210 ul) were combined ‘with 0.5 mL of dry
acetonitrile and stirred together at ambient temperature for 0.5 h. Dry THF (1.0 mL) was added and the
resultant solution was stirred at ambient temperature overnight. The reaction mixiure was then diluted with 5
25 mbL of THF and 5 mL of 3 M aqueous sodium hydroxide solution was added. The mixture was stirred at

ambient temperature for 0.5 h and then it was exiracted with 100 mL of methylene chioride. The organic

solution was washed with 3 X 256 mL of 0.5 M agueous sodium hydroxide solution and brine, dried over

. anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The residue (319 mg)

was dissolved in approximately 5 mL of chloroform and applied to a 1.0 X 40 cm column of 40 mesh silica
30 gel. The column was eluted sequentially @ 5 p.s.i with 100 mL of chloroform, 100 mL of 0.5% methanol in
chloroform and 100 mL of 1% methanol in chioroform to give 1068 mg (37% yield) of the title compound:
FAB MS M/Z: 785 (M+H}4, The 300 MHz 'H NMR specirum was consistent with the assigned structure.
Analysis calculated for CasHssNeOy: C, 70.65; H, 7.38; N, 7.32. Found: C, 70.35; H, 7.52; N, 7.21.

35
Example 282

40 2-(t-Butyloxycarbonylamino}-4-{N-(Cbz-isoleucyljamino)-1,5-diphenyl-3-hydroxypentane.

The resultant compodnd of Example 11 (125 mg, 0.34 mmol), N-benzyloxycarbonyl-ispleucine p-
nitropheny! ester (196 mg, 0.51 mmol) and triethylamine {94 uL, 0.67 mmol) were combined with 1.0 mL of
45 dry THF and stirred together at ambient temperature overnight. The reaction mixture was then heated at
reflux temperature for 3 h. The cooled reaction mixture was then diluted with 5 mL of THF and S5 mL of 3 M
aqueous sodium hydroxide solution was added. The mixture was stired at ambient temperature for
approximately 0.5 h. and was then diluted with chioroform. The chioroform solution was washed with 3 X 25
mbL of 0.5 M aqueous sodium hydroxide solution and brine, dried over anhydrous magnesium sulfate,
so  filtered and concentrated under reduced pressure. The residue (227 mg) was teken up in approximately 5
mL of chioroform and applied 1o a 1.0 X 45 cm column of 40 mesh silica gel. The column was eluted @ 5-
10 p.s.i sequentially with 100 mL of chioroform, 100 ml of 0.5% methanol in chioroform and 100 mL of 1%
methano! in chioroform to give 169 mg (81% vield) of the title compound; FAB MS M/Z: 818 (M + H}Q. The
300 MHz 'H NMR spectrum was consisient with the assigned structure. Analysie calculated for

55 CagHeyNsDOs: C, 68.98; H, 7.67; N, 6.80. Found: C, 69.26; H, 7.52; N, .61,

Example 293

166
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A 2,4-Bis-{N-(Cbz-valinyljamino)-1,5-diphenyl-3-penty! a-bromoacetate.

The resultant compound of Exampie 70 (600 mg, 0.81 mmol) was dissolved in 8 mL of methylene
chloride and 72 uL (0.8 mmol) of pyridine. The solution was cooled in an ice bath with stirring under a
nitrogen atmosphere. a-Bromoacetyl bromide (181 mg, 0.9 mmol) was added in one portion and the ice

70 bath was removed. The reaction mixture was stirred at ambient temperature for 3 h and then diluted with
150 mL of chioroform. The chloroform solution was washed with 150 mL of water, dried over anhydrous
magnesiumﬂsulfate, filtered and concentrated under reduced pressure.

The residue (644 mg) was taken up in a mixture of chloroform and methanol and adsorbed onto
approximately 1.5 g of 40 mesh silica gel in vacuo @ 40° C. The silica ge! with the product adsorbed onto

15 it was applied to a 1.0 X 40 cm column of 40 mesh silica gel and the column was eluted @ ~5 p.s..
sequentially with 100 mL of chloroform and 100 mbL of 1% methanol in chloroform to give 378 mg (65%
yield) of the title compound; FAB MS M/Z: 859 (M+H)*. The 300 MHz *H NMR «spectrum was consistent
with the assigned structure.

20
B. 2,4-Bis-(N-(Cbz-valinyl)amino)-1,5-diphenyl-3-penty! (a-(4 -methyl-1 -piperazinyl)acetate

The resultant compound of Example 293A (175 mg, 0.204 mmol) and 1-methylpiperazine {44 mg, 0.44

25 mmol) were combined with 4 mL of freshly distilled THF and the reaction mixture was stirred at ambient

temperature under a nitrogen atmosphere for 2 h. The reaction mixture was then concentrated under

reduced pressure. The residue (218 mg) was taken up in appromimately 3 mL of 5% methanol in

methylene chioride and applied to a2 0.6 X 40 cm column of 40 mesh silica gel. The column was eluted @

~10 p.s.i. sequentially with 50 mL of methylene chloride and 50 mL of 5% methanol in methylene chloride

30 to give 170 mg (96% vyield) of product. The product was dissolved in methylene chloride/methanol and

adsorbed onto ~ 1g of 40 mesh silica gel. The silica gel containing the adsorbed product was applied to 2

0.6 X 45 cm column of 40 mesh silica gel and the column was eluted @ ~10 p.s.i sequentially with 50 mL

of methylene chioride, 50 mL of 0.5% methanol in methylene chloride, 50 mL of 1% methanol in methylene

chiloride, 50 mbL of 2% methano!l in methylene chioride, 50 mL of 3% methanol in methylene chloride, 50

35 mL of 4% methanol in methylene chioride and 50 mL of §% methanol in methylene chioride to give 144 mg

{82% vyield) of the title compound; FAB MS M/Z: 877 (M+H)'. The 300 MHz H NMR spectrum was

consistent with the assigned structure. Analysis calculated for CsoHeseNsOs: C, 68.47; H, 7.36; N, 8.58.
Found: C, 68.32; H, 7.27; N, 9.54,

40
Example ?95,

45 2,4-Bis-{N-(Cbz-valinyl)amino)-1,56-diphenyl-3-penty! (a-1 '—morphoiinoacetate‘

The resultant compound of Example 293A (188 mg, 0.231 mmol}, and morpholine (43 mg, 0.5 mmol}

were combined with 4 mbL of freshly distiied THF and the reaction mixture was stimed at ambient

50 temperature under a nitrogen atmosphere for 4 h. A drop of triethylamine was added and the reaction
mixture was concentrated under reduced pressure. The residue (241 mg) was dissolved in
methanolimsthylens chioride and adsorbed onto ~ 500 mg of 40 mesh silica gel. The silica gel containing

the adsorbed product was applied to a 0.6 X 40 cm column of 40 mesh silica gel and the column was
eluted @ ~10 p.s.i. seguentially with 50 mL of chioroform, 50 mi of 1% methano! in chioroform, 50 mlL of

55 2% methanol in chioroform and 50 mlL of 3% methanol in chioroform to give 186 mg {93% yield) of the title
compound; FAB MS M/Z: 864 (M+ H}‘« The 300 MHz 'H NMR spectrum was consistent with the assigned
struciure. Analysis calculated for CasHeNsOs: C, 88.11; H, 7.12; N, 8.11. Found: C, 67.99; H, 7.14; N, 8.09.
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Example -2_9__5_

5 _A_ 2.4-Bis-(N-(Cbz-valinyljarmino}-1,5-diphenyl-3-penty! 3-(chloromethylibenzoate

The resultant compound of Example 70 (769 mg, 1.04 mmol) was combined with 3-(chioromethyi}-

benzoy! chioride (395 mg, 2.09 mmol) and pyridine (185 mg, 2.09 mmol) in 10 mL of freshly distilled

10 methylene chioride. The reaction mixture was stirred at ambient temperature under nitrogen for approxi-

mately 65 h and then diluted with 150 mL of chioroform. The chioroform solutioni was washed with 75 mL of

water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The

residue (1.59 g) was taken up in ~ 10 mL of methylene chioride and applied to a 1.5 X 45 cm column of 40

mesh silica gel. The column was eluted @ ~5 p.s.i. sequentially with 200 mL of methylene chioride, 200 mL

15 of 0.5% methano! in methylene chioride and 200 mL of 1% methanol in methylene chioride to give 275 mg

(30% vyield) of the title compound: FAB MS M/Z: 889 (M+H)‘. The 300 MHz 'H NMR spectrum was
consistent with the assigned structure.

20 ?_ 2.4-Bis-(N-(Cbz-valinyl)amino)-1,5-diphenyl-3-pentyl 3-((4'-methyi-1 '-piperazinyl )met’iwy!)benzoate

The resultant compound of Example 295A (130 mg, 0.146 mmol) and 1-methylpiperazine (32 mg, 0.337

mmol) were combined with 4 mL of freshly distiled THF and the reaction mixture was stirred at ambient

25 temperature under a nitrogen atmosphere for 2 h. The reaction mixture was then heated at reflux for 18 h

under a nitrogen atmosphere and concentrated under reduced pressure. The residue (1 B0 mg) was taken

up in appromimately 2 mL of chloroform and applied 1o a 0.6 X 45 cm column of 40 mesh silica gel. The

column was eluted @ 5-10 p.s.. sequentially with 50 mL of methylene chioride, 50 mL of 1% methanol in

methylene chioride, 50 mL of 2% methanol in methylene.chioride, 50 mL of 3% methanol in methylene

3o chioride. 50 mL of 4% methanol in methylene chioride and 50 mL of 5% methanol in methylene chioride to

give 89 mg (60% vyield) of the title compound; FAB MS M/Z: 953 (M + H)". The 300 MHz 'H NMR spectrum

was consistent with the assigned structure. Analysis calculated for CssHsgNeOs: C, 70.56; H. 7.18; N, 8.82.
Found: C, 70.22; H, 7.13; N, 8.63.

35
Exampie 296

40 2.4-Bis-(N-(Cbz-valinyl)amino)-1,5-diphenyl-3-pentyl 3-{(1 '-morpho!ino)methyi)benzoate

The resultant compound of Example 295A {133 mg, 0.15 mmol), and morpholine (26 mg, 0.30 mmol}
were combined with 4 ml of freshly distiled THF and the reaction mixture was heated at reflux under 2
45 nitrogen atmosphere for 17 h. The reaction mixture was concentraied under reduced pressure. The residue
(170 mg) was taken up in appromimately 1 mL of chloroform and applied to a 0.6 X 45 cm column of 40
mesh silica gel. The column was ehited @ 10 p.s.i. sequentially with 50 mbL of chloroform, 50 mb of 1%
methano! in chloroform, 50 mL of 2% methano! in chioroform and 50 mL of 3% methanol in chioroform 1o
give 84 mg (60% yield) of the title compound; FAB MS M/Z: 840 (M+H}“ Anatysis calculated for

50 CesHesNeOe + H 00 C, 68.94; H, 7.05; N, 7.31. Found: C, 69.15; H, 8.82; N, 7.27

Example gg‘_{
55

A. 4-(Chicromethylibenzoy! chioride
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Benzoic acid (20.0 g, 117 mmol) was suspended in 100 mL of freshly distilled methylene chloride with
stirring under a nitrogen atmosphere. Approximately 2 drops of DMF was added to the suspension, followed
by the dropwise addition of oxaly! chloride (28.7 g, 234 mmol} over a 0.5 h period. The reaction mixture was
stirred at ambient temperature for 17 h. The reaction mixture was then concentrated in vacuo @ 45-50° C.

5 Toluene (30 mL) was three times added to the residual oil and removed by azeotropic distillation. The oil
was then distilled under reduced pressure io give 20.8 g (94% yield) of the title compound; b.p. 138-1 48°C
{12 mm Hg); TH NMR (CDCI3) d 4.63 (s, 2H), 7.54 (d, 2H), 8.12 (d, 2H). '

70 g 2,4-Bis-{N-(Cbz-valinyl)amino)-1,5-diphenyl-3-pentyl 4-(chloromethyl)benzoate

The resultant compound of Example 70 (1.3 g, 1.76 mmol) was combined with 4-(chloromethyl)benzoyl

chioride (1.0 g, 5.3 mmol) and pyridine (418 mg, 5.3 mmol) in 10 mL of freshly distilled methylene chioride.

15 The reaction mixiure was heated at reflux under nitrogen for approximately 10 h and then diluted with 150

mlL of chioroform. The chloroform solution was washed with 75 mL of water, dried over anhydrous

magnesium sulfate, filtered and concentrated under reduced pressure. The residue (2.1 g) was taken up in

~ 10 mL of chioroform and applied to a2 1.8 X 45 cm column of 40 mesh silica gel. The column was eluted

@ ~5 p.s.i. sequentially with 200 mL of methylene chloride, 250 mL of 0.5% methanol in methylene

20 chloride and 600 mL of 1% methanol in methylene chioride to give 721 mg (46% yield) of the titie

compound; FAB MS M/Z: 889 (M+H)'. The 300 MHz 'H NMR spectrum was consistent with the assigned
structure.

25 C. 2,4-Bis-(N-(Cbz-valinyl)amino}-1,5-diphenyl-3-penty! 4~({4'~methyl-1 '—piperazinyl)methyl)benzoate

The resultant compound of Example 2978 (200 mg, 0.225 mmol) and 1-methylpiperazine {45 mg, 0.45
mmol) were combined with 5 mL of freshly distilled THF and the reaction mixture was heated at 45°C
30 under a nitrogen atmosphere for approximately 64 h. The reaction mixture was concentrated under reduced
pressure. The residue (245 mg) was taken up in appromimately 2 mbL of chloroform and applied to a 0.6 X
40 cm column of 40 mesh silica gel. The column was eluted @ 10 p.s.i. sequentially with 50 mL of
chioroform and 50 mbL of 1% methanol in methylene chloride to give 106 mg (37% vyield) of the title
compound; FAB MS M/Z: 953 (M+H)’. Analysis calculated for CsgHesNeOs +H20: C, 8.25; H, 7.26; N,

35 8.65. Found: C, 68.06; H, 7.00; N, 8.60.

Example 298
40
2.4-Bis-(N-{Cbz-valinylYamino}-1,5-diphenyi-3-pentyl 4-((1 '~morpholino)methy!)benzoate
45 The resultant compound of Example 297B (200 mg, 0.225 mmol), and morpholine (38 mg, 0.45 mmol)

were combined with 5 mL of freshly distilled THF and the reaction mixture was heated at 45°C under a
nitrogen atmosphere for approximately 64 h. The reaction mixture was concentrated under reduced
pressure. The residus (249 mg) was taken up in appromimately 2 mL of chioroform and applied to a2 0.6 X
45 cm column of 40 mesh silica gel. The column was eluted @ ~10 p.s.d. sequentially with 50 mL of 1%

so methanol in methylene chioride, 50 mL of 2% methano! in methylene chioride, 50 mL of 3% methanol in
methylene chioride and 50 mL of 4% methariol in methylene chioride to give 163 mg (76% yield) of the title
compound; FAB MS M/Z: 940 {M-{»H}" Analysis calculated for CssHesNsOs +H2 0 C, 68.94; H, 27.05; N,
7.31. Found: C, 68.84; H, 6.80; N, 7.28.

55
Example 299
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f\,_ 2,4-Bis(i-butyloxycarbonylamino}-1,5-diphenyi-3-pentanol

To a stirred solution of the resultant compound of Example 11 (1.0 g, 2.7 mmol) in 20 mL of
5 dichloromethane was added 0.77 g of di-t-butyldicarbonate. After 1 hour, 4 drops of diisopropylethylamine
was added, and after 30 minutes, the reaction mixture was concentrated under reduced pressure.
Chromatrography of the residue on a 1.5 x 45 cm column of silica gel with 200 mL of chloroform and then
200 mL of 99:1/chloroform:methanol afforded 1.19 g (94%) of the title compound. DCHIBU MS M/Z: 471
(M+H)*. The 300 MHz *H NMR was consistent with the assigned structure.
10 - .

E 2.4-Bis-{i-butyloxycarbonyljamino)-1,5-diphenyl-3-pentanone

15 Oxalyl chloride (380 mg, 3.0 mmol) was dissolved in 45 mL of freshly distilied methyiene chloride and
the solution was cooled fo -78° C under a nitrogen atmosphere. DMSO (469 mg, 6.0 mmol) was added to
the stirred solution, followed 5 minutes later by @ solution of 1.18 g (2.5 mmol) of the resultant compound of
Example 209A, in 20 mL of methylene chioride. After the reaction mixture was stirred for 50 min at -78 C.
1.75 mL (12,5 mmmol} of tristhylamine was added. The reaction mixture was stirred for 5 min at 78" C and

20 then allowed to warm to ambient temperature and stirred at ambient temperature for] 1 h. The reaction
mixture was diluted with 100 mbL of chioroform, washed with 100 mL of brine, drigd over anhydrous
magnesium sulfate, filtered and concenirated under reduced pressure.The residue was taken up in ~ 10 mL
of methylene chioride and applied to 2 1.0 X 45 cm column of silica gel. The column was eluted @ 5-10
p.sd. with 100 mL of methylene chloride and 100 mL of 1% methanol in methylene chioride to give 1.02 g

25 (B87% vield) of the title compound; DCI/NH3 MS M/Z: 486 (M + NH4) +, 469 (M+H) +.

C. 2,4-Bis-(t-butyloxycarbonylamino)-1,5-diphenyl-3-pentanone oxime

30
The resultant compound of Example 2898 (217 mg, 0.46 mmol), hydroxylamine hydrochloride (48 mg,

0.69 mmol) and anhydrous pyridine (75 L, 0.92 mmol) were added to 10 mL of methanol. The reaction
mixture was stirred at ambient temperature under a nitrogen atmosphere for 18 h. Additional hydroxylamine
hydrochioride {48 mg) and pyridine (75 1L} were added and the reaction mixiure was stirred for 5 h. The

35 reaction mixture was then concentrated under reduced pressure and the residue was dissolved in 100 mL
of chioroform. The chioroform solution was washed with 50 mL of water, dried over anhydrous magnesium
sulfate, filiered and concentrated under reduced pressure. The residue {250 mg) was taken up in ~ 2 mL of
methylene chloride and applied to a 0.6 X 45 cm column of sifica gel. The column was eluted sequentially
with 50 mL of methylene chioride, 50 mL of 1% methanol in methylene chioride and 50 mL of 2% methanol

40 in methylene chioride to give 160 mg (72% yield) of the title compound; DCVNH3 MS M.Z: 501 (M +NH4}
4B4 (M+Hy+. Analysis calculated for Cz7HayNaOs +0.5H;0: C, 5.77; H, 7.77; N, 8.52. Found: C, 66.11; H,
7.50; N, 8.66.

45 Example §99

2 4-Bis-{i-butyloxycarbonylamino}-1,5-diphenyl-3-aminopeniane

The resultant compound of Example 299 (134 mg, 0.277 mmolj, was dissolved in 20 mL of methanol.

10% Paliadium on carbon (50 mg) and ammonium formate (350 mg, 5.5 mmol} were added and the
reaction mixture was stimed at ambient temperaiure under one atmosphere of hydrogen for ~84 h. The

55 reaction was incompiste at this time and 100 mg of 10% pa;ladiuni on carbon and 200 mg ammonium
formate were added. The reaction mixture was stired st ambient temperature under one atmosphere of
nygdrogen tor ~24 h. The catalyst was removed by filtration and the filtrate was concentrated under reduced
pressure. The residue was dissolved in methanol and adsorbed onto ~ 500 mg of silica gel in vacuo @
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45° C. The silica gel was applied to a 0.6 X 40 cm of silica gel and eluted @ 10 p.s.i. with 50 mL of 2%

methanol in methylene chloride, 50 mL of 3% methanol in methylene chloride, and 150 mL of 5% methanol

in methylene chloride to give 20 mg (15% yield) of the title compound; DCI/NHs MS M/Z: 470 (M+H) H

NMR (CDCI3) §7.35-7.00 {m, 10 H), 5.20 {d, 1H), 4.83 (d, TH), 410 (m, 1H), 3.83 {(m, 1H), 3.0-2.5 (m, 5H),
5 1.42 (s, 9H), 1.32 (s, 9H).

Example 301

10

2,2-Bis-(2'—phenyl-1 '-{t~butoxycarbonylamino)‘1 '-ethy‘)oxirane

15 Approximately 3 mmol of diazomethane was generated by standard procedures from N-methyl-N-
nitroso-p-toluenesulfonamide (sold by Aldrich Chemical Co. under the tradename Diazald®) and distilled
directly into a solution of the resultant compound of Example 2898 (100 mg, 0.21 mmol) in 2 mL of THF.
The solution was then diluted with 10 mL of methanol and ~13 mb of diethyl ether. The reaction mixture
was stirred at ambient terperature for 18 h. The reaction mixture was protected from moisture by a drying

20 tube containing calcium chioride. The solution was concenirated under reduced pressure and the residue
(106 mg) was taken up in ~1 mbL of methylene chioride. The methylene chioride solution was applied to a
0.6 X 45 cm column of silica gel preequilibriated with hexane. The column was eluted @ 10 pis.
sequentially with 50 mL of hexane, 50 mL of 5% ethyl acetate in hexane, 50 mL of 10% ethyl acetate in
hexane, 50 mL of 15% ethyl acetate in hexane, 50 mL of 20% ethy! acetate in hexane, 50 mL of 25% ethy!

25 acetate in hexane, and 50 mL of 5% methanol in methylene chioride to give 24.5 g (24% vyield) of the title
compound; DClisobutane MS M/Z: 483 (M+H)".

Example §9_%
30

5_. 2,4-Bis-{N-(Cbz-valinyl)amino)-1,5-diphenyl-3-pentanone

35
To a cold (-78" C) solution of oxaly! chioride (83 mg, 0.73 mmol) in 11 mL of freshiy distilled methylene
chloride was added, with stirring, 103 1L (1.46 mmol) of DMSO. To this soltuion at -78" C after stirring for 5
minutes was added a solution of the resultant compound of Example 70 (450 mg, 0.61 mmol) in 55 mL of
methylene chloride/DMSO (10:1). The reaction mixture was stirred at —78' C for ~50 min, triethylamine (426
40 pl, 3.0 mmol) was added and stirring was continued for 5 min at -78° C. The cold bath was removed and
the reaction mixture was aliowed to warm to ambient temperature. The reaction mixture was diluted with
150 mL of chioroform. The chicroform solution was washed with 100 mL of brine, dried over anhydrous
magnesium sulfate, filtered and concentrated under reduced pressure. The residue was taken up in ~3 mL
of chloroform and applied to a 1.0 X 45 cm column of silica gel. The column was eluted with 100 mL of
45 chioroform and 100 mL of 0.5% methanol in chioroform to give 376 mg (84% yield) of the title compound;
DCI/NH3 MS M/Z: 501 {M+NH:.’)‘. The 300 MHz 'H NMR spectrum was consistent with the assigned
structure.

50 B. 2.2-Bis-(2 -phenyl-1'-(N-(Cbz-valinyl)amino)-1 ~ethyljoxirane

The resultant compound of Example 302A (370 mg. 0.5 mmol} was suspended in 50 mi. of methanol at
ambient temperature. THF was added (30 mL) until a solution was formed. Excess diazomethane was

55 generated by standard procedures from N-methyl-N-nitroso-p-toluenesutfonamide {soid by Aldrich Chemical
Co. under the tradename Diazold®!} and distifled (in ~50 mL of diethyl ether) directly into the solution of the
ketone. The reaction mixiure was stirred at ambient temperature for 17 b and then concentrated in vacuo at

40" G, Tne residue {410 mg) was taken up in 2 mL of chioroform and applied 10 2 1.0 X 45 cm column of
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silica gel preequilibrated with hexane. The column was eluted @~5 p.si. with 100 mbL of methylene
chioride, 100 mL of 1% methanol in methylene chioride, 100 mbL of 2% methanol in methylene chioride and
100 mb of 3% methanol in methylene chioride to give 82 mg (22% yield) of the title compound; DCI/NH;
MS M/Z: 749 (M+H) .

Example 303

10
A. Dimethyl-2 4-bis(phenylmethyl)-3-oxoglutarate

Dimethy! 2,4-bis(phenyimethylene)-3-oxo-glutarate {630 m'g, 1.8 mmol) (C.H. Chen, et al, J. Org. Chem,,
15 1981, 46, 2752-2757) was dissolved in about 100 mL of methanol and 250 mg of 10% palladium on carbon
was added. The reaction mixture was shaken at ambient temperature under 4 atmospheres of hydrogen for
about 12 h. The catalyst was removed by filtration and the filirate was concentrated under reduced
pressure. The residue (750 mg) was taken up in ~15 mL of methylene chloride and applied to a 1.0 X 45
cm column of silica gel. The column was eluted @ 5 p.s.J. with 150 mL of methylene chioride to give 374

20 mg (58% yield) of the title compound. The 300 MHz 'H NMR was consistent with the asbigned structure.

H

?'_- Dimethyl-2,4-bis{phenyimethyl)-3-hydroxygiutarate

25

To a solution of the resultant compound of Example 303B (370 mg, 1.04 mmol} in 20 mL of
methanol/THF (1:1) at ambient temperature under a nitrogen atmosphere was added 40 mg (1.04 mmol) of
sodium borohydride. The reaction mixiure was stirred at ambient temperature for 1 h and then concentrated
under reduced pressure. The residue was co-evaporated with 2 X 10 mL of methanol. The residue (517 mg)
30 was then taken up in methylene chloride and applied 1o a 1.0 X 45 cm column of silica gel. The column was
eluted with 100 mL of methylene chioride, 100 mL of 0.5% methanol in methylene chioride and 100 mL of
1.0% methanol in methylene chioride fo give two products. The nﬂe compound was recovered as the maior

product in 49% yield (182 mg); DCIYNH3 MS M/Z: 374 (M+NH4) 357 (M+H)+.

35
Exampie 304

40 A 2.4-Bis-{phenylmethyl)-3-hydroxy-glutaric acid

The resultant compound of Example 303B (120 mg, 0.337 mmol} and lithium hydroxide monochydrate

{30 mg, 0.71 mmol) were added to THF/water (4:1) and the solution was stirred for ~20 h at ambient

45 temperature under a nitrogen atmosphere. The reaction mixiure was diluted with 20 mbL of THF and

adjusted to neutral pH with strongly acidic ion exchange resin HCR-S (commercially available from Naico

Co.). The mixture was filtered through a millepore {0.45 u) filter and the filirate was concentrated under
reduced pressure 1o give 120 mg of the title compound; DCI/NH3 MS M/Z: 346 (M + NH.;}'.

50
B. N,N*-Bis-(i ’-benzyiexycarbanykz'«methyi—’l ’-propy%}-z,:t-bis{phenyime‘thyl}'s-hydroxy-g1uiaramide

To a stired mixture of 2,4-bis{phenylmethyl})-3-hydroxy-glutaric acid (68 mg, 0.2 mmol} and valing

55 benzyl ester (168 mg, 0.44 mmol} in DMF at 0°C was added diethyl cyanophosphonate (87 mg, 0.44
mmol} fcllowed by tristhylamine (123 mg, 0.88 mmol). The reaction mixture was stired at 0° ¢ under
ritrogen for 0.5 h and then it was allowed fo warm 10 amblent temperature. The reaction mixture was stirred

at ambient femperature for 18 h and was then diluted with 100 mb of chioroform, washed with 100 mlL of

172
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water, dried over anhydrous magnesium sulfate, filtered and concentrated under reduced pressure. The
residue (1.6 g) was taken up in ~1 mL of methylene chioride and applied to a 0.6 X 45 cm column of silica
gel. The column was eluted @ 10 p.s.i. with 100 mL of methylene chloride. The residue was then taken up
in ~1 mL of methylene chloride and applied to a 0.6 X 40 cm columnm of silica gel. The column was eluted
5 @ ~10 p.s.. with 50 mL of methylene chioride, 50 mL of 1% methanol in methylene chioride and 2%
rpethano! in methylene chloride to give 93 mg (85% vyield) of the titie compound; FAB MS M/Z: 707 (M +H)-

10 - Example '3_0_5_

N ,N'vBis-(T '-benzyioxycarbony!—Z'vmethyl—‘l ‘-propyl)-i?,3,4,5~tetrahydroxyadipamide

15

Valine benzyl ester p-téluenesulfonate salt (10.6 g, 28 mmol) was partitioned between 200 mt of
chioroform and 56 mL of 0.5 M agueous sodium hydroxide solution. The organic layer was separated and
washed with 75 mL of brine and 756 mb of 5% aqueous sodium bicarbonate, dried over anhydrous

20 magnesium sulfate, filtered and concentrated under reduced pressure. Acetonitrile (25 mL) and mannosac-
charodilactone (W.N. Haworth, et al, J. Chem. Soc.,1944, 217) (1.8 g, 10.3 mol) were added to the residue
and the reaction mixture was heated at reflux under nitrogen for 10.5 h. The reaction mixture was allowed to
cool to ambient temperature and stirred at ambient temperature for ~64 h. Acetonitrile (76 mL) was added
followed by 26 mL of strongly acidic ion exchange resin (HGR-8} and the mixture was stirred at ambient

25 temperature for 2 h. The resin ‘was removed by filtration and the filtrate was concentrated under reduced
pressure. The residue was taken up in ~25 mL of methylene chioride and applied to a 2.8 X 56 cm column
of silica gel. The column was eluted @ ~5 p.s.i with 250 mL of methylene chloride and 1 L of 5% methanol
in methylene chloride to give 5.28 g (86% yield) of the desired product. The product (267 mg) was further
purified by chromatography. It was dissolved in ~1 mL of methylene chloride and applied to a 0.6 X 45 cm

30 column of silica gel. The column was eluted @~10 p.s.i. with 50 mL of methylene chloride and 100 mL of
2% methano! in methylene chioride to give 212 mg of the title compound: El MS m/z 589 (M+H ), H NMR
5 0.87 {d, 6H), 0.93 (d, 6H), 2.18-2.30 (m, 2H), 4.05 {t, 2H), 4.14 (d, 2H), 4.25 (dd, 2H), 4.58 (dd, 2H), 467
(d, 2H), 5.12-5.24 (dd, 4H}, 7.30-7.40 (m, 8H), 7.62 (d, 2H).

35
Example 306

40 N,N"Bis-{ 1 t—benzyioxycarbonykzt-methyH '-propyl)-S,4»dihydroxy—2,5~bis(phenyimethyI)adipamide.

A solution of 100 mg {(0.68 mmol) of 2,3:45-dianhydro-D-iditol (R.S. Tipson, et al, Carbohydrate
Research, 1968, 7, 232-243) in 5 mL of dichloromethane and 1 mL of DMSO was added fo a solution of

45 208 mg (1.64 mmol) of oxalyl chioride in 10 mL of dichicromsthane which had been treated with 257 mg
{3.28 mmoly of DMSO at -78 °C. After 15 minutes at this temperature 685 mg (6.8 mmol) of triethylamine
was added and the resulting solution allowed to warm to room temperature. The resulting dialdehyde is
purifed by chromatography on silica gel and then oxidized to dimethyl 2,3:4,5-diepoxyadipate according to

the procedure of D.R. Williame, et al (Tetrahedsron Letters, 1988, 5087-5080). The diepoxide is then treated

50 with the cuprate reagent prepared from benzyl lithium and CuBr-Me:$ or CuCN in an ethereal solvent such
as tetrashydrofuran or diethyl ether, to affored dimethyl 3, 4-dihydroxy-2 5-bis{phenylmethyhadipate. The
resulting diol is then protected as the bisit-butyldiphenylsiiyl) ether by treatment with t-butyidiphenyisily!
chioride in. DMF in the presence of imidazole. Saponification of the diester with LIOH in aqueous THF,
followed by acidification and coupling to valine benzyl ester in the manner described in Example 304,

55 foliowed by deprotection with tetrabutylammmonium fluoride in THF affords the title compound.

Example 307
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_A_; N,N'-Bis-ﬁ '~benzyioxycarbonyI~2'—methyH '-prop_yI)-2,3,4,5-tetrahydr0xyadipamide, 3.4-O-isopropylidene
5

To a stirred solution of 5.00 g (8.49 mmoly of The resultant compound of Example 305, in 1000 mL of
acelone was aded 3.3 mbL of concentrated sulfuric acid. After 60 minutes at room temperature, the reaction
mixture was diluted with 1 liter of dichloromethane and then neutralized with 8.3 mL of concentrated

10 ammonium hydroxide. The precipitate was removed by filtration, the filtrate concentrated under reduced
pressure, and the residue purified by chromatography on silica gel with a hexane/EtQAc gradient to afford
3.93 g (74 %) of the desired product.'H NMR (CDCl3) § 7.35 (s, 10H), 5.18 (abqg, 4H), 4.58 (dd, 2H), 4.33
(m, 2H), 4.20 {m, 2H), 2.22 {m, 2H), 1.41 (s, 6H), 0.90 (d, 6H), 0.94 (d, 6H).

15
_B_: N,N'~Bis-(1 '-benzyonycarbonyi-Z’-methyi—‘l ’-propy!)—2,5-bis(triﬂuoromethylsuifonyloxy)-3,4,-dihydr0x-
yadipamide, 3,4-O-isopropylidene
20 To a stirred solution of 159 mg (0.253 mmol) of the resultant compound of Examﬁle 307A in 3 mL of

dichloromethane at -15 ~ C was added 0.051 mL {0.63 mmol) of pyridine and then 0.094 mL {0.56 mmol) of
triflic anhydride, After 2 h, the temperature had increased to -10 ~ G, and the reaction mixture was diluted
with 100 mL of dichloromethane, and washed with saturated aqueous sodium bicarbonate. The separated
organic phase was dried over magnesium sulfate, filtered, and concentrated under reduced pressurs.

25 Chromatography of the residue on silica gel with 88:2/dichioromethane:methanol afforded 55 mg (24 %) of
the title compound. FAB MS m/z 893 (M+H)".

9_. N,N'~Bis-(1 '-benzyloxycarbonyl-zl-methyl—‘! '-propyl)~2,5-phenyIthio-S,Mihydroxyadipamide, 3,4-0-
30 isopropylidene

To a stirred solution of 50 mg (0.056 mmol) of the resultant compound of Example 3078, in 5 mL of
acelonitrile was simultaneously added 62 mg (0.56 mmol) of thiophenol and 28 mg (0.28 mmol) of
35 triethylamine. After 30 minutes at room temperature, the reaction mixture was concentrated under reduced
pressure. Chromatography of the residue on silica gel with 98:2/dichloromethane:methanol afforded 30 mg
(66 %) of the title compound. *H NMR {(CDClz) § 7.5-7.15 {m, 22 H), 5.16 (abg, 4H), 4.88 (s, 2H), 4.54 (dd, 2

H); 3.84 {5, 2 H), 2.15 (m, 2 H), 1.47 (s, 6 H), 0.78 {d. 12 H).

40
D. N,N’-Bis-(i '—benzyloxycarbonyl~2'»methyi-1 '-propyl)—2,5-phenylthio—3,4-dihydroxyadipamide

A stirred solution of 27 mg (0.083 mmol) of the resultant compound of Example 307C in 2 mL of
45 4rifacetonitrile:10% ageuous HCl was heated at 45 * C far 3 hours.The cooled reaction mixtures was diluted
with 75 mL of dichioromethane, and then washed with 50 mL of water and then 25 mi of pH 6 phosphate
buffer. The separaied orgenic phase was dried over magnesium sulfate and then concentrated under
reduced pressure. Chromatography of the residue on silica gel with 95:5 to 85:15/dichloromethane:EtOAc
afforded 6.5 mg of the desired compound. 'H NMR {CDClz) 5 7.45-7.20 (m, 22 H}, 5.19 (abg, 4H), 4.52 (dd,

50 2 H), 4.47 (dd, 2 H), 3.92 {d, 2 H}, 3.88 (d, 2H}, 2.18 {m, 2 H}, 0.80 (d,6 H}, 0.78 (d,6 H).

Example 308

2,4-Bis-(N-{Cbz-valinyljamincj-1,5-diphenyl-3-pentyl 2-aminoacetate

174
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To a stirred solution of 50 mg (0.058 mmol) of the resultant compound of Example 293A, in 1 mL of

THF was added approximately ten equivalents of ammonia dissolved in THF. After 72 h, the reaction

mixture was concentrated under reduced pressure. Chromatography of the residue on silica gel with a 97:3

to 93¢ 7/‘d|chioromethane MeOH gradient afforded 8.6 mg (14 %) of the title compound. FAB MS m/z 794

5 (M+H) .'H NMR (CDCl3) 5 7.4-7.1 (m, 20 H) 5.08 (s, 4 H), 0.81 (d,3 H), 0.76 (d. 3 H), 0.66 (d 3 H), 0.62 (d
3 H).

‘Example 308
10

1-(1'-(N-(Cbz-valinyl)amino)-2 -cyciohexyl-1 -ethyl}-1-(2"-(N-(Cbz-valinyl)amino)-3"-methyl-1",1 “-difiuoro-1"-butyl)-
oxirane '

15

To a solution of 16 mg {0.022 mmol) of the ketone product from Example 183 in 2 mL of THF was
added 4 mL of an etherseal solution containing excess diazomethane. After 2 h at room temperature and 16
hours at - 20 ~ C, the solution was warmed to room temperature and concentrated under reduced pressure
20 to afford 16 mg of the title compound. DCVNH; MS,757 (M +H*), 774 (M+ NHC).’H NMR (CDCls) 6 7.37 (s,
5H), 7.34 (s, 5H), 5.98 (d 1 H), 5.83 {d, 1 H), 6.32 (d, 1 H), 5.2-5.0 {m, 5 H), 4.62-4.40 (m, 2 H), 4.03-3.90

{m, 2 H), 2.94 (bs, 1H), 2.78 {bs, 1H), 2.40-0.80 (m).

25 Example §_1_9_

N,N-Bis-(Cbz-valinyl)-(28, §§_ :1_5‘2 58)-1,6-diphenyl-2,5-diamino-3,4-hexanediol

30

Oxidation of of 2,3:45-dianhydro-D-iditol (R.S. Tipson, et al, Carbohydrate Research, 1968, 7, 232-

243) as described in Example 308, but substituting THF for the dichloromethane/DMSO msxture as solvent,

affords a solution of the corresponding dialdehyds. This solution is then recooled fo -78 * G, and treated

35 with four equivalents (relative to the iditol) of phenylmagnesium bromide. The reaction mixture is then

quenched with a pH 7 phosphate buffer and extracted into ethyl acetate, dried over sodium sulfate, and

concentrated under reduced pressure. The resulting diol is treated with benzyl isocyanate, in the presence

of either DMAP or diisopropylethylamine, in an inert solvemt, such as benzene or THF. The resulting

biscarbamate is then treated with 2 equivalents of NaH or potassium t-butoxide in THF. The resulting diol is

40 then treated with hydrogen over a Pd catalyst in a solvent such as MeOH to afford (28, 38, 48, 58)-3.4-

dihydroxy-1,6-diphenyl-hexane-2,5-diamine. This is then converted into the title compound by treatment
with Cbz-valine p-nitropheny! ester in THF in the presence of tristhylamine.

45 Example 311

2-(N-Benzyl-N-(benzyloxycarbonyljamino)-5-(t-butyloxycarbonylamino}-1 B-diphenyl-3-hexene-3 4-oxids.

50

A solution of 160 mg (0.27 mmolj of the resultant compound of Example 117A and 117 mg (0.54 mmol}
of 3-chioroperoxybenzoic acid in 1 ml of dichloromethane was stired at ambient temperature for 2 days.
The resulting solution was diluled with dichloromethane, washed sequentially with agueous sodium bicar-

s5  bonate and saturated brine, dried over MgSOs, and concentrated. Silica gel chromatography of the residue
using 10% ethy! acetate in hexane provided 150 mg, {82%) of the desired compound (R; 0.50, 20% ethyl
acetaie in hexane) as an ofl. Mass spectrum: (M + H} = 607.

e STAN 034339
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Example §J§

2-Amino-5-{t-butyloxycarbonylamino}-1,6-diphenyl-3-hexene-3,4-oxide.

A mixture of the resuitant compound of Example 311 (152 mg) and 50 mg of 10% paliadium on carbon
in 50 ml of methanol was shaken under 4 atmospheres of hydrogen for 1 day. The mixture was filtered and
concentrated in vacuo to provide 92 mg (96%) of the desired compound. Mass spectrum: (M + H) = 383.

Example 313

2,5-Di-(t-butyloxycarbonylamino)-1,8-diphenyl-3-hexene-3,4-oxide.

Using the procedure of Example 205 with the resultant compound of Example 312 provided the desired
compound. ‘

Example 314

2.5-Di-(t-butyloxycarbonylamino}-1,6-diphenyl-3-hydroxyhexane.

A solution of the resultant compound of Example 313 in telrahydrofuran was treated at ambient
temperature with 2 molar equivalents of lithium triethylborohydride (1.0 M in tetrahydrofuran). After 2 h, the
solution was quenched with citric acid, extracted with ether, washed with dilute aqueous NaOH and
saturated brine, dried over NazSQ., and concentrated. Silica gel chromatogrephy provided the desired
compound.

Example §_1_§

A. 4-Azido-2,5-di-(-butyloxycarbonylamino)-1,8-diphenyl-3-hydroxyhexane.

Using the procedure of Example 10C with the resultant compound of Example 314 provided the desired
compound.

B. 4-Amino-2,5-di-{t-butyloxycarbonylaminoj-1,6-diphenyl-3-hydroxyhexane.

Using ihe procedure of Example 11 with the resultant compound of Example 315 provided the desired
compound.

Example 3186
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(2S,3R,4R,58)-2,5-Di-(N-(quinoline-2-carbonyl)-valinyl-amino)-3,4-dihydroxy-1,6-diphenythexane.

Quinaldic acid was coupled to the resultant compound of Example 173 using the carbodiimide coupling

s procedure of Example 55 to provide the desired compound.
Example 317
10
(25,38,48,58)-2,5-Di-(N-{valinyl)amino)-3,4-dihydroxy-1,6-diphenylhexane.
5 Using the procedure of Example 71C with the resultant compound of Example 210 provided the desired
compound.
Example §_}_§
20
(28,3S,48,59)-2,5-Di-(N-(quinoline-2-carbonyl)-valinyl-amino}-3,4-dihydroxy-1,8-diphenylhexane.
25 .
Quinaldic acid was coupled 1o the resultant compound of Example 317 using the carbodiimide coupling
procedure of Example 55 to provide the desired compound.
30 Example 318
) {28,35,4R,58)-2,5-Di-(N-(valinylyamino)-3,4-dihydroxy-1,6-diphenyihexane.
35
) Using the procedure of Example 71C with the resultant compound of Example 208 provided the desired
compound.
a0
Example 320
45 {28,35,4R,55)-2,5-Di-(N-{quinoline-2-carbonyl)-valinyl-amina)-3,4-dihydroxy-1,6-diphenythexane.
Quinaldic acid was coupled to the resultant compound of Example 318 using the carbodiimide coupling
procedure of Example 55 to provide the desired compound.
50

Example 321

{25,3R.4R 58)-2,5-Di-(N-{indole-2-carbonyi}-valinykamino}-3,4-dihydroxy-1,6-diphenylhexane.

-
-,
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Indole-2-carboxylic acid was coupled to the resultant compound of Example 173 using the carbodiimide

coupling procedure of Example 55 1o provide the desired compound.

Example 322

{28.,35,48,58)-2,5-Di-(N-{indole-2-carbonyl)-valinyl-amino)-3,4-dihydroxy-1,6-diphenyihexane.

Indole-2-carboxylic acid was coupled to the resultant compound of Example 317 using the carbodiimide

coupling procedure of Example 55 to provide the desired compound.

Exampie §g§

{28,3R,45,58)-2,5-Di~(N-(indole-2-carbonyl}-valinyl-amino}-3,4-dihydroxy-1 ,6~d§pher:iy!?nexane.

Indole-2-carboxylic acid was coupled to the resultant compound of Example 319 using the carbodiimide

coupling procedure of Example 55 to provide the desired compound.

Example 324

(2S,3R,4R,58,2'S,2"S)-2,5-Di-(N-(2-(1,2,3,4-tetrahydropyrrolo]3,4-bjindol-3-on-2-yl)-4-methylpentanoyl)-amino)-

35

40

3.4-dihydroxy-1,6-diphenylhexane,

(1 eS)~2-(’1-Carboxy-?&-n‘sethylbuty1)4,2,3,ti-tetrahydropyrmlo[S,«5f-b}indol-3-one fithium salt, prepared ac-

cording to the procedure of Kempf el. al. (J. Org. Chem. 1990, 55, 1390) was coupled to the resultant
compound of Exampie 171 using the carbodiimide coupling procedure of Example 180D to provide the
desired compound. ’

Example 325

18S,3R4R,58.2'S,2S)-2.5-Di-(N-(2~(1,2,3,4-tetrahydropyrrolo[3,4-blindol-3-on-2-yl)-3-methylbutanoylj-amino)-3,4-

dihydroxy-1,B-diphenyihexane.

{1JS)«Q-U-Cafboxy-,?»methylprepy§)~1 ,2.3.4-tetrahydropyrrolo[3,4-bjindok-3-one lithium salt, prepared ac-

50 cording to the procedure of Kempt et al. {J. Org. Chem. 1990, 55, 13980) was coupled fo the resultant

compound of Example 171 using the carbodiimide coupling procedure of Example 160D 1o provide the
desired compound.

Example §g§
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{28,3R 4R 58)-2,5-Di-(N-(({t-butyloxy)carbonylmethyl}-amino)-1,6-diphenyl-3,4-dihydroxyhexane.

Using the procedure of Example 201A but replacing L-valine methyl ester hydrochloride with the
5 resultant compound of Example 171 and replacing benzyl bromoacetate with t-butylbromoacetate provided
the desired compound.

Example g@z
0

A A L\:_ N-Di-{N-({t-butyloxy)carbonyl)-(2S, 95_ f_R_ 58)-1,2:5,6-diimino-3,4-O-~isopropylidenehexanediol.

15 : '

Using the procedure of Example 205 but replacing (28,35,48,5S)-2,5-diamino-3,4-dihydroxy-1,6-
diphenythexane with (28,3R,4R,58)-1,2:5,6-diimino-3,4-O-isopropylidenehexanediol (Y.L. Merrer, et al,
Heterocycles, 1887, 25, 541-548) provided the desired compound.

20
B. (25,3R.4R,58)-2,5-Di-(N~({t-butyloxy)carbonyllamino)-1,6-di-(2-formyiphenyl)-3,4-O-isopropylidenehexanediol.

Using the procedure of Example 289A but replacing (28,3R,4R58)-1,2:56-diimino-3,4-O-

25 isopropylidenehexanediol with the resultant compound of Example 327A and replacing phenyllithium with

lithium 1-(N-methyl-N-{dimethylaminoethyl)amino-1-(2-lithiopheny!)-methoxide (Tetrahedron Lett. 1983, 24,
5465) provided the desired compound.

30 S (28,3R,4R,55)-2,5-Diamino-3,4-dihydroxy-1,6-di-(2-formylphenyl}-hexane Dihydrochloride.

Using the procedure of Example 12 with the resultant compound of Example 3278 provided the desired
compound.
35

Example §_2_8

{1 R,2R,3'3,3RS)—1 ,2-Dihydroxy-1,2-bis-(1,2,3,4-tetrahydroisoquinolin-3-yl}~ethane.

Using the procedure of Example 145A but replacing dihydrocinnamaldehyde and valine benzyl ester
45 dihydrochloride with the resultant compound of Example 327C provided the desired compound.
Example 329
50

¢ R,QR‘3’S,3"S}-1 ,2-Dihydroxy-1,2-bis-(2-(({t-butyl)aminojcarbony-1,2,3,4-tetrahydroisoquinolin-3-yl}-ethane.

55 Using the procedure of Example 226 but replacing (28.3R.48,58)-2 5-diamino-3,4-dinydroxy-1.6-
diphenylhexane with the resuliant compound of Example 328 provided the desired compound.

179
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Example g_&:g

5 A N-(t-Butyloxycarbonyl)-1,2,3 4-tetrahydroisoquinoline-3-carboxylic Acid.

Using the procedure of Example 205 but replacing (25,38,48,68)-2,5-diamino-3.4-dihydroxy-1,6-
diphenylhexane with 1,2,3,4-tetrahydroisoquinoline-2-carboxylic acid provided the desired compound.
10

§; N-(t-Butyloxycarbonyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic Acid +-Butyl Amide.

15 The resultant compound of Example 330A was coupled to t-butylamine using the mixed anhydride
coupling procedure described in Example 6F 1o provide the desired compound.

C. 1,2,3,4-Teirahydroisoquinoline-3-carboxylic Acid t-Butyl Amide Hydrochloride.
20 }

The resultant compound of Example 330B was deprotected according to the proceéure of Example 12
{o provide the desired compound.

25
_[_)__. 2,2-Dimethoxy-1,3-bis-(3-((t-butyl)amino)carbonyl-1,2,3,4-tetrahydroisoquinolin-2-ylj-propane.

Using the procedure of Example 201A but replacing L-valine methyl ester hydrochloride with the
30 resultant compound of Example 330C and replacing benzy! bromoacetate with 1,3-dibromo-2,2-dimethox-
ypropane {J. Org. Chern. 1981, 46, 2532) provided the desired compound.

g 1,3-Bis-(3-{{i-butyl)aminojcarbonyl-1,2,3,4-tetrahydroisoquinolin-2-yl)-propan-2-ol.

35

The resultant compound of Example 330D (0.05 mmol) was treated with 26 mi of 1.1 1 N
HCletrahydrofuran. After being stirred for 16 h, the solution was concentrated in vacuo. The residue was
taken up in methanol and treated with excess sodium borohydride. After 1 h, the solution was quenched

40 with aqueous ammonium chioride, pantitioned between chioroform and aqueous NaOH, dried over NazS0:,
and concentrated to provide the desired compound.

Example §§1
45
1,3-Bis-(3-{{t-butyl)amino)carbonyl-decahydroisoquinolin-2-ylj-propan-2-ol.
50
Using the procedure of Example 211 with the resultent compound of Example 330E provided the
desired compound.
55 Example _33%
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