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Supporting Information for

Solid Phase Synthesis of Bleomycin Group AntibiotiCs.
Construction of a 108-Member Deglycobleomycin Library

Christopher J. Leitheiser, Kenneth L. Smith, Michael J. Rishel, Shigeki Hashimoto,
Kazuhide Konishi, Craig J. Thomas, Chunhong Li, Michael M. McCormick, and Sidney
M. Hecht

Experimental Section

General Methods. Ultraviolet measurements were taken on a Perkin-Elmer Lambda 20
Lambda Array UV-Vis spectrophotometer. 'H NMR spectra were recorded on a General Electric
QE-300 MHz or a Varian Unity 500 MHz NMR spectrophotometer using residual solvent peaks
at 2.50 ppm for DMSO-d6, 3.31 ppm for methanol-d, 4.63 ppm for D,0, and 7.26 ppm for
CDCl; for calibration of chemical shifts. HPLC separations were performed on a Waters 600
series HPLC multi-solvent delivery system using a Kratos 747 UV detector. All reactions were
carried out under nitrogen or argon. Anhydrous grade piperidine, HATU, HOAt, and
Fe(NH4)2(S04)226H,0 were purchased from Aldrich Chemicals. Anhydroué grade DMF,
biochemical grade TFA, hydrazine monohydrate and anhydrous grade Hunig’s base v;/ere
purchased from Acros Organics. HPLC grade water and acetonitrile were purchased from Fisher
Chemicals. TentaGel resin, HBTU, HOBt, BOP, and all commercially available Fmoc-amino ‘

acids were purchased from NovaBiochem. Methylene chloride was distilled from calcium
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hydride. The optical density of 5540 M at 290 nm and 7300 M at 300 nm was used to
calculate the loading from a known weight of dry resin. The optical density of 14,500 M™" at 290
nm for bithiazole and chlorobithiazole-containing deglycobleomycins and 19,100 M at 300 nm
for trithiazole containing deglycobleomycirns was used to calculate the final deglycobleomycin
yield. Fe(NH4)2(SO4),26H,0 was used to prepare aqueous solﬁtions for admixture with
bleomycin; these were made immediately prior to use. High resolution mass spectrometry was
performed at the Michigan State University Mass Spectrometry Facility.
[2-(Fluorenylmethoxycarbonyl)amino]ethyl-2,4°-bithiazole-4-carboxylic Acid (2).
To a suspension containing 1.45 g (5.00 mmol) of 2-(aminoethyl)-2,4’-bithiazole-4-carboxylic
acid (1) hydrochloride in 100 mL in 5% aqueous K,CO; was added 1.68 g (5.00 mmol) of N-(9-
ﬂuorenylmethoxycarbonyloxy)succininﬁde in 100 mL of dioxane. After stirring for 16 h, the
resulting solution was poured into 100 mL of water and aci(‘iiﬁed with 1 N HCI1. The precipitate
was filtered, washed with three 15-mL portions of 1 N HCI, and then with water. The resulting
solid was dissolved in 30 mL of TFA and added dropwise to ethanol. The resulting solid was
filtered and dried under diminished pressure to give an off-white solid: yield 1.72 mg (72 %);
mp 171-173 °C; TLC R;0.4 (90:10:1 CH,Cl,-methanol-acetic acid); 'H NMR (methanol-dy) &
3.18 (t, 2H, J= 6.0 Hz), 3.49 (t, 2H, J = 7.0 Hz), 4.14 (t, 1H, J = 6.0 Hz), 4.30 (d, 2H, J = 7.0
Hz), 7.21 (d, 2H, J = 7.0 Hz), 7.30 (dd, 2H, J'= 7.0 Hz), 7.55 (dd, 2H, J = 8.0 Hz), 7.71 (dd, 2H,
J=8.0Hz), 8.13 (s, 1H) and 8.25 (s, 1H); °C NMR (DMSO) & 32.8, 46.7, 65.3, 117.9, 120.1,
125.1,127.1, 127.6, 128.9, 140.8, 143.9, 147.3, 148.2, 156.2, 162.1, 162.3 and 169.2; mass
spectrum (FAB), m/z 478.0879 (M + H)" (C,4H20N30,4S,; requirés 478.0895).
5'-Chloro-2'-2-[(fluorenylmethoxycarbonyl)amino]ethyl-2,4'-bithiazole-4-carboxylic

Acid (4). To a solution containing 693 mg (1.67 mmol) of 2'-[(2-tert-
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butoxycarbonyl)aminoJethyl-5'-chloro-2,4"-bithiazolyl-4-carboxylic acid methyl ester (3)'*in 60
mL of methanol was added 20 mL of 1 N NaOH. After 16 h, the solution was concentrated by
75% under diminished pressure and extracted with three 30-mL portions of ethyl acetate. The
resulting aqueous extract was acidified to pH ~ 2 with 1 N HCI and extracted with three 30-mL
portions of ethyl acetate. The organic extract was dried over MgSQ,, filtered and concentrated
under diminished pressure. The resulting solid was treated with 20 mL of dimethyl sulfide
followed by 50 mL of TFA. After 16 h, the solution was concentrated under diminished pressure
and 50 mL of a 5% aqueous K,COs solution was added, followed by 563 mg (1.67 mmol) of 9-
ﬂuorenylmethyl succinimidyl carbonate in 100 mL of dioxane. After stirring for 16 h, the
resulting solution was poured into 100 mL of water and acidified with 1 N HCI. The resulting
solid was filtered, washed with three 15-mL portions of 1 N HCI, and then with water. The solid
was dissolved in 30 mL of TFA and added dropwise to ethanol. The resulting solid was filtered
and dried under diminished pressure to give an off-white solid: yield 430 mg (49 %); fnp 126-
127 °C; '"H NMR (DMSO-ds) & 3.09 (t, 2H, J = 7.0 Hz), 3.45 (t,2H,J=7.0Hz),4.14 (t, 1H,J =
7.0 Hz), 4.30 (d, 2H, J = 7.0 Hz), 7.23 (dd, 2H, J = 7.0 Hz), 7.31 (dd, 2H, J = 7.0 Hz), 7.54 (d,
2H, J = 7.0 Hz), 7.71 (d, 2H, J = 8.0 Hz) and 7.97 (s, 1H); '*C (DMSO) & 38.4, 46.7, 65.3,
120.2,122.7,124.9, 125.1, 127.1, 129.7, 140.8, 141.5, 143.8, 148.5, 156.2, 160.4, 162.1, 166.9;
mass spectrum (FAB), m/z 512.0515 (M + 4H)+ (C24H,19CIN304S; requires 512.0505).
(1R,25,35,4'S)-[2-Hydroxy-4-(4'-isopropyl-2'-oxo-oxazolidin-3'-yl)-1,3-dimethyl-4-
oxobutyljcarbamic Acid fert-Butyl Ester (7a)."”” To a cooled (0 °C) solution containing 926
mg (5.00 mmoi) of acylated oxazolidinone 52 in 5 mL of CH,Cl, was added 5.5 mmol of
Bu,BOTf and 1.05 mL (775 mg, 8.00 mmol) of Hunig’s base. After 45 min, the solution was

cooled to -78 °C and maintained at -78 °C for 15 min. A solution containing 982 mg'(S.SO

S3




© 2003 American Chemical Society, J. Am. Chem. Soc., Leitheiser ja021388w Supporting Info Page 4

mmol) of N-(tert-butoxycarbonyl)-R-alanal (6a)’! in 5 mL of CH,Cl, was added and the solution
was allowed to warm to room temperature overnight. The reactioh was quenched by the addition
of 10 mL of potassium phosphate buffer, pH 7.0, extracted with three 20-mL portions of ether,
and the combined organic extract was washed with three 10-mL portions of saturated aqueous
NaCl and concentrated under diminished pressure. The crude oil was dissolved in 15 mL of
methanol and cooled to 0 °C, then 5 mL of 30 % H,0, was added slowly. After 4 h, 10 mL of
water was added and the reaction mixture was concentrated under diminished pressure. The
residue was extracted with three 15-mL portions of ether and the combined organic phase was
washed with three 10-mL portions of 5% NaHCOj; and three 10-mL portions of saturated NaCl.
The resulting organic phase was dried over MgSQy, filtered, and concentrated under diminished
pressure. The residue was applied to a silica gel column (30 x 4 cm), which was washed with
2:3 ethyl acetate-hexanes to afford 7a as a colorless solid: yield 1.27 g (71 %); silica gel TLC R,
0.29 (2:3 ethyl acetate-hexanes); [a]*’; +84.7 (¢ 0.23, MeOH), Lit."® [a]*°p +84 (¢ 0.26, MeoH);
'H NMR (CDCl3) 8 0.85 (d, 3H, J = 7.0 Hz), 0.89 (d, 3H, J = 7.0 Hz), 1.20 (d, 3H, J = 6.0 Hz),
1.31 (d, 3H, J = 6.0 Hz), 1.45 (s, 9H), 2.35 (m, 1H), 2.92 (br s, 1H), 3.75 (br s, 2H), 4.00 (br q,
1H), 4.25 (m, 1H), 4.45 (m, 2H) and 4.52 (br d, 1H).
(2S,3S,4R)-4-tert—Butoxycarbonylamino-3-hydr6xy-2-methylpentanoic Acid (8a)."”
To a cooled (0 °C) solution containing 700 mg (1.95 mmol) of 7a in 40 mL of 3:1 THF-H,0 was
added 1.75 mL (6 eq) of 30% H,O; followed by 217 mg (3.90 mmol) of LiOH. After stirring at
0 °C for 3 h, the excess peroxide was quenched at 0 °C by the addition of 10 mL of 1.5 N aq
Nést3, the pH was adjusted to 9-10 with saturated aq NaHCOs, and the oxazolidinone was
removed by extraction with three 10-mL portions of CH,Cl,. The aqueous phase was then

acidified to pH ~2 with 1 N HCI, and extracted with three 20-mL portions of ethyl acetate. The
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combined organic phase was dried over MgSQy, filtered, and concentrated under diminished
pressure to give 8a' as a colorless sticky solid: yield 354 mg (73%); silica gel TLC R/ 0.8 (ethyl
acetate); []*’p +8.4 (c 1.0, MeOH), Lit."’ [a]*’p +8.4 (¢ 1.0, MeOH); '"H NMR (CDCL) & 1.20
(d, 3H, J = 6.0 Hz), 1.26 (d, 3H, J = 6.0 Hz), 2.61 (d, 1H, J = 6.0 Hz), 3.80 (m, 2H), 4.82 (br d,
1H) and 6.00 (br s, 1H).
(25,35,4R)-4-(H-Fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-2-methylpentanoic
Acid (92). To a solution containing 1.42 g (5.84 mmol) of 8a'° in 10 mL of diﬁlethyl sulfide was
added 30 mL of TFA. After 2 h, the solution was concentrated under a stream of nitrogen and
concentrated further under diminished pressure. The resulting oil was dissolved in 15 mL of a
5% aqueous K,COs solution followed by the addition of 2.13 g (6.30 mmol) of N-(9-
fluorenylmethoxycarbonyloxy)succinimide in 20 mL of dioxane.l After 16 h, the solution was
extracted with three 15-mL portions of ether, and three 15-mL portions of ethyl acetate. The
combined aqueous extract was acidified to pH ~2 with 1 N HCIl. The mixture was extracted with
three 15-mL portions of ethyl acetate. The resulting organic extract was dried over MgSQOs,
filtered, and concentrated under diminished pressure. Chiomatography on flash silica gel (35x 5
cm), elution with 93:5:2 CH,Cl,-methanol-acetic acid, gave 9a as a colorless solid: yield1.3 g
(63%), TLC Ry 0.4 (93:5:2 CH,Cl-methanol-acetic acid); [a]*°5 -0.5 (c 1.1, methanol); 'H
NMR (methanol-d,) 8 1.08 (d, 3H, J = 7.0 Hz), 1.11 (d, 3H, J = 7.0 Hz), 2.47-2.43 (m, 1H),
3.63-3.56 (m, 1H), 3.73-3.69 (m, 1H), 4.13 (t, 1H, J = 7.0 Hz), 4.37-4.25 (m, 2H), 7.24 (dd, 2H,
J=7.0Hz),7.34 (dd, 2H, J = 7.0 Hz), 7.57 (d, 2H, J = 7.0 Hz) and 7.73 (d, 2H, J = 7.0A Hz); °C
NMR (methanol-dy) 8 42.5, 47.2, 47.6, 48.9, 49.2, 66.5, 75.1, 119.9, 125.2, 127.2, 127.8, 141.6,
144.3, 157.1 and 178.0; mass spectrum (FAB), m/z 370.1653 (M + H)" (C;,H4NOs requires

370.1654).
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(1R,25,35,4'S)-[2-Hydroxy-1-isobutyl-4-(4'-isopropyl-2'-oxo-oxazolidin-3'-yl)-3-
methyl-4-oxo-butyl]carbamic Acid zer-Butyl Ester (7b). To a cooled (0 °C) solution
containing 2.49 g (13.5 mmol) of acylated oxazolidinone 5 in 5 mL of CH,Cl, was added 14.9
mmol of Bu,BOTf and 3.06 mL (2.2 g, 16.2 mmol) of Hunig’s base. After 45 min, the solution
was cooled to -78 °C and maintained at -78 °C for 15 min. A solution containing 3.2 g (14.9
mmol) of N-(tert-butoxycarbonyl)-R-leucinal (6b) in 14 mL of CH,Cl, was added and the
solution was allowed to warm to room temperature overnight. The reaction was quenched by the
addition of 40 mL of potassium phosphate buffer, pH 7.0, extracted with three 20-mL portions of
ether, and the combined organic extract was washed with three 50-mL portions of saturated
aqueous NaCl and concentrated under diminished pressure. The crude oil was dissolved in 40
mL of methanol and cooled to 0 °C, then 30 mL of 30 % H,0, was added slowly. After 4 h, 30
mL of water was added and the reaction mixture was concentrated under diminished pressure.
The residue was extracted with three 30-mL portions of ether and the combined organic phase
was washed with three 30-mL portions of 5% NaHCOs3 and three 30-mL portions of saturated
NaCl. The resulting organic phase was dried over MgSQ,, filtered, and concentrated under
diminished preséure. The residue was applied to a silica gel column (30 x 4 cm), which was
washed with 1:2 ethyl acetate-hexanes to afford 7b as a colorless solid. Thei solid was
crystallized from 1:3 ethyl acetate‘hexanes to provide the product as colorless crystals: yield
2.15 g (40 %); mp 134-135 °C; silica gel TLC Ry 0.36 (1:2 ethyl acetate-hexanes); [a]*’p +92.8
(c 1.0, MeOH), '"H NMR (CDCl3) 5 0.87-0.94 (m, 12H), 1.32 (d, 3H, J = 7.0 Hz), 1.44 (s, 9H),
1.70 (m, 2H), 2.32-2.38 (m, 1H), 3.14 (br. s, 1H), 3.76 (m,‘ 2H), 3.98 (m, 1H), 4.19-4.24 (m,

3H), 4.28 (m, 1H), and 4.44 (m, 1H), >C NMR (CDCls) & 12.21, 15.17, 18.41, 22.03, 24.36,
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25.27,28.83,39.94, 41.31, 51.20, 58.74, 63.78, 75.28, 79.91,.156.20, and 178.11; mass spectrum
(chemical ionization) m/z 401 (M + H)". | |

Anal. Calcd for C20H3565N2: C, 59.98; H, 9.06. Found: C, 59.83; H, 8.99.

(2S,3S,4R)-4—tert—Butoxycarbonylamin0-3-hydroxy-2,6-dimethylhepfanoic Acid (8b).
To a cooled (0 °C) solution containing 520 mg (1.30 mmol) of 7b in 35 mL of 3:1 THF-H,0 was
added 1.1 mL (7.8 mmol, 6 eq) of 30% H,0, followed by 62.3 mg (2.6 mmol) of LiOH. After
stirring at 0 °C for 3 h, the excess peroxide was quenched at 0 °C by the addition of 10 mL of 1.5
N aq Na,S0;, the pH was adjusted to 9-10 with saturated aq NaHCO3, and the oxazolidinone
was removed by extraction with tMee 25-mL portions of CHZCIZ.- The aqueous phase was then
acidified to pH ~2 with 1 N HCI, and extracted with three 20-mL portions of ethyl acetate. The
combined organic phase was dried over MgSQ,, filtered, and concentrated under diminished
pressure to give 8b as a colorless solid: yield 316 mg (84%); mp 103-105 °C; silica gel TLC Ry
0.3 (49:49:1 ethyl acetate-hexanes—acetic acid); [o]*°p +20 (c 0.34, MeOH), '"H NMR (CDCl) 8
0.87 (m, 6H), 1.12 (d, 3H, J = 7.0 Hz), 1.28 (m, 1H), 1.37 (s, 9H), 1.51 (m, lH),.1.64 (m, 1H)
2.53 (m, 1H), 3.57 (m, 1H), 3.66 (m, 1H) and 6.24 (d, 1H, J=9.2 Hz), '*C NMR (CDCL) &
10.06, 20.09, 22.65, 24.11, 26.98, 39.41, 41.63, 50.56, 74.52, 77.99, 156.09, and 177.32; mass
spectrum (chemical ionization), m/z 290 (M + H)"; mass spectrum (FAB), m/z 290.1977 M+
H)" (C14H2sNOs requires 290.1967).

(28,35,4R)-4-(9H-Fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-2,6-
dimethylheptanoic Acid (9b). To a solution containing 1.08 g (3.74 mmol) of 8b in 12 mL of
dimethyl sulfide was added 20 mL of TFA. After 2 h, the solvent was evaporated under a stream
of nitrogen and then coevaporated with toluene under diminished pressure. The resulting salt |

was dissolved in 20 mL of a 5% aqueous K,COj5 solution followed by the addition of 1.26 g
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(3.74 mmol) of N-(9-fluorenylmethoxycarbonyloxy)succinimide in 40 mL of dioxane. After 16
h, the solution was washed with three 15-mL portions of ethyl acetate. The combined aqueous
extract was then acidified to pH ~2 with 1 N HCI. The mixture was extracted with three 15-mL
portions of ethyl acetate. ;Fhe resulting organic extract was dried over MgSQy, filtered, and
concentrated under diminished pressure. Chromatography on flash silica gel (35 x 5 cm), elution
with 93:5:2 CH,Cl,-methanol-acetic acid, gave 9b as a colorless solid: yield 1.0 g (63%), TLC
Ry 0.15 (65:33:1 hexanes—ethyl acetate—acetic acid); [0]p +21 (¢ 0.6, methanol); 'H NMR
(methanol-d,) & 0.88 (d, 3H, J = 6.0 Hz), 0.91 (4, 3H, J = 6.4 Hz), 1.15 (d, 3H, J = 7.0 Hz),
1.32-1.38 (m, 1H). 1.52-1.62 (m, 2 H), 2.50-2.53 (m, 1H), 3.61-3.64 (m, 1H), 3.75 (dd, 1H, J =
79Hz,J=4.9 Hz),4.16 (dd, 1H, J= 6.7 Hz, J= 6.4 Hz), 4.35-4.42 (m, 2H), 7.25-7.29 (m, 2H),
7.33-7.37 (m, 2H), 7.61-7.63 (m, 2H) and 7.74-7.76 (m, 2H); *C NMR (methanol-ds) & 10.33,
19.60, 20.70, 23.31, 24.65, 39.91, 42.13, 51.61, 66.05, 74.99, 119.72, 124.95, 124.97, 126.92,
126.94, 127.56, 157.23 and 177.91; mass spectrum (electrospray), m/z 412.0 (M + H)"; mass
spectrum (FAB), m/z 412.2130 (M + H)" (Cp4H29NOs requires 412.2124).
(1R,2S5,35,4'S)-[1-Benzyl-2-hydroxy-4-(4'-isopropyl-2'-oxo-oxazolidin-3'-yl)-3-
methyl-4-oxobutyl]carbamic Acid zert-Butyl Ester (7¢). To a cooled (0 °C) solution
containing 5.82 g (31.5 mmol) of acylated oxazolidinone 5*° in 27 mL of CH,Cl, was added 34.6
mmol of Bu;BOTf and 6.55 mL (4.77 g, 37.7 mmol) of Hunig’s base. After 45 min, the solution
was cooled to -78 °C and maintained at -78 °C for 15 min. A solution containing 8.60 g (34.6
mmol) of N-(tert-butoxycarbonyl)-R-phenylalanal (6¢)*' in 15 mL of CH,Cl, was added and the
solution was allowed to slowly warm to room temperature overnight. The reaction was
Quenched by the addition of 50 mL of potassium phosphate buffer, pH 7.0, extracted with three

50-mL portions of ethyl acetate, and the combined organic extract was washed with three 50-mL
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portions of saturated aqueous NaCl and concentrated under diminished pressure. The crude oil
was dissolved in 105 mL of methanol and cooled to 0 °C, then 32 mL of 30 % H,0, was added
slowly. After 4 h, 50 mL of water was added and the reaction mixture was concentrated under
diminished pressure. The residue was extracted with three 25-mL portions of ethyl acetate and
the combined organic phase was washed with three 10-mL portions of 5% NaHCO; and three
10-mL Aportions of saturated NaCl. The resulting organic phase was dried over MgSQO,, filtered,
and concentrated under diminished pressure. The residue was applied to a silica gel column (30
x 4 cm), which was washed with 1:2 ethyl acetate-hexanes to afford 7c as a colorless solid. The
solid was crystallized from 1:3 ethyl acetate-hexanes to provide 7c¢ as colorless crystals: yield
3.7 g (27 %); mp 142143 °C; silica gel TLC R, 0.24 (1:2 ethyl acetate-hexanes); [a.]*°p +94.3 (¢
1.0, MeOH), '"H NMR (CDCl;) 6 0.84-0.91 (dd, 6H, J= 6.9 Hz, J= 12.3 Hz),1.32 (d, 3H,J =
6.9 Hz), 1.37 (s, 9H), 2.28-2.35 (m, 1H), 2.90 (m, 1H), 3.02 (m, 1H), 3.40 (m, 1H), 3.76 (m,
1H), 3.92 (m, 2H), 4.18 (m, 2H), 4.38 (m, 2H) and 7.25 (m, 5H), *C NMR (CDCl3) § 11.00,
14.30, 17.52,27.92, 36.22, 38.71, 51.82, 57.75, 62.88, 71.91, 79.15, 125.92, 127.95, 129.50,
137.32,152.77, 154.97 and 177.52; mass spectrum (chemical ionization) m/z 435 (M + H)".
Anal. Calcd for Cp3H3406N: C, 63.57; H, 7.89. Foﬁnd: C, 63.30; H, 8.08
(25,35,4R)-4-tert-Butoxycarbonylamino-3-hydroxy-2-methyl-5-phenyl-pentanoic
Acid (8¢). To a cooled (0 °C) solution containing 2.00 g (4.60 mmol) of 7¢ in 40 mL of 3:1 |
THF-H,0 was added 3.9 mL (6 eq) of 30% H,0, followed by 0.48 g (9.2 mmol) of LiOH. After
stirring at 0 °C for 3 h, the excess peroxide was quenched at 0 °C by the addition of 10 mL of 1.5
N aq Na,SO;, the pH was adjusted to 9-10 with saturated aq NaHCO3, and the oxazolidinone
was removed by extraction with three 25-mL portions of CH,Cl,. The aqueous phase was then

acidified to pH ~2 with 1 N HCI, and extracted with three 25-mL portions of ethyl acetate. The
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combined organic phase was dried over MgSQy, filtered, and concentrated under diminished
pressure to give 8¢ as a colorless powder: yield 1.29 g (87%); mp 139-141 °C, siiica gel TLC R,
0.52 (94:5:1 CH,Cl,-MeOH-AcOH); [a]*% +5.2 (¢ 0.9, MeOH), '"H NMR (methanol-ds) 5 1.13
(d, 3H, J = 7.22 Hz), 1.21 (s, 9H), 2.48 (m, 1H), 2.60 (m, 1H), 3.12 (dd, 1H, J= 3.1 Hz, J=13.5
Hz), 3.66 (m, 1H), 3.84 (m, 1H), 4.83 (br s, 1H) and 7.15 (m, 5H); *C NMR (methanol-dy) &
9.38, 26.85, 36.48, 41.57, 54.09, 73.69, 77.97, 125.14, 127.26, 128.81, 138.53, 155.79, and
177.27.

Anal. Calcd for C;7H,50sN: C, 63.14; H, 7.79. Found: C, 62.99; H, 7.80.
(25,35,4R)-4-(9H-Fluoren-9-ylmethoxycarbonylamino)-3-hydroxy-2-methyl-5-
phenylpentanoic Acid (9¢). To a solution containing 1.29 g (3.99' mmol) of 8¢ in 50 mL of
dimethyl sulfide was added 20 mL of TFA. After 2 h, the solution was évaporated under a
stream of nitrogen and then coevaporated with tdlﬁene under diminished pressure. The resulting
oil was dissolved in 20 mL of a 5% aqueous K,COj3 solution followed by the addition of 1.34 g
(3.99 mmol) of N-(9-fluorenylmethoxycarbonyloxy)succinimide in 40 mL of dioxane. After 16
h, the solution was extracted with three 15-mL portions of ether, and three 10-mL portions of
ethyl acetate. The combiﬁed aqueous extract was acidified to pH ~2 with 1 N HCL. The mixture
was extracted with three 15-mL portions of ethyl acetate. The resulting organic extract was dried
over MgSOQy, filtered, and concentrated under diminished pressure. Chromatography on flash
silica gel (35 x 5 cm), elution with 95:3:2 CH,Cl,-methanol-acetic acid, gave 9¢ as a colorless
solid: yield 657 mg (37%), TLC R, 0.23 (95:3:2 CH,Cl,-methanol-acetic acid); [a]*’p +45.2 (¢
0.77, methanol); "H NMR (methanol-dy) 8 1.20 (d, 3H, J = 7.0 Hz), 2.57-2.64 (m, 2H), 3.20—
3.23(dd, 1H, J=2.5Hz,J=13.5 Hz), 3.79-3.83 (m, 1H), 3.88-3.99 (m, 2H), 4.04-4.08 (m,

1H), 4.16-4.19 (m, 1H), 7.04-7.32 (m, 9H), 7.47 (d, 2H, J = 5.0 Hz), and 7.68 (d, 2H, J = 7.5
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Hz); 3C NMR (methanol-ds) & 9.90, 36.96, 42.12, 47.26, 55.24, 66.32, 74.22, 119.73, 124.99,
125.13,125.99, 126.92, 126.96, 127.54, 127.57, 128.07, 129.46, 139.04, 141.33, 141.37, 143.89,
144.27, 156.98 and 177.94; mass spectrum (chemical ionization), m/z 446.0 (M + H)"; mass
spectrum (FAB), m/z 446.1965 (M + H)" (C,7H,7NOs requires 446.1967).

General Procedure for the Attachment of Bithiazole (Analogues) to the Solid
Support. To a suspension containing 2.0 g (0.45 mmol/g) of NovaSyn TentaGel amino
functionalized resin was added a solution containing 1.77 g (4.4 mmol) of Boc-protected
spermine26 and 919 pL (682 mg, 5.28 mmol) of Hunig’s base in 8§ mL of DMF. After 24 h, the
resin was filtered, and washed for 30 s each with three 5-mL portions of DMF, three 5-mL
portions of CH,Cl,, three 5-mL portions of methanol, and then three 5-mL portions of DMF. A
solution containing 1.26 mg (2.64 mmol) of Fmoc-bithiazole, 1.00 mg (2.64 mmol) of HBTU,
and 919 pL (682 mg, 5.28 mmol) of Hunig’s base was added. After 30 min, the resip was
filtered and washed for 30 s each with three 5-mL portions of DMF, three 5-mL portions of
CH,Cl,, and three 5-mL portions of methanol. The resulting resin was dried under diminished
pressure over KOH pellets. Quantitative Fmoc cleavage analysis indicated a loadiﬁg 0of 0.17
mmol/g (57 % over 3 steps).

General Procedure for the Attachment of Threonine (Analogues) to the Resin-
Bound Dipeptide. To a suspension containing 1.0 g of bithiazole-functionalized resin was
added sequentially for 5 min each, three 4-mL solutions containing 20 % piperidine in DMF. The
resulting resin was washed for 30 s each with seven 10-mL portions of DMF, five 10-mL
portions of CH,Cl,, and then three 10-mL portions of DMF. A solution containing 174 mg (0.51
mmol) of Fmoc-threonine, 193 mg (0.51 mmol) of HBTU, 77 mg (0.51 mmol) of HOBt, and 178

uL (132 mg, 1.02 mmol) of Hunig’s base in 4 mL of DMF was added. After 30 min the resin ~
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was filtered and washed with three 5-mL portions of DMF, three 5-mL portions of CH,Cl,, and
again with three 5-mL portions of methanol. The resulting resin was dried under diminished
pressure over KOH pellets. Quantitative Fmoc cleavage analysis indicated a loading of 0.17
mmol/g (>95%).

General Procedure for the Attachment of Methylvalerate (Analogues) to the Resin-
Bound Tripeptide. To a suspension containing 300 mg of the derivatized resin was added three
1.0-mL solutions containing 20% piperidine in DMF. The resulting resin was washed for 30 s
each with seven 5-mL portions of DMF, five 5-mL portions of CH,Cl,, and then three 5-mL
portions of DMF. A solution containing 56 mg (0.153 mmol) of Fmoc-methylvalerate, 58 mg
(0.153 mmol) of HBTU, 23 mg (0.153 mmol) of HOBt, and 53 pL (39 mg, 0.306 mmol) of
Hunig’s base in 1 mL of DMF was added. After 30 min, the resin was filtered and washed for 30
s each with three 5-mL portions of DMF, three 5-mL portions of CH,Cl,, and then three 5-mL
portions of methanol. The resulting resin was dried over KOH pellets under diminished
pressure. Quantitative Fmoc cleavage analysis indicated a loading of 0.15 mmol/g (94%).

General Procedure for the Attachment of Histidine (Analogues) to the Resin-Bound

. Tetrapeptide. To a suspension cohtaining 60 mg of the derivatized resin was added
successively three 0.5-mL solutions containing 20% piperidine in DMF for 5 min each. The
resulting resin was washed for 30 s each with seven 5-mL portions of DMF, five 5-mL portions
of CH,Cly, and then three 5-mL portions of DMF. A solution containing 17 mg (0.027 mmol) of
Fmoc-trityl-histidine, 10 mg (0.027 mmol) of HATU, 4 mg (0.027 mmol) of HOAt, and 9 uL (7
mg, 0.054 mmol) of Hunig’s base in 0.5 mL of DMF was added. After 30 min, the resin was

filtered for 30 s each with three 5S-mL portions of DMF, three 5-mL portions of CH,Clp, and

{
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three 5-mL portions of methanol. The resulting resin was dried under diminished pressure over
KOH pellets. Quantitative Fmoc cleavage analysis indicated a loading of 0.13 mmol/g (95%).

General Procedure for the Synthesis of Deglycobleomycin Ag (Analogués). Toa
suspension containing 40 mg of the pentapeptide resin was added three 0.5-mL solutions
containing 20 % piperidine in DMF for 10 min each. The resulting resin was washed for 30 s
each with seven 5-mL portions of DMF, five 5-mL portions of CH,Cl,, and three 5-mL portions
of DMF. The resin was then added to a 10 mL round bottom flask containing 1 mL of DMF and
cooled to 0 °C for 10 min. A mixture containing 5 mg (11.6 pmol) of Boc-pyrimidoblamic acid
and 15 mg (34.8 umol) of BOP was added to the resin with an additional 1 mL of DMF. The
reaction mixture was cooled for an additional 10 min followed by the addition of 12 pL (9 mg,
70 pmol) of Hunig’s base. After 16 h, the resin was filtered and washed for 30 s each with three
5-mL portions of DMF, three 5-mL portions of CH,Cl,, and then three S-mL portions of
methanol. The resulting resin was dried under diminished pressure over KOH pellets.

General Procedure for the Cleavage of DeglycoBLM Ag (Analogues) from the Resin.
To a suspension containing 24-30 mg of resin-bound fully protected deglycobleomycin Ag
(analogue) was added a solution containing 200 pL of triisopropylsilane and 200 pL of methyl
sulfide. After 5 min, 4 mL of trifluoroacetic acid was added to the suspénsion. After 4 h, the
resin was filtered and washed with five 3-mL portions of CH,Cl, and three 3-mL portions of
DMF. The resulting resin was treated with a 0.5 mL of 2% hydrazine in DMF solution. The
resin was filtered and then treated with three 0.5-mL portions of 2% hydra\lzine in DMF solution
for an additional 10 min. The eluate was collected and concentrated under diminished pressure.

- The resulting oil was dissolved in 0.1% aq TFA, frozen and lyophilized.
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Deglycobleomycin Ag. The crude product was purified on an Alltech Alltima Cig
reversed phase semi-breparative (250 x 10 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (88:12 0.1% aq TFA-CH3CN — 83:17
0.1% aq TFA-CH3CN) over a period of 30 min at a flow rate of 4 mL/min. Fractions containing
the desired product eluted at 12.0 min and were collected, ﬁozen, and lyophilized to give
deglycobleomycin Ag a;s a colorless solid: yield 3.1 mg (66%); '"H NMR (D20)60.94 (d, 3H, J
=7.0 Hz), 0.99 (d, 3H, J = 7.0 Hz), 1.07 (d, 3H, J = 7.0 Hz), 1.69 (m, 4H), 1.93 (s, 3H), 1.98
(m, 4H), 2.53 (t, 1H, J = 7.5 Hz), 2.63 (m, 2H), 3.03 (rﬁ, 12H), 3.21 (m, 4H), 3.44 (t,2H,J = 7.0
Hz),3.58 (t, 1H, J = 5.5 Hz), 3.64 (t, 1H, J = 5.0 Hz), 3.77 (t, 1H, J = 6.5 Hz), 3.97 (m, 2H, J =
6.0 Hz), 4.04 (t, 1H,J=5.5Hz),4.12(d, 1H, J = 5.5 Hz), 7.27 (s, 1H), 7.98 (s, 1H), 8.13 (s, 1H)
and 8.59 (s, 1H); mass spectrum (FAB), m/z 1114.5559 (M + H)" (C47H7606N ;0S5 requires
1114.5515).

Deglycobleomycin Analogue 10. The crude product was purified on an Alltech Alltima
C\g reversed phase semi-preparative (250 x 10 mm, 5 pm) HPLC column using aq 0.1% TFA
and CH;CN mobile phases. A linear gradient was employed (87:13 0.1% aq TFA-CH;CN —
80:20 0.1% aq TFA-CH3CN) over a period of 30 min at a flow rate of 4 mL/min. Fractions
containing the desired product eluted at 15.4 min and were collected, frozen, and Iyophilized to
give 10 as a colorless solid: yield 1.5 mg (39%); '"H NMR (D,0) & 0.56 (s, 5H), 0.68 (s, 3H),
0.93 (d, 3H, J = 6.0 Hz), 1.04 (d, 3H, J = 7.0 Hz), 1.16-1.19 (m, 2H), 1.64-1.68 (m, 4H), 1.89-
1.99 (m, 7H), 2.49 (m, 1H), 2.60-2.68 (m, 2H), 2.94-3.05 (m, 12H), 3.11-3.23 (m, 4H), 3.42 (dd,
1H, J=17.0, 6.0 Hz), 3.48 (m, 1H), 3.56 (dd, 1H, J = 6.5, 5.5 Hz), 3.71-3.73 (m, 1H), 3.91 (m,

1H), 3.99 (dd, 1H, J = 6.0 Hz), 4.04 (t, 1H, J = 5.5 Hz), 4.15 (d, 1H, J = 5.5 Hz), 7.27 (s, 1H),
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7.99 (s, 1H), 8.12 (s, 1H) and 8.60 (s, 1H); mass spectrum (FAB), m/z 1155.5900 (M + H)"
(CsoHg109N 1S, requires 1155.5984).

Deglycobleomycin Analogue 11. The crude product was purified on an Alltech Alltima
Cis reversed phase semi-preparative (250 x 10 mm, 5 pm) HPLC column using aq 0.1 % TFA
and CH;;CN mobile phases. A linear gradient was employed (86:14 0.1% aq TFA-CH;CN —»
80:20 0.1% aq TFA-CH;3CN) over a period of 30 min at a flow rate of 4 mL/min. Fraction;
containing the desired product eluted at 17.4 min and were collected, frozen, and lyophilized to
give 11 as a colorless solid: yield 2.5 mg (55%); 'H NMR (D,0) & 0.99 (d, 3H,J=6.5Hz),
1.10 (d, 3H, J = 7.0 Hz), 1.62-1.68 (m, 4H), 1.86-1.97 (m, 7H), 2.37(t, 1H, J = 10.0 Hz), 2.58-
2.70 (m, 3H), 2.75 (t, 1H, J = 6.0 Hz), 2.91-3.06 (m, 14H), 3.17 (t, 2H, J = 6.5 Hz), 3.36-3.38
(m, 2H), 3.56 (1, 2H, J = 6.0 Hz), 3.68 (d, 1H, J = 6.5 Hz), 3.99-4.07 (m, 4H), 4.21 (d, 1H, J =
5.0 Hz), 4.57 (¢, 1H, J = 7.5 Hz), 6.75 (s, 1H), 7.0 (d, 2H, J = 7.0 Hz), 7.05 (dd, 1H, J = 7.5, 7.0
Hz), 7.10 (dd, 2H, J = 7.5, 7.0 Hz), 8.08 (s, 1H) and 8.40 (s, 1H); mass spectrum (FAB), m/z
1190.5786 (M + H)" (Cs3HgoOsN)6S; requires 1190.5828).

Deglycobleomycin Analogue 12. The crude product was purified on an Alltech Alltima
Cig reversed phase semi-preparative (250 x 10 mm, 5 pm) HPLC column using aq 0.1 % TFA
and CH;CN mobile phases. A linear gradient was employed (83:17 0.1% aq TFA-CH;CN —
68:32 0.1% aq TFA-CH;3CN) over a period of 30 min at a flow rate of 4 mL/mih. Fractions
containing the desired product eluted at 17.9 min and were collected, frozen, and lyophilized to
give 12 as a colorless solid: yield 3.0 mg (68%); '"H NMR (D20) 8 0.47(dd,3H,J=6.5,3.2
Hz), 0.64 (d, 3H, J = 6.5 Hz), 0.76-0.88 (m, 1H), 1.01 (dd, 3H, J = 6.5, 2.4 Hz), 1.04 (t, 1H, J =
10.0 Hz), 1.17 (4, iH, J=10.0 Hz), 1.64-1.67 (m, 4H), 1.84-1.98 (m, 7H), 2.40 (p, 1H, J = 7.0

Hz), 2.45 (d, 3H, J = 8.0 Hz), 2.56-2.75 (m, 4H), 2.95-3.06 (m, 12H), 3.10-3.38 (m, 5H), 3.40
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(d, 2H, J =7.0 Hz), 3.45-3.49 (rﬁ, 1H), 3.51-3.54 (m, 1H), 3.58-3.64 (m, 3H), 4.06-4.09 (m, ZH),
4.33-4.37 (m, 1H), 6.18 (d, 1H, J = 3.0 Hz), 6.85 (dd, 1H, J = 5.0, 5.0 Hz), 7.18 (d, 1H, J = 6.0
Hz), 8.00 (s, 1H) and 8.11 (s, 1H); mass spectrum (FAB), m/z 1218.5526 (M + H)"
(Cs2HgsOgN7S4 requires 1218.5521).

Deglycobleomycin Analogue 13. The crude product was purified on é Supelco HS Cig
reversed phase semi-preparative (250 x 21.2 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (87:13 0.1% aq TFA-CH3CN — 77:23
0.1% aq TFA-CH;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 17.8 min and were collected, frozen, and lyophilized to
give 13 as a colorless solid: yield 1.4 mg (36%); '"H NMR (DZO) 0 0.88 (d, 3H, J = 6.5 Hz),
0.96 (d, 3H, J = 6.5 Hz), 1.36 (d, 3H, J = 7.0 Hz), 1.64 (m, 4H), 1.87 (s, 3H), 1.88-1.96 (m, 4H),
2.46-2.59 (m, 3H), 2.95-3.02 (m, 12H), 3.09 (d, 1H, J = 8.0 Hz), 3.11 (d, 1H, J = 7.5 Hz), 3.17
(9, 2H, J = 6.0 Hz), 3.40 (t, 2H, J = 6.5 Hz), 3.54 (t, 2H, J = 6.5 Hz), 3.59 (dd, 1H, J = 5.0, 4.8
Hz), 3.70 (m, 1H), 3.90 (dd, 1H, J = 7.0, 6.8 Hz), 3.95 (m, 1H), 3.99 (dd, 1H, J = 6.0, 6.0 Hz),
4.11 (d, 1H, J = 5.0 Hz), 7.19 (s, 1H), 7.98 (s, 1H), 8.08 (s, 1H), 8.12 (s, 1H) and 8.15 (s, 1H);
mass spectrum (FAB), m/z 1197.5352 (M + H)" (CsoH7709N30S3 requires 1197.5345). |

Deglycobleomycin Analogue 14. The crude product was purified on a Supelco HS C)3

reversed phase semi-preparative (250 x 21.2 mm, 5 um) HPLC column using aq 0.1 % TFA and

CH;CN mobile phases. A linear gradient was employed (90:10 0.1% aq TFA-CH3CN — 80:20
0.1% aq TFA-CH;3CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 21.8 min and were collected, frozen, and lyophilized to
give 14 as a colorless solid: yield 1.7 mg (45%); 'H NMR (D,0) 8 0.92 (d, 3H, J = 6.5 Hz),

N

0.99 (d, 3H, J = 6.5 Hz), 1.05 (d, 3H, J = 7.0 Hz), 1.64-1.70 (m, 4H), 1.92 (s, 3H), 1.93-1.99 (m,
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4H), 2.50 (m, 1H), 2.60-2.70 (m, 2H), 2.96-3.06 (m, 12H), 3.10-3.18 (m, 4H), 3.43 (t, 2H, J =
0.5 Hz), 3.54 (t, 2H, J = 6.0 Hz), 3.62 (dd, 1H, J = 5.5 Hz), 3.73, (p, 1H, J = 6.0 Hz), 3.96-4.00
(m, 2H), 4.06 (dd, 1H, J = 6.5, 5.5 Hz), 4.11 (d, 1H, J = 5.5 Hz), 7.24 (s, 1H), 8.19 (s, 1H) and
8.45 (s, 1H); mass spectrum (FAB), m/z 1148.5118 (M + H)" (C47H7504CIN}6S; requires
1148.5125).

Deglycobleomycin Analogue 15. The crude product was purified on a Supelco HS C3
reversed phase semi-preparative (250 x 21.2 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (83:17 0.1% aq TFA-CH;CN — 73:27
0.1% aq TFA-CH3CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 15.9 min and were collected, frozen, and lyophilized to
give 15 as a colorless solid: yield 1.1 mg (27 %); 1_H NMR (D;0) 6 1.00 (d, 3H, J = 6.5 Hz),
1.08 (d, 3H, J = 7.0 Hz), 1.60-1.68 (m, 4H), 1.84 (s, 3H), 1.86-1.97 (m, 4H), 2.36 (br t, 1H, J =
14.0 Hz), 2.54-2.68 (m, 3H), 2.72-2.76 (m, 1H), 2.86-3.02 (m, 14H), 3.09 (t, 2H, J = 5.5 Hz),
3.38 (t, 2H, J = 6.5 Hz), 3.48-3.58 (m, 2H), 3.69 (t, 1H, J = 6.5, 6.0 Hz), 3.90 (dd, 1H, J = 8.0,
6.0 Hz), 3.96-4.50 (m, 3H), 4.21 (d, 1H, J = 4.5 Hz), 4.55 (t, 1H; J = 6.0 Hz), 6.73 (s, 1H), 6.98
(d, 2H, J = 7.0 Hz), 7.00 (dd, 1H, J = 6.5 Hz), 7.08 (dd, 2H, J = 7.0 Hz), 8.15 (s, 1H) and 8.38
(s, 1H); mass spectrum (FAB), m/z 1224.5413 (M + H)" (Cs3H7904S;N;6Cl requires 1224.5438).

Deglycobleomycin'Analogue 16. The crude product was purified on a Supelco HS Cig
reverséd phase semi-preparative (250 x 21.2 mm, 5 pm) column using éq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (79:210.1% aq TFA-CH;CN — 69:31
0.1% aq TFA-CH;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 17.7 min and were collected, frozen, and lyophilized to

give 16 as a colorless solid: yield 2.2 mg (44%); '"H NMR (D;0) 6 0.62 (4, 3H, J = 6.5 Hz),
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0.82 (d, 3H, J = 7.0 Hz), 1.62-1.68 (m, 4H), 1.76 (s, 3H), 1.89-1.99 (m, 4H), 2.24 (p, 1H,J = 7.0
Hz), 2.50-2.68 (m, 3H), 2.81-2.85 (m, 1H), 2.92-3.04 (m, 14H), 3.09-3.12 (m, 2H), 3.38-3.41 (m,
3H), 3.48-3.52 (m, 3H), 3.94-3.98 (m, 2H), 4.40 (t, 1H, J = 7.5 Hz), 4.53 (t, 1H, J = 7.5 Hz),
6.57 (d, 2H, J = 8.0 Hz), 6.87-6.91 (m, 3H), 6.95-7.03 (m, 2H), 7.25 (d, 1H, J = 7.5 Hz), 7.38 (d,
1H, J = 7.5 Hz), 7.89 (s, 1H), 7.94 (s, 1H) and 7.99 (s, 1H); mass spectrum (FAB), m/z
1308.5725 (M + H)" (CeoHz200S3N 1o requires 1308.5705).

Deglycobleomycin Analogue 17. The crude product was purified on a Supelco HS Ci3
reversed phase semi-preparative (250 x 21.2 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH3CN mobile phases. A linear gradient was employed (81‘:19 0.1% aq TFA-CH;CN — 71:29
0.1% aq TFA-CH;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 20.7 min and were collected, frozen, and lyophilized to
give 17 as a colorless solid: yield 3.5 mg (85%); '"H NMR (D20) 8 0.60 (d, 3H, J = 6.5 Hz),
0.84 (d, 3H, J = 6.5 Hz), 1.60-1.68 (m, 4H), 1.83-1.88 (m, 5H), 1.94-1.97 (m, 2H), 2.26 (m, 1H),
2.60-2.72 (m, 3H), 2.79-2.83 (m, 1H), 2.94-3.15 (m, 16H), 3.26-3.42 (m, 4H), 3.48-3.56 (m, 2H),
4.02-4.08 (m, 2H), 4.36 (t, 1H, J = 7.5 Hz), 4.56 (t, 1H, J = 5.5 Hz), 6.54 (d, 2H, J = 6.5 Hz),
'6.83 (d, 2H, J = 6.5 Hz), 6.96 (dd, 1H, J = 6.0, 5.0 Hz), 7.08 (dd, 1H, J = 8.0, 7.0 Hz), 7.11 (s,
1H), 7.34 (d, 1H, J = 6.0 Hz), 7.46 (d, 1H, J = 5.5 Hz) and 8.11 (s, 1H); mass spectrum (FAB),
m/z 1259.5452 (M + H)" (Cs7Hz009S,N 5Cl requires 1259.5486).

Deglycobleomycin Analogue 18. The crude product was purified on a Supelco HS Ciz
reversed phase semi-preparative (250 x 21.2 mm, 5 um) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (83:17 0.1% aq TFA-CH3CN — 73:27
0.1% aq TFA-CH3CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions

containing the desired product eluted at 24.9 min and were collected, frozen, and lyophilized to
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give 18 as a colorless solid: yield 2.7 mg (58%); '"H NMR (D20) 6 0.59 (d, 3H, J; 6.5 Hz),
0.72 (d, 3H, J = 6.5 Hz), 0.85 (d, 3H, J = 6.5 Hz), 1.21 (t, 1H, J = 9.0 Hz), 1.26-1.31 (m; 2H),
1.60-1.67 (m, 4H), 1.88-1.97 (m, 4H), 1.97 (s, 3H), 2.06-2.15 (m, 2H), 2.33 (p, 1H, J = 7.0 Hz),
2.55-2.60 (m, 4H), 2.66-2.74 (m, 4H), 2.82-2.89 (m, 1H), 2.89-3.06 (m, 12H), 3.04-3.13 (m, 3H),
3.34-3.49 (m, 4H), 3.51-3.58 (m, 1H), 3.69-3.72 (m, 1H), 4.07-4.09 (m, 1H), 4.38-4.44 (m, 2H),
6.47(d, 2H,J=7.5 Hz), 6.80 (d, 2H, J = 7.5 Hz), 7.99 (s, 1H), 8.04 (s, 1H) and 8.10 (s, 1H);
mass spectrum (FAB), m/z 1311.5735 (M + H)" (Cs7Hg7010S4N s requires 131 1.5735).

Deglycobleomycin Analogue 19. The crude product was purified on a Supelco HS C;3
reversed phase semi-preparative (250 x 21.2 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (83:17 0.1% aq TFA-CH;CN — 73:27
0.1% aq TFA-CH;3CN) over a period of 40 min at a flow rafe of 16 mL/min. Fractions
containing the desired product eluted at 19.8 min and were collected, frozen, and lyophilized to .
give 19 as a colorless solid: yield 1.7 mg (38%); 'HNMR (D20) 6 0.63 (d, 3H, J = 6.5 Hz),
0.76 (d, 3H, J = 6.5 Hz), 0.88 (d, 3H, J = 7.0 Hz), 1.15 (t, 1H, J = 11.0 Hz), 1.29-1.35 (m, 2H),
1.63-1.66 (m, 4H), 1.85-1.97 (m, 4H), 1.98 (s, 3H), 2.12-2.17 (m, 2H), 2.35 (p, 1H, J = 6.5 Hz),
2.55-2.58 (m, 1H), 2.65-2.70 (m, 2H), 2.72-2.83 (m, 4H), 2.86-2.94 (m, 2H), 2.95-3.05 (m, 12H),
3.07-3.13 (m, 1H), 3.30-3.40 (m, 3H), 3.49 (dd, 1H, J = 7.0 Hz), 3.58-3.62 (m, 1H), 3.71-3.76
(m, 1H), 4.08 (d, 2H, J = 6.5 Hz), 4.40 (t, 1H, J = 7.0, 6.5 Hz), 4.43-4.46 (m, 1H), 6.49 (d, 2H, J
= 8.0 Hz), 6.90 (d, 2H, J = 8.0 Hz) and 8.17 (s, 1H); mass spectrum (FAB), m/z 1262.5563 (M +
H)" (Cs4Hss010S3N;7Cl requires 1262.5516).

Deglycobleomycin Analogue 20. The crude product was purified on a Supelco HS Cis

reversed phase semi-preparative (250 x 21.2 ﬁum, 5 pm) HPLC column using aq 0.1. % TFA and

CH3CN mobile phases. A linear gradient was employed (86:14 0.1% aq TFA-CH;CN — 76:24
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0.1% aq TFA-CH;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 22.5 min and were collected, frozen, and lyophilized to
give 20 as a colorless solid: yield 3.0 mg (60%); 'H NMR (D;0) 6 1.06 (d, 3H, J = 7.0 Hz),
1.60-1.68 (m, 4H), 1.86 (s, 3H), 1.87-2.02 (m, 4H), 2.40 (d, 1H, J = 12 Hz), 2.45 (d, 3H, J=9.5
Hz),2.51 (t, 1H, J = 6.5 Hz), 2.60-2.76 (m, 7H), 2.78-3.05 (m, 14H), 3.09-3.12 (m, 2H), 3.38 (t,
2H, J = 6.5 Hz), 3.46-3.52 (m, 1H), 3.52-3.62 (m, 1H), 3.67 (dd, 1H, J = 6.0, 5.5 Hz), 4.00 (m,
1H), 4.06 (q, 2H, J = 6.0 Hz), 4.37 (m, 1H), 4.56 (t, 1H, J = 7.5 Hz), 6.73 (s, I'H), 7.00 (d, 2H, J
=7.5Hz), 7.03 (dd, 1H, J = 7.0, 7.0 Hz), 7.10 (dd, 2H, J = 7.5, 7.5 Hz), 8.16 (s, 1H) and 8.38 (s,
1H); mass spectrum (FAB), m/z 1270.5297 (M + H)" (Cs4Hz109S3N1Cl requires 1270.5315).
Deglycobleomycin Analogue 21. The crude product was purified on a Supelco HS C;5
reversed phase semi-preparative (250 x 21.2 mm, 5 pm) HPLC column using aq 0.1 % TFA and
CH;CN mobile phases. A linear gradient was employed (78:22 0.1% aq TF A-CHg,CN — 68:32
0.1% aq TFA-CH3CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 20.6 min and were collected, frozen, and lyophilized to
give 21 as a colorless solid: yield 2.9 mg (55%); '"H NMR (D;0) 6 1.04 (d, 3H, J = 6.5 Hz),
1.62-1.67 (m, 4H), 1.73 (d, 3H, J = 3.0 Hz), 1.86-1.96 (m, 4H), 2.04-2.11 (m, 2H), 2.37-2.53 (m,
7H), 2.59-2.63 (m, 1H), 2.70-3.01 (m, 18H), 3.16-3.24 (m, 2H), 3.36 (t, 2H, J = 7.0 Hz), 3.53
(m, 1H), 3.61 (m, 2H), 3.90 (m, 2H), 4.46 (m, 1H), 4.53 (m, 1H), 6.40 (s, 1H), 6.80 (dd, 1H, J =
7.0,7.0 Hz), 6.93 (dd, 1H, J = 7.0, 7.0 Hz), 6.98 (4, 3H, J = 7.5 Hz), 7.06 (t, 2H, J = 7.0 Hz),
7.16 (d, 1H, J = 8.0 Hz), 7.19 (d, 1H, J = 8.0 Hz), 7.75 (s, 1H), 7.85 (s, 1H) and 7.88 (s, 1H);
mass spectrum (FAB), m/z 1368.5800 (M + H)+ (Cs2Hgs09S4N g requires 1368.5739).
Deglycobleomycin Analogue 22. The crude product was puriﬁed on a Supelco HS Cg

reversed phase semi-preparative (250 x 21.2 mm, 5 um) column using aq 0.1 % TFA and
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CH;CN mobile phases. A linear gradient was employed (82:18 0.1% aq TFA-CH3CN — 72:28
0.1% aq TFA-CH;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 16.4 min and were collected, frozen, and lyophilized to
give 22 as a colorless solid: yield 2.9 mg (55%); '"H NMR (D,0) & 0.83 (d, 3H, J = 7.0 Hz), |
1.00 (d, 3H, J = 7.0 Hz), 1.62-1.80 (m, 4H), 1.88-1.99 (m, 7H), 2.38 (p, 1H, J = 7.0 Hz), 2.47 (d,
3H, J = 5.5 Hz), 2.63-2.74 (m, 4H), 2.95-3.08 (m, 13H), 3.12-3.21 (m, 5H), 3.42 (t, 2H, J = 6.5 A’
Hz), 3.52-3.64 (m, 4H), 4.08 (q, 2H, J = 6.0 Hz), 4.32 (dt, 1H, J = 8.5, 4.4 Hz), 6.77 (d, 1H, J =
3.5Hz),6.82(d, 1H,J =5.0Hz),6.83 (d, 1H,J = 5.6 Hz),7.15(d, 1H,J = 5.0 Hz), 8.00 (s,
1H), 8.07 (s, 1H) and 8.11 (s, 1H); mass spectrum (FAB), m/z 1259.4875 (M +H)"
(Cs2H7909S5Nyg requires 1259.4881). | |

Degiycobleomycin Analogue 23. The crude product was purified on a Supelco HS Cig
reversed phase semi-preparative (250 x 21.2 mm, 5 um) column using aq 0.1 % TFA and
CH3CN mobile phases. A linear gradient was employed (85:15 0.1% aq TFA-CH;CN — 75:25
0.1% aq TFA-CH3;CN) over a period of 40 min at a flow rate of 16 mL/min. Fractions
containing the desired product eluted at 23.8 min and were collected, frozen, and lyophilized to
give 23 as a colorless solid: yield 2.8 mg (65%); '"H NMR (D,0) & 0.85 (d, 3H, J = 6.5 Hz),
1.00 (d, 3H, J = 7.0 Hz), 1.66-1.63 (m, 4H), 2.00-1.91 (m, 7H), 2.39 (m, 1H), 2.66 (d, 3H, J =
8.0 Hz), 2.77-2.60 (m, 4H), 3.21-2.95 (m, 18H), 3.41 (dd, 2H, J =17.0, 7.0 Hz), 3.57-3.52 (m,
3H), 3.64 (m, 1H), 4.11-4.08 (m, 2H), 4.30 (dt, 1H, J = 8.8, 4.5 Hz), 6.81 (d, 1H, J = 3.0 Hz),
6.86 (d, 1H, J = 5.0 Hz), 6.87 (d, 1H, J = 5.0 Hz), 7.17 (d, 1H, J = 5.0 Hz) and 8.18 (s, 1H);
mass spectrum (FAB), m/z 1210.4702 (M + H)+ (CasH7709S4N17C1 requires 1210.4662).

Deglycobleomycin Analogue 24. The crude product was purified on an Alltech Alltima

C,s reversed phase semi-preparative (250 x 10 mm, 5 pm) HPLC column using aq 0.1 % TFA
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and CH3CN mobile phases. A linear gradient was employed (84:16 0.1% aq TFA-CH;CN —
74:26 0.1% aq TFA-CH3CN) over a period of 30 min at a flow rate of 4 mL/min. Fractions
containing the desired produét eluted at 14.8 min and were collected, frozen, and lyophilized to
give 24 as a colorless solid: yield 2.6 mg (58%); 'H NMR (D,0) 8 0.61 (d, 3H, J = 6.5 Hz),
0.75 (d, 3H, J = 6.5 Hz), 0.87 (d, 3H, J = 6.5 Hz), 1.13 (t, 1H, J = 12.0 Hz), 1.29-1.34 (t, 2H, J
= 11.0 Hz), 1.60-1.66 (m, 4H), 1.85-1.96 (m, 4H), 1.99 (s, 3H), 2.08-2.18 (m, 2H), 2.34 (m, 1H),
2.57 (s, 3H), 2.58-2.61 (m, 1H), 2.69-2.82 (m, 3H), 2.84-2.91 (m, 1H), 2.93-3.01 (m, 12H), 3.05-
3.11 (m, 3H), 3.28-3.21 (m, 1H), 3.30-3.36 (m, 1H), 3.73 (t, 2H, J = 6.5 Hz), 3.48 (dd, 1H, J =
7.5, 7.0 Hz), 3.55-3.58 (m, 1H), 3.71-3.73 (m, 1H), 4.11-4.37 (m, 2H), 4.38 (t, 1H, J =7.5 Hz),
4.43-4.46 (m, 1H), 6.49 (d, 2H, J = 8.5 Hz), 6.80 (d, 2H, J = 8.5 Hz), 7.94 (s, 1H) and 8.06 (s,
1H); mass spectrum (FAB), m/z 1228.5934 (M + H)" (Cs4Hzs010N17S3 requires 1228.5906).
Reduction of Methionine Oxide-Containing Deglycobleomycin Analogue 24. Toa
cooled (0 °C) solution containing 400 pg of deglycobleomycin analogue 24 in 300 pL of TFA
was added 200 pL of dimethyl sulfide followed by a catalytic amount (< 0.5 mg) of ammonium
iodide in the absence of light. After 4 h, the mixture was concentrated under a stream of
nitrogen, dissolved in 1 mL of water, frozen, and lyophilized. The crude material was purified
on an Alltech Alltima C,g reversed phase semi-prepar\ative (250 x 10 mm, 5 pm) HPLC column
using aq 0.1 % TFA and CH3CN mobile phases. A linear gradient was employed (84:16 0.1% aq
TFA-CH3CN — 74:26 0.1% aq TFA-CH;3CN) over a period of 30 min at a flow rate of 4
mL/min. The product eluted at 26.3 min, and was frozen and lyophilized to give 24a as a
colorless solid: mass spectrum (FAB), m/z 1212.5890 (M + H)" (Cs4HzgsO9S3N 7 requires

1212.5957).
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Plasmid DNA Cleavage by Fe(II)sDeglycobleomycin Ag Analogues. A typical
reaction mixture contained a deglycoBLM derivative and 300 ng of pBR322 or pSP64 DNA in
25 pL (total volume) of 50 mM sodium cacodylate, pH 7.0. The cleavage reaction was initiated
by the addition of equimolar Fe(NH,),(SO4), from a freshly prepared solution as the last
component; the reaction mixture was incubated at 0 °C for 30 min. Final concentrations of
Feedeglycobleomycin analogues were varied from 1 uM to 10 uM. The reaction was then
quenched by the addition of 5 pL loading solution (30% glycerol, 0.25% bromophenol blue, and
25 mM EDTA) and the quenched reaction mixture was applied to a 1.0 % agarose gel containing
0.5 ng/mL of ethidium bromide. Horizontal gel electrophoresis was carried -out in 40 mM Tris—
HCl, pH 8.0, containing 20 mM sodium acetate and 1 mM EDTA at 136 V for 2.2 h. The gel

was destained with H,O for 30 min and photographed under UV illumination.
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Figure S1. Electrospray mass spectrum of crude deglycobleomycin analogue 23.

Figure 2. HPLC chromatogram aﬁd 'H NMR spectrum of 23. The major peak at 23.8 min was
found to be the desired product. HPLC analysis was carried out on a C;g reversed phase column
(250 x 21.2 mm) using a linear gradient of 15 — 25% 0.1% aqueous TFA in CH3CN at a flow

rate of 16 mL/min over a period of 40 min.

Figure §3. HPLC chromatograms of 24 and 24a. Analogue 24 (top), present in the crude
reaction mixture, eluted at 14.8 min, while purified 24a (bottom) eluted at 26.3 min. HPLC
analysis was carried out on a C;g reversed phase column (250 x 10 mm) using a linear gradient of

16 —> 26% aqueous TFA in CH3;CN at a flow rate of 4 mL/min over a period of 30 min.
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CJL-1 4eglycobleomycin Ag
Cjl-ii-245 -

NH S 4 NH HN
i* %J* INH

CHs HO CH

Hy5N 14065
| Exact K/lass %15 2437
SO ioso Mol WEi114.3531

Yleld l 69 mg (39%)
Mass. spectrum (electrospray) 1114.6 M + H)"
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CiL2
Cjl-ii-246

€ H H o o
s o w0
HO"CHy \N S ‘\) NH NH,
H . .
CsoH7gN1804S;

Exact Mass: 1162.5641
Mol. Wt.: 1163.4236
C, 53.68; H,6.76; N, 21.67; O, 12.38; S, 5.51

. Yield 4.30 mg (95%)
mass, spectum (electrospray) 1 163 TM+H)

ej1-14-24¢

Pulee Sequencer. :wx

Solvents 10

Toap. :sot:/zn 1K

Users 1-18-07. - 7

TMOVA-300 b\l.l'q. .chem.Virglala. ZDU*

n-xu a.x.y ‘1,000 sec
Pales 96. I dnqr-o.
aAcq. time 2.979 spc
width $300.2 Bz
72 repetiticas
OBSEAVE  E1, $00.0(93060 MNs
DATA PROCERSTNG
tine broedeaing 0.1 K«
T else 32769
_ Total time ¢ min, 30 sec

a0 - o9 .8 7 s s ¢ 3 2 L1 ppm
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oL
Cjl-ii=247

CagHzsN1705S5
Exact4&a7sss 1129.5096
Mol. Wt.: 1130.4163
C, 51.00; H, 6.69; N, 21.06; O, 12.74: S, 8.51

Yleld 1 2 ‘mg (33%)
Mass spectrum (electrospray) 1 130 6 M+ H)

Toofiedgezey RS
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®idth. $000.0 we -
32 repetitions
CBSXAYE " W1, 300.0495548 sms
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T dice 16344 X . I
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& -} f | |
J I N
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CIL-4 .
- Gjlii-248

CasH77N17040S;
Exact Mass: 1123.52
Mol. Wt.: 1124 .41
C 4914 H 690 N, 21.18; O, 1423 S 8.56

Yleld I 50 mg (34%) .
: Mass _spcctrum (eIec@r_ospray) 1124.6 M + H)

———
.

cjl U. ldl

nx-. uqucne. *2pul

lolvvnt D?O .

Teaw. 33.0°C7 290.1 x

Users 3-15-97

Files of1-24-3¢0 . )
THOVA-$00 bu.rq-r Cchan virqiall ‘zo-

Relaw. delay 1.000 sea
Palee 96,8 dagrees . : .
Acq. time 3979 sec - S - o '
wideh $300.2 me . ;¢ : P, B ]
132 repetitions” ~ ’
OMTAVE . K1, 300.0493137 seme ST e
DATA PROCESaING .
tice Broadeaing 0.1 L
7T aize 32762 E
Total, :h. 11 ain, 0 sec I R
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CILs -
Cilii-249

. J)L NH HN/I/
NH NH
HO CHK/L 2.

.‘10_

- CsgHyiN1g0gS2
Exact Mass: 1155.5906
Mol. Wt 1156.4328
C.51.93; H, 7.06; N, 23.01; O, 12.45; S, 5:55

Yleld 1.47 mg (33%)
Mass. spectrum (electrospray) 1 156 7 (M +H)"
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cLg
Cjlii-250" -

Cs3H7gN1g0gS,
Exact Mass: 1189.5750
© Mol. Wt.: 1190.4490
C, 53.47; H, 6.69; N, 22.36; O, 12.10; S, 539

Yield'2'53 mg (55%)
*Mass spectrum (e!ectrospray) 1190.7(M + H)

ej1-11-256¢

Peles fequence:r slpul

Solvents DIO: -

Temp . IINENEILEE 4N

Qeer: 1-13-87 - .

Filer aJ1-44- is0 : N
!00 hu'qor chem. 'll’ql.nl. QT

lo_lu kl-y.l .000 sec
Pulae 960 degrees .
Aoq. time 3.978 sec
wideh 3300.3 €%
- 35€ repetitions .
_OBSTRVE N1, $00.0493060 s
DATA PROCESSTIO .
- Line broddening 6.1 81
T else 32768 i
- Totel th- l‘l .u G -oe . R

-

B I
AN TN
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- Cjkii-251

NH S™\ ,J/‘LNH HN
' j:l‘\ M /\|\/NH NH,

HO CH

S e i GesHeaN1g0eSy
ST S "~ Exact Mass: 1204.6110
O ' Mol. Wt.: 1205.5034 .
- C5480H702N209101194S532

Yleld 2 13 mg (45%)
Mass spectrum (electrospray) 1205 7 (M + H)
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Plles cii-ft-251

- IROVA-500 - “Tburger.chan: vqulnl- oo
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Total time 17 min, 0 sec
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CIL-§
Cjl-ii-252

T S . CsgHgaN1g0gS,
- - o Exact Mass: 1238.5954
o -Mol. Wt.: 1239.5196 :
C 56.20; H, 6.67; N, 2034 0, 11.62; S, 517

Yleld 1 05 mg (22%)
Mass spectrum (electrospray) 1239.7 (M + H)

B O I
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Cjl-ii-253

J/u\NH HN '
NH NHZ

o R Cs1HgiN1706S3
R _ Exact Mass: 1171.5565
AT - Mol. Wt.: 1172.4960
C, 52.24; H, 6.96; N, 20.31; O, 12.28; S, 8.20

Yleld 1.06 mg (23%) .
Mass spectrum (electrospray) 1172.7 (M + H)

edl-i1- 2!)

-.: Pulee lmuuu uiwl

Solviner'o20 & - - L .
Temp .. zsoc:zu.xx}_,.-“:. L
Csert 1-15-¢7 .. )

Piles o§1-18-353 .
DIOVA-300 b-.u-q-r cham. vuqlnh 0 L

Nelax. deley 1.000 aec -
Pulse 4.0 degress
Aeq. time 2. ’7' sec
width 3500.2 Bx
as¢ mtltim B
oamvr . EL, %00, 0"50‘0 et
DaATA PROCRSSTNG
I.I.nn hxvcdcn.h:q 9.1 I.
‘It atne ]21‘0
" Total tims .17 win, 0 seo
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CCILT0
G254

NH HN
NH NH,

T o ‘Cs4H79N1700S3
CEREE : o Exact Mass: 1205.5409 .
P - Mol. Wt.: 1206.5122

- I ’ C, 53.76; H, 6.60; N, 19.74; O, 11.93; S, 7.97 -

Yleld 434 g (9%) :
Mass’ spectrum (electrospray) 1206. 7 (M +H)"

- ’ - .
ef1-11-25¢
Pulee Siquences sipal i~
Solveat: D20 .
Tep. 33.0 € / 398.1 K

Users 1-15-87
INOVA-500 “burger.chem.Virginfie. o=

Ralax. d-hy l.ooo sec
Pulee 96.8 degrees

Acq. time 3.97% sec

wideh $300.2 ®x.

256 repetittons '

OCISERVE | 1, 500.0495060 Bz
DATA n.oas-m
I.Snbmd-nh:voll ;o o Lm0 3 . R .
¥T elze 32768 : R I IS TR S R ,T.;-
Total time 17 min, 0 sec :
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CIL-IT -
Cjl-ii-255

0
j‘iu\NH s/>_<, J/kNH HN/I/

CagHgaN17010S3
Exact Mass: 1165.57
Mol. Wt.: 1166.49
C, 50.45; H, 7.17; N, 20.41;_ 0, 13.72; 5,8.25

Yield. 2. 31 mg (60%)
- Mass spectrum (electrospray) 1 166.5 M+H)'

/ :
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Qe
CIL-122
© Gjl-ii-256

N, | .
_;_ CHaHN\ﬁk HO CH S_ LU _NH NHp..

JESEES  CspHgN17040S3
R ' .Exact Mass: 1199.55
VSRR EEE s ~ Mol. Wt.: 1200.51
IR . C5202H680N1983013333801

Yield: (l) 990 pg (50%)
Yleld (2) 802 pg (40%)

Mass spectrum (electrospray) 1200 6 (M +H)"

| _/@- o

Polee Sequance: s2pul’

Solvent¢ D20

Temp. 230 C 7 2.1 K

Osecs 1-15-87

Piles .cS1-14-256-1

INOVA-300  “burger.chem.Virginle.XDUs-

Relax. Selay 1.000 sec
" Pulse 96.8 degrees
Aoqg. time 2.979 sec
wideh $500.2 Ex -
as¢€ rmzhtm .
OBSERVE &1, $00,0495203 Mms
OATA ROCREOTNG
Line broade nhaq 0.1 ‘ms
T elue 327¢8 .. Lo e - . .
Total time 17 min, 0 eec ,
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CIL-13
CIL-ii-286

- CgaH77N1906S,
" Exact Mass: 1175.56
Mol. Wt.: 1176.42
'C, 53.09; H, 6.60; N, 22.62; O, 12.24; S, 5.45

Yleld 3 76 mg (82%)
Mass spectrum (electrospray) 1176.7 (M +H)"

eﬂ-u-:u S “at L

Pulse l.q-cn:ou lh’ul . . i B . '_ . . . : 2

solvents D20 h

| tewp. 230 C.£ 2301 K
- oeers 1-13:47  °

riles ofi-i4-206
NOVA-3500 “burger.chem.Virginia.XDo”

Relaxw. delay 1.000 ‘aec
Fulee 96.0 Gegrecs

Aog. time 2.979 sec:

width $500.2 ®s -

233€ repetitions -

OBSERVE . E1, $00. ousoce e

DATA PROCESS NG

Line broadeaing 0.1 Bs |
T siza 32768

Total time 17 min, O seec




