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Abstract: Coupling of the azatyrosine fragment with the cyclopentadiene monoepoxide derivative
corresponding to the core moiety of the kedarcidin chromophore has been effectively achieved using CsF.
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Kedarcidin is a new chronmprotem antitumor antibiotic cons1st1ng of a carrier apoprotein and an extremely
yiotoxic nine-membered enediyne chromophore (1){1,2]. The development of a synthetic route to the highly

reactive and functionalized chromophore (1) represents one of the most challenging current problems in

synthetic chemistry. Scheme 1 outlines a possible retrosynthetic analysis of 1 wl‘uch relies on (i) an ether bond
formation, (ii) an ester formation, (iii) a palladium-catalyzed C-C bond formation[3], and (iv) an acetylide-
aldehyde condensation[4] to form the target ansa macrolide containing the nine-membered ring and B-azatyrosine
components[2,5]. As part of a program directed toward the total synthesis of 1, we describe herein a solution
for problem (i), that is, CsF-mediated coupling of the azatyrosine fragment (2) with epoxide (3).
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HO y 1 Scheme 1. A retrosynthetic analysis and a possible route for OR

costructing the aryl ether of the kedarcidin chromophore (1).
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We hypothesized that the allylic epoxide (3) could undergo a regio- and stereoselective attack of the
hydroxypyridine (2) to form the aryl allylic ether system required in 1. First, we examined a model reaction
using commercially available 2-chloro-3-hydroxypyridine (4) and an epoxide (5) as summarized in Table 1{6).
Reaction of potassium phenoxide of 4 with § in THF-HMPA (3 eq) did not proceed even under reflux (entry

A o | T, s < s 1 : Iem

)i6c]. A two-phase reaciion gave an adduci (6) only
i .
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gave a similar result (entry 6). Addition of a Lewis acid st : d 7).
Extremely clean and exclusive formation of 6 was ultimately realized when CsF was used in DMF at 60 <C
(entry 8)[7]. The structure of adduct (6) was unambiguously elucidated by 'H and ’C NMR, IR, and HRMS
spectroscopy. Coupling (J=0.5 Hz) between H11 and H4' as well as three-bond heteronuclear coupling
between H11 and C3' based on a COLOC experiment established the aryl ether linkage.> The 10, 11-trans
relanonship of the oxygen funciionality was established by NOEs between Hil and C9-methoxymethyl group

and between H11 and C10-OH.
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Entry  Base and Additives® Solvent Temp (°C)  Time(h)  Yield (%)°
1 KH THF, HMPA 65 37 o4
2 NaOH, Et3NBnCl CH,Cly, HyO (1:1) 25 120 7
3 KH, BugNI THF 65 48 29
4 KH, Et;NBnCl THF 65 16 59
5 KH, BugNCl DMF 60 10 58
6 KH, 18-Crown-6 THF 60 26 48
7 KH, EtsNBnCl DMF, HMPA &0 44 70
RE..O)Ets (0 3 2a)
BF3-0Et; (0.3 eq)
8 CsF DMF 60 61 9

3 Excess 4 (2-3 eq) was used.
b Excess base and additives (2-3 eq each) were added uniess otherwise indicated.
Avida (&) wae Annon mad nnlace atharmuica -nrl-n-narl

Tha
j 315 up\lluuu \J} was Consumea unicss onerwise naGica

9 5 was recovered.

 Selected physical data of 6: coloriess crystals; mp 127-128 “C (ether); [&] ** -8.6° (¢ 1.34, CHCl,); 'H NMR (500 MHz, CDCl) &

2.11 (1H, t, J=2.5 Hz), 2.71 (1H, did, J=17.5, 2.5, 0.6 Hz), 2.80 (1H, dd, J=17.5, 2.5 Hz), 3.46 (3H, s), 3.76 (1H, d, /=10.0 Hz),
4,50 (1H, ddd J=10.0, 4.5, 0.6 Hz), 468 (1H, d, J=7.0 Hz), 4.73 (1H, d, J=7.0 Hz), 5.04 (1H, ddd J=4.5, 2.0, 0.5 Hz), 6.52 (1H, 4,
J=2.0 Hz), 7.63 (1H, ddd, /=8,0, 1.5, 0.5 Hz), 7.21 (1H, dd, J/=8.0, 4.5 Hz), 8.04 (1H, &, J=4.5, 1.5 Hz), 13C NMR (125 MHz,
CDCl,) d 27.34 (1), 56.24 (@), 71.99 (d), 78.11 (d), 78.14 (s), 87.58 (d), 88.23 (s), 92.56 (1), 123.18 (P, 123.66 (d), 127.19 (s),
136.26 (d), 141.76 (s), 141.76 (d), 150.43 (s); FT-IR (KBr) v 3412, 3246, 2974, 2960, 2936, 2920, 2830, 1615, 1568, 1466, 1450,
1419, 1346, 1323, 1288, 1241, 1209, 1135, 1118, 1089, 1031, 996, 944, 903, 891, 864, 820, 789 cm'; HRMS (EL 70 eV) caled
for C,sH,;(NOBrCl 387.9951 (M+); found 387.9943 (M*).

? The carbon numbering foliows that for the kedarcidin chromophore (1){11.
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3 QO Mamand mhainal A ~E . Al b Fael 27 LK1 A% /A &N CLICT L LT NRMMD 7600 MIT. COTW T YR 1 24 21T o) 1 49 7Q1T &)
SCCACU pilysil Gata 01 ¥ COIONICSS O, (Ujp  vJ1.0 (CVU.JV, LIiviy), ITINVIR {(UUV NI, LIALLY) U 10U WIL, 3, 1.54 (711, 3),
145 (3H, s), 2.11 (1H, ¢, J=2.6 Hz), 2.60 (1H, dd J=16.1, 2.6 Hz), 2.73 (1H, &4 J=16.1, 2.6 Hz), 2.85 (IH, s), 3.19 (IH, &4,
J=14.1, 4.8 Hz), 3.23 (1H, dd J=14.1, 4.8 Hz), 3.39 (1H, d J=8.6 Hz), 3.41 (3H, s), 3.70 (1H, d, /=9.7 Hz), 3.72 (IH, d, J=9.7

Hz), 3.75 (3H, s), 3.80 (3H, s), 4.04 (1H, dd, /8.8, 5.8 Hz), 4.11 (1H, dd, J=8.8, 6.7 Hz), 4.21 (1H, dd, J=6.7, 5.8 Hz), 4.37 (1H
&, /=8.6, 4.8 Hz), 4.52 (1H, d J=11.7 Hz), 4.56 (1H, d, J=11.7 Hz), 4.62 (1H, d, J=7.8, 4.8 Hz), 4.74 (1H, 4, J=7.0 Hz), 4.8
(1H, d, J=7.0 Hz), 5.13 (iH, di J=4.8, 1.9 Hz), 5.45 (iH, brd, j=7.8 Hz), 6.41 (iH, d, J=1.9 Hz), 6.87 (2H, 4 J=8.7 Hz), 7.01 (iH,
dJ=8.1 Hz), 7.26 (2H, d, J=8.7 Hz), 7.56 (1H, d, J=8.1 Hz); °C NMR (150 MHz, CDCl,) 8 24.90 (q), 26.29 (), 28.26 (1), 29,95

Wh £5:.40

(t), 38.39 @), 52.38 (g), 53.18 (d), 55.24 (g), 56.00 (9, 65.81 (1), 70.40 (1), 71.05 (s), 72.39 (s), 73.33 (1), 78.02 (d), 78.51 (3,
78.99 (s), 79,31 (d), 79,83 (s), 87.28 (s), 87.94 (d), 92.49 (1), 94.79 (s), 110.39 (s), 113.73 (d), 123.11 (d), 123.90 (d), 129.32 (d),
129.81 (s), 140.23 (d), 140.48 (s), 148.95 (s), 149.36 (s), 155.27 (s), 159.26 (s), 172.13 (s); FT-IR (neat) v 3430, 3310, 2934,

1744, 1713, 1613, 1564, 1516, 1456, 1371, 1251, 1218, 1166, 1091, 1071, 1031, 990, 855, 758 cm’
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‘H NMR daia of TBS ether of 14 (a i:1 diastereomeric l:mxtun:) 0 \PAV VARG VA §, Dilny), VU0 O/, §, OSiviys), V.14 Ui, §,
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Dl ] V.19 oren, S, leﬂy V.0U \F/ 411, d, JI\113)3), V. )u \7/&anky, B, SI\\T13/3), 1.0U51.J0 LA ARY/y KT

4
©H, brs, Boc), 2.05 (3/2H, s, Ac), 2.06 (3/2H, s, Ac), 2.07 (3/2H, s, Ac), 2.10 (1H, overlapped, H7), 2.11 (3/2H, s, Ac), 2.66
(1/2H, dd, J=17.2, 2.4 Hz, HS), 2.69-2.76 (1H, brs, HS), 2.78 (1/2H, d&d, J=17.2, 2.4 Hz, HS), 2.85 (1H, d, J=16.6, 7.0 Hz, H8"),
3.06 (1H, d, J=16.6, 5.4 Hz, H8"), 3.46-3.58 (2H, m, OCH(CH,JOCH,CH;), 3.64 (3H, S, OCH;), 3.80 (3H, s, OCH,), 3.90-4.50
(SH, m, H8, H10, H13, H14), 4.46 (1/2H, d, J=6.4 Hz, CH,C¢H,), 4.48 (1/2H, d, J=8.4 Hz, CH,C¢H,), 4.54 (1/2H, d, J=6.4 Hz,
CH,CH,., 455 (1/2H, d J=8.4 Hz, CH,CH,), 4.76 (1/2H, g J=4.8 Hz, OCH(CH,)C;Hy), 4.95 (1/2H, ¢ J=5.4 Hz,
OCH(CH,)C,Hy), 5.12 (1H, ddd, J=9.2, 7.0, 5.4 Hz, H7"), 5.25 (1H, dd, J=4.8, 1.4 Hz, H11), 5.72 (1H, brd, 1=9.2 Hz, NH), 6.40

(1/2H, 4, J=1.4 Hz, H12), 6.42 (1/2H, d, J=1.4 Hz, Hi2), 6.86 (2H, d, J=8.4 Hz, CH,CH,OCH;), 7.20 (iH, d i=8.6 Hz, H5"),
7.28 (1H, d, J=8.6 Hz, H4"), 7.28 (2H, d, J=8.4 Hz, CH,CH ,0CH,).

The present CsF-mediated condensation reaction was applied to more functionalized systems (Scheme 2).
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a.-2-Chloroazatyrosine derivative (7)[2] was coupled with an epoxide (8) using CsF in DMF at 60 C to give 9°
in 71% yield without epimerization at C8'. When t-butyl ester corresponding to the methyl ester (7) was
treated with 8 using KH and Et,NBnCl in DMF at 60 %C, the reaction resulted in the formation of a complex
mixture. B-2-Chloroazatyrosine derivative (10)[2] was also coupled with epoxides (11) and (13) using CsF
to afford 12 and 14° in a 67% and 66% yield, respectively. Elimination of the protected amino group was
prevented completely under these reaction conditions. Thus, the CsF-mediated condensation reaction can be
applied to base-sensitive systems.

In summary, an efficient method for the regio- and stereoselective construction of the allylic aryl ether
linkage of the kedarcidin chromophore (1) was developed. This CsF-mediated coupling reaction may facilitate
the total synthesis of 1 and its analogs. Further studies directed toward the total synthesis of 1 are currently
being conducted in our laboratory.
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