COMMUNICATIONS

R. Beugelmans, L. Neuville, M. Bois-Choussy, J. Zhu, Tetrahedron
Lett. 1995, 36, 8787; R. Beugelmans, M. Bois-Choussy, C. Vergne, J.-P.
Bouillon, J. Zhu, Chem. Commun. 1996, 1029; M. Bois-Choussy, L.
Neuville, R. Beugelmans, J. Zhu, J. Org. Chem. 1996, 61, 9309; C.
Vergne, M. Bois-Choussy, R. Beugelmans, J. Zhu, Tetrahedron Lett.
1997, 38, 1403; e) A.J. Pearson, J. G. Park, J. Org. Chem. 1992, 57,
1744; A.J. Pearson, J. G. Park, P. Y. Zhu, J. Org. Chem. 1992, 57, 3583;
A. J. Pearson, H. Shin, Tetrahedron 1992, 48, 7527; A. J. Pearson, K.
Lee, J. Org. Chem. 1994, 59, 2304; A. J. Pearson, H. Shin, Tetrahedron
1994, 59, 2314; A. J. Pearson, K. Lee, Tetrahedron 1995, 60, 7153; A. J.
Pearson, G. Bignan, Tetrahedron Lett. 1996, 37, 735; A. J. Pearson, G.
Bignan, P. Zhang, M. Chelliah, J. Org. Chem. 1996, 61, 3940; A.J.
Pearson, P. Zhang, G. Bignan, J. Org. Chem. 1997, 62, 4536, f) A. V. R.
Rao, T. K. Chakraborty, S. P. Joshi, Tetrahedron Lett. 1992, 33, 4045;
A. V. R. Rao, T. K. Chakraborty, K. L. Reddy, A. S. Rao, Tetrahedron
Lett. 1992, 33, 4799; A. V.R. Rao, M. K. Gurjar, V. Kaiwar, V.B.
Khare, Tetrahedron Lett. 1993, 34, 1661; A. V. R. Rao, K. L. Reddy,
M. M. Reddy, Tetrahedron Lett. 1994, 35, 5039; A. V. R. Rao, T. K.
Chakraborty, K. L. Reddy, A. S. Rao, Tetrahedron Lett. 1994, 35, 5043;
A.V.R.Rao, K. L. Reddy, A. S. Rao, Tetrahedron Lett. 1994, 35, 5047,
A.V.R.Rao, K. L. Reddy, A. S. Rao, Tetrahedron Lett. 1994, 35, 8465;
A.V.R. Rao, K. L. Reddy, A. S. Rao, T. V. S. K. Vittal, M. M. Reddy,
P. L. Pathi, Tetrahedron Lett. 1996, 37, 3023; A.V.R. Rao, M. K.
Gurjar, P. Lakshmipathi, M. M. Reddy, M. Nagarajan, S. Shashwati,
B. V.N. B. S. Sarma, N. K. Tripathy, Tetrahedron Lett. 1997, 38, 7433;
g) N. Pant, A. D. Hamilton, J. Am. Chem. Soc. 1988, 110, 2002; M. J.
Stone, M. S. Van Dyk, P. M. Booth, D. H. Williams, J. Chem. Soc.
Perkin Trans. 11991, 1629; K. Nakamura, S. Nishiyama, S. Yamamura,
Tetrahedron Lett. 1996, 37, 191; H. Konishi, T. Okuno, S. Nishiyama, S.
Yamamura, K. Koyasu, Y. Terada, Tetrahedron Lett. 1996, 37, 8791;
A. G. Brown, M. J. Crimmin, P. D. Edwards, J. Chem. Soc. Perkin
Trans. 1 1992, 123; R. B. Lamont, D. G. Allen, 1. R. Clemens, C. E.
Newall, M. V. J. Ramsay, M. Rose, S. Fortt, T. Gallagher, J. Chem. Soc.
Chem. Commun. 1992, 1693; R. G. Dushin, S. J. Danishefsky, J. Am.
Chem. Soc. 1992, 114,3471; D. W. Hobbs, W. C. Still, Tetrahedron Lett.
1987, 28, 2805.
[5] a) K. C. Nicolaou, C. N. C. Boddy, S. Natarajan, T. Y. Yue, H. Li, S.
Brise, J. M. Ramanjulu, J. Am. Chem. Soc. 1997, 119, 3421; b) K. C.
Nicolaou, X.-J. Chu, J. M. Ramanjulu, S. Natarajan, S. Brése, F.
Riibsam, C.N. C. Boddy, Angew. Chem. 1997, 109, 1518; Angew.
Chem. Int. Ed. Engl. 1997, 36, 1539; c¢) K.C. Nicolaou, J. M.
Ramanjulu, S. Natarajan, S. Brise, H. Li, C. N. C. Boddy, F. Riibsam,
Chem. Commun. 1997, 1899; d) K. C. Nicolaou, H. J. Mitchell, F. L.
van Delft, F. Riibsam, R. M. Rodriguez, Angew. Chem. 1998, 110,
1972-1974; Angew. Chem. Int. Ed. 1998, 37, 1871 -1874.
For recent reviews, see: a) A. V. R. Rao, M. K. Gurjar, K. L. Reddy,
A.S. Rao, Chem. Rev. 1995, 95, 2135; b) K. Burgess, D. Lim, C. 1.
Martinez, Angew. Chem. 1996, 108, 1162 ; Angew. Chem. Int. Ed. Engl.
1996, 35, 1077; c) J. P. Zhu, Synlett 1997, 133, and references therein.

[7] a) K. C. Nicolaou, N. F. Jain, S. Natarajan, R. Hughes, M. Solomon, H.
Li, J. M. Ramanjulu, M. Takayanagi, A.E. Koumbis, T. Bando,
Angew. Chem. 1998, 110, 2879 -2881; Angew. Chem. Int. Ed. 1998, 37,
2714-2716;b) K. C. Nicolaou, M. Takayanagi, N. F. Jain, S. Natarajan,
A. E. Koumbis, T. Bando, J. M. Ramanjulu, Angew. Chem. 1998, 110,
2881-2883; Angew. Chem. Int. Ed. 1998, 37, 2717 -2719.

[8] B.Tao, G. Schlingloff, K. B. Sharpless, Tetrahedron Lett. 1998, 39, 2507.
We thank Professor Sharpless for information on this asymmetric
aminohydroxylation procedure.

[9] D. Masilamani, M. M. Rogic, J. Org. Chem. 1981, 46, 4486.

[10] H. C. Kolb, M. S. VanNieuwenhze, K. B. Sharpless, Chem. Rev. 1994,
94, 2484,

[11] B.Lal, B. Pramanik, M. S. Manha, A. K. Bose, Tetrahedron Lett. 1977,
1977.

[12] S. David, S. Hanessian, Tetrahedron 1985, 41, 643.

[13] For a review on directed orthometalation, see: V. Snieckus, Chem.
Rev. 1990, 90, 879.

[14] N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95, 2483.

[15] S. Chen, J. Xu, Tetrahedron Lett. 1991, 32, 6711 -6714.

[16] A. Ehrlich, H.-U. Heyne, R. Winter, M. Beyermann, H. Haber, L. A.
Carpino, M. Bienert, J. Org. Chem. 1996, 61, 8831 —8838.

[6

2714 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

1433-7851/98/3719-2714 $ 17.50+.50/0

Total Synthesis of Vancomycin Aglycon—
Part 2: Synthesis of Amino Acids 1-3 and
Construction of the AB-COD-DOE Ring

Skeleton

K. C. Nicolaou,* Nareshkumar F. Jain,
Swaminathan Natarajan, Robert Hughes,

Michael E. Solomon, Hui Li, Joshi M. Ramanjulu,
Masaru Takayanagi, Alexandros E. Koumbis, and
Toshikazu Bando

In the preceding communication,! we reported the syn-
thesis of the AB-COD ring system of vancomycin (I, Figure 1).
Herein, we describe conversion of this intermediate (16, see

HO CH
HoN

HO

I Vancomycin

Figure 1. Molecular structure of vancomycin L.

Scheme 3) into the AB-COD-DOE framework (20a, see Sche-
me 3) of vancomycin (I) by assembling and attaching the re-
quired tripeptide 15, followed by triazene-driven ring closure.

Scheme 1 presents the three amino acid derivatives [com-
pounds 8 (amino acid 1), 5 (amino acid 2), and 7 (amino acid
3)] required for the completion of the AB-COD-DOE ring
framework, and their construction from readily available
substrates. Thus, the derivative of amino acid 2, 5, was reached
from aryl ester 1 by the following four-step sequence:?
1) Sharpless asymmetric dihyroxylation (AD) to give 2
(79% vyield, 92% ee); 2) regioselective nosylation (nosyl =
Nos = 4-nitrobenzenesulfonyl), to give 3 (60% yield);
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OB BnO.
OH
[
—> —_——
"0 EtO R
COOEt °©
, R=H 4, R=N3
1 3, R=Nos :‘b d’——>5,R=NH2
(0] Boc
NHCbz JilMe
HO v
deHN DdmHN
8

Scheme 1. Reagents and conditions: a) AD-BM (1.4 gmmol~'), Me-
SO,NH, (1.0 equiv), BuOH/H,O (1:1),25°C, 12 h, 79% (92 % ee); b) NosCl
(1.0 equiv), Et;N (2.0 equiv), DMF, 0°C, 5h, 60%; c) NaN; (1.5 equiv),
DMEF, 55°C, 12 h, 90 %; d) SnCl, - H,O (2.0 equiv), MeOH, 25 'C, 2 h, 90 %;
e) Mel (2.0 equiv), K,CO; (2.0 equiv), DMF, 25°C, 12 h, 70%; f) H,,
20 wt% Pd(OH),/C, MeOH, 25°C, 1h, 99%. Boc =tert-butoxycarbonyl;
Bn =benzyl; Cbz = carbobenzyloxy; Ddm =4,4"-dimethoxy diphenylmeth-
yl; DMF = dimethylformamide; NosCl =4-nitrobenzenesulfonyl chloride.

3) displacement with NaNj; to afford 4 (90% yield); and
4) reduction with SnCl, (90 % yield). The derivative of amino
acid 3, 7, was prepared from the known compound 6 simply by
methylation to afford the corresponding methyl ester (70 %
yield) followed by hydrogenolysis of the Cbz group (99 % yield).

Tripeptide 15 was assembled as summarized in Scheme 2.
Thus, coupling of fragments 5 and 8 proceeded smoothly
under EDC/HOBt to give 9 (93 % yield), whereas attachment
of fragment 7 onto the carboxylic acid group of dipeptide 10,
obtained from basic hydroylsis (LiOH, THF:H,0, 99 % yield)
of 9, required the action of EDC/HOAt (82% yield).
Protection of the hydroxy group of 11 was then carried out

if -

NHDdm

a

%

8 R=Et — d
10RH«

RO ‘ %
OTBS = OTBS
o H (o} ?oc
\
N NMe
\\NMe MeO N K
O, (e}

I-=2

-

NHDdm NHDdm
14, R= Me 12, R=Bn
15,R=H Jg L_>13 R=H

Scheme 2. Reagents and conditions: a) EDC ( 3.0 equiv), HOBt
(3.3 equiv), THF, 0°C, 12 h, 93%; b) LiOH ( 2.0 equiv), THF/H,O (1:1),
0°C, 1h, 99%; c¢) EDC ( 3.0 equiv), HOAt (3.3 equiv), THF, 0 C, 12 h,
82%; d) TBSOTf (1.3 equiv), 2,6-lutidine (2.2 equiv), CH,Cl,, 0°'C, 2 h,
81%; e) H,, 20 wt % Pd(OH),/C, MeOH, 25 C, 1 h, 99 %; f) SO,Cl,, Et,0,
25°C, 75%; g) LiOH (4.0 equiv), tBuOH/H,0 (2:1), 0°C, 0.5h, 75%.
EDC = 1-ethyl-3-(3-dimethylamino)propylcarbodiimide ~ hydrochloride;
HOAt = 1-hydroxy-7-azobenzotriazole; HOBt = 1-hydroxy-1H-benzotri-
azole; TBS = tert-butyldimethylsilyl; Tf = trifluoromethanesulfonate.
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with TBSOTT in the presence of 2,6-lutidine to afford silyl
ether 12, from which the benzyl group was cleaved by
hydrogenolysis (H,, 20% Pd(OH),/C, 99 % ). Finally, chlori-
nation of 13 (SO,Cl,, 75% yield), followed by mild saponi-
fication (LiOH, rBuOH/H,O, 75% yield), furnished the
desired tripeptide fragment 15.

With the two segments 15 and 16 in hand, the task of joining
them together and effecting the final ring closure came within
reach (Scheme 3). In preparation for this union, the free

R0, cl
HO ‘ N
= OTBS
o + H Elioc
|
N NMe
w0 Iy
BnO o o H
< A S>—Tome
OoM
MeO e NHDdm
16, R'= H, R?= Boc
a
17, R=TBS, R2= Boc:|
18, Rl= TBS, R2= H b 15
| |
lc
N
Nas cl
(o} gr HO
TBSO,,, cl @ OTBS
o H o Boc
H O H ! !
N NMe
N N N ’}‘ K
|
o= H H o H o H
NH o)
BnO NHDdm

TBSO,,
I|300
«NMe

BnO

@ i OMe

OMe

20a,X=H,Y=Cl
e[, %0 X=cly=n__]®

Scheme 3. Reagents and conditions: a) TBSOTT (10.0 equiv), 2,6-lutidine

(20.0 equiv), CH,Cl,, —10°C, 3.5h, 83% ; b) TMSOTS (3.0 equiv), 2,6-
lutidine (1.2 equiv) , CH,Cl,, 0°'C, 2 h, 84 %; c¢) EDC ( 3.0 equiv), HOAt
(10.0 equiv), —5C, 12h, 81%; d) CuBr-SMe, (3.0equiv), K,CO;
(3.0 equiv), pyridine (3.0 equiv), MeCN, reflux, 2 h, 72 %, 20a: 20b about
1:3; e) 1,2-dichlorobenzene, 140 'C, 4 h, >90 %, 20a:20b about 1:1. TMS =
trimethylsilyl.
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hydroxyl group of 16 was silylated with TBSOT{/2,6-lutidine
to afford the corresponding silyl ether (17, 83 % yield), and the
free amine at C-4 was released by removing the Boc group
(TMSOTH, 2,6-lutidine, 84 % yield) to furnish compound 18.
The coupling of 18 and 15 was carried out smoothly in the
presence of EDC/HOAt (81 % yield) leading to the cycliza-
tion precursor 19. Ring closure of 19 was then achieved by
subjecting it to the previously developed conditions (CuBr-
SMe,, K,CO;, pyr. CH;CN, A),P furnishing the targeted
polycyclic intermediate! in 72 % yield as a mixture of the two
atropisomers 20a and 20b (ca. 1:3 ratio). COSY and ROESY
NMR experiments facilitated the stereochemical assignment
of the two atropisomers 20a and 20b (Figure 2). Selected

HO OH
HoN

HO

| Vancomycin

Figure 2. Stereochemical assignments of atropisomers 20a and 20b based
on NOE measurements (COSY and ROESY, 600 MHz, CD;0D, 323 K).

physical data for 20a, 20b, and their precursor compound 19
are listed in Table 1. Chromatographic separation followed by
heating either atropisomer in 1,2-dichlorobenzenel! at 140°C
for 4 h resulted in the formation of a mixture of the two
atropisomers 20a and 20b, in a ratio of approximately 1:1
(>90% recovered yield).l

Culminating in the construction of a highly functionalized
vancomycin scaffold, the chemistry described herein brings
the total synthesis of this antibiotic and its aglycon within
striking distance. The attainment of the latter goal is described
in the following communication.[®
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Table 1. Selected physical properties of compounds 19, 20a and 20b.

19: R;=0.29 [silica gel, 1:2:7 acetone: ethyl acetate: benzene]; [a]} =
+21.3 (¢=0.52, CH,OH); IR (film): #,,, 3334, 2944, 2924, 2847, 2360,
1659, 1606, 1508, 1484, 1464, 1250, 1202, 1172, 1148, 1109, 1031 cm'; 'H
NMR (600 MHz, [D¢]acetone): 6 =8.18 (brs,2H), 7.78 (d, /= 8.0 Hz, 1 H),
7.73 (d, /=82 Hz, 1H), 7.68 (d, J=1.9 Hz, 1H), 7.58 (d, J=7.3 Hz, 1 H),
7.49 (dd, J=8.5,1.6 Hz, 1H), 7.40-7.33 (m, 6 H), 7.28 (m, 1H), 7.16-7.07
(m, 6H), 7.04 (m, 1H), 6.95 (d, J=2.1 Hz, 1 H), 6.89 (d, J=9.1 Hz, 1H),
6.87-6.81 (m, SH), 6.89(d, J=5.4 Hz, 1H), 6.62 (d, J=2.0 Hz, 1H), 6.19
(brs, 1H), 6.11 (d, J =8.2 Hz, 1H), 5.95 (br s, 2H), 5.48 (s, 1 H), 5.10(d, J =
5.8 Hz, 1H),4.83 (m, 1H), 4.73 (d,J = 6.3 Hz, 1 H), 4.68 (dd, J=8.1,5.8 Hz,
1H), 4.61-4.58 (br, 1 H), 4.58 (s, 2H), 4.4 (br s, 1H), 4.35 (d, /=11.9 Hz,
1H), 3.96 (m, 1H), 3.89 (dd, /= 9.9, 3.5 Hz, 1 H), 3.83 (s, 3H), 3.78 (s, 3H),
3.85-3.60 (m, SH), 3.74 (s, 3H), 3.65 (s, 3H), 3.63 (s, 3H), 2.86 (dd, J = 15.5,
4.7 Hz, 1H), 2.71 (m, 1H), 2.56 (s, 3H), 2.03 (m, 4H), 1.71 - 1.32 (m, 12 H),
0.90 (s, 9H), 0.82 (s, 9H), 0.88—0.84 (m, 6H), 0.084 (s, 3H), 0.044 (s, 3H),
0.020 (s, 3H), —0.13 (s, 3H); BC NMR ( 150 MHz, [D¢Jacetone): 6 =171.5,
171.0,170.1,169.9, 169.8, 169.6,167.8, 161.1, 159.7,159.6, 158.2, 153.3,153.1,
152.3,147.0, 141.6, 140.8, 139.8,139.4, 138.0, 136.1, 135.5, 134.1, 131.5, 130.2,
129.6,129.4,129.3,129.0, 128.9, 128.7,128.3, 128.1, 127.9, 127.6, 127.3,126.1,
125.3, 124.3, 122.5, 121.0, 119.7, 117.5, 114.6, 114.6, 113.6, 98.8, 98.3, 93.8,
93.7, 92.0, 80.1, 74.7, 74.4, 73.7, 70.6, 70.5, 64.2, 60.5, 60.4, 56.4, 56.2, 56.0,
55.7, 55.6, 55.5, 55.4, 52.7, 51.0, 38.8, 37.5, 37.4, 28.6, 26.2, 26.1, 25.4, 24.2,
23.5,22.0,18.8,18.6,14.4, —4.6, —4.7, — 4.8, —4.9; HRMS (FAB): calcd for
CyoH,»,BrCLN,,0,,S,Cs [M+Cs*]: 2110.6208; found: 2110.6354.

20a: R;=0.45 [silica gel, 60 % ethyl acetate in benzene]; [a]} = +20.0 (c=
0.11, CH;OH); IR (film): 7,,,, 3353, 2925, 2857, 2341, 2340, 1966, 1878, 1654,
1640, 1606, 1586, 1566, 1503, 1484, 1401, 1387, 1323, 1245, 1202, 1109, 1065,
1031 cm™!; '"H NMR (600 MHz, CD;0D, 323 K): 6 =7.59 (br s, 1H), 7.48
(d,J=6.7 Hz, 1H), 7.36-7.26 (m, 8H), 7.21 (bd, J = 8.0 Hz, 1 H), 7.16 (m,
1H), 7.08-6.97 (m, 9H), 6.72 (d, J =8.2 Hz, 2H), 6.56 (d, J = 2.5 Hz, 1 H),
5.86 (s, 1H), 5.78 (s, 1 H), 5.72 (s, LH), 5.48 (d, J=4.5 Hz, 1H), 5.43 (br s,
1H), 5.29 (s, 1H), 4.90 (br s, 1H), 4.85 (br s, 1 H), 4.7 (br s, 1 H), 5.56 (m,
2H), 4.38 (br s, 1H), 4.09 (br s, 1 H), 3.85-3.60 (m, 7H), 3.80 (s, 3H), 3.75
(s, 3H), 3.70 (s, 3H), 3.67 (s, 3H), 3.42 (s, 3H), 2.78 (br s, 3H), 2.64-2.55
(m, 2H), 2.07 (m, 4H), 1.80-1.30 (m, 12H), 1.11-0.7 (m, 24 H), 0.1 (s, 3H),
0.65 (s, 3H), 0.03 (s, 3H), 0.02 (s, 3H); HRMS (FAB): calcd for
CooH 23CLN;0,6S1,Cs [M+Cs*]: 2028.6967; found: 2028.6820.

20b: R;=0.29 [silica gel, 60 % ethyl acetate in benzene]; [a]y = —7.27 (c=
0.11, CH,OH): IR (film): 7,,,, 2358, 2337, 2062, 2015, 1868, 1844, 1828, 1791,
1770, 1681, 1667, 1652, 1607, 1578, 1509, 1458, 1464, 1417, 1391, 1362, 1322,
1251 ecm™!; '"H NMR (600 MHz, [D¢]acetone, 323 K): 6 =827 (br s, 1H),
7.68—7.54 (m, SH),7.43-7.41 (m, 3H), 7.38—-7.35 (m, 3H), 7.31-7.29 (m,
4H), 7.26-7.22 (m, 3H), 7.14-7.11 (m, 6 H), 7.00-6.98 (m, 2H), 6.98 (d,
J=2.1Hz, 1H), 6.92 (d, J=8.7 Hz, 1H), 6.86-6.82 (m, 5H), 6.77 (d, /=
8.0 Hz, 1H), 6.62 (d, J=2.3 Hz, 1H), 6.31 (d,/=8.3 Hz, 1H), 6.01 (d, /=
8.1 Hz, 1H), 5.90(s, L H), 5.84 (br s, 1 H), 5.48 (s, LH), 5.50 (d, J=3.3 Hz,
2H), 5.09 (brs, 1 H), 4.70 (m, 2 H), 4.46 (br s, 1 H), 4.39 (d, / = 12.0 Hz, 1 H),
3.99 (t, J=9.9, 9.6 Hz, 1H), 3.92 (dd, J=9.9, 3.4 Hz, 1H), 3.85 (s, 3H),
3.84-3.79 (m,4H), 3.78 (s, 3H), 3.75 (s, 3H), 3.67 (s, 3H), 3.55 (s, 3H), 2.84
(s,3H),2.09-2.05 (m, 4H), 1.71 (brs, 1 H), 1.62 ~ 1.60 (m, 1 H), 1.52 (s, 9 H),
0.95 (s, 9H), 0.93 (s, 9H), 0.93 - 0.90 (m, 6 H), 0.16 (s, 3H), 0.11 (s, 3H), 0.10
(s, 3H), 0.08 (s, 3H); HRMS (FAB): calcd for CgH;»;CLLN;;0,,Si,Cs
(M+Cs*): 2028.6967; found: 2028.6832.
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