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INTRAMOLECULAR BIARYL COUPLING: ASYMMETRIC SYNTHESIS
OF THE CHIRAL B-RING DIOL UNIT OF PRADIMICINONE
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Abstract: The combination (Equation 1) of palladium-catalyzed intramolecular biaryl coupling with enantioselective
dihydroxylation of achiral stilbenes provides an efficient, two-step route o the chiral 9,1 0-dikydrophenanthrenediol unit
of the pradimicins and benanomicins.

Pradimicin A! (1), benanomicin A2 (2) and related compounds exhibit potent in vivo activity against a variety of
potentially fatal systemic fungal infections and are relatively nontoxic. Very recently it was reported? that 1, 2 and some
congeners also inhibit initial infection by - and subsequent spreading of - human immunodeficiency virus (HIV), the
proximate cause of AIDS.

R ASS e
1, R=NHMe, Pradimicin A HO

2, R=0H, Benanomicin A OH 3

As one component of a program directed toward the development of an efficient and general synthetic route to 1,
2, and analogs thereof, we required a means of constructing the aglycone 3. To our mind, the principal challenge
presented by 3 involves the introduction of the two chiral centers of the B ring, but no method known to us offered a
simple solution that addressed both the relative and absolute stereochemistry of those two chiral centers.

We now report an efficient, two-step solution to the problem of B-ring construction. The method combines recent
discoveries in enantioselective dihydroxylation of olefins4-3 with a hitherto unreported, intramolecular version of
palladium-catalyzed biaryl coupling.6-8 The method, which utilizes easily accessible,? achiral trans-stilbenes as starting
materials, is summarized in Equation 1.
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a, X=Br; b, X=I; ¢, X=OTf Eq. 1
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To date we have only explored Sharpless technology? for the asymmetric dihydroxylation of 4 to 5 because of the
commercial availability (Aldrich) of the Sharpless chiral ligands. Both chemical yields and enantiomeric excess are more
than satisfactory (Table 1); even higher ee's may be achievable using otherS ligands. The intramolecular biaryl coupling
of 5 to 6 proceeds (Table 2) well for all three versions of 5 (X = Br, 1, OTf) examined to date, as well as for simpler
substrates (715). Control experiments!6 established that the asymmetry of the two chiral centers in § is preserved during

the cyclization to 6.

Table 1. Asymmetric Dihydroxylation of Stilbenes!3

Substrate X Method® Yield (%)° ee (%)° Configuration®  Product
4a Br A 94 - eeeeees Sa
4a Br B 80 95 (8.8)¢ 5a
4a Br B 83 86 R,R)f 5a
4a Br C 94 79 (8,8)¢ 5a8
4a Br C 94 72 R,R)f 5a
4b I A 91 — 5b
4b I B 82 77 R,R)f 5b
4c (0414 A 96 . emeeee 5c
4c oTt B 70 82 (5.5)° 5¢
4c oTf B 70 70 R,R)f 5¢
4c OTf C 80 45 (S,8)°¢ 5c
dc OTf D 97 65 (S,8)°¢ 5¢

(a) Method Al 050, }0.02 eq.), N-methylmorpholine N-gxide (NMO, 1.2 eq.), PhAB(OH), (1.2 eq.), CH,Cl,; ii. excess 20%
aq Me;,NH; Method BY4:4. 0504 (1.1 eq.), Dihydroquinine p-ghlomifnzoate (DHQPCB) or Dihydroguinidine p-chlorobenzoate
(DHQDPCB) (1.1 eq.), toluene; ii. LiAlH,4 (6 eq.), ether; Method C " : OsO, (0.01 eq.), DHQPCB or DHQDPCB (0.25 eq.),
NMO (1.5 eq.), acetone/water(5/1); Method D: i. 0sO, (1.1 eq.), DHQPCB (1.1 eq.), PhB(OH), (1.1 eq.), CH,Cl,, 0 °C; ii.
excess 20% aq Me,NH. (b) isolated yield of chromatographically pure material. (c) ee was determined by HPLC analysis“l of
bisacetates of diols on a 220x4.6mm ID Pirkle 1A D-phenylglycine column (Regis) using 5% i-PrOH in hexane as eluant. (d)
assigned using the model proposed by Sharpless et at (e) DHQPCB was used. (f) DHQDPCB was used. (g) recrystallization
twice from CH,Cl, gave enantiomerically pure (S,5)-5a as colorless needles, mp 105.5-106.0 °C, [a]%,g= +39.9%(c=1.0, EtOH).

That hexamethylditin might induce dihalides and ditriflates 5 and 7 to undergo palladium-catalyzed intramolecular
biaryl coupling was initially suggested by the salient observation!7 that (Me3Sn-), fosters intermolecular dimerization of
aryl halides. We propose that the intramolecular coupling of 5 and 7 proceeds via the intermediacy of monostannanes 8
and 9 (as shown in Equation 2); support for that mechanism is provided by the findings that (i) Pd(Ph3P)4 alone does not

Eq. 2
X
X
——- ———- Y,
I,"Y 'oY

Y Y
5, Y=OH 8, Y=OH 6, Y=OH
7,Y=H 9, Y=H 10, Y=H

a, X=Br; b, X=I; ¢, X=0Tf
promote the cyclization of 7a to 10, (i) 9a, prepared independently,18 cyclizes cleanly (78%) to 10 with Pd(PhyP)4 in
the absence of (Me3Sn-), (otherwise as in Reaction Condition B of Table 2), and (iii) workup of the (Me3Sn-), mediated
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Table 2. Palladium Catalyzed Intramolecular Biaryl Coupling with Hexamethylditin!3

Reaction Reaction

Substrate X Y Conditions® Time (h) Product Yield (%)
5a Br OH A 24 6 80
5a Br OH B 24 6 59
5a Br OH c 48 6 48
5b I OH A 2 6 87
5c OTY OH D 24 6 88
7a Br H A 53 10 82
7a Br H B 42 10 76
Te OoTY H D 2 10 95

(a) Condition A: 5 or 7 (0.10 mmol), Pd(PPh,), (5-20 mol %) and (Me;Sn-); (261, 1.2 eq.) in 1.0 ml anh dioxane in a

sealed tube at 100-105 °C under argon; Condition B: as in A but toluene used as solvent at 110-115 °C; Condition C: as 2

in A except (BuySn-), used in place of (Me;Sn-),; Condition D: as in A plus ~5 eq. freshly dried (100 °C /0.05 torr) LiCL."
(b) isolated yield of chromatographically pure material.
cyclization of 7a to 10 after only 10 (rather than ~48) hours reveals the presence of substantial amounts of 9a.

The method described herein, in addition to providing a specific solution to the problem posed by pradimicinone

(3), also offers a potentially general alternative to more classical methods of intramolecular biaryl coupling (e.g.,
oxidative coupling1® and the Pschorr synthesis?0) in which regiochemical control and/or corrosive reaction conditions
sometimes present difficulties. Additionally, we note that in the two cases examined (Equation 3), the palladium catalyzed

. . Eq. 3
NaN(TMS),,
+ i DME: X Pd(PPh;),,
12

11 X 13a, X=Br 97% from 13a
OHC 13b, X=I (Z:E=88:12) 99% based on Z-13b

coupling of cis2! stilbenes 13 (the major products from the Wittig reaction of 11 with 12) achieves the same net result as
a stilbene photocyclization. By implication, the results in Equation 3 offer a means for predetermining the regiochemical
outcome of cyclizations of unsymmetric stilbenes; such control is not always available in photocyclizations.22

Acknowledgments. This work was supported in part by grant CA37054 from the National Institutes of Health. We
thank Dr. J. S. M. Wai4 (MIT) for helpful discussions.

References and Notes

1. (a) M. Konishi, M. Tsunakawa, M. Nishio, H. Ohkuma, M. Hirano, T. Miyaki, T. Oki and H. Kawaguchi,
Abstracts of the 27th Intersci. Conf. on Antimicrob. Agents Chemother. Oct. 4~7, 1987; p 268. (b) T. Oki, M.
Konishi, K. Tomatsu, K. Tomita, K. -1. Saitoh, M. Tsunakawa, M. Nishio, T. Miyaki and H. Kawaguchi, J.
Antibior. 1988, 41, 1701. (c) M. Tsunakawa, M. Nishio, H. Ohkuma, T. Tsuno, M. Konishi, T. Naito, T. Oki
and H. Kawaguchi, J. Org. Chem. 1989, 54, 2532. (d) M. Kakushima, Y. Sawada, M. Nishio, T. Tsuno and T.
OKki, J. Org. Chem. 1989, 54, 2536. .

2. (a) T.Takeuchi, T. Hara, H, Naganawa, M. Okada, M. Hamada, H. Umezawa, S. Gomi, M. Sezaki and S.
Kondo, J. Antibiot. 1988, 41, 807. (b) S. Gomo, M. Sezaki, S. Kondo, T. Hara, H. Naganawa and T.
Takeuchi, J. Antibior. 1988, 41, 1019.

3. (a) A.Tanabe, H. Nakashima, O. Yoshida, N. Yamamoto, O. Tenmyo, and T. Oki, J. Antibiot. 1988, 41, 1708.
(b) H. Hoshino, J. -I. Seki and T. Takeuchi, J. Antibiot. 1989, 42, 344,



l64

10.
11.

12,
13.

14.
15.

16.
17.

18.
19.

21.
22

(a) S. G. Hentges and K. B. Sharpless, J. Am. Chem. Soc. 1980, 102, 4263. (b) E. N. Jacobsen, 1. Marko, W.
S. Mungall, G. Schrider and K. B. Sharpless, J. Am. Chem. Soc. 1988, 110, 1968. (c) J. S. M. Wai, 1.
Marko, J. S. Svendsen, M. G. Finn, E. N. Jacobsen and K. B. Sharpless, J. Am. Chem. Soc. 1989, 111, 1123,
(d) B.B. Lohray, T. H. Kalantar, B. M. Kim, C. Y. Park, T. Shibata, J. S. M. Wai and K. B. Sharpless,
Tetrahedron Lert. 1989, 30, 2041. (e) J. S. Svendsen, 1. Marko, E. N. Jacobsen, C. Pulla Rao, S. Bott and K.
B. Sharpless, J. Org. Chem. 1989, 54, 2264.

For related studies see (a) K. Tomioka, M. Nakajima, and K. Koga, J. Am. Chem. Soc. 1987, 109, 6213. (b)

K. Tomioka, M. Nakajima, Y. litaka and K. Koga, Tetrahedron Lett. 1988, 29, 573. (c) T. Yamada and K.
Narasaka, Chem. Lett. 1986, 131. (d) M. Tokles and J. K. Snyder, Tetrahedron Lett. 1986, 27, 3951. (e) M.
Hirama, T. Qishi and S. Ito, J. Chem. Soc., Chem. Commun. 1989, 665. (f) R. Annunziata, M. Cinquini, F.
Cozzi, L. Raimondi and S. Stefenelli, Tetrahedron Lett. 1987, 28, 3139.

The corresponding infermolecular biaryl coupling is well-known. For reviews see, inter alia, (a) B. M. Trost and
T. R. Verhoeven in Comprehensive Organometallic Chemistry (G. Wilkinson, Ed.); Pergamon Press: Oxford,
1982; Vol. 8, p 799. (b) R. F. Heck, Palladium Reagents in Organic Syntheses; Academic Press: New York,
1985; Chapter 6.

For leading references to the use of organostannanes and triflates in biaryl couplings see (a) J. K. Stille, Angew.
Chem., Int. Ed. Engl. 1986, 25, 508. (b) T. R. Bailey, Tetrahedron Lett. 1986, 27, 4407. (c) A. M.
Echavarren and J. K. Stille, J. Am. Chem. Soc. 1987, 109, 5418.

For a partial listing of not-directly-comparable intramolecular biaryl cyclizations see pp 925-926 of ref. 6a and
references therein; see also M. F. Semmelhack and L. S. Ryomo J. Am. Chem. Soc., 1975, 97, 3873.

E-stilbenes 4a (mp 108.0-108.5 °C)10 and 4b (mp 128.0-128.5 °C)10 were prepared by Wittig olefination
(compare Equation 3) followed by isomerization of the initial E/Z mixture to the essentially pure E-isomer by
irradiation (tungsten filament lamp) in the presence of iodinell in refluxing heptane. Stilbene 4¢ was prepared from
E-2,2'-dimethoxystilbene!12; i) BBr3, CHyCly; ii) (Tf0);0, pyridine.13

J. A. Stanfield and L. B. Reynolds, Jr., J. Am. Chem. Soc. 1952, 74, 2878.

For a review of olefin inversion see P. E. Sonnet, Tetrahedron 1980, 36, 557.

Prepared from o-anisaldehyde (J. E. McMurry and M. P. Fleming, J. Am. Chem. Soc. 1974, 96, 4708).

Mp and !H NMR (CDCls) data for selected néw compounds. 4¢: mp 121-122 °C, IH NMR 8732 (m, 2H), 7.39
(s, 2H), 7.42 (m, 4H), 7.379 (m, 2H); (+)5a: mp 118.5-119.0 °C, TH NMR & 2.86 (s, 2H), 5.31 (s, 2H), 7.14
(m, 2H), 7.34 (dt, J= 7.5, 1.5 Hz, 2H), 7.45 (dd, J =7.5, 1.5 Hz, 2H), 7.69 (dd, J =7.5, 1.5 Hz, 2H); ()Sb: mp
123.5-124.0 °C, 1H NMR 52.98 (m, 2H), 5.14 (m, 2H), 6.97 (dt, J=7.5, 1.5 Hz, 2H), 7.38 (dt, J =7.5, 1.5 Hz,
2H), 7.72 (m, 4H); (*)5¢: mp 95.5-96.0 °C, 1H NMR b 3.45 (br, s, 2H), 5.08 (s, 2H), 7.04 (m, 2H), 7.34 (m,
4H), 7.64 (m, 2H); (£)6: mp 173.0-174.0 °C (decomp.), 'H NMR (CDCl3 + CD30D) 8 4.71 (s, 2H), 7.38 (m,
4H), 7.72 (m, 4H); 7a: mp 83.0-84.0 °C, 1H NMR & 3.04 (s, 4H), 7.19 (m, 6H), 7.55 (m, 2H); 7c: mp 42.0-
42.5°C, 1H NMR § 3.03 (s, 4H), 7.30 (m, 8H); 9a: 'H NMR 3§ 0.33 (s, 9H), 3.0 (m, 4H), 7.3 (m, 8H); 13: mp
59.5-60.0 °C, IH NMR & 6.78 (s, 2H), 7.0 (m, 6H), 7.6 (m, 2H). Satisfactory combustion analysis were obtained
for all new crystalline compounds (4¢, 5a-c, 6, 7a, 7¢c).

N. Iwasawa, T. Kato and K. Narasaka, Chem. Lett. 1988, 1721.

Dibromide 7a was prepared by diimide reduction of 4a: TSNHNH,, NaOAc, EtOH, reflux. See J. A, Marshall and
W. Y. Gung, Tetr. on, 1989, 45, 1052; ditriflate 7c was prepared from 2,2'-dimethoxystilbene!2: i) Hy,
Pd/C, EtOH,; ii) BBrs, CHyCly; iii 0O, pyridine.

(R,R)-(-)5a (ee)=86 was2 su ject)eg;t;)o c)%ndilt):on A (Table 2) to give (R,R)-6, [at]p27= +68.40 (c=0.25, EtOH)
with ee=86% (19F NMR and HPLC of the bis-Mosher ester)

Y. Yokoyama, S. Ito, Y. Takahashi and Y. Murakami, Tetrahedron Let:. 1985, 26, 6457. For additional
circumstantial precedent see A. J. Majeed, O. Antonsen, T. Benneche and K. Undheim, Tetrahedron 1989, 45,
993 and ref. 7c.

Prepared (as an oil) from 7a by transmetalation with one equiv. n-BuLi (THF, -78 °C) and reaction with Me3SnClL
For a leading reference see D. A. Whiting in Comprehensive Organic Chemistry (D. H. R. Barton and W. D. Ollis,
Eds.); Pergamon Press: Oxford, 1979; Vol. 1 (J. F. Stoddart, Ed.), pp 746-754.

For a review see D. F. DeTar, Org. React. 1957, 9, 409.

cis-Dibromide 13a was obtained (60%) by fractional crystallization of the Wittig reaction product (E:Z=10:90) from
CCly-Pet.cther (1:5).

For a review see F. B. Mallory and C. W. Mallory, Org. React. 1984, 30, 1.

(Received in USA 18 October 1989)



