
6318 J. Am. Chem. Soc. 1991, 113, 6318-6320 

as a consequence of oxazolidin-2-one synthesis12 via cyclization 
of the bis-urethane derived from diol 313 (eq 1). In contrast to 
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our synthetic efforts directed toward allosamizoline,14 the Pd-
catalyzed cyclization with BINAPO (11) as ligand gave only 28% 
ee. Interestingly, the conformational^ less rigid diester ligand 
12 (S-BDPBB) enhanced the selectivity to 41%, [a]25

D -56.9 (c 
3.92, CH2Cl2). Gratifyingly, the C2 symmetric diester 13 
((+)-BIBDPBM), an example of a new class of very simply 
derived asymmetric ligands, jumps the ee to 65%, [a]25

D +90.7 
(c 2.49, CH2CI2) (5 mol % (dba)3Pd2-CHCl3,15 mol % 13, THF, 
-8 to 20 0C, quantitative yield), of the 1R,2S enantiomer as 
determined by the O-methylmandelate ester NMR shiftsl The 
feasibility of an asymmetric synthesis having been demonstrated, 
biological considerations induced us to focus initially on racemic 
mannostatin. 

Allylic oxidation without rearrangement of the double bond 
required strenuous conditions using selenium dioxide in which 
quartz sand was added to maintain dispersion of the reactants 
(mechanical stirring recommended). Since the resultant alcohol 
was frequently admixed with considerable quantities of the ketone, 
the mixture was normally directly oxidized. Of a horde of oxi
dants, only reaction with MnO2

15 and the Dess-Martin per-
iodinane16 proceeded cleanly, the latter being preferred since the 
reaction went to completion. The third asymmetric center was 
then set by reduction.17 The correctness of the stereochemistry 
was readily apparent by the facility with which the alcohol 6 
isomerized to the carbonate 14. Various attempts to hydroxy-
sulfenylate 6 or 7a failed due to the lack of reactivity of the double 
bond. On the other hand, the diol 7a smoothly succumbed to 
epoxidation with trifluoroperacetic acid (CH2Cl2, Na2CO3, 86%) 
to give a single epoxide tentatively assigned as all-cis on the basis 
of the high level of directionality observed in the reactions of this 
reagent with allylic alcohols and ethers.18 

With the stereochemistry all set, the last issue was the re-
gioselective introduction of the methylthio group. Various attempts 
to promote regioselective opening by coordination with oxyphilic 
Lewis acids led to mixtures at best. For example, coordination 
of 8a with titanium tetraisopropoxide" followed by lithium 
thiomercaptide led to a 1:1 regioisomeric mixture from which the 
desired thioether 9 (R = H, R' = Ts) could be isolated in 21% 
yield. On the other hand, the acetonide 8b generates a 4.6:1 ratio 
of the two regioisomers in favor of our desired product 9a\ A 
possible explanation for this remarkable regioselectivity may derive 
from a Fiirst-Plattner type stereoelectronic control20 in which 
attack at the desired position involves a conformationally more 
favorable transition state as depicted in eq 2.21 Completion of 

(12) Trost, B. M.; Sudhakar, A. / . Am. Chem. Soc. 1987,109, 3792; 1988, 
110, 7933. Trost, B. M.; Hurnaus, R. Tetrahedrofn Lett. 1989, 30, 3893. 

(13) Kaneko, C; Sugimoto, A.; Tanaka, S. Synthesis 1974, 876. 
(14) Trost, B. M.; Van Vranken, D. L. J. Am. Chem. Soc. 1990,112,1261. 
(15) Corey, E. J.; Crouse, D. / . Org. Chem. 1968, 33, 298. Pratt, E. F.; 

Van de Castle, J. F. J. Org. Chem. 1961, 26, 2973. 
(16) Dess, D. B.; Martin, J. C. / . Org. Chem. 1983, 48, 4155. 
(17) Gemal, A. L.; Luche, J.-L. J. Am. Chem. Soc. 1981, 103, 5454. 
(18) McKittrick, B. A.; Ganem, B. Tetrahedron Uu. 1985, 26, 4895. 
(19) Sharpless, K. B.; Caron, M. / . Org. Chem. 1985, 50, 1560. 
(20) Smith, J. G. Synthesis 1984, 629. Winterfeldt, E. Stereoselektive 

Synthese. Principien und Methoden; F. Vieweg & Sohn: Braunschweig, 
1988; pp 32-7. Seances FOrst, A.; Plattner, P. A. HeIv. Chim. Acta 1949, 
32, 275. 
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the synthesis involves detosylation and hydrolysis to give man
nostatin A. Passing an aqueous solution of the trifluoroacetate 
salt through the base form of an IRA 400 ion-exchange resin gives 
racemic mannostatin A as the free base. Comparison of the 
spectral data to that of an authentic sample indicated their identity. 
This route provides mannostatin A in 27% overall yield in 10 steps. 

This strategy should prove to be a powerful approach to these 
types of cyclopentane analogues of carbohydrates. The synthetic 
intermediates readily available provide great flexibility to vary 
the regio- and diastereoplacement of the functionality. Fur
thermore, the ready incorporation of a phosphine ligand into 
asymmetric alcohols by esterification with the readily available 
2-(diphenylphosphino)benzoic acid22 should prove useful for 
asymmetric catalysis. 
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Rapid progress has been made in the development of methods 
for asymmetric synthesis and in their application in the con
struction of complex natural products. Consequently, the de
termination of enantiomeric excess (ee) is an indispensable process 
for evaluating the efficiency of those methods. Herein we describe 
a unique multifunctional chiral tertiary fluoride,1 a-cyano-a-
fluorophenylacetic acid (CFPA, 1), which has remarkable efficacy 
for determining ee, surpassing MTPA (2) in reactivity and "F 
NMR AS values. 
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Table I. "F NMR Chemical Shift Difference AJ(in Hertz) of Some 
CFPA and MTPA Derivatives by 254-MHz "F NMR 

chiral 
compd (HR) 

PhCF(CN)COR 
(CFPA deriv) 

PhC(CF3)(OMe)COR 
(MTPA deriv) 

1 HOCH(Ph)Me 273.9 (7) 
2 HOCH(1Bu)Me 305.2 (8) 
3 HOCH(Ph)CF3 292.3 (9) 
4 H2NCH(Me)1Bu 159.9 (10) 
5 H2NCH(Ph)COOEt 316.2 (11) 
6 H2NCH2CH(Ph)Me 794.1 (12) 
7 HOCH2CH(Ph)Me 158.2 (13) 
8 HOCH2CH2CH(Ph)Me 57.0 (14) 
9 H2N(CHj)4CH(OEt)Me 23.9 (15) 

51.5 
22.0 
9.2 
29.5 
68.0 
7.3 
12.9 
ND" 
ND 

0ND: not detectable. 

Among the various methods for ee determination,2 including 
several recently reported,3,4 Mosher's derivative5 using MTPA (2) 
is currently the most widely employed. The main reasons for the 
popularity of Mosher's derivative are the availability of 1H and 
19F NMR probes and the large chemical shift range and higher 
relative NMR sensitivity of the 19F nucleus6 when compared to 
other methods using 13C,7 31P,8 and 77Se4 nuclei. However, many 
instances have been reported where ee determination by this 
method failed either because of small chemical shift differences 
between the two diastereomers (A5) observed by 19F NMR or 
because of insufficient reactivity of the chloride (MTPA-Cl). Our 
ongoing studies of the synthesis and properties of novel organo-
fluorines1 led us to the rational design9 of CFPA (1) as a new chiral 
derivatizing reagent. 

(fl)-a-Phenylethylamide 3 was converted to its cyanohydrin 
derivative (Me3SiCN) and then subjected to fluorination (DAST, 
85%) to afford 4a,b (A5 255.5 Hz). Each diastereomer was 
obtained by fractional recrystallization from EtOAc/hexane, thus 
providing optically active 4a (45%, mp 174 0C, [a]24

D +109.0°) 
and 4b (33%, mp 101 0C, [a]24

D +106.3°). The absolute con
figuration of 4a was determined by X-ray analysis10 to be that 

(2) Yamaguchi, S. In Asymmetric Synthesis; Morrison, J. D., Ed.; Aca
demic Press: New York, 1983; Vol. I, pp 125-152. 

(3) (a) Terunuma, D.; Kato, M.; Kamei, M.; Uchida, H.; Ueno, S.; Nohira, 
H. Bull. Chem. Soc. Jpn. 1986, 59, 3581. (b) Shapiro, M. J.; Archinal, A. 
E.; Jarema, M. A. J. Org. Chem. 1989, 54, 5826. 

(4) Silks, L. A.; Dunlap, R. B.; Odom, J. D. J. Am. Chem. Soc. 1990,112, 
4979. 

(5) Dale, J. A.; Dull, D. L.; Mosher, H. S. / . Org. Chem. 1969, 34, 2543. 
(6) Harris, R. K.; Mann, B. E. In NMR and the Periodic Table; Academic 

Press: London, 1978. 
(7) (a) Schwab, J. M.; Li, W.-b.; Thomas, L. P. J. Am. Chem. Soc. 1983, 

105, 4800. (b) Mangeney, P.; Grojean, F.; Alexakis, A.; Normant, J. F. 
Tetrahedron Lett. 1988,. 29,2675. (c) Mangeney, P.; Alexakis, A.; Normant, 
J. F. Tetrahedron Lett. 1988, 29, 2677'. 

(8) (a) Johnson, C. R.; Elliott, R. C; Penning, T. D. J. Am. Chem. Soc. 
1984, 106, 5019. (b) Anderson, R. C; Shapiro, M. J. / . Org. Chem. 1984, 
49, 1304. (c) Feringa, B. L.; Smaardijk, A.; Wynberg, H. J. Am. Chem. Soc. 
1985, 107, 4798. 

(9) (a) Takeuchi, Y.; Ogura, H.; Ishii, Y.; Koizumi, T. Chem. Pharm. Bull. 
1990, 38, 2404. (b) Takeuchi, Y.; Ogura, H.; Ishii, Y.; Koizumi, T. J. Chem. 
Soc., Perkin Trans. 1 1989, 1721. 

shown in Scheme I. Amide 4a was treated with N2O4 (NaOAc, 
0 0C, 2 h) to produce the N-nitroso derivative 5, which was 
subjected, without isolation, to thermal decomposition (40 0C, 
30 min, 62%)," giving (S)-CFPA (1) ([a]23

D -24.5°). The 
chloride (CFPA-Cl), (S>6 ([a]24

D -23.50),12 was obtained after 
distillation (81%). 

The A5 values in the 19F NMR spectra for the diastereomers 
7-15, prepared by the condensation of 613 with chiral nucleophiles, 
are shown in Table I. The merits of the CFPA method can be 
summarized as follows. First, 6 reacts with secondary alcohols 
and hindered amines much faster than MTPA-Cl,14 suggesting 
that the reaction of 6 with chiral compounds induces potentially 
less kinetic resolution15 than that of MTPA-Cl. Second, the 19F 
signals of CFPA-Cl and CFPA (-136.7 and -147.8 ppm, re
spectively) appear out of the region of those of CFPA derivatives 
(from -143.0 to -146.9 ppm),16 allowing the fluorine signals of 
the diastereomers of interest to be easily distinguished in the 19F 
NMR spectrum of a crude sample, even if CFPA-Cl is used in 
excess.'5 Finally, we used the new reagent to determine the ee 
of 16 and 18, which have remotely disposed stereogenic centers.17 

The corresponding CFPA derivatives 17 and 19 gave A5 values 
of 44.1 and 6.1 Hz, respectively, whereas the A5 values of the 
MTPA derivatives were not detectable. 

EtOOC 

17: R 

18: R = H F 
19: R = - C - C - P h 

ii i 
O CN 

MTPA5 and other ee-determining reagents3,4 generate a A5/H>1/2 

ratio of ca. 0-10, whereas this ratio for CFPA derivatives varies 
from 7 to 50. This fact, in addition to the relatively high reactivity 
of CFPA-Cl and the ability of the CFPA moiety to determine 
the ee of chiral centers remote from the derivatized functionality 
(runs 6-9), warrants consideration of CFPA in assaying the ee 
of intermediates and products of modern complex chiral syntheses. 
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(10) Compound 4a, C17Hi3FN2O (M, = 282.32), gave monoclinic crystals 
with space group Fl1, a = 8.367 (1) A, b = 17.006 (1) A, c = 5.253 (1) A, 
/3 = 105.3 (I)0 , V = 720.9 (2) A3, Z = I, D^M = 1.300 Mg m"3, X(Cu Ko1) 
= 1.54050 A, ii = 0.761 mm"', F(OOO) = 296, T = 295 K. Crystallographic 
data were collected on a Rigaku AFC-5 diffractometer. The structures were 
solved by the direct method and refined by full-matrix least-squares calcula
tions assuming anisotropic temperature factors for non-hydrogen atoms and 
isotropic ones for hydrogen atoms. R • 0.049 and /J. = 0.048 for 1096 
reflections above Ia(F). 

(11) (a) White, E. H. / . Am. Chem. Soc. 1955, 77, 6008. (b) White, E. 
H. J. Am. Chem. Soc. 1955, 77, 6011. (c) White, E. H. J. Am. Chem. Soc. 
1955, 77, 6014. 

(12) Bp 40-41 °C/0.4Torr. The optical purity of (S)-6 was determined 
to be greater than 99% by application of the Eu(hfc)3 method to the (S)-
CFPA methyl ester. 

(13) CFPA-Cl (6) was used under almost the same conditions as MTPA-
Cl.' 

(14) For example, reactions of CFPA-Cl with PhCH(OH)CF3 and 
'BuCH(OH)Me (Pyr/CCl4, room temperature) are complete within 10 min, 
whereas reactions of MTPA-Cl take more than 10 h for completion.5 

(15) Svatos, A.; Valterova, I.; Saman, D.; Vrkoc, J. Collect. Czech. Chem. 
Commun. 1990, 55, 485. 

(16) The "F NMR chemical shifts of MTPA-Cl and MTPA (-70.5 and 
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MTPA derivatives (from -69.2 to -72.5 ppm). Upfield shifts from CFCl3 are 
quoted as negative. 
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Vineomycin B2
2 is a secondary metabolite of Streptomyces 

matensis subsp. vineus and displays potent antitumor/antibiotic 
activity with a pharmacologic profile similar to that of the clinically 
important anthracyclines.3 Its chemical degradation2 in acidic 
methanol yields an aglycon subunit, vineomycinone B2 methyl ester 
(1), bearing several salient structural features shared in part by 
other anthraquinone antibiotics,4 inter alia, an olivose-type 0-C-
glycoside and a 3(/?)-hydroxyisovaleryl side chain situated on 
opposing sides of an anthrarufin nucleus. Accordingly, vineomycin 
B2 has engendered much synthetic interest5 and provided a forum 
for the demonstration of new methodology resulting in recent total 
syntheses6,7 of the aglycon moiety 1. Herein, we describe a 
conceptually distinct approach to 1 utilizing a convergent strategy 
of consecutive Bradsher cycloadditions8 of the electron-rich 
dienophiles 2 and 4 with the heterodienes implicit in 3 (eq 1). 

o OH 

CO,CH, 

H3C PBPM a* 

CCXi BPMO" 

OCH. (1) 

(1) (a) Presented at the 199th National Meeting of the American Chem
ical Society, Boston, MA, 1990. (b) Taken in part from the Ph.D. Thesis of 
V.B., Universite Louis Pasteur, Strasbourg, France. 

(2) Imamura, N.; Kakinuma, K.; Ikekawa, N.; Tanaka, H.; Omura, S. / . 
Antibiot. 1981, 34, 1517 and cited references. 

(3) Weiss, R. B.; Sarosy, G.; Clagett-Carr, K.; Russo, M.; Leyland-Jones, 
B. Cancer Chemother. Pharmacol. 1986, 18, 185. 

(4) P-1894B: Ohta, K.; Mizuta, E.; Okazaki, H.; Kishi, T. Chem. Pharm. 
Bull. 1984, 32, 4350. Ochromycinone: Guingant, A.; Barreto, M. M. Tet
rahedron Lett. 1987, 28, 3107. Capoamycin: Hayakawa, Y.; Adachi, K.; 
Iwakiri, T.; Imamura, K.; Furihata, K.; Seto, H.; Otake, N. Agrtc. Biol. Chem. 
1987,51,2237. Kerriamycin: Hayakawa, Y.; Iwakiri, T.; Imumura, K.; Seto, 
H.; Otake, N. J. Antibiot. 1985, 38, 960. 

(5) (a) Krohn, K.; Baltus, W. Tetrahedron 1988, 44, 49. (b) Cambie, R. 
C; Pausler, M. G.; Rutledge, P. S.; Woodgate, P. D. Tetrahedron Lett. 1985, 
26, 5341. (c) Matsumoto, T.; Katsuki, M.; Jona, H.; Suzuki, K. Tetrahedron 
Lett. 1989,50,6185. 

(6) Tius, M. A.; Gu, X.-Q.; Gomez-Galeno, J. J. Am. Chem. Soc. 1990, 
//2,8188. 

(7) Danishefsky, S. J.; Uang, B. J.; Quallich, G. J. Am. Chem. Soc. 1985, 
107, 1285. 

(8) Review: Boger, D. L.; Weinreb, S. M. Hetero Diels-Alder Metho
dology in Organic Synthesis; Academic Press, Inc.: New York, 1987; Chapter 
9, pp 278-283. 
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"(a) 2, CaCO3, MeOH/CH2Cl2, 24 0C, 2 h; (b) CNBr, NaHCO3, 
MeOH, O 0C, 0.5 h; (c) 3 N HC1/THF, 40 8C, 12 h; (d) DNP-Br, 
CH3CN, 65 0C, 10 h; (e) 4, CaCO3, MeOH, 10 0C, 6 h; (f) PhSeO2H, 
H2O2, H20/CH2C12, 25 0C, 20 h; NH4OH; (g) 1O2, CH2Cl2; NaBH4, 
MeOH; O2 (workup); (h) PDC, DMF, 25 0C, 10 h; CH2N2; (i) H2 (1 
atm), 5% Pd/C, EtOAc, 6 h. 

As envisaged above, the acyclic side chain is introduced in the 
latent form embodied in 2,' readily available from the vinylidene 
analogue10 of (5)-mevalonolactone by etherification of the tertiary 
alcohol with p-biphenylmethyl (BPM) bromide" (72%). Access 
to the /3-C-glycoside precursor 4 from glucal 512 (Chart I) was 
realized by sequential lithium aluminum hydride reduction in Et2O 
(80%), protection of the liberated C(3) and C(4) alcohols as BPM 
ethers (86%), and pyridinium chlorochromate oxidation of the 
cyclic enol ether13 (76%). Addition of the cerium(III) chloride 
salt14 of (trimethylsilyl)acetylide to the resultant lactone 6 (mp 
118-12O0C) at -78 0C in tetrahydrofuran (THF) provided an 
anomeric mixture of hemiketals (90%), which was reduced15 with 
excess Et3SiH/BF3-Et20 (10 equiv each) in CH3CN/CH2C12 (1:1) 
at -40 0C. Chromatographic purification on silica gel (ethyl 
acetate/hexane, 1:4) afforded 7 and its a-epimer (89%, 3:1), Rf 
~ 0.56 and 0.49, respectively. Desilylation14 to 8 (90%, mp 91 
6C) and methoxymercuration/demercuration according to 
Hudrlik16 furnished 4 (58%, mp 70-71 0C). 

Attachment of both appendages to the polycyclic core and final 
elaboration to 1 are summarized in Scheme I. Facile17 Bradsher 

(9) Satisfactory analytical data were obtained for all new compounds. 
(10) Bolitt, V.; Mioskowski, C; Bhatt, R. K.; Falck, J. R. J. Org. Chem. 

1991, 56, 4238. 
(11) Park, M. H.; Takeda, R.; Nakanishi, K. Tetrahedron Lett. 1987, 28, 

3823. 
(12) Tulshian, D. B.; Fraser-Reid, B. J. Am. Chem. Soc. 1981,103,474. 
(13) Piancatelli, G.; Scettri, A.; D'Auria, M. Tetrahedron Lett. WTl, 3483. 
(14) Tamura, Y.; Sasho, M.; Akai, S.; Kishimoto, H.; Sekihachi, J.-I.; 

Kita, Y. Tetrahedron Lett. 1986, 27, 195. 
(15) Rouzaud, D.; Sinay, P. J. Chem. Soc., Chem. Commun. 1983, 1353. 
(16) Hudrlik, P. F.; Hudrlik, A. M. / . Org. Chem. 1973, 38, 4254. 
(17) Cf.: Falck, J. R.; Manna, S.; Mioskowski, C. / . Am. Chem. Soc. 

1983, /05,631. 
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