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. : Previously, Chandrasekhar ef aéported the synthesis of
a%irf}gt_;hgigé?o?ma(n? ijgﬂug'rg%[gHz’in_dciﬂ;g;2?;_?’_2_ phromanlg and1b starting from 4-f|uor_opheno|, which
chromenyl]-(R)-1,2-ethanediol, important pharmaceutical interiNVOIVeS eight and ten steps, respectively; a Sharpless
mediates, were synthesized from natural chiral pemlannitol. asymmetric epoxidation is required for the stereoselective
introduction of the two stereogenic centers. In their
approacHt, the preparation of is long and tedious, dis-
couraging practical application. Furthermore, this prepa-
tion involves multiple isolations and chromatographic
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Chiral chrom.an.s. are a cIa;s of Important_compoun ﬁrifications, rendering it unacceptable for larger kilo-
possessing significant biological properties. For exampl ~ale production

vitamin E' and its analogs troléxand MDL-73404 are P '

important lipophilic antioxidants. Daurichromenic acidierein, we report a convenient method for the preparation
and rhodod-aurichromanic acid A show potent anti-HI\@f enantiomerically pure 1-[6-fluoro-§-3H,4H-dihy-
activity, while siccanin has potent antifugal activitgur  dro-2H-2-chromenyl]-(R)-1,2-ethanediol ¥a) and 1-[6-
interests in synthesizing Nebivolol, a new selecfiye fluoro-(2R)-3H,4H-dihydro-H-2-chromenyl]-(R)-1,2-
adrenergic blocker with antihypertensive actiity, ethanediol Ib) from readily available starting matertz
prompted us to develop a general and efficient method#nannitol in four steps. The general retrosynthetic analysis

ogy for the construction of chiral chroman intermediatés illustrated in Scheme 1. In the synthesis of chromanone
1a (SR) and1b (RR). 2a (SR) and2b (RR), the Kabbe reactidi was applied
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to build up the pyranone skeleton of chromanone. Thelowed to stand for a while and then heated to reflux
first asymmetric centere oR)-2,3-isopropyrideneglycer- in an apparatus fitted with a water separator. The
olaldehyde ) was incorporated into the backbone of thehromanone was obtained as a mixture of two diastereo-
chromanon& (only CR), while the second chiral centerisomers in 40% yield Za(SR)/2b(R,R), 60:40], which
(C1R or C19) was generated during the ring closing. Thavere isolated easily by flash column chromatography.
resulting diastereomeric compourisand2b could be |iially both 2a and 2b were reduced by the Wolff—
isolated easily. Thea and2b were reduced t@a (SR)  kishner reduction under different conditions including at
and1b (RR); intermediateda and1b are the precursors gigarent temperatures; however changing the ratio of
to (SRR R)-nebivolol which was obtained by a coupling5tassjum hydroxide to hydrazine hydrate failed because
reaction. Therefore, our new synthetic methodology r'¢he high temperature resulted in the degradation of the
ported here not only has the advantage of atom eCONORMqyct; therefore the Clemmensen reduction was ex-
but also requires fewer synthetic steps. ploited and good results were obtained. Treatment of
Multigram quantities of R)-2,3-isopropyrideneglycerol- chromanon&a and2b with zinc amalgam in 15% hydro-
aldehyde can be readily obtained from cheap and cowghloric acid gave chromama and 1b*? in good yield
mercially availablep-mannitol as previously report€d (62%).

and acetylfluorophenokj was obtained from 4-fluoro- |, conciusion, an efficient and convenient synthetic meth-
phenol. odology for the synthesis of 1-[6-fluoroR3H,4H-di-
D-Mannitol was converted toR}-2,3-isopropyridene- hydro-H-2-chromenyl]-(R)-1,2-ethanediol and 1-[6-
glycerolaldehyde in two steps in 40% overall yield on #uoro-(2R)-3H,4H-dihydro-2H-2-chromenyl]-(R)-1,2-
100-g scale (Scheme 2). ethanediol was presented. Chromaéasand1b prepared

by this method possessed excellent chemical and enantio-

meric purity; this route is shorter than previously reported.

H
HO gt a ?\O OH . 053_\ The utilization of the natural chiral pool makes the synthe-
\)\{Y\OH — ' — 4 sis quite efficient with overall atom economy.
¢]
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was used in the next step without work-up. AcetylReferences
fluorophenol4 was obtained by Fries rearrangement of

the acetate in 89% overall yield on an 80 g Scale(1) Machlin, L. JVitamin E; Marcel Dekker: New York USA,

1980.

(Scheme 3). (2) Terao, K.: Niki, EJ. Free Radical Biol. Med. 1986, 2, 193.
(3) Grisar, J. M.; Petty, M. A.; Bolkenius, F. N.; Dow, J.;
o) Wagner, J. E.; Wagner, R. D.; Haegele, K.; Jong, W. D.
F F Med. Chem. 1991, 34, 257.
\©\ _ab (4) Kashiwada, Y.; Yamazaki, K.; Ikeshiro, Y.; Yamagishi, T.;
OH OH Fujioka, T.; Mihashi, K.; Mizuki, K.; Cosentino, L. M.;
6 4 Fowke, K.; Morris-Natschke, S. L.; Lee, K. Fetrahedron

i ) 2001, 57, 15509.
Scheme 3 Reagents and conditions: (a) AcCl; (b) AlCheating, (5) Isabashi, KJ. Antibiot. Ser. A 1962, 15, 161.
130 °C (89%). (6) (a) De Cree, J.; Geukens, H.; Leempoels, J.; Verhaegen, H.
Drug Dev. Res. 1986, 8, 109. (b) De Cree, J.; GeukensH, ;
With the required building blocks in hand, the stage was  €obo, C.; Verhaegen, Angiology 1987, 38, 440. (c) Van
set for the crucial segment couplings (Scheme 4). Kabbe ge Vc\:/ater'ﬁ;\/‘]aﬂsse“’ W|_'|; _VF‘:” N”ete”'RJ';SXhJO””e”X' I%;A
reaction of the fragmen8and4 gave chromanora and J_ec:arr;i’va&. Ifl:ararfgg; j 19';38"31'1??5612”_ 9 Janssen, . A.

2b;** a mixture of3, 4, and pyrrolidine in toluene was
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Scheme4 Reagents and conditions: (a) pyrrolidine, toluene (40%); (b) Zn amalgam, 15% HCI, EtOH (62%).
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Selected data for compou2al pale yellow solid: mp 94-95
°C; [a]p +30.65 € = 0.0802, MeOH); IR (KBr): 2997, 2916,
2900, 1687, 1621, 1487, 1371 ¢ntH NMR (300 MHz,
CDCl,): 8 =7.54 (dd, 1 H)=8.2 Hz, 3.1 Hz, §H,F), 7.24—
7.17 (m, 1 H, gH;F), 6.96 (dd, 1 H) = 9.0 Hz, 4.1Hz,
C¢H3F), 4.36-4.32 (m, 2 H, Cj®), 4.23-4.18 (m, 1 H,
FC;H;OCH), 4.06—4.02 (m, 1 H, CHACH,), 2.93-2.75 (m,
2 H, O=CCH), 1.45 (s, 3 H, Ch}, 1.40 (s, 3 H, CkJ); :*C
NMR (100 Hz,CDC)): § = 25.0 (CH), 26.2 (CH), 39.0
(O=CCH,), 66.4 CH,0), 76.3 (CHCHO), 78.4 CHOC),
110.3 (CHCCHy), 112.1 (FGH3), 119.5 (FGH,), 123.7
(FCH3), 156.1 (FEgH5), 157.1 (FGHS), 158.5 (FGHy),
190.8 (O=C); EIMSm/z = 266, 101, 43; Anal. Calcd for
C.H.sFO,: C, 63.15; H, 5.68; F, 7.14; O, 24.04. Found: C,
63.47; H, 5.92. Selected data for compo@bdpale yellow
solid: mp 84-86 °C;df], 13.53 ¢ = 0.2142, CHG); IR
(KBr): 2997, 2916, 2900, 1687, 1622, 1487, 1371 ¢t
NMR (300 MHz, CDC)): 6 = 7.53 (dd, 1 H) = 8.1 Hz, 3
Hz, GH,F), 7.25-7.18 (m, 1 H,E&1;F), 7.04 (dd, 1 H) =9
Hz, 4.1 Hz, GH,F), 4.51-4.46 (m, 1 H, &,0CH), 4.41-
4.35 (m, 1 H, CHOC), 4.15 (dd, 1 Bi= 8.3 Hz, 6.3 Hz,
OCCH,), 4.03 (dd, 1 H) = 8.3 Hz, 6.3 Hz, OCC})|, 2.87
(dd, 1 HJ=16.8 Hz, 12.9 Hz, O=CC} 2.66 (dd, 1 H) =
16.8 Hz,12.9 Hz, O=CC}ji 1.43 (s, 3 H, €,), 1.41 (s, 3 H,

(12)

CH,); *C NMR (100 Hz,CDG)): § = 25.2 (CH), 26.1
(CH,), 38.6 (O=CH,), 64.9 (CHO), 76.4 (CHCHO), 77.5
(CHOC), 110.3 (CHCCHy), 112.0 (FGH), 119.6 (FGH,),
123.7 (FGH,), 156.1 (FGH,), 157.3 (FGH,), 158.5
(FCsH,), 190.6 (O=C); EIMSm/z = 266, 101, 43; Anal.
Calcd for GH,sFO,: C, 63.15; H, 5.68; F, 7.14; O, 24.04.
Found: C, 63.48; H, 5.89.

Selected data for compoutat mp 87-89 °C;d{], +70.30
(c=0.1, MeOH); IR (KBr): 3590, 3518, 2967, 2937, 2849,
1607, 1493, 1217, 511 cfp*H NMR (400 MHz, CDC)):

8 =6.96-6.84 (m, 3 H, £1;F), 4.18-4.05 (m, 1 H,
FC;H;OCH), 4.05-3.99 (m, 3 H, IBOH, CH,OH), 3.01—
2.94 (m, 2H, FEH,CH,), 2.32-2.27 (m, 1H,
FCsH;CH,CH,), 2.03-2.01 (m, 1 H, REI,CH,CH,); °C
NMR (100 Hz, CDC)): § = 23.0 (FGH;CH,CH,), 24.5
(FCsH4CH,CH,), 63.3 CH,OH), 73.5 CHOH), 76.5
(OCHCH), 113.9 (GH4F), 115.5 (GH4F), 117.5 (GH3F),
123.1 (GH4F), 150.1 (GH5F), 158.1 (GH4F); EIMS:m/z=
212, 150; Anal. Calcd for gH,5FO;: C, 62.26; H, 6.17; F,

8.95; O, 22.62. Found: C, 61.97; H, 6.12. Selected data for

compoundlb: mp 92-94 °C;d], +63.08 ¢ = 0.1, MeOH);

IR (KBr): 3406, 3281, 2960, 2924, 2885, 1496, 1217, 1081,

1052 cm?; *H NMR (400 MHz, CDC)): § = 6.82—6.73 (m,
3 H, GHsF), 4.07-4.04 (m, 1 H, RE,0CH), 3.84-3.78 (m,
3 H, CHOH, CH,0H), 2.88-2.78 (m, 2 H, RE;,CH,), 2.40
(s, 2 H, OH), 2.00-1.93 (m, 2 H, F€,CH,CH,); *3C NMR
(100 Hz, CDCQ)): 6 = 23.5 (FGH;CH,CH,), 24.6
(FCsH;CH,CH,), 63.6 CH,OH), 73.6 CHOH), 76.7
(OCHCH), 113.9 (GH4F), 115.3 (GH4F), 117.6 (GH4F),
123.1 (GH4F), 150.1 (GH4F), 158.1 (GH4F); EIMS:mz=
212,151, 57; Anal. Calcd for,(H,,FO;: C, 62.26; H, 6.17;
F, 8.95; O, 22.62. Found: C, 62.13; H, 6.08.
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