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destroyed the product to give multi spots. Attempted modulation of the reactivity by changing the 

solvent or the temperature was not fruitful. Cp2TiC12-AgC104 showed a much lower reactivity. 

Cp,ZrCI,- 

20 min 

-0Bn OMe 

Yield: 80 % 6 

Next, we proceeded to examine the reaction of naphthalene derivatives (7a - 7d) shown in Table 1. 

With particular attention to the regiochemical problem, tri-0-methyl-L-rhamnosyl fluoride (8)7) was 

employed for simplifying the NMR analysis of the aromatic region of the products. 

C-Naphthyl glycosides (9a - 9d) were obtained in good to excellent yields and, more importantly, 

the regiochemistry of aromatic substitution was selective in line with the HOMO coefficient of the 

starting naphthalenes 7.*) The arrows indicate the sites where the new C-C bonds were actually 

formed. It should be noted that none of the positional isomers were isolated in run 1-9. Cases of 7d 

(run 10-12) were exceptional in this regard, where the reaction occurred preferentially at C(3) rather 

than at C(8) with the largest coefficient, presumably due to the steric congestion around the C(8) center. 

It is noteworthy that even the catalytic amount of the promoter can effect the coupling reaction 

cleanly. Generally, however, use of stoichiometric amount (preferably more than two equivalents) 

offers the more synthetically useful rates of the reaction. 

Comparison of the a@ selectivities for the stoichiometric and the catalytic cases provides an 

intriguing implication. The stoichiometric reaction gave p-9 in high selectivity, while partial (run 12) 

or even predominant (run 3, 6) formation of a-9 was observed in the catalytic conditions. This 

divergence is well understood by regarding the a-anomer as the kinetic product and the p-isomer as the 

thermodynamic product, respectively. Kinetically, it is reasonable to assume that the aromatics attack 

the I-derived oxonium species from the top face to afford a-9. It may be interesting to note that the a- 

isomers of 9b and 9d prefer the flipped conformation 14C1 CL)] disposing the C(l)-aryl at equatorin rather 

than the lCq (L) conformer depicted in Table 1.91 The kinetic o-anomers undergo in situ- 

anomerization to more stable P-epimers under the stoichiometric conditions.@ In fact, CpzZrClz- 

AgC104 was capable of epimerizing the pre-formed a-anomer to the P-counterpart. 

The present method enables a rapid and flexible assembly of aromatics and sugars to afford C-aryl 

glycosidic compounds. Further study is now in progress. 
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Table 1 Friedel-Crafts Reaction of Naphthalenes 79 

F 

Ms 
Me0 

-M 

0 Ar-H 

Ye0 
OMO CppZrClp-AgCIO,, 

/ CH,CI, 
OMe 

8 room temp. 
a-9 P-9 

(a - d) (a - d) 

Run 
Naphthalene a) 

(Ar-H) 

Reagent Reaction Yield 
a: p 

b) 

(equivalents) Period (%) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

rr Me0 p ’ 

‘co 3 : 
Vb) 

Me0 

CQ ( 1; 
4 

J 
5 

OMe 

(7c) 

cl W 

5.0 

2.0 

0.3 

5.0 

2.0 

0.2 

5.0 

2.0 

0.2 

5.0 

2.0 

0.5 

20 min 

45 min 

2 hr 

30 min 77 

30 min 58 

15 hr 40 

20 min 

20 min 

75 min 

30 min 

30 min 

10 min 

96 

91 

79 

59 

64 

50 

67’) 

a9 c) 

66c) 

P 

1 : 12 

2: 1 

1 : 13 

2: 1 

21 : 1 

P 

P 

P 

P 

1: 7 

1: 2 

a) Two equivalents were used; b) Determined by weighing the separated isomers; c) In addition, the 

C(8) positional isomer was also isolated in the yields of 15 % (run 10; alp=1/7), 10 % (run 11; 

a/p=l/l), and 10 Q (run 12; ulp=l/lO), respectively. 
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Typical procedure is described for the reaction of 7a and 8: To a stirred mixture of glycosyl fluoride 8 

(21.7 mg, 104 pmol), I-methoxynaphthalene (7a; 49.5 mg, 313 pmol) and powdered molecular sieves 4A 
(ca. 200 mg) in CH2Cl2 (1.5 mL) was added CpzZrC12 (153 mg, 522 pmol) followed by AgC104 (108 mg, 522 

lmol) at room temperature. After stirring for 20 min, the reaction was stopped by the addition of 
saturated NaHC03 solution. Filtration (Celite), extractive workup, and purification by TLC (SiO2; 

hexane/AcOEt=6/4) afforded &9a as a colorless oil (34.5 mg, 96 %). 
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7) Fluoride 8 was the a-L-anomer, which was obtained almost exclusively by treating the corresponding 
C(l)-OH derivative with HF(pyr), in CH,C12 (O”C, 2 hr; 86 %). Bp: 65-85°C / 3 mmHg (oven temp.); 

NMR (6, CDQ): H(1) 5.60 (dd, J1~=1.5 Hz, Jr,~50.5 Hz); C(1) 105.5 (d, Jc(1),~=221.5 Hz). 

8) HOMO of the naphthalenes are shown based on the simple Hiickel MO calculation, 

7a 7b 7c 7d 

9) All new compounds exhibited satisfactory physical properties [‘H NMR (400 MHz), 13C NMR (100 
MHz), IR, and HRMS]. Regiochemistry of aromatic substitution was rigorously determined by the 
NOE study. Anomeric stereochemistry is based on the following IH NMR data (CDCl3). 

6, (Hz) 9a % 9c 9d 

5.56 (4.9) 5.93 (8.8) 5.57 (7.3) 
a 

H(1) Ul,d 

H(4) U3,4; J4$ 3.37 (6.4; 6.4) 3.49 (4.4; 2.0) 3.72 (4.9; 2.9) 

H(1) 01~) 5.07 (- 0) 5.33 (1.0) 5.63 (- 0) 4.84 (- 0) 
B 

H(4) 03,4; J4a) 3.28 (9.3; 9.3) 3.45 (9.3; 9.3) 3.25 (9.3; 9.3) 3.25 (9.3; 9.3) 
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