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and 6.70 (pair of s due to rotamers, 1 H), 5.85-5.40 (m, 2 H), 4.48 
and 4.37 (pair of m due to rotamers, 2 H), 3.35 (9, 2 H). 
8f IR (neat) 2940, 2860, 1720, 1670, 1600, 1390, 1360, 1200 

cm-’; ‘H NMR (300 MHz, CDC1,) 6 7.40-7.10 (m, 5 H), 6.60 and 
6.54 (pair of s due to rotamers, 1 H), 5.83 (d, 1 H), 5.69-5.52 (m, 
1 H), 4.51 and 4.37 (pair of dd due to rotamers, 2 H, J = 4 Hz 
and J = 2 Hz), 1.92 (d, 2 H), 1.80-1.60 (m, 5 H), 1.45-0.80 (m, 
6 H). 
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Carbon-carbon bond-forming reactions at  the anomeric 
position of carbohydrates have attracted considerable 
attention because of the increase interest in the use of 
simple sugars as chiral synthonsl for the synthesis of 
complex natural products including biologically active 
C-glycosides.2 In  a general program directed a t  the ap- 
plications of organometallic reagents in carbohydrate 
chemistry, we have been interested in the reactions of 
readily available sugar lactones with Tebbe’s reagent3p4 (1). 
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For example, 2,3,4,6-tetra-O-benzylglucono-l,Blact~ne 2a5 
reacts with 1 a t  -45 to  0 “C to give the corresponding 
exo-methylene derivative 3a in 82 % yield. Similarly, 
compounds 3b, 3c, 4, and 5 were prepared in 6040% yield. 

4 5 6a, X=H,Y=C&OH. 
R=CHzPh 

R =CH2Ph 

R=CHzPh 

b, X=CH20H,Y=H. 

C ,  X = CI+OCH2Ph ,Y*H, 

Since the trimethylsilyl protecting groups are easily re- 
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moved by fluoride treatment, this scheme constitutes an 
exceptionally facile method for the synthesis of the cor- 
responding deprotected sugars. For comparison, the re- 
ported synthesis of “1-methylene-D-glucose” (3d) involves 
nine steps.g 

These exo-methylene sugars are useful precursors for 
C-glycoside synthesis. For example, hydroboration of 3a 
using 9-BBN gives exclusively the @-D-C-glucopyranosyl 
derivative 6b1° in 94% yield. However, hydroboration with 
borane-THF complex yields a 1:l mixture of a- and @- 
hydroxymethyl glucosides 6a and 6b. The stereochemistry 
of 6a (and hence of 6b) was conclusively established by 
comparison of physical properties with those of an au- 
thentic sample.” The structure of 6b was deduced from 
the 360-MHz ‘H NMR spectrum of its benzyl ether 6c. In 
6c only three sets of benzyl protons are observed because 
of the presence of a plane of symmetry. Also, the signal 
a t  6 3.46 (ddd, J = 9 Hz, 4 Hz, 2 Hz) accounts for 2 H 
corresponding to H2 and H6 (see the Experimental Sec- 
tion). The chemical shifts of H6 in 6a and 6b are also 
indicative of the anomeric stereochemistry a t  C2. In 6a, 
it is a t  6 4.20 and in 6b at  6 3.90. The axial hydroxymethyl 
group induces the downfield shift of H6 in 6a. 

The lack of reactivity of structurally related enol ethers 
in hetero Diels-Alder reactions has been well document- 
ed.4b However, they undergo very facile 1,3-dipolar cy- 
cloadditions. For example, 3a reacts with carbomethoxy 
nitrile oxide12 to  give stereospecifically the isoxazoline 7. 
An important application of this methodology may be in 
the synthesis of extended sugar derivatives like C-linked 
polysaccharides. As a model for the synthesis of tunica- 
mycin,13 we have carried out the stoichiometric dipolar 
cycloaddition of 3a with a ribose-derived nitrile oxide14 8. 
Under the typical Mukaiyama conditions15 (PhNCO, 
Et,N), a single isoxazoline16 9 is formed in 78% isolated 
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Org. Chem. 1985,50, 2386. 
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(8) Horton, D.; Priebe, W. Carbohydr. Res. 1981, 94, 27. 
(9) Hehre, E. J.; Brewer, C. F.; Uchiyama, T.; Schlesselmann, P.; 

Lehmann, J. Biochemistry 1980, 19, 3557. 
(10) (a) For a more circuitous synthesis of similar compounds, see ref 

2b. (b) See also: Vasella, A.; Baumberger, F. HeZu. Chim. Acta 1983,66, 
2210. 

(11) Pougny, J.-R.; Nassr, M. A. M.; Sinay, P. J .  Chem. SOC., Chem. 
Commun. 1981, 375. 

(12) Skinner, G. S. J .  Am. Chem. SOC. 1924, 46, 731. 
(13) For a synthesis and leading references see: Suami, T.; Sasai, H.; 

Matsuno, K.; Suzuki, N.; Fukuda, Y.; Sakanaka, 0. Tetrahedron Lett. 
1984,25, 4533. 
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inside a good glovebag. Chromatography on silica gel was per- 
formed according to the technique reported by Still et al." All 
melting points are uncorrected. 
2,6-Anhydro-3,4,5,7-tetra-O -benzyl-1-deoxy-D-gluco - 

hept-1-enitol (3a). To a solution of 2.023 g (3.755 mmol) of 
2,3,4,6-tetra-0-benzyl-~-glucono-1,5-~actone in 7 mL of toluene, 
3 mL of THF, and 50 pL of pyridine was added 1.175 g (4.13 
mmol) of Tebbe's reagent dissolved in 10 mL of dry toluene at 
-45 "C. The mixture was stirred at -40 to -45 "C for 1 h and 
then at 0 "C for 30 min. It was then cooled to -10 to -15 "C, and 
1.3 mL of 15% sodium hydroxide was added. The cold bath was 
removed, and the reaction mixture was diluted with 200 mL of 
ether. Stirring was continued for 10 min, and the inorganic residue 
was removed by filtration through Celite and anhydrous MgSO,. 
The filter cake was washed with excess ether, and the product 
was chromatographed on silica with 4040% ether/hexane as the 
solvent: yield 1.654 g (82%); mp (hexane) 68-68.5 "C (lit.6 mp 
65 "C); ["ID 60.0 f 0.8" (c  1, CH2C12) [lit. 45.5" (c 0.33, CHCI,)]; 
IR (KBr) 3090,3030, 2950,2920, 2870, 1660,1585, 1500, 1090, 
745,695 cm-'; 'H NMR (360 MHz) 6 3.66-3.80 (m, 5 H), 3.95 (d, 
J = 8 Hz, 1 H), 4.48-4.90 (m, 10 H), 7.15 (m, 2 H), 7.30 (m, 18 
H). Anal. C, H. 

2,3-Bis-0 -(tr imethylsilyl)-5-0 -( tert -butyldiphenyl- 
silyl)-~ribofurano-l,4-lactone. A flame-dried flask was charged 
with 1.158 g (3.00 mmol) of 5-O-(tert-butyldiphenylsilyl)-~- 
ribono-1,4-lactone in 5 mL of pyridine, 1.33 mL (6.0 mmol) of 
hexamethyldisilazane, and 0.190 mL (1.50 mmol) of trimethylsilyl 
chloride. The mixture was stirred for 15 min, and then 100 mL 
of pentane was added followed by 20 mL of saturated KH,PO, 
and 10 mL of water. The organic layer was separated, and the 
aqueous layer was extracted with pentane (100 mL X 3). The 
combined pentane extract was washed with saturated NaHCO,, 
dried, and concentrated. The last traces of water were removed 
by azeotroping with toluene: yield 1.535 g (97%); 'H NMR (360 
MHz) 6 0.11 ( 8 ,  9 H), 0.20 (s, 9 H), 1.05 (s, 9 H), 3.75 (dd, J = 
11 Hz, 2 Hz, 1 H), 3.87 (dd, J = 11 Hz, 2 Hz, 1 H), 4.30 (m, 2 H), 
4.65 (d, J = 5 Hz, 1 H), 7.40 (m, 6 H), 7.63 (m, 4 H). This product 
was used as such for the subsequent step. 

2,5-Anhydr0-5-0 -( tert-butyldiphenylsilyl)-1-deoxy-3,4- 
bis-0 -(trimethylsilyl)-D-ribo-hex-1-enitol (4). A solution of 
0.790 g (2.78 mmol) of Tebbe's reagent in 7 mL of dry toluene 
was prepared inside a glovebag. The reaction flask was charged 
with 1.476 g (2.78 mmol) of the sugar in 6 mL of dry toluene, 1.5 
mL of dry THF, and 40 pL of pyridine. The mixture was cooled 
to -40 "C, and the Tebbe's reagent solution was added dropwise 
to the mixture. The reaction was stirred at -40 "C for 30 min 
and then at 0 "C for 25 min. It was then cooled to -10 to -20 
"C, and 0.60 mL of 10% aqueous NaOH was added. The mixture 
was stirred for 30 min, and 20 mL of water and 100 mL of pentane 
were added. The organic layer was separated, and the aqueous 
layer was extracted with pentane (100 mL X 3). The pentane 
extracts were combined and then washed with 10% KHzPOl and 
water. ' I t  was then dried and concentrated. Flash column 
chromatography using 10% ether/hexane as solvent yielded 1.033 
g (70%) of the product: 'H NMR (80 MHz) 6 0.08 (2 s, 18 H), 
0.90 (s, 9 H), 3.63 (t, J = 2.7 Hz, 2 H), 3.90 (t, J = 1.3 Hz, 1 H), 
4.03 (m, 2 H), 4.20 (m, 1 H), 4.37 (m, 1 H), 7.10-7.65 (m, 10 H). 

2,g-Anhydro- l-deoxy-3,4,5,7-tetrakis-O - (trimethylsily1)- 
D-gluco-hept-1-enitol (3b). With 1.471 g of 2,3,4,6-tetrakis- 
O-(trimethylsi~y~)~-g~ucono-l,5-~actone~ and 0.914 g of Tebbe's 
reagent and by the above procedure, 0.785 g (54%) of 3b was 
prepared: ["ID 50.80 f 0.8" (c 1, CHZClz); IR (KBr) 2960, 2900, 
1660, 1250, 1090, 840, 750 cm-l; 'H NMR (360 MHz) 6 0.13 (5, 

9 H), 0.16 (s, 9 H), 0.168 (8,  9 H), 0.172 (s, 9 H), 3.44 (m, 2 H), 
3.60 (dd, J 10 Hz, 8 Hz, 1 H), 3.70-3.86 (m, 3 H), 4.46 (d, J = 
2 Hz, 1 H), 4.59 (d, J = 2 Hz, 1 H); HRMS for CI9HMO5Si4, calcd 
464.2265, found 464.2264 (M+). 
2,5-Anhydro-l-deoxy-3,4,6,7-tetrakis-O -(trimethylsilyl)- 

D-galacto-hept-l-enitol (5). The title compound was prepared 
according to the procedure reported in the preious experiment 
in 67.7% yield: [ a ] ~  -13.6 f 0.8" (c 1, CHzC1,); 'H NMR (360 
MHz) 6 0.09 (s,9 H), 0.11 (s, 9 H), 0.14 (s, 9 H), 0.17 (s, 9 H), 3.60 
(dd, J = 6 Hz, 4 Hz, 2 H), 3.84 (m, 1 H), 3.95 (m, 2 H), 4.13 (t, 

I 
OR 

7.  RzCHzPh 

u u  x 
8 

\ 
0' OSiMen + 

9 

yield! The remarkably high stereoselectivity is in accord 
with the steric approach control, in which the rather bulky 
nitrile oxide attacks the a-face of the methylene sugar. 
Note that the stereochemical control is similar to the hy- 
droboration (vide supra) of 3a with bulky 9-BBN to give 
6b exclusively. 

A potentially useful reaction for the  synthesis of aro- 
matic C-glycosides is illustrated by the  reaction of 3a with 
arylmercuric acetate in the presence of PdC1;' (eq 1). The 

OR 

10 

OR 
11 

intermediate a-palladium species undergoes @-elimination 
of hydride (to give 10)l8 or alkoxide (to give 11) depending 
on the regiochemistry of the  addition. The  acyclic deriv- 
ative can be cyclizeds to  form a n  aryl glycoside. For ex- 
ample, treatment of 11 with mercuric trifluoroacetate 
followed by sodium borohydride gives 12.18 

R O T o < '  

Ro** Y " o R  
OR 

12 

Application of 1-methylene sugars for the synthesis of 
natural and unnatural ketoses, higher sugars, 3-deoxy-2- 
glyculosonates (KDO, for e.g.), and 2-amino sugars will be 
the  subject of future reports. 

Experimental Section 
Infrared spectra were determined on a Nicolet Model 7199 FT 

spectrometer. NMR spectra were obtained on a Varian EM-290, 
IBM NR 80, or Nicolet 360WB spectrometer and were recorded 
in CDC1, with tetramethylsilane as the standard. All reagents 
were purified prior to use, and the reactions were carried out under 
nitrogen or argon atmosphere. Tebbe's reagent prepared according 
to ref 3a was stored in the freezer compartment of a refrigerator 
and was used as needed as a solution in dry toluene prepared 

(16) The structures of 7 and 9 established by 2D NOE experiments 

(17) For leading references see: Hacksell, U.; Daves, G .  D., Jr. J. Org. 

(18) The stereochemistry of 10 and 12 has not been established. 

(see the Experimental Section). 

Chem. 1983,48, 2870. 
(19) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923. 
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J = 6 Hz, 1 H), 4.29 (t, J = 2 Hz, 1 H), 4.36 (d, t, J = 2 Hz, 6 
Hz, 1 H); HRMS, for Cl9HUO5Si4, calcd 464.2286, found 464.2261 

2,6-Anhydro-l-deoxy-~-gluco-hept-l-enitol (3d). To a so- 
lution of 0.35 g (0.75 mmol) of the tetrakis(trimethylsily1) de- 
rivative was added 4.5 mL of a l M solution of tetra-n-butyl- 
ammonium fluoride, and the mixture was stirred at room tem- 
perature for 3 h. The solvent was stripped on the rotary evap- 
orator and then on the high-vacuum pump. The product was 
isolated as an oil by chromatography on silica gel using 20% 
methanol/ethyl acetate as solvent: yield 0.110 g; 'H NMR (360 

1 H); 3.41 (t, J = 9 Hz, 1 H), 3.62 (dd, J = 13 Hz, 5 Hz, 1 H), 3.79 
(m, 2 H), 4.60 (t, J = 2 Hz, 1 H), 4.64 (t, 1 H); 13C NMR (D20) 
6 60.781, 69.307, 70.605, 76.769, 81.217, 94.193, 158.859. 

2,3,4,6-Tetrakis-O -(triethylsilyl)-D-glucopyrano- 1,5- 
lactone. A flame-dried flask was charged with 1.78 g (10.0 mmol) 
of D-glUCOnO-1,5-laCtOne in 10 mL of pyridine, 10 mL of dry 
CH2C12, and 1.74 mL of diisopropylethylamine. To this was added 
7.39 mL (44.0 m o l )  of distilled triethylsilyl chloride. The mixture 
was stoppered well and was subsequently stirred for 24 h at room 
temperature. It was then added to 100 mL of pentane, 30 mL 
of saturated KH2P04, and 10 mL of water. The product was 
isolated by repeated extraction into pentane. The combined 
organic layer was washed with saturated NaHC03 !-50 mL) and 
water (-50 mL). It was subsequently dried with anhydrous 
MgSOI and then concentrated to give 5.94 g (94%) of the product: 
'H NMR (80 MHz) 6 0.35-1.10 (m, 60 H), 3.65-4.20 (m, 5 H), 4.50 
(m, 1 H). A fraction of the product was sublimed on the Kugelrohr 
oven at 160 "C (0.032 mm of mercury pressure). This pure product 
was used for the subsequent methylenation: HRMS, for CZ8- 
Hs106Si4, calcd 605.3545, found 605.3561 (M+ - C&). 

2,6-Anhydro- 1-deoxy-3,4,5,7-tetrakis-O -(triethylsilyl)-D- 
gluco-hept-l-enitol (312). A three-necked flask fitted with an 
addition funnel and thermocouple was thoroughly flame dried 
and then was charged with 1.818 g (2.80 mmol) of the tetrakis- 
(triethylsilyl) lactone in 2 mL of THF, 6 mL of toluene, and 100 
pL of pyridine. The dropping funnel was charged with 0.876 g 
of Tebbe's reagent in 6 mL of dry toluene. The contents of the 
flask were cooled to -40 "C, and the reagent was dropped in. The 
dropping funnel was washed down with 2 mL more of dry toluene, 
and the mixture was stirred at -40 to -10 "C for 1.5 h. At -10 
"C, 2 mL of 10% NaOH solution was added and stirring was 
continued for 1 min more. To this were added 500 mL of pentane 
and 50 mL of water. The organic layer was separated, and it was 
then filtered through a pad of Celite and MgSOI. Concentration 
and column chromatography on silica gel using 5% ether/hexane 
yielded 1.561 (86%) of the product: 'H NMR (360 MHz) 6 0.63 
(m, 24 H), 0.94 (m, 36 H), 3.65-3.78 (m, 3 H), 3.85 (dd, J = 12 
Hz, 1 H), 3.98 (d, J = 4 Hz, 1 H), 4.10 (s br, 1 H), 4.10 (m, 1 H), 
4.37 (s br, 1 H). 

Hydroboration of 2,6-Anhydro-3,4,5,7-tetra-O -benzyl- 1- 
deoxy-D-gluco-hept-l-enitol (6a, 6b). (a) BH3-THF: To a 
solution of 0.134 g of 3a dissolved in 2 mL of THF was added 
0.5 mL of a 1 M solution of borane in THF at 0 "C. The mixture 
was stirred for 2 h at 0 "C - room temperature. To the reaction 
mixture was added 0.50 mL of 30% aqueous H202, and stirring 
was continued for 30 min. Water (10 mL) and ether (20 mL) were 
added successively, and the product was extracted with ether. The 
combined ether extracts were washed with saturated NaCl, dried, 
and concentrated. The product was purified by column chro- 
matography on silica gel using 30% ethyl acetate in hexane as 
the eluant; yield 0.110 g (79%). It was ascertained as a 1:l mixture 
of a- and ~-C-(hydroxymethyl)-l-deoxy-2,3,4,6-tetra-O-benzyl- 
D-glucopyranosides by comparison of TLC and high-field (360- 
MHz) 'H NMR with those of authentic samples whose preparation 
is described below. 

(b) 9-BBN: To a solution of 0.13 g (0.25 mmol) of 3a dissolved 
in 2 mL of anhydrous THF was added 0.55 mL of 1 M 9-BBN 
solution in THF at  0 "C. The mixture was stirred at 0 "C and 
warmed to room temperature over a period of 3 h. One milliliter 
of 30% H202 was added followed by 0.50 mL of 5% KOH. The 
product was extracted into ether. The usual workup followed by 
column chromatography yielded 0.134 g (94%) of C-(hydroxy- 
methyl)-2,3,4,6-tetra-0-benzyl-~-~-glucopyranoside (6b): mp 
95-95.5 "C (lit.lob mp 93-93.5 "C); [ C U ] ~ ~ D  +16.7 i 2" (C 0.33, 

(M+). 

MHz, D2O) 6 3.26 (t, J = 9 Hz, 1 H), 3.32 (dt, J = 9 Hz, 3 Hz, 

Notes 

MeOH) [lit.lob +8.6" (c 1.1, CHCI,)]; IR 3420 cm-'; 'H NMR (360 
MHz) 6 1.92 (t, J = 6 Hz, exch D20, 1 H), 3.36 (ddd, J = 10 Hz, 
5 Hz, 2 Hz, 1 H), 3.49 (ddd, J = 9 Hz, 3 Hz, 2 Hz, 1 H), 3.60-3.82 
(m, 6 H), 3.90 (m, 1 H), 4.50-4.92 (4 AB q, 8 H), 7.10-7.35 (m, 
20 H). Anal. Calcd: C, 75.77; H, 6.91. Found: C, 75.15; H, 6.95. 
This compound corresponded to the faster moving component 
of the diborane reduction. The slower moving compound is 
identical with an authentic sample of the a-C-glycoside (2,6- 
anhydro-3,4,5,7-tetra-~-benzyl-~-Glycero-~-gulol) prepared ac- 
cording to Sinay." 

Benzylation of 6b. To a solution of 10 mg of 6b dissolved 
in 2 mL of DMF was added 15 mg of mineral oil free sodium 
hydride. The mixture was cooled to 0 "C, 20 pL of benzyl bromide 
was added, and the mixture was stirred at 0" - room temperature 
for 2 h. One milliliter of methanol was added, and the solvent 
was evaporated on the rotary and then on the pump. The product 
was isolated by preparative TLC on silica gel plate using 20% 
ethyl acetate/hexane as the solvent: 'H NMR (360 MHz) 6 3.46 

H3, H5), 3.65-3.80 (m, 5 H), 4.54-4.85 (3 AB q, 8 H), 4.90 (s, 2 
H, C4-OCH2Ph), 7.16 (m, 4 H), 7.25-7.37 (m, 21  H). 

Addition of Carbomethoxy Nitrile Oxide to 3a. To a so- 
lution of 0.27 g (0.50 "01) of 3a and 0.14 g (1.00 mmol) of methyl 
chlorooximinoacetate'2 in 5 mL of dry CH2Clz at 0 "C was added 
0.35 mL (2.50 mmol) of triethylamine dissolved in 5 mL of CH2C12. 
The mixture was warmed to room temperature and was subse- 
quently stirred for 18 h. The solvents were removed on the rotary, 
and the product 7 was isolated by column chromatography on 
silica; [ a ] % ~  18.8 f 0.8 (c 0.5, MeOH); IR (KBr) 3080, 3060,3030, 
2900,2860,1730,1590,1500,1050,1100,750,695 cm-'; 'H NMR 

(dd, J = 11 Hz, 2 Hz, 1 H), 3.68 (d, J = 10 Hz, 1 H), 3.75 (dd, 
J = 11 Hz, 3 Hz, 1 H), 3.81 (t, J = 9 Hz, 1 H), 3.86 (s, 3 H), 4.04 
(d, m, J = 10 Hz, 1 H), 4.11 (t, J = 10 Hz, 1 H), 4.40-5.00 (4 AB 
q, 8 H); HRMS, calcd 546.2127, found 546.2126 (M+ - C7H7). 

Addition of P-D-Ribofuranosyl Nitrile Oxide to 3a. To a 
solution of 0.68 g (1.26 mmol) of 3a and 0.274 mL of phenyl 
isocyanate in 1.5 mL of 1,2-dichloroethane was added 0.400 g (1.15 
mmol) of 2,5-anhydro-l-deoxy-6-O-(dimethylbutylsilyl)-3,4-0- 
isopropylidene-l-nitro-~-allitol'~ and 20 pL of triethylamine 
dissolved in 1 mL of 1,2-dichloromethme. The syringe was further 
washed down with 1 mL more of dichloroethane, and the mixture 
was stirred at room temperature for 3 days. The precipitated 
diphenylurea was filtered, and the solid was washed with excess 
methylene chloride. Chromatography on silica gel using 30% 
ether/hexane as the solvent yielded 0.781 g (78%) of the product 
(9) in addition to 0.073 g of the starting methylene sugar. In the 
2D NOE spectrum the lack of any signal enhancements of the 
pyranose protons upon irradiation of the methylene protons of 
the oxazoline clearly indicate an exo-CH, structure for this adduct. 
This is also consistent with the reagent approach control observed 
in the hydroboration of the enol ether with a bulky reagent, viz. 
9-BBN. The deshielded position of HIo (pyranosyl C-5 hydrogen) 
at 6 4.30 is also indicative of the exo-CH2 strclcture. The de- 
shielding by the axial oxygen of the isoxazoline is to be expected. 
(For similar situations see ref 4b and the relative chemical shifts 
of Hs in 6a and 6b): IR (KBr) 3080,3060,3030,2980,2950,2920, 
2850,1600,1585,1555,1250,835 cm-'; 'H NMR (360 MHz, C&; 
hydrogens sequentially numbered starting with the furanosyl C-5 
hydrogen as H,) 6 0.02 (s, 3 H), 0.05 (s, 3 H), 0.96 (s, 9 H), 1.19 

H, His), 3.56 (dd, J = 10 Hz, 2 Hz, 1 H, H,,), 3.60 (d, J = 5.0 
Hz, 2 H, Hl's) 3.62 (d, J = 10 Hz, 1 H, H7), 3.75 (dd, J = 11 Hz, 
3 Hz, 1 H, Hll's), 4.09 (t, J = 10 Hz, 1 H, H9), 4.25 (ddd, J = 5 
Hz, 5 Hz, 3 Hz, 1 H, HP), 4.30 (m, 2 H, Hlo), 4.31 (t, J = 10 Hz, 
1 H, HE), 4.46 (AB q, 2 H, PhCHz), 4.67 (dd, J = 6 Hz, 3 Hz, 1 

Hz, 1 H, H4), 4.77 (d, J = 3 Hz, 1 H, HE), 7.00-7.50 (m, 20 H, 
aromatic); FABMS or EIMS, parent ion not observed. 

Addition of Phenylmercuric Acetate to 3a in the Presence 
of LiCl and Pd(OAc)2. A mixture of 0.27 g (0.50 mmol) of 3a, 
0.135 g (0.40 mmol) of phenylmercuric acetate, 0.034 g (0.80 mmol) 
of anhydrous lithium chloride, and 0.090 g (0.40 mmol) of Pd- 
(OAC)~ in 3 mL of dry acetonitrile was stirred at room temperature 
for 4 days. A slow stream of H2S was passed through the reaction 
mixture, and the precipitated solid was removed. The solid was 

(ddd, J = 9 Hz, 4 Hz, 2 Hz, 2 H, H2, He), 3.61 (t, J = 9 Hz, 2 H, 

(360 MHz) 6 3.00 (AB q, JAB = 18 Hz, VAB = 21 Hz, 2 H), 3.56 

(s, 3 H), 1.48 9, 3 H), 3.04 (AB q, J A B  = 18 Hz, AvAB = 21 Hz, 2 

H, HS), 4.70-5.00 (3 AB 9, 6 H, PhCHJ, 5.14 (dd, J = 6 Hz, 3 
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washed with CHzClz and the combined organic layers were con- 
centrated. Column chromatography on silica gel using 10% 
etherlhexane yielded two products identified as 2,6-anhydro- 
3,4,5,7-tetra-0-ben~l-l-deoxy-l-phenyl-~-gl~o-hept-l-eni~l(lO, 
Ar = Ph) and 3,4,5,7-tetra-O-benzyl-2-phenyl-~-gluco-hepbl-enit~l 
(11, Ar = Ph). 
10 (Ar = Ph): 'H NMR (360 MHz) 6 3.75-3.90 (m, 4 H), 4:02 

(d br, J = 5 Hz, 1 H), 4.12 (ddd, J = 10 Hz, 5 Hz, 2 Hz, 1 H), 
4.50-4.81 (4 AB q, ArCH,), 5.72 (s, br, 1 H), 7.10-7.40 (m, aromatic 
H), 7.69 (dm, J = 7 Hz, 2 H). 

11 (Ar = Ph): 'H NMR (360 MHz) inter alia 6 5.43 (dd, J = 
12 Hz, 4 Hz, 1 H), 6.03 (d, J = 12 Hz, 1 H). 

Addition of (4-Methoxypheny1)mercuric Acetate to 3a. By 
the procedure described above the corresponding 4-methoxy 
adducts 10 and 11 were prepared in 13 and 49% yields, respec- 
tively. 
10 (Ar = 4-OMeC,H4): 'H NMR (360 MHz) 6 3.76 (e, 3 H), 

3.75-3.83 (m, 3 H), 3.87 (dd, J = 11 Hz, 2 Hz, 1 H), 4.02 (d br, 
J = 5 Hz, 1 H), 4.06 (m, 1 H), 4.50-4.82 (m, 8 H), 5.70 (s br, 1 
H), 6.76 nd, J = 9 Hz, 2 H), 7.15-7.40 (m, aromatic H), 7.64 (d, 
J = 9 Hz, 2 H); MS, M+ ion not observed. 

11 (Ar = 4-OMeC,H4): 'H NMR (360 MHz) 6 3.00 (d, J = 

J = 6 Hz, 3 Hz, 1 H), 3.76 (8, 3 H), 3.77 (m, 1 H), 3.92 (m br, 1 
H), 4.19-4.80 (m, 9 k), 5.36 (s br, 1 H), 5.46 (d, J = 2 Hz, 1 H), 
6.77 (dm, J = 8 Hz, 2 H), 7.10 (m, 2 H), 7.20-7.40 (m, aromatic); 
MS, M+ ion not observed. 

Addition of (4-Methoxypheny1)mercuric Acetate to 3c. 
With 3c and (4-methoxypheny1)mercuric acetate the adduct 10 
(R = TES, Ar = 4-OMeC6H,) was prepared. Isolation of the 
open-chain isomer 11 (R = TES, Ar = 4-OMeC6H,) was pre- 
sumably made difficult because of its hydrolytic instability: 'H 
NMR (360 MHz) 6 0.65 (m, 24 H), 0.95 (m, 31 H), 3.74 (dd, J = 
9 Hz, 2 Hz, 1 H), 3.78-3.87 (m, 2 H), 3.81 (8, 3 H), 3.98 (dd, J = 
11 Hz, 2 Hz, 1 H), 4.05 (d, J = 4 Hz, 1 H), 4.32 (ddd, J = 9 Hz, 
5 Hz, 2 Hz, 1 H), 5.23 (s, 1 H), 6.81 (d, m, J = 8 Hz, 1 H), 7.60 
(dm, J = 8 Hz, 1 H). 

Cyclization of 3,4,5,7-Tetra-O-benzyl-2-(4-methoxy- 
phenyl)-D-gluco-hept-1-enitol (11, R = CH&&, Ar = 4- 
MeOC&). A mixture of 0.123 g of the enitol 11 and 0.090 g of 
mercuric trifluoroacetate in 3 mL of THF was stirred at 0 "C for 
90 min. A check by TLC indicated the reaction to be complete 
and exceptionally clean. The solution was adjusted to pH 10 with 
1 N NaOH, and 0.6 mL of 1 M sodium borohydride in 1 N NaOH 
was added to the reaction mixture. The solution was stirred for 
another 1 h at 0 O C ,  neutralized with 1 M acetic acid, and filtered. 
The product was extracted into ether. Concentration of the ether 
extract followed by filtration through a short bed of silica gel 
yielded the expected product (12) with the following characteristic 
lH NMR spectrum: 'H NMR (360 MHz) 6 1.62 (s,3 H), 3.40 (d, 
J = 10 Hz, 1 H), 3.70-3.90 (m, 5 H), 3.78 (8, 3 H), 4.40-4.95 (m, 
8 H), 6.85 (dm, J = 9 Hz, 2 H), 7.07 (m, 2 H), 7.15-7.40 (m, 
aromatic), 7.52 (d, J = 9 Hz, 1 H). 

5 Hz, 1 H), 3.48 (d, AB 4, J = 5 Hz, JAB = 10 Hz, 2 H), 3.59 (dd, 
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alcohol dehydrogenase 
CH3CH20H + NAD 

CH3CH0 + NADH + H+ (1) 

Since the reaction is stereoselective, it has been used to  
reduce various carbonyl compounds for preparative pur- 
pose~. ' -~  Although there has been discussion of the 
structural features that  affect the rate of reduction of 
carbonyl compounds, a large enough data set run under 
uniform conditions for correlation analysis with substituent 
constants has not been available. The recent publication 
by Keinan et al.3 supplies a good set for analysis. 

In undertaking the analysis of their data, we have been 
guided by our quantitative structure-activity relationships 
(QSAR) for the inhibition of ADH by a wide variety of 
inhibitors@ and by a molecular graphics analysis6 of ADH 
based on a model constructed from the X-ray crystallo- 
graphic coordinates of a pyrazole bound to the enzyme. 

The  active site of ADH is a long narrow cavelike 
structure with a Zn atom a t  one end to which electron-rich 
species may bind. It is to  the Zn that  the oxygen binds, 
with the hydrophobic portion of carbonyl compound 
binding in the long hydrophobic pocket. In the binding 
of various inhibitors it was found that the hydrophobic and 
electronic effects of substituents played an important role 
in the enzyme-ligand interaction. Substituents increasing 
the electron density on oxygen or nitrogen binding to the 
Zn increased inhibitor potency. Also an increase in hy- 
drophobicity increased binding. For the present data set 
in Table I we would also expect steric effects of substitu- 
ents to play a role in the reduction of the carbonyl group. 
Hence, one would anticipate having to disentangle elec- 
tronic, steric, and hydrophobic substituent effects. Nor- 
mally one likes to have a t  least five data points/variable 
in a correlation equation, which would mean 15 for the 
three variables. In the case of the data in Table I there 
is so little variation in the electronic effects of the car- 
bon-containing substituents that  one could expect a good 
correlation neglecting electronic effects. A perusal of the 
results of Keinan e t  al. reveals that  one of the two alkyl 
groups must be relatively small to obtain reasonable re- 
duction rates. Hence, we have treated only the methyl 
ketones (I) of which there were, in all, 15. Of these, two 

0 
II 

CH,C--R 

I 

were inactive [R = CH=C(CH3)2, (CH,),CH,] and for one 
[CH2CH2CH=C(CH3)2] the steric parameter E, is not 
available. Thus, 12 congeners were suitable for study. 

Keinan et al. determined the relative rate of reduction, 
which is of course composed of two major steps: the for- 
mation of the ES complex governed by K, and the cata- 
lytic step (kcat). One would not expect the substituent 
effect to be the same for these two different enzymic 
processes, but there is evidence that  effects can be addi- 
tive.I In fact we have found that  while l/Km often in- 
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