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for 15 min, a solution of ketone 28 (80 mg, 0.17 mmol) in THF 
(2 mL) was introduced, and the mixture was stirred under nitrogen 
an additional 10 min. Ethyl iodide (137 pL, 1.70 mmol) was added 
and the resulting mixture stirred at -30 "C for 6 h, after which 
saturated aqueous ammonium chloride was added. The mixture 
was diluted with ethyl acetate, the organic layer separated, and 
the aqueous phase extracted with ethyl acetate. The crude re- 
action mixture was separated by flash chromatography (1:l-3:1 
ethyl acetate-hexane), affording 70 mg of compound 30a (87%) 
and 5 mg of starting material. 

(&)- l-(Phenylsulfonyl)-5-nor- 15-oxocoronaridine (33). A 
stirred solution of 7a (50 mg, 0.11 mmol) and sodium hexa- 
methyldisilazide (240 pL of a 1 M solution in THF, 0.24 mmol) 
in THF (2 mL) was stirred at 0 "C for 15 min. The mixture was 
cooled at -30 "C, and ethyl iodide (88 mL, 1.11 mmol) was added. 
Stirring was maintained for 14 h, at which time saturated aqueous 
ammonium chloride was introduced and the mixture allowed to 
warm to room temperature. The solution was partitioned between 
water and ethyl acetate. The separation of the reaction mixture 
by flash chromatography (1:4-1:l ethyl acetate-hexane) afforded 
6 mg (11%) of 33 and 22 mg (44%) of the starting material 7a. 

(~)-16-Carbomethoxy-20-deethyl-l-(phenylsulfonyl)-15- 
oxo-2021-didehydrocleavamine (35a, 35b). A. Using Lithium 
Diisopropylamide. To a stirred solution of diisopropylamine 
(15 pL, 0.11 mmol) in THF (2 mL) at 0 "C was added 60 pL (0.10 
mmol) of a 1.6 M solution of n-butyllithium in hexane. After the 
resultant mixture was stirred for 15 min, a solution of ketone 20 
(30 mg, 0.07 mmol) in THF (1 mL) was added and the mixture 
stirred under nitrogen for 10 min. Ethyl iodide (52 pL, 0.65 mmol) 
was added and the resulting mixture stirred at 0 "C for 6 h, after 
which saturated aqueous ammonium chloride was added. The 

mixture was extracted with ethyl acetate. Separation of the 
reaction mixture by flash chromatography (1:l-3:1 ethyl ace- 
tatehexane) afforded 13 mg of starting material and 16 mg (53%) 
of compound 35a,35b as a 3:l mixture. 

B. Using Sodium Hexamethyldisilylamide. A stirred so- 
lution of compound 20 (40 mg, 0.09 mmol) and NaHMDSA (0.18 
mL of a 1 M solution in THF, 0.19 mmol) in THF (2 mL) was 
stirred at 0 "C for 15 min. The mixture was cooled at -78 "C, 
and ethyl iodide (69 pL, 0.86) was added. The temperature was 
raised to -10 "C, and stirring was maintained for 2 h. After 
addition of a saturated solution of ammonium chloride, the 
mixture was extracted with ethyl acetate. Separation by flash 
chromatography (3:l ethyl acetate-hexane) afforded 19 mg (48%) 
of 35a,35b as a 1:l mixture. 

Direct Comparison of Fragmentation of 7a, 20, and 28. A 
solution of each ketone in THF at -25 "C was treated with 1.3 
equiv of LDA. Aliquots were removed at 2-h intervals, quenched 
in aqueous acetonitrile, and analyzed on a C-18 reversed-phase 
column using aqueous acetonitrile. The ratios of materials are 
shown: 

time 7a:[34] 20:35 2830 
2 1000 44:56 1981 
4 1oo:o 5050 1090 
6 1oo:o 4951 1090 

10 1mo 52:48 12:88 
22 1000 46:54 991 
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Rates and thermodynamic activation parameters were determined for the water-catalyzed hydrolysis of the 
activated amide bond in three l-acyl-l,2,4-triazoles of different hydrophobicity by using dilute aqueous solutions 
of simple carbohydrates as the reaction medium. The solutions show thermodynamically almost ideal behavior. 
It appears that the kinetic medium effects, and, in particular, the changes in A*Se, are largely determined by 
carbohydrate-induced alterations in the three-dimensional hydrogen-bond network of water. The specific hydration 
model for carbohydrates, developed by Franks and his associates, appears to provide a key to the understanding 
of the carbohydrate medium effects on the hydrolytic model reaction. 

In recent years there has been much effort expended to 
understand the effect of aqueous reaction media on 
chemical rea~t ivi ty . l -~ The  approach usually involves 
perturbation of the aqueous medium by the addition of 
(n0n)electrolytes and an analysis of the response of rates 
and thermodynamic activation parameters in terms of 
initial state and transition state solvation. However, the 
addition of small amounts of the additive has usually 
drastic consequences and leads to  the introduction of new 
intermolecular interactions involving the additive as one 
component and the initial state and/or transition state as 
the other component. Furthermore, relatively hydrophobic 

(1) Blandamer, M. J.; Burgess, J. Chem. SOC. Rev. 1975, 4, 55. 
(2) (a) Engberts, J. B. F. N. In Water. A Comprehensive Treatise; 

Franks, F., Ed.; Plenum: New York, 1979; Vol. 6, Chapter 4. (b) E n g  
berts, J. B. F. N. Pure Appl. Chem. 1982,54, 1797. 

(3) Nodelman, N.; Martin, J. C. J .  Am. Chem. SOC. 1976, 98, 6597. 

additives tend to form clusters even in dilute  solution^.^*^ 
All these specific effects are extremely difficult to separate 
from effects arising from a perturbation of the motional, 
spatial, or orientational correlations in the hydrogen-bond 
network of water as induced by the additive. These dif- 
ficulties pertain to  both "typically aqueous" (TA) and 
"typically nonaqueous" (TNA) solutions.6 

~~ 

(4) Grunwald, E. J. Am. Chem. SOC. 1984, 106,5414. 
(5 )  Haak, J. R.; Engberts, J. B. F. N. J. Am. Chem. SOC. 1986, 108, 

1705. 
(6) For a discussion of the properties of TA and TNA solutions, see: 

Franks, F. In Water. A Comprehensive Treatise; Franks, F., Ed.; Plenum: 
New York, 1973; Vol. 2, Chapter 1. 

(7) For highly dilute aqueous binary solutions, a quantitative treat- 
ment for kinetic solvent effects has recently been advanced (a) Blokzijl, 
W.; Jager, J.; Engberts, J. B. F. N.; Blandamer, M. J. J. Am. Chem. SOC. 
1986,108, 6411. The background is given in: (b) Savage, J. J.; Wood, R. 
H. J .  Solut. Chem. 1976, 5, 733. 
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Herein we present an attempt to gain more insight into 
kinetic water-structure effects. The unique solvent prop- 
erties of liquid water are associated with the three-di- 
mensional hydrogen-bond regime which allows constant 
fluctuations between forms of water with different geom- 
etry and density.8 Despite Ben-Naim's elegant definition 
of water structure in terms of the average number of hy- 
drogen bonds per water molecule; the concept is difficult 
to quantify.'O But trends in "structure making" or 
"structure breaking" abilities are experimentally accessible 
for a wide variation of solutes including a series of simple 
carbohydrates." Thus we have measured rates and ac- 
tivation parameters for a water-catalyzed hydrolysis re- 
action in the presence of 0-4 mol % of simple carbohy- 
drates which modify water structure in a different manner. 
These carbohydrate solutions are semi-ideal, their prop- 
erties being mainly determined by hydration of the OH 
groups in the different anomers and conformers present 
in solution." The hydrogen-bond interactions involved 
in these hydration processes are very similar in strength 
to those which govern water-water interactions. We find 
that the subtle but specific influences which simple car- 
bohydrates exert on water structure and which seem to be 
determined largely by their stereochemistry are indeed 
revealed in the activation parameters of the hydrolytic 
model reaction. These results also possess biochemical 
relevance since carbohydrates are usually abundantly 
present a t  biological membrane surfaced2 and particularly 
the carbohydrates of cell membrane glycoproteins may 
play a role in determining biochemical transformations 
near membrane interfaces.13 

Results and Discussion 
The hydrolytic reaction that we have chosen for study 

is the water-catalyzed (i.e., pH-independent) hydrolysis 
of the l-acyl-1,2,4-triazoles 1-3 (Scheme I). This reaction 
proceeds in the pH region between 3 and 5 via a dipolar 
transition state containing two water molecules and in 
which three protons are in flight.14 Previous studies have 
illustrated the medium dependence of the pseudo-first- 

(8) Mirejovsky, D.; Arnett, E. M. J.  Am. Chem. SOC. 1983,105,1112. 
(9) Ben-Naim, A. Hydrophobic Interactions; Plenum: New York, 

1980. 
(10) Compare: Remerie, K.; Van Gunsteren, W. F.; Postma, J.  P.; 

Berendsen, H. J. C.; Engberts, J .  B. F. N. Mol. Phys. 1984, 53, 1517. 
(11) (a) Suggett, A. In Water. A Comprehensiue Treatise; Franks, F., 

Ed.; Plenum: New York, 1975; Vol. 4, Chapter 6. (b) Barrone, G.; 
Castronuovo, G.; Doucas, D.; Ella, V.; Mattra, C. J .  Phys. Chem. 1983, 
87, 1931. 

(12) Firon, N.; Ofek, I.; Sharon, N. Carbohydr. Res. 1983, 120, 235. 
(13) T h e  Biochemistry of Glycoproteins and Proteoglycons; Lennarz, 

(14) Karzijn, W.; Engberts, J. B. F. N. Tetrahedron Lett. 1978, 1787. 
W. J.; Ed.; Plenum: New York, 1980. 

Table I. Pseudo-First-Order Rate Constants and Activation 
Parameters for the Neutral Hydrolysis of the 

l-Acyl-1,2,4-triazoles 1-3 in Aqueous Solutions of 
Carbohydrates at 25 OC 

compd carbohydr mol % s-' kJ mol-I J mol-' K-I 
conc, 105k,bd, A ' P ,  A'Se, 

1" 124 48.7 f 0.7 -137 f 2 
I* 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 

D-glucose 
D-XylOSe 
maltose 
D-ribose 
D-arabinose 

D-ghCoSe 
D-ribose 

D-glUCOSe 
D-ribose 

4.0' 77 50.9 f 0.3 
4.0 67 50.6 f 0.3 
2.0 75 50.3 f 0.7 
4.0d 86 47.0 f 0.7 
4.0 93 47.0 f 0.3 

219 42.4 f 0.6 
4.0c 174 42.9 f 0.6 
4.0d 157 40.8 f 0.3 

337 38.0 f 0.3 
4.OC 320 39.3 f 0.9 
4.0d 254 37.0 * 0.8 

-134 f 1 
-135 f 1 
-136 f 2 
-146 f 3 
-145 f 2 
-154 f 2 
-154 f 2 
-162 f 1 
-165 f 1 
-161 f 3 
-171 f 3 

' A*Ve = -15.8 f 0.7 cm3 rnol-'.I6 * A*Ve = -17.2 f 3 cm3 mol-'. 
= 70.3. d t  = 73.3. 

- I n  ( k O b s  /k,) 
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t 
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Figure 1. Plot of -In (kobsd/kw) vs. molality of D-glucose for the 
neutral hydrolysis of 1 at 25 OC. 

order rate constants (IZ0bsd)'J5 and which, particularly in 
the presence of hydrophobic cosolvents, is accompanied 
by large, partly compensatory changes in A * P  and A*Se.l6 
The hydrolysis has also been studied in the presence of 
micelles17 and water-soluble polymers containing hydro- 
phobic microdomains.18 

Pseudo-first-order rate constants and (isobaric) activa- 
tion parameters for neutral hydrolysis of 1-3 in water and 
in aqueous solutions of a series of simple carbohydrates 
are listed in Table I. The rate constants pertain to hy- 
drolysis since no carbohydrate-derived esters are found in 

(15) Karzijn, W.; Engberts, J. B. F. N. Recl. Trau. Chim. Pays-Bas 

(16) Haak, J. R.; Engberta, J. B. F. N.; Blandamer, M. J. J .  Am. Chem. 

(17) Fadnavis, N. W.; Engberts, J. B. F. N. J.  Org. Chem. 1982,47,152. 
(18) Jager, J.; Engberts, J. B. F. N. J .  Org. Chem. 1985, 50, 1474. 

1983, 102, 513. 

SOC. 1985, 107,6031. 
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the reaction products. The observation that for 1 a plot 
of In (kobsd/kw) vs. molality (mA) of Dglucose (k, is the rate 
constant in water) is linear (Figure 1) indicates that car- 
bohydrate-carbohydrate interactions do not contribute to 
the kinetic medium effects in the employed concentration 
range. The straight line in Figure 1 does not exactly pass 
through the origin, but this effect does not originate from 
thermodynamic nonideal behavior since it is known that 
limiting apparent molar volumes are concentration inde- 
pendent between a t  least 0 and 2 mol % of ~-glucose.’~ 

All carbohydrates are found to retard the rates of hy- 
drolysis of 1-3. In order to substantiate that the addition 
of the carbohydrates leads to only small changes in solvent 
polarity, we have also measured first-order rate constants 
(kd, 30 “C) for the unimolecular decarboxylation of 6- 
nitrobenzisoxazole-3-carboxylate (4) in water ( k d  = 7.40 
x s-l) and in aqueous solutions containing 4 mol % 

(kd = 8.75 X 10” s-l). Like many other decarboxylations,m 
of D-glUCOSe (kd = 8.23 X lo4 S-l) and 4 mol % of D-ribose 
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the reaction of 4 is very sensitive to medium effects.21 
Therefore, the above rate constants clearly illustrate the 
small perturbation of solvent properties induced by the 
carbohydrates. 

Perhaps the most striking feature emerging from con- 
sideration of the kinetic data for 1-3 in Table I is con- 
cerned with the ASHe-ArSe compensation behavior. 
Taking pure water as the reference, it is found that A’Se 
remains unchanged or increases slightly for D-glucose, 
D-xylose, and maltose (a dimer of D-glucose), whereas a 
decrease of A’Se is observed for D-ribose and D-arabinose. 
Interestingly, a similar trend in behavior is found for the 
hydrolysis of 2 and 3 despite the considerable difference 
in hydrophobicity in the series 1-3 as expressed by the sum 
of Rekker’s hydrophobic fragmental constants22 for R1 and 

becomes more negative in the presence of D-ribose and 
D-arabinose, an effect not observed for the other three 
carbohydrates. It is tempting to seek an explanation for 
this difference in terms of the specific hydration model for 
simple carbohydrates as advanced by Franks and oth- 
ers.11J9,23,24 In this model, the hydration behavior of simple 
carbohydrates is related with the possibility of maximum 
matching of spacings and mutual orientations of the OH 
vectors in the carbohydrate with those in unperturbed (i.e., 
“lattice”) water. Largely based on consideration of notional 
hydration numbers and limiting apparent molal volumes 
of polyhydroxy compounds in water, it is argued that 
equatorial OH groups of carbohydrates fit better into 
water structure than axial OH groups. This explains the 
fact that  transfer of a carbohydrate from a nonaqueous 
solvent to water is accompanied by an increase of the 
proportions of those conformers with the maximum num- 
ber of equatorial OH g r o ~ p s . ~ ~ ~ * ~  In terms of this theory, 

R2 (1, Zfi = 3.77; 2, Cfj = 0.88; 3, Cfj = 2.55). Thus, A’Se 

(19) Franks, F.; Ravenhill, J. R.; Reid, D. S. J.  Solut. Chem. 1972, I ,  

(20) Marlier, J. F.; O’Leary, M. H. J. Am. Chem. SOC. 1986, 108, 4896. 
(21) Kemp, D. S.; Paul, K. G .  J. Am. Chem. SOC. 1975, 97, 7305. 
(22) Rekker, R. F. The Hydrophobic Fragmental Constant; Elsevier: 

(23) Tait, M. J.; Suggett, A.; Franks, F.; Ablett, S.; Quickenden, P. A. 

(24) For a recent review, see: Franks, F. Cryobiology 1983, 20, 335. 
(25) Kabayama, M. A.; Patterson, D.; Picke, L. Can. J.  Chem. 1958, 

3. 

Amsterdam, 1977, pp 350-355. 

J. Solut. Chem. 1972, I ,  131. 

36, 557. 

Table 11. Thermodynamic Parameters for Transfer of 5 
from Water to Aqueous Carbohydrate Solutions at 25 “C 

conc, mol Acte, kJ Ute, kJ ASte, J 
carbohydr % mol-’ mol-’ mol-’ K-’ 
D-glucose 4.0 -0.68 f 0.2 1.6 f 1.5 8 f 5 
D-ribose 4.0 -2.50 f 0.1 -11.1 f 2.1 -29 f 7 

one could expect that those carbohydrates which fit nicely 
into the water lattice (D-glucose, D-xylose, maltose) and 
which, therefore, exert only small effects on water struc- 
ture, will have almost no effect on A*Se for the hydrolysis 
reaction. The data in Table I show that this is borne out 
in practice. Consistent with this interpretation, the vol- 
umes of activation ( A ’ P )  for hydrolysis of 1 in water and 
in 4 mol % D-glucose are also equal within experimental 
error. By contrast, those carbohydrates for which the 
majority of OH groups is less capable of hydrogen bonding 
to lattice water (Le., D-ribose and D-arabinose)= induce rate 
retardations governed by a decrease in A’Se, apparently 
because in these less-structured aqueous media more en- 
tropy is lost in the formation of the heavily hydrated di- 
polar transition state. 

As a further check for the interpretation of the kinetic 
results, thermodynamic parameters have been determined 
for the transfer of a model substrate (for l), the non- 
hydrolyzable l-phenacyl-3-phenyl-1,2,4-triazole (51, from 
water to 4 mol % solutions of D-glucose and D-ribose (Table 
11). Since this solute is hydrophobic and “structure- 
making”, more entropy will be lost upon transfer from 
water to a less-structured aqueous medium. Indeed, ASte 
is strongly negative for transfer to the aqueous solution 
of D-ribose. Transfer to the D-glucose solution is accom- 
panied by only very small values of AHte and ASte (Table 
11). 

Finally, we return to the rate retardation induced by 
D-glucose (Table I, Figure 1). An endeavor can be made 
to analyse this rate inhibition in terms of the recently 
developed Savage-Wood treatmenL7 The basic equation 
is given in eq 1, in which C, S, and TS refer to carbohy- 

(2/RT)(1/m0)2 kc-s - gC-TS)mA - n4mAMi (1) 

drate, substrate, and transition state, respectively, mA is 
the molality of the carbohydrate, mo = 1 mol kg-l, gc-s and 
gC-TS are Gibbs function substrate-carbohydrate and 
transition state-carbohydrate pairwise interaction param- 
e t e q n  n is the number of water molecules in the transition 
state, 4 is the practical osmotic coefficient for the solution, 
and MI is the molar mass of water. We assume that the 
solvation change during the activation process is domi- 
nated by interactions involving three polarized OH groups 
in the transition state.’* Applying the “additivity 
principle”7b and taking 4 = 1 for the concentration range 
employed,28 we obtain7” eq 2. Herein the G parameters 

In (kobsd/kw)  = 

In (kobsd/kw) = 3(2/RT) x 
(1 /m0)2(-5Go~-o~ - ~ . ~ G c H ~ - o H  - Go-oH)mA - 2 m ~ M l  

(2) 
refer to pairwise group interaction  parameter^.^^ In D- 
glucose there are 5 OH groups, one O moiety, whereas the 
five C-H and one CH2 groups are together equivalent to 
3.5 CH2 groups.7b If we take reasonable G values (i.e., 
GOH-OH = -81 J kg m o P ,  GCH1-oH = +48 J kg mol-2, and 
Go-oH = -31 J kg m ~ l - ~ ) , ~  the slope of the linear plot of 

(26) Suggett, A. J .  Solut. Chem. 1976,5, 33. 
(27) Compare: ref 7b. 
(28) Stokes, R. H.; Robinson, R. A. J .  Phys. Chem. 1966, 70, 2126. 
(29) Angyal, S. J.; Pickles, V. A. Aust. J .  Chem. 1972, 25, 1695. 
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In (kom/k,,,) vs. mA is calculated as +0.62. This large and 
positive value deviates strongly from the experimental 
slope (-0.24). This deviation is significant, even when 
allowance is made for the approximations inherent in the 
Savage-Wood treatment. The most likely explanation 
again emphasizes the idea that the equatorial OH groups 
of D-glUCOSe fit well into water structure and make them 
(almost) indistinguishable from those of bulk water. As 
a consequence, the term -5GOH+.0H in eq 2 is much too 
large. Good agreement between the experimental and 
Calculated slope is obtained by taking 0.6 OH groups into 
account in eq 2, indicating that 4.4 OH groups fit into the 
water structure. This value is in satisfactory agreement 
with the experimental value of 3.7 equatorial OH moie- 
ties.24 However, we note that much more work will be 
necessary to further substantiate the Savage-Wood ap- 
proach (including the applicability of the “additivity 
principle”) in the analysis of carbohydrate medium effects 
in aqueous solution. 

In summary, we submit that the subtle influences which 
simple carbohydrates exert on water structure and which 
are largely determined by their stereochemistry are indeed 
revealed in the isobaric activation parameters of the pH- 
independent hydrolysis of l-acyl-1,2,4-triazoles. Ther- 
modynamic parameters for transfer of a model substrate 
from water to aqueous solutions of D-glucose and D-ribose 
as well as an analysis of the rate inhibition in the presence 
of D-glucose in terms of a Savage-Wood treatment support 
the interpretation. 

Experimental Section 
Materials. The carbohydrates were high quality commercial 

samples: D-glUCOW (Merck), Dxylose (Merck), maltose (Janssen), 
D-ribose (Janssen), and D-arabinose (Janssen). The 1-acyl- 
1,2,4-triazoles 1-3 were prepared by acylation of the corresponding 

Notes 

1,2,4-triazole. The model substrate 5 was prepared from the 
reaction of phenacyl bromide with 3-phenyl-1,2,4-triazole. The 
product was purified by chromatography over neutral alumina 
using ether-methanol (9:l) as the eluent. 6-Nitrobenz- 
isoxazole-3-carboxylate (4) was synthesized according to the lit- 
erature procedure.30 

Products. IH NMR spectroscopic analysis revealed that 
carboxylic acid and (substituted) 1,2,4-triazole are the sole 
products formed after hydrolysis of 1-3. In the presence of 
D-glucose (4 mol %) no other reaction products were formed as 
indicated by UV spectroscopy. 

Kinetics. Pseudo-first-order rate constants, kobsd, for the 
neutral hydrolysis of 1-3 under atmospheric pressure were 
measured at five different temperatures between 25 and 45 O C  

by monitoring the disappearance of 1 (at 273 nm) and 2 and 3 
(at 225 nm) with a Varian Cary 210 or Perkin-Elmer lambda 5 
spectrophotometer. All reactions were followed to completion. 
In a typical experiment, 10 fiL of a stock solution in MeCN 
(containing 5 X lo-’ M of substrate) was added to 2.5 mL of the 
reaction medium in the cell. The rate constants were reproducible 
to within 1.5%. Isobaric activation parameters were obtained 
by using the Eyring equation (least-squares program). Errors in 
A*He and A*Se were estimated from the standard deviation of 
the regression. In all cases A’Cp values were negligible, and 
correlation coefficients were better than 0.999. The volumes of 
activation for neutral hydrolysis of 1 were determined by using 
the method described previously.16 

Transfer Parameters. Thermodynamic parameters for 
transfer of 5 from water to aqueous carbohydrate solutions were 
obtained from solubility measurements in the temperature range 
15-45 O C .  The experimental procedure has been described be- 
fore.31 Solubilities, calculated from the absorbance at 248 nm, 
were reproducible to within 6%. 

(30) (a) Borche, W. Chem. Ber. 1909, 42, 1316. (b) Lindeman, H.; 
Cissee, H. Justus Liebigs Ann. Chem. 1929, 469, 44. 

(31) Holterman, H. A. J.; Engberts, J. B. F. N. J.  Org. Chem. 1983,48, 
4025. 
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Diastereoselective reaction of crotylmetals with carbonyl 
compounds has been extensively investigated as a useful 
method in the synthesis of macrolide antibiotics and 
polyether ionophores.2 In previous  paper^,^ we have re- 
ported the regio- and stereochemistry regarding the re- 
action of (E)-2-( l-propen-1-yl)-ll3-dithiane (1) with various 
carbonyl compounds. In order to further exploit this 
method in organic synthesis, it  is important to test the 

(1) Taken in part from the M.S. Thesis of B. C. Hong, National Ta- 
iwan University, Taipei, 1986. 

(2)  (a) Hoffmann, R. W. Angew. Chem., Int. Ed.  Engl. 1982,21, 555. 
(b) Yamamoto, Y.; Maruyama, K. Heterocycles 1982, 18, 357. 

(3) (a) Fang, J. M.; Liao, L. F.; Hong, B. C. J. Org. Chem. 1986, 51, 
2828. (b) Fang, J .  M.; Hong, B. C.; Liao, L. F. Ibid. 1987, 52, 855. 

reactivity of a-oxy carbonyl compounds with the crotyl- 
metal generated from 1. We report here the result of 
reactions of (benzy1oxy)acetaldehyde (2), D-glyceraldehyde 
acetonide (3) and ethyl pyruvate (4). 

Results and Discussion 
Metalation of the vinyl dithiane 1 was effected by 

treatment with n-BuLi in THF. The resulting crotyl- 
lithium was subsequently treated with (benzy1oxy)acet- 
aldehyde a t  -78 O C  to give exclusively the y-addition 
products of 5a and 5s in a ratio of 78:22 (Chart I). The 
predominance of the 3,4-anti adduct 5a was predictable 
by considering a chair-like transition state (A) involving 
in the r e a c t i ~ n . ~ , ~  While exclusive anti adduct was found 
in analogous reactions, e.g., with n - ~ e n t a n a l , ~  the increased 
syn adduct in this reaction with (benzy1oxy)acetaldehyde 
might be attributed to a double chelate transition state 
(B, see below). 

The reaction of 1 with D-glyceraldehyde acetonide under 
similar conditions afforded three y-addition products, 6aa, 
6as, and 6sa, in a ratio of 4443~13. The letter/s following 
the number of compounds indicates the stereochemistry 
a t  C3,4 and C4,5, i.e., a represents anti, while s represents 
syn configuration. The stereostructure of isomers of 6 
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