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When used to protect hydroxyl groups of carbohydrates, benzyl groups give 
derivatives having complex n.m.r. spectra. In their ‘H-n.m.r. spectra, proton 
signals of the methylene groups occur as AB quartets in the region 6 4.5-5.0, where 
they often overlap with signals of sugar-ring protons. Although high-field ‘H- 
n.m.r. spectra often facilitate a full assignment of the signals, there are cases when, 
even at 500 MHz, the spectra cannot be rationalized, because of overlap of signals. 
In their 13C-n.m.r. spectra, the signals of the methylene portion of the 0-benzyl 
group normally occur at 70-76 p.p.m., where they coincide with those of pyranose- 
ring carbon atoms. 

These spectral disadvantages can be avoided by employing benzyl-a,cw-d2 
(PhCD,) instead of normal (PhCH,) benzyl groups. In the ‘H-n.m.r. spectra, AB 
lines of the methylene group are absent, and, in the 13C-n.m.r. spectra, the signals 
of methylene groups are split, due to coupling, and are weakened to such an extent 
that they practically “disappear” from the spectrum’. Paulsen and co-workers2T3 
drew attention to the advantages of benzyl-cr,a-d, groups in carbohydrate chemis- 
try, and proposed the use of benzyl-cu,cw-d, bromide (1) as a reagent for the forma- 
tion of benzyl ethers of sugars. 

We now present a simple and inexpensive method for preparing benzyl-cy,a- 
d2 bromide (1) and chloride (2). Then, the physical properties of a number of 
monosaccharides respectively protected with normal and cu,cu-dideuterated benzyl 
groups are compared. For that purpose, derivatives of D-glucose (3-5), D-galactose 
(6), D-mannose (7 and 8), L-rhamnose (9), and 2-amino-2-deoxy-D-glucose (10) 

were selected. 
Benzyl-cY,cw-d, bromide4 (1) and chloride5 (2) had earlier been obtained by 

reduction of methyl or ethyl benzoate with lithium aluminum deuteride, yielding 
benzyl-a+-d, alcohol, whose hydroxyl group was then replaced by using bromide 
or chloride anions. Paulsen and co-workers2 suggested a less expensive approach to 
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PhCC+X 

1 X=Br 

2x=c1 

R’OCH~ 

0 

ci. 

OR 

R’ 0 OMe 

OR 

3 R’= R 

4 R’ = PhCH 

5 R’ = AC 

ROCH2 

6 

7R’= H 

8R’ = AC 

9 10 

R = PhCHz ‘or 3H-IOH 

R = PhCD, ‘or 3D-10D 

1 consisting in reduction of qa,a-trichlorotoluene with zinc-acetic acid-d, (AcOD) 
to toluene-a,cY,cY-d3, and bromination of the latter. 

In our method6, sodium phenylacetate is refluxed with 1520% sodium 
deuteroxide in deuterium oxide until the desired degree of H+=D exchange has 

TABLE I 

YIELDS AND PHYSICAL PROPERTIES OF THE MONOSACCHARIDE BENZYL ETHERS 3H-10H AND 3D-10D 

COT?l- Yield M.p. 
pound f%) (degrees) 

38 95.7 
3D 75.2 

4H 87.0 
4D 95.0 
5H 96.0 
SD 94.0 

6H 65.0 
6D 74.0 
7H 42.4 
7D 67.5 
8Hb 28.2 
8Db 24.4 
9Hc 71.0 
9D 70.0 

10H 56.0 
10D 60.5 

P 

a 

95.5-96 
95.5-96 

n 
L1 

79.5-81 
84-85 

L? 
0 

D 
L1 

73.5-74 
73-74 

164-165 
167-168 

[alo (temp., c, solvent) 

+ 13. I (17,3.4, CHCI,) 
+15.2 (17,3.4, CHCI,) 

-30.9 (20,2.0, CHCI,) 
-31.4 (20,2.0. CHCI,) 
+ 18.1(20,2.0.CHCl,) 

-3.7 (20,2.O,CHCI,) 

+18.4(20, 1.3. C,H,) 
+22.1 (20, 1.4, C,H,) 
+46.4 (17, 1.8, CHCI,) 
+53.4 (17,1.9, CHCl,) 

+42.4 (21,2.0, CHCI,) 
+46.7 (21,2.0, CHCI,) 
+92.1 (20, 1.6, CH,CI,) 
+91.9 (20, 1.5, CH,CI,) 
-12.6(21,1.1, CHCI,) 
- 10.8 (21,l. 1, CHCI,) 

Lit. [aID (temp., c. solvent) References 
(Lit.m.p.) 

+18.7 (25.1.5, CHCI,) 9 

-30.0 (23,0.25, CHCI,) 10 

+lS.O(CHCI,) 11 

+18.0 (20,3.6. 1.4-dioxane) 12 

(80-81) 
+55.0 (20, 1.5, CHCl,) 13 

- - 

+77 (?. 1.5, CH,CI,) 14 
(74.1) 
-13.4 (20,1.0, CHCI,) 15 
(166-167) 

“Syrup. bObtained as a side-product during the preparation of 7H and 7D. ‘From the same preparation 
-2.5% of the a anomer was obtained [a] 6” -20.4” (c 2.6, CH,CI,); lit.14 [a]” -14.1” (c 2.6, CH&lJ. 
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been achieved. Two consecutive exchange operations diminish the protium content 
in the methylene group to 54% i.e., sodium phenylacetate-a,cr-d, with 94-95% of 
deuterium therein is obtained. Further enhancement of the deuterium content is, 
of course, possible, but is less practicable, because of increased cost, 

The next step consists of a Hunsdiecker degradation of phenylacetic-cu,a-d, 
acid in the presence of bromide or chloride anions. From the variety of methods 
available’, we chose the approach of Kochi and co-workers; this is inexpensive and 
gives the halides in good yields. Heating the solution of phenylacetic-cu,cu-d2 acid in 
benzene with lead tetraacetate and potassium bromide furnished 1 in 74-81% yield. 
The same reaction, but with lithium chloride, afforded 2 in 75-83% yield. 

The preparation of benzyl-a,a-d, ethers of monosaccharides with 1 or 2 does 
not differ substantially from that wherein normal benzyl halides are employed. The 
yields of benzylated products are similar (see Table I). Crystalline products exhibit 

bCD2Ph 

OCH2Ph 

Ii 

I I 1 I 1 I 
c.5 Wm. 1.0 3.5 

Fig. 1. ‘H-N.m.r. spectrum of methyl L&3,4,6-tetra-O-benzyl-a-D-glucopyranoside (3H and 3D). 
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I 

50 

I I , I 

L.5 
Pam. 4.0 3.5 

Fig. 2. ‘H-N.m.r. spectrum of methyl 4,6-di-O-acetyl-2,3-di-O-benzyl-a-D-glucopyranoside (5H and 

SD). 

practically the same m.p. values in both series. As the data in Table I show, there 
are some differences in specific rotation. In the majority of cases, a,a-deuterated 
benzyl ethers display slightly more positive rotations than their normal relatives. A 
remarkable difference in specific rotation was noted for the pair 5H,5D; an acciden- 
tal mistake was excluded by examination of three independent preparations of 5D; 
each sample exhibited the same low-negative [& value. 

The i.r. spectra in chloroform solution are similar for the compounds of both 
series. In the spectra of a,a-dideuterated benzyl ethers, low intensity bands occur 
at 2295,2175,2135, 2090, and 2070 cm-‘, specific for C-D bonds. 

TWO illustrations of ‘H-n.m.r. spectra (see Figs. 1 and 2) demonstrate clearly 
the advantages of benzyl-cr,a-d, ethers in proton-resonance spectra. The ring-pro- 
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ton signals of benzylated sugars, such as that of anomeric or of RCO,CH protons, 
which usually overlap with methylene-group quartets, now appear as clear, well 
analyzable multiplets. The baseline between 6 4.5 and 5.0 showed some irregular- 
ity, due to the fact that the 1 and 2 used for the preparation of the benzyl-a,&-d, 
ethers contained -5% of protons. 

The 13C-n.m.r.-spectral data for compounds 3H-10H and 3D-10D are 
summarized in Table II. The resonance signals were assigned to particular carbon 

atoms of the pyranose ring according to literature data16. The absorptions of 
methylene-group carbon atoms (PhCH,O) were obtained by simple subtraction of 
the two respective spectra. As expected, these signals occur in the region 70-75 
p.p.m. In the spectra of 3D-9D, an isotope y-effect of - -0.1 p.p.m. may be ob- 
served. For the 2-amino-2-deoxy-D-glucose derivative lOD, this effect is seen for 
carbon atoms that are non-vicinal to C-2, i.e., for C-4 and C-6. Here, this effect is 

larger, and amounts to - -0.15 p.p.m. Of importance is the fact that this effect 
facilitates the assignment of signals of carbon atoms bearing benzyl groups (e.g., in 
pairs 4H,4D and 5H,5D). 

EXPERIMENTAL 

IH-N.m.r. spectra were recorded with Jeol JNM-4H-100 (100 MHz) and 
Varian XL-200 (200 MHz) spectrometers, and 13C-n.m.r. spectra with a Varian 
CFT-20 spectrometer. Deuteriochloroform was used as the solvent, and tetra- 
methylsilane as the internal standard. Optical rotations were measured with a 
Perkin-Elmer 141 automatic polarimeter. Compounds 3H,D-lOH,D were pre- 
pared according to the literature (see Table I for references). 

Phenylucetic-cY,a-d2 acid. - Dry sodium phenylacetate (49 g, prepared from 
commercial phenylacetic acid) was dissolved in deuterium oxide (30 mL, deuterium 
content, 99.92%) containing sodium deuteroxide (5.2 g), and the mixture was 
boiled under reflux for 2 h. The solution was cooled and evaporated to dryness, a 

fresh portion (30 mL) of D,O added, and the refluxing continued for an additional 
2 h. The ‘H-n.m.r. spectrum of the solution showed 5 +l% of proton content in 
the methylene group. The solution was acidified with hydrochloric acid and 
extracted with benzene. The benzene solution of phenylacetic-cr,cy-d? acid was 
dried, and used for the next step. 

Benzyl-cu,a-d2 bromide (1). - The following preparation is a modified 
version of the method of Kochi et ~1.~. A solution of phenylacetic-a,&-d, acid (27.2 
g, 0.2 mol) in benzene (125 mL) was mixed with lead tetraacetate (128 g, 0.29 mol) 
and potassium bromide (38.1 g, 0.32 mol), benzene (300 mL) was added, and the 
mixture was stirred under nitrogen or argon. After 1 h, the orange solution was 

heated, and, at 60-65” evolution of carbon dioxide started. The mixture was boiled 
under reflux for -1 h, cooled, treated with 15% hydrochloric acid (-200 mL), and 
the layers separated. The benzene solution was successively washed with water and 
10% aq. sodium hydrogencarbonate, dried (magnesium sulfate), and evaporated, 
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and the residue distilled at 64&Y/933 Pa, to give 25.3 g (74.3%) of 1. According 
to the lH-n.m.r. spectrum and gas-liquid chromatography, the product contained 
-5% of benzyl-~,a-dr acetate. We found that this contamination does not affect 
the course of etherification of saccharides. The residual, ‘H-n.m.r. signal of the 
methylene group, at S 4.44, indicated a hydrogen content of 5 fl%. 

Benz+a+-d, chloride (2). - The preparation of 2 was analogous to the 
synthesis of 1. From 27.2 g (0.2 mol) of phenylacetic-cu,cY-d, acid, 142 g (0.32 mol) 
of lead tetraacetate, and 13.6 g (0.32 mol) of lithium chloride was obtained 21 g 
(83%) of 2 on distillation at 47+Y’/933 Pa. In its ‘H-n.m.r. spectrum the product 
displayed the residual methylene-group signal at 6 4.47, corresponding to a hydro- 
gen content of 5 21%. 

ACKNOWLEDGMENTS 

This work was supported by Grant No. MR-1.12.1.7.4. One of us (X.B.) is 
grateful for a stipend provided in the Polish-Spanish Scientific Exchange 
Programme. We thank Professor K. Jankowski (Moncton, N.B., Canada) for re- 
cording the 200-MHz, ‘H-n.m.r. spectra. 

REFERENCES 

1 For references, see P. A. J. GORIN, A. P. Tuuoc~, AND M. MAZUREK, Carbohydr. Res., 117 (1983) 
279-284. 

2 H. PAULSEN, W. ROBEN, AND F. R. HEIKER, Tetrahedron Len., (1980) 3679-3680. 
3 H. PAUL..SEN AND A. B~JNSCH, Justus Liebigs Ann. Chem., (1981) 2204-2215. 
4 R. L. LET~INGER AND D. F. POLLART, .I. Am. Chem. Sot., 78 (1956) tW79-6085. 
5 S. MEYERSON, P. N. RYLANDER, JR., E. L. ELIEL, AND J. D. MCCOLLUM, J. Am. Chem. Sot., 81 

(1959) 2606-2610. 
6 Polish Pat. Appl. No. P-246882. 
7 C. V. WILSON, Org. React., 9 (1957) 332-387; R. C. CAMFJIE, R. C. HAYWARD, J. L. JURLINA, P. S. 

RUTLEDGE, AND P. D. WOODGATE, J. Chem. Sot., Perkin Trans. 1, (1981) 2608-2614; D. CRICH, D. 
H. R. BARTON, AND W. B. MOTHERWELL, Tetrahedron Len., (1983) 4979-4982. 

8 J. K. KOCHI, J. Org. Chem., 30 (1965) 3265-3271; J. D. BACHA AND J. K. KOCHI, ibid., 33 (1968) 
83-93; R. A. SHELDON AND J. K. KOCHI, Org. React., 19 (1972) 279-121. 

9 M. E. TATE AND C. T. BISHOP, Can. J. Chem., 41 (1963) 1801-1806. 
10 A. G. M. BARRET, R. W. READ, AND D. H. R. BARTON, J. Chem. Sot., Perkin Trans. I, (1980) 

2184-2190. 
11 H. B. BORON, P. J. GAREGG, L. KENNE, A. PILOITI, S. SVENSSON, AND C. G. SWAHN, Acta Chem. 

Stand., 27 (1973) 2740-2748. 
12 P. W. AUSTIN, F. E. HARDY, J. G. BUCHANAN,AND J. BADDILEY, J. Chem. Sot., (1965) 1419-1424. 
13 J. ALAIS AND A. VEYRIBRES, Carbohydr. Res., 92 (1981) 310-313. 
14 H. PAULSEN, W. KIJTSCHKER, AND 0. LOCKHOFF, Chem. Ber., 114 (1981) 3233-3241. 
15 J. R. PLIMMER, N. PRAMI~, AND H. G. FLETCHER, JR., J. Org. Chem., 32 (1967) 1982-1984. 
16 E. BREIIMAIERAND W. VOELTER, 13C-NMR Spectroscopy, Verlag Chemie, Weinheim, 1974, pp. 

223-242. 


