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ABSTRACT

Kinetically controlled reaction of 4.5 equiv. of 2-methoxypropene with some
alkyl a- and B-D-galactopyranosides gave the 2,3:4,6-di-O-isopropylidene deriva-
tives in high yields (80-85%). With 2 equiv. of 2-methoxypropene, benzyl 8-b-
galactopyranoside gave the 4,6- and the 3,4-monoacetals in the ratio 30:1 together
with ~20% of the 2,3:4,6-diacetal. The structures of methyl 2,3:4,6-di-O-iso-
propylidene-a- and -B-D-galactopyranosides were determined by X-ray analysis.
The former crystallised in the orthorhombic system, P2,2,2,, with @ = 5.503, b =
16.105, ¢ = 16.822 A, and Z = 4, the latter in the monoclinic system, P2,, with a
= 10.400, b = 13.344, ¢ = 11.647 A, B = 111.50, and Z = 4. The a anomer and
the two molecules of the 8 anomer had the p-galactopyranoside and the 1,3-
dioxane rings in twist-chair conformations and the dioxolane ring in a half-chair
conformation. N.m.r. spectroscopy suggested the occurrence of similar conforma-
tions in solution.

INTRODUCTION

The reaction! of - and B-D-galactopyranosides with 2,2-dimethoxypropane
in the presence of catalytic amounts of toluene-p-sulfonic acid can give, under
selected reaction conditions, high yields of 3,4-O-isopropylidene-6-O-(1-methoxy-
1-methylethyl)-a- and -B-p-galactopyranosides (1). In order to elucidate the path-
way of formation of 1, authentic alkyl 2,3:4,6-di-O-isopropylidene-a- and -8-D-
galactopyranoside derivatives were needed, as these are intermediates and/or by-
products of the transacetalation reaction.
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Owing to the steric strain associated with trans-fused dioxolane and tetra-
hydropyran rings, compounds of this type are usually not formed in appreciable
amounts under thermodynamically controlled conditions of acetonation?. Trans-
acetalation with 2,2-dimethoxypropane gives high yields of these compounds only
in selected reactions?, i.e., with some thiopyranoses®. In the galacto series, the sole
reported examples of 2,3-frans-fused acetals are the methylene derivatives ob-
tained* by reaction with dibromomethane and sodium hydroxide. In the earlier
stages of the transacetalation of the galactopyranosides 2—4 with acidified 2,2-di-
methoxypropane alone or with acetone, variable amounts of the 2,3:4,6 diacetals
6-8 were obtained!, which were slowly transformed into 1.

We now report a simple and efficient preparation of the 2,3:4,6-diacetals
under Kkinetically controlled conditions’ (2-methoxypropene in N,N-dimethyl-
formamide and a trace of toluene-p-sulfonic acid) used for the preparation of the
2,3:4,6-di-O-isopropylidene derivatives of methyl a- and B8-pD-glucopyranoside. 'H-
and *C-n.m.r. studies and X-ray analysis of 6 and 8 are also reported.

RESULTS AND DISCUSSION

The diacetonation of the 8- (2 and 3) and a-D-galactopyranosides (4 and 5)
was carried out by a slight modification of the one-stage procedure described by
Gelas and Horton®, using 4.5 equiv.* of 2-methoxypropene and a catalytic amount
of toluene-p-sulfonic acid at room temperature with rigorous exclusion of moisture.
The reactions were rapid (~15 min) and slightly exothermic, and t.l.c. revealed the
almost complete formation of the 2,3:4,6-diacetals with negligible amounts of un-
identified by-products.

The high (>80% after chromatography) yields of 2,3:4,6-di-O-isopropylidene
derivatives can be attributed to a selective reaction of HO-6, leading almost exclu-
sively to the 4,6-monoacetal through the 6-O-(1-methoxy-1-methylethyl) derivative
10. This interpretation agrees well with previous results>® on the reactions of al-
doses and aldosides with 2-methoxypropene, but not completely with the result of
the reaction of D-galactose that gave’ 67% of the 4,6- and 14% of the 3,4-O-iso-
propylidene derivative. In order to validate the selective monoacetonation of

*Two equiv. of 2-methoxypropene are needed for each cyclic acetal unit, since one of them is needed
for trapping the MeOH liberated in the cyclisation step.
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galactopyranosides, benzyl B-D-galactopyranoside (3) in N, N-dimethylformamide
containing a trace of toluene-p-sulfonic acid was treated with 2 equiv. of 2-
methoxypropene at room temperature, conditions under which methyl @- and B-D-
glucopyranoside gave 90 and 75%, respectively, of the 4,6-O-isopropylidene
derivatives®. H.p.l.c. of the products showed that selectivity of the monoacetalation
was high, the ratio of 4,6- (11) and 3,4-acetonide (12) being 30:1, but ~20% each
of the 2,3:4 6-diacetal 7 and unreacted 3 were also present. When the reaction was
performed at 0°, the product distribution remained about the same. In contrast to
the methyl glucopyranosides®, monoacetonation with 2-methoxypropene is not a
good preparative method for 4,6-O-isopropylidene-B-D-galactopyranosides, which
are better obtained by transacetalation with 2,2-dimethoxypropane in N,N-di-
methylformamide®.

The difference in behaviour of the gluco- and galacto-pyranoside derivatives
probably reflects the greater stability of the trans-fused tetrahydropyrano(3,2-dj}-
1,3-dioxane system (a trans-decalin analogue) in the former compared to that of
the cis structure in the latter. This could result in a higher rate of reaction in the
glucose series, whereas the subsequent acetal ring closure involving HO-2 and HO-
3 would probably not be dependent on the configuration at C-4. Other factors can
play some role, for instance, there are examples in which the presence of a cyclic
acetal causes unpredictable changes in the relative reactivities of the remaining
hydroxyl groups. Thus, in the benzylation of methyl 3,4-O-isopropylidene-8-D-
galactopyranoside, HO-2 was found® to be 11 times more reactive than HO-6.

The 'H- and BC-n.m.r. data for 6-9 substantiated their tricyclic structures.
The 13C resonances of the isopropylidene methyl groups clearly indicated the pre-
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sence of both 1,3-dioxane and 1,3-dioxolane rings. The data in Table I agreed with
Buchanan’s conclusions!?, i.e., the 1,3-dioxane system gave a signal for the acetal
carbon at & ~98 and two methyl signals at 6 ~29 (equatorial) and ~18 (axial),
whereas, in the dioxolane system, the former resonates at 8 ~110 and both the
latter at 8 ~26. These values compared well with those reported for the analogous
glucopyranosides®, and further confirmed the generality of Buchanan's rules!.
Nevertheless, caution is necessary in assigning the stereochemistry at the junction
of the dioxolane system. Indeed, our data indicated the impossibility of defining
two separate ranges for cis- and trans-fused junctions.

The signals of the galactopyranoside carbons, assigned on the basis of well-
known additivity rules'!, are collected in Table II; the contributions to the chemical
shift caused by the 2,3- and 4,6-acetal groups are similar for both methyl a- and
B-galactopyranosides (Table 11, values in parentheses).

The 'H-n.m.r. spectra (80 MHz) were completely assigned (Tables I and
1V) through double-resonance experiments and/or change of solvent from CDCl,
to C.D¢ followed by treatment of the spectra as first-order systems, where possible,
or with the aid of a computer program. The change of solvent had little effect on
the vicinal coupling constants for 6-9, but the chemical shifts were affected
markedly (Table III) as expected. A point of particular interest concerns H-2, the
sole galactopyranosidic proton strongly deshielded (A8 ~0.3 p.p.m.) in C,D, both
in the a- and B-series. Only one (unidentified) acetal methyl group signal is affected
by the change of solvent, being shifted upfield (A8 ~0.3 p.p.m.) in C;D,. These
observations suggest the interaction of 6-9 with one of the solvents used.

The J values for the galactopyranosidic protons (Table IV) are characteristic
of a *C; conformation and the J; ; values suggest a chair-like conformation also for
the 1,3-dioxane ring. The torsion angles between vicinal protons calculated with
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TABLE1

BC-N.M.R. CHEMICAL SHIFT DATA (8, P.P.M.) FOR ISOPROPYLIDENE CARBON ATOMS OF 2,3:4,6-DI-O-ISO-
PROPYLIDENE-D-GALACTOPYRANOSIDES

Compound 1,3-dioxane ring 1,3-dioxolane ring
C-2 C-24 and C-25 C-2 C-47 and C-48
6 98.2 28.8,18.3 110.7 26.3,26.1
7 98.3 28.8,18.9 110.6 26.4,262
8 98.1 29.0,18.2 109.9 26.3,26.3
9 98.2 29.0,18.2 110.0 26.4,26.4

Altona’s modification!? of the Karplus equation (Table V) supported such a
hypothesis, although some deviations from the ideal chair conformations of the
six-membered rings are evident, mainly around the bonds engaged in the two ring
fusions.

The structures of 6 (Fig. 1) and 8 (Fig. 2) have been determined by X-ray
analysis*. The torsional angles in Table VI allow the assignment of a twist-chair
conformation to the b-galactopyranoside and the 1,3-dioxane rings, and a half-chair
conformation to the dioxolane ring.

The degree to which rings deviate from the ideal symmetry is given in terms
of the asymmetry parameters'> ACg and AC,. For the B-D-galactopyranoside moiety
in molecule A, these values give, as the most relevant symmetry, a mirror plane
through C-2,C-5 (ACg 5.0°) and in molecule B, a mirror plane through C-1,C-4
(AC4 1.9°). The a-D-galactopyranoside ring exhibits a mirror plane through C-2,C-5

TABLE II

13C-N.M.R. CHEMICAL SHIFT DATA (8, P.P.M.) FOR GALACTOPYRANOSIDIC CARBON ATOMS OF 2,3:4,6-D1-O-
ISOPROPYLIDENE-D-GALACTOPYRANOSIDES?

Compound C-1 C-2 C-3 CH4 C-5 C-6

6 102.8 72.4 77.8 65.0 67.0° 62.5
(-1.7 (+0.7) (+4.0) (-4.7) (-9.0) (+0.5)

7 100.8 72.5 77.9 66.0° 67.20 62.6

8 98.9 71.0 72.5 67.1 62.7 62.5
(-1.2) (+1.8) (+2.0) (-3.1) (—-8.9) (+0.3)

9 97.2 71.0 72.5 67.2 62.8 62.8

aValues in parentheses are obtained as differences between the chemical shifts of the carbon atoms of
the diacetal derivative and those of the corresponding!'® unsubstituted galactopyranoside. * Assignments
can be reversed.

*The vibrational parameters B; of the heavy atoms, the co-ordinates and B, values of the H atoms,
Tables of bond lengths and valence angles, and a list of F, and F, structure factors are deposited with,
and can be obtained from, Elsevier Science Publishers B.V., BBA Data Deposition, P.O. Box 1527,
Amsterdam, The Netherlands. Reference should be made to No. BBA/DD/391 Carbohydr. Res., 177

(1988) 29-41.
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TABLE IIl

'H-N.M.R. CHEMICAL SHIFT DATA (8, P.P.M.) FOR 2,3:4,6-DI-O-I1SOPROPYLIDENE-D-GALACTOPYRANOSIDES

Compound H-1 H-2  H-3 H4 HS H6 H-6'  Acetal methyls

6 (CDCly) 453 398 353 443 333 400 416 1.48,147,146,1.46
(CD¢) 435 431 324 393 258 38 358 1.42,1.42,141,1.13

7(CDCl,) 468 4.05 350 442 331 402 412 1.56,1.48,1.48,1.46
(CsDy) 459 439 325 394 259 385 361 142,142,142, 1.16

8 (CDCly) 518 416 4.05 450 343 394 420 1.51,1.47,1.47,1.47
(C.Dy) 5.04 445 412 407 28 378 357 1.49.1.47,147.1.16

9 (CDCL) 530 413 412 451 358 389 417 1.65,1.48,1.48,1.48
{(CDy) 5.23 443 414 410 298 378 358 1.46, 1.46,1.46,1.17

(ACq4 3.9%). It follows that the dioxolane ring in each of the molecules of the g
anomer shows a twaq-fold axis passing through C-2-C-3 and C-23 [AC, 4.1° (A) and
5.7° (B)]. A similar situation exists in 8, but with a larger deviation from the ideal
symmetry (AC, 7.5°). The 1,3-dioxane ring in molecule A of the 8 anomer exhibits
a mirror plane through C-5,C-46 (ACg 2.2°) and in molecule B a mirror plane
through C-6,0-4 (ACg4 1.4°). In the a anomer, the 1,3-dioxane moiety exhibits a
mirror plane through C-5,C-46 (AC, 4.0°).

Each of the molecular structures of 6 and 8 show, for the first time in the
p-galactopyranoside series, a 2,3-acetal possessing a frans-fused dioxolane system
(this structure has been reported in 2,3:4,6-di-O-isopropylidene-5-thio-a-D-gluco-
pyranose®), The 4,6-acetal shows, as expected, a cis-fused 1,3-dioxanic system.

The trans-fused dioxolane ring forces the exocyclic angle O-2-C-2-C-3-O-3
to be <60° and induces an opposite effect on the endocyclic angle C-1-C-2-C-3-C-4
and makes it the largest endocyclic angle. The cis-fused dioxane ring induces a
closing effect on both the exocyclic 0-4-C-4-C-5-C-6 and endocyclic C-3-C-4-C-5-
O-5 torsion angles, and the latter has the smallest endocyclic value.

The values of the torsion angles (Table V) for the D-galactopyranoside ring
have been derived from the 3Jy ;; values using the equation proposed by Altona'.
With the exception of the torsion angle H-2-C-2-C-3-H-3, which defines the rrans-
fused junction, the others compare well with those found in the crystal and suggest

TABLE IV

'H-N.M.R. COUPLING CONSTANTS (Hz) FOR 2,3:4,6-D1-O-1SOPROPYLIDENE-D-GALACTOPYRANOSIDES®

Compound Iz J23 Jis Is Jss Jso Jow Other
6 7.7 9.5 2.6 1.4 1.8 2.3 12.9
7 7.8 9.4 2.8 1.5 1.8 2.5 12.7
8 3.0 9.8 32 ~2.0 1.6 2.2 12.6 J140.6
9 2.9 9.8 2.8 ~1.0 1.7 2.3 12.8 J,140.5

“In CDCl,; the J values in C,Dy are similar, the differences being of the same order as the experimental
error {<0.1 Hz).
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TABLE V

TORSION ANGLES (°) BETWEEN GALACTOPYRANOSIDIC VICINAL PROTONS OF COMPOUNDS 6 AND 8

6 8

'H-N.m.r. X-Ray !H-N.m.r.. X-Ray

Molec. A Molec. B

H-1-C-1-C-2-H-2 173 173 172 59 60
H-2-C-2-C-3-H-3 150 167 166 153 162
H-3-C-3-C-4-H-4 58 60 51 53 51
H-4-C-4-C-5-H-5 =53 =52 -59 —-48 =50
H-5-C-5-C-6-H-6a 46 45 47 47 46
H-5-C-5-C-6-H-6e -74 -74 =72 -78 =73

that 6 and 8 adopt similar conformations in both the solid state and in solution.

Both 6 and 8 have bowl-like shapes, with most hydrogen atoms and methyl
groups protruding from the convex face. The only exceptions are H-2 and C-24
which lie in the cavity, surrounded by oxygen.lone-pairs. This geometrical feature
may explain the above-mentioned “solvent effect” in the 'H chemical shift.

Molecule A Molecule B

Fig. 1. Molecular conformation and mutual orientation of the two independent molecules of 6
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c-47 c-48

Fig. 2. Molecular conformation of 8.

TABLE VI

TORSION ANGLES (°) FOR COMPOUNDS 6 AND 87

6 8

Molec. A Molec. B
D-Galactopyranoside
C-1-C-2-C-3-C-4 ~69(1) —65(1) —67.3(9)
C-2-C-3-C-4-C-5 62(1) 55(1) 56.5(9)
C-3-C-4-C-5-0-5 =52(1) —54(1) —49(1)
C-4-C-5-0-5-C-1 59(1) 62(1) 53(1)
C-5-0-5-C-1-C-2 —63(1) —63(1) ~57.0(9)
O-5-C-1-C-2-C-3 64(1) 64(1) 62(1)
1,3-Dioxolane
C-2-0-2-C-23-0-3 13(1) 19(2) 17.0(9)
0-2-C-23-0-3-C-3 18(1) 12(2) 9.1(9)
C-23-0-3-C-3-C-2 —40(1) -36(1) —-30.4(8)
0-3-C-3-C-2-0-2 47(1) 47(1) 40.9(7)
C-3-C-2-0-2-C-23 -37(1) —40(1) ~35.4(8)
1,3-Dioxane
C-4-0-4-C-46-0-6 —58(1) —56(1) —54.6(9)
0-4-C-46-0-6-C-6 55(2) 52(1) 57.5(8)
C-46-0-6-C-6-C-5 =52(1) —SI(1) —-56.2(9)
0-6-C-6-C-5-C-4 48(1) 49(1) 48(1)
C-6-C-5-C-4-0-4 —49(1) —51(1) —46(1)
C-5-C-4-0-4-C-46 54(1) 57(1) 50.2(9)

*Values in parentheses are e.s.d.
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TABLE VII

CRYSTAL DATA FOR COMPOUNDS 6 AND 8

6 8

Molecular formula C3H,504 C3Hy, 06
Molecular weight 274.31 274.31
Crystal system Monoclinic Orthorhombic
Space group P2, P2.2.2,
Cell dimensions

a(A) 10.400(11) 5.503(2)

b 13.344(4) 16.105(3)

c 11.647(7) 16.822(5)

B 111.50(6)
Cell volume (A%) 1503.9(1.8) 1490.9(7)
V4 4 4
F(000) (e™) 592 592
#(Cu-Ka) (cm™1) 8.09 8.16
D (kg.m~9) 1.210 1.223
Crystal dimensions (mm) 0.4x0.2x0.1 0.3%x0.2x0.2
EXPERIMENTAL

General. — Melting points (Kofler apparatus) are uncorrected. 'H- (79.6
MHz) and BC-n.m.r. (20.0 MHz) were recorded with a Varian CFT-20 spectro-
meter in the stated solvents (internal Me,Si). Optical rotations were determined at
20 £2° with a Perkin—Elmer 241 polarimeter. Microanalyses were performed on a
Carlo Erba Elemental Analyzer Model 1106. Analytical h.p.l.c. was performed on
a Pye-Unicam 4002 instrument, using a Lichrosorb 10 RP-18 column (25 cm,
Chrompack), monitoring at 200 nm, and elution at 1 mL/min with CH;CN-H,O
3:7 (1 min), 3-min gradient to 65:35, 10 min, 2-min gradient to 3:7; the relative
retention times of 3, 11, 12, 13, and 7 were 1.00:1.83:1.97:3.38:3.80. Analytical
t.l.c. was carried out on Silica Gel 60 F,,, (Merck) with detection by charring with
10% ethanolic phosphomolybdic acid. Column chromatography was performed on
Kieselgel 60 (Merck, 70-230 mesh).

Commercial 2-methoxypropene was utilised immediately after distillation
under argon. Benzyl B-p-galactopyranoside (3) and allyl a-D-galactopyranoside!
(4) were obtained by literature methods. Reference samples of 11-13 were ob-
tained according to published procedures’1416

Diacetonation procedure. — 2-Methoxypropene (1.1 mL, 11.5 mmol) was
added dropwise at room temperature under argon to a stirred solution of the pre-
dried (5-8 h at 50°/0.1 mmHg) p-galactopyranoside (2-5, 2.5 mmol) in anhydrous
N, N-dimethylformamide (15 mL) containing toluene-p-sulfonic acid (40 mg). After
15 min, t.l.c. showed that the starting material had disappeared and there was a
single faster-moving product with negligible by-products. After stirring for an addi-
tional 1 h, each mixture was treated with NEt, (0.5 mL) and concentrated in vacuo,



1(ahoolNNS.Lr) = (B3)g, 'p's'd are sosoyiuared ui sanen,

P. L. BARILI, G. CATELANI, F. COLONNA, A. MARRA, S. CERRINI, D. LAMBA

38

©rs 9c6L10 (9)168T0—  (T)€80°0 (9L (Wosro—  (Dye00 (@oor'o— (999 (Deog'o  (DoLzo  (T)8T9°0 8P
@y ©Wwse00 ($)es8z0—  (D)zsyo QoL (Dssco- (D90 0—- (@6t o— s @Iveo (109870 (7)ss80 LD
@ec Wotr1o (D1vezo— @9z o WMrs  (D1seo—  (10so0 (Desto—  (e's (Woszo  (1sIE0  (T)80L°0 90
(€)s'9 (9)seyo (LseTo0— (281870 (98 (@6cco- (D€eso wLeo- 8L @goco (DLigo  (@zoLo [Yae)
W9t Werro (9)99210—  (©)L8r0 Wes  (Wseco—  (Dvsyo @8910— (909 (Degyo (Dizeo  @1650 vZ-0
@y ©Lisco (9)6L900—  (D019°0 &L osco- {(Dosko @6810— W8y (Deego (6661270 (1)SE9°0 €20
)69 (9)6291°0 (9)0SST0 (€)o6£°0 'L 1)z800 (1)$82°0 (0)s82°0 We's (Degro- (Movso  (16STo 01-0
ey (©o1600 (©)z8L10- (1810 (©)8's ®ovvr o~ (Lzzooo  (6)9Ls00—  (©)6°S (8).891°0 (17820 (1)8€9°0 9-0
@¢y ©usro (©o9100— ez @< (Wso8o0— (905,10 (8)19%00 (©ss (L9eg0'0 Doy 0 (6)6bIS0 $0
(Mee ©190z0 (©)s0610—  (1)L8E0 (©s's (Wrzeeo— (Wozsto  ©4991°0—  (DLv (9)z00€0 (9)8T2H'0 (8)5289°D -0
@ctv (€)gezeo (esiTo—  (1)589°0 ()9 (8)o60E0— (L)SHSE0 Mzozo—  (©rs ®16£c0 (L6990 (6)€62L°0 €0
@6+ (©1£9¢0 Wrvo00—  (Dyrbo (©)z9 (Lzosro— (9zzero Mreoo—  (€r's Wis0T0o (99690 (6)pLISO 70
(D65 (©)151270 (906070 (DLsyo ()9 (8)89c0'0— (8)sTIE0  (6)€68T0 (©)s's (8)s5000 (L)o69s 0 (6)282€0 -0
@¢y Wwesoo ($)9c110—  (2)962°0 os Mocro-  (eoo Meoo—  Wos (Moo (Deggo (19290 9D
@¥y (©czero (s)esgo0—  (D8I+0 Mos  (18o10— (6)6£€1°0 Moso'o—  M1s (Dsso'o  (Dovb'o  (1)£99°0 D
@QUy WeIs1o (yzio—  (T)8ES'0 sy (180~ (6)6LLT0 (Dg610—  Wrs (Mozzo (Do (gL o o)
(@0¢ (18520 (9)ZELO'0—  (T)L6SO s (Motzo—  (MisTo Mgsro— 8y (Deizo (368850 (1)889°0 €0
@9t (essTo (s)Lzeoo—  (DzLeo Wrs W18 o— (6)£sz€0 Moroo—  os  (Dos10 (6)6ves0  (IvES0 0
(©0v (968220 (S)Logo0 tarérall wirs (Wesoo—  (1)2820 (Deso0 sy (Moo (612950 (1Lyo 10
o(ba)g z A X J(ba)d z Iy X ofba)g z A X
qa &:u&bg < MNEUMNOE
8 9 wory

p8 ANV @ SAUNAOIWOD 04 SYATANVHUVL TYWHIHL D1dOULOSI ANV STLVNIQI0-0D DINOLY

HIA 719VL



2,3:4,6-DI-O-1SOPROPYLIDENEGALACTOSIDES 39

and toluene (3 X 30 mL) was evaporated from the residue. Each crude product was
added to a column of Si0Q, (100 g) and rapidly eluted with hexane—ethyl acetate
(3:2) containing 0.1% of NEt,, to give homogeneous (t.l.c., 'H-n.m.r.) samples of
the 2,3:4,6-di-O-isopropylidene derivatives 6-9 in yields of 80, 83, 84, and 82%,
- respectively. Analytical samples were obtained by crystallisation from hexane and/
or sublimation.

The following compounds were prepared thus, for which the 'H-n.m.r. data
are recorded in Tables III and I'V, and the '*C-n.m.r. data in Tables I and II except
those cited below.

Methyl 2,3:4,6-di- O-isopropylidene-B-D-galactopyranoside (6) had m.p. 105-
107°, [a]p —27° (c 1, chloroform); Ry 0.23 (hexane—ethyl acetate, 3:2). N.m.r.
data (CDCl,): 'H, 8 3.67 (s, 3 H, OMe); BC, 6 56.3 (OMe).

Anal. Calc. for C3H,,04: C, 56.9; H, 8.1. Found: C, 57.0; H, 8.0.

Benzyl 2,3:4,6-di-O-isopropylidene-B-D-galactopyranoside (7) had m.p. 128-
130°, [e]p —52° (¢ 1, chloroform); R 0.35. N.m.r. data (CDCl,): 'H, 8 7.25-7.39
(m, 5 H, Ph), 4.94 and 4.59 (2d, 2 H, J 12.1 Hz, OCH,Ph); 13C, 8 69.7 (OCH,Ph),
127.4, 127.7, 128.0 (tertiary aromatics), 136.4 (quaternary aromatic).

Anal. Calc. for C;gH,cOq: C, 64.7; H, 6.9. Found: C, 65.1; H, 7.4.

Methyl 2,3:4,6-di-O-isopropylidene-a-D-galactopyranoside (8) had m.p. 72—
73°, [a]p +157° (c 1, chloroform); R 0.35. N.m.r. data (CDCl;): 'H, 6 3.46 (s, 3
H, OMe); 13C, 8 55.4 (OMe).

Anal. Calc. for C;H,,0,: C, 56.9; H, 8.1. Found: C, 57.4; H, 8.2.

Allyl 2,3:4,6-di-O-isopropylidene-ao-D-galactopyranoside (9) had m.p. 63—
64°, [a]p +143° (¢ 0.9, chloroform); Ry 0.49. N.m.1. data (CDCl;): 'H, §4.12 (m,
2 H, OCH,CH=CH,), 5.85 (m, 1 H, OCH,CH=CH,), 5.08 and 4.92 (m, 2 H,
OCH,CH=CH,), J 17.3, 10.1, and 2.4 Hz; 3C, 6 68.6 (OCH,CH=CH,), 116.9
(OCH,CH=CH,), 133.6 (OCH,CH=CH,).

Anal. Calc. for C;sH,,04: C, 60.0; H, 8.0. Found: C, 59.9; H, 7.8.

Monoacetonation of benzyl B-D-galactopyranoside (3). — To a stirred solu-
tion of 3 (57.3 mg, 0.21 mmol) in dry N,N-dimethylformamide (2 mL), containing
toluene-p-sulfonic acid (2 mg), was added dropwise under argon a freshly prepared
solution (2 mL, 0.42 mmol) of 2-methoxypropene (1 mL) in N,N-dimethylform-
amide (50 mL). The reaction was monitored by taking small amounts, adding one
drop of NEt; and applying h.p.l.c. A constant composition was reached after 30
min and was 3:11:12:7 = 20:58:2:20.

X-Ray analysis. — Suitable single crystals of 6 and 8 were grown at 5° by slow
concentration of solutions in hexane. The crystals were stable in air and at room
temperature only for 2-3 days, due to the slow evaporation of the trapped hexane
and therefore were sealed in Lindeman glass capillaries. The space group and
approximate unit-cell parameters were determined from oscillation and Weissen-
berg photographs. The intensity data were measured at room temperature with a
Syntex P 2, automatic diffractometer equipped with graphite monochromator,
using Cu-Ka radiation in the 9-2 scan mode. Accurate unit-cell parameters were
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determined by least-squares fit of the setting angles of 15 selected reflections. The
crystal data are given in Table VII.

Three standard reflections measured every 100 revealed that the crystals of 6
and 8 underwent appreciable decay and X-ray damage during the data collections:
50% and 25% decrease of the intensities, respectively. Intensity data were cor-
rected for the average change in the intensities of the reference reflections. Lorentz
and polarisation corrections were applied, but no absorption corrections were
made.

Data collection parameters for 6 were as follows: Ad = 2.0° + 1.41 tand,
(sin®/A), ., = 0.56 A-1; scan speed, 1.50-29.3%min according to the intensity. The
intensity data were merged to give 2244 unique reflections, merging R = 0.08, of
which 1776 F, = 1.00(F,) were used in the subsequent calculations. For 8, the
experimental conditions were: A9 = 1.6° + 1.41 tand, (sind/A),,, = 0.56 AL,
scan speed, 1.75-29.3°min according to the intensity. The intensity data were
merged to give 1317 unique reflections, merging R = 0.04, of which 979 F, =
1.00(F,) were used in the subsequent calculations.

Structure determinations and refinements. — The structures were solved by
direct methods using the Semi-Invariant-Representation package (S.I.R.)"7.

The E-syntheses, calculated with the phase sets having the best figure of merits,
unambigously revealed 34, out of 38, of the heavy atoms belonging to the two
independent molecules of 6 present in the crystal, and all the heavy atoms of the
molecule belonging to 8. The remaining atoms of the two independent molecules
of 6 were obtained for standard Fourier procedures. The structures were then re-
fined isotropically and anisotropically minimising the function Sw(|F,| — |F)?
where w = (a + |F,| + b|F,|?)"". The parameters a and b were given values of
2F, ..and 2/F__ . respectively, in order to obtain [Ew(|F,| — |F.[?)] nearly constant
in the range of F, and (sin/A).

The hydrogen atoms could not be located from difference Fourier syntheses
because of the poor quality of the data. These were included in the later refine-
ments in the geometrically calculated positions. The methyl groups were set up in
the staggered conformation. In 6, the hydrogen atoms were fixed positionally and
isotropically with the B, , values equal to those of the carrier atoms. In 8, the hydro-

150

gen atoms were allowed to ride with the B, equal to those of the carrier atoms.

The refinements converged to R = 0.102, R, = 0.147, and R = 0.084, R, =
0.132 for 6 and 8, respectively. At the convergence, the maximum shift-to-error
ratios for the refined parameters were 0.45 and 0.12, respectively. Table VIII lists
the positional parameters of the heavy atoms and B, values for 6 and 8.

The atomic scattering factors were taken from the International Tables for
X-Ray Crystallography's.

The calculations were performed on a Data General Eclipse MV 8000 11,
using the S.I.R.—C.A.O.S. crystallographic software'®.
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