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min exposure at 1 Torr, very small bands at 1576, 1475,
1438, and 1023 cm™ appeared. However, those peaks dis-
appeared completely after evacuation at room temperature.
For the 22.3 wt% Mo/ 7-Al,0; sample, any characteristic ad-
sorption band was not observed even at higher pressure of
benzenethiol.

Earlier studies of the reduction mechanism ot Mo /
7 -Al,O5 catalyst postulated that the Mo monolayer structure
is not affected by reduction'’. Later studies which viewed the
calcined catalysts as formed by Mo clusters bonded to the
Al,O; surface suggest that, on_reduction, the polymolybdate
structure undergoes certain rearrangements to form MoO,-
like cluster of similar dimension'®. Although the X-ray dif-
fraction pattern does not provide the exclusive information
on the surface layer, the X-ray analysis of the molybdenum
containing sample in this work exhibited the co-existence of
Mo, MoQ, and MoO, clusters. Hence, we conclude tentative-
ly that the benzenethiol molecule adsorbs hardly on these
clusters.

For the bimetallic Ni-Mo/ ¥ -Al,0; samples, the X-ray dif-
fraction pattern evidenced that nickel is present as complete-
ly reduced state while molybdenum is composite of Mo,
MoG, and MoQ, clusters. The fact that, for the nickel-rich
Ni-Mo/ v-Al,0, sample, the adsorbed benzenethiol peaks ap-
peared at the same positions as observed on the Ni/ 7-Al,0,
surface suggests that the adsorption sites of benzenethiol to
give the peaks in Figure 2 can be assigned to the nickel atoms,
On the other hand, the relatively weak band intensities may
indicate that, for the bimetallic Ni-Mo sample, the various
Mo clusters are enriched at the surface layer inhibiting the
exposure of bare nickel particles. The X-ray diffracted inten-
sity of Ni(111) peak was observed to be substantially
diminished by the incorporation of molybdenum to Ni/
Y -AlL,0,. This would support the above argument.

In summary, it is concluded that benzenethiol is chemi-
sorbed dissociatively on the nickel surface by rupture of its
S-H bond and the benzenethiolate formed upon adsorption is
bound to the surface via its sulfur atom as on the silver sur-
face. Infrared desorption study suggests that sulfur atoms re-
main on the nickel surface even after the prolonged evacua-
tion at 573 K. Benzenethiol appears hardly to adsorb on the
molybdenum(Mo, MoQ, and MoQ;) clusters. For the
bimetallic Ni-Mo/ 7-Al,0; sample, the molybdenum clusters
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seem to be enriched at the surface layer.
Acknowledgement. This work was supported in part by
the Ministry of Education as a free research project.

References

1. L. H. Little, Infrared Spectra of Adsorbed Species,
Academic Press, New York (1966).

2. A\ T. Bell and M. L. Hair, Vibrational Spectroscopies
for Adsorbed Species, ACS Symp. No. 137, American
Chemical Society, Washington, DC (1980).

3. H.P. Béhm and H. Knézinger, in: Catalysis-Science and
Technology, Vol. 4, Eds. J. R. Anderson and M.
Boudart, Springer, Berlin (1984).

4. M. V. Mathieu and M. Primet, Compt. Rend. Sect II,
299, 419 (1984).

5. W, K. Yi, C. W. Park, M. S. Kim, and K. Kim, Bull.
Kor. Chem. Soc., 8, 291 (1987).

6. P. Ramamoorthy, A. Kosci, and R. D. Gonzalez, /. App!.
Spectrosc., 33, 310 (1979).

7. W. K. Yi, C. W. Park, M. S. Kim, and K. Kim, Bull.
Kor. Chem. Soc., 8, 345 (1987).

8. G. Varsanyi, Vibrational Spectra of Benzene Deriva-
tives, Academic Press, New York (1969).

9. F. R. Dollish, W. G. Fateley, and F. F. Bentley, Charac-
teristic Raman Frequencies of Organic Compounds,
Wiley, New York (1974).

10. T. H. Joo, M. S. Kim, and K. Kim, J. Raman Spectrosc.
18, 57 (1987).

11. G. B. Fischer, Surf. Sci., 62, 31 (1977).

12. K. Klostermann and H. Hobert, /. Catal., 63, 355 (1980).

13. N. B. Hannay(Ed), Treatise on Solid State Chemistry,
Vol. 6, Plenum Press, New York (1983).

14. J. Oudar, Calal. Rev. Sci. Eng., 22, 171 (1980).

15. R. M. Hexter and M. G. Albrecht, Spectrochim. Acta
35A, 233 (1979).

16. H. S. Pearce and H. Sheppard, Swrf Sci, 59, 205
(1976).

17. M. Lojacono and W. K. Hall, Proc. IVth Int. Cong.
Catal., Vol. 1, P 246, G.C. Bond, P, B. Wells, and F. C.
Tompkins, Eds., The Chemical Society, London (1976).

18. H. Marwan, L. K. Charles, P. Leonidas, and M. H.
David, /. Catal., 83, 50 (1983).

Glycolipid from the Korean Marine Red Alga Gracilaria verrucosa

Byeng Wha Son

Depariment of Applied Chemistry, National Fisheries University of Pusan, Pusan 608-023
Received March 31, 188

In 1969, Weinheimer and Spraggins reported the first
high yield isolation of nonmammalian-type prostaglandins
from the Caribbean gorgonean Plexaura homomalla.' This
finding stimulated a wortd wide survey of prostaglandins in
marine life. Especially, marine red alga Gracilaria verrucosa
is one of the marine organism which metabolize the pro-

staglandins A, and E,°, and biological significance for the
metabolites of this red alga is of interest.

From the red alga G. verrucosa collected at Chungmu,
Kyung-Nam Prefecture in May 1987, I have isolated a mix-
ture of fatty acids designated as GV-4 [palmitic acid, oleic
acid and arachidonic acid {(in a ratio of 2:1:6)] and a galac-
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tolipid designated as GV-5(1). This paper deals with the
structure elucidation of these metabolites.

Acetone and methanol extracts of the frozen red alga was
partitioned into an AcOEt-H,0 mixture and the AcOEt solu-
ble portion was subjected to silica gel column chromato-
graphy(CHCl;-MeOH = 10:1). Each fractions containing
GV-4 and GV-5 was further purified by LiChroprep RP-8 col-
umn chromatography(MeOH-H,0 = 10:1) to. furnish GV-4
and GV-5(1) (8 and 5% yields respectively from the AcOEt
soluble portion), as shown in Scheme 1.

GV-5(1) was shown by its infrared(IR} spectrum to have
hydroxyl [3430(br) cm™] and ester(1725 cm™) groups. The
'H NMR spectrum (90 MHz, CDCly) of 1 showed signals
assignable to olefinic protons(s 5.34, triplet like), sugar
moiety( 4 4.27-3.56, a mass of signals), methylenes in fatty
acids moiety(d 1.24), and terminal methyl residue of fatty
acids moiety( §0.87, a deformed triplet). The "*C NMR data
for 1 showed signals due to glycerol-glycoside moiety{Table
1) and fatty acids motety.® Comparison of the above data for
1 with those reported for glyceroglycolipid* obtained from
the alfalfa Medicago sativa, and for M-5° obtained from the
marine sponge Phyllospongia foliascens have led us to assume
a galactosyl diglyceride for GV-5.

Treatment of 1 with 10% sodium methoxide in dry
-methanol provided a glycerol-galactoside(2). [a];7.4°
(H;0), and a mixture of fatty acid methyl esters. The
chemical-ionization{CI) mass spectrum of 2 showed an ion
peak of m/z 255(M* + 1). The anomeric proton and carbon
signals of 2 observed at 5 4.27(1H, d, J = 7.6 Hz)(500 MHz,
D,0-CD;0D =2:1) and 4,105.2(Table 1) indicate the
presence of a g-glycosidic linkage in 2. Methanolysis of 2
with acetyl chloride in dry-methanol{9%} liberated methyl
galactoside and glycerol which were identified by gas-liquid
chromatography(GLC) of their trimethylsilyl{TMS) deriva-
tives.® The *C NMR spectrum of 27(Table 1) finally defined
as the structure of glycerol ,S-D-ga]actopyranoside.‘r‘

In addition, C-2’ configuration in the glycerol moiety of 2
is presumed to be R on the basis of a comparison of the
specific rotation with the reported value, [« ];(H;0): -7° for
C-2' Rand +2° for C2* S*

The GLC and gas-iquid chromatography-mass spec-
trometry (GC-MS) analysis of the above-mentioned fatty acid
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Table 1. 13C NMR Data for Glycerol-glycoside Moiety of GV-5
(1), and for 2¢

Carbon GV-5(1) 2
1 105.4 {d)® 105.2 )
2 72.5 (d) 726 ()
3 75.0 (d) 74.8 ()
4 70.3 (d) 70.3 (d)
5 76.8 (d) 76.7 (d)
6 62.5 (1) 62.5 (t)
1’ 64.2 (1) 64.1 (1)
2’ 71.94d) 72.1 (d)
3 68.9 (t) 72.2 ()

® Measured at 22.5 MHz in CDsOD. ° Abbreviations given in
parentheses denote the signal patterns observed in INEPT expert
ments: d = doublet, t = triplet.

methyl esters defined the composition as a mixture of methyl
palmitate, methyl oleate, and methyl arachidonate in a ratio
of 4:1:9.° Furthermore, the ®C NMR analysis of glycerot
galactoside moiety for 1 in comparison with that of 2 enabled
us to identify the location of the fatty acid residues to be at
C-17 and G2’ of the glycerol moiety(Table 1). Thus, the
signal due to C-3° of the glycerol moijety in 1 is ohserved at
higher ppm(3.3 ppm)'® as compared to that in 2, while
signals ascribable to C-1’ and C-2° for 1 and 2 are obhserved
in similar chemical shifts(Table 1}.

Based on the above evidence, the chemical structure of
GV-5 was determined as 1, in which a mixture of fatty acid
residues (a, b, and ¢ in a ratio of 4:1:9) is attached to C-1"
and C-2’ of the glycerol moiety.

From the 'H NMR and “C NMR analysis of GV-4'', it
was assumed to be a mixture of fatty acids. Esterification of
GV-4 with CH,N, in ether afforded a mixture of fatty acid
methyl esters. The composition of the fatty acid methyl
esters was shown to be methyl palmitate, methyl oleate, and
methyl arachidonate(in a ratio of 2:1:6) by GLC."

G
CH,OH w', K7
HAO 0 3’ o -
" on ! O-—-(l:Hz 1 * _OC“H?J‘”[..F-‘\B
——f ?'fHO—H b -I}Cl(:";]7C|;:\".“I::H?,TCH'{
O 17CH0—1? i<

(25
< ~l'_l1’2{1:H?}?l.'CH?CH:C'}Il“(CIIE!nr‘Ha

Gv-s (e 1), BZ:faiprgstct:g)
2 .0, 83w
A number of glycolipids have been isolated from the

various organisms: e.g. cyanophyta'®, green alga',
plants'®'®, sea urchin'®", and marine sponge®, and exhibited
diverse kinds of biological function. Since arachidonic acid
which is a biosynthetic precursor of prostaglandins is abun-
dantly contained in this red alga as free or binding types, the
physiological functions of 1 is an interesting subject for in-
vestigation.
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Sigmatropic rearrangements are not confined to hydro-
gen atoms. ' Groups of nearly every type have been found to
migrate. We report here semiempirical MO theoretical re-
sults on the course of such reactions involving migrating
groups with lone pairs(F, OH, NH,, SH, Cl) and those which
can migrate by either ¢- or p-type interactions (CHz, NO) bet-
ween 1,3-2p orbitals of propenyl system. Four types of or-
bital interactions can be envisaged, since both ¢ and p type
can interact either suprafacially(s) or antarafacially(a) (Sche-
me 1).

1 Determination of Reactivity by MO Theory {part 53).
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