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Keto unsaturated glycosides play a pivotal role as
building blocks in organic synthesis.? Moreover, these
molecules have attracted an increasing interest recently
with the discovery of the antitumor proproperties of keto
unsaturated N- and C-glycosides.3* We are currently
engaged in studies directed toward the synthesis of com-
plex unsaturated C-glycosides!5® and their use as building
blocks in the synthesis of naturally occurring antitumoral
compounds.” Among these molecules 3-substituted keto
unsaturated C-glycosides are of special interest because
they are potent key intermediates for the synthesis of
important synthetic targets with a framework of 8-sub-
stituted tetrahydropyran like quasinoids and tricothecanes
(Figure 1). This type of C-glycoside should be readily
available by a Cr(IV) oxidative rearrangement of a tertiary
allylic alcohol prepared from dioxo unsaturated C-
glycosides.

The syntheses of C-glycosides by way of CC bond for-
mation between a peracetylated glycal and a nucleophilic
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reagent draw considerable attention in recent years.510
However, only our olefin-based methodologies!5¢ allow the
direct generation of 2-keto unsaturated C-glycosides.t
Herein we report the first preparation of keto and aldehydo
2H-pyran-3-ones by the reaction of peracetylated 2-
hydroxy glycals with silyloxy allylic ethers. This process
avoids the deprotection of enol esters that requires mul-
tistep reactions!! or processes not always compatible with
the stability of the glycosides.!?

Our results are summarized in Table I. The coupling
of tri-O-acetyl-2-hydroxy-L-fucal (1) and [(thexyldi-
methylsilyl)oxy]-3-methyl-3-buten-2-ol (2) was chosen as
a model system. After examining the effect of a variety
of catalytic systems (ZnBr,, SnCl,, SnBr,, TiCl,, FeCly/
Si0,, BF4Et,0, SnBr,/SnCl, 4-A molecular sieves, ZnBr,
ultrasound) we arrived at the following optimal procedure.
Glycal 1 (5-10 mmol) and thexyldimethylsiloxy ether 2 (1.2
equiv) was added dropwise to a stirred suspension of 4-A
molecular sieves and dry zinc bromide (1 equiv) in di-
chloroethane under ultrasound at 15 °C. After 5 h the
C-glycoside 3 was isolated in 72% yield (Table I, entry 1).
The enone structure of 3 was dictated by the conjugated
olefinic resonances at 8y 6 and 6.9 ppm and by the carbonyl
signal at éc 212.06 ppm.

With a good catalytic system at hand we extended the
reaction to various glycals. Table I shows clearly that the
reaction was dependent on the substitution at C-6. Thus,
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“Reagents: (a) PDC/4-A MS (72%); (b) Me,CuLi, TMSCI, Pd-
(OAc),, (60%); (c) MeLi, -100 °C (70%); (d) PCC/4-A MS.

alkylation of triacetyl 2-hydroxy-p-xylal (6) led to a mix-
ture of two products. The major one was identified as the
diketo C-glycoside 7a (71% yield). The minor compound
was identified as the 1,1-bis(acetyloxy) 2,2-dimethyl C-
glycoside 7b (entry 3). Peracetylated 2-hydroxy-L-xylal
8 led also to a mixture containing the diketo C-glycoside
9a (70%) and the bis(acetyloxy) acetal 9b (10%) (entry
4). Condensation among 2 and the peracetylated 2-
hydroxy glucal 4 led to poor results (ZnBr,, sonochemistry).
However, 5 could be prepared in fair yield (63%) using a
mixture of SnBr, and SnCl, in the presence of 4-A mo-
lecular sieves at 0 °C for one night (entry 2).

Condensation of [(thexyldimethylsiloxy)oxy]-2-
methyl-2-propen-1-ol (10) with 2-(acetyloxy)glycal 1 using
zinc bromide under sonochemical conditions did not led
to the expected aldehydo C-glycoside. Instead the reaction
gave the 1,1-bis(acetyloxy) acetal 11 as evidenced by the
acetyl resonances at § 2.1 ppm and by the H-1 signal at
$6.75 (d, 1 H, J = 3.34 Hz). Again reaction yields were
dependent on the substitution at C-6. Condensation of
10 with glycals 6 and 8 produced the corresponding 2-keto
C-glycosides 13 and 14 in 70% yield (entries 7 and 8). On
the other hand penta-O-acetyl-2-hydroxy-p-glucal (4) af-
forded an unresolvable mixture of aldehyde 12a and bis-
(acetyloxy) acetal 12b (55% yield) (entry 6). However
aldehydo C-glycosides could be prepared directly when the
reaction was performed in the presence of an aldehyde.
Thus alkylation of 1 in the presence of benzaldehyde (entry
9) gave the aldehydo C-glycoside 15 in 53% yield. Al-
dehydo C-glycosides 16 and 17 were prepared in the same
fashion.

Table I shows the excellent stereoselectivity of the ad-
dition at the anomeric center. All the reactions led to
a-C-glycosides. Assignment of configuration for the hex-
opyranose C-glycosides was performed using 2D NOESY
spectra and optical rotation as it was previously reported.

Pentopyranosyl C-glycoside assignment was not possible
using spectroscopic and optical methodologies. To es-
tablish the configuration at the anomeric center the fol-
lowing experiments were done (Scheme I). First the dioxo
C-glycosides 20(R) and 20(S) were prepared in two steps
from the C-glycoside 187 ((a) PDC/4-A MS, 72%; (b)
Me,CuLi TMSC], Pd(OAc,)). Next, 7a was chemoselec-
tively tra.nsformed (MeLi, 100 °C) into the allylic tertiary
alcohol (21). Oxidation of 21 (PCC/4-A MS) afforded a
mixture of the dioxo C-glycosides contaminated with an
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unknown compound. From this mixture only one dia-
stereoisomer could be isolated in pure form that was found
to be identical to 20(R) [a]*p = +5° (¢ 0.1, methanol)
indicating that the condensation of silyloxy allylic ether
with peracetylated 2-hydroxyxylal yields a-C-glycosides.

The minor formation of the dimethyl derivatives 7b and
9b suggested strongly a pinacol-like transposition mecha-
nism for the allylic alcohol condensation. To demonstrate
the soundness of this hypothesis for both primary and
secondary silyloxy ethers, tri-O-acetyl-2-hydroxy-D-xylal
(6) was condensed with [(thexyldimethylsilyl)oxy]-1,1-
dideuterio-2-methyl-2-propen-1-ol (22) (Scheme II). As
expected we isolated only the [R-(R*,R*,S*)]-1,1-bis(ace-
tyloxy)-1,2-dideuterio-a-methyl-2H-pyran-3(6 H)-one-2-
propanal (23). In the same fashion the dideuterio C-
glycoside 25 was synthesized by the reaction of 22 with
di-O-acetyl-L-rhamnal (24).

A mechanism that rationalizes the formation of deu-
terated products and that is consistent with all the data
is outlined in Scheme IIIl. Carbocation I produced by the
olefin attack of the glycal at C-1 by an Sn2’ mechanism
is the probable key intermediate of the process. Proton
or methyl 1,2 shift followed by the rearrangement of the
resulting carbocation II afforded the carbonyl derivative
III. The 2-(acetyloxy) derivatives undergo an acetolyis of
the enol esters® with formation of the enones IV. Finally
aldehydo oxo C-glycoside esterification led to the bis-
(acetyloxy) derivatives V.

Experimental Section

NMR spectra were recorded with a Bruker MSL 300 at 300.13
MHz (proton) and 75.37 MHz (carbon) with tetramethylsilane
as internal standard. Microanalyses were performed by the
Laboratoire central de Microanalyse du CNRS, Vernaison France.



2478 J. Org. Chem., Vol. 57, No. 8, 1992

Notes

Table I. Preparation of Unsaturated 2-Keto C-Glycosides from Glycals and (Thexyldimethylsilyl)oxy Ethers

ilyloxy N . : silyloxy
2-hydroxy s 2-oxo C-glycosides 2-hydroxy 2-0x0 C-glycosides
entry ethers . entry ethers
glycals (methods) (yield % S:R) glycals (methods) (vield % S:R)
aco-{ 5 B, < O;
1 we I 7 6 .....
) / O?*H ' 3 2\\0 10 (A) N CH(OR),
AO, O o m 3 (72% 6:4) 13 (70% 1:1)
AcO AcO o o R=Ac
2  AcO.w 28 N ) 8 8 10 (A) \
P CH(OR),
AcO'  OAc 0 0-
4 5 (53% 38/862) 14 (70% 1:1) R < Ac
0 >0
3 A°°""§ { 2 (A) <_§ H /-\_§ s S 1 100§ CHO
AcO . OAc 78 (71% 1 2) b (14% 15 (3% 1:1)
R= CH(OAc)g
O
4 AcO 2 (A) <_<—>_< 10 6 10(C) <\ (_}_ CHO
0
AcO . OAc 9a (70%73 9b (10%) % (ee.sut1)
R = CH(OAc),
\>—\ W 11 8 10(C) § °
5 1 | "H ioa 3 - C‘H(OAC)2 CHO
10 (A) o o 3
(A) 11 (60% 3:1) 17 (70%‘1:1)
.-~O ~QAc
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12a + 12a 55%

R = CH(OAC),

¢In some cases the aldo C-glycoside was contaminated with 1,2,4-tri-O-acetyl-1,5-anhydropent-2-enopyranosides (3-7%).

Tetracetyl-2-hydroxy-D-glucal,’? triacetyl-2-hydroxy-L-fucal,!
triacetyl-2-hydroxy-p-xylal,’ triacetyl-2-hydroxy-L-xylal,'
[(thexyldimethylsilyl)oxy]-2-methyl-2-propen-1-0l,'® and [(thex-
yldimethylsilyl)oxy]-3-methyl-3-buten-2-0l'® were prepared ac-
cording to published procedures. 1,1-Dideuterio-2-methyl-2-
propen-1-ol was synthesized by the reduction of ethyl methacrylate
with LiAID,. Dichloromethane was distilled from P,0; and stored
over 4-A molecular sieves. Flash chromatography was carried out
on silica gel 60 (30—60 um) in the indicated solvents. Thin-layer
chromatography was performed on silica gel 60 F254 (E. Merck).
Optical rotations were measured on a Roussel-Jouan “Quick”
polarimeter. Ultrasound assisted reactions were performed in
an ultrasonic cleaner. Molecular sieves (4 A) were dried over P,0;
for 1 h under vacuum (12 mm) at 500 °C.

Procedure for the Condensation of Olefins with Per-
acetylated Glycals. Procedure A. To a stirred suspension of
4-A molecular sieves (0.7 g/mmol) and dry zinc bromide (1 equiv)
in dichloroethane (1.5 mL/mmol) was added dropwise under
ultrasound a mixture of glycal (5-10 mmol) and thexyldi-
methylsiloxy ether (1.2 equiv). When all the starting material
had disappeared (4—6 h) the reaction was diluted with diethyl ether
(15 mL/mmol) and then filtrated on Celite. The filtrate was
successively washed with a saturated solution of NaHCO; (3 X
2 mL/mmol) and brine (2 mL/mmol) and then dried (MgSO,).

(13) Ferrier, R. J. In Method in Carbohydrate Chemistry; Whistler,
R. L., BeMiller, J. N., Eds.; Academic Press: New York, 1972; Vol. VI,
p 307.

(14) Varela, O.; De Fina, G. M.; De Lederkremer, R. M. Carbohydr.
Res. 1987, 167, 187.
(15) Oertle, K.; Wetter, H. Tetrahedron. Lett. 1985, 26, 5511.

The solvent was evaporated under reduced pressure then flash
chromatography in the indicated solvents furnished the pure
C-glycosides.

Procedure B. A round-bottom flask equipped with a magnetic
stirring bar was filled successively with glycal (3-6 mmol), di-
chloroethane (1.5 mL/equiv) molecular sieves (0.8 g/mmol),
(thexyldimethylsilyl)oxy ether (1.2 equiv), and tin(IV) bromide
{1 equiv). After 0.15 h the reaction mixture was cooled to 0 °C,
and then tin(IV) chloride (1 equiv 1 M in dichloromethane) was
added. After a night of stirring at 0 °C the suspension was poured
in a 1:1 mixture of diethyl ether and a saturated solution of
Na,HPO, (10 mL/mmol). The aqueous layer was extracted twice
with diethyl ether (5 mL/mmol). The organic layer was washed
with a saturated solution of NaHCO; (56 mL/mmol) and with water
(56 mL/mmol) and then dried (MgSO,). The solvent was evap-
orated under reduced pressure, and then flash chromatography
in the indicated solvents furnished the pure 2-oxo C-glycosides.

Procedure C. To a stirred suspension of 4-A molecular sieves
(0.7 g/mmol), benzaldehyde (3 equiv), and dry zinc bromide (1
equiv) in dichloroethane (1.5 mL/mmol) was added dropwise
under ultrasound a mixture of glycal (3-6 mmol) and thexyldi-
methylsiloxy ether (1.2 equiv). When all the starting material
had disappeared (3-5 h) the reaction was diluted with diethyl ether
(15 mL/mmol) and then filtrated on Celite. The filtrate was
successively washed with a saturated solution of NaHCO; (3 X
2 mL/mmol) and brine (2 mL/mmol) and then dried (MgS04).
The solvent was evaporated under reduced pressure, and then
flash chromatography in the indicated solvents furnished the pure
C-glycosides.

[2S-[2a(R*S*),68])-3-Methyl-4-[3,6-dihydro-6-methyl-3-
0x0-2H-pyran-2-yl]-2-butanone (3): 72% (hexane—ethyl ace-
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tate—dichloromethane (3:2:5)); [«]®p = +67.5° (¢ 0.1, CHCl,); 'H
NMR (CDCl;) 6 1.15(d, 3 H, J = 7 Hz, Me C-3), 1.32 (d, 1.8 H,
J = 6.9 Hz, Me C-6 (5)), 1.38 (d, 1.2 H, J = 6.9 Hz, Me C-6 (R)),
1.65 (ddd, 0.6 H, J = 3.45, 5.76, and 14.30 Hz, H-4 (S)), 1.8 (ddd,
04H,J = 4.89, 8.9, and 14.30 Hz, H-4 (R)), 2.17 (m, 0.4 H, H-4(R)),
2.18 (s, 1.8 H, H-1 (8)), 2.22 (s, 1.2 H, H-1 (R)), 2.25 (m, 0.6 H,
H-4 (S)), 2.75 (m, 1 H, H-3), 4.2 (m, 1 H, Py H-2)), 4.5 (m, 1 H,
H-8), 6.0 (dd, 1 H, J = 2.3 and 10.36 Hz, Py H-4), 6.9 (dd, 1 H,
J = 2.59 and 10.36 Hz, H-5); *C NMR (CDCl,) 6 16.68 and 17.13
(q, Me C-3), 18.37 and 19.34 (g, Me C-6), 28.52 and 28.97 (q, C-1),
32.12 and 32.42 (t, C-4), 42.92 and 44.14 (d, C-3), 65.56 (d, C-6),
76.75 (d, Py C-2), 124.91 (d, Py C-4), 151.66 and 152.34 (d, C-5),
196.22 (s, Py C-3), 212.06 (s, C-2). Anal. Caled for C,;H,O4
0.5H,0: C, 64.36; H, 8.23. Found: C, 64.40; H, 8.13.
[2R-[2a(R*S*),68]]-4-[6-[(Acetyloxy)methyl]-3,6-di-
hydro-3-oxo-2H-pyran-2-yl]-3-methyl-2-butanone (5): 53%
(hexane—ethyl acetate (1:1)); [«]®p = —25° (¢ 0.1, CHCly); 'H NMR
(CDCly) 6 1.16 (d, 1.86 H, J = 7.02 Hz, Me C-3 (R)), 1.18 (d, 1.14
H, J = 6.91 Hz, Me C-3 (S)), 1.64 (ddd, 0.62 H, J = 3.45, 5.18,
and 14.48 Hz, H-4 (R)), 1.78 (ddd, 0.38 H, J = 4.89, 8.64, and 14.36
Hz, H-4 (S)), 2-2.1 (m, 0.38 H, H-4 (S)), 2.1 (s, 3 H, CH;CO), 2.2
(s, 3 H, H-1), 2.2-2.3 (m, 0.62 H, H-4 (R)), 2.75 (m, 1 H, H-3),
4.15 (dd, 0.62 H, J = 4.08 and 11.82 Hz, AcOCH, (R)), 4.22 (dd,
0.38 H, J = 3.94 and 11.82 Hz, AcOCH, (S)), 4.23 (m, 1 H, Py
H-2), 4.32 (dd, 0.62 H, J = 6.49 and 11.82 Hz, 6-AcOCH, (R)),
4.37 (dd, 0.38 H, J = 5.95 and 11.82 Hz, AcOCH, (S)), 4.55 (m,
0.62 H, H-6), 4.63 (m, 0.38 H, H-6), 6.16 (dd, 0.38 H, J = 2.18 and
10.65 Hz, Py H-4 (S)), 6.17 (dd, 0.62 H, J = 2.18 and 10.65 Hz,
Py H-4 (R)), 6.88 (dd, 0.38 H, J = 2.6 and 10.65 Hz, H-5 (S)), 6.92
(dd, 0.38 H, J = 2.6 and 10.65 Hz, H-5 (R)); 3*C NMR (CDCI,)
8 17.17 (g, Me C-3), 20.01 (q, CH;0), 29.08 (q, C-1), 32.15 and
32.58 (t, C-4), 42.86 and 44.21 (d, C-3), 63.46 and 64.17 (d, C-6),
67.85 and 69.07 (t, AcOCHy,), 75.73 and 76.67 (d, Py C-2), 127.12
and 127.42 (d, Py C-4), 145.83 and 146.80 (d, C-5), 170.64 (s,
CH,CO0), 195.45 (s, Py C-3), 211.96 (s, C-2). Anal. Calcd for
013H1305: C, 61-40; H, 7.13. Found: C, 61.16; H, 7.18.
[R-[R*,.R*S*]]}-3-Methyl-4-[3,6-dihydro-3-0xo-2H-pyran-
2-y1]-2-butanone (7a): 71% (hexane—ethyl acetate—dichloro-
methane (27.5:22.5:50)); [a]®p = +42.5° (¢ 0.5, CHCl,); 'H NMR
(CDCly) 6 1.14 (d, 2 H, J = 7.03 Hz, Me C-3 (R)), 1.15 (d, 1 H,
J =17.12 Hz, Me C-3 (5)), 1.77 (ddd, 0.33 H, J = 4.29, 8.38 and
14.55 Hz, H-4 (8S)), 1.91 (ddd, 0.66 H, J = 3.74, 6.78 and 14.55
Hz, H-4 (R)), 2.1 (ddd, 0.66 H, J = 7.5, 9.79 and 14.55 Hz, H-4
(R)), 2.18 (s, 3H, H-1), 2.36 (ddd, 0.33 H, J = 4.19, 9.24, and 14.556
Hz, H-4 (S)), 2.75 (m, 1 H, H-3), 4 (m, 1 H, Py H-2), 4.36 (m, 2
H, H-6), 6.11 (dd, 0.66 H, J = 2.10 and 10.66 Hz, Py H-4(S)), 6.13
(dd, 0.33 H, J = 2.15 and 10.33 Hz, Py H-4 (R)), 7.02 (dd, 0.33
H, J = 2.65 and 10.33 Hz, H-5 (S)), 7.06 (dd, 0.66 H, J = 2.65
and 10.66 Hz, H-5 (R)); 1*C NMR (CDC};) § 16.38 and 17.16 (q,
Me C-3), 28.04 and 28.28 (q, C-1), 32.31 (t, C-4), 42.67 and 43.80
(d, C-3), 63.41 and 64.1 (t, C-6), 78.56 and 78.82 (d, Py C-2), 126.23
and 126.43 (d, Py C-4), 147.88 (d, C-5), 195.74 (s, Py C-3), 211.91
(s, C-2). Anal. Caled for C,H,,040.5H,0: C, 62.80; H, 7.90.
Found: C, 62.50; H, 7.57.
(R)-1,1-Bis(acetyloxy)-3,6-dihydro-a,a-dimethyl-3-oxo-
2H-pyran-2-propanal (7b): 14% (hexane-ethyl acetate-di-
chloromethane (27.5:22.5:50)); [a]®p = +15° (¢ 0.1, CHCl;); H
NMR (CDCly) 4 1.02 and 1.04 (two s, 6 H, Me C-2), 1.65 (dd, 1
H, J = 9.69 and 15.1 Hz, H-3), 2.09 and 2.10 (two s, 6 H, CH,CO),
2.17(dd, 1 H,J =198 and 15.1 Hz, H-3),4.13 (dd, 1 H, J = 1.98
and 9.69 Hz, Py H-2), 4.38 (m, 2 H, H-6), 6.17 (ddd, 1 H, J = 2.07,
2,07 and 10.33 Hz, H-4), 6.73 (s, 1 H, H-1),7.05(ddd, 1 H, J =
2.76, 2.76, and 10.33 Hz, H-5); *C NMR (CDCl,) ¢ 20.73 (q,
CH,;COQ), 21.88 and 22.41 (q, Me C-2), 35.83 and 36.90 (t, C-3),
63.93 (t, C-6), 78.19 (d, Py C-2), 93.03 (d, C-1), 126.14 (d, C-4),
147.88 (d, C-5), 169.02 (s, CH;CO), 195.78 (s, Py C-3). Anal. Caled
for C,,Hx040.5H,0: C, 57.32; H, 7.21. Found: C, 57.08; H, 6.85.
[S-[§*R*S*]])-3-Methyl-4-[3,6-dihydro-3-0x0-2H-pyran-
2-y1]-2-butanone (9a). 70% (hexane—ethyl acetate (5:5)); [a]®p
=-37.5° (¢ 0.1, CHCl;); 'H NMR (CDCl3) $1.14 (d, 2.1 H,J =
7.01 Hz, Me C-3 (8)), 1.15 (d, 0.9 H, J = 7.12 Hz, Me C-3 (R)),
1.77 (ddd, 0.3 H, J = 4.25, 8.32, and 14.55 Hz, H-4 (R)), 1.91 (ddd,
0.7 H, J = 3.65, 6.9, and 14.63 Hz, H-4 (S)), 2.1 (ddd, 0.7 H, J
=173, 9.75, and 14.63 Hz, H-4 (3)), 2.19 (s, 3 H, H-1), 2.37 (ddd,
0.3 H, J = 4.15, 9.22, and 14.55 Hz, H-4 (R)), 2.75 (m, 1 H, H-3),
4 (m, 1 H, Py H-2), 4.25-4.33 (m, 2 H, H-6),6.15(dd, 1 H,J =
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2.19 and 10.36 Hz, Py H-4), 7.05 (dd, 1 H, J = 2.66 and 10.36 Hz,
H-5); 1*C NMR (CDCl,) 6 16.8 and 17.5 (g, Me C-3), 28 and 28.2
(q, C-1), 32.4 and 32.6 (t, C-4), 42.4 and 44 (d, C-3), 63.4 and 64
(t, C-8), 78.6 and 78.9 (d, Py C-2), 126 and 126.2 (d, Py C-4), 147.8
and 148 (d, C-5), 196 (s, Py C-3), 212 (s, C-2). Anal. Calcd for
C,oH1,040.5H,0: C, 62.80; H, 7.90. Found: C, 62.94; H, 7.66.
(S)-1,1-Bis(acetyloxy)-3,6-dihydro-a,a-dimethyl-3-oxo0-2 H-
pyran-2-propanal (9b): 10% (hexane—ethyl acetate (5:5)); [@]*p
= -17.5° (¢ 0.1, CHCl;); 'H NMR (CDCly) 6 1.12 (s, 3 H, J = 7
Hz, Me C-2), 1.13 (s, 3 H, J = 7 Hz, Me C-2), 1.65 (dd, 1 H, J
= 9.7 and 15.1 Hz, H-3), 2.09 and 2.10 (s, 6 H, CH,CO0), 2.17 (dd,
1H,J=1.89and 15.1 Hz, H-3), 4.15(dd, 1 H, J = 1.98 and 9.7
Hz, Py H-2), 4.4 (m, 2 H, H-6), 6.15 (ddd, 1 H, J = 2.07, 2.07, and
10.33 Hz, H-4), 6.73 (s, 1 H, H-1), 7.1 (ddd, 1 H, J = 2.76, 2.76
and 10.33 Hz, H-5); 13C RMN (CDCl;) 6 20.76 (q, CH;CO), 21.92
and 22.43 (q, Me C-2), 35.83 and 35.88 (t, C-3), 63.65 (t, C-6), 78.27
(d, Py C-2), 93.04 (d, C-1), 126.52 (d, C-4), 147.70 (d, C-5), 169.14
(s, CH3;CO), 195.87 (s, Py C-3). Anal. Caled for C,H,0¢-H,0:
C, 55.62; H, 7.34. Found: C, 55.42; H, 7.15.
[28-[2a(R*S*),66]])-1,1-Bis(acetyloxy)-3,6-dihydro-a,6-
dimethyl-3-0x0-2 H-pyran-2-propanal (11);: 60% (hexane—ethyl
acetate (1:1)); [a]®p = +25° (¢ 0.1, CHCl;); 'H NMR (300.13
CDCl,) 6 1.05 (d, 2.25 H, J = 7.02 Hz, Me C-2 (5)), 1.07 (d, 0.75
H, J = 6.94 Hz, Me C-2 (R)), 1.4 (d, 2.25 H, J = 6.64 Hz Hz, Me
C-6(S)), 1.42 (d, 0.75 H, J = 6.78 Hz, Me C-6 (S)), 1.55 (ddd, 0.75
H, J = 3.34, 10.41, and 14.3 Hz, H-3 (5)), 1.68 (ddd, 0.25 H, J
= 6.2, 9.06, and 14.3 Hz, H-3 (R)), 1.95 (ddd, 0.25 H, J = 3.81,
11.44, and 14.3 Hz, H-3 (R)), 2.08 (m, 0.75 H, H-3 (S)), 2.1 (s, 6
H, CH,CO), 2.2 (m, 1 H, H-2), 4.25 (dd, 0.75 H, J = 3.34 and 11.44
Hz, Py H-2 (S)), 4.35 (dd, 0.25 H, J = 4.77 and 9.06 Hz, Py H-2
(R)), 4.55 (m, 1 H, H-6), 6.02 (dd, 0.25 H, J = 2.07 and 10.49 Hz,
H-4 (R)), 6.04 (dd, 0.75 H, J = 2.18 and 10.49 Hz, H-4 (S)), 6.76
(d, 0.75 H, J = 3.34 Hz, H-1 (S)), 6.77 (d, 0.25 H, J = 3.34 Hz,
H-1 (R)), 6.95 (dd, 1 H, J = 2.86 and 10.49 Hz, H-5). Anal. Calcd
for C,;Hyy040.5H,0: C, 57.32; H, 7.21. Found: C, 57.50; H, 6.81.
[R-{R*R*S*])-1,1-Bis(acetyloxy)-3,6-dihydro-a-methyl-
3-0x0-2H-pyran-2-propanal (13): 70% (hexane-ethyl ace-
tate—dichloromethane (3:2:5)); [«]®p = +21.5° (¢ 0.1, CHCLy); 'H
NMR (CDCl,) 6 1.04 (d, 1.5 H, J = 6.8 Hz, Me C-2 (R)), 1.06 (s,
1.5 H, J = 6.80 Hz, Me C-2 (R)), 1.6 (ddd, 0.5 H, J = 5.25, 8.5
and 14.3 Hz, H-3 (R)), 1.87 (m, 1 H, H-3 (S)), 2.15 (two s, 6 H,
CH,CO0), 2.18 (ddd, 0.5 H, J = 3.8, 8.2 and 14.3 Hz, H-3 (R)), 2.25
(m, 1 H, H-2), 4.05 (m, 0.5 H, Py H-2 (R)), 4.3 (m, 0.5 H, Py H-2
(S)), 4.45 (m, 2 H, H-6), 6.17 (ddd, 1 H, J = 2.86, 3.8, and 10.49,
H-4),6.75(d, 0.5 H, J = 8.77 Hz, H-1 (R)), 6.8 (d, 0.6 H, J = 3.48
Hz, H-1 (S)), 7.06 (ddd, 1 H, J = 2.38, 3.34, and 10.49 Hz, H-5);
13C NMR (CDCl) 6 13.00 and 14.55 (q, Me C-2), 20.84 (g, CH;CO),
30.03 and 30.80 (t, C-2), 32.79 and 33.02 (d, C-3), 63.82 and 64.19
(t, C-6), 78.07 and 78.90 (d, Py C-2), 91.60 and 92.22 (d, C-1), 126.55
(d, C-4), 147.91 (d, C-5), 169.09 (s, CH;CO), 196.07 (s, Py C-3).
Anal. Calcd for Cj3H,404: C, 57.77; H, 6.71. Found: C, 57.69;
H, 6.21.
[S-[S*R*S*]]-1,1-Bis(acetyloxy)-3,6-dihydro-a-methyl-
3-0x0-2H-pyran-2-propanal (14): 70% (hexane—ethyl ace-
tate-dichloromethane (3:2:5)); [«]?°p = -19° (¢ 0.1, CHCly); 'H
NMR (CDCl,) 6 1.04 (d, 1.5 H, J = 6.8 Hz, Me C-2 (S)), 1.06 (d,
1.5 H, J = 6.8 Hz, Me C-2 (R)), 1.6 (ddd, 0.5 H, J = 5.25, 8.6 and
14.3 Hz, H-3 (S)), 1.87 (m, 1 H, H-3 (R)), 2.15 (two s, 6 H, CH3CO),
2.18 (ddd, 0.5 H, J = 3.8, 8.2, and 14.3 Hz, H-3 (8)), 2.25 (m, 1
H, H-2), 4.05 (m, 0.5 H, Py H-2 (R)), 4.3 (m, 0.5 H, Py H-2 (9)),
4.45 (m, 2 H, H-6), 6.17 (ddd, 1 H, J = 2.86, 3.08, and 10.49, H-4),
6.75(d, 0.6 H, J = 3.77 Hz, H-1 (S5)), 6.8 (d, 0.5 H, J = 3.46 Hz,
H-1(R)), 7.05 (ddd, 1 H, J = 2.38, 3.34, and 10.49 Hz, H-5). Anal.
Calced for C,3H50q: C, 57.77; H, 6.71. Found: C, 57.15; H, 6.31.
[2S-[2a(R*S *),66]]-3,6-Dihydro-a,6-dimethyl-3-0x0-2H -
pyran-2-propanal (15): 53% (hexane—ethyl acetate (1:1)); [2]®p
= +25° (¢ 0.1, CHCly); 'H NMR (CDCl;)  1.18 (d,3 H, J = 7.05
Hz, Me C-2), 1.37 (d, 1.5 H, J = 6.96 Hz, Me C-6 (S)), 1.38 (d,
1.5 H, J = 6.94 Hz, Me C-6 (R)), 1.75 (ddd, 0.5 H, J = 3.33, 7.63,
and 14.59 Hz, H-3 (S)), 1.95 (ddd, 0.5 H, J = 4.76, 9.06, and 14.59
Hz, H-3 (R)), 2.15-2.3 (m, 1 H, H-3 (R) and H-3 (S)), 2.6 (m, 1
H, H-2), 4.25 (dd, 0.5 H, J = 3.33 and 10.70 Hz, Py H-2 (S)), 4.27
(dd, 0.5, H, J = 4.35 and 9.06 Hz, Py H-2 (R)), 4.55 (m, 1 H, H-6),
6.03 (dd, 0.5 H, J = 1.95 and 10.42 Hz, H-4 (S)), 6.04 (dd, 0.5 H,
J = 2.03 and 10.42 Hz, H-4 (R)), 6.97 (dd, 1 H, J = 2.86 and 10.42
Hz, H-5),9.63 (d,0.5 H,J = 1.9 Hz, H-1),9.68 (d,0.5H,J = 1.9
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Hz, H-1); )C NMR (CDCly) é 13.40 (q, Me C-2), 18.37 and 20.76
(g, Me C-6), 30.15 and 30.33 (t, C-3), 42.35 and 43.28 (d, C-2), 65.94
(d, C-6), 74.78 (d, Py C-2), 124.77 (d, C-4), 151.66 and 151.81 (d,
C-5), 195.80 (s, Py C-3), 203.90 (s, C-1).
[R-[R*,R*S*]]-3,6-Dihydro-a-methyl-3-0x0-2H-pyran-2-
propanal (16): 66.5% (hexane—ethyl acetate-dichloromethane
(3:2:5)); [a]®p = +14° (¢ 0.5, CHCl,); '"H NMR (CDCl,) 5 1.17
(d, 1.5 H,J = 7.07 Hz, Me C-2), 1.18 (d, 1.5 H, J = 7.14 Hz, Me
C-2),1.9 (ddd, 0.5 H, J = 3.79, 8.72 and 14.41 Hz, H-3 (R)), 2-2.2
(m, 1 H, H-3 (8)), 2.4 (ddd, 0.5 H, J = 3.79, 8.72, and 14.41 Hz,
H-3 (R)), 2.6 (m, 1 H, H-2), 4.1 (m, 1 H, Py H-2), 44 (m, 2 H,
H-6), 6.15 (dd, 1 H, J = 1.98, 2.09, and 10.24 Hz, H-4), 7.1 (dd,
1H,J=221,292 and 10.24 Hz, H-5), 9.62 (d, 0.5 H, J = 2.21
Hz, H-1),9.64 (0.5 H, J = 1.9 Hz, H-1); 3C NMR (CDCl,) 4 13.73
and 20.97 (q, Me C-2), 30.61 (t, C-3), 42.44 and 43.01 (d, C-2), 63.90
and 64.23 (t, C-6), 78.15 and 78.61 (d, Py C-2), 126.49 (d, C-4),
148 (d, C-5), 195.90 (s, Py C-3), 204.42 (d, C-1).
[S-[S*R*S*]]-3,6-Dihydro-a-methyl-3-oxo-2H-pyran-2-
propanal (17): 70% (hexane—ethyl acetate~dichloromethane
(3:2:5)); [«]®p = -10 (c 0.5, CHCl,); '"H NMR 6 1.17 (d, 0.5 H,
J = 7.06 Hz, Me C-2), 1.18 d, 0.5 H, J = 7.12 Hz, Me C-2), 1.9
(ddd, 0.5 H, J = 3.7, 8.51, and 14.80 Hz, H-3 (S)), 2-2.2 (m, 1 H,
H-3 (R)), 2.4 (ddd, 0.5 H, J = 3.7, 8.51, and 14.80 Hz, H-3 (S)),
2.6 (m, 1 H, H-2), 4.1 (m, 1 H, Py H-2), 4.4 (m, 2 H, H-6), 6.15
(dd, 1 H, J = 1.85, 2.2, and 10.36 Hz, H-4), 7.1 (dd, 1 H, J = 1.87,
2.62, and 10.36 Hz, H-5), 9.62 (d, 0.5 H, J = 2.29 Hz, H-1), 9.64
(0.5 H, J = 1.87 Hz, H-1); 3C NMR 4 13.70 and 20.94 (q, Me C-2),
30.59 (t, C-3), 42.42 and 43.37 (d, C-2), 63.98 and 64.20 (t, C-6),
78.15 and 78.59 (d, Py C-2), 126.44 (d, C-4), 147.98 (d, C-5), 195.59
(s, Py C-3), 204.28 (d, C-1).
[R-[R*,R*S*]]-1,1-Bis(acetyloxy)-1,2-dideuterio-3,6-di-
hydro-a-methyl-3-0x0-2H -pyran-2-propanal (23): 70%
(hexane-ethyl acetate-dichloromethane (3:2:5)); [a]®p = +45°
(¢ 0.1, CHCl,); '"H NMR (CDCl,) 6 1.01 (s, 1.62 H, Me C-2 (R)),
1.02 (s, 1.38 H, Me C-2 (S)), 1.6 (dd, 0.54 H, J = 8.85 and 14.8
Hz, H-3(R)), 1.87 (m, 0.92 H, H-3 (S)), 2.15 (two s, 6 H, CH,;CO),
2.18 (ddd, 0.54 H, J = 4.29 and 14.8 Hz, H-3 (R)), 4.05 (m, 0.54
H, Py H-2 (R)), 4.3 (m, 0.46 H, Py H-2 (S)), 4.45 (m, 2 H, H-6),
6.17 (ddd, 1 H, J = 2.86, 3.8, and 10.49 Hz, H-4), 7.1 (ddd, 1 H,
J = 281, 3.81, and 10.49 Hz, H-5).
[28-[2a(R*S*),50,68])-5-(Acetyloxy)-a,6-dimethyl-5,6-di-
hydro-2H-pyran-2-propanal (25); [a]®p = -77° (c 0.1, CHCly);
'H NMR (CDCl,) 6 1.14 (s, 2 H, Me C-2 (S)), 1.16 (s, 1 H, Me
C-2(R)),1.21{d,1H,J =6.7Hz,Me C-6 (R)), 1.38(d,2H, J
= 6.7 Hz, Me C-6 (S)), 1.42 (dd, 0.66 H, J = 3.64 and 14.58 Hz,
H-3(S)), 1.78 (dd, 0.33 H, J = 9.11 and 14.58 Hz, H-3 (R)), 1.94
(dd, 0.33 H, J = 3.95 and 14.58 Hz, H-3 (R)), 2.1 (s, 3 H, CH;CO),
2.15 (dd, 0.66 H, J = 10.32 and 14.58 Hz, H-3 (S)), 3.85 (dq, 1
H, J = 5.6 and 7 Hz, H-6), 4.25 (m, 1 H, Py H-2), 4.86 (m, 1 H,
H-5), 5.74-5.92 (m, 2 H, Py H-3 and H-4).
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The manzamines, which have been isolated from marine
sponges,?* comprise a new group of 8-carboline alkaloids

(1) (a) Hokkaido University. (b) Kanazawa University.

Table I. 'H and '3C NMR Chemical Shifts (ppm) of Ircinal A
(1) and Protons to which Long-Range Correlations Were
Observed in the HMBC Experiments

position  18C 'H J (Hz) HMBC (‘H)
1 193.3d 9.45s H-11, H-24

10 142.6 s H-1, H-23, H-24

11 1576d 6.75s H-13, H-24, H-26

12 7028 H-13, H-26

13 389t 161lm,1.77m H-14, H-26

14 210t 211m,224m H-15, H-16

15 127.9d 5.56 m H,-1

16 132.5d 5.50 dddd 10.7, 10.7, H-14

10.7, 4.6

17 256t 1.63m,243m H-15, H-16

18 267t 1.25m,141m H-20

19 253t 1.38m,1.71m H,-20

20 535t 2.39m,257m H-36

22 494t 1.86m,2.77m H-20, H-23, H,-36

23 316t 1.22m,1.78 m H-24

24 34.0d 2.58dd 12.2, 6.8 H-11, H-22, H-23,
H-35, H-36

25 46.4 s H-24, H-26, H-34,
H-35, H-36

26 763d 3445 H-11, H-13, H-24,
H-34, H-35,
H,-36

28 514t 3.04dm,3.38m H-26

29 298t 1.73m, 193 m H-28, H-31

30 253t 1.35m,1.89m H,-28, H,-31, H-32

31 282t 214m, 229 m H-32, H-33

32 137.1d 6.03 dddd 11.0, 7.1, H-30, H,-31, H-33,

7.1, 15 H- 3

33 127.7d 5.26 ddd 10.5, 10.3, 1.2 H-34, H,-35

34 554d 4.36brt 8.1 H-28, H 32, H-33,
H-35

35 446t 1.67m,186m H-24, H-26, H-33,
H-34, H,-36

36 692t 229d,281d 11.2 H-22, H-26, H,-35

having intricate polycyclic systems. The provenance of the
nitrogen-containing ring systems embraced in the man-
zamine alkaloids has been problematical since there ap-
pears to be no obvious biogenetic path. During our studies
on bioactive substances from Okinawan marine organisms,’
we have isolated two novel alkaloids, ircinals A (1) and B
(2), which might be plausible biogenetic precursors of the
manzamine alkaloids, from the Okinawan marine sponge
Ircinia sp. Here, we describe the isolation and structure
elucidation of 1 and 2 as well as two new manzamine
congeners, manzamines H (3) and J (4), from the same
sponge. Ircinals A (1) and B (2) were converted into
manzamines A (5) and J (4), respectively, through Pic-
tet—Spengler cyclization with tryptamine followed by DDQ
oxidation. Ircinals A (1) and B (2) and manzamines H (3)
and J (4) exhibited cytotoxicity.

The sponge Ircinia sp. was collected off Kise, Okinawa,
and kept frozen until processing. The methanol extract
of the sponge was partitioned between ethyl acetate and
water. The ethyl acetate soluble material was subjected
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(5) (a) Kobayashi, J.; Kanda, F.; Ishibashi, M.; Shigemori, H. J. Org.
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Soc., Chem. Commun. 1991, 1050-1052. (c) Murata, O.; Shigemori, H.;
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1, 1991, 1135-1137. (e) Kobayashi, J.; Shigemori, H.; Ishibashi, M;
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