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Abstract: Rigid and highly functionalized compounds with a tetracyclo [6.3.1.1 1.4 0512 framework were
transformed into a number of derivatives, including a lipid (1) and a linker (2) compound. The former
carries a highly oxygenated polar head, and has characteristics common to glycolipids, whereas the latter

carries a lmkcr moiety su1table for Louphng to a solid support for further mampu]aﬂons © 1998 Elsevier
Science Lid. All rights reserved.

INTRODUCTION

Conformationally restricted compounds are potentially useful as scaffolds for the development of lead
structures in the search for novel drugs and other biologically active compounds. Furthermore, cyclic structures

esent the most interes tmg tar and such rlgld structures Dr0v1de more information
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compounds that is increasingly appreciated as important ligands for protein binding in connection with e.g.
bacterial and viral infection.? Another aspect of conformationally restricted structures is their usefulness as
scaffolds for the synthesis of molecular libraries by combinatorial methods.

We wish to report the synthesis of some functionalized, enantiomerically pure, oxa-norbornanes and
transformation into the corresponding lipid and linker derivatives 1 and 2 (Fig. 1). These compounds are

potentially useful for further functionalization, both by liquid and solid phase methods.
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The oxa-norbornane scaffold is available in eight reaction steps, starting with D-glucose. Key steps include
ring-contraction of an epoxysugar and intramolecuiar Diels-Alder reaction of a furan aidehyde.3-5

The known? methyl acetal 3 (Scheme 1) was hydrolyzed in aqueous sulfuric acid to give the corresponding
hemiacetal, which was conventionally acetylated to furnish the diacetate 4 (93%) as a single epimer. Treatment of
4 with BF3OEt; and thiophenol in CH»Cl; yielded the "thioglycoside" 5 (90%), also as a single epimer.
Treatment of 4 with 3-bromo-2-(bromomethyl)propanol® under similar conditions gave (in addition to 10;
Scheme 2) substantial amounts of the bis-furan 6, presumably via a retro Diels-Alder reaction followed by 1,4-

elimination of acetic acid. The formation of single eplmers of 4 and 5 reflects the propensity for a pseudoaxial
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some oxidation reactions starting with compound 3, as well as different functionalisations at the anomeric
. . .
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olid-phase manipulations of

oxa-
norbornanes without risking a retro-Diels-Alder reaction in compounds retaining the double bond.

Selective oxidation of 3 gave the sulfone 7, as previously described. Treatment of 7 with N-
methylmorpholine-N-oxide and a catalytic amount of OsO48 furnished the densely oxygenated water soluble
compound 8 (91%). The face selectivity in the OsO4-oxidation of 7 (—8) is expected and well in line with the
corresponding epoxidation.5 The structure of 8 is supported by the J3.4 coupling constant (0 Hz; Table 1).

Conventional acetylation of 8 provided the triacetate 9 suitable for detailed IH NMR analysis.

Treatment of the thioglycoside 5 (Scheme 2) with N-iodosuccinimide and trifluoromethanesulfonic acid10
(conventional olvecoevlation conditiong) in the nrecence of ?_hrnmn_’)_(hrnmr\mpfhvl\nrnnannlﬁ (DIROT )
\WOLIYLIivViiar 1YCUS y1duUn CONMUGILVNHS ) 1 WL phtsCnic (814038810 LUIOILOIICUL Y 1 jpiOpanils \ ML)

g s
furnished the DIB glycoside 10 (71%). Displacement of the bromine atoms in 10 by hexadecylmercaptan
provided the bis-sulfide lipid 11 (74%), which was deacetylated with MeONa-MeOH to give 12 (94%). The
three sulfur atoms of 12 were oxidized by MCPBA to yicld the tris-sulfone 13 (81%). Compound 13 was
dihydroxylated with N-methylmorpholine-N-oxide and a catalytic amount of OsO4 to furnish the densely
oxygenated lipid 1 (85%), which was conventionally acetylated to give the triacetate 14 (>95%). The water

solubility of 8 indicated that the corresponding lipid 1 would have physical properties similar to glycolipids.
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Thus, it was found that 1 migrates on a TLC plate similar to the corresponding glucose lipid.9 Furthermore, the
nolar haad of 1T mioht contain anitanac enitahle for hindino of varinne carhahudrata_ranaonizing mrntaine ciinh oo
PYAGL VAU VL & LUSLIL VULIGLLL VPIIVPVS SUlaUiv AUL ULl Ul Valivus vatvunlyUrate-ivLUgiiZing protciiis, Sucii as
plant lectins, antibodies, and bacterial and viral adhesins.?
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Scheme 2. (a) 3-bromo-2-bromomethylpropan-1-ol, N-iodosuccinimide, T{OH (cat.), CH,Cl,, -40 °C, 35 min.

(b) CygH338H, Cs,CO3, DMF, 96 h at 22 °C, 24 h at 60 °C. (c) MeONa, MeOH, CH,Cl,, 11 h. (d) MCPBA,
CH2C12 Ih. (e) 0sOy (cat ), N-methylmorpholine oxide, acetone, HyO, 144 h. (f) N-iodosuccinimide, TFOTMS
(cat.), CH,Cl,, 40 °C, 1 h.

Treatment of 5§ with N-iodosuccinimide and trimethylsilyl trifluoromethanesulfonate in the presence of the
2-gilvlethanol linker 15811 oave the linker coniueate 2 (60%). suitable for counling to a solid sunnort, as described
2-silylethanol linker 15 ga g ( ), pling pport,
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molecular libraries of interest for drug development. It is envisioned that Lewis acid-carboxylic anhydride-
mediated release of the structuraily modified oxa-norbornanes from the solid support will proceed by
simultaneous introduction of acyl groups on the anomeric oxygen, as has been amply demonstrated for 2-

(trimethylsilyl)ethyl glycosides.12 Such structural variation during the release step would greatly expand the size
of a molecular library.
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Figure 2. The oxa-norbornane scaffold; arrows indicate

pUbll.lOIlb suitable for structurai mampulauons
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Table 1. 'H NMR! chemical shiftst!, signal multiplicities and coupling
Chemical shiftsi
Protoni¥ 1 2 4 5 8 9 10 11 12 13 14
1 4.90 5.11 6.28 5.81 5.00 5.03 5.10 5.10 5.06 5.12 5.17
s s 8 d s s 3 8 s s s
2 1.87 1.95 2.12 212 2.18 2.34 2.00 1.98 1.88 2.01 2.33
s ) s d s s s s s s s
3 4.18 4,98 5.08 5.03 445 4.56 498 498 4.92 5.03 4.56
8 d d d s m d d d d s
4 4.05 6.54 6.57 6.66 4.13 5.39 6.54 0.54 6.52 6.57 5.45
d dd dd dd d d dd dd dd dd d
5 3.74 6.28 6.31 6.32 4.12 4.93 6.28 6.28 6.31 6.37 4.92
d d d d d d d d d d d
8 4.40 4.33 4.48 462 4.69 4.56 4.31 4.32 4,42 4.73 4.61
t t i i i m i i t t t
9eq 2.92 2.96 2.95 3.62 2.91 292 2.89 3.56 3.62
m ddd ddd ddd m m dd ddd dd
9ax 3.21 318 325 347 3.20 3.21 324 346
dd dd dd dd dd dd dd dd
10eq 2.96 3.01 3.00 3.67 2.96 2.96 3.02 3.69
m dd dd dd m m d m
10ax 3.32 331 333 3.39 331 3.32 3.39 3.80 3.39
d d d d d d d d d
9,10 3.57- 3.79- 3.73-
335m 372m 3.63m
11 364 418 420 416 383 450 412 412 371 394 445
d m d d s d d d dd m d
11 357 400 402 406 429 399 401 3.60 373- 437
d d d d d d d dd 363m d
I 3.77 375 378 378 3.78 3.92 3.97
dd m dd dd dd m dd
I 345 346 355- 348 349 373 368
m m 343m dd dd 363m m
2 2.78 0.88 228 1.96 1.58 298 306
m m 843 m m m m
3 322 -0.01 355- 259 260 3.41-  3.40-
m s 343m m m 337m 333m
3 3.03 -0.03 323 3.19-
m s 3.10m 3.09m
4 2.89 0.51 248 2.48 3.01 3.06-
m m m m m 299 m
5 1.66 1.30 1.60- 1.56 1.89-  1.88-
m m 151m m 176 m 1.78 m
6-18° 1.32- 1.39-  140- 147- 1.48-
1.03m 12lm 120m 12Ilm 1.22m
197 0.70 0.87 0.88 0.87 0.89
m m m m m
Other 1.62 2.13 7.47 3.33 3.34 2.11 2.12 1.89 2.15
m6 sAc mAr sOMe sOMe gA¢ sAc mOH s Ac
2.30 2.05 7.25 2.14 2.12
m7 s Ac m Ay s Ac s Ac
3.66 2.15 2.1] 2.09
s OMe s Ac s Ac s Ac
2.12 2.08
s Ac s Ac
Coupling
constantsiii
T2 0 0 0 081 0 0 0 0 0 0 0
Ja 3 0 0 0 0 0 0 0 0 0 0 0
J34 0 18 18 18 0 0 18 18 16 18 0
Jas 6.0 57 5.7 5.7 6.0 6.1 5.7 57 5.7 5.7 6.0
Jg-9 4.1 3.0 34 3.1 35 5.4 3.0 3.0 43 52 59
19eg-9ax 147 149 148 147 148 147 143 148 148
J9eg-10eq 1.7 1.6 2.0 0 2.0 4}
J 1 0eq-10ax 141 142 142 151 142 140 140 106 140
-1 11 15 1Ls LS 124 115 115 104 12.4
J-OH 5329
LERS 10.0 99 97 9.7 10.0
I 46 6.1 54 54 4.8
73 5957

iSoivents: CDCI3 (2, 4, 5, 9-14), CDCi3-CD30D 3:1(1) and D20 (8). lippm. iilfiz,
ivfor numbering of protons see Fig. 3.
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TH NMR-spectra were recorded at 400 MHz proton frequency, using CDCl3, CDCI3-CD30D 3:1, or D20
as solvent and CHCI3 (8 7.26) and HO (3 4.80) as internal standards. 1H NMR spectra for all novel oxa-
norbornanes are presented in Table 1; a key for atom numbering is depicted in Fig. 3. 13C NMR-spectra were
recorded at 100 MHz carbon frequency, using CDCl3 or DoO-CD30D as solvent and CHCl3 (8 77.0) and MeOH
(8 49.9) as internal standards. TLC analyses were performed with Merck SiO2 60 F;s¢ precoated aluminium
sheets with visualisation by UV light, charring with H2SO4 (10% in water) or charring with anisaldehyde in
ethanolic sulfuric acid. Column chromatography was performed with Matrex SiO7 60 (35-70 um).

(+)-(1R,2R,38,4S,5R,68,85,128)-6-{3-(Hexadecylsulfonyl)-2-[(hexadecylsulfonyl)-
. .
methyllpropyloxy}-2,3-dihydroxy-7,10,10,13-tetraoxa-10-thiatetracyclo[6.3.1.11.4,¢8.12].

1225 Pt V-4

tridecan-12-yimethanol (1). Compound 13 (23.2 mg, 0.0256 mmol) was dissolved in a mixture of H,O
(0.6 mL) and acetone (1.3 mL), and N-methylmorpholine-N-oxide (3.8 mg, 0.0324 mmol) and OsO4 (0.011 mL
of a 2.5% tBuOH solution, 55x10-6 mmol) were added under Ar. The mixture was stirred at ~22 °C for 72 h,
Os04 solution (0.025 mL, 125x10-6 mmol) was added and the stirring was continued for another 72 h. NayS,>05
(32 mg) was dissolved in H70 (0.1 mL) and added to the reaction mixture. The solvent was removed and the
residue was chromatographed (20:1 EtOAc-EtOH) to give 1 (20.5 mg, 85%); [@]?5p +5.0 (¢ 1.0, CHCl3). 1H
NMR in CDCl3-CD30D: see Table 1; with pure CDCl3, severe line-broadening was observed. 13C NMR

(CDCl2): 8 106.8, 88,9, 85.4, 82,2, 72,9, 72.5, 67.9, 65.2, 64.5, 55.2, 53.9, 53.8, 52.1, 51.8, 51.4, 504,
31.9, 29.7, 29.6

1 s 75 > LERRCA YN
nLn

29.5, 294, 29.2, 28.5, 22.7, 21.7, 21.6, 14.1. HRMS calcd for C47HggO1253Na (M+Na)
963.5336,

Q \

£ £ armaliiinal cnmanla ~F §A £ o ate L vield) 1
03.0528. AN Aandiylicadl sampic O 14 (guanutauve y a) was obtained Dy conventional
1o

Lo 3
ouna

9 A
acetylation in AcoO-pyridine; *H NMR: see Table 1.

(+)-(1R,4S,5R,68,85,125)-6-(methyl 6,6-dimethyl-6-sila-8-oxyoctanoate)-7,13-dioxa-
10-thiatetracyclo[6.3.1.11.4.05-12]tridec-2-en-12-ylmethyl acetate (2). A solution of 15 (86.6 mg,
0. 396 mmol) was dissolved in dry CH2Cly. The solution was added to a mixture of 5§ (99.4 mg, 0.264 mmol),
N-Iodosuccinimid (73 2 mg, 0.325 mmol), and activated molecular sicves (AW-300). The mixture was cooled to

-40 °C and CF3803S8iMe3 (0.01 mL, 0.055 mmol) was added. The reaction mixture was stirred at -40 °C for 1 h,
EtsN (0.10 mL) was added, and the temperature was raised to ~22 °C. The reaction mixture was filtered (Celite)
nnnnnnnnnnnn P S PR R Al el T YL Lt TOEYNA Y b ol Y STIEL A L £ N e Aol
d.IlU L()llbb[ll[dlcu ana nc resiauc was uuummugxapucu (&1 llbpld 1IC-CIUVAC) 1O glVC L (/0411 g OV 7o) 4dnd uic
corresponding equatorial isomer (~25 %). Compound 2 had []?2p +68 (¢ 1.0, CHCIl3). lH NMR: see Table 1.

13C NMR (CDCl3): ) 174.1, 170.0, 138.5, 138.1, 105.2, 85.1, 80.6, 75.5, 70.0, 64.3, 57.4, 52.1, 51.3,
33.6, 28.7, 28.6, 28.5, 23.3, 20.8, 16.4, 15.0, -3.2. HRMS calcd for C23H3607SSiNa (M+Na) 507.1849,
found 507.1845.

(+)-(1R,4S,5R,6R,85,125)-6-acetoxy-7,13-dioxa-10-thiatetracyclo[6.3.1.11.4,05.12].
tridec-2-en-12-ylmethyl acetate (4). Compound 35 (337.2 mg, 1.32 mmol) was dissolved in HpO (50 mL)
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3):
138.6, 138.1, 100.9, 85.4, 80.4, 76.7, 69.2, 57.5, %7.4 28.3, 27.9. 21.1, 20.8. HRMS caled

U 0.2 ciy ..v.u. LAA‘A 2.3

(M) 326.0824, found 326.0826.

(+)- (1 ,4S,5K,6K,85,125)-6-phenyisuifanyi-7,13-dioxa-id-thiatetracycio-
[6.3.1.11.4,05.12]¢tridec-2-en-12-yImethyl acetate (5). Compound 4 (518.9 mg, 1.59 mmol) and
thiophenol (0.650 ml, 6.36 mmol) were dissolved in CH»Cl; (45 mL) and cooled to -30 °C under Ar. BF3-OEt,
(0.85 mL, 3.25 mmol) was added and the mixture was stirred for 15 min. Sat aq NaHCOs3 (10 mL) was addad
and the mixture was allowed to reach ~22 °C. The aqueous layer was extracted with CH,Cl; (4x10 mL) and the

—

collected organic layers were washed with H»O (10 mL), dried (NapSQy), and concentrated. The residue was
chromatographed (3:1—1:1 heptane-EtOAc) to give amorphous 5 (538.2 mg, 90 %); mp 161-163 °C; [a]22p

+252 (¢ 1.3, CHCl3). 'TH NMR: see Table 1. 13C NMR (CDCl3): 8§ 170.1, 138.2, 138.0, 134.9, 1304, 128.8,
126.8, 89.9, 85.3, 82.9, 74.9, 68.9, 57.5, 52.7, 28.5, 27.9, 20.9. HRMS calcd for Cyj9 H210482 (M+H)

2-[2-(2-Thia-propyl)furan]|-furan-3-ylmethyl acetate (6). Obtained as a byproduct in an attempt
to prepare 10 by treatment of 4 with BF30Et; and 3-bromo-2-(bromomethyl)propanol® in CH,Cly, essentially as
described in the preparation of 5. I'H NMR (CDCl3): 8 7.37 (d, 1 H,J 1.4 Hz), 7.34 (d, 1 H, J 1.8 Hz), 6.38
(d, 1H, J 1.8 Hz), 6.32 (m, 1 H), 6.22 (d, 1 H, J 3.1 Hz), 4.92 (s, 2 H), 3.77 (s, 2 H), 3.70 (s, 2 H), 2.04 (s,
3 H). 13C NMR (CDCls): & 142.3, 142.0, 111.8, 110.4, 107.7, 57.4, 28.0, 25.9, 20.9. HRMS calcd for
C13H1404S (M+) 266.0613, found 266.0601.

“~

Y]
65,85,1
-~
&

h RS 1n - re

{(+)-(iR,2R,38.,4 n,SR 285)-6-Meihoxy-2,3-dihydroxy-7,i0 ,1a-teira0xa-10-

thiatetracyclo[6.3.1.11.4,03-12]tridecan-12-ylmethanol (8). Compound 7 (28.9 mg, 0.100 mmol) was
dissolved in a mixture of HoO (0.5 mL) and acetone (1.5 mL), and N-melhylmorpholme-N-oxide (17.5 mg,
0.149 mmol) and OsO4 (0.030 mL of a 2.5% tBuOH solution, 0.15x10-3 mmol) were added under Ar. The
mixture was stirred at ~22 °C for 72 h, NapS,05 (50 mg) was dissolved in H20 (0.5 mL) and added to the
reaction mixture. The solvent was removed and the residue was chromatographed (3:1 CH,Clp-MeOH) to give 8

(29.2 mg, 91%); [a]26p +1.9 (c 0.8, Ho0). 'H NMR: see Table 1. 13C NMR (D0, CD30D): § 109.5, 90.8,

b
'l
1

87.4, 834,742, 74.1, 65.7, 56.8, 56.2, 53.3, 52.5, 51.4. HRMS calcd for C;pH;303S (M+H) 323.0801,
found 323.0807. An analytical sample of 9 (quantitative yield) was obtained by conventional acetylation in AcO-

(+)-(1R,4S,5R,65,85,125)-6-(3-Bromo-2-(bromomethyl)-propyloxy)-7,13-dioxa-10-
thiatetracyclo[6.3.1.11-4.05-12]tridec-2-en-12-ylmethyl acetate (10). Compound 5 (49.8 mg, 0.132
mmol) and N-lodosuccinimide (40.0 mg, 0.178 mmol) were dissolved in dry CH,Cl, (3 mL) under Ar. The
mixture was cooled to -40 °C and 3-bromo-2-(bromomethyl)propanol® (59.0 mg, 0.254 mmol) and a solution of
trifluoromethanesulfonic acid in CH2Clp (0.1 mL, 0.137 M, 0.014 mmol) were added. The mixture was stirred at
-40 °C for 35 min, EtaN (0.200 mL) was added, and the temperature was raised to ~22 °C. The reaction mixture

was filtered (Celite) and concentrated, and the residue was chromatographed (1:1 heptane-EtOAc) to give 10
(55.9 mg, 85%), contaminated by approx. 20% of the equatorial anomer. Rechromatography (2:1 heptane-
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Lozl

EtOAc) gave pure 10 (46.5 mg, 71%); [0]23p +61 (¢ 1.0, CHCl3). 'H NMR: see Table 1. 13C NMR (CDCly):
170.2, 138.6, 138.1, 105.8, 85.1, 80.5, 75.7, 69.7, 66.2, 57.2, 52.2, 42.5, 32.7, 28.6. 28.3

1280, 2001, 1UVLO, OV Ty

caled for C17H2205SBr2 (M+C2Hjs) 525.9946, found 525.9938.

70
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(+)-(1R,4S,5R,6S5,85,125)-6-{3-(Hexadecyithio)-2-[(hexadecylthio)methyl]propyloxy}-
7,13-dioxa-10-thiatetracyclo[6.3.1.11-4.05-12]tridec-2-en-12-ylmethyl acetate (11). Compound
10 (103 mg, 0.207 mmol) and Cs3CO3 (202 mg, 0.620 mmol) were added to degassed DMF (1.1 mL) under Ar.
Hexadecanethiol (0.110 mL, 0.620 mmol) was added and the mixture was stirred for 72 h at ~22 °C. A second
aliquot of hexadecanethiol (0.110 mL, 0.620 mmol) was added and the stirring was continued for 24 h at ~22 °C
and for 24 h at 60 °C. The mixture was diluted with CH»>Cl> (20 mL), washed with HpO (3x5 mL), dried

b
:-D

n F4olEe] =
0.1, 67.6, 57.3, 52.0, 39.2, 334, 33.3, 3

.9, 14.1. HRMS calcd for C49HggO5S3 (M*) 852.579.
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(+)-(1R,4S,5R,6S,85,125)-6-{3-(Hexadecylthio)-2-[(hexadecylthio)methyllpropyloxy}-
7,13-dioxa-10-thiatetracyclo[6.3.1.11.4.05-12]tridec-2-en-12-ylmethanol (12). Compound 11
(130 mg, 0.152 mmol) was dissolved in a mixture of dry MeOH (15 mL) and dry CH,Cl; (10 mL). Methanolic
MeONa (0.12 mL, 0.5 M, 0.06 mmol) was added and the reaction mixture was stirred for 11 h. SiO7 (2 g) was

added, and the mixture was stirred for 30 min, filtered (Celite),

m; I 1
94%); [0]33p +29 (¢ 1.0, CHCl3). TH NMR: see Table 1.

2
92,3

: L2

(+)-(1R,4S,5R,65,85,125)-6-{3-(Hexadecylsulfonyl)-2-[(hexadecylsulfonyl)methyl]-
propyloxy}-7,10,10,13-tetraoxa-10-thiatetracyclo[6.3.1.11:4.05-12]tridec-2-en-12-ylmethanol
(13). Compound 12 (96.3 mg, 0.119 mmol) was dissolved in CH2Cl2 (15 mL) and MCPBA (55%, 228 mg,
0.727 mmol) was added. The mixture was stirred for 3 h at ~22 °C, filtered through Al»O3 (grade III), and
concentrated. The residue was chromatographed (1:4 heptane-EtOAc) to give 13 (86.8 mg, 81%); [a]?7p +14 (¢

1.0, (‘HCla\ 1H{ NMR: see Table 1. 13C NMR (CDF]3) ) 138.2, 137.9, 10S. 3, 88.4, 81.2, 79.0, 68.4, 68.0,
§7 7 S8 A SA41 €74 €91 510 S19€ 210 72707 2706 2708 7204 27072 2097 2701 22 A4 297 91 Q
57.7, 55.4, 54.1, 52.6, 52.1, 51.9, 51.8, 31.9, 29.7, 29.6, 29.5, 294, 29.3, 29.2, 29.1, 28.4, 22.7, 21.8,
14.1. HRMS calcd for C47Hgg01053Na (M+Na) 929. 281, found 929.5287.
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