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Abstract—A ring-closing metathesis approach was employed for the synthesis of a b-C-glycoside analog of the immunostimulant
KRN7000. The protected C-glycosyl amino acid derivative 18 was converted to amino-olefin 20, and osmylation served to install
the diol unit as a mixture of separable syn and anti isomers. Deprotection to the hydroxy-amine 21 was followed by N-acylation
and debenzylation to deliver the target compound 5.
� 2004 Elsevier Ltd. All rights reserved.
Our laboratory has published several papers that have
demonstrated the efficiency of an esterification–ring-
closing metathesis strategy (RCM)1 for the synthesis2

of a variety of carbohydrate3 mimetics such as C-glyco-
sides,4 C-disaccharides,5 and recently, C-trisaccharides.6

In this letter, we describe the use of this methodology for
the preparation of a stable b-C-glycoside analog 5 of the
potent immunostimulant KRN7000 (2). KRN7000 (2)
was born out of a structure–function study7 on the nat-
urally occurring ceramide derivative agelasphin-9b (1)8

discovered by Koezuka and co-workers. It was discov-
ered that 2 possessed potent anti-tumor activity in
B16-bearing mice.7,9 This anti-tumor activity is the re-
sult of KRN7000 (2) activating the dendritic and natural
killer T cells,10 giving rise to antigen-specific immune
stimulation in animals. KRN7000 has also shown prom-
ise for the treatment of various autoimmune diseases.11

The b-gluco derivative AGL-10 (4) has also been iso-
lated and demonstrated attenuated anti-tumor activity
relative to its a-galactosyl counterparts.9 Testing of O-
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analogs of both the b- and a-anomers revealed a similar
trend.9 We were curious to determine if a blended b-C-
glycoside analog,12 such as 5, would illicit any biological
response since it is known that C-glycosides pos-
sess other conformations available for binding to the
active site compared to their oxygen counterparts13

(Fig. 1).

Our initial approach involved preparing the optically
pure side chain acid 8.14 This was accomplished by
beginning with ester 615 and relying upon a Wittig-
osmylation strategy.16 Swern oxidation of alcohol 6 fol-
lowed by a Wittig reaction to provide olefin 7 in 64%
overall yield.17 Osmylation of 7 gave a 1:1 mixture of
separable isomers and the desired erythro-isomer was
protected as an acetonide and saponified to deliver acid
818 (Scheme 1).

DCC-mediated coupling of acid 8 with olefin alcohol 95b

provided ester 10 in excellent yield (Scheme 2). At this
point, we anticipated that application of our RCM
methodology would afford the protected target structure
13 via the intermediacy of 11 and 12, however to our
surprise, methylenation19 gave only the products of ester
hydrolysis resulting in the quantitative recovery of olefin
alcohol 9 and not 11.20 Presumably, the Boc group (or
the nitrogen atom) was cyclizing onto the Lewis-acid
activated ester during methylenation (boxed figure,
Scheme 2). Buffering the reaction or installing two Boc
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Figure 1. Glycosyl ceramides.
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Scheme 2. Attempted RCM-based preparation of precursor 13.
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groups on the amine did nothing to circumvent the
problem.

Due to the unfortunate outcome of the Takai methyl-
enation, a modified approach to 5 was developed, and
is outlined in Scheme 3.

Ester formation (1421 + 9 ! 1522) proceeded smoothly
and application of our three-step protocol (Takai meth-
ylenation, RCM with 20mol% of catalyst 1723 and
hydroboration; oxidative work-up) afforded the target
C-glycoside 1824 in 40% yield over three steps.25 Benzyl-
ation (18 ! 19, 98%) was followed by acetonide cleav-
age, oxidation, and Wittig reaction to furnish olefin 20
in 89% yield over three steps. Osmylation (OsO4,
NMNO, THF–H2O) of olefin 20 proceeded with no
selectivity26 delivering a 1:1 mixture of separable isomers
in 92% yield.27 Osmylation of 20 under anhydrous con-
ditions shifted28 the ratio in the favor of the undesired
threo-isomer (4:1).29 The Boc group on the desired
erythro-isomer30 was removed to bring the sequence as
far as 21. Installation of the side chain with p-nitro-
phenyl hexacosanoate31 followed by reductive debenzyl-
ation in a mixed solvent system (CHCl3–EtOH) afforded
the target compound 532 in 40% yield over two steps.
The corresponding threo-isomer-5 was also generated
in an analogous fashion (not shown).

Testing for anti-solid tumor activity in vitro was carried
out using the Valeriote disk-diffusion assay.33 This assay
determines differences (D) in cytotoxicity between nor-
mal or leukemia cells and solid tumor cells. This differ-
ence in activity is quantified by zone units. Any zone
difference of 250units or more is considered a hit in
the assay, which means that the agent is selectively toxic
against solid tumor cells versus either leukemia or nor-
mal cells. It was found that compound 5-erythro and
5-threo showed comparable in vitro activity in the assay.
Table 1 shows that the 5-erythro derivative exhibited a
zone differential of 350units between colon-38 (C38)
solid tumor cells and leukemic cells (L1210)
(C38DSL1210 = 350units) and no selectivity between C38
and normal murine cells (CFU-GM) (C38DSCFU = 100
units). The corresponding threo-isomer showed attenu-
ated in vitro data with C38DSCFU = 250zone units
(Table 1). Work on the preparation of different analogs
and further biological screening (IC50 and CI90 determi-
nation and clonogenic evaluation) of compounds
5-erythro and 5-threo is the next step in these
studies.
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Scheme 3. Preparation of b-C-KRN7000 analog 5.

Table 1. Disk-diffusion data for 5

Entry Compound lg/disk C38DSL1210 C38DSCFU

1 5-erythro 120 350 100

2 5-threo 120 250 150
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A.; Cañada, F. J.; Jiménez-Barbero, J. J. Am. Chem. Soc.
1998, 120, 1309–1318.

14. For a review on the synthesis of sphingosines and
ceramides, see: Koskinen, P. M.; Koskinen, A. M. P.
Synthesis 1998, 1075–1091.

15. Markidis, T.; Kokotos, G. J. Org. Chem. 2001, 66, 1919–
1923.

16. Mulzer, J.; Brand, C. Tetrahedron 1986, 42, 5961–5968.
17. Yields are based on chromatographically and spectro-

scopically homogeneous materials.
18. All new compounds were fully characterized by 1H, 13C,

DEPT, GCOSY, GHMQC NMR, FT-IR, exact mass
analysis, and optical rotation.

19. Takai, K.; Kakiuchi, T.; Kataoka, Y.; Utimoto, K. J. Org.
Chem. 1994, 59, 2668–2670.

20. No other identifiable products were isolated from this
reaction.



7794 M. R. Chaulagain et al. / Tetrahedron Letters 45 (2004) 7791–7794
21. Prepared from 6 in 80% overall yield by acetonide
formation (CSA, (MeO)2CMe2) and saponification
(LiOH, THF–H2O).

22. Spectral data for ester 15: [a]D = �11.1 (c 1.0, CHCl3); FT-
IR (neat) 3063, 3029, 2976, 2930, 2854, 2117, 1738, 1695,
1453, 1389, 1374, 1257, 1166, 1102, 1068, 1027, 735,
697cm�1; 1H NMR (500MHz, CDCl3): d 7.33–7.25 (m,
15H, ArH), 5.91 (ddd, 1H, J = 17.5, 10.0, 7.5Hz, H-2),
5.38 (ddd, 1H, J = 5.5, 5.5, 3.5Hz, H-5), 5.32 (br s, 1H, H-
1), 5.29 (s, 1H, H-1), 4.73 (d, 1H, J = 11.5Hz, OCH2Ph),
4.58–4.54 (m, 2H, 2 · OCH2Ph) 4.48 (d, 1H, J = 12.5Hz,
OCH2Ph), 4.43 (d, 1H, J = 11.5Hz, OCH2Ph), 4.32 (d,
1H, J = 11Hz, OCH2Ph), 3.93–3.87 (m, 1H, H-3), 3.87–
3.85 (m, 1H, 1 · H-10), 3.85–3.81 (m, 2H, H-9,H-4), 3.68–
3.63 (m, 1H, 1 · H-10), 3.55 (d, 2H, J = 5.5Hz, 2 · H-6),
2.35–2.25 (m, 1H, 1 · H-7), 2.25–2.15 (m, 1H, 1 · H-7),
2.10–1.90 (m, 1H, 1 · H-8), 1.88–1.78 (m, 1H, 1 · H-8),
1.54 (s, 3H, CH3), 1.48 (br s, 12H, CH3, OC(CH3)3);

13C
NMR (125MHz, CDCl3, data for major rotamer only): d
172.29, 138.44, 138.08, 135.81, 135.71, 172.70, 172.54,
128.60, 128.56, 128.48, 128.25, 120.09, 119.98, 94.08,
93.56, 79.51, 74.82, 73.33, 71.85, 71.76, 70.40, 68.42,
66.91, 57.02, 56.96, 31.16, 28.88, 28.67, 28.46, 27.83, 23.34,
15.52, 14.46; HRMS (ES): calcd for C40H51NO8Na (M)+

696.3507, found 696.3499.
23. Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett.

1999, 1, 953–956.
24. Spectral data for C-glycoside 18: [a]D = +24.7 (c 1.0,

CHCl3); FT-IR (neat) 3433, 2924, 2856, 1693, 1454, 1390,
1364, 1254, 1173, 1091, 1027, 735, 697cm�1; 1H NMR
(500MHz, CDCl3): d 7.39–7.27 (m, 15H, ArH), 4.85 (d,
1H, J = 12Hz, OCH2Ph), 4.72 (d, 1H, J = 11.5Hz,
OCH2Ph), 4.63 (d, 1H, J = 11.5Hz, OCH2Ph), 4.55–4.44
(m, 3H, OCH2Ph), 4.05, 3.95 (m, 2H, 2 · H-6), 3.90 (dd,
1H, J = 8.5, 6.0Hz, H-3), 3.80–3.71 (m, 2H, H-2, H-4),
3.60–3.58 (m, 2H, 2 · H-10), 3.39–3.34 (dd, 1H, J = 10,
2.5Hz, H-5), 3.13 (dd, 1H, J = 8.0, 8.0Hz, H-1), 2.34 (br s,
1H, OH), 2.01–1.82 (m, 2H, 2 · H-7), 1.59 (s, 3H, CH3),
1.54 (s, 3H, CH3), 1.50–1.42 (m, 2H, 2 · H-8), 1.44 (s, 9H,
(CH3)3);

13C NMR (125MHz, CDCl3): d 171.40, 128.66,
128.47, 128.34, 128.13, 127.97, 108.90, 93.44, 84.47, 80.45,
74.60, 73.77, 73.11, 72.66, 71.76, 70.59, 69.13, 67.19, 66.09,
60.63, 57.65, 31.81, 30.26, 28.72, 27.83, 27.01, 23.54, 22.88,
21.29, 15.50, 14.42, 14.36; HRMS (ES): calcd for
C39H51NO8Na (M)+ 684.3506, found 684.3478.

25. The corresponding gluco-analog of this compound has
been prepared previously by us: Postema, M. H. D.; Piper,
J. L. Org. Lett. 2003, 5, 1721–1723.

26. For an excellent review on the diastereoselection of
osmylation of allylic systems, see: Cha, J. K.; Kim, N.-S.
Chem. Rev. 1995, 95, 1761–1795.
27. Use of the Sharpless asymmetric dihydroxylation to try
and improve the erythro to threo ratio is currently under
investigation.

28. The stereochemistry of the erythro and threo-isomers was
assigned based on correlation with literature precedent,
see Ref. 29.

29. This is precedented, see: Krysan, D. J.; Rockway, T. W.;
Haight, A. R. Tetrahedron: Asymmetry 1994, 5, 625–632.

30. Spectral data for N-Boc erythro-diol: [a]D = �7.4 (c 1.0,
CHCl3); FT-IR (neat): 3397, 2916, 2850, 1660, 1524, 1454,
1366, 1167, 1107, 732, 696cm�1; 1H NMR (500MHz,
CDCl3): d 7.38–7.26 (m, 20H, ArH), 4.95 (br s, 1H,
BocNH), 4.93 (app d, 2H, J = 11.5Hz, 2 · OCH2Ph), 4.74
(d, 1H, J = 11.5Hz, OCH2Ph), 4.69 (d, 1H, J = 12.5Hz,
OCH2Ph), 4.65 (d, 1H, J = 11Hz, OCH2Ph), 4.63 (d, 1H,
OCH2Ph), 4.48 (d, 1H, J = 12Hz, OCH2Ph), 4.40 (d, 1H,
J = 12Hz, OCH2Ph), 3.89 (br s, 1H, H-6), 3.76–3.70 (m,
1H, H-9), 3.68 (dd, 1H, J = 9.0, 9.0Hz, H-2), 3.58 (dd, 1H,
J = 9.0, 6.5Hz, H-3), 3.59–3.57 (m, 1H, H-6), 3.54–3.47
(m, 2H, H-11, H-4), 3.44 (dd, 1H, J = 6.0, 3.5Hz, H-10),
3.34 (ddd, 1H, J = 9.0, 5.5, 5.5Hz, H-5), 3.27, (ddd, 1H,
J = 8.0Hz, H-1), 3.12 (br s, 1H, OH), 2.42 (br s, 1H, OH),
1.96 (dddd, 1H, J = 15.5, 9.5, 8.0, 1.5Hz, H-8), 1.87 (m,
1H, J = 15, 10, 7.5, 2.5Hz, H-8), 1.71–1.53 (m, 4H,
1 · CH2, 2 · H-7), 1.52–1.20 (m, 22H, 11 · CH2), 1.26 (s,
9H, (CH3)3), 0.89 (t, 3H, J = 7.0Hz, CH3);

13C NMR
(125MHz, CDCl3): d 156.93, 138.71, 138.61, 138.54,
137.92, 128.69, 128.67, 128.61, 128.49, 128.38, 128.21,
128.08, 127.93, 127.91, 127.81, 85.00, 79.70, 79.33, 79.15,
77.88, 77.44, 77.27, 75.64, 74.58, 73.95, 73.67, 73.01, 72.68,
69.79, 52.57, 32.17, 29.94, 29.63, 27.86, 26.19, 22.94, 14.38;
HRMS (ES): calcd for C58H83NO9Na (M)+ 960.5960,
found 960.6000.

31. Takikawa, H.; Muto, S.; Mori, K. Tetrahedron 1998, 54,
3141–3150.

32. Data for analog 5: [a]D = +44.8 (c 1.0, CDCl3); FT-IR
(neat) 3394, 2922, 2852, 2360, 1646, 1465, 1270cm�1; 1H
NMR (500MHz, CD3OD, 10% CHCl3): d 6.84 (1H,
J = 8.5Hz, NH), 4.09 (ddd, 1H, J = 11.0, 7.0, 5.0Hz, H-9),
3.72 (dd, 1H, J = 8.5Hz, H-2), 3.67–3.58, (m, 2H, H-3, H-
4), 3.49–3.37 (m, 5H, 2 · H-6, H-5, H-1, H-10), 3.14–3.09
(m, 1H, H-11), 2.24–1.10 (m, 78H, 2 ·H-7, 2 · H-8,
37 · CH2), 0.88 (app t, 6H, J = 7.0Hz, 2 · CH3);

13C
NMR (125MHz, CDCl3): d 158.19, 124.60, 123.90,
121.67, 116.53, 116.42, 55.80, 33.51, 31.92, 30.25, 29.60,
29.32, 25.54, 24.89, 22.59, 18.03, 13.40; HRMS (ES):
calcd for C51H101NO8Na (M)+ 878.7419, found 878.
7479.

33. Valeriote, F. A.; Grieshaber, C. K.; Media, J.; Pie-
traszkiewicz, H.; Hoffmann, J.; Pan, M.; McLaughlin, S.
J. Exp. Ther. Oncol. 2002, 7, 228–236.


	Synthesis and anti-tumor activity of  beta -C-glycoside analogs of the immunostimulant KRN7000
	Acknowledgements
	References and notes


