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Abstract: New platinum(lV)-coordinated carbohydrate complexes [RINBF 4 (14E—21E, 22D—24D) have

been prepared from the reaction of [Pde,CO)]BF,4 (1) with a wide range of isopropylidene-protected
carbohydrates’lin acetone. These complexation reactions can be accompanied by a platinum-promoted cleavage
of an isopropylidene groupldE, L' = 1,2;5,6-diO-isopropylidenea-b-glucofuranose A), L = 1,2-0-
isopropylidenea-p-glucofuranosel5E, L' = 3-O-acetyl-1,2;5,6-di©-isopropylidenea-p-glucofuranoseZA),

L = 3-O-acetyl-1,20-isopropylidenea-p-glucofuranose;16E, L' = 3-O-(methylsulfonyl)-1,2;5,6-d>-
isopropylidenesa-D-glucofuranose3A), L = 3-O-(methylsulfonyl)-1,20-isopropylidenea-p-glucofuranose;

17E, L' = 1,2;5,6-diO-isopropylidenea-p-allofuranose 4A), L = 1,2-O-isopropylidenea-p-allofuranose;

18E, L' = 2,3;4,6-diO-isopropylidene-2-keta-gulonic acid BA), L = 2,3-O-isopropylidene-2-keta-gulonic

acid; 19E, L' = 2,3;4,6-diO-isopropylidenea-L-sorbofuranose 6A), L = 2,3-O-isopropylidenes.-L-
sorbofuranose). In some cases, complexation proceeds without the loss of an isopropyliden&4fEoup~

L' = 1,2-0-isopropylidenea-p-glucofuranose {0B); 15E, L = L' = 3-O-acetyl-1,20-isopropylidenea-p-
glucofuranose {1B); 20E, L = L' = 1,2-0-isopropylidenea-p-xylofuranose {2B), 21E, L = L' = 5,6-O-
isopropylidenes-gulono+-lactone (3B)). Furthermore, complexe®2D—24D with diprotected carbohydrate
ligands undergo a platinum-promoted cleavage of an isopropylidene group in wet methylene chloride to give
19E, cleavage of the carbohydrate ligand LZA) to give [PtMe(H.0)s]BF4 and substitution of the
isopropylidene ligand by an aqua ligand to give [PsM@&l,0)]BF4 (24D, L = 2,3;4,5-diO-isopropylidene-
p-b-fructopyranose), respectively. Compl@4E reacted in acetone within 1 week in a platinum-promoted
addition of an isopropylidene protecting group, yielding [PsM{BF, (25D, L' = 1,2;5,6-diO-isopropylidene-
o-D-glucofuranose). The results show that carbohydrates can act as tridentate neutral ligands with a wide
variety of donor sites: % OH (14E, 17E—19E), 2 x OH + Ocome (15E), 2 x OH + Osgume (16E), 2 x OH

+ Oring (20E), 2 x OH + Ogcetal(21E), 1 x OH + Oring + Oacetal(22D - 25D). Bidentate ligation (OH+ Oring)

is observed ir24D. Complexesl4E singly 13C-labeled at each of the saccharide carbons were prepared, and
an analysis of thé couplings involving the labeled carbons permitted an assignment of the solution conformation
of the carbohydrate ligand. X-ray structure analysid ®E (monoclinic,P2;, a = 8.607(3) A,b = 9.955(4)

A, c=11.415(4) AZ = 2) and24D (orthorhombicP2;2:2;, a = 9.851(2) Ab = 11.141(4) Ac = 20.418-

(8) A, Z = 4) exhibits the same coordination in the solid state as in solution, namely, via the three hydroxyl
groups, yielding a strained-cyclic systei®E) and a five-membered 1,3,2-dioxaplatina rird').

Introduction role in these processes, carbohydrateetal complexes are still
oo ) poorly understood; relatively few well-characterized complexes
The metal-binding properties of carbohydrates have been ot transition metals with carbohydrate ligands have been
shown to be of fundamental importance in many biochemical reported? especially those lacking anchor groups. In recent
processes such as the transport and storage of mététis, years, the bioinorganic chemistry of heavy metdrbohydrate
function and regulation of metalloenzymes, the mechanism of ¢omplexes has been investigated to understand redox systems
action of metal-containing pharmaceuticals, and toxic metal ith metal ions in higher oxidation stafeand to understand
metabolisn. Although coordination chemistry plays a central  the complexation behavior of metals with carbohydrate polymers
such as cellulose or cyclodextrifién the case of platinum, the
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lower toxicity and the possibility of oral administration. The
synthesis of platinum(I\/-carbohydrate complexes is compli-
cated by the high oxidation state of the metal ion and the
reduction potential of the carbohydrate. Additionally, in aqueous

PR
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Wittenberg using solvent signaldH,*3C) as internal references and
Ne[PtCls] (6(*°%Pt) = +4520 ppm) as an external reference. Mass
spectra were obtained on an ESI-mass spectrometer LCQ (Finnigan
Mat) using ca. 10° M solutions of the complexes in dry acetone under
the following conditions: flow &L/min, ESI spray voltage 4.1 kV;
capillary temperature 200C; sheath gas N capillary voltage 34 kV.
Microanalyses were performed by the Microanalytical Laboratory in
the Chemistry Department at Martin-Luther-Univeisttalle-Witten-
berg. Hexachloroplatinic acid (Degussa, Saxonia) and all carbohydrates
(Aldrich, Merck, Fluka) were obtained commercially, and [(PtNg
was prepared as described previoudlyiC-labeled monosaccharides
were provided by Omicron Biochemicals, Inc., South Bend, IN. All
procedures were performed under anaerobic conditions using Schlenk
techniques with purified argon. Acetone was dried oveDBand
distilled under argon.

Synthesis of 13C-Labeled 1,20-Isopropylidene-a-p-glucofura-
noses.Singly 3C-labeledp-glucoses (C+C6) were converted to the
corresponding®C-labeled 1,2;5,6-dB-isopropylidenea-p-glucofura-
noses according to literature procedufeafter recrystallization, the
5,6-O-isopropylidene group was removed selectively with sulfuric acid
in methanok? yielding *C-labeled 1,29-isopropylidenea-p-gluco-
furanoses. NMR spectra of the free and complexed sugar were obtained
on a 600 MHz Varian UNITY Plus spectrometer equipped with a
Nalorac 3 mm probe to facilitate the measuremerif@f-13C coupling

solution, metal ions coordinate with water molecules, and the constants and enhance spectral S/N ratios of the natural abundance

un-ionized hydroxyl groups of carbohydrates are weak competi-
tors for metal ion coordination under these conditions. Therefore,

carbon signals.
Synthesis of [PtMe(Me,CO);3]BF,4 (1). [(PtMesl)4] (230 mg, 0.14

complexes with functionalized and deprotonated carbohydrate mmol) was added to a stirred solution of AgBE00 mg, 0.51 mmol)

ligands are more commahn.

Recently we synthesized and characterized the first platinum-

in acetone (20 mL) in the dark. After 30 min, Agl was removed by
filtration, leaving a colorless solution which was used without further

(IV) complexes with neutral, nonfunctionalized monosaccharides Purification.

lacking anchor groups (Scheme 1) using a platinum trimethyltris-

Synthesis of [PtMeL]BF 4. To a solution ofL (270 mg, 0.51 mmol)

(acetone) complex suitable for substitution reactions with weak in acetone (20 mL) was added with stirring a solution of the

donor ligands such as nondeprotonated carbohydtaéeghne
carbohydrates serve dacial coordinating tridentate ligands
either with three OH group donors contributed by furanosyl rings

carbohydrate L(0.54 mmol) in acetone (5 mL). After 12 h, the solvent
was removedn vacuo and the white residue was resolved in dry
methylene chloride (10 mLMethod A: After 1 h, the white [PtMeL]-

BF, precipitate was collected by filtration, washed with a small amount

or with two OH group and one acetal oxygen donors contributed of methylene chloride, and dried under argdfethod B: After the

by pyranosyl rings.
In this paper we demonstrate the significant versatility in the
coordination of neutral carbohydrate ligands to platinum(IV)

and describe the platinum-promoted addition and cleavage of

addition of hexane (5 mL), the white [PtMgBF, precipitate was
collected by filtration, washed with diethyl ether (2 mL), and dried
under argon.

Compound 14E (L = 1,2-O-Isopropylidene-o-p-glucofuranose,

isopropylidene protecting groups. Furthermore, we describe thel' = 1,2:5,6-Di-O-isopropylidene-o-b-glucofuranose (1A)). Workup

effect of platinum coordination on the conformation of the
carbohydrate ligand in nonaqueous solution by NMR ustag
labeled ligands, ESI-MS, and X-ray crystallography.

Experimental Section

Materials and General Procedures.NMR spectra were obtained
on Varian UNITY Plus 600 and Varian VXR-500S spectrometers at
the University of Notre Dame (USA) and on the UNITY 500 and
Gemini 2000 spectrometers at the Martin-Luther-Univérsialle-

(7) (a)Metal Complexes in Cancer Chemotheraldgppler, B. K., Ed.;
VCH: Weinheim, 1993. (bMolecular Aspects of Anticancer Drad@NA
Interactions;Neidle, S., Waring, M., Eds.; Macmillan: Basingstoke U.K.,
1993; Vol. 2. (c) Comess, K. M.; Lippard, S. J. Reference 7b, pp-134
168. (d) McKeage, M. J.; Kelland, L. R. Reference 7b, pp-1892.

(8) (@) Nagel, Y.; Beck, WZ. Naturforsch. B1985 40, 1181-1187.
(b) Tsubomura, T.; Yano, S.; Kobayashi, K.; Sakurai, T.; Yoshikawd, S.
Chem. Soc., Chem. Commur86 459-460. (c) Pill, T.; Beck, W.Z.
Naturforsch. B1993 48, 1461-1469. (d) Zhou, Y.; Wagner, B.; Polborn,
K.; Sinkel, K.; Beck, W.Z. Naturforsch. B1994 49, 1193-1202. (e)
Kuduk-Jaworska, Jlransition Met. Chem. (Londori)994 19, 296-298.

(f) RajanBabu, T. V.; Ayers, T. ATetrahedron Lett1994 35, 4295-
4298. (g) Appelt, A.; Willis, A. C.; Wild, S. BJ. Chem. Soc., Chem.
Commun.1988 938-940. (h) Andrews, M. A.; Gould, G. LOrganome-
tallics 1991, 10, 387—389. (i) Andrews, M. A.; Voss, E. J.; Gould, G. L.;
Klooster, W. T.; Koetzle, T. FJ. Am. Chem. S0d.994 116, 5730-5740.

(9) Steinborn, D.; Junicke, H.; Bruhn, Gngew. Chem1997 109
2803-2805; Angew. Chem., Int. Ed. Endl997, 36, 2686-2688.

(20) Junicke, H.; Bruhn, C.; Stht, D.; Kluge, R.; Steinborn, Dinorg.
Chem 1998 37, 4603-4606.

Method A. Yield: 116 mg (39%). Mp: 60C, dec above 14%5C (under
argon). Found: C, 26.11; H, 4.93,81,BF,O6Pt requires C, 26.34;
H, 4.61.1H NMR (500 MHz, —50 °C, (CDy),CO): 6 = 1.03 (s+ d,
2J(Pt,H)= 78.8 Hz, 9H, Pt€l3), 6.83 (s, 3H, OH) ppmtH NMR (500
MHz, (CDs),CO): 6 = 1.25 (s, 3H, CE®l3), 1.26 (s+ d, br,2J(Pt,H),
9H, Pt(Hs), 1.39 (s, 3H, CEls), 3.88 (dd, 1HH7, 6.2/8.3 Hz), 3.95
(dd, 1H,H4, 2.6/7.5 Hz), 4.10 (d, 1H{3, 2.6 Hz), 4.26 (ddd, 1Hi5,
5.7/6.2/7.5 Hz), 4.43 (d, 1HH2, 3.6 Hz), 5.84 (d, 1HH1, 3.6 Hz)
ppm. 13C{*H} NMR (100 MHz, (C>}),CO): 6 = —11.58 (P€CHjy),
26.4 (CHs), 27.2 CHs), 67.6 (C6), 73.7 (C5), 75.2 (C3), 82.5 (C4),
86.6 (C2), 106.2 (C1), 112.7 @D) ppm.**P{H} NMR (107 MHz,
(CD3)2CO): 6 = 2350 ppm. MS:m/z (obsd/calcd, %) 457 (2/2), 459
(77/86), 460 (100/100), 461 (73/80), 462 (10/11), 463 (20/20), 464 (4/
3).

Compound 14E*. (All 3C-labeled compounds are marked with an
asterisk.)**C{H} NMR (150 MHz, (C}),CO): Jcecs = 34.4 Hz,
lJc5'c4: 48.7 HZ,lJc4,c3: 38.3 HZ,ZJc5'c4: 0 HZ, 2305,03: 0.8 HZ,
3~]CG,03: 1.7 HZ,3Jc4,H6 =31 HZ,3J53,H5 =20 HZ,3J(;6,H4: 0 Hz.

Compound 15E (L = 3-O-Acetyl-1,2-O-isopropylidene-a-p-glu-
cofuranose, L' = 3-O-Acetyl-1,2;5,6-di-O-isopropylidene-o.-p-glu-
cofuranose (2A)). Workup Method B. Yield: 168 mg (52%). Mp:
133°C, dec above 142C (under argon). Found: C, 28.15; H, 4.25.
C14H27BF,07Pt requires C, 28.53; H, 4.624 NMR (500 MHz, —50
°C, (CDs),C0O): 6 = 1.04/1.10/1.22 (s d, 2J(Pt,H) = 78.8/78.2/80.4
Hz, 9H, PtGH3), 6.65 (s, 1H, OH), 6.82 (s, 1H, OH) pprtd NMR

(11) Baldwin, J. C.; Kaska, W. Gnorg. Chem.1975 14, 2020.
(12) Schmidt, O. TMethods Carbohydr. Chem963 2, 318-325.
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(500 MHz, (CB).CO): 6 = 1.25 (s+ d, br,2J(Pt,H)= 79.3 Hz, 9H,
PtCH3), 1.26 (s, 3H, Me), 1.43 (s, 3H, Me), 2.04 (s, 3H, Mg, 3.91
(dd, 1H,H7, 5.1/8.3 Hz), 4.04 (dd, 1HH6, 5.8/8.3 Hz), 4.19 (dd, 1H,
H4, 2.9/7.3 Hz), 4.23 (ddd, 1H{5, 5.1/5.8/7.4 Hz), 4.56 (d, 1Hj2,
3.7 Hz), 5.14 (d, 1HH3, 2.9 Hz), 5.89 (d, 1HH1, 3.7 Hz) ppm2C-
{H} NMR (100 MHz, (CD),CO): 6 = —12.1 (s+ d, br, PCHa),
20.6 (CHagace) 26.3 CH3), 26.9 CH3), 67.4 (C6), 73.4 C5), 76.8 C3),
83.9 (C4), 84.2 C2), 106.2 C1), 112.5 (ACO), 170,2 COace) pPpM.
9P{IH} NMR (107 MHz, (C¥),CO): 6 = 2624 ppm. MS: m/z
(obsd/calcd, %) 499 (2/2), 501 (88/84), 502 (100/100), 503 (74/81),
504 (14/13), 505 (21/20), 506 (3/3).

Compound 16E (L = 3-O-(Methylsulfonyl)-1,2-O-isopropylidene-
o-D-glucofuranose, L' = 3-O-(Methylsulfonyl)-1,2;5,6-di-O-isopro-
pylidene-a-p-glucofuranose (3A)). Workup Method B. Yield: 143
mg (42%). Mp: 125°C, dec above 130C (under argon). Found: C,
24.38; H, 4.78. @H,/BF,0;PtS requires C, 24.97; H, 4.354 NMR
(500 MHz,—50 °C, (CD3);CO): 6 = 1.02/1.08/1.21 (s- d, 2J(Pt,H)
= 78.9/78.4/79.9 Hz, 9H, Pd), 6.63 (s, 1H, OH), 6.80 (s, 1H, OH)
ppm.*H NMR (500 MHz, (C).CO): 6 = 1.25 (s+ d, br,2J(Pt,H)
= 79.3 Hz, 9H, PtE®ls), 1.26 (s, 3H, Me), 1.43 (s, 3H, Me), 2.04 (s,
3H, Me), 3.89 (dd, 1HH7, 4.9/8.4 Hz), 4.10 (dd, 1H16, 6.1/8.4
Hz), 4.16 (dd, 1HH4, 2.7/7.9 Hz), 4.24 (ddd, 1HH5, 4.8/6.1/7.9 Hz),
4.79 (d, 1H,H2, 3.7 Hz), 4.96 (d, 1HH3, 2.9 Hz), 5.98 (d, 1HH1,
3.7 Hz) ppmXC{*H} NMR (100 MHz, (C>»),CO): 6 = —12.0 (s+
d, br, PCH3;), 26.3 CHs), 26.9 CHs3), 38.3 CHs—S), 67.9 C6), 73.1
(C5), 80.8 C3), 83.5 (C4), 84.8 (C2), 106.2 (1), 113.0 (CCO) ppm.
19¢1H} NMR (107 MHz, (CD),CO): 6 = 2618 ppm. MS: m/z
(obsd/calcd, %) 535 (2/2), 537 (85/84), 538 (100/100), 539 (86/85),
540 (24/18), 541 (20/24), 542 (3/4).

Compound 17E (L= 1,2-O-Isopropylidene-o.-p-allofuranose, L'
= 1,2;5,6-Di-O-isopropylidene-o-p-allofuranose (4A)). Workup
Method A. Yield: 128 mg (42%). Mp: 85C, dec above 15%C (under
argon). Found: C, 26.52; H, 4.43.41,5BF.O6Pt requires C, 26.34;
H, 4.61.*H NMR (500 MHz, —50 °C, (CD;);CO): 6 = 1.03/1.09 (s
+ d, 2J(Pt,H) = 78.8/78.3 Hz, 9H, PtBs), 6.65 (s, 2H, ®), 6.82 (s,
1H, OH) ppm.*H NMR (500 MHz, (C),CO): 6 = 1.22 (s, br, 9H,
PtCH3), 1.22 (s, 3H, CEl3), 1.35 (s, 3H, CEl), 3.81 (dd, 1H,H7,
5.3/8.7 Hz), 3.88 (dd, 1H, H4, 9.2/3.5 Hz), 4.02 (dd, 1H, H6, 6.4/8.7
Hz), 4.12 (ddd, 1H, H5, 5.2/6.2/9.2 Hz), 4.55 (dd, 1H, H2, 3.9/5.9 Hz),
4.78 (d, 1H, H3, 5.9 Hz), 5.26 (d, 1H, H1, 3.9 Hz) ppfiC{*H} NMR
(100 MHz, (C),CO): 6 = —11.40 (s+ d, YJ(Pt,C) = 814 Hz, Pt-
CHs), 26.6 CHs), 26.9 (CH3), 67.8 (C6), 76.8 (C3), 83.2 (C5), 87.2
(C2), 88.5 (C4), 103.7 (C1), 110.9 GD) ppm.1%PH{H} NMR (107
MHz, (CD;),CO): ¢ = 2520 ppm. MS:m/z (obsd/calcd, %) 457 (3/
2), 459 (65/86), 460 (100/100), 461 (80/80), 462 (30/11), 463 (15/20),
464 (9/3).

Compound 18E (L= 1,2-O-Isopropylidene-2-keto+ -gulonic Acid,
L' = 1,2;4,6-Di-O-isopropylidene-2-ketot -gulonic Acid (5A)). Work-
up Method A. Yield: 200 mg (65%). Mp: 102C under dec (under
argon). Found: C, 26.25; H, 4.52,4,;BF:O;Pt requires C, 25.67,
H, 4.10.1H NMR (500 MHz, —50 °C, (CD;).CO): 6 = 1.03/1.27 (s
+ d, 2J(Pt,H) = 78.3/79.9 Hz, 9H, Pt8s), 6.75 (s, 1H, ®), 6.85 (s,
1H, OH), 12.1 (s, 1Hpy» = 34 Hz, COQH) ppm.*H NMR (500 MHz,
(CD3)2,CO): 6 = 1.23 (s+ d, br,2J(Pt,H) = 79.3 Hz, 9H, PtEly),
1.39 (s, 3H, Me), 1.46 (s, 3H, Me), 3.94 (d, 1H5, 13.6 Hz), 4.16
(m, 2H,H3/H4), 4.39 (s, 1HH2), 4.69 (s, 1HH1) ppm.**C{*H} NMR
(100 MHz, (C).CO): 6 = —12.0 (s+ d, br, PCH3), 25.9 CHs),
27.2 (CHs), 60.4 C5), 73.5 C3), 75.1 C4), 82.9 C2), 109.8 (1),
114.9 Ci), 168.1 Coor) ppm.***PH{H} NMR (107 MHz, (CD;).CO):

0 = 2541 ppm. MS:m/z (obsd/calcd, %) no peak found.

Compound 19E (L = 2,3-Di-O-isopropylidene-a-L-sorbofuranose,
L' = 2,3;4,6-Di-O-isopropylidene-a-L-sorbofuranose (6A)). Workup
Method A. Reaction time: 48 h. Yield: 205 mg (69%). Mp: 9C,
dec above 138C (under argon). Found: C, 26.56; H, 4.8Lis
BF,OsPt requires C, 26.35; H, 4.60H NMR (500 MHz, —50 °C,
(CD3)-CO): ¢ = 1.04/1.10 (st d, 2J(Pt,H)= 78.9/78.3 Hz, 9H, Pt83),
6.66 (s, 2H, ®1), 6,85 (s, 1H, @) ppm.*H NMR (500 MHz, (CDy),-
CO): 0 = 1.18 (s+ d, br,2J(Pt,H) = 79.3 Hz, 9H, PtE3), 1.32 (s,
3H, Me), 1.40 (s, 3H, Me), 3.67 (m, 2H{1/H2), 3.84 (d, 1H,H7,
13.4 Hz), 4.04 (dd, 1HH5, 2.3/3.48 Hz), 4.10 (dd, 1H46, 2.3/13.3
Hz), 4.31 (d, 1HH4, 2.2 Hz), 4.38 (s, 1HH3) ppm.13C{1H} NMR

Junicke et al.

(100 MHz, (CDB),CO): 6 = —11.8 (s+ d, br, PCH3), 27.1 CHjy),
27.9 (CHas), 60.9 C6), 63.4 C1, by, = 9.0 Hz), 73.3 C3), 74.1 C4),
85.1 (C2), 97.9 C1), 112.3 C) ppm.*¥PH{H} NMR (107 MHz, CD-

Cly): 6 = 2560 ppm. MS: m/z (obsd/calcd, %) 457 (5/2), 459 (86/
86), 460 (100/100), 461 (75/80), 462 (10/11), 463 (18/20), 464 (3/3).

Compound 20E (L = 1,2-O-Isopropylidene-o-p-xylofuranose
(12B), L = L"). Workup Method B. Yield: 120 mg (43%). Mp: 89
°C under dec (under argon). Found: C, 26.11; H, 5.29H&BF,0s-
Pt requires C, 25.60; H, 5.654 NMR (500 MHz, —50 °C, (CDs)-
CO): 0 = 1.04/1.10/1.22 (s+ d, 2)(Pt,H) = 78.9/78.5/80.0 Hz, 9H,
PtCH5), 6.64 (s, 1H, ®), 6,80 (s, 1H, ®1) ppm.*H NMR (500 MHz,
(CD3),CO): 6 = 1.27 (s+ d, br,2J(Pt,H) = 79.8 Hz, 9H, PtEi,),
1.27 (s, 3H, Me), 1.40 (s, 3H, Me), 3.87 (d, 1H6, 13.7 Hz), 3.95
(dt, 1H,H4, 0.9/2.4 Hz), 4.13 (dd, 1H45, 2.3/13.5 Hz), 4.27 (d, 1H,
H3, 2.1 Hz), 4.47 (d, 1HH2, 3.8 Hz), 5.86 (d, 1HH1, 3.6 Hz) ppm.
3C{H} NMR (100 MHz, (C>}),CO): 6 = —12.1 (s+ d, br, PCHy),
26.4 (CHa3), 27.0 CH3), 60.7 C6), 72.5 C3), 74.0 C4), 85.7 C2),
106.2 C1), 111.9 Cj) ppm.1®P{*H} NMR (107 MHz, (CQCly): o
= 2627 ppm. MS:m/z (obsd/calcd, %) 427 (6/2), 429 (85/86), 430
(100/100), 431 (73/80), 432 (10/11), 433 (20/20), 434 (3/3).

Compound 21E (L = 5,6-O-Isopropylidene-db-gulono-y-lactone
(13B), L =L"). Workup Method B. Yield: 156 mg (52%). Mp: 112
°C, dec above 131C (under argon). Found: C, 26.21; H, 4.8Gl5
BF,O¢Pt requires C, 26.44; H, 4.25H NMR (500 MHz, =50 °C,
(CD3),CO): 6 = 1.04/1.11/1.23 (s~ d, 2J(Pt,H) = 78.6/78.6/79.6 Hz,
9H, PtHs), 6.66 (s, 2H, ®1), 6,77 (s, 2H, ®) ppm.*H NMR (500
MHz, (CD5),CO): 6 = 1.27 (s+ d, br,2J(Pt,H)= 78.5 Hz, 9H, PtEl),
1.32 (s, 3H, Me), 1.37 (s, 3H, Me), 3.88 (dd, 1H6, 6.6/8.5 Hz),
4.14 (dd, 1HH5, 6.8/8.5 Hz), 4.33 (dq, 1H{4, 6.8/8.5 Hz), 4.58 (dd,
1H, H3, 3.7/8.5 Hz), 4.98 (d, 1H;l1, 5.6 Hz), 5.01 (dd, 1H, H2, 3.6/
5.0 Hz) ppmXC{*H} NMR (100 MHz, (C>}),CO): 6 = —11.8 (s+
d, br, PCH3), 25.8 CHs3), 26.8 (CHs), 65.0 C6), 76.2 C5), 77.2 C3),
81.5 (C4), 114.7 C2), 174.0 C1) ppm.**P{H} NMR (107 MHz,
(CD3)2CO): 6 = 2630 ppm. MS:m/z (obsd/calcd, %) 455 (3/2), 457
(78/86), 458 (100/100), 459 (82/80), 460 (10/11), 461 (15/20), 462 (15/
3).

Compound 22D (L = 2,3;4,6-Di-O-isopropylidene-o-L-sorbo-
furanose (6A)). Workup Method B. Reaction time: 5 h. Yield: 145
mg (45%). Mp: 83°C, dec above 132C (under argon). Found: C,
31.56; H, 5.18. GHsBFO6Pt requires C, 30.69; H, 4.984 NMR
(500 MHz, —50 °C, (CD;),CO): é = 1.04/1.11/1.28 (s+ d, 2J(Pt,H)
= 78.8/78.1/80.4 Hz, 9H, Ptd), 6.77 (s, 1H, ®) ppm.H NMR
(500 MHz, (CD;),CO): 6 = 1.25 (s, 3H, Me), 1.28 (3- d, br,2J(Pt,H)
= 74.7 Hz, 9H, Pt@®3), 1.33 (s, 3H, Me), 1.41 (s, 3H, Me), 1.42 (s,
3H, Me), 3.67 (m, 2HH1/H2), 3.83 (d, 1HH7, 13.3 Hz), 4.04 (dd,
1H, H5, 2.3/2.4 Hz), 4.10 (dd, 1H{6, 2.3/13.3 Hz), 4.32 (d, 1H4,
2.3 Hz), 4.38 (s, 1HH3) ppm.*3C{*H} NMR (100 MHz, (C).CO):

0 = —11.8 (s+ d, br, P€H3), 19.0 CH3), 27.1 CHs), 27.8 CHa),

29.3 (CHa3), 60.9 C6), 63.4 C1, by = 8.5 Hz), 73.1 C3), 74.2 C4),

85.2 (C5), 97.9 C2), 112.3 (i), 115.8 Ci) ppm.19P{H} NMR (107
MHz, CD,Clp): 6 = 2642 ppm. MS:m/z (obsd/calcd, %) 497 (3/2),
499 (88/83), 500 (100/100), 501 (78/81), 502 (13/14), 503 (23/20), 504
(4/3).

Compound 23D (L = 1,2;3,4-Di-O-isopropylidene-o.-p-galacto-
pyranose (7A)). Workup Method B. Yield: 153 mg (48%). Mp: 82
°C, dec above 112C (under argon). Found: C, 31.30; H, 5.23¢l&e
BF4O¢Pt requires C, 30.69; H, 4.98H NMR (500 MHz, =50 °C,
(CD3),CO): 6 = 1.10/1.21/1.27 (s~ d, 2J(Pt,H) = 79.1/80.6/81.2 Hz,
9H, Pt(Hs), 6.78 (s, 1H, ®) ppm.*H NMR (500 MHz, (C).CO):

0 = 1.24 (s+ d, br,2J(Pt,H) = 78.4 Hz, 9H, PtEl3), 1.29 (s, 3H,
Me), 1.30 (s, 3H, Me), 1.35 (s, 3H, Me), 1.46 (s, 3H, Me), 3.66 (m,
2H, H6/H7), 3.83 (m, 1H,H5), 4.29 (dd, 1HH4, 1.8/8.1 Hz), 4.30
(dd, 1H,H2, 2.3/5.0 Hz), 4.59 (dd, 1H43, 2.3/8.0 Hz), 5.45 (d, 1H,
H1, 5.1 Hz) ppmXC{*H} NMR (100 MHz, (C}),CO): 6 = —11.6
(s+ d, br, PCHs), 24.6 CHs), 25.2 CH3), 26.3 CHs), 26.4 CHa),
62.2 C6, b1 =10.9 Hz), 69.5C4), 71.6 C3), 71.7 C4), 71.9 C2),
97.2 (C1), 108.9 C), 109.5 C;, by = 7.4 Hz) ppm1%P{H} NMR
(107 MHz, (CD3).CO): ¢ = 2658 ppm. MS:m/z (obsd/calcd, %) 497
(3/2), 499 (75/83), 500 (100/100), 501 (79/81), 502 (12/14), 503 (19/
20), 504 (3/3).
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Compound 24D (L = 2,3;4,5-Di-O-isopropylidene-p-fructopy-
ranose (8A)). Workup Method B. Yield: 199 mg (62%). Mp: 74
°C, dec above 98C (under argon). Found: C, 31.16; H, 4.73g0-
BF,OsPt requires C, 30.69; H, 4.98H NMR (500 MHz, —50 °C,
(CD3),CO): 6 =1.10/1.22/1.27 (3 d, 2J(Pt,H)= 78.5/80.9/80.2 Hz,
9H, PtHs), 6.77 (s, 1H, ®) ppm.H NMR (500 MHz, (CD),CO):
0 =1.29 (s, 3H, Me), 1.30 (3 d, br,2J(Pt,H)= 79.4 Hz, 9H, PtEi5),
1.36 (s, 6H, Me), 1.46 (s, 3H, Me), 3.56 (m, 3H1/H2/H7), 3.85 (dd,
1H, H6, 1.9/12.9 Hz), 4.21 (dd, 1H45, 1.3/7.9 Hz), 4.36 (d, 1H3,
2.5 Hz), 4.60 (dd, 1HH4, 2.5/7.8 Hz) ppmtC{H} NMR (100 MHz,
(CD3),CO): 6 = —11.6 (s+ d, br,2J(Pt,C)= 782 Hz, P€H3), 24.4
(CHs), 25.9 CHa3), 26.3 CH3), 26.9 CHs), 61.9 (C6), 64.9 C1, br,
b1, = 10.8 Hz), 70.9 €3), 71.3 C4), 72.0 C5), 104.5 C2), 109.0
(C), 109.5 C) ppm.2*P{ H} NMR (107 MHz, (CD}),CO): 6 = 2618
ppm. MS: m/z (obsd/calcd, %) 497 (2/2), 499 (80/83), 500 (100/100),
501 (80/81), 502 (18/14), 503 (20/20), 504 (2/3).

Synthesis of [PtMeL(H0)]BF4 (24D) (L = 2,3;4,5-Di-O-iso-
propylidene-f-p-fructopyranose (8A)). [PtMesL]BF4 (24D) (100 mg,
0.17 mmol) was dissolved in wet methylene chloride. Within 24 h,
24D precipitated as colorless crystals which were isolated by filtration
and dried under argon. Yield: 75 mg (73%). Mp: 98, dec above
124 °C (under argon). Found: C, 29.42; H, 5.34:5::BF,O/Pt
requires C, 29.78; H, 5.17H NMR (500 MHz, —50 °C, (CDs),CO):
0 = 1.04/1.11 (st d, 2J(Pt,H) = 79.5/79.9 Hz, 9H, Pt8j), 6.66 (s,
2H, OHy); 6.86 (s, 1H, ®) ppm.*H NMR (500 MHz, (CD;),CO): 6
=1.21 (s+d, br,2)(Pt,H) = 79.1 Hz, 9H, Pt€ls), 1.29 (s, 3H, Me),
1.36 (s, 6H, Me), 1.46 (s, 3H, Me), 3.56 (m, 3H1/H2/H7), 3.85 (dd,
1H, H6, 1.9/12.9 Hz), 4.21 (dd, 1H45, 1.3/7.9 Hz), 4.36 (d, 1HH3,
2.5 Hz), 4.60 (dd, 1HH4, 2.5/7.8 Hz) ppm*3C{*H} NMR (100 MHz,
(CD3);CO): ¢ = —11.6 (s+ d, br,2)(Pt,C)= 782 Hz, PEH3), 24.4
(CHs), 25.9 CHg), 26.3 (CH3), 26.9 CHs), 61.9 (C6), 64.9 C1, br,
bi» = 5.0 Hz), 70.9 C3), 71.3 C4), 72.0 C5), 104.5 C2), 109.0 Cy),
109.5 Ci) ppm. *P{*H} NMR (107 MHz, (CDR).CO): 6 = 2530
ppm. MS: m/z (obsd/calcd, %) no peak found.

Synthesis of [PtMeL]BF,4 (25D) (L = 1,2:5,6-Di-O-isopropy-
lidene-o-p-glucofuranose) [PtMesL]BF 4 (14E) (100 mg, 0.18 mmol)

J. Am. Chem. Soc., Vol. 121, No. 26, %&b

Table 1. X-ray Diffraction Data forl9E and 24D

19E 24D
formula QszsBFAOePt C15H3;|_BF407Pt
formula weight 547.22 605.30
crystal dimensions (mm) 0.1¥ 0.11x 0.06 0.30x 0.10x 0.10
crystal color colorless colorless
temperature (K) 200(2) 220(2)
crystal system monoclinic orthorhombic
Space group P2, P2:212,
a(A) 8.607(3) 9.851(2)
b (A) 9.955(4) 11.141(4)
c(A) 11.415(4) 20.418(6)
p (deg) 111.09(4)
V (A3) 912.6(6) 2240.8(11)
z 2 4
Dcalcd (g/CTP) 1.991 1.794
diffractometer STOE IPDS STOE IPDS
u (mm2) 7.750 6.325
refinementwR22 0.1353 0.1280
refinementR1 0.0560 0.0581
goodness of fit orfF? 1.091 0.955
absolute structure parameter  0.02(2) 0.00(2)

AWR2 = [F[W(Fe® — F[ZW(FoH)T] M2

Kinetics. [PtMes(Me;CO)]BF4 (1) (270 mg, 0.51 mmol) was
prepared as described above, and the solvent was renmovedua
Compoundl was dissolved in [Blacetone at 27C, the diprotected
carbohydrate (0.05 mmol) was added, and #HeNMR spectra were
recorded at 10 min intervals over a period of 16 h on a Varian VRX
500 spectrometer. Rate constants were calculated by integration of the
signals of the methyl protons in the protecting group using the Varian
VNMR 5.3 software.

Results and Discussion

A. Platinum Complexes with Monoprotected Carbohy-
drate Ligands. 1. SynthesisThe trimethylplatinum(lV) cation

was dissolved in acetone, and after 1 week the solvent was removed inreacts with diisopropylidene-protected monosaccharidégsn(

vacuo, leaving a solid residue. Extraction with 5 mL of methylene
chloride gave a white powder @5D. Yield: 98 mg (91%). Mp: 70
°C, dec above 127C (under argon). Found: C, 30.21; H, 4.64:lqo
BF,O6Pt requires C, 30.68; H, 4.97H NMR (500 MHz, =50 °C,
(CD3),CO): 6 = 1.03/1.09/1.22 (s d, 2J(Pt,H)= 79.1/78.0/80.7 Hz,
9H, PtCHs), 6.91 (s, 1H, ®f) ppm.*H NMR (500 MHz, (CD1;),CO):
0 = 1.27 (s+ d, br,2J(Pt,H) = 79.9 Hz, 9H, PtEl3), 1.27 (s, 3H,
Me), 1.28 (s, 3H, Me), 1.34 (s, 3H, Me), 1.41 (s, 3H, Me), 3.85 (dd,
1H, H7, 8.3/5.9 Hz), 3.96 (dd, 1H{4, 2.9/7.5 Hz) 4.00 (dd, 1H6,
6.2/8.3), 4.10 (dd, 1H3, 2.7/4.6 Hz), 4.25 (ddd, 1H{5, 6.2/5.9/7.5
Hz), 4.49 (d, 1HH2, 3.6 Hz), 5.85 (d, 1HH1, 3.6 Hz) ppm3C{*H}
NMR (100 MHz, (Cy),CO): 6 = —12.1 (s+ d, br, PCHg), 25.6
(CHa), 26.4 CH3), 27.0 CHa), 27.1 CHs), 67.6 (C6), 73.6 (5), 75.2
(C3), 82.5 (4), 86.6 C2), 106.0 C1), 109.3 Cj), 112.0 C) ppm.
19¢1H} NMR (107 MHz, (CD),CO): 6 = 2600 ppm. MS: m/z
(obsd/calcd, %) 497 (3/2), 499 (82/83), 500 (100/100), 501 (79/81),
502 (14/14), 503 (20/20), 504 (3/3).

X-ray Crystal Structure Determinations. Colorless single crystals
of [PtMe3(CeH1606)|BF4 (19E) and [PtMe(Ci2H2006)(H20)]BF4 (24D)

anhydrous acetone with or without the loss of an isopropylidene
group to give new platinum(lV) complexes with mong) (or

di (D) isopropylidene-protected carbohydrate ligands. Tipe
complexes can also be obtained directly from the monoprotected
carbohydratesR) (Scheme 2).

Scheme 2

Pt(v)-di-isopropylidene-protected
monosaccharide complex (D)

di-isopropylidene-protected + Pv)

monosaccharide (A )

Pt(iv}-mono-isopropylidene-
protected monosaccharide
complex (E)
mono-isopropylidene-protected  * Pt(v)
monosaccharide ( B }

[PtMe3(MeCO)]BF,4 (1) reacts in acetone with 1,2;5,6-di-
O-isopropylidenea-p-glucofuranoseyA), 3-O-acetyl-1,2;5,6-

having platelike characteristics were mounted on a glass fiber using di-O-isopropylidenea-p-glucofuranoseZA), 3-O-(methylsul-
perfluorinated ether and analyzed under a stream of cold nitrogen. Datafonyl)-1,2;5,6-diO-isopropylidenea-p-glucofuranose 3A),

collections was performed with an area detector using graphite-

monochromatized Mol radiation ¢o = 0.710 73 A), and the data
sets were corrected numerically for absorptim/Tmax = 0.46/0.16
for 19E and 0.48/0.33 foR4D' (Table 1). The structures were solved
by direct methods (SHELXS-85)and refined using the full-matrix
least-squares method agairst (SHELXL-93)1* All non-hydrogen

atoms were refined anisotropically; hydrogen atoms were included in

1,2;5,6-diO-isopropylidenea-p-allofuranose 4A), 2,3;4,6-di-
O-isopropylidene-2-kete-gulonic acid bA), and 2,3;4,6-di-
O-isopropylidenea-L-sorbofuranose 6A) to give trimethyl-
(carbohydrate)platinum tetrafluoroborate complekéE—19E
in moderate to good yields (Scheme 3). Platinum complexation
is accompanied by the cleavage of one isopropylidene group,

calculated positions and refined with isotropic displacement parameters@nd the platinum coordinates to the liberated hydroxyl groups

according to the riding model.

(13) Sheldrick, G. MSHELXS-86Program for the Solution of Crystal
Structures University of Gdtingen, Germany, 1986.

(14) Sheldrick, G. MSHELXL-93 Program for the Refinement of Crystal
Structures University of Gdtingen, Germany, 1993.

and to a third hydroxyl group or oxygen donor if functionalized
monosaccharides are used. As shown by the preparation of
complexesl4E and15E, 1,2-O-isopropylidenes-p-glucofura-
nose (OB) and 3O-acetyl-1,20-isopropylidenex-bp-gluco-
furanose {1B) can also be used as starting materials. In these
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cases, complex formation proceeds without the loss of a
protecting group (Scheme 3).

1,2-O-Isopropylidenea-p-xylofuranose 12B; protecting group
anti to OH) and 5,82-isopropylidene--gulono-1,4-lactone
(13B; protecting group syn to OH) react in the same way to
give complexes [PtM&]BF, (20E, L = 12B; 21E, L = 13B)
without the loss of a protecting group (Scheme 4). In both
complexes the carbohydrate ligand coordinates via its two OH

Junicke et al.

The platinum-carbohydrate complexdlE—21E were iso-
lated as white, air- and moisture-sensitive powders or colorless
crystals in moderate to good vyields (382%), and their
identities were confirmed by microanalysi$], 13C, and!9%Pt
NMR spectroscopy, single-crystal structure analys#=° 19E),
and ESI mass spectroscopy.

During the complex formation (Scheme 3), one of the two
isopropylidene groups is lost as acetone, presumably due to the
presence of trace amounts of water in the reaction mixture.
Adding water to the reaction mixture prevented the formation
of 14E; instead, [PtMgH,0)3]BF4 was formed immediately
from cleavage of the carbohydrate and acetone ligands. No
further cleavage of an isopropylidene group was observed,
demonstrating that elimination of the protecting group is
platinum-promoted.

The rate constants were determined for the reactidnvath
1A—4A and6A in [Dglacetone by NMR spectroscopy, assuming
that the reactions are pseudo-first-order. The relative rates are

1A(1.0) > 6A(0.8) > 4A(0.7) > 3A(0.2) > 2A(0.1) (krelative to 1A)

174 142 113 3.6 1.8 (absolute 4 in 10%s™)

These hydrolysis reactions probably proceed via an initial
monodentate coordination of the ligantthrough the functional
group at C3. Hydrolysis is facilitated by the coordination of
water (the resulting acidity of water is estimated to increase by
as much as 13 orders of magnituéf@yhich positions the proton
donor near the ketal oxygen of the protecting group (intermediate
A, Scheme 5). Alternatively, an additional coordination o6f L
through the ketal oxygen of the protecting group (intermediate
B, Scheme 5) could occur, resulting in enhanced electrophilicity
of the ketal carbon. In the latter, the hydrolysis reaction may
be facilitated by the enhanced acidity of an aqua ligand
(intermediateB’, Scheme 5).

Scheme 5
!
-
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Me~p, U2 O Ie} O
Mo Me~p2” Me~pi2”
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> > >
A B B'

The importance of the precoordination of through the
functional group at C3 can be derived from the order of the
reactivity. The carbohydrate ligands with the weakest donor
groups on C3 (COMe2A) and SQMe (3A)) react more slowly
than those with the stronger donating hydroxyl groups, @A,
6A). The difference betweehA and4A can be attributed to
greater ring strain in the intermediates or transition states of
4A due to the anti position of the OH group at C3 and the
exocyclic isopropylidene group, which will be cleaved off.

2. NMR Spectroscopy Selected NMR data are shown in
Table 2. In'H NMR spectra acquired at ambient temperature,
the methyl ligands exhibit a broad signal at 1=2327 ppm

flanked by platinum satellites. Thus, the donor strength of the

carbohydrate can be measured by the chemical shift of the trans-
oriented methyl ligand® whose signals lie between the acetone
and water ligand signals: MEO < carbohydrate< H,O (for
comparison, [PtMg s]BF4 (L = Me,CO) 6 = 1.37 ppm, (L=

groups, these presumably being the strongest donor sites. The (15) van Eldik, R.Adv. Inorg. Bioinorg. Mech1984 3, 275-309.

facial coordination mode is completed by the ring oxygen of
the furanoseZ0E) or of the isopropylidene grou2E).

(16) Schlecht, S.; Magull, J.; Fenske, D.; Dehnicke Atgew. Chem.
1997 109 2087-2090; Angew. Chem., Int. Ed. Engl997 36, 1994~
1995.
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Table 2. 'H Chemical Shiftd of the Methyl Ligands and the istics of neutral carbohydrate ligands, coordination-induced shifts
Coordinated Hydroxyl/Carboxylic Acid Protons afPt Chemical (CISY7 are small in the platinum(V) complexes. For example,
Shifts for the Complexe$4E—21F 13C chemical shift differences between noncoordinated and
O(*H) [AI(PLH)P coordinated carbohydrate ligands ar®@ ppm and thus are
CHs CHs H 0 unreliable diagnostic probes of the coordination mode of the
compd coord mode  (rt) (=50°C)  (=50°C) (**P1) carbohydrate ligands. Useful information, however, can be

14E  OH,OH,OH  1.26[br] 1.03[78.8] (9H) 6.83 (3H) 2350  obtained from*3C—13C and!3C—H spin-coupling constants,

15 OH, OH, Qcome 1.25[79.3] 1.04[78.8] (3H) 6.65 (1H) 2624  which can be measured readily ¥#C-labeled compounds.
i%g gg'ﬂ 8:3 6.82 (1H) 1,2-O-Isopropylidenes-p-glucofuranose 10B*) (all °C-

16E  OH, OH, Osome 1.25[br] 1.02[78.9] (3H) 6.63 (1H) 2618 labeled compounds are marked with an asterisk) singly labeled
1.08 [78.4] (3H) 6.80 (1H) at each of the saccharide carbons {{CB) was synthesized
1.21[79.9] (3H) and complexed with the trimethylplatinum cation to give-

17E  OH,OH,OH  1.22[br]  1.03[78.8] (6H) 6.65(2H) 2520 |apeled compled4E*. A number ofJ couplings involving the

1.09[78.3] (3H) 6.82 (1H)
18E  OH, OH, COOH 1.18([79.3] 1.03 [78.3] (6H) 6.75 (1H) 2541  labeled carbons were measured, and a subset of these data are

1.27[79.3] (3H) 6.81 (1H) used here to illustrate their use in confirming the structure of
12.1 (1H) 14E
198 OH,OH,OH  1.26[79.3] 1.03[78.9] (6H) 6.66 (2H) 2560 a. Wcc. The involvement of the exocyclic G&C6 fragment

1.10[78.4] (3H) 6.85 (1H . . : . :
20E  OH,OH, Qne 1.27[79.8] 1_04[[78.3]((3% 6.64((”_2) 2607 I 1,2-isopropylidenex-D-glucofuranose in Pt(IV) complexation

1.10 [78.5] (3H) 6.80 (1H) is confirmed by comparingcs cgin 14E* (34.4 Hz) withJcs cs
1.22[80.0] (3H) in the noncomplexed sugafB* (40.6 Hz). The large decrease
21E  OH, OH, Quef 1.27[78.5] 1.04[78.6] (3H) 6.66 (1H) 2630 in this coupling observed upon complexation is consistent with
ig gg'g} 8:; 6.77 (1H) the known effect of the €C torsion angle in vicinal diol
: ' fragments ortJcc; Ncc is considerably smaller when the two
aIn parts per million, in [Q]ac_etone.b 2Jpen values in _brackets, in oxygens are syn than when they are ahnas a ControLlJCS,CG
E‘gtz; br de”t"tles broadef”fhd 3.'9r?6®nng|§ furanose ring oxygen. iy 1 2.5 -diO-isopropylidenes-n-glucofuranose 1A*) (34.4
acetal = CE1AT OXygen of the Isopropyliden group. Hz) is identical to that observed it4E*, as expected since
similar constraints on the G5C6 torsion angle are imposed by
the protecting group idA* and the platinum in complek4E*.
By comparison, the remaining foliicc values in10B* change
by <2 Hz upon complexation with Pt.

b. 2Jcc,2Jch, and 3Jcc. SincelJes cein 14E indicated the
involvement of the C5C6 fragment in Pt(IV) complexation,
additional structural information on the complex was obtained
Sby evaluating othedcc and Jcy values in this region of the
molecule. The gemindlcs csand?Jcs csvalues were interpreted
using the projection resultant meth8dNewman projections
and projection resultants f@dcsce are shown in Scheme 6.
Nine combinations of rotamers are possible, leading to nine
predicted values fofJcs.ce The observedlcs cein 14E* is O
Hz, which is consistent with combinations 2, 3, 4, and 7.
However, the magnitude dflcs cs (see above) indicates that
O5 and O6 cannot be anti, excluding rotamer Ill, and the similar

H.0) 6 = 1.06 ppm). At—50°C, the broad methyl group signal

is split into three sharp signals flanked by platinum satellites,
revealing the nonequivalence of the methyl groups. In the
complexesl4E and17E—19E, the three and two methyl groups,
respectively, have identical chemical shifts by chance. Methyl
ligands trans to hydroxyl groups resonate at higher field (.03
1.10 ppm) compared to those trans to weaker ligands such a
the acetal oxygen ib5E—16E and20E—21E (1.21-1.27 ppm).
The low-field signal at 1.27 ppm id8E indicates that the
carboxyl group is a weaker donor compared to the other two
hydroxyl groups in the carbohydrate.

The protons of the hydroxyl groups coordinated to the
platinum show a broad low-intensity signal at ambient temper-
ature, whereas at50 °C, sharp signals with the expected
intensities are observed. Interestingly, in the complexes the

Eygioxprr%totrlf] show ”Oli;l"c'”?' °°b“p'::‘/9§ Itr? tﬁarbr?”'?n"‘:“f agnitudes ofJus e = 6.2 Hz ancBdys 7 = 5.7 Hz in 14E*
ydrogens, but these couplings are observe € UNCOMPIEXEqyy clude rotamer I, thus leaving only one combination 4

monosaccharide$Jyocn = 3—6 Hz). This difference might : : : ; .
be due to an enhanced exchange with solvent due to the higherconS|stent with all of the available data. This geometry is also

o : . ~consistent with3Jca s (2 Hz; C3-H5 approximately anti-
acidity of the platinum-bound OH groups and/or to changes in . 3 ' . ;
the conformation in the €0 torsion angle(s) upon complex- periplanar):Jca s (3.1 Hz; C4-HG approximately gauche), and

3 . i
ation. Because of the low solubility of the noncoordinated Jesce (1.7 Hz;, C3-C6 approximately gauche). Thesk

monosaccharides in acetone. the different chemical shifts of thecouplings involving carbon confirm that the solution structure
Iaes | - ! ca’ shi of 14E is similar to that observed in the crysfal.

hydroxyl protons in the coordinated and noncoordinated car- 4. ESI-MS Analvses Mass spectra of the new complexes

bohydrates could be determined only fotE, 18E, and 19E. ) Y P P

. o : .. 14E—21E were obtained by the direct injection ESI-MS
In these cases, platinum coordination induces a downfield shift techniaue using solutions of the pure complexes in drv acetone
of 2.4—3.2 ppm for the CHR-OH groups and 6.4 ppm for the q 9 P P y

COOH group. (Figure 1a). In all cases excelBE, where no signal was found,

the mass peaks of the molecular cations [PiME (L =
13C NMR spectra demonstrate that completdé&—21E are ; ; ;
. ) i . . carbohydrate) were detected, showing an isotopic envelope
isomerically pure in solution. Th&®Pt signals (23562627 4 ) w Wing ISo%op! Ve op

! 3 characteristic of monocations containing one platinum atom
ppm) of the complexes are observed at higher field than that of 9 P

the tris(acetone) compleix(6(1%3Pt) = 2696 ppm):° Complexes (17) Anlrichs, R.; Ballauff, M.; Eichkorn, K.; Hanemann, O.; Kettenbach,

i i i i G.; Klifers, P.Chem. Eur. J1998 4, 835-844.
with clglsrgohydrat_e ligands having stronger donor sites (3H) (18) (a) Schwarcz, J. A.; Perlin, A. €an. J. Chem1972 50, 3667
give 1Pt chemical shifts in the range of 2358560 ppm, 3676. (b) Bock, K.; Pedersen, @cta Chem. Scandl977, B 31, 354—
whereas those having weaker donor sites<(®H + Oacetal 358. (c) Bose, B.; Zhao, S.; Stenutz, R.; Cloran, F.; Bondo, B. P.; Bondo,
Oring) are in the range of 25242627 ppm. G.; Hertz, B.; Carmichael, I.; Serianni, A. $.Am. Chem. Sod99§ 120,

. . . 11158-11173. (d) Church, T.; Carmichael, I.; Serianni, A.Carbohydr.
3. Structural Analysis Using**C-Labeled Monosaccharide Res.1996 280, 177-186. (e) Carmichael, I.; Chipman, D. M.; Podlasek,

Ligands. As a consequence of the very weak donor character- C. A.; Serianni, A. SJ. Am. Chem. Sod993 115 10863-10870.
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Scheme 6 Scheme 7
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com- front back projection | expected 7TA  |23D (48%) 1,2;3,4-di-O-isopropylidene-o-D-galactopyranose
o ine [H
ll)mauon ?athway ?’athway iu;ll 0 goup ing [Hz] 8A 124D (62%) 2,3;4,5-di-O-isopropylidene-B-p-fructopyranose
2 I 1 +1.5 0 24D’ (73%)" 2,3;4,5-di-O-isopropylidene-B-D-fructopyranose
3 I i +15 0
4 i} r +15 0 .
5 I T 0 22 [PtMe;L(H,0)].
6 il i 0 -2
; }g iI 315 02 NMR data show, these species are not present in the original
9 1 - 0 o solution but are formed during the ionization process and/or by
thermal decomposition (proven by varying the ESI spray voltage
- from 3.0 to 5.5 kV and the capillary temperature from 100 to
a [Ptzne?u 300 °C). Furthermore, collision-induced dissociation (CID)
L - experiments (multistage mass analysis,*M8d M) demon-
g e o 49 T or strated that the molecular cations [P@E" are not formed by
5 80 0 fragmentation processes of higher mass.
£ ' o e T The fragmentation processes (CID of the isolated parent ions)
2 20 x ?\— 464 i R T e g
€ LT M of the complex cations [PtME] ™ show a significant dependence
200 T 500 Y 5000 on the coordination mode of the platinum. For complexes with
b monoprotected furanose ligands without coordination of the
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protecting groupX4E—17E, 19E, and20E), product ions were
formed by the loss of acetone from the parent idim(= 58
amu, Figure 1b). In contrast, another fragmentation process was
observed for the compleX1E in which the acetal oxygen of
the protecting group participates in the coordination. In this case
a daughter ion atvz 428 (Am = 30 amu) was detected. Using

Figure 1. (a) ESI mass spectrum of [PtMe]BF4 (19E) (L = 2,3-0- 21E with perdeuterated methyl ligands, a daughter iomét
isopropylidenea-L-sorbofuranose) (solvent: acetone). Full scan mass 431 (Am = 36 amu) was observed, which proves that two
spectrum showing the m+olecular mass of the cation, and expandedmethyl ligands of the platinum(lV) cation are eliminated,
spectrum of the [PtMg]* ion at m/z 460 showing the expected . . P
intensity due to Pt isotopic composition (calculated intensities are shown Smbably as. etha:cni' Cf?' mhpl)légE.g.l d nOtbS hovl\{ any signal; facile |
by horizontal bars). (bCID spectrum (dissociation of the parent ion gprotonatlon of the highly a_C' ',C carboxylic group apparently
yields a neutral complex which is not detected by ESI-MS.

at mv/z 460).

B. Platinum Complexes with Diprotected Carbohydrate
[natural isotopic composition*®%Pt (0.01%),1°%Pt (0.79%),1°%Pt Ligands. 1. SynthesisThe diprotected monosaccharides 2,3;4,6-
(32.9%),195Pt (33.8%),19%Pt (25.3%), and®Pt (7.2%)]. The di-O-isopropylidenea-L-sorbofuranose6p), 1,2;3,4-diO-iso-
observed isotopic patterns of the molecular cations are in goodpropylidenee-p-galactopyranose7@), and 2,3;4,5-dio-iso-
agreement with the calculated values. In most cases, the masgropylidenes-p-fructopyranose §A) react in acetone with
peaks of the ions [PtMg&] " represent the most intensive peaks without accompanying cleavage of an isopropylidene protecting
(basis peak), but further mass peaks of platinum-containing group to yield new platinum complexes [PtpléBF, (22D—
cations such as [PtME™ (mV/z 240) and [(PtMe).L—n] ™ (L—p 24D) (L = 6A—8A) (Scheme 7). In these complexes, the
= deprotonated carbohydrate ligand) were also detected. As thecarbohydrate ligands coordinate through one hydroxyl group
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Scheme 8
[PtMe;L|BF4 (PtMe;L"|BF, .
H ® >L ®
s e
e f~-on HO\/:P“:W
Me o| © __ acetone o] ©
BF4 1 week BF4
o] o]
> >
14E 250
compound | [PtMe;L]BF4; |L”
(yield)
14E ‘ 25D (91%) ’ 1,2;5,6-di-O-isopropylidene-a.-D-glucofuranose O/é\
. O
and two weaker donors, namely, the ring oxygen of the furanose S
or pyranose ring and an acetal oxygen of an isopropylidene rjg,re 2. Molecular structure of the cation df9E (ORTEP-IIF?
group. diagram displaying 30% probability ellipsoids).

These complexes exhibit a higher sensitivity to air and
moisture than those where the ligand is coordinated through Table 3. Selected Bond Lengths and Angles f9E

three hydroxyl groups. In wet methylene chloride, com@2p Bond Lengths (&)
reacts with the loss of one isopropylidene group to give complex ~ Pt=01 2.26(1) CtO1 1.43(2)
19E in which the monoprotected carbohydrate ligand is P04 2.24(1) crc2 1.52(2)
dinated via three hydroxyl groups. In contrast, dissolvin P05 2.16(1) cacs 1.47(3)
coordina ydaroxyl groups.. : 9  Pt-C10 2.10(1) c3c4 1.51(2)
23D in wet methylene chloride results in the cleavage of the Pt+—C11 1.90(3) C404 1.41(2)
carbohydrate ligand without cleavage of a protecting group. ~ Pt—C12 2.03(2) C5Cé 1.50(2)
Dissolution 0f24D in wet methylene chloride yields complex Bond Angles (deg)
24D in which the ligated acetal oxygen atom of the isopropy-  01-Pt—04 91.2(5) Cl16-Pt-C11 89.6(7)
lidene group is replaced by an aqua ligand without deprotection O1—-Pt-06 95.3(5) Cle-Pt-C12 89.5(9)
of the carbohydrate ligand. Thus, complg4D exhibits a Ol:Pt:ClO 88.3(8) CHPi_ClZ 91(1)

. " . ' O1-Pt-C11 87.6(8) PtO1-C1 143.5(9)
unique coordination mode to platinum (bidentate carbohydrate o1-pt—c12 177.4(7) PtO4—C4 122.2(9)
ligand). 04—Pt-06 82.5(4) Pt06-C6 121(1)

i i i - i ide- 04—Pt—C10 92.9(8) 0+C1-C2 108.2(7)

As illustrated in Scheme 8, platinum promoted_ isopropylide O1_PLC11 177.2(7) 04CI_C3 111.1(8)
nation represents a novel route to prepare platinum(lV) com- 5, pi 2715 90.3(8) 04 C4—C5 1111(7)
plexes with diprotected carbohydrate ligands. Within 1 week, 06-pPt-C10 174.2(9) 06C6-C5 109.9(8)
14E in acetone was converted &D, which was isolated in 0O6-Pt-C11 95.1(8) C505-C2 110.7(7)
91% yield. As found for22D—24D, this diprotected carbohy- 06-Pt-C12 87.0(7)

drate ligand exhibits an unprecedented coordination mode with
two acetal oxygens and only one hydroxyl oxygen as donors. distinctly smaller than 90(04—Pt-06 = 82.5(4] vs O1—
Isopropylidene groups in complexes involving diprotected Pt=06 = 95.3(5] and O}-Pt-04 = 91.2(5]), whereas the
pyranose ligand<2@D, 24D) are cleaved more slowly in acetone C—Pt=C angles remain nearly orthogonal (89.5¢9)L(1)).
than those in complexes involving diprotected furanose ligands TWo Pt=O bonds (O1, O4) are equal within the tolerance limit
22D and25D. Furthermore, the exocyclic isopropylidene group  (30) (Pt=01=2.26(1), P+04=2.24 (1) A) and are equivalent
in complexes involving furanose ligand2D and 25D ex- to those in [PtMe(CoH1606)|BF4 (14E), whose structure is
changes in [Gacetone as shown by ESI-MS experiments, which Shown in Figure 3 for comparisdtin contrast, the PtO bond
proves that the platinum-promoted deprotection/protection reac-(08) is significantly shorter (PtO6=2.16(1) A). The furanose
tion occurs at a significant rate. ring assumes an envelope conformation in which C4 is displaced
The platinum-carbohydrate complexe&2D—25D were from the C5,04,C2,C3 plane by 0.37(1) A. A similar distortion
isolated as white, air- and moisture-sensitive powders or of 0.57(2) A but in the opposite direction is observed in the

colorless crystals24D') in moderate to good yields (491%), furanose ring inl4E.° A comparison ofL9E with the noncom-
and they were fully characterized by microanalysls, 13C, plexed 2,3;4,6-d-isopropylidene-2-keta-gulonic acid bA)

and %Pt NMR spectroscopy, single-crystal structure analysis (the most similar carbohydrate ligand whose crystal structure
(24D), and ESI mass spectroscopy. is knownt®) shows that, apart from the conformation of the

2. Crystal Structures. Slow concentration of a solution of ~ €xocyclic CHOH group, only small changes in the conforma-
22D in wet methylene chloride gave colorless crystals of tion of the carbohydrate ligand occur upon complexation. Within
complex19E suitable for single-crystal X-ray crystallography. the furanose ring, C5 is bent toward the O5,C2,C3,C4 plane of
Its molecular structure is shown in Figure 2, and selected bond the furanose ring, and the dihedral angle C3,C4,C5,05 increases

lengths and angles are listed in Table 3. @3sopropylidene- by 12 upon complexation. _
a-L-sorbofuranose acts as a neutral tridentate ligand which is ~ Dissolution of24Din wet methylene chloride gave colorless
coordinated via three hydroxyl groups3QL46 coordination).  crystals of24D suitable for single-crystal X-ray crystallography.

The six-, seven-, and eight-membered 1,3,2-dioxaplatina rings [ts molecular structure is shown in Figure 4, and selected bond
exhibit boat, chair, and distorted chair conformations, respec- lengths and angles are listed in Table 4. 2,3;4,32Es0pro-
tively. pylidenefg-p-fructopyranose acts as a neutral bidentate ligand

The cyclic system is not free of bond angle strain, as indicated (19) Takagi, S.; Jeffrey, G. Acta Crystallogr. Sect. B978 34, 2932
by the O-Pt=0O angles in particular. One of these angles is 2934.
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Figure 3. Molecular structure of the cation df4E (ORTEP-IIP?
diagram displaying 30% probability ellipsoids). Selected bond lengths
(A) and angles (deg): P1O3 2.227(7), P+O5 2.24(1), P+06 2.23(1),
Pt—C10 2.02(1), PtC12 2.02(2), PtC13 2.07(2), O3-Pt—05 78.6(4),
0O3—Pt-06 87.5(6), O5-Pt—06 75.7(6), PtO3—C3 123.5(8).

Figure 5. Unit cell structure ofLl9E and24D, displaying the hydrogen
bonding network.

whereas the EPt—C angles remain nearly orthogonal (88.3(9)
90(1y). All Pt—O bonds are equal within the tolerance limit
(30) (Pt—0O mean value 2.24 A).

The pyranose ring of the free ligand 2,3;4,5@lisopropy-
lidene3-p-fructopyranose&A) exhibits a?Sy conformation in
the solid stat@® In contrast, in the crystal structure 8#D,
the twist-boat conformation of the pyranose ring is distorted
due to complexation with platinum. This distortion is caused
by changes in the dihedral angles in the sugar ring; in particular,
Figure 4. Molecular structure of the cation 4D’ (ORTEP-IIP3 the dihedral angle G3C4—C5—C6 is reduced by 7and C4-

diagram displaying 30% probability ellipsoids). C5-C6-06 is increased by
Table 4. Selected Bond Lengths and Angles %D In the crystal structures df9E and 24D, there are strong
Bond Lengths (A) cation—anion interactions via ©H---F hydrogen bonds (&
Pt—01 2.24(1) OxC1 1.45(2) F = 2.63(1)-2.70(1) A (L9E), 2.639(5)-2.818(5) A) (Figure
Pt-06 2.26(1) 06-C6 1.46(2) 5). In 19E, each of the three hydroxyl groups of the carbohydrate
EE:SL %%%((?) g;g% %ig% ligand is hydrogen-bonded to a BFanion such that the crystal
Pt—C14 2.02(2) Cc202 1.43(2) is threaded by double chains built up of alternating cations and
Pt-C15 2.00(2) C5C6 1.47(3) anions. In24D, one BR~ anion is hydrogen-bonded to the
Bond Angles (deg) hydroxyl group of the carbohydrate ligand as well as to one
C13-Pt-C14 90(1) O6-Pt—C14 89.4(8) OH group of the aqua ligand of the same cation and to a
C13-Pt-C15 88.3(9) O6-Pt—C15 99.2(7) neighboring cation via the other OH group of the aqua ligand.
8%4_;'2_0%15 795(.)3(3) 87%&:%2 1%%'(71()7) Thus, as observed fdr9E, the crystal is threaded by chains
01-Pt—-07 93.1(4) OZPt-C15 88.2(6) built up of alternating cations and anions. Similar networks of
01-Pt-C13 95.1(8) PtO1-Cl1 110.0(9) O—H:-+-F hydrogen bonds were also found I#E® and in
81:5%:%3 1879492((77)) Egg:gé %%%%28) [PtMe3(1,6-anhydrq@-D-gIucopyranose)]BJE10 they might be
06—Pt—07 87.2(4) C+C2—-06 105(1) essential for the marked tendency of these complexes to
06—Pt—C13 170.4(8) C2C3-C4 118(2) crystallize, which is unusual for carbohydratmetal complexes.

3. NMR Spectroscopy At ambient temperature, the methyl
which is coordinated via the hydroxyl group (O1) and the acetal proton signals of the trimethylplatinum cation in complexes
oxygen atom (O6) of the pyranose ring?@'® coordination). 22D—24D are very broad (Table 5). This behavior may be due
The coordination sphere of the platinum is completed by an to different methyl shifts caused by different oxygen donors in
aqua ligand. trans positions and/or by weak coordination. In com@@é4g,

The five-membered 1,3,2-dioxaplatina ring exhibits a half- the signal is sharper and is shifted to higher field due to the
chair conformation. This ring is not free of bond angle strain,

which is revealed by the small GPt-06 angle (75.3(4), (20) Lis, T.; Weichsel, AActa Crystallogr.1987 C43 1954-1956.
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Table 5. H Chemical Shiftd of the Methyl Ligands and the
Coordinated Hydroxyl Protons artéPt Chemical Shifts for
Complexe22D—-25D

O(*H) [2(Pt,H)F

CHs; OH
compd coord mode (=50°C)  (=50°C) o(*%Pt)

22D OH, Qling, Oacetal 1.28 [74.7] 1.04 [78.8] (3H) 6.77 (1H) 2642
1.11[78.1] (3H)
1.28 [80.4] (3H)

23D OH, Ojing, Oacetar 1.24 [78.4] 1.10 [79.1] (3H) 6.78 (1H)
1.21 [80.6] (3H)
1.27 [81.2] (3H)

24D OH, Ojing, Oacetar 1.30 [79.4] 1.10 [78.5] (3H) 6.77 (1H)
1.22 [80.9] (3H)
1.27 [80.2] (3H)

24D OH, Qing, H,O  1.21[79.1] 1.04 [79.5] (6H) 6.66 (@) 2530
1.11 [79.9] (3H) 6.86 (OH)

25D OH, Ojing, Oacetar 1.27 [79.9] 1.03 [79.1] (3H) 6.91 (1H)
1.09 [78.0] (3H)
1.22 [80.7] (3H)

CHs
()

2658

2618

2600

2 In parts per million, in [Blacetone® Orng = furanose ring oxygen.
Oacetar = acetal oxygen of the isopropylidene groGpJe values in
brackets, in hertz.

replacement of the weak acetal coordination by the stronger
aqua ligand. In contrast, at50 °C, the broad signal is resolved
into three sharp signals flanked by platinum satellites, revealing
the nonequivalence of the methyl ligands as observedi i

21E. The methyl protons trans to an acetal oxygen are shifted
downfield compared to those trans to a hydroxyl group.
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22D and 25D show loss ofAm = 30 amu (elimination of two
methyl ligands, probably as ethane) from the parent ion, while
in the case of the pyranose complex&3D and 24D, two
fragmentation processeadrft = 30 amu andAm = 58 amu)
compete, namely, the loss of two methyl ligandsm(= 30
amu) and the loss of a protecting isopropylidene gronm &

58 amu).

Conclusions

The carbohydratemetal complexes described in this work
belong to an undeveloped class of transition metal complexes
containing neutral, “purely” oxygen-bound carbohydrate ligands.
These ligands are much weaker donors than deprotonated
carbohydrates and carbohydrates having Lewis base anchor
groups, and consequently the nearly equivalent oxygen donor
atoms of the sugar produce a wide range of coordination modes
in the resulting metatcarbohydrate complexes.

It has been shown that monosaccharides lacking anchor
groups can be bound as chelating ligands (tri- and bidentate)
through a wide range of donor sites x30H, 2 x OH + Oying,
2x OH+ Oacetyl- 2 x OH + Ogcetas 1 x OH + oring + Ogcetal
1 x OH + Ging) to a transition metal in a high oxidation state
(Pt(1V)). FromH investigations the following order of donor
ability can be derived: % OH > 2 x OH + Oying/acetar™> OH
+ 2 X Oyingacetas Carbohydrates having three OH group donors
can be compared in their donor ability faacial binding polyol
ligands such as inosif8.The carbohydrates are neither oxidized

Coordination-induced shifts (CIS) of the carbon-bound pro-  py piatinum(1V) nor deprotonated (the latter occurs easily using
tons of the carbohydrate ligands are not observed as expectedmetals in high oxidation states) upon complexation, but

taking into consideration that even stronger donating deproto-
nated carbohydrates do not show remarkable sHiftmwever,
it should be noted that all protons of the coordinated exocyclic
CH,OH fragment in complexe®2D—24D are broadened,
which might be due to unresolvéds  couplings. Even at low
temperature {50 °C), these couplings could not be resolved.
Similar observations were made for the exocyclic carbon signals
in 13C NMR spectra 022D—24D'. The signals of the RCH,-
OH—Pt carbon atoms show line widths of-30 Hz, while the
remaining carbon signals are narrower (1125 Hz). This
broadening might be caused by unresolved sifllbc cou-
plings. In related trimethylplatinum complexes, these couplings
have not been observed, Fibisc values have been shown to
be small (4 Hz)#

The 19%Pt shifts (2606-2658 ppm) in complexe82D—25D
(coordination mode of the carbohydrate ligandx DH + Oying
+ Oaceta) OCcuUr at higher field compared to the tris(acetone)
complex1 (6(19%Pt) = 2696 ppm)° and lower field compared
to complexes in which the carbohydrate ligands are ligated
through three hydroxyl groups (235@560 ppm; Table 2). The
19t shift in 24D is found at very low field § = 2530 ppm)
due to the stronger aqua ligand.

4. ESI-MS Analyses The constitutions of complex@&2D—

platinum-promoted cleavage or insertion of isopropylidene
protecting groups can occur depending on steric conditions.
Crystal structures are scarce for transition metarbohydrate
complexes. Spectroscopic investigations conducted herein (NMR,
13C-labeling, ESI-MS) show that the monosaccharides coordi-
nate to platinum(lV) in the solid state and in noncoordinating
organic solvents in the same manner. The use of weakly
protected monosaccharides and metal-induced liberation of
hydroxyl groups may provide an avenue to explore the novel
chemistry of transition metalcarbohydrate complexes and
promote entry to new complexes with more complicated
carbohydrate ligands such as oligosaccharides. These investiga-

tions contribute to a deeper understanding of the coordination

modes of carbohydrates to transition metals, which is of general
interest in biochemistry, too.
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25D in solution were confirmed by mass spectrometry (ESI; MS spgctrospopic data (zoom scan quctral data, molecular mass
solvent: acetone). The mass peaks of the molecular cationsP€ak, isotopic pattern and fragmentation) and crystal data and
[PtMesL]*+ are the most intensive peaks in the spectra. As for Structure refinement, atomic coordinates and equivalent isotropic
complexesl4E—21E, the cations [PtMd@* and [(PtMe),L ]+ displacement parameters, bond lengths and angles, anisotropic
were also observed due to ionization processes and/or thermafliSplacement parameters, and hydrogen coordinates and isotropic
decomposition. Additionally, a cation of the type [Ptg]* displacement parameters fa®E and 24D. This material is
was also detecte®8D), which was found to form by thermal available free of charge via the Internet at http://pubs.acs.org.
decomposition (see above). JA9902726

CID experiments showed that the fragmentation pathway of
the molecular cations [PtMe]™ depends strongly on the
structure of the carbohydrate ligand. The furanose derivatives
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