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Figure 2. The 90% confidence limits, based on the formal covariance
matrices on the assumption of normally distributed errors,!? of (X, Px)
after minimization (see text) for H1” TOCSY ladder intensities obtained
at 35 ms (), 95 ms (---), and seven different mixing times between
20 and 110 ms (—); shaded areas are for sets of experimental J-cou-
plings, given in the caption below Figure 1, for (A) the cytidine and (B)
the guanosine sugar ring spin system in cd(CpGp).

respectively, and the pucker amplitudes in the range 30° < &y,
g < 40°.11011  The average sugar ring conformation can thus
be described in terms of Py, Ps, &5, ®s, and Xy, the fraction N
conformer. The J-couplings for the pure NV and S conformations
can be derived by means of the EOS Karplus equations, while
the set of effective J-couplings of the average sugar conformation
is the weighted average of the J-couplings of the pure N and S
conformers.!»!>12  Thus, instead of describing the TOCSY co-
herence transfer in terms of the effective J-couplings, we may
describe it directly in terms of the sugar ring conformational
parameters, which has the advantage of introducing independent
and physically interpretable parameters. To determine these
parameters from the experimental TOCSY data, the nonlinear
least-squares algorithm of Marquardt!'? was used. To avoid ex-
cessive use of the time-consuming TOCSY simulation in the
iterative fitting process, we constructed, in advance, a database
of simulated TOCSY data, which was subsequently used as a
model data grid in the Marquardt algorithm. We demonstrate
the approach using only Hl’ TOCSY connectivities, to give an
indication of the results obtained with a limited number of ex-
perimental intensities, and because the H1’ resonances are gen-
erally less likely to overlap. Even if the direct HI’H2’ cross peak
overlaps, preventing COSY cross peak simulation, the approach
proposed here still works, as it is unlikely that all of the relay peaks
will do so as well. In the fitting procedure we kept ®5 y and Pg
fixed at 35° and 162°, respectively, leaving Py and Xy as ad-
justable parameters. In Figure 2 the results of these minimizations
are given and compared with those obtained with the usually
applied procedure,!*11:!214 which is to establish Py and X from
J-couplings determined from COSY cross peak fine structure or,
herer, 1D spectra. To aid in the comparison for the latter, an
(analogous) Marquardt fitting procedure was used. Examination
of Figure 2 shows that the accuracy of the values derived for Py
is about the same for the values obtained from the J-coupling and
TOCSY data, in the latter case depending somewhat on the mixing
times involved. A similar remark can be made with respect to
the value of the fraction N conformer, Xy.

The present result shows that it is possible to obtain accurate
structure parameters from TOCSY data. This is of particular
interest for future quantitative evaluation of structural features
in (bio)macromolecular systems for which accurate J-coupling
data cannot be obtained directly but where TOCSY still yields
good quality spectra.

(10) van de Ven, F. J. M.; Hilbers, C. W. Eur. J. Biochem. 1989, 178, 1.

(11) Altona, C.; Sundarlingam, M. J. Am. Chem. Soc. 1972, 94, 8205.
Altona, C. Recl. Trav. Chim. Pays-Bas 1982, 101, 413.

(12) Haasnoot, C. A. G.; de Leeuw, F. A. A. M,; Altona, C. Tetrahedron
1980, 36, 2783. Rinkel, L. J.; Altona, C. J. Biomol. Struct. Dyn. 1987, 4,
621.

(13) Press, W. H.; Flannery, B. P.; Teukolsky, S. A.; Vetterling, W. T.
Numerical Recipes; Cambridge University Press: Cambridge, 1989; Chapter
14.

(14) Blommers, M. J. J.; van de Ven, F. J. M.; van der Marel, G. A.; van
Boom, J. H.; Hilbers, C. W, Eur. J. Biochem. 1991, 201, 33. de Leeuw, F.
A. A. M, Altona, C. J. Comput. Chem. 1983, 4, 428.

Acknowledgment. The computer processing was carried out
at computer facilities of the SON/NWO National HF-NMR
Facility at Nijmegen. This work was supported by the Nether-
lands Foundation for Chemical Research (SON) with financial
aid from the Netherlands Organization for Advanced Research
(NWO).

Total Synthesis of (+)-Duocarmycin SA

Dale L. Boger* and Kozo Machiya!

Department of Chemistry

The Scripps Research Institute
10666 North Torrey Pines Road
La Jolla. California 92037

Received August 31, 1992

(+)-Duocarmycin SA (1),2 a naturally occurring and excep-
tionally potent antitumor antibiotic, represents the newest and
most potent member of a growing class of agents®* that derive
their biological properties through a sequence-selective minor
groove alkylation of duplex DNA.> Because of its enhanced
solvolytic stability? relative to (+)-duocarmycin A* and (+)-
CC-1065,° the examination of (+)-duocarmycin SA’ promises to
be especially interesting. Herein, we report the first total synthesis
of (+)-duocarmycin SA based on sequential regioselective nu-
cleophilic substitution reactions® of the unsymmetrical p-quinone
diimide 3 in the preparation of a functionalized dihydropyrrolo-
indole precursor to its alkylation subunit. In addition to con-
stituting a new synthetic strategy for the preparation of natural
or synthetic members of this growing class of agents,>'* both

(1) On sabbatical leave (1991-1992) from Nihon Nohyaku Co., Ltd.,
Osaka, Japan.

(2) Ichimura, M.; Ogawa, T.; Takahashi, K.; Kobayashi, E.; Kawamoto,
I.; Yasuzawa, T.; Takahashi, I.; Nakano, H. J. Antibiot. 1990, 43, 1037.
Ichimura, M.; Ogawa, T.; Katsumata, S.; Takahashi, K.; Takahashi, I.; Na-
kano, H. J. Antibiot. 1991, 44, 1045,

(3) Duocarmycin A, By, B,, C, and C,: Ichimura, M.; Muroi, K.; Asano,
K.; Kawamoto, I.; Tomita, F.; Morimoto, M.; Nakano, H. J. Antibiot. 1988,
41,1285, Takehashi, I.; Takehashi, K.; Ichimura, M.; Morimoto, M.; Asano,
K.; Kawamoto, I.; Tomita, F.; Nakano, H. J. Antibiot. 1988, 41, 1915. Ya-
suzawa, T.; lida, T.; Muroi, K.; Ichimura, M.; Takahashi, K.; Sano, H. Chem.
Pharm. Bull. 1988, 36, 3728. Ogawa, T.; Ichimura, M.; Katsumata, S.;
Morimoto, M.; Takahashi, K. J. Antibiot. 1989, 42, 1299.

(4) Pyrindamycin A and B: Ohba, K.; Watabe, H.; Sasaki, T.; Takeuchi,
Y.; Kodama, Y.; Nakazawa, T.; Yamamoto, H.; Shomura, T.; Sezaki, M.;
Kondo, S. J. Antibiot. 1988, 41, 1515. Ishii, S.; Nagasawa, M.; Kariya, Y.;
Yamamoto, H.; Inouye, S.; Kondo, S. J. Antibiot. 1989, 42, 1713.

(5) Boger, D. L.; Ishizaki, T.; Zarrinmayeh, H.; Munk, S. A,; Kitos, P. A,;
Suntornwat, O. J. Am. Chem. Soc. 1990, 112, 8961. Boger, D. L. Chemtracts:
Org. Chem. 1991, 4, 329. Boger, D. L; Yun, W,; Terashima, S.; Fukuda, Y ;
Nakatani, K,; Kitos, P. A.; Jin, Q. Biomed. Chem. Lett. 1992, 2, 759. Boger,
D. L,; Ishizaki, T.; Zarrinmayeh, H. J. Am. Chem. Soc. 1991, 113, 6645.
Boger, D. L.; Munk, S. A,; Zarrinmayeh, H.; Ishizaki, T.; Haught, J.; Bina,
M. Tetrahedron 1991, 47, 2661.

(6) Warpehoski, M. A.; Hurley, L. H. Chem. Res. Toxicol. 1988, I, 315.
Hurley, L. H.; Needham-VanDevanter, D. R. Acc. Chem. Res. 1986, 19, 230.
Boger, D. L. In Advances in Heterocyclic Natural Products Synthesis;
Pearson, W. H., Ed.; JAI Press: Greenwich, CT, 1992; Vol. 2, pp 1-188.

(7) The name duocarmycin SA is derived from duocarmycin stable A.

(8) Boger, D. L.; Zarrinmayeh, H. J. Org. Chem. 1990, 55, 1379. Boger,
D. L.; Coleman, R. S. J. Am. Chem. Soc. 1988, 110, 4796.

(9) CI-TMI synthesis: Boger, D. L.; Ishizaki, T.; Zarrinmayeh, H.; Kitos,
P. A.; Suntornwat, O. J. Org. Chem. 1990, 55, 4499. See also ref 5.

(10) Duocarmycin A synthesis: Fukuda, Y.; Nakatani, K.; Terashima, S.
Biomed. Chem. Lett. 1992, 2, 755. Fukuda, Y.; Nakatani, K.; Ito, Y.; Ter-
ashima, S. Tetrahedron Lett. 1990, 31, 6699.

(11) CPI subunit of CC-1065: Wierenga, W. J. Am. Chem. Soc. 1981,
103, 5621. Magnus, P.; Gallagher, T.; Schultz, J.; Or, Y.-S.; Ananthanarayan,
T. P. J. Am. Chem. Soc. 1987, 109, 2706. Kraus, G. A.; Yue, S.; Sy, J. J.
Org. Chem. 1985, 50, 283. Boger, D. L,; Coleman, R. S. J. Am. Chem. Soc.
1988, /10, 1321, 4796. Bolton, R. E.; Moody, C. J.; Pass, M.; Rees, C. W ;
Tojo, G. J. Chem. Soc., Perkin Trans. | 1988, 2491, Sundberg, R. J.; Baxter,
E. W_; Pitts, W. J.; Ahmed-Schofield, R.; Nishiguchi, T. J. Org. Chem. 1988,
53, 5097. Sundberg, R. J.; Pitts, W. J. J. Org. Chem. 1991, 56, 3048.
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enantiomers of 2 (N-BOC-DSA) and its immediate precursors
may be made available through the approach which provides access
to analogs incorporating either enantiomer of the exceptionally
stable alkylation subunit.

(+).1 Me
(+)-duocarmycin SA

(+)2
(+)-N-BOC DSA

(+)-duocarmycin A

Treatment of 3% with dimethyl malonate (1.1 equiv, 0.3 equiv
of NaOCHj;, THF, -30 °C, 2 h, 51-64%) provided 48 derived from
regioselective C5 nucleophilic addition attributable to steric and
electronic deactivation of addition at C3 or C6 by the C2 ben-
zyloxy substituent (Scheme I). Methyl ester reduction (5 equiv
of NaBH,, EtOH, 0-25 °C, 3 h, 71%), protection of diol 5 as the
acetonide 6 (2 equiv of Me,C(OMe),, catalytic TsOH, DMF, 25
°C, 24 h, 99%), and oxidation (1 equiv of Pb(OAc),, CHCl,;, 0-25
°C, 2.5 h, 100%) provided 7 and a suitable acceptor substrate for
a second nucleophilic substitution reaction. Clean regioselective
C6 nucleophilic addition of the pyrrolidine enamine of pyruv-
aldehyde dimethyl acetal'® was achieved (2 equiv, THF, 25 °C,
10-15 min) if followed immediately by mild acid treatment under
defined reaction conditions (40 mL of THF-10 mL of pH 4
phosphate buffer/mmol, 25 °C, 4-24 h) to provide 8 cleanly
(61%). Competitive or predominant C1 or C4 nucleophilic ad-
dition or p-quinone diimide reduction was observed with a number
of examined nucleophiles, and alternative hydrolysis conditions
generally provided a mixture of products derived from 8 including
9. Treatment of 8 with HCI (2 equiv, CH;OH, 25 °C, 2 h, 91%)
provided 9 resulting from acid-catalyzed indole formation and
concurrent acetonide hydrolysis without competitive indole N-
benzoyl deprotection or acetal hydrolysis. Completion of the

(12) CBl-based analogs: Boger, D. L.; Ishizaki, T.; Wysocki, R. J., Jr;
Munk, S. A,; Kitos, P. A.; Suntornwat, O. J. Am. Chem. Soc. 1989, 111, 6461.
Boger, D. L; Ishizaki, T,; Kitos, P. A,; Suntornwat, O. J. Org. Chem. 1990,
55, 5823. Boger, D. L,; Ishizaki, T.; Zarrinmayeh, H.; Kitos, P. A; Sun-
tornwat, Q. Biomed. Chem. Lett. 1991, 1, 55. Boger, D. L.; Ishizaki, T.;
Sakya, S. M; Munk, S. A;; Kitos, P. A; Jin, Q.; Besterman, J. M. Biomed.
Chem. Lett. 1991, 1, 115. Drost, K. J.; Cava, M. P. J. Org. Chem. 1991, 56,
2240. Boger, D. L,; Yun, W ; Teegarden, B. R. J. Org. Chem. 1992, 57, 2873.

(13) Cl-based analogs: Boger, D. L.; Wysocki, R. J., Jr. J. Org. Chem.
1989, 54, 1238. Boger, D. L.; Wysocki, R. J., Jr.; Ishizaki, T. J. Am. Chem.
Soc. 1999, 112, 5230. Boger, D. L.; Ishizaki, T.; Zarrinmayeh, H.; Kitos, P.
A.; Suntornwat, O. J. Org. Chem. 1990, 55, 4499. Boger, D. L.; Ishizaki, T.;
Zarrinmayeh, H.; Munk, S. A,; Kitos, P. A.; Suntornwat, Q. J. Am. Chem.
Soc. 1990, 112,8961. Drost, K. J; Jones, R. J.; Cava, M. P. J. Org. Chem.
1989, 54, 5985.

(14) Rawal, V. H,; Jones, R. J.; Cava, M. P. Heterocycles 1987, 25, 701.
Coleman, R. S.; Boger, D. L. In Studies in Natural Products Chemistry;
Atta-ur-Rahman, Ed.; Elsevier: Amsterdam, 1989; Vol. 3, p 301.

(15) Taylor, E. C.; Dumas, D. J. J. Org. Chem. 1981, 46, 1394.
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preparation of the functionalized dihydropyrroloindole skeleton
was accomplished by cyclization of diol 9 under Mitsunobu!®
alkylation conditions (1.5 equiv of DEAD-Ph,P, THF, 25 °C,
2 h, 100%) to provide 10.

Deprotection of the benzamides (67% NH,NH,-EtOH, reflux,
18-24 h) followed by reprotection of the indoline C3 amine (3
equiv of BOC,0, THF, 25 °C, 30 min) provided 11 (67% overall).
Mild acid-catalyzed hydrolysis of the dimethyl acetal under
carefully prescribed reaction conditions (DMSO-pH 4 phosphate
buffer—dioxane 1:2:12, reflux, 15 h, 91%) provided 12 in excellent
yield without competitive BOC deprotection, and subsequent
oxidation!” (5 equiv of MnO,, 5 equiv of NaCN, 0.2 equiv of
HOAc, CH;0H, 25 °C, 89%) provided the methyl ester 13.
Two-phase, transfer catalytic hydrogenolysis'® (0.45 wt equiv of
10% Pd—C, 25% aqueous HCO,NH,~THF 1:30, 25 °C, 2 h, 77%)
served to remove the benzyl ether and provided 14. Conversion'?
of 14 to the chloride 15 (3 equiv of PPh;, 9 equiv of CCl,, CH,Cl,,
25 °C, 3 h, 81%) followed by treatment with NaH (3 equiv,
THF-DMF 1:2, 0 °C, 30 min, 85%) provided N-BOC-DSA (2).
Acid-catalyzed deprotection of 15 (3 N HCI-EtOAc, 25 °C, 20
min) followed by coupling of the indoline hydrochloride salt with
5,6,7-trimethoxyindole-2-carboxylic acid® (16, 3 equiv of EDCI,
4 equiv of NaHCO;, DMF, 25 °C, 15 h, 61%) provided 17. Final

(16) Mitsunobu, O. Synthesis 1981, 1.

(17) Corey, E. J.; Gilman, N. W.; Ganem, B. E. J. Am. Chem. Soc. 1968,
90, 5616.

(18) Ram, S.; Ehrenkaufer, R. E. Synthesis 1988, 91. Bieg, T.; Szeja, W
Synthesis 1988, 76.

(19) Hooz, J.; Gilani, S. S. H. Can. J. Chem. 1968, 46, 86.
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intramolecular Ar-3’ alkylation of 17 with closure of the cyclo-
propane ring provided duocarmycin SA in excellent yield (3 equiv
of NaH, THF-DMF 1:2, 0 °C, 30 min, 87%), and the properties
of synthetic 1 proved identical ('"H NMR, "*C NMR, IR, UV,
MS/HRMS) or comparable ([a]p) with those reported for the
natural material.

Resolution of 14 was accomplished by conversion to the bis-
(R)-O-acetylmandelate ester 18 following past protocols®'>!* (2.5
equiv of (R)-PhCH(OAc)CO,H, 3.0 equiv of EDCI, 0.1 equiv
of DMAP, CH,Cl,, 25 °C, 2.5 h, 85%) and chromatographic
separation of the resulting diastereomers (preparative HPLC, «
= 131, 5:95 EtQAc-CH,Cl;, 250 X 22.5 mm Alltech 10 um SiQ,)
to provide 1(5),2’(R),2”(R)-18 and 1(R),2'(R),2"”(R)-18. In-
dependent hydrolysis of the separated diastereomers (2.5 equiv
of NaOMe, MeOH, 0 °C, 1 h, 93%) provided (-)-1(S)-14 pos-
sessing the natural configuration of (+)-duocarmycin SA and
(+)-1(R)-14. The conversion of (-)-1(5)-14 to (-)-1(S5)-15 and
(+)-N-BOC-DSA (2, [a]**p +144° (¢ 0.06, CH,OH)) and in-
corporation into natural (+)-duocarmycin SA ([a]*p +197° (c
0.035, CH;0H), lit? [a]**p +180° (¢ 0.1,° CH,0H)) followed
the sequence detailed in Scheme I.

The examination of the properties of (+)- and (-)-1 and the
preparation of analogs incorporating the DSA alkylation subunit
are in progress and will be reported in due course.

Acknowledgment. We gratefully acknowledge the financial
support of the National Institutes of Health (CA 55276) and Dr.
I. Takahashi, Kyowa Hakko Kogyo Co., Ltd., for copies of the
'"H NMR spectrum of natural duocarmycin SA and a summary
of its physical and spectroscopic properties.

Supplementary Material Available: Listings of the full char-
acterization of 1-2, 4-15, and 17-18 (10 pages). Ordering in-
formation is given on any current masthead page.

(20) Synthetic (+)-duocarmycin SA was not completely soluble at this
concentration, and this may account for the slightly lower rotation reported
for the natural material.
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While the chemistries of both the polyoxometalate anions' and
the polynuclear metal alkoxides® have received considerable
contemporary attention, the related polyoxoalkoxometalate clusters
remain largely unexplored. Despite the emergent nature of this
chemistry, a variety of “oxidized” clusters, of which [Ti;O,-
(OEt)5)* and [NbgO,,(OEt)y]* are prototypical, and of reduced

(1) Pope, M. T.; Milller, A. Angew. Chem., Int. Ed. Engl. 1991, 30, 34.

‘I;opi. Mg‘s'g‘ Heteropoly and Isopoly Oxometalates, Springer Verlag: New
ork, 1983,

(2) Caulton, K. G.; Hubert-Pfalzgraf, J. G. Chem. Rev. 1990, 90, 969.
Bradley, D. C. Chem. Rev. 1989, 89, 1317. Mehrotra, R. C. Transition Metal
Alkoxides. In Advances in Inorganic Chemistry and Radiochemistry; Eme-
leus, H. G., Sharpe, A. G., Eds.; Academic Press: New York, 1983, Volume
26, p 269.

(3) Day, V. W.; Eberspecher, T. A.; Klemperer, W. G.; Park, C. W.;
Rosenberg, F. S. J. Am. Chem. Soc. 1991, 113, 8190, Watenpaugh, K.;
Caughlan, C. N. J. Chem. Soc., Chem. Commun. 1967, 76.

(4) Bradley, D. C.; Hursthouse, M. B.; Rodesila, P. F. J. Chem. Soc.,
Chem. Commun. 1968, 1112.

Figure 1. A stereoview of the molecular anion 1a approximately along
the normal to the central {Mo,O,,} moiety, showing the idealized C,
symmetry of the structure. Open bonds are used 1o illustrate the 18
Mo(V)-Mo(V) interactions. Mo(V) centers are shown as crosshatched
spheres, while the six Mo(V1) sites are shown as stippled spheres. The
central Na* cation is shown as a sphere with parallel diagonal lines.

and mixed-valence polynuclear cores, such as [Mo Oz(OR),-
(pyridine),]° and [MogO,o(OR),,],* have been reported, suggesting
that polyoxoalkoxometalates may provide a novel class of clusters
with unusual structural and electronic variety. Furthermore, it
has been noted that the high-nuclearity polyoxoalkoxomolybdate
[Mg,Mo;0,,(OR)s(HOR),]* 7 possesses cavities for the incor-
poration of electropositive cation groups, in a manner reminiscent
of the encapsulation of a variety of small guest molecules by
polyoxovanadate clusters.® As part of our studies of the coor-
dination chemistry of polyoxometalates with alkoxide ligands,’
we have noted that tris(alkoxy) ligands of the general class
(HOCH,);CR are effective in stabilizing triangular units
{M,0,[(OCH,),CR]}, which may in turn aggregate to form
high-nuclearity clusters. By combining this feature with the
solubility and crystallization advantages afforded by hydrothermal
synthesis, we have isolated and structurally characterized a novel
mixed-valance cluster, [Na(H,0);H,sMoY;xMoY,0, -
{(OCH,),CCH,0H};]™, a basket type structure encapsulating a
{Na(H,0);}* moiety.

The reaction of MoO;, Na;MoO,2H,0, C(CH,0H), (pen-
taerythritol, H,L), (Et,N)Cl, Me;NHCI, and water in the molar
ratio 6:6:10:10:10:300 at 160 °C for 3 days gave diamagnetic
red-brown crystals of (Me;NH),(Et;N)Na,[Na-
(H,0);H,sMo,;,0,0{(OCH,),CCH,0H};]:15H,0 (1-15H,0) in
30% yield."> The X-ray structure of 1 revealed the presence of
the discrete molecular anion [Na(H,0);H,sMo04,0 -
{(OCH,);CH,0H},]"" (1a), shown in Figure 1."" The structure
consists of a framework of edge- and corner-sharing {MoOg} oc-
tahedra with the organic residues projecting outward from the
central core. The anion may be most conveniently described in
terms of the three structural motifs shown in Figure 2. Four of
the pentaerythritol ligands, HL*, coordinate in the usual tridentate
bridging mode to a triangular arrangement of three Mo(V) centers,
which in turn are each associated through edge-sharing of oxo
groups to an adjacent Mo(V) site (1b); the Mo—Mo distances
within these binuclear units are in the 2.55-2.65-A range, cor-
responding to metal-metal single bonds for Mo. The second

(5) Chisholm, M. H.; Huffman, J. C.; Kirkpatrick, C. C.; Leonelli, J;
Folting, K. J. Am. Chem. Soc. 1981, 103, 6093.

(6) Chisholm, M. H.; Folting, K.; Huffman, J. C.; Kirkpatrick, C. C. Inorg.
Chem. 1984, 23, 1021.

(7) Antipis, M. Yu.; Didenko, L. P.; Kachapina, L. M.; Shilov, A. E.;
Shilova, A. K.; Struchkov, Y. T. J. Chem. Soc., Chem. Commun. 1989, 1467.

(8) Klemperer, W. G.; Marquart, T. A.; Yaghi, O. M. Angew. Chem., Int.
Ed. Engl. 1992, 31, 49 and references therein. Miller, A. Nature 1991, 352,
115. Day, V. W,; Klemperer, W. G.; Yaghi, O. M. Nature 1991, 352, 115.
Mitchell, P. C. H. Nature 1990, 348, 15.

(9) Chen, Q.; Goshorn, D. P.; Scholes, C. P.; Tan X.-L.; Zubieta, J. J. Am.
Chem. Soc. 1992, 114, 4667 and references therein,

(10) Anal. Caled for CyoH,sMo,;N;NaO,ss: C, 7.93; H, 2.08; N, 0.57;
Mo, 54.4. Found: C, 7.30; H, 1.95; N, 0.33; Mo, 54.2. IR (KBr pellet, cm™):
1112 (vs), 1061 (m), 1021 (vs), 986 (vs), 911 (m), 886 (m), 810 (sh).

_(11) Crystal data for CyH,,Mo,,N;NasO, (1): triclinic space group
Pl,a=22.159 (4) A, b=27.049 (5) A, c = 17.726 (3) A, a = 98.34 (1)°,
B =112.56 (2)°, v = 82.81 (1)°, ¥ = 9680 (3) A, Z = 2, Dy = 2.542
gem™, Dye = 2.51 (2) g cm™. Structure solution and refinement based on
20028 reflections converged at R = 0,066, The solvent system is disordered,
and some water molecules are highly smeared. The formula is, therefore,
approximately 1-15H,0.
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