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Absiract

Reaction of 2,3,4,6-tetra-O-acetyl-1-bromo-1-deoxy-B-D-galactopyranosyl cyanide (4) with thiocyanate ions
results in the formation of both anomers of per-O-acetylated 1-deoxy-1-thiocyanato-D-galactopyranosyl cyanides
(5a and Sb). The thiocyanate group in these products is resistant to isomerization into isothiocyanate even at
elevated temperatures. The X-ray structure of 5a is consistent with the operation of an exo-anomeric effect for
the thiocyanate group. Compounds Sa and Sb react with hydrogen sulfide under mild conditions to yield
galactopyranosylidene-spiro-thiazolidine (8) and -thiazoline (9, 12, and 13) derivatives. © 1999 Elsevier Science Ltd.
All rights reserved.
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1. Introduction

years following the discovery of (+)-hydantocidin 1, a natural product with a unique
spironucleoside structure and possessing potent herbicidal and plant growth regulatory activity
[1,2]. Ensuing synthetic efforts were directed towards constructing analogous structures in order
to test structure—activity relationships. Structural modifications introduced into either one of the

5-membered spiroanellated rings have generally resulted in a decrease in or even loss of
herbicidal activity [3,4]. Of special interest are, however, those derivatives which contain a
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inhibitory activity toward glycosidases. Specifically, the D-glucopyranosylidene-spiro-hydantoin
analogue (2) of hydantocidin was shown to be the most efficient inhibitor of muscle glycogen
phosphorylase » known to date [S]. We have recently demonstrated that the thio-analogue 3 is
also a potent inhibitor of glycogen phosphorylases » and a not only from muscle but of liver
origin as well [6]. Some glucopyranosylidene-spiro-oxathazoles, on the other hand, were found
to be competitive inhibitors of sweet almond B-glucosidase [7].
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In view of obtaining and testing novel structures with potential glycosidase inhibitory activity
[6,8,9] we have set out to investigate the preparation and reactivity of novel pyranose derivatives,
bearing an SCN or NCS substituent at the quaternary anomeric centre, which can be expected to
be suitable precursors for the construction of anomerically spiroanellated heterocycles (Figure 1).
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While glycosyl isothiocyanate derivatives are widely used as versatile intermediates for the

synthesis of N-glycosylthiocarbamic acid derivatives [10,11], glycosylamino heterocycles
[10,12], nucleoside analogues [13] or N-glycopeptides [14,15], sugar thiocyanates have found
less frequent synthetic applications to date [16,17].
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2. Results and discussion

1,1-Disubstituted glycosyl derivatives such as 4 [18] (Scheme 1) represent useful starting
materials for the elaboration of heterocycles spiroanellated to the pyranoid ring [19,20]. With the
aim of obtaining further derivatives suitable for heterocyclic ring closure we have studied the
reactions of 4 with thiocyanate ions. Nucleophilic substitution of glycosyl halogenides with
pUldbblUlll thiocyanaie ylelus glycosyl uuoc,yaﬁates while with silver mlocyana[e glycosyl
isothiocyanates are formed [21] although exceptions to this rule [22] are also known.

Treatment of 4 with silver thiocyanate or potassium thiocyanate in nitromethane, acetone or

acetonitrile solutions at reflux temperatures resulted in the formation of a mixture of two
Aevisva st b‘ﬁd‘nﬂtrnﬁn’-nq a and &k fanrnhinaAd Ald AFf TR0/ sxhinh xzrmrna cnmaratad Lo, ~Liranee
puu I uuuuyal  { wl Jd dadiild Ju \UUlllUulUU ylcxu Ul I.)/D} Wil 1 l)dldlcu Uy CO1umin

W
chromatography. An equilibration experiment in nitromethane at 80 °C (bath temperature) in the
presence of 2 equivalents of KSCN gave 5a and 5b in a 4 : 6 ratio indicating that Sa is the
kinetic product and 5b is the thermodynamically more stable anomer. Formation of the

y h A A tha At A Thi
corresponding isothiocyanates could not be observed under the conditions used. This may

suggest that glycosylium ions are not formed in this reaction even in the presence of silver ions;
this is in accordance with recent observations on reactions of compounds of type 4 with silver
salts [8]. While Sa can be formed by an Sn2 type substitution, formation of 5b with retained
configuration is less clearcut; mechanistic studies to explore this point are in progress.
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4 5 O O
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KSC N AcO 1 _SCN . ACO
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Scheme 1

Organic thiocyanates can be rearranged to the corresponding isothiocyanates by thermal
isomerization [21,23].Compounds 5a and Sb however proved to be surprisingly stable even after
prolonged (18 hours) heating at 130-140 °C in the melt, whereby only minor decomposition

could be detected by TLC.
Both compounds displa bsorption bands (v M’nan 2170 ,._.,.-1\ and 13~ NMR chemical
Do COmpOouUndas qgispiay IR aDSOIPUioil DAfids {(VgeN~410U-£1/V Cill ) diid U iNiviN Crcimical

shift values (bc 105 ppm) characteristic for alkyl thiocyanates [16,24]. The anomeric
configurations of the products were established from the values of *Jenya coupling constants
[25] (see below). Single crystal X-ray study provided further confirmation of the structure of
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To the best of our knowledge there is no data in the literature on stereoelectronic effects involving

SHOWS a orminho arrancgamont nf tha rino Avuagen
SLIV YYD umrlc a-llallsbl.ll\»lll Ul uIic .l.u.ls UAysUll

and the SCN group along the C1-S bond (the corresponding dihedral angle, O1-C1-S1-C14
according to crystallographic numbering, is —72.2°). This may indicate operation of an exo-

hiocvanate orouns. The X-rav structure of 8
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anomeric effect [26], facilitated by overlap of the ng—c"¢).c; orbitals, in this structure.
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Figure 2

The reactivities of both functional groups attached to the anomeric carbon in 5a,b make these
compounds attractive targets for further transformations. We chose to study the addition
reactions with hydrogen suifide which can, in principle, occur either on the thiocyanato or the
cyano groups or both [27]. Reaction of Sa with hydrogen sulfide in ethanol/chloroform solution
in the presence of triethylamine led to the formation of two major products 8 (58 %) and 9 (12

OA\\ (Qr‘hpmn 2). The formation of these comnour
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cyclisation of the thioamide (6) and dithiocarbamic ester (7) intermediates in the second step.
When 5b was allowed to react with hydrogen sulfide under similar conditions two products,

12 (46 %) and 13 (9 %), were isolated (Scheme 3); both proved to be isomeric aminothiazoline
P PR va nticrne Thay Crwmenntine ~fF thaca ~AnsamnisamAda reai ...,..._ ndAditirnea AF Ama nlamt ~AF herdwnnni
uciivatlved 1IIC 1UI1d4UO11 O1 HICHT CULLIPOUULIUD Ll aqaqitlion o1 one C\.lLqu.lC It Ul uyul 5(:“

sulfide to either the thiocyanato or the cyano group to give intermediates 10 and 11, respectively.
The cyclisations can be rationalized by nucleophilic attack of the dithiocarbamate/thioamide
nitrogen to the positively polarized carbon atom of the CN or SCN moities to furnish 12 and 13,

respectively, after tautomerization of the primary cyclic products. In contrast to the reaction of
5a, formation of a thiazolidine-dithione (cf. 8) could not, however, be detected in measurable

amounts in these reactions.
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Table 1
Selected ">C and '°N chemical shifts [ppm]
Compound Scn Ssen” 8¢’ 8¢ dcs [ 6NH2b 6N—9B
Sa 111.4 104.9 829 - - - - N -
sb 1136 104.8 84.8 - - . . .
8 - - - 99.6 196.5 201.2 - 210.3%
9 - - - 105.9 179.8 216.4 1196 270.7
12 - - - 104.3 2113 178.4 1172 264.6
13 - - - 110.9 180.8 215.4 118.6 266.1
Measured in *CDC, solution; "DMSO-d, solution

The structures of the new heterocyclic derivatives have been unequivocally established by

NMR spectroscopy. 3C NMR spectra indicated the presence of one (in 9, 12 and 13) versus two
(i__ 8) thiocarbonvl groups a characteristic chemical shifts around above 200 ppm (Table 1.
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Coupled "N/'"H HSQC versus HMBC spectra were instrumental (Table 2) in assessing the
number and the nature of nitrogen atoms in these systems. In order to determine the hybridization
states of the nitrogens in the spirobicyclic products we used phase sensitive gradient '"N/'H
HSQC expenment w1th multlpllclty ed1t1ng [28] The presence of one NH; group and one sp’-
identified in 9, 12 and 13, whereas, a single downfield shified secondary nitrogen was only
detected in 8 [30] (Table 1).




2424 E. Osz et al. / Tetrahedron 55 (1999) 2419-2430

ACO  oAc
O
AcO CN
AcO I
SCN
Sb
[ . m-,_l S 1
¢ H,8, CHCL,, EtOH, Et;N l
— v j— _ \ i
AcO  oac AcO  pac s
O I
Aco“v&/"j{:&w AQQ&/ C—H,
AcO | N AcO |
S—(‘.‘T——NHQ S—C=N
S
10 11
i |
AcO OAc ” AcO OAc
o] S
g/ N/ o I
Acow/\ ACOW/’\
AcO | T\/ AcO JQ’W\/NH
S NH
AcQ OAC AcO OAc

\ A\ e \
4 A0 | No 4 AcO No
T)\ﬁg 7 /8
12 S 13 NH,
Scheme 3
Table 2 Table 3.
Long-range '*C/'H and '*N/'"H HMBC correlations Three-bond >C/'H couplings (Hz)
Conmound C-6 C-8 C-10 N-9 Compound 3JCNIH-2 3.’(;40/5,5
8 H-9 H-9 H-9 - Sa 77 -
9 - NH,. NH;. 5b 35 -
12 NHz.. NH,, NH,, NH,, 8 - 6.7
13 - NH,. NH., $ - 52
2 - 2
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The presence of one NH, group and one sp -hvbndlzed tertiary nitrogen with characteristic

chemical shift values [29] were unambiguous

nelv identified in @ 17 and 1? wharane 2 ginale
1y UGG W 7, 14 dalu AvY, VWilvivad, a ULBIC

downfield shifted secondary nitrogen was only detected in 8 [30] (Table 1).

The connectivities in the heterorings were, on the other hand, determined in a straightforward
way from long-range °C/'H and ""N/'H HMBC correlations (Table 2). It should be noted that
the crucial HMBC cross-peaks between C-6, C-8, C-10 and the NH proton in 8 could only be

s A memn P4 10 P N MY . L S - Iry

ClCU at lUW wrnperamre \LDV N) pecause eX(JeSSlve lme Droa(]enmg OI [ﬂe respe(:llve
NMR resonance (H-9) at room temperature.

Vicinal proton-proton coupling constants (see Experimental) were consistent with the *C;
nd all isolated nroducts (8. 9

a2 = SAG -vuuv-vv 1\ 4

conformation of the pyranose rings in the starting materials (5a
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t  Of tie : > Ci 3 hose of the spiro-

i1Z and 15). nience, the coniigurations o

carbons (C-6) in 8, 9, 12 and 13 could be defined as shown in the respective formulas by
measuring the *Jcy values as shown in Table 3.
It is of note that 8-values for H-4ax and H-2ax are shifted downfield in the isomers in which

the C=S carbon is in axial position (8 and 9) and the opposite holds for H-5 chenucal Sh_lﬁ in 13
where the position of C=S is equatornal; this 1s in complete accordance with the empirical
chemical shift rule formulated by us previously for similar spirobicyclic compounds [19].

Several tautomeric forms are conceivable for the aminothiazolines 9, 12 and 13; NMR
a (1” 13 15\ are, hn\vever

ible with the overwhelmine
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with the endo double bond in

T 8
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are stabilized by the conjugation of the thiocarbonyl doubl
the thiazoline ring.

3. Conclusion

Both anomers of acetylated 1-deoxy-1-thiocyanato-D-galactopyranosyl cyanides were
prepared representing the first examples of glycosyl thiocyanates with a quaternary anomeric
centre. Heterocyclization of these compounds was effected by reacting with hydrogen sulfide to
give galactopyranosylidene-spiro-thiazoline and -thiazolidine derivatives. The structure of each
new compound was unequivocally proven by NMR spectroscopy and X-ray crystallography. The

operation of an exo-anomeric effect in Sa represents, for the first time, a stereoelectronic effect

2 LAY LV 3 L% 9 84 s‘ 2233, 2 , 1983



2426 E. Osz et al. / Tetrahedron 55 (1999) 2419-2430

4. Experimental

Melting points were measured in open capillary tubes or on a Kofler hot-stage and are
uncorrected. Optical rotations were determined with a Perkin-Elmer 241 polarimeter at room
temperature. IR spectra were recorded with a Perkin-Elmer 16 PC FT-IR instrument. NMR
spectra were recorded with Bruker WP 200 SY (200/50 MHz for '"H/"*C) or Avance DRX 500

(ENN/1VIZ/EN NALT Far IU/Hﬁ/IS\n spectrometers. Chemical shifts are referenced to Me.Si i
\JVV/ L L2/ IV IVILIL 101 LY INJ SPOLVUILHICTITLS. WS b SHIIS are reierencea 1o ivi 401 { I1),

P I JPRuN 18, . 11 . 1. <
to the residual solvent signals (*°C) or to NH,Cl as external standard (‘"N “C/'H and

N/'H correlations through one-bond as well as long-range couplings were obtamed from

sensitivity enhanced [31] gradient HSQC [32] and gradient HMBC [33] experiments,
ively The Sﬂ{‘ and HNMROC ex neﬁm ave rarr d

1 o < Ya¥=lsl
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1 : 'y a1 1 4 L P s *r F—iﬁ\

Typical time domain data matrices for the heterocorrelated measurements were of 2K x 512 data
points in size. Fast-atom bombardment (FAB) mass spectra were obtained using a VG-7070MS
mass spectrometer. TLC was performed on DC-Alurolle, Kieselgel 60 F,s; (Merck), and the

spots were visnalised hv manﬂp heatine For column r-hrnmafno-r;mhv T(mqplor-ﬂ 60 ( Merck

wARLAN 2R ARG, 4 WA WUALRRLL VAL VARG VAVA Wy

particle size 0.063-0.200 mm) was used. Organic solutions were dried over anhydrous MgSO,
and concentrated in vacuo at 40-50 °C (bath temperature). Nitromethane was distilled from
P40y directly in the reaction flask. Other solvents were of commercial analytical grade quality

and have been used without further purification. H,S was obtained by reacting ferrous sulphide

urth AN houdrachlarie anid
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with glass wool and calcium chioride granulates before being bubbled into the reaction mixtures.

AgSCN was prepared as described in [34] and dried in a vacuum dessiccator over P,Oyq.

nato-n-calacto
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Sa,b: To a solution of 4 [10] (1 g, 2.28 mmol) in 25 ml dry CH;3NO, were added mole
sieves (4 A) and either dry KSCN (2 equivalents) or freshly prepared dry AgSCN 4
equivalents). The reaction mixtures were stirred and heated with an oil bath at 100 °C until the
starting material disappeared (TLC, 3-5 h for KSCN or ~26 h for AgSCN). After filtration the
solvent was evaporated and the residue separated by column chromatography using ethyl
acetate-hexane (1:2) as eluent. The two anomers 5a and Sb were obtained in a ~6:4 ratio and the
total isolated yield was 0.69g (75%). Both anomers were separately recrystallised from ethanol.

Sa: colourless crystals, mp 124-126 °C; [a]p +89 (¢ 1.53, CHCL); vscn=2172 cm’'; 'H-NMR
5.54 (1H, dd, J=32, <1 Hz, H-4), 543 (1H, d, /=10.3 Hz, H-2), 5.26 (1H, dd

ot o, LAT g, LTS (M1, Uy J L& )y

S
]

)

h

l

=

D
-
~

-

D

-v(’\"

1 ~1 TY¥ Yy A NN/ 1 4L INTT

5 (1H, ddd, J=6.7, 6.0, <1 Hz, H-5), 4.27-4.16 (2H, two d, /=11.6 Hz,
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5b: colorless small needles: mp 101-102 °C; [a]p +226 (¢ 1.05, CHCL); vsen=2164 cm™; 'H-
NMR (CDCl;): & 5.88 (1H, d, J=10.3 Hz, H-2), 5.56 (1H, dd, J=3.2, 1.1 Hz, H-4), 5.16 (1H, dd,

ANiVRLN W LR R, U, v LY <4 1.1 Lw’ A AT "T},J AWV \.ll

J=10.3, 3.2 Hz, H-3), 4.54 (1H, ddd, J=7.7, 4.7, 1.1 Hz, H-5), 4.31 (IH, dd, J=11.9, 4.7 Hz, H-
6), 4.19 (1H, dd, J=11.9, 7.7 Hz, H-6"; PC-NMR (CDCL): & 113.6 (CN, *Ju2.cn=3.5 Hz),
104.8 (SCN), 84.8 (C-1), 72.5, 67.8, 67.5, 66.1 (C-2 to C-5), 60.6 (C-6). Anal. found: C, 46.70;
H, 4.49; N, 6.81; S, 7.85. Calcd. for C;sH;sN,OoS (414.39): C, 46.38; H, 4.38; N, 6.76; S, 7.74.

Addition of hydrogen sulfide to 5a: 0.1 g (~ 0.24 mmol) of Sa was dissolved in 2 ml CHCl;
and 4 ml EtOH was added. H,S was bubbled through the reaction mixture to saturation at room
temperature (45-50 min). Et;N was then added (the ratio of 5a/Et;N was 12:13) and the

il lalilly <\ Ltg. Lildl auuuid LIl AL UL JAl L

~diiation ~AF LI C continued far anathar A8 min Tha anlvante wr ere evaporated and the resi selain
introduction of H 120 COMUINUCQA 107 anouicr 40 mif. 14€ SOIVEIS WEre evaporaica anda e resiauc

was separated by column chromatography using ethyi acetate—hexane (i:1) as eluent.
(2R,35,45,5R,6R)-3,4,5-triacetoxy-2-acetoxymethyl-1-oxa-7-thia-9-aza-spiro[4,5]decane-8,10-
dithione 8: Isolated yield: 65 mg (58%); orange-vellow syrup; [e]p -87 (¢ 1.42, CHCl,); 'H-
NMR (CDCL): 8 10.36 (1H, bs, NH), 6.29 (1H, dd, /=106, 33 Hz, H-4), 573 (1H, d, J=10.6
Hz, H-5), 5.57 (1H, dd, J=3.3, 1.4 Hz, H-3), 5.43 (1H, ddd, J=6.6, 6.4, 1 4 Hz, H-2), 4.16 (1H,
dd, /=113, 6.6 Hz, CH,), 4.10 (1H, dd, J=11.3, 6.4 Hz, CH,); C-NMR (CDCl): & 201.2 (C-
10, *Jizs.c.10=6.7 Hz), 196.5 (C-8), 99.6 (C-6), 71.1 (C-2), 67.9 (C-5), 67.3 (C-4), 67.2 (C-3),
61.4 (CH); "N-NMR (CDCl3): 8 210.3 (N-9). High resolution MS: Caled. for CisH;9NOyS3

MALVTITNT ALL NAINN DA A AL DNINA
[1V1"’I‘1] 400.VUOVV. round 400.ysv4, L\ UIHIIU) U 14

(2R,35,4S5,5R,6R)-3,4,5-triacetoxy-2-acetoxymethyl-8-amino-1-oxa-7-thia-9-aza-spiro|4,5]dec-8-
ene-10-thione 9: Isolated yield: 13 mg (12%); brownish—orange amorphous powder; [a]p +118
(c0.44, CHCL); '"H-NMR (DMSO-dj): 010.06 (1H, bs, NH>), 9. 86 (1H, bs, NH,), 6.54 (1H, dd,

=37 - e i L et B )

£ 70 /U,Llrl JI—£Q &£ £ 1210
J.IZ J

JTIV.G, 3.4 11Z, H"f), (ir1, aaq, v=90.0, 5.0, 1.0 1iZ, , J=10. nz, ri-Jj,
5.46 (1H, dd, /=34, 1.3 Hz, H-3), 4.07 (1H, dd, J=11.4, 5.6 Hz, CH,), 3.98 (1H, dd, J=114,
6.8 Hz, CH,); *C-NMR (CDCls): & 216.4 (C-10, *Ji5c.10=5.2 Hz), 179.8 (C-8), 105.9 (C-6),
70.0, 67.5, 67.5, 67.3 (C-2 to C-5), 61.7 (CH,); *N-NMR (DMSO-ds):  119.6 (NH,), 270.7

5):
Hich r lution MS: Caled. for Ci:H:oN-0O6S, N 449 0680

(N _0\ agniinty
\L¥=7 ), 11g IVOUIUUULL 1VID. wdivld IGIAZ0INNSGS) VAT 4

Addition of hydrogen sulfide to 5b: 0.1 g (~0.24 mmol) of 5b was dissolved in 2 ml CHCl;
and 4 ml EtOH was added. H,;S was bubbled through the reaction mixture to saturation at room
temperature (30-35 min). EtsN was then added (the ratio of Sb/EtsN was 1:1) and the
introduction of H,S continued for another 30 min. The solvents were evaporated and the residue

was separated by column chromatography using ethyl acetate—hexane (2:1) as eluent.
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(2R,35,45,5R,6R)-3,4,5-triacetoxy-2-acetoxymethyl-10-amino-1-oxa-7-thia-9-aza-spiro[4,5]dec-

>
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(-\"nw amorphous nowder: [l +10
ello orpnous powder, {¢}
A N
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~ AR AN
1.06, CHCL;); 'H-NMR (DMSO-dg): & 10. H, b
J=10.5 Hz, H-5), 5.37 (1H, dd, /=3.5, 1.2 Hz, H 3) 507 (lH dd, /=10.5, 3.5 Hz, H-4),
(1H, ddd, J=7.0, 5.1, 1.2 Hz, H-2), 4 0( H, dd, J=11.6, 5.1 Hz, CH,), 4.06 (1H, dd, J=11.
7.0 Hz, CH,); Be- NMR (CDCl;): & 211.3 (C-8), 178.4 (C-10, /H<nm~7H\ 104.3 (C-6), 76.3

22/ =, ~ = S A2

(C-2), 70.1 (C-4), 68.1 (C-5), 67.0 (C- 3) 61.0 (CH,); "’N-NMR (DMSO-d): & 117.2 (NH,),
264.6 (N-9). High resolution MS: Caicd. for C;sHyN,O¢S, [M+H]™ 449.0689. Found 449.0689,
A (mmu) 0.11.

(2R,35,45,5R,65)-3,4,5-triacetoxy-2-acetoxymethyl-8-amino-1-o0xa-7-thia-9-aza-spiro[4,5]dec-9-

Unh
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ono_T{Lthinna 13- Tenlated vield: ~ 10 mo fQoA\ 7 ] AW QUM IT—T=T\T|\ { ﬁQf\:rl N A 00QATH
CRO=1U=uliOne 15, 150:1alC0 yiGil. ~ iV g7 /o), YCUOW SYIUD, N=INIVIR (WIVMIDU=Ug ). O 7. 54 (11,
bs, NH;), 9.87 (1H, bs, NH,), 5.93 (1H, d, /=10.7 Hz, H-5), 5.41 (iH, dd, J=3.5, ~1 Hz, H-3),

5.15 (1H, dd, J=10.7, 3.5 Hz, H-4), 4.38 (1H, ddd, J=6.8, 5.4, ~1 Hz, H-2), 4.15-3.96 (2H, m,
CH,); PC-NMR (CDCls): & 215.4 (C-10, *JH.scm=29 Hz), 180.8 (C-8), 110.9 (C-6), 75.5,

vvvvvv VISU-ds). .6 (NH;), 266.1
) B SUP PO M ARAC S P | L. MY WT O r\:.‘r'n+ AAOD Nron T A A0 NOND A 1 A \
g 1cs01uton vid., LaiCa. 101 LUiglppiN2WUgd) [iVITIL]  442.U00Y. rouwa 447,06y, A {(Iinu)
0.06.

C16H13N209$ grown fr ethanol M—414 38, monochmc a=09, 288(2) A, b 7. 654(1) A, c=
14.478(1) A, p = 101.39°, V = 1009 A’, Z = 2, space group: P21, pcalc= 1.364 g.cm™. Data were
collected at 293(1) K, Enraf Nonius MACH3 diffractometer, Mo Ka radiation A = 0.71073 A, ©-26

motion, Oma = 25°, 1905 reflections of which 1763 were unique with 1 > 2o(I), decay: 2%. The

R cnlrad sigie o tha Afhzinea 281 and cafinad ~An 2 e ~ QLICT VYV _0O7 M«£1
bl.l uClii€ was S01vea Ubulg UuIc 011\'741 sonware lJJJ alllg ICiHcU Vil r 1115 S BTN 7, O lJUJ
program, publication material was prepared with the WINGX-97 suite [37] , R(F) = 0.0349 and

wR(F2) = 0.0989 for 1905 reflections, 269 parameters, Flack-parameter [38] : 0.1(1).
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