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MATERIALS AND METHODS

Metal chelating histidine binding resin was purchased from Novagen. Pyruvate kinase was
purchased from Boehringer Mannheim. All other reagents were purchased from Sigma or Aldrich.
Unless otherwise noted, all nonaqueous reactions were carried out under dry nitrogen atmosphere in
flame dried glassware. CH,CI, was disfilled immediately prior to use éver CaH,. DMF was purchased
from Aldrich in sure/seal bottles and used without further purification.  Analytical thin-layer
chromatrography (TLC) was performed using general purpose 60-A general-purpose silica gel on glass
(Aldrich). TLC plates were visualized with aqueous KMnO, Flash chromatography columns were
prepared with Kieselgel 60-A silica gel 230-400 mesh (Merck). Proton ('H), Carbon (°C), and ("P) NMR
spectra were recorded on a Bruker ARX300 300 MHz spectrometer. IR spectra were recorded on a

Perkin Elmer 1760X FT-IR spectrometer.

EXPERIMENTAL PROCEDURES

Phenylmethy! 5-(6,8-diaza-oxo-3-thiabicyclo[3.3.0]oct-2-yl) pentanoate (2). (+)-Biotin (10.20 g, 42
mmol), DMAP (0.51 g, 4.2 mmol), HOBt (0.64 g, 4.2 mmol) and benzyl alcohol (5.64 g, 52 mmol) were
added to 60 mL of DMF in a 500 mL 3 neck flask. The mixture was stirred and heated until a
homogenous solution was obtained. DCC (46.2 mL, of a 1 M solution in CH,Cl,) was added over 10 min
and the reaction mixtdre was stirred 12 h at . The reaction mixture was filtered and the fittrate
concentrated in vacuo. The resultant solid was dissolved in hot acetone (50 °C) and purified by flash

chromatography with 10% MeOH:90% EtOAc to afford a white solid 2 (13.3 g, 95%): mp 79 °C.

Phenylmethyl 5-(6,8-diaza-6-(2-chloroacetyl)-7-oxo-3-thiabicyclo[3.3.0]oct-2-yl)pentanoate (3) 2
(5.6 g, 17 mmol) and Et,N (7.06 mL, 51 mmol) were added to 40 mL of CH,Cl,. Chloroacetylchioride

(1.95 mL, 25.2 mmol) was added in three portions. The mixture was stirred and brought to -78°C and

(0.65 mL, 8.4 mmol) of chloroacetylchloride was added. The mixture was stirred for 12 hours and allowed
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to warm to room temperature. This series of steps was repeated 2 more times. The reaction mixture was
filttered and the filtrate was evaporated in vacuo to a thick oil, which was dissolved in CH,Cl, and purified

by flash chromatography with, 4% MeOH, 48% hexane, 48% EtOAc to afford a yellowish oil 3 (6.9 g,
98%).

Phenylmethyl 5-(6,8-diaza-6-(2-diethoxyphosphono) acetyl)-7-oxo-3-thiabicyclo [3.3.0] oct-2-yl)
pentanoate (4). (6.88 g, 17 mmol) of 3 and triethyl phosphite (20 mL) were added to a 100 mL 3 neck
flask and heated to 100°C while.stirring for 3 hours. The excess triethylphosphite was evaporated in
vacuo. ‘The resultant viscous oil was dissolved in CHZC.I2 and purified by flash chromatography using a
gradient of 4% MeOH, 48% hexane, 48% EtQAc to 10% MeOH, 90% EtOAc, to give a yellowish oil 4 (7.6

g, 89%). Crystals were obtained by evaporation of a solution of 4 in EtOAc.

Phenylmethyl 56,8—diaza~7-ox0-6-(2-phosphonoacetyl)-3-thiabicyclo[3.3.0] oct-2-yl) pentanoate
(5). To aflask with CH,CI, (40 mL), (4.75 g, 9.26 mmol) of 4 were added. TMSBr (3.67 mL, 28 mmol)
was added and stirred for 2 hours at . The reaction was quenched with 5 mL of distilled water and
concentrated in vacuo. The solid was recrystallized in water / methanol (9:1) to afford a white solid 5.

(3.08 g, 72%); mp 184°C.

5-(6,8-diaza-7-oxo-6-(2-phosphonoacetyl)—3-thiabicyclo[3.3.0] oct-2-yl) pentanoic acid (1). (0.21g,
4.9 mmol) of LIOH was added to a solution of (0.506 g, 0.225 mmol) of 5 in 40 mL of water. The reaction
mixture was filtered and the filtrate was concentrated in vacuo and recrystallized in water / acetone (9 : 1)

to afford a white solid 1 (0.209 g, 59%).

Purification and Assay of Biotin Carboxylase. Biotin carboxylase was purified from a strain of £. coli

that overexpresses the gene coding for the enzyme. Purification was accomplished using a histidine-tag
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attached to the amino terminus of the mutant fovrm of the enzyme and nickel affinity chromatography as
described previously (Blanchard, C.Z.; Lee, Y.M.; Franton, P. A.; Waldrop, G. L.; Biochemistry 1999, in

press).

The activity of biotin carboxylase was measured spectrophotometrically by following the
production of ADP. The amount of ADP was determined using pyruvate kinase and lactate
dehydrogenase and the oxidation of NADH was followed at 340 nm. Each measurement was carried out
in a volume of 0.5 mL in 1 cm path length quartz cuvettes. The reaction mixture contained 10 units of
pyruvate kinase, 18 units of lactate dehydrogenase, 0.5 mM phosphoenolpyruvate, 0.2 mM NADH, 8 mM

MgCl, and 100 mM HEPES at pH 8.0. For inhibition studies 1 was dissolved in water and the pH was

adjusted to 8 with HCI. The concentration of 1 was determined by phosphorus analysis {Ames, B.N.;

Dubin, D.T. J. Biol. Chemn. 1960, 235, 769-775).




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 4

§000"
9200°
£900°
EL2E”
GEPE”
grac"
99/p”
gaes”

. BLYS”

o BYLG"
265
2LEE"

o G6ISE’
298c”
0205°

EE ;
620G
o= n 0gss”
>
T

V
\

OBn

B6EQ" L

H
"y

0960°¢
G/6G"
906.°
FL0B"
91EB’
gere’
Fel0’
B64L0°
¥980°
ceBO’
16cE”
VIEE"
y9EE"
GGet -
TPEY”
GovT”
yBLe’
0/62°
900E”
v.80°

£08B° 7

~— e T 8/60

Illl||I‘f'll'lllll]'l!lllllllllilll

3

N = =

_J

4

€188 7

5

———
0000°¢
—

DT T T T T ITOOMOMOMOAUAUAUAUAUAUNAUNMNMUANMMS-TS A A 1t OO

=
1

6

4518
oteEY”
¥B0E"
gree”
EVEE’
Leve’
gsye”
LISE"
pGLE"
0BLE"
166E"
930"
1A

7

=/

—\_——
¢6/B6°T
—_
_J_/
7

—_——
6205 ¥
—

phenylmethyl 5- (6, B-diaza-7-oxo-3-thiabicyclo[3.3.0]oct-2-y1) pentanoate
8

[ T N N S O A A T T A R (o (o]

9

[IITIIII|‘r[|lllll||||7ﬁ|||lllllllllITII‘IIIIIII"I'IIIIIlTll]lllllllll

ppm

wdd - 6 : 1eJBa3u]




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 5

-

phenylmethyl 5- (6, 8B-diazo-7-oxo-3-thiabicyc 10[{3.3.0) oct-2-y 1_) pentanoate

OBn

G/6"

VLET
ov8’
EGY
c9s’
cve’
123
LBE"

9/9°

6e6”
EES”
c0e’
EEO”
£88°
o8y’

0BL”
e’
goe”

6oy -

BG5S

140

“PE

|

0

&e
8c

BE
BE

oy
ov
oy
oy
134
94
09
19
93

ATR 2 d

E9f—

€L —

Lukdd




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 6

% :
- ; S5 0
. z o 3
———50 § ;
N
862 > &
| . o
rgg 3 w
1079 | g 3
1170 b
1262 ; &
= 1386
— ——1428 1458 '3
<’fﬁﬁ -
1692 |
1740
o
8 g
O
[qY]

X
HN” “NH
s
s "
i
2500

IHMMW
3000

244 ;
=
£
' S
=
.M e}
S
3
c
[0}
; >
| =
-~
38 8 X
i ] Q c £
o o < c ~ O
< z - D0
£ o D
g * a
s @ ©
e e
= T




£y

H
H

. 'l/,

Cl\j\NJOLN

H

OBn

phenylmethyl 5- {6, 6-diaza-6~ (2-chloroacetyl) -7-oxo-3-thiabicyclo[3.3.0] oct-2-y1) pentanoate

S

02000°
88z00°
8cB00°
viLES”
CELGE"
ovLLE”
8686V
Gelel”
T2cES’
EBGEG”
€6095"
GyeeG’
crGi9’
E6LEQ’
Grive’
SECLE”
7e96E”
00€05"
c/B80G"
Gr9eg”
05088°
0£0L6°
8/886°
€cri0”
¢Geel”
G/EBT”
LEQOC”
€g90¢e”
vivie:
c04cE”
1745
114418
otofe’
BLLYL®
yVBSL
8986.°
BES08B”
10518°
pBG98°
€/680°

0682€”
yG9EE”
690GE”
LYEYE"
P99LE”
2808€"
y900y -
GrBoY”
(8YTY
8010F

wdd

————

© 1999 tAmerican Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 7

BL¥6°G

7186°F

r618° ¥

EGG6°0

969870

8BEQ°E
sy e
0000°¢

T4

0818°0

tedbajur

0

i

2

]llI|l|lllllITl1r]llIllllllllllllll

3

[IllllTrITl’lllIlllll]“llllIlllllllllllI'Tl‘lll‘llllIIlllITlllllllllll

ppm



© 1999 American Chemical Society, Qrg. Lett., Amspacher 01990026z Supporting Info Page 8

Ove Ge
995°8¢
A%
GOT"vE
€e0'BE
£9G°6E
yv8°6E
rey o
B6E " OF
6/9° 0V
£86° 0¥
gec’ v
60B p¥
Ter 65
Bv8'BG
00229
702799

SN

oB
./\/\[g"
3

Cl

208" 821
958" 827
BOE'SEI—J’/f—

EVT LEY

Gr9 98T —__
016" {8V —

phenylmethyl 5- (6, 8-diaza-6- (2-chloroacetyl) -7-oxo-3-thiabicyc 10[3.3.0] oct-2-y1) pentaonate
1
N° 'NH
S

}2E 981 ——

€9 EL]—

wdd 10




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 9

699
752

792

920

1026
121

151

o
O
w

1000

1500

2000

2500

3000

3500

11

4000

Paged Y-Zoom CURSOR

1/26/1999 4:07 PM Res=4c

Transmittance / Wavenumber (cm-1)

File#9:2

m-1

IR card blank




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 10
o .
. a .

o

o
i

6v90°
9290
< l622
“0zse”
T 3 EEGe
z1 < gGLe”
o< /l\/‘ﬂ (902"
z 069€"
o) T 8EBE”
A
e
L
e ores’
yrSg"
TELY
8050°
1260
€ES0"
0560
2662
veze’
LLVE"
9Tv6”
B6S6”
ELLE
080L°
865L”
vies’
gres’
GEVO”
590"
8060
Bart
AN
Gves”
0eg8’
EG/8°
PIbo’
Lyee’
ez
09L}"
gaze”
oove”
6.52°
TLLe
B8LE"
Bgge”
£E62”
AL
BLIE
LOZE"
ovee’

(&)
1

BSYE'9

ElcB’S

EPSB'T

cBB9 |
FESB°0

LEELY

L8617 °6

= S 4 e d
| [
o J u

EBEEB" O
e

00002 w

I

e
L

e — BLES’V

K\-\

l\l\!\l\l\!\l\!\!\I\I\I\LDLULDVVVVVVvqmmmmNNNNNNNNNN"‘ﬁ-—'-—'*-‘-—'-—'*"“ﬁﬁ"“"

phenylmethyl 5- (6, 8-diaza-6- (2- (diethoxyphosphonate) acetyl) -7-oxo-3-thiabicyclo [3.3.0] oct-2-yl1) pentanoate

wdd [edBajul
, 12




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporﬁng Info Page 11

a

528’y
LVE VY - -
G/6° 97 :

SA
ore g2
5/5°82
£78°82
BY6 2E
807 "VE
v ¥E
982" 8E
/55" 6E
BEB’6E
ST OV
E6E OV
149" 0F
6V6°OF
Gee by
09v "G
L1975
519709
LV1°29 , X
L0529

C
[21]
Q
o 64529 _ I
66799 o
@
< ) : i

18972071

S\ SN e

|
Q 210" [} T —— o . -
w R

96." 82t
559'32:233};: - —
00€ " 627

GvY LET——

79976k 7

£09° 95T~
916" LGT—

820 697 —r

phenylmethyl 5- (6, 8-diazo-6- (2- (diethoxyphosphonate) acetyl) ~7-oxo-3-thiabicyclo (3.3 .0l oct-2-y1) pentanoate
i
N° 'NH
e
S
)
‘ ¥
100

E9G ELT—

661 G8f——

6ce B ——

g2€ " 867
wdd N

13




14

0SIE"1¢C
wdd

14
O

’ v S
CmO\PF\/\\ ‘e
M m H o3

H

. IZ/:\Z/:\/_n._TQw
O

O O

93eouejuad ([A-g-330 [0 E°E] OT3A3TQRTU}I-E-0X0-/~ [[AF308 (93RUOYdSOYdAXOY3IaTP-¢) ~9-BZRTP-F '0) -G [AY3jaw[Auayd

© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 12




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 13
() —

L)
o O &
498 —3 <£ 3
<r
D
_ 19 : o g
699 E o
786 753 8 s
— 903 o 8
LS T
= §,~°—'
-
()]
~—
S
&
~
(@]
| O
un
Q
e
o
Y]
o
O
[Te]
N
o
L O
Q
[ap]
—
r
)
E
= L
— S
8 3
=
3
C
QO
>
©
=
S~
o )
X
3 o =
o <+ g o &
= £ .- ©
E ~ D
3 #* g
g 2 °
= o &

15




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 14

OBn

1200°0-
- 5200°
O  zgoo-
625E"
QELE"
500G
/625"
z 7.J 8655 "

c>==<' ) r98g°

4 909

O I 9/08°
:g Gare”
FILE”

5 LPBE"

€005
= 2505
§0TG°
¥508°
26v8
LE9E"
5086 "
LEGT
yi8F"
596Y "
€G15°
(BSS
2695"
BETY”
3€29”
8989
8959
£201"
LETT”
6921 °
Bgr2
2064
gaLL
916L°
7£80°
7960

v

T

FI8c'E

IIIIIIll|lllllllllll||'||

2

LESO"T

121

3

gosr 1

4

=\ |V ==

660380

L——-__=;iij - /8250
o -

™) 6707

5

6

O 0N < T T T ITTOOOOOMOOOMOOAUANAUNANAUNNNNAUANANAS A~ OO

7

Evee”
BBYE"
878’
BEOY
Goiy”

6036°

S — _2180°g
—_—

[ SN SN N N

__L_% 0/BE° 0
_Jeoe VU

8

phenylmethyl §- (6, B-diaza-7-oxo-6- (2-phosphonoacetyl) -3-thiabicyclo [3.3.0]oct-2-y1) pentanoate
9

[1lllll11ll|llllIllrlllllllllllllIlllllllll1|"l]lllllllllllllllllllTl'llllillll

ppm

wdd . 16 reJGaur




© 1999 American Chemical Society, Org. Lett., Ainspacher 01990026z Supporting Info Page 15

-3}
-
@
o
c
@
-+
[ oy
-3}
a
~
i
¢
-
o
o
2,
o
42}
o
o
—
(8]
>
Q
-l
=]
30
-l
=
¥
m
[}
=
>
-
Q
[&]
@
o
c
o
=
[=8
n
[}
=
N
Y
[}
?
o
>
o
1
l|\
©
N
@
-t
o
!
@
©
]
o]
—
>
=
-+
[<})
=
£
>
c
1]
=
(=8

OBn -

oge”
109°
918"
125
4
cly’
0gg’
6e8”
L0F°
Gge"
p99°
M40
e’
ECY”
Evy’
c0F”
861"

408°
11°1ch
QTE"

1258
144

ge
Be
8c
VE
GE
BE
6E
BE
or
ov
ov
ov
134
Gg
L8
c9
99

AR N

95F —_
LGT—"

ppm



Oc- G- 01- G- 0 g 1 o1 0c wdd

F-_-—-————__—_________--—-———_.._-_______--—--__——__——___—-_-hP—h-b___-—-_——-_-—__—_-__—._._—____—__—_——_—--.-———-__—___——___—:___—__—\_r——_y-——_———_y_—-h—-—_——_-—:h;_—--n__-_———-—_—-_—_-PFP_

18

0E0G 67
wdd

cmnu\=/W\\)//\\\ef S
L%LN.: OH

HN_N~"g—0H
b

ajeouejuad ([A-2-320[0°E"E] 01932TQRTYI-E- ([ A33200UOYdSOYd-2) ~9-0X0-/-BZRTP~B 'g) -G [AUIsW[Auayd

© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 16




jue|q pled Y|

-Wd y=S8Y WNd 8¥:€ 6661/9¢/} . v -9 #eld
HOSHND wooz-A pebed | (L-wo) JOqUINUSABAN / SOUBHIWSURI |
008 000} 0051 0002 0052 0006 00s€ 000t
lo
S
4 :mO\—F\/\S..
© H S
® HN_ N~ o: 3
L g\/ - 3
] .
QA —
(o)) N (=)
<t ~—

1

922

501
698
753

802

© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 17
999




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 18

T ! Lo
Q 6E692° -
O osese's C
/BBTE"T : C
SIbar"J '
01687 ¥ C
0EGTS" T -
I =3 [
T V.S -~ (ov09y - :
o= n G2EGO ™2 (\\\ -
- 0ELL0°2 G/v0 9 -
L 9,007 °2 I :
o GLP9E"2 _ C
920LE "2 e L
0=0-0 1062y "2 gj _ Asoe
Q “’"EV'E\ « 20067
rgssg'a—\ _—
£6289° 82— C
° 18Y5B°2 1 58T f
e 52098°2 ~m
9E7.8°2 —
2 14848°2 T el f
g ELE0B 2 r
= G2026°2 C
a 08.22°E .
T>L EVEEZE <
r 59072 € _—
© cBrSe € 560 T
s 1980€E" ¥ s __ 86260 |
> BYEZE ¥ -
@ BBVEE ¥ k L
o BLEVE ¥ C o
o GGELY ¥ -
s ET06F ¥ N
§ BYE6Y ¥ C
= 50969V L
i £020L°V C
L (o]
= -
3 C
> C
s C
1]
2 C
g C
g C
L
2 C
& o
° —_—
& X
, C
L C
1
P §
5 -
2 "
K -
! C
ﬁ — O
S N
g C
: C
T N
@ C
w r
5 -
L o
20 :
. ]
wdd ' [eJsajul [ &




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 19

D
(4]
(6662 ——0_ - - o
y00'8C ——= — L
885" 82 e
€S9 LE ~ ) I
298°6E ~ _ =
LY0° O _/— - i
S 98E " I _
(&)
e L
c §99°6¢ —— -
- -
c 16503 ———0 - @
= 62729 — : -
et
aJ -
b
8 - -
= T
- @) : -2
f"_'_’l ¢ ?o S
. L
° _
(&)
> -
(&)
lal
Fa]
< - > i
= T &
s z1l L - -3
1 O=< /7] = i
=] =z
o
e o T I
[1]
o -
S O=a.-0O
g LT -8
2 I !
&
] . = b
& o
|
L L
b3
? L2
M~ -{
5 4
N -
[1¢]
5
| -
(s e)
< L
, ;
10 I6Y " (ST - - 2
|
o
=
. ’ S : a
wdd ‘ a

21 -




oc- GI- 0¥- G- 0 g ot =} 02 wdd

—_—_-—_-——--—:—————_——_——_~__—_—-——-—F—hh_-——--_-Fb___—-—____——__:——-——n—;——-—-——-——F__\.r-—_r——-:—————-——~_-_——|F_

—__—_~—-_.—_——_—-_——Phb_-h_—_____-_np___—————-—-—-—_-___————_——_—__—_———_-p-_—

e

22

o 1

HoPNA \M ,N
H  oH

wdd

H

6006 ' ¥T

ptaoe uﬂocumcmaAﬁ>nm-uuoﬂo.m.m_oﬁu>uﬁnm«cu|mnAﬁ>umumococamocanm.umuoxo-m-mNmﬂuum.m.-m

<

© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 20




jUe|q paeo Y

I-Wo =S84 Nd I2:€ 6661/92/! _ G:8#9ld
HOSHND wooz-A pebeyq (1-wo) Jequinusaepp / souBlIWSUR) |
omm oo_ow v ooﬁmw oo_om oo_mm oo_om 00Se 000t
: ]
o
< LOL-
o) !
i, S
- HoA S~ M N
? 3 NNy
- Iz_wxz d~OH
ol O O
3 2 o
o . o
- 5
&
N~
o
Q
—01

1325

1268

| -k

—0¢€

© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 21
869
1138




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 22




© 1999 American Chemical Society, Org. Lett., Amspacher 01990026z Supporting Info Page 23

Table 1. Crystal, Experimental, and Refinement Data for 4

formula
fw
crystal system
space group
temp
cell constants
a, A
b, A
c, A
B, [¢]
V, A3
Z
Dcalcd, & cm™3
w, cm-1
diffractometer / scan
radiation
cryst dimens, mm
color/shape
min rel transmissn, %
decay of standards
unique reflections
206 range, deg
range of h,k,1
obsd reflens [I>106(D)]

no. of params refined

C3H33N,04PS
512.6
monoclinic
P2,

299 K

10.546(1)

12.550(1)

10.674(1)

112.15(1)

1308.4(5)

2

1.301

20.25

Enraf-Nonius CAD4 / 0-20
CuKa (A =1.54184 A)
0.48x 0.30 x 0.20
colorless fragment

89.1

27.4%

2824

5<206<150
-13t00,0t0 15, -12 to 13
2104

287

weights 4F o2[02(1)+(0.02Fg2)2]-1
R=3|AF |/ Z|Fo | 0.096

Rw=(Zw(AF)? /2 wF2)l2 0.104

GOF 4.753

max. resid density, e A-3 0.44

min. resid density, e A-3 -0.28
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Table 2. Coordinates and isotropic displacement parameters for 4

atom X

S 0.5380(3)
P 0.8528(2)
01 0.9205(5)
02 0.9253(8)
03 0.9328(9)
04 0.5523(5)
05 1.0022(5)
06 0.7801(5)
07 0.7772(6)
N1 0.7735(5)
N2 0.6825(5)
C1 0.5708(7)
C2 0.6286(7)
C3 0.5645(6)
Cc4 0.4763(9)
Cs5 0.8063(6)
Cé6 0.6551(8)
C7 0.6805(9)
C8 0.770(1)
C9 0.8123(9)
C10 0.891(1)
Cl1 1.025(1)
C12 1.1696(8)
C13 1.227(1)
Cl4 1.371(1)
C1s 1.4387(9)
Cl6 1.357(2)
C17 1.243(1)
C18 0.6669(7)
C19 0.7910(7)
C20 0.835(1)
C21 0.751(2)
C22 0.799(1)
C23 0.849(2)
* Refined Isotropically

y
0

0.2816(2)
0.0258(6)
-0.5890(9)
-0.4457(9)
0.1532(5)
0.2874(6)
0.2552(6)
0.3858(5)
-0.1018(6)
0.0339(5)
-0.132(1)
-0.1271(8)
-0.0289(7)
0.024(1)
-0.0119(7)
-0.1883(9)
-0.301(1)
-0.349(1)
-0.454(1)
-0.493(1)
-0.637(1)
-0.622(1)
-0.535(1)
-0.522(2)
-0.597(1)
-0.670(2)
-0.681(2)
0.1255(7)
0.1865(7)
0.253(2)
0.235(2)
0.494(2)
0.546(2)

Z
0.6547(3)
1.0611(2)
1.0550(6)
0.576(1)
0.4880(8)
1.0480(5)
1.1080(7)
0.9094(5)
1.0790(7)
0.9292(7)
0.9961(6)
0.7171(8)
0.8699(9)
0.9109(8)
0.783(1)
1.0031(7)
0.645(1)

- 0.672(1)

0.5962(9)
0.630(1)
0.5545(9)
0.512(2)
0.612(1)
0.580(1)
0.656(1)
0.755(1)
0.767(2)
0.704(2)
1.0590(8)
1.1467(9)
0.812(1)
0.681(2)
1.024(2)
1.119(2)
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Beq or Biso (A2)

9.56(8)
6.67(5)
8.0(2)
17.93)
19.0(3)
6.1(1)
8.4(2)
7.7(2)
8.8(2)
6.8(2)
5.2(1)
8.003)
6.7(2)
6.2(2)
8.6(3)
5.5(2)
8.3(3)
8.8(3)
8.8(3)
9.2(3)
10.2(3)
15.5(5)
9.2(3)
11.3(4)
14.5(4)
16.5(4)
17.7(6)*
14.5(5)*
5.7(2)
6.6(2)
14.9(5)
21.5(6)
16.7(6)*
19.5(7)*




