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Structure Determination of Bicalutamide
Polymorphic Forms by Powder X-ray Diffraction:
Case Studies Using Density Functional Theory

Calculation and Rietveld Refinement

Sumitomo Chemical Co., Ltd.
Basic Chemicals Research Laboratory
Masamichi Inul
Fine Chemicals Research Laboratory
Masafumi Uepa

Structure determination from powder X-ray diffraction data (SDPD) has been developing dramatically. A
large amount of SDPD work is reported in the field of crystallography and material science. However, SDPD
is not easier than that from single crystal X-ray diffraction data due to intrinsic overlap reflections in powder
XRD data. In this report, SDPD of Bicalutamide form-I and form-II is performed by the Rietveld refinement
in combination with density functional theory (DFT) calculations. The effectiveness of the DFT optimization

for SDPD is discussed.
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1158 Sample information

Bicalutamide

(RS)-N-[4-cyano-3-(trifluoromethyl) phenyl]
Chemical name -3-[ (4-fluorophenyl) sulfonyl]-2-hydroxy-2-

Compound name

methylpropanamide

Structure formula

Molecular formula Ci8 Hi4 F4N2 04 S
Molecular weight 430.37
CAS No. 90357-06-5
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1158 Experimental data of Bicalutamide form-I

Compound name Bicalutamide form-I

Wavelength A /A 1.540593 (Cu Kou)
Specimen capillary 1.0 mm
Absorption coefficienty 0.67
Rotation speed 60 r.p.m

2 range /° 3.0000 - 70.0157
Step size () /° 0.0016696
Time per step /sec 723

11558 Experimental data of Bicalutamide form-II

Compound name Bicalutamide form-II

Wavelength A /A 1.540593 (Cu Kouy)
Specimen capillary 1.0 mm
Absorption coefficienty 1.15
Rotation speed 60 r.p.m

2 range /° 3.00 - 79.9962
Step size (B ) /° 0.016696
Time per step /sec 723
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Structure refinement of Bicalutamide form-I and form-II

Compound name  Bicalutamide form-I  Bicalutamide form-II

(&syn — clinal) (m1)
Rwp 0.0798 0.1609
RB 0.0244 0.0608
Rr 0.0211 0.0451
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BEEEM  Difference plots of Bicalutamide form-1 (xsyn—clinal) after the Rietveld refinement.
The observed diffraction intensities are represented by plus (+) marks (red), and the calculated pattern by
the solid line (blue). The curve (dark blue) at the bottom represents the weighted difference, Yio—Yic, where
Yio and Yic are the observed and calculated intensities of the 7 th point, respectively. Short vertical bars
(green) below the observed and calculated patterns indicate the positions of allowed Bragg reflections.
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A single molecule diagram of Bicalutamide form-I
(£syn —clinal)

Packing diagram of Bicalutamide form-II
(m1, See 4. (2))
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BEEEN  Difference plots of Bicalutamide form-I (21, See 4. (2)) after the Rietveld refinement

400000000
O 10 Bicalutamide form-I
U00U0o0oouoooooooooORw, RB, Re
OUo0od0doU0oU0oUoUoUOooUoUoOooo
OUo0od0doU0oU0oUoUoUOooUoUoOooo
U00od0doUoUO0oUoUUOooUoUUoooo
U00od0doUoUO0oUoUUOooUoUUoooo
0000000000 00000000Y 0000
ooooo
Jdoo0oooO0oO0oO0oUoUUUOUoUoUoooooao
o0d0o0odoU0oO0oU0o0oUooUooUooogo
o0d0o0odoU0oO0oU0o0oUooUooUooogo

42

Bicalutamide D 0 000000000 form-I OO 20
Ogo0o00odooobooooooooboooooooon
JooOoOoSAC0D0O0OoO0oOoOoDoDOoOooooog
go0o00odoobbooooooobobobooooooo
goobo0ooooboooooooboooooo
goobo0ooooboooooooboooooo
000000000D0000000Grid searchd ®
goodbob0ooboobooboooooboooobo
goodbob0ooboobooboooooboooobo
SADOSeedD 0000000000 OODOOOO
0 O Pallarel temperingd 2V 00000000000
goooooo

oooo 2o008-1



OOXxoooooooosicalutamideOOOOOOOOOOOO0OOOOO0OOOO0O0O0O0O0O0OO0OO0O0O0O00O00O0OO0OO0DOOOOO

0000000000000 d228A00000
ODO0O00OO0OOPawleyD DO O0O0OOOOO-0OH, -CHs
ubobobooooooooboobOoboboooon
ubobobooooooooboobOoboboooon
00000000 KennithD 22 000000000
oooooooc0ooooooOoooooooon
-OH,-CHs 00000090 00000000000
uboocoOoooooooobOOoobOOobobOOoonoon
uboocoOoooooooobOOoobOOobobOOoonoon
O0o0osSA000000ooooooooooooo
ooboooooooooboocoobooooobooo

ooooooooz0000000000000AO0
0O0O00000Fig. 5

gooooooboocbooobocbooooooooo
00 -OH,-CHs 00O0000000O000oooo
oooooooo-OH,-CHsODDOOODODODODODD
0000000 d=13A0%=-70°000000000

| (R9)Bicalutamide |

|

Racemic compound

Polymorph form-I

‘ +sc*

I

Tree diagram of stereoisomer in Bicalutamide crystal
(*See 4. (1))

0000020000000 0000C000000OH
do00O0oO0oOoOoOoOoOooooooo

20000000000 UOUODOOOOOOn
Klyne-PrelogD OO O OO OO0OOOSADOOOOO
000000 o0-C-C=0000000 +86.82°0
tsyn—clinal 0 0+sc0 000000000 OO-0H,
-CHs OoOoouooooouooouoooooao
O0-C-C=0000000 #156.01°0 anti—preplaner
O0ep0 00000 Fig. 6L

+syn—clinal

anti—preplaner
®:C &:N @:0 :H @:F :S

A single molecule diagram of Bicalutamide form-I
left : £syn —clinal, right : anti—preplaner

ooboooboooobDepO0onoooOoOO
Rwp=0.0690, RB = 0.0188, Rr=0.01670 tscO OO0 OO
O0O0000Fig. 7, Fig. 80 0000O0O0O0O0O00OO
O000D00OeUOO0O0O00000000aeOOO
OO0O0OO0OOVegaDOODODOODODOODO Table 511

3500
3000

160001

14000} 2500¢
2000}

12000F 1500F
1000F

10000F soo} ||

80001 1100000001 R 0] A A 0 1

6000F

Intensity

4000

20001

TP I T PO TP URPPT W R Nl o .

e Y

M| . T L PR | " i PR | " P L PR T L

ik saba P Ry W |

I n womw LLRRE i AR INTAT N DOV RNARY CIRROTTE AR IR LT DT I L R R Y L D LI T D
e I Y T Po——— b
1 = T v ¥
=] 10 15 20 25 30 35 40 45 50 55 60 65 70

2 /°

Difference plots of Bicalutamide form-I (anti-preplaner) after the Rietveld refinement
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A single molecule diagram of Bicalutamide form-I
(anti—preplaner)

A single molecule diagram of Bicalutamide form-II

®:C &:N @:0 *:H @:F ©:5 left : m1 (exclusion of H atom), right : m2

Crystallographic data of Bicalutamide form-II

Crystallographic data of Bicalutamide form-I Compound name Bicalutamide form-II
(Rietveld refinement of m2)
Compound name Bicalutamide form-I Chemical formula Ci8Hi4 F4N2 04 S
(anti — preplaner) Space group P-1 (No.2)
Chemical formula Ci8 Hi4 F4 N2 04 S a/A 7.7875 (3)
Space group P21/¢ (No. 14, setting 1) b/A 11.0355 (4)
a/A 14.9064 (4) c/A 11.2888 (5)
b/A 12.2234 (3) o/° 87.968 (3)
c/A 10.4876 (3) B/° 77.050 (3)
B/° 104.7790 (14) y/° 78.012 (6)
Unit-cell volume / A 1847.7 (7) Unit-cell volume / A3 924.8 (8)
Formula unit Z 4 Formula unit Z 2
Rietveld analysis Rietveld analysis
Rwp 0.0690 Rwp 0.0872
RB 0.0188 RB 0.0198
RF 0.0167 RF 0.0197
S 1.4061 S 1.6705
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BEEELN Difference plots of Bicalutamide form-Il (#2) after the Rietveld refinement
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