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Crystal structure of dutasteride (Avodart), C27H20F6N2O2
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Commercial dutasteride crystallizes in the orthorhombic space group P212121 (#19), with a = 7.587
44(3), b = 9.960 80(5), c = 33.500 42(12) Å, V = 2531.862(17) Å3, and Z = 4. The structure was
solved and refined using synchrotron powder diffraction data, Rietveld, and density functional tech-
niques. The most prominent feature of the structure is a zigzag chain of strong N–H···O = C hydrogen
bonds along the a-axis. The powder pattern has been submitted to ICDD for inclusion in future
releases of the Powder Diffraction File™. © 2014 International Centre for Diffraction Data.
[doi:10.1017/S088571561400061X]
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I. INTRODUCTION

Dutasteride (Avodart), an oral pharmaceutical approved
by the US Food and Drug Administration (USFDA) for the
treatment of moderate to severe benign prostatic hyperplasia
(BPH) in men, is a potent, selective, and irreversible inhibitor
of type 1 and type 2 5α-reductase (5AR) (Andriole et al.,
2004). 5AR is the enzyme which catalyzes the formation of
androgen dihydrotestosterone (DHT) from its precursor testo-
sterone intracellularly (Clark et al., 2004), and therefore is
critical for the growth of the prostate gland. Dutasteride has
the systematic name (5α,17β)-N-{2,5-bis(trifluoromethyl)
phenyl}-3-oxo-4-azaandrost-1-ene-17-carboxamide. A two-
dimensional (2D) structural diagram is shown in Figure 1.

The presence of high-quality reference powder patterns in
the Powder Diffraction File (PDF) (ICDD, 2013) is important
for phase identification, particularly by pharmaceutical, foren-
sic, and law enforcement scientists. The crystal structures of a
significant fraction of the largest dollar volume pharmaceuti-
cals have not been published, and thus calculated powder pat-
terns are not present in the PDF-4 Organics database.
Sometimes experimental patterns are reported, but they are
generally of low quality. Accordingly, a collaboration
among the ICDD, IIT, Poly Crystallography Inc., and
Argonne National Laboratory has been established to measure
high-quality synchrotron powder patterns of commercial
pharmaceutical ingredients, to include these reference patterns
in the PDF, and determine the crystal structures of these
Active Pharmaceutical Ingredients (APIs).

Even when the crystal structure of an API is reported, the
single-crystal structure was often determined at low tempera-
ture. Most powder measurements are performed at ambient con-
ditions. Thermal expansion (often anisotropic) means that the
peak positions calculated from a low-temperature single-crystal
structure often differ from those measured at ambient con-
ditions. These peak shifts can result in failure of default

search/match algorithms to identify a phase, even when it is pre-
sent in the sample. High-quality reference patterns measured at
ambient conditions are thus critical for easy identification of
APIs using standard powder diffraction practices.

II. EXPERIMENTAL

The dutasteride 99% was a commercial material, purchased
from AK Scientific (Lot #LC24263), and was used as-received.
The white powder was packed into a 1.5 mm diameter Kapton
capillary, and rotated during the experiment at ~50 cycles s−1.
The powder pattern was measured at beam line 11-BM (Lee
et al., 2008; Wang et al., 2008) of the Advanced Photon
Source at the Argonne National Laboratory using a wavelength
of 0.413 891 Å at 296 K from 0.5° to 50° 2θ with a step size of
0.001° and a counting time of 0.1 s step−1. The pattern was
indexed using FOX (Favre-Nicolin and Černý, 2002) and
N-TREOR (Altomare et al., 2000) in EXPO2013 (Altomare
et al., 2009, 2013). The systematic absences determined the
space group to be P212121 (#19) (a common space group for

Figure 1. Molecular structure of dutasteride.
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chiral organic compounds), which was confirmed by successful
solution and refinement of the structure. A dutasteride molecule
was built and its conformation optimized using Spartan ‘10
(Wavefunction, 2011). The hydrogen atoms were removed,
and it was saved as a mol2 file and converted into a MOPAC

Figure 2. (Color online) Observed, calculated, and
difference patterns of dutasteride. The red crosses
represent the observed data points, the green solid line
the calculated pattern, and the magenta line the
difference (observed–calculated) pattern. The vertical
scale is multiplied by a factor of 8 above 7° 2θ and by
a factor of 20 above 14°.

TABLE I. Rietveld refined structure of dutasteride. Space group P212121
(#19), with a = 7.587 44(3), b = 9.960 80(5), c = 33.500 42(12) Å, V =
2531.862(17) Å3, and Z = 4.

Name X Y Z Uiso*100

C1 0.8883(9) 0.6482(8) 0.517 21(39) 3.70(10)
N2 0.7255(9) 0.6014(8) 0.519 15(28) 3.70(10)
C3 0.6929(9) 0.4623(8) 0.528 10(23) 3.70(10)
C4 0.8098(10) 0.4188(7) 0.563 42(23) 3.70(10)
C5 0.9972(11) 0.4468(10) 0.550 48(32) 3.70(10)
C6 1.0305(9) 0.5551(10) 0.528 67(35) 3.70(10)
O7 0.9219(8) 0.7704(8) 0.506 68(26) 3.70(10)
C8 0.4984(13) 0.4416(10) 0.536 16(30) 3.70(10)
C9 0.4714(12) 0.2883(11) 0.541 89(31) 3.70(10)
C10 0.5826(10) 0.2353(8) 0.578 00(26) 3.70(10)
C11 0.7762(10) 0.2661(7) 0.570 53(26) 3.70(10)
C12 0.7743(12) 0.4890(12) 0.603 13(27) 3.47(33)
C13 0.5588(10) 0.0812(9) 0.581 86(26) 3.70(10)
C14 0.6639(9) 0.0234(8) 0.616 30 (25) 3.70(10)
C15 0.8604(11) 0.0455(9) 0.606 94(32) 3.70(10)
C16 0.8969(11) 0.1973(9) 0.600 96(32) 3.70(10)
C17 0.6126(14) 0.0819(12) 0.656 53(30) 3.47(33)
C18 0.3668(11) 0.0319(11) 0.590 93 (33) 3.70(10)
C19 0.4027(12) −0.1143(10) 0.605 48(34) 3.70(10)
C20 0.5998(10) −0.1229(8) 0.614 78(25) 3.70(10)
C21 0.6501(10) −0.2050(10) 0.650 49(29) 6.60(27)
O22 0.8026(10) −0.2076(9) 0.662 53(25) 6.60(27)
N23 0.5279(12) −0.2998(10) 0.661 51(29) 6.60(27)
C24 0.5488(9) −0.4036(6) 0.690 86(20) 4.78(23)
C25 0.4212(7) −0.5033(7) 0.694 37(21) 4.78(23)
C26 0.4438(9) −0.6071(6) 0.721 73(22) 4.78(23)
C27 0.5939(10) −0.6111(7) 0.745 58(19) 4.78(23)
C28 0.7215(7) −0.5114(8) 0.742 07 (18) 4.78(23)
C29 0.6989(7) −0.4076(7) 0.714 71 (20) 4.78(23)
H30 0.3558(11) −0.6759(7) 0.724 15(32) 6.21(30)
H31 0.6095(14) −0.6827(9) 0.764 44(27) 6.21(30)
H32 0.7869(9) −0.3388(9) 0.712 29(30) 6.21(30)
C33 0.2510(12) −0.4972(10) 0.668 12(31) 13.56(17)
F34 0.1784(11) −0.3875(9) 0.673 22(28) 13.56(17)
F35 0.1434(11) −0.5911(10) 0.677 10(25) 13.56(17)
F36 0.2903(9) −0.5126(10) 0.631 89(25) 13.56(17)

Continued

TABLE I. Continued

Name X Y Z Uiso*100

C37 0.8765(11) −0.5190(10) 0.769 83 (27) 13.56(17)
F38 0.920 442 −0.400 170 0.783 232 13.56(17)
F39 0.849 823 −0.588 305 0.800 705 13.56(17)
F40 1.014 583 −0.555 718 0.755 177 13.56(17)
H41 0.621 970 0.659 250 0.510 680 4.82(13)
H42 0.736 550 0.402 490 0.505 340 4.82(13)
H43 1.109 560 0.396 960 0.566 510 4.82(13)
H44 1.166 290 0.597 010 0.525 240 4.82(13)
H45 0.786 090 0.599 840 0.600 260 4.52(43)
H46 0.872 000 0.466 380 0.628 370 4.52(43)
H47 0.644 370 0.470 440 0.617 070 4.52(43)
H48 0.426 050 0.471 100 0.511 450 4.82(13)
H49 0.449 860 0.490 430 0.563 380 4.82(13)
H50 0.504 790 0.230 540 0.515 650 4.82(13)
H51 0.331 990 0.262 850 0.549 170 4.82(13)
H52 0.538 390 0.275 530 0.605 140 4.82(13)
H53 0.822 260 0.214 070 0.542 980 4.82(13)
H54 0.620 570 0.030 490 0.554 880 4.82(13)
H55 0.904 150 −0.011 900 0.583 400 4.82(13)
H56 0.942 130 0.006 020 0.634 980 4.82(13)
H57 0.881 270 0.247 030 0.632 710 4.82(13)
H58 1.038 360 0.207 950 0.596 740 4.72(13)
H59 0.629 110 0.182 380 0.660 640 4.52(43)
H60 0.680 750 0.026 830 0.682 380 4.52(43)
H61 0.466 420 0.056 760 0.663 750 4.52(43)
H62 0.305 990 0.014 090 0.557 310 4.82(13)
H63 0.295 630 0.076 960 0.606 340 4.82(13)
H64 0.376 400 −0.202 660 0.580 200 4.82(13)
H65 0.318 320 −0.143 090 0.628 070 4.82(13)
H66 0.677 290 −0.176 500 0.589 000 4.82(13)
H67 0.4182 20 −0.308 100 0.648 380 8.58(36)
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file using OpenBabel (O’Boyle et al., 2011). The structure was
solved with EXPO2013 (Altomare et al., 2009, 2013) using
simulated annealing.

The Rietveld refinement was carried out using GSAS
(Larson and Von Dreele, 2004). Only the 1°–20° portion of the
pattern was included in the refinement. The C6H3 phenyl group
was refined as a rigid body, and all non-H bond distances and
angles were subjected to restraints, based on a Mercury/Mogul
Geometry Check (Bruno et al., 2004; Sykes et al., 2011) of the
molecule. The Mogul average and standard deviation for each
quantitywere used as the restraint parameters. The restraints con-
tributed 1.68% to thefinal χ2. Isotropic displacement coefficients
were refined, and grouped by chemical similarity. The Uiso of
each hydrogen atom was constrained to be 1.3× that of the
heavy atom to which it is attached. The peak profiles were
described using profile function #4, which includes the
Stephens (1999) anisotropic strain broadening model. The back-
groundwasmodeled using a three-term shiftedChebyshev poly-
nomial and a four-term diffuse scattering function to describe the
scattering from the Kapton capillary and any amorphous content
of the sample. Thefinal refinement of 104 variables using 19 087
observations yielded the residuals wRp = 0.1207, Rp = 0.0971,
and χ2 = 3.603. The largest peak (0.44 Å from F34) and hole
(0.72 Å from F38) in the difference Fourier map were 0.61 and
−0.45 eÅ−3, respectively. The Rietveld plot is included as in
Figure 2. The largest errors are in the positions and shapes of low-
angle peaks, and probably indicate non-uniformity in the crystal-
lites. A trace of an unidentified impurity phase was present.

A density functional geometry optimization (fixed exper-
imental unit cell) was carried out using CRYSTAL09 (Dovesi
et al., 2005). The basis sets for the H, C, N, and O atoms were
those of Gatti et al. (1994), and the basis set for F was that of
Nada et al. (1993). The calculation used eight k-points and the
B3LYP functional.

III. RESULTS AND DISCUSSION

The refined atom coordinates of dutasteride are reported
in Table I, and the coordinates from the density functional the-
ory (DFT) optimization in Table II. The root-

TABLE II. Density functional optimized structure of dutasteride. Space
group P212121 (#19), with a=7.587 435, b = 9.960 79, c = 33.500 43 Å, V =
2531.862 Å3, and Z = 4.

Name X Y Z Uiso

C1 0.889 15 0.653 11 0.518 35 0.037 00
N2 0.724 57 0.604 01 0.522 28 0.037 00
C3 0.694 44 0.462 46 0.531 31 0.037 00
C4 0.813 32 0.415 39 0.566 28 0.037 00
C5 0.999 99 0.453 91 0.554 29 0.037 00
C6 1.033 56 0.563 79 0.532 23 0.037 00
O7 0.917 37 0.768 24 0.504 91 0.037 00
C8 0.498 83 0.434 58 0.537 49 0.037 00
C9 0.471 33 0.283 87 0.543 33 0.037 00
C10 0.584 38 0.227 88 0.577 47 0.037 00
C11 0.783 64 0.260 74 0.571 48 0.037 00
C12 0.775 53 0.492 12 0.605 41 0.034 70
C13 0.562 25 0.075 98 0.581 81 0.037 00
C14 0.665 75 0.016 86 0.617 53 0.037 00
C15 0.862 79 0.043 67 0.610 16 0.037 00
C16 0.898 74 0.195 04 0.604 18 0.037 00
C17 0.606 69 0.074 45 0.658 21 0.034 70
C18 0.375 92 0.017 10 0.585 81 0.037 00
C19 0.406 50 −0.126 39 0.602 68 0.037 00
C20 0.605 65 −0.132 55 0.614 36 0.037 00
C21 0.659 69 −0.218 49 0.649 85 0.066 00
O22 0.807 43 −0.211 13 0.664 32 0.066 00
N23 0.532 99 −0.308 30 0.663 75 0.066 00
C24 0.555 60 −0.410 46 0.692 03 0.047 80
C25 0.426 99 −0.512 79 0.696 42 0.047 80
C26 0.449 13 −0.614 57 0.724 65 0.047 80
C27 0.597 28 −0.617 61 0.749 04 0.047 80
C28 0.722 68 −0.516 17 0.745 07 0.047 80
C29 0.704 56 −0.414 11 0.716 99 0.047 80
H30 0.348 28 −0.690 61 0.728 01 0.062 10
H31 0.614 63 −0.696 09 0.771 01 0.062 10
H32 0.803 98 −0.337 46 0.713 41 0.062 10
C33 0.262 19 −0.513 12 0.671 48 0.135 60
F34 0.155 62 −0.405 82 0.679 65 0.135 60
F35 0.164 09 −0.625 17 0.676 08 0.135 60
F36 0.298 42 −0.503 87 0.631 21 0.135 60
C37 0.882 97 −0.517 28 0.771 68 0.135 60
F38 0.947 31 −0.391 73 0.778 51 0.135 60
F39 0.846 41 −0.572 14 0.807 99 0.135 60
F40 1.018 16 −0.589 94 0.755 77 0.135 60
H41 0.621 97 0.659 25 0.510 68 0.048 20
H42 0.736 55 0.402 49 0.505 34 0.048 20
H43 1.109 56 0.396 96 0.566 51 0.048 20
H44 1.166 29 0.597 01 0.525 24 0.048 20
H45 0.786 09 0.599 84 0.600 26 0.045 20
H46 0.872 00 0.466 38 0.628 37 0.045 20
H47 0.644 37 0.470 44 0.617 07 0.045 20
H48 0.426 05 0.471 10 0.514 55 0.048 20
H49 0.449 86 0.490 43 0.563 38 0.048 20
H50 0.504 79 0.230 54 0.515 65 0.048 20
H51 0.331 99 0.262 85 0.549 17 0.048 20
H52 0.538 39 0.275 53 0.605 14 0.048 20
H53 0.822 26 0.214 07 0.542 98 0.048 20
H54 0.620 57 0.030 49 0.554 88 0.048 20
H55 0.904 15 −0.011 90 0.583 40 0.048 20
H56 0.942 13 0.006 02 0.634 98 0.048 20
H57 0.881 27 0.247 03 0.632 71 0.048 20
H58 1.038 36 0.207 95 0.596 74 0.047 20
H59 0.629 11 0.182 38 0.660 64 0.045 20
H60 0.680 75 0.026 83 0.682 38 0.045 20
H61 0.466 42 0.056 76 0.663 75 0.045 20
H62 0.305 99 0.014 09 0.557 31 0.048 20
H63 0.295 63 0.076 96 0.606 34 0.048 20
H64 0.376 40 −0.202 66 0.580 20 0.048 20

Continued

TABLE II. Continued

Name X Y Z Uiso

H65 0.318 32 −0.143 09 0.628 07 0.048 20
H66 0.677 29 −0.176 50 0.589 00 0.048 20
H67 0.418 22 −0.308 10 0.648 38 0.085 80

Figure 3. (Color online) Comparison of the Rietveld-refined and
DFT-optimized structures of dutasteride. The RMS difference between the
non-hydrogen atom positions is 0.14 Å.
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mean-square (RMS) deviation of the non-hydrogen atoms is
0.14 Å, and the maximum deviation is 0.33 Å, in the CF3
groups (Figure 3). The relatively large displacement coeffi-
cient of the CF3 groups suggests that some disorder might
be present, but sorting it out is beyond the scope of a powder
experiment. The discussion of the geometry uses the
DFT-optimized structure. The asymmetric unit (with atom
numbering) is illustrated in Figure 4, and the crystal structure
is presented in Figure 5.

Almost all bond distances, angles, and torsion angles fall
within the normal ranges indicated by a Mercury Geometry
Check. Only the bonds C1–C6 at 1.486 Å [average = 1.430
(22), Z-score = 2.57] and C21–N23 at 1.393 Å [average =
1.350(19), Z-score = 2.28], the angles C8–C3–C4 = 114.1
[average = 112.9(6), Z-score = 2.00] C19–C20–C21 = 118.6
[average = 114.1(19), Z-score = 2.42] C27–C28–C29 =
121.8 [average = 117.6(19), Z-score = 2.16], and the torsion
angles O22–C21–C20–C19 and C19–C20–C21–N23 fall
slightly outside the normal ranges. There are no voids in the
crystal structure.

The most prominent feature of the crystal structure is the
N2–H41···O7 hydrogen bonds (Table III). They form a zigzag
chain parallel to the a-axis (Figure 6). The graph set is C1,1
(4). This is a chain of four atoms containing one donor and
one acceptor (Etter, 1990; Bernstein et al., 1995; Shields,
et al., 2000). The Mulliken overlap population indicates that
these hydrogen bonds are reasonably strong. The average
N···O for such hydrogen bonds in the CSD is 2.89(16) Å
and the average N–H···O angle is 155(25)°; so these hydrogen
bonds are shorter and more linear than the average. The
Mulliken overlap populations suggest that there are weak
intramolecular C–H···O and C–H···F interactions. Perhaps sur-
prisingly, the amide N23–H67 does not participate in hydro-
gen bonds; the shortest potential (intramolecular) N23···F
contacts are 2.855 and 3.071 Å, to F36 and F34, respectively,
but these seem not to represent the real hydrogen bonds. Other
than the hydrogen bonds, the crystal structure is dominated by
van der Waals contacts.

The Bravais–Friedel–Donnay–Harker (Bravais, 1866;
Friedel, 1907; Donnay and Harker, 1937) morphology

Figure 4. The asymmetric unit of dutasteride, with the atom numbering.

Figure 5. (Color online) Crystal structure of dutasteride. The view is down the a-axis.
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suggests that we might expect platy morphology for dutaste-
ride, with {001} as the principal faces. The texture index,
modeled using second-order spherical harmonics, was 1.033.

The powder pattern of dutasteride has been submitted to
ICDD for inclusion in future releases of the Powder
Diffraction File.
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