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In the title compound, C21H44S2, the molecular skeleton

including both terminal S atoms has an all-trans conformation.

The molecules form layers with a thickness of c/2 and the long

axis of the molecule is inclined to the ab plane in the crystal

structure. This molecular arrangement is similar to that of the

smectic C structure of liquid crystals.

Comment

Long-chain aliphatic compounds have a simple structure of

the molecular skeleton. Therefore, the structural study of

these compounds has been performed from the viewpoint of

basic polymer science. As the molecular shape of these

compounds can be regarded as rod-like, the compounds have

also been studied as a model of liquid crystalline molecules.

The variation in melting point in alkane-�,!-dithiols with 2±

10 C atoms has been investigated, and the crystal structures of

these alkane-�,!-dithiols were analyzed at 130 K (Thalladi et

al., 2000). Recently, we reported the crystal structures of three

alkane-�,!-dithiols, namely dodecane-1,12-dithiol (Nakamura

et al., 2001b), nonadecane-1,19-dithiol (Nakamura et al., 2004)

and icosane-1,20-dithiol (Nakamura et al., 2001a). In this

paper, the crystal structure of henicosane-1,21-dithiol, (I), is

reported.

Fig. 1 shows the molecular structure of (I). The hydrocarbon

skeleton has an all-trans conformation. The CÐC distances

are in the range 1.502 (4)±1.518 (3) AÊ and the CÐCÐC angles

are in the range 112.8 (3)±114.8 (2)�. These values are normal

compared with those of other dithiols reported previously. The

two terminal S1ÐH1S and S2ÐH2S bonds have a gauche

conformation with respect to the skeleton [the C2ÐC1ÐS1Ð

H1S and C20ÐC21ÐS2ÐH2S torsion angles are ÿ69 (2)�

and ÿ98 (2)�, respectively].

Fig. 2 shows the projection of (I) along the b axis. The

molecules form layers along the c axis and the long axis of

molecule is inclined to the layer plane. This packing is similar

to that of the smectic C structure of liquid crystals. The

interlayer distances between adjacent mercapto S atoms are

3.5401 (18) AÊ for S1� � �S1i and 3.5919 (19) AÊ for S2� � �S2ii

[symmetry codes: (i) 3 ÿ x, ÿ2 ÿ y, 1 ÿ z; (ii) 1 ÿ x, 6 ÿ y,

2 ÿ z]. These values are nearly the same as those observed for

nonadecane-1,19-dithiol, which is another odd-numbered

member of the series.

Similar space groups were observed within the odd- or the

even-numbered alkane-�,!-dithiols with 4±10 C atoms, while

the compounds with two to three C atoms belonged to the
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orthorhombic system. The odd members containing more than

®ve C atoms are monoclinic with space group P2/c, and the

even ones with more than four C atoms are triclinic system

with space group P1. These results suggest that the crystal

system is monoclinic and the space group is P2/c in the higher

odd members, such as (I) and nonadecane-1,19-dithiol.

However, these members crystallize in the triclinic space

group P1, which is the same as the lower even members, not

the lower odd members. This fact adds special interest to the

situation where the crystal system and space group change

from odd to even members. Consideration of this is now in

progress. The space group of dodecane-1,12-dithiol and

icosane-1,20-dithiol is P1 (Nakamura et al., 2001a, b), the same

as the lower even members. Therefore, the even members of

alkane-�,!-dithiols with 14±18 C atoms probably crystallize in

the same space group, P1. It is considered that the crystal

system and space group may be the same throughout the series

of even members.

In the lower members, the nearest S� � �S distances between

layers are in the range 3.48±3.51 AÊ , and the CÐS� � �S angles

seem more nearly linear in the odd members (ca 173�) than in

the even members (ca 162�) (Thalladi et al., 2000). In the title

compound, (I), the C1ÐS1� � �S1i angle is 160.19 (13)�, which is

similar to the even members. On the other hand, the C21Ð

S2� � �S2ii angle is 179.21 (14)�, which is close to that of the odd

members and more linear than C1ÐS1� � �S1i. Consequently,

the crystal structure of (I) has both features observed in the

lower members of the series with odd and even numbers of C

atoms.

Experimental

The title compound was synthesized from henicosane-1,21-dioic acid

(Tokyo Kasei Co.) according the procedure of Urquhart et al. (1955).

The single crystal of (I) used in the X-ray analysis was grown by slow

evaporation of a solution in 1,2-dichloroethane and 2-propanol (4:3).

Crystal data

C21H44S2

Mr = 360.70
Triclinic, P1
a = 4.7477 (5) AÊ

b = 5.5680 (11) AÊ

c = 44.455 (5) AÊ

� = 87.619 (13)�

� = 87.920 (9)�


 = 77.733 (11)�

V = 1146.9 (3) AÊ 3

Z = 2
Dx = 1.044 Mg mÿ3

Cu K� radiation
Cell parameters from 25

re¯ections
� = 10.0±18.8�

� = 2.07 mmÿ1

T = 296 (1) K
Plate, colourless
0.65 � 0.22 � 0.01 mm
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Figure 2
The projection of the crystal structure of (I) along the b axis.

Figure 1
The molecular structure of (I), showing the crystallographic numbering
scheme. Displacement ellipsoids are drawn at the 50% probability level.



Data collection

Rigaku AFC-5R diffractometer
! scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.640, Tmax = 0.977

5611 measured re¯ections
4187 independent re¯ections
1926 re¯ections with F 2 > 2�(F 2)

Rint = 0.019
�max = 70.1�

h = ÿ5! 5
k = ÿ1! 6
l = ÿ54! 54
3 standard re¯ections

every 150 re¯ections
intensity decay: 12.4%

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.056
wR(F 2) = 0.123
S = 1.00
4187 re¯ections
257 parameters
H-atom parameters constrained

w = (4Fo
2)/[0.0001Fo

2 + 3.3�2(Fo)
+ 0.55]

(�/�)max < 0.001
��max = 0.60 e AÊ ÿ3

��min = ÿ0.48 e AÊ ÿ3

Extinction correction:
Larson (1970)

Extinction coef®cient: 23.4 (1)

Because the molecule is non-centrosymmetric, a longer data-

collection time was needed; the intensity decay was therefore

somewhat high. The methylene H atoms were placed in idealized

positions (CÐH = 0.95 AÊ ) and allowed to ride on their parent C

atoms. The terminal mercapto H atoms were located in a difference

synthesis and their positional parameters were allowed to re®ne

freely. Uiso(H) values were ®xed at 1.2Ueq of the parent atom.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1992); cell re®nement: MSC/AFC

Diffractometer Control Software; data reduction: CrystalStructure

(Molecular Structure Corporation & Rigaku, 2001); program(s) used

to solve structure: SIR92 (Altomare et al., 1994); program(s) used to

re®ne structure: CRYSTALS (Watkin et al., 1996); molecular

graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to

prepare material for publication: CrystalStructure.

This work was supported by MEXT. HAITEKU.

References

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C.,
Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Larson, A. C. (1970). Crystallographic Computing, edited by F. R. Ahmed, S. R.

Hall & C. P. Huber, pp. 291±294. Copenhagen: Munksgaard.
Molecular Structure Corporation (1992). MSC/AFC Diffractometer Control

Software. MSC, 3200 Research Forest Drive, The Woodlands, TX 77381,
USA.

Molecular Structure Corporation & Rigaku Corporation (2001). Crystal-
Structure. MSC, 9009 New Trails Drive, The Woodlands, TX 77381-5209,
USA, & Rigaku Corporation, 3-9-12 Akishima, Tokyo 196-8666, Japan.

Nakamura, N., Shimizu, H. & Ogawa, Y. (2004). Acta Cryst. E60, o1684±o1686.
Nakamura, N., Uno, K. & Ogawa, Y. (2001a). Acta Cryst. E57, o505±o507.
Nakamura, N., Uno, K. & Ogawa, Y. (2001b). Acta Cryst. E57, o508±o510.
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. A24, 351±

359.
Thalladi, V. R., Boese, R. & Weiss, H. C. (2000). J. Am. Chem. Soc. 122, 1186±

1190.
Urquhart, G. G., Gates, J. W. & Connor, R. (1955). Org. Synth. 3, 363±365.
Watkin, D. J., Prout, C. K., Carruthers, J. R. & Betteridge, P. W. (1996).

CRYSTALS. Issue 10. Chemical Crystallography Laboratory, University of
Oxford, Oxford, UK.

organic papers

o452 Nakamura et al. � C21H44S2 Acta Cryst. (2005). E61, o450±o452


	mk1

