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The Crystal and Molecular Structure 
of 2-(p-Dimethylanilino)-4-phenyl-6,6a-dithiafurophthene 

BY LEIF J. S:ETHRE* AND ASBJORN HORDVlK 

Chemistry Section, University of Tromso, Dramsvegen 201 9001, Tromso, Norway 

(Received 22 July 1974; accepted 24 July 1974) 

2-(p-Dimethylanilino)-4-phenyl-6,6a-dithiafurophthene is monoclinic, space group P21/c, with a= 
14"180 (3), b = 10"265 (2), c= 23"322 (5) A,, fl= 93"92 (3) °, Z =  8. The structure was solved from counter 
data by direct methods and refined by full-matrix least-squares calculations to a final R of 0-044. The 
bond lengths in the dithiafurophthene system in the two crystallographically independent molecules 
are S(6)-S(6a)= 2.1045 (15) and 2.1101 (16), S(6a)-O= 2.441 (3) and 2.287 (3), O-C (2)= 1.255 (5) and 
1.263 (5), S(6a)-C(3a)= 1.764 (4) and 1-758 (4), S(6)-C(5)= 1.720 (4) and 1.714 (4), C(2)-C(3)= 1.430 (5) 
and 1.428 (6), C(3)-C(3a)= 1.360 (5) and 1-377 (5), C(3a)-C(4)= 1.438 (5) and 1.444 (5), and C(4)- 
C(5)= 1"343 (5) and 1"345 (5)A, respectively. The difference in S-O bond length is probably due to 
packing forces. 

Introduction Crystal data 

Structural studies of 2,4-diphenyl-6a-thiathiophthene 
(I) (Hord',ik, Sletten & Sletten, 1969b) and of 2-(p- 
dimethylanilino)-4-phenyl-6a-thiathiophthene (If) 
(Hordvik & Stethre, 1972b) show that the introduction 
of a p-dimethylamino group in the 2-phenyl group of 
compound (I) causes a decrease in the S(1)-S(6a) 
bond length from 2.499 (3) in (1) to 2.348 (1) tk in (II), 
and an increase in S(6a)-S(6) from 2.218 (3) in (I) 
to 2.350 (1) A~ in (II). 
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We thought it might be of interest to look at the 
structure of a dithiafurophthene which had the same 
2- and 4-substituents as compound (If), and we have 
accordingly carried out an analysis of 2-(p-dimethyl- 
anilino)-4-phenyl-6,6a-dithiafurophthene (III). Prelimi- 
nary results have been reported (Hordvik & SaXhre, 
1972a). 

* Present address: Department of Chemistry, University 
of Bergen, N-5000 Bergen, Norway. 

Crystals of 2-(p-dimethylanilino)-4-phenyl-6,6a-dithia- 
furophthene, C1 H17NOS2, recrystallized from 2-meth- 
oxyethanol (Klingsberg, 1963), are orange prisms, 
space group P21/e, with a =  14.180 (3), b =  10.265 (2), 
c=23.322(5) A, f l=93.92(3) °, V=3386.8A 3, Z = 8 ,  
Dx= 1"331 g cm -3,/z(Mo Kc0= 3.12 cm -1. 

Experimental 

20 values and intensities were measured on a paper- 
tape controlled Siemens AED diffractometer with 
Mo K~ radiation (2=0.71069 A 0. Twenty 20 values in 
the range 13°<20<41  ° were measured at room tem- 
perature, t=22 °C, and the cell dimensions found by a 
least-squares procedure. The intensities were measured 
by the five-value scan technique (Troughton, 1970). 
2951 out of 5959 retie×ions for which the net count was 
greater than 2.5 times the respective standard devia- 
tions in the net count were accepted as observed 
(0 < 25 °). Unobserved retie×ions were neglected. 

Lp corrections were applied, but absorption cor- 
rections were ignored, the dimensions of the crystal 
being 0.13 × 0.31 × 0.13 mm. 

Scattering factors were taken from International 
Tables for X-ray Crystallography (1968) for the non- 
hydrogen and from Stewart, Davidson & Simpson 
(1965) for the hydrogen atoms. 

The observed structure factors were put on an abso- 
lute scale (Wilson, 1942) and converted to normalized 
structure factors (Shiono, 1966). 

Structure determination and refinement 

The structure was solved by direct methods (Long, 
1965). Three reflexions (206, 506, 204) with variable 
signs were chosen in addition to the origin-determining 



L E I F  J. S i E T H R E  A N D  A S B J O R N  H O R D V I K  31 

ones (306,03"J, 77-6), and reflexions with IEI > 1.45 were 
included in the calculations. An E map  with 400 terms, 
corresponding to the sign set witn highest consistency 
index, showed maxima for the 46 non-hydrogen atoms. 
Structure-factor calculations based on these atomic 
positions, with scale and overall isotropic temperature 
factors from the Wilson statistics, gave an R =  Y~[IFol- 
IFcll/~lFo[ of  0.23. 

Full-matrix least-squares refinement was performed, 
minimizing ~co(Ifol-1/klFcI) 2 where k is the scale 
factor and co= 1/a2o. Two cycles with individual iso- 
tropic temperature factors brought  R down to 0-11. 
The sp z and sp 3 hydrogen positions were then estimated, 
the latter by assuming the d imethylamino groups to be 
the same as in compound  (II) (Hordvik & S~ethre, 
1972b). Anisotropic refinement of  the temperature 
factors of the non-hydrogen atoms, keeping the hydro- 
gen parameters fixed, reduced R to 0.054. From there 
on, hydrogen parameters plus phenyl-carbon parame- 
ters (245 parameters + scale) were refined alternately 
with the parameters of  the other atoms in the molecules 
(307 parameters + scale). The" refinement converged at 
R=0 .044 ,  with no shift at that stage greater than the 
corresponding standard deviation. 

Final atomic coordinates and temperature parame- 
ters are given in Tables 1 and 2. The standard devia- 

Table 1. Atomic coordinates infractions o f  corresponding 
cell edges 

The standard deviations given in parentheses refer to the last 
digits of the respective values. The unprimed atoms belong to 

molecule (IIIa). 

x y z 
O 0.26653 (20 )  0.59087 (27 )  0.29109 (11) 
S(6a) 0.14003 (8) 0.54467 (11)  0.21769 (4) 
S(6) 0.03840 (8) 0.48237 (11)  0.15365 (5) 
C(2) 0-29868 (28 )  0-47983 (41 )  0.30318 (15) 
C(3) 0.25720 (29 )  0.37093 (35 )  0.27289 (15) 
C(3a) 0.18490 (27 )  0.38727 (36 )  0.23217 (15) 
C(4) 0-14048 (27 )  0.28613 (36 )  0.19744 (15) 
C(5) 0.06896 (29)  0.32092 (37 )  0.15986 (16) 
C(6) 0-37979 (27)  0.46273 (38 )  0.34554 (15) 
C(7) 0.42618 (31 )  0-56995 (37 )  0.37076 (17) 
C(8) 0.50478 (31 )  0.55799 (40 )  0.40824 (17) 
C(9) 0.54158 (29 )  0-43418 (40 )  0.42347 (16) 
C(10)  0.49422 (31)  0.32649 (37 )  0.39884 (16) 
C(ll) 0.41669 (31 )  0.34169 (39 )  0.36147 (16) 
N 0.62051 ( 2 5 )  0-42055 (33 )  0.46027 (14) 
C(12) 0.65980 (33 )  0-29290 (47)  0-47291 (20) 
C(13) 0.66947 (31 )  0.53215 (43 )  0.48581 (18) 
C(14) 0.17440 (31)  0.14870 (42)  0.20303 (17) 
C(15) 0.13151 (37 )  0.06150 (52)  0.23780 (20) 
C(16) 0.16238 (42) -0.06647 (52)  0.24241 (23) 
C(17) 0.23736 (44) -0.10735 (55 )  0.21312 (24) 
C(18) 0.28062 (42) -0.02137 (58)  0.17913 (24) 
C(19)  0.25030 (41)  0.10698 (52 )  0.17474 (22) 
H(3) 0.2796 (21) 0.2858 (27) 0.2785 (11) 
H(5) 0.0310 (22) 0.2578 (32) 0.1349 (12) 
H(7) 0.3972 (23) 0.6580 (32) 0.3625 (13) 
H(8) 0.5333 (24) 0.6344 (33) 0.4233 (13) 
H(10) 0.5213 (22) 0.2399 (31) 0.4064 (12) 
H(I1) 0.3873 (23) 0.2672 (33) 0.3469 (13) 
H(121) 0.6893 (29) 0-2567 (39) 0.4323 (16) 
H(122) 0-6177 (30) 0.2463 (40) 0.4897 (16) 

Table I (cont.) 

x y z 

H(123) 0.7124 (31) 0.3038 (39) 0.4956 (17) 
H(131) 0-6966 (26) 0.5915 (35) 0.4574 (15) 
H(132) 0.6266 (30) 0.5810 (39) 0.5119 (17) 
H(133) 0-7216 (28) 0.5056 (36) 0-5145 (15) 
H(15) 0.0767 (28) 0.0904 (38) 0.2588 (16) 
H(16) 0. ! 292 (29) - 0.1231 (40) 0-2682 (17) 
H(17) 0.2581 (28)  -0.1944 (40) 0.2185 (16) 
H(18) 0-3332 (31)  -0.0502 (43) 0.1611 (17) 
H(19) 0-2807 (30) 0.1661 (41) 0.1505 (17) 
O' 0.27093 (18 )  0.17642 (26)  0.44330 (11) 
S(6a)' 0.14260 (8) 0.25663 (11 )  0.38988 (4) 
S(6)' 0.01812 (9) 0.32990 (12)  0.34702 (4) 
C(2)' 0.24344 (29)  0.15801 (35 )  0.49292 (17) 
C(3') 0.14754 (28 )  0-18906 (35)  0.50169 (15) 
C(3a)' 0.09166 (27 )  0.23587 (34 )  0.45575 (15) 
C(4)' -0.00590 (28)  0.27517 (34)  0.45620 (15) 
C(5)' -0.04611 (29 )  0-32037 (39 )  0.40633 (17) 
C(6)' 0.31147 (28 )  0.11045 (37 )  0.53859 (16) 
C(7)' 0"40696 (32 )  0"11476 (40)  0"52994 (17) 
C(8)' 0.47534 (28 )  0.07564 (39)  0.57090 (19) 
C(9)" 0"45084 (30 )  0"02791 (39 )  0"62334 (17) 
C(IO)' 0"35428 (32 )  0-01904 (45 )  0-63270 (17) 
C(ll) '  0"28675 (28 )  0"06054 (41)  0"59083 (17) 
N' 0"51925 (25) -0-01195 (37 )  0-66469 (15) 
C(12)" 0.49349 (38) -0.04846 (67 )  0.72056 (20) 
C(13)' 0.61810 (32 )  0-01486 (45)  0.65724 (20) 
C(14)' -0.06056 (28 )  0.26315 (42 )  0.50831 (16) 
C(15)' -0.09349 (34 )  0.14320 (44 )  0.52540 (20) 
C(16)' -0.14682 (34)  0-13310 (48)  0.57215 (21) 
C(17)' -0.16897 (32 )  0-24158 (52 )  0-60296 (20) 
C(18)" -0-13624 (35)  0.36150 (49 )  0.58709 (21) 
C(19)' -0.08240 (34)  0.37242 (45 )  0.53983 (20) 
H(3)' 0.1230 (21) 0.1808 (28) 0.5388 (12) 
H(5)' -0"1089 (23) 0"3493 (31) 0"4038 (12) 
H(7)' 0.4232 (24) 0.1468 (33) 0.4938 (13) 
H(8)' 0.5419 (23) 0.0820 (30) 0.5641 (13) 
H(10)' 0.3317 (25)  -0-0094 (33) 0.6678 (14) 
H(I1)' 0.2198 (23) 0.0531 (31) 0.5973 (13) 
H(121)" 0.4635 (37) 0-0249 (50) 0.7425 (20) 
H(122)' 0.4517 (35)  -0.1357 (49) 0-7171 (18) 
H(123)' 0-5466 (36)  -0.0762 (47) 0.7482 (19) 
H(131)' 0.6324 (28) 0.1089 (40) 0.6536 (16) 
H(132)' 0"6417 (28)  -0"0334 (39) 0"6208 (16) 
H(133)' 0"6608 (27)  -0"0238 (38) 0"6910 (16) 
H(15)' -0"0764 (25) 0"0685 (37) 0"5024 (14) 
H(16)' -0"1667 (27) 0"0553 (39) 0"5827 (15) 
H(17)' -0"2059 (25) 02380 (35) 0-6373 (14) 
H(18)" -0"1468 (27) 0"4431 (39) 06095 (15) 
H(19)' -0"0601 (26) 0"4601 (39) 0"5300 (15) 

tions, taken from the final least-squares cycles, are 
probably  slightly too small because all parameters 
were not refined simultaneously.  

Rigid-body analyses for certain parts of  the mole- 
cules have been carried out (Schomaker & Trueblood, 
1968). The parts of  the molecules treated in this way 
are the 6,6a-dithiafurophthene system plus C(6) and 
C(14), the p-dimethylani l ino group plus C(2), and 
the phenyl group plus C(4). The l ibrational tensors, 
Lv, LA, and Lp, are listed in Table 3. One notes that 
the l ibration of  the p-dimethylani l ino and the phenyl 
groups is rather anisotropic in (Il ia)  as well as (IIIb). 
Furthermore,  in both molecules the p-dimethylani l ino 
group has max imum libration about  an axis which 
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Table  2. Temperature parameters U~j (A z) for sulphur, oxygen, nitrogen and carbon, and U (A, 2) for hydrogen 
The expressions used are exp[-  2n2(hZa *2Un. .. 2hka*b* U~2 + ...)] and exp[-  8n 2U(sin20/22)]. Values for sulphur, nitrogen, 
oxygen and carbon are multiplied by 104; values for hydrogen are multiplied by 103 . Standard deviations in parentheses refer to 
the last digits of the respective values. The unprimed atoms belong to molecule (IIIa). 

U.  U22 Us3 U~2 U23 U13 
O 590 (21) 477 (19) 638 (19) 83 (17) - 9 5  (15) - 8 7  (16) 
S(6a) 492 (7) 480 (7) 562 (7) 64 (6) - 54 (6) - 1 (6) 
S(6) 462 (7) 638 (8) 600 (7) 106 (7) - 43  (6) - 6 0  (6) 
C(2) 440 (27) 523 (29) 388 (23) 16 (25) - 14 (22) 90 (21) 
C(3) 553 (30) 357 (24) 398 (23) 29 (22) - 4 6  (19) 18 (22) 
C(3a) 420 (26) 467 (25) 327 (21) 2 (22) - 1 (19) 75 (20) 
C(4) 378 (25) 480 (26) 398 (21) - 3 4  (22) 21 (19) 48 (20) 
C(5) 464 (28) 519 (27) 511 (25) -31  (24) - 2 9  (21) 28 (22) 
C(6) 462 (27) 400 (25) 382 (22) - 7  (23) - 6 4  (20) 55 (20) 
C(7) 632 (32) 395 (26) 623 (29) 69 (25) - 8 0  (22) - 9 7  (25) 
C(8) 615 (32) 466 (27) 581 (28) - 4 9  (26) -111 (23) -107  (25) 
C(9) 505 (29) 470 (28) 422 (23) - 2 9  (24) - 1 (21) 9 (22) 
C(10) 616 (32) 390 (25) 523 (25) - 5 2  (25) 25 (21) - 9 0  (23) 
C(l l)  573 (31) 456 (27) 509 (25) -111 (25) - 5 8  (23) - 5 6  (23) 
N 597 (26) 497 (23) 616 (23) - 5  (21) - 4 3  (19) -143 (20) 
C(12) 705 (37) 705 (36) 1036 (39) - 3 5  (30) 100 (29) -257 (30) 
C(13) 682 (34) 628 (32) 742 (30) - 150 (28) - 151 (26) - 160 (27) 
C(14) 405 (28) 502 (29) 410 (24) - 6 5  (25) - 4 2  (23) 26 (22) 
C(15) 553 (34) 650 (37) 584 (32) - 53  (31) 53 (27) 125 (28) 
C(16) 678 (40) 523 (38) 732 (36) -109  (33) 120 (29) 9 (32) 
C(17) 748 (44) 478 (36) 761 (38) - 2  (36) 14 (31) - 132 (33) 
C(18) 800 (44) 713 (44) 878 (41) 125 (37) - 7 4  (34) 286 (36) 
C(19) 879 (44) 477 (33) 723 (35) 60 (33) 43 (28) 281 (33) 
O' 505 (20) 672 (20) 501 (17) - 3  (16) 27 (15) 96 (15) 
S(6a)' 584 (8) 546 (7) 460 (6) - 4 0  (7) 12 (6) 69 (6) 
S(6)" 733 (9) 717 (8) 483 (7) 46 (8) 71 (6) - 3 8  (6) 
C(2)' 481 (29) 341 (23) 482 (25) - 7 3  (22) - 6 0  (21) 67 (24) 
C(3)' 417 (26) 423 (24) 416 (23) - 1 4  (23) - 5 5  (19) 80 (21) 
C(4)' 449 (26) 321 (23) 506 (25) - 1 5  (21) -41  (19) -61  (21) 
C(5)' 553 (31) 577 (28) 591 (27) 56 (25) - 3 2  (23) - 5  (24) 
C(6)' 391 (27) 406 (24) 469 (25) 21 (23) - 6 0  (20) 56 (22) 
C(7)' 512 (30) 551 (28) 581 (28) 20 (27) 64 (22) 149 (25) 
C(8)' 384 (27) 560 (30) 677 (30) 9 (24) 36 (24) 94 (25) 
C(9)' 416 (27) 548 (28) 513 (27) 85 (25) -137 (23) 32 (24) 
C(10)" 548 (30) 872 (36) 477 (25) 154 (30) 10 (24) 95 (24) 
C(ll)" 404 (26) 678 (31) 537 (27) 74 (25) - 2 0  (23) 68 (23) 
N' 495 (25) 930 (31) 586 (24) 146 (24) - 6 4  (22) 23 (21) 
C(12)' 864 (43) 2169 (69) 596 (32) 422 (46) 116 (40) - 1 3  (31) 
C(13)' 538 (33) 748 (35) 1021 (38) 29 (30) - 7 2  (28) - 107 (30) 
C(14)" 324 (25) 404 (27) 512 (26) - 0 (24) - 37 (23) - 13 (21) 
C(15)" 504 (33) 378 (29) 568 (31) 10 (26) -61  (25) 18 (26) 
C(16)' 514 (34) 430 (33) 656 (33) - 4 5  (27) 56 (27) - 15 (27) 
C(17)" 396 (30) 631 (36) 515 (29) 34 (30) - 12 (29) 3 (24) 
C(18)' 565 (37) 484 (33) 636 (33) - 0  (28) -121 (28) 71 (28) 
C(19)' 558 (35) 387 (30) 683 (32) -107 (27) - 7 4  (25) 118 (27) 

Table  2 (cont.) 
u U 

H(3) 26 (9) H(131) 87 (13) 
H(5) 57 (10) H(132) 126 (15) 
H(7) 64 (11) H(133) 100 (14) 
H(8) 63 (11) H(15) 71 (14) 
H(10) 56 (I1) H(16) 82 (15) 
H(I 1) 68 (11) H(17) 60 (15) 
H(121) 113 (14) H(18) 84 (16) 
H(122) 112 (15) H(19) 102 (16) 
H(123) 117 (15) 

H(3)" 39 (9) H(131)' 106 (14) 
H(5)' 49 (11) H(132)" 109 (14) 
H(7)' 62 (12) H(133)' 98 (14) 
H(8)" 50 (11) H(15)' 47 (12) 
H(10)" 76 (12) H(16)' 51 (13) 
H(I 1)' 54 (11) H(17)" 49(12) 
H(121)' 164 (19) H(18)" 73 (13) 
H(122)" 150 (18) H(19)" 68 (13) 
H(123)' 136 (18) 

runs roughly  in the C(2 ) -N  direct ion,  and  the pheny l  
group  has m a x i m u m  l ibra t ion  abou t  an  axis which  
a lmost  fol lows the C(4)-C(14)-C(17)  sequence.  

All ca lcula t ions  were carr ied out  on  an IBM 360/50H 
computer .  The  p rograms ,  wi th  a few exceptions,  origi-  
nate  f rom the W e i z m a n n  Inst i tu te  o f  Science, Reho-  
voth ,  Israel, and  have been modif ied by D. Rab inov ich ,  
L. M. Milje and  K. Ase. The  di f f rac tometer  p rog rams  
were wri t ten by K. M a a r t m a n n - M o e .  

Description and discussion of the structure 

Bond  lengths and  angles with s t andard  devia t ions  are 
listed in Tables  4 and  5. Accord ing  to H a m i l t o n  & 
A b r a h a m s  (1970) a more  realistic est imate o f  the 
s t andard  devia t ions  might  be ob ta ined  by doub l ing  
those given. The  number ing  of  the a toms  and the  
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Table 3. Librational tensors from the rigid-body analysis 
of certain parts of the 2-(p-dimethylanilino)-4-phenyl- 

6,6a-dithiafurophthene molecule 
LF refer to the 6,6a-dithiafmophthene system plus C(6) and 
C(14), La refel to the p-dimethylanilino group plus C(2), and 
Lp iefer to the phenyl group plus C(4). 

Eigenvalues 
Molecule (Ilia) 

11.9  (o)z 

Lr 2.1 
0.8 

62"3 
La 7"1 

3"2 

85"6 
Lp 15"4 

1"4 

Molecule (IIIb) 
10"6 (o)z 

L~ 6.2 
2.9 

86"6 
L~ 8"9 

1"4 

56"7 
L~, 9.1 

3.1 

Eigenvectors 
Direction cosines × 104 relative 

to a, b, and c*, respectively. 

8324 - 791 5485 
3252 - 7317 -5991 
4487 6770 -5834 

--7802 - 268 - 6250 
-- 5468 --4560 7022 
- 3 0 3 8  8896 3410 

-2819 9589 -321 
--7905 -2511 - 5586 
- 5437 -1321 8288 

5959 -3484 7235 
4856 -- 5611 - 6703 
6396 7508 -1652 

- 8163 3795 -4354 
--4930 -8506 1830 
-3009 3641 8814 

- 6103 --0051 7921 
- 6871 5009 -5263 
- 3 9 4 1  - 8655 --3092 

designation of  various parts of  the molecule are given 
in Fig. 1. 

The bond lengths between non-hydrogen atoms have 
been corrected for rigid-body l ibrat ion (Cruickshank,  
1956, 1961) according to the l ibrat ion tensors given in 
Table 3. The C(2)-C(6) and C(4)-C(14) lengths were 
corrected according to La and Le, respectively, as well 
as according to Lv, and the mean value of the results 
are given in Table 4. 

There is a significant difference between the S(6a)-O 
distance of 2.441 (3) A in (Il ia)  and that of  2.291 (3) A 
in (IIIb). The other lengths, as found in (Il ia)  and 
(IIIb), agree closely. 

C(2)-C(3), C(3)-C(3a), C(3a)-C(4) and C(4)-C(5) 
are alternating ' long'  and 'short '  bonds as usually 
found in 6,6a-dithiafurophthenes (Mammi ,  Bardi, 
Traverso & Bezzi, 1961; Hordvik,  Sletten & Sletten, 
1969a), and the lengths of the O-S and the S-C 
bonds are equal to those in 2,4-diphenyl-1,6a-dithiafur- 
ophthene (Hordvik,  Sletten & Sletten, 1969a). 

C(4)-C(14)=1.497 (6) A and C(4) ' -C(14) '=1"494 
(6) A agree with the length of the central C - C  bond 
in diphenyl,  1.494 A (Robertson, 1961). C(2)-C(6) 
=1.476 (5) A and C(2) ' -C(6) '=1 .474  (5) A are 
somewhat  shorter, in agreement with the quinoid 
structure of the p-dimethylani l ino group; the mean 
value of  the C(7)-C(8) and the C(10) -C( l l )  lengths 
in (Il ia)  and ( l l lb)  is 1.378 A, while that of  the other 
bonds in this ring is 1.406 A. The C(9)-N bonds, 
1.373 (5) A in (Il ia)  and 1.386 (5) in ( l l lb) ,  are shorter 

Table 4. Bond lengths (l) in 2-(p-dimethylanilino)-4- 
phenyl-6,6a-dithiafurophthene in molecules (I l ia)  and 

(Ulb) 
The standard deviations given in parentheses refer to the last 
digits of the respective values. Bond lengths (1") with correc- 
tions for rigid-body libration are given for the S-S, S-O, S-C, 
N-C and C-C bonds. 

Molecule (IIIa) Molecule (IIIb) 
r (A) l (A) r (A) l (A) 

s(6)--S(6a) 2 . 1 0 4 5  2.1028 (15) 2-1101 2.1070 (16) 
S(6a)-O 2.441 2.440 (3) 2.291 2.287 (3) 
O----C(2) 1.255 1.253 (5) 1-263 1.260 (5) 
S(6a)-C(3a) 1.7,64 1-761 (4) 1-758 1.755 (4) 
S(6)--C(5) 1"720 1"717 (4) 1"714 1"710 (4) 
C(2)--C(3) 1.430 1.428 (5) 1"428 1"425 (6) 
C(3)--C(3a) 1.360 1.359 (5) 1.377 1.375 (5) 
C(3a)-C(4) 1.438 1.436 (5) 1"444 1.442 (5) 
C(4)--C(5) 1.343 1.343 (5) 1.345 1-342 (5) 
C(2)--C(6) 1"476 1.474 (5) 1.474 1-471 (5) 
C(6)--C(7) 1-402 1"392 (5) 1-393 1"383 (6) 
C(7)--C(8) 1.376 1.374 (6) 1.378 1.374 (6) 
C(8)--C(9) 1.423 1.410 (6) 1.402 1.384 (6) 
C(9)--C(10) 1.406 1.396 (6) 1.415 1.404 (6) 
C(10)-C(11) 1.367 1.364 (6) 1.391 1-387 (6) 
C(11)-C(6) 1-401 1.389 (6) 1.407 1-389 (6) 
C(9)--N 1"373 1"370 (5) 1"386 1"382 (51 
N----C(12) 1.460 1.446 (6) 1.446 1.427 (6) 
N C(13) 1.457 1.447 (5) 1.464 1.450 (,6) 
C(4)--C(14) 1.497 1.493 (6) 1.494 1.491 (6) 
C(14)-C(15) 1.394 1-377 (7) 1.397 1.385 (6) 
C(15)-C(16) 1-391 1-386 (8) 1.375 1.373 (7) 
C(16)-C(17) 1.385 1.368 (9) 1.383 1.373 (7) 
C(17)-C(18) 1.377 1.360 (8) 1.386 1.375 (7) 
C(18)-C(19) 1-391 1-388 (8) 1.390 1.387 (7) 
C(19)-C(14) 1.385 1-369 (7) 1.398 1.388 (6) 
C(3)--H(3) 0.94 (3) 0.96 (3) 
C(5)--H(5) 1.00 (3) 0.94 (3) 
C(7)--H(7) 1-01 (3) 0-95 (3) 
C(8)--H(8) 0-94 (3) 0-97 (3) 
C(10)-H(10) 0.98 (3) 0.95 (3) 
C(11)-H(11) 0.92 (3) 0.97 (3) 
C(12)-H(121) 1.12 (4) 1.02 (5) 
C(12)-H(122) 0.88 (4) 1.07 (5) 
C(12)-H(123) 0-89 (4) 1.00 (5) 
C(13)-H(131) 1.00 (4) 0.99 (4) 
C(13)-H(132) 1.02 (4) 1.06 (4) 
C(13)-H(133) 1.00 (4) 1-04 (4) 
C(15)-H(15) 0.99 (4) 0.97 (4) 
C(16)-H(16) 0.98 (4) 0.89 (4) 
C(17)-H(17) 0.95 (4) 0.99 (4) 
C(18)-H(18) 0-93 (4) 1.00 (4) 
C(19)-H(19) 0.95 (4) 0.99 (4) 

than a C - N  single bond (Pauling, 1960) but somewhat  
longer than the C - N  bond in pyridine, 1.340 .& (Bak, 
Hansen-Nygaard  & Rastrup-Andersen,  1958). 

Atomic distances from the least-squares planes for 
certain parts of  (I l ia)  and (IIIb) are given in Table 
6. The equations for these planes have been calculated 
with weights equal to the atomic weights; the planes C 
and B +  C comprise the atoms of rings C and B +  C, 
respectively (cf. Fig. 1). 

The values in Table 6 show that the central ring 
system, B +  C, is very nearly planar  in both molecules. 

One notes, however, a small difference in the orien- 
tation of the C(3)-C(2)-O groups. 

AC31B-3 
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The  C(2 ) -C(6 ) -C(9 ) -N  and  the C(4)-C(14)-C(17)  
sequences po in t  out  o f  the p lane  o f  the centra l - r ing 
system in (IIIa)  as well as in ( I l lb) ;  the sequences lie 
on the same side of  the p lane  in ( I l ia )  and  on  opposi te  
sides in (IIIb). 

Phenyl  group  D o f  ( I l ia )  is twisted 75-6 ° a b o u t  the 
C(4)-C(14) bond.  This  angle was taken  between the 

Table  5. Bond angles (o) in 2-(p-dimethylanilino)-4- 
phenyl-6,6a-dithiafurophthene in molecules (IIIa)  and  

(II ib) 

The standard deviations given in parentheses refer to the last 
digits of the respective values. 

Molecule Molecule 
(Ilia) (lIlb) 

0 --S(6a)-S(6) 173.05 (8) 175.16 (8) 
C(2)---O----S(6a) 102.7 (2) 105.6 (2) 
O S(6a)-C(3a) 78.8 (1) 80"7 (l) 
C(3a)--S(6a)-S(6) 94"5 (1) 94-4 (1) 
S(6a)--S(6)--C(5) 94"4 (1) 94.1 (1) 
O --C(2)--C(3) 118-0 (3) 117"1 (3) 
C(2)---C(3)--C(3a) 121.0 (3) 118.1 (3) 
C(3) C(3a)-C(4) 125.9 (3) 126-5 (3) 
C(3a)--C(4)--C(5) 117"3 (3) 116"2 (3) 
C(4)--C(5)--S(6) 119.1 (3) 120.2 (3) 
C(3)--C(3a)-S(6a) 119.5 (2) 118"3 (3) 
C(4)--C(3a)-S(6a) 114.6 (2) 115.2 (2) 
O =--C(2)--C(6) 121.0 (3) 119.1 (3) 
C(3)--C(2)--C(6) 121.0 (3) 123.7 (3) 
C(2)---C(6)--C(7) 120.9 (3) 118.9 (3) 
C(6)---C(7)--C(8) 122.5 (3) 122.7 (3) 
C(7) C(8)--C(9) 120.7 (3) 120.7 (3) 
C(8)---C(9)--C(10) 116-8 (3) 117-8 (3) 
C(9)---C(10)-C(11) 121.1 (3) 120.3 (3) 
C(10)mC(I 1)-C(6) 123.1 (3) 121.8 (3) 
C(1l)--C(6)--C(7) 115.8 (3) 116.6 (3) 
C(11)mC(6)--C(2) 123.2 (3) 124.4 (3) 
C(8)---C(9)--N 121.5 (3) 121.0 (3) 
C(10)--C(9)--N 121-7 (3) 121.2 (3) 
C ( 9 ) - - N - - - C ( 1 2 )  120.5 (3) 120.2 (3) 
C(9)---N C(13) 121.7 (3) 119.9 (3) 
C(12)--N----C(13) 117.8 (3) 118-0 (3) 
C(3a)--C(4)--C(14) 120.5 (3) 120.4 (3) 
C(5)--C(4)--C(14) 122.2 (3) 121.4 (3) 
C(4)---C(14)-C(15) 120-9 (4) 120.8 (3) 
C(14)--C(15)-C(16) 120.8 (4) 120.7 (4) 
C(15)--C(16)-C(17) 120-3 (5) 120.8 (4) 
C(16)--C(17)-C(18) 119.3 (5) 119.4 (4) 
C(17)--C(18)-C(10) 120.6 (5) 120.0 (4) 
C(18)--C(19)-C(14) 120-8 (4) 120.7 (4) 
C(19)--C(14)-C(15) 118.3 (4) 118.3 (4) 
C(19)--C(14)-C(4) 120.8 (4) 120.8 (3) 
C(2)---C(3)--H(3) 123 (2) 121 (2) 
Hf3)~C(3)--C(3a)  116 (2) 121 (2) 
C(4)---C(5)--H(5) 124 (2) 121 (2) 
H(5)---C(5)--S(6) 117 (2) 119 (2) 
C(6)---C(7)--H(7) 117 (2) 116 (2) 
H(7)---C(7)--C(8) 120 (2) 121 (2) 
C(7)---C(8)--H(8) 118 (2) 121 (2) 
H(8)~C(8)--C(9)  121 (2) 118 (2) 
C(9) C(10)-H(I 0) 118 (2) 123 (2) 
H(10)mC(10)-C(I 1) 121 (2) 117 (2) 
C(10)--C(11)-H(11) 118 (2) 120 (2) 
H(1 H--CO 1)-C(6) 119 (2) 118 (2) 
C(14)--C(15)-H(15) 119 (2) 116 (2) 
H(15)--C(15)-C(16) 120 (2) 123 (2) 
C(15)--C(16)-H(16) 117 (2) 119 (2) 
H(16)--C(16)-C(17) 123 (2) 120 (2) 
C(16)--C(17)-H(17) 118 (2) 123 (2) 

Tab le  5 (cont.) 
Molecule Molecule 

(IIIa) (IIIb) 
H( 17)--Cf 17)-C(18) 123 (2) 117 (2) 
C(17)--C(18)-H(18) 118 (3) 123 (2) 
H(18)--C(18)-C(19) 122 (3) 117 (2) 
C(18)--C(I 9)-H(19) 120 (3) 117 (2) 
H(19)--C(19)-C(14) 119 (3) 122 (2) 
N-----C(12)-H(121) 107 (2) 114 (3) 
N-----C(12)-H(122) 109 (3) 109 (2) 
N--- -C(12)-H(123)  108 (3) 116 (3) 
N-----C(13)-H(131) 114 (2) 114 (2) 
N-----C(13)-H(132) 110 (2) 112 (2) 
N-----C(13)-H(133) 112 (2) 111 (2) 
H(121)-C(12)-H(122) 120 (3) 114 (4) 
H(122)-C(12)-H(123) 112 (4) 101 (4) 
H(123)-C(12)-H(121) 101 (3) 102 (4) 
H(131)-C(13)-H(132) 112 (3) 108 (3) 
H(132)-C(13)-H(133) 100 (3) 103 (3) 
H(133)-C(13)-H(131) 108 (3) 109 (3) 

Table  6. Atomic distances (.~ z ]03) from least-squares 
planes 

Plane C Plane C' Plane Plane 
(IIIa) (IIIb) B+ C B ' +  C" 

S(6) 2 - 3 5 0 
S(6a) 0 3 - 1 6  - 2 

C(3a) - 7 - 11 - 14 - 17 
C(4) 13 5 22 3 
C(5) - 12 4 4 7 
C(3) - 4 11 - 20 0 
C(2) 34 21 2 6 
O 66 18 28 3 
C(6) 95 79 54 58 
C(9) 338 289 280 257 
N 479 397 412 360 
C(14) 76 - 18 94 - 19 
C(17) 197 - 90 232 - 90 

no rma l  to the p lane  t h rough  C(3a), C(4), C(5), and 
C(14), and  the no rma l  to the p lane  t h rough  C(4), 
C(14), C(15), and  C(19). Similarly the twist angle 
of  the p -d ime thy lan i l ino  g roup  A abou t  C(2)-C(6)  is 
4.3 °. The  co r respond ing  values for  (IIIb) are 84.1 and  
15.3 °, and  for (II) they are 81.8 and  12.7 °. 

The  different S(6a)-O distances as well as the 
different o r i en ta t ion  o f  subst i tuents  in (IIIa)  and  (II lb) 

Fig. 1. 2-(p-Dimethylanilino)-4-phenyl-6,6a-dithiafurophthene 
with numbering of atoms and designation of various parts. 
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reflect the versatility of such molecules in a crystal. 
Similar differences between two crystallographically 
independent 6a-thiathiophthene molecules have been 
reported by Johnson,  N e w t o n  & Paul (1969). 

The S(6)-S(6a) bonds in (IIIa) and (IIIb) are 

2 " 1 0 4 5 ( 1 5 )  and 2 . 1 1 0 1  (16) /~,, respectively, and the 
corresponding S(6a)-O distances are 2.441 (3) and 
2.291 (3) .A. Thus, the longer S-S bond corresponds 
to the shorter S - O  distance. The difference in S -S  
length is small and hardly significant, but in the direc- 

Table 7 Observed and calculated structure factors for 2-(p-dimethylanilino)-4-phenyl-6,6a-dithiafurophthene 
The values given are ten times the absolute values. Unobserved reflexions are not included. 
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Fig. 2. A stereoscopic  view of  the molecular packing in the unit cell o f  2-(p-dimethylani l ino)-4-phenyl-6 ,6a-dithiafurophthene.  
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tion one would expect. In 2,3-tetramethylene-4-phenyl- 
6,6a-dithiafurophthene (Pinel, Mollier, Llaguno & 
Paul, 1971) the S(6)-S(6a) and S(6a)-O distances are 
2.126 (4) and 2.255 (8) A, respectively, and in 2,3-benzo- 
5-phenyl-6,6a-dithiafurophthene (Llaguno, Paul, Pinel 
& Mollier, 1972) they are 2-137 (3) and 2.184 (7) ,~. 
The S(I)-S(6a) and S(6a)-O distances in 2-phenyl-4- 
benzoyl-5-aza-l,6a-dithiafurophthene, which Johnson, 
Reid & Paul (1971) reported to be 2.178(2) and 
2.034 (6) A, respectively, show clearly that the sulphur- 
oxygen interaction in such molecules can affect the 
sulphur-sulphur bonding. The lengthening of the S-S 
bond seems to be detectable for S-O contacts shorter 
than 2.30 ~.  

A stereoscopic view of the molecular packing is 
given in Fig 2. There are no intermolecular contacts 
shorter than the corresponding van der Waals distances. 

The authors are indebted to Dr E. Klingsberg, 
American Cyanamid Co., for providing a sample of 2- 
(p-dimethylanilino)-4-phenyl-6,6a-dithiafurophthene. 

One of us (A. H.) wishes to thank the Norwegian 
Research Council for Science and the Humanities for 
financial aid. 
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The Crystal Structure of Lithium Hydrogen Maleate Dihydrate, LiC4H304.2H20 
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The crystal structure of lithium hydrogen maleate dihydrate has been determined/by X-ray diffraction 
and refined by least-squares calculations to R = 0.078. The molecules are arranged in layers, hydrogen- 
bonded via the water molecules. There is also a short intramolecular hydrogen bond of 2-46 ,~ which 
may be 'statistically symmetrical'. The lithium ion has fourfold coordination. 

The title compound was studied because of interest in 
the dimensions of the maleate ion. The hydrogen male- 
ate ion (HM) has been found to have somewhat differ- 
ent dimensions in sodium hydrogen maleate (Gupta, 
Prasad & Yadav, 1972) and potassium hydrogen 
maleate (Darlow & Cochran, 1961). In sodium hydro- 
gen maleate the HM ion has no symmetry, in potassium 
hydrogen maleate it has a crystallographic plane of 
symmetry perpendicular to the central C=C bond and 

the plane of the molecule. The e.s.r, and n.m.r, spectra 
of the two compounds are also different (Toriyama & 
Iwasaki, 1971; Iwasaki & Itoh, 1964; Iwasaki & 
Toriyama, private communication). 

Experimental 

Crystals of lithium hydrogen maleate dihydrate 
(LiHM) grow as long rods and are hygroscopic, tending 


