(f)/ 2001 Amer1can Chemical Soc1ety, J. Am. Chem Soc Kim ]a010108u Supportmg Info Page 1
i . ) . - » | | SZ i

i

é

Formation of Charge—Transfer Complexes. The Mulliken plot in .l-?igu’re lslwas _obtained as
follows: To 10 ml solution.of bts(N-methﬂimino-)—1;4-dithiin (10 mM) in‘(‘iichloro_methane, 10 |
ml solutions of various antharacen'es (9-Br, H, Me and 9 10-diMe-anthracene) were added. . In
each case, Amax for the CT absorptlon band was determmed by subtractmg the absorption spectra
of pure anthracene and pure 1, 4 dithiin solutlon from that of the mixture: ,The transition energles
(ECT = hc/h ) were plotted versus‘ the ionization potentials (IP) of the anthraoenes according to |
the Mulhken correlatlon For the preparation of the Job plot in Flgure 2s, the concentration of
| vthe starting solutions of the 1,4-dithiin and anthracene in dlchloromethane was 10 mM. The

absorbance at /Amax,cT = 489 nm was measured for various molar fractlons of anthracene and 1,4-

dithiin, and the absorbance values were plotted versus the molar fraction [%)] of anthracene;
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Table 4. Crystal data and structufé,féfmément for fhe- anthracene/1,4-dithiin com'plex.'

Empirical formula ~ ~ . CuHN,0,S,

Forrhula Weight : o 460-51 -
Temperature 8 | : L A_123(2~)K
Wavelength o - 0.'~7107§ A
| Crystal sysfem B | o , B monoclihic,
Space group o o | Pél/ﬁ
Unit cell dimensions .. a = 7150300 A " a=90°.
b =10.216(2) A | - B= '91‘.f<‘138'(4)’°." f
c=13720)A = 90°.
Volume BT ”1-00'2.0(3')'1_&3' o
z | 2 |
" Density (calculated) R 1.526.g/cr:n3. o
Absorption coefﬁciént' = o 0303 m‘m‘1
FO00) - 476
Crystal size - | R ' 02x0.3 x0.5 mmd
Theta range for data collection - o A2.49 to 35 .6'1‘° .
Index ranges | - o ’ 11 <.='-h<’ =111, _0<'=k< =16, 0< =1< =21 :
Reﬂecti_oné collected R v124.0'4‘_“ |
Independent reflections = . 4363 '[Rkint) = 056312]
Refinement method | o | L [Full_-matrig least-sq@res on F2

Data / restraints / parameters - 4362/0/ 146
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Goodnessfof-ﬁt on F2

Final R indices [I>2sigma(D)]

R indices (all data)

Largest diff. péak and hole

4

1.009
" R1=0. 0446 wR2 = 0.1191. [on 3389 reﬂectlons]

'RI = 0.0619, sz = 01322

0.725 and -0.2_93 e.A3
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Table 5. Atomic coordinates - ( X 104) and equlvalent 1sotroplc displacement parameters
(A2x 103)for the anthracene/ 1,4-dithiin complex Ueq) is deﬁned as one thlrd of the trace of

the orthogonahzed Ul tensor.

X y o z ~ U(eq)
S(1A) 88 o6y 1223(D) | 18
N(1A) 15922)  12982(1) '.963(1:) o 21(1)"
O(1A) o '1480‘(2) 11752y 2380(1) 26(1)
0Q2A) | 13472)  13532Q) N -_6'72(15 26(1)
caay 1283(2) 1 1859(15 oy . 190)
CRA) 6342)  10830(1) - 803(1) 17(1)
cGA) 5772 11357(1) o -94(1)"»‘ 1)
C(4A) | 1206(2) 12750 -15() - 19D ”
C(5A) L 2157Q2) - 14242(D) 1365(01) 26(1)
c) O 5603(2)  10674(1) 852(1) 20(1)
cR) - 62432)  11390(2) 1690(1) 25(1)
c3) B 6828(2)  12654(2)  1608(1) 290D
@ 6806(2) - 132042) ~ 689(D) 30(1)
cG) O 61952)  126472) 4311 - 25(D)
C(é) S 5577(2)  11320QD) 741) 20(1)
cn 5024(2)  9370(1) 9041) . 22()
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Table 6. Bond lengths [A] and angles [°] fof the anthracene/ 1,4-dithiin ’complex.

S(1A)-CAM#1 1.7350(13)
S(1A)-CQA) . 1.7368(13)
N(1A)-C(4A) S 1..384(2)r‘

: N(1A)-C(1A) | 1.389(2)

o N(lA)-C(SA)‘ T 1.453Q2)
O(1A)-C(1A) 1.207(2)
OQA)-C(4A) 1.211(2)‘

 CUA)-CQA) 1.494(2)

 C(2A)-C(3A) L 1343Q)

- C(A)-C@HA) 1.496(2)
C(3A)—S(1A)#i | 1'.i350(13)
c-cry 13970
C(1)-CQ2) -‘ o 1.42002)
C(1)-C(6) S 1432Q)
C)-CO) - L36202)

| C(3)-C(4) N 1.420(2) |
- C(4)-C(5) 1.367(2)
C(5)-C(6) 1.429Q2)
C6)-C(N#2 1.398(2)

C(N-COW2 - 1.398(2)

C(v3bA)#1-S(1A)‘-C(2A‘) 95.91(6)
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C(4A)-N(1A)—C(1A) 110.43(11)
C(4A)-N(1AX-C(A)  124.54(12)
C(1A)-N(1A)-C(5A) 124.98(12)
O(LA)-CUAVN(IA)  126.27(12)
 O(IA)C(IA)CRA)  127.18(13)
 NUA)-CUA)CRA) 106.54(11)
C(3A)-CRAX-CUA)  108.22(11)
) C(3A)-C.(2A)v-S(1‘A‘)' 131.94(10)
C(1A)-CRA)-S(1A) - 119.840)
C2A)-C(A)-C#A)  108.20(11)
C(2A)-C(3A)7S(1A)#1_ 132’.14(105
C(4A)—C(3A)-S(iA)#i 119.65(9)
0(2A)-C(4A)-N(1A) | 126.25(12)
" 0QA)CHAYCGBA) 127.15(12)
 N(LA)-CA)-CGA) 106.61(11)
CT)-CH-CR) 122.45(13)
C(H-C)-C6) 119.20(12)
C(2)-C(1)QC.(6) . 118.35(13)
C(3)-C(2)-C(1) ©120.76(14)
CQ)-CO}-C@ - 120.88(14)
CGyCH-CO) 120.30@1‘5)
C(4)-C(5)-C(6) © 120.46(14)
C(T#2-C(6)-C(S) 121.56(13)

COy-CE-C)  119.18(13)
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C(S‘)-C(6‘)-C(1) o 119.25(13)

C(1)-C(7)-C(6)#2 121‘;63(1'3)' o

Symmetry transformations used to generate equival‘é‘n.t atoms: N

#lx,-y+2,z #2-x+1-:y+2,2 '
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Table 7. Anisotropic displacement parameters (A2x 103) for the anthracene/1;4-dithiin
compiex. The ahisotropic displaéement factoriéxponeht takes the form: 2n2[ h2 a*zUu +

. +2hka*b*Ul2]

vl U2 U3 o : yl3 oy "‘ o |
S(1A)  24(1)  18(D) ’1'3(1) o aq 20y o o
N1A) 26()  18() . 18(1) 1) a2 -
oA (1) 26 15) 2y AW 20
oay BH AW BO 6H - 2AY 4D S
caa) 2201 oy 1y -1y | 1@ Q{i) o |
ceA) 200) 171 @0y @) - o
cea) 1 1D 1520 CqQ) -1(1)_ o |
CceA)  21Q) 17(1)‘ Co19(). '1(1)  -2(1) | -'1(1) | S o
CoA) 2D 18 26(1) -4 Cswm o 2m |
cy  19(1) | 24(1)' 18(1) -1(1) 0(1") 1(1) | |
c® '23(1)_ B 200 SO w1 -
R I R I O R O R
cw 2z B ) M SO 2D o
CcE s BM WD 2D o o2 |
ce 18 B3O 200 WD ”0(1)" a2 | - |
o 20 26 S 3 0w aw | '
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Table 8. Hydrogen coordinates ( x 104) and isotropic displacement paraniete‘rs (A2x 10 3)

for the anthracene/1,4-dithiin complex.

x oy z . Uliso)
HeAA) 227609 a5 20770 38
H(5AB) 21310)  149023)  1191(8) B
H(SAC) | 33649)  144976)  1100®) 8
HQA) 62612 10981 P 30 '.
© HQBA) ,7257(2)' B3113Q) - 2173(1) s N
H@A) Cpise) 45 644 36
CHGA) 6180(2)  13083)  -742(1) 30 |

H(7A) 5040(2)  8941(1) 1519(1) 26
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Table 9. Crystal data and structure refinement for the anthracene/ 1,4-,dithiin‘ complex at

29.7% conversion.

Empirical formula
Formula weight
Temperature '
Wavelength
Crystal system
Space grOup

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
FO00) |
Crysfal size

Theta range for data collection
Index ranges
Reflections collected

Independent reflections

Refinement method

C,H,N,0,S,

460.51

1232)K

0.71073 A

monoclinic

P2,/n

2= TATIHA = 90°.

b = 10.2018(5) A B= 92.1350(10)°.

¢ = 13.7650(7) A v =90°.

1006.69(9) A3

2
1.519 g/cm3.

0.302 mm-!

-476

0.2x0.3%x0.5mm3

2.491035.45°.

J1<=h<=11,0< =k< _14,0< =1< =21
6955 . |
3949 [R(int) = 0.0179]

Full-matrix least-sqliares on F2




© 2001 American Chemical Society, J. Am. Chem. Soc., Kim ja010108u Supporting Info Page 11 .
. S ' s , e - SI2

Data / festréiﬂts / parameters- .- ‘ 394§ / 94 /197
‘Goodness-of-fit on F2 o 1.039 |

.Final R indices [I>2$igﬁ1a(l)]_ : R1 = 0.0575, wR2 = 0.1570 [on 3236 réﬂ_cctions]
Rindicés (all data) . \ "~ RI1 = 0.0680, wR2 = 0.1661 |

Largest diff. peak andhole - 1.093 and -0.647 e A3
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Table 10. Atomic coordinates ( X 104) and-isotropic displacement parameters (A2x 103) |

| for the anthracene/1,4-dithiin 'éomplex at 29.7% conversion.

x oy o Uliso)
~ Saa) s e Lok 2
N1A) T 6501(4) | ‘-V29'88(A3) | ._991(2) ' “2_2‘(1_‘)'
caa e . 27540 s 21Q)
cea | 5558(4) | —1‘359(3)"”- 84Q) 18(1)
cea) 5586 e sue O
cer 6223(4) 18553) 15220 2y
0(1A) 6275(3) © -35552) | 640 24Q)
oeay 636_9("4) CamE) 23980 26()
cGA) 70976) e 133Q) _. 70
1y 106003) 6852 8520) | : 20(1)
cw 0 L23s@)  -13Td) ‘1689“(3) 0N
cB) O LsME) 26660) 16100 2701)
@ 118205) -3300Q)  6973) | 29(1}
cs . 1215 —v2646(4)“ | 183 271
. C6) 10573) 1324 -76(2).‘ 21(1)
) 100253) o §25(2) 904(2)" - 23Q1)
SIAY) | 49835) 477(4). | _1236_(2) 18
N(1A") - 6666(12) 284522 9.31(16_)‘ - 28(6)

CUA") 660907)  27133(15)  TIAL) - 24(3)
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C(2A") o

C(3A"Y)

C(4A")

O(1A")
O(2A)

C(5A")

S(1A")

- N({1A"Y

CU1A")
C(2A")
C(3A")
CHlA")

O(1A")

O(2A")

C(5A™
cY
cEY
c3)
cay
C(5")

- C(6')
c7Y
€am

C@2"

6779(9)

6785(9)

6643(18)

6696(12)

6665(13)

 6589(17)
. 4665(5)
3196(8)

| 3646(10)

4249(9)

4152(8) .

 3473(9)

3577(11)

3194(9)

2550(12)

10078(9) |

11181(12)

12153(16) -

12076(18)
11049(17)

10086(12)

8809(10)

8855(8)

8853(16)

-12338)

6247)
-1724(20)

' -3516(8)

-1582(11)

-4262(11)

-770(4)

2977(10)

2668(13)

1278(12)

. 796(9)

© 1871(10)

340009) o

1847(9)

© 4229(10)

10788).

-1697(12)
-2764(12)

-3335(13)

-2780(14)

-1625(10)
108(8)
475(8)

' 1294(16)

217(6)
$18(5)
1488(13)

-702(6) |
2355(6)
' 1447(8)
11682)
-887(6)

7709

14409) |

7647

-1447(7) |

788(7)

-2333(5)

-1254(8)
972(6)
1687(7)

1507(10) |

585(10)

-150(10) ~

- 42(6)

1012(6)

. T21(6)

-1551(11)

15(1)
13(1y
| 31(4)

12(2)
’_12(2)
" 212)

16(1)

5(2)

10(3)

214)

1202)

: 5(2)

| '14__(2>
- 8(2)
17(2)

- 19(2)

19(2)

- 3203)
30(4j |
23(4) .
Y
17(1)
115(1)

42(6)

e
ng Info Page 13
- sl4



© 2001 American Chemical Society, J. Am. Chem. Soc., Kim jaOlOlOSu Supporting Info Page 14
’ T ’ _ ' . } s15

c(3") | 8858(13) - 2617(11)  -14498) 302)
C@" 8826(13)  3202(11)  -5088) .27
c(") 885511y . 2443(11) 299®) 182
(6" o 8909(10) . 1048(9) 2056)  16Q2)

C(a") o - 8793(10) -986(9) -688(6) 18(2)
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Table 11.  Bond lengths [A] and angles [.°] for the anthracene/ 1,4-dithiin complex at 29.7%

conversion.
S(1A)-CA)¥1 o 1.707(3)
S(l‘A)-C(3A}) - 1.7303)
N(1A)-C(4A) | 1.386(4)
N(1A)-C(1A) " -1‘.386(4)
N(IA}C(A)  1.443(4)
 C(1A)-0(1A) - 1.207()
C(1A)-C(2A) 1.494(4)
cear-cea) 1.351 (4_)
CRAYS(IA 1.707(3)
C(3A)-C(4A) 1.495(4)
C@ArOQA) 1.2093)
C(1)-C(7) o . 1.401(3).
C(1)-CQ2) - - 1.411(5)
C(1)-C(6) o 1.434(3)
CQ2)-C(3) 1.391(5) |
C(3)-C(4) o 1.412(4)
CA-C(5) - - 1.362(5)
C(5)-C(6) | | 1;4'27(5')
Ce-Cnhgz - 1.3990)
C(7)-C(6)#2 | 1.39_9(3)

S(IA)-CQA") 1759(13)
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S(1A")-C(3A" . 1.839(8)

NUAYCAA) — 139G)
N(IA)-CUA) 1383)
N(lA')-C(SA') . ._:1.61('2)
CaAYOUAY 1.18Q2)
CUA)-CQA") '1..5'5(2)_ |
CQRA")-CBA") . o 1.554(1‘1‘)""
C(2A')-C(7"5 o 1.625(10)
C(2A'()';S_.(1A")‘ N 2.0238)
C(3A');C(4A'_)' 146
CBAYCTY  1.646(10)
'C(4A')-0(2A')_ 1200
SIA")-CGA") 1'._755(10)
NUA")-C@EA") 14.‘3,8‘6(14)_ ~
'N(IA")-C(IA",) - 1.389(14)
NUIA")-CGA") | 1.443(13)
C(1A")-0(1A") 1.234(14)
CUA"-CCA") 1 4832)°
_C(2A"')-C(3A") - 1‘.'342"'(14)
CGATYCUAY 1.514(13)
C4A"-0QA" 1.220(11)
carcey . Lamamy
C(1')-C(6") S L3971

can-cay . 1516(12)
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S18
c@yeEy '. 132)
ceyc@) 1400
C(4')-C(5") O 13502)
cE)CE)  L40@)
.C(6'.)-C(7")} 1.492(12)
C(7')-C(6") . 1.470(12)
C1")-C6") ~La02a0) B
can-cey 1L42)
cancany '_ 1.492(11)
cencady . 136@)
Scenedn La1ay)
cancey 1354(14)
cisH-cE™ 1.430(13) . |

C(2A)#1-S(V1A)'-Cv(3A) | -96.52(13)‘

; C(4A)-N(1A)—C(1.A‘)' 1104G)

’ C(4A),-N(1A)-c(5Aj 125.8(3)

| C(1A)-N(IA)-C(54) »'123.‘7'(3):' _.
O(1A)-C(1A)-N(1A) 125.8(3)

" O(1A)-C(1A)-CQA)  127.53) o
N(1A)-C(1A)}-C(2A) 106.@(3)»
C(A)-CQA)-C(1A) - 1’08.3(25

C(3A)-CRAXS(AM1  132.1Q2)

C(1A)-CQ2A)-S(1A)#1- 119.6(2)- .
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C2A)-C3A)-C@3A) ©107.8Q)
" C(2A)-C(3A)-S(1A)  131.3(2)
C(4A)-C(3A)—S(>1.A). - 120.9Q2)
O(2A)—C(4A)-N(1A) 1'25 2(3).
O(2A)—C(4A)-C(.3A.) 127.8(3)
N(1A)-C(4A)-C(3A)  106.8(2)

C(7)-C(1)—C(2) | 121.4(2)

C(7)-C(1)-C(6) 119.0Q)
C(2)-C(1)—C(6) 119.6(2)
CB3)-CQ)-C(D) S 11993)
C(2)-C(3)-C(4) 120.83)
c<55-c<4)-C(3) 12000)
C(4)-C(5)-C(6)" S 12156)
COMW2CE-CE)  122.62)
C2-CE-CM) - 119.2Q)

- COCOCD) 118200
C(6)#2-C(7)-C(1) 1218Q)

C(2A")-S(1A")-C(3A") ' 101.9(4)
C(1A')-N(1A")-C(4A") | 119.2(18) -
C(lA')-N(lA')—C(SA;)' 120.8(17)
CUA)-N(IA")-C(5A") 119.8(1‘7)'
O(1A")-C(1A")-N(1A") .‘132).3(16)
O(1A')-C(1A")-C(2A") 125.012)

N(lA')-C(lA')-C(ZA') 1v01.8(13)
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C(IA')Y-C(2A")-C(3A") 1106.3(7)
C(1A')-C(2Ar)§c(7f'») 106‘.1('7) 5
C(3A')—C(2A')QC(7") - 109.4(5)
C(IA')-C(ZA')-S(IA"_) 104.5(6) -
C(BA)-CQA")-S(IA") 118.54) |
C(7")-C(2A")-S(1A'.'.)’ 111.2(5)
C(4A')—C(3A')-C(2A’)' 105.8(9) |
CUA)-CBAN-C(TY 109.2(7) |
C(2A')-C(3A")-C(.7')b 107.6(5)
CUAY-CGA)-SUAY 102.07)
C(2A’)-C(3A')-Sl'(1A'). 123.3(4)

- C(71)-CBAY-S(AY) 108.2(5)
OQA')Y-CGAY-N(A) 130.8(19)
‘O(2A")-C(4A")-C(3A") .152.4.(16)
N(1A')-C4A")-C(3A") 106.5(15)
CBA")-S(1A")-CQA") .99.8(4)
C(4A")-N(1A")-C(1A") .1(‘)'8.2(9)
C@A")-N(1A")-C(5A") 125.2(8)
C(1A")-N(1A")-C(5A") 126.5(10)
O(1A")-C(1A")-N(1A") '127.3(12)
O(1A")-C(1A")-CQA"™ 123.3(11)

 NUIA"-CA"-CQA") 109.5(10)

C(3A")-C2A")-C(1A") -106.7(10) :

C(3A")-CA")-S(1A") 128.6(9)
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C(1A")-C(2A")-S(1A") "124.7(9_) |

C(2A")-C(3A"')-C(4A",) 108.5(9) .

CQRA"-CBA")-S(1A") 129.2(8)

C(4A-")-C(3A")-S(1A") .122.'3(7)'

O(2A".)‘-C(4A")-N(1A") 123.2(10) -

O(2A")-C(4A")-C(3A") 129.710)

N(1A")-C(4A")-C(3A") 107.1(8) -

C(2'.)-C(1')-C(6') o 116.4(8)
| CR2)-C(1)-C(7)  131.5(8)
C(6")-C(1)-C(7") 112.1(7)
C(3")-C(2")-C(1") 122.1(10)
CR)-C3)-CE)  120.7(11)
C(5')-C(4')-C(3") | 120.5(12)
CUY-CEH-CEY  118.1(12)
C(5)-C6)-CAY - 122.00)
C(5")-C(6")-C(7") 122.8(9)
© C(1')-C(6")-C(T" 114.7(8)
C(6")-C(7")-C(1") 116.6(6) |

C(6")-C(7)-C3A") 104.0(6) |
C(1")-C(7")-C(3A") ' ..99.2(5) : |
C(6")¥C(1");C(2") - 11‘9.2(9)
Ct6")-C(1")-C(7") | 112.9;7)

_ C(Z ")-C(1")-C(7") 128.0(9)

- C@E")-C2M-caty 120.'2(12)
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| c@rycencdny 120701

C(5")-C@4")-C3") 120.'3('1'0)
C(4")-C(5")-C(6") L 119.60)
C(1")-C(6")-C(5") | 119.88)
CA"N-CE"-CTY  11448)
- C(M-CE")-C(T) 125.48) ‘,
C(1")-C(7T")-C(6') = 116.0(6)

C(1")-C(7")-C(2A") . 101.3(6)

C(6)-C(7")-C2A")  101.8(6)

‘Symmetry transformations used to generate equivalent atoms: -

#1 x+1,5y,-z #2-x+2,-y,z
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Table 12 Hydrogen coordrnates (x 104) and 1sotrop1c d1splacement parameters (A2x 10 3)

for the anthracene/ 1, 4 dlthnn complex at 29.7% conversmn

x oy z. . U(iso)
H(5AA) - . 726135) | 4169(7) 20923) 40
HGAB)  8284(19)  -4487(13) 1106(15) R
H(SAC) | 6152(18) '-4903(6')" 1221(16) o 40 |
HQA) O 11254¢4) 7957(4)’ L 23073) ‘28‘ 
HGA) o 12257(5) - 31-2_7(3) 21.76(2)‘ oxn
H(4A) . 12232(5) 4l 6523) 35
THGA) 210 30814) -7283) B 32‘__ |
HOA) | 16043(3) 105022  1518(2) o
HGAD) 6426(144) -4944(14) 9509) - 32 "
HGAE) 5540(88) -4288(36)  1883(57) . 32
HGAF) - ~ 7756(60) ""-44‘1'6(44.) | 1'8'23(61')_.} o
HGAD)  2625(140) 4880Q26) 730021) 26
CHGA2) 1253(49)  414926) ‘-149,7(71) 26
HGA3) . 3333(93) 4510(50) 1784(53) - 26
HQ'A) 11236(12)  -1341(12) .2325(7) - 23
H(3'A) 12012(16)  -3148(12) 2011(10) 38
HaA) _"12_750(18) | -4‘118('1_3) | 2200 36
HS'A) 10985(17) -3165(14)' | ‘-7_78(10) 2'7.:_

H(T'A) ‘ . 8897(10) . 551(8) 1660(6) 20
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HQ'A)  8850(16) 916(16)' -2182(11)- s
HG'A) 88813 3159(11) -2009(8) o ..36
| "H(4"‘A)' O 8786(13) »4129(11) 4488) 33
Hs'A) 8838(11) 2835(i-1)  95@) o2

=AY 8869(10)  -1388(9)  --13486) 22




35.2% conversioﬂ. '

Empirical formula
Formula w.éightA
Temperature
Wavelength
Crystal sysiem
Space g;oup

Unit cell dimensions

Volume
Z
Density (calculated)

Absorption coefficient

F(000) )

Crystal size

Theta range for data_collectjon
Index ranges |

Reflections collected

Independent reflections

Refinement method

Table 13. Crystal data and structulfé refinement for the anthracéne/1,4-d

b = 102072012 A

© 2001 i - - L S .
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C24H 16N204SZ
460.51

1232) K

071073 A -

monoclinic

P2,/n

a=7.1857®)A - a=90° -

B= ‘92.279(2)5.‘
c = 13784Q) A y = 90°.
1010.2(2) A3

2

1.514 g/cm?3 |

0.301 mm-1

476

02x0.3x0.5 mm?3

2.48 10 35.66°.

-11<=h<=11,0<=k< ~16,0< =1< =22
13267 |

4440 [R(int) = 0.0235] - |

Full-matrix least-squarés on F2

ithiin complex at
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Data / restraints / parameters - 4440 / 94 / 197

Goodness-of-fit on F2 , | , ©1.036
Final R indices (I>2sigma(l)] - Rl =0.0626, wR2 = 0.1679 [on 3654 reﬂéctioné]
R indices (all data) . R1 = 0.0731, wR2 = 0.1792.

Largest diff. peak and hole 1.146 and -0.986 e.A-3
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- Table 14. Atomic coordinates ( x. 104 and isdtropic displacement parairieters-(AZX 103) for

the anthracene/1,4-dithiin complex at 35.2% coﬁversion; .

x | y z U(isé)" -
saa) 50402 o 0 1204 20
NQA) 64754 29860) 995(3) B0
CUA) 6152) {27'.52(3)_ e 20
ceA) Cssua@) o 1320) | -80Q) 1901)
G e 800 s16) 19D
cen) ooae  A855G) | 1528Q) C2a)
O(1A) 6249(4)  3556(2) 6212 241)
02A) 6@y -ITAG) 26030) 261
csA)  _ | '7082(6) N -4237'(3) 13833) . 26(1)
cQ) C1060203) .' ) -688(42). _ 852(2) 21 , o
CQ) CuBIE)  -13T8G) 16854) say.
c3@ 11829(5) : ‘.-2669(3}.) | 16122) - ” 27(1) | B |
c@ O LsIsE  33003) 696(3) - 29(1) N o
s | 1121»6(6)» "4-2650(5)‘ . -12}6(4)1 R B | o |
ce '10574(4)_ BBE B 20 o
c | 10023(3) 62502) 0@ 240 B |
S(1AY) 49‘28,(4_)" 494(3) 1222 . 20(D) o ,
NQA) 6661(11)  -2860(18)  938(14) %
Ay | 6608(15). .-2746('13). 69(10)  243) o
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CQA) 6776(8) -1228(6) e 1)
CBA) |  6780(8) - 6076) 8195) - 16(1)
S ceéA) 6621(15) -1731(16) wman 25w
Q(1A'_) - f 668_4(10) ,'-3534_(7); ‘-697(6)_-4 13(1)
oAy . -‘l66_51(11)A -1601(8) 2357(5)' o)
C5A") o . 6583(14)  -4252(9)- | 1453(7) " 20) :
S(1A") : _-4659(4) -762(3) - -11592) Iy
N(1A"™) L 318407) 29768) - -889(6) )
caany '.3629(9) ;2682(11) | 758) "11'(‘2)‘ |
CRA" - 4226(8) _1,3'05‘(9) | 143(7), ‘1_9("3)' o
CGA" a4 3098  760) 152)
CcwAny 346‘2.(8)  1879(10) 48 )
oaa"y 356140 | 34068) 784(6); 180
oeAn - | 3154(8) - 1839(8). 8@ Ly
CGAY  2s3s0)  42288) - 125507) e
c(1Y) o '10068(9)‘ ©_1057(7) 963(6) '21(1')“_
c@) - 1177(12) A'-v1642(10) oy 20
cay '12181(1~4) 27510 - 152000) 313) |
c@) _ 12126(16) 360D 6010) ": | ,29(3)' ‘
csy - 11057{16) C215513) 123100 - 274
C(6") ‘10‘089(11‘) 1616(8) 436) 20 .
C(?') 880309 . ,:101(7)',. C10156) 19
cam | __ v884_2(8)“_ | a1 725(5) 19“(1)-‘

ceny . 8831(16) 1270(15) S -1566(11) 45(6)
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cGn 889 261310)  -14588) 33D

c@n 8816(13) 3202(9) - Si67 0 31Q)
cG"). oSBTl 2449(10) 290®) . 232)
C(6") , ©89099)  1060(7) 1207(5) 17(1)

ca" | 877609)  -985(7) -6846) 21(1)
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~ Table 15. Bond lengths [A] and-angles [°] for the anthraéene/ 1,4-dithiii1 complex at 35.2% - |

‘conversion. -

S(1A)-CQA#1 - ‘_ © o 17073)
S(1A}CGA) . 1.731(3)
NIAYCUA)  1.385(5)
N(1A-C@A) .'1'.387‘(4)
NUAYCGA)  Lads)
CUA}O(A) ~  1.208(d)
CA)NCRA) 1.499(4) .
C(2A)-C(3A) - L3498
. CQA)-S(1A¥1 L707(3)
CceACUA) ©1.498(4)
C4A-0RA) 1.310(d)
caremn 1.406(3)
c-c2) o 1.406(6)
C(l)—C(6) - 1.432(3)
C2-C3) . 1.391(6)
CB3)-C@) | 1.417(5)
C4)-C(5) 1.368(6)
C(5)-C(6) L 1.434(5)
ce-cmr 1.398(3)
C(7);C(6)#2 1.398(3)

S(1A")-C(2A") 4 - 1.759(11)
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S(1A")-C(3A") . 1.845(7)_

NQAN-C@EA)  137Q)
NUAYCUA) O 139Q)
N(1A")-C(5A") - 1.592)
CIA)»O(1A) 1.18(2)
C(IA)-CQA") . 1.570(15)
CQA")-CGA) 1.570(10)
CQRA')-C(T") | _‘ 1.614(9)
CQAYSUAY 201200
CGA)-C@A) | 1470
ceaycay 1L.6379)
C(4A')-0Q2A") 2o
S(IA")}-CGA") 1.74009)
N‘(IA")-C(4A")‘ | 1.378(13)
NOAD-CUA™Y  1.387(13)
N(1A")-C(5A") 1.444(12)
. C(IA")-O(1A" 1.228(12) -
CUIA")-CQAY 147234
CQA")-C3A") 1:343(12)
COA"CEA") 1.515(12)
CUA")-0QA™Y 1.222011) |
C(1')-C(6") 1.390(10)
C1')-CERY 1.402(12)

C(1")-C(T") o 1.494(10)
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caycad) 1358014
L C@)-C@) 1.397015)
C@)-C(s) 1360
e Che (I 1379(14) -
cereay 1.495(11)
covcey - rasian
C(1")-C(6") o 1;416(10) .
. C(1")-C('2'".) _ L4200
can-cay - 1.488(10)
C(Z">-C(3"> - 1382)
cEn-cay e
cuncEny 1 35i(14)
Cs"-C6E" . L424(12) _ :

‘C(2A)A#1-S(,1A')-C(3A)‘ 96'.05(14) S
CUIA)N(IA)NC@A)  110.73)
C(1A)N(I1A)}-C(5A)  1234(3)
C(4A}-N(1A)-C(5A) 12590)
O(1A)-CUIA)-N(1A)  125.7(3)
OUANCUAYCCA)  127.66)
N(IA)}CUIA)CQA)  106.63)
C(A)-CRA)-C(1A)  108.1Q2)

C(3A)-CQA)-S(1A1  132.82)

C(1A)-CA)-S(1A)#1  119.1Q2)
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C(2A)-C(3A);C(4A) 108.10)
C(2A)-C(3A)-S_(1A) 13L1Q)
C4A)-C(3A)S(1A) . 120.8Q)
O(2_A)-C(4A)-N(1A) 12530)
O(2A)-C(4A5-C(3A_) 128. 13)

N(1A)-C(4A)-C(3A)- _106.5(2)

c-C)-CR) 121.503)
C(7)-C(1)-C(6) 118.92)
C(2)-C(1)-C(6) 119.6(2)

C(3)-CR)-C(1) - 120.43)
CO-COICE - 12020)
C(5)-C(4)-C(3) 120.5(3)
C(4)-C(5)¥C(6) 120.6(4)
CN#2-C(6)-C(1) 119.42)
C(T)#2-C(6)-C(5) 122.00)
C(1)-C(6)-C(5) 118.503)
CE#R-CN-CD) 121.7(2)
C(2A")-S(1A‘).-C{3AA‘) 102.6(4)
| C@A)-N(IA)-CUIA")  118.015)
C(4A")-N(1A)-C(5A")  120.5(15)
| C(.lA')-N(lA')-'C(SA')_ 121.3(15)
,0(1A')—C(1A‘)-N(1A') 132.2(14)
O(IA))-C(1A")-CA") 124.4(11)

N(IA)-C(I1A)-CQA")  102.6(12)
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C(lA')—C(2A')-.C(3A'). 105.8(7) -
C(lA')—C(ZA')—C(T') 106.2(6) B

- C(3A")-CQRA")-C(T") - 109.‘2(4).:‘
C(1A")-C(2A")-S(1A") 105.1(6_)7
C(3A“)-C(2A')-S(1A-“) 117.7(4) |
C(7 ")-C(ZA')—S(IA") 111‘.9(5)‘
C(4A')-C(3A‘)-C(2A‘) 104.6(7)
C(4A")-C(3A")-C(T) 109.5(6)> ’
_f _C(2A')-VC(3A')—C(7 ") 107.4(4) |
C(4A')-C(3A")-S(1AY) | 102.4(6) “
CQA)-CBA')YS(A)  123.14)
C(7')-C(3A')_—S(1A'). 109.1(4)
O(2A")-C(4A")-N(1A") . 12.9.0(15‘)'
OQRA")-C4A")-C(3A") 122.0(13)
N(1A")-C(4A")-C(3A") 108.5(13) _
C(-3A")-S(1A")-C(2A') 1100.4(3)
C(4A")-N(1A")-C(1A") 109.1(8)
C(4A")-N(1A")-C(5A") 125.2(8)
C(1A")-N(1A")-C(5A™ 125.7(8)'
O(IA")-C(IA")—N(IA") 128.2(11) -
O(lA")-C(lA")—C(ZA") 122.9(10) -
N(lA")-C(lA")—C(ZA'-‘) 108.9(9)

CGA")-CQA")-C(1A") 107.48)

C(BA")-C(2A")-S(1A") 127.4(7)




© 2001 American Chemical Society, J. Am. Chem. Soc., Klm jaOlOlOSu Supporting Info‘iPage 34
- o : - S35

C(iA")-C(ZA")—S(lA') 125.2(?5)
C(2A")—C(?;A-")—C(4A"_)‘ -108._1(8)_
C(2Af')-C(3A")—S(1A") 129.7(7)
C(4A")—C.(3A;'v)-S;(1A") 122.3(7)
OA")-C(4A")-N(1A") 124.1(9)
O(2A")-C(4A")-C(3A") 129.2(5)

N(IA")-C(4A")-CBA") 106.6(7)

C6)-C(1)-C2)  117.4)
CE)-CAN-CTY 113.47)
C(2')A-.C(1')-C(7") C129(D)
cG ')-C_(z')-C(l Y 120.50)
C(2)-C(3)-C@") 121.210)
CE)CICE) 118.9(11)
,C(4')-C(5‘)-C(6') 120.4(12)
C(5)-CE)-C(1) 121.40)
| C5)-C6)-CT) f .1‘24.1(-9)'
C(1)-C(6)-C(7") - ’1‘13-.9(6) ,
CE")-CTH-C1) - 115.8(5)

C(6")-C(7)-CBAY 103.8(5)
C(l’)fC(7');C(3A'5 100.4(5) -
C(6'?)-é(1")-C(2")  119.7(8)
C6"-C"-CT") 112.9(7)

C2")-C(1")-C(7") - | ,127'3(9)

C(3")-C2M-CA™ - 118.9(12)
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C@2")-C3"-C@" - 121.0010)
C(5")-C")-C3" - 120.4(9)

CA-CE"-CE™  120.00)

C(1")-C(6")-C(5") 119.7(7)
C(")-C(6")-C(7)  113.5(6)
C(5M-C(E")-C(T)  126.3(7)
cam-c7 ")-C(é') o 115.86)

C(1")-C(7")-C(2A") .. 101.5(5)

C(6)-C(7")-C2A")  102.6(6)

Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y,-z #2 -x+2,-y,z
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'Table 16. Hydrogen coordinatés ( x 104 and isotropic displacement' paramet¢rs (A2x 10 3y

for the anthracene/1,4-dithiin complex at 35.2% conversion.

| x' | 'y U(is0)

H(SAA), 7367.(‘35) " 24152(7) - 2081(4) . 38

" H(5AB) .‘8’201(22‘) C452(13)  1057(14) 38
HGAC) 6001(15)  -4886(T)  1273(17) 38
HQA) 11248(5) 959(5)  23014) 29
H(.%A-) 12249(5) -3128(3:_) 2179(2) 33
H(4A) | 1'2225(6.')~ -4182(3) - 6533) 35
H(SA) | 1226(6)  -30825) 36 33
H(A) - | 10039(3) s 1515(2) 28 |
H(5AD) 5917(105)  -4873(23) 102326) 3
H(SAE) 5931(106) _’ -4171(19')." 2061(31) B
H(SAP) 7853(14) 456939)  1592(5T) V_33
H(5A1) '2864(1_15), Cwnas)  8Gh) 32
H(5A2) ' 1179(13) 420030) - -1363(64) p
H(5A3) | '»3,‘12'2(100) 41943 -186936) - 32
H(2'A) B 1 1‘2.27(.1‘2) | 1270(10)  2334(7) 2
HE'A) 12939(14) 3112100 20279) - Y
H@4'A) 12809(16)  4090(11) “485(9.) 3
H(5'A) 10081(16)  -3150(13) - '-:7_4'7"(_‘10) | 2
H(T'A) 8900(9) 387 1664(5). on
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HQ"A)

HG"A)

H4 "A)

H(G"A)

H(7"A)

881.8(16)‘ |
8859@2) .
8 780(1.3)' |
- 8826(11)

8852(9) - -

. 886(15)

3155(10)

4129(9) -
2846(10)

-1389(7)

-2194(11)

© 2018(8) -

-458(7)

913(8) -

-1342(6)

54
40
37
27

25

S38
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Table 17. Crystal data and structure refinement for the anthracene/ 1,4-dithiin complex at

80.0% conversion.

Empiricél formula
- Formula weight
Temperature
Wavéléngt_h
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calcul_ated)
Absorption .co.efﬁcievn.t
F(OOO)' )

Crystal size

Theta range for data collection -

Index ranges
Reﬂectiohs coliected
Independent reflections

Refinement method :

b

C24H16N204sz ’

460.51°

1232) K

0.71073 A

“monoclinic

P2,/n.

a=729334A  a=90°.

10.1098(5) A B=94.179(11)°.
c=13.8R2483MA  y=90°.
1016.61(9) A3

2

1.504 g/em3

0.299 mm-1

476

. 0.2x0.3x0.5 mm3

2.50 t0.35.68°. |
1< =h<=11,0< =k< =16, 0< =1< =22

142383

4479 [R(int) = 0.0333]

Full-matrix least-squares on F2 ‘
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Data / restraints / parameters -

Gdodnessfof-ﬁt on F2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

- 540

4474794 /197

1.044
R1 = 0.0717, wR2 = 0.1673 [on3131 reflections]
R1 = 0.1040, wR2 = 0.1886

0.582 and -0.725 e.A"3
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Table 18. Atomic coordinates ( x 104) and isotropic displacémént parameters (A2x 103) for

the anthracene/1,4-dithiin complex at 80.0% conversion.

x | y . z U(iso).
S(14) - - 4953(5) 756(4) | 12052) 14(1)
N(1A) | 6193(11)  -3001(8) 1092(6) 18(2)
}C(IA) S 6031(16) ~ -2760(11) 108(8) 23(4)
C(2A) - ©5502(12) [133509) ) -.12(7)~ 13(2)
C(3A) | | 5461(10)  -830(9) | 890(7) 18Q2) |
‘C(4A) - 5930(15) -1887(9) 1625(5) )
'0(1A) 6137311 -3627(8) - -482(6) . 20(2)
0QA) 5993(12)  -1840(8) o 2480(5) ” 202)
.C(5-A) | 6664(19) 4325(12) 131812) - 25(3)
C(1) 10535(14)  -720(10) - 855(8) 32(2)
c@ | 11161(22)‘ [1440(18)  1666(13) _,63( 11)_
C@3) | 11811(18)_” 2705(10)  1590(7) 200
C@4) | 1_1851(18) | ,3309(12) 668(9). . 243) |
CG5). 11247(20) _-2597('15)' | -139(11)A 24(4) |
C(6 ) ‘10580(19)_ -1319(14) -68(10) o 50(4)-
C(7) o 9874.(27)‘ - 57026)  89321)  96(8)
'S(lA‘). 49182) =474(2»)   1»13»4(1) 23
N(1A") 6711(7) 2952(7) 891(5)  222)

C(1A") 6623(8)  -2699(5) .  -86(4) - 20(1)




