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Synthesis, Crystal Structure and Density Functional Theoretical Study of
1,3,5,7-Tetramethyl-4,4-difluoro-4-bora-3a,4a-diaza-s-indacene
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Abstract: 1,3,5,7-tetramethyl-3a,4a-diaza-s-indacene p-toluenesulfonate (T1) was synthesized by solvent-free
method using 2,4-dimethylpyrrole,triethyl orthoformate and p-toluenesulfonic acid. 1,3,5,7-tetramethyl-4,4-difluo-
ro-4-bora-3a,4a-diaza-s-indacene (F1) was synthesized by solvent-free method using T1, boron trifluoride diethyl
ether and triethylamine. The structures of compounds have been characterized by '"H NMR and single-crystal X-
ray diffraction. The results show that T1 belongs to monoclinic system, space group P2)/c with a=0.777 3(3) nm,
b=1.518 5(5)nm, ¢=1.612 2(5) nm, B=91.923(12)°, V=1.901 9(11) nm?, Z=4 and that F1 belongs to monoclinic
system, space group P2,/n with ¢=0.775 02(1) nm, b=1.444 20(3) nm, ¢=1.174 35(2) nm, 8=107.779 5(9)°, V=
1.251 65(4) nm®, Z=4. In four different solvent, the UV-Vis spectrum of T1, the UV-Vis and steady-state fluores-
cence spectra of F1 were determined. The possible derived way of T1 and F1 were investigated by the density
functional calculation and the front orbital theory. CCDC: 1578792, T1; 1578790, F1.

Keywords: 1,3,5,7-tetramethyl-4,4-difluoro-4-bora-3a,4a-diaza-s-indacene; NMR; crystal structure; fluorescence spectra;
density functional theory
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Scheme 1 Structure of 1,3,5,7-tetramethyl-4,4-difluoro-4-

bora-3a,4a-diaza-s-indacene
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Table 1 Structure refinement parameters for T1 and F1

Compound T1 Fl
Empirical formula CyHuN,Oxs Cy3HisBF,N,
Formula weight 372.47 248.08
Crystal system Monoclinic Monoclinic
Space group P2y/c P2i/n
a/ nm 0.777 3(3) 0.775 02(1)
b/ nm 1.518 5(5) 1.444 20(3)
¢/ nm 1.612 2(5) 1.174 35(2)
V[ nm?® 1.901 9(11) 1.251 65(4)
B/ 91.923(12) 107.7795(9)
R 0.168 7 0.016 2
Z 4 4

Measured, independent, observed [/>207(])] reflection
R, wR, S
(B0)uess (Ap)uin / (e:nm™)

Parameter

0.078 0, 0.212 9, 1.021

13 374, 3 390, 1 982 17 731, 2 164, 1 891
0.037 9, 0.119 4, 1.045
378, =517 220, -160

240 167

#*2 TIFF1 RBENSBI2ERKOm) . BRACOEKZHEAC)
Table 2 Selected bond lengths (nm), bond angles (°) and dihedral angles (°) for T1 and F1

€5-C6 0.139 3(7) €6-C9 0.137 5(7) C6-H6 0.093
s1-01 0.148 4(3) $1-02 0.145 3(3) $1-03 0.145 6(3)
€5-C6-C9 134.2(4) €5-C6-C9-N2 -2.19) N1-C5-C6-C9 1.6(9)
F1-B1 0.138 7(2) C13-9 0.148 6(2) C13-H13 0.096
N1-B1 0.155 1(2) C12-C7 0.149 9(2) C12-H12 0.096
N2-B1 0.155 4(2) C5-H5 0.093 C8-H8 0.093
F1-B1-F2 109.1(1) N1-B1-N2 107.1(1) €4-C5-C6 122.3(1)
BI1-N2-C9-C8 177.3(1) F1-B1-N2-C9 57.8(2) €5-C6-C7-C8 179.4(2)
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Fig.1 Molecular structure of T1
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Fig.2 Molecular structure of F1
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Fig.3 UV-Vis spectra of T1 in different solvents
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Fig.4 UV-Vis spectra of F1 in different solvents
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Fig.5 Fluorescent spectra of F1 in different solvents

24 REESH
2.4.1  T1 WY Br

B 6 B 7 4510 T1 78 LB (A A A8 75 i 4y
FRmFFES, NERTLIEE T1 S T RS
Y15 SRS R A A A B AL S TR A
B EPET, 1Ak A A FTE T H R ER R O B i it
ng FIIN &5, SR 1A & o i A e 7E =
CIEAFAET | R ek B A sk 15 1ty 2L 2R AU SeU il b &
Py (%) H A 25 1454
2.4.2 F1 WYRWAESHT

MBS ol LUE 2 AN kg B8 DL K jE] Y
meso DL AL T4 R0 e 8e . L4k S A C1-
C2-C3-C5:179.897 71°,C1-C7-C8-C9:-179.893 17°,

9

0t B

9
6 T1TE LB HI AR R
Fig.6 Optimized configuration of T1 in ethanol

2 ol

7 T17E Sl o3 T i g 3
Fig.7 Molecular surface electrostatic potential of T1

in ethanol

C5-C4-N13-Bl14: -179.841 05° ,C9-C10-N12-B14.
179.845 11°, JF ELAR 4i5 . 5 &84l vl 0 3 A P42z 3t
SETE B9 r R J B R T L A B, kO
JE) B T R A O OE . BURIES A ML meso
A7 J5 - 1) Mulliken HL AP0 —0.226¢ , {H J2& H A1 Fil
B4 43T~ 2% T e L AV AE O | PRI M2 A0 B TG I8 A o L
IO 3 2 AT SN R EME AT 2 B TS R
ARSI 2,6 fifk (Mulliken HLfi 7 -0.279e),
X5 Worries Fll Koek %5 % i A0 0 — nk g H )1| 7
2 7 T B ARERRIE DL K 2,6 3 25 5 75 R A R v 4 i
TEHAT ;55 AP SE ARk v AR I 35 0 FF 3 X
F1 Ono 1 Watanabe £ A — it & B 1 55 188 35 Js2 g
16 3 (L5 AU AR 481

M 3 K DL Bk T e LA
53 F 1 BE TR X AR A Sk vk B R 1 ik S 5 0 DT
ML X — AW AL 5 C18
F1 C30 AH L, C22 F11 C26 55 MH I [R] A Atk Atk B B 42 0
TR X — AT DA AR S5 R S B0 AR 2R



2206 /TR | R A= = - %33 8

K19 F17E LB i 5 1 2 T vl 35
K8 F17E LAY ALy 7 Fig.9 Molecular surface electrostatic potential of F1 in

Fig.8 Optimized configuration of F1 in ethanol ethanol

DAL M I B b Y PR T BRI IR R R, AR B2 HOMO 3852 LUMO JE JE& AR AR 55 17 HL A2 fE A
4 H1f9 HOMO BB 5 LUMO Bl iy 2 RevE LK AE R IS L FL O JEORREEAT RO N 2 o B — AN
RFE R EGIL e 3,5 R IE LI K 2,6 ir &S 5RN, N 3 FIK 4 Tha] LUA 3500 f
B, M SEAZ AR I meso fifi, M1 1,7 AL BJE KABTLPE R Z IR/,
®3 EREMAEBIFGS F1IBIEK
Table 3 Selected bond lengths for F1 in gas phase and different solvents

nm

Bond Gas Cyclohexane Ethanol DMF Water
H6-CS 0.108 27 0.108 268 0.108 258 0.108 258 0.108 257
H11-C9 0.108 27 0.108 268 0.108 258 0.108 258 0.108 257
F15-B14 0.139 13 0.139 462 0.139 97 0.139 99 0.140 012
F16-B14 0.1391 34 0.139 464 0.139 968 0.139 988 0.140 01
H17-C1 0.108 604 0.108 585 0.108 55 0.108 549 0.108 547
C18-C4 0.149 355 0.149 361 0.149 389 0.149 391 0.149 392
H21-C18 0.109 291 0.109 271 0.109 236 0.109 235 0.109 233
C22-C3 0.149 903 0.149 896 0.149 869 0.149 868 0.149 866
H25-C22 0.109 399 0.109 381 0.109 359 0.109 358 0.109 357
C26-C8 0.149 903 0.149 896 0.149 869 0.149 868 0.149 866
H29-C26 0.109 399 0.109 381 0.109 359 0.109 358 0.109 357
C30-C10 0.149 355 0.149 361 0.149 389 0.149 391 0.149 392
H33-C30 0.109 291 0.109 271 0.109 236 0.109 235 0.109 233

® 4 F1H HOMO #iEF LUMO ¥i&
Table 4 HOMO and LUMO orbitals for F1
Orbital Gas Cyclohexane Ethanol DMF Water

HOMO m
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