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(Quantitative Synthesis and Self-replication of m-Phenyleneimine Macrocycles

Based on Dynamic Covalent Chemistry)
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Abstract: The yields of hexakis (m-phenyleneimine) (Cmé6) increased with an increase in
the monomer concentration. Aggregation is driven by the solvophobically favored
aromatic stacking. MO calculation revealed that Cmé6 molecules aggregate in
slipped-parallel by n-stacked interaction stack up and form a columnar assembly. The
single crystal X-ray analysis exhibited that the Cm6 molecules intercalate a THF molecule
and a cluster of six water molecules in disorder. In the solid state, the columns aggregate
with hexagonally closest-packed. Based on dynamic covalent chemistry (DCC) of imine
linkage, the macrocyclization mechanism was proposed. Macrocycle is stabilized by the
free energy gained from the intermolecular interactions upon aggregation and that the
aggregates therefore became the thermodynamically most stable species and precipitated.
The trans-imination equiliblium was shifted in favor of cyclization and the macrocycle was
afforded as the predominant product. The macrocycles were interchanged with the soluble
linear polymers having a wide range of molecular weights by a heat stimulus. The
collapse-regeneration of the macrocycle was a reversible process. The regeneration rate was
dramatically accelerated by the addition of a small amount of Cm6, which displays a

self-replication phenomenon.

-

J:

ea

II

DB, . PRI AU 2 BRI RS A & AV /©/

BERITER, BLUOACEMARII DV THRET 2, Cmés

2. TR

B/ R—BR m-= b XTATE R, 2255014 Fux B8l bHE L TKBEEDT

N FIZIN

—157—

RNTTIATE FEADPTFAT R —NWIEZ TREL%. = o L528ET ARK

2010
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SHHE - SR - BILLRI%UE B3LYP/6-31 G(d,p) (Gaussian03) THIEHEEE T# L. NMR, B
X-BREH, MR X -BREYT, SEM &RV CERD ORERNT B L O ERER T o7,
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T/ DERBBRBLUER 70 2% Scheme 1 (2R LT, KBRS FIXBE, 1X10°M LT
T/ RETHERSN, WRT10%E2EZD5ZEE3HTHD, Ll TORTILE /v —REN
AVEE (IMELE) SRR T L2 b IR TAERT 3 (Table 1), 872504 T CHIERRICRERIRS T
Cmé6 BEOLNDAREMN DD, iz, =F ) —ABHEELLEROESTHDT, =¥ /—LHTOR
S EARRI 72139 Cd 523, THF %° dioxane ' & R G R RT, ZhiZidA I VFEED
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Scheme 1. Synthetic route to hexakis(m-
pheryleneimine) macrocycles
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Table 1. Synthesis of hexakis(m-phenyleneimine) macrocycle Cmé6

n monomer (g) conc. (M) solvent/ml : inkiator/ml = time (d)" » yield (%)b)

1 o100 - 128 - THF3S5 . HOOS 6 66
2 Lot . Dlome/” . moms 6 B

3 Lor 129 EtOH3.5 =  HO005 1 9

4 1.01 1.29 _ THF3.5 . AcOHOS | 6 45

5 Loo . 1.28 . THF35 ' IM-AcOHOS 8 70
6 12.99 0.67 THF/80  HOR0 30 71
7 9.02 046 THF/80 "HORO 36 61

8 7.00 036 THF/80 . H020 = 38 52

9 50 - 026 . THF/80 = HWOR0 : 60 8
o 400 020  THFA0 . HO20 7 ,.,120 ) ST
u. 302 . 0ls  THFS0 | HO20 & -
2 200 . 010  THF80 ° HORO & -
13 0.99 0.05 THF/80 . H.020 d) -

a) time untill precipitates appear. b) isolated yield. c) not collected yet. d) precipitates not appeared =~
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Cm6 DL FEHIEITIL, FngODJ:O A T UKRENRONMA (inwards) 3 D VWIEAMA (outwards) %
MWZZODRMEERRH Y, SHICKREBEEL L THTE (chair form) &5 (boat form) & 535 %
HND, HTHUEFE (%‘W%ﬂ&%ﬁdyzmwpm-nG(d,p)) OFERML, 1) 4 IV KREPRONAIZ
MW, T2bLERRTRY A @) OSMUICES LIBERZLETH D, 2) FTENMRICKR
SRTHPTI(ME=1.7 kcal/mo)iZZETH Y, FIRTIIHELRL S 5, 3) o FOREHEIIHEEL
TH I BT LEHHET B slipped-parallel # & TH B, ZLBbhoTr,

?.i ik =

random coil

Fig.1. Macrocyclization mechanism based on dynamic covalent chemistry (DCC).
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Fig. 2. Chemical structure and two-molecule optimized structure of Cm6 (DFT(B3LYP/6-31 G(dp))

THF %85 & VERL U7 35 54(0.15X0.05 X0.05 mm) D X-BHEEFRNTT — & % Table 2 12, feidtBiE &
ORTEP X% Fig. 3\ZFNFIUR LTz, Cm6 DY FREEIIFETTRLIEEED . 4 I RBENAMZ
W FRITHY . FERICEBLTH /AT 52 FE LTV, ZO%HD "KL NMR (NOESY)
RIE L » T, EREETLET CRARKERT LA I VARRARTHD Z EBEEESI N, iz,
Cmé6 B FBUTITEAE D THE &K 6 50F 7 T A Z —MEEDBIZ (disorder $REE) 1 FHL—hFL,
ZDFE/VHIT Cm6 : THF : H,0=2:1:6 T 5, ORTEP F£/RTiL, disorder IREAF-H{L & T THF
1FEK6F7 FAZ—1Cmé FLHORLEREEALTVB L SICRATWS, Figd Of
R X-HREFTRER R 5. 0.54nm IR THE L7= Cm6 BT 54 7 LOMNEIL 1.67Tnm THY | &
T APAFYIFAFELTWEZ LBz, DFTFER SN, ZHAORITH 0.7m & BRY
bhbd, 1FEBICHEK LT Cm6 BROEERE FHMSE (SEM) #% Fig. 5 \TR L7, Cmé 531D
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FERT D0 T LSA~XH DT VRICERE L TRKEEE mm IIRE LT\ 5, HBEiES X-REEETT» S
AT LPEREREEMAAICESILTHD 2 bbhotz, BRMEFHEME (TEM) 2RV

AT 5N ROEFERE RS Table 2. Crystal data and structure refinement.

TWB D, BERST giﬁkyj LT Empirical formula C42H30N6' 0.5THF(C4H30)'3H20
VAR, Formula weight 710.82
. Temperature 1002) K
C80Cm6 137 4 A F v 7 Wavelength(Mo Ka) 0.71073A
TR ERTE & TR+ 2 BUKE) AR Crystal system, space group  Triclinic, P1
R A Y Unit cell dimensions a=3.7348(9A a=119.426(3) deg.
o / b=16541(4)A B =94.368(3) deg.
HrEALZE ) ~—DHA c=16.546(4) A y=94.269(3) deg.
< AR A gt Volume 880.3(4) A°®
TIIEABENTY VL, F7 Z, Calculated density 1, 1.341 glem®
Y ha—MEIR L, Zhit Absorption coefficient 0.087 mm™
Ay R L KERER O 376
Crystal size 0.15x 0.05 x 0.05 mm
v hU =272 X o> TREBER Y Theta range for data collection 2.47 to 27.09 deg.
N 20 4k Reflections collected / unique 4890 / 4207 [R(int) = 0.0174
F TEGCm6 7B i L T Goodness-of-fit on F2 ! 0.969 [ ) !
FTOBRMEERTER L7 Final R indices [I>2sigma(I)] Rl =0.0726, wR2 = 0.1959
R indices (all data) R1 =0.1098, wR2 = 0.2396

EZX T3 (Fig. 6),

Fig.] O TFERINIR LIZ L 51T, Cmé ORBEEIR (THF+H,0) BRI T2 &, REBESAEL
TE~HE ) ~v—a2=y FDOLRADFESHDIEVERESFITR2Y  BERTHET S L Cmé
BETS, ZORE-BAET T ERITHNTHY, BAERBICHOED Cmé 2 HFINT 2 & BAREH
BEIZi B4 2 ECEMEENBIRINS, Cmé & C80CM6 2 RA L BEBEBEOHE., MBI L
S THEDORVHET 220, FRETHHL TRFMKET S L Cm6 & C80CM6 23 F N ZFIVMSL L
THAL, ZOoNEE LERBERS TRAERT B2 idkhoT,

QRTEP top-view

ORTEP side-view

Fig.3. Single crystal X-ray analysis of Cm6 ORTEP drawing and the packed
structure: columnar packing, intercalation of one molecule of THF (solvent) and six
molecules of H,0 in disorder.
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26 d(A) 20 d

6.14 14.3827 24.91 3.5715

10.67 8.2847 25.18 3.5338

12.33 7.1726 26.49 3.362

16.35 5.417 26.72 3.3336

18.56 47767 26.76 3.3287

21.46 41373 28.14 3.1685 ﬁ
22.36 3.9727 28.54 3.125

23.6 3.7667
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Fig. 4. Wide angle X-ray diffraction pattern of Cm6 and the estimated nanocolumn structure.

Fig.5 SEM
(20k¥, % 10,000 )
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Fig. 6 Thixotropic property of TEG-Cmé6 hydrogel due
to nanofiber formation caused by mstacking and

hydrogenbond network)
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